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EVALUATION OF STRUCTURAL PERFORMANCE OF BUILT-UP -SHAPED BEAM MEMBERS

WITH RESISTANCE DEGRADATION DUE TO LOCAL BUCKLING
AND DUCTILE CRACK PROPAGATION UNDER CYCLIC LOADING

FAE AR, = O R Y & OBRERT, K A AE T
MO R, ZRSE BT, O G T
Kikuo IKARASHI, Kazuya MITSUI Koshiro MORI, Seiya KIMURA,
Mamoru UCHIDA, Masato NIKAIDO and Ryohei KUWADA

This study investigates the influence of member geometry and loading history on the deformation capacity of welded I-shaped steel beam members
under cyclic loading that permits local buckling. Three ultimate limit states are defined, and deformation capacity curves up to each state are
established based on the lower-bound results from constant-amplitude cyclic loading tests. It was confirmed that beam members experiencing large-
amplitude cycles inducing local buckling exhibit improved deformation capacity compared to those with lower local buckling damage. This is

attributed to strength degradation in the beam and the resulting mitigation of plastic strain accumulation at the welded ends.

Keywords: I-shaped beam, Local buckling, Loading protocol, Collapse mode, Plastic deformation capacity, Fatigue characteristic
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Fig. 1 Experimental setup and welded connection details

Backing plate

—308 —

Table 1 Variables, formulae and definitions
E': Modulus of elasticity [GPa] v: Poisson's ratio []
oy: Yield stress [MPa] ou: Tensile strength [MPa]
| Eione : Elongation [%)] YR.: Yield ratio [%]
oy Yield stress of web [MPa] oy Yield stress of flange [MPa]
Aw: Gross area of web [mm’] Ay: Gross area of flange [mm’]
Aw: Web aspect ratio [-] (= L/bw) : Moment gradient ratio [-]
a: Shear-bending stress ratio” [-] ~ Wr: Coupled slenderness factor” []

: Stress-based index for classifying local buckling modes” [-]

£

Wiy Slenderness factor considering local buckling modes” [-]
»: Plastic bending moment [kN-m]

»: Elastic chord rotation angle corresponding to M,

EC S

: Number of cycles until M, 7. : Cumulative plastic chord rotation rate until M,

feu: Absorbed energy until M. Ny: Number of cycles until fracture

1es: Absorbed energy until fracture

S

7r: Cumulative plastic chord rotation rate until fracture

2 2
1 bu/te 25.0 bylty
Wr = $ z < f/%) + (3.43— 17) ( Tf“/&) (2.1)

4.4 a<1/6 LA B
k={518—460 1/6<a<1/2 (2.2) a:<g+A—’>Z (2.3)
2.9 a>1/2 v
W[:p:WF(1+OCp706) (2.4)
0.10(Prp—2.5)> +1/6 (Prp <2.5) 17/t
op = 2.5) Prp = 2.6
r { (Brp>25) ED =T, @O
M/M, Cumulative plastic
rotation [-]

oM /M MM, = 0.9M,,, /M, or 1.0

1= (26, +26,)/6,
= (367 +367)/6,

26i10,, Ny= 8 cycles
6/6), Absorbed energy [-]
Neaw™ New' +Neu”

e
20710y Nea™: 1
of=Nef +Nef
MM, =09M,,.. /M, or -1.0 Hes 1?«/ Nef
\”Q MM, N =T eycle e/ 0+
-Mnax /M, et I+

Table 2 Geometric parameters for experimental testings

No. Size L We |l a | Wi | op-a | M, 0,

H-350%100%6x6 |1750( 0.80 {0.090| 1.04 | 0.031 | 154 10.00855

H-350x100%6x9 |1750( 0.67 |0.118] 0.78 | 0.016 | 182]0.00797

H-350%x90%4.5x12 1750 0.82 [0.169] 0.82 |-0.003 | 196 {0.00823

H-380%125%4.5x911750( 0.96 (0.178] 1.01 | 0.053 |210{0.00689

1
2
3
No. 4| H-400x100x6x16 [1750] 0.66 |0.189 0.64 [-0.022 (313 [0.00697
5
6

H-480x150%6x9 |2000{ 0.91 |0.152] 1.05 | 0.15 |341]0.00618

Table 3 Material properties obtained from coupon tests

(W:WI;II());/IE;rltange) t Grade E oy Ou YR. | Eong
No. I/W,F, No. 2/W | 6.0 |SM490A| 204 | 407 | 519 | 78.4 | 37.0
No. 2/F 9.0 |SM490A| 205 | 372 | 484 | 76.8 | 37.4
No. 3/W 4.5 [SM490A ([ 201 | 429 | 558 | 76.8 | 31.9

No. 3/F 12.0 [ SM490A| 214 | 395 | 499 ([ 79.1 -

No. 4/W 6.0 |SM490A | 212 | 383 | 536 | 71.5| -

No. 4/F 16.0 [ SM490A| 212 | 382 | 532 [ 71.8 | —
No. 5/W 4.5 |SM490A| 218 | 461 | 561 | 82.1 | 29.0
No. 5/F, No. 6/F 9.0 | SN490B | 210 | 339 | 511 | 66.3 | 40.0
No. 6/W 6.0 [SM490A| 211 | 393 | 543 | 72.4 | 33.5
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Table 4 Summary of the test results 15 M/M,)I . . .
Absorbed energy |Cumulative plastic No. 6
Series Name Backing | Loading O0c/Omax | 0.6, | FM. Number of cycles ¥ e deformation » _: N0A5¥A‘\\ No. 4
plates | protocol No | N N [ o | 8 o [ | | s | 0 | 1, .,“..’./t(/No.} N \/\u_
Nin C0.65|Absence| € 0.65 | 144 | FBE | 171 [ 149 | 3 | 120 | 200 | 2.6 | 143 | 239 | 3.4 | 205 | 356
o1 Nin_C0.82 | Absence C 082 [ 182 [FB2| 2 |16 [ 7 | 9 | 8 [156]202] 174|189 |24.6| 272 ' 98% Er;(t)i]
Nin C1.00 | Absence C 1 {222 (FB2| 1 [ 10| 3 | 3 |49 [101]10.1] 145 114|114 231 . 0.0321
Nin_C1.48 | Absence |C (Mono.)| 148 | 3.28 | — 1|9 |1 1| - [48 |51 - |52]55] - No4| 000700 8:83%‘7‘
N2n_C0.50 | Absence| € 0.5 | 201 | FBE | 64 | 86 | 56 | 54 | 112 | 142 | 137 | 283 | 176 | 170 | 372 Egg 8:882‘1’% 8:832
o2 N2n_C0.75 | Absence C 075 | 301 [FB2| 1 |20 | 7 | 6 |37 [426]332] 189 |45835.1|270 00L . AT o
N2n_C1.00 | Absence C 1 {402 |FB2| 1 [ 5 | 3 | 2 |21 [231]179]149|23.6]182] 225 Fig. 2 Monotonic loading v
N2n_C1.97 | Absence [C (Mono.) | 1.97 | 7.93 - 1 2 1 1 - [16.1| 7.3 - [16.7] 6.7 -
N3n_C0.53 | Absence C 053 | 373 |FB-1| 3 |25 |9 | 7 |31 |785[603]234836]630|330 gy,
N3n_C0.74 | Absence C 074 | 523 |FB-1| 1 | 6 | 4 | 3 | 19 |498|41.4| 179 |51.5|42.4 | 298
No. 3 |N3n_C1.00 | Absence C 1 707 | - L[ 2 ]2 |2 |- |290[281] - |289]280] - & Excursion
N3n_Mono.|Absence| Mono. 1.58 [ 11.17 - 1 - 1 1 - 9.6 | 9.6 | — 88 | 8.8 -
N3n S.LA |Absence| S.IA - ~ |FB2[23 |30 |31 |30 | - [630[4908] - |684[s542| -
N4n_C0.33 [Absence| € 033 | 41 | mBE| 8 | 6 |16 | 15| 18 [ 170 | 155 | 182 [ 170 | 154 | 187 (a)S.1.J
Nén_C0.58 | Absence c 058 | 717 [FB-1 | 10 | 3 | 4 | 2 | 12 [903 445|205 855|402 256 03 [rad]
No. 4 N4n_Mono.|Absence [ Mono. 1.97 |24.27 - 1 - 1 1 - 2751211 — [23.0(17.1| - ¢ Excursion
N4n S.D.1 |Absence| S.D.1 - — |FB1| 1 | 2 | 4 | 2 138518332242 [48.7 (294|354
N4n S.D.2 |Absence| S.D.2 - — |FB1| 1 | 2 | 4 | 3 [213|779629]354|72556.1 (573
Né4n_S.LA [Absence| S.IA - — |FB-1| 25 | 28 | 33 | 32 | 33 | 140 | 119 | 142 | 135 | 114 | 138
N5b_C0.50 |Presence|  C 05 | 1.7 | FBE | 40 | 70 | 93 | 102 |282 | 186 | 204 | 560 | 229 | 252 | 739
N5n_C0.50 | Absence C 05 | 1.7 | FBE | 50 | 150 | 60 | 87 | 308 | 119 | 174 | 601 | 147 | 217 | 823
N5b_C1.00 [Presence| € 1 | 34 [FB2| 1 |55 4 | 3 |85 [304]188]476|32.1]19.1] 765
No-3 N5b_C2.70 |Presence[C (Mono.) | 27 | 919 |FB2| 1 | 4 | 1 | 1 | 14 | 26 [23.8[ 205 [24.1[22.4 [ 421 '
N5b_S.D.3 |Presence| S.D.3 - — | FB2| 1 [350| 5 | 2 |404 [265]|15.6]809|27.9]15.4 1208 -10L (c)S.DA1 and S.D.2
N5b_S.IJ |Presence| S.LJ - — |FB2| 3 | 8 | 5 | 3 |14 [392|151142 411153257 L O SDIOTL
N6b_C0.68 |Presence|  C 0.68 | 1.5 | FBE | 50 [ 260 | 87 | 131 407 | 120 | 182 | 574 | 155 | 240 | 809 __SD4:084 S50
Nén_C1.00 | Absence C 1 | 22 [FB2| 2 [ 27| 8 | 6 |118[28.6]195]373|31.8]|21.4] 544 [T
N6b_C1.72 |Presence|  C 172 | 378 |#B2| 1 |27 | 2 | 2 | 38 |17.1 164 ] 235 [179 ] 172|380 *°
No-6 N6b_C3.89 |Presence| C (Mono) | 389 | 855 |FB-2| 1 | 6 | L | 1 |12]73]60[162]70|57|209 4
N6b_S.D.4 |Presence| S.D.4 - — |FB2| 2 |260| 23 | 4 [433 (392119637 [48213.0[900 (d)S.D.3and S.D.4
Né6n S.IJ |Absence| S.LJ - — |FB2| 3 | 8 | 4 | 3 |16|195[92[153[207]098 311 Fig. 3 Loading protocols
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(a) FB-1: Post-buckling failure occurring at the beam-end

Crack initiation Fracture

| | T

T T
Crack initiation ~ Crack propagation Fracture

N5b_C1.00
(b) FB-2: Post-buckling failure occurring at the local buckling region

Nin_C1.00

Fig. 4 Classification of fracture modes (F.M.) of post-buckling
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Fig. 5 Comparison of moment—chord rotation relationships changing according to loading protocol
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Fig. 6 Relationship between amplitude and local buckling deformation
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Fig. 7 Deformation capacity under constant-amplitude cyclic loading until the resistance degrades to the full plastic moment (M,)
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Fig. 8 Deformation capacity under constant-amplitude cyclic loading until the resistance deteriorates to 90% of the maximum resistance
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Fig. 12 Evaluation results of deformation performance under variable
amplitude loading
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