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Influence of Fire Duration on Mechanical Properties of Reinforced
Concrete Slab — Column Connection

NIU Fuyuan, LIU Yongjun, CAI Yan, QI Zhenlei
(School of Civil Engineering , Shenyang Jianzhu University , Shenyang, Liaoning 110168, China)

Abstract: This article is based on the experiments of Hamed Salem, Heba Issa, Hatem Gheith, and Ahmed Farahat, the
finite element software ABAQUS is adopted to simulate the temperature field distribution of the slab-column structure in
fire. The mechanical properties of the connection different thicknesses. In order to measure the temperature change in the
plate, four measuring points were set, and the distance from the fire surface was 0 mm, 33.33 mm, 66.66 mm, and 100
mm. Numerical simulations show that the temperature of each measuring point increases with the increase of the tempera-
ture of the fire duration, and decreases with the distance from the fire surface. The highest temperature of the measuring
points 2, 3 and 4 is compared with the measuring point 1 loss of 42.22% , 63.50% , and 78.56% ; the ultimate bearing
capacity of 100 mm thick slabs reduced by 11.53%, 19.31%, 25.73% , 33.94% , 40% , and 46.36% at room tem-
perature, and increased by 15.6% , 21.9%, 28.1%, 34.4% , 43.8% , and 56.3% , respectively. When the plate
thickness is increased from 100 mm to 120 mm, the punching resistance of the connection can be improved by about 26 %
at normal temperature, and the punching resistance can be increased by about 40% at high temperature. Therefore, as
the fire duration increases, the plate — column connection is prone to punching shear, and increasing the thickness of the
floor can improve the punching resistance of the connection.

Keywords: temperature field; mechanical properties; slab-column connection; punching shear

MRE 2548, 2 Fh RS A RN AT A B — Pl SR 4544 Ty P i A T 55 T ASL , 2T A AN B 7 Ak BB PR
A5 R TN B A S g )3z (i, 8 s F 42 IR T, MEARCKS A= wp UTREIR T s eI
g REIRY ZI2) B o (HRMAE T SRS Rt T AR AL i BT YIRS AT A A

I B #7:2019-01-25 f&%% B #7:2019-02-21

EEUW A E %K E AR )5 H (2018YFD1100403)
EB T 45 (1993—) , 55, Holh & 77 B F9E A DF9ET7 1) o K I AR SR 11 ) 2 1k BE I B85 i - E-mail : 2660872720 @ qq . com




200 KA S 25 T RE2ER

$17

JEXMEME TS | R Ry oy 28023 e B BIAH 4119 05, DT 3 2L
AR il . AT RS T BOM RIS 2 AR AR 1Y
A SRR B 12018 4F 11 H 12 HI ARh
IO T R 2 PR T S M, J TR Ak
KA IR, 51 & )i S R IR . U R
AR e - R W A ) 2 M s R R
b, AR T RE 1 SURIE R o AR A S R A v )
AR 80 Bz o oo | L A 2R nh IR,
T 80 8 2 R A 2R PR R 3. 2014 48 4 1 7T
AT Gretzenbach 45 Y — ™ 2R FARA: 25 #4 T 42 )4
1R AERR BT 5 & R IR SRR I 1 — A
FEF e A s U, 3538 IOl 7 A9 R AR A A
MUIER , 5 L E SR, 30 7 24T B LAERCK
T, PRI, IFSE R AR Y A Y ) 2 v RE R
A LER

2016 4F Ngekpe 2511 5% Fil MIDAS 4 R 7T % #F
SR T AR 199 5 ol DT SR T L BE B TR P
2015 4F Adam 25105 T ABAQUS YR BE T I M5 A5
RIBFSE T AR s A o OO, 15t o D A 02 FR
TZH MRS ESI#EA ., Genikomsou M %
FE AR X A5, & PR A AR AT T 58S 20 AT
DLIE A A SR AR 15 5 i vp DR . AR SC BRI
1 A FRICE AT ABAQUS SRAFALL A ¢ I A AT s 4b
FITRLEE S 534 B8, 20 B AN [1R) 32 KCH [i] FTAN [i) Al J5E
TARAENT SR R BR AR ER T A T 2R RE

1 BT
AR iR B B 242K [ Salem SE i)
144 =03 22— B 48 FOR P, B 2 B 52 K

FETR_E it i 2% . HA A A0 R4 1100 mm x
1 100 mm, B4 100 mm F1 120 mm, 7EAR Y32 HE TH]
TNz g AT, J A AR A R, R A AR T R SE 150
mm x 150 mm, ¥ 5 4 400 mm, A AR A BC A 4 2
JIER o R TR BE - i i R S 38 SR T €30, TR B
TR 2R K 25 mm, T 89755 24 5% ] HRB400
RN

T010@175 11010@105 100
l ]
n Po| 408
dF
O = C g HIO R
tl 400
1100 110 101 ‘-‘17(1;10
() % JT Ifil Fic iy (b) 5Z v 1fii fic A (c) i # Fl

B2 tRANGERE AT R B E R~ (7 mm)

2 ST
2.1 BEFITERE

AR SCASEALL A 7 T 05 A 1) 32 i T 37 K, ARG
X L R S A% 326 38 B A TR B AR 1 sz P, SRS
DAL S 10 07 SUAEAR P43 8832 KT T AR
P B 7 Il 3850 52 K, SR M 3 TE AR, X FL AT
—feIR dadydz, #R40 BE 57 E A, v] @ sr g
SR T

9Ty a(,aTy a(,aT|_
9x(/19x)+9y(/19y)+3z(/1az)_o (1)

SN = T T

SZACHT S5 HIR FLERHE ) T = 20°C, B
M T(x,y, 2,1t =0) = Ty, KB}, E54952 K1Y
MR - ASE = p(T, - 1), T, AR
BE, Ty 0 FRIE 19 KR T,y 2,
0 = S0 AR SCARRS A 5 S )7 3%
B A

o,

_Aan

= h (T, - T) + e[ (T, +273)* -

(T +273)*] (2)
K n I FINELTT )5 b, R R L, TR
25 W/(m>°C) ; 6 2N Stefan — Boltzmann 2 & %%, B(5. 67
x 1078 W/m?K* A8 X FBEHL — 273°C
2.2 RV TIERE

fe i TR BE A 0 R A I A
I REE R TERRANER 1 PR



%3 1 AT, 25 < 32 O [R) X AR AR AR 1 A 12 PR RE R T 201
X1 NHEMEREIMAISH
, FIMEREL A A ¢ PN IR 7 %50, W
el K T Te/C Tw/C Ty/C
HRR AWem1-C 1) i /(Jkg™teC ) f /(mem=1+C ) " /(kgrm™)
- 1.335 0< I'<239 T T e
TG+ 17162 - 0.001214T 239 900+80(120) 4(100) 20< T<1200  (0.0087 +6) x 10 20< T<1200 2400
,1 _
4251+6;.731(>)<71on2 T 20< T <600 L 2% 10-5T + 0 T<750
54-3.33x1072T  0< T <800 e + 0.4x107372 =
2.22x10°673 _
WA 600< T < 735 2.416 x10~* 7850
27.3 800< T'<1200 066+ 13002/(738 - T) = 11x10-2 750< T'<860
545+ 17820/(T - 731)  735< T <900 o s 860< T= 1200
2.3 BEBERTEM Riti 5 32 X HRF 0] P 458 om0 R 28 8 T v, 0 e YR 3 B
2.3.1 ## KT PR G /N, EAS RIS 0 A . B

KA B ICH AT ABAQUS #E4T #4 4F = 4 7 45
1 E i o 1 =2 E AN E 5 R Y [ AN 1 T R N ST
DC3D8, 4 fifj R T 5 s A& #4445 570 DC1D2, M5
FEZ BR FHER e 200, SN S5 1R BE L 2Z AR Al i A
IR (RS BTk, i 1) S AR 7R 25
WA R o35 A A BR TTAERL, Sk 1 (5 K 43 1) P s B
FRU] B 3 SR FH LS P A% Rl 433k, Xl 43 1 A B
JCELELANEE 3 iR

3 ARTMERI S LR

2.3.2 BRFMAIE
e B 32 HL TR 32 KT, 7 52 T 25 S8R it
AR S PP s A 25 F o R FH T B s o U T 46
150834, H.3RE R :
Ty = 3451g(8¢ + 1) (3)
AP ¢ i i 2 Py S T] 5 T 2y I 3 ¢ B[R] A 7
FE 5 To HWIIRIREE
2.3.3 HHLERFoN
T3 A FROTALAUL AT 15 2 AN [R] 52 A R] T 52 KT
) B e T 8 T A T AR R JRE ) BARLIE 43 A o 52
2k 30 min .60 min.90 min. 120 min.150 min.180 min T
KT B e i BE AR IR 678°C ., 864. 39°C
950.92°C .1 006.97°C .1 048.43°C .1 081.15°C, ¥tk
B JEE R Tl A 4 /I, 0 S A 1 2
SE3MS 4, B2 K AR ES O 0 mm . 33,33 mm,
66.66 mm, 100 mm, Q1] 4 7R o 4500 55 0430 B Bt Fsf
[ A Al 2 an 1l 5 Fr 7, 4 25 B 2R 1 s A i o

VPR KL THE RS2 2SN R R EOR TR
i, TR SR, o a5 1 TR 2k S PR
WETHR M KAV o M 2.3 .4 19 5 e T 5 0
S AR IR AR T 42.22% .63.50% . 78.56% , 3%
SRR REE + R $E PR AL, Bl 32 S R] Y 1 in
SRR B BRI B A7 T, 1) PN AR AL 3 A B ) B
LA, PR AR, T Il T R Ak

+2.001e+01

ODB: JobT3h.odb Abaqus/Standard 6.14-1  Fri Nov 02 19:27:02 GMT+08:00 2018

$¥%: Step-1
Increment  180: Step Time = 1.0800E+04
Z@: NT11

)

4

MR E S

1200

— 150834
. T
--=- 3

1000 |

I []¢/min

B 5 & AYim A Rl A ] A 3R 1 i 2

3wl RRBE ARG AR RE
BE THBIR S - REXR

L T A 9 56 2R A SOR i g 41
VLRI, BB PR T AR ) - B

3.1



202 KA S 25 T RE2ER

F11 5

53R Jek MR U IR 5 PR 4, 2 5 T R Y pR R G
#x:
L)
ey(T)ES

o (T) = £CT) + (f(T) = £(T)) 7,

= E(T)e (T),

e (T) < e(T) <e,(T)

(4)

. o (T) - f,(T) . .
Krpin = m,fu( T) K T°C B4R bk

BRBTHLIRIE 56 (T) Ry T°C AR BRI A
i M REE I T - AR O AR SR AT AR

SSRGS E SNA NG
2.2x — 1.4x% + 0.24° x <1
y = x (5)
x> 1

0.8(x — 1)* +
X = sf/efp;y = ol/fl ol el SR TC Y
TRBE R AT e 5 JSE R I A WL AE 5 e i
TR EE 57 (A AR

e = 145G 0], (6)

1000
3.2 BEiARTEE

TESSRE RS2 1 3 A ok FE T e 38 T R 5 1
T, RIS A o3 A oKt KR A B EE 3 3
RGBSV N BUE U S A D125 B, A
A3 BT e T AR 1 A 1 2E R . T8 14T
B, TEBE 16 FH /Y0 s e M S A BT (C3D8R) L, 4K
528 TP 1 2P = T AR 06 (T3D2) S, Ol T i
ik ABAQUS 15 AT, 7727 43 A sk 9 R A% ] 43 5 1
FEGAHI . R : Uy = U, = Uy
=0, 98 X Y. Z I MaiRs, B X\ Y. Z %%
o RBIR N # 7 SRR S5 1 i A B AR 207, it
INFERE ARG A 102 2% 8 (e 6 firs ), Hodh i 8
BB R 1 mm/s, JINZRIR(E 30 mm, FLAE R 2K
}3157.30 kN,

6 AREEGFEHMEMAE

e(T) < e,(T)

3.3 RIERSH
3.3.1 FRE & KEE AR EME T 86 RIRAK
B A

AN[R) 5% KCESE ] T 40 A TR e e AR 1 s pe 3 — £
a7 R, 2 8T AR R IR T (¢= 0 min) |
T3] 30 min,60 min,90 min, 120 min. 150 min. 180
min HUJEH 100 mm B 15 S A g% - LR k. Py
A 2R e R R SR A BB T BB, AN TR AN
FEAEH IR A Z K 30 min B Bl 26 0 TFEBERT R BRBE
PIRE R 3, W AEAZ KGR E) 60 min LLS , BIER 148
AAERT P22 o W BR ey 28 R AR AT 1 A E 2 v D
IR R T AR 52 ) B A 28K, 0 IO 7 Ap 28 — 2 4% 1l 2k
SRR M2 A IR K A EL R IR T T SR B AR TR
WREMR T 11.53%.19.31% . 25. 73% . 33. 94% .
40% 46.36% , | I AT R Bl A U0 B2 AR BT ES I, el T
PR EE - AT R T o A NI SR RE Y IR
SR AP U PE B Ok s F W] 52 R[]
K, A B R A v UITR

52 K]
160 P 0 min
i --=-30min
140F 7 5 —— 60 min
R ----90 min
12017 A -~ — — 120 min
1

fif 2%/kN

0 5 10 15 20 25 30
A7 F5/mm

B7 fardk- i

B 8 AR ARUSE T AL 5 AR BR AR 28 fEAS
[ 52 KA I) T i AE T i 2

220

i

200 \‘\\

180 F ‘\\
160 .\- —
“40t —
S0t —
T
% 100 | —
= gt T
= 60 —m— /=100 mm

—A— h=
a0k h=120 mm
20

0 20 40 60 80 100 120 140 160 180
Z KA [)/min

8 RFRAFE S - 3 N [8] B £

MHUE R 100 mm B, AN [R] 32 K] T A9 BR A4
H I HM 157. 30 kN, 139. 17 kN, 126. 94 kN,



%3

TN 55 < 2 AL A TR B L AR Y 0 g A PERE R 203

116.83 kN.103.91 kN.94.39 kN .84.37 kN, 44z Hy
120 mm I, A BR 7 28 7 Il 210. 88 kN, 206. 30
kN.201. 84 kN, 184.09 kN, 172.00 kN, 159.40 kN,
149. 03 kN, # BR AR 2% I K & /1 T 25. 41% .
32.24% . 37. 11% . 36. 54% . 39. 59% . 40. 78% .
43.39% . 4HJEH 100 mm #KF] 120 mm B, 765
TR AP R AT AR T 269% 22 A, 78 KK
B, HHT op ) M BB 5 K AT LA T 40% 2247, B b vl
DA v M Al ) JE2 5 T A B s A A 4 s AL 1)
PERE , BT ZEARAE: 45 #4150 3 rp 0 X6 A B 1 5 3 A
—EBEK
3.3.2 KRB KT &4

3 W 78 7E K IR T 32 K 30 min, 60 min, 90
min, 120 min, 150 min. 180 min BfAJE A 100 mm HfE
WAL R .

FEH T N AR R KA R 32 mm, 32 K 30 min,
60 min.90 min. 120 min.150 min. 180 min A} # AT B K
PRI SE 37 mm 39 mm 41 mm 43 mm 46 mm,50
mm, A L EEHE IR T AR B R T 15. 6% .
21.9% .28.1% 34.4% 43 .8% .56 .3% , X W] &
% B ] (A BE T, 9 503 T R AR A T A R AR T AR
KIS o X 1 7 = i T TR A R0 A3 1) e
B RIS B A TR BB - P 78 v T AR A1, 5 L
TR, T UA S AR R . 1
BRI RELE Z Bl IE 7 1) AR Y s AR TR T Z
B RIT ], B Us BN 19 55 A 6 B B, 3
AR A AR Y T B T 1l A ) 5 A% B 2 R[]
AL RN 9 IR , ZE VAR A B Ty ) b, B AR
W RGE AR . Bl 32 K AL
AL RLRS I, T AL R AR AR TE SRR X R
WAE Bl A 1 AR 2 5 R A M I IR

0.06 - = N
KR 1)

—=— (0 min
0.05F —e— 30 min

—&— 60 min
—v—90 min
—— 120 min
—<— 150 min
—»— 180 min

0.04

W10 AL A% /mm
f=4
f=3
by

s —_= 1 1 1 1 = 3
0 5 10 15 20 25 30
ARCBE JSE 5 1) 145 i AE

Bo AL RS AR E A2 L i 2

4 % W

K FA BRICH A ABAQUS HEA 74K i VR e T ARk
S TR RE SRR 0 A F0AS ) 32 R ) R AR A
12 PERE . T2 SRR

(1) 25T 50U B Fifi 2 52 I [R] By 384 o i
1o, Bt 125 52 T BE B 1 R/ N, DU A 2.3 .4 Fe s
TRLEE AE B A 1 MR B AE T 42.22% . 63. 50%
78.56% o

(2) 100 mm JEAEARAL 477 876 A R 52 st ) R
PRI FR AR 28 7 A BB T IR AR T 25.87%
29.83% .35.82% .49.87% .61.16% .66.66% , il %
I R, AR PR A 3 7 1 T o b s, e
BERT DA H R i AR T 5 B ) R IR

(3) MU 100 mm 3 K F] 120 mm B, 76 5
TN AP E B v AR T 26 % Fi A, HE KK
i, HA e UM fE A K AT AR T 40% 2245, AT
DA HE B i AR ) SRR 8 ] LS s A A B
PERE , B80T FEARAE 45 #1503 Fp 0 X6 R A R 3 A
—EMELR

(4) 100 mm JEREARAL (477 S FEA R 52 K] R
BT A RS AR LR IR T ARIR I R T 15. 6% .
21.9% .28.1% 34.4% 43 .8% .56.3% ,iX W] i &5
3 ) B4R T, 5077 Y 9 - 7 e D AR, v TR
2 SRR G AR

S 30K

(1] E B EEEW, R BT R R 5O foF
FERBTBERE )] TR HUAE 5 [ 2 i, 2017,39(2) : 1-
10.

(2] Gy, x) % AREE LA S b DR ) BB BR 73
BrlJ]. TR 1% ,2017,34(8) : 125-133.

[3] LiuJR, TianY, Orton S L, et al. Resistance of flat-plate
buildings against progressive collapse. I: modeling of slab-
column connections [ J]. Journal of Structural Engineering,
2015,141(12) : 1-13.

[4] Arnaot F H, Abid SR, Ozakca M, et al. Review of concrete
flat-column assemblies under fire conditions| J]. Fire Safety
Journal, 2017,93:39-52.

[5] LiaoJS, Cheng ' P, Chen C C. Fire resistance of concrete
slabs in punching shear[J]. Journal of Structural Engineer-
ing, 2014, 140(1):1-9.

(6] & JL,Z= 8 RKZE A S5 /b0 RE 9 25 i
(] ST, 2017(3) :32-41.

(F#% 218 W)



218

PRI RS ES I

F11 5

[4]

(5]

[7]

temperature condition] J]. International Journal of Rock Me-
chanics and Mining Science, 2001,38(7) :1029-1034.

Park C, Synn J H, Shin H S, et al. Experimental study on
the thermal characteristics of rock at low temperatures[]].
International Journal of Rock Mechanics & Mining Science,
2004,41(3) :81-86.

Yavuz H. Effect of freeze-thaw and thermal shock weathering
on the physical and mechanical properties of an andesite stone
[J]. Bulletin of Engineering Geology and the Environment,
2011,70(2) : 187-192.

Bayram F. Predicting mechanical strength loss of natural
stones after freeze-thaw in cold regions[] 1. Cold Regions Sci-
ence and Technology, 2012,83-84(none) :98-102.

KO R R T HERK . UREN 21 )Z B B AL R A
FELI ) BBEL TR E 24 (AR R , 2013,33(4) -
26-32.

Wi bk, RIS T R BRI AL R B 5 7 B T 4
HOABAIELT] . oM, 2016,32(2) :69-74.

MR RIS B B R 5 A2 R BT 2R L] 0Kk

[10]

[11]

[12]

5 TR ,2017,15(4) 1 182-189.

SRR, S A, ZEK AR, 55 AR A IR AR IR B A 5
[J]. A0 1% 5 TRE2A4, 2010, 29(5) : 990-995.
A, S W, TV L PEAE R A = I AR
50 (1] T TR AR (A RFIERR) 2014,
33(10) : 1343-1348.

MR, R, AR, A SRR SRR AR T A
PR B A& R G AR R g (] A 12,
2015,36(S1):73-81.

# Okl M, IR S AU R A =
e O AR R A B AR (V] A T2,
2015,34(S1) :2801-2807 .

PREDR, 38 W, EOIH, 55 . VRIS A SCRb A I A8
PERIGHFSE (1] . 1 1% ,2017,38(S1) :203-210.

OB TREE A IR AR : JTG E41—2005[S] . db st A
RAc it , 2005

B2 NIRFE FEKOK S5 D BT I A i 1) A I AR
WEAFFE [1]. A A J12% 5 TR 224, 2016, 35(S1):
2653-2662..

[7]

(E#% 203 1)

XIKZE B R M 655 B TR DR AE SR A5 4 R
SENE A FERE 73 A7 (0] DR B SR 222 4 (B AR
1) ,2013,29(3) :405-411.

Annerel E, Lu L, Taerwe L. Punching shear tests on flat
concrete slabs exposed to fire J]. Fire Safety Journal, 2013,
57:83-95.

Ngekpe B E, Ode T, Eluozo S N. Application of total-strain
crack model in finite element analysis for punching shear at
edge connection[ J]. International of Engineering and Social

Sciences, 2016,6(12):1-9.

[10] Adam Wosatko, Jerzy Pamin, Maria Anna Polak. Applica-

tion of damage-plasticity models in finite element analysis of
punching shear[ J]. Computers and Structures, 2015, 151:
73-85.

[11]

[12]

[13]

[14]

[15]

Genikomsou A S, Polak M A. Finite element analysis of
punching shear of concrete slabs using damaged plasticity
model in ABAQUS [J]. Engineering Structural, 2015, 98:
38-48.

Salem Hamed, Issa Heba, Gheith Hatem, et al. Punching
shear strength of reinforced concrete flat slabs subjected to fire
on their tension sides[J]. HBRC Journal, 2012,8(1) :36-46.
g I XK AR Y K I R 2 RE R AR AL
L] KR 3 T AR A 41,2019, 17(1) : 131-136.

i B, I AR B A TR O Y I R R A B
(M. Abst AR H AT, 2003

FEEF, T LR 1 i e AR 2
PERERYEZ M ()] KA 5 5 TR 241, 2015, 13(3)
205-208.



