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Overview of Presentation:

1. Introduction

2. Underground Space Usage for  òBetter City and Better Lifeó

3. Review on Technical Aspects of UG Space Design and Construction

4. Examples of UG Space Usage in Various Purposes

5. Conclusion 

×Objectivesof Presentation:

1. Knowledge shearing for sustainable development of

constructionIndustryin urbanarea.



UN Habitat is running the World Urban Campaign which has the theme óBetter City, Better Lifeô. The campaign includes a 

vision of what sustainable urban development. All infrastructures should be integrated construction.

Better City, Better Life

Better City, Better Life

Duties and Responsibilities

KEY FOCUS AREAS (EES) 

ÅEconomic, 

ÅEnvironment and 

ÅSocial

1. Introduction

Integrated Approach



KEY FOCUS AREAS (EES)

ÅEconomic

ÅEnvironment and 

ÅSocial

One of the Examples for Less of Sustainability of Construction Industry

Pipe line installation using open excavation 

for water distribution

Concrete Pavement

Cracks

Road damages

Soil Strength 
reduction

water



The Use of Trenchless Techniques for the Construction of Underground Infrastructures

Trenchless or no-dig techniques

V Ducts, pipes or direct buried cables

V Trenchless techniques can reduce environmental damage and social costs and at the same time, provide an economic 

alternative to open-trench methods of installation.

Pipeline design considerations

1. Pipe Jacking and Guided Boring

2. Horizontal Directional Drilling

1 Pipe jacking and guided boring

PipeJackinguseshydraulicequipmentto pushlengthsof pipethroughtheground. GuidedBoringuseshydraulicsto powera drilling

headwithspoiltakenawaybyanauger. Alignmentismaintainedbylaser.

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

2Horizontaldirectionaldrilling(HDD)

HDDis a trenchlessmethodof installingundergroundconduits,pipesandcablesfromthesurface. In thisgroupof techniquesthedrill

processbeginsatgroundlevelfroma preparedlaunchsite. Thedrillisdirectedintothegroundata relativelysteepangleinordertoget

thedrillingheadundergroundandawayfromthesurfaceasquicklyaspossible.

Trenchless Techniques 



Trenchless Pipe Replacement

Trenchless Pipe PlacementTrenchless Pipe Placement

Pipe jacking and guided boring Horizontaldirectionaldrilling(HDD)

Ext files/HK_direct_pipe_e_New.avi
Ext files/HK_avn600_d_New.avi


Cost Comparison between Horizontal Directional Drilling and Open-Cut Con 

Ref: Cost of HDD and open cut for the installation of 1000m long of 30cm in diameter waterlines underneath the busy 

streets of Nairobi, Kenya 

HDD is preferredin many urban areasof the world

dueto threebasicreasons:

1. the costsof restoringthe surfacein the caseof

open-cutarehigh,

2. the municipal authorities find it very

inconvenient to perform open-cut in the

congestedareasandbusinessdistricts,

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

structuresthat have been developedover the

years.

CostusingHDDmethodwas

12.71% moreexpensivethan

theopencutmethod.

1.8m

1.2m

f300mm 

Ext files/HK_direct_pipe_e_New.avi


Development Group 
Percentage Urban (%) 

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

Source: United Nation (2012) Percentage Urbanization by Development Group, 1950-2050 

Years Population Growth Rate Remark

1950 1,329,000 Avg. about 2% -

2017 5,053,000 2.06% from 2016

2018 5,157,000 2.06% from 2017

2019 5,244,000 1.69% from 2018

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

The metro area population of Yangon Source: UNOCHA, Early September 2022

Remark: 974,000 people had

beeninternallydisplacedsince

Feb,2021



Bangkok 1,569km² 

The metro area population 14,626,225 (2022) 

Population per km2 = 9,322

Kuala Lumpur 243km²

The metro area population 7,564,000 (2022)

Population per km2 = 31,128

Singapore 728.6km²

The metro area population 6,040,000(2022) 

Population per km2 = 8,290

Yangon 598.8km²

The metro area population 5,514,000 (2022)

Population per km2 = 9,208

Traffic Jam in cities
Population Density

Ref: Internet from respective departments of individual country



Thereasonsfor benefitsfromgoingundergroundfor development;

1. Landuseandlocation- Fora lackofsurfacespace(Storage)

2. Urbanenvironmentalquality- Environmentalpreservationforavarietyofadvantages

intermsofprotectionofenvironment.

3. TopographicreasonïFortheuseof tunnelsimprovesor makesfeasiblevarious

transportationsuchasroads,railways,canals,etc. inthehillyormountainousareas.

4. Aesthetic(Visual)ïForremovingunattractivestructuressuchascarparks,roads,

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

developments.

5. Safety, security,andprotectionagainstnaturaldisasters- Disasterpreventingbenefit

forsustainabledevelopmentinurbanareas(Electrictransmissionline)

× Effective Use of Underground Space óBetter City, 

Better Lifeô
The world today is facing 

major challenges, one of 

which is rapid 

urbanization.



Resultsfor the useof undergroundspacefor city development:- Underpass,Transportway,Drainageline,Storage

room,Sewageline,Undergroundcablelineetc.:

1. UrbanPerspective- Spendingurbanareasmoreappropriate,compactlylocatinglargeobjectsinthebuildingstructure,

increasingtheefficiencyofutilizationofengineeringandtransportinfrastructurefacilities.

2. EnvironmentalEffects - Lessof environmentalimpact(physically,visually: increasingthe areaof landscaping,

improvingthesanitaryandhygienicconditionofthecity,reducingenergycostsfortheoperationoffacilities.).

3. Theeconomiceffect- Moresafeandlesstransportationcostinmountainousregions.

4. Moresafefor potentialhazards- Earthquake,fire,landslide,roadaccidentsetc.

Note:

ÅDesignconstraintsaresignificanteffecton thecostof undergroundconstruction. Therefore,tunnelandunderground

spaceconstructionshouldbeplannedproperlytoachievethecost-effectiveconstruction.

ÅHowever, apartfromreal-estateimpactsassociatedwithsurfacestructuresolutions, whenlongtermoperationcostsare

consideredinadditiontodirectconstructioncosts,undergroundsolutionswouldbeanoptiontoavoiddisappointmentin

supportingsustainableurbangrowth.



Policy for Underground Space Usage:

Legal considerations for Urban Plan

V Theimportanceofreviewinglegalconsiderationstoidentifyproblemsandsolutionsregardingtheintegratedplanningofunderground

space,environmentalprotection,andconstructionliabilities.

V Thisensuresthatthedevelopmentof undergroundspacedoesnotcreateproblemsin thefuturealongsidetheinfluenceof other

aspects.

V The restrictions imposed by legal considerations are one obstacle in developing and using underground space.

V Obstacles to development include ambiguity in the regulations, the unclear implementation of legislation, and uncertainty in matters 

relating to the ownership of and rights to land including mineral and natural resources.

Legalconsiderationsfor undergroundspacedevelopment

V Anydevelopmentoflandonthesurfaceorundergroundmustcomplywiththerelevantrules,regulations,andlegislations.

V Forlanddevelopment,themainlegislationinMalaysiaistheNationalLandCode1965(NLC,1965).

V Sincethedevelopmentof undergroundspacecomeslaterin urbanplanning,legalconsiderationsmustbeintegratedwiththatof

thesurfacespace.

V Asuitablelegalframeworkisneededtoensurethattheundergroundspaceissystematicallydeveloped,becauseonceexcavatedit

cannotberestored.

V Inaddition,legalconsiderationsaffectingtheundergroundspacemustfirstbeestablished.



Four key elements of legal considerations that are identified for the development of underground space ;

1. underground space ownership,

2. landownerôs of rights, 

3. depth, and 

4. underground space utilization.

1. Underground space ownership

V In Malaysia,theStateListin theFederalConstitutionpositionslandundertheauthorityof StateAuthority. Accordingto Section

óEnhancingthepolicyforundergroundspacedevelopmentôof theNLC,theStateAuthorityis theRulerorGovernorof theState;

thus,alllandintheStatebelongstotheStateAuthority.

V ThepowerforlanddisposalinMalaysiaiscompletelycontrolledbytheStateAuthority. StateAuthorityhasthepowertodisposeof

thelandthroughalienationtoeligibleapplicants

V Nowadays, thetrendinurbanareasisconsideringundergroundspaceasanoptionfordevelopment.

2. Landownerôsrights

V TheUnitedNationsEconomicCommissionforEurope(2005) definestherightsto landasincludingtheóórightsof ownershipand

rightsofuse.òThebundleofrightsincludedinacertainright,whotheholderoftherightis,andtheextentoftherightforapieceof

land.

V Previousundergroundspacedevelopmentsin Malaysiawerelimitedto infrastructureandutilitiessuchas theSMARTTunnel,

undergroundparkingspaces,railtransportation,andcablesandpipelines. MostofthesedevelopmentsareonStateland.

V Nevertheless, fordevelopmentforthepublicunderprivateland,thedevelopermustdealwiththesurfacelandowners. Section92

B (1) (a)of theNLC1965statesthatforalienatedlandwithouta specifieddepth, onlythelandownershavetherighttoapplyfor

thetitleandtodevelopit.



3. Depth of development

V Developmentsonthesurfaceandundergroundaredependentoneachother,becausethefoundationofthesurfacestructures

is constructedbelowtheground,andaccessto undergroundbuildingsmustbefromthesurface. Therefore, it is importantto

definetheextensionofownershipbyfocusingonthedepthboundariesofthesurfaceandundergroundspaceownership.

V Thedepthof landownershipandpossessionaswellastherightofuseofundergroundspaceis a worldwideissuethatmust

beresolved.

V Thedepthofownershipshouldnotbelessthan6minthecaseofagriculturalland, andnotlessthan10and15mrespectively

forthebuildingandindustrialcategories(Regulations2006in theNLC1965(Act56),Malaysia).

4. Underground space utilization





FeasibleDepthof UndergroundDevelopment

Source: Ronkaetal. (1996)

Å UndergroundSpaceUsagein Urban



Review on Technical Aspects of 

Design and Construction



Geotechnical Impact Assessment (GIA)

for Construction of Foundation/Basement

GeotechnicalImpactAssessment(GIA):

1. HazardAssessmenton surroundingstructures

2. RiskAssessment

A GeotechnicalAssessmentis an essentialfactorin

theintegrityofanyconstructionorengineeringproject.



I. Basic principle  of  open excavation is mainly for flexible support.

Objectives are: (1) stability is critical 

(2) deformation is not critical (usually desirable)

II. Basic principle  of  excavation in Urban is mainly for Rigid Support 

(Control of Ground displacement).

Objectives are: (1) displacement (deformation) is critical (to be minimized)

(2) stability is ensured by controlling deformation

Concepts of Urban Basement Construction

Geomechanics(Soil/Rock) Aspects

Deformation due to excavation

Design Soil Parameters:

Ác, f, m, s (Mathematical model criteria)

ÁE, 

Áy,  etc.

ÁSoil Behavior (Hardening, Perfectly plastic, 

Softening, Brittle)

ÁHydrological conditions

Construction Materials

Design Parameters:

ÁYield strength, c, f

ÁE, 

Áy,  etc.

ÁMaterial Behavior (Ductility, Brittle)

Á etc.



ÅTechnicalAspectsof Design& Constructionof UGSpace

Design Consideration

ÁDepth of Excavation

ÁNature of Soil (types of soil and its permeability)

ÁGround water table (permanent and temporary)

ÁAdjacent structures and facilities

ÁExcavation methodology

ÁSubstructure detail

Semi-Rigid Support 

Consideration in Design and Construction

1.Flexible Support Method

3.Rigid Support Method

Support Methods
2.Semi-Rigid Support Method



Technical Aspects of  Urban Basement Construction

P < srp < sr

1. Ground Movement Control Engineering Perspectives in Myanmar



Effect of Bearing Capacity on 

Adjacent Building Foundation

GeotechnicalImpactAssessment(GIA):

1. Hazard Assessmenton surrounding

structures

2. RiskAssessment

1. Planning Stage

Earth pressure/water 

pressure on Basement Wall



Reduction of soil stiffness on piles

1. To identify the effect of basementconstruction

or foundation

2. To predict the ground movement/pressure,

which will be within allowable limits on

adjacentstructures

3. To provide preventive methods where the

constructioneffectson adjacentstructures

2. Design Stage 



Jet Grouting Method to increase the stiffness of soil

Grout Material properties:

1. As per design requirement

2. In-situ Testing and laboratory test



3. Construction Stage 

1. To carriedout thepredeterminedexcavationsequence

2. To monitor accordingto designrequirement

3. To analyzethe monitoring resultsand remedialmeasures

will be carried out where the monitoring results are

exceededtheallowablelimit .

4. In-situ Testingand laboratorytest

Design of Diaphragm Wall Support System

ConstructionPeriod:

1. TechnicalManagement

V Constructionmanagementis verydifferentin U/Gspaceconstruction

comparedto superstructureconstructiondue to ground response

becauseof inducedinitialstress.

V Technicalrequirementwould be changeddependingon the actual

sitecondition.



1. Ground Movement Control

a. Wall deflection (basement) and Inward displacement 

(Tunnel or cavern)

b. Pore pressure reduction

c. Ground loess (effect of hydraulic velocity)

Net column spacing of Building, L = 12 ftand 20 ft

Practice for allowable settlement

Allowable settlement of Building, ‏ ‏ = ‏-

D‏ ρςὪὸπȢςωὭὲχάά

D‏ ρςὪὸπȢτψὭὲºρςάά

D‏ ςπὪὸπȢτψὭὲρςάά

D‏ ςπὪὸπȢψὭὲºςπάά

Ў‏



2. Ground Vibration Control

a. Vibration due to piling, heavy machinery, blasting

PPV VsDistance data 

acquired from press-in sites
Reference codes Allowable limits, 

PPV, mm/s

Remarks

Netherlands 3.00 Residential buildings

USA 2.5 - 4.3 Residential buildings Limits and Guidelines Specified in References (Practice):

Type of Building

Guide value of Maximum PPV, mm/s

Transient Vibration 

(eg. Drop hammer)

Continuous Vibration 

(eg. Vibratory 

hammer)

Stablebuildingingeneral 15 7.5

Vibration sensitive

building

7.5 3.0

General guide line for allowable PPV depended on Frequency 

(ref: BS 7385 Part 1:1990)



3. Excessive Seepage Control Ground water level 

monitoring        

(Water Stand Pipe)Settlements caused by:

1. drainage including soil erosion and 

2. pore pressure reduction

How does water 

seepage affect the 

foundation of a 

adjacent building?



Monitoring

1. Ground  Movement monitoring

2. GWL monitoring

3. Vibration monitoring
4. Gas monitoring (Air quality)

ÁDesign Verification

ÁConstruction Control

ÁQuality Control

ÁSafety

ÁLegal Protection

Why we need to 

monitor ground 

displacements?

Monitoring is a part of

risk responding.

Purpose and Choice of Instrumentation

4. Instrumentation and Monitoring in Construction Stage

QP (Design) QP (Construction)



Coffee Break
10 minutes



Malaysiahassuccessfullychangedfromanagricultural-basedeconomytoanindustrialone,withinjusttwodecades(Khairul, 2003).

Forexample,fromJanuaryto August2008, investmentsamountingto RM49.8 billionwereapprovedin Malaysia'smanufacturing

sector. Investmentsforthefirsteightmonthsof2008havealsosurpassedtherecordforthewholeof2007, whichwasRM33.4 billion

(MIDA,2008).

GrossDomesticProduct(GDP): 5.9%in2006<6.0%in2007<7.1%in2008.

AndelectricitydemandofMalaysiawillbeexpectedtoincreaseby4.7%peryear.

TheNationalGridconsistsof:

1. approximately17,836kilometersofoverheadtransmissionlines,

2. 741kilometersof undergroundtransmissioncablesand

3. 385substationswithtransformationcapacityof75,828MVA(TNB,2008).

The Use of U/G Space for the Construction of Underground Infrastructures

Transmission Line & Underground Cable, Example: Experienced in Malaysia

Projects

Project-1



CentralKualaLumpurfromthePrinceCourtareato Jalan

TamanU-Thantandconnectingto JalanAmpangtowards

Jelatekarea

PMU 275/132kV Prince Court, Electrical Substation 

Transmission Line & Underground Cable, Malaysia



Transmission Line & Underground Cable

The cable system is to deliver a minimum of 500 MVA 

power for each 275kV cable circuit under this project.

HDPE conduit pipe power conduit 
installed inside the ground trench

KUALA LUMPUR, MALAYSIA -



Major Technical Requirements in Design Phase

V Tunnel stability

V Road settlement control to prevent the ground losses

V Temporary rigid support method with steel support for 

settlement control

V Seepage prevention

V Vibration control induced by blasting method 



Tunnel

VRoad Failureand Ground Losses



Started the Secant piling for cable tunnel shaft no-1 (3-1-2023)



Project name: Underpassõs, Damansara city development project, Kuala Lumpur

Length:  26.17 m, Both 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

Project-2

Before

Proposed 

underpass (2013)

Building Construction Project

Design and Construction:

Underpass construction methods-

Å Cut and Cover Method or 

Å Tunneling method (No digging policy)



Proposed underpass

Major technical requirements

V Over burden, 6 m 

V Stability of underpass

V Road settlement control ( 15 mm)

V Ground losses (grouting)

Settlementdue to ground losses

aftertunnelconstruction



Major Technical Requirements in Design Phase

V Road side walls: Using CBP wall

V Analysis for allowable ground settlement

V Grouting to prevent ground loss

V Rigid support method with pipe roofing

V Partial excavation and provision of temporary support

V Partial removal of temporary support and partial 

concreting



Construction sequence 

for control of road settlement

Construction Phase

V Partial excavation method to control the settlement

V Grouting to avoid the ground losses

V Monitoring and revised design



After completion of project 

(Present condition)

Planning for Traffic flow 

(Basement    Ú Public Road)

Underpass Construction Project, 

Malaysia



Langat 2 Treated Water Tunnel Project 

Langat 2 Treated Water 
Tunnel Project 

LRAL2 will be the largest Water Supply Scheme in Malaysia supplying 1890 MLD of treated water.

Project-3

Benefits:

- Longtermusage

- Lowmaintenancecost

- Naturalhazardprevention

- Safety

- Ecological

- Environmentalimpactreduction



CH.00 to CH.2200m 

Project Cost - RM 1 billion contract by the Government

The construction and completion of the 1,130 million liter/day 

Langat 2 Water-treatment Plant

Joint Venture of: 

1. SalconBhd(Salcon) - 36%, 

2. MMC Corp Sdn(MMC) - 34% 

3. Ahmad ZakiResources Bhd(AZRB) - 30%

Average gradient for 

shortest distance = 

+28 %, -26%



Cross Passage Construction

Technical feasibility assessment for construction of CP:

1. Deformation analysis consideration of in-situ 

geotechnical information

2. Cross passage dimensions

3. Excavation method that will be effective on 

surrounding rock

4. Initial support schemes

5. Back filling material

6. Plugging section with grouting 

7. Ground treatment around the tunnel

Proposed Cross Passage 



Support method selection and construction sequence

Analysis based on Excavation Sequence

Deformation results for ground 
treatment

Plugging methods and 

plugging sequence



Design Development Stages:

1. Conceptual design stage

2. Preliminary design stage

3. Tender design stages

4. Construction design stage

× Design and Construction of Double Track Railway Tunnel

1. Stability design (Temporary and Lining design)

2. Excavation design

3. Drilling and Blasting design

4. Ventilation design

5. Inside drainage design

× BerapitTwin Tunnel

Project-4



Tunnel Drill& Blast 

tunnel, m

Underpass 

tunnel, m

Cut and cover 

tunnel, m

Total, m

Left tunnel 2218.0 59.0 589.0 2866.0

Right tunnel 2268.0 62.5 565.5 2896.0

5762.0

Project name: Electrified Double Track Construction Project , Ipoh to Padang Besar, Malaysia

Outline: 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

Project Information:

Project Cost = 9,763,000 MMKs/m

Ext files/Berapit Twin Tunnel.avi


1.Constructionplanning(SequenceofexcavationandLiningconstruction)

2.Duetotheconstructionperiodlimitation,Judgmentofconstructionsequence,materialhandling

andrequiredtechnicalspecificationsduringdrillingandblastingoperationduetolimitingperiod.

3.Stabilitydesign,planningofconstructionandsupportwhichlargelyeffectontheprojectquality,

safetyandeconomy.

4.Underpassconstruction.

Challenging problems of Technical Management 



Underpass Tunnel below the PLUS High Way Road

Road settlement Control for road settlement

Semi-rigid support:
Settlement Control for tunnel settlement

Rigid Support 

System



Major technical Aspects in Design Phase

V Stability of underpass and tunnel

V Support methods

V Highway Plus Road settlement control

V Ground losses (improved by grouting)

V Blasting Control for over break

V Vibration Control

V Construction sequence

Cost-effective 

Design

16 m

8.9 m



16 m

8.9 m

Designconsiderationon constructionsequencedueto the

sideeffectofBlasting:

1. Groundvibrationcontrolfortemporary(Shotcrete)

2. GroundvibrationcontrolforpermanentLining

BlastingControlmonitoring

1. Overbreakcontrolforreductionofrockmassstrength

2. Vibrationcontrol



GroundWaterSeepagePrevention

Tunnel Waterproofing

AllowableInfiltration

TunnelsÒ0.002gal/sq. ft/day

UndergroundpublicspaceÒ0.001gal/sq. ft/day

Ref: Basedon criteriaobtainedfromthe InternationalTunnelingAssociation(ITA),Singapore'sLandTransportAuthority(LTA),

Singapore'sPublicUtilitiesBoard(PUB),HongKong'sMassTransitRailCorporation(MTRC)andtheGermanCitiesCommittee

HDPE membrane; 2 mm weldedHDPE with

geotextileprotectivewill beattachedalongthe

both sidesof the lower sidewalls startedfrom

horizontaldrainagepipeline.
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ConstructionMethodologyof TwinTunnel,Malaysia

ConstructionSequence:

Design Constraint due to Construction Period Limitation

Ext files/Berapit Twin Tunnel.avi
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Totalroadlength=19.56km
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Whatarethebenefits?

1. Lowtransportationcostinlongterm

2. Lowmaintenancecost

3. Reducewasteoftimeandhumanresources

4. Safety(naturalhazards)and

5. Ecologicalsecurity
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Elevationdifference=5560ï3756=1804feet

Averagegradient=10.3%, =- 8.6%

Totalroadlength=19.56km

MongPown

Loilem

Y-axis=1804feet

X-axis=7.44x 5280=39,283feet
10.3% - 8.6%


