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1. (a). A concrete slab for a new walkway at the School of Civil Engineering 

Laboratory, USM, will be built on the fine-grained soil. Given the liquid 

limit, LL, and Plastic limit, PL obtained from the Atterberg limit test, 

280%, and 60%. The water content of the soil obtained at the site is 85%. 

The clay content from the soil sample obtained from X-ray diffraction 

analysis is 65%.  

 

(i). Calculate the Plasticity Index, PI, and the activity of soil.  

 

[4 marks]  

 

(ii). Based on the calculation obtained in (i) and the information given 

in Appendix 1, interpret the soil state at the site. 

 

 [5 marks]  

 

(iii).  The maximum groundwater table might reach 0.5 m below the 

concrete slab during the rainy season and as low as 2 m during 

the dry season. With the help of sketches, examine the common 

condition that might happen to the concrete slab after two years. 

 

 [6 marks] 

 

(b). A fall cone test was carried out on the marine clay obtained at the 

construction site of the new McDonald's restaurant at Batu Kawan. The 

result of the test is given in Table 1.  
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Table 1 
 

Liquid Limit (Fall Cone Test) 

Container No. 
1 2 3 4 

Penetration (mm) 
12.3 17.4 21.9 27.1 

Mass of wet soil + container (g) 
19.70 22.50 25.80 33.10 

Mass of dry soil + container (g) 
 

18.50 20.10 21.70 25.20 

Mass of container (g) 
 

9.9 9.9 9.9 9.9 

 
 

(i). Determine the moisture content for all the soil samples 

[6 marks] 

 
 

(ii). Plot the results of the Fall Cone test and determine the liquid limit 

of the soil  

[4 marks] 

 

 

 

2. (a). A soil sample taken during the earthwork for the new development KXP 

Airport at Kulim, Kedah, is used to classify the soil further. The result of 

one of the sieve analyses is given in Table 2. 

 

Table 2 

Sieve No. Sieve Size (mm) Weight Retained (g) 

4 4.750 94.3 

8 2.360 53.6 

16 1.180 55.2 

30 0.600 105.2 

40 0.425 66.1 

50 0.300 68.3 

100 0.150 107.8 

200 0.075 30.8 

Pan  - 18.5 
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(i). Calculate the percent finer (%) from the amount of weight retained 

(g) given in Table 2. From the result, plot the grain size 

distribution curve.  

[8 marks]  

 
(ii). Describe the soil's drainage condition based on the calculated 

uniformity coefficient, Cu, and coefficient of curvature, Cc.  

 

[4 marks] 

 

 

(iii). Classify the soil using the Unified Soil Classification System 

(USCS) (Refer to Appendix 2)  

[5 marks] 

 

 

(b). A site investigation was conducted in a new development area near 

Simpang Lima, Parit Buntar, Perak, to study soil conditions at a 

construction site. A soil sample was collected using a cylinder with a 

volume of 0.000196 m3, 1.5 m below the ground. Given the bulk unit 

weight of the soil, γb, 14.91 kN/m3, water content, 65%, and specific 

gravity, Gs, 2.5.  

 

(i). Determine the weight of the solid, Ws  

[4 marks] 

 

(ii). Determine the volume of air (Va)  

[4 marks]  
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3.  A compaction work is conducted for a development project in the city area. 

Based on the current earthwork, the dry density of the soil is 1.555 g/cm3. Table 

3 shows the result of the standard compaction for the sample taken from the 

site prior to earthwork. 

Table 3 

Bulk Unit Weight (kN/m3) 15.0 16.5 18.5 18.5 18.0 

Water Content (%) 10.0 12.5 15.0 17.5 20.0 

 
 

(a). Based on the result of standard compaction test given in Table 3, 

 

 

(i). Determine whether the current dry density exceeds the maximum 

dry density of the soil. 

[5 marks] 

 

(ii). Determine unit weight and water content at 95% standard 

compaction. 

[4 marks] 

 

(iii). Explain how the obtained 95% standard compaction value is to 

be used by the contractor for the earthwork and the consultant in 

approving the compaction work. 

 [10 marks] 

 

 

(b). Explain ONE (1) method of obtaining dry unit weight by field test with the 

help of a sketch. 

 [6 marks] 
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4.  (a).  Starting from a phase diagram and the other basic theory of 

consolidation, define the relationship between the consolidation 

settlement with the other basic parameters.  

[5 marks] 

 

 

 (b). Explain one of the methods used to obtain the value of Degree of 

Consolidation starting from laboratory testing. 

  [5 marks] 

 

 

(c). During the construction of a highway bridge, it is expected that the 

average permanent load on a clay layer will increase by about 180 kPa. 

The average effective overburden pressure at the middle of the clay is 

200 kPa. Given stratum thickness, Hc= 7 m, Consolidation Coefficients, 

Cv = 0.38 m2/month, Initial void ratio, eo = 0.98, Compression Index, Cc 

= 0.45 and the clay is normally consolidated. 

 

 

(i). Determine the surcharge needed to eliminate the entire primary 

consolidation in 8 months. Use Appendix 3 below to solve the 

problem.  

                  [10 marks] 

 

 

 (ii).  Suggest ONE (1) best method to reduce the time and amount of 

surcharge to eliminate the entire primary consolidation.    

           

[5 marks] 
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APPENDIX 1  
 
 

Typical Atterberg Limits for soils  

 
 

 

The activity of clay soils  
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ANSWER EAG245 SEM I Z}z}tZOZl Harris Ramti

Question 1

a) the correct answer is 1.04 x103 cm/sec
if the answer is 1 .4s xio3 cm/sec, is wrong because using falling_head;

b) The correct test is constant-head because it is suitable for coarse size grain
calculateusingq=kiA;

c) calculate using 6 = (yw/n) k
answer 8.19 x10e M2

d) Soil Site C because have higher saturation. High saturation allow water easily
flow between soil oores.

Question 2

(a) i) Max Dry Unit weigt

Water
Content Bulk Densit Dens

10 15 0 tJ.o
12.5 147

15 to c 16 1

17.5 18 5 tc. I
20 '18.0 '15 0

Compaction Curve
I

I

:14 (i

tl0

l2 rl

11Ll

'10 t)

fl ln l)

ii) Dry unit weight at g5%

At 95%, Dry density = 16.1

t8

x 0.95 = 15.3 kN/m3

l0 2?:



_6-

ii) Quality control during compaction work

r
lCompaction QualitY Control

' ='-[-
< lt is impodatlt thtlt cotrtl:;+ction ci itte fill i,;rcitr''il '';

done proPerlY.

r lrlonnally the degree crI cttr:rDar:lii;rt is clt';;;:'l'.'

stated in the sPecificaliot'
E The clegree of cotnpa'-:ticrrt is ircl'rrllllly Llt-[iiii;': :::

a percentage of ttle mrlrtrni-;nr tlr'" dollsrl"

Any One field teet;

Sand Cone - requires hole excavated
the volume of the hole with sand. Thts

B)

weigh the soil removed and determine
is done by filling the hole with a sand of

known density.
Balloon Test - test apparatus consists of a graduated cylinder with a centrally

placed balloon. The cylinder is filled with water to invert the balloon to fill the

hole.
Nuclear Density meter - uses a radioactive source and "counter" to determine

soil density. This method has fast results with the potential for a large number

of tests in a short time.



Soil Mechanics - EAG 245

By: Dr. Mohd Ashraf Mohamad Ismail

Question 1

a) A concrete slab for a new walkway at the School of Civil Engineering Laboratory, USM, will
be built on the fine-grained soil. Given the liquid limit, LL, and Plastic limit, PL obtained

from the Atterberg limit test, 280yo, and 600/o. The natural water content of the soil obtained

at the site is 85%. The amount of clay content from the soil sample obtained from X-ray

diffraction analysis is 65Yo.

Papak konkrit untuk laluan pejalan kaki baharu akan dibina di Makmal Pusat Pengajian

Kejuruteraan Awam, USM diatas tanah berbutir halus. Diberi, had cecair dan had plastik

yang diperolehi daripada ujian had Atterberg, 2800% dan 600%. Kandungan air semulajadi

tanah tersebut di tapak 85o%. Kandungan lempung sampel tanah tersebut diperolehi daripada

analisis belauan sinar-X, 65o%.

i. calculate the Plasticity Index, PI, and the activity of soil. (4 marks)

Kirakan Indeks Keplastikan, PI dan aktiviti tanah tersebut. (4 markah)

(% of clay-size fraction by weight)

A*2) :i

"4 *-. 
"9,-t&

ii. Based on the calculation obtained in (i) and the information given in Attachment 1,

interpret the soil's soil state at the site. (5 marks)

Berdasarkan kepada pengiraan yang diperolehi di (i) dan maklumat yang diberikan

di Lampiran I, tafsirkan keadaan tanah tersebut di lapangttn. (5 markah).

PI
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prlse i]. significant problern to the sfructllre tronncicd on it.

The maximum groundwater table might reach -0.5 m below the concrete slab during

the rainy season and as low as -2 m during the dry season. With the help of a sketch,

examine the common condition that might happen to the concrete slab after two years.

(6 marks)

Paras airbumi maksimum akan naik sehingga -0.5 m dibawah papak konlcrit tersebut

semasa musim hujan dan serendah -2 m semasa musim kering. Dengan berbantukan

lakaran, periksa kemungkinan keadaan yang mungkin terjadi terhadap papak konldrit

tersebut selepas dua tahun. (6 markah)

L)ue to the high plasticit-v cla-v ancl the montmorilonite cla), nrineral's presence. the

tine-grainecl soil tniglxt signiticantly slirink and sqiell. T'he tiigl:er the w.ater co-nleltt

may carlse the fine-grained soil io ctxrsoliciate with tirure x,hen pllt orl h.rading b), the

collcrett: s[ab" 'l-he wa]krvnv rvili eventua]il, settle" and orirckillg inaly occr.tr clue to the

expan<lnble lnontnrcr'illonite clay a.s ilre firunrlation to ther Lmslahle firundation for tlre

coJlcrete slfth"



b) A fall cone test was carried out on the marine clay obtain at the construction site of the new

McDonald's restaurant at Batu l(awan. The result of the test is given in Table 1.

Ujian 'Fall Cone" telah dijalankan terhadap lempung laut yang diperolehi dari tapak

pembinaan Restoran Mcdonald baharu di Batu Kawan, Pulau Pinang. Keputusan ujikaji

tersebut diberikan di Jadual l.

Table llJadual l
Liquid Limit (Fall Cone Test) Had cecair (Uiian Tusukan Kon)

Penetration
Tusukan

12.3 t7.4 2X.9 27.1

Container No.
No. Bekas

I 2 .J 4

Mass of wet soil + container (g)
Berat tanah lembab + bekas k) 19.70 22.50 25.80 33.10

Mass of dry soil + container (g)
Berat tanah kerins + bekas k) 18.s0 20.r0 2t.70 25.20

Mass of Container (g)
Berat Bekas (g) 9.9 9.9 9.9 9.9

i. Determine the moisture content for all the soil samples (6 marks)

Tentukan kandungaan lembapan bagi kesemua sampel tanah tersebut.(4 markah)

Liquid Limit (Fall Cone TesI) Had cecair (Uiian Tusukan Kon)
Penetration

Tusukan
12.3 17.4 21.9 27.1

Container No.
No. Bekas

2 l AT

Mass of wet soil + container (g)
Berat tanah lembab + bekas (g)

19.70 22.50 25.80 33.10

Mass of dry soil + container (g)
Berat tanah kerins + bekas k) 18.50 20.10 2r.70 25.20

Mass of Container (g)
Berat Bekas (9) 9.9 9.9 9.9 9.9

?,4.ur:s *i" :,;*iid tt:,) s.{: \::.b 1.8 13,3

\,'l;,,",t , ,f" i,,'1il*f. i rt \.2 2.,,-l 4.1. 7.{}

\\'',ttr'' {'{'}ttu'i}{. rt {"'.) 1 ^1,,|j
"tQ

"\,1',7 51.tt



ii. Plot the results of the Fall Cone test and determine the liquid limit of the soil (4 marks)

Plot keputusan ujian Tttsukan Kon dan tentukan had cecair tanah tersebttt. (4 markah)

t.

i)i

iri : t;:t':l:'"' ii t'"' ti' i'

l,l. j',;':.. ,i1 !'l) itt,ti r'r(t),rt.t.tl'i::ii



Question 2

a) A soil sample taken during the earthwork for the new development KXP Airport at Kulim,

Kedah, is used to classify the soil fuither. The result of one of the sieve analyses is given in

Table2.

Sampel tanah yang diambil semasa kerja-kerja tanah untuk pembangunan lapangan terbang

KXP di Kulim, Kedah digunakan untuk mengelas tanah tersebut. Keputusan salah satu ujian

analisis ayakan diberikan di Jadual 2.

Table 2l Jadual 2

Sieve No. Sieve Size (mm)
SaizAyakan

Weight Retained (g)
Berat Tertuhan

4 4.1s0 94.3

8 2.360 s3.6
I6 I .180 55.2

30 0.600 105,2

40 0.425 66,1,

50 0.300 68.3

100 0.1 50 1-07.8

200 0.075 30.8
Pan 18.5

i. Calculate the percent finer (o/o) from the amount of weight retained (g) given in Table

2. From the result, plot the grain size distribution curve. (8 marks)

Kirakan peratus halus (o/o) daripada jumlah berat tertahan (g) yang diberikan di

Jadual 2. Daripada keputusan yang diperolehi, plot lengkungan agihan saiz butiran.

Sielre ffm.
CIpeni:"rg s?ze

{me'n}

Weigfrt
netalned {g}

CurnuIatiq/e weig,fut

retmined (g]
Cwrnwlwtiw* we16ht

passing {g$

Fereemt

Fime,r {%l

A .4.7 5 cll:t gt|.3 505.5 84.3%
(! 2.'3{} 53.5 L4V.9 451.9 75.3%

1{} L18 3J"1 2"43.1 396.7 66.1%

30 ti.* w5.2 308.3 2.9\.5 4&.b%

40 r,).425 u(]. -[ 374.4 225"4 3V"6%

5t) fi.3 68.3 442"7 157 .i. 26.ZYa

10{) {i"15 LAV.& 550.5 4.9 "3 8.2%

2,04 0"{}7 5 30,8 58T,3 18.5 3.1%

Ilavi i8.5 599,8 0 a.D%
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ii. Describe the soil's drainage condition based on the calculated uniformity coefflcient,

Cu, and Coefficient of Curvature, C". (4 marks)

Kirakan pekali keseragaman, Cudan pekali kelengkugan, C"tanah tersebut. (4 marlcs)

L-)rr"{}"Iftr

D"tit - U"35

L)-tri '' t).$5

Llori '' {}.97

d,.'u',- 5.^f

(.'r: - {}.7

PoorIy gt"utlccl sand goor{ c{ruit'tuge aonr.{itiort

Classify the soil using the Unified Soil Classification System (USCS) (Refer to

Attachment 2) (5 marks)

Kelaskan tanah tersebut dengan menggunakan Unified Soil Classification System

(USCS) (Rujuk Lampiran2) (5 markah)

ilo*rl.t' ,qr*detl :;ctnd trith ,qruvt.f, (S{}l

b) A site investigation was conducted in a new development arca near Simpang Lima, Parit

Buntar, Perak, to study soil conditions at a construction site. A soil sample was collected using

I
tE

*
s

111



a cylinder with a volume of 0.00019 6 m3 , 1,5 m below the ground. Given the bulk unit weight

of the soil, ya, 14.91 kN/m3, water content, 650/o, and,specific gravrry,Gs, 2.5.

Penyiasatan tapak telah dijalankan di kawasan pembangunan baru berdekatan dengan

Simpang Lima, Parit Buntar, Perak untuk mengkaji keadaan tanah di tapak bina, Sampel

tanah telah diambil dengan menggunakan silinder dengan isipadu 0.000i 96 m3 , L5 di bm,vah

permukaan. Diberi berat unit pukal tanah tersebut, yn, 14.91 kN/m3, kandungan air, w 65o%

dan graviti tentu, Gs, 2.5.

i. Determine the weight of the solid, W, (4 marks)

Tentukan berat pepejal, W, (3 markah)

ii. Determine the volume of air (Vt (4 marks)

Tentukan isipadu udara, Vo (3 markah)

Vols,uttc af .ruznJtlt - t,.{}fiA196 nt3

{,tnit wcipht ol roil ")t1), -, 14.91 liNlln"i

ilL'ttter con{ent, ,== 65a/t,

fiyseci/ic y4t'rn:ilt'" 4,;r. ,,,,,,,, ?.-{

Dl,uwthe1lfwt,tat{.it,lgt"ttllt*ndslttlu,lhtdu"il'tl1i<lyr{uohttlirzlhcbu,l,itsllcls't:-l'o!llw

lf/s",,,,,', 1"77 hi

Vs' : 7.{}9t10-5

I w .- l" 153x110-4

Vu:9.81v1fi^(t


