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PART A (75 marks)

Q1

(@)

(b)

(©)

Erosion is one 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 weathenng.

(1) List FOUR (4) types of sediment accumulate at continental envirooment.

(2 marks)
(i)  Describe THREE (3) factors that affect the rate at which running water will
erode.
(3 marks)
(iii)  List the sediment movement by:
(a) Water
(b) Wind
(3 marks)

Over the past thousand million years of Earth history the crust of the Earth has been
mobile and deform by squashed, stretched or fractured.

(1) Define the terms of joint, fault and fold.
(3 marks)

(i)  Describe all categories of fold.
(3 marks)

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

Conducting site investigations and rock testing is vital in the engineering geologist
practice. The engineering geologist applies their geologic skills to the practical
solution of engineering problems.

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

(ii)  Determine THREE (3) disadvantages of the seismic refraction application in
geophysical site investigation.
(3 marks)

(iii)  Explain the index test of rock testing.
(4 marks)



Q2

Q3

(a)

()

(©)
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Calculate the Rock Quality Designation (RQD) value from Figure Q2(a).
(2 marks)

An 12 m span of access tunnel for an underground mine will be excavated at a
depth of 2100 m below ground surface. The rock mass contains crushed rock
controlling stability. These joints are rough or irregular, planar and the rock wall
contact is softening, or low friction clay mineral coatings. Laboratory test on core
samples of intact rock give an average Uniaxial Compressive Strength of 60 MPa.
The principal stress are approximately vertical and horizontal and the
magnitude of the horizontal principal stress is approximately 1.5 times that of
the vertical principal stress. The rock is having a stress 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 given in Figure Q2(b).

(8 marks)

A tunnel is constructed and driven through highly 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 test,
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. Groundwater of the tunneling
condition is anticipated to be dripping. By using the RQD value obtained from
Q2(a), calculate the Rock Mass Rating (RMR) value based on the data given in
Figure Q2(c¢).

(15 marks)

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 quarry faces A, B and D are 65° / 040°, 75° / 138° and 60° / 345° respectively. The
principal outcrop in the area is limestone with discontinuities that are tight, clean and
dry with no visible seepage from them. Data collected from a rock discontinuity survey
carried out on the proposed site is plotted 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)

)

Obtain the representative dip and dip direction for each discontinuity set shown m
Figure Q3(b) and tabulate your answers in Figure Q3(c).
(5 marks)

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 discontinuity
sets, tabulated in Figure Q3(c) on a tracing paper provided. ;
(5 marks)
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(c) 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 marks)

(d) On the same tracing paper used for the solution of question Q3(c). indicate
appropriately the friction angle of the discontinuities.
(2 marks)

(e) Analyse all possible modes of failure for the slope faces A, B and D of the proposed
quarry. Tabulate in Figure Q3(e), the results of your analysis stating clearly the

evidence to support your statements.
(9 marks)

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 marks)

Q4 (a) Observations from a site investigation for the stability assessment of a rock slope as
shown in Table 1 and Table 2.

Table 1: Details of the rock mass

Type of anticipated failure Planar failure

Dominant discontinuity plane of weakness

(most probable failure plane) 32° in a direction 120°

Depth of tension cracks 4m

Friction angle of dominant discontinuity planes | 25°

Cohesion of the clay infill in the discontinuities | 70 kPa

Unit weight of rock 26 kN/m’

Table 2: Details of the proposed rock slope design

Height of slope 50 m
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

Unit weight of water 9.81 kN/m’

3m




Q5

(b)

(©

@

(e)

(a)

)

(1)

(iii)
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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 Figure
Q4(a).

(6 marks)

Assess the stability of the slope, after a heavy rainfall by recalculating the
safety factor value for when the tension cracks are water filled to a depth of 3
m. Use the equation given in Figure Q4(a).

(4 marks)
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 marks)
Explain the different among these parameters: Q, ¢, ¢, RQD.
(3 marks)
Explain two differences between intact rock and rock mass.
(4 marks)

Explain two 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:

Data of rock: RMR value =25;¢=2Mpa; ¢ =30°

Uniaxial compressive strength = 60 MPa

Data of loading from tower: Vertical load = 150 ton

Moment load = 10 ton-meter
Horizontal load = 0 ton
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(1) Calculate the compressive strength of the rock by using Figure Q5(a) and
Figure QS5(a)(i).
(3 marks)

(i)  Calculate the tensile strength of the rock by using Figure Q5(a) and Figure

QS5(axi)-
(3 marks)

(iti) Design a suitable square footing foundation to support this electrical
tower with an approved Safety Factor of bearing capacity = 2. The strength
parameter cohesion and friction angle are 20 kPa and 35° respectively Cf1 for
the square footing = 1.25 based on Figure Q5(a)(i) and use the formula
below.

C sl/ZO_ 1+ ms—l/2+l 1/2
_Ghs Toup1+( )71y gp o Cud+Viand

9a SF H
(4 marks)

(b) A 36 in (900 mm) diameter drilled pile is supported on weathered rock socketting 3
m into rock, 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 socketted pile. Use Figure Q5(b) and
formula:

qa=(0) Kepd; d=[0.8+02(L,/B)}<2

(4 marks)
(©) According to the RMR value obtained from question Q2(c):
) Determine the values of cohesion and friction angle for the sandstone based
on Figure Q2(c).
(2 marks)

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

Q2(¢).
(1 mark)

(iii)  Propose the appropriate excavation and support system based on Figure

Q5(c).
(4 marks)

(d) Explain is the concept behind and the benefits in the use of the two different types
of equal area stereographic nets that are used in rock slope engineering.
(2 marks) ', ,
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(e) Determine the accuracy of the field observations and the subsequent stereographic
net analysis.
(2 marks)
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BAHAGIAN A (75 markah)

S1

(@

(b)

(c)

Hakisan merupakan salah satu agen penting bagi mengangkut dan memindah bahan
endapan yang merupakan hasil luluhawa fizikal dan kimia batuan.

() Senaraikan EMPAT (4) jenis sedimen yang terkumpul di kawasan

persekitaran benua.
(2 markah)
(i) Berikan TIGA (3) faktor yang mendatangkan kesan kepada hakisan air
larian.
(3 markah)
(iii)  Senaraikan pergerakan sedimen dalam:
(a) Air
(b) Angin
(3 markah)

Sejak berjuta tahun sejarah bumi dahulu, kerak bumi sentiasa bergerak dan
mengalami pencacatan seperti penindihan, keterikan, mahupun pecahan.

@) Berikan definisi kekar, sesar dan lipatan.
(3 markah)

(i)  Nyatakan kesemua jenis lipatan.
(3 markah)

(iii) Terangkan maksud competent dan incompetent yang terdapat dalam lipatan
batuan.
(2 markah)

Penyiasatan tapak dan ujikaji batuan merupakan perkara penting dalam bidang
geologi kejuruteraan. Jurutera perlu mempraktikkan kemahiran geologi terhadap
penyelesaian masalah kejuruteraan secara praktikal.

(1) Berikan DUA (2) had data lubang jara dalam penyiasatan tapak.
(2 markah)
(ii) Berikan TIGA (3) kelemahan penggunaan pembiasan seismik dalam
penyiasatan tapak dengan menggunakan kaedah geofizikal.
(3 markah)

(ili)  Terangkan ujikaji jenis indek dalam ujikaji batuan.

(4 markah)
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(a) Kirakan nilai Penanda Mutu Batuan (PMB) seperti yang ditunjukkan dalam Rajah

Q2(a).
(2 markah)

(b) Sebuah laluan terowong scpanjang 12 m rentangan untuk lombong bawah tanah
akan dikorek pada kedalaman 2100 m dari aras permukaan bumi. Kestabilan
jasadbanmba'gmnmgkcpadapecahanbaanekartctscbmadalahkasaratau
tidak sekata, bersatah dan sentuhan dinding batuan adalah bersifat lembut atau
dilapisi lapisan mineral tanah liat geseran rendah. Ujikaji makmal pada sampel
korekan batuan sempurna memberikan nilai purata kekuatan mampatan satu paksi
sebanyak 60 MPa. Arah tegasan prinsip adalah dianggarkan mendatar dan pugak
dan magnitud tegasan prinsip mendatar adalah dianggarkan sebanyak 1.5 lebih
daripada tegasan prinsip pugak. Batuan mengalami masalah tegasan bersifat
kompeten berada dalam keadaan basah dengan pengaliran air yang banyak dan
bertekanan tinggi. Dengan menggunakan nilai PMB daripada S2(a), kirakan nilai Q
dengan berpandukan Rajah Q2(b).

(8 markah)

(©) Sebuah terowong dibina melalui batupasir terluluhawa tinggi di mana kekar
dominannya bersudut kemiringan 40° dan miring searah dengan arah laluan masuk
pembinaan terowong. Jurus ketakselanjaran adalah berserenjang dengan paksi
terowong. Berdasarkan ujian beban titik, kekuatan batuan adalah 2.5 MPa. Kekar
menunjukkan sifat permukaan sedikit kasar, panjang kekar berpurata 4 m, bukaan
kekar berukuran antara 2 mm hingga 4 mm dengan bahan isian keras sebanyak 2 mm
dan purata jarak antara kekar adalah 0.3 m. Keadaan aras air bumi terowong adalah
dijangka berkeadaan menitis. Dengan menggunakan nilai PMB daripada S2(a),
kirakan nilai Penilaian Jasad Batuan (RMR) dengan berpandukan kepada Rajah

Q2(c).
(15 markah)

Bagi memenuhi sebahagian daripada pelanjutan lesen kuari batuan, adalah menjadi satu
keperluan bagi menjalankan pemeriksaan berkenaan tahap kestabilan cadangan permukaan
cerun kuari baru seperti yang diberikan dalam Rajah Q3(a). Data permukaan cerun A, B dan
D telah diukur sebanyak 65°/040°, 75°/138° and 60°/345° bagi setiap satu. Singkapan
batuan di kawasan ini adalah batuan jenis batukapur dengan sifat ketakselanjaran seperti
ketat, bersih dan kering dan tiada tanda-tanda berlakunya pengaliran resipan air. Data yang
diperolehi daripada tinjauan ketakselanjaran di kawasan tapak cadangan telah diplot dalam
bentuk kutub pada jaringan stereo sama luas seperti yang diberikan dalam Rajah Q3(b).
Sudut geseran permukaan ketakselanjaran telah diukur sebanyak 32°.

(a) Berikan data sudut miring dan arah miring untuk setiap set ketakselanjaran yang
diberikan dalam Rajah Q3(b) dan jadualkan data tersebut dalam Rajah Q3(c). ‘
(5 markah)
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(d)

©
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Dengan menggunakan jaringan stereo sama luas dengan jelas beserta lebel seperti
yang diberikan dalam Rajah Q3(d), lukiskan bulatan besar bagi kesemua set
ketakselanjaran yang telah dijadualkan dalam Rajah Q3(c) dalam kertas surith yang
diberikan.

(5 markah)

Lukis dan labelkan dengan jelas bulatan besar bagi cadangan pengorekan cerun
potong A, B dan D pada kertas sunh yang sama digunakan dalam soalan Q3(b) atau
baru.

(4 markah)

Lukiskan dan labelkan dengan jelas sudut geseran 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)

PERINGATAN: Pelajar MESTI menghantar Rajah Q3(b), Q3(c), Q3(e) dan kesemua
kertas surih yang digunakan untuk proses menjawab soalan yang berkaitan.

BAHAGIAN B (25 Markah)

S4

(a)

Pemerhatian yang diperolehi daripada penilaian kajian tapak cerun batuan adalah
seperti Jadual 1 dan Jadual 2.

Jadual 1: Maklumat jasad batuan

Jenis kegagalan Kegagalan satah

Satah kelemahan ketakselanjaran utama
(kemungkinan besar kegagalan jenis satah)

32° pada arah 120°

Kedalaman retakan tegangan 4m
. Sudut geseran satah ketakselanjaran dominan 25¢

1

Kejelekitan isian jenis tanah liat ketakselanjaran | 70 kPa

Berat unit batuan 26 kN/m’

10
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(c)

(d)

(e)
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Jadual 2: Maklumat cadangan cerun batuan

Ketinggian cerun 50 m

Maklumat arah dan sudut kemiringan o - N . o
muka 55° in a direction bearing 128
Kedalaman air memasuki retakan tegangan 3

selepas hujan lebat m

Berat unit air 9.81 kN/m’

) Siasat keselamatan cadangan cerun batuan apabila retakan tegangan berada
dalam keadaan kering dan basah melalui pengiraan nilai faktor keselamatan
berdasarkan persamaan yang diberikan dalam Rajah Q4(a).

(6 markah)

(i) Berikan penilaian cerun 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

Q4(a).
(4 markah)

(i)  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 (PMB) yang diperolehi dari soalan S2(a) berpandukan
kepada Rajah Q4(b) dan cadangkan jenis sistem sokongan dan pengorekan yang
perlu digunakan berdasarkan nilai Q yang diperolehi daripada jawapan soalan S2(b)
berpandukan kepada Rajah Q4(c).

(3 markah)

Jelaskan perbezaan parameter berikut : Q, ¢, ¢ , RQD
(4 markah)

Jelaskan perbezaan antara baruan segar dengan batuan tak segar (massa batuan).
(3 markah)_

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

11

(3 markah)
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(a)

(b)

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

Data batuan : Nilai RMR =25 ;c=2Mpa; ¢ =30°
Kekuatan mampatan satu paksi = 60 MPa

Data dari jambatan : Beban pugak = 150 ton
Beban momen = 10 ton-meter
Beban mengufuk = 0 ton

)] Kira kekuatan tekan batuan tersebut menggunakan Rajah Q5(a) dan 5(a)(i).
(3 markah)

(i)  Kira kekuatan regangan batuan tersebut menggunakan Rajah QS5(a) dan

Q5(a)().
(3 markah)

(iii) Rekabentuk suatu asas cetek sama segi yang sesuai bagi menampung
jambatan tersebut dengan nilai faktor keselamatan yang telah ditetapkan
sebanyak 2.0 dan Cf; sebanyak 1.25 bagi asas cetek sama segi berpandukan
Rajah Q5(a)(i) dan rumus di bawah.

Cf'lsl/ZO,"(r)[l +(ms—l/2 +1)l/2]
qa - SF

SF Vtand +c,, . A

horizontal
H

(4 markah)

Sebuah cerucuk tergerudi dengan saiz 36 in (900 mm) disokong dalam batuan
sedalam 3 m, saiz dan ruang ketakselanjaran adalah 2 mm dan 50 mm. Batuan
tersebut adalah sandstone dengan nilai o. = 90 MPa. Kira keupayaan galas yang
dibenarkan dari asas tersebut. Guna Rajah QS(b) dan rumus:

G =(0c)Kspd; d=[0.84+02(L,/B)]<?2
(4 markah)

Berdasarkan nilai RMR vang diperoleh: daripada soalan S2(c).

) Berikan penilaian untuk nilai kejelekitan dan sudut geseran batupasir

tersebut berpandukan kepada Rajah Q2(c). .
(2 markah)

(ii))  Berikan penilaian mengenai ketahananan terowong tersebut tanpa sokongan /.
berpandukan kepada Rajah Q2(c).
(1 markah)

12
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(iii) Cadangkan jenis sistem sokongan dan pengorekan yang perlu digunakan
berpandukan kepada Rajah Q5(c).
(4 markah)

(d) Berikan konsep dan kebaikan penggunaan dua jems jaringan sterco sama luas yang
berbeza dalam kejuruteraan cerun batuan.
(2 markah)

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

stereo sama luas.
(2 markah)

13
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FINAL EXAMINATION
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Fractured

Intact —_

Shattered

Intact

FIGURE Q2(a): Discontinuities on surface of the tunnel wall viewed from the front and lateral

{Drawing: Not to scale)

>

30 cm

30 cm

25 cm

35cm
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FINAL EXAMINATION

SEMESTER / SESSION  : SEM 1/2010/2011
COURSE : GEOLOGI KEJURUTERAAN

PROGRAMME 2 BFF /3 BFF
COURSE CODE : BFC 3013721303

1. ROCX OUALITY DESIGMA TION
A Very poor

8 Poor

C. Fair

D. Good

E. Excoflont

1. Wheee AOD B mponed or meamsed as 5 10 Gnchetng 00
a nomenal value of 10 is used 10 ovakuate Q.

2. ROD intorvals of 5. i.e. 100, 95, 90 eic. are sufficiently
accurate.

2. JOINT SET NUMBER
A. Massive. no of fow joints

B. One joint set

C. One joint set plus random

D. Two joint sots

E. Two joint sets plus random

F. Three joint sets

G. Throe joint sets plus random

H. Four of more joint sets. random,
heavily jointed. ‘sugar cube’. oic.

J. Crushed rock. earthike

1. For intersoctions use (3.0 x J)

2. For portals use (2.0 x Jp

3. JOINT ROUGHNESS NUMBER
a Rock wall contact

b. Rock wall contact before 10 cm shear
A. Discontinuous joints
B. Rough and irregular, undulating
C. Smooth undulating
D. Shckensided undulating
E. Rough or imeguiar, planar
F. Smooth, planar
G. Shckensided, planar
&. No rock wall contact when sheared
H. Zones containing clay minerals thick
enough 1o prevent rock wall contact
J. Sandly, grawely or crushed 2one thick
enough to provent rock wall contact

15
1.0
0.5

10

{nominal)

10

{nominad)

1. Add 1.0 ¥ the mean spacing of the relovant jomt set is
greater than 3 m.

2. J,= 0.5 can be used for planar, slickensided joints having

4. JOINT ALTERATION NUMBER

075

10
20

30

o degroos (approx.)

1. Valuos of ¢r. the residual fncion angle.
are Ntendod 23 an APPIOXIMate RGO
0 the meneralogcal properses of he
ahoration products. if prosent.

25-36
25-%

. Solening or low-incton ciay mneral Cosngs. 40
1.6, kaolzite. mica Also chiorite. taic. gypsisn
and graphite otc.. and small quantitios of swelling
clays. (Discontinuous coalings. 1- 2 mm orf loss)

FIGURE Q2(b)

15
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. FINAL EXAMINATION

SEMESTER ' SESSION  : SEM 1/2010/2011
COURSE : GEOLOGI KEJURUTERAAN

PROGRAMME : 2XBFF/3BFF
COURSE CODE : BFC 3013721305

& JONNT ALTERATION MUASBER J,
B Rock wall contact before 10 cm shear
F. Sandy particios. clay-fioe. cisintegrating rock otc. 4.0

G. Strongly ovor-consoldaied, non-sofioning 6.0
day mineral flings (continucus < 5 mm thick)
H. Mockan o low over-consolidation. solianing BO

clay mindral SBings {coMinUOUS < S MM Ick)

J. Swoltng ciay fngs. 1.0. MONMONBoNtY, 80-120

(conbnuous < S mm tack). Vduvsot.la
depend on porcert of swoling clay-sze
particias. and aCCOSS (D Waker.

& No rock wall contect when sheared

K. Zonos or bands of disitograled or crushed 80
L. rock and Siay {sbe G, H and J for day ag
M. concibons) 80-120
N. Zones or bands of silty- or sandy-Clay, small 50
cay kachon. non-sofening
O Thick contrusous 20nes or bands of clay 10.0- 130
P. & R {s60 GH and J for day conditions) 60-220
5 JOINT WATER REDUCTION Yo
A_ DOry axcavabon or minor inflow i.0. < S ¥m locally 10
B. Madum nfiow o prossure. occasional 066
outwash of jount fikngs

C. Large rflow of high prosswo n compalent rock 0.5
i Union JONts

D. Lame inflow or high prossure 033

£. Excoptionaly high inflow of prossure at blasting, 02-0.1
gdocaying with bmo

F. Excoptionaily high inflow o prossure 0.1-0.05

6. STRESS REDUCTION FACTOR
2. Weakness zonss irtersecting excavation, which msy

cause loosening of rock mass when tunnel Is excavated

A MURDID OCCUMENCeS Of WOSBRNOSS ZONOS COMAaNg Cily Of

aepliy
B. Singio WOAKAOSS 20N0s Comanng clay, oF chemcally dis-

100ra%od fOCh [@xCav 300N doph < SO m)

C. Single weaknest 20nes containing Clay, or chermcally dis-
WOraed ch igxcar abon dopth > S0 m)

. © MAECIS SR TONSS I COMPONrE 1OCk (CIay 80). 10098
arsoundng Jock [y JepEh)

£ Sengie shes ~one i compelent rock (Asy ee). depth of
S=CIIMON < 50 M}

F Sage W 20ne M COMONMEN 10k (Clay ¥00). 1Geoth of
escavaston > 5D m)

G. Loose open pints. hoardy J0Uned of ‘Sugar Cube'. (any deplh)

& dogroes (approm )

25-30
15-24

12-16

6-12

6-24

SPPLOX. WALS! PIOSSEe Wcmz)
< 1.0

10-25

25-100 1. Factors C o F aro cruce ostimales;
ncroase J, # dramade mstalied,

25-100

> 10 2. Spadial problems caused by ice formation
arg not consicorod.

>10

SRF

10.0 1. Roduce those valuos of SFF by 25 - 50% bt
only ¢ e rolovant shoar 20nes NIUGNCS 40
nOt wiGrsoct the axCaration

s$0
25

75

25

S0

FIGURE Q2(b) continued
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- FINAL EXAMINATION

SEMESTER SESSION :SEM /201072011 PROGRAMME : 2 BFF/3BFF

COURSE : GEOLOGI KEJURUTERAAN COURSE CODE : BFC 3013721303
OESCRPFTION YALVE NOTES
4 STRESS AEDUCTION FACTOR SKRF

& Compeesns rock roct SEess sroditms

ooy oy 2. For STOngly anisoirOOIC VI sreas e

H. Low slress, neasr sufiace > 200 >13 25 (8 measured). when Soy/ox 10, rectuce op
J. Medium stress _200-10 13-086 10 t0 0.80;, and o 10 0.Bop. When oy/og > 10,
K. Hgh stress, very tight struckire -6 066-033 0S5-2 reguce o, & o) 10 060, Bnd 0.6, where

fusually favoursie 10 sy, may .~ unconlined compressye strengh, and

be untavourable 1o wal Stabity) g - leaste srength (pot 1oad) and o and
L MG FOCKINS! (MASSve rocx) 6-25 0.33-016 5-10 %mmmmmwm
M. Heavy rockburst (massive roc) <25 <0.16 10- 20 3. Few case racorcs avasable wnere depih of

¢ Sgueezingrock, plastic #ow of INCOmpetent rock CTOWR holow SLETACE b5 bass. than Span wielh.

under influence of hgh 10CK Y essure Sugges! SAF ncraase from 2.5 16 6 for Such

N. Mid squeszing rock presswre 5-10 cases {see H).
O. Heavy SQUSEZING rOCk pressure 10-20

d Sweling rock. chemical sweling aciiviry depening on resence of waser
P. MO SWElng rOCk precsre 5-10
2 Hedvy Swelryg IOCK FeSRYe 10- 15

ADOITIOMAL NOTES ON THE USE OF THESE TABLES

When making estimates of the rock mass Qualily (O), the Toliowing gudsines should te iollowed I adation 1o Tie notes sted in he

=mies:

1. When borehole core 1s unavaiaoie. RCD can be estimated from Me number of Jonts per Uit volurme, 1 which the nuraber of oins
mmmmpﬂlﬂmmamemumDeusedaomenmmtoﬁnﬂrmhecasemuaynn
roumsses:noo-115-3.3J,(mJ.MJv-Mandmwm3(0< ROD < 100107 35> 4, > 4.5).

ZMMJRMI!W«MMMmmmwmm.mumamml
mmmmmmmwmmmmmxammmmm,IMmmm
vesible, ar il orfy becasional reaks n the core are Que 1o these features, then R wil be more appropriate 10 COUNL them as ‘random’
onis when evausing J,

3_Mpamehelsd;an.iagmuesammsnearstrenglmmwﬂmwmmmmmxeammpmsmaaaymed
disconiinusty in the given zone. However, if the joml set of disconBnusly with ihe minimum value of J/.4; 6 favourably cnented fof

,mammnmﬂﬂmmﬁsﬂmmmwmaymenmbemmmaunsmmm
J;JamnemedmmmamvammyJamnlnmmummmmmmwmwm

4 When 3 rock mess CoRans Clay. he 1BCr SAF approprnsie 10 100SeNnIng loads shoukd be evaksaled. n such cases ihe swengih of
e Mact F0CK 15 Of JSe WHSTESt. HOwever, When JOritIng IS MwIma and cly 1S CoRgietaly aosent, he srengih of e Titact foCk may
Decome e weshest W, and the stabiy il Ien Cepeand on e TR0 FOCK-STESSAOCR-SYengiL A SYORgly amSONONIC SWess el
5 URavousadie K Statiity and i foughly accounted KOr as i note 2 M the table 1or sress FeCUCHON factor evakuation.

5.mmmmmwcamﬁ)dm:mmmoeevmmmmsamemmmnms

appropnae 1o Me prasent and e N Sk CONAINONS. A very CONservave estimate of ihe sTYengin should be Mace for ose FOCKS
nat ostenorale when exposed 10 MOSt OF SRNAed CONIoNs.

’ Excavaiion category ESR
‘° Temporary mine openings. 35

%B Permanent mine openmngs. water wmnels for ydro power (excludng high 1.6
| pressure penstocks), pitot tunnels. drifis and headings for large excavations.

‘c Skxage rooms. waler Veatment plants. sunor 1030 and railway henels. swge 1.3

i D Power stations, major road and radway amnels, civl defence chambers. 1.0
| E tmdergmmdmdearpowerstaﬁus.raiMayslawns.sponsandmwc 08
facilittes, factories.
FIGURE O2(b) continued
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FINAL EXAMINATION
SEMESTER / SESSION  : SEM 1/2010/2011 PROGRAMME : 2BFF/3BFF
COURSE : GEOLOG!I KEJURUTERAAN COURSE CODE : BFC 301321303

A CLASSIRCATION PARAMETERS AND THEIR RATINGS
e Ranges of veksms
f i
; > For Sws ow ange-remenl
i WPy 4-10MP 24P -2 - -t n
wengih noes
1 Strength
[ roc: tax 1
intact rc Compression >250MPa 100-250MPa 50-100MPa 25-50MPa 5-25MPa - <tMPa
material strength SMPa
Rating 15 ) 12 7 4 2 1 0
2 Drilt core Quality RQD 90%-100% 75%-80% 50%-75% 25%-50% <25%
Rating 20 17 13 8 3
3 Spacing of discontiresties >2mm 0.6-2mm 200-600mm 60-200mm <G0mm
Rating 20 15 10 8 5
. " . Soft gouge>5 mm thick or
Very rough surfaces. Slightly rough St Slickensided 1on>5mm conti _
Not continous. No surfaces. surf igf m’s rough < surfaces or Separtion Mous.
4 Condition of discontinuities (See separation. Separation <tmm. a1:mes. v Gouge<5 mm
E) Unwesthered walt Shightly westhered - Hig ’" thick or Separton
rock walls. od 1-5 mm continous.
Rasrg 0 25 20 10 0
iow pr WO m
vl lenglh None <10m 10-25 25125 >125
(Ym)
Groundwater (Joint water
5 press) (Major 0 <0t 0102 0.2-05 >05
principal)
General
conditions Completely dry Damp Wet Dripping Flowing
Rating 15 10 7 4 0
B. RATING ADJUSTMENT FOR DISCONTINUITIY ORIENTATION {SEE F)
Strike and dip orientations Very favourable Favourable Fair Untavorable Very Unfavorable
Tunnels and mines ] -2 S5 -10 -12
Rating Foundations Q -2 7 -15 25
Slopes 0 -5 -25 -50 4]
C. ROCK MASS CLASSES
Rating 100-81 80-61 6041 40-21 <21
Class number ] n L] v v
Description Very good rock Good rock Fair rock Poor rock Very poor rock
D. MEANING ROCK CLASSES
Ciss rsmber } .} » 1.4 v
. 20 yearsfor 15 m 1 yearfor \0m 4 IOhosskr25m N for 4
Average stand-up time weeak for 5 m span 30 minutes m span
Cohesion of rock mass (kPa) >400 300-400 200-300 100-200 <100
Frchon angte of rock mass (degree) >45 35-45 25-35 15-25 <15
£ GUIDELINES FOR CLASSIFICATION OF DISCONTINUSTY CONDITIONS ° (1) 1S RATING
<im 1-3m 3-10m 10-20m >20m
Descortirusty gl {Dersrsience 6 4 2 1 [+]
Mone <0 tmm Q1-10mwm 15 mm >5 mm
Sepersson .aperase H € s 4 1 [*]
Very sough Rough Shorey rough Smoocth Sicannced
Rougrvess [ E) 3 1 [o]
None Harg g <Smm Hero flng >5men SoR filng<2 mm Sof filing 5mm
Yilng 1goOe) 6 4 2 2 [+]
Uneesthered Sty westherec MoOw sty westherec Hghly weathwed Décomposed
] £ 3 h [
#. EFFECT OF DISCONTBRATY STRIKE AND DIF CREENTATION v TUNNELING
Swrbs DEDERECAN X LEVE DG Swiee puraties 1 RV Bes
Drive with dip- 45°-9C° Drive with dip- 20°45° Dig 45°-90° Dip 20°-45"
Very favourable Favourable Very usfavourable Fair
Drve sguermt 3p- 45°-3C : Drive ageinst dp-20" 45" O 77207 of swie
Fair ! Unfavourable Fais

FIGURE Q2(c) : Rock Mass Rating System (After Bieniawski, 1989)
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Z

FIGURE Q3(a) : Sketch plan of proposed quarry (NOT TO SCALE)
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NAME .. e MATRICNO: ............ e
N

FIGURE Q3(b) : Lower hemisphere, equal area polar stereo - net marked in 2° intervals
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NAME = MATRICNO: ...

Dip direction, °

. o
Bearing Dip angle,

Discontinuity

J1

J2

J3

J4

J5

FIGURE Q3(c) : Dip and dip directions of the discontinuities
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]

FIGURE Q3(d) : Equatorial equal-area stereo-net marked in 2° intervals
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NAME . .. ... ... . .. e MATRICNO: ...
Mode of | Joint set and
Slope faid . Criteria Stability
A Plane
A Wedge
A Toppling
B Plane
B Wedge i
;
,
B Toppling '
i
FIGURE Q3(e)
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SEMESTER / SESSION  : SEM 1/2010/201) PROGRAMME : 2BFF/3BFF
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NAME : .. ..................... B MATRICNO:.......... U
Mode of Joint set and

Slope tai tat Criteria Stability

D Plane

D Wedge

D Toppling

FIGURE O3(e) : continued
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QE‘ o u

ZJ_V e T 2z,

Given:

FOS =cA + (W cosp - U - V sinf + T sin (Q+f)) tan ¢
W sinB + V cosp - T cos (2+f)

A = (H-Z).cosec B

W= Y7, H2 [(1{Z/H)*)cot B — cot a]
U =% Ya.Zw (H-Z).cosec B
V="Y:y.Z.’

cosec = 1/sin sec=1:cos cot=1/tan

FIGURE Q4(a)
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45 r
4.0
3.5 2]

—P*\-‘— O
3.0

S
2
e Triaxial compression
>
< . . . 72
,& 25 | G, = O3+ (MS,,,05 + so,mz)
T
a
e
L.
[1+]
=
20 I
15

Cuim)

* Uniaxial compression

_ 2,172
Sum) = (50, )

1.0 *

Uniaxial tension ,
2
Oy = 1/20,,lm —(m" + 45) &

0.5
Oymy
~ 0.5 1.0 1.5
Minor princ\ipal §tress oy
A
FIGURE Q5(a) : Strength of fractured rock (Hoek. 1983)

27




BFC 3013/ BFC 21303

FINAL EXAMINATION .
SEMESTER / SESSION  : SEM 1/2010/2011 PROGRAMME - 2 BFF '3 BFF
COURSE : GEOLOGI KEJURUTERAAN COURSE CODE  BFC 301321303

Empincal failure cnirenon: 5
o) =0}~ 'm0, 0}~ 50, <45 2 n= 1) <
o} = major principal effective stress ;—3,2 (é = - EQ = g
o, = minor principal effective stress B2 =3 T 82 é 8 _§~ ZO
o, . = uniaxial compressive strength of E §§ 3 = En' = ‘2’ & 2 E °
intact rock, and BU g 8‘3 %3 E‘z 3 :8 - =
m and s are empirical constants. ggg g:: g;f_‘ © S:_,'§ 258'§ -’g
1534 S Ny O<3 So &
82: Es3 9FSf 28 Bgesi
8 2§f g¥oi B>y ZS=ZmiS
Egs <9 oxa Z53 IR
=88 g% g%E¥ 203 E23s3
%0\: g,:g-s (&:’Oog =1 WO« K
2f Efy 2328 DBy 28Gis
285 EI0 HRal 2% SRETE
sas 5if %BHs £G8% g86sri
INTACT ROCK SAMPLES
Laboratory size specimens free m 7.00 10.00 15.00 17.00 25.00
from discontinuities s  1.00 1.00 1.00 1.00 1.00
*CSIR rating: RMR = 100
"NGI rating: Q = 500
VERY GOOD QUALITY ROCK MASS .
Tightly interlocking wndisturbed rock m 240 3.43 5.14 5.82 8.56
with umveathered joints at 1-3 m s 0.082 0.082 0.082 0.082 0.082

CSIR rating: RMR = 85
NGI ranng: Q = 100

GOOD QUALITY ROCK MASS

Fresh to slightly weathered rock, slightly m 0.575 0.821 1.231 1.395 2.052
Jisturbed with joints at 1-3 m 0.00293 0.00293 0.00293 0.00293 0.00293
CSIR rating: RMR = 65 ’

NGl rating: Q = 10

FAIR QUALITY ROCK MASS

Several sets of moderately weathered m 0.128 0.183 0.275 0.311 0.458
roints spaced at 0.3~1 m 0.00009 0.00009  0.00009  0.00009 0.00009
CSIR raring: RMS = 44

NGl rating: Q =1

POOR QUALITY ROCK MASS

N\umerous weathered joints at 30~500 mm, m 0.029 0.041 0.061 0.069 0.102
some gouge. Clean compacted waste rock 0.000003  0.000003 0.000003 0.000003 0.000003
CSIR rating: RMR = 23

NGI rating: Q = 0.1

VERY POOR QUALITY ROCK MASS

Numerous beavily weathered joints spaced m  0.007 0.010 0.015 0.017 0.025

<31 mim with gouge. Waste rock with fines s 0.0000001 0.0000001 0.0000001 0.0000001 0.0000001
¢ SIR rating: RMR =3

NGl ranng: Q = 0.01

L]

"]

L

“sIR Counxil of Scientific and Industrial Rescarch (Bieniawski, 1974). i
NI Norwegian Geovechnical Institute (Barton et al., 1974). |
N !

FIGURE Q5(a)(i) : Approximate relationship between rock mass quality and matenial
constants (Hoek and Browmn,. 1988)
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0.5 —1—T

Value of Kgp

0 02 04 06 08 10 12 14 16 18 20

Ratio 84 /B

_ 3+s;/B
710 J1+300¢,/s,

84 = spacing of discontinuities
t, = thickness of discontinuities
B = Pile width or diameter

FIGURE Q5(b) : Values of empirical coefficient, Ksp. The coefficient Ksp takes into account
the size effect and presence of discontinuities and contains a nominal factor of

safety of three against general foundation failure. (Canadian Foundation
Engineering Manual, 1985)

N
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Rock Mass class

Excavation

Rock bolts
(20 mm
diameter, fully
grouted)

Shotcrete

”Steel sets”

I-Very good rock

Full face, 3 m

Generally no support required except spot bolting

RMR:81-100 advance
11-Good rock Full face, 1-1.5 m Locally, bolts in | 50 mm in crown None
RMR:61-80 advance. Complete crown 3 m long, | where required.
support 20 m from spaced 2.5 m
face. with occasional
wire mesh
111-Fair rock Top heading and Systematic bolts | 50-100 mm in None
RMR:41-60 bench 1.5-3 m 4 m long, crown and 30 mm
advance in top spaced 1.5-2m in sides.
heading. Commence | in crown and
support after each walls with wire
blast. Complete mesh in crown.
support 10 m from
face
IV-Poor rock Top heading and Systematic bolts | 100-150 mm in Light to medium
RMR:21-40 bench 1.0-1.5m 4 m long, crown and 100 ribs spaced 1.5 m
advance in top spaced 1-1.5m mm in sides. where required.
heading. Install in crown and
support concurrently | walls with wire
with excavation, 10 mesh.
m from face.
V-Very poor rock | Multiple drifts 0.5- Systematic bolts | 150-200 mm in Medium to heavy
RMR<20 1.5 m advance in top } 5-6 m long, crown, 150 mm in | ribs spaced 0.75
heading. Install spaced 1-1.5m sides, and 50 mm | m with steel
support concurrently | in crown and on face. lagging and fore
with excavation. walls with wire polmg if required.
Shotcrete as soon as | mesh. Bolt Close invert.
possible after invert.
blasting.

FIGURE Q5(c) : Guidelines for excavation and support of 10 m span rock tunnels in

accordance with the RMR system (After Bieniawski. 1989)
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