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ABSTRACT

Nowadays, economic and social development have been growing rapidly and can
cause many problems, for instance infrastructure that is not sufficient for the needs which is
rising, and traffic control that many offictals try to get through this problem. Otherwise, all
problems can be solved by preparing suitable and enough infrastructures for social growth
and the needs for communications and activities.

According to the constructions these days, constructing underground construction is a
choice to figure out the problems. For example, constructing the water tunnel and Mass Rapid
Transit (MRT) They are the constructions that are easily drained, so caisson is a way which
is proper to use with constructing a tunnel because it is the entry and exit way of the screw
and the way to deliver the soil and all instruments using in the construction. In addition,
caisson is also ventilation during the construction. Caisson is not really a well-known
construction and not many people have studied it in details. Our study group has notice that it
would be betier if we get started to study the design and construction of caisson for being a
source of information for people who are interested in, and also we have developed an
efticient program for caisson construction.
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2.1 anwesnselumsfinhmdhussyndszdovesdiv

{ | 3 =2 ! a 3 Y
npugmhnlFlumsidnldlunsdosaisnnuenselenisfuimin
vitynilszdvvesdusosiugiunn (Ullimate Bearing Capacity of soil, q, ) iinatongni ag

=] . P~ thﬂ' [ d’.
noHfuos Terzaghi Lﬂmmmmwmﬂmn‘nqﬂ

2.1.1 nqufved Terzaghi (1943)

. 3 ar oo -4 .
Terzaghi (1943) ldedonisnaaniuazi)szaunisaldinsizrikn bearing
. . . . - . ré I @ [] 1 Ve
capacity equation 99 shallow strip foundation (footing) Fmeuildaauanirlyi4dy
3
rectangular, square uag circular footing 14 Iasfia NAUYBL U INHEILLAZ IS LFBAN

' ¥
rough foundation} auuag il lumsinszsiwoa) Tddedl
g d !

s oA wes o) . . . Y - .
1. audigauauiiailu homogeneous isotropic soil nazauisnld Coulomb’s equation
Ay shear strength vesAu ¢l

5 ]
=

2.strip foundation HNuUAWLILUASWIITR AW plane strain  condition (two
dimensional problems)

- . . 3 o o~ o
3. aulu elastic zone (zone D) # boundaries L“i‘lmaumqmyu ¢ NULUITIU(HY
Hd 1
B = & [ .
fla B = ¢ ) uae shear strength 1u plastic zone MaduatinausuY failure surface
3 =§ & 1
4. total passive thrust 13znaufunTe 3 139 FeenNTouenaenysoswnu 1d ulh
. 1 L] r-1 o = o
failure surface YPUHALLT I WML BUAUNHT DN LA
g . ‘3‘. - 3 - d' 1 1 d:‘ c:; =] 1 e
5. 9e¥4 failure zone Mfaduludufiogganiiiuvesgusin dude luldiaison shear

T b4 ¥
strength Y04AUNDYFINTIHUVDIFINIIN uasrMIinyes surcharge, q = D,
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7111 2.1 srun@g uans Terzaghi

¥

domunigiuues Terzaghi a2, fidadl

1wz miugusnidanun annnanudnuedagiusn (D < B)
2. vy o w30 CAD nasyn ACD fisuifu Angle of Friction 1p3du

3. laifirf19089A1 Shear Resistance U83aus uuinga GI iy HJ

P A wa 4 M = ¥ . .
yInuvesnNuAHTAT s nnus aow luauldg 14510 Strip Foundation (g1

sinflinnun Nedosundafeuuuianue1vesIuIn ) i 3 g9 A

'
[} ]

a1 luglmumaonldgiusingd ACD ( Triangular Zone )
dwfi 2 dluuinovewsudou jawmasy ADF uas CDE

gI3uh 3 1WuuTnaYeansy Rankine Pressure AFH uaz CEG

I . -y ; ! Y ay a’
wazan Equilibrium Analysis Tdaumynuginaosmanueinsnlunssmimin

vt sdbvesAuseeiugunn (Ultimate Bearing Capacity of soil , g, ) 9

2K ek K
q, =¢ Bt
e cos ¢ 7 A% cos ¢

(2.1)




W = v ¥ ! ¥
VINVATUUATIUYTIAL !.Lﬁ%ﬂﬁ.lj.ﬂ‘ﬂﬁm\iljﬂuﬂﬂ %31@]

|
q, =cN_+gN,_ + 5 ¥y BN, (2.2)

¥ o = . .
a1tlugiusinaiia Strip Foundation

q, = L3¢N, +qN, + 0.4y BN (2.3)

[N

o - = s s .
mLﬂUj‘luﬂﬂgﬂﬁmaﬂmmﬁ ( Squarc Foundation )

q

q, = 1.3¢N, +qN, +03yBN, (2.4)

¥ o ar . ,
duflugiusingimiidatanan (Circular Foundation )

B 1 B -
q, = (1037 )N, +qN, + 2 (1-027) BN, (2.5)

e N.,N,.N, = f1Bearing Capacity Factors Fudlurfunlsafoua Angle of
Friction #m15192.1
= Unit weight ap3@uldgiusin
¢ = 1 Angle of Friction v9sauldgingin
¢ = f Cohesion vasaulAgiunn

K .= a1 Rankine Cofficient of passive Earth Pressure

= tan?(45+é)

2
q = 1 Surcharge 1INAUNDGMTDIZAUA1FIUTIN
B = au19aunieusdgiusin

= YUIRANHUTIVOIFIUIT TN
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A19190 2.1 A1 Bearing Capacity Factors

¢ .dcg N, N, N,
0 5.7 1.0 0.0
5 7.3 1.6 0.5
10 0.6 2.7 1.2
15 12.9 4.4 2.5
20 17.7 7.4 5.0
25 25.1 12.7 0.7
30 372 22.3 19.7
34 52.6 36.3 36.0
35 37.8 414 42.4
40 95.7 81.3 100.4
45 i72.3 173.3 2977
48 2583 2879 780.1
50 347.5 4131 1153.2

2.2 usaasamu { Skin friction )

2 do o = { < ¢
Tumseenuuumrasdsuiludasszinsandas afoamuiinauaoad lag
adque o = 7 = da N o s
mwizlunsai lHhminussynaanluns swerasdisadoaniuininises lugnsediud

= y o 1 3 - =1 J L= 1 § roas
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o [y FY Y . @ L= 1 a
PO Iﬂﬂﬂ’l‘i%ﬂi‘rﬂﬂﬁﬁﬁﬂﬁ]ﬂﬁ cutiing shoe HAZNINUBUATIIANTDINIYT N 5 (WUAILAT

¥ o o 1 & o Aq A . ar 4 A J A
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Bentonite

Cutting Shoe

Lubrication PIPE

517 2.2 31wazibon Cutting Shoe

3 X ¥ . 1 2 i -f'! & o oo oo (= o
lumﬂw bentonite "D"SIEJ'l‘Hﬂﬁﬁﬂ@ﬂuﬁ‘mﬁm!ﬁQLﬁUﬂﬂ']UTIl.ﬂﬂﬂWuiﬂa\uﬂ"n’ﬂdﬁ

e = Vo a LA o A ot a4 a 4
i munguudasy lihusafeanuiifaiuluiunieniaeziafivs sfvanuidadn
aav = =t A g i M et = ] . ' A& '
BHAUNUYD L‘W‘i135]6’3'1111!“}]'1!1’1'3’lULlJH‘Hu‘ﬂiJﬂuLHNLLﬁwJ bentonite mmﬂumwaaau LE

3
141 5

¥
Tumalgiaudngdans adoanuiulusunssuaiianiaeuin

usauFpamunaunIzMRaimTaTasd munsadmu e ldnnusufsaniuuey
Y
AuluudazsuaunA1M IS uAaUNIS

UsauduanusIn = A THf, (2.6)
; n:ca o «
Tau A, = NUTHINOUDAVDINT URDIE
»
H = anuvuiveasuau

o
&

3 v
. = usadeamuasniipiuivesru luunaz i

o
I

nsufveanu (£, TuAumitlen (Cohesion Soil)

f = aSu 2.7)
iio @ = Adhesion Faction (311 2.3)
Su = Undrained Shear Strength u93au v11 1@ nmsnadeou

Unconfined Compressive Strength
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VHORAINED SHEAH STREHGTH . CIT/M

31 2.3 nawlizvane S, M o

usadeamiu (£ ) Waunse (Cohesionless Soil)
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= o =3

A 1o =) = o =1
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2.3 usadwnwaaawesa (End Bearing)

4 A uw W 4 =] : o =
n‘]'ﬂ!,‘illal"guWHHﬂUiﬁnﬂﬂﬂﬁQUULﬂ"ﬁﬂQ’ﬂ' Lﬂ“ﬁﬂﬂﬂﬂ%glﬂﬁﬂuﬂ?aﬂﬂ'li.l‘ﬂﬁﬂ'lﬁ“llﬂﬁ

1 e = <a o'l = '
use ualuvagReduAufimeegiie fveuarssdingvudiumull Tadimesousanne

o lg o ~ . . :: s A a d o
¥oIdagIuALAILS udsANU(Friction) FURURHOIWIWATUNTULSIRDITAILIDINA WD

2

< i o J o4 o ¥ 4 .
wasumEAYamIAe mamdsuizuinduisimdnusigngady vadlelinInionseas
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¥13AwNi5un 1 End Bearing
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o
51l 2.4 usadunmalatmaaread

»
dvTunanzfuay 1738 End Bearing Taunin

Q=CN_+yDN_+05vBN, (2.8}

e C = Awgedamiies ( Cohesion )
¥

y = vihminue Ay

D = anulinuoanyg

B = anua19ve9giuiin

£=% Qd » 1}

N,.N,N, = #ulszinF Bearing Capacity Factors am1a1319
9/ ] . ] 1 9 o At
#89n117 End bearing 2 #1u4, upper-bond @IHITUNTIYANTIUUULAYD

cutting shoe Uy lower bound , @MTUMIYANFINLDY cutting shoe

2.4 u3aWHAIUMA19¥D9AH ( Lateral Earth Pressure )

as 3 ~ n' o ' & . ' ) V=N a
U IAUA U1V D9AUNNT 2R e TATIAS 19 UAY 171 HTURITUAUNIT DIAYBIT

] ci Y - 4:' ar a as
ﬂluﬂﬁBBﬂlLil1JLﬂWﬂdﬁﬂ"lL‘ﬁH“ﬂ%35?]3?11511‘1«11@“&'5Qﬂuﬁﬂﬁﬁ,ﬂﬂuﬂﬂﬂuﬂﬂuJlﬂ"h‘ﬂiﬁ‘ﬁﬂﬁﬂ

at 9 b o o 1 -
HIIAUAIVANUDIAULDEY 3 LU D
wooa Ve oA N £ o s oA o
. u3aauauvagnuy (Earth pressure at rest) HU1HDILIIAUVDIAUNATE N

AL IIAUALMIATILA1e s i e uweduaunansmAsunuaeiala
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W . = s =) o @ 1 w
2. uTIRUALLDY Active carth pressure HUUDATIAUUDIAUNNITEMADHUI
Q Qs M @ W Q ¥ o e .4'1 z:i [ I G o
AumanuaUA 1 I IRt uAwmAauneen luvnAuourdsfune
3. usaiuAULLY Passive earth pressure HINWAUSIFUA UL IV0IAURNIZT

4

aamuri g wwad uay ud 3 IaA m A UE A AU M IAUO BN AN U

UL Active 11l Passive

31 2.5 133AUAULLL Active upg Passive

o = LY e A
lumseonuuumapIdNIT N TIMWIZUTIAUANLYBEA LN (Earth pressure at
rest)

2.4.1 usaduAunuuagiun (Earth pressure at rest)

XXX XXX T
h

el
o
H —> D

O-fm
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e oy c& lo' ot LY o~ L) s -]
TuanwsssumadoududiegmonizAudmumaiu h szganszhiaonsaly
2 ; o N a &
HUIR o, Lﬁ'ﬁ]\‘]iﬂﬂ‘lﬂ“}‘iuﬂ“UE]\'iﬂu“lfﬂﬂglﬁﬂﬂﬁﬂuﬂuuu
o, = yvh (2.9}

L

1 »
Tlwita ¥ = wimhwinvadu

]
-~

# 5 *
iaidwwaduauiniuauiu usluuunds (o)) swhidifaus sduluuuiueu

O w o W ey o o o v Y rea q a i '
(,) nszimosiadunaiuay Sduwetuduegluanizaugadluimanfeuiiuasdiala

o, = K, o, (2.10)
= K, 7h
lwile o, - LLﬁaﬁuiuumuaummatjﬁuﬁ
K = ﬁ’uﬂizﬁﬂﬁfmax,l,aqﬁuﬁuu1nmg'ﬁuﬁ

(Coefficient of earth pressure at rest)

A1 K 109@UnINNTIA N8 uazAutind Normally Consolidated Clay

(N.C.C) srnsant darneaunizunsad (Jaky) il
K, = 1-sing (2.11)

i

A 9
WIeo1aH1 14011314

A15299 2.2 dulssdndveus wudnuuuagiui

Uszinnvosau K,

N3 1WUUY 0.35
NIWH AN 0.60
Aumiina N.C.C.

auntior 0.C.C. (0.CR.=3.5)
aumte1 0.C.C. (0.C.R. =20 )

0.5-0.6

N.C.C. = Normally Consolidated Clay
0.C.C. = Over Consolidated Clay
0O.C.R. = Over Consolidated Ratio

If

o @ = ! o | o @ a =1 =
ﬁﬂHm$ﬂ1‘iﬂi$ﬂ1UﬂlﬂﬂLL'§~1ﬂ‘uﬁu‘ﬁHSZW']G]BNHGﬂuﬂuﬂglﬂugﬂﬁ"lllmﬁﬂll 1179

L ]
NanuannIsinasan NugIvoIRladuAu(H) sy

P, “%O‘;,(,H 351'(“}/}7’2 (2.12)
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dTrnmitann i BazaoMindlatanyz ity

2.5 msoanuuuinHnusINn ( Design Loads )

Wminussynesinany (Live Load)

W [l ] W

o s Y W =] =y N
WminussnnIsnnaiuszAuWuAY g =20 kPa (2 Um?)
W

WminuaTnnuAEIMaInI(Roof slab)q = 20 kPa (2 vm”)

¥

133U (Water Pressure) :

¥
o a

a us < o 3 = a y =
dmiuprasduasuigaiiue TnegnisAuRuAY

UTIRUAL (Soil Pressure)

o w = Ve o .
Elﬂfﬂiﬂ@ﬂlﬂ]'ﬂlﬂ“‘h’@Jﬁﬂiﬂ‘iﬂ-ﬂmWT‘ﬁliﬁﬂﬂﬂullUUEQﬂUﬂ (Eanh Pressure

At-rest)
At-rest= K y'h (2.13)
Tasii K, = 1-sing
RN S
h = mmqwm%uﬁu

¥
uminyssnalumsduiiuam .

v ¥ .
dmnirussynlunsduliveneeadilszuio 800 du (imiin Tastszinuyes

A @ 1 Iy o
LﬂEﬂﬂﬁ]ﬂiiuﬂﬁﬂﬂﬁﬂﬂlﬂmﬂﬁﬁ )
TN IHUNYTINA

¥ ¥ 4
- AW mdnRe L + 10 + dmdnussnn lumsdutiveay

62777

17



2.6. MIPONULLLALMTHA TN I
2.6.1 U3 AHARMDNIDYIINA

) MIRUIMUIIAUAUNATD ( Overburden Pressures )

. ¥
Overburden Pressures gnfiuINATEAULUYAYIITUAY

Overburden = ¥ (Surcharge +{({y -y )h) {2.14)
ilovhmiinneiy ( surcharge ) = 20 kPa (ﬁymﬂ’ﬂmm'mws )

¥ = AUHUHUAY

Y. = Aymusinh = 10 kKN/m®

h = AWAn

) MITAIUINUTIAUAUNDN1IZAWN ( Al-Rest )

¥ FY N :‘
ATEMINMUNUTIND & AU+ drdanay + 11

Te

UIIAUAY = [( k o xoverburden ) ]+ywh (2.13)

wooa 14 . o Ao ar
HIIPUATIZHNNODALTAITEN I HIIEUNINY NU ﬂ’ﬂllﬁﬂ

L] = [
A UWUAY 112
3 o = = e =y
Tuszuzoa, 2/3 *uaamcvmmsgﬂmnéﬁﬂﬂﬂummmxmm UseAniainuaun

LTS d Y1) -:s.y oo [} =
Sga3n Qﬂﬂ@ﬂiuﬂu mﬂm@;rmuuwumulmﬂz"lnu”nmvm'smﬂumsaammu

2.7 MIBBAUULIMHIUVBUNYBIE — aaruzalszdy ( Ultimate Limit State )

4 o ¥ & a = 'l
ﬂ’]i"il'ElﬂLL“UU'NLL‘}‘i’JuﬁJENKﬂ"H@Qﬁﬂ'l‘ﬂuﬂalﬁ?\ul‘}‘i?ulﬁuuﬁﬂﬂﬂ FINYIAINOATLN

&
milegiufiu (Base slab)
4 o 4

= < 3 3 ¥ ] =) =1 =
99200AVBLTIAUANITAN (AL-Rest) Qnmﬁuﬂiwagmsﬂumummwuﬁum

~d

AL ada
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[ 39900

Base slab

Top View
Pl

P = ar = a ] o &
717 2.7 3 ingeuazdnumsunius tnnszinomil anyoad

T T

C = 113997 C = 115399

{ =N :g o
5171 2.8 useanadunmelunsoad

o

#5980t uvu C=RP

usadmlszdo N, = 4, (0854 1)1- p)+4f,0

=1

= = @ ot =} 9 -:ir:: =y
mmmmm]m Llidﬂﬂiu?dllﬂ’luQﬂ'ﬁ’Juﬂ 1 A3 mummﬂm i}ﬂﬂllﬂ'l‘ilﬂﬂ

'
q
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A o o J '
LI IS MUHHHIAYIITTEHINNNITTUN

Lateral Pressure P = LF(Pa+Pw) (2.18)

a w & a ] & o ]
g 50% of LIIAUAUNNTZYIAOHU UAFDITILHIIINITIY

AP = 0.5(LF)(Pa)

(2.1,
HNEA RTINS ST 3z W Wae
Bending Moment, M = (}
Shear Force, Q=10
Axial Force, N = P(R,)
(2.20)
windansuusannihminnsz o 1 dasi e
Bending Moment, M = 0.163 AP R, (2.21)
Axial Force, N=07212 APR, Q2.2

2.8 MIPBNKUUILHINVDUATRAT — aeuz]¥au ( Serviceability Limit State )

@ el o ) = ] ) @
T I Bsitussda lumaeed maaTumaniosigadmiunugumauan

. -3 & dy
(cracking) 9PNIHUARIY

= P f )
msadumaniasiiae Pea=7" (2.23)
dwmfu f,=390MPa , f,= 1.6
st po, = A0 =0.0041

39

] <
2.9 msdnnasailavesgluen

= o s ) 3 fq Yo 3 A o g Y =
Tavdlnfiaxasdinaziyouaofug Inad laau mzazilusei niudoums
o o = [ P 1 [ o
AaasduddTnudoutiavosgluediiomans aiou(Shear Force) taza1lumug

o ] J ) o = 1
(Moment) ud e 19 llfed wsosnnuumaniasude )

o b= w = ] - ' o
egsiimsAaussduauddeen liiluszey 0.5 was vingouilavesg luen
¥

NAA M LULUAZATHA T



il

UTRUATITY = 1.4 (Pa+ Pw) (2.24)

r‘i W oo 9 W
1] Pa = usapuauaiuan

|

K, % (Overburden pressure)

»
L3IAUN

Pw

2.10 mseenuuu Y (Basc slab)

o nsdisiundnussyn : ondu ( Uplift)

W= (1.4xu536uA) - (1.0x Dead Load)

(2.25)
e N300e5a IjuRA13 (Gravity) W = 1.4xDead Load (2.20)
nIdis Tluaasazgnusssulasnsaiae s amnnniuBearing)
=Y u’x‘i’ g o
» AT AATIEHAHEMTU MM ININAY
. WyRZ( 3+b
g M =— “(3 ) (2.27)
4 J o »
11D W= mdnuisynlizay
R =dnfinwly
d = Poisson'ratio = 0.2
psadou V, = (W, )(r-d)
o NMT0RNLUL- a0 uzllszan( Ultimate Limit State )
M
Towun A =———— (2.28)
0.4y (dd )
walow, vV, =0.29 Jfc'bd (2.29)

o
2.11 @fuINIHUDUAFBIE - M YA

= ; <3 = 1 a :
n1siaaziaiuludumiingou(Soft clay) msflasiunisya, wiaigavzgn

a4 o s
ARINITATTALT IHUDUAFDIT

. . A . e V@ nl ¥ 4
910 Tomlinson ."Foundation Design and Construction™ 17187351 au e

aanilasait( Factor of safety) #1MEMA9UDIN1T0 A1D



L NQES

|r= 30
vD+P (2.30)
P Qs a & . - -
o N =duidsz@nt Bearing Capacity Factors a11a1314
S = Undrined shear strength 4n3a1
¥ = AMURULUYDIAY
D =anuiinueansya
¥ . @
P =iminpaiunwui
o ar ::‘ [l - T
dwmiuszuzdu a1 Factor of safety Hignlso 1.1
dmfuszezend a1 Factor of safety fignldifio 1.3
J >
2.12 mdasmmveunsasd — n1suniu (Factor of safety)
. . ) . ¥
w3 1ga 1 ieanuasadio( Factor of safety) dAumseniu fia
F = Weight of Concrete + Friction (2.3

Uplift
a1 F (Factor of safety) Aitiingaudio 1.6

W
o ar . ¥
o thiinues Insaade (Weight of Concrete) 1/5znaus iy
>
a ] o o
O WNHUNYDIN UAY DI
¥ &
O hndnvastiu (Base slab)

O thuinupsneuninga (Plug concret)

r
ey

o L5 aFuaMIUNE (Friction)
= i o " a @ o a u Y =)
LS UTBANTUAAUNT IR AIMTLATDIE T IITOA NIV IADINLTUTEANTHYDY

»
auluazruAuudNnin T ud @ ung

wsudean s = A THY (2.32)

» '
=l

= o o
Taw A = NURARINIUBNUDINT AAYDIT

A

il
1 = anyuniaediuau
¥ v »
£ = usafsamuaoniisiuivesan luudaz s

x

usadoaniu ( 1) Tudiuatiing (Cohesion Soil)

[
2



/. = «Su (2.33)

o &« = Adhesion Faction

Su = Undrained Shear Strength vasau ¥ ldsnnisnaden
Unconfined Compressive Strength

ane “j‘““

1o N\ U W
NN
< - ;
— ™~ —ﬂavenme CURVES OR TOMULINSCH (1957 )
08— ) Sl 72 R S vt AR B R R
_ R PROPOSED CUIHNVES OF BORED PILES | _
- \ —

ADMESION FacToR (o&)

o4 }—rF—]—

! / ]

1“-—«&-———1

- .

;T‘“:”}{h___ | {
- J

AVERAGE CURVES OF
HOUNBERG ([ 1970 ) FOR AKX CLAY

. N BKK. CLATS YFIEAR NG {1983 ]
0.6 }- S N e _—«-_-,-m_ S -
~ !
St tenend mumndt 7‘/-‘—1’\<*"*~. D R '-" -
_4-5;'

]
i

0 5 10 2 15
UHDRAIMED SHEAR STRENGTH . C(T/M}

314 2.9 nswlsznina Sy fu ¢
usaudoamu ( £.) luAunsie (Cohesionless Soil)

I =1 : = tg c:j = =
Tunmseonuuumaodd s afsanuifedulududuneuan

2 =4 9/ . ' A
mmmnumﬂ@u bentonite muiumwa‘aau
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NS NUULLHIANIEIN

A @ " @ ] 1 Y o o
DA IHITUAED9d Cutting Shoe HazuHURAWIAFDIT LA VLT INUINTZ I
: o | = o w WY o w .
mMuhunred ussmngimnsghiouldun Tuwudda (Bending moment) usamuiinny
. ] - I { | -
(Axial force) wasusundu (Shear force) FalTanamumarinnatuiadawalidodinig

= o S A A o (7] o o ' 9 (- P=Y
panimanmu lunwesd enszi Ifiagoidansaswiseniag 1d Tae ludannuidone
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=l o a a = = ad
Fnseenuuumvamasuidmey IaihunlFlumsesnuuuvanasuaeiinag

u
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anauuUEaI Iaa3s USD FaiinwaziBeadasa )il

3.1 YEmsesnuumandulagds USD

o ar o o o
Aaeweananensmeldussda M, uazusiauuuannu P, sxdauilulde

Tadiuaanadofiannuaugavossansluuazmiseandosvosanumion U4 3.1 uan

azia lasanieusaazanuassalunouniauazivanasy meldnasiuvousafanay
[ -4

ar =1 = [ s
33T 00U NN ﬂzﬁ’]ilﬁﬂﬁﬁ}‘ﬁ@itiﬁaﬂiul'ﬁaﬂLfT'iiJllél“’l]'lﬂﬂ'l'lllﬁi.lwuﬁﬂﬂﬂ'ﬂillﬂgﬂﬂ )

o 1 =4 o 3
ATHRUIVOIUH AN TUUU

]
T=A4f = 4,Ec¢) B ¢ < &,
u 4
wis T = 4.f, Wo e > ¢,
r ] r . r &
Ci= 4, f, = 4, (Eg) o g < g
’ \ !
win  Co= 4, f, Wo g > g,
Ce= 0857 ba



Ey =0.003 !
u _] | 0.85¢
e d L
h
@ .As.-.
e T
L_'_e__i

:}
£s < &y (Compression Controls)
€5 = Ey (Baianced Condition)

£5 > Ey (Tension Controls)

U7 3.1 msnszateaaunassanazmiiouss lunihidanmolduasnvawsdanags iy

ok s 6120c-d’) P
.
;- 6120c-d)  _ ’

C

o [ o
wazosmimasszylumsiunasanveans s nuuununaz lusiugd (P,

uaz M) ldnnannzaugavesingda

NANNUALAAYDALTIIL 1A
P =C+C-T 3.1

o o 1 Y o
i]’lﬂﬂTllJfﬂJﬂﬁ‘UﬁNIﬂJLNUWE@UﬁHUﬂ?ﬁJBQ“U’]ﬂﬂ

H

h a h , h
M =Pe =C(——I)+C{(==-dH)+T{d-—— 3.2
€ 1(2 2) ,(2 Y+ T( 2) (3.2)

=4 o @ o 1 1 o4
dr¥annzvesnnunioatizm £, uaz M, 1WdVuil snddetalunidives

El

-1 4 =] = o - =
gamzanuAiuaauga demAnaiuiusidaiegansn (e, =) wiouduanuAioaluid

o ar a 2 o o -
Aounsanalaussdatgadauen Feiiawify 0.003
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[ 0.003 _ 6120
d e +e, , T 6120+ £
O o003 T &
2040000
. 2 0
i a,=—2_ g4
6120+ f,
f
. £ _G-d
o €

w 2 ' ! T6120+ f
AUy ¢ =0.003 1——d— :0.00S(]—g—x————f'—
c, o d 6120

wag  f7 = Ee| uadesdlifiv £

DIMNATTHEUANUDILT

P, =085flab+ A f -Af, (3.3)
_0.854,1.bd6120
6120+ 1,

M fl= Sy oy wld P, (3.4)

¢
i]'lﬂﬂ’ﬂi]ffllﬂﬁ"ﬂﬂﬁh.lmuﬂ

M,=P,e =085f ba, (g —-;-) + A f! (-;5 -d"y+ A F (d —fzi) (3.5)

fdefumasuveansmatiuannuiazisda Aanzaimassaguqga 1y
A 3 =% & dd'. - .! ¥ oo ::!i 1 ¥ et oA
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=1 LTy @ =) Yoy o = [ ) a LI, :E‘
ﬂ‘imﬂ’]ﬂiﬂﬂ‘l’l'ﬁ‘ﬂﬂﬂ]ﬁ]ﬂu‘ﬂﬂﬂ Ll’dﬁﬂ‘iﬂlﬂWUGI.WEIW‘ﬁWﬂ“UENLL‘NﬂQ AazvnauoAsae il

3.1.1 nsaumelaontwavewsada

A 4 o : P

WousmuuuuAunnieM(Py) - wInnI s ImnuuuILnunan1 12auga(P,)
A o r.':‘ a ¥ 1 ; o o oo o
WIDUITUZIEBITH(e) HBNNIISSUXWOIAHINANIETNAA(e,) DIADINITIZINA lunisoauan

~ ] Py [ o o =2 ] ] o
vasaounialuszninimbousslumanaiuivusdazdoonitgansin wivervagninld
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UszanuIaedvas Whitney
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Fiv0e Whitney aelamlumsesnuvuidindmieiadildoimsanadannagn
Y v oA P s oA W Y P aa .
paupRanssmunufnsehilavd Indus i aunuianizauga T5uee Whitney
1 tﬂl. v o . g 4 G = C; l:‘l
wzldangandt 5ueq WhltneyQﬂﬁ§1ﬁﬁJuh1lﬂUEﬂﬂUfTiJuﬂjmﬂ'llmuﬁﬂﬂugﬂ‘ﬂ 32
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.~ Plastic centroid

—
A: , Aal %
|
i b
|
I
| .
e SN, [ EE——,
d
h
Pn
Na [
_Uﬁ_.f\; ‘ l | 1
S 1]
]y
N

cl o
m-0.27d

/0.54:1 -
Experimental value for

balanced condition

0.54d

Whitney formula for
__--compression controls region,

Strength interaction
from statics analysis

c; - =) . I = G
519 3.2 muudgiueaa Whitney anzniwldaninavasida

C.(d —fi’e) =0.459hdf (d - )= ;f; bl *
& 3
C‘x = Aff|
unuA1 aumsbuaz(e) avlua) 121d
1 f‘."bdl
At Al i—d’ ' AS
b3 LAS-dD) fbh 't

erd-d) er—d-ay
2 2 d’

o e= 0P, =P, =085/ bh+ f,(4, +4.)

unumaauvaluaums (d) w2'ld

— +
Ldd=dh) e 1
2d3 d—-d 2

=0.857, bh+2f A

(b)

(d)
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4.2 f19819M0aNMUDIAT D 38

4.2.1 Tpsams Khlong Pi-Sing-To station and Rama IV station

Auanifvesau (Soil Profile)

A 3 = o Y] o W «
Govvauvnizniuinaa uneIdlsznauaig soft clay, stiff clay, and dense sand
[ o t‘;l = o P
FEALYDUNNDIALATOU JNUDIAUIZUAAI [Asgiih 4.2

Assumed Surcharge 20 kPa l l l

Ground Water ar Surface
Soft Clay
Su = 20 kPa. Unit Weight = 17 kN/m2,
Ko =0.75
-153m
Stiff Clay
Su = 100 kPa, Unit, Weight = 18 kN/m2,
Ko =0.65
Very Stiff Clay .
Su = 140 kPa, Unit Weight = 19 kN/m2,
Ko =0.62
-26m
Base Hard Clay
Al m Su = 180 kPa, Unit Weight = 19 kN/m2,
Ko =0.62
-33m l

~ ey o oA as 1 o
711 4.2 guanUhredunssAum v unYre I
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U5 3AUAY (Soil Pressu re)

Overburden = X (surcharge + (y —y,)h)

demuumimiinnany - 20 kPa

W
y = minimtinvesau (kN/m’)

¥ o
7, = wiwihmidnveniy = 10 kN/m’

h = A2An (m)

11594 0verburden
= Overburden
ANNAD | procsure (kPa) 574 (kPa)
0 20 20
15 20+(17-10)x15 125
20 125+(18-10)x5 165
26 165+(19-10)x6 219
34 219+(19-10)x8 291

c;. ar c; % = 1
713191 4.1 useadoverburdensIUNITAUANUANAI

usIGUAUIILBEAUTN + usIdUIT (At rest pressure + water pressure)

wraauAY = K,(overburden pressure) + y, 4

1390 " - N
UIIAHAY | U5IAU .
Overburden v w v HTIAHIIN
MUt !
ANNDN Pz:esﬁf?:;a) M (kPA) | ko (kPa) (kPa) Aut9(kPa)
0 20 20 0.75 15 0 15
15 20+(17-10)x15 125 075 | 9375 150 243.75
20 125+{18-10)x5 165 0.65 107.25 200 307.25
26 165+(19-10)x6 219 : 0.62 135.78 260 395.78
34 219+(19-10)x8 291 1 0.62 180.42 340 520.42

- ar ¥ g = [ < [
#19719N 4.2 H53aUI WA TUA N IEAUANUANHA 1499

tad
N




MSAIMIMUIINTEMNNHYIG AR LTI
AISA 1S IGUAIY (Against Uplift Pressure)

W
o ar W 1 9 ] @ - ¥ ar
fTTﬁ'ﬁUﬂ’NiHJﬁaﬂﬂU LlﬂlﬁiﬂzﬁllIUﬂTif]f]ﬂln.iU , WWMUNYDI LASIa519H AL

1 ¥
uAzUIRTEANTUART ¥ Dense sand 92 Lugminnanlunsdinam

: ar -~ M e

o HUNUBY IATIFT1UAYD D
= 4
ANUANUDAUATAIT 1~ 34 m
H

i o Qs ~ =S o K
HUMIHUNYDIABUNTAATINHAN 7 = 25 kN/m'

' ::J ar = 1
MUIHIHUNADIABUNIAGA p, = 20 kN/m

W ' a 7
wukuguonaanialy D=8 m
[ o
uruguinatsnieuen D, = 10 m
A p
ANUKLIOIRWATEIT, b=2m

ANUNLIVBIABUNIAGA , p=2m

_ ! I
AU | 11910 (KN)
y S T2 24,021
B IN T M?’ﬂ = ﬁﬂ%ﬂ(zs)(ﬂ)
. 5 S 2,512
Wy ﬁ@%b:ﬁ@(zsxz)
4 4
- 5 ; 2,010
ABUNIAYA H%thzpr%—)(zo)(z)

a1 28,543

" ¥ >
A151990 4.3 WIMUNTIUNIHUA
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o usadAsAM TR (Friction)

au ATV (;;1) usad@eamMu(kN/m’)
Soft Clay 15 aS, =0.9(20) 18
Stff Clay B aS,=0.35(100) 35
Very Suff Clay 6 aS,=0.35(140) 49
Hard Clay 8 aS, =0.35(180) 63
HIUTHATIUT IU= aD XHf = 39,050 kN

»

A5 140 4.4 MTAUIULT BFIAN LT ITIHA

"
o 59F Y (Uplift Pressure)

L 10°
_10?)

U5IAUTY = HUNWY x (¥ H )= —4—(10){33)= 25,905 kN

L r 1 s [ d!’ - . .
o mdndIuANNYARARBYDINIANIIAUEY (Factor of Safety against uplift)

Total _Weight + Friction

I

Factor of Safety Uplifi  Pressure

_ 28,543 + 39,030 =261 OK.
25,905

nsannTZM eI AN YOITIZHIIIMTIN

* 11 caisson shoe ( N3zAY -34 m)

L3R HATHe P = LF(Pa +Pw)

I

1.20(180.42+340)
624.5 kPa

- n o a o o 1 a o [
ouua 30% of HIIAUAUNNIZNIADNHUAYDITIZHITINTITAN

(%]
[}



AP =0.5(1.20)(180.42)
~ 108.3 kPa

r
as

v o)
HUIAN

Suu3 MmN e
Bending Moment. M =0
Shear Force, Q=0
Axial Force, N = P(R,,) = (624.5)(3)
= 3,123 kN/m

wihde i S anatiinnizae e uauo
Bending Moment. M = 0.163 AP R,’

= 0.163(108.3)(5)

= 441.3 kN-mo/m
Axial Force, N=0.212 APR,
0.212(108.3)(5)
1148 kN/m

if

f

Bending Moment (KN-m/m) | Axial Force (kN/m)
NN LTI 0 3,123
dntinnrzoie liladieue 441.3 114.8
i
391 441.3 3,238

A1313% 4.5 Bending Moment 1oz Axial Force 173

BONUULIHANAINUTIIM caisson shoe

fuanliAvodag ;

Conerete : fc =300 kg/ cm”

Reinforcement : SD 40 : f = 4000 kg/em”

M =441.3 kN.m = 44,130 kg.m
P =3238 kN = 323800 kg




B,=0.85--0.05( /. -280)/70
£,=0.85-0.05 (300280 )/70 = 0.8357

AuautiAveInTan :

[ =500 o o~ w
Merwuanldminasuntn DB25S

2.5

i

d h-d = 60-1375=46.25cm

HINdBINs :

e

P, = 1.4P, =14x323,800 = 453,320 ke
M. = 14M = 1.4x44,130 = 61,782 kg.m

A 2

. = M, _ 61.782(100) — 13.63 em
P 453,320

AGEEEAIE

3

0.1f A, =0.1x300x100x60 = 180,000 kg

dionlseuiieudy P, udqld

027 _ 1 _
$=09-—22 _ g9 02x453320 _ .o qg 5o
0.11. A, 0.1%x300x100x60

P -
P, =—= 433,329 = 647,600 kg

9 0.7
M,,=M" _ OL7B2 - eg 260 ke

$ 0.7

NanEANUAIIATUGD ;

C, = 6120d /(6120 + ) = 6120x46.25 /(6120 + 4000) = 27.97 cm
a, = C,=08357x27.97=2337 cm
P, = 0.85 f'a,b =0.85x300x23.37x60 = 357,622.21 kg

P, 1011 P, uareaiminanognoladntwavawsion
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¢
( + O.SJ _
- r 'bl
A = d d_ r _,3,,] -{L'__..?.__
1 NESE!
d-
[46 ?153-6132 75" 0'5)
R AL 647.600 —
' 4000

300x 60 %100 = 15.03 cm?

3><]00;<13.63

o +1.18
46.25°

Aenldivin DB2S (4.91ecm) dwm 41duld 4 = A4 =19.64 cm?

A, 19.64x2
A 100x 60

uay p=

=0.00654 A p Avaagizndng 0.01-0.08

donlHinan DB25 (4.91em?) Swim 6 1duld 4 =4, =29.46 cm’

=0.0098~0.01 .. p 2dir¥110.01-0.08 O.K.

L 29.46x2
g p ==
A 100%60
= 100 : 19 - o
ey ——= 16.66 .14 15 em [Wadnouazamn]
)
L00 mm 100 mm
| 600 mm o
= -
a - = =1 = .
791 4.3 Maasuiani Caisson Shoe
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o AuTiuRTD I (¥29INgARgRIzAUNY 31-33 m )

ugaAuA TN P = LF(Pa+Pw)

1.20(180+340)
= 624 kPa

widaffuusanmiminnszveasiume
Bending Moment, M =0
Shear Force, Q=0
Axial Force, N = P(Ro) = (624)(5)
= 3120 kN/m

wwgauunulsedounanta

N, =4, 085a/)1-p)+/.p|
= (1000x1000mm)[(0.85)(0.7)(30)(1-0.004) + (0.7)(400)(0.004)}/1000
= 18,899 kN > 3,120 kN O.K.

panUULIHANE S NS NN AT 3T

apalfvan DB20 (A =3.14) szozFe3 150 mm

A, =3.14(2)/ (0.15) = 41.87 en’
A, . =0.004 (100)(100) = 40 cm? A; > 4. OK.
100 mm 100 mm

F DB20@ 150 mm

le—— 1000 mm  —=]

P o =] i o .
117 4.4 maaTumaniime Caisson
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» Mafianyavilavosgluen (Aszay -28 61-30)

,,,,, 3l m
17 4.5 dumdannaesilaglisd
W ¥
TRRCAIAIEAN
fsed 27.5,1.4(Pa+rPw) = (1.4)(1444275) = 587 kPa
T2y 30.5, 1.4(Pa+Pw) = (1.4)(161+305) = 652 kPa
652 kN

TN
913 kN m
I

697 kN-m

Shear Force Diagram

9455kN

Rhnuom

Moment Diagram

o 1 ldl- =y 3 L]
714 4.6 A1 Moment uaz Shear Force Mifindnlugauila

4]



. . W
910 Shear diagram 1oz Moment diagram 12184

R-lnp =913 kN
Rbotom = 945.5 kN

o P cg‘ 1
Tumudinnigauudsudiy, M =697 kN-m
A 2 &
UsamaumnnnagaturuaIn, Q = 945.5 kN

o = = t = ¢
E)ﬂﬂL!UUL‘H’E‘Iﬂ!ﬁﬁﬂﬂﬁ!?mﬁﬂ@tﬂﬂﬁlﬂﬂﬂjuﬁﬂ

AMAUNAVDITITY |
Congrete : fc' = 300 kg/ em’
Reinforcement @ SD 40 : 1 = 4000 kg/em :

M =697 kN.m = 69,700 kg.m
P =3.120 kN =312,000 kg
V =9455kN =94550 kg

B=085-0.05( f -280)/70
f,=0.85-0.05(300-280)/70 = 0.8357

AuEUAYDIN IR :

30 o =y ar 5 g 3/ 1 ::J [ Y] ] 5
dauuAnlvanasundn DB25 2 9u Tashdmwduinudas Fumiidy uazgesing

' =] - t ' -
sz NamanaSudodlilosnin 4 cm w50 1.5 dp 9214

d =10+2+25+ ; =16.5 cm

d =h-d = 100-16.5=83.5cm

Siafidaants -

P, = 14P, =1.4x312,000 = 436,800 kg

M. = 1.4M =1.4x69,700 = 97.580 ke

Ve = 14V =14x94,550 = 132.370 kp
M

c = v o 27080 = 22 3dcm
P, 436,800

RGEEEAT



dionffouReunn P udald

0.27 0.2 x 436.800 .
#0900 =06 -4 4 =07
0.1/, 4, 0.1 300 % 100 x 100

P, 4368
I:' , _ " 00 _ 624’000 kg

¢ 0.7

M
M, =2 = 20 139,400 ke

¢ 0.7

v
v, o b J132370 o001

¢ 0.7

Heanzanunivaman

C, = 6120d/ (6120 ~f,) = 6120x83.5 /(6120 + 4000) = 50.5 cm
B, C, = 0.8357x50.5 =422 ¢m
0.85 f'a,b = 0.85x300x42.2x 100 = 1.076,088.44 kg

]

a,

$]
I Hh

P, Woond1 P, uaaimiidangniolddninavouiseds

_ 624,000 624,000[@ - 22.34)
L7 x300x100 2

' 4000(83.5-16.5)

A =.3591 em’

Aq =-35.91 em? uaashanniosunse1d WiaSumanainasgn
¢
donlfiniin DB25 (4.91ecm?) $1wau 124du1d 4, = 4, = 5892 cm’

A, 5892x2

uay p ="

= =0.011784 ua p Ae3vgszne 0.01-0.08 O.K.
A 100100 i

¥ #
< = at - @ o T o (]
manaSuvan DB25 2 %4 Tasfidununduluudazsuminu

- 100 &
nastnies —== 1666 ..1%15cm [Magonazan]



asaaufiatuns udau:

N, =P, =436,800 kg V.= 132,370 kg
[ N ;
V. = 0.53[1 +0.0071;L S bd
&
i 36,8
V. = 0.53[1 +0.0071i;00—]\/300 <100 x 83.5 |=100,424 kg
i 100x%100
4 Ay o o= - V 32
usuioundesiulaomdmasy ¥, - —~ -, = 1J0 570 - 100,424 = 55,505 kg
85
= o -
JrezTe9v0unantasnuuIn 25 mm
Afd (2 35
g Sod (2% 4.91§4000)83.5) 5031 em
V. 55,305
A 2
TEULITHIN IR = s = (“X4'91)(40Q(L) =112.22 cm.
) (3.5b) 3.5 %100
wio L2833 4y 95 om.
2 2
wonl¥szeziSeq 15 cm.
100 mm 100 mm

DB25@ 150 mm

DB25@ 150 mm i L

- =
.
N

\\ DB20@15¢ mm

|--|~——— 1000 mm ——

1 = a ar 1 ' o
3111 4.7 maaSuman lusivasaadyiae uilavoeg lued
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o MIANIUNY

i
Tuuanmiu

e " o
ANUNUIAN 2 m, 5202vuADUNIR 10 cm

d=200-10=19cm , d'=10cm

maﬁuﬁ?u (Uplift)

Wu = (maﬁm‘]?u)---(*jmﬁﬂﬁu)
= (34x10)-(2x25)
-~ 290 kPa

W, G+wu) 290x47 x(3+0.2)

vy, 1() ]6
= 028 kN-m
A = M - = 928 = 10000
0.4fy(d—d ) 0.4 4000x (190 -10;
= 3R2cm?

fionld 2DB28@ 150 mm 18 A, = 82.10 cm’

4 Ak
UFUDDUNNY

usadoufindhdainga = (Uplift)(r-d)
= (290)(4-1.90)
= 609 kN =61 Ton

V.= 0.29\/}‘"jbd =0.29 x +400(100){(190)
= 110.5 Ten

4 Y =]
wonmnlasadbldmaniaen U shape@im
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] c%«—DB-Q@JiQ—" a
1t DB204150

A

DB25(; 150
DBR25@150
i DR20150 [ Bar RB12 (min.)@ 1000

{4 bsaiso

R

T

DB25@100 2m

..............
-y 2 aay

2DB28@150

P o o o
U 4.8 nuumsiTuv Ao e
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4.2.2 1n39m3 Preliminary Design of Shaft for Khlong San-Saep station

gwanlAvaIau (Soil Profile)
} -~ A < .
Gauluduvssanuinoaiwawesdilsznondu soft clay, stiff clay, and dense sand

as < & = a
szavvounwpIntazilow luvasAuazuaaslangilin 4.9

Assumed Surcharge 20 kPa l i l

Ground Water ar Surface
Soft Clay
Su="12-20kPa,
Unit Weicht = 17 kKN/m2.
Ko=0.73
-15m
Stiff Clav
Su =100 kPa,
Unit Weight = 18 kN/m2,
27 m Ko =0.65
24.m Bgse, 25m
Dense Sand
@ = 36.
Unit Weight = 20 kN/mZ2.
Ko = 0.30

3 G a A v ' L4
117 4.9 aueuidvesduissaun i vounyoId
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W3dAUAU (Soil Pressure)

Overburden = Z (surcharge + (y —y,)h)

[l »
HoauuAIIMINNAYL = 20 kPa

¥
y = viuisihminuesau (KN/m’)

W o
y, = i midnyeaiy = 10 kN/m’

h = A770an0 (m)

1599 1Overburden
= Overburden
AMEAD | proseure (kPa) 33 (kPa)
0 20 20
15 20+(17-10)x15 125
25 125+(18-101x10 205

M13197 4.6 nssduoverburdeniTuisEauAMEN

USITHANIULRGHLAN + 15991 (At rest pressure + water pressure)

n3audy = K (overburden pressure) + y, 4

U390 oA .
USIANAN | 1IIAU .
Overburden v v v H53IAHITIU
AU U1
AINAN Pg‘;iﬁ’rfﬂf;a) P | ko | kpa) | pa) | FiNAkPa)
0 20 20 0.75 15 0 15
15 20+(17-10)x15 125 0.75 93.75 150 243.75
25 125+(18-10)x10 205 0.65 | 133.25 250 383.25

- s 3/ 5 = Q2 = '
ATT1IIN 4.7 SR U TIUMUY RINTEAUAIIUDNATIG
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MIAMMINISINTLNNHINAAUDZNTIG U

MSMUBSIAUAM (Against Uplift Pressure)

W
dFmsvanulanase uamanzanlunseenuuy | diiiipvasTassadiandim

T ¥
azisudeamuiiy %y Dense sand o2 ldgarhinaalunisfiuin

*

Q Qs 4
o tminunaTnsiad1unwead

A ES -
ANuaNUBUALOIE [ =25 m

.
1 o ur = ) =1 — ,
wiasmipuasnaunImasuman y = 25 kNim'
winininunInouniaga ¥, = 20 kNm'

1 a 5
durmguinannely  Di=9.9m
W@uruguenataniouen Dy =115 m

- @
ANMUHUWDIWIATDIA, b=2m

ANUHUIVDINDUNIAGA , p=2m

L Hinnin (kN)
- 2 2 2 16,799
L fuNfa - (L, -D) y H = J,TUL_()_B_JQS)QS)
4 4
& D2 9. 2 33847
[ ey );f(_b:;fr—-—( e )(25)(2)
: 4 !
| - - 1 3,078
AOUNIAYA e )},Cbz,rQ'g_)(go)(g)
4 4
-y 23,724

" 9 w
15199 4.8 YN IUTIH LR
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o usAABANIUART (Friction)

au AUHU (m) usudaamu(kN/m?)
Soft Clay 15 asS, =0.9(20) 18
SGff Clay 10 &S, =0.35(100) 35
WSUABAMUSIN= 7D SHf = 22,400 kN

»

A151990 4.9 MIAUINUT ATIANIUTIUNIHUA

o 139A0AY (Uplift Pressure)

b 3 oW c2-
H3aA U = NUARY x (7, H) =x%ﬂ(10)(24): 24,916 kN

b
o MamIuANNTaDaBYBINISATULIW UL (Factor of Safety against uplift)

il

Factor of Safety Total Weight + Friction

Uplift Pressure

5
_ 23,724 4+ 22,400 - 185 OK.
24,916

y a @ d
WSINNSZMNIADHITUAADIT TZHT 19N SN

e 1l caisson shoe ( #5247 -25 m)

UIIAUAIH P = LF(Pa +Pw)

It

1.20(133.25+250)
460 kPa

I

o “ v e oA a1 as o 1
auua 50% of IR UAUNNTENIINDHUAATEITIZHI19N1T T

AP =10.5(1.20)(133.25)
= 80 kPa

50



. ¥ 1
HAARSULT I BNIINNI 1 a e yD

Bending Moment, M =0
Shear Foree, Q=10
Axial Force, N = P(R,)

(460)(5.75)
2,645 kN/m

. ¥ N
nidansuuganmininnsz e luaiinaus

Bending Moment, M = 0,163 AP R’
= 0.163(80)(5.75)*
= 4311 kN-m/m
Axial Force, N=0.212 APR,
= 0.212(80)(5.75)

= 05 5kN/m
Bending Moment (kN-m/m) - Axial Force (kN/m)
SmiiAnTE AN Hawe 0 2,645
vmtnnszae'lsaiuee 4311 | 95.5
|
573 431.1 ' | 2,741

| |

#1513% 4.10 Bending Moment tiaz Axial Foree 57

DONMUUIMANIAINUILIM caisson shoe

AuENTAYDI IR -
Conerete : fc' =300 kg/ cm”
Reinforcement : SD 40 : f = 4000 kg/em”

M=431.1 kN.m=43,110kg.m
P =2,741 kN =274,100 kg

51




B,=0.85-0.05( f. -280)/70
B,=0.85-0.05 (300 -280)/70 = 0.8357

AauriAue e :

4 o el ) a
DevuA N I A unan DB25S

2.5
10+2.5+ - 13.75 cm

d

d =h-d = 40-13.75=26.25cm

o

o - Y
MANADINIG

P,=14P=14x274,100 = 383,740 kg

M,= 14M=14x43.110 = 60,354 kg
M 0.354

e = — = 60,35 = 1572 ¢m
P, 383,740

MdaTey :

0.1f, A, =0.1x300x 100x40 = 120,000 kg

donruieutu P udaly
0.2pP . 3
L g 02x383740

¢=0.9- 9- =0.64 .19 ¢ =07
0.14, Ag 0.1%300x 100 x 40
p, =L o 2870 ug 00 ke
¢ 0.7
M
M =M B354 kg
¢ 0.7

AT ANLATIATLRE

C, = 6120d/ (6120 +f,) = 6120x26.25 /(6120 = 4000) = 15.87 cm
a, =0 C,=08357x1587=1327cm
P, = 0.85 f'a,b = 0.85x300x 13.27x40 = 135,354 kg

P, 1AM P, uasmaimiianagnisldantwauoauseda

52



[dedr *“-SJ bh
e L L
f-“ ¢ +1.18

._,_

[ 572 5]

26.25-13. )

4 < 6.25 —13.75 548200 - 300x4})x100 17517 em?
4000 3x100x15.72 iR

26.25°

@onldiman DB2S (4.91em ) S 36 uld 4 =4 =176.76 cm?

A, 1767 | ; '
ay p=-—*= 176.76x 2 =0.088 uA o ApwEIEHL 0.01-0.08
A 100x40 *

donldimin DB25 (4.91em?) S 6 duld 4, =4 =29.46 cm?

A, 29.46x2
oz p=——=—-————
A 10040

R

=0.0147 .. p 085zM30.01-0.08 OK,

DL TIASIE 1%9— 16.66 .19 15 cm [Retheuazumn]

100 mm 100 mm

| 400 mm

A = 2 o .
114 4.10 mu@aFuiani Caisson Shoe
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d’ a o [} a ld‘. ad 2!’
e NHUUATDIA ( ¥1INGABLNTzA LW 22-24 m )

HFIAUA T P LI(Pa “Pw)

1.20(128+240)
= 442 kPa

‘H'Lhﬁﬂ‘ﬁf"ﬁ_lm:'.%mﬂumﬁﬂmzﬁnmm‘i'\m’uﬂ

Bending Moment, M = 0

Shear Force, Q=10

Axial F'orce, N = P(Ro) = (442)5.75)

= 2.542 kN/m

’Hnl’ile'lllﬂLlﬂﬁzﬁfﬂmdﬂﬁi

N, =4, 08510~ prrof, o]
= (800x 1000mm){(0.85)(0.7)(30)(1-0.004) + (0.7)(400)(0.004)]/1000
=15 119kN > 23542 kN OK.

aoaldinin DB20 (A =3.14) 5302503 150 mm

A =3.14(2)/ (0.15) =41 87 em®
4. =0.004 (100)(100) = 40 cm’ Ay > A, . OK

‘45 mn

100 mm 100 mm

~— ~—

DB20@ 150 mw

Il

AN

|‘—" 800 mm —™

A - 4 ar .
T 4.11 MG naniinis Caisson
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a T = & i [¥]
o nsianrestlavasglieg ( Rszdu -18 Ba -21)

.._2195m

0 4,12 dunisin o aiag Tued
LHFIAUAILN
ATEAD 18.5, 1.4(Pa+Pw) = (1.4)(99.5+185) = 398 kPa
fi52/1 21.5, 1.4(Pa+Pw) = (1.4)(115+215) = 462 kPa

462 kN

398 kN

Rl.m,)

Shear Force Diagram

881 kN

360 kN-m

Rbottom

Moment Diagram

1
S VS

: Cda X
71141 4.13 f1 Moment unz Shear Force fitiatulugaila
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- 1 ' . b
00 Shear diagram vtz Moment diagram 3214711

Rlup =839 kN
Rbcllmm = 881 kN

o« = 4
Tiguanniaaiuiud g, M = 860 kN-m

Wi pwnfga g, Q = 881 kN

panuUUHANIA NI N asilavadgluad

quanidunaiog |

Concrete : fo =300 kg/ em”
Reinforcement : SD 40 : = 4000 kg/em”
M = 860 KN.m = 86,000 ke.m

P =2,542 kN = 254200 kg

V =881 kN = 88,100 ke

B,=0.85-0.05( 7 -280)/70
4= 0.85 - 0.05 (300 - 280 ) /70 = 0.8357

s 3w
Aurutiavemien ;

- =3 =Y [ : o 1 z Vo 1 1
DauudNnlfvanasuvdn DB25 2 41 Taoid unuduluuaasFiaving uazteaing

1 o oo Ty ] & ~ ¥
senananasudoslutouni 4 cm vsa 1.5 dy 9214

d =10+2+2.5+j:1=16.5cm
d =h-d = 100-165=835¢cm
Sidadeens ;

P, = 14P =14x254,200

M,= 14M =1.4x86,000

Vy = 1.4V =1.4x88,100
M 120.400

P 355880

355.880 kg
120,400 kg
123,340 ke

If

= 33.83 cm

e =



AGEEFATIE

0.8, A, = 0.1x300x 100x 100 = 300,000 kg
dlerSoudous P udal4
027 .

% g 02x355880

$=09-— 9-—= =0.66 .. 14 ¢ =0.7
U.]f;. 4. 0.1x300x100x100 :
P 355
p, = 2n = 32880 o0 400 ke
é 0.7
M. 1204
M, = = 129400 o) 000 kg
0.7
v 233
Vy =t = 1280 00 ke
P 0.7

Aan1IEANWAToATIAD ;

C, = 6120d/(6120+f ) = 6120x83.5/(6120 +4000) = 50.5 cm
a, = p C,=08357x50.5=42.2 cm
P, = 085f'ab =0.85x300x42.2x100=1,076,088.44 kg

5 ¥ 1 ¥ ow 1 Py =
P, voenn P, uaasnmihanegmelaoninausuiifg

v
1.77. b =
PRt

’ fl(d_d’)

_SUBA00T g8 400 199 _ 33.83J
_ 1.7x300x100 2

‘ 4000(83.5 -16.5)

A =-11.76 cm?

A =-11.76 cm* wansnansoiuse1f WiaSumdnmumiasigu
@onldinan DB25 (4.91em?) d1wam 12 1§08 4 =4, = 58.92 em?

A4, 58.92x2
way p= =" _Z

= =0.011784 us p ApsvYIENI19 0.01-0.08 O.K.
A 100x100

=1 = o : P a t 5‘ [ Y]
manaEsuHan DB25 2 i lasiid wowdu Juudazsumiady

S 5EBEIIN 1.%: 16.66 - 14 15 em [Wadeunzuai]
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ATIVHDUARAT UG DU

=1, = 355880 kg V,= 123,340 kg

{5 1+ooo71ﬁ]rf4

v {0.53(1 +0.0071 22> Si? ]\/300 100 x 83, 5} 96,020 kg

100
wsaRoundoasn Taominey ¥ =4 -1 = 1203’;:0 ~ 96,020 = 49,086 kg
szozfosununan/anauia 25 mm
S A1 d _(2x4.91)(4000483.5) _ 66.82 cmn.

V 49.086

N

L) ! A - 2 -
TEBUTBIN R = S (2 4.91)4000) =112.22 cm.
(3.5, ) 3.5%100

W58 g-: =41.75 cm.

Wonldszoz&oa 15 em.

100 mm 100 mm
i E_ DB25@150 mm
DB25/@150 mm .

\\ DRB25@ 50 mm

‘-t—-— 800 mm ——

a = 3 3 as AR v oy &
11U 4.14 maasuwmanlurmiunyosdrlavestlavedg luan



o MSATUIUAY
i A
T R

4 ¥ a
ANUHUIAY 2 m, szuzvunounsa 10 cm

d=200-10=19%0cm , d'=10cm

uIaR UL (Uplift)

Wu = (Usaaud) - ahmiind)
= (25x10)-(2x25)
= 200 kPa
W, G+) 2004957 x(3+0.2)

M, = -
| 16 16

= 980.1 kN-m

M 980.1

A = e =
" 04fy(d—d)  0.4x4000x (190 —10)

= 34.03cm”
@onl¥ 2DB28@150 mm 14 4, = 82.10 cm’

4 ad
WIUNDBUANY

s enfinihdainga = (Uplifty(r-d)
= (200)(4.95-1.90)
= 610kN =161 Ton

V. =029 f7bd = 0.29% J400(100)(190)
= 110.5 Ton

y Qs a
sonneaislfmandaon U shape@im

59
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!0.8 qa

-y

masm.aE

i - DB20GIsH

f DB20@;150
s
] v
b
(L DB23@1s0
H DB25@150

¢ DB20@ 130 [1Bar RB12 (min.)@1000
| DB20@ 130
DB32@100 - 2m
i 2DB28@ 150

= oy = L
TU# 4.15 yuumseTumanagasd
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1

UNN 5

¢
M IANIAY DI

nmifIunswvsanraIdIuegiy 1sudsanuuodu (Soil Friction) i

End Bearing Resistance U8 uaazdufn
5.1 akvontsan

5.1.1 uF3aHNNHNHED

VAR,

a o
717 5.1 vnaupyead

#
o w — 2 AN
Umdnveunyosd = (D,, - D, )x—;l—xycxh
Tavh 7, = ntinuoinounia
D, = Furmguinaraniouan
— o r o s
D, = @uduruinaianmalu
o
h = ANUFUAADIA

61
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5.1.2 ussanan Hydraulic Jack

1193 1F Hydraulic Jack Tumsisifinasadouasluuuing tieldaud iy
1 N 1 o' o A = o
dnhl Hydraulic Jack  szgawtumsoumnandlunsdfinarusews ufsamusy Lower

Bound End Bearing mnninimiinuesnwsesd

Jacking Force = wasiuvnausuduany + Lower Bound End Bearing (5.2)

Y LB E T

Jacking Force

. !

Mrnare ol
FOAK ROKK,
HTAADANIY T T UsudBAN I
& T F 3
Lower Bound End Bearing Lower Bound End Bearing

1% 5.2 usauin Jacking Force



5.1.3 uswauaniu (Frictional Resistance)

l /\O

Iriction
3 Ta l “— Bentonite
W ii0
Cutting shoe Upper Bound
A A . — Cutting Shoe
/ \ } Full Friction
"""""""" + o

Lower Bound Ind Bearing

7111 5.3 dnyazus adoaniu

#1 cutting shoe — 131 Bentonite :

In Clay usaduann = CaA (5.3)
« — Adhesion Factor
a = 0.9 in soft clay
a = 0.7 inmed clay

a = (0.6instiff/ hard clay
C = Cohesion (kPa)

A = Wufunwsudeaniu

In Sand WIudeanI = 2NA (5.4)
N = Standard penetration test (SPT)
A = WuRvosafeaniu

E El .
¥ (MU cutting shoe :

=] . o ex . J =) ¥ 1 a =] 1
e cutling shoe 11 Bentonite TIATHRNHLA1T 1“Lﬂﬂll§3!ﬁﬂﬂ?’l1u 1A

Tumalfifdudroufous uvamulsznm 33 %

=t
)



. o _ Cad
In Clay WIWTIRANIY = —— (5.5)

3
e — Adhesion Factor
a = 0.9in soft clay
a = 0.7 in med clay

e = 0.6instiff/ hard clay
C = Cohesion (kPa)

A = Huivoisudeaniu
" - . 21'V:4
In Sand usaguany = 3 (5.6)

N = Standard penetration test(SPT)
A = fluivensuieanu

5.1.4 4531 End Bearing (End Bearing Resistance)

o ar 1 c‘: 3 . = " ar
MM TuULAEYY, 159U End bearing uaunin

Q=CN_+yDN_+ 0.5yBN, .7

We € =aAwsadaniion ( Cohesion )
1 4

¥ = ninihminyneay

D =nanuanyeimsya

B =nanuniaunagiusin

Nq \

Aoaf1uIm End bearing 2 e, upper-bond Hisiumsyaiidmungavos

NN = duilszfint Bearing Capacity Factors a13m1314

cutting shoe 1@z lower bound t‘?m?umwﬂﬁgmmm cutting shoe

5.1.5 mseanuuy Cutting Shoe

311184 culting shoe Taoilnd Ao 30° dwmsudumiled uag 45° dmiunsy
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5.2 f3941940 15 1149

TA39m3 Metropolitan Waterwork Authority Seventh Bangkok Watersupply

Improvement Project

Ngamwongwan Riscer Strueture

5.2.1 amwau (Soil condition)

Py
A

Tladioyadaf

M3 Borelogs 2 9a syni1alasupyaadinld

65



Vi Ll -0.00

MED SAND

¥ =19 kn/m’
¢ =33

C =0

N =20

SOFT CLAY
¥ = 16.5 kn/m’
¢ 0

\Vj EL -16.50

\Vj EL -20.00

Su = 20 kPa

MED CLAYﬁ
¥ = 17 knfm’
¢ =0

Su = 40 kPa
STIFF SAND
y =18 kn/m’
¢ )

Su = 100 kPa
DENSE SAND
¥ =20 kn/m’
¢ =36
C=0

N = 28

17 5.4 Anbmzyuay

o W . . ~ - .
amwunIAlsznouaIs medium sand fill, soft clay, medium clay, stiff

clay t1ay medium dense

sand 91u@IAY
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5.2.2 ﬂ-uummcumrti'

3
< 12 >
m
26m
4= |{Im — ¥
/ |
500 mm \ 3
; '
™ i"‘ 15 mm
1011 5.5 dnunsiAynad
5.2.3 usaaua1niIngin
LS _ T
dmdnueunresd = (D1° —Dzz)xzx,vf x h

Y. =245 kN/m3
DI = 12 m
2 = 10m

dwsinaanadae 1m = (12°- lOz)xgx 24.5x%1

= 846 kN/m
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5.2.4 usuduamiu

-usaFaamuluaunseailisusziu s2du 0 m 94 -3 m

N=20
nradoaniud cutting shoe = 2NA
2x20x 4
= 40A kN
wsadoamud milo cutting shoe = 2NA/3
= 13.3A kN

=) %) =X
-usaAsamuly soft clay 526U -3m 23 -14m

C =20 kPa
a =0.9KkPa
w33 BANIUA cutting shoe = Cod
= 20x0.9x4
= 18A kN
a Ha . _ CoA
USAALANINN IHUD cutting shoe = —
2
= G6A kN

-usadeamuly medium clay 520y -14 m A3 -16.5 m

C =40 kPa
o = 0.7 kPa
usaduANILT cutting shoe = Cad
= 40x0.7x4
= 28A kN
o P & . _ Coad
HUSUTEANIUN 1HUD cutting shoe = —
o)
= 933A kN

= . (¥4 (=}
-usudpamuly stiff clay 520U -16.5 m 84 -20.0 m

C=100kPa
a = 0.6 kPa

08



usydsanIuh cutting shoe = CuA

= 100 x0.6 x4
= 60A kN
- - . _ Cad
HTATEANTUN 1KUD cutting shoe = 5
= 20A kN

-usadaanndy Dense Sand s=én -20.0 m 989 -26.0 m

N=2§
s ufIaN Ui cutting shoe = 2NA
= 2x28xA
= S6A KN
ws udsan il e cuting shoe = 2NA/
= 18.7A kN
5.2.5 usag 4 End Bearing
Q=CN_+yDN_+ 0.5yBN,
Upper Bound
[ R po——
> |* Lower Bound End Bearing

51/ 5.6 17441 End Bearing
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- End Bearing 193 Sand fill fiszdu 0m 09 -3.0m

¢ — 330

C = 0

y = |9kN/m’
N, =35

N = 35

Upper bound {( B=1.0m )
O=0+(19%xDx35)+(0.5x19x1.0x35)
= 653D ~ 322 kPa

dmiu D=0
Q=322 kPa

Lower bound { B=0.15m )

O =0+(19%xD x35)+(0.5%19x0.15 x35)

= 655D + 50 kPa7
dWsuD=0
Q= 50 kPa

- End Bearing w84 Soft clay fiszéu -3.0m 83-14.0m

C = 20 kPa

y = 165KN/m’
7 =0

N, =1

N, =574

N =0

Lower bound and upper bound (N ,=0)

O =(5.74 x 20} + (16.5x D x 1) + 0
=114.8 + 16.5D kPa
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- End Bearing 403 medium clay #5260 -14.0m 04 -16.5m

= 40 kPa

= 17 kN/m’

=0

=1

=5.74

Lower bound and upper bound (N, =0)

ZzZ Z Z g = O

¥

O =(574x40)+(17xDx1)+0
= 129.60 + 17D kPa

- End Bearing Va4 stift clay Rozéu -16.5m 4 -20m

C = 100 kPa
¥ = |8 kN/m’
@ = {

N, =1

N =5.74

N, =0

Lower bound and upper bound (N,=0)

0 =(5.74 x100) + (18 x D x 1} +0
= 574 + 18D kPa

- End Bearing %93 med. Dense Sand Ti3zéfu-20m B4 -26m

dnssdudh (197 =10 kN/m3 )
6 =36

C =40 i

y = 20 kN/m

N, =45

N, =45
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Upper bound ( 3 = 1.0m)

O =0+{10xDxd45) +{0.5x10 x1.0x45)
= 450D + 225 kPa { 1 11iiv 4000 kPa )

Lower bound ( B=0.13m )

Q=0+(10xDx45)+(0.5x10x0.15 x 45)
= 450D + 33 kPa ( 1a Lty 4000 kPa )



MIATUIIN FTNVDUATBIN(AAT A=)

o o -
muﬁ 1 AMUgIN0-UnFsn I 5 1A I,J.ﬂﬁlﬂ”]fﬂdf?ﬁlll 0 1n

, ANUTIVDURTD I WIHITNKN)
IR (18T) (D17 D27 )x x/4x 245X H
) S 1322
#l Cutting Shoe
Height | Area Friction
N h1(m) HI*12.0 7
‘Sand Fill Om to -3m_ 0 0.0 40*A 0.0
' Soft clay -3m to -[4m 0 0.0 18*A 0.0
"Med Clay -14m to-16.5m 0 0.0 28*A 0.0
Sl Clay -16.5 to-20m 0 00 60*A | 00
“Dense Sand 0 ! 0.0 56*A | 0.0
tile Cutting Shoe
Height Area Friction
h2(m) Hi*12.07
Sand Fill Om to -3m {} 0.0 13.3*A 0.0
Soft clay -3m to -14m 0 0.0 6*A 0.0
Med Clay -14m to-16.3m 0 0.0 9.33*A 0.0
Stiff Clay -16.5 t0-20m c 00 20*A 0.0
Dense Sand 0 | 0.0 18.67*A | 0.0
Total Friction | 0
End Bearing- Upper Bound Depth sunk =0 m
| C-kPa 4 End area kPa kN
Sand Fill - 19 | 36.4 332 12084.8
Soft Clay ' 20 165 | 0 114.8 0.0
Med Clay 40 17.0 0 229.6 0.0
Stiff Clay 100 18.0 0 574 0.0
Dense Sand - 20 0 225 0.0
| 12084.8
End Bearing-Lower Bound
C-kPa Y End area kPa kN
Sand Fill - 19 5.63 50 281.5
Soft Clay 20 16.5 0 114.8 0.0
Med Clay 40 17.0 0 229.6 0.0
Stiff Clay j 100 18.0 0 574 0.0
: Dense Sand i - 20 | 0 33.75 0.0
281.5

Jacking force =0



S oA
mUN 1

w7 LL +0.00 e /’—/

MED SAND /

=19 kn/m’
g _ ke UPPER BOUND
13

C-0
NZ2

SOFT CLAY
¥ = 165
kn/m’

=0
Su = 20 kPa

Vi EL -14.00

MED CLAY
¥ =17 kn/m’

7 EL-16.50| Su = 40kPa
STIFF SAND

¥ = 18 kn/m’

¢ =0

v/ EL-20.00 Su = 100 kPa

DENSE SAND
¥ =20 kn/m’
¢ =36
C=0

N= 28

51 5.7 msaudui |
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U 2 ANV UNTDIF 5 AT UEARTDIFVI 3 1LAT

) mmqwmmﬂﬁmﬁ HINTN(KN) i
139918 INUIMUN (3] (D1 2-D22 yx/a*24 5% |
' 5 4322
9 Cutting Shoe
o Hcight_"  Area Friction
hl{m) HI*12 | x
Sand Fill Om to -3m 0.5 19.0 40*A 760.3
Soft clay -3m to -14m 0 0.0 18*A 0.0 \
Med Clay -14m to-16.5m 4] 0.0 28%A 0.0
Stiff Clay -16.5 to-20m 4] 0.0 60*A 0.0
Dense Sand 0 0.0 56*A 0.0
1yile Cutting Shoe
- Height Area Friction
h2{m) HI*12.0x
Sand Fill Om to -3m 2.5 642 13.3%A 1253.5
Soft clay -3m to -14m 0 ‘ 0.0 6*A 0.0
Med Clay -14m to -16.5m 0 ‘ 0.0 9.33*A 0.0
Stiff Clay -16.5 to -20m 0 0.0 20%A 0.0
Dense Sand 0 S 0.0 18.67*A 0.0
Total Friction 2014
End Bearing- Upper Bound Depth sunk =3 m
. C-kPa 4 End arca kPa kN
Sand Fill : - 19 0 2297 0.0
Soft Clay 20 16.5 36.4 164.3 5980.5
Med Clay 40 17.0 0 280.6 0.0
" Stiff Clay 100 18.0 0 628 0.0
Dense Sand : - 20 0 1575 0.0
5980.5
End Bearing-Lower Bound
C-kPa 4 End area kPa kN
Sand Fill - 19 0 2015 0.0
Soft Clay 20 16.5 364 164.3 5980.5
Med Clay 40 17.0 0 280.6 0.0
Stiff Clay 100 18.0 0 628 0.0
Dense Sand - 20 0 1383.75 0.0
3980.5

Jacking force = Total Friction + Lower Bound End Bearing —Weigth

= 3761.0 kN
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*

Ui
JACKING FORCE JACKING FORCE
7 EL +0.00 *
MED SAND
Y - 19 kn/m 5m
¢ =33
C -0
w7 EL-300 | N - 20

SOFT CLAY )
¥ =163 knim’
?=yq

Su = 20kPa

STIFF SAND
7 = 18 kn/m’

¢ =0
v EL -20.00 | Su = 100 kPa

¥ =20 kn/m’
T 36

(&3]

<

FA TN

(5]

8

n
a

U9 5.8 myaudnii 2
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1 ”
'I—HE"I' 3 ANHYIVDUPFOIN B LU Llﬂ&ﬂ"’h"ﬂﬂﬁl{mi 6 L4nG

UFIRUDIMIININ

NI AIBUNTT 17

WIHUAKN)

= =

(31017) (D17 -D27 P*x/4*24.5%11
8 6773
Cutting Shoe
Height Arca Friction
h1{m) Hi*12.1xz
Sand Fill Om to -3m 0 ; 0.0 40*A 0.0
Softclay -3m o -14m 0.5 ! 19.0 18*A 342.1
Med Clay -14m to-16.5m 0 0.0 28%A 0.0
Stiff Clay -16.5 t0-20m 0 0.0 60*A 0.0
Dense Sand - 0 : 0.0 56*A 0.0
Wilo Cutting Shoe
Height Area Friction
h2(m) HI*120x
Sand Fill Om to -3m 3 : 113.1 13.3%A 1504.2
Soft clay -3m to -14m 2.5 95.0 O6*A 570.2
Med Clay -14m to-16.5m 0 0.0 9.33*A 0.0
Stiff Clay -16.5 to -20m 0 0.0 20%A 0.0
Dense Sand 0 0.0 18.67*A 0.0
Total Friction 2417
End Bearing- Upper Bound Depth sunk=6m
C-kPa 4 End area kPa kN
Sand Fill - 19 0 4262 0.0
Soft Clay 20 16.5 36.4 213.8 7782.3
Med Clay 40 17.0 0 331.6 0.0
Stiff Clay 100 18.0 0 682 0.0
Dense Sand - 20 0 2925 0.0
7782.3
End Bearing-Lower Bound
C-kPa Y End area kPa kN
Sand Fill - 19 0 3980 0.0
Soft Clay 20 16.5 36.4 213.8 7782.3
Med Clay 40 17.0 0 331.6 0.0
Stiff Clay 100 18.0 0 682 0.0
Dense Sand - 20 0 2733.75 0.0
7782.3

Jacking force = Total Friction + Lower Bound End Bearing -Wecigth

= 3426.0 kN
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ey
=
=i
frd

JACKING FORCL JACKING FORCE

b

7 EL-000 +

MLED SAND

v = 19 kn/m' l l

7
¢ =13
¢
N

¥ EL -3.00

SOFT CLAY

v = 16.5 kn/m’
(/.; = v Upper bound = lower bound

Su = 20kPa

MED CLAY
y =17 kn/m’
$=4

7 EL-16.50 Su = 40kP

STIFF SAND
y =18 kn/m’

$ =

DENSE SANP
y =20 knm’
¢ =34
C=20
N= 28

31l 5.9 M3awddi 3
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‘lq.l’ixlﬁ 4 mmqwmmmmﬁ 1wy Lmtlﬂ’-ﬁﬂﬂf‘?ﬁ]ll 0 11n3

) ATV AT Wmin(kn)
JIIUTTINMNOHUD (117) (D12 D27 j#x/d%24.5%H1
[ 9313
# Cutting Shoe
Height Area Friction
h1{m) HI*12.1x
Sand Fill Om to -3m 0 0.0 40%A 0.0
Soft clay -3m to -14m 0.5 19.0 18%A 342.1
Med Clay -14m to-16.5m 0 A 28*A 0.0
Stiff Clay -16.5 t0-20m 0 0o 60*A 0.0
Dense Sand 0 0.0 S6%A 0.0
wilo Cutting Shoe
Height Area Friction
h2(m) HI*120x
Sand Fill Om to -3m 3 113.1 i3.3%A 1504.2
Soft clay -3m to -14m 5.5 209.1 6*A 1254.4
Med Clay -14m to-16.5m 0 0.0 0.33*%A 0.0
Stiff Clay -16.5 to-20m {) 0.0 L 20%A 0.0
Dense Sand 0 0.0 | 18.67*A 0.0
Total Friction 3101
End Bearing- Upper Bound Depth sunk =9 m
C-kPa 7 End area kPa kN
Sand Fill - 19 0 6227 0.0
Soft Clay 20 16.5 36.4 263.3 - 9584.1
- Med Clay 40 17.0 0 382.6 0.0
; Stiff Clay 100 18.0 0 736 0.0
Dense Sand - 20 0 4275 0.0
9584.1
End Bearing-Lower Bound
C-kPa 4 End area kPa kN
Sand Fill - 19 0 5945 0.0
Soft Clay 20 16.5 36.4 263.3 0584.1
Med Clay 40 17.0 0 382.6 0.0
Stiff Clay 100 18.0 0 736 0.0
Dense Sand - 20 0 4083.75 0.0
9584.1

Jacking force = Total Friction + Lower Bound End Bearing -Weight
= 3372.0 kN
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AN 4

JACKING FORCE JACKING FORCE

S S

\VJ CL +0.00

MED SAND
¥ =19 knim’

\¥ ElL. -3.00 N = 20

SOFT CLAY
¥ o165 knim®

¢ =

v
Su - 20 kPa h‘_+_ /' v

Upper bound = lower bound

MED CLAY

¥ =17 kn/m’
¢ =0

Vi EL -16.30 Su = 40 kPa

STIFF SAND
¥ =18 kn/m’
¢ = 0

2L -20.00 Su = 100 kPa

DENSE SAND
¥ =20 kn/m’

(P8

H
[or)

¢
C
N

il
]
=]

51U% 5.10 msaudun 4

L1l
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Huh 5 Ao URT0 I 14 1089 HAIATARDI 12 1UA5
ANIGIVPUNTAIT HIHINKN)
iR TN (1A5) (D1 2022 Jxa%24 57 H
14 11853
ﬁ Cutting Shoe
r Height Area Friction
- hl(m) HI*12.17
Sand Fill Om to -3m 0 0.0 40*A 0.0
Soft clay -3m to -14m 0.5 19.0 18*%A 342.1
Med Clay -14m to-16.5m 0 0.0 28*A 0.0
| Stiff Clay -16.5 to-20m 0 0.0 60*FA 0.0
~ Dense Sand D 0.0 | 56*A 0.0
wile Cutting Shoe
B Height " Area Friction
) h2{m) H1*12.07
Sand Fill Om to -3m 3 113.1 13.3*A | 1504.2
Soft clay -3m to -14m 8.5 323.1 6*FA 1938.7
Med Clay -14m to-16.5m 0 0.0 9.33%A 0.0
Stift Clay -16.5 t0-20m 0 0.0 20%A 0.0
Dense Sand 0 0.0 18.67*A 0.0
Total Friction 3785 |
End Bearing- Upper Bound Depth sunk =12 m
C-kPa Y End area kPa KN
Sand Fill - 19 0 8192 0.0
Soft Clay 20 16.5 36.4 312.8 | 113859
Med Clay 40 17.0 0 433.6 0.0
Stiff Clay 100 18.0 0 790 0.0
Dense Sand - 20 0 5625 0.0
L 11385.9
End Bearing-Lower Bound
| C-kPa 7 End area kPa | kN
Sand Fill - 19 0 7910 0.0
Soft Clay 20 16.5 36.4 312.8 11385.9
Med Clay 40 17.0 0 433.6 0.0
Stiff Clay 100 18.0 0 790 0.0
Dense Sand - 20 0 5433.75 0.0
| | 113859 |

Jacking force = Total Friction + Lower Bound End Bearing -Weight

= 3317.0 kN

g1



=i
=
=1,
wh

\Vi L +0.00

JACKING FORCE

l

JACKING FORCE

MED SAND
¥ =19 kn/m’

? =13

C-0
N =20

SOFT CLAY
¥y = 165 kn/m’
¢ -0

Su = 20kPa

STIFF SAND
y =18 kn/m’
¢ =0

Su = 100 kPa

¥ =20 kn/m’
? =36

C =10
N=28

h2

' » '
U 5.1 msandui 5

i
. |

12 m
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Wi 6 ANMUGVBARYDIT 17 BAT UAZIAFOITIN 15 AT

U9 HA1AININ

ﬂ]?i]flﬂ%ﬂﬂ!ﬂcﬁaﬁﬁ

(13n3)

WIRUNIKN)

(D17 -D2° )*x/4*24 5*H

17 14393
1l Cutting Shoe
Height | Area Friction
hi(m) = HI*12.07x
Sand Fill Om to -3m 0 0.0 40*A 0.0
Soft clay -3m 1o -14m 0 0.0 18%A 0.0
Med Clay -14m t0-16.5m 0.5 16.0 28*A 3322
Stiff Clay -16.5 to-20m 0 0.0 60*A 0.0
| Dense Sand 0 0.0 36%A 0.0
IMiia Cutting Shoe
Height Area Friction
h2(m) H1*12.07
Sand Fill Om to -3m 3 [13.1 b 13.3%A 1504.2
Soft clay -3m to-14m 11 418.1 6% A 2508.9
Med Clay -14m to-16.5m 0.5 19.0 9.33*A 177.3
Stift Clay -16.5 to-20m 0 0.0 20%A 0.0
Dense Sand 0 0.0 | 18.67*A 0.0
Total Friction 4723
End Bearing- Upper Bound Depth sunk=15m
C-kPa Y End area kPa kN
Sand Fill - 19 0 10157 0.0
Soft Clay 20 16.5 0 3623 0.0
Med Clay 40 17.0 36.4 484.6 17639.4
Stiff Clay 100 18.0 0 844 0.0
Dense Sand - 20 0 6975 0.0
17639 .4
End Bearing-Lower Bound
C-kPa 7 End area kPa kN
Sand Fill . 19 0 9875 0.0
Soft Clay 20 16.5 0 362.3 0.0
Med Clay 40 17.0 5.63 484.6 2728.3
Stiff Clay 100 18.0 0 844 0.0
Dense Sand - 20 0 6783.75 0.0
2728.3

Jacking force = Total Friction + Lower Bound End Bearing -Weight

=0.0 kN

&3



éu
=n.
[ea}

JACKING FORCE JACKING FORCE

l l

\Vi EL +0,00 2m

L
"

MED SAND
¥y =19 kn/m®

# =13

¥/ EL -3.00 N =20

SOFT CLAY
y =16.5knm' h2 15m
¢ = o

Su = 20kPa

Upper bound excavation

 EL-14.00
MED CLAY  hi—4 V

¥ =17 kn/m’ 3

¢ )

EL-16.50 | Su = 40kPa

Lower bound excavation

STIFF SAND
¥ = 18 kn/m’

fb:()

v EL -20.00 Su = 100 kPa

y =20 kn/m’
¢ =15

C=0
N=28

U7 5.12 msauduil6
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“U’Hﬁ 7 ANUFIVOIUN YOI 200195 L!ﬁmﬂ‘fﬁﬂﬂﬁ’ﬁ]u 17 11UA5

) ATV UABD I WMk
USARUNMNHUN (1a3) (D12-D2 7 J#x/4%24 5*H
20 16933
# Cutting Shoe
Height Area Friction
h1(m) Hi*12.17
Sand Fill Om to -3m 0 0.0 40*A 0.0
Soft clay -3m to -14m 0 0.0 18*A 0.0
Med Clay -14m to-16.5m 0 0.0 28*A 0.0
Suff Clay -16.5 to-20m 0.5 19.0 60*A 1140.4
Dense Sand 0 0.0 S6%A 0.0
t#ilo Cutting Shoe
Height Area Friction
_ h2(m) HI*12.07
Sand Fill Om to -3m 3 113.1 13.3*A 15042
Soft clay -3m to -14m ] 418.1 O*A 2508.9
Med Clay -14m to-16.5m 2.5 95.0 J33*A 886.7
Stiff Clay -16.5 to-20m 1 38.0 20%A 760.3
Dense Sand 0 0.0 18.67%A 0.0
Total Friction 6800
End Bearing- Upper Bound Depth sunk =17 m
C-kPa ¥ End area kPa kN
Sand Fill - 19 0 12122 0.0
Soft Clay 20 16.5 0 11.8 0.0
Med Clay 40 17.0 0 535.6 0.0
Stiff Clay 100 18.0 36.4 898 32687.2
Dense Sand - 20 0 8325 0.0
32687.2
End Bearing-Lower Bound
C-kPa Y End area kPa kN
Sand Fill - 19 0 11840 0.0
Soft Clay 20 16.5 0 411.8 0.0
Med Clay 40 17.0 5.63 535.6 0.0
Stiff Clay 100 18.0 0 898 5055.7
Dense Sand - 20 0 8133.75 0.0
5055.7

k Jacking force = Total Friction + Lower Bound End Bearing -Weight

=0.0 kN
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=1

un 7

2

\Vi EL +0.00

¥/ ElL -3.00

MED SAND
¥ =19 kn/m’

SOFT CLAY
¥ =165 kn/m’
?=y
Su = 20 kPa
h2

MED CLAY
¥ =17 kn/my’

STIFF SAND  hI—
¥ =18 kn/m’

¢ - 0'

Su = 100 kPa
DENSE SAND
¥ =20 kn/m’

? =136

cC=0
N= 28

Y _

X

T1#
u

5.13 ms

86

Upper bound

v

¥ v
AUAUN 7

T

Lower bound

olep]

18 m
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“Uuﬁ 8 ﬂ?WNq@ﬁJﬂQlﬂcﬁﬁﬂﬁ 23 1.7 Llﬁglﬂ"ﬁ'ﬂﬂﬁ"ﬁlh 21 1UN3

HSIANDINIHYD

ANV AATDT

»

IHTIN(KN)

(1IAg) (D17 -D2 % )*x/4*24.5%H
23 19473 5
i Cutting Shoe
Height Area Friction
h1{m) Hi*121x
Sand Fill Om to -3m 0 0.0 40*A 0.0
Soft clay -3m to -14m 0 0.0 18*A 0.0
Med Clay -14m to-16.5m 0 0.0 28%A 0.0
Stff Clay -16.5 to -20m 0 0.0 60* A 0.0
Dense Sand 0.5 16.0 56*A 1064.4
(iio Cutting Shoe
[Height Area Friction
s h2(m) H1*12.0x
Sand Fill Om to -3m 3 113.1 13.3*%A 1504.2
Soft clay -3m to -14m 11 418.1 i 6%A 2508.9
Med Clay -14m to-16.5m 2.5 95.0 | 933*A 886.7
Stiff Clay -16.5 to-20m 3.5 133.0 20%A 2660.9
Dense Sand 0.5 19.0 - 18.67*A 3549
Total Friction 8980
End Bearing- Upper Bound Depth sunk=21m
i C-kPa ¥ End area kPa kN
Sand Fill - 19 0 14087 0.0
Soft Clay 20 16.5 0 461.3 0.0
Med Clay 40 17.0 0 586.6 0.0
Stiff Clay 100 18.0 0 952 0.0
Dense Sand - 20 36.4 4000 145600 |
145600
End Bearing-Lower Bound
C-kPa Y End area kPa kN
Sand Fill - 19 0 13805 0.0
Soft Clay 20 16.5 0 461.3 0.0
Med Clay 40 17.0 0 586.6 0.0
Stiff Clay 100 18.0 0 952 0.0
Dense Sand - 20 3 4000 12000
| 12000

Jacking force = Total Friction + Lower Bound End Bearing -Weight
=1507.0 kN,

87
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\Vi EL +0.00

JACKING FORCE JACKING FORCE

MED SAND
¥ =19 kn/m’

¢ =33

SOIT CLAY
y =16.5 kn/m’
¢ =0

Su = 20 kPa

h2

MED CLAY
y =17 knim’
¢ = 0

Su = 40 kPa

STIFF SAND
7 =18 kn/m’
¢ =0

Su = 100 kPa

DENSE SAND  h[—

r.

2m

Upper bound

¥ =20 kn/m’ =3

¢ =15
C=0
N = 28

Lower bound

71071 5,14 myndun 8

88



U 9 ANUYIvaUATBIT 25 1WAT UAAXDIT 1 26 1A

PIHUAKN)

) ANV UAYDIT
HIUITNHIHUN (1195) (DI 2pat Yex/4%24 5%H
25 21166
# Cutting Shoe
Height Area Friction
h1{m) HI*12.1x
Sand Fill Om to -3m 0 0.0 40*A 0.0
Sofe clay -3m to -14m 0 0.0 18*A 0.0
Med Clay -14m to-16.5m 0 0.0 28*A 0.0
Stiff Clay -16.5 to-20m 0 0.0 60*A 0.0
Dense Sand 0.5 19.0 56*A 1064.4
Wiln Cutting Shoce
Height Area Friction
h2{m) HI*12.07
Sand Fill Om to -3m 3 113.1 13.3*%A 1504.2
Sofe clay -3m to -14m I 418.1 6*A 2508.9
Med Clay -14m to-16.5m 2.5 95.0 0.33*A §86.7
Stiff Clay -16.5 t0-20m 3.5 133.0 20% 2660.9
Dense Sand 5.5 209.1 8.67*A 3903.4
Total Friction 12528
End Bearing- Upper Bound Depth sunk =26 m
C-kPa Y End area kPa kN
Sand Fill - 19 0 17362 0.0
Soft Clay 20 16.5 0 543.8 0.0
Med Clay 40 17.0 0 671.6 0.0
Stiff Clay 100 18.0 0 1042 0.0
Dense Sand - 20 36.4 4000 145600
145600
End Bearing-Lower Bound
C-kPa Y End area kPa kN
Sand Fill - 19 0 17080 0.0
Soft Clay 20 16.5 0 543.8 0.0
Med Clay 40 17.0 0 671.6 0.0
Stiff Clay 100 18.0 0 1042 0.0
Dense Sand - 20 3 4000 12000
| 12000

Jacking force = Total Friction + Lower Bound End Bearing -Weight
=3362.0 kN, ‘

5,
eN
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1UR 9

JACKING FORCLE

7 EL +0.00
MED SAND !
¥ = 19 kn/m’
¢ =33
C=0
g EL-3.00 | N =20
SOFT CLAY
¥ =16.5 knim’
¢ = 0
Su = 20kPa
h2
EL -14.00
MED CLAY
y =17 kn/m’
¢ = 0
7 EL-1650 | Su = 40kPa
STIFF SAND
¥ =18 kn/m’
¢ = 0
v EL 2000 | Su = 100 kPa
DENSE SAND
y =20 kn/m’
? =36
C-0 .
N= 28 hl -+

JACKING FORCE

Upper bound

|

25m

A

Lower bound

N
w

U 5,15 Mywndui 9
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- Backhole 1¥lumsynau
- Hi Presser Pump

. “ § 1 fli ] P
- Grouting Equipment 1% 1unisyasfiusznianmsauaseasd

LY 3 ¢
6.1.7 Yagnlyluanunsaiiunyed

»
o/ F=

3 1 ' o . .
FaglFlunuseahaldeanwesdfouiluTua Specification vnanny. Tna

HIUNTIATIITOLRINGAIUN LI

- Lean Concrete

- Structural Concrete (Ready Mix)
- Reinforcement Steel

- Form Work (Slip Form)

- Admixtures

- Bentonite Grouting

- Curing Compound

6.1.8 NUABUNIA

- SAsINIHANABUNTABYIE I8 20-25 m /H) T g

- FATINITNABUNTA laaasy 20 WA
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UNA 7
Lab Monitoring

7.1 anunne

. . =y 1 d'ct 1 1 9 é
Lab Monitoring A9 A1TATI900UNATIEATY) NUNANTENUADNITNDNT N 1w

@

[ [ a’qial Y L} P} . .
UNNDATIBAYIAUNAI0ON 3 0819 Aa Plezometer Inclinometer 1z Extensometer

7.1.1 Piezometer

. ' ¥ F [
Piezometer An winatonlylunisairvasuszdaviinlaay Tavazanaaniu

¥
=1

A a 4 a o : Mo 1 =] at ] TR
Wuﬂmfmm‘iéﬂaﬂ‘uLi.ﬂm'i:ﬂ“l_lu11?161146)811&‘5’.]%5’3 188714115 1% Piezometer Gluﬂ’]'iﬂiq‘—l]ﬁa‘u
¥

@

o o a Y o 3 Y o dy
seavi ldauih e usanudnuazn199 Jaail

o | w o a @

- puarnaauanusumludedunaniaal 19 lunssediuanuiiunvos
Slope vauiau HazAun

- Tlumsaraeumata lumnlSulssgunimuesdu 15y Vertical drains,
Sand drains uaz Dynamic compaction
q ¥ = A w o &g ye -

- lglumisasgeunisdusazmismdounlesszaviiiaan Tuduounes
=]
i

- Y 1 »
- THlunisasadoun1sanniuedsEA U1 IuIgy119n 21134013 Pumping

tests
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8.2.7 tymmangadiveakaan (Surface Settlement)
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