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Question 1

(10)

(8)

(8)

(4)

The soil stratigraphy at a site for a proposed industrial development is shown in the figure below (Note:
Schematic diagram only. Not to scale.) The void ratio (e) versus vertical effective stress (6”,) curve given
in Figure Q.1 (see page 13) was derived from a 1-dimensional consolidation test conducted on an
undisturbed sample of the clay retrieved from the mid-depth of the clay deposit at this site. It has been
suggested that placement of permanent wide-area loads of 70 kPa (Stage 1) and 30 kPa (Stage 2) as shown
in the figure should be considered for design purposes.

(a)

(b)

(©)

(d)

Using the e versus G’, relationship shown in Figure Q.1, determine the following parameters
corresponding to the mid-depth of the clay deposit: (i) the in situ void ratio (e,); (ii)
preconsolidation pressure (6”.); (iii) overconsolidation ratio (OCR); (iv) Compression index (C.);
(v) Recompression index (C;).

Assuming that the 1-D compression curve determined for the mid-depth of the clay deposit is
representative of the entire clay layer, compute the expected primary consolidation settlement
within the clay deposit due to the placement of the Stage 1 wide-area load of 70 kPa (ignore
settlements within sand);

The Stage 2 wide area load of 30 kPa is to be applied well after completion of the primary
consolidation settlement due to Stage 1 load. Again, assuming that the consolidation characteristics
at the mid-depth of the clay deposit is representative of the entire clay layer, compute the expected
primary consolidation settlement of the clay deposit due to the Stage 2 wide-area load of 30 kPa
(ignore settlements within sand; assume that any secondary compression settlements due to the
application of the Stage 1 wide-area load are negligible);

Estimate the time required for completion of 90% of total consolidation settlement due to the

application of the Stage 2 wide area load (assume that wide-area load is placed relatively quickly
and that the average coefficient of consolidation (C, ) for the clay layer is 3.2 x 10” cm?/sec);

Wide area Loads: Stage 1 =70 kPa; Stage 2 = 30 kPa

O O A N O A A IR A

Depth = Om
Dry Sand Yay = 16.0 kKN/m’
\V4 Groundwater Table

Depth=1m

Saturated Sand Y = 18.8 kKN/m’
Depth =3 m

Clay Yo = 17.8 kKN/m’
Depth=7m

Saturated sand YVsa = 19.8 KN/m’
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Question 2
(a) The design concept for an earth retaining structure is presented in the figure below. The

(b)

soil and groundwater conditions assumed for the design is also shown. Estimate the
lateral pressure distribution on the wall face ABCD considering active backfill soil
conditions (i.e., need to compute and draw lateral pressures arising from both the soil and
water pressures). Assume a smooth wall and static groundwater conditions (i.e., no
groundwater flow), and use Rankine theory for the computations.

Compact Sand (assume dry), ¢'= 36°

Yary = 16 KN/m’ am

V Groundwater table

Saturated Loose Sand, ¢'= 30°
Year = 20 KN/m’ 2m

Retaining
wall
A
B
C_
1]
D

P

Saturated Clay, S, = 20 kPa
Yo = 18 KN/m’ am

NOTE: Not to scale; schematic diagram only.

For the following calculations, assume Rankine active conditions. Assume that the backfill
is well-drained and that the coefficient of friction between the concrete base of the wall
and the foundation material is tan(0.67¢") = 0.45

(1) Calculate the factor of safety
against sliding for the retaining wall
shown.

(i1) Calculate the factor of safety
against overturning for the retaining
wall shown.

(iit)  If the drainage system became
blocked and water rose to be level
with the top of the wall, calculate the
new active force and the water force
acting on the back of the wall (assume
v remains unchanged after saturation).

C t
0.75 m oncrete

y=24 kN/m?
/
t

V' 4

2.25m Sand, y=18 kN/m’

@’=33°
b

VA AW

Foundation material

Sand and gravel, y=18 kN/m?, @’=36°
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Question 3
(a) Given the following information, compute the ultimate net bearing capacity of a 2.0 m

(b)

square footing founded on a sand and gravel deposit.

(1) Peak friction angle: ¢, = 36°;

(i1) Depth of footing base below ground surface = Df = 1.0 m;

(i)  Groundwater table is located 1.0 m below ground surface;

(iv)  Total unit weight of sand above groundwater level = 17.8 kN/m’
(v) Total unit weight of sand below groundwater level yq= 20.8 kKN/m’

A rectangular footing, 1 m x 2 m in plan dimensions, is to be founded on a clay deposit.
The depth of footing embedment is 0.60 m, and the soil has a total (saturated) unit weight
of 18 kN/m’. Based on data from a geotechnical investigation, it has been determined that
an undrained shear strength of 40 kPa would be suitable for design calculations.
Determine the ultimate net bearing capacity of the foundation.

Question 4

(a)

(b)

A closed-ended steel pipe pile (i.e., closed-ended cylindrical steel pile) having a diameter

of 0.6 m is driven to a depth of 15 m into homogeneous normally consolidated clay.

Given the following information, estimate the allowable short-term pile load capacity

assuming a factor of safety of 3.0. Ignore weight of pile.

1) Average soil parameters for the clay deposit: S, (remoulded) = 35 kPa; yu= 17.8
kN/m’;

(i1) Groundwater table is located at the ground surface; and

(i)  Assume that shaft frictional stress (f;) computed considering vertical effective
stress (0”,0) at mid length of pile can be considered applicable for the full length.

A timber pile having an average diameter of 0.33 m (i.e., ignore tapering of timber pile) is

driven to a depth of 12 m into saturated sand deposit. Given the following information,

estimate the allowable pile load capacity assuming a factor of safety of 3.0. Ignore weight

of pile.

@1 Soil parameters for sand: Critical state friction angle (¢'c;) = 32°; interface friction
angle () at the timber-sand interface = 27°; and yy,= 18.8 kN/m’;

(i1) Groundwater table is located at the ground surface; and

(i)  Assume that shaft frictional stress B (0”,) computed considering vertical effective
stress (0”,) at mid length of pile can be considered applicable for the full length.
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EQUATION SHEET

Computation of static effective stresses in a soil mass

G,= Z'Yihi; G'=0-u;

v.= Bulk unit weight of i th layer of soil;
h;= Thickness of i th layer of soil;

6’, = Vertical effective stress;

G' =0 - u ; u= Pore water pressure

Under static groundwater (no flow) conditions: u =, z

Under seepage flow conditions:

Total Head = Pore water pressure Head + Elevation Head (neglecting velocity head)
hlolal = hpwp + helev

hlolal = (u/ YW )+ Zabove-datum

Hydraulic gradient between A and B = iag = [(heotar )at point A = (Neotat at point 8]/ Las
Where Lg = Distance between points A and B

Consolidation Settlements

For a given layer,

Consolidation settlement = p,. = €, . Hy where

€, = [Ae/ (1+e))];

H, = Initial thickness of the layer considered for calculating consolidation settlements;
€, = initial void ratio;

Ae = change in void ratio;

Based on this, for normally consolidated soil,

Ae H o

Gf/‘lll = GZ”O + AGZ’

P, =H, =—2C_ log—"*; OCR =1 (6.14)
I+e, 1+e,

zo

G’,, = initial vertical effective stress; AG, = vertical stress increase
G6’sn = final vertical effective stress
C.= Compression index = (e,-e;)/[log(c”,2/ 6’,1)] along normal consolidation line;

Based on this, for overconsolidated soil,

4

H , ,
ppC = 5 Cr log szﬂ ’ Gﬁn < Gzc (615)
I+e, o
pPC = > Cr log ch + Cc log Gfiﬂ ’ Gﬁn > Gzc (6 16)
1 + eo Gzo Gzc

C,= Recompression index = (e,-¢;)/[log(c”,2/ 6°,1)] along recompression line;
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Rate of Consolidation

T, = Time Factor

Hg = Drainage Path Length

too= Time for 90% degree of consolidation
C, = Coefficient of Consolidation

7,=Solw g 8ag

v
dr

_zU?

T,

v

forU <0.6

Note: Degree of consolidation (U) is expressed as a decimal value in this equation.

Lateral Earth Pressures

(1) Effective stress analysis
Coefficient of active earth pressure = K,
Effective lateral earth pressure under active conditions = (G'y) ,
Effective vertical stress at a given depth =G,
(Gx')a = Ka Gz'
’ . ’
(0,), _1-sing _
’ - . ,
(0.) 1+sing

Coefficient of passive earth pressure = K,
Effective lateral earth pressure under passive conditions = (G')
Effective vertical stress at a given depth =6,

o) =K,0,

(0,), _ 1+sing’ _
(6.) 1-sing’ "’
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(i1) Total stress analysis:

Active earth pressure = (G) ,
Total vertical stress at a given depth =G,

(0,),=(0,)—-128,

Note: At tension crack depth level, Z..x below the ground surface, (6x), = 0.

Passive earth pressure = (G4)
Total vertical stress at a given depth =G,

(0,),=(0_)+28,

Bearing capacity of Shallow Foundations

Effective Stress Analysis(ESA)
q, =MW (N,-D(s,d w,)+05B'N (s,dw,

Total Stress Analysis (TSA)
q,=5.14s (s.d.)

Definition of the factors to account for the different variations:
$,+8,+ 5. -Shape of Footing

d,.d,.d, -Depthof Footing Embedment

w,,w, - Groundwater level

qu - Net bearing capacity; S, - Undrained shear strength

i
N, = oG, 102 (45O + %‘?—) (b’p in degrees

Caquot and Kerisel (1953)%: Ny = 2(Ngy + 1)tand’,; ¢', in degrees
Meyerhof (1976): Ny = (Ng — 1)tan(1.44,); ¢', in degrees
Davis and Booker (1971)°
smooth foundation, Ny = 0.0663 exp(9.3¢’p); (b’p in radians
rough foundation, Ny = 0.1054 exp(9.6¢,); ¢/, in radians
Ueno et al. (1998)* :
rough foundation, Ny = 0.477 exp(6.52¢’p); d)’p in radians
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Note: Unless specifically stated otherwise, use Davis and Booker (1971) for rough foundations
given above to determine N,.

Effective Footing Dimensions
B'=B-2e,
L'=L-2e,
Definition of the factors to account for the different variations:
S,+8,+ 8. -Shape of Footing
d q,d y,dc - Depth of Footing Embedment

W, W, - Groundwater level
Sq= 1+ [(B'/L")*tan (])'p]; Sy= 1-0.4*(B'/L"); s. = 1+ 0.2*(B'/L")

d, = 1+ [2*tan ¢',]*(1-sin ¢',)* * tan” (D¢B') for (D¢¥B") > 1
d, = 1+ [2*tan ¢',]*(1-sin ¢',)* * (D¢/B') for (D¥B') < 1

dy=1

d. = 14 [0.33* tan (D¢/B")] for (D¢/B') > 1
d. = 1+ [0.33* (DyB")] for (D#/B') <1

z GWL
., 2
Dy
(Df" 2)
_4 GWL
B+ Df_ 4
Case 1: Z> (B+Dy) Case 2: (B+Dyp)> Z > Dy Case 3: Z < D;
Case _1:w,=1lw, =1
Case_2:w,=Lw, :(Z_—Df)+L(1+&_i)
B 7/Sat B B
Case_3:w, :i+L(1—i);wy _r
Df 7/Sat Df 7/Sat
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Estimation of settlements of foundations on clay

(a) Distortion Settlements in clay

|
(9 — oip)B
pe - E '.'l"rl

)

Whei
pe = distortion settlement
g = bearing pressure
o.p = vertical effective stress at a depth D below the ground surface
B = foundation width
1, I, = influence factors (per Figure 7.12)
E, = undrained modulus of elasticity of soil

e

Iil
==
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3 Eu
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(b) Consolidation Settlements in clay
Use formulae given in Page 1 to compute 1-D consolidation settlements.

Skempton Bjerrum correction factor.

1.2
H e
Values on curves are 5 R
o IC pc,3D IUSBIC pc,1D
= | e
@ -
2 | a0 Le==""
& osp="""
2
°
Q
o
§
g 06
k]
5
(7]
0.4
—— Circular footing
===~ Strip footing Very
sensitive
o2 I— Overconsolidated ——«— Normally consolidated —« clays ——
"o 0.2 0.4 0.6 0.8 1.0 1.2

Porepressure coefficient, A
f

(c) Secondary compression settlements

(e, —ep)

Ho
Co=———"L1—"t>t pYC:—Cﬂlog(t/tp)
log(t/1,) (I+e,)

Estimation of settlements of foundations on sand

, I.H
0 © ) p=CC,C(q—0,, )ZE—

r
q — Op

c,=1—0.5(

Where:
I = settlement of footing
C, =1+ 02log (ﬂ) e

¢ = depth factor

C, = secondary creep factor (sec discussion in Section 7.8)
C; = 1.03 — 0.03 L/B =0.73 C; = shape factor = | for square and circular foundations
g = bearing pressure

o, = effective vertical stress at a depth D below the ground surface
1. = influence factor at midpoint of soil layer
H = thickness of soil layer

Strain Influence Factor. J, E E, = equivalent modulus of elasticity in soil layer
01 02 ep

= time since application of load (yr) (:20.1 yr)
B = foundation width :
L = foundation length

Peak value of I, = I, = 0.5+0.1V[(q-0",0)/C" ]

[

2B

o’,, = value of vertical effective stress at L,
o’,q = vertical effective stress at foundation level; q = bearing pressure

zr = Depth Below Boftom of Footing
s B = Width of Footing
L = Length of Footing
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Load Capacity of Pile foundations

(a) Axial Pile Capacity - Static Pile Analysis

Quir
Qu=0,+0,-W, Qa = 24

Qv >> Q¢ End Bearing Pile; Q¢>>Q, Friction Pile

Qp = Ultimate End Bearing Resistance; Q= Ultimate Shaft Frictional Resistance

W, = Weight of pile; FS = safety factor

(b) Pile Capacity in fine-grained saturated soils
(b.1) Shaft Friction

Qr =X (fy)i. (perimeter); . (length); ; Where: f= skin friction stress along pile

Use lower of the following: f, = 0.5V(s, 6 %) or f, = 0.5 (8,"7°)(6"20)"*

S, = Undrained shear strength (typically use remolded S, for driven piles).

(b.2) End bearing
fb = Nc(Su)b
Qb = Nc(Su)b Ab

Where:
f, = End bearing capacity (stress)

(Sw)b = Undrained shear strength at pile tip level

N. = Bearing capacity coefficient; N.= 9 for (S,), > 25 kPa; N.= 6 for (S,), < 25 kPa.

Ay, = Pile tip (base) cross sectional area
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(c¢) Pile Capacity in coarse-grained soils

(c.1) Shaft Friction

Qr =X Bi. (6’,);. (perimeter); . (length);

Where:

i given above refers to the i" layer of soil; § = pile-soil interface friction angle;
B = empirical factor > use B = (1-sin ¢') (tan 8) — Burland (1973)

0'cs = critical state friction angle of soil

o', = vertical effective stress; 6’y = lateral effective stress

(c.2) End bearing

Qv =1 Ay

Qb =Ng. (6" ) - Ap

Where

N, = Bearing capacity coefficient = use Ny = 0.6* exp[0.126 (¢'cs)s]
(o',)» = vertical effective stress at end bearing level

Ay = cross sectional area of pile at pile tip level

(¢'cop = critical state friction angle of soil at pile tip level in degrees
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Figure Q.1 (for Question 1)
I
e vs. log (c’,)
1.2
.
j e=0.94
1
rod
Pl
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