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On the Dynamical Stress Distribution of Stiffened Plate at Vibration (1st report)
By Shigetoshi Shimizu, Member
Masashi Sato

Summary

One of the causes for the crack damage on the stiffened bulkhead in the neighbourhood of the
joint with stiffeners is the fatigue fracture due to the vibration of the plate accompanied by the
torsional and bending vibration of the stiffeners. The basic equation representing the stiffened plate
which is freely vibrating are introduced by combining the plane stress theory and the equation of
lateral vibration of plate, and the dynamical stress distribution of stiffened plate is analysed in the
state of its free vibration to make this cause clear, The eigen-values and dynamical stress |
distributions of the simply supported rectangular plate stiffened by a inverted angle at its centre
line are investigated theoretically and experimentally, The experimental results agree fairly well
with theoretical ones. The dynamical bending stress in the plate produced in the neighbourhood
of the intersection of stiffener and plate are considerably large. Assuming the fatigue limit as op=
22kg/mm?, at the time when the maximum dynamical bending stress of the vibrating stiffened
plate fall on that fatigue limit, the ratio of the maximum deﬂecfion of.the plate to the stiffener
space is about 2X1072~1X 1072 for the 1st~3rd mode, But the assumed fatigue limit is the value
under an ideal condition, and therefore, under an actual condition, this value will decrease to 1/2
~1/3, provided that the shape factor as well as the change in quality of materials due to welding
and the influence of corrosion are considered. Thus it is conceivable that the fatigue fracture

of the stiffened plate may be caused by local vibration of ship.
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Fig. A L1 kRT L5, B0 HiEc « &, ChEERSACYEE LD, WoBBRMAFROES
%L, Vit x B 3%,

e

1zl |
2
§=x/L, n=y/B (A.1.1)
EBTIE2.3), 2HDRIKDOL 5D o
2 2 b
ax=79-1-§%—77};, ay=-£?g—;—, TW=~§E% (A.1.2)
4 ] 4 . 4
L+ 06 [ peiagt 3t =0 @13
ISIB% F % : _
F=3XF,=EB*3,(7)sin nré ' (A.1.4)
‘ eBE, (A LHOKOBROEZEY (A 1.3)Ric it
Pik , AT %L, BaREH LTROBBS FERL B 5,
;S | (UTFrRs-THICZ 2 bRV ESY 5 b b
=2 THREn IEMT D)
. ¢IV__2A2¢II+A4¢=0
§ 72l A=nmB/L x5,
ZOHEBS HBERO—BML
,r{=+ / & (ny =C, cosh A7+ C, sinh 174 Cy7 cosh Ay
2 B Sk ‘ +C,msinh Ay
Y I o0 © ZZTT 6,00, C BEATER CHERARC Lo

TEES,
_ W, Fig. A L2 Rt X5
FWM=—1/2) : BUFS sp=Espcosnwt

F|EEIGS) pp=Eppsinnré

Fig. A.1.2
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R3OM=1/2) :BUMIES) spy=ESg cos nwé
F|HEIGS] bry=Edpysinnné
DENRFNEAERT HHED, BB OHE » HCHYT 3 ENIBEEIKRO X 5ixd,
F=EB2{53(fi+72) +3rs(f1—f2) + B su(Ss+ 1) +Drs(fo—Ff1)} sin nwé
el
— A7 sinh(1/2) coshAn+ (1/2) cosh(/2)sinh A7

fi= 22(sinh A—21)

A7 cosh(A/2)sinhAn— (4/2)sinh (1/2) cos Aﬂ
o= A%(sinh A1) :

A7 sinh(4/2)sinh A7 — (sinh(4/2) + (4/2)cosh(4/2))cosh A
fa= 23(sinh A+ 1) '
f, —A7 cosh(/l/Z)cosh A7+ ((A/2)sinh(A/2) +cosh(4/2))sinh i

=

A%(sinhA-2) .
B UL (A 1.5)5R% matrix T b LT
[F]=EBA[$](Py)sinnut
[¢]=f(f1+f2) (fi=1f2) (fs+f) (fs—So)]
[Py1="155 Sky B Bush '
DER 2,y HRAOEMY w,v LThE, ZhbOERKROKXL IRE %,

Ef (Uz—Vau)d”—Ef< gj/l: - 62F>d‘”+¢1(y)

v= f(ay m)dy—Ef(gjg , gf)dy-l-%(w)

(A.1.5)

(A.1.7)
(A.1.8)
(A.1.9)

(A.1.10)

(A LI0)KOBAER H1(¥), Pa(a) 12 (A 1.4) RO L 5 CIEHERABNIFIL D, FILIRI I LT

MBI (A L. 2) B X O(A. 1.1I0)K X b ‘
0y=[9"]{ Py} Esinnné
oy=—A2[P] {P,} E sin nwé }
Tuy=—A[}']{P,} E cos nr
u=—(BJA) [[$"1-+vA2[p]] (P} sin nn§ }
| v=—B[(1+¥) [¢'1+[4¢']] {Py} sin n§
BB, L .

(A.1.11)

(A.1.12)

A/ = 2sinh A/2cosh A7 —2cosh1/2sinh 1y —2sinhA/2sinhA7 2 cosh /2 cosh }JY]
L4 —l: A(sinh 1—2) A(sinh 2+1) A(sinh 1+2) A(sinh 1—2)

1=-1/2, 1=1/2 B BEMRIEThTh .
5, = Bii gy, cos nwé
vy = B0 j sin nwé

(A.1.13)
uk_,-Buchossz
ka=vas1nnrz§
23, (AL 12)ﬁ0_ 1=-1/2, 1=1/2 ZRALTKOBEREZE %,
37 (e+4d) (c—d) (a+b—2-2v) —(a—b) Sik
Ty |_| —(c—d) —(e+d)  —(a=b) (a+b—2-2») || Sy (A1.14)
o || (a+b—2-2)  (a=b) (e+9)  —(e—9) | B
gy (a—b) (a+b—2—2v) (e—9) —(e+g) Drs
pad il
_ sinh A - sinh A
~ A(sinhA—2)’ 7 A(sinhi44)
__ 2sinh?(4/2) _ 2cosh?(4/2) (A.1.15)
T A(sinha—2)° 7 A(sinhd+2)
__ 2cosh?(4/2) __ 2sinh?(1/2)

= A(sinhA—=2)’ = 2(sinh A+24) |
(A LIDXERDL S5KBENL Do '
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(T =111 {Py} (A.1.16)
S HI(A.L16) X W ROBIENREB O D,
{Pp} =Tkp] {T} (A.1.17)
(ko] =1fp] ' =1[ky], (i=1,2, .4, j=1,2,.-4) (A.1.18)

(A L18)RAME D R TIESTIRABIC 5% stiffness matrix Th %, (A LIDKBKRDO L 5 CBEX % By
{Fp} == [kply {ﬁp} st [kpla {ﬁp} kJ}

[Py} ky=kls {T o)} ot [pla (T} g (A.1.19)

o2 L
{Pp} o= {51n B}, {Pphas= (Sus Brs}
Ut =1t 95}, {Uplrs= {ir 53}
kuy k kg R ko B koo R
A =[ 11 13:', B =[ 12 14] & =l: 21 zs:l =[ 22 24:]
[ p]l kax k88 [ p]Z k82>k34 ’ [ p]s k“ k43 5 [kp]4 k42 k44
stiffness matrix [ky;] OEROMICIZADBIRAIR D 322
kay=—kya, kag=—Fy,, kag=k1y= —lkgg=—kyy, ky=kig=kgy=kys, kig=—kg, kyy=—Fgy
B 8 2

WOBHIRED SEXOME & Stiffness Matrix
Fig AL1 RT LRI L, BBOWOER », v BY L b, zERROBOBRO— ok —~FX %, &=
ETHC 2% &% L, ROBMCEEHADERBHERL(2 DRD L 310k bbihsd, Thbb

Btw 0w | 0w _  1i, B

Dt +26x20y2+ oyt~ gD o (A.2.1)
(A2 DREERTALT B -0
w=Bw, x=LE, y=By (A.2.2)
EBVWT(A 2 DRPBENLDLRDL 5B,
%;%4—2(-2:—)52—:%3 <,-g—i>%‘in“’?=-—%?;—t’f1;4 (A.2.3)
Wik £€=0, é=1 CHAZETT
W= () sin nrfelet = sin nretwt (A. 2. 4)

EBFE(A 2. DR EESHER(A2.3) S XV LROBREAMLHET B, 721 LoXEEETS 2,
(A.2. )% (A. 2. )KRARAT B LROBBS HERIME SRS,

PV —2 23T 4 (At— k) =0 (A.2.5)

7eEL
A=nmBIL, k=% (rt,JgD)w?-B (A.2.6)

zZT
VBT =a, JIT—gI=f (A.2.7)

EBTT(A.2.5)RO— L 12—k ODFEARC LD RO LIS,
(i) A2—k2<0 (A +r2=al A2—f2=—f32)

¢ (1) = A, sinh a7+ A, cosh e+ Ay sin B1+ A, cos 7 (A.2.8)
(i) A2—k2>0 (24rl=a? 12—f2=R2)
¢ (1) = A, sinh @7+ A, cosh an+ Agsinh 17+ A, cosh 57 (A.2.9)

(A.2.8), (A.2.9KD Ay, Ag, As, Ay IBESERT 1=£1/2 KR BBEREENSEE S, UTFRBWT
(1) DHBRI 2 ERBRR(ii) DBE ORI OHOKBIFETC 12T 5, WO e+ o — 2 v
My 8 X0 s BT B B ORI RERCREND,
__p(Pw 0w L (0w 0w
M= D( 5+ ot > V,= D{ T (2=) —6-,90—205}

ChBHOR(A2.2)RERALTERTEL, w k(A 2)RERATELFREFRKRD L 5 I07s 5,
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Myz——g—{%;y;—ﬁ-li( )23?;)} gMysmnrzEe“’t . (A.2.11)
w
Vy=—D {a 2% | ay )(L) ey} =~ Vysinnmtetet (A.2.12)
FelZL(A.2.11), (A2.12)52 s\ T :
M, =¢"—vi2 (A.2.13)
Vy=¢"" —(2—v)A%’ (A.2.14)
Thbd, tEWEhb)OAEMNE O L L, (A2.2)0BEnLETHIX
o ow _ 0w
~ oy on
ERIC (A2 ) RRALT __ |
0=y’ sin nrfetot =0 sin nwfelot - (A.2.15)

L, 0=¢' 1<, : ,

¥R Fig. ALl @RTX5K, |o 1=-1/2, 71=1/2 L%H‘&ﬁa&fcn%njmzo;o L, Th

BOTDEEIALE X OAEEM Y ZNER wy, wy, 05,0, L-THIL(A.2.4), (A.2.15), (A.2.9) RXHVELE
FHERDB LRD L5,

Ay=(1/2 4y) {(ws—wg) B cos(B/2) + (0;+0r) sin (B/2)}

Ap=(1/2 4,) {(ws+wg) B sin(B/2) — (6;—0r) cos (B/2)}

Ag=(1/4;) {~ (w4~ wp) cxcosh (ex/2) — (0,-+05)sinh(e/2)} [ (4.2.16)
Ay=(1/4,) {(ws+wp)a sinh(e/2) + (6;—0) cosh(«/2)}
peyl o
4,=asin(B/2)cosh(a/2) — B cos (B/2) sinh(e/2) } (A.2.17)
dy=P sin(B/2) cosh(«/2) +ea cos (B/2) sinh(e/2) e

(A.2.16)X% (A.2.8) R RA LTRET 5 & , _
@) = (For+So2) B3+ ( fo1—Soa) B+ (fbs+fb4)6-1+ (ﬂé*fb4)5k (A.2.18)
L, Sor, o 0y Joo B0 DOBERTHOTRATH bbb, _
Sor=(1/2 4,) {B sin(B/2)cosh an+a sinh (a/2)cos 7}
Joa=(1/24,) {B cos(B/2)sinh an—a cosh(a/2) sin 7}
fos=(1/24,) {sin(B/2)sinh an—sinh (/2)sin B}
Sfoa=(1/2 43) {—cos(B/2)cosh an+ cosh(e/2) cos 87}
(A.2.1)RDOF D 4;, 4, 12(A.2. 1R THEZ DD, (A 2. 18)XREMBICKRO L SKEL T LT %,
W1=0/1 (Us} -~ (A.2.20)

(A.2.19)

bl

Lfol=[fortSfoa Sor—To2  SostSoa JSos—Sodl,

{Uo} = {i; w 0 04}
(A.2.13), (A.2.14) R (A.2.18) KH LA LT (A 2.20) ROy CHE ;KD S L FRIL(L Lz € — 2 v b
My 8IORH Vy 3RO L 5%, |

(M1 =[f"1—vR[ 11 {Us} | (A.2.21)
[V 1=L1/"1— (2= f'11{Us} (A.2.22)
ORIV ETDC T BT T~ 2 v P 2 RINE(A.2.21), (A2.22) R\~ TC 1=—1/2, 7=1/2 xwiH¥
;Ri Bo V;t\:'}}’)ib
VT e’ —n (c’k—4,) d’ Wy
Vs |_| ¥ —e’ & (e —Ay) || @ A.2.23
Hyp|~| @4y & - - |4 (4.2.25)
Mykj d’ —(Cl—l'/lz) b al 0k
fetil . o

. az—l—Bz( sin (B/2) sinh(«/2) cos(B/Z) cosh(a/2) >
@ 2 44 4,
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b,=a3+83< sin(B/2)sinh(@/2)  cos(B/2)cosh(a/2)
2 4, : 4y )

BB (A ANy _aB 4y | 4
=g () = Fa)
o= aB(a?4-B*) ( cos(B/2)cosh(a/2) __ sin(B/2)sinh(a/2)

2 \ 4, 4, )
P af(a?4-P2) < cos(B/2)cosh(a/2) | sin(B/2)sinh(e/2)

2 4, + 4, )

cr=c'+(a?—Pp%), A;=(2—1)A%, Ay;=ypi2
FFRDO RS LAWIEBIR LR TR 2 WBEIT,
A=nwB/L—-0, a=]
&b, (A2.2)RIKRD L5183,

Iij e —n' ol d’ wj
Ves | | W —e' d ¢ || @
A_ljk - — & —a —p 5] : (A. 2. 23)/
My d —¢ v  all0,

kL
a’ = (B/4) (cosh B sin B—sinh B cos 3)
b’ =(B/4)(sinh f—sin B)
¢’ = (B%/4)sinh B sin B
d’=(j82/4) (cosh f—cos B)
e’ = (B%/4) (cosh B sin f-+cos B sinh B)
h'=(B%/4) (sinh f+sin B)
4=1—cos B coshf
(A.2.23) RIZBOBLIBEIDOZ D LENPNIERE—T 52, KiC(A.2.23)REKD X 51C3s %75*2 3o
{Po} = [%o] {T}
ko]l =[kys] (i=1,2,---,4, j=1,2, .-, 4)
{Po} 5= ko]1 {Ub} su+ [ko12 {TUs} s
{Po} = ko] {Us} su+ [ko1a {Ts} 2 } (A.2.24)
b ol %
(P n={Vyp Myp}, {(Py} 5= Vs Mys}
{Uo} o= {0, 63}, {Us} o= {0 0}
k' R r ’
=l gl tona=i 1)
R o S RS ol
7r¥s stiffness matrix [%:5] @Qi@ﬁ;jmuy{@ggﬁzmg& %o
Bu= "k'zz, k= "‘klzu k's4= *‘k'4s, kgg=—Fk s
kia=—Ro=k'oy=—Ry, kiy=k i =kog=Fg
(B=£) <0 DHED(A.2.14), (A.2.23)RTKD & 51Tir B
Jo1=(1/2 4;) {e sinh(/2) cosh fn— B sinh(f3/2) cosh an}
Joo=(1/2 4;) {—a cosh(«/2) sinh 7+ B cosh (B/2) sinh a7}

Jos=(1/2 4;) {—sinh(@/2)sinh B+ sinh(B/2) sinh a7}
Joa=(1/2 4y) {cosh (e¢/2) cosh f7—cosh (B/2) cosh an}

(A.2.19)
=L

4y =a sinh(a/2)cosh(B/2) — B cosh(a/2) sinh (8/2)
4y =« cosh(er/2)sinh(B/2) — B sinh (a/2) cosh(8/2)
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Vs e’ —h (=) & Wy
Vs |_| W —e @ Ay | (A.2.23)"
Jl_{wk —(c'+45) d’ —a’ —b’ 0y
My d’ ~(c'+4) —b’ a' Lo,
2L
o= a?— B”(smh(a/Z)smh(B/z) cosh(a/Z)cosh(B/2)>
2 4, 4,
b= al— Bz<smh(a/2)smh(8/2) cosh(a/Z)cosh(B/Z))
2 4, 4,
o= (L) = a—ar)
,_ af(a?—p% /cosh(a:/Z)cosh(B/z) sinh (a/2)sinh(B/2)
T\ + 4, )
o @B (02— B /cosh(alz)cosh(B/Z) sinh(a/Z)sinh(B/2)>
2 \ 4, 4,
& 3
HFIRY S W% 2T B8HM O Stiffness Matrix
A.3.1 BHFIR D 22T HRO—HK >
Bt oME OB G EBEOFKAY & VE¥RL S (us,
25) O %,9,2 FEOEMRAY u,0,0, HEAY 0 23 %, Gox
Biseht L & DL EDEBDOH A(Ya, 22) KHEITZED ey y
QBRADBMRE YD DBAE das, dar, 44z £ L, BLG G !
CAERTABMEX YD 0BEWIIDO 29,2 HADRI % des, Goz Zs  qx
dey, ez LT 5L, PO SKIERTHEMREIHBD OFJD | A 6{ ¥ Qy
R 42(2,8), qy(%,1), q:(2,8), my(2,8) 12 Fig. A.3.1 kb mx  Za
ROEI5THHHIND, 1
4(2, 1) =q40(, 1) +g6y(2, ) (A.3.1) gz /YX
ay(2,1) =4y ( (%, 1) + 4oy (2, 1) (A.3.2) a A Py
0:(2,1) = 442(®, ) + o2 (2, 1) (A.3.3) | e
my(w, 1) =msy (@, ) — (24 —25)qay Yz Qaz
+(Ya—Ys)qaz+maz (A.3.4) .
BCARE L X 5 KBt o B 3 HROBE L 8T 5 Fig. A.3.1
L (A3 1)K
gz(%,t) =qaz(%,1) (A.3.1)/

Yich, RICYBIU zlicT sl e~ 2 v i My, M, L 3HuSETRY ¥ZFBROFERI T

KX ThHDLPbINS,
g < EI=+aaui El;= 6;—*2/;,’ (A.3.5)
g:f Elyt5ar g LBl =0 (A.3.6)
g}gcl gﬁ C=my (A.3.7)

2l I I, 0% y, 2 Bhic BT 2ME OBk e~ 2 v b, Iy X EOBEFE— 2V T, Cy xRy Ak, Cix
RoRELT%, Fig. A.3.2 KiRT X5 22 EECFEARERNTROBIHACKIER do b L,
s DERCEET A HIBELCIERT 5 N, iFe— 2 v M, 3N Q, BEhOERTZMAT ¢

%I(ﬁﬁik@ﬁﬁvc{ﬁﬁfﬁ?é z FHDRKT qas ThHbHo
FIO#E R
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ax v
My My+88rax
s
N e T JmdMx .\ V
I Is Za
e @& ax L]
———z Jax ZVa
Fig. A.3.2 '
AT NN+ 5 o)~ gado=0, guo=—2N . (a)
B : 0(Q+30- o) —g,d2=0, g,=—03- o
E— RV b My-—(My-f—a—a]gi’dx)——qudx-zA+<Q-+—g—g—dx>dz—%qz(dx)2=0

oM
7%—”=—'4Az2A+Q

X% 2 TS LT(b)RERAT S L kXxB 5,
OzMy___ 64,47; oy aQ . 64.43:

92% Oz AT 9w | oz AT (c)
R 2y SPEICSPAT/SERRC K3 5 D080 5
02M, 0
o = o YAy (d)
(¢), ()% (A.3.5), (A.3.6)ROEDCIATS &
0w 0%
S Bl g Blue= 0.0, )+ oo, 8) 24 (A.3.5)
oty 0tw
Do Blet s ELir=ay (2,0 + -2 0452, £) -4a (A.3.6)’

(A.3.5), (A.3.6)'ROKETH 2THD qag mﬁf?%?b‘irﬁmi‘*xﬁwé%%v:%@é%%%MCi*f%ﬁmﬁ?%of,
ROEISTLTRE D, WEPBHOTHR EOBEBD KACKT % v HEDEY 0ua/dr L THIRDL5CH

bb3h b, : , ,
(3 )=(5 )+ (o)., #0500, + (55, -

(Ou0z)e : ARWAERTHBAEIYY O q4r L BROBLBOE
(Ou[0%) g4, : qaz XD TETHHTFE—~ 2V ML LBE
(0u/0x)q, : BIMTR OV AERT 5 KFRE ¢ & X BHTE
(0u/0z)q, : BUMTHOAEET 2 BENE ¢, & X 2HTE
T O TR OWTER Y As L ThIE (0u/02)e=N/(AE) ThHab o THBHT B LRX LB S,

(6214)__ 1 N quu
93% o~ AE Ox - AE (e)

BEEOEDH IR #4E T~ 2 ¥ bRIELTHIE, HiF e~ 2 v b M, My X 31577 0a1, 042 1T
TRENRD X 5 b,

KL

M,

o= 1o Ty —Tu2) RGN
M .
dxz=m(lz2“‘fuz2/) (g)

LD T ¢y RXBE (0u/0n)q, 2(f)KX D

au _ MZ(Qy) 1
( O )q,,_ I,T,—T1,7% (IvyA—I,,,~zA)F -

R ¢: @ X 3E%
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0 M,(q, 1 .
< a: )qz= IzIZ'('?Izzz (IZZA_IwyA)F (1)
DERABRCIERT S e HEADOEMY T qas C EOTET BT~ 2 v b2 M/, M,/ 3l
Mv’: —ﬁxQAx‘Z'dx, MzI:—j;xQA:c'yA‘dx
Lo TohbofiFE— 2 Vv ME X OTHETHE (0u/0x)q,, 13
0 -1
f Qag 244 xfle'yA'dx
IZI” (IZZA—IZIZyA) T I Iu—'Iyzz (IllyA_IZ/ZzA) ( j )
A, 3-8)it@7‘5£1v:ﬂwk&>k( e) ( i), (h), (I)RERAL2RDOWT2EES TS L
0qas( 1  Tzs®—2Iy-ya-2a+1yy? >_l_
Ox < Ag IIy—Iy* E
08
oo BTy e Ueta— L) + 4y —Tuuan)}
ZHED (094z/0%) 1TRD L 3B
7} 03
g;”—Bl a;?-l-Bth'*’Buqy (A.3.9)
TerEL .
B.—— EA;(I,1y—1%,)
! LIy —Dy) + As(I1,24% —2 1y aza+1yya*)
. As(Tyya—1Iy,-24) A.3.10
By (Iqu"Iyzz)+As(IzZAZ—ZIyz?/AZA‘*‘IyyAz) ( o )
B,—=— As(IzZA“Iyz’!/A)
# v(IzIy“‘Iyzz)+As(IzZA2“2Iz/z?!AzA"‘Iv?/AZ)
LA BBt £ AR & 2 V0K LB 8 b st o Bk SRR (A, . o
3.5), (A.3.6)/, (A.8.7)% LUNA.3.9)RTE L bhb, G A Yy
A.3.2 REWw X oTHBMET 518D Zs
Fig A.3.3 R X 5 Bt OWiE FoEE D& B DB S | SE—
% Ys, 28, Y2 FHEIDENY vp, wp, W LOEES ¥s, 2, I/ \\_:EJ e \()44—%}9
EDEMBS R v,w,0 2T, BEAEIEBEE, KoM e b
HRAEY ST20 /-é.
vp=v— (25—25)0 (A.3.11) / gV
ST £
wp=w-+t(yp—ys)0 (A.3.12) ! w i
(Za-2s)6 (i I
PPN E & b ICIRBI LT\ B0 b, £ OWE OEED & B / |
WIXBAERY D ROBEES by, b BERLTh Yy B X 2 57 ¥z 45
AP %0 Fig. A.3.3
it oMBtOBEL 1, WEE () i
___rts(s) 0%vp_  7ts(s) {0 020
b= g o g \oB "(zB"ZS)"a?}
__71ts(s) Q*wp_ 1i5(s) 0
b= g %) = Sg {atz +(yB ys) atz}

Z OMCEG M ERT 3BT 0, X552, THUT Py, b RESRTINIVLHLERT S, WEOBELICAE

jﬁ?él{ﬁﬁtﬁ@ Y,z ﬁﬁ@ﬁzﬁ% 46y, 962 ij’u{f

92 020
QGy=‘/;Pyd3=—mst<'a—;)z‘+2s-’aﬁ“>

02 020
QGz=j;PzdS= —m’*t(wa_;__ys_@_ﬁ_)

(A.3.13)

(A.3.14)

FofE LBIEE O R OB D TRV, ma=7As/g BB ORMREIYYOHER LT 5, Ik EE
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S AERIC L BT E— AV v my 2THUT
mia= [ {=by(za—20) +2.(us—yo)}ds

As(, 0% o 60
T2 (as = s g )~ B+ rama) (A.3.15)
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