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ABSTRACT

Hardened cement is a porous material that has a wide range of micropores from the interlayer gaps
inside the hydrate C-S-H of nanometer size to the entrapped air of a few millimeters. Water, gas and
ions is permeated to pass through continuity of the gaps. Hardened cement have selective permeability
depending on the types and properties of the permeating materials, the physical state of the hardened
cement pores, and the correlation with the chemical properties of the pore surface. Because of the
selective permeability, the hardened cement installed between the solutions of different concentrations
allows water to permeate, but the solutes and ions can hardly permeate it in contrast to water. Due to
the property, osmotic pressure is generated across the hardened cement.

On the other hand, the hardened cement with cracks can have more gaps or pathways through water,
solutes, and ions can pass because of the physical cracks beside the basic gaps by the hydrate reaction,
when compared with the hardened cement without cracks. In other words, there is a difference in the
osmotic pressure between the hardened cement with cracks and the one without cracks because of the
existence of cracks. Moreover, if the cracks are healed by the crack self-healing material, the osmotic
pressure will be also different.

The pressure by the selective permeability of cement mortar depends on the mixing conditions of the
cement mortar and is greatly affected by the W/C ratio and the fine aggregate quantity. From selective
permeability, the overall osmotic pressure of hardened cement is assumed to be connected with the
osmotic pressure generation by physical effects such as the size and number of pores, which play the
role of a sieve to the moving ions or materials, and by the electrochemical effects of the pore surface
of the hardened cement that is known to have positive charge by Ca*"ions.

Of course, these do not have an independent effect but actually a complex effect. The inner permeation
pressure of the hardened cement with cracks and without cracks will be definitely different with each
other, and the osmotic pressure of the hardened cement of which cracks have been healed is also
different from that of the hardened cement that still has cracks. Therefore, in this study, we interpreted
the crack self-healing mechanism based on the osmotic pressure difference due to the different
micropore structure in hardened cement, from the viewpoint of reviewing the crack self-healing
mechanisms on the basis of the osmotic pressure difference.

A special instrument was produced to measure the osmotic pressure. The experimental mixing ratio
was set to water/cement =0.45 and sand/cement=1.5 and 1.8. The test bodies were prepared as circular
cement mortar molds with the height of 8 mm, and the diameter of 100 mm. The test bodies were
polished and adjusted to 4 mm + 0.2 mm, after the curing for two days at 20 = 3 °C. Following the
water curing for 28 days at 20 = 3 °C, the osmotic pressure of the test body (P1, plain-1) was measured.
Then, the osmotic pressure of the test body (P2) prepared by forcefully generating cracks in P1 was
also measured. The test body to which the crack self-healing material was added (T1) was prepared
with the same preparation method for P1 and P2. The osmotic pressure of the cracked T1 test body

was measured after 60 days of water curing at 20 + 3 °C.
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Figures 1 and 2 show the measured osmotic pressure of P1, P2, and T1.

Figure 1 shows the osmotic pressure in the hardened cement mortar without cracks (P1) and the
osmotic pressure of the same hardened cement mortar to which cracks were generated forcefully (P2).
The osmotic pressure of P2 was lower than that of P1 because the pressure was lost through the cracks.
Figure 2 shows the measure osmotic pressure in the hardened cement mortar of which cracks were
healed by the mixed crack self-healing material after cracks were forcefully generated and then healed
by the water curing for 60 days. The result showed that the osmotic pressure was increased as the
cracks were healed when compared with that of P2. One important purpose of crack self-healing in
hardened cement is to simply block water or ion permeation, but a more important issue in principle is
how much the initial physical properties are restored by the healing of the cracks in the hardened
cement. The result of this study showed that the crack self-healing material used in this study has a
cracking healing effect in the hardened cement, and the increased osmotic pressure in comparison with
that of the hardened cement with cracks indicated that the physical performance was restored. The
restoration of the physical performance can be reconfirmed on the basis of the variation of the
compressive strength and porosity of the crack self-healing hardened cement mortar.

@ 0 e i Tl(sand/cement=1.8)
3 3 )3
[o} [e}
u, 0,
wn n
. o
p 0.2 o 02
@ @
c c
8 8
§‘~ P2(sand/cement=1.5) § 0.1
= A FH R o P2(sand/cement=1.8) =

0 o . o  F I L i L 4

( 10 20 30 40 60 70 0 10 20 30 40 50 60 70
days days
Figure 1: Osmotic pressure of cement mortar Figure 2 : Osmotic pressure of crack

self-healing cement mortar
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