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A Study on Moisture Transport of Artificial Lightweight Concrete
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Abstract

For the first step on the quantitative evaluation of shrinkage reduction and differential shrinkage analysis of lightweight
aggregate concrete, this study sets the moisture transport model of concrete by pre-absorbed water of porous lightweight aggre-
gates and measured effective moisture diffusion coefficient, moisture capacity, degree of humidity supply and degree of humid-
ity consumption by water binder ratio and aggregate type. The effective moisture diffusion coefficient in steady state caused by
humidity difference between inside and outside of concrete had low value as low water-binder ratio. And in case of same
water-binder ratio, effective moisture diffusion of mixtures used normal aggregates were lower than those used lightweight
aggregates. To determine moisture store capability of concrete - moisture capacity, moisture contents were measured in 9
humidity conditions. As a result moisture contents of mixtures used lightweight aggregates was higher than mixtures used nor-
mal aggregates in all humidity conditions. This study measured lightweight aggregates' degree of humidity supply that appli-
cable to normal atmospheric environment (above RH 50%) and made it quantitatively. Also amount of moisture release was set
as a exponential function that represents a clear trend proportion to time and inverse proportion to humidity of the surround-
ings. As the result of measurement about degree of moisture consumption inside concrete following the internal consumption
caused by cement hydration self-drying, it was showed that rapid decrease of humidity, around 10%, at early ages (7~10 days)
when water-binder ratio is 0.3 and slow decrease around 5% and 1% when water-binder ratio is 0.4 and 0.5.

Keywords : lightweight concrete, moisture transport, effective diffusion, moisture capacity, humidity supply
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Fig. 1 Modelling Method for Moisture Transport
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Fig. 2 Purpose of this study
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Fig. 3 Test Method for Effective Moisture Diffusion Coefficient
(Upside down cup method)
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Table 1. Solubility of Salt and Relative Humidity at Equilibrium
Moisture Condition

20°C Reference
Chemical Name Icigir;lif)il _SV?,LIinililt(y)(()g) Iﬁrljfé‘l’;
5
Potassium hydrogen sulfate | KHSOy4 48.6 98
Potassium nitrate KNO;3 31.6 95
Potassium chloride KCl 342 85
Sodium chloride NaCl 359 75
Sodium bromide NaBr 90.8 59
Magnesium nitrate Mg(NO3), 69.5 54
Potassium carbonate K,COs 111.0 43
Magnesium chloride MgCl, 54.6 33
Lithium chloride LiCl 83.5 11

HAE =218} sorption isotherm A1S 3 & 1 7|
2718 8o E et o714 9 55 A8t

7] 913+ T3 G4 Table 17} Lo] HEBATHKS A
0078, 1999: KS B 5344, 1997: Johannesson, 2002).
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2 A TS AFEIoH, Fe IAle ZE wigelr 94
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£ Baje 4 gy 2ok

REEE B3)=200gx —

1362¢
o] wj REEt2 RIo} 2 IAe] FIE Table 4004
9} o] 0.634:0.366% TIEs|oF sjuE
0.366
0.634
w}2bA desorption testol] ARE-El= AN ke 27 W
AzEsPE) U% 1,898 [g)E A8 A9 vy 2ot

F7IAFE=0.085%x1898=161 g(desorption)

=0.1471 ®)

A F3]=0.147x

=0.085/

ol¢} & HPHS AHg3dlo] LWC30, LWC40, LWC50,
NWC30, NWC40, NWC502] sorption testo] AFEE= &
ZEl2, #& A9 AE A A2 Table 29 2}

Measure Oven diy Measure
5§ at = oven dry
—p | TU%E = | for 3 days | == 2
eI stable mass
< (w,) A (2)
Desiccator
RH=11~98%

Fig. 5 Measuring Method for Effective Moisture Mass (w;)
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3 sorption isotherms “82413}s}7] 913+ A wd=
= 53 d9gte] 5AH HIHE ©]83F BET(Braunauer-
Emmett-Teller) 2do] 1oy}, o] Rl AHE Ho]~E
U ZIZES] 7% 0.05~0.5 HHY 22 FRoXe 4
gk zlo= deiA vk wEpx & AFexde ol A
3 wdlgx 2] (14), (152} 28 BSB ZdS AME3l7|2
SHKXi 5, 1995a).

_ Crkv, h (14)
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w

e
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2 (148 (155 798k VA WWET v kGl
jeix] AmEE, U4 SdS 58 (monolayer capacity)

-C (15)

Table 2. Mass of Mortar and Aggregate Used in Sorption Tests

Item Type Sorption test
Mortar Mortar Aggregate(g) Mortar Aggregate
Mixture [kg/m’] (® SSD* OD** 0 U]
LWC30 1,362 200 134 0.147 0.085
LWC40 1,311 200 138 0.153 0.088
LWC50 1,271 200 143 0.157 0.091
NWC30 1,362 200 234 0.147 0.085
NWC40 1,311 200 242 0.153 0.088
NWC50 1,271 200 250 0.157 0.091

*SSD : TAAZESPIE] A A& (desorption)
**0D : Au|Azde] A 2 (adsorption)
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Table 3. Physical and Chemical Properties of Cement

Material ftem Chemical composition (%) Physical properties
SiO AlLO Fe,O CaO MgO SO Ignition loss |Specific gravity Blaine
2
Cement § > > 3 (cm*/g)
20.7 5.2 3.0 62.4 4.7 2.4 1.36 3.15 3,450
Table 4. Mixture Proportions of Lightweight and Normal Weight Concrete
Al Unit weight (kg/m?) Volume (m?) 28day
. 1r .
Mixture Gmax Slump  |compressiv
w/C content
Type (mm) %) W C S G W C S G (mm) e strength
(MPa)
Light-weight LWC30 | 0.3 165 | 550 0.165] 0.175 183 52
Aggregate LWC40 | 04 190 | 474 695 | 0.190 | 0.150 182 45
Concrete LWC50 | 0.5 208 | 416 0.208 | 0.132 178 39
19 |5.0£1.0 647 0.244 | 0.366
. NWC30 | 0.3 165 | 550 0.165 | 0.175 188 56
Normal-weight
Aggregate NWC40 | 0.4 190 | 474 1,006 | 0.190 | 0.150 182 56
Conerete  I'Nweso | 0.5 208 | 416 0.208 | 0.132 184 45
$20% HAA - 20094 TH -377-



Table 5. Physical Test Items of Aggregate

Test Specification and method
Item

Density | KSF2533 Method oftest for particle density and water

absorption of light weight coarse aggregate for
structural concrete

KS F 2502 Standard test method for sieve analysis of
fine and coarse aggregates

KSF 255 Methods oftest for bulk density of aggregates
and solid content in aggregates

Absorption

Fineness

Unit Weight

Table 6. Physical Properties of Aggregates

Unit
Weight
(kg/m’)

1,420

1,415

Item | Densi . Absorption
Fineness

Material (ton/m~) (%)

Fine Aggregate 2.65 2.71 1.90
Coarse Aggregate 2.75 6.78 0.72

Lightweight Coarse| 1.58 (OD)
Aggregate 1.90 (SSD)

6.24 20.19 910

S mokslara}l Fk(Nevile, 1998). HEdh 2 7<)
e E-AFAM] wslel| weby] AgFEArt 2IE ¢
ol gl wXle FES Totelr] AfelmE E-AFAH]
s}, Al 218 ol9le] gk se BT FYsH Al
3171 93 AMIE sjo|]~Ee} ZA)] Farlge s
A&t olet 22 Zislel Sl AT =l
HAIE 1218t Table 49 22 AFuhsS AA3IATH
(ACI, 2003). ZIE SHIZE TR 40%2] 130T
AS A Ak i) 0.6~0.8% B Wolx] ALgsle] &
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oA 7Y F ST
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3l Table 59} 22 AlfS IR oH, 71 ATE Table
6°ll YRR

A7 AFEAY] FrEe 24 e FITENMY
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Aolre WAE, Hg AP, B ARPE §58
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A = A= WREe A Fig. 99} o] 100%5 %A
WS 53l AETAle FUAXESL IS Table 79014
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M o

4
oy %Ol'
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Cover Humidity 100%

Mesh LWA
\

Submerged for 24 hours Support Water

Fig. 8 Method for Humidity Holding of LWA
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Table 7. Lightweight Aggregate Absorption with Humidity

Holding Time
Absorption(%)
Absorptive fabric | 24 hours | 2 days 3 days 7 days
19.76 20.21 20.19 20.41 20.77

S3PE S} F, BEEA FEE 20.19%, THAZ
¥3} U 1.898 kg/iE 283i)

ZAYE ), o sl o5t AP el fEaS
EIAAIFE LWC30, LWC40, LWC50, NWC30, NWC40,
NWCs09] vl disl 4 (6)2 H83l 43 dnE
Fig. 9l VFERAQITE. WA Fig. 100 VERd upe} o] f
BFEEAG 2Hgol] Bash o] g ER1S 49
3 ARl whE R SATS AuR, Iuk ZA) elgel
NWC30, NWC409] 4% <F 509 H- o]FFE JA3
S RS RO NWC50S oF 30¥ o3 HE o
A3 e eI &, E AT e s g
glo] FRolso] =A AT =555 WY FE
BRIt AREAIE ARSSE LWC30, LWC409] 7495 oF
504 oA I3 8 £ AT YeEen,
LWC502] 73-%- ¢F 30Y o]% Adel 555 VeIt
%, BEEAE AR B E E-ATAMITT s
et =EA EEske 20 Yelon, o]9f o]
Uehd 8 &A% o8] fasEsRsE AHge 4
I LWC302 3.68x10° kg/m-hr, LWC402 5.06x10°
kg/m-hr, LWC502 6.16x10°° kg/m-hr, NWC30- 2.30x10°6
kg/m-hr, NWC402 3.43x107° kg/m-hr, NWC50 5.84x107°
kg/m-hro] k& VERISIT) 89 fEFESRMITE E-
AFAR} s e S YeEglon FYs E-4
AR A9 IUEEAE AL uigte] AREAE AMS
shougtEn e fESF RIS YESl o= A
FZAVE dilEAlRT 35S v 3Rl e oA
o]7] wWiito = HtEtt wEbA WA ) 2 37F 9F
sk AdEdM e FaEFEE &, 58S BEEAE

T

l

ol J

7
Dp = 12.4(W/B) + 0.0067 for LWC
2 _
6 I R® = 0.995
™
=<
=5 f
=~
=
S
=R
™)
_ ®
3 + De=17.7WB)-3.2233 for NWC
R’ = 0.958
2 1 1
0.2 0.3 0.4 0.5 0.6
W/B

Fig. 9 Measured Effective Moisture Diffusion Coefficient
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Table 8. Moisture Content and Hydration Constant at RH

100%
C W | Woe | W | Woe | Coar | @
NWC50 | 416 | 208 | 144 | - - | 480 | 115
NWC40 | 474 | 190 | 128 | - - | 536 | 113
NWC30 | 550 | 165 | 111 - - | 604 | 1.10

LWC50 | 416 | 208 | 215 76 139 | 548 | 1.32

LWC40 | 474 | 190 | 197 58 139 | 606 | 1.28

LWC30 | 550 | 165 | 179 40 139 | 675 | 1.23

Table 9. Derived Moisture Capacity Variables (BSB Model)

Vin Cr k R
LWC30 38.9049 18.050 0.7858 0.943
LWC40 37.9529 18.050 0.8100 0.953
LWC50 37.1039 18.050 0.8291 0.965
NWC30 35.9477 18.050 0.6853 0.948
NWC40 33.8618 18.050 0.7405 0.958
NWC50 32.3201 18.050 0.7793 0.954
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Table 10. Derived Humidity Consumption Function by Mixtures

Function 2
Mixture h R

NWC30, LWC30 | q,=-0.095[1—exp(-0.61£">")] | 0.932

NWC40, LWC40 | g, =—0.051[1-exp(~0.089" )] | 0915

NWC50, LWC50

g,=-0.019[1-exp(-0.031"*")] | 0.906
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