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Pyrament (another type of blended
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2) E&}H|(Chemical Admixture)
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g FYA T B4 ARgIlolor dlm, BEM B mEo] $715EE 9| god FHARTdol
FIYEL] 25 ¥ 502 xusle] -3 LAE 4 JOBE foggingolV EURGA S
of gt mFEIEE Byl A9 gyl & Algsoof gt}
E 1. AIZE Alglel 29} Higt|e] o
CONCRETE COMPOSITION PE_R M3) STRENGTH(MPa)
28 DAYS 80 DAY S QUANTI-
PROJECT DATE - OBJECT CEMENT | SILICA | WATER/| SLUMP | AVER- | COM- |AVER- | COM- | TIES PRO-
KG) FUME |CEMENT| C™) AGE | PRES-| AGE |PRES-| DUCED
KG) SIVE SIVE M3)
PLM A 86 1984 | DEVELOPMENT OF CPAHP| 25 0.47 5 5 70 / / 70
EQUIPMENT 400
GREAT ARCH | 1985 | LOWER DECK (WORKA- | CPA HP / 0.39 120-25| 60 55 67 62 15000
LA DEFENSE BILITY-STRENGTH) 425
1989 | UPPER DECK (D1110 - 425 30 040 |22-25| 65 60 73 68 15000
PUMPABILITY)
RE ISLAND, 1987 | SEGMENT PRECASTING | CPA 55 30 0.40 15 68 60 / / 35000
BRIDGE 400
SYLANS 1986 | PRECAST DECK X ELE- | CPA 55 / 0.38 |20-25| 69 61 / / 2000
VIADUCT MENTS 400
1988 | PARAPET DURABILITY 375 35 0.38 15 75 / / / /
PERTUISET 1988 | DECK (B 60) CPAHP | 30 0.38 14 75 70 / / 1000
BRIDGE 400
JOIGNY 1988 | DECK (B 60) CPA HP / 0.36 20 78 68 90 80 1100
BRIDGE 450
HASSAN  II] 1988 | MINARET CYCLE CPRJ 45 25 0.45 15 37 37 / / 5000
MOSQUE DURABILITY OF 375 (W/SILICA
(HAROCCO) IMMERSED STRUCTURES FUME)
1000
(W/0 SILI-
7 CA FUME)
1989 | STRENGTHENING OF CPA HP 30 0.39 23 96 92 105 | 100 400
FOUNDATIONS - SUPER- 425
STRUCIURES 12000(PLA-
KWUNG TONG | 1990 | SEGMENT PRECASTING | OPC (BS / 0.38 18 70 65 / /| NED:65000)
BY PASS 12)
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E 2, QM) AZI70) e Zeklm

) . Strength attained after drying
Moist Drying - - -
i Test age, Strength attained when moist cured untile test age
cured, period, - -
q q days Compressive strength Moduius of rupture
ays ays
4 4 Normal strength | High Strength | Normal strength | High Strength
0-7 8-28 28 0.98 0.91 0.83 0.74
0-7 8-28 28 0.94 0.89 0.86 0.74
0-7 8-28 28 0.95 0.88 0.88 0.74
0-28 29-95 95 0.99 0.95 0.97 0.91
0-28 29-95 95 1.01 0.96 0.96 0.93
0-28 29-95 95 0.99 0.96 0.99 0.91
100 Aol 23 deHoRE f=

w2
z
[
K
:;:_b = i65)
&
£%
0n =
= 50
23
% g — High Strength
Sa 2 ——- Medium Strength
§ ——— Normal Strength
0 i ‘
0 7 28 Age, days 96
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Eo] ulglo] digt Mg ARE FFe] 16%
72 AEl7eE drigezn XA = 9l
=3

d) otz (Abrasion)

R A P& vlElEy] wlEe] 1A

E 4 TMSETRE°S| EREM

Accribute Abbreviacion

Adhesion to hardened concrete AD
Abrasion resistance AR
Corrosion protection CP
Chemical resistance CR
Ductility™ DUC
Durability DUR
Energy absorption (toughness)* EA
Early strength ES
High elastic modulus EM
High compressive strength cS
High modulus of rupture MOR
High tensile strength TS
High strength/density ratio™ S/D
High workability and cohesiveness WRK
Low permeability IMP
Resistance to washout WSH
Volume stability \S

* Fiber-reinforced concrete

** Especiaily with high-strength, lightweight concrete

x5 j_ﬁ.‘:ﬁﬂg]EOi ...<a

Fast - ttrack construction

Hazardous waste containment
Parking garages

Pavements

+ Fast track construction

Application Existing/New Needed Attributes
PRIMARY IMPORTANCE
Buildings
+ Columns B WRK, CS, EM, Predictable
time-dep. deformations
 Post-tensioned Slabs N CS, EM
» Foundations N CS
Bridges
+ Decks E CP, DUR, AR, S/D
+ Long spans E EM, S/D
Cold weather construction N ES
Chemical & Food processing plants N IMP, CR, AR

+ Tile-up, recycling formwork, automation, safety N

S

WRK, ES, MOR
IMP, DUR
CPk, DUR

ES, MOR

40




Application Existing/New Needed Attributes
PRIMARY IMPORTANCE

+ Repair B WRK, ES
+ Heavy traffic zones E AR
Precast/prestressed concrete N WRK, CS. MOR, ES, CP, 3/D
Repair
» Emergency B WRK, ES, AD
* Underwater N WSH
* Longs-term N DUR, CS, AD
» Use of fiber concrete N EA, AD
Sanitary structures N IMP, CR, DUR
Seismic applications N EA, WRK

Military structures
New transportation systems
+ High-speed rail, mag-lev
Offshore structures
» Gravity structures
= Floating sutructures
Security structures
Tunnel linings

Lunar concrete
Automated construction

SECONDARY  IMPORTANCE
N

N
N
E
N
N

SPECULATIVE APPLICATIONS

EA, TS, CS

VS, Ch, C5, EM

CS, TS, EM, DUR

CS, TS, EM, DUR, S/D

EA, TS, C5
IMP, ES, CS, TS, DUR

WREK

Fg Z4A2 & slvh e ok 14
AR Ze7E ZelE s Abgel W@ ATl Fasl
. ez a4sEazEd F@e Ag

= 6 IMESEIRES oivE AlE

« Curing of low w/c HPC(and development of recommended practices)

« Explore approaches for enhanced volume stability--control of plastic & drying shringkage
« Understand fracture processes in HPC (strain capacity, brittleness, crack characteristics)

+ Understand needs for minimum reinforcement in high-strength HPC

« Consequences of using higher yield strength steel (f,>75 ksi (520 MPa))

41
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+ Lstablish applicability of high-strength HPC in seismic design, explore feasibility of fiber-reinforced
concrete in beam-column joints

* Develop techniques to facilitate finishing HPC flatwork

» Characterize chemical resistance of HPC

* Develop methods to repair HPC for (inevitable) construction defects

* Develop protective coatings for rebars to which concrete bonds well

*+ Understand the compatibility of HPC with conventional concrete(in new construction at slab-column
Jjoints and in repairs)

* Understand consequences of high compressive strength in applications of HPC for durability--ake

advantage of it when possible




