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HIGH-STRENGTH CONCRETE DEEP
BEAMS WITH WEB OPENINGS REPAIRED
BY LOW PRESSURE EPOXY INJECTION

Abstract

The objective of this study is to investigate the repairing effectiveness of low
pressure epoxy injection (LPEI) on the deep beams with web openings. A total of 12
high-strength concrete deep beams with web openings were tested. All beams were
wrapped with two layers of 40 mm wide CFRP strip on both sides of specimens, six
of them strengthened in the horizontal direction and the others in the vertical direction.
In the first phase of test, all beams were failed by shear. After the first phase of test, 6
deep beams with web openings were chosen to repair and then tested once more. The
results in the second phase of test indicate that the shear strengths of CFRP
strengthened beams can be enhanced about 18 % by LPEI.
Keywords : deep beams; web openings; shear strengths; carbon fiber reinforced
plastics (CFRP) ; low pressure epoxy injection (LPEI)
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#1 #FH3FwF # (Specimen details)

2apsss | f(MPa) | CPRP 2 pe% | m, m, K, K,
HSUH2 101. 4 12 0.511 | 0.133 | 0.213 | 0.500
HSMH2 101. 4 H2 0.511 | 0.133 [ 0.213 | 0. 433
HSDH2 101. 4 H2 0.511 | 0.133 | 0.213 | 0. 367
HSUV2 101. 4 V2 0.511 | 0.133 | 0.213 | 0.500
HSMV2 101. 4 V2 0.511 | 0.133 | 0.213 | 0. 433
HSDV2 101. 4 V2 0.511 | 0.133 | 0.213 | 0. 367
HLUH2 101. 4 H2 0.579 | 0.227 | 0.145 | 0.500
HLMH2 101. 4 H2 0.579 | 0.227 | 0.145 | 0. 387
HLDH2 101. 4 H2 0.579 | 0.227 | 0.145 | 0.273
HLUV2 101. 4 V2 0.579 | 0.227 | 0.145 | 0.500
HLMV2 101. 4 V2 0.579 | 0.227 | 0.145 | 0. 387
HLDV2 101. 4 V2 0.579 | 0.227 | 0.145 | 0. 273

H2 KT = % & f» & CFRP

V2: %3+ é kA kCFRP

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

5.4 | f, (MPa) et f, (MPa) %
#4 327 MPa| 0.0016 | 467 MPa | F© F = 2 -K-T 45
#5 414 MPa| 0.0021 | 579 MPa Hed 4 5

# 3 R4 2 12 F (Properties of concrete)

?figﬁa Ty R | kA uR #Eﬂﬂ;ja;'& ¥

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

# 4 CFRPz %7 (Properties of CFRP)
bR E | 2RELER SE I 8 Hig 1B Uk %
3900 MPa |[0.166 mm | 230000 MPa | 300 g/m’ 0.015
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4 5 ®1=x 7§ 4 Es% 2 % % (Results in the first phase test)

e k,h™ | CFRP 2
m,axm,h Vivrest (KN) | A3 050
S mm el |
HSUH2 | 60x40 mm 150 H2 265.1 T4 R
HSMHZ | 60x40 mm 130 H2 276.4 T4 R
HSDH2 | 60x40 mm 110 H2 282.7 Ry €
HSUVZ | 60x40 mm 150 V2 286. 2 T4 R
HSMVZ | 60x40 mm 130 V2 278. 3 T4 R
HSDV2 | 60x40 mm 110 V2 270.0 T4 B
HLUHZ | 68x68 mm 150 H2 241.1 T4 R
HLMH2 | 68x68 mm 116 H2 238.1 74 Rk
HLDH2 | 68x68 mm 82 H2 217.1 T4 R
HLUV2 | 68x68 mm 150 V2 234.7 74 Rk
HLMV2 | 68x68 mm 116 V2 238.1 74 Rk
HLDV2 | 68x68 mm 82 V2 233.7 T4 R
H2: K= % ¢ &5 & CFRP
V2 :d2 % % ¢ KA & CFRP

%6 MUREATRI g2 4R = »(Repairing effectiveness)

;é ﬁﬁ %’%}&“ va,test kN va,test kN @ fr‘ }jﬁ lgt
Sl @m | B2k

HSUH2 265. 09 292.53 1.10
HSUV?2 286. 16 328. 3 1.15
HSMV?2 278. 32 340. 06 1.22
HLUV?2 234. 71 266. 56 1.14
HLMV2 238. 14 297.43 1.25
HLDV?2 233.73 284. 2 1.22

AVG 1.18

Ccov 0. 06
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7 %1385 20 plE v ¥ (Experimental verification: First phase test)

;é‘%g S EENA —JL R it B )i CFRP va,test va,calc bv,test

B m,axmh k,h kN kN Vou.cale
HSUHZ | 60x40 mm | 150 mm H2 265.1 | 217.6 1.22
HSMAZ | 60x40 mm | 130 mm H2 276.4 | 207.9 1.33
HSDHZ | 60x40 mm | 110 mm H2 282.7 | 196.3 1.44
HSUVZ | 60x40 mm | 150 mm V2 286.2 | 210.1 1. 36
HSMVZ | 60x40 mm | 130 mm V2 278.3 | 200.3 1.39
HSDVZ | 60x40 mm | 110 mm V2 270.0 | 189.0 1.43
HLUHZ | 68x68 mm | 150 mm H2 241.1 | 205.2 1.18
HLMAZ | 68x68 mm | 116 mm H2 238.1 | 186.5 1.28
HLDHZ | 68x68 mm | 82 mm H2 217.1 | 161.0 1.35
HLUVZ | 68x68 mm | 150 mm V2 234.7 | 198.5 1.18
HLMVZ | 68x68 mm | 116 mm V2 238.1 | 180.0 1.32
HLDVZ | 68x68 mm | 82 mm V2 233.7 | 156.1 1.50
Total AVG 1.33

12 cov 0. 08

# 8 ¥ 2= :EBk 2 pliE ¥ (Experimental verification: Second phase test)
; é {‘é’ mha X mvh kvh ‘ Z 1':5. = ; 3 va,test va,calc va,test
mm mm kN kN Viy cale
HSUH2 60x40 150 LPEI 292.5 217.6
HSUV2 60x40 150 LPEI 328. 3 210. 1
HSMV2 60x40 130 LPEI 340. 1 200. 3
HLUV2 68x68 150 LPEI 266. 6 198.5
HLMV2 68x68 116 LPEI 297.4 180.0

[ R e S Sy [y SN Y U Py
(eop)
(Sa)

HLDV2 68x68 82 LPEI 284. 2 156. 1 :82
Total AVG 57
6 Ccov 12
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CFRP(b) %% = % & % % % &40 mmz CFRP
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