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BAHAGLAT\ A (25 mrrk'h)

Sr (a) Ilmu pensehhum bcrkcnun (;cologi da! C4ologi K.ju rcdn adalah p€.ting
dalm bidan! Kejuruteren 

^r!am.
(i) SerikaD defnisi ceolo8i dan ceolo8i KeluruleEd

(ii) Ny akandu!(2) perlaklada.n bid.tr8 ceolosr Kejuruteran d,lam
Kc Jrurc'adl Aqatr' )ery Tr''bdti1b, tr' abu bahtn b 'ai

(iii) Apakah paplk rckronikddnjchsk!tr.nnrl (r)renis senpadan p.pak

(b) Hakien merupdkdn $ru agcn pcnring ddlan frenS.ngkur dan memindankan

bahanedlmen)angtdrhjsiLdriF,m(rhrnbaruansecaafiTikrldankimiadlch
tindakbalas pel!ltrhawan.

(i) Beriltan dcfinisi onah baki d.n ranah leEngrur'

Ui, N\drJldn rjer rJllcn5 b.bJn b(nd'nd \"rgJiba{a oleh dru'

(iii) rcnnskan emplr (a)jcnis *dime. )us rc.krnpul di p€rskibm benua

b{-Elna $ma lirc.irpcnrinSn)a stilp eru

(c) Mekanik Baru.n mcrupaklr bidanS sains gunen dtn tclah dikenali *baga'
sallh etu dripadr dkiDlin 

'lalaD 
bidad8 kciuruleBan *j.k bcbe6pa dekad vang

() N)aralrn t' ddng trn8{'Jn MrLrnik Ba!'an

(ii) Scnardikm onDlli4)jmis 
'riikaji 

ylns dijdankan dalm 0jikajikekuatan

(', Benlan rjgr(lJ kcbr'|,Jn q lJ iinJLls.



It^llAClAN B (50 mrrl$h)

s3

Kiakar trihi Penonda Muru Baruan (PMB) reF.ni )!ne ditonjulta. dalan

saru bilil pe'necah Lnltrk lonbong b$!h tan,h !l!n dikorek pda kcdrldi,ar
2100 nr dari aras p.mukutr b0mi. Keslabilan jasad baoaD bergrntung [pada
dua *r lekar 6mbah Esak xckarreBebur adald,lGw dar b€rebh scnrtrhatr
di ins batlan dilapki kclodak abu p6ir prclh hnah liar k3cil. tijiltaji
makmalptrda emp€l koElta. baruan snpuma mcobuikan nilaipuEb lcluahn
namp.ran satu p.kli scbantrl 90 N{P.. Arah tcSaen prinspadalah dianSSarkan
m€nd ar dan pugak dan magnnud legasan Drinsip mcndarar ad,lah dirngga en
seb!trtnk 1.5 lcbih daripada tegasan prinsip pu8ak. Jasad batuan be*cdda0n
lcmbdp screnpar den8.n pchgali.an an *dcrh.na. l)cnsm mengtunak.n diri
PMBdariprd,52(e).ln kanriLaiQdenganbcBrndukanTrbl. l.

(c) Sebuah r.ro$one dibim m.lalur balupasn sde !n. rcrluluhasa be*.admtr
kckar dofrinan beBrdur hnningai l0' dan mirinS pada 

'ah 
l.luan mdsr[

pcnrbinun rerorone luru\ lctakseianjrrrn ad.ldh bcrsereniang dcnstn prksi
tcro{org. lrerdaerkan triiaD bcbaD ritik, [elurlan bdtuan aJalah 5 MPr Kek]r
mcnuniulltan silarpemukatnscdlkitkrsff. panrrn8 kcl€r berpur.la 2 m. bukDn
kckn bcrukumn anba 2 mD hin8ga I mm den[an bahan kian keras $bai)zl ]
mn dan punh jank tnrad k€kr adabn 0i nn Keadd trrs .n buni
turosdng rdrlan di drld lcadan kenng bn8lrp. &ngan me.g€unakM nilai
PMI} daripada s2 (b). ktakan nilai f,,.t Mar Rdr,,e (RMR) dc.san
btrp.ndukan kepad, TtbL2,

Ca'langn p.mbinan jajamn lcbuhd)a adalah scBni )ang diberikan dnlam
Figure Q3 fiilai sudur kcmningan bagi .ctun pobng A dd B rclah diulur
sebanrrk 60'. Kerja-kcrjd rinraBn keblshnjaan clah dilakukd di epa.jang
crdin8dn cerun potong (A daf B) drn kepuiusnnta ldllah sepeni yaig
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(i) Plolka. kesemua oricntasi basi setirp ketak$lanjean di abs sc[ru
plotan kutub denBan mln$unakan jaingan nere. srnr Luas dal,m
Fignre Q3 (!) dai kdd6 {trih }ms Ji$di.kan.

(iD

(r tru ,[)

Anggarkan dan pldkar lcdudulan pumh kutub unrrk s{irp $r dah
Fne lelah diplor dari Sr (a) dm lukrskonbula6n b€qr bagiscrirp purara
lun b unrul \cnap {r ltc'.:rn'ru ulaahdM ddl' le-n J'n
bagiscriap scr bullran trsff yan8 relahdilukiskan nu dalo r'.brc r

(iD

Denco merujLk keprd! Fisure QJ. jr*?b sMlan benkur:

(i) aerikan dau basij'trus dan a.ah mnins baei cetun porlns 
^ 

d.n ll

Berdaslkan jaqapar ydnsdiF-rolchi daripada s3 (b) (i). lulisk0n bulaun
bcsarbasikcscmua anh cctun reAebur (A dan B)

Liiit

(? markrh)

Kajian sr kekar nrcndrprri kc$h0. nilai sudut geselar kekar baruatr
pada cerun reNbur adalah 35o. Lukiskan nilai sudut geseEn re6cblr pdr
kcsmu.c$un   dm ll diahs ken,\ surih)eAsma

BerdMk.d jrsapan drriS.' (!) dan Sl (b). periksa dad rcniukan k$mu. mod
keeacalan cerun batu r_!ns dicadanskan rer*but berqma \ama rritcrilnta
*baglibukli. Jadullkan [cpurusn lcBcbur pada T.ble 6



BAHAGIAN C (!5 mrrlah)

Sl {r) Semae kajid kpak, did.pdi ked andn retrkm keregangan adalah scpanjane
I t merer dan an thh mdmdsuki rehku tegan$n re&bur $blnyak *paruh
daripada kedalaman teselutuhm relakan tegangan teAobut Nildi surltrr gcscran
ddalah sma *p€ni yan8 dih-ikm p.da s3 (b) (iii) Maklumur makl0mat Lain

]ans dipcrolchi daripada k0jian rdplk d.n m.kmal adal.h sepeni huik(r:

BeBrunirbaru -25 kN/D',
aeral unit an - 9.31 kNh'
K.rina8ian srr.h - 100 nerer
D.)a jclckihn kc*mua sbn
Tcrulan8jcnirYr l0 ton =

Denean mengeunakan data curun tang dip.rolehidtripada Sl (c). k rdkan faktor
keselamabn kegrgalan \arah blgi cerun A setu simpulkan kcstahilannyr
bcrdaerkan ke pulusan yatrg d lF- rolch L bcrpandukan FiAu fc Q4

Danpada Sa (.). ane€a*atr lcruhng boh pcnambat teftgang (l)yatrg drpclukan
olch ccrun B jika Erulaig bok penambar rncaang teNbu dimosukkM p.da
sudur (O) l0'pada nLlai ldki(tr ltesehnrkn 1.5 scpetu yarg dikchcndr[i oleh
klien deneo b€rpanddan ligurcQLl.

(s ma*ah)

rcruleejika $esen pemecah targ drbina.dalah
lorbon8 teduka retap belpa0dukon jdwdpan 52

(s markah)

yang haru\ digunllotr dengrn
beaandukan kcnada Trbls 7.

100tN

Beikan p€niLaian untuk karcgon
I t m dan benda dalu l€r.gori
(b), Table I dan Fisurc4{c)

cadlnskanjenis siico $lonson dan pergorekan
trilai RMR )angdipenlehi dariprda ja$opan s2 C)



(a) Dib.rikan dara bahaeir aras ccrun ialah 0tJ"/00' Scnasr krjiu dilrlukan.
kcdrldman rebkan t.set.n &ldlah ledrlm I 5 merer dan an ielah memlstrk'
rculu rcgrngan teuebur lebanyak separuh darip.do kodil.man keseluruhan
rcukatr(eganganreftcbur Nllaisudutgeseran.drlahsdndsupeni!.ngdibeikon
p{dd s:J (c) (iii). MalilumlhakluDar lair yans dipdroLclridarlpada kajian tapak
dan Dalmal adalah seperli b{r kur

BeBr u!! baruln - 25 kN/m-
Red unnan = 9 3r kN/mr
Keting8ian baji = 150 mder
DdJajclckirMkdsenuasbnkcbtsel.nlann 50kPa

Dcis.n nenggun.kan dar.cerui yrns dipcmlehidaripldr SJ (c). ktakai laktor
kcscLrmdhn k.gagalan kcgrgd ri bdji ba8i ccrun B senr rimptrlkan kcsbbilantrya
b'jd$rkin keputusnny. bcrydndukdn Fignre Q5.

Iluil.n pcnilaian untok .ilai kcjelekibn da! sud{ gcseFn bau prsn
bcn ndtrkan dcngan nilai RMR trng dipcroiehi dari 52 (c) b.Dandukan kepada

(c) llcrikan penilaian mengetror kcrahananan lerewong rcrscbur latrpa sok.ngrD
dcdgan nilai RNIR yang dipcrolchi dari sMlm 52 (c) bcnandukrn kcpada Tablc
2

l\cr hn tigr (l) lelebihan pmlJr.'n Pcmbiasai 5eismil.



Ql G) lhe Ino*Lcdge of Geology .rd lngiieerin8 Ccok,g} aE imponufl ir Civil
Enginccri',9 ,ield

ri Cnfrhede"' irono'CLU| rl rnd rngin.nins Ceoloe

(ii) l)cscrib.lso (2) EngiruringCeologJ priclices in Civil Entinddiris
prujcc6 shich involvcd rhc eanh or eanh mare.iaL\

(iii) D{rine lsronic plarc and des berdur(4)ryp.sorplatcbound0ncs

(b) Eosior is on. oifie i'lp.ndnr lgent of EmouL aDd tanspoturiDn of \urfici.l
neials shich is rhe podud ol phrsicalan,l chcmicrl brakd.\n of rck\ b!
prdess or $carhering

() lt\-i'b(rh!de- ron I'c 
'dudl 

{ L Ji ran.poned " l

(ii) D.scriberhft (3)dillcrnrt_\pesdf load.&ried bJ nreans

(iii) lrxpliin rour (4) lyDcs of sediment lhal accumuL,tc 'd 
cantnenul

cnvitunnenr $ith rhcif cNh impod!fi charuolcristics.

(c) R€k Mehanics is a field ol applled {iencc lnd has been Rco8nted as r
'lisiplinc in cnsitreeinssinc! rhc las fou decldcs.

(i) l)o$dbcrhcsrudlof$ckmcchanics.

(ii) | i\r four(r)kiinglontlldcd indneriRngrh rsi.

I iii) \'Ic rhre (J) advanuscs otinde\ Len



QT C.lculatc thc Rock Qualily Dcsllndrion (RQD) vlluc liom Fjeurc Q2

(b) A crushet.hmb( aord undcrsround mine is ro bc.xcavared ar a deDr[ of2l00
m belos strfige. Th. ro.k m.s conhins rtrojoinr scrs plus Endom cofuolling
$ablily lh.scjoinrsarcrough,planarandrcckq.llconracr!assilly orsandy

ciay oourin8s with small chy lilction. Laboruktry iesl on corc sornplcs of
inuc. olt givc an aremgc uni.rial conprcssivc srcnglh ol 90 Mpa The
principal ntos aro rppm\itoarclr ledicil rnd horir.nbl and rhe m4niruJe of
lne hornonkl pincipal ntos is approrimtr.l) 1.5 rimer thtr of rhc \enical
principrLiruls Ine rdkn6! i5lsallldmp Nifi medium innos A) 6in8$e
RQD vdl( oblained from Q2 (.). calculate Q bA.d on dala giv€n in Tablc I

(c) A runncl ( connruddd dd drivcn rh@ugh modc4rclt searher€d $ndi.nerifi
a dominanrjoinr ser dippi.g at l0'\itn de diEclio. oi$e tunncl dri!.. Tne
disconrinuiri.s $rike p€Dcndioular ro rhe lunnel ais. Basd on rhe ll)im load
rcs, rhc nrk (En8$ n t MPd. lhejoinG.rc sli8hrL) rcueh and a$.age lengd
oljoinr is2 m Rirh a septririon ber*een 2 mm bl 

'nm, 
$nh 2 mm hnd fiilling

matcdah and spacing bq*dctr.ioint is 03 
'nn,. 

Goundwarcr ol luneling
c.ndnion drc mricipded to bc cotr,pLetely dry Bt uii',Bthe RQD vrlucobtained
fiom Q2 (s). calculak 

'ne 
RNI Ma$ Rari.s (RMR) va]ue ba&d oD lhc dar



Q] (a) A proposed high*ay rliSnrc ls ihown in ligurc Q3 l)ip anglc ar cur slopc
melc! ,nr nope A and B arc 60' A dkconriruitJ survcy *6 conducrcd rlong
rhc pro8xed cut slope   rnd Il and tne rcsulls are g1!cn in Tabl..J

129./63.

l'o( all rhe polcs $ovc for rhe sl.p€ disonrlnuir! oricnrarion dah on.
ncr.oier b] usin8rhc qL'al arer eq0a!oial icr ds !ivcn in FiSurcQ:l (r)
Md rne kc'n3 p.p!r a,vcn

('i)

(ii) I'srinare and plo! $e mcan poles for each data ploh€d rron Ql (r) and

Jrri rhe gear cnch for all respectivc mean poles. Detcmine rhe vrhres
of dip diredion and dip angle lor all mc$ great cirles plo(cd and
hhtrlare rhe uh'es in tnbh,r.

Ansq$ rh( rolb{ ine queni.i sLrh (lcrcn(e ro figure Ql.

(i) l)ctermine the vrluc! of nrikes rnd dip dncdions for
slope A and B and labularc the values in Trblc 5

3) u5ine $e rsrer tom Q3 (b) (i). dr,$ rhc eEar
nopc on all dnsrion (,\ and B)

(iii)   sud] ofjoinr lsa rcvcals rhat allloinrs havc a f.icrion angle ol l5o.
lrrs r\e i. on,1;l( rur.tope,l dnd tr l l|(\{nc14.'nCrrrs

Ba*d on the 3nsveu rron Ql (a) and Ql (b). ralr-4lhc enrne mode oi['ilur
.t rh. roposed rocr slopc (A and B) and surc thc criteria is an c!l,l.n.c.
Tlbularo rhc rcsulrs in Ihc Trblc 6

rr;

l!l!
r06
I6
}0

'rF70- 
i54.51.



Q4 l)urin8 a sirc iud). n !6 lautrd rhar a knjdn
filled \irh $dcr ro halaofirsdcprh. The liicrion
in Q3 (c) orhcr inromarion ft,m rhc sne nudy

nack ras I 5 mcrq deep and
angle valuc is rhc \rmcaseilen
ard labontor) *orks rt gLven

()

RGk unir\eigh - 25 k\nni
war.r unir seish = 9 8l kN/m'

Cohesi.n ol.ll di\continunies - 50 kP.
aars ior Yx = I 0 ion = 100 kN

UsinC rhe cur rlopc 'lah 
froo QJ (c),calculdu md concludc rhcsafery aacror lor

pl.nc failure lirr slope A bard on the iomula given in rigue Q.l.

Frcm Qr(r). cnimar the icqtriad reinroremcnr *ihrensioned chorbolrs(T)
of slope A bascd of rhe fomula gnrn in Figurc Q.l. Civ.n rhc lniallatiotr ol
anchorboltsulrngle(O)is20o!ndthesafery tiidorneedcdbyrhcclicnris 1.5.

Iirzluat rh. rcinforcement cdcgor) ifrhecrushcriarion span NisBiren in It m

and falh inro rhe category of permanent minc openings bascd .n rh. Q valus
obhined irom Q2 (b).T,hl.I ard FisunQ.l(.).

Propose an appropriare excavarlon and suppon )ncm bard on the RvR valuc
obtained rrcm Q2 (c) and ba*donTrbleT



Q5 (a) cilendahforlheuppcrslopeir05l'/00" Duringasirciudt,irsaslirundlhara
lensi.n chck *.s 1.5 merer docp and filod with sat$ io hall of its Jepth lhe
liicli.n lnsle laluc is dE sr as eivcn in Q3 (b) (iii) olher irrlbmation riotrr
rhesirciudt dd laboBio't \orksftsivcn as lollo\r:

Roc[ un]t*tighl = 25l\r'n'
\\ar$lnit*eigh =931 lNh'
llerghrofsedS. = l50m
Cohcsion ola ldisconrinsirics= 50 klJr

Ily u\ingcur dopc dah ftom Q3 (.). c.lctrlare ddd codcludcrh. sale! aacror lor
wedgc biluR for dope B bascd on rhe ldnnula givcn in ligure Q5

(b) DerermLnc rhe vauos olcohesioi and tiicron an3h tif thc sand$ie...oding
roRMR valucobraincd fron Q2 (.) bascd oD rhe vrlucs given in l Nbl.2

(c) Assss lhc sand up rifte ofthe tunncl wirhour suption usin8 rhc RMR value
obrained 1rc6 Q2 lc) bed oi rhe valucsgiven in Trblc 2

rdr 6nr rhrNrJr:,1\rr"F-.o $r'n Rennr,o. equ tn(n

tl



!.INAL f,XAUINAIION
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F*tr.s Qr: lrn.onrindirie\.n.tr'ra-c o'rl-L runnelrd lUr\ed f-ur rl-c Lnnr ir JrL'Jl
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FINAL EXNMI\ATION

Trble ! : lr!rl Mrs kdints S){em (Allcr lrkn J$!ti, l03o)
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Figur.Q3: Poposed@adalignmcdandrheb.\curofdknop.AsideandBsideiom

t3



ricurcQ3(r): Equar{rua .qullorial not for plotilng pol.s and soatcirctos
IDO NOT CHANGE THE SIZEI
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FINAL T:XAMINATION

Trble,l
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I;II{AL EXAMINA]ION
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FINAI NXAMINATION

Fos .A+aWco50 tJ-vsin0+I si.iorlljlhO
wsinp+v.os0 r cos(o+!)

A=(rrz).co{.0
\\ - %r,.H'l(]-(z'D loorf .oral
tr = % y".2,,.(ll-z).coscc lrv ,17*2"

cos: l/sin $c=lrcos cot=llm



FIN4L fXANTINAI'ION

t

i*rho.ri'vo--!,9.* '
iarfo.c€ccr' c/nE6c!:

fr

Figurc Q4 {c) Eshaled suppon €tegones based on lhe tunnetmg quatv ndex. o
(Aier cimsrad and Badon,1993 reproduced from patfrslrom a;d Broah,2006)



FINAL f)(AIIINATION

Trblc?: Cuidelidci forc\cavarionddsuppoi!ofl0 span rock tr'nneh in acc.rdancc rirh
ftc RMR s)nr (Aflcr Bie.ia\$ki. t939)



FINAI f,XAMINATIoN

T

FOS-!(C,"X.Cr'-tA r\tTaho" - (B at\y)Tanqt
rH, 2^t 2y

x !jy0*_ Y ;ia ar_

) - q,)aL !Lt-!!!!!j a 3 - ear:!:!!L\a!:!.j !_a
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