Proc.
Tokai
Univ.,
Ser. E
Proc.Schl.
Schl.Eng.
Eng.
Tokai
Univ.,
Ser. E
38 (2013)
15-24
（2013）■-■

Effect of Biodegradable Water-Absorptive Polymer Gel on Concrete
Curing at Early Ages
by
Nadecho TANTONTRAKUL *1 and Tetsurou KASAI *2
(Received on Mar. 13, 2013 and accepted on May. 16, 2013)

Abstract
Concrete is subjected to rapid drying before initial setting time immediately after placing and casting. This results in
lowering of the quality of concrete surface layer. This research aims to prevent water loss that could degrade the surface of
concrete before initial setting keeping the moisture conditions on the concrete surface. The effectiveness of a new curing
method using biodegradable water-absorptive polymer gels has been studied. As a result, the near-surface layer of concrete
was densified, the compressive strength and tensile strength increased and air permeability and shrinkage strain became
smaller. The effectiveness of the proposed curing method was proven.
Keywords: Biodegradable Water-Absorptive Polymer Gel, Initial Setting Time, Moisture Loss, Coefficients of Air
Permeability, Shrinkage Strain, Cold Joints

1. Introduction

the degradation of concrete quality.The membrane curing
with membrane forming agent has been widely adopted but
the water evaporation is not fully controlled and insufficient

Large areas of concretes floor after placement make it

unterms of quality assurance4, 5).

difficult to protect concrete surface from the rapid water loss
before setting and allow plastic shrinkage cracks, a major

This study tries to provide the appropriate curing

cause of surface crack in concrete. It can be easily occurred

method capable of curing concrete surface at very early stage

when water for curing is insufficiently supplied. From that

after placement. The biodegradable water-absorptive polymer

reason, the quality of concrete such as strength or

gel (hereafter denoted as the biodegradable gel) was used for

water-tightness will probably become degraded. The plastic

the new curing method (Fig.1). Because of its highly water

shrinkage occurs, when bleeding rate is lower than water

absorptive nature, the biodegradable gel can be expected to

evaporation

the

maintain the moisture condition of the concrete’s surface at a

evaporation front is lower than the level of the solid particles.

proper level, and the combined concrete curing at very early

The formation of meniscus between solid particles forms a

ages using biodegradable gel and wet mat curing can prevent

negative pressure resulting in the shrinkage of concrete

setting concrete from drying and also assure the quality and

matrix

1, 2, 3)

rate

from

the

concrete

surface

and

high performance of concrete’s surfaces.

. To protect the surface part from drying, wet mat

curing method usually adopted but mat-curing method as well
as the water supplying method can’t perfectly cure the
concrete surface immediately after the placement at very
early stages because these methods may coarsen the concrete
surface. Because the mat-curing and/or water-supply curing
are normally performed after setting (age of approx. one day),
it tends to be too late to prevent drying during concrete
placement to mat-curing and/or water-supply curing. The
water loss of this stage may result in the surface crack and

Fig.1 The biodegradable gel and curing method
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2.2 Experimental procedure

The performance of proposed curing method using

2.2.1 Curing condition properties

biodegradable gel depends on the water content in gel
(Amount of additional water with respect to that of complete

Model I, II and III were used in these experiments with

swelling) or on the specimen age to apply (timing of use),

curing conditions and experimental procedure as shown in

hence this study performed the experiment on the effects of

Table 1 and Table 2. Dimensions of specimens and

above two parameters on the strength, shrinkage and the pore

environmental conditions were selected taking account of

structure of near-surface concrete. Furthermore, this study

bleeding water and degree of drying that may pose

dealt with the quality of near-surface concrete with cold

considerable effects on testing items and curing conditions.

joints between old and new concretes especially for high

Compressive strength was performed with core specimen of ϕ

performance concrete.

75 × 80 mm, according to Japanese Industrial Standard JIS A
1107. Model I specimen was used to check the moisture loss.
Model II specimen was used to check the strain of 40 mm

2. Experiment

from the concrete surface with the mold gauge to measure
2.1 Specimens and molds

actual

strains.

The

measurement

of

air

permeability

Four type of molds were used in this study including.

coefficients was based on Torrent’s method. The apparatus

Model I (L290 × B164 × H85 mm), Model II (L800 × B700

comprised 2 chambers, internal and external chambers where

× H240 mm), Model III (ϕ 500 × H1000 mm) and Model IV

the pressure of the external chamber was controlled not to

(L530 × B150 × H150 mm) as shown in Fig.2.The molds for

allow air entering the internal chamber. Model III specimens

Model I, II and III were made of polyethylene resin while

were used to estimate the structure of the near-surface

that of Model IV is made of steel. The Model I specimens

concrete. The pose size distribution of the near-surface

were cured with the biodegradable gel and used to determine

concrete was performed with mercury intrusion porosimetry

the moisture loss and the tensile strength of the near-surface

and the observation of the concrete’s surface was with SEM

mortar. After the tensile strength test, elastic wave’s speed

(Scanning Electron Microscope).
Table 1. Curing conditions

rate test and the surface’s strength measurement were
performed with elastic wave test (iTECS) and strength testing

Curing Method

Symbol
Non

Not curing with any method

G30

30 Times of water absorption gel (After bleeding is finished, t = 3mm)

G60

60 Times of water absorption gel (After bleeding is finished, t = 3mm)

the strain present at the concrete surface. The Model III

G60 (Begin)

60 Times of water absorption gel (At the intitial setting time, t = 3mm)

specimens were used to estimate the porosity of concrete

G100

100 Times of water absorption gel (After bleeding is finished, t = 3mm)

Mat

Wet mat curing (Age 1~7 days)

machine (CTS). The Model II specimens were used to
determine the coefficients of air permeability and to monitor

cured with the biodegradable gel. Specimens with Model IV

G60 (Begin)
+Mat

were subjected to core sampling of mortar and then to

G60 (Mix)

compressive and split-tensile strength.

G60 (Mesh)

Table 2. Experimental conditions and curing method

60 Times of water absorption gel (After bleeding is finished, t = 3mm) and than
wet mat curing (Age 1~7 days)
60 Times of water absorption gel and mixed gel on the concrete surface

* (t = 3mm)
60 Times of water absorption gel and placed gel on the mesh net

Water Supply

Curing with water (Intitial setting time, t = 3mm)

Coating curing

Coating curing with paraffin agent (After bleeding is finished, 100 ml/m )

2

2

CR

Set-retarding agent, Disparlight (After bleeding is finished, 300 g/m )

JA

Joint treatment agent, Joint Ace (After bleeding is finished, 300 g/m )

2

*The mesh is made from nylon and the scale is about 1 mm.

Curing Method
Mold

Environment Condition

Non

G30

G60
(Begin)

G60

G90

G100

Mat

G60 (Begin) +
Mat

G60
(Mix)

G60
(Mesh)

Water
Supply

Coating
Curing

CR

JA

Model I

20ºC 40% R.H.

◎

●△

●

●

－

－

●

●△◎

－

－

Model II

Outdoor (Dec-Jan)

●■○

－

－

●■○

－

－

●○

●○

－

－

－

●■○

－

－

Model III

Indoor (Feb-Mar)

●▲□

－

－

●▲□

－

－

－

－

－

－

－

－

－

－

Model IV

20ºC 40% R.H.

●◆

－

●◆

－

－

－

－

－

●◆

●◆

－

－

◆

◆

●△◎ ●△ ●△◎ ●△

●Compressive strength ◎Tensile adhesion strength ◆Split-tensile Strength △Amount of water loss ■Measured strain ○Coefficinet of air permeability
▲Pore size distribution □Scanning Electron Mircoscope

Model I

Model II

Model III

Model IV

Fig.2 Specimens and molds
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All the tests were executed at the specimen age of 28
days except for the moisture loss and strain measurement.
2.2.2

Properties

of

cold

joints

cured

with

the

biodegradable gel
Model I and Model VI were used for these experiments
and the experimental conditions are in Table 1 and Table 2.
Model I specimen was used to the tensile adhesion strength
test applied directly on the mortar’s surface using the tensile

Impact point

Receiver

adhesion strength tester as shown in Fig.3. The mortar
surface was separated in three 30 mm squares (3 points in a
surface) and set the jig plates on the mortar surface by epoxy
adhesive. The center rod screwed to the jig plate was pulled

190m

out and show the adhesion strength of the near-surface
concrete was recorded. This test was performed twice. After

Fig. 4 The iTECS’s apparatus and image of testing method

the tensile adhesion test, the specimen was subjected to the
impact echo test with an iTECS’s apparatus. The impact echo

If the biodegradable gel provides an effective curing

test used the speed of elastic wave to account for the

after bleeding, the structure of the solid part at near-surface

difference in the tensile adhesion strength results. The elastic

layer could be densified leading to a higher compressive

wave receiver was set on the left hand side of the specimen,

strength. The split-tensile strength test was performed

leaving a space approximately 190 mm to the impact point.

according to JIS A 1113, a Japanese standard testing method.

The hammer on the right hand side of the specimen and the

The specimen preparation was the same as that of the

receiver are shown in Fig.4. Model IV specimens were used

compressive strength test and the drilled cores of concrete

to measure compressive strength with drilled cores of mortar

were taken from the lateral surface of specimen (ϕ 75 × 150

(ϕ 50 × 100 mm) as shown in Fig.5. It was assumed that the

mm) as shown in Fig.6. If the biodegradable gel posed some

compressive strength at the near-surface layer of mortar

influence on the cold joints, the tensile strength of the cold

cured with the biodegradable gel should have a higher

joints or between the surfaces of concrete (old and fresh

strength than that without biodegradable gel curing.

concretes) might have a higher strength than that without
curing.
2.3 Mix proportion
Model I specimens was used only mortar, Model II and
Model III specimens were used only concrete and Model
IV specimens was used mortar and concrete

proportions are shown in Table 3 and 4 respectively.

Tensile adhesion

155 mm

strength test positions

2.4 Materials

(3＠30 mm）

80 mm

Portland blast-furnace cement Type-B was used in all
the experiments as shown in Table 5. The fine aggregate was
the crushed sand and was used for both mortar and concrete.

280 mm

An air entraining plasticizer was used in mixing of the

Fig.3 The tensile adhesion strength test directly

concrete. The biodegradable gel was prepared by mixing of

on the mortar surface after curing by Gel

carboxymethyl cellulose and water, and then dried after being
exposed to electron beam or gamma irradiation.

Table 3. Mix proportion of concrete
No.
1
2
3
4

whose mix

Case
Model I
Model II
Model III
Model IV

Slump
(cm)
12
10
15
11

Vol.Ⅹ
XXXVIII,
2013
Vol.
ⅩⅩⅧ, 2013

Air
W/C s/a
content
(%)
4.5
4.5
4.5
4.5

(%)
55
47.5
60.5
45

(%)
44.0
43.3
46.1
40

Unit of quantity (kg/m 3)

Maximum size o f
coarse aggregate
(mm)
20
20
20
20

W
166
161
168
165

C

S1

S2

302 561 240
339 － －
278 － －
367 － －
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S3

S4

S5

G1

G2

G3

－ － － 1027 － －
534 234 － － 1 038 －
583 253 － － 1 005 －
－ － 699 －
－ 1088

Ad1 Ad2 Ad3
0.45 － －
－ 3.39 －
－ 2.78 －
－ － 1.95
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Table 4. Mix proportion of Mortar

The dry gel was mixed with water of 30, 60, 90 and 100
times larger mass than that of the gel (G30, G60, G90 and
G100) and applied for curing with conditions as shown in
Table 1. The thickness of gel layer was 3 mm and sprinkled
on all the surface areas of the specimen.

150 mm
150 mm

100 mm

40 mm

W /C (%)

s/a (%)

1
2

50
50

2
2

Mixing water
Cement

530 mm
Fine aggregate

Coarse
aggregate

Fig.5 Image of drilled cores of mortar and the test

ϕ 75 mm
150 mm

150 mm

Symbol
Class
Property of Physical & Chemical
W
Public water supply
Portland blast-furnace cement Type Density 3.04g/cm 3
C
S1

Sand from land (Product of
Kashima)

Density of SSD 2.64 g/cm3
Water absorption rate 0.76%

S2

Crused sand (Product of Kasama)

Density of SSD 2.65 g/cm3
Water absorption rate 1.07%

S3

Sand from land (Product of
Kamisu)

Density of SSD 2.59 g/cm3
Water absorption rate1.31%

S4

Crused sand (Product of Sano)

Density of SSD 2.64 g/cm3
Water absorption rate 1.23%

S5

Crused sand (Product of Oigawa)

Density of SSD 2.56 g/cm3
Water absorption rate 1.50%

G1

Crushed stone 2005
(Product of Iwase)

Density of SSD 2.66 g/cm3
Water absorption rate 0.71%

G2

Crushed stone 2005
(Product of Tsuchiura)

Density of SSD 2.68 g/cm3
Water absorption rate 0.58%

Density of SSD 2.70 g/cm3
Water absorption rate 0.62%
G30 Biodegradable Gel Type 30 Times Maximum of water absoption 30 times
G60 Biodegradable Gel Type 60 Times Maximum of water absoption 60 times
Type of Gel
G90 Biodegradable Gel Type 90 Times Maximum of water absoption 90 times
G100 Biodegradable Gel Type 100 Times Maximum of water absoption 100 times
Ad1 AE plasticiser
Lignin-sulfonic acid
Addmixture
Ad2 AE plasticiser
Lignin-sulfonic acid
Ad 3 Plasti ci ser
Rheo bu ild 8 00 0s , Po lycar bo xy lic aci d
SSD : Saturated-Surface-dry
G3

Gel curing surface
150 mm Top layer of concrete

Unit of quantit y (kg)
C
W
S
15.21
31.45
63.39
18.19
37.74
76.15

Table 5. Main materials

ϕ 50 mm

Gel curing surface

No.

Bottom layer of concrete
530 mm

Crushed stone (Product of Aoume)

tap water under the same environmental conditions and the
amount of evaporation (amount of water loss) was also
measured, but the evaporation rate was (gradient of the water
loss-time curve) smaller than that of non-curing and the
paraffin type coating curing. This is because both non-curing
and the paraffin type coating curing had a flat water level
while the other curing methods provided a rough surface with
larger evaporation area and the slight increase in concrete
temperature due to initial hydration of cement. When the

Fig. 6 Image of drilled cores of concrete and split-tensile

biodegradable gel curing was applied, the water loss rate was

strength test

at the same level as non-curing and the paraffin type coating
curing and the gel maintained the moisture condition on the

3. Result and discussion

concrete surface releasing water from the surface of the gel.
After 80 hours of testing when the water loss rate became

3.1 Water loss behavior of the biodegradable gel

moderate, the amount of water loss from concrete cured with

Amounts of water loss from the concrete surface under

the biodegradable gel decreased remarkably, 35% smaller,

various curing conditions are shown in Fig.7. When the

than that non-curing. When compare with the difference in

biodegradable gel was used, initial amount of water loss are

the initial amount of absorbed water of the biodegradable gel,

set at a negative value. This is because the biodegradable gel

the influence on the water loss rate was small but the amount

contained absorbed water prior to the test. When comparing

of water loss rate of G60 (the initial water absorption: 60/60)

the paraffin type coating curing with non-curing, amount of

was slightly larger than that of G30 and G100 becouse of

water loss decreased approx. 10% but the curing effect on

influence of the moisture content and sueface unevenness of

concrete was not significant. The same mold was filled with

gel. But it is necessary to investigate about this result in
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From the above results, application of G60 at the end of

future.
As above, the difference in surface roughness at the

initial setting was found to be most appropriate because of

application of the gel and the initial water absorption may

better compressive strength and workability (low-viscosity)

influence the difference in water loss rate. Regarding the

hence the biodegradable gel curing with G60 (begin) (at

difference in application time of the biodegradable gel, water

initial setting) was adopted to all Model II and Model III

loss rate of specimens applied at the end of bleeding were

specimens. Compressive strength of all the specimens

larger than that applied at the initial setting time (G60

normalized with that of the sealed curing specimen is shown

(begin)), but the difference was not considerable. The

in Fig.9. The sealed curing specimens were prepared with a

effectiveness of the biodegradable gel curing at very early

plastic mold of F100 × 200 mm when each Model was mixed

ages can be explained that, unlike the paraffin type coating

and placed close to the original concrete specimens until the

curing that control evaporation of water from the surface, the

specified age. Compressive strength of the core specimens of

gel can release the absorb water at the beginning and

each Model was corrected to have an aspect ratio of 2.00

maintain the moisture condition of the surface.

based on JIS A 1107.

G30

G60

G60（begin）

G100

Non

Coating curing

Water (Only)

30

Compressive strength (N/mm2)

5
4

Amount of water loss (kg/m2)

After the end of bleeding

35

3
2
1
Water loss from Concrete

0

25

Initial setting time

28.0
23.3

I n case of Noncuring（18.2）

23.0

20.4

20
15
10
5

Water loss from the Bio-Gel

-1

-3

0

Period of water loss was delayed
from concrete

-2

G30

G60

G100

Fig.8 The initial water and application time have an influence
0

20

40
60
Elapsed time (hr)

80

on compressive strength

100

ModelⅠ

Fig.7 Relationship between the amount of water loss and
elapsed time

1.3

Sealed curing against strength's ratio

3.2 Curing method and compressive strength of concrete
Influence of initial water absorption of gels and
application time on compressive strength of Model I core
specimens is shown in Fig.8. Compressive strength of
specimens cured with the biodegradable gel of any amounts
of initial water absorption was better than that of non-curing
demonstrating the effectiveness of the curing method. When
compared by the difference in amount of initial water
absorption, compressive strength of specimens cured with
G100 was smaller than that of G30 and G60 probably because

ModelⅢ

to the inside the concrete and the surface became of low

1.2

1.1

1.05

1

0.96
0.87

0.9
0.8
0.7

0.5

quality compared with that of G30 or G60. Regarding the
difference in compressive strength by time of application,
specimens cured at the initial setting time showed larger

Sealed curing against strength's ratio (N/mm2)
Model I ：26.7 Model II ：30.6 Model III：18.8

1.2

0.6

G100 contained considerable surplus water that might move

0.75
0.68

0.96
0.78

0.79
0.73

0.67

Non

0.99

0.57

G60
(Begin)

Mat

Water Coating
G60
(Begin) Sprinkle Curing
+ Mat

Fig.9 The sealed curing against the ratio of compressive

compressive strength than that cured at the end of bleeding.
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2013
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It is shown in Fig.9 that the near-surface compressive

and the amount of shrinkage at the end of the measurement

strength of non-curing specimens was lower than that of the

was also small. Since the biodegradable gel curing largely

sealed curing approx. 30% while that with the biodegradable

reduces the plastic shrinkage at very early ages, applicability

gel curing was able to the decrease in compressive strength.

to the control of shrinkage cracks that could occur at very

When the biodegradable gel curing was performed in addition

early ages can be expected.

to the wet mat curing, the compressive strength became larger
than that of specimen cured solely with the wet mat curing

3.4 Curing method and air permeability of near-surface

hence the effectiveness of curing at very early ages was

concrete

proven. Especially in the Model I specimens cured under

Coefficients of air permeability of near-surface concrete

20ºC and 40%R.H. condition, most likely to be influenced by

are shown in Fig.11. The specimen cured with the

drying, the strength development was more remarkable when

biodegradable gel showed smaller coefficients of air

cured solely by the biodegradable than that cured with wet

permeability than that without curing. According to the past

mat exhibiting remarkable strength control capability. The

study 8), the coefficients of air permeability can be classified

biodegradable gel curing has already been applied to the real

into 5 levels as shown in Table 6. Specimens without curing

structure and its advantages are most prominent especially in

and with the paraffin coating curing were evaluated to be

constructions at intensive hot and dry condition at the

[Poor] while that with biodegradable gel curing is [Average].

mid-summer.

Moreover, when combined with the wet mat curing and

As shown above, the strength development of concrete

biodegradable

gel,

evaluation

result

became

[Good].

owing to the application of biodegradable gel can be

Although the wet mat curing solely showed the same result,

explained by the consumption of interstitial water of concrete

the air permeability coefficients of single and combined use

surface at early stages

6, 7)

were different (0.010 and 0.019 respectively). It was thus

leading to the lowering of the initial

clarified that the structure of near-surface concrete can be

water-cement ratio of the near-surface concrete.

densified by the use of biodegradable gel curing
Non

60

Coating curing

G60（begin）

Table 6. Evaluation of air permeability
-16

Evaluation Excellent

0
-20

Good

Average

Fair

Poor

10

-40

2.200

2.100

Coefficients of air permeability (10-16m2)

Measured strain (μ)

20

-60
-80
-100

2

Coefficients of air permeability（×10 m ）
0.001 ～ 0.01 ～ 0.1 ～
1～
10 ～
0.01
0.1
1
10
100

40

0

10

Initial setting time

20

30

40

50

Elapsed time (hr)

Fig.10 Measured strain by elapsed time
3.3 Curing method and the shrinkage of near-surface

1
0.320

0.1

0.019
0.010

0.01

concrete
Measured strains of near-surface concrete (without

0.001

temperature correction) are shown in Fig.10. When compared

Non

by curing method, specimens cured with the biodegradable

G60 (Begin)

Mat

G60 (Begin)
+ Mat

Coating
Curing

gel showed remarkably smaller shrinkage strain at very early

Fig.11 Relationship between curing method and coefficients of

ages than that without curing and with paraffin coating curing

air permeability
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3.5 Curing method and the microstructure of near-surface
0.015

concrete

Non

G60 (Begin)

Pore size distribution and the accumulated pore volume
of near-surface concrete (0 – 10 mm from the surface)

0.012

Pore size distribution (ml/g)

specimens cured with the biodegradable gel and without
curing are shown in Fig.12 and Fig.13. SEM observation of
the microstructure of the near-surface (0 – 5 mm from the
surface) concrete is shown in Fig.14 (a) and (b). The
microstructure analysis showed that the pore volume with a
pore diameter ranging from 0.1 to several µm of the specimen
with biodegradable gel cured was smaller while that less than
0.02 µm was larger, than that without curing. The
accumulated pore volume became smaller. These mean that

0.009

0.006

0.003

the biodegradable gel was able to keep the moisture condition
at very early stages and made the hydration products of the
near-surface concrete more densified. SEM images in Fig.14

0
0.001

(a) and (b) also show that, the needle-shaped ettringite filled
the

inter-particle

gaps

implying

spaces

allowing

0.1
10
Pore diameter (μm)

1000

crystallization in the specimen without curing while that with

Fig.12 Relationship between pore size distribution and

biodegradable gel curing shows amorphous C-S-H and large

pore diameter

calcium hydroxide, without any ettringites, implying the
densification of the hydration products. This observation
coincides with the results of air permeability measurement.

0.15

Non

G60 (Begin)

3.6 Curing method and the tensile adhesion strength at
The accumalated pore volume (ml/g)

the cold joints
The tensile adhesion strength test with pull-out testing
machine is shown in Fig.15. The results show the difference
in tensile adhesion strength by 13 curing conditions. The
conditions 1 to 11 were the biodegradable gel curing
including 3 difference types of gel (G60, G90 and G60 made
in sheet), with a different time of curing as shown in Table 7.
The condition 12 was one-layer of mortar and the condition
13 was a cold joints specimen that removed laitance on the
mortar surface. Specimens cured with G60 have better

0.12

0.09

0.06

0.03

strength than that with G90 for 8%. In the case of gel type 60
times, G20 showed the highest tensile adhesion strength.

0
0.001

When G30 and G40 are compared with G20,

60 times

3
4

Paste

5
6

24 hours

G20

2

and pore diameter

90 times

7
8
9
Gel Sheet

10
11

Gel Sheet

inside of the mortar and make the mortar surface of low

24 hours
24 hours

3 mm

G30

Gel

G30 and G40 still had a lot of excess water that could enter

7 days

G30
G40

Permeability Mesh

strength at the same condition. When removed gel after 24

24 hours
1 hour

7 days

G45

24 hours

G60

24 hours

20

hours also has better strength than that after 7 days approx.
30%.

24 hours
60 times

G6

5 mm

Both Edges

As shown above, application of G20 on the cold joints

7 days

of the mortar at the end of bleeding was important factor to

24 hours

12

Joint

Not removed laitance

13

None

After 24 hours later, removed laitance

obtain higher tensile adhesion strength.

*Method of removed laitance is the water jet.
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Cold joint conditions
Curing
Gel
Tredment Method of Type of Absorption Thickness of Gel Curing Laitance Removed* Temperature
Method Condition First Layer Surface
Gel
Ratio
Gel
Time
Time
(°C)

1

10

Pore diameter (μm)

Table 7. Cold joints conditions
CASE
No.

0.1
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Et : Ettringite S : Slag (Blast furnace) P : Calcium hydroxide
X 1,000

X 1,000

S

S

S

Et

P

b) G60 (Begin)

a) Non-curing

Fig.14 The SEM observation of the mircostructure of the near-surface

3.7 The elastic wave speed and curing method

60 Times

60 Times made in sheet

90 Times

Non-curing

5

The result of elastic wave on the mortar surface is shown
Tensile adhesion strength (N/mm2)

in Fig.16. The curing condition was the same as that of the
tensile adhesion strength test. The result can be seen in the
same way, the specimens cured by the gel type 60 times
showed scatter but G20 was yet having a high wave speed.
The gel type 60 sheets showed highest value both in wave
speed, which can be explained that the sheet already have a
smooth surface, but not of the high tensile strength or good
quality surface as shown in the result of tensile adhesion
strength. As written above, the results of elastic wave speed
were unable to show a big difference in the mortar surfaces.

4

4.08

3.76

3.72

3.27 3.36

3.25
2.85

3

3.07

3.64 3.56 3.52
3.43

2.62

2
1
0

1

2

3

4

5

6

7

8

9

10

11

12

13

Curing condition of cold joint

Fig.15 The results of tensile adhesion strength test

3.8 Curing method and compressive strength at different
layers
Compressive strength with drilled core take from the

explained that the aggregate and cement were separated after

difference layer of mortar is shown in Fig.17. The result can

bleeding. Only in the case of a gel curing mixed on the

be considered that the biodegradable gel curing had some

mortar surface, the strength of the upper was approx. 24%

influence on the mortar surface after 1 hour of curing. The

larger than that of the lower layer.

compressive strength increased approx. 5%. The most of the

As seen above, the brittle surface can be improved to have

second layer of mortar showed a higher compressive strength

a good quality surface as expected when the biodegradable

than that of the first layer approx. 13% which can be

gel curing is applied at bleeding.
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3200

4.50
4.00

3100
3042

3036.15
3003.9

3000

2947.1

3003.7

2933.852937.352931.8

2907.5

2897.15

2900
2800

Split-tensile strength (N/mm2)

The elastic wave speed (m/s)

3127.053136.85

2781.95

2700

3.00

2.82

2.73

2.50

2.11

1.87

2.00

2.60

1.73

1.50
1.00
0.50
0.00

2600

1

2

3

4

5

6

7

8

9

10

11

12

60

Lower layer of mortar

47.6

50

50.3
45.3

42.7

48.4
43.1

48.2
44.7

G60

G60
(Mix)

G60
(Mesh)

Non

The effective curing of concrete at early ages using the

49.7

biodegradable gel was studied and the major findings are as
the follows,
1) The effectiveness of the biodegradable gel curing at very

39.5

40

Non
(Joint)

4. Concluding remarks

56.7
51.2

JA

Fig.18 The results of split-tensile strength test

Fig.16 The elastic wave speed on the mortar suface
Upper layer of mortar

CR

13

Curing condition of cold joint

Comprassive Strength (N/mm2)

3.70

3.50

early ages is that the gel releases the precedently absorbed

30

water first and keeps for a long time the moisture condition
of the concrete surface part at very early ages.

20

2) Influence of initial water content of the biodegradable gel
on the capability of maintaining the wet condition was small

10
0

but in a case of low initial water content, compressive
G20

G20
(Mix)

G20 Non (Fix)
(Mesh)

G60
(Mix)

strength of concrete showed an increase.

Non

Fig.17 Relationship of compressive strength between upper
and lower layers

3) The time of applying the biodegradable gel posed an
influence on the compressive strength of drilled cores
specimen. When the gel applied at the initial setting time, the
compressive strength was better than that applied at the end
of bleeding.

3.9 Curing method and the splitting tensile strength

4) Both single use of the biodegradable gel and combined use

Split-tensile strength of concrete is shown in Fig.18.
Three types of the biodegradable gel were used for curing to

with

wet

mat

curing

contributed

to

provide

better

compare the result with that without curing. In the case of

compressive strength than that without curing or with the

G60 (Mix), the split-tensile strength increased approx. 63%

single wet mat curing.

or 1.6 times larger than that without curing, and G60 (Mesh)

5) When the biodegradable gel curing was used, the

increased approx. 1.5 times and G60 increased approx. 1.2

shrinkage strain of the concrete surface from very early ages
became extremely smaller than that with paraffin coating

times. When the split-tensile strength of specimen cured with

curing and without curing and plastic shrinkage extremely

biodegradable gel is compared with that with a set-retarding

decreased leading to controlling shrinkage cracks at very

agent, they had nearly the same value showing the

early ages.

effectiveness of the gel curing method.

6) When the biodegradable gel curing was used, coefficients

As shown above, besides the improvement of the cold
the

of air permeability of the near-surface concrete decreased

biodegradable gel itself was proven to be a set-retarding

compared with that without curing and with paraffin coating

agent (CR). Especially, G60 (Mix) showed the highest

curing. Pore size distribution measurement and SEM

split-tensile strength when compared with another gel curing

observation showed the densification of the hydration

conditions.

products at the near-surface concrete.

joints

surface

by

the

biodegradable

gel

curing,

7) The biodegradable gel curing was proven to be a
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set-retarding agent, the quality of cold joints surface was
improved and also split-tensile strength increased.
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