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It is known that water absorption from the surface of concrete 
is involved in much of the deterioration of concrete structures, 
such as in spalling and damage by alkali-aggregate reaction or salt 
damage.  It is also becoming clear that controlling concrete surface 
water absorption can significantly improve such deterioration and 
damage.1) 2)

Controlling concrete surface water absorption could thus lead 
to higher durability of concrete structures.  One method to achieve 
that is surface treatment by applying concrete surfaces with surface 
impregnant.  The Recommendation for Concrete Repair and Surface 
Protection of Concrete Structures (draft)3) was thus established in 
2005, and surface impregnant has been attracting more interest.

Researchers have pointed out that impregnation depth and anti-
absorption effect of surface impregnant may depend on moisture 
status of concrete at applying impregnant.3) 4)  Application methods 
might greatly affect performance; thus, appropriate specifications 
should be set down.

Few studies have been made on moisture status of the surface 
of concrete and age at application in relation to application of 
impregnant.  Hence, we examined in this study the relation between 
impregnation depth and anti-absorption effect of surface impregnant 
and different moisture status immediately before and after 
application, material age at application and water-cement ratio of 
concrete.  That was done as basic research to define appropriate use 
of surface impregnant.  Based on the results, we studied construction 
conditions to maximize performance of surface impregnant for new 
structures.

Basic Research on Use 
of Surface Impregnant 
for Higher Durability 
of Concrete Structures

Spalling and other deterioration of concrete structures are assumed to be attributed to water absorption from the surface of concrete.  

One method of controlling water absorption is applying surface impregnant to the concrete surface.  In this research, we examined the 

effect conditions such as age of material to which impregnant is applied and water supply conditions before and after application have on 

impregnation depth and anti-absorption effect.  Examination was made at 42%, 50% and 65% water-cement ratios (W/C) of concrete.

The results clarified that age of material to which impregnant is applied greatly affects anti-absorption effect and impregnation depth.  When 

emphasizing anti-absorption effect, applying impregnant earlier to material is effective.  We further found out that high anti-absorption 

effect is exhibited at W/C = 50%, even in wet conditions before and after application, while impregnation is difficult at W/C = 42% if in wet 

conditions before and after application.

Introduction1

In this study, we evaluated performance of impregnant through 
impregnation depth, water absorption tests and visual check of water 
repellency at wetting.  We decided on test samples referring to the 
Recommendation for Concrete Repair and Surface Protection of 
Concrete Structures (draft) by the Japan Society of Civil Engineers, 
and we compared concrete at three water-cement ratios in different 
conditions when applying impregnant.

2.1 Material and Surface Impregnant Used

Table 1 and 2 list concrete contents and mix actually used.  We 
mixed three types of concrete at water-cement ratios (W/C) of 
42%, 50% and 65%.  W/C = 42% is assumed to be for prestressed 
concrete (PC) structures.  W/C = 50% is assumed to be for common 
reinforced concrete (RC) structures, for which good-quality concrete 
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Material W/C Description

High-early-strength Portland cement
Density: 3.12 g/cm3

Ordinary Portland cement
Density: 3.16 g/cm3

Crushed sand produced in Gunma, 
Density in saturated surface-dry condition: 2.62 g/cm3

Inland sand produced in Saitama, 
Density in saturated surface-dry condition: 2.60 g/cm3

Mix ratio = 50:50
Pit sand produced in Chiba, 
Density in saturated surface-dry condition: 2.63 g/cm3

Fineness modulus: 2.18, Water absorption ratio: 1.82%
Crushed stone produced in Gunma, 
Maximum size: 25mm
Density: 2.64g/cm3, Water absorption ratio: 2.75%
Crushed stone produced in Saitama (tight sands), 
Maximum size: 20mm
Density: 2.66g/cm3, Water absorption ratio: 0.94%
High-performance AE water reducing agent, 
Usage: 1% (ratio to mass of cement)
AE agent, Usage: 0.07% (ratio to mass of cement)
AE water reducing agent, Usage: 1% 
(ratio to mass of cement)

42

50, 65

42

50, 65

42

50, 65

42

50, 65

Cement

Fine
aggregate

Coarse
aggregate

Additive

Table 1  Materials Used
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assumed as the material age at removing molds after casting, and 
35-day age is assumed to be the material age at around dissembling 
supports after removing molds.

We started repeated drying and wetting after application of surface 
impregnant on the second day after application.  We repeated four 
cycles of immersing test samples in water for a day and then drying 
those for two days.

(3) Impregnation Depth Test
In measuring impregnation depth, we used the split surface of test 
samples.  Water was sprayed on those surfaces, and then we measured 
water repelling impregnation depth at three points on a side.  We 
calculated the average of data at total six points and average of three 
samples, assuming the results as the impregnation depth.

(4) Water Absorption Test
In the water absorption test, we immersed test samples in water at 
20 ± 2ºC for seven days, and calculated the ratio of water absorption 
to mass just before the test as the water absorption ratio.

When immersing samples in water for two minutes just before 

is adequately cast.  Concrete at W/C = 65% is assumed to have 
surface material deterioration due to factors in working such as 
material separation.

Table 3 shows surface impregnant used in this study.  There are 
many types of surface impregnant, and some retain effects even after 
five years in exposure tests on actual structures (data in the reference 
is the data after three years).5)  In this research, we used two types of 
silane-based surface impregnant that demonstrate effects in exposure 
tests.

2.2 Test Method and Test Items

(1) Production Method of Test Sample
In production of test samples and test items, we referred to the 
Recommendation for Concrete Repair and Surface Protection of 
Concrete Structures (draft) by the Japan Society of Civil Engineers.

We used a 100 × 100 × 400 mm framework, and left concrete 
indoors at 20 ± 2ºC temperature and 55 ±5% humidity for four days 
from casting.  After removing from the mold on the fourth day, we 
cut the concrete into 100 × 100 × 100 mm pieces using a wet cutter.  
Then, we applied surface impregnant to the two cut faces, and epoxy 
resin to other four faces with for waterproofing.

(2) Curing Conditions and Material Age at Application
Table 4, 5 and 6 list test series codes, impregnant application 
conditions and curing conditions for this research.  We focused on 
concrete moisture status before application, curing conditions after 
application and material age at application.  Capital letters in the test 
series codes represent curing conditions before application (D: Dried, 
W: Wetted for two minutes).  Here we aimed to identify the effect 
of wet concrete surfaces of actual structures by phenomena such as 
rain before applying surface impregnant.  The purpose of a short 
immersion time of two minutes is not to affect hydration, instead 
simply to identify the effect of moisture on impregnation depth 
and anti-absorption effect in porous surface concrete at applying 
impregnant.  Lower case letters following capitals represent curing 
conditions after application (d: dried, dw: repeatedly dried and 
wetted, dw.6: repeatedly dried and wetted after six-hour immersion 
in water, d.6: dried after six-hour immersion in water).

Considering application to new structures, we took two material 
ages of seven days and 35 days in this research.  Seven-day age is 

Test
series code

Material
age at

application

Application
conditions Curing conditions after application

Atmospheric curing

Repeated drying and wetting

Immersed in water
for 6 hours after surface dried

       repeated drying and wetting

Atmospheric curing

Repeated drying and wetting 

Dried in air

Immersed in water
justbefore application
(for approx. 2 min.)

7 days
D-d

D-dw

D-dw.6

W-d

W-dw

35 days

7 days

Table 4  Test Parameters (W/C = 42%)

Test
series code

Material
age at

application

Application
conditions

Dried in air

Immersed in water just
before application
(for approx. 2 min.)

Dried in air

Immersed in water just
before application
(for approx. 2 min.)

Dried in air

Immersed in water just
before application
(for approx. 2 min.)

Curing conditions after application

Atmospheric curing

Immersed in water
for 6 hours after surface dried

     Atmospheric curing

Immersed in water
for 6 hours after surface dried

     repeated drying and wetting

D-d

D-dw.6

W-dw.6

D-d.6

W-d.6

W-d

7 days

35 days

7 days

Table 5  Test Parameters (W/C = 50%)

Dried in air Atmospheric curing

Atmospheric curing
Immersed in water just

before application
(for approx. 2 min.)

Test
series code

Material
age at

application

Application
conditions Curing conditions after application

D-d

W-d

7 days

35 days

7 days

Table 6  Test Parameters (W/C = 65%)

W/C

(%)

Slump

(cm)

Amount
of air
(%)

s/a

(%)

Unit quantity (kg/m3)

W C S G

Table 2  Concrete Specified Mix

Impregnant Main content Category
Standard

application
(kg/m2)

No. of
times of

application

Silane-
based

Silane/siloxane compound

Alkyl Alkoxy Silane

A

B

1

1

0.20

0.30−0.50

Table 3  Used Surface Impregnant
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more moisture, which might affect water absorption test results.  
Thus, we checked the relation between repeated drying and wetting 
and consequent mass change of those test samples (Fig. 2).  In the 
figure, positive figures are water absorption, and negative figures are 
water dissipation.  Based on line gradient, we confirmed that speed 
of moisture dissipation becomes almost stable at around 50-day 
material age, so we decided to start water absorption tests at around 
50-day material age.

3.1 Effect of Concrete Curing Condition

(1) Impregnation Depth and Water Absorption Test Results 
(W/C = 42%)

We were able to confirm water repellence of test samples applied with 
impregnant even visually.  MR seemed to have better water repellence 
than AS.  Repeated drying and wetting after application showed a 
tendency to lower water repellence.

Fig. 3 shows results of impregnation depth of the test series with 
W/C = 42%.  When applying impregnant at 7-day material age, 
impregnation depth was 1.5 to 3.5 mm—comparatively smaller than 
the results at other water-cement ratios.

application, we have to identify moisture dissipation after application 
of impregnant.  Thus, we checked mass change from just after 
application to around 50-day material age in the W-d series where 
samples were immersed in water just before application and in the 
D-d series where samples were dried after application.  The results are 
shown in Fig. 1, where mass change is shown in the mass reduction 
ratio to the mass immediately after application as the benchmark.  
Blanks in the figure are test samples with no impregnant application 
used for comparison purposes.

Comparing test samples applied with different impregnant in 
different surface status, we see that mass reduction ratio of the W-d 
series is larger than that of the D-d series.  This means that moisture 
absorbed in immersion in water just before application diffused out.  
The test samples applied with impregnant AS showed a tendency to 
have a smaller mass reduction ratio.  In other words, water desorption 
ability is slightly lower.  But, between test samples, there was little 
difference of gradient of mass reduction ratio after a material age 
of approx. 28 days, and change at around material age 50 days was 
small.  Based on those, we decided to start water absorption tests 
from approx. 50-day material age.  Concrete moisture status would 
have almost no affect on water absorption test in that case.

Comparing with test samples that were dry after application, test 
series samples that were repeatedly dried and wetted (dw, dw.6) kept 

Test Results and Consideration3
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Fig. 1  Change of Mass after Application (W/C = 50%)
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Fig. 2  Relation Between Repeated Drying and Wetting and 
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Fig. 3  Impregnation Depth (W/C = 42%)
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Fig. 4  Water Absorption Ratio (W/C = 42%, Applied on 7th Day)
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When applying impregnant at 35-day material age, both two 
types of impregnant showed deeper impregnation.  In particular, 
impregnation depth of AS was 7 mm—more than twice of that when 
applied at 7-day material age.

For either impregnant, impregnation depth of the test series with 
wet surface just before application was a little smaller.

We believe that impregnation depth tended to be smaller at around 
W/C = 42% due to the effect of relatively dense pore texture and the 
effect of much mixed water that remained in pore as free water at 
young material age around seven days. Fig. 4 shows water absorption 
test result in another condition before and after application of 
impregnant.

In Fig. 4, water absorption ratio of the test series where the blank 
test sample was repeatedly dried, and wetted (dw) was comparatively 
smaller than that of the dried test series (d).  That could be because 
hydration near the surface advanced and texture became denser.

The results demonstrated that impregnant MR has almost equal 
water absorption deterrence in any test series.  In particular, in 
the D-dw.6 test series where test samples were immersed in water 
after surface drying after application, MR showed good results 
compared to others.  With that, water absorption ratio was low, and 
impregnation depth also was deep.

Impregnant AS showed a very small water absorption ratio in 
the D-d test series where test samples were dried before and after 
application.  However, in the test series where test samples were wet 
before and after application, water absorption deterrence of AS was 
almost equal to that of the blank test sample that was affected by 
repeated drying and wetting.

(2) Impregnation Depth and Water Absorption Test Results 
(W/C = 50%)

Fig. 5 shows impregnation depth results of the test series with 
W/C = 50%.

Overall, impregnation depth at W/C = 50% is larger than that at 
W/C = 42%.  This could be because texture of test samples is not 
dense due to high water-cement ratio.  At W/C = 50%, impregnation 
depth tends to be shallower in test series where wet condition is 
maintained longer.  While water supply before and after application 
adversely affected anti-absorption effect of impregnant AS at W/C = 
42%, that affected repellency rather favorably at W/C = 50%.  The 
mechanism of that is presently unknown, but those results prove that 
appropriate application of impregnant varies with quality of concrete 
base.

Fig. 6 shows water absorption test results in different conditions 
before and after application of impregnant.  Blank test sample shows 
lower water absorption ratio due to immersion in water immediately 
before application and repeated drying and wetting after application.  
Unlike at W/C = 42% (Fig. 4), water absorption ratio also dropped in 
the W-d series where test samples were moistened before application.

Impregnation depth tends to be larger at W/C = 50% than at 
W/C = 42%.  Similarly, water absorption ratio tends to be higher 
at W/C = 50%.  From the perspective of water absorption control 
of concrete, it is important to look at how anti-absorption effect 
is demonstrated compared to blank test samples, rather than 
simply compare impregnation depth and water absorption ratio.  
From this viewpoint, we found that either impregnant sufficiently 
demonstrates anti-absorption effect at W/C = 50%.  We also found 
the characteristic at W/C = 50% where test series were wet longer 
show a lower water absorption ratio.

(3) Impregnation Depth and Water Absorption Test Results 
(W/C = 65%)

Fig. 7 shows impregnation depth results for the test series at W/C 
= 65%.

Impregnation depth did not remarkably increase compared to 
results at W/C = 50%.  Immersion of test samples in water before 
applying impregnant did not have adverse effect on impregnation 
depth; rather, it improved impregnation depth.  When applying at 
35-day material age, both impregnants showed deeper impregnation 
depth.
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Fig. 7  Impregnation Depth (W/C = 65%)
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Fig. 5  Impregnation Depth (W/C = 50%)
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Fig. 6  Water Absorption Ratio (W/C = 50%, Applied on 7th Day)
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Fig. 8 shows water absorption test results in different conditions 
before and after application of impregnant.  The results demonstrate 
that immersing blank test samples in water just before application has 
almost no effect on water absorption ratio.  Compared to samples 
at W/C = 42% and W/C = 50%, water absorption ratio of blank 
samples is remarkably high, meaning impregnant demonstrates 
significant anti-absorption effect compared to blank test samples.  
Immersion in water before application has no adverse effect on anti-
absorption effect.

Those results prove that applying surface impregnant can 
drastically the lower water absorption ratio, even when surface quality 
of the structure is deteriorated.

3.2 Effect of Material Age at Application

(1) Impregnation Depth
In applying surface impregnant to new structures, moisture retained 
in concrete and hydration are expected to depend on material age.  
Thus, impregnation depth and water absorption deterrence should 
also vary.

Comparing impregnation depth when applied at 7-day material 
age and at 35-day material age, results of impregnation depth at 
W/C = 42% (Fig. 3) and at W/C = 50% (Fig. 5) demonstrate that 
impregnation is deeper at either water-cement ratio when applying 
on the 35th day.  While difference by material age at application 
was small for impregnant MR, impregnation depth was larger for 
impregnant AS, when applied on the 35th day.

(2) Anti-absorption effect
Fig. 9, 10 and 11 show water absorption test results for different 
material ages at W/C = 42%, 50% and 65%.

Regardless of water-cement ratio and surface impregnant, 
application on the 7th day showed better effects in deterring 
absorption that on the 35th day.

A tendency was remarkable at W/C = 50% in particular.  For 
impregnant MR, the water absorption ratio dropped to about a half 
on the 10th day after starting water absorption.

Those results revealed that application at younger material age 
brings about higher anti-absorption effect to new concrete structure.
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Fig. 8  Water Absorption Ratio (W/C = 65%, Applied on 7th Day)
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Fig. 9  Water Absorption Test Results at Different Material Ages 

at Application (W/C = 42%)
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Fig. 10  Water Absorption Test Results at Different Material Ages 

at Application (W/C = 50%)
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This research is basic research to define the appropriate way to use 
surface impregnant.  We examined the relation of impregnation 
depth and anti-absorption effect using two types of silane-based 
surface impregnant at different moisture status immediately before 
and after application, material ages at application and water-cement 
ratios of concrete.  Assuming structures are new, we focused on water 
absorption deterrence by applying surface impregnant and gained the 
following results.
(1) Material age at application (7 days, 35 days) greatly affects water 

absorption deterrence.  Application to younger material age 
(7 days) results in higher anti-absorption effect for any water-
cement ratio and for either impregnant.  On the other hand, 
impregnation depth tends to be larger when applying on the 35th 
day.  Comparing concrete of different water-cement ratios, deeper 
impregnation does not necessarily correspond to higher anti-
absorption effect.

(2) Moisture status before and after application of impregnant greatly 
affects impregnation depth and water absorption deterrence.  At 
W/C = 42%, drying test samples before and after application 
results in good anti-absorption effect.  At W/C = 50%, water 
supply before and after application improved anti-absorption 
effect in some cases.  Thus, water supply condition for the 
optimal anti-absorption effect varies with water-cement ratio.

This time, we examined use on new concrete structures.  In the 
future, we plan to verify long-time anti-absorption effect.

Conclusion4
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