TERRBZEMER B g FA2A R ERRRE
BRuERl B BRI LR B B AT A(ZD)
Punching Shear Behavior of Reinforced Concrete Slabs
Strengthened with Fiber-Reinforced-Plastic (II)
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Abstract

An experiment was conducted to
investigate the behavior and punching shear
strengths of the concrete slab-column
connections  externally reinforced with
carbon fiber reinforced plastic (CFRP)
laminates. Test results show that the ultimate
punching shear strength of the flat slab can
be substantially increased by the application
of the CFRP laminates. Moreover, a design
procedure following code expressions was
proposed to predict the ultimate punching
shear capacity of FRP strengthening slabs.
The predictions from code expressions show
a conservatively consistent correlation with
test results.

Keywords : CFRP sheets, punching shear
strength, RC slabs.

= 4%

R LEEMNRE - SE - BIER
R BBATEAAAER > AEHRFELR
Z AR REBBE A R o AR — 8y
BUEBSMHITREBESREET E
kb~ A RS ERMEAE - JEmEME B EN - B
W5~ i T F4E0HiE Sk
CAEH S A RIS EAE SRR
NRBRLEEMZIEEBERAEERE N
MR RAGHRARR S & PR
T RoxeEE o £V A REEME R
R BEYNBEREGRARE TR
WA — ) AXURBYERLR A58
B A RBRLIREE T N RE EAT
BB BRI LSE 2R EEIREF
BBk -

=~ AR

AR AR =+ vasa 1000x 1000x
100 mm Z EF AR > JRIE PS4 B A — 18
150x 150 mm Z E 4 FALIE o RELR L] 4o
Ao RBX S HARE LR
B~ B ARAEL ~ B e R B B B o B
PR E & 182MPa & 27.6MPa > 1 7
AR 2 0.59%B 1.18% BE P 2 S F —
Je YL R o B MR HERE R By B B R A 4R 8K
e R B EBE TR MR RERE R A
BRAERZFHEES 062 mm #&RI
f %% B f,=587MPa - 3 M ¥ B
Ep=49,470MPa ; # B 8k B 2 P ¥ B E A
L15Smm > A& MR 4L 58 E f,=888MPa » 58 1%



8t Ep=60,482MPa °

KX BB — o~ 0 v A A AR £
X AR B RGBS 2 38 AR o RERAFE
T ) Pk R ERE) B AL AL ] R Ao, o
BRERBE b 2R A A R R 35 LA R 448
Bl BE ey 4% 10 » SA M fo R 486 h X JE 4
ARIUBI A JE S 3t = 8] »

m . R R RN

B 2R AL TA _+ marRXEE 2
#}HE-M R AL W4 0 CSRI-CI-FO &
CSRI1-C2-FO 23X A8 A ¥ dh 3% > AT H b
KRAFINBRBELGTERTHE  BRE
RERGZ IR EARBERAIEER A
BEY AR AEIEBRBESF > B8
Ak BB > ME SLERRE B4 SRR £ v B
4 o

R ARBRER > BrSAERER
BITAHAZDE  RRLBEZIRA S T
RALEFHNRE - HMERAMAMH LY
¥ REHEYGE T {48 B &YIREE
THRERBERBHT > MAmLRAT > F
FH ARG TR 358% 8 A B &
Wb > JRZBFY NRE R o> T HE
B E IR 123872 F 2 % th1s) 8938 o
B4 o

AR A BL4R 4EBE R oY JE 4R TR B ER
o BRI AMZER > BERABRZIR
BEIRZAAFHIEGE R BRY + LER B4
BER Z EGRNER AR 2 B -

E-BFTNRESH

RS2 BE R AR IR Z 0 ik AR IR
WE— Rz oM H ik SHHRAMAG
gt LR Z B T AR R BRI ALEL 0 o AN RE
AR Ak o bR REET 0 BE R AH 3R
HEF U AR R LA RIRZ 42 4 58
EHAEMAL > Hd ACI 38 B %t a4
HE o oA RE R AR TR ARG R 0 AL
HWERE R AR RIRZ FEAR L 0 RARE
2R ART > R EBHEIEFS T A
% RN Moe B9 R P 0 AW

BRI BEHNBRE -

HEBRAEBRZEETNGEZ
A 0 E AR IRET @ X A A SR E Am A
& AR MR RE R @ AR
BB E R EEMAH DR BREB®
ARG LR R AL B 0w R (1)AFT ¢

_Ad+n Ak
e ST (1)
A, +anf

NP n, AR EEMH X BAERBLL S A5
Ap B8R BB R BT @A 0 h BIRE o

B G 4 RE B e B RRIRTH AR 2 42
R 0 AR ACL & B 3R3HR A ARIE »
BmANRE R MR e ME o b TEES R
FHRET @R E > BEBMEREE
W T 3T B R AR AR SR 2 W )1 7
BV e

Vi = sH-2 —01720, )
Os—c O

X s BIRBETSE b ARE ¢ B
ik mEAAN Moe AX ¥ RFEF
HA%E - ERRBEFIAMPBIL > T
w9 A 7 A 5% BT @ X B dh 38 R 3R R 1A 4
ARGt E AKX T - FEMH LTRA
)izt -

3)

R, =—2
bd:,

Bl < R B Ao AR T ik R
ERENRFAIFZBEEH BB EMR
b ehBifa > b ACL 318 MU B E W
NEEAFTELRAERIRNAH L H
o BAERAERAABNKA  KEXA
DEAERE B AR e Rk RRR A S
RHRBAESHep M EREE 0 LR
& Moe #1 BS8110 X, & BB o

>
N &R

P>

BAE_FZFTWmUTR > B8 ERLR



MRt LR B FH 1A 565 A AR
BTN BRAERE R 8B BB R AR A EE K
NHABBIRABE TN REREEZOR
B ETRZ ARG SR B R By 3 o Y
S o M H 58 B 4% Tt IE AR EE A5 38 o o
BRZBEFTHNBESNF L 8k
RAEBIRE MR ERELEMAMILER R
S BEHNBRE > o&ERERERMLIL
BT AR RRAEE LM —
B RN RERZ E AR Lo RS
RABBRIR B B IR BE B STAT ©

€~ 54 UK

[1] Ahmad, S. H., Zia, P., Yu, T. J., and Xie,
Y. Punching Shear Tests of Slabs
Reinforced with 3-D Carbon Fiber
Fabric. Concrete International, V. 16,
No. 6, 1994, pp. 36-41.

[2] Marzouk, H., and Hussein, A.,
“Experimental Investigation on the
Behavior of High Strength Concrete
Slabs,” ACI Structural Journal, V. 88,
No.6, Nov.-Dec., 1991, pp.701-713.

[3] Moe, J., “Shearing Strength of
Reinforced Slabs and Footings under
Concentrated Loads,” Bulletin D47,
Portland Cement Assoc., 1961.

— RBERI K

ome | SR S| AR

L (%) |(MPa)| /&%
CSR1-CI-F0a | 059 | 182 -
CSRI-CI-FOb | 059 | 182 -
CSRI1-CI-Fla | 059 | 182 1
CSRI-CI-F1b| 059 | 182 1
CSRI1-CI-F2a | 059 | 182 2
CSRI-CI-F2b | 059 | 182 2
CSR1-C2-F0a | 059 | 27.6 -
CSR1-C2-F0b | 059 | 27.6 .
CSRI-C2-Fla | 059 | 276 1
CSRI1-C2-F1b | 059 | 27.6 1
CSRI1-C2-F2a | 059 | 276 2
CSR1-C2-F2b | 059 | 27.6 2
CSR2-CI-F0a | 1.18 | 182 -
CSR2-CI-FOb | 1.18 | 182 -

CSR2-C1-Fla | 1.18 18.2 1
CSR2-C1-F1b | 1.18 18.2 1
CSR2-C1-F2a | 1.18 18.2 2
CSR2-C1-F2b | 1.18 18.2 2
CSR2-C2-FOa | 1.18 27.6 -
CSR2-C2-FOb | 1.18 27.6 -
CSR2-C2-Fla | 1.18 27.6 1
CSR2-C2-F1b | 1.18 27.6 1
CSR2-C2-F2a | 1.18 27.6 2
CSR2-C2-F2b | 1.18 27.6 2
k= HBmER
oy . BETN | BRERA
KA 4 5E N | b E%
CSR1-C1-FO0 118.7 -
CSR1-C1-F1 170.6 43.7
CSR1-C1-F2 181.5 53.0
CSR1-C2-F0 129.7 -
CSR1-C2-F1 198.2 52.9
CSR1-C2-F2 222.1 71.3
CSR2-C1-FO0 152.5 -
CSR2-C1-F1 170.6 11.8
CSR2-C1-F2 196.8 29.0
CSR2-C2-F0 176.1 -
CSR2-C2-F1 224.6 27.5
CSR2-C2-F2 2339 32.8
| 1000 |
| |
[ —
r—— T
N i
150
=
g s{ &
T - 1H)
\\Roller
[ .
— -
l Hydraulic
actuator

——

—

[ ]
| 800 “CFRP _|
1

840

B— RSB ETEE




300

200 —

Load (kN)

PHhets

CSR1-C1-F0a
CSR1-C1-FOb
CSR1-C1-F1a
CSR1-C1-F1b
CSR1-C1-F2a

CSR1-C1-F2b

10 20

Deflection (mm)

30

= CSRI-Cl #z B E-B

300

Load (kN)

= CSRI-C2 #iaz HE-L# &

300

Deflection (mm)

—— CSR1-C2-Foa
—4— CSR1-C2-FOb
—@— CSR1-C2-Fla
—3¢— CSR1-C2-F1b
—#— CSR1-C2-F2a
—Jc— CSR1-C2-F2b

I T I T

10 20 30

200 —

Load (kN)

100 —

ket+

CSR2-C1-FO

CSR2-C1-F1LTa
CSR2-C1-F1LTb
CSR2-C1-F2LTa

0

I
10

T I
20
Deflection (mm)

30

g CSR2-Cl a2 R E-1r 45 dh 4

300
—=— CSR2-C2-F0a
—4— CSR2-C2-F1a
—@— CSR2-C2-Fib
—3¢— CSR2-C2-F2a
—#— CSR2-C2-F2b
—~
p=4
=
e
@®©
o
-
I T I T
10 20 30

Deflection (mm)

% CSR2-C2 #tmz R E-m#AB sy

- - - BS8110 o Moe's equation
— — JSCE ¢  Testdata- CFRP slabs
300 | —— Aci318 A Testdata - RC slabs
—_ —— Yield line analysis
P4
3 4
£
=)
o
S 200 —
) 8 o
=
® < ® _--
8 U
n y Ne _--7
2 & -7 S
= - _ - -
2 100 — e --"
>
T J -
-
0 T T T T T
0.00 1.00 2.00 3.00

Equivalent Steel Ratio (%)
N BEW R RS b2 M A
(& 3% 16.9MPa)

5]

- - - Bss8l10 @  Moe's equation
— — JSCE <>  Testdata- CFRP slabs
300 | —— Aci318 A Testdata - RC slabs
—_ —— Yield line analysis
Z
=3 - <
<
= &
2 0 @
£ 200 A -
& -
5 ° -7
£ 1 LT -
o A -7 _ -7
£ A- _ _ -
g 100 — 7 -
S -
o
0 T T T | T
0.00 1.00 2.00 3.00

Equivalent Steel Ratio (%)
+ BF W58 B EAEA A b2 B 14
(L5t £ 38 B 27.6MPa)



