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Calculation of punching shear capacity of RC slab-column
connections without shear reinforcement
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Xi’”an 710055, China; 2. School of Civil Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract; In order to predict the punching shear capacity of slab—column connections more accurately, a new
calculation method for punching shear capacity of slab—column connections was proposed based on the beam shear
failure mechanism and modified compression-field theory (MCFT). Firstly, it was assumed that the punching load
of reinforced concrete ( RC) slab—column connections without shear reinforcement was jointly provided by the
concrete in the upper shear compression zone, the aggregate interlock force in the cable-stayed zone, and the dowel
action in the tension zone. Secondly, the different stress states of shear compression zone, cable-stayed zone, and
tension zone were analyzed, and the shear bearing capacity calculation formulas of shear compression zone,
cable-stayed zone, and tension zone were established respectively. Then, through statistical analysis and theoretical
derivation, the calculation formulas of the heights of shear compression zone and compression zone, as well as the
critical inclined crack angle were obtained. Finally, the contributions of the two parts of the punching resistance
capacity were superimposed to establish the calculation method of punching shear capacity of RC slab—column
connections without shear reinforcement. The calculation method was applied to predict the ultimate punching shear
strength of 54 slab—column connections in relevant literature. Results show that the calculated values were in good
agreement with the experimental values, and the variation coefficient was small. The proposed calculation method
can be used to calculate the ultimate punching shear strength of RC slab—column connections without shear
reinforcement.

Keywords : modified compression-field theory; slab—column connection; shear compression zone height; critical

inclined crack angle; punching shear strength
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Fig.1 Punching shear failure model
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Fig.2 Force on elements of slab—column connection
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Fig.3 Stress state of cracked reinforced concrete and Mohr’ s circle for average stress of concrete



54 3]

ML 5 PTG ( RC AR 5532 ph U1 R 5 - 21 -

EIEJE S35 B8 (MCFT) M A h 2448 5| 14
B8R 7 06F T SRR B - BT A A PR R 3R A TR Y
Wil 2% [& 2848 2 6] F) Sy 3 107 3 T A5 SR 1 B T
S Qb T St W) P S A

Ooo = (04 +7500t0 + 0, )p,, (14)
Oy = (0, =T tanb + o )p,, (15)
Krf: 7, WRERTITIN T, 0 0 Oy 770
S A0 YR 6 509 A RN 1) B B B2 T L o o, A3 A
S 4 ()RS [ B9 57 R 1] 9 5 1 P S R T Lo, oy
G o S i 0 5 RO i 0 5 1O TR A 6
3.3 FHBRLTAMEER
3.3.1 IREELAK

P TAERE — T UUR R 3R A T BB - e ot
G ARG B T A A, PR S E R 1 37 B
(MCFT) ") 3% 1% R o 1 (b R4 R 0 52 T8
Bi ] - R KFR

oo =l 5)-(2)] 0O
St I

= <
7T 08-034(e ey S UD

B AR VE S SEF
Be <eg B

04 = Ecgl (18)
,\gl & > &, HTJ‘
0.33 ./f.
o, = 7‘/]7“ (19)
1 + ./500¢,

AP B, IREEL SR, o) TR IR - A T
A2 & FREE L TFRNIAE [ FIREEE 132 TR TT ]
ERIRRBR R T
3.3.2 AR
B IEJE F137Bie (MCFT) ) (B 5 50 A il 16 1 7
ASCHRER T 1) 1oz 28 2 0, (1R e T 40 540 o 11
BTN FI N2, HRLS] — AR5 FR FH BIAR S A AR T
o, = Ee </, (20)
P B RN SR o RIS, /)
A P A et R 5

4 Ty VIR RC Rk 1A A it

4.1 HEFEETE

B IE R J1 308 (MCFT) ™ i 1R+ T 2R
RERE IS S48, i 4 775 (9 T 5T wh ) 5 A 1
RC M T L5 19 P9 7 1] 00, 6 T £ 4 4% ] (R ot
TR IR B . PRI AR S 5 1) T
BRI BAEARAE Ry 20 BT X 52, WA AR N T 4 A 5 5
24 RC HARTE , 38 2o 0 A T 5 A A A 3 fk £ °F
T AR RS e AR AR R R . R E AR T

5 A A A i )~ T 49 5 R 3 1) 43, U
PR ph D R AT A BT R ST 7 A

V..
F = csl (21)

%[c ve+2(h —h)eot] (h - h,)
A b R, V., R BRI AZ 5 77 .
T8 3 HESTARAEARAE KT 18] A8 77 B A SR

gx = (0-(:200529 - U('lSinze)/(psts) (22)

T
T
fr
T
T

T——— T—
E4 ZHEHRELTHERAS
Fig.4 Principal stress diagram of shear concrete
MR TE R T35 Be, SRR A B e DTN
I, LA AL (8- 24 B P 5 ZR DL IET S () Il )
2% FAFAEN BN ) o FNREE L EHIN ST 045
PSR RLEE ] (1 B ) C &R W S (b) A7 Ry B B
BiJ1 75 MRERIENL S o, e R R ) oy AR
AN T2 AN AE g i SN VR, XA
AR BT S8 o PR AT 453«
o,sinf +p, o.sinf = p, o, sinf —7,c080 (23)
o, cosf = T,sinf (24)
2 (23) A4S, AR TC & B b 0 A 7 1 RC At
RED=RL I 27 NI E = NS VAR
T olmae = Tqtan (25)
XFFIEHT b U A 1 RCOARAE Y A, B A7 5
(10) A (12) A= (25) w15
T =T, (26)
FET TR [ 4 ] TR B R A A R A
WH9E, SRR ) o AR/, AT A5 21 Jay 368 5 N )
Tk

0. 18 /1.
Tt‘i = ﬂ (27>
0.31 + 24w/ (a, + 16)

b a, FREE LR BB R ERORLAR , a, 0 AT

B 20 mm, w AR ATIRBE T 2 B0 A - 24 R4

ol W N A /I RUIR7) 2T NS R g
SHI‘(

sino (2

w = &

Sy S, W BT o 7 I R G I, 4 TR o
AR T MR A B AUZ AR AR I S, 25 4
ST B 5 1 L 1 B 5 KRR Sk (7] BT, S,
AT (R 0. Ohy



<22 S N T A N - ¢

554 &

(b) 24524 Eé%%ﬁmﬁ
5 WHEFHNAESRELHBER N
Fig.5 Calculated average stress and local stress at a crack
i Rk AR 0 A E ph IS LATIEAR A vh
VIR T E 28, Uik (8 ] i 2Pk 45 75 2
TR 0 SHUE B RFEE p.f,/f. MIRRCMER
IR AT 0 ARG BE ) GE oA, S A

0151

0.14

0.13

0.12

0.11f

0. 1 0 1 1 1 1 1 1 1
-0.8 0. -04 -02 0 02 04 06

(63
(a) CJho i FLARFRAE I BSER 250 o

i 0 MR B A K SR R Z H Crhy K
pJ /. S DRI, AR SCIA A SR 3 I ks 2
SEMA 0 WY R EZh Co/hy Ml p f /f ABGE 6 FH LA
TrRREARA
0 = a(C./hy)“(pf/f)° (29)
N T HHETEE FRE o F B, R HISCHRL9 ] iy 43
BT 1%, 73 A G B — 2 8 Xk I B A SRR 1B AR 0 1Y
SN, AT ARG B B — R B R A (o £ B) 2 AL
At rPOXT e R SRR A - 2 i 2% e AR PE AL,
K6 Fir o T RT R, o 1 B 5 e S SR8 4 4 4 ~F- 4
22 & S RARZRNESC R A7 AERE — AR & A 5]
e/ ME o TS R E 155 € R BUR , T3 25U 0
R FRIBA
0 =32(C./he) " (pfi/f) " (30)
B B3R AR B WA S IR H, AR 3G
AR IE N 1,09, 28 5 R ECH 0. 205 SCHRL8 ] 4L
BaRIER 113, R R K0 0.20, @id& 1
RIS TR e Al i, AR SO A 24 30 32 3
KL 8 ] 35°_F BRAT A BR Y , LS BRI I HE LA
AAEARCTETIEL IR (479 5 U 25 R o PR, AR S
B B BT SCRB R T nh AR A (5

022
0.20
0.18 |
0.16

0.14

0~12 1 1 1 1 1 1 1
-08 -06 -04 -02 0 02 04 06

B
(b) pfulfe X SRR REE TR BRI 2R KL B

BE6 RAFHREE - FmMEL L

Fig.6 Sample average deviation—influence parameter curve

x1 MYIREMABRBESITEERE

Tab. 1

Comparison of experimental and calculated punching inclined crack angles
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Fig.7 Flow chart of punching shear strength
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Fig.8 Comparison of experimental and calculated results
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