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Southeast UniversitySoutheast University 

20102010--0303--0303 

HKSAR Standing Committee on Concrete Technology 

Annual Concrete Seminar 2010 

New Research and Application Prog sNew Research and Application Prog ess 

of High Performance Concrete in Chinaof High Performance Concrete in China 

Ess pment of high and ultraEs

ot developmeo

ence and connotation of develosence and connotation of development of high and ultra-high performance modern concretehigh performance modern concrete11 

Major infrostructure engineering constructions prom eMajor infrostructure engineering constructions prom te developmentnt 

of modern syructure UPC and UHPC materialsof modern syructure UPC and UHPC materials 22 

Promoting of antiPromoting of anti-damage ability, durability and service life is the mostdamage ability, durability and service life is the most 

important thing for construction of civil engineeringimportant thing for construction of civil engineering 
33 

66 

How to improve the scientificity and reliability of concrete durHow to improve the scientificity and reliability of concrete durabilityability 

evaluation and service life prediction?evaluation and service life prediction? 
77 

Research Progress of HPFRC and UHPFRC88 

OutlineOutline 

Conclusions and outlookConclusions and outlook99 

Research and state analysis about structure service characteristResearch and state analysis about structure service characteristics ofics of 

concrete & concrete structure at home and abroadconcrete & concrete structure at home and abroad 
44 

How to prolong and scientifically evaluate the service life of cHow to prolong and scientifically evaluate the service life of concrete andoncrete and 

concrete structure are the common concerned problems all over thconcrete structure are the common concerned problems all over the worlde world 

55 Green and ecological technology of modern HPCGreen and ecological technology of modern HPC and UHPCand UHPC 

OutlineOutline

11111111、、、、、、、、Essence and Connotation of 
development of high and ultra-high 
performance modern concrete 

Essence of development of high and 
ultra-high performance modern concrete 

NeN w material technology, information technology and biologyew material technology, information technology and biology 

engineering are the three big underpinnings of the high newengineering are the three big underpinnings of the high new 

technology. Among them, the new material technology is thetechnology. Among them, the new material technology is the 

basis, premise and core.basis, premise and core. 

The development, reform, new ideas and creation of the newThe development, reform, new ideas and creation of the new 

type modern high performance structure concrete materials aretype modern high performance structure concrete materials are 

the key and support for great infrastructure developmentthe key and support for great infrastructure development 

strongly.strongly. 

Development of modern high and ultra high performance 

concrete should have three abilities:have three abilities: anti damage, anti invasion 

and improvement of durability and service life of concrete, it is 

vital importance to engineering construction. 

InI

ac oss the big river, clough, channela

order to accordance withn order to accordance with the highthe high-speed economic growth,speed economic growth, 

great bridges, highwaygreat bridges, highway,, pavementpavement,, high speed railwayshigh speed railways,, nuclearnuclear 

power plantspower plants,, water/wind power projectswater/wind power projects,, dams are under 

construction on a large scale in China 

The construction of stride rThe construction of stride cross the big river, clough, channel 

with big span and ultrawith big span and ultra-big span bridge are increased day by day.big span bridge are increased day by day. 

China is from construction bridge big country to constructionChina is from construction bridge big country to construction 

bridge strong countrybridge strong country. Su-Tong highway bridge, Hang-Zhou Bay 

bridge and Da-Sheng-Guan railway bridge are the important 

symbols 

Connotation of development of high and 
ultra-high performance modern concrete 

Wi on of high speed railway, bridge,W

oro

th the high speed constructiith the high speed construction of high speed railway, bridge, 

tunnel, highway, these projects differ in thus and of ways withtunnel, highway, these projects differ in thus and of ways with 

different forms. All of these projects formed a big dragondifferent forms. All of these projects formed a big dragon 

construction.construction. So that ,the construction level ofSo that ,the construction level of infrastructureinfrastructure inin 

China were promoted to strong country level soonChina were promoted to strong country level soon 

Due to different and harsh service conditions, requirements fDue to different and harsh service conditions, requirements f r 

high and ultrahigh and ultra-high performance modern concrete become higherhigh performance modern concrete become higher 

and higherand higher 

Connotation of development of high and 
ultra-high performance modern concrete 
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2、、、、Major infrostructure engineering 
constructions promote development of 

modern structure HPC and UHPC materials 

Typical examples of infrastructure 
construction in China 

Infra­
structures 

Railway 

engineering 

West-East 

natural gas 
transmission 

project 

Keeping soil 
and water in 

mountain 
project 

South-to-
North 

water 

Diversion 
project 

Bridge 

engineering 

Wind/water 

power 

engineering 

National 

Defense 

project 

Freeway/ 

Highway 

project 
nuclear 

power 

station 

Port 

project 

Of particular interestsOf particular interests ：：：：：：：：
In China, an astoundingIn China, an astounding RMB 4 trillionRMB 4 trillion 

will be invested in infrastructure.will be invested in infrastructure. And 

railway construction (300300-350 km/h350 km/h) is 

the major component. 

Installed capacityInstalled capacity of nuclear powernuclear power 

has been increased from 2% to 4%. 

Total investment in 15 years willTotal investment in 15 years will 

reachreach 450 billion RMB450 billion RMB 

AccelerateAccelerate the construction ofconstruction of windwind 

power stationpower station 

Current construction of dams andCurrent construction of dams and 

bridges in China account for aroundbridges in China account for around 

50 per cent of the global total50 per cent of the global total 

�� ScS

ia for the constructions satii
ientific design andcientific design and maintenancemaintenance of concrete structuresof concrete structures’’ performanceperformance 

during their service life are cruc lduring their service life are cruc al for the constructions satisfying their 100sfying their 100 

years of designed life.years of designed life. 

Qinghai-Tibet railway 

Ocean Engineering 

Freeway 
Civil Engineering 

Wind Power Project 

Three Gorges Dam 
Tunnel under Nanjing Xuan-Wu Lake Su-Tong Highway Bridge 

Hang-Zhou Bay Bridge 

Ling-Ao Nuclear Power Plant 
Jing-Hu High Speed Railway 

Jing-Jin High Speed Railwa 

China Pavilion, Shanghai Expo, 2010 

Ta example:T ke bridge construction forake bridge construction for example:

 Over 0.594 million bridges are standing on 1.8 million 

kilometers roads in the mainland of China(2008). Among them, 

more than 717 bridges with length more than1000 meters

 The designed service life of important bridges is 100 years or 

more. For example, Hong Kong-Zhuhai-Macau Bridge-Tunnel 

project is designed for 120 yearsis designed for 120 years. The. The different service 

conditions of every bridge require the properties of materials 

more and more seriously.

 120 bridges will be built at intervals of 3030 km along Yangtze 

River .

 Our country spent 142 billions RMB to Qiongzhou 

Channel Chunnel. It s the first and biggest project in China. It 

will use the newest technology for the construction and makes 

it s durability can be reached the designing service life. 
There are two kinds of HPC: One is high strength with high durability, 
other is low strength with high durability(the strength grade is from 

C30 to C60.Table show only a small part information. But the number 

is large about 2 hundred million m3) 

Name of prijects Dosage of 
UPC(ten 

thousand m3) 

Name of prijects Dosage of 
UPC(ten 

thousand m3) 

Name of prijects Dosage of 
UPC(ten 

thousand m3) 

Traffic project Water conservancy High speed railway 

Hang-Zhou bay 
bridge 

245 Three gorges dam 2800 Jing-Hu high speed 

railway 
6000 

Su-Tong 
highway bridge 

110 Xiang-Jia –Ba water 
and electricity 

station(On the stocks) 

1600 Wu-Guang high speed 
railway 

2000 

Run-Yang 
highway bridge 

106 Shi-Wu high speed 

railway 
2500 

Tai-Zhou 
highway bridge 

120 Xi-Luo –Du water and 

electricity station(On 
the stocks) 

1300 Hu-Ning high speed 

railway 
1600 

Ning-Hang high speed 
railway 

1300 

Total dosage of 

HPC 
581 Total dosage of HPC 5700 Total dosage of HPC 13400 

Statistics of the application of HPC in China 
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TTh st great gap between China and
rri g

104) 

ccc rding to global

Railway traffic 
mileage in China 

heerre e eexxiist great gap between China and 
ddeevveellooppeed d ccoouunnttrriiees s iin n bbaassiic c eennggiinneeee inng 

Compared with developed countries, the gap of basic project 

construction in China is still large (take comparing with America for 

example, according to statistics in 2008) 

7.5 
(

CChhiinna a's s GGDDP P iis s kkeeeeppiinng g a a hhiiggh h ssppeeeed d ggrroowwtthh. . AA coording to global 

iinnvveessttmmeennt t bbaannkkeer r GGoollddmmaan n SaSacchhss, , CChhiinna a's s GGDDP P wwiilll l iinnccrreeaasse e frfroom m

2,998 109USD iin n 2200110 0 to to 44,453 109USD iin n 22005500. . Thus, CChhiinna a's s GGDDP P

might exceed that of the U.S and would be the largest in the world. 

Infrastructure construction on a large scale in China will last for 30 50 

years. 

Highway traffic 
mileage in American 

643 
( 104) 

Highway traffic 
mileage in China 

187 
( 104) 

The data of 
America is 3.4 times 

Railway traffic 
mileage in American 

22.7 
( 104) 

The data of America 
is 3 times of China 

The number of 
airport in American 

14947 The number of 
airport in China 

467 The data of America 
is 32 times of China 
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Construction of important project and architectural engineering on a 

large scale has powerfully driven the promoting of cement, concrete 
and steel output 

IIn n 22000088, , pprroodduucctitioon n oof f cceemmeennt t iin n CChhiinna a mmoorre e tthhaan n 11..4 4 bbiilllliioon n totonnss(4(488% %

oof f wwoorrlld d oouutptpuutt), ), ccoonnccrreete te mmoorre e tthhaan n 3 3 bbiilllliioon n ccuubbiic c mmeetteerrs s (5(500% % oof f

wwoorrlld d oouuttppuutt), ), sstteeeel l wwaas s 00..5 5 bbiilllliioon n ttoonnss(3(388% % oof f wwoorrlld d oouuttppuut)t); ; MMoosst t oof f

ththeesse e mmaatteerriiaalls s wweerre e uusseed d iin n iinnfrfraassttrruuccttuurre e

IInnfrfraasstrtruuccttuurre e ccoonnsstrtruucctitioon n aaccccoouunnt t ffoor r nneeaarrlly y 440 0 ppeerrcceennt t oof f wwoorrlld d

eenneerrggy y uusse e

EnEneerrggyy-ssaavviinng g aannd d eemmiissssiioonn-rreedduuccttiioon n oof f eennggiinneeeerriinng g ccoonnssttrruuccttiioon n iis s

aan n iimmppoorrttaannt t sstrtraateteggiic c mmeeaassuurre e oof f CChhiinna a

Large amount of CO2 released during the production of cement, 

which will increase atmospheric CO
2 concentration and may worsen 

the environmental conditions 

PrProolloonng g tthhe e sseerrvviicce e lliiffe e oof f sstrtruuccttuurrees s aannd d rreeppllaacceemmeennt t oof f cclliinnkkeer ir in n

ccoonnccrreete te aarre e eeffifficciieennt t mmeeaassuurreemmeennts ts to to ssaavve e eenneerrggy y aannd d rreessoouurrcceess, ,

wwhhiicch h hheellp p pprrootteecctitinng g tthhe e eeccoollooggiiccaal l eennvviirroonnmmeennt t

        
              
              

33、、、、、、、、PPrromotomotinging of antiof anti--damage abilitdamage abilityy, ,
durabilitdurability y and seand service lirvice liffe is the most e is the most
important thing for conimportant thing for conststruction of civil ruction of civil
engineering engineering

            
        

   

     

TTyypical exapical examples of the mples of the degradatdegradationion of of
reinfreinforcedorced concrete aheconcrete ahead of time ad of time

The dock of Qing-Dao 

(service life is only 30 years) 

   

   

    

   

Bridge approach of 

rainbow bridge in 

Tian-Jing The fifth bridge in 

Tian-Jing 

Lao-Gao-Zhai bridge in 

Tian-Jing 

   
         

             
          

-       

-

    

 

Xi-Zhi-Men crossroads was eroded 

seriously after 19 years in BeiJing

deice salt corrosion repaired now  

Build in 60s eroded by Cl­ the 

beams were repaired in 1980s and 

costed a large number of moneys) 

Hu Zhuang bridge in the city of 

Tian Jing

Reinforcing steel bar eroded 

seriously

（（（（ ，，，， ）））） （（（（ ，，，， ，，，，
（（（（ ））））

San Mateo-Hayward in American

×××× ××××××××× ×××× ～～～～
×
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 The collapse of Mississippi Bridge in August, 1 ,2007, 17 people died

 79 people injured, 30 people lost, rebuilding cost will be 250 million USD 

Ahead of Designed Service Life 

Damaged buildings in 
Wen Chuan earthquake 

ThT ehe toughnesstoughness andand crackcrack--resistanceresistance 

are key for the durability, antiare key for the durability, anti-accidentaccident 

ability and service life of concrete.ability and service life of concrete. 

TheThe coupled effects of loads andcoupled effects of loads and 

environmentenvironment must be considered formust be considered for 

improving the scientificity, reliability andimproving the scientificity, reliability and 

accuracy of the predicted service life ofaccuracy of the predicted service life of 

concrete materials and structures.concrete materials and structures. 

The load capacityThe load capacity andand durabilitydurability are two characteristics of modernare two characteristics of modern 

concrete and structures with complex components. The value andconcrete and structures with complex components. The value and 

interaction of them are critical for the service life of concretinteraction of them are critical for the service life of concrete structure.e structure. 

The concrete failure ahead of designed service life are caused bThe concrete failure ahead of designed service life are caused by they the 

instability of material property, structure design and constructinstability of material property, structure design and constructionion 

quality. It is aquality. It is a system engineeringsystem engineering to be investigated.to be investigated. 

Typical examples of damaged concrete structures in China 

Chloride 

damaged bridges 

DaD maged dockamaged dock 

above the oceanabove the ocean 

Chloride damaged pole 

in West saline zone 

Collapse of FengHuang bridge(凤凤凤凤凰桥凰桥凰桥凰桥））））
in HuNan Province (2007) 

Collapse suddenly during 

the period of construction 

64 people died 

Collapse of Jiu-Jiang bridge in 

GuangDong Province(2007) 

Length: 1675.2 meters ，，，，width: 

16meters ，，，，height of the tower: 80 meters。。。。
Start working on September,1985; 

Opened to traffic on June,1988。。。。
Won second-class National Scientific and 

Technological Progress Award in1990; 

National Bronze Prize for Excellent 

Engineering Design in 1991

Profound Revelation from Concrete Failure 

 It was used for 40 years ,destroyed by fatigue（（（（Actually caused by the 

couple factors of fatigue loading and environment factors））））
Service Life of Structural Concrete & Concrete Structures 

Service life of modern concrete and structures is determined by two aspects: 

� load capacity (statistic and dynamic loads) 

� Durability (interaction of coupled environmental factors) 

Material properties (especially the toughness) are vital for durability, service life 
and resistant capability of modern concrete structures. ⅡⅡⅡⅡ:Coupled effects of 

environmental factors 

ⅢⅢⅢⅢ:Coupled effects of 
environmental 

actions with load 

Extent of concrete 
degradation 

Less thanLess than ⅠⅠⅠⅠ:single 
environmental 

factor 

Less thanLess than 

Extent of concrete degradation is 
determined by it s original properties 
and service conditions. In most cases, 
the extent of concrete degradation is: ⅠⅠⅠⅠ< ⅡⅡⅡⅡ< ⅢⅢⅢⅢ. 

Coupled effects of environmental actions 

0 4 8 12 16 20 24 28 
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0.0 

0.2 

0.4 

0.6 

0.8 
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E
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p 
a

n 
s
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 ) 

Time (weeks) 

A3 

A3C1 

A3C2 

A3C3 

DaD mage law of concrete under coupled effects of chloride and alkamage law of concrete under coupled effects of chloride and alkaliali--silica reactionsilica reaction 

High concentration of chloride substantially speeds up the 
ASR degradation at early period. However, at a longer 

time, a moderate concentration of chloride may accelerate 
ASR expansion to a larger extent. 
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Coupled eff ects of environment  al actions  Coupled eff ects of environment  al actions  
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6 

)
m

 .
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/(
1

0 4 

SO4

Chloride diffusion coefficient of concrete in S1 (3.5% NaCl) 

and S3 (3.5%NaCl-5%Na2

×
2 

0

×2 

0 

ingress of chloride into concrete at early exposure period, but 

obviously accelerates the chloride diffusion at later period. 

90d 250d 400d90d 250d 400d 
Exposure period (d)

Exposure period(d) 
DDaammaaggee llaaww ooff ccoonnccrreettee uunnddeerr ccoouupplleedd eeffffeeccttss ooff ssuullffaattee aanndd 

ddrryyiinngg--wweettttiinngg ccyycclleess 

) solutions 

UUnnddeerr tthhee ddrryyiinngg-wweettttiinngg ccyycclliicc ccoonnddiittiioonn::The composition of sulfate into the chloride solution inhabits the 

�� BBeeffoorree 110000 ddaayyss,, RRDDMMEE ((iinn ssuullffaattee ssoolluuttiioonn)) ≈≈≈≈≈≈≈≈ RRDDMMEE ((iinn ccoommppoossiittee ssoolluuttiioonn)) 

�� AAfftteerr 110000 ddaayyss,, RRDDMMEE ((iinn ssuullffaattee ssoolluuttiioonn)) >> RRDDMMEE ((iinn ccoommppoossiittee ssoolluuttiioonn)) 

Coupled  effects  of  load  and  environmental  factors 
Coupled eff ects of environment  al actions
  

Damage law of concrete under coupled effects of different material 
properties and freeze-thaw cycles

112000000024680 Msschaange/%---------987654302112 0 400 OPHHPCCC---WWWS 800 1200
Higher quality concrete shows greater resistance to 

degradation of concrete under the same severe conditions.

Rtveeynaaiicmmolddluus/% Number of freezing-thawing cycles0 400 800 1200 1600OPHHPCCC---WWWS Number of freezing-thawing cycles1600


Coupled  effects  of  load  and  environmental  factors 

Loss of dynamic modulus of elasticity of concrete under the 
coupled actions of load and freezing-thawing cycles 

� The freeze thaw damage process accelerates with the increase of stress ratio. 

� At high stress level (0.5) the HPC fails under freeze thaw cycles. 

DDuurraabbiilliittyy aanndd sseerrvviiccee lliiffee ooff ccoonnccrreettee aanndd ccoonnccrreettee 
ssttrruuccttuurree aarree tthhee ccoommmmoonn ccoonncceerrnneedd pprroobblleemmss aallll 

oovveerr tthhee wwoorrlldd 

R
e
l
a
t
i
v
e

 
d
y
n
a
m
i
c 

m
o
d
u
l
u
s 

o
f 

e
l
a
s
t
i
c
i
t
y
 
(
%
) 1. 7 

YA05L1T
 
YA05L2T
 

e

rreeaaccttiioonn,, cchheemmiiccaall ccoorrrroossiioonn, SSeeaawwaatteerr EErroossiioonn, ffrreesshh wwaatteerr 

corrosion, ssppaalllliinngg at high temperature,, aabbrraassiioonn, ssttrressss 

ccoorrrroossiioonn eett aall.. 

ddrryy ccyycclleess,, ccaarrbboonnaattiioonn,, sstteeeell ccoorrrroossiioonn,, aallkkaallii - aaggggrreeggaattee 

yTThhee ccaauusseess ooff tthhee ffaaiilluurree ooff ccoonnccrreettee：：：：：：：：FFrreeeezzee-tthhaaww ccyccllees、、、、、、、、wweett­

EExxppeerriieennccee aanndd lleessssoonnss aatt hhoommee aanndd aabbrrooaadd ：：：：：：：：
YA05L3T 
YA10L1T 
YA10L2T 
YA10L3T 
YA15L1T 
YA15L2T 
YA15L3T 

EExxppeerriieennccee aanndd lleessssoonnss ：：：：：：：：Durat i on of Act i on of ASR Combi ned Loadi ng (weeks) 

In 2008,we got the information there are 600905 bridges in 

America. Among them, 72868 bridges(12.1%) were deteriorated 
with different extent, 89024 bridges(14.8%) were lost efficacy. 

There are 11 viaducts(whole long is 21 km), the sum of the cost is 

28 million pounds. However, the repair cost is 1.2××××109 pounds. It 

is 6 times of the sum cost. 
The direct loss caused by the damage of reinforced structures 

was more than RMB100 billion per year in China. 

105 

100 

1. 1 

1. 0 
YA05L1C 
YA05L2C 
YA05L3C0. 9 
YA10L1C 

0. 8 YA10L2C 
YA10L3C 

1. 6 
1. 5 
1. 4 

95 YA05 YA10 1. 3 
YA15 YA05L1 1. 2 

90 
YA05L2 YA05L3 1. 1 
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E
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70 

YA15L2C 
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0. 90. 6 

0. 8 
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0. 4 

0. 3 

0. 7 
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0. 5 
0. 4 

65 0. 30. 2 

0. 1 

0. 0 

­0. 1 

0. 260 
0. 1 

55 0. 0 
­0. 1 

50 
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 

Durat i on of Act i on of ASR Combi ned Loadi ng (weeks) Ti me (weeks) 

Damage law of concrete under coupled actions of bending load and ASR 

The bending load accelerates the damage degradation of 

concrete with ASR. 
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44、、、、、、、、Res bout durabilityRe earch and state analysis asearch and state analysis about durability 

and structure service characteristics ofand structure service characteristics of 

concrete & concrete structure at home andconcrete & concrete structure at home and 

abroadabroad 

Single damage factor 
load 

Unsuitable for in-situ conditions 

Double or multiple damage factors 

Environment Mechanical Material 

Multipl f ctors 

Accelerate damage of 

concrete and concrete structure 

Interaction of negative 
and positive effects 

Double factors 

Double factors Double factors 

Shorten service life 

Research and state analysis about durability and structure 

service characteristics of concrete & concrete structure at 
home and abroad （（（（1）））） 

Our government pay a great attention on the research of the service life of concrete 

863 projects 973 projects 

Basic Research in Low Energy Production and 
High Efficient Application of Cement 

Basic Research on Environmental Friendly Modern Concrete 

Research and state analysis about durability andResearch and state analysis about durability and 

structure servicestructure service characteristics of concrete &of concrete & 

concrete structure at home and abroadconcrete structure at home and abroad （（（（（（（（22））））））））
AbroadAbroad research has been carried out about the evolution laws ofresearch has been carried out about the evolution laws of micro structuremicro structure 

coupled load and environment factors andcoupled load and environment factors and multimulti--scale modelingscale modeling, initial research, initial research 

of service properties and service life of concrete material andof service properties and service life of concrete material and concrete structureconcrete structure 

has been carried out.has been carried out. The research of full service life design became a hot topicThe research of full service life design became a hot topic.. 

5、、、、Green and ecological technology ofGreen and ecological technology of 

modern HPCmodern HPC and UHPCand UHPC 

(1) Significance of grg

on reteo
een and ecologicalreen and ecological 

technology of structural c ctechnology of structural c ncrete 

The output of the cement and concrete has been risen fiercely, which leads to 

more energy consumption and environment pollution ,and is harmful to the 

sustainable development of society. 

Large amount of industrial waste (such as silicon fume, fly ash, blast furnace 

slag , coal gangue ) can replace cement to different extend(15% 85%). Concrete 

with different performance level and strength grade (C25 C200) has been widely 

used in the protection projects and infrastructures. 

Due to its outstanding instinct nature and no grinding process, fly ash has been 

the first choice of the mineral admixture in all kinds of major civil engineering 

projects. The application of fly ash for big city in China has reached 100%, more 

than 45% for the whole country. There is urgent need to exploit new residue 

resources. 

In average, 30%～～～～50% of cement can be replaced by industrial waste. It means 

that 100 million tons cement clinker can make 140 200 million tons cement, which 

has outstanding economic and environmental benefit. 

Due to the incorporation of fly ash, some key technical properties (shrinkage 

resistance, crack resistance, creep resistance, fatigue resistance and durability) 

are improved. 

In China, there are huge storage of coal gangue, red mud, silica fume 

(nano-scale) and several industrial waste, especially fly ash, slag, steel 

slag and so on, because of the industrial development, the number of 

its production increasing, and now there are more than 7 billion tons 

and their variety physical structure, chemical composition, hydration 

mechanism and dosage also affects the performance of different 

concrete (which has a positive effect, negative effect and the 

interaction of positive and negative effects). 

To maximize the efficient use of industrial wastes to replace the more 

cement clinker, is an important measure to save resources and energy, 

protect ecological environment and improve the material properties, 
also is the only way for sustainable development of society. 



         

   

            

       

         

   -        

      

             

   

         -  

   

      
     

         

       

 

    
     

    

  

  

     

         
          
             

 -            
            -

      -

            
       -   

   -     
           

           

   –       –   
            

             
        

        

     
  

         
     

      
- -     

      
 

              

              

              

  

                

                  

          

            

              

                  

                  

                    

                      

                 

                  

                

  

                          

                

                            

                          

  

Effect of fly ash on the macro-properties of modern concrete 

compared with reference concrete 

The substitution of cement by 30% fly ash (by mass) may 

reduce 30% of dry shrinkage of concrete 

The creep value can drop by more than 50% 

Improve the anti cracking ability (defer the time of cracking, 

reduce the dimension and quantity of cracks) 

The fatigue life of concrete is improved more than 3 times at 

the same stress ratio 

Improve the durability of concrete (except for the freeze thaw 

ability and carbonization ability)

((((二二二二)))) Mechanism of the special effect of 
fly ash on cement & concrete 

Mechanism of the special effect of fly ash on cement & 

concrete 

Three special effects of FA (morphological effect, pozzolanic effect, 

micro-aggregate effect) 

Morphology of fly ash particles 
Strong chemical bond between fly 
ash sphere and cement particles

(a)7d(a)7d(a)7d(a)7d (b)28d(b)28d(b)28d(b)28d(c)90d(c)90d(c)90d(c)90d (d)240d(d)240d(d)240d(d)240d 

(a) Cenosphere (b) Plerosphere 

(d)Magnetic sphere(c) Sinksphere 

Characteristics of microsphere in fly ash 

Cenosphere ：：：： lighter than water ，，，，more than 65% are hollow，，，，much 
smaller glass microballoons are compassed in them. They are called 
mother spheres or multispheres, whose dosage is small in the fly ash, 
about 0.07% 0.50% of original grays. However its activity has great 
influence on the performance of the concrete. Their mean diameter is 2.2 
22um, and the wall thickness is 0.2 20um. 

sinksphere：：：： heavier than water, they occupy more than 90% of the fly 
ash. Their compressive strength can reach 500 700MPa，，，，which make 

them important to develop the micro aggregate effect. They have 
irregular protruding points on their surface. There are pores on the wall. 
Most of them are hollow, with smaller glass microballoons in them too. 

Magnetic sphere：：：： iron rich sphere，，，， 1.5% of them are iron rich , 55% 
is Fe2O3. They are magnetic, so they are called magnetic sphere. Their 
shape is nearly spherical and they are bonding with each other for their 
magnetism. They are also hollow inside, just like cenosphere. 

Its content in fly ash is over 90% 

It has high strength（500～700MPa） and 
high elastic modulus 

It can form strong chemical and physical 
binding with cement matrix and hydration 

products 

It can strengthen the ITZs (microsphere～～～～
C S H gel, fine aggregate～～～～matrix, coarse 

aggregate～～～～motar) 

Predominant contribution to macro properties of 
sink sphere 

66、、、、、、、、How to prolong and scientifically evaluate theHow to prolong and scientifically evaluate the 

service life of concrete and concrete structureservice life of concrete and concrete structure 

are the common concerned problems all overare the common concerned problems all over 

the worldthe world 

How to prolong and scientifically evaluate the serviceHow to prolong and scientifically evaluate the service 

life of concrete and concrete structure are the commonlife of concrete and concrete structure are the common 

concerned problems all over the worldconcerned problems all over the world 

Service life of concreteService life of concrete：：：：：：：：from use to failurefrom use to failure；；
Designed service life (BritishDesigned service life (British standard)) ：：：：：：：：civilian constructioncivilian construction ,60 years;60 years; AirportAirport 

Pavement,Pavement, 1515～～20 years; industrial building, 30 years;20 years; industrial building, 30 years; Ocean Engineering,Ocean Engineering, 40 years;40 years; thethe 

Hall of JusticeHall of Justice and prison,prison, 100 years; bridge, 120 years;100 years; bridge, 120 years; monumentality architecturemonumentality architecture , 200200 

years;years; 

longlong--lifelife projects：：：：：：：：North Sea oil platform ( United Kingdom) English, Akashi KaikyoNorth Sea oil platform ( United Kingdom) English, Akashi Kaikyo 

bridge (Japan),bridge (Japan), Union bridge (Canada), 100 yearsUnion bridge (Canada), 100 years；；ShieldShield tidal barriers (the Netherlands),tidal barriers (the Netherlands), 

250 years250 years；；Macau Tower (Macau),Macau Tower (Macau), 150150 years;years; Tsing Ma Bridge (Hong Kong)Tsing Ma Bridge (Hong Kong) , 120120 

yearsyears；；King Fahd Causeway (the Kingdom of Saudi ArabiaKing Fahd Causeway (the Kingdom of Saudi Arabia and the Kingdom of Bahrain),), 

greater than 120greater than 120 years.years. Service lives of subways and bridges in china are designed in 100 

years or more. 

Two problems:Two problems: How to guarantee the service life of concrete and concrete strucHow to guarantee the service life of concrete and concrete structure? Howture? How 

to predicting the remaining service life of concrete structure?to predicting the remaining service life of concrete structure? 

In the final analysis:In the final analysis: Lack of new theory and method for scientifically evaluating theLack of new theory and method for scientifically evaluating the 

durability and service life; Lack of maturity whole service lifedurability and service life; Lack of maturity whole service life theory and technology fortheory and technology for 

reinforced concretereinforced concrete structures. 
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    Issues for Immediate Attention : 

QQuueessttiioonns s  tthhaat t  wwe e  sshhoouulld d  aannsswweer r

HHooww ttoo gguuaarraanntteeee tthhee sseerrvviiccee lliiffee ooff ccoonnccrreettee aanndd ccoonnccrreettee ssttrruuccttuurree（（（（（（（（ TTaakkee mmaatteerriiaall,, ssttrruuccttuurree,, ccoonnssttrruuccttiioonn aanndd rreeppaaiirriinngg aass aann iinntteeggrraall 
sscciieennccee aanndd ssyysstteemmss eennggiinneeeerriinngg ttoo iimmpplleemmeenntt .. DDeessiiggnn tthheeoorryy aanndd 
mmeetthhoodd bbaasseedd oonn tthhee lliiffee ccyyccllee ））））））））
HHooww ttoo pprreeddiicctt tthhee sseerrvviiccee lliiffee ooff ccoonnccrreettee aanndd ccoonnccrreettee ssttrruuccttuurree（（（（（（（（ ffuullllyy 
ccoonnssiiddeerraattiioonn tthhee ddeetteerriioorraattiioonnss pprroocceessss aanndd tthhee mmeecchhaanniissmm ooff mmiiccrroo 
ssttrruuccttuurree eevvoolluuttiioonn ooff ccoonnccrreettee aanndd ccoonnccrreettee ssttrruuccttuurree ddeetteerriioorraattiioonn 
ccoouupplleedd llooaadd aanndd eennvviirroonnmmeenntt ffaaccttoorrss.. ））））））））ffuullllyy ccoonnssiiddeerraattiioonn to concrete 
and concrete structure 

HHooww ttoo eevvaalluuaattee tthhee dduurraabbiilliittyy ooff ssttrruuccttuurraall ccoonnccrreettee aanndd ccoonnccrreettee 
ssttrruuccttuurree（（（（（（（（ EsEsttaabblliisshh tthhee nneeww tthheeoorriieess,, nneeww mmeetthhooddss aanndd nneeww ssyysstteemmss ooff 
ccoonnccrreettee dduurraabbiilliittyy eevvaalluuaattiioonn ccoouupplleedd mmeecchhaanniiccss ((ddyynnaammiicc llooaadd aanndd 
ssttaattiicc llooaadd)) aanndd eennvviirroonnmmeenntt ffaaccttoorrss.. ））））））））
HHooww ttoo iimmpprroovvee tthhee ccaappaacciittyy ooff aannttii--ddiissaasstteerr ooff eennggiinneeeerriinngg,, aannttii--iinnvvaassiioonn 
ooff mmooddeerrnn wweeaappoonnss aanndd aannttii--ccoouupplliinngg ffaaccttoorrss ffrroomm tthhee vviieeww ooff ccoonnccrreettee 
mmaatteerriiaall.. IInn-ssiittuu ttoouugghheenneedd iimmpprroovveemmeenntt iiss tthhee ccrriittiiccaall iissssuuee.. 

StStrreennggtthheenn tthhee qquuaannttiittaattiivvee ddeessccrriippttiioonn ooff tthhee rreellaattiioonnsshhiipp bbeettwweeeenn mmiiccrroo--
ssttrruuccttuurraall eevvoolluuttiioonn aanndd mmaaccrroo--bbeehhaavviioorr ooff tthhee eennttiirree pprroocceessss ooff ssttrruuccttuurree 
ffoorrmmaattiioonn aanndd ddeeggrraaddaattiioonn ooff cceemmeenntt--bbaasseedd mmaatteerriiaallss..((CCoonnssttiittuuttiivvee 
bbeettwweeeenn mmiiccrroo ssttrruuccttuurree aanndd mmeecchhaanniiccss,, ccoonnssttiittuuttiivvee ooff mmiiccrroo ssttrruuccttuurree 
aanndd ttrraannssppoorrtt,, rreesseeaarrcchh ooff mmuullttii-ssccaallee mmooddeelliinngg ooff mmiiccrroo ssttrruuccttuurree aanndd 
sseerrvviiccee lliiffee pprreeddiiccttiioonn)) 

DDeeeeppllyy iinnvveessttiiggaattiioonn oonn tthhee ExExppeerriimmeennttss iinn llaabbSeSerrvviiccee ccoonnddiittiioonn rreellaattiioonnsshhiipp bbeettwweeeenn 
((ddaammaaggee ddeeggrraaddaattiioonn &&aannaallyyssiiss && ccoouupplleedd mmiiccrroossttrruuccttuurree aanndd mmaaccrroossccooppiiccaall 
mmiiccrroossttrruuccttuurree eevvoolluuttiioonn))aaccttiioonnss ddeessiiggnn bbeehhaavviioorr iinn tthhee ssttrruuccttuurree ffoorrmmiinngg
 

pprroocceessss ooff HHPPCC
 

MMooddiiffyy	 MMooddiiffyy 

EsEsttaabblliisshhmmeenntt ooff tthhee MMooddeellss oonn LLoonngg ppeerriioodd ooff 
IInn-ssiittee 

tthhee rreellaattiioonnsshhiipp bbeettwweeeenn ddaammaaggee ssttrruuccttuurraall hheeaalltthh 
eexxppeerriimmeennttss 

ddeeggrraaddaattiioonn && sseerrvviiccee lliiffee pprreeddiiccttiioonn mmoonniittoorriinngg 

NNeeww aanndd rreelliiaabbllee pprreeddiiccttiioonn mmooddeellss ffoorr dduurraabbiilliittyy Database & 
aanndd sseerrvviiccee lliiffee ooff ccoonnccrreettee uunnddeerr ccoouupplleedd aaccttiioonnss ooff expert system 

llooaadd && eennvviirroonnmmeenntt bbyy tthhee ssiimmiillaarriittyy tthheeoorryy 

EqEquuiivvaalleenntt ccoonnvveerrssaattiioonn LLooaadd ((ssttaattiicc//ffaattiigguuee)) ccaappaacciittyy ddeessiiggnn 
((cchheemmiiccaall aaccttiioonnss ttoo 

mmeecchhaanniiccaall eeffffeeccttss)) DDuurraabbiilliittyy ddeessiiggnn 

NNeeww ddeessiiggnn tthheeoorryy aanndd mmeetthhoodd ffoorr pprreeddiiccttiinngg ccoonnccrreettee,, 

ccoonnccrreettee ssttrruuccttuurreess’’ cchhaarraacctteerriissttiiccss iinn tthheeiirr sseerrvvee lliiffee 

IImmpplleemmeenntt ooff tthhee bbiigg rreevvoolluuttiioonn ffoorr tthhee ddeessiiggnn tthheeoorryy,, 

tteecchhnnoollooggyy aanndd mmeetthhoodd ooff ccoonnccrreettee ssttrruuccttuurree 

ffoorrmmaattiioonn mmeecchhaanniissmm ooff mmiiccrroossttrruuccttuurree ooff ccaallcciiuumm 

ssiilliiccaattee hhyyddrraattee ((CC–SS–HH)) 

Issues for Immediate Attention ⅠⅠⅠⅠ: 

? 
⋅ 

? 
Complex C H S 

⋅ 
system 5 A
 

Atom array of
 concrete 
hydration product 

77、、、、、、、、HoHoww ttoo iimmpprroovvee tthhee sscciieennttiiffiicciittyy aanndd rreelliiaabbiilliittyy 

ooff ccoonnccrreettee dduurraabbiilliittyy eevvaalluuaattiioonn aanndd sseerrvviiccee 

lliiffee pprreeddiiccttiioonn?? 

Healthy development of HPC and sustained innovation must seize the 

fundamental research 

energy saving and emission reduction 

–	 Improvement of durability; Prolong the service life
 

of concrete; combination of structure, material and
 

construction
 

Fully utilize industrial waste ; Minimize the assumption 

of cement 

Strengthen the environment-friendly, ecological of concrete material in 

basic construction of modern structure，，，， Strengthen the basic theory 

and research of In-situ toughening technology is essential. 

effective ways for energy saving and 
emission reduction 

–	 Improvement of anti-damage ability and anti-


invasion ability of modern weapons
 

the safety of the people’s lives and property 

SSttrreennggtthheenniinngg tthhee bbaassiicc ssttuuddyy ooff mmooddeerrnn 
ccoonnccrreettee bbrrooookkss nnoo ddeellaayy !! 

ⅡⅡⅡⅡ
Damage evolution of modern concrete 

Load 

O2 

CO2 

Cl­

H2O 
2­SO4 

damage source at micro scale 
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Reveal the re -

of hydration p 

Utilizing mineral admixtures fully and efficiently; Maximal 

replacement of cement clicker by mineral admixture 

Damage evolution of 
materials 

Formation of micro-
structure and its 

constitutive relationship 

Service feInteraction between different components 
cementitious material 

Formation of micro stru 
How does micro structu 

constitutive relation hi 

Interaction of loads and environmental effects 

How does damage source of micro structure 

o structure affect 

Reveal the degradation mechanism of concrete 

durability under different service environments 

Degradation of concrete structure 

Scientific combination of bearing 

capacity and durability of structure 

Realize the scientific 
prediction of service life 

ScS ientific and key problemscientific and key problems 

The model of micro structure of hydration product; 
Relationship between micro structure and macro 
properties; 

Reveal the characteristics of degradation with time and 
mechanism of modern concrete under coupled load and 
environment factors and then establish the damage 
models. 

Establish a service life design theory that incorporate 
load and durability simultaneously, and set up relevant 
new system. Develop theories and methods for life 
cycle design. 

Multi scale modeling of the microstructural evolution of 
concrete under coupled load and environmental factors 

88、、、、、、、、ReR search Progress of HPFRCesearch Progress of HPFRC andand 

UHPFRCUHPFRC 

Fiber reinforced concrete is now in the range of 

intelligent materials 

Anti crack effect is a sign of the intelligent 
characteristics 

Toughness enhancement effect is the basis of 
its intelligent ability 

Improving the durability and prolonging the 
service life of concrete are two important 
symbols of its intelligent ability 

The intelligent ability is especially evident in 
case of UHPFRCC which exhibits excellent 
properties.

（（（（1111））））Past, present and future of UHPFRC 

1. Past of UHPFRC（（（（Science 1980’s））））
MDF（Macro Defect Free cement）
It is composed by cement, polymer and water, and its compressive 
strength and flexural strength can run up to 300MPa and 100～
150MPa respectively, fracture energy 3KJ/m2. The ratio of flexural 
strength to compressive strength can reach 1：3 and1：2. 
However , due to its intrinsic limitations, such as complicated 
preparation and curing process, gradual deterioration of long term 
performance ,low moisture resistance, low performance cost ratio, 
and indistinct structure and property formation mechanism, it has 
been out of date. 

DSP（Densified System Containing Homogenously Arranged 
Ultrafine Particles）
It is composed by cement, ultrafine particles (silica fume or fly ash), 
water and fiber, with compressive strength 350MPa. But similar to 
MDF, it has complicated preparation process, poor workability and 
durability, especially low moisture resistance. All these limitations 
narrowed its application prospect. 

(2) Development of UHPFRC(2) Development of UHPFRC 

SIFCON and SIMCON（（（（ Slurry-infiltrated-fibered concrete and slurry 
infiltrated mat concrete））））
They are effectively enhanced by fibers, but they are still difficult to be 
applied on a commercial scale for its complicated preparation process and 
low performance cost ratio. 

RPC（（（（Reactive Powder Concrete））））
RPC , a type of new material occurred in the 1990s, is composed by 
cement, ultra fine grinding quartz powder, large volume of silica fume and 
super plasticizer. It has no coarse aggregates, with ultra fine grinding quartz 
powder（ particle size less than0.6mm） as fine aggregates. It has three 
grades: RPC800、RPC400 and RPC200. Owe to its excellent workability , 
mechanical properties, dynamic behaviours and super high durability, it 
has been a type of ultra high performance cement based composite, which 

can act as a counterweight to the widely used metallic materials and 
polymer materials. However , fibers must be added to its matrix so as to 
make the most of its advantages. 



    

       

   

       

   

 

      

    

   

  

  

    

  

      

      

      

    

     
 

 

       

   

         

 

Seonyugyo Bridge, Korea 

ApA plication in the worldpplication in the world 
Comparison of RPC and OPC 

Conventional Concrete plate 
(Length:60cm;Thickness:3cm) 

Reactive Powder Concrete plate 

(With the same size) 

Provided by Prof. Chen Zhen Chuan, Taiwan University 

The Shawnessy Light Rail 

Train Station in Calgary 

canopy 
2 cm 

unique, innovative creations 

Sherbrooke Footbridge，Canada 

Undergroud railway station in Monaco 

Beautiful Acoustic 
panels 

Easy to install 

Lightweight 

Durable 

Panels ——an average of 2.30 m 

by 1.80 m, with 20-mm thickness 

in the solid areas and 15-mm 

thickness in the perforated areas. 

The new bell tower in 
Laval, Canada 

City symbol 

Reinforcement of the clinker silo at the 

Lafarge plant in La Couronne 

200 degree temperature difference between the interior and exterior surface 

Used for 
renovation 
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Wind power 

wind turbine foundations 

Self-consolidating properties that 

contribute to the highly homogenous cast 

and reduce the risk of incomplete filling, 

resulting in exceptionally uniform surfaces 

beautifully replicates mold texture 

ApA
aya

plication of HPFRCpplication of HPFRC、、、、、、、、UHPFRC in chinaUHPFRC in china 
Pavement cover plate in high speed railwPavement cover plate in high speed railw y 

Compressive strength≥130MPa、Flexural 

strength≥18MPa、Modulus of elasticity ≥48GPa、 Penetration quantity of chloride 

ions＜40Coul、 Frost resistance grade >500 

ECOECO--UHPFRCUHPFRC HPSFRC100HPSFRC100 SFRC40SFRC40 

Application of HPFRCApplication of HPFRC、、、、、、、、UHPFRC in chinaUHPFRC in china 
EcoEco--UHPFRC used in defense worksUHPFRC used in defense works 

ApA plication of HPFRCpplication of HPFRC、、、、、、、、UHPFRC in chinaUHPFRC in china 
Fiber reinforced concrete used in GuiFiber reinforced concrete used in Gui--Guang railway tunnelGuang railway tunnel 

Damage pattern of 
samples subjected to 
compressive impact 

Specimen 

before impact UHPFRCV0 UHPFRCV3 UHPFRCV4 

C40V0 C40V2 C40V3 

C100V0 C100V2 C100V3 
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30/s 50/s 64/s 75/s 81/s 

31/s 52/s 63/s 72/s 83/s 

V0 

V3 

DDDD

m/smm
amage pattern of ECOamage pattern of ECOamage pattern of ECOamage pattern of ECO----UHPFRCUHPFRCUHPFRCUHPFRC atatatat 

different stain ratedifferent stain ratedifferent stain ratedifferent stain rate 

m
AntiAntiAntiAnti----penetration of ECOpenetration of ECOpenetration of ECOpenetration of ECO----UHPFRCUHPFRCUHPFRCUHPFRC 

CF40 C100 ECOCF40 C100 ECOCF40 C100 ECOCF40 C100 ECO----UHPFRCUHPFRCUHPFRCUHPFRCVelocity of the projectile is 850Velocity of the projectile is 850 /sVelocity of the projectile is 850 /sVelocity of the projectile is 850 /s
AntiAntiAntiAnti----explosion performance of ECOexplosion performance of ECOexplosion performance of ECOexplosion performance of ECO----UHPFRCUHPFRCUHPFRCUHPFRC(Back face of the targets)(Back face of the targets)(Back face of the targets)(Back face of the targets)

CF40 C100 ECOCF40 C100 ECOCF40 C100 ECOCF40 C100 ECO----UHPFRCUHPFRCUHPFRCUHPFRCDosage of TNT is 2.0kgDosage of TNT is 2.0kgDosage of TNT is 2.0kgDosage of TNT is 2.0kg 
Deficiencies of RPC 

Ultra fine powders are expensive and energy consuming 
during grinding; super fine metal fibers are also costly, 
so its performance cost ratio is very low. Not only 
RPC800、RPC400 are hard to be widely used in the 
actual projects, but also RPC200 is difficult to be applied. 

Tendency of RPC 

In order to improve its performance cost ratio, broaden 
its application, the superior properties of RPC can be 
fullly performed by exploiting the physical and chemical 
nature of the ultra fine industrial waste, replacing more 
cement , ameliorating the material composition and 
microstructure , optimizing the fiber dimension and 
shape and optimizing the curing process.

（（（（4））））The future of 

ECO-RPC and ECO-UHPFRC 

Exploit the combined effect of the industrial waste fully 
and efficiently, so as to make the material more 
ecological and environment friendly. 
Optimize and enhance the three level interface structure 
to make full use of the intelligent ability. 

Utilize the Superplasticizer whose water reducing rate 
can be more than 40％ to enhance the self leveling 
behavior of ECO UHPFRC. 
Incorporate high strength coarse aggregates to improve 
the performance cost ratio of UHPFRCC. 
Reveal the mechanism that contribute to its excellent 
durability, which can shed light on its extensive 
application in infrastructures, protection projects and 
special products. 

99、、、、、、、、Conclusions and OutlookConclusions and Outlook 
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Ba ure research achievements, it is necB

ooncn

ttana

sed on the present and futased on the present and future research achievements, it is necessary toessary to 

establish new theory and methods to scientifically design the cestablish new theory and methods to scientifically design the c retecrete 

structures which are exposed to coupled environment and mechanicstructures which are exposed to coupled environment and mechanicalal 

actions.actions. 

Based on the porous medium theory and thermodynamics, the chemicBased on the porous medium theory and thermodynamics, the chemicalal 

actions can be equivalently transferred to the corresponding mecactions can be equivalently transferred to the corresponding mechanicalhanical 

effects, which can serve as a basis for innovative unification oeffects, which can serve as a basis for innovative unification of durabilityf durability 

design and bearing capacity design.design and bearing capacity design. 

Strengthen fundamental research in the field of HPC, and establiStrengthen fundamental research in the field of HPC, and establishsh 

relationships between microrelationships between micro-structural evolution and macrostructural evolution and macro-behavior of thebehavior of the 

entire process of structure formation and degradation of cemententire process of structure formation and degradation of cement-basedbased 

materials.materials. 

In order to ensure the realization of designed service life in HIn order to ensure the realization of designed service life in HPC engineering,PC engineering, 

material, structure and construction should be considered simulmaterial, structure and construction should be considered simul eouslyneously 

as an indivisible system projectas an indivisible system project 

ConclusionsConclusions 
Outlook 

Introduction of nano science and multi scale simulation technology 

into the field of concrete science is an important measure for 

adequately explaining the mechanisms of microstructure 

evolution/degradation and for discovering the quantitative 

relationship of microstructure degradation and concrete behavior. 

The experiment and modeling on the relations of microstructure 

degradation and macro durability, are primary for improving the 

service life of concrete and reinforced concrete structures. 
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