2010 PART IIA 3D1 GEOTECHNICAL ENGINEERING I
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3.

(a) Oy = 'YZ,

Passive side oy, = y(z-10) + 2s, = 17(z-10) + 2(20 + 3z) = 23z -130 (from z = 10)
Active side oy, =yz — 28, = 172-2(20 + 32) = 11z - 40

2-L4m T
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It is assumed that dry crack is formed at the location of negative pressure on the active side. Hence,

the active pressure is zero down to z=40/11 = 3.64 m.

Rotating moment by the active zone is (1/2) x 108.5 x (13.5-40/11) x ((2/3)x(13.5-40/11)+ 40/11) =
5463 kN m/m

Counteracting rotating moment by the passive zone is 100 x 3.5 x 11.75 + (1/2) x 80.5 x 3.5 x
((2/3)x3.5+10) = 5850 kN/m

Just about ok.

(®)
The active side : 6’ = K, ¢’ ; K, = (1-sin25)/(1+sin25) = 0.406
The passive side, oy’ = K, 6°y ; K = (1+sin25)/(1-sin25) = 2.46
Water pressures at both sides balance and hence only soil pressure needs to be considered.
Rotating moment by the active pressure = (1/2) x (0.406 x 7 x 13.5) x 13.5 x 13.5x(2/3) = 2296
kNm/m
Counteracting moment by the passive pressure = (1/2) x (2.46 x 7 x 3.5) x 3.5 x (3.5x(2/3) +10)
=1301 kNm/m.

The wall is likely to fail.



ox =6027 xP oy =318 xPa

(c) The water pressure distribution acting on the wall will change. There will be seepage flow. The
pressure profile can be evaluated by seepage analysis. Possible hydraulic gradient along the wall =
10 m/(13.5 + 3.5) m = 0.58. The hydraulic head at the toe of the wall will be 0.58 x 3.5 =2.03 (The
datum is at the excavation level). Hence, the pore pressure at the toe can be estimated to be u= 3.5 x
10 +2.03 x 10 = 55.3 kPa. At the active side, the effective horizontal stress will increase due to
decrease in water pressure. At the passive side, the effective horizontal stress will decrease. With

additional water pressure difference, the instability of the wall becomes greater.

55.3 xPa u = 55.3 xPa



(d) - Increase the embedment depth
- Add more supports
- Install ground anchors

- Increase the strength of the ground on the excavation side by soil improvement



4,
(a)Using Meyerhof’s “effective area” method, the foundation width is assumed to be Sm—2 x

0.75 m = 3.5 m. Hence the vertical stress under the foundation (per unit thickness) will become

V/3.5 (kPa).

The failure stress state at the foundation level but outside the foundation is (oy, on) = (yz, yz+2s,) =

(16x2, 16x2 + 2x30) = (32, 92) kPa. It is assumed that the shear resistance above the foundation line

is negligible.

Using the stress fan concept,
The vertical load at failure can be evaluated as follows.

 V/3.5=92+2s,(n/2) =92 +2x30x(3.14/2) = 186.2kPa . .

V=651 kN/m
l G
0
- 25, I(2+n)s
0 =n/2
Fan of infinitesimal

discontinuities As =280 = syn

(a) Using the same “effective area” method by Meyerhof, the foundation width is assumed to be 3.5
m.
The vertical effective stress at the foundation level outside the foundation is ow =(16-10)x 2=
12 kPa.

Using the bearing capacity formula given in the databook,
V/3.5=Ngow’+ N,y’B/2

N, = tan’(m/4+¢/2)e™™ = tan’(n/4+(25/180)/2)e™* @180 10,65
N, = 2(N, — 1)tan¢ = 2(10.65 — 1) tan (25/180) = 9.00
V/3.5=10.65 x 12 + 9.00x6x3.5/2 = 127.8 + 94,5 =222.3 kPa



Water pressure needs to be added at the base.
V/3.5 =222.3 kPa + 2x10 kPa = 242.3 kPa.
V = 848 kN/m.

(b) The short term undrained condition is more critical. The clay consolidates during drained
condition and the shear resistance increases compared to the undrained condition. The clay is

likely to be normally consolidated or lightly overconsolidated.

(d) The vertical stress applied will be 186.2 kPa x 0.75 = 140 kPa
The horizontal stress will be H/3.5.
The principal stress will rotate at an angle of y.
H/3.5 = s,sin2y -> 2y = sin” (H/105)
Using the stress fan concept shown below,

140 = (yz + s,) + 28, (/2 — y) + 5, cOS2y

140 = 16x2+ 30 + 30 x © —30xsin" (H/105)) + 30 /1 — (H /105)*

-16.25 = - 30 sin” (H/105) + 30 +/1 — (H /105)?

0.54 = sin” (H/105) - /1 = (H /105)?

H is about 84 kN/m.
Active \Y q: = V/B

Passive zone\ H 7= H/B
zone 1 \ \
]

45" N v 45° I 2s, Passive
2 -y /2 + y zone 2

u

Stress fan 1 Stress fan 2



Numerical Answers for 3D1 exam 2010-05-21
1) c)2.68 years, August 2005
d) 121 mm

2) b)1.23m
¢) 6.4m

4) a) 651 kN/m
b) 848 kN/m



