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Application of lasso to water-content estimation modeling of cement paste
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Summary: Water-content of concrete is one of the most important factors in the durability of concrete. For example, the speed

of corrosion of rebars or the carbonation of concrete significantly influenced by the water content. This paper develops the

estimation model of water content of cement paste from A.C. impedance measurement. While the A.C impedance measurement

is frequently applied to the estimation of several material properties such as water content or the strength, it is essentially

difficult to estimate multiple properties from a single electro-chemical value such as resistance or capacitance. Therefore,

measurement and induction of multiple parameters is essential in material properties estimation from electro-chemical

measurement. Typical approach in this respect is to use equivalent circuit model. However, this study proposes a totally different

approach to use raw data of impedance measurement values over 4 Hz to SMHz. Least absolute shrinkage and selection operator

was applied to select optimal factors to explain water content of cement paste. The water-content estimation model was

successfully developed and was verified through comparison with the previous studies.
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Figure 1 Example of “distorted” Nyquist plot

in real measurement data

22 KFoT7TFa—F

Pboz &nnd, AT, BEERT S hizifA
VE—H U AHIEICEBENICE ENDEHRE THIRA
WMoz exaML, FHIMEZD S OEFAAESE LT
GOKEWEETTNEBET DL L L LT,

3. ERBIUEMEIRET Y v ORE
RBIZBT 2R A v B —F 2 AFHAME I L OV =]

FWSC R117

BET VX, BEH Dbk L, SERIIZRER A 5
N 0p, I 3.1~33 0@ ThH oD,

3.1 EBRoOTFIA

Figure 2 IZEBROFIAZRT, FTEDOHMEN d T L1232
A =& AF M E4T - 72, Table2 ICFEBRDK T &
KHEZ R, KFFERR OB SN R D L H1ckE A v
MBI UM E KL LCHRE L, 72, 20C—E
OEDAFTARBRIR X1 %, MG d 128V T 24 BEEKH
BFELTRRBRE X2 &L, KOS S MUTIER T
THAINEKEORILD L H IR LT, Figure 3 1258
WA = AFH MO SR &R T, #EiR 20°C, Fn
BE 1V TREMEE 4Hz 75 5MHz %1F31 L CRHEI L 7=,
BT, 4 S xHE IS S W 4 T e —T%
Wiz, gL, RHEVEHLE,
3.2 REBAOBE

AERIKIT, 40X40X40mm DNLITEDE A L b =R
hE& Uz, FIARBRIZERE L TAT > AR (30X40
X0.3mm) % 30mm [FFE CHDAALT, RERIEITHE
Liz2 fFE LT,

Age Experimental procedure

0 (day) | Mixing and casting cement paste |

1 (day) | Removal of formwork |

v

| Sealing and curing of specimens X1 at 20°C |

d A.C. impedance and mass /¥, mesurement of
specimens XI.
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Figure 2 Experimental procedure
Table 2 Experimental factors
Factors Levels
Water-to-cement ratio(W/C) (%) | 30, 50, 70
Age d (days) 1,3,7, 14,28
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Curing condition Sealed and water
immersed (X2)
Water content 3 = M x100 (1)
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Figure 3 Schematic diagram of measurement
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Figure 4 (a) Relationship between simulation and measured

values (b) Equivalent circuit model used in this study
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Table 3 Factors for comparing water-content

estimation models

Factors Levels

1) 4Hz-5MHz impedance |Z| and 0
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variables 3) Equivalent circuit elements
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Model 1) 10 folds cross validation
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Figure 5 Result of 10-fold cross validation
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52 JEAEEIRD SN A ¥ —H U AFHUME D 2
M BHEEE LT lasso Bk RHEEET L

LA e —F o ZFHMED 2 AR E T 2ET
MR o THEE S o &K= %2 FAME & it &8,
Figure 6 (.Mt &7z F E), Figure7 (ER T — L I|ZH
DERLFEFER) W3- T, KA MIZ &R ZKF
MBOEROEBEHRETECELY, Yoy BRI
=7 HPNT 0D, LLARRL, BisilEo®E
HATBIEFNC LTI FEMOEKE LRSS HEBICH
D, 5.4 (Figure 9) 279 H—4EE (BEXHEHL, ##E
KEE) DOEKBEWHET 2HE L b IVRIEE TR
L7z, 728, ZOFET/ATIE, 10 2% (10 FHH) 75
Raniz,

53 JAWEEIRG SN LA e — & 2 AFHE N

ZTH I bR D56 O lasso BAKFHEEET LV
ERED a7 U — hLHE - EEWICBW T, Ml IEEE

FWSC R117

10 a

0 J
=] o
-10 — @ g

-30 41—
30 20 -10 0 10 20 30

centered water content (measurement data) (%)

centered water content (estimated) (%)
o

Figure 6 Accuracy of estimation (centered)

(Explanatory variable level 1), see Table 3)
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Figure 7 Accuracy of estimation (actual scale)

(Explanatory variable level 1), see Table 3)
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Figure 8 Accuracy of estimation (actual scale)

(Explanatory variable level 2), see Table 3)
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Figure 9 Relationship between water-content of cement

paste and each element value of equivalent circuit model”
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Figure 10 Accuracy of estimation (actual scale)

(Explanatory variable level 3), see Table 3)
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Figure 11 Nyquist plot before water immersion
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Figure 12 Nyquist plot after water immersion
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