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Reduction of Autogenous Shrinkage of
Ultra-High-Strength Concrete
Containing Silica Fume-Premix Cement (SFPC®)
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ABSTRACT

This paper investigates autogenous shrinkage behavior of ultra-high-strength concrete
containing silica fume-premix cement (SFPC®) with a water-to-binder-ratio of 0.13 to 0.20.
The concrete mix was added with expansive admixture (EX), shrinkage reducing agent
(SRA) or shrinkage-reducing type superplasticizer (SRSP) solely or in combination of EX
and SRA or EX and SRSP, and effects of these admixtures in reducing autogenous
shrinkage were examined.

The ultra-high-strength concrete specimens subjected to high temperature to simulate
actual temperature conditions in massive columns exhibited distinct differences from those
cured at a constant temperature of 20°C in autogenous shrinkage/expansion strain
behavior and resultant stress induced. Significant reduction in autogenous shrinkage was
noted in all specimens, irrespective of the temperature conditions. Further investigation
revealed that the effect of combined use of EX and SRA, or of EX and SRSP, was greater

than the sum of their individual effects.

Keywords : Silica fume-premix cement, Ultra-high-strength concrete,
Autogenous shrinkage, Fxpansive admixture, Shrinkage reducing agent,
Shrinkage-reducing type superplasticizer
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Table 1

Constituent materials (series I )

@roU—troERMM (L—X1))

Material | Symbol Properties of material
Cement C Silicq fume-premb; cement (SFPC") ,
Density: 3.07g/cm’, Specific surface area: 6160cm/g
Expansive E Lime based type
admixture Density: 3.19g/cm’, Specific surface area: 4920cm’/g
Fine S Pit sand (Kakegawa
aggregate Density*: 2.56g/cm’, Water absorption: 2.24%
Coarse G Sandstone, crashed stone (Sakuragawa)
aggregate Density*: 2.64g/cm’, Water absorption: 0.51%, Solid content: 60%
Chemical SP1 High-range water-reducing admixture: Polycarboxylate type
admixture SP2 Air-entraining and high-range water-reducing admixture: Polycarboxylate type

*Density in saturated surface-dry condition

Table 2 Mix proportion of concrete (series I )
@y )—rOBREGEDE(—X1))

Bulk volume of

Symbol wiB coarse aggregate Unit Content (kg/m’)
(%) (m*/m’) W] CJE][S]G
PLI3 [ ., 150 [ 1154 [ - [ 349
EX13 150 | 1124 | 30 | 349
PL16.5 155|939 | - |515
EXi65 ] 17 0.53 155 [ 909 | 30 | 516 >
PL20 |, 155 | 775 | - | 652
EX20 155 | 745 | 30 | 653
*B=C+E
Table 21z 7 U — b OFL () & &R, Kk 100
A (W/B) 1£13.0, 16.5, 20.0%& L, ZhZh 9% . .
WAEMERFI O 2 7 U — k(05 PL) & REM % %0 [ /90 Chysteresis (W/B=13.0%)
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SV /Y= hDATYT TR N T § | ]
70+5cm, W/B=16.5, 20.0% CTIL60+5cm, Z5& &N % [ L 45°Chysteresis
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723, W/B=13.0, 16.5%IZ(TM@@mmmE= 2 Y —F o 20°Ccuring ™ after 7 days
FEPEREMAAISPL, WB=20. 0% iF#ES Y s 20 | - —
U — N A EPERR AETBUK A SP2 2 ffi F L 7=. 10 o= - - - - -
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Table 3 Experimental results of fresh concrete and setting time
(T Ly aRE &K U EREEFE)

SP1 or SP2 Slump 50cm-flow Air Concrete Setting (h-m)
Symbol (Bx%) flow value time content | temperature Initial | Final
(cm) (s) (%) (°C) nitia ina
PL13 1.20 (SP1) 74.0 11.2 1.2 23.4 1145 | 13-50
EX13 1.60 (SP1) 75.0 13.2 14 24.1 8-45 11-00
PL16.5 0.80 (SP1) 57.0 18.4 1.5 23.2 9-00 10-55
EX16.5 | 0.90 (SP1) 61.0 15.1 1.5 23.9 5-50 7-30
PL20 1.35 (SP2) 61.5 9.8 1.5 22.0 13-35 | 15-45
EX20 1.50 (SP2) 61.0 12.9 1.3 22.9 10-15 | 12-15
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Fig. 2 Relation between age and compressive strength
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Fig. 3 Relation between compressive strength
and static modulus of elasticity
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Table 4 Constituent materials (series I )

@vo)—roOERMH () —X1))

Material Symbol Properties of material
®
)

Silica fume-premix cement(SFPC

Cement C . 3 ) )
Density: 3.07g/cm”, Specific surface area: 6160cm’/g
Expansive E Lime based type
admixture Density: 3.19g/cnr’, Specific surface area: 4920cm’/g
Shr.l nkage SR |Lower alcohl alkylene oxide adduct type
reducing agent
Fine S Pit sand (Kakegawa)

aggregate Density*: 2.56g/cm3, Water absorption: 2.24%

Coarse G Sandstone, crashed stone (Sakuragawa)
aggregate Density*: 2.64g/cm3, Water absorption: 0.51%, Solid content: 60%
;ﬁiﬁi SP1 |High-range water-reducing admixture: Polycarboxyrate type

*Density in saturated surface-dry condition

Table 5 Mix proportion of concrete (series 1I)
@y )—rOBEGENE(EU—X1))

Bulk volume of .
Symbol W/B coarse aggregate Unit Content (kg/m3)
(%) (m’/m’) wW| c| E]|SR|[S] G
PL 150 | 1154 - - 349
EX 13.0 0.53 150 | 1124 30 - 349 240
SR 144 | 1154 - 6 349
ES 144 | 11241 30 6 349

*B=C+E
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Fig. 9 Experimental results of compressive
strength at age of 28 days
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Table 6 Experimental results of fresh concrete and setting time
(T Ly aRE &K U ERERE)

SP1 Slump flow | 50cm-flow Air Concrete Setting (h-m)
Symbol (Bx%) value time cor;tent tempoerature Initial Final
(cm) (s) (%) (©)
PL 1.20 80.5 10.24 1.2 24.3 12-05 14-05
EX 1.45 79.0 12.12 1.0 24.8 8-20 10-10
SR 1.20 78.5 9.13 1.1 229 14-40 17-00
ES 1.45 78.5 9.31 1.2 23.9 10-25 12-45
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Fig. 10 Relation between autogenous shrinkage/expansion strain
and temperature adjusted age
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4. URHEERE S 1 RRIRUK I D 2 RAREE
(1) —XT)

4.1 A=
(1) ERAMHESLIVEGDE
Table 7i2fE A B2~ BFIFICIE, U —X
[, I CHWEEE®RE= 27 Y — NHOE MR
JAKA (SP1) 36 & OMGHE IR = P REIBIK 71| (SP3)
W=, Table 8ic=o 7 UV — N (F8) & %R
I OKEEAMEE (W/B) 123 ) — X1 & REEEIC13. 0%
L L, {BFAIOFEE (SP13 L OVSP3) 8 L OEsEM
DR Fn&E (0, 20, 30kg/m*) Z/XT A —X(Z LT

Table 7 Constituent materials (series 1)
@y )—rOERME () —XM))

Material _[Symboll Properties of material
Cement c Silica fume—premb; cement(SFPC") i
Density: 3.07g/cm’, Specific surface area: 6160cm’/g
Expansive B Lime based type
admixture Density: 3.19g/cm’, Specific surface area: 4920cm’/g
Fine S Pit sand (Kakegawa)
aggregate Density™*: 2.56g/cm3, Water absorption: 2.24%
Coarse G Sandstone, crashed stone (Sakuragawa)
aggregate Density™*: 2.64g/cm3, Water absorption: 0.51%, Solid content: 60%
High-range water-reducing admixture
. SP1
Chemical Polycarboxyrate type
admixture SP3 High-range water-reducing admixture (shrinkage-reducing type)
Polycarboxyrate type and glycolic type complex

*Density in saturated surface-dry condition

Table 8 Mix proportion of concrete (series III)
@y )—rOEGDE (V) —XI))

Symbol W/B c}?)zils(ev;)gh;rrzz::ti Unit Content (kg/m’)
(%) (m’/m’) w C E S G

SP1 150 1154 - 351

SP1-EX20) 150 1134 20 352
SP1-EX30) 13.0 0.53 150 1124 30 352 840

SP3 150 1154 - 351

SP3-EX20) 150 1134 20 352

SP3-EX3() 150 1124 30 352
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4.2 BRBERBFIUBR

(1) ZLyd oK - BERES & UEERSTE

Table 927 L v o = PEMK - BERERER] 3 L OV
FEMEORE R A2 R, BERE RIS, BRAIOREEIC X
O TIEEM 2R L7 GR) &8 5 & 2@ m (4k
FEHERE L D 2. 5~3. SEFIFRIE) L o7 MR 7T B
TOJEMBE L, SP3T Y — AN/ NEL D
THFAFRD BTz (2~ 6 BFEHEE).

Table 9 Experimental results of fresh concrete, setting time
and compressive strength

(TLyiattk, BERES S VERRERRER)

Compressive strength
Symbol SP1 or SP3 ﬂosvlvu\rfrallli)ue Air content te(r:rz)necrz:ere Setting (h-m) 2t age 0f72days
(Bx%) (cm) (%) (C) (N/mm”)

Initial | Final 90°C hysteresis
SP1 1.05 (SP1) 75.0 1.4 24.5 11-05 | 14-05 186
SP1-EX20| 1.20 (SP1) 77.0 1.4 25.0 8-30 | 11-25 191
SP1-EX30 | 1.30 (SP1) 78.0 1.2 254 8-20 | 11-10 194
SP3 1.13 (SP3) 75.0 1.5 23.8 11-40 | 14-50 175
SP3-EX20 | 1.28 (SP3) 78.0 1.4 25.2 8-50 | 12-10 189
SP3-EX30 | 1.33 (SP3) 78.5 1.3 244 8-25 | 11-25 182
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Fig. 14 Relation between autogenous shrinkage/expansion strain
and temperature adjusted age
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