3D2 Question 1 Solution

(a)

(b)

(i}

(ii)

{i)

From Data Book, elastic expansion 6c.= G.6A/A
where 80.= 0. - 0p
and oo = insitu total horizontal stress in the clay prior to start of pressuremeter test

The length of the pressuremeter remains constant, hence AV/V = 5A/A

The clay reaches its yield strength (= undrained shear strength, c,) at the cavity wall
when 0c = 0o + Cy

Hence AV/V =¢,/ G [20%)]

As the cavity pressure gcincreases above (oo + cu} a plastic zone begins to develop in
the clay arcund the pressuremeter. In the plastic zone, effective strasses remain
constant (the clay has reached its yield strength). The difference between the
increased value of o. and its value at the point at which yield first occurs results in
excess pore pressure Au:

Au=0.-(Co+cu)=60.-¢,
For undrained plastic-elastic expansion, 80, = ¢, [1 + InG/ ¢, + In §A/A]
(from Data Book)

Hence &u = cyln [G/ ¢, . 5A/A) = ¢y In [G/ ¢u . AV/V] [20%)

By inspection of the data, lift-off occurs somewhere between o = 160 kN/m?
and o, = 180 kN/m?2. Estimate Gy = 170 kN/m?2.

Water table is 1.5m below ground level, soil unit weight = 15kN/m?

At 12m depth, vertical effective stress o’ = 12x15 — 10.5x10 = 75 kN/m?
Pore pressure up = 10.5x10 = 105 kN/m?

Horizontal effective stress Gn’ = go - up= 170 — 105 = 65 kN/m?

Hence Kg = oo’/ 0w’ = 65/75 = 0.87 [20%]



(i)

(i)

Cavity pressure (kN/m?) Cavity strain, gc (%) In €.

160 0

180 0.1 -2.3
190 0.2 -1.6
205 0.5 027
230 1.2 0.2
255 2.5 0.9
270 a1 1.4
290 7.7 2.0
300 ' 10.5 2.4

From plot, for higher cavity pressures tending towards linear relationship
Slope of line Ag./A In g ~ 100/3.3 = 30 kN/m?

[20%)

G/ cu = 4500/30 = 150

Au=cyln [G/ ¢y . BV/V]

for small strains AV/V = 2g,

Au =30 1n [150 x 0.2] = 102 kN/m? [20%)



3D2 Q2 2016 Solution

(8) Current in-situ stresses at a depth of 10m:
Total vertical stress, o, = 17.5 x 10 = 175 kN/m?
pore pressure, up = 10x 7 = 70 kN m?
Effective vertical stress, 6, = o, — Ug = 105 kN/m?
Ko = 0.9, hence effective horizontal stFéE;,_o;‘_:QQou’ =0.9 x 105 = 94.5 kN/m?
Total horizontal stress, oh = on' + Us =94.5+ 70 = - 164.5 kN/m? -
t = (0v-0n)/2 = (0'y-0'h)/2 = (175 - 164.5)/2 = 5.25 kN/m?
s'= (0/'+ 04')/2 = (105 + 94.5)/2 = 99,8 kN/m’
s = (Ot On)/2= (175 + 164.5)/2 = 169.8 KN/m?
From Data Book Kone = 1 — sindi = 1 — sin28= 0.53

(i) Test A:
At faflure t = t; = ¢, = 60 KN/m?
At= t—t=60-5.25 = 54,75 KN/m?
Total stress path: Agn=0
Hence At = (Ag,. Acn}/2 = Ao,/2
As = (Aov+ Aow)/2 = Aa,/2
AtfAs=1
As = At = 54.75 KN/m?
At failure, sy = 169.8 + 54.75 = 224.5 KN/m?
Mohr Coulomb model: t = s¢'singer
s¢'= 60/sin28 = 127.7 KN/m?
pore pressure at failure, ua = s - 5¢= 224.5 - 127.7 = 96.8 KN/m?

Effective stress path in elastic region, until Mohr-Coulomb line is reached, is vertical,
ielAs'=0

(ii) Test B:
Total stress path: Ao, =0
At = (Ao, Aow)/2 = -A0n/2
As = {Aoy+ AGn)/2 = Aow/2
At/As = -1
As for Test A, at failure t = t; = ¢, = 60 KN/m?
At= tr—t=60-5.25=54.75 KN/m?
As = -At =-54.75 KN/m?
At failure, sy = 169.8 - 54.75 = 115 KN/m?
s¢'= 60/sin28 = 127.7 KN/m?
pore pressure at failure = s¢- s¢= 115 - 127.7 = -12.7 KN/m?
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