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Discuss the significance of specifuing the correct boundary conditions and

choosing the appropriate type of elements in the finite element analysis

software packages available for the design of reinforced earth structures.

(6 marks)

List the pros and cons for the interaction of the advancement of
Information Technology with geotechnical engineering, and in particular the

use ofgeosynthetics.

(6 marks)

"Soil reinforcement is often used to improve the properties of soil masses.

Consequently there is a rapidly booming popularity to adopt geosynthetics in
the construction industry".

Discuss this statement in general and also by making appropriate references

to the goup project you did during the semester.

(7 marks)

Describe and comment on the THREE(3) different design approaches

adopted in the design and application of geosynthetics.

(6 marks)

(a) With the aid of suitable diagrams and making relevant comments, define the
notations in the following two equations which are used in design of
reinforced earth walls and is also found in BS 8006 (1995)

( 8 marks)

(a)

(b)

(c)

(d)
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The finished height of a reinforced earth abufrnent is 8.5m and a wide

uniformly distributed surcharge of 15 kN/m2 needs to be carried on the

surface of the abutment. The length of the metal strips used to reinforce the

wall is 6 m. The cross section of the metal strips is rectangular and its
dimensions are 50 mm x 3 mm. It is proposed to place them at a horizontal

spacing of 1.2 m and a vertical spacing of 0.75 m. The highest and lowest

metal strips lie at depths of 0.6 m and 7.1 m respectively below the top of the

wall.

The properties of the metal strips are;

(a)

Interface friction angle
Characteristic yield strength

23"
275 N/mm2



BFG 4043

The geotechnical properties of the non cohesive coarse grained backfill are;
Unit weight 19.5 kN/m3
Angle of friction 36"
The following partial factors of safety need to be considered in the design;
Partial factor of safety on the material
Partial load factor on the soil self weight
Partial load factor on surcharge
Partial load factor for pull out resistance

1.2

1.0
1.5

1.3

Q3

Investigate the stability of the internal reinforcement design and suggest if
necessary appropriate modifications to achieve local stability.

(17 marks)

"Geotextiles, as they are known today, were first used in connection with
erosion control applications and were intended to be an altemative to
granular soil filters".
Discuss the above statement making reference to the criteria for design of
traditional granular soil filters and the convenience of the use of
geotextiles instead.

(7 marks)

The concept of permeability is significantly important when using
geosynthetics.
Define and describe the differences between Permeabilitv and absolute
impermeability.

(6 marks)

With the aid of suitable sketches, explain the differences between the terms
filtration and drainage in the context of geotextile and their use in the design
of geotextile around perforated pipe underdrains.

(6 marks)

Describe how geotextiles are used to facilitate erosion control structures.
(6 marks)

(a)

(b)

(c)

(d)

Q4

(a) (D

(iD

Define the term "geosynthetic"

Describe and illustrate with suitably labeled diagrams major
geotechnical function that geosynthetics serve.

(5 marks)

(D With the aid of suitable sketches, describe the different types of
woven and nonwoven geotextiles.

Indicate a ranking of these geotextiles from a production point
of view based on the equivalent mass per unit area and also on
an effective geotechnical usefulness point of view.

(5 marks)

(b)

(ii)
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(c) 20 rolls of geotextiles were delivered to a site. The inspector sampled several
of these rolls to find the minimum average roll value of the grab tensile
strength. This quality control inspection was done to check whether the
product met the requirement of 120 for Type B Erosion Control application.
A full width piece, lm long was taken from each of six randomly selected
rolls and sent to an approved laboratory for testing. Given their laboratory
test report in Table I below,

(i) Determine the minimum average and the standard deviation of the
grab tensile strength measured .

(ii) Indicate your comments and the action you would take if you were
this inspector.

Table

(10 marks)

Outline the significance of using the appropriate type of bentonite in the
manufacture of GCL' 

(5 marks)

(a) Describe and illustrate what is meant by strip drain "smear" as probably
occurs during installation.

(5 marks)

Briefly explain the meaning of "kinking " as might occur in the
performance of strip drain?

(5 marks)

Calculate the allowable flow rate for a ship drain if the laboratory measured
value using solid plate as described in ASTM was 2.8 x 10-3 m3/min by
referring to Table 3 "

(d)

Qs.

(b)

(c)

est
Test no. Roll no-

I 2 J 4 5 6
I 140 127 35 t42 150 37
2 118 ll5 40 145 l4l 20
J 152 t20 28 155 r38 26
4 137 l16 52 t40 157 l8
5 116 ll8 46 130 142 l8
6 162 ll8 30 142 l5t 30
7 155 r20 l9 155 140 40
8 142 r25 30 160 r45 20

(9 marks)
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(d)

(a)

(c)

(d)
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Check the factor of safety for the problem Qs(c) above if the strip drain is
required to drain water at a rate of lOa m3lmin.

(6 marks)

If the ultimate strength of a geotextile from an index-type test is 37.5 kN/m,
calculate the average allowable strength for the design purposes according to
Table 2 for separation?

(5 marks)

Justifu the benefit ofusing geotextiles as separator for unpaved roads on soft

subsoils.

(5 marks)

Calculate the number of fabric layers required to drain water from behind the

following concrete cantilever retaining wall as shown in FIGURE Q6 if
each layer has a transmissivity of Oar* : 0.0011 m'/min-m fabric. The soil
backfill is a silty sand (ML-S\M) with k:0.003 m/min .

(9 marks)

For the 4.3 m high concrete cantilever retaining wall of the question (c)

above, recalculate the soil permeability to determine what value is required

to have the O*t:0.001I m"/min-m be adequate with FS : 4.0 (i.e., work
the problem backwards).

(6 marks)

(b)
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TABLE 2: RECOMMENDED PARTTAL FACTOR OF SAFETY VALUE

vrr6 p.rtrl frrcr of sefcq

Applic.lio
lfea

lnstdl:rlxl
dlm:tc Creep'

Chcsical Biologic-al
<lgr.derioa &gr.dadoo

scParauon

cushiooiag

unpavcd roads

walls

cmbrnkmcats

bcaring capacity

slopc stabilization

pavemcnt overlays

railmads

flcriblc forms

silt fenccs

l.l to 2.5

l.l to 2-0

l.l to 2.0

l.l to 2.0

l.l to 2.0

l.l to 2.0

l. I to 1.5

l.l to 1.5

1.5 to l.O
l.l to 1.5

l.l to 1.5

1.0 to 1.2

1.2 ro 1.5

1.5 to 2.5

2.0 to 4.0

2.0 to 3.0

2.0 ro 4.0

1.5 to 2.0

1.0 ro 1.2

1.0 ro l-5
1.5 to 3.0

1.5 to 2.5

1.0 to 1.5 1.0 ro 1.2

t.0 to 2.0 1.0 ro 1.2

1.0 to 1.5 1.0 ro 1.2

t.0 to 1.5 1.0 ro 1.3

1.0 to 1.5 1.0 ro 1.3

1.0 ro 1.5 t-0 ro 1.3

1.0 to 1.5 1.0 to 1.3

1.0 to 1.5 1.0 to l-l
1.5 to 2-0 1.0 ro 1.2

l.O to 1.5 t.0 to l.l
1.0 to 1.5 1.0 lo l.t

iThe low end of thc rangc rcfers to rcsults that havc bcen compcnsated for crccp in the
pcrformancc of thc tcsrs.
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TAbIe 3 : RECOMMENDED FACTOR OF SAFETY VALT.,E FOR ALLOWABLE FLow RATE
OF GEOCOMPOSME

F6 d ef..y nhcs ftr EOtritn 6J

Appli:etio rer firv fIo' flcc f53

Raiiniog *rls, rccping 1.3 to lJ l-2 !o l-4 l.l b I-5 t.0 ln l-5

SFrr fictds. cepillary
b.G.fs

Roofrd pla d.cts

ral ld roil slopcs

edl.gg blnkats
Surf.cc ?&rdr.ins

fc tndfll -fs
Sccooary brchatc

cdlccrioo (lildill)
Eilury lcrtrr

collccrion 0adfll)
Strip (si*) dnins*
ltgbwey cdge dr:ins

l.O !o 1.2 1.0 ro 1.2 l.Ob l-2 l-l to.l.3

1.2!o 1.4 l-Oto l-2 l.ob t-2 l.l !o l-3

t-3 ro li 
' 

,-, r ,.a l.ob t.2 t.o b t-2
1.3 !o 1.5 1.2 to 1.4 l.Oto l2 1.2 !o 1.5

t.5 to 2.0 t.{ to 2.0 1.5 b 2-0 1.5 to 2-0

15 ro 2.0 t.4 !o 2.O lJ to 2.0 lJ to aO

t.5 ro Z5 1.0 ro 2.5 l.O b 12 t-O !o l-2
l-2!o 1.8 tJ!o3.0 l-l b tJ l-0b t2
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.Tbcsevducs rs511c rttrl 6c{h vrluc nns obOid *i.gan 4rdid uml prcssrrrc of
2 to 3 tic rbc fcld ddFrcd r.ximrm vduc. If Doa, thc velucs ousr be
imtescd-
FAn ditinel ED f6 ti*io! urr bc irbdcd, rtcrc flrr - l.O b {.0.


