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NARAKORN SAELAO: SETTLEMENT OF PILE RAFT FOUNDATION FOR CASE OF
INSUFFICIENT FOUNDATION CAPACITY. THESIS ADVISOR:ASSOC.
PROF.WANCHAI TEPARAKSA, D.Eng., 136 pp. ISBN 974-17-3819-6

This research aims to study the behavior and predict the settlement of cut and cover tunnel.
The cut and cover tunnel was designed as the pile raft foundation with pile tip penetrated in the stiff
silty clay layer with tip at —=17.40 m. below ground surface, while the excavation was varied between
-0.40 to -10.20 m. depth. The settlement of cut and cover tunnel is based on the data of field
measuring SP-02, SP-03, SP-05, SP-07, SP-10 and SP-12. The research is also extend to the stability
of sheet pile braced excavated system, pile capacity and bearing capacity of subsoil under the raft
in order to verify the appropriate parameters for prediction the settlement of the cut and cover tunnel
and compared with field performance.

The stability analysis of sheet pile braced excavated system was based on Terzaghi
(1943)’s theory. The estimated pile capacity was based on Static Method while the estimated
bearing capacity was based on Terzaghi (1943)’s theory. The settlement of cut and cover was

estimated by means of Finite Element Method (FEM) based on Mohr — Coulomb soil modeling.

The results showed that the safety factor of sheet pile system is high enough to protect
heaving effect. The behavior of pile raft showed that all piles were taken over their ultimate capacity
and transfer to the bearing capacity of raft foundation in soft clay. At location SP-02, SP-03 and SP-
07 the applied on raft foundation was very high compressed to their capacity and lead to induce the
Bearing Foundation Failure. At location SP-05, SP-10 and SP-12 the soil bearing capacity beneath
raft foundation was able to carry the applied stress, the failure was, therefore, in the mode of Pile
Foundation Failure. Based on field performance the pile length was not enough to carry the real

loading on cut and cover tunnel.

The analysis of settlement of cut and cover tunnel by means of Finite Element Method (FEM)
agrees with field performance. The appropriate E /S, values are equal to 100-120, 200 and 350 for

soft clay, medium clay and stiff clay respectively.

Department Civil._Engineering Student’s signature

Civil _ Engineering Advisor's signature
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Friction angle = ¢
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dwisvlunsangusindugl vasudn e (Square Foundation)

9 =13cNo+gN, +04y BN, (2.5)

o o 4 3 . .
dmsulunsangusndugienay (Circular Foundation)

G 13N N +03YBN, (2.6)

o o ad o 4 4 a9 ,
mmn"luﬂimmgmswmﬂugﬂﬁmafmwum (Rectangular Foundation)
B B
g, =| 1H+02— [N FgN +]1—02— ViBN, 2.7)
L L

dm5ug s InNlanyaznIIALLUY Local Shear Failure 1u@t Terzaghi lAuug

o [

9 v
UMsMIAamanuasalumssuihminussynilszaslunsangusnlianyazaie
k4

fane lTl
o Y AA g 1 A b .
mmu"luﬂimmﬂugmsmmmm (Strip Foundation)

2 ! ! 1 !
Dt =;ch TaN, +;71BNy ...... (2.8)

9 o A < A A v o .
dwisvlunsangusinddugl@vasuin e (Square Foundation)

g, =0867cN_ +qN, +04y BN, (2.9)
0w { S . .
dwisvlunsangmusinilugiieanay (Circular Foundation)

14 14 !
4, =O86TcN. +qN| +03y, BN, .. (2.10)

!

P Modified Bearing Capacity Factor uaagluasnem 2.1

A "o
130 NN N
q

c Ao ANUFDLLY (Cohesion Intercept)



Values of %,Nq

Ne -~ ]
Ay |9
Za
7
V
Y vV
// /
AL //
N
A/
paidd Ne
L
1 Ng /’
/
10 100 500

3 19 2.10 ueragm Terzaghi’s Bearing Capacity Factor 1%31 Shallow Foundation

AN 2.1 LdaIa Terzaghi’s Bearing Capacity Factor %51 Shallow Foundation

13

General Shear Failure Local Shear Failure
/ N Ng i Ne Ny Ny
0 5.7 1.0 0.0 5.7 1.0 0.0
5 7.3 1.6 0.5 6.7 1.4 0.2
10 9.6 2.7 1.2 8.0 1.9 0.5
15 12.9 4.4 2.5 9.7 2.7 0.9
20 17.7 7.4 5.0 11.8 3.9 1.7
25 25.1 12.7 9.7 14.8 5.6 3.2
30 37.2 22.5 19.7 19.0 8.3 5.7
34 52.6 36.5 35.0 23.7 11.7 9.0
35 57.8 41.4 42.4 25.2 12.6 10.1
40 95.7 81.3 100.4 34.9 20.5 18.8
45 172.3 173.3 297.5 51.2 35.1 37.7
48 258.3 287.9 780.1 66.8 50.5 60.4
50 347.5 415.1 1,153.2 81.3 65.5 87.1
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@ J 1 [ a wa 4
UYMW UUUNIINTIA, (2542) Ulf’%}ﬂa'nﬁﬂﬂ']i!L‘(’Jﬂaﬂ‘klﬂlZﬂ'lﬁ'J‘U@]‘U@\‘]:ﬂ;'lui']ﬂﬁu

1 ~ 1A a A ~ A a A
'J'IL‘]J‘L!ﬂ'lifJ"IﬂVIﬂgigu”ll@ﬂ!‘ll@]31ﬂusﬁuﬂiﬂﬁﬁﬂﬂﬁmﬁlﬂ1’m$mﬂ General %159 Local Shear
. ' < A A U 1 dyd a 2 q J o A
Failure @ﬂ?ﬂulﬁﬂ@nll ?N‘VIi]%ﬂa"l'm@hl‘]Ju!‘]JuLLu’WI"NGlUﬂ"ﬁWﬁ]"liﬂ!']‘ﬂ)’filluchfﬂj;]l;ﬂm“ﬂ@']ﬂf”nﬂ

Ao ldidieue 11

1. Stress Strain Test (c — ¢) Soil

LS .

General Shear Failure 9210alunsaiNY Strain ﬁ”lﬂ?@f!jﬂﬂﬂ’j”l 5 % 1§ Local
A =

4 1] H
Shear Failure 923 Stress Strain Curve gadu li)iFovuaziyadiiaeivgeda

10-20 %
2. Angle of Internal Friction (¢)

a ] a Y a . 19
MINAUTYN P 1NNI 36° AITILNIU1¥INA General Shear Failure A9

MNeenIN 28°A259: N3 1¥AUIAA Local Shear Failure
3. Standard Penetration Test (N, Penetration Number)

I N >30A2398W15a 1I0A General Shear Failure IWI1ZAUUUUNSO

U910 At ¥ <sar30zia15an1fine Local Shear Failure
4. Density Index (Relation Density, D,)

W10 D> 70 A1592W9158117IAA General Shear Failure

1ag D, <20 A259¢ W31 17INA Local Shear Failure
5. Plate Load Test

[ I Y] [ dyl Aa A . £
3191990903 M2 UAI193¥91AI510A General ¥38 Local Shear Failure %4

lunsaived Local Shear Failure 92 laienunso g, 910 Load — Settlement

ult

Curve h]&?]}

v
a a

£ A A 3 Y 5 .

DUNTIUIINNUNUNIUTYY (Smooth Footing Base) 92191 Ultimate Bearing
[ Y 9 Y

AN A Y o o/ =

Capacity AINNFIWSINATNUAMOY daiudmsugIusTInNuneuIsionls Safety Factor

9
Y

1 a wa 3 o o { !
NN Llagjuﬂ']\‘l‘ﬂQ’]_I@]ﬂ']iWlﬂ’l’)Llﬂ?@]ﬂ‘V]']hlﬁ}ﬁuﬂlﬂﬂﬂ"lﬂﬁ']ﬂﬁﬂ']ﬂ%ﬂﬁ?ll'ﬁﬂu"Iﬁllﬂ"liﬁﬂﬁ?'l

1144

dy A 1 9 o & ~ 9 a 4
TuMseenUUUFIUIINAUYIFINB AT NI NTUNILADIUATIZHANUEAINTO
MUMFITVUTWUAMUNYIAUIZTOISTY  TAgMIATINAOUAIADETMNUBINIAIT UL

HUANIUNDITAUIN
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q
FS= —4 (2.11)
qa/low
d‘ = 0o W
190 q,, A9 MATVUTIVANIUGIYA
= o v o ~ Y
o Ao Massuusunmuneouls
= 1 [ Q'J I~ 1T W
FS. Ao manulasany Tagna ldTiauninu 2.5 -3.0

. ] P . o v
Meyerhof, (1950) ‘W’]J’J1Lﬁf]ﬂ’JHJgﬂﬂl’ﬂ\‘Iﬁ?ﬂﬁmﬂﬂﬁu&’t’)iﬁ]g‘ﬂﬂﬂ Shear Strength

a a = 42‘ o o Y . . a Y 3
VBIAUUTIUTIUIINUAGIVY ouunaiinli Bearing Capacity mmﬂuqqmﬂﬂma ATUY

9 4'4; UL 1 09’1 d' [ 1 9 ~
M3 lgandingened luduinlasanendi snmiulunsalved Dense or Very Dense Sand and

'
KX 1 o v w

Gravel Faaiassunsaunmuieonli(Allowable Bearing Pressure)19gni1iagion1inga

[

A7

v

IETRGH! VUTIUDNNUGIFA (Ultimate Bearing Capacity)

Z)

2.4 mamaaziumassvinvnveuautulagldds Static Method

o w < A 3 o Y
ﬂ'ﬁﬂ’]ﬂﬂgljUﬂ’]aQsﬂ@\uﬁn"Ulliﬂﬂ:]% Static Method ﬁ’lm’liﬂﬂ’lhlﬂiﬂﬂﬂ'ﬁﬂ’]waiju

o 3/ o [~ y iy, o
ﬁUi’]\1ﬂ"liﬁUuWWUﬂﬂJ@QLﬁWL%NBHLﬁQQMTﬂiﬂlliﬂlﬁﬂﬂ‘ﬂn! (Friction) uazmﬂuiqsﬁjmmumﬂ

9
v A

< . o o 3’ @ QBJI 9y
ﬂa’lﬂlﬁ’”ﬂlll (End Bearmg) mﬂwai’JiJGU’ENmmmii‘]JuWiuﬂ‘l/]\‘]a‘mﬁmﬁmmmulﬂmu

O OPtO uridds AWM 000 (2.12)
lil 0, Ao Msssuiminveuaudy

Q, fo Mdsumihminvesenidusudeunnnus udanu

Q, AomdsfuihminveuaSusuiiiounainus iy

<
10 Uaneauay

o w I { o a a ]
MImanzuiIavaaE I uaTan e ldaeddsie  MIAAIITHUBVKUY
a 4 ] Aa A
1339994 (Total Stress Analysis) HAEMIAATIEHUVUN U595 adNTHa (Effective Stress
. an a J g (5% J ' a
Analysis) Tﬂammmmzﬁmlm’gﬁmi’mmzmzﬁuagﬂumﬂﬂizﬂauwawﬂizmmfu FUA

Y99 tazszeznasaula lumsaiuim

2.4.1 FEmsmanziuMasve e duifonusud@aany (Skin Friction, Q)

=\ a <3 Y I A =
LLiQLﬁEJﬂﬂ"I‘L!i’E)‘]JW?Lﬁ’%ﬂ]i]ﬁnﬂimwﬂﬂ@ﬂllﬂlﬂuﬁ’f)\iﬂizmﬂﬂ@ UIUTIANIU

< 3 a < &’/' a o
ﬂlﬂﬁlﬁ"llsllﬂmlu%uﬂutﬁﬁﬂﬁ LLﬁ%LLiQL?TEJﬂTI"IUGIJ@QLﬁ"IL"UNiu%uﬂu‘ﬂiTﬂ °1umsmmzmmawm

=1

<A a A , o4 g A Yo A
!ﬁ'llélllllu@\ifl']ﬂlﬁﬂlﬁﬂﬂ%']ufnlnjﬂV]{ﬂgslclfﬂ'Nﬂszuﬁ']usU@QﬂaﬂTﬁ@ﬁm@Qﬂujﬂﬂqu
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NAFAUMTAITVUTUNOUVOIAY (Shear Strength of Soil)

rT=Cc+Cw¢ (2.13)

Y
¥ o

AUUTUNITVUDNN

9

Strength) uaaq lAd il

[ 1 IS v oA
T0IVOIUTUTIAMUTZHNUFUINA LAY (Pile — Soil Shear

f,=C +0,tmo0 . (2.14)
1/
f,=C +KO, tmo . (2.15)
A o v o A a
T A9 MAITULIUNDUVDIAY
9 1
o A9 NUIYUTIADINVUTZVTNAMITA
¢ Ao YUAWNIULTUNDU (Angle of Shearing Resistance)
L Ao 11U ATEANU (Unit Skin Friction)
Cy A9 Soil Adhesion
o, Ao viousalszaninaveadulunuing (Vertical Stress)
o, Ao wieusalssaninavesanlunuiuey
' S v a o .
Fo) Ao 14llL?(EJﬂVHl.!izW’JNLﬁ”IHJﬂJﬂUﬂu (Angle of friction)
=
naaaluaisnem 2.2
= o a v a 9 9
K Ap duilszanusauAUAIUI
(Coefficient of Horizontal Soil Stress) (L& aalumsnan 2.3
A [} a a( v A Y 9 a
K Ap AUz ANTUTRUAUATUI IV UADA

(Coefficient of Earth Pressure at Rest) uaaalumsnan 2.4

o v o 1 a o a
Kulhaway, (1984) l@imsAnmanuduiusvesyudoaniuszninaunusiia

[ ! 3 Ao a 2}’ y @ a
GUf]\1Lﬁ’l!"U1]ﬁvl@gljil'ﬁ]'lﬂﬂfiﬂﬂﬁﬂﬂlﬁ'lﬁlﬂﬂﬂfﬂﬁﬁﬂGNLﬂ%!'ﬁ'Nﬁ@jﬂlli\ﬂ%ﬂﬂﬂ’luﬂiﬁﬂluﬁHWM LA

v Jdo

9 o 1 o a v a 9 9 {q ¥ < Y o
Ulﬂl!ugu']ﬂ']ﬁllﬂigﬁﬂ‘ﬁLli\1ﬂuﬂu@'luGU'Nﬁahfcluﬂ'ﬁ@ﬁ)ﬂll‘U‘ULﬁ'llmiJ I@ﬂiﬂﬁﬂ')'lllﬁllwu‘ﬁ U

g v
dutlszansuseduaududnvanaluaniziniesauiuln@  (Normally Consolidated

Sand)
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§ 1 ' a o a <
ﬂ']ﬁ']\‘]‘ﬁ 2.2 u,ﬁmﬂmmﬁt’mmuizﬁmmuﬂmmmlm!,m!ﬁlm , Kulhawy, (1984)

Pile/Soil interface condition Angle of pile/soil friction , O
Smooth (coated) steel / sand 0.5¢’t00.7¢(

Rough (corrugated) steel / sand 0.7¢'too.9¢'

Precast concrete / sand 0.8¢'t01.0¢'
Cast-in-place concrete / sand 1.0¢'

Timber / sand 0.8¢0'100.9¢'

] 4
A15199 2.3 uaaduilsEanFusaduAUAIUI, Kulhawy, (1984)

Installation Method K /K,
Driven pile, Large displacement 1.0t0 2.0
Driven pile, Small displacement 0.75to 1.25
Bored and cast — in place piles 0.70to 1.0
Jetted piles 0.5t00.7

] s ]
MINN 2.4 LLET@N?I1ﬁll‘ﬂigﬁﬁ"ﬂ‘ﬁlﬁ\‘lﬂ'Llﬂu%WU%NLL‘U‘]Jﬁﬂ@ﬂHﬁﬂTJgﬁﬂiTfJi’)ﬂ

uUund, Kulhawy, (1984)

Relative Density K,
Loose 0.5
Medium — Dense 0.45

Dense 0.35
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oYV v = < g’l a =
2.4.1.1 MasTunsudsamuveuandnlududumiled
(Friction Capacity in Clay)
) v A =1 ) A o A =< ] Ao ) Y
dgmsuaumiionTaena leslimdudseansmsFurmundnnn uagilinsg
a va a = 1 o . .. 2 o ya = 1 9
1 sumﬂumumﬂzag“luaﬂymz Undrain Condition m‘ﬂﬂﬁﬂumumuﬂmmmmmm

A Ao = Aa wva o YA [ 4 A [ A VA g
[RDUNATUIN %ﬂum@ﬂgumzmﬂuﬂalwuﬂmmﬂug{uﬂ LazIzaLAn NNFBLUUNTIY

v o v A

o a [ g < 3 a v 1 J
N1ANUBDIAU muumaqmmmumaummMu%uﬂumﬁmmmiam”lﬁ’mﬂﬁummm’o”l‘ﬂﬁ
Qf =fSXAS

Qf =C XpXL,

OO L Kossammmy, L. (2.16)

11D o Ao Adhesion Factor

< [l { A
Ao anvea N luaIUANITA VLT AT ANIY

)Y

P

= Y <3
p L NATE LT IR NT STRTEY

A, 1 9 < 3 a {0 [ ] 1 o Y .
Imsneaaa vy luruauviisInaanugauainani1iin Adhesion Factor

1 1 @ 1 $ o w w < uszl
Te1e190U taza1 Adhesion Factor N4 1umsmanzusidssuns udoamuvoaaudylusu

'
1A

a ~ = A 1 o v w A ] g’ o y 9
ﬂumuEI’J"U%NﬂWﬂl‘ﬂaﬂuLLﬂﬁ\Wl11]?11ﬂ1aQSULLEQLQGNLLUU1ME$UWEJM1 uaﬂuﬂwuu%w

| o aw { @ 1 - o [ <3 J 1%
!%ﬁl':]“]ﬂiy‘ﬂ1ﬂ15’lilﬁl!ﬁﬁnﬂﬂﬂ1 Adhesion Factor t’fﬂ’iiﬂlﬁ%"lll]‘l]ﬁ%!ﬂﬂﬁ%‘l“]hl%ﬁﬂﬂlﬂflﬂ\ill’dﬂ\i

Tuzin 2.11

12 - -

f | T ! T ‘
| |
[ S—— v - NN (Sw—
% \ _—Driven and driven and cast in-place piles ‘
E’ 08 1+— '“"'-':_:‘-\"Q— 7B | S T SERE S Ao
2 ¥y | _—Bored piles
= 06— —— ]
<}
3 04+— | A~ M I b BN - —
S I Reduced values for driven—"
<. Py piles where L < 108 and till E
Oz is overlain by soft clay | [ o =]
0 | . i J ‘ |
60 80 100 120 140 160 180 200 220

Undrained shear strength C, , kKN/m?

9
1Y 1Y 4 1 0o v o 1 o
Z‘]Jﬁ 2.11(N)  BEMNANUANNUDT Adhesion Factor Lla$ﬂ1ﬂ']a\iﬁﬂllﬁﬁlﬁﬂuuﬂﬂllll331“511!']

(Tomlinson, cited in Weltman 4t8g Healy, 1987)
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1.20 r :
% Base Grouted Pile (Tip in sand)
- N b * Normal Pile (Tip In sand)
v X
:‘% 4 - @ Normal Pile (Tip In Clay)
2 0.80 S | L —
S SN Tip in sand
g /fv"'\'%‘\ S .
- - ."‘- <3 ™ .
= ~Ng e e :
2 Tip in Clay R e S o —ix* "
g 0.40 p a b o *-.-:?‘, ------ 4
X it P
Base Grouted Tip in sand
D 00 1 1 1 L 1 L L L J 1 1 1 1 | L L 1 1 1 1 1 L ‘ L 1 1 1
0.0 5.0 10.0 15.0 2 20.0 25.0 30.0

Undrained Shear Strength , S, (Umz)

{ v o J 1 o v o 1 g’
gﬂﬁ 2.11(V) HaanNNTUNUD Adhesion Factor L!a%f’nfna\ﬁ‘]JLLﬁQLﬁ’E]UL!U‘]JlllI3$1J1$Ju'l

o [ < { < 1 09/’ v @
mmmmwmmﬂummqu ﬁﬂmmm!ﬂlmnegﬁluﬂfumw, UKy, 2543)

o W w =S =3 g:' a
2.4.1.2 Massuusuasamuvadaudnluruauns e
(Friction Capacity in Sand)
1 % =) Q( 1 H (% a wvAa =)
mmmumw%ﬁmﬁuﬂﬁzﬁmmicﬁumuﬁqa HAZANHULNITIVAVDIAY
1 @ . , - =2 o vy 9 CZ a v a
N3189208 lUANYAE Drain Condition 33911 IMAB l¥nmantidvesaunsseglumenilszans
1 a A I~ o o w a
Wa (Effective) WN512HU811591)5s@NTHa (Effective Stress) %Lﬂummmumawmﬂu uag

= 1w

a a A =\ =] A 1 3 Y 1 Aa wva =
VINNEYANTTNVBIAUNTIINDTIVISNLUIIYANUIIDYLIANUDY LL@GlHVIN‘]J{(]‘Uﬁﬂgﬂ@'ﬂilﬂ'mfl']ﬂ‘ﬂ

9

d o oaj o w w = [ a ~ 9 @ 1 =1
AUy ﬂ\ﬂ!uﬂ'l'ﬂ\13ULlﬁ\1Lﬁ‘(’]ﬂ‘ﬂ'lumﬂﬂlﬁ?kﬂlﬂiuﬂuﬂﬁWﬂﬁWﬂ’]ﬁﬂﬂﬂ$ﬁ11ﬂ%1ﬂﬁﬂﬂ1iﬂ\1@]ﬂulﬂu

Q, = fy X A4
=k XO XtanOXPXL (2.17)
Qf ! , Xtan At 1Y .
d‘ A [ a Qf v A 9 9
D k o auﬂizﬁmmmuﬂumuw

(Coefficient of lateral Pressure)uﬁ’ﬂﬂumi”lﬂﬁ 2.5
1 1o a v A o [ <
@nﬁNﬁ 2.5 Llﬁﬂ\‘iﬂ1ﬁiJ‘]Ji3ff‘Vl‘ﬁLliﬁﬂu@uﬁTu%}NﬁTﬁiﬂﬂumﬂWfl"l‘]J

(Coefficient of lateral Pressure in granular Soil, k), (Broms, 1965b)

Type of pile Loose Dense
Steel K=05 K=10
Concrete K=10 K=2.0
Timber K=15 K=3.0
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2.4.2 3Emsmanziumasveuauduifosninussumunindaaandu
(End Bearing Capacity; Q,)
o q 9 o w < A v <
nanmsnlslumnaaziumawe ua Ty Nus @ IIMuMNlasauiy
Y
wldnanmadernuiumsnianziuiaaweg1usINAY (Shallow Foundation) HadziidIua1g
AuNvIALEZ YR UIUAYEITEUILMIINA awaaslugli 2.12 wazussdrwumunndatem
<3 [~ A A Y 3 A ' d a =
Wyansaueneenudesriiane s umunlaemiinnigegluduaumtiey uay

9 3 A 1 asj a
Ll,'i\?@nuﬂ'lui]']ﬂﬂa"lfllﬁ']ﬂ]NVI?TQ@QGLL!GHH@LW]?"IEJ

= = | e | =

Prandtl DeBeer
Reissner
Caquot

Buisman
Terzagh

E4

{ @ { a <
719 2.12 szumsWanaeNauuATUYBIF U N UTUVI Vesic, (1967)

2.4.2.1 mashumunndmeauduiineglusuamriied

S 1

aA < ] 3 a ~ o 9 9 A
Iuﬂim‘ﬂﬂawmmmwagiuwuﬂumum i]ZﬂTHL!@THMNGHH‘VHHLLNL%E]HN?H

Vo s ~Aq Y o v Y 3 A ' S a
Wl”lﬂ‘]JfquEJ Llﬁ$i]"Iﬂﬂllﬂ"li'ﬂclslfcluﬂ"lﬁﬂ"lﬂﬂgl,uﬂ"lﬂ\?@”luﬂ']‘L!i]"lﬂﬂaﬁllﬂ"ll“]]Nﬂ??ﬂ@giucﬁuﬂu

E4
v A

~ Y
mummmmm"lﬂmu

S !
0, =4.(CN.+0,,(N, =)+ 0.5)BN )

e @=o0 wldi v, =102z v, =0
Q, =4, XCXN_

ualumalfiadenldnm v =9 az1d

=)
0, =9CX4. Wi0 Q,=9S,4. ... (2.18)

i1 Y

A A A A o <
313} A A9 NUNYU AT VY
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2.4.2.2 Masnumunndaegaudnnnnegluiudunse

aA < ' q’;l a o Y A = 1
Gluﬂim‘l/]ﬂa18!1’(1&%%’31\19@11&%1&@1&%518 i]ZﬂTViUQ1Wﬂ1ﬂ31NL%ﬂNLLuu3Jﬂ'IWH

[

4 wvAa a 1 a Aa qu’ [ 09.:
fugud uazuauliavesaunserzedlumenvesssaninanivus  AsiuauMIaINIGD
Y
e lagadl
_ [
0, =4, (O} (N, ~D+05)BN )

A ' Ay A = ~ Y =< ' a o °
LHDIVINAN N;/ Mﬂ1uﬁlﬁllllmﬂiﬂumﬂﬂﬂﬂﬂ1 Nq i]\ihllluimuﬂﬂﬂﬂ!’)m

o _ !

wlid o, =40y, (2.19)
A A 9 .

e N, D Bearing Capacity Factor

v o = a < A a 3 A A o 9
(WU%e, 2543) ﬁﬂHTWi]G]ﬂiiMﬂlﬂﬂlﬁuﬂlmfﬂ185“]/]3Jﬂ1i¢lﬂ¢]\i!ﬂiﬂ\m€]’3ﬂﬂ1ﬁliﬁﬂﬁ

o v o gl @ 1 Y A 3 A kY 1 A A
mﬁeummiuumuﬂm31@ﬂwmmummuwﬂmﬂmmnmmmmam Nq Gluﬂiﬂ!“l/lhﬂﬁ

Y
= o

@ < Y ' { 1o 31 <3
sanaiiulamaauinldarigeniinsanludanainjularwanivlszuia 60-70%

aunsouaaslalugl 2.13

6.0 T

x Base Grouted Pile (Tip in Sand)
50 Base Grouted Ple —

/ ” * Normal Pile (Tip in Sand)
x

4.0

L *® Normal Pile
3 O X X = - / —_

e

Mobilized N,

20

1.0

0.0 i L i 'l 1 A 1, 'l 'l i 'l 1

30.0 320 34.0 36.0 38.0 40.0
Effective Angle of Internal Friction (¢, degree)

3N 2,13 anwduiiugszninei Mobilized v, dudmy ¢ Tunsdifilifiana Drawdown

(WUFY, 2543)

2.5 aaﬁmmwﬁm%’mmﬁqw (Stability of Excavation)

9
TuaruyaauTage1foszuuMEunIT9zADINITUINHAVDUTDITNINYOIAY
QU (Heave Effect) Inommig luauayaaumiionsou (Soft Clay) azWi1saniaudiavguil

a IS { o v Aa § o 1 Aa
Wi]ﬂﬂﬁiillﬂu Surcharge ﬁﬂiﬂ/ﬂﬂ‘ﬂﬂﬂfa{uﬂ'@‘ﬂ °Vi'lﬂl!'i\‘]‘ﬁﬂi$°l/nil']ﬂﬂ'J"ILLng])'luGUﬂQﬂuLLéI'J

9
a 9 [} Y

< ) v J < y a v
ﬂuell'Nﬁ’qMﬂﬂgﬁ’]u1§ﬂ1ﬂﬁlﬂl’]u11uﬁ@uqﬂ 581]1]?]15]1«!1/]\1§$UUﬂﬂ$@1ﬁ]W\1llﬁglﬁﬂW18llﬂ

Y
[

dmSunanmsninsuatosnmvesaudurguilal



2.5.1 MsHuadesNINVaINUYigulay Teng (1980)

22

WaNMIved Teng dzHTAINUYANTAUMTIoIoOUDEAUAIIUBINITYANT

~ 1 :} v A VoA ~ o A I~ [
waadluzi 2.14 avenhwiinaulugunadmasy abed aznszsinalowiy Surcharge 719

k4 ! H 1
FUAUBOUFIVZOGIUTZAVUUIYA  MINAI1UBINTINNTINTAININATILTIRIUNNIDINAT

] 4
Bearing Capacity azdswamldusnadunquinamsnanateiiowinyaduvesquiungu

(Heave)
8, = D, 8=width of
~butnotto [ cofferdom q
lexceed 0.7078 A
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25+ S,,7B, +25,,B,

F.S. = . (2.21)
(71 +4)s,

H Ao Depth of Excavation, m.

qy A9 Undrained Compressive Strength of Soil, t/m.”

q Ao Surcharge around the Excavation, t/m.”

B,=L if L>D
B,=D if L<D
L o Length of Sheet Pile below dredge line, m.

D Ao Depth of Soil between dredge line and Stiff Clay, m.
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2.5.2 M3 UADYINNVBINUYiIgHIAE Terzaghi’s Theory (1943)
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F.S. = -— (2.22)

(213, = 5,1 +4)
0, = S,N.B,=575,B,
0, f® Ultimate Bearing Capacity
S, f® Undrain Shear Strength below Excavation Level
N, Ao Bearing Capacity Factor = 5.7 for Clay
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2.5.3 MIHUADY3NNYDINUHQHIAY Bjerrum and Eide (1956)
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F.S. = Ne—— (2.23)
Y tq
A A . .

1o N, f1® Bearing Capacity Factor
Y f® Unit Weight of Soil above the Bottom of Excavation
H Ao Depth of Excavation, m.
q f® Uniform Surcharge Load around Excavation, t/m.”
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o Aeg alasumlasnnuasealunuiag
—t A
Ae amasuuilasvosdnsraiuIng
e, 8A31dIUF093195uAY (Initial Void Ratio)
Aoy alasuumlasvilensalssanswalunuing

9
J 9 v o v o an o
1 mv]lﬂll'linﬂﬂ’ﬂ'lllﬁhwu‘ﬁ"llﬁ]\?Naﬂﬁ‘ﬂﬂa’ﬂﬂﬂﬁﬂ@G]’Jﬂ'lﬂunlfﬂ‘ﬂ 1 U6 AL AN

Tuzin 2.22

A, Ag,
vV Ao,
my
gy | Ag, Ey = Ae

Lo_t2
Ao,

l Evo l Evf

d' 1 [ a q‘f [ Y a a
719 2.22 ugasmsmarduilszanianuda ldiFalsuag

(Coefficient of Volume Compressibility; m,,)



33
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2.8 STV UM UTNH (Pile Raft Foundation)
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2.8.1 ANHUSVBITNNMISVHIHITNUBIIZUUG T I UTMUR
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Curve 0.
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Curve 1;
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Curve 2:
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Curve 3
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Piles yielding
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Design —
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selllemant
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A Y] [ ]
gﬂ‘l/l 2.25 1aadanyUe Load — Settlement Curve Y9I UUFIUIINAUVNLE Poulos, (2001)
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Tae3s Development of Approximate Method Y84 Randolph (1983)
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k,+k(—2a,)
k, ="t——" L (2.35)
1—-a >

p
P

i P _ (1 —arp)k’

P P+P, k,+tk(0—20)

In(n)
15 =l-- . (237)
2r,
In| s
d
p
oy v A o 1 = (Y
HIMUNINNTSNIADITIUNAUNIND
l—a, y
P = ——XP (2.38)
T {204 )
r r p
g’ o A o 1 < 1
UIRUNNNIZMABLITUVNNQN
-,
p=[1- ——|xp L. (2.39)
k +k (1—20 )
p 7 p
4 A ! .
e k, A9 Stiffness of piled raft.
k, A9 Stiffness of pile group.
k, A9 Stiffness of raft alone.
a, f® Raft - Pile interaction factor.
A 0
B f® Total applied load.
P 9 Load carried by the raft.
P, 9 Load carried by pile group.
n f® Ratio of circular raft diameter to pile diameter.
d, A9 Diameter of pile
r A9 Radius of influence of a pile

r,=250L,(—=V) (L, Id, >5)
r,=25pL (1—=V)+25d, if(L,/d, <5)
P A9 Soil inhomogeneity factor
L, A9 Embedded length of a pile

14 ﬁﬁ) Poisson’s ratio of soil
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2.8.3 MINANZIUMAIVITINUITZNOVVDITZUDF U N UT NN

o w < 1A 1
Decourt (1995) ulf'?]}‘ﬂ3$3JTfl!ﬂ"lﬁ\‘]‘uﬂﬂiZ‘]J‘]JﬁTL!S"IﬂLﬁT!"UiJLLNﬁMTﬂTﬂﬁ’JuﬂJﬂﬂﬁTu

1 { < 1 [ a 1 {
(Raft), druimnnaudu(Pile) taza lugaauosau Iagldain lduinnnmsnaaey Standard

[ EZ a ! o w
Penetration Test (SPT) lugumilunaauiidvesdu aumsnldlumsmangiuiiawedaslu

Y
aumsaaae Tl

Raft Ultimate Bearing Capacity

P =KN, kPa L (2.40)
Pile Ultimate Shaft Resistance

f. =a(2.8NS +10) kPa (2.41)
Pile Ultimate Base Resistance

f, =K,N, Ba g, 000 L (2.42)
Soil Young’s Modulus below Raft

E_=2N Ra . @ L (2.43)

sr

Young’s Modulus along and below Pile

E_=3N

Esr

Es

kPa . (2.44)
A9 Raft Ultimate Bearing Capacity.
A9 Pile Ultimate Shaft Resistance.
A9 Pile Ultimate Base Resistance.
A9 Soil Young’s Modulus below Raft
Ao Young’s Modulus along and below Pile.
A9 Average SPT (N,,) Value within depth of one-half of the
raft
A9 SPT Value along pile shaft.
A9 SPT Value close to pile tip.
fie Correlation Factor fauaasluas1aed 2.7
For displacement pile in all soil and non - displacement pile

in clay.

a=0.5—0.6 For non — displacement piles in granular soils.
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A13199 2.7 Ua@A9A1 Correlation Factor K,, K, [Decourt, (1989,1995)]

Soil Type K,, (Raft) K,, (Displacement Piles) K,, (Non-Displacement Piles)
Sand 90 325 165
Sandy Silt 80 205 115
Clayey Silt 80 165 100
Clay 65 100 80

Desai et al. (1974) latauoaumsn1¥lumsnasuai Pile Young’s Modulus 4ag

1 . . < [ aa Y [ aa o 1 J
A1 Side Resistance Mt nvuludnyae 3 4@ Tdegludnvae 2 1a dwaasluaumsas i

iz —ruwA E
o - el (2.45)
LB
np—rowAsfs
o Far -1 NS (2.46)
2L

Y Y
o o v W o 1 IS o
Hooper (1973) lafmualel 60% vouihminiavuandsnmsneasiaasasy
< o <} 4 ) [ o @ : < {
Taaudn uaz lashmsmudeyamoinnnlsoufeunusadamingadd Faldwaiun
A A 4
Wu¥ede la
2.84 wqﬁnssmmg WS INE TR (Characteristics of Piled Raft Behavior)

A [ ' o A 1A
Lu@@ﬂ’lﬂ'ﬁ%ﬂﬂi’luiWﬂlﬁ'llﬂl11LLWDZLﬂU'ig‘U‘sz'luﬁ'lﬂﬂiJ"Uu'lﬂchiy Hamsenou
] ] o <
LLa%i'lflﬁ%laEJ@"IJ'E)\??%‘]JUWQ'IEI’E]EI'NL"HH VIUIUVDIFUUY ﬂ'ﬂﬂJViu’l"Ufiju(Raft Thickness)
] ] < @ ~ o 9 A = [
EAAGINEFA (RN s RIRTE uazaﬂymzmmmmmﬂ‘iz‘ﬂnﬂu@u Lll@llﬂ?ilﬂﬁﬂullﬂﬁﬂgﬂi’lﬁﬂlﬂﬂ
1 =\ 1 a Y o = =l =) a

FIUIMNYDUUAAADNEANITITNUDITS UL Poulos, (2001)VlﬂWWﬂWiﬁﬂ‘H'ﬂﬂiEJULT'I&JUWQ@ﬂiilI"U@\‘]
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< Y 1 <3 1 Yo <Y [~ Aa
!‘UNGlWLlﬂ3$UUﬁ1u51ﬂLﬁ1lﬂJN!LW ﬂ%qﬂﬁﬂﬂﬁgiﬂsﬁuuﬂﬂuﬁglllllﬂl!“l/lNﬂ’f)ﬂ“VlﬂGluﬂ'lﬁf’)’f)ﬂll‘].l‘].l
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A A . . .
19 M f1® material stiffness matrix
» -
o f1® stress rate tensors
[ ] d .
g f1® strain rate tensors

O

4 a I’ 9 .0 Y "o s
(1199915 BATIZH IUANHAL Plan strain 1114 Va1 Vxzr Oy 1O WNURUS
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Plastic potential function (g) ﬁgﬂﬂmﬂ%ﬁlu Mohr- Coulomb Iae311) Plastic strain rate

= Y v A
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] ! ! i ! ! .
f=5102 - O3 [t5(0, + O3 )s1n¢-ccos¢ <o . (2.55)
! ! ! !
=205 -0 |+5(05 + Oy Jsin@P-ccosp< 0 (2.56)
! ! ! !
t,=%0, -0 14500, + 05 Jsin-ccsp <0 2.57)

1ilo ¢ A9 friction angle LA ¢ fi® Cohesion
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1l /4 Ao dilatancy angle



Unn 3

Y U

d
M33IU3INToYaNINEITo 9 UQI39A Cut and Cover

0o aw & Ao v Ad 9 o 9w ) ¢ &
m3iIveaseil laimssusudeyainerdosnuanyaz Insedi g Tied 4u
ad 1 9 09: 9 @ SAq Y <3 ] .
ABU  1ALITMINOATINIININITOYANIINTAAIVDIY TNIAN 1F3UVFIUT A UUYNUA(Pile
. d'a d? a 1 1 9 v 9 d' Y a 09: A A

Raft Foundation)iniaduaieluszrinmsaneade Taserdedoyan lavinmsAndunioiis

4
a @ @ J

MUNAIATIA (Geotechnical Instrumentation)?3993ANINIAAIVDIY 1A Tuunazlisg
~ ~ 1 =< 9 o A A 9 Y] awv 09: as 1 Y
azideainannsdoyana ldveslasanmsiinedrdesiuauise JuaeunazIsmsnodai

J yas = = [ dy
91199 Iag 1435 Cut and Cover Method Tagiisgazidsnail

3.1 MINTIVTLAMANVANMIIAINTTUVDIAY

1 Aa o 9 =

o {
AouIAINTITiIMsoenuuuszuUg LN Iimngay  suduivzdeansiud
09/’ a A a Y] @ 3 a 4 1 o 1
ANMNYDITUAY  AMANTANINIAINTTY tazmIdaEesiveudaay efivz Idihamns
a Al a o @ 1
lwesa1e 1 lumsinszimes LavafesnInveIssuUgIUTINNAINTIZEDALLY
v
) v A < ] [l a
MIzdsanImvesFuanIzlsyaev lddremsnudiedeanluauiy msnaaenlu
Y Aa ua I 9 Y ) a 1 Y
auwazmsnaaeyludeulgiamatluay  andeyavesmsmizdiseaulununeaing
4 Y = va a 9 A
glusen IalimsAnynaauiiAvesauanionenla 2 Uszinn fo
1. msmantavesau laeIsnsnaaouluduin (In-situ Testing)

2. mymautiavesaulagismnadouluiesil§iianis(Laboratory Testing)

3.1.1 MyrnaNiAveIaulagdIsmsnaaeuluaina(in-situ Testing)
as ré d' B2 a 9 =
minadevlumuzdiuitnilsnamnsomauaniavesauld Tasseaziden

4
%

Y915z LA ITMINAToY UAdil
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1 borehole casing N

Strain gage for

7 G o a = 7
£ ENT L AN AN PR T RN reading lorque
Rotavon indwator ————
T — B-in casing with side fins for
TR anchonng torque assembliy
~ Bottom of

Torque rod —
barehole casing e cof

50.8mm
- - Ly "’ A-rod for applying torque 10
i vane Made up in 5 lengths
= Vone rod
BX casing for housing
Cross-section of torque rod and A rod
wvane blode ~Rubber (3 fing seal

Vane rod ——ii
L~ Girease chamber
) BX-casing-point containing -
Vam.wshed helw;ml N bearing and water seals for — Fatting lor greasing
disturbed by boring Nane.roid

Vane varying sizes

IO'I.an:Jl | ’ —vane dlodes 2n m;m by 4in

* Jon dham. by 6in

Lo
4.n diam. by 8in
50.8mm !

‘]Jﬁ 3.1 L!,ﬁmmﬂ”l’iﬁﬂﬂ%ﬂi@d‘hf)ﬂﬂﬁﬂﬂ(ﬂeld Vane Shear Test)

1.2

1.1 | \ = Bejerrum (1972)
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0.7 ~—
06

CORRECTION FACTOR , il
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0 10 20 30 40 50 60 70 80 90 100 110 120 130
PLASTICITY INDEX , PI (%)

719 3.2 naasmdguliund W dwsunavinmsnadeulumou Bjerrum (1972)
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3.1.1.2 msrgaanvavesduluainulasiIts MsnaaeunsnenNAIgIY

(Standard Penetration Test, SPT)

NMINATDUADNNLAIULUVNINGIFIY (Standard Penetration Test, SPT) !fﬂumi
mﬁa‘uﬁﬂw’fmﬂizﬁwmmjmimzﬁﬁnﬁu MInAdoUIL 1¥NsLUBNNINIATIZIM Standard
Split — Spoon Sample ﬁﬁmmm&’umquf‘fﬂamwuan 2 Wurhgudnanmelu 1.5 i
uaﬂﬂugﬂﬁ 3.3 gNANYINANIATIFIY 140 UoUA (63.5 NN.) ABNATZUBNAT AWNIATIFIU
&rp3zozan 30 i (76 ¥31.) Sundaiiiy183en N taztunoumInadeuT I

weraelugilin 3.4

.
g [ AR
Elg|lUn | A = Lo
e i I - il
_1_"“'-~.1 T
s &£ £ EF % i
25- 50 mm Vanable  usually 24 1n (610 mm)
A—insert i used B—liner 1f used Dl rods
C—ball check valve (provide suction on sample) Al x 1} (413 x 286 mm) 3710
D—sampler-to-dnll rod coupling AW 14 = 11 (444 « 31 8 mm) 421hN
E—dnill rod (A or AW)
F—drive shoe G —-vent holes (used with ()

3 19 3.3 EAANENY ULV Stand Split — Spoon Sample @1% 51 Standard Penetration Test (SPT)

Standard Penetration Test (SPT)
orm | Onr | O |@nmRi..

T o—

gﬂ‘ﬁ 34 Llﬁﬂﬁ%ﬂﬁﬂﬂﬁ@ﬂﬂﬁﬁ@ﬂlﬂﬁiyu (Standard Penetration Test, SPT)
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MANANINATOY SPT azdeaminmsdsuudneunaziianldldldsenuuy

INT1UBIINHAYDA Effective Overburden Pressure (o7,,) Nogluauwasilia v, g9
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ﬂ31ﬂ31ulﬂufﬂﬁ\1 'J‘ﬁﬂ’]ﬁﬂﬁ‘lll!ﬂ"’ll'ﬂll“aﬂllﬂil’ﬁnﬂﬂ’]ﬁ1/]@ﬁﬂﬂﬁ’]ll’]ﬁﬂﬂizﬂ’]llﬂﬂﬂcluﬁl]ﬂ'ﬁﬂ 33

N=CN,. (3.3)
1o o flo AguUTuuAaT SPT (N) (15199 3.1 wazgli 3.5)
N o Ao A1 N (SPT) Mnmanaco lueau

1INMInadey SPT annsanzuasdoyanin N-value ldsumsidsuududn

o v w A

I J
WUMMAITUUTUROUUVVIINMTNATOULUY  Unconfined Compressive Strength (UC)

a

o v A =~ @ A A A <3| = ) [
AN ITUAUIUYD muﬁﬂﬂugﬂm 3.6 °Vi‘Jﬂﬁmﬁammﬂauﬂugmﬁﬂﬂmu (¢) AT UAU
=

< @ ! o 1 o < 1 a
wanyny ﬂﬂllﬁﬂﬂiugﬂﬁ 3.7 HAZHEINITOUIAT N Ul‘]J’l]”ILL‘L!ﬂﬂ??ﬂl!ﬂlﬂ-@ﬂﬂﬂlﬂﬂﬂﬂlﬂﬁﬂ’) NI

ANULUU-1IN V9INT 18 Auaadlua1519n 3.2

A15799 3.1 3B 315u0AA1 N (SPT) 1119991nWaUD4 Effective Overburden Pressure, Oy,

Reference Correlation, C Unit of O',',O
20 psi
CV = — .
Teng (1962) “Tota
4 _
c,= —, O, <15 ksc.
1420,
Bazaraa (1967) ksf.
4 L)
C,=—————, O, >15 ks

N —
3.25+ 0.50

20

Peck, Hansen and Thornburn (1974) Cy = 0-771‘):‘%5_ tsf.
1.7 K
Tokimatsu and Yoshimi (1983) C.o 1 1—I sC.
0.7+0,

Seed (1976) cy = 1—1.25/090'; tsf.
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EFFECTIVE OVERBURDEN PRESSURE g, (ksc.)

5.0

515 = Peck et al (1974)

L = == Whitman (1986)
6.0 I I I

51 3.5 uaasAwAnesSuudA1 SPT [Simon,N.E. and Menzies,B.K.]
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2 s / /""
-3 # / -
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D 7/ ’f'
Q /rEnz.uan AND PECK PP
S 15 z "]
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11U Unconfine Compressive Strength (UC)
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3.7 uAAIAMUFURUT 521I1AT SPT (N) fudymdoamunielu (§)

[Simon,N.E. and Menzies,B.K.]

A 1 1 < a
A1519% 3.2 LAAIAANNLUUYDING 1Y LAZANNUTIVOIAUHHET VINNANTNATOUADN

NEANUVVNINTIIU (Standard Penetration Test) Peck, Hanson and Thornburn (1974)

1519 (Sands) AUiNY) (Clays)
Relative n L L Undrained Shear
N, Blows / ft. N, Blows / ft. ALVI-00U )
Density Strength, t/m.
0-4 Very Loose Below 2 Very Soft 0-2.5
4-10 Loose 2-4 Soft 25-5.0
10-30 Medium 4-8 Medium 5.0-10.0
30-50 Dense 8-15 Stiff 10.0-20.0
Over 50 Very Dense 15-30 Very Stiff 20.0 — 40.0
Over 30 Hard Over 40.0
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3.1.2 mswaniavesaulagdIsmsnagevluries §iian1s (Laboratory

Testing)

ad

Y a va < & A va a 9
minageuluiesdfiamsezduitnilaiamnsomguaniavesaula Tag

4
%

310821989 U091TLAN LALITNMTNATDD WAL

v [
v U

3.1.2.1 @maumwﬁugmmmﬁu (Basic Soil Properties)

k4 Y
vAa o = =2

AuaudATUNUgIUIZUONDIANEMZYEIAY FiavesAn uazilyrimediu
SmnssuizfaduiuAuriadanan uNﬁﬁﬂ%zﬁﬂﬂﬂmauﬁﬁmdwfriwﬁ%ﬁmmﬂmﬁuﬁﬁ
(Index Property) dndoyamsnagonluienljiamsziimsnaaeumguaniavosaua
o)l

1. msnaaeu S inanuiuYesiu T TUMA (Nature Water Content)

2. MINATOUHINNA Atterberg (Atterberg Limits)

3. mInageur MmN Ao eSINAg (Total Unit Weight)

9
4. MIMMATHNATANTA (Plasticity Index)

3.1.2.2 AM@NTAMIMUIAING TN
va Y a a I A Ax o v 1
AuantanduIsnisuvesan udsniinnudidgaemsoonuuyluau
9 Y
neaImnssules auauianudiuiszlsenoumesnaauiianieaumssuimminues
a < a a oA
AunionNuudsvesay tazdeyaniinadeuludesljiamseziimsnadonninu
v a U 1 dy
auiavesauasae 1
MsnageuMassunsuneuvesdunuylignd1na(Unconfined Compression
a dyr:,’ A @ I a 2 Jd Ao 1
Test) M3naaeustatidumsnaaeunde Arednauzganauiluginsanszueniidadin
v % 1 o ] 4 - 1 1 -4 ]
FEUINANNGIUBIRIRE NN UIdURIUEUINA1 1AY 2 fe 1 uazTiduriugudnais hidos
9 v v k4
N 1.4 tharednauzganadon Taomuriiions 15w lunuIAun s nunaIta 1iies
gagaluunif A Unconfined Compressive Strength, (q,) 1301 1890AHUDDA52 taz Tunsdin

[ =

a A A oy d A Y o Yo o
AUDUINUYININIYU LﬁJi’)@]i’NﬂTiGl“Ifﬁaﬂﬂﬁ ¢:0 ﬁ]s“lﬂmmimmmau ﬂﬁllﬁﬂﬂiuﬁllﬂ”lﬁ

=).

34

1o q, 9 Unconfined Compressive Strength
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1. Meulszansnnuoaduy¥alInng (Coefficient of Compressibility, m, )
4 2
2. mﬁilﬂizﬁﬂ‘ﬁﬂﬁfmﬂﬂﬁﬁmﬂu1 (Coefficient of Consolidation, ¢, )
v
3. Tugdannudanguluanin’liszu1e1i(Undrained Modulus of Elasticity, Eu)

9
4. TugaaanudanguluanImszu1eiin (drained Modulus of Elasticity, £')
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3.5 HAN 13RIV TANIINFAMIVOITZUUG IUS NI UTHUR

%

1 9 4 ] dy 9 o a QBJ} A A v
GlUﬂ']ﬁﬂﬂﬁﬁ'NQTiJ\‘]ﬂ Cut and Cover L!W\iuhlﬂﬂ']ﬂ1§@]ﬂﬁﬂlﬂﬁ@Qi]@')ﬂﬂ’]ﬁ‘ﬂﬁq@l@n

=

< [l o 1 s
YOITZUUFIUTINAVIUIAAD Plate Settlement Point 314U 4 3 AOANNEIIVDIY INIANI
] < 9 @ Yy 9 [ [ £ 1< 9
¥4 wazlumanudoyamsniadivz Idndesszauasiniamsngadd szeznarlumsimude

1 Y 1
yavzisunnluseniumsneddeaunsenaumsneds v Weaunnauneaiieldninms
s 9 ' = o 1 o < n Y I 9
mudeyane 1Usn aunszimumsngadvesgus e udur ldvgaas wamsinudeya

@ @ 14 { a 4 o ]
ATIVIAMINTARIFIGAVDIG TN Cut and Cover MAaTUluAWHUS SP-02, SP-03, SP-05,

SP-07, SP-10 tag SP-12 AULANINTIN 3.6

M13199 3.6 LAAIHANTATIVIAMINIAAIGIgA TULAaz AWM

Location Settlement; (ID) Movement; (mm.) | Average Movement, (mm.)

N3 -154
S3 -143

SP - 02 -158 mm.
N4 -165
S4 -170
N5 -166
S5 -175

SP-03 -150 mm.
N6 -121
S6 -135
N9 -59
S9 -58

SP - 05 -67 mm.
N10 -73
S10 -78
N13 -166
S13 -188

SP - 07 -178 mm.
N14 -177
S14 -182




M137199 3.6(419) LAAIHANTATIVIAMINIAAIZIgA UL azA LN

Location Settlement; (ID) Movement; (mm.) | Average Movement, (mm.)

N19 -110
S19 -102

SP-10 -106 mm.
N20 -102
S20 -111
N23 ¥y
S23 -26

SP-12 -33 mm.
N24 -42
S24 -46
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Nﬁiﬂﬁ?!ﬂ’ﬂ$‘P‘iﬂ1’iﬂ'§‘ﬂﬂ'ﬂlﬂ\‘i@'b~lfiﬂ Cut and Cover %1ﬂﬂ1’if’i®ﬁ%}1\1

AN 1@msanpdanganssuuazisms lumsdszuaam
M3IN3AAIY099 T19A Cut and Cover MNMInoai 1 uag ldhmsaniludiuveaadosnm
lusga Midaweusuuuaziidesunsmunmuvesinldym  Tneifaguszaadiiieszii
msdmnzimamniiaes waznuneiimmnzanlumsdszinamsainngadaves
QINQ?{ Cut and Cover ﬁi%’izwgmﬁmmﬁmm (Pile Raft Foundation) LLaSNaﬂizﬂﬂﬁlﬁﬂ

9

9
Junnauyaau lusuanoeunTINNe

awv 3 dy Y A ga . oa d A Ya
ﬂ?iﬁﬂﬂﬂiiuqﬂlaﬂﬂ%ﬂ‘ﬁﬂlﬂﬂ Terzaghi ’JLﬂiW%W!ﬁﬂﬂiﬂWWﬂlﬁN\ﬂuﬂgﬂ Gl,Glf’J‘ﬁeU’fN

a 4 - a a . a o '
Terzaghi (1943) AATICHUIAINIAITUUIIULUANIUYDIAY 7 Static Method AUATIEHUHNIAN

[

o I Y A YA N o
Masvouaudy uaz'ldaenldIs Finite Element Method IasT1l5unsy PLAXIS 7.2 ¥i1ns

Ed

a o 1 @ = A a & v 1 Y J
’JLﬂi'l%‘Viﬂi%iJ'lﬂ!ﬂ?ﬂﬁVIiﬁﬁ’J Llﬁgﬁﬂ'}ﬁWmﬂi%‘mﬂflLﬂWU‘141‘11!5zﬂ’JNﬂﬁﬂ’E]ﬁiN‘U’ENQIN\‘Iﬂ

7

£ A = a Y o dy
CutandCover“B\?Ni'lﬂﬁ%!@ilmlagﬂaﬂﬁ’Jlﬂiwﬁ‘]/lvlﬂ NU

4.1 wamsAn¥IANHAZIAZAMANTAMIUITHAKIHYINAMIUNINea S
A 9 < o ' A 9 A

A0 1UNNOa3199 1197 Cut and Cover 3¢AI0g IUNTUNWA HazanIUNNOAT 19T
ng a ~ 1 = U I c?j a = 3
FUAUIMUYIDOUDIODUNIN(Very Soft to Soft Clay)ilugunsn aumisinaaiunaig

. & o A a ~ < . . & o A a ~
(Medium Clay)Jusunaod aurienay (Medium to Stiff Clay) 1Hugsunaiy uazaumien
< . & o y A Yo @ a o A
uI9N(Very Stiff Clay) ilugugamen Idimsmzdisieau mnanyuziinanuszudag
Tugin 3.14
ey X Q

4.1.1 wamsﬁnmqmauuﬁmuwugmmmﬂ

9 k4
va v A a

a { 4
nnwamsanIguantatuiuguvesauluuSnaanuinoadwglusd Cut
F4 4
and Cover 9 1MIANINUAVLAA 19 VOWA A FUAUAT
4
FUAUIHTI8I8DUDIDOUNIN(Soft to Very Soft Clay) HANUNUILTLINY 15 AT
= a daj
- Amsnaanudu (Water Contents, @ %)) U5zt 75 %
- MAanad (Liquid Limit, LL) Y5zt 78 %
- MIanaaan (Plastic Limit, PL) Useunas 29 %
Y
- MATUNAIFANTA (Plasticity, PI) (AU 49 %

- A NlsEe, ¥, =16.0 kKN/m'.
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o a = <3 . S
FuAUM eV Una19(Medium Clay) Ianunudszan 2 was
S 1 =) tﬂa}
- uA/SuanuFY (Water Contents, @ %) 1520194 55 %
- M¥anad (Liquid Limit, LL) Y5209t 63 %
- MUANAIaAn (Plastic Limit, PL) 1szanas 25 %
E)
- MATUNAIAANTA (Plasticity, PI) (AU 38 %

- dmanemudusNdszne, ¥, = 165 kKN/m'.

Y
v A ~ < ~
FUAMHHEWUY (SFf Clay) DANUMUIUTZUI 8 1UAT
S = dﬂl
- uanlSuanuFY (Water Contents, @ %)) 1521194 28 %
- M¥anad (Liquid Limit, LL) U5z 58 %
- MUANAIEAN (Plastic Limit, PL) 15zanas 24 %

- MATUNAAANTA (Plasticity, PT) 11101 34 %

- dmenumumiusnlszna, ¥, = 19.0 kKN/m'.

FUAUMHEWAINN(Very Sff Clay)IANununlszana 4 was
o P &

- ua/Suaa ¥y (Water Contents, @ %)) 1520194 22 %

- M¥Uawiad (Liquid Limit, LL) Y5zt 45 %

- MUANAIaAn (Plastic Limit, PL) Uszanas 18 %

- MATUNAAANTA (Plasticity, PI) (AU 27 %

- ImAeHiuINsEINe, ¥, = 20.0 kKN/m’.

= U Y a2 a
4.1.2 HaMIANHINUANUAN NI UIAINTINVDIAY

4.1.2.1 NaMsANHIAMENTAVIAUMIMUREITUNT IROY

TuMmInaaoUMIAIMAITULTUNDUVDIAY  2MATNAAY 2 1T AD AT
NATOUNITOAAMUVO AT (Unconfined Compression Test, UC) HaZNITNATDUNITADNNINT

77U (Standard Penetration Test, SPT) 1InMINAd0L IAHANINAFOVLULIAINFIAINAN A

a0l

I z a [ 1
1INANWAN 0.00 —15.00 AT JWUFUAUMTIDDUNIDOULIN HANTNATDLN
AT ULs Ao U IAgIT MINATBUNMIOAA MU ATE UA1 Su~ 13 kKN /m.”

[ 09/’ a < 1
fﬂ']ﬂﬂ’ni]ﬁﬂ 15.0 — 17.00 14913 lﬂu%u@u&ﬁﬁﬂjllmﬂﬂ'luﬂﬁ'm WAN1IINATIUNIAN

[

MassuusunouIagds MInaaouMIdAAUUDATE UA1 Su ~ 30 kN / m.”

[ %

3 o’/’ a < 1 o
fﬂ']ﬂﬂ')"lllﬁﬂ 17.00 — 25.00 W13 Lﬂu%uﬂumﬁmum WaNITNATBUNIAINIANTY

4
A 1 @ o Y o
Lliﬂlﬁfluiﬂﬂﬁiﬁ NMINATDUNITADNUINTI U fl?n N-Value =~ 8 ﬂi\?/“l/!@] Llﬁgﬁﬁﬁnﬂvlﬂ‘ﬂ'lﬂ'li
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wilasramsnageuanmsnageunsaenasgIu v iauninusan laninminageuns

[

admuudase Tasldnimuaainnuduiusszranea SPT (N) (U A1aefuusafouan
MINATDULUY Unconfine Compressive Strength (UC) mﬂgﬂﬁ 3.6 JAA1 Su~ 60 kKN /m.”

<3| 09/' a < '
fﬂ']ﬂﬂ')"lllﬁﬂ 25.00 — 29.00 tuUAT Lﬂu%uﬂumﬁmummﬂ WAN1INATDUNIAN

o Y w =)

Y
fassuusuRoulaeds MINAdoUMIADNUIATIIU JA1 N-Value & 20 A59/4a Lazna191n
Y o Y 1 Y Ay Y
Iddmsudaswansnaaeuninmsnageumsaenuiasgiuldlisumnuwai ldanms
[ Y a [ [ 4 1 J @ o Y w
nageumMssaduudase Tasl¥nsuaasnnuduiusszrinem SPT (N) AU Mdesuuse
MOUIINMTNATOULUUY Unconfine Compressive Strength (UC) 31031/91 3.6 1dA1 Su = 150

KN /m.”

=X wAa v d' U a
4.1.2.2 AAMIANHIAUTNUANINATIUM TN UAIVIIAYU
9 ]
NAVDINITNATOUNITOAAIAGUN Iﬂﬂ!ﬂ?@ﬂ Oedometer vouaed1aU luaas

qaj 4 J a SAq Y o 4 v a @
FU L‘ﬁ’ﬂ’ﬂ1ﬂ1‘w15'mLﬁﬂiﬁi%iuﬂﬁﬂWﬂ’Jmﬂﬁlﬂaflu@’JGU’EN@]H LAZAINHNANITNATOUNITOA

9
v A

Y
ﬁaﬂwﬁwmmmuamNa"lﬁ'mu
:fl a =\ 1 = J
FUAUIKUYIDOUDIDDUNIN(Soft to Very Soft Clay)

J
1. Mavlszansnnuoan 1r91lsunas
2

m
Coefficient of Compressibility, m, ~1.0——
MN

4 Y
2. ﬂ?ﬁllﬂig’ﬁ"]/]‘ﬁﬂﬁEJ‘]JfJﬂﬁ’Jﬂ18u1

2
m

‘ [

3 cm
~0.7927X10
year sec

Coefficient of Consolidation, €, = 2.5

Y
3. Tugaaanuganguluaninliszuei

kN
Undrained Modulus of Elasticity, Eu=6250—

m

Y
4. Tugaaanudanguluanimszinei

kN
Drained Modulus of Elasticity, £~ 5000—

m

an‘ a ~ < .
Gb'uﬂumuEJ%LL‘lNﬂmﬂaN(Medmm Clay)

4
1. Maulseansnnuoanuralsuies
2

m
Coefficient of Compressibility, m, =0.5—
MN

4 9
2. ﬂ?ﬁi]ﬂigﬁﬂ‘ﬁﬂ']'iEJ‘]Jﬂﬂﬁ’Jﬂ'lfJHT



2 2

. cq - m —3 cm
Coefficient of Consolidation, €, 1.5 ~0.4756 X 10
year sec

9
3. Tugaaanudanguluanin luszuiei

kN
Undrained Modulus of Elasticity, Eu~19250—
m

9
4. Tugaaanuganguluanmszinei

kN
Drained Modulus of Elasticity, '~ 15400 —
m

FuAumileda (Stff Clay)

J
1. Maulseansnnuoaa1relsunes

2

m
Coefficient of Compressibility, m, =0.1—
MN

22 9

2. maulszansmsgudadinend

3 Cm

. . . m -
Coefficient of Consolidation, C,, = 7.0 X 2.2197X10
year sec

9
3. Tugaaanuganguluaninliszinei

kN
Undrained Modulus of Elasticity, E£u=43000—-

m
Y
4. Tugdannuganguluanmsziei

kN
Drained Modulus of Elasticity, £~ 34400—

m

FUAUMHEWUNN (Very Stff Clay)

1 % =) Q‘{ % o =) =)
1. maulseaninnuoaauralsuies

2

m
Coefficient of Compressibility, m, ~0.1——
MN

1 Ql a Q‘{ o o 03'
2. ﬂ?ﬁhﬂi%ﬁﬂ‘ﬁﬂﬁﬁ}ﬂﬂﬂﬁ’)ﬂWHW

—3 cn12
x22197X10 " ——
year sec

Coefficient of Consolidation, €, 7.0

Y
3. Tugaaanudanguluaninluszuieni

kN
Undrained Modulus of Elasticity, Eu = 66000—-
m

9
4. Tugaaanudanguluanmszanei

kN
Drained Modulus of Elasticity, '~ 52800—

m
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a 4 wAa 1 a a {1 {

fﬂTﬂﬂ']i’)tﬂi?gﬂﬂﬂ!ﬁll‘]_l@W]NG]"U’ﬂ\iﬂl&il&ﬂil?ﬂ!ﬁﬂ?ﬂﬁﬂﬂﬁ%ﬁ mmsnﬁ%ﬁzﬂ

a o @ . ! a L4 B2 a
WaﬂTﬁﬂLﬂiTZﬂl‘lg{ aauaaalumsnn 4.1 uaza1s1en 4.2 NAANITUATIEUAUTNUAVINAY

o o a L4 a o 1 o o o a
%zuﬂﬂ‘mmmmﬁwmﬁ?\ﬂimwmmﬂmm AUAIICHTIATINIAITULIIUUNNIUUDIA Y

a 4 " o W [ < a o 1 o Y A IYa ..
AATITHHINMAIUseasvo e 1UY L!,a$’J!ﬂ§1814’ﬂ'iZNWmﬂWﬂWiﬂqﬂﬁﬂqﬂLaﬂﬂicﬁTﬁ Finite

Element Method 1agT1)51tn31 PLAXIS 7.2 ¢i0 11

Y Y
v o

M50 4.1 naaeguauiATUiugIv tazaauTad Ui Idwe Al

. AH | 4, | LL | PL | PI Yy Su N
Soil Type , X
(m) | (%) | (%) | (%) | (%) | (kN/m) | (kKN/m) | (blows/ft)
Soft to Very Soft Clay 15 75 78 29 | 49 16.0 13 -
Medium Clay 2 55 63 25 38 16.5 30 -
Medium to Stiff Clay 8 28 58 24 34 19.0 60 8
Stiff Clay 4 2 |45 | 18|27 | 200 150 20

M15199 4.2 uEeIUANTANNATUMTIATOUAIVDIAY

m, cl E, E'
Soil Type 4 4 5 )
(m/MN) (cm'/sec.) (kKN/m") (KN/m")
Soft to Very Soft Clay 1.0 0.7927X10° 6250 5000
Medium Clay 0.5 0.4756X10° 19250 15400
Medium to Stiff Clay 0.1 2.2197X10° 43000 34400
Stiff Clay 0.1 2.2197X10° 66000 52800
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YUIA 0.60 AT NT2o2H 1932117194 U(Spacing) HAZTZEzH19TZHIMD) Aqudaslugli 3.13
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A a L4 1 { o 1 4
MINN 4.3 LLE‘TGNWﬂﬂﬁ’JLﬂﬁW'ﬂﬁ%‘U‘ULLiW]NG]‘ﬁﬂiZ‘VIWIE)QINQﬂ Cut and Cover

Location of Tunnel

Detail

SP-02 SP-03 SP-05 SP-07 SP-10 SP-12
Average Pile Length, (m.) 7.24 8.63 11.51 7.23 15.30 17.00
Average Excavation Depth, (m.) 9.80 8.20 5.30 10.20 1.75 0.40
Ultimate Pile Capacity, (ton) 40.52 43.84 50.76 40.49 59.83 62.67
Ultimate Bearing Capacity (qu), (t/mz) 20.62 18.06 13.40 21.23 7.74 5.58
Weight of (Structure+Back Fill) (qappiica), (t/mz) 17.42 13.74 8.36 16.65 5.33 4.19
Average Load Transfer to Subsoil (Qnet), (t/mz) 14.15 11.45 3.84 13.17 2.38 0.45
Percentage of Load carry on Subsoil, (%) 81 83 46 79 45 11
Percentage of Load carry on Pile, (%) 19 17 54 21 55 89
Factor of Safety, (F.S = q,, = qapplied) 1.46 1.58 3.49 1.61 3.25 12.40
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AUSANUUAUAI(Ko o T uTsAdFuiY OCR TdaeH

Kooy = Koy -(OCR™ . (4.8)
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1 3 1 4 Y] 1 a o [T [
A1 m WumaenTunum PLuesdu dmsaungunna lda1 m = 0.39

0.8

For Brooker &lrland

0.6 (1965), m for OCR<10

0.2

0 20 40 60 80 100 120

PLASTICITY INDEX, Pl (%)

s 4.12 HAAIANNFURUT IENINAIAIN m A1 PLY0IAUMIe) (Ladd et al.1977)

a 4 1 1 | 1
TumMsAATIZHIUY Short term¥T® Total Stress Analysis AlKo $l¥aziluan

[ 1 [l 1 1 a' 3 1o & 1
KO A9 8ATITINHUIBLIITMAUT RO I3 93 W Tunwaas daluduiludoansiu

°e §)

Y]

v
115961311 Pender (1980) IdianonsmIaA1 Koy, 999

af = Koo,
...... (4.9)
KOryy = Ko—£% (Ko-1)
P
A A 1 a A 9 9y
1o G, A9 N5 TEANTHAATUU
A 1 a A A
G, Av MironIslszansmaluuuaag
A [ a Q‘{ [ 9 9 a a A
Ko Ap duilszansussauauiauuadauuulszanina
Y Y
., Av viueiviinvesAuazih i e

) v A < a . U 4 o [
E‘T”IW?‘]J@HUJWHfl"lllﬂ"li'l!ﬂi”lzﬁm_m Total Stress Analysis 711 Ko %uﬂ‘ﬂﬁﬂTJ%i’Jﬂ
] a d! 9 a 1 a ] = ] .
BUUUDIAY 4 Jacky (1944) Ilﬂﬂi%tiluﬂW Ko ‘1]@\1@1!‘1/]3TEJLL‘LlLl‘]huﬂﬁNﬂﬂL!uu(Medlum

a L

1" W & <
dense to dense sand)ltaz OCR (M1NU 1 FINITUATIZN 11 Short term ﬂﬁ]ﬂ% Effective Stress

Y
~

[ Y
ioannansnszuenild Taemian Ko 1daail
Ko=1-sn¢' . (4.10)

{ I 1 a A a
Taon ¢’ nJumaguéfmmummﬁauﬂizamwa (Friction Angle) U94AUNI Y

a g a Y a 1 [
Gluﬂﬁ')tﬂiWZ’Viﬂ1 Ko °lu@mﬂfgqmw| Ulﬂ?ﬂ Ko mmﬂumﬁmaaummu 0.75 1azuod

A I (Y
AUV UNINY 0.65
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4.5.2.3 mlugaauaiAn (Soil Modulus)

a 4 4 v L A, a 4
Tumsamszdmandoudavodg Tuad lunsal Short Term Tagldismstngzd
9
DD Total Stress Analysis 3% 191 Tugaavosduluanmliszuiesi (Undrained Modulus of
.. ! = v o Jdo J [ A Aa
Elasticity, E) Tagan E, ﬁ]::mﬂ’n:utmwuﬁﬂmﬂu@,aaummuﬂmmu (Shear Modulus of

Elasticity, G) "IN Ba1aAn (Elastic Theory) Aanaadluaunsi 4.11

Eu
G=——=bb: . 4.11)
2(14+Vv)
4‘ = 1 (% a 1 :j
¥\)3) Eu 1o ﬂ?TﬂJ@Jﬁﬁﬂl@QﬂHiUﬁﬂTWhSSTJ"IEJL!”I
A ' 7 A
G 1o ﬂ"lIﬂJﬁ]ﬁﬁﬂl’fNLLinﬂﬂu

9
ﬁi’) ’EQJJ@]ﬁTﬁ’Ju‘i‘jTJGﬁﬂﬂﬂlﬂ\iﬂuiuﬁﬂTWhliJ'i%UWﬂfl”l V=05

=2 A 080 [ A Ay o Jo
NMIANYIVDI Mair(1993) Wmmﬂu@‘ammmau(G) WUTUNUTNY Shear

[

a % 4 LY 1 J d
Strain ¥9AY FavzAuegiudnyazaunedde Tagluauneas g Tued A1 Shear Strain 92

UA1083211919 0.1 - 1.0 % A931 4.13

u

(Teparaksa, 1999) 1&imsnaaen Self Boring Pressuremeter Test Tuaumiien
20U(Soft Clay) Lmzﬁumﬁmu%aci?umﬂ(First Stiff Clay) YOIAUNTUNNA F1UIU 6 HQUUTAI
AU 521319 G/Su 1 Shear Strain 743107 4.14 WUfie Shear Strain 10374 0.1-1
% U G/Su VoI HEIDOURY U 60-125 tazazlin1egluyig 85-200 d1MIUAY
wilewdadunsn ennnudiniuisenie G f E, Saaumsii 4.8 3214 E, /S, 103AU

mitleasouoglusg 180-375 uag E, /S, vesaumiloaniseglugie 255-600

Typical strain Ranges:

| *-{<—>| Retaing Walls
- -|<—>| Foundations

Stiffness G

T T T
0.0001 0.001 0.01 0.1 1 10

Bender Shear Strain e: %

Resonant Coulomn

Local

=]
Special Triaxial

Conventional
eB————— = »

3191 4.13  uaaIn Stiffness VOIAUNUTZAUM 31831 (Mair, 1993)
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100 ~ 100 > ==L
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Shear Strain (%) Shear Strain (%)

a 1 a 3
NANIINATDL Pressuremeter IAUIVLOI90Y  WANITNATDL Pressuremeter MAUIHLSIIUL
a G a
gﬂ‘ﬂ 4.14 LAAINDNITNATDY Pressuremeter test Gluwmumuamu;amw(Teparaksa, 1999)

. Y o = v o J 1 J 3 4

Jardine et al. (1985) ldmsfinyanuduiussznin Eycuaz nlodidud

ANMUATUA (Axial Strain, %) Y94 London Clay ﬁmmﬂugﬂﬁ 4.15 lduuzii Axial Strain, %
o 1% ' ' J J A v o J

dmsunugIuIneglusaszina 0.01-0.1 nledigud nisuaaIRNUANRUT UV

E,/C, UMY 400

Retaining ~——— Typical strain ranges

2000 — walls
%3 |Foundations

0 | 1 J
107 1072 107! 10° 10'
Axial strain (%)

51/ 4.15 nananNUANTUFIE1 I E/C, 8¢ Axial Strain, (%) Jardine et al. (1985)

4.5.2.4 anHaLMIMen tazmanrliue (Stiffness)
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A a = 9 A A [ J 1 a1 @ J
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Y
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Moment of Inertia YT UVNAA (Type IV )

4
m

I, =3.86X10  —
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P

A A Y o 3 A
NWUNUUINAUDUT UULNA (Type V)

2

—, m.
A, =9.699X10 ° ——
m.
119 E, Ao M lugadueInounIa (kg/em’)
! A o v w (% = 2
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A . o 4 4
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WINITNAIUA19 Y099 1194
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= A A 9o A g A A . s
517 4.16 uaasiunvinAaie 191199 WUALE Moment of Inertia Y48 1147
d Y d d d
4.5.3 HANMIINTIZHNIINGANIVO9QINIA Cut and Cover 1ne 35 1WTueiddmiue

a J v J 9 ax Jaa g ..
VINHANATIZHNMITNTAAIVD9 T19A Cut and Cover A2835 I TunDAMUA (Finite
h A ' a J A v J
Element Method) Tag 1151033 Plaxis iN01AM13 109193 E /S, NHgauiuamg 1uaa Cut
~ 9 < ] 3 a ~ o =\ = [
and Cover N1FTzuvgIUIIME TV TUFUAMKHTEINGINND  TagiimaTeuneuny
A EPET A 3 4
YFunamangadinnaruasaluauy dwaasluninm 4.6
a 4 [ o [
NNHAMIAATIZHNTNTAAIVOIQ INIA Cut and Cover WUNTTUUFIUI NG
< ] ) VoA I~ o ] H
WasH AN SP-05, SP-10 uag SP-12 1T U@ 111 9ANaIN Finite Element Method 1@
A { Y ' o [ S
TuauwldiSinamsnganeenunlndiesiu ualudwmisi SP-02, SP-03 taz SP-07 1ilu
° 1 Aa ' a oA B Y |a
durdantidymluszywiensing1zyine Ka1n Fine Element Method 92 Id1Sunaiminga
% { 1 a [ a 4 @ 1 o
Tideeniluauimun aunqiannluguauduiansnasuda luseniauya 336
I A 9 o w <3 1 . a us/‘ Y o = =}
Wuiszdosaadideveuduiulagannl Rinterfaces voaUNNTY taz Iaimanfieuiou
o < { o A . o A .. 1
Mavo a1y lduanmsauaIaes Static Method fUAT Finite Element Method 11116
o ] J w $
az@WMUY03g 119 Aanaadluasen 4.7
[ { A A ..
NNHANMIATIETaUNTINY UV U T UNANNAAI8TT Finite Element Method
1 1 o 4 a 4 a [ <3 ) ]
noueziimssenouoanInay lunsaiiliomna Confined Stress WUINTUTUHANNA WM
[ [ h d‘ a é’ Y d' ] [ 9 I~ A
AN5D5VUTIAA (Bending Moment) naduld Tasnniisussnasen liveaaniung Type
Y A a o 3 A AA A
IV 8o 1% 327 kKN.m/m. 915197 4.8 uaadnan1suaszrusameluveaauduna lunsainmne

Confined Stress
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GITiNﬁ 4.6 Llf;’fﬂiNa’JLﬂi1$ﬂﬂ1iﬂ§ﬂﬁ’3ﬂlﬁ)ﬂqiudﬂ Cut and Cover

< | z w
e o T = = CA SP-02 SP-03 SP-05 SP-07 SP-10 SP-12
. = |2 |7 |z |z g 5
Soil Type ° ° =] § § = <
N ~ " - e, EN
< < = g E,/Sy ByiS,; E./Sy E./Sy E//S, E./Sy
Soft to Very Soft Clay 75 42 0.69 | 16.0 | 9.14 - 13 100 100 100 100 120 120
Medium Clay 55 38 0.66 | 16.5 | 10.7 - 30 200 200 200 200 200 200
Stiff Clay 28 34 0.65 | 19.0 | 14.8 8 60 350 350 350 350 350 350
Result from In situ, (mm) - - - - - - - -158 mm. -150 mm. -67 mm. -178 mm. -106 mm. -33 mm.
Result from FEM., (mm) - - - - - - - -157 mm. -151mm. -66 mm. -174 mm. -106 mm. -29 mm.

Back Fill (E, = 12000 kN/m”)

901
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v ' o w <3 ! A, -
Q159N 4.7 UEAA9AT Rinterfaces 1Ay Wams/TouMeuMasvouaMINTEHING I35 Finite

Element Method AU 35 Static Method Gluéiumﬁwhm

interfaces Pile Capacity, (ton)
Location
Soft Clay Medium Clay Stiff Clay FEM. Static Method
SP-02 0.461 0.432 0.357 9.19 40.52
SP-03 0.568 0.534 0.441 14.90 43.84
SP-05 0.98 0.92 0.76 14.85 50.76
SP-07 0.363 0.34 0.28 16.84 40.49
SP-10 0.98 0.92 0.76 75.77 59.83
SP-12 0.98 0.92 0.76 86.81 62.67
£y

MINN 4.8 LAAINANIAATIZHUTINeluNng

Confined Stress TUAWNUIAA

Y1UA28I3 Finite Element Method JUnIINNA

Location Maximum Bending Moment, (kN.m./m.)
SP-02 236.54
SP-03 227.04
SP-05 43.79
SP-07 200.50
SP-10 31.79
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MANHIN 1.

a do o [y
nl. wamﬁ’aam]zﬂmmﬂszaammamvﬁu (Ultimate Pile Capacity)

Y 1 o o w o < { 1 ) ]
m@EJNmiﬂmammmﬂizawmmmuﬁagﬁlumgmm SP-03

Pile Length, L

Diameter, D

Pile Length in Soft to Very Soft Clay

Pile Length in Medium Clay

Pile Length in Medium to Stiff Clay

Cross-Section Area, A

Perimeter, P

Skin Friction, f

End Bearing Stress, q,

Friction Capacity, Q,

End Bearing Capacity, Q,

Ultimate Pile Capacity, Q,,

8.5
0.60
6.1
2.0
0.4
0.28
1.88
as

U

9§,
fS X P
q, X A4

0,+0,

t/m’
t/m’
ton.
ton.

ton.

{ @ 1 o o w @ < { ] o ]
GﬂiNﬁ nl. Llﬁﬂﬂwﬁ@’)@EJNﬂ'lﬁﬂWU’)ﬂ‘lﬂ'la\‘iﬂi%ﬁﬂmﬂﬂ!t’f“ﬂmﬁﬁ]giu@nlﬂ’iuﬁ SP-03
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. AL SU fS fS X AL qb Qs Qb
Soil Type 5 a 5 )
(m.) | (t/m") (t/m") (t/m) (t/m") ton ton
Soft to Very Soft Clay | 6.10 1.3 0.98 | 1.27 7.75 - 14.61 -
Medium Clay 2.00 3.0 0.92 | 2.76 5.52 - 10.38 -
Medium to Stiff Clay | 0.40 6.0 0.76 | 4.56 1.82 54 3.43 15.12
Ultimate Pile Capacity, Q, =  43.54 ton.
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A1519% N2 uﬁmwamimmmmmﬂizaﬂéumlmmmﬁagalumzmm SP-02

Pile Length Ultimate Pile Capacity
Number Pile

(m.) (ton.)

1 6.73 39.29

2 6.85 39.58

3 6.98 39.89

4 7411 40.20

5 7.23 40.49

6 7.36 40.80

7 7.49 41.12

8 7.61 41.40

9 7.83 41.93
Average Pile Length 726 m.
Average Ultimate Pile Capacity 40.52  ton

4 o o w o < { [ o ]
A1519% N3 LLﬁ'@NNflﬂTiﬂ"lu'(]illﬂ1ﬁﬂﬂﬁ$ﬁ8ﬂl@ﬁlﬁ1lﬂlﬂﬁﬂ§1ﬂ@TLL‘VHN SP-03

Pile Length Ultimate Pile Capacity
Number Pile

(m.) (ton.)

1 8.06 42.48

2 8.28 43.01

3 8.50 43.54

4 8.74 44.12

5 8.97 44.67

6 9.19 45.20

7 9.41 45.72

8 9.61 46.20
Average Pile Length 8.63 m.
Average Ultimate Pile Capacity 43.84 ton
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Pile Length Ultimate Pile Capacity
Number Pile

(m.) (ton.)

1 10.89 49.28

2 11.03 49.61

3 11.17 49.95

4 11.30 50.26

5 11.44 50.60

6 11.58 50.93

7 11.71 51.24

8 11.85 51.58

9 11.98 51.89

10 12.12 52.23
Average Pile Length 11.51 m.
Average Ultimate Pile Capacity 50.76 ton

{ [ o w [ I~ { [ o 1
A5 9N NS uﬁmNamimmmmmﬂﬁmﬂmmmemﬁagslumlmm SP-07

Pile Length Ultimate Pile Capacity
Number Pile

(m.) (ton.)

1 7.23 40.49

2 7.23 40.49

3 7.23 40.49

4 7.23 40.49
Average Pile Length 723 m.
nszihneauiiogldg 40.49 ton
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Pile Length Ultimate Pile Capacity
Number Pile

(m.) (ton.)

1 14.72 58.47

2 14.95 59.02

3 15.17 59.55

4 15.40 60.10

5 15.63 60.65

6 15.85 61.18
Average Pile Length 1529 m.
Average Ultimate Pile Capacity 59.83 ton

{ o o w @ 3 A [ o ]
A5 19N N7 !Lﬁﬂ\iWﬁﬂTﬁﬂWH'JmﬂWﬁQTJﬁﬁa&l"U@QLﬁWL"UNﬂﬂgiuﬁﬂlﬁuﬂ SP-12

Pile Length Ultimate Pile Capacity
Number Pile

(m.) (ton.)

1 17.00 62.67

2 17.00 62.67

3 17.00 62.67

4 17.00 62.67

5 17.00 62.67
Average Pile Length 17.00 m.
Average Ultimate Pile Capacity 62.67 ton

117



118

do w [y
12. HamsAnszrmaunmulszasvesau (Ultimate Bearing Capacity)

aredmnumdwunnuilszdevesauinegludiuria Sp-03

Maximum Excavation Depth = 8.87 m.
Minimum Excavation Depth = 7.53 m.
Average Excavation Depth, Dr = 8.2 m.
Unit Weight of Soft Clay = 1.62 t/m.’
Undrained Shear Strength, S, = 1.30 t/m.”
Bearing Capacity Factor for Local Shear Failure

N = 57 N = 10 N’y = 00

Ultimate Bearing Capacity Equation for Strip Foundation
r.ryd r 1 '
g Zchl] +qu +—]/IBN}/
3 2
Ultimate Bearing Capacity of SP-03

)
q, =(—X1.3X5.7)+(82X1.62X1)
3

t
q,, =1822—
m

M13°99 N8 uaaIwamIAIBMawUIMUIszasupIAUNDg lUA M09

Maximum Minimum Average Ultimate Bearing
Location | Excavation Depth Excavation Depth | Excavation Depth Capacity

(m.) (m.) (m.) (t/m’)
SP-02 10.74 8.87 9.80 20.82
SP-03 8.87 7.53 8.20 18.22
SP-05 5.98 4.61 5.30 13.53
SP-07 10.20 10.20 10.20 21.46
SP-10 243 1.07 1.75 7.78
SP-12 1.00 1.00 0.40 5.59
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3

Unit Weight of Concrete = 2.40 t/m.
Unit Weight of Back Fill = 1.90 t/m.”
Maximum Excavation Depth = 8.87 m.
Minimum Excavation Depth = 7.53 m.
Average Excavation Depth = 8.20 m.
925 m.
Ls0m. 635 m. LS50 m.
[ ,I /I [
1.60 m. 5
4 3 4
i i TAlm. 8§20 m.
2 2
] : ST
5 A
L4 ’_ _4 L=

T.65 m.

{ z;y o A o 1 < ' o oA
717 n1 uaasmsrmhmininseidessuug U NI NH TUAWMUIN SP-03
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Fill Sand (100 mm. Thickness) and compact. Blinding Concrete pouring (75 mm.) = 0.37 t/m’

Weight of Number 1 = 0.8X7.65X2.4 = 14.69 t/m.

Weight of Number2 = 0.6 X58X24 = 8.35 t/m.

Weight of Number3 = 0.8X5.05X2.4 = 9.70 t/m.

Weight of Number4 = 1.5X74X1.9 = 21.09 t/m.

Weight of Number 5 = 6.25X1.6X1.9 = 19.00 t/m.

14.69+(2%8.35) +9.70 + (2% 21.09) +19.0

Total Load = +0.37
7.65

Total Load = 13.74 t/m’

{ o g‘ o a { o 1 < ]
A1519% N9 Llﬁﬂ\iWﬁﬂ']ﬁﬂ"lﬂ'lﬂ!ﬂ?ﬁuﬂ(jﬂﬁﬁﬁ%)']\‘i +AUDY) ﬁﬂﬁ$ﬂ1ﬂ@i$‘ﬂ°ﬂ§1u31ﬂlﬂ1!ﬂlMLLW

Tuduran1eg
Maximum Minimum Average
Total Load
Location | Excavation Depth | Excavation Depth | Excavation Depth 5
(t/m.)
(m.) (m.) (m.)
SP-02 10.74 8.87 9.80 17.42
SP-03 8.87 7.53 8.20 13.74
SP-05 5.98 4.61 5.30 836
SP-07 10.20 10.20 10.20 16.65
SP-10 2.43 1.07 1.75 533
SP-12 1.00 1.00 0.40 4.19




Y v
A10819MIMUITINHITNAUNYADONUYDIA NI SP-03

Average Excavation Depth =

Unit Weight of Soft Clay
Weight of Soil Excavatio

Weight of Soil Excavatio

H E4 H
M350 N10 AT NMIATIUTIHINAUNYADDNVDIA UK UIN)

n =

n =

8.2
1.6
1.6 X8.20

13.12

Average
Weigth of Soil
Excavation Depth
g Excavation
Location (m.)

(/m’)
SP-02 odl 15.68
SP-03 8.20 13.12
SP-05 el 8.48
SP-07 o 16.32
SP-10 57 2.80
SP-12 0.40 0.64
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t/m

t/m
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Y] ] o ] 3’ ] 4 1 ] I~ a 4 g Y o ]
aredmsfamsuiuihminidineasgadurazaunoglagiuludwmiia Sp-03

} 7.65 m. }
T [ e @ | [ 050m.
5.00 m.
] ® | |
5.00 m.
* ¢
] ]
38.0 m.
e ¢
: / !
5.00 m.
' N
5.00 m.
‘ Y o
2.50 m.
- i
1.00 m. 1.00 m.
| 5.65m.
\
7.65 m.
SP-03

{ 1 3‘ o 1 <3
JUN N2 ueraamsuisihminasga

Total Load at SP-03 = 13.74 t/m’
Average Ultimate Pile Capacity at SP-03 = 43.84 ton.
7.65
5X—— | X13.74 |—43.84
2
Load Transfer to Subsoil at SP-03 =
7.65
S5X ——
2

Load Transfer to Subsoil at SP-03 = 11.45 t/m’
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v 9 ] v
M13199 n11 ugaswamsiaihmmininsziasauiioglagiuludumieig

Total Load Average Ultimate Pile Average Load Transfer to
Focation (v m'z) Capacity, (ton) Subsoil, (t/mz)
SP-02 17.42 40.52 14.15
SP-03 13.74 43.84 11.45
SP-05 8.36 50.76 3.84
SP-07 16.65 40.49 13.17
SP-10 5.33 59.83 2.38
SP-12 4.19 62.67 0.45

o ' o % 1 d 2 4 1 3’ @ ! o 1 A [ 31 o 3
mﬂsmmimmma@1imawxﬂmmumzmnumuﬂﬁﬂsxmmﬂucléfgmﬂ‘uumuﬂm‘wm

nnsziludmie SpP-03

Total Load at SP-03

Load Transfer to Subsoil at SP-03

Percentage of Load Transfer to Subsoil

Percentage of Load Transfer to Subsoil
Percentage of Load Transfer to Pile

Percentage of Load Transfer to Pile

13.74

11.45
11.45

t/m’

t/m’

—X100

13.74
83

%

100 — 83

17

%

[ Y v [
13199 n12 udgaswanmsaaihmmininszihasauneglagiuluduminieg

Total Load Percentage of Load Percentage of Load

Location (t/m.z) Transfer to Subsoil, (%) Transfer to Pile, (%)
SP-02 17.42 81 19
SP-03 13.74 83 17
SP-05 8.36 46 >4
SP-07 16.65 79 21
SP-10 5.33 45 55
SP-12 4.19 1 89
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2 2
Burcharze =2 thn Burcharge = 2 t'm
BoftClay
2 3
o= 1.3 tm Y = 16 tm
H
-15.00
Medium Clar
fu= 30 tm Y= 165 tm -17.00
M ediwn to Suff Clar
Su=6.0 tm W= 19 tm -25.00

A19E19NTAIUIMADITNINYDITEUURWNIN WA TUA M UI SP-03

517 n3 uerasneaziean 1dlumssuanatesnmvesszuus Wi uAY

519a2108AUDI5ZVURNINUWIA LAY TUA 419 SP-03

H = 820 m. Bl = 925 m.
S, = 13 tm S, = 6.00 t/m’
Sheet Pile Length, L = 17.60 m. q = 2.00 t/m’
H
—=0.90
B

Fs = 5.78,,B,

(yHB, =S, H +q)
5.7X6.0X9.25
F.S.=

[(1.60X8.20X9.25) —(1.30 X8.20) + 2.0]

F.§.=2381
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Location SP-02 SP-03 SP-05 SP-07 SP-10
L(m) 17.60 17.60 15.60 17.60 11.60
H, (m.) 9.80 8.20 5.30 10.20 1.75
BI, (m.) 9.25 9.25 9.25 9.25 9.25

H/B 1.01 0.90 0.50 1.09 0.20
Sy (m”)) 130 130 130 130 130
Sy (t/m’) 6.0 6.0 5.55 6.0 3.59
q, (ym”)) 2.00 2.00 2.00 2.00 2.00

F.S. 2.40 2.81 3.98 2.26 7.39




NMANUIN U

o Y] d
ﬂ151\1!!ﬁ'ﬂﬂwasﬁlﬂﬂaﬂ1§ﬂi'3ﬂ3ﬂﬂ‘li‘n?ﬂﬂ?mﬂﬂ@ﬂuﬁﬂ Cut and Cover



o
f1 Cut and Cover

T4

a

g

Q

[

VBYANITATIVIANTINTAAIVDNY

9

Q139N V1 LAAINA

127

oo | T2l e e Ele|F|ale s e
090300 | | 2 | 2 | B | 8z 88| % | & |8
2302000 | T | ¢ | F o= | 2 )8 = & g | @ | 3|8
(V02701 I = - S < - (- = =T A A N
230100 | 2| 8 | 2| 2| 2| 82| & 2| 3| 8| ¢]¢%
ogo100 | E L& | E | F L F ) E B2 ¥ 8¢
o299 | & | 22| & | &8 8| g | &g | 35| 9]z
91199 | & 2| &1 2| 2| | 3| 2| %]|%8%|2]|z%
et | 8 S & s 2R g | 82| 2| 8 | &
o6/11/99 | & | B [ & | &8 & &2 g | 2 2| & | 3|3
cl3wtog9 | 22 E |8 S 25 g 8| 5| F | %
=
m = % ) [ o Q o = =) < < ©
5 04/10/99 = <) = = = g & 3 bl o 3 ¥
=]
£
821009 | €| & || = | 2| 2|2l gl 5| 9| ¢%
3
ES S S S ) © v © — I
12/09/99 | | F s [Pl = & 2| )R | ST
25008/99 | £ | B8 | 2| 2| & | = | R | 8|8 |8&|¢F|%
080899 | & | # | £ | & | & | 2| 8 | & | F| & §| &
190799 | & | & | & | & | & | || & | & |F]| 3| =a
14/05/99 | M| PR RS | A RS T
01/05/99 _ _ Tl 2| =8 &7 F| 5| &8
0504/99 | = | o | = | 2| =|a ]| 2| 5|. S T
14/03/99 | : : : : : : : : S T
05/03/99 | - I N R - O < I e |y
25/02/99 _ _ = = T 2 * 2 : _ S %
14/02/99 = o 7 T = = ® = _ _ 2 °
g
= o
Eea |z2|ls|z|z|2|a|s|8|2|s|8|2
3
=]
=] N [sa) Ya)
2 < < @
Q = =% A
.m wn wn n




f1 Cut and Cover

aluaa

q

%

a

[

VOUANTIATIVIANTINTAAIVD

9y

(919) LEAINA

A
ATNN V1

128

onooo | £ E | E |2z |g g5 |8 |%|3
09/0300 | 2 | E | & | &5 5 | & | X |8 || 2| &7
230200 | 2 | E | E |8 R g g g | e | F| &R
oo | £ 2 |8 2w g g R e | 28| &
230100 | 2| 222 R g g |8 2]| & |8
08/01/00 | = | & | 2 1 @ | g g ¢ | T | | |8&]|S
161299 | 2 | 2 | T | E | 5| %2 | ¢ | e | | 2|8
2011199 | & | B A2 | & | wm g 2| ¢ |~ | 7| 2| 2
161199 | & | 22 | 2| F g | & | T | e | | 2| 8
06/11/99 | & | | 2 | 2 | 5 | & | 8 | 8| ~ | | 7| =
N 3 VA TV TR < - < < - - N N
=
m o o~ N = " ) o N3 = k)
ol oo | 2B 8 & g 8] 8| ] 2|01
=]
(]
g © o ® ® < = 2 0 o = =
9 21/09/99 = = = = 5 B % © = ™ - -
3
12/09/99 o= | "2 = SEREEE B S | B | egfle | R
2508990153 [[CaSE) TRCE = Sall [l ¢ | corpme ¢ S A 2
08/08/99 | & | = | & | & | & | T | F | §F | 2| | | =
190799 | 8 | 2| & | 8| &S| F|$|%| 2| |=]|2
14/05/99 | 7 7 @ D 2 S g 8 q ~ -
01/05/99 § 7 & 8 _ > § & _ _ _ _
05/04/99 | : : : el s o8| : _ _
14/03/99 | : : e 22 oA : _ _
05/03/99 | - : : T N - - : _ _
2502/99 | - : : N T R : : :
14/02/99 | : : S - T R R : : :
g
g “©@ ) = = w o =] = [Se] o < <
s 8 Z|lo|z|® |z || 2|8 |28 2|5
7
=]
= < i i
Q = =% A
Q wn w2 n
—




NMANUIN A

a d v Y adl daa d
Nﬁfn‘i?!ﬂ5']3ﬂﬂ]ﬁﬂ;ﬂﬂ?ﬂ?ﬁl?ﬁl’hﬂﬂﬂamuﬂﬂ (FEM)



130

_

T T e et o e et

o

NA—1.1 uaAIanyse Deformed Mesh YDA KU SP-02

594

U

T+ T T FF FF F TF F FF FF +F +F F F FF +F +F +F +F F F FF FF FF FF FF FF FF FF FF

T === 1. 1. - — 1
B NSRS R H
|ffl.ffffi"ttlll ST e * H
|\|tfifllllllt/¢ar D R R
4 - tfi‘fllll//l//: . LY E ”ﬁ
J A R A NN . a et
e S TITN .
\\Cinffi‘rl'lll///II/r N 3 © ...... ”ﬁ
dem e T ST TN ONA M v f
dom CT TSI v L
\\\\ftlﬂ..//l//zz/ N ESE B
T TNy N P ST
-~ quﬂlilllz//z//z M,
===~ I///////// AN A T N ”ﬁ
., c«H'.,N/// //// A /:,:_..
LTS TSN N Ny Y Y \ YA v 5 ”ﬁ
J s e Do~ NNN N Vg
.s\x\\t\ll/”l// \ N\ NY -» Vo
.‘\\»\s'f//li/// /‘/ /a-' ' ”ﬁ
AR R RSN N AW AN L
Vv .://///// \ LRI .
ORI RS ERTXN i
AR RIRERAN A N IR AL
RN NI RS AR AR a0«
AN R A 1Y .*v...ﬁ
////r,ﬁ/'/vx//, DRI B wH e
NN SO - ,M {4,
I»IPIP»I’:HWr/r/// ‘o Y :: ”ﬁ
A ”\\\\\\\ \ﬁ»»...”ﬁ
— /4 BN I
— V2
IV\\\‘..#
B > —=2F 7] =270 ¢
3 —= b~ L ”ﬁ
> L SoEge o
P e - ..
e o \\P!:'.
= M"'l'/.//rlv\\\mn,.”ﬁ
E: — - ~ *
— - lv.¢.. ”ﬁ
] =T tu.. ;
- v
g2l SN 0 /...#
\1““\ \ql\.\\\ < ltyr «, L4
\\\\‘\M\\\\\\\I/r e @ﬁo‘. .”ﬁ
W TR L LR
PR
\\\\\\\\\\s. .:wCss‘\‘\\wﬁ“u-.”ﬁ
TSra e .1:\ VN RN
PRI VX N R Y T
) OISR T ] ’
.._.a....|\\\\\\\\\\.\x og .
14 PR A A i 'R
i ',/H:,c..\\\\ﬂ\\\\\\\ :-~...
/1w/:b|\\\\\\\\\\\ \-~....
RIS SN SR -2~, .
JR /I.nn.\\\\\\\ , /17 \cu...._ ,
1///"0‘\\“\\\\\\ s “ sssss......”ﬂ
~ . 7 ’ [
1« —-- \\\\\\\\“ % u::.... H
N R ;7 yeleet,
~ s P W4 sl
b R ey a4 ' R H
v w- T, N AT
- P )
4~ -l ), s.....”ﬁ
. l.i\\\\\\\ ’ - ;o ........
== \\\\\\\\\ 7 , .
e R el s ’ L .y, ”ﬁ
- = i(\\\\\\\\\ > NI
S SRl 1 AR
By . i‘l.fh."\\\\\\\\\\\\\\ 000 0,0 0 ”ﬁ
S DRty b SR DS T R 1
i e o R s I

o

a

g

wﬁmNmamﬁaumfvmﬂummmgmm SP-02

a
@
@

Na—1.2 uaasany

514

U



131

a8 8\ v 1t ¢y ¢ ¢t ¢t ¢ ¢ ¢t f

A
:

o

Deformed Mesh U938 MU SP-03
7
"

-
-~
=Y
- -

-

-~

-~
-

<]
|
/

[
-—
-

1 It £ 2 2

1

1

[

\

\

N
AN

510 A - 2.1 uanIdnNY
1
tt 1 {
\\
‘\
N
\

U
1

[
t
1
A

T FF FF +F FF FF FF FF FF TF FF FF FF +F FF +F +F +F FF FF +F FF +F +F FF +F +F +F +F +F

[ T T S T S |
t
A

o

a

g

ﬂ?ﬁnNmimﬁaummmﬂummmgmm SP-03

a

o
@

[

NA—22 uanaanyal

51/

U




132

o

Deformed Mesh U938 MU SP-05

@
v

Na-3.1 yaasanya

594

U

b
+
]
‘
DR
h
"o

RO N W W W Y ')

Y

W r e m s bbb

ik

s 44447 s 2
1
\
\
\

FF FF +F +F +F F +F +F +F +F FF +F +F +F +F +F +F +F F +F +F +F +F +F +F +F +F +F +F +F

o

a

g

‘Vlﬁ‘l/lNﬂﬁLﬂﬁﬂu@’ﬁlﬂﬁﬂu‘ﬂﬂ%ﬂuﬁuﬁ SP-05

a
@
o

[

NA-32 Laadany i

514

U



133

7U%M A - 4.1 waadnyag Deformed Mesh Y4A N SP-07

S o s ww e o

S

=g —————— = ——a——a———

IBAHULNANIMITAADUAIVDIAUUYDIA NI SP-07



134

o

NA-51 uaaany¥e Deformed Mesh UBIALHUI SP-10

[

594

U

1
/
/
4
/,,,,/”/
Py Iz
P A A
PP A
I3
-

b
///
-

(B P IER
/
54
>4
- //
-~ -~
_ P

/;f;{

~
N~
~
N
—
—
—
—_— "

s

P il

Lt f f f 4 2 ¢ f ff 1§ f ¢

:
s
>l
T
- > —

s

—_

L

i

-~
=
=
-~
=
A
A
s
.
A

+ ++ +F +F +F +F +F +F +F +F +F +F +F +F +F +F +f +F +F +F +F +F +F +F +F +F

o

a

%

ﬂﬁmaﬂmﬂﬁaummm@ummmxmm SP-10

a
o
o

NA-52 uaasanya

544

u



135

- — =—==—=="S=mit
ffrfftftt - 11 -
AIJIAIAIAIf/// ~ N a.¢ .
fllfff/////./ r,_ ”ﬁ
4:41414/4/4////1 N B /, .
- ~ \
o 4:4/4//44///44/// //”” ,,,_ ”ﬁ
T - N [T
) n 1 - // N ////,/, Voo
mD\Lu Aldldl//// /1/;/1 0
o N SN NN Ty v 1
m = 4/4/////// Y\ Y v
V =~ -1 N \ /// \
m — B ///// Ny \ z
Y og -,///./, \ ///1/ )
(74 ot \ N
® A\
> t /»
= /
@]
AN =
=)
:
S
(&)
A

B T O T T T T T T T S T T T

!

39
g
G
o
&
&
—
&
,
&
s 7]
-3 - .
Yo /
lac - PSSV VN W B
“~ - < S S P Y
A e S 7 1714° - .
- L s S, o
3 \}\A\L\L\\b\\ 1”7 ’ A ”ﬁ
P P - r a , .
= re ,
A --_ - 5 e y : o
= =" = IR =i

o

a

%

“VIﬁ“I/INﬂﬁLﬂﬁﬂu%’)“l]@ﬁﬂuﬁll@\‘]ﬁumuﬂ SP-12

a

v
v

[

N A-62 UFAANANHN

519

U




136

WA a a dJd
Usz AU InenHnus
[ a o y [ [ o <
UIBUTING Lfa DATUN 31 Ay W.a. 2521 9anda aaval §uSamsany
[ a a o a a a a 4
seaulTgiaidanssumaaitiauda 71A3¥13AI0IIN 1851 ANSIAINTINAIAAT
a [ =) Y ~ =y Y =K 1 [ a
wrinInerauma luTagwszaomnarsuys 111 wa. 2544 uazindnyiae lurdngasIfanssy
@ a a 4 a a a
MAATUMITUNG AULIFAINTTUANAAT NAIWIAINTTU 51 a1uIenssuTest Tudl @en

Ay avuvangas uinsfny 2546



	ปกภาษาไทย
	ปกภาษาอังกฤษ
	หน้าอนุมัติ
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	รายการคำย่อ
	บทที่ 1 บทนำ
	1.1 ความเปนมาและความสําคัญของปญหา
	1.2 วัตถุประสงคของงานวิจัย
	1.3 ขอบเขตของการวิจัย
	1.4 ประโยชนที่คาดจะไดรับ

	บทที่ 2 ทฤษฎีและงานวิจัยที่เกี่ยวของ
	2.1 ชนิดของฐานรากตามสภาพของดินรองรับฐานราก (Foundation Types)
	2.2 ลักษณะของสภาพการรับน้ําหนักของดิน
	2.3 การคาดคะเนความสามารถในการรับน้ําหนักบรรทุกของฐานรากตื้น
	2.4 การคาดคะเนกําลังรับน้ําหนักของเสาเข็มโดยใชวิธี Static Method
	2.5 เสถียรภาพสําหรับงานขุด (Stability of Excavation)
	2.6 ลักษณะของการทรุดตัวในมวลดิน
	2.7 คุณสมบัติของดินเหนียวที่ใชในการประมาณคาการทรุดตัว (Soil Properties)
	2.8 ระบบฐานรากเสาเข็มแผ (Pile Raft Foundation)
	2.9 การคาดคะเนการทรุดตัวที่ผิวดินดวยวิธีไฟไนตอิลิเมนต

	บทที่ 3 การรวบรวมขอมูลที่เกี่ยวของกับอุโมงค Cut and Cover
	3.1 การตรวจสอบคุณสมบัติทางวิศวกรรมของดิน
	3.2 เครื่องมือทางเทคนิคธรณีที่ใชในการตรวจวัดการทรุดตัวของอุโมงค Cut and Cover
	3.3 ขอมูลที่เกี่ยวของกับอุโมงค Cut and Cover
	3.4 ขั้นตอนวิธีการกอสรางอุโมงค Cut and Cover
	3.5 ผลการตรวจวัดการทรุดตัวของระบบฐานรากเสาเข็มแผ่

	บทที่ 4 ผลการวิเคราะหการทรุดตัวของอุโมงค Cut and Cover จากการกอสราง
	4.1 ผลการศึกษาลักษณะและคุณสมบัติตางๆของชั้นดินในบริเวณสถานที่กอสราง
	4.2 ผลการวิเคราะหระบบแรงตางๆที่กระทําตออุโมงค Cut and Cove
	4.3 ผลขอมูลการทรุดตัวที่เกิดขึ้น และพฤติกรรมของอุโมงค Cut and Cover
	4.4 ผลการวิเคราะหเสถียรภาพสําหรับงานขุด (Stability of Excavation)
	4.5 การวิเคราะหการทรุดตัวของอุโมงค Cut and Cover โดยวิธีไฟไนทอิลิเมนต

	บทที่ 5 สรุปผลการวิจัยและขอเสนอแนะ
	5.1 สรุปผลการวิจัย
	5.2 ขอเสนอแนะ

	รายการอางอิง
	ภาคผนวก
	ประวัติผูเขียน



