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Rigidity of unstiffened X-type RHS joints subjected to in-plane bending
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Abstract: By analyzing the local deformation behavior of joint finite element model subjected in-plane bending, and using the
methods about improved a yield line model (which used for calculating RHS-joint axial strength ) to establish a axial rigidity
calculation model for T-type RHS, a rigidity model named six-beams model is developed for unstiffened x-type RHS joints subjected
to in-plane bending. The spans and section breadth of every beam (which form six-beams model) is determined by principle of
minimum potential energy, and a theoretical formula for flexural rigidity is established after the boundary conditions of the beams is
determined. The influence on flexural rigidity from every parameter of the joint is researched by one-parameter analysis from the
datum calculated by plate-shell finite element model of RHS x-type joint. On those basis, the theoretical formula is modified. Then, a
parametric formulae for predicting initial flexural rigidity of unstiffened x-type RHS joints subjected to in-plane bending is
established through multi-variable nonlinear regression analyses, and the parametric formulae is reliable by comparing with results of
FEA.

Key words: unstiffened x-type RHS joints;initial stiffness of joints subjected to in-plane bending; six-beams model; parametric
analysis

HEANAE B A BT AR R Tl
BRI, RSP RS AL D5 T, P DA
TR BIE . AT B AR R AR 0 45
MERASMESEM, o Bt e St i J5 (5t 1T
AFEARIEAT s A BRI BT AL, HORNE T BT
RO LI EATAH B el M B . X B
TR R B A B2 i 7 P s 25 M (8 3 2
FEMRE D, W REEZ 2 E R AEE P s
B A=A SEREER . N R E S
A MAEZR AR A, AN R BT mAE R RS
DU R — i SR 2 R e A5 . A R R
EARRWE 52 eRE, B 5 s

R EM: 2014-10-23  IESFRER: 2015-4-14
ESWB: WiIE%ETESBHTHE (Y201225770)

2 T 5 A S 4 SR T At T A
SERTE T ROEENE . RTHER B NI, &
SRR — LR, XL SRR T
A BRICTH IR — R IV BUR B, T RS
SRR 7 e 4G RRA T N 5% 5
&) WERBIERX (ASLZERL), I sl E
ARBA B RS LZREZ M, 8 BN B
17 2 JUIEH 73 SR A A2 45 B2 JR BOh W R 2 R
B, WA RNESBACA K. M1
DURBRAT: ToIR R R LT 2 A B 2 (A T e AT
TEMRR AR ; Bz B SRS #, 1
W B2V A S R L S iR, B0k

EEMSr: Bk (1976, 5, Y, t, BBAFREM S UG M7 E IS, E-mail: zhaobida@]126.com



52 1

BB, A X AR R AT U R 211

TREBEVE N GOMERABEME; BORBERD O b it 4
R R FH AR SR T B) TS B & 45 SR 5 bRl
RERFAEA/NIESR . | el A RT3 B X
R TR B 45 R 5319 A P T NS AR T Y )R
ARTERE AL, FFAFE TN AR AR (MR
BERL) RS i Ja PR T3 ST e N R PR AR £
PO, FE SRR b S ST — AR X RIS
P - T DA B ) v S B R, B RTS8
A3 B BTG R B 1Y s BE R, 19 Y B
BRGATEIE, £980 T AT TR X BTN
W RCE T BTSRRI R A K

1 HRTFERRENERETTERE

RS R R R SR R KAL) R
RRTE R R T ), MO R
RAF SRR . R, BLE EHE SR
W BERERY, SR BE AL T HEA 3 20 35 0 RrER AL T
K R AR AL SRR . X R - P 6 4
2 ZE R i BRI P X BV TN A

WV R, FEERNRZZMADIER, X BT
WP NS A R 1 R BN, 5 R AE A 1

7,y
7/ 7 M;

3 ~
T
V/ | — _ = = ——
\\\¥///i%%EW% ﬂffq TR

B FmE X BERREERT A EE
Fig. 1 Uniplanar RHS X-joint

1EVIH B M BERT, WRmEEs 07
MRHEARTE) KA THEE LB LR EE
MEER R AR TE . A HIALIFE, PPRSE M AL
43 AR TS P B B — XS 4, am 1
HREARTBN T SR EZE (b)) MR EE
FREA AN () BB, EEE ERMNNER
BUESCE (AR R) 72— URIR f%E sl ,
XS PR T XEMNTEE FIFR) 1%
3, BERIOAAY ROAENIE . T FROCRB AT A
TRIEZIPRE T HRIETE, K2 b RN TH
FRICA AT T X BUAE AN FA 5335 A - T NS
FEAER T B RARTE GBOR 10 R ABEMEE) . 55
ARTTER Y, 52 EERESGIN 6k 10H, 4

Bl iR E=206 kKN/mm’, B5T5% il ABAQUS
i S4R T, BEFM B EREAR, LML
RGN ] 1 T 0 I 1 B P

\

[

[EEEN

I

T
[EEEREEEE

IHERERRN

|

Bl 2a FEATEERTHTREEBREYR FEMK)
Fig. 2a Local deformation for Uni-planar RHS X-joint
under in-plane moment from the result of FEA (with mesh)

—~
A

B 2b TEEBENTR (RERA. REMEE R EME)
Fig. 2b Local deformation for one side of chord wall

(different perspectives, hide mesh line and else part such as
branch)

HIE 2av b AR, 3558000 R R R
by S D TR DX R AL A Bl X
=g B3 4 T IX =AY DA R o A
abeds ade 1 bej X Ceb R X35, e ed g
i ALE . ab I MFRTENAE), fghiv efg Al
hij g Oof Rz MR X 38, S fi Dz MIFEALE S gh
A ZERIEALE) 5 efijcde K O6f BLERURIA
e IXi) . RERALTE 23 IX A TR R AR J Ak e A
(=5 B BT SR ) rh A IR R R (JERER)
WA, SRR, K —A 1 (3a™h)
DX g0 0 — MR 7 BEANAE. CA R RE)R T) il
B BEAEAL (4 abeds ade 43I B A T 9 L AR TE
ZMABARRE) BRARATE, R IR 30 ALY 1A 4%
iy ] X35 efijede N 53 HER BN, 0
BEFE B T AT DA RV SRR AL R 2 AR A
(BSJE#E beam!l 5 =#JEBTE beam2). L3t 6
MR R 6 FF R, I 4 Pivs.




212 WO # R R B R ¥ W (ARREERD

547

g e a .
— S Z /6 1 @E
N
f =¥ d
Z?L’ -~ m
i C
h j b "
| blsing e

3 FERER XS

Fig. 3 Classification of regional of local deformation

beam?2 /\ M,
P & /FP
A _ beaml beaml N
beam1 B K Ay
Rl b/sing

beam2

= I

<« M,
' beaml

MK [ ApiE

C/uy e\ T
64T T 6 beam2 b

4 X BN G EAR ERIETTER 6 T RIRE
Fig. 4 Six-beam model for rigidity computation of RHS
X-joint under in-plane moment

6 AF REERIN AT R (GR) MR %

P B5 I E . A% SRR, JEiRA beaml B2
beam?2 [ 15 iy 30 4% A 34 A BRI B SR 4 3. Ay
THEALREE, K beam] (RF X abed 5 fghi)
BRFZAAL R« B (SR BN —um) FEi.
o (5T R 8 B REESR) B, 1% beam2
(fRFE X1 ade~ bejs efgs hij) BILA SRR -

W (SR R —u) R 5 N A R A
2y . EAVLI AL, beaml MG
BB 5N, BOm RO MR R A
P; beam?2 Wi 5 Z A ERRER (B
W BEELSLNR) , WA AR R, MK T A
RBLFRT/NER MBS AR, T AR,
BRI LA R 255 beam 1 B3 3 1454
BERAI A, TR R SR BRI AT 40N, WO AT 55 2h 2 ok
BN, AT EACRE U 84 beam2 TN
FE L (BT BEEs, AL, AT
AL 1] 78 A8 8 W 422 (A 5 A A 48 482 ) S i 2 SR A
F). kT beaml 55 beam?2 [y R, 2 MEHEEE RN
PATIAKIAIEE , st 1 3 B JUART 5% 2 mT 43454001
K L=(H-h)2tanas L=(H-h)2. %F a WEUE, 1%
Yo Y BUAETEARAE RE BT R e g Y JE R 2k
R gy e E Y SRR IR, A h
(B4 M~ MBS R-FRINE A o) Pl Ih%

TR = AEMNEE £ SR, RiEa
T

5
Mg=)E, (1)

HIFE 3 R, 364 S RMBER. —J0p
BERA 2 4 B aby gh, 55 RMELERA 2
s B cdy fi, BERMBREA 4 %&%: B
iy aes egs bjv jh, SEIURMMUZEH 4 4&: B
f) adv fg. hiv be, FHEKMUKEE 4 4 K 3
i des efs ijs je. WU E\~Es 4y HIA0TF
o 45mptana

=DH.— ;= 2
1 (H-h)/2tana " 1-h/H -
E,=46m h/H -tana+ﬁ-sin6’ (2b)
"\1-h/H b

E =46m cota+b/—H (2¢)
! (1-h/H)sin@
E,=46m ,(tana + cot ) (2d)

E =46m %SinnﬁHL (2e)

’ "\ b/H (1—h/H)sin @

Holt, m~f,T° /4 AR SRR 46, & Ik
MR (B fi 5 od b BEJR AR, EidF
BHEHMBETH 0 5 FHENEMA o ZHXFR:
9=0/(b/2sinf)= 20sin0/b. FX AN EERX. KR (2a)
~ (2¢) RN (1) [EFERNEME M KT o O
O~ by hy Hv m, WRIE, TR/ a8 R
(BP4 Mi X o RS AE) W17 a:
a =arctan \/1-h/H (3)
TR o T & 3 BRI LS R (T 2 BE
JE M) , B H beam 1 beam2 Y58 [ L. ¥ beaml
beam?2 435Iy 3 S [ e o 4 A 2 (AR TG
SETEARAL) 30 v % 16 B AT 45 W T 32 o [
M (EOE Y = AIEAAE) , JER I BEAT R
g5k %, 3% ETRE R U 0 WA RS
Vis Vas [IBE, $S2 8 &R0 M; 43 ffh VE FIAE
W s —x$ S8 P (& 4 FiR) s Ba, MR
# 1 AL P 5 beaml beam2 A< Ef N B 1t i &
I 6 Z MR AR :
I (1= h/H)"*

(2}’—0.5(}’)2 —1.5—lnhj
H H H

_8EIS ()

HZ
Zb,/—H+2‘/l—h/H

sin @

(1-h/H)’

P=V +2V,

1 2




52 1

BB, A X AR R AT U R 213

Rorfr: [=T7/12 Sy B 56 AR ERE AR, E R sk

B ORPEAY SN0 S JUART R R AR R

HUBT BE Koi:

M, _P(b=1)/sin@ _Pp(b-1) o )
@ O/(b/2sin@) 28(sinf)’  28(sinb)’

¥ @) RN 5) R, HER T2, 5

h 15
)

K

mi

AN
ETCp [2}’ 0.5(;’[)2—1.5—111}’} 6)

& = 3emey |L H "
+2(b/H)sin6’+2m
L (1-h/H)’ J
X (6) K5 88— T 4 B XS B0R BOHA T
REPREIT:
1n1’_11=1n[1—(1—1’f1)}:—(1—2)—%(1—2)2 .

RN AC R YO A S S SO A
3=+ (=) +00-0) == +2

2(H
e (7) RBmemfy, RN (6) XFFef, 7 X 4
TP N HUESTHI R 6 AT RBERIRIA K
3

_ ET’(b/H)?| (1=h/H)"*=0.75(1-h/H)**

™ 3sin’@ N 2 N 2b/H
(1-h/H)**  (1-h/H)*sin@
_ET*f,(h/H ,b/H ,sin0)
sin %0

2 TR ENENZRE RS

SR 3 ABL— 2R BUABURE - 28 i i — L IR 36 1 1
16 6 FF RBERY, BRSEERT R A AR e B AL AR
Az B, B 6 REAMS R
RREEAR () 2wy e fa B2 43 A I JE 1 5
MDA L3 A SR AR M A A R B A
BER RS HIR R, BHREE— PR &
BIE, AR T LIRS . X BATRME R BN A
) JUATRAAE 2 BB 36 To AR W/H bIHN Os T (=
DR KENEBNE H By T, HEZHMELSI
B 1.l BRI B AR P i T 4
JE, A I X AT R RS A ) B A PR R AT
BBHH, TR SRR I
(8). WRAMRITERAM R Bt RS
5] BT R R TE AT (B 2) MR, fEOA T
AR S 188 = JE T IR M S~ B K4y
WA 6h 5 6b MIERAE 10H 5 108 MBRAE, W

1(h)s 1, hys 1, h
—[j2—3(1—H)3+4(1—H)4+0-(1—a)4

K (8

TodE A B, N3k 7 IR A AR B b B L
W ) 1] gk 5 = AR Hh SR (il 1 FoR)
2.1 [EJLAFHESE A B THIS I

EEBEEE H R R3S L RS BE
T, WHARIUMTSHOAZE, T H 8, W= E 18
R R TEAR I N, AT AT ARG AT RN . B
B YEE B WY Wil £ EAR (52 BB
FIMEDRE, MASRAIER NI BEFRF /N T A R, R
B U AR G 1R BEAS R RS, AR A FEF- T
SEAERIR, AN S 485 AR A o) s A8 T mT R X 57
A= A AH ELRE 0 . A AR R B T B R 32
EX LA SRR, T Y SN, T
KX (8) HWW ACFHE NS NIER T RiEk. &
5 4 TRAA RIS EM T (BAFE—2 500
REFHAM S B a5 R B0 9146 W FAH B
ZH H, By THRE, BB A RITAHMSE
P, ELAMRTEB ALK .

HE 5 s AEH, HMS2H0R4 (=300 mm.
T=20 mm+ bxhxt=150x200x12 mm+ 6=90°) Tfi B £
150~550 mm ZAB4LHE, §5RHUE R E K ZBAAER
AN (B RAE R/ ME TR 22 RAK T 1%) , 582D
A Kni 5 B J63R ; JHABSHAAE (BxH=300x450
mm. bxh=165x247.5 mm. =0.8+ 6=90") {X T A4k
I, K/ T AL/ (B RAE R /M W 25 524
5.8%, BRAE R /MERFEERINZERZ) 3%) ,
WEBAK Kn 5 T RIEWK, FREETR (8) %
T ERER T ORIERER. BELMSEARE
(B=250 mm~ 7=20 mm- 7=0.6+ h/H=2/3+ b/H=0.5+
0=90") AXAAL H (150~500 mm) Fifs5i 4ok
F, VRHIESPIHENE Kni 5 Ha (0.65<a<0.7)
SEURIFHEMIERR R, B 5% Knbf Ho RER
thek, HET I EIEIFRIELL R R (F R A &8
R Kni/Ho7 A B R/ Z HIIRZEY) 5.8%), #)
a L a=0.7.

0 8 16 24 32 40
7,500 : : : : 500
ol
-
6,000 | aa, o H . 400,
g P E
g * g
& 4s00r ~ {300 &
] - =
> - &
23,000 * 1200 ¥
: P -~ e K, BB
“ 1,500 F P A K TETIER] {4100
_ * K, BEEEEAL
== o n n n n 0
B/mm 0 120 240 360 480 600
H"7/ mm®70 16 32 48 64 80

Es5 2% H. B\ T3S ERIENSIE
Fig. 5 Effect of parameters H, B and T on bending rigidity

2.2 BRJUHHESE 6. 1. A/H b/HHIENT



214 WO # R R B R ¥ W (ARREERD

547

SHZE WH (b/H) 3§ X RUBTEAH Y 5F
T ST PRI K WIEEMET, 5 U250
S BxHxT=300%450x13 mm- 1=0.7+ 6=90 " b/H=0.5
(WH=0.4), 24t h/H=0.25\ 0.4+ 0.55. 0.7+ 0.85
(AL B/H=02+ 0.4+ 0.5+ 0.6+ 0.8); ZMHi%%L 0
(7) SR, 35 i LA S 30 BxHx T=300%450%11.5
mm. bxh=165x247.5 mm. =0.75 (#=90"), A4k
6=30"\ 45\ 60\ 75+ 90" (4L =0.3+ 0.45. 0.6+
0.75+ 0.9). B 6 FHTENSZE 1-W/H CATH
X 8) P ERERN—-BmESE WvH 5 1—
hH)~ bIH Ov 3% Ky BB .

3 000
& * KB o ML
4000 b _m- KuBE b/H L
—a KB sind Bk
g e KB 1-hH A
Z 3000}
=
2 2000
=
= -
1000} e g
B
o E\a i S
-
|} ! L 1

0.0 0.2 04 0.6 0.8
T and &H 1-AH

1.0 1.2

Bl6 &% 1. 6. b/H WHITRIRBRIERNZZN
Fig. 6 Effect of parameters z, 6, b/H and h/H on rigidity

HIE 6 FE Y, Kni B A/H b/H W8T 34
m, 1-h/H (8% b/H) ~ K BI#HZR R KRB RREL
PR B A R BRI AR B i — PR
R SH WH 5 bIH X R B0 W) FE R0 28
SERBRB AR, FIALRY 6 AT R RIHLABL TIX i,
A W) BRI A 3K (8) st i eR 8L f1(W/H, b/H, sin0)
BMA—MRTSE 1 -wWH 5 b/H fEWNEEE
K. HEARIEL, 240X K BREAAER /N (&
KEGBRAMEMERAZE 4%), ATRMAE; T
sinf~ K IR R R ZHE R LK, #H—5
WA MR, MRBERRA (0=30) 4b, HA
MR Kni 5 U(sing)" (1.5<n<1.7) BHIFHIE
BRFR (RELA 5%).
2.3 PRAMNZERHERIFIT

X BT R RPN — AR S, TRESLPR
e (BT R IZ AT B2 1 ) 52 5528 T 45 4
RFR) W AN P 5248 SR FRA [R] 9 2 LT 2
BOGHE . AEAE RS EAE M A AR, WsE
BRIV NS AT REA R, SRR AR i
RO H: PSR (08 D —filh

F (LB 2)~ Witz R/ RNEDS A R (0d
3), WE 7 pis.

= M,
~ ] & i

M; — T ]
M ] / -
f’f ff 7oz L ) jI .

(L T Tée _, Tits

M= M

—

I3 IHE2 THi.

E7 HEFERNSTH=ATRARER
Fig. 7 Three kinds of in-plane bending for the X-joint
FEENSH WH bIH (G5 R0 R B e

BRKHAERERNRARL) B A ook
RIS TOU T NI B e me, 5 88 TR 1T
A FSEREA W/H=0.25+ 0.5<b/h J B/H<2!'",
HE BB WM LA (6 FFRABEIFTHE) Mf
FVE Bl h/H< 0.85"2) | g 52 h/H B 0.25~0.85+
b/H B 0.125~ 1.7 33} 20 AN i A FROTALHS, BAR
WIHE 1, R B2 H8R
BxH*xT=300x390x13 mm~ 6=90"\ =0.7. # 1 4

1 SRR TR T SR AL

Tab. 1 Flexural rigidity comparison between three kinds of
in-plane bending

BH K/ N'm B 1[2)/%
h/H(b/H) T 123
0.25 (0.125) 183/187/190 2.1[3.7]
0.25 (0.25) 294/300/307 2.1[4.4]
0.25 (0.375) 406/417/429 2.7[5.5]
0.25 (0.5) 558/576/596 3.3[6.8]
04 (0.2) 321/328/336 2.2[4.5]
04 (0.4) 576/594/613 3.1[6.4]
0.4 (0.6 956/995/1 036 4[8.4]
0.4 (0.8) 1 474/1 544/1 621 4.779.9]
0.55 (0.275) 525/538/553 2.6[5.3]
0.55 (0.55) 1212/1 257/1 304 3.7[7.6]
0.55 (0.825) 2 337/2 432/2 536 4.178.5]
0.55 (1.1 3971/4 119/4 278 3.7[7.7]
0.7 (0.35) 1019/1 043/1 069 2.4[4.9]
0.7 (0.7 3114/3 172/3 232 1.9[3.8]
0.7 (1.05) 6 903/6 855/6 807 0.7[1.4]
07 (1.4 12 720/12 505/12 448 1.7[2.1]
0.85 (0.425) 2 967/2 804/2 784 0.7[1.5]
0.85 (0.85) 11 980/11 072/107 85 7.6[10]
0.85 (1.225) 2 8130/2 5550/2 5275 8.9[10]
0.85 (1.7) 59 880/47 292/46 450 21[22]
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Fig. 8 Error for the initial in-plane flexural rigidity between
calculation formula and FEA
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