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Abstract

The concrete-filled rectangular steel tubular member is one of the section type of
concrete-filled steel tubular(CFST) structures. The concrete-filled circular and square steel tubular
members were researched much more than the rectangular CFST members. This paper study the
performance and design approachof the concrete-filled rectangular steel tubular members under the
bi-direction eccentric compression, torsion, shear, combined compression and torsion, combined
bending and torsion, combined compression, bending and torsion, and combined compression,
bending and shear.

The main work can be summarized as follows:

(1) A finite element model on concrete-filled rectangular steel tube was developed. The
theoretical results are in good agreement with the experimental results. Parametric analysis are
performed on concrete-filled rectangular steel tube under the bi-eccentric loading.

(2) The concrete-filled rectangular steel tubular members were simulated under pure torsion
and pure shear loading based on the FE model using ABAQUS. The theoretical results are matched
well with experimental results. A practical design approach of ultimate strength for concrete-filled
rectangular steel tubular members were given under pure torsion and pure shear loading based on a
large scale parameter study.

(3) The concrete-filled rectangular steel tubular members performance were simulated under
combined compression and torsion and combined bending and torsion based on the FE model. The
FEM resuits are matched well with the experimental results. Parametric Analysis on concrete-filled
rectangular steel tubular members were performed under the combined compression and torsion
and combined bending and torsion, respectively. A design interactive equation for concrete-filled
rectangular steel tubular members under combined compression and torsion and combined bending
and torsion were proposed, respectively.

(4) The concrete-filled rectangular steel tubular members performance were simulated under
combined compression, bending and torsion and combined compression, bending and shearing
based on the FE model. Some experimantal reselts were verified the FEM results, and they are
matched well each other. Parametric Analysis on concrete-filled rectangular steel tubular members
were performed under the combined loading. The simple interactive equation for concrete-filled
rectangular steel tubular members under combined compression, bending and torsion and

combined compression, bending and shearing were proposed, respectively.
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c. d fy=235, fc,=30, a=0.1, e/r =0.45, L=3600 9
e fy=235, a=0.1, el/r =0.45, 6=30°, L=3600 feu (R D)
f f,=235, a=0.1, el/r =0.45, 0=60°, L=3600 feu(55 %)
g feu=30, a=0.1, e/r =0.45, #=30°, L=3600 fy (5t 4l
h fo=30, a=0.1, e/r =0.45, #=60°, L=3600 fy (55 %)
i fy=235, fc,=30, e/r =0.45, 6=30° L=3600 PCE D)
i fy=235, fc,=30, e/r =0.45, 6=60°, L=3600 a (55 5h)
k fy=235, f,=30, a=0.1, e/r =0.45, #=30° A %)
I fy=235, f,=30, @=0.1, e/r =0.45, #=60° (55 %)
* 2.3 AFZHILX D:B=2
K5 ANAZ 5 (mm, MPa) B
A. B fy=235, fc,=30, @=0.1, #=45°, L=3600 elr
C. D fy=235, fc,=30, a=0.1, e/r =0.45, L=3600 6
E fy=235, @=0.1, e/r =0.45, 6=15°, L=3600 fou (2 1)
F fy=235, a=0.1, e/r =0.45, #=45°, L=3600 feu(55 %)
G feu=30, @=0.1, e/r =0.45, #=15°, L=3600 fy (it il )
H feu=30, @=0.1, e/r =0.45, 6=45°, L=3600 fy (59 )
| f,=235, fc,=30, e/r =0.45, #=15°, L=3600 a (R )
J f,=235, fc,=30, e/lr =0.45, 6=45°, L=3600 a(55 )
K fy=235, f¢,=30, a=0.1, e/r =0.45, 6=15° A5 %)
L fy=235, fc,=30, a=0.1, e/r =0.45, 0=45° (59 i)
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AR
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M 2.9 Hr(c). (d)4h T far #fw o0 f 0 X RE T AN A R Bk b AR B A 0 1)
W, nf L BEAE 0 B3E K, A8 A iR 5 il R 55 Ak O ) ) A R AR 2 00 R R B, WA
WIS 0T B2, (B 55 %l 7 1) R 80 PR 8000 1 BR AL/ o ISR b A B o0 F1 0 T2 L
Mk B, 0l 28 1 B R B2 A K

(3) VR % - B B (f cu)

M 2.9 Hi(e). ()&t T IREE L 9B feu X5 HE AN TR Rk + WK B K 8000 1) 5%
Wy, o] LA HBEAE fou TN, 4042 00 56 il 0 55 S 5 1) 1 B B 7 28 0 #6385 K, #
B W RE AR AN K, ARG 5 A 7 T 900 AR R AR 28 0 3 0 B 55 Bl O 1) /s o e AR B TR
TR fou EEEL U LR I AE, X 2R TR B AN K

(4) HWHF SR ()

M 2.9 H1(g)~ (h)45 H T AN A 5 fy 5 R A0 7 VR vk A PR 7K 28 0 1 s i
DA H B fy B39 00, 00 #4104 5 Sl g [l 1 3 IR 7 28 0 F0 000 46 I B 52 i AN K
XF 55 301 75 [vi) A4 A A IR A 48 0 R e DK, 0T 55 il 7 ) A4 A TR A0 4 M R e AN K

(5) FMNHE(a)

M 2.9 (i) ()&t T S 8N o T AN A T e A BR AR R D i g, w]
AE B o HO3G 00, A4 10 i b R0 55 %l 07 1m0 1A AR PR 7K 28 R 3G K, 40 46 I B2 5k
N RV A N NI E Rl 1 S A N S NI ki o3 - A [ SRR (R - P
it 2 1K) TR AR 52 i) AN K .

(6) K 4fLk(A)

M 2.9 (k). (DG H T K40 b A X3 8 80 8 TR e Bl BR R 3 s, m]
DAE B A G0, A4 11 i) o i 0 59 % 7 1) £0) A PR AR 28000 R s/, 40 6 M 2 S
TR, R RUBORBR AN S, MR R E SRR AR . Sk EKAE 2
Xof i 2 1) B AN B AR 5 R AR .

I A7 A A1 1R A TR RS ok H AR 380 AR R e, e B BR8N 55 il
DX 35 () L 2 gl B O, 0 A A T AN ) R A, 4 B 2 S, A4S A A R A PR A 28T B
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& E 2.9 (@) FT(A) I, oAt 2 50 A 46 8 F #am RH A LK f=1.25 [IH
P H B=1.75 (R Atk A% R 7R 28 0 o 9T DA -2 B 43 WO M 0D e R L, 6 78 4 R A4
[ b B AR 3% S & 1R AT 2

ST AR MR BRI S R M4 R, IR A DU 4 i

(1) VRHE LRI fous ANMBREE fy. APANE o MOHR A 20 AN 25 VR 5t 1 X0 ) I
BRI B . AR O K efry AL A 0 KA L A (KB KA AN IR
ok 1 1) A R 7K 2 ) B A

(2) AN 5] 2 $5 73 Al b 53l 1 358 R0 859l X3 1) S R0 A I 300, 43 T I 5 40 ST 9

(3) AW HIBANE R B LX) R B WA S o B R vk B R A —
AT E R s ARIRM T 5%,
2ABERNERSRTEAHMWGE N F RS
2.4.1 BRTIEE
1 HnkM

T A0 A7 VRS Wt 2 LA R v VR R L AN A N B TR R ) C3D8 S A
TGo MNZHR—R, & SCAE R A 1)y 23 I o i
2 4}

5 50 0 A0 TR R R S AL, SR AR S 2.2.1 R R R
3 % A Y

BN A8 VR it 2 (A ) i B R Im) e s AN [F) D) ) 2% RS PR A R, BN BR 4 R AL
29 0.6, i ) % RE K W JBE 2 ik B T SR BEALL, A I 4 Al (91 75 Bl 1000N/mm 7,
K HI Couple 545 2 AR A In 2 AR JL AT At
4 i B I K3k R4 A

T 3 BI04 i T I A B PR R A R I L T, R R £ T A 2 G i P 4 e

FIVREE 200 UL, U2, U3 =AM . ik 2.10 frs.
T
T
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5 okl

KA 4 1 SR T B AT A BR T S I 4y, Ko R I o X YA
o R K A AR BEAT ST DI G R Ay, ARIE SR TR AT, AN, TR R IR
IR G G A = 2 B | B (B vl 1 AN i =9'11| T Y VB U N

T 53 B R R A T A R A ), AR ABAQUS A R K AF Xt
CL A S 36 (14 (8 2 488 10 Ko 7 T 48K 1 400 A VR ek 1 i 1 M 1 s - AR e ok R R HEAT T
BERUGT LG, A PR e TH S 45 RIS I 45 R AT T Ak, R 2.4 45 T AU 2
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Al 22 A 1R S

WA D(B)xtxL(mm) fy (MPa) feu (MPa) H 4k
TB1-1 133x4.5x2000 324.34 30.4
5 bR I A B 35 4 (1995a) 4]
TB2-1 130x3x2000 324.34 30.4
CH35 139.8x3.5x1000 322.9 36.3
Beck I Kiyomiya (2003)"!
CH45 139.8x4.5x1000 348.2 31.8
FC 123.5%4.5x1590 274 25.6 Kitada I Nakai (1991)%
S-T 200%x4.5x1620 261.4 39 Wi EE (2003)159

2.4.2 IR ESS

B 2.12 4% W45t T AR T AN A TR Bk T 5 4 T A% AN AT 5 4l LI A 11 i 25
PRRE A bl o T D0 2 AR A5 R AR A5 T T R B A B S IR X, A R B AN
5 0 5 T N, T AR A TR VR e A A ) A g

Bl 2,12 4R R Ik - L T S A2 T A PR OG A s i
Bl 2.13 wa] DU HH R TR 48 T AN A R g s R 3 B R 4 I A M R AR e
e, HANERAUEEMIME . AN B 2.13 HF b &89 2 10 4 w40 8 R
5% A 0 TR T %) I g 38 T I A T e R R i B T A v R N A R
P A% 0 VR TR 1 2 SRV R 0, TR A 1R R A A N ) B R B S AN R T
s . fEAH R AR e OL T L A 0.2 9RERS, S M 0.1 &4k F] 0.2
I, VR R I R g 5 ek /I s A R RA) A 1) ik B ) B v
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S, B33 3, MNises

(Ive, Crit.: 75%) [Iwve. Crit.: 75%)
+2.338e400 +3.560e+02
+2.777e-01 +3.417e+02
-1.783e+00 +3.273e+02
-3.843e400 +3.130e+02
—-5.903e400 +2.956e+02
-7. 964400 +2.543e+02
-1.002e+01 +2.699e+02
-1.208e401 +2.556e+02
-1.414e401 +2.412e+02
-1.621e401 +2.269e+02
-1.827e401 +2.125e+02
-2.033e+01 +1.982e+02
-2.23%e401 +1.835e+02

(@) FH=x 0.1

3, 933 2, Mises

[Iwve. Crit.: 75%) [dwe. Crit.: 75%)
+1.788e+00 +3.621e+02
—7.660e-01 +3. 479402
-3.320e4+00 +3.337e+02
-5.5873e4+00 +3.196e4+02
—-5.427e+00 +3.054e+02
-1.098e+01 +32.912e4+02
-1.353e+01 +2.771e+02
-1.609e+01 +2.629e+02
-1.5864e+01 +2.487e+02
-z.119e+01 +2.346e+02
-2.375e+01 +2.204e+02
-2.630e+01 +2.062e+02
-Z.886e+01 +1.921e+02

(b) &M% 0.15

3, 533 3, Miszes

[Awve, Crit.: 75%) [ive, Crit.: 75%)
+1.174e+00 +3.631e+02
-1.640e+00 +3.474e4+02
-4, 454e+00 +3.317e+02
=-7.268e+00 +3.160e+02
-1.008e+01 +3.003e+02
-1.290e+01 +2. 54 6e+02
-1.571e+01 +2 . 68%e+02
-1.852e4+01 +2,532e+02
-2.134e+01 +2,375e+02
-2.415e+01 +2.218e+02
-2.697e4+01 +2.061e+02
-2.978e+01 +1.,804=+02
-3.25%=+01 +1.747e+02

(c) &% 0.2
€] 2.13 4B 40 4 TR R bl FL AR N

243 SN

FE 83t UL 5 B 4T K 5 T ek T AN A R T - i LB 48] 56 0F RN 6 KR S AT B L
IR BLS RN G A SCHAT T KRB S . 800t S0 ZE A AT Am
i v b f=1.5(8=D/B, B=400mm), &K a=0.1, 4A4F i I 58 L 5% & f,=345MPa,
e R fo=60MPa, L=1155mm. S8y E k-

1) M EZ5. M ISR 58 fy,=235MPa. 345MPa. 390MPa; 7R 4%t 1 5%
J¥ fo,=30MPa. 60MPa. 90MPa.

2) JUTS % Al E stk p=1. 1.5, 2; #1f & 4% «=0.05. 0.1, 0.15. 0.2;
FEK 4t 1=20. 40. 60.

AT SRR, Rk B TR AN A R B A B R R ) B AN A R fy
TR LIRS foun SR av MARIH & TEEL g IO KA . N LR S
R BEAT B AR 7

26



Al 22 A 18 S

(1) #1H = 58 L (B)

K 2.14()% TR T LS8 g X T-0 L R RS o WEEE B 4R
s, AR PTHL AR B WAE R L W)L W RS B A v AR BR AR AR A v R
5 BRI AN B e o AR AR v v b p R B R il R 0 B (e, X £ IR
AN K

(2) VEEHE R (feu)

K 2.14(b)45 H TR EE LR IE S H fou X T-0 KAKIEWE. W IEEE feo
Pem, MR PUHLARB RS, VISR C I B AR, B AR 8 B AR A K
R R B LR f oo 0T i 2 1R B0 S it 2 1) TR i AN K

(3) WM L (fy)

K 2.14(c)45 TN SR E S8 £y 0 T-0 X R . o] WEEE fy 25,
MBS B, I NI TC I R AR A . Sk BN SR By 32 i £ )
Hqd, 0B AR m A K

(4) FHE(a)

K 2144 H T EMWESE o X T-0 XA A, o] WHE o 385, 4
PR AR S5 mr,  Ha6 W RE 4 var HL AR e R B W ek /s o I PR A 30 R v 1 B fE
FEARMEE . SR B o FEX M BEA R, X iR AR m A K.

(5) K4itk(2)

K 2.14(e)5 H T KA LS H A X T-0 XARBZ WA, nfhEdE 2 B4 E, 4
PR PO AR I R BE A AR 45, M B0 LA NI RE R AIK . SR B bt 2 F 25
MR BB AR K ih 26 1) B 52 M A/

3600 1600
— p=1 _ =
2700 | T p=1.5 1200 ===
—— fp=2 /
E E
§1800 L Z 800
= L~ - = 30MPa
900 r ) 40 e 60MPa
5 90MPa
0 L L L L O 1 L L 1
0 0.02 004 006 008 01 0 002 004 006 008 01
6/rad 6/rad
(a) k1M /& 78 e (B) (b) 7 ¥k 1= 58 5 (f cu)
1800 2500
= 2000 |
1200 - -
= £1500 | -
=2 = -
x i~ ’ 0=0.05
600 235MPa =100 - =01
""" 345MPa 500 - 0=0.15
390MPa a=0.2
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0.02 004 006 008 0.1 0 0.02 004 006 008 01
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1500
1000
E
=
4 "
=50 /¢ — =20
e 1=40
v A=60
0 L L L L

0 0.02 0.04 006 0.08 0.1
Olrad

(e) K4itk(2)
B 2.14 2 HO0 50 8 4N A TR e A A1 4 R 380 5 i £k T

244 XRATERE

kg S B A RE T AN A TR Sk T BTN B A # ), AR SCHEAT T 100 AN T N TR Rt
+ 1 EAE 4 A an 1 2,15,

MWt KEZSHAANE, Z% 7 Mk 007)M, bk i A0 B 36 Hi (1995)14°,
I scy=10000pe S5 N [ 49 55 VR #5E - Joe K 1~ 359 BY W J) Jhy 3k B Bt +1 e A 4 P 48 A
Tseyo MRPE UL _F 38 0] LAAF Bl 1ocy/focy- § K F o NI fooy J 8N & VR 5% 1 0l He ot 2
RIS IERF T S % CIE IR e+ S R ALY (2003)8175 3],

2 Bk oy M 45 2 HE 40 B R B A S DU e IR R IE bR tsey B E A
I

r,,, =[03In(BE) + )‘2'3 1 (2.2)

scy

2.15 ST AR IR b tecyl fcy-BE K FR
AKX P p=1 1 558 E £ (2006)P0% H 1 45 ot bk o M1 43 20, B A X805
#2 0.076, KKl 2.16 .
Cuc A LIS L5 B, Yoo 58 H 5 (2006)PH 51 45 B o A Xooy NI H S
. 2 p=1 I, Xeey=0.79; 24 B=1.5 I, Xyy=0.86; 4 p=2 I}, Xscy=1.2. HI[H]
B 8 R R AT
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0.8

0.6

02 r

0

0 0.2 0.4 0.6 0.8
YUC

2.16 AL 750y 15 58 1F 5 (2006) 5012 X3 5 45 S X b
AT L ESENT, B3 T M ANE REE LA A DU E IR R rsey. X
ST EREBINEAT T 80, BENERETAEIHAE T T E 15y MW
EIREE T P A I B R Weey RN REL & MR, HH 2 #0405 IR Bt
TP R R R BIE RN pu=Tul(tsey © Wsey)» JHT LS H p-& Z TH
KER, WHE 2.17:

B 2.17 SEFEAN IR+ - K R
BE p-E KRN NX, SANEE A K (2.3):
0.7
X u
N Xo W HE S Y p=1 i, X,=0.778; % p=1.5 i, X,=0.84; %4 p=2
i, Xu=0.93; H A A 4 A ok 75 o 2% T LR 0T 90 ] DA 20 R T 48 1 4N 27 VR
P AR E A W
T, =7 Wy 7oy (2.4)
M p=1 B, 558 E 2 (2008)C i A R E A R, W %N 012, B
2.18 ' To WA &R, Ty 58 2 (2006) 00 ch ali 41 44 8 4% bR & 3% T 5 A
A TH 4
AXIER G JRBE SR C30~C60; HNH 5% Q235~Q390; Ak Ifi /& % Lt

v, =0.3In(BE) + (2.3)
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p=1~2: EWFE 0=0.05~0.2; K40t 1=20~60.
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4 A i 0 f 32 4% A
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A E R F ABAQUS A ) 442 75 N (2004) 005 fik v 1) 8 A Sz 56 44 25 R vkt 1 4l
YRR AT TR, IR B T A i 4k . K A PR oo AL A VR R b ali B
P-u fh 26 F0 15 2 (1 IS SE 50 P-u M e EAT T 0T b, AR5 J 37 0 48 T 4N 7 i v
AiBYZ )N A T BB I AT T BT % ) I e R EUE LR, A AT T W AR TR AN
TR L PUB R M EE S

K 2.20 J& X ] ABAQUS BEI/F 511 P-u Hh £k I 5 szsb 4 Wxt k. % 2.5 1%
F10 (2004) P00 T Se M R IO R SE B HLAR 2 8. 1B 2.20 45 i T T AN A IR O 1
FIPEEEB %2 B R T AT 4 R . MWK 2.20 v DLFE H A4 s2 50 18 5 B B E W
AR, SR P-u M 22w 4a W EE LA BR T 20 A 15 20 10 P-u i 28/, 98 4 Bl 28 3
AT B, Mgt NEER EA—BERETR, mMARTHT AR P-u
2 ) 22 1 - 22 10 T B, BORaE NIV B S il 2T R A A

I3 AT A il e () A R R AR LR DA BL R LA s B e, 4l BT S5 1 i A A AT AR
M T, R ) A e AR R 1) BY D0 A FH AR A 1 B INE, SR A AR M 1k 31 R AR (1) 40 BY 3
GBI, T DA S5 1 321 54 4% A AN 2 A2 ) ) i W B2 sk 55, G R ) BY O n 4G
V5 R T D e o0 30 AL A 0 e — AR X2 B, R o AR SR Y R AN, Y e B ) it
AR AR T BOR , B E, A RIT T a AT AR C R R A 43 R SE 5 oA R
CORE —REFE AT, AR TR AR R AR R ) . AR b R A Rt S 5k
B 2 1A [ a] R 220, v DL LB o BT DUAS SO 37 R AN B R Bt b A R Bt BY RS AR ] DA
12 FH B0 % 90 8 TR Bk L 5T BT AR 3 I ) S e e o B .
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(e) S31-C2-1
. it
R Sy
0 1 2 3
u/cm
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(h) S43-C4-1

B 2.20 (5 % 4N 5 Vb Al B A 1 B R 5 S il 2k o6 Bk (R I, 200401
25 FMERE LY MRAREFE, 20040%)

¥ 5 WA G D (mm) t (mm) fy (MPa)  fey (Mpa) m
1 S11-C1-2 160 5.5 377 38.7 0.14
2 S11-C2-2 160 5.5 377 48.4 0.14
3 S11-C3-2 160 5.5 377 44 0.14
4 S31-C1-1 165 3 408 38.7 0.4
5 S31-C2-1 165 3 408 48.4 0.4
6 S21-C2-2 166 4.4 345 48.4 0.14
7 S21-C3-2 166 4.4 345 44 0.14
8 S43-C4-1 161 6.5 445 30 0.5

FRERLLEPOT T LT i

2.21 ABAQUS 5 0 53] 4 & TR Wt 1= Aoy £
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2.5.2 IFINFEZS

& 2.22 N FETEANE IR e 20T 2 0 N A IR TT o i A5 2N ) A . B
()" Al LA H A0 R0 R AN TR i 5 ik O 1R B2 BY I A B0 DY g g3 A A A B 4
e, AR A2 B I LE A2 B Y g K, A e AR N AR 52 BY e Ah R, B () O 55 S
[ 0 AN R e L 32 8T, [ AR ) LUE IR AR N B b, 55 Bl Dy 1) 32 BY I IE B )
o4 A 5 T B N K s B T, RISS Bk 5 . B (a) AT (b) X L R LA H 50 4 B 5
B g 1) 32 BTN, AR 32 BT ) Ah T, (H 55 Bl 5 1A A 32 B R B R, JF oo

Ak 52 BY 10 i A N g KT 59 Bl A 32 B 18 JE Ik Y. ) .
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S I )

() a4 5 1k
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(b) 55 %077 1)
Kl 2.22 iE# 00 D:B=2. fy=345MPa. f¢,=60MPa. a=0.1

253 SN

T sk 6t [5] TE A HDN J7 TE ATHDAEN “E VR VE  4 BY S48 56 0 A AR T 48T B Al 3R
PSR G AR SCHEAT T KBS T S8 R W BE AR & #kT
=t p=1.5(=DI/B, B=400mm), &HE a=0.1, WH e ikiR)E f,=345MPa, i
KSR fo=60MPa. 4 BYE5 L m<0.2 W H0 8 R EE LM B R A B D) BN, M8y
P5 LG 0.2<m<4 I 80 5 TR U5t 1 A A BEOR Oh A BT IR, 4 B S LG m>4 AN B TR E A
PERIR g 25 ih R (86 Ak, 2007™M), B DUZS SCHR BT %5 H m=0.2(m=L/D & L/B).

SR M BN s D)MRL S A JE k a E 9R B fy=235MPa. 345MPa.
390MPa; JR#&E L3 f.,=30MPa. 60MPa. 90MPa. 2)JLfil 2 %. #if & v b p=1.

33



FOEANE R R LR IE R &% ) ) S PERE S Wt VAT 9T

1.5, 2; &A% ¢=0.05. 0.1. 0.15. 0.2.

Gy M 45 RN, R T AT AN TR Bk AT BB R BE AN A R R fy TRE LR
FE fou &AM E o SOABRTHI S 00 LG B IS RT3 Ry o T il F AR S 50040 A 5% mi B 43

(1) WAL BE(fy)

2.23()% H T M MEESE fy 0 -y KRN WME. 7T E fy 35,
TP BY AR B, WA WU TE I A4k . S AR AR B A fy B RS e i £ 1
A, 0l 2 B TR AR R AN K
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60
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S 40 ¢ f,=235MPa <
S S
20
0 L L L 0
0 10000 20000 30000 40000 0 10000 20000 30000 40001
ylue /e
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80 50
60 L a=0.2 40 -
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=49F 7=0.1
5 20 L

20
// 10

O ! ! ! 0
0 10000 20000 30000 4000( 0 10000 20000 30000 4000(
/e /e
(c) ZMFE a (d) 8 I = B b

Kl 2.23 2 HO0 TR AN A TR BBt L 0 B 9 5E R

(2) TR &L R (feu)

2.23(b)45 T VR EE L 5RE S L fou X -y RARMIE WA . 7T B fo, B2
i, MAEPUBT R S, WA NI R B WAL, M e IR BRI AN K. Bk B
TR B SR f oo O T 2 R BB RS AN K, O il 2 TR IR AT 5 1

(3) FHE(a)

2.23C) 4 T EMNESE o X -y RARMEWAE. T IBEE o s, M
PEPUBY AR B fe v, WIERNIBE G W B AR . SR B SN R o EEX 2 M B E A
s, 0] e R T2 IR AN K
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(4) #IH = 98 (B)

2.23(d)4AH TR R SE LS8 B 5T oy AR . W ILHE B IR
s A BB AR T BRAK, WA NI AR A K. IR R AR B IRI R R S B 1
A B L) o A b AR T R T L B TR B e il 2R B, 0 2R 1 TR R AN
Ko B 2.23(d)BE A = 58 th B (B=D/B) 3G K, WP RE AT R, XEER
KA # AT D 5 B AH 220 K 3 BN A K D B B X VR #E 11 2 R R [
K. M 2.22 HUBTAEIRBEIZS, n] UE B9 B0 75 17 52 87 A 0 D b ™ e, 1
55 % %2 BY I B 3 .

X 108 AR B A0 TR B - i BT R AR B b, B 2,24 I T B2 S8y

50 50
40 L f,=390MPa 40 - f,=390MPa
< 30 | - 30 y=345MPa
S S
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el 2.24 i Tk T 6N 5 VR U6k -1 SRS BT 2 M40 T o
254 XA ERHZE
A T T DA b A TR R ey % o T A A R TR b BB AR R B S B T 8
TV A0 A7 TR VB T BT AR 3R T R B ik R
ST R T 48T 0 S U - 9l 7 1) (&1 2.25) 75 5

7y :0.2In(ﬂ§)+())(;7 (2.4)

N XA ESH: M p=1 I, X,=0.82; 4 =15, X,=0.96; 24 =2
I, Xv=1.03, A [A] B {E H 46 A8 v 5k 45
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X T RE A A VR et 55 il g 1) (18] 2.25b) 75 £

7, =-0.012(B¢)° +O.1(ﬂ§)+% (2.5)

Vv

pe
(b) 5%

2.25 A 48 0 A0 T VR TBE b p-BE 6 B I 2%
AR Xy MiFESH: Y4 p=1 I, X=0.714; 4 p=1.5 I, X,=0.91; 24 f=2
N, Xy=1.43, A6 B0E 46 R 15 .
CE Ay DL b 458 19 2 K Ak T AN TR Bt R BT BT AR B T A 0
V, =7, ATy (2.6)
B p=1 FA1%5 00 15 58 [E 52 (2006) PO b 42 H i AH 96 4 U 86, P 2.26 45 1 T 4 Lk
g, A s RS 3R E 2 (2006) P 545 B U5 2 R 0.09,
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AXGEMJEH: BT C30~C60; 44 Q235~Q390; Ak If i % Lt p=1~2;
AN FE 0=0.05~0.2; BIEELL N 0.2,

2.6 KENLE

Wk AT DL ERREST, AT LA R T 458

(1) XA ABAQUS 5 PRy vk ot 40 45 Vi ok = TR 25 A F . 4li 11 % 4l B A4 1R E AT
TR, BUEBAS B A5 R S g5 BT T AL, SR B, BR O AS
RN S50 25 W) & R AR S0 R T SO J3 B BB W] 3E AT HE AN R Bk L X )
TR 2l R Al B R R 0 2 PR e A AT .

(2) RHAWITIES M TARSE FHEENERE RS 2ifl. g5yl
(W) )2 e fe, 55 A [F) 2 80T BB vE 545 AT T X G, 8 RN IR 6 % 40
RE AT T TAENLE T 5T

(3) XA T AN B IR EE L ST, A3 BT R R AN TR B T 2l Je 4l 8
W R 7 2 g AT A
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K 3.2 A E R E L RHA Ko 85 Sz 5 il 2 b %
F31l AEENERSTIEHMELER
Ak WA G 5 DxtxL(mm) few (MP2)  f, (MPa) n AETE
1 CS2-102 102.4x1.6x406 32.9 242.3 0.25
2 CS3-102 102.4x1.6x406 32.9 242.3 0.5 R E =
3 CS4-102  102.4x1.6x406 32.9 242.3 0.75 (1991)¢H
4 CS5-102 102.4x1.6x406 32.9 242.3 0.85
5 CS2-144 114x4.5x387 27.4 280 0.25
6 CS3-144 114x4.5x387 27.4 280 0.5
B 47 (1989)162
7 CS4-144 114x4.5x387 27.4 280 0.75
8 CS5-144 114x4.5x387 27.4 280 0.85
9 CSS2 114x4.5x800 21.9 301.9 0.25
10 CSS3 114x4.5x800 21.9 301.9 0.5
11 CSS4 114x4.5x800 21.9 301.9 0.75
12 CSS5 114x4.5x800 21.9 301.9 0.85
13 CSM?2 114x4.5x1480 20.9 301.9 0.25
14 CSM3 114x4.5%x1480 20.9 301.9 0.5
J& 3% (1990)[3!
15 CSM4 114x4.5%1480 20.9 301.9 0.75
16 CSM5 114x4.5%1480 20.9 301.9 0.85
17 CSL2 114x4.5%x2280 21.9 301.9 0.25
18 CSL3 114x4.5%x2280 21.9 301.9 0.5
19 CSL4 114x4.5%2280 21.9 301.9 0.75
20 CSL5 114x4.5%x2280 21.9 301.9 0.85
21 C-TP1 216.3%x4.5x1620 39 345.8 0.2
I 3% ¥ (2003) 150
22 C-TP2 216.3%x4.5%1620 39 354.8 0.4
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(j) TB2-4
T
------ Sk
1 0.3
6/rad
(1) TB2-6

ZN//EE
®33 AMMERRLTTHARGC2EGEHEMMER, 1994a)C
Fs R g 5 DxtxL(mm) fy (MPa) feu (MPa) JEH1 e mg=M/T
1 TB1-1 133%4.5%2000 324.34 30.4 0
2 TB1-2 133%4.5%2000 324.34 30.4 0.3
3 TB1-3 133%4.5%2000 324.34 30.4 0.6
4 TB1-4 133%4.5%2000 324.34 30.4 0.9
5 TB1-5 133x4.5%x2000 324.34 30.4 1.2
6 TB1-6 133x4.5%x2000 324.34 30.4 1.5
7 TB2-1 130%3%2000 324.34 30.4 0
8 TB2-2 130x3x%2000 324.34 30.4 0.3
9 TB2-3 130x3x%2000 324.34 30.4 0.6
10 TB2-4 130x3x%2000 324.34 30.4 0.9
11 TB2-5 130x3x%2000 324.34 30.4 1.2
12 TB2-6 130%3%2000 324.34 30.4 1.5
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ol DN i il R 5 Ak 7 ) 2 8D, B LA AT =1, AT S H AR A YE Bl AR
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K4tk 2=20. 40. 60.
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A3 H1 A ORE BN A TR B ) B s AR ) Ny R 9 TR B S5 R B R R )
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Asc: BNE TR Bt 10 1 21 & AT AR
X T FE R A TR L
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Kb f-g ff S 50 T 4 KM 2 s o TR o B B A M
fy A ANHE i Ml o B, A AR gl b 4% h 2ok &

ST BB SR A 25 . A =24/3L,/D
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