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Multi-physics Model of Moisture Related Shrinkage on Lightweight and
Normal Concrete

Chang-Soo Lee"
"Dept. of Civil Engineering, University of Seoul, Seoul 130-746, Korea

ABSTRACT A multiphysics model analysis including moisture transport, heat transfer and solid mechanics and experiments on
the normal and light weight concrete were carried out in order to study the effect of preabsorbed water in the light weight aggre-
gates on the drying and shrinkage characteristics of concrete. Consequently, with fixed water-cement ratio, loss of water content
of normal and light weight concrete were compared and the results showed that the lightweight concrete lost less moist than the
normal concrete in early age and long term which was by moist supply effect. Accordingly, shrinkage strain size and distribution
of lightweight concrete were decreased, and shrinkage reducing effect was efficient in early age with water cement ratio 0.3 and
in both early age, and long term with water cement ratio 0.5. The comparison of analysis results and exaperimental results indicate
that characteristic values of moisture transport and the relation humidity and shrinkage strain from this study are resonable for appli-
cation for other differential shrinkage analysis in lightweight concrete.
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- Specific Heat, cr
- Thermal Conductivity, k

- Meoisture Capacity, C
- Humidity Supply, g
- Self-desiccation, q, - Heat Source, @
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Fig. 1 Multi-physics modelling flow
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Table 1 Applied effective moisture diffusion coefficient

NWC30 NWC40 NWC50
D,x 10” 2.30 3.43 5.84
(kg/m-hr) LWC30 LWC40 LWC50
3.68 5.06 6.16

Table 2 Applied moisture capacity variables Brunauer-Skalny-
Bodor Model)

Mixture Vo Cr k R

LWC30 38.905 18.050 0.786 0.943
LWC40 37.953 18.050 0.810 0.953
LWC50 37.104 18.050 0.829 0.965
NWC30 35.948 18.050 0.685 0.948
NWC40 33.862 18.050 0.741 0.958
NWC50 32.320 18.050 0.779 0.954

Table 3 Applied humidity consumption function by mixtures

oh _1,.
=== +q,+
Y Cdlv(Degrad h)+q,+q, )

oo dw _ Crkv,[14(Cy DAk o
Oh  (1—kh)’[1+(Cy—1)kh]’

g, (h, 1) = (—2.30821% +2.4077h—0.0813)
- exp[~(~0.0066/4" +0.00964—0.0015) - )]/C  (3)

AAGe 9lele] A7k oA wHe] 7+ Hoe] &x

S} BAE Fourierd g2l 4] ()& Yepd 5 dk?
%—f = L divik,grad hy+q, )
e,
A7NIM T : 2%(°C)
kr: @A E % (keal/m - hr-°C)
¢, U1 (keal/kg-°C)
p o UE(kg/m’)
gr: W52 2 (keal/m’ - hr)
AMH o7 HE AMEE AME ZATES H$o
H| g2 0.27~0.31 kealkg-°C, EHE=E2 2.15~2.51 keal/
m-hr-°C W5 YeRH, o] AFolA ad+ 4

= 7IE
HE o] gl 2 (49 AY ML Q3 Y A
£ Table 49} 7Fo] Z &3t}

23CHE
FAYE

@)l WE ZaYES HIAE
Zro] ZAYE Y F&, &%

o Ff o, @Y A A (1),
AAE faiME A (5)9h

1=
E 7#3 Navierd g2 S

Ja)r 2= 1 6)
Mixture Humidity consumption function RRCE S 2
NWC30 _ 0.51
LWC30 q, = —0.095[1—exp(—0.61¢ )] V-(c,-Vu+fih)+a;-T) =K (5)
NWC4
wedo q, = —0.051]1—exp(=0.089/"")]
Loudtoud 714 ¢ @SS} ZolpuE T T EY: o
LWCS0 g, = —0.019[1-exp(-0.031¢"")] olH, f(h), are 27t FEBE $E 2xo gE W
Table 4 Applied variables of heat transfer analysis
Item el ¢ kr qs 0(°0) “
Mix. (kg/m”) (keallkg’C) | (kecal/m-hr’C) | (kcal/m’™hr°C) O r r
LWC30 2039 73.5 2.054
LWC40 1992 1.3 65.1 1.770 0.9 x10°
LWC50 1948 03 1 58.8 1.540
NWC30 2351 ’ 73.5 2.054
NWC40 2305 2.5 65.1 1.770 1.0 x 107
NWC50 2253 58.8 1.540
160 | =232 |E5ts| =% M223 H25 (2010)



Table 5 Applied relation shrinkage strain and humidity change
to multi-physics

LWC30 &, = 341[1—exp(-9.7254h)]

LWC40 £, = 404[1—exp(-3.4394h)]

LWC50 &5, = 1923[1—-exp(-0.7214h)]

NWC30 &, = 444[1—exp(-11.5914h)]

NWC40 &, = 433[1—exp(—4.1334h)]

NWC50 g, = 11569[1 —exp(—0.1414h)]
Yo Es] A% MEYL 4, ke ARGl o
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&p = op-AT (6)

AR oz A ES FRUA FFo] BAA He
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ojg} 7+ 2] (5)9 RdloA Frrstel ko mE
stsdnts vHd A9 SH-HPEY FAANEAS A
(M2 2ot

c=D-¢=D - -(e-¢;,—¢&r) @)

e, = {gsh,x} _ {(1 +V)f(h)} (8)
T e, LA
Erx (1+v)(T-Ty)
=1l 9
T {ET,y} aT{(l +V)(T_T0)} )

mebq SeEMF Y AAE eI Pk

O_dry Dgsh
{o-sh,x}: ED  [1-v v {(HV)(f(h))}
o] T2 3 1y (1 +9)(T)
_ E@ f(h)} (10)
a-2v) | An)
2k

or = Degy
{O-T,x}: E(1) 1-v v a{(l+v)(T_T0)}
or,)  TENA=20) o 1y [A+0)(T-T)
__Ew T T
(1—2v)aT{(T—TO) ah

ol wl 2] (10), (11)1A AR ol w2 A 42
Wk sy 9k J1E SRASFREE ACI213S
Hgsm, A7t &Fel AP E G CEB-FIPS A7
FrE ol gAY

Ey=0.043w)" [fx (12)

() = {exp[0.25(1 -T/1)]} " (13)
_ EBO)

E(r) = 7400 (14)
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Fig. 2 Figure out for humidity measurement

Fig. 3 Miniature tests setting for multi-physics



ﬁ
= ¢
E
&
i
Iy

itk 971N FE AL F S
Ag ol gakel B4 zﬂoﬂw Al 1%— H@ﬁ—ﬂra ]
3o 2A =AY AYULE AT RO YiRA
®, 9% o|%F, Faide] o7 TAES] WIS v
B7) 9lste] B F 90U7kA ol &, WIE, &
EE 24t 4 AHg8 AuE 5

E wjeh2 Tables 6, 734 2T

25 232|E Hlig MH

o] AFME CcSHA W &A 713 %94 F el
met A Wl 2skxz1e dAIAI 04
of B-AFAY] 0.3, 04, 0.55 A3
Arel A ZAgFEAe] AbdgT7t *iﬂ_A T
EA4o v FEFS votstaa g = o] o
o] Ao - ZAFAN Wl ueld AZFEA7F 2

E FEolFd vA= FFS geotsr] dFdelng &
AGAH] Wsh, AZFEA Zg ol]9e] wiF e se BF
Al AgHst7] sl ARE Ho|2E} ZA| FujH]
Al sk T
oj9} & x7istel| A FH A=t
A& a#ste] Table 49} 2 AEuig-S A sk
ZAYE $HIZE IFHE 40%9 IASLFAS
Al A=F ¥ 0.6~0.8% WS WA ARgst] &
150~200mm°ﬂ %—91213%, TAYE 289 44
ZAA AZ 1Y T G¥El] 20°C, 5 50%<] &
Fx710A 7174°“§ 5 S48k

g o] AP e AEAE ARt BRYPE LS AL

o O
oo rlr 2 o T3

e

o s

mH r

Satlon, #2IAE ARtEAEAN LS 28
BEFEZAE JTAFEFAE ALt A" ZA9]
217 54L& miotsle 23 E ajdAe] 71E 2ls
2 88317] 913 Table 85 22 Al@S Fasom,
2 A}Z Table 99 YERAATH

A7IM A=A Fred A @2 FTAYENA

Table 6 Physical and chemical properties of cement

Table 8 Physical test items of aggregate

Test item Specification and method
KS F 2533 method of test for particle density
Density | and water absorption of light weight coarse
aggregate for structural concrete
KS F 2533 method of test for particle density
Absorption | and water absorption of light weight coarse
aggregate for structural concrete
. KS F 2502 standard test method for sieve anal-
Fineness .
ysis of fine and coarse aggregates
. . KS F 255 methods of test for bulk density of
Unit weight . .
aggregates and solid content in aggregates

Table 9 Physical properties of aggregates

Item| Density

Material (ton/m)

Fineness

Absorption [Unit weight
%) | (kgfm)

Fine
aggregate

2.65

2.71 1

.90 1,420

Coarse
aggregate

2.75

6.78 0.

72 1,415

Lightweight | 1.58 (OD)
coarse aggregatd 1.90 (SSD)

6.24 20.19 910
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Materia Item Chemical composition (%) Physical properties
c " SiO, | ALO; | Fe,O5 Ca0O MgO SO; Ignition loss | Specific gravity | Blaine (cm’/g)
emen
20.7 52 3.0 62.4 4.7 24 1.36 3.15 3,450
Table 7 Mixture proportions of lightweight and normal weight concrete
Mixture WiC Gmax | Air content|  Unit weight (kg/m’) Volume (m’) Slump |28 days compressive
Type (mm) | (%) W | C|S|G|W]|]C| S | G |(mm)]stength (MPa)
Light |[LWC30| 0.3 165 | 550 0.165]0.175 183 52
-weight | Lwc40| 0.4 190 | 474 695 |0-190{0.150 182 45
aggregate
concrete | LWCS0 | 0.5 208 | 416 0.208 [ 0.132 178 39
19 50+ 1.0 647 0.2440.366
Normal [NWC30( 0.3 165 | 550 0.165(0.175 188 56
-weight |\ NWC40| 0.4 190 | 474 1.006 | 0-190 [ 0.150 182 56
aggregate ’
concrete |NWCS0| 0.5 208 | 416 0.208 [ 0.132 184 45

162 | stR==2|EE
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Submerged for 24 hours Support \\";'dcr

Fig. 4 Method for humidity holding of LWA

Table 10 Lightweight aggregate absorption with humidity holding
time

Absorption (%)

Absorptive fabric | 24 hours | 2 days | 3 days | 7 days

19.76 20.21 20.19 2041 20.77
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Fig. 7 Humidity distribution shape by FEM analysis (7 days)
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Fig. 8 Humidity distribution shape by FEM analysis (90 days)
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Fig. 9 Shrinkage strain distribution shape by FEM analysis (7 days)
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Fig. 10 Shrinkage strain distribution shape by FEM analysis (90 days)
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