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ABSTRACT In this study, experimental tests of chemical and autogenous shrinkage were performed to evaluate the early age
shrinkage behaviors of ultra high performance cementitious composites (UHPCC) with various replacement ratios of silica fume
(SF), shrinkage reducing agent (SRA), expansive admixture (EA), and superplasticizer (SP). Starting time of self-desiccation,
was analyzed by comparing the setting times and the deviated point of chemical and autogenous shrinkage strains. The test
results indicated that both SF and SRA augment the early age chemical shrinkage, whereas SP delays the hydration reaction
between cement particles and water, and reduces chemical shrinkage. About 49% of autogenous shrinkage was depleted by syn-
ergetic effect of SRA and EA. The hardening of UHPCC was catalyzed by containing EA. Self-desiccation of UHPCC occurred
prior to the initial setting due to the high volume fraction of fibers and low water-binder ratio (W/B).
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Table 1 Chemical compositions of materials

o=
/g‘ﬂ’a

UHPCC ujj ol A A olste] REEIEZE A2 &

o Cement Silica Expansive A z4 9 T4 SHA
Composition % (Mass)) -pn11#) | fume (SF) admixliure (EA) RS 2365 8ol et 24 = der
Ca0 61.33 0.38 13.55 3.3.2 0otz
AbLO; 6.40 0.25 18.66 3}etrE A4S ASTM C 1608, Procedure A9t 5
SiO, 21.01 96.00 3.80 SHA 3 SR THFig. 2). Aol 10mL &332 A7
Fe,0; 3.12 0.12 - TS ARG o AHE Hol2EE °F 10mm F
MgO 3.02 0.10 - AR FL3HA HolFAY. % £ FF<(demineralized
SO, 2.30 - 51.35 and distilled water)5 AH8-ate] 3} W&o JFE WA
K0 - - 0.56 = wowg Asien, A4 w5l 0.01mLel ¥l
F-Ca0 : : 16.02 2 Mgl B FAFS SYsSI YRR SR
Specific surface (cm’/g) 3,413 | 200,000 3,117 TS AAdsr] st g Y-S ARSI, oS
Density (g/om’) 3.15 2.10 2.98 A ARA U F2 FEdelA 23°Ce] =5 A
Bogue's cement composition & 8710 a7 FEhaE B Ads sl A

Cement phases % (mass) RIE Ae]=E7E &3t Hohs AFCA 1AZE o] %H
s 500 24e slgom, 27 $A%F B9 AT HHow &
s 1598 B 2 Fole 8217k ool zHHom SR,
CA 11.68 o
CLAF 9.49 3.33II== _
*CEM 1 :type 1 portland cement Fig. 32 A7155 A9 WS ety 100 < 100 x
400 mme] 758 BEZ AMREg o ICA A%kl
£ 75 Ak Agstanh 2agEs e v
AHER(W/C)= 25%=2 5Y3taL, SF &4 ofFo u}
24 W/B(EEE W/(CHSF)E 20~25%% D‘rokfs}ﬂl &
= At E <«— Paraffin oil
33AIH M= AH WY
331 2R X A=RTE, S22 A
Demineralized,
22 S UHPCCY AAL dolrr] 93] KS L distilled water
5111 A8 we E229 A8S AAsE2H, ¢100 x
200 mm?l YFF FAAE AL st 2= 23+£1°C, F% Cement paste
60+ 5%%1 & &5 2o =F3AA 710 S 9
3 o] 3o A= E(KS F 2405)S =A35 9T T3 Fig. 2 Chemical shrinkage measurement method, Dilatometryw)
Table 2 Mix proportions (ratio in weight)
Nomenclature |  W/B Cement SF Filler Sand Superplasticizer (SP) | Steel fiber | SRA* EA
Mix. A - -
- 0.2 1 0.25 0.30 1.10 0.012 Vi=2%
Mix. B 0.01 0.075
Mass proportions of the cement-based systems
Mix parameters
Nomenclature
Cement type W/C** SF/C SRA/C EA/C SP/C W/(C+SF)
CEM 1 - - - - 0.25
CEM 1; SF 0.25 - - - 0.20
CEM 1; SF+SP 0.25 - - 0.012 0.20
CEM 1; EA - - 0.075 - 0.25
CEM 1 0.25
CEM 1; SRA - 0.01 - - 0.25
CEM 1; SRA+EA - 0.01 0.075 - 0.25
CEM 1; SRA+EA+SP - 0.01 0.075 0.012 0.25
CEM 1; SF+SRA+EA+SP 0.25 0.01 0.075 0.012 0.20

*SRA-shrinkage reducing admixture, **W/C-water to cement ratio
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Polyester film Thermocouple Table 4 Properties of fresh and hardened concrete

Flow Je (MPa)
Nomenclature
E (mm) 1 day | 3 days | 7 days |28 days
Embedded strain gauge Mix. A 235 788 | 1056 | 1262 | 1524
- Mix. B 240 707 | 987 | 1273 | 1522

Teflon sheet Steel mold (100x100x400mm
) o, 79 olFolE 7

. =k 3
Fig. 3 Schematic description of the autogenous shrinkage test o] Zolgt =7 LERHT wald 7.5%] EASH
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Fig. 4 Chemical shrinkage versus hydration age
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Table 5 Constants used in Avrami equation and analysis results

Researcher Compound, i| q; b; ¢
C,S 0.46 0 0.12
) CsS 0.25 | 0.90 | 0.70
Taylor
CA 0.28 | 0.90 | 0.77
C,AF 0.26 | 0.90 | 0.55
Gutteridge et al.”” - 0.56 | 0.375 | 0.267

Relationship between chemical shrinkage and degree of hydration

Nomenclature Linear regression equation R’
(A) y=-0.615x—-12.73, for 0.9<r<3 | 0.984

(B) y=—0.877-x + 12.18, for 0.375<¢< 3| 0.985
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Fig. 5 Comparison between experimental chemical shrinkage
and predicted degree of hydration by Avrami equation
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Fig. 6 Autogenous shrinkage of UHPCC with various admixtures
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Table 6 Autogenous shrinkage strains at 28 days with various starting points of measurement

€ep— €
Nomen-clature & (um;m) &p (Lm/m) & (Umym) &rg (UMm) %? x 100(%)
SD
Mix. A =761 —680 -561 —494 17.50
Mix. B —387 -219 —-156 —145 28.77

*t: total, SD: self-desiccation, IS: initial setting, FS: final setting
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