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The population growth in the city of Pucallpa, forces more and more projects to be executed on complicated soils,
which in the past were rejected because of their bad characteristics, therefore, foundations on uncontrolled fills pre-
sent very serious problems due to the heterogeneity of these materials, producing damages and reducing the life time
of these buildings. The objective of this experimental investigation was to diagnose, by means of laboratory tests, the
mechanical characteristics of controlled fill soils for foundations. The methods used were documentary analysis,
laboratory studies and statistical processing using the Microsoft Excel program; the procedures performed for each
soil test were guided and indicated by the manual of materials testing. The results for the controlled fill soil were: i)
granulometry yielded a SUCS classification "SC (clayey sand)", AAHSTO classification "A-7-6 (clayey soils)" ii)
compaction yielded a CBR at 100 % of the MDS of 14.00 % at 0.1" iii) shear strength yielded a friction angle at
25.01° and a cohesion of 0.00 kg cm. The above indicates that the geomechanical characteristics of the controlled
fill soil, the subgrade of the terrain according to the MTC is a good material for foundations in the city of Pucallpa,

since it is a material with better physical and mechanical properties.
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El crecimiento poblacional en la ciudad de Pucallpa, cada dia obliga més a que se ejecute proyectos sobre suelos
complicados, que antiguamente fueron rechazados por sus malas caracteristicas, por ello, las cimentaciones sobre
rellenos no controlados presentan problemas muy graves por la heterogeneidad de estos materiales, produciendo
dafios y reduciendo el tiempo de vida de dichas edificaciones. El objetivo de esta investigacion experimental fue
diagnosticar mediante ensayos de laboratorio las caracteristicas mecanicas del suelo de relleno controlado para ci-
mentaciones. Los métodos empleados fueron el anélisis documental, los estudios de laboratorio y el procesamiento
estadistico por medio del programa Microsoft Excel; los procedimientos realizados para cada ensayo de suelo fueron
guiados e indicados por el manual de ensayos de materiales. Los resultados realizados al suelo de relleno controlado
fueron: i) la granulometria arrojo una clasificacion SUCS “SC (arena arcillosa)”, clasificacion AAHSTO “A-7-6
(suelos arcillosos)” ii) la compactacion arrojo un CBR al 100 % de la MDS del 14.00 % a 0.1 iii) la resistencia al
corte arrojo un angulo de friccion a 25.01° y una cohesion de 0.00 kg cm™. Lo anterior indica que las caracteristicas
geomecanicas del suelo de relleno controlado, la sub rasante del terreno segin el MTC es un material bueno para las
cimentaciones de la ciudad de Pucallpa, dado que es un material con mejores propiedades fisicas mecanicas
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Introduction

In Peruvian soils, Tarapoto is positioned in the most
active seismic space on planet Earth, within the Cir-
cum-Pacific Belt, with 4 seismic zonesi. Zone I,
ground bearing capacity 0.78 kg cm, located in the
urban extension sector of the jurisdiction of Morales,
in the district of Tarapoto covers the area of La
Hoyada, Partido Alto, commerce and in the district
of La Banda de Shilcayo. Zone Il, bearing capacity
of 1.86 kg cm™, located in the urban extension sector
of the jurisdiction of Morales, parallel to the Cum-
baza River on its right bank, in the district of Tara-
poto covers the area of Sachapuquio, Pueblo Joven 9
de Abril, Punta del Este, Huayco neighborhood and
in the district of La Banda de Shilcayo. Zone IlI, the
portant capacity of the land 1.77 kg cm, located in
the jurisdiction of Tarapoto part of Atumpampa, air-
port area, AA. HH EIl Porvenir, Suchiche neighbor-
hood, 10 de Agosto, 2 de Mayo, in the jurisdiction of
La Banda de Shilcayo. Finally, in zone 1V, the bear-
ing capacity of the soil was 0.82 kg cm. In the city
of Tarapoto, the towns of Villa Universitaria, AA.
HH Los Andes and Porvenirt2, INDECI recommends
foundations with external rectangular footings exca-
vated to a minimum depth of 1.60 m, joined with
slabs and/or foundation beams, in soils with clayey
characteristics?.

One of the important aspects for the geotechnical
characterization of tropical soils is to establish their
properties, considering the variation with respect to
depth. Soil profiles have five factors that determine
their formation, differing from one place to another?.
In the districts of Yarinacocha, Campo Verde and
Calleria, in the jurisdiction of Ucayali, Peru, an area
of about 25000 ha, 7 different soil classes have been
recognized: Restinga, Cashibococha, Barrizal, Co-
lina, Yarinacocha, Aguajal and Campo Verde. Mor-
phologically, the 3 main ones have typical A/C pro-
files, Aguajal, Colina and Yarinacocha have typical

A/Bw/C profiles, and finally Campo Verde is typical
A/Bt/C, the volumetric density varies from 1.20 to
1.71 gcm?2p,

The soils of the city of Pucallpa belong to the juris-
diction of the Peruvian jungle, so they are classified
as clay soils. Therefore, the controlled fill material
was evaluated for use in the foundations of the pro-
ject. Backfills are artificial deposits that are differen-
tiated by their nature, such as compactable soils,
without foreign elements, and by the conditions un-
der which they are placed®.

In line with the above, some authors have developed
research works about foundations on fill soils,
Moreira Montigue’, mentions in his comparative
analysis of deep foundations with reinforced con-
crete piles in soft vs. sandy soils, to reduce subsid-
ence in a 10-story building through laboratory tests,
allowed to know the geomechanical characteristics
of the foundation soils of each site. The pile designed
for the foundation of the structure in Canton Manta,
was 10.0 m long and 0.45 m in diameter with a ca-
pacity of 60 t.

Maldonado Gutierrez & Vargas Garcia, indicate in
their manual for the monitoring, control of a "deep
foundation and construction of subtraction piles
Kelly type" through the implication of the subject of
study that works as a support for their administrative
and technical employment. The compendium of con-
sultation produced is appropriate to mention, the var-
ious processes of deep foundation elaboration proce-
dures, the limitations of projects such as structures,
limitations that point out the soil study and the dan-
gers that originate the project.

Rosas Gonzalez & Sanginés Garcia? point out from
their geotechnical design of balanced foundations for
a residential building in zone Il of the state of Mex-
ico. In addition, once the characteristics of the type
of soil in which the building will be located have

been verified, the most appropriate solution is to opt
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for the use of a rigid reinforced concrete caisson
placed at a depth of 5.86 m. This solution would com-
ply with the limit states of failure, with a resistant
load capacity of qR = 69086 kPa and a service load
Qult = 126 kPa.

Escobar Trujillo®, in his design of foundations and
soil studies in the mini-sports complex of the Ampas-
Huari Public Works Center, noted that after construc-
tion, deficiencies were detected in the columns on the
west side of the mini-sports complex (overturning
and settlements), thus it was necessary to evaluate the
foundations and the area of soil in depth to establish
the design parameters of the foundations.

Huamani Sacha & Ichpas Torrest! carried out their
foundation design for residences by soil classes in the
urban sector of the district of Seclla-Angaraes, they
point out that in this district there is population
growth, which does not lead to housing constructions
without technical direction, which present an inade-
guate foundation design, all this would be due to lack
of economy and lack of professional services, adding
to a history of unstable soil for lack of study and de-
sign of foundations, with time even more failures are
presented.

Teniente Pauccar'?, developed a comparative study
in the definition of the admissible capacity through
Meyerhof and Terzagui methods, for the design of a
shallow foundation according to soil properties of In-
quilpata in the jurisdiction of Anta, performed exca-
vation for calicata (open pit) randomly, obtained
characteristic parameters of their soils and Cusco re-
gion, the experiments that were made, characteriza-
tion and shear strength. All this because of the relief
of the place that is disadvantageous, because of the
high slope in the area, causing the descent of boulders
is of great consequence.

The vast majority of civil engineering works begin in
the soil, which is a fundamental part of a structures.
The soil where any type of construction will be
founded must seek ways to densify the soil and in-
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crease its resistance?. Soil is one of the most im-
portant resources, its formation is a complex process
that involves physical, chemical and biological
changes of the original rock. Texture determines
the proportion of mineral particles of different sizes
present in the soil. According to Crespo Villalazi’,
the concept of soil, as mineralized natural particles
that can be found relatively separated in small sets of
masses and that may contain air, organic matter and
even water. He also mentions the types of soil, grav-
elly materials, which over time accumulate loosely in
fragments of stones, with dimensions less than 2 mm.
For the Silt, grains of fineness, with almost null plas-
ticity, can be inorganic similar to that found in the
quarry or organic silt, which can be obtained in the
river and lakes, presenting these plastic characteris-
tics, finally, he mentions, clay, solid compounds with
diametrically smaller dimension and whose bodies
present the characteristic of becoming with plasticity
when meeting or mixing with water. According to
Ramosé, sand is a type of loose fragmented soil from
rocks that can be obtained from lakes, rivers or vol-
canic deposits. The mechanical properties of the soil
consist of modifying the characteristics in order to in-
crease bearing capacity and shear strength, decrease
settlements, both absolute and differential, and re-
duce or eliminate the risk of liquefaction in the event
of earthquakes or major vibrationst®. The physical
properties of a soil determine to a large extent its
stiffness, bearing strength, specific weight, size,
shape, roughness, sieving method, natural moisture,
plasticity, liquid and plastic limits®. The soil in Peru
is very varied, and over the course of time multiple
factors can occur that affect its stability, such as
earthquakes. A clear example is the earthquake of
May 31, 1970, which generated liquefaction in large
areas of Chimbote, Ancash. According to this phe-
nomenon, the information available in Peru is very
scarce, and it is necessary to carry out studies of the
phenomena in different areas of Peru2.
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With an increasingly urban society, without contact
with nature, we lose sight of the importance of soils
for our survivalZ. There are a large number of tech-
nigques that could be used at this level of condition,
but their choice and capacity of resolution depend di-
rectly on the characteristics of the building, the needs
of improvement that the land requires for its correct
functionality. The construction of buildings, every
day forces more and more the recognition of the fill-
ings and their treatment, the compactness of these,
usually is very low, with very high pore indexes, be-
ing in general very open structures?, There are many
kinds of fillings and all of them are dangerous for the
stability of buildingsZ. The technical standard for
buildings (NTE) E.050 was extended, incorporating
the classification of fills by their nature into: selected
materials (SM), unselected materials (USM), by the
conditions of placement: controlled fills (CF) and un-
controlled fills (UCF)%. Foundations on UCF pose
very serious problems due to the heterogeneity of
these materials2. The settlements that can occur in
foundations built on UCF can occur in three ways: in
compressible fills under a foundation load, in fills
subjected to their own weight, in natural soils below
the fill®. Such is the case that, currently, there are
many buildings of noble material, built in a backfill
area, which present damage due to structural misa-
lignment caused by settlements, which represents a
social problem, undoubtedly apart from the engineer-
ing problem?~.

Important buildings in the area have been resolved by
means of deep foundation solutions, soil improve-
ment and reinforcement techniques such as con-
trolled fills, offering an alternative solution to foun-
dations in this type of terrain. For this reason, CF are
those that are built with selected materials, generally
of the granular type®. The characteristics that a se-
lected soil must meet in order to be considered as fill
must follow the methods mentioned in the E. 0.50
standard. The methods used in its conformation,

compaction and control, depend mainly on the phys-
ical properties of the material®.

Important buildings in the area have been resolved by
means of deep foundation solutions, soil improve-
ment and reinforcement techniques such as con-
trolled fills, offering an alternative solution to foun-
dations in this type of terrain. For this reason, con-
trolled backfills are those constructed with selected
materials, generally of the granular type®. The char-
acteristics that a selected soil must meet to be consid-
ered as fill must follow the methods mentioned in the
E. 0.50 standard. The methods used in its confor-
mation, compaction and control, depend mainly on
the physical properties of the material®.

The selected soils used for the construction of the
controlled fills must be compacted as follows®: When
30 % or less of the soil is retained in the %™ mesh. i)
When more than 12 % of fines are present, it shall be
compacted to a density greater than or equal to 90 %
of the maximum dry density (MDD) of the Modified
Proctor compaction test in all its thickness. ii) If less
than 12 % of fines, it shall be compacted to a density
not less than 95 % of the MDD of the Modified Proc-
tor compaction test in all its thickness. iii) When
more than 30 % of the soil is retained in the %" mesh.
iv) If the percentage of fines is less or equal to 15 %,
it shall be compacted to a relative density of not less
than 70 %. v) The use of soils with more than 15 %
of fines shall not be recommended, unless the com-
paction and control methods are supported.
Compaction controls should be carried out on all
compacted layers, at a necessary rate of one control
for every 250 m? at most in the project to be carried
oute.

The objective of the research was to diagnose by
means of laboratory tests the geomechanical charac-
teristics of CF soil for foundations in Pucallpa-Peru,
since jungle soils cause damage to buildings over
time, reducing their life span if they are not replaced
by compacted and controlled fills. The structure of a

building is supported and achieves stability through
35
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its foundations?®. These studies were carried out
where the seismic zoning is different and the me-
chanical properties of the fill soil show different val-
ues, performing an analysis linked to the characteris-
tics of the Amazonian soil.

Materials and methods

Study area. The city of Pucallpa is located in the de-
partment of Ucayali in central eastern Peru on the
banks of the Ucayali River. It is in the middle of the
Amazon jungle at 154 meters above sea level. The
climate is tropical and warm all year round?. The
project consists of 1052 m? of land.

Figure 1 Reference map of the city of Pucallpa,
Ucayali, Peru

Abbreviations. AA. HH: Human Settlement, IN-
DECI: Instituto Nacional de Defensa Civil, C.P: Vil-
lage Center, NTE: Technical Standard for Buildings,
MS: Selected Materials, USM: Unselected Materials,
CF: Controlled Filling, UCI: Uncontrolled Infill,
MDD: Maximum Dry Density, NBR: National
Building Regulations, CS: Clayey Sand, SUCS: Sys-
tem Unified Classification System, AASHTO:
American Association of State Highway and Trans-
portation Officials, CBR: Californian Bearing Ratio,
OMC: Optimum Moisture Content, MTC: Ministry
of Transportation and Communications.
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Obtaining and selection of the material. The soil
used was obtained from the "Piedras, Ripio y Are-
nas" quarry located at Jr. Mariano Melgar Mz. 143A
Lt.04 Yarinacocha Pucallpa. The selection of this soil
will be granular (gravel and sand particles), with a
not excessive clay content and totally free of de-
gradable or aggressive elements®, therefore the qual-
ity of the fill material will be established in accord-
ance with the tests carried out in the laboratory.
Geomechanical characteristics. Study of the way in
which rocks and soils are altered, until they occasion-
ally end in failure, in reaction to variations in temper-
ature, stress, pressure and other environmental indi-
catorsL,

Foundation. That section of the structure responsible
for transferring loads to the ground®.

Method. The processes employed in the development
are described: Documentary analysis "involves the
thorough review of the contents of documentary
sources, so that the characteristic information foun-
dations were obtained from books, undergraduate
theses and scientific articles, classifying, analyzing
and organizing them according to the position of the
objectives of the study"%. The laboratory studies in-
volve carrying out tests in compliance with the indi-
cations of the MTC according to the materials testing
manual, which is one of the technical documents of a
normative nature that governs at the national level
and is mandatory34, as well as the tests of granulo-
metric analysis (MTC E 107), modified Proctor com-
paction (MTC E 115), CBR (MTC E 132) and direct
cut (MTC E 123), with the purpose of knowing the
mechanical properties of the material. The data anal-
ysis is hypothetical deductive, based on exploration
and statistical processing of quantitative information.
Likewise, it was ordered and classified in Excel ta-
bles for analysis and study in order to be able to draw
conclusions. Therefore, Bernal Torres** indicates
that "it consists of a procedure that starts from asser-
tions as hypotheses and seeks to refute or falsify such
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hypotheses, deducing from them conclusions that
must be confronted with the facts".

Procedure. The steps are described in detail: It began
in the quarry with 200 kg of material to be trans-
ported to the laboratory of materials mechanics, the
material was dried in the open air, dry preparation of
the sample was made for the granulometric analysis,
the soil sample was quartered to choose two diagonal
quarters, a significant sample of soil was weighed to
proceed to wash it through mesh No. 200, it was
placed in the oven at 110+5° C. It was sieved in
meshes of different openings by means of a mechan-
ical sieve shaker and finally the material retained in
each mesh was weighed, the modified Proctor type
compaction was performed establishing the test
method according to the granulometry data, the ap-
propriate compaction mold was selected according to
the method, the mold, base and extension collar were
assembled, the condition and calibration of the bal-
ance and manual piston were checked before starting,
a significant sample of soil was weighed to moisten
it in a container at different percentages of water con-
tent, the specimen was compacted in 5 layers of the
same thickness and each one with 56 blows, the col-
lar and base plate were flushed and removed from the
mold, the mold was weighed plus the compacted soil,
the compacted material was removed from the mold,
a soil specimen was obtained to determine the water

content, as for the CBR test, the same procedure of
the modified Proctor was performed until compac-
tion for the three CBR molds, then the 2 overloads
were placed in each mold, the 3 molds were soaked
in a tub of water for 96 h, the reading of the expan-
sion was taken for 4 days, then the molds and their
overloads were taken out to drain it for 15 min, it was
taken to the press and placed in the central hole of the
annular overload, the penetration piston and the rest
of the overload was added, then the needles of the
measuring dials were placed at zero and began to
penetrate the mold at a uniform speed of 1. 27 mm
every 30 s, and finally, the mold was disassembled
and a sample was taken from its upper part to deter-
mine its humidity. Finally the direct shear test was
performed by assembling the shear box with the
frames aligned and blocked, a layer of grease was ap-
plied between the frames, the test sample was intro-
duced with great care, the loading device was con-
nected and the dial was adjusted to measure the de-
formation, the water reservoir was filled allowing
drainage, the force was applied to each of the sam-
ples, the normal deformation readings were recorded
at appropriate times and finally the normal defor-
mation readings were plotted vs. time.

Results

Table 1 Diagnosis of the geomechanical characteristics of the controlled backfill soil

Summary of laboratory tests

Granulometry Proctor

CBR Direct cut

The maximum dry com-
The soil is a SC according to the  pacted density is 1.57 g

Backfill soil SUCS system, by the AASHTO  cm™ and the optimum
system it is an A-7-6, clay soil. moisture content is 8.55
%.
Status Well Well compacted soil

The angle of friction is
25.01°, cohesion is 0.00 kg
cm? and moisture density is
2.028 gcm,

The CBR (0.1") at 100 % MDS
is 14.00 % and the CBR (0.2")
at 95 % MDS is 7.04 %.

Good Well compacted soil

Table 1 presents a summary of the results of the tests
performed on the CF or engineering soil, obtaining a
SUCS and AASHTO classification, a CHO of 8.55 %,

aCBRat0.1" at 100 % of its MDD of 14 %, a friction
angle of 25.01° and a cohesion of 0.00 kg cm.

Table 2 and Figure 2 present the results of the sieving
grain size of the fill soil showing 74.33 % sand and
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25.67 % silt and clay, so that it has a soil classifica-
tion according to the SUCS systems a CF and
AASHTO an A-7-6. In addition, the granulometric

distribution curve shows the percentages passing
through each sieve and the nominal maximum size of
the soil at 0.84 mm.

Table 2 Results of sieving grain size and classification of the soil

Cumulative retained

Sieve Diameter (mm) Retained weight (g) Partial retained percentage % go to
percentage
3" 76.200 0.00 0.00 0.00 100.00
2" 50.800 0.00 0.00 0.00 100.00
112" 37.500 0.00 0.00 0.00 100.00
1" 25.400 0.00 0.00 0.00 100.00
3/4" 19.050 0.00 0.00 0.00 100.00
3/8" 9.525 0.00 0.00 0.00 100.00
N°4 4.750 0.00 0.00 0.00 100.00
N°10 2.000 0.00 0.00 0.00 100.00
N°20 0.840 0.66 0.05 0.05 99.95
N°30 0.590 3.14 0.23 0.28 99.72
N°40 0.420 55.08 411 4.39 95.61
N°50 0.297 475.54 35.49 39.88 60.12
N°60 0.250 145.54 10.86 50.74 49.26
N°100 0.150 185.54 13.85 64.59 35.41
N°200 0.075 130.54 9.74 74.33 25.67
Fondo 0.020 343.96 25.67 100.00 0.00
Total 1340.00 100 Sieving results
SUCS Classification: Gravel (4.75 - 75mm) 0
SC Sand (0.075 - .75mm) 74.33
Clayey sand, a mixture of sand and red clay. Silt and clay (< .075) 25.67
AASHTO classification: Classification: Sands
A-7-6 Types of sand
Clay soils Total weight: 996.04 g
Coarse sand: 58.88 g
Fine sand: 937.16 g

Table 3 presents the results of dry density between
the ranges of 1.54 to 1.57 g cm™ and moisture per-
centage of the 4 compacted specimens through the
modified proctor test. Figure 3 shows the top of the
curve, with results at 100 % compaction for the MDS
of 1.57 g cm™ and the optimum moisture content of
8.55 % of the controlled backfill soil for foundations
in Pucallpa, Peru.

Table 4 and Figure 4 show the results of the penetra-
tion resistance, obtaining the percentages of CBR at
0.1" and 0.2" of each mold, with 56 blows the CBR
is 15.07 % and 20.37 %, with 25 blows the CBR is
7.35 % and 9.33 % and finally with 12 blows the
CBR is 5.78 % and 6.15 %. Also, the CBR at 100 %
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Classification Fine sand

of its MDS of 14.00 % at 0.1" of the controlled fill
soil is found in the figure.

Figure 2 Grain-size curve of the fill soil-Pucallpa
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o
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Figure 3 compaction curve maximum dry density vs
CHO of backfill soil

Figure 4 CBR. curves at 0.1 and 0.2"* from the
backfill soil
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Figure 5 Shear stress vs. vertical load curve of
the direct shear test

1
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Figure 5 shows the results of the shear stress ratio and
the vertical load of each sample, obtaining the fric-
tion angle of 25.01°, also obtained from the shear
stress ratio and the lateral displacement was the mois-
ture density of 2.028 g cm, and finally the main re-
sult was the cohesion of 0.00 kg cm of the con-
trolled backfill soil for foundations.

Discussion

Table 1 shows the diagnosis of the geomechanical
characteristics of the fill soil, which was corroborated
by laboratory tests*/12, important data such as soil
type, CHO, CBR at 100 % of the MDS, friction an-
gle, cohesion and wet density, with all these results
the soil is classified as a good subgrade and fill ma-
terial to build or design foundations. Clarifying that
the characteristics of each soil depend on several fac-
tors, the most important of which are the type of rock
that originated them, their age, relief and climate2,
Table 2 and Figure 2 refer to the importance of the
granulometry of the backfill soil and its physical
properties in order to identify its nature, as well as the
classification® by the SUCS system is SC called
clayey sand with a mixture of sand and red clay and
by the AASHTO system it is A-7-6 called a clayey
soil. In addition, the granulometric curve shows the
percentages of soil passing through the different
sieves® in order to determine the maximum size of
the fill material.

Table 3 and Figure 3 show how the relationship be-
tween water content and dry unit weight®® was deter-
mined through the modified Proctor compaction test;
the data obtained are a reference for on-site compac-
tion quality control, which seeks to eliminate any
type of settlement caused by the structurel®. The
compaction curve also shows the CHO at 100 % of
the MDS of the backfill soil.

Table 4 and Figure 4 show percentages of the capac-
ity of the material at 0.1" and 0.2", from which char-
acteristic parameterst2 were obtained, such as the re-
sistance of this soil to gas loading. In addition, ac-
cording to the range established by the MTC, it is cat-
egorized as a good subgrade for placing RC or engi-
neered material.

Figure 5 shows the determination of the direct shear
test of the backfill soil, under consolidated drained
conditions, which seeks to determine the admissible
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capacity according to the soil characteristics to indi- test are carried out adequately®. As we know, shear
cate which provides greater structural safety2, pro- strength is closely linked to suction pressure?, such
vided that the characterization of the material and the data allow foundation calculations to be made.

Table 3 Determination of the maximum dry density in the compaction test

Compaction test - Proctor M. - ASTM D 1157

Density Determination

Specimen N°: M-1 M-2 M-3 M-4
Layer Number 5 5 5 5

Ne° of strokes for layer 56 56 56 56

Weight Empty mold (g) 6685 6650 6690 6685

Mold Weight + Wet Sample (g) 11500 11600 11610 11550

Weight of compacted wet sample (g) 4815 4950 4920 4865

Volume Mold (cm?) 2915.70 2915.70 2915.70 2915.70

D. Wet (g cm™) 1.65 1.70 1.69 1.67
Determination of Moisture Content

Container R-1 R-2 R-3 R-4 R-5 R-6 R-7 R-8
Weight Container (g) 25.20 25.56 25.06 24.10 25.06 24.10 25.06 24.10
Weight Vessel + Wet Sample (g) 60.72 60.74 68.30 61.50 45.68 52.58 46.10 52.50
Weight Vessel + Dry Sample (g) 58.42 58.15 64.95 58.70 43.90 50.05 44.10 50.00
Water Weight (g) 2.30 2.59 3.35 2.80 1.78 253 2.00 2.50
Dry Sample Weight (g) 33.22 32.59 39.89 34.60 18.84 25.95 19.04 25.90
Cont. humidity (%) 6.92 7.95 8.40 8.09 9.45 9.75 10.50 9.65
W medium (%) 7.44 8.25 9.60 10.08

Dry density (g cm™) 1.54 157 1.54 1.52

Table 4 Determination of CBR - Penetration resistance

California Bearing Ratio Test
Determination of density and compaction humidity

Mold N° 1 2 3
Number of layers 5 5 5
Hits for layer N° 12 25 56
Mold Weight + Wet Soils (g) 14265 14570 14760
Weight Mold (g) 8040 8175 8125
Weight Wet Soil (g) 6225 6395 6635
Vol. Mold (cm?) 3852 3852 3852
Densidad Hameda (g cm?) 1.616 1.66 1.722
Capsula N° 1 2 3
Capsule Weight + Wet Soil (g) 79.78 91.12 97.88
Capsule Weight + Dry Soil (g) 75.86 85.98 91.6
Water Weight (g) 3.92 5.14 6.28
Capsule Weight (g) 25.2 25.56 26.34
Dry soil weight (g) 50.66 60.42 65.26
Moisture content (%) 7.74 8.51 9.62
Dry density (g cm™) 1.50 1.53 1571
Determination of expansion

Mold height (cm) 127 127 127
Weather (h) / N° Mold | 1 11

0 0.00 0.00 0.00
24 0.30 0.29 0.10
48 0.70 0.38 0.11
72 0.90 0.365 0.11
96 1.60 0.400 0.13
Expansion (%) 1.260 0.310 0.10
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Table 4 Determination of CBR - Penetration resistance (continued)

Determination of density and compaction humidity

Penetration Pressure Penetration 1 1l
pulg. mm pulg. Dial Pressure Dial Pressure Dial Pressure
(kg cm?) (kg) (kgem?)  (kg) (kg cm?) (kg) (kg cm?)
0.000 0.00 0.0 0.0 0. 0.0 0 0.0
0.025 0.64 6 0.3 15 0.8 16 0.8
0.050 1.27 24 1.2 36 1.8 60 3
0075 1091 52 2.7 69 35 125 6.4
0.100 2.54 70 80 4.1 101 5.2 208 10.6
0.150 3.81 109 5.6 159 8.1 343 175
0.200 5.08 105 127 6.5 193 9.8 422 215
0250 6.35 144 7.3 219 11.2 463 23.6
0.300 7.62 133 161 8.2 234 11.9 481 245
0.400 10.16 161 193 9.8 255 13.0
0500 1270 182 219 11.1 280 14.3
CBRa0.1" (%) 5.78 7.35 15.07
CBRa0.2" (%) 6.15 9.33 20.37

The method of this investigation is ideal for de-
termining averages and trends, making fore-
casts, verifying relationships and acquiring ab-
solute results for large populations=e.

Finally, it is concluded that the geomechanical
characteristics of the RC soil for foundations in
the city of Pucallpa comply with the parameters
established in Standard E. 0.508 and the National
Building Regulations.

Source of financing

This research work was financed by the following au-
thors.

Conflicts of interest

The authors declare that there is no conflict of inter-
est with the research conducted.

Acknowledgments
First of all, we thank God and we thank our parents

and relatives, and all the people who collaborated to
carry out the research work.

Ethical considerations

The following ethical bases are considered:
Principle of justice, expressing that all the stud-
ies for the execution of the mentioned project
will be with equal treatment and that they will
be considered at the moment of making the de-
cision, without ever forgetting the recognition of
intrinsic values. Principle of autonomy, where
the authorization of the municipality will be ob-
tained, where the laboratory and field tests will
be carried out, respecting its autonomy, in com-
pliance with the right to be informed about the
purpose of the research. Principle of beneficence
and non-maleficence, expressing that the re-
search work will not cause any negative impact,
risks or physical or psychological damage to any
element of the sample that participates in the
resolution of the instrument, as it is a work of
visual inspection, rather, it will be positive in re-
lation to the social field, since it will allow
knowing the problems to later analyze, evaluate
and make decisions seeking the common good
for all.

41



Vol. 10 No 1 2022

Geomechanical Characteristic of the controlled fill soil for foundations

Research limitations

We, the authors, declare that there were no limita-
tions of any kind in the research carried out.

Authors' contribution

Sleyther Arturo De la Cruz-Vega, contributed in the
execution of the experimental phase, collection of
statistical data, review of results, discussion, statisti-
cal analysis and final revision of the article gener-
ated. Esther Noemi Noel-Cornelio, contributed in the
execution of the experimental phase, collection of
statistical data, administration of resources for the de-
velopment of the research, literature review for ma-
terial and methods.

Cited Literature

1. Direccién Nacional de Construccion. Peculiarida-
des del suelo en Tarapoto-Moyobamba Normativa
Especifica [Internet]. Lima: Ministerio de Vivien-
da, Construccion y Saneamiento; [citado 30 de oc-
tubre de 2021]. 43 p. Recuperado a partir de:
http://www3.vivienda.gob.pe/dnc/archivos/difu-
sion/eventos/2011/tarapoto/NORMAEQO50 SUE-
LOS_CIMENTACIONES.pdf

2. Instituto Nacional de Defensa Civil. Mapa de pe-
ligros de las ciudades de Tarapoto, Morales y La
Banda de Shilcayo [Internet]. Lima: Instituto Na-
cional de Defensa Civil; 2000 [citado 20 de octu-
bre de 2021]. Proyecto INDECI-PNUD
PER/02/051. Recuperado a partir de: http://bvpad.
indeci.gob.pe/doc/estudios_CS/Region_San_Mar
tin/san_martin/tarapoto_otros.pdf

3. Carrillo Gil A. Comportamiento del suelo tropical
peruano. Perfiles_Ingenieria. 2017;12(12):27-35.
DOI: https://doi.org/10.31381/perfiles_ingenieria.
v12i12.809

42

4. The Globe Program [Internet]. Investigacion de
Suelos. 2005 [citado 17de noviembre de 2021].
Recuperado a partir de: https://www.globe.gov/
documents/10157/381040/soil_chap_es.pdf

5. Sleyter K. Arcillas de Pucallpa-ensayos de mez-
clas asfalticas [Internet]. Callao: Universidad Ce-
sar Vallejo; 2016 [citado 30 de octubre de 2021].
35 p. Recuperado a partir de: https://www.acade-
mia.edu/22317293/Arcilla_pucallpa_pavimentos

6. Suelos y Cimentaciones. Reglamento Nacional de
Construcciones [Internet]. Lima: Ministerio de
Transportes, Comunicaciones Vivienda y Cons-
truccion. [citado 12 de marzo de 2022]. Recupe-
rado a partir de: http://www.jorgealvahurtado.
com/files/N.T.E.%20E%20050%20-%20Suelos%
20y%20Cimentaciones.pdf

7. Moreira Montigue IR. Estudio comparativo de una
cimentacion profunda con pilotes de concreto re-
forzado en suelos arenosos Vs suelos blandos para
reducir asentamientos de una edificacion de 10
plantas [tesis licenciatura]. [Guayaquil]: Universi-
dad de Guayaquil; 2018 [citado 26 de mayo de
2021]. Recuperado a partir de: http://repositorio.
ug.edu.ec/handle/redug/32383

8. Maldonado Gutiérrez DA, Vargas Garcia JS (dir).
Guia para el control y seguimiento de las “cimen-
taciones profundas y en la ejecucion de pilotes de

extraccion tipo kelly”: caso de estudio [Internet].
Bogota: Universidad Catélica de Colombia; 2019
[citado 30 de octubre de 2021]. 8 p. Recuperado a
partir de: https://1library.co/document/qoglle7z-
control-seguimiento-cimentaciones-profundas-

gjecucion-pilotes-extraccion-estudio.html
9. Rosas Gonzalez JM, Sanginés Garcia H (dir). Di-

sefio geotécnicas de cimentaciones compensada
de un edificio habitacional en la zona Il de la Ciu-
dad de México [tesis licenciatura]. [México]: Uni-
versidad Nacional Auténoma de México; 2018
[citado 2 de octubre de 2021]. Recuperado a partir
de: https://ru.dgb.unam.mx/handle/DGB_UNAM
/TES01000783349



http://www3.vivienda.gob.pe/dnc/archivos/difusion/eventos/2011/tarapoto/NORMAE050_SUELOS_CIMENTACIONES.pdf
http://www3.vivienda.gob.pe/dnc/archivos/difusion/eventos/2011/tarapoto/NORMAE050_SUELOS_CIMENTACIONES.pdf
http://www3.vivienda.gob.pe/dnc/archivos/difusion/eventos/2011/tarapoto/NORMAE050_SUELOS_CIMENTACIONES.pdf
https://doi.org/10.31381/perfiles_ingenieria.%20v12i12.809
https://doi.org/10.31381/perfiles_ingenieria.%20v12i12.809
https://www.globe.gov/%20documents/10157/381040/soil_chap_es.pdf
https://www.globe.gov/%20documents/10157/381040/soil_chap_es.pdf
https://www.academia.edu/22317293/Arcilla_pucallpa_pavimentos
https://www.academia.edu/22317293/Arcilla_pucallpa_pavimentos
http://repositorio.ug.edu.ec/browse?type=author&value=Moreira+Montigue%2C+Ivonne+Roxana
https://1library.co/document/qoglle7z-control-seguimiento-cimentaciones-profundas-ejecucion-pilotes-extraccion-estudio.html
https://1library.co/document/qoglle7z-control-seguimiento-cimentaciones-profundas-ejecucion-pilotes-extraccion-estudio.html
https://1library.co/document/qoglle7z-control-seguimiento-cimentaciones-profundas-ejecucion-pilotes-extraccion-estudio.html
https://ru.dgb.unam.mx/browse?type=author&value=Rosas+Gonz%C3%A1lez%2C+Jos%C3%A9+Manuel
https://ru.dgb.unam.mx/browse?type=advisor&value=Sangin%C3%A9s+Garc%C3%ADa%2C+H%C3%A9ctor
https://ru.dgb.unam.mx/handle/DGB_UNAM%20/TES01000783349
https://ru.dgb.unam.mx/handle/DGB_UNAM%20/TES01000783349

De la Cruz Vega & Noel Cornelio

J. Selva Andina Biosph.

10.Escobar Trujillo AMI. Disefio de cimentacion y
estudio de suelo en el minicomplejo deportivo del
centro poblado de Ampas-Huari, 2018 [tesis licen-
ciatura]. [Huacho]: Universidad Nacional José
Faustino Sanchez Carrion; 2018 [citado 6 de octu-
bre de 2021]. Recuperado a partir de: http://repo-
sitorio.unjfsc.edu.pe/handle/UNJFSC/2670

11.Huamani Sacha R, Ichpas Torres R. Disefio de ci-
mentaciones para viviendas por tipos de suelos en
la zona urbana del distrito de Secclla-Angaraes
[tesis licenciatura]. [Huancavelica]: Universidad
Nacional de Huancavelica; 2019. [citado 30 de oc-
tubre de 2021]. Recuperado a partir de: http://re-
positorio.unh.edu.pe/handle/UNH/2882

12.Teniente Pauccar AJ. Andlisis comparativo en la
determinacion de la capacidad admisible por los
métodos de Terzagui y Meyerhof, para el disefio
de cimentaciones superficiales segun las caracte-
risticas del suelo de Inquilpata del distrito de Anta
[tesis licenciatura]. [Cusco]: Universidad Andina
del Cusco; 2016 [citado 9 de noviembre de 2021].
Recuperado a partir de: https://repositorio.uan-
dina.edu.pe/handle/20.500.12557/708

13.Vilcas Carrasco JM. Planteamiento del mejora-
miento del suelo empleando relleno fluido para la
construccion de los edificios multifamiliares en la

obra casa club recrea “los nogales”, distrito de el
agustino, Lima [tesis licenciatura]. [Lima]: Uni-
versidad Nacional Federico Villarreal; 2018. [ci-
tado 12 de marzo de 2022]. Recuperado a partir
de: https://repositorio.unfv.edu.pe/bitstream/han
dle/lUNFV/2042/V1LCAS%20CARRASCO%
20JESUS%20MIGUEL .pdf?sequence=1&isA-
[lowed=y

14.Lopéz Martinez MA. Mejoramiento de las propie-
dades fisico mecanicas de los suelos arenosos del
sector de Pomasqui para cimentaciones superficia-
les y contrapisos, mediante el uso de cemento tipo
MH [tesis licenciatura]. [Quito]: Pontificia Uni-
versidad Catolica del Ecuador; 2017. [citado 12 de

marzo de 2022]. Recuperado a partir de: http://re-
positorio.puce.edu.ec/bitstream/handle/22000/13
132/MARCO%20L OPEZ%20-.pdf?se-
guence=1&isAllowed=y

15.Garcia Y, Ramirez W, Sanchez S. Indicadores de
la calidad de los suelos: una nueva manera de eva-
luar este recurso. Pastos y Forrajes 2012;35(2):
125-38.

16.Escuela Universitaria de Oficios. El suelo: un uni-
verso invisible [Internet]. La Plata: Universidad
Nacional de la Plata; [citado 18 de noviembre de
2021]. 13 p. Recuperado a partir de: https://unip.
edu.ar/frontend/media/98/27598/3f23fc987dbbe
da82587753c9796000a.pdf

17.Crespo Villalaz C. Mecénica de suelos y cimenta-
ciones [Internet] México: Editorial Limusa S.A.
de C.V.; 2004 [citado 9 de noviembre de 2021].
652 p. Recuperado a partir de: https://stehven.fi-
les.wordpress.com/2015/06/mecanica-desuelos-
y-cimentaciones-crespo-villalaz.pdf

18.Ramos H. Agregados: gravas y arenas para la cons
truccion [Comentario a una entrada en un blog].
360 en concreto. 16 de septiembre de 2021. [citado
9 de noviembre de 2021]. Recuperado a partir de:
https://www.360enconcreto.com/blog/detalle/ma-
teriales/agregados-gravas-y-arenas-para-la-cons-

truccion

19.Baque Parrales GA. Caracterizacion fisico-mecé-
nicas del suelo para cimentacion en edificaciones
de categoria baja, sector By Pass-John F. Ken-
nedy, ciudad Jipijapa [tesis licenciatura]. [Ecua-
dor]: Universidad Estatal del Sur de Manabi;
2017. [citado 12 de marzo de 2022]. Recuperado a
partir de: http://repositorio.unesum.edu.ec/bitstre
am/53000/1055/1/TESIS%20GALO%20BA-
QUE%20PARRALES.pdf

20.Hurtado Alva JE. Breve historia del fendmeno de

licuacion de suelos en el PerG. En: Hurtado Alva
JE, editor. V Congreso Nacional de Mecéanica de
Suelos e Ingenieria de Cimentaciones; 1983. Fa-

cultad de Ingenieria Civil. Universidad Nacional
43


http://repositorio.unjfsc.edu.pe/handle/UNJFSC/2670
http://repositorio.unjfsc.edu.pe/handle/UNJFSC/2670
http://repositorio.unh.edu.pe/handle/UNH/2882
http://repositorio.unh.edu.pe/handle/UNH/2882
https://repositorio.uandina.edu.pe/handle/20.500.12557/708
https://repositorio.uandina.edu.pe/handle/20.500.12557/708
https://repositorio.unfv.edu.pe/bitstream/han%20dle/UNFV/2042/VILCAS%20CARRASCO%25%2020JESUS%20MIGUEL.pdf?sequence=1&isAllowed=y
https://repositorio.unfv.edu.pe/bitstream/han%20dle/UNFV/2042/VILCAS%20CARRASCO%25%2020JESUS%20MIGUEL.pdf?sequence=1&isAllowed=y
https://repositorio.unfv.edu.pe/bitstream/han%20dle/UNFV/2042/VILCAS%20CARRASCO%25%2020JESUS%20MIGUEL.pdf?sequence=1&isAllowed=y
https://repositorio.unfv.edu.pe/bitstream/han%20dle/UNFV/2042/VILCAS%20CARRASCO%25%2020JESUS%20MIGUEL.pdf?sequence=1&isAllowed=y
http://repositorio.puce.edu.ec/bitstream/handle/22000/13%20132/MARCO%20LOPEZ%20-.pdf?sequence=1&isAllowed=y
http://repositorio.puce.edu.ec/bitstream/handle/22000/13%20132/MARCO%20LOPEZ%20-.pdf?sequence=1&isAllowed=y
http://repositorio.puce.edu.ec/bitstream/handle/22000/13%20132/MARCO%20LOPEZ%20-.pdf?sequence=1&isAllowed=y
http://repositorio.puce.edu.ec/bitstream/handle/22000/13%20132/MARCO%20LOPEZ%20-.pdf?sequence=1&isAllowed=y
https://stehven.files.wordpress.com/2015/06/mecanica-desuelos-y-cimentaciones-crespo-villalaz.pdf
https://stehven.files.wordpress.com/2015/06/mecanica-desuelos-y-cimentaciones-crespo-villalaz.pdf
https://stehven.files.wordpress.com/2015/06/mecanica-desuelos-y-cimentaciones-crespo-villalaz.pdf
https://www.360enconcreto.com/blog/detalle/materiales/agregados-gravas-y-arenas-para-la-construccion
https://www.360enconcreto.com/blog/detalle/materiales/agregados-gravas-y-arenas-para-la-construccion
https://www.360enconcreto.com/blog/detalle/materiales/agregados-gravas-y-arenas-para-la-construccion
http://repositorio.unesum.edu.ec/bitstre%20am/53000/1055/1/TESIS%20GALO%20BAQUE%20PARRALES.pdf
http://repositorio.unesum.edu.ec/bitstre%20am/53000/1055/1/TESIS%20GALO%20BAQUE%20PARRALES.pdf
http://repositorio.unesum.edu.ec/bitstre%20am/53000/1055/1/TESIS%20GALO%20BAQUE%20PARRALES.pdf

Vol. 10 No 1 2022

Geomechanical Characteristic of the controlled fill soil for foundations

de Ingenieria [Internet]. Lima: Universidad Nacio-
nal de Ingenieria; 1983 [citado 9 de noviembre de
2021]. p. 12. Recuperado a partir de: https://www.
jorgealvahurtado.com/files/redacis16_a.pdf

21.Cotler H, Sotelo E, Dominguez J, Zorrilla M, Cor-
tina S, Quifiones L. La conservacion de suelos: un
asunto de interés publico. Gaceta Ecoldgica 2007;
(83):5-71.

22.Luque Ruelas M. Cimentaciones en rellenos [In-
ternet]. Scribd; [citado 17 de noviembre de 2021].
12 p. Recuperado a partir de: https://es.scribd.
com/document/259455218/Cimentaciones-en-

Rellenos

23.Causas de fallos en las cimentaciones: el descono-
cimiento de las caracteristicas intrinsecas del te-
rreno [Internet]. Ingeoexpert. 2016 [citado 17 de
noviembre de 2021]. Recuperado a partir de:
https://ingeoexpert.com/articulo/causas-fallos-
las-cimentaciones-desconocimiento-las-caracte-
risticas-intrinsecas-del-terreno/

24.Vivar Romero G. Cimentacién sobre rellenos. En:
Vivar Romero G, editor. XIV Congreso Nacional
de Ingenieria Civil: 7 al 11 de Octubre de 2003.
Colegio de Ingenieros del Perl [Internet]. Lima:
Consejo Departamental de Loreto del Colegio de
Ingenieros del Per(; 2003 [citado 17 de noviembre
de 2021]. p. 13. Recuperado a partir de: https://es.
scribd.com/document/230012496/Cimentacion-
Sobre-Rellenos

25.Mora Figueroa L. Caracterizacion geotécnica del
terreno, con ejemplos de gran Canaria y Tenerife
[Internet]. Las Palmas: Universidad de Las Palmas
de Gran Canaria; 1996 [citado 18 de noviembre de
2021]. 39 p. Recuperado a partir de: https://acce-
dacris.ulpgc.es/bitstream/10553/10932/4/74441

00000_0000.pdf
26.Pelinco Astete R. Evaluaciéon de cimentaciones

sobre rellenos no controlados en la zona nor-oeste
de la Ciudad de Juliaca [tesis licenciatura]. [Ju-
liaca]: Universidad Andina Néstor Caceres Velas-

44

quez; 2017 [citado 17 de noviembre de 2021]. Re-
cuperado a partir de: https://1library.co/document/
gmw55g5z-evaluacion-cimentaciones-rellenos-
controlados-zona-oeste-ciudad-juliaca.html

27.Avila Desposorio P. Estudio y tratamientos de ci-
mentaciones sobre rellenos-casos practicos [tesis
licenciatura]. [Lima]: Universidad Nacional de In-
genieria; 2003. [citado 17 de noviembre de 2021].
Recuperado a partir de: http://cybertesis.uni.edu.
pe/handle/uni/19581

28.Cimentaciones [Internet]. Construmatica-Meta-
portal de Arquitectura, Ingenieria y Construccion.
[citado 18 de noviembre de 2021]. Recuperado a
partir de: https://www.construmatica.com/cons-
trupedia/Cimentaciones

29.Geografia de Pucallpa Pert [Internet]. Pucallpa
.com-Ciudad de la Tierra Colorada. 2008 [citado
18 de noviembre de 2021]. Recuperado a partir de:
https://www.pucallpa.com/pucallpa/ubicacion-
de-pucallpa-peru.html

30.Recomendaciones geotécnicas para cimentaciones
sobre rellenos controlados [Internet]. Mi cuaderno
personal de geotecnia. 2009 [citado 13 de marzo
de 2022]. Recuperado a partir de: https://cuader-
nodegeotecnia.wordpress.com/2009/06/25/reco-
mendaciones-geotecnicas-para-cimentaciones-so-
bre-rellenos-controlados/

31.Cook J. La geomecénica. Oilfield Rev [Internet].
2016 [citado 5 de noviembre de 2021];28(1):51-
53. Recuperado a partir de: https://www.slb.com/-
/media/files/oilfield-review/la-geomecanica.ashx

32.Garcia Pincay MJ, Lucas Moreira RJ, Palma
Bravo JC. Importancia de las cimentaciones, y el
estudio del suelo para estructuras construidas en la
Ciudad de Manta en la Zona de Tarqui, Ecuador
[Internet]. Portoviejo: Universidad Técnica de
Manabi; 2018 [citado 17 de noviembre de 2021].
7 p. Recuperado a partir de: https://www.resear-
chgate.net/project/IMPORTANCIA-DE-LAS-CI-
MENTACIONES-Y-EL-ESTUDIO-DEL-



https://www.scribd.com/user/122594590/Marco-Luque-Ruelas
https://www.scribd.com/about
https://ingeoexpert.com/articulo/causas-fallos-las-cimentaciones-desconocimiento-las-caracteristicas-intrinsecas-del-terreno/
https://ingeoexpert.com/articulo/causas-fallos-las-cimentaciones-desconocimiento-las-caracteristicas-intrinsecas-del-terreno/
https://ingeoexpert.com/articulo/causas-fallos-las-cimentaciones-desconocimiento-las-caracteristicas-intrinsecas-del-terreno/
https://www.google.com/search?sxsrf=APq-WBuNta-DCkLnw0spfQ0avcAbOA6Ihw:1644440535732&q=Provincia+de+Las+Palmas&stick=H4sIAAAAAAAAAOPgE-LSz9U3MDJLyTM2U-IEsQ2NTM0steSyk630c_KTE0sy8_PgDKuCovyyzLzk1EWs4gEQZmaiQkqqgk9isUJAYk5uYvEOVkYAPLQ6SlYAAAA&sa=X&ved=2ahUKEwjR6PGvwvP1AhVeIbkGHbUxBXsQmxMoAXoECDoQAw
https://accedacris.ulpgc.es/bitstream/10553/10932/4/74441%20_00000_0000.pdf
https://accedacris.ulpgc.es/bitstream/10553/10932/4/74441%20_00000_0000.pdf
https://accedacris.ulpgc.es/bitstream/10553/10932/4/74441%20_00000_0000.pdf
https://1library.co/document/%20qmw55g5z-evaluacion-cimentaciones-rellenos-controlados-zona-oeste-ciudad-juliaca.html
https://1library.co/document/%20qmw55g5z-evaluacion-cimentaciones-rellenos-controlados-zona-oeste-ciudad-juliaca.html
https://1library.co/document/%20qmw55g5z-evaluacion-cimentaciones-rellenos-controlados-zona-oeste-ciudad-juliaca.html
https://www.construmatica.com/construpedia/Cimentaciones
https://www.construmatica.com/construpedia/Cimentaciones
https://www.pucallpa.com/pucallpa/ubicacion-de-pucallpa-peru.html
https://www.pucallpa.com/pucallpa/ubicacion-de-pucallpa-peru.html
https://cuadernodegeotecnia.wordpress.com/2009/06/25/recomendaciones-geotecnicas-para-cimentaciones-sobre-rellenos-controlados/
https://cuadernodegeotecnia.wordpress.com/2009/06/25/recomendaciones-geotecnicas-para-cimentaciones-sobre-rellenos-controlados/
https://cuadernodegeotecnia.wordpress.com/2009/06/25/recomendaciones-geotecnicas-para-cimentaciones-sobre-rellenos-controlados/
https://cuadernodegeotecnia.wordpress.com/2009/06/25/recomendaciones-geotecnicas-para-cimentaciones-sobre-rellenos-controlados/
https://www.slb.com/-/media/files/oilfield-review/la-geomecanica.ashx
https://www.slb.com/-/media/files/oilfield-review/la-geomecanica.ashx
https://www.researchgate.net/project/IMPORTANCIA-DE-LAS-CIMENTACIONES-Y-EL-ESTUDIO-DEL-SUELO-PARA-ESTRUCTURAS-CONSTRUIDAS-EN-LA-CIUDAD-DE-MANTA-EN-LA-ZONA-DE-TARQUI-ECUADOR
https://www.researchgate.net/project/IMPORTANCIA-DE-LAS-CIMENTACIONES-Y-EL-ESTUDIO-DEL-SUELO-PARA-ESTRUCTURAS-CONSTRUIDAS-EN-LA-CIUDAD-DE-MANTA-EN-LA-ZONA-DE-TARQUI-ECUADOR
https://www.researchgate.net/project/IMPORTANCIA-DE-LAS-CIMENTACIONES-Y-EL-ESTUDIO-DEL-SUELO-PARA-ESTRUCTURAS-CONSTRUIDAS-EN-LA-CIUDAD-DE-MANTA-EN-LA-ZONA-DE-TARQUI-ECUADOR

De la Cruz Vega & Noel Cornelio

J. Selva Andina Biosph.

SUELO-PARA-ESTRUCTURAS-CONSTRUI-
DAS-EN-LA-CIUDAD-DE-MANTA-EN-LA-
ZONA-DE-TARQUI-ECUADOR

33.Sanchez Carlessi H, Reyes Romero C, Mejia

Séenz K. Manual de términos en investigacion ci
entofica, tecnolégica y humanistica [Internet].
Lima: Universidad Ricardo Palma; 2018 [citado 9
de noviembre de 2021]. 146 p. Recuperado a partir
de: https://repositorio.urp.edu.pe/handle/URP/14
80?show=full

34.Bernal Torres CA. Metodologia de la investiga-

cion. administracién, economia, humanidades y
ciencias sociales [Internet]. Bogota: Pearson Edu-
cacion de Colombia Ltda; 2010 [citado 18 de no-
viembre de 2021]. 322 p. Recuperado a partir de:
https://abacoenred.com/wp-content/uploads/2019
[02/El-proyecto-de-investigaci%C3%B3n-F.G.-
Avrias-2012-pdf.pdf

35.Ministerio de Transporte y Comunicaciones. Ma-
nual de ensayos de materiales [Internet]. Lima: Di-
reccion de Caminos y Ferrocarriles; 2016. [citado
12 de marzo de 2022]. Recuperado a partir de:
https://www.academia.edu/36339300/MANUAL

DE_ENSAYO_DE_MATERIALES

36.Sampieri Hernandez R, Fernéndez Collado C,
Baptista Lucio M del P. Metodologia de la inves-
tigacion [Internet]. México: McGraw-Hill/Inter-
americana Editores, S.A. de C.V; 2014 [citado 9
de noviembre de 2021]. 634 p. Recuperado a partir
de:  https://www.uca.ac.cr/wp-content/uploads/
2017/10/Investigacion.pdf

Editor's Note:

Journal of the Selva Andina Biosphere (JSAB) remains neutral with
respect to jurisdictional claims published on maps and institutional
affiliations.

45



https://www.researchgate.net/project/IMPORTANCIA-DE-LAS-CIMENTACIONES-Y-EL-ESTUDIO-DEL-SUELO-PARA-ESTRUCTURAS-CONSTRUIDAS-EN-LA-CIUDAD-DE-MANTA-EN-LA-ZONA-DE-TARQUI-ECUADOR
https://www.researchgate.net/project/IMPORTANCIA-DE-LAS-CIMENTACIONES-Y-EL-ESTUDIO-DEL-SUELO-PARA-ESTRUCTURAS-CONSTRUIDAS-EN-LA-CIUDAD-DE-MANTA-EN-LA-ZONA-DE-TARQUI-ECUADOR
https://www.researchgate.net/project/IMPORTANCIA-DE-LAS-CIMENTACIONES-Y-EL-ESTUDIO-DEL-SUELO-PARA-ESTRUCTURAS-CONSTRUIDAS-EN-LA-CIUDAD-DE-MANTA-EN-LA-ZONA-DE-TARQUI-ECUADOR
https://repositorio.urp.edu.pe/handle/URP/14%2080?show=full
https://repositorio.urp.edu.pe/handle/URP/14%2080?show=full
https://abacoenred.com/wp-content/uploads/2019%20/02/El-proyecto-de-investigaci%C3%B3n-F.G.-Arias-2012-pdf.pdf
https://abacoenred.com/wp-content/uploads/2019%20/02/El-proyecto-de-investigaci%C3%B3n-F.G.-Arias-2012-pdf.pdf
https://abacoenred.com/wp-content/uploads/2019%20/02/El-proyecto-de-investigaci%C3%B3n-F.G.-Arias-2012-pdf.pdf
https://www.academia.edu/36339300/MANUAL%20_DE_ENSAYO_DE_MATERIALES
https://www.academia.edu/36339300/MANUAL%20_DE_ENSAYO_DE_MATERIALES
https://www.uca.ac.cr/wp-content/uploads/%202017/10/Investigacion.pdf
https://www.uca.ac.cr/wp-content/uploads/%202017/10/Investigacion.pdf

