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1. Introduction Better City, Better Life

UN fabitas running the Wddidban Campaigiich hasthethem& e t t e r

C0 Theycampa8ign inclugles ¢

vision of what sustainable wiaglopment. All infrastructures $lednielgratecconstnuction

Integrated\Appreach
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A Environmentand N .

A Sacial

ECONOMIC | ENVIRONMENT SOCIAL

* Economic performance * Energy * Employee engagement

* Market presence * Water management * Employee welfare

* Procurement practices/ * Air quality *» Health & safety at the workplace
material sourcing * Biodiversity * Training & education

* Indirect economic impact * Emissions * Diversity & equal opportunities

* Complaint resolution mechanism
of working practices

* Business behaviour

* The rights of local communities

* Community relation/ CSR

¢ Customer privacy

* Products quality & safety

* Talent building

* Organisational knowledge

* Waste & hazardous
materials management

* Environmental Compliance

* Transportation

* Environmental related
complaints mechanism

* Risk management

» Customer satisfaction

* Governance

* Innovation

* Supply chain management

Better City, Better Life
&7

Duties and Responsibilities



One wiithe Examplés forsk esSoftainabilit 6f Gonstrtictioniindustry

Pipe line installation using open excavation&
for water distribution Drs

KEY FOCUSREASEES

A . and Cracks

A Saci Soil Strengt
a reduction




TrenchitesSdeEcinigsies

ThelYsof Trenchitessdechnige ésr the Construction Of hdergrotindrinfrastouetures

Trenchliess onmdig technigues
V Ductspipes or direct burcadbles

V Trenchlesgchniques can reduce environmental damage and social costs and at {he@a@e doomomic
alternative to opanch methodsimatallation.
Pipelineddesignonsiderations
1. Pipe Jacking and Guided Boring
2. Horizontal Directidwraling
1 Pipe jacking and guidbdring

PipeJackingiseshydrauliequipmerib pushlengthof pipethroughhegroundGuidedoringuseshydraulicto powera drilling
headwithspoitakerawaybyanaugerAlignmens maintainebylaser

A minimum pit plan size of 5m x 5m, mini 150 m from a pit.

2 Horizontabirectionadrilling (HDD

HDDis a trenchlesmethodf installingindergrouncbnduitspipesandcabledromthe surfaceln thisgroupof techniqueghedrill
procesbeginatgroundevelfroma preparethunctsite Thedrillis directedntothegroundata relativelgteepanglan orderto get
thedrillindheadundergrourehdawayfromthesurfaceasquickhaspossible



Trenchless Pip@lacement Trenchless Pip@lacement
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Pipe jacking and guided boring
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Cost Comparison betweerHorizontal Directional Drilling and OpenCut Con

HDD is preferredin many urban areasof the world
dueto threebasicreasons

1. the costsof restoringthe surfacein the caseof
opencutarehigh,

2. the municipal authorities find it very
inconvenient to perform opencut in the
congestedreasandbusinesglistricts

3. the right-of-way is not accessibledue to other

structuresthat have been developedover the ©ostcategory Open Cut HDD

Amount Percentage of Amount Percentage of

years (KSh) total cost (KSh) Total Cost
Labor Cost 775.492 4.81% 915,714 5.04%
Burden 1.380 0.01% 7.367 0.04%
1.8m Permanent Material 5.306.867 32.93% 8.394 449 46.20%
Construction Material 700,927 4.35% 1.108.504 6.10%
f 300m _ Equipment Cost 7.353.853 45.64% 4.780.545 26.31%
CostusingHDDmethodwas it Expenses 494,848 3.07% 760.328 4.18%
12 1271% moreexpensivahan  Project Markup 706.925 4.39% 1.064.460 5.86%
M theopemutmethod General Expenses 706,925 4.39% 1.064.460 5.86%
Bond 67.283 0.42% 75,510 0.42%
Total Cost 16.114.500 100 % 18.171.337 100%

Ref: Cost ofHDD and open cut for thiastallation of 1000m long of 30cm in diameweaterlines underneath the busy
streets of Nairobi, Kenya
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Percentag&rbanizatiolby DevelopmentrGroup,s1289B0 Source: United Nation (2012)

Percentage Urban (%)
Development Group

1950 1970 2011 2030 2050
World 29.4 36.6 52.1 59.9 67.2
More Developed regions 54.5 66.6 77.7 82.1 85.9
Less developed regions 17.6 25.3 46.5 55.8 64.1

Themertascmr@ﬁe;aopoptﬂ:atiomeﬁg’cangmurceuNOCHA EaBgptembed022

1950 1,329,000 Avg. about 2%

2017 5,053,000 2.06% from 2016 Remark 974000 people had
2018 5,157,000 2 06% from 2017 beeninternallydisplacedsince
2019 5,244,000 1.69% fom2018 20

2020 5,332,000 1.68% from 2019

2021 5,422,000 1.69% from 2020

2022 5,514,000 1.70% from 2021

2023 5,610,000 1.74% from 2022



PopulatiorDBensity _ _ o
Traffic Jam In citie
Bangkok,56%m?2

The metro area populatih626,226022)
Populatiompperrkhr 9322

Kuala Lump@d3km?2
The metro area populatié64,000 (2022)

Populationpekkhx 317228

Singaporé28.&km?2
Themetro arepopulatio,040,00(2022)

Popuilationpekkhs 8,280

Yangorb98.&m?2
The metro area popul&iébid,000 (2022)
Populatiompekrkhs 9,208



X+ Eﬁﬁﬂtmwgefdjmmmt]ﬂﬁmace OBetter =g The world today is facing

Thereasondor benefitsfrom goingundergroundor develtopment
1.

2.

Better Lifed - major challenges, one of
which is rapid
urbanization.

Landuseandlocation ForalackofsurfacepacegStorage Riseoigeil Ty ficullauusenerons

Urbarenvironmentaliality Environmentateservatidora varietpfadvantages ;W =

Intermofprotectionfenvironment : ﬁ \

Topographieasori Forthe useof tunnelamprove®r makedeasiblevarious ?
transportati@uchasroadsrailwayssanalsetc inthehillyormountainowseas - |
. Aestheti¢Visual) Forremovinginattractivstructuresuchas carparksyroads, ~

and tunnels In line with that, we can save more surfacespace for other

-
o
1

developments

pbal Population Growth

Safetysecuritygndprotectioagainshaturatlisasters Disastepreventingenefit

L=}
N

World Population (billions)
N 'S > o«

| o Bom [P0 B AP peaed b | = |
b\

2022 8 bill

forsustainabl@éevelopmemturbarareaqElectricransmissidime

1960
1974
1987
1998
2010
2037
2058




Resultsfor the use of undergroundspacefor city developmert Underpasd ransponvay,Drainagdéne,Storage

roomSewagdne ,Undergrourahbldineetc:

1. UrbanPerspective Spendingrbarareasamoreappropriatepmpactipcatindgargeobjectsnthebuildingtructure,
increasintheefficiencgfutilizationfengineeringndtranspoihfrastructufacilities

2. EnvironmentaEffects - Lessof environmentanhpact(physicallyisually increasinghe areaof landscaping,
improvinthesanitarandhygieniconditionfthecity,reducingnergygostdortheoperationffacilities.

3. Theeconomie@ffect- Moresafeandlesstransportati@ostin mountainousgions

4. Moresafefor potentidhazards Earthquakére Jandslideyoadaccidentstc

Note

A Desigrconstraintare significanffecton the costof undergrouncbnstructio hereforepunnelandunderground

spaceconstructicshouldeplannegroperlyo achievéhecosteffectiveonstruction

A Howevenparfromrealestatémpactassociatedithsurfacetructursolutionsvherlongtermoperationostsare
considerenh additiorio directonstructiorostsundergroursblutiongrouldoeanoptiorto avoiddisappointmeint

supportingustainablarbargrowth



Policy for Underground Space Usage:

Legalcconsiderations foridrbanPlan

V Theimportancefreviewintggalconsideratiomsidentifproblemandsolutionsegardintheintegratedlanningfunderground
spaceenvironmentatotectiorandconstructidrabilities

V Thisensureghatthedevelopmermf undergrounspacedoesnotcreateproblemn thefuturealongsidéheinfluencef other
aspects

V The restrictions imposed by legal consideratoasodstacla developing and using undergspand.

V Obstacles tievelopment include ambiguity in the regthationsleamplementation of legislation, and uncertaiatiers
relating to the ownership of and ritdrid tocludingineral and naturedources.

Legalconsiderationfor undergroundpacedevelopment
V Anydevelopmenflandonthesurfacerundergrountusicomplyiththerelevantulesyegulationgndlegislations
V Forlanddevelopmerthemainegislatiom Malaysi# theNationadlandCodel 965NLC 1965.

V Sincethedevelopmewnf undergroungspacecomedaterin urbamplanninggegalconsideratiomsustbe integratediththatof
thesurfacepace

V Asuitabléegaframeworis neededo ensurghattheundergrourgpacas systematicallievelopedhecausenceexcavated
cannoberestored

V Inadditioneggalkonsideratioadfectingheundergrourgsbacanusfirstbeestablished



Four ke\elemeniof legdlcconsiderations thate iidentifieddonthe:developmentofaundergfonmnd: space

1.

V

1. undergrourgpaceownership,
2.l andowightsy 6 s of
3. depthand

4. underground space utilization

Underground spaamvnetship

In Malaysiahe StateListin the FederaConstitutioposition$andunderthe authorityf StateAuthorityAccordingp Section
0 E n h gahemolicyiogundergrourgpaced e v e | offheNt@ihe&tateAuthorityistheRuleor GovernooftheState
thus alllandintheStatebelongs$o theStateAuthority

Thepoweforlanddisposah Malaysig completelgontrolledytheStateAuthoritystateAuthorithhasthepoweto dispos®f
thelandthrouglalienatioto eligiblepplicants

Nowadayshetrendnurbarareads consideringndergrourgpaceasanoptiorfordevelopment
Laadovwdeo'swightsr 0 s

TheUnitedNationgEEconomi€ommissidior Europg20039 definegherightsto landasincludinghe6 6 r af ayvhetsisipnd
rightofuseoThebundlefrightancludedh a certaimightwhotheholdeoftherightis,andtheextenbftherightfora pieceof
land

Previousindergrounspacedevelopments Malaysiaverelimitedo infrastructurand utilitiessuchas the SMARTTunnel
undergroungarkingpacestailtransportatioandcablesandpipelinesMosibfthesedevelopmenéseon Statdand

Nevertheles®rdevelopmefdrthepubliaundeprivatdand thedevelopanustdealwiththesurfacéandownersectiord2
B (1) (a)oftheNLC1965stateghatforalienatetandwithout specifiediepthonlythelandownersavetherightto applyfor
thetitleandtodevelojit.



3. Depth oflevelopment

V Developmentmithesurfaceandundergrouraredependerineachotherpbecauséhefoundatioafthesurfacestructures
Is constructebelowthegroundandaccesdo undergrounguildingsnustbe fromthesurfaceThereforat is importaro
defingheextensionfownershipyfocusingnthedepthboundariesfthesurfaceandundergrourgpaceownership

V Thedepthoflandownershipndpossessioaswellastherightof useof undergrourgpacas a worldwidessuethatmust
beresolved

V Thedepthofownershiphouldhotbelessthan6 minthecaseof agriculturddmd andnotlessthanl0andl5mrespectively
forthebuilding@ndindustriadategoriefRegulation2006in the NLC1965Act 56), Malaysia

4. Underground spaadilization
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A Undergroun@paceUsagdan Urban

FeasibidDepthof Undergroundevelopraent
SourceRonkatal (1996
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Review on Technica$pects of

Design and Construction




Geatechnical/impactiAssessment(GlA)
for Construction ©f Foundation/Basement

Geaotechiicalmpact AssessmeniGIA):
1. Hazard Assessmerin surrounding structures ::g;fg“ NICAL
2. RiskAssessment

A Geotechnicdlssessmens$ an essentialactornn
theintegrityf amyconstructioor engineeringroect




ConcepisOUrbanBaseme nioCanstrigetion

|. Basicprinciple cof oopenexcavationisimainly/tor flexiblecsupport.

Objectives arg1) stability is critical L
(2) deformation is not critical (usually desirable)

Il. Basicprinciple cofeexcavation intdrbamismainly: for RigideSuppt s
(Control of Ground displacement). ,

Obijectives arq1) displacement (deformation) is critical (taibamizedl I
(2) stability is ensured by controlling deformation

Deformation due to excavation

GeomechanickSoil/Roek) Aspects Constructior/Materials
DesignSoil Parameters:
A c,f, m, s (Mathematical model criteria)

DesignParameters:

A E A Yield strengthc,f
Ay, etc. A E,
A Soil Behavior (Hardening, Perfectly plastic, A y, etc.
Softening, Brittle A MateriaBehavio(Ductility, Brittle)
A etc.

A Hydrological conditions



A TedhnicaAspectsof Design& Constructiorof UGSpace

Consideratiomindesign@a@dnstruction T  EREaEL
_ “.‘ "“‘ Required capacity
—1.FlexibleSupport Method o [R e spen
rt Meth L SemiRigidSupport
Support Methods._ 2.SemiRigidSupport Method iR
.. 5 NS /] Resgoied ety 4
—3.Rigid Support Method 2 G/ e s
@ equilibrium 2 ‘."g
Design_Consideration % & O
; _ —Ueq+ IR N
A Depthoof-Excavation le | R o
A Nature-of:Soil(types ofiseilanditsipermeability) TS
Displacement &y ——p»
A Grounthwatentable«permanent andtemporary) Where.
A Adjacentstructures and-fagilities Us, = total initial displacement of support

< Ug, = maximum elastic displacement of support

A Excavationimethodology

u. =maximum elastic displacement of support
A Substructuraetail Ueq = total displacement in equilibrium condition




TeghmicalkAspeectsf dfrdrbamsBasenient @onstuction

1. Ground/Mavemetb/Cantrol Engineering:Retspectivés/inMyanmar




1. PlamningsStage

Geotechnicalmpact AssessmeniGIA):
1. Hazard Assessmenbn surrounding :]
structures

2. Risk Assessment

Existing
building

Existing
building

Proposed
Development

R e —— |

Earth press

Effect of Bearing Capacitgn
Adjacent Building Foundation



. DesignSSiage

1. To identify the effect of basementconstruction | e |

or foundation 1 : 4 - I v
2. To predict the ground movement/pressure, '_‘ :

which will be within allowable limits on

adjacentstructures
3. To provide preventive metheds where the : : 3 t m

constructioneffectson adjacentstructures | |

Wl defiocion @ Stoyey bling 308 § §t briiding Reduction of soll stiffness \on piles

Adad




stiffness wf soil
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3. ConstructiortStage Design of DiaphragWiall Support System

T Cardin™ Yarkin Ppp Hodowehopment PYORCL, Cormmr Of Yarka Roud s Sepr S Road, Yaokn Yosrsied, Yanoos Ragen, Mpeess. 3 Enlalan “Wi— Tt Despha vrvur s

1. To carried out the predeterminecexcavationseguence
2. To monitor accordingto designregquirement

3. To analyzethe monitoring results and remedial measures

will be carried out where the monitoring results are
exceededhe allowablelimit.

{

4- M'Sjtu Tem!g a.nd vabﬂfmtytem : Ox. Y Mg, M. Hou Latt Muing _::_ Geoechewal Desan and Consitart G

L rocscience[" sy 1 023, 073 o e —

Rnxchae Ansiyn of DWW, Parti S and Sachion

ComnstruciiorPeriad

1. TechnicaManagement
V Constructiormanagemens verydifferentin U/Gspaceconstruction
comparedto superstructureconstructiondue to ground response

becausof inducetinitial stress

V Technicalrequirementwvould be changeddependingon the actual

“The Gartanr® Yerser My Seloveoprmnd Mo, Corree of Yashm Susd sesf Separ S Susad, Yk Toweaing. Yagon Segeon,
Mypanrar

prv— ——e
On. W Mg, M0 M Lt My Goctethwecsl Cesey and Conuitand g
.—

[._ | rOCSCIane ; Ay 11 2022 0PT N 1.3 St Uatity Aalyes vy

S Aoty of O Vewt Patar St and Sacteons

site condition




1. GrountiMovemetb@ontrol
a. Wallldeflections(basement)/and:inwarnd displacement
(Tunnebor cavern)
b. Porepressure:reduction
c. Ground/leess:(effect of hydraulicovelocity)
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Figure 11.3 Differential settlement of a structure with individual footings.

Table | 1.] Limiting values of angular distortion (Bjerrum, 1963)

Angular distortion  Type of damage

e
11600
(1500

1/300
1/300
11250
17150
17150
17150

Dangerous to machinery sensitive to settlement

Dangerous to frames with diagonals |

Safe limit to assure no cracking of buildings (factor of safety
included)

First cracking of panel walls (factor of safety not included)

Difficulties with overhead cranes

Tilting with high rigid buildings become visible

Considerable cracking of panel and brick walls

Danger of structural damage to general buildings

Safe limit for flexible brick walls (factor of safety not
included)

Net column spacing of Building, ttanti22 Gt
Allowable settlement of Buildingj, -

(—) pcoo @ Ep @ a

(—) ¢ oo m8 yeep @




2. GroundWibrationGontrol
a. Vibrationcduecto/piling e heavy mmachinery, blasting

PPWSsDistance data
acquired from presssites

Remarks

PPV, mm/s

Netherlands 3.00 Residential buildings
USA 2.5-4.3 Residential buildings

General guide line for allowable PPV depended on Frequency
(ref: BS 7385 Part 1:1990)

Guide value of Maximum PPV, mm

Transient Vibratic Continuous Vibratic
(eg Drop hammer) (eg Vibratory

Type of Building

hammer)
Stabléouildingngeneral 15 7.5
Vibration sensitive 7.5 3.0

building

1000

O Test1
mTest2
x Test3
X Test4
= Test 5
© Test6
O Test7
A Test8
+ Test9

100

ppv / mmi/s

o
it ity
1 1.

E.--:Ma.;
|d
1

X
o-®
st

=

'

® Test 10

0.1

B . .1 Distance /m 10, 100 .
Limits and Guidelines Specified in References (Practice):

Maximum construction Piling method
time / days (limits from } 25 KJ drop 170 kW 27Hz
Eurocode 3) Press-in hammer vibrohammer
With <6 (3 mm/s) 35m 39.5m 18.5m
. 6-26 (2.3 mm/s) 4.5m 51.5m 24.1m
warning
>26 (1.5 mny/s) 7.0 m 79 m 37m
. <6 (1.5 mm/s) 7.0m 79 m 37m
;R:;EJT; 6-26 (1.3 mm/s) 8.0m 91.2m 42.7m
>26 (1.0 mny/s) 10 m >100 m 55.5m




Ground water level
monitoring
(Water Stand Pipe)

3. ExcessivesSeepage /Cantrol

Settlements caused by:
1. drainage including solil erosion and

2. pore pressure reduction

How does water
seepage affect the

foundation of a
adjacent building?

Horizontal T Bt o
displacement { | '
Grousd st Now it Extavudion o Snal depth

e Bow o0 = 3 78830007 m3sm
(144 prany |

SEEEESRREREAES
| TMRe 07

Effectof
drainage

Effect of
drilling

Clay

TBAR! CAESLIRALT ISWORISAR y e & o & — & 03
Bedrock =
THE IVY CONDOMINDLM PROJECT
:Ojb,. —— e vmw-n.-n-no:n-»m (SECTION B4)
~ie, ) i LT T ol ‘ Conadiog Erpsesr
[ Taction B3 - Taeage fea

=" 177,303




4. Instrumentation antMonitoring in ConstructionsSiage

Purpoesesand Ghoice’ of dnstrumentation ... __ e
Monitoring g;‘eotechnichg ;@ational Method

1. GroundMovementonitoring Risk Managemen /
2. GWL monitoring ¥ P
3. Vibration monitoring : | Identify Risk ? Design & Plan

4. Gas monitoring (Air quality) l Cl ValueEngineering A—.l

Analysed Degree Construction Control

i |

l Monitoring & Review

Why we need to : of Risk
monitor grounc Monitoringis a part of :
displacement? riskresponding : l

Minimize ]“ s T :
3 A Design Verification i [ &Control |77 Yes el pimoes arten

pa . E E ::‘.ll.l....I....I.I....-I..-II.I.l..l..ll.l -

A Constructlon Control ................................ N EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE"
Figure 12 - The elements of observational method and risk management

A Quallty Control with integration of value engineering in deep excavations,( Ave et. al., 2006)

- ——
L ——— o ———
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- ~ ~

-
-
-

A Safety ___QP((Design) >  <___QP (Construction) .

A Legal Protection




Coffee Break
10 minutes



Projects

The Usof UIGSSpace fdhe Construction Ofl bhdergrodindrinfrastnuetures

Projectl

Transmission Line & Undergroable, Example: Experienced in Malaysia

Malaysihassuccessfullghangedromanagriculturdlasececonomyo anindustriabne withinusttwodecadegKhairyl2003.
ForexamplefromJanuaryo Augus008 investmentamountingp RM498 billionwereapprovedh Malaysia'smanufacturing
sectarlnvestmentsrthefirsteightmonth®f2008havealsosurpassetherecordorthewholeof 2007 whichwasRM334 billion

(MIDA2008.
GrosPDomestiProductGDR. 5.9%in2006< 6.0%in2007< 7.1%in 2008

AndelectricitdgemanafMalaysiavillbeexpectetbincreasby4.7% peryear
TheNationabridconsistsf

1. approximately,836kilometersfoverheattansmissidimes

2. T41kilometesof undergroundransmissiorcablesand

3. 385substationsithtransformatiaapacitpf 75828MVATNB2008.
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sl o cen s . 8 Transmission Line & Undergro@able Malaysia

DOUBLE CIRGUIT 275KV UNDERGROUND CABLE
FROM PMU AMPANG TQ PMUBRINCE COURT

HOME™ > Double Circult 2755V Underground.

L
‘e
A ¥ X 3 W ﬂ‘? .
e NS . 1 /‘\ \
it (‘ S P “\,,‘_\7'-"
> P’ - . \

. ¥ P
Cable From PMU Ampang e SRILF Fring

N Dakromanrgs
' 4 L3
v

PMU 275/1:32k\V-Princ€ourt, Electrical Substatiol

% PMU 27501 '.30."{': nce Court

CentraKuala_Lumpufromthe PrinceCourtareato Jalan
TamanU-Thantandconnectingp JalanAmpandgowards
Jelatelarea
Underground Cable Projects

Year  Client Description Country Substation Name

2021  Tenaga Nasional Turnkey Project Inclusive of Design, Engineering, Supply, Erect Malaysia PMU 500/275kV AIS

Berhad and Commissioning of 275kV XLPE Power Cable (Transformer Junjung

Trail) for Super Grid Transformers and 33kV XLPE Power
Cables System for PMU 500/275kV Junjung, Kedah, Malaysia.

2021

Tenaga Nasional Turnkey Project Inclusive of Design, Manufacture, Supply, Erect

| Malaysia 275kV PMU Ampang to :
| Berhad and Commission Approximately 5050 route meter of 275kV Proposed PMU Prince 1
: Double Circuit Cable from PMU Ampang to Proposed PMU Court | ,_:f, %
| Prince Court, Selangor, Malaysia. 1 5 . \U
| P
L---------------------------------------------------------l .0. \ %
2020 Tenaga Nasional Turnkey Contract with Inclusive of Design, Supply, Construct, Malaysia 132kV PMU Tg. Agas to the ; -
Berhad

.
Testing and Commissioning of Approximately 2300 route Proposed STME



Transnission biné &ndndergnound/€able AP

The cable system is to deliver a minimus®oMVA

power for each 275kV cable circuit undeptb;sct ,
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HDPE conduit pipe power conduit
installed inside the ground trench




@ MajorTTechnical(Requirements iniDesignPhase

Vv
V
Vv

Tunnel stability
Road settlement control to prevent the ground losses
Temporary rigidupport method witsteel support for

settlement control

Seepage prevention NO.1 SHAFT

Vibration control induced by blasting method

] |
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V Roadfzaillurand Ground besses

— —— — -

. . Panagi Tsaldari Ave.
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Alluvium

settiements
Y 4 mm

8" .10
. .30
=

S 1-70

road pavement
o

trough pattern at built area



Started the Secant piling for cable tunnel sh&ft(8&-2023)




Project2

Project name: Underpassods, Damansara city devel
Length: 26.17 mBoth sides of retaining wall = 1000 mm diameter bored pile

Width x Height = 9.925 m x 7.35 m (including underground cable line)

Construction designed by : : Dr Yu Maung

Date: 31-:5-2014
Proposed

underpass (2013
Designsand’ &onsirtction:

Underpassonstruction methods
A Cutand Cover Method or
A Tunnelingnethod o digging potidy
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@ Majoritechnicakguirements
V Overthurderoe m
V Stabilitycof.underpass
V Roatsettlement controli15mm)
V Grounddesses)(grouting)

Settlementdue to ground losses
aftertunnelconstruction



GL UBH-1, Ele. 80.25m Reag Wy

Gerse sy~ | ua UBH-3
A ' | Dense sity SAND -
Viry dengh sy SAND, i PP AT e ey
| Very dense silty SAND
Exveenaly poor rock (85) | i Y
Completely weathered rock4'

Temponary Sugoont

Soil Profile of Tunnel

@ MajorTTechnicalRequirements iniDesSigndPhase
Road side walls: Using CBP wall

Analysis for allowable grousdttiement
Grouting to prevent ground loss

Rigid support method with pipe roofing

Partial excavation and provision of temporary support

< < < < < <

Partial removal of temporary support and partial

concreting

7 auieg comerwiog wers sk e # 378

£Fy  Mervnd of vl vgoet Seby sewrvig
D

Flgure (€} Linlng Consruction Sequence




. Ground displacement and required capacity of supoort elements after Partial Top Heading
Construction sequence

for control of road settlement . l " 0
@ Constructior’Phase g
i - B
V Partial excavation method to control the settlement 1=
V Grouting to avoid the ground losses
V Monitoring and reVised deSign Ground displacement and required capacity of support elements after Top Heading
g';:"ﬂi:::f"?g?:md: o Temporary Siesl Support : : | ™

(203 x 203 86)
Conerete lining

gﬁw i e S
Stee| suppart. 250 mm A ‘p ?’.".;. :.
sholcret with wrie mesh fes | h;'i'
Mttt dbemntm— 4 0y

' i) .
iR | &
.~" < '-.

R A TR P VAT G LA R R e

g ARTRSE SVSRATAD

Ground displacement and required capacity of support elements after Benching




Underpass Construction Project
Malaysia

Planning for Traffibow
(Basement U Pubic Road)

After completionpobject

v

(Present condition) 0 B it
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HIQ e Langat? TreatedWatsn uniiebProject

LRALZ2 will be the largest Water Supply Scheme in Malaysia supplying 1890 MLD of treated water.
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. g
. 5 '. _
- Lowmaintenanamst a7 Tunnel Pojeat
_ \NDARSRI KAMPUNG
- Naturahazargrevention MANSARA
- Safety |
- Ecological @ ‘
- Environmentahpacteduction e | Z
v M
Y Ly £ e
- XY Ekb ™ ‘angat m -
SETIATACAM \ _EiB Bn =
W BANDART i — (E27) % La'm
S BUKITZRAUA o Tt o =
v \e. 7"’ WM. =2
& /o =
E30z 5 W e a " .2
* ' ° N o
& = . .DAR" JaB & s
>4 _..'_‘., e e | 22 . ‘ > ’ / . ~J
= 44 m &M _’-MAHKOTA ' G
36 6B 1| aSeris = S D
NN ‘ K'embangan ) st & @
. @ - ‘.. _ ‘ . ’ 2 " S\ :' Q-\
2 o/ KOTA AH2 | .%.‘ $ F'E20 = % : \ (%/
~ < KEMUNINGE /S RS £20 I \ I -7




The construction and completion of the 1,130 million liter/day s ER——
¥ AMPANG Resortl(00294404-U) ¥
Langat 2 Wateeatment Plant ” . i

Lama%N\ur Kasih
Wedding Garden;Hulu...
\

Project CosRM 1 billiorontract by the Government
Joint Venture of: R

1. SalcorBhd(Salcon- 36%, Ny s el

(657

2. MMC COI’Sdn(MMC) SZPA) : .;,KL View in Ampang . ‘ ‘ y “i(é«LIJLF‘Ct;IF A
3. AhmadZakiResource8hd(AZRB} 30%
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Cross Passage Construction

CROSS PASSAGE NO.1 @ CHO+200M CROSS PASSAGE NO.2 § CH.0+500M CROSS PASSAGE NO 3 @ CHO+B00M

Proposed CrosdPassage

Technical feasib#igsessment for constructi@irof

1.

2.

o

N o Ok

Deformation analysis consideratmnesitof
geotechnicadformation

Cross passagmensions

Excavation method that will be effective on
surroundin@ck

Initial supp@themes

Back fillingnaterial

Pluggingectiomnwith grouting

Ground treatment aroundutieel
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Figure {3.3) Construction Sequence of CP CH:0+300m

Support method selection and construction sequence

e Deformation results for ground
treatment
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Pﬂ% Geological, Structural and Engineering

Geology Study
X+ Designzand Construction of Double: TRakvay Tunnel !
Dmnwammemgéages o BamltTmemml Determination of Ground Determination of Continuous
_ Behavior Types and Discontinuous Ground
1. Conceptual design stage ) I
Preliminary design stage ’

— 1. Stability design (Temporary and Lining desI@),asion of Rock Mass Properties:
2. Excavation design o el e

e Back analysis

¢ Empirical methods

e Statistical analysis methods

2
3. Tender design stages
4

Construction design stage

\

3. Drilling and Blasting design

4. Ventilation design

— 5. Inside drainage design v
Selecting Appropriate Design Tools:

o Classification systems
* NATM
e Numerical modelling

e Analytical Calculation
¢ Observation methods
e Engineering judgment

4
Design, Construction and
Monitoring of Tunnel




Project /Information:

Project name: Electrified Double“Track ConstructionProject , 1poh to' PBdsagMalaysia

QOutline: The Construction, Completion of Slab Track for Bukit Berapit Twin Tunnel
Location: Taiping Padang Rengas, Perak, Malaysia

Value: US'$ 37 Million

Length: 5.762 km

Construction designed by: Dr. Yu Maung

o A ': e (5‘;‘
e , v .—" e " oiozun Google eart
| 97 S fﬁ'
Tunnel Drill & Blast Underpass| Cut and cover, Total, m
tunnel, m tunnel, m tunnel, m
Left tunnel 2218.0 59.0 589.0 2866.0
Right tunnel 2268.0 62.5 565.5 2896.0

Project Cost = 9,763,000 MMKs/m 5762.0


Ext files/Berapit Twin Tunnel.avi

Challenging problems of Technical Management

1.ConstructigrianningSequencefexcavatioandLiningconstruction)

2 DuetotheconstructigmeriodimitationJudgmendf constructiosequencamnateriahandling
andrequiretechnicapecificatiormsiringrillingandblastingperatioduetolimitingperiod
3. Stabilitglesignplanningfconstructicandsuppontvhiclargeleffecontheprojecguality,

safetyandeconomy

4. Undepassconstruction

BERAPIT TUNNEL LAYOUT




Underpass Tunnel below the PLUS High Way Road

Road settlement Control for road settlement

Semirigid support:
Settlement Control for tunnel settlement




Majoritechnicaspectsn Desigrn’RPhase RS I 0 B
Stability of underpass tandel } % ] %mﬁm / / o T EEER
Support methods —| |t 1 =

. TSGD—i‘
Highway Plus Rasettlement control -~ 89m

Ground losses (improved by grouting)

Compression and radial
waves

Blasting Control for over break

Vibratio®ontrol

Shotcrete
or Lining

<K < < K< K< K< <K @©

Construction sequence

LR




BlastingControlmonitoring
1. Ovembreakcontroforreductionfrockmassstrength
2. Vibratiogontrol

——— —_———*| Shoterete 150 mm
@  (Fibre reinforced)

Shotorete 150 mm

Designconsideratioon constructiogeguencaueto the

z + 50 mm
sideeffecof Blasting | ves] f— ] | ;3“’“‘
1. GroundibratiogontrofortemporargShotcrete) \ / 9/
2. Groundibratiogontroforpermaneritining 3TD/




GroundWaterSeepagé’revention

Allowabldnfiltration
Tunnel©0.002gal/sgft'day
UndergrounliblicspaceD0.001gal/sqftday

Tunnel Waterproofing

HDPE membrang 2 mm welded HDPE with
geotextileprotectivewill be attachedalongthe
both sidesof the lower sidewalls startedfrom
horizontaldrainagepipeline.

Ref Basedon criteriaobtainedromthe InternationdlunnelinghssociatioTA),Singapore'sandTransporAuthority{(LTA),

SingaporeBublidJtilitieBoardPUB)HongKong'MassTlransiRailCorporatiofM TRCandtheGermarCitie<Committee



ConstructiorMethodologyf TwinTunnelMalaysia

Constructiorbequence |

Design Constraint due to Construction Period Limitation
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Ext files/Berapit Twin Tunnel.avi
Extension files/Double track excavation sequence.pptx
Ext files/Berapit Twin Tunnel.avi




) - N

} -’”'\ﬂ Housing Project

g { / { "‘ _ {NV = Lashio 05242 e
Myanmar @/ & _“: | x? |
r/ 6 \ ¥ : \ §?Puer &Eh

,‘ ' :

# ®Nandalay ag;m@:(\)

.,-/ 4 < W®Xishuangbanna Dai Autonomou
:

)

®Keng Tung oy 05

| W |
ey C‘_Bg;%’unnel

4 Taungoy®os 5ih 43, Z
Kj"Kala\'v SO0 ¥ \ ‘ ‘(
(’ : ’ - Nam\Ha National Bio;Diversity. ..
v \
. . ®Tachileik (op S| - fas T :l—

’ ; ;
rRoac/T unnel ety i L
-—- ;

®Huay Xai lﬁoo%"j
e

M@'(\ Myanmar. { CHIANG RAI
.Taungo>.( .7‘.; v ?\/‘L i / ;
\ ,J

A \ — > s / T 5
v T:iungoo coninec /j\,\/ \ PHAYAO

n oce
i \ \ 3 &
, \. ) / \ /

A \,‘k{ Dath SI0. NOAAI U.S. Navy NGA! GEBCO +®¢Chiang r;d/ai IMALNAUAT Lﬁuolm‘m.\/v
Rhyu g o | I agé’l?andsat/Co;%rmcus "'\/17 { ( NAN
N ey ‘_}AMPHUNY X Google/Earth
N / J 1

22°22'13.12" N 93°36;13.52" E elev\,/t’:’999 ft  eye alt.476.58 mi L




~ Line | Path | Polygon Cirde 3D path 3D polygon

Measure the distance between multiple points on the ground

Length: 19,557.60  Meters

Show Elevation Profile
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Whatarethebenetits:

Path | Polygon = Circle 3D path = 3D polygon

sure the distance between multiple points on the ground

Length: 19,554.05 | Meters

how Elevation Profile

Jouse Navigation Save Clear
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Totaloadength=1956km

Loilem

Y-axis= 1804feet 10.3% -8.6%
X-axis=7.44x 5280= 39283feet y {

Elevatiodifference 5560° 3756=1804feet

Averaggradient 103% =-8.6%



