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Experimental analysis on mechanical performances

of reinforced concrete two-way slab with studs
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Abstract: This paper aims to study the mechanical performances of reinforced concrete two-way slab with
different stud parameters. The experimental study on seven reinforced concrete two-way slab-column
connections with punching shear studs was conducted. The main parameters investigated were spacing of
stud, the diameter of the stud, the height of the stud, the strength of the stud and the arrangement of the
stud. The whole process of damage of slab-column connections with studs was simulated using static
loading method. The results show that increasing the diameter of the stud, the height of the stud or the
strength of the stud can improve the anti-punching shear performance of the specimen. The increase in

diameter is the most obvious, and the decrease in deformation is up to 36%. Increasing stud spacing and
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reducing stud height weaken the load-bearing capacity and thus the deformation are increased. By

comparing three different stud layouts, it is found that using radiation type contributes better to the

improvement of the specimen anti-punching shear capacity, and the former was more economical. Then,

the accuracy of the test results was verified by comparing the calculated results of relevant specifications

with the test results. The results show that the safety reserve of specification calculation results of slab-

column structure with studs is sufficient. However, it is not enough to reflect the nature of test results,

especially contributions of the stud to anti-punching shear performance of slabs are underestimated.

Keywords: studs; slab-column connections; reinforced concrete; two-way slab; mechanical performances;

experimental study
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Table 1 parameters of Specimens

RS fau/MPa  fi/MPa  fy/MPa  RRETAIE so/s  HEIECE(EED HE  BETEE A/mm i EER
SDB1 52.27 3. 24 335 50/75 8Pd10 140 EARE1
SDB2 48,17 3. 40 335 50/75 8P10 110 EAR1
SDB3 51.47 3.32 335 50/120 8®10 140 Ex1
SDB4 51. 29 3.32 405 50/75 8d10 140 EAR 1
SDB5 51.49 3.32 335 50/75 8d14 140 ER1
SDB6 43.23 3.10 335 50/75 12010 140 1ExE 2
SDB7 42.77 3.09 335 50/75 810 140 TSt
S MIREE R WIPTESRIE 5 £ TRBE - WHTRISRIE 5 f oo N 308557 1) JEE IR E
o [oisol Tesh Ti501ko 28
M o _s'ls'ls‘]A sls 512I & R
S,
0’:; 1:4.\ |
P@ %(‘528 To0] ][ 5 L i%ﬂEEEEEE;%EEEE%OE:— S.I_._
(a)iREELNAS A & (b)RFIRLAE A B
izl
2 RBmEEE
Fig. 2 Test setup
Mt =E50 &
1.3 MiLAE E')‘JI“\#E‘E (e b EIE A KA B

KWL HECA AR A4 1 BX120-1AA
BX120-2AA F1 BX120-80AA I 17 A% B ) 5 44 55 1
TREE - LA AR BT AL i AR o W AR B A DL IR 3, g AR
B 38 T H AR R 5 U TDS-530 7 2 v BH I 484X
KA. PREESR A LVDT f B 44 i i, R
HEFF BB A5 2 il VbR 0 0 2R A8, DA I 100 v A A
U8R R

2 REIK

T T I AR T 110 A 473 9 4 e X A A 1 1) vy 28k
VR R TT S R R A — 20 BRI SR i » A

B3 MERHE

Fig.3 Arrangement of strain gauges
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Table 2 Experimental results

WEgs f/mm Fo/kN  F./kN SERH o/ )

SDB1 32.06 200 891 10
SDB2 27.19 150 839 18
SDB3 23.1 200 820 33
SDB4 32.11 200 903 12
SDB5 43.75 175 946 11
SDB6 32.18 150 907 17
SDB7 32.12 150 905 19
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Fig. 5 Typical slab (specimen SDB6) plane fracture diagram
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Fig. 7 Strain-Load curves of concrete
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Table 3 Strain values of specimens’ typical measuring points

when punching shear failure

W Fu/ Ci/ Cs/ G/ Cwn/ Si/ Ss/
s kN 106 106 106 106 106 106

SDB1 891  —406 —803 —114 —594 2576 —229
SDB2 839  —694 —538 —692 —665 1034 —166
SDB3 820  —498 —556 —225 —563 2424 25
SDB4 903  —294 —793 —296 —717 1376 —10
SDB5 946  —297 —638 —409 —1 147 2338 560
SDB6 907  —283 —912 —538 —1001 2191 24

SDB7 905  —258 —831 —803 —955 5310 132
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Fig. 8 Strain-Load curves of reinforcement
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Table 4 Maximum stress and position of studs

B S omax/MPa  BEAEHIER 2§ /mm
SDB1 282 125
SDB2 148. 5 350
SDB3 111.7 50
SDB4 148. 5 50
SDB5 394. 4 200
SDB6 443. 1 50
SDB7 161.7 350
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