unh 8
N158UAIVBIAY

(Consolidation)

% .
8.1 1levillageo

8.1.1 aaui (Introduction)

A o . A d W = 9
WaNNTINTENIMNIEUIN (applied external Ioad) 1’75@11’]1’Tuﬂellﬂ\3ﬁ\?ﬂgﬂﬁi’!ﬁ

A S i P w
AFZVINNLUIUADIFTUAU (T uwﬁmm‘nmmngm'ﬂﬂm‘ﬁn‘i AUAUNTT (embankment) m;‘ﬂd

F

T 3 au ) r
8.1.1 sxawaldimammRuUuvesnUiois (induced stress) lusuauiisassudalgnada

ot T o yé’j = = ar . -:zi' =9 qt ar
Aana13 M lruRwARMIYUAI (Geformation) A lnminavztlszneudisnmsguédlnin

n. nsNaTuBIindy
E P o A
U, MFIAADUNVDNUAAU

=5 :; P ’ 1 J t . 1 g = .
f, mi”l,wncﬁmmmwmiﬂaghwmmﬁzmw solid phase Tutadit (soil)

kY ¥ F ] v
1481 MyguiIvestuiuiinesn external load szvitlftamsgudluun@a (total

3 ? :
vertical deformation 138 total setlement) ¥915zneUTURIN settlement 3 U i
1. Immediate Setitement (S))
Wunsngadififasnauaudagangu (elastic property) vesau Tashiilsumsves

a r et A , . o & g A = ' .
au'lidimslaeuutas (no soil volume change) #atiu Tuwansdl 3eiinsiFandi elastic

settiement (S,)
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W 2 L W
aIngafineauauidtauguil wifaduiufinduau 1850 external load Fatiy

= ass T a d I s
Tumal{iid dwmfvoudmseduezeenuuugunn Wited S iwawuiiazaioauysol o

v
namaugaeUAnia

v &t e =S

Y 1~ 3’ o i s
Sia S, MAavu aunsas e lanpauduiug Afauunanngeg
Etasticity 13U Janbu (1956) g Harr (1966) Fausamnioazidea 148108131914 Soil

Mechanics 38 Foundation Taga'l1)
2. Primary Consolidation Setlement (5.)

o> T
amsngadnuyil dunanenmsinnszuiums consolidation fihldiianisan
3 " W 5
Y3 asveailoful (soil volume decrease) IRTIZNTE TMATUOBNNIVEIIIUNAIY Tuny

@ T b2
unsneglugeadne (pore) sewing solid phase Twifleduiizuddieni (saturated sail)

3 ¥ O = :’ ot ' o < .
N8l aungiihldifanisszuieridnd1 ife usanszvienneuen @pplied

o ) A d? 3 ‘g = . R . r g
exiernal lcad) P ldnaniaRvdnveas uau lailadu (induced stress in soil mass) 1A

vy
= o/

snitesuisuga ligaein (saturated soit) dlszneuaun solid phase 118z water phase i
Aamaguda (deformation) meld stress 18419071 s0lid phase ilusdiann Fohu Tuwne
# consolidation process 31 induced stress Famun 92QANLINGU 1AY water phase oY
fio nmﬁmiaﬁu“luﬁﬁmsnagﬂwﬁmdw wieRiEon i1 ussimitd iy (excess pore
water pressure) HAadeHa IMINAAIULANAR1I9YBY total head un:ﬁﬂﬂﬁmsszmaﬁq 800
INFBLIN (pore) 5E1I18 solid phase

2 4 P ' . = .
8813 13707 P1552VNTIBBAVINTOIIE {pore) 3¥ N solid phase ¥99AU (soil)
Y

o= Q1 o [ 1 ' Py .

INATUT T 1AU VLIS ANBUZVBIFBI31 (pore) HALTHAVA solid phase
v o & A o ] < A Y .
iy mindlusudunsaa (gravel) Aunste (sand) wagneiaazideanionsieilu (siH) o2
isasiauresirneudnaun uay hilusalszy Wi Samileaszwing solid phase nnz

o 9 . . . =Y 13 1 o A A 1
water phase 1l primary consclidation settlement INAYUBYNTIATI HDLDITUDUIN

=1 o [V . o o . .

wioauysel Tdwdeuny immediate settiement WufAl N15NIAR290 elastic behavior nag

2

consolidation process sxifanye Tuiuiinduganuisaitg
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@
o e

daiiu Tumal§ialdae 1631 msTnszdiv Scifisannnanlasuilassinaes

1 ¥
a9l ©

’ 9 3
YBIRUNFUFIA2I1 NI 1A UI0BBADIN pore HIBUTIAUIAINNY (excess pare

1 o o o
water pressure} 9RDIsaupwzna TunsaiduRwmilon clay) winiu il veunziild

Ferumunauiismwes clay #1497 soil mechanics Tmiugit clay aseunguunndt ndl

P o AW UL £ a AA v o .
MduFumilandus (ure clay) lag clay 1 14 18nw1e0e AURLVAMIAD clay size

Tuamdinsizviazesnuuugiusn Iaena 11 Iidad1 n1sngadinin consolidation

O

1 3 ¥ T
orocess aTMIARTUNAIINAFUAUK 918U (saturated clay) Tdsunsenszihmsuen

a

2 A P = aso 6 A g ' 9
K3 (full externat load) &1 lumstldanfie dunndudganunaasy

7o

o o P . | < Fa P :’ 1 o
TIMITUNDT N S_ INARUNURZITIVITUYTHUY Taa o ai i idszuieeanan
[ ] n’; Qr A 1 4 JE A e :’
¥84314 (pore) IUATENG excess pore pressure naumauugud Falumalfia ez
¥ o A oW & "o a v 1 =
Jzigasn 13J"1ﬂnsame=m NIZVUBYNUUYU AU ANV USUYDITININ (pore) UATFHUAYD
. s U ' [~ = 24 = k3 ] o

sclid phase AU HIFU madluauvtelsznauaie gravel 1az/%39 sand Husman

J a

P 1 ] o T i ol 1
WIN MTTITUSUIDTNVINTBIE 1INNITINT ﬂﬁﬁﬁrﬂu pure clay !ﬁu@ﬂ’lﬂﬂ’lﬂ

1
o A o =

. Y o
5w S, MAediuanue aansafnran Ronenuduius idenuwgdnss
2/ B

@ ’
A15gLAI (deformation behavior) UBITUA HAZUVUIAVOAUAUTIEANTUAUIY tAETLIN

. & 1 [ o
Tuafia (maximum past pressure, P.) F331wazidea ldnan 1luwden 8.1.3 -

3. Secondary Consolidation Settlement (S,)

3 o
o 9 o

aﬂuﬂﬁmﬂﬁaﬂﬁﬂmww“lwf;"uﬁumﬁmﬁéummﬂm (saturated clay) e unaon
A58 (creep) voudiaAy (solid phase) fsnhminnszienneuen (applied external
load) ag:!ﬂunmum ﬁﬂﬁiﬁﬂmsqué’h (deformation) ¥4 sclid phase #580199x1AANTS
Tai589a1 il (re-arrangement) ve4 solid phase

TundinneiiazesnuuugiusinTasaly Wded1 mangadian creep 1o S
e undtnnitudumilonsud (saturated clay) 185zanorheanangesing (pore)

1
s

ar ar 1 4 o m:u
IUNTLYN eXcess pore pressure ﬂﬁnmﬁm!‘ﬁuﬁuﬂ Hunae A consolidation process
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o o y - ! = o eﬁj ’ 1y o
dwmsunm A S, fadiuiinaziad sanysaiiu ez himwsasmuald sz creep
, o 9§ a R I S A &
behavior 1z9hIiAn S, inndusdieaeion liammarimuay deiu madennilaluns
r o
nsizdnae TilFenslFauuesdalgaade mdmuanmduge dmivmsdiiuium
85
' g 4 Ao = g o .
ot IsAem Aaidiniznuluauesnnuueisife namduga consolidation process
2 P Y ny [} =y s = ﬁ - =) Qi 9/
wie npaussidwny advuliaudugus Sedunnesienerdieisns ldauves

& 9/ a4 3 3 Af " g oy
TINBATN ﬂﬂuuiumanimm”lummwmsm

4
Q/

¥ vy
8.1.2 nuudiasemIguAvesFuAum o fioudaaioi

¥ s
= ar @l o _ &

! + k4 [
& uDVTIAeT 319 8.1.1 (a-2) nansa R MFUALANVBIALIM I EINTNA RN
t { t v as c
nmt <, (RauRvziimsnead1e) Tas AG saz Au =0 oy lddunuuiaes

. . H 1 LF=1 o 3’ 1 = o o ar :’
Spring-cylinder (a-1) tile Wiliusanszsit haetu lifaussdu wesTanssduih

aua lamiugud
A = 0
Au = 0
(C@t<t,) = Cat<t) + Ac
(Cat<t,) = (G'@t<t) +u@t<t)

3
o o o

. S oa a dA oy 2
® PINULVTMES (0-2) uAAsaaTRTuRUmsINaNad lddinidinnt =1, (@uge
) Y ¥ 4 2 4 ar a
msaean) Ac Wluuseduifadudesnndaneada fenldtmmuians
3 . *
Spring-cylinder (b-1) 1 P luuuudaesiininy AG luuvndiaes (b-2) Fase P
2 Fa

mhRaussduiEImaY (Au) ud valve tariufaussauiianunu (Au ) aen

Wy ar 3’ :s‘l Ll af a7 ‘t%!
1nszu Tl ewssduide 1w laannas Tatid wniu
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¢ = 0 ffeamimiuns siud IR T TR)
Ac = Au

(Cat=t) = (G@t<t)+(Ac)

(cat=t) = (C@t<t)+ (W@t <t)]+ (Au)

o & A Ad o v 24
PINUUE1949 (c-2) wrasa nwsuau tlsanauda ldaeihnary, < t< t,,
ki
(32WI9MSIAA consolidation settlement) Fudmtioagudias Wevlany
1 F1a
HUEaad Spring-cylinder (c-1) Wiaitla valve nss@uihdwnuasndInszuuingg
T 9 as . tﬁw = =] ¢ a o 9 . :'.:'ll; = =4 ar
a5 19 N0 spring (fledwmiled) Tuwusiaes i spring lleduniile) guds

[ Qs ny c{ " o ar =
a3 AULTIAUU N Iﬂil'tﬂilﬂﬁif.lﬂllﬂ'mﬂﬂ@
(C@t, <t<ty) =(C@t<t)+(Ac@t,<t<t,)

(G@ty<t<t,, =(c'at<t)+ ' @t<t)+(Ac@t, <t<t,)

vinuuusans (d-2) tamsanmawuiiedduda ldnmbhinatt = ¢, (@Fugamsiia
o
consolidation setlement) 1H8u I@RUIUD1a8Y Spring-cylinder (d-1) n3aauain

2 o/
dauinusennInszuuvan (Au =0) spring (ffeRumilen) FUNTHaNNA AMITIAU

3 ) 9} @ =t T Qs -4
s ldnuasiatia unidueausd

L

(AG @t,,) (AC'@ 1)+ (Au@t,,)

(C@t,q) (Cat<t)+ (Ac@t,)

(Cat,) = (Cat<t)+uat<t)+Ac'at,)
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8.1.3 mMyngadiilesnnnisgudussdu (Total Foundation Settlement, S,)

S.=S+ 5.+ S,

= immediate settlement

4
o)
o
=5h.
R
I

Se = consolidation settlement

S; = secondary settlement

1. Primary consclidation settlement (S.) uie 1 2 nuude

1.1 Normaily consolidated clays

C.H P +AP
S.=—log >
1+e, A
Tagfl C, = compression index w1ld9nAmFUYa e-log p curve
qs;‘ = 4 R‘A o QF :}
H = MU IFuAu HIBIR I8t
v Fa
P, = G’ = nibhasssuvssaumilndudmmeih luanmamauneusuns e

3 E ]
AP = wirsussduvesammiiersuddmiuileannusuasa
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1.2 Overconsolidated clays miailu 2 ndl

® 3l P+ AP S P, angant S 1dean

_CeH (o Rt AP

S. =
c I+e, FiA

o nsdl P+ AP> P, aunsam S 1dan

Gl P [CH | PrAP

S
“ l4e, P, lte, L,

1.3 Time rate of consolidation

o
o 3

AT3MIA1 consolidation settlement (S.) aulamwizduaumilaanoudrdinii Tag

o
o =

1 é = =
amsama1ldnin Terzaghi's theory Fefiauudgiu 6 dassil

1. VUL NYIL AN 22 M NLIMI UL U aNPS AR ARANI9IRS consolidation
settlement
. = Y e e ¥
2. AUBAUEIABIBNEIAIEWT (saturated clay)
E73 1 ¥
3. HrrunseananAlien taAYifthl
N . = A:ll i‘n’ =8 - 1 ?f d: =
4. consolidation settlement (S,) INARMNNITAUNTUABNAINALWMTIL AR MAY
I Bunmeaan
5. mwiien launsnussdoneseing g

6. A0 ld Darcy's law lunnsAnuandls

TunnsAuuuIATINsE LS consolidation settlement (S,) wax ATIUN9ELGT

o kT ] ar aali
Fav A 7 Al
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® Coefficient of compressibility (m,)

m, = Av AP
Y Av,

e v, =dTnnsresdusi
Av = imsussmuiinlaoull

Ap = nsemflesainusinseimeusn

® Coefficient of consolidation (C,}

k

ml‘ ?/W

C,=

Taoh Kk = coefficient of permeability

Y, = water unit weight

®  Compression Index (Cg)

Ae
A IOg P

Ce

#1 void ratio "ﬁ!ﬂﬁﬂullﬂ

Taofi Ae

A log p iy log p ‘ﬁ!ﬂﬁﬂuulﬂ
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RIBOMWHIA G, INAUMS
C, =0.009 (LL-10)

Tagh LL = a1 liquid limit YesAuFansnageun LL 12351 1adien

consolidation test nazenldaolunsnagaufszlszwiani

® Degree of consolidation (U}

seltlement after timet
= ! x100 %

total final seitlement

:S—’x]OO%
Y

e

1.4 Time factor (T,,)

r . 1 '3 T o v . . % ) =
1 Time factor Lﬂumm‘ﬁﬂm@gﬂum Degree of consolidation, U, R R ATERPTVR

Qs

24 ' 44 @ A
NEI‘I—!%JWN"] MNTIYDIAIUAD

1. Ansuienens Iravesihduy two — way drainage %39 one — way
drainage

b .
2. anvuzussniERWTINI (Auy)

A . A ' Ny ¥ 2 o a o A A o
!N@Wﬂ?im'llqaublﬁ]ﬂ'mc] ]ﬂ!lﬁq ﬂﬂu1qﬂ31ﬂ§1gﬁlwaﬁ1 TV mﬂmﬂﬁ‘l’i‘iﬂﬂi’lﬂﬂm
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gﬂﬁ 8.1.2 Variation of U, with T, and z/H ,

. ' Ak o oa
nngll annsomia T, TasfiTou Judadl
1) T two — way drainage

2) AU Tuash Tasmvenlasuslas Tuauanudnvesdu
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Average degree of consolidation, TA%)

0 0.2 . 04 : 0.6 0.8 0.9
Time factor, T, :

17 8.1.3 Variation of average degree of consolidation with time factor (T,)

iE

= E

=

N Lo

> I

Zg Har
£

o

One-way
drainage

e
v

RIAKE R AERNY
Different types of drainage
with u,, constant

gﬂﬁ 8.1.4 Difference types of drainage with u, constant



T 3
ongl asoldnd T, TeasfiSeu ludsi

1} i two — way drainage %39 one — way drainage

2) AU ash Tinldeuuaslidawandnuesdu

A13199 8.1.1 Variation of average degree of consolidation with time factor (T,,)
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U (%) Ty U (%) Tv U (%) Ty U (%) Ty
0 0 26 0.0531 52 0.212 78 0.529
1 0.00008 27 0.0572 53 0.221 79 0.547
2 0.0003 28 0.0615 54 0.23 80 0.567
3 0.00071 . 29 0.066 55 0.239 31 0.588
4 0.00126 30 0.0707 56 0.248 82 0.61
5 0.001%6 31 0.0754 57 0.257 83 0.633
6 0.00283 32 0.0803 58 0.267 84 0.658
7 0.00385 33 0.0855 59 0.276 85 0.684
8 0.00502 34 0.0807 60 0.286 86 0.712
9 0.00636 35 0.0962 81 0.297 87 0.742
10 | 0.00785 36 0.102 62 0.307 88 0.774
i1 0.0085 37 0.107 63 0.318 - 89 0.809
12 0.0113 38 0.113 64 0.329 a0 0.848
13 0.0133 39 0.119 65 0.34 g1 0.891
14 0.0154 40 0.126 66 0.352 92 0.938
15 0.0177 41 0.132 67 0.364 93 0.993
16 0.0201 42 0.138 68 0.377 94 1.055
17 0.0227 43 0.145 69 0.38 95 1.129
18 0.0254 44 0.152 70 0.403 98 1.219
19 0.0283 45 0.159 71 0.417 o7 1.336
20 0.0314 46 0.166 72 0.431 98 1.5
21 0.0346 47 0.173 73 |0.446 99 1.781
22 0.038 48 0.181 74 0.461 100
23 0.0415 49 0.188 75 0.477
24 0.0452 50 0.197 76 0.493
25 0.0491 51 0.204 77 0.511

111 : Braja, M. Das, 1998
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@1319% 8.1.2 Variation of time factor (T,) with degree of consaolidation
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Degree of consolidation

Time factor Ty

U (%) Case | Case li
0 0 0

10 0.003 0.047
20 0.009 0.1
30 0.024 0.158
40 0.048 0.221
50 0.082 0.294
60 0.16 0.383
70 0.271 0.5
80 0.44 0.665
80 0.72 0.94

100 0 ©

931 : Braja, M. Das, 1998

One-way
drainage

drainage

v o
519 8.1.5 fianams Twavesiz 1u case | i case 1l



v T I
A1010A135190 8.1.2 amnsaldmie T, TaeliTou ludsil
1) i one - way drainage

2) Au ‘hinad nffgunlasldeuauanuesdiu

1.5 Rate of consolidation (t)

- :; -:i ny =5 =) ] dlm = @
Ipan = NamMnNguenNsnAU FINNAUUNITIUAT
H,, = drainage condition

® {v¥U two — way drainage 19 H,, = &

w3

2
® {11371 one — way drainage 1% Hy,=H

279
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2. Immediate settlement (S)

¥ + ] o
Immediate settlement !‘ﬁ'uﬂ'1ﬂ]ifﬁ]ﬁ’J"llEl\‘lﬂ‘l«l‘ﬁ]ﬁlml‘iMﬂﬂﬁ%”]\ﬁ]uﬂﬁxﬂﬂﬁuf'[ﬂﬂ'ﬁ

@

¥ T r
road e Tnemnsgudiliinansznuasienens wilesuniledouny consolidation

T 3 L r = = = lﬂ' 1
settlement A1 5, ﬁlzﬂuuﬂgﬂﬂﬂﬂ‘klil.lz‘li’él\‘lﬁ'm‘i"Iﬂ!!.ﬁ%‘]fuﬂﬁiﬂﬂﬂuﬂinﬂl‘ﬂﬂi‘]ﬁ‘%{]\‘i

Settlement Profile

Settlement Profile

()

g‘ﬂ“ﬁ 8.1.6 Immediate settlement profile ua:ﬂﬁﬂsmwmmnmﬁumﬂgmﬂﬂ (M) flexible

foundation; (%) rigid foundation
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S HITOAIUINHIAT Immediate settlement Tdanaunissasa bl

2

1

I

1—p
S, =pB
=PB—

Tagh  p = ussugminnszhifuguana
B = anwndevesgusn mieiduriguinaislunsdissinnan)
. ) - o = é ] as oY
4 = Poisson’s ratio 1118910915199 8.1.5 Fauanaafiu llawyiiady
E = Tuadaanudanguvasiu n1ldena1sieh 8.1.4
d <
| = nondimensional influence factor 11 14910915197 8.1.3 &4

P

AvualdenglseasaundIue g0 (rigidity and fexibility)

#13519% 8.1.3 Influence factors for foundations

Flexibie
Shape my Center Corner Rigid
Circle - 1.00 0.64 0.79
Rectangle 1 1.12 0.56 0.88
1.5 1.36 0.68 1.07
2 1.53 0.77 1.21
3 1.78 0.89 1.42
5 2.10 1.05 1.70
10 2.54 1.27 2.10
20 2.99 1.49 2.46
50 3.57 1.80 3.00
100 4.01 2.00 3.43

- Braja, M. Das, 1998
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15199 8.1.4 Representative values of the modulus of elasticity

Modulus of Elasticity

Type of soil psi kN/m’
Soft clay 250-500 1,725-3 450
Hard clay 850-2,000 5,865-13,800
Loose sand 1,500-4,000 10,350-27,600

Dense sand 5,000-10,000 34,500-69,000
1 psi = 6.9 kN/m’

A1 : Braja, M. Das, 1998

AMINN8.1.5 Representative values of Poisson’s ratio

Type of soil Poisson’s ratio, [
Loose sand 0.2-0.4
Medium sand 0.25-04
Dense sand 0.3-0.45
Silty sand 0.2-0.4
Soft clay 0.15-0.25
Medium clay 0.2-0.5

11 : Braja, M. Das, 1998
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100 T T —

o

LEGEND
1-Whangamarino clay " ] _
B 2-Mexico City clay = -~ . o L -

‘ 3—Calcarecus organic &ilt - - :
RS 4--Leda clay e
e 5-Norwegian plastic clay
: 6-- Amorphous and fibrous peat
7-Canadian muskeg -
8-Organic marine deposits ‘ p
9-Boston blue clay
10~Chicago blue clay -
1i-Organic silty clay
# - Organic sily, etc.

{

TTTTTT
I

10,

- IhI!II,

g

.8

U —

5 " 7
4
1:_ o V —:
. L ] . =
B w A" i
2 }f |
A
0.1 NIRRT ] Ll [

f0c 1100 S 1000 3000
T Natural water content (%) -

gﬂff;l 8.1.7 C' ¢, for natural soil deposits
3. Secondary consolidation settlement (Sg)

Secondary consolidation settlement 1AAHH4910 primary consolidation settlement

3

AunsguaIiannmsa (creep) veuiladu

S, = C'gHlog (L)

nay c’ :1+:
P
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1 v M ¥
Taeh C'o = mildnn 314 8.1.7 ¢ Dezliuegiumsanazneusiuouues
AUAMBITUYIA

»
ep =  OATWIUFBIINUMETUAR primary consolidation settlement

¥
H =  anuwuwassuaumiles
B Ae
log (12 //t] )
Taeh Ca = Secondary compression index 1118910 e-log t curve
Ae = AR TUDIBATIEIUFDIT
tt, = rnana Ae

8.1.4 Time-settlement curve

o= e o R o o o P ] & o P
Aumiley hududdauddguazduilgnuniigemedeiinamans ilhifa
v 2 ¥
MMINTAHIVOIYTUTING AT (iTosmnduniiensiuiidudiiu lden sildnsgudadadiy

i T 1 A 3 o Tor o ow ot 1 .;
namegRaliles sauTMsnszaIsussau iy n1sngadad himiaue

Glumsfimswﬁﬂﬁquﬁwmq?uﬁumﬁm a w3014 Time-settlement curve e
fhmsquﬁaﬁmwhe I8 Tapaz o154 UANITH24 primary consolidation settiement
v mswﬂisqué’l’wm%uﬁumﬁaﬂufﬁ’mﬁﬁwaﬁiamwﬁqﬂﬁ"maﬂﬂsqﬁ%’mimnﬁqﬁ Ta
fmualit, ﬁmm*’ﬁguqmmf‘i@ﬁ%ﬁw%nmﬁﬁmﬁﬂm;quéqumu consolidation
settlement (0% consolidation) &g t,,, ﬁﬂnmﬁmiqﬂﬁ’umv consolidation settiement
§uq@m (100% consolidation) U@ t,,, wsthaieriawinlderumann SeiReswrdns

gudIMIN t,, (90% consolidation)
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8.1.5 Consolidation Test

¥ a & = =) 14 o :’
iWunsnagememadul szantana o vesdumilenNsudlIdeiii (Saturated
é o L] r QF o v 1 t:? a T s 3 -
Clay) #¢'1dunn1 C,, C, C,, uaza1 P, udahawnad lidusnainisgudivessudy
=1 3 = A .d' 9 =) 9 A s ~< d‘. d‘l 9N 9 1 o -~ n‘f
mileniu fumiish ldnameumsianmladifsnuanmiduiaa el 1dmaudlseans

@14 o fignang

oY <] as 1 = A qf 9 =] ) 3 = =4 A o Y oy
AFMTNVAIDINAUNYNABY TABIUNVINNIANINA NUBIFUA U UIINDUAINILU

o
=

Tagaafaanndudednaunaaan 1dds

i ! e @ oo
ﬂifﬁﬁ 1 ‘HTﬂﬁQUﬂ§$ﬁ1mﬁluﬂ15!ﬂ1$ﬂ13?ﬂllﬁl’mﬂﬁ@“n'lﬂ ﬂaﬁlﬂﬂ@ulﬁﬁﬂﬂu’l“ﬂ@ﬁ@ﬂnﬂ

= ar Qs ujj Uy ar T U .é o l'l qt s
7 A7Wan 1 wasaegy Astiuez Iddudaed e 5 dew ileriunmareunas 1dd
o a = S =4 ¥ v o 1 ' 3 = a4
fudsednian q vesduniivamageuuda Iiwumanivuuadalaginsaae
T at = Qd, H H
$uaufIvgImaneL udasaihmdnlizdnin lasnmaadslilldau

as 1

A = o - @ A &
ATMN 2 T’i’]ﬂn(lﬂﬂﬁ'zil'lmﬁluﬂ'ﬁm']zﬂ’lﬁ'gmlﬁzﬂﬂﬁﬂﬂﬂu 3 nau AIFIaaninuAIBeg

n?'.siul Y

nagaudeu B, C, uaz D umaaeu ndnhmdnlssanid ldsanmisnaastin

1nfe

= = = o - o - d @
ATUN 3 ﬁ"lﬂll\‘l‘ﬂﬂ‘iﬁﬂmeluﬂ']‘il%']%ﬁ"li?‘ﬂ[!ﬁ%‘t’lﬂﬁﬂﬂﬂu 2 09U AITIAaINUS I8
9t né 3=\d’ Y o v ar aa’..—.’.ly
NaTouUNdU B uaz D FHTIDYMNNANFUAUNITA !!ﬁ’JHTﬂTﬁNﬂizﬁ‘ﬂﬁT’l lﬂﬁnﬂﬂ'ﬁ

NAReLNUNDY

Y o 5 ' | v 4 o o r
NImN 4 ﬂ1ﬂNQﬂﬂ§$N1m1uﬂ13fl"]ﬁ'}%l!ﬁzcnﬂfT'ETUleN 1 19U AYTIAINNLAIDEINATOU

91. ld;’ 3 = =
neu C WTIZBYMINA WNTUAUINUEYD

L= =3

Ay v o A o o = o ' @ A A W
ln@qﬂﬂulﬂuﬂﬂcﬂﬁlgu']vlﬂﬂﬂﬁ’l’]‘ﬂ!lﬂg AITTIUHIANUHIIAIDININATOUNUN !Wﬂsh’f

]
1

AuasanInlndmesan @Ay (In-situ condition) Hga

9



EL.{cm.) Ground Surface

Sand

14

1

31i% 8.1.8 yamamsidenfudiediesau
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1 @ T
nisnsnaasnaz ldnsml e - log P Aadraliuanileninl C,, C, nay P, Mot sy

= A l=§ L] o
2INNSNAABY consolidation test vesAumilgafounils 1da1e - log P 431519

FI319% 8.1.6 LAGNAN P LA ¢

P {kN."mz) 14 24 46 85 200 100 53
e 2.22 2.2 212 1.87 1.52 1.58 1.63
2.3
v P.
2.2 “"@-\.\
orEp T A
2.1 AR
Y ™~
a T~
7 0 \\\.' \\""'-
® - N \\\ C
R ~
c 1.9 S N
= (e, p\) \ 3
- 1.8
o
> \ Slope =C.
1.7 ope >
(€3, py) ©- \i
1.6 1
I _ Slope - Cs—-“ (64 ,N (62, pz)
) \
1.4
10 100 400

Pressure, p (kN/m?)

711 8.1.9 & — log P curve for a soft clay
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8.1.6 3EM3IM1 P, 910031 e — log P
£ Ao A i

1. 1@onga O Fuilugeiiisedi IRelooiiaa
2. ndu OA

N ;
3. a1 OB Fsezntudududa A O

% &
4. 410 OC F9924119A5 130 AOB

5. anduduiadivveaduaselidaimdu oC figa D

W
s A '

6. MMEUATININGA D asndanuunu X figala Amnuduns v ldheaiu des p,

C, Ao prmFuvsudunsldnfiduduassilefinvanudu

r
fa)

A @ o ! @ Al as
C, fin mwduveudunridduibdudunsaioansudu
110 consolidation test 131 1TAUA1 C, 19 2 35 A
1, Logarithm of time method WAt tiWet lalwis C,

2. Square root of time method a1 t,, il ldwisn C,

8.1.7 MINIA L, 010 Logarithm of time method

i do
2

=

£

g

g
B dsg
Rt

B=h

=

B

8

dion

T
- Time (log scale)

g‘ﬂ‘ﬁ 8.1.10 Logarithm — of — time method for determining coefficient of consolidation
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21005 1# 1891015 NATeU consolidation test

1. mnduassduAmdunsmuesrd primary consolidation 1A%

]
=

secondary consclidation MAARUNYA A HdIaMAUAT VUL
unu x 91099 A lldaunuy exldn d,
2. renya B (3ala 4 vuduns) mnduainga B Tudaunu x ozl sz t,
=
Taeint, = 4t,
3. amduasadanduuny x minga t, Idmdunsiiiee C ez 'ldszes X
2
s 1 Qs L% xé
4. Faszezonga B ¥u lihiuszeziiy X anduvuiunnu x ludannu y eee
¥ =)
1dgadade d,

5. wwdglan Lot dn
; 2

6. amdunin d,, lldaduns figa F mmduainge F aandadunnu x 1218
ft,,

, Coty .7 =
7. 9 T, =Hvdr502 ; Too = 0.197

@

wld ¢, =o0197 Hdr’

fso
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8.1.8 N3N t,, 910 Square-root of time method

Deformation (increasing)

Time (square ro'o't)_'__ :

319 8.1.11 Sguare — root - of - time method

91003 1H [dnmsnaaey consolidation test

o o 3

R . .
1. mmdu AB Fafuduidudmdunsiuniiga

a 9

2. mmdu AC Tag OC = 1.1508 9z IAgadadunsmiiga D

a

9/ Qs d! i d' s = T
3. ;unsMeInga D INdauny Seaigada Ao At

4,210 Too ={(3.848 = C_VZ&
: dr
Y o, 0348 H
t90

1 1 3 “aed A r s é 1] r
1 C, N IAnnnseesiteziien Indifosiu Fsnasidenld c, Aunandtmazen
r 4 1
aumsdduszudivind C, 1n szoznamafamsgududunvesfuzdunduilen

C, Yo (worst case)
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] v o ar A A A
8.2 Jandnumunui mnudilelundnmsnuguveaiemnGay

1. ﬂ§m18§U1ﬂﬂ’meu1ﬂﬁlﬁ]& consolidation, compaction, Hfg settlement

Consolidation iz M5aal3uas (volume decrease) #30N158UAIVBIINAUBU)
¥ ) 3 ) 2
#2101 (saturated soils) itasnmiiunsnegiugesin (pore) szrinatiodu (solid phase)
v 2. a 4 L aga
Inanen iyl Areusednlianuiu (excess pore water pressure) Aignyivldthiadu (induced)

¥ [ ¥
pmhmdpmeuen (external) AN INANLTUAY

1 ¥
Compaction fia n1s1dusensah Yiulsmmnmau Tasmsuadadauidudiony
N 0 T -] Q g ] o . . . .
(solid phase) IfidmneglndFaduuiniu eI unit weight (y) uag void ratic (e) o4

Auldoull

' ¥ ®
Settlement Ais TzazMIgUR11UULIAS (vertical deformation) vestudy Fedmamilu
i ~ - . o ' . .
settiement NiHAINNTAAYTUNATIINNTZUIUNIT consolidation HezI38n11 consolidation

setlement
2. N§BTLIBAMLANAIEY consolidation 1tAY compaction

W TR} a
consolidation ziamMe IuFuRmmtisdnsuddi Tasnsaadsunas (volume
T =) g ar d':l a ) ﬂ{
decrease) LADYPUARUINUUAILINT UL TNNBUTINTSHINWUDNNINTSH I YREN
. f-‘; ﬂ' . . = :; Qr 9
compaction szarulanmsiaounlag unit weight 9999U NNTVATRAURNY water content

A NH19AU
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W ' v
3. N3 sketch phase diagram 3 31 wieumsesing ienaaslfiudinmsulaoulas
¥
Y84 water, air, 182 solid Tuiia@y (soil) WUINFINDIAS consolidation, TEHI AR

consolidation, Mlsufanduna consolidation

IWS121Ma 1 consolidation fis M3anllsuas (volume decrease) N3BNSYUAIVDT
[ ¥ Y o9
WwInAuRBNAI91011 (saturated soils) A9UU YMZABUIAA consolidation Hodu (soil) 9zl

] I
anvuzAaunsonaasldagl (a) Aslszneudiiios 2 phase A9 water nag sofid 11y

¥ * 4 v a4
diaiFuina consolidation HiiunTneglusesdn (pore) 52491 solid phase ysuilo

£l 7
a . v @ e 1 a o
Au (soil) azszvween 1 aroussauiitd iy (excess pore water pressure) ﬁgﬂ‘ﬂﬂﬁ

b1

o

AT (induced) 9 Hiinoeuen (external) MNAANUFUAU AaLlU TuseHIuna

£
M e

consolidation 1fadu (soil) wzlidnumzicusouansladsgal (o) nande

o ilsznaudiaiiies 2 phase A water 110% solid wilouduzl (a)
= ) r=9 Ci =a
® Aan130a1l51195 (volume decrease) a991031 (a) Taedsuiashanad ifaain

UFinasves water fiszureeen 11 Tas solid phase hifintsnlfsuntlas

WH3491408 consolidation (aufasuda mumsnaglugoain (pore) 5247314 solid

¥ L
phase yautloau (soil) oz liiiins sduthdaumu (excess pore water pressure) Naamioag

T

oy

v ’ .

Wude oz Lilinsszietieenainyeain (pore) Bnde 11 i ldldnwusiiledy (soil) Auerag

18dag1l () o

e 1lsznauAInies 2 phase AB water lag solid miloudugil (2) tas (b)

o fansanliinag (volume decrease) as91n31l (a) uay (o) TnoSinasfianas
iasndTinasues water fiszuiwesn'lt Tao solid phase Tifintsilaaundas

IUAU
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(a) AOUINA (b) sEHIng (c) viduna

] ] 14
311 8.2.1 Phase diagram ugaemsilasunilasuss water 4az solid phase Tuitiefuiiy

10 (a) YMENBWAR, (b) TZHINNN, HAZ (¢) HAXNA consolidation
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d a A ¢ A ¥ F4
8.3 londnageuanuannsalumshadmsiziiiedlszgnalinaimg

¥ ?
1. Nﬂﬂ'liﬁ'lﬁ"Ji]“]?‘l—lau"Lliw‘mTﬂidﬂ'liif]ﬂﬁ‘?’l\i%'lﬂﬂﬁ')\?lmuﬁu RUIAY 117 FIWIMA DY)

99 9. 985011 nudifudusesFuRuAUNI (embankment) nans1ddag1 8.3.1

o

“CLAY Amthick . Y, mFTATM LY =16 Tm

E=1Tm =035 . GE271

G, =0003¢mYs  C =05

e

=

319 8.3.1 ¥uAus8TUAUA N

Tuguzdmns Tam A 185 vueunansl¥snanm Total Settlement (St) ngmieung
ok
¥ ¥ T W %
® Fuauiiozlddiuinm consolidation settlement 97 sznaudisduaularie?
mizme la?
P o 2oy = R . ’ > o oA
o Joulvlunsszinsusedinirauiu (drainage condition) senaInuAazsUAY A
1@ consolidation Huwuy 4- way 11??] 3- way nie 2- way nio 1- way drainage
condition? tWs1z1ve 1a?

¥ r
® Longest drainage path (H,) vsausassuaUing consolidation figuila? msiz

mala?
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b sﬁuﬂumﬂ%mmmm consofidation sett\ement fes 1 éi‘:’u ﬁﬂ‘f}‘u clay ‘ﬁﬂfﬂﬁ
isﬁnﬂﬂ@fﬁu mimﬂu@umuafmﬂmmmﬂm (saturated clays)

o 1ilu 2- way drainage condition mﬂ“’mmmi ﬂﬂﬁi‘i“ﬂ’ﬂ«ﬂ@ﬂﬂﬂ‘lﬁﬂ saturated
clay mmms::mﬂrhu‘m sand mamuas;a=“"lmsu clay FIE 1848 (Koo >~
Ketay)

o H, ?inuﬁﬁuﬂ?wﬁﬂ fummmﬂmmm%%u saturated clay = 412 = 2 W3 sy

2. way drainage condition

¥
2. 'I'ﬂ‘sqmsﬂ@ﬁmﬂauiﬂmuﬂmamiym ﬂ‘h’ﬂiﬂ‘lﬂfl‘fﬂ Lﬂummiﬂmﬂ@mﬁﬂuqa 50 FU

aﬂhﬂmqniemwumuﬂs mmnmmzﬂaﬁﬂwu lﬂﬂ‘nﬂm'\auﬂ‘iﬂu?ﬂ ABUNINTG
ﬂﬂﬂlhﬁﬂﬁ?ﬂi'\ﬂﬂlﬂﬁ’ﬂ'\ﬂ'ﬁﬂ?}‘uiﬂllmﬂ‘ll ’Jﬁ’lﬂiﬂﬂ'ﬂmm'ﬂ"lﬂ‘u"l@\‘umu‘c’lﬁﬂulﬂimﬂﬂ"ﬁﬁ'ﬁ?%

EY
FUAH ‘Uinﬂl“ﬂ%Z”ﬁ’lﬂ'ﬁﬂﬂf\"i’lﬁll'\"l’l'\ﬂ"l‘j‘i’iﬂﬁﬂﬁ consolidation test 'IN"U'J'I

A1519% 8.3.1 wamifﬂﬂﬁauﬁuﬁqaéuﬁnmﬁwﬁmﬁﬁﬂﬁ%’m

pressure P
void ratio, & remark
{ton/mz)
0.25 “ joading
0.5 “ loading
16 m locading
8 “ unloading
4 m unloading
2 “ unloading
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eazieyan ldvinnsneasy ildnnum consolidation settiement (Sg) V84

] ¥
gunnimieiuanensgms 1dveternsaeu Taditey lugziansdeanuuy

NI
2.1
2.2
2.3
2591

19 preconsolidation pressure (P,) 810 e —iog P curve ' 1810
consolidation test
M1 compression index (C,), swell index (Cg) nazoas1d@Iuves C,/ C,

2 I
8Ite —log P curve Ry Tt consolidation test

4 1
WannC,  =0.009(LL - 10) uar Gy = écc e ﬁc . 1N

haumiiean ldonnimnizdisnuTnafiyinsteadsmagounie
liquid fimit {LL) Wu3iawes liquid limit (LL) 5161 45 n3aduInmmen C,

uag C, M o naunisthaduy

21 WA preconsolidation pressure (P.) 91 e —iog P curve

dudit 1i1a1 pressure (P} uag void ratio (8) 71 l4a1nn15Manaw consolidation test ¥AaL

51 Tavunu x fie pressure (P) uazuny y fis void ratio (e)

1.5

void ratio (e)

G5

G

1 L Illlll= 1 1 { P T T Y 1 [ 1 i1 )11}
T

pressure (P)

qfig32e- log P curve
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Fufiz ma1 P, 910A3 M e — log P curve Al

297

ar

o

o & Ay A 9y ¥ e a
fimuage a Fuilugandisaiinrmidaieshigaanmsdsyuasmsai
an 04 Tag 04 vwanunuiuunu x
an OB Tas 0B hwduiimndudaivan O
—_— —_— N A FAY
an OC Tay OC azmiansayn 40 B
anduduiia nsv e — log P curve aaufinamdunsiilida OC azldga D
£ o m e
amiduasaanga D Tasmavununu Y lddadunn X azlaswes

& oa
preconsolidation pressure (PC) Faua1lszanm 1.7 1;0n/m2

2.2 YA compression index (C.), swell index (Cg) 18¥8A31EIUYBY Cy/ C 910

e —liog P curve #41'1#910 consotidation test

4u1 A1 compression index (C) #4'lA9In consatidation test

11181 void ratio (e} iazf1 pressure (P) 91MAIINATBY consolidation test 4L

loading 11 2 A1 TaadenAmingafiduns i ¢ — log P IR ndundd

A13199 8.3.2 MANINATAY consolidation test HUL loading

pressure, P (ton/mz) void ratio,
2 0.8
4 0.8

10

o C e . . & . )
ATUINUAT compression index (C) 9 14910 consolidation test



298

duti2  Samd swell index (Cg) %9 18910 consolidation test

L 11181 void ratio (e) lazA1 pressure (P) 1IAN1INATDU consolidation test YUY

unloading 11 2 #1 TasidenAmngaiiduns v e - log P Hanudunsdh

a13199 8.3.3 HANINAT1 consolidation test 1111} unioading

pressure, P (ton/mz) void ratio, e
2 0.66
4 0.67

© At swell index (Cg)

e —€
amn O = £

P

i

0.66 —0.67

log

¥ N 1
Uiz AUINNIBRTIAIUNYES C, / C, 990 e — log P curve &4 1411n consolidation test

1IN Cy = 0.05
C. = 0.33

I

wlid  C,/C, 0.15

2.3 fi9 liquid limit (LL) /100 45 A3aNATUINMIAT C, Uae Cg 2INANNTS

¥ x
Qe

U1 AsmA1 compression index {C.)
0.009 (LL - 10)

2

11 C,
0.009 (45 -10)

0.32
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b

TUN2  A1uIne swell index (C)

210 C, ~ %CC 9 %CC
~ Lo d 32
5 10
R 0.06 ¢ 0.032

¥ 7
3. Iasensnsadeevzausu i seunmInedsusass TaukienauluuTuiun
Tasams Fai1lifansanszaimenenuuunsznsainauedunuf uniform
o +
gistributed load) vutuau sanandlugili 8.3.3 Tugmzianssedr Tasnis v

&5 uueumnyldimaun consaiidation setdement (Sy) ten1e Tasan oz 1814

. ¥
FHURUAITODNHUUILULTZ e

AP = 500 t/ft’

lllHHHi

VZEANY
GRAVEL - 10ﬁthlck = 1120000y '—120Ib/ft Y. = 133 I/t
v E=10000psi L= =0.425 . G 27 . e,=05
CSANDT= - iSfitick :"\(’d = 108 I s |

CSAND T tsftthick yaw:_ﬂ,z-lb:/fﬁ1:(;=11‘2'4 Wiy, = 13210/

E=e6500psi - W=042 G =367 e, =05

[ ¥ ¥ ]
517 8.3.3 Fudulunsoaduilagins
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¥
ar

YUN1 WY consolidation settlement (S,) TudnymE P, ~ P %30 NC clay

(Fiuali)

s, = C.H log Py +AP
1+e, F,
@ ROFUFMUA UUINNATIIATIZHNT consalidation settiement (Sg) Faf
® fa consolidation settlement (Se) ‘ﬁ midfayer ﬂlﬂ\i‘f?u clay
® Aad1induced stress TnsnszaedaduuInduass (inear distribution) Glu‘f?u
clay

& ] k4
e daly sgfamn P, naz AP nwizdisedu midiayer ¥849u clay

¥ 1 3 1
WU 3 HIrUARUANTIAYeITUAN clay N9z TFlunsdiInm S,

Yo = 111 1 / ft’ (given)
&, = 1.2 {given)
C, =  0009(LL-10) o LL=50 (given)

= 0.009 (50-10)
= 0.36
H = 20 1t

] 1 i
mam P, uaz AP fisufludwmiumsimsed S, Mszdu midlayer voadu clay)

Ap

=
=
=l
AN
o’

induced effective stress at midiayer
= 500 In/ft’ shdunseansgsihniguen

P = effective overburden effective stress at midlayer

= (1 O ﬁ)(’Y'F-lst sand) + (1 0 ﬁ)(Ysat-Z nd sand YW) + 2{.),; (’Ysal«clﬂy " YW)

= (10 7)(120 1p/ACY+(15 (127 - 62.4) I/t + (10 #)(111 - 62.4) 1o/t

= 2655 Ib/ft’
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Uh5 A1 S, ¥aedu NC clay

s, = (’CHlogP" + AP

1+e, A

0.36(20r ) log (2655+500) 1 [n 2
= 1+1.2 2655m [ *

= 0.245 ft
= 2.31inch



4. wéie01n 1§35 uma consolidation test vasdngnarenfifNMnTEfAIIEn
midlayer 83§ saturated clay tulasamsasasraanzgusului seuumiinede
UITAT ﬁa!sﬁﬂaiugﬂﬁ 834 nuTasans Tansuwan preconsolidation pressure (P,)
= 3,000 IbAt Tugruziaansilszdlasenis Buweumngldnumunisdmams,

AP =500 b/t

HHHHHHH

. AL LNNN,
GRAVEL . mﬁtmck O Yw s 112 ¥, =120 O/ L= 133 o/t
v_ E=10,000psi L =0.425 G=2.7 6,=0.5
B ftthick T Y= 10410 Y, =B IS Y= 127 oAt
E=B000psi C =04, | G,=286 - e;=08
NC CLAY. ~ 20fttnick " ¥,y '--,= 77l Y, =95 it y- =111 IpAf’
e E"_-.ﬁ‘:?sdb‘s" | p, 0375 G,=271 e o
c, 40003 cm ."s u_ 50% PL=30% . SL=26%
SAND - 18 ft thick y = 112 o/ Y, = 124l YL = 132 b/
| E=6500ps - [L=042 G,=267 e =05

jiN 8.3.4 %’uﬁun?nmiﬂsami
n:g i = o o.aj = ' @
YUN 1 WITUWWUNFUAY saturated clay 31980941 consolidation settlement (S,) Tu
ANHMUE normally consolidated (NC) 158 over-consolidated (OC} clay
P, = 3000 lo/ft’
P, = effective overburden effective stress at midlayer
= (10 ﬁ)('YT-lét sand) + (10 ﬂ){'Ysat-z nd sand YW) + 202ﬁ ('Ysabclay B Y‘N)

= (10 f)(120 Io/AC)+(15 f3(127 - 62.4) 1o/t + (10 f)(111 - 62.4) 1o/t

= 2655 Ib/ft’
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W3 P, < P, fatiu dumn S hunuy OC clay 1ufe

S, = CsH log Lo+ A U39
1+e, £y

s, _ CyH long—Jr C.H o P, + AP
1+e, P, l+e, P.

L
s

vall smdenldaumsla sxiosanTasmsulseumen P+ AP fu P,
$1di 2 FinrsAImUuA KM T IIATIEITI consolidation settlement (So) &ail
® &a consolidation settlement (S0 17‘! midlayer "IJEN‘i?u clay
o &a31induced stress fimanszareRauuumuduAss (inear distribution) Ty
ciay
o FuuszAmnam P, uaz AP sy midiayer o clay

o v 2 T
duh 3 Mnueauauiavesiuau clay fozldlumsdnnnm s,

Yeat = 11110 / i’ (given)
S, = 1.2 (given)
C, = 0009(LL—10) tle  LL=50 (given)
= 0.009 (50-10)
= 0.36
Ce = (1/5) Cc
= (1/5) (0.36) = 0.072
H = 20 f;

3 1 r H o
Aufi 4 siwsann P, uag AP fisufludmiunsTingwd S, (Myzdu midiayer ¥o9%u clay)

AP

induced effective stress at midlayer
= 500 Ib/ft’ WNLLS IRTEMeusn

Py = effective overburden effective stress at midlayer

= (10 ft)(YT-zstsand) + (1 O ﬂ)(’Ysal-:z nd sand YW) + *2—02*'5~ (’Ysat-c]ay - VW)
= (10 (120 1b/At)+(15 f)(127 - 62.4) 1A + (10 (111 - 62.4) Io/it’
= 2655 bt
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W
as

] 2
U 5 AMurm S, vt OC clay

I

AP

P+ AP

500 Ib / ft

3155 Ib/ft’

A

P. (3000 Ib/ft’)

¥ o v
ANHU MITILMIVLINAATOUAAUNNYII Re-compression WA vergin compression Hfe

s, - CH, P CH, P+AP

I+e, P t+e, s F

c

0.072 (zo_ﬁ)]0 30007b/ fi* L 03620/ 31551b] ft?
14+1.2 26551b/ ft* 1+1.2 g30002b/ﬁ2

011 ft = 1.32 inch
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] ] = o < ar [} a
5.1A39N15N0T3 19NGUB 1T INY TS HUNTNYBINNTINGFIUITAT AouvhimTeenuL
c!ya o 9 5 & = Y ) f c."l\ )
gusnvedIasenisil Imnsdeeniun Idhaumilsadudidanii (saturate clay) 1114310
W
M9 FITFUAUDT I TATING U MAEBY consolidation test 1AAIAINAY (pressure)

#1d90 dial gauge 1Wuain THonmsMinaURY (pressure) 910 1.1 19 1.2 kips / £ WU

Time . . )
Dial guage reading (inch x 107)
{min)
0 1665
0.1 1670
0.25 16815
dS 1625
1 1640
2 1663
4 1692
8 1740
16 1800
30 1865
60 1938
120 2000
240 2050
480 2080
960 2100
1440 2112

HefMuIMmIIn AN consolidation settlement (S} Tashanugunfovesdu
¥ 4
fed1anaael WY 0.88 inch uazihduesn laneduniaziuais (wo - way

drainage) Tug 1M IAINTNFM
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5.1 1181 coefficient of consolidation (C,) Tagld3s logarithm of time method
572 #1971 coefficient of consolidation (C,) Taaldis square root of time method
53 wWewmulenat coefficient of consolidation (C,) fiszl¥lunmsdunanuiaiifa

14
. . . o 4
consolidation settiement (S,) WiauN1 IMtaNa

D o
35%T

5.1 ¥A1 coefficient of consolidation (C,) Tagl¥3% logarithm of time mathod

= 1 . as . a =) .
UuH 1 plot 0519 5241214 time 1 deformation 1A LAY x A9 time {log — scale) unzunu y

fie deformation (increasing)

|6 T | R ——— S e
— 0.13 ‘
[*)
£ 0.14 4d, m ;
W T e T ]
o 0.15 |k .

! : :

g 0.16 1}7"“*0‘1(1:;:6;:_5‘”;’: ”””””””” § ;

0.18 ST TTTIITT R A |
= h g

- 0.18 \\&
ju
-_% 0.2 dmn \Q-%
oo B SO

g 0.21 4 C a “\\‘ -0
(@} |
Sv 0.22
(] 0.23 H e AT b

024 Ll :Vlnll Lt II1I|I?"\" Lomdool 14001 i1l T |

t1 tSD t2 1:100
0.1 1 10 100 1000 10000

Time,min (log - scale)
g‘ﬂﬁ 8.3.5 NI INTEH I time (log — scale) il deformation
Ui 2 wie t, 1Ins v Al

*  wiaa lasaindunsaningafiaives deformation iiuduA mdafudunss

.61' :;. L] . ﬁ; d‘. v 4’ -2 r 9} 3
Ma1n1nYANA1ves deformation i3ufiey linfAeunilas sadasznitaduismes

B

2lR a

® a1n ab lasliga b Aeranrfiina consolidation 100 % (t, )
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® o ac IauWgw c A 100 % consolidation settlement (d, ,,)
o Al v r oA W -y —_ w
o fwuae d TeUAEDNAAININYINTUAUVBINTW AN i UA AN de U1AR
ALY X PARAD L,
& LY T £ g 1 T e T
® VA L, AU 4L, (34 ) BN fg WaIRIN gh SEOYVNIN gh AL
A umi z
I a 4 1 - I Vo A T e w
e o km laoRizesvaizuiim Augh UAUMAL 2z 9991 km aanuUNuY
9 0 % consolidation settiement {d)

dO +d100

o v A e @ - - o @
e dImMmA d;, = i 1an1 d,g 181 AN mo uaz or ATNEIRY

A W ow 3 2 & oA =
0 or AAfLLAU x JAUUAD 1, dralin1uszanm 11 uh

Ui 3 Aol coefficient of consolidation (G,)
CV rSU

PN Ty = P
dar

®  ANTUIAT T, 1A NN 8.1.1 WU T, 1AL 0.197
T d’ =t H
. a13aIe Hy, idosainiiiu two - way drainage
Aely H,= H/2=088inch/2=0.44 inch

o Aumamit, nnnTw 1, Ianlszs 11wk

¢  fwaual coefiicient of consolidation (C,)

CVJSO
T = —_——
- 17
0197 = C,, (11min) (12 inch)’ (1 hr) (1 day)

(0.44 inchY (1 f1)* (60 min) (24 Ar)
c, = 1.20x 10" ft'/day
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5.2 1A coefficient of consolidation {C,) Taeld33 square root of time method
U 1 plot 5 5217974 time AU deformation Tag 1AL x A8 time (square root) wazUAY

y 9 deformation {increasing)

O -1 5 ——

0.16 -

017

>
L

]

.

[04]
Tt

/’///
/7{ |

Peformation {increasing )
© {
i ©
R

Y 0.21

Z

0.22 L

0 10 20 30 40

0.5
Time,min  (sguare root)

Square-root-of-time fitting method

71/% 8.3.6 N3 2118 time (square root) U deformation

¥
s

' ¥
VT 2 MA1 t, s Al

. an 48 Saihuduiiandudadiulfannfige

o a1 AC lagh OC = 1.15 0B 11830 D §¢1d00msaw AC gansm
° min DE #afuunux gadaiude Voo DAl5z10 9.2 min®

. AIUA L, U (9.2 min™®) * 1Y 85 min

¥ 1
41 3 fruame coefficient of consolidation (G,)
CVtQO

1 T, = =
dr

®  WNIUIN T, INAIT WA 8.1.1 WU T, 1M 0.848

e fivanatH, iiesnnuihi two — way drainage
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Faviu

H,= H/2=088 inch /2 = 0.44 inch

. Rvanait, mns ¢, elszanm 85 W
° Avumen coefficient of consolidation (C,)
CVIQO
T = =
90 er
0848 = C, (85 min) (12 inch)* (1 hry (1 day)
' (0.44 inch)' (1 f1)* (60 min) (24 Ar)
c, = 1.93%x 10° '/ day

53 @nsendenn coefficient of consolidation (Cy) %i}ﬂ%’hﬂﬁﬁmammmmﬁfﬁ@
consolidation settlement {S)
® Frwmandl C, 1N, ({8 5.1) Wud1C, =1.20 10" #/day
o Fmsa A1 C, Mty (19 5.2) WU C, = 1.93x 10° ¢ / day
e wmuh1C, 1AL, TAWIAATIC, 1N, iieasnnarlun1aia consolidation

2
tVHdr

settiement (S,) W8IAU: 1 =
CV

o & A ' P A
AQUUATTIABNAT C, MUINNTR

sz luniseanuULIAIAR consotidation setlement (S¢) 9215 9%an
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Vv
@

ar t . a’ ar A 9 ::; ar I =
FUAUITDITUABND (footing) iﬂﬂihiﬂﬂﬁﬂﬁﬂﬁuﬂ'lﬂﬁlﬂ‘ﬂﬂi A IAnIN 8. Lﬁi’N

oy

ks
2. Wy Tandsznaualedu normally consolidated (NC) clay 11 4 13 1NAMNTNGY

14
a o 2/ o

A uRUNT I 1aL58IT1 (Underlying) AITTURUAUAIY (shale) MINRARTSATUIUWLT

]

3 E
consolidation settlement (S,) NezIAANarun UAUNIAT 80 mm NIUTHIMN

¥ t
6.1  sutefiFudnigud(U%) vadiu NC clay ifhumiala? i S, = 35 mm
6.2 fmanIn consolidation test WM C, = 0.003 cms, t,, N uvirla?
P r F
6.3 mintsngdn Fuduiisesdudu NC clay 115 shate umilu gravel, t, $ia1

wihla? 1o C, = 0.003 om’/s

consolidation settlement at timet

U% = —— x100 %
consolidation settlement
— 35 mm <100
80 mm
= 4375 %
Ct
T, = PE
dr
T, = 0.848 (3INHI3 1N 8.1.1)
Hy = 400 cm ins1zThy 1-way drainage condition 910332V
¥
Fu sand
C, = 0.003 cm’/s
| B (0.848)(400¢cm)?
0.003cm” /sec
= 45227000 sec = 143  yrs
— C\'l
Ty - it
dr
T, = 0.848 (1INAIT N 8.1.1)
H, = 400/2 cm (ﬁ’}u 2-way drainage condition Taeszuiuimu sand

i gravel)
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Cy = 0.003 cm’/s

(0.848)(200cm)’
0.003¢m”, sec

= 11307000 sec

= 0.36 vyear

1 1 v [ as o
TasenTs naﬂ%’nnqm T AUS TARITAIEAT, WOTUIREIEAT, UDSNUALNNIPNTAT

dy c; =3 ar m d’l ar » d?l’ d‘ =y é Q b3
UL e ey MeununNAuRe U uTsAURUR LT N Tns eI e

= @ ; =3 g 4 . . . 3
IRLTINTEMMGUDNLLLLNT xmﬂﬁmmmamuﬁuﬁ {uniform distributed load) UUTH
fu asuaaalugin gy

AP =100 kN/m’

HHHHHHH

SAND -4mth|{:k ¥,, = 17.7 kiym’® ’YT—198kN/m ry 0.0 kit
v E = 69,000 KN/ p=oezs  Gs 27 e,= 0.5
SAND'—_T Csmibick . Ya,= 177 KNM® 'yT—198kN/m Y= 20.8 K/’

. E=69,000 KN/m® -'p,=o.425 - GF27 e=05
CLAY ﬁ: : 10mthlck y | 121kN/m yT~149kN/m y ;17 1kam ‘
o ::E=6Q.06:kN!:;p2, . u 0375 U ggE2Tt | g2 |
G0N0 e i moaw ‘. 'st¥'26%

& kNm® 186, kN/m
) Ysat

Tey =05 o

' ¥
310 8.3.7 FuAuuSon lasinsneaiig

Tuguginanlsyineamueu veaminedousns i e umuneld

#iTuIH1 consolidation settlement (Sy) Liag sketch time-consolidation settlement

k4
o =

curve § M5 3 N3t el
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v i
AIRIA 1 wnauuAIuFuA IR E LY normally consolidated (NC) ciay
- ar L] 4 (<] o <
AR 2 MINKA consolidation test YA NNATDUNAVNITINIEAUAINAD

7.4

7.2
midlayer U89%U saturated clay lawadn preconsolidation pressure (P.) = 300

KN/m”

A , . o 1 A g o .
7.3 030N 3 Winia consolidation test 4999198 HNNATB UMINUNIINTEAU midlayer 184
o.m: 1 & =Y = o
41 saturated clay ANBAUNUNY Y9ATTNOWATIZY a3 3mnssulem ving

+ ¥
nage LHonsIvn U 1dMaT preconsolidation pressure (P} = 180 kN/m®
PRTGELESTN

P 1
UaNNY Lﬁﬁliﬁﬁ’l'l\ﬂﬂﬁ\?ﬂ']‘i HINITDINHUAUMIDDALDUIZVUSELIY
o 2’ N @ v kY ot 9 Y o o 1
Posfniman ldedugndewayalsznia ansaegnislfau ngunifduuninh ase

sanuY LA WS consolidation settlement (Sy) W11a? 13 wmﬁﬁlﬂ?

A, AMUIUMI S, A MITLNG 3 Nyl
e R 3 o .
7.1 nsalhn 1 wnguuadniuruaviiouuy normally consolidated (NC) clay
1 A9 consolidation settlement (S) Shawuy NC clay *. fmuald tude P~

P +AP
15

k!

Lo

P, 48
C.H

S = € lo
I+e,

{ = o =y . . ar q:u
$2 #Wasadmua tm’J‘i’lNﬂ‘l‘i’JLﬂ‘i’l%ﬁlﬂ‘] consolidation settlement (S..) A¥l

U

See

" M
® fa S, NI¥AD midlayer ¥o49U saturated clay
o o 2
® fa71induced stress Un1anTzed nunULEuA s (linear distribution) Tud

clay :
’ ' Ed
® i Pyuaz AP mwighszdu midiayer 499U clay
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4 '
=l

a aiy 3 = e 9k o
UM 3 MNUARUTULRUVBIYURU clay Wﬂﬂ‘yﬁlumsmmmm Se

e

Yo = 171 kN/m® (given)
€ = 1.2 (given)
Ce = 0.009 (LL — 10) when LL = 60 {given)

= 0.009 (60-10) =0.45
H = 10 m

fuita fnem Po uag AP Ainihudmiunsiins e Se (Razdu midiayer Yoy clay)
AP = induced effective stress at midiayer = 100 kN/m’ iniLisIngeiniguen
P, =  effective overburden effective stress at midlayer
= (4 m)(YT-istsand) + (O m)(YSaI—E ndsand Yw) + %(ysakrﬂay - Yw)
= (4 m}19.8 kKN/m’} + (5 m)(20.9 — 9.81) KN/m’+ (5 m){(17.1 - 9.81) kN/m®

= 1711 kN/m®

Ee

] 3
UN 5 AWIUM S, VDU NC clay

C.H  E+AP
S, = € log ot
l+e, F,

=2

(0.45) (10m) o (17114100 kN/m’
1+1.2 811 i in

= 0410 m = 410 mm
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7.2 N56i9 2 consolidation test UB9ALMBENINTTAY midlayer TAWAT1 P, = 300 kN/m®

fﬁ%&ﬂ ﬁmﬁmfﬁmuﬂ%&uﬁu saturated clay 19¢#@911 consolidation settlement (S) Tu
Anyale normally consolidated (NC) %30 over-consolidated (OC) clay
P, = effective overburden effective stress at midiayer
= A7 KM (nduii 4 Tude 7.1)
< Pc . fmam Sc Uy OC clay 1iufis
ﬁqﬁanrAp = 471.1 + 100 kN/m®

< Pc ... fwaan Sc lutny OC clay w1z lue99 Re-compression ufe

CSH1OU Py +AP
lve, = P

S,

Il

3 - =y ° = o =] 3 - @
PUN 2 WATHINTFUA BUINN T URATIZHH SC WMuBUYUT 2 Tude 7.1

£ 1 ¥ 1
U 3 Amuafuantivesiusy clay Magidiunnduum s,

Yo = 171kN/m’ (given)

2, = 1.2 {given)

Co = 0.009 {LL — 10) when LL = 60 (given)
= 0.009 (60-10) = 0.45

Cq = (1/5) C. = (1/5) (0.45) =0.09

H = 10 m

3 i o a ol as 