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An Experimental Study on the One-way Shear Strength of
Void Slabs with Automatic Prefabrication of Welded Wire Truss
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ABSTRACT This paper investigates one-way shear strength of slabs inserted with welded wire trusses and void spheres, which are
effectively applied to the slabs through an experimental program. The maximum shear strengths of all specimens satisfy the nominal
shear strength of the solid without shear reinforcements and void spheres. Generally, the shear resistance mechanism of a solid slab is
supposed to occur with arch and beam action depending on the shear-span ratio. However, the mechanism of void slabs is developed

in a different manner. The effect of arch action significantly decreases in the void slab, and as the shear-span ratio increases, the
load-strain curves of lattice wires becoming increasingly disordered, which affects the shear strength. In addition, the shear failure of
specimen rapidly occurred when the longitudinal reinforcements yielded. Based on the results, the shear force model of a void slab

with lattice wires was proposed with the first shear crack force ratio and shear-span ratio.
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Fig. 1 Deck plate with welded wire trusses and void spheres

305

by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



wel A GebA] =1 Kani(1964)+= o] 23 A3}= o] 9}
Hl ko] o gk kA & A Y F 0 2 7515 1, Leonhardt
(1965)2 Fig. 32} o] Mt 7 of| i &2 = F-4) ] 1}
AP E ol A4l JTFE = At 7] o] sfel| A
Ak §F&- A uh o] o A1 k] 2 o A3l ey 5
TedlBeE Fadde] o dS A e HEo] ot
¥, AHEZ A9 PE] A 7&?—%—8— 3y 71%01]/‘1 Q8=
Ak BAe] HojbA & vshA X
A 1Y GO RT ARREEY] Wit 28
w ] grot AHE ] A7 A E T3& T
HAYS I G e & o4d3t7] o Tt b HAEY
AF ol &S TrEUEe 1WE AGHEE Hrle] 9
}0% Fo A, HE| 2~ HA D A 1] &) G & wE dd
g o] ghlo] g @ st
o] u}e}, Fig. 17} o] AHEHAE o] -5 o3 &

[e]

—

, P P .
[ a -4 c N a |
¥ ¥ @
I
L — L
4 l '*' b A
(a) Test setup
w(MPa)
6 - _As
P pd
eV
Ultimate Shear stress : 1w, o
& o
f,=26.2MPa
b = 152 mm
d = 272mm
4 c= 914mm
3 R
2 4
p=2.8
1 4
p=0.5¢
ACI Formula: v, =0.85(0.16 |f.+17.60" —)
0 t =

o 1 2 3 a4 s & 7 =8
(b) Shear stress with reinforcement
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Fig. 5 Details of hollow formation shape

Table 1 Properties of void sphere

. Volume | Void ratio | Void section (mm?)
Material 3 o : -
(mm”) (%) X-dir. Y-dir.
Styrofoam
(EPS) 4,920,171 32.8 20768.1 35962.8




TTE 328 % sy B U3t TFFAA Q] FA
H E S Fig. 5, Table 13} 2t}

b
>
an
e
iy

|
'TJ

AlE T SaB4A L B o, f1A19] WE Bl e
WA817] S5k Fig. 63 o] SE] 2~ A Abolof T2 87

FaAdol A2 skl on, S A L] -5
=715 gt do|ake 2 9] 914 WEs F Asleqltt

3. AEAE

3.1 g

2 AT E MY AHEHAE o] &3t T3&HE
o] Ao & 14 A =S Hrhehr] § sk
3 H1)(p) 0.88 %, T 250 mme] A EZ A SgjH 2
AMEHA FFEHEE oz a7 22 A8 3
E3larA) gkl

Figs. 2, 33} 2& %FJE A AT MAYS S 7
zato] AR, g Fd Wske] 7)ol He A=
2.5~3.00.% Agsta FLsk 27|} AH|E s AAE

SR HNES TS B ddtdsts, ¥
A9 A TS vk SA), A ) o} e
Ao} el mE e g & 3 7hshr] sste] 71& AdA
2.6)E 71 o oA Bt aﬂ@}é}% Aebd ] 13,
Fatdo] ARIGAR Wshs A1) 4.0, 12
Ha AR ES dobr7] 98] JJM = T°r grs5.39 At

A700) ol 91 Aol FhEelo] Za Ao Ak o) W
ahs} ) 7 52 sl

(Unit: mm)

(a) X-dir. section

(b) Y-dir. section

Fig. 6 Buoyancy prevention and connection of bumps

Table 2 Properties of models
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Fig. 7 Model details
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Length Clear Width | Height Effective Shear span to Reinforcement Reinforcement | Lattice
Model (mm) span (mm) | (mm) depth depth ratio ratio (%) steel wire
(mm) (mm) P Top Bottom °
1S-SX-2.6 2.67 6-D10 12-D10
1S-VX-1.3 133 (steel-wire | (steel-wire - 56
EE—— deformed) | deformed) @200
1S-VX-2.6| 3600 | 3300 | 1200 250 225 2.67 + + 0.88 (rounded
12-HD13 | 12-HD13 steel-wire)
1S-VX-4.0 4.00 (steel-rebar|(steel-rebar
1S-VX-5.3 5.33 deformed) deformed)
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Table 3 Mix proportion of concrete

Design
strength Wic| Sia

(MPa) o) | o) | w C S G | Admixture
24 48 | 47 | 168 | 298 | 414 | 338 2.11

Unit weight(kg/m?)

Table 4 Results of the reinforcement test

Nominal | Yield Tensile Eloneation
Reinforcement | strength | strength | strength (5;’ )
(MPa) | (MPa) | (MPa) °
a6 500 503.4 618.3 20.0
D10 500 562.5 660.1 8.6
HD13 500 556.7 646.6 13.2

Where, <; rounded steel-wire
D; steel-wire deformed
HD; steel-rebar deformed
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Table 5

Test results (excluding self-weight)

Model

Po | Py | Po| & | 6 | P
(kN) | (kN) | (kN) [(mm) |(mm)| 2, ...

P

U

P

Y

1S-SX-2.61470.6|686.9(746.2|34.68|46.72| 1.00

1.09

1S-VX-1.3|178.9656.4|707.4/19.96|25.14| 0.95

1.08

1S-VX-2.6|225.1{555.0/602.0(25.40{30.50| 0.81

1.08

1S-VX-4.0|1219.2|1482.3|526.5|32.78|44.62| 0.71

1.09

1S-VX-5.31229.5|393.6|443.0{30.50|58.96| 0.59
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Table 6 Effective cross-sectional area ratios

Shear span | Section area 4, B
Model to depth ratio| (mm?) b-d B, soiia
1S-SX-2.6 6 270,000 - -
1S-VX-2.6 ’ 145,392 0.54 0.48

Table 7 Comparison of theoretical results using effective
area and results of experimental tests

Model Pla Eﬂ:;zzve Vo | Vu i
0,
o) d | e [ENEN) T,
Chung .
(2015) Solid  [0.77|3.2 - 239.4(282.4 1.18
SLD300-S-
1900 - 198.8/206.8| 1.04
Kim | 1V5300-5- 0.6 [119.3/141.3] 1.18
1900-1
et al. oo o0.82]3.2
(2009) 1900.2 0.6 [119.3/126.5] 1.06
TVS300-S-

19003 0.6 [119.3|146.3| 1.23
1S-SX-2.6 2.6 - 224.9/385.0| 1.71
1S-VX-1.3 0.88 1.3 107.9(361.8| 3.35
1S-VX-2.6 126 048 [107.9/309.2] 2.86
1S-VX-4.0 4.0 107.9(271.4| 2.52

V, is calculated according to equation (4) by applying the
results of material tests.
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Table 8 Comparison of results and nominal shear strengths of various equations

Model | Shear span|  V, Vo | Veaar | Vezusty | Vecrsrr | Ve V. V. Ve Ve Ve
to depth | (kN) | (kN) | (kN) | (kN) Viacr | Vezusiy Vecrs | Veacr | Ve zusiy V..cms

1S-VX-1.3 1.33 361.8 | 96.5 | 116.2 | 149.5 3.11 2.42 2.64 0.83 0.65 0.71

1S-VX-2.6 2.67 309.2 | 120.7 | 108.8 | 118.5 2.84 2.61 2.85 1.11 1.02 1.11

1S-VX-4.0 4.00 2714 | 117.7 | 106.4 | 103.6 2.55 2.62 2.86 1.11 1.14 1.24

V.,#+ is calculated by applying the effective cross-sectional area ratio (0.48).
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Fig. 14 Correlation of predicted results with test results
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