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VERTICAL STUD

Eg-2. 23 Exodermic KR
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Y — MRIRZ SRRRRIZE & B 2 5 DITRBRER TRV,
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X-2.24 7ILI =9 LKA

(2) FRETFNEL B

FE : REERA~ORY BXERHTHDITLL
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L AI8IR Sk R (BETE DBRAR B & & ST EELR K
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AV, FLTMy=HS20-44 T v 712k DR
KefifE—2 b _ _
QEBREFRBOIA 7ERET A DHICK-2.16~
221 ZEATARLIE, BRWEFEOHENEL £
DEPLREY, ThENOBRERRICEEEX
DN FEDORMRISHLEHET 5.

3.1 TAWERIZEY, HLWKRROBE L &®H
HEHRGRRIZL OV RES L EHET 5.

4. LEBRCAENRLAL Y KEWHE LWL

iI, £ DBRIERH CER SR 2R TS,

%5 TRRiThIE, ARIERSHE R &L L
D TR DRRTE S E D, FEEEH O BINHER BRI
DERVEZ LHETHVWARULERDS. (RS
TIXZD®KIZ, HI5-44 FBRFETRIENXM
60ft, 4 247 D BBESAHTIE & HS20-44 IR T &
BIOCBRBERREZAVWTHEBEL-ESDOHE
Bl R LTWED, BROZER26IZRT)

F-2.6 THEFEORME L BREKR
CRYBX-BORREHL

Deck Type

Open Steel Grid 66 0.67 o
Malf-Filled Steel Grid s 0.63 0.66
Filled Steel Grid ' 2 0.51 0.51
Exodermic . 55 0.63 - 0.66
Lawinated Timber 55 : 0.63 0.66

Lightweight Concre te 25 0.51 0.51
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INLDHA RFA4 2 TRARZERFRIIFERIGR
DEFEEZRDVE®ZZLICEY, BHESEYH
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RIRIIEERM L ARIENTRETH Y, BRERE
BRIV —RBEMT 3. BEFRRIZIZDw=a7LT
BARIMDOEL OB TELFEHATEXS. BE
RIRZ RN LB A0E, SRROBMNT 3 EH
i@%,ﬁ%&,ﬁIﬁ,%ﬁéhé%ﬁ%ﬁ,%
LTA=2 % VaX bERFIENZRETHS.
2.4.2 KIR&EEHDARIE

(1) 38
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O—HALIC & BTE 2 IRE— 4 > FOBMT, &
WEISHABBDT BTl ba bR T 3.
Eiz, THIEDOEHASTE LTV BESIRSS
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ZOETIIEMMTICOWTIRARD. R BT IC
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ERIERIIMNT L EBOEROEKA 27 U — b
HEGIThba7vxx AN, BEO#HFBH=V 7 Y
— b @B b VxR, Kb, a2
— FRERF =TV v FOL D 20 ODDER
MEZHRNTRELTE . ZhbOMEHIARHMT
DERE LTIEIRb— 2 bDOTHS. i, #
e AR ENEFERBEDONL 20D ¥ b H 5. UT
12, Zhb 4 DORBROMEHZ DV TIERB.
RIRDRM L IMITLBER =27 U — MRRE &
DEIIZEBALT D NENDIZ ETHD. L, K
BAOELSBATHE 2T, BEREBRERVERE,
SHTIZ Y R TR # Y 1), BERKZ TR
THZLILE->TERLTES. ZOFEILLIIE
WEEENHEM LT T, EELUIRVER
HbAPREB LR L.
BITIEDERDT 5 Z L RFIRTHNIE, FUFx
¥ AR Z ) — bRRNVTERRBRED—DT
HB. TrF ¥ 2 MRRFIZRIT b~
S THRITLICEERBENTEREND. B
2Ey NEIZDHLIZELETRYFiITbNS.
blarvs ) —bRBRERYBHELRWVeD, BER
27 Y— MRRESHTE TaTHRE L, £OHIZ
WO ThiEDHEREL, BREEAVINVEZZON
KHRETBZ LI k> TARIEANELNS.
BERABREa 7 ) — b (BALER 115b/cuft
MERLUT) BT UFr X bRV LHBITHERIR
DEFIZAVONDEELHD. FTEOEENER
Daryy Y—MIETHERIERaZ7 Y —FIZ

bERBEAIND. LhL, RABRE, EHEE,

BLUBREa V7 ) — FOBEEGRENER= 2 Y
—hEDAEVDT, ZOSAIVMEEZRIIIEEL
BT bR,

AF—=NT Yy FERRIWS 20D &Hic L »
TRIEENKEBETHDH. TORRIIBEBEE
DN MEDICE > THBRELEBITICR T oh 5.
INRLORBITET R THIEDEMX B EITL»

THERLLERTHILENTED.

ERERADR) EIERK-225ICAB I ENTEB. Z
NTZ7EY, $EftL 8in DEEDa L7 ) — MK
IREFOHMITIZE T, ERIERNEXLLNTH
B, L7 VVDIEANREITHLBES. O
KOFT2 74 7DOEH (6ft & 8ft DEHTHIRE b



C D) DIETITXEES 208~70ft FTELLTHF

STRESS, ksi

DEFT—ETHD. INbOIENTIEED T v 7
TE (HS20-44) 2, BEDOL—VEWREDNOEL L
PXEHRFTEHEIRTWS., ZIRXHEENT
WRWS, a7 V—RMRIRETFT7 72201 T
bEBOHENTON:. KRDEHITHFEISHE
072 FERI-oTWe., §ERICLVRXMLE
XEADENRENIZOVWTT 7T PDIEHDR 15%
~30%3 L7z, K-2.25 &9 8ft OEHRIEE &
XA 40t DEA, BBRERICEY 75 IR AN
68%WPT 5 (22ksi 235 7Tksi ~) . Fim, K-2.25
Xy, ARERAREXEOLOLY, EXMDIES
RBOTNRTHHIBLVDIRBH Y, EMERIIEN
FRIEADOEOL ERE N EBEE. MOREEDK
RERBRTH BN, FA4 TREBOYA X, SRIE
ROBRE, XSMEDF A TEKETS.

(3) Fhisd \

R UIE S, ST EREART B 7HI
KOMPDEATOTHIEDHPLEERS. O TII,
RIELRBRDINLDDRDIATDTRIEDHEAVD
he, ZThooTRIEDIXR-2.261REND. BT
ORI LHEROERIZEL S TEHE, BERAZ YK
BERL—RBIZAVDRTWS. BEFEBROHIER

IZLIELIEBROTHIEDIZHE > Z &2 5 5.

BARNL P EFhiEDH & LTAVWSFE (K-2.27
BH) XSTORERADRNL FLIZAVS b D& K
WT, BEROay 7 Y — P TRHASh TOWAEHE
Ay FEILKETNS., R ) v TEEBE/NMNIT BT
DI, SRR ARIRNV FRER LY A
AXTCHD. HITD ASSHTO Tit, BERFZ v FD
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=5 i)
4 “:h, crete 22.) cu yd
Y v s

Nnblki:un on L.s.

$0.35/1b 9,540 Lbs $0.34/1b 19,080 Lbs
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1-2

1-4

1-8

(1964)

(1964)

(1969)

1969

(1974)

1975

1975/76

1976

1977

1978

Argenteuil 69
~Juvisy

rail line,

France

Ostrava, 67
Czechoslovakia

Sasar 60
River,
Rumania

Welland 44
Canal,

Ontario,

Canada

Foxton- 42
Barrington

rail line,

England

West Chaska, 30
Hinnesota

Rhone River 50-80-
France 80-80-
80-50

Clyde River,
Glasgow,
Scotland

Lewis County,
Washington

Stadt-autobahn -
Duesseldorft,
West Germaay

steel plate
girder-floor
beam, rail-
way bridge
built 1934-36

skeved steel .
plate girder-
floor beam,
railway bridge

skewed steel.
plate girder-
floor beam,
railway bridge

haunched
reinforced
concrete tee,
highway bridge
built. 1920

haunched
reinforced
concrete
stringer,
railway bridge
built 1926

steel

stringer
highway bridge,
built 1923

continuous
haunched
concrete
stringer

continuous
steel box
girder cable
stayed, high-
way bridge
built 1971

prestressed
concrete
stringer,
highway bridge

contiouous
prestressed
concrete single
box, highway
bridge built
1958-59

repair fatigue
damage

strengthen
for increased
train load

strengthen for
increased
train load

and new axle
spacings

strengthen
temporarily
(before re-
placement)
for increased
truck load

strengthen
to meet new
design
criteria

repair damaged
girders

repair

construction
Joint damage

fILLLLITTy

6 cables encased
in concrete per
girder '

FERTTTIT

steel tee mechanism .

attached to outside
of each girder

FLIIILITIL

steel angle tendon

-

2 cables per beam
grouted in plastic
tubes, beams made
continuous

|

2 bars per beam
encased in gunite

T

one cable per 2
beams under 12 x 12
timber beam and
blocks

6 cables per
stringer, entire
length of bridge

TI=rSLT

16 bars at each
approach span pier

| o =

tendons each
side of web

three external
tendons cach
box beam web

10
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1979

(1980)

1981

1981

1982

1982

1983

1984

1984

1984

1985

Shasta Lake, 35

California stringer

West Germany

Netekanaal, 79-131-"

Belgium 19

Rhone River, 98-1361-

France 66-361
98

Avenue 328 90

overcrossing

California

Greene County, n

Iowa

Juechea, 43

West Germany

Autobahn -116-

Wiesbaden~

Hochheim,

West Germany

Pasco County, 49

Anclote River,

Flocida

Talbruecke 98-123-

Heckholz- 123-98

hausen,

West Germany

Waiwaka 45-60

Tecrace, -45

New Zealand

(steel deck
truss) con-
tinuous steel
wide flange
stringer, high-
way bridge

composite
steel
stringer,
highway bridge

continuous
prestressed
concrete tees

continuous,
prestressed
double
concrete box,
highway bridge
bdaile 1967-69

composite

steel plate
girder, highway
bridge

skewed
composite
steel wide
flange high-
way bridge

skewed rein-
forced concrete
slab highway
built 1976-77

_continuous
prestressed
concrete tee,
highway bridge
built 1963-66

composite
steel stringer
highway bridge

curved, con-
tinuous pre-
stressed con-~
crete, double
box beam,
highway bridge
buile 1959

contiauous
reinforced
concrete

beam and slab,
highway bridge
built 1955

__51._

strengthen

for additional
median barrier,
deck, and
widening loads

reduce deflec-
tions in
multiple
simple spans
by creating
continuity

repair
corrosion

and compensate
for design
deficiencies

repair
cracking
and compen-
sate for
inadequate
prestress

strengthen
for permit
loads

strengthen
exterior beams
to meet
current AASHTO
specifications

repair cracking
and compensate
for inadequate
steel

repair crack-
ing and cable
damage

strengthen
bridge to
increase
capacity from
H15 to HS20

repair cracks
at construction
Joints

strengthen
for heavy
equipment
hauling

2 cable tendons
and compression
bars per beam

e

tendons each side
of web

P—

18 cables of 3
lengths, 6 cables
in 3 spaces between
beams

T

12 cables for

end spans, &
additional cables

in long spans

ﬁr l ‘I T- FTT 'i —uﬂ

2 cables per girder,
grouted in galvanized
pipe

ﬁ:====anmrgﬁ:j

4 bars per
exterior beam,
epoxy coated

ﬁ:::::::::;:ﬁ

9 unbonded cable
teodons in holes
drilled longitudinally

~n
n
[
o
-
0
©
‘o
n
n
<
L3
o

2 bars per beam

L s Eme o mieasan

[Eowabs

tendons across
cracked joint

11

12

13

14

15

16

17

18

19

20

21
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1-22

1-23

1-28

1-29

1-30

1-33

approx.
1980

1982-83

(1985)

(1986)

(1986)

1956

1957

(1969)

1969

(1975)

1984

1953-54

Wyoming

Itzehoe, ~144-

West Germany

Europe 88-171-

(not stated) 171-88

Europe 177-199

(not stated) -199-177

Europe 117-141-

(not stated) 141-141-
141-141-
17

Birmingham, 115

England

Wye River, 149

Monmouth,

England

Bucharest- 138

Petesti

rail line,

Rumania

Aarv#ngen, 157-157

Switzerland

Czechoslovakia 335

Agognetta, 80

Italy

Lachen, 131

Switzerland

timber
stringer
highway bridge

prestressed
concrete
stringer
highway bridge
built 1965-67

curved con-
tinuous pre-
stressed con-
crete box,
highway bridge
built 1974

continuous
prestressed
coacrete nul-
tiple box,
highway bridge
built 1961 °

continuous pre-
stressed con-
crete box,
highway bridge
built 1970

steel truss
(lattice girder),
highway bridge
built 1906

wrought iroan
truss (lattice
girder), railway’
bridge built

1876

steel,
Schwedler
through
truss rail-
way bridge

continuous
wrought iron
truss high-
way bridge

steel truss
highway bridge

steel truss
highway bridge

three-hinged
reinforced
concrete deck
arch, highway
bridge built
1940

repair shear
cracks in web

repair seat

for suspended
span in
cantilever con-
construction
bridge

repair web
shear cracking

repair shear
cracking
near piers

repair shear
and longi~-
tudinal
cracking

repair weak-
ened tension
chord and
increase
capacity

. repair cor-

roded strength-
ening box
section for
lower chord

strengthen
for increased
train load

strengthen for
increased
truck load

and reduce
motion under
load

repair corrosion
and strengthen
for increased
traffic loads

reduce crown
deflection of
4.5 iaches

and rotation
of foundations

o 1] R

vertical steel bolts
tensioned against
steel plate below
stringer

22

= 23

tendous at 15°,
30°, and near
vertical

_Z:L",z

::ﬁ/ 24
tendons drilled

in webs

<D=

vertical tendons
near piers

24

external bars

(MR 25

8-90 ft bars

CCOCEANKY %6

4-128 ft bars
per truss

AT, 27

one rigid tendon
per truss

Pusanacanrzzgocsal 28

2-cable and
tube mechanism
per truss

CEMEEE
i

two cables per
end diagonal members

one cable per
truss grouted in
steel box

= 2 31

8 cables for each
of two arches
grouted in coacrate

pipe

__52__

&% Xk
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2-1 (1963) San Francisco- 65 to reinforced compensate for 32
Oakland Bay 85 concrete removal of
Bridge, transverse center supports
California beams for beams strand-bar
combination
2-2 (1963) San Francisco- steel wide ) strengthen | ——— 32
Oakland Bay flange trans- for increased
Bridge, verse beams truck loads
California T-1 plate on
bottom flange
2-3 (1969) Welland Canal, new concrete increase shear = == 33
Ontario, Canada bearing dia- transfer among H:E .
phragms stringers [—I—
2-4 1982 Pickerel River, laminated improve load 34, 35
Ontario, Canada timber deck distribution ’
bars above and
below deck,
continuous
longitudinal
channel
2-5 (1983) Pike and Morgan 25 . wide flange strengthea for ‘@' 36
Counties, steel floor increased truck _
Illinois beams loads ’
bars pregrouted
in PVC tubes,
double corrosion
protected
2-6 (1983) DuPage County, aultiple reveat further
Illinois prestressed sprcud(ng of (0 ) ! 36
concrete box box beams
beams bars cut into
deck and below
beams with waler
system
2-7 (1985) Denkeadorf, steel floor repair cor- ﬁ 37
West Germany beams rosion
2 tendons per beam
(proposed)
2-8 (1956) Bawtry Viaduct, masonry deck repair spreading ‘lj '
-England arch, railway retaining walls A 38
bridge and longitudinal
crack in arch transverse tendons
near top of '
cretainiog wall
and top of arch
2-9 (1969) Vienne River, 67 masonry deck repair longi- LN S
France arch, highway tudinal cracks [rﬁ ‘”{ 39
bridge built up to 0.80 in. :
in 1850, 7 transverse
widened in cables pér -arch
1968
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