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EXPERIMENTAL STUDY ON SHEAR STRENGTH OF
HORIZONTALLY CURVED PLATE GIRDERS
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By Hiroshi NAKAI, Toshiyuki KITADA, Ryoichi OHMINAMI and Kazuhiro FUKUMOTO

This paper presents the shear strength of the horizontally curved plate girders based

upon the experimental studies on 10 model girders by alternating radii of curvature,

aspect ratio and slenderness ratio of web plates as well as stiffness ratio of transverse

and longitudinal stiffeners, From these tests, the buckling strength of curved girder

subjected to shear is inquired in comparison with ordinary straight girders, The post-

buckling strength of curved girder is, moreover, clarified and the contributions of

transverse and longitudinal stiffeners are made clear, Finally, the substantial factor of
safety against the allowable shear strength provided with Japanese Specification for

Highway Bridges are discussed in details,

1. T aAh&

AN EFU AT L - b - F =571, BRNFEA
WEBLT, WhYa7 7y k- b7 AW #EERIZE
TLI8S, IHItREBREBHREN2ETs 81
BRDBEECTHD. Basletid, 750 Y07 v h—1{E
MeBBR USRS AT AV AE 2, B
WM OEE I #84M L 72, £ 0%, BEHY, Ostapenko -
Chern®, /pMA*, Rockey - Skaloud® iz kT, 75
YIDT A —ERLERL BT T T VISR  Eig
MTOEAMBE N OHESAENBEINTEL. b
DIFNTEDOF Y4 1L, Cooper - Lew - Yen®, FEHF -
7, R EE - BT, B - BT o sk sl
COEBHPIRIC L > THRIA SN TS, Z0ENE
it cid, Marsh™, Horne - Grayson', Cooke - Moss -

YRS AR SERERBES T CRERET A
Mm57HE10 /)
*IERE T KRHIAREEE TESHATEH
(T558 KIRATEZ K4 3-3-138)
ERA L KEAMAEBRE T¥mt AT
BHAEL)
PERE LI IIBE T ES S
(F673 BAFI/IGET 1-1)
e FESA KRHLKY LEHRRHE - Bt
(7558 ABRHiEHXEA 3-3-138)

Walpole - Langdon - Harvey? | L 2 FfF i 5N 5.
—75, MO ¢ AWTER ICBE T a5%E, BES
ORBEPEVELT, FTXREOXREREF— A
CURT (Consortium of University Research Teams)
K& TITb M iz —BOEROPFFRD I 05EF 5 n 5.
Iz, BERIOPIFE S LT, Abdel-Sayed!® %> Mariami «
Moger « Dym - Culver'” & (2 & % #5678 i 0 Witk
BRI H 5. FIC, X 17) T, dhigiTc b o s
EEFRIMOBREERE F OBRERIECET 2 ERN S
ATEARUONTOVBRERIET 2. 204, h
HOHRE, AASHTO QR #EFEREHEs & L
EHHNTNE. LAL, FN5IEH < E oMb gm
MICEDLOT, HBHTIEOKE ¢ AN % Big 158
MiTEDHDTHENIEICHEESTBRENH DS,
brEHOEBRERIEY (LT, JSHB & £4) 125
VT, BB ORFES E RO ATV N DT,
ERFTBICEC TR SN TV E00BRcHS. LI
W T, MO W ANBERE, WA, LU
RIFIRBIC B 2 TE - KEFHRIM OS85 % 34015
~N, BITORFHEOMBESEM LM LTS 2T, Hhig
MOGHNRHEERTT 2 RENH 5 EBbh 5.
APFE, M7V — b - H -5 — Ot ANTRE R
EENDIY, EREEEVIESOLERNL ST A —



282

¥ —, TR lIRER, T ARy M, KERERIMO
B, KF - BEEFHRABORNERE 237 4 -5 —-L 1
THEEL, RoNTROERK T, T3 3HRME
EEMITA D LB L 72 A5 10 (ko dhisfTei 2 5l
FU, CAMHE N EREIT- IR ERTHLOTH 5.
TUT, INHOEMT—4 b S5ERSERT HRER
iR EZEORBDRBICEL ETOXEF), H50IEK
- EEHRIMREOWR A IS RITTHEL & 2FHANE
BEMANKBERETALDTHS. 2517, EBK
XL T, JSHB O#EHEAZER L TR S iRt
AMITHEFER SN ERBEAMNEORE L TEHE N
BERERIIONVTHAN, Sk, ENTOSIEEN 2 35T
BEBET 4O A CHBELEBENAIEMTILDOTH
5.

2. EBM, #EAERBLUCEREED

(1) £ & %

EERNTOTRFETLIE, Sk 21) o#ligh ST =8 %
U, URNIORSTHEHEAZREOS 2R 12,

O EBHOBRE n HES (EEREOR/DIR
P2 R=20m®) O n=1/2~1/3RFIl s Z&%2H
BELe, BAKOMRERE R=10m & L.
F 7z, EHERAT OO BEIR R R TR A EARMT & i
H1:%, R=o0 DEMHKT 2K (No.1, No.3 K1) &BIE
L.

@ TARZ ba=alhe KFHEANTEEICRITTE
BEPLPIZT S8, a=1.0 DK 21k (No.1, No.2
HT) & a=0.5 OHFT 8 f& (No. 3 ~No. 10 §f) #8IEL 72.
U, hy ERE X, o REEMBRIMERTS 5.

® BROEEN h/t,iE, JSHB 28EZ1r L,
KFEHBHED 22 VKT (No.1 ~No. 6 ) T hy/ 1u=178
(t,=4.5mm) & U, KEH#M % E 4 2 (No. 7 ~No,
10KT) T hw/tw=250({1,=3.2mm) & L72, 222

W - b - KR - A

by IAERETCH .

@ HEEAHT No. 3 ~No. 10 OEER/ S 4 U14 Fig. 1 12 4)
REDLEIILTARY b a=0.5D 22D/ 4 N THE
WENDEHITL, ZOFRICEY T 5N 5 TEE
MORIE » % EFRABSROCE SO TELEE, 7
D AMIMME IR T HENFHNS N D LH L.
Tabs, BEAEICE JSHB OAERNRIR 7. & 52
EULT, A/ tw=178 DHTTIX %/ 7%m % 0.5 (No. 4 K7),
1.0 (No.5 #7), 4.4 (No. 3, No. 6 #7), o a k5L
huw/ 20=250 DRI T %/ 7 % 1.0 (No. 7, No.8Hr),
4.9 (No.9, No.10K7) &&fbxd7e.

® KFHRMHRE nicBELTs, EERRE
JSHB OwABER/NAIL 1w #25& L, 9/ 7.=1.0 (No.
7, No.9#7) & %/%.=5.0 (No.8, No.10#) =251t
e A

Table 113, COEIICLTHRD SN 10 EDE
B OTEEILOERBELTRT. £, EBRTOBYEX
D—H% Fig. 1 1SR, FRMME L TE, o000
Iy FORREADEALEL, BRET7I70VED
RS ENZFN T RTCOERITC T2 EIH LI

. L=1480
340 _ra,iz.og_jzw.go_;a@’ﬂ

Notation ot strain gage

- ; Uni-axial gage
L : Cross gage

________________

(=)
g . . Rossete gage
{a) Plan F‘
0
Test panel . Section
S A B
1T e
[ i v
o‘ 1 <
T e “
m‘ L
£ . © s
[ !
L . Y
of ] Al Bi
L340 #7400 3,=400] 340 j

L=1480 Section Section

A-A B-B

(b) Side elevation
(¢) Cross -Section

Fig.1 Detail of Test Girder (Girder No. 6).

Table1 Dimension of Test Girders,
Radius Web Panel { mm } Flange Plate { mm ) Stiffener ( mm )
of Width a Top Bottom Trans. Longi.
Girder Span Curvature Thick- Thi ok~ Thick- Thicko Thick-
No. ( ;‘m , . :\m , ay a, Hﬁight niss wl'tdch n&t}ss wli)dth n:ss :idth :ess w';dth :ess
w W ft ft fb £h st st sh sh
1 1,479.2 i 799.8 798.9 4.42 | 140.5 9.00 | 140.1 | 8.80 —_ — — —_
2 1,480.1 10,420 801.3 798.5 4.43 140.0 9.06 140.8 9.00 —_ —_— —_— -_—
3 1,480.2 _ 398.8 399.9 799,85 4.42 140.3 8.97 139.1 8.97 67.3 9.00 —_— —_—
4 1,479.2 | 10,421 | 393.6 | 393.5 | 801.8 4.51 | 139.7 8.85 | 140.6 | 8.87 42.4 | 456 | — —
5 1,479.4 | 10,431 | 392.6 | 302.8 | @ol.o 4.51 | 140.1 8.81 | 140.3 | 8.83 52.6 | 4.48 | —— —
6 1,479.6 | 10,560 | 398.3 | 399.0 | 798.7 4.41 | 140.0 9.00 | 140.0 | 9.00 67.2 | 9.00 | — —_—
7 1,480.3 | lo,021 | 298.8 | 399.3 | 799.3 3.15 | 139.5 8.89 | 139.6 | 8.73 42.2 | 3.07 | 32.1 | 3.18
8 1,479.4 | 10,230 | 401.0 | 400.8 | 798.3 3.15 | l40.1 8.9l | 139.8 | 8.52 42.2 | 2.87 | 386 | 8.78
9 1,480.5 | 10,282 | 400.2 | 399.4 | 798.9 3.15 | 139.6 8.94 | 139.6 | 8.92 50.2 | 8.50 | 32.3 | 3.00
10 1,480.3 | 10,395 | 401.1 | 4o0.2 | 798.8 3.15 | 139.7 8.51 | 139.9 | 8.47 50.3 | 8.50 | 38.4 | B.60
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Table2 Yield Point of Steel Material,

vield Point ( Mpa )
CLFOET| petail of est Girder |
Flange Web T-Stiff.| L-Stiff.
Tyt Oyw Oyst dysh
1 |'s00(1,0-178-12-0.0-0.0) 353 314 — —
2 | s10(1.0-178-12-0.0-0.0) 353 314 — | —
3 [ 500(0.5-178-12-4,4-0.0) 353 314 353 —
4 | S10(0.5-178-12-0.5-0.0) 346 293 293 —
5 | S10(0.5-178-12-1,0-0.0) 346 293 293 —_
6 |510(0.5-178-12-4.4-0.0) 353 314 353 —
7 | 810(0.5-250-12-1.0-1.0) 353 301 301 301
8 |$10(0.5-250-12-1.0-5.0) 353 301 301 353
9 | 510(0.5-250-12-4,9-1.0) 353 301 353 301
10 | 810(0.5-250-12-4.9-5.0) 353 301 353 353
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Fig,2 Loading and Support Conditions of Test Girder.
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Fig.3 Analytical Model of
Test Girder,

Fig.4 Distributions of
Stress-Resultants
in Test Girder at
P=100kN.
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Table 3 Shear Buckling Forces of Web Panel,
Test Analytical Result @ Ratio (D/C
Girder Result @) 7 v
No. Detail of Test Girder v v 1 st 2) v e 1 cr cr cr
cr cr cr cr Vsl V52 v €
(kN) (kN) (k) (k) cr cr cr 20
1 §00(1.0-178-12-0.0-0.0) 194 188 253 188 1.03 0.77 1.03 = O Box Girder
2 $10(1.0-178-12-0.0-0.0) 210 189 254 258 1.11 0.83 0.82 ~ )
> I-Girder
3 S500(0.5-178-12-4,4-0.0) 502 509 557% 509 0.99 0.90 0.99 210
@
4 §10(0.5-178~12-0.5-0.0) 281 504% 542+ 495% 0.56 0.52 0.57 3
5 §10(0.5-178-12-1.0-0.0) 413 504% 542% 505+ 0.82 0.76 0.82 2,
6 $10(0.5-178-12-4.4-0.0) 504 507 555+ 518+ 0.99 0.91 0.97 6 8 10
7 510(0.5-250-12-1,0-1.0) 184. 201 311 224 0.92 0.56 0.82 )
8 | $10(0.5-250-12-1.0-5.0) 157 200 309 223 0.79 0.51 0.71 Z=a*/ Rtw /1-M2
9 510(0.5-250-12-4.9-1.0) 207 200 310 226 1.04 0.67 0.92 ! N
10 §10(0,5-250-12-4.9-5.0) 222 200 309 225 111 0.72 0.99 Fig.9 Distribution of Curvature

Boundary conditions of web panel are as follows;
1) simply supported along four edges

Parameter 22",

2) Clamped on junction edges of flange or longitudinal stiffener

and simply supported on the other edges

* 1cr>0.81yw for these web panels
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Fig.18 V-gg and V-gyy, Curves for Longitudinal Stiffener.

Table 4 Ultimate Shear Strength of Test Girder.

Experin?n% Analytical Result () Ratio @/@ ) Z
Girder | . tail of Test Girder EELE p ¥ R [ v, v, N
. vy Vo vB vi _a ~u Ju N
(k) (kN) (kN) (kN} Yp B v b

T | So0(1.0-178~12-0.0-0.0) 426 639 | 464 | 420 0.67 | 0.78 | Lol

2 | $10(1.0-178-12-0.0-0.0) 04 641 | 465 | 42 0.63 | 0.87 | 0.96 D 6 )

3| 5w(0-5-178-12-4.4-0.0) 573 610 | 610 | 633 0.90 | 0.94 | 0.91  ([@INol,NoZ (bINo3,Na5 Nob () Noa
4| $10(0.5-178-12-0.5-0.0) 479 612 | 592 | 613 0.78 | 0.81 | 0.78 o @% ST Web Buckiing
5 | 510(0.5-178-12-1.0-0.0) 549 611 | so1 | 613 0.90 | 0.93 | 0.90 &> Out-side
6 | $10(0.5-178-12-4.4-0.0) 524 638 | 608 | 63 0.82 | 0.8 | 0.83 In- side
7| $10(0.5-250-12-1.0-1.0) 345 437 | 37 | 387 0.79 | 0.92 | 0.89 o1 Plastic Hinge
8 $10(0.5-250-12-1.0-5,0) 372 437 37 386 0.85 | 0.99 | 0.9 @ @ O ; Number Shows
9 | $10(0.5-250-12-4.9-1.0) 391 437 | 380 | 388 0.89 | 1.03 | L.01 (d) No7 (e)No.8~No.10 Order of Collapse
10 | 10(0.5-250-12-4.9-5.0) 394 437 | w4 | 384 0.90 | 1.05 | 1.03

)

* Fully Plastic Shear Strength , ** Basler's Model 4

, *** Rocky's Model 5

: Fig.19 Collaps Mode of Test Girder.
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Table5 Safety Factor p of Test Girder.

Test Result

. of Ultimate | Allowable Safety
GireT | petail of Test Girder | Shear Force | Shear Force | Factor

Vo Va et

(kN) (kN) Va

1 §00{1.0-178-12-0.0~0.0) 426 150 2,84

2 510(1.0-178-12-0.0-0.0) 404 151 2.68

3 500(0,5-178-12-4.4-0.0) 573 376 1.52

4 810(0.5~178-12-0.5-0.0) 479 360 1.33

5 510(0.5-178-12-1.0-0.0) 549 359 1.53

6 S10(0.5-178-12-4.4-0.0) 524 375 1.42

7 810(0.5-250-12-1.0-1.0) 345 161 2,14

8 510(0.5-250-12-1.0~5.0) 372 160 2.33

9 510(0.5~250-12-4.9-1.0) 391 16l 2,43

10 §10(0.5~250-12-4,9-5.,0) 394 160 2.46




AR T L — & - F— 5 — Dt AR ICB Y 5 ERIVBITE

30r
@ ; Present Study\( VgVa ]
O Ref. 15) ; @
2 .
o @ \ with L-Stitf
E o
20 ©
o Y=v¥u/Va=17 OO
Z
2 9008@
[ J
1oF—- ; -
& o& ® %;wnh L-Stitf.
%050 g
Q : Present Study | vu/ Vo
O i Ref.15) f
L L ——
0 10 15 20
/Tyw/Ter
Fig. 21 Comparisons of Values V,/V,and V,/V,by

This Paper with Culver’s Study!s).

—H4, Fig. 2114, Culver™ & »5f7 - ir EEER & K
KEAGRD Vu/ Vo, BLU Vu/ Vo HE % BIRTER

NG A= = Srgolter IKREXETTOY FLESHD
THbH. ZOR»S, UTOREA»HE»TH D

O FEBHOERDLE v I, Vwwlter DBEKIZFES
TR&EL LS, T, BROEBHFESEOKIZE,
KEVBRERBESZETEAIE2ERLTLS. L

U, JSHB &, ¢ ABBERICH LT —FEDRER
L2 ZHHLTHY, HEBOICE— KB ERRE %
WL oo ThdEEL LN,

@ JSHB i EEE LTV AKRBRE T 2 %4R
WLTTHEY, Vigwlter <14 BB I, 0%
EEL T/,

® —H, V/V, O, Viwlte BAEL 8513
ENELCIB, LU, FOBLRE Vo/V, E0/Pha L.

@ LDIEo&RY» S, o s ANERICET 54

B ZEEERD D 120101, 2B 2 R ASNE
THb.
6. ¥ & ®

A, BTV — b - CEY 2R A
BEAT, f8R1/2~1/3 DEBRT 10 K5 &4 /35 4 —

—Z B3 TEYEL, MO ¢ AKIHEA HER A
ol RIZODVTHRELZBDTHD. ThHDER
BRIIL A LER 2T BN ERiEHR%
ALY B E, TRLDEBVTH 5.

a) BROEFERE Ok ORI EOEAE I,
BUBMX RSN B0 L WVROFILEBERIZ LS
ETEEE BN L —L, WEOHIE, 0.8 ~1.10
BUZ AL 7. @ACERRMIZE XY shiz 2 >0
WRSANE, BV SE8%2 L CERT 5 L0

289

ymorCMWmmgéégbt%ﬁbtmﬁﬁﬁm
RO VERE O 20 LET 505, EEHEOER
feiig, HHROZE 7 H fé&o&%&®@ﬂtbﬁ@
TAEL oo, dENER LTV AL, @ ETDS
FUQDIER, S, BRITTHE/NT A — 5 — z OEH
M 2<5.3 T, CLAHNBEMEROMEL L Lk
WIROETREREZ RO, BSHEROBREHES
ERN LA ERR2MFHETCE2LDEE 2D,

b) ELBHOKFEERE OHROEEIZLZKEYE
ABTHOER L, S 0AEL< Bt F1, %
1R L 72 Basler £ 7V, % % i Rockey £ 7)1z &
LB AW DGR & FERIE & F B & <L
. QK DOBETS, BEROT AR MrEpMEL
THLLINLY, REBRELE L EDLIENTED,
I, BROEBHEN EASLEL, 77 v VOEH
ENFICH T 2B 56 2 &, F o EHBRIMEE
MM KREL LB EZHIZLD, BROBEEDSIC
W AREOBHASKREL B b0 THSH. QbR
WD ABBIRIZ T 2REHEE ERITICE LT 1.25

LU, FAEAN RS, RGBREOERME - OE
DM 5 FERREAE RN, Vogwlter <1.4 OEEH
T, JSHB iR 9 5% 2F 1.7 2 THAERNSEH
ntz, ULichio T, $AMERICHT 2 K2R 2 %R
BRI SNTEHRS D 0IT1d, 5 Bt as i

H., @LMMEAWD V, ERBEEARND V. EO
o Vu/Vold, Vogwlter WRELLBIZONTETT 5
W, TOEHDER Vy/ Vo 0D ONS T2,

c) EEMRAMOBE OBROBEREE AN LD
KIDEE & OEDOKE VIR T, BEROBR % R
EUTED SN JSHB O ABRIM n, #F 3 5 EER
R & BRECEH2BH@BLLnIEnbro
fo. QHIRMTESR SRR DB RAE U & &, BEiRGE
ERRAME @R e g0, BEEMARM L0
RADDH, HicHRPOHA» AN HEZIBLD
OO TE S L HOHETH20ENH 5. @
NoORREERE & 1T LT, eI EA SR

T 5N LR LR T ANENH 5.

#HOBIAMRAERTAICHLY, BATHER
W OTIZRIRRYE MMAERBER IS LFERHOERAE
LY. £/, AFRICH LXEARFHREE (BM
56 £~ 57 ) O, B & OREEEERAMOZE
sl M A S G NG 155 N TRV N e 518 ey
REDOFLBBO N 2B 2R LET.

& £ X M
1) Basler, K. : Strength of Plate Girder in Shear, Proc. of



290

10)

12)

13)

ASCE, Vol. 87, No. ST 7, pp. 151 ~ 180, Oct. 1961.
Fujii, T. ! Minimum Weight Design of Structures
Based on Buckling Strength and Plastic Collapse, 3 rd
Report, An Improved Theory and Post Buckling Strength
of Plate Girder in Shear, Jour. of The Society of Naval
Architects of Japan, No, 122, pp. 11§ ~ 128, Dec. 1967,
Ostapenko, A, and Chern, C. : Ultimate
Plate Shear, Fritz
Report, No. 328-7, Lehigh Univ., Aug. 1969.

Komatu, S. ! Ultimate Strength of Stiffened Plate
Girders Subjected to Shear, [ABSE Coll. , Design Plate
and Box Girders for Ultimate Strength, London, 1971,
Rockey, K. C. and Skaloud, M, : The Ultimate Load
Behaviour of Plate Girders in Shear, The Structural
Engineer, Vol.50, No. 1, pp. 29 ~ 48, Jan. 1972.

Cooper, P. B., Lew, H. S, and Yen, B, T. : Welded
Constructional Alloy Steel Plate Girders, Proc, of
ASCE, Vol. 90, No. ST 1, pp. 1 ~ 36, Feb. 1964.

Nishino, F., and Okumura, T.
Investigation of Strength of Plate Girders in Shear,
Prel. Publ. 8 th Congress of IABSE, New York, 1968.
ERNIEX - I - BAEE KRRV 2T 5
Tlo=b - A= DH AW, LARESHTES
%, #2354, pp.13 ~ 28,1975 413 A.

ARWR— - BFAZ DAL L b - b
F— 0% AWTREICE T 5 KBRS, LARSEAHIH
B, $2495, pp.41 ~ 54,1976 45 A.

Marsh, C. : Theoretical Model for Collapse of Shear
Webs, Proc. of ASCE, Vol. 108, No. EM 5, pp. 819 ~
832, Oct, 1982.

Horne, M. R. and Grayson, W.R. : The Ultimate Load
Behaviour of Longitudinally Stiffened Web Panels Sub-
ject to Shear Stress, Proc, Instn. of Civil Engineering,
Part 2, Vol. 75, pp. 175 ~ 203, June 1983.

Cooke, N.,Moss, P. J., Walpole, W. R, , Langdon, D.W,
and Harvey, M. H. : Strength and Serviceability of Steel
Girder Webs, Proc.of ASCE, Vol. 109, No. ST &, pp.
785 ~ 807, Mar. 1983.

Mozer, J. and Culver, C. : Stability of Curved Plate Gir-
No. P 1, Carnegie-Mellon
Report, Sept. 1970.

Mozer, J., Ohlsen, R. and

Strength  of

Girders under Eng. Laboratory

Experimental

ders University Research

Culver, C. : Stability  of

15)

17)

20)

21)

22)

23)

24)

25)

27)

WA - JEE - KR - R

Curved Plate Girders No. P 2, Carnegie-Mellon Uni-
versity Research Report, Sept. 1971.

Mozer, J., Cook, J. and Culver, C, : Stability of Curved
Plate Girders No, P 3, Carnegic-Mcllon University Re-
search Report, Jan, 1973.

Abdel-Sayed, G. : Curved Webs under Combined Shear
and Normal Stresses, Proc. of ASCE, Vol. 99, No. ST 3,
pp. 511 ~ 525, Mar, 1973,

Mariani, N., Moger, J.D., Dym, C.L. and Culver,

C.G. [ Transverse Stiffener Requirements for Curved
Webs, Proc, of ASCE, Vol. 99, No. ST 4, pp. 757 ~ 771,
Apr, 1973.
The Task Committee on Curved Girder of The ASCE-
AASHTO Committee on Flexural Members of The
Committee of The Structural Division ; Curved [-Girder
Bridge Design Recomendations, Proc, of ASCE, Vol.
103, No. ST 5, pp. 1137 ~ 1168, May 1977.

AAEKEGS [ EEERAE - RS, A, WBRss 4
2A.

FH O ANBE—RR - )R JEERIT - KR —

D ARRTHSE R D ERTAA, K& HEEE, Vol.15,No.4,
pp. 38 ~ 43,1981 &5 J1.

I 1 - JEEBT - KR SRS REAR o iR
BLIC B S B EERITTTE, LRESHRGERA £, No. 340, pp.
227 ~ 236,1983 & 12 H.
Wansleben, F, : Beitrag zur Berechnung Schiefer drill-
steifer Briicken, Der Stahlbau, Heft 10, s. 224, 1955.
Timoshenko, S. P, and Gere, J. M. : Theory of Elastic
Stabtlity, McGraw-Hill,
Bulson, P.S. : The Stability of Flat Plates, American
Elsevier Publishing, New York, 1970,
Johnston, B, G. : Guide to Stability Design Criteria for
Metal Structures, Third Edition, Structural Stability Re-
search Couucil, John Wiley & Sons, 1976.
Batdorf, S. B., Stein, M, and  Shildcrout, M. : Critical
Shear Stress of Curved Rectangular Panels, N, A, C. A.
Technical Note No. 1348, May 1947,
Rockey, K, C., Valtinant, G, and Tang,K.H, : The De-
sign of Transverse Stiffeners on Webs Loaded in Shear-
Ultimate Load Approach, Proc. Instn, Civ. Engs. , Part
2, pp. 1069 ~ 1099, Dec. 1981.

(1984.2.8 - B1t)




