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A mA messageessage fr froom m tthhee n neeiigghhboborhrhoodoodessageessage gg 
“ “ I I know nothing know nothing about about the civil the civil engineering engineering of what 60 or 100of what 60 or 100 

MPaMPa iiss butbut II mustmust saysay thethe noisesnoises andand vibrationvibration createdcreated byby andandMPaMPa isis, , butbut II mustmust saysay thethe noisesnoises andand vibrationvibration createdcreated byby andand 
during the building process during the building process of the Island East One wereof the Island East One were 
surprisingly low to a minimal surprisingly low to a minimal to me (out of my expectation,to me (out of my expectation, 
haha!)haha!) forfor ssuchuch aa giantgiant sstructure.tructure. IInn fact,fact, mostlymostly aannoyingnnoyinghaha!)haha!) forfor suchsuch aa giantgiant structure.structure. InIn fact,fact, mostlymostly annoyingannoying 
noises were noises were from from the road works onlythe road works only.. I  I was was really really happy happy withwith 
thanks to them and thanks to them and the invention of the more advancedthe invention of the more advanced 
technolotechnologygy all  all because "mbecause "myy home is  home is jjust next ust next to it"!to it"!gygy yy jj 

If If it it was was also due to the invention and the improvement ofalso due to the invention and the improvement of 
using the 100 MPa concrete, you are the one I using the 100 MPa concrete, you are the one I should should andand 
could directly could directly tell tell to of my appreciation with to of my appreciation with thanks!”thanks!” 

-- MrMr.. Albert Cho, Albert Cho, a resident in Ta resident in Taikoo aikoo Shing, 20 Jan. 2009Shing, 20 Jan. 2009 

One Island East and Taikoo Shing, January 2009 



 

ig
ht

s 
R

es
er

ve
d

on
 C

on
st

ru
ct

io
n 

Li
m

ite
d.

 A
ll 

R
©

20
09

 G
am

m
o

OutlineOutline OutlineOutline 

• Concrete sustainability • Concrete sustainability 

• Methods for concrete 
sustainability analysis 

• Sustainability analysis of 
high-performance concrete 

• Concluding remarks 
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ConcreteConcreteConcreteConcrete 
SustainabilitySustainabilitySustainabilitySustainability 

Sunset at Deep Bay, August 2004 
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total material total material weight of a building weight of a building in Hong Kongin Hong Kong 

ConcreteConcreteConcreteConcrete 

•• The manThe man--made material that is second only made material that is second only to theto the 
water utilized worldwide, and the most consumedwater utilized worldwide, and the most consumed 

tt ttii tt ii llconsconsttrucructition maon mattereriiaall 

•••• OnOnOn On averageaverageaverage average accountingaccountingaccounting forforfor accounting for moremoremore more thanthanthan 74%74%74% than 74% ofofof of thethethethe 

•• Creating beneficial impacts on the sustainableCreating beneficial impacts on the sustainable 
development and the builtdevelopment and the built--environmentenvironment 

Deep Bay in winter, January 2006 



      

ig
ht

s 
R

es
er

ve
d

            

on
 C

on
st

ru
ct

io
n 

Li
m

ite
d.

 A
ll 

R   

©
20

09
 G

am
m

o

to the reinforcement to the reinforcement of concrete of concrete structures.structures. 

II ll tt dd tt ll ii ii tt 

Concrete and the environmentConcrete and the environmentConcreteConcrete andand thethe environmentenvironment 

CC  ttiitt  tt  tt  i li l  ddiill  iil bl bll•• CConsonstittituenuentt ma mattereriiaalls are reas are readildily avay availilaablble.e. 

•• Choices of Choices of concrete constituent materials andconcrete constituent materials and 
proportions are entirely in the hands of engineers.proportions are entirely in the hands of engineers. 

•••• TheTheThe The inherentinherentinherent alkalinityalkalinityinherent alkalinity alkalinity providesprovidesprovides provides naturalnaturalnatural natural protectionprotectionprotectionprotection 

•• IIn norman normall tto moo modderaeratteelly aggressy aggressiive envve enviironmenronmentt,, 
the concrete the concrete gives a troublegives a trouble--free service life.free service life. 
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Sustainable developmentSustainable developmentSustainableSustainable developmentdevelopment 

“Development that meets the needs of “Development that meets the needs of the presentthe present 
withoutwithout compromising thecompromising the aabilitybility ofof futurefuturewithoutwithout compromisingcompromising thethe abilityability ofof futurefuture 
generations to meet their own generations to meet their own needs.”needs.” 

–– World Commission World Commission on on EnvironmentEnvironment 
and Developmentand Development 
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Sustainability credentials ofSustainability credentials ofSustainabilitySustainability credentialscredentials ofof 
concreteconcrete 

“Concrete is one of the more sustainable building“Concrete is one of the more sustainable building 
mmateateririaallss wh wheen n botbothh tthhee eenneerrgygy coconnsusummeded dudurinringggygy gg 
its manufacture its manufacture andand its inherent properties its inherent properties in in useuse 
are taken into are taken into account. The account. The cement and concretecement and concrete 
sectorsector isis makingmaking a ca concertedoncerted coordinatedcoordinated eeffortffortsector is making a concerted,sector is making a concerted, coordinated effortcoordinated effort 
to continually reduce to continually reduce its impact on theits impact on the 
environment.”environment.” 

–– The Concrete The Concrete Industry SustainableIndustry Sustainable 
CCCConstruction Forum, onstruction Forum, UKUK 
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Approaches to sustainableApproaches to sustainableApproachesApproaches toto sustainablesustainable 
concreteconcrete 

•• Reducing environmental Reducing environmental footprint (embodiedfootprint (embodied 
energy)energy) ofof cconcreteoncrete and itsand its productsproductsenergy) of concrete and its productsenergy) of concrete and its products 

•• Reducing carbon dioxide emission forReducing carbon dioxide emission forReducingReducing carboncarbon dioxidedioxide emissionemission forfor 
construction with concreteconstruction with concrete 

•• Improving sustainable Improving sustainable characteristics characteristics of newof new 
concrete structuresconcrete structures 
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Issues to addressIssues to addressIssuesIssues toto addressaddress 

R dR d  bb  ddi di d•• RReedduce emuce embboodidieedd energy energy 

•• Reduce COReduce CO22 emissionemission 22 

•• Reduce water useReduce water use 

•• Increase the use of recycled materialIncrease the use of recycled material 

RR dd tt ii ll tt ll dfilldfill•• RReedduce mauce mattereriiaalls s tto o llanandfilldfill 

•• Reduce use of nonReduce use of non--recrecyycled materialcled materialyy
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Progress: construction industryProgress: construction industryProgress:Progress: constructionconstruction industryindustry 

““HongHong Kong hasKong has a relativelya relatively aadvanceddvanced greengreenHongHong KongKong hashas aa relativelyrelatively advancedadvanced greengreen 
building agenda.building agenda. 

Drivers of Drivers of ggreen buildinreen buildingg in  in HonHongg Kon Kongg include includegg gg gg gg 
government departmentsgovernment departments…such as the ASD,…such as the ASD, 
EMSD and HKHA…Their work has been reinforcedEMSD and HKHA…Their work has been reinforced 
byby privateprivate sectorsector propertyproperty developersdevelopers suchsuch asasby private sector property developers such asby private sector property developers such as 
Swire PropertiesSwire Properties…non…non--profit organisations suchprofit organisations such 
as the PGBC and the HKas the PGBC and the HK--BEAM…BEAM… 

There are over 130 green building There are over 130 green building projectsprojects inin 
Hong Kong. ”Hong Kong. ” 

–– Australian Trade Australian Trade Commission, 2008Commission, 2008 
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Progress: concrete industryProgress: concrete industryProgress:Progress: concreteconcrete industryindustry 

1.1. Reducing water Reducing water useuse 

2.2. Increasing theIncreasing the useuse ofof recycledrecycled materialmaterial2.2. IncreasingIncreasing thethe useuse ofof recycledrecycled materialmaterial 

3.3. Reducing materials Reducing materials to landfillto landfill 

4.4. Adoption of industrial cementitious Adoption of industrial cementitious byproductsbyproducts 

5.5. Design for structural performance,Design for structural performance, 
constructability and durability as a wholeconstructability and durability as a whole 
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Methods for ConcreteMethods for ConcreteMethodsMethods forfor ConcreteConcrete 
SustainabilitySustainabilitySustainabilitySustainability 
AnalysisAnalysisAnalysisAnalysis 
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Sustainability assessment methodSustainability assessment methodSustainabilitySustainability assessmentassessment methodmethod 
•• Life cycle Life cycle assessment assessment (LCA)(LCA) 

–– the process of evaluating the effects the process of evaluating the effects that athat a 
product has on the environment product has on the environment over the entireover the entire 

ii dd f if i liflif llperperiioodd o off itits s liflife cyce cycllee 
–– LCA/LCC for HK Commercial Buildings (2005)LCA/LCC for HK Commercial Buildings (2005) 

•• Environmental analysisEnvironmental analysis 
–– initialinitial ccostsostsinitialinitial costscosts 
–– maintenance costsmaintenance costs 
–– serviceservice lifelifeserviceservice lifelife 
–– environmental impactenvironmental impact 

Hong KHong Kongong –– Shenzhen Shenzhen WWeesterstern n Corridor and ShekCorridor and Shekou, July 2006ou, July 2006 
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ISO Standard 14040 LCA stepsISO Standard 14040 LCA stepsISOISO StandardStandard 1404014040 LCALCA stepssteps 
Life Cycle Assessment Framework 

Goal and scope 
definition Direct applications: 

P d  t  d  l  t  

Inventory 
analysis 

Interpretation 

•Product development 
and improvement 

•Strategic planning 
analysis 

•Public policy making 

•Marketing 

Other 
Impact 

assessment 

•Other 

- Life Cycle Assessment Australian Data Inventory Project 
Summary Report, The Uni. of New South Wales, April 1999 
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Concrete sustainability analysisConcrete sustainability analysisConcreteConcrete sustainabilitysustainability analysisanalysis 

ThingsThings toto considerconsiderThingsThings toto considerconsider … … 

–– function unitfunction unit 

–– life timelife time 

–– wastewaste 

–– maintenancemaintenance 

–– further processing energyfurther processing energy 
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Purpose of concrete sustainabilityPurpose of concrete sustainabilityPurposePurpose ofof concreteconcrete sustainabilitysustainability 
analysisanalysis 

•• Process improvement and benchmarkingProcess improvement and benchmarking 

•• Green procurementGreen procurement 

D i d d t d l tD i  d  d  t  d  l  t•• DDesesiign angn andd pro prodducuctt ddeveevellopmenopmentt 
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Tools for concrete sustainabilityTools for concrete sustainabilityToolsTools forfor concreteconcrete sustainabilitysustainability 
analysisanalysis 

FunctionFunction unitunitFunctionFunction unitunit 

LifeLife--365 Service Life365 Service Life Life timeLife time 
Predication Model™Predication Model™ PredicationPredication Model™Model™ 

WWasteaste 
EnvironmentalEnvironmental aanalysisnalysis MaintenanceMaintenanceEnvironmentalEnvironmental analysisanalysis MaintenanceMaintenance 

FurtherFurther 
processiiprocessiingng 
energyenergy 
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Environmental analysisEnvironmental analysisEnvironmentalEnvironmental analysisanalysis 

••• ConsumptionConsumption ofof eembodied energymbodied energy (carbon)(carbon)• Consumption of embodied energy (carbon)Consumption of embodied energy (carbon) 

•• Pollution analysisPollution analysisPollutionPollution analysisanalysis 

–– waterwater 

–– soilsoil 

–– airair 
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Embodied energy (carbon)Embodied energy (carbon)EmbodiedEmbodied energyenergy (carbon)(carbon) 

•• The embodied energy (carbon) of concrete The embodied energy (carbon) of concrete is takenis taken 
as the total as the total pprimarrimaryy ener energygy consumed  consumed ((carboncarbonpp yy ggyy (( 
released) released) over its life cycle.over its life cycle. 

•• At At least it least it includes extraction, manufacturing andincludes extraction, manufacturing and 
transportation.transportation. 

•• Boundary conditions: design and productionBoundary conditions: design and production 
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Boundary conditions for concreteBoundary conditions for concreteBoundaryBoundary conditionsconditions forfor concreteconcrete 
environmental analysisenvironmental analysis 

DesignDesign 

CradleCradle--toto--GateGate ProductionProduction 

DeliveryDelivery 
CradleCradle--toto--SiteSite PlacingPlacing 

CuringCuringCuringCuring 
CradleCradle--toto--GraveGrave MaintenanceMaintenance 

DemolitionDemolitionDemolitionDemolition 
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Inventory of carbon & energy (ICE)Inventory of carbon & energy (ICE)InventoryInventory ofof carboncarbon && energyenergy (ICE)(ICE) 
MaterialMaterial Embodied EnergyEmbodied Energy Embodied CarbonEmbodied Carbon 

(MJ/kg)(MJ/kg) (kgCO(kgCO22/kg)/kg) 
CementCement 4.604.60 0.830.83 

PFPFAA // SiliSili ff ** 0 10 100  0 00 011PFPFAA // SiliSilica ca ffumeume** 00..1010 00..0101 

AggregatesAggregates 0.100.10 0.0050.005 

WaWatteerr 0 20 200  00WaWatteerr 00..2020 00 

NaphthaleneNaphthalene 16.2616.26 0.510.51 
admixture*admixture* 
PolycarbonatePolycarbonate 1111.47.47 0.60.6 
admixture*admixture* 
Steel barSteel bar 36.4036.40 2.682.68 

* Derived by the author* Derived by the author 
-- Source: Inventory of Source: Inventory of Carbon & Carbon & Energy (ICE), Energy (ICE), Uni. of Uni. of Bath, 2008Bath, 2008 
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Concrete properties related toConcrete properties related toConcreteConcrete propertiesproperties relatedrelated toto 
further processing energyfurther processing energy 

“Concrete is one of the more sustainable building“Concrete is one of the more sustainable building 
materialsmaterials when both the enerwhen both the energygy consumed durin consumed duringggygy gg 
its manufacture its manufacture and its inherentand its inherent properties properties in in useuse 
are taken into are taken into account.”account.” 

–– WWorkabilityorkability 

–– Strength developmentStrength development 

–– DurabilityDurability 
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Importance of mix designImportance of mix designImportanceImportance ofof mixmix designdesign 

MYTHMYTH BUSTERBUSTER TT FF ll ??MYTHMYTH BUSTERBUSTER -- TTrue or rue or FFaallsese?? 
AA tonne of concrete  tonne of concrete produces a tonne of carbonproduces a tonne of carbon 

dioxidedioxidedioxide.dioxide. 

FALSE!FALSE!FFALSE!ALSE! 
The embodied carbon dioxide (ECOThe embodied carbon dioxide (ECO22) of a tonne of) of a tonne of 

concreteconcrete variesvaries withwith mixmix design and isdesign and is inin thethe rangerange of:of:concreteconcrete variesvaries withwith mixmix designdesign andand isis inin thethe rangerange of:of: 
7575--176 kgCO176 kgCO22/tonne/tonne 

-- The ConcreteThe Concrete Industry Sustainable Construction Forum, UKIndustry Sustainable Construction Forum, UK
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SustainabilitySustainabilitySustainabilitySustainability 
AnalysisAnalysis ofofAnalysis ofAnalysis of 
HighHigh--performanceperformanceHighHigh performanceperformance 
ConcreteConcreteConcreteConcrete 
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G d 100 MPG d 100 MPGGraradde e 100100 MPMPaa 
HighHighHigh performanceperformanceHigh--performanceperformance 
ConcreteConcreteConcreteConcrete 
((Winner of 2007 HonWinner of 2007 Hongg Kon Kongg(( gg gg 
Awards for IndustriesAwards for Industries –– 
TechnologicalTechnological Achievement)Achievement)Technological Achievement)Technological Achievement) 
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Where is it used?Where is it used?WhereWhere isis itit used?used? 

OO II ll dd EE tt 308308 hihi hh dd thth thth•• OOne ne IIssllanandd EEasastt -- 308308m m hihigghh an andd ththe sevene seventhth 
tallest building tallest building in Hong Kong Island eastin Hong Kong Island east 

•• In total about 32,000 In total about 32,000 mm33 (75,200 tonnes) were(75,200 tonnes) were 
placedplacedplacedplaced 

•• In comIn compppparison with arison with the use of reference the use of reference 45/20D45/20D
concrete, the crossconcrete, the cross--section area of section area of columnscolumns 
and core walls is reduced and core walls is reduced about 33%about 33% 



33

  

                      

 

OOpptimaltimalpp ppppackinackingg mix desimix desigg ggggn ofn of 
Grade 100 MPa HPCGrade 100 MPa HPC 

Concrete gradeConcrete grade 100/20D100/20D 100 

PozzolanaPozzolana 10% SF &10% SF & 

25%25% PFAPFA25%25% PFAPFA
 

w/cm ratiow/cm ratio	 0.260.26 

Cementitious (kg/mCementitious (kg/m33)) 

583583
 AggregatesAggregates (kg/m(kg/mAggregatesAggregates 33(kg/m(kg/m )) 16401640
)) 16401640 

C
umm

ul
at

iv
e 

%
 fi

ne
r t

ha
n 

10 

1 

n = 0.22 

Water (kg/mWater (kg/m33)) 	150150 

Overall size distribution 
Modified Andreasen's curve 

Admixtures (L/mAdmixtures (L/m33)) 

1111 

0.1 
0.1	 1 10 100 1000 10000 100000 

Particle size (μm) 

Optimized combined particle distribution,Optimized combined particle distribution, 

DDiistribustributitionon MM oodudulluuss == 00..2222
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--          Results of using LifeResults of using Life--365 Service365 ServiceResultsResults ofof usingusing LifeLife 365365 ServiceService 
Life Predication Model™Life Predication Model™ 
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Note: The exposure condition and service life under investigation are different from One 
Island East project. 



          

 

ComparisonComparisonComparison Comparison ofofof of serviceserviceservice service lifelifelife life inininin 
marine exposure conditionmarine exposure condition 
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100/20D HPC 



        

 

ComparisonComparisonComparison Comparison ofofof of lifelifelifelife --cyclecyclecycle cycle costscostscostscosts 
(120 years)(120 years) 
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100/20D HPC 



          

 

DetailsDetailsDetails Details ofofof lifelifelifeof life --cyclecyclecycle cycle costscostscosts costs perperperper 
meter height of column (120 years)meter height of column (120 years) 
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Comparison of embodied energyComparison of embodied energyComparisonComparison ofof embodiedembodied energyenergy 
MaterialMaterial Embodied EnergyEmbodied Energy Embodied CarbonEmbodied Carbon 

(MJ/tonne)(MJ/tonne) (kgCO(kgCO22/tonne)/tonne) 
45/20D PF45/20D PFAA concrete concrete 812812 129129 

100/20D high-100/20D high- 891891 142142 
performance concreteperformance concrete 
Steel barSteel bar 36,40036,400 2,6802,680 

de
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In equivalent In equivalent function function unit*unit* 

Rl 
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m
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Li

45/20D PF45/20D PFAA concrete concrete 81,212,99281,212,992 51,00851,008 

on
 

uc
ti

on
st

r 100/20D high-100/20D high- 67,003,20067,003,200 45,12045,120 

n 
C

o performanceperformance concreteconcrete o performanceperformance concreteconcrete 
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* Excluding * Excluding reinforcement reinforcement steelsteel 



        

    

 

  
  

Benefits to reduce furtherBenefits to reduce furtherBenefitsBenefits toto reducereduce furtherfurther 
processing energyprocessing energy 

PropertiesProperties 100/20D HPC 100/20D HPC PerformancePerformance 

Slump flow (mm)Slump flow (mm) ≥≥ 650650 
WWoorkability retention rkability retention (hours)(hours) ≥≥ 44 

Segregation resistanceSegregation resistance SatisfactorySatisfactory 

E lE l  h ((h  MMP )P  )  1818 EEararlly strengty strengthh (MP(MPaa)) ≥≥ 1818 

d e

(at 18 (at 18 hours)hours) 

rv
se

s 
R

e
t

≥≥ 

ig
h

28 28 days grade strength (MPa)days grade strength (MPa) 100100 

Rl 
A

l
te

d.
 elasticity  

m
i

Modulus of Modulus of elasticity (GPa)(GPa) ≥≥ 4040 

Li
on

 
uc

ti 3 days 3 days tensile splitting strtensile splitting str.. (MPa)(MPa) ≥≥ 4.04.0 

on
st
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C
o ShrinkageShrinkage ((1010--66)) ≤≤ 250250 o ShrinkageShrinkage (10(10 66)) ≤≤ 250250 
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Chloride penetration (coulombs)Chloride penetration (coulombs) ≤≤ 200200 
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Other indirect benefitsOther indirect benefitsOtherOther indirectindirect benefitsbenefits 

•• LessLess resourcesresources rrequired cequired comparedompared withwith lowerlowerLessLess resourcesresources requiredrequired comparedcompared withwith lowerlower 
gradesgrades 

–– formworkformwork,, rebar rebar,, concrete volume concrete volume,, workers workers,, ,, ,, 
•• Less vibration required for compactionLess vibration required for compaction 

–– safer for workerssafer for workers 
–– less noiseless noise 

•• More reliable quality in areas More reliable quality in areas of high densityof high density 
reinforcementreinforcement 

•• Shortened floor cyclesShortened floor cycles 
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MMoorree fl floooor r aarreaea … … 
N 

Grade 60Saved about 4.5%Saved about 4.5% 45

rentablerentable areaarea perper floorfloor rentablerentable areaarea perper floorfloor Grade 100

from basement from basement to 39/Fto 39/F 

•• More More rentable floor arearentable floor area 

•• Higher floor efficiencyHigher floor efficiency 

•• Lower construction Lower construction costcost 

•• Shorter construction Shorter construction periodperiod 

•• Earlier & Earlier & higher higher rentalrental 
incomeincome 
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Very EarlyVery EarlyVeryVery EarlyEarly 
StrengthStrength ConcreteConcreteStrengthStrength ConcreteConcrete 

Route 8 Nam Wan Tunnel and West Tsing Yi Viaduct, January 2006Route 8 Nam Wan Tunnel and West Tsing Yi Viaduct, January 2006 



 

VVereryy earl earlyy stren strenggth concrete th concrete ((20062006))y y g ( )y y g ( ) 
ig

ht
s 

R
es

er
ve

d
on

 C
on

st
ru

ct
io

n 
Li

m
ite

d.
 A

ll 
R

©
20

09
 G

am
m

o



  
ig

ht
s 

R
es

er
ve

d
on

 C
on

st
ru

ct
io

n 
Li

m
ite

d.
 A

ll 
R

©
20

09
 G

am
m

o

ConcludingConcludingConcludingConcluding 
RemarksRemarksRemarksRemarks 
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ConclusionsConclusionsConclusionsConclusions 

ThTh tt hh tt tt titi ll tt ii itit•• ThThe concree concrette e hhas greaas greatt po pottenentitiaall tto o iimprove mprove ititss 
sustainability credentials in sustainability credentials in terms of terms of service life,service life, 
embodiedembodied energyenergy and carbon dioxide eand carbon dioxide emissionmissionembodied energy and carbon dioxide emission.embodied energy and carbon dioxide emission. 

•• For sustainable development the concreteFor sustainable development the concreteForFor sustainablesustainable developmentdevelopment thethe concreteconcrete 
structural performance, constructability andstructural performance, constructability and 
dudurrababiliilityty sshhououlldd bebe desdesiiggnneded asas aa wh whoollee..ty gty g 

Bridge deck of Hong KongBridge deck of Hong Kong –– Shenzhen Western Corridor, July 2006Shenzhen Western Corridor, July 2006 
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A viA vissiioon fn foor r sustasustaininababllee 
construction with concreteconstruction with concrete 

“The vision of the North “The vision of the North American American concrete concrete industryindustry 
isis toto transformtransform thethe builtbuilt environmentenvironment byby improvingimprovingisis toto transformtransform thethe builtbuilt environmentenvironment byby improvingimproving 
the way concrete the way concrete is designed, specified, produced,is designed, specified, produced, 
transported, installed, maintained, and recycled totransported, installed, maintained, and recycled to 

ii  b lb l  b tb tensure an opensure an optitimum mum bbaallance ance bbeettweenween 
environmental, social, and economic conditions forenvironmental, social, and economic conditions for 
the industrthe industryy and the world.” and the world.”yy

–– The Strategic Development Council ofThe Strategic Development Council ofgg pp 
American Concrete American Concrete Institute, Institute, 14 Nov14 Nov.. 2008 2008 
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“Business “Business as usual” is not a viableas usual” is not a viable 
oopption for the industrtion for the industryy..p yp y 

–– IrIr. . Thomas Thomas Ho, 15 January Ho, 15 January 2009 at HKIE2009 at HKIE 
conference on “Engineers' Responsesconference on “Engineers' Responses 
to Climate Chanto Climate Changgee””gg 
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Thank YouThank You 
Concrete delivery for marine bored pile construction at Hong KongConcrete delivery for marine bored pile construction at Hong Kong –– Shenzhen Western Corridor project, 2004Shenzhen Western Corridor project, 2004 
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