


BB AT T4  (REPORT OF P.H.R.L.)

$17% H4% (Vol.17, No.4), 1978 % 12 8 (Dec. 1978)

| % (CONTENTS)
1. Random Wave Velocity Field From Periodic Wave Theory
.......................................................................................... K.O_]I KoBUNE ee-+» 3
CRRAIETIENT X B AR D AL T D GG reererrerrssrssssssssssssanrassstsnes st sissiane AEE)
2. AR B A EEER D 5 L UMIRG oL o T
............................................................................................. A B e B9
(On the Effect of Viscous resistance and Non-linear Mooring System on the Mooring
Force of a Floating Body ........................................................................ I{le KOBUNE)
3, HEyAMNEREEo R FO NIRRT 5 %
......................................................... o BB B R IE - M 80
(Prediction of the Oscillation Amplitude of a Bottom-hinged, Vertical Buoyant Cylinder
in Sea Waves ---------------

Yoshimi GoDa, Yasumasa SUzuki, and Kazuyoshi HACHISUKA)
4 HEROEELETE X 5RO BT SRR

........................................................................... B IR kR O IE @121

(Experimental Study on the Bending of Battered Files due to Ground Settlement

............................................................

Runic TAKAHASHI, Masatoshi SAWAGUCHI)

5. AA4FTVL M X BT AT 7 A R & 2 E BVTELEE

....................................... R R B A GE R B - 4k BRI e 1L BF 3E 55160

(The Evaluation and Overlay Thickness Design of Airport Asphalt Pavements by Dynaflect
Deflections-+--Katsuhisa SaTo, Tsutomu FUXUTE Mineo SaT0 and Hideo YAMAZAKI)

6. 0ELIMT A S B PC o3 A0

7.

............................................................................................. & B {Z Peeee- 103
(Strepgth and Deformation Characteristics of Prestressed Concrete Piles Subjected to
Repeated Loading

...........................................................................

Nobuaki OTSUKT)
SO R IE I BT B AR

......................................................... Sy W T BT Y 265
(Analysis on the Interrelations among the Several Dimensions of Ships

..............................

Kiyoshi TERAUCHI, Yulihide Yosaba and Yasuhide OxUYAMA)



8 EIERSVRENELD LM D\ ¢
..... e L BIT S AR B K F B 2T R e 229

{Cn Practical Characteristics of Solid Concentration Measurement by Differential
Pressure in Pipeser+es-Kenji Hamapa, Toluft YAGI, Masaru SAITO and Aklo KoREISHI)



WS AR Rg
T 545 (1978.12)

4. HEOEFEILTIC X 2 K0 i3 B3 2 REREPTE

AR - ROER™

= =1

SR OEEL TR b b fHe 35 a0\ T 5 e IR T - 1o fESA 5°, 10°, 15°,
90° & L7cHEEl 7 L — LB (7. 5emX0. 9em X 178em) OFREh2A%, Hife v oGOl LTHES
118%em DRI TAL, B4 — A0 L DIpSaEERT SR, 2O, k3 2dmFoya,
VB D UERr 35 1 OSSR T I A B Lo & Uk ind Lisis, MRkl & — 2 v b iLBIo B fds 1T
LR TRl a s b b ol

# RS LT 3 MO R T ofe 3 BCTAREIGENIE S X RS OITAT LD S &
B AR bR, (LB LR R R EE LA - A R R & LR
Tk b, TEE LR T HHERNME LA

“iEm BWLUE
POLEE REUIRER

w121 —



REPORT OF THE PORT AND
HARBOUR RESEARCH INSTITUTE
Vol 17, No.d4 {Dec. 1978)

4. Experimental Study on the Bending of Battered Piles due
to Ground Settlement

Kunio Tagamasar®
Masatoshi Sawacucgr

Synopsis

A model experiment was performed to study the bending of battered piles due to ground settlement,
Eight model piles (steel plate 7. 5emxQ. Bem X 178cm) were installed in the clay layer of 113cm thick as
battered piles, and every two piles having the same inclination: 5%, 10°, 15°, 20°, were hinged at the
tops to form four coupled piles. While the clay layer were consolidating due to the load of steel shots,
the strain of pile surface by bending, the deflection of pile tops and the settlement of ground surface were
measured. One of some conclusions cbtained from this experiment was that the magnitude of maximum
bending moment was proportional to the inclination of pile and also to the settlement of ground surface.

Three kinds of calfeulation were carried out to analize the phenomena. The results caleulated by two of
them; the elastic anaysis by finite element method and the method by Sato et al., coincided approximately
with the test results. The best agreement was obtained from the 3rd method, in which the clay layer

and the upper sand layer for drainage were assumed to be the Winkler subsoil and the steel shots layer
to be the load.

*Member of the Foundations Laboratory, Soils Division
**Chief of the Soil Mechanics Laboratory, Soils Division
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E-3.4.11 Case I — fHifi/m 10° (¢. No. 5,6) (by=300t/m? yy==10X1L. 8t/md, rp=10x4. 55¢/m8)

B OI0fE L\ 5 KT, Broms' Vi EIBE R OO
ACFEHH T LT 2 3 EL D i, %4 3.3
@ﬁ&?&&him%%@bS%kuB&m&E%#m
LTkETERLIRELDND,

C OREEO—2E LT, 2 30eilinttels— A RO
FHEARGTDLT e EE L bhbo H-2.2.4

BefE % FAV TR LIcsERCH o

H-3.49 & ®-3.410 M5 e, @F— ARG
LORME U THAARERTO DR L -0 TH,
S h pnid <, e — 2 v P ETE S TL
T, ©-3.4.10 wAbA B L 5 S ha 10fE LI,
FOWER X ERLTCWA L R B L LS

BIFE— A b (kgeon) SRR (glem) fE- A2+ {lgeon) A (g /om)

o] 500 1000 1500 -+ Q | 2 3 Q 500 1000 1500 -1 ] | 2 3
" T ] T 3 T i .. T T T i ¥ T 3
1.‘1." -".33:
RS .'xg
150 g |50 o
. ot "g‘ - Lty :
- EBHE—AE = Bi-ng R
& KA TS v T S SR S
% B i b B N
z = 4 - ] o= coe v
% 160 .‘P’-‘ % 100 .-_hx' ."‘.
7. 4% =~ ot :
H 20 % ety
i 4-._.": 35 +e "z
2 + % - +
% s0f 50}
b v £ fhokid + s
t F 45 ¢
x| 4 +F5] §
= 2
= ; » |
o] &)

[-8.4.13 Casell ~— HifHf 20° (P No.1,2)
(By1 =2008/m3, ks =300t/m% yg=10%4. 55t/m%)

E-3.4.12 Case I — g1/ 20° (P. No.1,2)
(bay =200t/mB, kyy=300t/m®, yg=4.55t/m%)

—159—



HFE— X b {kg-cmd

it - Roks

BHEH (kg o)

O. 5?0 |?OO l5(?0 -! [¢] } % ?|> - O 5?0 IGPO |5?O -II o] } |2 |3
.'ﬁ_ "m;
'3&'&_ "x.t
E 150}~ .i-'..-_ IS0 .'t.t:
7 e g EF ;
) @rE-vE 2 R ETE B A .,
= w8 3t ﬁ BoE i __
1—;5 100}~ .{:&_. . :;.: 10nF +_*‘. ;
] P : = tay "
b " * % R
® e g e
+,-“'x e x
WL & EPEd S 5L ]
1 Txd
+xp i wxff E
w I « |f
3 i o 1 -~
Q o]

E-3.4.14 Casel — fEgfs 20°

(P. No. 1,2)

HHUFE— A b (kg-on)

BREH (/o)

®-3.4.15 Casel — gl 20° (P. No.1,2)

(e =200t/m® By =500t/m® 75=10X4. 55t/m%) (By1=300t/m3, hxg=300t/m8, 7y=10%4. 55t/m?%)

CARUI D, HE 7. Bem it LCEED & 5 38 Hrodeh
AR 50em THEM, HED 6.7 BCh B, =
TR ELOMR D invat, Shiehs T, S
ATETR E BEFTRDGIEMN D O5eonwTh, 4
RGO ovzs e kD, Mat e d fod © &
TaEND, SO Lo THERISET 5 & &3k

WICEETH DR, AMABALFARTEL T 6,7
& ThEEEFAOTLN bhdoT, FOWIH
HiE L CIS RS DR R w e D TiIc i & F 2 T
Wh,

B1-8.418 L[®-2.4. 14 21kiv+5 &, HlBois
ENRE LS -2 BONEAR L L, DEomER

b & (o) Hhas HIFE—2 2 b (gom) AR (kg) BERD {kg/em)
Q2 4 Q05 0 Q.05 Q 500 I1Co0 1500 -20 o] 20 -t 0 |
S N v F EN T T i ¥ T I T
-
)
1501~ N
E=g
E
= F
Eé AF—-E ";&.4.
. g
& ——— ki - e
j“%’; ) # e
*_j 100" H"‘"‘"_‘_"“"_f. _________________________
e IS
i S
® 4T
£
+ .".J: A
50
4 ok
i x
+xl
4
o
o}
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[3-3.4.20 Casell — fEA1f 20° (P. No. 1,2)
(£y1=200t/m3, £yy==300t/m3, kg =300t/m?)
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Chb, FORORT Y 16.dem CHote, Wi L
TOFER—AF (R 22em) LU EMHK G (8
B 10em) & X HEFEHTE, Fhifi Ivym? LT
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T REA T H, HEHM5° 08 2 R0 T 5 R
BT wfoe Bl HbEPOLL O GRRC HLH
ORI EEE L.

SLEOSEEOERY BB D5, ROBDTH
ZDQ

L ROy == 4 v FEL, RS SV iREiE

DT & LA i b l, BE—EDRIE

"j‘u“ﬁ:o

2. FEB O e — 2 v TR, BBk
BEMEEL, TR THbEL, LifDe v
CiH R bR B DRz BEE QM
EBRTHABT ERT LI,

3 EREe— A v oRkE 3, o

éi}i’}ﬁj L TCO
4 R E— A v rORkE S, BERH TR
EEIBAIL f2o

5. JRERVF E— £ v b DR, @EBET
Hb, BEELECTI S0,

6. HEOHMEIL GLTR) &, HomfdgcmE
WL,

7. HLOEFAOELE, FOEMAICEELRL .

BlLEoSmEnes LT, 3EEoiHkic X DT -
foo 3HTLHIREISNR X BMHEETH, KES0HE,
B LU AT R R e EL 50 3
ThHd, 3B O ECBERR e EET 5K
®iz, 5K, #Boaiy Winkler s LT
BIOEA-AHERENE T84, BEER IO
% Winkler gz b LE#F -1 BOL 2 HEEE T3
B, XL THLRE, B, 8- 2rBose T Win-
kler i &+ 2 HE0 3MYIEH T B E, ThALOH
ER X DL ERL, EME L Tkl T
%OTCO

—163—



g - RAER

1. AN MR R R R A B IETL TS
IR X B R T, SEI S
E—y BEERARSE b, AL, AT
AR T L B L D BRI E hih
=Toe

2. EES oA, WRSMEGEE 3, PR
DB E R ofiEo 48 Ui X b,
PR & i3 —F T AN b his,

3. MEEe N EESR DR RET S FET, B
g L UEE Y Winkler gz d LEIF 2B %
WD ETHHIR L€, ERERE X < —HL
7‘27{[—7&1:‘ 7.75;?%' ) J‘I"Lf\’.‘.o

4, RSOGO e ke EHER R TR R
ETLHEEST, BEEEEE I —ETHEE
FEIL L 7 o Fo B JT R By =0. 2~0. 3kg/cm® g
BN, SERC LCEMAETH o7

b HEHE

LEOEECI T, 8- A BoTERSs ST
WG o ERMETH S L Ledih, Buhod
TV Tz B EE L Bhine o b, WHE LTHERY
itfbin\ o e K #E g, ERARITANSE
Wi OTH ol bH LTS, FLT, W{OhDo
Lo, Ao ciniEin g foo

S OHEED 5 B¢, SEREL e i
PR v EET AR, A R b, S5
HRE X —HULEHERYRL, FAETHS
EFXTWB, o, BT b it
I CONEEETHE D, e, HRRIREOLEEY
S L - CHELTRSE, I hEIH s L%
2 BRBIRCHEN, F5 LABEE, IHEHE:
BT & e s,

Firz OFFEEEVT 3T D OFRTY, EE—
ABOSZEELEE L THER L 0L EE Winkler
R E LA d X {ERE L —BLARTH B
fROL&MHEML L5 & LR R O L 5EL
HREPLMEE LD ALOPIIBT D 3 ke
T Winkler 3 &5 £ 5 {Hbinl &5 2 &
&, Winkler {i#to Rz 3 BETE R AR - T
BEVWSIERBEELLAVWE LT, TRAELZOLIC
M B~EREVS 2 LRSEBEOBETSH S,

SEOREAERE| 25T, B (B534E8 A,
ety DA HER A TP TH B SRS L R
fewo L 2ot (EEA 15°) vt —
HEALT AT w0 b2 —F 4 v ZEELC, 48 &R

DI ERRDE—T, TAZ 7 x—F 4 v F OIS
FLIRES L THLOTHED, Fhohink b, ki
SR T M A R ST - Winkler fifine £ 5 MBI
DULTHFENPDRB IS ELT VA,

S

. 1] 5150 O S v e o g M P g W Uy 20
Behy e vy P IRERTEROERE WS F v ORI
B kv e—IHE T, MU EIERRII & LCT
ol OTH B, HEE, SHA — - B N
PR ER T bivee $in, R bERE ORI
Tt T, ILEETIMER oA NY (M 2 i
TRLRTER T r 20500, ARFR R 2, WOUREY
OFEH T Db, Uk, HEAMBORTE, s
LUF— 2L () =2 =T, BIRES
IOEIES OB L BN (B BT e v a -
PIT 5o

2 £ X W

1) BTS84y P REEERE—
TEMBTES A7 V-6, HEWFHT 477
Vry g, FEITES, BMMESH, pp.271
~309.

2)  fRRERE, FRIbARE, JHIRESS c BoRNERED
S R A T OF BT B R
o1, AOFEEEED L SGRBET B O F
gk, FAGHMA MBS, B 44 4R,
TEF454E10 A, pp. 76~-82.

3)  WUEFRHA I B SRS R B3 5 PR
FegE A4 ik U A kR S B
AU A, HETEE0N Mt £, BRTS1
3 H.

4) R B AR A BT 5 W
e BS  ERTRA e HHEE R e
THREPE (Fo2) BN, EHIREERE
2, Wms2E3 A,

5} Sawaguchi, M.: Approximate Calculation of Neg-
ative Skin Friction of a Pile, Soils & Founda-
tions, Vol. 11, No.3, 1971, pp.31~49,

6) FEEEISE, IRnIEfe, 3| ohdk FEEINE, BEA
i AHF 4TI ISy . vRETRIEREE
2% (50 150, VESRTUTSRRTELY, ATLaM 1%,
1974F 3 fI, pp. 65~86.

T EEEk, FuFg: 74 F. vz 1 s v v
Bl agEn R (B2 —7AZ >4 b= —
5 4 v IO —, BENHwHR R S,
E1n¥EE 8 5, 1976429 K, pp- 21~5L

8) A BRI A A LT AR | R
GERHTARTF 27 7Y a5 BRIERE:
e EFNS24E 3 B, pp. 102~142.

9) WA S B ATIISE I AL T D 8 2 -



10)

11)

12

13)

14)

15)

16)

17}

18)

A

goTEk Tk 2ol

RAEAT B 27T, 77 V7 ¥ viEET SR
HRETHRATS, MHFIGRE 3 Ao

AT ¢ L S (R LRHER), H5T kD
2 AME, HifReE, IET4448 H, p. 556
PR P A MBI & BRI,
FERETES 75 04, +EITHS, B
433 A, p. 5L

SRR INEE | SN RETIL, AREE
£ 197042 B, p-87-10.

e T TR= ‘/Eji:%, ﬂﬁ‘jl"'%—ﬁgg) k
ETHERG : 7 = — ¥ w0805, BRI,
B4 9 B, #5145, p. 213

SHTA : G0 BB IRERERE £ O
B—, [EEHES, 196359 4, p 16

Broms, B.B.: Lateral Resistance of Piles in Coh-
esionless Soils, Proc. ASCE, Vol. 90, No. SM3,
May, 1964, pp. 123~156.

Terzaghi, K.: Evaluation of Coefficients of Sub-
grade Reaction, Géotechnique, Val.5, No.4,
Dec., 1955, pp. 297~~326.

Bl o <R OIS L A, LR,
fETOs2E11 A, ». 72

FAYeH, Ay o FELINSE (B -
Wk SARHESE - B RR A0 EEE, A%
(#), BI444E8 B, p-26.

EE—RER

s HoRrE (L3

An Ay, Ay Ay As Ag: BEITERORCSIND

{4}

€}

€yt

D:

d

FREL

P Ayedy BEDERLTHHEAS b
B:

HolE (L)

RSO S BN B ER S b

Fi- o EERE (LA
o (L, S0k

s ERE (L)
E:
El:
Sy SRE (FLY

D EEREIE (L)

: HETIA A TS T TR (L, ERSFOLE
COIET 28 e A v b (LY

s MR R (FL-9)

s ¥ OETHERGR (FILY

CELETT AR L B N fE

s WEIRRED & foek Ty (FL9)

: —BRICHRNE (FLT)

: e T (L)

CEEE U ool ERmonTE (L)

t BT OB EREONTE L)
SR ELTAS b

i il

s 0§ (T)
 EdEseN T o i 5ER (T)

Viovry rR (FL?)
olgaE (FL%

: [ETEEE

wi HKE
X v BOMEEER (L)
(3 : ERERE L OHESOH B Rbh 257
x: B & b EEH M OIEEE (L)
2 BEROMAR L DhlCTaESE (L)
Y B e v 2 S OREERr (L)
v HOBEE AR micdg (L)
¥, 1 HER b v SR OHEEAG R kA (L)
{v) : WO R LU IR T
AR Zg, Za, Z,;: 7 A r7ENE
[Z] : Winkler fEi 0 FICBAh 5177
2 HiREEE L b EFOoEs L)
2t FEROPERME X DREFaES (L)
o #HosEo /2
o @ WIS HEE (RS0l
o, o, o, @3t WFRRFET 3 AT O
g: iﬁb’ll_kmkfﬁjlﬁllﬁﬁﬁ
= Bkh =¥
F=i akr &
yr BRI R (FL7Y
et ¥tk
81 FoofREm
v R AT Vv i
I,I, O, NV : #hEhoBedtaBgthdbo b e:m
THRT
I ¥t
I : &
I :484—1FF
W amhER

—165—



R - ROE

14 MBEGBEOHE

H-A. 1 KRERD XS PA LR, vy
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ABIVCR EDNEEab ¢, d KL -T, HEOW
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£ T b v o OIS YUAENLHT 240k

L. SREZEG X, RFEM Y, R 20 b LOEE A

B w33,
REEE-A 2 W5 LT, MECHSIKOMD
TH B

BE-A. 1 HIEHOZER

a+ﬂ=0—¢

a=0—1(¢+¢)
p=%(r—¢)

Rice vy SoBIR X, Y o®nd, BEMioe v
CREFRAEL, HOoTH S o B, Sy b
kBHE, BEHEO L Pile (EHOKE) X0 R
Pile (HEom#) *»RTARORNLThPATRO X
Sl D,

y=tan(a-f) -X+0A4A
y=—tan(a—g) -X—0B
ezl
DA=(r+0) {cosf+sinftan(a+ £)} }
OB = (r+d) {cosf+sinftan (a—8)}

% {R.Pile}
Bi-A.2 e o sinaR

(L. Pile)
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