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Given below were the data results of rock coring and testing to a proposed site of

foundation which located on the horizonta.l surface ofslate (metamorphic rock) :

RQD = 60
RMR = 65

o" = 130 MPa

The value of m and s were found to be 0.821 and 0.00293 respectively. You are required

to determine the following :

Compressive stren$h o,' = ar'1(7 o,r,ro r' + s o'r,,' )t''
(9 marks)

Tensile srrenglh o, = O.5o,tlm - (m2 +4s)t'21
(4 marks)

Bearing Capacity for the proposed shallow foundation

Cfrs''2 o 
"r,r[1' 

+ (ms -"' + l)"']
'1o ,sF

(4 marks)

and Cft = 1.25 to retain the

(3 marks)

(a)

(b)

(c)

(d) Determine the size ofsquare footing if SF = 3 is required

vertical load 400 kN

Q2 As part of the applicalion for an aggregite ex^traction license in Mantin' your'""ip-V 
it required to check the srability of the proposed rock faces for the new

quriy. fftt g"ifogical maps point to an outcrop of Carboniferous GRANITE'

*ni.fr nu, uriun"tug" friction angle of 34' and atl discontinuities observed are

tiJt. clean and with no visible seepage The discontinuity set/data and orientatlon

oieach rock face are as shown in the Table Q2 :



(a)

(b)
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Table Q2

Rock Face A Dip 50" Dip Direction 354"

Rock Face B Dip 60" Dip Direction 165'

Rock Face C Dip 60" (NE) Strike 174' - 354'

JointSetl&2 Plotted as pole as shown in Figure Q2(a)

Joint Set 3 Dip 56o Dip Direction I 99'

Joint Set 4 Dip 44" (NE) Strike 105' - 285"

Joint Set 5
Apparent Dip 42o

Apparent Dip 34"
Apparent Dip Direction 240"
Apparent Dip Direction 338"

With clearly labelled diagrams, and making use ofthe stereonet (Figure Q2(b))
and tracing paper/s provided, analyse the data. 

(l I marks)

Using the analysis in part(a), write a short report on the stability of the proposed

rock faces for the new quarry.
. (9 marks)

The results ofpoint load test has point load strength index, I":40 (MPa) The diameter

(D) of sample : 40 mm. Calculate the uniaxial compressive strength of this rock by

using the formula :

Lrsor:I"x-F
p = 1D/ 50)0.45

o, = 221 ,r,e.,
(5 maks)

(b)

(c)

Define what's the poisson ratio ?
(5 marks)

Define what is the stlffiress E and the difference ofE and E .

Explarn the use oftr in design calculation.
(5 marks)

Explain the objective ofthese tests

- Uniaxial compresstve lest
- Slake durability test
. PUNDIT tESt

(5 marks)

Q3 (a)

(d)



Q4 (a)
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Describe briefly the three main geologic processes that change the structure of the

earth's surface, and comment on the need for civil engineers to have a basic knowledge

about these.
(4 marks)

Define what is a tectonic plate?
(4 marks)

And what are the names given for the three (3) main types of plate boundaries
(4 marks)

Discuss and giving appropriate field examples that support the theory of plate

tectonics and its relevance to civil engineers.
(4 marks)

Physical properties of minerals are characteristics that can be observed or
determined by simple test. Differentiate between:

color and streak
luster and transparency
cleavage and fracture

(4 marks)

physical weathering is the mechanical breakdown of the rocks into smaller fragments

without undergoing a change in chemical composition

What is the difference between frost action and unloading/ exfoliation process in
physical weathering? 

(4 marks)

Wrile down and describe at least two (2) processes in chemical weathering

(4 marks)

List down at least two (2) condition that will increase the rate of weathering
(4 marks)

Explain that the type of sediments that from upper course ofriver are different with

down stream 
(4 marks)

Mention the parameters that affect the Deposition of sediment resulted from

weathering
(4 marks)

(b)

(c)

(d)

(e)

(i)
(ii)
(iiD

Qs

(a)

(b)

(c)

(d)

(e)
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Q6 Geotechnical data and observations at the tunnel - rock mass interaction in a tunneling
project are given in Table Q6.

Table Q6.

Details of the Tunnel drivins
Strike of the tunnel axis 300- 2100

Dio of the tunnel drive l0'
Dip direction ofthe tunnel drive 120"
Span ofrunnel l0m
Height oftunnel l0m
Details of Rock Mass
Rock type Granite
State of weathering Moderate
RQD 54 Yo

No of dominant ioint s€ts 2 plus random sets
Dip magnitude of dominant.ioint set 70'
Dip direction of dominant ioint set 120'
Strike direction ofthe dominant ioint set 30'- 210'
State ofthe rock ioint surface Slightly rough
Average length of ioints 2m
Joint separation (aperture) >lmmand<5mm
Joint infill Up to 5mm with non softening mineral

coatins
Joint spacing 150 mm
Joint water condition Occasionally wet
Strength of intact rock (based on point
load test)

9 MPa

Evaluate the Rock Tunneling Quality index, Q as given by the equation below

g=RQD*Jr* J*
Jn Ja SRF

Use the tables in Table Q6(a) and Figure 6(a)

( l0 marks)
Also evaluate the Rock Mass Rating and suggest the appropriate rock improvement
/ protection that will be required using Table Q6(b)

(10 marks)

You MUST attach all tracing paper/s to your answer book

(a)

(b)
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Ql Diberi data hasil keputusan penggerudian dan ujian keatas tapak untuk asas cetek yang

terletak diatas permukaan mengufuk batuan slate (batuan metamorfik) :

RQD = 60
RMR = 65
o" = 130 MPa

Nilai n dan s adalah 0.821 dan 0.00293 . Anda diminta untuk menentukan perkara

berikut:

(a) Kekuatan tekur (Compressive strength) o i = o r' +(mo,1,1o t' + s o 
",,,' )'''

(9 markah)

(b) Kekuatan tegangan (Tensile strength) o, =0.5o,,,,1m-(m' +4s)t'?l
(4 markah)

(c) Keupayaan galas asas tersebut menggunakan rumus :

Cf .,st'' o .,,.,17 + (ms - 
" 
t + l;"']

,.!" - SF_-
(4 markah)

(d) Kira saiz asas tersebutjika faktor diminta keselamatan (SF) = 3 dn Cfr= 1 25 untuk

menahan beban Pugak 400 kN
(3 markah)

Q2 Sebagai bahagiar daripada lessen kebenaran pangeluaran agregat di Mantin,

syarikat saudara diminta untuk mengkaji kestabilan permukaan cerun yiulg

dicadangkan sebagai kauri baru. Peta geologi merujuk kepada granit dengan- best

berkarbonat (Carbonferous GMNITEI, ymg mempunyai sudut geseran 34o dan

semua ketakselanjaran adalah rapat, bersih dan tiada resipan Arah dan data

ketakselanjaran masing masing batuan adalah seperti dalam jadual Q2 berikut :

Jadual

Rock Face A Dip 50" Dip Direction 354"

Rock Face B Dip 60' Dip Direction 165"

Rock Face C Dip 60" (NE) Strike 174" - 354'

JointSetl&2 Plotted as pole as shown in Figure Q2(a)

Joint Set 3 Dip 56' Dip Direction 199"

Joint Set 4 Dip a4" (NE) Strike l05o - 285"

Joint Set 5
Apparent Dip 42"
Apparent Dip 34"

Apparent Dip Direction 240'
Apparent Dip Direction 338"
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Analisa data, dengan diagram yang telah dilabel denganjelas, dan guna stereonet
(Figure Q2(b)) dn tracing paper/s yang tersedia

(1 I markah)

Menggunakan analisa daripada bahagian (a), tuliskan laporan ringkas tentang
kestabilan batuan yang dicadang untuk kauri baru tersebut.

. (9 markah)

Q3 (a) Hasil keputusan uj ian beban titik (point load test) memberi nilai index kekuatan beban

titik , l. = 40 (MPa). Garis tengah (D) sample = 40 mm. Kira kekuatan tekan satu paksi

(uniaxial compressive strength)batuan tersebut menggunakan rumus dibawah ini :

I.rsor=LxF
F = (D,.', 50)o 

45

v ' - L'r stTot 
(5 markah

Definasikan apakah istilah nisbah poisson itu ?

(5 markah)

Definasikan istilah keteguhan (stiffness) E dm perbezaan daripada E danE".
Terangkan penggunaan E dalam rekabentuk.

(5 markah)

Terangkan objektif daripada ujian ujian berikut :

- Ujian tekan satu paksi (Uniaxial compressive test)

- Ujian ketahanan cuaca (Slake durability test)

- PUNDIT lest
(5 markah)

Q4 (a) Jelaskan dengan ringkas tiga (3) proses geologi yang utama yang merubah struktur

permukaan bumi, dan beri komen terhadap keperluan seorang jurutera perlu

memahamr terhadap pengetahuan asas tentang perkara lnl.
(4 markah)

(b) Apakah yang dimaksud dengan plat tektonrk (tectonic plate) ?

(4 markah)

(c) Nama apakah yang diberi terhadap tiga (3) jenis sempadan sempadan plat yang

utarna.
(4 markah)

Bincangkan contoh tapal</lapangan yang sesuar yang menyokong teori plat tektonik

dan keterkaitan denganjurutera awam (civil engineer).
(4 markah)

Sifat sifat fizikal mineral dapat diamati dan ditentukan dengan ujian sederhana'

Bezakan antara istilah berikut :

(a)

(b)

(b)

(c.l

(d)

(d)

(e)
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(a) Wama dan serbuk wama (color and streak)
(b) Kilauan dan lul sinar (luster and transparency)
(c) Celah dan patahan (cleavage and fracare)

(4 markah)

Q5 Luluhawa fizikal adalah pemecahan secara mekanikal terhadap batuan menjadi
patahan kecil tanpa mengalami perubahan susunan kimia.

(a) Apakah perbezaan antara proses tindakan membeku (frost action) dan nyahbeban

(unloadingi exfoliationl dalam luluh awa fizikal?
(4 markah)

(b) Tulis dan terangkan dua (2) proses dalam luluhawa kimia.

(4 markah)
(c) Tulis dua (2) keadaan yang akan meningkatkan laju luluhawa.

(4 markah)

(d) Terangkan jenis mendapan yang datang dari hulu sungai yang berbeza dengan hilir
sungal 

(4 marks)
(e) Terangkan parameter patameter yang mempengaruhi penempatan mendapan

sebagai hasil daripada luluhawa.
(4 markah)
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Q6 Data geoteknik dan pengamatan pada projek terowong diberi dalam Table Q6,

Table Q6.

(a)

(b)

Kira nilai index kualiti batuan dari terowong ini menggunakan rumus berikut :

^ ROD Jr Jw
Q=______-x_x_- Jn Ja SRF
Gunakan jadual dalam Table Q6(a) dan Figure Q6(a)

(10 markah)
Juga kira nilai Rating massa batuan (Rock Mass Raling) dan beri saranan
proteksi/sokongan yang sesuai yang boleh diberi pada terowong tersebut
menggunakan Table Q6(b)

( l0 markah)

Anda mesti melamparkan tracing paper kedalam buku jawapan.

Detail detail arah terowong
Jurus daripada paksi terowong (SMke of
the tunnel tuis)

30'- 2r0'

Kemiringan ketakselanj aran dalam
terowong (Dip of tlc tunnel drive)

l0'

Arah kemiringan terowong (Dip direction
of the tumel drive)

120"

Lebar terowong /Span of tuntel) l0m
Tinggi terowong (Height oftunnel) l0m
Detail detail Massa batuan
Jenis batuan (Rock type) Granite
Keadaan Luluhawa /Srare of weatherins) Moderate
RQD 54%
Jumlah kekar dominan (No of dominant
ioint sets)

2 plus random sets

Nilai kemiringan kekar (Dip nagnitude of
dominant joint set )

70"

Arah kemiringan d aripada kekar (Dip
direction of dominant ioint se,

120"

Arah jurus daripada kekar (Strikc
direction of the domirnnt joint set )

30'- 210'

Keadaan permukaan kekar (State ofthe
rock ioiw surface)

Slightly rough

Purata panjang kekar (Average length of
ioints)

2m

Lebar fobang kekar (Joint separation
(aperture)

>lmmand<5mm

Kandungan material kekar (Joint infll) Up to 5mm with non softening mineral
coating

Jarak antara kekar (Joint spacing) 150 mm
Keadaan air dalam kekar (Joint water
condition)

Occasionally wet

Kekuatan batuan segar (Strength of intact
rock (based on point load tesi)

9 MPa
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SEMESTER / SESSION i SEM 2 / 2010-201 I

COURSE NAME : GEOLOGI KEJURUTERAAN
PROGRAMME:2BFF/3BFF
COURSE CODE : BFC2I303/3013

Figure Q2(a) : Polar equa.l-area streonet marked in 2o intervals

l0
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SEMESTER / SESSION : SEM 2 / 2010-201 I
COURSE NAME : GEOLOGI KEJTJRUTERAAN

PROCRAMME:2BFF/3BFF
COURSE CODE : BFC2I303/3013

ltl

Figure Q2(b) : Equalorial equal-area stereo net marked in 2o intervals

ll
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Table Q6(a)
o€scRProtr VALUE xotES

t. FOCX OUAUTY OESIGI{ATIOII

C. Feil

O. Gmd

E. acdlonl

Bq,
0 ' 25 1. \'tne:e ngo as .epoied o. .rdslr:d rs J t 0 ii4cl!,Jing 0).

25 - 50 ! ro,:1iidlri,ll€ :! 10 E L!€31. Er$i:le c'

50 -75

75-90 2 F@ iile$nE ol5.i.€. 100.95.33:lc. i:e rur,€ienft
g) - l0O ncflrlte.

Z JO}IT SET M'XBEF
A. llnss'*e. no ,rr fe,Y ioints

A O.. joint s€l

C. On€ joint s€l plu3 rarldom

D Trvo ior..l s€ls

E. Two jonl sels plus random

G.lhree ictnl s€ls prus li cktn

ti, Four or moro loir,l 5i15. random.

h€ivllrj4'r'in :r!: :.r:s. elc.

J. Crush€d fod. €l-ll|t&€

0-5 . 1.0

3

1

6

9 1. F:: i::::;ill: i: Ll;13,1..rn)

2, Foa poisls usr i?.c ' J,

L JOtNt nOUGHNESS NUiIAEB J.
a- noct rdl cot ttcl
b. Rodt *di con.act blqc lO n sE l

A- D:iconlinuous itnts 1

a. RouOh 3nd tre$lrr. Lndlslhg 3

C S. :::', .r" it l:: ft 2

D Slctensi.bd uid-l3ung r .5 t . a(td ..0 ir the mea,1 sprciT ol l|. r€l€'Ja.t ltrlt 5!r is

E. Fough or trc!d3r. plin3r 1.5 cfealrr |n 3 m

F s:r'rart t'lrnr l-O

G. €qclensited. pLr,lrr 0 S 2. 4 . 0.5 crn bo .rs€d lor d${. sEkins,{ted johls nrt'ns

e No.oct t/afl con xt wlr l stlpnt$ t Sneotions. provicled'JBt $e !i..eali$13 n-€ or:eilsd br

H. Zome c.rtritni.lay ':)!'.-E lrt:i I 0 ma:lru{l" slreallh.

6r,:J$,::;,..ii.1.::in:i:;i:rl i,-:nirli
J. Sandy, grrvet orcrusied lrr€ lhi( 1.0

pnough:r;rE€nli..kitar.on:ccl (narisd)

:I. JO I.T ALTEFAT 
'N 

NI-II'EEq J. ,':'.;:'.::;;-:'I
t Bet vtll cona'ca

A.TiO Jy h€sied. fErd. 1A1.s.tl€rii9. 0.75 I Vlrt,3s.l rr.lt€ r€sdual lnc'ron ar€ld.

r'i _:-::::::-:;; : _::; iie

B lnrl|r fed tri.l irals. 3 3a3:e rrl]irli ;rli ' , 2 5 . 39 li |]1e rj;rrrnlogi:ll ;re;€.i€5 n1 r:r€

C. Slgttt/ ol! edj:i:r:Irt ro}.€::riE 2.O 25'33 n::eirlir";t:-'r.s rpEs:rl
hire.3r rorl:nii. .rdi pai:rr?r. Jirllr:g

O. Sitt- .'r !:.jt-rlrt ,:::rilj: iTrl.l:t- 3.D 2C-25

fr!dt:. ii:1{.fr.:r191
Ei:'i :: : :::::1 .:

i€ kr.lril]. r,ta Allo ctloil: h:. gr?M
ad giaphilr el3 . ndtr:151qJ !]Es o1s-.reIii!

l2
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SEMESTER / SESSION : SEM 2/20lG20ll PROCRAMME:2 BFF/ 3 BFF
COURSE NAME : GEOLOGI KEJURUTERAAN COURSE CODE : BFC2I303/3013

Cont'd
a, JOaNr lLlERlTlOll ll(tlB€n J. ,? J(rgr.i3 :J?9:o\ .r

b. Bod..J cot''rcl D.tdc l0 cm t,N
F Sltrdy p!^de3- alrrlrae. daa.{ega[rO rocr aic a.0 25-30
G Slqrot qta,{o.E }a!cd noilg4na.,ol 6.0 16 . ?a

clrl mk*' f t6qt rac.li.ij;Lr. 5ni.n Sall
li. LkArn c! rc\a overio,Loldrbrn. scir..'rg E.0 12 16

doy rnttril tl'ao, (coonnucla.r 5 rn.n 9Dclt

J S.^4l!ng a_ir !4tr24 't rontDi:!:tnrc. 80- l!0 6. t?
Loa'tr.s.{rg i 5 cYr t}:l) VdlJs ol Ja

dopei<t d'r percdn ol 3rol[ng clry.sqc
Dandea. $d t4ce4 lO rrClat

c. ,lo rdt a.il cnnl.l .l,n t'eJ'd
K Zon€ c| b,rDjs ol ctrirta4rated oi cnt|€d 6.C

L toct nl]d drt ite€ G. F,rnd-,to: dtt E0
fJ c4^dr.6ii 80.120 6-?,.
N Zo.)99 O: b$rts ol rl't .! :r..J/-art . t.n rjl 30

dt) lr:ct on. dan saftoni.io

C i}rj coniiuor,,3 :oo€3 cr br.cb of cl-ty 10.0 . 13.0

P &c !tc? 3 n J1o.r !a: cray t.-.'di'41at 50-?.t0
3' JOl.|l WATEA REOUCIIO?I J, a;p:a..,ra:e,p.e::urerr;tcm?r
A Ory orcar$ori .r .rDnor inlo*,o-. slm krcnry r.0 a t O

B Hrdld nnott o. tetar!o.:ri!3r.an!, 0€6 10.25
o(Or Jtn Cl lo ot ltL tt

C. larqo rno* fl n€$ prorr!'o,n co,lrratort rD>. C5 :5.lot I FJatoa5 C ro F 3ro JLrl! orrmaro5;
rntt unlrhdjodt ncrclge 'rr d (flnlgo In.t0r€<,

O Laft. in'!., cr r'r?h Ar.51ro 0?1 2.5 - lC 0

E ercrpttr,ilt hq\ h.16\ .r rr!t5!:*- .i. d.1.-:n9 e 2 ! : , tO 2 Sp<arl t,o5lrr.: ::l!.r'd E/ .:c b:'r.r!,:.i
cra.stt€ rdh r-1ro 

'ro 
nol €0n9'o0{a\t

a €rccd(ndy tr4h 
'.r'@* 

or t'o59nic 0t'003 >10

6. STRESS REOt'Cfi)|| FACTOR SAF
, llotttlolt,orot lrttt <dntorc.vttoL unkh nzy

crt'' toottfin o, td ,tE t tl9a funttt It orct'ded

A t..ui:r!i t:aL,.nrni :i *r:r'r.1.: :ir.::. ar.!,1.a. rrr, \- rai I Ai:r;.j rtita lrir:l ^t:_aaat2i.9-11 a!,
:".:-,r', .1 ! '.: .:. .!,; I .r jr, '., r'r-.. .:.r.:-...- j;"r,..'t.:ar.9l
oi?.J|l nal,.rnjittl tk* i: aJi ofi

I Sllrac ssr\nca9:a^{, (ontain,no,lit o.clr+n{lltdrt 5.0

rolr.tad :o:t io.cl:n.n ctrgli. 5t ni
I i'-:i r':.i ::::-..::'. : ;'f :. ..': ?t

teg:ilad:c4l !o'crritDc. 4:!h , :c mr

0. i!!t i{n altn. :q,rC J ,. c onrp?t+ 
^l 

, aaf, icl.rr lr*, . ljcrc i I
,urr:,J,l(tt ra.:l a1' ar9$i

€ralrtl'.i. 5i ri,
F S,1tt tNil,:.,r4n:;.rrii!.a"rroal ',jlit, l:+(,, $r;lrOl 25

(:._-_r_rlr;1. a4 ni
': -:.i:i ii ,.. l- :-;.) !-ii r 

' 
L\:;:i' ir

t3
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Cont'd

I Coary,.let''roci, toaf, 5t4s, trfifttn,

H. L(x 5trje6s,50:tf st ia(e
J. Vc(frln glrEgs

l( ta+t €ress. ,rrt lgtt stl{ture

$s!a} hlD'JrEata 'O aaury. mgy

t9 unlelDl'a:F li .ial eitnly
L. frld 'o7bj.&: iTa33": rcdr)

f,t He&.' rcclGJljl [Tass?! rtEl(l

r ZO0 5t3

toi - li 13 - c.€6

:o- 5 0.66 - 033

5- 2.t 0,13. t 1G

2. F0. ri!,lf/ lr'€otr:pc .jrfln sr€€s nakt

2 5 it hsEa-uldl:si€n tud1r.ti 1n. .Ertre ,'c

1.0 to0ErtaidatloC!rt. $:L\ drica ltS,
! 5 ' ? rldJce rc srd q tc 3 5rc End {-6q, rt€re

rC- L.aornrOdD:niles$ e 5lr3oJth, AtE

1 - :!ni,esl:eo;:l iF]ntloi4 ard cr 3td

S . 1i ,!:u-::i€ Tllr and Trrnr tnrnp.l s!€€qs

10. 20 3. Fet €5e l8:!rG ibE eile tn!.e ':egf| si.:0.16

C Sq{raa.'rv aOCi, ,{dtrC tof, o{ Ltrco,tt rltlta rDCl Ctchl'iO-,r[ sLtla]t ls lLt'S hir $llllvl(ljl.
urd€.lafn eoce oaldgi rodl Fa55ur! su;gc!. :'.f r.':e a3: !'on z ! :: : lr{ ejrh

N- MId s+e€d 16 rodr p'€r3Jre 5 - tC cails ,:lcs H).

o. .letiJ rql{r:rr:J icd( irlssrl€ I 0 - 20

al stJefing rDcr. cfierFl€t r$'ein|.... rdrvty d€panitng 0d gesenae oa pna.

P Mr: *elrnl rcch ;e!s{r€ 5 - lC

B. l-le€r, lti -rtrc ?cl{ 9€!a-Jre 10. 15

ADDMOIAL TIOTES OtI THE UsE OF T}IESE 
'A8LESlvlrca Tl.lh€ !a5llT:rlc3 ol Ih! r]ct nrss cr.tl; i5i. i.'c.:lr| T lLralr'1e3 !h:rd a€':IJncd n sditill(n lc tl€ orlp3 lslol lr, tre

hDles:
:lvh.rbo'elt:L.6ls-raiel!}F.q?5:ir5ac€:mEllal"DTlhcrrr:el'lclls;!r'titllJme.ln$lo)f:snLrttErolpl13

per Tlilr! rD' .ar<fr llirl lai 19 e:ol5 A slTp r t-rl3:D'!l p r-!r :( J5:1cl:r ,tl1c'l :'13 -lT>:: !c F3F tt' ie ta5l (! :'t lr:e
rtd(.riEj€! F J-115-3._i,ilap9.!!.1.irt:r!Jr-tttatalT:cratjcint!ptrn'i[,..qt,i.:10:'rr3;]+1.t5).

?. Tlrc p: :rFeJ:pr J, ?Fe rlr: li rp nLmla' ( l"'lr': !Gl3 'ral :t:r !{ all€clld !t 16 rallrn. sdls,'sll/. 3'ilt *e,"90 o' :6idill slc' ll

6lc rili :e;alcaad, :le5: !iEr€- iD rts' rl:Lid cr'lcrti be '>Jr-'rla.' !r a Drntl!:a;cnl ial Hr'aa'rtr. il ll!r! rr. le lctnl!'
rlE re. o- | orii tc{:t; ott D?31.6 n llrr Dl'!r a'-. :t!i lt il(rta lcal J'e,, t'!r- : hl D0 rn(rrr at9'o!n!lrr :-' c:L rl rrln Ei "aTbFl
lanErlar 3-r-Bu3inl Jrr

3 Tne parEn:Lrc + Ett la ir:p'!r!6rllrg :feE'3frirqlli shcsi: be !n:la'il lc ll€ lr(.ait4: slln'c€rl Flrl !e (r dtl llt!.|
d4Drr:iLli lf ::e irr{ !:na. ;<rr';!., ll rr! Frrl !r: r' itls::rl -r':r ',r.ll il'i n.1TJr tJ.rt tl .rr+ i! litt:r'ib:? ala:lc: lor

5:a;.14_.::e.a.:44(.1:3!sEirDjrs)?:1!Tlc<tFrl?!lo_3!((rll.ttnei!(.nctTlltt'rncEsqilDrr:,a-dll:rls:li€uc:l
lr:.t r:DlE:€ l!!r: Dir?r c,iJ€:.la L1 Tn! ia.r( l'+"6 9t:r d la 13f,'Dl!'iolD lll aJ-3(€ rr:!t rr*c i:J a * ta!'r€ lD l'llllEl€.

.l.lvlea r rc'1i m;99 ccltEi! : ]'.lh! E:trr r'1+_ rtpr:flir lc lc:!t'rl:D lo!d; sit Jl: :!1 r';ElL !l!1: r trol4il!c4lhc slr61i:l al
nr _riE: r'i !tlll:aF!1t!!l farriLa",r'11-,a-r:l_!:ll!F'tT:la1::atl:t)atnleii:5:r:,:re -rtriil'l rr l\! 1:a':':cl nri?
cactl.c :-a ,rca{-:: l-n E-5 l1[ lla:ll-_, i\J l-r:] dt]:l: :r :1( ta:.1 'a.)...a:c51-lal-r:'rr,1l A::?-'I ! .t'lj(.'t: { 5li!! l|:ll
js l:tat:J'alic l(r !:ihillr ard li llLlir't l(carJl.:c rcj as lr 'iC':: : ll illr ia! G !li ll;Gss 'i<J(|iir la:i(. !'r{La06l.

5 Tit: o)Ttrals[c ald itilli1 tllcdgn! trc ard rf ]l ?l( rnliq 'Dli SfDila BC ('r;jL !a: r :'rG iilu?l€': ac{l5lD:i I hi s
<F'r:arlLalr::e;i€€rlr"a-1!L:-tc-;:rrt_d!rr!Arcartlr!.nr,rll,cc!:.ne:r"_fllt-:'jl_;Fi_cJ1:ctr3ar':InE:"r_r+.s
:-[: : ]:c1ai;:l irt ir :->!C : ::'l!C !l :' sai-'a.a_: l: !:lla1!.

SEMESTER / SESSION r SEM 2 / 20lG20l I
COURSE NAME : GEOLOGI KEJURUTERAAN

PROGRAMME:2BFF/3BFF
COURSE CODE : BFC2I303/3013

Excaraticn ra?egrry

A Temporary mine oper,ings.

B Pernlnent nils npenilgs. \r'ate' turnEls t0' htd'3 pc'ier :erLluding tigh
presture perslc{Lsi, !,il3t:rr,rels ,Jris arC fealirg!'3r Lrr;e E':iataliDFs.

C Slo'age roo ns. r'iate' trga:0-'er,t plarts nrin|t rcad and rsil'tat tu'tnels. su:93
chamb"rs. access tunnels.

FSB

35
1.6

t.3

t0

3.8

D p.'eer stali;rs. nij,:r r.,ai rn'j '?.1,r;i lL:rE's. c:', 1

P.ina' ilte'sLa,:tio1s.

E Unde:grDu.rd ruclear pqr.rer sl3ticns. 'aitvat staticns.
lacilities. lrclories.

sp'rrls arC pubiic

t4



BFC 21303 / BFC 3013

SEMESTER / SESSION : SEM 2 / 20lG20l I
COURSE NAME : GEOLOGI KEJURUTERAAN

PROCRAMME:2BFF/3BFF
COURSE CODE : BFC2l303/3013

Cont'd

I
it
3
a
(t
a
n

oaoa 0.0r oot 0.1 o.a r a ro

noct n.33 qurtlty o- $ r f; r

R€IIFONCE$EIIT CATEGORES:

n
.!L
saF

a0{ t000

ll llr,rrl9oatld
:) Sg<t bo{b.e
3l Syr..lr6. idl|rt
al qtanana knrR (.tt l,l.ratl9ad l|lllolat.
gl F'lr! rrt ,nc"{.lvl.r*f o'lJ k||n$ t.,c!

O ftr" r.!,t glrj *Dtsr.lr cd tdlr4 9. la srl
?l l.t . '.nbD..,.|Dtrc. d|J b;i.'J 12. 13.r1
O Fba Nhbaa{rl tDlrcir > rS crr

rclficrd r{t* d dDrr.o 5a bolttr
0l CortgrrsrF hrte
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(After Grimstad and Barton, 1993, reproduced fiom Palmstrom and
Broch. 2006)
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Table Q6(b) : Rock Mass Rating System (After Bieniawski, 1989)

4 Ct 
^SS-rcAIOt{ 

p R FrE|s AXO DrEIR R m{GS

Fd thir bw ..rt.{.ridi.i
6rp.a3!da ta.l a pc|.rld

1-

2 0

2
75t6-90t$ 25!6-50%

2A 17 13 a

3
sp&ino or rtisrl|hrnies 20O4OOnm

20 t5

Cddtim oi di5@lnuid6 (56
E)

Sli!|nry louoh 9{Fit @gh
son 0ouc6>5 mn thkt or
Soprlio.>snh @ntilE$.

25 20 10

5

1G25 2t125 >125

0.1-0.2 0.2-0.5 >0.5

t5 to f 0

a RATt'lG 
^ltJttll*Nl 

FOR Olscolltll||jlllY OFEI{IAnO{ €EE R
Stit. dn dio dEr*c

o -12

-f l5 -25

o -25 50
c. Rocx raslt cLAsEs

t0031 4041 1(}-21 <21

l

o. [EA|{||{G ROCX CI-ASSES

l

Cohoeion or 6d @!s lkPa) z)G3{X} 1&200
Frcron edo or c* mass t(bs@) 35{5 2r35 1r2a <!5

E G(XO€UiES FOR ClrSSftCAnOat OC DrsClatnNlltY COarXrEfB. tt| |s RAt e

6
3-lorn

2
rG20h

i

6 5

5 1

6 2 0

6 5 3 1 o
a. EFFECT OF O6CO|.IN(,|TY StR[(€ Al|O OtP OREfaTArba 

'a 
Tl,| El_trtc

St*e o€Gr'ditdb trrEr db sfike .rdlet to tuflEt dis
DD 4t 90" crr 2d-45'

ortq3qahsr dO 45190' Drd 6gsnd dip-2d-45o Erip d-2sP -l@slediw ot !hl.

l6



BFC 21303 / BFC 3013

SEMESTER / SESSION : SEM 2 / 20lG20l I
COURSE NAME : GEOLOGI KUURUTERAAN

PROGRAMME:2BFF/3BFF
COURSE CODE : BFC2I303/3013

Cont'd

Rock Mass chss fxcrvation

Rock bohs
(20 mm

diamet€r, fully
crouted)

Shotcr€te 'Steel sets"

FVery good rock
RMR:81-100

Full face, 3 m
advance

Generally no support required excePt spot bolting

Il-Good rock
RMR:61-80

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

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

50 mm in crown
where r€quired.

None

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

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

5G100 mm in
crown and 30 mm
in sides.

None

IV-Poor rock
RMR:21-40

Top heading and
bench l.Gl.5 m
advance in top
heading. Install
support concutrently
with excavation, l0
m from face.

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

l0Gl50 mm in
crown and 100
mm in sides.

Light to medium
ribs spaced 1.5 m
where required.

V-very poor rock
RMR<20

Multiple &ins 0.5-
1.5 m advance in top
heading. Install
supporl concutrently
with excavation.
Shotcrete as soon as
possible after
blastins.

Systematic bolts
5-6 m long,
spaced l-1.5m
in cro\,vn and
walls with wire
mesh. Bolt
invert.

15G200 mm in
crown, 150 mm in
sides, and 50 mm
on face.

Medium to h€avy
ribs spaced 0.75
m with st€el

lagging and fore
poling ifrequired.
Clos€ invcrl
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