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Abstract - Most of current representative design standards worldwide forbid or impose restrictions on the use of high-strength
steels for hollow tubular structures. The mechanical background of these limitations appears unclear and unduly conservative,
and their validity needs to be re-evaluated. In this study, a total of 9 CHS(Circular Hollow Section) X-joints were tested under
axial compression and analyzed to examine if the high-strength steel restrictions specified by current design standards could be
relaxed. All the high-strength steel CHS X-joints tested showed satisfactory performance compared to ordinary steel joints in
terms of serviceability, ultimate strength, and ductility, although the yield strength of steel was even as high as 800MPa.
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Fig. 1. Distribution of yield stresses in experimental test database
of CHS X-joints
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Table 1. Joint strength equation for CHS X-joints: chord plastification limit state
AISC-LRFD CIDECT design guide Eurocode 3
Strength formula
5.7 148 ) ors 5.2
[ — 2.6 —_
o 1-0818 (1_0‘7/;]7 1-0817
Chord in tension: 1.0 Chord in tension: (l —|n|)0'20 Chord in tension: 1.0
Chord in compression: Chord in compression: Chord in compression:
1.0-03U(1+U) (1[n])" 1-0.3n, (1+n,)<1.0
‘ n AL |
V F, M 0, E
oy = e =—2+—% (In connecting face) n, =25
FL-Ag FCS Fp/,o M,;/.o fyo
P,, M,: Determined on the side of the|N,, M,: Axial force and bending moment.| g,, E;; Maximum compressive stress in
joint that has the lower compre-|N,;9, M,o: Axial capacity and plastic mo- the chord at a joint.
ssion stress. ment capacity. fvo: Yield strength of a chord member.
F.: Available stress of the chord.
Range of applicability: material
360MPa 355MPa 355MPa
F 355MPa-460MPa: Strength reduced by 0.9|355MPa-460MPa: Strength reduced by 0.9
g S460-S700 (460MPa-700MPa):
Strength reduced by 0.8
Yield 0.80 0.80 091
ratio When yield ratio exceeds 0.80,
F,JF, F, should be taken as 0S0F, S460-S700 (460MPa-700MPa): 0.95
Range of applicability: geometry
B 02 ~ 1.0
) <50 (for 9 <90°)
7 <40 (for 0 =90°)
0 30° ~ 90°
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Fig. 2. Geometrical configuration and definition of symbols of
CHS X-joints
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(F,=420MPa, F,=570MPa) Y HSA800(#,=650MPa, F,= L7k 7ol oiat Wi 1A 7} AR E Qe Agzel Al
800MPa)o] AREE|IE}. o] & HSA800 & =il 7l &) =iy} &7 NRARFS Fig. 39 Uelt Qlot,
e AR 17757} 0 244 TMCP(Thermo—Mechanical ZF 74Ao]| et FTEHAE A o SE-_HFPE I
Control Process)E £3}0] A2t HSA8002 a7t = L Fig, 49} ) AR QuHbkol SM490-L- 7=
gk opuj el gHEH] 9] AFgH0,85)0] HAIElo] Qlom, YRl oajsl EAES /HALE & SM4909] S -HEE A
9] QT(Quenching/Tempering) 17+ =741} v a6} M Bs) g A 1) gRE A o] ?ﬁxHo APE} 2222 0] 1
u) ehagiepo] Wol $79400] S4aith HSAS002] BAol  wAslh M), ahiule] gro] Atk Wi T7bwlel
o3t A E A0 AHL Lee ef al.*' 7} Kim et a7 *¥9] =1
Table 2. Summary of material and geometric properties of test specimens
Chord Brace N;)/Iizigal Ii:rrlzlirll: l Geometric parameters
Test specimen® length angle strength | strength
b |0 F, F, dy o d, t 5 2
(mm) |(in degrees)| (MPa) (MPa) (mm) (mm) (mm) (mm)
X90-325-0.75-16 3000 105 490 400 25 300 15 0.75 16
X90-325-0.62-26 2500 650 25 400 25 0.62 26
X90-420-0.62-26 2500 90 420 570 650 25 400 25 0.62 26
X90-650-0.75-16 3000 400 25 300 15 0.75 16
X90-650-0.62-26 2500 650 800 650 25 400 25 0.62 26
X60-325-0.62-26 3000 325 490 650 25 400 25 0.62 26
X60-420-0.62-26 3000 60 420 570 650 25 400 25 0.62 26
X60-650-0.62-26 3000 650 800 650 25 400 25 0.62 26
X45-650-0.62-26 3000 45 650 800 650 25 400 25 0.62 26

“ In the specimen identification, the first character X represents CHS X-joint, and is followed by the brace to chord angle
6, the nominal yield strength of steel F,, the brace to chord diameter ratio 3, and the chord diameter to thickness ratio 2+.
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Stress (MPa)

Chord: D650-25

" Brace: D400-25

|

|

| Single bevel CIP weld

| with reinforcing fillet weld

(a) Specimens with dp=650mm, 6 =90°

(c) Tube production

Brace: D400-25

Single bevel CJP weld
with reinforcing fillet weld

(b) Specimens with dy=650mm, 6 =60°

(d) Connection welding

Fig. 3. Specimen drawings and welding details
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Fig. 4. Typical measured stress-strain diagrams

(a) X90-650-0.75-16

(b) X90-650-0.62-26
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Fig. 6. Definition of connection ductility (1) proposed based on
equal energy criteria
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Table 3. Comparison of experimental and nominal joint strength (V,) in standards
Tensile mechanical properties ) o )
after press bending Experimental joint standard-nominal Jo1.nt strength J01.n.t
rength (kN) based on measured yield strength | ductility
Test specimen Mez?sured Meast.lred sireng (kN) (p): see
yield tensile YR Fig 6 for the
strength strength definition
(MPa) (MPa) 3%d, Peak AISC CIDECT EC3
3759
X90-325-0.75-16 324 518 63% 3725 (4.1%9) 2649 2652 2685 3.72
. 0
2660
X90-325-0.62-26 324 518 63% 2640 2089 2216 2117 3.88
(4.0%)
3839 2497
. | = 0,
X90-420-0.62-26 478 586 81% 3759 (4.2%) NA NA (3121% 3.21
7020 5061
X90-650-0.75-16 764 905 869 6965 NA NA 2.77
o (3.5%) (6326)
5900 4166
X90-650-0.62-26 798 914 829 5612 NA NA 2.70
o (4.9%) (5208)
3508
X60-325-0.62-26 324 518 63% 3492 (3.6%) 2412 2559 2445 3.90
. 0
4823 2883
X60-420-0.62-2 4 19 4 A NA .
60-420-0.62-26 78 586 81% 775 (2.4%) N (3604) 3.03
7214 4811
X60-650-0.62-2 14 29 1 A NA 2.54
60-650-0.62-26 798 9 82% 7155 (3.7%) N (6014) 5
9072 5892
X45-650-0.62-2 14 29 4 NA NA 24
5-650-0.62-26 798 9 82% 903 (2.8%) (7365) 8
“ The out-of-plane deformation of the crown point in terms of %d, at peak load.
b Joint strength without applying the reduction factor 0.8.
10000 — : 10000 — : T
Wbt vt eor0s Ty T mrananm
8000 | i = s000 | ! L —e— X90-325-0.62-26 (E)
/ | __HSAS800 EC3 numim‘;l strength
A - without rediction factor 0.8
é\ 6000 é 6000 __.A:/___ __; __________ HSAS00
2. 4000 e m——— SM490 % 4000 | e —— SM570
4 , - Y i .. _SM49%
2000 1 f° | X90-650-0.75-16 (E) 2000 1 p: ;
. ; ———- X90-325-0.75-16 (E) . 2 =26, £=10
01 2 3 45 6 7 8 9 1011 01 2 3 4 5 6 7 8 9 1011
5/dy x100 (%) 5/dy x100 (%)
(a) X90-325/650-0.75-16 (b) X90-325/420/650-0.62-26
10000 — . 10000 — ;
EC3 nominal strength 2y =26 i : 2y =26
5000 | wig:hout red:uction factor 0.8 =10 w00 || ‘ HSAS00 r=1.0
= _/ oD HSA800 = \
Z 6000 - : Z 60004 [ ! EC3 nominal strength
= —— = ! without reduction factor 0.8
= a0 | P~ SMsT0 = 4000 | ‘
e —— SM490
2000 | g L X60-650-0.62-26 (E) 2000 |
———~ X60-420-0.62-26 (E) : :
o L | o X60-325-0.62-26 (E) , : | X45-650-0.62-26 (E)
01 2 3 4 5 6 7 8 9 1011 01 2 3 4 5 6 7 8 9 101
5/d, x100 (%) 5/d, %100 (%)
(c) X60-325/420/650-0.62-26 (d) X45-650-0.62-26

Fig. 7. Effect of steel grades
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Fig. 8. Effect of brace angle
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Fig. 9. Comparison of strength of the 90° and 60° joints

Table 4. Out-of-plane deformation (%ed)) corresponding to
service load level N, = N,* /1.5 or N,* /1.7

Steel . Yody
Test specimen
grade N, =N, /1.5 N, /1.7
X90-325-0.75-16 0.53% 0.41%
SM490 X90-325-0.62-26 0.53% 0.41%
X60-325-0.62-26 0.48% 0.37%
SM570 X90-420-0.62-26 0.84% 0.67%
X60-420-0.62-26 0.57% 0.48%
X90-650-0.75-16 0.86% 0.70%
HSAS00 X90-650-0.62-26 1.16% 0.98%
X60-650-0.62-26 0.94% 0.79%
X45-650-0.62-26 0.68% 0.58%

“ N, is the experimental joint strength reported in Table 3.
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