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UNIVERSITY OF TWENTE.

Exam Soil Mechanics
Bachelor 2" year, CiT/CTW

Module/course code: 202000065-1A: Safety and Risk in Delta's — Soil Mechanics
Date: 16 October 2025

Time: 13.45-15.45 (+25% for students who may use extra time)
Module-coordinator: Lara Wohler

Instructors: Hongyang Cheng

Type of test: Exercises, Open questions.

Allowed aids: Scientific calculator, formula sheet, English-Dutch dictionary.
Attachments: Formula sheet.

Exercise 1 (40 points)

A river bed consists of a layer of sand 8.25m thick (Ysat = 19kN/m?®) overlying impermeable
rock. The depth of water (H;) above the river bed is 2.50 m. A long cofferdam is formed by
driving two lines of sheet piling to a depth of 6.00 m below the level of the river bed (from
point A to Point C). Excavation within the cofferdam to a depth of 2.00 m below bed level is
carried out (from Point A to Point F). The water level within the cofferdam is kept at excavation
level by pumping. The flow of water into the cofferdam is 7 X 10~> m?%/s per unit length.

a) identify the equipotential and the flow lines (draw them with different colours/styles on
the test paper or on your paper);

b) determine the coefficient of permeability of the sand;

c) compute the total head the pore pressure at points A to F (deduce the points elevation
from the drawing);

d) calculate the effective stress at points E and B (deduce the points elevation from the
drawing).

e) Calculate the factor of safety (FS) against heaving for the soil between the two levels
indicated by Point E and Point F.
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UNIVERSITY OF TWENTE.
Exercise 2 (35 points)

A 3-meter thick compacted fill (represented by the distributed load) is to be placed over the soil
profile shown below for pre-loading purposes. Consolidation tests on samples taken from the
clay layer produced the following results, which are considered to be representative of the
whole clay layer:

o (.= 0.4;
e C.=0.08;
e €9 = 11,

o O-IInax = 70 kPa

o a) Divide the clay layer into two idealised sub-layers of 5 m each, as shown below.

Calculate the stresses at the middle of the two layers (Point A and Point B) before and
after the compacted fill is placed. Calculate the total settlement within the clay layer,
assuming the strain at Point A and Point B is representative of their own layers.
b) Explain how o'y, is measured experimentally and argue how preloading help
controlling foundation settlement during construction.
3m thick proposed fill (y=19.2 kN/m?3)
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Dense sand and gravel

Exercise 3 (25 points)

The following results were obtained from direct shear tests on specimens of a sand compacted
to the in-situ density:

Normal stress (kN/m?) 50 100 200 300
Shear stress at failure (kN/m?) 36 80 154 235

a) Draw the points in a graph and determine the value of the friction angle.

b) Would failure occur on a plane within a mass of this sand at a point where the
shear stress is 122kN/m? and the effective normal stress 246 kN/m?>?

c) Furthermore, a consolidated drained triaxial test is conducted on a sample of the same
soil with a chamber pressure of 100 kN/m?. Determine, at failure:
e the effective vertical stress;
o the state of stress on the failure surface;
e the state of stress on the plane of maximum shear stress and the inclination angle

of such plane;

e the state of stress on a plane inclined of 35° with the horizontal.

d) Explain the main differences between CD and CU triaxial tests.
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Exercise 1

Part a.
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Note that in this figure vertical walls are also red but they must not be confused with equipotential

lines.
Part b.
20 Npg 1.0 1.0 1.0 (canyskip if final answer is correct) 1.0
q:KhN_D7 NF:67 ND:]-07 hA:ZA+_a uA:’Y'th Up = KPa
w

1.0
s hu =74+ UH, =825+ 2.5 =10.75m

w

1.0

w

= hy = ha = 10.75m
hy —hp = ha — hp = 10.75 — 6.25 = 4.5m 10

¢gNp 7-107°10 _sm 1.0
K: —_—_ 2. N ]. I
h Np 45 6 6-10 S
Part c. o
h 45
=—=—=045
10 Np 10 "
hplz()hu_nD’PAh7 VP:A,,F
up = Yu(hp — Zp)
POINT 7 np h u
[m] [m]  [KPa] 3.0 in total 0.5 each
A 825 0 10.75 25
B 4 2 9.85 58.5
C 225 4 8.95 67
D 3 6 8.05 50.5
E 4.5 8 7.15 26,5
F 6.25 10 6.25 0



Part d.
Yaat 5 JOKN/m?
c=0c—-u

1.0 1.0
o5 = Ysat (Hpp) = 19K N/m? - (6.25 — 4.5)m = 33.25K N/m?

1.0
oh =0 —up = (33.25 — 26.5) K N/m? = 6.75K N/m?
0.5 0.5 1.0

08="sat(Hap) H11v 29K N/m?3- (8.25 — 4)m +2.5m - 10K N/m?=05.75K N/m?

l.
o'p=o0p—up=05.75 — 58.5 j47.25KN/m02

Parte.

2.0 (1.0 if the count is incorrect) 1.0
Ahpr=2x Ah=2x0.45=0.90m
ALpp=Zp—Zg=6.25—-45=175m 1.0

Ahgr 0.90
= = —— =10.5143 1.0
ALgp 1.75

1EF

Yeat = 19 kN /m®
Yo = 10kN/m*
v = Yeat — Y = 19 — 10 = 9kN/m?

2.0~/ 9 9 1.0
ikt A - =1.75
1EF Yuw 0.5143 x 10 5.143

FS heave —



Exercise 2
Part 1.

If T split the clay layer in two parts, I have to calculate two settlements and sum them up.

I 1 1 1 1 1

Sand - - ———————— 3.5m
Clay layerl1 @B 5m
Clay layer2 @ C 5m
Layer 1:
2.0 (-0.5 if values for any terms arelﬁlcoriect) 1.0
OB ="Yd- 15—|—'ygat 2+’ymt (2) —=185-15+195-2+16- 25—10675KN/m

—10(2+25) = 45KN/m
1.0
= (106.75 — 45) K. N/m? = 61.75K N/m?

/
Op =
oty ;= ot + Do = 61.75 + 57.6 = 119.35K N/
o 1.0+1.0 (can be skipped if the final answer is correct)
We have: OCR = -2 > 1, ol . <op
2.0 O 1.0
/
g 70 119.35
Ae = —Colog” " — Culog 2L = 0.08log ——— — 0.410g = —0.004 — 0.093 = —0.097
op O'maw 61.75 70
2.0 1.0
Ae —0.097
st — Hy =— .5 =10.232
oed =TT {0t T T1411 mn
Layer
2.0 ( O 5 if values for any terms are incorrect) 1.0

on =0+ [%at(ZB —Z¢)] = 61.75 + (16 — 10) - 5m = 91.75 K N/m?
acf =0+ Ao = 14%.35

We have: OCR =1, and o¢' > o), .., SO 1.0+1.0 (can be skipped if the final answer is correct)
2.0

ax)

1.0
/
ol 149.35
Ae = —C,log -S4 = —0.41 = —0.085
¢ i85, °® 9175 o
o __ De 0085 o7
Soed = Tl4ep 2 Tp1g 0= 0202m

Final results:

1.0 0
Soer = SO 4 53— 0232 1 0.202 = 0.434

o€

Part 2. )
4.0 for sigma' max

The maximum effective stress ¢'_max is measured when the slope of the consolidation curve changes
significantly, indicating a switch from the re-consolidation line to the virgin consolidation line. Pre-loading is
used before construction to overconsolidate the soil. A big weight is applied on the soil before
construction and then removed. After the soil is over consolidated, for a given change in stress Ac' due to

construction, the corresponding change in void ratio A. is determined by the elastic compression index
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C. on the elastic/reconsolidation brunch. Being C. << C,, the settlement during due construction

will be smaller. ]
4.0 for preloading
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Exercise 3

Part 1.

On 50 100 200 300
[KN/m?|

oy 35 80 154 235
[KN/m?|

Tf

(200, 154)

1.0 for the axes and labels

1.0 for drawing the points

2.0 for getting the friction
P an angle right. It's fine if

7 cohesion is esimiated too.

°
(50, 35)

80
/ 1 ~ .5°
¢’ = arctan 100~ 38.5

154
¢’ = arctan % ~ 37.5° etc...

average: ¢ =~ 38°

Part 2.

Consic%elging a friction angle of ?/0: 38°, for o, = 246 K N/m? :

T = o, tan ¢’ = 246 tan 38 = 192K N/m?

Since 192KN/;7'1% > 122K N/m?, the point lies below the yield locus and failure will not happen.

Part 3.
CD test with o/ = 100K N/m? on the same soil so ¢’ = 38°

-Effective vertical stress:

Failure plane:

2.0 4
0 =45+ % =45+ %8 = 64° failure plane.

Thus, at failure:

ol = o/ tanA2 (0) = 100 tan’2 (64) = 420K N/m?2.0

-State of stress on the failure surface: Mohr circle
data:

o o, + 0, 420+ 100

5 = 260K N/m?




ol — ol 420 — 100 1.0

R= = 160K N/m?
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7100 04 420

oy = 0.+ Rcos20 = 260 + 160 cos 2 - 64 = 161K N/m* |
7t = Rsin20 = 160sin2 - 64 = 126 K N/m? 1.0
(or Ty = 04’ tan ¢’ = 161 tan 38° ~ 126).

-state of stress on the plane of maximum shear stress and its inclination:
maximum shear stress:
1.0, ) 1 9
on =0c =260KN/m Omaz = R =160KN/m
inclination:

1.0
O(Tmaz) = 45°

-State of stress on a plane inclined of 35° with the horizontal:

1.0
a r w— Op 42 1 420 —1
O’n:J o +U g cos 26,, = 0+ OOJr 0 000082~352315KN/m2
2 2 2 2
Tp = Rsin26,, = 160sin2 - 35 ~ 150K N/m? 1.0

Part 4.
CD: drainage is allowed with the valve open in both the initial (consolidation) and shear stages.
CU: drainage is allowed in the initial stage (consolidation) but it is forbidden during shear.

CD tests give the property of the soil in the long term, while a CU test typically refers to the soil
characteristics in the short term (time scale of permeability much bigger than the rate of application
of the load). However, also long term properties can be obtained from a CU test, via proper equations.

CU is quicker (and then cheaper) than CD.

2.0 for drained/undrained condition
2.0 for speed/rate of the test
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