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A Study on the Estimation of Autogenous Shrinkage of High Strength

Mortar incorporating Mineral Admixture by Equivalent Age Method
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Abstract

The objective of this study is to investigate an effect of curing temperature on autogenous shrinkage of high
strength cement mortar with 0.15 of W/B incorporating fly ash and silica fume in terms of equivalent age. The
contents of fly ash and silica fume are varied from 10% to 30%. Non linear regression model applying equivalent age
was used to estimate the autogenous shrinkage evolution. To obtain apparent activation energy(Ea), setting time
method by Pinto and existing method were calculated and compared respectively. Test results showed that use of silica
fume increased autogenous shrinkage while use of fly ash decreased it. It was also found that poor agreements were
obtained when Ea by setting time was applied. But, application of existing Ea resulted in a good agreement between

calculated autogenous shrinkage and measured one.
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A Study on the Estimation of Autogenous Shrinkage of High Strength Mortar incorporating Mineral Admixture by Equivalent Age Method
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Table 1. Design of experiments

Test items Variables
W/B(%) - 15
1

Target flow (mm) - 200+10

Binder composition 2 OPC+Silica fume
Mixture P - OPC+Fly ash

Admixture contents 3 -0, 10, 20, 30

Curing teomperature 3 -5 20,35

(C)
] Fresh mortar - Setting time

Experi- >
ments Autogenous shrinkage

Hardened mortar (From initial set to 42days)

* Plain mixture : OPC 100 %

Table 2. Mixture proportions of mortars

Weight (kg/m?)
Mixtures o
(%) Water Cement Sand FA SF SP
agent
OPC 174 1161 1161 0 0 20.9
FA10 172 1029 1143 114 0 18.8
FA20 169 901 1126 225 0 18.0
FA30 15 166 776 1108 332 0 18.2
SF10 173 1042 1158 0 116 20.8
SF20 173 923 1154 0 231 19.6
SF30 172 805 1151 345 17.8
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Table 3. Physical properties of cement

Setting time (min) Compressive strength

Density  Blaine  Soundness (MPa)
(9/0m3) (sz/g) <°/0) Initial set Final 3 7 28
set days days days
3.15 3206 0.15 229 404 20 289 389
Table 4. Physical properties of aggregates
Density ~ Absorption  0.08 mm sieve passing
Aggregates  F-M
oares (glom®) %) (%)
River sand 257 258 263 2.87
Table 5. Physical properties of fly ash
Density Blaine Ig.loss gfgr?gt?wf SiO, |Moisture contvevrallttserrato
(glem?) | (emlg) (%) . %) | (%) .
(%) (%)
222 3,850 42 R 67.5 0.2 100

Table 6. Physical and chemical properties of SF

Chemical composition(%)

Density Blaine L.Ol

3 2 o
em) em¥e) &) o,  ALO, Fe0s Cad MgO
220 200000 151 9640 026 012 038 0.1

Table 7. Physical properties of chemical admixture

Appearan—
ce

Density

Type (gfomd)

Main ingredient Color

Light

yellow 1.04

Superplasticizer Polycarboxylate Liquid
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Figure 1. Specimen preparation for autogenous shrinkage
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Figure 3. Autogenous shrinkage development with FA and BS
contents depending on curing temperatures

PREE A7)5E BHOR PYLE 371
R W& ulot o] A1EYel F7RH: Qo
Uebgted], QYRR 2008} 350S HwE A4S 2]
Aol 2 Hol7k glort o] Aol Azl wet
3509 297 5 A TS 2 HEFE ol

A0 UERdT), ol A7|4Eat dasle] 48hEo] o

£

o



A Study on the Estimation of Autogenous Shrinkage of High Strength Mortar incorporating Mineral Admixture by Equivalent Age Method

i oA B Fslmoa FB=T)
749 A7)eEgo] thE2A YeRdth=s Turery et
Ao} Aol Ao A A|5eEe L
b A 2rof oJSiAE FFS
At ESE PP 509
Qo Hsf Ar|eETgo]l FLAE
Vel 922 #9Ish o= Ql=d|, FA
SR 57, 20T 2 35T oA 42
Z¥7F -234x 107°, —544x10°°,
—630x10°% Uepty, SFE gkt A4S 7zt

421x10°°, 633x10°°, 845%x107°= b},

o
O

o
-

3.3 STHME 2st Xp7|+=F HA
Tucry et al.[3]¥2 Kim et al[6]> H=ghlel 2ol
FUst 3lmof|A FAE| wet Ar|gEskl b
o7} YERIIL Qo A= IS Hakew HH
o7 WS 4= QS ACRE Hilstal it} uwebA &
ore 3.2804 AEH FA=E YAt ot
ANeE5S PR E ()R A4
AAEERA F7HE RS AeE PS5
S8 = A ofRe} ofgy FFtro| A=
gtEe] G 8RIQl AR EAE} oA (K.
ol A5 diEe] Aol olBA F3E vlA]
R1Ed o) b =] =
2 AT A8t SR
a1 o] AoAl9] E.gk> A&shk

KX
=

flroo2 H1 24 1x rfu
N

2
WA,
)7}

wale
715]'0

—~
—

. equivalent age(days@20C)

. absolute temperature at 20T

. apparent activation energy (KJ/mol - K)
. absolute temperature(°K, 273+7)

gl v 2w ES
of 2lo] e wiE, EIYR Apgolyt
So uhet ke A Uehte SO ol
oA olefet Bghe FHAlR T4l
& 7psioiz, A Pinto 5ol AIs SAAIZH

2

)
X
>
<
j)

)14

114

e oA 71Ee] ATEslA
Aow it
[9], ol ApleZe] o] ZANARE Hsfol
27| 24 AWEOE $5 olma 9Al Bt
o
A

L

fd
L
O
Fr

Jo] BTk BB oES A5 B
a1lsl| glsjol Pustslch
AAEE o] 83t E, AMS HA 22
Arrhenius plotZ ©]-85}¢]
w71l 9lof FHOI AL 224
FAolREE 2489 B 2 485
oHH, opA9] Ea AFE 71E AR A
S5t =929 wigke] ¢ Freisleben—Hansen
Peder— son®| AI¢t ¢k= ARESHIAL, FAX|ZH ko]
78%- Kim et al.[6]2] ¢t gkQl 42,07 KJ/mol 12]1L
SF 3t wfgle] #A9% Kim et al.[6]e] Aokl
40.26 KJ/mol& ALY,

—_

i
>,
X

=2

7t
A

10 o% ol
N

=
ol QL?Lj rg—“
%@ ol
DU

f
iy

3

=

Table 8. Calculation of Ea. by Arrhenius plot at setting

stage
Regression coefficient
1 1
I§ =nA—B- —= E
Mixtures Setting n t; )=In °
(KJ/mol)
InA B(EJ/R)
Initial 721 2887.6 24.01
Plain
Final 2.35 1606.6 13.36
(0% Initial 7.71 3045.6 25.32
° Final 3.40 1926.2 16.01
Initial 4.24 1997.6 16.61
FA  20% )
Final 329 18959 15.76
0% Initial 5.89 2579.8 21.45
° Final 1.82 1505.3 1252
(0% Initial 6.02 2575.0 21.41
° Final 2.49 16388 1362
Initial 5.06 2297 1 19.10
SF 20% )
Final 2.48 1638.6 13.62
Initial 413 20411 16.97
30% )
Final 233 1602.0 13.32
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Table 9. Regression coefficient by E, from setting time

Mixtures € a b R
Plain -827.32 599.74 50.18 0.49
FA10 -630.21 364.43 23.98 0.763
FA20 -824.86 664.65 54.60 0.476
FA30 -488.77 422.24 18.08 0.878
SF10 -720.30 479.80 26.70 0.740
SF20 -763.54 553.63 33.88 0.823
SF30 -827.32 599.74 50.18 0499
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Table 10. Regression coefficient by E, from hardened stage

Mixtures € a b R
Plain -632.17 470.62 17.92 0.757
FA10 -617.00 355.89 21.74 0.801
FA20 -606.96 500.48 24.98 0.657
FA30 -456.04 412.74 14.97 0.920
SF10 -677.74 436.48 22.13 0.860
SF20 -658.48 44471 23.78 0.927
SF30 -845.11 678.60 24.41 0.904
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Figure 5. Estimation of autogenous shrinkage by Ea from
hardened stage
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