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EXPERIMENTAL STUDY ON ECCENTRICALLY LOADED STIFFENED BOX COLUMNS
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By Tsutomu USAMI, Yuhshi FUKUMOTO, Tetsuhiko AOKI and Akio MATSUKAWA

An experimental study is presented on the local and overall interaction strength of

welded box columns stiffened by longitudinal ribs and diaphragms, The column cross-

sections are composed of plates with relatively large width-thickness ratios so that local

plate buckling is supposed to occur before the attainment of the overall column buckling,

The test program consists of (1) six eccentrically loaded column tests, (2) four centrally

loaded stub-column tests, and (3) two residual stress measurement tests, Based on the

test results, an empirical design formula is proposed to predict the interaction strength,
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Fig.1 Test Specimen,
Table1 Test Program.
Specimen| L/r netong d/b b/(nft) Rf Lo/b} e/r| Remarks
1 55 3 2 0.667 22 0.6 |1.50( 0.1| Eccentrically
2 45 13 |2 |o0.667] 30 |0.8]1.50|0.2| Loaded Column
Tests
3 55 3 2 0.667 22 0.6 11.50| 0.3
4 45 3 2 0.667 30 0.8 11.50] 0.5
5 55 3 2 0.667 22 0.6 | 1.50] 0.6
6 45 3 2 0.667 30 0.8 |1.50} 0.7
7 10 3 2 0.667 22 0.6 {1.50 0 Stub~Column
8 10 3 2 0.667 30 0.8 [1.50 0 Tests
9 7.4 |4 4 1.0 22 0.6 [1.50 0
10 7.4 |4 4 1.0 30 0.8 [1.50 0
13 - 3 2 0.667 22 0.6 - - Residual, Stress
14 - 3 2 0.667 30 0.8 - - Measurements
Notes: 1. See Fig. 1 for symbols b, d, t, L, and Lg.
2. r = radius of gyration about theweak axis, ne = no. of
subpanels in flange, n, = no. of subpanels in web, e = ec-
centricity of load, and Re = Eq. 2 with k = 4nt, o, = 540

f

N/mm® and E = 206000 N/mm’.
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Table 2 Dimensions of Test Specimens,
i 5 L X b R R
Speci B D‘ £ boe| b, ts | 9 %y oy A W L r /r 2 _ ‘
men f with with
mm | mm mm mm mm mm | N/mm?| N/mm?{ N/mm? mm3 mm? mm mm k=4n; k:keq
1 316 (196 | 4.44139.11 34.3 | 4.51|479 {479 |479 5560 | 57300 | 4800f 82.9|57.9} 0.870[22.5| 0.559 | 0.542
2 436|281 | 4.48(42.6( 37.6 4.511527 527 527 7530 | 73900 | 5200{119.0(43.7| 0.699]31.2 0.829 | 0.814
3 317|196 | 4.46139.7| 34.8 | 4.48(479 [479 (479 5600 | 37500 | 4800} 82.9|57.8| 0.870]22.5] 0.558 ] 0.541
4 4361266 | 4.49[42.5! 37.5 | 4.52]527 527 |527 7410 | 69400 | 52001113.0}46.0| 0.735}31.2| 0.826{ 0.798
5 317|196 | 4.42|39.3: 34.7 | 4.41|527 527 527 5530 | 37100 | 4800} 82.9/57.8| 0.929[22.7] 0.610| 0.584
6 43712811 4.57|42.60} 37.9 | 4.561527 |527 |527 7690 | 75500 | 52004119.0]43.7 | 0.699}30.7 0.814} 0.799
7 3171196 | 4.43139.6] 34.2 | 4.33[552 [552 |[552 5530 [ 37200 | 900{ 83.0(10.8| 0.090| 22.6| 0.A17 | 0.598
8 4221267 | 4.57]42.2| 37.3 | 4.49[552 552 |552 7390 | 69000 | 1200}114.0{10.5| 0.087i 29.6 | C.807 | 0.789
9 4171397 | 4.58145.5] 45.5 | 6.02|552 |525 |544 10700 (124000 | 1200{153.0| 7.8 | 0.064|21.9] 0.592 | 0.592
i0 557|537 ] 4.55|49.4] 49.4 | 5.96|552 1525 |546 !13500 218000 | 1620,210.0, 7.7 ] 0.063{29.7 | 0.805 0.505
13 316 [196 | 4.50]39.0] 34.0 | 4.50]{527 |527 {527 1 - - 1000 - - | - |22.0{0.582}0.566
14 421{266 | 4.50(42.0% 37.0 | 4.50{552 |552 |552 } - - 1000; - - | - ]30.0]{0.818]0.800
Note: L. See Fig. 1 for symbols B, D, t, b ., b_, t and L.
sf sw s _
2. 0 = yield stress of plate; Uyg = yield stress of stiffeners; Uy = weighted average of yield stresses;
A = cross-sectional area; W = c¢lastic scction modulus about the weak axis; X = Eq. l; R = Eq. 23
keq = equivalent buckling ceoefficient (Eq. A.1l)
Table 3 Stiffener Properties.
Specimen Flange Stiffener Web Stiffener
Area ASf Moment of éf \ Yf,req Ye Area Ay Moment of éw ! Y, yw‘req B Yy,
Inertia ISf Yf,req Tnertia ISw Yw,req
mm mm mm mm
1 176 89900 0.132}37.41 34.2 1.09 155 60700 0.174(37.9; 36.2 1.05
2 192 116000 0.102]33.5] 31.7 1.06 170 79900 0.133(34.0] 32.9 1.03
3 179 93400 0.133,38.21 34.3 1.11 156 62900 0.175138.7] 36.3 1.07
4 192 116000 0.102{33.3] 31.7 1.05 170 79500 0.140)35.5] 33.4 1.06
5 173 89200 0.130{37.5{ 34.0 1.10 153 61400 0,173(38.8| 36.1 1.07
6 194 118000 0.101]32.11 31.7 1.01 173 82700 0.132133.1] 32.8 1.01
7 171 89600 0.128{37.4{ 33.8 1.11 148 57700 0.167{36.2| 35.6 1.02
8 189 112000 0.102|31.6] 31.7 1.00 167 77700 0.134132.7 33.0 0.99
9 274 189000 0.149|53.8 | 54.8 0.98 274 189000 0.14953.6 | 54.8 0.98
10 294 240000 JO.119 51.414 50.5 1.02 294 240000 0.119}51.4 50.5 1.02
.. - - 3 . - . - . = - .
Notes: ISf tsbsf/B Isw tsbsw/3, éf Ast/bt, 6w = Asw/d[, Yf = EISf/bK, yw = EISW/dK'
K = _y2y. _ 2 _ 241242 R _ 2
Et?/12(1-v7); Yf,req 4(Lo/b) nf(1+nf5f) (1+L5/b%) /nf, Yw,req 4(Lo/d) nw(l+nw6w)

-(14L3/d*) ?/n_.
w
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Table 4 Maximum Plate and Stiffener Initial Deflections.

Specimer] b ‘ Lo Yo vy wp/b WS/LO
mm | mm mn mm
1 300 | 450{-0.65}~0.65|~1/460 | -1/690
2 405 | 600|-0.65|-0.55|~1/620 | ~1/1090
3 300 | 450|~0.75[~0.75|-1/400 | -1/600
4 4051 600}-0.50|-0.50(-1/810 ] -1/1200
5 300 | 4501-0.65{~0.65|-1/460 | -1/690
6 1405 600|-0.95]-0.50{-1/430 | -1/1200
7 (A) (3001} 450'-0.60[~0.60|-1/500 | -1/750
(BY 13001 450:-0.55}-0.55{-1/550 { -1/820
8 (A) §405| 600|-0.60}-0.45|-1/680 | -1/1330
(B) 405, 600|-0.70]-0.70]/-1/580 | -1/860
9 (A) (400 ; 6001+1.20(+1.10{+1/330 | +1/550
(B) 00| 600{-0.55{-0.55|-1/730 | -1/1090
10 (A) [540 | 810|-0.60[-0.55|-1/900 | -1/1470
(B) {540} 810!-0.90(-0.90|-1/600 | -1/900

Notes: 1. Positive deflection is the deflection

toward the inside of specimen.
2. wp = maximum plate deflection;

W= maximum stiffener deflection.
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Fig.3 Maximum Strength of Stub-Columns,

Table5 Comparison of Experimental and Predicted Maximum Loads.

Specimen Experimental Predicted (Pmax/P )ex
Pmax PY (- axy (EEEE (Pmax/Py)EPPr
in in Py exp Py appr
kN kN SSRC 2| JRA |SSRC 2 JRA

1 1620 2650 0.611 0.582 | 0.542} 1.05 1.13
2 2020 3970 0.509 0.531 |0.501] 0.959 {1.02
3 1380 2670 0.517 0.480 |0.454| 1.07 1.13
4 1590 3910 0.407 0.415 |0.395| 0.981 | 1.03
5 1080 2920 0.370 10.368 [0.352] 1.01 1.05
6 1450 4050 0.358 0.373 [0.359] 0.957 | 0.994
7 2660 3050 0.872 0.911 [(0.911| 0.956 | 0.956
8 3550 4080 0.870 0.812 (0.812} 1.07 1.07
9 5550 5850 0.949 0.928 |0.928 1.02 1.02
10 6600 7360 0.896 0.814 |0.814] 1.10 1.10
Note: Pmax = maximum load; Py = squash load.
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