{ FOR BEFERENLE

10T U 3E VAKEN FROM THIS ROOM

AN ANALYTICAL APPROACH
| 10

REINFORCED EARTH SYSTEM

- FIKRET EYGOREN

Jdure. 1986

Bogazici University



- AN ANALYTICAL APPROACH
T0

REINFORCED EARTH  SYSTEM

by
FIKRET EYGOREN -

e

B.Sc. in C.E., Karadeniz Technical University,

Submitted to the Institute for‘Graduate Studies in
Science and Engineering.in Partial Fulfi]]ment of
the Requirements for the Degree of
Master of Science
in

Civil Engineering

gazici Umversﬂy Library

\\Il\\\\ll\l\\\l“ll Il\\\\\l\l\ lll\

Bogazici University

June, 1986

1983




ACKNOWLEDGEMENTS

I would 1ike to express my sincere gratitude to those who
have assisted me during the development of this study, especially
to my thesis supervisor Prof. Dr. H. Turan Durgunoglu for his in-

valuable suggestions, guidence and encouragement,
- 1 am greatly indebted to the Staff of the Bogazici University
Civil Engineering Department and Computer Center for their generous

help and making the facilities available to me.

I am also grateful to Miss NUkhef Okunur for her pétience,

~ care and conscientiousness in typing the manuscript.

Istanbul, June 1986

Fikret EYGUREN



ABSTRACT

“In this study, Reinforced Earth Structures are investigated

4 by using vérious techniques. Initially the system is handled as

a slope stability problem and multi-criterion and]ysis method is
emp1oyedlto find out the é]]owab]e tensi]g and shear forces for the
reinforcing‘bars. A computer program, which evaluates the forces mo-

bilized in the bars and estimates the safety factor, fs prepared.

In the second part of the study, reinforced earth systems
-are éna]yzéd by the Finite E]ément Method. For this purpose, the -
system is cqnsidéred as‘a composite material and necessary formu-
lations are derived. In the analysis, the hyperbolic stress-strain

parameters are utilized to take into account the real behaviour

of ‘the soil.

A-finite element computer program, having various capacities

is also developed in this study.



UZET

Master tezi olarak hazirlanan bu calismada donat1l1 zeminler
 cesitli ybntémler'ku11an11arak ince]énmfstir. Sistem Once bir yamag
problemi olarak dUsUnU1mU$ ve.cok-kriterii analiz metodu kullanila-
rak donat11ar1n~tasiyabj]écegi maximum cekme ve kesme kuvvetleri
hesap]anm1st1r. Ayrica donatilarda olusan gerilmeleri hesaplayan
ve bu kuvvetleri dikkate a]arak emniyet katsay1sih1 bulan bir com-

puter programi hazirlanmistir.

Calismanin ikinci boliimiinde, donatili zeminler sonlu eleman- -
lar yontemi ku]ian11arak incelenmis ve bu.sistemler hakkinda daha
: detay11bbi1gi elde edilmistir. Bu analizde donatil1 zeminler kompo-
sit maTzemevo1arak diistiniilmiis ve bu kabule gore gerekli formU]]er
¢ikartilmistir. Zeminin gercek’davran1s1n1da dikkate almak amaciyla,

hiperbolik geri]me-seki]degistirme parametreleri kullaniimistir.

Bu calismada sonlu elemanlar yontemi icin cesitli ozelliklere

sahip birde computer program hazirlanmistir.



LIST OF FIGURES

Figure No _ ‘ \ Page
1.1 Shematic View of a Reinforéed Earth Wall | 3
1.2, Application of Réinforced Earth System | | 5
1.3 Applicafion of Reinforced EarthVWall o ~ 6

‘ 2.1 Frictional load Traﬁsfer between Soil and Reinforcement 8
2.2 Forces Acting on the Reinforcement " 10
2.3 Effect of the Rigfdifyvof the Reinforcement 13
2.4 Fai]ure Curves. of Reinforced and ﬁ:}einforged Soil ‘16

- 2.5 Mobilization of Apparent Cohesion - ‘ 17
2.6 Effect of Orientation of Reinforcements _ 19
2.7. Determinétion of the Maximum Force in the/Bar o 28
2.8 Examples of the Mu]ti-Criteria.Ana1ysis 29

2.9 Free Body Diagram of the Forces o 31



LIST OF FIGURES (Cont'd) -

Figure No Page
3.1 Typical Facings : o :39
3.2 Typical Facings | | ‘ 40
3.3 Setting Facing Elements ‘ .1 B 44
‘.3.4 ' Insa111ng»Re1nf0rgements _ - 45
3.5 Bactefi]}iné | ,'  f' | 47
3.6 Compacting the Backfill o 48
3.7 - Construction Phaseé-for‘Soil Nailing i 50
4,1 Ndﬁ]inear Analysis of the Soi1> ‘ | 67
5.1 Hypérbolic Representation of Stress-Strain Curve
(Konder, 1963) - ' B

5.2 Variation of Initial Tangent Modulus with Confining

Pressure (Duncan, Wong, 1974) : | - 76

5.3 Variation of Strength with Confining Pressure (Duncan,

Wong, 1974) S » 76

5.4 Unloading-Reloading Modulus o 78



5.5

5.6
6.1.
6.2,
7.1
7.2

7.3

7.4

7.5
7.6
7.7
7.8
7.9

7.10

7.12

LIST OF FIGURES (Cont'd)

| Page
Nonlinear and Stress-Dependenf'Stress—Strain and Volume
Change Curves o | 81
Variation of Bulk Modu]us with Confining pressure 83
Unit Cell Representation of Reinforced Earth : 89
Sign Conventfon of Unit Cell | | 91
Example Prob]gm ‘ , 100
Finite Element Mesh. | 103
Contours of Horizontal Stresses | E 105
Contours of Horizontal Stresses : ' | 106
Contours of Vertical Stresses - 108
Contours of Vertical Stresses ' 109
Contours of Maximum Shear Stresses 110
Contours of Maximum Shear Stresses - o 1
Contours of Stress Level | 113
Contours of Stresé Level 114
Contours of Horizontal Displacement : .115

Comparison of Horizontal Movements : 117



LIST OF FIGURES (Cont'd)

Horizontal Movements a Horizontal Section

Contours of Vertical Displacement

| Comparison of Settlement

Tesile Force

Tensile Force

Page

118
119
.120
122

123



LIST OF TABLES

Page

Table 5.1  Summary of Hyperbolic Parameters........ ...86

Table 7.1 Properties of the Soil and Reinforcement. ..102



LIST OF SYMBOLS

Symbol - | Meaning
o E Normal stress
T | Sheér Stress
T, _ | Frictional shear resistance
T Tensile force mobilized in the bar
| v . ‘ _ Shear force mobilized in the bar
P . Limit pu]]out'resistahce of the reinforcemat
RT Rupture strengﬁh of the reinforcement
Tf ‘ Tensile force mobilized in the bar at faf]ure :
Ve ' | Shear force mobilized in the bar at failure
Ry TenSi]e strength of the bar
Re | Shearing strength of the bar



AT

cr

EI

LIST OF SYMBOLS - (Cont'd)

Meanihg

Tangential component of the strip force
Radial component of the strip force

Increase of the overall shear resistance due

to the reinforcement
Cross section area of the failure surface

Bending stiffness of the reinforcement

~ Subgrade modulus of the lateral soil reaction

Modulus number

‘Modu1us exponent

"Poisson's ratio

Transfer length

Embedment 1éhgth‘

Length of reinforcement |
Horizontal spacing of refnforcement

Coefficient of friction between soil and

reinforcement

friction angle between soil and smooth surface



~ LIST OF SYMBOLS - (Cont'd)

Symbol o | Meaning
6 | Internal friction angle of soil
p* ‘ Apparent friction coefficient
O/, ‘ - The angle between the reinforcement and the

normal to the failure plane

c B ' Cohesion

fmax; Limit skin friction .
u : Pore pressure

F Factor of safety

(01-03)  Deviator stress



TABLE OF CONTENTS

Page
Acknowledgements | | iiid
~ Abstract ' | oy
Ozet | v
LiSf of Figures | B
List of Tables | | - R P
List éf Symbols. ' B ' X
‘1. INTRODUCTION " | o

II. PRINCIPLE OF SOIL REINFORCEMENT INTERACTION AND DESIGN METHODS
2.1. Introduction 7
2.2. Frictional Load Transfer 9

2.3. Passive Earth Trust on The Reinforcements _ 12



2.4,

2.5.

- 2.6.

2.7.

I1I.

Page-

Effect of the Inclination of the Reinforcements with Respect

to the Failure Sgrface

Design method

2.5.1. Introduction

2.5.2. Design Parameters

2.5.3. Internal Stabi]ity_Ana]ysfs

2.5.4. Ca]cu]ation 6f the Forces in Reinforcements
2.5.5, General Slope Stability

Development of the Computer Program for Internal

Stability Analysis

Summary

SELECTION OF COMPONENTS‘AND CONSTRUCTION

- 3.1. Introduction

3.2. Reinfofcing Strips
3.3. The Facing
3.4. Backfill

3.5. Construction

18

21

22

23
24
30

35

35

36
37
38
a1

43



Page

3.5.1. Reinforced Earth Wall ' 43
3.5.2. Excavation’ , : 49 -
3.6. Summary . , 51

IV. FINITE ELEMENT METHOD

4.1, Intrdduction | " o ‘ 52
4,2, Principle ofrhinimum Potentfa] Energy 53
4.3, Initial Stresses and Strains , 55
4.4. Finite Element Formulation ' 56
4.5, Procedure of the Finite E1ement Aha1y$is : 59
4.6. Solution of System's Equations | | ‘61

4.7. F]ow-thart of the Finite Element Computer Program 62
4.8, The Procedure for Nonlinear Stress Analysis 66

4.9. Summary | 69

V. HYPERBOLIC STRESS STRAIN PARAMETERS.

¢
i

5.1. Introduction ‘ | 70

5.2. Hyperbolic Stress-Strain Relationships N



5.2.1. Nonlinear Stress-Strain Curves Represented
by hyperbola

5.2.2. Effect of Confining Pressure on (01'03)u1t

*and Ei
5.2.3. Relationship Between Et and Stresses
5.2.4. Inelastic Behavior of Soil

5.2.5. Nonlinear Volume Change

- 5.3. Sﬁmmary

VI. FINITE ELEMENT ANALYSIS OF REINFORCED EARTH SYSTEMS
6.1. Introduction

6.2. Finite Elemenc Representation of R.E.S. as

Composite Material
6.2.1. Unit Cell Concept
6.2.2. Composite Stress-Strain Relationships

6.3. Summary

VII. RESULTS OF FINITE ELEMENT ANALYSES
7.1. Introduction

7.2:'Description of the Problem

77
79
80 .

84

89

88
88
92

97

98

99



7.9.

. Finite ElementAIdea]ization of the Structure

. The Effect of Reinforcement on Horizontal Stress

. The Effect of Reiﬁforcement on Vertica]»Stress

. The Effect'pf Reinforcement on Maximum Shear Stress
. The Effect of Reinforcement on Stress Level

. The Horizontal Displacements

The Vertical Displacements

7.10 Tensile Force In Reinforcing Strips

7.17 Summary and Conclusions

‘

VIIT. SUMMARY AND CONCLUSIONS

 REFERENCES

APPENDICES

. Appendix‘A '

. Appendix B

. Appendix C

. Appendix D

1Q7
107
112
112
116
121

124
125
129
132
136

142
156



CHAPTER-1I

AN ANALYTICAL PROCEDURE TO
REINFORCED EARTH SYSTEM

INTRODUCTION

Soil is the most abundant and least expensive construction '
material. Many soils with a suitable watef content and density
can be strong enough to be structurally souhd; egpecia11y when
loadadi only in compression. However, 1ike concrete, soils are
very wéak in tension. Therefore, in some cases it is not possible
to use the soil without any~subporting\sy3tem. As in the case of
reinforced concrete, in soils the inclusion of feinforcements which
are strong in tension can produce a composite material that combi-
nes the best load cérrying features of both components. Making use
of these aspects of soil and reinforcement, recently a composite
material which is named as "Reinfofced Earth System" has been

intrbduced.

As a definition, Reinforced Earth is a construction material

consisting of a frictional backfill material and Tinear reinforcing



strip. The reinforcements, which are capable of withstanding high
tensile forces, have two main effects; namely, reducing the average
'shear stress carried by the soil and increasing the average normal

stress .on the failure surface.

Reinforced earth retaining structures have three components:
1. Backfill material
2. Reinforcing Strips

- 3. Facing, which has onTy a local rol 2 preventing

‘the backfill material from sloughing away from the wall face. These
components are shown on a schematic view of a Reinforcéd Earth
Wall on Figuré 1.1.

Reinforced earth structures'possess several features that
‘are attractive in many situations requiring fetaining'structure. .
" In Reinforced Earth structures the in-situ gfound is used as one
of the main structural e]eménts. The facing elements prevent the
collapse of the soil at the face between the strips. The facings,
therefore, are ré]ative1y thin and inexpensive. The Tow cost of
’the‘elements can provide significant;sayings in construction mate-
rials relative to the conventional solutions. Light construction
equipment, adaptabi]ity to site condition.and easy operation in
heterogéneous soils are the other advantages of the reinforced
retaining structures. Moreovek, these structures are more flexible

than classical cast-in-place reinforced concrete retaining structures.



Metalic Strips

Fig. 1.1 Schematic view of a Reinforced Earth Wall

Backfill Materig



Consequently, the reinforced earth structures can conform to defor-’

mation of surrounding ground and withstand larger total and diffe-

rential settlements.

Some applications of reinforced erath systéﬁtin Europe and

in U.S.A. are indicated in Fig. 1.2 to 1.3.(Ref.8)
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Fig, 1.2. Application of Reinforced Earth System



Fig, 1.3, Application of Reinforced Earth-Wall



CHAPTER-II

PRINCIPLE OF SOIL-REINFORCEMENT
INTERACTION AND DESIGN METHODS

2.1. INTRODUCTION

An essential aspect in the success of any soil reinforcement
system is that the two materials sould be compatible,in terms of
surface characteristics and geometry so that stress can be trans-

| ferred from one to another.

In Réinforced Earth, the mechanism of soil to reinforcement
stfess transfer is.mainly the friction between the spi] and rein?
forcement surfaces when smooth reinforcement strips are used. When
ribbed strips are used, stress transfer is also developed by passive
resistance on the ribs. They together determine the bond strength
which controls the maximum rate of change of axial force in the

reinforcement along its length.



Normal Pressure

 Pu11 Out Force

Frictional Force

Normal pressure’

Fig. 2.1 Frictional Load Transfer Between Soil and Reinforcement




.2.2. FRICTIONAL LOAD TRANSFER

Frictional stress transfer between soil and reinforcements
is'illu$trated Schematica]ly in Fig. Z.i. The load that can be'
transferred per unit area of reinforcement dependsvon-the interface
characteristics of the soi1 to reinforcing material, and on the
normal stress befween them. The latter depends on the stress-
~ deformation behavior of the soil, which is itself stfess-depéndent.
‘Consequently, it is not realiable to estimate the effective friction
coefficient by analysis alone. The results of experiments; eg;
pullout tests, direct shear tests between soil and reinforcement,
instrumented models and full scale structures, are often used as a
basis for selection of appropriate values of effective frictional

coefficient.
Analysis of the local equilibrium of a section of reinfor-

cement with the soil gives the stress transfer condition, shown

in Fig. 2.2. as:

where

o
t

= Reinforced width
2 = Length a]dng réinforcemenf
T = Tensile force
4 ; Shear stress along soil-reinforcement interface



I

T1 m
1ttt

Fig. 2.2 Forces Acting on the Reinforcement

T2

--10

dT =T2-T1




If tis generated only by interface friction, then

T = Vo, | L : (2.2)
where
gy = The normal stress exerted on the reinforcement
TR The coefficient of friction between the soil and

reinforcement material.

The interface friction coefficient between different construction

material surfaces in direct shear is known to be in the range
of about 0.5 to 0.8 times the direct shearing resistance that

can be mobilized within the soil. That is

tan § = (0.5 - 0.8) tané R - (2.3)

U =

where
§ = Friction angle between soil and smooth surface
¢.$ Angle of ‘internal friction of the soil.

Thus, if the value of © fs known, it should be a simple mather
to calculate the limiting value of reinforcement pullout resis-
tance, in any case. Unfortunately, such a simple calculation can
not reliably made, owing to the fact that the effective normal

stress is altered by the soil to reinforcement interaction.

11
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According]y'the most reliable values of friction coefficient are
obtained by direct measurement. The value so détermined is commonly
referred to as therapparent or effective friction coefficient u*,
and %t is usually taken as the average mobilized shear stress

along the reinforcement divided by the normal stress as given by
‘the overbukden pressure, It is known that the conétruction methbds
may influence p*in reinforced soil construction. Therefore, it is

~ necessary to evaluate thé apparent’friction coefficient. p* by

| taking intb consideration the specific backfill characteristics

and the method of construction.

2.2. PASSIVE EARTH THRUST ON THE REINFORCEMENTS

Although tensile forces constitute the dominant reinforcing
mechanism, passive lateral earth resistance can develop agaﬁnst'
‘therstrip on either side of a potential failure surface, when feine

fbrcing elements are rigid. To illustrate the effect of the rijidity
| of the reinforcement on the Soi]-inc]usion interaction, the two
Timiting cases of flexible and completely rigid reinforcements can
be considered. As shown in Fig. 2.3 a flexible reinforcement will
deform until equilibrium is reached. However, the rigid reinforcement
will resist the deformation, consequently passiveA1atera1 earth thrust:
will be mobilized at both sides of the potential sliding shrface,

and shear stress will be developed on the cross section of the
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reinforcement to maintain the equilibrium requirements. Rigit rein-
forcements, dependent on alignment, may thus have to withstand

shearing forces and bending moments as well as tensile forces.

As schematically shown in Fig. 2.4 the overall shear resis-

tance of the reinforced soil can be divided into three components.

1. The apparent cohesion Co*\due to the shear force, Vo’ mobilized
in the bars.

v
C:: z —0—
A

where A is the area of the shear surface

2. The frictional shear stress, T, mobilized in the soil along

s
the'potential failure surface in the absance of the bars

T = o' tang ~(2.5)

3. The difference in frictional shear stresses between reinforced
" and non-reinforced soil, At, which is caused by the effect of

the reinforcing bars on the stresses and displacements of the

soil.

Hence the total shearing resistance of the reinforced.soil can be

written as:
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T = Co;+ o' tand + At | ' ' (2.6)

The finite e]ement analys1s resu]ts show that the shear forces
mob1]1zed in the bars, V » and corresponding apparent cohes1on,
Co’ are pract1ca]1y independent of the applied normal stressd'.
However, the effect of the reinforcing bars on At is high depen-
dent on the applied normal stress, In‘fact, At varies from possi-
tive to negative as the normal stressrincreases.vConsequent1y the
_ total apparent cohesino C* is greater than C0 and the apparent
internal friction angle of the reinforced soil is smaller than the

internal friction angle ofvthe soil. This can be easily seen in

Fig. 2.4.

~ The mobilization of both the apparent cohesion C* and the
bortion of cohesion due to shear forces in the réfnforcement bars,
CO, as functions of relative displacement, x, are shown in Fig.
2.5. These results illustrate that the relative soil-inclusion
disp]acement necessary to mobilize this apparént’cohesion is
generally much greater than that required to mbbf]ize soil-reinfor-
cement friction. This relative displacement is highly dependent
on\the.relative rigidity and diameter of the inc]uéion. A simplifi-
ed model of soil-reinforcement interaction has been proposed by
Juran to simulate the mobilization of the Tlateral earth pressure
on the inclusion. In this model, the bars are considefed aé late-
rally loaded vertica]lpiles supported by a lateral series of elastop-
lastic épringé with spring coefficients which may vary during the -

loading. In this
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model, the re1ative rigidity of the bar is characterized by its

transfer length:
1,= 3 = | - (2

where

EI : bending stiffness of the reinforcement
/KS : subgrade modulus of the lateral soil reaction

d : diameter of the bar

2.4, EFFECT OF THE INCLINATION OF THE REINFORCEMENTS
 WITH RESPECT TO THE FAILURE SURFACE

The development of tenﬁile forces in the reinfdrcements

during a‘direct shearing of a reinforced soil mass depeﬁds'mainly
on the orientation of the reinforcements with respect to the failure
surface. As shown in Fig. 2.6 the méximum increase of the shear -
strength of a sand sample reinforced by bars is obtained when the
reinforcement is oriented in the same direction as the principal
tensile strain increment that would have occured in the unreinfor-

ced sand at fai]ure. Orientation of reinforcements in a compressiVe
strain direction can result in a decrease in shear strength of the

soil, 6wing to a reduction of the aVerage normal stress in the soil
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on thelfai]ureksurface. If the potential foilure surface in the
reinforcéd soil mass is‘considered to be a zero extension plane,
these regults suggest that inc]fning the reﬁnforcement vertically
in an unstable slope or excavation can significantly reduée the

effiCiency of the reinforcing system.

The apparent friction angle of the reinforced soil mass

a]ong‘fhe failure plane can be written as:

~ T
tang* = tan ¢'+ __iﬂiil_ (Cosotang' + Sing)
‘ o} Acr |
At : ,
= tanp' + —mm—o (2.8)
o -

where T(max) is the lesser of P or RT’ respectively the 1imit

pul lout resistance and fupture strength of the reinforcement.

o and At are, respectively, the applied normal stress and

the increase of the overall shear resistance due to the reinforcement

Acr = the cross section area of the failure surface
o' = the internal friction angle of the unreinforced sond
8 = the angle between the reinforcement and the normal

to the fai]uré plane
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AIthough’it~seems easy to optimize fhe éffegti&eness of
reinforcements by changing the orientation, it is éomp]icated by‘ |
the fact that, iﬁ slopes and_embankments and within earth walls,
the principal stress directions and the failure plane orientation
ﬁre not the same at all points. Thus, the optimal reinforcement
‘ orientatibn would cbmp1icate the construction process. fherefore,
the optimization of reinforeement inclination would have its

greatest applicability to soil nailing and root pile system.

2.5. DESIGN METHOD
2.5.1 Introduction

Reihforcéd Earth Structures must be designed so that they
are stable both internally and externa]]y..ln order to be internally .
stab]e.the reinforced soil structure must be coherent and self-
supporting under thé action of its own weight and any externally
applied forces. This is accomplished throUgh stresé fransfer from

the soil to the reinforcement.

The reinforcements must be sized and spaced so that they
are neither ruptured by the stress that they are required to carry

nor taken out of the soil mass.
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Reinfdrcédnsoil structures should satisfy the same external
'design criteria as conVentionai retaining walls, independent of
reinforcing system chosen. The wall myst be stable against sliding
due to the lateral préssune of the soil retained by the wall and
resist overturning about its.toe. It should be safe against founda-
tion failure, and there must be overall slope stability.

Classical methods of soil mechénics have been found satis-
factory for analysis of the external stability of reinforced soil.
structnres. Therefore, this study is focused on internal stability

analysis.

2.5.2. Design Parameters

The main design parameters of a Reinforced Earth System
 concern the mechanical properties of the soil and reinforcements,

as well as the panameters characterizing the different mechanisms

" of soil-reinforcement interaction. These parametérs can be classified

in five main groups.

1. Mechanical proparties of the backfill material, particulary

internal friction angle and density

2. Mechanical properties of the reinforcements including

allowable tensile and shearing resistance and bending

stiffness.
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3. Parameters related to lateral earth thrust on the rein-
- forcement, particularly the limit passive pressure of the

~s0il and modulus of lateral soil reaction.

4, Parameters related to the soil-reinforcements intekaction,

particu]ar]y.the-appakent friction coefficient. |

5. The geometric properties of the reinforcements area,
length, horizpnta] and vertica]Aspacing between the rein-

forcements.

2.5.3. Internal Stability Analysis

- In order to evaluate the internal stability of reinforced
soil system, two analytical approaches have,been developed. The
first considefs Tocal internal stability of the activé zone in
the structure with respect to two failure modes namely; (1) Failure .
by pullout of the reinforcements and (2) failure by rupture of the
reinforcements. The second approach, on the other hand, considers
the general stability of the structure and surfoundings. In the
: proceéding,section, Bishop's Method of Slices, which is oné of the
classical s]dpe stability anlysis methods, has been adapted to
evaluate the factor of safety with respect to failure along circular
potential sliding surfaces, taking into account the available tenéi]e
and pu]]out resistance of the reinforcements crossing the potential

sliding éurface.
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- 2.5.4, Ca]cu]étion of the Forces in Reinforcement

In order to calculate the 1oad_that can be transfekred

safely by the reinforcements, four failure criteria have been con-

sidered.

1. Shear Resistance of the Soil

The classical Mohr-Coulomb's Failure Criterion is used
T=c+gtan ¢ o (2.9).
where

c is cohesion

¢ is internal friction angle of the soil

2. Soil-Reinforcement Friction

The mobilized tensile fonce T must be balanced by the effec-
tive friction along the soil to reinforcement interface in the

resistant zone behind the failure surface\

For a circular inclusion with diameter D, assuming that_the
limit skin friction f .. is constant all d]ong the embedment length

Le’ the mobilized pullout resistance T, can be evaluated as
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Tm <7 D Le.fmax = Tp’ (2.]0)

where

Tpl is the'pullout'fbrce

Although the Timit unit skin friction, f_ , is considered to be
constant, pullout tests on actual reinforcements are necessary

to determine a reliable value of f . to be used for design.

- 3. Norﬁa1 Interaction Between the Soil and the Reinforcements

The nofma] interaction between the soil and a relatively
rigid reinforcemeht results in a progressive mobilization of the'
passive‘1atera1 earth thrust on the reinforcement. This lateral
earth pressure must be Tess than the maximum passive resistance |

‘that can be mobilized in the soil.

The sheaf forces mobilized in the inclusion are calculated
considering the equation of elastic bendfng of the inclusion and
assuming that the soil can be represented by a series of elostop-
1éstic springs. Thé'response of the soil to 1oad1ngfis thUS'charéc--
terized-by a iatera] reaction modulus Rs and relative rigidity of
the inc]ﬁsion and soil termed "the transfer length", as previously

defined.

The maximum shear force, Vo’ mobilized at the point of inter-

section with the failure Surface is:

nevip7ict TINIVERSITEST KiTOPHARES]
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D -
Vo =P —2—- LO (2.]])

where

P = the_pasSive pressure on the bar

L0= transfer length

4. Strength of the Inclusion

- When the inclusion has.to withsfand both tensile and shearing
.forces; denoted kespective]y by T and V, the design criterion is
derived from an analysis of the Mohr's Circle for the stresses in
the inc]uéfon considering that the metalic keinforéing element

follows Tresca's failure criterion:

LN By , (2.12)

2 2 '

RN_ RC

RC = RN/2 | (2713)
where

RN = Tensile strength of the bar

RC - Shearing strength of the bar
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Figure 2.7.a shows the mohr's circle for the state of stresses

in the inclusion, The tensile and shear forces, Tf and Vf, respec-
tively, mob111zed in the bar at failure depend on the inclination

of the reinforcement with respect to the tangent of the failure
surface. The faiTure criterion and fhe actual total force T mobilized

in the inclusion and displacement vector % can be represented on the

same axes asrshown in Fig. 2.7.b.

The principle of maximum plastic work implies that at the
point,;}(T]V) corresponding to the failure state of stresses in
the bar, the tangentrto’the"ellipse, representing the failure
surfaee, must be orthogonal to the direction of the displacement
vector ;;. From this prjncip]e and the Tresca failure crfterion it
can be shown,that the tensile and shear forces at failure of a bar
 can be computed as a function of the angle between displacement

rvectér and the bar, as.

V. = - C__ (2.14)
J1sstan?( T - o |
| -

=4, tan( - - o) (2.15)

—
1

It should be noted that for a=0 only tensile force develops,

while for a = —— only shear force is mobilized as shown in Fig.
2 .
2.8.
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2.5.5. General Slope Stability

Bishop's Method of Slices has been utilized to evaluate
the safety factor with respect to failure along mtential s]idingv
surface, taking into account the forces in the bars, calculated in

previous section.

This method considers’ the potential failure surface as a
circular arc, and defines the factor of safety, F, as the ratio of
the available shear strength of the soil to that required to maintain

the equilibrium.

Fig. 2.9 shows the assumed potential failure surface and ‘

the free body diagram of the forces.
The shear strength mobilized is

S=C'+ (on - u) tang' - (2.16)

where

C' is cohesion in terms of effective stress
o' is angle of shearing resistance

On.is total normal stress

and u denotes pore pressure.
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In order to examine the equi]ibridm, it is necessary to
know the value of normal stress, and pore pkessure at each point
on thevslip surface, as well as the contribution of the reinforce-

ments to whole equilibrium.

If the sum of the ‘moment around the center of the failure

surface is taken, .ore gets;
RrWSina = RZ(S + Rt) : (2.17)
Shearing force can be written as:

s = % -, SR (2.18)

By substituting equation (2.18) into (2.17) factor of safety can

be expressed as;

y S cosa
b (2.19)

T WSin}a-Z Rt

Writing the sum of the forces in Y direction on free body diagram

yields the following equation;

32
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W= (P-R.)Cosa + ($+R,)Sina | | (2.20)
W= (P-R)Cosa + (22 + R,)Sina - (2.21)
Foo
- PCosa = W +R Cosa - 2 Sina - R Sina (2.22)
F |

~ The normal stress on the slip surface is

o z —— 5 P Lose L (2.23)
2 b

By substituting Equation 2.22 into Equation 2.23 the normal stress
may bé,written as follows:
RrCOSa sb Sina ,Rt51na

e= M, - - (2.24)
b b Fb Cosa b

Substituting equation 2.24 into equation 2.16, whi]eyconsidering
equation 2.18 the shear strength of the soil may be written in the

following form:

- R Cosa R, Sina
S=C+ (( W . - tana - —b - ug)tan¢
b b F b
: R .Cosa R, Sina ;
S(1 + tangtana ) =C+ (( w T -t )- u )tand

F b b . b
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R Cosa R,Sina
C z- + rb' -t - ug) tanp _
S - P (2.25)

1+ tangtano
F

- If equation 2.25 is substituted into equation 4 one gets

RrCOSG - RtSinu
C+ (( + ) - ut) tand
b b - , b

) E ]+M_ Coso
Fa . - F _(2.26)

IVZNSiha - ZRt

Finally the equation for determining the factor of safety is determined

‘fut as:

(C + Y tanp-ubtany) —2 (R Cosa - R,Simm) tang
b Cosa Cosa

1 tandtanc
F = - _ F

ZWSino - ZRt

(2.27)
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2.6. DEVELOPMENT OF THE COMPUTER PROGRAM FOR INTERNAL
STABILITY ANALYSIS

A computer program (SLOPER) has been developed to estimate
the factor of safety in slopes with or without reinforcihg strips,
using Bishop's lethod of Slices. In the case of reinforcement,
program also gives‘the strip forcés, calculated accdrding to
multi-failure criteria which has been‘explained in detail.in previ-

ous sections.

The pfogram 1isting and user's manual and typicé] program

output are given in Appendix-C.

2.7. SUMMARY

The principle of soil reinforcement interaction and design
méthods have been covered in this chapter. The equations for deter;
mining the frictional load transfer from soil to reinforcement were
derived and the factors that effect on soil-reinforcement interac-
tion have begn examined. Tensile and, if it is required, shear
forces were found out using mu]ticriteria.ana1ysis method, for
" which an example is given in Fig. 2.8. For internal stability analysis
of reinforced eartﬁnsystem, Bishop‘s'Method of S]iCéé was utilized
;and equation for evaluating the factor of safety has~been'derjved.
Finally a computer program which has cépabi]ity of calculating the

forces mobilized in reinforcing strips was developed.
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CHAPTER-III

- ~ SELECTION OF COMPONENTS
AND
CONSTRUCTION

3.1. INTRODUCTION

In general, placement of succesive layers of backfill mate-
rial, reinfo?céments, and facing elements doesn't require speciali-
-zed contractors, skilled labor, or specia]ized equipment. Many
B of the components of the available earth reinforcement systems are
prefabricated, thus providing easé of forming and hahd]ing and

allowing relatively quick construction.

Generally, only minimal working space is required in front
of the earth structure, which is specially advantageows when working

along existing highways or in restricted areas.

A fairly wide range of backfill materials has been used for
reinforced soil Structures. Suitable qya]ity backfill material can
frequently be found near the construction site. Therefore it is

not necessary to import the backfill material for construction purposes.
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3.2. REINFORCING’STRIPS

Ideally reihforcements should have the following characte-vk

ristics.

*

High tensile strength

*

High appareht friction coefficient with the backfill material

*

High durability

*

Low deformability under working Toads

*

Flexibility

* Low cost

Recently ordinary mild galvanized steel is the most frequently used.
The steel bars have a thickness of 3 mm, and a width of 50, 60

or 90 mm, and a yield strength of 3500.kg/cm2.

~ These steel elements can be either dfiven into the ground
or placed in prebored holes and filled with a suitable grout. After
the boreholes have been drilled, the bars are placed and sealed
with cement grout. Generally the Boreholesare inclined slightly
downwards from facing to enable gravity filling. In same cases,
grouting'is ﬁerformed under small pressure using a packer, placed

close to the facing.
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3.3. THE FACING

The main role of facing is to prevent the backfill material
sloughing away from the wall face. This purpose can be achieved

in many. ways.
There are three kinds of facing commonly used in practice:

* Welded wire mesh
* Prefabricated panels

* shotcrete facing

Typicé] facing elements are illustrated on Fig 3.1 and Fig. 3.2.(Ref.8)
Welded wire mesh is used with fragmented rock or intermediate soils,
“such as chalk marl or shales, to prevent block falls. Prefabricated
panels are being developed for perménentVStkuctures.,The third

type of facfng method, shoterete, is a concrete applied to soil

using spécia1 equipment. The maximum aggregate size for shotcrete

is usually 1imited to 10 to 15 mm.

There are two methods for placing the shotcrete; dry énd
wet. In the dry method water is introduced at the end of trans-
portation of the dry cement and granu1ar material by compressed
air. In the wet method on the other hand, the wetted mixture is
trasported under pessure by means of a concrete pump It is gene-
rally necessary to reinforce the shotcrete. Typ1ca11y,‘reinforcemeﬁt

~consists of welded wire mesh with wire diameter varying from 5 to
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10 mm. The attachment of grouted reinforcements to the facing is
generally made by bolting the bafs to a square steel plate 15 to
20 mm thick and 300 to 400 mm widé, '

"For large spacings between the reinforcements, the facing
must be designed taking into account the maximum mobilized bending

moment or tensile stress.

3.4. BACKFILL

Backfill material for a Reinforced Earth Structure is selec-

ted to satisfy the following requirements:

* Internal friction should be high enough to insure the

necessary soil-reinforcement interaction.

*.Moisture‘content may have to be limited to avoid difficul-

ties during compaction.
* Should not c ause excessive corrosion in rein forcing

elements.

In addition, all backfill material should be free from

organic and other compressible materials.

Since a reinforced earth wall is constructed without external

support framework, it must be inherently stable at all stages of
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construction. Thus there must be an immediate fransfer of effective
“normal stress between the backfill soil and the reinforcing strips
with eveky‘added layer of soil. This requires the backfill matéria]
to be properly se]ected.’The selection of the backfill material fof
é]]_interna11y reinforred soil systems shou]d be prepared based

on the following criteria:

A. Gradation

Sieve Size ' Percent Passing
6" | 100
v 100-75
300 15-0

B. Plasticity
P]astiéity Index Ip shall not exceed 6.

Results of the Taboratory and field pullout tests have indi-
cated that all mateirals having up to 25 precent passing the No.200
steve will provide adequate pallout and frictional resistance.
However, some materials having 15 to 25 percent passing the No.
200 sieve may produce problems related to frost susceptibility,
compaction and drainage. Backfill requirements therefore, should
be determined on an individua] project basis by taking into conside-
| ration}of the specific backfill characteristics of the anticipated barrow

source.,
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3.5. CONSTRUCTION’

In this section typical construétion phases are briefly
described in the cases of reinforced earth wall and soil nailing

during excavation.

3.5.1. Reinforced Earth Wall

The phases of consfruction in reinforced soil retaining
structures are illustrated on following diagram and are. illustrated

on Fig.'s 3.3, 3.4; 3.5 and 3.6 (Ref.8).

Set Leveling Pads
Set Facing Elements .
Install Reinforcments

!

Place and Compact

the backfill Soil

!

Repeat the same process

for n times
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A. Setting the Leveling Pads

The first step of reinforced earth wall is to locate the
footing beneath the facing panels. It must be correctly levelled
in order to ensure an appropriate alignment for the first row of

panelsand to facilitate the setting up to the whole facing.

" B. Setting the Facing Elements

The stability of the facing during the backfilling operation
is ensured for the first row of panels by temporaky struts placed
on the external side of the wa]], and for the succesive levels by

temporarily schring facing parels by wooden wedges and screw clamps.
Concrete facing panels are joined as shown in Fig. 3.5 and '
vertical and horizontal joints are sealed by a geotextile called

“Fi]ter‘Fabric".

C. Placement of Reinforcements

The reinforcements should bevlaid,flat on the compacted
embankment and fixed to the tie-strips protruding from the panels,
Fig. 3.4. Before backfilling, all of the reinforcements mﬁst be
bolted to the tie-strips and corrosive protection if necessary,

should be applied.



Fig. 3.5,-Backfilling

47
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D. Placement and Compaction of Backfill Soil

The placement of the backfill material on a layer of rein-
forcement should begin at the center of the first reinforcement
reached by the equipment. Equipment should not run over exposed
reinforcehents. Care should be taken to insure that the reinforcing
strips are properly aligned after dumping the backfill. Thickness
of the backfill léyer should be 30 cm in average for the case of

concrete facing.

Proper compaction of the backfill soil is required to minimize
subsequent settlements and to insure good soil-reinforcement
stress transfer. Each fill layer must be 1eve11ed-after compaction
to ensure that all -the reinforcements are in,contact5with the soil
over their entire bottom surface. This may require some manual
| filling and tamping, particularly near the conhection of reinfor- -

cements to the facing and in zones of difficult access.

3.5.2. Excavation

Extavat{on and installation of the reinforcing members is
done in sequential steps, like in the case of reinforced earth wall.
These steps are shown in the following diagram and illustrated in
Fig; 3.7. Excavation process is carried out using small conventional
- earth work'equipmeﬁt,‘starting at -the-top andfprocéssing in incre-

mental steps towards the bottom. Generally the shortterm cohesion



1. Excavation

2. Installation of Reinforcement

3. Reinforced Shotcrete

Fig. 3.7

4, Excavation

Construction Phases for Soil Nailing

- 0S8
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of the soil is sufficient to. ensure local stabi]ity of each excava-

fed step, which is commonly lTimited to 150‘cm.

Excavate First Layer of Soil

B

Install First layer of Reinforcements

and Panel Facing

;

Excavate Second layer of Soil

|

Install Second layer of Reinforcements

and Panel Facing

i

Excavate last Layer of Soil

|

Install last layer of Reinforcements

and Panel Facing

3.6. SUMMARY

In this chépter, selection of components of reinforced earth
structures have been briefly explained and construction squences
for the cases of reinforced earth wall and excavation have been
shortly described Aditionally, specifications fof a proper beckfill

material are provided.



CHAPTER-1IV

THE FINITE ELEMENT METHOD

4.1, INTRODUCTION

The Finite Element Method (F.E.M) is a teéhniqué.ﬁsed for

the analysis of the étresses, strains aﬁd displacemehté in a conti-
nuous bodies. In an elastic halfspace the number of interconnection
points is infinite, but in finite e]ement'ideiization the real conti-
nuum is divided into finite number of smaller units. Instead of

| soTving the problem for the entire body in one operation, the solu-
tions are formulated for éach unit or element and Tater combined
to obtain the solution for who]e body. The primary unknowns to be
determined are generally the displacements at the noda] points.
Then a set of functions called "Shape Functions" is chosen to define
the state of displacement and strain within each element in terms
of its nodal displacements. These strains with any initial strains
and constitutive relationships define the state of the stress thrOUgQ

hout the element..
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4.2, PRINCIPLE OF MINIMUM POTENTIAL ENERGY

In order to'make.stress or strain analysis of continuous
media by Finite Element method, a set.of equilibrium equations
for each element should be obtained to build up the equilibrium
equations for the whole system. The equilibrium equations are ob-

‘tained by utilizing the principle of minimum potential energy.

The potential energy of a loaded elactic body is represented
by the sum of'internai strain energy stored as a result df defor-
mations and the potenial energy of external loads, and can be charac-

terized by the following equation

Msystem = Uing + Vet o (4.1)

where

nsystem = Total potential energy of the sy;tem
Uint = Intefna] strain enefgy
Uyt = Potential enmergy of applied external loads,

The potential energy of the whole system should be equal to the
sum of the potential energies of the elements assembling the whole

body, that is

N
- 4.2
Hsystem - { (4.2)

e=] e
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where e = Element number and N = the total number of elements used
to represent the body. Potential energy of external

Toad is:

ext - (4.3)

U = -W :
Where W denotes work done by external fofces. Due to the fact that
“TotaT’potentia1 energy of the system must be minimum in order the
system to be in equilibrium state", the potential energy of each
element must be mimimum. Minimization of the potential energy of
each element will result in the minimization of the potential

energy of the whole system.

The necessary formulas for a single element can be derived

as follows

U, = —— 7 e}’ o} dv o (4.4)
in

2 v _
where {e} and {o} = the stress and strain vectors, respectively,

v = the volume of the element.

Unex - Work donebybody forces + work done by distributed edge

loads + work done by inertiaforces + Work done by con-

centrated Toads applied at the nodes
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Upe = 7 (0T xdav + 7 (3T tpdas - sotud] (odav  (d)TEP)
v S :
(4.5)

where
,{d} is displacement vector at the nodes
S is the boundary Tine of the element

{U} s the displacement vector at any point on the element
which is related to the nodal displacement by displa-

~ cement functions as shown Fig. 4.1.

o is mass density

4.3. INITIAL STRESSES AND STRAINS

Stress-strain relationship with initial stresses and strains

may be written as

{0} = [D] ({e} - {e} ) + {olg- adTID;} (4.6)

where

{e}o' : initial strains

[D] : material properties matrix

{o}0 : initial streses

o B coefficient of thermal expansion
Dy : temperature-material matrix

AT  : change in temperature



Hence, equation (4.4) takes the following fo}m,.

Uy, = —— )T [0] teddv - -/ (e3T[0] e Jdv
2 v 2 v 0

+
~ |-

/ {e}T{co}dv - S {E}TqAT {D }dv
v ’ - 2 v .

4.4, FINITE ELEMENT FORMULATION

The strain-displacement relations can be written in the matrix

form as

{e} = [a] {uU} (4.8)
in which
[A] = a matrix operator which relates strains to deriva-

tives of displacements
The displacement vector, {U}, can be written as

Uy = [NJ{d) | | - (4.9)

~ where .

[N] is the shape matrix, relating displacements at any point

on the element to the nodal displacements.
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- Substituting equation 4.9 into equaticon 4.8 the expreésion for

strain becomes

L}

{e}

=[] [N) {a} S | (4.10)
s BN
e} = | [6] {d} : (4.11)

Total potential energy given by equation 4.1 for a Unique finite
element takes the following form

T = —— ¢ 1037 [6)70) (6] tasav - —— 7 (e T(ET [0} (epen

v

L )T 160, 0 - - et r1d1 [6] D v
2 v 2 v
(4.12)

TN ooy « s d Ty iphds
v S

+

: ] .
o AT TIN €d) dv - {dT(P}
L

The potential enekgy has to be minimized for the condition

of equilibrium to be satisfied.

one =0 (I - ], 2, e N)

adi



where

ot
t

- row number in the displacement vector -

3
n

Degree of freedom in one element
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When |G| and |N| matrices are appropriately substituted, and deri-

vation prodcedure is completed, the following expression is obta-

ined.

[](d} + [m] {d} = (P} - 5(F)
where

{f} = {f}go+ {f}, + {f}p + Pr s {FY + {flg

CHOICE,

Stiffness Matrix [k]

1"
<

Mass Matrix [m]

n
< X

[N] T[N] v

Initial strains {f}E =

RN ML RGR
o 2 '

Initial stresses {f}_ :r—%— ( I[G]Tdv){c}0
) o

Temperature
- - -——;——aAT ( 7[6]Tdv) (D}

| ().
forces T

Body forces {f, =~/ [N]T{x}dv

(4.13)
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Edge forces {frg = - f[N]T {P}, ds.
s

1

4.5, PROCEDURE OF THE FINITE ELEMENT ANALYSIS

The Equation 13 derived for the most general case takes the

following form for steady state condition
[K]{d} = {P} ' (4.14)

In this equation, the element stiffness matrix, [K|, varies
according to the type of element selected to represent the media.
The content of this matrix, therefore, can be determined using the

geometrical properties of chosen element. .

Evaluation of the right hand side of Equation 5 gives a

. simultaneous Tinear equation which may be solved by various techni-
ques, eg. Gauss-Jourdan Method. Solution of these equgtions give the
magnitude of displacements at noda points. By utilizing these
values, stresses and strains for each element can be determined from
the following equations.

(e} = [6] {d) o | © (4.15)

o} = [0] [4] (&) o (4.16)
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ID| and |G| contain physical properties of material under conside-
ration and geometrical pecularities of the element chbsen to rep-
resent the structure. It means, by altering the content of these
two matrices, various materials and different types of elements

can be employed in the finite e]ement analysis.

For the case Qf plane stress cohdition, ie. there is no
stress in one of the three axes, the content of material property

matrix, D , is as follows..

(4.17)

where

E is e]asticity modulus
and

v is poisson's ratio

In soil structures, e.g. earth dams, the system may be
loaded in all three directions. But it is the case that, in these
structures, the éxtention of the system in a particular direction

is restrained. In other words, it is assumed that there is no strain,

say, in axial direction of an earth dam. This is called plane strain
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condition and at this condition soil problem can possibly be converted
from three dimensions into two dimensions by setting the amount of

movement in this particular direction to zero.

The material propety matrix for plane strain condition will
be different than it was for plane stress case.;If the neccessary
kderivation is accomplished, |D] matrix for plane strain. cOnditidn

will be as follows.

T-v v 0
: e
[D]= v 1-v 0 (4.18)
(T+v)(1-2v) '
' 0 0 a1y
2
L .

A similiar procedure will be employed to derive appropriate material
property matrix for reinforced earth structure, which will be con-

sidered as a composite material.
4;6. SOLUTION OF SYSTEMS EQUATIONS

After computing the element stiffness matrix for each element,
‘the system stiffness matrix is assembled by superimposing the element

stiffness matrices, using "code number technigue". Calculating the

‘load vector, {P}, gives simultaneous linear equation as fo]]dws.

[K]{D} = {P}



Since the element stiffness matrices are symmetric only one
half of the matrix needs to be generated. MoreoVer, all of the non-
zero coefficients in the system are confined withih a band in stiff-

ness matrix as shown below.
Banth Width

"
—

Zero

Svmmetric

The band width depends on the largest difference between the code
numbers for a single element. In the computer program, only the
storage of the elements within the upper half of the band is

sufficient. This assures significant amount of memory to be saved.

4.7. FLOW-CHART OF THE FINITE ELEMENTCOMPUTER PROGRAM

The finite element technique, infact, is a technique dgve-
loped for analyzing a media by subdividing it into finite number of
smaller units, which yields hundreds of unknowns to be determined.
This technique, therefore, definite]y requires computérs to be

employed.
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| In reality, the memory of a micro-compufér may.not be enough
to solve a medium-size finite element probiem requiring more than
100 e]eﬁents. Spécia] te;hniques for apprOpriate usage of computer
‘memory have to-be utilized. One of the most efficient method of
this purpose is to Convert the system stiffness matrix into bandéd
form, as previously described, and to solve the equatfon‘using

"Frontal Technique". -

| Ih a typicé] finite e]emént computer program, first of all,
~ input data shbﬁ]d be entered to describe the problem and the mate-
rial under considération. Input data may possibly be handled in
three parts; element-data, nodal-point data and data:for material |
properties. After reading these inputs, the program branches to
a subroutine to evaluate the element stiffness matrik; then returns
to the main program and again goes to anbiher subroutine to édd the
effect of this element for system stiffhess, by utilizing “"Code
Number Technique". It rebeats the same steps as many times as
number of elements. The program, then, determines the load vector
which may contain concentrated or distributed edge load, gravity
force, initial stresses or strains, and/or forces due to thermal

expansion,

After.eva1uatihg the Toad vector, program ramifies to dissolve
the set of equation and estimate the magnitude of displacements at
nodal points, then it determines the stresses and strains for

each element by back substituting process.

(o



: [/,Element Wise Data

[//Nodal Wise Data

[//Material Wise Data

<::§§EEEEEEE;Ana1ysis

~Add the System Another

Layer

Re-evaluate E and v
for elements in

Previous Layer

N times

Rebeat

Evaluate_the Element

Stiffness Matrix

Assamble the System

Stiffness Matrix




Solve the Equations

Evaluate Stresses for each
Element )

Evaluate Strains for each
Element

There 1s
nother layer to

:bé added

Nonlinear Analysis

Print the Results

STOP



The flow Charﬁ‘for a typical finite element program may be

e

written as shown on previous pages.

4.8. THE PROCEDURE FOR NONLINEAR STRESS ANALYSES

Nonlinear, stress-depeﬁdent stress-strain behavior may be'
épproximated in finite e]emént analyses by assigning different
modulus values to each of the elements into which the soil is
subdivided for purposes of ana]ysis.'The modulus values assigned
- to each element is selected on the basis of the stresses or strains
in each element since the modulus values depend on the stresses
and'the»strésses inturn depend on the modulus values, it is neces-
sary fo make repeated analyses to insure that the médu]us values

and the stress conditions correspond for each element in the system.

Two techniqués for approximate nonlinear stress analyses
are illustrated in Fig. 4.1. By the iferatiVe procedure, the same
change in external loading is ana]yzed‘repeatedly. After each
analysis the values of stress and strain within each eiement are
examined to determine if they satisfy the appropriate nonlinear .
relationship between stress and strain. If the values of stress
and strain don't correspond, a new value of modulus is selected

for that element for the next analysis.

. By‘the inérementalvprocedure the change in loading is analy-

zed in a series of Steps,'orrincrementst At the begining of each
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new increment of leading an appropriate modulus value is selected
for each element on the basis of the values of stress or strain
in that elenent. Thus the nonlinear stress-strain relationship is

approximatedvby a series of straight lines.

Both of these methods has advantages‘and shortcomings. The

‘principal advantage of the iterative procedure is the fact that it
is possible, by means of this proceddre, to represént stress-strain
relationships in which the stress decreases with increasing strain
after reaching a peak value. This capabiTity'may be very important
because the otcurrente of progressive failure of soils is believed
to be associated with this type of stress-strain behavior. The
shortcoming of thé iterative procedure is that it is very difficult
to take 1nto account nonzero initial stresses, wh1ch has an impor-

tant role in many so11 prob]ems

The principal advahtages'of the incremental procedure is
‘that initial stresses maybe readily accounted for. It also has the
~ advantage that, in the process of ana]yz1ng the effects of a given
loading, stresses and strains are calculated for smaller loads as
well. For example, if the application of a 50 ton load to a footing
was analyzed using 10 -steps, or increments, the sett]ement of the
| foot1ng, and the stresses and strains in the so11 would be calcu-
lated for footing loads in 1ncrements of 5 tons up to 50 tons
the shortcoming of the incremental procedure is that it is not

poss1b1e to simulate by this technique a stress-strain re]at1onsh1p
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in which the stress decreases‘beyond the peak; In order to do so,
the use of a negétiVe value of modulus would be required, which
is not possibierin the finite element method. The accuracy of the
incremental procedUre may be improved if each load increment is

analyzed more than once.

4.9. SUMMARY

At the begining ofthis chapter, the pfincip]e.of minimum
potential energy was explained, then by'ﬁsing this concept, Finite
element fofmuTations for ‘the most general case have been derived.
Aditionally these formulations were adapted for sfeady state'condi-
tion so as to use them in soil problems. More over,.plané strain |

.aﬁd plane stress conditions were revealed. Additiona1]y, some tech-
niques; emb]oyed in computer programs to decrease the amount of
memory‘needed in ah operation, have been describedT Furthermore,

flow chart for a finite element progrém, capable of making Tinear

and nonlinear analysis, have also been exp]ained; Finally, the tech-
niques for making non]ihear‘stress analysis and their édvantageous |

and shortcomings were described in this chapter.



CHAPTER-V

HYBERBOLIC STRESS STRAIN PARAMETERS

5.1. INTRODUCTION

The Finite Element Method provides a powerful technique
forlanalysis of stresses and movements in earth masses, and it
has already been applied to a number of'practical porblems inc-
luding embankment dams, open excavation, braced excavation, and
a variety of soil structure interaction problems ihc1uding reinfor-

‘ced earth soils.

» Due to the avai]abi]ity of high-speed computers and these
powerful numerical analytical techniques, it is possible to appro-
ximate nonlinear, inelastic soil behavior in stress analyses. Ho-
wever, in order to perform nonlinear stress analyses of soils,
it is necessary to be able to describe the stress- stra1n behavior
of the soil in quantative terms, and to develop techniques for
incorporatihg this behavior in the analyses. This is difficult,

because the stress-strain characteristics of soils are extremely

- *Ref.2.9
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complex, and the behavior of soil is highly dependent on the mag-

nitudes of the streses in the soil.

The hyperbolic stress-Strain‘ré1ationships described give
reference in this chapter have been developed by to provide a
simp]e'framework encompassing the most important characteristicé
of soil stress-strain behévior, using the data available from
conventional laboratory tests.bThese_re1ationships have been used
in Finite Element Analyses of a number of different types of static f
soil mechanic; problems and values of the hyperbo]iéAparameters
have been determined for over hundred different soils, which are

summarized in Appendix A.

5.2. HYPERBOLIC STRESS-STRAIN RELATIONSHIPS

. The hyperbolic stress~strain ke]ationéhips are developed

- for use in nonlinear incremental analyses of soil deformations. In
each increment of such analyses the stress-strain behavior of the
soil is treated as being linear and the relationship bétween stress
and stfain is assumed to be governed by the generalized Hpoke's

Law of eiaStic defdrmations, which may be expressed as follows

- for conditions of plane strain
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where ,

Aox, Aoy, AtXy denote increments of stress during a step

of analysis.

Ef denotes tangent value of deformation modulus

v; denotes tangent value of poisson's.ratio

~ By reevaluating the Young's Modulus and PoiSson‘s Ratio in eacﬁ

| e]ement corresponding to the computed strees values in that element,
it}is possfb]e to model three’important characteristics of the stress-
strain behavior of soils, namely, noniinearity, stress dependency,

and inelasticity. The procedures used to account for these charac-

teristics are described in the following sections.
5.2.1. Nonlinear Stress-Strain Curves Represented By Hypefbo]a
It has been shown that the stress-strain curves for a number

of soils could be approximated by reasonable accuracy by hyperbolas

1ike the one shown in Fig. 5.1. This hyperbola can be represented
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" by an equation of the form.

in which

01, O3 are major and minor principal streses
e s axial strain
(07-03) ;14 Ts ultimate deviator stress

E. is initial tangent modulus

when data from actual tests aré plotted on the transformed plot, -
the points frequenly are found to deviate from the ideal linear
relationship. Exper{ence indicates that a good match is usually
achieved by selecting the straight line so that it passes through

the points where 70% and 95% of the strength are mobilized
5.2.2. Effect of Confining Pressure on (oi-os)u]t and Ei
For all soils except fully saturated tested under unconsoli-

dated undrained conditions, an increase in confining pressure will

result in a steeper stress-strain curve. It shows that the values




of Ei and (01'03)u1t increase with.increasﬁng confining pressure.

This stress-dependency is taken into account by using empi-

rical equations suggested by Janbu

g
3 n

'E]- = K Pa( ) . (5.2)
Pa' S

The variation of E; with o, corresponding to this equation
is shown in Fig. 5.2.

The parameter K in equétion (5.2) is the modulus number,

- and n is the modulus exponent. Pa is atmospheric pressure, intro-
duced to equation to make conversion from one system of units to
éhother. Both K and n are dimensionless while the units of E; are

the same as the units of P,. |

The variation'of (01-03)u1t with o3 s accounted for as
shown in Fig. 5.3 by relating (0]'03)u]t to the compressive strength
or stress diffefence at failure, (01-03)f, and then using the Mohr-
Coulomb strength equation to relate (01-0'3)f to o,.

The values of (o]fo3)u]t and (01-03)f are related by

(01-03)7{; - Rf(01—03)u]t . ’ (5.3)
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(Duncan, Wong,1974)




in which Rf is the failure ratio. Since (61-03)f is always smaller
’than (01-03)u1t the value of Rf is a]waye smaller than unity, and

varies}from 0.5 to 0.9 for most soils.

| The variation of (01-03)f with 0y is represented by the
familigr Mohr-Coulomb Strength relationship, which can be expressed.

as follows.

2 C Coso + 203S1in¢
1 - Sind

‘ (0]“03)f :. (5.4)

in which C and ¢ are the cohesion intercept and friction angle res-

pectively.
5.2.3. Relationsip Between E, and Stresses

The tangent deformation modulus Et can be defined as the
slope of the stress-strain curve at any pdint. By differentiating
equation Fig. 5.1 with respect to ¢ and substituting the expression
of equation Fig. 5.2, through 5.4 into the resu]ting’expression for

E,, the following equation can be derived

. » ’ . ’ 2 [N
Ey = [T' L } (o, (= )n (5.5)

¢ =
2C Cos¢+203Sin¢
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This equation.can be used to calculate thé appropriate value of
tangent modulus for any stress conditions, if the values of the

parameters K, n, ¢, and Rf are known.

5.2.4. Inelastic Behavior of Soil

If a triaXia1 specimen is unloaded at some stage during a
test; the stress-strain curve followed during}unloading is steeper
than the curve followed during primary loading, as shown in Fig.
5.4, If spec%men is»subsequentiy reloaded, -the stress-strain
curve followed is a1so‘stéeper thanvthe curve for primary loading
and is quite similar in slope to the unloading curve. The soil
behavior is inelastic since the strains occured during the primary

loading are.only partially recoverable on unloading.

. In the hyperbolic stress-strain relationships, the same
value of unloading-reloading modulus, Eur’ is used for both cases.
~ The value of Eur is related to the confining pressure by an equation

of the sameform as equation (5.2)

ﬁr = Mur Ta p ) (5.6)

In this equation Kur is the un]oading—re]bading modulus number. The
value of Kur is always larger than the value of K. Generally Ky is

20% gféater than K"for stiff soils while it may be three times as
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large as K for soft soils (Puncan and Wong, 1984).

- 5.2.5. Nonlinear Volume Change

Many soils exhibit nonlinear and stress-dependent volume
change Characteristics, as‘il]ustrated by the volume change curves

shown in Fig. 5.5,

According to the theory of elasticity, the volume bulk

modu]ﬁs is defined by

Aoy +A0,+AC ’ : '
Bo—t 2 3 | (5.7)

3£v

in which

B donetes the bulk modulus
Ao],Aoz, Ao3 - are the changes in the,valuesvof the pirincipal
' stresses

on is the corresponding change in volumetric strain

t

For a conventional triaxial test, in which the deviator stress
(01-03) increases while the confining pressure is held constant,

equation 5.7 may be expressed as
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Ao -c') , v :
B -1 3 | ﬂ , (5.8)

3€v

The valde of bulk mddulus for a conventional triaxial comp-

ression test may be calculated using the value of (01-03) corres-

‘ pbnding to any point on the ‘stress-strain curve, such as point

A in Fig. 5.5 and the corrésponding point on the volume chapge
curve (A') when values of B are.calculated for tests on the same
soil atlvarioUs‘confining pressures, the bulk modulus will usulally
be found to increase with increasing confining pressure. As shown
in Fig. 5.6 the variation of bulk modulus with confining pressure

can be approximatéd by an equation of the . form

g
3 \m
)

Pa

B = Ky.P,( (5.9)

where

K, 1s the bulk modulus number
m is the bulk modulus exponent

P. is atmospheric pressure, expressed in the same units-

and B. For most soils the va]ues of m vary between 0.0 and 1.0,
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5.3. SUMMARY

Up to here, nine parameters are employed in the hyperbolic -
stress-strain relationships described in this chapter. These paka-

meters and their functions within the relationships are Tisted in

Table S.T.

The hyperbolic relationships qUt]ined previously have proven

quite useful for a wide variety of pfactica] problems for the follo-

wing reasons,

1. The parameter values can be determined from the results

of conventional triaxial compression tests.

2. The same relationships can be used for effective stress
analyses, (using data from drained tests) and total
stress analyses (using data from unconso]idated-undrafned

tests).

3. Values of the parameters have beén;ca1cu1ateq for many
different types of soils and this ihférmapion can be used
to esfimate reasonable values of the parameters in cases~.
where the available data aré in sufficient to define the
parameters for all of the s0ils involved in a particular
problem. The information is also quite useful for assesing
the reliability of parameter values derived from laboratory

test results.
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However, the simple hyperbolic relationships have some significant

Timitations.

1. The relationships are most suitable for analysis of
stresses and movement pfior to failure. It is not reliable
to continue the‘ana1yse§ after the stage where there is
lTocal failure in some elements. These relationship are not
useful, therefore, for analyses extending upto, the
stage of instability of a Soi] mass. They are useful for

predicting movements in stable earth masses.

2. The hyperbolic relationships do not include volume changes
due to changes in shear stress,'or "shear dilatancy".
They may-therefqre be limited in the accuracy with which
they can be used to predict deformations in dilatant

soils, such as dense sands under low confining pressures.

3. The values of the parameters depend on the density of the
soil, its water content, the range of pfessures used, in
tenting, and the drainage conditions. In order that the
parameters will be representative of the behavior of
the soil, in the field condition, the laboratory test

i conditions must be correspond to the field conditions

with regard to these factors.




TABLE 5.1 SUMMARY OF THE HYBERBOLIC PARAMETERS

Parameters Name ' S Function
K, Kur Modulus Number :
' - Relate Ei and,Eur to oq
n : Modulus Exponent '
c _ | Cohesion Intercept
Relate (01-03)f to oy
¢,0¢ ‘ Friction Angle parameters
Kb _ ' Bulk modulus nqmber ' Value of B/Pa at o3 = Pa
m Bulk modulus exponent Change in B/Pa for ten-fold
increase in og
R ’ " Failure Ratio Relates - -
f ,, : | (07=03) 41 to (0y-03)¢

(o]}



CHAPTER-VI

FINITE ELEMENT ANALYSIS
OF
REINFORCED EARTH SYSTEMS®

© 6.1. INTRODUCTION

There are two ways to analyze the Reinforced Earth Syétems
by Finite E]ement.Method. The first is known as Soil Structure:
Interaction analysis. In this method reinforcing stkip is repre-
senfed by the bar efement,\whi]e the soil is defined by a two
dimensfbnal finite element, and the interaction between the two

- is taken info consideration by choosing another type of e]emenf

which is known as "Interface Element".

In the second method, The Reinforced Earth System is consi- _

dered as composite material consisting of reinforcement and soil.

In this study the second type of analyses, which is explained

in following sections, is utilized.

* Ref,1
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6.2. FINITE ELEMENT REPRESENTATION OF R.E.S AS COMPOSITE
MATERIAL

The theory of composite materie] behovior may be derived

from several diffefent‘points of view. The approach followed herein
is to recognize that if reinforcing pattern}is repeated a sufficiently
large number of times, the‘materiaT can be considered homogeneoue.
The consideration of the reinforced material as homogeneous at the
structural level is anaTogoDs to the consideration of a microscro-
pically crystalline material as macroscopically homogeneous. The rein-

forced materiaT when*viewed at the composite level will, in general,
| exhibit orthotropic behavior. Once the appropriate composite proper-
ties are determined, it is an easy matter to utilize the finite

element procedure to analize complicated structures of reinforced

material.

Thus, for reinforced earth structures the required step is
. to establish the appropriate composite properties. These relations-

hips are defined by the concept of the "Unit Cell".
6.2.1. UNIT CELL CONCEPT

For a materia]ithat has a regular reinforcing’pattern, one

can, in general, isolate a smll unit of material which compeletly

" exhibits the composite characteristics of the material. This funda-
mental bu11d1ng block is called the "Unit Cell", shown in Fig. 6.1.

The average va]ues of the stresses distributed over the cell faces
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1. A1l unit cells will exhibit identical deformation and

stress states.

2. The averages of the unit cell stresses and strains are
equal to the phenomenological stresses and strains of

the composite.

3. There must be continuity of the displacement and

- traction vectors across cell interfaces.

6.2.2. COMPOSITE STRESS-STRAIN RELATIONSHIPS

The most significant characteristic of the reinforced earth
unit cell is that the percentage of reinforcement is extremely
small. This characteristic leads to the assumption of the strains

in the composite being equal to the strains in thesoil.

The other host significant assumptions utilized inrthe
analysis of the unit cell are the use of ah idealized nonlinear
characterization for the soil, and that no.sTippage occurs between
the soil and the steel. This latter assumption yields the assﬁmption
thatithe'disp1acement of all points in the unit cell on any 2-3

plane are equal fok both soil-and strip. -

For the determation of the compositepropertis of reinforced

earth, first the composite stress state is considered.
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(6.2)

(6.3)
(6.3)

(6.5)

The applied composite stress, o, acting overthe composite

area, Ac, must equal the sum of the strip stress, Ost

the strip area, ASt

, and the soil stress

SO

, acting over

, 05 acting over the soil

area, A°C, Fig. 6.1. The soil area and the composite area are

essentially equal for the reinforced earth system under considera-

tion (bd = A® = A%9):



oh® = 0,%0 A, o5t A%t (6.6)
0y 2 0,°0 = 0 (6.7)
03 =050 z 0 (6.8)
It follows from the previous assumptions that
€7 =_e]s° = e]St | (6.9)
€, = ezs° (6.10)_
€y = €3S° | | (6.11)
Due to the assumption made before;
S0
o
S 1
€0 = (6.12)
gSO
st
g .
TSt - (6.13)
Est _

0'] = 0] ‘ } (6.]4)
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which may be substituted into equation (6.6) to yield the relationship

c.st ‘ ,
ot = AE | (6.15)
ACES°+AStESt
or -
OpCrSO . ‘ _ ‘
0, « AE (6.16)
ACESOupStESt

Using Equations 6.3, 6.4 and 6.5, the composite material properties

may then be solved as

so SO
€ € g, : c
C-” = ! = 1 = 1 = A (6-]7)
' o o OpSO0 ACESOpStESt :
- SO So_ SO
: € € -v 0 S0,C
Cip = = - . v 2 (6.18)
Y o opso AcEsofAstEst
sO  _,SO_ SO .
€ € -v>7o _,S0,C
Cpg = = I ! . v A  (6.19)
o o oSO AcEso+AstEst

The other properties relating the composite normal streses and
~strains can be obtained in a similar manner and the final consti-

tutive relationship for the composite becomes



T+a(1-v

3% 1+ (1

%13 |3

SO

502)

v39)| 1+a(l

50 Taa(1 o50)

AstEst

ACESO

96

SO

2
VS0

(6.20)

L Thi; matrix is inverted to obtain the stress-strain relationship

“to be utilized in the Finite Element formulations i.e |o]

= ol lgl.

~ Under certain conditions reinforced earth structures may be

assumed to exhibit plane strain response where the strains, €

3,

]3, and?9 93 are approximately zero. In the finite element study

to be analyzed, these strains are assumed to be zero and the resul-

~tingincremental stress-strain relationship utilized is of the form.

€1
0 €
A4 12

(6.21)
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in which a;

7 coefficients are directly obtained from the inversion

- of fhé'C matrix, while considering the plane strain case.

6.3. SUMMARY

In this chapter, simulation of Reinforced Earth Structures
by Finité Element Method Has‘been studied. As'it was explained in
Chapter IV different type of e]ementskand various material can be
‘employed in Finite E]ehent Analysis by selecting the content of the
material poperty matfiX‘and shape function appropriately. By utili-
zing this éoncept,.RéinfOrced Earth Systems have been considered
as composite material and.the content of the material property |

matrix for the composite have been deveToped.
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CHAPTER-YII

" RESULTS OF FINITE ELEMENT
ANALYSES

7.1. INTRODUCTION

For design purposes, distribution of stresses and deforma-
tions mobi]ized in reinforced earth structures must be predicted.
in this chapter, therefore, attention is given to the evaluation
of sffesses and movements occuring in unreinforced and reinforced
soils in order to determine the effect of réinforcement on stress
and defOrmatfon. This was done by employing the Finite Element
Method of analysis described previous]y, and the computer program

" developed, (FRSOIL) for this purpose.

The finite element computer program, FRSOIL, has the capabi-
" 1ity of making linear or nonlinear analysis considering plane strain
and plane stress condition in homogeneous or nonhomogeneous, i.e.

composite, media. Cross check of the.program-has been done in three

ways. First it was checked by the Finite Element Computer program,
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M701, deyeloped by S. Tezcan. In that way the part of the program
which makes linear analyses has been fested. In order to verify
whether or not the prograﬁ makes a correct nonlinear analysis, the
soil-sfructure intéractionvcomputer program, SoiT-STRUCT, prepared
by Clough and Duncan was utilized and a typical soil problem was |

solved by this programvand FRSOIL, then the results were compared.

vFina]]y, the last part of the program which was developed
to analyze Reinforced Earth System was checked by solving a problem
in Ref.1 which had been already solved and the results obtained by

\FRSOIL were almost exactly the séme as the resilts in the reference.

The computer program FRSOIL was developed on CDC Cyber 170/
815 system operating at Computer Center, Bogazici University, Istan-

~bul. Program 1listing and User's manual are given in Appendix C.

7.2. DESCRIPTION OF THE PROBLEM

For the purpose of analyses, a typical excaVatiﬁn_problem |
has been chosen. Since the system is symmetric, only the half of
the structuré is Eonsidered and cross section of this part is shown
in Fig. 7.1. Although the main stduy is concentrated on the reinfor-
ced region, the structure is extended toward both directions in

order to prevent the boundary effect on reinforced area,
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- The properties of the soil and that of the reinforcement are
chosen according to soil which is frequently encountered in practice,
and the reinforcement which can he easily provided in the market.

The parameters for both components have been giveh in Table 7.1.

7.3. FINITE ELEMENT IDEALTZATION OF THE STRUCTURE

~The finite element grids fdr fhe simple reinforced'earth wall
subjected to its‘own>weight is illustrated in Fig. 7.2. As seen in
" this ffgure, the discretjzétion of the medium was represented by
160 rectangular elements with a fota1 of 190 nbda] points. The
reinforcing strips are horizontally located throughout the mid-
poiﬁt of the grid elements. The mesh was chosen to give rather
detailed information near -the wa]l face, and at the back edge of
the reinforced earth wall. The system was analyzed assuming one
increment of construction and rollers along the back edge of the
backfill and at the bottom of the system. Infact, this is not a
fea]iétic probTem for Simu]ating_either the constru;tion sequence
,6r the boundary conditions. The purpose of the analysis is to in?
vestigate how the reinforcements change stresses, disp]acemenfs
and stressylevel developed in the structure during or after the
construction and, to find out if the usage of reinforcement in soil

medium is economical and advisable.



Table 7.1. Properties of the Soil and Reinforcement

Soil Proferties

vReinfqrcément Properties

¢, in degrees
c, in tons per square meters
¥, in tons per square meters

v

" E, in tons per square meters

30

0.3

5000

E, in tons per squarelmeters
quizonta1 Spacing, in méters

Vertical Spacing, in meter

Yield strength, in kilogram per square

centimeter

2,010

2500

7 .

2ol
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The prqh]em'preyjous1y described is, therefore, first consi-
dered as a plane strain problem in homogenedus‘média, then the same
»pfbblem is‘investigated'taking into account effect of the reinfor-
cements. The results obtained in two analyses and comparison of

them are given in following sections.

7.4, THE EFFECT OF REINFORCEMENT ON HORIZONTAL STRESS

‘The contours of horizontal stresses developed in unreinforced
\,soil'is indicated in»Fig. 7.3. As it is seen in»the figure, there
exists tension stresses tausing tension crack at some points at the
top of fhe wall. The maximum amount of horizontaf stress reaches 20
t/mz, and it occurs at the bottom of the structure. As Fig. 7.3
shows, the horizontal stresses developed fn‘unreinforced soil con-
verge toward the toe of the wall, which result in a-stress cbncent-»'

ration at this point.

The contours of horigonta] stresﬁes developed in reinforced
- soil is illustrated in Fig.‘7.4. Comparison of Fig.7.3 and Fig.7.4
indicates that réinforcement causes the horizontal stresses to be
distributed homogeneously and the contours of them to be seperated
from each other.. This means, there is no or a small amount of hori-
zontal stress concentration. Infact, majority of these horizontal
stresses are carried by the reinforcing strips, proportionally

to the ratio of the elasticity modulus of reinforcement and soil.
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In\reinforced'case; the horizdntallstresses behind the rein-
forced part sharply decrease and are leveled at a constant value,

as shown in Fig: 7;4.

7.5. THE EFFECT OF REINFORCEMENT ON VERTICAL STRESS

‘The contours of vertical stresses in the case of unfeinforced ,
soil are illustrated in Fig. 7.5. As it is expected, except the toe
of the wall, the contours of vertical stresses are levelled at a
constant magnitude on a certain horizontal section. Due to discon-
finuity of the geometry, there is a stress concentration near the
vicinity of the toe. The maximum value of vertical stresses develo- -

ped in unreinforced case reaches the value of 47 t/mz.

The contours of vertical stresses in the case of reinforced
soil are indicated in Fig. 7.6. After comparing Fig. 7.5 and Fig.
7.6, it is c]éar that the influence of reinforcement on vertical

stress is quite small.

7.6. THE EFFECT OF REINFORCEMENT ON MAXIMUM SHEAR STRESS -

One of the main effects of the reinforcement on soil stability
is confronted.dn contours of maximum shear stresses, which are shown
in Fig. 7.7 and Fig. 7.8, for unreinforced and ?einforced soil cases
respectively. If these figures are overlaid on each other, it is

‘easily noticed that reinforcement significantly decreases the shear
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'Stresses, which has an important role in the failure of the soil.

7.7. THE EFFECT OF REINFORCEMENT ON STRESS LEVEL

Fig. 7.9 and Fig. 7.10 indicate the contours of the stfess
level for'unréinforéed.and reinforced soil, respectively. In the
case of unreinforced Soil, stress level ‘increases upto 283 percent,
and the zone where the stress level is more thén hundred percent
is very large. After taking into account the influence of the .
reinforcement, stress level on reinforced zone sharply decreases,
although there are some points where stress level is still more
than hundred percent, which shows that the reinfo}cement placed

in this area is not sufficient.

7.8. THE HORIZONTAL DISPLACEMENTS

The contours for hofizoﬁta1 disp]aceménfs are drawn only
in the reinforced case and illustrated in Fig. 7.11. As this figure
indicates, the maxfmum horizonté] movement is about 1.6 cm and
- takes place near the vicinity of the middle of the bottom lTine. As
horizontal distance behind the wall face increases, the horizontal
disp1acement,steadi]y decreases, while it‘shqrply drops near the
back_]ine, which is reasonable owing to the fact that horizontal
movement is restrqined'on this line. For the aim of investigating

the effect of the reinforcements on horizontal displacement, depth
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below the ground surface versus horizonté1.movéments'toward the wall
face in reinforced and unreinforced soil are plotted in Fig. 7.12.
As,thisvfigure shows, reinfbrbements reduce the hbfizonta] displa-
cement on vertical section. In order fo find out the effect of the
‘reinforcemeht in horizontal movements on horizontal section, dis-
tance behind the wall face in both reinforced and unreinforced
cases for two horizontal sections are plotted in Fig. 7.13. It is
interesting to notice that although reinforcements cause {He réduc-
tion of horizontal movement in reinforéed part, they slightly inc-

rease it behind this region, as it is seen in Fig. 7.13.

7.9. VERTICAL DISPLACEMENT

As it was done for horizontal disp]aéement, the contours of
settiements are dfawn only for the éase of reinforced soil, and
illustrated in Fig. 7.14. It is easy to notice that the maximum
~ settlement is about 10 cm and occurs at the ground level. It is
a fact that, contrary to the horizontal diSplaEement, the vertical
displacement stéadi]y increases as the distance behind fhe wgi]
face incfeases and is leveled at a constant value near the back
Jdine. In order to invéstiqate the influence of reinforcement on
~ vertical disp]acement'on vertical section, depth below the ground
- surface versus, ;éttlement in reinforced and unreinforced soiT are
plotted in Fig. 7.15. This figure shows that, reinforcement Has

no considerable effect on vertical displacement.
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'7.10 TENSILE FORCE IN REINFORCING STRIPS

“~The tensile fdrce distribution along the reinforcements are
illustrated in Fig. 7.16. As this figure shows, the maximum tensile
force developed in this'ana1ysis is not more than 8.5t. This force

causes the stress as much as

P__-8.500
A 5

= - 1700 kg/cm®

which is about half of the stress that a steel strip can carry. It
means, it is more beneficial to decrease the spacing of reinforce-

ents, instead of increasing tensile strength or area of -them.

Fig. 7.16 also shows that tensile forces mobilized in rein-
forcementg are influenced by the boundary conditions. If slippage
“was allowed near the ends ofAthé strips, the edge effect would
probably be more significant with a probable increase in strip -’
forées due to the decreased stiffness near‘the wall boundaries.
However, detaf]ed knowledge of edge effects and strip slippage is
probably most important in determining required striﬁ lengths and

these effects, therefore, need to be understood more éomp]ete]y.

Fig. 7.17, on the other hand, indicates tensile force dist-
ribution with respect to depth from the'ground surface. It is clear
that tensile force increasés as the depth from the ground surface

increases. This force distribution recommends that the vertica]
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spacing of reinforcing strips should be decreased as. the depth .

increases.

7.11 SUMMARY AND CONCLUSTONS

The studies presehted in this chapter have demostrated dfsf-
ribution of stresses, movements and stress levels developed in
~ unreinforced and reinforced soil. By.comparing the results for
unreinforced and reinforced cases, the ihf]uence of reinfbr¢ement’
on soi] stability has been found out. Besides, tensile étress dist-
ributidn_on»vertica1 section ahd along the reinforcing stripsAand

corresponding design approach have been explained.

It has been revealed that reinforcing strips have following

effeCtg”

' -

Reducing the shear stresses carried by the soil

Redistribﬁting the horizontal stresses and“bearing the

majority-of them

‘Releasing stress concentration

Decreasing horizontal displacement.
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CHAPTER-VIII

~ * SUMMARY AND CONCLUSIONS

In this study,'Reinforced Earth , which is rather diffe-
'.rent than cbnveptiona] 5011 retaining structures has been investi-
gated By variou§ techniques. Infact the study can be divided into
two parts. In the first part,'principle of sof] reinforcement in-

teraction and design método]ogy were studied and selection of

‘the components of the reinforced earth structures and constructiqn
method wefe briefly explained. In design method, the System was |
handled as a‘s]bpe stability prob]em and multi-criterion analysis
'mefhods were emp]oyéd to find out the a]}owable normal and shear
forces for reinfofting bars. A computer program (SLOPER) which
evaluates the fofce§‘mobi1ized in the bars, and eStimafes.the safety

factor, was prepéred.

In the second part of thié study, reinforced earth systems
were analyzed by the finite element method, which gives more accuraté
anddetailed prediction about the stresses and strains mobilized

in the system. For this purpose, the finite element technique was
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explained in detail and necessary formulations were derived. Since,
reinforced earth system is a soil structure, it doesn't behave
elastic. The hyperbb]ic stress-strain parameters, therefore, were

utilized to take into account nonlinearity of soil.

A finite element computer program (FRSOIL) having various
capacities was,élso‘deVeloped in this study. For the aim of anaiy—
zing reinforced earth system by finite element method, this system
| was considered as composite material by using "Unit Cell Concept".
Then, a typical excavation prob]ém in unreinforced and reinforced
soil were investigated by fhis technique. In order to find out the
.effect of reinforcement on soil stability, stresses, strains and
stress levels mobilized in reinforced and unrésforted soil were

compared.

From the analysis of this study, following results have been

obtained.

* Reinforcement.carries the majority of horizontal Stresses

*..

Reinforcement decreases shear stresses

*

Reinforcement Releases stress concentrations
* Reinforcement reduces stress level

* Reinforcement decreases horizontal displacements

- ’ //
On the contrary, reinforced earth structures have following short-

A

comings:
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* Reinforcement has no considerable effect on vertical

stresses.

* Effect of reinforcement depends very much on the orienta-
tion of reinforcing strips. But it is difficult to install

the bars in appropriate direction in all cases.
_* Reinfdfcingvstrips don't noticebly changé the amount of

settlement.

From the study conducted for the thesis the following reCommehdatidns

are derived for the reinforced earth systems:

*

Special attention should be giVen to the selection of

reinforcing strips and backfill material.

* It is more beneficial to decrease the spacing of reinfo-
reements instead.of increasing tensile strength or area of

them.

* Vertical spacing‘of reinforcing strips'shoqu be decreased

as the depth from the grbund surface increases.

* If it is possib]e, reinforcements should be oriented in
the same direction as the principal tensile strain occuring

in. the unreintorced soil.

Ihevé]idity of the .developed analytical proceduré and recommendations

for further Investigation are given as:
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* The finite element method doesn't givé any idea about the

effect of decreased stiffness near the wall boundary.

* The validity of Unit Cell Concept and assumptions made in

this concept should he investigated.

* In composite material concept, it is notuposéible to take
into account neither the surface characteristics of reinfor-
cing bars nor the irtcraction between soil and the bars. In
this caéeitis necessary to analyze this system by utilizing
lV'Soﬂ-struct‘ur'e interaction Method" where the bars are

simulated by oné dimensional elements and provide the

magnitude of these effects.
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APPENDIX A

HYPERBOLIC STRESS‘-STRAI‘N PARAMETERS



‘. STRESS-STRAIN AND STRENGTH PARAMETERS FOR SOILS TESTED UNDER\UNCONSOLIDATED—UNDRAIN’ED CONDITIONS

133

T - T Trmror om0 . Comp.action Tt
Crain Sizc, wm : Degroe tress Numbe-g . ;
N Hiun Tt Max. Dry Ury . arta le ) ¢ Friction
Soil .Gtoup S50l escraption Refer 1"“ » LL ) Pl rype Unit Wt. O, . Wt w/c s-;uu Kating Shagur ' "'"L'f n'l (TSF) Angle X n u, Kb .-
D60 030 p1o w/c . . tion L TSE) Tests
—eaieceasmeme eeiomenae ae . eeee. teet + eescsiisersimmvms-ans mmones oo avm—. r——. P e T e iciitasacsmamsmmects sean samnt . s ohastan .t mmonancsoms Suer trusmcentiaterimis sesersanes .em

G GC=-2A Sendy Grawl (t)zoville Dam Core) Dept. uf Water Resources (21) 9.0 0.12 0.005 30 16 - Std.AASHO . 138.6 8.1 139.0 8.1 P ’ P3.6-10.9 2 T1.50 24 540 .51 .84

GC cc-28 Sandy Craw:l (uroville Dam Core) Dept. of Weter Resources (21) ‘9.0 0.12  '0.005 .30 16 . Std.AASHO = 138.6 8.1 - 139.0 8.1 . 1 27.9-43.) 2 10.01 3 190 .95 .97

sP SP-8D  Poorly Graded Sand (Rudman Dam) coE, Jacksonviile District (16) .0.38 0.26-  0.16 17 MNP  Mod.AASHO. 109.5 11.8  104.0 11.8 5% #%¢  Sub-rounded | 1.0- 3.0 3 o. 37 (0) $90  1.10 .89

sp SP-8E. Poorly Cradud Sand (Rudman Dam) cot, a.cne.wm';. District (16) . 0.8 0.26 0.6 17 WP Mod.MASHO  109.5 11.8 98.6  11.8 'Y . Sub-rounded | 1.0- 3.0 2 o. 37 (8) 7 - .14 .87

[14 SP-8F - Poorly Craded Sand (Rodman Dam) COE, Jacksonville District (16) 0.38 0.26 0.16 17 M Mod.AASHO 109.5 1.8 110.0 11.2 61 o» Sub-rounded ' 1.0- 3.0 3 0. 43 (9) 940 0. .82

SP sr-90D Poorly Graded Silty Sand (Rodaan Dam) C@. Jccllonv“l_e District (16) 0.16. 0.14 0.084 2) NP. Mod.AASHO  101.1 13.6 103.3 1.4 57 ese Sub-zounded 1.0- 3.0 k] 0.- 44 (6) 420 67 .7

sp SP-9F  Poorly Graded Silty Sand (Rodman Dam) €OE, Jacksonville District (16) . 0.16 0.14 0.08¢ 23 NP Mod.AASHO  101.1  13.6 9.2 1.3 S0 . Sub-rownded * 1.0- 2.0 - :2 o. 44 {11) 850 .19 .92

sp SP-97  Poorly Graded $ilty Sand (Rodman Dam) . COE, Jacksonville District (16) 0.16 0.14 0.084 23 M. Mod.AASHO - 101.1 = 1).6 92.0 2.4 @2 _®se . Sub-rounded  1.0- 3.0 3 o. 4 (8) 470 .51 .86

S8 ' SK-1 . Cravelly Silty Sand (Ball Mowntain Dam) ~ Linell & Shea (36) 0.80 0.07¢ = 0.05 NP NP Std.MASHO  122,9  10.0 124.0 . 9.4 n L] . ©l.1- 4.3 3 o. 42 (5) 430 .38 .57

5N $H-JA  Silty Sand (Somcrville Dam) COE, Port Worth District (15) 0.108  ©0.095 0.004 NP WP gsed.AASHO  109.1  13.4  109.3  13.4 70 e .5- 6.0 4 ‘0. 40 () 350 1 .69

% - SK-133 ' Silty Sand (Somcrvillc Dam) COE, Fort Worth District (15).  0.108  0.095  0.004 M NP Std.AASHO = 109.1  3).4. 104.1 ° 13.2 60 . » .5~ 6.0 . o." 40 (6) 420 ¥ YRR

SN " BM-3C " Silty Sand (Somerville Dam) CoE, Fort sorth District (15) 0.308 0.055 - 0.004 NP RP . Std.AASHO  109.1  13.4 - 103.6 16.7 7 e .5~ 6.0 4 o. 39 (@) 360 .64 .72
$H-SC  SM-3C-2 Silty Clayey Sand (Hopkinton Dam) Linell & Shea (36) 0.22 0.014 ©0.001 21 7  Std.AASHO - 129.2 .2 1.0 © 8.8 8 . 1.0- 6.0 3 .98 3 . 320 .35 .86

sc . sc-2 Clayey Sand (Thomaston Dam) . Linel} & Shea (36) 0.4 0.028 ©0.003 29 12 Std.AASHO  123.3 12,0 122.0 12.0 . 85 o 1.1- 4.3 3 .92 18 » .61 .88 .
sc sc-3 Claysy Sand (New Don Pedro Dam Core) = Bachtel (1) { 0.5¢ 0.02 0.00s .27 11 20,000 125.8 2.0 123.2 9.6 n oo $.4-20.6 - 3 2.60 26 390 =~ .08 .93 12000 =~ .99
sc . sc-s Clayey Gravelly Sand (Proctor.Dem) Coe, Fort worth bistrict (15)  0.25 0.08 - 128 18 Std.AASHO  120.1° . 31.2  126.0 8.3 2 . S-S 2 1.80 4 510 .37 - .64 250 0.
N BC-6A -~ -Clayey Sand (Chatfield Dam) COE, Owaha District (19) 0.24 0.04 - 22 . 7 Std.MASHO - 122.0  1).7 . 116.2 . 14.7 90 . ’ 6.0-10.0 2 1.3 0 s2 0. .7
8C  SC-7 . Clayey Sand (Chatfield Dam) CoE, Owaha District (19) 0.11 0.01 - 32 18 - Std.AASHO  115.0 15.0 - 110.0  17.0 a8 » % 6.0-10.0 2 1.10 o 2% 0. .97

“ML. ' ML-2M  Sandy Silt (Chatfield Dam) - COE, Owaha District (19) 0.09°  0.03 0.003 25 © 4. Std.AASHO 115.0 . )2.8  108B.7  15.6 ” ane '6.0-10.0 3 1.0 19 200 .59 .86

ML M-28  Sandy Silt (Chatficld Dam) CoE, Omaha District (19} 0.09 0.03  0.00) 25 -4 Std.AASHO . 115.0 12.8  109.3  12.7 6 - vee ;' 6.0-10.0 3 .39 30 L7 L .m

ML M2~3A ' Sandy Silt (Birch Dam Shell) €oE, Tulsa District (20) 0.0  ©0.045  ©0.013 19 1  Std.AASHO  108.8 13.6 -104.0 11.6 L I o . 5~ 60 4 42 3 240 - .83

n ML-33  ‘Sandy Silt (Birch Dam Shell) CoE, Tulsa District {20) - 0.0  0.045 ©0.013 19 1 Std.AsHO  108.8 10.6  104.0 126 62 . eee C1.5- 60 3 a9 N 270 .38 .82

n ML-3C  Sandy Silt (Birch Dam Shell) €oZ, Tulsa Distrfict (20) 0.070  0.045  ©0.01) 19 1 Std.AASHO  108.8  13.6  104.0 16.6 M - e 1.5 60 3 .54 . 27 1000 .4 .7

a CL-]A - Silty Clay (Arkabutla Dam} Casagrande et al; (9) 0.023 o0.01 - 40 20 - Sed.AASHO  110.0  18.0 108.7  16.7 3} soe : 1.0-32.3 4 .53 29 260 .60 .87

€ - CL-13 ' $ilty Clay (Arkabutla Dam) Casagrande ot ad (9) 0.023  0.01 - 40 20 Std.AASHO  310.0 18.0 . 107.0 | 19.5 ] . . L0-8.2 4 1.20 14 » .48 .58

€. ' CL-2A  Lean Clay {Monroe Dam) CoE, Louisville District (19) 0.023.  0.001 - 40 23 sta.aAsHO  1210.8 16,4  107.1  19.1 87 . .1- 2.9 2 .95 0 66 o, .75

€L CL-2B . lean Clay (Monroe Dam) X, Louisville District (18) 0.023  0.001 - 40 23 gea.MASNO  210.8  16.4 104.0 21.2 9 L - 2.9 3 .42 o 10 .03 .52

a -3 Lean Clay (Monroe Dam) " coE, Loulsville District (18) 0.015  0.0044 - 44 22 - gra.msmO  206.8  10.0 102.0 21.7. 92 o’ RS P X 2 1.00 0 % o .57 o
oL CL-SA  Pittsburg Silty Clay . Kulhawy, Duncan & Seed (32) 0.04 0.003 - 35 16 Mod.AASNO  118.9% 3135 105.4 11.S 52 o 1.1.0- 3.0 2 .92 I 650 - .68 .90 190 - -3
cL CL-58  Pitteburg Silty Clay Kulhawy, Duncan & Seed (32) 0.04 - 0,003 - 35 16 Mod.AASHO  318.9 . 13.5  109.1 163 n o 1,0~ 6.0 3 1.50 17 %0 - .14 .93 20 -.
cL CL-5¢C Pittsdburg Silty Clay . B Kulhawy, Dmuni Seed (32) 0.04 0,003 - 35 16 Mod.AASHO 118.9 138 109.0 16.8 . 0 e - 31.0-.6.0 2 1.30 . 6 430 .go ..:: x:: - .::
€L CL-SE = Pittsburg Silty Clay e _ Rulhawy, Duncan & Seed (32) 0.04 = 0.003 - 35 16  Mod.MASHO  118.9 13.5  112.7  1l.5 63 e - 1.0- 6.0 3 1.80 24 g;gg -. ,; 32 :s 0 I
€L ' CL-5F  Pittsburg Silty Clay Kulhawy, Duncan & Seed (32) 0.0¢  0.003 - 35 16 Mod.AASNO 1189 138 114.7 . 14.5 TS 11.0-30 2 1.90 13 - - - .
(- CL-5%4  Pittsburg Silty Clay , Kulhawy, Duncan & Seed (32) 0.0¢ 0.003 . 35 160 Mod.AASHO  110.9  13.5  106.8 871 & . 1.0- 6.0 3 1.50 = 32 :900 -1.;: .:: I:gg :"ga
€L ,; CL-SI _ Pittsburg Silty Clay. _ Rulhawy, Duncan § Seed (32) 0.04 0.003 - 35 16 Nod.AASHO  118.9  1).5  119.3 117 77, e . i 1.0 6,0 3 3.3 - 18 :g° T leo 1 .
oL CL-6A . Sandy Clay (Birch Dem Core) cor, Tulsa District (20) 0.045  0.01 - 29 15  Sta.AASHO  110.3 . 14.5  105.0 12,5 57 " 1.5- 6.0 3 <64 29 0 - . -

¢ " c1-60 - Sandy Clay (Birch Dam Core) _ COE, Tulsa District (20) © 0.045° 0.0 = 29 15  Std.AASHO - 310.3 - 1.5 105.0 145 66 . e .5- 6.0 3 50 25 B ‘o

c CL~7A  Sandy Clay (Somerville Dem) . €OE, Port Morth District (15) 0,06 0.003 - 43 30 Sed.AASHO  107.5 - 17.2  107.9 17.2 87 .. .5- 6.0 4 1.00 - 2 68 - o5 s

c CL-78  Sandy Clay (Somerville Dam) CoE, Fort Worth District (15) 0.06 = 0.003 .- 43 30 sed.aAsHO  107.5  17.2 107.2 17.0 7 . i .5~ 6.0 4 1.00 1 . .

€L ' €L-3C  Sandy Clay (Somerville Dam) COE, Fort worth District (15) 0.06 0,003 - ‘43 - 30 Sed.AASHO © 107.5  17.2 - 102.6  20.0 ] e -3- 6.0 ¢ LI ::; b';: '::

€L ' CL-88  Sandy Clay (Somerville Daw) COE, -Port Worth District (15) 0.085 0,005 - 28 16 sed.aasHO - 113.3 1405 108.3 14.6 I e .5- 6.0 4 57025 00 ‘20 s

oL CL-9A '  Sandy Clay (Somerville Dam) COE, Fort Worth District (15} 0.052 o0.0088 - 49 32 . Std.AAsHO 95.7 23.3 9.5  23.2 89 e .5 6.0 3. 1.50 4 . -

CcL CL-98 ' Sandy Clay (Somerville Dem) COE, Fort Worth 6£ltf1ct (15) 0.052 0.008% - 49 32 Std.AASHO 95.7 23.‘.‘_ 91.7 23.3 ” coe 1.5- 6.0 3 ‘1.20 3 192 .:2 .:g

a CL-9C  Sandy Clay (Somerville Dam) COE, Fort Worth District (15) 0.052 - . 0,0085  ~ 49 32 Sed.ARSHO 95.7  23.3 90.8  26.7 a7 e i .5~ 6.0 3 .64 1 pis A »

a CL-10A_ “Sandy Clay (Somerville Dam) COE, Fort Worth District (15) 0.085 - 0,004 - 29 16 . Std.AASHO  110.7  15.0 111.8  15.1 86 . { .5+ 6.0 4 84 22 1 . .

o CL-10B = Sandy Clay (Sorerville Dam) €OE, Fort Worth District .(15) 0.085  0.004 - 2916 std.aasHO - 110.7  15.0  106.5  15.0 7 see .5- 6.0 4 .85 | 22 z:z i §Z ;:

cL CL-11A  Sandy Clay {Somerville Dam) COE, Fort Worth District (1S) - 0.06 0.002 - 25 12 std.AasHO  1072.5  16.8  100.3 - 13.5 58 o [ .5- 6.0 [ L ?“ S

cL CL-11B . Sandy Clay (Somervillc Dam) . COE, Fort Worth District {15) 0.06 - 0,002 - 25 12 Std.AASHO 107.5 16.8 106.5 13.3 66 e i .%= 6.0 4 1.5%0 2% H1 . .

T
'

a
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" (CONTINUED)
Grain Size, em n'“.c::?"“m by Degree Particle  SUFSs  Mumber c s
soll Growp Soil Description Re ferences 1L rI Type Unit Wt Opt. . wt w/e Satura- Rating ha Range of riction X n R
* - . i : pe (TSF) Angl f
D60 D30 p10 (pcr) /€ pep) tion (TSF)  Tests ngle
(=7 CL-11C  Sandy Clay (Somerville Dam)  COE, Port Worth District (15) 0.06 0.002 “ 25 12 Std.AASHO 107.5 16.8 102.6 19.3 87 . .5- 6.0 4 .74 6 23 .32 .61
CL° CL-11D Sandy Clay (Somerville Dam) - COE, Fort Worth District (15) 0.06 0.002 - 25 12 Std.AASHO 107.5 16.8 106.7 "16.7: a5 * .5 6.0 4 .91 18 280 .60 .93
CL  CL-11E Sandy Clay (Somerville Dam) COE, Fort Worth District (15) 0.06 0.002 - 35 12 Std.AASHO  107.5 16.8  101.5 - 16.3 72 . .5~ 6.0 4 .66 20 220 .23 .90
[~ CL-12A  Sandy Clay (Somerville Dam) COE, Fort Worth Diltxic.t 15) 0.065 0.0055 0.001 38 25 Std.AASHO 106.1 17.2  105.0 18.6 89 . +5- 6.0 4 1.30 8 140 .20 .84 -
"L CL-12C Sandy Clay (Somerville Dam) COE, Port Worth District (15) 0.065 0.0055 ©0.001 38 25 StA.AASHO 106.1 17.2  101.9 17.1 5 . .5-6.0 . 1.00 13 120 09 .83
C. ° CL-12D Sandy Clay (Somerville Dam) COE, Fort Worth District (15) 0.065 0.0055  0.001 3_8 25 Std.MSHO ¢ 106.1 17.2 103.0 19.7 - 89 . .5- 6.0 4 .80 2 47 .33 .82
CL  Cl-12E Sandy Clay (Somerville Dam) COE, Fort Worth District (15) 0.065 0.0055 0.001 38 25 Std.AASHO  106.1 17.2  106.5 13.9 70 " .5- 6.0 4 1.50 24 950 15 .90
L CL-12Fr Sandy Clay (Somerville Dam) COE, Fort Worth District (15) 0.065 0.0055 0.001 38 25 Std.AASHO 106.1 17.2 . 108.3 16.9 89 . .5- 6.0 4 1.50 8 470 0. .95
a CL~13A - Sandy Clay (Somerville Dam) COE, Port Worth District (15) 0.046 0.0045 - 36 ‘ 23 S5td.MASHO  104.9 17.6 98.7 20.8 ‘86 o .5~ 6.0 P .67 4 7 ‘a4 .8
CL CL~138 Sandy Clay (Somerville Dam) = COE, Port Worth District (15) 0.046 0.0045 - 3% 2 Std.AASHO 104.9 17.6  104.9 14.8 72 . .5- 6.0 . 1.80 23 840 - .19 .84
cL CL~13C Sandy Clay (Somerville Dam) = COZ, Port ¥Worth District (15) 0.046 0.0045 - % 23 Std.AASHO - 104.9 17.6 101.2 17.4 76 . .5 6.0 4 1.20 12 270 . .06 .87
a CL-13D Sandy Clay (Somerville Dan) =~ COE, Port Worth District (15) 0.046 0.0045 - % 23 Std.AASHO 104.9 17.6 100.5 14.2 62 . +5- 6.0 4 1.40 29 1100 - .36 .83
cL CL-13Z Sandy Clay (Somerville Dai) CoE, Port Worth District (15) 0.046 0.0045 - 6 23 Std.AASHO 104.9 17.6  104.4 17.5 84 . .5- 6.0 3 1.40 13 410 .15 .87
cL CL-14 Lean Clay (Clinton Dam) COE, Kansas City District (17) - - - - % 27 Std.AASHO 103.0 23.2 98.0 24.0 92 .o 1.0- 5.0 3 .77 2 57 43 .86
€L  CL-16C  Lean Clay (Clinton Dam) COE, Kansas City District'(17) - - - 37 18  Std.MASHO  105.0 20.2  99.7 . 22.9 91 . 1.0- 3.0 2 .97 1 110 .43 .90
€L  €1~174 - lLean Clay (Clinton Dam) COE, Xansas City District'(17) - - 43 24 5ta.AASHO  101.0 20.1° 99.1  22.7 90 e 2.0- 6.0 3 1.10 2 100 .27 .9
a CL-17B - Lean Clay (Clinton Dam) COZ, Kansas City District:{(17) - - - 3 24 S5td.ARSHO 101.0 -~ 20.1 98.1 23.9 90 o 2.0~ 6.0 3 .99 1 160 .54 .97
a CL~17C - Lean Clay (Clinton Dam) COE, Kansas City District (17) - - - 43 24 Stda.AASHO 101.0 20.1 98.9 22.7 S0 e 2.0- 6.0 3 1.10 -3 130 .46 .91
CL  CL-15A . Lean Clay (Clinton Dam) COZ, Kansas City District!(17) - - - 42 26  Std.ARSHO  102.0 . 19.9 96.8 22.7 - 83 o 2.0- 6.0 3 .78 2 53 .41 .85
cL CL~24A  5andy Clay (Chatfield Dam) CoE, Omaha District (19) 0.016- - - 43 24 Sta.AASHO 104.0 19.3 97.6 23.4 90 . 6.0-10.0 2 1.20 o 240 0. .95
cL CL-25A Sandy Clay (Chatfield Dam) = COE, Owaha District (19) 0.09 0.007 - 34 18 5td.AAsHO 113.0 . 15.1 107.4 18.1 86 . 6.0-3J0.0 . 2 .95 0 160 0. .93
€L C1~28  Sandy Clay (Proctor Dam) - COE, Port Worth District (15) 0.033 0.002 - 31 20 Std.AASHO  115.0 4.6 114.8  12.2 72 " 1.5- 6.0 2 1.60 12 150 ° .16 .79
(-1 C1-29A Silty Clay (Canyon Dan) Casagrande & BHirschfeld (8) 0.037 0.008 - 4 29 Harvard 116.2 15.2  110.9 13.0 67 - * 1.0-34.3 5 2.00 20 440 .17 .8%
CL C1-293% Silty Clay (Canyon Dam) " ‘Casagrande & Rirschfeld (8) 0.037 0.008 - 34 219 Harvard 116.2 15.2  115.8 13.1 ” o 1.0-14.3 4 2.50 20 440 .34 .86
€L  CL-30A Silty Clay (Canyon Dam) Casagrande & Hirschfeld ® 0.037 "0.008 - 34 )9 Harvard 112.8 16.7 111.0 16.2 84 . 1.0- 6.3 4 1.00 16 110 .94 .91
€L C1-308 -Silty Clay (Canyon Dam) Casagrands & Hirschfeld (8) 0.037  0.008 - 34 19 Harvard 112.8 16.7 112.2  16.6 88 . 1.0- 4.1 M 1.40 1 67 n 1
a C1~300 . S§ilty Clay (Canyon Dam) Casagrande & Hirschfeld (Q) 0.037 0.008 - M 219 Harvard 112.8 '16.7 110.3 172.3 88 L] 1.1~ 4.1 3 1.00 9 17 .37 .65
L n-~ . . - 4 1 Harvard . 108.8 18.0 106.3 _ 16.2 75 o 7 4.1-13.5 4 2.20 3 71 1.06 .98
cL CL~333 §ilty Clay (Canyon Dam) Casagrande & Hirschfeld (7) 0.037 0.008 ) . .
B cm-1.  Pat Clay (Clinton Dam) COEZ, Kansas City District’ (17) - - - 60 38 Sta.AASHO 94.0 26.5 90.0 28.8 90 . ae 1.0-3.0 2 .61 4 92 .21 .89
[~:] CEB-3 rat Clay (Monroe Dam) COEZ, Louisville District [18) 0.0067 - - 61 36  StA.AASHO 95.5 26.5 89.3 3.1 93 . .7- 2.9 2 .37 ] 21 - 0. .65
ca cH-38 Fat Clay (Monroe Dam) COE, Louisville District :(18) 0.0067 - - 61 - 36 Std.AASHO 95.5 26.5 92.6 28.6 93 bl .7- 2.9 3 - .51 1 67 .02 .79
o cH-4 rat cx-: (Monroe Dam) coc: Louisville District (18) 0.018 - - 69 45 Std.AASHO  100.0 22.7  96.4  26.5 94 »e 1.1-2.9 -2 .63 1 65 8 .77
~ 3 CH-5A Pat Clay (Chatfield Dam) . COE, Omaha District (19) ° 0.009S - - 54 = 36 Std.AASHO 95.0 24.4 90.3 27.4 84 . 6.0~-20.0 3 1.20 [} 36 .72 .91
[~} CH-5B rat Clay (Chatfield Dam) COE, Omaha District (19) 0.0095 - - 54 36 Std.AASHO 95.0 24.4 90.7 24.4 76 bbbl 6.0-:.10.0 3 1.50 2 52 .66 .89’
4
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STRESS-STRAIN AND STRENGTH PARAMETERS

FOR SOILS TESTED UNDER DRAINED CONDITIONS
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Growp

Soil Description

References

Grain Size, mm

Cocpaction

© Degree . Stress :
: L p1 "‘li' Ory bry Ralative 0 e Rating Particle Range c Friction X Ry X 'Y
D60 D10 Type Unit Wt. U, we, .Density " shape (TSF) {TSF) Angle
; _{FCE) (rcr) on
[~ ] Qui-1 Conglomerate Rockfill (Netzahu,:Dam) Marsal et al (38) 47, 0.9. 118.9 70 .o Sudb-angular 1.9~ 0. S0 (10) 540 ..64 135 1
o cw-2 Cranitic Gneiss Rockfill (Mica Dam) Casagrande (10) Marsal (39) . 4. 123.7 9% LA Sub-angular 5.1~ 0. 44 (9) 210 .64 100 M
o -3 Quartzite Rockfill {Furnas Dam Shell) Casagrande {10} . 10. - i vee Sub-rounded . 4.1- 0. 49 (6) $60 .65 330 .3
o w—‘ Quartzite Rockfill {Furnas Dam Transitld *Casagrande {10) 25. oee _ Sub~rounded 4.1- 0. 83 (N 950 .59 - 470 .52
o -5 Purnas Dam Transition - Casagrande (10) 10, eee Sub-rounded 4.1~ 0. 0 (7) 690 .51 360 «57
[~ ] [~ 12 Pinzandapan Gravel E Marsal et al (38) . 21. 0.25 132.1 65 L Sub-rounded 4 o. 51 (9) 690 .59 170 .22
[ ] [~ o) Diorite Rockfill (El Infiernillo Dam) Marsal et a) (38) 93. 17. 105.7 $0 bad Angular -’ X 1 6-. 46 (9) 340 .7 52 .18
[~ 4 >-2 Sandy Gravel (Mics Dam Shell) Casagrande (10) 22. 0.23 ‘ 50 Ll Sub-angular 7,2- o. 4 (3 420 .78 128 .46
GP - GP-) Basalt Rockfill Casagrande (10)/Marsal (239) 19. 1. 13.8 95 Lbdd ‘Angular 5.)- 0. 52 (10) 450 .61 25% .18
[~ 4 GP-6 Silty Sandy Gravel (Oroville Dam) Hall & Gordon (25) 18. 0.4 .21 .3 148.0 100 *0e - pounded 9.0- 4 0. 53 (8) 1300 .72 900 .22
@ -7 Amphibolite Gravel (Oroville Dam Shell) Marachi (37) 13.2 0.3 152.0° 100 hdd Rounded 2.2~ 4 0. 51 (6) .1780 .67 12300 .16
[~ GP-11 Crushed Basaltic Rock (Round Butte Dam) Shannon & Wilson (41) 15. 6. 91.6 $9.0 99 L4 Angular 2.0- 3 0. s1 (14) 410 <71 195 [\]
[~ Gr-313 Sandy Cravel (Rowallan Dam) Boughton (5) 10. 0.6 : 135.0 100 hdd ‘lom;!.d l..-. l10.8 4 0. 58 (10) 2500 .75 1400 O
[~ oc-3 Clayey Gravel (New Hogan Dam Core) Birda (J) 12. - 1 30 113.0 107.0 51 ') . 1.1- 4.3 3 .28 19 99 .86 45 [
£ ] -1 Argillite Rockfill (Pyramid DAI Shell) Marachi (37) . 4.1 0.6 ‘ 111.6 100 L Angular . 2.2- 46.8 4 0. 53 (9) 1600 .72 600 [+)
§M  SW-2  Crushed Olivine Basalt . - Marachi (37) . 1.8 0.6 v 12%.4 100 . Angular 1.2- 46.8 4 o. $S (10). 1000 .70 390 .24
v -3 $ilty Sand, Some Grawel (Found Putte Dam) - Shannon & Wilson (41), 1. 0.09 0.009 w WP 16,450 320.0 . 308.7 . * Sub-rounded  2.0- 14.0 3 o. s (3 260 .7 100 5
2 ] sW-5 Venato Sandstone {0.5 irn. max. size) Becker, Chan & Seed (2) 0. 0.07 0.02% uPr NP 118.) 117.8 9 . Angular 2.2~ 2.6 4 0. 43 (W) 33 51 110 .46
24 P=) Glacial Cutwash Slpd Birschfeld & Poulos (26) 0. . 0.4 0.14 112.) 80 Lddd Sw-roundad  1.0- 41.1 6 0. 44 (4) 190 .57 190 .35
sP SP-4A Sacramento River Sand lee (M) 0. 0.17 0.15 9.5 38 . Rounded }.0- 41.1 8 o. 35 (2) 430 .84 230 .02
4 SP-43 Sacramento River Sand lee (34) 0.2 [} 0.1% 94.0 60 4 Roundad 1.0- 13.0 .4 0. 37 (2) 410 .90 260 .15
P SP-4C Sacramento Riwver Sand lee (34) 0.2 [} 0.15% .8 78 L4 Rounded I,O- 41.1 ] o. 41 (5) 1100 " .85 900 o
14 SP-4D Sacramanto River Sand lee (34) o. [«] 0.15% 103.9 100 g Roundad 3.0- 41.1 [ ] . 0. 45 (1 1200 .85 1500 4]
- 4 S$P-S5A Man River Sand _ Bishop (4) 0. 0.15 Loose e Rounded 7.2-287.9 4 0. 3N () 890 .78 360 11
sr SP-5B Bawm River Sand N Bishop (4) 0. 0.15 Dense e Rounded p.2- 1.3 b | 0. 47 (9) 1100 .B6 2250 0
4 SP-7A Poorly Graded Sand (Fort Allcn_' Lock) Sherman & Trahan (44} 0. 0.12 »w 100.0 9.5 49 se Rounéed -9 3 0. 3 (0) 410 .84
1 8P-73 Poorly Graded Sand (Port Allen lLock) Sherman & Trahan (44) 0. 0.12 w N 100.0 100.0 n o b\:;hd 9 3 0. 40 (1) 400 .77
L - S»-C Poorly Graded Sand (Port Allen lock) . Sherman & Trahan (44) 0. 0.12 | - S 4 100.0 305.1 98 oe Rounded 9= 3 0. 44 (3) 750 .83
- SP-12 Coarse to Fine Sand (Round Butte Dam) ©  Shannon & Wilson (41) minus Mo. 4 sieve w  w 2.0 10 oo Angular 2.0~ 3 0. 39 (6) 280 .7 95 .21
s sr-13 Pumicecus Sand (hound Butte Dam) " Shannon & Wilson (41) o0.85 0.24 67.4 04.2 n” b quﬁ;n 2.0- 3 0. 48 (10) 30 .70 2% .06
s SP-14 PFumicecus Sand {Round Dutte Dam) Shannon & Wilson (4)) 1.0 0.24 80.7 7.9 n d Angulsr 2.0~ 3 0. 49 (12) 650 .77 380 .05
- SP-36A - Pine Bilica Sand (lLocee) Duncan & Chang {22) 0.27 0.165 s sse Roundsd 2.0- 3 0. 30 (0) 280 .93 1o 65
- £P-163 Pine Silica $and (Dense) Duncan & Chang (22) 0.27 0.165 100 bl Io\n)&d W 3 0. 37 (0) 1400 . .90 1080 .15
4 SP-172 Jontersy No. O Sand {Cylind. specimen) Lade (3)) 0.4) 0.29 w 27 oo Rounded :.)— 3 0. 35 (0) 920 .96 465 .32
P EP-173 Montsrey Wo. O Sand {Cubical spocimen) Lade (33) 0.43 0.29 w X 27 e Rounded , .3 3 0. ¥ (0) 510 97 370 22
s? SP-17C Montarey Wo. 0 Sand (Cylind. apecimen) Lade (3)) 0.4 0.29 N 98 hdad lour;dod : 3= 3 0. 45 (3) 3200 .92 1400 45
4 SF-17 MNontsrey Bo. O Sand (Cubical specimen) Lade ()3} 0.4) 0.29 L ) 98 hdd Rou: ded T 3 0. . 47 (5) 1500 .91 1100 52
| 4 SP-18  Basaltic Sand (Round Butte Dan) Shannon & Wilson (42) 3 0.1) 120.1 | 120.0 .. © Angular 2.0~ 3 0. 39 {13) 1600 .63 750 0
M En-4 $ilty Sand {Chatfield Dam) Cog, Omaha District {19) 0.62 0.026 20 (4] Std.AASHO 123.0 136.7 oo S\b-.rmmbd 6.0~ 3 0. 37 (0) 100 62 .
] ;-5 $ilty Gravelly Sand (Chatfield Dam) COE, Omaha District (19) 1.15 0.05 w WP St AASHO 132.0 124.5 . Sub~rounded 6.0~ 3 0. 41 (o). $30 .62 €40 ]
o™ -6 $ilty Sand w/Pebbles (Round Butte Dam) - Shannon & Wilson (41) 0.31 0.04 WP NP 16,450 110.6 108.1- sos» Angular 2.0~ 3 0. - 46 (@) 700 .75
| -9 "Silty Sand w/Pumice (Rownd Butte Dam) Shannon & Wilson (41) 0.15 0.01) ur - wp 16,450 91.7 88.4 (e l-r\m;hr :2.0- 0. 43 (8) 670 .72 500 [+]
s S%-13 SBilty Sand (Round Butte Dam) ' Shannon & Wilson (43} 0.27 0.0022 195.6 104.5 * ! 2~angular '2.0- 0. 36 (S) 530 74 470 0
=™ $M-16 Silty Sand & Gravel (Round Butte Dam) Shannon & Wilson (42) 0.45 0.012 109.3 109. .o Lub-angular  2.0- 0. 3% (11) 800 .67 €00 1]
8-8C $N-5C-1A Silty Clayey Sand (Mica Da=m Core) Casagrande (10)/Insley & Hillis (27) 0.3 0.002 22 4  StA.AASHO 136.0 131. se 3.6- 6 .31 3 700 .80 280 .19
54-8C SMN-5C-1B Silty Claysy Sand (Mica Dan Core) . Casagrande (10)/Insley & Hillis (27) 0.34 0.002 21 4 Std.ANSHO 13.0 134.0 e 3.6~ 4 .85 3 425 .70 205 .44
SH-SC  SM-5C~1C Silty Clayey Sand (Mica Dam Cc?e) Casagrande (10)/Insley & Hillis (27} 0. 0.0002 21 4 Std.AASHO 136.0 128.2 see 3.6- 6 .40 4 160 .63 65 .81
W, ML-1  Cannonsville Silt (Undisturbed) Hirschfeld & Poulos (26) 0.033 0.005 ) - 108.0 . 1.5- 4 0. 45 (6) 200 .57 200 .89
L n-4 ‘Sandy $ilty w/Pumice (Rouné Butte Dam) Shannon & Wilson (41) 0.078 0.0064 NP NP 16,450 97.0 92.8 . 2.0~ 2 0. 42 (7) 500 .82 400 [+]
o -5 Sandy Silty w/Pumice (Round Butte Dam) Shannon & Wilson (41} 0.1 0.0052 NP NP 1\6\.450 102.5 99.2 we 2.0- 0. 6 (1) $30 .1 520 .23
€L C-2%C Silty Clay (Canyon Dam) Casagrande & Hirschfeld (8) 0.037 - 3 19 Harvard 116.2 111.2 69 b 1.0- .17 a0 550 .82
a CL-290 5ilty Clay (Canyon Dam} Casagrande & Hirschfeld (B) 0.037 - k1] 19 Harvard 116.2 116.2 79 .. 1.0- .59 29 690 .71
CL CL-30E Silty Clay (Canyon Dam) Casagrande & Hirschfeld (8) 0.037 - 34 19 Harvard 112.8 115.1 :1:] e 1.0- 4. .51 3 150 .61 360 4]
CL CL-30PFP Silty Clay (Canyon Dam) Casagrande & Hirschfeld (8) 0.037 - 34 19 Harvard 112.8 310.0 88 e 1.0- 4 .39 30 160 .63 210 [}
‘CL  CL-34E Silty Clay (Canyon Dam) Casagrande & Hirschfeld (7) 0.037 - 34 19 Harvard " 105.6 106.3 87 . 5= 5 .26 3 130 .72 45 .59




APPENDIX B

FINITEiELEMENT‘MATRICES
FOR

RECTANGULAR ELEMENT
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RECTANGULAR ELEMENTS IN PLANE STRESS

In this study, rectangular elements are utilized to ma ke

stress and strain analysis of various structures, including any

- homogeneous media and reinforced earth systems. In this section,
therefore, Finite Element matrices for rectangular elements are

given in detail.

The sign convention and dimensions are as follows :

ILY ’ '
d d
7 ‘ 5
e b
‘ b
ﬁ‘X;—L
d
dg J\f’ d b
A d 2
- 4 —r —y
. a0 a ]
* L L
Material.Properties Matrix :
. [~ i
1 v 0
[o] =_£v—2 lw 1 0
: -V
1- 0 o 1=
2 .
L i
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Shape Function

] - FN1. ‘Nz Ny Ny O 00 0
| LO 0 0 0 N N, Ny N,
[ b(1en)  b(1-n) -b(1en) O 0 c o o 1
[Q],: 1 .0 0 0 ~a(ls) -a(l+p) a(l-e) -a(1-p) -a(1-p)
- 4ab i a(l+p) -a(l+p) -a(1-p) b(T4n) b(1-n) -b(1+n) -b(1-n) -b(1-n)

stiffness Matrix [K] = s [6] [D][G] dv
, = !

Kip |
Ko1{ K1y
K|k | K| || | -
K1 K1 | Kar | Ky

(K= | Ko1|-Ke1 | K71 | Ka1 | Kss
%61 |Ks1 | Ka1 71 | Kes | Kes
k71181 | K51 | Ke1 | X75 kg5 | Xs5
Ka1["K71 | %71 | K51 X5 | Ky5 | Kes | Kss

where
Kip = “g‘ (Dy -2— + D33 ‘%‘ )



55

31

41

51

61

71

81

65

75

Kgs

21

t b
(D - D, 2
3 M T Pe )
Db
t D,.,a
L
a 2b.
t om0
2 a b )
-t\
~ (P12 + D33)
t
- D1z +D33)
t
- (D12 = D33)
-t
o (D12 -D33)
D,,a D,.b
S
b 2a
( 022a D33b )
2b a
£ (. 2 E
>~ (D= 7 D3 —)
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INITIAL STRAINS {f}_ = - —— ( / [6][D]dv) {éo},
, - . »o ) ? v

[ | _ 7]
b €y D.Izbsy. + D33a b“xyo

0 0

;D]]be . + D]zbey0 - D33a3Xyo

-D”bex - D]Zbey0+ D33a5ky0

0 0

+ D

223y * D33b6’xyO

—D]ZaeXO - D22a€y0+ ‘033b5ky0 :

D12“‘€xo + Dpoa yg - Dygb¥xy,

D128 ¥, - Dppa ¥ - Dysblxy,
i , B -

INITIAL STRESSES {f}o = —%- (f[G]Tdv){od}
0
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‘ b<:fx0 *atxy,
~box - atxy
--borx + a\rxy
-bcx - atxy
.ao'y + btxy
‘{f}c = € t -ao  + btxy
Y 2 - ~ y ‘
acy - b Txy
-aoy - bTxy
B .

Body Forces {f}, = - I[N]T-{x}dv
: v

o ~
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“APPENDIX C

COMPUTER PROGRAM . SLOPER
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USER'S MANUAL FOR PROGRAM, SLOPER
INPUT DATA INFORMATION*

1. TITLE

—ms

TITLE - Title card for prdgram identification

2. Definition of Slope

NSPTS, NCIRC, - NSPTS  Number of slope
_ NCIRC  Number of Circle

3. Slope Point Coordinates

B(N), C(N), B(N) - X - Coordinate of slope points

C(N) - Y - Coordinate of slope points

repeat this card as many as NSPTS

4, Definition of different material zones

6Y,  GAMMAD, GAMMAF - GY - Elavation of boundary between

material zones

* AT] data afe in free format
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GAMMAD - Unit Weight in Upper Zone

GAMMAF - Unit Weight in lower zone

- 5. Properties of the soil for upper zone

CO, PHIDAM -VCD - Cohesion intercept

PHIDAM - Friction angle for upper zone

6. Properties of the soil for lower zone

CF, CFGAMH, PHIFND - CF - Cohesion intercept
CFGAMH - Rate of increase of cohesion

intercept with depth

PHIFND - Friction angle for lower zone

~7. Circle Data

KCIRCL, Z1, Z2, CRU, KCIRCL = 1, Radius of circle ZI
’ . KCIRCL = 2, Circle pasées~through |
o Cx- 1, Y =22
KCIRCL = 3, c{rcle is tangent to
| Y =71

8. Reinforcement

IRF - IRF = 1, reinforcement exists

IRF 4 1, no-reihforcement
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9. Properties of the reinforcement

This card is required when IRF = 1

OPT, OPT

1, Only tensile force is allowed

OPT

2, Tensile and Shearing Force are allowed

FMAX, PMAX, LO - FMAX

Limit,skin friction
Pmax

L04

Maximum passive pressure

Transfer length

Number of reinforcement

NR, SH, RD, RN - NR

SH = Horizontal spacing of reinforcement
RD = Diameter of Reinforcement
RN = Rupture strength of reinforcement

RNX(I,J), RNY(I,J) , I = Reinforcement Number

J =1, first end

J = 2, other end

RNX(I,J) - x - Coordinates of bar ends

KNY(I,J) - Y - Coordinates of bar ends



L N

A

€7 €. 4

CFPRUCK G SLUFPER LIRPULT 9o LU Ty LUT s TAPEL=INFU TS TAYEG=OULLT )

N B T P T N P P I T T T Y T L L T T LT rpm
CCin¥CN 7GENERA/ A(lO)sB(lO),C(10)9Y(IOC)1YS(100)’RADCUh

;CCAMON. /GENERB/ ~NSFTSeXCsYCsRsARCLENSGYsNS9CRU -

CCH¥ON /nBSG/ SFURCC(IU?)9BET#(100),ALPPA(IOO)QHT(ICC)

"CCHAMON /i4BS/7 NSPLloFSsITER.ACCSITERL. ~. . .

CCAMON /HGB/ X(1GQ) sNEGEQ,S(20C)
CCriMON /DAX/ CCHCCGAMFSPHIDANSPFIDKC

~CCnMON /FND/ CFyeCFGAMF4sPRIFNDIPFIFCC Co :
‘LCH”ON/Bb/RNx(&O,Z)QRhler,Z)’RD’FH‘X’NR’RNQSP’P”AXQLCQCPT

ChARACTER TITLE*“Z’TDP*I
DTRENSION AREA(IUO),TCPSLF(IGO)

NTFGPR GPT |
EAL LU

RAUCUON=ACOS(=1,)718C,¢C
40v¢4*#4#$4###v##*$i######4##4####4##‘##'###!#!####14#*4*#*#4##4##

REAL TITLE
v#u#;###*%####t#¢##*4##*###44###4*94###04#1#4###*####1#*4#4*##444#

ICn=
KrhC(7’1U4uytND 96G¢) TITLE

RN IRAN AR IR IRARIN R AR ARIKARAT IS AR IN AR A IR SRR ARk IR AN AN R AR AR R

REATC  WUIABER OF SLCFE PCINTSy NLABER CF CIRCLES

R e e e R L e TR L LR R R R LR e

RFAC(24%) NSPTS,hCIFC
A(HSPTS)=n Q

\+*ﬁ######é#»##t#véﬁ#####*4*####4####!###vtt##*‘####ﬁ#t####e##‘é*##

REAC  SLOPE POINT CCORCINATES
4‘¢4¥#t¢v#¢¢9#¢*a#¢1##4##4*####1#########4&##ﬂ########ii**ﬁ##‘##&#
N2=2*NSPTS :
KEAC(29%) (BIN)9C(N)9N=14ASPTS),
0C 10 I=L14eNSPTS
Ci=B(T1)=-B(I-1)
IF(CLetCes) THEN

all—- L)=9999-
eLSF

All= L)=(C(l)-C(I 1))/7C1
ENDIF-
CCNTINUE
B T P
KEAL ELEVATION CF ECUNCARY EBFTWEEN KATERTAL ZCNES,
UNIT WeTGHT IN UPPEFR ZONeEs UNIT WEIGHT IN LCKER ZONE
R T e e e I SR L LR R PRI AL
REAC(29%) GY9sGAMKAD sGAHNMAF
v*v####é###v####*##1##4#4#*######t*#»####‘#t&Q##v#######‘#*###v##*

RFAC COHESION INTERCEPTs FRICTION ANGLE FCR UPPER 2CNE -
+a4*;¢¢¢»444*¢¢¢¢4¢t¢o¢4v¢¢¢*t¢¢¢¢¢¢+*¢¢4¢‘4¢t44¢¢»4;#¢t*¢4¢¢4¢¢4¢
REAC(2+7%) CLCePHICAHK ‘

PRiCAO=PHIDAH

PFLCAN=PHIDAK*RACCON
4#»#####v###»#4##¢#iv*v*#4#####tv#######*####*4####4#0#*#4*#######
REAL COHESICN INTERCEPT, RATE CF INCREASE CF- CORESIGN

INTERCEPT WITH DEPTF, FRICTIGMN ANGLE FOR LCHER. ZONE

anada et L L R e R AR AR LA LR A
REAC(24¥) CF,CFGA#PgPFIFhC >

PFLFOO=PHIFND

PFLFNC=PHIFND*RADCCM

D Y T T T LTI
RFAC CTIRCLE DATA AND PCRE FRESSUR COEFFCIENT

FARIE IR BRI TRARAR AR AR IR DR AR A AN A AR A AR IR AR AR IR AN AR ARt
REANC(247) KCIRCL,leZZ,CRL

REAC(2+%) ICP '
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guiruli

WR1ITE(69150) TITLE ‘ , Y : : 147
HRITE(69L13) . - L e T :
ARITE(69111) . ' Ll S : :
WRITE(69L13)"

" DC 27 IKal4NSPTS

ARITE(69122) IK,B(IK);C(IK)

‘CONTINUE

WRITE(69113)

wRITE(E9114)

wWRITE(69131)

ARITE(63150)

WRETE(£4121)

{L=1

Cl=C, ‘ T
aR1Te(o9l€éU) ILIGARMACYFHID¥UsCCyCl
iL=2

AR1ITE(6916G) IL oGAKFAFSPHIFCCsCFyCFCANE
ARITE (54131) , ‘
AR1Ti(bs114)

WRiTe(6417¢)

WRITE(6+180) .

AR1ITE(64170Q)

HRITE(691GG) GYsGY

WRITE(6917G)

WRITE(69114)

ARl Te(o9281) g

URLTE(69210) ZliZZyKCIRCL
ARITE(bL14) ;
B B T T W I pup Py
REINFORCENENT

AR ERE LRSS EE LS EREEEE LR E Y 2]
REAC(29*) IRF

LFCIRFVEQe1l) THEN

REaAC(24%) GPT

REAC(24%) FHAX9PHAXJLC

Rtal{292) NRySHsRD RN

oC 7 IJ=19NR

RFEAC(29%) (KNX(IJ;J):RhY(IJ,J),J 1,2)
"CCNTLINUFE

RC=RkNP o5

QLTFUT ‘

WR1TE(69114)

wRITE(69250)

ARITE(692€0)

ArRITE(69250)

DL G TK=l4NR

X x= ABS(RNX(IK92)~RN’(‘K!1))
YY=2BS(RNY(IKy2)= RhY(IKal))

- TL3SURTIXX#FXxX+YY2YY) : '
GWR1ITE(64270) IK,(RAX(IK!J)9Rh?(IK1J)9J=1’2)sTL
CCNTINUF
ARLTE(6925u)

AR [ Te(b9114) ) ‘

WR1ITE(69280) RDIRNgRCoFKEA Xy ShH
ARITE(E9114) '
WRITE(69281) LOJPHAX
WRITE(69114)

’AQITE(O’£82) CPT
eMIF

BC 2 NNTS=1,NCIRC




INLTIALTZE VARIABLES

DC 2 INTT=14100
XUINIT) afy
Y(INIT) = Qa

2u
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ATCINIT) =0e. -

AREACINIT) = 0,

SFORCECINIT) = O, -

SCOINIT) = Qo

TCPSLP(INIT) = Q,

BETACINIT) = 04

YSCINIT) = Q.

ALPFACINIT) = Go

CCNTINUE , f

PF1INT=N, ﬂ - : ’
XC=1n,

Yc:p

R23uve

KILLG=U

REAC X ANE Y COURDIP\ATEc CF CIRCLE CENTER

REAC(25%) XCyYC

uALCULATE RADIUS ANL PRINT CEATER CCCRDINATES AND RADIUS

IF(KCIRCLJEGL1) R=21

IF(KCIRCL 4ECs 2) Rﬂ‘CRT((XC-Zl)*‘¢+(YC-ZZ)**2) -0e0C1
1F(KCTRCLEC43) R2Y(=21

IF(R,EQaLeT) STOPY

CALL GENER TG CALCULATE KFERE CIRCLE INTERSECTS SLGFE»
ANC COORDINATES CF SLICE BOUNCARIES ALCMNG CIRCLE

CALL GENER(KILLG)
IF(KILLGe=QetC) GO TC 2¢
G0.70 2

CCNTINUE

CALCULATE SLICE CIMENSICAS AhC htIGFISaﬁNC cTRENCTh FCR EACH SLICE

NSP1 = NS + .1

0C S9 4 = 1y NSP1
Jf1 = 4 = 1

[F(J oEQ, 1) GO TC 23
DELTAX = X(J) = X(J¥1)
DELTAY = Y(J) = Y(4¥1)

CALPFA(J) = ATAN(=1le = (CELTAY/DELTAX ))

DC 4u K=L4NSPTS

1F (X(J) = BUK)) 41441944
Ky = K = 1
YS(J)xA(KNl)#(X(J)-E(KHl))+C(KH])
TCPSLP(J)=ATANCA(KR]))

GC G 43

CCNTINUE

Ystd)y = GY

KHL=NSPTS

CCNTINUE

IF(J «ECs 1) GO TO SS

BASE =2 X(J) =~ X(JH1)

CrORO=8ASE/COS(ALPRA(J))

YA= (Y {J=1)+Y(J))/2410

YSA=(YS(J=L)+YS(J)) 7240 - -
FTDO=AMINL((YSA=YA) s (YSA=GY))
HTF=AMAXL((GY=YA)abe)



RS S LS I OUE T N ol P L B B A I B R

IFCFTF 4GTe Gel) GC- TO 15
7y CINTER=CD: P
PRIINTaPHIDAM -
f GC-T0.8C i
75 CINTtR=CF+HTF*CFCA#r
oo PHITNT=PRHIFND . . o e D
80 CCNTINUE ~ . - . = = R - S
83'S(J)=CINTcR R : - e L .
5FORCF(J)=PhIINT
Gy CCWTINUFE :
- IF(TDPoEQa'Y") ThEh’
ARLITE(64114)
WR1TE(69291)
MRITE(62652)
AR1Te (69291 )
0C 17 IJ=229NSP1
8B=X{IJ)=Xx(1d~1)
ALP=sALPHA(LIJ)*180e/ACLS(~1
SFaSFORCE(LJ)?18Ca/2CCS (= 1 )
WR1ITE(64293) (IJ—l)sX(IJ-l),X(IJ)aBB,hT(IJ)aALP,S(IJ)’SF
17 CONTLINUE '
WRITc (b 9291).
ENDTF :
##*#*#*###4###*####4##&##**4#1#t#t&#*#####*4##########*1#######4#*
. CALCULATE AND PRINT CORLDINARY KETHCD CF SLICES FACTOR CF SAFETY
#444»#*###0###*########t*#at###t####‘#*i##nt######%iﬁttt###t»###*#
CALL CAS(KILON) . .
FSO=FS . '
9#@###v#v#########*i#####*####v###v#####*#t#ﬂ#%#t#ti#d#i###t#####*
- CALCULATE AND PRINT BISHOPS wCLCIFIEC METHCC FACTOR CF SAFETY
#44#*#4#4##‘*#####64##4*##*###*4;#1#*#*##4##iittv###&ﬂtt‘#t#t*##*#
‘CALL BISHOP (KILLByIRFsIDP)
IF(KILLB,EGeU) GO TC 200
GO TG0 60y
Y, [CN=1CN+1
AR1TE(649114)
wRITE(64220)
I‘Qth(b’Za )
WR1Te(64220)
ARITE(09240) ICN9XCeYCeEsFS
ARLTE (64220) '
"wRITE(649221) FSO

i

OFTFRAINE AND PRINT TIME RECUIRED FCR CIRCLE

e CCNTINUE ‘
CALL SECOND(TIHE2)
TInE=T1HE2=-TINEL
CORTLINUF
AR1TE(6+222) TIHE
IF(RADCONCGT4Cad) GC TO L
99 STOQP
##v#*#$¢4¢¢###¢#4#»i##*###v#*###*#v#t###*######*###4*4#t###t#t#t#»
INPUT FCRKAT STATENENTS
##»#vﬁ&#####av##v##1*#&#v*»#*#*###v#*#######t##ﬁ####v#t###*##tvtvt
Sy FCRAAT(2110) \ :
1u FCKMaT(?2F1G60) _
19 FCRY¥ATIIFIQLG) : o i
2. FCRMAT(IF10Ce1106)
3y FORMAT(ILN) -
Ay FLCRMAT (AS52)
36 FORMAT(311092F18,0)
6L FCREAT(5F1040)
Tu FCRMAT(TI11)
.80 FOKHAT(S5F10e0)
_ ##¢¢¢44#¢¢#*##¢¢####*###*#»#4#41&##‘#*###i##t#t####i#i#i####t#w###
Co : CUTPRUT FORHKAT STATENENTS :
##v##avé##4¢#¢##¢4a#*##¢4*#4~$¢#vt;*n##ttﬁt**#it***t###4‘#**#4*#;#
LNy FORMATUIHYs /7 /7/7915%,4€('=%)y/915Xg%s  SLCPE STABILITY ANALYSIS D&
CYTA INPUT ECRO - 39/ 15%X94€0 " ““/315%972('=9)4/15X4*: PROJECT TI
BTLE 3 ' 9a529%2% 47154721 o e
13 FORMAT(15Xs45('="))

r
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UUTFUT FURMAT  STATEMeNTD

| #41#4#####44######»14¢#¢4##in4v¢v*¢¢vd¢4##*#‘4#####*‘##4*######4!#
106 FUK“AT(IHIQII///ilﬁX;Qé('-'),/’les" SLCPE STABILITY ANALYSIS C#

- TA TNPUT ECHhHO "s/15X,46('-'),/l/,15x’72("')a/15X,"j PROJECT TI

2TLE 9A529"‘,/15),72('-')g///)

L13 FORMAT(15X945(%="))
114 FORKAT(Z717). ' : LT ) ,
111 FCRMAT(15x9%*3%y '  PCINT 3 X=CCORDINATE: X 3  Y=COOQRCINATE :')
122 FCREAT(LIOXg 29 44X91292X4" 2" gZ(FlZcZ,ﬂX,"')) ‘ :
131 FORMAT(ISXs€E3('=*))

i5u FCRFAT(1SXs®: SOIL & UNLT ktIGhT : PFI : CORESICN : INCRe

2JFe CGH 37)

160 FORMAT(L5Xs *2 03 T553xy 1273 FLN 155Xy " 30 5F4als®  3'3FTalyEXs" 1% 4FBL2

Ty IXs':') 4 v
L7u FCR¥AT(15Xe26('=1)) LT
LPTC . %)

L3, FORFAT(15Xy%':s SOCGIL @ "FRQF H
L9u FORMAT(15xy % 1 : BOTTCR 2 Y3'9F€aly' 2'4/15Xx4': Z
& 3 Ya'yF541y" : TCP . ')
¢l FORMAT(//7315X950( =% )g/15Xy0 2 TYPE CF CIRCLE" 328X g'2'9/915Xy

A50( 1= 1) 9/15Xy': 1= RACIUS CF CIRCLE IS Z1%92GX9"2'9/L1EXy*: 2= C
23} RCLE PASSES THROUGEH X2Ily Y=22'9GX9'3%9/1EXe": 2= CIRCLE IS T#
ANCENT TC YaZ1l®sLlEXs'3'9/1EX,80(0%="1))
¢lu FeCk# AT(/3ﬂx,'Zl=',FE 29/30X9%22="9FE429//15Xy"CPTION =32233 *,11)
¢ FCRHAT(15X%983('="))

¢3. FCRMAT(15Xx9"': CIRCLE ¢  X=COCRCINATE : Y-CCCRDIhATE : RADT
Xy S ¢ FACTOR OF SAFETY ')

c4v FCR”AT(ISX,"',DX;ICv’X""92(F1L0296Xs"')9F10o494)9
LN Tz=R DD Y 9F44293Xs" v}

2L FORMAT( 2717/ 915X *FACTCR OF SAFETY GETAINEC EY CRDINARY SLICE METHQ
t L)) 3zax=3D> *4F8,2) )
¢Sy FOR¥aT(15X9E7('=%))

i6y FORMAT(15Xs': '+ FIRST END . SECO.
N D £ N D o TOTAL 29 /915X 2 9bXe6G("'=*)41CXy"2!
%9/915Xs': KO ¢ X=CCORCINATE : Y=CGCRCINATE : X~CCCRDINATE

%3 Y=COCRCINATE ¢  LENCGTF. 3')

7o FORNMATELISXs':  'elzse' 2'ya(FlGel2s' 2 )9F7429" ")

By FCRMAT(15X934("=")y/70i5Xe" 2 REINFCFRCEHRENT  3'5/15X
934 (*'=")y /15Xy  CIAMETER (2V9FBe29 " 1'4715Xx4%': TFANSIL
#E STRENCTH SV 9F8eZ2s' $'9/15X9'3  ShEAR STRENCGTH . $94F8e2y"
23 %, /15X9%: COEF4CF FRICTIOA $TGF8.2y" Yy
2715x9%s. HORIZONTAL SPACING :'3FB8e29" 3'4/15X%X934(%=1))

8L FLRMAT(15Xx935("'=")y/15X%9": » S e 1 L $'9/15X
g 35(%=")y/L5Xy*'s  EFFECTIVE LENGTH 2 9F 7, 2; $Y9/15X9':  HAXe
*PASSIFF PRESSURE :'9F7425' 3'93/15X935('="))

¢3¢ FORMAT(15X938( =")y /015Xy’ ASSLMVMPTTCOCN AR ¥
*LEX9380"'=")9/15Xs*': - 1 CNLY TENSILE STRENGTF . 2'9/715X,

LA 2 TENSILE & SFEARINC STREMGTh 299 /1EXx938('="')4/7/15X
AVOPTIAN  ===>> ',13) o
291 FORMAT(15x9100('=1))

¢392 FOR#AT(15Xy*: SLICE :  X=BEGIN - : X~ENC WICTE : WET
*GFT, 3 ALPHA . 3 CCHESICM PRI $v)

€93 FCRMATIISXy 20,14, SV T(FGe2y" $t')) S

¢22 FDK"NT(/I///,ISXQ.]IHE RECUIREL ~=aa=za>> "4FEe29"' SECS'y/91Fl)
Y

SUBROUTINE GENER(KILLG)
S g O T S g
CCHNON /GENERAZ/ A(1U)yB(10),CI10)9Y(1GC) 9YS(1G0) sRADCOA
CCIiKGN /GENERB/ NSFTSaXCsYCsRsARCLEN9GYsNS9CRU
CCMMUN /ABSG/ SFORCE(1UN) sBETACIGO) sALPFA(10C) KT (1CC)
CCHMON /HBS/ NSP1sFSsITERsACCsITERL
CCRPON /iGB/ X(1G0) sNEGEL S (10G) _
 COn¥ON /DAR/ CCsCDGArikyPhIDANSPFIDKC
CCANON /FND/ CFsCFGARFyPHIFNC9PHIFCC

150



1#####ttv###*####d*i#i#**####t##v###&##14#####**##*‘*##‘t##t*#####
DETERMINE WHERE CIRCLE INTERSECTS SLGPE -
: v#v#####v#*#######*t###*#ﬂ»###*t####t##**4##t###*#*#¢4#4¢#*#*#¢###
CTXMIN=T, : . .

XMaAx=dy
TN o

CiMax=1

00 147 I=1,NSPTS-11,~

"SM=A(I)

Sh= C(I)-B(I)*Sn
IF(SAeNFL"y) THEN
Au"*S"*Si g
ac= z*SNvSN-Z*xC-Z*YC#SH v
CC= ShvGn-’*YC*Sh-k*R+XC#XC+YC1YC .
x1=( BC=SAQRT(BC*8C=4, !AA*CC))/(AAfAA)
=SM¥X1L+SN - ' B
xz (=BC+SQRT(BC*gC=~ 4.*AA*CC))/(AA*AA),
Y2=SH%X2+4SN . :
ELSF
CTF{SYsFQeTe) TrEh
YL=C(1)
x1=xC-SCRT(R#R-(Y1 YC)*#?)
Yc c(l)
=XC+SGRT(R#¥R=(Y2= YC)#&?)
~rnc1F
TF(SXeFQe95594 )TREDM
xL=8(1) .
L3Y(=SQRT(R*R= (X1~ XC)*#Z)
xe=8(1)
TYé= YC*SQRT(R*R-(XZ-XC)##Z)
enCIF

"ENDIF

PRINT ¥y 'X1a2t4X1,?* Yi=t,Y1
LF(XLeGFaBlI)aaANDeX1alTaB(I+1)eCReX20 GE B(1l). AhC.XZ.LT E(I+1))TFEN
lF(XI.GE.E(I).AND.XI LT«B(I+1)) TFEN
X0=X1
YOd=Y1
tLSE
xXd=x2
Yd=Y2
tNDIF ‘ ’ .
PRINT %3 'X0sY0"3XCsYC ; : -
IF(XhINGECeQs) TrEN .
Xx4IK=x0 , :
YHIN=YO : ' :
13IN=T ' :
eLSE
X4aXx=x0
YA x=YQ
IMax=]
EADIF )
PthT*,'JPSDCFSACHJFK='9X“Ih,XﬂAX,YFIh,YﬂAX
chDIF
IFIXAAXeNE4Co ANG.XFIN.hE G.) COTO 401
CCNTINUE :
PRINT 29 " XMAXY g XHINg XHAX9YHINgYKAX
av*#ﬁ#####tﬁ#v#*#¢$4##‘###!*!####*%##4#4#########4*‘####*#»*44*###
KFTUKN TF CIRCLE DOES NCT INTERSECT SLOPE )
AN AR AR IR INRRAREFAGARAN AN AP AR AR AF AR AN A IR bR A AR I h o e Ay
LRIXEINGECeCu o ANDeXPaXeFUouie) GCTC 30D o
C3DFR AR RIS RN AN RN AR IR AR AR AR A A PRI IS A AAF RN AR A ISR AN
RETUKRN TF CENTER IS BELCW LCWER INTERSECTICA PCINT
AR AT AR OAE AR R AN AR RN IR ARSI AR R AR RN AA AT AR AN A AR SR Ay
IF(YHAX «GTe.YC) GO TC 4uC

aa;t»#;»¢4»¢¢###¢t»1*#*##4*#*#*tv#vt»ttw*aata#»#####tt##t#*#w#vvaw“

CALCULATE SLICE BOUNDARY COCRECIMATES
¢¢v¢¢#v¢¢¢¢¢###*#*&i#t#i#t##vi#4!##‘#######*‘######0#1#1!#*##4##?#

X(L)aXHTIN '
Y(1)= YC-:CRT(ABS(R#*Z-(XC-X(I))**Z)) ,

CIF(YMIN,oGTe YC) Y(1)aYC

IFCYHIN oGTe YC) X(1)=X(=R

BETA(1)=CRU

TFeTa(l)=1, 570796’ . ' : : S ’
TECIYCmYL1)Y aCTe CoifCCUlL) THRETA(IISATAN((XCoX 1))/ LY C=Y{1)))
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4#;#4#**¢¢4####4###‘##4##&4########‘9#4###t#########‘4###*##&#####

- CALCULATE SLICE BOUNDARY COCRCIMATES ..

Nl

v¢¢¢¢4¢¢¢¢¢4¢4¢¢*¢*¢t4¢4tvt*4~4wi-#vdt#*#t#»twto**#¢ttt¢44#»4¢t¢t4¢
X(L)sxXKIN : o :

Y (L)= YC-SCRT(ABS(R#*Z (XC-X(l))‘*Z))

IFCYRIN oGTe YC) Y(1)aYC

<O TFCYRIN oGTe YC) X(l)'XC-R
“BETA(L)=CRU ' .

TRETA(1)=1,57C7663

CIFC(YC=Y(1)) oGTe CeOCUGUOL) THETACLI=ATANC(XC=X(1))/(YC=Y(1)))

CHGRD=SQRT ((XHIN-XPAX)*#Z*(YFIh-YPAX)**Z)
AA=C,4 5% (CHORD/R)

 CENANG=(ASIN(AA))/1E.

; CCNTINUE

=1 R
nN=1KIN

; KaK+l

"Tf(K)=CRU

IF(K «GE, 10G) GO 1C 23¢

K¥1=K~]1

TheTAIK)=THETA(KHL )= CEhAhC v - ‘
IF(TRETA(K) oLTe 04l oANDe ThHETA(KI1) «CTe 040) THE]A(K)=O.C‘-
- X(K)aXC=RISIN(THETA(K)) v
IF(X(K)eGTBIN+L) o ANDOX(KRL)alTe B(N'l)) X(K)*E(N+1)

IF(X(K) oGTa. XHAX) X(K)=XNAX

Y (K)=YC- SCRT(ABS(R*#42~ (XC-X(K))**Z))

TEETA(K Y= ATANC((XC=X(K)})/(YC=Y(K)))

LFCY(K=1) oL Te GY oANLCse Y(K) «GT. GY ) GO TC 225 -
IF(Y(K=1) oGTe GY owANCe Y(K) «LTo GY) GC TC 22¢
GC T0. 232 ' ' ’ :
Y(K)=GY

A{K)=XC + SURT(R*¥2= (YC-Y(K))*#Z)

6 Tu 227

Y{(K)=GY B

X({K)=XC = SCRT(R#%32«-(YC=Y(K))*%2)

TrETA(K)= ATAh((xc-X(K))/(YC-Y(K)))

CCNTINUF

ABSTA=ABS(THETA(K))

IF(ABSTA4LTeGelO0GNY) THETA(K)2U U
IF{X(K)eECeBIN+1)) NMaN+l

[F{X{K) oNEs XNAX) CG.TC 22¢

GC . TU 24y

5 CENANG=240%CENANG

GG TU 21lu

; NS=K=1

GC T4 31¢
WRITE(64+301)
KILLG=1
CCNTLINUFE.
RETLRN

; KTLLG=1

RFTURN

FCK"uT(///!l5X940('*')9/’ 5Xs - :

x4 3 CIRCLE CCES NOT INTERSECT SLCPE ¥ 9/15X%94C(*4%))
END ‘ o : ' ‘

SUBRUUTINE CKS(KILOYSsRFORCE)

" CCuMUN /GENERA/  A(1G)B(1G)5C(1¢)5Y(10C) »¥S(1GC) sRADCTN

CCriPON JGENERB/ NSPTSesXCoeYCsRsARCLENSGY9NSsCRU

CCnMON /MBSG/ SFGRCE(]LP),BCTﬂ(lun)1ALPrA(106)9kT(1C0)
CCnVFON /HBS/ NSPLsFSsITERSACCHITEKRL .
CChMON /AGB/ X(100) sNEGFECS(100)

CChnFON /DAM/ CLsCOGANF4PHIDANSPFIDKC

COrMUN /FND/ CF’CFCAﬁF’PFIFhDQPFIFLr

KILCHS=N.

152



=

SLhud=n,

SunceNsns T T )
DC 1. I=24NSP1 . R . o v 153
DELTAX=X(1)=X({I=-1).

© o UL=BETA(I)®WT(I)/DELTAX

PCS‘HT(I)*CCS(ALPFA(I)) (UU*DfLTAX)/CUS(ALPhA(I))

IF(POS ‘LT.-C Q) P0S=1,
SthU"SU"hUH*S(I)*CELTAX/CCS(ALPFA(I))4TAB(SFCRCE(]))¢FCS
SUiHLCEN= SU"DEN*HT(I)’SIN(ALPPA(I))

CCNTINUE '

FS= SU’NUN/(SUHDEN-RFURCF)

RETURN

cAND

L

SLBROUTINF bISHOP(KILLB,IRF,ICP)
44+t¥#+#4##*4######i#######1#*¥4*##4######*#!#t####1###*########*#
CCiiMGN /GFENERA/Z  A(1G)sB(I0)C(IU)9Y(2CC)YS(I00)RACCEN

SR IR ARE VR IR AR ISR IFIY I AT RN AN I A2 RGPV AR AR NI A IO IO N
COrEON /GENERB/Z NSFTSaXCeYCyRyARCLENSGYsASsCRU

CCn™ON /mBSG/ SFORCE(1GC)4BETA(IUC) 2ALPRA(INC) 9 WT(1CC)

CCmMUN /18S/7 NSPLlyFSsITERWACCHITEKL
CRr¥ON /RGB/ X(1UQ) sNEGFQ S (1CC)
CCiMUN /DAY CODHsCDGANFsPHIDAKSPEFICKC
CCHY¥CN-/FNC/ CF,CFCAMF,PPIFAD,PleDC
DIFENSION RFT(LOU) 4 RFR(1IGLC)
CHARACTRR ICP*1 '
444##########44##########4*#4###v#v###vtt###a###v##t&i###########v
INITIALTZE FOR FIRST ITERATICN
v4»#v#v#*###»###vv;#4####94#;#»#4##94t##v#t#*###vt##vt####v##tvtvt
I TERL =27 »
lTLP=1

=FS
GC TO 3
v#»4#####**#!####*;1¢#t##i»####t*¢4$¢4#¢¥*##&#*#»*#4‘1#####4*‘####
CreCK TO SEE IF ITERATICKRS EXCEED ALLCWABLE
4#v#v#»#4*##‘4##*#4i#*t#####*4##*#4#########»4%###4##ﬁ#i###*&tv###
IFCITERWLT(ITERL) GC TO 2
WRITE (6,204) ITERL
KILLB=Ll
RETLRN
ITER=ITER+]
Fl=F1
CCNTLINUE
CALL SECUNDI(TIRES)
DC 5§ IK=1,410C
KFTUIK) 2§

"RER(IK)Y=US

CCNTINUF
xS ndndbrsgntsdnindn

REINFIRCEHENT

RIS RIS A RS NE R 2

IFUIRF FEGel) THEN

CaLL PEINFGR(FU:RFT9RFR)

cNDTF
m#v#q###v#t##*##v##1#4####4############t!¢¢¢*4¢#¥#41#¢###4#4*14###

ANITIALTZE SUKRKHATIOM TERHS

4*#*######4###944#&44#*##»*#!#v###v*######tt########t#t#t###t####t
IF(IDP, Cu.'Y'sAND.ITLR Edei) ThEN :
ARITZ(69290)
wR1TE(6+2C1)
WRITE(64202)
WRITE(64271)
ENDIF .
SUI'\]Sn.
SUn2T=Ue
SLaZ8= .



SUA3T=Ga : : : - R

StndB=ye L T T . , Lo T
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DC 4 K= 2,NSP1 : Ce e e o e :

. KRaIRFR(K) & T

DRT=RFT(K)

CKNMLlsK=1l
CEE=S (K) . Ry

- PFEE= SFCRCE(K)

RU=BETA(K)

BRA=X(K)=X (K=1)

Strl= SU“l+NT(K)*SIh(ALPFA(K)) -R7T

SUAZ2T=2(1+TAN(PHEE)®* TANCALPHA(K))/FC)

SLaTT=(RT(K)+RR¥COS (ALPFA(K) )=~ R1¢Slh(ALPFA(K)))#TAh(PbEE)
SUR3IT=CEE¥BB+SUNTT ’

SUr2= SU“Z*(SUH3T/SU'2T)/CCS(ALPFa(K))

t CCNTINUE ’ ' :
¢*+¢v#4#v#»###%#*#v144##&*##4#4##*&##**#414##4**###i&###v###v####ﬂ
CALCULATE FACTOR OF SAFETY
44+#4¢4#»#4¢4»¢4##$1¢#¢$¢4##4#4###*#4#####4####*4#!#v##t####vtv#a#
Fl=Suiz/Sunl o
Fl1=Fu*(1o=(SUK1=SUMZ) /(SUNL=SURI=RFCRCE)) :
'vﬁ‘tv#v#¢ﬁ¢¢#¢#¢*#t1*####4#*;###!#Qt###i‘#t###‘#*##i%##4##»##¢###*
CreCK CONVERGENCE AMD REPEAT IF NFCESSARY '
4*##4*¥¢###44¢#*4#######444#4#######4###v##*########¢#¢¢¢#¢##t##v#~

CIF(TDPeFQe®Y?) THENR
aRITE(69273) ITERSFLHFL
ceNOIF
lF(ABS(F’-FC) GT 0efC1) GC 7O 1
FSaFi
KILLB=4G
IF(TUP FuQ'Y"' ) ThEN
aRITE(64201)
nlec(baZ“d)

LADIF
RETURN .

; FCR?AT(///)

| FC&NaT(15X946('-')) , : '

: FCANAi(le;" ITERATICN = INITIAL @ CALCLLATED ')

4 FPthTtlbx, Y418%° $V432(FGe2y" tt)) :

] FCthT(///leaéS('#')9/15X9

«t 1 SHOP SOLUTION CIC NCT CONVERCGE IN'9I1592Xxy

*'!TFRiTIONS'9115X/4‘('* Ya/171/)
chD

CALCULATION OF THE FORCES = =
LN RETINFURCERENTS *

SUBRUUTINF REINFOR(FSsRFTsRFR)

CCrFON /GENERB/ NSFTS9XCsYCHR ,ARCLEA,GY,NS,CRU

CCn%*UN 7485/ NSPLlsFKHITER9ACCHITERL :

CCNMON /NGB/7 X(1GQ) sNECEQsS(190) R ‘
LCuFUN/Bb/RhX(ZGQZ)’RNY(ZPs?)’RCQFFAXshR Rh,SFsPHAXgLCsCPT
DINENSION RET(LAC )y RFR(1LC)

JINTEGER 0PT

'‘REAL LO

IF(ITERoECe1) THEN
ARITE(64201)

ENDIF.
DC 1 T=1,AR"

OM= (RNY (] 51 )= RNY (15 2) )/ (RAX (191 )-RNX(I,Z))
ON=RNY(Ts1)=RNX(1 91 )% Ci
C1=CN=YC




U BBe=2 e ¥ XC+24¥DN*C1 ,
CECC=XCH#RCHCLHCL=RIR R R TSIAE EU R SRR 1)
. XP=(=BB=SCRT(BRBE=4, *AA*CC))/(? WA 155
S YP=CA*XP+ON e ) ;,f PRI
‘RLGTHSSCRT((XP-RNX(1’1))**20(YP RhY(I,l))*’Z)
P1=°NY(T,2)~RNY(I’1)
. P2=RAX(I1,2)=RNX(Is1)
IF(P2.EC,0¢) THEN
ALP1=Gy, .
ZLSFE ‘
ALP1=AT‘N(P1/P2)
ENODTF
Cl=XxC=XP-
C2=Y(C~YP
~1F(Cc..:C.».) THCN
LP?’Q\). .
ELSE
ALP2=ATAN(C1/C2)
eMDIF.
ALPE=ALPL+ALP2
ALPC=ALPR¥18G4/7AC0OS (-1
IF(CPTLFUa1) THEN -
CTENa(RLGTH*FAAXBACOS(=14)4RECI/FS
IF(TENJGTeRN) TEN=RN
SFEAR=( .
TALO=RN
VALO‘no
ELSFE .
Cl= TAN(QO.-ALPD)
VAL=RN/ (2 *SQRT(10*4 *Cl*Cl))
TAL=4+*VAL*CL
 TALO=TAL
vALO=VAL
VSGIL=PMAX®RD*LOY/ 2,
IF(YSOIL.LTavVAL) THEN-
vVAL=VSOIL
TAL=SCRT(RN*RN—4 *VAL*VAL)
TALO=TAL
vaLO=VAL
ENDIF
TrN’(RLCTf*FHAX*ACUS( lo)*RD)/FS
I1F(TENGGTeTAL) TEN=TAL
SFEAR=V AL
eNDIF .
R2=T:N¥SIN(ALPR)*SH:AR*CUS(ALPR)
RT=Teh¥COSCALPR)+SHEAR®SIN(ALPR)
OC 3 I1=14NSP1-1
) IF(XP.GTQX(II)Q«ANB.XPQLE.X(II"I)) THEN
RFTOIT)Y=RFT(II)+R1/Sh
RFRAIT)=RFR(II)+RR/Sh
ENDITF
3 CONTLINUE
IFUITER»EGe1) ThEN
HRLITE(64202) IsTALCQVALU,RLCTF,ALpﬁaTCNsSPEAR
EMNOTF
L CONTINUE
IF(ITER«EQel) THEN
HRITE(64273)
WRITE(D9274)
thIF
RETURN 4
ey FLK‘AT(////’15X179("'),/ISX, .
N0 s TEN=AL : SkEAR=AL 5 EFF=LENGTF s ALPEA 3 TENSIC
N 2 SHEAR "',Il‘k,79(‘f')) ~ :
208 FCRMATA15Xg 33149 2'"9F742y° $Y9F 7629
gy ! :'QFGQZ, ’ '17F7'2s' )
73 FCRHATIISX379(%=1))
elia FCR™AT(/7177) '
alj FCR#AT(///,ZOX"FACTOR GF SAFETY IS ASSLHEC AS YsF7e2)
-3u FCkEAT(//77920Xy *FORCE CARRIED BY RELINFORCEMENT 2%3F1 Q0e2y//)
Yo FORMAT(//7/7915X9 *ALLCWABLE STRENCGTH® 310X APPLIED STREth'
%y /713Xy 'REINFORCEMENT *9EX 9 SCIL 5 /712 X9 "SEEAR 92(4Xy "
*'TLNSILE'95X9'SHEAR ) a5Xy *R=DIANY 95 X9 PE=LENCTHR /0 nit o0 7 i
¥35X s ANGLE' 95Xy 'TENSILE ' 5X o' SHEAR 35X *TCTAL s /) 0 "
12y FURﬂhT(7X910F10¢2) ‘ : : e U T e
s FhD B .

3';F9;§ljw_"  t'yF
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APPENDIX D

COMPUTER PROGRAM , FRSOIL
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USER'S MANUAL FOR PROGRAM, FRSOIL
INPUT DATA INFORMATION **"

1. Heading

1-80 HEAD - Title'card for pfogram identification

2. Type of material

" ITM - ITM = 1 Elastic Media
ITM = 2 Soil.

~ 3. Type of 'soil and type of analysis

This card is required when ITM ='2. -

ITS, ITA - ITS = 1, homogeneous soil

ITS = 2, reinforced soil"

- ITA = 1, linear analysis

ITA

2, Non-linear analysis

+ A1l data are in free format

** Any unit:system can be chosen by the user



4. Automatic meshvéeneration

158

IMESH - IMESH = 0, nodal point's coordinates are given as

input data

IMESH £ 0, nodal point's coordinates are calculated

automatically

5. Nodal-point's coordinates
‘This card is required when IMESH = 0
NJ, NM - NJ = Number of Joints (Maximum

'NM = Number of member (Maximum

NNUM, x(I), I), DX(I), DY(I) - NNUM
" X(1)
Y(1)

DX(I)

DY(i)

Repeat this card as many as NJ

500)

250)

Nodal number ‘

- x-coordinate of this node

y-coordinate of this node
restrain in x-direction
DX =0, fixed

DX £ 0, free

Regtraih in y-direction
DY = 0, fixed

DY £ 0, free



159

NNOD(I,d) - I  Member number

o Joint number

" NNOD(I,3). - NNOD(I,1)

NNOD(1,4) ~ NNOD(I,2)

Repeat»this card as many as NM,

OMIT 6, 7, 8 and 9 when IMESH = O

6. Automatic Mesh Generation
EST, VST, THK - (Required when ITM = 1)

- EST Elasticity modulus of the considered

material
VST  Poisson's ratio bf‘this material

THK . Thickness of the member

7. Definition of Blocks

NOB - Number of Block (Maximum = 30)



160

IBLOCK-2

-{ BLOCK-1

8. Horizontal and vertical spacing

NH(I), NV(I) - I  Block number

NH(I) Number of nodal points in horizontal direction
NV(I) Number of-nodai\points in vertical direction

H(I, 1, IT) - X - coordinates of nodal points located

on bottom of the;bTock

H(i, 2, 11) ‘X - coordinates of nodal points located

on top of the block

X H(I, 2, 1)

X H(I, 1, IT)

D(I, 1, IT) Y - coordinates of nodal points located

on'right edge of the block

D(I, 2, IT) Y- coordinates of nodal points located

on ]efth edge of the block



161

ESO, VSO, PI, COH, DEN, THK, UKM, RN, PA, RF - (This card is

required when ITM = 2)

ESO
VSO

COH

" DEN
~ THK
UKM
RN
PA

RF

Elasticity modulus of the soil

Poissson's ratio of the soil

. Cohesion of the soil

Density of the soil

Thickness

Modulus number

Modulus exponent
Atmospheric_Pressure'

Failure ratio

Repeat this card as many as NOB

-9, Restrains

NP - Number of nodal points that are restrainec.



IT, DX(I1), DY(I1) - IT Nodal number

Repeat this cdkd

10. Concentrated load

NLOAD - Number of ¢on¢entrated Toad MEM(I),'DIR(I), LOAD(I)

- MEM(I) =

DIR(1)
DIR(I)

LOAD(I) =

11. Gravity Forces

DX(I1) = 0 Fixed in x - direction

DX(I1) £0 Free in x - direction
DY(I1)

DY(IT) £0 Free in'Y - direction

as many as NP

Nodal Number
1 X ~ direction
2 Y - direction

Magnitude of the load

IGF IGF = 1, Gravity force exists

IGF £.1, No-Gravity force

12. Definition of layers for incremental ana]yéis'

| This card is required when ITA = 2

0 Fixed in Y - direction

162



163

NIL - Number of layers
NIM(IK)  The last element number of added ‘layer

/]3. Reinforced Soil

This card is required when ITS = 2

XC(IK), YC(IK) - Corner coordinates of reinforced region

ER, AR - ER = Elasticity modulus of the reinforcing strip

AR

Area of the reinforcing strip



L FluITE ELEMENT

LI S ST 4

TIOIL 7747810 OPT=3,R0UMD= A7 S/ H/-D,=DS FTN 5.1¢628 152
T ANLE=COMMON/=FIKED, C5= USER/~FIXED,DB==TB/=SB/=SL/ ER/=ID/=PMD/~S"
Ldl =L,

KA AKX KRR KKK KA KK AR AN KA NRAN KR AR AR ANNA RN AR AR NN R ANR AN AN RN R RN AN RN AR AN AR n g
_ ANALYSTIS
KA KKEKXKXAAR AR KA AKX AXXXANXTRN XK AKX XA A ARKNK AR Ak kx kK KA AR AR AKX RKRNATRRAK AR AR ARk o

"THiIS PROGRAM SOLVES  PLAIN STRESS AND  PLAIN STRAIN PROBLEH

Ity HOMOGLHEOQUS OR HON-AOMOGENEOUS  MEDIA, USING EITHER LINEAR
OR WON-LINEAR ANALYSING METHOD  C  INCLUDING  ITERATIVE. AND
INCREMENTAL LOADING METHOD )asw - '

B AN S ENESEEEEREEENESE] ta} (2R ZEEET RIS LIRSS SIS SRR RESSEERLRTEEIESEERERIN SRR

. FIKRET EYGOREHN

x - ¢ o . . P
. 306GAZICI UNIVERSITY
. . NOVEMBER-1985

* : ) .

AKX KK KRN KRAR AN R RKRR AN NN ARRAN AR AR A AR AR R R AN AR XA AN N A AR NANRANRNKRARNRARAN A RR Ak &

PROGRAM RSOLL(DFINE,OFINE,TAPES=DFINE,TAPES=0FINE)

()

PARAHETER(ND1=250,ND2=550,N03=15000)

COMMON/ST/XCHD2) Y (ND2),DX(ND2),DY (ND2) . ‘
CONMUN/ B2/ lNOD (D1 ,4),ICODCNDT,8),PLOADCND2)
CONMON/B3/ITH,ITS, ITA/ITOM,IGF,EE(NDT,5) L E(NDT)
COMAIN/VE/ THK,ESTL, VST, ESO,VSO,PL,DENACOHAPALERZAR
COMAON/B5/SIGINDT,4,3) JEPSINDT,4,7),AVS(NDT,9)
CO1WON/56/SS(318)16(313)15(8(8)
CONMAON/OT7/ UK (ND2) »BANTH(ND3)

COMMON/U3/RTYPE

"CHARACTER RTYPE(NDT) =2

DIMENSTION DD(3),ACCA),YC (4D, NLINDT),DK(NDT)
DIMENSION SLGDT,10) AVSR(NDT,10)
CHARACTER*1,0F5 ,CC1%30,CC2%30

(e}

R

AL LOAD
LRTEGE

R DX/DYIDIR

DATA MM,LN,IN,ITR,LJAR/S5%0/

(]

WRITECG6,100) DATEQ),TINEQ) B
CALL SREADC(AM/NJ /NN N3 ZLN XCPYCo L)

KK AKX KX KX KKRA KX AXKK AKX AR XN AN KRN AAE XX AN ANRER AR NN K -

* "START TO SSTIMATE DISPLACEMENTS  *
x.:x*txxxx*tt*ta-t*t*tgnxn**}t**ttx*ttttt
A DO 1 -1I=1,410

CALL ESHM(I,1,0,XCrYC)
. CALL SYSTUHMCI,NNANDB)
1 CONTINUEL '
WRITE(G,360) N3,LN o
CALL GSELFBC(NN,NB,LNY = - 2 ,
WRITE(0,340) :
DO 85 II=1,NJ
IF(MXCI1)LEQ.D) THEN
L DDA=0.
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ELSE o ¢

DOA=UNKN(DXC(II))

EHODIF _

IFCDY(II).EQ.D) THEN

00Y=0.
~L4~

bDY= JNKN(DY(II))
LHDIF .
JRITE(6,541)IIIX(II)’Y(II),DDX;DDY
CONTINUL : _
1p=2 ‘

IFCIPLEG.T) THCN
WRITE(S,300)
CLSE
WRITE(CG,301)
ELDIF - :

DU 64 1= 1IHW

DO 56 14=1,4

00 98 IK=1.,3

73

IFCICODC(I,IK)LEGLD) THEN
DD(IK) 0.
CL '
(Ih) U{KN(ILOD(I/IK))
thlF
CALL "ESHMA{L,2,14,XCrY0)
CONTINUE ’
CALL STRESS(I,L14,DD)
IFCIP.E&LT) THEN
IF(I4.EQLT) THEN
nnITr(bz§1U)I/IQ/(JIU(IIIQ/I3)IIS 113)1(EPS(1114113)113 1,7)
CLs
JNITr(0132U)I4/(SIG(I;I4II3)/I3 1'J)I(EPS(III4II3)II3 1/7)
ENDIF

~ENDIF

CONT INULE
IF(IP.CGL2) THEN
AVS5(1,1) x(NhOD(I,3))+(X(NNOD(I:1)) -X(NNOD.(1,3)))*0.5
AVSCI,2)=Y (WNODCI,2))+ (Y (NNODCI,1))=Y(NNOD(I,2)))%0.5
A1=0. A

2=0. '
A3=U. :
00 7% Ik=1,4
A1=41+SIGCI,IK,T)
A2=A2+SIG(1,1K,2)
Al= A3*SIU(IIIK/3)
CONTINUE
AVS(I,3)==A1*0.25
AVS(I,4)=-A2%0.25
AVS(1,5)==-A3%x0.25
gp1=AVS(1,3)
B802=AVS(1,4)

G83=AVS (1,3) '
nVS(Ité) (Bd1fabg)/°+SQRT((((881*832)/2)*(881 -832)/2)+BB3+383)
AVS(L,7)=(B31+382) /2~ SQRT((((BB1-BBZ)/2)*(BB1 -B82)/2)+B33*xBu3)
AVvS(I,3)= (AVS(Izé)-AVS(Ir7))*0 5

IF(881.EQ.882) THEN

IF(3B3.6GT.0) THEN
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AVJ(II?)zks'O ‘ _ ) '
ELSE 4
VS(I;?)--4> 0
ENDIF
LLSE ' . ' o '
’ Bﬁ-g.'835/(801 83L) ‘  3
- CB=ATAN(B3)*0D.5 : ’
AVS(L,9) ATAH(JB) 90 /ACOS( 1 ).
ENDLF

CALCULATE THE AVERAGE AND‘PRINCIPAL STRAINS

AA1=0,

AA2=0.

AA3=0, :

DO 79 IK=1,4 )
AAT=AAT+EPS(I,IK,1)

CAA2ZAA2+CPS(1,1IK,2)

29

AA3Z=AAZ+CPS(1,IK,3)
CONTINUE . ,
AYSR(I,1)=-AA1%0.25
AVSR(1,2)==AA2%0.25
AVSR(I ,3)=-AA3%*D.25
uc1=Av5R(1,1) _ o ,
SAVSR(I,2 , P T ,
JCJ AVJK(IIJ) ~0.50 ‘ ’
AVSR(;:A)—(JC1+uCZ)/L+SuRT((((BC1-BC2)/2)*(BC1 ac2)/2)+ec3*acs
AVSRCI,S5)=(BCT1+uC2)/ 2~ RT((((BC1-BC2)/2)*(BC1-dC2)/2)+BC3*uC3
AVSRC(I»0)=CAVS(1,4)~ AVS(IIS)) o
IF(5C1.EQ.BC2) THEUN
S IF(BC3.6T.0) THEN
AVSR(IL7)=45.0
ELSC
AVSR(1,7)=-45.0
ChDIF

ELSE

BC=5C2/(BC1-3C2)
AVSR(1.,7)= ATAN(uC)*?O /ACOS( 1 )
ENDIF

CALCULATE THE STRESS LEVEL AND;FACTOR'OF'SAFETY_
SLCL,1)=AVS(I,6)

SL(I,2)=AVS(I,7)
SL(1,3)=AVvS(1,3)

CSL(I,4) =0,

IF(RTYPE(I), EQ.%RSY) TH:N ,
AC=THK*(Y(HNNOD(L,1)) - Y(NNOD(Ilz)))
AAC=AC*LE(I, 1) +ARXER '
» 5X5=831=AC*EECI,1) /AAC
" SKR=aD1xAC*ER/AAC
331=5SXS ’ '
SL({1,1)= (JB1*382)/2+°JRT((((BB1 582)/2)*(881‘382)/7)*883*585
CSL(L1,2)=(501+8832)/2-SQRTCC((B31~ 852)/4)*(881-382)/2)+883*BB3
SLCI,3)=(AVS(I,8)= AVJ(II?))*D S
SLCI,4)=AR*SXR
CHODIF



e

727513 0PT=0,R0OUND= A7 S7 R/i=9,-0% FTN 5.1%628 ~ T gL
| 167

s

3

FISLECINS)
I3 J=’*(LL(lzé)*COS“(PI)fAVS(Ir?)*SIND(PI))/(1 SIND(PI))
SLCLA5)=(5LC1,1)-5LCL,2))/S1IGU .

CWRITE(S, x) I;@TYPE(I);SIuU/aL(Ir1)rSL(I;Z)'SL(I,S)

»

i~
[}
ro

*

Ui il U
IS LAV AV
-~ O\

»

v

SLCL,2)=1/S5L(1,5)
CHDILF
CONTINUE :
IF(IP.EGLD) THEN
dQITL(QIZJ
D0 55 J= 1;“1
WRITE(S6,3E6) JrRTYPE(J);(AVS(J;K)IK 112);(AVSR(J/L)'L 1,7)
CONT INUE
ENDILF
WRITE(5,327)

D0 71 1= 11M1

WRITE(O,32E) I/RTYPE(I)r(AVS(IIIK)IIK 1'2)I(SL(IIJ)IJ 116)
CONTINUL. '

I BEZ AR REEEANSEEMNEESENES t*

- FORMAT STATEMENTS *

I EZ E R FEEESIEFEIESIE SRS S N

FURWAT(//////1XI14('*')/ - : ,
VY F.EeM AMALYSIS USING RECTANGULAR. ELEMENTS 213 %)/
16,200 ") ,A10,10(" *')1A10120(' *'),111)

FUmﬂAT(///lCuXIAJOJ/lZOX/A)Ol//) _ '
FORMAT (/2,204 ,*l0.O0F ﬁLEMENTS“'II41/20XI NO OF UNKNOHNS Y14,/

2K, P HDLOF LAYERS =V ,14) '
FORdAT(////TXI'ELCHcNT s 1Xs"JOINT ' /55X, "GX VB8X,°GY 11X,
PTIXY 'S OXSEPSX L 9K,V EPSY "L 9X, P GAMA L 3K " MAX Gt LT X, "MIN G?
s A Y MAX T ', 7X,'TETA Y /) . : '
FORMAT (15K 214, 7% ,F13.2) : \ -
FORMAT (/77 23K ELa NUOa'r72X,'ELLTYPE' »5Xs"X=COORD"',3X,*Y-COORD"»
3A s A=STRESS "2 3K, Y=STRESS " #3X,"XY~STRESS ' »4Xs"MAX STRESS',
IX,'HMIN STRESS! I}XI.MNX SHEAR® »2Xs *ANGLE", /) :
FORMATC(/// +3Xs"ELs HOL',2X,"EL TYPE'ISXI'X‘COORD 23X,' Y~ COORD'
SX, U X=STRAIN',3X,*Y=-STRAIN',3X,' XY~ STRAIN® ,4X,*MAX STRAIN',
IX,UPALN STRAIN',3X,' MAX GAMA',2X, 'ANGLE*, /) _
FORMAT (/23X 3,7XsA2,7XrFB8a2,2XsF842-,3F11.3,1X,3F13.3,F0842)
FOruAT(/;JKI1317XIAL17XIF8.512X1F8 2,3E11, 3,1X,3E13.3,F8.2)

'FURMnT(1H1r/////,

LY ElN. ELT X Y MAX=STRESS  MIN-STRESS
AAK~SHE AR CSTRIP © STRESS SAFETY',/, ‘
FORCE ° LEVEL - - FACTOR")

FORMAT (/14,4 X,A2,6F13.3,2F13.2)

FORMAT (2K, 13,3X,13,3(3X,F9+.52,3(3X,F10., 8)’3(2XIF1D 6)I2XIF7 3)
FURNMAT (A, 1343347 F9.5),3C3X,F10a8),3(2XsF10a6)22XsF7.3)
fOLWAT(/////15X/'N.P'/SX:'X'C00R0r15X1fY“COORD'ISXI'DISPL‘X"
5X,'0LSPL=Y',/) ’ » ‘ :
FORMAT (15X ,13,2F12. 212E12 4)

FORMAT (13F10.0) ' v : S _
FORAAT(//,25X,"BAND  WIDTH ='1161/125X1!T0TALﬁN.0.E =',16)

A EESEFESESEEI RS REIESESESERERSESES *ttt***t*f**********i********tt*

STOP

END
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n INITiAL T 74/810 OPT=0,ROUND= A/ S7 M/-Ds-DS FIN 5.1+628 X
/—JT,‘“G--COIHOh/—FIXED,CS=;USER/-FIXED;DB;fTB/-Sa/éSLI ER/=ID/=PMD/=ST,-AL,

O ILREL=LAB=0L

X AR KR A RAK K RAAN AR A RN AR RN RN AR AR KR RK kK
x CINITIAL VALUE OF THE ARRAYS = =
.vlttttttt*lktt*tx*t*t*****tkt*'kt******t'
LLOCK DATA INITIAL
"PARAMETER(ND1=250,ND4=ND1*12,NDS5= ND1*28)
: PARAMETER(NDR2=550,NDO6=ND1%x5)
. PARAAETER(NDS 15000) ' S

INTCOER DX.DY-.

OMMON/U1/X(NDZ):Y(NDZ);DX(NDZ):DY(NDZ) A . . |
COAMON/B2/LNOD (ND1,4),ICOD(NDT,8),PLOAD(ND2) ' .
COMMON/ID S/ 1T, ITS/ITAIITOHIIGFIEE(NDTIS)IE(ND1) )
CONWOI/BJ/SIG(NDI;4/3)’EPS(VD114I7) AVS(ND1'9) ' |
COMMON/BO/SS(3,8),G(3,3),5(8,3) : - ' ' |
COMMON/B?/UNKN(NDZ),»3ANTH(ND3)

LATA SIG,EPSTHDGx]. DINDJ*D 0/

DATA BANTH/ND3I*0,.G/

DATA JX/ND’*G/,DY/NDZ*O/,PLOAD/NDZ*O /
DATA CE/UDOx0.0/

DATA G»,5.,55/7112«0,0/

LHY ‘
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15 /=0T JARG==COMNMON/=FIXED,CS= USER/=FIXED,DB==TB/=SB/=SL/ ER/=ID/=PMD/=ST,~-

=F371LR~1L L,3=3.
.

*-txxnttk*tt**tt*ti*ttttkt*t**t**

- DATA READIRG L o

) xxtrxtAttttt*****t******t***t*t** .
* THIS SUBROUTINE . READS
* THE DATA AND EVALUATES = =*-
* NODE  AND CODE HUMBERS Lx

'-r:t**t**tt**rx:r*w**tt*tw*:**xtt
SUBROUTINE °RLAD(NH’NJINF/NBILNIXCIYCINL)
PARAMETER(ND1=250,ND2=550,N03=15000)
CUHHON/d]/K(hDZ);Y(NOZ);DK(ND’)/DY(NDZ)
- COMMON/B2/NNOD (NDT1,4),ICOD(ND1,8),PLOADCND2)
.COHWONIBS/ITV/ITS:ITA[ITOM/IGF'EE(ND115)IE(ND1)
LOHWON/b4/THK¢EaTIVST'tSO,VSO;PIIDEN:COHIPA'ERIAR
DIMENSION WEK(ND2),DIR(ND2),LOAD(ND1) '
DIMERSION NH(’O)1NV(30)1H(3012/30)10(3012130)
DIMENS IO Hd(30)/HE(30)1DB(30)105(30)15L0PE(3012)
DIMENSION NLCiD1),XC (4D, YC (L) -
THARACTER HEAD*3D rCC*SUrUNI*1InX*11T0A*1
rEAL LOAVD )
INTEGER DX,DY,DIR
tF=0 . .
rEiD()I1~3) HEAD
FLAD(J/‘) ITh '
IF(ITI.EQ-Q) READ(S, %) ITS
EAD(5,%) 'IMLSH
IF(I&CJH EG.0) THEN
DG 2 IR=1,NJ . S S c e,
KEAD (S, %) NNUM, XCIR)YZYCIR) 4 DXCIR) DY (IR)
CUNT INUE , " R i o
O 32 IC=NHN
. RLAD(J,*)(NNOD(IC;JC);JC =1 e4)
32 CONTINUE ‘
L LSE

. ‘txttxtxttrkt**xtt*t*tt*x**t*t****r*

- ox AUTOMATIC MESH GENERATION *
W Ak AR A A AR AR AR AR AR XA AXNKA NRA KA KA NA KA &
NJ=0
Ndi=0
K=U0
Kti=1
IFCITHL.EQLT) THEN A
CREAD(S,*) EST,VST,THK
ENODIF o
REAL(S,%x) NOB
DO 1 I=1,N0B
HORIZONTAL & VERTILAL JPACING
READ(S,x) NHCI),NV(I)
READ(5,x) (H(I1,1,11),11= 1INH(I))
READ(S.x) (H(112111)111 11““(1)) S
READ(S,=) (D(I,1,11),11=1,NV(I))" R
"READ(5,%x) (D(I1,2,11),11= 1;NV(I))}}"~
IF(ITHL.EQ.2) THEMN P Lo
READ (5,%) cso,vso,Px,con,DEN,THKEni'””' '
CNDIF : , .
00 3 I1 1,Nv(1)

o

&
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HX= (H(Ilar?) H(Il111))*D(II1II1)/
(D(ll]/NV(I)) D(II111))‘1E ‘
THBCL1) = F(I/1l1)fﬂx

CONTINUE

D0 4 1I1= 1/NV(I)-

CHX=CHCI, 2, NHCID) - ﬁcx,d,NH(I)))r(o(1,2,11) 0(1,2,1))/

(DCI,2,NV(CI))- D(Ir;;1))‘

HC(LI1) = H(I/1INH(I))*HK

CuhTIhUL

00 3 I2=1,NH (1) . ‘ ' '

DDX= (0(11211) D(Ir1;1))*H(I:1/IZ)/

(HCI 1 RVCD))=HCIL1, 1)) )

bu(l2)=0(I,1,1)+DDX

COMTINJE

DO O I2=1,NH(I) - '

DOhX= (D(IIgINV(I))-D(II11NV(l)))*(H(IlZIIZ)‘H(IIZI1))/
CHCL L2 HHCI))Y=H(IL,2,1)) ‘

Uc(Iﬁ)-D(I/11VV(I))fDDK

CONTINUE

DU 11 I2=1,NH(CI)

BC=HC(L1,1,12)-d(1,2,12)

IF(8C.EQ.D.) THEN

SLOPE(I'11) 0.

LLS

JLOPE(ILI1) (03(12) DC(IZ))/(H(II1IIZ) H(I/ZlIZ))

IF(SLUrE(I r1).EQ, O ) GOTO 9

NOIF ' o
JLOPE(IZIZ) p3(12)- SLOPt(12,1)*H(Ir1’IZ) '
CONTINUE
1F(I.EQ.1) THEN

Ib=1

ELSE

1g9=2

EnRoDlIv :

po- 7 11= IGINV(I)
Lu=HUC(IT)-HECIT)
IF(38.EG.04) THEN

GoTO 9

ELSE g
UJ1-(D(I/1111)-9(I/ 111))/88

CENDIF

682=0CI,1,11)~- 831'HJ(I1)
DO & 12=1,HH(1)
C1=5LOPEC(LIZ2,1)
C2=SLOPE(IZ,2)
NI=HIH
1F(881 Eu.0.) THEHN
Y(NJ)=D(C1,1,11)
IF(C1.EQ.0.) THEN
A(NII=H(L1,1,12)
ELSE. : o
COX(NJ)= (yau=-c2r/c1
CENDIF - SRR
ELSE } ’
IF(C1. EQ 0) THEN.
X(NJI=H(I,1,12) P
CELSE. o R
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X(NJ) <c2 BBZ)/(BB1 c1

ENDIF -

YINJDI= 881*X(NJ)+BBZ
ENDIF o '
CONTINUE = 7 oo
CONTINUE R '
IF(l.EQ.1) THEH

K=1 :

ELSE ' '

wT NA=NH(I=1)+1

DU 16 IJ=NT,NM-

DU 17 IK=1,4,2 ‘ - AR
IF(XCNNODCIJZIK) )L HNELH(I,1,1)) THEN -
'GOTO 17 ' Ty R
LL

9o

MNOD(IJ,IK)
GO,TO 13
_ CEMDIF
17 - CONTINUE
15 CONTINUE
ENDIF -
15 IF(l.EG.1) THEN
) LL=2d
LL1=0
[LJE
SHNOD(N4,1) - K-!JH(I)+1
LL1 =0
CNDIF
LO 12 L=1,1v(1)-1
DU 13 J=1,NH(I)=1
HESERTIEE S
wnuncnﬂ,1) <+Nd(1)+1+LL
NhOD (WM, 2)=K+1+L L1
ANOD (N, 3) =k +NA(I) +LL
MIOD (N, 6) =KL L1
IF(ITH.EQ.2) THEHN : S o
EC(NM,1)=ESD - o S o "
CE(NM,2)=VS0 o = f
EE(NM,3) =PI
CL(NM, &) =COH , . [ ,
EEI(NM,5)=DEN ' : e,
INDIF :
, K=K+1
13 CONTINUE
LLi=LL
T
12 CUNTINUE
-1 CONTINUL :
7 LF(HJLGTLND2) THEN R _
v CWRITE(6,*) ‘NUMBER OF JOITS IS °*,NJ
WRITE(O,*) 'PLEASE CHECK PARAMETER "ND2" '
STOP . . '
ENDIF
IF(NMA.GT. ND1) THEN
WRITE(S6, %) "NUMBER OF MEMBERS Is ,NM s
WRITE(G,*) "PLEASE CHECK PAgAﬂETﬁ&,Pﬂp)" ¢
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P N )

XN KX
x

XK XK

ro
LI

™
=~

CPRINT*,'#«xs 4 A R NI N G ***. o o
PRINT®, *xx UNSUITA3LL NESH GENERATION ***'

747610 OPT=0,ROUND= A/ S/ H/-0,=05 _

EWpIE - Lv‘.f"
GOTO 19 - >

STOP o
RVAD(Si*) NP
DG 20:1I=1,HP R
READ (5,%) I1IDX(I1)1DY(I1)
ENDIF - :

Iitttt*t*ttttk*tk**tttt*t*t*t*********-

CHD OF AUTOMATIC MESH GENERATION ' *

tw*xtt**t**k*t***tt*t*t*t!******tt*t**

READ(5,%) NGOAD.

DO 22 IK=1,HLOAD

L3~

L

%

NF=D

READ(S;*) HEM(IK),DIR(IK);LOAD(IK)
CONTINUE

READ(S,x) IGF
IFC(ITS.EQ.2) THEN

DO 24 IK=1,4 . i

kK EAD (5,%) (C(IK)rYC(IK)
CONTINUE

READ(5,*) ER,AR

ENDIF S ,

RAXX AKX KXKKKKXKKKX AKX XKk X
CODE NUMBERING *

KKK KX XANKRRAK XN AR XK K

DO 23 In=1.,NJ
IF(DACIK)LEGLT) THEN
DX (IK)=0
LLSE
NF=NF+1
DXC(IK)=NF

"ERDLF :
CIF(OYCIRK)LEG.T) THEN

DY (1K)=0
ELse

HF=NF+]

DY (IK)=NF
ENDIF
COWTINUE o I
DO 25 IK=1,NA . : ’
DO 26 I4=1,4
ICOD(CIN,TI)= DA(NNOD(IK,IJ))
conTInuE .
D0 25 I1Jd=1.,4 )
ICODCIK,Gt1d)= DY(HNOD(IK/IJ))
CONTINUE
B0 27 IK=1,NLOAD o
IF(DIRCIK) JEG.1) THEN
AN=DX(MEMCIK)) !
I1F(NN.GE.T1) PLOAD(N) = LOAD(IK)
ELSE
KK= D((H£1(lk))
TF(KK.GEAT) PLOAD(KK) LDAD(IK)
ENDIF

CONTINUE

ffNT§.1+62§"

P
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31

D0 24 11=1.,7

747810 OFT=0,ROUND= A/ S/

DO 31 IK=1,NM -
E(IK)= EE(IK,1)
CONTINUE - L
D0 28_1_11“”’

DO 28 Id=11+1,8 o Pl '
IFCICODC(ILI 1).EG.O. OR ICOD(I;IJ) EQ 0) GOTO 28
NQ=AGS(ICOD(I,I1)- ICOD(IIIJ)) : v

TF(NQ.GTJNB) ND= Nd

CONTINUE

WOSNG+

DO 29 11=1,N8
LHSLN+II+7

LisLN+ (NF=N3)x(NB+1)

"ITF(LNL.GTLND3) THEN

JRITE(6,~) *NUMBER OF ELEMENTS IS ‘,LN
ARITE(0,*x) "PLEASE CHECK PARAMETER “NOD3"

STOP
ENDIF

LF(ITH.EQ, 1) TH[N , :

CC=' axx STELL / 402D #xx °

CLS

IF(ITJ. EQ. 1) THEN

CC=txxx HOMOGENEOUS SOIL *xxx!
ELSE R
CC='#x» REINFORCED SOIL ~»ax'
ENDIF g

~CHODLF

AN KX XK

130
110
o120
130
154
15 )
170
143

Kk KA Kx

BEE SRS ]

xtt*ttx**tﬁ*tt***tt
I5PJUT FORMATS x
A ARKE AKX AKX KA XX AN NN KX K
FORMAT (315)
FORAAT(I5,2F10.0,215)
FORMAT (GI3) R
FORMAT(F10.0)
FOAHHT(LT1O 0)

FORMAT(2ZI5)

FORMAT(15). Ponh
FORMAT(IS,15,F10.0)
FORMAT (ABD)
tt*tkﬁt***x***

SUTPUT o

KEAX XX KA KK XA KK

- WRITE(6,200) HEAD
WRITE(6,197) CC
IF(ITS.EQ.2) dRITL(o,“SS) (XCCIK),YC(IK) ,IK=1,4) JER/AR

CMRITE(6,221) EST,VST

WRITE(6,193)
WRITE(6,236)
1F(NLOAD.EQ.D) THEN-
WRITE(6,235) :
ELSE

WRITE(6,230)

WRITEC6,240) (MEM(IJ),DIRCIJII,LOADCIII ,1J=1,NLOAD)

ENDIF o
WRITE(6,220) NM,NJ,THK
IFCITM.EQ.T) THEN

TFTH

‘5-1*628

173
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“vENDIF i
hRITE(bz199)
: HRITE(o;201) :
00 30 IW=1.Nd L R e
WRITE(6,210)  IW,X(IW) Y (IW)ZDXCIW)# DY CIW) . -
30 CONTINUE : S R R S AN
WRITE(6,270) NF ~~ :
WRITECS,222)
IF(ITM.EQ.T) THEN - [
'HRITE(O;ZSU) B . B
SE
WRITL(6,’51)
CCHDIF S
DO &0 IK=1,NM
IFCITALEQL 1) THEN
URITE(b:ZOO)IKI(NNQD(IKIIJ)IIJ 114)I(ICOD(IKIIJ)IIJ 1,8)
ELSE
_ wRITC(o,Lc1)IK,(NNOD(IkzIJ),IJ 1,4)'(ICOD(IK;IJ),IJ 1,6)'
+ (ESCIKAYd) ,1d=1,5)
ENDIF '
&) CONTINUE
kk xx *tt*krtt **t* XK KX ’k**‘tt*

LI OUTPUT FORMATS x
I EESEEERESEEERNESESEENSEERSE
200 FORMAT(IHT,/717177120X,A40) : :
127 FURMAT(/ /. JXI4J('*‘)1/;20X:"'138Xl * I/20XI
tOX,A25,0X l'*'l/°0Xl.*'138XI"'fIZUXI40('*'))
173 FORMATC(/ /1 20X, xx*x LOADING CASES #xx=x')
199 FORMATCIHTI A/ /77 ,20X+,% xx+x HODAL DATA *xx').
201 FORMAT(//// Ox,%J0LIN T'ISXI'X COORD. lSXr'Y COORD-
: +5Xx,° Yo5K.'0Y Y1)
210 FOuMAT(gOleblelFO.~/5XlF8 215X113I4X113)
221) FQRHAT(O(/); SKs,"NUMBER OF ELEMENTS '=%,14,/,25X%, ’
+VILWUNBLR OF JOINTS "IIQI/IZSKI'THICKNESS = ,F5.2)

221 FORMAT(/,25X,'ELASTICITY MODULUS =*
+,F12.04,/,25%,20HPOISON'S RATIO ,‘-rFS.Z)

222 FORMATCIHY,/7171,20X, "% xx ELEMENT JDATA =xxx',///)

235 FORNAT(///,20X,' = THERE IS NO EXTERNAL LOAD ')

235 FORMAT(//,20x,* 1-GRAVITY FORCES ",/)

230 FORMAT(/,204," 2—- EXTERNAL LOADS®*,

+/71,26X, H0DE ,6Xs *DIRECTION»5X,"MAGNITUDE»/ )"

233 FORMAT(////7//7,15X, COORDINATES OF THE REINFORCED PART',/,15X,
x ' X=COORDINATE © (-COORDINATE',/,4C15X,F11.2,8X,F110.241),1117,
*15X,"ELASTICITY MODULUS OF REINFORCEMENT :*,E10.2,//,15X
~,'AREA OF THE REINFORCEMENT ' E10.2.0111)

240 FORMAT(25X,14,10X,12,84,F842) :

5 FORMATC(///7,20X, " ELENENT' »10X,* NODES*,20X,*CODE NUMBERS',/)

51 FORMATC(/// 15X, ELEMENT ,10X,*NODES' ,20X,*CODE NUMBERS',

rv T\) ro

. + 14X, ESO ,0X,2VSO 46X 'PI s6Xs"COH 27X, DEN‘I/)
_JJ FORMAT (20X /s14,6X,414,5%X,814) "
&1 FQRHAT(1SXI14l6XI“I4ISx1814l3XIF8 213XIF5 213XIF5 2+,3Xs,F5.2,
+3%x,F5.2)
271 FORﬂAT(//:ZDXr'NUHBER OFf UNKNOHNS ', 14)
PRINT=,'D0O YOU NANT T PLOT THE MESH "‘ s
READ*,UNT . ' _ LR L T e e
IF(UNLILEQ.'Y"*) THEN" ‘ “ oo
CALL PLOTING(NM)




(3

ST T
o RNl

747515 T 0PT=0,RO0UND= A/ S/ H/-D,-DS
PRINT*, "D YOJ WANT TO CONTINUE 2°

READ *, LX \

1F(EX.EQ.'H') STOP

CDIF

RITJRN

Lho
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WL LS ,:347310 TP T= 0, RIUNOEFET~ST Al=0p=D5 " "FIN 5. T#628° ~ =~ 78
[=0T »ARGF<TSANON/= FIXED;CS- USER/~- rlxeo,ua--ra/ SB/ -SL/ ER/=1D/=PMD/=ST,=A
)DILREIL L/B B.' . SRS o .

t*k**tkt*tx********t*tt*tkt********'”

. ELLMENT STIFFNESS MATRIX =~ =

*ttttit*tttt**tﬁt*t*tt*tt*tt**t**m&_v

* ok S
. THIS sugnourlne CALcu;ATESQ“%{*n';’
o THE STIFFNESS MATRIX . FOR % '
. RECTANGULAR ELEMENT S el '
ttt*t**kt*tt***t*t*x**t**tt**ttttt*

SUBROUTINE tSM(I:IR1141XCzYC)T
PARAMETER(ND1=250)
PARAMETER(ND2=550) i g ' v :
CUCOMAON/BT/X(ND 2 ),Y(NDZ),DX(NDZ)'DY(NDZ)
S COMMON/B2/NNOD(NDT,4),ICOD(NDT,8),PLOADINDZ)
COMMON/BI/ITH, ITS,ITA,ITOM,IGF,EE(NDT,5),E(NDT)
' COMAON/B4/T,EST,VST,ESO,VSO0,PI#DEN,COH,PALER,AR
: : COHHONIUS/SIG(ND1,4,3);EPS(ND114'7),AVS(ND1 9)
i ._‘..CO“MON/B&/JS(3IS)IG(3I&)IS(BIB)7'” :
' © - COMMON/B3/RTYPE
CHARACTER RTYPE(ND1) =2
DIMENSION xC(4),YC(4)
INTEGER DX,DY R
A=(X(NNODCL,1))=X(NNOD(1,3)))
B=C(Y(NNODC(I,1))-Y(NNOD(1,2)))"
COF=3/A ’ :
IF(IR.EG.2) GOTO 3
KKK AKX R XXKR AT RKN KA AR RAK KA Xk X
x STEEL OR WO0OD x
t:tu*txt*:xt*xqt**xtt**t*
IF(LTM.EQLT) THEN
RTYPECI)='ST® -
CC=EST/(1.-VST*VST)
. Db11=CC :
D12=VST*CC -
D21=VST=(C
paz=CcC-" - s -
D33=((1.=vST)Y*xJ.5)xCC
ELSE - IR
XX KK KA KAXK AR Kk Kk . . : ,
. SOIL o ERI e ' | o
kxtxt*txf*tt****  ' 4 v ’ § : E
AC= S2.xAxT , IR o : ‘ |
ESO=EE(I,1)~
VSO=EE(1,2)
IF(ITS.EQ,2) THEN
DO 2 11=1,4 -
X1=X (HNOD (1, 11))
Y1=Y (NNOD(1,11))
IFC(XTaLELXC(1D)LANDLXTLLES XC(Z) AND X1 GE XC(3) AND.

EX1.GE.XC(6)) WAND (Y1 LE.YCC1)LAND.Y1.LE.YC(3).AND.Y1.
BGE.YC(2) JAND.Y 1. GELYC(4))) THEN RIS T

16=16+1
CENDIF

2 CONTINUE -
ENDLF .




e : . N U T SO 1
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SRS R 177
IFC(ITS.EQ.1.0R. 16. LT.3)THEN. :
tt*n*t*t***t*t*********tt**i* ! i |
«  HOMOGENOUS SOIL OR '« -f,gj J
= UNREINFORCED PART: x ‘ :

tttt*t kt*t*tttlk***t*t***t*t*

RTYPL(I)="HS'

ALFA=0.

ENOILF | A
(S NS EEE RS ENEESNREEESES t*.*i*k
~  RECINFORCED SOIL =

|
KX KK XX K KXE RN KN KXRR KN KA AR KK
IFCITS.EW.2.ANDLIGLGEL3) THEN
RTYPE(I)=*"RS* '
ALFA=AR*CR/(AC*ES0)
ENDIF
A1=1./ CESO*(1,  +tALFA) )
S C1=1.+ALFA*(1,.-VS0*VSD)
C2=1+ALFA* (1+VS0)
C CATEAI(1-VvSOsVSO/CT) IR o ‘
L H7=A1%(=V50=VS0*VS0xC2/C1) - ‘ ‘ o |
D7=A1x ({1~ VS0xVS0xC2+C2/C1) o e '
cc A7*D7-B7237
D11=D7/CC '
12=-87/CC
v21=9012
LZ2=A7/CC
05’—”°0/(¢t(1+v50))
i
¢
|
1
|
l
\

_ LHDIF : ..‘ : S '. '
KX XA KKK AXKRRKR KRR KX KN RK KRR : ’ '
* GRAVITY FORCES *

AKX X% XAk XK AKX AKX KK KXR AN AKX KK XX
IFCIGF EGa 1) THEN
D3O 15 11=1,4
IF(O((NNOD(I,I1)).GELT) THEN ; ‘
PLIADCDY(NNODC(I,11))) PLOAD(DY(NNOD(I:I1))) EE(I;S)*T*A*B

; o EnbIfF
15 CONTINUE
ENDIF
CENDIF : Lo . ‘
KR AA XA AKAAR AR XA RA KA AR AXNRARN RN AR AR AR A A AN AN AR
= STIFFNESS MATRIX FOR ALL CASES *

AKX AR KX A XA KN AR RN AR R KR KR AN AR AN AR ke ok ok

»5(1,1> T*(D11%COF+D33/COFY /3

$(2,1)=Tx(D11=COF/2-D33/COFI/3"

”0(3,1) =T*(=D11%COF+D33/(2%xC0F))/3

S¢h,1)= T*(‘D11*COF/L‘DSS/(’*COF))/3

S(JI1) T*«(D12+D33)*0.25

SC6,1)=T*(-D12+D33)%0.25

S(7,1)=T*x(D12=-D33)»0.25
C$(3,1)=T*(-D12-D33)*0.25
S(5,5)=T*(D22/COF+D33+COF) /3,
S(0,5)=T2(~D22/COF+D334COF/2) /3. S
S(7,5)=T*(D22/(2*COF)=D33*COF) /3. .. . = -
S(3,5)=T=(~ DZZ/(Z*COF) 033*COF/2)/3.,~-ff
5€2,2)=S501,1) . L Ee
S(3,2)=5C4,1) b
$S(4,2)=5(3,1) o e

eI o)




U S(5,2)=S(TA1) e
Cs,ES@BLY T
S(7,2)=SC5.1) o

=D,

DSB,2)=S(6,1)

CS(3,3)=5(1,1) . R
$(4,3)=5(2,1) oo
§(5,3)=5(6,1) . 0t

1 5(6,2)=5(5,1)

S(7,3)=5(8,1) o
$(3,3)=5(7,1) BRI
SChst)=SC,1Y -

$(5,4)=5(3,1)

S(6s4)=5(7,1)

S(7,4)=S5(6,1)

$(3,43=5(5,1)
S€6,6)=5(5,5)"
$(7,6)=5(8,5)

- 5(8,6)=S(7,5)
CS(3,7)=5(7,5)

Cx kA xx

$(7,7)=5(5,5)
S(8,7)=S(6,5) ~

$(5,8)=S(5,5) e
po 1 II=t1,8 - -
DO 1 1J=1l,0 f
S(I1,14)=S(C1d,11) o
CONTINUE )

IF(IRLEGLT) GOTO 7.
EXAXK Ak KKAR AKX A& Xk Ax &
IF(I4.EQLT) THEN
cc=1

to=1

CLne
Lwod

1F(14.5G.2) THEN

cc=-1

50=1

LLSE ,
IF(14.EG.3) THEN
cc=1 -
bo=-1

ELSE

CC=-1

by==1

ENDIF

CHOIF

CEMDIF

C1=17/C4*Ax3)
G(1,1)=Bx(1+CCI=C1
G(1,2)=0=(1-CCI*C1 -~
G(1,3)==G6C1,1)
6(1,4)==G(1,2)
G(2,5)=Ax(1+DD) =1
6(2,6)==G(2,5)
G(2,7)=Ax(1=DD)*C1
G(2,8)==G(2,7)

6(3(1)=G(2/5) : _ : .‘7_‘,;ﬁ
6(3,2)56(2,6) - . <
G(3,3)=6(2,7) -t

178
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747510 OPT=0,ROUNDG= A7 S7 Mi-0,=D5

G6A3,4)=G6(2,8)

6(3,5=601,1)
G(3,6)=6(1,2)
G(3,7)=6(1,3)
G(3,3)=6(1,4)

©S(1,1)=011%GC1,1)

SS(1,2)=011+G6(1,2)

S5 (1,3)=2D11%6(1,3)

LR
100

[ V2 U B ¥, B 851 (,ﬂ
[ %o BN S ¥o B S8

$S(1,6)=011%G(1,4)
55(1,5)=012%G(2,5)
SS(1,6)=D12%G6(246)
$5(1,7)=01246(2,7)

3 (2,1)= D12'G(1/1)
(2,2)=012»G(1,2
5(2/3)= J12*6(113)
(2,4)=D12G(1,4)
$5(2,5)=022%G(2,5)
$553€2,6)=D22+G(2,6)
SS(2,7)=022%xG(2,7)
55€2,3)=022xG(2,3)
O 11 II=1,8

o)

f\
2 %]

55(3,11)-= 033*5(3111)

CONT INUE

5(1,3)=012%G6(2,3)

ST

FORMATC(///,2 OK,'*** EXECUTION IS COMPLITED ***'1///)

RCTURN
END '
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INETEVSTEN. 747510 0PT=0,ROUND= A7 S/ RT=Pr=hs “.?TN 5.1v628 T T
(/=0T ,ARG==COMMON/~FIXED,CST USER/- FIXEDrDB--TBI sa/ SL/ ER/-ID/-PMD/=ST,~.
TLOILR2AL=E L'B e : ‘

;Ctxfgttt;tfttttt?t*tit**tt*t*tt: Lj:, 
- C SYSTEW.STIFFNESS MATRIX

IR PR T R TR RIS R R LRI LS

- THIS SUBROUTINE ASSEM3LES
- THE SYSTEM STLFFNESS
MATRIX IN - BANDED FORM.'

x KKk *tt*tt*tﬁ****t Ak KX AKX KK XX KN K
SUSROUTINE SYSTEM(I,N,NB)'®
PARAMETER(KD1=250) :
FARAMETER(ND2=55Q)

PARAMCTER(MNDZI=1500D)
CuHMOV/b’/hNOD(hD1,4),ICOD(ND1:8)1PLOAD(ND2)
COMMON/BG6/SS (3,5),6(3,8)15(8,8)
COﬂMON/b?/UNKN(ND’)zBANTH(ND3)

DO 6 K=1,8
IFCICOD(ILK) JNELD) THEN
M=ICOC(I,K)
IFCH.LEL. (N=NB+1)) THEN
I1=(NB+1)* (M=1)+1
ELSE
I1=(HB+1 )= (N- N3+1)+1
DO 10 I2=M-=1,N-NB+2,-1
10 I1= I1+(N-12)+2
' ENDIF
Db 7 L= 1,8 i )
IFCICODCILL).EQ.0) GO TO 7
J=I1C0D (I, L) -
IF(J.LT.M) GO TO 7
IF(M.LE. (N- NB) . AND JoGT. (M+NB- 1)) GO TO 7
J=J-H
C GANTH(IT1+J)= BANTH(I1+J)+ S(KzL)
© 7 CONTINUE - ‘ C
ENDIF R
& CONTINUE SRR
RETURN
END

YOI YO




TNE G

&/- OT;APb-”COMHON/ FIXED,CS=

JJ

' Ct:.**:at*tawi*ftr*it**ﬁt**t*t*******ffﬁ“:“

c . CAUSS ELIMINATION E
'C**t*tt*t*ttt**a***t*t*t*ttkt*******t hQ“ 
c - ‘ ' R S

c SOLUTION OF EQUATIONS USING

c © GAUSS ELIMINATION METHON FOR

c . -JANDED MATRIX FORM. ' e

SELFE 747810 OPT=0,ROUND= A7 S/ W/-D,=bS
USER/=FIXED,0B=-TB/=53/=SL/ ER/=1D/=PHD/=ST,=,

ILRZIL L/J 3.~

Ct*k*txt**t****tt*t****t*ttt***itt***

SUBROUTINE GSELFB(N,NB,LN)
CIMPLICIT INKTEGER (S) '
PARAMETER(ND1=250)
PARAMETER(NDZ2=550)
PARAMETER(ND3=15000)

COJMON/B’/NNOD(hD1:4)rICOD(ND1rS):B(NDZ)

COMMON/B7/CIND2) ,A(ND3)

DO 1 I=1,K

IF(ILLE.(N=-NB+1)) THEN
S5=(NB+1)=]

[LSE

S(NB+1)*x (N~ NB*1)

'DO 2 I12=1,N-NB+2,-1
$5=55+ (N~ 12*2)

ENDIF »

A(S5)=6(C1) . .

1 CONTINUE e
DO 10 I=1,N-1 . )
IFCLJLEL(N=NB+1)) THEN
Si= (NB+1)*(I 1)*1
S2=S1+NB L RES
ELSE ' SR

n

S1=(NB+1)x (N=NB+1)+1 = 7 - ?1":"“V

DO 11 I3=I-1,N=NB+2,~1
11 S1=S1+(N=-13)+2

FTN T5.1¥628°

181

R



£ GSELFG 747810 OPT=0,ROUND= A/ S/ M/-D,-DS _

13.

S2=51+ (N=1)+1
ENDLF

D0 20 J= 1+1,N

IFCJ LEL(N= NB*1)) THEV
S3=(ND+1I)x (U~ 1)*1
SS5=S3+NB_ -

ELSE Lo
C3=(NB+1)x (N~ NB*1) :
DO 13 13=J-1,N=NB+2,-1
S3=S3+(N-13)+2

- §3=53+1

v
%)

20
10

34

SS5=S3+N-J+1

ENDIF ‘
K1=J-1+1

$4=53+452-51-K1
T A‘(°1*J 1)/A0(51)

=J=-1

DO 25 K= $3,54 ) '
ACK) ZACK)=T*A(ST +K= S3*K2)
I1F(S3.GT.54) GO TO 20
A(SS5)=A(S5)-TxA(S2)
CONTINUE k
CONTINUE

DO 24 1I=N,1,-1 _
IF(I.LEL.(N=NB+1)) THEN

C1=(HB+1)*x(I-1)+1

S52=S1+NB

ELSE :
ST1=(NB+1)x(N-NB+1) +1
DO 35 13=1- 1'N-NB+ZI‘1
$1=S1+ (N=-13)+2

S2=51+ (N- 1)+1

ENDIF -
DD=0

00 32 L=I+1,1+52-51-1
DD=DD+C(L)*A(S1+L~- I)
CONTINUE =
C(IY=(A(S2)~- DD)/A(S1)
CONTINUE '

RETURN

END

FINT5.1+628
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757510 OPF=0,ROUND= A7 S/ A7=D,=P5 FIN 5.1%628

TTRESS T 8671
T,ARGE=COMMON/-FIXED,CS= USER/- FIXED,DB--TB/ 58/~ SL/ ER/-1D/- PMD/=STs=AL,.
LR:;L=L(B=3. : S L S T 183

xrkr***ttt************ttt* kk K%k *******t**** e

CALCULATION 0F—°TRESSES AND -STRAINS:
KA KA AK A AR AKX AR KK AR KR AN KR AR AR KRR KRR AR KR
.)U'Jr\\JUTINE STRESJ(III['IDD)
PARAMETER(ND 1= 250,ND2=550,ND3= 15000)
COMMON/BT/ X(ND2) »Y (ND2),DXIND2),DY(ND2)
CU\\O'/B’/NVOD(ND114):ICOD(ND1IS)IPLOAD(NDZ)
CONION/EE/SS(3,3),G(3,8),5(8,8)
CUiVMON/BS/SIGINDT, 4 3)’EPS(ND1I4/7)1AVS(ND119)
DIMENSION 0DA(3)
su 1 II= 11.)
50 1 Jd=1,58
JIQ(IIIQIII)-JIG(II¢4IIY)+SS(IIIJJ)*DD(JJ)
SCL,14,10)=EPS(1,14 rlx)fG(IIlJJ)*DD(JJ)
1 gdﬂTIiUL ' , S
oL e1=35IG6(I 4 .T) : ' ‘
Bu2=51G6(1,14,2)
u33816CI,14,3) _ B , ' o
EPSCI,14,4)=(80814B82)/2+SQRTCC((BB1~ BB2)/2)*(BB1-882)/2) +383%x383)
“LPS(I,14,5)=(381+382)/2~ SQRT((((551-852)/2)*(881-882)/2)+883*Bd3)
LFJ(III416)-(LP°(Ill414)'tPS(III4'5))/2 4
1F(381.EQ.882) THEN ‘
IF(383.5T.0) THEN
EPSCI,14,7)=45.0
ELSE ' : :
EPSCI,146,7)=-45,0
CENDIF
ELSE - '
Ld=2.*B33/(381-832)
CO=ATAN(BB)*0.5 :
EPa(IzI&r?)-ATAN(BB)*9O /ACOS( 1. )
EWDIF
RETURN
£




’.."

UTINE PLOTING 7?7810 OPT= OzROUND--A/ 51 M/-o,-os
NG /- OT,ARG—-COMMON/ FIXED,CS-,USER/ FIXED,DB
"-fFOILRZ/L L,8= a.._j . o

ffﬁ .

(]

OO0 OO OO0

(v

(W)

SUBROUTINE PLOTINo(M)
PARANETER(ND1 250)
PARAMETER(ND2=550)
COHHON/B1/X(NDZ)1Y(NDZ):DX(NDZ)/DY(NDZ)
uM'OH/BZ/NNUD(ND1,4);ICOD(ND1rB)rPLOAD(NDZ)
CHARACTER*1 IUNI}DFS*11HEAD*20;NAME*4 :

'PRINT* ' ENTER XLLIM/YLLIM e

AD#*, XLLIM,YLLIM

. PRINT*;' ENTER XULIM;YULIM .

READ*, XULIM,YULIM ‘ :
PRINT *,' ENTER CHARACTER srzs SCALE FACTOR’ scz
READ *,SCZ

PRINT x,' DO YOU WAHT A HARD COPY FILE TO BE GENERATED ?

CAD(*,183) IUNI
FOR“AT(A1)
IFCIUNILEQ.'Y') THEN
PRINT *,' ENTER PLOTTING SCALE FACTOR FAC °
READ *,FAC :
ENDLF A o 4
PRINT*,*  ENTER FILE NAME °
KEAD*, NAME

" CALL INITIG(.TRUE.~,+TRUE.,4HNAME)

CALL SPLIMCXLLIMAYLLIMAXULIM,YULIN)
CALL aPPORT(XLLIA/YLLIW/XULIMIYULIM)
IFCIUNILEG.' Y ) THEN

CALL UNION '

CALL FACTORCFAC)

SERDIF

ttktk*k*tt*_ttk

LOTTING

A XKAE AKX AKX AKX X Kk . . . .
CALL SiMCSIZ(.00725%10.*5C2,.0125%5C2)
CALL MOVEA(U.,YULIM-2 : I
CaLbl TEXT(6,*FINITE®)

CALL SHSTYL(LL)

DO 32 IL=1.,4

CALL WOVCA(X(NNOD(IL'1))'Y(NNOD(IL:1)))
CALL DRAWA(XCNHODCIL,2)),Y(NNODCIL,2))) °
CALL DRAWA(X(NMODCIL,4)Y,Y(NNODCIL,4))) .
CALL DRAWACKCNNCDCIL,3)) ,Y(NNOD(IL,3)))
CALL DRAIn(X(ﬂNOD(ILz1)),Y(NNOD(IL:1)))

"CONTINUE

CALL MOVFA(O.1-1.)

CALL SMSYM(S)

DO & I=1,NH

BECI)=~1.

v

HHCID)=H(I,1) . '
CaLL PLOTA(NH;HH;BBr.TRUE )

DO 6 I=1,NH~1

DF=H(1,I+1)~ ~H(1,1)
CaLL HOVEA(H(1;I)+DF/2.'-O 5).
CALL TEXT(I.,DF) 2

FIN 5.1+628
-=TB/~- SB/ SL/ ER/ ID/ -PMD/ =51
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LOTING 7747510 TOPT=0,ROOND=" A/ 5/ W=y s
IFCIUNIZESZ.'Y') THEN :
 CALL JNIOFF o
EHND - IF

CALL AUTKEY(1IITIRGI1INCHARIICHAR)
- CALL CLRPT :

CALL QUITIQ( TRUF p)

NETURN

Lno
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