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Characteristics of Ca and Si Eluted from Hardened Cement Paste into Soaking Water

Shunya Inamoto*, Sadao Kimura** and Syunichi OsHima™***

The construction methods for mountain tunnels can be broadly classified into sheet pile and NATM. In the sheet
pile method, the arch and the sidewall are constructed separately, which results in horizontal joints and transverse joints.

These joints and joints tend to become discontinuous surfaces, and cracking and leakage often become apparent as the

service life lengthens. Calcium leaching is a phenomenon in which calcium leaches out of the hardened cement and the

area becomes brittle. However, this phenomenon has not been studied extensively because it takes a long time to develop.
On the other hand, the Ca/Si molar ratio of calcium silicate hydrate, one of the hydration products of cement, is said to
affect the strength of hardened cement. In this study, we hypothesized that calcium leaches out and propagates cracks
when cracks with water leakage occur. We have continuously measured the amount of calcium leached into the water by

immersing cement paste samples in ion-exchanged water over a long period of time. This study examines the relationship

between the dissolution of calcium silicate hydrate and mechanical properties by analyzing the soaking water and samples

used for soaking.
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Table I  Sample Type.

Time to soak | W/C Unit weight (kg/m?)
Case Name o
(days) (o) | W c |vr| T Ad
Asday 3
Azday 7 50 602 | 1,225] 6.1 3.1 1.0
Agday 28
Biday 3 50 612 | 1,225 — — —

Table 3 Shape dimensions of the sample.

Case Name | Soaking period [ Sample shape dimensions

oaking situation

S

Table 2 Chemical Component of Ordinary Portland Cement.”

Chemical Component | ig.loss | SiO2 | AbOs3 | Fe;O; | CaO
Test Results (%) 2.18 | 20.21 | 5.13 | 2.97 | 64.87

Chemical Component| MgO | SO; | Na,O | K,O Cl
Test Results (%) 1.19 | 2.05 | 0.22 | 0.41 | 0.023
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Fig. 1 Analytical methods for calcium elution.

Table 4 Sample types and experimental items.

Case Name | Elution Side Analysis Residual Side Analysis
A Chelatometric Titration
3day (Calcium elution) .
Assaay Molybdenum Blue
Ay | P ;;E“’ph"l“’:.“‘)ry SEM-EDX (Ca/Si molar ratio)
(Silicon elution XRD (hydrate)
Bsday — Vickers Hardness Test (Vickers Hardness)
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Table 5 Conditions for various experiments.

Experiment Terms
Chelatometric = Equipment : 10m{ capacity burette
Titration + Sample water volume : 50m(
Molybdenum - Dilute soaking water five times with Milli-Q

Blue + Concentration of standard solution for calibration curve :
Spectrophotometry [ Oppm, 0.05ppm, 0.1ppm, 0.25ppm, 0.5ppm, 1.0ppm

* Acceleration voltage : 20kV
» Measurement magnification : 950x

SEM-EDX - Target Elements : O, Na, Mg, Al Si, P, S, CL, K, Ca, Ti,
Mn, Fe, Sr
+ Target : Cu
* Voltage : 40kV
+ Electric current : 15mA
XRD » Scanning range : 3°~60°
» Scanning speed : 5.0°/min
+ Step : 0.01°
+ Mixing ratio of ZnO : 0.1 times the mass of the sample
Vickers » Test Force : 0.25N
Hardness + Loading time : 10 seconds
Test + Number of measurements : 15 times
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Fig. 2 Change over time in cumulative Ca elution (A).
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Fig. 3 Change over time in Ca elution rate (A, enlarged figure).
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Fig.4 Change over time of Si elution (A).
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Fig. 5 Comparison of elution amount.
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Fig. 6 Measurement position (Bsgay).
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Fig. 7 Ca/Si molar ratio inside the sample (B3gay).
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Fig. 8 Ca/Si molar ratio inside the sample (A7gay).
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Fig. 9 Range of decrease in Ca/Si molar ratio (Bsaay).
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Fig. 10 Range of decrease in Ca/Si molar ratio (A7qay).
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Fig. 11 Example of diffraction diagram for A7q,y
(0~2mm from elution surface).
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Fig. 12 Example of diffraction diagram for Asg.y
(4~6mm from elution surface).
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Fig. 13 Change in intensity ratio of elution surface to sample inside.

Table 6 Relationship between angle and peak intensity for each
hydrate (Bsgay).

0~2mm 2~4mm 4~6.5mm

20(°) | Intensity [ 260(°) | Intensity| 26(°) [ Intensity

Ca(OH), 18.120] 22041 18.050| 151477| 18.130| 162352

C-S-H 49.790] 23956| 49.870] 20362| 50.110 19801

ZnO 36.300f 164927 36.290] 135464| 36.370| 132169

Table 7 Relationship between angle and peak intensity for each
hydrate (A7day).

0~2mm 2~4mm 4~6mm

20(°) | Intensity | 20(°) | Intensity | 26(°) [ Intensity

Ca(OH), 18.070[ 22224 18.070| 86475| 18.060| 143687

C-S-H 49.730]  22265| 49.840 19409| 50.040| 20896

ZnO 36.320] 168451 36.320| 147641] 36.300] 142838
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Fig. 14 Comparison of Ca/Si molar ratios.
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Fig. 15 Vickers hardness of the sample in depth.
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