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Ultimate Flexural Strength of Column Splices with Undermatching Welds
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Abstract

High-strength steels with tensile strengths in the region of 780 N/mm?® have recently been developed. However,
achieving welded joints with strength equivalent to the base material still requires considerable effort and cost.
In contrast, applying undermatching welding to column splices in the field has the potential to significantly
reduce the challenges associated with welding operations. This report presents a formula for estimating the
ultimate flexural strength of column splices using undermatching welds. Finite element analyses and bending
tests have been conducted on box-column members with undermatching-welded splices. Based on the results
of these analyses and tests, the ultimate flexural strength of the column splices has been evaluated, and the
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validity of the proposed formula has been verified.
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(a) Fillet joint with even-matched weld metal

(b) Fillet joint with undermatched weld metal
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Fig.2 Stress distribution in column splices with different fillet weld strengths

(a) Fillet joint with even-matched weld metal

(b) Fillet joint with undermatched weld metal
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(c) C45-H (45° direction,even-matched weld metal)
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Fig.4 Distribution of equivalent plastic strain of a-a’ section
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1 kK
Table 1 Test specimens
Column splice Corner joint
. Axial load ratio | Loading
Specimen n direction Welding consumables | Sofiness ratio | Welding consumables | Sofiness ratio
(JIS Z 3312) Sr (JIS 2 3312) r
CO0-H G78 A2 U C N4MA4T 1.03
C0-M 0° G59J A1UC3MIT 0.84
Co0-L G43 A0Clo6 0.61
I C45-H G78 A2 U CN4M4AT 1.03 G78 A2 U C N4M4T 1.03
) 0
C45-M y .
(C45-M-H) G59J A1UC3MIT 0.84
C45-L G43A0C 16 0.61
- C45-M-M GS59JA1UC3MIT 0.79
C45-M-L 45¢ 0.8 G43A0C 16 0.64
CN-0 0 '
111 G78 A2 U C N4AMA4T 1.03
CN-0.3 0.3 G59JA1UC3MIT
C45-0 0
v C45-0.3 0.3 0.78 G59J A1U C3MIT 0.81
C45-0.6 0.6
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Table 2 Mechanical properties

Component Material %y . T ) YR &
(N/mm® | (N/mm?) (%) (%)
PL-12 719 876 82 22
Base metal
PL-24 664 861 77 15
G78A 720 906 79 20
11 ~
G39JA 590 734 80 28
Column G43A 360 529 68 33
splice

[IIIII] G359JA 554 699 79 32

Weld [
metal [vl| Gs91A 562 686 82 31
m G78A 720 906 79 20

(1]
Corner G59IA 567 689 82 33

Jjoint [11]
G43A 399 563 71 28
[v] G59JA 590 707 83 31

YR=c,/c,
El : Elongation

The weld metal material is indicated by the abbreviations of welding consumables shown in Table 1.

PL-12: 00— 150x150x12
PL-24: O - 150x150x24
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Table 3 Experimental results

swwle || e | M | e
CO-H 332 131 50,(+1)
CO-M 254 312 123 30,(-2)
Co-L 250 0.99 20,(+1)
C45-H 307 128 40,(-2)
} C(i‘s‘i'/[“f‘m 239 201 122 36,(-1)
C45-L 224 0.94 20, (+1)
C45-M-M 230 268 1.12 30,(+1)
C45-M-L 250 1.04 20,(-2)
CN-0 239 281 118 36,(+2)
CN-0.3 218 266 1.22 30,(-2)
C45-0 239 277 1.16 36,(-1)
C45-0.3 218 254 1.17 36, (+1)
C45-0.6 153 193 126 30, (+1)
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Fig.16 Comparison of experimental results and evaluation formula
(test series IV)
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