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Preface

Concrete structures have supported our society as infrastructures. The society can only preserve itself in
wholesome with tough, beautiful and durable concrete structures. Concrete Committee of Japan Society of Civil
Engineers (JSCE), leading organization for investigation, research, technological promotion and education of
concrete in Japan, considers the issuance and revision of Standard Specifications for Concrete Structures as its
most important activity. Standard Specifications for Concrete Structures (JSCE-SSCS), which show the model
for plan, design, execution, maintenance and repair of concrete structures, have been highly recognized in practice
and contributed to the development of concrete technology in Japan since its first publication as “Standard
Specifications for Reinforced Concrete — 1931.”

In order to cope with the development of concrete technology in Japan and the worldwide trend, Concrete
Committee converted all Specifications in JSCE-SSCS namely “Structural Performance Verification’, ‘Seismic
Performance Verification’, ‘Materials and Construction’, ‘Maintenance’, ‘Dam Concrete’ and ‘Pavement’, from
the “Prescriptive Code” to “Performance-based Code” and completed the work in 2002.

This revised edition adopts the technological development after 2002 and intends to enhance the
performance-based nature in Standard Specifications. For practical efficiency, the three Specifications - ‘Design’,
‘Materials and Construction’ and ‘Dam Concrete’ present not only general provisions for verification of specified
performance requirements but also standard methods as simplified methods to achieve the performance
requirements under certain conditions. JSCE-SSCS is ready for practical use as it describes the role of each
Specification during the plan, design, execution, maintenance and repair phases as well as the relationship among
them. And for the first time, it also describes roles of engineers for construction works. This JSCE-SSCS is yet
an ultimate one. There are still remaining tasks, such as inclusion of provisions for scenario of concrete
structures during service life. What readers can find in this revised edition is rationality with “the
performance-based concept” and the applicability for practice, showing the high level of technology in Japan.

This revised JSCE-SSCS consists of five Specifications; ‘Design,” which combines the previous ‘Structural
Performance Verification” and ‘Seismic Performance Verification’ together, ‘Materials and Construction,’
‘Maintenance,” ‘Dam Concrete’ and ‘Test Methods and Specifications.” Specification of ‘Test Methods and
Specifications’ was issued separately in May 2007. Specification of ‘Pavement’ was published as “Standard
Specifications for Pavements — 2007 by the Committee on Pavement Engineering of JSCE, which has taken over
the issuance and revision works from JSCE-SSCS.

Finally 1 would like to show my most sincere gratitude to Prof Taketo UOMOTO and Dr Tadayoshi ISHIBASHI,
Chairman and Secretary General of Sub-committee on Revision of Standard Specifications for Concrete
Structures as well as its Secretaries, Conveners and Members who devoted themselves continuously despite the
tight drafting schedule. My gratitude also goes to Advisors, Secretaries, Executive Members and Members of
Concrete Committee, who reviewed the draft.

December 2007

oo, Pigagens

Toyoaki MIYAGAWA, Chairman
Concrete Committee of Japan Society of Civil Engineers






Preface to the English Version

The Japan Society of Civil Engineers’ (JSCE) Concrete Committee has been publishing the Standard
Specifications for Concrete Structures in Japanese since 1931. The English versions were published twice in
1987 and 2005 when the limit state design and the performance-based concept were introduced in the 1986 and

2002 editions of Standard Specifications for Concrete Structures (JSCE-SSCS) for the first time, respectively.

Since 2004 the Concrete Committee has put efforts to enhance information dissemination overseas by presenting
various English publications including the series of “JSCE Guidelines for Concrete.” Concrete Committee has
also decided to prepare the English version of every edition of JSCE-SSCS. This Sub-committee on English

Version of Standard Specifications for Concrete Structures was established in 2008.

Our task is to prepare the English version of four Specifications: ‘Design,” ‘Materials and Construction,’
‘Maintenance’ and ‘Dam Concrete’ of the 2007 edition of JSCE-SSCS. Specification of ‘Test Methods and
Specifications” of JSCE-SSCS is not included in this English version. However, some of these standard test
methods and specifications have been translated for publication in a series of “JSCE Guidelines for Concrete.”
Please visit the website of Concrete Committee at http://www.jsce.or.jp/committee/concrete/e/index.html for the

information on the English publications.

This English version includes most of the contents in the original Japanese version. Utmost efforts have been
made to ensure that the translation accurately convey the description in the original Japanese version. If there
were any discrepancy between the Japanese and English versions, however, reference should be made to the

original Japanese version.

Translation of technical work does not only require expertise but a lot of time and dedication. | am grateful to all
the members for their tiring efforts. My heartfelt appreciations go to Prof YOKOTA Hiroshi (Secretary General),
Dr SHIMOMURA Takumi (Head, WG for Design), Prof SUGIYAMA Takafumi (Head, WG for Materials and
Construction), Dr MAEDA Toshiya (Head, WG for Maintenance), Prof AYANO Toshiki (Head, WG for Dam
Concrete) and Dr ISHIZUKA Takayuki who proof-read all the translated Specifications. Without them this

English version would not have been published.
December 2010

f“-—
amen. ecto

UEDA Tamon, Chairman

Sub-committee on English Version of Standard Specifications for Concrete Structures
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Application of Standard Specifications for Concrete Structures

Application of Standard Specifications for Concrete Structures

Editorial notes for the English Version:

(1) The Standard Specifications for Concrete Structures are a model code which is supposed to be
applied in Japan and have no legal bindings.

(2) Therefore, some contents, such as Chapters 2 and 3 of “Application of Standard
Specifications for Concrete Structures,” may not fit to practical scheme in construction industry in
the other countries.

(3) However, it is hoped that the Standard Specifications for Concrete Structures could be a
model code for the other countries after necessary modifications of the contents considering the
local conditions.

1. Basic concept concerning the organization of the Standard Specifications for Concrete
Structures

The Standard Specifications for Concrete Structures are regularly revised reflecting the
state-of-the-art concrete technologies developed in Japan and other countries, and provide standards
concerning the technical aspects of concrete structures in a series of phases from planning to design,
construction and maintenance.

In this revised edition, the “Standard Specifications for Concrete Structures, Design” is
composed of the “Standard Specifications for Concrete Structures, Structural Performance
Verification” and *“Standard Specifications for Concrete Structures, Seismic Performance
Verification” to enhance the convenience of design practice. Durability check and initial cracking
check, which should be discussed in the “Standard Specifications for Concrete Structures, Design”
have been transferred from the “Standard Specifications for Concrete Structures, Materials and
Construction” to “Standard Specifications for Concrete Structures, Design”. The preparation and
revision of the “Standard Specifications for Concrete Structures, Pavement” has been handed over
to the Committee on Pavement Engineering, JSCE (Japan Society of Civil Engineers). The results
are now published separately under the title of the Standard Specifications for Pavement. Thus, the
Standard Specifications for Concrete Structures include five components: Design, Materials and
Construction, Maintenance, Dam Concrete, and Test Methods and Specifications.

The General Requirements for “Design”, “Materials and Construction” and “Dam Concrete” are
described based on the concept of performance-based code. Performance requirements are specified
for structures and the methods for checking the compliance with requirements are shown in the
General Requirements. In the Standard Methods, standard methods for satisfying the General
Requirements under certain conditions are given for more efficient and simpler design and
construction. In cases where no conditions specified in the Standard Methods are met, performance
verification should be conducted in accordance with the General Requirements. For establishing
new standards fitting for structures or regions to which no Standard Methods are applicable, the
Standard Methods may be referred to.

Concrete structures are generally constructed for providing services in the phases of planning,

design, construction and maintenance in accordance with the respective components of the Standard
Specifications. Each type of work is not independent of the others. Data are handed over from an
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upstream to a downstream phase that are required for carrying out the work downstream to meet the
conditions specified upstream. Handing over the data is therefore important to proper
implementation of work in respective phases. In the Standard Specifications for Concrete Structures,
“Design”, “Materials and Construction” and “Maintenance” are closely interrelated to one another.
Then, the required data shown in each Specifications should be accurately handed over to the next
phase without fail.

Performance requirements for durability, safety, serviceability and restorability that are specified
in the “Standard Specifications for Concrete Structures, Design” are determined in the design phase.
Construction and maintenance methods are roughly determined in the phase. The data that affect
construction and maintenance should therefore be handed over to the next phase without fail in the
form of design drawings.

Construction records that are specified in the “Standard Specifications for Concrete Structures,
Materials and Construction” provide important data for assessment, deterioration prediction and
implementation of remedial measures in the maintenance phase. Accurate construction records
should therefore be handed over to maintenance engineers. Construction plans and various
inspection reports should also be provided to engineers as required.

_ Data i Data : Data
Planning Design Construction

AN PN -
“~. Feedback -~ “~_ Feedback .-~

~—— R

\ 4

A 4

Maintenance

Fig. 1 Flow of work

Figure 1 shows a flow of work from the planning of a concrete structure to service
commencement. Data collected in the maintenance phase are not transferred to engineering works
in the planning, design or construction phase. It should, however, be taken into consideration that
reflecting the data in the maintenance phase in the planning, design and construction of another
structure for improvement is important to extend the service life of the structure. The
interrelationship is basically the same for design, construction and maintenance described in the
“Standard Specifications for Concrete Structures, Dam Concrete.”

Each component of the Standard Specifications for Concrete Structures is described below.

The “Standard Specifications for Concrete Structures, Design” shows standard methods for
performance verification of concrete structures such as reinforced concrete, prestressed concrete
and steel-concrete composite structures, and stipulates the preconditions for checking and structural
details. The revised Standard Specifications for Concrete Structures are not applicable to
unreinforced concrete structures. Material design values or other applicable items may, however, be
applied to unreinforced concrete structures.

The “Standard Specifications for Concrete Structures, Materials and Construction” provides
basic general rules concerning the construction of concrete structures. In the construction phase, the
construction method and the performance during the construction work are determined based on the
design drawings and restrictions on construction. Then, materials are selected and concrete mix
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proportions are determined, where a concreting plan is developed so as to meet the requirements for
water content, cement amount, cement type and other parameters. Whether the concreting plan
meets the construction requirements or performance requirements of the structure or not is verified
by an appropriate method. If the requirements are not satisfied, the concreting method is
re-specified or the mix proportions are modified as long as the conditions handed over from the
design phase are met.

The “Standard Specifications for Concrete Structures, Maintenance” provides general basic
principles concerning the maintenance of concrete structures. In the maintenance phase, documents
such as the design drawings and maintenance plans handed over from the design phase, and the
construction plans, as-built drawings, construction records and inspection reports handed over from
the construction phase should be fully used for efficient and effective maintenance work. In cases
where the use or functions of the structure change due to social changes, performance verification
should be made to verify whether the structure meets the resultant performance requirements or not.
If designated performance requirements are not ensured, repair, strengthening or other remedial
measures should be considered.

The “Standard Specifications for Concrete Structures, Dam Concrete” stipulates performance
and quality requirements for dam concrete, and describes the methods for verifying the compliance
with the requirements and the basic design and construction principles. The descriptions concerning
design, construction and maintenance in the “Standard Specifications for Concrete Structures, Dam
Concrete” are different from the contents of the Standard Specifications “Design”, “Materials and
Construction” and “Maintenance” with many respects because of the factors unique to dam concrete
such as the unreinforced nature and low or zero slump of dam concrete. The “Standard
Specifications for Concrete Structures, Dam Concrete” therefore describes the matters concerning
the design, construction and maintenance of dam concrete.

The “Standard Specifications for Concrete Structures, Test Methods and Specifications” lists the
Japan Industrial Standards, provisions of JSCE and other standards for the methods mentioned in
the other four components of the Standard Specifications. Figures 2 through 4 show work steps in
respective phases described in the Standard Specifications for Concrete Structures “Design,”
“Materials and Construction” and “Maintenance.”

2. Roles and deployment of responsible engineers

To produce and maintain a reliable structure that meets the performance requirements, the
engineers involved should have a capacity to carry out the work and a high level of ethics.

In the planning, design, construction and maintenance of a concrete structure, the engineers
should make appropriate decisions under varying work conditions. Therefore, the engineers with
required technical skills should be deployed according to the level of difficulty of work. In the
planning, design, construction and maintenance, therefore, responsible engineers not only with
required technical expertise but also with responsibility and authority should be deployed in
organizations of the owner, the consultant and the contractor.

(iii)
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Fig.2 Work steps described in “Specifications for Design”
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The technical skills required for responsible engineers should be defined according to a scale of
the work, importance and difficulty of planning, design, construction or maintenance.

As capacity classifications of engineers, engineer qualifications authorized by JSCE are listed in
Table 1. The qualifications for the special senior engineers and senior engineers are generally
required for responsible engineers.

The JSCE technical qualifications cover several fields. Responsible engineers to be deployed in
projects need to have qualifications only for major fields related to the specific project.

Table 1 Engineer qualifications authorized by JSCE

Qualification Required skills

Executive Japan’s leading civil engineer with high-level knowledge and
Professional experience in his or her field of specialty, or with comprehensive
Civil Engineer | civil engineering expertise

Senior Engineer with high-level knowledge and experience in multiple
Professional | fields or with comprehensive knowledge on civil engineering who
Civil Engineer | can solve key problems as a leader

Professional Engineer with knowledge and experience at least in one special field
Civil Engineer | who can carry out task at his or her discretion

Associate
Professional
Civil Engineer

Civil engineer with required basic knowledge who can carry out
assigned task

3. System for ensuring reliability

Many groups are involved in the planning, design, construction and maintenance of a structure.
In order to ensure the high reliability of the structure in each work phase, the organizations involved
should play their role providing their know-how and assuming due responsibility.

To ensure reliability in the design (and planning) phase, two independent groups should
basically check the design. After the design and check by the design company, engineers of the
contractor should re-check the design, or request a third party to check the design. Then, fully
skilled engineers should be selected for checking so that safety or other reliability parameters may
be satisfied. The design drawings serving as a basis for contracting should carry the signatures of
responsible engineers of the two groups that assume responsibility.

In the construction phase, reliability is ensured through the quality management by the
contractor and the quality verification by the inspector independent of the contractor. Inspections
have generally been conducted directly by the Owner and/or Consultant. Completed structures
should be inspected wherever possible. If inspecting completed structures is impossible, inspections
should be conducted while the structure is being constructed. If the Owner cannot directly inspect
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the structure under construction, the Owner may request an agent independent of the contractor.
Adopting as many highly reliable methods as possible can reduce the labor required for quality
management and inspection. In cases where adopting not so reliable methods is inevitable, the level
of quality management should be raised or inspections should be conducted more frequently to
improve reliability. Inspection items and decision criteria should be specifically presented at the
time of contracting because they greatly affect the quality of the structure and the construction cost.

Ensuring safety requires regular investigations. When defects are detected, decision should be
made as to remedial measures. For decision making concerning remedial measures for extremely
difficult deformation, listening to the opinions of engineers with high skills who have experienced
numerous cases is important.

In order for a system for ensuring reliability to work properly, the people or organization with
technical skills fit for the specific work should be granted explicit responsibility and authority and
assigned to the work. The compensation for the work and time required for the work should also be
provided.

(viii)
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CHAPTER 1 GENERAL PROVISIONS

1.1 General

(1) Standard Specifications for Concrete Structures “Materials and Construction:
General Requirements” (hereafter referred to as the "Construction: General
Requirements” of this Specification) describe basic concepts for the construction of
concrete structures specified in design drawings and specifications.

(2) As a general rule, to construct a concrete structure, it is necessary to develop a
construction plan based on the design drawings and specifications, construct the
structure in accordance with the construction plan while performing proper quality
control, and inspect the structure to confirm that the structure has been constructed in
accordance with the design drawings and specifications.

(3) If it is not possible to develop a rational construction plan in accordance with the
design drawings and specifications, it is mandatory to revert to the design stage and
modify the conditions set out in the design drawings and specifications.

(4) For ordinary concrete works, it is advisable to refer to Standard Specifications for
Concrete Structures “Materials and Construction: Construction Standards” (hereafter
referred to as the "Construction: Construction Standards” of this Specification) and
Standard Specifications for Concrete Structures “Materials and Construction: Inspection
Standards” (hereafter referred to as the "Construction: Inspection Standards” of this
Specification). For concrete works described in Standard Specifications for Concrete
Structures “Materials and Construction: Special Concretes” (hereafter referred to as the
"Construction: Special Concretes” of this Specification), a construction plan shall be
developed with reference to the provisions of the “Construction: Special Concretes” of
this Specification.

[Commentary] (1) The “Construction: General Requirements” of this Specification describes
basic concepts for developing a rational construction plan and carrying out construction work in
accordance with the construction plan in order to construct a concrete structure specified in design
drawings and specifications on the assumption that the structure has been designed appropriately so
that the performance requirements for the structure can be met.

(2) Design drawings and specifications for a concrete structure, which are the result of a design
developed to meet the performance requirements for the structure, show structural drawings,
reinforcement drawings, concrete properties, and materials, mix proportions and other details
needed to meet these properties. It is a basic requirement, therefore, to plan the construction of a
concrete structure in accordance with the design drawings and specifications. In cases where a
construction plan can be drawn up in accordance with the “Construction: Construction Standards”
or “Construction: Special Concretes” of this Specification, it may be assumed that the concrete
structure as described in the design drawings and specifications can be constructed.

Fig. C1.1.1 illustrates the scope of the Construction section of this Specification and the flow of
the construction process.

A construction plan drawn up in accordance with the design drawings and specifications must
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be confirmed and approved before construction is started. All tasks in the construction process must
be performed in accordance with the construction plan after proper quality checks are done at each
stage. The completed structure is taken over by the owner after it is confirmed through inspection
that the structure has been constructed as designed.

(3) The conditions assumed for construction planning at the design stage may differ from the
actual construction conditions. In such cases, conditions such as the selection of materials, mix
design and plans at each stage of construction are altered to the extent that the properties indicated
in the design drawings and specifications are achieved. If, however, it is difficult to develop a
rational construction plan while achieving the properties indicated in the design drawings and
specifications, it is necessary to return to the design stage and alter the design and prepare new
design drawings and specifications so that the performance requirements for the structure can be
met.

(4) The “Construction: Construction Standards” of this Specification applies to ordinary
concreting that involves few or no special requirements. The “Construction: Inspection Standards”
of this Specification describes an inspection system corresponding to such concreting. If these
requirements are met, it may be construed that the requirements described in the “Construction:
General Requirements” of this Specification are met.

The “Construction: Special Concretes” of this Specification deals with the types of concrete that
have proven performance but are not covered by the “Construction: Construction Standards” of this
Specification. It is therefore necessary to fully understand the indicated requirements and
incorporate them into the construction plan.
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1.2 Definitions

The terms used in Standard Specifications for Concrete Structures “Construction: General
Requirements” are defined as follows:

Verification — The act of judging whether something meets performance requirements
through experiments using full-scale specimens, empirically and theoretically proven
analysis methods, etc.

Inspection — The act of judging whether the quality satisfies the required criteria

Quality control — Effective and organized technical activities for quality assurance
performed at all stages of construction work in order to economically construct a concrete
structure that matches its purpose

Domain engineer — A person who is authorized by the responsible engineer and perform
part of his responsibilities

[Commentary] Quality control, which is carried out to make a concrete structure that meets
performance requirements, should be performed by a method that is as economical as possible.

A person who has been ordered to assume part of the responsibility and authority of the
Contractor for particular construction work to be carried out in connection with the construction of
a concrete structure is referred to as a "domain engineer.” Before carrying out construction work, it
is necessary to clearly define the scope of responsibility and authority of each domain engineer. A
domain engineer must be a person who is qualified as a First-Class Civil Engineer certified by the
Japan Society of Civil Engineers, First-Class Civil Engineering Works Execution Managing
Engineer (Japan Federation of Civil Engineering Works Execution Managing Engineers
Associations), Chief Concrete Engineer (Japan Concrete Institute), Concrete Engineer (Japan
Concrete Institute), key technician specializing in a particular type of construction-related work or a
person with equivalent expertise.
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CHAPTER 2 CONSTRUCTION PLAN

2.1 General

(1) An appropriate construction plan shall be prepared to construct a concrete
structure indicated in the design drawings and the specifications.

(2) The construction plan shall meet the requirements for the construction work
concerned and shall be approved by the Owner after it is confirmed that the concrete
structure indicated in the design drawings and specifications can be constructed.

[Commentary] Preparation for an appropriate construction plan and carrying out the construction
work in accordance with the construction plan are essential for the construction of a concrete
structure that has the performance attributes (e.g., safety, serviceability, restorability, durability)
specified at the design stage.

Fig. C2.1.1 shows the flow of the process from the design of a structure through the
development and approval of a construction plan to construction.

In order to construct a concrete structure indicated in the design drawings and specifications,
appropriate concreting methods and construction performance of concrete must be determined, and
a construction plan is drawn up taking into consideration the construction requirements, namely,
quality, construction safety, economy, construction period and environmental loading.

Information to be provided by the designer to the Contractor consists of characteristic values for
concrete determined according to the performance requirements for the structure, the maximum size
of coarse aggregate and reference values related to concrete mix proportions such as cement content
and the water-to-cement ratio. When developing a construction plan, it is necessary to concretely
specify the concrete performance requirements and mix proportions determined at the design stage.

The Contractor prepares a construction plan in accordance with the design drawings and
specifications and submit the construction plan to the Owner. After the construction plan is
approved by the Owner, construction work is carried out according to the plan.

Structural performance does not need to be verified again if the construction conditions
determined in this chapter are the same as the conditions assumed at the design stage or if a
standard construction method indicated in the Construction Standards section of this Specification is
used. If, however, the actual construction conditions differ significantly from the conditions
assumed at the design stage, the performance of the structure must be verified again on the basis of
the actual construction conditions. If the verification has revealed that the structure does not meet
the performance requirements, the construction plan needs to be altered according to the situation.
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2.2 Considerations in Construction Planning

The construction plan shall be prepared taking into consideration the environmental
conditions and construction conditions at the construction site, giving consideration to
construction safety and environmental loading and developing plans for details such as
the overall schedule, construction methods, concrete manufacturing methods,
construction performance of concrete, concrete mix proportions, quality control,
inspection, environmental impact and safety.

[Commentary] A construction plan must be developed in due consideration of quality
achievement, construction period, safety, economy and environmental impact so that the
construction can be carried out successfully. Safety measures against risks expected at the
construction stage must be carefully studied in advance. Environmental conservation plans must
comply with all environmental laws and regulations and standards related to the construction work.
It is also good practice, when preparing a construction plan, to take into consideration items for
which there is as yet no standard to meet so that environmental loading can be minimized. Table
C2.2.1 lists examples of items to consider when drawing up a construction plan.

Table C2.2.1 Examples of considerations in construction planning

Item

Description

1. Plan for transporting and
receiving concrete

Plans for assigning and operating agitator trucks; haul roads, onsite tests, inspection areas;
inspection of concrete mix proportions (slump, air content, water content, water-to-cement
ratio), etc.

2. Haul road plan

Hauling method, concrete supply capacity, standby pump trucks, etc.

3. Placement plan

Construction organization (organization chart), placing intervals, hourly placing rate, safety,
etc.

4. Compaction plan

Type and number of vibrators corresponding to hourly placing rate of concrete, personnel
requirements, preparation of standby vibrators, replacement personnel, etc.

5. Finishing plan

Skill level of finishing workers, plan for time of finishing, finish accuracy plan, confirmation
of equipment to be used for finishing work, etc.

6. Curing plan

Time of initiation of curing, curing method, confirmation of curing period, confirmation of
curing equipment, confirmation of persons responsible for concrete curing control, etc.

7. Jointing plan

Jointing method, treatment method, equipment, time of jointing, etc.

8. Reinforcement work plan

Confirmation of reinforcing bar diameters, spacing, method for ensuring concrete cover,
assembling method, type of reinforcing steel, fabrication method, skill level of reinforcement
workers, etc.

9. Formwork and falsework
plan

Design of formwork (lateral pressure), confirmation of formwork materials and falsework
materials, formwork designer, timing of form removal, timing of falsework removal, lateral
pressure control method, etc.

10. Environmental conservation
plan

Washing water, curing water, drainage of bleeding water etc., checks on noise and vibration,
dust, and environmental impact, etc., at and around jobsite

11. Safety and health plan

Confirmation of matters related to safety and health of construction workers, etc.

12. Others

Confirmation of troubleshooting methods, etc.
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2.3 Determination of Concreting Method

(1) Appropriate methods of concreting including hauling, placing, compacting,
finishing, curing, etc., at the construction site shall be selected in due consideration of the
influence on the quality of the concrete in the structure.

(2) In cases where a new construction method that is thought to be more suitable for the
construction work concerned than a standard construction method assumed as the design
stage is used, the influence of the new method on the quality of the concrete in the
structure shall be ascertained through experiments or by other means.

[Commentary] (1) and (2) In order to achieve the required quality of concrete, it is important to
employ an appropriate construction method and carry it out in a reliable way. At the design stage,
structural details and various material properties are determined assuming the use of a widely used
standard construction method. As construction details such as construction requirements, weather
conditions, environmental conditions and concreting-related conditions become concrete and
specific, however, it may be more appropriate to alter the construction method. It is good practice,
therefore, to take a flexible approach and select the most appropriate method in view of the
conditions of the construction project. Decisions on construction methods in such cases may be
made with reference to the construction methods described in the Construction Standard section. If
a newly developed, poorly field-tested method is to be used, it is necessary to conduct construction
tests, etc., under realistic conditions in advance to fully ascertain the quality of concrete in the
structure that can be achieved by that method.

2.4 Determination of Construction Performance of Concreting

(1) Appropriate construction performance of concrete shall be specified according to
the construction method to be used.

(2) If construction performance of concrete cannot be specified, previously determined
details such as the construction method shall be reconsidered.

[Commentary] (1) Construction performance of concrete includes workability such as filling
ability and pumpability, setting properties and strength development properties. It is important to
specify construction performance of concrete needed at different stages of construction in due
consideration of changes over time in the properties of fresh concrete.

Concrete with appropriate workability is easy to handle, pour and compact appropriately
according to the conditions such as the placing site location, the cross-sectional shapes and
dimensions of members and the reinforcing steel arrangement. Workability, however, is a property
that can change over time at different stages of construction from manufacturing, transportation,
pouring and compaction. Changes over time in slump vary considerably depending on concrete mix
proportions, the types of materials used and the environmental and weather conditions during
construction. Workability must be specified, therefore, after carefully considering such
time-dependent changes.

In cases where concrete is pumped at the construction site, it is desirable that concrete can be
pumped at the required rate under the planned pumping conditions without encountering the
clogging of piping, and the quality of fresh concrete be not severely affected by pumping. Concrete
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with excellent pumpability is concrete that has a well-balanced combination of three properties,
namely, the ability to flow smoothly in straight pipes (fluidity), the ability to pass through bent
pipes and tapered pipes (deformability) and the resistance to segregation due to changing pressures
in pipes (segregation resistance).

Setting properties are related to conditions such as the compaction of concrete, lateral pressure
acting on the formwork, placement intervals and the timing of finishing. In the case of hot weather
concrete or cold weather concrete, it may be necessary to adjust setting properties appropriately to
accelerate or retard setting.

Appropriate strength development properties are needed to ensure safety of the structure being
constructed against loading expected during the construction of the structure and achieve rational
construction and the required performance of the completed structure.

Concrete strength during construction is under the influence of factors such as placing
temperature, the material of formwork, curing method and ambient temperature. It is therefore
necessary to take these into consideration when deciding on the timing of formwork and falsework
removal. Strength development properties may be necessary in order to remove formwork and
falsework or achieve early initiation of prestressing tendon tensioning for prestressed concrete.

(2) If the required construction performance of concrete cannot be achieved, the construction
method must be reconsidered. For example, if the required workability or pumpability cannot be
achieved by carrying out a long-distance pumping plan, it is necessary to revert to the concreting
method determination stage and make necessary changes such as changing the concrete hauling
method within the construction site.

2.5 Materials

Only materials of proven quality shall be used as concrete materials.

[Commentary] Using appropriate materials is very important for producing concrete with the
required performance. Whether particular materials are suitable for use can be judged from test
results or past performance data. In general, materials conforming to JIS, JSCE standards or other
quality standards may be deemed to be materials of proven quality. It is possible, however, to meet
the performance requirements for concrete even if materials not conforming to quality standards are
used. If such materials are used, it must be ascertained in advance that the performance
requirements for the concrete structure can be met.

Concrete materials of any quality may be used as long as the concrete made by using those
materials meets the performance requirements. In the case of poorly field-tested materials, however,
it is necessary to carefully evaluate their quality and the performance of the concrete, including
long-term stability of quality and the influence on the durability of the structure, made of those
materials.

2.6 Concrete Mix Design

Concrete mix proportions shall be determined, taking into consideration of such
factors as constraints related concrete plants, availability of materials and economy
including transportation cost, so that the required performance of concrete can be
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achieved.

[Commentary] Mix design refers to a series of tasks performed to specify materials and their mix
proportions so that performance requirements for concrete can be met. Usually, in the mix design
process, materials and their mix proportions are assumed and trial mixing is carried out, and this
cycle is repeated until it is confirmed that the concrete mixes made in this way meet all performance
requirements (characteristic values). Because there are many combinations of materials and their
mix proportions that meet performance requirements, what is to be done in the mix design stage is
to select appropriate ones from those combinations. Performance attributes required of concrete
here include the characteristic values for concrete indicated by the design and construction
performance of concrete, material conditions and mix requirements shown for reference only.

2.7 Verification of Concrete Performance

(1) It shall be verified that the concrete made with the selected materials and mix
proportions meets the characteristic value criteria indicated by the design.

(2) If the design indicates reference-only values related to construction besides
characteristic values, it shall be verified that the selected materials and mix proportions
meet the reference-only values or meet the concrete performance requirements on which
the reference-only values are based.

[Commentary] Commonly used methods of concrete performance verification as of this writing
include experiment-based methods and the method of making inference from past performance
data.

Characteristic values for concrete to be verified include strength, carbonation rate coefficient,
diffusion coefficient of chloride ions, freeze-thaw resistance, chemical attack resistance,
alkali-silica reaction resistance, water permeability coefficient, fire resistance and drying shrinkage
strain. Values indicated for reference only, such as material conditions and mix requirements and the
workability, pumpability, setting properties, strength development properties, etc., specified in the
construction plan, also need to be verified. The following criteria may be used for verification:

A
y. —2<10, or y A 10 (C2.7.1)
p Ak p A

p

where Ay: characteristic value for a performance attribute of concrete, A,: predicted value for a
performance attribute of concrete, v,: factor of safety for accuracy of A,

If even a single characteristic value among the specified values is not met, the selected materials
and mix proportions are altered and verification is performed again. If rational mix proportions for
concrete cannot be determined by this method, all conditions including the structural conditions,
reinforcement material conditions, concrete manufacturing conditions, placement conditions and
maintenance conditions shall be reconsidered.
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2.8 Confirmation and Alteration of Construction Plan

(1) It must be confirmed by an appropriate method that the concrete construction plan
meets the requirements for the construction work and that the performance requirements
for the structure are met.

(2) Any change in the construction plan should be made so as to minimize its
influence. As a general rule, changes in the construction plan should be limited to
concrete mix proportions and construction methods.

(3) If the construction plan differs from the reference values indicated at the design
stage, cracking checks at the construction stage shall be made again under conditions
reflecting the construction plan.

[Commentary] (1) The construction plan must meet the requirements for the construction work
and must be such that the concrete structure built in accordance with the plan meet the performance
requirements. The Contractor submits a construction plan in writing to the Owner, and the Owner
checks whether the structure shown in the design drawings and specifications can really be
constructed, and approves the construction plan. To be more specific, it is necessary to check each
task in accordance with the items and descriptions shown in Table C2.2.1 to determine whether the
standard construction methods specified in the “Construction: Construction Standards of this
Specification” are used, whether the plan has an adequate margin of safety against variable factors
expected in connection with each task, whether the plan incorporates troubleshooting methods, etc.
If new technologies or new construction methods are to be used, it is necessary to evaluate their
feasibility and reliability by referring to reliable documents or conducting full-scale field trials.

(2) If the construction plan is to be changed, resultant changes in other conditions should be
minimized. A realistic way is to stay within the framework of reconsidering the construction plan
instead of reverting to the design of the concrete structure. Usually, making changes in the concrete
mix proportions or construction methods specified in the construction plan suffices.

(3) At the design stage, concrete and its placement methods are assumed, checks are made on
initial cracking, and characteristic values for concrete are determined. If these conditions in the
construction plan differ from the conditions assumed at the design stage, verification on cracking
shall be made again, on an as-needed basis, at the construction stage.
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CHAPTER 3 CONSTRUCTION

3.1 General

(1) The construction of a concrete structure shall be carried out in accordance with the
construction plan.

(2) The construction of a concrete structure shall be carried out under the supervision
of a domain engineer with sufficient knowledge and experience in the construction of
concrete structures stationed at the construction site.

(3) If the construction plan cannot be followed at the construction stage, appropriate
measures shall be taken so that the performance requirements determined at the design
stage can be met.

[Commentary] (1) The basic rule for construction is to carry out construction work economically
and efficiently by using an appropriate construction method on condition that construction safety is
maintained. Because concreting work involves a variety of tasks such as tasks related to formwork,
reinforcing steel and the placing of concrete, it is desirable that concreting work be thoroughly
coordinated with other types of work so that the construction work can be carried out efficiently.

To construct a concrete structure, the constructor prepares a construction plan that details
necessary construction processes based on the design drawings and specifications. The construction
of the concrete structure, therefore, must be carried out in accordance with the construction plan.

(2) In general, the quality of construction is heavily dependent on human factors such as the
experiences and qualities of constructors. It is very important, therefore, to station domain engineers
with sufficient knowledge and experience in the field of the construction of concrete structures at
the construction site so that the construction work carried out under the direction of those domain
engineers.

(3) In a construction project, incidents not expected at the planning stage may occur at the
construction stage. It is not always possible, therefore, to carry out construction in accordance with
the construction plan. If it is difficult to follow the construction plan in a real construction project,
appropriate measures must be taken, following the domain engineers' instructions, so that the
required performance can be achieved.
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CHAPTER 4 QUALITY CONTROL

4.1 General

(1) The Contractor shall perform quality control at each stage of construction in order
to create a concrete structure that meets the performance requirements.

(2) Quality control shall be performed, as a voluntary activity of the Contractor, by
using a method that can be expected to be effective.

(3) If quality control has revealed a possible quality problem, appropriate measures
shall be taken, in accordance with a domain engineer's instructions, so that the
performance requirements specified at the design stage can be met.

[Commentary] (1) In order to create a concrete structure that meets the performance
requirements, the Contractor must carry out construction in accordance with the construction plan
and perform quality control by appropriate methods for appropriate items such as concrete materials,
reinforcing materials, equipment and construction methods to ensure that the required quality is
achieved at each stage of construction.

It is advisable, however, to perform quality control only for necessary items only as often as
necessary, instead of conducting many types of tests and collecting a large amount of data. One way
to check on quality on the basis of test results, besides actually conducting tests, is to examine
manufacturers' test reports as in the case of JIS-conforming products.

Usually, wide variations in the quality of concrete placed to build a structure not only increases
the possibility of occurrence of problems at the construction stage but also necessitates the use of a
large factor of safety at the mix design stage so as to achieve the required strength. That makes the
construction process uneconomical and, in many cases, causes decreases in durability, cracking
resistance and appearance. Always producing concrete of stable quality, therefore, is essential, and
it is important to control the quality of materials and the concrete manufacturing process carefully.

(2) The Contractor must prepare a reliable, efficient and economical quality control plan in
accordance with the construction plan and carry out the construction work in accordance with the
quality control plan. Quality control results may be used as substitutes for the results of inspection
conducted by the owner at each stage of construction. It is desirable, therefore, that quality control
be performed, wherever possible, by a technically or otherwise proven method.

(3) If quality control has revealed a sign of considerable variation in quality, it is necessary to
conduct an investigation to identify the cause of such variation and take corrective measures so that
variations can be kept within the predetermined range. In the event of an abnormality or a possible
quality problem, appropriate measures must be taken in a timely manner in accordance with a
domain engineer's instructions.

12
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CHAPTER 5 INSPECTION

5.1 General

(1) The Owner shall conduct inspection at each stage of construction and upon
completion of a structure on the Owner's own responsibility.

(2) The Owner of a structure shall draw up an inspection plan in accordance with the
design drawings and specifications, taking into consideration the degree of importance,
intended use and purpose of the structure.

(3) Inspection shall be conducted in accordance with the inspection plan by a method
of proven reliability.

(4) If inspection is failed, corrective measures to be taken shall be considered. If
corrective measures cannot be taken, the stage of construction that failed to pass the
inspection shall be redone.

(5) The inspection plan and inspection results shall be maintained during the service
period of the structure.

[Commentary] (1) In order to construct a concrete structure as indicated in the design drawings
and specifications, inspection is conducted at each stage of construction to check whether the
construction work being carried out is adequate. The required performance of the concrete structure
can be ensured by checking on the performance requirements such as safety at the design stage and
conducting inspection at the construction stage. Inspection, therefore, must be conducted on the
responsibility of the Owner of the structure.

The performance of a newly completed concrete structure should ideally be inspected directly.
The items related to a concrete structure that can be inspected, however, are limited to only a
fraction (e.g., concrete surface condition, the locations, shapes, dimensions, etc., of structural
members) of all inspection items. A realistic approach, therefore, is to conduct necessary
inspections at each stage of construction to make sure, through a series of inspections, that the
concrete structure is being constructed as indicated in the design drawings and specifications.

(2) The Owner of the structure needs to draw up a reliable, efficient and economical inspection
plan with reference to the design drawings and specifications in view of the degree of importance,
intended use and purpose of the structure. In general, inspection is planned taking into consideration
such factors as the type and scale of construction work, staffing, timing of construction,
construction period, reliability of the materials and construction methods used, skill level of
construction workers, the degree of influence on the work schedules at subsequent stages, and
efficiency. The inspection plan must describe things to be done, inspection criteria, etc.

It is not practical that the Owner inspects all items because inspection items are diverse at each
construction stages. In this way the Contractor inspects quality inspection items for materials except
for inspections related to construction works and the structure on their own responsibility and the
Owner ensures the inspection results. To make this practice worked the Owner should discuss

13
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inspection methods with the Contractor before actual construction begins. Results of the discussion
should be recorded with written documents where the Owner records on an inspection planning
document while the Contractor records on a construction planning document.

(3) Because the Owner of the structure has to judge the acceptability of the concrete structure
through inspection, the reliability of the inspection method needs to be ensured by supportive
technical information or other evidence. Acceptability criteria are one of the important items agreed
upon in the contract, so they must be objective. Common practice is to use methods specified in the
Japanese Industrial Standards (JIS) or the JSCE standards. The Construction: Inspection Standards
of this Specification indicates standard inspection methods and criteria for evaluating the
acceptability of inspection results based on those standards and specifications.

The Owner specifies, in advance, inspection-related requirements such as inspection items,
inspection methods and acceptability criteria in the contract documents, etc., and, as a general rule,
specifies all requirements in the contract documents. Since, however, inspections that need to be
conducted at different stages of construction involve a wide range of inspection items, it is desirable
that studies be conducted in advance on such details as inspection items, inspection methods, timing,
frequency, staffing, cost and required time and agreement be reached with the Contractor
concerning particularly detailed matters so that inspections can be conducted in a reliable, efficient
and economical way. If a newly developed construction method or material is used, conventional
inspection methods may not be adequate. It is therefore important for the Owner to draw up an
inspection in consultation with the contractor.

(4) If an inspection has been failed at a stage of construction, it is necessary either to redo the
stage of construction or take corrective measures. In this case, it must be confirmed that the required
performance of the concrete structure can be achieved by taking the corrective measures. The
Contractor, therefore, needs to carefully determine construction procedures and details in advance
in connection with construction tasks that are difficult to redo.

If an inspection has been failed and neither taking corrective measures nor redoing construction
is possible, it is necessary to evaluate the influence of the problem on the required performance of
the concrete structure and take appropriate measures such as demolishing and reconstructing the
structure or altering the maintenance plan and using the existing structure.

(5) Inspection records are documents that certify that the concrete structure has been constructed
in accordance with the construction plan and as indicated in the design drawings and specifications.
Inspection records, therefore, must be maintained during the service period of the concrete structure.
If an inspection is failed at one or more stages of construction, it is important to record in detail the
facts including the corrective measures taken.

14
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5.2 Inspection Plan

(1) The inspection plan shall specify inspection items, inspection methods and
requirements such as acceptance criteria, timing and frequency of inspection and staffing
requirements needed to ascertain that the structure concerned is being constructed as
indicated in the design drawings and specifications.

(2) In the event of any change in the design drawings or specifications, the inspection
plan shall be reviewed.

[Commentary] (1) Inspection items, inspection methods and requirements such as acceptance
criteria, timing and frequency of inspection and staffing requirements needed to ascertain that the
structure concerned is being constructed as indicated in the design drawings and specifications must
be determined and specified in the inspection plan.

Standard inspections usually consist of the following:
(i) Inspection of the quality of concrete materials

(i) Inspection of the performance of concrete plant
(iii) Inspection of the quality of concrete

(iv) Inspection of the quality of reinforcing materials
(v) Inspection of construction

(vi) Inspection of structure

A series of inspections conducted in connection with the construction of a concrete structure
includes the inspection of materials (concrete and reinforcing bars) conducted to ensure that the
materials used are appropriate, the inspection of construction conducted mainly to ensure that the
structure and its members meet the dimensional requirements, specified reinforcing bars have been
placed at specified locations, concrete has been uniformly placed and compacted, and curing has
been carried out as required, and the inspection of the concrete structure. After these inspections are
passed, it may be judged that the concrete structure has been constructed as indicated in the design
drawings and specifications.

It is desirable that inspections be conducted only for essential items in view of construction
efficiency and economy. Inspections that are deemed necessary in order to check whether the
concrete structure indicated in the design drawings and specifications can be constructed must be
conducted after their reliability is ascertained. For example, if it is thought likely that the adequacy
of construction when newly developed materials or construction methods are used cannot be judged
by means of the inspections (i) through (vi) listed above, inspection methods suitable for such
materials or construction methods must be adopted. In such cases, it is very important to confirm
inspection details through in-depth discussion between the Owner and the Contractor.

(2) Because the inspection plan is drawn up on the basis of the design drawings and
specifications, if the inspection plan has been changed, it must, of course, be reviewed.
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5.3 Conduct of Inspection
(1) Inspection shall be conducted in accordance with the inspection plan.

(2) The person responsible for inspection shall judge the acceptability of inspection
results according to predetermined evaluation criteria.

[Commentary] (1) Basically, the inspection of a structure must be conducted by the Owner of the
structure on the responsibility of the Owner in accordance with the inspection plan. Inspection tasks
need to be performed under the direction of a person who has experience in working in the
construction work concerned or who has technical experience.

(2) If an inspection at a stage of construction has been failed, either the construction work
concerned is redone or corrective measures are taken after discussion between the Owner and the
Contractor. Inspection methods used after corrective measures are taken must also be
technically-proven, reliable methods. The person responsible for inspection must be the Owner or
the Owner's agent and needs to be a senior professional engineer certified by the Japan Society of
Civil Engineers, consulting engineer (concrete specialist), chief concrete engineer or an equally
competent person.

5.4 Maintenance of Inspection Records

(1) Inspection records shall be maintained during the service period of the concrete
structure.

(2) Inspection records covering necessary items shall be maintained in an appropriate
format with reference to the maintenance guidelines.

[Commentary] (1) Inspection records are important records confirming the required performance
of a concrete structure. Like the design drawings and specifications and the inspection plan,
therefore, inspection records must be maintained. If an inspection has been failed and corrective
measures have been taken, the records regarding their details must also be maintained.

(2) Because inspection records are important as the initial values for the maintenance of a
newly completed concrete structure, they must be maintained as a source of reference information
so that the safety, serviceability, etc., of the concrete structure can be ascertained.
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CHAPTER 6 CONSTRUCTION RECORDS

6.1 General

The Owner of a concrete structure shall maintain the construction records during the
service period of the concrete structure.

[Commentary] The term "construction records” here refers to the design drawings and
specifications (including changes), the construction plan (including changes), the inspection plan
(including changes) and the inspection records. It is also good practice to maintain records
concerning construction management depending on the degree of importance and necessity.

These documents contain all information concerning the newly constructed concrete structure
that can be used as basic data for ensuring the required performance of the structure during its
service period. It is desirable that these documents indicate the affiliations, names, etc., of the
persons who performed the relevant tasks.
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CHAPTER 1 GENERAL

1.1 General

(1) The purpose of this Specification “Materials and Construction: Construction
Standards” of the Standard Specifications for Concrete Structures is to make it possible,
in concreting work for new construction of an ordinary civil engineering structure, to
construct a concrete structure of a certain level of quality by carrying out the items
indicated herein without paying painstaking attention.

(2) Prior to the commencement of concreting work, it is necessary to fully understand
the content of the design drawings and specifications and prepare an appropriate
construction plan.

(3) If details such as the materials used, construction conditions, construction
environment or construction methods deviate from the conditions indicated in the
“Construction: Construction Standards” of this Specification, a construction plan
consistent with the “Construction: General Requirements” of this Specification shall be
prepared and construction shall be carried out accordingly. For the items indicated in the
“Construction: Special Concretes” of this Specification should be referred to.

[Commentary] (1) Concreting work varies very widely because of diverse elements and
conditions such as the type of structure, materials used, construction conditions, construction
environment and equipment used for construction. It is also true, however, that most of concrete
construction projects involve very few special items. Numerous concrete construction projects of
this type have already been successfully carried out. In many cases, therefore, it is rational to adopt
a construction plan that can be drawn up by making minor modifications to an ordinary construction
plan to suit the site-specific conditions. The “Construction: Construction Standards” of this
Specification is intended for application to such ordinary concreting work as a standard guideline.

The “Construction: General Requirements”, “Construction: Construction Standards” and
“Construction: Special Concretes” of this Specification should be used as follows:

The “Construction: Construction Standards” (i.e., this document) indicates typical items to be
carried out in connection with the types of structure, materials used, construction equipment and
construction conditions within the range applicable to a typical civil engineering construction
project. The 2002 edition of the Construction section of this Specification had an independent
chapter on inspection. The other chapters dealt with items to be carried out by the Contractor, while
the chapter on inspection dealt extensively with items to be carried out by the Owner of the
structure. The Construction section of the current Specification, therefore, has separate volumes
“Construction: Construction Standards” and “Construction: Inspection Standards” for
"construction" and "inspection" to clarify the responsibilities of each party and make this
Specification easier to use. Inspection-related items to be carried out by the constructor, such as
items related to receiving of materials, are described in “Construction: Construction Standards”.
“Construction: Construction Standards” and “Construction: Inspection Standards” are designed for
use as a kind of "standard specifications" for many construction projects.

Typical construction work to which the “Construction: Construction Standards” of this
Specification is applicable involves, for example, specified strengths of concrete of up to about 60
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N/mm?, minimum slump at the time of placement of 16 cm or less, the use of agitator trucks for
off-site transportation, the use of pumps for on-site transportation over equivalent horizontal
pumping distances of about 150 m or less, and the use of internal vibrators for compaction (see
Table C4.4.1). Among the items related to materials, construction conditions, construction
environment beyond these ranges, those that have been field-tested to a certain extent are described
in the “Construction: Special Concretes” of this Specification. It is assumed that in cases where
items related to materials, construction conditions and construction environment beyond these
ranges are involved, in cases where special attention is required or in cases where special expertise
is to be used effectively, a construction plan is drawn up on a case-by-case basis in accordance with
the “Construction: General Requirements” of this Specification, verification is made, and then
construction is carried out.

(2) In all civil engineering construction projects, it is important to draw up an appropriate
construction plan according to the site-specific conditions prior to the commencement of
construction. In concreting work, it is necessary to fully understand the content of the design
drawings and specifications and draw up an appropriate construction plan prior to the
commencement of construction, taking into consideration such factors as the functionality, strength
and durability required of the structure and important things to keep in mind in carrying out
construction work. As mentioned in the explanation about Commentary (1), however, concreting
work in most cases consists of a combination of more or less standard tasks that include very few
special items. Furthermore, in cases where the concrete structure to be constructed has been
carefully designed so as to avoid special construction conditions such as excessively dense
reinforcement patterns, a sufficient level of quality can usually be achieved by performing standard
construction management. In such cases, a rational approach is to use the items indicated in the
“Construction: Construction Standards” of this Specification by making minor changes to those
items. By following the procedures described herein, it is not necessary at many construction sites
to draw up a special construction plan.

Many troubles encountered in connection with the construction of concrete structures result
from inadequate attention paid to construction at the design stage. The designer and the constructor,
therefore, need to know the assumptions made by the other party within their respective scopes of
work. In the case of the construction of an ordinary concrete structure, design and construction are
usually performed separately, and information is seldom exchanged directly between the designer
and the constructor. In an ordinary project, therefore, the designer needs to perform design tasks
with a full understanding of the scope of the “Construction: Construction Standards” of this
Specification. If design tasks are to be performed on the basis of assumptions that deviate from that
scope, it is necessary to clearly indicate it in the design drawings and specifications in order to
prevent problems at the construction stage.

(3) When using special materials, production or construction methods that are not covered in the
“Construction: Special Concretes™ of this Specification, separate specifications in which the
provisions of this specification are appropriately reflected shall be prepared. For reference, the
following list provides guidelines and manuals dealing with special materials and construction
methods, published by the JSCE.

“Recommended Practice for Concrete Made by Continuous mixer”, 1986 (In Japanese)

“Recommendations for Design and Construction of Reinforced Concrete Structure Using D57 and
D64 Large-diameter Threaded Reinforcing Bars”, 1992

“Recommended Practice for Concrete Containing Air-entraining and High-range Water-reducing
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Agents — Recommendations for construction of high fluidity concrete”, 1993
“Guideline for Construction Using Blast-furnace Slag Aggregate”, 1993

“Recommendations for Design and Construction of Concrete Structures Using Silica Fume in
Concrete -Draft-", 1995

“Recommendation for Construction of Concrete Using Ferro-nickel Slag Fine Aggregate”, 1998 (In
Japanese)

“Recommendation for Construction of Concrete Using Copper Slag Fine Aggregate”, 1998 (In
Japanese)

“Recommendation for Construction of Concrete containing Fly Ash”, 1999 (In Japanese)
“Recommendation for Concrete Pumping”, 2000 (In Japanese)

“Recommendations for Design and Construction of Concrete Structures Using Electric Arc Furnace
Oxidizing Slag Aggregate”, 2003

“Recommendations for Design and Construction of Reinforced Concrete Structures Using
Epoxy-Coated Reinforcing Steel Bars”, 2003

“Recommendations for Mix Design and Construction of Concrete Based on Placeability”, 2007

“Recommendations for Design, Fabrication and Evaluation of Anchorages and Joints in Reinforcing
Bars”, 2007

“Recommendations for Concrete Repair and Surface Protection of Concrete Structures”, 2005

1.2 Definitions

The terms used in Standard Specifications for Concrete Structures “Construction:
Construction Standards” are defined as follows:

Concrete - A composite material, or its hardened form, consisting of materials such as
cement, water, fine aggregate, coarse aggregate, and admixtures added if necessary, to be
blended together by mixing or other methods.

Mortar - A composite material, or its hardened form, consisting of materials such as
cement, water, fine aggregate, and admixtures added if necessary, to be blended together
by mixing or other methods.

Cement paste - A composite material, or its hardened form, consisting of materials such as
cement, water, and admixtures added if necessary, to be blended together by mixing or
other methods.

Plain concrete - Concrete without reinforcing materials, including concrete containing only
secondary reinforcement as a precaution against cracking due to shrinkage or other
reasons.

Reinforced concrete - Concrete strengthened by reinforcing bars, designed on the
assumption that the two materials act together in resisting external forces.

Prestressed concrete - A type of reinforced concrete prestressed by means of prestressing
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steel, etc.

Aggregate - Sand, gravel, sea sand, crushed sand, crushed stone, blast-furnace slag fine
aggregate, blast-furnace slag coarse aggregate and other similar materials which are
mixed with cement and water to produce mortar or concrete.

Sieve — A wire sieve specified in JIS Z 8801-1 used for tests of concrete and concrete
materials

Fine aggregate - Aggregate entirely passing the 10 mm sieve with more than 85 % of its
weight passing the 5mm sieve.

Coarse aggregate - Aggregate with more than 85 % of its weight retained on the 5 mm
sieve.

Sand - Fine aggregate formed from rocks through natural processes.
Gravel - Coarse aggregate formed from rocks through natural processes.

Recycled aggregate — Aggregate for use as a concrete material manufactured by
performing crushing and other processing of concrete fragments recovered from
demolished structures.

Grading of aggregate - The size distribution of aggregate particles.

Fineness modulus of aggregate (F. M. ) - A factor obtained by adding the total percentages
by weight of an aggregate sample retained on each of a specified set of sieves, i.e., 80, 40,
20, 10, 5, 2.5, 1.2, 0.6, 0.3, 0.15mm, and dividing the sum by 100.

Solid volume percentage of bulk aggregate - The ratio of the solid volume of aggregate
filled in a container to the volume of that container, expressed as a percentage.

Maximum size of coarse aggregate - The size of coarse aggregate specified by the nominal
size of the smallest of all the sieves through which at least 90% of the aggregate by weight
passes.

Surface moisture of aggregate - Free water retained on the surface of aggregate particles. It
is accounted for as a portion of mixing water and obtained by subtracting the amount of
water absorbed inside aggregate particles from the total amount of water retained by the
aggregate.

Surface-dry state of aggregate - The state of aggregate particles in which there is no water
on the exposed surfaces and the permeable voids inside are filled with water. (Saturated
surface-dry state for ordinary aggregate)

Oven-dry State of aggregate - The state of aggregate particles in which all of water
contained in their permeable voids is removed by drying at the temperature between 100
and 110 degree C. until their mass becomes constant.

Density of surface-dry aggregate - The density obtained by dividing the weight of
aggregate in saturated surface-dry state into its absolute volume.

Density of oven-dry state aggregate - The density obtained by dividing the weight of
aggregate in oven-dry state into its absolute volume.

Total moisture content of aggregate - The percentage of the total weight of water inside and
on the surfaces of aggregate to the weight of aggregate in oven-dry state.
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Absorption capacity of aggregate - The percentage of the total weight of water in the
surface-dry state of aggregate to the weight of aggregate in oven-dry state.

Effective absorption of aggregate - The percentage of the weight of the water that
aggregate absorbs to reach saturated surface-dry state to the weight of aggregate in
oven-dry state.

Surface moisture content of aggregate - The percentage of surface moisture of aggregate
to the weight of aggregate in saturated surface-dry state.

Powdery material — A collective term for cement or other solid material used as a concrete
material that is as fine as or finer than cement.

Binder - Generic name for materials which react with water or/and participate in the
strength development of concrete such as cement, granulated blast-furnace slag fine
powder, fly ash, etc.

Admixture - Materials other than cement, water and aggregates, added to concrete before
placing to impart special properties.

Mineral admixture — Kinds of admixture which are used in comparatively large quantities
and the volumes of which are taken into account in calculating the mix proportion of
concrete.

Chemical admixture - Kinds of admixture which are used in small quantities and the
volumes of which are neglected in calculating the mix proportion of concrete.

Entrained air - Tiny isolated air bubbles introduced in concrete by using air entraining
agents or chemical admixtures.

Entrapped air - Air bubbles formed in concrete naturally without the use of chemical
admixtures.

Air-entrained concrete - Concrete that contains entrained air.

Steel - A general term for structural carbon steel consisting of iron as its principal
ingredient. This includes steel bars for reinforced concrete, prestressing tendon, hot rolled
section steel, steel plates.

Reinforcing bar - Steel bars embedded in concrete for reinforcing purpose.
Plain bars - Circular steel bars with uniform round cross section.

Deformed reinforcing bar, deformed rebar - Steel bars that have surface projections such
as ribs to improve the bond with concrete.

Prestress - Stress introduced in concrete before application of service loads to reduce
tensile stresses induced in concrete by loads.

Prestressing Steel - High strength steel used for prestress concrete.

Spacer - Devices used to provide a given cover to the reinforcing bar, tendons or sheaths
etc. and maintain the correct space between them. .

Creep - Time-dependent phenomenon in which the deformation (except elastic strain and
drying shrinkage strain) increases under constant sustained load.

Clearance - Clear distance between adjacent reinforcing bars.

Cover - Concrete thickness expressed by the least distance between the outer surface of
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concrete and the surface of steel or sheaths.

Mix proportion - Proportion or quantity of constituent materials to produce a desired
quantity of concrete or mortar.

Trial mixing — Mixing carried out to determine whether a specified concrete can be obtained
from a designed mix.

Characteristic compressive strength of concrete - The strength on which structural design
is based. Generally it is the compressive strength at 28days. Notation : f'.«

Mix proportioning strength (target strength) - Compressive strength used to select the mix
proportion of concrete. Generally it is a compressive strength at 28 days. Notation :f's,

Allowance factor - A factor by which the specified average strength is multiplied to take
into account the variations of material quality in determining target strength.

Water-cement ratio - The ratio by weight of water to cement in cement paste in fresh
concrete or fresh mortar. It is generally expressed in percentage.

Unit content - Quantity of material used for producing one cubic meter of concrete or
mortar (i.e. unit cement content, unit water content, unit weight of coarse aggregate, unit
weight of fine aggregate, unit weight of admixture mineral and unit weight of admixture).

Powdery material content — A total quantity of powdery material used to make one cubic
meter of concrete or mortar.

Cementitious material content — The quantity of cementitious material used to make one
cubic meter of concrete or mortar.

Sand-aggregate ratio - The ratio of the absolute volume of fine aggregate to that of total
aggregate, expressed in percentage. Notation : s/a

Unit volume of dry-rodded coarse aggregate - The bulk volume of coarse aggregate to
produce one cubic meter of concrete. It is obtained by dividing the unit weight of coarse
aggregate into its weight per unit bulk volume (bulk density).

Fresh concrete, Fresh mortar, Fresh paste - Concrete, mortar or paste which has not
hardened yet, respectively.

Slump — An indicator of the degree of softness of fresh concrete measured as the distance
by which the concrete surface falls after the slump cone is lifted.

Bleeding - The phenomenon in which a portion of mixed water emerges from fresh
concrete, mortar or paste due to sedimentation or segregation of solid materials.

Laitance - A relatively weak layer formed on the surface of concrete, mortar or cement
paste by tiny particles brought to the surface during bleeding.

Consistency - The property of fresh concrete, fresh mortar, or fresh paste, which is mainly
dependent of water content, shown by the degree of resistance to its movement or
deformation.

Workability - The property indicating the level for a fresh concrete to be easily transported,
cast, compacted and finished without occurrence of material segregation.

Filling ability — Among workability attributes, the ability of concrete to densely fill the cover
regions and corners of concrete forms without undergoing segregation.
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Pumpability — The degree of ease with which fresh concrete or fresh mortar can be
transported by a concrete pump.

Placing height — The height of concrete placed in one lift.

Free fall height — The height from which concrete falls in an exposed condition from a
chute or pipe end when concrete is placed.

Compaction height — The maximum height from the bottom of the concrete form or the
surface of previously placed concrete to the surface on which construction workers stand
while performing the compaction of concrete.

Durability - The resistance to degradation with time in performance of concrete structure.

Alkali-aggregate reaction - The phenomenon in which alkali-reactive aggregates react with
cement or other alkali components in concrete over a long time, causing expansion cracks
or pop-out.

Freeze-thaw resistance - The resistance against repeated freezing and thawing action.

Frost damage - The damage of concrete due to freezing action in the initial period of
setting and hardening.

Chemical attack — Dissolution or deterioration due to the generation of expansive
compounds of concrete caused by erosive substances such as acids and sulfates.
Chemical attack may cause a loss of concrete cross section or volumetric expansion and
may even cause cracking, spalling of cover concrete and steel corrosion.

Water-tightness - The property of having low water and moisture permeation.

Autogeneous shrinkage - The phenomenon in which concrete, mortar and cement paste
shrink due to reduction in volume during cement hydration.

Crack resistance - The resistance of concrete to crack initiation

Placement interval — The time from the completion of the placement of concrete in the
underlying layer to the initiation of the placement of concrete in the overlying layer.

Cold joint — A discontinuity between a previously placed layer of concrete and the next
layer of concrete.

Batch mixer - A type of mixer in which the materials for concrete, mortar or paste are mixed
for each batch.

Continuous mixer - Mixing equipment which contains a set of devices for batching,
supplying, and mixing materials for concrete, and therefore can produce fresh concrete
continuously.

Ready-mixed concrete - Fresh concrete that can be purchased at anytime from plants
which possess facilities for manufacturing concrete with desired properties.

Sheathing - Wooden, metal or plastic panel-type formwork directly adjacent to concrete.

Equivalent horizontal conveying distance - Total distance of horizontal concrete pipe and
the equivalent horizontal distance converted from the length of vertical pipe, bending pipe,
taper pipe, flexible hose etc.

Quality control - Effective and systematic technical activities for ensuring the quality of
concrete in each stage of construction so that functional requirements of concrete
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structures are satisfied.

Inspection - The work of judging whether the quality of concrete meets required criteria or
not.

Control chart - Chart used to determine whether the construction is proceeding as
scheduled, or to maintain a steady construction process

Mass concrete - Concrete member or structure whose size is relatively large and the
consideration of temperature rise due to heat of hydration is of great concern during
design and construction.

Plasticized concrete - An already-mixed concrete is called plasticized concrete if
superplasticizer is added into it and a thorough mixing is carried out afterward to increase
the flowability.

Standard curing - A method of curing in water or in a moist condition under nearly 100% of
humidity while temperature is kept at 20+3°C.

Moist curing - A method of curing where concrete is kept in a moist condition for a certain
period of time after placing.

Temperature controlled curing - A method of curing where the temperature of concrete is
controlled for a certain period of time after placing. .

Insulated curing - A method of curing where the necessary temperature is maintained by
utilizing the heat of hydration of cement and preventing escape of heat to the utmost, by
covering the surface of concrete with highly insulating materials

Heat curing - A curing method in which concrete is heated by any source of heat during a
period of curing.

Accelerated curing - A curing method used to accelerate the hardening process and
strength development of concrete.

Centrifugal compaction - Compaction of concrete by centrifugal force using a formwork
revolving at an extremely high speed.

Casting - Production of factory products by placing concrete into a form and applying
compaction to the placed concrete.

Instant demolding - Removal of a part or all of the formworks for concrete with an
extremely stiff consistency immediately after placing and compacting using strong
vibration or pressure.

[Commentary] Reinforced concrete: Reinforced concrete, in a wide sense, also includes
prestressed concrete, steel framed reinforced concrete in which hot rolled section steel and shaped
steel are used as reinforcing materials. However, in this Specification, the term refers to concrete
containing reinforcing steel bars specified in JIS G 3112 or similar steel bars.

Sieves: “Standard Sieves for Concrete” of JSCE-C 501 is a series of the net-like sieves for the
sieve analysis of aggregate chosen from the sieves specified in JIS Z 8801 “Standard Sieve”. In the
JSCE Standard, only their nominal sizes are given for convenience, although their actual mesh sizes,
diameters of wires, openings, and so forth are the same as those specified in JIS Z 8801.

Fine aggregate and coarse aggregate: The distinction between fine aggregate and coarse
aggregate is quite freely decided, and has no theoretical grounds. These definitions were made
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Table C1.2.1 Example of the calculation of fineness modulus of aggregate

Fine Aggregate | Coarse Aggregate

Quantity of sample retained on 80 mm 0% 0%

40 mm 0% 0%
20 mm 0% 28%
10 mm 0% 78%
5 mm 1% 97%
2.5 mm 16% 100%
1.2 mm 38% 100%
600 pm 61% 100%
300 pum 82% 100%
150 um 97% 100%

0+0+0+0+1+16+38+61+82+97 _

100 2.95

Fineness modulus of fine aggregate =

28+78+97+100+100+100+100+100 _

00 7.03

Fineness modulus of coarse aggregate =

considering the customary practice. As the aggregate prepared on the construction site is not
screened thoroughly, aggregate particles passing the 5 mm sieve are frequently included in coarse
aggregate and particles retained on the 5 mm sieve in fine aggregate. Therefore, a 15 % allowance
in each case has been given.

Sand: In a broad sense, sand is used as a synonym of fine aggregate, but it treated as generic
name for natural fine aggregates in this specification.

Grading of aggregate: This term represents the degree that small and large size aggregates are
mixed moderately. It is expressed by the volume ratio of particles. However, for simplification, it is
generally expressed by the cumulative weight percentage of aggregates passing each size of sieve.
When aggregates with different densities are mixed together, the cumulative weight percentage is
also converted to the volume percentage in order to adjust the grain size distribution.

Fineness modulus of aggregate: For example, the sum of the total percentage by weight of
aggregate retained on the 10mm sieve means the sum of the weight percentages of sample retained
on each of the 80, 40, 20 and 10mm sieves. Table C1.8.1 shows an example of the calculation of
fineness modulus from the result of the sieve analysis of coarse aggregate. Fineness modulus is a
practical index to show the approximate grading of aggregate, and it is conveniently used to judge
the state of change in the grading of aggregate and to estimate the unit water content in the mix
design of concrete. However, attention shall be paid that the grading of aggregate which has the
same fineness modulus is unlimited.

Maximum size of coarse aggregate: Attention shall be paid that the maximum size of coarse
aggregate does not represent the maximum size of the largest particle. It is defined so based on the
fact that coarse aggregates actually compose of thin and/or slender particles, the maximum size of
the largest particle therefore does not represent the characteristics of all aggregate particles.

Surface moisture of aggregate: Water contained in aggregate (moisture of aggregate) is
distinguished between the surface moisture and the absorbed water inside aggregate particles. The
surface moisture of aggregate shall be counted as a part of mixing water of concrete.

Densities of surface-dry aggregate and oven-dry aggregate: The term “density” mentioned here
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is not the actual one obtained using powdered aggregate, but the apparent one. In determining the
mix proportions of concrete, density of aggregates in saturated surface-dry state is usually needed,
because the saturated surface-dry state is defined as the standard one. However, in case of light
weight aggregate, it is more appropriate to regard the apparent density in oven-dry state as the
standard one, so the density in oven-dry state is used.

Powdery material: Powdery materials (cementitious materials) include not only materials that
contribute to the strength development of concrete by reacting with water, such as cement, blast
furnace slag and fly ash, but also nonreactive mineral powder such as limestone powder.

Binder: It, in a broad sense, means materials which bind aggregates together. For example, in
case of asphalt concrete, it indicates asphalt. Cement paste is also treated as binder in cement
concrete, but in the narrow sense, it indicates powder which is responsible for cement hydration. In
this specification, binder is a generic name of powders which binds other materials such as cement,
granulated blast-furnace slag fine powder, fly ash, silica fume, expansive admixture etc.

Admixture: Several kinds of admixtures are available on the market. Their types, properties and
purposes of use differ widely. In this Specification, admixtures are classified into mineral
admixtures and chemical admixtures according to their amount to be used in concrete.

Mineral admixture: Fly ash, ground granulated blast-furnace slag and expansive admixtures are
typical mineral admixtures.

Chemical admixture: Air-entraining agent, water-reducing agent, air-entraining and
water-reducing agent, superplasticizer, high-range water reducing agent, retarder, accelerator,
corrosion inhibitor for reinforcing steel, gas generating agent, waterproofing agent are the examples
of chemical admixtures.

Entrained air and entrapped air: Entrained air means microscopic and independent air bubbles
distributed uniformly in concrete intentionally, by using an air-entraining agent or an air-entraining
and water-reducing agent, for the purpose of improving the quality of concrete. Entrapped air means
air contained in concrete naturally without using any air-entraining agent, and the sizes of the air
bubble are larger than those of entrained air. Although about 1-2 % entrapped air may be usually
contained in air-entrained concrete, it is difficult to distinguish between entrained air and entrapped
air. Therefore, air content of air-entrained concrete means the sum of the amount of entrained air
and entrapped air in the concrete.

Reinforcing bars: In a wide sense, reinforcing bars include all kinds of steel bars embedded in
concrete to reinforce concrete. However, generally it means steel bars for reinforced concrete
specified in JIS G 3112 and steel bars with equivalent quality as those in the JIS. This Specification
makes it a rule to use only steel bars that conform to the JIS except those confirmed usable by a test.
Prestressing steel used for prestressing and rolled section steel used for steel frame are not called
reinforcing bars in this Specification.

Deformed bars: In a wide sense, deformed bars are any kinds of steel bars which possess surface
deformations such as ribs. In this Specification, however, it is prescribed that only the bars
conforming to hot- rolled deformed bars specified in JIS G 3112 or those confirmed by tests are to
be used.

Mix proportion: In the definition, the term “materials” means cement, water, fine aggregate,
coarse aggregate and admixture.

28



Chapter |  General

Characteristic compressive strength of concrete: In this Specification, the compressive strength
of cylindrical specimens is used as the standard one to represent the strength and the quality of
concrete. Generally, the characteristic compressive strength is determined on the basis of the
compressive strength at 28 days. The compressive strength of concrete varies to a certain degree
according to the quality of materials, construction condition, etc. Therefore, the mix proportioning
strength shall be determined on the condition its probability of being equal to or higher than the
characteristic compressive strength is higher than a pre-determined margin. In the case where the
design is based on the tensile strength or flexural strength of concrete, characteristic tensile strength
or characteristic flexural strength is used. In the case where the design is based on the strength of
specimens tested at 91 days, or 7 days, the strength is called the characteristic strength at 91 days or
7 days, respectively. However, characteristic strength generally implies the strength at 28 days.

Mix proportioning strength: Mix proportioning strength is the desired strength in determining
the mix proportion of concrete. It is obtained by multiplying the characteristic compressive strength
to the overdesign factor, taking into account the variation in the quality of concrete.

Unit content: The term “unit content” is used for making short “the quantity of a specific
constituent material used for producing 1 m® of concrete or mortar”. Unit cement content (C), unit
water content (W), unit content of aggregate, unit content of fine aggregate (S), unit content of
coarse aggregate (G), unit content of air entraining agent, unit content of Pozzolan, and so on are
used.

Powdery material content and cementitious material content: The powdery material content is
the total of the unit contents of different powdery materials including cement and other cementitious
materials and admixtures (Fig. C1.2.1) and is regarded as a major indicator of segregation resistance.
The cementitious material content and the cement content may be thought to as indicators used to
evaluate strength development properties, heat of hydration and durability. Mixed cement may be
described, strictly speaking, as a binder, but it is conventional practice to classify mixed cement as
cement, and the term "cement content" may be used.

Powdery materials

Binder

Fig.C1.2.1 Definition of powdery materials, binder and cement

Slump: Slump is measured in accordance with JIS A 1101. Although the concept of "minimum
slump at the time of placement" is indicated in the Construction: Construction Standards of this
Specification, unless otherwise specified herein, the term "slump" is construed to mean the average
of measured slumps.

Consistency and workability: Consistency is an important factor of workability and can be
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measured fairly accurately by the slump test. Although many testing methods for measuring
workability were studied and proposed in the past, there are no testing methods universally
adaptable in field. Therefore, workability suitable for a work needs to be judged by an expert.
Slump test is effectively used as a supplementary mean of judging the workability of concrete.

Pumpability: Factors determining pumpability include the ability to achieve a high pumping rate
under a light pumping load and the ability to resist clogging of concrete piping.

Placing height and compaction height: In conventional concreting projects, the placing height
for each layer or lift of concrete is specified, but placeability varies widely depending on how
compaction is done. “Construction: Construction Standards” of this Specification, therefore, defines
the new term "compaction height" to distinguish it from "placing height." For example, to place
concrete for wall members or column members in a typical project, workers enter the concrete
forms to perform compaction. Depending on member sizes and reinforcement patterns, however,
this method of compaction may be difficult to perform, and placing height per layer or lift differs
from compaction height.

Durability: External actions which adversely affect the durability of concrete include freezing
and thawing action, attack by chemical substances, and rubbing action. Furthermore, when
materials of poor quality are used, the long-term stability of concrete is deteriorated. In the case of
members of reinforced concrete and prestressed concrete, corrosion of embedded steel progresses
and their durability is damaged, if their concrete is neutralized or chloride is accumulated beyond a
certain limit in the members.

Alkali-aggregate reaction: Alkali aggregate reaction is classified broadly into alkali-silica
reaction and alkali-carbonate reaction depending on the kind of mineral substance which reacts with
alkali, but most of the reported cases of alkali-aggregate reaction in Japan are alkali-silica reaction.
When alkali-silica reaction occurs, cracks develop in concrete because the resulting alkali-silica gel
swells when absorbing water

Freeze-thaw resistance: When concrete and/or aggregate particles containing water are frozen,
expansive pressure develops due to the freezing of free water inside these materials. Freezing and
thawing action induces slack or damage in the structure of materials due to the expansive pressure.
The degree of damage increases with the repetition of freezing and thawing action. Entrained air in
concrete plays a role of relieving the expansive pressure during the freezing of concrete.

Crack resistance: It is very difficult to avoid cracking but controlling the number of cracks and
the crack width is comparatively simple. Controlling crack is very important as long as the
durability of concrete, water-tightness and its appearance are concerned. Cracks may be induced by
many causes, but it is possible to improve the crack resistance by properly selecting materials, mix
proportion, construction method. In addition, appropriate design of concrete structure is also very
effective in crack controlling.

Inspection: The inspection is carried out on the qualities of materials, concrete, construction
process and constructed structure, using various inspection systems. Generally, the inspection of
material and product is carried out by the purchaser. In many cases, the structure owner just
confirms the inspecting results based on inspecting records afterward. In case of ready-mixed
concrete, the constructor usually carries out the inspection because they purchase materials.
However, designated inspector often carries out inspection when ready-mixed concrete of JIS is
used. Inspections during construction or at completion are commonly carried out by the structure
owner.
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Moist curing: It is to ensure the necessary amount of water for the hydration of cement in
concrete since it is not sufficient just by preventing the evaporation of water from the placed
concrete. This curing method is also effective in preventing cracking due to drying shrinkage during
initial hardening stage.

Temperature controlled curing: This curing method is to control the temperature in each part of
the concrete to facilitate the normal hardening process and to avoid the cracking after hardening as
well as and the development of excessive internal stress. In utilizing this curing method, it is
necessary to take into account both the size of members and the effect of construction condition.

Accelerated curing: There are some curing methods to accelerate the hardening rate of concrete,
such as steam curing, autoclave curing, hot water curing, electrical curing, infrared curing, and high
frequency curing. However, in general, steam curing is widely used.
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CHAPTER 2 QUALITY OF CONCRETE

2.1 General

The concrete used shall be one that has consistent quality and workability suitable for
the construction tasks to be performed and, after hardening, has the required properties
such as strength, durability, water-tightness and cracking resistance.

[Commentary] In order to create a concrete structure that has the required performance attributes,
it 1s necessary to use concrete that provides the structure with those performance attributes and
makes proper concreting possible. In accordance with this principle, this chapter specifies basic
quality requirements for concrete.

The basic quality requirements for concrete specified in this chapter are qualitative consistency,
workability, strength, durability, water-tightness and cracking resistance.

(a) Qualitative consistency: Highly variable quality of concrete supplied for the construction of
a structure not only increases the possibility of occurrence of defects during construction but also
necessitates the use of a large factor of safety in mix design to achieve the required strength, making
the construction project uneconomical. Inconsistent quality of concrete may also degrade durability,
cracking resistance and appearance. When manufacturing concrete, therefore, it is very important to
secure a supply of concrete of stable quality. To do that, it is important to perform thorough material
quality control and concrete manufacturing control.

(b) Workability: In order to carry out construction work efficiently and create a concrete
structure with as few defects as possible, the concrete used shall have the type of workability
suitable for such tasks as hauling, placing, compacting and finishing. In other words, workability
attributes such as filling ability by which to completely cast formwork including the regions around
reinforcing steel and corners, pumpability necessary for on-site pumping, and appropriate setting
properties are very important in order to carry out construction appropriately and efficiently and
construct a concrete structure with as few defects as possible.

(c) Strength: If a concrete structure is to maintain the required safety and serviceability during
its service period, the concrete used shall have the strength assumed at the design stage, that is, the
design strength. Initial strength development properties are an important factor affecting the speed
of construction.

(d) Durability: If a concrete structure is to maintain the required safety and serviceability during
its service period, the concrete used shall have the required durability as well as the design strength.
In order for the reinforcing steel placed in the concrete structure to perform the required functions
over a long period of time, the concrete needs to be capable of effectively protecting the reinforcing
steel from corrosion. The durability attributes required of concrete can be classified into (1)
physical action such as freeze—thaw action, (2) chemical action caused by sulfates, acids, etc., (3)
durability of concrete itself against its own deterioration attributable to the quality of the materials
used such as alkali—silica reaction, and (4) the ability to protect steel from the action of chloride
ions, carbon dioxide, etc., that accelerate steel corrosion by infiltrating the concrete. It is therefore
necessary to take these into consideration on an as-needed basis.

(e) Water-tightness: Water-tightness is a quality attribute indicating resistance to water or
moisture permeability. Concrete structures that require water-tightness are structures whose safety,
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durability, functionality, maintenance, appearance, etc., are affected by water permeability.
Examples are storage facilities, underground structures, hydraulic structures, water storage tanks,
drinking water and sewer facilities, and tunnels. Leaching of calcium from concrete might also
cause performance degradation of the structure over a long period of time. Thus, water-tightness is a
quality attribute that needs to be taken into account when considering structures that come into
contact with water.

(f) Cracking resistance: Excessive cracking in a concrete structure not only has adverse effects
on durability and water-tightness but also degrades the appearance of the structure. It is very
important, therefore, to use concrete that is highly resistant to cracking.

There may be cases, depending on the type of structure or member, where quality attributes of
concrete other than those described in this chapter are required. In such cases, the quality of
concrete shall be determined so that the required performance of the structure can be achieved.

2.2 Qualitative Consistency

Concrete shall be reasonably consistent in terms of the quality of materials and
manufacture and shall have consistent quality.

[Commentary] Great variation in the quality of materials used to manufacture concrete and the
quality of manufacture could make it difficult to supply concrete of the required quality in a
consistent way, causing adverse effects on the performance of the resultant concrete structure. In
manufacturing concrete, therefore, it is important to control the quality of materials and the
manufacture of concrete carefully so that batch-to-batch variation in the quality of concrete can be
minimized and concrete of consistent quality is always available. Quality attributes such as the
content of fines attached to the surfaces of aggregate particles, the surface water content of fine
aggregate, and the grading of fine aggregate and coarse aggregate are highly variable and are factors
that could greatly affect the quality of concrete. In order to ensure qualitative consistency, therefore,
it is important to control those quality attributes so that their variations can be minimized.

2.3 Workability

Concrete shall have workability suitable for the works to be performed such as
hauling, placing, compacting and finishing according to the construction, structural and
environmental conditions.

[Commentary] In order to construct a concrete structure with the required performance, it is
necessary to perform construction. Since these tasks greatly affect the quality and setting properties
of fresh concrete, concrete needs to have workability suitable for the tasks to be performed such as
hauling, placing, compacting and finishing. Although workability includes all items related to the
degree of ease of placement of fresh concrete until it hardens, it is difficult to describe all of them in
detail. In the construction: Construction Standards in this specification, therefore, importance is
attached to smooth execution of construction work in ordinary concreting projects, and filling
ability, pumpability and setting properties are described as workability attributes.
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2.3 1 Filling ability

(1) Filling ability is defined as a performance attribute that can be obtained through the
interaction of fluidity and segregation resistance in the case of vibrating compaction.
Filling ability shall be determined by considering both terms. Slump is used as an
indicator of fluidity, and the cement content or powdery material content is used as an
indicator of segregation resistance.

(2) Filling ability shall be specified within a practical range in view of the type of
structure, the type and size of member, reinforcement conditions such as the amount of
reinforcing steel and the minimum steel spacing, on-site transportation methods and
compaction methods.

(3) It shall be assumed that the fluidity needed to fill formwork with concrete smoothly
and completely, and can be achieved by securing the minimum slump for placement. The
minimum slump for placement shall be determined after carefully considering the details
of construction method such as placing locations, the parts of the structure to be
concreted, compaction height, internal vibrator spacing, placing height per concreting
cycle, and the placing rate in advance, so that slump can be made as small as practicable.

[Commentary] (1): Filling ability required of concrete is the ability of concrete to pass through
reinforcing bars without undergoing segregation and completely fill complicated regions such as
concrete cover regions, internal corners or prestressing tendon zones. It is generally known from
experience that filling ability is determined by the interaction of fluidity and segregation resistance
during vibratory compaction. It is assumed here, therefore, the quality of filling ability is
determined by the balance between fluidity and segregation resistance as shown in Fig. C2.3.1.
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Fig. C2.3.1 Concept of workability of concrete
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Fluidity and segregation resistance are affected by not only the water content, cement content
and the powdery material content (hereinafter powder content) but also other factors such as the
type of cement or powder, grading and shapes of fine and coarse aggregate, and the types of
chemical admixtures. In general, segregation resistance can be quantified by use of plastic viscosity
and a rheological constant such as the yield value. In this specification (Construction Standards), in
view of engineering practice, fluidity is expressed with slump, and the powder content is used as an
indicator of segregation resistance. The powder content is the total of the unit contents in concrete
of powdery materials, whether reactive or nonreactive, such as cement, ground granulated blast
furnace slag, fly ash, limestone powder, etc. In the case of concrete that uses only cement, the
powder content is synonymous with the cement content. As mentioned earlier, the powder content is
an indicator of segregation resistance, while the cement content and the cementitious material
content, which indicate the contents of only reactive powdery materials, are indicators related to the
heat of hydration, strength, durability, etc.

It is assumed that the filling ability of concrete is not uniquely determined by slump as a
representative indicator of the consistency of fresh concrete and that it can be evaluated
quantitatively in terms of a combination of slump, the powder content as an indicator of segregation
resistance, and the structural conditions and construction conditions. On this assumption, Chapter 4,
Mix Design, describes detailed concrete mix design methods. Chapter 4 requires that the standard
value of the minimum slump during placement be selected from the construction conditions, and the
powder content be determined according to slump, taking the construction conditions into
consideration. The powder content, however, needs to be greater than a certain value in order to
prevent initial defects resulting from segregation. The lower limit is 270 kg/m®, and 300 kg/m’ or
more is recommended. The balance with the filling ability is also important. The reason is that the
cement content cannot be increased infinitely because of the need to prevent thermal cracking and
economy-related problems. Methods for attaining the required powder content in cases where the
heat of hydration is an important consideration include the method of using low-reactivity powder
such as fly ash or limestone powder. Setting the fine aggregate content at an appropriate level is
also effective in improving segregation resistance. For further details on the determination of the
fine aggregate content, refer to the values shown in Section 4.5.4.

(2) and (3): Filling ability requirements vary with the conditions for different tasks. It is
therefore necessary to determine the required slump and corresponding powder content in view of
various construction conditions. As shown in Fig. C2.3.2, slump varies depending on the time from
the manufacture of concrete to the placement of concrete and the transportation of concrete. In order
to ensure the required placing performance of concrete, slump needs to be at or higher than the level
required during placement. However, Construction Standards of this Specification requires that the
fluidity needed to achieve the required filling ability be determined according to the minimum
slump during placement.
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Fig. C2.3.2 Relationship between specified slump at each stage of construction and changes in
slump over time

If the required minimum slump for placement is to be achieved, it is necessary to determine the
slump upon completion of mixing and the slump at the delivery point in view of various conditions
(e.g., transportation method, time from completion of mixing to completion of placing, ambient
temperature). To be more specific, the slump upon completion of mixing is determined in view of
the slump loss during transportation so that the required slump is achieved at the delivery point, and
the slump at the delivery point is determined in view of the decrease at the construction site (due to
the elapse of time and on-site transportation) so that the required slump can be achieved at the
placing point. Since the slump loss due to the elapse of time or transportation varies depending on
various conditions, it is important to appropriately allow for decreases in slump by carefully
considering the construction conditions in advance. The procedure for determining slump at each
stage is described in detail in Section 4.4.2.

As mentioned above, different slumps are required at the placing site, at the delivery and upon
completion of mixing. In order to secure the required workability at the placing site, therefore, it is
necessary to achieve quality control goals by requiring greater values for the slump upon
completion of mixing and the slump at the delivery than the slump at the placing site. Strictly
speaking, however, mix proportions differ depending on how long it takes before placing assumed
for the purposes of mix design optimization (i.e., upon completion of mixing, at the time of delivery
or at the time of placing). The basis concept: Construction Standards of this Specification is to
determine mix proportions so that the optimum workability can be achieved at the placing site. If,
however, the target slump upon completion of mixing or at the delivery is considerably larger than
the required minimum slump for placement as when the amount of slump loss due to off-site
transportation or the elapse of time is long or when the amount of decrease in slump during on-site
transportation by means of pumping is expected to be large, it is necessary to select appropriate mix
proportions. It should be taking into consideration such factors as segregation at the time of
manufacture or during off-site transportation and possible decreases in pumpability due to, for
example, clogging of pipes during on-site pumping. In such cases, it is good practice to determine
mix proportions, in terms of target slumps upon completion of mixing or at the delivery, so that
concrete with excellent workability can be obtained, in order to prevent problems related to
manufacturing control, quality control or acceptance inspection at the delivery. If ready-mixed
concrete is used, it is good practice to specify a slump that is the same as the target slump at the
time of delivery so that the required minimum slump for placement can be achieved.

The minimum slump for placement is determined in view of the structural conditions such as
the types and sizes of structural members and reinforcement (reinforcing bars and other reinforcing
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steel) patterns and the construction conditions such as on-site transportation methods (type of
concrete pumper truck, pumping distance, piping direction), placing methods (drop height, height of
layer of concrete to be placed) and compaction methods (type of vibrator, spacing, insertion depth,
vibration time, compaction height).

There may be cases where construction workers can enter the formwork to perform compaction
work near the concrete placement surface or where construction workers cannot enter the formwork
but to perform compaction work from locations relatively far from the concrete placement surface.
Thus, the conditions under which compaction work is carried out vary with the cross section of the
structural member concerned and the density of steel reinforcement, and the difficulty in performing
construction tasks also varies. Usually, the term "placing height" is used to refer to the height of a
layer or lift of concrete to be placed. In the Construction: Construction Standards of this
Specification, the commonly used term "placing height" and the working height related to the
difficulty in performing compaction work are distinguished, and, as shown in Fig. C2.3.3, the height
from the surface of the worker's platform to the bottom of the formwork or the concrete placement
surface is defined as the "compaction height."

It is a basic rule that the minimum slump for placement corresponding to the compaction height
should be determined after carefully considering construction method details such as placing
locations and areas, compaction height, internal vibrator spacing, the height of concrete placed in a
single cycle, and the placing rate so that slump can be made as small as practically possible.

£3
33

Compaction height

Fig. C2.3.3 Example of compaction height in case where a construction worker enters the
formwork for a concrete member

2.3.2 Pumpability
(1) When concrete is pumped, fresh concrete shall have a slump suitable for the task.

(2) Proper segregation resistance during pumping shall be achieved so that pipes used
for pumping are not clogged.

[Commentary] (1) and (2): When concrete is pumped, it is necessary to achieve the required
pumping rate under the planned pumping conditions without clogging the piping. The quality of
fresh concrete, therefore, should not change substantially during pumping. Ideally, in order to meet
these requirements, an appropriate set of conditions should be selected by considering alterations in
not only concrete performance but also construction conditions such as the type of pump, the
diameter of pipes and the transportation distance. The properties of fresh concrete keep changing a
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series of tasks from manufacturing and shipping through transportation to the construction site and
on-site transportation to placement and compaction. Since slump may decrease considerably if
concrete is pumped for on-site transportation, it is necessary to select mix proportions allowing for
decreases in slump due to pumping so that the workability required for placement can be achieved.
The slump loss due to pumping should be estimated by referring to Table 4.4.7 or other data.

Clogging of piping is a phenomenon peculiar to pumping. It is necessary to select mix
proportions for excellent pumpability so that clogging of piping can be prevented and then estimate
the slump loss due to pumping appropriately. The powder content (or the cement content if cement
is the only powdery material used) and the fine aggregate ratio required careful attention because an
excessively low powder content or fine aggregate ratio increases the possibility of pipe clogging.
Since, however, the viscosity of concrete increases and the pumping load increases as the powder
content increases, it is important to find an appropriate balance. More information on concrete
pumping planning can be found in Recommendations for Placement of Concrete by Pumping
(2000).

Standard slumps and powder contents needed to achieve good pumpability range from 8 to 18
cm and about 270 kg/m® to 300 kg/m® or more, respectively. Because the water content needed to
obtain the required slump may be excessively high depending on the quality of aggregate or other
factors, it is important to make the water content as low as possible by making proper use of
chemical admixtures such as air-entraining water reducers and air-entraining high-range water
reducers.

In cases where clogging of piping does not occur, pumpability can be expressed in the form of
the relationship between the discharge rate and the pressure loss in pipe, and the pumpability thus
obtained is used as an indicator of whether the required amount of concrete can be transported
efficiently. The relationship mentioned above is shown in Section 7.3.2 of Chapter 7.

2.3.3 Setting properties

Setting properties of fresh concrete shall be suitable for the construction tasks to be
performed such as compaction, placing on fresh concrete and finishing.

[Commentary] Setting properties are related to the compaction of concrete, allowable placing
time interval, timing of finishing, lateral pressure acting on the formwork, etc. For hot-weather
concrete and cold-weather concrete, it is necessary to control setting properties by, for example,
delaying or accelerating setting according to the timing of placing and placing temperature.

Setting properties are evaluated in terms of the time of the start of setting and the time of the
end of setting. In the construction of an ordinary concrete structure, the time to the start of setting
and the time to the end of setting as determined in accordance with JIS A 1147, Method of Test for
Time of Setting of Concrete Mixtures by Penetration Resistance, are roughly 5 to 7 hours and 6 to
10 hours, respectively. The time of setting of concrete can be controlled to some extent by using
appropriate types of chemical admixtures, but it is common practice to decide on construction plans
and construction methods according to the time of setting.
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2.4 Strength

(1) The strength of concrete at a specified age shall not be lower than the design
strength with a probability equal to or higher than a specified percentage.

(2) As a standard practice, the strength of concrete should be expressed with a
measured value for a standard curing specimen at a material age of 28 days.

(3) Compressive strength tests and tensile strength tests on concrete shall be
conducted in accordance with JIS A 1108 and JIS A 1113, respectively. Specimens for
these tests shall be prepared in accordance with JIS A 1132.

(4) The strength development properties of concrete required at each stage of
construction shall be checked on an as-needed basis.

[Commentary] (1): While in service, a concrete structure shall be sufficiently safe against the
loads considered at the design stage. The quality of the concrete used, therefore, shall be high
enough to meet the strength requirements for the structure specified at the design stage. Since,
however, the quality of concrete, like other types of materials, inevitably varies, in theory it is not
possible to ensure that the strength of any part of the structure is higher than the design strength.
The Design: General Requirements of this Specification, therefore, defines a material strength as a
value that guarantees that a measured value becomes smaller than that with a certain probability,
and uses that value as design strength. This provision has been adopted to ensure that the strength
considered when a structure is designed is attained with a predetermined probability. For the
probability with which a measured value becomes smaller than the design strength, usually a value
of 5% is used in view of economy and other factors.

(2): If concrete has been properly cured in a wet condition, the strength of the concrete increases
as it ages. In the case of an ordinary structure, however, in many cases curing of concrete cannot be
expected to be performed in such a way that the curing period is more/less than 28 days. In view of
this, the strength of concrete at the start of use of the structure is expressed, as a standard practice,
with a measured value of strength obtained from a 28-day specimen cured by the standard curing
method.

In the case of a structure to be subjected to loading at a relatively early stage, the strength of
specimens at an earlier-than-28-day material age shall be used as a standard of reference in view of
such factors as the nature of working loads, the dimensions of structural members and the curing
conditions. If concrete whose strength increases considerably over a long period of time is used and
the curing period before loads begin to act is long, the strength of an older-than-28-day specimen
may be used as a standard of reference. This may make it possible to reduce the cement content so
that the occurrence of cracking due to the heat of hydration can be prevented.

There are cases where strength test specimens are cured at the construction site in order to
accurately reflect the effect of the field curing conditions on concrete strength. For example,
strength development of specimens are delayed at low temperatures in winter, but in the case of a
structure with a large cross section, strength development of the structure may occur relatively fast
because of the temperature rise due to the heat generated by the hydration of cement. Thus, care
needs to be taken because field curing results do not always indicate the strength development
characteristics of structural concrete, and evaluation based on standard curing may be more
appropriate.
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In the case of high-strength concrete with a high cement content, early-stage exposure to high
temperature may result in poor strength development at the subsequent stages. The influence of this
is described in detail in the Construction: Special Concretes of this Specification (Chapter 6,
High-Strength Concrete).

Concrete strengths used in the design of structures includes compressive strength, tensile
strength, flexural strength, shear strength, bearing strength and the strength of bond with steel. It is
common practice to use compressive strength as a standard of reference because compressive
strength is easy to test and measured values are large enough to indicate changes in quality clearly.
Strengths other than compressive strength are not necessarily proportional to compressive strength,
but they can be judged in many cases by evaluating compressive strength. Thus, compressive
strength is widely used as a convenient indicator because it accurately reflects the quality of
concrete. Except in the case of certain types of concrete such as pavement concrete designed on the
basis of flexural strength, therefore, compressive strength can be usually used as a standard of
reference of concrete strength.

(3): Concrete strength varies with concrete mix proportions, curing methods and material ages,
and measured values of concrete strength also vary with such factors as the shapes and dimensions
of specimens and loading methods. The compressive strength and tensile strength used in this
Specification, therefore, shall be determined by the test methods described in JIS.

Preparing test specimens and testing the strength of concrete strictly by the JIS-specified
methods is very important in order to minimize test error.

(4): In-process strength checks are necessary in cases where, for example, formwork or
falsework is removed or the tensioning of prestressing tendons for prestressed concrete is carried
out early. In these cases, strength development properties shall be checked in view of the influence
of placing temperature, ambient temperature, etc.

2.5 Durability
2.5.1 General

Concrete shall be sufficiently durable against various physical and chemical actions to
which a concrete structure is exposed during its service period and shall be capable of
protecting steel.

[Commentary] Concrete used in a concrete structure shall have the durability needed by the
structure to perform necessary functions during the specified period. To do this, concrete needs to
be durable and capable of protecting the reinforcing steel in the concrete. Factors impairing the
durability of concrete include freeze—thaw cycles, chemical attack and alkali—silica reaction. If one
or more of performance attributes such as freeze—thaw resistance, chemical resistance and
alkali—silica reaction resistance are required, concrete of the quality that meet all performance
requirements shall be used. Major factors contributing to the corrosion of the steel in the concrete
include chloride attack and carbonation, and cracking is also a contributing factor because it could
accelerate those phenomena.

Various durability verification techniques have been proposed as methods for ascertaining that a
concrete structure or the concrete itself is sufficiently durable against those degradation phenomena,
and some of those methods are described in the Design: General Requirements of this Specification
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(Chapter 8, Verification of Durability). The design drawings and specifications indicate design
values for materials based on verification and reference values related to the materials used and mix
proportions for achieving the design values, so construction can be carried out in accordance with
those values. If changes have been made in the materials to be used or mix proportions at the
construction stage, it is necessary to return to the design stage and make durability verification
again. Since, however, verification methods for alkali—silica reactivity are not described in the
Design: General Requirements of this Specification, control measures described in the explanation
(Item (1)) in Section 2.5.2 need to be taken.

2.5.2 Durability of concrete

(1) Materials used in concrete shall not be ones that have adverse effects on the
required durability of the concrete.

(2) As a general rule, the water/cement ratio of concrete should be 65% or less.

(3) As a general rule, the concrete used should be air-entraining concrete.

[Commentary] (1): The durability of concrete is determined by environmental action, materials
used, mix proportions and construction work. The materials used, therefore, shall not have adverse
effects on the durability of concrete, and mix proportions need to be selected properly. As a general
rule, materials that meet the requirements described in Chapter 3, Materials, should be used.

In order to prevent alkali—silica reaction from reaching a harmful level during the service period,
one of these three methods shall be used: (1) reducing the total alkali content of the concrete, (2)
using Type B mixed cement that is effective in suppressing alkali—silica reaction and (3) using
aggregate that is classified as Category A (harmless) in an alkali-silica reactivity test. Further
details of control methods are described in Section 3.2. If the intrusion of alkalis from an external
source is inevitable as in a marine environment or in a region where deicing agents are used and if
the use of alkali-reducing measures relying solely on materials used is deemed to be inadequate, it
is necessary to consider the use of additional measures such as surface covering.

(2): The water/cement ratio is the most important mix-proportion-related factor affecting the
durability of concrete. As the water/cement ratio increases, concrete becomes less durable. Because
the water/cement ratio of concrete that is required to have durability is usually lower than 65%, this
section requires that the maximum water/cement ratio of ordinary concrete be, as a general rule,
65%. The water/cement ratio to be actually used varies depending on expected degradation factors,
and specific details of the determination method are described in the Design: General Requirements
of this Specification (Chapter 8, Verification of Durability). It should be kept in mind, however, that
if the water/cement ratio is too low, the cement content becomes relatively large and the heat of
hydration and autogenous shrinkage increase so that the durability of concrete adversely affected
depending on the type of structure. The water/cement ratio of concrete subjected to chemical attack
shall meet the requirements described in Section 4.3.4 of Chapter 4.

Verification as to whether a concrete structure meets the freeze—thaw resistance requirements is
made by use of the relative dynamic modulus of elasticity in freeze—thaw testing. Reference values
shown in the design drawings and specifications are water/cement ratios that meet the required
relative dynamic modulus of elasticity in the Design: General Requirements of this Specification
(Chapter 5, Design Values for Materials). The water/cement ratio, therefore, may be determined on
the basis of those reference values.
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(3): In an environment under the influence of freeze—thaw cycles, entrained air bubbles reduce
water pressure increases due to freezing of internal water. The use of air-entrained concrete,
therefore, is very effective in improving freeze—thaw resistance. Furthermore, the use of
air-entrained concrete substantially reduces the amount of water needed to achieve the required
workability so as to facilitate complete filling with concrete and improve durability attributes other
than freeze—thaw resistance. This is why it is required, as a general rule, that air-entrained concrete
be used not only in cases where severe weather action is involved but also in cases where severe
weather action is not involved.

2.5.3 Steel protection performance

(1) Concrete shall be capable of protecting the steel placed in the concrete so that the
steel can perform its intended functions during the service period.

(2) As a general rule, the total amount of chloride ions contained in concrete when it is
mixed should not exceed 0.30 kg/m°.

[Commentary] (1): Concrete has the function of protecting the steel in the concrete from external
corrosion factors and heat from fires and other heat sources. Many of the concrete structures have
reinforcing bars and other reinforcing steel in the concrete. If the reinforcing steel corrodes,
therefore, the durability of those concrete structures decreases considerably. The reason why the
protective function of concrete is lost is the protective passive film on the steel surface is destroyed.
The destruction of the protective passive film is caused mainly by a decrease in alkalinity due to
carbonation and the presence of chloride ions in the concrete. If, therefore, the protective function
of concrete is to be performed effectively, the depth of carbonation of concrete shall not reach the
critical depth for steel corrosion, which is the level at which steel corrosion occurs, during the
service period, and the chloride ion content of the concrete at the steel location shall not exceed the
level at which the protective passive film on the steel is destroyed. Thus, from the viewpoint of the
protection of steel, it is necessary to select materials and mix proportions so that concrete is
provided with appropriate mass transfer resistance according to the concrete cover determined at the
design stage. The water/cement ratio is determined at the design stage along with the concrete cover,
and whether the required durability is achieved is verified. It is a general rule, therefore, to use a
water/cement ratio not greater than the value used for the purpose of verification.

The use of air-entraining agents, water reducers, air-entraining water reducers, superplasticizer,
etc., improves workability and reduces segregation such as bleeding so that homogeneous concrete
with relatively few defects can be obtained. The use of those chemical admixtures, therefore, is
effective in improving the steel protection function of concrete.

Also, if blast furnace cement or fly ash cement is used or if an appropriate amount of
high-quality pozzolan is used as an admixture, fine-textured concrete is obtained. If blast furnace
cement is used, the ability to fix chloride ions in the concrete is enhanced. Thus, the use of these
admixtures can be expected to reduce the intrusion of elements that cause steel corrosion into the
concrete. It should be kept in mind, however, that the steel protection performance in the cases
where these types of cement or pozzolan is used can be achieved only if a sufficient initial wet
curing period is secured.

Cracks in the cover concrete can considerably degrade steel protection performance. It is
therefore necessary to achieve durability by exercising control so that the critical crack width (see
Section 8.3.2 of the Design: General Requirements of this Specification) for steel corrosion is not
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exceeded.

If the measures mentioned above are not effective enough to protect the steel or if it is thought
that the maintenance or repair of the structure is difficult to perform, measures such as using
epoxy-coated reinforcing bars or coating or finishing the concrete surface should be taken. It is
advisable to refer to the Recommendations for Design and Construction of Reinforced Concrete
Structures Using Epoxy-Coated Reinforcing Steel Bars (Revised Edition) if epoxy-coated
reinforcing bars are used and the Recommendations for Concrete Repair and Surface Protection of
Concrete Structures if the concrete surface is protected to reduce the infiltration of chlorides.

(2): If chlorides exist in concrete in a quantity exceeding a certain limit, the corrosion of the
steel in the concrete is accelerated so that early deterioration of the structure results. Such chlorides
may enter the concrete from an external environment such as a marine environment or be supplied
to the concrete from materials such as cement, aggregate, chemical admixtures and mixing water. In
order to achieve the steel protection performance of the concrete, therefore, it is very important to
control and keep the total quantity of chloride ions supplied to the concrete from those materials
within the range that does not cause steel corrosion. The Construction: Construction Standards of
this Specification requires, therefore, that the total quantity of chloride ions be controlled in terms
of the total chloride ion content of concrete during mixing. The total chloride ion content of
concrete during mixing is the total of the quantities of chloride ions that are thought to be supplied
from the materials used to the concrete calculated on the basis of mix proportions. When mixing
concrete, therefore, it is necessary to know in advance the chloride ion content of each material. If
tap water is used as mixing water and the chloride ion content of that water is not known, the
quantsity of chloride ions supplied from the mixing water to the concrete may be assumed to be 0.04
kg/m’.

If the total quantity of chloride ions calculated on the basis of mix proportions is greater than the
allowable limit, part or all of the materials to be used shall be changed. As a result of the recent JIS
revision, the allowable upper limit of the chloride ion content of normal Portland cement has been
increased from 0.02% to 0.035%, the amount of increase in the chloride content of concrete is not
large enough to cause a serious problem unless the cement content is extremely high.

The limit value stipulated in this section, namely, the chloride ion content of 0.30 kg/m’, is not
intended to guarantee that steel corrosion will never occur. Instead, the value has been determined,
on the basis of research and study results, as a feasible value that can keep the deterioration of a
structure due to steel corrosion at or below an acceptable degree. Therefore, in the case of, for
example, prestressed concrete subject to stress corrosion or reinforced concrete that is used in an
environment with chloride attack due to chloride ion intrusion or electrolytic corrosion and that is
required to be highly durable, the quantity of chlorides in the concrete should be made as small as
possible in comparison with the specified value.

In the case of reinforced concrete or plain concrete with nonstructural reinforcement to be used
under normal conditions, if materials with a low chloride content are very difficult to obtain, the
allowable upper limit of the total chloride ion content of concrete may be raised to 0.60 kg/m’. In
this case, however, it is necessary to carefully carry out construction, taking particular care, among
other things, to make the water/cement content or the water content as small as possible and place
concrete properly.

The provision of this section does not apply to a structure built with plain concrete without
nonstructural reinforcement. It has been pointed out, however, that even in the case of concrete used
for structures of this type, there may be adverse effects such as poor strength development over a
long period of time and increased proneness to efflorescence deposition as the chloride ion content
increases. The total quantity of chloride ions, therefore, should be minimized.
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2.6 Water-tightness

Concrete shall have the required water-tightness so that the functions of the structure
are not lost because of water permeation.

[Commentary] Water-tightness includes the water-tightness of concrete and the water-tightness
of a structure or member. In general, the former is evaluated in terms of the permeability coefficient
of concrete, and the latter in terms of the permeation rate.

The permeability coefficient is basically dependent on the solidity of concrete, and concrete
with high solidity, that is, concrete with a small permeability coefficient is desirable from the
viewpoint of durability, too. The permeability coefficient is governed by the degree of compactness
of hardened porous cement, void structure characteristics such as void continuity, and the nature of
the relatively-coarse-textured transition zones formed around aggregate particles. The void structure
of hardened cement is usually dependent on the water/cement (cementitious material) ratio and the
type of cementitious material. Transition zone formation and continuity vary with the water/cement
ratio and the degree of segregation (bleeding), and as the width of the transition zone increases and
the distance between aggregate particles decreases, the continuity of transition zones tends to
increase and the permeability coefficient of the concrete tends to increase. It is generally known that
as the water/cement ratio increases, the permeability coefficient of concrete increases exponentially.
In order to achieve the required permeability coefficient, therefore, it is effective to reduce the
water/cement ratio and the water content to the extent that workability suitable for the construction
tasks to be performed can be achieved by using admixtures, etc., appropriately so that homogeneous
and compact concrete can be obtained. Past experience confirms that water-tightness required of
ordinary concrete can be achieved if the water/cement (cementitious material) ratio is 55% or less.

Whether the functionality of a structure is not hampered by water permeation is verified as
described in the Design: General Requirements of this Specification (Section 10.6, Verification of
Water-tightness). Because the permeation rates are indicated in the design drawings and
specifications as characteristic values, it is necessary to carry out construction so that those values
are met. The water-tightness of a concrete structure is closely related to not only the water-tightness
of the sound regions of concrete but also the water-tightness of discontinuous surfaces such as crack
and joint regions. In general, the rate of permeation through cracks and vertical construction joints
tends to be much higher than the rate of permeation in sound regions of concrete. If water-tightness
is required of a structure, therefore, the occurrence of cracking should be prevented. The use of
reinforcing bars for crack control and expansive admixtures is effective in controlling the
occurrence of cracking and crack width. Also, it is a basic rule to treat construction joints properly
and use waterstops at vertical construction joints (see Chapter 9, Joints). Construction-related
measures that can be taken include laying waterproof membrane in regions where water-tightness is
required, and using crack-inducing joints and taking appropriate waterproofing measures after
cracking. When taking these measures, it is important to properly evaluate those measures including
the maintenance plan and decide on details accordingly because the effectiveness of such measures
differ depending on factors as the materials and methods used.

2.7 Cracking Resistance

Concrete used shall be one that is free as much as possible from settlement cracking,
plastic shrinkage cracking, thermal cracking, autogenous cracking, drying shrinkage
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cracking, etc.

[Commentary] Many cracks that have occurred at the surface of a concrete structure may mar the
appearance of the structure or cause the performance of the concrete such as durability, steel
protection performance, water-tightness and airtightness to be degraded severely. Cracks resulting
from excessive shrinkage may also have adverse effects on the stiffness and deflection of structural
members. The influence of cracks occurring at the construction stage on the performance of a
structure during its service period has not yet been fully understood. The verification, however, of
various performances attributes described in the Design: General Requirements of this Specification
assumes that initial cracking that is so harmful as to affect the required performance of the structure
does not occur at the construction stage. It is necessary, therefore, to minimize the occurrence of
cracking and control cracks so that they do not affect performance, that is, keep crack width within
tolerance. The intent of the Construction: Construction Standards of this Specification is not to
completely prevent cracking. Instead, it is to prevent harmful cracks that degrade the performance
of concrete.

Possible causes of cracking of concrete include those attributable to materials or mix
proportions, those attributable to construction work and those attributable to external forces. Causes
of cracking attributable to external forces can be taken into consideration at the design stage, and
there are even types of cracking such as flexural cracking that are allowed to some degree.

The initial cracking verified in the Design: General Requirements of this Specification (Chapter
12, Verification of Initial Cracking) is cracking due to the hydration of cement and cracking due to
shrinkage. The intent is to verify that these types of initial cracks do not affect the required
performance of the structure. Since the design drawings and specifications indicate design values
for materials based on verification and reference values related to the materials used and mix
proportions, construction can be carried out according to those values as in the cases where
durability is to be achieved. The occurrence of these types of cracks, however, is attributable to not
only the nature of concrete determined by such factors as materials and mix proportions but also
various other factors such as environmental conditions, the dimensions and shape of the structure,
and construction methods, and there may even be cases where other factors that cannot be expected
at the design stage are involved. It is therefore necessary to select concrete materials, mix
proportions and construction methods after careful consideration of those factors and their effects.

In order to reduce rises in concrete temperature, it is important to make the cement content
(cementitious material content) as small as possible. Taking measures such as keeping material
temperature low is a good construction practice.

From previous studies, it has shown that autogenous shrinkage increases while the water/cement
is low and that the amount of shrinkage varies widely depending on the type of cement and the
admixtures used. In the case of high-strength concrete with a smaller-than-normal water/cement
ratio, it is important to select appropriate materials and mix proportions. In order to control drying
shrinkage, it is important to make the water content as small as possible. It is also important not to
use high-absorption aggregate or aggregate with a small Young's modulus.

It should be kept in mind that shrinkage strain should be small, but it is important to ascertain in
advance by referring to past construction data or reliable literature that the concrete materials and
mix proportions to be used are free from cracking due to shrinkage. The Design: General
Requirements of this Specification requires that the maximum allowable shrinkage strain in
concrete should be 1,200 p if past construction data or other relevant information is not available
concerning the shrinkage of the concrete to be used. This value was obtained by assuming that
measured values of length change obtained by water-curing 100x100x400 mm specimens for 7
days at 20+2°C and measuring length changes at 20+2°C and relative humidities of 60+5% in
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accordance with JIS A 1129, Methods of Test for Length Change of Mortar and Concrete, are 1,000
p or less and that autogenous shrinkage occurring during the water curing and the subsequent six
months is 200 p.

Judging from past construction data, it may be thought that shrinkage strain in ordinary
ready-mixed concrete is not greater than the maximum value mentioned above. If, however, a very
important structure is involved or shrinkage cracking has a serious impact on the performance of the
structure concerned or if a smaller shrinkage strain is specified at the design stage, the value
mentioned above needs to be verified through testing.

Common types of cracks that occur at the construction stage besides the shrinkage-induced
cracks mentioned above include settlement cracks and plastic shrinkage cracks. An effective way to
prevent settlement crack is to use admixtures with a water-reducing agent and mix proportions with
a low water content. Cracking can also be prevented by careful construction, and settlement
cracking can be prevented by reducing bleeding and carrying out tamping or revibration at
appropriate timing. Plastic shrinkage cracking can usually be prevented if rapid drying from the
surface following the placement of concrete is prevented. Plastic shrinkage cracking may occur
when the rate of evaporation of water from the surface is higher than the rate of rise of bleeding
water. In the case of high-strength concrete that is relatively free from bleeding, therefore, it is
important to prevent the dissipation of moisture.
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CHAPTER 3 CONSTITUENT MATERIALS

3.1 General

Constituent materials used for concrete, of which quality has been confirmed, shall be
selected.

[Commentary] Choice of appropriate constituent materials is very important in ensuring that the
concrete meeting the required performance criteria is made. The suitability of the constituent
materials can be confirmed using by quality control tests or service records. Also constituent
materials conforming to standards of quality such as those laid down by JIS or JSCE Standards may
be confirmed as good quality materials. Materials to be used for concrete shall be determined so as
to satisfy the required performance taking into consideration of the limitations of the production
plant, economy including ease of material procurement and cost of transportation, etc.(6.1 General).

3.2 Cement
(1) Appropriate cement shall be selected according to the intended use.

(2) Cements shall comply with the requirements of JIS R 5210 or JIS R 5211 or JIS R
5212 or JIS R 5213.

(3) When cement other than the types of cement mentioned in Item (2) is used, it shall
be ascertained that the performance requirements for concrete are met.

[Commentary] (1) It is necessary to select the most appropriate cement for construction by
considering the types, sizes and locations of structures, weather conditions, time and duration of
construction, construction procedures, etc. to produce concrete of required performance steadily and
economically.

(2) The types of cement specified in JIS include normal, high-early-strength,
very-high-early-strength, moderate-heat, low-heat, and sulfate-resistant Portland cement
conforming to JIS R 5210, Portland Cement, blended cement conforming to JIS R 5211, Portland
Blast-furnace Slag Cement, JIS R 5212, Portland Pozzolan Cement, and JIS R5213, Portland
Fly-ash Cement, and cement conforming to JIS R 5214, Ecocement. In many projects, normal
Portland cement is used. Other widely used types of cement include high-early-strength and
moderate-heat cement in the Portland cement category and blast furnace slag cement and fly ash
cement in the blended cement category. In recent years, the use of Type B blast furnace slag cement
has increased. Today, cement is being expected to contribute to the realization of a zero waste
society by making it possible to reuse by-products from other industries. In 2003, in order to meet
growing demand for industrial by-products that can be used as materials for normal Portland
cement, the allowable upper limit to the chloride ion content was raised from 0.02% to 0.035%.

In general, the use of high-early-strength Portland cement in a low temperature environment
decreases the degree of delay in strength development at early material ages in the case of low
temperature curing, thereby making the concrete less susceptible to the damage by freeze—thaw
cycles. The use of high-early-strength Portland cement in a high temperature environment, in
contrast, contributes to a rise in concrete temperature because of a large amount of heat generated
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by hydration, making spreading of concrete more difficult because of stiffness of concrete resulting
from high temperature and making the concrete more prone to cracking. In a high temperature
environment, therefore, it is desirable that low-heat, moderate-heat or normal Portland cement or
Type B blended cement be used so as to reduce the amount of concrete temperature rise and
subsequent cracking due to temperature fall.

Type B blast furnace slag cement is effective in reducing alkali—silica reaction and chloride
infiltration. Type B blast furnace slag cement in recent years, however, tends to be formulated so
that, depending on the slag content, the powder content, etc., the initial strength becomes high.
Consequently, there are cases where the adiabatic temperature rise rate of concrete is higher than
that of normal Portland cement, and there have been reports of increases of cracks due to thermal
stress depending on member sizes, constraint conditions, environmental conditions, etc. Since Type
B blast furnace slag cement includes low-heat types, it is important, when using it, to check on its
thermal and other properties and guarantee strength at a relatively old material age.

Thanks to recent advancements in production technology, today it is possible to achieve the
required strength of cement even if the water/cement ratio is high. Cement today, therefore, is
capable of meeting high-early-strength-oriented performance requirements aiming to achieve the
required strength at a material age of 28 days. Some point out, however, that as a result, durability
suffers. In the coming years, there will be a need for cement that develops appropriate strength at
the water/cement ratio determined by durability, that is, cement that has different strengths for
concrete with different strengths. In this case, however, curing that takes early-age strength
development into consideration is important.

Ecocement, which was newly standardized in 2002, can be largely classified into two types:
normal ecocement and rapid-hardening ecocement. Ecocement, which contains chloride ions in the
quantity equal to 0.1% or less of the mass of cement, has properties similar to those of normal
Portland cement. Ecocement has made application to ordinary reinforced concrete possible.

If the quantity of Na,O or K,O contained in cement is large, particular types of minerals in the
aggregate may cause alkali-silica reaction under certain conditions, thereby causing the
deterioration of the concrete. Appendix 2 (regulation), Methods for Suppressing Alkali—Silica
Reaction, of JIS A 5308 describe three methods for preventing or reducing such alkali—silica
reaction to choose from: (1) reducing the total alkali content (total quantity of alkalis supplied by
various materials) of concrete to an Na,O equivalent of 3.0 kg/m’ or less, (2) using blended cement
containing a reaction-suppressing effect such as Type B or Type C blast furnace slag cement or Type
B or Type C fly ash cement and (3) using aggregate that has been judged to be harmless with
respect to alkali—silica reaction. Reaction control methods are described in greater detail in the
explanation about Item (4) of Section 4.3.4.

(3) Cement used mainly for civil engineering projects includes not only the types specified in
JIS but also cement with special performance characteristics.

The use of ultra-rapid-hardening cement makes it possible to achieve high strength in a short
period of time and begin to use the structure in only several hours even in winter. Since the
consolidation and hardening properties of cement of this type vary considerably depending on the
quantity of hardening time modifiers used, it is necessary to obtain accurate information on the
consolidation properties at the temperatures at which the cement is used. Other special types of
cement include ultra-fine cement, alumina cement, oil well cement, geothermal well cement, white
Portland cement and colored cement. When deciding on using these special types of cement, it is
good practice to carefully study past construction records and conduct thorough tests in advance.
The use of a combination of two or more types of cement may result in an unexpected result such as
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quick setting of a mixture of alumina cement and Portland cement. When mixtures of different
types of cement are used, it is necessary to ascertain that such mixtures would not have adverse
effects on the performance of concrete.

3.3 Mixing Water

(1) Mixing water should be tap water complying with the provisions of JSCE-B101 or
Appendix 3 of JIS A5308, as standard.

(2) Recovered water shall meet the requirements described in Appendix 3 of JIS A
5308.

(3) Sea water should not be used as mixing water in general.

[Commentary] (1) Mixing water must not contain substances that cause the consolidation or
hardening or concrete, strength development, volume changes, degradation in quality such as
workability, or steel corrosion in harmful quantities. In many cases, water that does not have any
unusual taste, odor, color or turbidity and that is suitable for drinking can be used for mixing of
concrete.

Service water, water from rivers and lakes, groundwater, industrial water, etc. may be used as
mixing water. River, pond or lake water may be contaminated by industrial waste water or sewage
and may contain sulfates, iodides, phosphates, borates, carbonates, compounds of lead, zinc, copper,
tin, manganese, etc., inorganic alkali compounds, organic impurities such as sugar pulp waste water
or corrosive materials. The presence of even very small amounts of these impurities in the mixing
water, of concrete may have adverse effects on concrete properties such as the setting, hardening,
strength development, volume change, workability, etc. When mixing water containing chlorides,
nitrates, sulfates, etc. is used for concrete, the corrosion of steel may be accelerated. In particular,
for highly stressed prestressing tendons in prestressed concrete, stress corrosion is likely to occur. In
steel where a stray current is flowing, electrolytic corrosion may be accelerated. Therefore, in cases
of using water other than service water as mixing water, the water should conform to the
requirements of JSCE-B101 “Recommended Practice for Quality of Mixing Water for Concrete" or
Appendix 3 of JIS A 5308 “Water for Mixing of Ready-Mixed Concrete”.

(2) The supernatant liquid of washing water in mixers, truck agitators, etc., at ready-mixed
concrete plants or precast concrete plants may be used as mixing water if it has been ascertained
that there will be no adverse effect on the strength, workability, etc., of the concrete. Sludge water
with suspensions of cement and other fine particles generated when aggregates are covered form
excess concrete or mortar may be used as mixing water, if its suspension concentration, the ratio of
the quantity of suspended solids to the cement content, etc., can be controlled adequately, only after
it is ascertained that there will be no adverse effect on the quality of concrete. Since, however,
recovered water contains chlorides and alkalis, it is necessary to consider their concentrations
before using recovered water. Thus, only recovered water meeting the requirements described in
Appendix 3 of JIS A 5308 may be used.

(3) If seawater is used, old-age strength of concrete becomes smaller, concrete becomes more
prone to efflorescence, and concrete become less durable. The use of seawater, therefore, is usually
not permissible. Since well water near a seacoast often contains chlorides, seawater may be used
only after the chloride content is checked. In the case of plain concrete without nonstructural
reinforcement, seawater may be used as mixing water after ascertaining that there will be no
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adverse effect on the quality of concrete.

3.4 Aggregates
3.4.1 Fine aggregate

(1) Fine aggregates shall be clean, hard, firm, durable, chemically or physically sound
and not contain a harmful amount of dust, mud, organic impurities, chlorides, etc.

(2) Fine aggregates should comply with Table 3.4.1.
Table 3.4.1 Properties of fine aggregate

Item Quality | Test method
= Oven-dry particle density g/cm’ >2.5 JISA 1109
= Water absorption % <3.5 JISA 1109
* Clay lumps % <1.0" JISA 1137
= Particles passing standard sieve size of 75um JISA 1103

/ When concrete surface is subjected to <3.0?
abrasion %

/ Other than the above % <5.0?

= Organic impurities Darker JISA 1105
than  the
standard
color  or
sample
color

= Content of chlorides % <0.04% | JSCS C 502
= Soundness % <10 JISA 1122

1) Test samples are the residual materials retained on the sieve after the test JIS A 1103.

2) In the case of crushed sand or slag fine aggregate, if the washed-out materials consist of dust from fracturing,
and are essentially free from clay or shale, these limits may be increased to 5.0 and 7.0%, respectively.

3) This value is a percentage for oven-dry mass of a fine aggregate, and it is shown as the value converted into
NacCl.

(3) Crushed sand should comply with the provisions specified in JIS A 5005.

(4) Blast-furnace slag fine aggregate, ferro-nickel slag fine aggregate, copper slag fine
aggregate and electric arc furnace reducing slag fine aggregate should comply with the
provisions specified in JIS A 5011-1, JIS A 5011-2, JIS A 5011-3 and JIS A 5011-4
respectively.
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(5) Recycled fine aggregate should comply with the provisions specified in JIS A 5021.

(6) Grading of fine aggregate should lie in the range specified in Table 3.4.2 with
appropriate mix conditions of large and small particles.

Table 3.4.2 Standard grading of fine aggregate

Nominal Percentage of mass Nominal Percentage of mass
openings of passing through openings of passing through sieve
sieve (mm) sieve sieve (mm)

10.0 100 0.6 20-65
5.0 90 - 100 0.3 10-35
2.5 80— 100 0.15 2-10"
1.2 50-90

1) When only crushed sand or slag fine aggregate is used as fine aggregate, this range may be 2-15%. When mixed
fine aggregate is used and most of passing through 0.15 mm sieve are crushed sand or slag fine aggregate, 15%
may be accepted.

2) It is desirable that the percentage of aggregate remained between two successive sieves may not be larger than
45%.

(7) When using mixtures of different types of aggregate, the quality of each type of
aggregate before mixture should comply with (2), (3), (4) and (5). As for the content of
chlorides and grading, mixed fine aggregate should comply with the provisions in Table
3.4.1 and Table 3.4.2.

[Commentary] (1) As a standard requirement, this item stipulates that fine aggregates that meet
the requirements related to the grading of fine aggregate stipulated in Item (6) and the requirements
related to the limits of the contents of harmful substances such as organic impurities and chlorides
and the durability of fine aggregates stipulated in Item (2) should be used. The degree of hardness
of fine aggregates should be judged from the results of strength and other tests for mortar or
concrete produced by using those fine aggregates because there is as yet no standard for appropriate
testing methods. It has been reported that even in the case of aggregate conforming to the quality
standard of JIS, the shrinkage of concrete increases as the aggregate shrinks if the aggregate is
porous and the specific surface area of interval voids is large. Although there is still room for
argument, when selecting aggregate, it is important to ascertain, on the basis of past construction
records or reliable literature, that the aggregate under consideration is a material that does not pose
any shrinkage-related problem in a actual structure.

One item related to the chemical stability of aggregate is alkali—aggregate reaction. Concrete has
undergone alkali—aggregate reaction expands considerably and cracks in a characteristic way.
Alkali—aggregate reaction, therefore, can greatly reduce the durability of a structure. The types of
aggregate that are subject to alkali—aggregate reaction include those described below. In most cases,
concrete with typical mix proportions can be used by taking the control measures described in
Section 4.3.4.

Alkali—aggregate reaction used to be classified largely into alkali-silica reaction and
alkali—carbonate reaction according to the type of minerals that react with alkalis. Recent research,
however, has made widely accepted the hypothesis that the phenomenon that was once believed to
be alkali—carbonate reaction is actually alkali—silica reaction by microcrystalline silica in limestone.
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Minerals which may cause alkali-silica reaction are opal, chalcedony, cristobalite, tridimite,
volcanic glass, quartz with deformed crystal lattice, cryto-crystalline quartz and so on. There are
many types of rocks which contain these minerals, such as andesite, ducite, rhyolite and their tuff,
basalt, slate, sandstone, chert, muddy slate and so on. It is impossible to judge the reactivity by only
the type of rock.

Usually, soundness for the alkali-silica reaction is tested by the method specified in Appendix 7
of JIS A 5308 “Method of Test for Reactivity of Aggregate for Alkali-Silica Reaction (Chemical
Method)” or Appendix 8 of JIS A 5308 “Method of Test for Reactivity of Aggregate for
Alkali-Silica Reaction (Mortar Bar Method)”. The petrological tests as polarization microscopy and
powder X-ray diffraction method can be used for detection of the reactive minerals.

In case of the alkali silica reaction, when non-reactive aggregate was mixed with reactive
aggregate, the expansion of mortar or concrete may become a maximum. This is called pessimum
phenomenon. The region of “Potentially Reactive” (region where Sc and Rc are high together) in
the chart of ASTM C 289 (Chemical Method) shows the region confirmed by the mortar bar method
where the most of aggregates have high reactivity and cause the pessimum phenomenon. When the
aggregate in this region was used with non-reactive aggregate, harmful expansion may take place at
a mix ratio (below 50%). In Japan, the aggregate in the region of “Potentially Reactive” are
considered as “Low-reactive aggregate”. But, it is “essentially harmful aggregate” which causes the
pessimum phenomenon, since the reactivity is very high. Therefore, it is necessary to test the
alkali-aggregate reaction of each aggregate by chemical method for the case in which aggregates are
mixed. The mortar bar method on the aggregate, which is mixed at the ratio used, actually is
necessary in order to examine the reactivity, when even one result with “Not harmless” is obtained
by the chemical method. Aggregates in the “Reactive” area of ASTM C 289 do not show the
pessimum phenomenon in the mortar bar test, and it causes the harmful expansion. Unsoundness
minerals except for the alkali-aggregate reactivity are smectites, laumontite, ferruginous brucite,
pyrite, etc.

Various chemically and physically unsound minerals mentioned above may be included in
aggregate. It is important therefore to examine various points mentioned above in order not to lower,
the quality of the concrete when the aggregate without practical application is used.

(2) The low density and high water absorption means that a fine aggregate particle generally is
porous and the strength is low. The low strength of the aggregate particle results in increased unit
cement content for making the concrete with the required strength in addition to the decreased crack
resistance against drying shrinkage and less predicted value of Young’s modulus of elasticity from
the compressive strength of concrete. And, the porous particle of fine aggregate may cause
deterioration of concrete due to freezing and thawing action, even if the recommended amount of
entrained air is incorporated. Therefore, a natural fine aggregate should conform to JIS A 5308
Appendix 1 “Aggregate for Ready Mixed Concrete”. However, the sand may be used, when it has
been confirmed that the concrete made from it conform to the required performance through
practical applications in the past or appropriate performance verification, even if it is the sand which
does not conform to these regulations.

Clay is not always harmful to concrete of low cement content, if that clay in fine aggregate is
distributed evenly without adhering firmly to particle surface. But if clay adheres firmly to particle
surfaces, it prevents bonding between cement paste and sand. When clay remains in concrete as
lumps, their destruction by wetting and drying or freezing and thawing may leave cavities in
concrete, or concrete surface may be stained. In the test for the content of clay lumps, the residual
materials retained on the sieve for amount of materials passing standard sieve 75 test are used as
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its sample in order to clarify the harmful clay lumps. The amount of clay or other fine materials
which are not in lump form and do not adhere firmly to particle surfaces of fine aggregate can be
determined by the amount of materials passing standard sieve 75u test. In the case of natural fine
aggregates, however, fine grains and clay in many cases have similar influence on concrete.

In the Standard Specification: Materials and Construction in 2002 the item on the substances,
like coal and lignite, lighter than liquid having a specific gravity of 1.95 was specified. However the
case where river sand and other aggregates that are delivered by a train used to transport coal
contain coal and lignite becomes less and less. This is why this item is removed in this specification.
In case where JIS A 1141 Test Method for Substances Lighter than Liquid Having a Specific
Gravity of 1.95 is conducted, chemical agents specified in this JIS A 1141 are harmful to the
environment and human body precautions must be taken in their handling.

Organic impurities contained in fine aggregates are tested in accordance with JIS A 1105,
Method of Test for Organic Impurities in Fine Aggregate. In this case, the standard method is to use
fine aggregate that produces a supernatant color lighter than the standard color. In cases where the
color of the supernatant over the sand is darker than the standard color, if the compressive strength
of mortar specimens made by using the sand is equal to or higher than 90% of the compressive
strength of mortar specimens made by washing the sand in a 3% sodium hydroxide solution and
then washing the sand thoroughly with water, the sand may be used. The test for sand by the
compressive strength of mortar must be conducted in accordance with JIS A 1142, Method of Test
for Fine Aggregate Containing Organic Impurities by Compressive Strength of Mortar.

As a fine aggregate including the chloride, there are sea sand and mixed sand including sea sand
collected from seabed, beach, river mouth, etc. Sea sand has been used in the west part of Japan
around the Setouchi-Sea area but the using of sea sand is tend to be prohibited from the
environmental view point. In case of the concrete using a fine aggregate including the chloride,
the most part of the chloride content in the concrete is supplied from a fine aggregate. And generally,
the chloride content in the concrete may exceed allowable limit 0.30kg/m’, which is decided for the
steel product protection, when a fine aggregate including the chloride was used. Therefore, it is
necessary to establish some restrictions for chloride content in fine aggregate in order to keep the
chloride content in the concrete under the allowed value. In Table 3.4.1, the upper limit of chloride
content for fine aggregate is a value determined which the regulation for the chloride content in the
concrete was almost satisfied in synthetic consideration with actual condition of salt removal
processing of sea sand and reliability of test for quality control.

It is necessary to consider not only the water to cement ratios and air content but also quality of
fine aggregate for acquiring a durable concrete against freezing and thawing. The durability of the
fine aggregate may be judged by the results of test such as JIS A 1122 “Soundness Test of
Aggregate Using Sodium Sulfate”. The fine aggregate to be used for concrete requiring the
resistance freezing and thawing action should have a weight loss of not larger than 10% after being
subjected to 5 repetitions of the test procedure prescribed in the test for soundness using sodium
sulfate. However, fine aggregate may be accepted, provided it is proved that concrete made up of a
similar aggregate obtained from the same source has satisfactory freeze-thaw resistance when
exposed to weather conditions similar to those to be encountered, or provided that the concrete
composed of the fine aggregate shows satisfactory results in the freezing and thawing tests, even if
the weight loss of fine aggregate is larger than 10%.

There are lime, Pelli cress, hauyne, anhydrite (calcium sulfate anhydrite) as the result, which
brings about the harmful effect for the concrete, when it is entrapped in a fine aggregate. Lime and
Pelli cress may be included for materials such as calcined lime, plaster, lime system expanding
material, baking fertilizer, dolomite clinker, fire brick, converter slag, artificial light-weight
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aggregate. If these lumps exist in the concrete, pop-out at the concrete surface is caused by
hydration reaction. Therefore, the attention is needed so that it may not entrap these in a fine
aggregate. The damage may be received after several years, when the Pelli cress is included for a
fine aggregate since the hydration of Pelli cress is slower than that of lime.

(3) Crushed sand has angular particle shape and often contains a large amount of rock powder.
For these reasons, when crushed sand is used, the unit water content shall be increased
appropriately to acquire the required workability. The shape of the particles of crushed sand varies
according to the types of the original rocks or crushing processes in production. The shapes of sand
particles have a strong influence on the required unit water content or the workability of concrete.
When crushed sand is used, it is better not only to confirm the quality of the original rocks but also
to select sand, which is of particles of low angularity and contains little amount of slender or flat
particles. JIS A 5005 “Crushed Stone and Manufactured Sand for Concrete” specifies the method of
test for measuring the solid volume percentage of bulk aggregate in order to judge the adaptability
of sand by particle shapes, specifying that the value shall not be less than 53%.

The Blaine specific surface area of rock powder in crushed sand is generally in the range of
1500-8000cm?*/g. Although the powder increases the unit water content, it also prevents the
segregation of concrete materials. For this reason, when crushed sand is used, it is rather desirable
to use crushed sand, which contains 3-5% of rock powder. However, it shall be also noted that
excessive amount of rock powder in crushed sand will greatly increase unit water content for a same
slump value, decrease concrete strength and increase the rate of drying shrinkage. The weight loss
of crushed sand in test of fine particle amount, which results from the washing out of rock powder,
etc., is also specified to be not larger than 7%. If crushed sand conforms to these specifications,
particle shape and rock powder content pose no significant problem as far as the quality of concrete
is concerned.

(4) Blast-furnace slag fine aggregate may be used alone as fine aggregate. However, in general
use, it is frequently blended with other fine aggregates such as mountain sand to a percentage by
weight of 20-60% for the purpose of adjusting grading, decreasing the chloride content, etc.
Considering such blended use, JIS A 5011-1 “Granulated Blast-Furnace-Slag Fine Aggregate for
Concrete” classifies blast-furnace slag fine aggregate into 4 types according to grading. When any
specific type of blast-furnace slag fine aggregate is used for concrete, the final grading of fine
aggregate shall conform to the requirements in Table 3.4.2.

As blast-furnace slag fine aggregate has latent hydraulicity, when the daily mean temperature is
over 20°C, it may be adhered in stock bins, causing a difficulty in its drawing. Therefore, under
these conditions, it is advised to select blast-furnace slag fine aggregates rated as grade A by “The
Test for Soundness in Storing Blast-Furnace Slag” in Appendix 2 of JIS A 5011-1 which rarely form
lumps. It is necessary to avoid storing them for a long period. It is necessary to care the case of the
combination of alumina cement and blast-furnace slag fine aggregate, as it may occur the rapid
hardening. When blast-furnace slag is used, “Recommendation for Blast-Furnace Slag Aggregate
Concrete” should be referred to.

Ferro-nickel slag fine aggregate, copper slag fine aggregate and electric arc furnace reducing
slag fine aggregate are frequently blended with mountain sand as same as blast-furnace slag fine
aggregate. JIS A 5011-2, JIS A 5011-3 and JIS A 5011-4 classify these fine aggregates into 4 types
according to grading. Ferro-nickel slag fine aggregate and copper slag fine aggregate are an
advantageous materials for precast concrete armor units, concrete blocks for revetment, etc. because
the density is very high. When ferro-nickel slag is used, “Recommendation for Ferro-Nickel Slag
Fine Aggregate Concrete” should be referred to. When copper slag fine aggregate is used,
“Recommendation for Copper Slag Fine Aggregate Concrete” should be referred to. In general,
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electric arc furnace reducing slag tends to cause expansive reaction because it contains a large
amount of quicklime. Furthermore, because the composition of electric arc furnace reducing slag
varies widely among different types of steel to be refined, it is difficult to achieve consistent quality.
It is therefore necessary to use electric arc furnace oxidizing slag aggregates produced at factories
where measures are taken to keep electric arc furnace reducing slag away. For more information on
considerations in wusing electric arc furnace reducing slag fine aggregates, refer to
Recommendations for Design and Construction of Concrete Structures Using Electric Arc Furnace
Oxidizing Slag Aggregate.

(5) JIS classifies recycled aggregate, according to processing methods and the quality of
aggregate, into four classes, namely, H, M and L. JIS A 5021, Recycled Aggregate for
Concrete—Class H, specifies the quality of Class H recycled aggregate, and JIS A 5022, Recycled
Concrete Using Recycled Aggregate Class M, and JIS A 5023, Recycled Concrete Using Recycled
Aggregate Class L, specify the quality of Class M aggregate and Class L aggregate and the quality
of concrete made with aggregate in those classes.

Class H recycled aggregate is aggregate for concrete applications produced through
sophisticated processing such as crushing, milling and grading of concrete fragments. Class H
recycled aggregate is nearly comparable in quality to ordinary aggregate and can be used in
ready-mixed concrete. Test methods for the alkali-silica reactivity of Class H recycled aggregate
include JIS A 1145, Method of Test for Alkali—Silica Reactivity of Aggregates by Chemical Method,
JIS A 1146, Method of Test for Alkali—Silica Reactivity of Aggregates by Mortar-Bar Method, and
JIS A 1804, Methods of Test for Production Control of Concrete—Method of Rapid Test for
Identification of Alkali—Silica Reactivity of Aggregate. If Class H recycled aggregate that has not
been preprocessed is subjected to a test conducted in accordance with JIS A 1145 (chemical
method), even a very small amount of cement paste sticking to aggregate surfaces causes alkali
consumption and silica dissolution to increase so that the evaluation of test results is affected. It is
therefore necessary to take measures in advance such as removing cement paste sticking to
aggregate surfaces by use of hydrochloric acid. It is also necessary to ascertain by use of go/no-go
samples that the total quantity of impurities does not exceed 3% of the total mass of aggregate
because debris of demolished structures may contain impurities such as tiles, brick, ceramic ware
fragments, asphalt concrete fragments, glass fragments, gypsum board fragments, plastic fragments,
wood fragments and waste paper.

Class M and Class L recycled aggregate is produced by methods different from the method used
to produce Class H recycled aggregate from the economic point of view. The quality of Class M and
Class L recycled aggregate, therefore, differs from that of Class H recycled aggregate in that
considerable amounts of cement paste and mortar are sticking to the surfaces of aggregate particles.
For this reason, Class M and Class L recycled aggregate and Class H recycle aggregate are covered
by different JIS specifications, and the former is specified not as aggregate but as concrete (JIS A
5022, JIS A 5023). The upper limits of nominal strength and slump of concrete made with Class M
recycled aggregate are 36 and 18 cm, respectively. The upper limits of nominal strength and slump
of concrete made with Class L recycled aggregate for civil engineering construction and building
construction are 24 and 10 cm and 18 cm, respectively. The use of concrete made with Class L
recycled aggregate is limited to plain concrete structures that do not need to be highly durable,
easily replaceable members, small reinforced concrete structures, concrete blocks reinforced with
steel bars, etc. The use of concrete made with Class M recycled aggregate is limited to members
that are relatively free from drying shrinkage and freeze—thaw cycles because concrete of this type
may not be durable enough although the quality of concrete is higher than that of concrete made
with Class L recycled aggregate.

It is for these reasons that Class H recycled fine aggregate conforming to JIS A 5021 must be
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used if recycled fine aggregate is to be used.

(6) When properly graded fine aggregate with large and small particles is used, it is rather easy
to make concrete of the required quality economically and with relatively low unit cement content,
as opposed to using aggregate with single-size sand particles or sand having an excessive amount of
fine particles. As far as fine aggregate conforming to the specified grading range in Table 3.4.2 is
used, concrete of required qualities can be made economically.

Since slag fine aggregate conforming to JIS A 5011 “Slag Aggregate for Concrete” is glassy and
has a smooth particle surface, its water retaining capacity is smaller than that of natural sand.
Crushed sand or crushed slag fine aggregate conforming to JIS A 5005 “Crashed Sand and Crashed
Stone for Concrete” contain more angular particles. In cases when such aggregates are used as fine
aggregates, there is an improvement in the workability and bleeding characteristics of concrete
provided the mineral fines content is slightly higher. In the case of slag fine aggregate, the finer the
particles, the greater the density. Thus, when the particle size distribution of the aggregate by
volume is kept equal to that of other types of fine aggregates, the numerical value of the weight
percentage of the finer part becomes greater. Considering the above characteristics, in cases where
only crushed sand or slag fine aggregate is used, the upper limit of percentage by weight of fine
particles passing a 0.15 mm sieve has been set at a value higher than that for other types of fine
aggregates.

According to the definition of the terminology, grading means “the degree of the distribution of
particle size”. Therefore, it should be shown as the volume fraction of the particles. However, in
real practices or JIS, the grading in mass percentage has been adopted, because the maximum
difference between volume percentage and mass percentage is about 1%, when the difference of
density of used fine aggregates is under 0.2g/cm’. However, it is desirable that mass percentage of
Table 3.4.2 is replaced in the volume percentage, when used fine aggregates in which the density
differs over 0.2g/cm’.

(7) With the declining availability of high-quality aggregate for concrete, a growing number of
construction projects are using mixtures of two or more types of aggregate in order to achieve the
required quality and secure the required quantity of aggregate. In cases where mixtures of different
types of aggregate are used, the quality of mixtures is greatly affected by the quality of the different
types of aggregate used. When using mixtures of different types of aggregate, therefore, it is
necessary to ascertain the quality of each type of aggregate as described in Appendix 1 of JIS A
5308.

3.4.2 Coarse aggregate

(1) Coarse aggregates shall be clean, hard, firm, durable, chemically or physically
sound and not contain a harmful amount of dust, mud, organic impurities, chlorides, etc.
When fire resistance is specially required, fire resistant coarse aggregates should be
used.

(2) Coarse aggregates should comply with Table 3.4.3.

Table 3.4.3 Properties of coarse aggregate

Item Quality | Test method
= Oven-dry particle density g/cm’ >2.5 JISA 1109
= Water absorption % <3.0 JISA 1109
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= Clay lumps % <025" | JISA1137
= Particles passing standard sieve size of 75u % <1.0? JISA 1103
* Soundness % <12 JISA 1122
» Weight loss by abrasion % <35 JISA 1121

1) Test samples shall be drawn from the residue retained on the sieve after the test for determining the amount of
materials passing standard sieve 75 test of coarse aggregate has been carried out in accordance with JIS A
1103.

2) In the case of crushed stone, the limit may be increased to 1.5%, provided the washed-out material consists of

dust from fracturing.

3) In the case of blast-furnace slag coarse aggregate, it may be increased to 5.0%.
(3) Crushed stone should comply with the provisions specified in JIS A 5005.

(4) Blast-furnace slag coarse aggregate and electric arc furnace reducing slag fine
aggregate should comply with the provisions specified in JIS A 5011-1 and JIS A 5011-4
respectively.

(5) Recycled coarse aggregate should comply with the provisions specified in JIS A
5021.

(6) Grading of coarse aggregate should lie in the range specified in Table 3.4.4 with
appropriate mix conditions of large and small particles.

Table 3.4.4 Standard grading of coarse aggregate

Nominal Percentage of mass passing through sieve

openings

of sieve | 5 40 30 25 20 15 10 5 |25

(mm)
40 100 95-100 D o 35-70 D 10-30 0-5

Max. size 25 . . 100 |95-100 | - | 30-70 | - 0-10 | 0-5
of coarse 20 . . . 100 | 90-100 | - 20-55 | 0-10 | 0-5
aggregates
(mm) 10 . . . . . 100 | 90-100 | 0-40 | 0-10

(7) When using mixtures of different types of aggregate, the quality of each type of
aggregate before mixture should comply with (2), (3), (4) and (5). As for the grading, mixed
coarse aggregate should comply with the provisions in Table 3.4.4.

[Commentary] (1) The hardness and firmness may be judged from the results of adequate
tests such as JIS A 1121 “Method of Test for the Abrasion of Coarse Aggregate by Use of Los
Angeles Machine”, JIS A 1126 “The Method of Test for Soft Particles in Coarse Aggregate”, JIS A
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1110 “Method of Test for Specific Gravity and absorption of Coarse Aggregate” or a strength test of
concrete made with that coarse aggregate. As for chemical soundness, comment of Section 3.4.1 for
fine aggregate should be referred to.

The fire resistance of concrete is largely affected by the properties of aggregates used. Granite
and quartziferous sandstone are inferior in durability. For concrete requiring not only fire resistance
but also strength and durability, it is advisable to use blast-furnace slag coarse aggregate, durable
andesite, basalt, hard tuff, etc.

(2) The reasons for prescribing these limits are similar to those given in the comments for
Section 3.4.1 in the case of fine aggregate. It has been reported in previous experiments that even
though the weight loss in the soundness test (Appendix 2 of JIS A 6204 “Chemical Admixtures for
Concrete”) is as higher as 12-40%, but the water absorption is less than 3%, or when the weight loss
less than 12%, but water absorption rate is around 5%, the durability factor (300 cycles) of concrete
can be higher than 60. In cases when concrete is required to have freezing-thawing resistance, the
coarse aggregate used should have a weight loss not larger than 12%, when subjected to 5 cycles of
soundness test in accordance with JIS A 1122.

(3) As far as crushed stone is produced from durable basalt, andesite, hard and stone, hard tuff
or rocks similar to these, there is no intrinsic difference between crushed stone and river gravel as
concrete aggregate. Crushed stone aggregate is rather superior to river gravel as far as the
uniformity of particles and its effect on the strength of concrete are concerned. However, because of
the angular shape and rough surface texture of its particles, it is necessary to increase the unit water
content and sand-aggregate ratio of concrete in order to acquire a concrete of the same workability
as that of concrete with river gravel. Since these effects become quite significant especially when
the particles are flat and/or slender, it is necessary to examine the suitability of particle shapes
whenever the use of crushed stone is considered.

JIS A 5005 “Crushed Stone and Manufactured Sand for Concrete” prescribes a method of test
for solid volume percentage of bulk aggregate in order to judge the suitability of the aggregate by
particle shape, and specifies that the value shall be not less than 55% for crushed stone aggregate
whose maximum size is 20 mm. When the maximum size is around 40 mm, the value is equivalent
to 58%.

(4) Blast-furnace slag coarse aggregate is produced by crushing air-cooled blast-furnace slag.
Some blast-furnace slag coarse aggregates may not possess adequate quality as concrete aggregate
depending on the processes such as cooling and crushing during their production. Even when the
blast-furnace slag coarse aggregate is produced in the same steel plant, the quality may be different
according to the time of production. In JIS A 5011-1 “Air-Cooled Iron- Blast-Furnace Slag
Aggregate for Concrete”, blast-furnace slag coarse aggregate is classified into the classes L and N.
Generally, blast-furnace slag coarse aggregate of Class N is used. Class L aggregate is used only in
concrete whose freeze-thaw resistance needs not be so high and characteristics compressive strength
is less than 21 N/mm”.

It shall be noted that flash setting may be caused when high alumina cement is used together
with blast-furnace slag aggregate. When using blast-furnace slag coarse aggregate, the
“Recommendation for Blast-furnace Slag Aggregate Concrete” should be referred.

(5) It is a standard requirement that Class H recycled coarse aggregate conforming to JIS A
5021 be used if recycled coarse aggregate is to be used. In order to produce Class H recycled coarse
aggregate with stable quality, it is important to check on the quality of at least the original concrete
and the original aggregate contained in the concrete by referring to past records, literature, etc. If
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such information is not available, it is necessary to take concrete samples from the structure at
appropriate frequencies and observe the color, shape, size, etc., of the samples.

If the particle size range of Class H recycled coarse aggregate is too wide, the aggregate
becomes prone to segregation between coarse particles and fine particles at the production and
storage stages so as to greatly affect the water content of concrete. JIS A 5021 defines six particle
size classes of recycle coarse aggregate, namely, H2505, H2005, H1505, H4020, H2515 and H2015.
Care needs to be taken here because there is no wide particle size category such as 4005. In the case
of Class H recycled coarse aggregate, the abrasion loss is affected by the amount of mortar sticking
to the aggregate surface. The abrasion loss, therefore, is not suitable for use as an indicator of
physical properties. It may be thought that because of actions similar to abrasion tests such as
crushing and milling, Class H recycled coarse aggregate is free from weak regions. This is why
abrasion loss requirements are not specified except in cases where recycled coarse aggregate in this
class is used in pavement slabs.

(6) The effects of grading of coarse aggregate on the workability of concrete are not so
significant when compared with those of fine aggregate. But it is advisable to use coarse aggregate
with properly mixed large and small particles to make concrete of the required properties
economically. When coarse aggregates conforming to the grading in Table 3.4.4 are used, concrete
with the required qualities can generally be made economically. For some precast concrete products,
it is better to use coarse aggregate whose maximum size is 10 mm. Therefore, the standard grading
of coarse aggregate whose size is 10-5 mm is also specified.

(7) This clause is provided due to the same reason as that shown in the comment for fine
aggregate.

3.5 Admixtures

3.5.1 General

Chemical admixtures and mineral admixtures used for concrete shall be of confirmed
quality.

[Commentary] The advantage of properly using quality mineral admixtures and chemical
admixtures has been confirmed by their application records. It is recommended to improve concrete
quality by the positive use of admixtures of confirmed quality and effect. However, there are also
many admixtures which only have insufficient application records and are not specified in JIS or
JSCE Standards. Such admixture shall be used after thoroughly confirming their quality by
examining their performance records or by testing.

In addition those admixtures are classified depending on their dosages, they may be further
sub-classified as follows according to their usage.

* Mineral admixtures

(a) Those to which pozzolanic activity can be expected: Fly ash, Silica fume, Volcanic ash,
Siliceous white clay, Diatomite

(b) Those which latent hydraulicity can be expected: Ground granulated blast-furnace slag.
(c) Those which cause expansion in hardening process: Expansive admixtures

(d) Those which contribute in gaining high strength during autoclave curing: Siliceous fine
powder
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(e) Those for coloring: Pigments

(f) Those which decrease material segregation and/or bleeding of concrete with high flowability:
Lime stone powder

(g) Miscellaneous: Admixtures for high strength, polymers, fillers, etc.

= Chemical admixtures

(a) Those for improving workability and freeze-thaw resistance: Air-entraining agent,
air-entraining and water-reducing agents

(b) Those for improving workability, reducing unit water content and unit cement content:
Water-reducing agents, air-entraining and water-reducing agents

(c) Those for increasing strength greatly by reducing water: High-range water reducing agent,
air-entraining and high-range water reducing agent

(d) Those for considerably reducing unit water content and improving freeze-thaw resistance:
High-range water reducing and air-entraining agent

(e) Those for considerably improving flowability without changing mix proportions or quality
of hardened concrete: Superplasticizers

(f) Those for controlling material segregation in underwater concreting by increasing viscosity:
Antiwashout agents for underwater concrete

(g) Those for controlling setting and hardening time: Accelerators, fast-set agents, retarders,
retarders for construction joint

(h) Those for improving the filling-up ability or controlling density by introducing foam:
Foaming agents and gas generating agents

(i) Those for controlling material segregation by increasing viscosity or by controlling cohesion:
Agents for improving pumpability, segregation-reduction agents, and viscosity-modifying
admixture

(j) Those for increasing filling-up ability and the strength development of concrete by providing
proper expansion and improving flowability: Agents for preplaced concrete aggregate
concrete, Agents for high-strength preplaced aggregate concrete, Agents for grouting mortar

(k) Those for preventing corrosion of reinforcing bars by chloride: Corrosion inhibitors for
reinforcing bars in concrete

(I) Miscellaneous: Water-proofing agents, Nonfreezing agents, Drying shrinkage reducing
agents, Agents for controlling heat of hydration, Dust-reducing agents, etc.

Chemical admixtures generally used for hot weather concreting are air-entraining agents,

water-reducing agents, air-entraining and water-reducing agents and air-entraining and high-range
water reducing agents. When using water-reducing agent, air-entraining and water-reducing agent
or air-entraining-high-range water reducing agent, a retarding type rather than a ordinary type is
effective and practical. When a retarding agent is applied with the purpose of preventing cold joints,
the method shall be fully considered and especially, its dosage shall be determined properly. When
air-entraining and high-range water reducing agent is used for hot weather concreting, it is also
possible to considerably reduce unit water content and unit cement content. However, it is necessary
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to pay the attention to the possible loss in slump value with time for some type of high-range water
reducing agent.

For mass concrete, there are fly ash and blast-furnace slag as mineral admixtures, and
air-entraining agents, water-reducing agents, air-entraining and water-reducing agents and
air-entraining and high-range water reducing agents as chemical admixtures. Using of fly ash with
sufficient quality has many advantageous effects on the properties of concrete such as improvement
in workability, reduction of unit water content, increase in long-term strength. Besides, fly ash is an
advantageous material in order to control cracking due to thermal stresses, because the temperature
rise resulting from hydration heat of concrete becomes lower. When blast-furnace slag with quality
is properly used, it becomes possible not only to increase long-term strength but also slow the
generation rate of heat of hydration. (see “Recommendation for Blast-furnace Slag Concrete”)

On the other hand, when a air-entraining agent, water-reducing agent, air-entraining and
water-reducing agent or air-entraining high-range water reducing agent is properly used, it is
possible to reduce unit water content and unit cement content, since the workability of the concrete
is improved. And this results in lower temperature rise of the concrete. When a large quantity of
concrete is placed, a retarding type of a water-reducing agent or air-entraining and water-reducing
agent may be used in order to slow the generation rate of heat of hydration and prevent cold joints.
However, in this case, it is important to confirm the effect on the degree of set-retarding and
strength development of concrete by testing and so on prior to the application, because the setting
time may be considerably retarded according to combined effect of using admixtures and
temperature condition at the application.

3.5.2 Mineral admixtures

(1) Fly ash used as mineral admixture should comply with the provisions specified in
JIS A 6201.

(2) Expansive admixtures used as mineral admixtures should comply with the
provisions specified in JIS A 6202.

(3) Ground granulated blast-furnace slag used as mineral admixture should comply
with the provisions specified in JIS A 6206.

(4) Silica fume used as mineral admixture should comply with the provisions specified
in JIS A 6207.

(5) The quality and utilization method of mineral admixtures other than Clauses (1), (2),
(3) and (4) shall be investigated thoroughly.

[Commentary] (1) When properly used, high quality fly ash has many excellent effects on the
properties of concrete such as improving workability, reducing unit water content, controlling heat
of hydration, increasing long-term strength, reducing drying shrinkage, improving water tightness
and improving resistance to chemical attack, etc. However, the quality of fly ash widely varies
according to the quality of coal, combustion mechanism and processes of collection. Therefore, the
fly ash used should comply with the provisions specified in JIS A 6201 “Fly Ash.” Recently,
production of fly ash has been increasing, but except for some regions, it is difficult to obtain a
large amount of fly ash with quality continuously. Therefore, it is advised to confirm whether or not
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a required amount of fly ash can be supplied. When fly ash is used, “Recommendation for Fly Ash
Concrete” should be referred to.

(2) By properly using expansive admixtures, it is possible to reduce cracking of concrete caused
by hardening shrinkage or to increase cracking strength of concrete by introducing chemical
prestress. As these effects vary according to chemical composition, fineness, etc. of expansive
admixtures, expansive admixtures to be used should comply with the provisions specified in JIS A
6202 “Expansive Admixtures for Concrete™ (see Chapter 4 in the part of special concrete and the
“Recommendation for Expansive Cement Concrete”) as standard.

(3) By using properly ground powder of granulated blast-furnace slag, which has been cooled
rapidly and has a glassy quality, it is possible to produce concrete having higher long-term strength,
lower heat of hydration, better water-tightness and permeation of chloride ion into concrete, higher
chemical resistance to sulfates or sea water, and also possible to suppress alkali-aggregate reaction
and obtain higher strength. Moreover, the workability of concrete is not adversely affected by its
use, and unit water content needs no to be increased even when very finely ground slag is used. But
these effects vary according to the chemical compositions of slag, cooling rate, fineness and
dosages of ground slag, the addition or non-addition of gypsum, the quality of cement to be mixed
with, unit cementitious material contents, etc., so that this material should comply with the
provisions specified in JIS A 6206 “Blast-furnace Slag®“. As the quality of concrete containing
ground slag is easily affected by the curing temperature and the term of wet curing, if construction
methods are not suitable for the concrete, insufficient development of the required strength or the
rapid carbonation of concrete may be induced. In addition, since the unit dosage of ground slag is
quite large in comparison to that of other admixtures and ground slag is expected to play a
important role as a cementitious material, if batching and mixing machines are unsuitable or control
of the work-process is not adequate, concretes of the required qualities can not be acquired. This
point shall be sufficiently taken into account during the planning and execution of construction. (see
the “Recommendation for Blast-furnace Slag Concrete”)

At present, 3 types of ground granulated blast-furnace slag are specified in JIS. They are
blast-furnace slag 4000, 6000 and 8000. Therefore, it is necessary to determine the type of
blast-furnace slag and its replacing ratio in consideration with the purpose of use. Generally,
blast-furnace slag 4000 is used in many cases. For the special applications, i.e. strength
improvement in early ages, blast-furnace slag 6000 or 8000 may be used.

(4) Silica fume is a by-product of silicone or ferro-silicone production and consists of super-fine
spherical particles. The average particle size is about 0.1um, specific surface area (by gas
absorption method) is about 20 m?/g and density is about 2.2 g/cm’. The main component of silica
fume is amorphous SiO,. Mixing silica fume in concrete has some advantages such as the
prevention of material segregation, the reduction of bleeding, a remarkable increase of strength, and
the improvement of water-tightness and chemical durability in comparison to ordinary concrete. On
the other hand, it has disadvantages such as increasing the unit water content and increasing drying
shrinkage. Therefore, in application, it is necessary to take some counter-measures such as using
high-range water-reducing admixtures. The quality of silica fume is considerably different by
localities, stock periods and form of the product, - powder or grain-, etc. because most part of the
supply depends on the import. It is important to confirm that the silica fume used should comply
with the provisions specified in JIS A 6207 “Silica Fume for Concrete”. When silica fume is used,
the “Recommendation for Silica-Fume Concrete” should be referred to.

(5) As mineral admixtures other than Clauses (1), (2), (3) and (4), there are siliceous fine
powder, pozzolans, limestone fine powder admixtures for high strength and so on. There is at
present, no specification of quality for these mineral admixtures, and methods of their use are
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different. When using these materials, therefore, it is necessary to confirm their quality and
investigate the methods of use by referring to information and by testing. In other words, it is
necessary to investigate not only their quality, performance, service records, uniformity, prices and
other items, but also the effects of their use on the workability, strength, durability, water-tightness,
volume change, capability of protecting steel and prices of concrete.

Siliceous fines, which are composed mainly of quartz, are often used to provide concrete to be
cure in an autoclave with extra strength. Other pozzolans that generate calcium silicate hydrates by
reacting with calcium hydrate at room temperature include the fly ash and silica fume mentioned
above and natural materials such as siliceous white clay, volcanic ash and diatomite, and artificial
materials such as burnt clay.

Limestone powder is a powdery material produced by grinding limestone so that the Blaine
specific surface area becomes 3000 to 7000 cm?/g. Limestone powder is used to prevent
segregation and bleeding of concrete. It has been reported that limestone powder reacts with C;A,
etc., to generate hydrates such as monocarbonates (C;A, CaCOs, 11H,0). This Specification,
however, does not regard limestone powder as a binder because the reaction with C3A in cement
and the relationship between the generation of C3A and strength are as yet not clarified. Standards
for limestone powder that can be used as guides include JCI-SLP, Standard for Quality of
Limestone Powder for Concrete, JIS A 5008, Limestone Filler for Bituminous Paving Mixtures, and
standards proposed by other organizations such as the former Honshu—Shikoku Bridge Authority
and the former Japan Railway Construction Public Corporation.

3.5.3 Chemical admixtures

(1) Air-entraining agents, water-reducing agents, air-entraining and water-reducing
agents and air-entraining, high-range water reducing agents and superplasticizers used as
chemical admixtures should comply with the provisions specified in JIS A 6204.

(2) Corrosion inhibitors for reinforcing steel used as chemical admixtures should
comply with the provisions specified in JIS A 6205.

(3) The quality and utilization method of chemical admixtures other than Clause (1) and
(2), shall be investigated thoroughly.

[Commentary] (1) Though several types of air-entraining agents, water-reducing agents,
air-entraining and water-reducing agents or air-entraining and high-range water reducing agents are
available, their quality and performance are quite different. Therefore, only good quality chemical
admixtures conforming to the requirements of JIS A 6204 “Chemical Admixtures for Concrete”
should be used. In JIS A 6204, chemical admixtures for concrete are classified into air-entraining
agents, water-reducing agents (standard, retarding and accelerating types), air-entraining and
water-reducing agents (standard, retarding and accelerating types) and air-entraining and high-range
water reducing agents (standard and retarding types). And, chemical admixtures are also classified
into the types 1, 2, and 3 by the amount of chloride ions supplied from admixtures to concrete.
Therefore, when chemical admixtures are used, the adequate type of chemical admixture shall be
selected in consideration with purpose of its use, setting time, hardening rate or limit of chloride
content in concrete, etc. Proper use of air-entraining agents, water-reducing agents, air-entraining
and water-reducing agents and air-entraining and high-range water reducing agents in concrete may
results is many desirable effects such as reduction of unit water content, improvement of
workability, increase in resistance to freezing and thawing, improvement in water-tightness, etc.
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The effect of these agents may, however, vary depending on the quality of cement, aggregates and
the agents themselves, mix proportions, method of construction, etc. Even in cases when the air
content is the same, the effect may actually be different depending upon the average size of air
voids or their distribution.

Air-entraining and high-range water reducing agent has an ability of air-entraining itself. It can
decrease water content more than ordinary air-entraining and water-reducing agents, and slump loss
becomes small. Therefore, it is possible not only to reduce the unit water content rather than when
using ordinary air-entraining and water-reducing agents, but also to make the concrete which has
the same flowability as superplasticized concrete in ready-mixed plants. And, it is possible to
choose the dosage for its purpose of use within the wide range. However, when air-entraining and
high-range water reducing agent is used, performance of concrete such as less change in slump or
workability is easily affected by service conditions like as atmospheric temperature, materials and
so on in comparison with ordinary concrete. Therefore, when using air-entraining and high-range
water reducing agent, the characteristics of concrete and the limit of the effect must be sufficiently
understood. And, it must be sufficiently examined that the appropriate usage of air-entraining and
high-range water reducing agent in order to surely obtain the effect for the purpose prior to the real
application. And, it is also important to appropriately treat the concrete with air-entraining and
high-range water reducing agent, because of the different workability from the ordinary using usual
air-entraining and water reducing agent. (see “Recommended Practice for Concrete used
Air-entraining and High-range Water-reducing Agents”)

High-range water-reducers are characterized by high water-reducing, low set-retarding and low
air-entraining effects and can be classified, according to chemical composition into a number of
groups including polycarboxylic acid, naphthalene, melamine and other types. With their high
water-reducing and low air-entraining effects, high-range water reducers make it possible to easily
obtain high-strength concrete with a compressive strength of about 80 to 100 N/mm?®. If, however,
naphthalene and melamine type high-range water reducers are used, care needs to be taken because
a large slump loss may occur or freeze-thaw resistance may become low if an air-entraining agent
is not used.

Standard-type superplasticizers are used in ordinary concreting work and have been used in
many projects. Retarder-type superplasticizers have both a superplasticizing effect and a
set-retarding effect and are used to reduce post-superplasticization slump losses when concrete is
place under hot weather or the transportation of concrete takes long time. Since the setting delay
time of a set-retarding type superplasticizer varies with the quantity of the admixture used, it may
not be possible to achieve the required set-retarding effect depending on the service conditions or
mix proportions of concrete. It is good practice to trying to control the set-retarding effect suitable
for the purpose by paying attention to chemical admixtures added to the base concrete. Care needs
to be taken because the setting of concrete containing a retarder-type superplasticizer may be
excessively delayed under the influence of the chemical admixtures added to the base concrete so
that the durability of the concrete decreases (see Recommended Practice for Concrete Containing
Superplasticizers).

(2) Corrosion inhibitors for reinforcing bars in concrete are chemical admixtures to be used for
suppressing the corrosion caused by chloride from the use of sea sand. Corrosion inhibitors may be
classified into the following 3 types : (i) Corrosion inhibitors of passive film-forming type, (ii)
Corrosion inhibitors of precipitation film-forming type and (iii) Corrosion inhibitors of adsorption
film-forming type. At present, all of the inhibitors available in the market have a nitrite component
as main constituent and suppress corrosion by oxidizing the metal surface and form the passive film.
All types of inhibitors are required not only to inhibit corrosion sufficiently for a long time, but also
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not to disturb the setting, hardening and durability of concrete. Moreover, they are required to be
easy to use and not to contain harmful components to the human body. Some papers report that
local corrosion of steel becomes remarkable under the environment where much chloride ions
permeate from outside of concrete structure because of insufficient effect of inhibitors even if the
required quantity of inhibitors for corrosion protection of steel against chloride in sea sand is added.
Therefore, when a inhibitor is applied for construction of concrete structures under these
environmental conditions, the dosage and the effect of inhibitor shall be examined sufficiently.

(3) For chemical admixtures other than Clauses (1) and (2), there are no specifications on their
quality, and the methods of use are different. It is necessary in the employment of them to confirm
their quality and investigate the methods of use by researching the service records and doing
sufficient tests. That is to say, it is necessary to research the quality, performance, service records,
uniformity, price, etc., and to investigate their effects on workability, strength, durability,
water-tightness, volume change, steel-protective quality, and cost of concrete.

3.6 Reinforcing Materials
3.6.1 Reinforcing bars

(1) It is a standard requirement that all reinforcing bars used conform to JIS G 3112, JIS
G 3117 or JSCE-E 121.

(2) If reinforcing bars not conforming to JIS G 23112 or JIS G 3117 are to be used, tests
shall be conducted to verify that the design values are met and determine the method of
using those reinforcing bars.

(3) It is a standard requirement that all epoxy-coated reinforcing bars used conform to
JSCE-E 102.

[Commentary] (1) It must be ascertained that all reinforcing bars used meet the values
specified in JIS G 3112, Steel Bars for Concrete Reinforcement, JIS G 3117, Rerolled Bars for
Concrete Reinforcement, and JSCE-E 121, Standard for Quality of D57and D64 Threaded and
Ribbed Steel Bars for Concrete Reinforcement. Steel bars used for concrete reinforcement can be
classified into two types, namely, those made from pig iron and those made from steel scraps by
using blast furnaces. Most of the steel bars for concrete reinforcement in use today are those made
by use of blast furnaces. Rerolled steel bars for concrete reinforcement are steel bars made from
iron scraps by cold rolling. Steel bars of this type are seldom used today because of concern about
their quality.

JIS G 3112 specifies (1) chemical composition, (2) mechanical properties and (3) shapes,
dimensions, masses and tolerances for seven types of steel bars, namely, SR235, SR295, SD295A,
SD295B, SD345, SD390 and SD490. For SD295B, SD345, SD390 and SD490, JIS G 3112

specifies not only lower limits but also upper limits to the yield point and 0.2% strength.

In JIS G 3117 “Rerolled Steel Bars for Concrete Reinforcement” mechanical properties, shapes
and dimension, mass, allowable difference and so on are specified for SRR235, SRR295, SDR235,
SDR295 and SDR345. These specifications are used as its quality. The specifications of shape and
dimension and mass are the same as those of JIS G 3112. In addition specifications of the
mechanical properties of SRR235, SRR295 and SDR295 are the same as those of SR235, SR295
and SD295A, respectively.
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Nominal diameter, cross section area, unit mass and so on are specified for D6 to D51 in the JIS
G 3112. Their allowance limits are also provided. Recently a steel bar of D51 or larger diameters
has been used with constructions of larger sizes to implement a rational design. For the use of D57
or D64 the JSCE-E121 “Quality Specification for Larger Size Steel Bars of D57 and D64” is
referred for the specification. Chemical constituents, upper limit and lower limit of yield strength,
elongation, inside radius of a moment curvature and so on are specified for SD295-N, SD345-N,
SD390-N and SD490-N. In the case of using steel bars of D57 or D64, design values and method to
use should be determined by the Standard Specifications for Concrete Structures “Design”.

(2) Reinforcing steel bars that do not conform to JIS G 3112 and JIS G 3117 may not only be
unreliable in terms of quality but also have inappropriate details such as inappropriate rib shapes.
For steel bars that do not conform to JIS G 3112 and JIS G 3117, it is important for the responsible
engineer to verify by conducting reliable tests in advance that the specified design values are met
and, on the basis of the results thus obtained, judge the usability of the steel bars and specify the
method of using them.

Using epoxy-coated reinforcing bar may be beneficial for reinforced concrete structures in a
marine environment as to prevents chloride ions from directly reaching the surface of the steel bar.
Powder type epoxy coating is applied to the surface of a steel bar using static powder coating
technique. Performance of epoxy coated reinforcing bars in terms of corrosion inhibition depends
on the quality of epoxy coating, surface preparation of steel, thickness of coating and the presence
of pinholes. Impact and bending of bars could cause cracking and delamination of the coating, and
adversely affect the corrosion inhibition performance. Details of the materials used and the relevant
test methods are described in JSCE-E 102 “Quality Specification for Epoxy Coated Reinforced Bar
(Draft)”. Therefore, an epoxy coated reinforcing bar that complies with the provisions of JSCE-
E102 may be considered to be suitable for use. Epoxy coated reinforcing bar used shall comply with
the provisions of the “Recommendation for Design and Construction of Concrete Structures Using
Epoxy-coated Reinforced Steel Bar”.

3.6.2 Prestressing steel
(1) The prestressing wires and strands should conform to JIS G 3536 in general.

(2) The prestressing bars should conform to either JIS G 3109 or JIS G 3137 in general.

(3) When prestressing steel that is not mentioned in Item (1) or (2) is, tests shall be
conducted to verify that the design values are met and determine the method of using the
prestressing steel.

(4) In cases when prestressing steel is reprocessed, or heat-treated for use in
anchoring, coupling, assembling or layout, it shall be experimentally ensured that the
quality of the prestressing bars has not been adversely affected.

[Commentary] (1) JIS G 3536 “Prestressing Wires and Strands” describes the mechanical
properties, shapes, dimensions, tolerances, etc. for two types of prestressing wires and five types of
prestressing strands. These descriptions may be used as the quality specification. Mechanical
properties have been specified in terms of loads corresponding to 0.2% permanent elongation,
tensile capacity of load, elongation and the ratio of relaxation. The surface irregularities of a
deformed prestressing wire aren’t particularly specified. However the bond strength and fatigue
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strength of wire itself often depend on the surface irregularities. Therefore, the characteristic
strength should be determined by tests.

(2) In JIS G 3109 “Steel Bar for Prestressed Concrete” and JIS G 3137 “Deformed Prestressing
Bars of Small Diameter”, the descriptions relating to a)chemical constituents, b)mechanical
properties and c)shapes, dimension, and tolerances are shown for three types of prestressing steel
bars and three types of deformed prestressing steel bars of small diameter, respectively. These
descriptions may be used as the quality specification. Mechanical properties of different types of
prestressing steel have been specified in terms of stress corresponding to 0.2% permanent
elongation, tensile strength, elongation, and the ratio of relaxation.

Although the strength of prestressing steel bars is normally lower than those of prestressing
wires and prestressing strands the modification of the ends of prestressing steel bars results in
beneficial effects that anchoring is easily achieved. The relaxation of prestressing steel bars is lower
than those of normally used prestressing wires and prestressing strands but is similar to those of
particular ones with lower relaxation. Prestressing steel bars of larger diameter exhibit larger
reductions of the quality due to bending. In addition the quality of the portion that is modified for
anchoring must be examined if it can ensure sufficient performance. It is sometimes encountered
that prestressing steel bars are hardly normal to anchoring cross section in the anchoring portion and
becomes never straight at the portion with connection devices. For those cases a local bending of
the prestressing steel bars will be induced resulting in rapture due to stress corrosion or delayed
failure. To avoid those it is recommended that prestressing steel bars of large elongation capacity
and ductility be used.

When an end of the prestressing steel bar is threaded for anchoring or coupling roll-threading
must be conducted instead of thread-cutting because the thread-cutting reduces the effective
diameter of the threaded portion, thereby largely adversely affecting the tensile strength of the bar.
When large-diameter prestressing steel bars are threaded using the roll-threading method, only
minor reduction of the effective diameter occurs and the tensile load carrying capacity at the
threaded portion may be increased due to the effect of cold-working. In case of small-diameter
prestressing steel bars, however, major reduction of the effective diameter occurs, which may cause
reduction of the tensile load carrying capacity at the threaded portion. In this case, the threaded
portion may not meet the standard of the prestressing steel bars. Therefore, the prestressing steel
bars must be tested to confirm that they satisfy the design requirements. The design tensile load
carrying capacity of the prestressing steel bars may be calculated by multiplying the tensile strength
and the nominal sectional area specified in JIS G 3109. When the roll-threaded or headed portion of
the bar does not meet the specified tensile load carrying capacity of the bar itself the design values
must be modified in the same manner as prescribed in Clause (4) of this Section.

(3) Usually, JIS-specified prestressing steel is the safest and is also economical. If special
prestressing tendons that are not described in Item (1) or (2) of Section 3.6.2 are used, it is
necessary to determine the variability of quality by conducting tests on a sufficient number of
specimens. In such cases, it must be ascertained on the basis of values reflecting an appropriate
defect percentage in accordance with JIS Z 9004, Single Sampling Inspection Plans Having Desired
Operating Characteristics by Variables (Standard Deviation Unknown and Single Limit Specified)
that the specified design values are met. The requirements related to tensioning materials other than
prestressing tendons are described in Section 3.6.4, Other Reinforcing Materials.

(4) When prestressing steel bar is subjected to grinding or bending, or rolled-threaded, headed
or heated for anchoring, coupling, assembling and arranging the strength and the other quality of the
steel may deteriorate depending on the treatments. If the deterioration is minor it can be coped with
in consideration of the proper arrangement of the prestressing steel, anchorage or couplers. In turn if
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the deterioration occurs on a large scale it is difficult to make up for this by only such consideration.
Therefore, for the deteriorated steel the strength and the other design values shall be modified by
tests, if needed.

In case for the prestressing steel bar treated of re-bending or heated, following considerations
may be referred for a new specification corresponding to the reduction rate of the strength of the
treated prestressing steel bars.

(a) In a case when the strength reduction is equal to or less than 5 %: if the tensile strength of
prestressing steel bars which have been re-bent or heated is equal to or greater than 95 % of the
original value can be applied in the design under condition that the proper arrangement of
prestressing steel, anchorages and couplers is implemented.

(b) In a case when the strength reduction is greater than 5 % but less than 10 %: if the tensile
strength of prestressing steel which has been re-bent or heated is more than 90 % but less than 95 %
of the original standard value, the standard value to be used in the design shall be modified by
testing.

(c) In a case when the strength reduction is equal to or more than 10 %: if the tensile strength of
prestressing steel bar which has been re-bent or heated is equal to or less than 90 % of the original
standard value, such re-bending or heating method must be generally avoided.

3.6.3 Structural steel

The structural steel should conform to JIS G 3101, JIS G3106 or JIS G 3136 in general.

[Commentary] JIS G 3101 “Rolled Steels for General Structures” specifies for four types of
rolled steels, SS330, SS400, SS490 and SS540 on a) chemical constituents, b) mechanical
properties, ¢) shapes, dimensions and mass, and their allowances. Similarly JIS G 3106 “Rolled
Steels for Welded Structures” specifies for eleven types of the rolled steels ranging from SM400A
to SM570 and JIS A 3136 “Rolled Steels for Building Structures” that has been standardized in
1996 specifies for the heated rolled steels that are used mainly for steel-made structures of buildings.
These specification described in each standard may be considered to be the quality of the rolled
steels. The mechanical properties include yielded strength or load carrying capacity, tensile strength,
elongation, and inner radius of the bent-over. Steel bars for steel-reinforced concrete structures are
in principal selected on the basis of its yielded strength similar to that of reinforcement bar used
together.

3.6.4 Other reinforcing steel

The quality of other reinforcing steel shall be appropriately confirmed and careful
attention paid to the method of using them.

[Commentary] There are many reinforcing materials, other than those mentioned above, for
which there is as yet no quality standard, and there are many types and many methods for using
them. When using those reinforcing materials, therefore, it is necessary to conduct thorough studies
and tests to ascertain quality and identify methods for using those materials.

There are cases where reinforcing materials composed partially of fibers are used with the aim
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of achieving higher quality of hardened concrete or preventing spalling of concrete used in tunnels
or other structures. Fibers used in such cases can be largely classified into two categories: short
fibers and continuous fibers. Examples of short fibers are inorganic fibers including metal fibers
such as steel fibers and stainless steel fibers, glass fibers, carbon fibers and ceramic fibers. There
are also organic fibers such as aramid, nylon, vinylon, polyethylene and polypropylene. When using
short fibers, it is good practice to conduct tests in advance to check on the quality of the fibers to be
used because suitable diameters, lengths and shapes vary with the intended use of the fibers.
JSCE-E 101, Standard for Quality of Steel Fibers for Concrete, can be used as a guide for the
quality of steel fibers. Concerning the production of short fiber-reinforced concrete, the
Construction: Special Concretes of this Specification (Chapter 5, Short Fiber Reinforced Concrete)
can be used as a guide.

Continuous fiber reinforcing materials are continuous fibers cemented either into bars to be used
as substitutes for steel bars or prestressing tendons or into sheets. The former are used mainly as
concrete reinforcing or tensioning members, while the latter are used for the repair or reinforcement
of concrete. There are five types of fibers used in continuous fiber reinforcing materials: carbon
fibers, aramid fibers, glass fibers, vinylon fibers and their mixtures. Continuous fiber reinforcing
materials can also be broadly classified, according to shapes, into five types: rod, strand, braid,
mesh, and rectangular plate. Because the material, shape, quality and other characteristics of
continuous fiber reinforcing materials vary widely among different types, it is recommended that
standard-conforming tests be conducted in advance as in the case of steel fibers to verify quality
(see the standard section of this Specification). Also, when producing continuous fiber reinforced
concrete, it is good practice to refer to the Construction: Special Concretes of this Specification
(Chapter 4, Continuous Fiber Reinforced Concrete).

Continuous fiber reinforcing materials are easily damaged when placed directly on the ground
or floor surface and are subject to quality degradation. Furthermore, continuous fiber reinforcing
materials may deteriorate, depending on the type of fiber, if placed at a place exposed to high
temperature or ultraviolet rays or under the influence of chemicals. When storing continuous fiber
reinforcing materials, therefore, it is necessary to protect them from those influences.

3.7 Storage of Materials
3.7.1 Storage of cement

(1) Different types of cement shall be stored separately in damp-proof silos,
warehouses or other storage facilities.

(2) Silos shall be designed so that there is no dead storage area near the bottom of the
storage space.

(3) When cement that has been stored for a long period of time is, the cement shall be
tested to ascertain its quality prior to the use.

(4) When the temperature of cement is excessively high, the temperature of the cement
shall be lowered prior to the use.

[Commentary] (1) When in contact with air while in storage, cement undergoes light
hydration by absorbing moisture from the air and simultaneously reacts with carbon dioxide in the
air. This process is referred to as weathering of cement. As cement weathers, the ignition loss
increases and density decreases so that setting is delayed or strength decreases with the progress of
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weathering. It is necessary, therefore, not only to keep moisture away from cement but also to store
cement in an unventilated condition. If cement is stored in a highly airtight silo designed to prevent
internal condensation, the quality of the cement hardly changes even if the cement is stored for a
relatively long period of time. It is desirable that the capacity of a silo be equal to or greater than
three times the average quantity of cement used in one day. If cement can be supplied smoothly
because there is a concrete mixing plant at a relatively short distance from the cement service
station, silo capacity can be made smaller.

If bags of cement are stored for a relatively long period of time or during a high-humidity period,
it is good practice to take weathering prevention measures such as using bags lined with a
damp-proof membrane. In order to protect bags of cement in storage from moisture from the ground,
the warehouse floor needs to be kept a sufficient distance away from the ground. In the case of a
wooden warehouse, for example, at least 30 cm is required. In order to protect cement in storage
from condensation due to rain or the difference between internal and external temperatures, it is
important to stack bags of cement so that they do not come into contact with the warehouse walls. If
bags of cement are stacked while in storage, the cement in the lower bags might consolidate. A
recommended limit to the number of layers of stacked bags of cement, therefore, is about 13.

(2) Cement silos should have features or provisions to prevent the occurrence of dead storage
areas where stored cement does not flow out or is stuck, such as nonsymmetrical structure, a steep
bottom cone to facilitate flow, or vibrators or aerators to facilitate flow movement. It is also
necessary to inspect and clean silos at appropriate frequencies.

(3) Needless to say, cement containing lumps formed while the cement is storage must not be
used. In the case of cement that may have been exposed to moisture because of storage over a long
period of time, it is necessary to conduct tests (e.g., mortar tests) and evaluate the usability of the
cement.

(4) As the temperature of cement changes by 8°C, the as-mixed temperature concrete rises or
falls by 1°C. The influence of cement temperature on concrete temperature is smaller than the
influence of aggregate and water. If, however, cement with an excessively high temperature is used,
the as-mixed temperature of concrete may rise so as to cause abnormal consolidation or a decrease
in slump. It may be necessary, therefore, to impose limits on cement temperature at the time of
shipping from a factory or at the time of delivery at the construction site. The temperature of
delivered cement varies with the transportation route from the cement factory and the time of year.
For example, the average temperature of cement shipped directly from a cement factory ranges
from 50 to 80°C. If cement is transported by ship or stored at a service station, cement temperature
tends to be slightly lower. In general, no problem arises if cement with a temperature of 50°C or
lower is used.

3.7.2 Storage of aggregates

(1) Fine aggregate and coarse aggregate and aggregate of different types, from
different places of origin or of different particle sizes shall be isolated and stored
separately.

(2) Aggregates shall be received, stored and handled carefully by using machinery and
equipment of appropriate structure in order to prevent problems such as the separation of
large and small particles, the inclusion of foreign matter and damage to coarse aggregate.
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(3) Aggregate storage facilities shall be provided with appropriate drainage facilities so
that surface moisture conditions become uniform.

(4) In times of cold weather, aggregates shall be stored by use of appropriate facilities
to prevent the inclusion of ice and snow and freezing.

(5) Aggregates shall be stored by use of appropriate facilities to, for example, keep
cement away from direct sunlight in order to prevent aggregate from drying and
temperature from rising under hot weather.

[Commentary] (1) In order to produce concrete of consistent quality, it is necessary to make
sure that the quality of aggregate used is always consistent. Different types of aggregate such as
gravel, sand, crushed stone, blast furnace slag aggregate and lightweight aggregate, aggregate of
different particle sizes or maximum particle sizes, aggregate that has been graded in advance, and
the like must be isolated from one another by using appropriate dividing devices and be stored
separately. If the particle sizes of coarse aggregate fall within the range from 20 to 5 mm, it is good
practice to divide the aggregate into two classes, namely, 20 to 10 mm and 10 to 5 mm, and store
them separately. Similar care needs to be taken in connection with the receiving of delivered
aggregate and the handling of aggregate from the storage area to the mixing area.

(2) In order to prevent the segregation of aggregate, it is necessary to take preventive measures
such as avoiding a sloping area where aggregate rolls down. One way to prevent the inclusion of
foreign matter is to store aggregate on a concrete floor and surround the storage area with trenches
or walls. Care should be taken to make sure that mud and other foreign matter sticking to the tires
of aggregate hauling vehicles is not mix into the aggregate. Shovel loaders with rubber tires should
be used to handle aggregate because crawler-mounted loaders crush aggregate and wear the
concrete floor. Top-feed bottom-discharge silos are recommended.

(3) If concrete of consistent quality is to be produced, it is desirable that aggregate with
consistent particle size distribution be used and the surface moisture content of aggregate be stable
so that the water content can be kept constant. If the surface moisture content of aggregate is not
constant, it is necessary to adjust the water content on a batch-by-batch basis, making production
control almost impossible to perform. The basic rule, therefore, is to store aggregate so that the
surface moisture content of aggregate can be kept uniform. If delivered aggregate is used
immediately, it is difficult to cope with changing particle size distributions and surface moisture
contents by, for example, changing mix proportions. Good practice, therefore, is to use storage
facilities of appropriate capacity and provide drainage facilities so that the surface moisture
conditions become uniform. It is therefore important to prepare facilities and perform management
so that delivered aggregate is used in the order of delivery.

In cases where blast furnace slag aggregate or lightweight aggregate is stored, it is desirable that
watering devices such as sprinklers as well as drainage facilities be provided. The reason is that
because pumping of concrete has increased in recent years, in the case of blast furnace slag
aggregate or lightweight aggregate, both of which are more absorptive than gravel and crushed
stone, the slump of concrete may decrease considerably during pumping if water is not sprayed to
some extent in advance.

(4) If frozen aggregate or aggregate containing ice or snow is used as is under cold weather, the
temperature of concrete may decrease so that concrete freezes or the water content increases. In
order to prevent the intrusion of ice and snow, therefore, it is important to cover aggregate with
something or store aggregate in roofed storage facilities.
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(5) If aggregate that has been exposed to baking heat under hot weather for a long period of time
is used, concrete temperature may rise. If this occurs, workability may change considerably while
the concrete is being transported or handled or consolidation may be extremely accelerated so that
satisfactory construction work cannot be carried out. In order to prevent this problem, it is important
to provide appropriate covering or water spraying facilities at the places where aggregate is stored.
If blast furnace slag fine aggregate is to be stored for a long period of time during a period in which
daily mean temperature exceeds 20°C, it is necessary to pay careful attention to the management of
its storage. In the case of a cylindrical silo made of corrugated metal members or other materials
that greatly reduces work efficiency in the event of consolidation, the silo should be designed to
prevent the occurrence of near-bottom dead storage areas from which stored aggregate cannot be
extracted, and attention should also be paid to the level of consolidation control.

3.7.3 Storage of admixtures

(1) Different types of admixtures shall be stored separately in damp-proof silos,
warehouses or other storage facilities.

(2) When an admixture that has been stored for a long period of time is used, the
admixture shall be tested to ascertain its quality prior to the use.

(3) Admixtures shall be handled carefully so that they are not scattered about.

[Commentary] (1) Admixtures are usually absorptive, and an admixture that has absorbed
moisture may consolidate or deteriorate in performance so that the required quality cannot be
achieved. For example, fly ash consolidates when a very small amount of gypsum contained in the
fly ash absorbs moisture, and silica fume, which is very fine-grained, is more absorptive than other
admixtures and is therefore prone to consolidation. Because expansive admixtures for concrete
contain a large quantity of free calcium oxide, they are more prone to weathering than cement. If
different types of admixtures are mixed together, it may not be possible to attain the expected effect.
It is therefore necessary to separate different types of admixtures and store them separately in
damp-proof silos, warehouses or other storage facilities. Bagged, canned or otherwise packaged
admixtures must be stored so that the packages are not broken or damaged and can be easily
identified and inspected.

(2) If admixtures are stored for a long period of time, the quality of the admixtures may change
even if they are carefully stored. If, therefore, the storage period has become long, the usability of
the admixture must be evaluated after conducting a test again and ascertaining the degree of
influence of the long storage period on the concrete.

(3) Powdered admixtures tend to be scattered about in bag splitting areas and around silo outlets
S0 as to cause measuring instruments to break down. During humid periods, scattered powder tends
to stick to the surfaces of silos and transportation equipment. It is important, therefore, to carefully
handle powdered admixtures so that powder is not scattered about. It may also be necessary to
provide dust control equipment.
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3.7.4 Storage of chemical admixtures

(1) Chemical admixtures shall be stored so that impurities such as waste materials are
not mixed into the admixtures. Liquid chemical admixtures shall be stored so that neither
segregation nor alteration results. Powdered chemical admixtures shall be stored so that
they do not absorb water moisture or consolidate.

(2) Chemical admixtures that have been in storage for a long period of time or that
have been found to be in an anomalous condition shall be tested prior to the use to make
sure that their performance had not deteriorated.

[Commentary] (1) Impurities such as waste materials in a chemical admixture may alter the
quality of the chemical admixture so that the expected effect cannot be achieved. In the case of a
chemical admixture that is used in very small quantities such as an air-entraining agent, impurities
could hamper accurate measurement of required quantities. Impurities in a liquid chemical
admixture could cause malfunctioning of feed pumps or instrument valves. When storing chemical
admixtures, therefore, it is necessary to exercise due care to prevent the inclusion of waste materials
and other impurities. In the case of a liquid chemical admixture, not only the inclusion of impurities
but also changes in concentration due to the evaporation of moisture or the intrusion of rainwater
can be prevented by storing the admixture in a closed tank. When different types of chemical
admixtures are stored, it is necessary to exercise due care so as not to use the same containers for
more than one type of chemical admixture or inadvertently mix different types of chemical
admixtures.

When a chemical admixture freezes, segregation of ingredients occurs. It is therefore necessary
in winter to take measures to prevent chemical admixtures from freezing. It is in many cases
possible, however, to restore the performance of a chemical admixture that has undergone
segregation because of freezing by completely melting and remixing the frozen admixture.
Powdered chemical admixtures are highly hygroscopic, and certain types of powdered chemical
admixtures even deliquesce. These types of chemical admixtures must be stored in damp-proof,
unventilated storage facilities.

In view of these factors, when storing chemical admixtures, it is necessary to take meticulous
preventive measures such as shielding sunlight, keeping fire away and preventing freezing.

(2) If chemical admixtures are stored for a long period of time, the quality of the admixtures
may change even if they are carefully stored. For example, storing a liquid chemical admixture for a
long period of time may result in not only segregation but also decomposition or alteration due to
rust forming on iron containers. The evaporation of moisture may result in a higher concentration
and the solidification of the surface layer. If, therefore, chemical admixtures have been stored for a
long period of time or have been found to be in an anomalous condition, it is necessary to evaluate
the influence on the concrete by testing them again and determine whether they can be used. Even if
the quantity of a chemical admixture used is small, its influence on the concrete is great. Care must
be taken because even a small change in the quality of a chemical admixture may result in a
significant difference in the quality of concrete.

3.7.5 Storage of steel

(1) Reinforcing bars and structural steel shall be supported at appropriate spacing and
stored in storage facilities or, if stored outdoors, under appropriate cover instead of being
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placed directly on the ground surface.

(2) Prestressing steel shall be supported at appropriate spacing and stored in storage
facilities or, if stored outdoors, under appropriate cover for protection from harmful
substances such as oil, chlorides and waste materials and harmful processes and effects
such as corrosion, damage and deformation.

[Commentary] (1) The reason why steel reinforcing bars and structural steel must not be
placed directly on the ground surface is that they need to be protected from rusting or contamination.
The reason why reinforcing bars and structural steel are stored in storage facilities or under
appropriate cover is that the corrosion of reinforcing bars and structural steel due to rain,
condensation, corrosive salt air, etc., needs to be prevented. When storing steel reinforcing bars and
structural steel, it is necessary to support them at appropriate spacing for easy handling and
convenience in inspection. Steel reinforcing bars and structural steel of different material types
should be stored separately. Steel reinforcing bars of different diameters and structural steel items of
different cross-sectional shapes and dimensions should also be stored separately.

(2) When storing prestressing steel, it is necessary not only to be as careful as with steel
reinforcing bars and structural steel but also to make special arrangements. The reason why
prestressing steel must not be placed directly on the ground surface is that it is necessary not only to
prevent rusting and corrosion due to moisture and prevent foreign matter such as oil, waste
materials and mud from sticking to prestressing steel but also to make handing of prestressing steel
easier. The reason why prestressing steel must be stored in storage facilities or under appropriate
cover is that rusting and corrosion due to rain, condensation, corrosive salt air, etc., needs to be
prevented.

Prestressing steel requires careful attention because oil, waste materials, mud, etc., sticking to
steel surfaces may cause steel-concrete bond strength to decrease. Because threaded portions of
steel items are particularly prone to strength loss due to corrosion, they must be stored so that they
are perfectly protected from corrosion. If coils of prestressing steel wire and prestressing steel
strand are stacked in multiple layers for storage, harmful flexural loading from the upper coils may
cause stress-induced corrosion. It is therefore necessary to take such measures as restricting the
number of stacked layers. In the case of prestressing steel wire and prestressing steel strand, which
are shipped in the form of coils, the property of restoring linearity when unwound is important from
the viewpoint of efficiency in construction. In order to prevent wire or strand from being bent so
that their ability to return to the original shape is lost, it is desirable that the coil diameter be kept at
or greater than 150 times the diameter of the steel wire or strand.

The quality of prestressing steel may be altered if it is heated to about 300°C or higher. Care
must be taken, therefore, to keep prestressing steel away from fire.
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CHAPTER 4 MIX DESIGN

4.1 General

(1) In mix design, unit quantities shall be determined after specifying mix requirements
such as the slump, required strength and water/cement ratio of concrete so that the
workability, strength and durability requirements can be met.

(2) Concrete mix proportions shall be determined by minimizing the water content in
order to meet the performance requirements.

[Commentary] (1): This chapter describes methods for determining concrete mix proportions to
meet three performance requirements. Those are workability, specified strength and durability for
concrete. The mix design methods described in this chapter are applicable to concrete whose
specified strength is about 60 N/mm? or lower and whose workability in a fresh state is evaluated in
terms of slump. In cases where concrete is to be placed under unusual conditions such as when
placing concrete into constricted spaces or through densely packed reinforcing steel or when
placing a new layer of concrete under a previously placed layer of concrete (inverted construction
method), high-fluidity concrete with self-compacting ability should be used. Mix proportions for
high-fluidity concrete (self-compacting concrete) shall be determined as described in the Special
Concrete section of this Specification (Chapter 7, High-Fluidity Concrete). If concrete with a slump
of 21 cm or less is inadequate in terms of filling ability but performance as high as that of
high-fluidity concrete is not necessary, mix proportions somewhere in-between should be selected
under the guidance of an expert well versed in concrete mix design and construction technology.

When designing concrete mixes, it is necessary not only to meet the requirements for the
specified strength necessary for the purpose of structural design and the durability requirements but
also to select mix proportions that ensure workability suitable for the structural and construction
requirements for the structure to be constructed. The design drawings and specifications indicate the
ranges of reference values (e.g., maximum size of coarse aggregate, slump, water/cement ratio, type
of cement, cement content) to be reflected in actual mix designs, derived on the basis of the
verification of structural performance, durability of various types, water-tightness, cracking
resistance, steel protection performance. Mix design in this chapter, therefore, is the act of
determining unit quantities of various materials including the water content suitable for the
materials to be actually used at the construction stage and the construction requirements on the basis
of the reference values indicated on the design drawings and specifications mentioned above.

Figure C4.1.1 illustrates the concept for the determination of mix proportions to meet the
workability, specified strength and durability requirements for concrete. Workability, which is an
indicator of ease of construction by use of concrete, is a performance attribute needed for ensuring
smooth and reliable execution of a series of tasks including hauling, placing, compacting and
finishing. This chapter focuses mainly on the ability of concrete to smoothly pass through the space
between reinforcing steel and completely fill the concrete cover regions, corners in formwork and
prestressed concrete anchorage zones (filling ability) without undergoing the segregation of
ingredients.

Filling ability is a performance attribute determined by the interaction between fluidity and
segregation resistance. In order to obtain concrete with satisfactory filling ability, it is necessary to
provide appropriate segregation resistance according to fluidity. Fluidity and segregation resistance
are affected by not only the water content, binder content and the water/binder ratio but also other
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factors such as the type of the powder used, the particle sizes and shapes of fine and coarse
aggregate, and the type of chemical admixture. In the Construction: Construction Standards, slump
is used as an indicator of fluidity in view of practical convenience. In general, segregation
resistance is numerically expressed with rheological constants such as plastic viscosity and the yield
value. Since, however, segregation resistance can be controlled with relative ease by increasing or
decreasing the binder content, the binder content is used as a practical indicator of segregation
resistance.

In Fig. C4.1.1, the basic mix design approach to be taken in order to achieve the desired
performance of concrete is to use a water/cement ratio not higher than the ratio indicated in the
design specifications. Cement content is also not higher than the upper limit indicated in the design
specifications, and the water content should be minimized to the extent that the binder content
needed to achieve complete and smooth filling is secured. In mix design, it is also very important to
achieve appropriate segregation resistance by increasing or decreasing the binder content according
to slump instead of simply increasing or decreasing the water content according to the specified
slump.

Figure C4.1.2 illustrates the concept of mix proportion in the case where the cement content
indicated in the design specifications is lower than the binder content needed to achieve the required
filling ability. This case may occur when it is desired that the cement content be lowered as much as
possible in order to minimize the heat generated by hydration as in the case of mass concrete. With
this cement content, however, excellent filling ability from the viewpoint of workability cannot be
achieved. In this case, it is necessary to use concrete of the type generates a smaller quantity of heat
or blended cement or use admixtures such as limestone powder in order to increase the powder
content to the level needed to achieve the required filling ability.

Upper limit of cement content determined
by durability and heat of hydration control

Mix proportions are to be
selected from this area.

Water content

Upper limit of water content

Lower limit of water content
required from the viewpoint
of workability

>

Binder content

Lower limit of binder content
required from the viewpoint of workability

Fig. C4.1.1 Concept of mix proportioning (in normal case)
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A

Upper limit of cement content determined
by durability and heat of hydration control

Water content

Upper limit of water content . \0\\\\/
Il R

Mix proportions are to be
selected from this area.

Lower limit of water content ﬁ
required from the viewpoint

of workability —":: > Increasing binder ingredients such as cement and admixtures
Lower limit of binder content . >

. ) . e Binder content
required from the viewpoint of workability

Fig. C4.1.2 Concept of mix proportioning
(in the case where the powder content is too low from the viewpoint of filling ability)

In almost all ordinary concreting projects, ready-mixed concrete is used. Even in such cases, it
is important to select mix proportions on the basis of the mix design methods described in this
chapter and select appropriate mixes from available types of ready-mixed concrete with reference to
the mix proportions thus selected.

(2): A high water content not only makes uneconomical concrete that requires a high cement
content to achieve the same water/cement ratio but also makes concrete prone to segregation so as
to make it difficult to produce homogeneous and relatively defect-free concrete. Reducing the water
content to the extent that suitability for the construction work to be carried out is not compromised
makes it possible to use a lower cement content so as to achieve the required concrete quality and to
enhance cracking resistance. An excessively low water content, however, makes the concrete very
difficult to place, increasing the possibility of initial defects such as incomplete filling. In order to
produce concrete that has the required levels of strength, durability, water-tightness, cracking
resistance and steel protection performance, it is very important to make the water content as low as
possible to the extent that the concrete is suitable for the construction work to be carried out and is
capable of filling the formwork completely.

4.2 Mix Design Procedure

(1) In mix design, characteristic values related to the strength and durability of
concrete described in the design specifications, as well as the maximum sizes of coarse
aggregate, slumps, water/cement ratios, cement types and cement contents indicated as
reference values, are ascertained.

(2) Mix proportions are determined on the basis of the reference values for concrete
indicated in the design specifications mentioned in Item (1) above.

(3) Provisional mix proportions to be used as reference mix proportions for trial mixes
are determined according to the mix proportions determined as mentioned above.
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(4) On the basis of the provisional mix proportions thus determined, trial mixes are
prepared by using materials identical to the materials to be used to ascertain that the
performance requirements for concrete can be met. If trial mixing has revealed that the
performance requirements cannot be met, the materials or mix proportions to be used are
changed, and mix proportions needed to achieve the required quality are determined.

[Commentary] (1): The design specifications indicate characteristic values for concrete
determined on the basis of the structural performance and durability of structures such as the
specified strength of concrete, the carbonation rate and the chloride ion diffusion coefficient. The
design specifications also indicate the maximum sizes of coarse aggregate, slumps, water/cement
ratios, cement types and cement contents as reference values to be used in cases where proven
concrete mix proportions are used or mix design is conducted concretely. In mix design, therefore, it
is necessary as the first step to check on these characteristic values and reference values indicated in
the design drawings and specifications.

(2): Fig. C4.2.1 shows the concrete mix design procedure at the construction stage. As shown in
the figure, mix requirements such as the maximum size of coarse aggregate, slump, required
strength, water/cement ratio and the air content are determined on the basis of the reference values
indicated in the design specifications. If the reference values indicated in the design specifications
are thought to be inadequate in view of the materials to be actually used or the construction
requirements, it is necessary to change those values into the values suitable for the actual conditions
after ascertaining that the characteristic values for concrete indicated in the design specifications are
met.
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Target performance of concrete

/—| Check items of design drawings and specifications l—\

Characteristic values
Specified strength, carbonation rate, chloride ion diffusion
coefficient, permeation rate (permeation coefficient),
relative dynamic modulus of elasticity, shrinkage strain, etc.

v

Reference values
Maximum size of coarse aggregate, slump, water/cement ratio,
cement content, type of cement, air content
AN

v

J
Step 1: Define target performance
* Placeability * Specified strength * Durability

4 2\

. |
4

Step 2: Determine mix requirements

(1) Maximum size of coarse aggregate

(2) Slump

(3) Required strength

(4) Water/cement ratio, cement content and the type of cement

Appropriate
mix proportions
difficult to select

(5) Air content

Step 3: Select materials and determine provisional mix proportions

|
Trial mix

A 4

Step 4: Adjust unit quantities of materials

(1) Adjust water content (water content: 175 kg/m’ or less)

(2) Adjust cement content (control of heat of hydration: confirmation of
cement content)

(3) Adjust sand percentage

(4) Adjust admixture content

NO

Is fresh concrete quality acceptable?

NO

Is hardened concrete quality acceptable?

Step 5: Determine mix proportion (determine ingredient content)

Fig. C4.2.1 Mix Design Flow

(3) and (4): According to the determined mix requirements, provisional mix proportions for
concrete consisting of the materials to be actually used are determined. After that, trial mixes are
prepared to make sure the mix proportion thus determined meets the performance requirements. If
the performance requirements are not met, the mix proportion is modified, and trial mixing is
carried out again. If the performance requirements cannot be met by mix proportional modification
alone, the materials to be used are changed, and this process is repeated until the performance
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requirements are met.

If trial mixing has revealed that the water content needed to achieve the required consistency
would increase considerably, it is important to reconsider and modify the physical properties of
aggregate by, for example, using other types of aggregate, increasing the solid content or adjusting
the particle size distribution. If the water content of concrete containing an air-entraining
water-reducing agent exceeds the upper limit (175 kg/m’; see Section 4.5.1), the water content
should be reduced by using a superplasticizer. As a means of enhancing cracking resistance,
measures such as changing the type of cement used to a low-heat type or using expansive
admixtures should be taken.

4.3 Target Performance of Concrete
4.3.1 Defining target performance

On the basis of the characteristic values and reference values for concrete indicated in
the design specifications, workability, specified strength and durability suitable for the
environmental conditions, construction requirements and the materials used are defined
as the target performance of concrete.

[Commentary] The target performance of concrete to be taken into consideration in mix design
consists of workability, specified strength and durability. Mix design is a series of tasks performed
to specify concrete ingredients and their mix proportions reflecting the actual environmental
conditions, construction requirements and the characteristics of the materials used on the basis of
the reference values indicated in the design drawings and specifications determined so as to achieve
the target performance of concrete. Concrete ingredients and mix proportions are determined, and
the concrete performance verification process by the trial mix method is repeated until the
performance requirements for concrete are met. In mix design, the upper and lower limits or ranges
of parameters such as slump, water/cement ratio, water content and the cement content are specified
as mix requirements so that the workability, specified strength and durability requirements are met.

Commonly used indicators of concrete durability include the carbonation rate, the chloride ion
diffusion coefficient, freeze—thaw resistance, chemical attack resistance and fire resistance. The
reference values indicated in the design specifications are values determined on the basis of
durability-related indicators such as the carbonation rate, the chloride ion diffusion coefficient,
freeze—thaw resistance and the permeability coefficient (permeation rate). If, therefore, mix
requirements are determined according to the reference values indicated in the design specifications
such as the water/cement ratio, the type of cement and the cement content, it may be assumed that
the required durability related to carbonation, chloride attack, freeze-thaw damage and
water-tightness can be met.

4.3.2 Workability of concrete
(1) Filling ability is determined as described in Section 2.3.1.

(2) Pumpability is determined as described in Section 2.3.2.

(3) Setting properties are determined as described in Section 2.3.3.

[Commentary] (1), (2) and (3) In order to construct a concrete structure with the required
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performance, it is necessary to specify requirements in accordance with Sections 2.3.1 to 2.3.3
appropriately so that the concrete has the filling ability, pumpability and setting properties suitable
for construction tasks such as hauling, pouring, compacting and finishing.

4.3.3 Specified strength

Specified strength is determined based on characteristic values given in the design
drawing.

[Commentary] Specified strength indicated in the design specifications, etc., mix requirements
such as required strength and the water/cement ratio are determined in view of the materials used,
production equipment and the variability of concrete quality in past projects.

4.3.4 Durability
(1) Durability is specified in accordance with section 2.5.

(2) Appropriate mix requirements and materials to be used are determined on the basis
of the durability-related reference values indicated in the design drawings and
specifications so that the required durability against carbonation, chloride attack and
freeze—-thaw cycles can be achieved.

(3) If the reference values indicated in the design drawings and specifications are not
used as a reference, either past mix proportion data or other reliable data are used as a
reference or appropriate mix requirements are determined after conducting tests in
advance and ascertaining that the characteristic values indicated in the design drawings
and specifications are met.

(4) Appropriate control measures are taken against alkali-silica reaction.

(5) Appropriate mix requirements are specified so that the required durability can be
achieved against chemical attack and in terms of water-tightness.

[Commentary] (1), (2) and (3): The reference values indicated in the design specifications are
values determined on the basis of durability-related characteristic values such as the carbonation
rate, chloride ion diffusion coefficient and the relative dynamic modulus of elasticity. Appropriate
mix requirements and materials to be used, therefore, are determined on the basis of the reference
values indicated in the design specifications such as the water/cement ratio, cement content and the
type of cement so that the required durability can be achieved. The reference values indicated in the
design drawings and specifications assumes the case in which concrete with an appropriate amount
of entrained air and adequate filling ability is carefully placed, compacted and cured at appropriate
temperature and under adequate humidity conditions.

If different types of materials are used or if it is necessary to specify mix requirements other
than the reference values indicated in the design drawings and specifications in order to achieve
durability other than the durability against carbonation, chloride attack and freeze—thaw cycles, it is
necessary either to refer to past mix proportion data or other reliable data or ascertain through trial
mix or other tests conducted in advance that the characteristic values indicated in the design
specifications can be attained.
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(4): There is as yet no established method for appropriately checking on alkali—silica reaction in
a short period of time, and the characteristic values and reference values indicated in the design
specifications do not reflect study results on alkali—silica reaction. In the Construction: Construction
Standards, therefore, it is assumed that the durability against alkali—silica reaction is achieved if one
of the three control measures described below is taken.

(a) Controlling the total alkali content of concrete

Portland cement, etc., whose total alkali content is indicated in test records is used so that the
total quantity of alkalis including the alkalis contained in chemical admixtures in a cubic meter of
concrete is 3.0 kg or less (Na,O equivalent).

(b) Using blended cement with the alkali—aggregate reaction control effect

Type B (slag content: 40% or more) or Type C blast furnace slag cement conforming to JIS R
5211, Portland Blast-Furnace Slag Cement, or Type B (fly ash content: 15% or more) or Type C fly
ash cement conforming to JIS R 5213, Portland Fly-Ash Cement, is used; or a cementitious material
that is composed of portland cement and admixtures such as blast-furnace slag or fly ash and that
has a proven alkali—aggregate reaction control effect is used.

(c) Using aggregate rated as Category A (harmless) in alkali—silica reactivity test

Aggregate that has been rated as "harmless" in a test conducted in accordance with JIS A 1145,
Method of Test for Alkali—Silica Reactivity of Aggregates by Chemical Method, and JIS A 1146,
Method of Test for Alkali—Silica Reactivity of Aggregates by Mortar-Bar Method, is used.

If ready-mixed concrete is used, the basic rule is to take control measure (a) or control measure
(b). If the intrusion of alkalis from external sources is unavoidable as in a marine environment or in
a region where deicing agents are used, Category B aggregates are used, and alkali reduction
measures are taken on condition that there is little or no possibility of intrusion of alkali metal ions
from an external source.

(5): If it is required that chemical attack should not affect the required structural performance,
the water/cement ratio should be set at or below the levels shown in Table C4.3.1 depending on the
deterioration-causing environmental conditions in order to achieve the required chemical attack
resistance.

Table C4.3.1 Maximum water/cement ratio for ensuring chemical attack resistance

Deterioration-causing environment Maximum water/cement ratio (%)
When in contact with soil or water containing 0.2% or more sulfate (SOy) 50
When deicing agent is used 45

Note: If verification can be made by using past project data, research results, etc., a value of 5 to 10 may be added to the values
shown above.

Water-tightness includes the water-tightness of the concrete itself evaluated in terms of the
permeability coefficient and the water-tightness evaluated in terms of the permeation rate by taking
into account such factors as cracking in the structure or its members. In mix design, it is necessary
to take into account the former, namely, the water-tightness of the concrete itself. The permeability
coefficient is governed by such factors as the density of hardened cement with many fine voids,
void structure characteristics such as void continuity, and the nature of relatively rough-textured
transition zones formed around aggregate particles. In general, the void structure of hardened
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cement is dependent on the water/cement ratio and the type of cement. In order to achieve the
required permeability coefficient, therefore, it is good practice to reduce the water/cement ratio and
thereby reduce the water content so as to produce homogeneous and voidless concrete to the extent
that the filling ability suitable for concreting work can be maintained. Past research results have
shown that the water-tightness of concrete required for ordinary concrete structures can be attained
if the water/cement ratio is 55% or less.

In the case of a concrete structure that is required to be watertight, the permeability coefficient
and the permeation rate are verified at the design stage. When the water/cement ratio needs to be
determined from the viewpoint of water-tightness, therefore, it may be determined on the basis of
the reference values for the water/cement ratio, cement content, type of cement, etc., indicated in
the design specifications.

4.4 Determination of Mix Requirements
4.4.1 Maximum size of coarse aggregate

(1) The maximum size of coarse aggregate is determined, taking into account the sizes
of structural members and reinforcing bar spacing, so that defects such as honeycombing
and incomplete filling do not occur.

(2) The maximum size of coarse aggregate shall not exceed one-fifth of the smallest
member size, three-fourths of the smallest reinforcing bar spacing and three-fourths of
the concrete cover. The maximum size of coarse aggregate shall not exceed 20 or 25 mm
for ordinary members, 40 mm for large-cross-section members, and 40 mm or one-fourth
of the smallest dimension of the member.

(3) The maximum size of coarse aggregate should be as shown in Table 4.4.1 as a
standard.

Table 4.4.1 Maximum size of coarse aggregate

Structural conditions Maximum size of coarse aggregate

If the smallest dimension of the cross section is 1,000 mm or larger and
three-fourths of the smallest reinforcing bar spacing and the concrete cover is 40mm
greater than 40 mm

In other cases 20 mm or 25 mm

[Commentary] (1). (2) and (3): In general, increasing the maximum size of coarse aggregate is
advantageous in producing concrete economically. If, however, the amount of steel is large or
reinforcing bar spacing is small, coarse aggregate of a large maximum size obstructs concrete flow
between reinforcing bars, causing the possibility of occurrence of defects such as honeycombing
and incomplete filling. This section, therefore, specifies the conditions to be met and indicates the
maximum sizes of coarse aggregate that are deemed appropriate judging from past project data and
experience. In the case of plain concrete, coarse aggregate of considerably larger sizes may be
usable because cross sections tend to be large. In general, however, coarse aggregate with a particle
size of around 40 mm are commonly used.
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4.4.2 Slump

(1) Prior to slump determination, thorough studies shall be conducted on construction
method details such as placing locations and sites, compaction height, spacing of internal
vibrators, placing height per cycle and the placing rate so as to reduce slump as much as
practically possible.

(2) Slump shall be determined so as to prevent segregation to the extent suitable for
concreting tasks such as transportation, placing and compacting.

(3) In mix design, as the first step, the minimum slump for placement shown in Item (4)
below is determined. As the next step, by using the minimum slump as a criterion, target
slumps for unloading and mixing are determined, allowing for the decrease in slump due
to on-site transportation, the change in slump during the period from production to
placement, the change in slump due to transportation to the construction site and the
quality tolerance at the production stage.

(4) The minimum slump for placement is determined according to the type of structure,
the type of member, reinforcement conditions such as the amount of steel and steel
spacing, and other conditions such as compaction height by selecting an appropriate
value from Tables 4.4.2 to 4.4.6, which show slump values under different combinations of
these conditions for different types of structural members. The term "minimum slump for
placement” refers to the minimum slump needed to place concrete smoothly and
voidlessly into the formwork.

Table 4.4.2 Typical values of minimum slump for placement of slabs

Minimum steel : :
Amount of steel” o Placement Compaction height
2 spacing . 2
(kg/m") (mm) interval Less than 0.5 m [0.5 mtoless than 1.5 m| 3.0 m orless
At any location 5 7 -
100 to 150 100 to 150 2to3m — — 10
3todm = = 12

1) The amount of steel shall be 100 to 150 kg/m3, and the minimum steel spacing shall be 100 to 150 mm as
standard.

2) The drop height of concrete shall be 1.5 m or less as standard.

Table 4.4.3 Typical values of minimum slump for placement of columns

Effective equivalent Compaction height
amount of steel in the | Minimum steel spacing
1) Less than 3 m 3 mto less than 5 m 5 m or more
concrete cover zone
50 mm or more 5 7 12
Less than 700 kg/m®
Less than 50 mm 7 9 15
50 mm or more 7 9 15
700 kg/m*® or more
Less than 50 mm 9 12 15
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1) The effective equivalent amount of steel in the concrete cover zone is the amount of steel per unit volume in
the regions shown below.

Distance from concrete surface
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Table 4.4.4 Typical values of minimum slump for concrete placement of beams

Compaction height"
Minimum steel spacing
Less than 0.5 m 0.5 m to less than 1.5 m 1.5 m or more

150 mm or more 5 6 8

100 mm to less than 150 mm 6 8 10
80 mm to less than 100 mm 8 10 12
60 mm to less than 80 mm 10 12 14
Less than 60 mm 12 14 16

1) Examples of members for which different compaction heights are used

Less than 0.5 m: small beams, etc.

0.5 m to less than 1.5 m: standard beams

1.5 m or more: deep beams, etc.

The minimum slump for placement is selected according to whether it can be judged that adequate

compaction can be done by inserting bar-shaped vibrators about 40 mm in diameter.
(i) If it is judged that adequate compaction can be done, a minimum slump for placement of 14 cm is used.
(ii) If it is judged that adequate compaction cannot be done, high-fluidity concrete is used.

If slump exceeds 21 cm, high-fluidity concrete should be used in order to achieve the required segregation

resistance and place concrete voidlessly.

Table 4.4.5 Typical values of minimum slump for concrete placement of walls

Compaction height
Amount of steel Minimum steel spacing
Less than 3 m 3 mtoless than 5m 5 m or more

100 mm or more 8 10 15

Less than 200 kg/m®
Less than 100 mm 10 12 15
200 kg/m’® to 100 mm or more 10 12 15
less than 350 kglm3 Less than 100 mm 12 12 15
350 kg/m® or more — 15 15 15
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Table 4.4.6 Typical values of minimum slump for concrete placement of prestressed
concrete members

Design strength Minimum slump

Type of structure Average amount of reinforcing steel”
of concrete for placement
Less than 120 kg/m® (reinforced
concrete equivalentz’: less than about 7
250 kg/m®)
120 kg/m’ to less than 140 kg/m®
(reinforced concrete equivalent®: about 9

250 to less than 300 kg/m®)
140 kg/m’ to less than 170 kg/m®
. . 2). 36 or 40
(reinforced concrete equivalent™: about 12
300 to less than 350 kg/m®)
170 kg/m® to less than 200 kg/m®
(reinforced concrete equivalent®: about 15
350 to less than 400 kg/m®)
200 kg/m*® or more (reinforced concrete
equivalent?: about 400 kg/m® or more)
Less than 170 kg/m® (reinforced

Girder” of prestressed concrete
superstructure tensioned mainly with
internal tendons

concrete equivalent”: less than about 12
350 kg/m®)
170 kg/m® to less than 200 kg/m®
(reinforced concrete equivalent®: about 50 15

350 to less than 400 kg/m°)
200 kg/m*® or more (reinforced concrete
equivalent?: about 400 kg/m® or more)

Cross beams and unsupported floor
slabs of a T-girder bridge
Unsupported floor slabs other than
those mentioned above
Members including densely reinforced | 300 kglm3 or more (reinforced concrete

regions? equivalent?: about 500 kg/m® or more)

o 30 7

- 30 5

1) The average amount of reinforcing steel is a value obtained by dividing the amount of reinforcing steel in a
section in which concrete is placed continuously by the volume of concrete.

2) The reinforced concrete equivalent amount of reinforcing steel is a reference value calculated by assuming that
the entire cross section of the sheath is equivalent to reinforcing steel.

3) Girders include the superstructure of a hollow slab bridge. Prestressed reinforced concrete bridges are not
included in the table. Since it is difficult to determine the standard value, the amount of prestressing steel is
relatively small compared with the amount of reinforcing steel.

4) "Densely reinforced regions" are regions where the amount of reinforcing steel is particularly large such as

anchorage zones of cable stayed bridges and structures prestressed with external tendons.

(5) When a number of concrete members can be cast separately, the minimum slump
for placement shall be specified for each member. If it is not possible to change slumps
during the placement process as when a number of members are to be cast consecutively,
the method of using the largest of the minimum slump values required for placement
should be used as a standard.

(6) When concrete to be placed is pumped for on-site transportation, slump loss under
different conditions such as the pumping conditions, minimum slumps and the
environmental conditions shown in Table 4.4.7 shall be considered.
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Table 4.4.7 Typical slumps under different conditions

Construction conditions Slump loss
Pumping distance When the minimum slump is When the minimum slump is
(equivalent horizontal distance) smaller than 12 cm 12 cm or greater

Less than 150 m

(including placement by bucket, etc.)

150 m to less than 300 m 1cm —
300 m to less than 500 m 2cmto3cm 1cm
500 m or more To be determined on the basis of past project data or field trial results

For reference, when daily average temperature exceeds 25°C (during summer), it is recommended that 1 cm

be added to each of the values shown above.

[Commentary] (1) and (2): When determining slump requirements, it is necessary to take into
account not only structural conditions such as the type and dimensions of the member concerned
and the arrangement of reinforcing materials (reinforcing bars and other steel) but also construction
conditions such as on-site transportation methods (type of concrete pumper, pumping distance,
piping direction), concrete placement methods (drop height, height of each layer of concrete to be
placed) and compaction methods (type of internal vibrator, vibrator spacing, insertion depth,
vibration time). The basic rule is to minimize slump of the concrete being placed to the extent that
workability requirements can be met. It is important to carefully consider construction methods
such as concrete placement methods (drop height, height of each layer to be placed) and compaction
methods (compaction height, type of internal vibrator, vibrator spacing, insertion depth, vibration
time).

(3): The slump and other properties of fresh concrete continue to change throughout the process
from the transportation from the concrete plant to the construction site, on-site transportation,
placement and compaction. In order to achieve smooth and complete filling, it is important to make
sure, in view of the changes during these stages of construction work, that appropriate filling ability
is retained at the stages of placement and compaction. The Construction: Construction Standards,
therefore, first defines the minimum slump necessary at the time of placement and requires that a
target slump to be used for quality control at the unloading location and a target slump upon
completion of mixing (production) to be used for quality control at the production stage be specified
as criteria for the minimum slump.

Slumps at the placement, unloading and production stages determined in mix design are
determined, in view of the occurrence of slump changes as shown in Fig. E4.4.2, by following the
procedure described below (Fig. C4.4.1).

Step 1: Determine minimum slump for placement

Select the minimum slump needed to fill the formwork reliably and completely according to the
structural conditions such as the type of member, the amount of reinforcing steel and reinforcing bar
spacing and the construction conditions such as compaction height (see Table 4.4.2 to Table 4.4.6).

Step 2: Determine target slump at unloading location

Determine a target slump at the unloading location on the basis of the minimum slump for
placement in view of the slump loss during on-site transportation such as pumping, changes in
slump due to the passage of time during the process from unloading to placement, and quality
variation at the production stage. As for JIS-certified articles, as a standard procedure, the quality
control and acceptance inspection of concrete are performed with respect to this target slump at the
unloading location.
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The slump loss (compensation) due to on-site transportation such as pumping is selected from
Table 4.4.7 (shown below) according to the construction conditions such as pumping distance. The
amount of quality variation at the production stage is determined appropriately according to the
conditions of the production equipment and the quality control within the allowable ranges (2.5 cm
for 8 to 18 cm slump; 1.5 to 2 cm for 21 cm slump) for JIS-certified articles. Changes in slump due
to the passage of time during the process from unloading to placement are estimated from past
project data or time-dependent changes observed during trial mixing mentioned in Section 4.7.
However, the decrease in slump over time during the period of time necessary for construction work
should be minimized. It is therefore important to select mix proportions, at the trial mixing stage,
that make it possible to retain the required slump by, for example, using appropriate chemical
admixtures.

Step 3: Determine target slump for freshly mixed concrete

Determine a target slump for freshly mixed concrete, taking into account the decrease in slump
due to off-site transportation to the unloading location. A rule of thumb about the relationship
between the time required for transportation to the construction site and slump is that the amount of
decrease in slump during spring and autumn is about 1 cm per 30 minutes of transportation. In
winter, the slump loss due to an increase in transportation time is low, and the slump loss is about 1
to 1.5 cm per 60 minutes of transportation. However, during summer (hot weather), the concrete
shall be taken care, because the slump loss over time tends to be higher (about 1.5 cm per 30
minutes of transportation).

To be determined according to Tables 4.4.2 to 4.4.6 on the basis of conditions such as
the type of member, the amount of reinforcing steel and reinforcing bar spacing

Step 1 Minimum slump for placement

of decrease in slump due to on-site transportation are allowed for.

ﬂ I Variability during the production process from unloading to placement and the amount

Value obtained by adding the amount of decrease in slump (see Table 4.4.7) due to
Step 2 Target slump for unloading on-site transportation from the unloading location to the placement location and a
slump tolerance at the unloading location to the minimum slump for placement (Step 1)

unloading location at the construction site is allowed for.

ﬂ I The amount of decrease in slump due to transportation from an off-site plant to the§

Value obtained by adding the slump loss due to transportation from an on-site plant or
Step 3 Target slump upon completion of mixing off-site transportation from a ready-mixed concrete plant to the target slump for
unloading (Step 2)

ﬂ : flow of slump determination
: movement of concrete

Fig. C4.4.1 Flow chart for slump determination at different stages
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In mix design, it is a basic rule to secure the required minimum slump for placement so as to
achieve good filling ability. If, however, a large amount of decrease in slump is expected because
the construction tasks such as the transportation to the construction site and a series of tasks from
unloading to placement are time consuming or if slump loss due to pumping is expected, it may be
necessary to set a target slump at the unloading location or upon completion of mixing that is larger
than the target slump. In such cases, simply increasing the slump at the unloading location or upon
completion of mixing might cause segregation during production or off-site transportation, resulting
in not only quality control and acceptance inspection problems at the unloading location but also
clogging of piping during pumping. In order to prevent these problems, mix proportions may be
adjusted so that the concrete has good workability at the target slump at the unloading location.

The same mix-design procedure may be used in cases where ready-mixed concrete is used. As
the first step, the minimum slump for placement is determined, and the target slump upon unloading
is determined so that the minimum slump for placement can be achieved. This target slump upon
unloading is used as the specified slump for ready-mixed concrete. A simple method for specifying
this target slump upon unloading for JIS-certified items is described in JSCE's Recommendations
for Design and Placement of Concrete Based on Placeability.
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Fig. C4.4.2 Changes in slump over time at different stages of construction

(4): In order to construct a highly durable and densely cast concrete structure, it is necessary to
provide concrete with workability suitable for the structural conditions. The Construction:
Construction Standards shows typical values of the minimum slump for placement suitable for the
structural conditions for different types of structure or member. Tables 4.4.2 to 4.4.6 show typical
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minimum slumps needed at the placing location for different types of structural members
determined on the basis of past construction experience, etc., on condition that standard
construction methods shown in Table C4.4.1 are practiced. From this table, standard values of the
minimum slump for placement can be selected according to the structural conditions of the structure
to be constructed.

Table C4.4.1 Standard construction methods specified in the construction: construction
standards of this specification

Task category Item Standard method
Transportation to construction site Agitator
Transportation
On-site transportation Concrete pump
Dropping height Within 1.5 m
Placing height per layer 40 to 50cm
Placement
Allowable Outdoor air temperature: 25°C or below 2.5 hours
placement interval Outdoor air temperature: higher than 25°C 2.0 hours
Compaction method Internal vibrator
Vibrator spacing About 50 cm
Compaction
Vibrator depth About 10 cm in the underlying layer of concrete
Vibration time per point 5to 15 sec

In the Construction: Construction Standards, compaction height, which is related to the degree
of ease/difficulty of compaction, and placing height, which is a widely used term, are distinguished.
As shown in Fig. C4.4.3, "compaction height" is defined as the height from the working platform on
which construction workers stand to the lower end of the formwork or the upper surface of
previously cast concrete layer. If concrete is placed continuously and compaction is performed
while moving upward as the height of newly placed concrete increases, the distance from the moved
working platform to the surface of the previously placed concrete is the compaction distance.
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Fig. C4.4.3 Examples of compaction height
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(5): The minimum slump for placement is determined for each type of member. The use of
different types of concrete mixes with different slumps, however, when different types of members
such as columns, beams, walls and slabs are cast continuously would make construction work and
management cumbersome and lower construction efficiency. A rational approach in such cases is to
select concrete mixes suitable for members that are relatively difficult to construct and require
relatively large minimum slumps for placement. It is important, however, to carefully consider in
advance whether problems can be prevented by modifying concreting-related arrangements such as
concrete placement and compaction methods.

(6): In order to keep the performance of fresh concrete necessary for placement, it is necessary
to predict changes in concrete quality due to the influence of pumping conditions and
environmental temperature and allow for such changes in determining slump requirements. Typical
changes in slump corresponding to different construction conditions such as pumping conditions are
shown in Table 4.4.7. If relevant information such as past construction records and pumping test
results is available, slump requirements should be determined on the basis of such information.

4.4.3 Required strength

(1) The required strength of concrete is determined in view of the specified strength
and the variability of concrete quality at the construction site.

(2) The required strength f'cr of concrete is determined so that the probability that a
measured value of the compressive strength of concrete obtained as an on-site test result
is smaller than the specified strength is 5% or less.

[Commentary] (1): Usually, the quality of concrete at a construction site varies during the
construction period depending on such factors as changes in the quality of aggregate, cement, etc.,
measuring errors and changes in the way concrete ingredients are mixed. The required strength of
concrete, therefore, needs to be made higher than the specified strength according to the variability
of concrete quality at the construction site, in order to ensure that the compressive strength of
concrete in any part of the structure is not lower than the compressive strength assumed when
designing the structure. The required strength of concrete needed relative to the specified strength is
usually determined in accordance with the conditions described in Item (2).

(2): This clause describes the compressive strength requirements for test specimens to be used to
achieve the specified strength of concrete. Inevitably, measured values of the compressive strength
of concrete vary to some extent depending on changes in the quality of cement, aggregate, etc.,
measuring errors, differences the conditions under which mixing and other tasks are performed, test
errors, etc. It is known from experience that variations in the compressive strength of concrete
under ordinary quality control conditions are more or less distributed normally. Assuming a
stochastic distribution, therefore, this guideline requires the probability that a measured value of the
compressive strength of concrete used for an ordinary structure is smaller than the specified strength
be 5% or less. A measured value of the compressive strength of concrete obtained as an on-site test
result is the average value of compressive strength obtained through standard curing of three
concrete specimens sampled at the construction site.

In order to ensure that the probability that a measured value of compressive strength is smaller
than the specified strength is not higher than a predetermined percentage, it is necessary to select a
strength value obtained by increasing the specified strength appropriately according to the variation
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in measured values of compressive strength as a required strength. Fig. C4.4.4 shows the
relationship between the coefficient of variation and the overdesign factor in the case in which the
predetermined percentage mentioned above is 5%. A recommended standard procedure is to
determine the overdesign factor corresponding to the coefficient of variation in the compressive
strength of concrete at the construction site from the figure mentioned above. After that, the
overdesign factor and the specified strength or an appropriate value are selected, and it should not
be smaller than the required strength of that structure.

In the case of concrete to be used for a very important structure, the abovementioned
predetermined percentage should be reduced to a smaller value, and another overdesign factor
determined from that percentage and the coefficient of variation in compressive strength should be
used.

As mentioned above, in order to determine the required strength of concrete, it is necessary to
find out the coefficient of variation of measured compressive strengths of concrete at the
construction site and determine the overdesign factor accordingly. This value should be determined
by past experience, equipment at the construction site, variations in the quality of the materials used,
the skill levels of construction workers, etc. At early stages of construction, however, it is not
uncommon that it is difficult to estimate the coefficient of variation appropriately because there is
dearth of information on the equipment at the construction site, variations in the quality of materials,
etc. An appropriate method to be used in such cases is to determine the required strength by using a
somewhat larger overdesign factor. After concrete work is started, the required strength can be
modified according to the actual coefficient of variation.
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Fig. C4.4.4 Overdesign factor in a normal case

4.4.4 Water/cement ratio

(1) The water/cement ratio is determined by selecting the smallest values determined in
view of the strength, durability, water-tightness, cracking resistance and steel protection
performance required of concrete on the basis of the reference values indicated in the
design specifications.

(2) When the water/cement ratio is determined on the basis of the compressive
strength of concrete, it is determined as follows:

(@) As a general rule, the relationship between compressive strength and the
water/cement ratio shall be determined experimentally. The testing age is 28 days as
standard. Other testing ages, however, may be used depending on the type of cement to
be used if high-early-strength cement is used or if low-heat cement is used for the
purpose of thermal stress control.

(b) The water/cement ratio to be used for mix proportion shall be the reciprocal of the
cement—water ratio corresponding to the required strength f'cr in the relationship between
the cement/water ratio (C/W) and compressive strength f'c at the reference age.

(3) In cases where the water/cement ratio is determined in view of the durability of
concrete against carbonation, chloride attack and freeze-thaw cycles, the water/cement
ratio is determined so that it is not greater than the reference values indicated in the
design specifications.

(4) In cases where the water/cement ratio is determined in view of the durability of
concrete against chemical attack, the water/cement ratio shall be determined on the basis
of Table E4.3.1. The water/cement ratio in the case where water-tightness is taken into
account should be set at 55% or less as a standard.

[Commentary] (1): The water/cement ratio to be used shall be the smallest among the

water/cement ratios determined from the required strength, durability, water-tightness, cracking

resistance and steel protection performance of concrete. Under normal conditions, the water/cement

ratio determined taking the abovementioned factors into account rarely exceeds 65%. Since,
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however, many of the problems encountered in the past occurred in structures built with concrete
with a water/cement ratio exceeding 65%, it is a basic rule to specify a water/cement ratio of 65%
or less. When determining the water/cement ratio for concrete to be used for offshore structures, the
Construction: Special Concretes (Chapter 11, Offshore Concrete) of this Specification should be
used as a guide.

The water/cement ratio is to be determined on the basis of the reference values indicated in the
design specifications such as the upper and lower limits or range of the water/cement ratio, the
cement content and the type of cement. If it is judged that these values and ranges are not adequate
because of the quality of the materials to be used, the system for supplying materials or other
factors, it is necessary to select an appropriate realistic value after ascertaining that the
characteristic value requirements specified in the design specifications are met.

(2) (a): The fact that the cement/water ratio (C/W) and compressive strength (f'c) are linearly
related within a certain range can be used to determine the relationship between the compressive
strength of concrete and the water/cement ratio. A universal linear formula applicable to any type of
material, however, has not yet been derived for determining the relationship between the
cement/water ratio and compressive strength. As a general rule, therefore, this specification requires
that the relationship between the compressive strength of concrete and the cement/water ratio be
determined experimentally.

The C/W—{f'c relationship is determined as follows:

Three or more types of concrete mixes with different cement/water ratios are tested within a
range that is deemed appropriate to derive C/W—f'c curves. In the case of air-entrained concrete, test
specimens are prepared by using concrete mixes with the required air content.

In order to minimize errors in mix tests, the average value for specimens prepared from two or
more batches of concrete should be used as the value of f'c for each C/W. If a mineral admixture
that can be expected to act as a binder such as ground granulated blast furnace slag or fly ash is used,
the numerator of C/W may be taken as the sum of the mass of the cement and the mass of the
admixture.

In the case of air-entrained concrete, the relationship between C/W and f'c varies depending on
the air content, but if the air content remains constant, the relationship between C/W and f'c can be
approximated by a linear equation.

In the cases where the specified strength age is not 28 days and where mix proportions need to
be determined early and the 28-day strength and the relationship with the strength at that age is
known, the water/cement ratio may be determined by using a reference age other than 28 days.

If the relationship between the cement/water ratio and the compressive strength at the age of 28
days has been fully ascertained, the abovementioned tests may be downscaled or omitted.

(2) (b): If homogeneous concrete is to be made, it is necessary to use homogeneous materials,
measure them accurately and mix them sufficiently. Even if these tasks are performed, however, the
variation in the quality of concrete is inevitable. In order to ensure the level of safety considered at
the structural design stage, therefore, it is necessary to determine a required strength value by
increasing the specified strength according to the variation as a compressive strength value needed
when the relationship between the cement/water ratio and compressive strength mentioned in Item

(a).

(3): In the cases where the durability of concrete against carbonation, chloride attack and
freeze—thaw cycles must be taken into account for design purposes, verification is made as
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described in the Design: General Requirements (Chapter 8, Verification of Durability) of this
Specification, and the necessary upper limit of the water/cement ratio is indicated in the design
specifications as reference values. It is necessary, therefore, to determine the water/cement ratio so
that the value is not exceeded. When a high-quality mineral admixture is used appropriately, the
denominator of the water/cement ratio needed from the viewpoint of durability may be taken as the
sum of the mass of cement and the mass of the admixture (binder content).

(4): When coming into contact with soil or water containing a substantial quantity of sulfate,
concrete is eroded by chemical reaction. The aim of this clause is to ensure that strong and voidless
concrete that is highly durable against such chemical reaction can be obtained.

4.4.5 Air content in air-entrained concrete

(1) The air content in air-entrained concrete should be 4 to 7% of the concrete volume
depending on the maximum size of coarse aggregate and other conditions as a standard.

(2) Air content tests for concrete shall be conducted in accordance with JIS A 1116, JIS
A 1118 or JIS A 1128.

[Commentary] (1): Concrete with an appropriate amount of entrained air is highly durable
against freeze—thaw cycles. As a general rule, therefore, air-entrained concrete shall be used in cases
where concrete is to be subjected to severe weather conditions. It is common practice to specify a
standard air content of about 4 to 7% of the concrete volume upon completion of mixing. The air
content during the production process shall be determined in view of time-dependent changes
during the process from production to placement and changes during transportation.

Entrained air is highly effective in improving the workability of concrete. By using air-entrained
concrete, therefore, the water content needed to achieve the required level of workability can be
reduced substantially. The strength of concrete, however, decreases as the air content increases, and
the variability of concrete quality tends to increase as the air content increases. It is advisable,
therefore, not to increase the air content excessively if weather conditions are not severe.

The air content of air-entrained concrete varies considerably depending on various conditions
even if the air entraining agent content remains unchanged. An air content test shall be conducted,
therefore, prior to the placement of air-entrained concrete.

(2): Air content tests may be conducted by the mass method (JIS A 1116), the volumetric
method (JIS A 1118) or the pressure method (JIS A 1128).

4.5 Determination of Provisional Mix Proportions
4.5.1 Water content

(1) The water content is determined experimentally and be made as low as possible to
the extent that concreting tasks can be performed.

(2) The upper limit of the water content of concrete should be 175 kg/m® as a standard.
If the water content exceeds this upper limit, it shall be ascertained that the required
durability is attained.
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[Commentary] (1): A higher water content tends to result in a degradation in the quality of
concrete such as a degradation in segregation resistance and an increase in drying shrinkage. It is
therefore necessary to make the water content as low as possible to the extent that concreting tasks
can be performed. Because the water content of concrete needed to achieve the required slump
differs depending on such conditions as the maximum size of coarse aggregate, the particle size
distribution and particle shape of aggregate, the type of admixture, and the air content of concrete,
this Specification requires that the water content be determined through trial mixing by use of
materials to be actually used for construction.

The water content can be reduced considerably by making appropriate use of air-entraining
agents, air-entraining water-reducing agents, superplasticizer, etc. The percentage of water
reduction, which varies depending on the air content, the type of admixture, concrete mix
proportions, etc., is about 6 to 10% for air-entraining agents conforming to JIS A 6204, Chemical
Admixtures for Concrete; 10 to 14% for standard-type or retarder-type air-entraining
water-reducing agents; 8 to 12% for accelerator-type agents; and 16 to 20% for superplasticizer. The
water content in the case where crushed stone or blast furnace slag coarse aggregate is used is about
10% higher than in the case where gravel is used although it varies depending on the shape of
particles.

(2): Because the water content greatly affects the quality and durability of concrete, this
Specification requires that the water content be specified at or below the upper limit of 175 kg/m” as
standard. In this Specification, the water content of concrete refers to the water content specified at
the mix design stage. It does not mean, therefore, that the upper limit of the water content reflecting
the quality variations in actual construction work is 175 kg/m’.

If the water content of concrete containing an air-entraining water-reducing agent exceeds 175
kg/m’, a superplasticizer instead of an ordinary air-entraining water-reducing agent should be used
so that the water content becomes 175 kg/m® or less. In the case of plain concrete, however, or in
the case where it can be ascertained that the durability of concrete will not be adversely affected, a
water content higher than 175 kg/m’ may be adopted.

The lower limit of the water content is not specified, but a water content should be 145 kg/m’ or
higher when using crushed stone or crushed sand. Table C4.5.1 shows the recommended ranges of
the water content. If the water content of ordinary concrete deviates from the ranges shown in Table
C4.5.1, appropriate actions such as using a high-performance water-reducing admixture such as an
air-entraining water-reducing agent or super plasticizer should be taken. In the case of concrete
whose fluidity is evaluated in terms of slump flow such as high-fluidity concrete, too, the water
content should be determined with reference to the ranges shown in Table C4.5.1.

Table C4.5.1 Recommend ranges of the water content of concrete

Maximum size of coarse aggregate (mm) Range of water content (kg/m’)
20 to 25 155to0 175
40 145 to 165

4.5.2 Cement content

The cement content shall be determined on the basis of the reference values indicated
in the design specifications. If an upper or lower limit is specified for the cement content,
that specification shall be met.
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[Commentary] The cement content shall be determined on the basis of the reference values
indicated in the design drawings and specifications. If an upper or lower limit is specified for the
cement content, it shall be ascertained that the cement content determined from the water content
and the water/cement ratio falls between the upper and lower limits specified for the water content.
If it does not fall within the range between the upper and lower limits, it is necessary to change the
materials used or the mix proportion. In the case of concrete made by using a superplasticizer, and if
the cement content is too small, it tends to result in poor workability and a degradation in slump
over time increases. It is recommended, therefore, that if the maximum size of coarse aggregate is
20 to 25 mm, a cement content of at least 270 kg/m® (250 kg/m’ if the maximum size of coarse
aggregate is 40 mm) and preferably 300 kg/m’ or more be secured.

By increasing the cement content, the cracking due to hydration of cement may cause the
problem. To solve this problem, the chemically-inactive powder, such as limestone powder, can be
applied. In the case of mass concrete, which is subject to cracking due to the hydration of cement, it
is necessary to determine an appropriate cement content with reference to Chapter 14, Mass
Concrete. If the cement content does not fall within the upper and lower limits indicated in the
design specifications or if the type of cement to be used is changed, verification needs to be
conducted again concerning cracking due to the hydration of cement.

The cement content of offshore concrete and underwater concrete shall be determined as
stipulated in the Construction: Special Concretes (Chapter 10, Underwater Concrete, and Chapter
11, Offshore Concrete) of this Specification.

4.5.3 Powdery material content

(1) The powdery material content is determined so that segregation resistance
appropriate for the slump can be attained.

(2) The powdery material content is determined within the range appropriate for
pumping and placement.

(3) If a lower or upper limit is specified for the powdery material content, all of such
specifications shall be met.

[Commentary] (1): "Powder" is a collective term for any material with a fineness equivalent or
higher than that of cement including not only cement but also blast furnace slag, fly ash, silica fume
and limestone powder. The powdery material content (hereinafter powder content) is the sum of the
contents of those powdery materials, and the powder content is a primary mix design factor
affecting the segregation resistance of concrete. If only cement (including blended cement) is used,
the powder content is the same as the cement content.

Concrete ingredients are prone to segregation if a powder content appropriate for slump is not
secured, and an inappropriate powder content may result in defects at the construction stage such as
honeycombing and incomplete filling. In order to achieve excellent pumpability and placeability,
therefore, it is recommended that a powder content of at least 270 kg/m’ be kept if the maximum
size of coarse aggregate is 20 to 25 mm (at least 250 kg/m’ if the maximum size of coarse aggregate
is 40 mm) and preferably a powder content of 300 kg/m’ or more be secured in order to ensure
construction safety. The fine grains contained in aggregate are not taken into consideration here. An
excessively high fine grain content of aggregate, however, may result in excessively viscosity of
concrete so that workability declines. If, therefore, the fine grain content of the aggregate to be used
is high, the powder content is reduced on as-needed basis.
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It is recommended that when determining a rough level of the powder content appropriate for
the specified slump, Chapter 2 of JSCE's Recommendations for Mix Design and Construction of
Concrete Based on Placeability be used as a guide.

(2): In order to perform smooth, clogging-free pumping, it is necessary to keep the powder
content at or above a certain level.

(3): If the design specifications indicate an upper or lower limit of the cement content, it is
necessary to compare that upper or lower limit with the powder contents determined as described in
Items (2) and (3) above and determine the powder content so that both requirements are met. If it is
judged that meeting both requirements is not possible, the materials or mix proportions to be used
need to be changed.

4.5.4 Sand-aggregate ratio

The sand-aggregate ratio is determined experimentally so that the water content can
be made as small as possible to the extent the required workability can be attained.

[Commentary] In the mix design of concrete, an appropriate sand percentage shall be selected. In
general, as the sand-aggregate ratio is reduced, the water content needed to obtain concrete with the
required slump tends to decrease so that the cement content decreases accordingly and the mix
proportion becomes more economical. If the sand percentage is reduced excessively, the resultant
concrete may tend toward segregation, so it may cause poor workability of concrete. For a given
combination of fine aggregate and coarse aggregate, there is an optimum sand percentage that
provides the required workability and minimizes the water content. Because this sand percentage
varies depending on the particle size distribution of fine aggregate, the air content of concrete, the
cement content, the type of mineral admixture, etc., the sand percentage needs to be determined so
that the water content is minimized. It shall be kept in mind that the sand percentage is the
percentage by absolute volume, not by mass, of fine aggregate in total amount of aggregate in
concrete.

The particle size distribution of aggregate should remain stable throughout the construction
period. If the fineness modulus has deviated by 0.20 or more from that of the fine aggregate actually
used for mix proportion during construction, workability is also affected considerably. In such cases,
the mix proportions need to be modified. On such occasions, the validity of sand percentage values
should also be verified by testing.

In the case of concrete pumping, it is necessary to select an appropriate sand percentage, on the
basis of available data and past construction data, according to concrete pump performance, piping,
pumping distance, etc. If superplasticized concrete is used, the sand percentage needs to be
determined taking into account the workability of superplasticized concrete (see Recommended
Practice for Concrete Containing Superplasticizers).

In the case of concrete containing a superplasticizer, a satisfactory result can often be obtained
by using a sand percentage that is 1 to 2 percent higher than that of concrete that contains an
ordinary air-entraining water-reducing agent and has the same water/cement ratio and slump (see
Recommended Practice for Concrete Containing Air-Entraining High-Range Water-Reducing
Agents).

The percentages of fine aggregate (sand) and coarse aggregate may be determined on the basis
of the unit mass of coarse aggregate instead of the sand percentage as mentioned above. If slump is
large, the relationship between the sand percentage and workability tends to become unclear. There
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are cases, therefore, where appropriate mix proportions can be better selected by determining the
unit mass of coarse aggregate first. By using this method, in the case of plastic concrete, the bulk
volume of coarse aggregate per cubic meter of concrete (unit bulk volume of coarse aggregate) can
be made nearly constant, regardless of slump and the water/cement ratio, according to the
maximum size of coarse aggregate and the particle size distribution of fine aggregate so that the
coarse aggregate content can be determined easily even when using angular aggregate such as
crushed stone.

Table C4.5.2 shows typical values of the unit bulk volume of coarse aggregate, the sand
percentage and the water content for concrete with a water/cement ratio of about 55% and a slump
of about 8 cm. When air-entrained concrete is used in ordinary reinforced concrete construction, a
concrete mix obtained from the unit bulk volume of coarse aggregate tends to contain a somewhat
high percentage of sand. Table C4.5.3 shows approximate amounts of correction for the sand
percentage and the water content in the cases where the materials used and concrete quality shown
in Table C4.5.2 are changed. In general, as the sand percentage decreases and the coarse aggregate
content increases, the workability of concrete such as pumpability and void-penetrating ability
decreases. It is necessary, therefore, to select appropriate minimum values of the sand percentage
and appropriate maximum values of the coarse aggregate content appropriate for the specified
slumps. When determining a sand percentage or coarse aggregate content appropriate for a slump, it
is recommended that Table C4.5.2 and Table C4.5.3 and Chapter 4 of JSCE's Recommendations for
Mix Design and Construction of Concrete Based on Placeability be used as guides.

Table C4.5.2 Approximate values of the unit bulk volume of coarse aggregate, sand percentage
and water content of concrete

Air-entrained concrete
. . . L - With air-entraining
Maximum size Unit bulk With air-entraining agent X
water-reducing agent
of coarse volume of coarse .
Air content
aggregate aggregate Sand percentage | Water content Sand percentage Water content
s/a W s/a W
(mm) (m’*/m’) (%) (%) (kg (%) (kg)
15 0.58 7.0 47 180 48 170
20 0.62 6.0 44 175 45 165
25 0.67 5.0 42 170 43 160
40 0.72 4.5 39 165 40 155

The values shown above are average values determined with reference to the standard mix proportions adopted by ready-mixed

concrete industrial associations in Japan and are for concrete made by using sand of an ordinary particle size distribution (fineness

modulus: about 2.80) and crushed stone.
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Table C4.5.3 Approximate amounts of correction for the sand percentage and the water
content due to variations in the quality of materials used or concrete

Category Correction of s/a (%) Correction of W

For every 0.1 in fineness modulus of sand greater | Increase (decrease) by 0.5. No correction

(smaller) than reference value

For every 1 cm in slump greater (smaller) than reference | No correction Increase (decrease) by 1.2%.
value
For every 1% in air content higher (lower) than | Decrease (increase) by 0.5 to 1. Decrease (increase) by 3%.

reference value

For every 0.05 in water/cement ratio higher (lower) than | Increase (decrease) by 1. No correction

reference value

For every 1% in s/a higher (lower) than reference value — Increase (decrease) by 1.5 kg.

When river gravel is used Decrease by 3 0 5. Decrease by 9 to 15 kg.

If the unit bulk volume of coarse aggregate is used, the unit bulk volume of coarse aggregate is decreased (increased) by 1%

for every 0.1 in the fineness modulus of sand greater (smaller) than the reference value.

4.5.5 Unit quantities of admixtures

The unit quantities of admixtures are determined so that the required effect can be
obtained.

[Commentary] The effect of admixtures varies depending on not only the characteristics of each
admixture but also the nature of cement and aggregate, the type of other admixtures used, concrete
mix proportions, construction conditions, environmental conditions, etc. The quantities of
admixtures to be used, therefore, need to be determined according to these conditions by testing
their performance under realistic service conditions or consulting literature or experience.
Combined use of two or more types of admixtures may have unexpected adverse affects on the
properties of fresh concrete and the performance of hardened concrete. When using a new
combination of admixtures, therefore, a thorough study should be conducted in advance.

4.6 Trial Mixing
4.6.1 General

(1) Concrete mix proportions shall be determined through trial mixing so that concrete
that meets the mix requirements can be obtained.

(2) Trial mixing of concrete should be conducted in the form of laboratory testing as a
standard.

(3) Trial mixing may be omitted if it can be ascertained from performance data, etc., that
the planned mix proportion meets the mix requirements.

[Commentary] (1): Trial mixing shall be conducted in order to ascertain that the mix proportion
determined at the mix design stage meets the mix requirements. Concrete performance changes
under the influence of various factors. The performance of fresh concrete is subject to considerable
change depending on the time after completion of mixing, ambient temperature, on-site
transportation methods, etc. When designing concrete mixes, therefore, it is important to set quality
goals at each stage (i.e., production and unloading) so that concrete workability needed at the
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placement stage can be attained. This section requires, therefore, that concrete mix proportions be
determined through trial mixing prior to the placement of concrete so that concrete that meets the
performance requirements can be obtained. Trial mixing shall be conducted, on an as-needed basis,
under the direction of a Chief Concrete Engineer or Concrete Engineer certified by the Japan
Concrete Institute or an equally qualified engineer.

(2) and (3): In order to determine concrete mix proportions through trial mixing, it is necessary
to measure materials of proven quality accurately and mix them thoroughly. This is why laboratory
testing is required as a standard method. If, however, the conditions under which concrete is
produced in a laboratory test environment differ from the conditions under which concrete is to be
produced for construction or if changes in concrete quality over time are to be evaluated, trial
mixing of concrete should be conducted by using real mixers.

4.6.2 Trial mixing method

(1) Trial mixing is conducted in the form of laboratory testing so that concrete that
meets the mix requirements can be obtained.

(2) When trial mixing is conducted in a laboratory test, workability upon completion of
mixing is evaluated taking into account the difference in slump from the results of tests
conducted by use of real equipment, concrete temperature at the time of construction,
mixing performance, transportation time, etc.

(3) Trial mixing of concrete should be conducted at 20+2°C as a standard. If trial mixing
cannot be carried out under such test conditions, mix proportions shall be determined
after making corrections for temperature differences.

(4) In a mix test using a test mixer, appropriate test items shall be selected so as to
evaluate the workability of concrete.

[Commentary] (1) and (2): At the mix design stage, the target slump at the unloading location
and the target slump upon completion of mixing shall be determined on the basis of the minimum
slump for placement, taking into account transportation time, waiting time at the construction site
and the decrease in slump due to on-site transportation. In trial mixing conducted in the form of
laboratory testing, therefore, it is necessary to make repeated corrections for mix proportions to
achieve the target slump at the unloading location or the target slump upon completion of mixing
until the required minimum slump for placement can be attained, taking into account the decreases
in slump not only immediately after completion of mixing but also after the passage of time.
Concerning mix proportion corrections, Table E4.5.2 should be used as a guide.

If a large amount of decrease in slump is assumed at the mix design stage, time-dependent
changes in slump during the time from the completion of mixing to the placement of concrete
should be estimated. If trial mixing has indicated the possibility of a large amount of decrease in
slump over time, it is important to select mix proportions with an excellent slump-retaining property
and take necessary measures such as using appropriate chemical admixtures so that the minimum
slump for placement can be attained. In general, the amount of decrease in slump of a concrete mix
uninterruptedly agitated in a mixer tends to be smaller than that of small-batch concrete kept in a
static state in a laboratory test. As a rule of thumb, it may be assumed that slump retention time in a
mixer test is about 30 minutes longer than that in a laboratory test.

Mixing performance varies widely depending on mixer types so that the quality of freshly
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mixed concrete and subsequent changes in quality are greatly affected. Mixers used in laboratory
testing, therefore, should be of the same type as the mixers used for construction.

(3): Trial mixing in a laboratory test should be conducted at constant temperature conditions
(20£2°C). If the time of year when trial mixing is conducted differs from the time of year when
construction is carried out and a considerable difference in placing temperature is expected, mix
proportions need to be determined taking into account that temperature difference. It is also good
practice to conduct trial mixing by using mixers and correct mix proportions derived through
laboratory testing.

(4): Concrete shall be provided with workability suitable for construction tasks such as hauling,
placing, compacting and finishing according to the construction requirements, structural
requirements and the environmental conditions. In concrete mix tests, it is important to check
whether the mix proportions specified at the mix design stage have the targeted performance with
respect to filling ability, pumpability, setting properties and strength development characteristics.

4.7 Representation of Mix Proportions
As a general rule, mix proportions should be presented as shown in Table 4.7.1.

Table 4.7.1 Representation of mix proportions

Maximum | Slump” | Air | Water/ | Sand Content (kg/m®)
size of content | cement percentage| Water Cement? Mineral Fine |Coarse aggregate| Chemical
coarse ratio? sla admixture®¥|aggregate G admixture®
aggregate wi/C
(mm) (cm) (%) (%) (%) w c F S (mm) | (mm) A

Notes 1) The standard method is to indicate the target slump at the unloading location. If necessary, the minimum slump
for placement and the target slump upon completion of mixing are also indicated.

2) If a mineral admixture with pozzolan reactivity or latent hydraulic property is used, the water/cement ratio becomes the
water/binder ratio.

3) The powder content should be indicated as the combined content of cement and mineral admixtures as an
approximate indicator of segregation resistance.

4) If two or more types of mineral admixtures are used, mix proportions for different types are indicated separately on an
as-needed basis.

5) The chemical admixture content is indicated in mi/m® or glms, and the quantity of undiluted and undissolved liquid
must be indicated.

[Commentary] As a general rule, mix proportions should be indicated by mass, and the content
of each ingredient used in each cubic meter of mixed concrete must be indicated in the form of a
mix table like Table 4.7.1. Mix tables should also show information such as the type of structure,
specified strength, required strength, the type of cement, the fineness modulus of fine aggregate, the
type of coarse aggregate, the solid content of coarse aggregate, transportation time and the time of
year of construction. A recommended standard practice is to indicate the target slump at the
unloading location in mix tables and, if necessary, determine the slump at each stage of construction
from immediately after completion of mixing to the placement of concrete. It is also good practice
to indicate the combined content of powdery materials such cement and mineral admixtures to show
whether segregation resistance appropriate for the slump level is being maintained.
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CHAPTER 5 CONCRETE PRODUCTION

5.1 General
(1) Concrete with the required quality shall be produced.

(2) Equipment used for the storage, batching and mixing of materials shall be one that
has been verified to have the required performance.

(3) Methods of storing, batching and mixing materials by using equipment with the
requirement performance shall be determined prior the production of concrete.

(4) Specialists with sufficient knowledge and experience shall be assigned to the
production of concrete to control the quality of concrete materials, production equipment
and concrete.

[Commentary] (1): In order to produce concrete with the required quality, it is important to use
equipment with the required performance, use appropriate production methods and have specialists
capable of ensuring stable quality of concrete perform quality control.

(2) and (3): Use of equipment with the required performance is most fundamental and important
for the production of concrete. Even if the concrete materials meet the quality requirements
specified in Chapter 3, inadequate production equipment increases the possibility of fluctuations or
degradation of the quality of stored materials, fluctuations in mix proportions due to batching errors,
and fluctuations of the properties of mixed concrete, thereby making it difficult to obtain concrete
with the required quality stably. Even when the storage, batching and mixing equipment meet the
performance requirements, it is difficult to obtain concrete with the required quality if concrete is
produced without ascertaining in advance that the storing, batching and mixing methods are
appropriate as in the case where inadequate equipment is used. The performance requirements for
production equipment are described in Section 5.2, and appropriate production methods are
described in Sections 3.7, 5.3 and 5.4.

(4): Even when production equipment meets the performance requirements and appropriate
production methods are used, it is difficult to obtain concrete of stable quality if production
specialists lack the ability to control the quality of concrete stably. Since the quality of concrete is
easily affected by various factors, it is important for the specialists who produce concrete to have
expert knowledge and experience related to the quality and production of concrete. For example, it
is important that a specialist qualified as a Chief Concrete Engineer or a Concrete Engineer stay at
the construction site and perform quality control. Since the operation and maintenance of
production equipment requires specialized knowledge about mechanical and electrical equipment, it
is good practice to make effort to enhance the operators' ability and knowledge about operation and
consider ways to contact outside specialists so that troubleshooting actions can be taken in times of
equipment failures.
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5.2 Production Plant
5.2.1 Storage facilities

(1) Storage facilities for cement and mineral admixtures shall have a structure to keep
the inside free of moisture, and the cement and admixtures shall be stored separately
according to their types.

(2) Storage facilities for aggregates shall have a structure that stores aggregates
separately according to their type, size and grading such that they do not segregate in the
size easily. Also, the storage facilities shall have an adequate drainage such that the
surface moisture content of aggregate can be maintained at a uniform level.

(3) Storage facilities for chemical admixtures shall have a structure that stores the
admixtures separately according to their types, and shall prevent any contamination with
impurities, changes in properties, segregation in liquid admixtures, etc.

[Commentary] (1): In general, cements and mineral admixtures should be stored in storage
facilities equipped with a structure to keep the inside free of moisture. The volume of a silo should
be more than three times the average volume of use per day. A storage silo for cements and mineral
admixtures should be of structure as to have no dead stock of cement at the bottom, and be
equipped with vibrators, knockers or an aeration system in the vicinity of the bottom to prevent the
arch formation of the powder particles and to ensure a smooth discharge of the materials.

In case when using the cement silo of which inside is separated into some smaller storage by the
steel plate separators etc., attention need to be paid for the leakage of cement from the welding part.
Furthermore, it shall be prevented that different types of cements or mineral admixtures mix each
other through a hole due to corrosion on the steel separator.

If cement cannot be sent directly from a cement silo to a batching bin, it is necessary to install a
storage bin over the batching bin. Two or more cement storage bins should be available. If mineral
admixtures that are not used for the production of ordinary concrete are stored as when high-fluidity
concrete is produced, care shall be taken to prevent problems such as clogging or malfunctioning of
level indicators due to the compaction of admixtures resulting from long-term storage.

(2): 1t is important that aggregate storage facilities be capable of storing aggregates of different
types or different sizes separately and have sufficient capacity so that stored aggregate can be used
on a first come, first used basis. The storage facilities shall also be structurally designed so that
aggregates do not become segregated when they are received or handled. Since the quality of
concrete is easily affected by fluctuations in the surface moisture content of aggregate, control
measures need to be taken so that the surface moisture content of aggregate is kept uniform.

Aggregate storage facilities include stockyard types and silo types. For stockyard type storage
facilities, it is important to provide roofing so that aggregate is not affected by rains and direct
sunlight, prevent the intrusion of other aggregates, mud, dead leaves, ice, snow, etc., and provide a
gentle drainage slope for effective drainage. For silo type storage facilities, the bottom of a fine
aggregate storage silo should be designed for efficient drainage, and devices such as air blasters
should be provided so that the aggregate accumulated at the bottom of the silo can be removed.
Even for silo type storage facilities, if the hopper for receiving aggregate from a transportation
vehicle is located outdoors, it is important to provide a roof over the hopper to prevent the intrusion
of rain and the accumulation of aggregate in the hoppers.
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In order to minimize fluctuations in the particle size distribution of aggregate, for example, 20
to 5 mm aggregate should be divided into 20 to 10 mm aggregate and 10 to 5 mm aggregate and be
stored and batched separately. It is also necessary to take measures so as to prevent the freezing of
aggregate or a rise in temperature of aggregate because of outdoor air temperature.

Aggregates stored in stockyard facilities or silos are transported by a belt conveyor to the
concrete plant, distributed by turn chutes, and dropped into the aggregate storage bins. These
facilities shall be inspected periodically for problems such as clogging of drainage troughs, leakage
from the gates, intrusion of water into the aggregate carried on the belt conveyor, or the
accumulation of aggregate on the belt conveyor or in the storage bins.

If highly absorptive aggregates such as artificial lightweight aggregates or blast furnace slag
coarse aggregates are stored, watering facilities such as sprinklers should be provided in addition to
drainage facilities. Concerning the storage of artificial lightweight aggregate, Construction: Special
Concretes (Chapter 2, Lightweight Aggregate Concrete) of this Specification should be consulted.
Because of its latent hydraulic property, blast furnace slag fine aggregate may become difficult to
withdraw during the time of year when daily mean temperature exceeds 20°C so that consolidation
occurs in the aggregate storage facilities or storage bins. It is therefore necessary to avoid long-term
storage during such periods. When producing concrete by using blast furnace slag fine aggregate,
the Guidelines for Construction Using Blast-Furnace Slag Aggregate Concrete should be consulted.

(3): Chemical admixtures shall be stored in such a way as to prevent the incursion of dirt or
other impurities. Chemical admixtures of liquid form shall be stored so as to prevent their
segregation, quality change or freezing. Chemical admixtures of powder form shall be stored so as
to prevent their moisture absorption and lumping. Chemical admixtures which have been stored for
a long time or are found to be of unsure quality shall be tested to confirm their quality before use.

The storage facilities for the chemical admixtures of liquid form shall be of structure that can
protect from the contamination of impurities, and should have a mixer or a circulator protecting
from the segregation due to sedimentation. In case that the storage tanks or the transportation pipes
are made of steel, attention needs to be paid for corrosion. Though the liquid type of chemical
admixtures is, generally, controlled its pH to neutral or week alkali condition, special attention
should be required for use of the acid admixture.

For storage facilities (tanks) for water and liquid chemical admixtures, it is also important to
take measures to reduce batching errors by using the automatic water supply method or overflow
piping to keep water pressure, water level or concentration constant or protection measures to
prevent freeze damage to the piping from the storage tanks to the storage bins and a breakdown due
clogging of electromagnetic valves because of foreign matter or precipitates.

5.2.2 Measuring equipment

(1) Equipment used to weigh each material shall be compatible to the production of
concrete, and be capable of batching each material within the required accuracy.

(2) Equipment used to weigh each material shall be periodically inspected before and
during the operation, and appropriately adjusted.

[Commentary] (1): It is necessary to choose the measuring equipment suitable for producing
volume of concrete, the scale and importance of the construction, etc. Furthermore, the equipments
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used to weigh each material shall be capable of batching each material within the required accuracy.

Though there are both mechanical and electrical types of measuring equipment, the most
popular is the electrical type because remotely-monitoring can be operated and a digital control is
done with an analog digital converter, at present.

Since the setting of batching values is fundamental to batching, batching equipment needs to be
capable of performing batching correctly according to the mix proportion settings. Punch card
equipment is used for the setting of batching values, but today most plants use CPU-memory type
equipment based on computer keyboard entry. Recent years saw widespread use of operation room
equipment with comprehensive quality control capability, as well as batching control, that
incorporates various other systems such as automatic material feed control systems, automatic
surface moisture content measuring systems and automatic batching value correction systems.

Chemical admixtures such as air-entraining water-reducing agents greatly affect the quality of
concrete. Devices for preventing excessive water flow may be installed at the water inlets.

(2): The batching equipment for each material shall be checked before the start of the use and
adjusted so as to weigh each material within the prescribed limits for errors in batching. Even when
batching equipment is adjusted in this way, the accuracy deteriorates with time. Therefore, the
equipment shall be regularly checked and readjusted as required.

If the inside surface of the aggregate batching bin is not smooth, residual aggregate may lower
batching accuracy. It is therefore necessary to make improvements such as bonding rubber sheets.

5.2.3 Mixers
(1) As a general rule, batch mixers should conform to JIS A 8603.

(2) Continuous mixers shall be ones that have been verified to have the required
mixing through a mixing performance test conducted in accordance with JSCE-I 502.

[Commentary] (1): Batch mixers are classified into two types; the gravity type and the forced
mixing type. Regarding the gravity type, there are tilting and drum mixers. Forced mixing type
batch mixers come in pan types, single- horizontal- axis and double-horizontal-axis types. Mixing
efficiency is tested on mixed concrete by a compressive strength test, an air content test and a slump
test, in accordance with JIS A 1119 “Method of Test for Variability of Constituents in Freshly Mixed
Concrete” and JIS A 8603 “Concrete Mixer”. When the testing results do not satisfy the threshold
values shown in Table C5.2.1, it is often considered that the structure of the mixer is not appropriate,
or the blade for mixing is abraded.
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Table C5.2.1 Mixing Capacity of batch mixer

ltems Mixing volume of concrete
Nominal volume A half of nominal volume
Variability of mass per unit volume of 0.8% or less 0.8% or less
mortar in concrete
Variability of content of coarse 506 or less 506 or less
aggregate in concrete
Variability Compr?sswe strength 7.5% or less —
from average Air content 10% or less —
value Slump value 15% or less —

In the upper bound of the nominal capacity of the mixer targeted by JIS A 8603 "Cement mixer",
both the gravity type mixer and the forced mixing type mixer are 3m®. The suitability should be
judged by applying regulations of JIS A 8603 correspondingly about the mixer for nominal capacity
to exceed this. Recently, a mass mixer of nominal capacity 6m> has come to be used.

The forced mixing type mixer is suitable for the stiff concrete, the concrete of the rich mix and
the Special Concretes (Chapter3 Lightweight Aggregate Concrete, Chapter6 High Strength
Concrete, Chapter7 High Fluidity Concrete, etc). In general, the forced mixing type mixer can
shorten necessary mixing time than the case of the tilting mixer.

(2): Continuous mixers may be used when large-scale production equipment cannot be installed
at the sites of tunnel construction, rehabilitation, offshore construction, etc. Concrete production by
use of continuous mixers, however, differ in many ways from concrete production by use of batch
mixers (e.g., the batching of materials by volume, sufficient calibration necessary for stable supply,
the possibility of poor quality concrete output immediately after the commencement of operation).
Continuous mixers, therefore, shall be used after referring to the Recommendations for Job-Mixed
Concrete Construction Using Continuous Mixers to fully understand the characteristics of
continuous mixers and conducting a test in accordance with JSCE-1 502, Method of Test for Mixing
Performance of Continuous Mixers.

5.3 Measurement of Materials

(1) Materials shall be batched according to mix proportions modified in view of such
factors as the state of materials, concrete temperature and slump retention time so that
concrete with the required quality can be obtained.

(2) The size of batch shall be determined considering the type and properties of
concrete, performance of mixing equipment, method of transportation, type of
construction, quantity of concrete to be placed, etc.

(3) All materials for each batch shall be measured by weight. Errors in batching for
each measurement shall not be greater than the values given in Table 5.3.1.
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Table 5.3.1 Permissible errors in measurements

Material Error in measurements (%)
Water 1
Cement 1
Aggregate 3
Mineral admixture 27
Chemical admixture 3

1) In case of finely ground blast furnace slag, the error in batching shall be taken as 1.

(4) In cases when a continuous mixer is used, the materials may be measured by
volume. The error in measurement shall not be greater than the values given in Table 5.3.1
in which the error should be calculated in mass weight that is converted from the volume
of each material per an appropriate specified period depending on the capacity of the
mixer. The measured volume of each material per the specified period shall be properly
determined on the basis of the type of concrete mixer, mixing time, etc.

[Commentary] (1): The materials in storage should be in as stable a state as possible, but the
surface moisture content and particle size distribution of aggregate, for example, are always in a
state of change. The temperature of freshly mixed concrete also varies depending on such factors as
the temperature of the materials in storage and outdoor air temperature. These various changes
affect the slump and air content of freshly mixed or subsequent concrete. Concrete materials to be
used, therefore, shall be batched after corrections for such changes are made so that concrete of the
required quality can be obtained.

The surface moisture content and effective absorption of aggregate change easily, and such
changes affect the slump and water/cement ratio of concrete. The surface moisture content or
effective absorption, therefore, shall be measured at an appropriate frequency and the measurement
results shall be reflected in batching. The surface moisture content shall be tested in accordance
with JIS A 1111, JIS A 1125 or other appropriate method, and particle size distribution shall be
tested in accordance with JIS A 1102 or other appropriate method. Effective absorption values in the
cases where aggregate is dry shall be determined after letting the aggregate absorb water for an
appropriate period of time.

Methods for testing the surface moisture content include JIS A 1111, Method of Test for Surface
Moisture in Fine Aggregate, and JIS A 1125, Method of Test for Moisture Content of Aggregate and
Surface Moisture in Aggregate in Drying. Other methods include the graduated cylinder method,
methods using infrared rays or other means for drying, methods using electrical resistance or the
dielectric constant, neutron-based methods and many other methods. Test methods most appropriate
for the jobsite should be selected in view of factors such as the time required for the task to be
performed, the number of test cycles, test accuracy and economic efficiency. In recent years, it has
become possible to make water and aggregate batching corrections for all batches of fine aggregate
according to changing surface moisture contents by installing surface moisture sensors in the
aggregate storage bins and at their outlets.

The water used for the dissolution or dilution of chemical admixtures is deemed to be included
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in the water content. The solids contained in chemical admixtures may be ignored for the purpose of
concrete volume calculation.

(2): As the size of each batch of concrete produced especially in a plant at the construction site
is closely related to the efficiency of work and construction cost, it is important that the proper size
is determined considering the type of work, concrete quantity to be placed, the capacity of mixing
plant and transportation method.

(3): As a general rule, materials shall be batched by weight. However, water and the liquid
chemical admixtures may be measured by volume, in the case where they are confirmed to be
within the acceptable error described in Table 5.3.1. In the case where cement and mineral
admixtures are supplied in bags, and the difference between the net mass of 1bag and the printed
value on the mass is confirmed to be within the acceptable error described in Table 5.3.1, they may
be batched on the basis of the number of bags. However, a quantity which is less than 1 bag shall be
measured by mass.

Material batching errors include errors attributable to the batching equipment and errors that
occur when materials are fed to the batchers. Errors of the former type can be reduced sufficiently
by the daily inspection and maintenance of the batchers because the inaccuracy of the batchers can
be determined by use of the proof mass. In general, the accuracy of batchers used for concrete
construction is about 0.5% of the maximum capacity. Errors attributable to material feeders, etc.,
however, can only be reduced to a limited extent. Batching devices, therefore, shall be managed so
that material batching errors of the batching system including the measuring instrument and the
feeder can be kept within an appropriate range in relation to the target value. JIS A 5308 requires
that cement and mineral admixtures be batched by use of separate measuring instruments.

The batching errors specified in this article are the maximum limits of batching error allowable
at general construction sites. In the case of important structures, proper batching methods whose
batching error is less than the value shown in Table 5.3.1 should be adopted. As batching error
become large particularly when the quantity to be measured is small in comparison with the
capacity of the batching machine, it is necessary to confirm that a batching machine can measure
the quantity of each batch accurately. The finely ground blast furnace slag is usually used for
concrete in the range of 30 to 70 % in the total mass of binder, and is the mineral admixture having
a latent hydraulic property. Therefore, the error in batching of the slag shall be taken as 1% or less,
which is same regulation as the cement.

In a case of the batching in construction site, it is important to provide such supply equipment
that batching errors does not increase. Furthermore, it is important to prescribe the capacity of a
batching machine so as to measure the quantity of each batch accurately and to modify the
equipment as required. Particularly the batching machine for water needs to be devised to improve
its accuracy. Since the batching machine often get out of order due to dust, they shall always be kept
clean by installing a dust collector and so on. Then the batching value should be controlled by a
printing record.

(4): In the case of the continuous mixer, which is different from the batch mixer, the quantity of
materials is usually measured by volume by adjusting the quantities of the supply of aggregate,
water and admixtures according to mix proportions on the basis of the quantity of supply of cement
per unit hour. If a continuous mixer is used, its measuring equipment shall necessarily be inspected
prior to the commencement of work by using materials which are to be used for the work. This
inspection shall be conducted by measuring the weight of each material supplied during a fixed time.
Measuring by volume generally results in more measuring errors than measuring by weight.
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Therefore, when the inspection is performed, in order to obtain quantity-per-prescribed-time most
accurately, it is important that the capacity of the measuring machine is properly determined and the
measuring equipment is adjusted as required, to reduce measuring errors to the utmost, so that
measuring errors for each material will be within the allowable limits.

5.4 Mixing

(1) Constituent materials of concrete shall be thoroughly mixed until a uniform
concrete is obtained.

(2) The sequence of charging materials into the mixer shall be appropriately examined
and decided in advance.

(3) As a general rule, time for mixing should be determined through experiments.

(4) Mixing shall not be continued for more than three times the predetermined time of
mixing.

(5) As a general rule, the inner surface of the mixer should be covered with mortar
before commencing mixing.

(6) Materials for a new batch shall not be loaded into the mixer before the previous
batch has been completely discharged.

(7) Mixers shall be properly washed prior to and after the use.

(8) When a continuous mixer is used, the first portion of discharged concrete shall not
be used.

[Commentary] (1): In order to obtain a uniform concrete, mixing needs to be performed using a
mixer with high efficiency by feeding the materials in the proper order and mixing them for a
proper period of time.

(2): Since the suitable order of changing materials into the mixer varied depending on the type
of mixer, mixing time, type and grading of aggregate, unit water content, unit cement content and
type of admixtures, this should be determined with reference to the past experience or the results of
the test performed in accordance with JIS A 1119, strength test and bleeding tests.

(3): Since the time necessary for sufficient mixing in batch mixers varies considerably
depending on the type of mixer, mixer capacity, concrete mix proportions, type of admixture and
order of feeding materials, it shall be determined based on the results of test of JIS A 1119 and other
tests as a general rule.

In the case where the difference in the mass of the unit volume of mortar is less than 0.8% and
the difference in the content of coarse aggregate is less than 5%, which are specified in JIS A 1119,
it can generally be considered that satisfactory mixing has been carried out. Furthermore, if the
relationship between the load current of the mixer and the operation time can be measured, the time
until the load current changes in the stable condition after some amount of increasing and
decreasing will be suggestive to determine the mixing time.

If tests for mixing time are not performed, the minimum time may be set at 1.5 minutes for
tilting batch mixers and 1 minute for compulsory batch mixer. These are maximum value based on
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the results of investigation of batching equipment and mixers in use conducted in 1984, and the
average time which can obtain by the test are about 70% of those times.

In the case of small-slump concrete, concrete made by using lightweight aggregate or
admixtures or high-strength concrete, it is in many cases appropriate to use long mixing time. When
lightweight aggregate concrete, high-strength concrete, etc., are mixed, Construction: Special
Concretes of this Specification should be used as a guide.

(4): If concrete is mixed for a long time, especially in the case where mixer capacity is large, or
the aggregate is not stiff and its maximum size is large, not only the workability of concrete at
discharging time is reduced but also its slump loss with time becomes larger, because the aggregate
is crushed to increase the amount of powder and the air content deceases during the prolonged
mixing period. Therefore, it is specified that the mixer shall not be continued for more than three
times the predetermined mixing time.

(5): The concrete of the required mix proportions can not be obtained in the first batch since a
part of its mortar component will adhere to the bare surface of the mixer. Therefore, an appropriate
amount of concrete should be mixed to adhere its mortar to the inside of the mixer, and the
prescribed materials should be charged into the mixer to be mixed after discharging the prior
concrete.

(6): If new materials are put into a mixer in which there is residual concrete and mixed together,
concrete of the required quality cannot be obtained because inadequate mixing occurs locally.
Mixing of new materials, therefore, shall not be started until it is confirmed that previously mixed
concrete is completely discharged.

(7): In cases where the quality of mixed concrete may vary because of differences in the
materials used in different batches, the measures described in Item (6) in this section should be
taken after the mixer is cleaned.

(8): When a continuous mixer is used, since the concrete of undesirable quality may be
discharged at the start of its operation, such concrete shall not be used. The amount of concrete to
be disposed of shall be greater than the volume of mixing part as standard. This precaution needs to
be taken also when the mix proportions are changed (see the JSCE Recommendation
“Recommended Practice for Field Mixed Concrete by Continuous Mixer”).

5.5 Plasticization of Concrete

Plasticization of concrete shall be carried out after considering details such as
materials, mix proportions, fluidity-enhancing method, and the time until the completion
of placement so that the quality requirements for concrete can be met.

[Commentary] Slump can be increased by adding plasticizer to the concrete in the drum of the
truck agitator that has transported the concrete from the concrete plant to the construction site and
stirring the mix until it becomes homogeneous. The use of plasticizers is effective when the
required slump cannot be maintained until the placement of concrete is completed. Superplasticized
concrete with a slump comparable to that of ordinary concrete helps prevent thermal cracking and
achieve higher quality because the water content and the cement can be reduced. Changes in slump
of superplasticized concrete over time, however, differ considerably from those of ordinary concrete,
and excessive use of plasticizers may have adverse effects, such as segregation and changes in the
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air content, on the quality of concrete. When trying to increase the fluidity of concrete, therefore, it
is necessary to carefully study details such as materials, mix proportions, fluidity-enhancing method
(e.g., timing, the quantity of superplasticizer to be added, mixing time and method), the
management of time until the completion of placement taking into account the slump retention time
after plasticization, and noise control so that the quality requirements for concrete can be met.

Chemical admixtures added to concrete before plasticization may not go well with plasticizers,
and there may be adverse effects on their respective effects. Undesirable combinations, therefore,
need to be identified in advance. The amount of increase in slump needs to be kept within the range
that does not cause segregation of plasticized concrete. As a general rule, therefore, the amount of
increase in slump shall not exceed 10 cm, and 5 cm to 8 cm shall be regarded as standard values.

Post-plasticization slump varies widely depending on the pre-plasticization quality of concrete,
the type and dosage of superplasticizer, concrete temperature, etc. Because slump retention time
may become shorter, the time until completion of placement should be managed by checking in
advance on the slump retention time.

Re-flowing of the plasticized concrete may generate the segregation or the delay of setting time
of concrete due to an oversupply of plasiticizer, and consequently, have a bad influence on the
performances of hardened concrete, such as durability, strength in the long term and so on.
Therefore, the re-flowing should be avoided in the plasticized concrete.

There are also many other considerations such as methods of adding plasticizers, noise due to
high-speed rotation of truck agitators, and exhaust gas control. When using plasticized concrete, the
Recommended Practice for Concrete Containing Plasticizers should be consulted in advance.
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CHAPTER 6 READY-MIXED CONCRETE

6.1 General

(1) As a general rule, ready-mixed concrete used should be one that conforms to JIS A
5308 and bears a JIS Mark indicating JIS certification (hereafter referred to as a
"JIS-certified product").

(2) Prior to purchasing ready-mixed concrete, a plant shall be selected so that the
required quality of concrete can be obtained, and the requirements specified in JIS A 5308
such as materials, quality and mix proportions shall be discussed with the producer.

[Commentary] (1) and (2) JIS A 5308, Ready-Mixed Concrete, specifies requirements such as
the type and quality of ready-mixed concrete, mix proportions, materials, manufacturing, quality
control, and test methods, and the appendices specify details such as the requirements for
aggregates to be used for ready-mixed concrete and test methods to be used. Although JIS A 5308
does not necessarily agree with this Specification, the requirements specified in JIS A 5308 are
designed to cover a wide range of requirements. It is usually possible, therefore, to procure concrete
of the quality specified in this Specification by purchasing JIS-certified ready-mixed concrete
conforming to JIS A 5308.

When purchasing JIS-certified ready-mixed concrete, it is necessary to carefully consider the
quality of concrete specified in this Specification and select a plant, specify quality requirements
and conduct acceptance inspections so that the concrete of the required concrete can be obtained. If
the provisions in this Specification differ from the provisions of JIS A 5308, the standard method is
to follow the more stringent of the two sets of provisions, but the constructor needs to make an
informed decision with the full understanding of the differences between the two sets of provisions
and the reasons for those differences.

If concrete that does not conform to JIS A 5308 in terms of materials, mix proportions, quality
criteria, etc., is purchased for reasons such as the purpose of use of concrete or construction
conditions, mix requirements and other details must be fully discussed with the producer and trial
mixing must be conducted on an as-needed basis to verify quality and determine mix proportions.
With respect to matters not specified in this Specification or relevant JSCE guidelines, JIS A 5308
should be followed. In other words, even in cases where ready-mixed concrete that does not
conform to JIS A 5308 is used, it is necessary to select a plant that manufactures JIS-certified
products. For matters not specified, it is necessary to determine specifications in due consideration
of the intent of the JIS A 5308 provisions and select plants, specify quality requirements and
conduct acceptance inspections accordingly.

Although JIS A 5308 includes provisions related to pavement concrete, this chapter does not
include provisions related to pavement concrete because this Specification does not deal with
pavement work.

114



Chapter 6 Ready-mixed Concrete

6.2 Selection of Plants

(1) Ready-mixed concrete plants shall be selected from JIS-certified plants, and
preferably from plants that have been permitted by the Namakon Quality Control Inspector
Conference to use its certification mark. If other plants need to be selected, a certified
Chief Concrete Engineer or Concrete Engineer or an equally knowledgeable and
experienced engineer shall be permanently posted, and plants shall be selected from those
capable of performing mix design and quality control appropriately.

(2) Matters to be considered for the selection of concrete plants shall include the
transportation time to sites, unloading time, concrete production capacity, number of
transporting vehicles, manufacturing equipment condition of quality control and so on.

[Commentary] (1) Ready-mixed concrete plants vary widely in terms of production facilities,
production technology, quality control, etc. Under the Industrial Standardization Act, therefore, at
the request of ready-mixed concrete plants, state-authorized private-sector certifying organizations
examine the plants in accordance with JIS Q 1001, Conformity Assessment—Conformity
Assessment for Japanese Industrial Standards —General Guidance on a Third-Party Certification
System for Products, and JIS Q 1011, Conformity assessment— Conformity Assessment for
Japanese Industrial Standards—Guidance on a Third-Party Certification System for Ready-Mixed
Concrete Products, and authorize the certified plants to put a JIS mark on their JIS-conforming
products. This plant certification shows that the certified plant meets the equipment, operation,
management and other requirements for the production of JIS-conforming ready-mixed concrete
and ready-mixed concrete produced at the plant conforms to JIS.

The number of JIS-certified plants has reached about 3,800, and the state of quality control
differs considerably even among the certified plants. National Ready-Mixed Concrete Industrial
Association, therefore, upgraded the national uniform quality control audit system administered
jointly by an industry—government—academia organization. Under the new system, regional quality
control audit conferences established in each prefecture conduct on-site audits of plants every year
in accordance with the uniform audit criteria adopted by the Namakon Quality Control Inspector
Conference. The plants that have passed these audits are granted a certificate and are permitted to
use a certification mark after undergoing an deliberation by the National Ready-Mixed Concrete
Industrial Association. The newly introduced system has enhanced transparency and fairness in the
quality control of ready-mixed concrete and has made it possible to supply even more reliable
concrete. According to 2006 survey results, the plants that have been permitted by the Namakon
Quality Control Inspector Conference to use its certification mark accounts for 80% of all
ready-mixed concrete plants.

In view of this situation, this Specification requires, as a general rule, that ready-mixed concrete
plants be selected from JIS-certified plants and recommends that ready-mixed concrete plants be
selected from the plants that have been permitted by the Namakon Quality Control Inspector
Conference to use its certification mark. If other plants need to be selected for reasons related to
plant locations or other reasons, a Chief Concrete Engineer or Concrete Engineer or an equally
knowledgeable and experienced engineer must be permanently posted, and plants that are capable
of performing concrete mix design, quality control, etc., appropriately.

(2) Besides the considerations mentioned in Item (1), the time required for transportation to the
construction site is also an important consideration in selecting plants. In view of changes in the
quality of concrete during transportation, transportation time should be made as short as possible.
Since transportation time varies depending on the traffic conditions of the transportation route,
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weather, etc., it is also necessary to take varying transportation time into account. In the case of
JIS-certified concrete, a plant located within a distance that makes it possible to transport and
unload concrete within the time limit specified in JIS A 5308 must be selected. Even in the case of
concrete that does not conform to JIS A 5308, it is good practice to select a plant in accordance with
that standard. Chapter 6 of this Specification specifies the time limit for completing the placement
of concrete. The constructor must select plants and transportation routes, taking into consideration
the time from unloading to the completion of concrete placement.

In order to perform concrete placement smoothly, it is necessary to supply ready-mixed concrete
at a rate appropriate for the rate of concrete placement. When selecting plants, therefore, such
factors as production capacity and transportation capacity must also be taken into consideration. If
the capacity of a plant is not sufficiently large, it is necessary to purchase ready-mixed concrete
produced at two or more plants. Since the quality of materials, concrete mix proportions, slump, air
content, quality control systems, etc., differ from plant to plant, the constructor must ascertain those
differences and plan and manage vehicle arrangements and concrete placement appropriately.

6.3 Specification of Qualities

(1) When JiS-certified ready-mixed concrete is purchased, the type of ready-mixed
concrete and other necessary specification items shall be specified so that concrete of
the required quality can be obtained.

(a) Type of ready-mixed concrete

The type of ready-mixed concrete shall be specified on the basis of the maximum
size of coarse aggregate, nominal strength, the target slump or target slump flow at the
unloading location and the type of cement in view of the requirements for fresh
concrete such as filling ability, segregation resistance, and changes in quality during
transportation and during the process from unloading to placement.

(b) Specification items

The type of cement, the type of aggregate, the maximum size of coarse aggregate
and the method of alkali-silica reaction control shall be specified through consultation
with the producer. Details such as the age for nominal strength guarantee, the upper
limits of the water/cementitious material ratio and the water content, the upper or lower
limit of the cement content, and the air content shall be specified through consultation
with the producer on an as-needed basis in view of such factors as the specified
strength age, durability and cracking resistance.

(2) When non-JiIS-certified ready-mixed concrete is ordered, details such as nominal
strength, the target slump or target slump flow at the unloading location, and the
maximum size of coarse aggregate shall be specified as set forth in Item (1) so that
concrete of the required quality can be obtained.

[Commentary] The types of ready-mixed concrete specified in JIS A 5308 are determined by
a combination of the specification items shown in Table C6.3.1, namely, the type of concrete, the
maximum size of coarse aggregate, the target slump or target slump flow at the unloading location,
and nominal strength. The type of ready-mixed concrete, therefore, must be selected from their
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combinations so that concrete of the quality specified in this Specification can be obtained. In this
Specification, the lightweight concrete and high-strength concrete shown in Table C6.3.1 are dealt
with in Chapter 3, Lightweight Aggregate Concrete, and Chapter 6, High-Strength Concrete, of the
part regarding special concretes. It should be kept in mind that for high-strength concrete, for
example, specified strengths ranging from 60 N/mm2 to 100 N/mm?2 are considered, and the
specifications regarding slump, slump flow, air content, etc., do not necessarily the same as the JIS
specifications.

Table C6.3.1 Types of ready-mixed concrete specified in JIS A 5308 (normal concrete,
lightweight concrete, high-strength concrete)

Maximum size of | Slump or Nominal Strength

Types of concrete | coarse aggregate  slump flow
(mm) (cm) 18 212427 |30|33|36|40 42|45 50|55/ 60
8,10, 12 ojlojlo|jlo|lo|lo|]o|]o|OoO|O| - |-]-

. 20,25 15,18
Ordinary
concrete 21 -lolo|lo|lolo|lo|o|lo|o| -] -] -
40 > 8, 11 g’ 12, O|lo|OoO|O|O | - | -] = |=-|=-|-=-1|"7/|"-
Lightweight 8,10, 12,

concrete 15 15, 18,21 O I e R i E e A R
High-strength 005 10,1518 | -} - | - | - | - |- - -]-]-]0-/-
concrete ’ 50, 60 -l - - -] -]-]-]-1-]-]lo]o]lo

The specification specifies standard values of the minimum slump for placement in Section
4.4.2. The target slump at the unloading location needs to be selected in view of changes in and the
tolerance for slump expected to occur until concrete is placed. The JIS specifications refer to
concrete with a slump of 21 cm and slump flows of 50 cm and 60 cm as shown in Table C6.3.1, but
the Materials and Construction: Construction Standards of this Specification does not assume the
use of those kinds of concrete. The quality of those concretes must be determined in accordance
with the Materials and Construction: Standard Specification before their uses.

Strength requirements are often indicated in terms of "specified strength." "Nominal strength,"
which is a term used for distinction from the "specified strength" used in this Specification, is a
dimensionless number indicating the strength guaranteed under the conditions indicated in Section
4, Quality, of JIS A 5308.

In the Materials and Construction: Construction Standard the target strength for mix proportions
is determined so as to satisfy the condition that the probability that the test value set forth in Section
4.4.3 becomes 5% or less. On the other hand in the JIS A5308 the target strength is determined so as
to satisfy the percent defective under the quality requirements that is 0.0013% (about 1/741).
Therefore, the target strength that is determined by the JIS A5308 is larger than that by this standard
as shown in Fig. C6.3.1. In this way by regarding the specified strength of concrete as nominal
strength, the probability that the strength of ready-mixed concrete becomes lower than the specified
strength can be made to remain at or below the probability specified in Section 4.5 (2) of this
Specification.
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Fig. C6.3.1 Comparison of overdesign factors

JIS A 5308 allows items a) to d) and, on an as-needed basis, items ¢) to q) to specified through
consultation with producers. It is required, however, that items a) to h) be specified within the
ranges stipulated in JIS A 5308. Even if specifying types is not enough, concrete of the required
quality can be obtained by specifying necessary items among these items.

a) Type of cement

b) Type of aggregate

¢) Maximum size of coarse aggregate

d) Alkali-silica reaction control method

e) Classification of aggregate by alkali—silica reactivity

f) Classification of water

g) Type and quantity of mineral admixture

h) Upper limit of chloride content (if different from standard upper limit)
1) Age at which nominal strength is guaranteed

J) Air content (if different from standard air content)

k) Unit mass of concrete (in the case of lightweight concrete)
1) Highest or lowest temperature of concrete

m) Upper limit of water/cementitious material ratio
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n) Upper limit of water content
o) Lower limit or upper limit of cement content

p) Amount of increase in slump from that of ready-mixed concrete before fluidization (in the
case of superplasticized concrete)

q) Other necessary items

Since the specified strength of concrete is usually indicated in terms of 28-day strength, nominal
strength used in JIS A 5308 is also based on measured values at the age of 28 days. In the case,
however, of concrete that requires high initial strength and is made by using high-early-strength
cement such as prestressed concrete or in the case of mass concrete made by using low-heat cement,
etc., it may be necessary to use an age other than 28 days as the reference age for the specified
strength of concrete and secure the required strength at that age. In such cases, the reference age for
the specified strength must be specified as the age at which nominal strength is guaranteed.

In cases where the upper limit of the water/cementitious material ratio needs to be controlled in
order to secure the durability, watertightness, chemical resistance, etc., of concrete, the limit value
must be specified.

Standard air contents in this Specification are 4 to 7% depending on the maximum size of coarse
aggregate. In JIS A 5308, standard values are 4.5% for normal concrete and high-strength concrete,
and 5.0% for lightweight concrete. If the air content is to be made higher than the JIS value in order
to enhance freeze—thaw resistance, the value must be specified. In Section 6.4.3 of the Materials and
Construction: Special Concretes of this Specification, the air content of high-strength concrete is
specified for the freeze—thaw resistance.

As stipulated in Section 4.5.2, the cement content is usually determined from the
water/cementitious material ratio and the water content. In cases, however, where the cement
content needs to be reduced for the purpose of thermal cracking control or where the type of cement
or concrete temperature requires special consideration, it is necessary to specify the upper limit of
the cement content, the type of cement or concrete temperature through consultation with the
producer. If placeability determines the lower limit of the cement content in Chapter 4, Mix Design,
the cement content must be specified through consultation with the producer.

In order to prevent alkali-silica reaction of aggregate, it is necessary to take any of the
alkali—silica reaction control measures (listed below) stipulated in Appendix 2 of JIS A 5308. The
alkali—silica reaction control method must be specified through consultation with the producer.

a) Measures to control the total alkali content of concrete

b) Control measures using blended cement or other materials that are effective in controlling
alkali—silica reaction

c¢) Control measures using aggregate that is deemed safe

6.4 Receiving

(1) For smooth placement of concrete, consultation shall be held with the producer,
and details such as the delivery date, the type and quantity of ready-mixed concrete,
unloading location and the rate of delivery shall be determined.
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(2) Planning and management shall be performed so that transportation vehicles do
not stay long at the construction site.

(3) Good communication with the producer shall be maintained even during the
placement of concrete so that the placement work is not interrupted.

(4) Unloading shall be done at a location where the transportation vehicle can safely
and smoothly enter and exit and unloading work can be performed easily.

(5) Unloading shall be done by a method that minimizes the segregation of concrete
materials.

(6) Receiving inspections of ready-mixed concrete shall be conducted in accordance
with Chapter 5 of Materials and Construction: Inspection Standards of these
Specifications.

[Commentary] (1), (2), (3) and (4) In many cases, ready-mixed concrete plants are
considerably distant from construction sites. In order to carry out the placement of concrete as
planned, it is very important to discuss arrangements in detail with the producer, taking into
consideration such factors as the production capacity of the ready-mixed concrete plant,
transportation capacity, transportation time, receiving facilities, placing rate, waiting time, and their
possible changes.

With respect to transportation time, JIS A 5308 requires that transportation be carried out so that
unloading can be done within 1.5 hours after mixing is started. This Specification (Chapter 6),
however, requires as a standard method that the process from mixing to concrete placement be
completed within 2 hours when outdoor air temperature is 25°C or lower and 1.5 hours when it is
higher than 25°C. In view of unpredictable circumstances such as traffic regulation, traffic
congestion and emergencies on the transportation routes, it will be difficult to complete concrete
construction within those spaces of time when outdoor air temperature is high unless effort is made
to complete transportation to the construction site in one hour. It is important for the constructor to
select a plant with a short transportation time, keep an eye on time-dependent changes in concrete,
draw up a plan so as not to keep truck agitators that have arrived at the job site waiting long, and
perform time management by keeping in close contact with the producer.

It is important to take measures in advance such as organizing the construction site, securing
access roads for transportation vehicles and deploying traffic control personnel to guide
transportation vehicles to the unloading location appropriately so that transportation vehicles can
safely and smoothly arrive at and leave the concrete unloading location and perform unloading
tasks easily.

If concrete is to be plasticized on-site by using a truck agitator, it is necessary to discuss the
procedure in detail with the producer and the person in charge of plasticization in due consideration
of the transportation capacity in the case where the load capacity of the agitator is reduced in view
of its agitating performance, transportation time of base concrete, receiving facilities, the rate of
placement, etc. (Refer to Section 5.5)

(5) Transportation vehicles used must be ones that minimize the segregation of concrete during
unloading. In the case of ready-mixed concrete as per JIS A 5308, problems seldom arise because
truck agitators that have passed a performance test are used. Ready-mixed concrete that is found to
have undergone segregation, even if slightly, at the initial stage of discharge from a truck agitator

120



Chapter 6 Ready-mixed Concrete

should be agitated for a short period of time at a high speed in the agitator before unloading. In the
case of high-viscosity concrete, however, high-speed agitation may cause air entrainment. In such
cases, preventive measures such as reducing the rotation speed need to be taken.
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CHAPTER 7 TRANSPORTATION, PLACEMENT,
COMPACTION AND FINISHING

7.1 General

(1) Transportation, placement and finishing tasks shall be determined so as to satisfy
the required quality of concrete structures by specifying each methods in details.

(2) Transportation, placement, compaction and finishing shall be performed by
methods that make it possible to obtain the required quality of concrete.

[Commentary] (1) The construction plan drawn up prior to the commencement of construction
work outlines each construction task to be carried out with reference to similar types of construction
work carried out in the past. In the course of construction work, the content of construction work
may deviate from the construction plan, or methods better than the planned methods may be found.
Before starting the transportation, placement and finishing tasks, therefore, it is necessary to discuss
details with the people who will be engaged in those tasks to find better methods.

It is also important to double-check the content of not only the construction plan but also the
design drawings and specifications. For example, it is of course necessary to install formwork and
perform reinforcement and joint construction just as designed. It is also necessary, however, to
double-check whether there are any areas where the placement or compaction of concrete is
difficult to carry out by comparing the design drawings and specifications with the actual state of
concrete construction. If such preconstruction studies and preparatory measures are inadequate, the
possibility of occurrence of defects during or after construction increases. Changes from the initial
construction plan may affect the overall construction schedule, cause structural design problems
that cannot be predicted by the constructor, or affect the contracts or other arrangements with the
local community such as traffic regulation, noise and vibration control, environmental measures, etc.
Both the owner and the designer, therefore, must participate in discussions and take appropriate
measures.

Major considerations are summarized as follows:
(a) Concreting schedule

The schedule for concreting work should be determined taking into account various factors such
as the type and shape of the structure to be constructed, the relationship with other construction
tasks in the overall construction schedule, the total quantity of concrete, the method of obtaining
concrete, the quantity of concrete that can be obtained at a time, the difficulty level of construction,
the influence on previously placed concrete, season and weather.

(b) Equipment and personnel deployment for transportation, placement and finishing

The type, model, capacity and number of equipment necessary for transportation, placement and
other tasks and personnel deployment should be determined in view of such factors as the
conditions at the construction site, the type and shape of the structure, transportation distance,
concreting block size, the quantity of concrete to be placed, the order of placing, the rate of placing,
availability of concrete, compaction capacity, materials used and mix proportions. It is necessary to
select a concrete transportation method that makes it possible to transport concrete speedily and
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economically while minimizing changes in workability and other properties due to the segregation
of concrete, changes in air content, decreases in slump, etc.

On-site pumping of concrete greatly affects not only the quality of hardened concrete but also
pumpability and causes the rate of placing higher than in other methods. It is therefore important to
draw up a well-balanced plan for a series of construction tasks. On-site pumping, therefore, requires
prior studies on details such as concrete mix proportions, the type and number of concrete pumps,
pump locations, piping, and pumping conditions.

Surface finishing of newly placed concrete needs to be planned so that it can be carried out at an
appropriate time, judging from various factors such as outdoor air temperature, humidity, solar
radiation and other construction environment conditions, the amount of bleeding of concrete, setting
time, the length of time after the placement of concrete in each concreting block. If concreting
blocks are large, work efficiency can be improved by using finishing equipment. Care should be
taken, however, because surface finishing adjustments may be more difficult to make in machine
finishing than in manual finishing.

(c) Transportation route

Transportation routes should be determined so that concrete can be transported easily, speedily
and smoothly and transportation time and transportation distance can be minimized.

(d) Concreting blocks, joint locations and construction joint treatment methods

Concreting blocks should be determined according to the volume of concrete that can be placed
in one day with reasonable effort after studying conditions such as concrete supply capacity,
construction schedule, the shape of the structure, placing capacity, allowable placement interval,
formwork and construction joints. Consideration should also be given to cracking due to heat
generated by the hydration of cement, autogenous shrinkage and drying shrinkage. If construction
joints that are not indicated on the design drawings are to be provided, the location of construction
joints and joint treatment methods need to be determined after carefully considering such factors as
the structural performance of the structure, durability and reinforcing patterns. Thus, it is important
to determine concreting blocks, construction joint locations and joint treatment methods in view of
the structural performance requirements, durability and cracking instead of solely on the basis of the
placeability of concrete.

(e) Order and rate of concrete placement

The order and rate of placement in each concreting block must be determined in view of the
shape of the structure, the state of supply of concrete, placing capacity, allowable placement interval,
the organizational system for concrete placement, formwork and falsework deformation, etc.
Common practice when placing concrete in a large concreting block is to begin at the end far from
the source of concrete supply and end at the near end.

In the cases of certain types of structures such as continuous girders and arches, the placement
of concrete may have adverse effects on previously placed concrete or change the dimensions of the
completed structure because of formwork or falsework deformation. The order and rate of
placement, therefore, must be determined taking those possibilities into consideration. There were
projects in which falsework collapsed because of careless placement of concrete. The order of
placement needs to be determined so that loads on falsework can be distributed as evenly as
possible.

(2) The quality of fresh concrete is easily affected by not only time as mentioned in Item (1) but
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also the transportation method. In general, the use of truck agitators is effective in maintaining
slump and preventing segregation when transporting concrete from the plant to the construction site.
In some cases such as when the volume of concrete being transported is small or when the concrete
is exposed to sunlight during transportation, the amount of decrease in slump may be large.
Methods of on-site transportation include the concrete pump, bucket and chute methods. When a
concrete pump is used, it is necessary to take into account slump and powder content settings
allowing for pumpability and decreases in slump during pumping as mentioned in Chapter 4, Mix
Design. In transportation by use of buckets, which do not have an agitating function, there may be
cases where changes in slump over time are larger than the changes assumed in Item (1) or
vibration causes segregation. It is therefore necessary to select a transportation method so that the
required quality of concrete can be attained.

Even in cases where mix proportions are appropriate, if the method of transportation, placement,
compaction or finishing is not appropriate, the segregation of concrete may result during any of
those tasks. During transportation, placement, compaction and finishing, concrete needs to be
protected from sunlight and weather. It is also important to consider the order of placement in order
to prevent cold joints by placing concrete within the allowable placement interval.

7.2 Time from Mixing to Finishing the Placement

As a standard, the time from the completion of mixing to the completion of placement
should be 2 hours or less or 1.5 hours or less when outdoor air temperature is 25°C or
lower or higher than 25°C, respectively.(

[Commentary] Since the quality of fresh concrete changes over time after completion of mixing, it
is desirable that transportation, placement and compaction be completed as soon as possible. In
concreting work, however, it is often not possible to complete the placement of concrete in a short
time after it is mixed because of transportation-related constraints concerning available plants,
available transportation routes, the location of the structure, etc., and placement- and
compaction-related constraints concerning the shape of the structure, reinforcement patterns,
available personnel and equipment, etc. It is therefore important to perform planning and
management, taking those constraints into consideration, so that various tasks can be smoothly
carried out within scheduled time frames and to check in advance on changes in the quality of fresh
concrete over time. Because the limit of time within which the placement of concrete can be
completed after completion of mixing varies depending on conditions such as concrete mix
proportions, materials used, temperature, humidity and transportation methods, good practice is to
set a limit suitable for each concreting work in view of these conditions. In general, the time limit is
about 2 hours at or below 25°C and 1.5 hours when outdoor air temperature is higher than 25°C.
These time limits, therefore, are specified in this Specification.

If the minimum slump for placement cannot be achieved by the time the placement of concrete
is completed, it is necessary to take measures such as considering the use of a construction method
for completing the task in a shorter time than the specified standard time, modifying the mix
proportion so as to reduce changes in slump over time or increasing the slump upon completion of
mixing. An effective method for reducing changes in slump over time is to use a chemical
admixture that excels in slump retention such as an air-entraining high-range water-reducing agent.
If slump upon completion of mixing is to be increased, it is advisable to consider a switch to a
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chemical admixture that functions as an effective water reducer such as an air-entraining high-range
water-reducing agent because the water content tends to increase if slump upon completion of
mixing is increased. When taking these measures, it is necessary to conduct studies on those
measures well in advance to verify their effectiveness.

7.3 Transportation
7.3.1 Transportation to the construction site

(1) In cases where ready-mixed concrete is used, the provisions of JIS A 5308
regarding transportation shall be followed.

(2) In cases other than those mentioned in Item (1), it shall be ascertained that the
transportation method used permits easy unloading, causes little segregation during
transportation and minimizes changes in slump, air content, etc.

[Commentary] (1) JIS A 5308, Ready-Mixed Concrete, specifies the performance of
transportation vehicles and requires that as a general rule, the process from mixing to unloading be
completed within 1.5 hours. Since, however, this Specification requires that when outdoor air
temperature is higher than 25°C, after completion of mixing, the placement of concrete, as a general
rule, be completed within 1.5 hours, it is recommended that the transportation from the plant to the
construction site be completed in about one hour.

(2) If the transportation distance is long or the slump of concrete is large, truck mixers with an
agitation function or truck agitators must be used for transportation. In cases where concrete with a
slump of 5 cm or less is transported over a distance of 10 km or less or such concrete can be
transported within one hour, the method of using dump trucks or dumpers or buckets loaded on
automobiles may be used after ascertaining that segregation does not occur and changes in slump,
air content, etc., are small. In cases where there is no empirical knowledge about combinations of
concrete quality and transportation methods, it is necessary to conduct tests under realistic
conditions to determine the influence on changes in the quality of concrete.

7.3.2 On-site transportation
7.3.2.1 Concrete pump

(1) Prior to the pumping of concrete, details such as the type of concrete pump, pipe
diameter, piping route and discharge rate shall be determined, taking the pumpability of
concrete into consideration, so that concrete of the required quality can be obtained.

(2) Pipe diameters shall be selected in view of the type and quality of concrete, the
maximum size of coarse aggregate, pumping conditions, ease of pumping, safety, etc., so
that pumping capacity is sufficiently large. It is desirable that concrete pump locations
and piping routes should be determined so that the piping distance and the number of
bends are minimized.

(3) The type and number of concrete pumps shall be determined in view of pumping
load, discharge rate, the rate of placement and the environmental conditions at the job
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site.

(4) If difficulty in pumping is expected, test pumping shall be conducted in advance to
check on the pumpability and quality of concrete.

(5) It is recommended that prior to the pumping of concrete, mortar with a mix
proportion equivalent to that of the mortar in the concrete should be pumped so that
mortar sticks to the inside surfaces of the concrete hopper and piping. As a general rule,
however, the mortar should not be pumped into the formwork.

(6) Pumping shall be planned and controlled so that pumping can be carried out as
continuously as possible. When pumping needs to be interrupted for a long period of
time, appropriate measures shall be taken so that the pumpability and quality of concrete
are not lost after pumping is resumed.

[Commentary] (1) Concrete to be pumped must have pumpability suitable for pumping. This
Specification, therefore, provides for mix requirements such as the powder content in Chapter 4,
Mix Design, and requires that slumps be determined taking into account changes over time and
decreases due to pumping. Prior to the pumping of concrete, the type, locations and number of
concrete pumps, piping routes, the diameter and type of pipe, discharge rates, etc., must be
determined appropriately so that the assumed conditions are met.

It is also important that not only the slump but also the air content, unit mass, temperature, etc.,
of pumped concrete be within the required ranges. If changes in the quality of pumped concrete fall
outside the expected ranges, it is necessary to reconsider the concrete mix proportion, slump,
pumping methods, etc., and take appropriate measures.

For matters not described in this section, the Recommendations for Placement of Concrete by
Pumping should be consulted.

(2) Piping diameters should be determined after considering the maximum size of coarse
aggregate, the amount of pumping load, etc. As the pipe diameter increases, the pumping load
decreases. The use of large-diameter pipes, therefore, is desirable, but it is recommended that pipe
diameters be determined in view of the fact that large-diameter pipes lower the efficiency of work
associated with the handling of pipes.

In concrete pumping, pipes with a nominal diameter of 100A (4B) or 125A (5B) are used in
many cases. In large-scale construction, 150A (6B) pipes may be used. In general, pipes with a
nominal diameter of 100A (4B) can be used in cases where the maximum size of coarse aggregate is
25 mm or less and the piping distance is relatively short. The "nominal diameter"” here refers to the
inside diameter of pipe expressed in millimeters and inches. For example, "100A (4B)" means an
inside diameter of about 100 mm, or about 4 inches.

In order to reduce the overall pumping load and prevent the clogging of piping, it is desirable
that concrete pump locations and piping routes be determined so that the piping distance and the
number of bends in piping are minimized. The pipe sections near bent or tapered pipe sections are
particularly subject to flow velocity fluctuations, pressure loss and clogging. Good practice,
therefore, is use bent pipes with a large radius of curvature and gently tapered pipes.

In order to perform stable pumping, it is necessary to inspect the pipes for deposits on their
inside surfaces, wear, etc., and consider vehicle allocation methods for smoothly supplying concrete
from the transportation vehicles to the concrete pumps and methods for facilitating tasks such as
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assembling the pipes for pumping, washing the inside surfaces of the pipes after pumping and
moving and removing the pipes. Appropriate piping routes, pipe support methods, working
platforms, etc., need to be selected so that the formwork, reinforcement and previously placed
concrete are not adversely affected by the vibration and loads from the pipes during pumping
operations.

(3) Selection of the type of concrete pump is the most important item for carrying on placement
of concrete with pump smoothly. The maximum pumping load on the concrete pump (Pmax) can be
established on a basis of the result in the similar type of construction site or the one from the
preliminary pumping test. However, in general, Pnax IS calculated by using a following equation,
then the type of concrete pump is selected in a manner that the calculated maximum pumping load
is no more than 80 % of the pump capacity. If some restraints may exist in a size of the setting yard,
the size and dimension are also decisive conditions for selecting the pump type.

Pmax = (L0ss in pressure per 1m length of horizontal pipe) x (Equivalent horizontal pumping distance)

Pressure loss per 1meter length of the horizontal pipe can be decided by using data of the type
and quality of cement, rate of pumping, diameter of the pipe, and the loss is larger with the smaller
value of slump, the smaller value of transportation pipes and the larger rate of pumping. Fig. C 7.3.1
shows the standard values of the loss in pressure in the case of concrete using 20~25mm of
maximum size of coarse aggregates. When using the coarse aggregates having 40 mm of maximum
size, the values should be increased 10% from the values shown in this figure. Here, as for the
equivalent horizontal pipe length for each type of pipe, which is for calculating the equivalent
horizontal pipe distance, the values shown in Table C7.3.1 can be used.
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Fig. C7.3.1 Standard values of the loss in pressure

(maximum size of coarse aggregate: 20 to 25 mm, cement content: about 300 kg/m3,
air-entraining water-reducing agent used)
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Table C7.3.1 Equivalent horizontal pipe length

ltem Unit Nominal (_jiameter Equivalent h(irizontal pipe
of pipe length® (m)
100A(4B) 3
Vertical pipe 1 meter 125A(5B) 4
150A(6B) 5
175A(4B)->150A
Tapered pipe* * 1 piece 150A(5B)->125A 3
125A(6B)->100A
. . 90°r=05m
Bent pipe 1 piece r—10m 6
Flexible hose 5~8 m/one piece 20

*  The value for the pumping of the normal concrete
** The value for Tapered pipe with 1m of the length as the standard, and established on the
basis of the diameter of the smaller pipe

The volumetric efficiency of a pump varies depending on concrete mix proportions, the
properties of fresh concrete, etc., and the actual discharge rate is smaller than the theoretical
discharge rate. Since the rate of placement in the construction plan is the average rate of placement
work including such tasks as moving the pipe end and compacting the concrete, the actual discharge
rate is higher than the rate of placement. The discharge rate assumed for calculation purposes,
therefore, must be a value reflecting the volumetric efficiency of the pump and work efficiency, and
it is necessary to draw up a plan so that pumping can be performed smoothly even at that discharge
rate. The number of concrete pumps is determined in view of the rate of pumping, the discharge rate
for the type of pump to be used, the size of concreting blocks, the volume of concrete to be placed,
the order of placement, the rate of placement, the state of supply of concrete, compaction capacity,
the number of placing locations, etc. For concreting work that requires continuous placement of
concrete, it is good practice to prepare backup concrete pumps.

(4) If difficulty is expected in the pumping of concrete, it is necessary to check the functioning
of concrete pumps, pumping loads, the condition of discharged concrete, etc., by taking appropriate
measures in advance such as conducting test pumping under realistic piping conditions.

Pressure losses in pipes and changes in the quality of concrete due to pumping are largely
unknown because they vary depending on the type of concrete used, construction conditions and
environmental conditions. The types of concrete and the construction and environmental conditions
that require careful consideration in connection with pumping include the following:

(2) Pumping of lean concrete with a cement content of less than about 270 kg/m® or rich
concrete with a cement content of more than about 350 kg/m?

(b) Pumping of concrete with a pre-pumping slump of less than 8 cm
(c) Pumping of concrete containing plasticizer or air-entraining high-range water-reducing agent

(d) Pumping of concrete in a construction environment described in Chapter 12, Cold-weather
Concrete, or Chapter 13, Hot-weather Concrete
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(e) Pumping from a higher point to a lower point or over a long distance

() Pumping or lightweight aggregate concrete, high-strength concrete, high-fluidity concrete,
fiber-reinforced concrete, antiwashout underwater concrete or shotcrete for tunnel
construction mentioned in the Construction: Special Concretes of this Specification

If difficulty in the pumping of concrete is expected, it is desirable that test pumping be
conducted under realistic piping conditions in advance to check on how concrete pump operation,
pumping loads, the condition of discharged concrete, etc. If test pumping under realistic conditions
is not possible because of constraints associated, for example, with cost, time or site conditions,
pumpability may be evaluated on the basis of available pumping data obtained under similar
conditions or by conducting test pumping under short piping conditions. Simple methods for
evaluating the pumpability of fresh concrete in advance include JSCE-F 502, Method of Test of
Bleeding under Pressure.

(5) Prior to the pumping of concrete, measures to prevent interruption due to clogging, such as
pumping mortar in advance, for the purpose of lubricating the inside surfaces of concrete pumps
and pipes. Although the quantity of mortar pumped in advance is small, the mortar, as a general rule,
must not be pumped into the formwork.

(6) Concrete leaving inside of pipe during an interruption of pumping may causes blocking due
to the decrease of pumpability because of segregation and loss of workability. Also, quality of the
concrete may be adversely affected. Therefore, concrete sent to hopper of concrete pump should be
pumped continuously, and placed and compacted rapidly. In cases when an interruption cannot be
avoided because of segregation and loss of workability. Also, quality of the concrete may be
adversely affected. Therefore, concrete conveyed to hopper of concrete pump should be pumped
continuously, and placed and compacted rapidly. In cases when an interruption is not avoidable
because of movement of pipes, shift of workers, a rainfall, or any other unexpected situations, a
resuming time should be informed to the persons concerned. In the case of interruption over a long
period, interval operations shall be done to prevent blocking. If possibility of occurring blocking is
high due to the interruption of pumping for a long time, all of the concrete in the pipes shall be
discharged.

7.3.2.2 Buckets

Buckets shall be fabricated so that segregation is minimized when concrete is poured
in and discharged, concrete can be easily discharged, and, when closed, concrete and
mortar do not leak.

[Commentary] The method of receiving concrete discharged from a mixer with an appropriately
structured bucket and immediately transporting the bucket to the placing location is convenient
because concrete can be transported to the placing location by moving it in the vertical and
horizontal directions easily.

For the bucket method of placement, as shown in Table 4.4.6, slump correction values under
different construction conditions are not specified as for the concrete pump method. Bucket
transportation, however, is often more time-consuming than concrete pumping. The method of
moving a bucket with a crane is one of the transportation methods that are effective in reducing the
segregation of concrete. If concrete is left in a bucket, which does not have an agitating function, for
a long time, the possibility of segregation and the occurrence of changes in workability increases.
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When using the bucket method of transportation, therefore, it is necessary to draw up a plan and
perform quality control in view of the rate of placement in the bucket method and changes in the
quality of concrete. A bucket used in this method should have an outlet at the center of the bottom
because an outlet located off-center tends to cause segregation when the concrete is discharged.

7.3.2.3 Chutes
(1) As a general rule, a vertical chute should be used if the chute method is used.

(2) When an inclined chute has to be used, as a general rule, the slope of the chute
shall be steep enough to prevent the segregation of concrete and should not be gentler
than 1 vertical to 2 horizontal.

(3) The structure and method of use of a chute shall be conducive to the prevention of
the segregation of concrete.

[Commentary] (1) and (2) Concrete transported in an inclined chute is prone to segregation. The
tendency to use large-slump concrete with the aim of facilitating concrete flow may aggravates
segregation. It is required as a standard practice, therefore, that when a chute is used, a vertical one
should be used. Depending on construction conditions, however, there may be cases where an
inclined chute needs to be used. In such cases, the slope of the chute must be steep enough to
prevent the segregation of concrete, and must not be gentler than 1 vertical to 2 horizontal. If
concrete does not flow down the chute smoothly, it may be necessary to change the inclination of
chute or modify the concrete mix proportions. It is desirable, therefore that the condition of concrete
flow be observed in advance by using the planned chute and concrete.

(3) Chutes must be structured to minimize the segregation of concrete. Vertical chutes include
ones that has a funnel tube and ones made by using flexible tubes. Vertical chute joints must be
sufficiently strong so that they do not come off because of the impact of falling concrete. Inclined
chutes include iron chutes, chutes with sheet iron linings, chutes consisting of iron pipes and
flexible tubes, and lightweight FRP chutes. When using an inclined chute, it is necessary to provide
the outlet with a funnel tube and baffle plates to reduce segregation.

It is good practice, when using a chute, to wash it with water before and after it is used and let
mortar flow down the chute before using it. Care should be taken, however, so as not to let the
water or mortar that has flowed down the chute flow into the concrete or the formwork.

The lower end of the funnel tube needs to be kept as close to the concrete placement surface as
possible. Because pouring too much concrete at one location would necessitate moving concrete
laterally and cause segregation, it is necessary to carefully consider details such as the spacing of
concrete inlets and the order of pouring. If concrete transported in an inclined chute is found to have
segregated, it is necessary to receive the concrete at the outlet and remix the concrete before using
it.

7.3.2.4 Other transportation equipment

(1) If a pneumatic concrete placer is used, careful studies shall be conducted to decide
on which concrete placer to use and the method of use because the transportation
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distance varies depending on the model and type of concrete placer.

(2) If a belt conveyor is used, appropriate measures shall be taken for protection from
sunlight and weather, and, in order to prevent the segregation of concrete, baffle plates
and a funnel tube shall be provided at the discharge end of the conveyor.

(3) When wheelbarrows, tramcars, etc. is used, the transportation distance shall not be
longer than 50 to 100 m, if a flat haul way can be provided and if the segregation of
concrete can be prevented.

[Commentary] (1) Like a concrete pump, a pneumatic concrete placer, which pumps concrete in
the conveyance pipe by compressed air, is useful in delivering concrete to a constricted space such
as a tunnel. The distance over which concrete can be transported with a pneumatic concrete placer
varies with air pressure, air consumption, etc. The model, type and other details of a pneumatic
concrete placer to be used, therefore, need to be selected after careful study.

The number of bends in conveyance piping should be minimized. Only horizontal or upward
sloping piping must be used, and downward sloping piping must not be used. In a downward
sloping pipe, concrete moves under its own weight and the state of flow in which the pipe is filled
with concrete is destroyed so that pumping becomes difficult and a blowout of compressed air may
result.

If the segregation of concrete occurs when concrete is discharged from the pipe, it is good
practice to take such measures as mitigating the impact at the time of discharge and letting the
discharged concrete hit a straw mat, hemp cloth or other similar material suspended in front of the
outlet of the conveyance pipe. Using highly viscous concrete, that is, concrete with a high sand
percentage and a relatively high mortar content may be effective in reducing segregation.

(2) A belt conveyor is convenient for the continuous conveyance of concrete. In the arrangement
of conveyors, not only the difference in each conveyor level should be as small as possible, but also
the conveyors should keep their slope within a certain level in which any segregation does not occur
in concrete. The longer the conveyance distance, the longer the concrete is exposed to air, causing
drying, or changing of its slump. Therefore, steps must be taken to top the belt conveyor with a
cover. A device shall be installed at the end of the conveyor to prevent the deposition of mortar on
the return belt. Provision of baffle plates and a funnel tube is effective to prevent the segregation of
concrete. If the concrete is deposited in a set position by the belt conveyor, it must be shifted
laterally within the forms resulting in a larger segregation, therefore, the end of the belt conveyor
shall be able to be moved.

7.4 Placement
7.4.1 Preparation

(1) Prior to the placement of concrete, it shall be ascertained that the reinforcing steel,
formwork and others have been placed in accordance with the construction plan.

(2) Just before the placement of concrete is started, the insides of the transportation
equipment, placing equipment and formwork shall be cleaned, and the intrusion of wood
fragments or other foreign matter shall be prevented. Any thing that may absorb water
when in contact with concrete shall be wetted in advance.
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(3) Water remained in the formwork shall be removed prior to the placement of
concrete. Appropriate measures shall be taken so that water flows into the formwork to
wash newly placed concrete.

[Commentary] (1) Besides the checks to be made prior to the placement of concrete, it is
necessary to ascertain that neither the reinforcing steel nor the formwork is likely to be moved by
the concrete placement work, the pressure from the concrete being placed, etc. (see Chapter 10,
Reinforcement, and Chapter 11, Formwork and Falsework).

(2) If transportation equipment is dry, concrete may stick to the equipment so that transportation
becomes difficult to carry out. If the moisture in newly placed concrete is absorbed by the
formwork, it is often not possible to obtain a good surface finish after the formwork is removed. It
is therefore necessary to moisten the potentially water-absorbent regions in advance. Care must be
taken, however, not to be excessive in wetting so that pools of water form.

(3) If concrete is poured into the formwork where there is a pool of water due to rain,
groundwater inflow, curing water, bleeding water from previously placed concrete, etc., the quality
or integrity of concrete may be lost. Such water, therefore, needs to be removed before the
placement of concrete. If rainwater or groundwater enters the formwork, the concrete surface may
be washed. It is therefore necessary to take rainproofing or waterproofing measures in advance.

7.4.2 Placement

(1) Concrete shall be placed carefully so that neither the reinforcing bars nor the
formwork move out of position.

(2) Placed concrete shall not be moved laterally in the formwork.

(3) If severe segregation is identified during the placement of concrete, the placement
shall be stopped, and a method for reducing segregation shall be determined and
implemented.

(4) Except at planned construction joints, the placement of concrete shall be carried
out continuously until the placement is completed.

(5) As a general rule, concrete should be placed so that the surface of the newly placed
concrete becomes nearly horizontal. The standard lift height for concrete placement shall
not be greater than 0.4 to 0.5 m in view of the performance of the internal vibrators used.

(6) If concrete is placed in two or more layers, placement shall be carried out so that an
overlying layer becomes integral with an underlying layer. The area of each concreting
zone, concrete supply capacity, allowable placement interval, etc., shall be determined so
that cold joints do not result. The term "allowable placement interval” is the time after
completion of the placement and compaction of the underlying layer of concrete until the
overlying layer of concrete is placed after a period of standing time. Standard allowable
placement intervals are shown in Table 7.4.1. When a new layer of concrete is placed on a
previously placed layer, vibrators shall be inserted into the underlying layer, too, for
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compaction in accordance with Section 7.5 (4)..

Table 7.4.1 Standard for the allowable time lag between two placing lifts

Temperature in the environment Allowable time lag between two placing lifts
Over 25°C 2.0 hours
25°C or less 2.5 hours

(7) When placing concrete into high formwork, the inlet shall be positioned in the
formwork, or the discharge location of the vertical chute or pipe shall be lowered close to
the surface. In such cases, the distance of the surface of placing from the outlet of the
chute, pipe, bucket, hopper or other devices, should, in principle, not exceed 1.5m.

(8) In cases when bleeding water appears at the surface during the placement of
concrete, the water shall be removed using appropriate methods, before placing more
concrete.

(9) The standard rate of placement under normal conditions is about 1 to 1.5 m per 30
minutes. It is desirable, however, that adjustments should be made according to the size
of the cross section, concrete mix proportions, compaction methods, etc.

(10) If the concrete of a slab or beam is continuous with the concrete of a wall or
column, it is a standard requirement that the placement of the concrete of the slab or
beam should be started after the settlement of the concrete of the wall or column has
largely ended in order to prevent settlement cracking.

(11) In cases when concrete is to be placed directly onto the ground, a layer of leveling
concrete should be placed beforehand.

[Commentary] (1) As concrete placing may disturb the reinforcement and forms arrangements, it
shall be placed carefully, and it is also desirable that reinforcement workers stand by during placing,
in preparation for reinforcement disturbance by any chance.

(2) If concrete is deposited at the point far away from the intended casting place, it needs to be
moved again to the planned point. As segregation is likely to occur after each handling, it is
important to deposit the concrete at the placement point to avoid segregation.

(3) If severe case of segregation is observed during placement, it is difficult to obtain
homogeneous concrete by remixing. Therefore, the placing of the concrete into the form must be
discontinued and the cause of the segregation studied and corrected for subsequent concrete
placement.

(4) Since construction joints tend to become structural weak spots, it is necessary to draw up a
plan for continuous placement of concrete and control vehicle operation and placement work so that
construction joints are not made except at the planned locations.

(5) To obtain uniform concrete, it is necessary that the concrete be placed as to result in a nearly
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flat surface within the forms and be uniformly compacted by vibration. In case when a lot of
concrete is placed in the large area, it is recommended to limit the concrete placing rate at one point
according to the capacity of compaction by preparing the placing points as many as possible, so that
the surface of concrete in the whole area for placing should keep its flat level. If the number of the
placing points is a few, the placing rate in each point tends to increase, and the works may change to
be rough. Consequently, the possibility not to place the dense concrete becomes high. Therefore, it
is important that the balance between number of the placing points and the placing speed is
controlled properly.

If the height of a layer is about 0.4 to 0.5 m or less, which is smaller than the length of the
vibrating part of an internal vibrator, lateral movement of concrete can be reduced. This is why that
range is specified as a standard ranged in this Specification. If a layer exceeding that range is placed,
it must be ascertained, for example by conducting a test, etc., using a realistic structural model, that
there will be no adverse effect, and an appropriate construction method must be determined.

(6) This clause is given to ensure a consolidated condition between layers when concrete is
placed in separate layers. Cold joints may develop if the upper layer is placed when concrete of the
lower layer has begun to harden. For preventing the cold joint, it is important that the time span
until placing new concrete on consolidated fresh concrete shall be specified and controlled, in
consideration of the effects of type and, quality or performance of concrete, elapsed time between
the start of mixing concrete to the finishing of placing, concrete temperature, compaction method
and so on. Especially, due to rapid setting, the possibility of the occurrence of cold joints in hot
weather concrete is higher than that of normal condition concrete. In case when a lot of concrete is
placed in the large area, the same attention should be paid for taking long time until placing
concrete on previous compacted concrete.

The available time elapsed for placing concrete on previously compacted concrete is different
depending on type of cement, type and dosage of chemical admixture, concrete temperature,
temperature in atmosphere and etc. and etc. for normal concrete. Values given in Table 7.3.1 should
be taken as standard for the time elapsed for placing concrete on previous compacted one. If the
cold joint is highly susceptible to occur, some of countermeasures shall be taken; such as use of a
retarding type of air-entraining and water-reducing admixture, reduction of the height of one lifts
and so on. As the method to establish the available time elapsed for placing concrete on previously
compacted concrete before construction and to judge the possibility of continuation of the placing
under the problem in construction, there are Proctor penetration resistance test and the method
inserting the reinforcing bar or the steel bar for slump test to concrete at the construction site. When
these methods are carried out, Concrete Library ”Cold joint in concrete structures and its’
countermeasures” should be referred to.

(7) When concrete is deposited from high position or discharged from above to build a high wall
and so forth, segregation is often caused due to striking of concrete, forms and reinforcing bars. It is
also possible that concrete deposited on the forms and bars subsequently harden, causing
interference to subsequent jobs or becoming a defect in the structure. In such a case, it is necessary
to provide an opening in the form or to lower the discharging outlet of the vertical chute or to move
the pump pipe closer to the surface of placement. Therefore, to prevent material segregation being
caused by dropping concrete from overhead, the falling distance from the discharge outlet to the
placement surface must be defined.

(8) If water left on the surface of newly placed concrete is not removed, it may wash the surface
in contact with the formwork and cause sand streaking and the formation of a weak layer near the
concrete surface. It is therefore necessary to remove water by appropriate means such as sponges,
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ladles and small submersible pumps.

(9) When concrete is placed continuously to build a high wall or column, it is possible that large
pressure will be applied to the form or adverse effects due to bleeding will arise if the concrete is
placed too quickly, making the upper concrete weak or drastically reducing the bonding strength of
the horizontal reinforcing bars. To avoid this defect, the placing speed must be adjusted. It is
desirable that the speed be changed in accordance with the size of the cross section, concrete mix
proportion, method of compaction and so on, but ordinarily a speed of 2 m to 3 m per an hour is
desirable.

(10) In the case of certain types of concrete cast in the shape of a cantilevered member and
concrete cast as a wall or column continuous with a slab or beam, the degree of settlement of
concrete differs at different parts of the concrete with different cross sections. Consequently, if
concrete is placed at a time, cracking tends to occur in the boundary zones between different cross
sections. This Specification requires, therefore, that the placement of concrete be interrupted at a
location where the cross section changes, and after the settlement of the concrete has largely ended,
the placement of an overlying lying lay of concrete, such as concrete to be cast in the shape of a
cantilever, be started. The time needed for the settlement of concrete varies with the materials used,
temperature, etc., and cannot be indicated specifically, but it is usually 1 to 2 hours.

7.5 Compaction

(1) In principle, internal vibrators should be used for compacting concrete. Form
vibrators may be used for such structures as thin walls where the use of internal vibrators
is difficult.

(2) Scaffold installation and concreting methods shall be determined so that the
compaction height does not exceed the planned value.

(3) Concrete adjacent to the sheathing board shall be properly compacted around the
sheathing board to ensure that the final concrete surface is as flat as possible.

(4) During compaction using vibration, the internal vibrator shall be inserted about
10cm into the lower layer of concrete.

(5) The spacing of interval vibrators and the vibration time at each location shall be
determined so that concrete can be adequately compacted. Internal vibrators shall be
withdrawn gradually so that holes are not left in the concrete.

(6) The time for revibration should be as late as possible to the extent that the
compaction of concrete is possible and there is no adverse effect such as cracking on the
concrete.

[Commentary] (1) Civil engineering structures are built with relatively thick members, often
made of stiff concrete. As a general rule, therefore, this Specification requires the use of internal
vibrators for compaction. Because there are many types of vibrators and performance varies among
different types, it is necessary to use vibrators suitable for the construction work to be carried out.
Internal concrete vibrators are specified in JIS A 8610, Internal Vibrators for Concrete, and concrete
form vibrators are specified in JIS A 8611, External Vibrators for Concrete. When using external
(form) vibrators, it is important, among other things, to select vibrators of an appropriate type,
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firmly secure the vibrators to the formwork and select appropriate installation locations and
vibrator-moving methods.

(2) In order to achieve the required quality and filling ability of concrete, it is necessary to pour
concrete from an appropriate height and determine a compaction height from which the filling
process can be visually observed. Chapter 2 and Chapter 4 of the Construction: Construction
Standards of this Specification require that an appropriate slump be determined in view of the
compaction height. It is important to determine scaffold installation and concreting methods so that
the compaction height does not exceed the planned value.

Details such as concrete mix proportions and workability are determined according to the
dimensions of structural members and reinforcement patterns. In regions that are difficult to fill
with concrete such as densely reinforced regions, therefore, it is necessary to carefully compact
concrete before the workability of concrete decreases.

(3) Exposed surfaces of concrete must be flat. This is important not only for appearance but also
for the durability and water-tightness of the structure. It is therefore necessary to make sure that
sheeting surfaces are flat and mortar does not leak through sheeting joints and carefully place and
compact concrete.

(4) The aim of this provision is make sure that a newly placed layer of concrete is integrated
with the underlying layer.

(5) It is necessary to determine internal vibrator spacing and vibration time at each location so
that newly placed concrete is vibrated uniformly and to inform the construction workers of them in
advance. Important considerations in using vibrators include the following:

(i) Internal vibrators should be inserted as vertically as possible at a uniform spacing. The
spacing should not be greater than a diameter in the range in which vibration is effective,
which is usually 50 cm or less for concrete with the average level of fluidity and viscosity.
The range in which vibration is effective, however, varies depending on various factors such
as the diameter of internal vibrators, compaction capacity at different frequencies, the fluidity
(slump) and viscosity of concrete, the dimensions of structural members, and reinforcement
patterns. Decisions must be made, therefore, paying attention to the filling ability and
segregation of concrete.

(if) The appearance of a cement paste line along the concrete—sheeting interface is an indicator
of adequate compaction. There are also other indicators: for example, the volume of concrete
ceases to decrease, the surface becomes glossy, and the entire concrete increasingly looks like
a uniformly blended mixture. As a rule of thumb, vibration time is about 5 to 15 seconds.
Pulling out vibrators slowly is very important in order to make sure that holes are not left in
the concrete.

(iii) Internal vibrators must not be used for lateral movement, which may cause segregation.

(iv) The type, size and number of vibrators need to be suitable for the compaction of the entire
volume of concrete to be compacted at a time. To this end, it is necessary to select the type,
size and number of vibrators according to the thickness and area of structural member cross
sections, the maximum volume placed per hour, the maximum size of coarse aggregate, mix
proportion (particularly the sand percentage), the slump of concrete, etc. Although the volume
of concrete that can be compacted with a single internal vibrator varies depending on the site
conditions, it is about 4 to 8 cubic meters per hour for concrete to be used for an ordinary
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structure.

(6) Re-vibration refers to the second application of vibrations at a certain time after the first
compaction of concrete, and to do this, the timing has to be adequately determined. Re-vibration
given at the proper time plasticizes the concrete again to reduce air/water cavities in the concrete. It
is also effective in enhancing the concrete strength and the bonding strength to the reinforcement,
and preventing the development of settlement cracks. The benefits of the re-vibration are best
attained when it is done as late as possible while the concrete still holds its plasticity. However
problems such as the development of cracks within the concrete will arise if re-vibration is done too
late. Moreover, it shall be confirmed that the vibration transporting to reinforcing bars does not
injure the concrete that has already been in the setting condition.

7.6 Finishing
7.6.1 Surface finish of placed concrete

(1) Upon completion of compaction, the upper surface of concrete shall be leveled at
the specified height and shaped as specified, and the finishing procedure shall be
repeated while removing the water on the upper surface of the concrete until the water
having seeped out from the concrete is completely removed. This finishing work,
however, shall be performed carefully so that it is not excessive.

(2) Cracks that have occurred after finishing work until the concrete begins to set shall
be repaired by tamping or refinishing.

(3) When a smooth and dense surface is required, the surface finishing shall be
delayed to the possible extent and carried out by applying reasonable pressure using a
steel trowel.

[Commentary] (1) It is necessary to remove the excess bleeding water accumulated at the top. A
layer of laitance or fine cracks at the top may exist when the excess bleeding water remains after
finishing.

Normally surface finishing is roughly done by a wooden float followed by finished with a steel
trowel if necessary. However excessive finishing tends to cause shrinkage cracking because of the
accumulation of cement paste at the top. Furthermore, a layer of laitance may be formed and reduce
abrasion resistance.

The use of equipment capable of smoothly finishing the entire concrete surface is helpful in
obtaining a densely compacted concrete surface finish. Because finishing equipment is easy to work
with, it is possible that regions of concrete in different states of surface due to differences in the
time elapsed after placement and the degree of drying are finished in a similar way. Before using
finishing equipment, therefore, it is necessary to conduct careful studies on the quality of concrete,
the performance of equipment and construction methods.

In cases where the water/cementitious material ratio is low or high-early-strength portland
cement is used, a small amount of bleeding may result in localized hardening of the concrete
surface from immediately after placement. For details about the finishing of low-bleeding concrete,
refer to Chapter 6, High-Strength Concrete, of the Construction: Special Concretes of this
Specification.
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(2) About the time when bleeding water disappears from the concrete surface, the concrete
becomes subject to cracking due to factors such as shrinkage caused by rapid drying of the surface.
It is important to carry out appropriate curing in accordance with Chapter 8, Curing, in order to
reduce drying due to sunlight or wind. Surface areas near reinforcing bars are particularly prone to
cracking due to the subsidence of concrete. The time needed before the settlement of concrete ends,
which cannot be indicated clearly because it varies depending on such factors as concrete mix
proportions, materials used and temperature, is usually one to two hours. Measures that can be
taken against cracks include tamping with a trowel and revibration by use of vibrators, etc.
Revibration needs to be carried out carefully in accordance with Section 7.5 so as not to cause a
degradation in quality.

(3) Finishing with steel trowels may be commenced when the surface has hardened enough to
the degree that the surface remains without leaving an indentation when pressed with the finger. The
mixture proportions, weather conditions, atmospheric temperature and other factors influence the
timing for the commencement of finishing operation. This operation shall be performed with heavy
pressure to consolidate the surface cement paste and produce the dense and hard surface.

In certain types of concrete such as low-bleeding concrete, even if the surface of newly placed
concrete hardens because of the evaporation of moisture, the inner part of the concrete may still be
soft and water may seep out as the concrete surface is troweled. The time for final finishing needs to
be determined in view of the setting time, the degree of dryness of concrete, etc.

7.6.2 Correction of surface finish defects

If a hardened surface is not in a satisfactory condition or if cracking has occurred,
appropriate repairs shall be performed on an as-needed basis.

[Commentary] Protrusions, streaks, etc., on the surface of concrete must be removed to make the
surface flat. Honeycombed surfaces, cross-sectional loss regions, etc., must be repaired by selecting
appropriate materials and repair methods on an as-needed basis in view of such factors as durability,
appearance and safety. If a cross-sectional restoration method of surface treatment method is used,
refer to the Recommendations for Concrete Repair and Surface Protection of Concrete Structures.
Possible causes of cracking during construction include those attributable to materials used or mix
proportions, those attributable to construction methods and those attributable to design. The cause
of cracking must be identified, and appropriate repairs must be made if necessary. For the
estimation of the causes of cracking and the selection of repair methods, refer to the Practical
Guideline for Investigation, Repair and Strengthening of Cracked Concrete Structures (Japan
Concrete Institute). It is desirable that records of problem locations, their causes and repair methods
be kept for reference at the maintenance stage.

7.6.3 Special finishing

(1) When the surface is subjected to abrasion, concrete having the required strength
shall be fully compacted and finished flat. After finishing, it shall be kept moist for a
period longer than normal concrete and adequately cured.

(2) When special finishing is carried out, it shall not cause reduction in the
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cross-section or loosening of the concrete, which may adversely affect the whole
structure.

[Commentary] (1) Finished surfaces of water channels, sediment flush channels, etc., may be
required to be resistant to abrasion. The use of hard and highly friction resistant high-quality
aggregate and concrete with a low water/cementitious material ratio is helpful in increasing the
abrasion resistance of concrete. In order to obtain well-compacted, homogeneous concrete, careful
compaction and adequate curing must be carried out. Abrasion resistance can be enhanced by
extending the curing period because the hydration of cement progresses that much.

When using abrasion-resistant materials such as silica fume, iron powder, iron aggregate,
polymer and steel fibers, it is important to carefully check in advance on the quality of concrete
made by using those materials and methods for producing and placing concrete made with those
materials.

Rough surfaces or joints of concrete make the concrete prone to abrasion and cavitation.
Regions of concrete in contact with inclined form surfaces tend to attract air bubbles so that weak
layers are formed. Because it may be possible to alleviate this problem by using devices such as
permeable forms and absorptive sheeting, such devices should be used after verifying their
effectiveness by conducting realistic model tests.

(2) When producing a special finish or washed finish, it is necessary to be careful so as not to
cause adverse effects on the structure such as a reduction in cross-sectional area or loosening of
concrete. Since there are various methods of producing special finishes and various rules associated
with them, it is also necessary to follow those rules when producing special finishes. If a surface
treatment (protection) method is used for the purpose of enhancing durability, appearance, etc., refer
to the Recommendations for Concrete Repair and Surface Protection of Concrete Structures.
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CHAPTER 8 CURING

8.1 General

For the curing of concrete, a method that maintains the temperature and humidity
required by concrete to harden for a certain period of time after the placement of concrete
and is not adversely affected by the environmental conditions shall be selected.

[Commentary] In order for concrete to develop, through hydration, its required performance such
as strength, durability, cracking resistance, water-tightness and protection of steel, it is necessary to
keep the newly-placed concrete in a sufficiently wet condition at an appropriate temperature for a
certain period of time after the placement of concrete and to protect the concrete from adverse
effects. The series of tasks performed for this purpose is referred to as "curing."

Fig. C8.1.1 classifies curing tasks into three categories — keeping concrete in a wet condition,
controlling the temperature of concrete and protecting concrete from adverse effects — , and
summarizes the curing method in each category. Some of the curing methods are interrelated, and
curing is often carried out for two or more purposes.

It is important to determine specific curing methods and the number of days required for curing
considering project-specific conditions such as the type of structure, construction conditions, site
conditions and environmental conditions in accordance with the applicable provisions. For further
information on curing methods for cold-weather concrete, hot-weather concrete and mass concrete,
refer to Chapters 12, 13 and 15, respectively. For details of accelerated curing by use of steam, etc.,
refer to Chapter 14, Industrial Products, of the Construction: Special Concretes of this
Specification.

4{ Underwater curing ‘

4{ Ponding ‘

—{ Keeping humidity }*4{ Sprinkling ‘

_‘ Moist curing (Curing mat or clothes) ‘

4{ Wet sand ‘
4{ Membrane curing }7 Fat type (Solvent, Emulsion)
Resin type (Solvent, Emulsion)
4{ Mass concrete H Ponding, pipe cooling ‘
4{ Thermal control }* -
4{ Cold weather concreting }7 Insulation, heat supply
steam, electric heating

4{ Hot weather concreting H Sprinkling, sunshade ‘

4{ Accelerated curing H Steam, heat supply ‘

«‘ Protection against harmful ‘

Fig. C8.1.1 Basis of Curing
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8.2 Moist Curing

(1) After placing, the loss of moisture due to exposure to sunshine and wind shall be
prevented until the concrete begins to harden.

(2) When the concrete hardens to the extent that further activities can be undertaken
without damaging its surface, the exposed surface shall be kept wet using methods such
as covering with a moist curing mat, clothes, etc., sprinkling or ponding with water. The
periods of time given in Table 8.2.1 should be taken as the standard duration for
maintaining the wet condition.

Table 8.2.1 Standard curing duration

gﬂ;ﬁgﬁg Ordinary portland cement | Blended cement B | High-early-strength cement
More than 15°C 5days Tdays 3days
More than 10°C 7days 9days 4days
More than 5°C 9days 12days 5days

(3) If membrane curing is carried out, it is necessary to clarify the purpose of use, use
a liguid membrane-forming compound with proven quality, effectiveness and ease of use,
and shall uniformly apply the membrane-forming compound in the specified quantity at
an appropriate time.

[Commentary] (1) If the concrete surface becomes dry relatively quickly after placing and its
moisture is lost, the hydration reaction of cement does not progress satisfactorily, and if the surface
alone is quickly dried by exposure to sunshine and wind, cracks may be induced. Therefore, it is
desirable to provide a shelter made of sheets, etc., over the top of newly-placed concrete. Thus, it is
necessary to proceed with the curing of concrete concurrently with not only the post-hardening
construction tasks but also the pre-hardening tasks at the placement and finishing stages.

(2) To improve quality of concrete such as strength, durability and other performances, it is
desirable to keep the concrete wet as long as possible. As a result, concrete can harden sufficiently
and drying shrinkage during hardening can be minimized. However, for general structures it is both
difficult and uneconomical to perform moist curing for a long period. In addition, most effects of
moist curing are limited to the early age of curing. Therefore, standard periods for curing are
determined as in the table mentioned above, although the effect of curing might be different
depending on the curing temperature. Even in cases where the compressive strength required for
formwork and shoring removal shown in Table C11.8.1 has been obtained at an early stage, the
concrete needs to be kept in a wet condition during the curing period shown in Table 8.2.1.

Today, various types of cement, such as low-heat portland cement, moderate-heat portland
cement and three-component cement, other than the types shown in Table 8.2.1 are in use. There are
also cases where the curing period for concrete needs to be determined according to the
construction period, construction methods, etc. It is difficult to specify curing periods for different
types of cement, construction methods, etc., in this Specification. It is desirable, therefore, that the
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curing period be determined in view of factors such as the type of cement, cement content, the type
and location of the structure, and weather conditions by conducting, if necessary, tests for
verification. If concrete is likely to be subjected to seawater, alkalis, acidic soil or water or other
erosive substances, it is necessary to use a longer curing period than in ordinary cases. If concrete is
likely to be exposed to seawater, refer to Chapter 11, Offshore Concrete, of the Construction:
Special Concretes of this Specification.

(3) Membrane curing is a curing method in which the evaporation of water is prevented by
applying a liquid membrane-forming compound to the concrete surface. Membrane curing is
usually used in cases where wet curing by means of moist curing (curing mat or clothes) or water
spraying is difficult to perform or there is a need to prevent the dissipation of moisture for a long
period of time after the specified wet curing is carried out. Membrane curing may also be used to
reduce the evaporation of water after the placement of concrete or, in the case of high-viscosity
concrete such as high-strength concrete, to assist in finishing the concrete surface.

In order to form a watertight membrane, it is necessary to uniformly apply a sufficient quantity
of liquid membrane-forming compound at an appropriate time. In general, it is necessary to carry
out membrane curing immediately after the gloss of the water on the concrete surface disappears. If
membrane-forming compound cannot be applied immediately, the concrete surface needs to be kept
in a wet condition until membrane-forming compound is applied. If the membrane-forming
compound has adverse effects on the bond between concrete and reinforcing steel or between
concrete surfaces, the membrane-forming compound shall be applied so that it does not stick to the
reinforcing bars or the construction joints. In cases where surface treatment of the finished surface
is carried out, if the membrane-forming compound could have adverse effects on the bond between
the finished surface and the coating material, it is necessary to perform appropriate surface
preparation, such as polishing the membrane-cured finished surface to remove the
membrane-forming compound, after performing the required curing.

Requirements for liquid membrane-forming compounds include (1) impermeability to humidity
(moisture), (2) ease of application, workability and no harm to human health, (3) excellent bond to
concrete, (4) excellent durability against weather and sunlight and (5) the absence of adverse effects
on the bond to coating materials, etc. When using liquid membrane-forming compounds, it is good
practice to clarify the purpose of use, select liquid membrane-forming compounds appropriate for
the purpose of use and the performance requirements, and ascertain the dosage, construction
methods and other details needed to meet the performance requirements by referring to reliable
literature or conducting tests.

8.3 Temperature-Controlled Curing

(1) Until the concrete has hardened to a certain extent, it shall be maintained under
temperature conditions required for hardening. Temperature-controlled curing shall be
carried out if required to protect concrete from the harmful effects of low and high
temperatures, as well as sudden changes in temperature.

(2) When temperature-controlled curing is carried out, the temperature-controlling
method, curing control method and duration shall be appropriately determined taking
into account the type of concrete, the shape and size of the structure, construction
method, and environmental conditions.
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[Commentary] (1) and (2) Cement hydration is remarkably influenced by the curing temperature
of concrete. Except in special cases, the concrete temperature begins to be influenced by the outside
temperature just after the concrete is mixed. In particular, concrete surfaces or thin members such as
walls and slabs are easily affected by the outside temperature. In general, the relationship between
curing temperature, concrete age and compressive strength can be expressed by the concept of
maturity. When the curing temperature is lower, the period to obtain necessary compressive strength
becomes longer; on the other hand, when the curing temperature is higher it becomes shorter (see
Chapter 12). However, the effect of curing temperature depends on the type of cement. Blended
cements such as fly ash cement or blast furnace cement tend to be sensitive to the curing
temperature. Therefore, for blended cements, a longer curing period than ordinary portland cement
is required, especially when the curing temperature is low. The hydration of ground granulated blast
furnace slag is highly dependent on temperature, and the temperature history and strength
development properties of structural members may differ considerably depending on factors such as
the dimensions of the members and the heat insulation property of the formwork.

Very low temperatures interfere with the hydration reaction of cement and may delay the
development of strength. The concrete may also be subjected to initial frost damage. It is therefore
necessary to perform temperature control by heat supply or heat insulation for a given period to
maintain the necessary temperature conditions. For cases when the daily mean temperature is less
than 4°C, it needs to be treated as cold weather concreting (see Chapter 12).

If the atmospheric temperature is extremely high, initial strength tends to develop quickly.
However, increase of strength over the long term tends to be small and durability or water-tightness
is sometimes inferior. In addition, special attention needs to be paid to keeping the concrete surface
wet. For cases when the daily mean temperature is greater than 25 “C, it needs to be treated as hot
weather concreting (see Chapter 13).

If the member size is large and a considerable temperature increase according to hydration is
anticipated, or if a big temperature differential is anticipated, cracks may be induced by thermal
stress. Therefore, the concrete temperature and temperature differential have to be controlled by
pipe cooling, surface heat insulation or a combination of both. Furthermore, when the atmospheric
temperature is high, the additional effect due to the acceleration of cement hydration needs to be
considered (see Chapter 14).

Accelerated curing includes atmospheric-pressure steam curing, autoclave curing and heat
curing. For further information on atmospheric-pressure steam curing and autoclave curing, which
are widely used for the factory production of concrete, refer to Chapter 14, Factory-Made Products,
of the Construction: Special Concretes of this Specification. When heat curing is carried out by
using heater mats, jet heaters, etc., the concrete surface is subject to drying and cracking. In such
cases humidifying devices may be used. In accelerated curing, care needs to be taken because
cracking may result if the temperature is not lowered gradually after the completion of curing.

8.4 Protection Against Harmful Effects

Concrete shall be protected against harmful effects, such as vibration, impact and
other loads, etc., that are likely to arise during the curing period.

[Commentary] Concrete which has not yet sufficiently hardened is likely to suffer damage,
including cracks, due to impacts, excessive loads, vibrations, etc. Therefore, it is necessary to avoid
placing material or dropping heavy articles on the surface of the concrete during the hardening
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period. Harmful conditions also include rain showers during placement, poor quality of curing water,
overheating during heat supply curing, etc. It is necessary to prevent the occurrence of these
harmful effects with full understanding of the properties of early-age concrete or, if it is unavoidable,
to protect the concrete from their influences. If concrete is likely to be exposed to seawater, refer to
Chapter 11, Offshore Concrete, of the Construction: Special Concretes of this Specification.
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CHAPTER 9 JOINTS

9.1 General

(1) Joints shall be located and structured as specified in the design drawings and the
specifications.

(2) If joints not specified in the design are to be provided, their locations, directions
and construction methods shall be specified in the construction plan so that the strength,
durability, watertightness and appearance of the structure are not degraded.

[Commentary] (1) Joints in a structure greatly affect the strength, durability and appearance of
the structure. Joints shall be provided carefully because they may become structural weak links in
the event of an earthquake. Since the location and structure of joints are determined at the design
stage considering factors such as the strength, durability, appearance and constructability of the
structure, joints shall be located and structured in accordance with the design drawings and
specifications.

(2) If joints are to be located or structured in ways that are not specified in the design, their
locations, directions, structure and construction methods are to be specified in the construction plan
after ascertaining that the performance requirements for the structure are met through consultation
with the designer.

9.2 Construction Joints

(1) A construction joint should, in general, be designed at the position where the shear
force is as small as possible. The joint surface should be perpendicular to the direction of
the compressive force acting in the member.

(2) Construction joints shall be planned taking into consideration cracking due to
thermal stress, drying shrinkage, etc.

(3) When the concrete structure is required to be watertight, construction joints shall
be made at appropriate intervals to ensure necessary water-tightness.

(4) In concrete structures which could be damaged by external chloride attack, such as
marine and port structures, it is highly recommended that construction joints are not
provided. In cases when construction joints cannot be avoided, it should, in general, be
ensured that the construction joints do not impair the durability of the structure.

[Commentary] (1) The construction joint often proves to be a weak point for the acting shear
force. It is therefore necessary to form construction joints in locations at which the shearing force is
small and to maximize the shearing resistance of the construction joint by positioning the
construction joint at right angles to the direction along which the compressive force acts in the
member. If a construction joint is provided for a compelling reason at a location where large shear
force occurs, measures to ensure safety against shear force may be taken, such as using
mortise-and-tenon or groove-and-tenon type shear keys or reinforcing construction joints with
dowel bars or other types of reinforcing bars. These measures need to taken after verifying at the
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design stage that the performance requirements are met.

(2) Construction joints need to be located and structured by predicting the possible occurrence
of cracking due to thermal stress caused by changing outdoor air temperature, drying shrinkage, etc.

(3) When concrete is placed in considerably large blocks at a time, the expected property of
structures which require water-tightness cannot be achieved due to cracks caused by dry shrinkage
or thermal stress. Therefore, this requirement is prescribed.

(4) The use of construction joints in marine and port concrete structures should be avoided as
much as possible because external chlorides may penetrate through the construction joints to cause
the corrosion of reinforcing bars. For further information about the jointing of marine concrete
structures, refer to Chapter 11, Marine Concrete, of the Construction: Special Concretes of this
Specification.

9.3 Horizontal Construction Joints

(1) If appearance requirements need to be met, the lines formed by horizontal
construction joints in contact with the formwork should be made as straight horizontal
lines wherever possible.

(2) Before fresh concrete is placed, laitance, poor-quality concrete, loosened
aggregate, etc. on the old concrete (previously placed concrete) surface shall be
completely removed, and the surface of the old concrete shall be wetted sufficiently.

(3) In cases when concrete is inversely placed, construction joints shall be provided in
a manner that concrete layers at the joint position are well integrated, with due
consideration to bleeding and settlement.

[Commentary] (1) For good appearance, attention shall be paid to ensure the line of a horizontal
joint on the concrete surface looks straight. To this end, it is appropriate that the joint positions
coincide with form panel joints or markers showing the height of the construction joint should be
used.

(2) To produce a construction joint of sufficient strength, durability and water-tightness, it is
necessary to remove any laitance, poor-quality concrete, loosened particles of aggregate, etc., on the
old concrete surface before placing the fresh concrete.

For processing the joint surfaces on old concrete, pre-hardening processing, post-hardening
processing or a combination of both can be used.

A common method of pre-hardening processing is to expose the coarse aggregate by removing
the thin film on the concrete surface with high-pressure air and water after the final set of concrete.
If the surface of the construction joint is large, this processing method proves to be efficient.
However this method may spoil the concrete unless it is performed in a proper manner and at the
proper time after concrete placing. The program has to be carefully controlled during processing. In
general, the possible working time to process construction joints is short. If construction joint
treatment cannot be done during this period, it may become difficult to attain the required joint
performance because of problems such as excessively high concrete strength that makes it difficult
to expose coarse aggregate grains and weakening of the matrix around coarse aggregate grains
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caused by excessive scraping. To ease this working restriction, it is effective to apply a retarder, of
which the principal ingredient is sodium gluconate, on the surface of concrete to process the
construction joints. By using this kind of retarder, processing time can be extended because
hardening of the concrete joint surface is intentionally delayed.

In the case of post-hardening processing, the surface is roughened with either high-pressure air
and water sprayed for careful cleaning or a wire brush with pouring water if the old concrete surface
is not too hard. If the old concrete is hard, the most reliable way to prepare the surface is to wash it
with water after scraping the surface with a wire brush or sandblasting. Incidentally, the remaining
water on the old concrete surface has to be removed before placing fresh concrete.

If mortar is laid just before a new layer of concrete is placed, the water-cement ratio of this
mortar should be lower than that of the concrete used.

(3) In the case of the inversely placed concrete, a construction joint is always located under the
old concrete and the surfaces of the construction joint are not usually integrated because of bleeding
or settlement of the newly-placed concrete. In the case of the inversely-placed concrete, methods of
construction in Fig.C9.3.1 are employed to ensure the integration of the surfaces of construction
joint. Regardless of which method is used, it is necessary to remove laitance and dirt from the
construction joint surfaces in order to achieve the structural integrity of the newly- and
previously-placed concrete.

In the direct method, the lower end of the previously-placed layer of concrete is used as a
construction joint surface to achieve close contact with a newly-placed layer of concrete. In this
method, the lower end of the previously-placed layer of concrete is often formed as a single-slope
surface or a double-slope (V-shaped surface) in order to help air bubbles and bleeding water escape
easily. The mix proportion of the newly-placed concrete is designed to minimize the bleeding and
settlement and it should be sufficiently compacted by a vibrator. In this case, hanging parts shall be
removed at a proper time after construction to prevent falling during the service life of the structure,
or shall be checked regularly for safety according to in-service maintenance control. If aluminum
powder is mixed into newly placed concrete to give the concrete a pre-hardening expansion
property and thereby achieve the structural integrity of the newly- and previously-placed concrete, it
shall use concrete forms that are strong enough to confine the expansive concrete.

In the filling method, the pouring of newly-placed concrete is stopped a little below the jointing
surface and a hollow between the old and newly placed concrete is filled with mortar containing an
expansive agent or aluminum powder. As in the direct method, concrete forms that are strong
enough to withstand expansion pressure are necessary.

The injection method is used either independently or in conjunction with the direct method. The
injection tube for grouting is arranged beforehand, and after the newly-placed concrete is hardened,
cement paste, resin, or another material is injected. A cement paste or resin which is fluid and mixed
with an expansive agent is recommended for injection to thoroughly fill small spaces.
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Fig. C 9.3.1 Construction joint of inversely placed concrete

9.4 Vertical Construction Joints
(1) The formwork of vertical construction joints shall be firmly supported.

(2) Before placing the fresh concrete, the surface of the old concrete shall be
sufficiently moistened and coated with cement paste, mortar or epoxy resin after
roughening the surface by scraping with a wire brush or chipping.

(3) Placement and compaction shall be performed so that newly-placed concrete
reaches every corner of the joint surface to achieve close contact with the joint surface.

(4) As a general rule, a water stop should be used for vertical construction joints in
concrete structures that require water-tightness.

[Commentary] (1) Formwork for vertical construction joins must be designed to prevent the
spilling of mortar and must be supported firmly.

(2) The typical method to roughen the surface of old concrete is wire brushing, hand picking,
picking by machine and so on. Another method is processing construction joints before hardening
with a spreading retarder, of which the principal ingredient is sodium gluconate, on the surface of
formwork prior to placing concrete. In this case, processing time is properly adjusted by intentional
delay of hardening time at the concrete surface. Furthermore, an alternative method to roughen the
vertical construction joints is using wire net as formwork at construction joints (see Fig. C9.4.1). If
a new layer of concrete is to be placed after the surface of the previously-placed layer of concrete is
roughened, structural integrity can be enhanced by applying cement paste, mortar or epoxy resin to
a wet surface just before the placement of the new layer. A recently-developed method attachs
set-retarding sheets to concrete forms and washing them away after removing the forms. When
using these methods it is necessary to check, in advance, their effectiveness and practicality by
conducting tests or referring to reliable literature.

(4) Since it is very difficult to achieve water-tightness without a water stop, a water stopper
should be used in vertical construction joints. When a water stop is used, special attention shall be
paid to the installation work, otherwise water-tightness might be worse than the case where a water
stop was not used.
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9.5 Construction Joints in Columns and Walls Integrated with Floor Systems

(1) Construction joints in a column or wall integrated with a floor system should be
formed adjacent to the border between them.

(2) Concrete in haunches shall be placed at the same time as the floor concrete.

(3) Similar procedures shall be used in structures with an overhang.

[Commentary] Concrete of the haunch must be placed in continuity with the floor construction in
view of the fact that, as it is directly supported with shuttering, it cannot shrink or settle together
with concrete of the column or wall, so the haunch behaves as part of the slab.

9.6 Construction Joints in Floor Systems

(1) Construction joints in floor systems should be made in the middle of the slab or
beam.

(2) In cases when a beam crosses a joist at the middle of the span, the construction
joint in the beam shall be provided at a position apart from the joist by about twice the
width of the joist. The construction joint shall be reinforced against shear by providing
additional diagonal tensile reinforcements crossing the joint.

[Commentary] A construction joint is formed in the middle of a slab or beam because the
shearing force in this area is usually small and the compressive stress works at right angles to the
vertical construction joint, hence the formation of a construction joint has little effect on the
strength capacity of the slab or beam. If a joist crosses the beam at the middle of its span, however,
it is advisable to position the construction joint at about twice the width of the joist away from the
joist in order to avoid coincidence of the construction joint with a point at which the stress changes
sharply. As a considerable shear force is applied to the construction joint in that case, the joint has to
be reinforced using tension bars that cross the construction joint at an angle of 45° (see Fig. C9.6.1).
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9.7 Construction Joints in Arches

(1) Construction joints in arches should, be provided at a right angle to the axis of the
arch.

(2) In cases when a construction joint is obliged to be parallel to the axis of the arch,
the location, reinforcing methods for strengthening, etc. shall be carefully examined.

[Commentary] (1) Since the shear force acts along the joint when the construction joint in the
arch is not formed at right angles to the arch axis, the joint is likely to be a structural weak point.
Therefore, this requirement is prescribed for the purpose of avoiding shear force acting along the
joint.

(2) If a vertical construction joint is formed parallel to the arch axis, an action such as eccentric
live loads might cause shear force along the joint. Therefore, sufficient countermeasures against
these problems are required.

9.8 Expansion Joints

(1) The structure of expansion joints shall be such that the structures or members on
both sides can be free from restraint.

(2) Joint filler, water stop, etc. shall be provided at expansion joints, if necessary.

(3) In cases when evenness at the expansion joint is required, a protrusion or groove
should be introduced or dowel bars provided.

[Commentary] (1) To form an expansion joint, either both joined structures must be perfectly
discontinuous or, depending on the type of structure and the location of the installation, the concrete
may be discontinuous and the reinforcing bars may remain continuous (see Fig. C9.8.1).

(2) If an expansion joint gap is likely to become filled with soil, sand and so forth, joint filler
materials shall be used. Examples of the filling materials are sheets of asphalt, rubber foam, resin
foam,, or other sealing and filling materials. For the expansion joint of a structure that requires
water-tightness, a water stop with proper flexibility must be used. Examples of a water stopper are
copper plates, stainless plates, vinyl chloride resin sheets and rubber sheets.
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Fig. C 9.8.1 Examples of expansion joints

9.9 Joints to Control Cracking

In cases when a joint is introduced to control cracking, its structure and location shall
be in accordance with the design documents.

[Commentary] In the case of a concrete structure, there are many factors that cause deformation
besides applied forces, including the temperature change due to the heat of hydration and the outer
temperature, drying shrinkage and so on. Cracks may develop if such deformation is restrained. It is
therefore desirable to control the cracks by forming notches in the cross section at given intervals in
order to concentrate cracks in a given area. Crack-inducing joints need to be considered at the
design stage. If the design drawings and specifications do not deal with crack-inducing joints, it is
necessary to refer to the Design section of this Specification and provide appropriately-located
and -structured crack-inducing joints through consultation with the designer.

When the joint to control cracking is used, sufficient consideration is necessary to decide the
spacing intervals, the reduction ratio of cross section, the method to prevent steel corrosion, and the
method to assure required cover and filling material in the notches. In general, spacing interval of
joints may be 1 to 2 times the wall height, and the reduction ratio of cross section is advisable to be
more than 30 to 50%.
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Some examples of joints to control cracking in wall structures are shown in Fig. C9.9.1. In
these figures, the notches are vertically arranged on the both side of the wall and the insulation is
embedded in the wall, if necessary, to obtain the required cross section reduction ratio. Examples (c),
(e), and (g) show that vinyl chloride pipe, pre-cast concrete block and steel plate with remover on
their surfaces are respectively arranged in the wall to cut the bond of concrete and to induce stress
concentration. The cross section reduction rate of is defined as the value obtained by dividing the
additional depth of the notches on both sides and width of the embedded insulation by the original
wall thickness. If a crack-control joint is formed in a water-tightness structure, it is advisable to take

proper water-preventive measures, including the advance installation of a water stopper. In the case
of mass concrete, see Section14.5.5.
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Fig. C 9.9.1 Examples of joints to control cracking
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CHAPTER 10 REINFORCEMENT

10.1 General

Reinforcing bars shall be fabricated to the shape and size specified in the design
documents using appropriate methods that do not cause any damage to the quality of the
bars. Furthermore, the reinforcing bars shall be accurately placed in the required position
and securely fixed in place.

[Commentary] The main matters which should be examined in general reinforcement work are
explained as follows.

(1) Master planning

Prior to reinforcement work, a plan shall be drawn up after carefully considering the schedule
for reinforcement work, personnel requirements, storage locations for reinforcing bars, bar
processing equipment, and so forth. Those involved in reinforcement work should preferably have
sufficient knowledge and experience associated with reinforcement work, the quality of reinforcing
bars, the preparation of reinforcement drawings, the fabrication and assembling of reinforcing bars,
and so forth. There are a variety of jointing methods, and each method requires specialized
knowledge and experience. It is desirable, therefore, that the personnel for reinforcement work
include persons with officially recognized qualifications, such as Certified Reinforcing Steel
Erectors, various technicians certified by Japan Pressure Welding Society or Japan Welding
Engineering Society, or other equally knowledgeable and experienced persons.

It is necessary to check the requirements indicated in the design drawings and specifications
such as concrete cover, clearance, bending configuration, anchorage, joints and nonstructural
reinforcement and verify that the reinforcing bars can be erected as designed. Reinforcement
drawings are supposed to have been thoroughly checked at the design stage, but there may have
been errors at the drafting stage. If the designer does not understand the actual tasks involved in
reinforcement work or form work, it may not be possible to place reinforcing bars as indicated on
the drawings at the erection stage. It is important, therefore, to correctly understand the design
drawings and specifications and confirm the tasks to be performed together with the technicians
who will be involved in the reinforcement work before the construction work begins. If, as a result,
placing the reinforcing bars as specified in th