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Shear Strengthening Effect on Reinforced Concrete Beams Strengthened
by Vertical Slit Type Steel Plates
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Abstract

Application of steel plates is one of widely used methods for shear strengthening of
reinforced concrete beams that are insufficient of shear capacity. While the existing method
applying solid steel plates provides good shear rigidity, however, it is concerned by brittle
bond failure patterns, inefficient material usage, and low constructability. The use of strap
type steel plates has also shortcomings of low strenthening effect due to small interface
bonding area and ununified behavior between plates and main body. Therefore, this study
aims to introduce the shear strengthening method using slit type steel plate, which can
solve out the problems aforementioned, and to verify its strengthening effects on shear
capacity. A total of 13 specimens strengthened by slit type steel plates were fabricated with
primary test parameters of plate width, slit spacing, and plate thickness. The test results
from this study were also compared to those from the existing research on RC beams
strengthened by strap type steel plates, and the strengthening effects on shear capacity of
specimens having bonded slit type steel plates were quantitatively analyzed. The test results
showed that the RC beams strengthened by slit type steel plates had greater shear
capacities than those with strap type steel plates, which is considered to be the effects of
improved composite behavior and larger interface bonding area in the RC beams
strengthened by the slit type steel plates.
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Table 1 22| 22|& 42

[ FEAT | AT | AT
o (MPa) (MPa) (MPa)
N D10 375 492 2.10x10°
A3 -
D6 331 427 1.95%10°
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7yt .
t=3.2 296 473 1.95%10°
(mm)
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1| CBO-STO - | - | - t80] 0 | -
2| cBO-ST1 - | -] - ]1.30|5.49| -
3| sV-02-50 2 97
1.30 —
4| 8v-25-50(1) a5 25
5|sv-25-50(1) | | 25 1.74
50 0
6| sv-25-50(m) 25 64
7| sv-25-50(v) | 2.3 | 25 1.30
8| sv-25-50(V) | 4.5 | 25
9| SV-25-75 25 | 75 76
10| SV-50-100 50 | 100 65
11| Sv-50-125 32 Moo 12530 O | 6s
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Table 3 A& Z 2}
M3l
No | amam | Vo | Voo B Ve | S gy | e |2
(kN) | (kN) | (mm) (kN) (mm) (x 10| (x 10°% | A+
1 CBO-STO - 60.85| 2.210 64.97 2.810 1.27 - 1245 At
2 CBO-ST1 34.33 108.95| 5.765| 116.21| 7.290 1.26 - 2931 At
3 SV-02-50 35.45 | 108.85| 4.210] 124.12| 6.885 1.64 179 2733 At
4 SV-25-50(1) 24.03 85.80| 3.500 94.14| 3.985 1.14 298 2156 At
5 SV-25-50(1I) 23.54 79.30] 5.235 87.96| 8.410 1.61 311 3415 %
6 SV-25-50(I) - 102.90| 4.565| 113.27| 5.455 1.19 418 2154 At
7 SV-25-50(1V) 20.60 83.30| 3.175 89.06| 3.625 1.14 811 2100 At
8 SV-25-50(V) 25.16 83.40| 3.375 96.41| 4.100 1.21 268 2150 At
9 SV-25-75 35.31 95.60| 3.810| 106.89| 6.410 1.68 379 2450 At
10 SV-50-100 33.20 98.85| 4.300| 116.33| 6.600 1.53 376 1604 Ak
11 SV-50-125 34.57 99.60| 4.115] 122.09| 5.865 1.43 888 2599 Ak
12 SV-120-180 34.33 67.55 2.485 82.38] 3.240 1.30 598 1719 Ak
13 PL-00-00 34.82 105.35] 4.160| 122.16] 6.060 1.46 197 2590 g
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3.2.3 Slite] Z3} 7HAWs 2o E YeERIth & AelA ATAAN—EA(V,)
Fig. 9% Slitd 72 Fdl 2 Az 2 ACIHol 93t FAYEY Aoy (V)2 Az
gAAE ®7]8 AoR SV-25-7h4EAE A9 < A= (V) alm FAS Adwe] AdhdlE
BE AdAe A ARRadge] ZdsE (Vpr) 9] o= 21(1)7} Zo] 42bggict
Aehieo] Fagict
an = I/(Jr I/s + VPL (1)
4, MohfzEN
41 Mg | E=Aol| o3 BEEchye Ve=[35—25(-2L . )
Ved
54 Qlitd Awow AwHAE RC Rl Ug A 016 v/ Fek +17.6p, L) b o d
g A ol ATd A9t glong s)E o M
4 ARe 483 AP gao] wolath A Ll
Qo] oJah Av A B Slitd Aol Av
Vs = . | ] . f, o d (3)
7] Bk o] BAES B3 Wolxt vk s 12 !
Table 4 = A8 S Aln®e we ZEAE vm A
L | 9% FEe AgE 2 v o 5t
] - b d fck A
49 49A7 (mm) | (mm) a/d | (mm Puw,t fyﬁt Ps fyvs (MPa) | (BxHxt,mm) 44
) 1 (x10%) | (MPa) | (x10)| (MPa) (mm)
CBO-STO | 125 | 230 | .30 0.00 - -
CBO-ST1 125 | 230 | 1.30 5.49 - -
SV-02-50 | 125 | 230 | 1.30 0.00 600x230x3.2 | 50
SV-25-50(1) | 125 | 230 | 1.30 4.94 0.00 600x230x3.2 | 50
SV-25-50(1) | 125 | 230 | 1.74 (274~ 0.00 600x230x3.2 | 50
w [ 8V-25-50(m) | 125 | 230 | 1.30 D10) 0.00 600x230x3.2 | 50
A | sv-25-50(V) | 125 | 230 | 130 [1250| * 375 | 0.00 | 331 | 23.5 | 600x230x2.3 | 50
@ | sv-25-50(V) | 125 | 230 | 1.30 <§?H1—71 0.00 600x230x4.5 | 50
SV-25-75 | 125 | 230 | 1.30 50 0.00 600x230x3.2 | 75
SV-50-100 | 125 | 230 | 1.30 Gt 0.00 600x230x3.2 | 100
SV-50-125 | 125 | 230 | 1.30 0.00 600x230x3.2 | 125
SV-120-180 | 125 | 230 | 1.30 0.00 600x230x3.2 | 180
PL-00-00 | 125 | 230 | 1.30 0.00 600x230x3.2
T-Beam-1 | 120 | 335 | 4.30 2.24 25.8 - -
S. T-Beam-2 120 | 335 | 430 0.56 27.0 - -
A " T-Beam-3 | 120 | 335 | 430 0.56 27.6 | 40x285x4.0 | 80
! T-Beam-5 | 120 | 335 | 4.30 7.36 0.56 26.5 | 40x285x4.0 | 40
it T-Beam-6 | 120 | 335 | 4.30 [3800| (378- | 414 | 0.56 | 275 | 26.5 | 150x285x4.0 | 150
N T-Beam-8 120 | 335 | 4.30 D20) 0.56 25.6 | 150x285x4.0 | 75
x| T-Beam-9 [ 120 | 335 | 430 0.56 26.7 | 1550x285x4.0| -
& | T-Beam-10 | 120 | 33% | 430 0.56 26.0 | 310x285x4.0 | 310
T-Beam-11 | 120 | 335 | 4.30 0.56 26.4 | 1550x285x4.0| 467
F) t: AR, ARe] FEAE} GAAS(4.0mm) =261.0MPa, 188x10°MPa
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w (Strap) ¥ Z#e] Achi=2] A, Sharif A. Sharif et al.®e 7= Z3E AW A
2[7_ (tshs )]d ﬂ(Stlap)ﬁJ/} Solid 7#9] tl.*ﬂ’\]@% ARy R are)
ave 2
Ve = 5, 4) HNARAESE (7,,,.)°] Ty (= 3.5MPa)d =
g2 7Pgsle] ARgsisith aEjm Adel s
Solid® 73e] Athiea]. A, Sharif Bk Wy e JadweE(r,,.)S 1.2MPa
dh, =2 id 7ste = 2 47 qSEys
Vi =2l (L2 ) (5) - Solid S| 7y, & 0.8MPaz 55t d5EEe
L Aoz ALs9Y. S, Altin et al.®e 7ol
AdetsAgAds A Al AN ddRgTE o
o71A, Sp—‘E 73] 744 (mm) t,= epAR Zxo] Avezalda AzelE Aow 7136
F(mm), b= W3R Eol(mm), de 2 {5 th AzGAE BEete o ZA)e Fabdteee 3,
Zol(mm), h,E Solid 4% #=ol(mm), 7,,.E OMPa® 831313, 25 dAFAe] AdExrt 2
o ZA] 9] WA (MPa)o|th AYESAN S wHshe A2 fAke A
Table 5 Z32lE, Mohd2 o Z@me| BotMchyaiof s £AHD)
A% o] 23H(ACIA + A Sharif 2®)
3 o 53]
| A9A3 ¢! Vs? Vpr? Vn Ve Vs VpL Vn e
(kN) (kN) (kN) (kN) kN) | (kN) (kN) (kN)
CBO-STO 64.97 | 0.00 - 64.97 | 55.54 | 0.00 - 55.54 | At
CBO-ST1 64.97 | 51.24 - 116.21 | 55.54 | 46.93 - 102.47 | Ag
SV-02-50 64.97 | 0.00 | 59.15 | 124.12| 55.54 | 0.00 | 60.94 | 116.48 | =&
SV-25-50(1) 64.97 | 0.00 | 29.17 94.14 | 55.54 | 0.00 | 31.74 87.28 | Ae
SV-25-50(11) 64.97 | 0.00 | 22.99 87.96 | 55.54 | 0.00 | 31.74 87.28 | &
2 [Tsv-25-50(m) 64.97 | 0.00 | 48.30 | 113.27| 55.54 | 0.00 | 31.74 87.28 | A&
A | 8V-25-50(IV) 64.97 | 0.00 | 24.09 89.06 | 55.54 | 0.00 | 31.74 87.28 | A
5 | SV-25-50(V) 64.97 | 0.00 | 31.45 96.41 | 55.54 | 0.00 | 31.74 87.28 | A
SV-25-75 64.97 | 0.00 | 41.92 | 106.89 | 55.54 | 0.00 | 42.32 97.86 | A
SV-50-100 64.97 | 0.00 | 51.36 | 116.33| 55.54 | 0.00 | 31.74 87.28 | A
SV-50-125 64.97 | 0.00 | 57.12 | 122.09 | 55.54 | 0.00 | 38.00 93.54 | A
SV-120-180 64.97 | 0.00 | 17.41 82.38 | 55.54 | 0.00 | 21.16 76.70 | A
PL-00-00 64.97 | 0.00 | 57.19 | 122.16 | 55.54 | 0.00 | 42.32 97.86 | @
T-Beam-1 90.40 - 90.40 104.60 - 104.60 | %
Q. T-Beam-2 55.30 - 55.30 53.50 - 53.50 | A%
A T-Beam-3 55.30 25.70 81.00 53.50 32.60 86.10 | A
1 T-Beam-5 55.30 28.30 83.60 53.50 48.20 | 101.70 | &
it T-Beam-6 55.30 24.60 79.90 53.50 48.20 | 101.70 | A%
n T-Beam-8 55.30 24.80 80.10 53.50 63.50 | 117.00 | A%
5 T-Beam-9 55.30 33.30 88.60 53.50 64.60 | 118.10 | #
@ T-Beam-10 55.30 32.20 87.50 53.50 64.10 | 117.60 | €
T-Beam-11 55.30 29.40 84.70 53.50 64.10 | 117.60 | A
Ve =Vu (CBO-STO A9 HAd7w)
Vs? =Vu - Ve(CBO-ST14 A AATZzoA CBO-STOAAA ] AATA =S » 7h)
Vp? =Vu - Ve(zF 28A9 AijdezgdzeA CBO-STO 2@ Aol Zjxwzt 3 W)
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