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Abstract

Steel reinforced concrete (SRC) column with inner circular steel tube has been widely
used in construction projects due to high bearing capacity, excellent seismic performance and
refractory performance compared with steel reinforced concrete and reinforced concrete(RC)
structures. Now a lot of research works including experimental study and theoretic analysis
has been done on the behavior of steel reinforced concrete (SRC) column with inner circular
steel tube under static loading and seismic action, but just a little research work has been done
about the behavior of steel reinforced concrete (SRC) column with inner circular steel tube. It
IS necessary to study the behavior of steel reinforced concrete (SRC) column with inner
circular steel tube under fire detailly, which can be served as a basis for the fire design and
performance evaluation after ireexposure.

Theoretic analysis on the behavior of steel reinforced concrete (SRC) column-with inner
circular steel tube exposure to fire including heating and cooling process have done. Main
contents are as follows:

Firstly, this paper presents a finite element(FE) model to investigate the mechanical
behavior of axial compression steel reinforced concrete (SRC) stub column with inner circular
steel tube using ABAQUS. The reasonable constitutive models of steel and concrete were
used in the FEM, respectively. The whole stage of comprehensive axial load versus
deformation relationships, typical failure models and load distribution of the columns were
calculated. The parametric analysis was carried out to study the different effects under various
parameters.

Secondly, determinations of the reasonable material properties of concrete and steel in
ambient,heating, cooling and post-fire phases, a general finite element software ABAQUS is
utilized to establish the 3D model for calculating the temperature field and mechanical
performances of steel reinforced concrete (SRC) column with inner circular steel tube during
the whole period of fire,which is verified by experiments data, in order to analyze the entire
process under the combined loads and fire including heatingsand coolings phases.

Thirdly, The influence of main parameters, such as the steel ratio of column,load ratio of
column,heating time ratio,the depth of fire protection, the strength of steel tube and
slenderness ratio were analyzed based on the surplus bearing capacity.

Key Words: steel reinforced concrete (SRC) column with inner circular steel tube;
temperture field; heating-cooling whole process of fire; mechanical performance
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° |-0.001241T +1.7162 [W/(m°C)] T >293°C '
[E

(3.5)

C

—0.00085T +1.9  [W/Mm®°C)] 0°C<T <800°C
{1.22 W/(m°C)] T >800°C
2. LWHAAE

TREE T I P B R LR RLER AL S B, K DL R EE I s2 e, YR EE T
bt AR IR S B A IR G ORI Ss, TREE AR E R T K ask, E100CLLEA
FITBRAR, TR — R A LA B R E,  ASCHUAp=2400kg/m®.

TR 52 iR N A EI 100 °C BRI = A 7K 43 8 R RIS . e AR T AR B A — 52 1Y
s, [RIS) 7K 23 ) 7% R A b o5 0 R e AL AR ARG 7%, TR LG 26 8 B VR 4 = R /K 23 25 R IR 32 i
ARSI Lie2% (1995) 445 i 2 i 18 TE e ik i, ~Hige ik s n

2.566 x10° 0°C <T <400°C
(0.1765T —68.034) x10° 400°C <T <410°C
(—0.05043T + 25.00671) x10° 410°C <T < 445°C
2.566 x10° 445°C <T <500°C
p.C. = (3.6)

(0.01603T —5.44881) x10° 500°C <T <635°C
(0.016635T —100.90225) x10° 635°C <T < 715°C
(—0.22103T +176.07343) x10° 715°C <T <785°C

2.566 x10° T >785°C
.. |0.95p.c. +0.05p,c T <100°C
pccc — pC © pW w (37)
p.C, T >100°C
p,C, =4.2x10° (3.8)

B RI(ME - 0C) . For, poiic R HE K A MR e L A AT A pofilcgd
K R FE AL 02 AL puFlcu 7K 1178 3 A0 2
3. Bk R K

L B R BRI L BRI 7 R Rt IR S R, A
S FH L (1905) 744 Hh SR - O B 2R 8, 3L e s F
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a, = Al /(- AT) = (0.008T +6)x10°° (3.9)

3.3 Eim PR AF e
3.3.1 SR TR HEMEE

EE NN R ) R R B EPRE E . SRR - N AR R . HEE AR
(2007) O e Ty 1. HRAE Fit R R e AR I U T v T A, 249 R 300°CH,
TG BH B 1 JE FRAR PR AR IR &, 245 B ARt 400°CHT, AN it B3 1 A 5 A B B T4 = Rl
TR, 4R T 650°CHT, MM O R AR 2k Ak Ek e
1. B N ENAA 5

AR FHIECCSYA H ) i T m AN it i) 44 SO R B, KA T

T

B STyt =y 0°C <T <600°C
x_ (T /1750) (3.10)

f _
, |108(L-T/1000) 600°C <T <1000°C
T — 440

b f—H IR AR 0 R AR SR, N/mm?;
f— R EE TS AN 1 4% U AR B, N/mm?;
fyel by 350 EE TR A4 1) 44 SCE R 2 A AR 8, N/mm?P
2. i AN B A
AR FECCSE H 1 il N AN IR ah s A i, Sk R
~17.2x10?T* +11.8x10°°T?
Er ) 34510772 +15.9x10°°T +1 0°C <T <600°C (3.11)
8.66x107%(800—T) 600°C < T <800°C

b E—HM 2R IR AR, N/mim
Ev—HA 7R IR B AT IMIRA S E R R, N/mmP,
3. el AN R - AR G B
IR R N AR R A7- AR A LB %, A SO P Lie % (1995) 2 H i AL, 3L
KA

f(T,0008)

’ e <¢
% f(W(').((JJOOlOl) i (3.12)
—goor %t (e =5, +0000]- F(T.000) &<z
A
£, =4x10"°f,

f (T,0.001) = (50 — 0.04T) {1— exp[(~30 + 0.03T)\/0.001]}>< 6.9
f[T, (&, — &, +0.001)] = (50— 0.04T ) x {1—exp[(—30+ 0.03T). /e, —8p]}>< 6.9

332 BETRELTHHE MR
BRI 0 2 R B SR IR R . R MR R,
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1. FIR T IR P R R

RS0 R L R I BRI b R AR L —, SRR R IR L 0
FEBRRE, [EPAIMIAT T RERIRTTT, A SR A e A ZE T.(1991) 7314 Hh fr e i VR Bk
L ERMPR R AR, HFERW T

f
cut L (3.13)
f T 24x(T—20°x107 +1

f,/f, =0.001T +1 (3.14)

e foues feu 2 AATREE L a iR A IR T 8IS 7 AR PR 582
fors fo TR L miR N AV IR B2 7 R Bih s e .
2. (e YRGB R
X T T VR L s AR, — A D VR L ) 5P A R i o IR R T v T
T BRARG » (ELE I3 VA 1 5 T (3 A v Lo AR B R AR o A SR P s i A 2 T2, (1991) 1
fie th R e T VR R AR R, AR
E.;/E, =—0.0011T +0.83 60°C <T <700°C (3.15)
A Eory Ecr iR i s N A IR N s iR .
3. e FIREE RN - AR IR R
fRrim N FRVR B L (1) B 7 - AR OC 22 A AT G A B K ST B 0 ) LN ARt v i RV
Uk IR N 328 5 2B T AR EL R 22, A S5 YR SR P AR A 2= T (1992) R
iR T VR e R - ARG R, HRIA AN T
2.2¢/gy 1 —1.4(8/6‘0’1-)2 + 0.2(6‘/80‘1-)3 0<e<g,
fzt - g/go'Tz £>&y1 (3.16)
’ 0.8[s/gor —1]" + &/ 1 ’
R foudERE L)WM, 547 /5, =1+ (15004572 )x 107
A% B 4P 240 TR VR sk SR P s v U (20007) 10145 L 11 v UL TS TR R 440 TR PR YR ) S
JI-RiAERFR, HEREXWTF:

y=2x-X° (x<1)
1+q(x% -1 (£=2112) (3.17)
Y= 1N _ (£<1.12) e
B(x—1)% + X '
A X=i yzi
&y Oy
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o, =[1+(~0.054£7 + 0.45).(%j | -(1-T/1000)°*®]f.T

f.(T) = f, /[L-+1986(T - 20)°* x10°]

&y = &:(T) +[1400+800(%_1J]'502 +(1.03+3.6x107° T +4.22x10™° - T*)(ue)

£,(T)=(1.03+3.6x107* - T +4.22x10° - T?)- (1300 +12.5- f,)(ue)

_goms - B
_2+§ S=a-f,(T)f, a=A/A

B =(2.36x10 )0 09 £1.351x10™*
3.4 ERBEMHMNEMRE
3.4.1 BREMHMEIFE LS
1M il S5 A I ) 22 R M I FP S . THRRTE MG, WEI7REH %, — K&
WA, TERRARAS TR, AR 10 58 AR 580 A A o 25 0 P58 1 P v S BT BRI, 8 0 il v
G, HOREEABRARRERIEIE . A KR JEAR R 53 (2007) PO H Fr U3 A5
i, BRmRIER LR
Es (Tmax)g &< gy (Tmax)
o fy (Tmax) + Es (rmax)[‘c" - gy (rmax )] &> gy (Tmax)
A, mmAE R S I8 IR PR (T max) 135 8 T 28 2 -
Cooy f, T . <400°C
+(Tnac) = f J1+2.23x107*(T ,,—20) —5:88%x10™" (T, —20)’] T, >400°C
Tmax NP7 5238 2 1) B e i B2 5 588 PR BRI B (T,0) = E, = 2.06x10°MPa , 524k B¢
Eqy (Tpa) = 0.01E(T,.,,) = 2.06x10°MPa .
2. [FiREL
AR AR KA (2010) MR M RO AR 78 [ T B AR S 3-8 48 5 ZRAB AL, B AN 1E R
e BRI SR AL B A MR AT TR, T e AR5 FE R R AR B AR DL M ATIREE T AE T RTE

q

(3.18)

max

To-Timax Z AR SRAT  SRALHT B BB LA BTIREE T O B A2 B A THER M B i e By
BN A fE 2 IadfE RS, HARIEA T
Esc (T ’Tmax)gs &g < Eye (T ’Tmax)
- T T 3.19
° O (Tmax) = m-ia_x [Gsh (Tmax) Oy (Tmax)] &> Eye (T ’Tmax) ( )

FAVa SR
T NYETRE, Tha AJIRERERE; T, AER, B 20°C;
fyo(T, Tmax) /9 5 il it 2 HR XM 1) Jee R 5

Tow —T
fyc (r 'Tmax) = fyh (rmax) - TmaX T [ fyh (I-max) B fyp (Tmax )]
max ~ '0
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&y (T, Ty ) JI PR AR T B4 1) e AR YA
Tmax -T

gyc(r ’Tmax) =&y (Tmax) - ﬁ[é‘yh (rmax) &y (rmax )]
5 Ve > e = f c(T7Tmax)
Esc(T, Tma) A PRI FE FANA 3R &, E (T, Tp) = s
8yc(T ’Tmax)
f(T,0.001 _
fun (T) =%3yh =4x107° (T,0.001) f,

en(T) =5, =4x10"f,
O (Trnw) ATHIRILRE HAIM HUSEA BN 7y, 1S (2.1) B s
Fyo (T )s €y (T ) Ty (T ) 9 15 T 3 B (10 o PR SERJSE et A L A2 RIS AR B B X LT

B (3.18) M.
342 BinRRRTANFMEE

1. b TR VAN ORI, AR SCR P R R A8 (2010) T MR H 1 9 5 J AN
TR R - R R AR, I IE I TR TR L - R A S A A f i
(I 7745 R S8 20 (R B b, 4 B R Lo VR B O 9 8 3 R AT, i
Iy

2X—x° (x<1)
- 3.20
y X (x>1) (3.20)
Lo(x=1)"7 +Xx
Aep, x=2 y=2
80 O-O
fC' .
O, = 0
1+2.4(T,, —20)°*x10™"
g, =€, +800-£% x107°; ¢, = (1300+12.5 f)x107° x[1+ (1500T, . +5T2 )x107°]
2 (151 A 7 VR )
T=11.6+1.5/x (7 SEFANARIREE )

fo D IR T IREE L EAE AR 4 R SR,

Tinax 917 5238 3 5 IR

BN A YR L B I 225 (1993) TP H (1) ki J 38 YRR gt - % g - I A O
A, BARREALT:

2X — X? (x<1)
_ _ 3.21
y 1, 115(x 13 (x>1) (3.21)
1+5.04x107°T
R x=2e; y=T
op O-op
o, = o e, =e,(1+25x107°T )
P14 24T —20)°x1077 "7

Eop MK R TRBELHNEENA; o, A KK IETREE L INEERN T, &, N bRk
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THEERAS, o, NEIR TIRE LIEEN T, o,=f, .

2. TR SAL, B BV Bk e (10 . 77 - AR 5% R A5 4 5 VR g b >4 i ) ol B2 AN T 32 1Y)
P S i A %, B R i TR AR L K 1 R P Re AN A S IR, T B AL
PRI, AT E P il B A TR L 1) ) S R e S A AR B e ok, T R 5 Py s e iR
FEA IS, LA, AN N BRI G L PRI B B - AR 56 F R FH e il Ja O N 7 - AR R &R
=X (3.20) FroRs AN AN L SRR EE L 18 - AR 5 R FIRE R F il s (19 8 77 - B
BR%Z, Wl (3.2D) P

3.5 NRTHEENER SRC #HHFEMEESHT

KK T HINIRRAE K9 SRC FERI I EIERERAT 0T, B R E AP SR, 5 —
R PAPLIFIAR A 1) SRC ALAEN IR ;55 — SR 1S N LIFIARAS 1) SRC AL AR
Be- I, TSR KK T AL (1) SRC ALy RE. KT LI )
SRC HE M B, T A SCSG AR IR - DA B TR 8 - O it KPR
DABRAE K 5 A IR TSR A TE A, R 5 A 400 YRR o DA B e 0 R
ISEAJ- RS 5 7 PRI 185 ) SRC A BRTEASEY, 23 BTk 5 - ORI 18 ) SRC
FER )2 P

BTk T NI AV 1) SRC REM 12k RE, B oSG IERIA K 5 T W EEH
BRI SRCAEMIRAEYS, I B S0 R b DA B TR - U 0 47 56
e
35.1 imEHEIE

(L) U5k - e ] iy 2

R KRN, G5 J] BBl 2 =l AR S A AR [ S5 F R AR A, SRR &S B &
A 3 A S o8 45 A PAY T PR B T T PR T T S A AR AN 2 B34 DL K 32 K 05 A
[FISEA 2, S50 N BT AR B 0 AR ARAN ST, TERE T AN ST IR, BIVIR B 3l A2 45 4
WA A R AR R, R I P 373 B 2 K R 5 S R N T8 17 AW AR AL o i B - 1]
LAREBATERIPUR I ITRIEAR AT, VFZ BRI A E HIE T Fn IR TR - 8] H 28,
AR Y E Bror e AL 2358 1 1SO-834 Tt (F) immidk, HFRAXWT:

T BL:

T =T(0) +345log,, (8t +1) (3.22)
FE IR B -
T, -10.417(t -t,) t. <30min
T ={T,-4.167(3-1,/60)t—t,) 30min<t, <120min (3.23)
T,-4.167(t-t,) t. >120min
A

T—%IE[LE(OC);
TO)—=#(CC), —fh 20°C;
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Th— T+ BRI A6 (°C);

t— K5 R AR Ja (R[] (min);

th— iR B AL (I E] (min) o
(2) WIEHA PR ICE Y

ARICH ABAQUS HAEATIREE A /AT, LA N Bl BE 37 7 At (BRI SR R gk 47
{7 L ) [ 3

R WE . TR EARR A\ S =4Sk 56 C3D8; 4 i Al i 7 K
Truss H.7G; HM IS MR ECR A A (3.1)%4 HM1E,
AR I B R T 20(3.2) 48 A, AR IR IR 2R 2R
HxEBIAHHME: RBE LR SHAECRHA(B.4) P
IO, TREEL I LR A R G5)4 e, R ?
K 2R 20(3.6) 45 Hh A s AN A T4k
BESK AN 10, BRI 3 TR R IR B0, T
FRVR SRR L W SRR TR SR \
S R - 2 T Y R AR e 203K Tie, M &1 3.0 AUARRIEE e R 405 2 8
R s 350 R B o ASABETR SR A A b RN S AT
T T AR 45 A B BT AR R4y (ANl 3.1 o, 3R (R R A SR S8 & 2. J000),
A FTH BR IO R SRSk, 73 T 545 SR T8 RS FE o AT R A ) 2 4% 1S0-834
T RE - Al Tk th 28, ARG N 20°C.,

(3) MR EIHIAILG AR

ASCTERAT NECANET (9 SRC ARERTIR BE S A W2 B, Se %t O 1 A 40 TR gk - F4N
BRI AR RIS HEAT R IGAIE, DG IEAS SR B 3 A 1) IE A 2

a. 1REAIE(2004) 83152 R 30

FEBE RSP b>X h=200X 200mim;- A AC 110 O FAEL @ T 749, JRE 58N
f.,=39.9MPa, VU &5HCE —HR HRB335 & 10 4N/, 4K HPB235¢6.5@100 4M 75,
R AR T 5 AN EAE, LS A B AP 3.3 Fran, I AR ae b DY A
WIS, DUTH B2 74

BT S e R BN Bl s MRMSR QAT Brid, M ockI AR 3.1 FiR. B 3.2
YT RUANREE LA RO A R E R R R A, B 3.4 A H T ES T SR
BRI b th 2k .
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b. FBELE(2010)% 57 KAk
FEAH R~ bxh=300x300mm, WAL 110 AOHE S @ T 7, JREELmE N
f.,=39.67MPa, VU Hc & —AR HRB335 & 16 4457, i K HPB235¢8@120 4/, 7

WA E T 12 AN, 3000 S AL B an b 3.5 B, 56K F AR I8 b DY & 351 1A
VU 32k B 3.6 25 1 &0 S EAE 5 AE 1 X6 b il 2k .
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200

AR

0 2 44 66 ‘
I} 8] /min 8] /min

Bl 3.6 I EE A S S SR I (B X L 2R
C. B&(2010)7 7157 kiR

FEAUTH RSP Bxt=300x5.80mm, N i N f,=361.72MPa, JR#&t L58E N
fo=52.6MPa, TERMFHEAME T 7 MM, S i Bk 3.7 s, W5k
RISY VYA E A, =2k B 3.8 4t T &l St B8 550 E A0t i 28 .

75 75 150
L L L

75

L
7 C — 7
AV 0.
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o
=t
w3
7 s
& Eras
o
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M5
=5

3.7 AN TR Bk R W A B
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I} [E)/min I [E]/min

K1 3.8 AR F A A A K IR E 2%
d. XK (2010)7857 kiK%

FEATH R ) 9 DxBxt;=300x200x6mm, X 38 5 f,=352.3MPa, JE#&E 158K
fo=52.6MPa, EMFTAE 7 7 MRS, oM A B R 3.9 Fron, KSR
BRI VYR A, D2 K. B 3.10 A T &I s HEE S RSB X Bl 2R
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Lo
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Lo
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e Nl
K 3.9 AW TR EE IR S A B
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i 18] /min i 8] /min

310 AT _E 3400 v 0 5 R R X R
3.5.2 NR TN HFERBUE

(1) =i, ™ AW TR B A A AR Y B IR

AT 1R, et AT IRV, RS TR, RES
AR 5 iR N A AR R — 8, DRI N . R A S AR, R
PR S I bR, RO T VR 8t [ A g s DA A5 39bk 5 34 ) 2 K BBz
2306 B AR (2007) 00 (1 C1-1 . B 232345(2010) e S1..S2. S3 A X1 & 52(2010)17®
H R2. R3 AT /1B R EIE §

TR X AN AR ISR A\ S = 4E SR BT C3D8; AN N 2 SR VR B T 1 B -
AR R 3.17 Fiaw, SM IR F1-RiAR e ZR AR 3.12 AR,  HOBR s ki
E=1x10""MPa, JH#ALL 1=0.00001. ARNEEIEFE AR T Ak, VR ANEAR . 4NAE A
R IR R PSR e 200 Tie, W& SR EE - 2 18] ¥ B i e, i a Iy 1A 5% A A
i, U110 5 1) SR P A R AR TR B 2 2 BN 0.6; TR B AN S IR N AR, P R,
INER S WD, BB N E IR, 58 DI aR s N — B Z0 B 1R S AT =R T
FIEERERI B R S I AR R X1 3 A 25 7 R R T I R R R 20 A —

T E 45 B 50 25 B A%t il an & 3.11 Fr s .

36



Bl =22 67 1 3

10 2
0
E -2 |
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(C) S2 AL 7] -l ) f57 7% il 2k (d) S3 A sf I -y o) 52 A% i 2K
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5] /min HF [8]/min
(e) R2 A:sf ['] -ty i) (o2 7% BH 22 (f) R3 A [ -l [ea) (2 % it 28

K] 3.11 AN TR BB AT )R] A0 8 00 JR A B

(2) =i R TR e A AR AR B

A3 FAR BANE (2004) ¥ b ) SRC1.8-40 A AIZETRER (2011) i) FR3S35 A1 ke
#8(2010)°M e ZYN=1 K BL 2 3K 42:(2010) B e i) py3n-0.85 FEHEAT 1R BGAIE . 4433
% SRC1.8-40 AL HCN: FE#IR R~ BxH=200%x200mm, 1 L=1800mm,JE#E
R f,,=39.9MPa, N IRGRIE f,=280.5MPa, 847 ) JE IR £,=360.3MPa, 2=
FRAE FR3S35 MRS 4 v: #iiH R ~f 4 bxh=250x350mm, B4 4H [ % i R ~F N
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f,=274MPa, 5 i e k92 Z f=300MPa. BEMH ZYN-1 FERIRI S E Oy : Bl RN
bxh=300x300mm, AW R~} hxbxdxt=175x175%7.5x11mm, #E4 L=3810mm,
et 5R I f.,=39.67MPa, WA JE Al sR I f,=261.8MPa, X1 JE ik A f=300MPa.
jk4E py3n-0.85 #EMRIE SN : AR~ A bxh=250x350mm, BYEX 4% i R~
hxbxdxt=200x150x6x9mm, FEK L=3810mm, &kt t58F f,,=39.67MPa, 41 Kk 5H
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[ £,=271MPa, 5 JE k92 Z f=300MPa, kL3N 0.3,
TR N 7-M AR e 2R 2K 3.16 Firas, A IR F-R AR 56 R R A 8 3.12 s,
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