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Fig.1 Outline of the proposed method
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Fig.2 Examples of measured pore size distribution of mortar
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Fig.3 Modified pore size distribution
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Fig.4 Vapor and liquid water in pore structure
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Fig.6 Relation between relative humidity and relative water

content in concrete
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Fig.7 Relation between water content and moisture diffusivity
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Fig.8 Relation between dewatering and shrinkage of concrete
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Table 1 Mix proportion of mortar

Table 2 Material parameters

Unit weight [kg/m’]
Water Cement LSP’ Sand

Yo c K,
fm*/m’]

B K, E

[MPa]

Wi/C 0.34 247 738 40 1191 W/C 0.34 0.182 22200 0.5 0.10  0.0020 17000
W/C 0.56 247 443 289 . 1191 W/C 0.56 0.204 11800 0.5 0.12  0.0024 16000
W/C 0.84 247 295 413 1191 W/C 0.84 0218 7100 0.5 0.20  0.0040 12000
Note) " Lime stone powder
= 0.10
- — W/C0.34
DRIZEEREMD L FDOR 2 EHT 5. HR mg 0.08f T Wi 056 1
B 2 AR Ip Iz, ARICEVRENB LD o 0.06f -
¥ 5. g
0.04
Jp=az(W,-wyp) @3 '§
E o002p .
5 .
-y . " 5 2 0.00 S L
zziz, Jp : BT DA kg/m? 5] T T Y
s P ASTRE R (s] Pore radius [log r m]
w 32— FRETOHRRKRE ' &
[kg/m®] Fig.9 Analytical pore size distribution
Wip ! FREROAHERE I A
Pk Ekg/m’)

TdHhD. KOEEREC 3, BRARDOMFHOIREE,
REERDOMFL - Z2BE2 a7 Y — + oS,
BIXUKREMEDOT Y 7YY — FOEKRIRRROEE S
RILETHELEELIOND, ThLEFEEL, X
IMEERBELDTOX I Il T 2 2 223 %.

= D(W;)
h

24

ZZiz, hiZREsORT2/HOETH Y, BWHREE
DFEEAOEBESAOREERET 2. HBEED
BE, KGREOCEEBYRAT LD, a2
J— FAEMCBT KRGS E E0 T TH A
DX, FUOBEER DETHIEEL L L,
BB OREEET ZRB LI/ TH 5.

7. BRHARFEOZRIVEEBIOBIES = 2

L—3>

EERLERIGEEFLVEHAWT, B4 7 LR
HOEIRIFEEEIOMES S 21— 3 > 21To 72
FERT. 28, An/-@BLAeDRE2 5T X5
LAEROZHEORFTIIFIRICWwT L &L,
TSRS ICR 22 e EZ LN D, Kt
AT PR ZLIMMBAFENRISERIEICX D,
FEFIEOME:, BREFAFSRYZIEERE
EEXBLPFIeRTEILT S,

FEERTIE, KA P Tablel IS/RT & 52k

-
—

43

AP ERBRBCEBBR T ICX DTS,
HEERARTEE 124 X4 X 16[cm] Td b, eSO EEaRE
X, RV FVLri— M )REBRBBES T TS
BLURBEB . HIBTH X 0 E2eHK>Y S8
MLATor—yobh iy, BEEELEES
AL HE L7z,

REEFTNVITBNT, MEOHFMIZ Table 2 1T7R
FTHEST A —FICEI DRI ND., Zhd DfElX
MBI ) ERERDIOSHEELADDOTH 2.
Fig.9i3/35 2 — % Vg, By C iz X v sz S 2 Bt
HOMIERSAEEEBEZER L 2b0THS.
BIEINT A — 7 OME L 24, EERSEMGE OB
FRIZDWVTIE, FIRICBWTREMICRET N 5
T & &T5HAY, Table 2 IZ/RL7{EOMAESHEIL,
Tkt 2 ¥ b AV & Wi SHIFULE R E AR T
D, MBATEOKRDOBEHEFAKE L, BEHIC
33 HMBOEFABAIKREVEVSI FHE 2> T
V5,

Table 2 DOMEIIZ A -3 25270+ X |TIRET
T & D EFE E RS HPH L <L D REREME 2 Fig.10
(@),(1),()ITERT 5. FHIEMHIIR AL TII AL,
MFLAE RSB ER BTG LT EhEhsgE{bd
ikl

ME L NN ORFEEZWROSHHITHAL, 52
SN0 b & THROGBEIF &L EITD
ZEicky, FREHFEROEIFDHESE) O KRB
22l —arvEFIIELANTESL. BHITIZ, 4t
AEP O T RTOEGHFARETOT HA0L v
> WA %, ERKOFMMNEEDN%], S S0



-
(=

3
B
z~ 08
g
2 06
8
g o4f
E
L
2 0.2
=
L
& 00 - - L g
0.0 0.2 04 0.6 0.8 1.0
Relative humidity ;:,IpVO
(a) Analytical isotherm
= 1.0 H H
g — WIC034 H
A OB weemmeen W/C 056
X - WIC 0.84 :
= 0.6} 4
g
g 04
g
0.2
g EC
2 0.0 S asety n M M
s 00 0.2 0.4 0.6 038 1.0
Relative water content w /w
L Lo
(b) Analytical moisture diffusivity
1000 H
N 17] Je—
= s
g coof
o ."'
g 400} g
8.00 0.05 0.10 0.15 0.20

3
Dewatering from saturated state {g/cm ]

(¢) Analytical volumetric change characteristics

Fig.10 Material characteristics computed by the model
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Fig.11 Experimental and computational results
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DRYING SHRINKAGE MODEL OF CONCRETE
BASED ON MICROMECHANISM IN CONCRETE

Takumi SHIMOMURA and Koichi MAEKAWA

A mathematical model for drying shrinkage of concrete is presented in this paper. The proposed model
originates from some simple hypotheses which are concerned to the configuration of the pore structure
of concrete and micromechanical behavior of water in pore. The characteristic of pore structure of
hardened cement paste in concrete is expressed by the distribution function of pore size. Micromechanical
phenomena in concrete, which are thermodynamic equilibrium and transport process of vapor and liquid
water and associated volumetric change of concrete, are incorporated based on the unified concept of
micro pore. Drying shrinkage behavior of concrete specimen, which are both weight loss and volumetric
change, can be numerically simulated taking their pore structure into consideration.



