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Study on Underseepage beneath Levees

July 1972)

by Kazuya Yamamura
Katsuyuki Kutara

Synopsis :

Underseepage and sand boils landward of river levees are caused by the existance of pervious stratum
formed by alluvial deposits. In general underseepage takes place along the levees at lower river whére
levee foundation is composed of pervious stratum of sand and thin impervious top stratum of silt and
clay.

In the first place general description on seepage phenomena is given with the aid of past investigation
and observation for the purpose of a better understanding of seepage problem.

‘Then, the results of seepage analyses on both steady and nonsteady seepage flow are shown. This
analyses are carried out by using certain simplifying assumptions and generalized foundation of pervious
stratum and top stratum with uniform thickness and permeability.

Moreover, comparison between the actual data obtained by field measurement of hydrostatic pressure
in the pervious stratum and results of seepage analysis is made. And factors influencing underseepage
including permeability and storage factor and so on are discussed in this paper.

Key words (seepage flow, underseepage, coefficient of permeability; coefficient of storage)

E B . :

TIS2EF DMK G FAET B EKBENE N E Je o TH: U EBEIEORALREE 2HFFII
THBOWFREC S, BBIRL, 2t R EDHVCEBLZOTOREWEAEOBH EEH DR VI T
[RV%-: i AN

ARLTIHBBKOBEPLTCO—RELBROTERECDL IR hE, MBOFKEY HEN
Bkt FARBERA L BEOBEROFNALE AR Lico 3 THDCEERLR-1cd L, FEEFHIC>
WL FR LI, B, FHohoFHEdth oBad USRBARLEFORBMCOWTHHARTR L.

¥, BREBBOAGNEAERL, WKBOBKBROKESHOEL SEMEb & Z &% m
%, FLRIFEFESHOMINC X » THBOBREE, FRFEL S0 TR L.

BRI 317 5 BB OB IE S S HER N Lo £55, Seie Bt L FViikri gasl g o8B
ALY B &, ThPuKBEBEORWEAICLEKBOBRBELERRE LT Tl WnZ &g XAR &

FAT7—F CGRER, B8R SKEE FEFRR

FERBTHLARRELE T
PR TS LRAREARA



2 £ IR A

I L 2 I
JUAER A DBL G v orerrsesssnarssssmsmsmmrnsnsseacs
FEBR D BB DT ELremeeersresesmmeenes
L AR DERIT e
C13 EBEWE LTOR YR
(2] SRERWE LCORD ]
6. EKHEROTKEEOEEROB L BT
ﬁi} ...................................................... (15)

oo woN e

1. EAME

TN 2B DB AL IR th ik & BRI O KO
=Rk Eh e —RICHVKERCET HIRKITIRAH
BT, BLoRMEEs»LEERANSVLO T
vm&%ibhﬁbfébﬁ,i%mﬁm%%r%@?
BORT LAIREEK TS Bo PRIOBIEAMERK
PERELTEI - EBbhsr — 25 LELERE
U b, MR RN oS TR ERERMEE
LTHL BRI TV, S LR, KABOH
EFROEN b, HRCEYSRT, AEiiABEL
CHELLS LT 2B A CIEIR w5, AT
gAY LR SE LSRR L TRADPES B
ok, AR ETEDLRWE LT IR0 TR
% LRXE, AHECEEYEITEVICELE L
T hidic blcve

AT CLREKY R THREHRCOVTETRS,
TR R AR O & & OBRBUI OV CRITR R
ZBo XbiC, EREOHMBRALREI LTW-5ENTH
& Ui s o sl o KEEpzshc iz me, i
HRALERBERS LUNERRER L ELIHED
FHECDOWTEELINL B0

2. ki

NS oMz E LCHEZRI LTWw50liRE A
PR eh b —RENHBIDIhE, Y0 b,
FELOEBN BR DL T SBEDE L, BB
W, H5 VDR EROESE, 1 IVSOBEENIbE
BRCAERPEYL D,

HEEQRED bR XL 1 HENRE Collof 4418
M EORERC 2 HhABETH B, —fKE
SRR — AT, BREBLEKBCLIRT e

MEBOE SBBATC X » CRESELTEH, Xo
ToB: OERRRADRE Lo L IERAl Yo

R
C1) BAKEE QLB OHRGHR oo ae)
[ 27 BARBBRIO KT Aeroversrmnaseresiseaes ase)
32 ﬁﬁﬂiﬂ%ﬂ)#i:‘%‘;ﬁiﬁﬁ ........................... Qa8
7. HYBMEREOTEROBEL U9
C1) &k [, 177723211 - SORRRRRPRT R T L L LA I L a9
C2) EHEFE Lick & OBBWOI T a9
{30 SRERRKE Lk EOBREROGH ~(19)
8. T I Derreeeeeenrenessnetesn et 22

BRA S B L, 2o TIIOKOREC X » TH
PR ERI T LR, ¥ OYBRIEKER
WY Eh o T ERALEBY Y,

FEE O E TR D4R X » THEKESED Licic
BT, 0B, KAOEEBIR XY, RAHEKENI LT
L, SHOKRIE-Twb L %2 bhbo itk
R T LAcgiKEe S Tl b e R TR o &
ZOBOKE ERCEL, FllikE k- TEIhTS
BWHNRE, B, vatr, BECXo TGESBBRTW L,
IO PHBRKATERL TS I ¥ ¥y O
BERCSWTRH L : vy ¥-TEAS (Missi
ssippi River Commission) O#&EVICHREINTED,-
Zhic kA L ERHEERRE U 1 A 2 X10°% Oy
BT LA%, HEo LA LS ffncpiigs
B LI EvbhTns Tieby, ¥4 22 v ¥ v iKH
P ELIEETE LR L L 5 & 74 2 OHERUBIT
EoHCHBEHL, HoLBoERNLERBL L, HF
E— D LR X » TBREIh T o lce RENT
WELEE L2, B botBiElioithic & )
B, EHEETEZ&EDEL, FINFIR S X O B A%
CAwEEE sy, LERcHhE, vk, BHihb
BAPHWERBEBRIBLLOEHERL TS, &0
I 5B aE, bAHOAECOLTIRLBIET
BoT, FRINTTEDH > HFMEDIHER LT
AFEFSER LT BRARMEh S,

K S BB » CTHANEES ¥ TADRA
Cyde Bi, ok i RIHESF CREB L CRIEN
BEIhI), BREABERSAL VB L ERD
LG TH D, TR LARBTE o KET
¥, ENRECREES L ICBEDBhD, T0L5T
OB ICHAT 5 F OER LD LREEL S » T
< BHIERAREIICE D, BAB L Twoicd
2 Bhbo HERLHEOBEDRIR X » TRED
BDUVILEE LT, & CTARETOREIRIEBE

2>



BUoNBERHACNT »HE 3

ThHbo

FH 0 OIS O it O3Bz i h A HERT LT
W, E0 ki Bhic il ok bifKkeRI T
T ELH B, FWHEMNSC &, UK EREAEV-C
ENERC LT, 2L 2BABRRBI s ELTHThiE
ERIBIE e Digv,

TR EOMESERE— R FHIRE, B REH B
i, SRR X ORHCRS Sh, EBHiRKP SR
bt s of 805 BIKET 5. 205 b, B
HRITE W B oM LAz, FIRLUREOR
b HEFC e BARER S h 5, M oBKEDR
WEBTHB T EHEGD, TFEOMTRE — K&
U FHAVCHER CIRKIBBLHBRIT B 21D 5.

TP O HRIZD IR 3 X 0N L H o FIBHER
HeBEBHLh w5, TOEIRP m~10m E E 1 5
Vo £LTC, FOTRIREROBNEBREET S, &
D k5 HHENER Shi- ok LE oKD B
X DBROKEOERCL L3 oLl Z NS, T
BowmREIRENSECH S, EETIDHEAORK
SRR & ORI AN B T » CHIETR
BREREY BT 5 2 L5080, S bR THEO=MAAL
BCREEOK mTpEOMR S L EROMER
BED, O TERECERE BN G- TW5BE5%
Vo —RRICHIFIEE LB K i E AR
LA L, BRENSEL, HTFHoBaRZEL
Wo Lictio T, MEMENR  FETHHIROEN O
TMCHEAKRE L, L dHEHREOMNI-HERNE
—RROWh EENEETH LEKBEZRR L, WER
AKrEz 2eBFR LD HAEOWIRE OMER
KCRAEOKE LOMELEI LTW5DIUgE A LS
THETH-C> LEROHREH LIRS L OZAMIK
KB LT 5o BABLAKRERE  CFET 50K
HFMOBh XETHEN, RERERXET LD, ©
DEIZEWFL I0MBREE F TOZ LHi S\, BItDOH
REBPIMROKRE OHERY, I SAMNHUEORZ 0N
FHRBo—RoWh EBMRBEKEC- ThwbEELT
X,

BT THECIEK ORI ¥ EAIE
ERCHIET 5 OBNBRETH BN, HROBARPIE
BoEFHC S TuRHEK OS> S B EEREE
S TWBEENE N, MAEYEZ LTWABBOTEK
BHEBOEIZ0.5~1.5mEEOHENE -, FETE
BEOF X ECHEL, &, BRBREERo Ty
T, RABCRTOBKEY B> CELKIRELRE
% bR 50

Z oy, FWARORT 5 HECIRFEH DY D #

ST bhvs, HAM Licilid ol x5 milcis
TS 2 EALELIED B, IREEROKE
VW E, HBGIHB, P WIRE T R
CHleERTHB I ENEL DB TDXHILBHA,
FMR R L€ XA X o CRIlic e 5 LT &
EHELLE LT LB BN RN L e H SR
BT ERD B, i, RAERAGEHIUKC L »T—
FEPUR U BT S BT %0 Tichb, RFA—EH
B35 L F OEFTEHEAK X o TEROMERIE-WR
REL LB B, PKEEMABTHEMK- T
BiEh LicEic b LB oMENGebh 32, Ao
hEGALERLEDEOC, Lo AERCERT
AT L REHCHER L Qe aBh EEARKEE R
> TTHEADELCBKCRELh DT LB Do

3. MEBKORR

EEBAGINDK LA 11 5 L EEEC R FET
BEAERE UTUER~KSTR TR T, kR
B 7% EARDTHCHE» T ROLB 2 I & H
L, 3 BEEIh Cu BB oR iR b U
Fo —RET EBHAZIEACIR LT R ORARSTRAEL
SR THBHIDRRMF AR, FHEYRIIES
LTI TH Do FRRBERANLOMELTED, 1
OIS R IRBEEGT L, LoREER TR, £
RO 7HVE, AV FREYRT %, LiE
PEREBCEL LD AERICRD Z & Thho Lo
DREEFTERT DI d KT EA RO Wb T L
<, BEKEDRINCEERT S LR L oilEmc
WD ETHBo LinL, MRBBBNRLEVLT
FEEN B 0T T SIRETCE
{RET, HBEN~OBEEENDHPEINETH—
DEIC I ho T DIFH, T, FKILOERR LDl
M OKRER AT S LibBAOMTAREF AL, &
BEDOLHMCEZE2 LWL 155,

WEHKEES THREO—EN LRI CE i
A, WmEEELE®, RS tBbh3RT
oW CEZTHRD, 1T, kB T&HEL
CHF BB 2L, S OB R ERT HILEAIRE
HRMBTBhEE, HAWXHAIER D THHH
oWh B oBmKEChD, LedERENBH
HHEL CHET BT L THBo bHAABRORE
KEOKMNCIFZREBOBEKE, EE, KA, HD0
BEABDO LY BB, CWAHBOEY, BKERY
LRERFEL LD,

FP & B OB, PEZ L oBERED
BEOBHERACHGET 2EHTCH B, TLICEASD

3)



4 b B N o/ S O+ I

M OFRK X E OB ERL RO LT
7\,

O, FHCEE LT bhc R B o &
i, HHEKDOKER & AT bhiciigoilh,
HBNLFH O X BIEIE O, HERIC X Bk
FOME s X HROIEIC X 2B oTRe & RS
HFrAkE{EATH MDD, LK, POy
DFHELICR, <5, RTFRNEORLE SWKELY
T35 EBELR TS, Lichs T, BAMELELS
LERBDOL O RBERLTAEL, WABRLESITL O
MlcF i HiowsZ i aat, BB oRE
REZELL 2l AL THh LV EHT, B
BROEBHEY LM T 5 LILER Tl

SEOFIIR O R S RKOHE RO
BT 2 EALKOEE LFARL—BOTHH, 1B
BDY R, 55RO ER QK- {KIBHEc &
R LTRET S 2 ED8 -, BUKBRFOKAEA E
AT2k, £ELCEKENEEBH LTW30KS 5
WIEKE O EHIES SKERBA L, BKBROKEY
Bddo TOHEE, RLEAODIWRI» DERLT
bEKRYREIT, B-BORT X5, MEmCASEKE
DEBIFEL, BKEBNRL O TR > Th5HE, 7
MAKGED LRI X » Thic b EhicBKBROKEL,
FEBERELDAF v AR ThB L, ERBILEHCHED
EFohb s Eino TASAELItde Lich o
T, WK E TR ORARD b Rt EoRBOMCHE
B, EEBOEEOEVETAYERI 5L i, D
&b EKTH- CTHLRBO—EIAPEI D LD
nAs bR 4 i LOMES ZIEWIE L, MinaikklC
Weo TB &, FTETREEH A o iEh L, P
EHRETBEVIEBYIED, DwRREGO—HY
PHEERHI LRI D, REOWBIKELLS T, 2
B oRAEO b BT ORI SHOWOR & LFMn
By, SR0OLEAAELAC i, HEERCRE
B LOAREE R 52 50T, K EOME S,

% iolre it 2o S

B4-1

Z DX oRE R FReeEHoMI 0%

IR - TWw5H, H{rbloFcHLLTYS
MR, BRI, HHFINR 2 kEBbb, Fr
el sER AR O R EMeHC, {52 5 BiHa bl
LCERtBREKBEHR L5, TR TIRA
HAMEL, Wb BRI » T BT, T

MOWBAKIC Y - TLRELVBOkE LA R » T
Do ¥t REARBWTH I ¥ ¥y E-JIlOEKIREL
HLMECK > TksY, ZEOPWRLEE I h T
Z)s)s:'l)o

BROBMIGCIS  OBEENEEL L2 BT TCC
sicto 2t BokREEEH] D BATOC A& IFAIT B L
EhTidle bicl, bR EOMI ¢ Bk K # &
FEEIANEN o, HBEAE NI D ELTH, LW
AEz ETFTATCUBHAELEVL S5 ThHBo BUK
B FINALEA A U, BARBHAKPBALILE LT
b, BKBROFERAAETRE RAMNIAESC
WA LIELHT T, 20X nBAKBORKEYESR
e LTHHL, HETHEeE2HERAMTELHR
MHTBZELH B L, BUkAtHRHORENRY
K xicillRe, WTFAREASS XS EEL, BEFTDN
BT L W5 M &R KB RO g R BB
HLTHEDEELLWE, ERHEE LT R-1F
WEBRTH D,

4. HEREORBOHNE

By Us BEOEELIREL, LEoXEY
ST Biomicid, B ki) 5 1ERE, BHEROKR
HErS»-ERHE0E,, BNESR, BBEWOH
e ¥Ry, BANLBE, DERY X Shilicd
ftve L L, MM R L Q5B E b
CHETH Y, BRLEFOFRTEL L L LK, I
PERERYTio ok LT E ORIl ORE,
EEL AT B, BEABSTRVWHEL PRI,
D, LEAEREOLFELCRAERT RS L &
1, AR U EBEORKOEEVILET ST DE
KEBHOKAREZERTHT LMV,

EABOES, LAY, HREREELCEREZIUE
L, g@EoHECRANEEN YL s EAKETCH
5ﬁ1ék@%ﬁ%ﬁtﬁﬁmifﬁﬂiéoﬁﬁﬁo
MO HETH 5o

LR OBA ChE o ST b0, —RCRE
TN BISCRE Tl W 5 0, BEEO ) REO
BEm ARG C L 2EFOKED 5 BARIKH
ZHREBRLTCOREWAEI N ETHS S,

3, BERREOKORY YO B L %, EHIK
LELNEREBOENRHRFCEB0T, ERERE LT
#i0

LB U BB OBIIIEKRE © & K 7
B, EE, FkARE ZREEESOERR E DHET
bo FEOBFRINMIILEE CoBRHEL Thik
—o@ BRCT EFiov T ERER TR Digy, S

C4)



o2 BARCHMT »H R 5

Rl 7 b OB Darcy oikm b— BT KD X 1
5‘}"{. 531—2}0

C TS, SHIBREHE LT, BEE, BKEBOE
S, HREEEB-> TS RBOMEL LT L - THE
BHEHETHDo F XBKBOBKEGE, b 2kHELR
bl, RNBEmEEANKEE DETH S,

BHBRBORE SHEENNEL, BKBRAOKHEHE 5 it
Exy 2 — g XX o THESh T LERosR
& R Darcy DE: i B

—ikD=32bp. D ppo
q_tkD~7,l—kD.~~L—kh 2

ICXoTRDHBZ EMNTED, 228, D:BEKEBOE
I, HKISE, L: BEHOTVERERRESTH
Z)O .

B oL L&, FTvbilARECKkS
DIHRRDRETH Do BRBHRERELR LT
BLE, TOBKBORBHRIBEKEOSWEOKEY
KELFF Do 1ok 21E, BREDBOPCHFIE O
BERIATHSL, BERES X OCKFHOSFH
BOREYXELZT 3L C, ot Hv5iE
KEBEHORERIL, Tk 2 WOBTH-Th, BKED
BUENFEL TS L ER O EETHERICAR
fediud, FHHEEPAESAVES T LMD D,

e, BERCLES MV, 724 9 7% YF
OfEEER NIRRT A O creep o2 V5 OAE
LR TS ALTHROMBRKOHECRLELTE LY
BEbE2 DT ENRB,

Z A Bligh!? s X Of Lane™ic X » TIRE S hicd
DHH b, Blighick b creep % C=L/H rZFb
L, ¥7- Lane [ X % & weighted creep it & &fHd
Cy=Q/3L+V)/H THEZ T3,

= o creep iz -0 LiCEEFEDRIca v 7Y — &
ADBERREIEL, M€V Y, 74579V F
BROTHRBRABAXBERREL KEEQTRLL
72hDTChbo LichiaTC, Tk, =v 27 Y — HilEd
DA T AEEELTRAT DB EIRLLO
THHH, EEORKOBRFCERLTWSL DT
BHDo Lanefid- o Lic o HIVCW3 2000 L= vy
Y — b FADREYEEL, MV IRHLTRDE
i BERBEEYOERCASEhE 2, Lo
weighted creepit & V5 2LH#EX R Uiz,

Bligh$s X ¢ Lanei3 [R5 o creep bk L OEH I 21T
52Tk, Zie i - T, creep AL offix X
I bW S WMEREZES LB EEER LT W
bo LL, LD ETCLav 7Y — R EDRE
FHEHGESACI S gV CoRETHM E LT h

b, BohYBEBHhoAf © v /TR EY
FARLIDILREINID DTV 245 THX
ETH%bo

B85 O F AT B BRI R LT ns HEMR~
DA Y T DEMS, BEFKBERBOFEKERTEK
W LREBREOFRL TR T & XA T
LEKY D Do RN SEKERE - TR T
FLBEKDEORATO ) Rt EoRBe RS-
T B THE TH B, 2Dk 5ink i,
REO—FHCETCEBKMENL, WL PR
ML, R AEARIEHT B LD T, RkoR
FEEZVHUS LET S5, AeRoiikoXs
R ORTH D, REXREY > TEEHKOEE M
LEBi b3 5 -»iCil, RENE EH~[A» - RS
BHEWOBHKE 5 BEHB—EEI VP Thid v
eI,

ENDo Y FuwaE L BREHK S BEE2RDB &

—‘I%-=(Gs“'l)/(1+e) ........................ (3)

Tz Hh3®, Cok, ZREBERRESR,
éfé ZJO

EEOLTI e=0.43~0.67THhH H, Gs=2.6~2.7C
HBH00, BRABHKZ 5B/ ZiI31.17~1.01Fcb bk
h1es Ly,

L L, EEOWAILIIL bhis hAIvEike 5
BCRZ > T, kil vy y C—AofEC X
BE?, BKEZ 5 EDN0.2~0.6This Y OWASET,
0.4~0. 77 B L LWRAAE L, ol & L1 i
0.5~0.8TRZ - Tb, bAEOKIEN, R,
ERINOFTHO0.2~0. 62 THhis b OIEKABI S h
Tkh, BRIMCRDOhBRAGKE 5B X h/hE
ECRANRIABZ > TVB T ERHEETH B, D
Bl Ey» SOl CT R RBCH A TR
EhTwaicd, BRKBAOKHO LT LRAC X »
T, DOBE LT HELBL0LEL OIS,

WAROBRMEN Tk, FHEHKBIEET2BABA
DXKFERD LM ULHTHL, Pl IR 5 BH
0.5BEXBZ WX I ABEX L TEL ONELTH 5
Do ErEIELKBRC AT B EKEBHOKES 1 O T J
i3, BB OBRT —~ 2 X, BHRNEHES bR
THZ LRI DS, WAMEELTHD0BMTo
KEBEREETH 5, KESAFEREAEO =Y £~ &
EHEKBTIT A%, HKERC 4 EROKEEERE
THEWSEETH D, BRI OVTOREMITEL,
L CHREEROBIBR NI LB X T & %,
¥, B AHR VW TORAEER DT, BEH
R FXBAL LT IRS 2, BB KOX O %L

ko KEHE

(5)



6 + Ak BOE OB O® &

T HIDOHCHAILTEYTH L A S h
o

5 AR OBF S 1 9

HEERK R RS THRRC L 5 INERO RS B
AR TinbbBEo S, REHECERSE
Hotsic, T2 TRIED X5 it 0Ty
2, WKOREMHAHB LR TLDR, BERELIHR
PUELTORL Tk D,

HERAK O Z » T BN O (EN T BRI
~UCRTEB D THD, BAEORS, WM HIc L&
FEECHHH, —RCEKEBo bicirEmERikiswL
BARBKEOREBATETHZ LA S, HEW. ¥
S, HE 7o TG, BABAEBEHIRCEN LT
BHEPicve

FEARERC TR R A EF3 5 & T BEKIENICE
BmARE b, BREBROKEDS LFUTL 5o FJIAKR
HENEOBERL D Ik AT 5L, BRKENC
12, WhBEERTASRE LT 5. ZOME *
BEARERRED & F3akEN L, $RENE
FLTW3 & SRR [ - TEBENE U, &
b, BRI X » THEAREA AR 2RC L),
WRAHOHBET ZIEL LY, WHLHUELEE
BE Lo

—e, hrEOW CrErkiEE A EN <, B
KBS S KELOTEEHH L OT, EPEIROIEK LI
SEERE LCEL BHNLVBASAEWD, EEEE,
MEL, BREROKZFWE ERETCERHE L LTI
DS HHWELFTCHE LW ELOhBBELH b
WFEE LT, ETERNE LTCORIRV LB, 2
WEHEERE LTORDIBVRSN D,

FEREE LTEZLBEE, BEHOBEREUIE
BIEWERET %o &0k, HREHE LTHElIoK
AL L OEANEOKEE TR Fhak X s L, —7E
L#E 2 b BRBEOKEHER E ORBHEOBEIC
KD < BRI LEET A, T A2 HHEL VK
VWG AKEE—ELEE LR WEE L & 5o L
L, #9K0 BRiOBREY, BBEKOWAILL»T, ¥
Ko € 738 CTREBRAGBMLTNSE RicSh
BBERLLDHEV, BABH IUCEBOE S, BR
ExEnzhD, ksX0D, KLU, £#BELEHE,
SHELEET S, BB LEKBOBKBE Mg DK
& Bl s LR P RBAOHBRIISEHATH Y,
BABRCIKESNRNTHHERARTIEMNTES, &
DI, FBARGHEAICEU EHGTWB T E A%
THbBo

JEERWE L-ORD ) Bl L Tbdac

W HBRBW OIS, BRKEROKEOEKD &3
B OMEERY, WEhOMT EROLE ELER
ICAR, BAR X » URRE SO TR OBSEE L
BUeTnd,

(1] B8HE LTORYEO

(a) SR ER LIEa

D EKEMNRKCEE L, ERoOENDEL OB
ELBBOSAL LUN 20 ) BBEL G 2% 2
%o BABAHOEEN: Darcy D3kl X OB DB
Kk -T, RDIIKFEDHINS,

oo
_de _ ©—yp
dx e
ZI, c=D'ETHBH, ILKA=NEDe LB &
“5‘%;4=--;2>(¢2—¢) ........................ 4
BREHE LT
=0 EBWT ¢=p
x=oc0 BT ©=¢2

PEZBRBOT, KDL 5 IefERE o5,

7%
T T T IO 3 2
L ek
77 I 7T

’

IZ*.2 B3E G @D

Qz—sg:(y;,_-—-sgl) a7 ST (5)
¥, ¥ BT HEKEFHOWEE
d
gs=~kD-S2 = ED (4 g} (6)

i) BREFARCEL L, KA REROBE
H-3imd X S e BACIIEREHRT r = 0BT
o= x=lREWTdp/dx=045% bLhBDT

ot (1)

2—o=(p2—o1) 7 D)
cosh——
h
Fro R
7
I T

[

v 72

T ITETTY 0

[0 :::'.:I'_f{c:‘-. D

TITTI7777 777777777777 77777774
Or——-x

B3 #3& 4l @-i)

6



BEiomaB@KICHT >8R 7

h
gom M (2290 l"_i_
® s

L )
cosh -

2
i) PR REN A LEAREINERCIKR D84
Mo L BKEOEVWEEAEEL, Lrdi
Opici LERRRREEET 5o M40 X 5 i BE
SR ELDEEIHEREHIRDOE OIS,

~(8)

E_ %,
- D, &
ks ||||H||||Ikzl|||l D2
r.‘"f'i .'.'.". .
i . : Dk 1o
ﬁ__J_»I
E-4 8 % %4 F @i
P do _
==L 4 =0

X=c0DLE 9=¢2
I=0D 0% ot B¥, EAENMOBBREL I« CHE
=0 KETBHELE LV E LT oo ZRDIULL

@2 &1 + @i" 2, tanh

o= J! ................ 9
A + 2z tanh -
2
SERENOKEIL
— L 0BT
(¢1—go) cosh »fil‘—
——ngm.. e e *—‘7
COSh >]T ............ (10)
0 <xie BT

o~ p=(p2—po) €%
22, h=vEDe > 2=~ EDé>» =Di/k,
=D/l CH b,
o OBRE, WENFIE IS XK L REHATE
LCWCLIERSENE LT, ¥ =—oitkWT
o=, ¥ =oiICEVW o= 52 bIHOT

Age kX

Co=- I P (11)
HEARBHOKEIL
x< 0T .
N 2|
o1—o=(p1—po) € 4 l\
e (12)
2> 0RBWT |
-zl |

ea—o=(p2—¢o) €
V) PR EEAEE L, BKBOIKY YRR

S
5

M-SIC R X 5 e BB AN TR S IFRRD IO
tho
971. s,
i %2 i
Df,lllllk-lllIlllllllk:IHIIIIIJ/ D>

!F...

1_/// /// /[/

—

o

B-5 # & & #F @-iv)

x=—L kKW T dp/dx=0
x=1 CRBWT dp/dx=0

Lichio T, x= 0K 1) 5 KHeold

tanh— I

2 ¢ tanh—I; + A ¢
A 22

Pos=—"

— --(13)
ks tanh)l— + 2 tanh—L—
23 2

EKBANOKE
— L 0BT

(¢1—po)cosh +L

PL—P=
cosh L
At

...(14)
0 <xe kW T

(pa—go)cosh (—ﬁ— llo )

o=

]
cosh o

v) Mmuﬁm%oiﬁbﬁ&b,ﬁxﬁoAmum
EROBE
EERLOBEEFEELTW3E:THEH-60L5K
BREHRKD X 55,
=—L kKT o=@
X= o0

KBWT o=¢2

2= 00 p% o & BE&, EEFARNOBEKY N HE
¥, =0 BT BRELF LV E LTeaRDBE

¢z 21 + ¢ Az coth L
A =
Co= g Qas
21 + 2 coth -7~
21
EKBHOKSIL
y
D P
H’HIIhIHIlIH”HIIIIlllllhlllllllIll D,

00—

BA-6 & % G—v) v

C7)



+ K B R B O#

— L 0BT l

(¢1—¢o) sinh —L) |

o b

= o L !
sin —}l— { (lG)

0 <R BT 1

|

7

2,
gamp= (ga—po) ¢ 2

vi) FIRCARBORBREEL, BKEOEN DM
HRoHE

?s
TV*———; ;
B! HhHIIIHIHIHIIHhHIHII D,
K A
i L .' 1 |p
7 /1 g //////"'/'
Z
[4
) H-1 8% & # (a—vi)-
BREKIR-TOL B D THY,
z=—L; TEWT ¢=¢
x=L, KBWT dpfdx=0
x= 0% 1T 5 KHEpolk
Ly Ly
@ 2 tanhﬂm + 2o cothT
o= L (1D
. 2y taph- =2 Lz 4+ 25 coth-=L Ly
: % I
HAREHOKEUL
L <xL0H\T
Ly
‘5 o= (¢1—¢o) sinh (—71———71—)
- =
sinh L1
2
-"(18)
0 <xL Lt BT
cosh ( — Lz)
e2—0= (g2~ p0) G
cosh L’

) BYEEEZIBE
REhIE B & L, REIRERMEE E LT F
ELTRBIEHES ’
) BAEIFHRCEHL, ﬁlﬁ@llmx hERREOSE
-8R T & Y x=BR BT 5 KEARe: & TB L

a9

777

/.

K-8 #FE & # OGb-D

ey

EHKFER ORI
0 <x<LBeBWT ]
m—p= (m—sos)*;f
............... (20)
x>Biz 3\~ T |

ea—p= (¢2—¢s) 9_(‘—B/I)J

i) EAENERCER L, BXYSEROBE

?2

||||||IIH||IlkIIH

-9 8 & & & (b-i)
-9 RT L dwa=B ki) 5 KExXeETHE

Ao+ B tanh-)£ [
- @n

27 B tanh % +2
2> BREFBKEN D oBHLRE VKDL Tk
60
cosh (ﬁé—i)
pr— 9 = (p2—95) 7 - (22)
cosh (T)

iil) FINCEBPFEL, BRESRRICIER S5

() iil) LFECEHOALICH L TEARISEHRER
ETBo

B0 VREEEMSETHE, 2=0, XU r=BlE
FBKFE@e, sl THERDIIREZ BIvh,

(=-10)

L
o = [{(B+2) tanh ( py )}?H‘Xliﬁz]

[LB+2) tanh (~3-) 42

%’UM“% y%+uﬁ3mm( )mﬂ
L
JL(B+1) tanh(T)fll]
...... ...(23)
FHAREHOKFL
—L<a< 0 BWT
cosh ﬁ—é—\
o1 — ¢ = (p1—go) —
cosh (———) - (24)
0 <a<LBREWT

a— — bx*
Po—p= (po—¢s) o



Ui oW KicBd s

23

Ikzlllllllllﬂz

S v
3 e d LT

Lo
r 77

E-10 # & & # b-iid
Bz s\
e o= (p2—@3z) ¢ ~x—D/1)

IS A S INR R S iat 7 4
A4 o + ()»+L) o

@o=-L %2 T 5

L4+ 2+ 2
22 o1 + (W+L) oo
L+ 2 J
Lieh, —L<a< 0BT 5N EDLY
2L 0 BWT
P1—p= (1= 00) € T Ayrrersecreisccnranesienns (26)
&ieho
iv) FpCRENEEL, BKEOERRD R HRo
BE
K-11e7w3 L 5, x=0% X0 x =Bk 5K
ool Ves kT

L ! L
= 2 P By Y h——_.
Qo [(Btanh % tanh % +Zatan 7 )551

- (25)
Pp=—

+ 3 tanh—— 0, 7/0B tanh—Ltanh L
% P %

] L
+ 2 tanh‘z— + 2 tanhT]
os=12 tanh—L— o
A
L ] ]
Pieosdil —_ 42 h——)o,
+ (B tanh % tanh % +2ytan % )992]

L 1 Sy
e ——— 42 tanh———
/[ B tanh % tanh T + 1 an %

+22 tanhTL‘]
Ay

.................................... ©@n
KBk
<0IBT
(o1— o) cosh x+L
— = 2
cosh »LA
A4
o<x<BewwT |7 @
- ¢~ po= s 1—3 Po . x
x=Biz BT

‘pe—p=(p—ps) ¢ GBI

777

B % 9
V) FHRCHRIEORMENEIEL, HEOEND
PEROBE
PIRCHRBOFEAFET 5L T5. K-12Kk
RT X 5 ie4lETCr= 0 3 X UX=BIC BT 2 KF%

o, PalTHE

90=[{(B+22)C0th(7§;-)}¢1+).1¢2]
JT(B+7) cothﬁ%)ﬂ.]

(,agz[{)acoth(‘ 4)}‘/’1+{11+Bcoth( )}pg]l

/I(B+2) coth(.li.) 12,1 J
....................................... @0
ERBHOKFX
—LaL 0BT
—go) sinh(Tx‘—TLl)
noeT sinh ‘%
0 e <BIC BT : < (30)

590;‘99= ((,’)0—?1;) "

BB\

- (—B)/3
pr—p= (ps—ps) € 2

vi) IR HIRIEOREAET L, REOK S H 7
HEOHH
R-1BICRT X 5 IeBR AR VT,
x=Bie 313 5 KEF o, & THE

x=0% kO

¢o=f1, tanh —]{; @2

T (B coth_gitanhqu-zz coth%l)p,]
1 1

LB tanh-—l——COth + 2 tanh 714
2
+ 25 coth L ]7]
¢,=[(B tanh—l—cothl’ 4+ tanh—L) @

l -coth L‘

¢l coth~%1—}/[B tanh
A

+2 tanh—l‘ +25 coth ]

9)



A A B R OB O

A
=]

HY, ToOMECHITHKAAReETHE

BB E L LG, REIERO X 51 25543 F AL
EBRESEOBHBIRIC2WT, W oho &2
WCEHE L TR B,

@ D rRUJiExPIEEECHEMTIWE, Darcy
DOBEHIC X » CEAR OB EHE
— do
Q=— 2zrD -
g0 AR
ﬁQ_::-—r P
dr “kDc
Ltﬁio’c .
o __, =9
+ T g “dr: = “kDc @3

5 Z,o z oiit« 2 eV DFEATCHB, C DREIE
ReErEL TRFEI VWS LTl b,
D RkEAERL, BESFETAES ("1
FIomm ) o bR EAC E D IRERr=RofiEhic

€

I L B 14
¢I
e 7, .
T sty |,
o TR ; HIHIIIk:IHIII 2, —==
JPNEEN . - %2
: . g HlllllllllszIIHHDz
77 1 7 7 ¢’/~D
fr——— .- . L.
0 7 T T7T 77 7
B-11 BB & & Gb—iv) =
S 8 E-14 B % & # D
Avd 1
= 2 _ R R
L ii‘lnmmkmmuL et () 16 ()
b R 2 D, R %
¥ R e RN k : .AID i +2: Ko (*2'2-) I (VIT) ol
NN ot R R
IITITITIT t 77 7777 7777777777777 1T Do (—21—) K, (—2;)
(o] R R
B2 B % i G- +2; Ko (V,‘) I (,2‘,,) Grerrsessernnans (34)
L, B 4 , SERFEN KIS i
-2 ‘/ 0<r<R
[
i : v % V] I (-
7 /TR TR, 2 e ;’,(Jlle)
/777// 77, 7. 7777
4 - x/ / (e REXTHEWT  Jeeeeeeeeseneen (35)
B~ 13 B & 4 b-vD Ko( r )
BERBAHOKEL -l 22 J
—L<xL 0BT P29 K, (;R_)
22
($1—90) smh(~x———€—:—) W) SRS DRES LR HDBE (H-15)
e sinh L1 EREAL L5 CFBHUREotLRREACL D,
A RIENBTH»Co AL D RE R+ BOMIMEZE# &
0 <x<BIe BT -+(32) {RE$ 5o
x ALY R IURTBOMUEOEKBHOKIZR
pomp=(gompn) - WHERDE KIS,
B 35T ¢r = L—RIL {3z — (R+B8) KL} ¢
pe—p= (pr—pp) 6 & ' —2 (R+B) KLp) ]
© BRASFBlEbhicBa | [{% —(R+B) KL} {1,—RIL}

=21 22]
pres = [—RI Az o1
—(R+B) KL (4 —RIL)¢:]
JL{22—(R+B) KL} {3 —RIL}
=2 2]

e (36)

R

P

v %
TR TR

E-15 8B & i (-1

(10)



RBolunBART 2

Z I,

K= (B (K52

P () ()

R
L=In = .
In R+D

HERBAROKIESAiIL
0 <r<RICEBNT

o —p= (p1—yx)

R<r<{ R+ Bt s\ T
In (7; -
o= 0= (Pr—@zss) . (R+B
n (£
R
R+B<nTH»T
)

@)‘

¢ —p= (g2 ‘pxu) g

(2] EREHRELUTORVIRD

BRI LR U, Thie KU TEREHN
DORFELEEL O bDEEL bhb, $ic, BAH
DREL O LELCHAARECRVHEELH- T
HEAOHMAKELBEHT ALV ¥ —ALRZ 5 TL
50

D %Eﬁ"“é;uﬁ&m LTl

EABOBRKGEEL b, RROBKEHEF EL, £
FEFRFROEI%® D, D213, H-16KRT IS
HEBIC T ST M, KGO LA T
BT AL DL EL D OB, REOHEMETF &%
O, Bt FICBIERD B, —B—E L EET
% L EHEHER,

du

;0o oo () ereennnennereeaenaann
U 8

Fofil, n: KEOMT EER, o HHETEE,
w: WHTHBo
il D)y AW

@ =F ()

et ]

) ‘jz&%ﬂ:&-lJFuuL'muuu 4

[-16 B & &

= {1 ((23-1)

Bt % 11
1, 00 8 :
Tag et T Tax Tk 9
Lichis T
K Fp .va:,ow=0__,(40)

92 " ngh "o T RD ot
— I TR T2 5 Reh CHT 2 THOIMEE OTH

BHEBTEHDT, KDL S MBI So
¢ _ kD | 20 e
o T Tw T Taw @
kD/n'=a*k 154 &,
a0 2 %0 e eeerreeeeenee
B R T “2)

Z ORI BREREORE» T it

Wi, BYOEKBROKEF MG ZLRTED,
HKIC X B KRR LD U B KOV TRV THR Do

Ui o THEREKHFRKO X Sikicd,

(P z=0 = F( (@i1=0 = f(=)

COEERHLTERET a k=00 EH L
Y, t=00sEf@) EBISBEL, ¥l %
x=0DrLEFW Y, t=00LEFLIcHI 57k
Ethide=ot e RDBREN D,

T, (@a=0=0, (@) =o=fDD&IEHRT BHIL

e f(x+ 2av/ T B) 4
2av

@1 =

o

—J . e32 f (—x42a/ ¢ B) dBY--(43)
2ayT

tits,
I, (9) w=0=F(1), (¢) 1=0= 0 DL EHRTHHIT

F(t—

52y ematdegre(44)
daa

-2
¢z—)\/ po «
2av
Lichio T oKD X IR BDo

o= [J . eRf G+ 2aV TR B
S

o

_I e (—xr 2/ T df)
eV

o0
2
+1/TJ ,

26y ¢
Eitho
BB E L LT, (@) i=0o=0"Tx= 0BT 508
RIBANCE 2 DR ARG OWTHET B, ThIBAKEL
MR X X » TR ET T 55 HIET B,
Tihbb, BREEIROLSCELLRDE,

ey ot dggeee
F (tmf ) oo da(45)

3
@& z=0 =11¢+2l A sin(smtfg,)-emmmeeen (46)
§=

(1)



12 d K OBE RO &

Lo e R TR ZOXE AT S, £5THEK

DORMEFE OIS,
o
2 ~52 hag
=7 ., ¢ 4o +$§1As
2aJT b
X sin {sm (¢— 4:2-,82 ) + &, }1dB

00
=5{1_L—’~J‘ . c_'h(lﬁ
2aJF

2 .
+~/~z zilAs [sin (smi+e,)

oo

XJ L e s S g
2a V7

o
52
—cos (smit-eg) J . € “sin
a7

smx?
AaifE 4f]

CO%A VI LT (@=0= 0252 BT3B

s FRBREINE L ohut, WS EoBE Rk
3 < tho Thbb, LEXRIIWT
JE%T
(1}

Jos dﬂJ

e=52dp

2
0
oo o
5 sma2 _ = smx2
J . €& cos daige dg e "~ cos eyl
28/
X
a7 2
— f e ™ cos jﬂ;’fr dp
4a?B
0
oo 0
-5 smx? 5, —~§2 smx?
I L, € sin 4a?ﬁ‘2d‘3 e  sin 12 dp
28V
X
VT -2 sma?
- e * sin d
I 4a?p2 B
0
................................. (48)

WFROX L AR EL B LA 25N DICKE-SL
D HEYOEIIGK D Z LR EHTS, chbofiid
FEL () NcfiA+hl

o0
(o:Ao+Zl As [sin (smi+¢,)
§=
— X sm
a W/T x sm
X e cos —— J =
—~ % [sm
“\/7 . x

—cos (sméte,)e sin-—— o/ 2L 4

o
— B—52=2 [sin (smi+e;)

L
I
\

a

-

t smx®
—52 dp— tte,
e~$2cos 1 B—cos (smi+t¢,)

K
Sy
o [

X
2ay ¢ . sma?
XJO e~#sin s dg]

_\/=m

——Ao'*'z As €
X sin (sml——__,\/ EE +e))
— 24 =T g °z° _24s
Vel -V E
:
XJ‘Z‘W g en‘52 sin (smf— 5"2%2_+e,) dp
0
................................. (49)
ORIt AEREHSEELHEO0 LY
o - sm”
¢ =Ac+D Age 2
s=1
X sin (smt——gf\/ LI R P (50)

15K 2 &b %o

i) FESTERCEKENOBRBEARIENCILT

256

D) CRULS BE%E 2 2EKEROKEAS L
A% & Il UCOp#E R s £ 5B KE 0 SH~IR %
BT5EELS,

EREHO x & 2+ dx DB OFS CHBA~TM T BT
fH3Be dx LRGEThiE, #EoHER

n! gf + Be + D au s [6)))

THEZ bR (39)35:@@?}175@3(2& )

2,
do _ Drngk &% _ Bug . (59
ot T BEingn' ox Bhkingn! |
Bhiznn'ge W LT A& v D¢
a(ﬂ = Dk . 62¢ — B ..................
K R (53
Liche DF =g J%:wg$<g
TS
G e G
ﬁ;@ bihvs,

CNE B =gt L5 iR T B

(12)



RuiowHBAET 5

00 08 gy 2 8 b2
o T T e

2 0% _ 2 B 4o,
R o

ke, GHXIX
ag 28 b2 2 OB oy ga .
B8 vt—tog o t_as_a;éz.e b2 b2 go 02

.......................................... (55)
Lichis T
¢ _ 5 3%
ke
&b, Zhad R LI BMREOBS IR L <KW
LR bo

1) "TOXIE (Pz=0=0, (9)1=0=f(DERIET HR
1, Lic#is T

o
e-b2t

s [J . G 2ay TR esdp
-V

@y =

“J L J (xR 2a/ T ) et dp]
2@V
TH2 BIhbe

F1z2, (@z=0=F(), (@)1=0=0DEHE

b2x2

< -2 — 252
2 4a2g
v oz _[ x° F(= a‘bz)d‘e
2a

T BERELR D,
3L, FOXKERT X5 AR TS bR L
TaL
(Pdz=0= AD+El Agsin (smi+e,)
S$=

i34

P2=

IhEGDRERATRILI VWS ETinb, Licdia T

oo b2x2

2 —~ygigT
-_2 a%p
S
2av ¢
-] xxz
i — d,
><[A0—I—s§1 Agsin {sm (¢ 4a2ﬁ2)+d‘5’}] B

o L. b2
[ ER 72T
=40 e d,
vV oz .
ZaJ

‘177”4 2 As [sin (smf+¢,)

£ _ bzx2

B2 ——yagE~
4a??
xj . € 2)92 ————smdf
a4t
52 b2x2
—aa%pT
— cos (smt+e,)
2a J—

X sia 727;2« sm df]

chERtsEd s

BE 2 13
__bx_ _ K, bu?
P R v
9= Age a2 —Ja t, N dg
=),
o  _xvg —
+5 Age” 2 P sin(smt——i‘é%q+s,)
£=1 z

1/ - Z As [sin (smi+e5)

b2x?

204— 8t~ 4a232
x fe 2 cos 22 ST A8
4 ﬁ
0
Jx 3 _b2y2
P ~1a27
—cos(smt+es)J W, e
0
. 2
Xsin —4a2’ﬁsm A eereeenneie e (G))

9 bo ZORITENKEL LD EHSXELHLO &
£ ), REICRICRTRCHE S &binbe

REL, b=V EFaS + 5

7 =/vETes - »

TH5bo
bx *J7
¢=doe” ¢ 43 Ase” 4
§=
x sin (smf— "1/2?' GEeg) ewverersasinins 1)
i) KLV BRE I HENERLY B S T8
5

FHREEH - T s EE B LUERAETHORERR
BREERE LI L &, BABROKRELC - TE
KESBENER 2 THHET OV TELTHRS,

BREOFENER 2T HREE — R B RE L
AT S THb T

BREE LT E2TEKECR I TR T 5O THER
AR,

a9 ou  __
S ¥ D=0
Linho BHHERIX 39 A THELLNBHOT, &
D2ZRMD
3h . kD @ ...
TS (c0)

R BBRAHERNERNCE DR B, Zhik, T Tl
~<72(42)50 & £ AL HoREZOH X/ Cliiuc
BLEENTED, ThiZ DEBTHREMRMUT &
STEZHz b OrENR DIV,
iv) BREIFENERERE L,
BAPNEANTEH T 556
BEEHFRR-ATCRTES D¢, BEXFO LOXRE
BEBKEE T Do Lichis T, BABHROKEAN LA
THILFEYE U ORISR 50 #81—I5
HEARBMLTWS L E L b, L ESBREROWL

MhOBRKBRHOE

13>



14 + &
$=F (1)
_ v |
J o %
OO OO e =
’ 7.

B-17 8 & & #F (2—iv)

OHFAETGEERET S * & = +dxORITHFE~H

W aliE (b/H)edx L ic Do ek, oDREEETEM
RDKFLICE D E 1= 0 Th Do
Liziio Tt oL
s +—¢+D_%z_ S J— (61)
zoRE (39) ROEHHRA» L
G g @
Z ORI, GHRLLALHCHEIH2EBIU3HE
DRI
Dk B .. Dk 1
n! “n! S , Sa
Kbl T ol Lichis T (64) SIEL, [

LM &MNTES,
v) BRAfOKEFAEST 585G
BRENEENER R L, »OBKEROREK
PIBATR T 5 45 TS DB HOKENEET 5
BERELTH5, BANOKEIZe & L, Btk X

Ot * OB ERE T Bo
Mg o BRI
s 2oty L (op) +D-Jh= 0 (63
Lichio T
{l—(¢—¢l)+sﬁ—(—‘%';ﬂl ~kDT% = 0 (60)
Qx,0) =_%i:,lﬁ +'S%,— @y eerivennnnanannas 65)
& BT
=t QG 060
D e, e
g?-_— az_gf;:-_b?¢+g (%, £) wreevememenosns 7

t=0T¢=0%HlTHRERDS,
67) K& 2Bl LT Fourier ZFft3% &

o

J 0 @, ¢ Vdo-(68)

Ead

O, H=

1
v 2z

1=0Te=0ThHd1D

BE o2 B O 4

6D FuL R ERE TS OOV T D 1 BEogH
BES TR CH B DEJHCHT 5,
(69) & HiT (EDROML
{2

-(@2E24+0DE [~ © (a2B24BD)T
dE, D _7? e J e
i 0

x ( j
@ (&, Hobz 8 5iFourierZEifanio

o

DE D e

f(o © e_iEU d”)df ...... (70)
5D THBM D

¢ (z, 1) =i dt

)/7

R E LT R-I8RRT X 3 i ffEoBKic o
THRCWTAS, &0k S flRliond 5 u)ilic
ofﬁﬁhéﬁﬁwa$D%Ah%Tﬁi EELD
hde

L¢1=LF ) _y _ %=const.
-l-'.'.'%f!“ HIIHHIkHIIIHH Il

H-18 BERN: CPILBNROSA

I, tZ0BWCzLEEL D, 1iLt DLODR
HELTEZBRBETH, Lichls T (65) RAFAKD
X5 D,

. ._ H H,
ks, ¢= P
[ NS YR
QW = *A—+—Csﬁco. 12)
Fio, (66)AuL
¢’ _ EH | 0" _ 1 o0y
T e e TS Y +Q(8)--++-(73)
a, bCEZHZ B
! 2%_ 2 of D (F)ennrnmeonane
=0 BRo'+Q @) ()]
SER 4L

1)



BUoMBRACHT 5% 15

!; ........................... (75)
t=0DkE¢' =g, |
KEX> LE BV o —ECH 50 D
@=—tr_ymx
113 t
ag; —az—_aa‘;' [y JVLLEN o LINUOUVPRRRO 76)
EinDo ZIRQUZ—ETDH 5o
KR 4tk
x:oo(r:jg\‘\fy'lzgpo )
t=01 B\ Te' =00 !
x= LI s\ Tl =o' } eenneeneees an
a¢ _Aa’gll
BLV =5 J
THbo
[o'(x D=0, (120, 0<A<L)
Vix, D=
\o"(x, 000, @=0, x>L)
.......................................... (78)
QM —b,, (=0, 0=x<L)
P(x, )=
0, (=0, x>L)
.......................................... 79)
rhy (7)), (716 b
{20, x=07T
WY gt TV i VP G, Do &»

ZHR;. V(1) R oW CERNE TH B
[V D, ¢=6, x20);

\V (=D, =0, 2<0)
[P0, =0, x20)
VP(—xn @=0,2<0)

V iz, H=
---(81)
P (x, D)=

LT BORIZTDEEI=0, —o{ <o TR I

OO
WRE&GBIU (18) AL - T
(Mi=0=0

(82), ENXxWI-TEOR, (120, —colxleo)

DEFIDRKE L - T
4 -b2s
e

VoD =5t S

- —____y7
XEJ“ P(x-y, i=S)e A dyl ds
—oo Lo

Piz (79) 8D RxAhb &
: gt

_ .1 (2
Vgt -é/_._J e

) 2
X[j {Qi—s) -8 ¢o}e”74:7s'dy] ds

b%s

i
=7;7J [Q (t—)— bt ooJe "
0

fy x+L
X [er (Za/ = —erf (211]/-—)] ds
Zh¥ (718) AR TI=0, 0=x<LTCik

t
o' (%, 1) =¢o +—;—J [QU—5) —8 9s e

x [erf(Za)/—) erf( )] ds

¥z, £=20, x>LCIX
QU (X, D)= @ (X, Drrrememsrmrasnanasssnnsanis (85)
vi) #dHFEoOh OBy
iv) LAUEHYE2 50RFVIENMHOL EORE
WCRRD L 5 e HRANTE 5,

R
7 $, = const.
¢ S=F) =
: |.||||L‘.-|||||||C=IH || ||||I||H
—_“
H-19 BERM: (GHOBIROBE
-190 X 5 leBE&NEE L Bin bk
r<ERIZE T
dp d% T o
kD( + sk )+T(¢ o0
|Gt 2V IR
+Sr¢—7)}%——0 (86)
r2 Rz s\ C o
do %y T e
—kD(—gf + r5 )+ (0=
+Sr a('p;f’,?) = Qeeeeenemrnrrnanasaes @D

SRS AY AN TRTE X VWb Th B0 LR
wHORE TN LD T, BEHICHZ &%,
8. FKMEOPKBOBIFHOBA BBV
%3
HWiC, BABEROBEIIC oW TOFHEAE B
Fobt, Z 2 CRBLKRRC 3603 B EKEROKES D%
Bt RL, EEXRL TR, FEBERENL LTO
WO/ ERZIAS, TR ELOET R Thx

(15)



16 + ok BF R O®R &

LY, —R e R 5 & WE e DA
X TRDIEER: ERERORE R Tie» Thrio
K ORFXEL BT bh T A b hnhib
ST ROKIEORER O BB DT < iR
Wicd, BAREDOY R ENR T LVBITH S,
Z R TFRBI S X R RN oo
1FACRELENERL b0

C1) EAEOERBROBBIER

HEBKOL: U s RENHBLFIIM-IC/R LI L
B0 THBN, &R THREN B LRI 0B
3 4L FBECHBIERC e > T o

FF, FRERICOBEKBROKBEZEEFIE LicE
HHEE, Tok b 4km OFEBKC, & OoffFE—
FHRECHRECER IR Ty 5, RORmMCES
1~2mDEREHRD » T TOTRES 6~TmDH HIX
LEKBHFEL 5, HILSOBHREZRT &K
200 &L B Y THbo

¥tc, ERNlogAconwl B-2LRTH,
HEEREFRBICEE LT Y, AKo~2mEXo
FBEAREOER K X O 10~15mE X OB KEIFELT
Wk, BBt ERIIIGRERART CH S,
KBRBLEHELTHY, BLor r2S{G0E
KEDEWETH B . BAREEFERK OHE10-cm
[secBEE, FBERIIOBBAIR10-~10-5cm/secTEE

120 SMEUE D EFIAL <, FWIHE 2mBRETH Do
FBEOTICH HEKER 0. I~1mmB O HEND B
WRETH5H, BN L OO v b LRI,
SERGIIRTES & $10-°~10"cm/sec BECH S, =D
BAEO TR ENIED - TE D, BIEAEKEEE
#x bhb, I, OBOTEBENEELTCHS
B, —EHEEORI X > THEBEIh w5 L Rirdh
50

(2] EXBROKEDT

TN OKFEOEMFBREBHOKTUCED X 5 e B8
b OohRANDLID, HREPC Y 2~ 2 REE
L, BESERE L, 7, BEEE0 1l LTRR
NORHERIRCHE Lo L BE L K-22R T, #
W X BARREE) & BARENOKFAOETOMEHEL Y b
T B, K-BRIKFHOEREE Y=Y £ —2D
EEORGRY, i K24 KHOEED ¥ — 7 OFf
HIDEh & EEEOBFRYTR L, GORIIRIND &
s, JRIROIE(CIHEEE IRHERD L HRos Bz &
ABabhs, ¥, K-245 bREBHOEEEELFA
B hs, WEGHEREC, SUKMERMOLENE
WAICRIBABE LT T h Fh oK LCERR T
DHBHEFEZTI Wz EAMBRSL L bAHA, BKEHND
EBOEIE, BP0 X Ik #KED X 5
KRERIEE CE2RDFHANEDS THH D = LT AER

~20m
1
2 | 1
: ///’__ﬁ//"’T“\ HW.L 410
3 f
RE 4 |
IIHHHHHHHHHHHH!I |nnnnnuununnn 0
; I ﬁ 7( g RS P A
77 4ﬁWWWWﬂWWRﬂMﬁmWTN
H9-20 FREJIBEL IUERE GEHE) #K 1
Om 50m 100m

1580 m
T

el WER CIViI-I-0BS

E-21

iy vk

RN s XU Aebht Q6km{fa)

C16)



R AL (TP em)

BRBM, T CHEE LTWAERRBIL RANO X
57 TR D ¥ — 7 {3 DE KR T T 2~
3B EBbh 50 C, EAMIEERE LTD
BOTELOMZEWTCHED S,

(5)RCR LI & 5 REKBROKESHE

100

50

LI S St e S

sReB 8 4l -
£2
BTKANER E
wny i
N iR2 TP-250m C-4 :@=5Im =
C-5 : z=87m ER

:
&
=

Eok
4 c-sl 6
141

21036912’1518212&35912

R OB AKCRBT 3 HR

9A78

ot C-86 : z=128m
1 C-7 : z=8Im

1
Lz

ENN

[{-22 FIKRLOESE FRERDOKEE R

¢ = ¢, e 3

@) KRN iskm {1 E

A 2
i i\ A 100
I [ 1) -
FRY i \ I \ €
[ (Y HEY K
R Y B r\ 2
[ Loy o ¥ g
! \ ! \ ! \ 5
I Y i \ ! ' %
! \ 1 \ I \
! ! (]
W%g:@ 0
\,, 7 \\! 7-5
_ B-23
3

1
00
¥E Bia(m

R L EEOBIR

C-7/

200

100
BE xm

H-24 ¥ -7 OBHOER

03~ @ = (P2—¢y) e~2/2
Thz bh, ¢a=0&ThiE

100
43 .
= F 6—6 42.4.20 LK R
<% &0 42.6.20 1K
®* 20} 0—0 42.7.10 X
1/4=0.48x10°
10 1 1 1 1 1 1 I 1 1 1 1 21 i 1 1
0 100
EonRosoRE (m
(BYREBN 3
100D RR NS b3
F T —
< 50
> L .
~ w0 *—& 39.6.28:H K
A3 —o 39, 7. 9. K -~
S 201 O—0 39. 9,25 HK
1/A=036x10"
10 3 . T T .
Ko pFAns ofEk (m

-2 ZABAORALER

C17)

17

Thbo LichinT, HECe/ai0XE L b BRERTE



18 + K B R B R E

k%L BEEOMBUMTERBT BT TH 5, B
FHF DO & o R R-251 AT
ERNOBABEOEH N HENS VO T, SH0B
B DO FEN BT DV T AR X » TRDT
ARBo O, BAEBOEID=15m, HKEHEE =
1x10-2cm/sec, FFAEOEBOFEID'=0.5m; FEK
HE k=1 x10%cmfsect 5 &
]
71_=\/ ’T%T
=0 12 3AKHOERLRTHRECH Y, EHE»L
LRDB LM TCED, H-251m LERE S >H
SaHE, TOZOSEYRDIULYIEADZ ERTE
3o P T OEEEA LM CRDIEL DET
INEWEERTT. L L, AHOHEMIEENEEI LTS
), B E (5E LORDAEE A EY
FfERRTC LA E bR, K25 OFEAOEEHIEK
ENFRCER LTWw3 EBbh 5 Bk B A T
555, MnbL#Bbhick Sica= 0 ORETo/ont
1m%mﬁb&bow%%&kéﬁvﬁvoééckﬁ
Pinbo MOEN, & Eefell, ERlo kY
OEEEEC L - THZORVELOREFLOLFES
T3 D, 205 R HENRECH IR, i, I
s E—IoETYL, ZEOKEWZ EHFEIR TR,

=1.15X10~*(cm™)

£ UBERR, o OtBAOBEKBNEKCFEIN
LTWTh, FORAMOFBKRENEIRNEL, Kbt
I BETHES Cric b OJIRKENH B EEL DI
%, = OEEIFEHANLORBTIENLAHE VR
I XRHEDHEELDRS, ThIIEKENMELSK
FRE T e2o ZROOHIEPHECHRNITH D
ZEFRBE LTS,
Esjﬁtﬁmﬁiﬁéﬁ%m
mﬁoﬁﬁmEﬁﬁmouTwanéoE2m1
DEL&%ﬂMD&*%kMMmL&ovkﬁmﬁﬁﬁ
JKERZEb R i L CE L RIS B K o BITER
?Tbbo
Fok A MM Cle VO TR R T ¢, E
oKL GETH1E 5 EED, Hifio )
G L BAE RSN YR L, 2B KERO
&Emﬁﬂ%«ﬁ&?é%Aoiwmﬁzmbfﬁﬁz
n¢5¢ o
D, kS 6 BRA u:?zmz;m

89 e o
=155 0. 336¢

kmb@f,ﬂmmumﬁﬂzﬁ%%ﬁm ZE

L VBT 5o
?Eﬂi}ﬁ” CHE U AR BoEBIIEHE T v

EfEE5E

35
&/ 1IN
X - i
30 - S
.25 < 3
g
-~ -—
20 =
£ — [
L1s—AL ' h
®UA
10
05
ERRLANREA RS AENNNARRNATNRAANNET] ll|.|| [REATRATESALNNELS] fllll 1111 telenvgadesanuiatine
182022524 6 81012 1618 2002% 24 6 B0 HI6BDNLL 4 ST REBDZN 25 68 DILHIBNZE
TH%B 75268 7M26H 78218 A8

() KFRoHE

90m

215m
ZPOmE4

®@ € @

(b)Y KA RME LU &

£a-26

Hokic X HHABHDKFEL

18)



RYiowERACRT »H%E 19

W, FFEERER oML RDD & LT, BKED
FRE H 20mBERC K Y] o fo B OKFZE{LO Y
it otco BHEESRIL R-B PR TEDL L5, &
FE & TR AR & L OB L ZE b dmd st &
FLLBL—KLTWBERROD I, SFHETELT
WHABEEAOEEN, L Y AEL, KEF{LolRY
KELOTFERTw5 0L I, i KR O
FBE ESIBERBROKEAEHKMT B LT
EH5 B dPRRBCRHZOEN I T b, iR
PABRTIRN O T RN LA T2 EEL bt
7:.)0

R ERIfE X5 & RARIO b B OKEA R D {E
JANEND, c oBEhLBEROEK CRACH LTH
BHEin 280 RGEORBMNEFIC X > Tx ith
R, TTERABLINTETCHIcD, HKEBHOKEN
KEL FR LAV DEEL bhb, ZOKADBIL
VibidB TalE | & ke bh’ Lo ThiliREED
L EEEAkn & UOESECCWB M, TIIKEIAK
& EATHAMABCEIB LS KRZHEML, e
PRI L, BB 0 b RATSER VB U5 L BT Bicd,
i LOTH D, DL B, BREH DD S/t
Fm o, KBKEOEBREET B, HEEHAL
CRBEYRA L, LERAETRYITEDOEH
ERE LTHIRT Ao &M TE Do

7. RUSHSOREROBARLGICREY

FIH KR LA BER X0 Foo’, 2
CETHCBIE LT LA BEH OB oW TliND
A, WBOSS 5 WL E LTERERET S
B, THEPREIOBRFCERT D0, HERELE
EL, BTEI* FoACLTIHYTR) 2 &2 %
Vo UL, T OBE, HUECET AKEAE L, B
BOEELECE, MLWRKRED D, HBETHERT
AdPHo—HEHE LY, SURvERaRkEBEE L
Rbz EMB B Th, KLEEKTEL TLEBTC
¥ > THYEKEOWEABHMC YT, THERYTA
ek, RIFRCKEYELT o &b %
Vv, TUIARFIRC D B, HURBRA~NOEE
EAGRE LB LERD o

L L, EEONBIEHETH» T, EOX iR
WREUDAEEL Z EIRELDTL TNV, 22T
12, ExickaHERE MG TREROBR N 2 77
W, BB L HERRRTR S D LT B, SEORT
{CR Lo MUEHE IR & Ak L, Bsiie AL
L0 THAHN, BHERE IVEEGERE, W on
DFEH HHUE BT H o &M TER,

1] $Es JUERDEE

THEEAHENS & &, HETHHEDOHCHREO
Wi, +H, WEEEC X - TAROFEDI, HHbH T
Who ¥, ABREEPEEAHHOERRECI>Th
WAHWAHOHROBGIGENEE S h, BEEROSHE
WEHVE > TEBERILE LD THH LD, T2 TR
TEBFENE NERSREOFEN D T, BB LR
[G-27\Eb I3 L 5 HEBHRETHY, B
i 2 TERREBROE Ch B, H-15KA LI
SUIHTEBETHL0LELDBRS,

R
%ﬁ A W

3 Aoz Mo

y v
.

AT 2T

B-21 BE&HSUCKARORHGLE

BRI O IEY R T L, ETEKE S VI
X7TmE Tk oA FEFR CEREREITA=6.5X 16 cm
JsecBEDEBEABT, COTEEHZnOhEXE
e ¥ T B OB KR b =2.8 X 10-%cm/sec DiE
KEHVHEET Do

F7:, FAOPE oL HhicHVRIEAB CH » 1©
55, chEFBE LT, EESIm A3 LRET
Bo HUNRZ 2 AR C, REDIEI8m OB
fﬁl"’(’éf) 7:30

(2] BEREULLLEEZOREROE

SR LIc ER 2BROARGDI X » TIRL
FEER A LCEE0OH AT %0 BB AR K
28R Lie, HUIRKBNOKEZET 2o,
Peve b ISR OFEE Ui B ORI LIc ERIFEY o i
ATB &, FEC X 5 TR AKRGACE - BIEIEA
BHR TS,

800
7.00 ]
6.00 k.8
= Pe
E 500 "
400 - SRS
300
x® 200
1.00
20 40 60 80 100 120 140 160 180 200 220
R Or(m
E-28 EHRHEFIEUKBADHE

(3 EHEHE L LEOREROHE
(1) HusR

(19)



20 + K B oE B O &

ZORKIEROKEELB X O - TELHE
KBROKFSHEOLLC & % 08 OBEEH L B
AR TEEROKRFZTIE .

HYRBA~ O FROBEFL T TR @R B LT
GENRTCELBRHZEERRLAEDT, thboREM
W, MEE IR T WE DRI iR & HEEE OB
BRAD, BELGIERKOBSGLRERATL TH 3
#, IEEBEROBAILRGE BEER T, HUK
B OARIE—E L L, HUKBENOKRIEEROTH
ERWTELLETCSbE, L iEdi, FRoL
BT s EEABRFEN ) AT TR L L, #
B aepicistoTws LRETS. (868 XTED

REEEHBRC BT E
r<REBWT , ’
o @A) = o @A) —a ) e ¢
EH (4D o, e
+—2—TS—(H{Q ¢, 74+ 4r) —o(f, r—dr)}
+ Do tyrdry ke @r—dn)
—200,91 —- R {0 ) — a®)}
.......................................... 88
r>RTBWT RHCAD
e @44, ) =9 (1) + 37SCAn)

x{ ¢ (¢, r+dr) — ¢ ¢, r—dr}

+._%%t—2——(gg(t, APy +o (,r—d4r)
—20 (.0} =2 o, ) — (0}

rtPEEAEL, BFHEL ABIOIrE 3505, &
HE TRk 5m, Ak 1120 & oo MK
HOFIRIA S S OMIRIA OAENE 8. 0m 12 & DRI
ﬁf& »Tco )

i, RO o SEFAROBENE RS
B ERC— RN KRR S Lfih, Jacobim X5 ik
DX 5ichx bRBI,

s = (-,
22k, Epis XU Es KOBERES LUEKREOM
B, MEKBOMT ¥R THB. B 3HDENE
ABO L TFFETsEBKER UREKEOREER
HTHBo

B RN R AT S £ 5, HEBEEE
IOEKEROERE 2 CGHHERRVELRR L. ©
~2073 FPRIE R S%0. 074 & RE LEB OYEKBOFEK
#3535 LOBE Y 6.5X10-fcm/sec 35 X OF 7 m, EKE
OEKIEH I TOBEY 2.8X10%cm/seck LU 2mE
(RSE LTk it AR L EREE R LD TH Do
fos, BABHNOKFEOZLELEEE LB [-271
Tt i, HFOMBOHIFHYIROMEN bOE
BCHBo & bic H-30 IKILEKENOKFESFHIL -
ZDbhs X OCBEE LA LOT, HbhoFiEk
BREGOBBHEER LTS,

(2) HEEfEE OHE

[-29% I OF-30 R X S I F VRN OKREET

PR +¥C'f) ......... oD
Es Ec

""" @) g CEARPIOKH ST TS0 BARN QA
i, r=RicB B BROLFORERL SRR RO T & BHIEC X 2T R D 2
0 t, B =2 LRAD — 0 LRI MR EIA O BIETIC 5 KHOZELETh LTy
------------------------------------------ ) B2 KEETFEEOKFNELES, MHOEBL &
iy (foa~3RERE)
6 L
No. 4 DR 80m
~ 5| rﬂg:,'?‘.‘f——_g,‘;._------ e HAXH A= TO
£ X‘x,x_xxéﬁ"“"’*-x'r —aa-a—— EOm
= XX a——50m
1<' s ~ltom
L
1 -
1
] 50

514 v o R KR

|4

(¢=))

09 KECEBETH TICETHE
(20)



RBpoBmRRACHET »>HA 21

80 == — 3
i . 1 Bk ,,o/"' — g —
w0l . e
) /'/./' o °/§;é§2;
- - j(:/ =
an 408 £ B AT
~ o——a — """ ¥ /’
- %0 50%—:?/ 2
7B x;f'/x//;y
uiq - X T2
401 —— o207
= — —x--—x-—--x——x--x’k’%-x— - x ’,x/&’/ 308%&
X 30 -—§-—x—-—>.<;:§:_§_:(:—o x'—x el 25 B
X X -~ ,’(
20 |E T e e e - 21 8%
| e XK JX— ,x -
IR oot A‘”’: e 17 Bk
LOE et
== <__ 1384
! ) ] ! 1 1 1 : 1 )

0 10 20 30 40 50

60 70 80 90 100 110

Fopm s ofEE (m)
H-30 ZXBAOXKHESH

LIKEMN LR LTC—EDHER LB EBR LTS5,
ZhRBABOBENLERIC Y » TETHRR2EEXD
h, BABHOThIEKICILERTICES, 2O
2i¥, HURKHOKRRET S H SRR P
THEMOREE & ACBEKBROKER LA L, BE
TERMEATH Z EER LT w5, [H29KEBALTH
2 EREARBREZTE 2R LT OB LI
B ORI X5 A HoKMOLEE), HURKBAOTKE
wikeg, BE, KR X olfffoln ez bhb.
W H KB 27 H 2 H2ORIC AT TEROKFENRE EF
LCW5 0, ok ot EHopgEchh, %
FooSHED HAKFHMET LT3 DK 2 N O i
K, 4 €V rEBIET 5 BRI CRIBEERC 7 = v
BEh, PEKIERZBS LickcdThbo

LU, EBFEEEHERSENE LTIWERYRe
T, FECRE L L3 CBENERC AL T
B EhEbINI,

(3) BABEB XUHAEROBKEHOKTC S

TiETEE

HECLBEKEER IUCEURR oY EL GHEY
RBF= DT, FOHERCOWTHBRCRNS,

¥, EBOBKEEE OHOZEL IS E L UkY
— L LIBA R B BN EL o K REKHEE B
HOEEBHRKOKEE OERKELIeD, ¥z, k/F
F—ER LB ATIESHAAE B B XREKREE
BRI ~tc b EOKADENAE D BEOHA,
2AKE L 70D DI SHEAT S L REKFEANKE K
T3 DTHbHo HILSHPMELInD LREKFEE
EAHOEZIRR e b, ERKACEDH S FREbEY.
LicHtoC, BEoRBE & LIHRIEALL fas HE
HrDX dEBATIELLR V.

* LD TR~ HFUKBEHOKREYET S-71

v AR

&, BRABAROKTI—EAE JET T 1BEEHOEE
LELRDHEBERE TS, AHOEE L X SHIK
BN 5 BBHESEATS L Bbhs. KO
FEE L ACEBBEREOHMKOVRIRE LBEXERD
BARBEOKE B L USHAEWREAR LS,

(4) H@iRE
IEEBBROH B ERREOMErARELHEL D
DI ERRNA, —RCFRENOEIBEARBET X
S>TRDDOPRWETH B HHRHSERDEHET
13 Theis ik, Jacob Fitk, ChowdJjphis Eiidb 5
2, FHEoOREIC - TW BB TR, L& 20cm o
P VKRB R T7cys, Theis o FHR X » CTHE
B Rdic fnk, REF — 2 0—HL2K-30RT,
¥, RSP ORIEKER, rixdgkIEFRON BOE
BAMIKEE TR CHB LOHER, S=2.52X1070¢C
Hotco COMEEZFOFECHECHE[EMNG X
5 Li- & &0 SOfHE). O74ILATe D DERD B0

— B SR RSB O RS DEFRRRE RD B HE O
ARk

o _ kH ( k4 1 3
at S or? + r ar)
03

202

=

< ‘%\N,\

mol - e

il Moo,

« o

=005

¥

Q02 02 03 Q5 1 ” 3

T z/t ( mz/min)

®-31 BRRBOBRO—B

(21)



22 + A BOR R &

THY, ExToBEKEBO L TEAGEKEDENEL
Tw5H EWSEETHB. L L, G, BNDXR
THELIA TS L S(v—p)/a THRHLIhDHH
FEL, BABHOABELE(GICHRL LT OB» bROW
ANHD EHEZbRD, FHE AV SHEKRBOR
BERRDLORIOBHC XD EHEZLRSBD, FHKR
B SANILZ EEREBITS - Liidfe bisbe K
RECRDI- SOME LT HENEEEE XA DD
i & WA H B DIXE KB OBENIIEEORA &
HEATRIBEO X 5 BEOEE TIENAT D R
BIDEEL BB, HIEREBRWDLYBE ALY IE
BoTRECE CESWTL B EHEREOWDHY S HiE
WIZETBER Y AREL D LD EEL DD, T, D
TOERIFCIR D KB EHFIKIBOTAD X 5 ek
FoKHOET CRMAEFERELIEL>,TLD &5
T EEFELThIERbic,

8 T I U

TR ORISR AE R X D L IALFEBEOBIBK
ZFEEE LTETS 2 28350, WAARSDH-T
3, BEOL0MMECS C LigL A LT, WX
WHES 74 w 79V F, A EV /e FOREC L 5T,
Btk D EAEhbhic ), LohoRT 2T
IR D LT, BEORENZET 25 & LCHER
HHEEENE -, EEHE ORI - 3 @I
FNITFHEC S <, WBEWHE» DR YIL- Tvbo
WEERAN OERLEEIHERLTCTE LN oo L D
T, BhEE, HLya bicEOEBH SR YIL- T
LEENE EENL T, FHEEIR 3D
HWERATE LATYWS A, BEruThiph&Ey
STBEABOEVHED LR VI TW5, BKBED
BREEAEOSVWDh EEIRERCCFET 5
L, X OHMECHGESAER Y UL, THEKE0HE
BT C LB THD . BAREHSEIIDARELS
EFATB EAEREKBEE - CTEI L, BREAROK
E7%5—E0flEL hicic s L EBOR LB WEN 22
- C, BEREDANEE T, KO3 B
FERBOTELERBROKED S v ADLTRBHT
50, BABKE SIS X » TRTZ ERTES M, HBE
DXKOFEHIL - DRREKZ SE X DIXBN/PEWE
SETHEBBENE, THIXBROLTHAS K
CRAKDKL LI T TR EN TS b L HI s
Bo T THHLDX I —BFXIBRABELRCLE
SEBNIDD, EBLHTHHEKERBEORBHOM
e AR Lico BRKEOERY, 75V 5 » + D
i, RER FoBRAEREL T, ERMOBEGIRIC
DNTRN, IHFEFBRIZOVTLIER LI, &Y

BoBA VERBARET R OWTL—~ILD
BamLice

R0 o B4R E LTHRRRIN, BRI
DIEKHEE S X CHIR OF nER RS oL x5
E UCER LEBABROKRSHOREALRL, &
BRI T 5HE LTI -0

FIRER 3 X R B oK BRI 313 5 BAEROKR
HEATRBEHE LTHY, HiiefEcd &3
BELHBBE—HTHC ERR L, ¥, BARRS
FRCBB LT3 EE2ORBBETH, BRERO
KEDOHHTTERD EFHIC BT 5 BEKOWAT
DARFUBLENKEL, 77V 7 v FPHROVBLLS L
Z Ermbhic,
FRERBEROBNG R BE oS H D
BEE X B, HkgEmEoEWTINCGRIFE ST &
LTl 5 OB KER EBbhush, ENOREIN
fo b Bnio, dKEEEEoRWATICR, EEW
LEZ TEBORNZ LTIV MBI LI » 0
b, HilloFiHtEOREOBEMER,» bIX
GURKBROKEFET $85 EBKBROKFIITHIC
BUTETT52, —ET-foKE Mo #58 & &
LIEHE LR LTS EWI RSB L EMNTER,
CORERFEERBHOMERTE,LIFHTH &
MNTE, BEOBEMMRRE DU RER ST
HLTAERBEYR I LB, ¥, FER
ETEEOEKRRIC L - CRDB B L, JLEE
ORBEDOKEEET EE, LodHKkBBRM0ZER
2R XEBHBEIUL, PR IRKEVERZRTIERE
%< OFERDDHEESH DI

2 F X K

(1) AVREFE Fgme() ] yFfps, 192

(2 #meHE ThoRELER] TEIFE v ¥ 7 >
7, FHETF%, 190, pp. 2~15

(3) Fish H. N. and Mcfarlan, E. Jr “Late Quarte-
rnary Deltaic Deposits of the Mississippi River
Special Papers of Geological Society of America”
1962, pp. 279~302.

(4) Mansur, C. I. and R. L Kaufman “Dewatering
the Port Allen Lock Excavation” proc. ASCE, Vol.
86, SM6, December 1960, pp. 33~35.

(5) Waterways Experiment Station, Corps of Engi-
neers “Investigation of Underseepage and Its
Control, Lower Mississippi Levees” Technical
Memorandum No. 3-424, Oct., 1956.

(6) -Waterways Experiment Station, Corps of Engi-

(22)



BRpoMeHAcET 56058 23

neers “Investigation of Underseepage, Mississ-
ippi River Levees, Alton to Gale, I ” Technical
Memorandum No. 3-430, April 1955.

{7) Turnbull, W. J. and C. I. Mansur “Investigation
of Underseepage-Mississippi River Levees” Proc
ASCE, Vol. 85, SM4, Aug. 1959. pp. 41~93

(8) MILBHEEEHPIS NEOIRAGRITH 8%
44, BBHA29EILR

9) mmikE NEAKMINC T 5 EROFAT BEHE
EELUU O WP S #, WIT30E, pp 63
~64.

{10) Bligh. W. P. “Dams, Barrages, and Weirs on
Porous Foundations” Engineering News, 1910,
pp. 708~712.

(11) Lane, E. W. “Security from Underseepage-Ma-
sonry Dams on Earth Foundations” Transact-
ions, ASCE, Vol. 109, 1935, pp. 1235~1351.

(12) AfE mE—, mPEE TtodhoKxoghs] LHITF
~Y¥7 vy, ZETH¥%, 1965, pp. 75~109

(}3) Uk, TSR LR UM SR E O E ) BR

HEEETHRFI0ERRPIE#RER, 1956, pp. 81~
55

(14) MpREE THUKERC 3513 5 © D E R & B K
BA35WAEHRE ) RREEETIUE12BE HBIER
52, 1938, pp. 21~32

(15) WD, fRER—, BH—F TERES~0Ek
ExbE ) AR, Vol. 10 No. 4, fif43%5:4
A, pp. 18~24

(16) Jacob, C.E., “On the Flow of Water in an Elastic
Artesian Aquifer” Trans. Amer. Geophysical
Union, Vol. 21, 1940, pp. 574~586.

(17) Jacob, C. E., “Fluctuations in Artesian Pressure
Produced hy Passing Railroad Trains as Shown
in a Well on Long Island, New York” Trans.
Amer. Geophysical Union, Vol. 25, 1944. pp. 666
~674.

(18) 1fiReth, REBTOK LS OMERK~0FE]
H2AE SRS LE VR, £330, HiMAE
pp. 221~222

(23)






BB oA CE L To#FE

W@Ma7TE 7 D

[UER = B | N (1

/O S S

Reinforcement of River Embankment

(July 1972)

by Kazuya Yamamura

Katsuyuki Kutara

Synopsis :

Feonomic activities have been growing larger in the areas along rivers since old times.

The further progress in these years results in the excessive conceniration of population and propert-
jes in these areas. This means a large increase in an estimated amount of damage by a breakdown of
river embankment at a flood.

Taking this fact into consideration, necessity for the reinforcement of a river embankment is empha-
sized in this paper.

Tn the first place, reliability of a river embankment under destructive force is discussed from the
point of view of a statistical interpretation in general concept. In order to clear up the point of counter-
measures to strengthen an existing river embankment, the past records of destruction of embankments
by floods were thoroughly collected over the country for the past 25 years. The cause and the type of
the destruction were investigated. Then, it was found that the greater part of the destruction were
caused by overflow of river water over embankment.

In the latter half, full scale model test of reinforced embankments and its results are shown. The
embankment for test was devised so as to withstand a overflow during a flood. The method of reinforce-
ment was just to lay a cloth beneath thin top soils at the crown and landward slope of embankment.

Though the method was very simple, the test results showed that reinfored embankment withstood a
considerably heavy overflow and little scoring and erosion teok place on the embankment except at
the top soils. It is considered that, this method can be effectively used for an embankment of small
river as temporary reinforcement.

Key words (river embankment, probability safety factor, overflow, full scale model test.)
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Seepage Flow in River Embankment and Its Influence on Stability of Slope

(July 1972)

by Kazuya Yamamura

Katsuyuki Kutara

Synopsis :

The movement of water through a river embankment and its influence upon the stability of the
slope of the embankment are described in this paper.

The seepage flow in the embankment caused by rainfall is usually unsaturated {low. Taking up the
relationship between a capillary head and a degree of saturation, the unsaturated moisture flow
equation is given, Then the non-steady flow in the embankment is discussed by means of the numerical
solution of the equation. This solution generally agrees with the results of experiments by both a small
and a full scale model.

In addition to this, non-steady flow in the embankment by a fluctuation of water fevel is discussed.

The graphical method to solve this kind of seepage during a flood is given from practical point of
view. It is found out that the solution obtained by the graphical method is reasonable in contrast with
observations in the actural embankment.

In the end the stability of slope of the embankment under the effect of a seepage flow is discussed.
As the seepage flow occurrs in the embankment, the slope of the embankment loses its stability. By
aid of the results of a full scale model test, this phenomenon is explained with a decrease in shear

strength of soils and an increase in unit weight of soils.

Key words (river embankment, seepage flow, test fill, slope stability)
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Studies of Relation between Road Traffic Noise and Road Structures (1)

—Generation and Propagation on the Plane Road—

(May 1973)

by Kozo XKaneyasu
Akirse Kanaizumi

Synopsis :

This Paper reports about generation and propagation of road traffic noise on the plane road.

Main contents, 1 st, element, power level, relation between road surface and tire noise, directivity,
components of frequency and values of regulation of road traffic noise. 2nd, introduce theoritical
equations of road traffic noise on the plane road and compare the theoritical value with value by
measurement. 3rd, surveying and analysis about attenuation of road traffic noise by charactores of
ground surface,

Key words (Vehicle noise, Power level, Sound level, Tire noise, Directivity, Components of

frequency, Propagation of sound,)
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A EEE R 2 E v
B D Sy o =
SREDZESY | nuwenmw
" % H - i 85 & v(B) ekl
3 [¥%
FEH® 14\ 3 70%v (A) 84+ (A)
B #
r S e jﬁm%ﬁfﬁs VLT 74 85
77 )3.5F YL CEEBES 78 29
R 1.‘[173200DSL1T
3.5+ v L ET200psEl 80 92
7 B - % HE 74 86
1T [ - = T 74 84
- B & a0 &5 ¥ 70 80
#g OB B & A & # 70 82
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B ki # A ') B’ I
i i 5 br ] udFlJ\«e- R dBj(CA) =) 1 % W i /J\ér B g dBj(éA)
" Vehicle Code f55£0 Admin- 6,000 Ibs  >6,000 lbs . - ) 6,000 Ibs  >6,000 lbs
~IT2/K | fitairative Comie d ot | 6 83 ;?.gmée S e Bk T/sz® Be/00®
California 1973/1~ | BBk 80 86 peed . LN 76/82 86/88
: 1975/1~ (SAE J986a :}sJ:U’) 7 o g@%ggﬁgwr b AR 81785
SAE J366 k< AR = < = . (pr;posal) -
<8,000 Ibs >8,000 Ibs 8,000 Ibs >8,000 1Bs
~1972/K 86 88 £8/90
1973/1~ 84 86 86/90
City of 1975/1~ SAE Joga is LU 80 84 California Ji{ > i FHFIL
Chicago ~1977/%K SAE J336 itk 5 ORRFBIE T 76/82
1978/1~ 70/76
1980/1~ 75 75
) MR USROG L b 50ft, Bk 4ft
(2) Speed limit of 35mile/h or less/Speed limit of more than 35mile/h
210 2 — ®m o » S 0 B WM BN B R HifrdB(A)
® R ] R
fd SN YE o E 4 GVW<3, 5t GVW>>3,5t
= # RRTE BREA | b Diesel Petrol Diesel  <200P§  200PS moRs
Sweden ISO il 1969/10~ 84 - 85 - 89 - -
Great e 1970/4~ 84 — 85 - 89 92
Britain 180 M 1974710~ 80 82 - - 86 89 +3
France 1SO it 1962~ 83 - 83 - 90 — +1
West ity 80  (70PS/t) -
Germany IS0 Jntt 84 (70Psft) 85 89 92
Switzerland 1O @i 1969/1~ 78 82 85 — - - +2
ECE Recom- 1SO fmg  1971/8~ 82 - 84 — 89 91
mendation
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OWH, HEOMLAY, WHORED HVILBEST
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Fio, SEHO X SCHFESRHEEE i T BYHE
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KA TEH SIS,
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:P\VL—8—20]0g101+1010g;:( ; )

sinh 2,7( é)
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} R 3.8
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)+1 }
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d< 1 Tt
cosh 27(/d)—1 +%(27J/d 2=1 42220/ d)?

sinh 2z(l/d)—2 = (/d)
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i (B.17) Anb
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Report of The Public Works Research Institute Ministry
of Construction Vol. 145, February 1974

Study on Underseepage beneath Levees
Kazuya Yamamura

Katsuyuki Kutara

Synopsis:

Underseepage and sand boils landward of river levees are caused by the
existance of pervious stratum formed by alluvial deposits.

General description on seepage phenomena is given with the aid of past
investigation and observation for the purpose of a better understanding of
seepage problem in the first place.

Then, the results of seepage analyses on both steady and nonsteady seepage
flow are shown. This analyses are carried out by using certain simplifying
assumptions and generalized foundation of pervious stratum and top stratum
with uniform thickness and permeability.

Moreover, comparison between the actual data obtained by field measurement
of hydrostatic pressure in the pervious stratum and results of seepage analysis
is carried ouf.

Key words (seepage flow, underseepage, coefficient of permeability,

coefficient of storage)
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Reinforcement of River Embankment

Kazuya Yamamura
Katsuyuki Kutara

Synopsis:

The further progress of economic activities in these years results in the
excessive concentration of population and properties in these areas. This
means a large increase in an estimated amount of damage by a breakdown of
river embankment at a flood.

Taking this fact into consideration, necessity for the reinforcement of a
river embankment is emphasized.

In the first place of this paper, reliability of a river embankment under
destructive force is discussed from the point of view of a statistical inter-
pretation in general concept.

In the latter half, full scale model test of reinforced embankments and its
results are shown. The embankment for test was devised so as to withstand
a overflow during a flood. The method of reinforcement was to lay a cloth
beneath thin top seils at the crown and landward slope of embankment.

Key words (river embankment, probability safety factor, overflow, full scale

, model test) o [ RN
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Seepage Flow in River Embankment and Its Influence on Stability of Slope

Kazuya Yamamura
Katsuyuki Kutara

cree

Synopsis:
The movement of water through a river embankment and its influence upon
the stability of the slope of the embankment are described in this paper.
The seepage flow in the embankment caused by rainfall is usually unsaturated
: flow. Taking up the relationship between a capillary head and a degree of
- saturation, the unsaturated moisture flow equation is given. Then the non-steady
flow in the embankment is discussed by means of the numerical solution of the
equation. This solution generally agrees with the results of experiments by
both a small and a full scale model. .
In addition, non-steady flow in the embankment by a fluctuation of water .
level and the stability of slope of the embankment under the effect of a
seepage flow are discussed. N
Key words (river embankment, seepage flow, test fill, slope stability) -
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Studies of Relation between Road Traffic Noise and Road Structures (1
—Generation and Propagation on the Plane Road—

Kozo Kaneyasu
Akira Kanaizumi

Synopsis: X

This Paper reports about generation and propagation of road traffic noise :
on the plane road.

Main contents, 1 st, element, power level, relation between road surface and
tire noise, directivity, components of frequency and values of regulation of
road traffic noise. 2nd, introduce theoritical equations of road traffic noise
on the plane road and compare the theoritical value with value by measure-
ment. 3rd, surveying and analysis about attenuation of road traffic noise by
charactores of ground surface.

Key words ( Vehicle noise, Power level, Sound level, Tire noise, Directi- :
vity, Components of frequency, Propagation of sound,) .
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