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Comparison of Measurement Methods and Prediction Models for
Drying Shrinkage of Concrete
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ABSTRACT In this study, the drying shrinkage strains were compared of 24~60 MPa concrete specimens subjected to various
curing conditions and measurement methods were compared. And, the applicability of the test and prediction methods were inves-
tigated. According to the results, drying shrinkage was significantly reduced in 28 day curing condition. In the sealed curing case,
drying shrinkage strain from demolding time was identical to the one of the standard curing case for low strength concrete, how-
ever, drying shrinkage strain was greatly increased than the standard case for high strength case because of the effect of autogenous
shrinkage. The efficient measurement was possible using the embedded gage for concrete drying shrinkage, but, the measured value
by contact gage was lower than the one by the embedded gage. The test results agreed with EC2 model better than the other.

Keywords : concrete drying shrinkage, measurement method, prediction model, curing condition

i
Il
AC)
lul
2
o 2

f
N

-
I
i
flo
[o o
e
fo
o
) et

re o
2

2
il b
1o,
o
o g
ol
o,
_>|J_A‘
-
fr

NS

o

b
y
H
Ak
m
2,

:Jd
ro H

3
>
fm
oy
1o
ot
ol ol
i)
oy
(2PN
N
ok o
fr rjl; £
o
o B
M e
o to oM oX U 4t 2 M omx = (o 1o |4 rlo tlo (B ox

il
W

B
-

)
nﬁﬁrﬂiﬁ{m

N
>

Jo [H W oz
X
i
o

o ﬁ

i
o 2
rlr

O

o> %
-
k)

| MEP.
T

2424V ¢} ASTM C 157° 7]1&
A W BE AZRSE S diE A
| A1 81A] AoIA, ZAzte] QA=
i}°l7} iy sk Btgo)] w1, AXRFE
T OE AT, 28¢)E Akl Q)
FH HA (contact) Alo]A] AREHE 7]
C a2y HZoE Wy AAE ol &
%3] Y E I Yo AZxFH Hlg=
5 240l Thsstel A%l

S AYE Avelit P

L

7

F

o _Iﬂ,
off

ol
S
£ >

S

2

T+ 7H}\

Fﬁ‘z
3

_14

(e

O o &gl o i fu R MY o
4>Jl>l‘ [o

to ox fi Kl o gg 2,

o

Yool T xe b T
i mmﬂﬂa%ﬂ

o F
)

=
=

12 o2
il

=
o

*Corresponding author E-mail : eiyang@gwnu.ac.kr
Received August 12, 2009, Revised September 25, 2009,
Accepted September 28, 2009

(©2010 by Korea Concrete Institute

g«] LH?*W] 2 9% U]i]‘j

2 fEyete] *ﬂﬂE%}fgﬁ]ﬂ“’ LIS

o] IEME AxFEd el 48k AB}. 23
ZE 7AxFZo] thate] 1999 o] HoE= ACI 209 99
3] 2a¥s F2 AMgsgoy, A E ZAYETFRAA
71779 4= CEB-FIP 1990 Model Code'”?] +#4< u}sh
o} o] % T FES AxFH5I AVIFHeE EF
slA] e olm, Hol 7AHE CEB-FIP Code(Adv)"
t EC2 =P 1{— + TEs AleSH 2 —l—'l"—Z'TO
2 o :rLO}—* 21& Fsla ot F3BES] F

o] A7|FEFH AXFFOE Yrolltge AL o] 1

de] ezl Aot o] wel f-uete] EAYET
ZAAVFEY AZSEF A% Al Hadsh Aol

o] AFAAE PEAE 24~60 MPa B ZATE
of tisted oheFst FA=AN =4 WHEE AlolA, A
A (contact) Alo]A)S A-83ste] Aol w2 2AE Ax
FEEFS Y - HES A S TE o]y AE
dZ3l7] 918k 1o md3) vlwsie] md]e] A8
qe HSstaar st

IN



214

l]S’E
T

I_

o] A= FTAYEY UxTSH 5AFS dotry] flst
o] 24, 30, 40, 60 MPa ] 47}x] 7% F3Fo) thate] 4
AS FAsATh. Y 2o st ZF v AlE
IME AAst] HAEs AMEER e, A3 KS
24240) F3le] AN BIY o Z=71H O Z Table 13 22
o F 20E HLste] FAET S RS

W AlelA ek HA ACIAE AFE-SIAT

22 A2 ME 3 HHE

o] Ao AFEH AWEE ) SALY] 15 BE ¥E
A A ECH E24 A Table 29+ 2t}

o] Aol AREE A= S B E ARSIH O, &
LA = IS B E ARSI F23A HY X

2 25 mmo) L, vlgell AFEEl ZA] 542 Table 33} 7).

o] AFolME FTAYE FxE Aol nE AxF
= W3S dolry] 8 Table 49 wWiEREES AHE-3lo]
AlFg FAAE At AlFAE 100 x 100 x 400 mm
o] 7458 BEEE ARSI o] W S-S 9t AR

o mMg AXE myste] ANFAE A=} sIT).

o

X

4
T

FE4

23

I

o oH
2.3 BT
o] Ao A}leH ZIgE dEAEZ 257 9

3] KS F 2405(232)EQ] U=7= A3 wlyel] oAz
o A5t &4 Al HEAEAE71(1,000 kN)YE
A]’%‘O}Mq.

232242E HEeF

1) g AL olgehs

Table 2 Physical properties of cement

Fineness| Setting time (Compressive strength (kgf/cm’)
(em’/g) | Initial | Final | 1 day 3 days|7 days|28 days
3.15 | 3,200 | 4:30 | 6:50 | 100 | 198 | 272 | 389

Gravity

Table 3 Physical properties of aggregate

Type Gravity Absorption FM
Fine 2.48 1.01 2.64
Coarse 2.82 1.35 6.86

Table 4 Mix proportions of concrete

Strength | W/C S/a Unit weight (kg/m’)
(MPa) | (%) (%) W C S G
24 50 47 180 360 811 900
30 42 45 175 417 717 997
40 37 42 170 459 661 1,037
60 28 40 160 571 624 | 1,064

Ao, 100 x 100 x 400 mme] ZF¥ o}md B o
o Mg AolAS ZHANAEL etdslich wg Aol
7} AX" B=EZ Fig. 19] YEAL, AxFEL
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o] AellMe iy Alo|A Aot vlaLstr] s A

o] Qo) ALEE WhY Aol et EAAF Aol Fig. 1 Embedded gage
Table 1 Curing condition
0 1d 3 7d 2%d
A standard curing | ; Water 5 Drying (60%) |
B : high humidity curing | 5 Water 5 Drying (75%) |
C : short time curing P Water Drying (60%)
D : long time curing | ; Water ! Drying 60%) |
E: sealed curing | Wrapping Drying (60%) |
Start 1
Demolding
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Fig. 3 Results of compressive strength

Table 5 Volume variation during curing (unit : p)

Condition | Standard |Short time|Long time| Sealed
Strength curing curing curing curing
24 MPa 54 - - -
30 MPa 54 41 90 -10
40 MPa 55 - - -
60 MPa 38 30 77 -35
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Fig. 4 Shrinkage strain at initial drying
Table 6 Drying shrinkage at early 4 hours (unit: p)
Condition | Standard [Short time|Longt ime| Sealed
Strength curing curing curing curing
24 MPa -12 - - -
30 MPa —-11 -13 =5 =20
40 MPa -10 - - -
60 MPa —-11 -19 -2 =7

88 | st=232|Esls| =22 M223 M15 (2010)

2600 -
@
=]
£ 400 - -
s -
ﬁ // R
200
. ——8B
0 . | |
° 0 120 180
Ages (day)
(a) 24 MPa
3600 A
Q
|
£ 400 4 o=
= ,,’-/"-':-"""'
m -
200 { 77 P —
e Deenup
0 ' : |
° 60 120 180
Ages (day)
(b) 30 MPa
2600 A N
> ——5
o
2 400 - -
% _._.___,...--—-—---'-———._.._._
200 A =
0 . | |
0 60 120 180
Ages (day)
(c) 40 MPa
3600“ A== ==RB===(C
g‘! = ==D====f
Sao { L }
—E .f"‘:_:.;:-.#tlw:'::-'::
200 { = ———""
-
0 . ' |
° 180

0 120
Ages (day)
(d) 60 MPa

Fig. 5 Drying shrinkage with strength
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Table 7 Results of contact/ Embedded gage value

Dry age (day)| 7 28 | 52 | 90 | 120 | 150 | 180
24 MPa 0.71 1 0.77 | 0.76 | 0.80 | 0.83 | 0.87 | 0.90
30 MPa 0.79 1 0.79 | 0.81 | 0.84 | 0.86 | 0.88 | 0.90
40 MPa 0.86 | 0.89 | 0.89 | 0.93 | 0.95 | 0.97 | 0.98
60 MPa 1.02 | 0.97 | 0.88 | 0.89 | 0.90 | 0.92 | 0.93
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