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GENERAL AND PRACTICAL CALCULATION FORMULAE OF THE STRESSES

IN HOLLOW CYLINDRICAL SHELL DUE TO FORCED VIBRATION
(Trans. of JSCE, Sept. 1953)
Dr. Eng., Tadaaki Sakai, C.E. Member

Synopsis No reasonable and desirable calculation formula has been provided up to
this time for the stress caused by earthquake in the hollow cylindrical shell. There-
fore, in this paper the author proposed both of general and practical calculation
formulae of stresses due to the forced vibration, solving the well-known three
simultaneous equations of motion, and introduced the stress calculation graphs by
means of which the stresses caused by earthquake in the reinforced concrete hollow
cylindrical structures can be calculated. In addition, some discussion was given to
the damage of the fodder storage silos which was damaged by the great earthquake
of 1952 at the southeastern district of Hokkaido so called Tokachi-Oki Earthquake.
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TN1™ 1— > Vi

‘4.% (3+a)( ) (cos Bx— sin ﬂz):l (1+L)sing {( :

[‘/3(1—62)—@05 Bz + sin Bz) |



"@mﬁm@m@hzmo—miﬁm%ma 8

[2 Ewdc(l—-——) a+ry

"'Sl'—
— 2 t .
—-El/ace‘”{‘/~ (1+a-)—— (cos Bx+ sin g=)
—717—(1+¢r) ( ) (cos Bz — smﬁm)}(1+L)] cos ¢ J
7L
__gqr _V12(d-¢%
“Tem P mVa

L=dy2e+L , L’=§-wc’d2(cz+3)

WEHBIOEEY K LT K=4 AntjgT?, f6oC | .

AFa=gK, ABEY o =v AEqK
R BBRY S D, REFENOISIRELICRRC L oTRDD T LHRTED,
Cgz:=0*0¢g - TP, =00y , Tsz—az—BTNl R Jrszz’rsll .............................. (39)

FRhBNE, EX ¢ 335 0RCHITFE— 20 3R 37 DBEREFWRD BT LN TES, hkBE
Dizd, FROEMGHERA, orv & og OREEGENRTND

2
2AE.zd<;2(1——c::l—\) 36y zAEMd( _TZ-) ................................................... (40)

Rehth, PEMEHELET2HFERN ¢4p*y, Tiebd oK RHLIBENZBNC ZF5LDLELHEE
DERHTIS I ROCRARBENIS 2% T 05T L 2HEET 5, kB ULAERIEHERT
2 8@ 1/ d €L et e (41)
5 GAHANEEDBEWERY 52530 ThHY, FRELEE B #BOEENRENE W EEBh
D L B L' iR SREER LTI LoZinv,
LS BROISIHEICH LTHAEE ERABEREFBETIC RN TEL8, FEENE $bDTUMIWOT
I ER Lz,
3. (T EH —1
HEHEEROX L S8H2 0 7 Y ~ O OSBRI HERNENCEO ##o/ElT 2884 B2 iiz=os4 A
Wh, Lind e ik
a=0.51137x10-8, Ea=1.0739%x10-3, E,/;=15.017
t/d=3.0633x 102, ¢=1.2253, L=0.198 3, L/=0.04973
ISR (38) B EABAERCRALELRE o=0 i) 5 A ESERORAGB T
06:=10.31(10.34), op, =4.96(4.94), 7y,=0.53(0.53), 7g,,=3.08(3.06) (BIfI : kg/cm?)
722 UA v 2 ROR{ER — RN X R TH 5,
F—2 th lem, B ¢ CHTRIEARD

x (cm) T1/ (kg) l G1 (kgeem) N1 (kg) j St (ke)
0 0.223% 103 ‘ 0.348% 104 0.236x 102 E 0.138x 103
27 0.217 ‘ 0.283 0.233 l 0.137
54 0.211 I 0.2z [ 0.216 [ 0.13
81.1 0.205 | 0.166 0.191 ' 0.136
162.2 0.187 ] 0.046 0.104 | 0.138
217.8 0.175 i 0.003 0.055 1‘ 0.138

7:c:¥ePi—lf%ﬁﬁﬁ@fiamﬂzw’rﬁﬁ@ﬁkmﬁ%s’rﬁb%oﬁ%%rﬁu3—2 —QDZLinBb, BREL E—-174

L BBRC L DBRE LT 5, 11 lem, BX ¢ KT 500 ROt —X 0 b eRLk, CTOEAMER
C X AERPHEO-RARNC X BB L HET A SHFERB W TERSOERYADLBEE TS S,

4. STEM—2

HRNERO/N BEH2 v 7 ) —  OfEER 2 20T,
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1=545.4 cm, d=288 cm, t=1b5cm, A=1cm .
T=0.634sec, E=2.1x10°kg/cm?, ¢=0.12, ¢=2.2x107* kgfem®
35, LndE
a=1.04985x10-°, Ea=2.2047x10"", Ey/ '« =6.8042
t/d=0.052 08, ¢=1.8937, L=0.01457, L'=0.00137
TREER (88) e BpRAGIERC X Y EES »=0 BT 2 KEHEROBRISHEITETIVE
06:=7.96(7.95), 09,y=0.357(0.356), 7,=0.507(0.511), 75,,=—0.313 (—0.319) (Hi{7 : kg/cm?)
272 LB OB — RGN L 5 R Th %,
5. BHEXDMRES
- BTEA1 AW HERc oW DS ROBE % T 5,
a) FEOESELETSRERL LTohit K=4n24/¢T°=0.447 L 5EEOENHRINCZTRBEeL

DHEK
EE F=2nat, WrEERE T — 4 2 b [=ma’
RITREEH =2 matgK, BRI @ =5 ;-
. +o)
BEOT o=l KRBT HREEND v L LHTERIC LS 0% n. SIERIC IS 40% ys L3HUE
y=yp+ys= ‘Z—giz +x(l+e) ‘QAI;JL* ...... et ettt eet et e eneaaren et et aaraearaaas (42)

L, HEAEETCH LA «=1.5 T3, chic sFEH—1 O¥EXRALT
: y=0.02485+0.027 81=0.0527 cm (0.054 2)
FERNOBIET — RIS BRI N TRDI LT ADEDTH S,
K s=0 L 5EEMcRT BMFE— 4 v b M RS @
M=natqgKl*=3.609x10%kgrcm, Q=2 matqKl-4.010X 107 kg «-eooreeemreriinn. 43y

chICH L, EAERE L UTERESC I 5K PREADISINC X 58I — 2 » b My ROEHSINIT @r
BROZTLLTH S,

T k4
Jllr=4f2 max 7' sing asing ad¢+4f2 max+@G, sin *g-adg
0 : 0

)
=qma?max T,/ +mamax G  -ccvrovmrermer e (44)

* k.4
@ :4'];2 max N, sin’¢ ad¢+4j;2 max S, cos® geadg

» =a(max N,+max S)/) ceooeeeerreremormmermnieonee e e e (45)
e a=734.5cm, max 7,'=0.2225x10°kg, max @,=0.3489x10°kg-cm, max N,==0.236 9><10%kg
max 8,'=0.1378x10°%kg #fRAL, IDHEKL L TCOHT Y v HOKBLER LT T/, G, N. X Q-6
& 81 (+o) FETIEEROBES T — * » + ROEISIHTI

M,=3.796x10°%kg-cm, @,=4.174x10°kg

L LG EFESENSSREIREEC E UESEN WSS, BEREZZI e HED M R Q B
ENEELRBEORAD LV AR ERETLBADDATLINLDERINLDRETHD,

b) FREAEKEZE T HERE LTIhySAEHEE 220 BA L O « WEBORIKC I Tk SIIAE
DHBR 2D TUNTHBH, BROKRZHEAGECITTOMEIER TE V. O TREHOER v %
MR X 5 %O LBIETRIC X 5 D 2 ic G THIEE v, B8 v 2TuE, HFREHER RO 358
FERThTh

oy gF ¥y _

W + QI g SO T (46)
o%Ys kg Oy _ 0%s _ %0 B 47
02° 9G o =0, Frer oz* gG  9z%ot* 0 “n

TRL F: WES ¢ BUKEER, « R EORFTCY LG 1.5 T2, MREENL yo+ys=y 05
BARE I VIUE
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Py oBL o o aar S0 ceeeeeeeeerenn e e eereetet e e e e e e e e reeteenrenn s (48)
#l% A cospt  USERIERY B L iuE

Y= V(m)A COS Df  sor e et st e et n e et et e e et e s bt s ss s se s ss s e ae st snsen ter e (49)
CHhERIRICARALRD T & {25,
a'Vv_ xqp® &V qFp’

d T G d gi'l TP 0 ceeverreerreraasieeaaeeiaeiaiaeae et re rnatneaeararaeeaaeenans (50)
C@»—ﬂ%ﬁ@ V:O] sinh wz+0’2 cosh am+0'3 sin Bz + 0‘ COS BT evverrerersserresnsrinsianisciansntitotuansns (51)
. 1 1, .
L = (VX472 -X), F=50/ X447 +X)
\ TR IU R (52)
o kPt _ 9Fp.
oG 9EI
LHLT EEEOMmITe—40 8 M BUE @ 1
%y, ( dy  d’y, ) ( dy kg oy’ -
M=— == s N g 2L 0Y
B oz* Bl da? dz? Bl . d%? gG  ot* )
_ ,dz_,_ . ﬂ_j_xg__z«/_>
. @= o ( dr’ G edr
FRABSROEMMAT dy/dx TELIBRINEHTERC L 23D LA RIC X 24D i), Thith e &
< o c o k@ dy dy  x@Q
] = = g =
> TR 6= " YT Fe

REDT

de T FG \ ds 9@ 09z0¢?
»[;L_t@ 17'[’ Q) 6 %Eﬁm y= V(x) A cos pl %ﬁ]\b"c

gy KEL(dy  xq dy )

2V
e
7 EI e
(Y LV
Q= El< do + X T /A COSPE e (53)

|
d
4 X o +X%)]A cos pt 5
o T—RBDHEDTHH C’1~C'4 &&i?&éﬂ 2=0 T V=1, 6=0 Kl z=I &C M=0, Q=0 7/ SR
RO T LB,

5=0: V=1, (Z+X2)-ZV o
f
. v e e (54)‘
dx? =0, Xd:z; + dz® =0
CDAZMEY VEDTERY, £+ X=6, gF-X=a" t5HC kwxﬂﬁbﬁii?hmmﬂa_ k%,
2
01=%— (sinh &l cos gl + cosh al sin gl) 1
AT . 1 ;
O,=— y (smh al sin g1+ cosh al cos gl 77) [T R PR (55)
i
1
0=, C.=1-0, }
#EL A:% , A= _[1 +;\—(%— )\2> sinhad sinBl+(%+ Az) cosh al cos /sz] fo¥s, HEROEHREE
H: 4=0, 2T, A(A+A)+(1+2% coshal cos Bl —A(1—AY) sinhal sin Bl=0---cccrremmrmenenrenienn (56)

ARETAE p LDRDBHTLHTED, BEOLDMTERRCEMER L Bl Haict EX X hiE
BIRFBHARD AT ENFI 1+coshal cosal=0 FrF cosgl=0 &5,

XC HEH1 OMELHENEAE T AR L TOBRRSEZZELNERO T L <%, v
F=2.0767%x10°cm?, I=5.607x10° cm?, EI=11.775x10", G=E/2(1+¢)=0.937 5x10°kg/cm®,
p=27/T=20.94, X=1.7182><f10‘8, Z=1.8940x10~, &=0.3596x10%, g=0.3827x10"°,
A=0.9396, {=1800cm, sinhai{:-0.69345, coshal=1.21691, sin gl=0.63570, cos gl=0.771 94,
4= —3.6885

ot C,=-0.31324, 0,=0.58501, (,=0.37767, C,=0.41499
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B EDRERA M cospi=1 5B Bh o=l ks BEAOEL (5D EVE )
V=1.05511em . BEZEF=0.0551cm (0.0542)
B It Bl ~ 2 > ML (53) st

( d°V - , .
Vipme=C,+0,=1 —_— =a’(C,—p*0,=0.148 54 x 1077
da? /z=o

T B M=3.772x10° kg-cm(3.796 < 10%)
AU S EEmOERIE (54) kT
day

( _*) —al,+ B0, =0.031 89 10
dx Jg=

3
(fﬂ?) —@*0, — B0, = —0.357 35 10-1
dz p=0

T B Q=4.143x 10° kg (4.174 X 109
¥7- (55) e X BEGEBEME 7=0.0630sec (0.0657) &72%,
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IPLETE D, EZOBRHIRE 2R 5 NEREO RIS RoTELERGNENREEEDOE
(D THDZ EAERINS,

gIE KwHtHEERFE

1. #$Hav sl - hEmEREEEHonER HETERE

B 5 Y — Mo LBMEEEK E=2.1%10° kg/em®, S5 ¢=2.4x 10~ kgfem®, ¥7 Y v H 0=0.12 £ L
CheEAEN 38 WRATSE, THEERLD » R2KEMERCENTBINCEAAHNLD ¢ A
I TEDWTIEN] og, TEEIGT) or,, radial FHOYMIES] v, RO YR ROEMIGRT] vs (CEAL:
kgiem®) 1RO T L 725,
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29K
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Ce 57
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FRAEBTIE BE—1~4 2855,
L & L' EREEOEA ¥ 1 B0 I N E o BiROEESKL D X 5 BAk Al LT
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CREDARERIUE o6 RALKD Br=2.4 TADRAMEY L%, TORDBKELEDFKMEE L & T
INTHDHEDT B2>2.4 KT D 0g, BRDHMBITERE Lic, 7k dor) TAEK B2=1.6 D0, gs=
2.4 DEDBKEX LD, v & s/ 1T Bz=2.4 DO L7 5,
FEEWTHROETEISIGTLM (39 Ric k5,
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GH o)~ MBEOEA, TV Y — F ARECBSOB A RS Bledicil 1om, BX et 2850
T A+ 5532 Ut (37) zcosam%zzm%
2. BHEFEEFEERM _
BIED $HEA—1 DBBICHONWT g=mn/2 vcwa oo, RO G, ARDE, COMEICENTIZ
t/d=0.0306, ¢=1.2253, L=0.1983

8=0.7213x10"2, Multiplier%c(l%—L) sin g=4.8%4
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- — ; 0.0306 o35 THEEMTE IC 3
i
@ g | mg O REX =065 ¢ 3% oq, ICBIT BEEERD, ©
(cm) | ‘ (kgjem?) ' (kg-cm) NED o6 & G, ZPRETER
0 0 “ 2.11 [ 10.33 o 3486/ T3DELLCHE, REEED
27.7 0.2 1.70 8.32 23810 e —BENC LD 2=0 [QO
55.5 0.4 | 132 6.46 2180 oe, & Gy DfEERBELRLR
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166.4 012 | 0.26 1.27 ‘ 430 Thb,
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BIVE +BMRECL3Y 1 0ORELEORE

BRI X B RN SR AR E MO L ETR L FE ThH OOl BEFI B\ T AEo KSR
TDFERBOLNTHB V4 0 ThY, ZHCETAHEHML TS RTFEOTHIMMEREEBESHECTKH TS
Clil, CiiToOMERTICL LTS,

ABEEIC BT B 4 n OLERVIIE 24 7 ABET 6683 gL, FHEHITO HERKTE 58, $
BRUREFE TR EOERFNEN 1009, 717 Ker 581 T 5,

FA v REOEXNLLRILTH LR, #HTFRBRCRH TR XS, MEEE UCEGOWHIAT L &
) REFAVI Y~ T oy I THD, HADLDIZPHRELND, WoONRSHARBETART 2.73m (9
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s Th O, BIREO 18 i, 5K, MBSO 2K, AWK, /NIBIIOLO 3, WHEDT
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Rot,

ABERT T HEDIC 3\ R ELA O EANR T B U CHIEDO RN 0.4 BELHEE LB 5, - i@Eiasgl
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HAEH R CEE 0.3~0.4 5 HEREOTFHELNS M B W EREEORED ME2ER 55
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Pl E ¥ e EF HEDREN ¥ 4 0 DERHTH OO T ORAN UGEHELR LERLZ D TH S,

LD E b A I\ TR AR S M e RS O REIRENC X 5 sEIGAREO T BRI EERT B
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