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Then

Or

Soil Settlement generally due to stress and environmental changes
causing the volumetric change in soil mass

According to stress — strain
relationship

Soil Settlement

Types of settlement

Total Settlement

Elastic Settlement

L

Parameter Involved

- Stress increase
E - Modulus of Elasticity
v - Poison Ration

H, - Soil Depth

s 1

<:1

S
Allowable settlement
S.+ S, >BS,

Soil Settlement

Consolidation Settlement

L

Ay,
C. - Compressibility Index
e, - Initial Void Ratio

Ho - Soil Depth

L

C, - Coeff of Consolidatiion
T - Time Factors

D - Drainage Path
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Soil Settlement
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altered (e.g., salt added,

temperature increased,
(c) pH reduced)

Strain mechanisms. (a) Deformation of mica particle. (b) Reorientation of
particles. (c) Reduction of Particle spacing.

Soil Settlement

Vertical strain (%)

Vertical stress, &, (kg/cm?)

Results of oedometer test.
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Soil Settlement
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Vertical stress, &, (Ib/in.z)
Allowable Settlement Soil Settlement
Maximum
Type of Movement Limiting Factor Settlement
Total settlement Drainage 6-12in.
Access 12-24in.
Probability of nonuniform settlement:
Masonry walled structure 1-2in.
Framed structures 24 in,
Smokestacks, silos, mats 3-12in.
Tilting Stability against overturning Depends on
height and width
Tilting of smokestacks, towers 0.004/
Rolling of trucks, etc. 0.01/
Stacking of goods 0.011
Machine operation-cotton loom 0.003f
Machine operation-turbogenerator 0.0002
Crane rails 0.003/
Drainage of floors 0.01-0.02/
Differential movement High continuous brick walls 0.0005-0.001/
One-story brick mill building, wall 0.001-0.002/
cracking
Plaster cracking (gypsum) 0.0017
Reinforced-concrete building frame 0.0025-0.004/
Reinforced-conerete building curtain 0.003/
walls
Steel frame, continuous 0.002f
Simple steel frame 0.005f

From Sowers, 1962,

Note. | = distance between adjacent columns that settle different amounts, or between any
two points that settle differently. Higher values are for regular settlements and more tolerant
structures. Lower values are for irregular settlements and critical structures.
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Soil Settlement

Settlement analysis requires the calculations of overburden stress

and induced stress (AP or Ac,)

- Overburden stress

—(1)
When D = total depth
= effective unit weight
Az = depth of each soil layer

Soil Settlement

- Induced stress

P Based on elastic theory of soil mass
& in Boussinesg (1985) Newmark’s etc.

1. Pointload

2. Line load

3. Rectangular uniform load
4. Strip load

5. Circular area load

6

Irregular area load

Dr.Warakorn Mairaing



203552 Advanced Soil Mechanics

Based on approximation of area

Ao,
AqS

A

(A +AA)

Soil Settlement
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Uniform surface
stress = Agy
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S, m). (B) At point A, Ac, = Ag, % flm, 6). (From Newmark, 1342)

Fig. 8.6 (a) Chart for use in determining vertical stresses below corners of londed rectangular surface areas on elastic,

isotropic material. Chart gives
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Soil Settlement
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Soil Settlement

Stresses under uniform load on circular area.
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Soil Settlement

Principal stresses under strip load.

Fig. £8 Principal stresses under triangular strip boad,

Principal stresses under triangular strip load

Elastic Settlement
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Elastic Settlement

When 3,

Se=%5, =% E,-AZi

A
= Ag, ’ sl.l
Eu’{ t ?a, — = 8»

€. See

A : E"‘ ——t—]
Gy aiS

=3, ’4 * Az } = == -

W T TP PP PP PIIIIT

RIGI10 EASE

Total elastic settlement (Se) — Large Loading area.

~(3)

settlement on each soil layer
vertical strain

thickness of soil layer
induced stress

modulus of elasticity

Where
Ac
Ao, Acy

Elastic Settlement

For small loading area where lateral movements are influenced
to vertical settlement

(@)

stress increase in vertical direction
stress increase in lateral direction

poison ratio
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Elastic Settlement

Application and Problems on Elastic Settlement

1. Applications
- Foundation on sand layer subjected to load and unload cycle.
Ex. Qil tank, Silo
- Foundation on organic soil
- Elastic or untrained settlement of clay.

2. Problems
- Calenlation of Ac,, Ac,, Ac, for layered soil
- Estimation of E; and v;
- Interaction between foundation — soil stiffness
Ex. Rigid footing v.s. flexible foothing

See more details on ltem 14.8 — 14.11 Page 212-224
Soil Mechanics by Lamke and Whitman.

Elastic Settlement

Young’s modulus for vertical static compression of sand from standard
penetration number

Reference Relationship Soil Types Remarks

Schmertmann  Eg = 766 N kN / m? Sand
(1970)

Webb (1969) E, = 5(N+15) ton / ft? Sand Below water table
E, = 10/3(N+15) ton / ft? Clayey sand

Begemann E, = 40+C(N-6) kg / cm? N>15 Silt with sand to  Used in Creece
(1974) E, = C(N+6) kg / cm? N<15  gravel with sand

Trofimenkov E, = (350 to 500) log N kg /cm?  Sand U.S.S.R. practice
(1984)

*N = standard penetration number
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Elastic Settlement

Elastic Parameters of Various Soils

Young’s modulus, E,

Type of Soil P Thinz Poisson’s ration, p,
Loose sand 10.35-24.15 1,500-3,500 0.20-0.40
Medium dense sand 17.25-27.60 2,500-4,000 0.25-0.40
Dense sand 34.50-55.20 5,000-8,000 0.30-0.45
Silty sand 10.35-17.25 1,500-2,000 0.20-0.40
Sand and gravel 69.00-172.50 10,000-25,000 0.15-0.35
Soft clay 2.07-5.18 300-750
Medium clay 5.18-10.35 750-1, 500 0.20-0.50
Stiff clay 10.35-24.15 1,500-3,500

Elastic Settlement

1400 W?"‘)\.

e
/ ‘7 Pl = Plasticity Index

1200 2

MNNS

600 . 7 &
400 - '!D_:P.‘c_SO //>>,
979
200 Pl > 50
i
ol
1 1.5 2 3 4 5 6 78910

Overconsclidation Ratio

Correlation between the
undrained modulus of elasticity
for clay and the undrained shear
strength (Duncan and
Buchingnani, 1976)
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Consolidation of Clay

Dr.Warakorn Mairaing

Consolidation of Clay

Consolidation of Clay
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2.

1.

Consolidation of Clay
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System of aquifers under the Chao Phraya plain

Distribution of recent clays in Southeast Asia
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SCHEMATIC DIAGRAM OF THE LOWER CENTRAL PLAIN (JICA, 1995)
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Consolidation of Clay

Recent sediments of the lower central plain, Thailand

/

3
g %

18

Isopach map and locations of radiocarbon-14 dating age of Bangkok
marine clay (after Nutalaya and Rau 1981)

Soil Sedimentation and
Self weight Consolidation

Dr.Warakorn Mairaing
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Consolidation of Clay Soil Sedimentation and Self weight Consolidation

Alluvial soils are the deposit of river transported
sediment suchas Chao Phraya river delta, Mekhong,
Missisipi etc.

When flow velocity is reduced at the river mouth,
soil particle sedimented according to Stroke’s law

First stage, muddy soil (e = 15 or W,, = 600-700%)
is consolidated by it own weight. Until the water content
reachs 150-200% or e = 4.0-50, soil starts to gain its
stength.

Consolidation of Clay
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Consolidation of Clay

Flocculation . Consolidation
Stage Settling Stage Stage
]
VA

i<

Clear Water
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-/ Interface :

Soil, Formation Line
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1
0 Y ) to
Time

Flocculation / Sedimentation / Consolidation (Imai, 1981)

Consolidation of Clay Soil Sedimentation and Self weight Consolidation

—> Large strain or non linear consolidation is governed (Gibson 1967)

2>e is varied

>k and a, are varied = f(e)

Second stage, On next flooding season, very soft clay is overlain by next
layer of sediment. Soil at points X is continued to settle as normally
consolidated soil (N.C.)

When

Third stage, If the top layer of soil is eroded by river current or dry out by
dissication, then soil at point x is considered at over consolidated soil
(0.C)

When
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Yoid ratio e

Sedimentation and self weight consolidation
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Sedimentation and self weight consolidation
The Correlation of Undrain Shear Strength and Water Content
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UM C, N References
(x10" m’/day)
0.30-1.30 - AIT (1981)
NUNN 0.06 — 1.65 2-40 Premchit (1981)
0.07-0.15 56-11.0 Nguyen (1999)
0.23-0.27 - AIT (1981)
wazlszuag 0.08 - 0.25 15 Premchit (1981)
0.04 - 0.19 - Nguyen (1999)
UATHA - -
uuny3 0.182 - AIT (1981)
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Sedimentation and self weight consolidation
MIMANZIUBNIININAM (Prediction Rate of Consolidation)
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Sedimentation and self weight consolidation

NQHHMIOAAINIUIVDI Terzaghi (1925) 1 D

ad d a < Yo o & A o
nufiangiinnnms laveuirmuaduTaeia T inlddmsududumiion

4 A oo &4 dw = a J A g
NUNUNINBINIUNVWUNMITUITINNUINUD %wmi"lﬂaéumuﬂuummmmu

v Soit LAYER

Sedimentation and self weight consolidation

Assumptions of Terzaghi 1-D Consolidation Theory

P
A

v Fa v v Y Fa
1. Aumieniauiufuiidefeduaitauonaoniiadi (Homogeneous)
2. AWMieI9uA (100% Saturation)
a J a = A A
3. Ims lmaveahlunamaden Ae uuiag

o v &
4. 1ums Iauny Laminar Flow fa1iu Darcy’s Law i Continuity Equation Y35 Iia
v
youhruaaulyla

v H
5. lusznimsngadmiedadinien a1k uay 9N “Low strain consolidation”

v v
6. ﬂﬁ‘VIEﬂﬁ’J”Ui’NiJ’mﬂuLﬂﬂﬂ1ﬂﬂ"lihlﬂﬁ@ﬂﬂmﬂﬂﬁ"lﬂ1ﬂﬂ’mﬂuﬂmﬁu
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Sedimentation and self weight consolidation

-NUNIU Stress-Strain Parmeters 61151 Confined Compression Page 153-158 Soil Mechanics
VY99 Lambe & Whitman.

a - - de Ae
e H,0 da AO'V
—de 1 a,
m, = o—— =
/// (+e,) do, (l+e,)
SOLID

W// Cczi_i

dlogo, Alogo,

Sedimentation and self weight consolidation

The Continuity equation of flow in soil mass

2 2

kxﬂ s Lhz:i(e‘ﬁﬁ.@] —(1)
oxr oyt ozt lvel ot ot

For Saturated Soil and vertical flow (1-D), the equation (1) reduced to

oh? 1 oe
% T Trea —()

Compressibility of Soil skeleton

Vartical stress, o, (kgfem?)

Results of confined compression test plotted
as void ratio versus stress on natural scale.
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Substitute  de=-a, do,
Into (2), Obtain

N
0. 078 _°h_ 05,

a, oaz* ot

h:he+i:he+i(uss +U,)
ro ro

he = elevation head =

U, = steady state pore pressure = constant

U, = excess pore pressure

Equilibrium of hydraulic head and yaressure

Sedimentation and self weight consolidation

~(3)

(@)

~(5)

Sedimentation and self weight consolidation
From (5) oh_ 1 d%, —--(6)
o rew oz°

Substitute ® into @

kz(l+e,) &*u, -0,

ro-a, o° ot -==(7)
Introduce the new constant
Then equation (7) became

c 0%, _-05,

o at ---(8)
When Then equation (8) can be writen as

c 9%, _-ou, 0o,

Yt at at ---(9)

Dr.Warakorn Mairaing
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Sedimentation and self weight consolidation

Solution to Terzaghi’'s 1-D Consolidation Equation
Diff. Equation C, g% = %l: ---(10)
Solution form e F(Z)- G(t) ---(11)
When F(z) = function of Z alone and G(t) = function of f alone, then

W _r) 28 k() e ~(12)
e G CORAORT —13)
Substitute (12) and (13) into Eq. (10)
w e

Sedimentation and self weight consolidation

A Yy Y , o
emend1uF18ve9 Eq(14) 0411 term Y03 2 1111111

Ea
HAZIMOUAYIVD Eq(14) 0g11 term 03 t 19imiU
v & g9 Ve Hq v
gariulvunay weuminuaInan v = -B
F"(z)=-B2-F(z) ---(15)

o

Solution UBIAUNIT (15) ﬁ]zagﬂu General Term 9441

F(z)= A -Cos Bz+A,-sinBZ .
4 (16)
19 A, itaz A, = Constants.

o a v 9 <
MUDUAYINUATUVNVBITUNT (14) il
&/t)--82C, 6() —(17)

Ed
Solution YBIANUNIT (17) ﬂ&”ﬂ&ﬂu General Term 941

G(t)= A, el e ---(18)

e A, = Constants.
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tswdweuluaums (16) uaz (18) asluaums (1)

11=(A -Cos BZ + A, -sinBZ). A, -l

H= (A4 -Cos BZ + A -sinBZ )_e(*BZCV-t)

A
3N} tae

Sedimentation and self weight consolidation

~~(19)

—--(20)

917 B.C. (2.1) unulu Eq(20)

910 B.C. (2.2) unulu Eq(20)

S A sin2BH=0 > 2BH=nTl (n=1,2,3..)

_nz

N30
" 2H

unu 21, A, =0 a3l (20)

n’z%Tv
nz-z (7 4
— 3

,u=nz:; A, -sin o

Sedimentation and self weight consolidation

—(21)

—(22)
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NAUMSA (22) NUAT Initial Condition (1.1) @ t=0, u=

A < . . .ooa ' v
aunsn (23) 1511 Fourier sine series Na11150%181 An 1d010

An:ijZH u; sin 2 4z
H Jo

L 91ENMSN (22) uay (24)

—e
2H

-n’z%T,
u:nZ; (%KH U, -sin%dzjsinn”z [ ¢ ]

Sedimentation and self weight consolidation
u.
1

-+(23)

(24)

(25)

m=

k4 Y
waga i

UNUA Initial Pore Pressure Glug‘ﬂ@hﬂc] 1Y

T %-[:H uo‘sin%‘dz=%(l—Cos n;r)
| » [t
u=y %(1—005 nz)sin gl ¢
n=1
- >
o W

Mow (1-cos n7T) 3T U 0 1O n=2,4,6 ...

Y ¥
gaiuaums 27) 811 n=2m+1 8o m=0,1,2...00 orn=1,3,5...00

”:i 2u,

(2m +l)2 [7(2m+l)2/rszv]
- cos (2m+1)r)-sin T g
< (2m+1) H

4

Sedimentation and self weight consolidation

--+(26)

—(27)

--~(28)

—-(29)
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% Consolidation at any depth z fio

Yy Y
Average % Consolidation U9 JFUAY

1 \pHe 1 \fH
o )

(R

Sedimentation and self weight consolidation

---(30)

--(31)

Sedimentation and self weight consolidation

Variation uf U, with z/Hand T
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applied to the soil

Sedimentation and self weight consolidation

Relationship between degree of consolidation and time factor for uniform load

Sedimentation and self weight consolidation

One-Dimensional Consolidation of a Double-Drained Soil Layer with Six Depth
Increments and Different Initial Epwp Distributions

Case 1 Case 2 Case 3

T n Usigen I Uanalytical Usigen | Usnalytical Usigen
0.02 1.08 15.41 15.96 5.10 4.00 1883
0.06 3.24 2742 27.64 13.31 119 3238
0.10 540 35.60 35.68 20.94 18.77 40.70
0.15 8.10 43.67 43.70 29.84 28,85 4845
0.20 10.8 50.40 50.41 37.89 37.04 54.72
0.25 135 56.23 56.22 45.07 44.32 60.07
0.30 16.2 6133 61.32 51.44 50.78 64.74
035 189 6583 65.52 57.08 56.49 68.84
0.40 216 69.80 69.79 G206 G154 T247
0.50 210 T6.41 T6.40 T0.36 69.95 T8.49
0.60 324 B81.57 B1.56 T6.85 T6.52 8320
0.70 378 B3.60 85.58 8191 8165 86.88
0.60 432 88.75 8874 55.87 B5.66 BA.TS
0.80 486 o122 91.20 58.96 B8.80 9199
1.00 54.0 63.14 93.13 491.38 91.25 93.74
1.50 ELO 65.00 48.00 97.48 4745 95.18
2.00 108.0 99.42 H9.42 99.27 99.26 99.47

Case 2 Case 3

Initial Epwp distribution Initial Epwp distribution Initial Epwp distribution

is constant with depth is triangular with depth is Boussinesq with depth
NOTE: Case 3 is for a B x B footing with initial Epwp taken under the center to 2B depth.
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Sedimentation and self weight consolidation
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"“\___-""'-u.- |
~ +
£ N ~~
oo, ™~ [~
i ~
@« NN
& NN
[ ~ N
z Case No.2 ™ N
O w0 | ™
: --""}\ e
a Il:m N?.S N
g | __4/'
@ Case No.1-
3% N \
(]
S \‘
w N
@ 8 &
5] NN
w
[=]
100
.001 01 A 1.0 10.0
TIME FACTOR-T1 FOR CASE 1, T2 FOR CASE 2, T3 FOR CASE 3
Free draining top boundary Free draining boundary Shape of
E e g G « by e vertical
H = ,L::l,z. L pressure
g q ".\ % E‘f‘!\' S h f V T distribution
+ v Impervious : curve
Free g bottom b ¥ ¥ Imporveous boundary
CASE NO. 1 CASE NO. 2 CASE NO. 3
Time factor curves for Cases No. 1, 2and 3
Sedimentation and self weight consolidation
100 T T 7
1 TTTI T 7]
T TUy for a constant or linear T[T (7] 1
00 — nitial excess pore water pressure { | i
T I ! 1 A
%____ i I i 0.80|
80——ap~ T 1.60
|| te0 i ) | 240 |
5 ] | 4.00
Z 0 i =TT g : 560
& L | 7.20
4‘__'. —_— e ..._..!......_... Y R W UL U AN W N SSSI— T— 9_50 .
= Us for a sine curve 11.09
] 60 == initial excess pore water pressure 14.36
g J S (N N U S - 1651 |-
s 19.77
& 50 24.42
= - i Uep 28.86
8 33.06
5 40—t 3704
=" | 44.32
Pl [ 2
g 30 T 6154
= T 69.95
i T6.52
20— I 8165 |
: ; 85.66 |
T THL~] 85.50
10 1 i 91.25 |+
A ] | 97.45 ||
: i =11 1 I 99.26
0 T T TTTm T T T T T T T T T
0.001 0.01 0.1 1 10

Time factor (T)

Dr.Warakorn Mairaing




203552 Advanced Soil Mechanics

Sedimentation and self weight consolidation

»Example 27.1

Given. The stratum of clay and loading shown in Fig. E27.1-1. This is the same profile
and loading as in Example 25.6.

Find, At elevation —27.5 ft and 4 months after loading

a. Excess pore pressure.

b, Pore pressure.

c. Vertical effective stress.

d. Velocity of flow.

Solution.  Because the overlying and underlying soils are much more permeable than the
clay, there is double drainage.

N . (27.5 — 24) 13.6(0.33)
H=1ft, z="""""_9s, =" = 0.092
7 @

Interpolating in Fig. 27.2, U, = 0.24
Thus:
w, = 2.1(1 = 0.24) = 1.60 ksf

=y, +u, =113 4+ 1.60 =273 ksf

@y = (G0 + AF, = 127 + 2,1(0.24) = 1.27 + 0.50 = 1.77 ksf
The stresses and pore pressures after 4 months are shown in Fig. E27.1-2,
The slope of the tangent at Z = 0.5 to the interpolated curve for T = 0.092 is shown in
Fig. E27.1-3. In terms of gradient this becomes
!, u, (0.95)(2.10)
2R 456
e £ H  (0.0624)(7)

The superficial seepage velocity is thus

v = ki = 0.06(4.56) = 0.27 fi/yr upward

Elevation (ft)
]

=40

Sedimentation and self weight consolidation

Initial Additional

I I effective effective
Eill stress stress
2.1 kips/ft? : .
i ¥ v 1 = ¥ I ]

“~_ Excess __ Final
i pore pressure effective
stress
cmifsec
S
0 4
Stress (ksf)
. Fig. E27.1-2
22 ep=4%10""em? fsec=13.6 ft? fyr
22 k=0.06 ftfyr
- Sand
Fig. E27.1-1
zZ=1
U, =0.95
Fig. E27.1-3
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Settlement due to long
Construction Time

Dr.Warakorn Mairaing

Settlement due to long Construction Time

Settlement due to long Construction Time

Loading

Instant Loading.

=TT~

te Time (t;)
Construction Time

Age

\
\
\

Settlement Instant Loading.
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Settlement due to long Construction Time

3

Example 27.5 ET

Given. Soil profile and loading of Fig. E27.1- o :

1 with the load increased linearly during 1 Yr. \

Find Time-Settlement relationship. ! = -

Solution. See Fig %, [ insta e
:_u; loading T
3 Example 27.2

) 3 |
Sample computations : 0 1 2 3 4 5 6
Time (yrs)

t = 3 mo. From curve for instantaneous
loading, settlement at 0.15 mo is 0.4 ft. One-
quarter of the load is in place.

__ Construction _

pericd

Settlement = 0.4(0.25) = 0.1 ft

t = 2 yr. From curve for instantaneous
loading, settlement att = (2-0.5) =1.5yris:

Settlement

Settlement = 1.5 ft

Fig 27.7 Settlement from time-varying load.

Settlement due to long Construction Time

g1 winlilims Tvaludiena z Wmaunsms lva
Y, o a aa
) Wmaumsms Tualudasiaeii (Steady State) 11 2 1A

v, ad oAa a a =
) fnsdinms Ivavuylineh Gmwzlufiana y uauheazmsildsunilas
v
voulsunanhwenar/ mielSinesmgg

A . .
1yo S = Saturation raito
e = void ration
e = initial void ratio

1¥@suaums Laplace’s Equation Y84 Consolidation Y84audNd2 lumeuved h, ze uas t
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.~
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Settlement due to long Construction Time

—_—

Heslis S4f) Loy, ke

2,.5X10

&M/,G_bﬂ—

K774

qua%uﬂu Stift Clay 9& #ilomenna Boiling mﬂumsﬂ"lu

Eﬂ‘Vﬂﬂ Sheet pile ’mmmwwmmmmmaﬂm"lmwaﬁ LA -4.00 UAT Lu’l’]ﬂﬂ1ﬂﬂﬂ1’iuﬂi’m‘l’]®

Normally Consolidation Clay

v ] Fa 2 Vv
A Manushnnavuniming iy

Auv=BAc,+A(AC, -AG))

B=1.0

Settlement due to long Construction Time

9 9
v o W o J v a IS
3. duhifuvwnasall 20 was neadwasuduAumiionds duaaslugl

A=0.80

' 1 v
4. (WU Stress-Path voImsn/asumlasniisonsaiiga A az B fia TSP uag ESP awily
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Settlement due to long Construction Time

2 o 1A o o
4. 51Lﬂ1$LﬂUGI’JEJEJNﬂu 21NYA A WINATDY Triaxial YU CTUC-Test 1TUIU 3 AIDUN

f. MUAANILNATO VT Effective Confinening pressure iz auluunazioiiauniladens

vy = o ' 2q Y ' v 9
"lﬂ‘uaya‘nﬂiamqmmuwmﬂmdﬂﬂumiﬂaﬁimmﬂﬂmu

9~ 2 = ' o R
. 1A Stress-path Marasmaasuulasuoamitonssdausmatfudioi1a = Saturated
—> Consolidation 1622 Shearing Y84A38819AUNEUALNY 11 1 0819

)
' ' L oA & o
a. iuaz Ideenal591nmaves Triaxial Test Fu@LaziiU Normally Consolidation #3® Over

consolidated.

5. Glﬁ’a%mﬂmmwmwmﬁWia"lﬂﬁywaﬁmﬂiﬂﬂmﬂ%’gﬂﬂizﬂan
N. Self weight consolidation
9. Time Factor (Tv)
1. Strain Contours
3. SHANSEP Theory

9. Consolidation Boundary Condition

Consolidation of
Two-Layer Soll
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Construction of Two-Layer Soil

Consolidation of Two-Layer Soil

To estimate the degree of consolidation of two-layer soil, we can pre-analysis

solution (Figure 27.9), or FEM or Approximate method.

Drainage —— T 0

No
drainage 0 0.2 04 06 08
Degree of consolidation [/,

Fig. 27.9 Consolidation of two layers. ¢, and k for bottom layer are } of values for upper layer. T is based upon e, of
upper layer. (From Luscher, 1965).

- Approximate method

Ex. On Figure 27.6,
Find U, for T;= 0.5
1. Assume soil layer (2) as impervious A

find distribution on layer (1) at T,=0.5

2. Assume soil layer (1) as pervious

Find distribution on layer (2) at

Construction of Two-Layer Soil

a oz 04 a6 08 10
v

Fig. 2.6 U, versus Z for triangular initial excess pore pressure distribution.

lfH,=H, and t, =t, —> - T=f(K) —

3. Adjust at the interface between soil (1) and (2)

Note : If k1 > 20 k2 - Treat k2 as impervious or k1 as previous

Which layer is control layer.

Dr.Warakorn Mairaing
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W)

Settlement due to long Construction Time

|ag |

TR ]
Free

draining surface

smooth base

1073 10-2 10!
o

100

Fig. 27.11 Consolidation of stratum under circular load (From Gibson, Schiffman, and Pu, 1967).

te, FOR ANISOTROPIC PERMEABILITY

toy FOR ISOTROPIC PERMEABILITY

= ot 4 o pm———
E‘ll‘l'l 9.15 WAV k/k, NUADLIAN (1) WolU_ = ‘Z)O’-’f'i)

Consolidation

a a : v Y \J aQ . .
anBwaveamsszUeimININg Aeraallumsina Consolidation

Impermeable Base
Permeable Base A 'i e L N
)
V)
L ——H/B =05 k.
~--~H/B= =
02
For permeable - - — 7=
L upper surface = e ez
N n;a.wvuaé@_
1 2 5 10 20
ANISOTROPIC PERMEABILITY RATIO, k,/k,
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msndadiu ¢, Tuawez Tudea)fiams

Consolidation

CV( field)
C,(lab)
AFUNT 40-50 3.0-6.0 70 Natamon (1984)
VNUI-ATIA (AN, 2+890) 40-50 1.0-2.0 80 Udomrek (1985)
VNUI-ATIA (NN, 24) 40-80 1.0-2.0 7-14 USH (2528)
YWUI-A1A (AW, 30) 50-80 1.0-2.0 10-20 Wi (2528)
UNUI-ATIA (DY, 52) 40-70 1.5-2.5 8 aiing (2528)

Discrepancy between Prediction
and Field Observation
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Discrepancy between Prediction and Field Observation

Rates of settlement or consolidation are usually different between
laboratory and field from the following reasons.

1. Partial settlement occur during construction period

A-—» B/_: ﬂﬁtldp R?ﬁ

A 2g eovslielton

2. Anisotropic and layer soil properties.

Sedimentary soil as in Bangkok Clay tend to have k, > k, or having
sand lense or this layers of sand sandwich between clay layer. The drainage
path there shorten by this behavior.

bhbb bbb bbbl

ot “FL Y ;:-’.f"; T soud £

D=

Soncl Jone e ot ;0 m.

-

Thew Dy o jo . 200

3:” =[om 3 s 5 Do ﬂ.fﬂ/‘.
~ 20l
o | BT s
T 7T z =(.wa;= 00
J"‘M!M. A g
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COMBINED RATE OF CONSOLIDATION

= 1
Case | Casel ll
Initial Excess Pore Pressure Known A. Known B.

Two Layer Consolidation

Use FEM. Or simplified If. K, >20K, C,>20C,,

Ags
VNS

Vo = @, + AT

Two or Three Dimensional Consolidation Oa- -

Hym Ao
1. Total Stresses vary with time (o, = c,, # Const)

2.  Elastic Solution not valid

Simplifiedn (Assuneed)

1. Assumed Pseudo 3-D with constant total stresses

2. Rate of change of pore pressure = rate of volume change

Dr.Warakorn Mairaing
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Consolidation Settlement
Calculation
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Consolidation Settlement Calculation

Concepts
1. Based on Terzaghi’'s Consolidation Theory.
2. Assume 1-D, homogeneous soil layer.
3. Low strain settlement > e, = const.

4. Linear relationship between e-log p Curve.

5. Saturated soil layer

e;L
bbb b de
$hbbbbbb Py S

@

Consolidation Settlement Calculation

Schematic Diagram of Consolidation Test

Automatic [ ]
Pressure Regulator 1C Check Valve
Transducer 1

} f Pressure | wlnis[nurEITm:Il (}% \g:\?;{?g Vgﬂ%ez
[ Resenor | I |

Valve 3
Pressure Pressure

W Rubber Supply 1 Supply 2
== Diaphragm

_— LvDT

ot . —‘
Pressure b “ Pressure

Transducer 3 . Transducer 2 l
7 !

y

| f
[ 750” Comple t——[]_[' Computer
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A A
1IN393NINAADU High Pressure Consolidation

1] A Y Z
AIVNANIINATIUAUTNUANIIY VAN INIY U
Unit

S Depth (m) C, P'm Weight C, C, C, € Mv k

From To (cm?/s) (ksc) (t/md) cm?/ kg (cm/s)
KD 49.50 50.00 | 2.62E-04 19.50 2.088 0.1970 | 0.0684 0.0398 | 0.6251 | 1.00E-03 | 2.63E-10
KD 188.50 | 189.00 | 3.46E-04 37.00 2.162 0.1703 | 0.0345 0.0640 | 0.4541 | 9.82E-04 | 3.39E-10
KE 99.00 99.50 | 5.72E-05 27.00 2.147 0.1975 | 0.0389 0.0240 | 0.6051 | 1.21E-03 | 6.92E-11
KE 179.50 | 180.00 | 1.67E-04 33.50 2.255 0.1694 | 0.0451 0.0437 | 0.3673 | 7.97E-04 | 1.33E-10
KE 266.00 | 266.50 | 1.15E-04 50.00 2.166 0.2159 | 0.0586 0.0511 | 0.4132 | 7.41E-04 | 8.49E-11
KE 366.50 | 367.00 | 9.66E-05 62.00 2.262 0.1893 | 0.0413 0.0432 | 0.3284 | 5.48E-04 | 5.30E-11
KE 367.00 | 367.50 | 1.41E-04 55.85 2.272 0.1628 | 0.0413 0.0483 | 0.3032 | 5.66E-04 | 8.00E-11
KE 440.00 | 440.50 | 6.08E-04 72.25 2.325 0.1285 0.2779 | 4.45E-04 | 2.71E-10
KE 566.50 | 567.00 | 8.71E-05 | 104.00 2.267 0.2225 | 0.0387 0.0440 | 0.3422 | 3.82E-04 | 3.33E-11
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a I~ Y =X
ﬂ15‘Wﬂ1§ﬂﬂ!ﬁ@fﬂ‘l§ﬂ1 Ce auan 0-20 tuAag
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Consolidation Settlement Calculation

Comparision between; Settlement in soil and test sample

R ~(1)
H 1+e,
From e-logp curve > Ae:coJog[EtAP] —(2)
H P, +AP
Then (1) become S B ‘%-'09[?} —(3)
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1. N.C. Clay Layer

e M 6——0::—-‘-;9’_-%'_;&:&

2. Over Consolidation Clay Layer

S=S5,+S

Consolidation Settlement Calculation

Bre = Moz, paot patiss .
C ﬁr-wwm_

~(4)

3. Exeavation or Pressure release

S:H_CS..OQ['%;AP)

e0 [

Consolidation Settlement Calculation

~(5)

Dr.Warakorn Mairaing

45



203552 Advanced Soil Mechanics

Steps for
Calculation
of
Consolidati
on
Settlement

Consolidation Settlement Calculation

~a
Jp &w/‘-a-:o & ;Z.P
Cladol;s F - ok = Prm
l Shts o Coarddolls
v
Coledats AP x (4u)
i
0 ! 1

Butiad Ne
oc
Ruifral OC “%

IS S S
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