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Abstract; To investigate the fire resistance of CFSTRC column-RC beam space nodes and provide
a reference for practical engineering. The ABAQUS software was used to establish temperature and
mechanical field models of CFSTRC column-RC beam space nodes under ISO-834 standard fire.
On the basis of the results from test and FEA are in good agreement,the working mechanism of
the temperature field distribution, failure mode ,deformation and internal force distribution of these
members’ spatial nodes were analyzed. The CESTRC column-RC beam temperature at the beam-
column joint regions is well below the temperature at the non-joint regions due to the protection of
the beam-slab. The fire resistance limit of the joint nodes decreases by 41. 58% and 43. 75% under
the same load ratio of beam and column when the beam increases from 2 to 3 and 4. The core
concrete filled steel tube with axial force increases from 43.27% room temperature to 52. 9% at
180 min under high temperature and axial compression. CFSTRC column-RC beam space nodes

have good fire resistance , which can meet engineering requirements.

Key words ; CFSTRC column ; RC beam ;space nodes; mechanism;fire resistance
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Fig.1 The comparison results of temperature field and fire resistance limit
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Fig.2 The on-fire conditions and loading conditions



o521 ik

P55 NETREE LB B HE-RC B2 (1] 9Y 1 K PERE 73BT

263

2.2 HHEERSW
2.2.1 =AY SEEY

B3 A TR - B (T - 1) SRR
sk, K 3 (a) HNEIREE &SR
FE - i e R h g, FHE 240 min B, JETY
DI A 1 AN 610 T I m T A R
420 C, X2 T A5 X 3z B 4 AR AT TR

A AR AR B PR A VR T I SR R Sk A T
800 -
——EFRE
700 + — PR
600 |
500 F
ad
400
ﬁ% W52

0 50 100 150 200 250

Fist [R]/min
() A XA HRERE

XA, & 3 (b) R R
FE - iR SR M, T RIS T2
K FEAE, THE 240 min B0 5 1 AR
TLEE R 918 T, i A5 4 Ab B R E AN R
300 T, WREE - HA BRI AR, bEE
N B R 2 TR, R vy, i B
PR R TR AL,

1000 e

—— W 52

—— W3

800 | 0 4
g 600 -

#
= 400 -
200
0 5.0 160 15.0 260 230
B [B]/min
(b) B2 FRRE

3 MYPFEIEREE (T) — IR (1) SC AR M2k

Fig. 3 The curves of sectional temperature 7 — time ¢

2.2.2 (AT EATE

K 4 A IR EE - B A HE-RC AR ZS ]
TRAEARRI R AR LR T, 25 (Rl Ay
SRR (A) — 32 KEFTH] (1) R R MR,
WG L R, 15 505 0 ) 6w 3

FIARKCRR AT 3 Z Fom it G v R
FEfF gL, Wik {45 (a) L2-Z04-L05 R
R AS A A 2 ARGE AT 0.4 TR A
#HILHho.5,

O — BB .
-200 ST %%F"Jmﬁ 200+ = \“
g 00} E ~400F e 4
§ —600 - & 0001 — piia s
—enol _eonl ~~ PRERAE
800 SO i
-1 0000 5‘0 160 ‘1;0 260 2;0 -1 0000 4.0 8.0 12‘0 1&0 0 4‘0 8.0 12‘0 16‘0
s} [ fmin it [ fonin s} [ /min
(a)L2-Z04-L05 (b)L3-Z04-105 (¢)L4-Z04-L05
20 _
OpF==gzrzzoz------- \
I ‘
g ot '
& 60 ;
v QT | — i ||
_ L — GIED i
_}%----E'&Fﬂﬁiﬁ i A 7
_140} %%ﬁﬂ ﬁiﬁ e ?%%Fﬁjm “
! ! ! ! ! y ! ! A y
_1600 5 10 15 20 25 30 0 10 20 30 40 0 5 10 5 20
Fis} [B]/min Fis} [B]/min i} []/min

(d)L2-Z08-L02
4

(e)L3-Z08-L02

RS - 32 KT A 2k

(f)L4-Z08-L02

Fig.4 The curves of vertical displacement-fire time



264 WHERKESMARBFR)

540 %

I 4 R DL, 23 )35 A = ZERRE R
TR B SHEST IR AR =M,

(1) Xt T LRI KA BR A T e g 2 Ti]
T Gk U [ (SRS — 52 IR [ 56 2R i 2R
ARERRIZ T XEm TR A
BERI , G L2 i Bl 5 72 DA s2 hr A, ik
11T ) A 8 i AT | Bt 52 IR TR 3
Feo A RO RIS O, (H iy T 200
GEAE R B 7 A 1) 288% | L AR RT3
{EL AT RE i =

(2) XFF T A B L, BARH (R
P ) B4 TF UM 32 K (b)) BAR T =i 32

(a)L2-Z04-L105

i
2756 % 107
+ %107

+6.889 x 107 ol +4267% 102
12840102
6—2.@6 x10° +1421 % 10

(d)L2-Z08-L02

(DHXFFL"IEAS M 8, TR E
T2 K, BRI B 3 53 A A St Bl G kR
MBHEARNR BT 5 IR AR, o il
PRB SN I E oA, S EOR S L —
FEFE LS AR TE 5 Hh 4 A XU 32 KRR
T 25 (10 e () P i R o 22 0 A 7R < X
0] FE 25 " SRR

()X FCT A E S, BTFil(AR,
V) AL T 32 Kk (b)) B AL T = Az
K AEANTF = K T, AR A e

(b)L3-Z04-L105

(e)L3-Z08-L02

5 ZEIA]YY R AR AL 7 ]

Fig. 5 The equivalent plastic strain cloud map of space nodes

K AR ARV B A B A — RN
Je 8 B [ 5 B8 LG KT b (b)) B R 1)
ik,

(3) FEMFI R AEfr R LR, 2 PR 2L
2 BEINE) 3 F 4 B, 25 (8] 8 A ik BR
I IEAR T 41, 58% F1 43, 75% , 23 [a] 5 5 1Y
T 2 A R it 5 S AR R 1 i g
2.2.3 AT AR

Kl 5 A IR EE & A H-RC P28 (1) Ty
SAEARFRR R Ak sz K THUERTT,
23 [A] BURU T A5 ) SE R0 M B AR < T, AT L AR
R DX B AEAE AR IR AR TE |

(c)L4-Z04-L05

g

(fL4-Z08-L02

A (H i TrRaMIJCRAGE, al 58 S 200U
52K I (2R (PY) BAE " — YR I Y 6t 1)
PRI R T =52 KB (b)) 2 b TAEAL
T A2 K R TR A AL R REAERIR
L LI R AL

G)XF TS A, TR
AbTF =52 K, SRR SR BR/NTRER , 2%
TR ARSI ARE 285 5 Tk AR BR BT AR ] 5 5 4% 4 Tt
JHRBR/NTZE0S | i TG SR A A7 AE , R UL
A PR B R R ARAE



552 1) sk PESF NETREE LB B HE-RC B2a (1] Y s K PERE S BT 265

2.2.4 AT ENT

6 A IREE & A - iR 5&
Rk, fEICRERT W2 020K, 395
TR B A A SR AN i i oy 28 A4 FH
T H AT N A, 2 KR O N
REIRIEE - SN AR T T 2R 29 ) R Pl 1) i
BRI 43. 27% F 56.73% 5 KK K B B . b
FEL AN A7 TR 5 H bk R TR R T R A T Y
FACING KRR T I , A 2 DR K A
IS v iy 22K, NS Aoy 2320 T 1) PN A% 32, 00N
EIRBE LRI 1, I8 e T 742,
BEAN A E SIS, RO
TRLE = 00 7375 Y 6 = 43 0 7 L Bl 1 iy 28K 119
52.9% M147.1%

2000 — EBAK
............. BONEREL
-- - AR
1500
Z
41000
& T
500 f p
0 50 100 150 200
A ) min

Bl6 Ay - mim oAk
Fig. 6 The axial force-time curves
Pl 7 Dy e i v AT 2 — I (E] 5C R
2, fEXR A RC B2 b 0w th T
KRN B R A T 25 5 o3 A ) B

300 -

- AgREEL
Vil

200

100 ff;,

0

=100 -

"

24/ (kN -m)

-200 -

-300

—400 : ' , '
0 50 100 150 200
it & /min
B7 R MR

Fig.7 The moment-time curves of beam

%, WG, RC BRI Z P ; 2 KAEH
BB, B FEA A HRER,RC 2IEHR2Z
KRNI M AR — 8 BB EHISS T 22K
TR RN s Bl 32 K AR RRSE , SRR
IR SR IS R 300 KN -m, ; B E
FREL i, K AR5 AL, 175 B W s/
E % 180 min A 2544 170 kKN-m,,

3 %45 i

(1) WETREE T & G HE-RC 23 [A] 45 4%
T HAZ K T W3S T R, HE A 4 L
KR E e, M SR LI, T,
AT FIR A Y A R TR U B
N BERIRESE SR RN AEREIR

(2) 2458 FE I Aar 2 L AR R B, B2 Hy 2
FRIGIN A 3 AR 4 ARET, 23 [a) 5 s ik i R 43
FIREAR T 41. 58% F143. 75% ;25 [a] 4 5 it k
e PR it 5 AR 1 I i 9siAEK

(3) 2 HE AT IR B 328 R T 2 ), Bl A7
KT [E) Y BG0, F2s Hh BL R IR T 1Y 1
L5 TR ) AT K, 9 L2 R A
Wl R SRy SZ AL SR 22 1 s ) 6 A% | L v
Wi - ZABECRME R Z”
FI.

(4) H T e U 0 Ay e 7 280 0 2R [R) VR T
23 [A]7Y9 s N 7 0 B A A 4, A1 LN 5
TREE T ANAZ O AN TR BE 43 B 56. 73% Fil
43.27% B34 0 47.1% F1 52.9% , 1E% K
S AR far 2k L AL 2 RN A TR BE L

S 3k

[ 1] %8, £01%, ¥ 30k W RE TSGR

5132 KHERETFFE[T]. ASRK FE 4R, 2014,
23(4) :263 -269.
(XU Lei, WANG Mingtao, WANG Wenda.
Research on the non-uniform fire performance
of concrete filled steel tube reinforced concrete
(CFSTRC) column [J]. Journal of natural
disasters,2014,23(4) :263 —269. )

(2] &%, X EM. WETREE LTSS KRRt
FE[T]. BRI R ,2014,35(6) .33 —41.



266

Tk B B OR E eE R (A SRR )

540 %

[10]

(XU Lei,LIU Yubin. Research on fire resistance of
SESTRC columns subjected to fire [ J]. Journal
of building structures,2014,35(6) ;33 -41.)
e 24, Y532 T B IR B 1 & G AT K
PEREWFFE [ D], JEat iR ,2014.
(HOU Shulan. Research on fire resistance of
concrete-encased CFST column on all sides
[ D]. Beijing: Tsinghua University,2014. )
SONG T Y,HAN L H,UY B. Performance of
CFST column to steel beam joints subjected to
simulated fire including the cooling phase [J].
Journal of constructional steel research, 2010,
66(4) :591 —604.

HUANG S S,DAVISON B, BURGESS 1 W.
Experiments on reverse-channel connections at
elevated  temperatures [J].
structures ,2013,49 .973 —982.
JfL. TR BE - B G H-RC 3277 A
RERTFE[ D], Jbat JF K% ,2017.

(ZHOU Kan. Fire performance of concrete-

Engineering

encased concrete filled steel tubular column-RC
beam  joints [D].
University ,2017. )
FISELL. TR BE - B 5 - THD HE 22 45 4 T
HAEREWTSE[ D). 22 - 22 MR TR, 2018.
(BAO Yanhong. Research on behavior of concrete
filled steel tube reinforced concrete plane
[D].
Lanzhou University of Technology,2018. )
FIIELL INENY, SR, 55 IR BE - B 5
B — B TR BE - P T HE 22 K M RE AT BROT
SIMT[ Y] AR EE R 24, 2015,36 (S5 T 1)
47 -53.

(BAO Yanhong, SUN Jiangang, WANG Wenda,
FEA on CFSTRC column-reinforced
concrete beam plane frames subjected to fire
[J]. Journal of building structures, 2015, 36
(S1) .47 -53.)

KRR, KRG - B H AR - A
TR A PERERTSE [ D], L st W R,
2010.

(SONG Tianyi. Research on post-fire performance of
steel-concrete composite beam-column joints
[ D]. Beijing; Tsinghua University,2010. )
WHHE. KRG BUNIREE LA P TAESR T2
PEREMFFE[D]. dEat. iE 5, 2012.

(TAN Qinghua. Performance of steel reinforced
concrete ( SRC) column and portal frame after

Beijing: Tsinghua

frames subjected to fire Lanzhou

et al.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

exposure to fire [D].
University ,2012. )

TR B, B, % R RRT £ )2
9 - TR BE 1 2 A OF T HE R B M e 4 A
[J]. B4 F2¢ 4R ,2014,35(6) :23 - 32.
(DING Faxing,ZHOU Zheng, WANG Haibo,
et al. Fire performance analysis of multi-story

Beijing: Tsinghua

steel-concrete composite plane frame under
local fire [J]. Journal of building structures,
2014,35(6) :23 -32.)

LIE T T. Fire resistance of circular steel
columns filled with bar-reinforced concrete
[J]. Journal of structural engineering, 1994,
120(5) ;1489 —1509.
rhie N PRI ] 5 o M B A 6 SRy , v
FE R PRI BEZR 1 25, SO (it a8 T
5 14 38 H R . GB/T 9978. 1—2008
[S]. Abst. Hr bR it ,2008.

(General Administration of Quality Supervision,
Inspection and Quarantine of the People’s Republic
of China, Standardization Administration of the
People’ s Republic of China. Fire-resistance
tests-elements of building construction-part 1 :
general requirements: GB/T 9978. 1—2008
[ S]. Beijing: Standards Press of China,2008. )
LIE T T,CHABOT M. A method to predict the
fire resistance of circular concrete filled hollow
steel columns [J]. Journal of fire protection
engineering,1990,2(4) . 111 - 124.

HpE. SR EE LA - Be S SR M.
Jemt Bl i i, 2007.

( HAN Linhai. Concrete filled steel tubular
structures-theory and practice [ M]. Beijing;
Science Press,2012. )

B BRI TR E 0 e R R i B L
R M. dbat R R R, 2003,

( GUO Zhenhai, SHI Xudong. Behavior of
reinforced concrete at elevated temperature and
its calculation [M].
University Press,2003. )
THHRRF IR+ B A AR
T/CECS188—2019 [ S]. b5t . v {241 Tl
th At ,2020.

( Tsinghua University. Technical specification

Beijing: Tsinghua

for steel tube-reinforced concrete column

structure; T/CECS188—2019 [S]. Beijing:

China Architecture & Building Press,2020. )
(RS XFE 3SR ST )



