
 
 

 

Republic of Iraq 

Ministry of Higher Education and Scientific Research 

University of Babylon 

College of Engineering 

Civil Engineering Department 

 

Effect of Replacement by Subbase on the Bearing Capacity 

of Fine Grained Soils 

 

A Research  

Submitted to the College of Engineering / University of Babylon in partial 

Fulfilment of the Requirements for the Degree of Higher Diploma in Engineering 

/ Civil Engineering / Geotechnical Engineering  

By  

Alaa Sami Hadi 

Supervised By  

Asst. Prof. Dr. Basil Obayd Mahdi 

 

 

2021                                                                                         1442  

 



 
 

 

 بسم ا الرحمن الرحيم 

 كَّلْتتَو هلَيع ي إِلا بِاللَّهيقفا تَومو و يبأُن هإِلَي  

 

 صدق ا العظيم 
)٨٨سورة هود / جزء من الايه (  

 

   



 
 

 

SUPERVISOR CERTIFICATION 

I certify that the proportion of this research entitled ‘‘Effect of 

Replacement by Subbase on the Bearing Capacity of Fine Grained 

Soils’’ is prepared by Alaa Sami Hadi under my supervision at the 

College of Engineering, the University of Babylon in partial fulfilment of 

the requirements for the degree of higher diploma of science in 

Engineering/ Civil Engineering /Geotechnical Engineering . 

 

 

 

 

 

 

 

Signature  

Name: Asst. Prof. Dr. Basil Obayd Mahdi 

Date:         /        /2022    

 

 

 

 

 

 

 

 

 



 
 

 

EXAMINATION COMMITTEE CERTIFICATE 

We certify that we have read this thesis entitled “Effect of Replacement by 
Subbase on the Bearing Capacity of Fine Grained Soils” presented by “Alaa Sami 
Hadi Mohammed” and as an examining committee, we examined the student in its 
content and in what is connected with it, and that in our opinion it meets standard 
of a thesis for the degree of higher diploma of Science in Engineering/ Civil 
Engineering  

\Geotechnical.  

 

Signature:                                                        Signature: 

Name: Asst. Prof. Dr. Ibtihaj Taha Jawad       Name: Asst. Prof. Ahmed Talib Obeed 

 (Chairman)                                                      (Member) 

Date: 2022/   /                                                   Date: 2022/   /  

 

 Signature:  

Name: Asst. Prof. Dr. Basil Obayd Mahdi.  

 (Member and Supervisor)  

Date: 2022/    /  

 

Signature:  

Name: Asst. Prof. Dr. Thair J. Mizhir Alfatlawi  

Head of the Civil Engineering Department  

Date: 2022/   /  

 

Signature:  

Name: Asst. Prof. Dr. Hatem Hadi Obeid  

Dean of College of Engineering  

Date: 2022/   / 

 

 



 
 

 

ACKNOWLEDGEMENTS 

To Allah we raise our gratitude for all uncountable blessings and success, 

upon him we have relied and with his guidance we got throw this research.  

To everyone contributed and encouraged me since the first time I’ve got 

throw this study specially my supervisor who accepted to do this research, Asst. 

Prof. Dr. Basil Obayd Mahdi , I was honored to work with him and it was my 

pleasure . 

 Never to forget my loving family and their support and patience, my co-

worker and my friends who are my second family they sincerely cooperate to help 

me in my study with each possible way, thank you is a little word. 

Special thanks to Civil Engineering department in Babylon University starting 

from the head of department and to all affiliated in particular the soil laboratory 

staff, and the logistic department in the university. 

 

 

 

 

 

 

 

 

 

 

 

 

Alaa Sami Hadi 



 
 

 

  جمهورية العراق

 وزارة التعليم العالي و البحث العلمي

 جامعة بابل / كلية الهندسة 

 قسم الهندسة المدنية

 

 تأثير الاستبدال بالسبيس على قابلية تحمل التربة الحبيبية الدقيقة

 

  جامعة بابل –مقدمة الى كلية الهندسة  رسالة

  و هي جزء من متطلبات نيل شهادة الدبلوم العالي 

  هندسة التربة –في علوم الهندسة المدنية 

 

 من قبل 

  الاء سامي هادي محمد 

 )٢٠١١ –(بكالوريوس 

 

 بإشراف

 أ.م.د باسل عبيد مهدي

 

 

١٤٤٢                                                                       ٢٠٢١  

  

  

 



i 
 

ABSTRACT 

As it is obvious and clear, the importance of the soil in every 

construction works it is substantial to study the soil properties as an 

integral part of designing any structure nevertheless it is the most 

important part. The studying of soil properties will reveal if any problem 

is existing to make the improvement decision of soil improvement 

technique represented by replacement of the existing soil by subbase 

material of a certain thickness. In this study a data was compiled from 

field tests to ratiocinate a relationship between the thickness of 

replacement soil layer and the soil bearing capacity in order to conclude 

to how far the existing soil properties can be improved by this technique. 

In order to bring out these data; the standard field plate load test was 

conducted for 4 attempts by changing the replacement thickness, the first 

was directly on the natural ground while the remaining three tests were 

conducted with replacement thicknesses of (3, 7.5, 12) cm which represent 

(0.1, 0.25 and 0.4) of the 30 cm (the plate diameter) used in the test. 

The replacement material is subbase manually compacted to 

95% compaction ratio (according to the modified compaction test) for 

each determined thickness. 

It is found that replacement of soft fine soil by compacted 

subbase improves both the ultimate bearing capacity and the settlement at 

failure. 

Briefly and clearly the effectuation of replacement was to 

increase the bearing capacity by the percent of (95 / 115 / 139) respectively 

for the replacement of (0.1 , 0.25 , 0.4 ) of plate diameter and decrease the 

settlement in a range of  ( 7 to 71 ) % . 
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 المقدمة 

التربة جزء لا يتجزأ من أي منشأأأل ب  ي ال الجزء الا أأألاك ي الامير اامهة نظر  بن ر 

ي ضأأأمن ياريلال التربة يجر سرا أأأة مد   اذ انه,الاعتبلار عند الشأأأريي تل يمأأأمهن اي منشأأأل 

يام  التربة نحملال المنشل المراس يممهمه ي ينفهر  بمجرس اعتملاس تكرة التممهن . سرا ة النتلائج 

الالول المنلا أأأأأأبة يلتمد علج نتلائج ياريلال التربة . اذ ي للقوس عديدة ملاع موضأأأأأأوي ي ياديد 

 سرا ة مللالجلال التربة من اان المواضهع المطريحة للنقلاش ي الدرا ة .

بهس ي لالاأأأيتنلايل الباث سرا أأأة مد  يااأأأن التربة تل حلال ا أأأتبدال التربة ال أأألهفة ب

هبوط تل التربأأة ي للو وع علج اأأر  النتأألائج ي مأأد  يأألذهر ذلأأق علج  أألابلهأأة يامأأ  التربأأة ي ال

سرا تهلا ين اجراء تاص يام  المفهاة بلالاضلاتة الج تاوصلال اظر  مهمة ين اجراؤالا يبلاعلا 

 اذنلاء الباث .

حهث ين يجههز مو ع الفاص تل البلاحة الخلفهة من  اأأن الهند أأة المدنهة تل جلاملة بلاب  

هلا بتربة  راعهة  1تر ي بلمق م 2*  5.2ي ين يجههز  بتربة رظوة )ين حفر  بدال متر ي ا أأأأأأت

بلالملاء  ب  اجراء الفاص بهومهن ي ملرك من التا أأأأأأهرال  ب  الفاص او  رظوة( ي غمرالا 

ي حاأأر الاأأمق المقرر للفاص , حهث ين  %52بناأأبة  يدييلا   ا أأتبدال التربة بلالاأأبهس الماديل

ي اعتملاس  أأأمق طبقة  أأأن  03احتاأأألام  أأأمق الفاص مناأأأبة من  طر صأأأفهاة الفاص البلال ة 

(  ن يبلاعلا  مع اجراء تاص  15,  5.2,  0( اي )  3.0ي  3.52ي  3.1الا تبدال حار ملا يلل ) 

 علج الارض الطبهلهة .

,   %112,  %52حهث اظهرل النتلائج من الفاص  يلاسة  لابلهة يام  التربة باوالل )

 ( . 51الج  5يح بهن )( علج التوالل لك  تاص بهنملا نقص ابوط التربة بنابة يترا 105%
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Chapter One 

INTRODUCTION 

1.1 General 

The bearing capacity and soil settlement can be classified as the most 

important influential factors on each structure as a proactive step in the 

structural design and so it has been a serious issue to explore the area for 

construction in order to find out the soil profile before starting any works 

in any exploration available way, with knowing the soil profile and soil 

problems it is important to study the available treatment and improvement 

to get into the best available result with the most reasonable ways.  

 

1.2 The Aim and Objectives 

This work is restricted to: 

1- Investigate the effect of the thickness of replacement layer on 

the bearing capacity by specific trials of field plate load test with different 

replacement layers. 

2- Study the effect of load on the settlement of soil. 

3- Find a relationship between the bearing capacity increment 

and settlement reduction in a specific stress level during the test. 

 

 To highlight to what extent the soil replacement under shallow 

foundation can improve the soil is the target for this research that have 

been conducted by preparing the test set with providing all the necessary 

factors that influence the test conditions which includes soft soil and 

granular material for backfilling with all testing apparatus (that provided 
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from the faculty labs). In another clearly way this work is restricted to the 

investigation of the effect of replacement of fine soil by compacted 

subbase on the ultimate bearing capacity and settlement adopting the field 

plate load test. 

 

1.3 Layout of the Study 

This study has been built up from five interconnected chapters 

as below briefly explained: 

Chapter One: Which have been used to show a short brief summarization 

for the aim of the study with general overview  

Chapter Two: Includes a review of the literature and thesis which 

associated with this study by discussing the soil bearing capacity and the 

ways of conducting it whether by equations or in field tests. 

Chapter Three: Contains a full description of the test methodology and 

the material used to conduct the results which will be handled in the next 

chapter. 

Chapter Four: From the test results that have been extracted from chapter 

three, we used to analyze and discuss the results. 

Chapter Five: Includes a recommendations for the other researchers that 

is accompanied with the conclusions of the test results. 

 



 

 

 

 

Chapter Two 

 

 

 

LITERATURE REVIEW 
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Chapter Two 

LITERATURE REVIEW 

 

2.1 Introduction 

Bearing capacity is the maximum stress or pressure that a footing can 

sustain without failure of the soil or rock that is supporting the footing. To 

design any structure it should be started with the study of the soil bearing 

capacity as it is a fundamental step to get started with for any design, and 

led for the importance of studying and calculation of the bearing capacity 

for the soil. 

 

2.2 Bearing Capacity Equation: 

2.2.1 Terzaghi Bearing Capacity Equation: 

For decades many attempts have been made to calculate the bearing 

capacity for soil by several scientists and one of the most popular was 

Terzaghi with his famous equation and theory which deal with continuous 

or strip shallow footing and restricted with that the effect of soil located 

above the foundation bottom line will be considered as a surcharge weight 

, q = ɤ Df (where ɤ is the unit weight of the soil and Df is the soil surcharge 

depth) and the last condition is to consider the failure surface of soil is 

similar to general shear failure case, with modifications due to foundation 

shape and shear failure condition. By complying with these conditions 

Terzaghi equation will be applicable .And to find the value of each term 
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and factors depending on special equations with reference to soil factors 

and properties.  

 

 

 

 

 

 

 

 

 

1. The triangular zone ACD immediately under the 

foundation  

2. The radial shear zones ADF and CDE, with the curves DE 

and DF being arcs of a logarithmic spiral  

3. Two triangular Rankine passive zones AFH and CEG 

 The angles CAD and ACD are assumed to be equal to the 

soil friction angle Note that, with the replacement of the soil 

above the bottom of the foundation by an equivalent surcharge q, 

the shear resistance of the soil along the failure surfaces GI and 

HJ was neglected. Using equilibrium analysis, Terzaghi 

expressed the ultimate bearing capacity in the form: 

 

 

 

Figure 1. Bearing capacity failure in soil under a rough rigid continuous (strip) 
foundation (Barja.M.Das (2011)). 
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𝑞𝑢 = 𝑐ᇱ𝑁𝑐 +  𝑞𝑁𝑞 + 0.5 𝛾 𝐵 𝑁𝛾 …………………….….. 

(3.1) 

Where: 

c’ = cohesion of soil 

ɤ = unit weight of soil 

q = ɤ Df 

Nc, Nq, Nɤ = bearing capacity factors that are 

nondimensional and are functions only of the soil friction angle 

Ø’ 

The bearing capacity factors and are defined by: 

𝑁𝑐 = cot Øᇱ ൥
௘

మ൬యഏ
రൗ ష Ø

ᇲ
మൗ ൰ ౪౗౤ ∅ᇲ

ଶ௖௢௦మ ቀ
ഏ

ర
ା

∅ᇲ

మ
ቁ

− 1൩ =  cot ∅ᇱ(𝑁𝑞 − 1) ….. (3.2) 

𝑁𝑞 =
௘

మ൬యഏ
రൗ ష Ø

ᇲ
మൗ ൰ ౪౗౤ ∅ᇲ

ଶ௖௢௦మ ൬ସହା
∅ᇲ

మ
൰

 ………………….…………………. (3.3) 

Nɤ = 
ଵ

ଶ
 ቀ

௄௣ఊ

௖௢௦మ ∅ᇱ
− 1ቁ tan ∅′ ………………………..……… (3.4) 

* Kpɤ = passive pressure coefficient. 

To estimate the ultimate bearing capacity of square and circular 

foundations, Eq. (3.1) may be respectively modified to 

𝑞𝑢 = 1.3 𝑐ᇱ𝑁𝐶 +  𝑞𝑁𝑞 +  0.4 𝛾 𝐵 𝑁𝛾 (𝑠𝑞𝑢𝑎𝑟𝑒 𝑓𝑜𝑢𝑛𝑑𝑎𝑡𝑖𝑜𝑛) . (3.5) 

𝑞𝑢 = 1.3 𝑐ᇱ𝑁𝐶 +  𝑞𝑁𝑞 +  0.3 𝛾 𝐵 𝑁𝛾 (𝑐𝑖𝑟𝑐𝑢𝑙𝑎𝑟 𝑓𝑜𝑢𝑛𝑑𝑎𝑡𝑖𝑜𝑛) . (3.6) 

(Barja.M.Das (2011)). 
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2.2.2 Meyerhof (1951): 

In order to deal with other assumption that wouldn’t have been 

treated by Terzaghi equation, And to deal with the fact of rectangular 

foundations plus to take into account the shearing resistance along the 

failure surface in soil above the bottom of the foundation finally in case of 

the load on the foundation may be inclined. For the above mentioned 

shortcomings Meyerhof dealed with additional 3 empirical factors based 

on experimental data, these factors are: shape (S), depth (d) and inclination 

load factor (I) and suggested the following form of the general bearing 

capacity equation: 

𝑞𝑢 = 𝑐ᇱ𝑁𝑐 𝐹𝑐𝑠 𝐹𝑐𝑑 𝐹𝑐𝑖 +  𝑞𝑁𝑞 𝐹𝑞𝑠 𝐹𝑞𝑑 𝐹𝑞𝑖 + 0.5 𝛾 𝐵 𝑁𝛾 𝐹𝛾𝑠 𝐹𝛾𝑑 𝐹𝛾𝑖 

Where: 

Fcs, Fqs, Fγs: shape factors 

Fcd, Fqd, Fγd: depth factors 

Fci, Fqi, Fγi: load inclination factors 

These factors which can be conducted from the below table : 
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Table 1. Meyerhof bearing capacity equation factors  
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2.2.3 Effect of Water Table on Bearing Capacity: 

      Due to the effect of water table on the bearing capacity of the soil, 

modifications have been imperative on the general equation of the 

bearing capacity as the water table is a non-ignorable factor on the soil 

properties generally which can be represented by the effect in the bearing 

capacity equation as explained next .  

 

 

 

 

 

 

 

 

 

Case 1: when the water table level in the range of surcharge level ( 0 ≤ 

D1 ≤ Df  ) , the effective surcharge q will be changed to be :  

q = effective surcharge = D1ɤ + D2(ɤsat - ɤω)  

Where: 

ɤsat : saturated unit weight of soil 

ɤω : unit weight of water 

 

Figure 2. Water effect on bearing capacity equation (Barja.M.Das (2011)). 
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In addition to that, the third term of the equation will be changed due to 

the change of the ɤ value to be ɤʹ = ɤsat - ɤω. 

Case 2: when the water table is located in depth which is limited from the 

bottom face of footing to a depth equal to the footing width (0 ≤ d ≤ B), 

then: q = ɤ Df   , ɤത = ɤʹ + 
𝒅

𝑩
 (ɤ - ɤʹ) 

Case 3: when the water table is located in level that is exceed the footing 

depth restrict in case 2, (d ≥ B), then the ultimate bearing capacity will 

not be affected by the water table. 

 

2.2.4 Bearing Capacity of Footing on Layered Soil: 

In the many previous studies in soil bearing capacity equations it was 

considered that the foundation resting on homogeneous soil layer with 

constant properties (the cohesion, angle of friction, and unit weight) that 

extends into a sufficient depth, but in general this is a theoretical case and 

in realistic case it is naturally stratified soil layers with thickness and 

height that varies from location to another. And to deal with this situation 

it was categorized into three general cases (Barja.M.Das (2011)). 

 

Case 1. Footing on layered clay soil with (Ø=0)  

Case 2. Footing on layered (Ø-C) soil  

And for both case 1 & case 2 it can be sub classified into either the 

top layer is the stronger than the lower layer or vice versa by being the top 

layer is the weaker than the lower layer . 
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Case 3. Will be for the soil layered by sand and clay soil with 

alternate places (sand overlying clay and clay overlying sand). 

In general and in this case we have three variables that are related to 

each other and together will form the shape of soil failure and the way of 

determination the ultimate load per unit area (qu) these variables are the 

footing width (B), effective depth of soil layer that the load is distributing 

accordingly (H) and the thickness of each layer (D). Which due to the 

above mentioned variables we will have the cases that: 

A. if the (H) is more than (D) for the upper layer so the effect of the 

load will be spread into the second underlying layer through the first layer 

and if the upper layer is the strongest then punching shear failure will 

occur while general shear failure will be in the lower layer, in the other 

probability of the upper layer is weaker than the lower one so the surface 

failure pattern will be in defined style. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Layered soil effect on bearing capacity (Barja.M.Das (2011)). 
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B. In the other side and if (H) would not cross the limits of (D) so the 

effect of load will be limited in the upper layer whether it was weaker or 

stronger. 

 

 

 

 

 

 

 

 

 

Figure 4. Layered soil effect on bearing capacity - case 2 (Barja.M.Das (2011)). 

Figure 5. Layered soil effect on bearing capacity - case 3 (Barja.M.Das (2011)). 
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2.3 Plate Load Test: 

As it was mentioned for the importance of bearing capacity in the 

structure design, beside the theoretical methods there is the plate load test 

as a practical method to indicate the amount of the soil bearing capacity. 

(The bearing capacity of a soil is not simply a soil strength parameter, but 

it also depends on the magnitude and distribution of the load, dimension, 

and geometry of the loading plate and depth of embedment (or elevation 

of testing). This bearing capacity can be used in soil investigations and for 

the design of foundations). (ASTM D 1194) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Load-settlement curve in plate load test (V.N.S. Murthy) 
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It should be considered that the plate load test cannot be useful in 

cases of: 

1- Non-homogeneous soils at least to a depth of 1.5 to 2 times the 

prototype foundation width. 

2- The sandy soils plate load test results for bearing capacity as it will 

be misleading results. (V.N.S. Murthy) 

 

2.4 Soil Replacement 

(Fattah, Al-Neami and Al-Suhaily, 2015) studied the effect of 

partial replacement with fine grained soil on the bearing capacity of soft 

clay that is subjected to loading by modeling that is consisted of 2 sets 

with 4 samples for each set with considering the pattern of replacement is 

trench and square replacement pattern for each test set respectively, came 

out with the result that maximum improvement is conducted when using 

the sampling with properties of (trench pattern with dimension of B and 

extension of B/2 by depth of 1.5 B ) , ( consider B as the width of footing) 

in additional to the fact that the trench soil replacement is more effective 

that the square replacement by about (10-20)%. 

(Malik, Alshameri and Umar, 2020) that pinpointed the depth of 

replacement as the parameter that is more significant than the replacement 

width in improving the bearing capacity and the found that (3B,2B) are 

the optimum width and depth respectively for the square footing while for 

strip footing it was found that 4B is the optimum depth of replacement 

with no optimum depth of replacement. 
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(Mohammed Al-Waily, 2019) Concluded that using crushed 

concrete as replaced layer for soil improvement is more effective under 

square footing than under strip footing with the fact that the maximum 

bearing capacity ratio was conducted in the square footing. 

(Elsamee, 2019) Used a numerical modeling to study the behavior of 

soft clay when using reinforced replacement soil (soft clay below the 

replacement of different thicknesses of granular soil with many variables 

such us without or with reinforcement, no. of reinforcement layers and 

vertical spacing in-between the layers) and came out with the conclusion 

that the ultimate bearing capacity of soft clay increases with the increase 

of thickness of replaced layer and geogrid of reinforcement layer. 

(Hasanzadeh and Choobbasti, 2016) Found the critical value of 

improvement in bearing capacity value (that would be by the depth of 

replacement equal to 0.8 of the diameter of the circular footing) and if 

increased the depth of replacement to amount that is more than 0.8D will 

be without any noteworthy changes , to get this conclusion they used 

numerical analyses to obtain the bearing capacity of circular footing 

resting on clay soil that stabilized with granular compacted fill with 

different depth and lengths to show that the granular replacement 

improvement has significant effect on the bearing capacity value. 

Naema. A. Ali (2015) tested the behavior and performance of 

compacted sand replacement over treated collapsible soil by pre-wetting 

and compaction by performing the necessary field investigation on the 

replacement layers which conducted as a percentage of the plate of PLT 

and has found that the foundation settlement will be reduced by 50% while 

the bearing capacity increased with 100% for replacement of soil by 

compacted cohesionless soil  
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Chapter Three 

MATERIALS AND METHODS 

 

3.1 Introduction 

This chapter involves the nature and properties of the material 

encountered in this research: 

1- Soil, which can be described as soft soil due to the soil 

properties revealed by the soil tests. 

2- Granular material which had been used as a replacement 

material (subbase). 

The test location has been chosen to be in the backyard of civil 

engineering department / University of Babylon as it was a clear area that 

is ready for test with no structures obstacles , and for the replaced granular 

materials it has brought from outside with making the necessary elective 

process . 

The tests that has been conducted can be simply listed as below: 

For subbase: 

1. Modified Compaction Test. 

For soil: 

1. Atterberge limit (liquid limit, plastic limit & plasticity 

index) 

2. Specific Gravity determination test. 

3. Particle size distribution. 

4. Unconfined Compression test. 

Field test: 

1. Field plate load test. 
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3.2 Procedure  

3.2.1 Modified Compaction test 

A modified compaction test was made on a sample of the 

subbase according to ASTM D-1517 to determine the compaction 

parameters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Modified Compaction test apparatus 
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3.2.2 Plate load test 

The Plate Load test is designed to determine the vertical deformation 

and strength characteristics of soil by assessing the force and amount of 

penetration with time when a rigid plate is made to penetrate the soil. The 

method may be used to evaluate the ultimate bearing capacity, the shear 

strength and deformation parameters of the soil beneath the plate without 

entailing the effects of sample disturbance. Testing may be carried out at 

the ground surface, in pits or in trenches (BS 1377-9 (1990). The plate 

load test is considered to be one of the most frequently employed and 

suitable method for its purpose on soils especially when the foundation 

material is such that it is practically impossible to collect undisturbed 

samples for foundation testing. 

 

 

 

 

 

 

 

 

 

 

 

 Figure 8. Schematic drawing for the field plate load test set 
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      Firstly it was decided to make the test directly on the natural ground 

(at the back yard of the civil engineering department building) , the test 

was firstly started with making an exploration pit with one meter depth to 

be fulfilled with the soil properties and profile which as shown in the next 

figure : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-0.3 
Very hard silty clay to clayey silt with brick 

fragments and the construction materials left from 

the construction from the department building works 

-0.6 

-0.9 

Fine gray river sand 

 

Figure 9. Schematic profile for exploration pit soil properties (the origin soil in 

the civil engineering department backyard) 
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 After taking samples from each depth, the samples was as the figure 

below (before drying the samples): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Depth (m) -0.9 -0.6 -0.3 0.0 

ω (%) 28.9 23.9 15.7 11.8 
 

 

 

 

 

 

 

 

Figure 10. The water content samples for various depths (for the origin soil in the civil 

engineering department backyard) 
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 The next step was to prepare the site for the plate load test set for test 

starting by digging a hole of diameter is a little more than the plate 

diameter:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. The first testing attempt hole 

Figure 12. The Plate Load test assembly 
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The first attempt for the plate load test has been done on the natural 

ground level, And the results revealed that the natural ground is extremely 

strong and stiff enough and this was not the desired result as the target for 

the test environment is a soft soil, so it had to make another test conditions 

that meet the desired one for the test so we had to do a soil replacement 

procedure to get the location set for our investigation with providing the 

suitable site conditions as best as it is possible. 

So the test procedure was changed to another path comprised in soil 

replacement as a first step and that was by removing the existing soil for 

(1.0) m depth in a ditch of (2.5*5) m and replaced it with another clayey 

cohesive soil with small percentage of sand (comparatively weaker than 

the origin soil) and worked on flooding the ditch with water before test for 

many days in the reason of getting a soil with full setting and settlement 

and to get homogeneous weak normally consolidated soil. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. The replaced soil ditch 
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Figure 14. Flooded (2.5*5) m, (1.0) m depth testing ditch 
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After setting the desired platform for the test, it was planned to prepare 

a circular hole of 40cm in diameter with depth that is conducted as a 

percentage of the circular plate of the PLT diameter (which is 30cm) so 

the replacement thickness will be ( 3cm , 7.5cm , 12cm) as the percentage 

was ( 0.1d , 0.25d , 0.4d)  

To put down an organized description of the work we can enumerate 

the steps for as below items:  

i. The first test was conducted on the natural ground level (of the ditch) 

without any replacement, it was done with the same procedure as 

explained next. 

ii. The second test was for the replacement thickness (3 cm) started with 

preparing a circular hole with diameter of 40 cm and depth of 3 cm. 

iii. Backfill the hole with a subbase layer with suitable humidity ‘that 

was conducted previously by the modified compaction test to 

determine the optimum moisture content’. 

iv. Flooding the test pit with sufficient amount of water to get ready for 

the PLT in the next day. 

v. First thing in the testing day we had samples for water content and 

undisturbed samples for the unconfined compression test. 

vi. After making all the necessary arrangement and installation steps for 

the plate load test , we started the loading with (5 bar = 2.395 T/m2 ) 

as a start and record all the readings in through short time intervals to 

monitor the rapid change in settlement gauge readings and when the 

readings were almost constant (the soil has been with stable reaction 
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to the load increment) we increased the loading to be (10 bar = 4.79 

T/m2 ) and start to record all the readings as soon as the load changed 

, and this procedure was repeated for each load until we got the failure 

case . 

vii. After the load was released the rebound of the soil was recorded (the 

elastic rebound). 

viii. We repeated the previous procedure 3 times with changing the 

thickness of subbase depending on the percentage of plate diameter 

(0.1d, 0.25d, 0.4d) so to be (3cm, 7.5cm, 12cm). 

ix. So the 3rd test was for the replacement thickness of 7.5 cm and the 4th 

test was for thickness of 12 cm replacement. 

x. We used a water tanker truck to provide the desired reaction. 

 

 

 

 

 

 

 

 

 

  

Figure 15. The first PLT on the natural ground level 
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Figure 1. The second PLT (with 3 cm replacement) 

 

Figure 2. The third PLT (with 7.5 cm replacement) 
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3.2.3 Unconfined Compression Stress Test 

This test can be classified as one of the simplest and quickest test to 

obtain the unconfined compression strength qu and the undrained shear 

strength cu which can be related with the relation of (qu=2 cu).Sample for 

this test is saturated, undrained ‘there is no moisture loss during the test’ 

and without any lateral support, cylindrical sample with dimensions ratio 

of 2 for the height to diameter “minimum diameter of 30 cm”. We 

extracted an undisturbed saturated sample in each test day before 

conducting the PLT with dimensions the varies for each test keeping to 

have the rate of height to dia. ratio of 2 with taking into consideration of 

cross section area correction due to the reason of the fact that the cross 

section area is increased with the increase in compression ( Ac=A* ) 

To finally compute the vertical stress at any stage of the test by dividing 

the total vertical load by the corrected cross sectional area. 
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Figure 4. The unconfined compression test 
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3.3 Tests  

3.3.1 Water Content Determination: 

                Due to ASTM D 2216 - Standard Test Method for Laboratory 

Determination of Water (Moisture) Content of Soil, Rock, and Soil-

Aggregate Mixtures. 

3.3.2 Density (Unit Weight) Determination: 

                Due to D 2937-00 – Standard Test for Density of Soil in Place 

by the Drive Cylinder Method. 

3.3.3 Specific Gravity Determination: 

                Due to ASTM D 854-00 – Standard Test for Specific Gravity of 

Soil Solids by Water Pycnometer. 

3.3.4 Atterberg Limits Determination: 

                Due to ASTM D 4318 - Standard Test Method for Liquid Limit, 

Plastic Limit, and Plasticity Index of Soils. 

3.3.5 Unconfined Compression (UC) Test: 

                Due to ASTM D 2166 - Standard Test Method for Unconfined 

Compressive Strength of Cohesive Soil. 

3.3.6 Modified Compaction Test: 

                Due to ASTM D 1557 - Standard Test Methods for Laboratory 

Compaction Characteristics of Soil Using Modified Effort (56,000 

ft-lbf/ft3 (2,700 kN-m/m3))1 

3.3.7 Plate Load Test: 

                      Due to ASTM D 1194 - Standard Test Method for Bearing 

Capacity of Soil for Static Load and Spread Footings. 
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Chapter Four 

RESULS AND DISCUSSIONS 

4.1 Introduction 

In this chapter we analyzed the results that we have got from the 

in situ tests, unconfined compression test and plate load test mainly. For 

the unconfined compression test we used the digital testing device with 

almost two site undisturbed samples for each test. 

4.2 Modified Compaction Test  

 Six values of the water content were proposed as it is detailed in 

the below table: 

 

Table 2. Modified compaction test results 

Test no. 1 2 3 4 5 6 

Assumed moisture content % 4 6 8 10 10 14 

Compacted sample moisture 

content % 
3.81 5.12 6.23 7.56 10.22 13.19 

Sample density (gm/cm³) 2.01 2.13 2.26 2.29 2.26 2.22 

Dry density of sample (gm/cm³) 1.94 2.03 2.13 2.12 2.05 1.96 

 

The results were then presented graphically to draw the 

laboratory compaction curve shown in the next below figure. 
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It was depicted from that curve that the subbase used has the 

following compaction parameters: 

Maximum dry density ρmax = 2.138    gm/cm³ 

Optimum water content ωopt = 6.8 % 

 

 

 

 

 

 

        

 

 

 

Figure 20. Compaction curve 
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4.3 Atterbege Limit & Specific Gravity  

 

  LL = 32 

  PL = 18 

  PI = 14 

  Gs = 2.66 

 

4.4 Particle Size Distribution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Referred to the above mentioned data (atterberge limit & particle size 

distribution) the soil (that was used in the test site as explained next in the 

PLT) can be classified according to the Unified Soil Classification System 

to be: 

CL [ Lean Clay] 
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Figure 11. Particle size distribution curve (for soil) 
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4.5 Unconfined Compression Test  

For the Unconfined compression test the samples were extracted in 

the morning of each test before the PLT with the cylindrical Shelby tube 

with the dimension of (35 mm) in diameter and length of almost (75 to 

100) mm, with keeping the samples in the same moisture content as 

possible as it can be to start the test, the results and the calculations can be 

summarized as the next table no. 3 (the test no. 4 (with 12 cm thickness of 

replacement layer) selected to show the results and test calculations). 
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Table 3. Unconfined compression test data 
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Figure 22. Stress-strain relationship for unconfined compression strength test (for the 

soft soil) 
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4.3 Plate load test  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Test No. Location : University of Babylon Campus
Date    : Temp. : 39?

Starting Time :

Thickness of Replacement : mm

Step : 1

Pressure in Hydraulic System u (bar) : 5.00

Plate - soil contact pressure q (T/m²) : 2.40

A B C Av.

0 1 18 98 39.00 0.00 0.00 1. Ultimate settlement (mm) = 0.48

0.50 25 40 125 63.33 24.33 0.24 2. Acc. ultimate settlement (mm)= 0.48

1 32 48 132 70.67 31.67 0.32

2 48 62 151 87.00 48.00 0.48

3 48 62 151 87.00 48.00 0.48

Step : 2

Pressure in Hydraulic System u (bar) : 10.00

Plate - soil contact pressure q (T/m²) : 4.79

A B C Av.

0 48 62 151 87.00 0.00 0.00 1. Ultimate settlement (mm) = 0.81

0.50 96 120 218 144.67 57.67 0.58 2. Acc. ultimate settlement (mm)= 1.29

1 113 130 226 156.33 69.33 0.69

2 118 136 232 162.00 75.00 0.75

3 120 138 233 163.67 76.67 0.77

4 125 142 236 167.67 80.67 0.81

5 125 142 237 168.00 81.00 0.81

Plate Loading Test Observation Sheet

15-09-21

Elapsed 

time

min.

Settl. Dial guage reading (div.)

0.01 mm/div.
settl.

div.

settl.

mm
Note

4

9:35 AM

120.0

Elapsed 

time

min.

Settl. Dial guage reading (div.)

0.01 mm/div.
settl.

div.

settl.

mm
Note

Table 4-a. Field plate load test observation data sheet and data calculations for test 

no. 4 
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Step : 3

Pressure in Hydraulic System u (bar) : 15.00

Plate - soil contact pressure q (T/m²) : 7.19

A B C Av.

0 125 142 237 168.00 0.00 0.00 1. Ultimate settlement (mm) = 2.59

0.50 315 334 541 396.67 228.67 2.29 2. Acc. ultimate settlement (mm)= 3.88

1 326 343 549 406.00 238.00 2.38

2 333 350 537 406.67 238.67 2.39

3 336 352 539 409.00 241.00 2.41

4 340 357 544 413.67 245.67 2.46

5 342 358 544 414.67 246.67 2.47

6 342 359 545 415.33 247.33 2.47

7 344 359 545 416.00 248.00 2.48

8 345 361 567 424.33 256.33 2.56

9 346 362 568 425.33 257.33 2.57

10 347 364 568 426.33 258.33 2.58

11 348 364 568 426.67 258.67 2.59

Step : 4

Pressure in Hydraulic System u (bar) : 20.00

Plate - soil contact pressure q (T/m²) : 9.58

A B C Av.

0 348 364 568 426.67 0.00 0.00 1. Ultimate settlement (mm) = 3.21

0.50 651 661 860 724.00 297.33 2.97 2. Acc. ultimate settlement (mm)= 7.08

1 667 676 855 732.67 306.00 3.06

2 675 687 853 738.33 311.67 3.12

3 675 691 855 740.33 313.67 3.14

4 675 691 856 740.67 314.00 3.14

5 682 696 861 746.33 319.67 3.20

6 682 699 861 747.33 320.67 3.21

7 682 699 861 747.33 320.67 3.21

8 682 699 861 747.33 320.67 3.21

Elapsed 

time

min.

Settl. Dial guage reading (div.)

0.01 mm/div.
settl.

div.

settl.

mm
Note

Elapsed 

time

min.

Settl. Dial guage reading (div.)

0.01 mm/div.
settl.

div.

settl.

mm
Note

Table 1-b. Field plate load test observation data sheet and data calculations for test 

no. 4 
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Step : 5

Pressure in Hydraulic System u (bar) : 25.00

Plate - soil contact pressure q (T/m²) : 11.98

A B C Av.

0 682 699 861 747.33 0.00 0.00 1. Ultimate settlement (mm) = 6.76

0.50 1092 1111 1236 1146.33 399.00 3.99 2. Acc. ultimate settlement (mm)= 13.85

1 1126 1133 1243 1167.33 420.00 4.20

2 1192 1206 1326 1241.33 494.00 4.94

3 1206 1223 1341 1256.67 509.33 5.82

4 1254 1259 1370 1294.33 547.00 5.47

5 1262 1259 1377 1299.33 552.00 5.52

6 1266 1272 1381 1306.33 559.00 6.21

7 1270 1276 1385 1310.33 563.00 6.55

8 1326 1331 1446 1367.67 620.33 6.20

9 1337 1343 1452 1377.33 630.00 6.30

10 1351 1356 1466 1391.00 643.67 6.44

11 1359 1365 1475 1399.67 652.33 6.52

12 1365 1371 1480 1405.33 658.00 6.58

13 1369 1375 1484 1409.33 662.00 6.62

14 1373 1379 1488 1413.33 666.00 6.66

15 1376 1382 1490 1416.00 668.67 6.69

16 1378 1385 1493 1418.67 671.33 6.71

17 1379 1386 1495 1420.00 672.67 6.73

18 1381 1388 1497 1422.00 674.67 6.75

19 1382 1390 1498 1423.33 676.00 6.76

20 1383 1390 1498 1423.67 676.33 6.76

Elapsed 

time

min.

Settl. Dial guage reading (div.)

0.01 mm/div.
settl.

div.

settl.

mm
Note

Table 4-c. Field plate load test observation data sheet and data calculations for test 

no. 4 
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Step : 6

Pressure in Hydraulic System u (bar) : 30.00

Plate - soil contact pressure q (T/m²) : 14.37

A B C Av.

0 1383 1390 1498 1423.67 0.00 0.00 1. Ultimate settlement (mm) = 15.11

0.50 2020 2030 2240 2096.67 673.00 6.73 2. Acc. ultimate settlement (mm)= 28.96

1 2041 2046 2252 2113.00 689.33 6.50

2 2048 2055 2260 2121.00 697.33 7.68

3 2294 2300 2430 2341.33 917.67 9.18

4 2343 2348 2554 2415.00 991.33 9.91

5 2392 2400 2607 2466.33 1042.67 10.43

6 2406 2413 2618 2479.00 1055.33 10.55

7 2440 2445 2650 2511.67 1088.00 10.88

8 2450 2457 2660 2522.33 1098.67 10.99

9 2535 2542 2745 2607.33 1183.67 11.84

10 2608 2617 2825 2683.33 1259.67 12.60

11 2631 2637 2841 2703.00 1279.33 12.79

12 2680 2691 2900 2757.00 1333.33 13.33

13 2703 2710 2913 2775.33 1351.67 13.52

14 2714 2720 2914 2782.67 1359.00 13.59

15 2758 2763 2960 2827.00 1403.33 14.03

16 2766 2774 2975 2838.33 1414.67 14.15

17 2766 2782 2983 2843.67 1420.00 14.20

18 2766 2786 2988 2846.67 1423.00 14.23

19 2766 2842 3042 2883.33 1459.67 14.60

20 2766 2845 3054 2888.33 1464.67 14.65

21 2766 2859 3059 2894.67 1471.00 14.71

22 2766 2920 3119 2935.00 1511.33 15.11

Elapsed 

time

min.

Settl. Dial guage reading (div.)

0.01 mm/div.
settl.

div.

settl.

mm
Note

Table 4-d. Field plate load test observation data sheet and data calculations for test 

no. 4 
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 From (Butler and Hoy , 1977) who described the “double tangent method” 

to find the ultimate bearing capacity from the PLT data as shown in the 

below figure : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24. Settlement -pressure PLT relationship, test no. 4 (with 12 cm replacement) 
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From this above table it can be observed that the settlement was 

changed in a range of (7% to 71%) decreasing in accordance with the 

change of stress level and thickness of replacement. 

 

 

 

 

 

 

 

test no. 1 2 3 4

Thickness of Replacement 

(mm) :
0 30 75 120

load (T/m²)

0 0 0 0 0 0

5 2.395 0.84 0.27 0.78 0.48

10 4.79 3.06 1.35 2.32 1.29

15 7.185 11.04 3.18 4.8 3.88

20 9.58 19.02 7.46 7.62 7.08

25 11.975 28.35 18.37 12.16 13.85

30 14.37 29.50 20.52 28.96

15 7.185 28.32 19.56 27.94

0 0 26.74 27.31 16.70 25.89

ــــــ out of range (the guage devisions)

Load (T/m²) = u (bar) * 0.479

settlement (mm)

L
o

ad
in

g
U

n
lo

ad
in

g

pressure from 

hydraulic 

system u (bar)

Table 5. Plate load tests summery data 
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Figure 25. Settlement-Hydraulic system pressure relationship for plate load tests 
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Table 6. Bearing capacity improvement 

Figure 26. Relationship of (th./d) and BC% improvement 
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Figure 27. Relationship of (th./d) and Settlement at failure  
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Chapter Five 

Conclusion and Recommendations 

5.1 Conclusions  

Refers to the results that have been discussed in the previous 

chapter it was obvious the influence of the replacement on both the bearing 

capacity of soil plus the settlement in such desirable way by increasing the 

bearing capacity in range of (95%, 115% and 139%) comparing with 

natural ground bearing capacity and decreasing the settlement of the tested 

soil with range of (71 to 7) % which can be a significant improving results. 

5.2 Recommendations  

For the future researchers we can list a few recommendations to 

be considered: 

[1] Try to use different plate diameter in the field plate load 

test. 

[2] Try the field plate load test in different depths from the 

natural ground level. 

[3] Make the field plate load test on the natural ground level 

with each attempt of various replacement depth. 

[4] Conduct the results of the full subbase depth (almost 2 to 

2.5 from the plate diameter). 

[5] Use different replacement materials. 

 

 

 

 



 

 

 

 

 

REFERENCES 



 
 

 

REFERENCES: 

Karl Terzaghi.(1943).Theoretical Soil Mechanics. 

Braja.M.Das.(1987).Theoretical Foundation Engineering. 

Bowles, J. E. (1988). Foundation analysis and design. 

Braja.M.Das.(2011).Principles of Foundation Engineering. 

Murthy, V. N. S. 2003. Geotechnical engineering: principles and 

practices of soil mechanics and foundation engineering. 

Butler, H.D. , Hoy, Horace E.(1976). Users Manual for the Texas 
Quick-Load Method for Foundation Load Testing. 

Aleksandar S. Vesic.(1977).Design of Pile Foundation. Research 

Sponsored by The American Association of State Highway 

and Transportation Officials in Cooperation with the Federal 

Highway Administration. 

ASTM. (2003).Standard Test Methods for Laboratory 

Compaction Characteristics of Soil Using Modified Effort 

(56,000 ft-lbf/ft3 (2,700 kN-m/m3 ))1, D 1557 . 

BS 1377-9.(1990).Methods of Test for Soils for Civil Engineering 

Purposes, Part 9: In-situ Tests. 

Ali, N. A. (2015). Performance of partially replaced collapsible 

soil - Field study. Alexandria Engineering Journal, 54(3), 

527–532.  

ASTM. (2013). Standard Test Method for Unconfined 

Compressive Strength of Cohesive Soil 1. ASTM 

International, 04(January), 1–7. 

ASTM. (1994). Standard Test Method for Bearing Capacity of 

Soil for Static Load and Spread Footings. American Standard 
Testing Methods, D 1194-94, 1–3.  

Buck, P. (2006). Reference Manual – Volume I. II(132012). 

Casagrande, A. (1964). Karl Terzaghi. Géotechnique, 14(1), 1–

13.  

Elsamee, W. A. (2020). Effect of Reinforced Replacement Soil on 

Behavior of Soft Clay. January 2019.  

 

https://rosap.ntl.bts.gov/gsearch?ref=docDetails&sm_creator=Butler%2C%20H.D.
https://rosap.ntl.bts.gov/gsearch?ref=docDetails&sm_creator=Hoy%2C%20Horace%20E.


 
 

 

Fattah, M. Y., Al-Neami, M. A., & Al-Suhaily, A. S. (2015). 

Improvement of Bearing Capacity of Footings on Soft Clay 

by Partial Soil Replacement Technique. The 2nd 

International Conference of Bulidings, Construction and 

Environmental Engineering (BCEE2-2015), October, 203–

208. 

From, D., & From, D. (n.d.). Dedicated to the Cause of Students.  

Hasanzadeh, A., & Choobbasti, A. J. (2016). Estimation of 

bearing capacity of circular footings on clay stabilized with 

granular soil : Case study. International Journal of Civil 

Engineering and Geo-Environmental, 6(September 2017), 

47–54. 

Hunt, R. E. (2006). Geotechnical Investigation Methods. 

Geotechnical Investigation Methods.  

Malik, Z. B., Alshameri, B., & Umar, D. (2020). Experimental 

and Numerical modelling of bearing capacity of foundations 

on soft clay stabilized with granular material .thesis 

submitted in partial fulfilment of the requirement of master 

degree. January 2022. 

Mohammed Al-Waily, M. J. (2019). Effect of Partial 

Replacement with Crushed Concrete on Settlement and 

Bearing Capacity of Soft clay. IOP Conference Series: 
Materials Science and Engineering, 584(1).  

Mohan, U. V., Vijaya Bhaskar, S., & Nagendra Prasad, K. (2015). 

The Effect of Replacement of Soil by More Competent 

Granular Fill. IOSR Journal of Mechanical and Civil 

Engineering Ver. I, 12(2), 2320–2334. 

Rajapakse, R. (2008). Geotechnical Engineering Calculations and 
Rules of Thumb.  

 


	cover (2)
	ABSTRACT
	فاصلChapter one
	CHAPTER ONE - INTRODUCTION
	فاصلChapter two
	chapter two2
	فاصلChapter three
	CHAPTER THREE - MATERIALS AND METHODS (1)
	فاصلChapter Four
	CHAPTER FOUR-RESULTS AND DISCUSSION (1)
	فاصلChapter Five
	CHAPTER FIVE-CONCLUSIONS AND RECOMMENDATIONS
	فاصلreff
	reff

