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Lift Estimate and Response Analysis of Vertical Pipes Subjected to Regular Waves

by Koichiro Yoshida, Member Hideyuki Suzuki, Member
Noriaki Oka, Member

Summary

It has been pointed out that under same KC number condition the lift force acting orm
a vertical pipe in regular wave can exceed the force acting in the wave progressing direction.
In this study a model for the lift force is presented, and using this model dynamical
response of pipes are calculated employing a analysis program of under water line structure.
And these results are compared with those of experiments. The model is consist of two
formulae, the first formula expresses two alternation of lift force acting on a element
of the pipe during one cycle of wave elevation and the other one expresses three alternation
of lift force.
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Here p represents the fluid density, and D is the diameter of the element, V denotes

the velocity of fluid particle, and Cj represents lift force coefficient, n is unit vector
parallel to the axis of element, ¥V and vy represent components of fluid particle velocity
and element velocity normal to the element axis respectively. And sgn is a sign function
and take its value +1 and —1 according to positive and negative of its argument value
respectively. 1/20DC V? represents the amplitude of lift force, and the following functions
detect the crest, the maximum slope position and the definite height position of free surface
elevation, f and g are smooth functions and their maximum values are unity. Cj values
used here were determined experimentally as to the solid pipes. As a result next conclusions
are obtained.

(1) Using the first formula, the predicted displacements of the bottom end are in good
coincidence with experimental result especially in case of resonance. The results, obtained
using the second formulae, didn’t show good coincidence with the those of experiment,
but the resonance similar to the experiment were observed.

(2) Cp calculated from the measured lift force, increased in case of the resonance,
but the calculated displacement, using the fixed C, value obtained through experiments
with solid pipes, were in good agreement with the experimental results. Therefore,

Fia=2oDC,V? sgn(HHinas Y20 Ho oo V3 )0 G

major part of increase in Cp in case of resonance could be explained as a result of
dynamic magnification.
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Fig.1 Velocity components of pipe
element and fluid particle
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Fig.2 Lift force models with twice and
three times the wave frequency
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Fig.3 Experimental apparatus and
measurement system
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Table 1 Principal sizes of specimens

spec. | loneth | GEmOer () weight | S of weight natural peried  free board
Douter | D inner L' (mm) m)
A 1400 30 24 440 1333 0.51 E— 190
B 1800 30 24 ] 600 1709 0.8 | 190
c 1300 15 1| 80 1256 0.8¢ | 190

material : Acryl
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three times the wave frequency (speci-
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Fig.7 In-line and transverse displacement
amplitudes (specimen C, wave
height=6cm)

BETBHRY noBohic Co BT, -4 7Oink
PRSI EEN 7 e 75 A X 0EE LT F
DiERE Fig7 310 Fig. 8 wmrRd, Fig 7 3384k
CzonTBLRTERTHY, R LT, <1
FERDEMIRIEY B> e TH B, ERITHEFHALR
RiEZ, TRRBNFALMEELYR LTS, B
HORERTIE, ERIOXS THHIERTH8BE
W, ETAVIRESSEREERERIBVL—FKEY R L
TW%, ERED 13 THAMERT2EE 1, AFH
L BINEDHERIRD LB A, ZEAiEiE, REEN
EDR—HEREL ItV WHAEMICOWTE, =5
N ERBHERIBV-HERLTW5, L L, RZEE
B Th=0.84 EVAM TR e 7 & EBo—FKILE
Vo TR, BRIAECOENRIC, BEEORKIERYR Y
DI fcledie, BHILHBIRE - THEN K TH DI
ML, HEE7A TRIOENXERB L TE=F1{LZh
Tbicd, RENVNTHLIcHEEL BAS, Figs
ARG BB T 2R T, BHTAEMERCOWT
W, RFERBD e 7L EEBRT 104 Ricsh, RIER
DIEFARBER NS & L —RL T B, WHALR
Z2WTIE, I<—KLTW5, REpkBORBFELY
WS EEREN T TV OFERELTE D, RHEECD
BaLAFELERSRON S,

wie, AERED SR < PEfo 1 flx Fig 9 wr
To ARERERT, ER#BH e BAROES T
BAVMER) CESHERERTH D, b 300K

0 i
05 10 15 20 25 30
Wave Period (sec)

Fig.8 In-line and transverse displacement
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height=12 cm)

BEPRIIERT, XXEFAEML, YBhHage,
Wave QREEESE ThEThELTE Y, —BETORM
BB R LT\ %, T, BHEFLVESHELER
T, WHOEBIRIE (Wave) 23 0805 5 ORI TH
KHEMLT D06, BUBSEOREE e, Wi
WAERT 28D, B, B oMcimgELTuws o
LI X B REREEROBMBNL, BRFIDEN+HHE
LI R THIN L DT, FOBRN L —FK LT\ 5
S Lk, EHMEREBNEMOMIRGEN, =50 &
FRTRES—HLTWBIEEFELT 5B,

BlE A 7o TEBLREBHEK CL e 51 e

RWIGEHRERY, ERER, BeRFAROLEY X<
RLTWB, ZOZ &L, FHRLHREDHHIES
TEELICBIRE Cr 25, AAMCEAT s ZELE
BZ, FAfAct?BEEOMIEE LTHBTEs &%
RLTWBHEEL DR, 2E D, BFECE > TEEN
KELIL Y, BHAKREI-TERADINERL, B
HTHZEIRBZHA, 51Tk Cp 2R Lic LR T
&5,

6 # A

BB RICE»IICEAE - TAEAT B EHIc oL
T, WA TERLINBMENEFAEE, GhEED
DRILERIT 7 R 75 AT X DIEEYHE L, £ReER
EDHEHR T » 1o BAORUL, 1 BHOBEOE 2 &
DHENEERDHHEELRL, E20 3@OEHNS

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

220 BAEMBELRE H185F
Time Series
Calculation Experiment
Tyw =1.70 sec Ty =168sec
20 T _ 20 e
L i £ i
= A M%\ % N.ﬂu;,
a1 e S
_2.01||||111-|111xl|||1“!' _2.01x1|!y;111|||-11111
0 5 10 15 20 0 ) 10 15 20
TIME (sec) TIME {sec)
— 20 T | 20 LR I R BLALL
5 st
YA VAV AV AV AVAYAVAYATA" N VAVAVAVAVAVAVAVASETAVATE:
-20 Lo e bl | _2-01...1.,1;!'...",\.1
0 S 10 15 0 5 10 15 290
TIME (sec) TIME {sec)
€ Lo T Eg toF | T l T
= o0l fAMMANAANAN o 20k
e
-20r AEARRAAE 20
—L.Ol,,(|,,u‘|l,l;,,l,l_ “L.O_,l
0 5 10 15 20 0

TIME (sec) TIME (sec)

| Locus Curve
(bottom end of test piece]

2.0 T i ¥ 2.0 T T
s §
> o+ - - o _
_,20 1 1 3 _2.0 1 | 1
-2.0 0 2.0 -2.0 0 2.0
x {cm) X (cm)

X :in-line displacement (cm)
Y : transverse displacement (cm)
wave: free surface elevation (cm)

Fig.9 Comparison of experimental and calculated locus curves

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

BB 2 F 5 58E -1 7 OB SISEE & IS5 AR

221

LHEDRTH B,

szZé‘pDCLVZ nX(VN—vN) (d!{

Inx (Vy—ovp)] &0 Tr)““

_1 s X (Vy—uvpy)
= g Y Vo]

><sgn<H—HmM i;-)
><sgn<H+Hmax‘/23 >g(H)
IR, o EHAEE, D 3BHER V BRAET
HE, Cp BBPIRE, n 8HEHREBEL<2 b,
Vv, ox RENERFGH FERE~ 7 b, BEZEHHE
E~7 b OMHEERLH AR S 10, sen 5150
FARKE-T +1, -1 OEXWMBHEH TH 5, 1/2
oDCLVE BB HORBELT L, ¥ B CRIE
BRFBEASS - —EEE A2 B L, BHOERE
BROBERETS, k7, f, g BIHEREATHEEY
b3, BERKELXZRLLHLnRERTHLSL, CL i
BRI 72T, FBRCB SR EE BT, F
DFERRDIERMBE DI,

(1) FBIRRESOTRD i PEogr
i, HRAEOEMEIIERFERL L —FK L, &
2REESLERCLRARSRELh I, FokE
L, AHREBERCTRLE 1 ROBEIE EER - DR
RIS 5 T

(2) HBRTHUIhCHEHICES W TEIRE C,
YEETD L,

T, FEARBEAPRLS—H Lo Lichi-T, R
D Cp #hk, BRUHEIE I X % Bl EoEns LT,
TDEL DIHONHBPTED EELBIB, DEDH, 2
1 7HBACREAL, BRAKERD, BETHHMN
BRUICER B CHEIRIBANLEEIRT:
CL ML eE2LBbRA,

5 # X #
D #Kk =, FN#ESE ZAHH: BER#ESE%O

W X2 RBEBC2WT, & 24 EERETYS
AT, 1977, pp. 367~371.

RN Lich, —FHT, EBRIAE
A TEOWTELR—E Cp fE% A v HEER |

Fig

2)

3)

4)

5)

6)

(P,

8)

9

10)

11)

12)

13)

Sarpkaya, T. and Isaacson, M. de St. Q.:
Mechanics of Wave Forces on Offshore
Structures, Von Nostrand Reinhold, Co.,
1981.

Griffin, O. M. and Ramberg, S. E.: Some
Recent Studies of Vortex Shedding with
Application to Marine Tublars and Risers,
Journal of Energy Resources Technology,
ASME, Vol.104, No.1, 1982,

Sarpkaya, T.: In-line and Transverse Forces
on Cylinders in Oscillatory Flow at High
Reynolds Numbers, Journal of ship Research,
Vol.21, No.4, 1977, pp.200~216.
Zedan, M. F. and Rajabi, F.: Lift Forces on
Cylinders Undergoing Hydroelastic Oscilla-
tion in Waves and Two-dimensional Harmon-
ic Flow, Proc. Int. Sym. on Hydrodynamics
in Ocean Engineering, 1981.

Sarpkaya, T.: Hydroelastic Response of
Flexible-Mounted Cylinders in Harmonic
Flow, OTC 2897, 1977. )
Sapkaya, T. and Rajabi, F.: Dynamic Re-
sponse of Piles to Vortex Shedding in Oscil-
lating Flows, OTC 3647, 1979.

THE-N, B X, B #%E:EcksHE
AL TOEHN, BORBETIFE v Ry a7 %
A b, HEREMFS, 1982, pp. 37~44.

R O BARFOSERECETES, X
WARFEE/L, 1982

Bathe,K.J. and Bolourchi,S.: A Geometric
and Material Nonlinear Plate and Shell Ele-
ment, Computer & Structures, Vol. 11,
1980, pp. 23~48.

Hibbitt, H.D., Marcal, P. V. and Rice, J. R.:
A Finite Element Formulation For Problems
of Large Strain and Large Displacement,
Int. J. Solids Structures, Vol.6, 1970, pp.
1069~1086.

Henrici, P.: Discrete Variable
Ordinary Differential
1968.

EHE—B, KFKEth, KEEE: FREXEC
X BRFHREE DO ICE R, BAREBRYLH/T
£, 25 144 5, 1978, pp. 195~204.

Methods in

Equations, Wiley,

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

694 BAEBRFES

XE#E #1585

TEFE¥ A, SEMAVICER CLRABEOHBERLDLE
HhFET,

(2) Fig A, B mwREATWBHI5E, —EDBH
D—EOFHOBBPHE THEZ L OBBEDOHRIEE
BEEDYET. KEREOTH L, DX 5 hBigsy
B LFET, CORRIZ, BEHBHVEETE THEE

MCREBENET AR IO ENELLRE TH,
%?F%H’:IZ‘% ’C’?o
1)’ Proceedings of the Fourth International Ship
Structures Congress, Tokyo 1970, Report of

Committee 1, Environmental Conditions

19 FRAEFCETZERBFEEOKTFEAO
RAHEHOMINTRECONT

[%] BE¥TH & (1) BE FEREIOLIXD
Tl AE, BOELETCS LB VETS, Fig 130
EREOBAEN ML ADENRER T ERA, &
OBIEIT IR TR WEBEZRSENET S Wy

(2) Fig 13 imH\ T, fo=0.6 & 0.7Hz o &{&
OREENSFETRENT WET 2, Fig 1l wiRdShicX
SR ENERES X TR NI WB A
3, ERAMIBATEROLOTLL 5%

(3) BEOHERSHE LOBRKHEEC VT,
EAMESO&EM L1 f0=0.6 & 0.7Hz {2\ TD
HEFER Y REINTVETH, LoD fo OEDINE
CRLTh, BEZEORINLFEIR L ERERED
7D TL 1 5D

(4) BED 1n BAHEHECH LT, FEEOR
EhicHET, EREYBERS FREEZDTLL S
A

(5) 2.2 Bk T, (2.2.8) Xnb, BEHEEE
EAEBOMERS A OIERFRE AT H @ < & LA
bk, LD ETH, LOBAICOWVTHETRT I W,
(EE) (1) BE, REEA<s briiEb, BE
DE L FHEY 7 v ATHERIE LV EREL T
Biced, AOBAEZERL TN LTS £,

(2) &%, REXETHHETHH EBVETH,
M RIEOSE, ERA AT, BESHOFEORS
wFEHLEKVWEBbLRET,

(3) Fofsd fo LT, fo=0.4, 0.5Hz OBH

TR LR D TIRBIER UL 5 eEENE LR
T L1,

(4) BB, BESfNSZbRIUL, BED
1n BAIEHETER S E T2, ERfEELEETS L
705 EBEL DERTFT — 2 —PUBRIED T, - T,
1/n BAREENFRTE 50 E 5 NIBEIOER T —
g —BER LT IERIELhERA,

(5) (2.2.8) RXT 4 FEAMESH2EHLTREIEE
T Cyix, (2.2.5) bbb h T X5 R KIE
BhRELTERKTT, 4 OFBC2rbLT, Gk
WZETTOT, bAEAEShIH#EC LT G
BEERIEINIE 5,

;4] A F #& £ Figl4 oiikEh © BXE
DREKAMEEOEJECONT, ZBER 5 v 4Aa7 =
A AD—HETHIUTHERIT L b KD b HAEBEBIR D
EEREOF TL R FHNRETH D] LBNTE
biIETs, Figld ofFbRAFOHENEL T, 12
DERDEI RAMFHEEWEEL DD TLE 5%
Fiebhbhk E WENRIICIEEID N TENDE AL - T
KD ECHIRIANHBDOTL 2 5 D%

[B%])] 4EELNT -2 -3l REFHOT — &
—TH-Th, FCI—ERCTES, TOBERD
BikDHNDRAMEED —ERCTE A, Fig 14
i, BB OHEE L B AMIGED —EAR TR L
o DT,

20 HEIEERBE/ M T OBATM & EE BT

(3m] ZRBXA AF #F (1) 7v¥xv
TIN5 4 F—RCARE T — 7 o< Bk OERD T
TRREECOWTLAROFETHENTELEXLD
hETH, BHCLARNOEAOERERC OV TIMRE
CRABETLY YD, BWIAKERENHDLIDOTL:
PRI

(2) HBEO—HEAMCKTAHEERBROHER
L EDEETL 2 5 My

(3) BE OB v T BRI 2S5
(GEMERRTETE2Th ) FHliT 5 HEe 20»T
BB EZTL 52

(4) FHEAEADOIEACOVWTRED I I EEL
TLix 5Me
(%] (1) BiEOED TN WIRRESS VTS,
AR TR L AEDOF RO T 5 & Lid, EAMN
CAETEETH Y, Fho, HokpHMBELEEZLTVET,

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

ﬁ

Bl 695

LaL, gLl Lics &, BT BiIct0iiEs
BAERLEE THER A,

(2) BEXRop€1%ix7, BMZI% 0.015 # T,
1400 27 o 7HELE U oo BEEBREIIER ASEAH
TEM -t v 2 — M280H T24 30 BEETT,

(3) AR THSEE LT B@HIE T, EBcqE
SHMPBAEER LTI T, BIHEHO D »
DIBADIRWEE 2 ToEd, HEFHEEC ST T
T, BR TSRO 2340 T, BROBMEIEL
WRIZEEZTET,

(4) BHEFVETBHENCET A2 i3, w8
THY, ¥OELRARTHILVHFEEE L LE2 T
R
(@] A ¥, 2BHE®HE (1) BHo2
&, 3EAERRS L EOMIEET>WT (4), (5)
RTERHEINRTOBA, ZORTIE £90°, 180° DfiriF
= LRI, —HHAL OFERTIT 2 2Bk RS
X LTk 50°, 3EREEMS TR —45° L5 R
T THDH, ZOMBEEDERILYIEOWTIAREL
TLzx 5hy

(2) R7TRUORS R WTEEER L EREIRE
EoC—/s{Exkdb, ABEOAMELTVAE b
ISR TR QLM AER EEFE TR LTV 5 L
BROR TN B, L LEBSORBERS Y L v 515
WEWOERREFM L EORMO I EE -5 £ —
2—¢EZ2bR, BEBBOThIER L AS rEksy
bobDEEZ D, ZOTHEEETIUIHE L ERD
EE, K7 T2 K8 TRSFEDERL L) RAAR
DETECRI 1 7D CL #AVES LiER ST 5 =
VAN D DD TRIRNTL s 5D, AREEHY—
SR ETOMEDUEK > THRE LE 2 i mAT
Lx 5
(B&E] (1) MEERHHEFLrOXTEET LD &
RIEET T WAMID 2 fE THIIVER T 2B 4 2 Elic
EhE, BE f(H) BBy Ge&ETrEMKC
) TERNBRBIEBIMELRE T, Kic, fF(H)
Lo TIDIODEHER DN EEHITT =70
ITBOTTR, oK, fH) %55 h(h|<1)
THEY, 1KELLHEIE ~h REAEKE T 30 &
LD, (AERNsk L3, BRI TS DZERIN
NEISBERL, DX 5 EM I FIRY B S
DBDFTAN, TV A ABEORG I LS ES
DEMEF»EH LT 500, BHETEREOER
ERELTRRTAZ LR LD EEL T E T,
fCHIC VT, AL OERYS#E W Lc kT, AF
ROBRICESNT, BE UCHERTHVER L L
HEIEETWET,

(2) WEWOEERHLXEET2H4. ANED

DEFHEAFERICAE S FET LD T, FRLHECRE
WMCERELDORRUREIRCEEL T T T, -
T, ARSI 5I0E5E 5 LT 5 X o,
FBEBOINEL S LT 5HM, © oRE0RES
HOFThOBEWIIRVEEL ThE 3,
(] = R&*x & (1) EEEEYK RiAEE
DHEE%TT 5 B4, AMEE (VIRTUAL MASS) oy
Dﬂb%ﬁ%ﬁ@—o&bf%kahi?ﬁ,%@@ﬁ
BUSERIT TR, EDX> MAMBEES fiv{EE L, *
DEBELEAINICONEERT I\,

(2) Fig.7 T 3wy D4 ® Transverse Displa-
cement Amplitude 3 X U' in-line Displacement
Amplitude 2FEFRAMIEG CERELHERE & ©, 5
ED—HENRLILVEBHBEO—DK, Z OMINE Rk
?6ﬁ%®mﬁﬁmﬁ%§Lfv%m@mkbma%b
FTAMATL & 55
(EE] (1) MWEERR, HHERC T2 Sarp-
kaya (BZZEXE (2) 703 (4)) DFEER 5, 5]
o KC¥, Re BOBKE LTHELED ¥ Liz, 87
BRI DOWTRFADL (BEXHE (8)) DIEEEMD
Bt KC OB E LTHAID ¥ Lic,

(2) VWRAEEOEORBEK CHINERT 584
CoWT, FHEEERT-EENE O, HiEHOE
DA MEEDOFHE,GAE RFERD 1 2E#E 2 T3,
o, WAMA2.5MIC s L, BEKOEDIORRE
T EH B, FEERE LT BER &L
CTFRBECTHBEESH D T3,

Giss]l 2 F& #F& (1) Rbo fEH) rmon
T, (LS f(H) DBRGHARRE EDL 5
72 O TEh,

(2) Fig.7, Fig.8 @2, REBH&EB D23,
ARECEC oW THBNAREMLORFEEN =70 L=
BRTHLBEE->TWBHIOSCALD, ZhHORTEL
DI, EFALORIME, FWERLSOHERL T L
HDTLr D% 5, MOERSEL ST
Do ABFCIOWTE, NEBTCR SR
LD LI nEIhTHETH, BHFALMZOR T
DIRBEZHEAND L I—HKLTHD, WEIL LAE
BTHHTEELDLNINNT L x 303, INESFEICE L
DRIBEOBENLELS, HXEDX 3k Tt
Do
(B&] (1) HATK, BEIHK~OEZD (1)
YHEET I\,

(2) #EMOAY, ARAMOTho—FiHINGE
EOFHAORIENH B £ X TWET, EE LHER,
YV vRB LUERAANFO, HEPEED BRCH

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

696 AABRFELRLE H 1585

BT BHNEORTT, RBEERmIERLPIRE LT
B0, ZOWHMCRETAHN, B, TORERKF
oW TR S50 T, EREL4BTED
FERR L EOER, OSSR Lishofcl LT L
HEELE LI,

i) £t BeE— £ (1) Figd @b, EK
45BN HFAEROMIEE, HEEIERTECE
TwiEd, COEEELT, ARXOFETE, n il
FEErEBET5E, HPEEEXAAYERT 57
E<7 t o (Fig.2 ®A) », BHHEXHESEEDT
B UL ERIEET Al tELDLRET,

BoOREH LAEACTRALRELIILH T, &
— 2 FOREOEEIEEN BT EEbhET
M Tk DX HICEEAA THORAEED DY
L, SEBIRE - BELE TTh EhEZER OB
ERITH fdie, FENZ v ADOFEEa v br—AT
REEBVET,

(2) THBEROHRE A7 ORI L HEERTED

7R () HRERICIHET 25 awi, HERH
ENRHNEEF EEL T T, ZOHE
UM IR (Cr) 3, RlfE- 4 7 ThHLR T
LEEE (C) DEREY L IRV KCE,
A4 FOEEEMEOBEERTERIN TV HLENRD D
¥4, L, BEIRTORIEHBIRT SV,
(E%)] (1) #EHoBEH, B—< 1 7D0HEFT
OEEXHLAERThALOREL TS X\veWnw) HHE
Bk ETH, B0 THbHEENR - TV 5%
sy, BoREH LAANEESNDE, HETED
R T X 70T, FIROFHEE, FTEZAV
AR BWEELTVET,

(2) e, WH, ERE¥EHET 2%, D
2EyERE LT C) & LT, HARE C offEzH
Wb XL ORI L T, HEO EEXH
(8)) DERT, RFAKK4ILE W) EXRFLR
TWE3,

[(4%)] #Eut— & (1) (1) RT AIE2,
5 3IE ., HXEHEYERE LcERIRELENbh T
¥4, 5 ThHHE, FE2HEOWTH

pA(Vy—0x)
LixELLRIEWT LY 5D

(2) Fig.7, Fig.8 i, 2% 30 AHOR

s, HELFEROBR TR T0ETH, ERR
R EZZNERVWTLE 2%
(EgY (1) (1) REEASEHEEEL Y Vv
AT, B2EMTIA-F 7YV r 7 ERRLLTED,
TRTELWSDEELTWET, Bl WHETEE

L, vy=vy=0 LFiu,

PR ETER

fN:_m%pcDD1Vﬁ1VN+pACMiw
FADEE LT U AU,
fN:_"%pcDDuU”uN—pAch—4>éN

tieh f“;‘o

(2) RARM,rERLFAETTATUAERR W
T, HME;%ﬁD&mﬁfe<%%Lfv5%@&
ExXTWE
Gﬁ]*ﬁﬁﬁ%CMz%m%%mowa
EHOERALICY - T, AHE EOBHECRVWTOH
HoBEEE, OBHIORE IR, @FNOHR
RO 3IODEXEBLTUITOLE DD EELET,
UELLORELTRLNS (3) Rk, BEOBFRE
B OBIES H D\ NIED SEBEROBIRI A #
ST AEET T R (4) HHWERX (5) AL
TEREOQI W@ ToFMEEE A LERMLEELE
M, EEERS XU 3 ERAEROBIRS»RET S
I 5 14T T, TR ORFEREEIRAEELIC
HEFAVEET, —BHEOSIHPERMLEITVELF
2bRETHVCLHBTLY 5% £LT, Fig?7, 81
Bohd X o B EMcET 2 ERELTFRUEE OZE
Bz, ER L3 B HOoBREOARTSE LD
CENKELBELTWAED TRV LRI ET
PN TL & 5 Do

stz 4 B OERIIC OV T, BERCE VTR
LTk, ERLEQXv@®F ToORFMIinzg, HBHD
BB OB & THER LEERLET» T ET
&®4FH&&®%ﬁ& > TEDIERSHBIIOER
LRNTEERRE N> TE D ET T ORDLETRIC
%?6ﬁ%ﬁ%ﬁ¥@ﬁﬁbtkﬁhuaub*?o
(2) B|HEH Cp OHARBRFIOVT  FEEHDLR,
HIBE T RT 2B NHRE CL OMARFOELE
HE LT, BaRie X s B o hofine X s
LoELTRbRET, Lo Lindih, BERIVCHRES
LET L, HHoRERATERCHERINDIENHIC
Bir—vCERINLSOTHD I ENRERINTED
SNTEY, BIEBOWR- 2 — v EERREEEHH
BTRERAI L l»T Cp DEABREVEIA LD
DErEZLRET, COBRIEO—FIE LTHREDL B
BEH T OWEEAEE b ) CHRE N HERFORE
EErowTERMCHER LTkY, EREEIh T
BI5H Cp ORABESE, T&LTUERENHW X
— MRS L AR EHEDRC LD DT
MEELETHLATLE 5D
[E%) (1) AT, REBOGECHELEEFE
Jetodd, HAREO 2, ETERTHEBINS %,
FRAEROERT AEECHT, BECR R E LR

NI | -El ectronic Library Service |



