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On stress Analysis of the sheet pile Foundation considering Hinged Effect of the each connec-

tion
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Synopsis

Recentry, the number of sheet pile foundations are constructed, as the new type of foundation

instead of a pile foundation and a caisson foundation.

Herein we produced a structural Analysis calculation method using Finite Fourier Transforms
concering Finite Integration. Through this method, we investigated about the strength and each pile
displacement which were described a kind of spring constants.
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PE=Kn[{4 Ud&)— P 0Ax)a)cosa+ P Vy(x)sing] ~ eeoeeeeeeremeeesemoeenneiiseeeenes (1)
Pi=Kny[{d Uri(x)= 7 0rs(x)-a}coS@+ AVy-1(X)-SIN @] coveereeereemmemieiaeeeeeecenesienneneas (2)

E=Kr[{— VP Ulx)+ 4 604x)alsina+ AV, (x)cos@] ooveeeiremiiiiiiiiieecc e (3)
Ti= K= 7 Urs(x)+ 4 0rs(x)-a)sing + AVr-1(x)cos@] weemeessessemsemesssinminminsinsinsinsinnens (4)
SE=Ks{dw, ()+PVi(x)al = e (5)
SE=Ke{dwra(x)+ PV, (x)a) e (6)
ZITd, VIZ—REFRUNSETRL, $oT, HELEKE L ToEEFMOINE) &
A UAx)=Ur-s(x)— Udx) W, BRAIBOHNECRUBMAEANTOH) &
VOLx)=0r(x) +0Ax)ETH 3, WERD LRDABNELHTESFEREHD

EI' U (x)+ KnD-Ur(x)= Kn-[{ 42 Ur -1 (x)— # 0,(x )-a)cosa+ 4 Ve(x)sinalcosa+ Kr-[{— (4% U, -\ (x)
+4Ur(x))+ # 0,(x)-a)sina+ # V.(x)cos alsina+ N(x) (7)

EI-Vi(x)+ KnD- Ve(x)= — Kn[{ # Ur(x)— (476, -,(x)+46:(x))-a)cos asina] — Kn-[{ 42V, 1 (x)
+4V(x)}sin®al+ K-[{— 4 Ur(x)+ 426, _,(x)a}sina
+ 4%V, . (x)cosalcosa+ Ks-[4 @r (x)a+{42V(x)+4V,(x)}a?]
+ T,(x) (8)

GJ-8:(x)=Kn[{# Ur(x)= (426, ,(x)+46,(x))-a)cos al-acos a+ Tw-[{ 42 Vi1 (x)+4 Vi(x)}
sinalacosa+ Kr-[{ —# Ulx)+ 4%0,_,(x)-a}sina+ 4% V. _1(x)cosalasina+ m.(x)  (9)

EA-W,(x)+ K271 Dw:r(x)=—Ks[4%wr-\(x)+ 4 Vi(x)-a]+ PP (10)
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0:(x)=0 (11)

Udx)=Uslx)cos 25 » (12) PP(0)=PPy(x)cos 2%y (15)
Vi(x)= Vo(x)‘Sil’l'Zn—” r (13) Nr(x)=No(x)~cos% r (16)
wlx)=wnlx)cos 2X 7 (14) To(x)= To(x)sin 2% » a7
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4*Uri(x) =Uo{COS% (r+1)—2cosﬂ r+cosﬂ (r—1)}= U02c052— r(cosﬂ -1)
U, 1(x)—Uo{cos— (r+1)+2cos£— r+cos— (r— 1)}—U°2cos£— r(cosﬁ +1)
4 Ur (x)= Uo{cos— (r+1)—cos— (r—1)}= —Uﬂsmi— r-sin— - 27[
4* Vro(x)= Vo{sm T (r+1)— 25m2— r+sm—(r 1)}= Vo2sin 5 2 r(cosﬁ -1)

P?Vea(x)= Vo{sm (r+1)+25m2— r+sm— (r=1)}= V0251n2— r(cosﬁ +1)

4V, (x)= Vo{sin7 (r+1)—sin—n— (r—1)}=-— Vo2cosz— rsmﬂ

Aza)r_l(x)=coo{cos%17£ (r+1)—2cosz—:: r+cos—n— (r—=1}= w02c052— r(cosﬁ -1)
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X, e=5& 0 1 +cos -~ =2cos’a
2r .
1 —cos 5~ =—2 sin’a
2 .
sin -~ =2sin a cos a

£-T

2 _ 2 2r
4 Ur-i(x)=—4sin® @ Up(x)-cos 5~ 7
v Ur_l(x)=4cosr2a-Uo(x)-cos—2;;£ 7

4 U; (x)=—4sin acos an(x)‘sin% 7

&-T
EAMAFRRUTKROML DI ETRENS,

A2 Ve(x)=—4 sinzaVo(x)‘singnE r
r? Vf-l(x)=4cos’aVo(x)-sin% r

#4 V, (x)=—4sin acos aVo(x)~cos%
L w-a(x)=—4 sinzawo(x)-cos—znl

4 V, (x)=—4sin acos dVo(X)‘COS%

4

. . 2
A wro1(x)=—4sin acos awo(x)-sin5- 7

P2 Vr_(x)=4cos’a Vo(ac)’sin%;£ r

EI-Us(x)+ KaD-Us(x)= Ky-[—4sin?acos?a Us(x)—4sin?acos?a Vi(x)]
+ Kr-[—4sin?acos®a Up(x)—4sin?acos®a Vo(x)]

+No(x)

EI-Vyx)+KuD-Vo(x)= Kn-[4sin?acos?a Us(x)—dsin?acos?a Vi(x)]
+ K,-[4sin®acos?a Us(x)—4sin?acos?a Vo(x)]
+ K- [—dsine cos @-a-wo(x)+4cos?a-a?- Volx)]

+ To(x)

EA-wo(x)+ Kv-2mDwo(x)= Ks-[4sin® @ wo(x)+4sina cosa cosa Vo(x)]

& 512(18) ~(20) 12

EI-Us(x)+ KnD-Us(x)= —4sin? acos? al Kn + Kr) Us(x)— dsin* acos? o{ Ky + K1) Vo(x) + No(x)

EI-Vo(x)+KnD-Vo(x)= 4sin?acos?a(Kn+ Kr)Us(x)—4sin? acos® a( K+ K1) Vo(x)
—d4asinacosa-Ks wo(x)+4a’cos? a-Ks- Vo(x)+ To(x)

EA-wo(x)+ Kv27 Dwo(x)=4sin?aKs-wo(x)+4asinacosa K- Vo(x)

Ria> 7 ) — b+ 7—7 > 7R AN Hinge THIR Fourier Z# % (21) ~(23)icfi= 7,

EL{ () Ua0) (2 ) 0n0)+(ZE Y o) + K D Uitr) + 4- i)+ 4- Vo) =0

(72 ) Voo (25 vioy+ (25 i’i/;(x)]+KhD Valx)— Un(x)+ A Valx)

mnr

—4 a sin acos d'Ks‘(‘— )ﬁ;’o’(x)+4 a®cos? a~Ks[(L'lll) Vo(OH(%)2 i/;(x)]=0

l

EA[{wo(lH—1)”—&;0(0)}—(%7&)2 &)3(x)]+Kv- 22D -fialx)

=4sin? a-Ks1po(x) +4 asin acos a-K.s~[— Vo(0)+(ﬂ)' if;(x)]

ZZT

No(x)=0 A=4sin® acos® a( Kn+ K1)
To(x)= 0

P.Po(x)=0
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Ur(0)=¢-cos%r - Uo(0)=9 (34)

I

Vr(0)=¢-sin%r Vo(0)=0 (35)

wr(0)=a¢-cos%r - w(0)=ap (36)

)

EA-to,(0)= Nycos 2% 7 wo(0)=%‘f (37)

I

BA-i (D=Nocos 22y ~ win(D=1£2 (38)

(' No=Psin p=P-p)
ST DE) A (Riffx =0 12 K FEHTH)

EIS UnOycos 22 r+EIS Vi(0)sin 22X~
=P-cos ¢

2

Uo(O)Z cos 25~ ” r+ Vo (0) Esm 2—r

=ﬁ (" cos p=1) (39)

E—AC FOEY AN (Rix=0ICE— 2>
%))
2

Za~Nocosz%7!r+EIg U+(0) cos 7”7
+EIS V(0ysin2X =M

aE]}I” by cosz%;r-i- (0% cos’%r-r

+Vo0 3 sin 22y =2 (40)

cf.

;‘_';icos z—;[r cos%r=%jzz(cos ;:_j T r+1)
=+ [—4cos 2i 7+ 1)+(n—1)]
—2 -y

gtsm%”sm%f=%§:[cos n] 7 —Cos i:;j 7]
=L {(n—D+cos (i + /) +1)]
=L(n—D+Ecos2in+1)]
=%[n—1+1]=% i=j

:‘zzsin%rcos%r =0
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Us(x)= FU 10(x)-[Us(0)]— FU 20(x)-[U(0)-12]

—FU 30(x)-[Vo(0)]+ FU 40(x )-[ V(0)-12]

P P
+FU 50(x )y -1 = FU 50(x (= 1)™ g -[-+++:(43)

Volx)= FV 10(x)-[Us(0)]— FV 20(x)-[[/,(0)-12]

+ FV 30(x)-[Vo(0)]— FV 40(x )-[ V4(0)-12]

_ Lo (—1)m P2
FV50()-') EA l+FV50(x)( 1) ’E—A[ """ (44)

Wolx)=—FW10(x)-[Us(0)]+ FW20(x )-[ 1,(0)-1?]
+ FW30(x)-[Vo(0)]+ FW40(x )-[ V5(0)-12]

— FWS0(x )55 -1+ FW60(x)(~ D)™ £21.....(45) Py

Hic(42) & D EBRMEATKE D (43) ~(45) 2 (12) —f . g - f—-—H
~(4) ENEMBEUORSLMEN 250185, -
i, (42) ~(45) ORI FUL0(x) %z, BSkIC R
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MHEEY Kz ZHL 2w

/ (Lase : A) B4
s [CASE OF KN = 1.0, KS = 10.0]
24 Kz KuKs)
S| 3hmIcERLLE
4 B4 (Cose:B)
8]
<o
S —
e 0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

[KT->HENKA [PARA=KN/KT, KS/KT »xKT=0.1— 20.0 STEP= 2.0)
B—7 U—MAX—JOINT. VALUE CURVE

;54
8|

=107

0.15

(Case : A)
[CASE OF KN= 1.0, KS=5.0]

0..10

(Case : B)

U-MAX

0.05

g
S1.00 " 3.00 5.00 7.00 9.00 100 13.00 | 1500  17.00 | 19.00 | 21.00
[KT — HENKA [PARA = KN/KT. KS/KT]
E—-8 U—MAX—]JOINT. VAIUE CURVE
]
g
2 (Case : A)
z ]
1 [CASE OF KN=1.0, KS=1.0]
=]
2 (Case:B)
8 |
o
3 E— : : : : —_——
S1.00 3.00 5.00 7.00 9.00 1100  13.00  15.00  17.00  19.00  21.00

[KT— HENKA PARA = KN/KT. KS/KT]

B—-9 U-—MAX—JOINT. VALUE CURVE
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B A OMH S MEA R

BN 4N Kr=Ky=0.1 kg/cm?

AT 0.237mm Ks=5 kg/em?
1

12
11
10
9 5
8 6
7

H—-10 #frslims mELiX

kg/em?  BHE  BUTHEOBITE L 5
KN %1t 0> 48 2 5059
/ WTAET 2

A A WiE H ENER
BhL#k 4 N Kr=Ky=0.1 kg/cm®
PLALE 0.853  Ks=10 kg/cm?

12

H—11 #HESOKEHFEEMR

2 £ x ®W

1) S. G. Nomachi : A Note on finite Founer Tras-
forms Concerlng Finite Integration (The Trans-
cript from the Memories of the Muroran Institute
of Techrology vol. 5. No. 2)

2) HEHT - 2BH D SENIC L 2 HNRERBENER
HZERIZ OV T(LKRESE 3¢ BIEREMBERLSE
HBEEE 1 —66)

3) RIRXEROBE LIS (B%YE - KRR
MEEERS)

4) HEHT - A MEHGERBEZIC LI 2RFHE
DEBRBIFFIC OV T(E 3] M EFERSHE KR
X4 629)

5) REHT - BH I AERRHAMEIC BT 24FHRNE
TLIZ DWW T (ARSI E A TREESE
35%5)

(EBF154 £ 11 A 30 B<H)
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AR
BB OEE

) e . . 343
FULOG) =3 %{%_ +B2-m® + (All A11+A33g11) m
=1

+(A11°+ A11-A22-A33+ A12°+ A11-A23 -A32)m+(A112A33+ A12"A33)‘m}Sin mn
l

X

FUI1(x)= —L+2{——FU1O (x) m}cost—”x

FU12(x)= 2{12 -FU10’ (x)m}sml—x

oo 2
FU13(x)=2=!l{ 2/5 2}cos%x
=i 2rt -322[i+ —(A22+ A33)-m™+{A33— B22— A22-A22-A33+ A23-A32}- m®
m=1 13 m D
2 . . 2 . .
{ (A11°+ A11-A22 Asgzmz + A11-A23-A33) _(A112+A11.A33+A33-A11)}~m
+ D
2, 3
{ (All AB%;ZAIZ A33) (Allz-f-All‘A22~A33+A122+A11~A23'A32)}-m3
+ D
(A11%A433+ A12%A33)/m ma
- D 'COSI— X

m=1

© 7 s .A32-m® . m? .
FU20(x)=3 %{ m’+(A22+A33)m*+ A23-A32 m;(All+A22 A33)m*+ A11-A33m }~sin%x

FU21(x)=§ %{FUZO'(x)-m}cos% x

m=1

o 2
FU22(x)=mZ=§I—21—7§ (FU20'(x)-} - sin P x

__2r 2{ {A23 A32-m*+ (ALl + A23-A32)-m®} — (A11°+ A33-A11).m?
D

+ —(A112+A11-A22'A33+A122+A11~A23‘A32)~m—(All’-A33+A122'A33)/m } sin 22X,
D ’ l

2n?
13

{A12-m5+(A12-A22+A12-A33)'m3+(A12-A22~A33+A12~A23-A32)m }-sin mn
D l

FU23(x)=

TMs
|

{FU20 (x)-m}- cosTx+

FU30(x)

Il
||M8

FU31(x) mf': {FU30'(x)-m}-cos —”;—” x

FU32x) =5 — 25 (FU30 (x)-m?) sin % x

2
FU33(x)=”l=l {FUSO'(x)-mz}-cos%llx
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X

FU40(x)=3 23{

Al2-m*+ A12-A33-m \_. mx
P2 sin——

D {

2} l;r {FU40'(x)-m}‘cos%x

FU42(x)=mi

{FU40 (x)m }sin%x

FU43(x)=i} {FU40 (x)m}cos%lg—x

Ms

FUS0(x)= 7?27{ Al1-A23 | } mn

D smT X

2 {All -A23 z} mr
- CcoS—— X
vl [

Al1-A23 3}'M
l { ST
2r
3

m

X

FUS51(x)

i
M

Ms

FU52(x)= x

m

D X

FU53(x)=§l— { AlLA23 m’ }cos—M

l

FV10(x)=3

m

. . 3
l%{ Al2-m°+ Al12-A33-m }'sinﬂ

D 7 *

{FV10'(x)-m}-cos RIS

FVll(x)=mZ:'. ]

Nl[\)

1

FV12(x) él ZL{F V10 (x)-m?) sin 7 x

FV13(x)=mi.:l— {FV10'(x)-m3}-cosl’l‘lx

FV20(x)=FU40(x)
FV2(x)=FU4l(x)
FV22(x)=FU42(x)
FV23(x)=FU43(x)

Al11-A22-m*+(A11-A22-A33+ A11-A23-A32)m sin

_ 23
FV30(x)=FU10(x)+% % i

3

FV31(x)= FU1L(x)+ 3 ${FV30'(x)-m}-cos 7 x
FV32(x)=FU12(x)+§l—%{FV30'(x)~m’}'sinL7£x

FV33

2
2/5 {FVSO/(x)'m:’}-cos% x

mn
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FV4(x)=3 %
m=1

x

{m’+A33~m5+A11~m’+A11'A33-m }  mn
D Sin i

FV41(x)=’§31[L”2{F V40’ (x)-m)-cos 77 x

FV42(x)= i

2 Im + A33-m’ + A11- m*+ A11-A33-m® }sinﬂx
D /

_ 2 i{i_ A22-m” +(A11+ A22-A33+ A23-A32)m° +(A11-A11+ A33-A11)-m®
[Pras\m D

(A11-A11+ A11-A22-A33+ A12-A21+ A11-A23-A32) m
D

(A11~A11-A33+A12~A21-A33)/m} . mx
‘Sll’l—l—x

FVa3(x)=—f+4 3 (F V42 (x)-meos % x)

FV50(x)=3

m=

-\-LI o

x

A23m°+A11-A23m | . mzx
D sin——

‘N

FV51(x)=3

m=1

{F V50" (x)-m}-cos % x

-~

e

|l\)

FV52(x)=m§=‘,l HAFV50 (x)-m?) sm——x

FV53(x)

i}l—l—f{FVSO'(x%m’}cos l— x

m

FW10()=3 2 (FW 20 (x)-m?) cos 2T

FW11(x)=F & (FW20'(x)-m?} sin 2% x

FW12()=3 —z—f{szo'(x)m'}-cos% x
) 2

FW13(x)=m2= T {FWZO’(x)-ms}‘sin%x

{ Al2- A32 m? } mn

2 mr
ya COS i x

FW20(x)=3

0
FW2L(x)=3 —& (FW20 (x)-m}sin " x
FW22(x)=3 —2Z(FW20'(x) m?) cos 2L

FW23(x)= mz:o+ T{FW20'(x)-m }sm7 {Fw20 (x)ma}sml—”x
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. .m? . 2,
2 {Al-A%m SZANAT | oo mE

FW30(x)=3 &

0

FW3l(x)

N'[\)

{FWBO'(x)-m}sin%x

i
iMMs

©

FW32(x) —%{Fww(x)-mﬁ-cos M

T
iMs

o

2nt
3

{FW30'(x)'m3}~sian7rx

m=0

. mS . .m?
FW40(x) 7?25{A32m +A11-A32-m }-cosﬂ

D 7 *

i
iMs

3

{FW40 (x)-m}- s1n——~x

FW4l(x)

i
iMa

0 Il’

l\)

FW42(x)=

iMa

o l

FW43(x)=’2012 {FW40'(x)-m?®}- smﬁ;l x

2 [ A32:m°+A11-A32:m® | . mnm
ol—a‘ D Iam——l X

iMs

8

-m’ . 23-4 s
=’§01_23_.A32{lm _(A22+A33)m +(A112—)A22 A33+ A23-A32)m

_ +(A11°+ A11-A33+ A33-All)-m®
D

_ (A11°+ A11-A22-A33+ A12° + A11-A23-A32)-m®
D

(A11%-A33+ A12%-A433)/m | . mn
- D n i X

X

8 6 em? . a2 2 2
FWS0(x)= g{ m®+ A22-m®+2A11-m* + A11-A22-m* + A11°+ A12 }~cos mx

2 D I
_2{m’+A22~m’+2A11~m5+A11~m5+A11~A22'm3+(A112+A122)m1 . mx
A 7[l D Ialﬂ_l X

Ms ::-Ms
N

FWw5l(x)

m

I

2 {_l+ A33-m” +(A22-A33+ A23-A32)-m®
xl m D
+ (A11-Al1+ A11-A33+ A33-A11— A11-A22)-m®
D

+ (A11-A22-A33+ A11-A23-A32)m+2A12*% Al2m
D

+ (A11-A11-A 33+DA12-A12-A33)/m }*sin rrlm X

u[‘ﬂ8

FW52(x)=Z—1r +l—7§ i! {FWSl'(x)-mcos% x}

m=0
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{ A22 % A32— A33? }‘m,

FW53(x)=2Z -A33~[ +3 A3
1 P D
{ (Al1-4 1253‘411"422) —(A22~A33+A23-A32)}~m5
+
D
{(A11-A22+L1':;‘323‘°"ﬁ)—A11><(A11+2A33)}-m3
+
D
_ Al1X(A22-433+ A23-A32)-m
D
(A11%-A33+ A12%-433)/m | . mn
- D *Sin l X

© . 2,
FW60(x)=FW50(x)+3 L 4ALZm mzx
m=07T D . l

s 1 . ma _ =& x & (=1) . mr _ —7mx
#, | 2 gpsin——x=5(1=7), b sin—y— 2= T




