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PART A (75 mrrkr)

el (a) Erosion is one of the important agent of removal and transportation of surficial

matcrials which is the product of physical and chemical b'reakdo*n of raks I
proccs of wearlrring-

(i) Lis FOUR ({) rypes of sedimenr accumulate ar contimtal csvitm-
(2 rts)

(ii) Describe THR-EE (3) facton that affect the rate at which nmning warer will
erode.

(3 marks)

(iii) List the sediment movement by:

(a) Water
(b) Wind

(3 marks)

(b) Over the past thousand million years of Earth history the crust of the Earth has been

mobile and deform by squashed, str€tched or fractured.

(i) Define the terms ofjoint, fault and fold.

(iD Describe all categories of fold.

(iii) Define the terms of competent rock and incompetent rock in folded rock-
(2 marks)

(c) Conducting site investigations and rock testing is vital in the engineering geologist

practice. The engineering geologist applies their geologic skills to tbe practical

solution of engineering problems.

11 Justrf TWO (2) limitations of boring data in site investigation.
(2 marks)

(ii) Determine THREE (3) disadvantages of the seismic rcfraction apPlicdict in

geophysical site investigation.
(3 ma*s)

(3 marks)

(3 marks)

(iii) Explain tb€ index test of rock testing-
(.4 marks)



Q2 (a)

Q3

o)
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Calculate the Rock Quality Designation (RQD) value from Figure Q2(r)-
(2 marts)

.An 12 m span of rcess tunnel for an underground min€ will be acartd n e

dcpd of 2100 m belou' gromd surface. Tbe rock mass costabs cnr$cd roct
contr,olling stability. Ttr€se joins are mugh or irregular, planar md tbc roct *rll
contact is softening, or low friction clay mineral coatings. bloraor-Y tcst qr orre
samples of intact rock give an average Uniaxial Compressive Streng$ of 6O MPL
The principal sbess are approximately vertical and horizontal and the

magnitude of the horizontal principal stress is approximately 1.5 t''nes that of
the vertical principal stress. The rock is having a 3tress problem with a large inflow
or high pressure in competent rock with unfilled joints. By using the RQD value

obtained from Q2(a), calculate Q based on data grven in Figure Q2O).
(8 marks)

A tunnel is constnrcted and driven through higlrly weathered sandstone with a
dominant joint set dipping at 40" against the direction of the tunnel drive- The

discontinuities strike perpendicular to the tunnel axis. Based on the point load tesl
the rock strength is 2.5 MPa The joints are slightly rough and average length of the

joint is 4 m with a separation between 2 mm to 4 mm with 2 mm hard infilling
materials and spacing between the joints is 0.3 m. Groundwaler of the tunreling

condition is anticipated to be dripping. By using the RQD value obtained from

Q2(a), calculate the Roc.k Mass Rating (RMR) value based on the data given in

Figure Q2(c).
(15 marks)

(c)

As a part of the application for an aggregate extraction license, it is required to check the

stability of the proposed rock faces for the new quarry, outlined in Figure Q3(a). The slopes

of the if*.ry facei A, B and D are 65" / M0", 75" / 138" and 60" I 345o respectively. The

principal outcrop in the area is limestone with discontinuities that are tigbg clean and

dry o'ith no visible seepage from them. Data collected from a rock discontinuity survey

carried out on the proposed site is ploned as poles on a lower hemisphere, equal area polar

stereo-net as shown in Figure Q3(b). The angle of friction measured on the rock

discontinuity surfaces is 32".

(a) Obrain ttre representative dip and dip direction for each discontinuity set sho*rr in

Figure Q3(b) and tabulate your answers in Figure Q3(c)-
(5 ma*s)

By clearly labelling your work and making use of the equatorial equal-area stereo -

net given in Figure Q3(d), draw the great circles for the representative discontinuiqv

sets, tabulated in Figrre Q3(c) on a tracing paper provided-
(5 marks)

o)



(c)
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On the same tracing paper used for question Q3(b) or on a different tracing paper.

draw' and clearly label the great circles for the proposed slope faces, A. B and D of
the proposed quarry.

(4 mats)

On thc sarDc tracing papcr used for the solution of qucstion Q3(cI indi:ec
rypropriately ttre friction angle of the discontinuities-

(2 rntrts)

Analyse all possible modes of failure for the slope faces A, B and D of the proposed

quarry. Tabulate in Figrre Q3(e), the results of your analysis stating clearly the

evidence to support your statements.
(9 marks)

(e)

PLEASE NOTE: You MUST attach Figures Q3(b), Q3(c), Q3(e) and all tracing paper/s

that you may use to your answer book.

PART B (25 merlis)

Q4 (a) Observations from a site investigation for the stability assessment of a rock slope as

shown in Table 1 and Table 2.

Table l: Details of the rock mass

Type of anticipated failure Planar failure

Dominant discontinuity plane of weakness
(most probable failure plane)

32" rn a direction 120"

Depth of tension cracks 4m

Friction angle of dominant discontinuity planes 25"

Cohesion of the clav infill in the discontinuities 70 kPa

Unit weight of rock 26 kN/m3

Table 2: Details of ttre proposed rock slope design

(d)

Height of slope 50m

Details of the inclination of the slope face 55" in a direction bearing 128'

Depth of water in the tension crack after a
heavy rainfall

3m

Unit weight of water 9.81 kN/m3



o)

(c)
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(i) Investigate the safety of the proposed slope when the tension cracks are dry
and by calculating the factor of safety based on the equation given in Figur€

Q4(a).
(6 marts)

(ii) As 6c satility of thc slope, after a heary rainfatl by recalculairqg thc
safety frror valrr for when the tension cracks are watef, filled to a &16h of 3
m- Use the cquation given in Figure Qa(e).

(4 m{ts)

(iiD What stabilization measures would you propose if the slope must always have;

(a) A factor of safety of about 1.2.

(b) If the factor of safety must be more than 1.7.
(2 marks)

Give an assessment on the Rock Quality Designation (RQD) value obtained from
question Q2(a) and propose the appropriate excavation and support system based on

the Q value obtained from Q2(b) according to the Figure Q4(b) and Figure Q4(c).
(3 ma*s)

Explain the different among these parameters: Q, c, /, RQD.
(3 marks)

Explain rwo differences between intact rock and rock mass.
(4 marks)

(e) Explain t',vo differences of bearing capacity from building code of practice and data

resulted from direct test result.
(3 marks)

The foundation of the bridge should be constructed on the rock formation of
sandstone. The information from the site study and laboratory works are given as

follows:

(d)

Qs (a)

Dara ofrock RMR rzltr : ?5: c= 2 Mpa I / =30o
Uniaxial compressive snength : 60 MPa

Data of loading from tower: Vertical load: 150 ton
Moment load: l0 ton-meter
Horizontal load:0 ton
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(i) Cdculate the compressive strength of the mck by using
Figure Qs(a[i).

(iii) Propose

Qs(c)-

Figure Qs(e) and

(3 marks)

(ii ) Calculatc tbe tcnsile srrength of thc rock by using Figure Qs(r) and Figure

Q5(rXiI
(3 marks)

(iii) DcligD a suitable square footing foundation to support this electrical
tower with an approved Safety Factor of bearing capacity:2. The srenglh
parameter cohesion and friction angle are20 kPa and 35" respectively Cf| for
the square footing : l-25 based on Figure QS(aXD and use the formula
below.

CfrsrtT o or,r[l + (ms-t" + l)t" ] CrA+V tanS
8o= and SF =

(4 marks)

A 36 in (900 mm) diameter drilled pile is supported on weathered rock socketting 3

m into roch the sizes and spacing of discontinuities are 2 mm and 50 mm

respectively- The rock was sandstone with core of o" = 90 MPa Estimate the

allowable BC and allowable load of this sockened pile. Use Figure QsO) and

formula:

q" : (o") Ko d ; 7 = [0.8 + 0.2(L, I B)]< 2

(4 marks)

(c) According to the RMR value obtained from question Q2(c):

(i) Determine the values of cohesion and friction angle for the sandstone based

on Figure Q2(c).
(2 marks)

(ii) Assess the stand up time of the tunnel without support based the on Figure

Q2(c)-
(l mark)

the appropriate excavation and support syslem based on Figure

(4 marks)

HSF

o)

(d) Explain is the concept behind and the benefits in the use of the two different types

of equal area stereogaphic nets that are used in rock slope engineering.
(2 marks)
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(e) Determine tbe accuracy of the field observations and the subsequent stereographic
net analysis.

(2 marks)

tl
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BAHAGIAI\ A (75 mrrkrh)

Sl (a) Hakisan mcrupafsn salah sor agen penting bagi mengangkut dan memindah bahan

endapan yang ffirryatao [6sil lglrrhawa fizikal dan kimia baruan.

(i)

(iD

Scnaraitan EMPAT ({) j€nis scdimen yang

pcrsckira b@ra-
terkumpul di kawasan

(2 markah)

Berikan TIGA (3) faktor yang mendatangkan
larian.

kesan kepada hakisan air

(3 markah)

(iii) Senaraikan pergerakan sedimen dalam:

(a) Air
(b) Angin

(3 markah)

(b) S€jak berjuta tahm sejarah bumi dahulu, kerak bumi sentiasa bergerak dan

mengalami pencacatan seperti penindihan, keterikan, mahupun pecahan.

(i) Berikan definisi kekar, sesar dan lipatan-
(3 markah)

(iD Nyatakan kesemua jenis lipatan.
(3 markah)

(iii) Terangkan maksud competent dan incompetent yang terdapat dalam lipatan

batuan.
(2 markah)

(c) Penyiasatan tapak dan ujikaji batuan merupakan perkara penting dalam bidang

geoiogi kejtrruteraan Junrtera perlu mempraktikkan kematriran geologi terhadap

penyelesaian masalah kejuruteraan s€c:ua praktikal.

(i) Berikan DUA (2) had deta lubang jara dalam penyiasatan tapak.

B'erikan TIGA (3) kelemalran penggunaan peinbiasan

penyiasaran tapak denga't menggunakan kaedah geofrzikal'

(2 markah)

seismik dalam

(3 markah)'

(4 markah)

(ii )



S2 (a)

(c)
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Kirakan nilai Penanda Mutu Batuan (PMB) sep€rti yang ditunjukkan dalam Rajah

Q2(a)' (2 markah)

SchEtt lalran tson'ug scPlti'"tg 12 m rcntang8n rmtuk lombong bawah tanalt

akan dikorek @ fcOefm 2l@ m dsi aras permukaan bumi' Kestabilan

jasad batudl b"ry-nry kcpadr Pccabsn bantm- Kekar tersebtrt adalah kasar alau

iarf ,*"ra bcrsah dn r'*r*-' dinding batuan adalab bersifat lembut atau

Jifupiri tapisan minCal r neh lia gcseran rendah- Ujikaji makmal pada sampel

korekan batuan sempurna memberikan nilai purata kekuatan mamPatan satu paksi

sebanyak 60 MPa.'At"h tegasan prinsip uaaan dianggarkan mendatar dan pugak

aan magnituo tegasan pti"iip -"oa"t- adalah dianggarkan sebanyak 1.5 lebih

daripada tegasan 6^ip p,igrt. Batuan mengalarni masalah tegasan bersifat

to.p"t"o U"..4" dalam-keadaan basah dengan pengaliran air yang banyak dan

Uertetcanan tinggi. Dengan menggunakan nilai PMB daripada S2(a), kirakan nilai Q

dengan berpandukan Rajah Q2(b)- 
(g markah)

Sebuah terowong dibina melalui batupasir terluluhawa tinggi di mana kekar

dominannya bersudut kemiringan 40" dan miring searah dengan aratr laluan masuk

pembinaan terowong. Junrs 
-ketakselanjaran adalah berserenjang dengan paksi

i"-*orrg. gerdasarf,'n ujian beban titik, kekuatan battran adalah 2'5 MPa Kekar

menunjirkan sifat permukaan sedikit kasar, panjang kekar berpurata 4 m, tukaan

kekar berukuran -ttu* 2 mm hingga 4 mm dengan batran isian keras sebanyak 2 mrt

J*, p,r*,u jarak antara kekar ua"rurr 0.3 m. Keadaan aras air bumi terowong adalah

aii#tt" berkeadaan menitis. Dengan menggunakan nilai PMB daripada S2(a)'

kirakan nilai Penilaian Jasad Batuan (RMR) dengan berpandukan kepada Rajalt

Q2(c)' (15 markatr)

o)

SJ Bagi memenutri s€bahagian daripada pelanjutan lesen kuari batuan' adalah menjadi satu

tertrluan tngi menjalo,ik"n p"r;*iksai" berkenaan *-h:p kestabilan cadangan permukaan

cenm kuad baru seperti yang diberikan dalam Rajah Q3(e). Data pemrukaan cerun A' B dan

D telalr diukur sebanyak 6=5"/040", 75"1138" and 60"1345" bagi setiap satu- Singkapan

batuan di kawasan ini adalah batuan jenis batukapur dengan sifat ketakselanjaran seperti

ketal b€rsih dan kering dan tiada tanda-tanda berlakunya pengaliran resipan air- Data yang

Jip.-f.ni daripada tiniauan ketakselanjaran di taPak cadangan telah diplot dalam

5.,or,rr. 1..,tub @ i-i"g stereo sama luas seperti yang diberikan dalam Rajatt Q3(b)'

Sudut geseran p..-ut*o ketakselanjaran telah diukur sebanyak 32''

(a) Berikan dara sudut miring dan aratr miring untuk setiap sa kaakselanjaran yang

diberikarrdalarnRajahq3(bldanjadualkandatatersebutdalomRajahQ3(c).
(5 markah)



o)
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Dengan menggunakan jaringan stereo sama luas dengan jelas beserta lebel sep€rti
yang diberikan dalam Rajah Q3(d), lukiskan bulatan besar bagi kesernua set

ketakselanjaran yang telah dijadualkan dalam Rajalt Q3(c) dalam kertas surih yang
dib€rikan.

(5 matkah)

Lukis dan labelkan dcngF jclss bde bess bagi cadangan pengorekan c€nrn
potong A. B dan D padr kcnls srrib yag sama digunakan dalam soalan Q3(b) atau

baru-
(4 markah)

Lukiskan dan labelkan dengan jelas sudut geseftm ketakselanjaran di atas kertas
surih yang sama digunakan dalam soalan Q3(c).

(2 markah)

Analisis dan tentukan kesemua potensi mod kegagalan cerun batuan yang boleh

berlaku pada cadangan pengorekan cerun potong A dan B bersama-sama kriterianya
sebagai bukti. Jadualkan keputusan tersebut pada Rajah Q3(e).

(9 markah)

(c)

(e)

(d)

S4

PERINGATAITI: Pelajar MESTI menghantar Rajah Q3(b), Q3(c), Q3(e) dan kesemua

kertas surih yang digunakan untuk proses menjawab soalan yang berkaitan.

BAIIAGIAN B (25 Markah)

(a) Pemerhatian yang diperolehi daripada penilaian kajian tapak cenrn batuan adalatt

seperti Jadual I dan Jadual 2.

Jadual l: Maklumat jasad batuan

Jenis kegagelen Kegagalan setah

Satah kelemahan ketakselanjaran utama
(kemturgkinan besar kegagalan jenis satah)

32" pdaarah 120"

Kedalaman retakan tegangan 4m

Sudrr gssa s*eh kaakselanjaran domtnan 25"

I Kejelekitan isian jenis tanah liat ketakselanjaran 70 kPa

Berat unit batuan 26 kN/m3

l0



Ketinggian oemn 50m

Maklumat arah datr sldut kemiringnn
muka cerun 55' in a direction bcaring | 28"

Kedalaman air memasrki rdm tcglngn
selepas hujan leba 3m

Berat unit air 9.81 kN/m3

(D

BFC 30r3 / BFC 21303

Jadual2: Maklumat oenm batuan

(ii)

Siasat keselamatan cadangan cenrn batuan apabila retakan tegangan berada
dalam keadaan kering dan basah melalui nilai fbktor keselamatan
berdasarkan persamaan yang diberikap dalam Rujah Qa(a).

(6 markah)

Berikan penilaian cenrn selepas keadaan hujan lebat dengan pengiraan
semula nilai faktor keselamatan apabila nilai retakan tegangan dimasuki air
pada kedalaman 3 m berdasarkan persamaan yang diberikan dalam Rajah
Qa(a).

(4 markah)

Apakah pengukuran kestabilan yang dapat dicadangkan jika cerun sentiasa
berada dalam keadaan;

(a) Jika nilai faktor keselamatan ialah 1.2.

(b) Jika nilai faktor keselamatan melebihi 1.7.
(2 markah)

Berikan penilaian mengenai sample korekan batuan yang ditunjukkan berdasarkan
nilai Petanda Mutu Batuan (Plvg) yang diperolehi dari soalan S2(a) berpandukan
kepda Rajah a{&) dan cadangkan jenis sistem sokongan dan pengorekan yang
perlu digunakan berdasarkan nilai Q yang diperolehi daripada jawapan soalan S2O)
berpandukan kepada Rajah Qa(c).

(3 markah)

Jelaskan crrtr'"frrr parameter berikut r Q, c, / , RQD
(a markah)

-l.,elas&an pcrh aoura batuan segg dengao banra tak segar (massa batuan)-
(3 markah).

Terangkan dua perbezaan antara keupayaan galas yang diperoleh daripada piawaian
bangrrnan dengan data daripada uji terus.

(3 markah)

(iii)

(b)

(c)

(d)

ll

(e)



BFC 3013 / BFC 2t303

(a) Asas sebuah jambatan akan dibina di atas batuan jenis batupasir- Data dari siasatan
tapak dan kerja makmal diberi seperti berikut :

Dalabatnan : Nilai RMR : ?5',c = 2 Mpa : ) =fi
Kekuafm rnrrnFrarrn srtu paesi = 60 MPe

Data dari jambatan : Beban pugaf = 150 tm
Bcban mouEn = l0 tm-rffi
Beban mengufirk:0 ton

(i) Kira kekuatan tekan batuan tersebut menggunakan Rajah Qs(a) dan 5(a)(i).
(3 markah)

batuan tersebut menggunakan Rajatt Q5(e) dan

(3 markah)

(iii) Rekabentuk suatu asaS cetek sama segi yang sesuai bagi menarnpung
jambatan tersebut dengan nilai {bktor keselamatan yang telah ditetapkan
sebanyak 2.0 dan C,[ sebanyak 1.25 bagi asas cetek sama segi berpandukan
Rajah Qs(r{i) dan nmus di bawatr

Cfrstt2oor,,[l + (rns-tl' +l)"'f

(ii) Kira kekuatan regangan

Qs(aXi).

o)

(c)

Qo=
SF

l/ 1ffi5 + c*,o,*A
SFt *-,o, =

(4 markah)

Sebuah cerucuk tergenrdi dengan saiz 36 in (900 mm) disokong dalam batuan
sedalam 3 nr, saiz dan ruang ketakselanjaran adalah 2 mm dan 50 mm. Batuan
tersebut adalah sandstone dengan nilai o" : 90 MPa Kira keupyaan galas yang

dibenarkan dari asas tersebut. Guna Rajah 45(b) dan rumus:

9. = (o" ) K.o d ; d = [0.8 +02(L, I B)l<2
(4 markah)

Bcrdasartan nibi ftffft lzng diperolehi deipada s@lan S2(c).

(D Bcrikan penilaia untuk nilai kejelekitan dan sudut
tersetut UerpanOutan kepada Rajah Q2(c).

geseran batupasir

(2 markah)

Berikan penilaian mengenai ketahananan terowong tersebut tanpa sokongan
berpandukan kepada Rajatr Q2(c).

(l markah)

(ii)

t2
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(iii) Cadangkan jenis sistem sokongan dan pengorekan yang perlu digunakan
berpandukan kepada Rujuh Q5(c).

(4 markah)

(d) Berikan konsep dan kebaikan p€nggtrram dua icab irinp sEreo sana luas lang
berbcza dalam kejuruteraan oenm bannn-

(2 markatt)

(e) Berikan ketepatan analisis melalui data pemerhatian lapangan dan juga jaringan

stereo sama luas.
(2 markah)

l3
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FINAL EXAMINATION

SEMESTER/SESSION :SEMI t20l020tl PROGRAMME : 2BFF/3BFF
BFC l0B,?1303COURSE : GEOLOGI KEJURUTERAAN COTJRSE CODE:

Fractured 30 cm

Shattered

FIGLIRE O2(a): Discontinuities on surface of the tunn€l wall viewed from the front and lateral

lDra*ing: Not to scale)

l4
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FIGIjRE O2&) continued

PROGRAMME
COURSE CODE :

: 2BFF/3BFF
BFC l0l]zry)3

t(be'e6(S.4.)

?5.30
t6-?a

t?- 16

6- l?

6- 21

rpp.ol rorer p.€o.rre mp.#t
< 1.0

r.o- 2.5

?.5-t0O r. F.dqs C b F 8te ctudal oqtrntnt:
nctc*e Jr, (lltagrt tr:llc<t.

2.5 - rO-0

> l0 2. Specjd Ptot,e'ns citised bt he forrHin
atg tsleolBid9tg1l

>t0
SRF

10.0 t tu(rpt!3cr{ndSnFD'2''3otqt
girt t Btc rcqrttl aruir xnc3 tfrLr (b
.u rglect tr qcribn

9'0

2.5

75

5!

zs

to

6.0

El,
8.0- tao
5-O

0.r -0.05

16



BFC 3013 / BFC 21303

SEMESTER SESSION : SEM I / 2010/201 I

COL:RSE GEOLOGI KEJURUTERAAN

FINAL EXAMINATION

PROGRAMME
COURSE CODE :

: 2BFF/3BFF
BFC 301321303

r*-t-r'ldtlrtrE

FL trr E!€6q rEetEutlaca

J- lt€(||'|| sbEss

tc l+gh6f€s, rEry 09fn 6'l6lfP

nJsualryFln'Eb|eb Ebrry.nq
El'rGiqfinErt*Jrryl

Ltllrdu'El(DEtrGn
l,. l'lsdt rdours| (tnEila rffil

e 3F 8dr?rort,plailtf fil otmEpaleBt-}!.r
|rrrF &rfi fG oa fr ltltGtFtts"

N. lftd sqr€Eltq rocf rs€$lE
o HcvtslctlttuF t6et!

.il *a{ rucr. & ;{rry eq c,P,ttg q, 
'.'r'Da 

ol nc

SF

qgt
>'t3 25

19-0,86 tl}
0.86- 0,&l 05- 2

offl- 0.16 5- lo
c0.16 t0- 20

2. Fd s8qrgt trEomGvl|glrt't lll
(! meear€4:rtEr ssa{qrto.|Ec|ca t
b 0-84and qto tLBq- Wmn odaS t rO.

re(lrs r! Erl qbo5octldo-Eob sEfE

%- ulEofl0ned esrttrse t8et{tl atu

q - ercre *cnP @atbrtl rrl ot rrt
t nE [D tnaF it5 tilE grFC stEn€.s'

3. F€f cas/r]rcorB ralrD|e|lF acp|nC,
crorn bclil gl'taEP rs tsss Fltrl sFEll ffiL
srgg€ srF ultrrEsE tErf, zE lo5 ht a.Eh

c8s€6 {Eeo H}.

AdITN|AL'X'TEB('|T}C IIIC Of T}E}E TABLES
utt€fi rstrlg esunEEls ot E|e rock ]Ir8gs qJ$u (o], ltF lo0rrng gu(Elrns6 strRtkt BE roilffi [r slson b n€ flot8s lstEd Itl tF
EOl86:
1- WrEn bfem|e co.e lt uufdt||e- Fcf,, crt De dfflts(r tsn B]e rurBB ol p.n5 Per u|i Yotne. tr fiEn 0E nu[Der d ,onE

pef flrsbe tg|I ad't ptt E€i s? sElh(t A sfnple rd8lon€hF csr b€ Usecl lo dxJefi tns nrlrb€( b trXt td tl€ c35e ol ctry 
'rr€tu ttrasse6: rm- 115 - 33 +faFruJ' rt€te+- btal ntnF€il ptilt9€'m3 lo< tpo{ roB 35t *" r'51'

z'irEpeiil€trJnntrsEcrt'tg!h.rl'n!E'oaFtnlsecton8nbdDctoutble06\ldG|ocf,t s|it€l@aqBcrlg€lcI
srDrg.ydayetope4 ffiG Ftsf lo.t6 E tc.6oilarsly b! ouied a8 a @ndet ptrt 5e F*'Frr,t qi|:! T Elr 1f,6
16iu6,snory31ia35rgmesh freorearecLrloimebalrr€s. neorslEmqeryopnaeDcounllhemaslatxbm'
Fr|tsrt*ns€Cc€&g Jr

I TlHr FarEr't€isr8 + rtd 4 {rEFr6€€r|!r€ 6nedr sfer€Ot snq.do b€ tehr8rt lo fF Fa*sl El0ttrEat! fftri s€i c clry lUBd

{Hntt|rrt ln ut€ flflo rfic- }5rev€r, I rp F tl spt o' dEcorlntr il|l| FE mtiltn4B udlF of +Js 5 tdrr|rart orDnt3d hr

Ebmty. ilt€lt B sscnlll, less Bilra!|t dl€oql lart€d or (E€drru{ tnqt 8qTlBrs be fllorE dgtlErr' ltd q tffJgf d
JiJ.slrdtdEtEsd'*ren ed|gqiz nure-rro.ry.l"6hartl|nHteleb bthcatEndhltttagd tarm b hGE

& rEn I nd, rE ffi ctf - it E!. Sf E9r'oFn* b b.rt|rg nrE tnt' E iir-L b rdl c-6 lte l'c'ltl 0,

na rDcl |o(l ! d |Er r:3d- lfrrG. tlf, prr|g |' rma iilt cq E cmc.q E t( ll llt?tl d l! ttlr t6 tt t
Edrp'rrtl|.!lf* rlt rr*filt n*tcfu[dr ||r trto tndGllo**tlttAl|oa''.lofo9c rtcE*E
. l'lr|qrita ts Ifry -d r rqr9'|lt Dcqttrt F - n fC 2 n !r Eib b. r'tE tEbcEl & ctrfit-

L IlE cilrTrtglr irrt E|s; sstnttt (rc ifi + E llc rfirl tEt staro Oe dl|Gt n tE lstrrabd aan(ffii r [16 E

+pmtrEb".trtFLttifiti'|rcttst oo.rnorE.Avettdt![*.estrlildtlSt|TnSDUb!9trirbFDerrrs
ni cr- ru aEl E tr t 6ilti3l otiloE

c-155rar-6ag1y ESFI

A Tengry niroperrBs, 35

B trermanerf nur gerrgs. wdet rtrEb br rlydo W (eElufrig fEn l-6
Fssre persd(s). tibt [rrtb. cfiB dd heedfEF r hfr erca\dirB-

C ry EE|s. raF t#a F|s. rru d d r-tftlls. rtgE 13
ch#s. iDoessltjEls-

D fuF€r scrlirfis, firapr rod a'td r:atrny nJ'net. crl cbkrn cnffis. t-o
pctai iieseclbrs.

E ffids{gforsrd rudea' pmrer statims. raihray statixts. sporb ancl gtuic o-8

facnies. facbries.

FIGURE O2ft) continued
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FIGURE O2(c) : Rock Mass Rating System (After Bieniawski, 1989)
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FIGLTRE O3(a) : Sketch plan of proposed quarry (NOT TO SCALE)
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MATRIC NO:

FIGLIR-E O3{b): Lower equal area polar st€reo - net marked in 2" inten'als
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FIGURE O3(c) : Dip and dip directions of the discontinuities

Discontinuity Dip direction, "
Bearinq Dip angle, "
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FIGURE O3{l): Equdorial equal-area *erco-net marked in 2" inten'als
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FIGIIRE O3(e)
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FIGURE O3(e) : continud

Sbpe Iod. of
f.Ftn

JoH.-d
d- ffi St bny

D Plane

D Wedge

D Toppling
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SEMESTER/ SESSION : SEM I tml},2illl PROGRAMME : 2BFF/3BFF
BFC lot32ti03COURSE : GEOLOGI KEJURUTERAAN COIJRSE COD€ :

Given:

FOS : cA + (W cosp - U - V sinp + T sin (.Q+g)) tan 0
W sinp + V cosp - T cos (O+p)

4: (H-Z).cosec p

W : yz ^t,. H, I[<ZI\ )cot I - cot cl
U : Y" T*.2*.(H-Z).cosec P

Y : Yzy-2-2

cosec = l/sin sec:licos coFlltan

f,'IGURE O4(al
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SEMESTER/SESSION :SEMI/20l020ll PROGRAMME : lBFt;IBFF
COURSE : GEOLOGI KEJURUTERAAN COUn'SE CODE : BFC l0l32li03

Triaxial compression

oi = oi+ (ttto.r,roi * -,,n1to

Uniaxial comPressaon

6,(-) = lsoqqlto

Uniaxial tensaon
or(-): 1l2c'r,rlm-lm" + es1'\

Minor Princ.lpal ttress ot

i

FIGURE O5(s) : Sftn$h of fractured rock tHoel l9ti)
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dgu;=
EEr =r HBi aES Eg s

rsi ;tu g;ss iFi eEE$i

Eq: s:: gf e= =st 
r:3s= i

EE€ EEs c*E€ xag oa*€€

FINAL

SEMESTER/SESSION : SEM I lzOlOnOll
COURSE : GEOLOGI KEJURUTERAAN

Elrfrr:l failurt cntcnm: _

4 = 4 - \ uo.,6i -so;,.
c/, : maior'principal cffectivc stress

d-, = minor principal effccdvc strcss

o., = unraxial comprcssivc strengd of
intact rock, and

z and s are cmpirical constants.

EXAMINATION

PROGR,AMME : f BFF 'l BFF
cottRsE coD€ Bfc loli,2lioi

IST.\CT ROCK SAMPLES
I)boratory sizc sPccimcns frcc
itom discontiaitict
'CSIR raring: P.1'1X - 100-\Glnring:O=50O

E
3

7-W
1.O0

r5.(p
l.oo

lo_00
l-00

t7.m zs.m
r.00 1.00

\TRY GOOD QUALITY ROCK MASS
T ;ghtl, ;srqlocking *ndLst*bed rock
u'itb unueathacd ioints at 7-3 m
CSIR rating: arYP :85
NGIrating;Q=1OO

5.82 8-56
0.082 0.082

m 2-4O
s 0-082

3.13 5.1.t
0.082 0.082

GOOD QUAlJfi ROCK MASS
Frcsh to sligbtly ucathctcd rock, slightly
Jrsturbed oith iciats a 1-3 a
CS|R rzting R:llR = 65
NGI radng: Q: 10

0.575 0.E21
o.fJo293 0.OOL93

l23r t395 LO52
0-q)293 0.m.293 0.@'293

m
s

F.{IR QUALITY ROCK MASS
Sat]ral scts of nodetately wcathaed m

s
o.r28 0.1E3
0-mo09 0.oo,009

0-275 0.311 0.458
0.00009 0.d)oo9 0.00009ntnts sPaced a, O.3-7 n

CS|R raci4; RMS:'+a
\Gl rating: Q: 1

Pf}OR QUALITY ROCK MASS
\rzcrsrs ueahaed ioitt at 30-SA0 nnn,
:trne gcn.ge. Clcat conpaacd utastc tock
t-StR nti4; RMR = 23
\CI raring Q:0'f

0.029 o(xr
o.oo(X)o3 0.000m3

0-061 0.069 0-ro2
o.fixx,o3 o.fixtoo3 0.0fixx,3

m
s

\TRY POOR QUALIfi ROCK MASS
\umerovs bcavily wcathcrcd ioin* spaced
liit 46 utith gtga Waslc rulatZh fnt4
( \lR rrdrrg: RMR : 3
\(,1 r:rrnt: Q:O-01

0.007 0.010
0.0000001 0.000000t

0-or5 0.017 0.025
0-0000001 0-m00001 0.0000001

m
3

. >lR Cmil of Scirrtifc ud lodrsrirl Rerslr (ltraieufr' l97al-
\(,1 Sducgi{ Gco:c}oiel |tritut (Brrd d tl- 19711-

FTGURE OS{eXi) : Approximare relationship b€tween rock mass qual4'and natcrial
constants (Hoek and Brown,,1988)
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FINAL EXAMINATION

SEMESTER/SESSION : SEM I l2OlOnOll
COURSE : GEOLOGI KEJURUTERAAN

06

PR,OGR^'MME
COURSE COD€

: I BFF,'3 BFF
Bfc r,|]4|]ol

s 0.3
V
b
c,
-=
as

a.2 0.4 0.6 0.8 1.0 t.2 1.4 1.6 1.8

Ratio sa /B

t 3+s6/B
..s._:

10 /1+3@rals3

8d = spacing of discutinities
la = tlickness d dscodiritis
I = hleddtt or darrcter

FIGURE O5O) : Values of empirical coefficient, Ksp. The coefficient Ksp takes into account

the size effect and presence of discontinuities and gontains a nominal factor of
safetv of three against general foundation hilrre. (Caadia Fouodaioo

Engineering Manual, I 985)
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SEMESTER/ SESSION : SEMI l20l0n0ll
COURSE : GEOLOGI KEJURUTERAAN

PROGRAMME : IBFFTIBFF
COURSE CODE : BFC iOl3,?lloi

Rock Mass class Excavation

Rock bolts
(20 mm

diameter, fully
srouted)

Shotcrete "Steel sets'

I-Very good rock
RMR:81-100

Full face,3 m
advance

Generally no suppon required except spot bolting

Il4ood rock
RMR:61-80

Full face, l-1.5 m
advance. Complete
support 20 m from
face.

Locally, bolts in
crown 3 mlong
spaced 2.5 m
with occasional
wire mesh

50 mm in crown
wbere required.

Nom

III-Fair rock
RMR:41-60

Top heading and

bench 1.5-3 m
advance in top
heading. Commence
support after each
blast- Complete
support l0 m from
face

Systematic bolts
4 m long,
spaced 1.5-2m
in crown and
walls with wire
mesh in crown.

50-100 mm in
crown and 30 mm
in sides.

None

IV-Poor rock
RMR:21-40

Top heading and
bench 1.0-1.5m
advance in top
heading.Install
support concurrently
with excavation, l0
m from face.

Systematic bolts
4 m long,
spaced l-1.5m
in crown and
walls with wire
mesh.

100_150 mm in
crovm and 100
mm in sides.

Light to medium
ribsspaced l-5m
where required.

V-Very poor rock
RMR<20

Multiple drifts 0.5-
l-5 m advance in top
heading.Install
support concurrently
with excavation.
Shotcrete :rs soon as

possible after
blastine.

Systematic bolts
56 m long
spaced l-1.5m
in crown and
walls with wire
mesh. Bolt
invert.

150_200 mm in
crown, 150 mm in
sides, and 50 mm
on face.

Medium to heavy
ribs spaced 0.75
m with steel
lagging and fore
poling if requited
Closc irwrt

FIGLIRE O5(c) : Guidelines for excavation and support of l0 m span rock tunnels in
accordance with the RMR system (After Bieniawskl l9t9)
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