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Punching Shear Capacity of RC Slabs Using Fiber-Reinforced Lightweight Concrete

* *k kK Kk kk

Hiroshi Higashiyama, Mutsumi Mizukoshi, Shigeyuki Matsui, Masaki Aoki

577-8502 3-4-1

o 761-8058 355
614-8289

551-0021 7-1-55

The purpose of this study is to investigate the predicting equation for the punching shear capacity
of RC dabs using fiber-reinforced lightweight concrete with steel or polypropylene fibers. The
punching shear capacity of RC slabs with fibers increases and the structural behavior is improved
by mixing fibers. Establishing the predicting equation, the shear resistance of fiber-reinforced
concrete in the tension zone was defined with the post-cracking tensile strength. Furthermore, the
depth of neutral axis and the size effect of RC slabs using fiber-reinforced concrete were
considered including the test results in the literatures. In the present study, for convenience in
calculation, the post-cracking tensile strength and the size effect were consequently adopted into
the existing equation and the proposed equation was verified by comparing with the existing test
results.
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PPFLC1 100 75 0.79 42.0 21.1 2.00
PPFLC2 150 105 0.28 38.3 19.3 2.00
7 Al-L-1 PVA 170 120 1.60 41.1 19.9 1.00
A2-L-1 170 120 0.70 41.1 19.9 1.00
Type2 70 58 1.37 48.5 32.7* 0.50
5) Type3 70 58 1.37 49.2 32.8* 1.00
Typed 70 58 1.37 49.0 32.8* 1.50
6) V1 PVA 180 140 0.95 44.5 28.9 1.00
V2 180 140 0.95 39.7 25.1 2.00
*
foy,
4.4
RC
4.1 4.2
f; X
yo]
/ffff1 fpc
7\
(11) (13)
0.75%
10%
(1)
7 )
4.3
(13)
8) 10)
RC 5.
5.1
RC
()
(13)
Vi = fpc{z(dm_xm)'(b+2dd) (13)
+2(dg —xq)-(@+2x,)} Vy =aV, +Vy (14)

foc

-709-

(03



(14) (15)
V@@ a VC fpc Vfr Vuf § Vu-f
Vo !V Voo IV
(kN) &N | (nmm?) | (kN) (kN) . (kN) o
SFLC1 165.2 144.7 0.7 27.9 172.6 0.957 0.98 169.5 0.975
SFLC2 283.3 263.8 0.7 483 312.1 0.908 0.91 283.2 1.000
PPFLC1 | 1535 130.0 0.5 22.2 152.2 1.009 0.98 1495 1.027
PPFLC2 | 250.0 246.7 0.6 445 291.2 0.859 0.91 264.2 0.946
7 Al-L-1 383.0 3231 11 80.0 407.6 0.940 0.88 357.2 1.072
A2-L-1 315.0 269.2 11 90.5 364.8 0.863 0.88 319.7 0.985
Type2 94.1 87.0 0.4 9.0 96.0 0.980 1.00 96.0 0.980
5) Type3 111.5 87.7 0.9 18.0 105.7 1.055 1.00 105.7 1.055
Typed 114.6 87.5 1.3 27.0 114.5 1.001 1.00 114.5 1.001
6 Vi1 349.0 376.0 0.7 60.6 436.6 0.799 0.84 366.4 0.953
V2 408.0 363.3 14 123.8 487.1 0.838 0.84 408.7 0.998
500 500
Ave. =0.93 Ave. =1.00
200 F S.D.=0.080 A A 200 F SD.=0.047 °
_ n=15 A _ n=15 74
< 30 | §° Z w |
°]
200 | 200 |
100 | = 100 | A
o o)
0 0
0 100 200 300 400 500 0 100 200 300 400 500
(kN) (kN)
RC
5.2
1.2
o
1.0 °
0.8 RC
N 06 |
(14
04
A
02 | 0
0.0
0 50 100 150 200
d (mm)
Narayanan 9
RC

-710-




d (mm)
(16)
140mm

5.3

RC

9

Narayanan

) RC
RC

RC

@

Vi = g(avc +Vfr) (15)

-1/2
E= 1.3{1+ 1)
do

0.96

Narayanan

<1.0 (16)
do = 100mm
5)
Narayanan
(11)
1.01
RC
RC
RC

(©)
RC
4
ALA
1)
RC
No.767/V-64 pp.211-226 2004.
2)
RC
Vol.17 No.2
pp.23-31  2006.
3)
Vol.3 pp.397-400 1981.
4)
Vol.8 pp.433-436 1986.
5) RC
57
pp.261-262 2002.
6)
RC
Vol.26
No.2 pp.1555-1560 2004.
7)
PVA
Vo.51A pp.1321-1331 2005.
8) PVA
RC
Vol.28

-711-



No.2 pp.1381-1386 2006.

9) Narayanan, R. and Darwish, 1.Y.S.: Punching Shear Tests on
Steel-fiber-reinforced Micro-concrete Slabs, Magazine of
Concrete Research, Vol.39, No.138, pp.42-50, 1987.

10)Theodorakopoulos, D.D. and Swamy, R.N.. A Design
Method for Punching Shear Strength of Steel Fiber
Reinforced Concrete Slabs, Innovations in Fiber-Reinforced
Concrete for Values, ACI SP-216, pp.181-202, 2003.

11)

RC

Vol.16 No.1 pp.45-54 2005.

12)Naaman, A.E., Moavenzadeh, F, and McGarry, FJ.:
Probabilistic Analysis of Fiber-Reinforced Concrete, Journa
of Engineering Mechanics Divison, ASCE, Vol.100,
No.EM2, pp.397-413, 1974.

13)
348
pp.133-141 1984.
14)
Vol.57 No.l pp.90-96 2008.
15) Xl JCI-S001 003
Vol.44 No.12 pp.10-15 2006.
16)

N0.532/V-30 pp.119-129 1996.

17)Petersson, PE.: Crack Growth and Development of Fracture
Zone in Plain Concrete and Similar Materids, Report
TVBM-1001, Division of Building Materials, Lund Institute
of Technology, Sweden, 1981.
18)
97 1999.
19)Casanova, P, Rossi, P, and Schaller, I.: Can Steel Fibers
Replace Transverse Reinforcements in Reinforced Concrete
Beams ?, ACI Materias Journal, Vol.94, No.5, pp.341-354,
1997.
20)Swamy, R.N., Mangat, PS, and Rao, C.V.SK., The
Mechanics of Fiber Reinforcement of Cement Matrices,
Fiber Reinforced Concrete, ACI SP-44, pp.1-28, 1974.
21)Narayanan, R. and Darwish, 1.Y.S.: Use of Steel Fibers as
Shear Reinforcement, ACI Structural Journal, Vol.84, No.3,
pp.216-227, 1987.
22)
RC
Vol.26 No.2 pp.1501-1506 2004.
23)Ashour, SA., Hasanain, GS., and Wafa, F.F.: Shear Behavior
of High-Strength Fiber Reinforced Concrete Beams, ACI
Structural Journal, Vol.89, No.2, pp.176-184, 1992.
24)Khuntia, M., Stojadinovic, B., and Godl, S.C.: Shear Strength
of Normal and High-Strength Fiber Reinforced Concrete
Beams without Stirrups, ACI Structural Journal, Vol .96, No.2,
pp.282-289, 1999.
2007 9 18

-712-



