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INTRODUCTION OF THE GUIDELINE FOR THE STRENGTHENING OF CONCRETE
STRUCTURES USING FRP COMPQOSITES IN HONGKONG

DAI Jian-Guo, Email: cejgdai@polyu.edu.hk

1. INTRODUCTION

Strengthening of concrete structures using fibre reinforced polymer (FRP) composites has become very popular around
the world as the technology offers durable and cost-effective strengthening solutions. However, the practical application
of this new technology has so far been rather limited in Hong Kong, due to the lack of a local design guideline that is
built within the framework of Hong Kong’s structural design codes, particularly the Hong Kong Code for the Structural
Use of Concrete. This incompatibility involves many issues, including differences in the design methods for
conventional concrete structures, in material testing standards, and in the specification of partial safety factors. Such
incompatibility is also a well-known reason for different countries/regions to develop their own guidelines and codes.
With the above background, a project was launched under the support of the “Innovation and Technology Fund” of Hong
Kong SAR Government in 2009, to develop a Hong Kong guideline for the strengthening of concrete structures using
FRP composites and a software package that supports the use of the guideline. The project team consisted of all the
active researchers in the field of FRP composites for construction in Hong Kong. Prof J.G. Teng from The Hong Kong
Polytechnic University coordinated this project.

2. CONTENTS OF THE GUIDELINE

2.1 Chapters 1 to 3: Introduction; Materials; and General Design Considerations.

The first chapter addresses the needs for strengthening in Hong Kong, the advantages of the FRP strengthening
technology and the potential practical applications. The second chapter describes the methods of manufacture of FRP
products, the types of fibres and resins, the mechanical characterization tests (i.e. tensile properties of FRP, surface
flammability of FRP, pull-off strength, cure of resins) and the effect of environmental exposure on material properties.
An appendix containing the FRP products and systems available in Hong Kong is provided to this chapter. The third
chapter describes the basic of design (i.e. design aim, design philosophy, strengthening limits, minimum concrete
substrate strength, design professionals, workmanship, assessment of existing structure and performance-based
approach), design for long-term performance and fire resistance, which are two extremely important issues in Hong
Kong, loading and material properties. The guide is based on the limit state design method, according to the Hong Kong
Concrete Code (Building Department 2004) but accommodates performance-based design approaches.

2.2 Chapter 4: Flexural Strengthening with Externally Bonded FRP

This chapter covers four different strengthening schemes (unstressed FRP plate; pre-tensioned FRP plate; U-jacket
anchorage; additional mechanical anchors). Different failure modes [conventional flexural failure; intermediate crack
(IC)-induced debonding failure; plate-end debonding failure which includes critical diagonal crack (CDC)-induced
debonding, CDC debonding with cover separation, concrete cover separation and plate-end interfacial debonding
(Teng et al. 2002)] are illustrated in details and different end anchorage measures for bonded FRP plated are provided.
Formulas for the characteristic IC debonding strength and the strength check against plate end debonding considering
the shear-flexure interactions are provided in this chapter for the ultimate state design. The serviceability limit states
considered in this guide includes: (1) crack control; (2) deflection control; (3) stress limitation; and (4) fatigue.

2.3 Chapter 5: Shear Strengthening of RC Beams

This chapter deals with the shear strengthening of RC beams with externally bonded FRP reinforcement. It covers
strengthening schemes, modes of failure, design provisions, and detailing requirements of FRP shear strengthening systems.
The shear strengthening schemes include a)side bonding in which the FRP strips are bonded to the beam sides only; (b)
U-jacketing in which U-shaped FRP jackets are bonded to both sides and the tension face of the beam; and (c) complete
wrapping in which FRP jackets are wrapped around the entire cross section of the beam. The shear failure modes include
FRP tensile rupture and FRP debonding. The stress distribution factors are used to consider the non-uniform stress
distribution characteristics of FRP for the above two failure modes. In addition to that, the effect of interaction between
steel and FRP shear reinforcement is also well considered.

2.4 Chapter 6: Strengthening of Columns

This chapter deals with the strengthening of circular and rectangular RC columns using confining FRP jackets. The
shape modification of rectangular sections, confinement limit, slenderness upper limit for effective strengthening,
stress-strain model of FRP-confined concrete in compression, strength of FRP-confined RC columns under eccentric

Keywords: Guideline, Strengthening, Concrete structures, FRP composites, Hong Kong
Contact address: Department of Civil and Structural Engineering, The Hong Kong Polytechnic University, Hung Hom,
Hong Kong, Kowloon, Hong Kong, Tel: +852-2766-60262
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compression considering the slenderness effect, the shear resistance of FRP-strengthened rectangular and circular
columns are specified in this chapter.

2.5 Chapter 7: Flexural Strengthening of Members with NSM FRP Systems

This chapter deals with the strengthening of RC members with near-surface-mounted FRP reinforcement. Various NSM
FRP strengthening systems are first described, followed by an examination of the anchorage of NSM FRP reinforcement.
Design recommendations are next provided. The provisions of this chapter are limited to the flexural strengthening of
RC beams and slabs. The shear strengthening of RC members is beyond the scope of this document.

2.6 Chapter 8: Fire Resistance of FRP-Strengthened RC members

This chapter presents performance-based approaches for use in the design of bonded FRP systems to ensure that the fire
safety of FRP-strengthened concrete structures complies with the requirements of the “Code of Practice for Fire
Resisting Construction in Hong Kong” (Building Authority 1996). The fire safety of FRP-strengthened RC structures is
recommended to be designed with one of the following three scenarios: (1) FRP-strengthened RC structures without fire
insulation; (2) FRP-strengthened RC structures with fire insulation for the protection of the FRP strengthening system;
and (3) Fire insulation for the protection of original RC structures.

2.7 Chapters 9 and 10: Installation and Acceptance Procedures; and Inspection, Maintenance and Repair

Chapter 9 describes the quality control and workmanship of the FRP installation process, including the following factors:
(1) Competency of contractors; (2) Substrate conditions; (3) Material conformity; (4) Control of site conditions; (5)
Installation process; and (6) Inspection and acceptance criteria. Chapter 10 consists of four major parts, which are
Inspection and assessment, Maintenance and repair, Long-term monitoring, and Records.

3. DESIGN SOFTWARE PACKAGE AND DESIGN MANUAL

A software package is attached to the guideline to support its use in engineering practice. The software package also
facilitates the use of other international codes (i.e. China, British and USA). The user interface is seen in Fig.1. In
addition, a design manual is also provided to show examples of design the flexural strengthening, shear strengthening
and column confinement. Detailed procedures are provided in the design manual.

Fig.1 User Interface of the design software package

4. CONCLUSIONS

The guideline for the strengthening of concrete structures using FRP composites in Hong Kong has been developed on
the basis of the latest research findings and a critical assessment of existing guidelines/codes developed by other
countries/organizations. Some new research has also been conducted to extend the existing research to cater for local
conditions. The guideline will not only facilitate the wide local application of this technology to enable the cost-effective
maintenance of a sustainable infrastructure for Hong Kong but will also allow Hong Kong engineers and companies to
play a leading role in the strengthening market and to export their services in the region.

REFERENCES

Building Department (1996). Code of Practice for Fire Resisting Construction in Hong Kong. , The Government of the
Hong Kong Special Administrative Region, Hong Kong, China.

Buildings Department (2004). Code of Practice for Structural Use of Concrete, Second Edition, The Government of the
Hong Kong Special Administrative Region, Hong Kong, China.
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Fibre-reinforced polymer (FRP) reinforcement of concrete
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1 Scope

2 Normative references

3 Definitions and symbols

ISO 10406-1:2008

Fibre-reinforced polymer (FRP) reinforcement of concrete
—Test methods— Part 1: FRP bars and grids

1 Scope

2 Normative references

3 Terms, definitions and symbols

4 General provision concerning test pieces

5 Test method for cross-sectional properties

6 Test method for tensile properties

7 Test method for bond strength by pull-out testing

8 Test method for performance of anchorages and couplers
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12 Test method for creep failure
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4 General provision concerning test pieces
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7 Test method for determining bond properties of
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8 Test method for direct pull-off strength of FRP sheets
with concrete

9 Test method for freeze/thaw resistance

10 Test method for exposure to laboratory light sources

11 Test method for durability
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Performance guidelines for design of
concrete structures using fibre-
reinforced polymer (FRP) materials

1 Scope

2 Normative reference

3 Terms and definitions

4 Design basics

5 Properties of materials

6 Structural analysis

7 Serviceability limit states
8 Ultimate limit states

9 General structural details
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2 Normative references
3 Definitions and symbols
4 Mechanical properties
4.1 General
4.2 Characteristic value of tensile
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4.3 Characteristic value of Young’s
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4.4 Characteristic value of fracture
strain
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5 Appearance and dimensions
5.1 Appearance
5.2 Dimensions
6 Test
6.1 Sampling
6.2 Appearance
6.3 Dimensions
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