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THE DYNAMIC RESPONSE OF A TWO LAYERED CONCENTRIC CYLINDER SUBJECTED
TO PARTIALLY DISTRIBUTED CYCLIC LOAD

BEE—x ETEEZe: B EXoor ENRE
By Kenichi MATSUOKA, Noriyuki SUGATA, Norimitu KISHI and Sumio NOMACHI

The dynamic response of a two layered concentric cylinder, which
is an idealized model for reinforced concrete or concrete filled
steel pile, is studied by making use of the three dimensional
elasticity theory.

The discussion is focused on the influence of the load frequency
to the displacements and stresses of the annular cylinder which
is subjected to a partially distributed normal force on the
outer surface, and supported simply at both ends.

The numerical calculations are carried out for several ratios
of the diameter of the cylinder and the frequency of load.

1. BLwe

BEPHBHEKSOMBEETCRIh2b00BRNBLBEIIMRLI. ChETHrRVELfTFhbATVS
MR, ARoPHHNEEHBCEL AR EATH 5,

ERH0LLT. ERABGO—REABPZHARORT AINRERAT 2 S 0REERD . A Kalnins
& P. M. Naghdi OWIRD . BERFEES I L V22 KHL T, 3O0RAEZ Y VEBERVTCBERK
EFRZOEBRIT LTS H. Reismann & P. Pawlik ORD . HEHB LY A BB L BHEIES
FRFGEHES T3 2 AVDRERITETTH o7 L. 1. Weingarten & H. Reismann OWFD W~ B
ABFEEX S I 5HEBEE Y = VBB TROEL C. C. Huang ORRY 20 . 20l dHBO Y = VHRK
LXBMITE LT J. Sheng® (BN EEBHBY . FHREOCD . ROV OWRIENDSZ, LAL. &Ha 2 Y
—FPEEBEaVY Y- tOEFALEBEALONRS., BUHFHORSIHELEAMNNCL - TRRIh S _H
AiECHTI2HEE. DLTVRZTOLAAON, COLISRERBHCHERRELCOBHFANEAT S
EEDOBHEWOMITZLRHEAGRHMODRELERP T IIATCTHKOLLIHMETH S,

EFO03. AU _BHELER T o HERONAREOME L. SR THEERC L DRITL ity "B

* I ZWIIAEHR IT¥FRIAKIFEH (TO050 EMBHATH2TELS)
= I FEWMIZAFHF TEBIAIEH (TO050 EWMHATEH2THLS)
wor T FWIFAFHER I¥FWIATIFH (FO050 EMAHART2T7HLS)
woex T BAKFEE SEI¥RIATEH (T215 EBEBHRENITH2HFLS)

—615—



CCTCRPHNBERFOEBEANZHELLT, —_HHBECRPNEBIAAHEMNMALLLIOREEER
EEHEERC L - TRITL. MELHEOERE. BHETRIESEE2ELI . BAPERORBARIC X
IBRBE[RBEREERD. BT I 0THZ,

2. BEFBRO7 -V -  N"VYELERCLIR
H-—1eRFTLOCHBER M r#@. HASWE . @AMz #ME2 L. FEMRSEZu.v.ow.
BARZE 0y 0o 0z \Tro~Tez~Tar £33, EHFEAZVEIEZBHL TROLIICA S,

90y , Or -0 3Tre , 0Ty . 3°U
5T . T 136 & 3z Pl

3Ter . Tor , 90e ., 3Tee .. 3%V
or +2 T ' Tee ez P otz
3w

etz e o 5

ST o REMKkOEETt UHTH B,
ADERBW I OL L. ERRBRBES .
BEL. BHBRFEROLS B I ENTS B,
f=f exp(iwt) e (2) M—1 HEM#
REL. oBADONEHHETH S,
ZREBHOBMBREBEBHE L. S A 0WHELRK (¢, 1) 2HV Y » 27 0FRAFRD L2 E T hE.
RQoMEEX DRV 7y 70FRMICHAL. ¥BFAEA AL ER. AT EEAmZ 7 - 2 &
BEFOR(DER &, ¥B %2, a; B3 c LI 25BEMABORUEROLIRE D,

U= —'z?nc-cg (Awar +Bear ) cOSMB COSNZ cee (3)
v'—'L— Zc- (Awar - Buar ) sinmd cosNz cee (4)
W= —‘,—c—j:z‘C.i—rCOSmS sinNz ce e (5)

z-'i[ ‘l!“—x:("vr){ ‘zl—ﬂmk*(m*‘l)Amk*(m-l)Bmk - iEm.nk}

-L;—{w—x_‘?(n.r) X““(N,r)}{——em+(m+l)Amk (m-1) Bank +NEank } ] -+ (6)

L. i [- ‘%‘Xﬁ"ur){ -Zl—ank"'(m*l)Amk"’ (m‘l)ank+ lEmnk}

‘-;;r{-g-x..(Nur)- x“‘)(Nur)}(T—smw(mq)Amk (M-1) Bank*NEmmi} ] -+ (7)
W= £ [GE(N,T) B

- Zu (GR(N 1) -GNy 1) ) L i Banks (m# 1) s (- 1) B *NE e} Cee(8)
ZCT. co =%.cm=1 (m#0) . N=nn/¢cTHY. N} =N? —pw? Su.
N¢ =N? —pw? / (22+24) TH5, X. KhoMExr. G

—616—



. R¥.(NI) ReX) o (NI Ry (MY
Ron- e So-gE eew-ws |,
R{% (NT) =I5 (NT)Ka (Nax-1) - (-1Y™ Ia (Naw1)Ky (Nr)

THd, k2l ag =ag ~ j=m-1.mum+l I, KEREFE —H. S_Ho~» erlBTcHs, 5
CRbPoRBEa, B A. B. ER. HRNORAATOENEVCENICELON3JOTROLIKE S,

2% [S
a.,uj ﬁ?n)z-aksinms cosNz dbdz .- (10)
0 J7
2z 1S
Bmﬁj Izgaz Yr-a,COSMB cosNz d6dz e (1l)
077
s
A maic= _—zi JO J;{ U)reg COSMB+ V), osinm@} cosNz dedz «ee(12)
B . 1 2 %{ - . )
=k= Ta o -5 U)reacosmd- V) w,sinmé} cosNz dedz vee(13)
2% &
Em:J ZW),.akcosme sinNz dedz ves (14)
o S

XO~@THEAGhIRRELHNBORAEAET 560755, DECSVTARNKE 2L TORER
Led. HEOBA DL (HABRLTRD O, RE)~@ Tas =0&F322i0ELb603, 20
EERkR1IDAERY. APOBEBDIRODLINLK S,

R{a(NT)=1; (NT) .- (15)

3. BR&H

FHERORSAHE LERNEHR L THEIn3 _BHEoBNREER. 2. TROI-HBOREN
OB EREBEBET2LIOCHRGBTRIFT Ao &N TE 3,

VELHBR2OTEFEL. HREC OV IRF2TET 0L T2, AR EHEORRE&FEBACE
Kb, RAER . B. AL B EERE)~ @B LVARGI~@EBVTELONIEN LB IXORR
ORELTHRUAD~UDEFR LT RET LA KA. IDTEHHVIHEELEVL, #-T.
KRUD. AN ZF LT D ROBEEFENDELE B,

2R 10 R e

ax Ama,1= Amr, 1 reaic -++(16) @y Bunk,1* Bunr,1 Jreek +e- QA7)
HECHLT

83 Ami,2 Amor,2 )rea, “++(18) a2Bm1,2=Buur,2)reas .e+(19)

RBRESEBEELD S

1) r=a; THEYI&H : HHOAWMCEXESFHONENREAONEHTEd0LEAISL
Or,1)ra,=p(8,2,1t) ©++(20) Tyg,1)rea,=0 Ogm1,1* 0 +-+(21)
Tre,1)r=a, ™0 <0+ (22)

2) r=a; RHY35H4 :HRHLHUBEORRFECANLNANBRL TV IRE L. REBTRANDH

FELAVBENEBAOhEN., S CHAHEORBL LB bDLET R L

Ul drea,® U2 drea, , V1 Dreas Amr A1, , Baaz,1*Beai,2 .o (23
W1)ra,*W2 )r=a,  Ewn2,1%Eam1,2 2 (28) 051 )ea,® 01,2 e,  Bam2a®Bumi2 -+ (25)
Te8,Dr3," Tr8,Drma,  Omn2,1%0mm1,2  *"* (26) Tz, 1)reay™ Trs, 2rea, eee (27)

%5, K@D, CNEBEL T OREFRTLROLILR S,

—617—



I :
Fre® 'nr.n-ri T CalanrcOSMB sinNz -+ (28)

2
2y 2N? )
e = Ga (Ne 1))

Tme= £ 1 —ﬂ-r—c.‘“mnam+ 2 R (x&(Na 1)+ o

+ ) (XEN T+

c‘.”(N,r))'}{ —2-— Bamk * (M*+1) Auni - (M=) Bunk +NEamk }

,sz

¢.N_21}’“TN G“‘)(Nur)((m*l)A_w(m 1)Bu}+uN(—N—+——“)(x:<n.r)*-g—0"(N-r))E—l -+-(29)

Pro&#r»oRMERERD. RERIFTET> 8215,

4. BERE

BEREHILT. B—20L9ENco « ¢ T—RBRIEDTHAIANEZI. HEOWBRTHEHENME
HETHEEFOLBVEARREA2EAABEBEC 2V TELS, TLLTHERFORETEXELSD
DETHECDEIIBEIRABRD>ZIVMBELR OBV EEDLNhS, WROZRA&BH»IOGKXB~B)On i
DOTHHHROABRNEL VI LR, X, Case— 1 &L THERE&N. DA vy - &
Lik@farsy -t AZA W EREE, /B = 7.0 . EHle: ~0, =3.2. R7V VHYy, -
1/6.v: = 0.3 OB&E. Case—1&LTC20B0BAOMBEREa Y2 Y-, AHSBLEWELLE
WEIY 27 - PO CHEET -k, ¢ a, = 10.0. co /a2, =10. ¢ ==/5 TH3,

B—3~8Wza, =0.0.r a, =0.0 CO¥EHIMEMuzz a;=00.r1r 2, =100
WENEHo, « 5Lz a2, =50, r a;, = 0.0 CORAMBA T ORBEPCLIREMFET
o, Bt Case— s THBRIOMH

by
HowAREN. NEEEERT2BE L, JED \
FET=27n/0)tDltd s TH5, to W p(e,z,t) 8
AMIBREARZ Vg & T3ERODLDITRB, E;qq “’,
to=2c/Va=2c/7/E I ! S ﬁl
Case—l0BAGR Vg b ItHERSO Pz M2 .::_-- - b
BABBEE Ve Al VT 3, SHICIZZNE a kA
NOBWEMEOREE - Th 5, HHTLEL ¢
as Sa; =0.9. 0.5. 0.25 & EWXZHOVLTIT» B2 WERRE
2.0y ar/a
i —— 0.25
j/ — 0. 50
/090
1.0

g0
=700, ; .0 f.0
- /‘ ' l ta/T '
] | i |
o k! I EwE=T. 0| |
] I ! ps/pr=3. 2 |
L I 1 I vy =1/6 }
| | 1 Vs =0, 3 i
~9.0 L } j C/ar=5.0 |
B—3 ZMuoBEFEE (Case—1) B—4 ZEMuoBEEHER (Case—1)

—618—



2.0 | 2.0 r
| L
|

1.0 / 1.0

- / b

o o - r

Eo 0 L E

3 0. < 50. 0

CRA 0jf 3.0 do ST
i te/T i
i |

-1.0 o Ew/Er=T.10 | -1, L
” pr/pr=3. 2 i 1.0
vy =16 | L
“ Vi =0.3 i

-2.0 i C/a1=5.0 | -9, L

-5 Who: OREFE (Case—1) B—6

2.0 ryj ara 2.0 r

j — 0.25
e — 0. 50 r
— 0. 90

1.0 1.0

< |

20.0 —— i 300

-, 3.0 4.0 = 0.0 4.0
L to/T L
- L E1/Es=7.0 - .
1.0 p1/p1=3.2 L0
Vi =é/g L
Vi =y.
2oL ¢ /ai=5. 0 00 L
B—7 BATnOREEE (Case—1) B8 J5/ T OREER (Case I

., ¥BIHEMu. MFHMIE o, . BAW Atz EbCas e~ 1 TREEFEWIIVE, BEEREHRA
BREANB30T. TOXKERMCTREMMNREE T 2BHAERL. Case —ITREOHELAL - T B,
BHIRRBEORBE -5, 600 EDOVTOIRBISBAVUIERT L THE, 2ORBEHIHE
BOoBEEERRABE LTV 3,

1.0 T "«\Y T T 1.0 T =] "
AN ‘
AN \
"-‘ ‘\ "\ ‘! tO/T
0.5} | 1 0.57 | ) —_ 0.0
L. 0 - .0 '
L] —
e I B B 1.5
‘_‘ — i
-0.5} ! 1 -0.5 i —-— 2.5
/ ;‘ 1
j i —_——— 40
-1.0 NN S L -1.0 1/-:1_1 Y| 1 i
-2.0-1.0 0.0 1.0 2.0 -2.0-1.0 0.0 1.0 2.0
O3 /03, t/a1. 0l O1/10x, r/am1 0]
H—9 Bhe, On% B—10 WHo: OF%
(Case—1) (Case—1)

—619—



18— — 10— :
; J 3
7 \ \\ to/T
0.5¢ 7 \ : L5 E -
Vi \ O3 ' —_ 0.0
e A / 0
Lo, 0 (£ T, 0 -
- \ = :
N 7 0 S N S A N 1.5
Y y
- L N # - —_——
0.5 Y 0.5 / 2.5
A "
‘\ /4 —_— 4.0
~-1. 0 L . i 1 -1, 0 i PR 1 i
-1.0 0.0 1.0 -1.0 0.0 1.0
Tes NTra, 1/ams o TreATre, r/a=10
B—-11 BhHtre0dsH HB—12 WHTtnO3H
(Case—1) (Case—1)

B~9~128. BHo; E1rn0REBIHOREERLELLDTHLIN. Case—1Ha: Sa; =
0.25. Case—Ilitas: Sa; = 0.9 OBET. Eh&Ehte /T=0.0. 0.1, 1.5, 2.5, 4.0 ob i
DOTRLTVSB, $hog &OVWTH 2z=0.0 2O, tziZ20TE 2=5.0 TOMETH2, HBH#iLs,
oW Tikr /ay =1.0. T2 Tl] ra, =0.0 COEOMHECHL BT, REiTr FROE
Bia, O%L0TH2, TR HEE—11. 12EFLTHEN. Case— 1. I 2HUEHH
BulanHhoEbZdbEpRohZv, B—9. 10XRT LI o SEFHRAPMSEIBZ LR,
THEOLOBATEBENE DR, to /T =4.0 AR LHERpTHMERFCEZ, Ao Lo
BATHHIFNOoFHEORIHIEL. HHOTORSCRMUO OO LERIBLEL 2TV E, X, Ca
se—ITo; OHBEHATCOEMIAIVLILEHEDISB,

Trid. HEBTRESZHHF KL TCWWEIN,. Case— 1. Case—D&dbAMcANEEBIC L
2ZERIITOHRVIENDHI B,

H—13~1 6 3¥BIAZER et BANBH T OHMIROZHEFZLEZDOTH LM, SHOM LB
WCase—IlWas /ay =0.25. Case—INldas Sa; =09 0dboTchdbh, to ~T=10.0. 0.1
1.5 2.5 4.0 KHLTHRLTCV S, £, wuiz>W0Tr  a, = 1.0, 0.5. 0.0 -0.5. -1.0 ©OHE-.
T2V Tikr//a; = 0.9 0.25. 0.0, -0.25. -0.9 oM@ CcOMTH2, BHEz FHOEEL a,
cOlkELY. BB EuTidz a, = 0.0 COBRAKBOBEE. v TWr a, = 5.0 TOBARD

r/a:

1.

BM—13 ZNuofR®H (Case—1)

H

I/a:

B—-14 ZEfuofd#H (Case—1I)

—620—



r/a

/31 A . - - . T T T T
0.90 &=
s e =
0. 25 e T
‘/_'/-“':\‘“ e N
0.00 < IT RIS
——- ~———— e eI
L e b
- 0. 25
. ‘ , . 0.00

B—~15 WBHrrdOsa%H (Case—1)

BB EORAE L T3, FRFHEN u L OHTH | . Pa—
BE—13. 14WRLTWAEN, 1y &dItEHHE Z/7a:

BAEBBE. BEAHMUFERHSAEORE K16 BHre0f®H (Case—1I)
CRBHEENLTN A0 bb0 5, B—15. 16

KRHEAWBH T ORFERLEA. PROBEHEANME 52 LBREIHML . BEHAPCERES CH
#HmBoELIRIoEINRRON S,

5. ¥&9

WHEFRORS ? _BHHOBNEEWEA ZRUESERCI VBT LAN. S CHORRTFHI»S
ROLISBIENSR B,

D EEEREIE. BH2VIYV-r0LS%Case— [ DBE. FEIEADIVE. BEHRABOASL
BTREL.EBEa2 v/ Y -tDL9BCase— NI TIFOFERERS,

2) HWAHBHo, ORBEMFBCIAVRBRLCLES>EHRESEEL. 20 BHEAHIHIBRREGON

HEBHEABTH 5,

) “EBAEBHRTOT.O8WE. S BT SRocE (WEERAL) TREDEHCL-TSH

EHELELRL,

b EBHFHERuoBMFELIAR. ERHEBSNS AL, ENBORRNEML TS, X, HHE

BHAOEXRESTET. BEMAEMAREONB LR 3,

5 RAWMIERH v oBFHASAHT. BHEABENNS A3, utEHRCBEBMEML T 20, AH

WBoORENETORBEHE IoEmMIE. EHRMCHKEERoh 3,

PE. ZEBREOCHBEOBWHEOERANLIOELT. BASHRABRBE AT 2RI ET oM 5
. HGREORFHEHOBEREHEI A ML 2 BAT L COBERITETVRMEER TV (TET
H5,

M. ABROBEIE . SHIZAFHHAEEE L v & — OFHWHE FACON M-1T0F. B XU LB AR X
RGIME L vy — O %HE HITAC M-280 VL THiT -2 dOTH 3,

—621—



n

2)

3

4)

5)

6)
7

Y

9

1D

12)

BER

Kalnins, A, and P. M, Naghdi : Propagation of Axisymmetric Waves in an Unlimited Elastic
Shell, J. Appl. Mech., Vol.27, No.4. 1960.
Reismann, H. and P. S. Pawlic : Plane-Strain Dynamic Response of a Cylindrical Shell- A
Comparison Study of Three Different Shell Theories, J. Appl. Mech., Vol.35, No.2, 1968.
Weingarten, L. 1. and H. Reismann : Forced Mmotion of Cylindrical Shells- A Comparison of
Shell Theory with Blasticity Theory, ZAMM, Band 54, 1974.
Huang, C. C. : Forced Hoticns of Elastic Cylindrical Shells, J. Appl. Mech., Vol.42, No.2,
1975.
Sheng, J. : The Response of a Thin Cylindrical Shell to Transient Surface Loading, AIAA J.,
Vol.3, No.4, 1965.
Bl B BBFER ETEHEIEZUIAFEI 0BWEE. BEESHR XK. 438, 3708, 1977.
FREEE. MR OE. BABZ. DE-B: £DEBRHFHEL OV IRKEEHIEIrCOERB LB,
BHZBCE. 456%. 398%. 1979,
B OEX. A% B, Bl FENECLIANAOBNBHC O VT, IAZLBITHERER
BASHADESLS 1 5. 1982,
PR, BERTHIME c BN TERORS I _EEOHEEEL 2HEBOREC O VT, LARLILEY
FRmorlmEE. 355, 1979,
FHEZ. B, B, g _REOHEREDIHERONHEERC >VWT. £ARS
BB/ CmEE. F415. 1980,
BHEZ. BEE—. gl —_BEOHE2EbsBTEHoNHEEEC SV T, 2 AZLEHH
FRFPNBEHEHSCFRBWESLES 1 3. 1985.
REEg—. THEZ. gHHE. AEEE : —EROHEAED I3 HBROERAE. METRE K.
Vol.324, 1986.

( 19864E10R 17TB 24 )

—622—



