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HIGH-STRENGTH CONCRETE DEEP
BEAMS WITH WEB OPENINGS REPAIRED
BY CFRP

Abstract

The objective of this study is to investigate the repairing effectiveness of carbon
fiber reinforced polymer (CFRP). A total of 6 high-strength concrete deep beams with
web openings were tested. In the first phase of test, all beams were failed by shear.
After the first phase of test, six controlled beams were wrapped with one layer of
CFRP on both sides of specimens. The results in the second phase of test indicate that
six controlled beams may be repaired by wholly wrapped with one layer of CFRP on
both sides.
Keywords : deep beams; web openings; shear strengths; carbon fiber reinforced
plastics (CFRP)
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#1 #FH3FwF # (Specimen details)

2 | f(MPa) | CFRP | m, m, K, K,
HSUoo | 101.4 #& 1 0.511 | 0.133 | 0.213 | 0.500
HSMOO | 101.4 #& | 0.511 | 0.133 | 0.213 | 0.433
HSDOO | 101.4 #& [ 0.511 | 0.133 | 0.213 | 0. 367
HLUOO | 101.4 #& | 0.579 | 0.227 | 0.145 | 0.500
HLMOO | 101.4 #& 1 0.579 | 0.227 | 0.145 | 0. 387
HLDOO | 101.4 #& | 0.579 | 0.227 | 0.145 | 0.273

# 2 4k $5 2 25 (Properties of reinforcement)

54 | f,(MPa) gyt f, (MPa) %

#4 1327 MPa| 0.0016 467 MPa Bor b 32 RT4sS
#5 414 MPa| 0.0021 579 MPa P 4y 5

7 3 Rkt 2 (45 (Properties of concrete)

HE fe &
A IESEEY ST TN Y S R gz
B S il

100 MPaj 101.4 MPa| 0.20 | 250 mm 13 mm | 2491 kg/m®

# 4 CFRP2 % (Properties of CFRP)
RERE | FAER | EMHCE Hizg =R %
3900 MPa |0.166 mm | 230000 MPa | 300 g/m’ 0.015
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4 5 #1794 Es% 2 % % (Results in the first phase test)

FHHE | maxmh | Kh'mn | Ve KN) | Bukiest
HSUOO 60x40 mm 150 951. 4 T4 B
HSMOO 60x40 mm 130 251.4 T4 kR
HSDOO 60x40 mm 110 260. 7 T4 B
HLUOO 68x68 mm 150 222.5 T4 kR
HLMOO 68x68 mm 116 295.9 T4
HLDOO 68x68 mm 82 216. 1 T4 R

#6 RLECFRPz 12 42 = »xz(Repairing effectiveness)

Viytest KN Vivest KN e e e
BB T | srama | CMBE
HSUOO 251.4 222.5 0.88
HSMOO 251.4 202.9 0. 81
HSDOO 260.7 343.0 1.32
HLUOO 222.5 234.2 1.05
HLMOO 225.9 210.7 0.93
HLDOO 216. 1 240. 1 1.11
Total AVG 1.02
6 Ccov 0.18
% 7 % 1=x388 2 Pl:E v ¥ (Experimental verification: First phase)
P Rt Rait3 & Vivest | Vovcalc Vi test
5 m,axmh k,h kN KN | Vieare
HSUOO | 60x40 mm 150 mm 251.4 | 208.3 | 1.21
HSMOO | 60x40 mm 130 mm 251.4 | 198.1 1.27
HSDOO | 60x40 mm 110 mm 260.7 | 186.3 | 1.40
HLUOO | 68x68 mm 150 mm 222.5 | 196.6 | 1.13
HLMOO | 68x68 mm 116 mm 225.9 | 177.2 | 1.27
HLDOO | 68x68 mm 82 mm 216.1 | 151.9 | 1.42
Total AVG 1.28
6 Cov 0.09
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% 8 %2t Bk 2_ pliE v ¥ (Experimental verification: Second phase)

- é‘ % " rnha X mvh kvh '/'2 ?;g’ va,test va,calc va,test
AR Lo
mm mm IPES kN kN va,calc

HSUO0 | 60x40 150 | CFRP |222.5| 225.0
HSMOO | 60x40 130 | CFRP |202.9| 214.0
HSDOO | 60x40 110 | CFRP |343.0| 201.3
HLUOO | 68x68 150 | CFRP |234.2| 212.0
HLMOO | 68x68 116 | CFRP | 210.7| 190.6
HLDOO | 68x68 82 | CFRP |240.1| 163.3

Total AVG
6 cov

.99
.95
.70
.10
11
AT

.22
A

[ERrOR [Uure) [ Qu—ey pa— e R =)

(=)

ka ma ma ka
bk} L}
et
a=1175 252025 21175
F et + 5 =100
woxsoxed  fiooxsoxs
e —
100 50% & 24 100 % 50 & o
» =25 ] } [ e
A A - i3 !
L 4=215
=300
L2 ]
1000 S0 & o 245 1000 50w & 4 -
o e
— — _
‘1Uu><su><6 1E|U><SJ><5'

Bl 1 %1=tipmsk2 g BaERFUEAIF) B 2 A % XH

ke me me ke

} a=1175 1:**“3'*‘ }

Symmetry 100 5055 § §ro0: 5005

100 4 500 2 65 J-#4 100 50 6 .=-4.
> =25 4
w ok d =275
—

a=1175
- + - 100

B kb
/ 00 502 6 O g5 l00m30w6
— e ®
— [ — N
'100)450)(6 100506 ,l
\ f |
ns
L |

| 500 1

B 3 ¥15F%FBIVEE B 4 #FWrF o 1K CFRP 42
2. B A B A R



2015 ¢ =AWy E 1 2 ¢ %+ = B
i] 1 2 3 4 i] 1 2 3 4 ]
BDD 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 BDD
~ BOO A TILUOO2) B - . L o0
E HLUOO( ) JIHL..:)IIc_-_l _
o400 4 o K HSLOO L 400
B e ]
200 4 L 200
0 T T T T T T 1]
600 - HSMOO(1) L G00
HSMO(2)
2 404 RSt T
o,
200 L 200
u —— o
6004  HLDOO2) 1 <) L oo
g 1« HLDOO1) ISDO0CT)
=40y DO0)y L 400
200 4 / B - 200
0 +———— — —————+ 10
o1 2 3 4 0 3 4 5
& (rum) Afmm)
(a) (b)
Bl 5 L& gy st R
v symm.
x
I i
— A
F --\-""\-\.\_\_\_\_\_\-\-\- _,-'/ |
L '““ﬂ-x?‘;‘fa ||
F

kh

0

"'“-H_’L_:.I‘Etl
‘H-.h

ﬂi—

fﬁ

t
|
!
|
!
7
|

B 6 Kong and Sharp (1977) = ;% 7+ % B

YA E A KR

it g



