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Title : STUDY OF DESIGN AND CONSTRUCTION OF SINKING
CAISSON IN THAILAND

Name : Mr. TAWAN RATTANAWARINCHAI
Mr. PUMIWAT SAWASPHUTSA

Field : CIVIL ENGINEERING

Department : CIVIL ENGINEERING

Faculty : ENGINEERING

Advisor : PROF.SUCHATVEE SUWANSAWAT
ABSTRACT

At present, Caisson has become more popolar among underground
constructions, Due to an increasing in underground construction including underground
tunnel for draining and subway, the deep underground construction becomes crucial in order
to improve the capacity of construction. This is the reason why caisson could be one of
alternative techniques in which it provides the explicit practice to employ. Nevertheless, the
knowledge of caisson is not favorable in this engineering field. There is no one that studies
this concept in more vigor details. As a result, our group desires to study the concept of
caisson, particularly in irrigated underground tunnel. We also improve and develop the
caisson design program owning to increasing effectiveness and efficiency of the program. At
least, we hope that this project would be useful to persons who are interested in the concept of
caisson.
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2.1.1 nquives Terzaghi (1943)
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1. mangdmiugiusnnianunemnniinuanesgusn (D < B)
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A13197 2.1 A1 Bearing Capacity Factors

¢ .deg N, i N,
0 37 1.0 0.0
5 75 1.6 0.5
10 9.6 Bl 1.2
15 12.9 4.4 29
20 N7 7.4 3.0
25 233 Wl 9.3
30 382 225 19.7
34 52.6 36.5 36.0
35 57.8 41.4 42.4
40 ) 81.3 100.4
45 1723 176 3 AN.7
48 258.3 287.9 780.1
50 347.5 415.1 116%.2
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Su = Undrained Shear Strength vesau vi1ldnnminaael
Unconfined Compressive Strength
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2. USIAUAULLY Active earth pressure W9 9UTIAUVBIAUNNTEIABNITS
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3. USIRAUAULILY Passive earth pressure HuWALIIAUMUTURIAUNNTZ

ARMUNTNA LN UAY LA IR S st uA LR Ao U A R L U S IR LW

1YY Active 11U Passive

7Y 2.5 ussAuAnULY Active ag Passive

) v oa 1o A
1unﬁﬂammfummmﬁwmmmwmmaﬂuﬂmmmgnuﬁ (Earth pressure at
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A o, iﬁmmﬂﬁmﬁ’nmmﬁw‘;ﬁngmﬁﬂﬁ’auﬁuﬁu
o, = yh (2.9)
luile y = mieihmiinvosau
defifumafudunduauiy useluuuai (o,) seildifausedulunuueu
(0,) nagidemisiumeiuau driumeiuauegluanzangadlifimsnfouiiudediala
& = K, @, (2.10)
= K. vh

lwile o, = ussduluunaueunuedfiudn
:v a qd Q a ! o d'
K, = dulszdnivesussduaunuvegiun
(Coefficient of earth pressure at rest)

i K, Y9AUNINATIA N30 LazAUMiied Normally Consolidated Clay

(N.C.C) amnsomldninaumsvesnd (Jaky) Aail
K, = 1-sing 2.11)
13001911 1A910A1514

dl o = qn‘ U a L= dl
AT NN 2.2 ﬁuﬂﬁzﬂmmmumﬂuﬂmmuagﬂuw

szinnuoau K,

NI 0.35
NIBHAY 0.60
Al N.C.C.

Aumiler 0.C.C. (0.CR. =3.5)
Aumies 0.C.C. (0.C.R.=20 )

0.5-0.6

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

N @ a { o 1 v w A o3 -
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3.1 mysenuuihvinusINn ( Design Loads )
o o
WIMUAYTINNITNNANY (Live Load) :

9 1
g =

i 3
mndnussynvsnnafiunszauiuaY q=20kPa (2 t/m?)
¥ F
MMinUITNNUUNUNAINI(Roof slab) g = 20 kPa (2 t/m?)
a/ Uy
usaau (Water Pressure) :

b4 4
o o s

o [ g o 'l a
dmiuinyesdussauihgnimualiegissduiuay

U

usIAUAY (Soil Pressure) :

o a oA T o {
11.!m‘iﬂﬂﬂuumﬂmm'dwfu1ﬁmwmwmmﬂuﬂmmuagﬂuﬁ (Earth Pressure

At-rest)
At-rest= K y'h (3.1)
Tail K,=1-sing
y'= y (@W-y, (D)
h = ANugIveITUAL

4
Wmidpussnn lumsauidua ;

Vv v
iminussnnlumsduiuanunsesdiszina 800 du (thmin Tasdszunmves

A o 1 g/ 4
15099N3 TUMINoa1UAwId )
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MIsuipusINn

v 4 E
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321 usIAuAUUESIMHDLIINN

1) MIMUINUTIAUAUNANY ( Overburden Pressures )

i ¥
Overburden Pressures gnfuIMNIzAULNTAVOITUAY
Overburden = ¥ (Surcharge+((y—yw )h) (3.2)

¥ Vv ¥
iiomiinnasiu ( surcharge ) = 20 kPa (119101591595 )

ANURUIUUUAY

?/ =

Vv
7, = ANunuu = 10 kN/m’
h = anwan

V) MIMUINUTIAUAUNANIZAN ( At-Rest )
o Vv 9y
Asalthwtdinussnn : Ay +shninaaiy + 1
USIAUAY = [( ko xoverburden ) ]+ywh (3.3)

. oa oY 1 @ { A o
HIIPUAUISYNINADALUTAITEH I LLﬁQﬂHﬁLWN Ay ﬂ’J'I?Jﬁﬂ

A1) a1
4 a a a
Tuszuzen , 2/3 veunweadezgnidudneuniauaznite Uszdnsnnvoun

o CC [~ a9 r_-? =S s a
HOIET Qﬂﬁﬂﬂiﬂﬂu i]']ﬂ!."ﬁﬁ!wauliﬂuﬂuVL‘H'Jilghlllu1M1W§]1§m71uﬂ13@ﬂﬂllﬂﬂ

3.3 MIPRAUULINUMINVBUATEIE — aauzl)syd ( Ultimate Limit State )

o o & a 1t
N1TDDNLUUUINLN amrmmmmammﬂ‘lﬁ’ammmﬁmmﬂﬂ Wﬁﬁ?‘ﬂ Nfnvgn

Milog1unu (Base slab)

a a a o v > as =) r!y a
AINYAVDILTIAUTNIZHN (At-Rest) gnrimunaldegnszaumilogunuauna

q

o

Nummi‘luuia fl
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— Base slab

Top View
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C =11599n

C = 115990

{ s a é) L4
310 3.2 ussnifavunelumnseosd

u590alue  uviu C=RP
usevallsedo N, = A4, [0.85(¢fc')(1 -p)+ ¢fyp:|
wniiimada

= o o P = Y
nyanimsiia Llﬁ\‘lﬂﬁiu?%m’)ugﬂﬁ’)‘h‘ﬂ 1 1UA5 mummﬂm )
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Y o @ d
HSANNTEMNUUHTUABBIT TZH 1IN TN

Lateral Pressure P = LF(Pa+Pw) (3.6)

a o a i © 1 s 4 ¥
AU 50% of UTIAUAUNNIEMIADNITUAYDITTZHITINTTIY

AP = 0.5(LF)(Pa)

(3.7)
i “ﬂ‘?'l%’mmmnﬁmﬁ'nmgmamjuﬁm
Bending Moment, M = 0
Shear Force, Q =0
Axial Force, N =P(R,)
(3.8)
wihdansussnmiminnsyoe asuase
Bending Moment, M = 0.163 AP R, (3.9)
Axial Force, N =0.212 APR, (3.10)

3.4 MILBNUULIUHINYBUATRIT — aouz]Fu (Serviceability Limit State )

@ 1 d = =] { ) a
Taona T lifiussda lunwesd mseSumandesiigadmsuaiugumsuan

(cracking) gnimuaAIil
- o f
nsiasmmandesiiqa Pes=4 (3.11)
Y
dmiu f,=390 MPa , f,= 1.6
5 1.6

HU Py = o =0.0041

e

3.5 nmsannanfesitlavesglued

b4
Y

a o o i T oW 7q Ya o
Tagndingsesdinzdenderiug lusdldau msgasiuisuiudosios
o v g y a 1 7 A 1 = 1 4
MUIUUTIIUAUNIUTNUYOUTAveg TusdiWomA s uRou(Shear Force) aza Tumud

(Moment) ud1hmi ld JAadurmeenuuumaniasuse

o = v a 3 T = o
swgihmsfaussduaudiudisenn liilusees 0.5 was vinveuilavesglued
¥

NI UV UUAZA WA
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usauAIude = 1.4 (Pa+ Pw) (3.12)
e Pa = useAuUAUATINING
= K, x (Overburden pressure)
Pw = useduni

3.6 msvenuuugIuiy (Base slab)

o
o o g .
e N3AIIMINUIINA : onU ( Uplift)

W, = (L4xusafui) - (1.0x Dead Load)
(3.13)
o N38i159 111829 (Gravity) W, = 1.4xDead Load (3.14)

= kY 1 s .
nyaitsa [ua9azgnus a5 U Taense Tasus aunn1u(Bearing)

6’; o

e MIUATIZHNUTIHT VLK IUNAY

WyR2(3+5)

Tuud M, =
6

(3.15)
A 3 e @
e Wu=u']1”fUﬂU55nﬂﬂ53ﬁﬂ

R =5aunelu
J =Poisson’ratio =0.2
usaiow V, =(W,)(r-d)

* N1500NLUL- anuz/szae( Ultimate Limit State )

M

Tuud , A =————
0.4fy (d-d)

(3.16)
usameu , V, =0.29+/fc'bd (3.17)

d
3.7 wogsmwvounwsesd - M3y

= J - = 1 o 4§
msyavziiadu luaumiloagou(Soft clay) maflesiumsia, n3eegaszgn

AoansfiszRUT MR UAYRId

. " % @ z a0 w { 7] 4
910 Tomlinson ,“Foundation Design and Construction” uﬂmﬁﬂﬁﬂmulmﬁa

anuasafe( Factor of safety) Audiuaiavesnisay Ao
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_ NexS

= 3.18
yD+P (3-18)
il N =duilszdnt Bearing Capacity Factors a1ua1319
S = Undrined shear strength ¥03au
7 = ANUNUIMUUUDIAY
D =anuiinuesmsyn
¢ w v A4 a
P =ununnanuninum
o ar 3 " d' 9/
dm3iuszozdu A1 Factor of safety Nignldne 1.1
dmyuszezend M Factor of safety gnldfie 1.3
3.8 wassmnveunwesd - mIsnau (Factor of safety)
v ) 9
gns1ngm Lieanuilaeans( Factor of safety) #Aumsoniu fo
F = Weight of Concrete + Friction (3.19)

Uplift
A1 F (Factor of safety) fminzaufe 1.6

¥
o 1mnveeInseadne (Weight of Conerete) Usznoudae
Vv
o imtinvesdunsesd
o k1
O vwminvesiy (Base slab)

¥
O iminveensuninga (Plug concret)

= = a [ .
o LLTUTNYANMIUNK] (Friction)

= P o 1 = @ o o
LLSQLﬁUﬂﬂTH‘ﬁﬂuﬂﬁ$“1ﬁﬂﬂ')ﬂu\ﬂﬂ°ﬁﬂﬂﬁ ﬁ1ﬂ15ﬂﬂ1u')mqﬁ‘ﬂ'lﬂ!ﬁ\ﬂﬁﬂﬂﬂ’]usﬂﬂﬂ

¥
auluugazvuauud ninnsusussaunis

UIUTEAMIUTIN = A THF, (3.20)
Tao A, = muiifimousnvesriunyesd

H = anumnvesudu

f, = usadvanmudeniteiuiivesduluudaz

wsudvaniu ( £,) ludumilen (Cohesion Soil)
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f = aSu (3.21)

1o a = Adhesion Faction
. a v
Su = Undrained Shear Strength vasau 11'1dvnmsnaasy
Unconfined Compressive Strength
1.2
|
o] 11
) \ l
- o : — e
) i BN \ ~ T JAVERAGE CURVES OR JOMLINSGN (1357)
= al NN/ 77V AT PRI 11
& B OB W N PROPOSED CUIRVES OF BORED PILES |
B ¢ \,_ IN BKK, CLA™ “FIER NG (1983 )
& 0.6 I “"—m;,—'%f\—"— SR T R S W -
x =~ | ) ;
3 —— e 7[ \ :’--.__h;h’v\":;_;—.' P S S !
¥ i i
é -7 1 \“"‘--.._.hh- = s i —
/ ’ ;- -'f—"' —41--04_ —
- : - ;
N | AVERAGE CURVES OF
2T | HoumBERG (197C ) FOR BxK cLAav
A o - ’_‘._._
i
0.0 . - lf
o 5 10 i5

P

UNDRAINED SHEAR STREMGTH CIT/M )

31U 3.3 namlsznadng Sy My a
usudsaniu (£,) Tuaunse (Cohesionless Soil)
T o =) d' a .3’ :f‘ = =
lumsesnuuumyesd hivhusadsanmuimnatuluduaunsenan

d'i = 3) . T U 4'
111999103N15 1% bentonite delumsvasau

3.9 mseanuUUIvaNEa 3N

A 9 Y] 4 § 1 g o 9 [ P o
IBIAHHUAYDIT Cutting Shoe UASUNUNUIAYDIAIZTADITUUIINNINTEIN
k4 1 = o o Y 1 o o .
melunaosd ussnaiunsysisuldun Tuwuddn (Bending moment) L5304 MAY
. 2 o v dda 4 )
(Axial force) tazusunou (Shear force) FausaiamumainfaIudednalidosiinig

o

< a d A A LY 4 w " g/ 1 a =
ponuuumanasulunwesd eonvwh lfinaesdmusosuuswinge 18 Tae lufannudene
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ey o = a:':vd 3 o By =] a M as
’J‘ﬁﬂﬁf’)BﬂLLUULﬂﬁﬂLﬁﬁﬂJﬂE’M‘UUH%H'lll’I1‘]16[14ﬂW‘iEJ’Elﬂl.LiJUmﬂﬂLﬁiﬂJﬂﬂ?lﬁﬂﬁ
4

'
Qs ey é = § r 1
PONUUULETU 1aeaT USD #ails1eazidoadsns 11/

3.9.1 Iimseonuuuadulaeds USD

o w ¢ £ @
Magvesennglaussan M, uazuseniuuuiuny P, szdouiluldau
Y o Y A ¥ - -
YomnuAToIveABANNANgavRILsINluLazMITEARdetvRINIMINT A 31T 3.3 Laag
o 1 < = o
ﬂ']':l:i“l’nul‘l_“!l'ﬂﬂ'ﬁu?ﬂlﬁ\‘luﬁzﬂ'ﬂlllﬂ"?ﬂﬂGluﬂﬂuﬂ?ﬁlmglﬁﬁﬂlﬂﬁll ﬂ'lfJigl’NﬁS']lI“U?NLL‘NﬂﬂLLﬁZLﬁQ

s =] = w o ) ]
LN 9T saenseusssa lumanasy IdnnanuduRusiunnumasen o Mg

¥
I~ a o
VOUHANLTTUUY
4
T 3 A= N4 Es9. ) we g < g,
U Tt )
Hio — we g > g,
] ¥ ] r dll
HEW IR . N B E,
- ! A !
NI T AT we g > g,
'y
Ce= 0.85f, ba
b Ey =0.043 casfy
i i_l_ s ! ] - i £ |
i T Tﬂ.’?
2 i a=fjg 2 C=0485ba
¢ i
k. s
e —_— - na —‘//

e T.All’,

As
© 000 — |

€52 &y

. £guivalent Reclangular
Steain Stress Block

a = T Y a Y @
31 3.4 manszneanunivanazniheusslunihdanieldnasuvesusdanazussmuny
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6120(c —d')

Il gl = ZBERL o
c
7 6120(:—d) <

o o [ d
uazagmimasszy lumsfunasvesussuuunuuaz Tumud (P, uag

M) ldnnanzauaaveswiida

NNANNTUAVB LTI ]

Ve C, T (3.22)

n

3 1 o
ii]’]ﬂﬂ?‘lﬂJﬁﬂJﬂﬁﬂ]@ﬂINLHUﬂﬁﬂUﬂugﬂ?Qmﬂﬂﬁﬁ'lﬁﬂ

h a h h
M =P = GO B0\ a (0L T %L 3.23
' n € c(2 2) s(z Yl 2) (3.23)

o L @ [ 1 ~

dianasvesnnunSoaioem P, uaz M, 1iui endaediagulunsdive

y =1 a o @ = a

anzanuAsIRauge Wemanaiusunssaiinann (& =¢,) wieuiuanunioaluia

= 9/ a =2 ar né = 1
AaunIAnelALsIBanIgadaIan Faliauviiy 0.003

XA s 0 Fo0P E R
a_ere, ¥ 60+ 7,
+—_——_.
2040000
9111 a, —alzl B.d
6120+ 7,
g ¢, -d
oy i S
gu cb

g & ' ! ' 6120+
WU g, =0.003 l—i =0.003 l—ix—f—y
Cy d 6120

wag ) = Ee, uadeshifu g,
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VINANNTUAAVDIULTY

P, =085fab+A.f] -Af, (3.24)
_ 0.858, 1.bd6120
6120+ £,

& fl=fuez 4 4 WA P, (3.242)

o
VINANUANA VDL U UA

M, =P,e, =085f ba, (g = g) T A;”f;(g g’} + AF, (d- g) (5.4)

ﬁ15&§UHﬂi’JﬂJ“UENLLSﬂﬂmuu?uﬂmmxmﬂﬁlﬂ ﬁﬁﬂ‘l?:ﬂ’;’mm‘%ﬂﬂﬂnﬂa Lﬂu
~ ' A A a & 9y o & ' Vet A
LWU&LLﬂﬂimﬁuﬂuﬁa'ltlﬂ5tl!‘ﬂE]‘Ii]‘l]zLﬂﬂ‘U‘Niu‘I’i‘umw}is‘]ﬁ‘lu‘limmmwﬂﬂﬂﬂulﬂvlﬂﬂﬂ 2030 AD

nsaimeldoninaveuseda uaznsdinioldoninavesedy desztinauesne i
3.9.1.1 nsaimal@enEnavesnussdn

RS IULAUNNTZI(P,) NN NUTINUEHWNUNTNIZAURA(Pyp)
A A d’; o 9 1 d{y ol o a wa o
HI0UITLULILDITUY(e) UDUAMISUTIDIPUINAN T UAD(e)) D9AD1A159231A 1AENITOALAN
= 1 a ] g aoa =) 9 T A ' 9
vaanounsalusyriaimisousslumanasuiuussdezdosniganin visewegnuld
[V = 'L 4 o a
usadady maoonuuuuazdins e lunsdil sxl¥msansianosgnlasmseiu@divesniin
vonUAzIiN(c) TwiuANUARANGEIYDIANATIANRZANMITNAR Hio0190z1dms

UszimlaeI5v09 Whitney

A8vee Whitney e lumseenuuufidindininiei ldnimsassinansgn

=P Y

| = 0 o = 2 .
snuugdioussuIaunszhlisud Indus samumunuiianizanga 35ves Whitney
1 { 1 ad . 3 s = { ﬂ:!.’
wldmigend uos Whitneygnadretumnlaserdomudgumuiinanslugii 3.4

9
faao 11l

=] a = W [

- ﬁﬂTiTlQi.“r"mﬂlfﬁ'llllﬁnlﬂU'JLL‘]J“IJ?fiJlJ'WI';"S@iJLLﬂuﬂJLLﬁQﬂﬂ

=4 = @
= L‘Hﬁﬂlﬁﬁﬂiﬂlﬁﬁﬂﬂaﬁﬂﬂﬂi"lﬂ

) d‘iv a o & a r; ~ = aow w
& hlllﬂﬂwuﬂﬂlﬂﬁﬂﬂuﬂﬁﬂcﬁﬂgﬂuﬂuﬂTﬂﬂwu’ﬂmﬂﬁlﬁﬂﬂlﬁillﬂ_ll,ﬁ\‘iﬂﬂ

= ] A A g J " T =]

s ﬂ'J'lllﬂﬂ"U'ENE°1Jﬂﬁﬂﬁﬂlﬂﬁﬂﬂwuwllﬂﬂ’iﬂﬂ'ﬁlﬂﬁﬂuﬂﬂlliﬂiuﬂﬂuﬂﬁﬁ]

4 ' { A {
a=0.54d Fuilurundoiianzaugavesesnoimsgldmasuiui

26



v o [ a A o 1
c ﬂ’J'IﬂJleJWM‘EﬁJ’EI\‘lLLS\MﬂJLLH’Jl!ﬂuuﬁmliﬂﬂﬂﬂ']ﬂslﬁﬂﬂﬁWﬁﬂJﬂﬁLLiQﬂﬂﬁﬂ’J’llﬂu

FUFUAT

130N 3.5 5w Tumudseunuumaniesusuusedag 18

d-d’

P (e+
| 5

)=cc(d—§>+c.v(d—d’> @)
Taui

C, =0.85f,ba = 0.851/b(0.54d) = 0.459bdf!

{ P P,
. P P
o ) ) = 5~ 0.000. 0,85Y
. B | | J N
g = i pre 7 Vi p— .
00 0@ |  j=[ES ] —,
s PR AP\ 4 a-pe e
! Y g i c / |
. : i = S SENR——
; AN’ § | N
f é
| |
| |
a A }
f B . . o -@ - - 1 | S,

30N 3.5 aundgmues Whitney annenelddninaveauseda

0.54d

C.(d —g) = 0.459bdf! (d - <%

]' / 2
)“gfcbd (b)

C, =A%

©

unum aumsbuaz(c) asluca) w'ld
lffbd2 ! / !
e . A f,d-d) _ f.bh 7 v

+
/
2 2 d’ 2 d-d 2

P =

n

(d)

B0 =0, = P, =0.85£/bh+ f,(4, + A) = 0.85 fbh+2, 4!
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unuaitnevuasluauns @) azla

/ AI’
0.85//bh+2f,4, = ffbhf + />
' 3(d—d"h 1
0+—=——"" 0+
7 2
3(d-dHn 1
( 2) = =1.18 (e)
2d 0.85

unuaaums (c) aslu (d) 014

p__ Jlbh X AL,
%H.IS ed,+o.5

A g gy a o* 9/ Y A Y w a
HIong R,!.I,T;WM iﬂﬂﬂ’l‘i’.liﬂﬁ"lzﬁiﬂﬂﬁ‘i'lﬂ HagD o UIAAUDIDIAD1IA15
n
ycﬂ 4 ul.y o w a < a Ay 2 g
Tidlunuiendu ( UABIAIUINATDIOATIANUYEYA) wmlTuaumanasuiinmuvilsaiula

VOIWNUAULIAT 18

[24
f‘c.fbh )( d _..-—d'f + 0.5)
%H.IS !

- PG

a < o o o =) < a
whouaduman 4’ dfaresduvesnuauinns Ml IdUSnamanesy

Ed
o/

MWHUA 4 =24
3.9.1.2 nsaimaldoninavesusing

A = 0 v 1 |
WALIMULUIAUNATENI( L, ) WBINWTIMULILAUNEnNEauaa( P, )
& P g 4 ] dw ol o a wa A 9
NIDIBITULITDIGUY( e ) NINNNTEUZIBOIFUINANIEAUAA(e, ) DIADINTIZIVA IAITUAL
= =] a o w = 2 T = ] [~ a o ow (9 = =)
VINMHANITTUTUUITIAINIYAATIN TusgnheimisousslumaneSusuisdaezdgansinuse

q

F 1
HooniA1d aseenuuuuazinnzilunsdii v daumsis.4) uaz 5.5 Sundn Taeldan

£, wu £, Tuaums

28



=] = a [ 3 { o PV
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4 o A 4 Qs Qs 4 a a
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dauudlimanasusuusidaiegansindie uagld 4/ = 4 sx@ouaumsi
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P, =0.85f/ba ,a=i, ®
0.85£.b

M, =Pe=0857lab( D) dlf E-dy+ a a1

~0.85 f;ab(g—%)wx f,@-d (©)

unuA1 Py uaz a vinaums () aslu (g)

Pie=Py(h- Py ) +Af(d-d)

—

211 178

P FPi(h Te) AAS(d=d) =D
1.7f. b
- g g = g 9/ 3 A Y a 4
mamg Pn 1§53+ M %‘mﬂ’lﬁ’nﬂﬁ'}zﬁiﬂiﬂﬁﬂﬂ LAZDUaonNHUINaUD999A01A17
9 A 19 o & ¢ w a o a Ay & v
T uuuendu ("lmmmmNmmamm’nwzqﬂ) whilTnamanesunaiuvisaiule

VOUAUANLIAT IR

2
o Bh3dL )
4 DR~
ST p@d=d)

v ¥
o’ Y

9 a o ~ o I ¥ (= =] = 3
waouasuman 4, ivaesiuvsaunuauuiag i ladsaunanaSuianun

A, =24,

29



3.9.1.3 mansuusaou

waam N, P uag

u

u

4 i g N ’
MAS VLT UNOUYDIADUATA V, =[0.53(1+0.0071 A“]umﬁ'auwﬁ'm U
g

Taomdnasy = Z -V,

AonviamaAnESuRMNITEY

= =1 9 =
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3.10

) J
muﬂﬂuﬂ]ﬁﬂﬂﬂuﬂﬂiﬂ53ﬁ%1\3!ﬂ“5ﬂ3@7

v

IuunguauAvesAuiaauAnead e mszduvo IRy

l

o o a g | o 1 o
mu'.quuiaﬁmﬁuﬂwuﬂwﬁi:wmmﬁﬂmqq VDIUAYDIT

l

t:i Y w Y

ATUINUTINTETNNHIAALUALUTIA U

1 U=t

{ o T ] 4 J
Lﬁ\?ﬁﬂi&’ﬂ’]ﬁ'E]Nu»il.ﬂ“lﬁ’)ﬁﬁ531"i']'lﬁﬂ'|ﬁ]ﬂ

9/ s g
LIIRNHUTIAUUY \\.
(L39AUAIUVIY)
:’ w. g/ 4 = Aa [ ng
iminlaseadiunaesd | usadoamuia UIIAUVU
........... x
1 Qs 1 ar Y o 3
MAATIUANNLUABANBUDINITATUUTIAUTY
:’ o 3 = Aa o d%’
(niin Insead1eus wdoamuiag)/iussnuay
A 4
............................................................................. Bending Moment
| <18 | T >18 | Axial Force
< a
DONUUUHANIHTY

' E
317 3.6 TumpumsesnuvnInssadrunsod
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ar 1 d
3.11 @eenamssanuuLIAYDIa

Tnseams Khlong Pi-Sing-To station and Rama IV station

AMaNAveIAY (Soil Profile)

4 = i o .
Mou lvduvesanuiidoasansosdilsznoudan soft clay, stiff clay, and dense sand
@ 4 y a {
ﬁxﬂwmmmmmmzﬁ'ﬂuulwmﬂuﬁ}zuaﬂﬂﬂﬂgﬂﬁ 3y ]

Assumed Surcharge 20 kPa i l l

Ground Water at Surface

Soft Clay
Su = 20 kPa, Unit Weight = 17 kN/m2,

Ko =0.75

-15m

Stiff Clay \
Su = 100 kPa, Unit, Welght =19 kN/m2,

Ko =0.65

20 m

Very Stiff Clay g
Su = 140 kPa, Unit Wetght = 19 kN/m2,

Ko =0.62 .
26m"

Base Hard Clay
Su = 180 kPa, Unit Weight =19 kN/m2

-31m
Ko =0.62

-33m

S wa a { @ ol o
3U7 3.7 quaniiavesduiszAuA19 U InYB e
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us3auAY (Soil Pressure)

Overburden = X (surcharge + (y -y, )h)

[ ¥
Weanudivinnany = 20 kPa

F
y = miwhwinvesau (kN/m?)

v 9
7, = Wihnhminveani = 10 kN/m?

h =280 (m)

115994 Overburden
= Overburden
ANNAN | proccure (kPa) 534 (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: [ ﬁ:l’. w = ¥
A13199 3.1 ussadoverburdens IWNILAVANUANA

o oa Tars d' U :’
UIIUAUUDVDYNUN + UTINUMT (AL rest pressure + water pressure)

L3I UAY = K (overburden pressure) + ¥, /4

B3I 2\ ¢
UIITUAY | UTIAY 5
Overburden s v UIIAHITIN
Auang M
AN Pg\;esrl::rtér:lke;a) T3 (kPa) | Ko (kPa) (kPa) Muana(kPa)
0 20 20 0.75 15 0 15
15 20+(17-10)x15 125 075 93.75 150 243.75
20 125+(18-10)x5 165 0.65 107.25 200 307.25
26 165+(19-10)x6 219 0.65 142.35 260 402.35
34 219+(19-10)x8 291 0.62 180.42 340 520.42

:i [ 9 9/ d'. [ =] 1
13199 3.2 UIIAUTINATUVNNTEAUANUANA1G9
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= £

msﬁmamuiaﬂszﬁmﬁmﬁmnmznmﬁ'm

MINUSIAUTY (Against Uplift Pressure)

Y
fFmsuanulaoany uauzanlunsesnuuy | iminves Tnsesadanden

4
LAZUTUTIANIUTAY U Dense sand 92 liigminndalumsfiman

£

Y Y] 4
o 1hmiinveelnseaiiunyosd

-~ o
ANUANVOUAYDIT H=34 m

1 :I @ = <
nimiminyeIneunIA@TINAN 7 = 25 kN/m’

T f @ ! 3
nigiminveneuninga y, =20 kN/m

@urugudnannisly  Di=8m

durguénn1amouen Dy =10 m
A ¢

ANUHIYDINUAYDST, bh=2m

ANUHUIVOINOUNIAGA,, p=2m

= 3\ vimiin (kN)
\ — e 24,021
YOI ,,Mychf =EM(25)(34)
4 4
. . J 2,512
e ,TU-?TJ oS )(25)(2)
- 2,010
ADUNITAYA (D) ( )(20)(2)
4
59 28,543

4 Y sl
A197199 3.3 HIHUNTINNIHUA
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o usudEANIUNFT (Friction)

Au ANUTMI (m) usudsamu(kN/m?)
Soft Clay 15 S, =0.9(20) 8
Stff Clay 5 aS,=0.35(100) 35
Very SHff Clay 6 a8, =0.35(140) 49
Hard Clay 8 &S, =0.35(180) 63
usudgamusIN= 7D SHf. = 39,050 kN

] Vv
A13199 3.4 MIAUINNTATIANIUTINNIHYA

o U3aIAL (Uplift Pressure)

Ed
=1

- . B
UIIUAY = WUl x (y, H) =:r( be

4

(10)(33) = 25,905 kN

1 Q 1 QU 5 g - .
e AdadIuAMNYaeANBUDINISATULTIAUTY (Factor of Safety against uplift)

Total _Weight + Friction
Uplifi _Pressure
28,543 + 39,050

= F2.61 0.
25,905

Factor of Safety =

y o o d
15NN ILMNADHIUAYBIE S 19NN

e i caisson shoe ( 1520V -34 m)

UsIRUAIUYg P = LF(Pa +Pw)

= 1.20(180.42+340)
= 624.5 kPa

TUUA 50% of UFIRUAUNNIZMRBHITUATDITTENITINITIN
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AP =0.5(1.20)(180.42)
= 108.3 kPa

' Y v
nindansuusenmiminnseeastaye

Bending Moment, M =0
Shear Force, Q =0
Axial Force, N = P(R,) = (624.5)(5)
= 3,123 kKN/m

1 ¥ 1
mihdansuussnniminnszate llaivaye

Bending Moment, M = 0.163 AP Rﬂ2
0.163(108.3)(5)’

Il

= 4413 KN-m/m
Axial Force, N=0.212 APR,
= 0.212(108.3)(5)
= 114.8 kN/m
Bending Moment (kN-m/m) | Axial Force (kN/m)
WmiinaszawEinae 0 323
Wminnszne laiaye 441.3 114.8
59U 4513 3,238

713199 3.5 Bending Moment a2 Axial Force 574

=1 () ) .
DONUULHANTINUILIN caisson shoe

naauAvo e :
Concrete : fc' =300 kg/ cm?
Reinforcement : SD 40 : f = 4000 kg/cm*

M =441.3 kN.m = 44,130 kg.m
P =3238 kN =323,800 kg
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B,=0.85-0.05( f. -280)/70
B,=0.85-0.05 (300—280)/70 = 0.8357

AuauTiRve Mg :

avuanlfmanaSunan DB25

d = 1O+2.5+2é—5 = 13,70 cm

d =h-d = 60-13.75=46.25¢cm
fdafideenis :

P, = 14P, =1.4x323,800 = 453,320 kg

M,= 14M =14x44,130 = 61,782 kg

e 7 LIRPIN 1 7. 513 63Em
P, 453,320

QALEEEATE

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

donSuudiouty P, 114
0.2 Y
P g 02453320

P=R\ =il I =039 19 ¢ =07
0.1f, 4, 0.1x 300 %100 x 60
P, =L = 330 _ 47 600 kg
¢ 0.7
Mn:MU _6LT82 oo "
¢ 0.7

heanzanumsonauga ;

C, = 6120d /(6120 +f ) = 6120x46.25 /(6120 +4000) = 27.97 cm

a, =f C,=08357x27.97 =23.37 cm
P,, = 0.85 f'a,b = 0.85x300x23.37x60 = 357,622.21 kg

P, nAnN P, uaasimihdaegnioldeninaveausida
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e
[ '+0.5] ,
7 = d—-d p f.bh

| 7y Zif+1.18
(462153.6133 75+0'5] 300 x 60x 100
— X X
- \30. : - =15.03 cm?
4, 4000 047,600 - 32 100x13.63 1504 v

P +1.18

don14imin DB25 (4.91cm?) §1maw 4 duld 4 = 4. =19.64 cm?

A. . 1 L] T
way p =20 LD _ Gosen\ld p A840Y5217919 0.01-0.08
A, 100x 60
don1dimdn DB25 (4.91cm?) $119u 6 1 duld 4, = 4. =29.46 cm?
A , '
ag p=—L= i 259 0.0098~0.01 .. p 8Y52%3190.01-0.08 O.K.
A 100 x 60

5

a1 o
~L520EI30 %= 16.66 .. 1915 cm [Wadouazud]

100 mm 100 mm

-

N

A
|

| 600 mm
|

317 3.8 msiaSumanii Caisson Shoe
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o X

o fniunesd (1I93ngaegNszAuNY 31-33 m)

useeudde P = LF(Pa +Pw)

1.20(180+340)
624 kPa

1 9 '
nidansuusInmhmiinnszeasiugue
Bending Moment, M =0

Shear Force, Q =0
Axial Force, N = P(Ro) = (624)(5)
= 3,120 kKN/m

‘H‘ILLNLL‘LJ’JLLﬂHﬂi%ﬁWEJ‘iJENNﬁQ

N, = 4,[0.85@£)1-p)+41,p]
= (1000x1000mm)[(0.85)(0.7)(30)(1-0.004) + (0.7)(400)(0.004)]/1000
= 18,899 kN >3,120kN O.K.

PONULVIMANIETNY SN IR TOIT

aoaldinan DB20 (A =3.14) 35382509 150 mm

As  =3.142)/(0.15) = 41.87 cm?
A, i =0.04 (100)(100) = 40 cm? Aol K,
100 mm 100 mm

k DB20@150 mm

NN_—

|'<— 1000 mm ——=

U7 3.9 mswumaniinnds Caisson
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o MamImeilnvesglued (Nszdu -28 99-30)

3171 3.10 dunvsvesvouilag Tues

o g kY
IIAHATUUN
fisgfu 27.5, 1.4(PatPw) = (1.4)(144+275) = 587 kPa

fiszd 30.5, 1.4(Pa+Pw) = (1.4)(161+305) = 652 kPa

652 kN

Shear Force Diagram

945.5 kN
697 kN-m

1
1

1

1

:

1

(]

: Rhotmm
1

1

1

1

1

1

1

1

' Moment Diagram

' da & L.
317 3.11 A1 Moment uiaz Shear Force ffiniuluveila
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. . Y
910 Shear diagram 18y Moment diagram 32 1431

Rip = 913 kN
Rbottom = 945.5 kN

1 v
Tuudniigauududiy, M =697 kN-m
usaReUIINAgAUUBUdIY, Q = 945.5 KN

=3 a a T a d
aammumnmmumnmwmnﬂmmqimﬂ

AuaulAvesdas
Concrete : fc' =300 kg/ cm?
Reinforcement : SD 40 : = 4000 kg/cm

M =697 kN.m = 69,700 kg.m
P =3,120 kN =312,000 kg
V =945.5 kN =94,550 kg

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

AuduTAYDInTda ;

SeuudilSindneSuvdn DB25 2 4 Taofiswauduluusassusindy uazdesa
sz ananasudos lidoondn 4 cm wie 1.5 d, 9214

d

d =h-d =100-165=83.5cm

10+2+2.5+§=16.Scm

o w Ay
AAINADINIT &

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

M,= 1.4M =1.4x69,700 = 97,580 kg

Vu =14V =14x94,550 = 132,370 kg

g = M & 21590 = 22.34.em
P, 436800

Maasey :

0.1f , A, =0.1x300x100x 100 = 300,000 kg

41



wenlSeuiiouiy P, udq 14

g2R 5
¢ =09 — ru =0.9— 0 2X436,800 =HE 1% ¢ =07
0.1f, Ag 0.1x300x100x100

P
P, - =t = 2080 _ 54 000 ke

¢ 0.7
MH=M“ - 20 =139,400 kg

¢ 0.7
Vn = V—“ = 5300 189,100 kg

¢ 0.7

P a
Wﬁﬂ-l'ggﬂq']luﬂ'iﬂﬂﬁﬂﬂa g

C, = 6120d/(6120+f,) = 6120x83.5 /(6120 + 4000) = 50.5 cm
a, = L, =083375W 422 cm
P,, = 0.85 f/a,b =0.85x300x42.2x 100 = 1,076,088.44 kg

P, dound P, naesdmihdnegnioldontnaveuised

624,000°
_ 1.7x300x100
4000(83.5-16.5)

- 624,000(129 - 22.34)
=-35.91 cm?

A
2 1 as yq Y a d
As =-35.91 cm? waAINANIOSUUTI A ‘lmﬂsumaﬂmmmmﬂjm

don1diman DB25 (4.91em?) $1u9m 12 @018 4. = 4. = 58.92 cm?

A, 58.92x2
A 100x100

5

=0.011784 ua p Avsogiznine 0.01-0.08 O.K.

ag p=

[~ =Y s n’/’ o T g [ Y)
wanasuvan DB25 2 9y Taedisuaunduluudazdumidy

L5050 %= 16.66 .. 1% 15 cm [Wadhauazun]
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ATVABUMAIST VLT UNOU:

N, =P, =436,800 kg Vu=132,370 kg

v = [0.53(1 +0.0071 2’ v }/ fc'de
4

K= 0.53(1 +0.0071m}f300 x100x83.5 [=100,424 kg
100x100

dy o a |4 132,370
usuRoundessu laomanasy V, =L -y = -2

c

—-100,424 = 55,305 kg

= =1
52825890 unanUannuuIA 25 mm

_A4,7,d _(2x4.91(4000)83.5) _
V. 55,305

S

59.31 cm.

4./, _ (2x4.91f4000)
(3.5, 3.5x100

TLULTNANEA = =112.22 em.

%30 S §3'—5=41.75 cm.
25 4

wonldszeziSue 15 cm.

100 mm 100 mm
Q ==
b,

DB25@]150 mm

N—_—

DB25@150 mm i -

|-—— 1000 mm ——!

{ ) Y] 1 " 4
11 3.12 nsweumanluminagesdaisroullauosg Tusd
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o MIAMUIUNY

o
-

¢l
Tumuafing
é‘ Y =
ANUHUINY 2 m , seeriuaounsa 10 cm

d=200-10=190cm , d'=10cm

useduiy (Uplif)
Wu

(Lmﬁui‘fu)—(ﬁmﬁ’ﬂﬁu)
(34x10)-(2x25)
290 kPa

I

I _WrP(3+0) 290x4’ x(3+0.2)

" 16 16
= 028 kN-m
A 2 o 928
" 04fy(d-d)  0.4x4000x (190 -10)
= 32.22cm’

tdonly 2DB28@150 mm 14 4, = 82.10 em’”

A adk
UIINDHUNNU

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

V, = 0.29,/£bd = 0.29x~/400(100)(190)
= 110.5 Ton

iNennulasassldinanilaen U shape@lm

44
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o
Sl DB20@150
e DB20@150

il El pB2s@1s0
t  DB25@150
& DB20@150 [Bar RB12 (min.)@1000

i DBzo@lso/_

DB25@100 2m

2DB28@150

U7 3.13 wuumseSumanasesd
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1n53m3 Preliminary Design of Shaft for Khlong San-Saep station
AMaNUAveIAU (Soil Profile)
dowlvAnvesamuiineatrunaesdilsznoudae soft clay, stiff clay, and dense sand

o 3 4 a {
sEAYBUAYDIRLAzINDY lvvasAzLans Tasg 1R 3.14

Assumed Surcharge 20 kPa l l l

Ground Water at Surface
Soft Clay
Su =*]2-20 kPa,
Unit Weight = 17 kN/m2,
Ko = 0.7—»5__2
“.15m
Stiff Clay
Su =100 kPa,
Unit Weight = 18 kN/m2,
29 m Ko =0.65
B
24.m =23 m.
Dense Sand
¢ =36,
Unit Weight = 20 kN/m2,
Ko =10.50

{ wa a { @ 1 d
319 3.14 guauiifvesduiiszaua1en vounseed

46



usaauaAY (Soil Pressure)

Overburden = Z (surcharge + (y —y,)h)

¥ v
WeauuMiminnaiy = 20 kPa

¥
y = wuwthminvesdy (KN/m’)

14 Y
7, = wiawhminvenii = 10 kN/m?

h =A20a0 (m)

1159AHO0verburden
= Overburden
ANAN | pressure (kPa) 39 (kPa)
0 20 20
15 20+(17-10)x15 125
25 125+(18-10)x10 205

&: (Y] -E‘.*: [} = 1
A13799 3.6 UvatoverburdensINNISALANNANAL

o Tar 5!1 e :
UIIAUAHUUVVBYNUN + U33INUUT (At rest pressure + water pressure)

1s9AUAY = Ko(overburden pressure) + 7,4

HIINU et N
HIIAHAY | UII0U =
Overburden ¢ v HIIAUIIN
MUV M
0 20 20 =75 15 0 15
15 20+(17-10)x15 128 0.75 93.75 150 243.75
25 125+(18-10)x10 205 0.65 133.25 250 383.25

A o Y ¥ A w 2
A13799 3.7 UIAUTINATUU N TEAVAIINANAE
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o [ ﬂi YV o Y
NIMUIUUTINIEMNHEIAAUALUTIANIH

MIMNUUSIAUUY (Against Uplift Pressure)

v
dmsuanulasane uaminzaylumsesnuuu , thninweslassadiensen

v ¥

uAzLIUTOANIUNAY $U Dense sand vz liigarihundalunisdimon

9

o s o
e Wmtinves Inseaunesd

ANUANYDAUATDIT H=25 m

1 cy o = =]
wiehminYeIneUNIAGIMAN ¥, =25 kKN/m®

T ;‘, LY = 3
NN UNUDIABUNTARA y, =20 kKN/m

Wuiugudnaniely  D;=9.9m
1 o
durugudnatemeouen D, =11.5 m
& ¢
ANUHUIVDINAYDIT, H=2m

ANUNUIYDINBUNTAGA , p =2 m

Sud i (kN)
. — T 16,799
NI o (D, - D7) v.H =ﬁw(25)(25)
. : f 3,847
it 78 p=7 09 (552
4 4
. : . 3.078
AOUNIAYA 20 y.b =”@(2o)(2)
4 4
—_— 23,724

2 ¥ @ &
B1TNN 3.8 UIHUATINNINUA
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= ﬂir.q . .
o UTNFUANIUNKI (Friction)

Au ANUKUT (m) usudsanu(kN/m?)
Soft Clay 15 a8, =0.9(20) 8
SHff Clay 10 &S, =0.35(100) 35
usudEAMUIIN= 7D SHY, = 22,400 kN

[ v
A135190 3.9 MSAU IS UTIANIUITINAIHUA

o U3eRUAY (Uplift Pressure)

¥ o 2
U 9FUAY = i x (y,H) =xg%(10)(24)= 24,916 kN

¥
o MdaduanulaeafvunInIsATUUTIAUIY (Factor of Safety against uplift)

Total Weight + Friction
Uplift Pressure

3, NS 2248 TN e

24,916

Factor of Safety

USINNIZMNABHIIUATOITIZHIIMIIN

e 1 caisson shoe ( 52V -25 m)

UTIRUAIIG P = LF(Pa +Pw)

I

1.20(133.25+250)
460 kPa

I

AUNA 50% of USIFUAUNNIZAIROHITINYBIT T HI19NI5 T

AP =0.5(1.20)(133.25)
= 80 kPa

49




v ¥ 1
nihdansuussnmiminnsz e Laye

Bending Moment, M = 0

Shear Force, Q =0

Axial Force, N = P(R,) = (460)(5.75)
= 2,645 kN/m

1 1 '
nihdansuusannimiinnszee ldasaue

Bending Moment, M = 0.163 AP Rﬂ2
0.163(80)(5.75)
= 431.1 kN-m/m
Axial Force, N=0.212 APR,
0.212(80)(5.75)

= 95.5 kN/m
Bending Moment (kN-m/m) | Axial Force (kN/m)
Wniinnseaeiuae 0 2,645
vminnszae llasiiaye 431.1 95.5
37U 431.1 2,741

713799 3.10 Bending Moment t1ag Axial Force 593

ONUVLIHANEINUS 1IN caisson shoe

AaaudAveeing
Concrete : fc' =300 kg/ cm?
Reinforcement : SD 40 : f, = 4000 kg/cm’

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

50




B,=0.85—0.05( £, -280)/70
B,=0.85 - 0.05 (300-280)/70 = 0.8357

AuauiiRvosniiide :

HanudnldvdnaSunan DB25

23

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

[

3 g
N1AINADINIT @

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

M,= 1.4M=1.4x43,110 = 60,354 kg

8 5 ¥. —o08% 7 L5 RRion)
P 383,740

Massey :

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

denSeuioutiy P, ud 19
0.2P, 0.2 x 383,740

¢ AN =Tl R0 — =0.64 .19 ¢ =07
0.1f, Ag 0.1%x300%x100x 40
By = L 383740 _ 548 900 kg
¢ 0.7
M
Mn — - 60;354 — 86,220 kg
¢ 0.7

Nan1IZANUNIUATLAA :

C, = 6120d/(6120+f ) = 6120x26.25 / (6120 + 4000) = 15.87 cm
a, =, C,=0.8357x15.87=13.27 cm
P, = 0.85 f/a,b =0.85x300x 13.27x40 = 135,354 kg

1 " Y e 1 Ya a Y
P, 1naN P, uaashmihaaegnisldaninaveussdn
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e
( ,+0.5] ,
A = d-d P f.bh

fy %hf—H.IS
1572
(2625 1375 '5] 300 x 40 x 100
_ . = . . - 2
4, = 4000 348,200~ 3 T00x15.72 1ol s

— +1.18

idenldimdn DB25 (4.91cm?) $1uam 36 w14 4 = 4. =176.76 cm?

A . (] 1 T

wag p=—*= L =0.088 s p ﬁ'magﬁ:m'm 0.01-0.08
A, 100x 40

ifon1dindn DB25 (4.91cm?) $11m 6 uld 4 = 4 =29.46 cm?
A ' '

upg p=—*t= AR Z ) 0.0147 .. p 08521219 0.01-0.08 O.K.
A 100 x 40

8

' S2UZIT U %= 16.66 1915 cm [Mdnouazn]

100 mm 100 mm

e I

N>

| 400 mm
|

31#1 3.15 msiaSumani Caisson Shoe

i



o Mnanvesd (¥I9Ingaegiaziuity 22-24 m)

usenuAude P = LF(Pa+Pw)

1.20(128+240)
= 442 kPa

v 3 '
windansussnInhmiinnszeaiaye
Bending Moment, M = 0

Shear Force, Q=0
Axial Force, N = P(Ro) = (442)(5.75)
= 2,542 kN/m

mmmu’mnuﬂnﬁwmwﬁq

N, = 4,[085@/)1-p)+41,p]
= (800x1000mm)[(0.85)(0.7)(30)(1-0.004) + (0.7)(400)(0.004)]/1000
£ 1971 At 842 kN, K,

aosldindn DB20 (A =3.14) 3289509 150 mm

A;=3.14(2) / (0.15) = 41.87 cm?
A, pin =0.04 (100)(100) = 40 cm? ASHA @z £ TOK.

100 mm 100 mm

DB20@]150 mm

[~—— 800mm ——|

{ = 4 A o .
31N 3.16 m3amSumaniiuis Caisson
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o msmiuInveslavesgluan (Niszdv -18 81-21)

gﬂ‘ff’i - Rl ﬁmwﬁwmﬁﬁmtﬂﬂqimﬁ
o g El
HFIAUAIU
fisgdn 18.5, 1.4(PatPw) = (1.4)(99.5+185) = 398 kPa

fiszdiu 21.5, 1.4Pa+Pw) = (1.4)(115+215) = 462 kPa

462 kN

— x=2.02>1M

Shear Force Diagram

881 kN
860 kN-m

Rbottom

Moment Diagram

1
1
1
1
i
1
1
1
1
1
1
|
1
! :
! |
1

i |
1

: |

4 : & a & :
31" 3.18 A1 Moment 11ag Shear Force iiadulusouila
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910 Shear diagram i1taz Moment diagram 1147

Rtop = 839 kN
Rypottom = 881 kN

1 ¥
TuuAnAigaunFud, M =860 kN-m

1] v
usaReuNNgAUUTUAIY, Q = 881 kN

o a o 1 a ¢
eanuUImaNEINYINMYBuTlave gl

AueuAuDIYag ©

Concrete : fc/ =300 kg/ cm’
Reinforcement : SD 40 : f, = 4000 kg/cm

M = 860 kN.m = 86,000 kg.m
P =2,542 kN = 254,200 kg
V =881 kN = 88,100 kg

B=0.85-0.05( £, -280)/70
$,=0.85 - 0.05 (300~ 280) /70 = 0.8357

AuantfAveInidn |

=0 o = w g = [} g 1T Qs ] 1
trauuahldmaneSundn DB25 2 $u Taoismauduluudazsumiify tazaeeing

1 [~ = ] 1
sennaunanasuAed lidosndn 4 cm wse 1.5 d, 9214

d 10+2+2.5+g=16.50m

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

faandoanis -

P,=14P =1.4x254200 = 355,880 kg

M,= 14M =1.4x86,000 = 120,400 kg

Vu =14V =14x88,100 = 123,340 kg
M

e = —% = 0400 = 33.83 cm
P 355,880

u

D



GEEHATE

0.1f, A, =0.1x300x 100x 100 = 300,000 kg

, ) )
Wonlseuieuny P, uda 14

5=09- 0.2{’,, _0g__ 02x355880 o g P
0.1f£, Ag 0.1x300x100x100
P ,
p, =2r = 3880 _ 558 100 ke
¢ 0.7
M
My=—"v= L = 172,000 kg
¢ 0.7
Vp = Yo 13807 176,200 kg
¢ 0.7

NaNZANUIATIATNAA :

C, = 6120d /(6120 +f ) = 6120x83.5 /(6120 + 4000) = 50.5 cm
a, = f,C,=0.8357x50.5=42.2 cm
P, = 0.85f/a,b =0.85x300x42.2x100 = 1,076,088.44 kg

3/ ! ! a ' a a
P, fiounn P, uaasimihidaegnioldoninavesussds

n

A, : ,
fy (d ] )
2
% ~ 508,400(@ - 33.83J
A, =207 " =_11.76 cm®
4000(83.5-16.5)

A, =-11.76 em’ ugashannsofuusela WaSumnmumasgu
r
ienldiman DB25 (4.91cm?) $1uau 12 114 4, = 4 =58.92 cm?

A, 5892x2
A, 100x100

<

wag p= =0.011784 ua p Avsagszning 0.01-0.08 O.K.

Vv Vv
ManEsunan DB25 2 u Taelisuuduluudazsumiisy

L 32050 %= 16.66 .. 1% 15 cm [Wednouazan]
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A5AOUMAITUUST IR DU

Z
I

P, = 355,880 kg V= 123,340 ke

i
N [
V, = 0.53{1+ 0.0071= }/ f. bd}
g

V.= 0.53[1 +0.0071 1?;)55;8?)}/300 x 100 x 83.5} =96,020 kg

X

8 dv w 4 Vv, 123,340
LLS\‘!LQE]HVIGI'ENSUIﬂEJL’I*TﬁﬂLfTiﬂJ Vs =?— =

) —96,020 =49,086 kg
0.85

= =]
seuzisuavauraniasnyuia 25 mm

_4,7,d _(2x4.91)4000)83.5) _
v 49,086

Af, _ (2x4.91)4000)
(3.5h,) 3.5x100

S 66.82 cm.

FTOLTIN N = =112.22 cm.

15D g= @=41.75 cm.

wonl¥szeeFe 15 cm.

100 mm 100 mm

— ]
3

DB25@150 mm

N—

I-——— 800 mm —

DB25@150 mm j -

N

U7 3.19 msiSumanlumisawesdynrestlavosg Tuad
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o MSAIHIUNY
dal Al
TUANY
& ) =
ANUHUINU 2 m , TeugHuADUNTA 10 cm

d=200-10=190cm , d'=10cm

Hseu (Uplift)
Wu

(maﬁui’fu) — (hwmidndi)
(25x10) = (2x25)
200 kPa

A W,r’(3+v)  200x4.95% x (3 +0.2)

= 16 16
= 980.1 kN-m
AHSVYY L g1 x 10000
0.4y (d-d)  04x4000x (190-10)
= 34.03cm?

donld 2DB28@150 mm 14 4, = 82.10 cm’

a  aAX
HIUNDUNNHU

usudeudinihdainga = (Uplift)(r-d)
— (200)(4.95-1.90)
= 610 kN =61 Ton

V, =0.29,/f!bd = 0.29x /400 (100)(190)
= 110.5 Ton

ienuasasdvlfindniasn U shape@lm
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i0.851
i |
| kp=—DB20@I50
1_L DB20@150
t|  DB25@150
t|  DB25@150
] <§L DB20@150 [Bar RB12 (min.)@1000
il DB20@150/
DB32@100 -~ 2m
= a aaioananassnens
2DB28@150

310 3.20 wuumsiESumannvead
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UNN 4
o d
DIATHITUNTIFIANIABDIG

° o 5 = a . 5 5y a
ﬂﬁmumﬂﬁwmaam%aﬁuagﬂ‘u UIUTEANIUVDIAU (Soil Friction) Nu

¥
End Bearing Resistance U900 ¥UAN

4.1 95V1UNM5IN

4.1.1 113394919

A4

ry
O

WInHn
7191 4.1 vanyeed
:, o a s IS ] 3 w
WIHUNVDUAFDIN = (Dl B2 R % A (4.1)
4
D ¥
Tagn  y, = WHUnNYDIAUNTA
- ) . J
DY = UAUFUENANNNEUDN
D, = durmgudnaraniolu
H = anugunwed

4.1.2 13993910 Hydraulic Jack

1579214 Hydraulic Jack lumsaelfingesdavasluuuids el nuduiu

3 A ] o ~ [
ao'ld Hydraulic Jack azae lumsaaeesd lunTdifinasuaunaus udoanmuny Lower

¥
. " o @ 4
Bound End Bearing #1001UIHUNUDUAFDIE
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Jacking Force = NATINVDALSUTEAMU + Lower Bound End Bearing (4.2)

ay Y o
- I UNIAYDSa

Jacking Force

O J

o o
UM UNRA YT

XXX AAXX

U ATEANIY T T USUFEANIU

Lower Bound End Bearing Lower Bound End Bearing

U 4.2 us99u91n Jacking Foree

4.1.3 usa@aamu (Frictional Resistance)

Friction
3 R l +— Bentonite

Wil
Cutting shoe Upper Bound

l ....................................... + ........................................... /_ Cutting Shoe
/ % Full Friction

Lower Bound End Bearing

31U 4.3 dnyuzusudTANIY

#1 cutting shoe — 11j3] Bentonite :
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In Clay usudgamu = Ca A (4.3)

« = Adhesion Factor
= 0.9 insoft clay

a

a = 0.7 in med clay

a = 0.6 in stiff / hard clay
C = Cobhesion (kPa)

A = ﬁuﬁ%amsﬁaﬂmu

In Sand wsudvamu = 2NA (4.4)
N = Standard penetration test (SPT)
A = Wuhvessudeaniu

# milo cutting shoe :

A 7 A o\ - Y " a - |
MU cuttlng shoe i Bentonite “H\W]'luﬂf]yglla'ﬁ]g"lll!ﬂﬂuﬁﬂLETUWVI']‘L! 13421

TumalfiRudegifans afeamuilssna 33 %

In Clay nsufgamu = % (4.5)
a = Adhesion Factor
a = 0.9 in soft clay
¢« = 0.7 inmed clay
a = 0.6 in stiff / hard clay
C = Cohesion (kPa)
A = funvowsudoaniy

x NA

In Sand WIATEAMIU = ZT (4.6)
N = Standard penetration test(SPT)
A = fuNvowsudoaniu

4.1.4 459914 End Bearing (End Bearing Resistance)
AmTunAazd, 159811 End bearing fawninuy
Q=CN_+yDN +0.5yBN, (4.7)
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e C =nwstamiion ( Cohesion )
y = mithminuesdy
D =anuinueansya
B = anunieussgiusin

N,.N_N =duilszdns Bearing Capacity Factors a1ua1314

q°?

ApaR 19t End bearing 2 A1 , upper-bond dmsumsyandiuuugausa
cutting shoe iiag lower bound ﬁm%’umiyﬂﬁgmmea cutting shoe

4.1.5 mseenuuy Cutting Shoe

yMUD9 cutting shoe Tawilnd Ao 30° dmsuAwmMTY) LAz 45° dMTUNI 1Y

4.2 (I9ENINIAUIN

1n39M3 Metropolitan Waterwork Authority Seventh Bangkok Watersupply
Improvement Project

Ngamwongwan Riser Structure

4.2.1 amwau (Soil condition)

€

[

nnmsi1 Borelogs 2 9a senidasunaesdiin i 1ddeyadil
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v EL +0.00

SOFT CLAY
y =16.5 kn/m’

$=y

Su = 20 kPa

MED CLAY
¥ =17 kn/m’

STIFF SAND
y =18 kn/m’

?=0

Vi EL -20.00 Su = 100 kPa

DENSE SAND
¥ =20 kn/m’

$ =14
C=0
N =28

' £
JUN 4.4 dnyauzduau

ANMWVDIANYIENUAIY medium sand fill, soft clay, medium clay, stiff clay

1az medium dense sand MUAIAY
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]
4.2.2 v1ansode

A

m
26 m

pr>" 10m— "

I T B e Ry
500 mm W [ \ e Y

i o a
710 4.5 dnuazinaoad

4.2.3 USONDINTIHUN

oy a 4 X 2 2 T
UNUNVDUAYDIT = (DI ) )xzxyc xh

Yé & 24.5KN/m3

D1 = J2.m
D2 N 10 m
Wminiaaesdde 1m = (122 102)><§>< 24.5x1

= 846 kN/m
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4.2.4 HSAUTLANIY

- nsapamulufunseandSuszay s2dy 0 m 89 -3 m

N=20
usafeanuil cutting shoe = 2NA
= 2x20xA4
= 40A kN
usaieanuil mile cutting shoe = 2NA/3
= 13.3A kN

= s =
- usa@samuly soft clay 5@U -3m 99 -14m

C=20kPa

@ = 0.9 kPs.

13 UTANIUN cutting shoe = Cad
=/ 20 %078 x 4
= 18A kN

a — A y (Pt

usuTeaun milo cutting shoe = )

= 6AkN

=) % (%) =5
- usadsamiily medium clay 3¢0U -14 m 99 -16.5 m

C =40 kPa

a =0.7kPa

15 UTeANIUN cutting shoe = Cad
= 40 x0.7xA4
= 28A kN

~t = A . _ Cad

usudeaniudl mile cutting shoe = ==

= 9.33A kN

- usudaamuly stiff clay 5201 -16.5m 99 200 m

C =100 kPa

a =0.6 kPa

usaFeamudi cutting shoe = Cad
= 100 x0.6 x4
= 60A kN
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CaA
3
= 20A kN

U3AFIANIUA mile cutting shoe =

-usudsamuly Dense Sand 52y -20.0 m 949 -26.0 m

N=28
usuFeANIUN cutting shoe = 2NA

= Boel8 nd

= 56A kN
usadvanuil mile cutting shoe = 2NA/3

= 18.7A kN

4.2.5 wseu End Bearing
Q=CN,+yDN, +0.5yBN,
Upper Bound
& }* Lower Bound End Bearing

Cag Wi

71 4.6 1159214 End Bearing

- End Bearing ¥4 Sand fill 520y 0 m 94 -3.0m

¢ = 33°

& =0

¥ = 19 kN/m’
M, =3

N = 35
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Upper bound ( B=1.0m )

O =0+(19%D x35)+(0.5%19 x1.0x 35)
= 655D + 322 kPa

AMsu D=0
Q=322 kPa

Lower bound ( B=0.15m)

Q =0 + (19 xJlreditrmni@uiiyg 19 x 0.15 x 35)
= 655D + 50 kPa7

Amsu D=0
Q=50 kPa

- End Bearing ¥4 Soft clay N3%AY -3.0m 99 -14.0m

e = 20 kPa

¥ = 16.5 kN/m’
7] =0

N, =

K 4|5 5.74

N =0

Lower bound and upper bound (N =0)

0 =(5.74 x20) +(16.5x D x1) + 0
=114.8 + 16.5D kPa

- End Bearing 494 medium clay 91520 -14.0m 94-16.5m

% = 40 kPa
y = 17 kN/m’
@ =0

N, =1

N, =574

N, =0

i

Lower bound and upper bound (N, =0)

O =(5.74 x40) + (17 xD x1) +0
=129.6 + 17D kPa
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- End Bearing ¥4 stiff clay N30 -16.5m 99 -20m

= 100 kPa
= 18 kN/m’

=0
1
=5.74

q

¢

Z 2 Zm w0
I

4

Lower bound and upper bound (N ,=0)

QO =(574%x100)+ (18 xD x1)+0
= 574 + 18D kPa

- End Bearing v99 med. Dense Sand #13201-20m 94 -26m

fandrszaudr (14 7 = 10 KN/m3 )

i = 367

C = @

¥ = 20 kN/m’
Dl =45

N = 45

Y

Upper bound (B =1.0m )

0 =0+(10xD x45) +(0.5x10 x1.0 x 45)
= 450D + 225 kPa ( u# lajifiu 4000 kPa )

Lower bound (B =0.15m )

O =0+(10xDx45)+(0.5x10x0.15 x 45)
= 450D + 33 kPa ( ua lifiu 4000 kPa )
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ﬂ]ﬁﬂ]u')iMﬂﬂlﬁ"ﬂN‘Uf’JQlﬂ"ﬂﬂﬂﬁ(ﬂﬂﬁa?ﬁ‘“u)

o A s ¢
*Uuﬁl ﬂ??mq%ﬂ]ﬂﬂlﬂ“ﬁﬂﬁﬁ SIUAT LUDLIAEDITIV 0 LUMT

i} ANV UAYDIET MR
HIRTANTE AU (tua9) (D1 -D2? )xx/4% 24.5% H
5 4322
1 Cutting Shoe
Height Area Friction
h1(m) H1*12.1#
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
Stiff Clay -16.5 to-20m 0 0.0 60*A 0.0
Dense Sand 0 0.0 S56*A 0.0
Wi Cutting Shoe
Height Area Friction
h2(m) HP2 10
Sand Fill Om to -3m 0 0.0 13.3*A 0.0
Soft clay -3m to -14m 0 0.0 6*A 0.0
Med Clay -14m to-16.5m 0 0.0 D33*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 0
End Bearing- Upper Bound Depth sunk =0 m
C-kPa 'f End area kPa kN
Sand Fill - 19 36.4 332 12084.8
Soft Clay 20 16.5 0 114.8 0.0
Med Clay 40 179 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 100 18.0 0 574 0.0
Dense Sand - 20 0 33.75 0.0
281.5

Jacking force =0
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gﬂ\ﬁ
=1

7 EL+0.00 - l

MED SAND /
¥ =19 kn/m’

— a1

]

SOFT CLAY
F== 1G5
kn/m?

-
Su = 20 kPa

MED CLAY
y =17 kn/m’

? =g

\Vi EL-16.50| Su = 40 kPa

STIFF SAND
¥ =18 kn/m’

DENSE SANQD
¥ =20 kn/m’
? =36
C=90

N= 28

4 ]
71N 4.7 msandunl
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, mmqwmmcﬁmi’? ‘Lfmﬁﬂ(kN)
IR I (tun7) (D17 -D27 y*x/4*24.5%H
3 43
fl Cutting Shoe
Height Area Friction
hl(m) H1*12.17
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 0 0.0 28*A 0.0
Stiff Clay -16.5 to-20m 0 0.0 60*A 0.0
Dense Sand 0 0.0 56*A 0.0
Wil Cutting Shoe
Height Area Friction
h2(m) HIT 12 8%
Sand Fill Om to -3m . ) 94.2 13.3*A 1853.5
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 0.0 18.67*A 0.0
Total Friction 2014
End Bearing- Upper Bound Depth sunk =3 m
C-kPa y End area kPa kN
Sand Fill - 1€ 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 1578 0.0
5980.5
End Bearing-Lower Bound
C-kPa ¥ End area kPa kN
Sand Fill - 19 0 2015 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 1383.75 0.0
5980.5

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

= 3761.0 kN
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JACKING FORCE JACKING FORCE

MED SAND

y i 19 kn/m’ Sm

¢_33 m

v EL +0.00

SOFT CLAY
y =16.5 kn/m’
¢ = 0

Su = 20 kPa

EL -14.00

MED CLAY
¥ =17kn/m’

$=

Su = 40 kPa
\V4 EL-IG.SO_

STIFF SAND
y =18 kn/m’

?=y

y EL -20.00 Su = 100 kPa

DENSE SAND
y =20 kn/m’

9 =16
R,
N= 28

[ v '
JU7 4.8 maanduin 2
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9
USIANDINUINUD

¢
ANUPIVOUAGDIT

E
WIHUN(KN)

(1u17) (D17 -D2? )*x/4*24.5%H
8 6773
I Cutting Shoe
Height Area Friction
h1(m) HI1*121»
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*A 0.0
Dense Sand 0 0.0 56*A 0.0
Wile Cutting Shoe
Height Area Friction
h2(m) H1*12.0x
Sand Fill Om to -3m 3 MN3.Y 13.3%A 1504.2
Soft clay -3m to -14m 2.5 95.0 6*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 = 6 m
C-kPa Y 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
o 7782.3
End Bearing-Lower Bound
C-kPa ¥ 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 3316 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 -Weigth

= 3426.0 kN
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é'&e
=n.
G

v EL+0.00

JACKING FORCE JACKING FORCE

l l

5 EL -14.00

MED SAND
¥ =19 kn/m’ l i

9 =33

SOFT CLAY

= 16.5 kn/m’
; e e Upper bound = lower bound

Su-= 20 kPa

MED CLAY
y =17 kw/m’

8=

STIFF SAND
¥ =18 kn/m’
¢ = 0

Su = 100 kPa

DENSE SAND
¥ =20 kn/m’®

=36

cC=20
N= 28

] E ]
317 4.9 m3awdun 3
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) ANNGIVOUALDIT WINUAKN)
HERRITITTHTNG (1u919) (D17 -D2° y*x/4*24.5*H
11 9313
1 Cutting Shoe
Height Area Friction
h1(m) Hi*12 1%
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*A 0.0
Dense Sand 0 0.0 S6*A 0.0
mile Cutting Shoe
Height Area Friction
h2(m) H1*12.0x
Sand Fill Om to -3m 3 113.1 13.3*A 1504.2
Soft clay -3m to -14m 5.5 209.1 6*A | 12544
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 3101
End Bearing- Upper Bound Depth sunk =9 m
C-kPa Y 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
0584.1
End Bearing-Lower Bound
C-kPa K End area kPa kN
Sand Fill - 19 0 5945 0.0
Soft Clay 20 6.3 36.4 263.3 0584.1
Med Clay 40 17.0 0 382.6 0.0
Stift 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

76




gee
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NN

\V/ EL +0.00

JACKING FORCE JACKING FORCE

l l

MED SAND"
¥ =19 kn/m’

SOFT CLAY
¥ =16.5 kn/m’

¢ =

Su = 20 kPa

hl'_"I: / /'\ v

Upper bound = lower bound

MED CLAY
¥ =17 kn/m’

$=

Su = 40 kPa

STIFF SAND
¥ =18 kn/m’

¢ = 0

Su = 100 kPa
DENSE SAND
¥ =20 kn/m’
6

(¥8)

Il
<

¢
B
N

Il
D
]

I i
3UM 4.10 M3wwauh 4
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WINUA(KN)

(A7) (D12 -D2? y*x/4*24.5%H
14 11853
# Cutting Shoe
Height Area Friction
h1(m) HI®*12.1%
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*A 0.0
Dense Sand 0 0.0 S6*A 0.0
Hilo Cutting Shoe
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*A 1938.7
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 3785
End Bearing- Upper Bound Depth sunk =12 m
C-kPa & End area kPa kN
Sand Fill - 19 0 8192 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 5625 0.0
11385.9
End Bearing-Lower Bound
C-kPa i 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
11385.9

Jacking force = Total Friction + Lower Bound End Bearing -Weight
= 3317.0 kN
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=h.
n

JACKING FORCE JACKING FORCE

X7 EL +0.00 2m

MED SAND
7 =19 kn/m”

¢ =13

Bla b
Lo BN

SOFT CLAY B

¥ =16.5 kn/m’

Su = 20 kPa

MED CLAY
y =17 kn/m’

STIFF SAND
Yy =18 kn/m’
¢ =0

V. EL -20.00 Su = 100 kPa

DENSE SAND
¥ =20 kn/m’

9 =36
C=0
N= 28

' e 1
319 4.11 msawdun 5
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, ANNGIVDUASDIT WINIn(kN)
1I99HINUIVUD (a5) (D12 -D2? yrx/a*24 54
17 14393
#l Cutting Shoe
Height Area Friction
h1(m) HI*121 %
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 0.5 19.0 28*A 5322
Stiff Clay -16.5 to-20m 0 0.0 60*A 0.0
Dense Sand 0 0.0 56*A 0.0
Mile Cutting Shoe
Height Area Friction
h2(m) KR 2 U
Sand Fill Om to -3m 3 113.1 13.3*A 1504.2
Soft clay -3m to-14m '$ 418.1 6™ A 2508.9
Med Clay -14m to-16.5m 0.5 19.0 9.33*A W43
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 4723
End Bearing- Upper Bound Depth sunk =15 m
C-kPa | End area kPa kN
Sand Fill - 19 0 10157 0.0
Soft Clay 20 16.5 0 362.3 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 ¥ 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
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JACKING FORCE JACKING FORCE

l l

T EL +0.00 2m

L B

SOFT CLAY
¥ =16.5kn/m’ h2 1S m

¢=9

Su = 20 kPa

Upper bound excavation

MED CLAY = h|—&— / L
y =17 kn/m’ A —

4= Lower bound excavation
0

v EL -16.50 Su = 40 kPa

STIFF SANQ
¥ =18 kn/m’
¢ =90

\V4 EL -20.00 Su = 100 kPa
DENSE SAND
¥ =20 kn/m’
$ =36
CcC=0

N= 28

] ¥ ]
191 4.12 Mywdui 6
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, ANUIVDUATBIE MG
UIRUANUIHUHA (1UR5) (DI 2 a2 Yo x/4%24.5%H
20 16933
11 Cutting Shoe
Height Area Friction
h1(m) H1*12.1 %
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
Stiff Clay -16.5 to-20m 0.5 19.0 60*A 1140.4
Dense Sand 0 0.0 56*A 0.0
ile Cutting Shoe
Height Area Friction
h2(m) HRCA N
Sand Fill Om to -3m 3 13,1 13.3*A 1504.2
Soft clay -3m to -14m 11 418.1 6*A 2508.9
Med Clay -14m to-16.5m A 95.0 9.33*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 0 411.8 0.0
Med Clay 40 17.0 0 5358 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 ra 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

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

=0.0 kN
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3__5 e
=n.
2

7 EL +0.00 v 2Mm

MED SAND
¥ =19 kn/m”

Lo §

SOFT CLAY
¥ =16.5 kn/m’

$=

Su = 20 kPa

18m
h2

MED CLAY
y =17 kn/m’

¢ =0 Upper bound
v EL -16.50 Su = 40 kPa l

STIFF SAND h]—&— m ¢

=18 kn/m’ x
A e Lower bound

¢ =

v EL -20.00 Su = 100 kPa

DENSE SANN
¥ =20 kn/m”

¢ =34

(5]

C
N =

=

8

31071 4.13 msaududl 7
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” ﬂ??ﬂgﬂﬂ]@ﬁlﬂ“ﬁ'ﬂ\iﬁ: ‘I:l'l‘}’iﬁﬂ(kN)
LIRUINUIHUD (11597) (Dlz D22 Yex/4%24. S¥H
23 19473
I Cutting Shoe
Height Area Friction
h1(m) HI*12.1#
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
Stiff Clay -16.5 to -20m 0 0.0 60*A 0.0
Dense Sand 0.5 19.0 S6*A 1064.4
mile Cutting Shoe
Height Area Friction
h2(m) H1*12.0 7
Sand Fill Om to -3m 3 113.1 13.3*A 1504.2
Soft clay -3m to -14m 11 418.1 6*A 2508.9
Med Clay -14m to-16.5m P.3 95.0 9.33%A 886.7
Stiff Clay -16.5 to-20m 8.5 133.0 20*A 2660.9
Dense Sand 0.5 19.0 18.67*A 354.9
Total Friction 8980
End Bearing- Upper Bound Depth sunk =21 m
C-kPa v 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 e End area kPa kN
Sand Fill - 19 0 13805 0.0
Soft Clay 20 16.5 0 461.3 0.0
Med Clay 40 178 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,
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HITIYTN (1R3) (D17 -D2% y*x/4%24.5%H
25 21166
7 Cutting Shoe
Height Area Friction
h1(m) Hl*¥12.1%
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 S6*A 1064.4
ile Cutting Shoe
Height Area Friction
h2(m) H1*12.07
Sand Fill Om to -3m 3 3. 1 13.3*A 1504.2
Sofe clay -3m to -14m 11 418.1 6*A 2508.9
Med Clay -14m to-16.5m .8 95.0 - K N N 886.7
Stiff Clay -16.5 to-20m ¢ 133.0 20*%A 2660.9
Dense Sand o) § 209.1 18.67*A 3903.4
Total Friction 12528
End Bearing- Upper Bound Depth sunk =26 m
C-kPa - 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 - 1.9 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,
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5.3 Lab Monitoring
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Soil Parameter T Other Parameter 1 T Other Parameter 2

| Number of Sail Lny(?l

Layer Depth of Layer Uﬁol,\g;;gh Friction Angle Cohesion Pense:?:t?oidl'esl Srlmf:gglt?::glh Ko
(] (kN/m3) (N) (kPa)

¥ 9 Y
3UN 6.2 mslamguauifuesiuudaziu

4. vhmslamaguauiiavesiag

L] fc
. fcu
i
\\ ¥
e Unit weight of concrete
» Unit weight of concrete plug

o 11 4
5. s lamauiamnaesd

o vwaduruguinielungesd (D))

9/ (] 4 4
o vinadurmuguinueninwesd (D)
. mmqammmﬁ(H)

o Thickness of base slab (b).
e Thickness of concrete plug (p).
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Soil Parameter T T Qther Parameter 2
Material Strengths
Concrete f'c i—3{_30 T Mpa Unit weight of Concrete s KN/m3
feu ET—QHE T Mpa Unit weight of Concrete Plug (ﬁﬁﬁ T KN/m3
ReinForcemsntfy [i605————  Mpa
Duter Diameter [Do] T m O
Inner Diameter [Di] 8 m 'E .
Height of caisson [H] RSN £ {
Thickness of base slab [b] g_ ~ AN m N
Thickness of concretepluig[p] 27~ m |
':A- & &
Command1 :

~ LI v o o
317 6.3 msldmpaauiuesiag, suianyesd

° 3 a =
6. MmsdenuAmanEasuLIazIzosuABUNT A VS

- Cutting shoe.
- Caisson wall.
- Base slab.

7. fuauiAoue

- Unit Weight of water.
- Surcharge Load.

1
@

- 52AUN Base slab
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Soil Parameter

Other Parameter 1

Rein Forcement

At Cutting Shoe

use DB 25
At Caisson Wall

weDB [
At Base Slab

use 2DB (23

Other

Unit weight of water
Surcarge Load

Level of Base Slab

0"
o

{33

coviing 19 cm
Rephr

e o

kN/m*m*m

kPa

m

. A ot

Command! |

107 6.4 @envnamdniasy, auauiaou

8. alaaAnsuudl na Commandl

o a 3 = 9/ [ wa a
9. Nlsunsugimsusasanyazdudueanuiilugilam nieuduguautifuosau

1
Tuneazary
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[ Surcharge 20kPa |

Ground Water at Surface |

Su=20kPa, Unit Weight = 17 kN/m2 , Ko =0.75

15m
Su=100kPa, Unitweight =18 kN/m2 , Ko = 0.65
20m
Su=140kPa, Unit\Weight = 19kN/m2, Ko = 0.65
26m
3m Su=180kPa . UnitWeight = 19kN/m2 , Ko =0.62
3A3m |
34m

] E
3UM 6.5 AnvazveItuAy

10. TdsunsuazuaasHanmsfIuIn
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0 1 Result 2 il Tab2
Lateral Pressure
Depth [m) Sum Overburden Ko Lateral Earth Water Pressure Sum Lateral
Pressure [kPa) Pressure [kPa) (kPa) Pressure (kPa)
0 20 75 15 0 15
15 125 75 93.75 150 24375
20 165 .65 107.25 200 307.25
26 218 .E5 142.35 260 402.35
33 282 B2 174.84 330 504.84
3 291 B2 180.42 340 520.42
Against Uplift Pressure
Weight of Caisson 28557.077185529 kN
Mobilized Skin Friction  [39049,9966841211 kN
Uplift Pressure 25916.1393921158 | kN
Factor of Safery 2.608485
=) o
717 6.6 wamsfuIn
Result 1 ' B Tab?2

Forces Acting on Caisson Wall during Sinking Stage
At Caisson Shoe

Lateral Pressure , P 624.5039978027: kPa
50% of Lateral Earth Pressure [108.25199890135] kPa
Bending Moment M 441.1269 kN.m/m

Asial Forces N 3237.267 | kN/m
use 25 ‘ mm
Base Slab Calculation
Base Slab Moment
Uplift Pressure Wu kPa
Moment M 928 kN.m
e o
A
71U 6.7

At Caisson Wall

605.808 kPa

Ayial Forces N 3029.04 kN/m
Ultimate Axial of Wall Nu kN

Lateral Pressure P

e on
Base Slab Shear
Critical Shear __ Ton
Ve [55.435359457047] Ton
use U shape@1000 | mm for Safty
o
WAanN1IATUI
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Result 1 B Result 2 |

Im

|

DBE20B150mm

DBE0@150mm

bbb bd bl b b AARAALE Rl AR A L2 22 s aansa]

/I‘I Bor RB12@1000mm

DB2S5@150mm om

Z0B32@180mm

317 6.8 Han1sAIuIn
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Y] 3 =) 1 = 3
1. lslanusuaulifu 8 Fu

9 o o o
2. 1‘11?[']1’7iﬂﬂﬂﬂLLUﬂlﬂ%ﬂQﬂﬂiﬁﬂﬂM

E
3. Tdsunsuldmseenuvumanasylnedsiardu USD
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7.2.2 dymmsmasunialdin

v b
laymn - nouninga (Plug) Tuarmmwesddiulngzeginhszauild
Vv 3 ¥
au eiududealimamaounialdinlaslsasmsae sl 1l suseuinathisu
= | o AR o q HAa g W& [ a v Y
aounsa uaneunsaiiimdnunnih g Iunfad luSurhminldegernfamsianiinld
o L :’ o 1 o s | é
mlnounianauiihieiliaouninga (Plug) Tildmdsmundesnsdadiuaung ¥

AaMsuINAIveaY (Heave) 14

£
o

7107 7.1 msmaeuninga(Plug) 1

unwamauddayn — fa Tailuenauivmamiduddesnsesdie 1

[ :’ s = 9
musasuiminasunsald

m it
apunNInaa(Plu
=z / 1A (Plug)
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: Yu oot :
g 11
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