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A Method of Analysis on the Compressive
Strength of Stiffened Plates

By Tadahiko KAWAI and Koichi EGAwA

For the last two years one of the authors has been studying the general
theory on the instability of thin walled members of open cross section and
the theory has been applied to the problems of the ultimate strength of
stiffened plates.

As far as the principle of analysis is concerned, their method is much the
same as that of Prof. J. H. Argyris. However, they tried to simplify the
procedure of calculation for the purpose of practical calculation.

The results of the analysis of the stiffened panel compression tests which
were recently carried out at their laboratory duly justified the usefulness of
their method.
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n 8 I i
E
1) — z
BE - 2482 HE-F1H
#% (ton) FE (o) O b °
i ] 14 ) 25 . 63 78
40f 40r ]
- - :
30 301
20+ 201 b
jor | O
0700 200 300 &0
B 1/100mm
0 ' ' )
B/EEE 458lon ° 5000 CO 5000 5000 ° 5000 #
i 3 ¥ 107 mm, mm
_L 15. s le
11 s 2 1D 13
é’f—f’%ﬁﬁi
H 11X D v+ vy - X
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4. EBRERO#EW

PlLECE SN EBRES L BRETOMEE HERA T 5202 (O RXB L A0 X v
THEY Y — ZDOFHIUZDOWT, TORESHWE Pu 8L SR LDREIRITE Pou ZEHE LT,
REHMOBERL Vbnd e A, B ¥ ) —Xi, WFHEHMTHY, C, D ¥ -2,
JER TR E A T DD BREDHE, MR OBBBERC & » THERORSHENKE S
Nice ZZTAMEDOENE T HLEIANBEZ CZHMOMmFFERYEE (DY) — ZXEB)
FEBCLTC TOBREERTH LT 2,

(i) DY -—-XHBRRRBRREOMNT

9 XOBRHEOHEIZMLEL ZEMOBEOHEBEE, FIRNIT TUITHI L Thd, W
DT BRTY v 7 J Ky, ko ZHEFET HLEXRD B0, WICHBRNICL 51T by mHR
THIEMTEDLD, ke BAHYHENE LT DEEZDND, SIMBRBRDOUMDORAT ) ¥
7N ke OfFRCTH LB TH DA, ROLIUNELZHT ke ZHEL THB I LITT
B0, Flghb, ki ks LU ke B THENPAOE DY OB T 24, #%H (5
HMHEEDOBEEDLER) LTV Ny PORMEETHE, ZTRBDRT ) ¥ 7 I
%t L C 3 (series) DRETE LE2HNBAD, TRLOLEDRIN ke IRATHRDLT
ZENTEDRY,

1 1 1 1
ko Tn B Ko
ZZTCEORT ) v TN by ZEBHCLAKDLRRTCHHS L, DO ODINTHATD
SWEE2LNLNLIRERRT DL
]i_ . k})ks__
T Eptks

Lich, Wi, kp PHEE T A OFHEMBONOEIIIOE, TOEIFIMCEAEORT &
Ky, IHEEEEHORE L L TRk 2 ROXICHET B, Tabb, SMIAE 12D

an

1z

?
Q: o ~ ,
i Flexurai stiftness D—12 T

M,
~Ke per unit tenglh MM _:
[ N " ,
/ il b~ ko=t = ToiT =)
b b {

12X 27 Y ¥ TR kp OITYURK
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TELIERBERLRE THEE, B %¥D Moment-Area Method 2L T

IRVEAY
2 2\'D /)" M

- b 4D

Lichino T, BHEMLD

M, Ef
fuhinil = 13
¢ 36(1—) a3)

¥, RNV VI H by GEEMEELT—ADRLIL, 77 Y FLeUv 7 ORFEHL TR
XNTHBELELT, VNy MR- TE—A Y P EBZ THE L, Tisbb,
Moment-Area Method Z & ¥

kpz

De= 575y

bt

]

dr

[T —

K =M. _ E
___________________ T a0 - T/ ) +3(c/ty))

BIE 27V ITEH ks OEPK

e=¢1+¢:

LT

_ M.
Pr1= D.

11 B R\ Mk
$= 3D [E M’h(s +3 )]— 3D,

T4 Doy Dp i3 Ny MIBEBZ XN TWB 77 v oI BT L7 0OREFZ 2 G E DM
TRIMERT, LT

E
AM: _ 1 - Vz
¢ 4[(h/Pw)+3(c/fa)]

o= 14)

RN YIRS kpy ks DR H 7 o TEREEBEL Tt e B L T 5, EBRZ4
WOBRPEILTVWEDT, TOBRBEEEDLDIZHWENID - ERES LD THA 5, L
HLEAS, BEFEHFER (9 2nE-TUXTHY, T EZRMEL LT oM BRT
NEVWDHVWARETHOH/RL COD & BT, ZhBEHER ke DHERITobisWT
LT %,

EC HUEORREACT ke 2HEL, T XTORE R BEE (9 KMRAL TEHRER
HHFERERDOTHDERD L 54285,
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c o
0.0268—2:— —(0.0544+3.16 E)

=0 15)

o c
--(0.0544-}—-E—) 8.0294—1154.86E

iz, o=P/ABREIEH) Th b, HOME L/r: 2 38.4 THEDOHEBICH 5 /CHBM
Xy FRIIFATE N, £Z TEBRIGH 00 ORVICEBEE e 2T TROTRD L, RD
& 5":73:60

_ Oer

“=E

OMEGERMEE X< —BL TS, BRIGH 00 X7 2V H TR AVDHTWHHET

HE-T, TTEMTOEBREIEST 077 K&, XKiZ Plasticity Correction #4775 T 6o %
BET DY, ZOPE 0P=70.35ksi gD nb, B 14 HEFEALT

=0.0067

80

75S—T extrusion ]

70 4 (Fey=79ksi) |

50

NACA WR L-20, L-32, L-33, L-173,

Plasticity correction for channel and
zee-sections used as columns. (Data from
and 1.-190.)

[ 20 40 60 80 100 120 140
% 14 X
6er=63.5ksi
E18Bo &C, RFANLBEORESMELHET S0, FROXFIRS I OB T 2H
ELER T D, WMOBYPBIZ OV TICAWARHEBAH D0, b7 2 ) ZOMEHT
HBTIELSEHASN TR HHEIRS Z LT b, EIRIVEBROXFLOEIE b.
be=1.92"
Yisd, —H, WEHMOEYE b &

_ 10.5X10° "
br—0.1547y/ 635000 — 1989

LRESIND, LIchis T—REBREBIZ CFZ LA DHHHE, — KoM oOBEAE (&
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% 3 & Effective Widths and Crushing Loads for Sheet
Simply Supported along Both Unloaded Edges

P=1.702VEF o
| $(be) | 0(P.c) 75S-T6
. ' E =10,500ksi
. ) - e
;b,,:qs(be)x«/E/Fcy | Poe=0(Pue) XVE Fey i st
' be Pee
in | in kips in i kips
0.025 0.0425 0.00106 0.53 0.90
0.032 0.0544 i 0.00174 0.68 1.47
0.040 0.0680 ' 0.00072 0.84 2.30
0.051 0.0867 0.00442 1.08 3.74
0.064 0.1988 0.00696 1.35 5.88
0.072 0.1224 0.00880 1.52 7.45
0.081 0.1377 0.01115 1.71 9.42
0.091 0.1547 0.01408 1.92 11.90
0.102 0.1734 0.01769 2.16 14.94
0.125 1 0.0125 0.02625 2.64 22.44

be =minimum width for which the listed value of Pe is applicable.
P..=crushing load for all widths in excess of &..

KFGEE V> TH IV Pmax FRD L 512785,
Prmax=63.5(0.37040.09 X 1.989) =34.86 kips

IHREY XN EEOBRBHRE Pu QRO SICLTHEIND, ORI, #

W A LEXFEHDE OMOEIE 6.=1.92" X Y PENDT, BEFRANEL LT3 LH

265, EBF—F B0 DT, —t Fp=68ksi b - T, FOEOERISHE L,

Py 2318345, $hbb

1.989
2

1.989)

Puu=34.86X2-i—63.5(0.37+0.09>< 5

)+68><0.09(1.417—

=107.02 kips=48.54 tons
DWTICDOBERE P #HEL TAD, HEM ORI T 23R L BHMR & L8,
AR fou=3.61TE(/b)® HEATE S, fou QROBMEBRIENT, K7V Vi v=0.3 &
LTHb, WOMBEAN AR ETHE 00, ERXTHH Pu NEBIRDHLNID L BbNd,
Thbb
Pru=fou(bt+3A,)
BIE 5=4.13", KE t=0.09" THHMD

0.09
4.13

2
fbu=3.617X10.5X106< ) =18.4 ksi
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MR A,=0.3698in? THoH 1D

31.5

Py,= 18.4(0.09)( ?—51+3X0.3698) =41.18 kips=18.69 tons

Lieh,

Bl EDFHEE I THBM OREHE Ponex 2HRET 58, WOAMELZRLTBELL
MR R A L CEERELRODONEHENTH S 5, TbbTOHAROARIELH
BEOEKE Y, Licds- CHERHE trial and error OFET LAKE D U5 EHR
Hcies L, BASBRORPEECHT L 3B -EURY AV 288E, HhEoa
BROISNZ LIl D, EBREEE L ORDAMIBOMS %M OW R Rz T 28 H
FORELMAEELLNDEND, FROLIUFERE 1ebB Thd, 12750, BREHE
DHEDHETIRORIHOHE I CTE B LT RECHTLE LS B0, AR
EE LAl bigw,

KOBNICHRELERELHBRL TA2 L, ERREOMEATHYRAL KL TS
Ehbhd,

(i) C ¥V —-XRXBARBEROMIT

LEMOBEZ OV THEHEHEDOHEL KERNIOT, T ROV F DO EE L ER
RIZOWTDRLERT 22 LT 5, BRIFCLELHHHEREOMIES RS 2HNT
VB, RORTY VIR ke i3

%’zo.?,ssinz
%-=0.0658;in2
_lf"i_ kskp _ in2
B =%, =0-0223in

LETEEIND, ZOUHL0ERCECL TEERETERLRDD L, ROX 51Tik5,

o o
0'02774_E ~<0.00896+0.570-E>

=0 (16)
o o
—(0.00896+0.570~E> 5.674—962.47—E

Oecr

E

=0.00692

Plasticity correction #4778 5 & 0,=65.0ksi £ 722, KIZROBHELHET 2, XHFI
DOENEIIFT OB E & Ak b.=1.92" TH DM, HHHEMOENE b, X
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6
=0. 1547/ 10. 5x10 =1.97"

Lf:?ﬁo(, FH—Z@EE{%@ Pmsx X
Prax=65{0.459+0.09(1.184-1.97)}

=48.26 kips
NEANERDRFBHE Pu EHELTHDE
Puy=48.263+2X65{0.459+0.09(0.59+0.976+1.40)} +68X0.96 X 0.09 X 2
=154.39 kips=70.03 tons
T, MOBRFGE P 2RDBL

fou=3.617X10. 5X10‘5(g gi) =25.63 ksi
LA~ T,
Py,=25. 63(0 ng—§§—~+3><0 459)
2.54
=68.36 kips=31.06 ton
Lish,

(i) B ¥ Y —-XRBARBRERORH

By ) —XHBRR OBA y IR E 22 0 THEM OMTIRVEBRZEZS S, =i
T by O ER., HEPLOETHLYOMIREYVBENEZSZEIBERORTERYTH
B,

FBARNZEZ LN TV 2EBHE AV TEBRIENEROTAHDERD L 52185,

(a) xEhEdHOMETERIES oy
oy _ 4r*ly  39.4784Xx171352.1

‘E~ AL* ~ 349.5X800%
=0.03024
(b)) HIRVWERISH or ZDFEIRDORTY Y IEIS ke i1
ko -
i3 =(0.02206 in
LHEXNDZNS
or _ 1 K 2 s koL? ]
E - (L i—yDA [2(l+v)+ 77 Lot Wom¥n)* L+ 53050
=0.008944

(@), (b) ZHBLTADYL, & FFEVEBREOPEDH 1 EEMIZEYV. ZhZRBRFD
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Lfr: OFEMEA 36.13 LV EROBERIAZLHT, BT/ RTHHLEI, &2
HWEET —F — 2 FAXTARD L, X LB BREHEICE L CBRHEO enax (2 X4 0.007
mm/mm THaHNT, FOWEIZL IV BREFMEIREIRICEE2 5 EHBN OO0 D,
EBRERTRORBR OBIRRESCEBR PRI 2B ENOHE LT, ZOBEORESHE
R 1EMHEBEMOEER 7 7~ ¥ OFEMEE (local crippling) T YREI WA EVW22 L5 T
Hb, Thbdb, HAWMZ 7 ¥ Y OFHILRE 6=20mm, RE t=3mm €HY, D75
Y VIR L ChHAnd ST R~ TEHOROZ L EHTHLEL1H
ENTE D, LT ZOFEADKEOBIEIES fou BRATEZ LR D,

[ a* (ba\t, 1 E#

J ”“‘[ 205 (7) NPTGURY ]”bz‘ an
RO b/a=20/800=0.025 T B hb, (17) ROB—HEBIA Iz K~ CHET S =
EMNTED, Lichi-T, v=0.3 &Thid

fou
E

3

=0.385(20

2
) =0.00866

Y75 o TETEN & DIENTH, 2 T plasticity correction %778 » CTEERISH fou K8
ThbHE
foru=T72.5ksi
LI VERIG ST Foy=68ksi XV bE18d. DI, BEHERI7 7 ¥ P ORIz L - T
ToltbDEEZOND, TOBREDODLIZAFNLVDFERE Pu 2HELTHDEL, RO
& 351278%, MOFDBI T THHEM IZ B TH b,=1.92" 72D, Lihis
T, HEDORAFE Pmax 2
Prax=68{0.541+0.09(1.18+1.92)}
=55.81 kips
SNEINDEERIE Pue X
Py =55.81X3+68X0.81X0.09X2
=177.34 kips=80.44 tons
FMRDBEJETRE Pou (&

Fru=3.617X10.5X 106( g:gi )2=25 ksi
L7chinT,
Py =25(0.09X3.54X4+3X0.5417)
=72.84 kips=33.04 tons
Li8%,
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(iv) A J—-XHBARBRERORIT
AY)—XRBROHES, B Y ) ~ZX0Res L AREGRYBREZ v By, L
MoT, MBMTEBEENMEYVEBRYEI Tk dbd Thoa, RYBRIKRLEH5 L
AN & 72 0 1R D R RIPRC N TE LS KE LB, LchiaT, zilighy D
Mg BREZ T 2L B, Theb b,
ay 4n51y, __39.4784X155958.5

E = AL* 396 X 800
=0.02429

Eled, ZDOFHEEITERME (0.0075~0.0080 mm/mm) #3IAHMZ LB THWBDT, 31
NOBREBWET YR EORTEBECL VREINDIDIT Thd, HiENAEBRLEZ T &
Thid, WErERT5BEORE L TOBREYEL2 22 L0185, &, EEFIORED
BT OXEBISH (crushing stress) 2RO T A5 E, WIFADEHE S BRI A OB
RIGH Feoy=68ksi # LEIZ DT, MEOBRIZL Y A LORBREBEIREINICLEZLD
b, (XELOELSMEN 7075 T-6 Tik 1.927 T Y, WEOREOBIIVWTIADOBEEDL T
NEV DI CNLREBEBREARE VBLVORURTHD,) Lchis T, HOBRATRE Pmax
%

Proax=68{0.61384-0.09x1.92x 2}
=67.93 kips
W2, RFINDEERE Pu 3
Pu1y=67.93X34+68x0.09X0.26 X2
=198.90 kips=90.22 tons
Lieh, $io, WOBBME Pou (&

0.09
2.36

Pyu=56.8(0.09X3.54 X 443X 0.6138)

2
fbu=3.617><10.5><103><( ) =56.80 Ksi

=177.78 kips=80.64 tons
Liek,

UETHBROEBRBER T 2HBMIRITE—ICKR> LT Th o0l Mg h
BOGET, 7 2 ) DBV TELFEHERN TV 28T 5 CH U EBAEE L FR BT
LTARIDT, FORBIZODOWTHBIZRRNTADZ LIZT 5,
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ZORKTHED R FIHAARE S M EIRECEE L H RO Euer BB THRESNB L LT
HAMOBEICHERDDDDT, ¢ HIMEHM O FBHEE (crushing lood) ¥ #HEH 2\
BEBIZL VRS, Tibb, BROCIEEN E—OOFiREEHLE2, BEE7 7 ¥
VEIVT LT OERFELHE T D,

(i) HBR7 7> S OHE

PR IRHER E RO vrEXhdnh, HERHERY

{Pb1‘=0.4 Ets/b

(18)
P.,=F.bt
DWTRIVPIIWEDIEE T 5,

(i) Tx70HE

FiEME XS5 E 2 CEERER
Py,=1.70 2N Ef,.
{ 19
P.,=F. bt

DOWTNIPENFIZE Do TI fr 37 7 v P EDORETIBT HAIEHETRT,

Kz, ZNHOFEFHEBORE RN T Pee & L, EIIES Fe(crushing stress) & HEh5MK
A O AAEMEEETHY, Fo 2RET S, FREEOASF LTI BWTE, HEOM
El Lir: BRROT & { 40K THADOFHIBIZAD DT, &DL 57 Johnson’s Parabolic
Formula & Y #3# OBBJEISH F. 2K %,

Fo=Fo— T L0 (20)
Z i
F. =#aFEEmss
Foo =HOBRIES
L'/p=H 3 b u:i%f

¢ =REOWRIZIT SRR

Z LT Foo (LEW EROBEMOTHIES Fee E*RATEDTHS, Thidbr 5 ERE
DA OEHHEE (cross section test) IZHIEL TV b, FLEHUSH Foo 3EBRIZL - T
RODENETHHEERTDAD VD, WTHIZLTD Fo 2K (20) A &L Y HFEM OB
BREHERDZHDT, TOERIISAL TAZ LERBELERSBEIBRIEO N, KITE
BIEL WAWALFHETROICHERHEO B ERIZTI LEHTEL,
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25

BAR SNALOBHEE Puw KOWTOMBHE L EBRE O HE
BBR YV -x A B C D i %
F B F | 8.45t | 79.34t | 66.62t | 47.00t
&M (I)] 9.22 80.44 70.03 48.54 ARXOF R & 5B
7o (D| 82.00 | 7532 | 65.45 | 45.40 | REEAEE Feo bl
v (| 8845 | 7820 | 70.92 | 4880 | THEEOLREES

BOESER SNREBFEC OV TCOBRRME L ERED LK

HBH vy - X A B C D
B MEYH 75.75 t 34,83t 30.00 ¢ 20.00 t
o ] o 80.64 33.04 31.01 19.37

/6 F EHWEP., CEENS Foo ORREEEBEO LE

E 83 8B Pe B # & 5 Fe

# oW M '
£ B E g O I
kg/mm? kg/mm?

. 15.73 14.15 52.80 47.81

X 18.63 16.87 52.18 49.92

n 22.02 18.80 54,52 47.53

5. #% ]

CZOME TR TICRE L AR ES OREHER A L CERIROBSHEOREY
WOF-7h, Zhiz NASA OFHBHPEERNWMITE L J.H. Argyris HBL0OERL
IHEBLBRBNE L OFME WL, ERMICES L B\ RIS CHE 6 e B s
HIZEBRRE RS —B L, TDLZLT, EESOHENBINEH O iR R
HABROEFHREMECTTICATED Z ENEIEINOLT TH D0, SMIOEREDOL Y
T RIME DM N T AR DOWRFEI LI OWTiE, RIEAHBEES, LhlE
LW I EnDEZDE I TCRNIEFTETHIRE L EPLIEDT, BREISZEELD
KREITIS- TEDHERAMERT L TaLWEEX T3,

ROIZDESL, AHRORITICERLBD - 7o LILBEETE, MhEER, EBREFEOBEIC

BB 2t U & 2 ds o A NE—, MEE—TREE, AXXOERIC DV TROMIBH LT
W WO BRIEEWCEL ALY B L P 5,
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FHEIZIWTE AL EERROERRBRE T T PCRN T <, REBIRERE
KEBO—ok LTI T E X 2t SRWEF A BB BRI AR 50 C, FBERD
THAERERRZHROBHOD LIfT-dbDTHD, BT — 5 —F L PTRFHEEL
EIRBE LT » ok HRER 2 & 3 5 )RS T Eh A 2 OBIRE AL L b
HOBL KT HDRETH D,

X fak

D ERWIRZARS: "MHEREEER. 7o (1960).

2) S.P. Timoshenko: ““Theory of Elastic Stability’” McGraw-Hill Book Co. Inc. (1961). .

3) S.P. Timoshenko: “Collected Papars” McGraw-Hill Book Co. Inc. (1953).

4) A.S. Niles and J.S. Newell: ““Airplane Structures’” Fourth Ed. John Wiley and Sons Inc.
(1954).

5) The Council of the Royal Aeronautical Society: ‘‘Structural Principles and Data” Fourth Ed.
Sir Issac Pitman and Sons Ltd. (1952).

6) Royal Aeronautical Society: ‘‘Data Sheets” vol. I & II (1960).

7) D. Young and R.P. Felgar Jr.: ‘‘Tables of Charactaristic Functions Representing Normal
Modes of Vibration of a Beam’’ The University of Texas Publication No. 4913 (1949).

8) R.E.D. Bishop and D.C. Johnson: ‘Vibration Analysis Tables”” Cambridge University Press
(1956).

9) J.H. Argyris: Flexure-Torsion Failure of Panels, Aircraft Engineering Vol. 36, June (1954).

10) J.H. Argyris: ‘‘Flexure-Torsion Failure of Panels” Aircraft Engineering Vol. 36, July (1954).

11) JIHEE: WREHORE T 20 HIRFENRX (1961)

12) JIFHEE: HRBEHORECET 5 —ER B35 EEAAMEEZKERZHR

13) JNFHEE: BFREAP 2T 5ERENEHOZEC oW, MB35 E£X B ARBFERFREXR
e

14) JIFHEE: WERORLOWREBE— 2 ¥ b 20 5ERBTEMORECOWT, IBM36 4£5KH
AR FE W R ST

15) JIHEE: BERISIUOEREY ST 28RMBNEHORECOWT, B 36 £/ B A
ZHRFERKFERZAIH
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TR-19
TR-20

TR-21

TR-22

TR-23

TR-24

TR-25

TR-26

TR-27

TR-9T

TR-28

TR-29

TR-30

TR-31

EEEE O A REE

Strength of High-Speed Rotor

Blasius 3oy 2 O Myl PR =
B U R D F i s

A Numerical Method for Solving Blasius’
Type Diffrential Equation
HHIZIBT 5 R E O (1)

An Investigation of Two-dimensional
Control Surface at Transonic Speed (1)

ZWrE SR O i  H BEENC OV T

On the Free Lateral Vibration of a Beam
with Variable Cross Section

W O DRIO RIS FRER OB FERIE D
VT ANDECL BFREL T OER

Monte Carlo Solutions of the Boundary
Value Problems for Some Types of
Partial Differential Equations

‘F%ﬁﬁﬁﬁfﬂﬁﬁ@y —RKePzw bty
i

Test Facilites of Turbo-jet Engine
Components at N.A.L.

USRI 2 mX2m BB
BT & S

Design and Construction of the National
Aeronautical Laboratory 2mX2m
Transonic Wind Tunnel

R E R ERD /) XD FHER

Prehmmary Tests of Supersonic Nozzles
for the Supersonic Blowdown Wind .
Tunnel

FEE T B IR D T DU T

An Approximate Analysis for
Unsteady Transonic Flow
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On Fatigue Cracks
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On the Design and Construction of the
1mX1m Supersonic Blow-down Wind
Tunnel
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On the Natural Vibration of Plate-Like
Wings
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On the Instability and Small Natural
Torsional Vibration of a Thin Wing
under a Thermal Stress
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