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Effects of Shear Reinforcements on the Reinforced High-Strength
Lightweight Concrete Beams

Ol@** oIEE 1S R
Lee, Kwang-Soo  Ahn, Jong-Mun  Choi, Myung-Shin

ABSTRACT

In this study, fifteen reinforced high-strength lightweight concrete(HLC) beams were tested to investigate
shear behavior of the specimens according to shear reinforcement ratio. Test variables are shear span to
effective depth ratiola/d=2.5, 35, 4.5) and shear reinforcement ratio(0~1.0pvac)). Concrete compressive
strength and tensile steel reinforcement ratio are constantly 43%g/cm” and 0.0203, respectively.

Test results for the HLC beams showed that ACI code equation underestimates the shear strength of
concrete(V.), and overestimates the shear strength of shear reinforcements(Vy).

1t is revealed that the effectivenesses of shear reinforcements of reinforced HLLC beams are lower than
those of normal weight concrete beams. Then, the shear strengths of shear reinforcements are increased in
proportion not to first degree of shear reinforcement ratio but to square root of them.

keywords : high-strength lightweight concrete beams. shear behavior. shear reinforcement,

effectiveness of shear reinforcements
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Table 1 Test variables and specimen details

0,
Specimens® | a/d| €04 bélgj()d) ° Py (;ﬂ)
(%)

HLB2.5-0 0 0 o
HLB2.5-25 25 0.295 32
HLB25-50 | 25| 50 0.590 16
HLB2.5-75 () 0.885 | 105
HLB2.5-100 100 1.180

HLB3.5-0 0 0 oo
HLB3.5-25 | 3 0.1975 | 42
HLB35-50 | 35| 50 30(25.2) 0.0203| 0.395 24
HLB3.5-75 75 0.593 16
HLB3.5-100 100 0.790 _12_

HLB4.5-0 0 0 o0
HLB4.5-25 25 0.1475 | 64
HLB45-50 | 45| 50 0205 | 32
HLB4.5-75 &) 04425 | 21
HLB4.5-100 100 0.590 16

# HLB2.5-50 : High strenght Lightweight concrte
Beam with a/d=2.5, Ov/aciiv=50%

N
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Table 2 Physical characteristics of aggregates

aggregate w‘::?githt density 3bsogm tion ;;101:11?) fggg F ;)M'
wre g/mh| | O e | (o) | OO
Fine” 1612 2.59 0.78 273

Coarse™ | 729 1.22 11.01 402 |1 59.8 | 6.82

« Fine aggregate : natural sand
= Coarse aggregate : expanded clay(max.size 19mm)

Table 3 Mix proportions of concrete

designed . unit weight(kg/m’)
Strengql %/{)1)3 %%A)
(kg/cm’) wiclrals|G|sp

350 33 45 | 181 15623 27 | 728 | 378 | 7.15

Table 4 Mecanical properties of concrete

compressive splitting tensile E.
designed strength strengt] (kg/cgn“
strength (kg/cm”) (kg/cm™) X107
(kg/cm”)

7day | 28day | 56day |7day | 28day | 56day | H56day

350 [ 337 383 | 439 | 23| 28 | 286 | 236

« Beam tested at 56th—day

Table 5 Mecanical properties of rebar

bar E; oy, Ey . gu , |elongation
diameter| (¥ 10% | (kg/cm® | (x10%) | (kg/cm®) (%)

HD10 | 242 4769 1972 7237 9.38

HD22 | 231 4650 2012 6613 21.02

150
y _ 8-D10 @160

250

2-010
h D10
2-D22

1001 1250 ‘1 00

A LY

Fig. 1 Details of specimen(HLB2.5-50)
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Fig. 2 Typical load-deflection curves(a/d=3.5)
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Table 6 Load-deflection relationships and final failure modes

o, Load Deflection

R {tom) {mm) Failure

Orirs }_ :
mode

(%) | P | Pra{ 4o | dmax

a

Spectmens | a/

HL.B25 0 0 | 1360 [1756] 1.10 | 262 s
HLB25 25 25 | 13.80 |22.40; 2.96 | 5.23 S
HLB25 50 | 951 50 | 19.00 |28.20) 4.10 | 6.34 S
HLB25 75 75 1 20.80|28.70] 3.37 | 5.55 F
HLB2.5 100 100 | 16,00 [29.14| 1.82 [16.19] F
HLB35 0 0 11092|1092] 4.03 | 4.03 S
HLB3S 25 25 11201 11916 3.27 | 8.63 S

HLB35 50 | 45| 50 | 1210 {20.18] 383 {1541 $

HLB35 75 75 11252 12000) 342 {1620 F
HLB3.5 100 100 | 12.20 120.20| 3.75 {1666| F
HI.B45 0 0 1052 [1052] 697 | 697 S
HLB45 25 25 [ 115411547 6.29 | 6.29 S

HLB4530 | 45| 50 |1270 |1560) 7.60 |16.10] S

HLB45 75 75 11330 (16.44) 7.70 [3292) F

HI.B4.5-100 100 {1390 [1564| 822 |14.04f F

+ 8 : shear failure, F : flexural failure
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Cracking Shear Stress (kg/cm 2)
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Fig. 3 Effects of a/d on diagonal shear stress
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Shear Reinforcement Ratio (%)

Fig. 4 Effects of shear reinforcements on diagonal shear
stress
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Table 7 Test results of each specimens

Specimens a/d :’f)—’, Ver Vo Vo' Ver x TSt/ A4 Mer M. Mo/My
(%) (kgsem ) | (kg/em™ Ve Vo Vi v, (t-m) | (t-m)
HLB25-0 0 1785 | 2305 | 1.29 1033 | 173 | 223 | 904 1405 | 064
HLB25-25 25 18.11 29.40 1.62 24,40 L75 1.21 7.52 17.92 0.42
HLB2.5-50 25 50 N/Ax 37.01 N/A 10.33 | 3847 N/A 0.96 6.64 22.56 0.29
HLB2.5-75 ¥6} N/A - - 52.54 N/A 11.12 22.96 0.48
HLB2.5-100 100 21.00 - 66.60 2.03 9.44 23.31 0.41
HLB3.5-0 0 14.33 14.33 1.00 9.93 1.44 1.44 3.43 6.24 0.55
HILB3.5-25 25 15.77 25.14 1.59 19.35 1.59 1.30 3.20 10.95 0.29
HLB3.5-50 3.5 50 15.88 26.48 1.67 9.93 28.77 1.60 0.92 3.26 11.53 0.28
HLB3.5-75 ™ 16.43 38.21 1.66 3.37 11.43 0.30
HLB3.5-100 100 16.01 ] 47,61 161 3.43 11.34 0.30
HI.B4.5-0 0 13.81 13.81 1.00 9,70 142 1.42 267 4.68 0.57
[LB4.5-25 25 | 1514 | 1514 | 1.00 ﬁms 156 | 091 | 262 5.13 051
HLB45-50 | 45 | 50 | 1667 | 2047 | 123 | 970 | 2377 | 172 | 086 | 2.40 6.93 035
HI.B4.5-75 7% 17.45 30.80 1.80 - 240 7.31 0.33
HLB4.5-100 100 18.24 37.84 1.88 2.40 6.95 0.35
* N/A © not available * Flexural failure
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Table 8 Shear strength of shear reinforcement(Vs)

Oy

. TEST| ACI | BS AlJ
Specimens | a/d | Po

(ton) (ton)

19) (ton) (ton)

HLB25-0 0 0 0 0 0
HLB2.5-25 25 44 ) 538 | 468 | 3.82
HLB2.5-50 95 50 73 [ 1075 935 | 546
HLB2.5-75 75 - 16.38 | 14251 668
HLB25-100 100 - 2150 11871 | 7.72

HLB3.5-0 0 0 0 0 0
HLB3.5-25 25 412 § 410 | 357 | 3.16

HLB35-50 | 35 50 463 | 717 | 624 | 447

HLB3.5-75 (6] - 10751 935 | 5347

HLB3.5-100 100 - 1433 | 1247 | 631
HLB4.5-0 0 0 0 0 0
HLB4.5-25 25 051 | 269 | 234 | 273

HLB45-50 | 45 50 254 | 538 | 468 | 386

HLB4.5-75 75 819 | 713 | 472

HLB4.5-100 100 - 1075 935 { 546

4.4 AFE utg Zo] AQERIME
Zboll whel AGEGZe] AQREs YA
7¥she ol ol FvtEol HAR FA=
FE Bojunz or)re g EAE Wy
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d o) K=1.44, a/d=3.5, 4.5¢ 9 K=2.02
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fo Q& rr oy oy

Ol
-

V=K o.f,) bd
k=1.44 for a/d=2.5
k=20 for a/d=3.5~4.5
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{(c) a/d = 45

Fig. 8 Shear strength of shear reinforcement
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Fig. 9 Effectiveness factor of shear reinforcements
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