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Abstract

During the last decade, test results-of full-scale steel reinforced concrete (SRC)
columns obtained by previous researchers. have demonstrated satisfactory
performance both in strength-and ductility. In addition, special recognition has been
accredited to the superior concrete confinement: effect provided by the steel section
embedded in the SRC"column. However, due to the fact that the cost of conducting
experiment on full-scale specimens is very expensive and time consuming, an
alternative approach using the numerical simulation “technique has become
increasingly desirable.

It is the objective of this<study to utilize the highly. recognized finite element
method (FEM) software ANSYS to numerically simulate the mechanical behavior and
confinement effect of the SRC columns: In the first stage, this study generated and
analyzed a FEM model to simulate the SRC test specimen. The numerical result was
compared to the SRC test data to confirm the validity of the FEM model. In the
second stage, the parameters related to the design of the SRC columns were
investigated using the FEM model obtained from the previous stage. The major
parameters in this numerical study included the axial strength, ductility and the
confinement effect. The numerical results showed that the steel section in SRC short
columns can provide effective confinement to the concrete and enhance the concrete
compressive strength up to 20 to 33 percent. Therefore, a new design method was
proposed in this study to account for the confinement effect provided by the steel
section embedded in the SRC column.
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1] 48 SRC2
T | SRC-H2 | 280x 28C| 1200 H4 | H150x150« &40 | 12-#5| #2(D6 75 4224 '
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9.0 437
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4.5 371
= 3.2 349
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Ty 10.0 324
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#4(D13) 472
SRC-B1 34.6
#9(D27) 439
#4(D13) 472
SRC-C1 34.6
#9(D27) 439
#2(D6) 606
SRC-C2 25.0
#5(D16) 453
= #2(D6) 606
+ SRC-C3 24.6
e #5(D16) 453
= #2(D6) 453
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= #2(D6) 453
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SRC-T1 22.9
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% 4.2-SRCIL~ =% » 47 A3+ 4
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Pt s L ETR B

LN RSl B E S 540 1800 3760

& 55~ % B 376 632 828
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# 43 ANSYSA 47 SRCH 2 ¥ Bd F 23 RF & B R R2 2 RB A
poamie | oo | ST ) bow | e fe | fa
WY | FH L S c B il | oo c ch i i
(mm) (MPa) g () (MPa) | (MPa) | (MPa) co co
SRC-B1 75 34.6 0.84 20.06 34.31 | 4557 | 1.18| 1.57
SRC-C1 75 34.6 0.84 20.06 34.31 | 45.37 | 1.18| 1.56
SRC-C2 140 25.0 0.93 23.25 26.85 | 31.75 | 1.15| 1.37
+ SRC-C3 100 24.6 0.93 22.8828.95 | 3591 | 1.27| 1.57
1| sre-H1 140 29.2 0.93 2716 29.93 | 35.95 | 1.10| 1.32
1| sre-H2 75 28.1 0.93 26/18.33.09 | 39.98 | 1.27 | 1.53
SRC-T1 100 229 0.92 21.07 25.47 | 30.66 | 1.21| 1.46
F--1 SRC-T2 100 31.4 0.92 28.80 33.38 | 40.16 | 1.16 | 1.39
!1 ERER
g (1) f, 5 Mt B 28 % F RIFRG A -
(2)mES R R 2 i B[ 0 %% (Bresler,1974) 2 =3 = % o
(3) fod AMA T2 M2 pRMA (= 4 A5 < Aoz BF) =BT, -
(4) fc,a%ﬁ@l%]é\&\/»wﬂJ#m@n}i (e T RAuEE 2 A2 )
G) f iBARERL R FREAE (2 5 FRAL T Fram2 BE)o
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# 4.4 ANSYS{H ~47(7 4 ¥ Bl L >0 ) SRCHLFSR 2 1B Uph/R 5 & v i

RS | R LA %ﬁjégsmk (R | (Rlnss | (Rlums
(mmy | () | (k)| (R

SRC-B1 75 19522 19414 0.99

SRC-C1 75 19885 19681 0.99

SRC-C2 140 3696 3675 0.99

SRC-C3 100 3748 ' 3710 0.99

: : SRC-H1 140 4215| 14205 1.00
* _ SRC-H2 75 4224, 4227| 100
SRC-T1 100 3448| 3445 1.00

g SRC-T2 100 4718| 4681 0.99
Average 0.99
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# 4.5 12 ANSYS %~ 47 17 SRCH #8224 ¥ Bl d»c g hdica &
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T ;é ,gg »’L:, 7&;_ R e fc ch (FL )ttst ( FL )ANS(S AFL ch fcc fch a

S | (MPa)| (mn?) | (kN) (kN) (kN) | (MPa)| (MPa) | (MPay)
(mm)

SRC-B1 75 34.6| 6502p 19522 18790 732 29.06 34.31 | 45.57| 0.33

SRC-C1 75 34.6| 8162f 19885 | 18982 903 | 29.06 34.31 | 45.37| 0.32

SRC-C2 140 25.0| 1164% 3696 3639 57 23.2% 26.85| 31.75| 0.20
:I;:—|: SRC-C3 100 246| 1164p% 3748 3667 81 22.88 28.95| 35.91 | 0.28
:: : SRC-H1 140 29.2| 929§ 4215 4159 56 27.16 29.93| 35.95| 0.21
:: : SRC-H2 75 28.1| 9295 4224 4160 64 26.13 33.09 | 39.98 | 0.25
SRC-T1 100 22.9| 6934 3448 3412 36 21.07 25.47 | 30.66 | 0.23
SRC-T2 100 31.4| 18291 4718 4594 124 | 28.89 33.38 | 40.16 | 0.22

Average 0.2

wfE (1) f 3Rt R EE L §RR S A -

(2) AR 2 B AMAT LRI ML AT TR D LR R ) (T LR TR
T ) RN E Apuz(Pu)teg_(PU)ANsyg:afCIAhcc CHY A L ARREAFREL 26 A

(B) fooAMAd®L MBI FRBA (2 4B F2k)-

4) f;ﬁ%i[ﬁi?ii&'ﬁj SRR (¢ 2 ).

(5) f, s BAMAT2 R FRER (° 4B Frk)e
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%46 AFFERZFE NS SHSRCARFH 2 K SRCH THI A G 557 £ 375 i, 210

- /% SRC *FL% o 50 ANSYS & 47 %% % 3+ & *EFEFR G
2k 2 A5 %ﬁv;gﬁ?‘&'&'
=1 (mSm) (kFl’il) ((E;\l))u a® (Z):Izlt;ﬂ ( PL(jz :B% (ﬁﬁ) a £ ( r?]r;cz) B s a R®
SRC-B1 75 4441 17897 | 0.75 | 19522 18790 732 '0.33 | 34.6 | 65025 0.71 0.25 0.72
SRC-C1 75 4585 18050 | 0.751 19885 18982 903 0.32 | 34.6 | 81627 0.70 0.25 0.71
SRC-C2 140 668 3323 0.8p 3696 3639 57 0.20 25.0 | 11644 0.78 0.25 0.78
SRC-C3 100 668 3298 »..0.80. 3748 3667 81| 0.28 24.6 | 11644 0.77 0.25 0.78
SRC-H1 140 1234 3858 |10.68| 4215 4159 56| 0:21 29.2| 9295 0.67 0.25 0.66
SRC-H2 75 1234 3790 | "0.67| 4224 4160 64 0.25%28.1| 9295 0.66 0.25 0.66
SRC-T1 100 910 3031 0:7P 3448 3412 36 0.23 22.9| 6935 0.69 0.25 0.69
SRC-T2 100 1534 4221 | 0.64| 4718 4594 124°0:22 | 31.4 | 18294 0.61 0.25 0.60

iz (1) @5 s SRCERFRFF 4 ¥ 973828 (9.7-6)(9.7-7) #1s - 55 182 SRCH " ] é\iﬂ, 5 B IRt
#0 @=[1-AF/(R), |- @ ar27mifar 2@ gy -
(2) Bners > 58 ANSYS 2475 % » -5 192 SRCH TH &b 5% B4758 e | @ ues =[1-(R+0R)/(R),] -
() R Z&FFERLFH AN (IrAry 25821 7) R F 2L SRCH "R & J& 85 * 2375 i, -
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3) Stcope) P 'K%‘ - % SRC 3%
L3 RS A A
Dmged f) =280kgf fom? s g b F =350kt fom” 4k 55 F, =4200kgf fon? ;5 gi s% Fy = 4200kgf fom?

(4) Spror) =
(5) s &

@ =[1-AF. /(P
(2) &aiﬁﬁz e

R

). | » dn SRCHLAn§t
N R 2

e RS

1ﬁ&ﬁ&°
Lﬁﬁ@ﬁo

@ endh RCHL2z Bdfast ¥ 2210 i
;. SRCH T Flddistm B I e+ R =[1-(R+R,)/(

L

B o

L]

%47 SRCEF&jE#FIE: AFSRCRF FEAFFER AT HRFZ VR
gy >Ere % & ¥ 7o aso | s | g® | R A, Sccoos)” Siprom
(mm) (mm) (mm?) | (mm) (mm)
1 800x800 $#3] [] 500x500%20%20 12#8 #4 055 | 051 254 105 115
2 80x800 $#8 3] [] 550x550%x20%20 12#8 #4 0.53 | 0.47 254 110 125
3 1000x 100( #4] [] 600x600x25x25 12#10| . #5.| 0.57| 0.52 397 125 140
4 1000x 100( $#3) [ 700x700%25%25 12#10 #5 0.52| 0.47 397 135 155
5 80x800 Lz 4] 2H 500%300%15%24 12#8 #4 0.53 | 0.49 254 110 120
6 80x800 L 4] 2H 550%x300%x15%24 12#8 #4 0521 0.48 254 110 125
7 1000% 100( L x4 2H600x400x15%x24 | 12#10 #5 0.58( 0.54 397 125 135
8 1000x 100( L x4 2H700x400x15%24 | 12#10 #5 0.57/"0.51 397 125 140
ifa (1) @ 5 o SRCRFREF L F 8 9.7.38 255(9.7-6)2 (9.7-7)% £ 15 # s 19 2. SRCHL "Bl & Ji 5 * B35 thde
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%48 SRCHM 457 2  AFSRCABP AN E AP FERIS NP RE2 LR
2 DETG 2 o & AT v a® | R® S Ancove) Apror)
(mm) (mm) (mm) (mn?) (mn?)
1 800x 800 $57) [] 500x500%x20%20 12#8 0.55 0.51 100 235 214
2 800x 800 $57) [] 550x550%x20%20 12#8 0.53 0.47 100 224 200
3 1000x 100( 357 [] 600x600%25%x25 12#10 | - 0.57 0.52 100 307 283
4 1000x 100( $57) [] 700%700%x25%25 12#10 | 0.52 0.47 100 285 252
5 800x 800 L x4 2H 500%x300%15%24 12#8 0.53 0.49 100 225 209
6 800x 800 L x4 2H 550x300%x15%24 12#8 0.52 0.48 100 221 203
7 1000x 100( + z 4] 2H 600x400%15%24 12#10 | 0.58 0.54 100 314 292
8 1000% 100( 1 2 %) 2 700x400x15x24- | 12#10 | 057|  os1] 100 307 279

23 (1) @5 S SRCE AP S 4 § 8 9.7.35 2 55(9.7-6)2(9.77)% 14 5 # 82 SRCH

4 =[1-AF./(R),] * ¥4 SRCIAp$Hs: I ¢ 4 a8 RC 2 WAl » £2 00 i -
(2) R % *2FF 235 25 1192 SRCH TR dgistn RIni i 0 R =[1-(R+R,)/(R),] °

(3) Scooe) = D S o SRC & 3+ 4 = 3 P E T\IE*'LJ]ET’ 55 BE o

(4) Sprop) » B AL KN H RE 2 5 S EE -

TR RAR

(5) #ta & imgEd f) =280kgf /om® 5 4 % F =3500kgf /on? 5 4% 53 F, =4200kgf fom’® 5 i 8 F, =420Cgf fom? -
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% 4.9 ANSYSAH {7 & R bR 1T prfrd B o 5 % 2 % 1

ST ATy th ggf ol ¥ €y (‘Eh)fal.)vpu (é’h)ff;,,u (‘Eh)i.sépu (‘gh)(ja).sspu (‘9h)o,7pu (‘9h)o,9pu (gh)1,0Pu (‘9h)_o,85pu
(mm) | MPa) | (&) | (u) (1) ™) (1) £, £, g, £,

SRC-B1 | #4(D13) 75 472 2360 332 550 844 1069 0.14 0.23 0.36 0.45
SRC-C1 | #4(D13) 75 472 2360 341 556 884 1090 0.14 0.24 0.37 0.46
SRC-C2 | #2(D6) 140 606 3030 353 556 1029 3030 0.12 0.18 0.34 1.00
SRC-C3 | #2(D6) 100 606 | »303(..336 544 1070 3030 0.11 0.18 0.35 1.0Q
SRC-H1 | #2(D6) 140 453 2251 254 404 858 1491 0.11 0.18 0.38 0.66
SRC-H2 | #2(D6) 75 453 2251 276 428 912 1210 0.12 0.19 0.41 0.54
SRC-T1 | #3(D10) 100 432 216Q . 280 445 992 2134 0.13 0.21 0.46 0.99
SRC-T2 | #3(D10) 100 432 216Q - 278 437 838 1713 0.13 0.20 0.39 0.79

PhfE (1) e 2 O7R P Y i 2 e -
(2) A4 P2 0P P P Bt BB E -
() #FMWAFIIOR M > 17 s ¥E -

(4) s2AE4 B 1O0R 15 » ¥ R T ERTE 08P fY WH B2 BRE -
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B 1.3 SRCHM 4% ¥4 5800 F 2 dkh A & #H7< 22 % 2 F 4[5,9]
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B4 — % d & (Sheikh& » 1980 >1982 ) [21~22]
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B 28 Al bt — % s (Razvis »1992) [28]

fC A
fcc’ ________
fo Confined-Concrete
Hoop Fracture
Unconfined Concrete 0.41,, \
O ch gcc €cu

B 29 =t st — ey & (L $ 2001 [29]
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B 2.10 Reid 2 B4 %4 & (Mirza 1989 11991 ~1992) [6~8]
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SRC-B1l- # 42 > 2008 f, =34.6MPa
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Compressive Force (kN)

Compressive Force (kN)
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Compressive Force (kN)

Compressive Force (kN)
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Relatuve Strength
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