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Fig. 2 Location of displacement sensors for indirect method
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Fig. 3 Location of displacement sensors for direct method

HY T30 A7 AR 5 17 5238 A% 7 A LA T8 1) BHLAEL 10 50 2% 1 26 i s A BROTG . 48 R 1 5 1 il W JEE 119
e EEFBL R A BROCY 7T, G e BRI R %k, 0 73R4T Y B BT A i M L A5 FR T
Je Ak PR B A BIR SO AR Hp S 6 A% T X T L Y 7 () K A AR T R 7

it BETE LAY 25 DL O T Bt Tk 1 0 e e mT o 6 B T A I Y R SR AR T T



46 ook o# RORE R o MARBREERD %45 %

TC i 75 S S R SR B 2 ) O35 W 285 Hh 30D ol s 2 I 5 A 2 B0 0 I A S A L
B IR M G 25 18 S 7 IR Sl RE Al ik 0 A A 1) (82 A% 3 ) a6 22 T IR0 42 02 5 L 1) 432 3kt A5 e o < S ok
A BRIBYE 32 07 )5 T0 1% AT 500 SO PE AT 28 BRVESR M AR N AR T . 5 3 5 0 S48 S ST 00 R e SR R A
FR G 0 A 2R AT AT AL 1R AL T 5 X6 LAY s 40 i W 2 Oy S BEBE 5 X Gt s de W0 LA N30T S AR B AR T 3
P32 J1 . 58 ] LICR AT 5. 25 DA BRIT 704 o T Bl - Jeie Bk 38 02 (6] 45 0k AN AT 56 o T BLit
R R s e A SROTY P TET YT P JRE A 3 R ML R P 28 47 288 A SR AR R 1Y A BT 1)
AL A Y A
2.2 EERESRBERGERNOILE

P 4 20 Y R[4 AR BT A F i i ST T PN TS 0 A T E ) 4 R O | Dk T AR iR 22 L BR
FRIEALL T 2 4. R ALV BRocE A ABAQUS™ 4 My 3 5 4K 4545 &5 il 18 LS~ 18 19 BL 25 900 4 W1
JE A BRITHIRR ] SAR 7e 870 GHE NI EE R 0O g d B d —¢od oo 53 50 0 SO HAR VBEJED) 5 [T
By 0 i X EAEEAR L B F AR SRR L R N A s B Y R SR e LT SO
T EAR D=245 mm, S EE BRI 0 =0. 8. B 1R 25 Jy 1] 452 12 5 LK P A (B 22 22 19 26 X (EL B LA
TLHEE AR DA A AT LA Y . IR 7 125 B A5 45 R 19 22 5 AE 1020 A,

H TR, R TU3R 2 40 i 4 i SR (3 ] 1 TRHEANERBERSAERITHLER
ﬁtg/m\}:?ﬁ‘ﬁ%‘ﬁ T ﬂ%‘)ﬁifﬂa m . XPE W jﬁ%ﬁ [Z][JE (%}ﬂ E Tab.1 Axial rigidity comparison between test and FEA

BEFS 5ARITH 1SS R LK. Zrhfm % - Kveo  Kwew Kuse 38221 82252
TR ALLAS AL CE) I R F sy gy N N o VRN w5
D121 X 6(P245X8) . D121 X (D245 X 12) . d194x Al 109.3 102. 6 99. 6 6.1 87
6(@245><8),1|Zﬁ|7\]§‘%ﬁ1‘ﬁ1¢ B1.B3.B4 %ﬂﬁﬁﬁ_‘f A3 226. 3 207. 8 198. 8 8.3 11.9
A4 258. 6 246.7 235.7 4.7 8.8

S lE A1CA3 A4, R R AR N Mi 435l 3ROR K 2
WP S A EAS test. FEAL R FEAZ 41 2 $aemEmRSHRRRERSERITNLE
%%%iitgﬁ \ﬁ Bﬁﬁﬁﬁé /£‘ i I‘ETJ ?i%ﬁﬁ‘?% 2?:;: , i}j&% Tab. 2 In-plane moment flexural rigidity comparison

1\15’5% 2 6}%]]%%5—\‘ FEA1.FEA2 F)’ff%'aﬁkj test ij between test and FEA
PHAE Z 0] 0 A X352 22, 75 B 0 & SCHk (3 12 s Ko Kirran Kurpae iR 1 %2
MBI L 5 4% 5 5 FE R (6 A BT R I /KN-m™ EN-m™ kN-m™ /% /%

Fik e hr . B R R R W (oo B 16026 15657 1570.3 25 13
BRI ED HEAT AT Ho. D3 T X H AT T ﬁi z ZZS;’ z 6??2 z jiji ig :‘2
T T 4 A5 O 4R 452 308 9 07 9 B A BTG ' = — A
2 L5 P B R T 4 SR B .

B2/ % Ll
10 T
\
8 —_—
\

35 35

6
4
35 2
2
0
0.

8

6
4
2
0 22
0.

9
0.75 Y
v 0.6 (45 10

B 0.3

9
0.75
10 P 0.6 g45 10

0.3 8 03

(a) 6=90°%hpm NI (b) 6=90" T NPT W B (¢) 0=50"%mMIEE  (d) 0=50"Fm NP NiE
B4 ABX5RBEXMFYRATELSS. TEARTWHEREGHATRE

Fig. 4 Relative error between initial axial stiffness, in-plane flexural rigidity for CHS Y-joints

9
0.75
06 0.5

3 XBYAWHM . CFEME FE ANIE WK

X0 5 B0 R BT AR B R )R O 5 s () 45 R v A B LR T — R e R R R



%1 R TR AEF (B A9 AR BT A M 098 R o R IO 3k BCH: LR 47

B Sy TSN R 032 B — 5 AT TP SRR AR s G BEAT A MR T AT AR A A A
B X =5 1 W
3.1 TRHE TR ENRERTGE

I Y YT X OB R AN AT 6] 45 B BRI O ik AR AR Y R ) ORI ERALTE L BE T RS BN X
TR 5 0 R A2 1 0 2% — AR SR B AT AR 45 4 0 A i 5 BB 1Y A P 280 I K 2 A fIRE D T T AT
T o A8 B0 e DXABERE g — AR AT 8 00 2% 38 e — 1 BB S I > M2 119 98 3 o 43 0
ABAQUS 1 connector HIC°0) JHNE 5 FR. i T 2 ARS8 80 P00 52 48 1 52 0 07 1) A [ (P 6 T /i
(9 [7) 18] 52 735 S 181 3% 91 <32 T3 R/NAS ] AL AT 2 805 64 VAN TR I #0047 AT g5 B80T L WL AN TR s
T TRT A I AL A SCASCAE 5 TR S B o i o DL 40 19 00 — BV 00 S 32 g A ] L EL T TLART 2 8 B 1 A
[Al.

SR Vi) 43 SR 4 i i 1) Jmg B8 A2 T - T 9 5% A L OF- T Ak

B ST IR P RS A B Ta\ThTe FFAR B0 g@% A

ST T BT 25 . (& Ta i S 71 D1~ D4 ik 3% T T
A B 2 SR T 1 51 1 SR A T o SN " "
R R O }i{:@_ — L
On = (AL + Ay + Ay +AD /4 — A (5) (el | Neoee R I\ P,
\'gi\_, D/(25in 8} D/(2sin 6 )

K A ~A KA D1 ~D4 457 B . 9 52 45 7
B 1T BT 206 AT LAHS T 0 28 A - iy CR - Fr T A] B AS 58 42 FUBAT A RIFFERRIRET IS &
(G20 02 o 2o #2 o — e ) S 80 EEAE A BS EARSEMaT P el AR
B AR TE SRS L B8 , A R SR BB 1) AR TR 3l L J M AT R Fie 5 The joint model in integral structure analysis
FLE TR, B 7 AL D1 D2 43 50 ik B S A I 2 i 47
B, D3~ D6 FH fe I 3R 15 A e H BN 2 A - i or = 2 e LN N
S AR B WAL B A, ColAS A 9 A8 A Pl /‘@x\,; o
A

PR SIS I Th R s SO IR R th = 4 \
ORI A SR AT F 2 AL TE 51 190258 A NS (TP EASIE M, ) N/@r;/rmr:%m%%‘iﬁm,)
Gl i FPEAF R BLEH D W RPN A o 5ER LT P TR )
PR Ao —i- P 1 ThT P9 2550 5 R 1919 56 A it o l ' '
B (RIS 1 B S 2 2K 1R - (a) [{327) (b) KZm7
g = (A — A, — M) /1L, (6a) B6 XAFERG. RAXNTEH
Ay = 1A — A + (A — A7)/ 2Ly (6b) Fig.6 Different loading condition for X-joint

L ALA~ A A% 1 D1.D3~D6 il 13

PR - 00,00 3 D SO B 32 SO Al 1 AR S O S A B2 T Te AR i AS I D1D2 R S T 2
180 SN RS - D3 DA I AE - 1AM A TR 9 XL B AL . DS~ D8 1Y 5 e B AR
87 15 CPT O TU AT BE A € 4 7] 25 0 L o 280 78 v — I S 00O 58 48 19 4% 3l » D9 . D10 AIA I i 32
JAE A FT BE A B8 (SCRRL4 1R JH I 7 28 AT 10 - 45 R 3 W1 SR LR Al /Nl L2 5 S48 T 288 o -F-
T A DU 020 2B - S B Z AR 2 PO B9 AR TE SR B WIS B AL 28 941 5% 5 1R 1 S8 e
WIHARLES Aror SCEAVE TR A2 TE SR AL A, GE AT FPEFF R BT D 9 507 10 b /i ¢,
TR RS Ao —o » Ji I EF B T SO S A T 248 198 0 AMOZ AL . DRIk P TG S0 25 R 5 S 19 19 05 5% A0
G THEANT (LASE 1 0] S8 2 2K IRD -

¢o = (A — A — Aror — Do) /Ly (7a)
AR()T:L(A5*A7 +467A8)/2/(D/Si1'1(9+28) (7¢)

LA A ~AG AL RS 1 D1.D3~D8 AL .0 M iFL i D5~D8 By & B H FE R AY
A2 U SRl g7 00 5 4, 308 B e SR p K B CRP I 7e Wi 1+ + ).



48 [ 7 <

[ SN

i CA R BEE O

XFEC Y RS AL X R A PR SO U0 2R R Lk LR T A
He 5 22 e o LS BE 8 AR T8 Il fElE 2100 5 Ak 19 A2 #8 )
B B0 K 22 3R A e . X T BROT 3T JUASA7 1 X 2 (], 38 T
HEk AT e 0 S EL R T Y R AR TR TG B S T
IAVESZ 1 A BRIT T b 2 R T B4k 5 B Ah A BRI 20 #r 56 4x AT LA
S BP0 S ) A T 28 R S A 3K ) AR R SO A A7 A R R B
AN SRS Sl 7 A B MR AL RS . SR LR OR XL ATl 1) SR
FRASTE VTN B A T TSR R A 0 5 A 23 i AN ] 8a 8b . 8c i
7 A BRIGIM T (52 B0 SARD I SR T L4 3 T 45 45 f il 1) A2 o

RS NS TR A s il a R U

go= (A —A)D/(d—D (9
go = (A —AD/(d—1) (10)

LA ~A I T~ 4 I A5 S A
] J5 [ L RS o d ot 53 300 R S8 HLAR RE TR
3.2 HEEEFEEEENIER

Lok — RN E, & B B kR ] vk
TR TA W0 46 W2 22 BE AR /DN s BR T i, &1 8
125 p — 4] XY (5] A9 8 A BT Y il
] TN B S T T A0S R s W EE CGR R
JEE Y 2SO S A AR Y R AR BT b Y ek
SRR P S A 3 ) e R T v D A 1k BT A
ZE0E. A RITEAE BT A 2.2 5, B pay
BCIRAT B Xy s e L S 808 -

=65" LB HAMAE M o= 07 L EEEER
o c=0. 8, & P i) 1R 22 O 8] #2355 B4R B
FHELZ 72 19 26 X {ELBR LA 3235 B A9 {6 A IA
HRT LA L PR 5 I A 400 4 M L {22 B AE
1096 LA P 5 107 H A 7y % Ho B 40 A 2 0, 7 b 7
TR TR EAR IR 2E R ZHTE 1020 AN (HAHE S
P8 2 o PET P l r) D J3E S b s 7 4 RS A
JEE SCRRL6 % X B o5 70 ) e S g i s
VERTR B9 GG M EE R AT 1 %8 BE 45 2R A B AT
DU SN EE SN AN i 4 S o B
il s 0 52 54 3 7% 1 ) B 1) P B

|

[REL 2

|

I

[T T

LTI

¢RI

’
sk g 40300
FISTT
FT T [ [TTIT T T 3
L 1]
(a) BlVEH

|
I

N

/
A 4
LS A AR

GS)

D/(2sin 9] ; -

CEEHERFASIEN AR

-
= @):t JEHEDZ-]

315 R

[ R e

N Ly 15

P

SR I ST

(c) “FIRISNEFEAE

B R X A B4 G T R A A E

Fig. 7 Location of displacement sensors for indirect method
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Fig. 9 Relative error between initial axial stiffness, out-of-plane (in-plane) flexural rigidity for CHS X-joints

1% ®
COARIEARICY 535 AL AAS R 7 3 » 04 AT B30 s B2 2 SRR D 326 T 0 g TG 125 TR 3 P vl



50 ook o# RORE R o MARBREERD %45 %

VAL SR T 5 A A [] A5 DI IR (2D T 00 A 3R P P 2 ) 8 96 A Y Y il i) P T PN 47 7500 0 P E )
) i A 5 T il A BROG A AT B B C A I 800 19 L 2 I S WA R 0k o e 45 SRR » 7T LAAR
i 2 P BV B R SR BT AR — R 7 k. (3) TR B 3t FH Bk B 46 95 AR B0 X B4 e i 1) SF TR BT 25
AT A0 4 DO £ 00 5 A 5 D7 0 sl A BR T A 33 % A U8 i 1) 2B 3 Lk T R 7 2k BT 7434
ARAEI » AT AR $h8 52 B 43 A1 () 458 1) SR RO ARy — o 07 3k » s SR P I 1369 T A5 BROT 23 R AT

S #E3CH  References

(1] e NRILFIE EZ iR, GB50017-2003 B 45 # BT MLE K Ze SCUtBALS . Jbat: v 34 i ki, 2003,
(GB50017-2003) The people’s Republic of China National Standard, Code for design of steel structure[ S]. Beijing:
China Planning Press, 2003,

(2] HEIFEEDRE. CECS280:2010 M4 L5 H A MAELS]. Jbat. op BT At . 2011,
(CECS280:2010)China Association for Engineering Construction Standardization, Technical specification for struc-
ture with steel hollow sections[ S]. Beijing: China Planning Press, 2011.

(3] £ fh. BT RN RE XX SR AT R RO [ D], 1. R RE R AR, 2005.
WANG Wei. Non-rigid Behavior of Unstiffened Circular Tubular Joints and their Effects on Global Performance of
Steel Tubular Structures [D]. Shanghai: Tongji University, 2005.

(4] 2B, X BB E AR BT GOF TS 52 5 M e OF (D], Bl . RS R dsi TR R, 2010.

MENG Xian-de. ResearchonHystereticBehaviourof Unstiffened CHSX-jointsUnderOut-of-planeBending [ D]. Shang-
hai: Tongji University, 2010.

[5] ABAQUS Documentation. ABAQUS Analysis User’s Manual[ OL].

(6] TTRIA. HAJZMITY R RbRMELD]. Ll T RF#EH TR R . 2010.

JTIA Liang-jiu. Connection Classification System for Single-layered Reticulated Shells{ D]. Shanghai: Tongji Univer-
sity, 2010.

[7] Makino Y. Kurobane Y, Ochi K, et al. Database of Test and Numerical Analysis Results for Unstiffened Tubular
Joints, I W Doc. XV-E-96-220, Hungary, 1996.

(8] Ahaiei. X RIFIM A BT s0OF W AMU A RS LD]. B M3 R4, 2007,

DU Chun-ling. Study on out-of-Plane Bending Propertiesof Unstiffened X-typeTubularJoint [D]. Shanghai: Tongji
University, 2007.

Two methods to acquire stiffness of unstiffened CHS-joints
and the comparison between different methods

ZHAO Bi-da' ,ZHAO Dian-sheng', LIANG Tong*

(1. College of Building Engineering, Zhejiang University of Technology, Hangzhou 310014, China;
2. Wenzhou Xincheng Architecture Design Institute, Wenzhou 325000, China)

Abstract ; Unstiffened CHS-joints is one of the common and widely used configurations for the connection of steel tubular struc-
tural members, and the joint also is a typical semi-rigid connection. The two different methods (namely direct method and indirect
method) for the stiffness definition of unstiffened CHS-joints are introduced in this paper. Then, it takes two simple and common
configuration of unstiffened CHS-joints (namely Y-joint. X-joint ) as the object of study. The location of measure points (or dis-
placement sensors) , concrete step and matters need attention from the two methods with the tool of FEA (or test ) in order to
obtain axial stiffness and flexural rigidity of the two type CHS-joints elaborated in the paper. By means of test data and FEA, it
show that there is little difference between the result from direct method and indirect method for the axial stiffness and flexural ri-
gidity of the joints. Hence, one of the methods is selected according to the convenience of measured data obtained, for instance,
indirect method and direct method are selected by experiment and FEA individually.

Key words: unstif fened CHS-joints; joint stif fness; direct method ; indirect method
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