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ABSTRACT This paper investigates the punching shear strength of lightweight aggregate concrete (LWAC) slabs through a series
of experimental study. Five full scale slabs were constructed using normal concrete and four different types of LWAC. Each
lightweight aggregate (LWA) used in this study had different sources (clay, shale, or slate) and shapes (crushed or spherical shape).
Based on the test results, the effect of the lightweight aggregates (LWA) on the punching shear behavior was investigated. From the
test results, it was found that the punching shear failure surface of LWAC slab with spherical shape coarse aggregate was less
inclined than that with crushed shape coarse aggregate, which resulted in an increase of the area of the shear failure surface. As a
result, it leads to the increased punching shear strength of the slab. On the other hand, the failure surfaces of LWAC slab with crushed
shape coarse aggregate and normal coarse aggregate were inclined similarly. Finally, the test results of this study were compared with

the punching shear strength obtained from current design models, such as ACI and CEB-FIP, to examine the validation of current
design model to predict the punching shear strength of the LWAC slab.

Keywords : lightweight aggregate concrete (LWAC), punching shear capacity, concrete slabs, design model
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(a) ACI318-11 (b) CEB-FIP design model

Fig. 1 Definition of control perimeter
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concrete)®] &¥E At et B A AG(modification
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Density Blaine g
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time Sound-
ness

/ 3
&M /) [mitial

Final

(%)

Compressive

strength (MPa)

3days |7days|2

8days

3.15 | 3378 | 234

327

0.1 | 32.

21421

51.3

Table 2 Physical properties of fly-ash

Blaine
fineness
(sz/ g)

Density | Ig. loss
(g/em’) | (%)

Hyg.
moisture
(Wt %)

Comp.
strength
rate (%)

SiO,
(%)

3485 222 4.

6 0.2

89 5

2

Table 3 Physical properties of lightweight aggregates

Items Normal| LA LB LC LD
Raw material | Granite | Shale | Clay | Slate Clay
Max. size | s 19 8 13 12

(mm)

Particle density
(ke/m’) - 1250 | 1130 | 1470 1500
Shape Crushed|Crushed| Mixed | Crushed |Spherical

Table 4 Physical properties of fine natural aggregate
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sy
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FAFSE Z 25m, Aol 3.0 m<] AztdE o .
AZE F 5719 AgAlE vigs FAE ALetae 2
Aok daar|eh S 7t APA NR, LA,
283 LDE vhE F7] 200 mme! WhE, A8 A LBE
T 280 mm, A A LCi= F7] 300 mmE A =E o], A
TH ] e mE AFs AESUY O FHETLS
D10 (f, = 411 MPa, d, = 9.53mm)<& 150 mm +2 0 2
ekl on, AT TAR AE 300 mm (HA o=
v Zekelh v 57 A= sk B 20 mmolH, e A
Aol AR A2 wl2EkH] 3kth 300 mmx*300 mm
3718 sts3s Abgste] AAAstetes AAA 3

or_&;

-ll'l

Unit weight Specific Fineness A7k A 0 2 0.005 mm/s= A3F R0, o
(kg/m’) gravity modulus Ao WIS FASTE FH AFAY A AFaE
1572 262 283 5} % 57 Aol vhee] A WS S95Hch Fig. 33}
Table 5 Mix proportions
W/C S/a Unit weight (kgf/m®)
Label o N Remark
(%) (%) Water | Cement | Fly-ash | Sand | Gravel LWA
NR 982 - NA
I 351 39 807
LA - 612 Type A
LB 39 45 152 390 ] 813 495 276 Type B+NA
LC 390 ] 813 ] 548 Type C
LD 351 39 807 ] 529 Type D
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Fig. 2 Dimensions of the test specimen

Fig. 3 Test setup

2ol A A whee] AAXAL BEZ 4WS 1A

Aot

3.3 @3a|E0| ojaty =y

o B B B |

EI:EE'— H:Tf_ﬂg] Eg]

AEAE, eAI B A7 S (splitting tensile strength)
2 B ksl Weba S4aec 2 2agE 7
F7# 545 Table 6° Felst3itt. A4l LB LCY St
27w} R0z B S8 AL Beolol4E A
$34 e W3 DAHSRRA BAERAAS A}
3] Wt o® FgHTh B3, BE A4 2AE
= AdnkEae e viwste] @ASI Ha 37% A
< & F otk o] AFEAZIAYES] dxA] SHL
2 B AYBATINES AFATH EAT A}

364 | =238 ESe| =24 M267 X3= (2014)

Table 6 Mechanical properties

Specimen f; E, fop Density

label (MPa) (GPa) (MPa) (kg/m?)
NR 40.6 31.7 3.41 2335
LA 37.2 22.6 3.40 1807
LB 46.7 20.9 3.41 2059
LC 45.6 20.2 3.17 1816
LD 34.2 20.0 2.82 1847
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Fig. 4 Relationship between vertical load and central dis-
placement
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ot + It W(failure surface)™ 33| WO 33| Zi(failure
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Table 7 Test results and predictions from design models.

Predicted punching shear strength

Specimen | Test results (kN)
label (kN)
KCI | ACI 318-11 | CEB-FIP

NR 670.4 627.6 726.7 492.1
LA 552.0 518.8 591.3 478.0
LB 929.0 958.5 1116.4 767.2
LC 784.2 1061.2 1230.4 833.0
LD 626.3 505.1 566.9 464.8

(a) NR slab specimen

(b) LA slab specimen

(c) LB slab specimen

W L2

(d) LC slab specimen

(e) LD slab specimen

Fig. 5 Failure surface and its angles of all specimens
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Fig. 6 Comparison of test results with design models
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