EXERCISE 1- WORKING SOLUTION
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up = Y * (1 — hy) = 9.81— *3m = 29.43kPa
m3
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(0. = 0g + Ysar.2 * (ha) = 76k Pa + lSL— * 4m = 148k Pa
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kN
uc =Y * (h, + ha+1m)=9. 81— * Om = 88.29k Pa
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O'C = o0c — uc = 148kPa — 88.3kPa = 59.95k Pa

N
O'D = 0¢ + Ysar.3 * (h3) = 148kPa + 20. 2—L * bm = 249k Pa
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up =y * (hs + ha+ hy + 1lm) = 9.81—3 * 20m = 137.34kPa
m
orb =op —up = 249k Pa — 137.34kPa = 171.66kPa
kN
O = 0p + Ysara * (hy) = 249kPa + 17. 8— *x 4m = 320.2kPa
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Tug = Yo * (hy + hg+ hy + hy +3m) = 9. 81— * 20m = 196.2k Pa
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m

Lop = op —up = 424.2kPa — 245.25kPa = 178.95kPa
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Ysar1 = 2{]10 k-N-'"ITl"
Yai = 16,0 KN/'m’ ¢, = 36°

Yerz = 18,0 kN/m’
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's = 40°

Yuus = 17,8 kKN/m’

NC Clﬂ}’ ¢r‘I =26° ¢s=0
oE
Yoars = 20,8 kN/m’
Sandy gravel 's = 44°

F

Impermeable layer

424.2kPa

0.5

v

OkPa
\.23.4kPa | \46.!

__________ 88.3kPa

.\ 137.3k

245.3kPa 178.9kPa




EXERCISE 2- WORKING SOLUTION

elevation TOT=30.0
(m)
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Assuming we place two piezometers in A and B, what would be the water level?
14 AH = 16.5m — 14m = 2.5m 1
Ny =5;Ng =12 R
" 2.0
Ah = A,H = 2.l-:>m =0.21m
J.'\'d 12
0.5-0.5
hin = 16.5m:hyp;, = 14m 0.5-0.5
zq4 = D.8m zp = 7.8m
Ahy =ngaAh =10%0.21m = 2.1m 2.0
1.0
ha = hiy — Ahy = ()16.5 — 2.1)m = 14.4m < piezometer height 1.0
hpa = hg — 2, = (14,4 - 5.8) = 8.6m
Apg =nggx Ah =3%x0.21m = 0.63m 50
hg = hin — Ahg = (16.5 — 0.63)m = 15.8Tm « height piezometer ig
hpp = hg — 2B — (15.87 — 7.8)m = 8.07m
2. Measure the equipotential drop between A and B
1
1.0

Ahyp = (1587 — 14.4)m = 1.4Tm



3. Sketch the piezometers in A and B and indicate their water level
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4. Calculate the vertical effective stress in A and B

kN kN

OA = Yo *huz +Year ¥ (2F — 24) = 9.81— ¥4m +19.8—-% (10 - 5.8)m =
m m

122.4kPa

k J'\r

T X 8.6m = 84.37kPa

ll‘.i = "'uu * ’Ip_.l = 9.81
m

O'f,& =04 — Uy = 38.03kPa

kN kN
OB = Yary* M1 +Ysat ¥ (21 — 28) = 16— *3m+19.8—x(16.5—-7.8)m =
m m
220.26k Pa

5|
4

up = Yw * hpp = 9.81—% x 8.07Tm = 79.17kPa
m
UlB =0p —up = 141.09kPa

5 5. What is the total flow rate q?

2

, 5
= 10_5E * 2.5m * T = 1.04 * 10‘51
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6. Explain the difference found in the piezometers level 1.0
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1. Sketch the stratigraphy explained above.
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2. Calculate the vertical effective stress of the point A situated at
12 the middle of the clay layer (4m from the top surface). If the
constant of lateral earth pressure KO is 0.4, determine the
horizontal total and effective stresses in the same point.
— ~tand L | = sand o | 5 clay o 15 = 16"" 1.5 20]\'4'\"
o = ’}:r,‘l(, ¥ Lom 4+ Yo ¥ Lom 4+ g7 ¥ lm = = * L.om + 3 *
1.om + lSF % 1m = 72kPa 2.0
kN
ug = Yy * 2.5m = 9.81—5 x 2.5m = 24.5kPa 2.0
m
oy =04 —uy =47.5kPa 1.0
2.
o4y 4 = Ko ¥ 0’y = 0.4 % 47.5kPa = 19kPa 0
opa =0y, +ug= (19 + 24.5)kPa = 43.5kPa 1.0

EXERCISE 3 - WORKING SOLUTION
TOT=40.0

Draw the soil element with the corresponding stresses and the
Mohr circle representing such stress state.
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. \/(oy; f’r) 472 = \/(n‘zﬂwa) +0kPa = 14,25kPa

= 57.8kPa 1




3. In a soil sample around point A, the stress state on a horizontal

1.0 plane is (0y1y), and on a vertical plane (oy,-1,). Draw the soil

element with the corresponding stresses and the Mohr circle

representing such stress state. Considering o, and oy as the total

stresses calculated in the previous point and 7, = 20 kPa.

1.0 l 72kPa
20kPa

<4+—

i 4473.5kPa

20kPa
1.0

V=(43.5,-20)
H=(72,20)

0o = = - — 57.8kPa 2.0

2.0

y

0.5

RO.5



8 4. Determine the maximum and minimum principal stresses along with the maximum shear stress. Represent them on the

Mohr circle

0y = 0.+ R = (57.8 + 24.6)kPa = 82.4kPa 2.0
0y =0, — R = (57.8 — 24.6)kPa = 33.2kPa 2.0
Taias =5l0:) = i = 21.6kPa 2.0

5. Finally, determine normal and shear stresses on a plane that makes an angle of
28 degrees with respect to the horizontal face of the soil element. Detect them

graphically by using Mohr circle to check your results.
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