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Fire Resistance of Square Steel Reinforced Concrete-filled Stainless
Steel Tube Columns Embedded with Cross-section Steel
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Abstract; The steel reinforced concrete-filled stainless steel tube column was composed by
embedding profile steel in the concrete-filled stainless steel tube column, which reduced the
amount of stainless steel and made the column have better ductility and fire resistance. The fire
resistance of square steel reinforced concrete-filled stainless steel tube column embedded with
profile steel was studied by finite element simulation. Firstly, the finite element model of fire
resistance performance of square steel reinforced concrete-filled stainless steel tube column under
fire was established, and the temperature field and fire resistance data of relevant tests were used
to fully verify the model. Based on the validated finite element model, the temperature history,
axial deformation-time relationship, typical failure modes and section internal force redistribution

of a typical steel reinforced concrete-filled stainless steel tube column under different load ratios
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were analyzed, and the working mechanism under fire was defined. At the same time, the

comparative analysis with concrete-filled stainless steel tube columns with equal steel content was

carried out. The results show that the embedded profile steel is helpful to improve the axial

stiffness and lateral stiffness of columns at high temperature. The failure modes of steel

reinforced concrete-filled stainless steel tubular columns are manifested as axial compression

failure. Under low fire load ratio, because partial profile steel shares the load transferred from

stainless steel, it allows stainless steel to deteriorate at higher temperatures, thereby improving

its fire resistance. The lower the fire load ratio, the more remarkable the improvement effect is.

Key words: steel reinforced concrete-filled stainless steel tube column; fire resistance; tempera-

ture field; numerical analysis
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Fig. 2 Comparison of Temperature-fire Time Relations of

Measuring Points Between Simulation Results and

Test Results
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Relations Between Simulation Results and Test Results
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Fig. 4 Comparisons of Failure Modes of Specimens

Between Simulation Results and Test Results
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Fig.5 Comparison of Fire Resistance of Specimens

Between Simulation Results and Test Results

3 TIENESH

K R A BT # R T 1, 2 % S B TR B
PR 45 K AR R H 8 T — I R
TR BE A N5 89 R F# FH L IC AR 30408 NEEH (4
S Ml i BE R B PR i BE 43 i) k205 MPa il 515
MPa"") W #E + 25 9k FH C60 5 A 48550 4 A i R~
4 600 mm X 600 mmX24 mm,¥ 3 600 mm, |5
B £ NI TREE LS LR RS S IR B 4
AL R ] EL 45 5 40 R, H A R 45 A9 4 i o
600 mm X600 mm X 16 mm, N %+ 5 % 49 (4 #%
RFA 236 mm X354 mmX12.5 mmX8.5 mm,H
TR Y Q345 M 4K . 2 F A 4 R i 45 R 4
B2 2o o JREJEE R 20 mm, 25 A AR i PG L AN 55 4K
EIREE 5 ARG A TR R IR R ey
0.972, #FE 3 Fl KK M4 b n=0.25,0. 35,0. 45,
KFFRFH ISO 834-1 H i Ak 9 T iy 457, HE v 3
VU512 K. 25 BRI IR BRBE NS A IR A S
SPEAS A TR B R TR R 2R HRE R 97,26 %0,
3.1 BRE-BHEXZHR

B 6 H2 T AN R S S AN



70 BEHAMFL TRFIR

2019 5

%% K i} [A]/min
(a) AEMERE LA

900
600 -
o -
& — AL
] . -—- 2
300¢ LT e
- == W R4
O e pr il ,
25 50 75 100 125

% KB} [6]/min
(b)  ZhHE 54N TR Bk LA
Bo6 MmEBE-ZANREBEXR
Fig. 6 Temperature-fire Time Relationships of

Measuring Points

TR BBE A 1 v A T R AR A AR B R G R

X T AN G5 B9 A5 TR R - AT R AE oS A 4 BT B
COU A5 1 I A5 2 43 590 A6 45 4 A8 P 2 T R o
AN FETD AR BE £ op 18] 55 GO A 3D K i A G A
) ERANE 6Ca) R . W T A A A IR B+
FE L RRAE 5 A0 65 1 7 B G 1 RN s 2 2 e R
5N AE N 2R TH RN e 1 AP SR T L 38 Sk ik B G AR
3) IR H s A CHE AR A2 4 A 4D, 25 R a0 R
6(b) s,

HTHETAEW SR - 5wy A 6, 2 Ff
FERY ST A 1 50 2 AF AR IR 2% X TN ER
BN TR BRE A A L %R I 22 B I TR) 1S g 2 Ok, 7R 60
min 245 35 $) 5 KAE 282. 88 °C . I 5 1% 1L B 32 W Uik
JNGE 74,46 min B} 271,97 C, XA BRE
TREE T A, R 2278 60 min 72 45 3K B e K{H
275.1 °C % 103. 73 min B 258. 89 °C,

ANENEREE LA A ENE R (24 mm)
KT HE R 0 P AN 85 N A TR 5 B A A9 R B2 (16 mm)
X T[] — {7 B0 I 1L A4 P D) . i TR E
INFJE S AE 27 min A2 AT W 25 A K B B KMH
108. 43 °C, UL J5 M & 22 (E AW/ . L2 # T — 3,
U I AN 45 0 7687 JEE 5 = S5 e I R AN B I R
AT IR

T AN AR B+ R E R SR
5 A TR R b AR A TR B AR PR B 0 A5 3 I

4 FTRLEE 4350 A 54,35 “C R 29. 33 °C, B 7E & A
Z Rk R B 0 I B A AR, Ty 2R L T S
B T AR
3.2 HEMB-HEXER

K 7(a)f n=0.25,0.35,0. 45 =Fh Kk K faf 2%,
HR AN A IR E A S S M N 5 AN A TR 58 A il
m R -BF R OGR4 . X4 n=0.25,0.35,0. 45 Hf
Xof IO B4 AN 5 4 A5 TS R A T ok A BR 43531k 120. 88,
74, 44,47, 48 min, F PRGN A TR EE AR T KB
B350 % 191. 56,89. 79,47, 23 min, LA I 32 WK
far 2 bb (<0, 25) VEHIT o P 4 28 A9 0 A A T Pk i
TR B M e (n=>0. 35 ER R A, Y
AR AR A P A ROR A . B 7O ST
KR At B e n=0. 35 B P B A IR BE AT Rl )
fiFe-BF I OC R M £k

151
n=0.25(SRCFSST)
oM e n=0.25(CFSST)
. ---- n=0.35(SRCFSST)
E - —- #=0.35(CFSST)
S —-— n=0.45(SRCFSST)
= " —w— n=0.45(CFSST)
= —30f
&
_45_
—60; 30 160 240 320 400

3% K B [8)/min
(a) CFSSTHISRCFSST

18] A7 #/mm

0 2IO 4|0 6l0 8I0 1 (I)O 1 éO
3 K I} [@/min
(b) SRCFSST
B7 HEAR-Z AR EX R
Fig.7 Axial Deformation-fire Time Relationships
H1 7 Ch) AT R A T0UR i) 37 - ) [ 56 2 il 2k
R AR 4 ABr B
(DB OA. A8 A IR BE 4L 5 2h A
5 B TR B R Bl 1 3 A% I el g G ORI KL P
TR SE R . A5 B AR S A 55 A
ETRBE 1A T N BT A W R TN A
RBELAE A S HTE Bl AR/ T IR .
(DB AB. 3 KR8 i1 T4 I ik 22
R T i AR RE 45 47 A2 I R 4R 8 2 AR R B R
AKAZIE . By BE 2 B G 453, Bl o T 2 ik
RAR IR 3 125 1y 280 45 22 0 8 kP F) 20



% 3

X2 N F RN Y 2 R AR E R R AR KM A 71

(D FALEE BC, B fiJa B I TH & - bRk
e E— 25 45 Ak, far 2 45 A8 T8 34 B K F TH IR ik AE
TE B A R 4R AR Y R R FF R I K 2 C A

(OB IR Y B CD., B % 6 B F — A 38
e BB B F T il ) far 28 R0 A0 i) B8 BE 51 A9 B RN,
TR A DT OIS T A P B IR o o8 75 A el ) R 4 A
TE A 8 05 24 R Y 4 AR Y s AR B R IRF] T
1SO 834-11"" FL5 14 12 {8 I o BN A i 38 JF 35 )
fiif e A BR T
3.3 WS

16 n=0.25,0.35,0. 45 =Fh K RAEFE LT A4
A A VR A T DR 389 2 3 Sy A R e JeE o
I SRR AT TR Al T i AL L B T
T F Ty A 1 R SR DR AR 349 2 3y il o
FEMEIR ., B 8 45T n=0. 35 B RNAEME IR EE +
FE5 S0 A 5 A0 A TR B A I B IR

(a) CFSST(R#548) (b) SRCFSST(REM) (c) SRCFSS&“{BW)
B8 IR

Fig. 8 Comparison of Failure Modes
H T 8 Cad PR A5 B A HR 5 o R A T A
AR L I EL7E BE B W i 300~550 mm i [l A
PR R AT LR A R . X TR N
S HR LA 7T IR B 8 C sl I8 32 K
B R T P TR R L AN B B PR S P S 300 mm
Ak o T AR AR AR 32 K DXCFF 7R W BE 8 7% S BTE AL e A
Jey v Jt pHy LA 2 5 A 45 B0 5 P9 TR R il e 2 A AT
8o KAWL i TN R S S B R B A A
) A 25 A AN 1) RO B A W R AR R BT
TG REE LA A0 L A=20. 6,8 T KAE. I
H2% T SRR EE N H/2 000 14 4 Bl b, 75 4

PRTE — I BAON AR R 2 A A 1) Jd o
H P& 8 Ch) al R £ PEAS B AN A IR B LA R AR T
ol 1) 4 WO - ELAE R M 0 300~ 1 200 mm i il 4
AW N AT B E AR . X R
P 32 ki BILIE 7(b) T2k B s B C s 1A 85 40 34
% B k3 2 T 9 AR TR E . AR BE R 3 300 ~ 550

mm 8 [ N & A JR F8 JE i DL 4E 55 P 3 Al 0 B A
&L TEJCORIE W N AN B TS 5 N B A LR 5
AR R Kk A I G R A 2 Ak BB A S A AR R L
— 2 [ 1 A ] O B AN 5 B BE R i 300~1 200
mm & A IR IE B, DL 2E RS 85 S5 TR B 1 )
P AHAE . T EPE ARSI IR EE LA K4 I A=
20.6, )8 TR, IFHZIE TR KIEE N H/2 000
(A7) Uiy BRI 7 A AR 2 380 T o A BIR Bsf A7 7 8 sk %)
ARG . R B T SN AN A TR B
FE B i P BE [ Bt 3ok LA IR AR 7 A B
3.4 BEANAESH

K94 H T n=0.25,0.35,0. 45 =Fp k& fuf 2
FEAEFT AN A8 TR B8 4k 5 2 1 R 45 40 45 T B
A A T PR S A S A3 b R R R il i) A 28 L 91 B 2
PANE R AP EN

A T ORE 9 mA

(D) H B OA i 28 R0 b 42 A B 3T o 222 2 1 1
s e B B4 AR G AD S 6 AN A TR B A
AN N R A il far 2 EG B 4 0 A 52, 66,
52.93%,52.56 %% , IR BE A AR FH 1) b 1) £ 2K b A5 9 1)
47,349 ,47. 07 % .47, 44 % 5 R T P A B AW 4
TR A FE . A 45 A9 8 7R FE 0% il 1) fer 2K LR 1 43 0 Ry
34.94%,35% ,33. 71 % , IR ¥ - 7K FH (% Bl 11 o 2% L
B4R 47.17% ,46. 34 % ,46. 36 % . K 4K 7&K $H Ay
iy 1 4 K H A9 43 ok 17.89,18.65%,19. 93 %,

()R B: AB: H T A 85 9 T 320 & T N
PRI BE 1, B P K 2R B0 K TR BE L SO K
S o VR L 5 A B 1 00 i Al 5 TR RE
TOUTET 53 75 DR WA 5 4 787 7 L1 it 1) 7 28 L £97) Bt T
b0 LT O O 2 = i i 7 N 7 K 0 e
n=0.25,0.35,0. 25 W} A5 4K 7 $H 11 %l [7] fof 2% B 51
Ay 52, 66% .52, 93%,52.56 % - I & i KAH
99.76%,83.67% ,63. 91 % A 1 1R #E + 7K FH 1Y il 1)
MR LB 43 S 47, 34%0.,47. 07 % .47, A4 % R &
/M 0. 24%,16. 33%,36. 09% ., X T #hPEAR 4
A TR B A AN 5 A R HE I Al ) 7 48 8] 43 B
34.94%,35%,33. 7T1% L F+ = 77. 92%,55. 24 %,
44,24 Yo o AH N YR B A R A il 1) A 2K EL 4810 43 oA e
47.17%,46.34%,46. 36 % F &= 18. 65%,32. 76 %,
38. 86 Y0, R 7 $H 1 il 1) r 4 LE 8] 43 S H 17,89,
18.65%,19.93% FF&E=E 3.43%.,12%,16.9%,

(BB BC: 3k A~ Bir Be A 85 89 4 8} 5 41 iR
i N e A P TR T A e A Rl N R =
71 T B HR A 43 A 40 78 = N AR TR BE A



72 EHAFE I EFIR 2019 4
© x — AW 8
= = —. BT =
k= g i 1 S k=
ol - ZV:%%{XJ = R = — RBW
B . T REL % N - N T .
e N A - e 2N & 4ol mEL -
Ficd iz L, iz \.\ _____ -
= E . E T
& . . . . £ A . . . g . . . . .
15 30 45 60 40 120 160 200 15 30 45 60 75
52 K B [8]/min 52 K B [8]/min % K B [8]/min
(a) CFSST(n=0.25) (b) SRCFSST(n=0.25) (c) CFSST(n=0.35)
- — REM o o
R N 2 e
= R N g =
1% - > 1% %
#® Pad Ed et
& 7 & &
= - = =
= AN R s
20 40 60 80 100 120 25 75 100 125 0 15 30 45 60
%% K B} [A]/min 52 K B [8]/min % K B [8]/min

(d) SRCFSST(n=0.35)

(e) CFSST(n=0.45)

(f) SRCFSST(n=0.45)

B9 m fay E AR 48 L -3 R ) K B

Fig. 9 Axial Load Bearing Proportion-fire Time Relationships

RV . TE UGB BOM TN 65 SN A IR 8+ 4. n=0. 25,
0.35,0. 45 IASGE 4N A AR A0 04 % v £ 28 Fb 48] 53 501 H
99. 76%. 83. 67%, 63. 91% F F& & 42. 81%,
55.28%0,29.64% . X FHEANFEWEREE LA
545 N R 1Y b far 2 LG ) 4 0 i 770 920,
55.24%, 44. 24% T K& = 8. 75%, 11. 65%,
24. 75 %, FRUER ZRCHR 04 Bl 1) £ 48 LU 9] 43 0 3. 4300,
12%,16.9% FFF% 35.77%,33.12%,31. 2%

CO N IR By BE CD . bifi 3 36 % ok — 25 7+ 5
FE AR 7K 28 77 35 B S % 1a) 17 20 52 ) U i B 51
8 B R0 T H T R AT A Pl 1o o7 B8 B HE AR Ak 32
K B i R R A 2 s o . TE BB BE L TR A
TR E AT AN 55 B i P %) il o i 288 LU 491 0 — 25 R R
n=0.25,0.35,0. 45 B} 43 W 42. 81% ,55. 28 %,
29.64% FREZR 39.27%,51.36%,24. 64% ., XFF
A A TR R A S 5 A9 A R P A il 1) Ay 2
Ho i 4y 9 B 8. 75% ., 11. 65% . 24. 5% F R &
4. 749,11, 14 %, 24. 5 % , RUER AR FH A4 i 18] o 2% L 631
43l 35.77%,33.12%,31. 2% L& 37.91%,
38.49%,33.8%.,

24 5K B A AR KA PR S AN 5 4K A TR B 4 A o
A5 A R L B il ) A 2 L0 5 0 S A A TR R
FF AN 55 S HE 1% Bl 1) 77 28 BE A9 BY LE 43 58 R 8. 05
(n=0.25),4. 48(n=0. 35), K T 7 & # 10 1 2 [t
B 1. 479 B FE AR R fap 28 LU AE TR (<20, 35),
SR NG R N 7 s = 8 o 5 v 4 S AP 5
AN B9 A T KR e R A PR 5 Ak DT B e TR AR
FR TR K MR
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(1) 388 3 SR 3 0 9631, AR SCEE ST 9 A7 BR T A 2
FE 50 1 S ADL A B 9 A e 5 e A R S A A B A TR
BE T AE AT KCPERE

(2) iy = 5 i $BH 5 1R (19 A 85 B4 41 2 1 -5 1 B
P9 TR R 2 DL K B K AR RO e AR
R G 1o FE B AN B A B K e KT AR IR
P B K 22 S R | R AR S B A T KR TP I )R
HRECIh A9

(3G A TR B A v T T A RS 25 O
AN 1) Je o A AR PN BB AT B T R R R R RE AR
F8 ey 0 ey DO 2 A 5 A TR BE LA S TR R Y
B SR ASE 25 2 B g Bl 1) 1 46 1B

(A SIPE A5 19 4 1R R A e A A 0 7 A
R 35 ) T K A B o pAY R 3 JBE 473 3 ) 7 400 °C L
KR A RE R Iy 2 P R 5 IR A A L T 3
R 2 R 2 LA /I I B A R A A (03 T g
A A 1y A i R e/ Bl i 3 % L T L E
% 5 TR 35 - It [] 7R $H A 85 A9 55 S Bl R 05 e 7% B4
B FRVFAI AN 85 A9 7 A SR B s A 25 4 L AT
P 1 AR AR A K RE » I AT 8 BN IR T 2K
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