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Abstract - The equal-width RHS (rectangular hollow section) X-joint, of which the widths of the chord and the brace are identical, is
one of the most frequently used uniplanar tubular joints. However, the compressive strength of this joint has been specified very
conservatively by most representative international design standards. In this study, a more accurate strength formula of equal-width
RHS X-joint is proposed by extending the plate buckling model recently proposed by Becque and Cheng. From the eigenvalue
analysis results of the test-backed numerical joint models, the more appropriate shape function for chord sidewall buckling is first
obtained. The elastic buckling strength and the non-dimensional slenderness of the chord sidewall are then derived based on the
classical energy method. It is finally shown that, when the newly proposed non-dimensional sidewall slenderness is used in
combination with the column curve ‘c’ of EC3, it gives more accurate and consistent prediction on joint strength compared to existing

method.
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Fig. 1. Geometrical configuration and definition of symbols
of RHS X-joints
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Fig. 2. RHS X-joint strength depending upon 8 (EC3)
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Property KBC & AISC CIDECT Eurocode3
: bi/t; < 35, hy/t; < 35 and
B " i/t = 35, m/ty =
race see .1011 <19 E/ bi/t; < 40, h/t; < 40 bi/ty < 35, hi/t; < 35
slenderness ratio, b/t b/t < 1.25 S
and Class 1 or 2 and Class 1 or 2
and m/t ity < 1.25\/E/f,,
g@ Chord and brace
é section aspect ratio, 0.5 < ho/bp < 2.0 and 0.5 < /by < 2.0
E' ho/bo and hl/bl
b .
E slengerflreissf:ttifnb . bo/to < 35 bolty < 40, hy/to < 40 bolto < 35, holto < 35
= > PO and ho/ty < 35 and Class 1 or 2 and Class 1 or 2
g, and A/t
@ | Width ratio, bi/by and 0.25 < bi/by 0.1 + 0.01bo/ty < bi/bg
0.25 < bi/by
/b and 0.25 < /by but 0.25 < bi/by
Acute angle between 30° < 6,
chord and brace, 6,
The strength reduction factor The strength re.d u.ctlon factor
. should be multiplied as the
£ , should be multiplied as .
2 Yield strength of < 360 follows: conditions below:
= | applied material, f, B D 1.0 f:or /< 355 MPa i) 1.0 for f;, < 355 MPa
= i 0'9 for 3’55 < /. < 460 MPa ii) 0.9 for 355 < f, < 460 MPa
= ) -7 iii) 0.8 for 460 < f, < 700 MPa
% < 0-80 i) < 0.91 (f, < 460 MPa)
“ | Yield ratio YR, f/f. < 0.80 (When yield ratio exceeds 0.8, ii) < 0'95 (5160 < /. < 700 MPa)
/, should be taken as 0.8f,) ' -

*Note: Properties of chord member and brace member are represented by subscript 0 and 1, respectively.
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Fig. 3. Sidewall buckling: column buckling approach
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Fig. 8. Load-deflection curves of experimental test and numerical
analysis results

Table 3. Summary of test results of f =1 RHS X-joints

Specimen | Grade of | fim, | Necs, | Nexps | Nexp/Necs,
identification steel MPa | kN KN o,
SM490
X90-32
1 09(;)032657 (current 338 | 1860 | 4553 245
' | SM355)
HSA800
X90-650
1.000-26.7 (current 715 | 1845 | 8895 482
' " | HSA650)

*Note: f, is the measured yield stress of the steel; Ngcs is
the chord sidewall buckling strength of EC3; and
Nexp 1s the experimental strength of the specimen.

Table 3014] LkeRh 24t o], 5 AL A< EC3 itz
7 o] AR 22 SMA90 AT Tl 245%, HSAS00
AR el 48204k, o)1= AITE Bo B1<1s o} 5 st
A BC3 F2 a2 7)Ao f- | BRIl Agd g uas

Table 2. Summary of material and geometric properties of f = 1 test specimens

Nominal Geometric
yield Joint geometry Section geometry
b parameter
stress Expected
Test specimen® Chord . failure
Jyms length O, in | b, | fo, | 1o, | b1, | t, | 11, B 2y mode
MPa ? | degrees | mm | mm | mm | mm | mm | mm | (bi/bo) | (bo/to)
mm
X90-325-1.000-26.7 325 CS.B.S
X90-650—1.000-26.7 650 2500 90 400 | 15 30 | 400 | 15 30 1.000 26.7 CSB-

a. For the identification of specimens, the first character “X” represents RHS X-joint, and is followed by the brace to chord
angle 6, the nominal yield strength of steel f;,, the width ratio between brace and chord S, and the chord width to thickness

ratio 2y.

b. Nominal yield stress f;,, of SM490 and HSA800, currently renamed as SM355 (f,, = 355 MPa) and HSA650 (f,, = 650

MPa), respectively.
c. C.S.B.: chord sidewall buckling
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Table 4. Result comparison between experimental test and
numerical analysis results

Experimental Numerical Peak
Specimen load
identification | 920100 | Npeak, | 9/b0x100, | Npeas | oo
% kN % KN |,
X90-325
00067 | 047 | 4553 | 028 | 4341 | 47
X90-650
1000267 | 047 | 8895 | 045 | 8188 | 80

*Note: Npcak is the maximum load obtained from the P-A curve.
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(c¢) Comparison of curvatures from FEM buckled shape and assumed shapes

(a) Buckled shape
— FEM buckled shape  --- w,, = cos(my/h;) — = [1+cos(2my/hy)]/2
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(b) Comparison of FEM buckled shape and assumed shapes
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Fig. 12. Comparison of buckled shapes along the chord sidewall centerline
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