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A Study on Ultimate Strength and its Calculation Methods
of Thin-Walled Box Stub-Columns Subjected to Compression

dt W ALEET . e
Hiroshi NAKAI, Toshiyuki KITADA and Toshihiro MIKI

This paper deals with the uitimate strength of the thin-walled box
stub-columns subjected to compression by aliering the plate slender-
nesses of flange and web plates. Firstly, the experimental studies on
nine short box cofumn specimens with various plate slendernesses are
carried out. Secondly, the box stub-cofumns with initial imperfections
are analyzed on the basis of the finite displacements and elasto-
plastic theories. From these resulis, coupled behaviors between flange
and web plates, which constitute the stub column and corresponding
properties of the ultimate strength of the stub-columns, are clarified
in details. Finally. two simplified design methods for determining the
uftimate strength of the stub columns are proposed, which lead to the
exact estimations of the ultimate sirength under considerations of the
interactions between flange and web plates.
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Fig. 2 Analytical model for stub-column
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Table 1 Dimensions, cross-sectional properties and plate slenderness of test columns

Ltems Dimensions and cross-sectional properties Plate slenderness
T v

cotum (| om | o | oy | o) | om) | o EY Re | R | Rew
S1 145(160){111(205) | 5.85 | 5.85 ] 3,092 500 47.1110.6 | 0.549 | 0.360 | 0.446
s2 154(170) | 95( 89) | 5.85| 4.49 | 2,382 420 42.4 9.9 1 0.5830.391] 0.490
S3 185(199)|141(135) | 5.85| 5.85 | 3,917 500 59.7 8.410.686 | 0.466; 0.569
S4 162(178) 1 99( 94) | 4.49 | 4.49 | 2,442 420 42.9 9.8 0.783 ] 0.416 | 0.593
S5 245(260)|185(179) | 5.85 | 5.85 | 5,135 580 78.4 7.410.893|0.617 [ 0.751
S6 244(260)|185(179) | 5.85 | 4.49 | 6,649 580 | 80.7 7.2 0.894 | 0,790 | 0.819
57 447(476)|447(438) | 9.06 | 9.06 |16,551 | 1,4401183.5] 7.8 1.007 {0.991 | 1.007
RS1 154(170)| 94( 89) | 5.85 | 4.49 | 2,382 500 42.4 — 1 0.583|0.391|0.490
RS2 162(178)§ 99( 94) | 4.49 | 4.49 | 2,442 500 42.4 — 10.783 10.416 } 0.593

Notes: 2-A:Cross-sectional area, ry:Radius of gyration, Rf and R,:Egs.(1l) and (2)
Ry :Eq. (3)
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Table 3 Absolute maximum ini- 1.2 Elastic s S1

tial deflections in | curve 7 S5 5}2 _ L 513
test columns g - e L —— .
s, 1.0F T
Items | Flange Wep e S4
late plate 0.8k
Speci- Vom Wom

mens (B/150) | (D/150)
s1 0.388 0.236
S2 0.341 0.189

E :Young’s modulus
Of:Reduced yield point
(Eq. (4))

Compression load

S3 0.324 0.186 0.4 <Sp L :-(é:get ti;i: of
S4 0.556 0.379 0.2 Al:Shortening between
85 0.276 0.243 Yiel'ﬁ strain points 1 and 2
s6 0.246 0.284 % T T R Y-S Y M S b M v S R
S7 0.226 0.166 N

Average 0.289 Shortening of test columns  (AL/1)/(Oy/E)

Fig. 7 Load - shortening curve for test columns

WEUTOVAZEDBhMPS. B, P/Py B 0.55 ~ 0.65 T, P—A7 BRI EIERY o #th
BHZZEnmbrb, Chit. TEHRBRCEIhARALTCERL TV 5bDEERA NS,
Tl WBRHNT A~ 5 — Re pSHBEPNE OHEIESI~SITI. P/Py $51.0 RBX CH#IERET S
By Red 0.7 LB S5 BLU S6 Tl MEHSSEMIET 3 £ TWHEL T3 EBhh S,
o) KIimE
RRCHONLRGHE Pu OfER. P, BLU Pu/
Py OfEE & icTable § IR, Tk, WEELNS A

Table 4 Test results of ultimate streéngth
Py and Py/Py

Items | Place Squash Test results
si:zder- Pii;i,a; > > —7— watPU/PY to)m{&& Fig.SCZfﬁﬂ'o f&:b\ J/;{
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Table 5 Analytical results of —%i—
af
P~ 0.5 0.6 0.8 1.0
0.6167 [ 0.868 | 0.867 | 0.877 | 0.917
1.0 210677 | 0.676 | 0.689 | 0.724

Notes: B=480mm,D=360mm, Oy=314MPa
Dtf=12.1mm, ty,=15.8mn, 2)tf=7.5mm,
tw=9.7mm
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Table 6 Ultimate strength of stub-columns
items F.E.M, Ref. 5) Results by Eq.(10) Ratios
Flange | Web Stub- |Flange | Web Flange| Web Stub- [Flange Web Stub-
plate plate [column|plate plate {plate | plate|column|plate plate |column
u u
R D2Eu | B |y Pu | PRy fogyPRu | Bey | Puy | Pu | (D=(0) | (D=(5)](3)~(6)
fw ( )pr ( )PwY (B)PY ( )PEY ( )PWY Py Py ( )PY 5% @D &)
0.3 0.671} 0.989| 0.896} 0.580| 0.994 | 0,291} 0.709| 0.874] 0.136 | -0.005 | 0.025
0.6 0.628 | 0.855[ 0.753| 0.580 [ 0.883 [ 0.451 | 0.549} 0.746§ 0.076 | -0.033 | 0.009

Notes: ty=24.63 mm, Rf,=0.388
D=360 wm, t§=7.58 mm, Re=1.3, oy=314

for Rw=0.3, ty=12.32 mm, R¢,=0.820 for Rf,=0.6, B=480 mm,

MPa,
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~F WELNT X =5 —R QIR LT « TL— } ORBEE Pw/Puyld. B—EfRE U TORE
BEE P /Py k 0¥ 1 ~3 BIES RS THBY. R OKERTISFI UV TL— b BILT « TL — b OBEHiA
ERHETFIETY TV EBhh D,

TTC. P BAU POERDSHOHRE S, BITHOREBRER.

Pu/Py = (Pey/Py Do (Pry/Pey) + (Pyy/Py ) (Pwu/Pyy) s v+ (9)

Wko>THEAB NS, UDLULRES, BENS X -5 —R OXERREROKRFEEUSIZ S oh. R
ONEVHEROKRFBEISIE T oh 3L 0D LiIdOBRERRI T3 & B—ERIROKFERERZH
W B ORI & TR
Table 7 Dimensions of analytical models (Unit :mm)
Pu/Py = (Pey/Py )+(PE,/Pry)
+ (Puy/Py D (PRI
<+ o100

{eems] g, =0.411 Rew=0.616 Rew=0.822 Rew= 1.0
RE /Ry te ty te ty te ty te tu
1 18.0%] 18.0%| 12.0*| 12.0%| 9.0*| 9.0*| 9.8 | 7.3
Y2 | 20.7 | 22.0 | 13.8 | 14.7 [ 10.4 | 11.0 | 8.5} 9.1
7
0

/3 | 18.2 | 23.6 | 12.1 | 15.8 9.1 | 11.8 7.5 1 9.

RABEORMAC K > THET %

2 ] 16.3 | 26.6 | 109 | 16.3 | 8.1 ] 12.2 | 6.7 |10. HEREZ 50 Do
Notes: g:zﬁg:m,D=360mm, B=D=360mm for super script %, Oy= ﬂ:&@k’.&b\ %*ﬁ’%%t.}:ﬂm
&3 Pu /Py {BD Table IR
Table 8 :rtl::r};;t;a;u;;iulcs of ultimate T3 3. _t:—&ll* 5PU/PY 1ﬁtﬁﬁigtw%§ﬁli 3
~iedoam | 0.6016 | 0,022 | 1.0 WEETHY . BELLL—HUTVEIEBDH S,
R LDl N RN R T ZOZEW. EELRTIVYBLUILT Tl
(09600 1(0.810) [(0.760) [(0.669)] | Dy DB E5UR L AL S & < TS

/7 0.977 | 0.876 | 0.752 | 0.675
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