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Abstract - Circular hollow sections (CHSs) have been frequently used in architectural, civil, and offshore structures owing to
their desirable mechanical properties as a closed section and also due to aesthetically appealing profile. In practice, multiplanar
CHS joints are often in use, with many CHS brace members connected at a node. This study deals with CHS XX-joints, which
is one of the most fundamental configurations of multiplanar joints. Only the CHS XX-joints with all brace members loaded in
the same compressive loading are taken into account (i.e. axial load ratio of 1.0). Test-backed finite element (FE) analysis is
utilized to understand the ultimate behavior of CHS XX-joints. The FE analysis results clearly indicate that the multiplanar-to-
uniplanar strength ratio (strength ratio between CHS XX- and CHS X-joints with the same chord and brace members) is greatly
influenced by several joint geometric parameters. It is pointed out that the effect of geometric parameters on the behavior of
CHS XX-joints is not fully accounted for in the simple design equation suggested by prEN 1993-1-8. To derive more rational
strength formula of CHS XX-joints, a new analytical modeling is tried with idealizing the multiplanar geometry as an equivalent
uniplanar joint. Based on the proposed analytical model and the FE analysis results, a new strength equation is proposed which
is applicable to both mild and high strength steels.
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el AEE A-&5to] 15x3 = 45709] =254 Hlo|H &
sttt "R A = s B H A TS ER1sH| it
XX dFFTAFFONA AR TS AAT XT ¥F
73ROl sl I 4570 9] ]34 HlolElE A/ 5t
o] ot 907119] =254 H|o|E & ¥ =513t Table 19]]
Al XG1 - XG15+= AR TS A|AT XF FAEH-9] a4
2L 9ulslH, XXGI - XXG15% Bdo] XX H3h
of] thet oA g ofm| gttt

A5 Aof ARgSE A o] §-HP = F41"S Fig. 8
off LR Gltt. SM3559] ¢ vt o 2 4] 515 s



A1} 22 (yield plateau) Aot HE T Ask I8y

o Bl nolo| A G 72 SN A A5

el IR SE MR 542 welch. el SMdco,

HSAG50 % 7712 olajgh E4o] Balt). 2 A

3 % E40] XX ABY

@gu A D120 ol o ST e
248 285

SNAATE =)o |0l A AR B A7)
ol ol AFT B a7t Qlck BRHTEH] %
o= H=3t HES WA 0P| Aol BAH o= A Fe
3 %(=0.03dy)°] S 5H= AP THA 7 4- 8 THLu er al™).
o235t 3 % P THA 7]Eo] W=, o] 3 % HFol
Tgol7] ool I Askgol EEotH m sk HEH

Table 1. Finite element (FE) models for parametric study

M oS - YA

o] T3P A AR A5}, 3 % W o]o| 1 T35}

ol =2 Alofl= 3 % Hgol =2 w7k A st
ZukS A2 Q1AsH}

B ATFOIAE oS % AAREAS AN
S mo] 9o} 3 04 WReH 7S AElE o 1
SFAL- F1g 9°1W E 5 U FA A oA Lofil XXF
' SR ERER P ECREE R
=, o] T HPeHA o]Fof 1] =7} BAFTE Case 1914+=
s L3tk AP A A Y skso] A
Holek, et 2 Ao 154
Q1 947} RE 3 % WA SHER TS 1)
Zo] 3 9] Y5} 52 (load-bearing capacity)S EH =
A #EEA H tFEgo] ATkl TSI L, Case 13} o] 3]
Fst5o] HPRHA o] Fo] A st e v A5t =3t
3= 7H5kSIT Case 20041 W RHA| o] Ao 3] =27}
HAElE 2 A 0] 35S e 2 Ayt ok =
23t 1 35150] 2A5F9H Case 39] A2o|=3 % HY
AR A 9] B5-& SRR A5tk

Chord length | Brace angle Geometric parameters
Numerical model lo 2 do fo
(mm) (deg.) (mm) (mm) p 2y a T
XG1/XXG1 40.6 0.62 10
XG2/XXG2 20.3 0.62 20
XG3/XXG3 3,251 90 406.4 13.6 0.62 30 16 0.8
XG4/XXG4 10.2 0.62 40
XG5/XXG5 8.1 0.62 50
XG6/XXG6 40.6 0.4 10
XG7/XXG7 20.3 0.4 20
XG8/XXGS8 3,251 90 406.4 13.6 0.4 30 16 0.8
XG9/XXG9 10.2 0.4 40
XG10/XXG10 8.1 0.4 50
XG117/XXG11" 40.6 0.2 10
XG12/XXG12 20.3 0.2 20
XG13/XXG13 3,251 90 406.4 13.6 0.2 30 16 0.8
XG14/XXG14 10.2 0.2 40
XG15/XXG15 8.1 0.2 50

"Elastic braces were modeled to prevent brace premature failure.
Materials considered for each joint geometry: SM355(f, =

1,000
800 | .=/ / HSA650 } High-strength steel
= O T o e SMéG0
% 600 [; fomm="T 7T N “m~ell _ | SM355 Mild seel
2 400 min—hanﬂening I REN
o
% 200 Yield plateau
0
0 0.05 0.10 0.15 0.20 0.25 0.30

Strain (mm/mm)

Fig. 8. Stress-strain relationship of three steel grades considered

324 MPa), SM460(524 MPa, HSA650(798 MPa)

1,400
1,200
= 1,000
800
600

! Case 1: XXG2(8 = 0.62, 2y = 20)

7T pe

i Peak load
Ultimate i ) .
strength {4—3 % deformation

Ny) (kN

Y\ Case 2: XXGT(6 = 0.40, 27 = 20) -

>3-

4
200 No peakf E Case 3: XXG12(8 = 0.20, 2y = 20)

0
0 2 3% 4 6 8 10 12 14
0,(=0,) (%od,)

Fig. 9. Load-deformation relationship of CHS XX-joints
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A (A (16))014 7Hgsh= 72| S5 Fig. 11(a)oll A
SkRIth. A4 oA = Fig. 11(2)2F 2] A3 o] 24
5] AHhSES B FHOo = AgHTta 7PYshA| gL A
A =& Fig. 11(b)2} Zo] F52o] & o|F= 39 A
AE st A 5t7] W&o (“strut” behavior), AT-g-2o
AR Asol A& Q1 Pk vA]7] o] Hokar ks
T} 2 Ao A= ol &Rtete] 25|17 2 XXTF ¥
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A5k A5l 7kgiekan Bete. @A Fig 3(b)ol A AEH 5
7F XY R Y ES Fig 11(0)2] B9 Aol
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ol gk ol m|Fel 41 (17)9) W3 7120 BAgle] 4%
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0
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Fig. 10. Screening of numerical results considering
possibility of punching shear failure

Ny

|
n Brace
3\ Chord

(b) Possible strut behavior
with large f

(a) Joint behavior assumed for
punching shear design equation

Fig. 11. Force transfer mechanism in CHS XX-joints
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FEA|SFHIL prEN 1993-1-80] AA|H T HA I 42} H]
5T Fig. 125 B 2 58](5)7 571l T2t NN x
9] Zho] FEHAA F7Fshe A &1 4= =, olF
= A5H| 5710l et 545 v Ha s FEH A=
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Table 2. FE analysis results
Geomeiric Numerical joint strength Multi-to-uniplangr joint
N strength ratio
Model parameters (kN) NN«
B 2y SM355 SM460 HSA650 SM355 SM460 HSA650

XXGl 10 - - - - - -
XXG2 20 4,849 6,561 9,315 2.57 2.26 2.28
XXG3 0.62 30 2,645 3,677 5,068 2.99 2.73 2.71
XXG4 40 1,655 2,299 3,168 3.26 3.00 3.02
XXGS5 50 1,144 1,568 2,210 3.48 3.21 3.35
XXG6 10 - - - - - -
XXG7 20 2,115 3,139 4,469 1.53 1.48 1.50
XXG8 0.4 30 917 1,414 1,997 1.40 1.43 1.47
XXG9 40 514 787 1,095 1.35 1.40 1.45
XXG10 50 328 495 678 1.33 1.39 1.45
XXG11 10 - - - - - -
XXG12 20 1,0443 1,601 2,309 1.10 1.12 1.15
XXG13 0.2 30 458 713 1,014 1.08 1.12 1.17
XXG14 40 261 397 552 1.10 1.14 1.21
XXG15 50 170 253 344 1.13 1.17 1.22

*N,: ultimate strength of CHS XX-joints (XXG models in Table 1)

Ny.x: ultimate strength of CHS X-joints with the same geometric parameters as the XX-joints (XG models in Table 1)

iScreened out due to possibility of punching shear failure (see Section 5.2)
¥Load at 3 % deformation limit (peak did not exist)

= AZ-AANI7E Skl mtekGietEol Mg ot
2h) Ni/N, x9] 3fo] 7152 31 4= Qltt. ot A 2 T2
FFE s gHao] & 92 vRA Utk

prEN 1993-1-80]| A|A|H th5BHAIS ui= Fig. 1201 &
< A2 E BAIFO| QT (Table 1). 7|&] AAE o5
BHAG= 715t @A BARlel SR U= 1.0Y 1

u=1352 A3 ZrS 7+, o] = 2 2| 2H|E zh= A

F(p = 0.62)°] tisiA HestA HaeA D 5 Qlow, vt
2 242 A 2ulE ZHe WR(p - 0] oAl sk
o7k 4 ol T Aegre] g A A4 o)
LAYz Al e v1skek Aol ket 2 Hjol2
Holx Aw ol sel thagrans Yets] st
700l B8 847} 9lek o] o] Al 5.4 A 3,30
AAA erebEL (2] (12)0] 714518 50 921991 XX
3 AGLBRGRY oIS AL A A G

=

OI

& SM35S S P 4
3 X SM460 KT - I T
Ll O Hsaeso| B oo

pof CIDECT Design Guide
(1=135)

Chord diameter to thickness ratio (2y)
Fig. 12. Influence of geometric parameters
on multiplanar effect
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