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A Study on the Shear Behavior of Reinforced High Strength
Lightweight Concrete Beams
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Abstract

Hecent advances in material technology has accelerated the development of higher
strength concretes using lightweight manufactured aggregates.Concretes with these
characteristics are designable since the reduction of dead loads and the increase in load
capacity can offer substantial cost reductions. Although these characteristics are very

desirable, very little information is available to the structural researcher about the

A3, w9 ’J'I EH“W k
Q319 ATl GL_\J

shap A ALk E '1‘0“ C-H'°_|' =2 1996H 10% 30%”}7(' _.fili:‘ =2
& ’lo”“] LHZFAlH 199644 12%:1§10ﬂ§ olsleE AlRfstE -
GFiat} s

ool g

-

-~

AE el A Aoy 8 i 71

Eaziegs|lz2E M 8 # 4% 1996. 8 149



to effective depth ratio a/d =
2= 0% and 1.136%

steel ratio. shear strength.

properties of highstrength lightweight concrete.

In general, shear strength of reinforced concrete beams is dependent on the
compressive strength of concrete, the longitudinal steel ratio. the shear span to the
depth ratio and shear reinforcement. In this study, eight single reinforced high strength
lightweight concrete beams were tested to investigate their behavior and to determine
their ultimate shear strengths.The variables studied in this investigation are shear span

1.5, 2.5, 3.5 and 4.5 ; vertical shear reinforcement ratio

Test results were analyzed and compared with strengths predicted by ACI code
equation, Zsutty’'s equation. As the results, ACI Eq.(11-3) and ACI Eq.(11-6) are
conservative for high strength lightweight concrete beam. Also Zsutty’'s Eq. is
conservative for beams except short beams.(a/d=1.5)

Keywords © high strength lightweight concrete, shear span to depth ratio, longitudinal

.M B

1963 (ACI 318-63 #A|A) o) Zazeel A
SR Ee] g B2 A7t oj ol stk ey
Aol g ool A7t wEaAE AL S
3 2328 9 nRxEEIE st AFol 1
ZAHE AHER udEEAEd gsiMe 2
S, FHol “%—01 g ddAs
2 iAate 2
= *}%GM A A7 A

-

03#

-+
N
T —
&5
N
O:

ook mt 2 ox
=

FuZtEEagee N 2 E 0| 4
3 915t7) o) ol X1 Qink v|= ZawlE s 1

ol ¢
al
4l

EZAdER N9 Y3 (Committee 363)F
19841 BuAME T3 HEFTFEZAEE
420kg/cm’, 18] FHFEZAYEE 280kg/cm’ ©)
e L ER o }5—’ p=

ARnztEE Az Ed i 1= 1980 ) o)
F Ol SA0R HAHY =, Ahmadis 4%
NAEFZAYES] AHHRY AR EOTY 3|
E AL Shaht= &3-A3% B4 Nilson
H B el whal Ak, ey T
oAM= ofal Agkm gl e o] vidtd] e o
T gy Ju TR EA gig A

e i) g Aot}

T

ng}

il

150

& Baje A
ASENS FHeL, FnBELadEe o
b Atk gt e d ACT code 2
4 A4 49 295 gads

2.1 AEAe 72

ol AFeM: ARugeEaLEe oty A
¢ 72 wde) Agon nase] 1 54 A3
=& ACI &Y 3 olv] AA R 2457 v
HEsIAT

2L 44 dH(b=12.5cm, D=25cm)&
7FA 5 Aelis Aek 2ginlel vl g2A B F 8
Aol AgAE T ATa e e s,

e FoHA7IRA el WA g,

o g, AW, WY 5L 3 BRACL

Z32/Es3=R2E § 8 A 4% 1996. 8




2.2 AlE=Ie) Mzt T e
D=250 [;l d=212 <+ 4
1 1 Py A
AgAe dee Avie 1Y1H Zol % b=125 pe0 2 | 400 2 190,
12 5cm, ¥ 25cmeli ZHole= Acksdivl(a, d) Table 1 Details of test beams
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3} AE “!"2- — 2‘!1’%9_ 13 i e
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3.5, 452 3l AEH7)(e)E 0%, 1.136% % HB2-WS| 25 125 25 15 1.136
8 % 8 Hi E 19 go] 88 Az}, oA HB3-NS 3.5 1251 25 1.5 0
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&y o C . :
le)= 1.5%2 A5 sarh. NBANS| 45 | 125 2 15 0
NB4-WS 4.5 12.5 2’; 1.5 1.136
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e Beam
e e High Strength light weight Concrete

AdEE REXENC AUNE AZEAgE 70‘
4, zEae Agr] 19mmel AEAFIAE
QBT ST ABFBRAL FUKA

Table 3 Mix proportions of concrete
. {50 dtt RN a prop

ta

Rl mm

'A' T % & wkg/m?) FAME|EYE
125 A AWE ZFEA |54 | Silica Fume| IYFHSA| & | W/C(%)] (em)
480 | 480 | 560 80 7941 1541 32% 12

(a) Beam Type without shear Reinforcement
AldAlel Aol dgdeA Fagle UME
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125, A A

(b) Beam Type with shear Reinforcement

Fig. 1 Specimen details and location of measurity

sensor Table 4 Measured strength of concrete
N . } T EA A ~
A AAREE FUARZ 204 LA Ho Q7 . No.l | No.2 | No3 | B
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Table 2 Chemical composition of lightweight aggregate

SIOZ A120§ FOQO;; TlOg CaO Mg() Kgo NagO lg.loss “HQE‘:—
(%) (%) (%) (%) (%) (%) (%) (%) (%) (SK)
57.8 18.4 ~ 8.81 0.96 0.65 ; 1.00 2.82 0.63 8.2 10
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Table 5 Measured strength of steels
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Fig. 2 Support and loading details for test
beams

(a) HB1-WS beam

{(b) HB3-NS beam

Photo 1 Crack development of test beams
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Fig. 3 Cracking patterns at failure

Table 8 Comparison of shear strength

ACT | ACL |ZSutty {Zsutty | EXP, | EXP. Pu Exp.
e (11-3) [(11-6) | (Ve) | (Vu) Vo Vi Vu/ BXP. Vie/ EXP. Va/ EXP Vo EXP. v/
Specimen - B e e . N . i . .
Exp. | ACLLLI-3) ACITL-6) Zsutty (Vo Zsutty(Ve)
t t 1 L L { t )
. R e B : - L ,\” e ) .
_HBI-NS 2.85 | 618 1 6.64 | 450 | 975 | 195 | 216 140 1.58 0.7 1.46
HB2- \S 1266 0 313 336 1300 | 365 TA 1.22 L2 113 0.9 19
_HB3-NS | 2 258 280 | 301 300 L 335 67 | 112 1.20 1.16 1.07 111
HB4-NS | 250 | 254 LET | 27R 2.5 2.65 53 | L18 o 0.90 8s 0.87 09
HBI-WS | 250 | 285 | 618 | 267 1 475 | 118 | 236 | 248 140 1.67 0T 0.44
CHBZWS | 250 266 | 213 | 154 Lm0 D715 M43 1A e | 169 | 14 046
CHB3WS | 250 258 | 280 | 1504 af0 | 540 | 108 154 1.40 1.36 125 1 036
HWA-WS | 250 1 2.0 2.57 14.8 3. 5 350 T0 1.08 1 J(D 1. 28 17.26 1 (.24
Ver © Shear strength at diagonal crack Vu @ Shear stlength at ultimate fallure
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Fig. 4 Effect of a/d on shear strength at cracking
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Table 9 comparison of moment capacity

s et [ dvi g [ olgdio [ Me | Mer M , v
Specimen (a/d) (%) (%) (t.m) (L) Mer/Mn Mi/Mn
FIB1-NS 15 0 1.5 1.44 312 - 0.45 097
HB1-WS | 15 | 1.136 15 152 | 378 | 047 | 117
HB2-NS 2.5 T 1.5 159 | 183 50
HB2-WS | 25 | 1.136 15 239 3.79
THB3NS | 35 | o | 15 Frre 2.48
HB3-WS 3.5 1.136 1.5 259 3.99
HB4-NS | 45 | o 1.5 214 252
HB4-WS 4.5 1136 | 15 3.04 333 | 096 | 103
Mas @ Nominal moment stronpth Mer Momcnt at dmg,(mdl crack Mt @ Moment at ultimate failure
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Fig. 11 Effect of a/d on the relative moment

strength (without strirrup)
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