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Given below were the data results of rock coring and testing 1o a proposed site of
foundation which located on the horizontal surface of slate (metamorphic rock) :

RQD =60
RMR = 65
.= 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 :

. 2
Compressive strength &,'= 0,"+(m0,,,0;'+50,, y?

(9 marks)
Tensile strength o, = 0.50,,,[m —(m* +4s)'"°]
{4 marks)
Bearing Capacity for the proposed shallow foundation
_ Cfis'%0,,, 1 +(ms ™" + '
9.7 SF
(4 marks)

Determine the size of square footing if SF = 3 is required and Cf; = 1.25 to retain the

vertical load 400 kN
(3 marks)

As part of the application for an aggregate extraction license in Mantin, your
company is required to check the stability of the proposed rock faces for the new
quarry. The geological maps point to an outcrop of Carboniferous GRANITE,
which has an average friction angle of 34° and all discontinuities observed are
tight, clean and with no visible seepage. The discontinuity set/data and orientation
of each rock face are as shown in the Table Q2 :
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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°
Joint Set 1 & 2 Plotted as pole as shown in Figure Q2(a)
Joint Set 3 Dip 56° Dip Direction 19%°
Joint Set 4 Dip 44° (NE) Strike 105° - 285°
- 'y o 3 x 0
Joint Set 5 Apparent D!p 42o Apparent D!p D!rect;on 2400
Apparent Dip 34 Apparent Dip Direction 338
{a) With clearly labelled diagrams, and making use of the stereonet {(Figure Q2(b))
and tracing paper/s provided, analyse the data.
(11 marks)
(b) Using the analysis in part(a), write a short report on the stability of the proposed
rock faces for the new quarry.
. {9 marks)

Q3 (a) The results of point 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 :

15(50) = Is xF
F = (D/ 50"
o, =221 (500
(5 marks)
() Define what’s the poisson ratio 7
(5 marks)
{c) Define what is the stiffness £ and the difference of E; and E; .
Explain the use of £ in design calculation.
(5 marks)
(d) Explain the objective of these tests
- Uniaxial compressive test
- Slake durability test
- PUNDIT test
(5 marks)
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Q4 (a) 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.

Q5

(b)

(c)

(d)

(e)

(a)

(b)

(c)

(d)

(e)

(1)
(ii)

(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

(i) 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)

Write 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 of river are different with

down stream
(4 marks)

Mention the parameters that affect the Deposition of sediment resulted from

weathering “ "
marks
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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 driving
Strike of the tunnel axis 30°- 210°
Dip of the tunnel drive 10°
Dip direction of the tunne) drive 120°
Span of tunnel 10m
Height of tunnel 10m
Details of Rock Mass
Rock type Granite
State of weathering Moderate
RQD 54 %
No of dominant joint sets 2 plus random sets
Dip magnitude of dominant joint set 70°
Dip direction of dominant joint set 120°

Strike direction of the dominant joint set | 30°- 210°
State of the rock joint surface Slightly rough
Average length of joints 2m

Joint separation (aperture)

>lmm and <5 mm

Joint infill

Up to Smm with non softening mineral

load test)

coating
Joint spacing 150 mm
Joint water condition Occasionally wet
Strength of intact rock (based on point 9 MPa

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

Q:RQDxJLx Jw
Jn Ja SRF

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

{10 marks)
Also evaluate the Rock Mass Rating and suggest the appropriate rock improvement

/ protection that wilt be required using Table Q6(b)

(10 marks)

You MUST attach all tracing paper/s to your answer book
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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
6. = 130 MPa

Nilai m dan s adalah 0.821 dan 0.00293 . Anda diminta untuk menentukan perkara
berikut :

: - 25172
Kekuatan tekan (Compressive strength) o,'= 0;'+(mo,,,0,'+50,,,")

(9 markah)
Kekuatan tegangan (Tensile strength) @, =0.50,, Im—(m* +45)""*]
(4 markah)
Keupayaan galas asas tersebut menggunakan rumus :
Cf,s'%o, 1+ (ms™? + 1) 7]
.= SF
{4 markah)

Kira saiz asas tersebut jika faktor diminta keselamatan (SF) = 3 dan Cf; = 1.25 untuk
menahan beban pugak 400 kN

(3 markah)

Sebagai bahagian daripada lessen kebenaran pengeluaran agregat di Mantin,
syarikat saudara diminta untuk mengkaji kestabilan permukaan cerun yang
dicadangkan sebagai kauri baru. Peta geologi merujuk kepada granit dengan besi
berkarbonat (Carboniferous GRANITE), yang mempunyai sudut geseran 34° dan
semua ketakselanjaran adalah rapat, bersih dan tiada resipan. Arah dan data
ketakselanjaran masing masing batuan adalah seperti dalam jadual Q2 berikut :

Jadual 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°
Joint Set 1 & 2 Plotted as pole as shown in Figure Q2(a)

Joint Set 3 Dip 56° Dip Direction 199°

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

omsas | ARETLDEE | A D eton
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(b)

(c)
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(e)
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Analisa data , dengan diagram yang telah dilabel dengan jelas, dan guna stereonet
(Figure Q2(b)) dan tracing paper/s yang tersedia.
{11 markah)

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

Hast) keputusan ujian beban titik (point load test) memberi nilai index kekuatan beban
titik , I, = 40 (MPa). Garis tengah (D) sample = 40 mm. Kira kekuatan tekan satu paksi
(uniaxial compressive strength) batuan tersebut menggunakan rumus dibawah ini :

Lss0) = Is x F
F = (D/50)™
o, =221,
(5 markah
Definasikan apakah istilah nisbah poisson itu 7
(5 markah)

Definasikan istilah keteguhan (stiffness) E dan perbezaan daripada £; dan E; .
Terangkan penggunaan £ dalam rekabentuk.

(5 markah)
Terangkan objektif daripada ujian ujian berikut :
- Ujian tekan satu paksi (Uniaxial compressive test)
- Ujian ketahanan cuaca (Slake durability test)
- PUNDIT test
(5 markah)

Jelaskan dengan ringkas tiga (3) proses geologi yang utama yang merubah struktur
permukaan bumi, dan beri komen terhadap keperluan seorang jurutera perlu
memahami terhadap pengetahuan asas tentang perkara ini.

{4 markah)

Apakah yang dimaksud dengan plat tektonik (tectonic plate) ?
(4 markah)

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

utama.
(4 markah)

Bincangkan contoh tapak/lapangan yang sesuai yang menyokong teori plat tektonik

dan keterkaitan dengan jurutera awam (civil engineer).
(4 markah)

Sifat sifat fizikal mineral dapat diamati dan ditentukan dengan ujian sederhana.
Bezakan antara istilah berikut
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(a) Warna dan serbuk wamna (color and streak)
(b} Kilauan dan lut sinar (fuster and transparenc))
(c) Celah dan patahan {cleavage and fracture)

(4 markah)

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

Apakah perbezaan antara proses tindakan membeku (frost action) dan nyahbeban
(unloading/ exfoliation) dalam luluhawa fizikal?

{4 markah)
Tulis dan terangkan dua (2) proses dalam luluhawa kimia.

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

(4 markah)

Terangkan jenis mendapan yang datang dari hulu sungai yang berbeza dengan hilir
sungai.

{4 marks) -
Terangkan parameter parameter yang mempengaruhi penempatan mendapan

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

Table Q6.
Detail detail arah terowong
Jurus daripada paksi terowong (Strike of | 30°- 210°
the tunnel axis)
Kemiringan ketakselanjaran dalam 10°
terowong (Dip of the tunnel drive)
Arah kemiringan terowong (Dip direction | 120°
of the tunnel drive)
Lebar terowong (Span of tunnel) 10m
Tinggi terowong (Height of tunnel) 10m
Detail detail Massa batuan
Jenis batuan (Rock type) Granite
Keadaan Luluhawa (State of weathering) | Moderate
RQD 54 %
Jumlah kekar dominan (No of dominant 2 plus random sets
Jjoint sets)
Nilai kemiringan kekar (Dip magnitude of | 70°
dominant joint set )
Arah kemiringan daripada kekar (Dip 120°
direction of dominant joint set)
Arah jurus daripada kekar (Strike 30°- 210°
direction of the dominant joint set )
Keadaan permukaan kekar (State of the Slightly rough
rock joint surface)
Purata panjang kekar (dverage lengthof | 2m
Joints)
Lebar lobang kekar (Joint separation >Imm and < 5 mm
(aperture))
Kandungan material kekar (Joint infill) Up to 5Smm with non softening mineral
coating
Jarak antara kekar (Joint spacing) 150 mm
Keadaan air dalam kekar (Joint water Occasionally wet
condition)
Kekuatan batuan segar (Strength of intact | 9 MPa
rock (based on point load test))

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

X
Jn Ja SRF
Gunakan jadual dalam Table 6(a) dan Figure Q6(a)

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

(10 markah)

Anda mesti melampirkan tracing paper kedalam buku jawapan.
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B

5

Figure Q2(a) : Polar equal-area streonet marked in 2° intervals
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Figure Q2(b) : Equatorial equal-area stereo net marked in 2° intervals
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Table Q6(a)

DESCRIPTION VALUE KOTES
1. ROCK QUALITY DESIGNATION QD
A Very paor Q-28 1. Whare ROD s reponted of measwad as < 13 (induding 0.
B. Poor 25-50 a noiminal vakee 3 10 is wsad o evaluate C.
C. Fair 50-75
D. Good T5-9¢ 2. AOD intevals of 5.i.5. 100, 95, 33 2kc. are sufficiently
E. Excefiont 90 - 100 accusate.
2 JOINT SET NUMBER I
A. Massive. no ar few joints 0510
B. Ong joint sat 2
C. Ona joim set pius random 3
D. Two joint sets 4
E. Tw joint 5418 plus random [
9 LR mimeaiinsvoe 349 49
G. Threa joint s&is plus random 12
H. Four or more joirt 5315, random, 15 2. For potals usa (2.0 = J)
heavily jpirted ‘sena cuba’ ete.
J. Crushed rock, eanhike 20
3. JOINT ROUGHNESS NUMBER A
a. Rock wall contact
b. Rock wali contact belore 10 cm shear
A. Discontinuous joints 4
B. Acugh and rreqular, undulating 3
C &SIz umalig 2
D. Shickensided undufating 15 1. Add .0 if the mean spacing of the relevant joird sa155
E. Rough or iireguitar, planar 15 graatar than 3m.
F Smogtt Marar 1.0
G. Slckensidad. planar 05 2./, = 0.5 canbo used for planar, slickensided jeints having
¢ No rock wall cortact when sheared fneations, provided that tha lineaticns ace oriented for
H. Zones comteining clay minerads thick 10 mismum strenglh.
Brad@ghi s pig. ol T2oE wal oalast M v Erh 4]
J. Sandy, gravely ar crushad zoere thick 1.0
encugh i sravent rook wal 20Nt {nominal
4. JOINT ALTERATION NUMEER . vl it B
a. Rock wall contact
A Tightly hedled. haed, non-scftering. a5 t Values of v the residual fictior: argia.
impzogits TIrg b B e i Sl el otof st M o] 1
B. Uranared |im walks. 5us3ce stanwag orly i 25-3¢S 1o the minsraiegsal cmossties o e
C. SEghthy als-od jcint walk. rorso®aring 20 25-30 ateratizn oroducis. ¥ poesant.
miteal soatings, saady panicles. day-froe
) L
O. Sity- orsand-clay comings srad clay- 3.0 2C-28
fractizn {nsn-soiieing)
E Samzty ot AP PR LT 2.
ie kaclriz. mica Also chiodtz. ta'c. gypsum
and graphits et and smad quantiies of swelling
clays, ileortie cun toshegr T2y otlesn)
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Cont’d

4, JOINT ALTERATION NUMBER 4,
b. Rock wall contact before 10 cm shear
F.Sandy paricies. clay-h:ée, GHnleqatag roch fic 49

G Suoagly overconschdaled non-sefigring 60
day mrral Mings scortiruius « Smm Mk
H. Modrum ot tow over-consobdabon. seflorng 8.0
clay mneral Blings (continucws < 3 mm techy
J SwlEng Sfay gL 10 montmafante, 80-120

(COPtneOUS « 5 mim thech)  Vaduos of 45
depend oa parcont of sweling clay-sze
parbcies . and JCCRS5 O w ket

¢. No rock wall contact whon shaared

K. Zones of bands of dsirdegrated of crushed 6.2
L rock and dlay (500 G F and Jfor day 80
M conchons) go-129
N Zonos 0 bands of sl of Zandy-Cay, smad 50

day fraction, non-saflening

. Thick continuous 2ones or bands of clay 19.0- 130
P ER qsee S 2 i oy condhbio ) 50-240
S. JOINT WATER REDUCTION Vo

A Dry excayabon o minoi inflow 1.e. « 5im localy 1.0

B Medum inflow or prassute. socasional 06

outer 350 of jo-nt tllngs

C. Large inflow or high prossute m compotant (o 05
wih unidied jonnts

O Large infiew o hagh prosiura on

E Escopuionadly bigh infiow 1 prasses atawing 92 ¢
docaping with 'mo

£ Excophionaly hagh iaflfow Of DIossue 01-00%

6. STRESS REDUCTION FACTCOR
& Woakross zonos tntorsocting excavation. which may

cause loosering of rock mass when tunnel is excavated

gpih

B S'ru;a]wos«nes:. Iones contunming day O chwmially s

tWograled (ock (0 CX ahen dopih .. ST my

D RIS LS S VTR S N AR
tegr dted roch o scoiaben cipth - S0 My

D, Multipto shed: 20995 1 COMPIIEM 135k (Cidy Po: tC5R
sutinding reck fany dopthi

R T £ T TR T -
G abon < STmy

F oS30 shAal 2000 1 I3t rb ok iy T 300 ol
[IH% FRUGL S Tal, 1

e LT L Wy

LR . R S e o)

A g ptnuinngs b aomtant fond: orivany Sy oo

B BT ENE B N

o JOQILas Ipproad

26-30
16 - 24

12-16

§-12

2
appion water pressure gl om®)
<10
1¢-2%

25100 ' Factors € 12 F arg oude eshmales;
nerease S A Ganage nslated

. 1G 2 Spoaal zrodioms tausod by <o formation
are nel conaideind

> 10

R o T

SIS
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DESCRIPTION YALUE NOTES
8. STRESS REDUCTION FACTOR SR
b Compeenirock, rock s£ass probiems
Fo'oy apy 2. For §2rongy ar-solroDis vIpn sess Nakd
H. Low siress, nedr sLrace > 200 »13 25 if MEEsirad) WHEN Soeriag 10, reuce o
J. Medtur stress 207-12  13-066 10 Wl and oy a0 g Wha miog = 18,
K. HigT stress, vy Qi siructare W0-5 0.66-033 35-2 rRdice o EN1 o 16 2 6 ENG 0.6en, WrRTE
[USUAy fEwOuretEs 10 Sabilty. may o - LNCOMNed SIMEressye strngin, and
o untewoLrEsts i wal slabitly) o ~ i2nste slrengt (pant fosdt ard o, ard
L. MAld rockburst (TFassy 2 k) 5-2& 3.33- 16 513 Ay 32 THE T SpI1 end TR FInGpal sTe5588.
M. Heawy rockburs! (Tassv2 rogk) <25 =016 10- 20 3, Few case fosords dafetle where Jepin of
& SEreezing reck, piastic Sow of NCGMpenent X CICWE DO SLITacs [5125S INGr span widh,
under influence OF tigh rack pressure SURgEs. ZQF ITreass Mom £ .51 for uch
N. AJd squee v rock pressure £-13 2535 (see H),
O Hesvy sqUe3Tr] reck pIasspe 19- 20
d Swefing rock. chemical swoling aoviviry depending on prasence of Warer
P 2212 sWeling rock pressure 5-1¢
&, Hedvyy ow 3l g ok pressyre 10- 15

ACDITIONAL NOTES ON THE USE OF THESE TABLES

Whe ¥ 30 astimHes of ha rock mass Cealty 1S t%e 2w 1 Quida nes shot d 26 “3Iowed 1 3gdilicn ic he nates sl I he

wles;

TOWHer byero’a 2ove IE JraEIEMa. 90 2ar D2 6SIMENRd aT NG ruT e 27 ealE Do L0l vIlume N Wi o the number of Dins
par Tolrs 37 03¢h Hnl 260 312 3000 A TR 2 3IINER D I3F D€ 0320 1D S)VET TR TUThar ie POD T e £ase ¢ 33y e
FOCK Ta3308 BOD - 115 - 3.3 J, [appr3x.h, whare J, ~ 1313l rurter of jonts par r? Lo BCS cAD2 20 35 - 4 = 450

2. The palaneler J, Spresar {F2 number o 5irt tets W sier be 2ifeciad by folalion, schetselly. 33y Segvage o bexdng eic. f
STCHlY JE4slepad, Thesa DEETE jonlE thIud eVIGEEYy be SoUAleT 32 3 SOMTIETR (oAl 32l HIwewor, f (hare ar2 o janls’
wsltle, o foriy Jccasora Besks n P 5070 at2 2L D ihese fealures, 1o el DR Mot asproriEla 1 oLtk trem &3 tandam’
jonts wrer svaiuabng J,,

3. The parsmaters J &nd Jy deprosentirg shags storgir) shcu2 be alavent ic lre weaies! sign®cart Joir: cef or day nlad
asoorinudy it The SN IINE SRR, I INE Jor 32007 s TuYy wah iR MA TUT VA of AUy s fanyrally oaeted Tor
sanlfy. met 20503 258 1w oursdy siated por! sl oo dacotlr ity mEy Semel Tos b2 mee S50 FREr, and s Tigh e vaue of
dfdg 3T00EC E€ J501 WHEF €@ JE g Q. Tha vauc o* J,.'.,'s ShoLdIr 1ach 130 10 IF 2 S073ce ML ike s 1 2 W falua o Inibete,

4.WWher & 100K Mass cerlEns ¥y, tha (23 JRF 3peroprlala to lcosenlnd 10323 sNCS'T to ovalL sl ™ 3ach cates Ine strenfih of
e WS radios aliia el Fawavet wtom ol I E BT Ty IE 0T e Eey 35500 e sirzagth o' mruck mEy
DECITR 76 WCALCE. WA 20 e At w1 0reans or D PRI e 2racksiarallr A < slrazE fild
{E WS TAnE 167 Soabally ard 5 1ILgNy 2CCCUTTAG IS As I GEis 2P 1Fa HArD € 157 Tess T2z lasicy aVaalica,

& The OOTRI2EEhie atd iensla sUCNENS (g ard »p X Ne nles ok shoald Ge oL T o e s3luales condton M ih3 s

dLTe T 3L rdirs A gy parsonialt e st e SEiFe 2ronglt sReLld De MmEdE Tor s TeokE

z e I 1oy

arprazr sty e proesor &
R I s A I TEDIECS I RO

Excavation categery ESH

A Temporary mine openings. 35

8 Permanert mine operinge. water tutnels for hydo power lexcluding kigh 1.8
pressurs perstockss, pilot forrels. drfs ard Feasirgs o large sxcavaticrs.

c Storage 1ooms. wate” treatmar! plants. minct roagd and raifway tunrels. suge 1.3
chambers, access tunneis.

D Powar stafiors. majer roaZ and elsey Wunre's. ol deferce thembars. 10
pofla’ inttersections.

E Undergreund nuclear powsr stations, -aiway staticns. sporis and public 0.8
facilties. factories.
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ROCK CLASSES
F E D c A
Endeptionally Extramely Vory Foor | Faw Very Eat Enc_
poor oo good| pood | good
10 114 —1r e . b 20
i Lll } [ -
_— Y] 29m H 4
S0 f“‘:—| 1 i " ;
h w‘ vt [itam g M a
] 2 [ » Tz
E, 2 e zefl| I g
f 0 » 7 0 5 Gb ! -4
£ i a
" -
£ Y n
3 o G : -
s : 24
2 14-1.%
1 el i K
5.001 0004 0.0t o4 04 04 1 4 10 100 400 1000
RQD
Rock mass quality O= — " X ¥ cor
RENNFORCEMENT CATEGORIES:
1} Unzupporiod 8 Fire rebbied eholirele andbiiling 9- 12 am
1 Spetboling 71 Flse rendopomd shokrele and biflng 32 - 150m
3 Systamalic baling 8 Fitwe ronbhiood shoktold. > 15 ¢m,

4) Systematc baitng (apv Unaniceced sholizele.
5 Flre renborced sinicrele and oiing S - 9 0om

rohicstod Al of sholrete ad boliag
91 Contoonorede inng

Figure Q6(a) : Estimated support categories based on the tunneling quality index, O
(After Grimstad and Barton, 1993, reproduced from Palmstrom and

Broch, 2006)
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Table Q6(b) : Rock Mass Rating System (After Bieniawski, 1989)

A CLASSIFICATION PARAMETERS AND THEIR RATINGS

Parameler Ranges of values
For this low it
Poil >»10MPa 4-10MPa 2-4MPa 1-2MPa ive test is preferred
strength index
1
Smj;;{ Uniadal ;
act Compression >250MPa 100-250MPa 50-100MPa 25-50MPa 5-25MPa . <1MPa
material 5MPa
sirength
Rating 15 12 7 4 2 1 0
2 Diiif core Quality RQD 9(0%-100% 75%-90% 50%-75% 25%-50% <25%
Rating 20 17 13 ] 3
3 Spacing of discontinuities >2mm Q0.6-2mm 200-600mm 60-200mm <60mm
Rating 20 15 10 B8 5
. . " Soft gouge>5 mm thick or
V;rgl r:;.:ngh surfa;zs. Slightly rough Slightly rough Shickensided Separtion=5mm continous.
tinous. surfaces, ¢ hon < surfaces or
4 Condition of discontinuities (See paration, Separation <1mm. 1 mn“SEF artion Gouge<5 mm
E} Unweathered walt Siightly weathered then |q Y thick or Separtion
rock. walls. we walls. 1-5 mm continous.
Rating 30 25 20 10 0
Inflow per 10 m
hunnal length None <10m 10-25 25125 >125
{uUm)
Grotndwater (Joint water
& press)/ (Major o <@1 0.1-0.2 0.2-0.5 »0.5
i
General
conditions Completety dry Damp Wet Dripping Flowirg
Rating 15 10 7 4 0
B. RATING ADJUSTMENT FOR DISCONTINUTTY ORIENTATION (SEE F}
Strike and dip onentations Very favourable Favourabla Fair Unfavorable Veary Unfavorable
Tunnels ankt mines. 1] -2 S5 -10 -12
Rating Foundations 0 -2 -7 -15 -25
Slopes 1] -5 -25 -50 Q
€. ROCK MASS CLASSES
Rating 100-81 80-61 60-41 40-21 <21
Class number t [ in v v
Description Very good rock Good rock Fair rock Poor rock ery poor rock
0. MEANING ROCK CLASSES
Class number ! [] 1l v Vi
20 years for 15 m 1 year for 10m 10hoursfor25m .
Average stand-up time span. span. 1 week for 5 m span span 30 minutes for 1 m span
Cohesion of rock mass {kPa >400 300400 200-300 160-200 <100
Friction angie of rock mass {degree) >45 3545 2535 15-25 <15
E. GLRDELINES FOR CLASSIFICATION OF DISCONTINUATY CONDITIONS * {1) 1S RATING
<1im 1-3m 3-10m 10-20m >20m
Digcontinuity length (persistence) 6 4 2 1 0
None <Q.1mm 0.1-1.0mm 1-5 mm >5 mm
Separation (aperture) ) 5 4 1 0
Very rough Rough Slightty rough Smooth Shckensided
__Roughness L S 3 1 0
Nong Hard filing <5mm Haxd fifing >5mm Soft BRing<2 mm Soft filling 5mm
Infilling {gouge) ] 4 2 2 1]
Urwweathered Shghtty waathered Moderately weathered Highly weathered Decomposed
Weathering & ] 3 1 0
F. EFFECT OF DISCONTINUITY STRIKE AND DI ORIENTATION IN TUNNELING
Strike perpendicular to tunnel axis Strike paratied to tunnet axis
Drive with dip- 45°-90° Drive with dip- 20°-45° Dip 45°-90° Dip 20°-45°
Veary favourable Favourable Very wiiavourable I Fair
Drive against dip- 45°-90° Crive sgainst dip-20°-45° Dip 0°-20° —imresp of slrike
Fair Unfavourable Fair
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Rock bolts
Rock Mass class Excavation . (20 mm Shotcrete VSteel sets™
diameter, fully
grouted)
[-Very goodrock | Full face, 3 m Generally no support required except spot bolting
RMR:81-100 advance
1I-Good rock Full face, 1-1.5m 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
1iI-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
1V-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 min in sides. where required.
heading. Install in crown and
support concurrently | walls with wire
with excavation, 10 | mesh.
m from face.
V-Very poorrock | 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 poling if required.
Shotcrete as soon as | mesh. Bolt Close invert.
possible after invert,
blasting.
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