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ABSTRACT

The foamed mortar (morbus) lightweight material consists of a mixture of sand, cement,
water, and liquid foam (foam agent), which can improve the mechanical properties of clay
soil and increase its bearing capacity. This research uses various variations of
superplasticizer mixtures, namely by adding additional ingredients in the form of sikament-
LN which will increase compressive strength by up to 40% at 28 days. This research needs to
be carried out to determine the effect of sikament-LN on increasing the compressive strength
of foamed mortar. The percentages of the sikament-LN mixture were 0.5%, 0.75%, 1%, and
1.25% with ages of 7, 14, and 28 days, each of which made 3 test objects in 4 variations of the
mixture. The research results showed that the addition of sikament-LN to the 1.25% mixture
did not meet the requirements because it produced a flowability of 23.5 cm and the mixture
experienced a shrinkage of > 20% when placed in a cylindrical mold. All foamed mortar
specimens experienced an average dry density increase of 1.994% at a curing age of 7 to 14
days and an average dry density increase of 4.044% at a curing age of 7 to 28 days. In a
mixture of 0.5%, 0.75%, and 1%, at 28 days the maximum compressive strength value
obtained was 841,667 kPa (more than the required 800 kPa). For the sikament-LN mixture, a
maximum of 1% of the cement weight is recommended so that the hardening process occurs
in the foamed mortar test object.
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INTRODUCTION

Foamed mortar is a lightweight material technology for road construction as an effort to
reduce land subsidence caused by low soil bearing capacity [1]. Foamed mortar is a concrete-
like material consisting of a mixture of sand, cement, water, foam liquid/ foam agent [2] and
other necessary additives. The addition of optimum cement water (FAS) of 0.6 meets the
flow, dry density values and causes the compressive strength of foamed mortar lightweight
material plan to increase significantly [3].

The water content in the foamed mortar lightweight material mixture can significantly reduce

the compressive strength of the mortar where each addition of 1 liter of water to the foam
agent mixture will reduce the compressive strength by 108 kg/cm? [4].
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It is necessary to reduce the water content to obtain the maximum compressive strength value
which can be done by adding various types of accelerators in the form of minerals and
chemicals [5][6].

The addition of superplasticizers with the right dosage will give high compressive strength
results [7]. Meanwhile, excessive use of superplasticizers in fresh concrete mix will reduce
the compressive strength of concrete. Based on the test results that have been done, this
research tries to add materials such as superplasticizer type (sikament-LN).

In this follow-up study, we have designed a research plan aimed at improving the bearing
capacity of soil through chemical stabilization. We have used various variations of sikament-
LN mixtures, including 0.5%, 0.75%, 1%, and 1.25%, with foamed mortar test objects. We
conducted compressive strength testing at 7, 14, and 28 days of concrete age. Our objective is
to determine the compressive strength values obtained from the different sikament-LN
mixtures at the age of 7, 14, and 28 days of foamed mortar. Additionally, we hope to
determine the percentage of the maximum sikament-LN mixture and how water content
affects the performance of the mixture used.

MATERIALS AND METHODS

The method used in this research is the experimental research method as primary data.
According to [8] is a research method used to seek the effect of certain treatments on others
under controlled conditions. The manufacture of controlled foamed mortar test objects is
intended to regulate (1). Composition, (2). Equipment and (3). The mix requirements on
foamed mortar, can be met in accordance with the "Guidelines for Specifications of foamed
mortar Lightweight Materials for Road Construction”. Furthermore, secondary data is
obtained from literature studies on related standards such as SNI and ASTM. The material
testing includes testing Sieve Analysis, Solid and Loose Weight of Fine Aggregates, Water
Content, and Mud Content of Fine Aggregates. Cement testing includes specific gravity,
consistency, and bonding time. Foam testing includes specific gravity (PUPR, 2015a). The
preparation of 40 foamed mortar specimens of various sikament-LN mix variations was
molded on cylinders of dia. 200mm and 200mm height for further flow examination. During
24 hours the physical condition of the specimens was monitored to see if shrinkage occurred.
After that, the molds were opened and cured for 7, 14, and 28 days and then tested for dry
density and compressive strength.

Material preparation
The initial step in conducting this research is to prepare the test objects, including finding
material sources, transporting, washing, and storing materials. The source materials used in
this study are:
1. Cement
The cement used in this study is Portland Composite Cement (PCC) Type | with the
trademark Conch produced by PT. Conch Cement Indonesia which is packaged in a
paper bag weighing 50 kg/sack.
2. Fine Aggregate
The fine aggregate used in this study is Tanjung Raja sand originating from the
Tanjung Raja District area, Ogan Ilir Regency, South Sumatra Province.
3. Water
The water used in this study came from PDAM Tirta Musi Palembang City.
4. Foam Agent
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Foam Agent used in this research is ADT Foam Agent brand produced by CV. Citra
Additive Mandiri.

5. Sikament-LN Superplasticizer
In this research, the Superplasticizer liquid uses type F with the Sikament-LN product
brand produced by PT Sika Indonesia.

Material requirements

Material requirements are calculated based on the Guidelines for foamed mortar lightweight
material mixtures for road construction [9]. Based on the calculation of the job mix plan, the
number of material requirements is obtained as follows.

Table 1. Component Material

. Material Total .
No. Material Label Requirement Unit
Requirement for 1 cylindrical specimen
1. Portland cement Conch 1,431 kg
PDAM Tirta Musi
2. Water Kota Palembang 0,715 Itr
3. Sand Tanjung Raja 1,727 kg
4, Foam agent ADT Cv. Cl\l/;[ra A.‘d.d'tlve 0,263 Itr
andiri
5. Sikament-LN Additive PT. Sika Indonesia 0,0072 Itr
Requirement for total cylindrical specimens (36 cylindrical specimens + 4 backup
specimens)
1. Portland cement Conch 60 kg
PDAM Tirta Musi
2. Water Kota Palembang 30 Itr
3. Sand Tanjung Raja 70 kg
4, Foam Agent ADT CV. Citra Aqd'tlve 11 Itr
Mandiri
5. Sikament-LN Additive PT. Sika Indonesia 0,3 Itr
So, based on the calculation table above, it takes:
1. Portland cement (50 kg/sack) . 2sack
2. Water 30 litre
3. Sand o 01md
4. Foam agent ADT (5 Itr/jerry can) : 3 jerry cans
5. Additive Superplasticizer

Sikament-LN (5 ltr/jerry can) 1jerry can

Mix design

The manufacture of test specimens based on the proportion of the material mixture refers to
the Interim Special Specification Section 7.21 [11] foam-mortar on the guidelines for the
preparation plan of a foamed mortar lightweight material. The test specimens were made in
the form of cylinders with a diameter of 100 mm and a height of 200 mm. In this study, 36+4
specimens were planned.

The cylindrical specimens were made at the ages of 7, 14, and 28 days and with the following
variations of sikament-LN superplasticizer additives.

1. Morbus 1 (Sikament-LN 0,5%) .10 specimens (9 + 1 backup)

2. Morbus 2 (Sikament-LN 0,75%) . 10 specimens (9 + 1 backup)
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3. Morbus 3 (Sikament-LN 1%) .10 specimens (9 + 1 backup)
4. Morbus 4 (Sikament-LN 1,25%) .10 specimens (9 + 1 backup)

The design of 800 KPa foamed mortar mix for each sikament-LN mix variation with 10
specimens per foamed mortar age can be seen in Table 2 below.

Table 2. Material Composition for Each Specimen

. Densitas Cement | Sand | Water | Foam Sikament
Specimens Rencana -LN
Morbus 1 (S-LN 0,50) 600 14,310 | 17,270 | 7,150 | 2,630 0,036
Morbus 2 (S-LN 0,75) 600 14,310 | 17,270 | 7,150 | 2,630 0,054
Morbus 3 (S-LN 1,00) 600 14,310 | 17,270 | 7,150 | 2,630 0,072
Morbus 4 (S-LN 1,25) 600 14,310 | 17,270 | 7,150 | 2,630 0,090

Based on Table 2, to make a foamed mortar mixture of 10 specimens per planned age in each
sikament-LN mixture, 14.310 kg of cement, 17.270 kg of fine aggregate (Tanjung Raja sand),
7.150 kg of water, and 2.630 kg of foam and sikament-LN between 0.036-0.090 kg are
needed according to the variations planned in the calculation of the foamed mortar
composition design.

RESULTS AND DISCUSSION

This section discusses the results of the tests carried out, where testing of materials, cement,
foam and was carried out in the form of examining the flow of foamed mortar, average dry
density, the relationship between compressive strength.

Material testing
a) Fine aggregate
The test results of fine aggregates must meet the SNI standards.

Table 3. Test result of Fine Aggregate

Testing Fine Aggregate
Sieve analysis 2,831 %
Unit weight of solids 1,401 gram/cm?®
Unit weight of loose 1,296 gram/cm?®
Water content 7,319 %
Sludge content 1,480 %

Based on Table 3. fine aggregate test results (average), Tanjung Raja sand has a fine
aggregate grain modulus value of 2.831% with gradation zone Il (slightly coarse
sand) and the test results show that Tanjung Raja sand has met the standard
requirements.

b) Cement
The cement test results can be seen in full in Table 4 below.
Table 4. Test result of Portland Cement

Testing Cement
Specific gravity 3,128 gram/cm?®
Initial setting time 84,783 minute
Finish setting time 150 minute
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| Consistency | 24750 | % |

From the test results of PCC Conch Type I cement as outlined in the table above, the
test data shows that the cement has met the requirements.

c) Foam
The design of the foam agent mixture in the foamed mortar of this study refers to for
the subbase layer in Table 5. and the minimum compressive strength value in Table

6.
Table 5. Test result of Foam
Testing Foam
Specific gravity 0075 | tm?

The foam-specific gravity values listed are the required values for the manufacture of
foamed mortar mixtures as described in the guidelines. The test specimens with each
age of (7, 14 and 28 days) which must meet values set as the lower foundation layer
in road construction [10]

Table 6. Minimum Compressive Strength (age 14 days) Foamed mortar
Max. dry density Min unconfined compressive strength (UCS)
(gr/cm?®) kPa Kg/cm?

0,6 800 80
Source : (PUPR, 2015c)

Flow check

Foamed mortar flow inspection is a method to measure the flowability and consistency of
foamed mortar. This check is carried out in fresh condition. The results of the flow check in
each variation can be seen in the following figure and Table 7 :

Figure. 1. Flow examination

Table 7. Flow Examination in Foamed mortar Variations
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No. Variation Flow Results | Recommended Decision
1 S.LN 0,5% 17,4 cm Accepted
2 S.LN 0,75% 18,5cm 18cm+2cm Accepted
3 S.LN 1,0% 20 cm Accepted
4 S.LN 1,25% 23,5¢cm Rejected

The results of the flow examination are 0.5% sikament-LN variation, 0.75% sikament-LN
variation, 1% sikament-LN variation, and 1.25% sikament-LN variation, where the lowest
flowability is in the 0.5% sikament-LN variation and the highest flowability is in the 1.25%
sikament-LN variation. The inspection results in the table can be seen in the following figure:

Flow Examination (cm)

25

20

23.5
20
18.5
17.4
15
10 I

Foam Mortar

Flowability (cm)

(]

B Morbus 1 (S.LN 0,5%) ™ Morbus 2 (S.LN 0,75%) ® Morbus 3 (S.LN 1,0%) ™ Morbus 4 (S.LN 1,25%)

Figure 2. Flow examination graphs for each variation

From Figure 2, it can be concluded that the higher the percentage of sikament-LN used, the
higher the flow obtained. Where the minimum flow with a flowability of 17.4 cm is in the
0.5% sikament-LN variation and the highest flow with a flowability of 23.5 cm is in the
1.25% sikament-LN variation.

Foamed mortar mixes 1, 2, 3, and 4 were inserted in the 80 mm diameter, 80 mm high flow
ring that had been prepared where it was inserted gradually to be filled according to volume.
The value of the flow results must reach the required value of 180 mm + 20 mm, in foamed
mortar mixtures 1, 2, and 3 which can meet the test requirements based on (PUPR, 2015c).

Whereas when the foamed mortar mixture 4 where the effect of adding sikament-LN is 1.25%
produces a flowability of 235 mm which exceeds the requirements and when the foamed
mortar 4 is inserted into the cylinder mold there is a shrinkage of > 20% so that the volume of
the cylindrical specimen is not fully filled. Foamed mortar 4 did not meet the criteria for
further testing.
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Dry density

Foamed mortar test specimens that have hardened for 24 hours are removed from the 100 mm
x 200 mm cylinder mold, then wrapped in plastic for 3 days to prevent contamination with the
outside environment and then soaking the test specimens, then the dry density and
compressive strength of the foamed mortar will be tested at the age of 7, 14, and 28 days with
the planned dry density and compressive strength (see Table 5).

Average of Dry Density (Kg/m?)
670

660.45

660
650

642.039

639.928 638.948
640
623193  628.146

630 626.009
620
610
600 — —

7 Days 14 Days 28 Days

655.466

643.596

B Morbus 1 (S.LN 0,5%) B Morbus 2 (S.LN 0,75%) B Morbus 3 (S.LN 1,0%)
Figure. 3. Dry Density Results on Foamed Mortar Variations

The dry density results of the 28-day-old foamed mortar showed an increase when compared
to the density of the test specimens with a treatment age of 7 days of 34.441 kg/m? (morbus
1), 26.273 kg/m? (morbus 2), and 15.450 kg/m? (morbus 3) for the same sikament-LN mixture
variation. All foamed mortar specimens experienced an increase in average dry density of
1.994% from 7 to 14 days and an increase in average dry density of 4.044% from 7 to 28
days.
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Figure. 4. Weight Testing Dry Density Foamed mortar

Unconfined Compressive Strength (UCS)

From the compressive strength tests that have been carried out for each foamed mortar
specimen at 7, 14, and 28 days of treatment, the following test data show that the average
compressive strength for foamed mortar specimens has met the plan specification standard of
800 kPa.

o ® 841.667
838.725 \‘

835 # 835.712 835.239

833.464

830

825

820

Average of commpresive strength (KPa)

815 813.868
812.801
810
0 7 14 21 28
Age of specimen (Days)
—@— Morbus 3 (S.LN 1,0%) —@— Morbus 2 (S.LN 0,75%) ®— Morbus 1 (S.LN 0,5%)

Figure. 5. Graphic compressive strength (Average) for all specimens

Based on Figure 5, the trend of adding sikament-LN causes the foamed mortar to experience
an increase in its average compressive strength value, where morbus 1 (S.LN 0.5%)
experienced an increase in average compressive strength of 1.781% at the treatment age of 7
to 14 days and an increase in average compressive strength of 2.506% at the treatment age of
7 to 28 days. Furthermore, foamed mortar specimen 2 (S-LN 0.75%) also experienced an
increase in average compressive strength of 2.172% at 7 to 14 days of treatment and an
increase in average compressive strength of 2.542% at 7 to 28 days of treatment. Another case
with foamed mortar specimen 3 (S-LN 1.0%) also experienced an increase in average
compressive strength of 3.054% at the age of 7 to 14 days of treatment and a decrease in
average compressive strength of - 0.416% at the age of 14 to 28 days of treatment.
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Figure. 6. Compressive Strength of Foamed mortar

It can be concluded that the addition of sikament-LN helps in increasing the strength of
foamed mortar where the compressive strength results exceed the required (800 kPa). The
addition of sikament-LN between 0.5-1% will increase the compressive strength value of
foamed mortar where the results showed (Figure 5) while the addition of sikament-LN > 1%
will reduce the compressive strength at the end of the treatment life (28 days) of foamed
mortar this is due to sikment-LN reducing bubbles in the foam resulting in shrinkage of
foamed mortar. The strength gain in foamed mortar is not very significant 1.781-3.054% is
still far from 40% at 28 days of concrete age.

CONCLUSION

This research discusses the effect of variations in the addition of sikament-LN on the
compressive strength of foamed mortar. Based on the results of the research conducted are as
follows.

1. Each variation of sikament-LN addition (0.5-1%) increased the average compressive
strength value of foamed mortar differently at each age of foamed mortar. The average
compressive strength of foamed mortar at the age of 14 days increased significantly by
1.781-3.054% compared to the age of 7 days, while at the age of 28 days, the increase
in the strength of foamed mortar was not very significant, only <1%.

2. The maximum dry compressive strength and density values were achieved at 28 days
of curing and were successfully achieved by the foamed mortar at 841.667 kPa or
0.842 MPa (meeting the minimum compressive strength requirement at 14 days of age
of 0.8 MPa). The highest compressive strength value of this foamed mortar is from the
addition of 0.5% sikament-LN. Meanwhile, the average dry density of sikament-LN
foamed mortar increased by 1.994% from 7 to 14 days of treatment and the average
dry density increased by 4.044% from 7 to 28 days of treatment.

3. The addition of sikament-LN to foamed mortar is the most effective and optimum to
be applied at a maximum rate of 0.5-1% by weight of cement because the average
compressive strength of foamed mortar is higher than other sikament-LN variations.
The addition of sikament-LN more than 1% causes the bubbles in the foam to burst,
resulting in shrinkage of the foamed mortar.
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