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ABSTRACT

This paper deals with an enhanced structural capacity of reinforced concrete bridge deck strengthened with carbon

fiber rod (CFR) which is subjected to monotonic and cyclic loads. Strengthening variables considered in this test
were evenly and unevenly strengthening type. To evaluate strengthening capacity for these two strengthening types,
load-carrying capacity and crack and failure pattern from the failure test were analyzed and fatigue response were

examined.

According to the test results, all the strengthened specimens showed punching shear failure as a result of
premature failure of bonding interface between mortar and concrete. In the case of strengthening capacity, it was
observed that the strengthened specimens was more effective in strength, stiffness and fatigue endurance limit than
the unstrengthened specimen. In addition, the unevenly strengthening method (CR-UE) was more effective than the

evenly strengthening method (CR-E).

Keywords : carbon fiber rod, punching shear, evenly strengthening(CR-E), unevenly strengthening(CR-UE)
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Fig. 1 Schematics of strengthening method
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Fig. 3 Anchor bolts

Table 1 Properties of concrete and mortar

Elastic Bond |Compressive .
modulus strength strength U1t1m_ate
(Mpa) (Mpa) (Mpa) strain
Concrete | 2.3 10* - 24 0.003
G&W 4 _
Mortar 1.08 <X 10 2 45
Table 2 Properties of rebar and CFR
Elastic Yield Ultimate .
modulus strength | strength Ultimate
(Mpa) (Mpa) (Mpa) | Stran
Rebar | 20 x 10 300 570 0.0029
CFR 12 x 10* - 2,171 0.0115
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Table 3 Failure condition of strengthened specimens

Area| Failure condition
osh A |under-reinforcement
Reinforcement
B | rupture & concrete
C crushing
C | Over-reinforcement
-pr Og: strengthening ratio
‘gomax B of main rebar
5 A Op, O max: balanced

and maximum ratio
of main rebar

Op: strengthening ratio
of the FRP

Op, p, O max,p balanced
nd maximum
strengthening ratio of
FRP

Pmx.p Pb.p
Ratio of

reinforcement

Table 4 Strengthening ratio of the specimen

Strengthening ratio

0007k,
Steel P0 = T0.003 + ae)f, d

000207,k
CFR ©00=10.003 + Ae)) A, @

©Op = balanced steel ratio

© 5, p = balanced strengthening ratio

€, = ultimate strain of CFR

f; = tensile strength of CFR

h, = distance from top slab to center axis of CFR

‘i
Lm
T %
! ¢
~ J ‘
CFR  mortar
(a) CR-E (b) CR-UE

Fig. 5 Strengthening details of specimens
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Table 5 Strengthening ratio of steel and CFR

Spacing CFR Steel Total
of CFR |strengthening | strengthening | strengthening
(mm) |ratio (XE-2)|ratio (XE-2) |ratio (XE-2)

M|{D| M D M D M D
CR-E | 30|30| 50 | 377 | 127 | 061 | 6.27 | 4.38
CR-UE| 60| 30| 256 | 3.77 | 1.27 | 061 | 383 | 438

Speci-
men

M : main rebar direction
D : distributing rebar direction

seAst Fele BKN 439 35718718 AME8ly
o X8 7} sle e B3 E HEE ZAs] 98l
49KN HAo2 sFgAlste) stEAlAS w24
Z|E ue viggtel $AF7)E diAF o 0m A7
749 2~3THzolt}h wehA & AFoe F33%F F7)
g 2HzZ A3 S23AE SR 200 w7t
A5 HZIAZ AHsht £ ATl E vy sz
A9 SEo] B %AESL 100 138 7|Fog 3l ¥
23AE A’ =g Hag) 2 BysS wurl
Ads] ZAs] Hste] AAA S HAdlsks 22E A
22 3% 7 2 7ags 2EE é— HojslF
o] QWA= 49KNZ stEAsle & 1 o] FRHE 2
mm® WHAlE HAste P24 AFE AU
Table 6, 72 A4 2 w2 Ag AH&H %?014.

4. NEFT 2 2

41 B NsAlY 2 2 2Y

4.1.1 7€ 2 9%

TR AP C-NS AS MTKNoJA Z7|#Fe]
BT 24 KN7HA = wiE i we o2 wgo] 7
A} SI0KNelM F370] FEspHA ok #d
2 AASAC 5BKNoAM AAR Fhsty 2 wj@de
o] gBo] Yolyton] 627 KNAA HH 7 =gict A
dojAl spjzhe 45° 7F dubdolqnt B AlgAe
45° olaolA wa)7t WAl Aoz #AHT) Fig. 6
< TR AgGA Y A - s dAnke] HAAG gy B
&4 H9FTh CR-E A@AY #gdte Eﬂ AE
A} Ao TR AgAe) vz =
s7p dAE . &, CR-E Alﬁ*xiH 93] OH
% 37_70L_1;_ a-_g]rﬂ UEE].Eo]] 211 oﬂ _,]
o] gy FAlo] HA Ay H“E} oo} 7
E NE(sheet)d BAARZ B7}E uidue] ﬁ]vﬂwoﬂ 4
& AAY ot fA Pl Tk B T
Me BRAQ CFRo] 88 d532ES 37 Ad A
Z7\eg o3t HAyATho] WA Ho 7 EMHAr),

-

rH
r{o oN'

A".i 0\‘ Om l‘-u
_\'_, [‘E i r

lo

216

Table 6 Static test results

Specimen Failure load (KN)
C-NS 627
CR-E 688

C-NS : control specimen, E : evenly strengthening method
CR : strengthened specimen with CFR

Table 7 Fatigue test specimens

Specimen | Applied Load Failure load in
I;ndex pp(KN) Stress level static test
C-NS40 255 40%

C-NS70 441 70% 627KN
C-NS90 568 90%

CR-E60 412 60%

CR-E70 892 70% 683KN
CR-ER0 549 80%

CR-UE60 412 60%"

CR-UE70 892" 70%" -

CR-UE80 549 80%™

* Based on the static failure load of CR-E
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Table 8 Effect of strengthening

C-NS| CR-E | strengthening effect (%)

Stiffness (KN/mm)| 2.2 3.2 45.0

Failure load (KN) | 627.0 | 6388.0 9.7
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Table 9 Prediction of punching shear failure load

Specimen | Failure load (KN) | Predicted punching shear (KN)
C-NS 627.0 599.0
CR-E 633.0 762.0

CR-UE - 751.0
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(a) C-NS70 specimen
Fig. 10 Crack and failure pattern of unstrengthened
specimens

(a) Bottom surface

Fig. 11 Crack and failure pattern of CR-E70
specimen

(c) Side view

(c) Side view

(a) Bottom surface

Fig. 12 Crack and failure pattern of CR-UE70
specimen
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