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BAHAGIAN A (25 markah)

51

(a)

{b}

()

lmu pengelahuan berkenaan Geologi dan Geologi Kejuruleraan adalah penting
dalam bidang Kejuruteraan Awam.

(i} Berikan detinisi Geologi dan Geologi Kejuruteraan.
(2 markah)

(i)  Nyatakan dua (2) perlaksanaan bidang Geologi Kejuruteraan dalam
Kejuruteraan Awam yang melibatkan bumi atau bahan bumi.

{2 markah)
(ili}  Apakah papak tektonik dan jelaskan empat (4) jenis sempadan papak.

{4 markah)
Hakisan merupakan satu agen penting dalam mengangkut dan memindahkan
bahan sedimen yany terhasil dari pemecahan batuan secara fizikal dan kimia oleh
tindakbalas peluluhawaan.
{1 Berikan definisi tanah baki dan tanah terangkut.

(2 markah}
(i) Wyalakan tiga (3) jenis beban berlainan yang dibawa oleh arus.

{4 markah)

(iiiy  Terangkan empat {(4) jenis sedimen yang lerkurmpul di persekitaran benua
bersama - - sama kriteria penlingnya setiap salu.

{4 markah}
Mekanik Batuan merupakan bidang sains gunaan dan telah dikenali sebagai
salah satu daripada disiplin dalam bidang kejuruteraan sejak beberapa dekad yang
laiu.
(1) MNyatakan bidang pengajian Mckanik Batuan.

(2 markah)

(i)  Senaraikan empat {4} jenis vjikaji yang dijalankan dalam ujikaji kekvatan
1erus.

{2 markah}

{(iii)  Berikan tiga (3) kcbaikan ujikaji indeks.
{3 markah}
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BAHAGIAN B {50 markah)

582

(a)

{b}

(<)

(a)

Kirakan nilai Penanda Mutu Bawan (PMDB} seperti vang ditunjukkan dalam
Figure ()2

{2 markah)

satu hilik pemecah untuk lombong bawah tanah akan dikorek pada kedalaman
2100 m dari aras permukaan bumi. Kestabilan jasad batuan bergantung kepada
dua set kekar tambah rawak. Kekar tersebut adalah kasar dan bersatah. S¢ntuhan
dinding batuan dilapisi kelodak atau pasir. pecahan tanah liat kecil. Ljikaji
makmal pada sampel kerekan batuan sempuma mentberikan nilai purata kekuoatan
mampatan satu paksi sebanyak 90 MPa. Arah tegasan prinsip adalah dianggarkan
mendatar dan pugak dan magnitd tegasan prinsip mendatar adalah dianggarkan
sebanyak 1.5 lcbhih daripada tegasan prinsip pugak. Jasad batuan berkeadaan
lembap seternpat dengan petigaliran air sederhana. Dengan mengpunakan nilai
PMB daripada 82 (a), Kirakan nilai () dengan berpandukan Table 1.

(8 markah)

Sebuah terowong dibina melalui batupasir sederhana terlulubawa berkeadaan
kekar deminan bersudut kemiringan 30° dan miring pada arah laluan masuk
pembinaan terowong. Jurus ketakselanjaran adalah berserenjang dengan paksi
terowony. Berdasarkan wjian beban titik, kekuatan batuan adalah 5 MPa. Kekar
menunjukkan sifat permukaan sedikit kasar, panjang kekar berpurata 2 m, bukaan
kekar berukuran antara 2 mm hingga 3 mm denpan bahan isian keras scbanvak 2
mm dan purata jarak antara kekar adalah 0.8 mm. Keadaan aras air bumi
wrowong adalah di dalam keadaan kering lengkap. Dengan menggunakan nilai
PMB daripada S2 (b). kirakan nilai Rock Masxs Rating (RMR} dengan
berpandukan kepada Table 2,

f15 markah

Cadangan pembinaan jajaran lebubraya adalah seperti vang dibenikan daiam
Figure Q3. Nilai sudul kemiringan bagi cerun potong A dan B 1clah dinkur
sehanyak 60° Kerja-kerja tinjauan ketakselanjaran iclah dilakukan di sepanjang
cadangan cerun potong (A dan B) dan keputusannya adalah seperti yang
diberikan dalam Table 3,

Table 3

[ Set kekar 1 | Set kekar 2 * Set kekar 3 |
132°/81° 3515759 . 301%37°

135%70° | 354°/54° mﬁwmsll

T 127°7%° | 350°760° | 316742
"T126%68° | 356%66° © 310%34°




(b

(c)

(i)

B

Plotkan kesemua oricntasi bagi setiap ketakselanjaran di atas secara
plotan kutub dengan menggunakan jaringan stereo sama luas dalam
Figure Q3 (a) dan kertas surib yang disediakan.

£3 markal}

Anggarkan dan plotkan kedudukan purata kutub untuk setiap set dala
vang telab diplot dari 83 (a) dan lukiskan bulatan besar bagi setiap purata
kutub untuk setiap sct. Berikan nilai untuk arah dan sudut - kemiringan
bagi setiap set bulatan besar vang elah dilukiskan itu dalam Table 4.

{3 markah}

Dengan merujuk kepada Figure Q3. jawab soalan berikut:

(i}

(ii)

(Gif)

Berikan data bagi jurus dan arah miring bagi cerun potong A dan 3
dalam Table §.

{4 markah)

Berdasarkan jawapan yang diperolehi daripada 83 (b) (i), lukiskan bulnan
besar bagl kesemua arah cerun tecsebul (A dan B).

{2 markah)
Kajian se1 kekar mendapati Kesemua mlai sudut geseran kekar batuan
pada cerun tersebut adalah 35°. Lukiskan nilal sudut geseran terschut pada

kesemua cerun A dan B di alas keras surib vang sama.

{2 markah)

Berdasarkan jawapan dari 83 (8) dan 83 ¢b). periksa dan tentukan kesemua mod
kegagalan cerun bawan vang dicadangkan tersebut bersama-sama kriterianya
schagai bukti. Jadualkan keputusan tersebut pada Table 6.

{11 markah)
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BAHAGIAN C {25 markah)

54

{a)

(b)

{c)

{d)

Semasa kajian tapak, didapati kedalaman retakan ketegangan adalah scpanjang
1.5 meter dan air telash memasoki retakan tegangan tersebut sebanyak scparuh
daripada kedalaman keseluruhan retakan tegangan tersebut. Nilai sudut gescran
adalah sama seperti yang diberikan pada 83 (b) (iii). Maklumat-maklumat lain
yang diperolehi daripada kajian tapak dan makmal adalah seperti heriku:

Reral unil batuan = 2§ kNAn’

Berat unit air = 9.81 kN/m’

Eetinggian satah = 100 meter

Daya jelekitan kesemua satah ketakselanjaran = 50 kPa
Tetulang jenis Yo — 10 ton = 100 kKN

Dengan menggunakan data cerun yang diperolehi daripada 83 (¢), kirakan faktor
keselamatan kegagalan satah bagi cerun A serta simpulkan kestabilannya
berdasarkan keputusan yang diperolehi berpandukan Figure Q4,

(7 markah)

Daripada 54 (a). anggarkan tewlang boit penambat tertegang {17 yang diperlukan
olch cerun B jika tetulang bolt penambat temegang tersebut dimasukkan pada
sudut (£2) 20° pada nilai faktor keselamatan 1.5 seperti vang dikehendaki oleh
klien dengan berpandukan Figure Q4.

{5 markah}

Berikan penilaian untuk kategori wetulang jika stesen pemecah yang dibina adalah
15 m dan berada dalam kategori lumbong terbuka tetap berpandukan jawapan 82
(b}, Table 1 dan Figure 4{c).

{5 markah}

Cadangkan jenis sistem sokongan dan pengorekan yang harus digunakan dengan
nilai EMR yang diperolehi daripada jawapan 82 (¢} berpandukan kepada Table 7.

(% markah)



85

(a)

(b

{c)

(d)

HEFC 3003

Diberikan data bahagian atas cerun ialah 034%/00°. Semasa kajian dilakukan,
kedalaman retakan tepanpan adalsh sedalam 1.5 meter dan air telah memasuki
retakan tegangan tersebut sebanyak separuh daripada kedalaman keseluruhan
retakan tegangan tersebul. Milai sudut geseran adalah sama seperti vang diberikan
pada 83 (¢) (iii). Maklumat-maklumat lain vang diperolehi daripada kajian tapak
dan makmal adalah seperti berikut;

Berat unit batuan = 25 kN/m*
Berat unit air = 92.81 kN/m”

Ketinggian baji = 150 meter
Daya jelekitan kesernua satah ketakselanjaran — 50 kPa

Dengan menggunakan data cerun yang diperolehi daripada 83 (e), kirakan faktor
keselumatan kegagalan keeagalan baji bagl cerun B serta simpulkan kestabilannya
berdasarkan keputusannya berpandukan Figure Q5.

{18 markah)

Berikan penilaian untuk nilai kejelekitan dan  sudut geseran batu pasir
berpandukan dengsn nilai RMR yang diperolehi dari 52 {¢) berpandukan kepada
Table 2.

(2 markah)
Berikan penilaian mengenai ketahananan terowong (erscbut tanpa sokongan

dengan nilai RMR yang diperolehi dari soalan 82 (¢} berpandukan kepada Table
2.

{2 markah}

Berikan tiga (3) kelebihan peralatin Pembiasan Seismik.

(3 markah)

6H
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PART A (25 marks)

o

(a)

(b}

(3

The knowledge of Geology and Engineering Geelupy are importunt in Civil
Engincering field.

(i} Give the definntion of Geology and Engineering Geology.
(2 marks)

(1)  [escribe twa {2) Engincering Geology practices in Civil Engincering
projects which invelved the earth or earth materials.

{2 marks)
{iiil  D¢hne tectonic plate and describe four {4) types of plate boundaries.

{4 marks)
Erosion is vne of the important agent of removal and transportation of surficial
materials which is the product of physical and chemical breakdown of rocks by
process of weathering.
(i) Lxeseribe the definition of residual soil and transported soil.

{2 marks)
fii) Describe three (3) diflerent types of load carried by streams.

{4 marks)

(iiiy  Explain four {4) types of sediment that accumulate in continental
crnvironment with their each important characteristics.

{4 marks}

Rock Mechanics is a field of applied science and has been recognized as a
discipling in engineering since the last four decades.

{1} Deseribe the study of rock mechanics.

{2 marks)
(i) List four (4) testing conducted in direct strenpth lest.

{2 marks)
(it} Statc three {3) advaniages of index test,

{3 marks)
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PART B (50 marks)

2

(a]

(b)

(<)

Calculate the Rock Quality Designation (RQD?) value from Figure Q2.
{2 marks}

A crusher chamber for an underground mine is to be excavated at a depth of 2100
mn below surface. The rock mass contains two joint sets plus random controlling
stability. These joines are rough, planar and rock wall contact was silty - or sandy
- ¢lay coatings with small clay — Iraction. Laboratory test on core samples of
intact rock give an averape uniaxial compressive strength of 90 Mpa, The
principal sttess are approximately vertical and horizontal and the magnilude of
the horizomal principal stress is approximately 1.5 times that of the vertical
principal stress. The rock mass is locally damp with medium inflow. By using the
RQD value obtained from Q2 {a). calculate QQ based on data given in Table 1.

(8 marks)

A tunnel is constructed and driven through moederately weathered sandstone with
a dominant joint set dipping at 307 with the direction of the wnnel drive, The
discontinuities strike perpendicular to the tunnel axis. Based on the point load
test, the rock strength 1s 3 MPa. The joints are slightly rough and average length
of joint is 2 m with a separation between 2 mm o 3 mm, with 2 mm hard infilling
matctials and spacing between joints is 0.8 mm. Groundwater of tunneling
condition are anticipated to be completely dry. By using the RQD value obtained
from Q2 (a). calculaie the Rock Mass Rating (RMR) value based on the data
given in Table 2.

{15 marks)



Q3

(a)

(b)

{c)

B 3013

A proposed highway alignment is shown in Figure Q3. Dip angle at cut slope
angles for siope A and B are 60° A discontinuity survey was conducted aiong
the proposed cut slope A and B and the results are given in Table 3.

(i}

Table 3

1325815 | 351°/59° | 3015/37°
135%/70° | 354°/54° | 306°/46° |
- 127°79° | 359°/60° | 316°/42¢

_129°768° ' 356°/66° | 310°/34°

Joint set | Joint set 2 Joint.:s'::'iq

Plot all the poles above for the slope discontinuity orentation data on &
stereonet by using the equal area equatorial net as given in Figure (3 (a}
and (he tracing paper given,

{3 marks)

LEstimate and plat the mean poles for each data plotted from Q3 {a) and
draw the great circle for ali respective mean poles. Determine the values
of dip direction and dip angle for afl mean great circles plotted and
tahulate the values in Table 4.

(3 marks)

Answer the Tollowing question with reference to Fipure Q3.

(i}

(ii)

{iii)

Determine the values of strikes and dip directions for the proposed cut
slope A and B and labulate the values in Table 3.

{4 marks)

By using the answer from Q3 {b) (i), draw the greal circle for the cut
slope on all direction (A and B).

{2 marks}

A study of joint sels reveals that all joints have a friction angle of 35°,
Draw the friction angle for slope A and I3 in (he same tracing paper.

{2 marks)

Based on the answers from QJ (a) and Q3 (b), analvze the entire mode of failure
at the proposed rock slope (A and B) and stale the criteria as an evidence.
Tabulate the results in the Table 6.

(1 marks)

9



HEC 3T

PART C (25 marks)

Q4

(a}

(b)

(3

(d)

During a site study. it was found that a tension crack was 1.5 meter desp and
filled with water to half of its depth. The friction angle value is the same as given
in Q3 (¢}, Other information from the site study and laboratoery works are given
as follows:

Rock unit weight = 25 kN/m’

Water unit weight = 9.81 kN/m’

Height ot planc = 100 m

{_ohesion of all discontinuities = 50 kPa
Bars for Yas = 10 ton =100 kN

Using the cut slope data from 3 (e), calculate and conclude the safety factor tor
plane failure for slope A based on the formula given in Figure Q4.

{7 marks)

From Q4 (a). ¢stimate the required reinforcement with tensioned ancher bolis (T)
of slope A based on the formula given in Figure Q4. Given the installation of
anchor balts at angle (£2) is 20° and the safely factor needed by the client is 1.5,

{5 marks)

Evaluate the reinforcement eategory if the crusher station span was given in 13 m
and falls into the category of permanent mine openings based on the Q value
obtained from Q2 (b), Table 1 and Figure Q4 ().

{5 marks)

Propose an appropriate excavation and suppon system based on the RME value
obtained from Q2 (¢) and based on Table 7.

{8 marks}

10



Qs

{a)

(b)

{c)

{d)

BEFC 3013

Given data for the upper slope is 053%00°. During a site study, it was found that a
tension crack was 1.5 meter deep and filled with water to half of its depth. The
friction angle value is the same as given in Q3 {b) {iii). Other inlormation from
the sile study and laboratory works are piven as follows:

Rock unit weight = 25 kN/m'

Waler unit weight = 9.81 kN/m’

Height of wedge = 150 m

Cohesion of all discontinuities = 50 kPa

By using cut slope data from QJ3 {c}. calculate and conclude the safety factor for
wedge tailure for slope B based on the formula given in Figure Q5.
{18 marks)

Dietermineg the valucs of cohesion and friction angle for the sandstone according
to RMR value obtained from Q2 (c) bascd on the values given in Table 2.

(2 marks)

Assess the stand up time of the tunnel without support using the RMR vilue
obtained froim Q2 (¢} based on the valucs given in Table 2.

(2 marks)
Give three (3) advamages of Seismic Refraction egquipment,

{3 marks)
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FINAL EXAMINATION
SEMESTERSESSION @ [IY 200R09 COURSE O ABFF
SUNECT CODE 0 RFL 3013

SURIECT ENGINELRING GEOLIMY

30 em

Intact
15¢em

T

iit‘?*i 40 cm

Shanered/ . Gtz

15em

Intact —_—

Fractured

Figure Q2 : Discontinuities on surface of the tunnel wall viewed from the front and lateral.
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FINAL EXAMINATION
SEMESTER/SERSION 11 20080 COURSE 3 BFF
SUCT ENGINEERING GECHLOOY SUBJECT COIN- BFL{ 3013
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FINAL EXAMINATION
SEMESTERSSESSION 18 200809 COLHR=L I RFF
SUBIECT LxGINEERING GROLOGY SUBIECT CODE REC 3013
Table 1 continued
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FINAL EXAMINATION
SEMESTER/ASESSION ¢ 11 20087 CONTRSE T FBFF
SUBIECT ¢ ENGINEERING GECHLOGY SUNIECT COMN: . BFC 3613

Table 1 continued
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Table 1 continwed
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Excavation calegoy ESR
A Temparary mine opemngs. -]

B Fermanent ming openngs. waler Lnnels for fiyds power (excluding high 15
pressure penstachs), (ot tunels. dafts and headings for e encavaimes.

G Storage roMms. water realmen plants, mno road and raiway luanelks. surge 1.3
chambers, access Lnnals.

- D Powet stahons. major road and ramway tunnels, ceal defence chambeds, 1.0
ponal ntersechons

E Undarground nuclear power stations, rasway siabons. sports and public 0@
Taclliae. factorias.
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Figure Q3 : Proposed road alignmeint and the box cut of rock slope A side and B side from
plan view

{Drawing: Not 1o scale)
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Table 4

Joint set | Dip direction, * N | Dip angle, ©

J1

J2

J3

Table 5

"Slope Strike,” N _ Dip direction, ° N |
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Table 6
T Mode of Joint sat and Y o
. Slope . failure data Criteria Stability
— | —— _
A Plane
A Wedge |
l
A Topgling
i
a ., _ | ;
B Flane
i I ______ P
B Wedge \
B ,  Toppling
|
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H

Given:

FOBR —cA+ (Weos - U-Vsinf + T sin (Q+f)) tan ¢
Wsinp + V cosf - Teos ()

A ={H-Z).cosec B

W= Vi H? [{1-(ZH) *leot B - cot
U =Yy Lo {U-7).cosec 3

V= Yy dy

cosac = sin sec=1/cos cot=1Man

Figure Q4
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Figure Q4. {c} Estimated support categories based on the tunneling quality index, Q
{After Grimstad and Barton, 1993, reproduced from Palmstrom and Brach, 2006)
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Table 7 : Guidelines for excavation and support of 10 m span rock tunnels in accordance wilh

the RMR svstem (Afler Bieniawski, 198%)

Rock Mass class

Excavation

Rock bolis
(20 mm
diameter, fully
grouted)

Shotereie

*Sreel sers™

[~Wery good rock

Full lage. 3 m

Generully no support required excepl spol bolting

RMEXI-1{H adv anwe
T-Good rock Full fuce, 1-1.5m Locully, bolts in | 30 mim in erowen Poone
RME:61-80 advance, Complete croown 3o long, | whers required,

support 20 m from spaced 2.3 m

face. with pecasional

wire mosh

NI-Fazir rock Tap heading and Sy stematic balis | 50- 100 mm in Sone
EMR:41-60 bengh 1.5-3 m 4m long, crown and 1 mm

advunce in wp
heading. Cuommence
suppart aller cach
blasl, Cumplete
support 10 m from
face

spaced 1.3-2m
i crown and

walls with wire
emesh in crown,

in sides.

1V -Poor rock
R&E:21-44)

Top heading aond
bench 1.0-1.5 m
advance in top
heading. Install
suppart concument!y
with cxcavation, 10
m from face.

Systematic bolis
4 m long.
spaced 1-1.5m
in Crewn and
walls with wire
mesh,

10150 mr in
crown and LK}
mm in sides,

Light 1w mediam
Tits spaved 1.5 m
where regquired.

VeVery poor ok
B bR )

dMultiple drifis 0.3-
1.5 m advance in top
heading. Install
Support comcurrent|y
with excavatiun.

Systematic balis
5-6 m long,
spaced 1-1.5m
in vrwn and
walls with wire

13120 mm in

erown, 1530 mem in

sides, znd 50 mm
on face.

SMedium to heas sy
Tibs spoved (R 15
im with steel
lagging and lore
poling i1 required.

Sheverele as soon as | mesh, Bull {lose inverl.
perssible afer invert.
hlpsting,
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— L. Graal cirgle

\ plane A
Graal circlo
plang B
Fobe of

uppeer surtecs e . ‘

Dilteetlon of 3lidirg

Given:

FOS = 3(C,. X + G V) + {4 - v XjTan@, + (B - v, V) Tun,

J’H i 2"3" 2’}’
A - Sir ﬂg.; ¥-— Hfﬂ_ﬂ”
Sin 845 Costl; o Sir iy Cos Oy s

A=Coswy Coywy Co5s By, B = Coy yy_: Cos i, Cos 8y,
Str s Sirt Byms Sin s Sin' By

Figure )5
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