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Table 1 Specification of specimens

Specimen | Depth | x-bar | y-bar | FRP sheet| Concrete
(mm) | (D16)]| (D6) | (0.111%)
SO 0.26% f.=30.6MPa
S1 300 4 bars|0.57% £.,=0.002568
SF2 1.34% Lateral
0.26%
SF4 Closed
Lo 0.26% f.=35.5MPa
L1 600 6 bars|0.57% £.,=0.002745
LF2 1.01% Lateral
0.26%
LF4 Closed
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i (¢) Properties of FRP

Sheet | Epoxy
Tensile 4160 49.9
strength | MPa MPa
Comp. --- 87.9
strength MPa
Elastic 245 2.97
modulus | GPa GPa

Fig.2 Sheet Jacketing and location of strain gauges

Table 2 Test results

Vouar | Crack | Sheet strain
Specimen spacing| Max. | Ave. | Failure mode
(kN) | (mm) [(10%)] (*10°)
S0 149 80 - --- | Bond splitting
S1 196 58 - --- | Bond splitting
SF2 172 100 | 5494 | 2081 | Sheet peeling
SF4 268 89 6040 | 3518 | Bond splitting
Lo 324 99 --- --- | Hoop rupture
L1 421 94 Crush
LF2 433 118 6776 | 3229 | Sheet peeling
LF4 507 149 | 12722 5758 | Sheet rupture
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000000000000000000000

ooo
000000000000000000000
Oooooooooo o

QUS,Tb, - s,Tb,(x)
S

dx

0000SO0000R000000wOdO000
0000000000000000000 0 i
0000000000000 0x0000000
000000000000000000000
000000000000000000000
oooooooo0’?00000000000

7, 1.5

s .

1, S, 05+(s/s )’ 2)
1Eb EhT

=3 4 +0.55/f. A3)

Spy = 0.02 (b/ny/d, — 1) 4)

Ubds000000400000000
uboobooboobooboooboooon
0000000000’ 00000000000

T,r =S_F 3 S
Tbe SFy 2+(SF/SFy) ( )

Ubdb0n-0000000 =6.9MPall S,-0 0O
gobooobod =0.065mmO 000

gbobobobobobobobobo
FRPOOOOOOOOOOOOODOOOOOO
ubobooooboooobouooooooobbgn
ggoboboboboooooboboboboooad

gogoobobooooooobobobboooooon
gboboobobgoooo

- T, (x)
Jorlx) = ZE‘ [ A—Cdxgmm (6)

go0booooooooodmUuuoobooon
oooo0boobOooboobOoooooDbo
ooooooo
Table 30 000 000D0O0OOODOO0OOODO
00o00D0O0oo0oooooooooooooog
ooooooo
gobD1osgodbobooobogds/x-barsd
gobo20L0b00doboounonoL/x-barsd
goos3osogpooooooonog
goo40810000000000
O0o0osOosrM00000o0nDoooooon
goboedLoOdDOOoonooon
goo70Ligobooobooon
OO00s8dLr4000000000000O0ODO
Table 30 0 O OO Initial lengthd O 0O O 0O O
00000O0oo0ooooooooooooog
00000O0oo0ooooooooooooog
0000000000 bO0o0DOOo0oDoooDo
ooOoo0bOoobOOooboobooboooDbo
Oo00bD40000500000000000O00O
goomobooooooooboboooe
000DO0DbOooooooooi1gooooog
Table 3000 00000000O00O0O0OOO0OO
FigsOUOOOUOOOOoooooooooo
O0O00b0o0obOooboobOooboooo
O0O00b0o0obOooboobOooboooo
O00OFig6eO0DO0OO0ODOODODODODO
0000O00O0DOO0DoDOoo20L0000000
ooo0booooooooon

-1359-



FRP Sheet
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Fig.4 Tension chord model

Table 3 Tension stiffening analysis

|| - 7 | Reinforcement stress

Concrete tensile stress

—— Analysis
—Eq.(10)

(=)

0 Tensile strain (10_3) 30

Fig.5 Tension stiffening curve

Reference| Cross-sectional area Initial | Number| Crack | T.S.
Model | Specimen| Steel | Sheet | Concrete| length of spacing| coeff. 3/0\0
(mm’) | (mm®) | (mm?) | (mm) |cracking| (mm) m g
1 S/x-bars| 804.2 | -- 32000 | 900 4 56 300 gﬂ
2 |L/x-bars|1206.4] -- 40000 | 1800 5 56 300 é
3 SO 56.5 | 24.4 | 22000 | 300 1 150 | 3000 = --I
4 S1 56.5 - 22000 | 300 1 150 100 é -
5 SF4 56.5 - 10000 | 300 1 150 | 2500 0 . . . . .
6 LO 56.5 - 22000 | 600 1 300 200 0 Tensile stress (10'3) 30
7 L1 56.5 - 10000 | 600 2 150 100 Fig.6 Crack spacing
8 LF4 56.5 | 24.4 | 22000 | 600 1 300 150
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Table 4 Crack Spacing

Specimen Test Analysis
6=26.6"| 6=45.0"
SO 80 71.7 57.5
S1 58 71.7 57.5
SF2 100 71.7 57.5
SF4 89 71.7 57.5
Lo 99 91.2 66.7
L1 94 71.7 57.5
LF2 118 91.2 66.7
LF4 149 91.2 66.7
Unit: mm
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Fig.7 Experimental and analytical relationships between shear and shear strain
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