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ULTIMATE STRENGTH OF PLATE GIRDERS WITH VARYING DEPTH IN SHEAR
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By Hachirho TAKEDA and Ichizou  MIKAMI

The ultimate shear strength of steel plate girders
whose webs are linearly tapered in depth was investigated
experimentally and theoretically.

Eight models were tested. Each model collapsed with the
development of tension field action and the formation of
plastic hinges in flanges. The test results are described
about the load carrying capacity of tapered girders and the
collapse behaviour of flanges, webs and stiffeners.

A method for theoretically and easily predicting the
ultimate shear strength of plate girders with varying depth
is presented on basis of the experimental results. The predicted
values »f shear strength from the present method are compared
with the test results.

1. F2hs

Tl b= =D AR OWTOMEIL. TR TR, BRI LEBNICLEBTLRTET
WA, BIRESPELTAEME L - -y, LELERZT NS, LirL. 2oL —
A — 5 — W AWBRE B 2RI B, BERIETTE TIL. Falby *" ZSBasler™ W& 2 HT
Mandal 5% °° ZPorter s’ D& 2 HEWIRL T, MMERITIC L > THANMBERS TR REBL WS, £
BMBIZETHL. Mandal 5°° {3, BERE S SERNICERL . 75 PHPhERFBRE,LHKRD . P
SHETHIM 2 572 W IC DWW T CAMRE N 2RO 00T ERBZ TV EREL HBL T,

SOFXTH . T ERESSPEEMCERT L 7L - M- — DB 8tkicoWT, HANEE
KDL 0ITbRCHN B EHIORINS . BRKD 5 b A KIIThRGESERM ZE L TWwa, 77
v ¥tiMandal HOBE L BN | WEMERSIRLZPREAFBEETH L. /. Tk & OBDIHI,
HE 75y UREONS LERKBRI N, BR. 79 VB IUVEMMOMREROBIEFRERES L
VIR RITTHEN . BICEHEfosmt bl LTARONS, ki, HBERICESWT. 1§
Shmw e rEgErh b,

Wk, 2<DOVDWLETFIVEIELCBWT, EEHROBRROEANRERL. BHOYAMEERE L &
OIRNBOBERNC L 2 BROBE L DR THRbLINZLOLFEINTWE, Z2Th, EEBZ D

* I SBETESFEMERPER TATFH (F625 HBHFHE234)
*x T BRAYEIR ITFHEATIFER (F564 KEGLFH3TH3IEH3IGS)

—1156—



RESHVSIRS ., CANEEREI WL, BBER SALVOMS Y 50 0B XU OMBNETH
HY - REEXE. o 2R3 8HXH0nEE . AREREC L 2 BEETEI L > TR, EHEN
ANOBE Y BT 5, SEEHBOSHOREE LT, SR R0oZRICI). Py 97—
P —F—cHWS N AOstapenko T DEFILE . BENSACRATELZLDEEZ . ZoRBIZOVE
WA R EALTSERENBIC L2 AMRBEY 79 o JHhh ko oh s, S5, bRSHEERMEET
BB/EITOWT . S 2/XRMILICHNLIC SRR DB PBREN S LD L L DD AWML D SN

hERDHD.

Bilc. BEEBE XU Mandal 57 2 OEBIC L DG LS AMBEL | MR hEERIC X 5 THE

EOLEETS . BENIX. MRLEHEICL D BRNR
<EM#E7V— b F—F—DEANREEZ THTELC
EHFRING,

2. BB

Foo i ZBOFMIC>WTHIRS ) I 2T
HY . ZTRMEERARNS,

{LLoad(P)

Dy

B2

100100

e - a
oo

o

(a) Series 1
a=650(TS-1- T5-2- 15-3) 586(TS-4)

0, =550(TS-1-75-3) 450(TS5-2) 496(T1S-4)
0, =650(TS-1-T5-2-TS-4) 720(7S-3)

g}Load(P)

&1

- . \ .
2.1 {3k ?
SikEM L — b A~y —ERpFEEmIh, & 8 %;%
D5 % 4 PRI 2 578 o> A i3I a7
REMRHE AL . ThERS )X Tekds, o Lo L w w1
e o a2 o P 1 X 100 100
Wiz, KBTI 79 PR (US—1) BHE (0 *ﬁ;ﬂm,
Shi.
M- 1 THEBSRBI PR AN THS . $iE o
FARNET L RN - L7, Wb RSB L TR & 2
o BooERL . HBN AN OUSELIGTCHEL o nE L §50 {
N A o . 100106 00 10 lod
SENCHmL 2. X 1B IR (¢) Model US-1
RN,
Fig.1 Tapered girders
Table 1 Measured dimensions of girders
Series 1 Series 1T
Model TS -~ 1] IS -2 | TS -3 | TS - 4 | TS-T-1 | TS-T-2 | TS-T-3 | TS-T—4 | US - 1
Web length a (mm) 654 652 640 579 559 560 561 560 647
Min. web depth D, (wm) 549 449 549 491 505 505 503 504 S48
Max. web depth D (mm) 649 646 719 633 700 698 697 699 548
Web thickness t (mw) 1.57 1.59 1.50 1.51 1.62 1.58 1.70 1.69 1.55
Flange width b (mm) 89.1 89.3 90.8 89.4 160 160 162 160 90.7
Flange thickness t, (ma) 11.8 1.9 12.1 12,1 11.5 11.3 1.6 11.6 12.1
Panel Length / D, 1.16 1.42 1.13 1.14 1.09 1.09 1.10 1.09 1.14
D, /'t 350 283 366 325 313 320 297 298 354
% (degree) 8.7 i7.1 14.7 14.7 10.1 10.1 10.1 10.1 )
b () = z = - 32.8 13.5 17.8 21.0 z
t " (mm) - - - - 2.97 3.01 1.65 1.68 -

8 : Inclination angle of flange

bs : Width of intermediate stiffener
ts s Thickness of intermediate stiffener
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able 2 Coupon test results

Series 1 Series 11
Model TS - 1 TS - 2 TS - 3 TS - 4 TS-T-1 TS-T-2 TS-T-3 TS-T-4 us -1
Yield stress Oy Flange 2878 2878 2900 2900 2204 2204 2920 2920 2900
(kg/cmz) Web 2926 3297 2960 2960 2864 2864 2870 2870 2960
Stiffener - - - - 3790 3790 3250 3250 -
Young’s modulus E| Flange - - 2.09 2.09 1.99 1.99 2.17 2.17 2.09
X108 (kg/em®) 7020 - = 2.03 | 2.0 2.6 | 2.16 2.17 |  2.17 2.03
Stiffener - - - ~ 2.14 2,14 2,10 2.10 -
Poisson’s ratio Y| Web - - 0.275 0.275 0.269 0.269 0,326 0.326 0,275
Table 3 Max. initial deflection of testing panel
Series I Series 11
Model TS - 1 TS - 2 TS - 3 T8 - 4 [TS-T-1 TS-T-2 TS-T-3 TS-T-4 Us -1
wo,max (mm) 4 4 6 6 4 5 6 4 6
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Table 4 Collapse loads
[ Series I Sertes 11
Model T8 - 1 TS - 2 TS - 3 TS - &4 TS-T-1 TS-T-2 TS-T-3 TS-T-4 08§ - 1
Poig (tons) 20.55 |22.5 24.8 74,26 23.5 26.15  |24.05 25.95 |19.0
Vuit / Vp,m 0.647 | 0.680 0.763 | 0.836 0.79% | 0.835 | 0.776 0.839 | 0.654
Va1t / Vp,1 5.706 | 0.829 0.882 | 0.957 0.871 | 0.915 | 0.851 0.921 | 0.654
Vuit / Vp,n 0.598 | 0.577 0.673 | 0.743 0.730 | 0.768 | 0.714 0,771 [ 0.654
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IEIRHIB R BITRE A oq DBECERELC. vu—  F ol L L L
N OFBEHAHIA L | RS & DI A, & 6 (degrees)
Lz, R—6ThAH. BIEE—FELLYFSITEE
%L:Z’COVC“_%" w5, ‘hf’?%i)htAS,req SIS Fi1ig.25 Relction between max.
Cooper*®” PEMmiricd U GRLXERWT . BEE stiffener force and F
WAANEFHERS S 2 HTHRIBNNFCRELT
BALAGSECEEFELWY,
Table 5 Comparison of tests with various theories (tons)
Theory 0% | TS-1 | T5-2 |18-3 | T5-4 101" 200 | 604" | 708" %Z:—*Z—n Deviation
Approx.| 20,11} 22.67{ 22.82| 2C.17| 12.77|17.76] 16.81] 25,92  0.98 0.11
present Exact |20,51) 23,18/ 23,17] 20.57| 13,21|18,35| 17.44| 27.22] 1.01 0.12
Davis-Mandal 23,0 {2543 |23.6 [ 21.9 |12.95|15.7 | 17.85] 23.76{ 1.00 0,09
Falby 10,72 9.1 [10.4 [9.59 | 3.78] 3.96] 5.28| 7.30, 0.36 0.09
Experiment 20.55| 22.5 | 24,8 | 24.26)12.75] 14,68} 19,37| 25.70
5.3k Table 6 Area of transverse stiffener
Webiss & S ERINCZAL S 5 2 L — Girder TS-T-1 | TS-T-2 TS-T-3 | TS~T-4
b= — D ABEREIZOWT . $RETRE Aolho,req | 0-79 0.3 .20 0.2k
BRI L P BT H TR B R L r=Si/ogp | se 27 2 I
T S kDS E T AT § =hs/Dut. C.200 0.085 3.058 9.070

Dg={by+Dy)/2 D=Et3/12(1-¥2)

I:moment of inertia of area

FOMAMRIIHRIHHZE L T, K
BROERIZLOELNLBIRRES L U
BEHIEIRDL I TH S

(1) $OSRNBIE. BRI/ XAV LY

for stiffener
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“HBEITHRFETHS.

(2) rhiBEERH % B9 520N 7L — M4 —F—Tl . 727D bAMTENS . DIaHERTH ORI
RRSSHEFTS.

(3) RS OSBERE I OWTIIPSETE Lol »7z, L L o PR OMIBEA L . iraiigi
EHIZHUODPLWE . TLTDRILEBIZ_RKIGHEREIEHE L <L\,

MR NEERE . BB RE L L ISRISE TN 20E L7, B TRl & SREOHBZ T,
AOZHEEHRI L. BRERDI O THS.

(4) BBER AN OEANRREEHEL. 77 POBRAICL > Tr Y ENTD.

(5) FEPREREFAZ AV CHE N EAIEETH ) . CAMREZ HBNR THTE ..

(6) hEERHE DI 2R ERE | 75 VB L RAREH D OBRIC>VTERLL,

HHEE - ARBRELSICHD | FEARE U CRBICHNBOWER UESFEMPEORRA | NIER
KBS - ORI EG - SVORRAKG - A SERERG - R IHE AT - ZEIREG - IaBAAIG - RBS35—
RicE#Hos®2RTS.
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