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Abstract. Using normal materials to manufacture the mixed mortar is necessary for
restoration of hydraulic structures in Vietnam. It will salvage the materials and decreases
the cost price of the mortar. In this research, we used cement made in Vietnam (Chinfon
- Haiphong cement), natural sand (Lo River sand), polymer acrylic and high range water
reducing (of SIKA company) with proportion 1: 3 : 0.03 : 0.003 by weight. The water to
cement ratio is 0.5, which always ensure the compressive strength of mortar more than
40 MPa and small shrinkage, good watertightness, and high adhesion. That is suitable
for the restoration of concrete structures in general and hydraulic structures in particular
of Vietnam. The dry mixed mortar is manufactured and in bag of 15+0.5 kg weight.
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1. INTRODUCTION

After fifty years, many hydraulic structures in Vietnam were damaged and downgraded
that why it is necessary to repair them for continuing operated. Here the most important
hydraulic structures are made of concrete and reinforced concrete, that when repairing has
required the same materials having the same fundamental properties. In order to repair
those structures, the mortar from cement with high compressive strength, no shrinkage,
and high watertightness is used [1].

The mixed mortars have good properties of some overseas companies are available
in Vietnam, but they are very expensive, so they are not suitable for Vietnam situation.
Actually, the materials needed to manufacture these mortars are available in Vietnam and
we can use them to make a kind of mixed mortar using to repair the damage of structures
in general, hydraulic structures in particular. To produce this mixed mortar we can use
usual materials Vietnam’s.
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2. RESEARCH OBJECTIVES

The objective is to manufacture the mixed cement mortar which has high compressive
strength, high flexural strength, low shrinkage and high watertightness in order to repair
hydraulic concrete structures and reinforced concrete structures. The mortar should have
following properties:

+ High watertightness

+ Good slump for application

+ The good adhesion with the parent concrete and mortar

+ High compressive strength (f. >40 MPa).

3. MATERIALS

3.1. Cement

Chinfon Portland cement PC 40 made in Hai Phong, Vietnam. Its physical properties
are shown in Table 1

Table 1. Physical properties of Portland cement PC40 Chinfon - Haiphong

| N° | Item Unat Result
1 | Compressive strength, 28 days | MPa 42
2 | Flexural strength, 28 days MPa 6.0
3 | Setting time: Initial;Final minute | 113; 190
4 | Specific gravity (g/cm?) | 3.10

3.2. Fine aggregate (sand)

In this research, we used the standard sand and the crush silicon sand. The results
were very good, but the cost price was very high, therefore we have taken the river sand
for experiments [2]. Namely, we used Lo River sand which has some properties as shown
in Table 2.

Table 2. Properties of fine aggregate (sand)

N°¢ | Item . Unait Result
1 | Bulk specific gravity on oven-dry basis | (g/cm?) | 2.65
2 | Apparent specific gravity (g/cm?) | 1.45
3 | SSD* Absorption : % 0.4

~ 4 | Fineness modulus 2.54

SSD*: Saturated surface-dry

The sand is sieved to reject the grains size > 5 mm. Then it was dried by the oven
in temperature of 100-150°C for five hours until the humidity of sand equal zero percent.
The sand was packed and kept in the dry condition.

3.3. Polymer

Polymer acrylic is admixture in form of powder, dry, white color, odorless. It is easy
to dissolve in the water. The chemical function of Polymer acrylic as shown following [3]:
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3.4. High range water reducing admixture (HRWR)

High range water reducing admixture has the brand name of Mighty [3]. The main
component of Mighty is naphthalene formaldehyde sulphonated. This admixture is being
sold in Vietnam.

4. MIXTURE PROPORTION

4.1. Design preliminary proportion mortar

The mortar using in concrete structures and reinforced structures must have high
compressive strength (the compressive strength of mortar and the compressive strength
of mortar matrix in old concrete is equivalent). However, the polymer mortar has not
strength function; in research we designed the proportion mortar was used in compliance
with 14 TCN 80-2001 and TCXD 2000 - Building standard [4, 5].

The compressive strength of mortar is calculated by following Eq. (1)

fo=ai (5 -08), (1)

where: A expresses materials quality, A=1.05 for materials of good quality, A=0.90 for
materials of normal quality, and A=0.75 for materials of low quality. f/ is the required
compressive strength of mortar, f. is the compressive strength of cement, C and W are
respectively the amount of cement and water in 1 m? of the mortar.

The cement content is calculated by Eq. (2)

1000
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where: p., ps are respectively the bulk specific gravity on oven-dry basis of cement and

sand, n is the sand to cement ratio by weight, n = C}S); S is the sand content in 1 m?
mortar, (C/S) can be chosen in graph of appendix A.2 of the standard branch 14TCN
80-2001.

Then we can calculate the proportion of mortar as follows:
1L:8/C:W/C=1:3.0:050

In other hand, the high range water reducing admixture and polymer acrylic are used with
the amount of 0.2-0.3% and 2-3%, respectively.

—

4.2. The experimental scheme method

In this project, we used the experimental scheme method with the orthogonal central
turn of two levels and two factors to aim building the statistical mathematics model,
based on that to access the effects of factors on the properties of mortar; such as the
plasticity, compressive strength, flexural strength, adhesion between the old concrete and
new mortar, saturated absorption; thence finding the optimal percent of polymer and
HRWR. of real variables and coded variables are presented in Table 3.
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Table 3. The experimental scheme

o Coded variables Real variables

X1 X9 §1 (%) §2(%)
1 il -1 0.30 1
2 | -1 0.20 1
3 -1 1 0.20 3
4 1 1 0.30 3
5 0 0 0.25 2
6 1.414 0 0.37 2
7 0 -1.414 0.25 0.6
8 -1.414 0 0.18 2
9 0 1.414 0.25 3.6
10 0 0 0.25 2
il 0 0 0.25 2
12 0 0 0.25 2
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Fig. 1. Sketch of the experimental scheme method with the orthogonal central

S

turn of two levels and two factors

In the experimental scheme method with two levels and two factors, as signed the
percent of HRWR (% of cement content) is & and the percent of polymer (% of cement
content) is £2. For establishing the experimental scheme the real variables §; and & are
encoded to become the coded variables X; and X2 (see [6]). The value of the coded
variables are chosen in the range of (-1) and (41), at the centre point of experimental
scheme (0), and the values on the axis X; and X2(400, —00) to make the rotation of the
orthogonal scheme central turn. The sketch of the experimental scheme method with two

i &

levels and two factors as shown in Fig. 1 and the scheme
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4.3. Research diagram

103

To research the effects of the admixture on some properties of mortar, we issue the
diagram for experiments. The diagram is shown below.
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5. RESULTS AND DISCUSSIONS

5.1. The effects of Polymer Acrylic on setting time of mortar

The setting time of mortar with 0%, 1%, 2%, and 3% percentage of Polymer Acrylic
are shown in Table 4, respectively.
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Table 4. The results of setting time of mortar

% Acrylic R 1 2 3
Setting time (minutes) '

Initial 113 118 125 115
Final 1 190 198 195 196

From the results in Table 4 we can see that using Polymer Acrylic of percentage (1-3
%) didn’t affect the setting time of mortar.

5.2. The effects of Polymer Acrylic and HRWR on slump of mortar

The slump of the mortar (Dj) is measured by the flow of mortar on shaking table
according to 14TCN 80-2001. The function of regression represents the effects of polymer
Acrylic and HRWR on slump of mortar is shown in Eq. (3). The results of flat diameter
of mortar are shown in Table 5.

Dy = 158.75 + 2.32X1 — 2.97X5 — 4.31X2 + 0.69X2 — 4.75X1 X, (3)

where: D5 is the flat diameter of mortar; X7 and X5 are the coded variables.

Table 5. The flat diameter of mortar specimens

N Dy (mm) Y0
Control 190 100
i 163 86
2 152 80
3 156 82
4 148 78
5 161 85
6 156 82
7 165 87
8 145 76
9 156 82
10 164 86
11 158 83
12 152 80

Note: The flat diameter of mortar with the presence of polymer and HRWR is less than
the control specimen (about 13% to 24%) but they ensure good slump for application in
Vietnamese climate condition and the accordance in 14TCN 80-2001.

5.3. The effects of the admixtures on compressive strength of mortar

The mortar specimens are moulded in prismatic mould with 160 mm length and 40x40
mm cross section. After 24 hours, they are demoulded and cured in the curing room at hu-
midity 80% and temperature 25+2°C. The specimens are tested to determine compressive
strength and flexural strength at ages of 3, 7, and 28 days.
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The compressive strength of mortar of 3, 7 and 28 day-ages are shown in Table 6. The
compressive strength of mortar are represented by Eq. (4), (5) and (6)

fig = 32.535— 0.575X1 + 0.707X5 + 0.297X7 — 0.803X% + 0.277X1 X, (4)
fir = 35.534+ 0.417X; +0.119X> + 1.166.X7 + 1.982X3 + 0.893 X, X5, (5)
fh a5 = 43.937 — 0.436X; + 0.997X5 + 1.044X 7 — 0.320X3 + 1.723X, X, (6)

where: fg 3, f. 7, feos is the compressive strength of mortar at 3, 7 and 28 days; X; and
Xy are the coded variables

Table 6. The compressive strength of mortar at given ages

o 3 days 7 days 28 days
N [ J0 0Pa) [ % | Fog (MPa] | % | Jigs (MPa)| %
Control | 30.1 100 35.1 100 43.7 100

1 29.3 97 35.3 101 10.3 92
9 32.0 106 37.3 | 106 438 100
3 33.4 111 36.8 105 443 101
1 31.9 106 38.4 110 77 109
5 32.8 109 36.4 104 47.9 110
6 33.5 111 40.9 117 455 104
7 30.8 102 1.8 119 43.9 100
8 88.7 112 38.2 109 47.9 110
9 32.0 106 40.6 116 44.0 101
10 31.6 105 35.7 102 128 98
33.1 110 38.2 109 45.4 104

12 32.9 109 31.9 91 39.7 91 |

Note: From the results of compressive strength (see Table 6) we can see that the
presence of polymer and HRWR, doesn’t affect on the compressive strength, and after 28
days the difference of compressive strengths of these mortars is negligible. With W/C =
0.5, the compressive strength of mortar is usually more than 40 MPa. However, when the
admixtures content is high, the compressive strength of mortar attains 47.7 MPa, higher
than control mix about 9%.

5.4. The effects of the admixtures on flexural strength of mortar

The flexural strength of mortar at the given ages is shown in Table 7.

The effects of the admixtures on the flexural strength of mortar are represented by
Eq. (7), (8) and (9):

fi3=T7.772—0.195X; — 0.261X5 + 0.146.X{ — 0.389.X5 — 0.267X1 X, (7)
fo7 =8.361— 0.016X7 + 0.222X5 + 0.547X{ + 0.067X5 + 0.117X1 X, (8)
.08 = 8.788 — 0.071X1 + 0.333X2 + 0.416 X7 + 0.023X3 — X1 Xo (9)

where: f{ 3, fy 7, fy 08 is the flexural strength of mortar at 3, 7.and 28 days; X; and X,
are the coded variables.
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Table 7. The flexural strength of mortar at given ages

N© 3 days 7 days 28 days
fos (MPa) | % | fo7 (MPa)| % | fi08 (MPa) | %
Control 6.7 100 8.0 100 10.12 100
1 7.5 112 8.8 i 8.14 80
2 8.5 127 8.7 109 9.14 90
3 8.6 128 8.2 103 9.77 97
4 6.5 97 8.9 i 9.27 92
5 6.9 103 8.2 102 8.75 87
6 8.4 125 9.4 118 9.56 94
7 7.3 109 8.1 101 8.12 80
8 7.3 109 TOLL 127 9.53 94
9 6.5 96 9.6 120 9.40 93
10 7.8 116 8.8 110 8.91 88
11 8.7 130 8.4 105 9.06 90
12 7.9 114 8.1 102 8.42 83

Note: Compared with control specimen, the flexural strength at 28 days of specimen
containing polymer and HRWR are little lower, (about 90% of flexural strength of the
control specimen). This reason is the effects of polymer on the structure of cement matrix.
However, increasing the density and decreasing the capillary pore of mortar to increase
watertightness is aimed, so that the suitable percent of admixtures is necessary to use.

5.5. The effects of the admixtures on the adhered strength to parent mortar

of mortar

The adhesion of mortar to parent mortar at 28 days as shown in Table 8.

Table 8. The adhered strength of mortar at 28 days

N 28 days
Trss (MPa) 7
Control 4.3 100
1 4.8 109
2 5.2 120
3 5.7 132
4 6.6 152
5 6.4 147
6 4.3 99
7 5.1 118
8 6.2 142
9 4.9 112
10 6.8 1567
11 4.8 111
12 5.7 132
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The effects of the admixtures on the adhesion of mortar is shown by Eq.(10):
faog =5.933 - 0.279X; + 0.274X, — 0.229X7 — 0.037X35 — 0.332X1 X (10)

where: f, 5 is the adhesion strength of mortar at 28 days; X; and X, are the coded
variables

Note: Using polymer and HRWR in mixed mortar increases the adhesion strength of
mortar (about 10% to 57%) (see Table 8). We can see that, with the proportion of high
range water reducing is 0.225% and polymer is 2.5%, the adhesion strength is 6.6 MPa,
that is higher than 52% comparing with control specimen.

5.6. The compressive strength of mortar on compacted sub-grade
The compressive strength of mortar on compacted sub-grade at the given ages (3, 7
and 28 days) is shown in Table 9.

Table 9. The compressive strength of mortar at given ages

o 3 days 7 days 28 days
W T (MPa) | % | Fog (MPa)| % | Jlas (MPa) | %
Control 18.0 100 34.5 100 41.0 100
1 18.2 101 29.5 86 38.9 95
2 23.4 130 32.2 93 36.3 89
3 24.4 135 34.8 101 39.2 96
4 21.2 118 30.7 89 40.1 98
5 26.6 148 30.0 87 3.7 92
6 207 121 29.8 86 36.0 88
7 26.9 149 30.1 87 37.0 90
8 22.3 124 34.1 99 41.0 100
9 26.0 145 36.6 106 46.2 113
10 27.3 152 3.5 91 38.5 94
i 19.9 131 32.1 93 40.2 98
12 23.0 128 27.8 81 37.6 92

The effects of the admixtures on the compressive strength of mortar on compacted
sub-grade are represented by Eq. (11), (12) and (13):

flg=24.217 — 1.142X, + 0.353%; — 1L.721X7 4 0.513X2 + 0.517X: X, (11)

C

fiq =130.11— 1.624.X1 + 1.622X5 + 0.721 X7 + 1.404X3 — 0.367X, X (12)

fios = 37.834 — 0.356X1 + 0.143 X5 + 0.104X7 + 1.487X3 — 0.4X1 X> (13)

where: fé’3, fé77, féQg are the compressive strength of mortar on compacted sub-grade at
3, 7 and 28 days; X7 and X5 are the coded variables

Note: Polymer and HRWR affect little on the compressive strength of mortar on
compacted sub-grade as prescribed in TCVN (Vietnamese standard). The compressive
strength is more than 30 MPa at 28 days, that can reach the target in the project. We can
see that the range of HRWR content from 0.2% to 0.3% doesn’t influence on compressive
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strength on compacted sub-grade. So that the water to cement ratio chose, (W/C = 0.50)
is suitable.

5.7. The effects of the admixtures on capillary pore and saturated absorption
of mortar

The capillary pore and saturation absorption of mortar are given in Table 10

Table 10. The capillary pore and saturated absorption of mortar

No WTqry | WTsaturated W’I’satu;;?:;WFdry 100 | Capillary pore
(9) (9) % %
Control | 570.2 591.0 3.65 8.2
1 567.0 582.7 2.77 6.2
2 563.2 5T Tl 2.8 5.8
3 5TT 3 589.5 211 4.8
4 553.7 568.5 2:07 6.0
5 566.8 583.0 2.86 6.4
6 HT1.7 h&3.5 2.06 4.6
7 575:2 588.8 2.36 5.8
8 546.2 561.0 271 6.1
9 5537 566.8 287 5
10 5827 564.3 2.10 4T
11 554.8 570.2 2648 6:3
12 564.7 5773 2.23 5.0

Note: WT gry, WT saturatea are weight of dry and saturated specimens, respectively.

The effects of the admixtures on the saturation absorption of mortar are represented
by Eq. (14)

Ds = 2.49 — 0.02X; — 0.07X2 — 0.02X7 — 0.03X3 + 0.09X1 X> (14)

where: Dy is the saturation absorption of mortar; X; and Xy are the coded variables

Note: In comparison with the control specimen, the capillary pore of specimens with
admixtures is lower about 20% to 40%. Therefore the presence of polymer and HRWR in
mixed mortar increases its watertightness (see Table 10).

5.8. The effects of the admixtures on the length change of mortar bar

The length change of mortar bar is measured in compliance with [7]. The specimens
are casted and cured in the humidity of 80% and temperature of 2542°C (condition in
Vietnam). Symbol Mj relates to specimen without admixtures; M; relates to specimen
containing 3% polymer acrylic and 0.3% HRWR. The results of the length change of mortar
bar for some given ages are represented in Table 11 and Fig. 2.

After 28 days, the shrinkage of control mortar (M,) is 0.41%; this result is complied
with some other research results [8, 9, 10]. In that time, the specimen containing 3%
polymer acrylic and 0.3% HRWR (M;) has the shrinkage of 0.06% that is very small.
Thus, the adhesion to parent mortar of the mortar containing admixtures (polymer and
HRWR) is higher than that of the mortar without admixtures. So that, the polymer acrylic
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Table 11. The length change of mortar

) Length change ALz (%)
Given ages M, M,

i -0.3235 -0.0115

2 -0.3626 -0.0241

3 -0.3722 -0.0286

i -0.3757 -0.0469

14 -0.3931 -0.0503

21 -0.4052 -0.0559

28 -0.4087 -0.0628

0 5 10 15 20 25 30 t(days)
L 000 gt et
A 05— . I——

-0.10
-0.15
-0.20
025
-0.30
035 |\
-0.40 e . -
045 J T ! S——

L—o— Mo-0%Acr, 0%HRWR —s— M1-3%Acr, 0.3%HRWR

Fig. 2. The length change of mortar bar

and HRWR are important for the manufacturing mixed mortar having high compressive
strength and low shrinkage.

5.9. The results of watertightness of mortar

The watertightness of mixed mortar is tested as prescribed in [4]. Prismatic mortar
specimens with 150x150 mm cross section and 30, 40, and 70 mm thickness are prepared
for measurements watertightness. After 28 curing days in standard condition, the speci-
mens are tested on the Matest machine with 0.4 MPa/cm? pressure. To maintain the time
for specimens in 24 hours for 30 mm thickness, 48 hours for 40 mm thickness, and 78
hours for 70 mm thickness; the specimens are not permeable. So that, the mixed mortar
has high watertightness.

6. PUT FORWARD THE CHART FOR MANUFACTURING
TECHNOLOGY AND CONCLUSION

6.1. Issue chart for manufacturing technology

Dry mortar is packed the cement bag, each bag weight 15+0.5 kg.
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The proportion of mortar by weight is C : S : Polymer : HRWR =1 : 3 : 0.03 : 0.003.
The chart for manufacturing technology of dry mixed mortar as shown below

River sand Cement PC-40 Polymer acrylic HRWR

l ' 4 |

Container silo Container silo Container silo Container silo

| l

Sieve to reject Dosage
the grains size > Determine the Dosage (0.2%-0.3%
S mm amount (2%-3% cement) cement)

|

Oven dry

'

Cooling

|

Container silo

l

Dosage

A
AT

Mixing and
package

!

Storage

6.2. Main conclusions

1. The presence of polymer and high range water reducing admixture with researched
range don’t affect the setting time and workability of mortar.

2. With water to cement ratio W/C = 0.5, the compressive strength of mortar is more
than 40 MPa. It is suitable for high strength mortar for restoration of hydraulic structures.

3. The presence of polymer and high range water reducing, exercises small the influence
to flexural strength, the compressive of mortar on the compacted sub-grade.

4. The mortar with polymer and high range water reducing admixture increase the
adhesion strength and watertightness of mortar.
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NGHIEN CUU SAN XUAT VUA KHO TRON SAN CO CUONG DO NEN VA
CUONG DO UON CAO, CO NGOT THAP VA CHONG THAM TOT DUNG

TRONG SUA CHUA HU HONG CAC CONG TRINH
THUY LOI CUA VIET NAM

Sit dung cac vat liéu thong thudng dé sin xuit vita tron sin la rat can thiét cho stta chia
cic cong trinh thiy lgi & Viet Nam. N6 sé tiét kiem duge vat lieu va giam gia thanh cta vita.
Trong nghién cttu nay, chiing t6i da sit dung xi méng san xuét tai Viet Nam (xi mang Chinfon-Hai
Phong), cat tu nhien (cat song Lo), polymer Acrylic va phu gia gidm nudc bac cao clia cong ty
SIKA véi ty 1e: 1 : 3 :0.03 : 0.003 theo khbi lugng. Ty 1& nudc/xi mang la 0.5 luon luén dam bao
cuong do nén cla vita 16n hon 40 MPa, vita ¢6 do co ngét thap, chéng tham tét va do dinh két
cao. Vita d6 phu hgp cho stta chita cac cong trinh bé téng néi chung va cac cong trinh thiy lgi néi
riéng ctia Viet Nam. Vita kho tron sin duge san xuit va déng bao véi khéi lugng 15+0.5 kg.



