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Analysis of basic mechanical properties of intersecting connection
based on multi-scale model
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Abstract; Diagrid structural system is an innovative structural system, which has good mechanical performance,
and the key part of it to ensure structural safety is node which is oblique crossed by diagonal column. The node is
also the focus of research. Based on constitutive relationship in this paper, multi-scale finite element modeling
method of intersecting concrete filled steel tube (CFST) node in diagrid structure is proposed and compared with
the test. Result shows that the multi-scale model generally agree closely with the entity model and can be a good
simulation of the actual component. It can reduce the amount of calculation by using multi-scale model. Based on
multi-scale model of intersecting square CFST node in diagrid structure, constrained coefficient under monotonic
loading are analyzed. It is suggested that the value of constrained coefficient & in practical engineering be controlled
above 3. 0. Setting center connecting plate, reinforcement ring plate and lining plate is a necessary structural

measure, and it is recommended to take the value of 1 times of the wall thickness of steel pipe.

Key words: square concrete filled steel tube; intersecting node; multi-scale model; axial loading ; numerical simulation
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Fig. 1 Joint of diagrid structure

TERFGEH, F)H 32 o0 B AR B 0944
PERIZE 5 R T o AT 34 ABAQUS iR X E 1%,
BT ABAQUS P& 1Y I 5 IR BE 1 450 7 AR 1
FEJ7 iFiber LUT BL481, X844 TR Bk - BEA TR 4LL.
BT ABAQUS - G B i SLH) 2 R A IR T 73 T
BIIE 2 Bros, ROSPIRET R2 ROBEERIRY 2l +F
RPITHZ I R SR BT . T
SEAR B TT Y ST R 0 OGS AE T T HR0E 2 7 5K
SR T TR R DR & O NP DA = R N DR B ) 8
WE 2 PR . BT A RERLR 2 M 7EAS TP G 45 s
Mk —2, W LIFE ABAQUS H#] B Interaction H
1) Coupling EHTHRE LB R H AL &, PRIEZ RS
5 S 2 8] B Bl LA KA 1) 52 % B A

B2 sRESZMNESTEE
Fig. 2 Multi-scale model coupling diagram

e 3 ProR, ARCEZEE T HR 2 REH
A, HopAZ O R BE LR I SER BT, ot R
C3D8R; M R M5t IT, HILIKMN SIR; H
ARy SR BT, BOTIRAh B31, R
rebar B HUMEF YRS s AT G EAT RS R 2
A0 DX 0 A R 3 %, AT AP DX D) ) 4 A 5
RO NN S A G o I R S
Bt R R XA AR X AR S e T L 1. 2
5 A A P AR T B R, WO 2 KRR R A SR T L
L. 2B(B A4 PEEKH 25 ) -

X T 5 A% O T BE s 5 T 1) 7 1) B fih
SR T b, R e T R A TG A4 AT L e 4
M7 S TH 8] A 3 . RIS T B 5 A TR B SR T D
lin] FIRALL R P AR BE AR, R4 R % 0 =0. 6. K
B HIREE & 2 ) B P X S TR 45 T, X T [ B
{RBE L TR Roeder (1999)™ B BT RCR, #2F
At 5

Thona = 2.314—10.019 5 - (d/t) (1)
Hop, d A OIREEL M EAR; OhINEREE. JF
T R BE - B 7 3 TR 25 1, MR 4E Morishita
SRR R, 200 BN TR BE 11y 0. 75 5,
Pl % 05 B R L, wT R T AR

Thond = 0. 75[2.314 —0.019 5« (b/1)] (2)
Hor, b AR e LK



5 3 39 £ OB, % BT S RUERRI R BT RS T2 PR RE S 411

A e M YT e DX AR B DL B R B R
BEITE 0, ESREEAL R A Tie KR 53R AR LA K
PR R — ATk

fBE R A PIMSHEAE I 25, 4R X Y Z 07
lia) B ~F- 30y L5 4% 3y 5 7R A T B T Al 1) 60 £ 2K
Y A5 BB R E AR BT U A TR R R
Gt Rl 28, I R S A s G 6 BRI 27
7.

.1

E3 ARTERERKR

Fig. 3 Finite element multi-scale model
2 MRIARRE R EEL

2.1 BRELTAHIEE

RSO N B TR E R A8 A BT R R T AR
RIFATZ 1 or et , TR EE B R IR EE 8 1
WA, HoE g SO A -, BT s A Rk R
Pis| e 254 32 TR R ARk g . LS EE . g
Py BEAZ O TR BE T RO BMERE B E. = 4 730 /L (N/
mm” ),

4 S 53 B B TR U I . B A T A
Wk 7N TR L £ BT T PR PR SR, AR
FLHL 0. 2.

TENE TR EE b, B 09 29 SR AR H A0 45 B9
WO IR EE L8 T 29 R IR Bk &, HAE ¢ DL K
BARFETEH @R L . DD E, Al
TS AR, EERNAEM @ (1)Xf
R UL R 3 B R AR A G s (2) B - A% 5% 2R it
LM TR T PE .

XF TR TR B b e R AT, AR SO T Y 4
—om LS B A 2 IR R S Y -
AR R DR B TR L EZ g
AR BB R T R EE L ERE R e, ik
.

X

{y = qx + (3—2a)x" + (a, —2)2" ,x <1
T a1 ta

y ,x =1

(3)
AH: v=elew, e WV, y=0/o., c AN
H; e W EFBESE, 0.=2.4—0.01256.; n AT
B EERE, n = 1+texp(-3w), e WAHRIRE 1
WA AR, AR
e = [00-+172 /o + (k—1p+800 (2p/g)"** ] X 1077
(4)
1

3.5 (plo ) (©)

MNFRMNEREE L, D INEIME, o TREE
T AR R PUE SR E, p= 2¢f,/D; XTHIRE
gt t, DA /MNRE LK, o BUREE LR
WEYUEME, p= 2t/,/3D.

T £ 4 92 B 0 B RLAZ O TR BT Y S A8 1 R
55 SEAAR B 5T B AN ] 22 A TE T 0GR B 7 B X R B
R, RAWTFIREE L ZEN H-NE R R
AR, Z RN - A8 il 2R [ AR R AR 3, HA R
Hoy=0/0c, o WERIREE HWEE N T, HHEL
AH:

E=1+

6. = 1.67D "G 4 kp (6)
2.2 WAL RER
FEA: 55 S PR B A B A8 B AR A B R SR H
ABAQUS #4243k ] 1) 5 98 PR R, 32 Von
Mises Ji JREN . X PRI 2 F T B304 )8 41 R}
SROMPEPERE . R B A — R A H A0k T
T HE T A Jm A R B - AR R R, AR AR
R ZA SR SR AR T R, ] o 35
I E SR MR T A . SR e A R G S AR
DA B B NSRS NES - G~ e B |
B R R M 2 ok E e AR AT, TR SR F T
AR, dhZesr kB (oa) . sRILEL (ab), A
4R, SRS EL 206 GPa, R4k B 00 5 8L B
0.01E., PER BEIAMA L 0. 30, E. A AF i 5
PERLE .

»
»

0 & y &

4 SRR - R I 2

Fig. 4 Stress-strain curve of steel



112 oo

OB K

¥ RERPHEM) 52 %

3 ZREARTKEEEHILIEE

3.1 ENERELT ARBKIE

RS UL B R T A S g e e [ B TR B AN T
DA AH B A A3 IR A R R, 2R AT Al
HEr 3 AE TR AR TT AT . A A-3 Bt 28
B RS =299 mm X 14 mm, AT 0 2] H o
A EE D 1 800 mm, A58 I 45 H BN AL JeE Al 5 BE f
=271.25 MPa, JRi#t 158N C60, ~FHHH 5 A
JE 35° h T E M 2 ROE BRI E W 2, 4>
MRS SER AT 2 ROZARY . W &1 5 T, AT AF
XAy 1.2 % B R SE BRI P , RS S
B2 — B AL T8 0 W 1K, Ok ) 22 RO
M E AL E A, ol DUACE M S R X %
TG00 . SR 25 R PR R ) A FR T8 23 T 4
i 302 % Hh Z0F EL & 6 B

B 5 X1 A-3 Von mises iz h =B
Fig. 5 Von mises stress nephogram

of specimen A-3
8000
7000F
6000
5000

4000

Load/KN

3000

/ — = Entity model

2000F H — - Multi-scale model

1000

L L L L )
0 5 10 15 20 25 30
Displacement/mm

6 REFRSHEFERBLEI L
Fig. 6 Comparison between calculation and test results
HIE 6 al . (1) 2 R H R dh 4 5
I 2 R R IE, JCIE R B T IE R S 6 AE
PERE 5 IR AR & R UF; (2) R PER BL, 5K

RRRTH H R i & 5 2 RSB 50 145 ith 42
W) B R, SRR BN TR AE, 5 R Y
Bl &) &80y . SRS, 2 REFR TR
DL de b A 40 530 6K 457 TR W A B39 A il 1o i 2
YEH T 32 FEPERE -
3.2 ANMERELT SIEBIGIE

HHi I 3A 6 F 07 B IR e 1A 5L 20K
I oT, PR AR ST DL 7 B0 TR B A BT AU
RS G, AL LR AR TR 5 2 R A R ek
B, AT . SRR . TNER
51 600 mm X 600 mm, BEJE 40 mm, FF4 3 000
mm, RHEIE AR 357, WA Q345, O IREE LN
C40, FRI0]DIsR AR S BESA 50 mm, AUZhHR . K 1) 4
B At B i) JEE BE 1) 0 40 mm. P A ASE 2R 7 el R A
T E-A At g b 7 Pros, BB RAL: R
MZ REAR TR R Hh 2 5 =4E 500k 8T it
Hh LW &8, FEERESEIL T AT i .

40 000p

30 000 -

20 000F

Load/KN

= Multi—-scake model

— = Entity model
10 000F

! . 1 ! )
0 10 20 30 40 50
Displacement/mm

B7 RS-t

Fig. 7 Comparison of load-displacement curves of node

FAMEE e REp, 3B 2 ROE R
A S A A R A il A A T 4 M) 1 Von Mises
B2z AR e 8 Bz, ZE A SRR, A5 )
e REERAS . T

(1) PRMERY B4 7 1 28 A o A B AR — B, feok
R B AL B A ], 2 RERAE & 5w
bR T R B AR ) R, BT IX K
R HBUAS 24 04 B2y B vp A () . a3 R SRR LY B
AR 5 45 J77 i n] LA S BILRE B e % MU R 5 5 i
TS A B e 55 20 WA AR B AN ] R BE ) Y 0 O
M 2 R T H BRGSO 477 ik
TRAE T S A PF B B0 T+ FORE R 5

(2)RMFERER TR 6, M HOH R, £
ROERCRLTT BT B T (4 520 ) 2924 SR LAY By
FIIFE) (6 740 $)H =432 . I HIXBIH i+ R B
FHIED, TSRS A 20 iy 2 A 5 o A J ST 25 4 i 5 4
Wik, SW4E LN, TEELS .



S BT 2 RERRIE RS BT U AR 1 2 P RE 2 AT 413

(a). B BRI N T = ]

(OR AN SV PN

(). bR S 2
8 REHWAEE5EREMENNZEX L

Fig. 8 Comparison of stress nephogram between

multi-scake model and entity model

4 HEETVAEELWSEIN

ARICHARBAE R 35°, BB H PR —SH
HEAT R R A PR TE B R A, LSRR R
[vi] Z00F J5 B0 7R 3 PR AR 5619 s B 1 BE 52 I
TS A o AL, 1%§J$H§£EE’JH%‘C-
BRI 9 BroR . BT g (1) Bl 58 M
JERIE R, fr B0 R AR BTk B, (H ) K
BEZ N (2) RS SE N A0, ARE R K,
ZJEREZ 0 AN, 3K P R R SR R RN

A 1) SRR RS, R AR & A AR A BT
X3, BEER S MR R, B e IR 07 kil
2, HLAE IR A IR N A B X e 9 #)
FREEIX Sk, B LUK TROE - A R AR R B I & F
W . M= T UG e, FEAH BT A EE R 607,
90° A SRR i & AR AE AR AR X0, W R &R
BEIR 9T DAL B i b ) AR 3R P b R 58 A B R 40° B
B AR B -

40000F eeeeeeeeneeeerans
30000} e L
SR mPOCmCoCnDOnGaoc
4
iz ’
%20 000F s
3 ’ - 20°
b '
S 4 —35°
d (]
wooot & e 40
— - 60°
-==90
0 . ; . ; _.
0 10 20 30 10 50

Displacement/mm

B9 FARAMIAETHER-CBEE

Fig. 9 Load-displacement curves of different skew angles
PR JEE L R E g B DL R AN b g X = b
ZHEEGARRI( & = ASf/ASu VAHERR,
7 GEL R R BN T R RE R, 43 B R X =
SHRAT RN R BT ﬁul 10 Firws . & wr
R RN BN O R ol B B S TR
iR B RS I, A B B ik 2 W R B T R B
I AS-10, C80, Q235 XM AYHNEZE . FEIEH F1E
XEMEOL T O REE L2 B AR A, X=
MY EWEREE LR REA R, 2y
WA <35 HIEIE R 17 Ze A5 s iR ik o
T C50 ZE A, WA ZRAE IR, .0 X Rk
LR BN LA AR HIE R, PR R E e~3,
ir 3L RS MR T 3 b s | SR B =
BB, I AS-30, C50 X RIHYHILE s T2 55 R
AT 17 B R LR AT CS0 iYL I E TR
HORAE >3, MR- & 2 B e BTt
e, WA uR e S R = AR B,
AS-40, AS50, C30, C40 XfR7AYHH LR . 385 Xt
FEHmE, RBMEE ¢ B R, 1R K JE kIS
B 3% 347 1) PP DX R, 1 s DR 3 3 B AR BR
W, W AR AN, O TR EE R IR A AL
B SR BLR . DL b BT 2 2R 5 N TR Bk L
(78 T R IE B R O — BRI e, A SEBR LA
o, Db TR AR B 0E PR AN B, N A B
BV W 2R R R, O A A R A T A Y £ R
REKRT 3.



414 WoZ g R ok ¥ IREAREER 552 %
50000 80000
[P " — - .
p—————
40 000 60 000F
30000
6 é 40 0001
3 3
g 20000f S
= -
. 20000 —=—One inclined column
10000 Je ° o - AS-10 = = AS-20 hi
74 — =AS-30 =—— AS-40 = Node rehion
- = =AS-50 0 . L . . )
0 ) . . . ) :
0 10 20 30 10 50 0 20 40 60 80 100
T Center connecting plate thickness/mm
Displacement/mm
S [ B B B R :
- (a). ANV BE B (1 fuf -1 B i 2% 1l hOEEESREDLRE
Fig. 11 Relationship between center connecting
80 000 plate and bearing capacity
z 60 000F
X |
3
g ]
S 40 000f -
- —C30 —C40
20 000F —.=C50 --C60
- ++-C70 -+ C80
7 A A . . L =
0 5 10 15 20 25 30
Displacement/mm
(b). AEIREEF 8 T 3-h s ih 2
80 000 ]
V=N
60 000F -
' (a) 6 B2 F1 (b) FR I 52 S
z
§4M(m_ 12 Aol EHR AR B0 3 1 0 2R 8 B = B
_°1 Fig. 12 Axial and circumferential stress nephogram
. of central connecting plate
20 000F -..Q35 — Q345
\ » ) F s JHe ~ S
— Q390 .. Q420 WS EAER KB, iR B8 noxt
TRURE IR S AW 1ET‘HHTBLEDH§§I/T

. .
0 10 20 30
Displacement/mm

(). AR AR I T 1) ff 0% il 22

B 10 ARFHEXSHWNFTAHZE
Fig. 10 The influence of the related parameters

of the constraint coefficient

OO ER RSB S5 RBE R R WE 11 PR,
S PLRH 2 U 1) 3 R AR R R B AN, BB A AT AR
ARER 7 I AR 2R 0 218 1 Rk J:‘:”l‘rﬂ&ﬁé
MO EERS /NI, AR T Bl i A R ) AR AL P
BER, AH Y 0 o] i 2 ARUE R Y 2 1%%@%5%);(%
ReSr BTk 40 mm) B, H R T . AT =K
(el 12 Pros) T LLE Y, SR R 2R TE AL 1Y i 4%
AP A 87 g A AR CHpttimg 2 ), e 38 L 3 g £
(IR RS = ), 53X FE B & B 0 iR
B PR T RS IR0 2 I T L X 1 BH B 1) i
MAE— T2 B b w8 A B 1 AR e RE, W AE
SR ETE G AT BE, HE R E Y BN, BUE
A 1~2 IR A

E"J‘fﬁ(ﬂT, INT e A B AR B R (A BT R0 1Y R
IR 7 BB ER 9T R DX — L B AT A X, i IR
e i B AH BT A (B BT ) B9 J IR S Bl S A T
TET DI .l T A AR A VR B YT R XIS R
e KR S IR 09 A7 8 3 & AR AR I, 2 E) T
T RN P RER . miE 13 R, A
fob B B 1 DXAR 28 7 L T A Bl B 1T XK 38 4
T 6%.

WX von Mises =Bl HT, LZBBA BEM
548 PR 1) AL A2 A AH BT R0 B /N IR AL BN Y
71k 342. 3 MPa, PiEB)JRIRN 1 345 MPa, 1Mk
BTN ERE A A, A AH I 48 AL B Ty 285. 2
MPa, A KA . 2 EPrk, BB sk
FA AR — Fh b B AR 3E R, WT AT R T
MK IEEERE, FEE EATRE RS, A
RBNA S, HEERED 1 EREEERN, 17
FURBIFEATAA . Wik, EEbr TR, @il
WIE SRR | REEREE AL



o BT L ROBEAE T R S8R BV SRR A ) 24 R RE 20 A 415

53 £ OB, %
40 000
30 000F
Z
S
- 20 000
S,
10 000k
= A-node
— -=B-node
0 L . . \ )
0 10 20 30 40 50
Displacement/mm
B 13 R S KR E S B
Fig. 13 Influence of lining plate on bearing
capacity of joint area
M
5 #i

A A S L EEUE R LR B, BT
R0 0 o AR R ) 2o ROBEAGE 2R 0K 7 28 A IR e R Y,
Xt 7 A T U b A S A A BV A Sl T el 1)
TR HAE TR SRR AT A R T4 . Wl
U4

(1) R AL A IR T A * & A B4 11 4>
AR MR R 2 RO ALY, k47 5 il 3 ik
Hiksa g5 R b, kAR 30 2 RO AR 7 i B I
Bk . RIIARSCR M 22 RO 7 %l LLiz 2
XA FE B R A AR AR BT R RS AT

(2)WFFCE RN, WA REE . WA R IR
B 1 5IR R T R B W) S AT IS 25 R SRR K €
s, e L PR TR b & U I AE 3.0 LU
b, DUORIE TS B9 A TR B AR BV A 22 A T 5

(3 FEH BT ARG R, 19 S X R 3 0 2
R NSRRI D % A N B i ) i B
A0°IF, REAE S A B B IR oh 3 e XS A S B AT 1
DI, A B AR T ol AT A DSR4
OO AR 51 SR B B 3 v R AR, T AR D ) i
EMEAT DR, RS ERETEE N 1~2 (5
BEJEL 5 AP AR B B 1] I AR A BT PR RE A —
AR BAE I, T ARy ah R B 1, i WS E
HUE A 1 AR BEJE

2% 3k References

[1] KHUSHBU J, PARESH V Patel. Analysis and design
of diagrid structural system for high rise steel buildings
[J]. Science Direct; Procedia Engineering, 2013, 51
92-100.

(2] W, WG, EE0E, 5. PESHEEHRERINSE
Rt RS BT TR LT ] A =R, 2010,
31(1): 70-77.

(4]

(7]

[8]

[9]

HUANG Chao, HAN Xiaolei, WANG Chuanfeng, et
al. Parametric analysis and simplified calculating meth-
od for diagonal grid structural system[]J]. Journal of
Building Structures, 2010, 31(1): 70-77.

SPREF, ARRE, B . SRR AR A i R T
RYERES AT (] I, 2016, 46(6): 8-14.

SHI Qingxuan, REN Hao, WANG Bin, et al. Seismic
behavior analysis of high-rise diagrid tube structural
system [J]. Building Structure, 2016, 46(6): 8-14.
(in Chinese)

SHPREF, A, KIE, & RTH—EEEENNE
TRBE T B T RIS S T AH BE ORI 1], LR
1%, 2016, 33(8).77-83.

SHI Qingxuan, RONG Chong, ZHANG Ting, et al.
Analysis in bearing capacity of planar intersecting
CFST connection in diagrid structure based on the twin
shear unified strength theory [J].
chanics, 2016, 33(8): 77-83.
W . TR BE b R 3T AR AH BT R R R T RE B T
[D]. J"H AR H TR, 2010.

HUANG Chao. Research on compressive behavior of

Engineering Me-

intersecting connection of cancrete filled steel tuhular
diagrid structures [D]. Guangzhou: South China Uni-
versity of Technology, 2010.
Bl AE . B0 B A . E BT I S AR
B A 5¥E ABAQUS, MSC, MARC #lI SAP2000 |
B9 SEBL M. Ab 5 B SR ol i Rt 2000,
LU Xinzheng, YE Lieping, Miu Zhiwei. Construction
seismic elastio-plastic analysis-principles, models and
implementary in ABAQUS, MSC, and SAP2000[ M].
Beijing : China Building Industry Press, 2009
HU HsuanTeh, CHIUNG Shiannhuang, HSIENWU
ming, et al. Nonlinear analysis of axially loaded con-
crete-filled tube columns with confinement effect [J].
Journal of Structural Engineering, 2003, 129 (10):
1322-1329.
UY B. Strength of short concrete filled high strength
steel beam columns []J]. Journal of Constructional
Steel Research, 2001, 57(2): 113-134.
ZEARME, 30K . ABAQUS TR IF & 76 W I + 4%
AR/ B R [T]. 2454 54, 2013,
34 353-338.
LI Huawei, WANG Wenda. Application of ABAQUS
secondary development in finite element analysis of
concrete-filled steel tubular structures [J]. Journal of
Building Structures, 2013, 34 353-358.
FikA, EH, EICiE . T 2 RERT 0 HAE 45T
THEREMT[T]. LRSI, 2011, 28(12): 20-26.

(F 4% 438 T



138 IE R EREEEE R G $52%
itial theoretical framework structure of basic public ronment and Urban Systems, 2006, 3(30): 254-274.
service facilities progressive survey based on the view [13] Wi, B, 58 ,% . FENER PN TTEEX
of subject and complexity science paradigm|[]]. City ok kAR T A B —— DI S O IR X TR B T .
Planning Review, 2012(12):84-90. PO HRH R S i (B KRB AR ), 2019,51(3):

(9] BV, ffud, B EEDR . S MRIGEI S TR 2 ES 403-410.

R T —— DLUB B K R P 32 2 A LR i A YE Ruhai, YANG Wenyi, JIANG Ling, et al. Con-
BILT]. 3R 5304k ,2019(8) : 78-79. struction of transferable regional location mode in the
LUO Qingping, XU Yadi, GAO Jiani. Multi-village transfer of development rights: Taking the central city
integration planning guided by rural tourism: Taking of Nanjing as an example[J]. J. of Xi’an Univ. of
the planing of villages along Tongji reservoir as an ex- Arch. & Tech. (Natural Science Edition), 2019, 51
ample [J]. Architecture and Culture, 2019(8):78-79. (3):403-410.

[10] PHFfs: E4AEE, T Eom . 3T 50 R 526 05 B A 1% it 3% [14] SPYRATOS S. Evaluating the services and facilities of
EWEF—UERE ABI[T]. WP 5T, 2018, 25 European cities using crowdsourced place data[J]. En-
(9): 91-98. vironment and Planning B, 2017,4(45):733-750.
CHEN Deji, ZHANG Zhengtao, WANG Yugiang. Ex- [15] OWEN S H, Daskin M S. Strategic facility location: A
ploration on integration of public facilities based on review[]]. European Journal of Operational Research,
planning implementation: A case study in Zhuhai[]J]. 1998, 111:423-447.

Urban Development Studies, 2018, 25(9): 91-98. [16] BRIMBERG J, ReVelle C. Solving the plant location
[11] ERR, RBAWE . 55T BB Y 12 00 X R AR 45 TF B problem on a line by linear programming [J]. TOP,
W [T]. iR s AR ,2019,41(8) :32-36-+47. 1998, 6(2):277- 286.
WANG Miao, WU Songtao. A fuzzy evaluation ap- [17] KARKAZIS J. Facilities location in a competitive envi-
proach to the evaluation of livelihood service[J]. Low ronment: A promethee based multiple criteria analysis
Temperature Architecture Technology, 2019, 41(8): [J]. European Journal of Operational Research, 1989,
32-36,47. 42(3):294-304.
[12] OMER I Evaluating accessibility using house-level da- e e . .
ta: A spatial equity perspective[J]. Computers, Envi- CR# XES LR
(4% 415 30
SHI Yongjiu, WANG Meng, WANG Yuanqing. Seismic [15] ZR0gE, Rger, JEEWE . HE 5 mIRE L E &K
behavior analysis of steel frame by multi-scale calculation WHERERRIE W [J]. T8 J1%, 2006, 17(4):
method [J]. Engineering Mechanics, 2011, 28(12): 20~ 61-66.
2. HE Feng, ZHOU Xuhong, TANG Changhui. Ex-
[11] LIL, ZHAO X Z, KE K. Static behavior of planar perimental research on the bearing behavior of high-
intersecting CFST connection in diagrid structure strength-concrete-filled steel tube under axial com-
[J]. Frontiers of Architecture and Civil Engineering pression [J]. Engineering Mechanics, 2006, 17(4):
in China, 2011, 5(3): 355-365. 61-66.

[12] HAN X L, HUANG C, JI]J, et al. Experimental and [16] #idkiE, At . PIRNERELSEHWEARIM]. dt
numerical investigation of the axial behavior of con- e BT T B AL, 2007.
nection in CFST diagrid structures [J]. Tsinghua HAN Linhai, YANG Youfu. The technology of mod-
Science and Technology, 2008, 13(1):108-113 ern steel tube confined concrete structures [ M]. Bei

[13] ROEDER C. W, CAMERON B,BROWN C. B. Composite Jing: China Building Industry Press, 2007.
action in concrete filled tubes [J]. Journal of Struc- [17] XEZ . NERETHHEEE L2 KRS TN T1E

tural Engineering, ASCE, 1999, 125(5): 477-484. MLEFZE D], &M A& K2, 2006.
[14] MORISHITA Y TOMII, YOSHIMURA K. Experi- Y AO Guohuang. Dissertation for the doctoral degree in

mental studies on bond strength in concrete filled
square and octagonal steel tubular columns subjected
to axial load [J]. Transaction of Japan Concrete In-

stitute, 1979 359-336.

engineering [ D]. Fuzhou: Fuzhou University, 2006.

h# XES WL HO



