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ABSTRACT

In this thesis , in -.situ'density aﬁa moisture —’dénsity
relationship of cement -.treated base layef of a pavement
biéyeréd system are tested within the programme .of Kadikdy
Yeldeéirmepi Project .Similar layered,éystems are analyied by
computer as a parémetfic sﬁudy to find thé.expectéd solutions
-for stresses and deflections of the designed layered system

under the design loadé,

For this purpose , In place soil densities of cement - treated
base layer are measured with field density test in Kadikoy
Yelde@irmeni Region and the results are compared with the

compaction test results obtained in the laboratory.

Additionally, The expectea éolutions of similar layered systems
are . analyzed as a parametric study using multi - layered
elastic system éomputer - program determining the various
éomponent stresses and stréiﬁs in a three dimensional ideal

elastic léyered systembundef expected vehicle loads .



OZET

" Bu tezde , Kadikdy. Yelde§irmeni proje programina uygun olarak
gimento“stabilizasyqnlu fémel tabakanin. arazideki yodunlugu ve
ybéunluk - = nem iligkisi deneysel olarak incelenmisgtir.
Arazideki temel tabakayav benzer sistemlerin proje. yﬁkleri
alt1nda~bekieﬁen gerilme ve deformasyon dééerleri bilgisayarda

parametrik olarak incelenmigtir.

Bu amagla , ¢imento stabilizasyonlu temel tabakasinin arazideki
yogunluklara , Kadikoy Yelde§irmeni BOlgesinde arazi yodunluk
deneyi ile Olglilmis . ve sonuglar laboratuvarda elde edilen .

kompaksiyon denéy sonuglara ile karsgilastarilmistair.

Bu ,gallsmaya ilave olarak , arazideki temel tabakaya benzer
sistemlerin tahmini ¢o6zumi , tasarilan kamyon ylkleri altainda ,
i¢ boyutlu ideal elastik tabakali sistemin g¢esitli gerilme ve
defo;masyon‘deéerlerini belirleyen ¢ok tabakali elastik sistem

bilgisayar programi ile parametrik olarak incelenmigtir.
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;aboratory and many field density tests using sand cone
apparatus . are performed within the Kadikdy - Yelde@irmeni

Pavement Construction Project .

The used  multi - layered elastic system computer .program
determines -the various cdmponent'stresses ahd_ strains in- a
‘ three dimensional ideal_elaétic.layered system with a single

- vertical uniform circular load at .the surface of the system .

In chapter II , project description , geotéchnical study of
pavement structure , test procedures and evéluation of test

results of a soil - cement base layer are presented .

In chapter IITI , the solution for stresses and deflections of
elastic layered systems are given in the form of parametric
study . In this study , two basic systems nameiy two and three
layered system are studied using a computer. program which is
developed for CDC system from a common}y known program called

Chevron 5L .

In chapter IV , the Solutions for Stresses and deflections of
.elastic layered systems are given as an auxiliary method to a
new instrument'_called Dynaflect:extensively used for moduli

determination .

In chapteer , a brief summary of the work énd conclusions are
given . In Appgndix A , soil laboratory test results are given.
In Appendix B , the description of the computer program ,
operating notes , limitations , and a sample input data are

given .



IT - PROJECT DESCRIPTION AND GEOTECHNICAL STUDY
.'OF PROPOSED- PAVEMENT STRUCTURE

2.1 INTRODUCTION

Kadlkéy municipality has planned to feconsﬁruct the existing
' infra - structure and pavemeét system of the roads in Kadikdy .
To' achieve 'an.'economical .+ - decorative and long lasting
interlocking_ pavement,system R Yeldegirmeni~region is chosen
as a pilot1area . ( Figure 2,1 ) 4

. design criteria (axial load , traffic densify)

. pavement layer properties (surface and base layer)

. subgrade layer properties
are taken into consideration and following cross - section is
chosen according to  serving criteria and subgrade layer
properties. of the pilot area. (Yeldedirmeni region) (Figure 2.2)
Geotechnical st&dy, of ‘prdposed'pavement structure will " be

presented in this chaptér.
2.2 PROPOSED CROSS - SECTION

The' proposed cross - sectibn prepared by the design firm Yapa
Merkezi (Reseach , Design'& Construction) given in Figure 2.2
is composed of interlocking conc#ete pavement layér overlying
on avthin sand layer and cement treated base 1layer. Thickness
of the iayers are proposed as 8 cm for interlocking pavement ,
3 cm for . cushioning sand layer and 20 cm for base layer

according to the design and propérties of these layers.

2.2.1 Subgrade Layer

Ayrailikgesme Sokak " is 'chosen as the first ‘place of
Yeldedirmeni region for determination q% existing subgrade
layer properties and samples are taken from three

different locations. Laboratory tests are performed on
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these  samples to determine the properties of existing
subgrade layer and the results are tabulated in Table
2.1. According to the laboratory test results , subgrade
layer is determined-as‘ciayey sand (sC). Plastiéitylindex
’ ip is found g;eatéf,than 20 'in some places (see sample
no 3, Km 0+395 ) - Compaction criteria for the subgrade
layer are also detéfmined by standard proctor test (ASTM -
D 698-70) and optimum water content , wopt(%) is found as
16.4 and maximum dry density'deax(t/mB) is found as 1.67.
(Tabie 2.1) ' |

2.2.2 Base Layer.

Cement - treated base layer having 20 cm thickness is
decided .to be used over the subgrade layer. For this
purpose , a coarse material ‘and a fine material which will
be used as a base layer material are tested in the
‘labdratory for the determination of the optimum mixing

ratios .

Sieve BAnalyses of the coarse énd fine ‘matérials are
performed and the vfesults ‘are given in Appendix . A.
According to these sieve analyses and gradation curves ,
coafse material is found as well-graded gravei (Gw ;_A—la)
and fine materiél is found at the lower limit of well-
graded gravel. Therefore , if is decided that both
material will be mixed together to have an ideél gradation
cufve and well - graded base material. After  the
evaluation of test results, it is found that ideal mixing
ratio of both material is 30 % of coarse material and 70 %
of fine material in volume ( Table 2.1 ) .-
) o
Standard and Modified Proctor Tests (ASTM-D698-70 .and
ASTM-D1557-70) are carried dut for the mixed base layer

material passing from no. 4 sieve and compaction



Table 2.1. KADIKOY YELDEGIRMENI PROJECT . SUMMARY OF SOIL LABORATORY TEST RESULTS

~ - — STANDARD | MODIFIED
KADIKOY YELDEGIRMENi PROJECT |ATTERBERG LIVMIITSG — dGRADAT|ON CLASSIFICATON “PROCTOR. |. PROCIOR CBR _TEST
: wn (Wi |w ravel} Sand}_ W) - -y ¥ w Lf ¥ S '
SOIL TYPE LOCATION VPSSP P o | o [ o okt | U | Ce fuscs Oagpt. |*dmaxiucont. (ddmax &) 1 5do | on | Dry [wet
‘| Ayrilikgesme sokak : ‘
k. 04020 wo|284f198f86| - | - feojt0f - |- |- |-
Ayrilikcesme sokak ' ' v
Sgade | 158 |36.7|209 |158 | 270 | 610 | 120 [ 10 {207 | - bM.scla2.80l.
Ayritikesme sokak : _ ' : 176 | 1.73 |
km. 0+395 18,2 14321204 {22.8 3{:.0 53.0({ 130 30 {340 | . SC A.27(0) 16.4 | 1.670 87 | 170 133 | 83 {93
Fine Material 520 [440| 40| - | 89 | 1.4 | GW [A.la
: Coarse Material 790 [ 180{ 30| _ |360 {13 | 6w |A.1a
Base : _ —
Soil Mixed Materiat(! 730 | 270 - | - |00 | 17 | ow ana| ns [ 197572 Jaus| - [190) _ | 30| _
&Z’I‘:r“ita]éﬁea‘ed 730 (270 | _. | - [100] 17 | ow [A.ta | 107 | 1986|100 |209 - |m0] _
Sand  [Sand Layer 90 [910| 00| _ | 17| 103| sP
DESCRIPTIONS
“Wp {*/6) : Natural Water Content -N0:200 (/o) : Silt+Clay Percent USCS : Unified Soil Class. Syst. s(°/) : °/oWater Absorbed ‘
uy (°/e) :Liquid Limit _2/44 (°/a) :Clay Percent Wopt : Optimum Water Content (1) : °/a30coarse+°/70 fine{in Volume)
Wp {°) :Plastic Limit u :Uniformity Coefficient S dmax: Maximum Dry Unit Weight base material _
Ip (/o) - Plasticity Index Cc :Curvature Coefficient ' ' (2):(°/030 coarse +°/s70 finek°/o S cement

in Volume



properties of the base material are determined. According
to .compaction test results, (given in appendix A) ‘optimum
watgr content. is found as 11.5 % for standard proctor test
and 7.2 % for modified proctor test and maximum dry
density is found 1.975 t/m3 for standard proéto£ test and
2.115 t/m3 for modified proctor test . However 45‘%,of the
sample is above‘the.no, 4 sieve , therefore required water-

amount which will be given in the field must be calculated

acéordingly .

In CBR test , . it is seen that , CBR value can be very low
(CBR=3.0 , Table 2.1) , if the required water content is
not calculated correctly. Therefore , it is decided that ,
base layer material will be stabilized with cement when

such base thickness is. considered.

For this purpoée , mixed base material is treated with 5 %
cement iﬁ volume. Water content of the cement~treated base .
" material is chosen 12.5 % considering the additional water
amount for cement hydration during compaction. Required
curing period of compacted cement treated base layer is
determined -as 48 hours to gain the required strength.
Standard and modified proctor tests are also performed for
cement-treated base material. Optimum water content and
maximum dry density are found as 10.7 % énd 1.986 t/m3 for
standard proctor test , and 10 % and 2.090 t/m3 for
modified proctor test. (Appendix A)

CBR value of the compacted base material is measured as 70
when the cement—treatedksample is compacted according to
the standard proctor test. This.value is suffiéient for
thé basé material under the design'loads and thicknesses .
(Soil-Cement = -Construction Handbook,/ Portland Cement

Association)



'2.2.3 sand Layer
)

It is proposed in literature that, 3 ocom sand layer
thickness wil}>:be'sufficient for interlocking pavement
layer. 'Sand particles inté:iock concrete -blocks under the
vertical loads when the sand layer s compacted with
concrete blocks. The cémparison of sand gradation values
with the values given in litefature are tabulated in Table
2.2. 1It.is seen that , éahd passing no. 100 sieve is not
in the limits given in litérature. Therefore fine sand was

added to the selected sand to piovide the proper gradation

‘curve .,

Table 2.2.- SIEVE ANALYSIS OF SAND

Sieve :No. Literature Sand Used
(Appendix A)
% Passing % Passing
3/8 inch i00 - 100
No.4 ' 85 - 100 98 -
No.100 10 - 30 ' 2

2.2.4 Pavement Thickness

It is obvious that the pavémentithickneSS’is related to
the design criterié . Ayrilikcesme has a traffic density
of 1less than 50 vehicles/hour. It is classified as BH-1.
(Concrete Block‘Pavement, Design and Cdnstruétion National

Concrete Masonry Association). Accordingly, -for a base

(*) "Concrete Block Pavement Design and Construction"

‘National Concrete Masonry Association



layer of CBR = 8 - 9,(Table 2.1) required layer
thicknesses are given in Table 2.3. This table shows that,
the ‘pavement thicknesses of the préposed_cross-section are

within the limits recommended in the literature .

Table 2.3 - LAYER THICKNESSES FOR H - 1 TYPE ROAD

Proposed Thickness

Layer Type inch cm
Interlocking Pavement 31/8 - 35/8| 7.9 - 9.2
1 Sand Layer _ 1-2 2.5 - 5.0

Crushed Stone Base

Layer(1) 8 20

(1) When cement treated base material is used instead of
crushed stone base material , required thickness will be

iesser
2.3 EQUIPMENT AND COMPACTION

It is proposed that the cement-treated base 1layer having
optimum water content should be E?mpacted' till to achieve
minimum relative compaction value , 95 % for standard
proctor test or 90 % for modified proctor test . Base material
( 70- % fine + 30 % coarse ) having 5 %,cement—tieated in volume
should be 1laid down and compadted until the final base
thickness became 20 cm. Compaction should be performed with
vibratory roller and relative compaction values should be at
least . the values stated above as a "design criteria. The
variation of base thickness should be ¥ 1 cm to prevent the

" relative deformations of the interlocking pavement.

)

(*) Design criteria given in ASTM cbmpaction tests (D698-70 and

D1557-70)

10



It was recommended that the sand layer having 3 cm thickness
should be laid down after the gradation curve of sand material
‘is corrected according to the litefatufe. Interlocking: pavement
~layer is placed on the sand layer and compacted togétherIWith a

hand vibrator.
"2.4 COMPACTION CONTROL

The aim pf the compaction control is'to show the adequacy of
the__compactéd cement-treated base layer in comparison to the
design criteria. For this purpose , in-situ unit wéight§ of the
.base layer were meaéuredAwith a sand cone apparatus in Kadikdy
Yeldegirmeni region. These in-place unit weights are compared
with the maximum dry unit weight obtaihed from laboratory
‘compaction tests ( Table 2.1 and Appendix A ) according to the
proposed design'criteria. |

Fér a brief information , methods for the laboratory compaction
tests to obtain the moisture - density relatipnéhip and methods
for the field density test to determine the in-situ density of

soil will be diséussed in the following'section .

2.4.1 Laboratory Compaction Tests

. (*)
A. Standard Compaction Test

The standafd test consist of taking about 3 kg of soil
sample and passing it through a No:4 sieve , adding water
and compacting it into a 944\cm3imold in three layers with
25 blOWS per layer , using a 24.5 N compécting hammer
dropping 0.305 m-onto the soil . This delivers a nominal

compaction energy ( kilojoules or kJ ) to the soil of

(*) standard Proctor Test , ASTM D698-70

N



3(:25) ( 24.5) ( 0.305)

CE TR e e e = 593 7 }(J’/‘n3
9.44 X E - 4 ( 1000 )

The compacted sample is broken down to tﬁe No:4 sieve size
as determined visually , water -.content samples are taken

 more water is added the 3011 thoroughly remlxed , and

the process of compacting a mold of soil is repeated .

This sequence is repeated a sufficient number of times

that a curve of dry density vs. water content can be drawn

which has a zero slope ( a maximum value ) with sufficient
points on either side of the maximum density point to
adequately define its location . Dry density is always the
ordinate of the curve . The maximum ordinate wvalue is
termed maximum densit& and the water content at which this

dry density occurs is termed the optimum moisture content.
Relative compaction is the term used to compare the in -

situ compacted soil to the laboratory,compaction curve .

Relative'compaction is defined as

- density of compacted field soil

R.Comp. = - -= x 100 .. (2.1)
(%) maximum laboratory dry density-.
()

B. Modified Compaction Test

The modified comﬁacted test coﬂsist of about 4 kg soil
sample and passing it through a No:4 sieve , adding water
and compacting in into a 944 cm3 mold in five layers with

J

(*) Modified Proctor Test , ASTM D1557-70



25 blows per layer , using 44.5 N compacting hammer
dropping 0.46.m onto the soil . This delivers a nominal
cpmpéction energy into the soil of 2710 kJ/m3 which is

about 5 times the compaction energy of standard test .

2.4.2 Field Dehsity Test

Once - compaction criteria are established for the soil at

_the lapgratory ’ .field‘dﬁnsity of the soil is determihea
with sand-cone apparatus. The sand-cone enable to

find the volume of the hole and one obtains a known weight
of damp ( or wet ) soil from a‘small excavation of some
what irregular shape ( .a@ hole ) in the ground , the wet

density is_simply computed as

Weight of damp soil

© Ywet = : : .. (2.2)

Volume of hole

and if - one obtains the water content,w of the excavated

material , the dry unit weight of the material is

wet
Xdry = —_— : o (203)
1+ W ‘
Xwet = wet unit weight of the material
w

water content of the material

The sand - cone method is an indirect means of obtaining
the volume of the hole . If one has a constant - density

‘material , the hole volume is

(*) sand Cone Method , ASTM D 1556-64

13



Unit weight of material
2.5 TEST PROCEDURES AND EVALUATION OF TEST RESULTS

Standard and hodified compaction tests are carried oﬁt for both .
base materiai (. 70 % fine + 30 % coarse ) and 5% cement -
treated base material. Maximum dry unit weight and optimum
moisture content are determined and givén in both Table 2.1 and

Table 2.4,

Field density ;tests'are carried out in Kadikdy Yelde§irmeni
region using sand - cone apparatus during the project .
‘ Figures 2.3 and 2.4 show two pictures taken during the field
density test procedure . The locations of the field density

‘tests are shown in Figure 2.5 .

‘Table 2.4 - COMPACTION TEST RESULTS

Standard Proctor "Modified Proctor
Without | With : Without With
Cement Cement Cement Cement
Optimum Water A
Content, Wyt % 11.5 10.7 7.2 | 10.0
Maximum Dry Unit ‘
Weight ¥gpay t/m3 1.975 1.986 /2,115 2.090

1

NoteA: Test records are given in Appepdix A.N



Figure 2.3 _ FIELD DENSITY TEST _ BASE PLATE PLACEMENT AT
KADIKOY YELDEGIRMENI REGION

Figure 2.4 _FIELD DENSITY TEST WITH SAND CONE APPARATUS AT
KADIKOY YELDEGIRMENI REGION
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In - place wet soil density and dry soil density are determined

and given in Table 2.5. Relative compaction values for both

standard and modified proctor tests are also presented in this

‘table According to the design criteria , relative ébmpaétion
- values should be 95 % for standard proctor test and 90 % for
modified proctor test . As it is seen frém-Table 2.5 , relative
compaction values obtained  from the _in-situ density tests
satisfy . the design criteria. The mean dry unit weight is
calculated as 1.996 t/m3 ‘which is almost the same value

obtained in standard proctor test . Standard deViation value is

calculated as 0.086 . This is approximately equal to 4 % of the

mean dry unit weight obtained from the experiments .
2.6 SUMMARY AND CONCLUSION

Geotechnical study of the proposed pavement structuré is given
in this- chapter. For this;purpose , - layer parameters of
proposed pavement structure are chosen according to design
criteria and subérade layer properties . Afterwards laboratory
tests are conduqted on the samples of pavement materials to
define the layer properties . Finally, field density tests are
perfdrﬁed on the compacted base layer td determine ﬁﬁe adequaéy

for the selected design criteria.

As iﬁ is seen from both laboratory and field tests, proposedv

pavement structure is sufficient according to the design .
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Table 2,5 - FIELD DENSITY TEST RESULTS

Relative Compaction
Exp. In - place Y . _
Location Sténdard . Modified
# ‘Kdry - t/ﬁ3 Proctor (1) | Proctor (2)
1 2.00 100.7 95.7
Diiz Sokak 2 1.85 93.2 88.5
' 3 1.93 97.2 92.3
6 1.94 97.7 '92.8
4 1.94 97.7 92.8
5 1.99 100.0 95.2
Duatepe Sokak | '8 1.91 96.2 " 91.4
9 2.07 104.2 99.0
10 2.05 103.2 98.1
Yel Degirmeni | 7 1.93 97.2 92.3
11 1.90 96.2 . 91.4
Tasli Bayir 12 2;07 104.2 99.0
Sokak 13 1.99 100.2 1 95.2
' 14 2.05 103.2 98.1
15 2.00 100.7 95.7
Uzun Hafaz 16 1.90 95,7 90.9
Sokak 17 2.03 102.2 97.1
| 18 1.94 97.7 92.8
19 1.96 98.7 93.8
fzzettin 20 2.15 108.3 102.9
Sokak 21 2.06 103.7 98.6
| Neset Cmer 22 1.92 96.7 91.9
Sokak 23 2.18 109.8 104.3
Glilgen Sokak | 24 2.16 108.8 103.4
25 1.99 100.2 95.2
(1) Samax = .1.986 t/m3 Ydry (av) = 1.996 t/m3
(2) Bamax = 2.090 t/m3 ©Ndry ='0.086

Note : Test records are given in Appendix A .
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III - THE SOLUTIONS FOR STRESSES AND DEFLECTION OF
PROPOSED PAVEMENT STRUCTURE

3.1 INTRODUCTION

The solutions for stresses and deflections of the proposéd
pavement: structure will be dgiven as a part of the desigﬁ study
in this chapter. For this purpdse', two construction stages of

the proposed pavement structure are taken into consideration.

These are;

— Section taken from Kadikdy Yelde§irmeni regidn'before the

pavement surface covering of interlocking concrete blocks.

- Section taken from Kadik8y Yeldeégirmeni regibn after  the

pavement surface covering of interlocking concrete blocks.

In this chapter, the section taken before the pavement covering
will be defined as " Two Layered System " and composed of
subgrade'léyer_ahd cement— treated base layer.. Similarly , the
section taken after the paVement surface cdvering will be
defined as " Three Layered System " and composed of subgrade
layer ; cement-treated base layer and pavement surface layer
and pavement suface layer is assumed as a single layer‘due to
the fact that , sand layer under the interlocking pavement
helps to interlock the concrete blocks each other when both
layers are coﬁpacted together. ‘

Both sections are studied using a computer program“ which is
developed for CDC. system from a cbmmonly known computer

program called Chevron 5L. This program is based on the

(*) Michelow J., "Analysis Of Stresses,anq Displacements In An
N - Layered Elastic System Under A Laad . Uniformly

Distributed On A Circular Area", Chevron Research Comp.1968

.
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asgumption that , all the layers are homogeneous , isotiopic

. and elastic. Program solutions are given in British Units.

Wheel load and tire pressure is taken from the ‘design criteria.

" The exgacted'.stresses "and deflections of both systems for

various depths and material propertiées are given in the form of :

parametric study ‘in this chapter.

3.2 THE'COMPARISON OF THE COMPUTER SOLUTION WITH THE OTHER
EXISTING SOLUTIONS

In order to verify the exactness of the computer program

solutions after +the adaptation to the CDC system , two -

different payemént structures having elastic modulus decreasing
with depth and vertical uniform circulér load on the surface (
given in Tabie 3.1 ) afe-analeed . The stress, strain- and
deflection values at the center of the loaded area are compared
with the values‘ given by Acum & Fox (1951) based on the
assumption that two elastic layers on a semi-infinite elastic

subgrade = and continuous interface and. it is seen that stress,

20

strain and deflection values are almost the same for both,'

cases. (Table 3.1)

Another comparison is made between the computerA solution and
Vaswani* solution. The results are given in Figure 3.1 ..kIt
is seen that maximum deflection values for different base
thicknesses. and elastic moduli of base layer are approximately

the same .

)
.'(%) Vaswani,Nari K. , "Method For Separately Evaluating
Structural Performance Of Subgrade And Overlying Flexible

Pavements " , Highway Research , Number 362
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Table 3.1 - A COMPARISON BETWEEN THE COMPUTER SOLUTION AND

ACUM & FOX SOLUTION

BRS

Subgrade Interface

Solution For Computer Acum & Fox - Problem Type
.Solutidn ’Solﬁtion '
Vertical Stress At _

: Baée/Subgréde 32.85'psi 32.85 psi :
Interface ’ 4//—232§£?
Maximum Deflection , .

At the Surfgce' 0.0896 inch | 0.092 inch pavement 51:3?000% -
Radial & Tangential E2=20000psi
Stress At Base 7 23.04 psi 23.04 psi base M05 1o
Subgrade Interface ' 3
Radial & Tangential subgrade E3=10.000psi

{strain At Base / 0.001397 0.001397 M3=05

Subgrade Interface’ ‘
Vertical Stress At
Base/Subgrade B 3.587 psi 3.640 psi P=50271b
Interface ) //r-qﬂ00p§
Maximum Deflection : —_
At the Surface 0.0186 inch | 0.0192 inch _pavememi:zg?g'ooow d

- E,=30.000psi
Radial & Tangential base M=05 e
Stress At Base / 11.04 psi 11.06 psi

: TIIITIIIIIIIIIITITIITII I

- Subgrade Interface subgrade E-6000psi
Radial & Tangential‘ , M3=05
Strain At Base / 0.000244 0.000245

Note :

the center of the loaded area.

)

The stress,strain and deflection values are calculated at
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3.3 TWO LAYERED SYSTEM

-As stated earlier the pavement structure defined aé " Thrée
Layered System " is the section taken from Kadikdy Yeldeglrmenl
region before the pavement surface coverlng of concrete blocks.
Two layered system composed of subgrade layer and - cement-
treated base layer, is studied for the purpose of determination
of'vexpectéd‘ stresses ana deflections of two layered system'
under the design loads. Design loads are determined according
to the design criteria . Chevron 5L gives the solution for
stresses and'deflections in British Units. Some'of the layer
parameters are taken as variable to .pefform a sensitivity
analysis and to define the behavior of two layered system
under the Qesign loads, Valﬁes given for layer parameters in
the parametric-study of two layered system are given ‘in Table
3.2. '

In the parametric study, cement —-treated base layer thickness
is taken és variable . Elastic modulus of subgrade layer is
assumed as 1000 p51 for weak soil type. Elastic modulus of base
layer and poisson's ratio .-of the subgrade 'are' assumed as
variables. Radial distances away from the applied 1load for
deflections are taken according to the Dynaflect measuring
array ( see Chapter IV ). Two layered system profile and System

parameters are shown in Figure 3.2 .

3.3.1 Maximum Deflection Of Two Layered Systems Under

A Uniform Circular Load On The Surface

A parametric study on maximum deflection of Two Layered
SYstem under - a uniform circular load on the surface is
performed and the relationships are presented in Figures

J

3.3 - 3.4 .
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Table 3.2 - VALUES USED IN.THE PARAMETRIC STUDY OF TWO LAYERED

SYSTEM

Wheel‘Load,'P = 9000 1b , Tire Pressure, q = 70 psi,}
, | Load Radius‘ = 6.4 inch -
Layer :
Type Thickness 'Elas.Modulus Poisson's R. | Radial Dist.
V Away From
Apblied Load
h . E H ' r
inéh psi inch
‘semi-Infi.| a) 1000 a) 0.20 a) 0.0
Subgrade . b) 0.40 b) 10.0
c) 0.47 c) 15.6
Layer S | d) 26.0
e) 37.4
£f) 49.0
Cement a) 1 a) - 5000 a) 0.20 a) 0.0
b) 2 b) 30000 b) 0.40 | . b) 10.0
Treated c) 4 c) 300000 c) 0.47 c) 15.6
d) 6 d) 3000000 B d) 26.0
Base Layer| e) 8 \ e) 37.4
£) 10 : f) 49.0




P=90001b
q=70psi
6.6"Radius

Base
E,h,/{ variable

1
77

Subgrade : E =1000 psi
Semi.infinite

M=variable

Figure 3.2_TW0 LAYERED SYSTEM PROFILE AND SYSTEM PARAMETERS
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The effect. og elastic modulus of base layer on maximum
deflection at surface is shown in Figure 3.3. Maximum
deflection values are plotted ag@inst distances away from
the center of the applied 1load. Subgrade = material
properties and  base layer‘ thickness are taken as
constants. .The " values used fbr elastic modulus of base
layer " vary from 5.000 psi to 3.000.000 ps1 for weak and
Stlff bas¢é material accordlngly._

It is seen from Flgure 3.3 that, the effect of elastic
modulus of 'the base layer on maximum deflection stays
almost constant after a littie decrease for stiff Dbase
material r However decreases exfénsively for weak base
matérial_when the distance from the center of applied load

increases.

The effect of boisson's ratio of the layered system on
maximum deflection’'at surface is presented in Figure 3.4.
Maximum deflection Qalqes are plotted against distances
away from the~c¢nter of the applied load for two types of
base material - weak type , E = 5,000 psi and stiff type ,

E = 300.000 psi . Base thickness is taken as constant. It

is determinéd that , the effect of elastic modulus of base
layer on maximum deflection is much greater than the

effecf of poisson's ratio for the same pavement structure.

3.3.2 Stresses And Stralns Of Two Layered System Under

A Uniform Clrcular Load On ‘The Surface

A parametric study on stresses and strains of Two Layered-

System' under a uniform circular load on the surface is
performed and  the relationships are presented in Figure

3.5 - 3.9 .
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Vertical stress values at subgrade - base interface are

plotted in Figure 3.5 for the base layer having different

elastic moduli and base thicknesses., Elastic modulus of

subgrade and poisson's ratios of the layered system are

taken as constants. It -is possible - ‘to determine the
requi;ed base thickness against maximum vertical stress
for the base layer having specific material properties

from Figure 3.5 and it is also possible to determine the

required material properties against maximum vertical

stress for the base layer having constant height.

The relationship between vertical strain and base
thickness with different elastic moduli of base layer is
presented in Figure 3.6. It is determined that , vertical
strain value at subgrade - base interface increases
extensively whén the elastic modulus of subgrade decreases
however, increasés very little when the base thickness

increases.

Tangential stréss values at subgrade - base interface are
plottéd. against thickness of the base layer having
différent elastic moduli of base layer and presénted in
Figure 3.7. Elastic modulus of subgrade and poisson's
ratios of the layered system are taken as constants. It

can be concluded from the figure that, tangential stress

values calculated for various elastic moduli of base layer

decrease linearly when the base thickness increases
linearly. It 1is also possible to determine the required
base thickness or base material properties according to

-maxXimum tangential stress.

The relatibnship . between - tangential strain - and base

" thickness with-different elastic modu;i of base layer is
' )

presented in Figure 3.8. It can be concluded from the

figure that, the effect of'elastic modulus of base layer

™)
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on tangeptial strain at subgrade - base interface is the

same with the effect of base thickness. ‘When the same '

increment ratio is used for the values of base .thickness
and elastic modulus of base material, . tangential strain

value decreases linearly adcording to the increment ratio.

..The effect of ' elastic, modulus of base.-léyer -bn. shear
stress at subgrade — base interface is shown ‘in Figure
_3.9.' Shear stress values.are plotted»against distances
‘away from the center of the applied load. It is seen from
the figure that , Zthe effect of elastic modulus'bf base
layer on shear stress decreases extensively when the

distance from the center of the appliediload increases.

3.4 THREE LAYERED SYSTEM

The pavement structure defined as " Three Léyered System " 1is
-the section .taken from Kadikdy Yeidegirmeni region after the
pavement surface covering. of interlocking concrete blocks.
Three layered system composed of subgrade layer , cement -
treated base layer and pavement layer is studied similar to two
layered system. Valueé used in the pérametric study of three
léyered éystem are given in Table 3.3.
In the parametric study , pavement thickness is taken as 4 inch
(interlocking pavemént + sand layer). Modulus of elasticity of
pavement layer is taken as 4.000.000 psi whiéh is egual to
elastic modulus of concrete. Elastic modulus and thickness of
the cement-treated base layer are taken as variables. Elastic
modulus of subgrade is also taken as variable. The effect of
poisson's ratiés of Dboth layers dre also studied. - Radial
distance. away from thg.applied load for dé%leétions are taken
according to Dynaflect measuring array (see chapter IV). Three

layered system profile is shown in Figure 3.10 .
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Table 3.3 = VALUES USED IN THE PARAMETRIC STUDY OF THREE LAYERED
SYSTEM ’ ’
Wheel Load, -P = 9000 1b , Tire Pressure, q = 70 psi,
and Radius .= 6.4 inch. o
Layer : R
Type Thickness Elas.Modulus Poisscﬁ's R. | Radial Dist.
' Away From
Applied Load
h- E H r
inch psi inch
Semi-Infi.| a) 1000 a) 0.20 a) 0.0
Subgrade b) 5000 b) 0.40 b) 10.0
¢) 10000 ‘ | c) 15.6
Layer d) 50000 d) 26.0
- e) 37.4
f) 49.0
Cement a) 5 a) 100000 . a) 0.20 a) 0.0
b) 10 b)1000000 b) 0.40 b) 10.0
Treated c) 15 c) 15.6
d) 20 d) 26.0
Base Layer e) 25 e) 37.4
£) 49.0
a) 4 a)4000000 a) 0.20 a) 0.0
Pavement b} 0.40 b) 10.0
c) 15.6
Layer d) 26.0
' e) 37.4
f) 49.0
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3.4.1 Max1mum Deflection Of Three Layered System Under A

Unlform Clrcular Load On The Surface

A parametric study on maximum deflectlon of Three Layered

. System under a uniform c1rcu1ar load on the surface is

performed and the relationships are presented in Fignres_

3.11 - 3.16 .

The effect of elastic modulus of subgrade layer.on maximum
deflection at surface is presented in Figure 3.1l. Maximum
deflection values are plotted against base thicknesses.
Elastic moduli of pavement layer and base layer are taken
as 4.000. 000 psi for 1nterlock1ng concrete blocks and
1.000.000 p51 for stiff base material. The values used for
elastic modulus of subgrade layer vary from 1.000 psi to
10.000 psi. As it 1s seen from Figure 3.11 , the requlred
base thickness agalnst maximum deflection at surface can
be determined for the subgrade layer having different

elastic moduli.

The effect of elastic modulus of subgrade layer -on maximum
deflection at surface is presented in Figure 3.12 similar
to the Figure 3.11. Additional curves (dotted lines) are
plotted for the base layer having weak soil properties
(Ep = 100.000 psi) to see the effects of elastic moduli of
base and subgrade layers on maximum deflection at surface.
It is determined that, the increment on the wvalue of
elastic modulus of subgrade layer affects the maximum
deflection at the. surface more than the increment on the

value of elastic modulus of base layer.

The relationship between maximum deflection at surface and

distance from the center of applied load with - different

base thicknesses is presented in Figure 3.13. It can be

concluded@ from the figure that, the effect of base
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thickness on maximum deflection at the surface is much

less . than the effect of elastic modulus of base layer

shown in Fiqure 3.14.

The effect of elastic moduli of base and subgrade layer on

maximum'deflection at surface is studied againét distances

from the center of applied load and presented in Figure

3'145 ‘The conclusion given for Figure 5.12 is aléo valid

for this figure.

The relationship’between maximum deflection at surface and

distance from the center of the applied 1load with
different poisson's ratios is presented in Figure 3.15. ' It
is determined tbat, the effect of poisson's ratio on
maximum deflection at surface is much less than the effect

of elastic modulus for the pavement structure having same

layer thicknesses.

The relationship between required base thickness for the
layered system having meximum 0.01 inch deflection at
surface and elastic modulus of subgrade 1ayer with
different elastic moduli of base layer is given in Figure

3.16. It is possible to determine the required base

thickness according to the maximum allowable deflection .

at - the surface for Fpe pavement structure having specific
' material propertiesk;‘ . For example, to heve a maximum
- deflection 0.0i inch at surface , the required base
thickness is found as 5 incﬁ from the Figure 3.16 for the
pavement structure having elastic moduli 1.000.000 psi for

base layer and 10.000 psi for shbgrade layer.

(*) Mitchell , J.K. ', " Theoretical Approaches To Soil -

Cement Pavement Thickness Design " , Presented At 49.th

Annual Meeting Of The Highway Research Board , January

1970
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3.4.2 Stresses And Strains Of Three Layered System Under

A Uniform Circular Load On The Surface

A parametric study on -Stresses and . strains of Three
Layered Sysfem uﬁder a uniform circular load on the
surface“is performed and the rélationships ére' presented
in Figure,3.l7 - 3.24 , v ' |
Vertical stress values at base —isubgrade interface are
plotted in Figure 3.17 for the pavement structure having
different base thicknesses. .Elastic moduli of base  and
subgrade layers are taken as variables. It is determined
that,v the effect of elasfic modulus of subgrade layer on
vertical stress at. base - subgrade interface is much
greater than the effect of elastic modulus of base layer.
The required basg thickhess. against maximum vertical
stress can be determined for the base and subgrade layers

having different moduli of elasticity.

The effect of elastic moduli of base and subgrade layers
on compressive stress at base - subgrade interface is
presented in Figure 3.18. Base layer thickness is taken as
constant. It is poésible to determine the required elastic
modulus of base or subgrade layer éccording to a certain
verticalvcompressive stress value at subgrade - base layer

for the pavemeht structure having constant base thickness.

The relationship between vertical compressive stress at

base - subgrade interface and base thickness with .

different poisson's' ratios and elastic moduli of base
layer is presented in Figure 3.19. It is seen from the
figure that, ’the éffect of poisson's ratio ‘on vertical
stress at base - subgrade interface is}much less than the
Jefféct of elastic modulus of base layer. It is possible to

determine the. required base thickness according to the

L6
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vertical stress at . base - subgrade interface for the
pavement structure having specific values shown in --Figure
3.19. .

The relatiohshib_ between vertical coﬁpressive stress at
base - subgrade interface and distance from the center of
-the applied load with. . different poisson's ratios is
presented in Figure 3.20. It is determined thaﬁ the effect
of poisson's ratio on the vertical stress 'dt base -~
subgtade interface stays almost constant for different
poisson's ratio values when the distance from the center

of the applied load increases.

Vertical -strain .values at base - subgrade interface are
plotted in Figure 3.21 for the pavement structure having
different base thicknesses. Elastic moduli of base and
subgrade layers are taken sS»variables. The effect/ of
elastic modulus of subgrade layer on vertical strain at
base -.subgréde interface is much greater than the effect
"of elastic modulus of base layer. The regquired base
thickness can be determined from the figure for a certain
"vertical straih and elastic moduli of base and subgrade

layers.

50

Tangential stress and strain values at' base - subgrade ’

interface are plotted in Figures 3.22 andi3.23 for the
pavement structure having\ different base thicknesses.
Elastic modulus of subgréde layer is taken as variable.
The required base thickness-against maximum tangential
‘stress and strain can be determined for the pavement
structure having different elastic moduli of subgrade
_ layer from Figures 3.22 and 3.23.
Tﬁe ‘relationship between shear stress at base - subgrade

interface and distance from the center of the applied load
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with different elastic modulus of subgrade is presented in
_Figure 3.24. It is seen from the figure that, the effect
. of elastic modulus of subgrade layer on shear stress 'at
~base - subgrade interface decreases extensiveiy'@hen ﬁhe

distance from the center of ﬁhe~applied load increases.

3.5 SUMMARY AND CONCLUSIONS

The solutions for stresses and deflections of the proposed
pavement structure are given in the form of parametric study in
this chapter. Two construction stages of the proposed pavement
structure defiqed as Two Layered System and Three Layered
System are taken from Kadikoy Yeldeéirmeni region and studied

using a commonly known computer program called Chevron 5L.

The behavior of the proposed pavement structure are studied for
various depths and material properties under the design loads.
- The expected stresses and deflection of pavement structure are
given in the form of charts by showing their relationships with

layer parameters.

It is possible to determine the required base thickness £from
the charts for the pavemenf structure having certain material
properties. The effect. of elastic modulus on stresses and
deflection is much gréater than the effect of poisson's ratio
of the same pavement structure and it is also determined that

the effect of elastic modulus of subgrade layer on stresses and

deflection is much greater than the effect of elastic modulus

of base layer.
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IV - AN APPLICATION OF COMPUTER DEFLECTION ANALYSIS TO A
HIGHWAY DEFLECTION MEASURING INSTRUMENT — DYNAFLECT

4.1 WHAT IS bYNAFLECT ?

(1)

" Dynaflect is used for the first time in’‘California State -

‘1966 for :the road project to determine the defected sections
under the road having asphalt concrete pavement. -Dyﬁafleét is

later -extensively used for moduli determination of pavemeﬁt

57

'. structures. " Deflections, measured . during the operation of °

Dynaflect , help_ to de;ermine‘elastic moduli of pavement
structures and defected-sections of the existing roéds.
(2)

Dynaflect comprises a dynamic force generator together with
a set of mbtiqn sensing devices mouﬁted on a small trailer ,
and a motion measuring system.which is normally carried in the
towing vehicle . Deflections are measured while the trailer is
halted for a brief time at the chosen location . The motion
sensors are lowered into contact with the surface and the

results are read byvthe operator in the vehicle .

The force -generator e which utilizes a pair of. unbalanced
flywheels , provides a vertical force which varies sinusoidally
at the rate of eight cycles per second . The total downward
force applied to the material beneath the trailer consists of

the static weight of the apparatus , 1600 pounds » plus the

(1) Legarra , J.A. , " Evaluation Of The Lane-Wells Dynaflect "

,Highway Research Report , State Of California , Division Of

Highways ,October , 1968

(2) swift , G. , " Dynaflect - A New Highway ' Deflection

Méasuring Instrument " , 48 th Annual Tennessee . Highway

Conference , University Of Tennessee , 1966 "




dynamic force which alternately adds to and subtracts from this

_-welght . Since - the total excursion of the dynamic force is

1.000 1b , the actual load on the ground varies between ].100

and 2.100 1b eight times every second . This load is applied to

the ground through a pair of rigid wheels , on which the

equipment can be moved to measure at a succession of nearby.

locations . For high - speed long - distance travel the
trailer is transported on its.pneumatic tires.. All power for
the Dynaflect apparatus is obtained from the 12 let electrical
system of the towing vehicle . Under the influence of the 1.000
“1b repetitive force the,material on which the trailer rests
deflects downward and upwérd in synchronizing with the forée .
The amplitude of this induced ‘motion is sensed at five
locations , ranging from 10 to 50 inches away from the point of
application of the load . ‘These measurements serve to define

the shape , as well as the depth , of the deflection basin .

The deflection measurements are read on a meter located on the
driver 's seat in the vehicle . Six meter scale ranges are
provided for reading deflections from as large as 30
thousandths of an inch to as small as 1 / 100 of a thousandth .
This range permits measurements on the stiffest riéid pavements
on all flexible pavements , and at construction sites , on any

_materials which will support the towing vehicle .

Measurements can be made guickly with The Dynaflect system ,
averaging less than one minute for consecutive locations . The
system has been correlated favorably with static deflection

measurements made by other more cumbersome methods .

Comparison of the deflections observed at a number of locations
is facilitatéd by‘plotting the results on semi - log graph
péper . The logarithmic axis is used for the deflections ,
while the linear axis is used for the distance between Fhe

point of application of the force and the measuring point .
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Using the normal meaSﬁringIarray , shown in Figﬁre 4.1 in which
the first méaSﬁringrpoint,is_midway between the load wheels and
the other successively spaced at one footliﬁ£érvals ,the actual
slant - range distance 10, 15.6°, 26 , 37.4 and 49 inches ,

.- respectively .

4.2 ESTIMATION OF MATERIAL -PROPERTIES FROM DYNAFLECT
' DEFLECTIONS '

The pavement ‘layer stiffness may be back’” calculated from

Dynaflect deflection measurements by using elastic - layered
. *

theory as follows( ) :

1 -~ Pavement layer thicknesses , 1initial estimates of the

pavement layer moduli , and the loading and deflection
measurement configuration'vare inpﬁt' into the computer
program ‘.

2 - The computedv deflections at the five geophone positions
can be compared with those actually measured  in the field.

3 - The layer moduli usea in the computer program-can now be
adjusted to imérove the fit of the predicted 'and actual
deflection~basins .

4 - This process is repeated until the two deflection basins
are virtually the same . The process may have to  be

repeated several times before a reasonable fit is obtained.

Knowledge of the effects of changes to the various layer moduli
on the shape and position of the deflection basin may speed the

process considerably . Some of the terms commonly used ‘with

. deflection basins are as follows : ( Figure 4.2 )

. / : -
(*) B.Frank Mc Cullough & Arthur Taute , " Use Of Deflection
Measuremeﬁts ' For Determining Pavement Material Properties " ,

Transportation Research Board , Record No 852 , 1982
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P=»Ver‘tical load
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Figure 4.2 _ DEFLECTION BAS‘IN PARAMETERS




1 - Sensor - i deflection‘; d;

1
2 - Surface cuivatﬁre index {SCI) , & - 4.
.3 - Base curvature.index (BéI)b;.d4 - dy
4 - _sQreadabi;ity p (d +dy +dg 4 +d ) /5 4, and
5 - Slope of the deflection bgsin.; d; - d5

Deflection basin parameters at the measuring.points and the

point of application of the force are presenﬁed in Figure 4.2 .

4.3 THE APPLICABILITY OF COMPUTER DEFLECTION ANALYSES TO A
DEFLECTION MEASURING INSTRUMENT - DYNAFLECT A

The dependent variables in this invesfigation were the maximum
deflection of the .aeflected basin and spreadabil}ty of the
deflected basin; The spreadability Sd is the averageAdefiectidn
in percent of the maximum deflection and, in this investigation

. was taken as follows ,

dl+d2+d3+d4":d5
sq = _— : x 100 . .. (4.1)

5 di

h.where d] = maximum-deflection of the pavement , as meaéured in
the field and dmax , when theoretically C@lculated and dg , d3
. 44 and dS are deflections at 1, 2 ,- 3. 'and 4 ft away from

the center of the applied load .
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In the theoretical evaluation , .the materials in the layered.
5systém were assumed to be elastic P isotropic and homogeneous

and it was assumed that there was a perfect bond between the

adjacent 1ayers; Computer program Chevron 5L was used for this-

evaluation. A maximum wheel load of 9.000 1b . as a design load

was chosen for use in the investigation . The tire pressure

" -was taken as 70 psi over a circular contact area having - a

radius of 6.4 inch .

Pavement systems with layers .of decreasing strength from the .

top of the pavement toward the subgraae were taken into
consideration . Neither the sandwich layer system nor the case
of weaker layersoner stronger layers is included in this study

of their different behavior .

4.3.1 Theoretical Evaluation Of Subgrade Properties

Based on Boussinesq 's ahd Terzaghi 's analyses , the
following simple relationship for displacements in the
deflected basin of the top horizontal surface has been

drawn for a semi - infinite single layer system ;

R .. (4.2)

where d = Deflection in the deflected basin at a
"distance r from the load center
P = Applied load ) ).
u | = Poisson 's ratio of the subgrade material

in the layer

63



E = Modulus of elasticity of the material in
the 1ayer
f(r)= Function of r , the distance from the

center of applied load

The ‘deflgctioﬁ values in the deflected basin can be
calculated according to quation 4.2 for-&arious valﬁes of
E ,‘u and P . It is known that , for all values of E and
u o, the’deflections at any point in terms of the maximum
deflection dmax were constant . For example , In Two
Layered System study , the deflections for a 9.000 1b
wheel load , a 70 psi tire pressure having a 6.4 inch load
radius at 1, 2, 3 and 4 ft away from the center of the
applied léad are found to be 0.277 dpax » 0.134 dpgr
0.089 d and 0.067 d respectively . ( Figure 3.3 )

_ max max . : ,

If the subgradé layer is taken as. uniform layer , elastic

moduli of pavement structures could be back calculated .

However , - in practice pavements have various layers and

subgrade is not uniform therefore there is a need of the

analysis ofvlaye#ed system.

4.3.2 BAnalysis Of Proposed Pavement Structures According

To Dynaflect Sensor Distances

The distance from the center of applied load given in some
of the figures presented in chapter III, are the distance

taken from the Dynaflect sensor distances .

In the study of Two Layered System study , Figures 3.3 ,
3.4 and 3.9 presented in chapter III ,, are drawn according
to r ‘distances which are equal to Dynaflect sensor

‘distances.
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Simitarly, in the study of Three Layered System study ,
Figures 3.13 , 3.14, 3.15, 3.20 and 3.24 are drawn

according to Dynaflect sensor distances.

Pavement  layers .over the sﬁbgrade increase . the
spreadability while reducing the deflection . In some
cases it may be poésible to ‘determine the amount of

decrease' in deflection caused by the overlying pavement

layérs . If this is determined , then the deflection of

the subgrade -could be calculated by adding this decrease
in deflection to the total deflection_determined_onv the
top of the pavement . ‘The deflection of the subgrade ,
along with the spreadability value of the pavement over
the subgréde + will make it possible to determine the
modulus of elasticity of‘the subgrade , the thickness
index- of the pavement and the average modulus’ of

elasticity of the pavement layers .

Spreadability values for Two Layered System are plotted
against maximum . deflection in Figure 4.3 . Base layer
modulus are taken as variable . Each of the curves shown
in Figure 4.3 was determined by assuming that there.is a
uniform modulus of elasticity of the base layer over the
subgrade . The spacing among the curves .increases very
little with an increase in the modulus of elastiéity of

the base layer over the sﬁbgrade .

Similarly, 'spreédability values for Three Layered System
are plotted against maximum deflection in Figﬁre 4.4
Curves are plotted by taking the subgrade layer modulus as
variable. The spacing among the curves increases too much

with an increase in the subgrade modulus .
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4.4 SUMMARY AND CONCLUSIONS

"'A brief description of Dynaflect instrument , estimation of
material. properties from Dynaflect deflections and  on
.application of computer deflection analysis to a highway

deflection instrument - Dynaflect are given in this chapter..

‘It is possible to back calculate the pavement layer stiffness
from Dynaflect deflection measurements by using elastic layered
theory. It is also possible to check £he quality by comparing
meésured and calculated deflections. It should be stated that

no such measurement have performed in Yelde§irmeni Project.

The computer program, Chevron 5L can be used to determine the

pavement layer stiffness by wusing iteration process between

Dynaflect deflection - measurements and computed deflections._

Knowledge of the effects of changes to the various layer moduli
on the shape and position of the déflection basin may speed the

proceés considerably.
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'V ~ CONCLUSIONS

In this thesis |, in ~ situ density and moisture .- density
relationship of cement - treated base layer of-’ the layered
system . are ,tested_ekperimentally and similar lafered systems
are analyzed by»aACOmputer as a parametric study to find the
ekpected solutions for stresses and deflections of the existing

layered system under the design loads .

For this purpose , méterial having 30 % coarse material and 70
% fine material ié mixed with 5 % cement in volume to obtain
cement — treated base layer material. In - place soil densities
of cement - treated base layer are measured with field density
test in Kadikdy Yelde@irmeni‘ region and the results  are
compared with - the compaction test results obtained in the

laborétory .

In addition to this experimental study, similar layered systems
are analyzed using a multi - layered elastic system computer
program determining the vériéus component stresses and strains
in a three dimensional ideal elastic layered system with a
single vertical circular load at the surface of the system .
The .expected solutions for étresses and deflections of the
elastic layered systems are given in the form of parametric

study .

The following results are concluded from the experimental study

and the computer solutions.

A — Conclusion Derived From The Experimental Study

1~ It is determined from the laboratory test results that,
the treatment of the base layer material ( 30:% coarse +

70 % fine ) with 5 % cement in volume gives the required
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property to the base layer of the proposed paVement

structure according to design loads.
The. relative compactidn vaiues célculated from the field
density test results according to the standard proctor and

modified proctor tests satisfy the design criteria.

The mean dry unit weight calcﬁléted from the field density

‘test results is almost the same with the maximum dry

' density obtained from the standard proctor test.

Conclusion Derived From The Computer Solutions

It is possible to determine the required base thickness

for the base layer having speéific material properties

from the charts given in chapter III according to the.

design criteria. ( stress, strain and deflection )

As a vice versa to the above statement, it is also
possible to determine the required material properties for
the base layer having constant height from the charts

given in chapter III according to the design criteria.

The effect 6f modulus of elasticity on .-stresses and
deflections is much greater than the effect of poisson's
ratio for the same base thickness of the given layered

system.,

In Three Layered SySfem_, the effect of elastic modulus of
subgrade layer on stresses and deflections is much greater
than the effect of elastic modulus of base layer.

J

If the same inqrement- .ratio 1is wused for the base

thickness and modulus of elasticity , the effect of
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modulus of elasticity is much greater than the effect of
base - thickness for the same layered system in terms. of

Stresses and deflections.

It is possible to back calculate .the pavement layer

stiffness from Dynaflect deflection measurements by

vuéing elastic layered theory and the computer program,

Chevron 5L can be used to determine the pavement layer
stiffness by using iteration process between Dynaflect

deflectibn measurements and computed deflections.

The spacing among the spreadability curves increases very

little with an increase in the modulus of elasticity of

the base layer over the subgrade , but the spacing  among
the vspreaéability curves increases too much with an

increase in the modulus of elasticity of the subgrade

. laying under the base layer .

7
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INDEX PROPERTIES OF SUBGRADE

Sample No. Wpo Wy Wp Ip
' ' % % % %
1 ' 16.0 28.4 19.8 8.6
2 15.8 | 36.7 20.9 | 15.8
3" 18.2 | 43.2 20.4 | 22.8

: Natural Water Content
: Liquid Limit
: Plastic Limit

: Plaéticity Index
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. SOIL CLASSIFICATION

Sample No. 2 - KadikOy - Ayrilikgesme Sokak - km O + 210

s;eve'No. 4 10 40 200

% Passing 90.53 73.06 35.63 | 11.72

L = 36.69%, @ =2093%, Ip = 15.76
THE UNIFIED SOIL QLASSIFICATION SYSTEM
1 - Less than 50 % passes the No.200 sieve; therefore,the soil

is coarse grained.

2 - More than 50 % passes the No.4 sieve; therefore, the soil is sand.

w
|

Less "than 12 % passes the No.200 sieve and more than 5 %
passes the:No.ZOO sieve.

.4 - Considering the location of the w3 = 36.69 %.and Ip = 15.76
on the A chart , we find CL.

5 - From the preceding four observations , soil is SM-SC
THE AASHTO SOIL CLASSIFICATION SYSTEM

1 - Proceeding from 1left to right in ‘Table (AASHTO soil
classification system), the soil will be either on A-1, A-3
or A-2 , since only 11.72 % passes the No.200 sieve. . -

2 - Based on Ip = 15.76 , we eliminate A-1 and A-3

w
|

With ] = 36.69 % and Ip = 15.76 , the soil fits the A-2-6
classification.

4 - The group index can be computed as

GI = 0.2 xa+0.006xaxc+0.01l xbxd
a=0,b= 0, c=0,4d=5.76

GI 0.2 x 0+ 0.005x 0x 0+ 0.01 x0x5.76=0
. : J
5 - From - inspection of the sieve analysis data and the

classification data, soil is A-2-6 (0)
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SOIL CLASSIFICATION

" Sample No. 3 - Kadikdy - Ayrilikcesme Sokak — km O.+ 395

Sieve No.. | .4 10 | 40 |200
% Passing 80.32 | 63.79 | 35.35|13.02
Wl= 43,19 %, W =20.37%,. I, = 22.82

THE UNIFIED SOIL CLASSIFICATIONASYSTEM

1 - Less than 50 % passes the No.200 sieve; thereforé,the soil
is coarse grained. »
2 — More than 50 % passes tﬁe N0;4 sieve; thereforé, the soil is sand.
3 - Less than:.12 % passes'the No.200 sieve
;4 - Considering the location of the W = 43.19 % and Ip = 22.82
on the A chart , we find CL.

5 - From the preceding four observations , soil is SC

THE AASHTO SOIL CLASSIFICATION SYSTEM

1 - Proceeding from left to right in Tableb (AASHTO soil
cla551f1catlon system), the soil can only be on A—l ., A-3
or A-2 , since 13.02 % passes the No.200 sieve. '

'2 - Based on Ip = 22,82 ,

3 - With Wj = 43. 19 % and Ip= 22.82 , the soil is on A-2-7

the soil can be qnly on A-2
4 - The group 1ndex is

GI = 0.2 x a + 0.005 x axc+ 0.001 xbxd
3.19 , d = 12.82

i

a=0,b=0,c
0.2 x 0 + 0.005 x 0 x 3.19 + 0.001 x 0 x 12.82 = 0

I

GI

5 - Soil is A-2-7 (0) ' : j




_CMPACTION TEST

rorect —Kadikdy Yeldegirmeni

ocalhion of Froject

STANDARD PROCTOR

Ayrilikcesme sokak

Joo

iescription of Soi!

Sample No. 3 - Km 0+395

boring No

No

Uaiv Shwee™ 0

Sampie Wo.

eei Ferinemec 5y . Faruk Yanik Datec!Tes B
iowsilLaver v 4.8 4 S ‘!go of Layers 3 Vi of mammer 222 KQ
joid gimensions: Diam. 590.8 mm. Hi. 30.5 cm. Vol 944 cm3
Vater Cmncn't‘ Determination
Sample no 1 2 5 4 5
IR 00, 104 .| 105 |107 |124 |130 | 126 (134 | 101 | 117| 133
it.ofcan+wetsoil 170, 7862.63|81.40| 74.8069.38|64.79| 74.8272.58 |76.18] 76. 83
it.ofcan+drysoil 66,60 |58.93|76.44| 69.9464.60|59.81|67.7066.18 [68.75|68. 76
‘Wt of water 4.18| 3.70| 4.96| 4.86 | 4.78| 4.98| 7.12 6.40| 7.43| 8.07
Wt. of can 32.00|28.60| 42. 10 35.3035.60|29.10] 30.7431.10|32.00] 30. 20
vt of dry soil 34.60{30.33| 34. 34 34.64/29.0030.71] 37.0 [35.08{36.75|38.56
/sier content, w% 12.08|12.20| 14.44] 14.0316.48|16.22| 19.24{18.24{20.22(20.93
Jensity Determination §
issumed water content 10 - 12 14 16 % 1 . %
Vater content, w% 12.14 | 14.24] 16.35 | 18.76 | 20.58
WSSy mald 3695 3800 | 3860 3895 3895
Wt. of mold 1990 1990 1990 1990 1999
it of soil in mold 1705 1810 1870 | 1905 1905
et density, gr/cm?3 ity b 1.880 | 1.943 | 1.979 1.979
ry density y, griem3. 1.579 1.646 1.670 | 1.667 1.641
17

5 16

% - =

‘ //

% 16 /

<

>

D

3 | RS ST 1L1s.1. 8 20 22

Jptimum moisture = ____16.4 %

Water content, w%

Maximum dry density

—1.670 gr/em3



STANDARD PROCTOR

COMPACT'ON TEST Data Shicet 4
project Kad1kdy Yeldefiirmeni ;o4 No.

_ocalion of Froject 30Z coarse material B;rnng No. SampleNo..________
Description of Soil 707 fing material without. cement 2
Test Periormed By Faruk Yanik Date of Test 520, 7 2BRE S

Blows/Layer 25/3 No. of Layers 3 Wi. of Hammer2,5_ kg
Mold dimensions: Diam. 50.8 mm. Ht. 30.5 cm. Vol 944 _cm3,
Water Content Determination
Sample no. 1 2 & 5
ORI FAA Re- 1271 114 | 119 | 128 1311 | 109} 120 101} 103 | 105
T = _
iorcanTwelsol  15.31171.06186.12|64.74165.32|65.57] 73 2966 & 177.35(86.18
M.ofcan+drysoll 163,01 [68.52]81.69]61.40161.50]61.76 69.1d62.48 70.54178.82
Wt. of water 2.30 [2.54 |4.43 |3.34 |3.82 [3.81 {4.12 |4.12 |6.81 [7.36
Wi. of can B4.0 [37.5 ]37.0 |27.0 [29.0 |28.0-{37.131.1 [24.8 |28.6
Vi of g SoM 29.01 31.02|44.69|34.40(32.5 {33.7632.0 [31,38|45.74]50.22
Waier content, w% .93 18.19 9.91 |9.71 [11.75[11.29|12.88}13.13]14.89|14.66
Density Determination —
Assumed water content 78 710 . 7 12 7 14 7.16
Water content, w% 8.06 9.81 13,52 13.01 14.78
Wt. of soil + mold 3915 4000 4050 4040 4020
Wt of mold 1970 1970 1970 1970 1970
N1. of soil in moid 1945 2030 2080 2070 2050
Net density, gr/cm3 2.060 | 2.150 2.203 | 2.193 2,138
Jdry density v, gr/cm3. 1.906 1.958 1.975 F. 1,941 1.892 -
s}

E 1975 74\

E 1975

s g

3 7 \\ -

5 .

-";7 1.9 \‘

g ¢

©

>

)

1.80!
6 8 10 1152 12 1% 16 8 20

Water content, w%

Jptimum moistere = 11.52 % Maximum dry density = _1.975  gr/em3

92



COMPACTION TEST

Project —— Kadaksy Yeldegirmeni—-

STANDARD. PROCTOR

Datu Stwset b

- “Job No.
Loi:allon of Project 30 7z coarse matv'erla.l _ Bc;ring No. Saﬁmple No. ..
Description of Soil 70 7 fine material, 57 cement in volume
Teslfférfbrmed By Faruk Yanik : _ . Dal..e of Test : .Qg;g_i_l,gg5.__;_.~
Blows/Layer __25/3 No. of Layers . 3 Wi of Hammer 2, 5_ ka.
Mold dimensions: Diam. 50.8 _mm. Ht__ 30.5 cm! Vol. 944 em3
Water Cmﬁént Determination
. Sa.mplve no. -1 2 3. A
Moisture can no. 105 .1 1no l01 111 ‘114 1:';.1 1119 1128 103] 136
viofcan+wetsol ks .68 |ss 42]63.2861. 294,27 |6e. 56179.21]73.7470.77| 8021
Wtofcanf'df_ysoi' 53.37 |52.98160.20158.1470.24165.07]73.97} 68.0764.55| 73,26
Wt. of water p.31 | 2.4413.08 |3.15 .03 |4.49 |5.24 |5.7216.22 | 6.95
‘Wt. of can b8.6 128.0 31.10}29.0 B7.5 1{30.2 |37.0 27.0.24.8. 28.4
Wt. of dry soil b4 .77 124.98129.10[29.14B2.74 |34.87(36.97 41.-0739.'75 44 .86
Water content, w% p.33 |[9.77 [10.58]10.8112.31 |12.88|14.17{13.9315.65] 15.49
Density Determination
‘As‘sumved water content v 7 10 7 19 - 714 '.7 16
Water conient, w% g 5& . 19.7 12:60 14 05 15 .77
_Wuofsoit+mold 3990 4045 1 . 4060 4050 " | 4030
W of mold 1970 1970 1970 | 1970 |- 1970
Wt. of soil in mold 2020 2075 2090 | 2080 2060
Wetdensity,gr/em3 - | , 4,4 2.198 | 2.214| 2.203°| 2.182
Dry density y,gr/em3. | | &3 1.986 | 1.966 |~ 1.932 | 1.888
2.00 -

< 1986 L

: \

g 1900 \,\\

S 1

oy

[a]

18— TR

Optimum moisture = - 10.7 =

10 10.7 12

Water content, w%

Maximum dry density = 1. 986r/em3 )

9
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\‘.». ! “
‘coMPACTiON TEST ST M‘ODIFIED'PROCToi@ o | Datw Slwsty

*Prowcl—m——-Kadll&OY—X&ldeélrmem N . Job No R ___

LoCdllOﬂ oi Pto;ecl 30%Z coarse matErlal

Descnphon of Soil 70 fine material w:Lthout cement

BormgNo,__.__ SarnpleNo _._,

Test Perimmnd By ;. Faruk Yanlk _, ... Date o"ft_.ﬂ —24,7.1985 .

Blov..,/Laycr e 25/5 ' No of Layers . -_5_ et Wl of Hammer w ka.
Moid dumernsnons:D;am. 50-8 -~ mm Ht. __._%m.____._ cm. Vol 7Y cm3

Wafer Content Dm(:n_m'_nblim-z" -

) tampiono. < - 1 o2 3 4 5

Molstyrecanno. ) 125 |'107 | 117 109 j128- | i19 J126 | 1057

Wi ofcantwetsoil . 1752217847 62.’82557',2670.98 73.84 70.1372.87

Wi of can+drysoil  172.79|76.01|59.92| 54.5366. 45 |70. 07| 65.41] 67-76

Wiofwater - 12,52 12,46 |2.90°12.73.|s.53 |3.7%: |4.727]5.11
‘Wrofcan. . 137.2™]42.7 132.0 | 28.0 |27.0 [37.0 |59.1|28.6
Wiofdrysoil  [35.56(33.91]27.92[26.5339.45 |33.07| 36. 31| 39- 16
watercontent, w% . 7.1 (7.3 [10.4 [19.3 1.5 |11.4 |13.0|13.05 7
Den:sity D(:tcr:v‘rxx'r;mwn' R e - 3
Assumed waler content 7'8 7 19 | 3 79 j LZL

¢ .0, - - RO
Watercontent, w% .| 4 57 % 10.35] 11.45 13, 01

Weofsolltmold & | 4110.° | 4150 | 4110 | 4070

‘Wtofmold - 19979 T <1970 |--3970 1970

Wt.ofsoilinmold - | 2140 | " ‘2180°| - 2140 | 2700

Wet density, gr/iem3 * | "5 267 | 2.309] 2267 ‘-~2.225?’5

Dry density y.gr/em3. | o 115 5,092 2.030] 1.968

%.1118 7 L
.: VO
5 S N S
o
-D - -
g A\

1900 At :
6 728 10 12 . % 1.

. " Water contenl w% :
Optimum' moisture = ___L_?.__.% Max:mum dr) densnry =_ ,2,_1.15_ gr/cm3

~

”\
T

9t



COMPAVT‘ON TEST

Pro;ect _____lekaueldeglrmem

Locahon of Project

MODIFIED = PROCTOR -

Description of Soii

Test Ferformbd By ___ _Faruk vnm. k

JobNo.
30 % coarse material Boring No. Sample No..___
Z70% fme mater1a1 57 cement in- volume .
- Date of Test 24,7,1985

No. of Layers . 5

95

Datu Slvm:! Yy

Wl of hammer_AJjSko, .

Blov's/Laycr 25 / 5
Mold dimensions: Diam. 50.8 _mm.. Hl __146_.,.1_ cm. . Vol 94/ cm3.
Wal.c.r Content Determination L
Sample no. -2 - 3 4
Moisture can no. 136 .1 101 {197 | 12071 5103) 114) 133 1
1. of -+ wet soil . ’ v : '
WiLotcanTwelsol k6,63 174,27 75.73175 13 73.0071. 8275 52059,02 |
Woorcan ¥ dveol  163.75 170.94171.90| 71.72068.07 |68.16] 70. 30.54.96
WL of water 2.88 |3.33 |3.83 |3.41 .93 '[3.66 |5.22 | 4.06
Wi. of can 28.4 |31.1 |34.0 |37.1 [24.8 [37.5 {30.2 | 24.0
Wi of dry soil 35.35 |39.8437.90| 34.6263. 27 |30. 66 40.1030:96
Waier content, w% 8.15(8.36 [10.11]9.85 [11.39[11.94]13.02[13.11
Density Determination
Assumed water content . - o L
: . Z_8 Z 10 Z-12 7. 14 .
Water content, w% L
8.26 9_.98. 11.67 13.07
Wt. of soil+ mold o C ;
_ 4080 4140 4130 4075
W of mold 1970 - 1970 1970 | 1970
Nt.ofsonlfn mold 2119 2170 2160 2105
Vet density, gr/em?3 2.235 2.299 2.288 1 "2.939°
- . . 3 . - .
Dry density y, gr/cm3. 2.065 2.090 2.049 1.972
210
‘ZE, 2.09 //’*]\\
5 2E AN |
: \
- [3
= l
2 20 1\\*
o
< \
>
5 \
190
6 8 998 10 12 14 16
. ' Water content, u,m
Iptimurm meisivre = _1_93__% Maximum dry density ='__,2..._Q_9___ gr/cm"

-



- 200

Load , psi

BEARING RATIO TEST _CBR

Subgrade - Sample No. 3

Kadikoy Ayrilikcesme Sokak _ Km. 0+395 .

uwsoaked._
>
— N

L soaked

9333

CBR

CBR =

01

1000

93.33(100) - g3

1000

02

__83.33(100) _g4

03 04 05
‘Penetration, inch

{for unsoaked}

(for soaked)

06

07




2000_200 B\

0
o
=)
©
o
-

BEARING RATIO TEST

_CBR

' Base Material (30% Coarse +70%Fine)

300

5% cement mixtlre

1
1000_100 / -

I 700 —
N/

__30(100) .5
CBR = — 000

. 700 (100) __70
CBR= 600 —

03 04
Penetration,inch

05

06

0.7

97



Field Density Test
Sand Cone Method

Volume of Mold :

o

Il

.947.4 cm3

Weight of Mold + Base Plate : 4240 gr.

o

10.2 cm

h : 11.6 cm

mr® h=3.14 (5.1 11.6

2

1 2 3
Wt. of (Mold + Base Plate + Sand) | 5665 gr. | 5687 gr.| 5677 gr.
Average the results of two readings in good agreement
" ( Within about 10 gr. )
5687 + 5677
= 5682 gr.
2
Wt. of Sand in the Mold : 5682 - 4240 = 1442 gr.
’ 1442 | .
2fsand F me—————— = 1.52 gr / cm3
947.4
1 2
Jug + Cone + Sand 6630 gr. | 6877 gr.
Jug + Cone + Sand - Sand in-Cone 4850 gr. | 5093 gr.
Wt. of Sand in Cone (From Calibration) 1780 gr. 1784 gr.
1780 + 1784
Average = y 1782 gr.

98



SAMPLE

-1

T " h: 3.0 - 3.5 cm

FIELD DENSITY TEST (Sand cone, Balloon)

~Job. No

Project

‘9

Data Sheet 10

Location of Projecl.‘ - Diz_Sokak

Description of Soil

Test Performed By
~ Laborstory Data frmﬁ Field Test -

- Sand-cone method

Density of Soil.

' . R T, . {:,‘i ' i . .
Wet density y.,, = W[V, = Q 2.09__gr/em3Dry density Yan = Ywa/ (15w

Dateof Test -

* Balloon method

12.7.1985

Wi of Wet'.soil-l;éan _ : 2985 g Wt on ;zlel soil+can.
Wt of can i 1160 g WL oi can
WL .01 wet so.il,W' | 1825 ‘ ér. Wi. of wet soil, W’
Wt of Wet soil+ pan .2400 gr. Wiof v;/et s0il-+ pan
Wt.”of dry s-oil-i— pan 2325 gr.  Wtofdry soil—:’ p;an
wt. of pan____ .- ‘ : 575 —gr. Wtofpan
.:_-Wtﬁ of dry.soil.. < - 1750 gr... Wt of dry soil _ . -
w§tgf ﬁbntent, wh i " :7"‘5/1750 : 43 % .- .. Water content, w%: !
) .Fie.ld bala -
.-Sand-cone method . - éélloon m;athoq'_
~Type (5f sand used Ottauwa Correction facﬁ;r CF=_
. ﬂnit wi. of sand, -};,nd = 1,52 ar qnaFinal scéle reading. |
Wt.i.of jug+ coﬁe before L!SB. 6945 gir: lhili_i;l scale reading
‘Wl...of]ug-%--co'nevaﬂer uSc; _ 3835 '.gr. Vol. of hqle, V,.}.H a
W1, oi sand used (hole—}; cone) 31170 gr. Vol oi hole = V. (CF)
' Wi. of sand in cone (fro'm calibrétionil‘z_si___. ar. - )
WL of sand in hole, W 1328 gr
Vol. of ho;é,t',:u-’/)-,m.s 873 6&“‘i::h'13. )

2

Q0 -

gr/cm3



" SAMPLE - 2
~h: 7.5 -8 cm.

FIELD DENSITY TEST (Sand cone, balloon) - Data Shee!-10

Project _ ’ Job. No

Location of Project _ Dﬁz -SOkak.

Description o!f Soil

Test Performed By - I : v Date of Test 12.7.1985

Laboratory Daeto from Field Test

-Sand-cone method - s _ » : T Balloor_;-method

W1 of we_t.soil+'can - 3520 gr Wi.I of wet soil+can.

Wt of can _1160 gr ~ Wi ofcan

WL ;f wet so.iI.W’ ' 2360 ‘gr. Wt. of wel soil, W’

W1 of wet soil—i~p§n 2940 gr. Wt of welsoil+pan

Wt. of dry soil+ pan. : 2855 ar. | Wt of dry soil-:—p:an

Wt of pan' : >80 gr. Wiof pah

Wt of‘d‘ry_.soilh - 225‘5: gr -Wtaof dry.soil =~ - . - L

Water content, % = -1b5/_2255 t 4.7 2 s ,Wa‘tel" content, w%: oLk
’ ‘:Field bqia )

’Sand-cone method - ' o V - Balloon m;a’-(hod__',-

Type 0fs»a'nd U_S'Bd . " Ottawa. Correction factor CF= -

—Unitv;/l.ofsana,-g?nd= . 1.52 gr/gms,ﬁnalscale reading

Wi,?bfjug+ c;one before use ‘71.00 gr: lhili_a.l scalfe reading

th.,ijug-—l-'cone after us; . 3470' ' '-gr. Vol. of hc}le, 1-7;, ‘

Wi oi gand used (hole + cone) . 3630 gr. Vol.of hole = V; (CF) -
B Wt. of sand in cone (irom calibration) __—11&2_ ar. - . |

WL of sand in hole, W . 1{348  , gr.

.vdi. of hole, V= W hy,an = 1215.79 em3 L. j

1.85 _gr/emd

Wet density yo. = W[V, = _1.94 gr/cm3Dry density ygn = )',,?I(1 -+ ;u) =



Wet density y., = W[V, = - _2.01 gr/ern3Dry density Yo = Ywal/ {1} =

101
SAMPLE - 3
‘ht 7,5 em
_‘FIELD DENSITY TEST—(Sahd épnc. balloon) Data Sheé;-w
Projqql Job. No ]
Location of Projeci . Dﬁ_z" Sokak
DéSc;iﬁtién o! S_oil'
' ':Igsl. Performed By ' D_aievofTele 12-7.'1985 .
| Lai;omlqry Data fru;)z' Field Test
' Sa;la-cone methbd | .Bélloon ;rlethod
v of wét_soii-!» can S AV g. Wtol del soil+¢an’
VIV1.. of can | - 1160_ gr. Wtof can
WL, 61 wet so-iI,W’ : ‘- 3280 3 ~'gr. Wl of wet so%l,W'
Wi of . wet soil+ pan : 4030 ar. V:/l.v of wet soil+ pan
Wt. of dfy soil+ pan 3965 gr,  Wt.of dry soil+ b-an
Wt of pan. 750 .gr._, wt. of pan
. .:,-‘WL qf_drysoil . - : 3155 gr .. Wr.ofdrysoil _—._-_
Water content, w%_ _-125/3155:' 3.’96 Z. FWater cohien"u,w“’/ow‘ :
) ;Field VD‘am ‘ .
"'Sand-c.one method h éalloon rh;a'.(h'od_'_
Typé o"f sand used ‘ : 51—1— m;a‘ Corréction facior CF=_-
,.Unit wi. of sand,—y‘,nc‘= .  1.59 : gr/éﬁiFina! scale reading
WLfofjug.;.cone beiore use . 1265 | gr:' lhiti_é! scale reading
.Wt..pfjug—%-co_ne atter usé - 3000 - - b'-gr. Vol. of hpl/e,.\’}.
W1 of sand used (hole + cone) 4265 gr. Vol.of hole = V;(CF) —
‘ Wt of sand in cf_:ne {from calibration) __118_2__ gr _ )
‘WL ot sand in hole, W - .- 2483 gr ‘
Vol. of ho~u=;,v,k=wh-vmd R TY 3,55 cm3
Density of Soil. - -
. %3-93 ' -gricm3



FIELD DENSITY TEST (Sand cone, Balloon)

SAMPLE 4

‘R o=

4em.

Project

__-Dua_Tepe

Job. No

Data Sheez:w

- Location of Project __

Description 61 Soil

Test Performed By _

Date-of Test

" Laboraiory Data from Field Test

Sand-cone method

" W of wet soil+can

_-3100

'.gr.

Wi. of can

Wt. of wet soil, W’

W1. of wet soil+- pan

WI. of dry soil+ pan =

Wt of pan' =

WL of dry.soil i

Water contenl, w% -2 _

* Field Data
.'Sand-céﬁe method

" Type of sand used '

Wi. of can

Balioon method

W1. of wet soil+can

. 26.7.1985

WL of wet soil, W’ -

W1. of wet soil+ pan

wi. of dry soil-+- pan

Wt. of pan

Wt.ofdrysoil - - ..~

Water content{, w% _-__--~ '

" . Balloon mgthod

Unit wi. of sand.v";'ans =

Wt.of jdg—i— cone atier use

1150 g
1950 ar
2520 o
242:5 gr.
580 a.
1845 tén
5.15 .
Qttawa_
1.52
W't.:ofjug+ cone before use | 6740 gr:
o 3505 '.gﬁ
3235

W\ of sand used (hole + cone)

vl .

‘WL of sand in cone (from calibration) 1782 gr.

1453

Wi. of sand in hole, W

Vol. of hole, V, = Wjyzne =

Density of Soil.

Wet density yo = W[V, =

gr/cm3 Final scale reading

ar.

_ Correciion factor CF=_

Initial scale reading

Vol. of hole, vV,

Vol. of hole = V; (CF)

_ g

A j
956 i c_m3.
9.04

_gr/em3Dry-density yan = Yea/ (1w = _

102

1.94 gr/cm3



SAMPLE

5

h = 4 cm.

FIELD DENSITY TEST (Sand cone, bolioon)

Project

Job. No

Location of Project Dua Tepe

103

Data Sheeg!'10

Description of Soil

Date of Test

Test Perfqrméd By
Lnbumtury-Dalﬁ from Field Test

Sand—cone method -

’

W1. of sand in cone (from calibration) 1782 gr.

WL. of sand in hole, W . 1433 qr.

Vol. of hole, V, = W/y,ans = 942.8 cm3,

Density of Soil.

Wet densityy = W'V, = ~2.08 gr/em3Dry density yan = Yual (15 1w) =

Balloon method

26.7.1985

\M. of wet soil+.can ‘ : '-'21.1 n __gr.  Wtof wetsoil+can_
Wt of can - -'4150 - gr.  Wtoican
Wi 61 wet so.il_’W' ' : 1960 .'gr. Wt of wet soil, W*
Wll. of _wét soil+ pan ' 2710 gr. Wi of wetsoil+ pan
Wt. of dry soil+ ban : : 26.20 gr. Wt oldrysoil+ ;;an
Wt of pan‘ 750 'g‘r._ Wt. of pan |
 Wit.of drysoil -+ 1870 gr.. Wt of dry soil -«
Water coﬁlent;w% e v T 4.81 - s ~. Water content, w% -
* Field Data
'.'Sand—c;me methoo . Balloon .m;a;(hod:’_
Type ot sand used _ - ___Ottawa’ Qorréclion factor CF =
" Unit wt. of sand, ygane = | 152 gf{@naFinal scale reading |
Wi-of jug+ coﬁe before use 6760 ar. l"niti_a‘l scale reading
-Wt..pfjug-%;:one after use_ : 3545 _ar Vo. éf\hc_)le, \A
Wt of sand used (hole+ cone) 3215 gr. Vol. of hole = V; (CF)

1.985 grfem3



'SAMPLE 6

‘h =

FIELD DENSITY TEST (Sand cone, Bolloon)

ijcc'l

4-4,5 cm.

104

Daiz Sheet 10

Job. No

" Location olbprojecl"

- Wetdensityy_, = WV, =

a5 -

- Descriplion of Soil
. Jest Périormed By Da!é ol Test. _____;J.‘ 1_._7_,.1.985__.

Laborotory Data fromr ﬁicld Test |

S-and_—cone' melihod ‘ Bal_lo‘csr'rmethod

1. of wel soil+ can 1720 gr. ' Wl. ol wet soil+4-can

Wi. of can 10 gr. Wtoi can_-.

WI1. of wet s_o'iI,W' : 1710 ar. W1. cﬁ wel sovil,W'

wit. pf wel soil+ pan 2460 g;_ Wi1. of wet soil=+ pan

Wi. of dry soil+ pan -2363 gr. Wi oldrysoil+ p-an

Wt of ban 750 . _qr. wt, of pan

Wt. of dry.soil ) 16v15 gr. Wigldrysoil ’

Water content, 10%: . 5.88 .~ Water contenti, w% -

Field Data - )

Sand-cone method - Balloon mgthod _
Type of sand used ' Ottaﬁa - Corréclion_ factor CF = _-
' Unit wi. of sand, y,,ne = 1.52 - gricm3 Fina! scalé reading

Wt of jug+ cone before use 6890 gr. Initial scalg reading

'WL_pf juc— -co‘ne ziter use 3840 __ar. . Vol of hole, V;

W1. oi sand vsed (hole + cone) 3050 g Vol. p! hote = Vi (CF) =
. W1i. of s2nd in cone (from calibration) __'LY_BL_ gr. )

V1. 0f sand in hole, W. 12@8 . ar. )
Vol of hole. V, = W/yane = 834.21 cm3

D;nﬁty of Soil. ‘ .

2.05 gr/em3Dry density )»,,,_: =yoal{iFTw)= 1.94  grfcm3
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SAMPLE 7

h= 4.5 - 5 cm.

FIELD DENSITY TEST (Sand cone, Balloon) S : " Daia Sheet10
Project ___ Job.No
Location’of Prpjecf Yeldegirn_leni -sok. e

) Descriplion of Soil

31.7.1985

Tesi Periormed By : Date of Test.

~ Laboratory Data from Field Test’

Sa-n'ld;cone method - s Balloon'-method |
- W of wel.soilF.Lé:an : . 1730 g.  Wtof wel soii—.Lcan'
W1 of can S _ 10 gr. . Wioican
WL -oi wet so.il,W’ | 1720 | ar. Wl of wet soil, W’ |
Wi of wel soil+ pan 2300 ——gr. W1. of wet soil+ pan
Wt. oi dry soil+ ﬁan 2230 gr. Wi ofdrysoil-+ p;an
Wt of pan._ : 280 gr.  Wtof par?‘
Wiofdrysoil o oo 1650 gr., Wt.of dry'soil . -
Water content, w% = - © 424 - ~ Water c.ontent. wYhro
* Field Data
.Sand-céane rﬁéthod : '_ “ o s BalAloon m;at-hod__.
Type of sand used _ df tawa ~ Correction factor CF = _:
- Unit wt. of sand, -}'s,m,i= ' _1.52 gr/é_;'ﬁ F;_ihal scale reading
Wt.of jug+cone béfo’re use | 6815 ar. lhiﬁ%‘ scale reading
.\’Jt..pfjug—i-‘co_ne after u“sé » - 3735 i -gr. - Vol of\h(_)le, i’},
W1. of sand vsed (hole 5 conge) 3080 gr. Vol. of hole = V} (CF) — . ' - - -

I3

" Wt. of s2nd in cone (from calibration) _1782 gr

WL of sand in hole, W' - 1298 gr

Vol. of hole, V, =W /yoane = 853.95 . cm3

3

Dcnsiivy ome'l

- Wet density 5, , = W[V, = _2.01 gr/cmfiDry density yan = Ywa/{1+ u)) = 1.93— gricem3




SAMPLE - 8
h= 5_- 5.5 cm.

FIELD DENSITY TEST (Sand cone, Balloon)

106

Data Sheet 10

project S e - J6b. No

Location of Project _ Dua Tepe sok.

pescription of Sdil

"Wetdensity yo = W[V, =

Test P'er'fbrmed By : » Date of Test 31 .7.1985
Lnl)orat;}ry I)a.la:fru‘1lz Field Test
Saﬁd;cone n'_ivet‘hc_od o g T Ballooh .method
wh. of wel's_oil‘-l- can ‘ _-2150 _ gr. = Wt of wetsoil+can.
Wiofcan____ ' ' 10 gr. . Wtoican | -
Wi, of wet so}l,u" 2140 4. Wl of wet soil, W'
W1 of wet soil+ pan , 2775 gr. Wi of wet soil+ pan_
wit. of dry soil+ pén : . 2685 _gr. . Wt of drysoil%p;an |
Wi of pan. : 635 _gr.  Wtofpan |
Wf. of dry soil et - 2050 gr ~.. Wt:of dry soil
Water content, w% <~ : 4-‘39.” SRS -Water content, w%: = =%
* Field batd
;'Sand—co-ne'vme'thod _— . T - é;llc:)bh m;a;hbcji__,
Type of sand used B hf%nwé‘ - Corféctioh.iactér CF= 3
- Unit wi. of sand, -}_m,, =___ 1. SZY' gr/cm3 Final scale reading
Wt.f(.){ jug+ cone beiére use - 6780 grf’ lhiti‘a.| scalfa reading .
.\Mi;.pf jug* cone atter us} — 3‘3:5'0 gt Vol. of\hqle,V;,
W1, 0i sand vsad (hole+ cone) 3420 gr. Vol. of hole = \",', (CF) -
V 'Wt. of sand in cone (from calibraiion)_]l&Z_‘_;_'gr, - )
Wiofsanginhole W . 1638 gr
Vol. of hole,V,:\x?/)-mdﬁ 1077,63 éfn_3.
. Density Uqu:'l_ -
. 1.91

_gr/em3

1.99  g/em3Dry density yan = Ywe/ (15 0) =



- SAMPLE 9 . 107

h=6-6.5cnm.

FIELD DENSITY TEST (Sarjd coneg, Balloon) : Data Sheet 10
Project : - Job. No
Location of Project Dua Tepe (2.kisim ) .

Descriplion o! Soil

TestPerformedBy - . : a ' 'Daleof‘Tesl‘ 1.8.1985

Laboratory Data from Field Test

: S_;cx‘nd-'c.one methoa . " o , . ‘.Balloon .rn'e‘tthd
Wl..of‘wet'soil+ can _ : -7?_’00 a ar. WL of wet soil-+can
Wi of can i | - 10 ér. WL oi can
- WL c->1 wels(;.il,“” | 2190 ' .‘gr. Wt of wet soil, W’
Wt of wet soil+ pan | 2940 gr. . Wi of welsoil+pan
Wt. of dry soil+ pan ) 2840 gr. Wt ofdrysoil+ p;an
- Wiof pan. — 750 gr. - Wtot par)A _ A

‘WL of dry spil _+-_

.2090 2 Qr.,.,Wt.pfdwspil S . e

.W;le_f content, w% .- _ 4.78 .= Water content, w%_= -~
" Field Dqta -
.Sand-cone method T .~ " . Balloon method
Type 6f sand-used __ - ‘ Ottawa _Correction facior CF = _ :
" Unit wi. of sand, Yane = 1.52 'gr/cmlil;'iﬁal scale reading
Wl:oijug+ cone before use ___ 6600 ar. l‘hitia! scale reading
‘Wl..p\fjug-i-;:one after use | 3230 - i gr Vol. of 'ho_le,\.’}.
Wt. oi sand used (hole + cong) 3310 gr. Vol oflhole= Vi (CF) ‘ =

.

Wt. of sand in cone (from calibration) 1782 ar.

A\'Nl.éfsandin hole, W __ 1528 . gr

. . ) - o - L " . - . /
Vol. of hole, V, = Wiy gn = 1005,26  cm3 R

. Density of Sail.

: 22.07 gr/em3

Wet dgnsity You= W'V, = - 2.17 gr/CmSDry density yen = 7-\“,./(1 -—.-w\ =



SAMPLE 10
N h= 6-7 cn.

FIELD DENSITY TEST (Sand cone, Balloon)

Project

Job.No |

108

Data Sheet10. -

Loca_tion'of Pfojecl : Dua Tepe (2.kisim)

Dcscripiion'o! Soil _-

Test P_érlormed By

Laboratory ,Dbta frdm Field Test

' San’d;cbne method

) Béllobn method

w1 of wet soil+ can

Date of Test 1.8.1985

.‘,'.'.2700" g Wl.oiweisoil-&can'_

10 gr. . Wt.ofcan

WL of can'-

Wi. of wet soil, W’

2690 .fgr. Wt. of wet soil,.\'V‘

Wi. of wel soil+ pan

Wit. of dry soil+ pan _

3325 gr. Wt of wet soil+ pan

3 22‘_5 gr. - Wi of drysoil+ pan

Wi of pan.

635 gr. Wt of pan

2610 ér; Wt:of drysoil -~

WL of dry-soil i+ =

“Water content, w% -~ *
) Fleld Data

Sand-cone method

Type of sand used .

3 -07 7 Water content, %2 -~
* . Balloori mgthod
Ottawa Correction factor CF = _

Unit wi. of sand, ")';ana =

©1.52 g'r/c';miiFirial scale reading

Wi.of jug+ cone before use

Wi.of jug-+ cone alieruse

W1 of sand used (hole -+ cone)

Wt. of sand in cone (from calibration)

Wi of sand in hole, W

Vol. of hole, V, = Wy e =

Density of Soil.

6870 g}j I'hili_zi.lsca!gréading
3150 - igr,‘\lol.of ﬁél-e.-\7$.
'3720 ) gr. Vol. of hole = V,'; (CF)
1782 g )
1983~ g
1275 ema -

Wet density y,.,,= W'[V,=

2.11 . griem3Dry density yon = Yuwe/ (1 Fw) = _

gr/cm3



SAMPLE

h =

11

109

6.5-7 em. ¢

FIELD DENSITY TEST (Sand cone, Ualloon)

Data Sheef, 10

Project Job. No
' Location of Project __ Taglibayir
.Descripiion of Soil
'?esl P.er(ormed By Date of T»esll - 19.8.1985 .

Laboratory Data from Field Test

San,d-‘co-ne fnethpd

-~ 2300

‘

Wt. of sand in cone (from calibration) _ 1782 gr.

1728

Wi of y/et_soil+ can qr
Wi of can 19 ar. .
Wt. of wet soil, W 2290 g
Wi. of wet soil+ pan 2930 ar.
Wt. of dry soil+ pan 2805 ar .
p Wtof pan' 640 gr.
W of drysoil.____.: 2165° gr |
Water céntenl;w% o 5.77 .
* Field batn
-'Sand-cone method
Type of sand used . : Ottawa
" Unit wi. bf sand, yeane = 1 .’-52
Wl;é'ijug—!-cone ;Jefore use 6760 ar.
.Wt.,.ofjug-:—- 'coné after use 3250 " :gr.
W1. oi sand used (hole + cone) 3519 :

Wl._oi sand in hole, W

.Vo;l. of hole, Vo = W/ygne =

1136.84

Density of Soil.

Wet density yoq= W[V, =

2,014 qrjem3Dry denS_fty Yan = Yua/{1 5101 =

W1. of can

- .Water content, w% -

gr/cm3Final scale reading

ar.

ar.

cm3

Balloon metho.d

W1. of wet soil+can- -

Wt of wet soil, W’

Wi. of wet soil+ pan

W1 of dry soil+ pan

Wt. of pan

Wt of dry.spil - == -

- Balloon mgthod |

Correction factor CF = _

Initial scale reading

Vol. of hole, \

Vol. of hole = V; (CF) S

V 14904 gr/em3




. SAMPLE
h = 5cm

- FIELD DENSITY TEST (Sand cone, Balloon)

’ Piojecl

/12

Job. hNo

' ‘Location of Project’

110

Data Sheet 10

Taglibayir

Description 0! Soil _

Test Performed By -
Lalgural()ry Ddta from Field Test - .

Sand-cone method

‘W1, of wetsoil+can

:Wt. of pan

:- .Water content, w% =

gr/cm3Final scale reading

Wi of wet.sdfl+ can______ 1930 ar.
WL o% can : - 10 gr.
Wit c')f wet so.il, wr ' 1920 .‘gr.
Wi. of wet soil+ pan 2390 or.
Wt. of dr'y soil+ pan _ 2290 ar,
| Wt of pan' _ 460 ——gr.
Wi. of dry soil. 1830 - gr .
Wgﬁgr cpntent_, w%“ hA 5.46 :
'“:Fieil.d ba;é
.Sand-cone methbd
Type of sand used - - Qttawa.
- Unit wi. of sand, ')';;nu = - i- 52
Wi.of jug+ cone bgfofe use 6795 ar.
.W'L._o{ jug+ -coyne after use \ 3675 ‘ ‘gf.
3120

W1. of sand used (hole -+ cone)

2

"Correction factor CF = _

ar

v

_Balloon method,

Date of Test 19.8.1985

Wt of can

Wt. of we{ soil, W’

Wi of wet soil-+ pan

Wt of dry soil+pan

‘Wt-of drysoil e i

" - Balloon mgthod

Initial scale reading

Vol. of hole, v;

Vol. of hole = V;, (CF)

Wt. of sand in cone (from calibration) ___1782 gr. o

Wi of sang in hole, W ' _ 1338

gar

Vol. of hole, V, = W/y,me = 880.26

Density of Soil.

Wel density yo, = W[V, = "' 2.18 gr/cm3Dry density Yan = Ywe/ (15w =

~em3

2.07 gr/cn'b.



- SAMPLE 13
h= 7 cm.

FIELD DENSITY TEST

(Sand cone, Balloon)

.

Data Shee! 10

Wet density yoe = W'V, =

Project ‘Job. No :
Location of Pcojec{ Jag libayar ‘ - .
Dcséripliqn o! Soil.
Teél Perforﬁed By Date 51 7351‘ ' 19.8 1985
Lnb‘or.ataryf')atu from Field Tf:s't
Saind.-co'ne method Balloc'm‘ method
Wt of wet soil+ can ')Qﬂ()' gr. Wt of wetsoil+ cén
Wi of can . 10 gr. Wtoi can
WA, (;1 wet so.il, w i 1990 .'gr. Wl of wet soil, W’
W1. of wet soil-+pan 2760 gr. Wt of wetsoil+pan
Wt. of dry soil+ pan _ 2635 ar Wl of dry soi.l + p;an
_ Wl of pan. 750 gr. Wtoifpan Z
WL. of dry soil 1885 gr . WLpof drysoil o< ai:
W;ter content, w% 6. 63 e ;- Water content, w‘;/o > iy
; "Field Data
“Sand-cone method B - Balioon mgihpd__l ’
Type of sand used Ottawa Correction iaqur-CF =" :
. Unit wi. of sand, Yeane = 1.52 grlé;maéinal scale reading
Wi.of jug+cone before use 6680 ar. l.niii.ahl sc:al“e reading
le._f:)f jug=+ 'covner afier use | 347,0“ - gr. Vél. of\hqle; V;,
Wi.of sand used (hole+ cone) 3210~ gr. Vol. of hole =V (CF) -
| th. of sand in cone (irom calibration) 1782 gr ) \
Wit. of sang in hole, W 1428 gr
_Vol. of hole, V, ='W/);,m: = 939.47 cm3 /
Density ome'l A . .
2 ..12 _‘ gr/m}3Dry densi;ly Yarn = -;,,,,/(1 =+ w) = 1.988" gf/cmfi



Wet density yoq= W'V, =

SAMPLE 14

2,178

grem3Dry density yan

112
FIELD DEIJS[TY TEST (Sand cone, bialloon) 'Data Shee! 10
Project Job. No _
Location 91 Projec{ : Uzun ‘Hafiz
Deécriplion of.-SoiIA
Test Pe.zr,'formed»By ‘ Date é( Tesl': 20.9,1985
_Laboratory Daia ffum Fi'éld Tgsi -
Saﬁd-cone mét_hod . | .Balloon ﬁwethod
"W of wet_soii-*— can 1 540 g. Wtof wet soil+ canl
Wi. of can 1"0 gr; ~ Wi.ofcan
Wi -01 wet s-o’il.W' 1530 .-'gr, : Wl of wet soil, W’
W1. of wet soil-+ pan 2090 .gr. Wi of wetsoil+pan
Wt. of dry soil+ pan - 2000 gr. Wi of drysoil + b.an
wt. of pan. . 569 gr. Wtofpan
WL of dry soil 2. i 1440 gr. Wizof dry soil -
Waté_rcor‘tent. w% 6 25- - -. Water cq.ntent, w%
: ;Field Daia
.'Sarnd-co.r;'e method - Balloo'n'.m;athod__:
Type cf sand u_séd ; ‘ Ot tawa Cérréctioq factor CF = _
) Unit wi. of sand, yyane =  1;512 gr/cm3f;inal scale reading
Wi.of jug+ cone before use 6540 ar. lhiti_él scale reaging .
'Wl.‘.pf jug+ ;:one atter us.,e | 7 3680 i :gf. Vol. of ‘hc_nle. \.7;,
W1. of sand used (hole + cone) 2860 gr. Vol.of hole = V; (CF) -
‘ .Wt. of sand in céne (from calibration) 1782 gr. ) )
.Wl..ofsan'cliin hole, W ./ 1068 ' ar. |
Vol. of hole, Vs = W/yyams = 70263 em3 )
Dc.nm'ty of Soil.
= yued (15 ) - 2.05 gr/cmé,



SAMPIE 15 | : o .o

FIELD DENSITY TEST (Saﬁd cone, Bal‘loon) : . - Data Sheet 10
Project : Job. No
Location of Project, Uzun Hafiz o

Description o! Soil

Test Performed By : ‘ Dateof Test - 20.9.1985

Laboratory Data frbm Ficld Test

Sa;jd-bc;ne method . S Balloon .melhod
Wi of wel'.sciil-i~ can ‘ ' 1750 gr. Wt of wet soil+ can :
Wt of can ' : 10 gr. -Wioican i,
Wit éf wet so'il, wr ‘ 1740 .gr. .{th_ of wet soil, W*
wt. of wet soil-+ pan 2300 gr. Wi ofwet soil+ pan
Wt. oi ary soil+ p‘an i 21‘é0 gr. Wi of drysoil+ pi'an
Wl of pan' ‘ : _ 560 —gr. Wt otpan
Wiofdrysoil oo 1630 ér,_ - Wizof dry soil .-
Wétgr content, w%. ) 6 > '. - = .Water content, w%
- Field Dato o
,.'Sand-coﬁe méihé)d. . . - _ o Bélloon method
Type of sand used ,. - Ottawa Correction f;acior'CF =_
" Unit wi. of sand, ygane = ' _1.52 gr}_é;rﬁQFinal scale reading
Wi-of jug+ cone before use 6700 ar. lhitia‘l scale reading
.WL.'ofjug-i-'cone alter ug;a | : | 3680 'gf., Vol. 6thle,\}}.
Wt of sand used (hole + cone) 3920 gr. Vol. of hole = V; (CF) - —

’ . ~

Wt. of sand in cone (from calibration) 1782 gr.

WL. of sand in hole, W _ . 1238 ar.

' Vol.of hole, Vy = Wiy,me = 814.47  em3

Density 6fSo—x'l.

2.00 gricm3

Wet dénﬁity Ve =W'[V,= ~ ’2 136 gr/g—nfi[)ry density van = Yuwe/ {1+ w0V =



SAMPLE 16.

FIELD DENSITY TEST (Sand cone, Balloon)

Project

Job. No

Localion of Project

. Uz.uhv Hafiz -

114

Daia Sheet 10

Description cf Soil

Test Performed.By _

Date of Tesl‘

Laboratory Data from Field Test

Sand-cone r_nethod.

Wi. of wet soil+ can

1850

Wit of can

Wt. of wet soil, W’

Wit. of y&et soil< pan

W1. of dry soil+ pan _—

Wi of pan'

Wt.of drysoil Z .- =

Water content, 16%
" Field Data
“Sand-cone method

Type oi sand used i

. gl’

Unit wi. of sand,y;a"g =

Wt.of jug—+ cqné atter use

’

‘Wi, of sand in hole, W

Wit. of wgt soil+can._
) iO ' gf_ ~ Wt.of can
1840 ' gr. Wt of wet s_oil., W
2400 gr. WL ‘of wei soil -+ panv
12310 - gr. Wt ofdrysoil+ p:an
: 56.’0. gr. Wi otpan
1750.° -~ = .
— gr .. Wiof dry soil __= "
: 5% 1.4' ~ Water content, w%:
; K éalloon m;aihdd.’,
Of‘ta@a : Correction factor CF = _
1.52 gr/(—;\rnB',‘Final scale reading
Wt.lof_jugrl— cone 5¢iore use 6600 gr: li.mi'a.l scalg reading
. 3420 _-gr Vol of hole, V;
Wi, oi sg‘r.ld vsed (hole-+ cone) 3180 —4ar. Vol. of hole = V; (CF)
Wt. of sand in cone (frol;n calibration) _1782 gl' - |
1398 gr.
919,74 | em3 o J

Vol. of hole, Vo= W/yane =

Density of Seoil.

Wet density yo = W'V, =. 2.

00

.20.9.1985_-

~ Balloon method

-grlem3Dry density yen = Ywal (1+wh=

1.902 _gr/cmd




SAMPLE 17 , | | ns

FIELD DENSITY TEST (Sand cone, Balloon) . - Data Sheet 10
Project ~ Job. No
Location of Project _Uzun Hafiz

- Description of Soil

 Test Performed By : ' Date of Test 20.9.1985
Labara'tury Data from Field Tést :

' _Sand-coﬁe method ] ' B Balloon method

WL offwezhsbil+*can = 1900 gr. Wi of wet..soil—ifcah’
W1. of can . ‘ _ 10 _gr. Wtoican -
WL of wet soil, W V 1890 gr. Wt of wet soil, W
Wit oiiwet soil+ pan 2450 gr. Wt ol wetsoil+pan
Wt. of dry soil+ pan = 2370 - gr, ~Wtol dryso;l+§an
Wt of pan' - . — 560 ‘ ‘ gr. Wtofpan
Wi of dry soil.. o — 1810 - gr - Wt..of dry.soil
~Water content, w%_ - 442 1 ..Watef‘ci'omem, w%
a }’ield Da;a
| ;_Sand—cbﬁé method _‘ : 4 n - g . Balloon fnpthod_/
Type dfs'and‘u'sed ' » _Ottawa Corréctibn factor CF%— :
. Unit wi. oisand.'}',ana'; , 1 t;‘)r . gr/éﬁaf;inal scale reaq’ing
~Wi;;ofjug+ cone 5¢fore use 6450 : gr. Initial sﬁalg reading
"Wl.,pfjug'+ -cobne after ug;a 3310 ':gr'. ~Vol. of ﬁqle, V..
‘WL of sand used (hole+ cone) __3140 _gr. Vol.of hole = V; (CF) -
g Wt. of sand in cone (from calibration) 1782, gr —
Wi. of sanﬁ in hole, W 1358 gr
Vol. of hole, V, = W yuars = 893:42 » em3 J

Dcrisjly of Soil.

Wet d.enéi.ty Yo =W V= _ 2'.’116 - grlem3Dry b’ehsiiy Yo = Ywa/ (1 TWI= 2. 03 gr/cm3



FIELD DENSITY TEST (Sand cone, Balioon)

Project

SAMPLE

18

Location of Project

116

Data Sheet 10

Descriplion of Soil

“Test Periormed By __

Sand-cone method

Wi of wet sbil+'can

WI1. of can

Wt. of wet soil, W’

W1. ot wet soil+ pan _

W1 of dry soil+ pan _:

Wt of pan.

Wt of dry soil

Water conient, w%

.F ield Data

,'Sand-cbne method

Type of sand used '

Unit wi. of sand, 5';zna =

Wi.of jug+ cone after use

Wt. of sand in hote, W

Density of Soil.

Job. No
Uzﬁ_n Hafsz
Date of Test _ 20.9_1985
Lnb(;rat(iry Data from Field Test:
Balloon -method
1990 g. Wtol veet soil+ can -
19 gr. Wt ofcan

1980 -gr;‘. Wt of wet soil, W’ ‘

2540 gr. Wtof wel soil + pan

2425 - gr. Wt of dry soil-:—p.an

560 —_gr. Wi ot pan
1865 gr - Wt. of dry soil
6.17 .Water content, w%
B Bélloon mgihod’,
“Ottawa Correction factor CF=v :

1.52 grjc;ﬁa Fi.nal scale reading

Wt.of jug+ cone before use 6640 ar. lﬁiiiél scale reading
3400 __-gr. Vol.of hole, v; ,
W1, of-sand used (hole + cone) 3?40 gr. Vol. of hole = V; (CF) -
Wt. of sand in cone (irom.ca.libration) gr -
' 1458 o -

Vol. of hole, 1;_. = W/ysane = — 959.21 ;%&‘3-

2.06 1.94

Wet density Yon= WV, = _

gr/cm3Dry density yan = Ywe/ (15 w) =

gr/cm3




SAMPLE -

FIELD DENSITY TEST

(Sand cone, Balioon)

19

17

Data Sheet 10

Projecl

Localion of Project

fzzettin sok.

Job: No

Descriplion of Soil

Test Performed By

Wet density yun = W'V, =

grfem3

Date of Test _10.10.1985
Laboratory Dula:fmin- Field Test | |
Sénd-ﬁone m'eth._od' Balloon jmethod .
- Wi of wel'soil+ can __ 19.60 g. Wt of wet so.il+ can.
Wt of can 10 gr. Wtofcan
WL ;)f w.et so}l, w ~ 1950 . ar. Wt of wet soil, W*
W1, of wet soil+ pan 2525 gr. Wi of wei soil+ pan
Wt. of dry soil+ pan _ 2360 - gr. Wt of dry soil+ ;;an
» Wt of pan"v ST gr. Wt ofpan
WL of dry soil _ 1785 gr Wt. of dry soil
W_aiér"éontent, w% 9.24 . - Water content, 1%
“Field Data.
“Sand-cone method " . Balloon mgthod
Type of sand used _ br tawa’ Corrécti_on jactor CF = :
. Unﬁ wi. of sand, y,ane = 1.52 gr/(-_:m:i’Final scale reading
Wi.of jug—.l-‘co_ne 5_efore use 6490 gr: l‘hiti.a‘l scalé reading
'Wl.._ofjug—i- L:o_ne aﬂér use | 3320 ' gr V'ol. of hole, V,,
Wi. of éand used (hole+ cone) 3170 gr. Vol. of hole =V} (CF) -
‘ Wit o'f sand incone (i.rom calibration) _17_8.2_gr N
Wi, of san('jb in hole, W 1388 —gr ‘
Vol. of r;oig,-if, =W/yane = ~913.16 qn53. . J
Density o;me'I. - .‘
2.14 ér/m3Dw density ye,.‘ = yua/(1+wl= 1.96
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.

Wt. of sand in cone (ffom calibration) 1782 gr.

Wt. oi sand in hole, W : 1348 ar. .

Vol. of hole, V, = Wy,ane = 886.84 ~ cm3

: Density of Sail.

SAMPLE 20
FIELD DENSITY TEST (Sand cone, Bolioon) - Data Sheet 10
Project _ Job. No
Location of Project tzzettin Sokak .
_Dcscriplion o! Soil
V'Iesl'Performed By - Date of Test " 10.10.1985.
‘Laboratory Data frum Field Test
Sand-cone method o S Balloon method
Wi of wet soil + can ‘ _ 2100 ' ar. Wt of wet soil+can.
Wt of can _ 10 ar. . W, of can
. Wt. of wet soil, W’ 2090 .gr_ Wit. of wet soil, W*
. 2730 ) .
Wi of wet soil+ pan gr. Wi of wetsoi+pan
. 2545 - .
Wt. of dry soil+ pan ' gr. Wt of drysoil+pan
Wwt. of pan. 640 gr. Wt.ofpan
- Wi. of dry soil . 1905 _gr. Wt of dry soil
Water content, w% ' 9.71. - : Water content, w%
" Field Data 7
“Sand-cone method. I " - Balloon mgthod
Type of sand used : ‘ Ottawa Corréction factor CF = _
. = : 1.52 . , "
Unit wi. of sand, ¥ = : gr/cmn3Final scale reading
- ' 6700 . i
Wi.of jug~+ cone before use gr. Initial scale reading
- . 3570 ' .
WL.of jug+ cone after use :gr. Vol. of hole, V;,
3130 L )
W1. of sand used (hole <+ cone) — gr. Vol. of hole=V; (CF)

gr/fcm3

Wet density yon = W'/Va= — 2:36__ giiem3Dry density yan = ue/ (1720 = 2.13
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SAMPLE 21

FIELD DENSITY TEST (Sand cone, Ualloon) Data Shee! 10

Project

Job. No

Location of Project Izzettin spkak

Description-of Soil -

Test Per{prrﬁed By Date of Tesl‘ 10.10.1985 -
Ln'bomlury.I)ula from Fiéld .Tf:sr
Sa'nd—cc;ne‘m‘ethod Ballc'oon’-mélhod
Wi of WEt_soii+ can 1850 gr. WL of wet soil+ can -
Wt of can : ~10 gr. Wtoican
Wit. ('>1 wet so}l, w’ 1840 . ar. Wt of wet soil, W’
Wt. of‘ wet soil-+ pan 2260 ar. WL of wet soil+ pan
W1 of dry soil+ pan — 2120 - gr. Wtoldry soil+ p.an
Wt of pan- 420 gr. Wt ofpan
S 1700 .
WL of dry soil gr. Wt of drysoil
' 8.24 ' _
Water content, w% - Water content, w%
. .Field ba;a
- Sand-cone method . 'Balloon mgthod
" Type of sand used _ ot raw;' : Corréclion factor CF = _-
. Unit wi. of Sand.".)'ma = 1.52 gr/crﬁQ‘Final scale reading
Wi of jug+ cone before use 6585 ar. lhiii_él scale reading
‘Wl...o'f jug+ cone after use 3550 i '-gr. ' VO.l. of hole, Vi
W1t of sand vsed (hole + cone) 3035 gr. Vol.of hole =V; (CF) -
Wt. of sand in cone (from calibral"i(;r;)'_:__ll_s.z_. gr )
WL of sané in hoie, W 1253 _ o
Vol. of hol'e. V, = w/y,m = 824.34 Cm3 A |
Density oqux'l. |
Wél d?ﬂsﬁy Yo = W'l\;; = 2.23 g;'/cméDry gdensity yan = Ywa/{1 +wl = : 2.06 gr/cm3
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SAMPLE 22

120

Wi. of sand in cone (from calibration) _1782___ gr.

WL. of sand in hole, W 1568 ar.

Vol. of hole, V, = W/y,ane = 1031.6 em3 .

Density of Soil.

Wet d?nsit)’ VYwer = W'}‘Ihz 2.,17 A ar Cm3DrY densny Ydn = Twrx/(1 Twl= 1.92

FIELD DENSITY.TE-ST.(Sa'nd cone, Balioon) : ' Data Shee!_iu
Project ' Osmanaga Job. No
Locé\ion of Project ' : Neget _ﬁmer .
Descriplign o! Soil
TAest Performed By _ — . . Dateol Tesij : ~28.10.1985
.LnL;urat'ury Data from Field T'és! |
Saﬁd-cone method ) ‘ " - Ballodn .me_lhod,
W of wét.soil+ can 2250 - g Wt of wetsoil+ ca.r_l.
Wl of can — 10 g Wtoican__
Wit (')f wet soil,W’ : 2240 ‘ gr. Wl of wet soil, W*
W1. of wet soil+ pan 2660 gr. WLAOT wet soil-+ pan
Wi of dry soil+ pan = 2400 —gr.  Wtofdry soil+ p.an
Wt. of pan‘ i 420 ‘ gr. Wt ofpan
' | 1980 o '
Wt of drysoil ___ — gr. Wt of drysoil
o 13.13 " : '
' Watgr content, W% I B ‘\.Nater content, w%
“Field Dato
.’Sand—céne method . S . éalloon mgthod
Type of sand used ] . Ottawa i Corrécxior; factor CF = _
' Unit wi. of sand, Yoane = 1.52 gr/cn.13,AFinal scale reading
Wi-of jug+ coné éeiore use 6600 ar. lhiti_a.l sca[g reading
.Wl.,p{jpg+;:one afler‘us;-: 3250 _-gr. Vol of_hc_)lé. Vi
W1, of sand used {hole+ cone) 3330 gr. Vol. of hole = V; (CF) =

gr/cm3



FIELD DENSITY TEST

Project

SAMPLE

Osmanaga

.23

(Sand cone, Balloon)

. 121

Datia Shee! "IU

Job. No

Location of Project

" Description ¢! Soil

Neset Omer

Test Performed By

Laboratory Data from Field Test

" Sand-cone method

- Date of Test '28.10.1982. .

Balioon method

V1. of wet soil+ can 2230 gr. Wt of wetsoil+can.
Wi1. of can 10 gr. . Wtolcan
WL of wet soil, W" 2220 _gr. WL of wet soil, W’
Wi of wet s0il+ pan 2955 gr. Wt of wetsoll+pan
. 2770 ° o
W1. of dry soil+ pan - gr. Wt of dry soil+ pan
. 735
Wt of pan gr. Wtofpan
2035° .. )
Wi. of dry soil gr. Wt of dry soil
' 9.09 )
Water content, w% . .Water conient, w%
" Field Dato
-Sand-cone method.. . " - Balloon mgthod |
Type oi sand used Ottawa Corréction factor CF=_-
) Unit wi. of sand, ¥,ans = 1.52 gr/cm3Final scale reading
Wi-of jug-+ cone before use - 6350 gr. Initial scale reading
3159

Wt..of jug+ cone atter use

__-gr. “Vol. of hole, V;,

- Wt. of sand used (hole+ cone) 3200

Wt. of sand in cone (irom calibration) 1782 gr.

1418

W1. of sand in hole, W _

Vol. of hole, V, = Wy ane =

Density of Seil. -

gr. Vol.of hole = V; (CF) s

g
7932.89 tm3 '
2.38 2.18  grjem3

Wet density yo, = W'V, =

gl'/Cﬂ')aDl'y density yan = Ywal (1+ w) =



SAMPLE 24

FIELD DENSITY TEST (Sand cone, Lalioon)

Project

Osmanaga

Data Sheet 10

Location of Projecl

Description of Soil

Test Performed By

Wi of wet soil+ can

Wi of can

WI. of wet soil, W’

Wt of panf

W1. of dry soil

Water content, w%
 Field Data

”Sand-cone method

Type oif sand used

Wt.of jug-+ cone after use

’

Wt of sand in cone (from calibration) _1782 _ gr.
Wi. of sand in hole, W

Vol. of hole, V, = Wiy s =

Density of Soil.

Wet density yo o= W'/V, =

1028 ar.

676.32 em3 :

.

2- 37 gl’/crnany densi‘ly Yarn = thl/(1 Swl=

Job. No
‘Giilgen sokak -
‘Date of Test 1.11.1985
Laboratory Data from Field Test
Sand-cone method Balloon method
1610 ' gr.  Wi. of wetsoil+can
19 gr. . Wtoican
1600 .‘gr. W1. of wet soif, W’
W1. of wel soil+ pan 2155 gr. Wt of welsoil+pan
. I 2015 - -
W1. oi dry soil+ pan : gr. Wt of drysoil+ pan
' 555 .
gr. Wiofpan
1460 - - :
gr. - WL of dry soil
©9.59 - ’
= -Water content, w%
" Balloon mgthod |
_Ottava Correction iactor CF = _:
Unit wi. of sand, y,,,.c = - 1.52 gr/¢m3 Final scale reading
Wi.of jug+ cone before use 6250 gr. Initial scale reading ' : .
3440 ~ :gr. Vol.of Hc_)le, v,

W1. of sand used (hole -+ cone). 2810 gr. Vol. of hole = V; (CF) - —-

2.16  gr/em3

o 122
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SAMPLE 25
'FIELD DENSITY TEST (Sand cone, Balioon) - | . Data Shee! 10
Project : Osmanaga Job. No
Location of Project . . Giilgen sokak -
Descriplion of Soil
Test Performed By _ - _ : : Date onegp ' 1.11.1985
. Labosatory Data from Field Test '
Sand-cone method o L Balloon method
Wi of wet soil+ can 1410 — ° gr. - Wt of wet soil+ can |
W1 of can 10 ' gr. Wtoican
Wt. of wet soil, W’ 1400 .'gr. Wit of wet soil, W'
W1. of wet s0il+ pan' 1840 gr. Wi of wetl soil+ pan
: 1715 ° , o
W1. of dry soil+ pan __ gr. Wi of dry soil-+pan
. : 440
' Wt of pan —— Q.. Wt of pan
‘ - 1275 - -
W1. of dry soil — gr. Wt of dry soil
' : . 9.80 - : .
Water content, w% __ i -+ - = Waler content, w%.___
) jField Dato
- Sand-cone method . o . ‘ - Balloon mpthoq_,
Type 6f sand used _ . Ottawa _ Correction facior CF=_
Unit wi. of sand; y,.,. = 1.52 gr/émﬁiFinal scale reading
Wt.jof jug—+ cone before use 6355 gr; Initial scale reading : .
WL.of jug+ cone after use 3600'. __-gr. Vol.ofhole, V;
W1, of sand used (hole + cone) 2755 gr. Vol. of hote = V; (CF) —

‘

Wt. of sand in cone (from calibration) 1782 gr.

Wt. of sand in hole, W 973 . . g

Vol. of hole, V, = Wy = 840.13 em3

‘Density of Soil.
' 1.99  gr/em3

Wel density yuo = W'V, = 2.19 grlem3Dry density Yen = Vel (1) =
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APPENDIX B . ’ -
COMPUTER ?ROGRAM FOR ANALYSIS OF A MULTI - LAYERED
ELASTIC SYSTEM WITH A SINGLE_VERTiCAL ﬁOAD

B.1 DESCRIPTION

o : . ) (.
.The multi - layered - elastic ‘system computer program . will
determine the various component stresses and strains in a threé-_
dimensional ideal’ elastic layered system with arsingle vertical

uniform circular load at the surface of .the system .-

The solutions for stresses and deflections of elastic layered
systems are  based on the assumption that all the layers are
homogeneous , isotropic énd elastic. The solutions for stresses
and deflections are based. on the formulas derived» from

Boussinesq's and Terzaghi's analyses.

Influence coefficients for stresses are computed using Bessel
functions and Bessel function constants are determined using
Legendre - Gauss iteration. Influence coefficients for
stresses and deflections are determined according to four

parameters (-H , ai , k1 and kg ).

In three layered system study , parameters are defined as ;

(*) Michelow J., "Analysis Of Stresses and Displacements In An
N - Layered Elastic Systern -Under A Load Unifprmly

ﬁisfributed On A Circular Area", Chevron Research Comp.1963




where

125 -

h] = First layer thickness

- hp = Second layer thickness

. Accordihg

a = Load radius

El = Elastic modulus of first layer
E, = Elastic modulus of second iayer
Ej3 = Elastic modulus of third layer

to these parameters , stress influence coefficients

4are»éalculated and stresses can be expressed simply as-;

o

where'

g
Z

g
r

g

T
rz

g

Deflections

where

_ o _ 0. _ ' T » :
=qgxI ' =qgx ’ =g x and =gx1I ‘
z 0? T q .Icr | Q=g IGQ_ nd ‘rz = q Top -

= Vertical compressive stress

= Radial (Horizontal) stress

= Tangential stress

= Shear stress

= Tire pressure

= Influence coefficient for vértical_stress
= Influence coefficient for radial stress

= Influence coefficient for téngential stress

= 1Influence coefficient for shear stress

are computed as;

= Settlement of the center of the loaded area

= Load radius

= Tife pressure

= Elastic modulus of first layer

= Influence coefficient for deflection determined -

ﬁsing same parameters (H , ajr k1 and k2 )



Strains can be computed as;

0.5x (0. 2 g )
|
£ = - -
,hlv
. El .
where Ehl = Horizontal strain at the base of first-léyer
. Ep = Elastic modulus of first layer
Url. = Horizontal stress at the base of first layer
Gzl = Vertical compréssive stress at the base of first:
layer
The bottom layer of the system is semi - infinite with all

other layers of uniform thickness. All layers extend infinitely
in the horizontal direction . The top surface of the system is

free of shear and all interfaces between layers have full"

continuity of stresses and displacements .

With ‘a wvertical uniform circular load , the systém is axi =
symmetric with the z — axis perpendicular to the layers ‘and

extending through the center of the load . Using cylindrical

coordinates ; any point in the system may be described by an R

and z . R is the horizontal distance out from the centef of the
load and z is the depth of the point measured vertically from

the surface of the system .

The load is described by the total vertical load in pounds and

the tire pressure in psi . The load radius computed by the
program . Each‘layer.df the system is describeﬁ.by modulus of
elésticity , Poisson ‘s ratio and thickness in inches .. Each
layer is numbered with the fop/layer as 1 and numbering each

layer consecutively downward .

© 126
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B.2 PROGRAM OPERATING. NOTES

The program operates with the various given R and z’valuest_es
follows : For every R value a complete set of characterizing
function is developed for all’ layers s then the stresSes‘ and
strains are computed at those points represented‘by that R and
~each of the given'z values .+ The program then steps ‘to the next
R value and computes the stresses and strains at those p01nts
represented by each of the given z values and contlnues until

all comblnatlons of R and z values are used .

When a given z value is directly on an. interface between two
iayers ' ‘the program will first compute the stresses amd
strains at this point 'using the functions for the upper of the
two layers then will recompute the stresses and strains atithis
same point using the functions from the lower of the two 1eyérs,_
In the output of the program a negative z value indicates that
the stresses and strains have been computed at an interface and

-that the characteristics of the upper iayer have been used .

B.3 LIMITATIONS
The following are limitations of the program and / or method ,

1 - Number of 1layers in the system ; minimum of two and a

| maximum of five . B

2 - Number of points in the system where stresses and strains
are to be determined ; minimum of one { one R and one 2z )’
to a maximum of 121 ( maximum of eleven R and eleven z ) .

3_ ~ All data are4positive , no negative values .

4 - Poisson 's ratio must not have a value of‘one



B.4 INPUT DATA

Several values of layer thickness or modulus maf be ispecified N
for each layer'and“the'program'will*caiculate—resuité‘foff‘thé‘f,
various possible combination of layer thickness and modulus .

The required data cards are }isted below .
A - 'fifclé C‘ar.df (8 210) |

~ Columns 1- 72, Anj desired description
B - Load Card ( 2 F 10.0 )

Columns 1 - 10 Total load in pound (WGT)

11 - 20 Tire pressure in psi (PSI)
C - Control Card ( 6 I 5)

Columns 1 - 5 Number of layers in system (NS) - Max. 5 -
6 - 10 NumbérA of values to be specified for';,.
thickness or 'mOAﬁlus of the top lla?ef :
(N1) - Max. 5 ,
i1 - 15 Numbér of values to be specified for
thickness or modulus of second layer (N2) - -

Etc.
D - Layer Thickness and material Pfoperty Cards ( 3 F 10.0)

Columns .1A— 10 Layer thickness in inches (HHH)

11 - 20 Young ‘s modulus in psi (EE)

21 - 30 Poisson ‘s ratio (VV)
N1 cards for top iéyer , N2 cards for second layer , etc .
For bottom layer , which is semi - infinite , put.

thicknéss equal to zero . .



E - Coordinate Cards
~Columns 1 -5
5-10
11 - 15

~Etc.
 (Columns 1- 5
5-10

Etc.

(15, 11.F 5.0 )

Number of véalues to be specified' (IR)

First R-valueé in inches

Second R value in inches

Number of valués to be specified (IZ)

First z value in inches

Only one load and one set:-of values of R and z may be specified

for each data set , but as many data sets as desired may be run

. by repeating cards

A to E . The program will end an error

number 65 when the last -data set has been processed .

B.5 SAMPLE DATA

1. Card "EXAMPLE DATA ‘ ( 8210 )
2. Card 20000.  125. ( 2F10.0 )
- 3. Card 3 1 1 1 ( 615 )
4. card 2.5  490000. .45 ( 3F10.0 )
5. Card 10.  42000. .52 ( 3F10.0 ).
6. Card 0.  31000. .5  ( 3F10.0 )
7. Ccard 2 0. o. | . ( I5 , 11F5.0 )
8. Card 3 1. 2.5 11. ( 15 , 11F5.0 )

12
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