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Abstract  The project reveals the properties of soil 
cement as a construction material in rural houses. The 
context of this research was in Pilcomayo district, 
Huancayo, Peru, due to the high abundance of poor 
constructions without any security or comfort for the 
inhabitants of the area. In the experiment, the technical 
analysis of the soil cement was carried out with doses of 
5%, 9%, 13%, 17% and 21% of cement, applying tests of 
Granulometry, Compaction, Compression and Durability 
established by the Portland Cement Association. It was 
found that the soil of the district has an efficient 
granulometry for the use of soil cement, and also that it has 
a resistance of 129.42 kg-f/cm2 with 21% cement at 28 
days of curing. The lab test results also showed that the 
cement soil loses just 4.22% in weight with 17% of cement 
in the durability test, as well as with this same percentage. 
The soil cement presents a higher maximum compaction 
density of 2,255 g/cm3. These results propose alternative 
applications for soil cement according to their resistance, 
granulometry and durability. According to the Peruvian 
Technical Standard, the minimum f'c for floor concrete 
base is 100 kg/cm2, a dosage of 19% cement was proposed 
for this element, and for brick masonry the minimum f'c is 
50kg/cm2, so it was proposed 12% cement to meet this 
requirement, in addition, the soil cement was proposed as a 
slope protection with 17% cement since it achieved good 

results in the durability test. 

Keywords  Soil Cement, Resistance, Comfort, Dosing, 
Durability 

1. Introduction and Backgrounds
In recent years, according to the INEI [1], from 2007 to 

2017, the province of Huancayo increased its population 
growth rate to 17%; the families of Pilcomayo district do 
not have a home worthy to carry out their activities, so they 
opt for simple construction techniques with materials such 
as plywood, mats and in some cases materials such as 
rammed ground, and also according to the INEI [1], in the 
district of Pilcomayo, there are 803 homes made of adobe 
and rammed ground, which corresponds to 16.6%, and 51 
precarious houses, which corresponds to 1.1%. The 
population is 20,055 inhabitants, of which 7.7% live in 
rural areas. Due to these needs of the population in 
choosing an ideal construction option, the material called 
soil cement is presented, which the ACI [2] defines as a 
mixture of soil with measured amounts of portland cement 
and water, compacted at a high density. By applying this 
alternative, a material resistant to compressive stresses, 
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waterproof, thermo-insulating and stable over time is 
obtained [3], this being an accessible material used in the 
preparation of bricks, blocks, walls, coatings, floors, and 
sub- bases in paving [4]. 

Among the studies carried out on soil cement, it was 
possible to find the one carried out in Argentina by Gatani 
[5], who proposed 10% cement to make soil cement blocks, 
which would replace the traditional bricks masonry. 

The investigation by Toirac [3] presents important 
results of research on soil cement as a construction material, 
having compressive strengths with different percentages of 
cement from various regions of the country of the 
Dominican Republic, types of soil cement mixture dosage 
and its various alternatives of general application that can 
be used. 

Unlike previous studies, this research will analyze the 
soil by adding more percentages of cement, starting from 
the optimum of 5%, 9%, 13%, 17% and 21% of cement. In 
addition, more options for applying the soil cement will be 
proposed with their respective recommended dosages 
analyzed in this work. 

It is expected that this construction material of soil 
cement will be an incentive to be applied in the near future 
in rural houses, since its use is not so complex, giving 
greater comfort to the inhabitants or in projects where a 
resistant, durable, impermeable material is required for 
slope stabilization purposes or sanitary landfills. 

2. Materials and Methods 
For the study of the Technical Analysis of the soil 

cement, the study area was first defined by considering 
factors such as climate, soil type such as sandy soils with 
gravel containing up to 35% silt plus clay for a more 
efficient soil cement [5], also the location as rural areas 
where the construction of reinforced ground houses are 
evident. Therefore, areas surrounding the Mantaro River in 
the Pilcomayo district were chosen to extract the study 
material through simple sampling because the soil 
presented homogeneity in the study place. 

2.1. Materials 

2.1.1. Soil 
Generally, all soils can be used as soil cement material. 

However, if you want to make a quality mixture and a 
minimum cement consumption, the number of suitable 
soils decreases [6]. Soil extraction was done manually 
using pickaxes, spades and hermetic bags for its care and 
transport to the laboratory. In order to determine the 
mechanical properties of the soil, the Sieving Particle Size 
Analysis was first carried out according to ASTM D-422 
[7], Table 1 shows the results of this test, it presents the 
passing percentages for each sieve size, which is 
represented graphically with a granulometric curve in 

Figure 1, this indicates that the soil is apparently well 
graded. Table 3 also shows that the soil has a higher 
percentage of sand with 56.56% and a low amount of fines 
with only 15.46%, after this, ASSHTO [8] and SUCS [9] 
classifications were made presented in Table 4. 

Subsequently, according to ASTM-D4318 [10], the 
Liquid Limit (LL), Plastic Limit (PL) and Plasticity Index 
(PI) of the soil were obtained, which are shown in Table 5. 

Figure 2 presents the soil moisture density curve without 
any type of additive, made according to ASTM D-1557 
[11], for the study soil, there is optimum moisture of 5.8% 
with a maximum dry density of 2,248 g/cm3. 

Table 1.  Sieve Analysis for Particle Size Distribution 

SIEVE ANALYSIS FOR PARTICLE SIZE DISTRIBUTION 

SIEVE SIZE APERTURE (mm) PERCENT 
PASSING % 

3” 75 100 

2” 50 100 

1 ½” 37.5 100 

1” 2 95.81 

¾” 19 93.95 

3/8” 9.5 83.95 

N° 4 4.75 72.02 

N° 10 2 59.76 

N° 20 0.85 47.54 

N° 40 0.425 35.78 

N° 60 0.25 28.32 

N° 140 0.106 16.53 

N° 200 0.075 15.46 

Table 2.  Particle Size Distribution 

PARTICLE SIZE DISTRIBUTION 

% GRAVEL 
CG % 6.05 

FG % 21.93 

% SAND 

CS % 12.26 

MS % 23.98 

FS % 20.32 

% FINE 15.46 

Gravel Maximum Size (mm) 37.5 

Soil Form Rounded 

Table 3.  Particle Size Classification 

PARTICLE SIZE CLASSIFICATION 

FINE SAND GRAVEL 

15.46% 56.56% 27.98% 
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Figure 1.  Particle Size Distribution Curve 

Table 4.  Soil Classification 

SOIL CLASSIFICATION 

ASSHTO 

A-1-b (0) 

Stone fragments, gravel and 
sand 

SUCS Silty Sand with Coarse grains 
(SM) 

Table 5.  Consistency Limits 

CONSISTENCY LIMITS 

LIQUID LIMIT N.F. 

PLASTIC LIMIT N.F. 

PLASTICITY INDEX N.F. 

Table 6.  Cement Properties 

PORTLAND CEMENT TYPE HL 

NAME Andino Tipo HL (R) Forte 

SAMPLE Bag (42.5kg) 

STANDARD NTP-334.082 / ASTMC-1157 

MATERIAL Cement 

FEATURES 
Obtained from the joint grinding of 
Clinker type I, pozzolana and 
plaster 

2.1.2. Cement 
For the cement choice, Andean Portland Type HL 

cement was considered for general use with high resistance 
to sulfates, high durability, and high resistance in the 
medium and long term due to the location of the study area, 
where there is an adjacent river, in addition, it meets the 
requirements of ASTM C-1157 [12]. Table 6 shows the 
technical specifications of the cement used in this study. 

2.1.3. Water 
The function of water is to hydrate the cement and make 

it react and contribute to maximum soil compaction. The 
water to be added to the mixture must be clean and contain 
no suspended or dissolved materials such as sulphates or 
chlorides, or organic matter. If it is excessively wet or on 
the contrary, dry, both states are reflected in the 
workability of the material and later in the surface finish, 
its resistance and durability [5]. 

 

Figure 2.  Soil moisture-density curve 

 

Figure 3.  Method B – Estimated Maximum Apparent Dry Unit Weight 
[13] 
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Figure 4.  Method B – Amount of cement by weight [13] 

2.2. Dosage Method 

The Portland Cement Association (PCA 1992b) [13] has 
established methods for the dosage of soil cement, they are 
General Standard and the Simplified Standard for Soil 
Cement dosage, the restriction of both is in the 
granulometry of the soil, the Simplified Standard is used 
when the material has a maximum of 50% equivalent 
particles smaller than 0.05mm (silt and clay) and a 
maximum of 20% equivalent particles smaller than 
0.005mm (clay). According to the Particle Size 
Distribution of Table 2, the soil has 15.46% silt plus clay, 
therefore, 20% less clay, so the Simplified Cement Soil 
Standard was used for the design, then there is Method A 
and B. Method B was used because part of the original soil 
sample was retained in the 4.8mm sieve, finally knowing 
the defined method, the amount of cement was determined. 

As shown in Figure 3, the illustration to determine the 
maximum apparent dry unit weight according to the 
Particle Size Distribution presented in Table 2 resulted in 
2030g/dm3, after this, the amount of cement by weight was 
found in Figure 4 using the fines content, apparent dry 
density previously found and the coarse gravel content 
shown in Table 2, giving as a final result 5% cement. 

Table 7 shows typical cement requirements for different 
soil types. It was found that type A-1(b) soil requires 
between 5% and 8% cement, which meets the suggested 

standard. In order to achieve the objective of this project 
research and to apply the soil cement as a construction 
material, it was necessary to work with more percentages 
of cement content, having 5% as a base point, so it was 
decided to increase 4 more points of amount of cement 
with an interval of 4% having at the end 9%, 13%, 17% and 
21% as study percentages to achieve the maximum 
possible resistance and determine the construction element 
that can be applied. 

Table 7.  Typical cement requirements for various soil types [2] 

AASHTO soil 
classification 

ASTM soil 
classification 

Typical range of cement 
requirement, percent by 
weight 

A-1-a GW, GP, GM, SW, SP, 
SM 3 to 5 

A-1-b GM, GP, SM, SP 5 to 8 

A-2 GM, GC, SM, SC 5 to 9 

A-3 SP 7 to 11 

A-4 CL, ML 7 to 12 

A-5 ML, MH, CH 8 to 13 

A-6 CL, CH 8 to 15 

A-7 MH, CH 10 to 16 

 



 Civil Engineering and Architecture 10(7): 3003-3014, 2022 3007 
 

2.2.1. Modified Proctor and Molded Specimens 
For the elaboration of the Soil-Cement specimens, the 

compaction test was carried out according to 
ASTM-D1557 [11] because this test has the purpose of 
determining the maximum dry density (2) from the 
relations between the moisture content (3) and the dry unit 
weight of the soils through a compaction curve that starts 
from the wet density (1). To carry out the modified proctor 
test, the time between the preparation of the soil and 
cement mixture and the compaction process was taken into 
account, since the interval time should not be more than 2 
hours because according to [14], it affects decreasing the 
compressive strength and compaction density. Once the 
maximum dry density of the soil-cement samples 
compacted in different dosages (5%, 9%, 13%, 17% and  
21% of cement) has been determined, the optimum 
moisture is identified, which allowed finding the best 
compaction that is possible for the preparation of the 
specimens. 

The mold dimensions have an average of 101.6mm ± 
0.4mm of internal diameter, a height of 116.4mm ± 0.5mm, 
and a volume of 944 cm3 ± 14cm3. Having the sample of 
soil-cement mixed with the optimal moisture content 
pre-established in the modified proctor test, the specimens 
are molded in the same way as was done in the modified 
Proctor, placing 5 layers inside the mold, compacted with a 
ram with a mass of 4.54kg ± 0.01kg, each layer with 25 
blows with a modified effort of 2700 KN-m/m3 at a height 
of 457mm manipulated manually. 

Finally, the upper edge of the mold is leveled with the 
ruler, leaving the surface evenly level and then, they are 
taken to the humid curing chamber. The curing of the 
specimens was carried out inside a humidity chamber with 
a constant temperature of 23.0± 1°C, water vapor was 
injected into the environment to simulate 96% relative 
humidity for proper curing [15]. The curing of the 
specimens was finished at 7 and 28 days, then the simple 
compression and durability tests, in the case of durability, it 
was carried out after 7 days of curing. 

The wet density is calculated with the formula (1). 

 𝜌𝑚 = 1000(𝑀𝑡−𝑀𝑚𝑑)
𝑉

              (1) 

ρm = Wet density of the specimen (kg/m3) 

Mt = Mass of wet specimen and mold (kg) 

Mmd = Mass of the compacted mold (kg) 

V= volume of the compaction mold (m3) 

Having the wet density, the dry density is calculated with 
the formula (2). 

𝜌𝑑 = 𝜌𝑚 �1 + 𝑤
100
�              (2) 

𝜌𝑑 = Dry density of compacted specimen (mg/m3) 

w= water content % 

The calculation of corresponding values of water content 
at the condition of 100% saturation is found with the 
formula (3). 

𝑊𝑠𝑎𝑡 = (𝑌𝑤)𝐺𝑠−𝑌𝑑
(𝑌𝑑)(𝐺𝑠)

𝑥100            (3) 

Wsat = Water content (%) 

Yw = Unit weight of water 

Yd = Dry unit weight of soil (kg/m3) 

Gs = Soil Specific Gravity (kg/m3) 

2.2.2. Simple Compression 

The simple compression test is the most well-known 
reference property to find the resistance of soil cement; it 
indicates the degree of reaction of the soil-cement-water 
mixture and the speed of hardening. Compressive strength 
can be used as a criterion to determine the minimum 
cement requirements for dosing soil cement. The 
compression test was done according to ASTM D1633 [16], 
with the specimens previously molded with 5%, 9%, 13%, 
17% and 21% cement, to carry out the test, first they were 
submerged for 4 hours, simulating the test against 
unfavorable events, then it was removed from the water 
and the compression test was carried out with a load speed 
of 140KPa/sec with a limit of ± 70kPa/s. The resistance 
was calculated using the formula (4). 

Resistance = Maximum load (kg)
Section area (𝑐𝑚2) 

           (4) 

2.2.3. Durability Test 

The main objective of the durability test is to determine 
the weight loss of soil-cement specimens when they are 
subjected to wetting and drying cycles. According to 
ASTM D559 [17] the following materials were used for the 
development of the test: an oven with a temperature of 
71°C ± 2°C, an immersion chamber with the purpose of 
immersing the specimens in water at room temperature, a 
brush with smooth wire bristles 50mm long by 1.6mm 
wide and 0.5mm thick and a scale that allows nominal 
weighing of 5 kg, with 1g of precision. Prior to the 
development of the test, the specimens had to be molded 
with the same compaction energy as was done in the 
modified proctor test, but this time considering the 
optimum moisture for 5%, 9%, 13% and 21% by cement 
weight. For the durability test, 7 days of curing in the 
humid chamber were expected, the specimens were placed 
in the immersion chamber where they remained for 5 hours 
and then remained 42 hours in an oven at a temperature of 
71°C ± 2°C, finished this process, in a maximum of 1 hour, 
the specimens must be brushed in the direction of the 
generatrix of the specimen as well as parallel to the bases to 
cover the entire surface of the specimen, everything 
mentioned is part of one cycle (48 hours), which must be 
repeated 12 times. 

After these 12 cycles, the specimen was placed in the 
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oven at a temperature between 105°C and 110°C in order to 
obtain a constant weight and its dry weight, these data 
allowed for calculating the weight loss in the specimen. 
The dry weight value of the specimen was corrected, 
discounting the weight of water that was retained in the dry 
specimen shown in Table 8, with the following formula (5): 

𝑀𝑓 = 𝑀
𝐴+100

𝑥100             (5) 

Mf = Corrected final dry weight 

M = Dry weight at 110° 

A = Percentage of retained water 

The percentage of water retained in the specimen is 
given in the following table: 

Table 8.  The percentage of water retained depending on the type of soil 

ASSHTO CLASSIFICATION WATER RETAINED (%) 

A1, A3 1.5 

A2 2.5 

A4, A5 3.0 

The weight loss of the specimen is obtained by the 
following formula (6): 

𝑃𝑚 = 𝑀𝑠−𝑀𝑓
𝑀𝑠

𝑥100              (6) 

Pm = Weight loss 
Ms = Calculated initial dry weight, obtained in the 

molding of the test specimen. 
Mf = Corrected final dry weight 

All the results of the tests carried out were represented 
through Tables and Diagrams using the Excel program that 
are shown in the following section. 

3. Results and Discussion 

3.1. Soil Properties 

According to the technical analysis of the soil cement 
carried out, the characteristic of the study sample according 
to the Granulometric Analysis is observed in Table N ° 1, 
the most predominant material is sand with 56.56%, gravel 
with 27.98% and only 15.46% fines. The granulometry of 
an ideal soil for soil cement contains 55%-75% sand, 
0%-28% silt, 15%-18% clay and a maximum of 3% 
organic matter [3], so the soil study is suitable to use as soil 
cement. This material is considered as a Silty Sand soil 
with Gravel (SM) according to the SUCS classification [9], 
A-1-b (0) according to the AASHTO classification [8], 
Likewise, according to ASTM-D4318 [10], Table No. 2 
shows that the study soil does not present a liquid limit, 
resulting less than 45% [3], it is an ideal soil for the 
application of soil cement, does not show either plastic 
limit or plasticity index due it has low amount of fines. 

3.2. Soil Compaction Analysis 

 The results of soil cement compaction tests are 
presented for the percentages of 5%, 9%, 13%, 17%, and 
21% in Figure 5, Figure 6, Figure 7, Figure 8 and Figure 9 
respectively tested according to ASTM D 1557 [11]. 

 

Figure 5.  Soil moisture-density curve with 5% cement 

 

Figure 6.  Soil moisture-density curve with 9% cement 

 

Figure 7.  Soil moisture-density curve with 13% cement 
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Figure 8.  Soil moisture-density curve with 17% cement 

 

Figure 9.  Soil moisture-density curve with 21% cement 

Table 9 shows the Optimum Moisture Content and the 
Maximum Dry Density, the variance of these values are 
low, having a range of no more than ±1.50% for the 
optimum moisture content [11] and ±0.045g/ cm3 for the 
maximum dry density, the optimal moisture content has an 
average of 5.55% and 2.234 g/cm3 for the maximum dry 
density, which there is no direct or inverse relationship by 
increasing or decreasing the cement content as referred to 
[18], the soil with 17% cement gets better compaction than 
the rest, which can be used as a waterproofing material. 

Table 9.  Optimum moisture and Maximum dry density depending on the 
cement content 

SAMPLE OPTIMUM MOISTURE (%) ϒd max (g/cm3) 

S 5.8 2.248 

S-5% 4.6 2.210 

S-9% 6.0 2.217 

S-13% 6.1 2.229 

S-17% 5.0 2.255 

S-21% 5.8 2.246 

3.3. Simple Compression Test 

 Table 10 and Table 11 present the results obtained from 
the simple compression tests at 7 and 28 days of curing 
respectively, three specimens were tested for each dose of 
cement corresponding to 5%, 9%, 13%, 17%, and 21% 
according to ASTM D1633 [16]. 

Table 10.  Simple compression at 7 days of curing 

SAMPLES Ø (cm) AREA (cm2) MAX LOAD (Kgf) STRENGTH (Kgf/cm2) 

P01-5% 10.19 81.52 - - 

P02-5% 10.20 81.71 - - 

P03-5% 10.21 81.79 - - 

P01-9% 10.32 83.61 1916.66 22.48 

P02-9% 10.26 82.73 1859.96 21.82 

P03-9% 10.42 85.28 1799.80 21.11 

P01-13% 10.21 81.84 5198.92 63.33 

P02-13% 10.18 81.39 5429.78 66.14 

P03-13% 10.23 82.11 5240.02 63.83 

P01-17% 10.31 83.53 5670.23 69.17 

P02-17% 10.22 82.03 5597.73 68.29 

P03-17% 10.22 82.00 6014.90 73.38 

P01-21% 10.36 84.35 8131.62 99.25 

P02-21% 10.21 81.92 7965.51 97.22 

P03-21% 10.22 81.95 8244.00 100.62 
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Table 11.  Simple compression at 28 days of curing 

SAMPLES Ø (cm) AREA (cm2) MAX LOAD (Kgf) STRENGTH (Kgf/cm2) 

P01-5% 10.23 82.11 2721.83 33.00 

P02-5% 10.19 81.47 2993.07 36.28 

P03-5% 10.22 82.03 2978.39 36.11 

P01-9% 10.13 80.52 3178.46 38.72 

P02-9% 10.17 81.23 3084.03 37.61 

P03-9% 10.25 82.52 2934.74 35.78 

P01-13% 10.20 81.63 6286.96 76.96 

P02-13% 10.21 81.87 6457.76 79.05 

P03-13% 10.20 81.71 6527.92 79.91 

P01-17% 10.15 80.83 6634.27 82.10 

P02-17% 10.21 81.79 6983.02 85.40 

P03-17% 10.18 81.31 7002.44 86.17 

P01-21% 10.15 80.83 10501.65 128.68 

P02-21% 10.18 81.31 10399.58 127.43 

P03-21% 10.20 81.63 10785.54 132.16 

 

Figure 10.  Compressive strength according to the percentage of cement at 7 and 28 days 

According to the typical ranges of compressive strength 
for 7 and 28 days worked up to 10% cement, it is verified 
that the results are inside of the established range indicated 
in [19], reaching an average strength of 21.80 kg /cm2 for 7 
days and 37.37 kg/cm2 at 28 days for a cement content of 
9%. A minimum permissible f'c of 17.58 kg/cm2 at 7 days 
of curing [20] was obtained for the 9% cement specimen, 

getting a minimum average strength of 21.80 kg/cm2 for   
9% cement and a maximum average f'c of 99.03kg/cm2 for 
21% cement, but according to [21], it is required that it 
should have a maximum f'c of 35.7kg/cm2 at 7 days to 
avoid futures shrinkage problems, so up to 9% cement 
content would meet this requirement for paving purposes, 
however with good construction and quality control 
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procedures (proper moisture, density, mixing, cement 
content/distribution and curing) cracking can be minimized 
[22]. 

Figure 10 shows the comparison of compressive strength 
of 7 and 28 days with the percentages of 5%, 9%, 13%,  
17% and 21%, then Table 12 presents the strength 
percentage gained of these soil- cement samples between 7 
and 28 days of curing, it had results from 30% to 72%, and 
there is no directly proportional relationship between the 
cement content and the strength gained, but this tends to 
decrease as the cement percentage increases. 

According to Figure 11, for the study soil, the data 
indicate that, when the soil has a higher cement content and 
a longer curing time, the magnitude of the resistance grows 
progressively, forming the first degree equation with a 
trend line of linear type, as it refers [23]. 

3.4. Durability Test 

Table 13 summarizes the results of the soil cement 
specimens at 5%, 9%, 13%, 17% and 21% cement content 
subjected to the durability test by wetting and drying after 7 
days of curing according to ASTM D 559 [17]. 

In the durability test by wetting and drying, volume 

weight loss percentages of less than 14% were obtained, as 
referred by [17], for the all percentages of cement, it was 
found a maximum average weight loss of 6.45% for 5% of 
cement shown in Figure 12, for 17% cement content, it just 
loses 4.22%, this percentage would be the most optimal to 
apply to unfavorable weather and climate events, in general, 
the specimens with more cement content tend to lose less 
volumetric weight and they managed to have greater 
durability [3] as shown in Figure 12, in addition the study 
soil contains more than 20% coarse aggregate, so it is 
suitable for erosive forces [24]. 

Table 12.  Strength gain between 7 and 28 days depending on the cement 
content 

% CEMENT 
STRENGTH (KG/CM2) 

% GAIN 
7 days 28 days 

5% - 35.13 - 

9% 21.80 37.37 71.39% 

13% 64.44 78.64 22.05% 

17% 70.28 84.55 20.31% 

21% 99.03 129.42 30.69% 

 

 

Figure 11.  Compressive strength as a function of cement content 
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Table 13.  Durability test after 7 days of curing 

SAMPLES 
DRY WEIGHT 

INITIAL (g) FINAL (g) CORRECTED (g) LOSS (%) 

P01-5% 2119.0 2023.50 1993.60 5.92 

P02-5% 2118.0 1991.00 1961.58 7.39 

P03-5% 2119.0 2021.00 1991.13 6.03 

P01-9% 2160.0 2081.50 2050.74 5.06 

P02-9% 2154.0 2073.00 2042.36 5.18 

P03-9% 2119.0 2040.50 2010.34 5.13 

P01-13% 2183.0 2105.50 2074.38 4.98 

P02-13% 2195.0 2113.00 2081.77 5.16 

P03-13% 2198.0 2114.00 2082.76 5.24 

P01-17% 2201.0 2137.50 2105.91 4.32 

P02-17% 2234.0 2175.50 2143.35 4.06 

P03-17% 2166.0 2104.50 2073.40 4.28 

P01-21% 2195.0 2142.00 2110.34 3.86 

P02-21% 2134.0 2066.50 2035.96 4.59 

P03-21% 2200.0 2121.50 2090.15 4.99 

 

Figure 12.  Dry weight loss as a function of cement content 
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3.5. Types of Production Processes of Soil Cement 

For the production process of the soil cement applied to 
the proposed materials, there are various methods for its 
production. It depends on the type of material to be applied. 
For example, for the floor concrete base, manual tampers 
made of hardened concrete would be used to simulate the 
compaction force and achieve the required density. In the 
case of the soil cement blocks, molds with dimensions 
standardized by E.080 [25] would be used to carry out later 
the compaction already mentioned before, and for the base 
of reinforced foundations, the same compaction process is 
used and the elaboration process would be on the same 
place of application. 

With respect to the application for purposes of slope 
stabilization, the process would be similar to a soil 
stabilization process because it is not a complex application, 
the slope protection may consist of single or multiple 15 to 
23 cm thick layers of soil cement placed parallel to the 
slope face [2]. 

Most of these production processes cannot be 
industrialized because it is applied on site just one time, so 
they would be produced manually due to their low 
complexity. In the case of soil cement blocks, 
industrialization is possible due to its high demand in 
housing construction. 

4. Conclusions 
The soil cement is a good alternative as a construction 

material in rural houses in the district of Pilcomayo, 
demonstrating in this study that it meets the requirements 
for each type of application, a floor concrete base requires 
according to the Peruvian Technical Standard, a minimum 
f'c of 100 kg /cm2, in this study a f'c of 129.42 kg/cm2 was 
obtained with a percentage of cement of 21% at 28 days of 
curing, for economic issues it would be applied since 19% 
of cement, it can also be used as a unit of masonry making 
blocks of soil cement as a load-bearing element for rural 
houses, according to the Technical Standard E-0.70, a 
masonry unit must have at least a f'c of 50 kg/cm2, in this 
case a percentage of 12% of cement can be applied to meet 
this requirement, another application can be for slope 
stabilization because the houses of the district of 
Pilcomayo are prone since they are located at the foot of the 
hill, it is proposed to use 17% cement due to its high 
maximum density and good performance in durability test 
shown in this study. Due to the characteristics of the 
material, it can also be used as a thin layer for the base of 
reinforced foundations, replacing poor concrete of f'c 
100kg/cm2 with a percentage of 19% cement already 
mentioned. For all of the above, the curing time must be 
taken into account, so that the soil-cement gets the 
resistance required for the various applications. 

Due to the low amount of fines present in the soil of the 
district of Pilcomayo, it is not recommended to use it for 

waterproofing purposes such as in foundations of landfills 
or other liquid storage works, since it needs a higher 
content of cement, also in the short term, it will bring 
probable cracks, while the costs will rise due to the 
requirement of more cement. 
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