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PREFACE

This report was prepared by the Geotechnical Laboratory (GL),

U. S. Army Engineer Waterways Experiment Station (WES), as part of

CWIS Work Unit No. 31173, "Special Studies for Civil Works Soils Prob

lems," Task 34, Finite Strain Theory of Consolidation, for the Office,

Chief of Engineers, U. S. Army. The report and computer program were

written by CPT Kenneth W. Cargill under the general supervision of

Mr. Clifford L. McAnear, Chief, Soil Mechanics Division (SMD), GL;

Dr. William F. Marcuson III, Chief, GL; and Dr. Paul F. Hadala, Assis

tant Chief, GL.

The Commanders and Directors of the WES during the preparation and

publication of this report were COL Nelson P. Conover, CE, and

COL Tilford C. Creel, CEo Technical Director was Mr. Fred R. Brown.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con

verted to metric (SI) units as follows:

Multiply By To Obtain

cubic feet 0.02831685 cubic metres

feet 0.3048 metres

inches 0.0254 metres

pounds (force) per square inch 6.894757 kilopasca1s

pounds (force) per square foot 0.04788026 kilopascals

pounds (mass) 0.4535924 kilograms

pounds (mass) per cubic foot 16.01846 kilograms per cubic metre

square feet 0.09290304 square metres

tons (force) per square foot 95.76052 kilopascals
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CONSOLIDATION OF SOFT LAYERS BY FINITE STRAIN ANALYSIS

PART I: INTRODUCTION

1. The importance of the ability to accurately predict the con

solidation behavior of soft clay deposits is manifest in the millions of

dollars spent annually in the disposal of materials dredged from the

nation's waterways and wastes of the mining industries involved in phos

phate and other mineral ore production. To adequately design the catch

ments necessary to hold these vast quantities, knowledge of the rate of

settlement of the clayey material is required. The economics of the

disposal operation dictates that each specially constructed area be used

to its fullest potential. Therefore, estimating the consolidation in

each area is a prerequisite to determining the overall area needed to

support a specified application rate.

2. Methods currently available for computing the potential set

tlements of soft clay deposits as a function of time are based on both

empirical and theoretical relationships. This report will deal prin

cipally with the theoretical aspects of consolidation and their applica

tion to the settlement of soft clay deposits under self-weight loading

(although the theory and techniques employed are equally applicable to

other types of loading as will be shown in a practical example). It

should be noted here that the method to be presented is limited to one

dimensional consolidation of saturated clay deposits which in actuality

is no limitation when applied to the large wet disposal sites in current

use. Other limitations will be discussed as they apply to particular

solution techniques, but in general the theory will require only that

the clay deposits be homogeneous in material type.

3. The first theory enabling the prediction of one-dimensional

consolidation in soils was published by Karl Terzaghi in 1924. The

simplifying assumptions adopted for this original theory were such that

its applicability was effectively limited to the consideration of re

latively stiff thin layers at large depths. For example, the assumption
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that there is a constant relationship between void ratio and effective

stress and that permeability does not change within the consolidating

material is valid only when the ultimate change in effective stress is

small in comparison to the preconsolidation effective stress. Because

settlements in.soft clay deposits such as dredged fill where strains

greater than 50 percent are not uncommon, the assumption of small

strains negates the usefulness of Terzaghi's theory unless soil param

eters and layer thickness are continuously updated.

4. The usual form of Terzaghi's governing equation (Terzaghi and

Peck 1967) is

au
at (1)

of consolidation.

is the coefficient

t , and the ver-

c
v

The independent variables are time,

is the excess pore water pressure anduwhere

tical space coordinate, x. Even though this differential equation has

limited applicability to the general problem of soil consolidation, it

has remained the popular choice among geotechnical engineers because it

is the simplest equation and is taught in all basic soil mechanics

courses. Solution of the Terzaghi equation is simplified because it is

linear and the same as the heat conduction equation for which analytical

solutions for a multitude of boundary conditions are available (Cars law

and Jaeger 1959).

5. Many authors have offered alternatives to Equation 1 to better

simulate the actual behavior of soils. Schiffman and Gibson (1964) as

sumed that permeability and the coefficient of volume change were known

functions of depth and derived the governing equation as

(2)

where k is permeability, Yw is unit weight of water, m is coeffi-
v

cient of volume change, and other terms are as defined previously.

Davis and Raymond (1965) produced a nonlinear theory of consolidation by

assuming a constant logarithmic relationship between void ratio and

7



effective stress. Their governing equation is

-c [L. d
2

U _ (L)2
v a' 2 a'

dX

~~l
dX dX J

1 da'
0'at (3)

where a' is vertical effective stress and other terms are as previously

defined. Other theories or variations include the works of McNabb

(1960) and Mikasa (1965). However, all of these variations to the

original Terzaghi equation have their own unique limitations and are not

suited for application to large deposits of soft dredged fill or mine

tailings.

6. While the equations of McNabb and Mikasa did allow for large

strains, the first completely general theory of one-dimensional consoli

dation in soils was published by Gibson, England, and Hussey in 1967.

Their governing equation, which will be fully developed in the next

section, is

(
Ys 1) d [k(e) J de + d [ k(e)
Yw - de 1 + e ~ ~ yw(l + e)

da' de] + ~
de dZ dt

o (4)

where Ys is the unit weight of solids, e is void ratio, z is a

material coordinate to be explained later, and other terms are as de

fined previously. The consolidation equation in this form is particu

larly suited for application to thick soft clay deposits because it

intrinsically includes the effects of self weight, permeability varying

with void ratio, and a nonlinear void ratio-effective stress relation

ship. It also is independent of the degree of strain which is the key

reason it is suitable for thick soft clay deposits susceptible to large

settlements. Hereinafter, Equation 4 will be referred to as the finite

strain theory while Equation 1 and its variations will be referred to as

the small strain theory.

7. The fact that Equation 4 is a completely general theory of one

dimensional consolidation was demonstrated by Schiffman (1980) when he

showed that the small strain theory and its principal linear and nonlin

ear variations are all special cases of the finite strain theory. Prac

tical application of the theory and a comparison of results with those

8



of the small strain theory were presented by Gibson, Schiffman, and

Cargill (1981). Using conventional laboratory data for a soft marine

deposit, they demonstrated that faster and larger settlements are pre

dicted by finite strain theory although predicted dissipation of excess

pore water pressure may be slower than that predicted by the small

strain theory.

8. The next part of this report will document the development of

the finite strain theory governing equation along with the initial and

boundary conditions necessary for its solution. The solution technique

to be employed is an explicit finite difference scheme which will then

be illustrated in a manner suitable for computer programming. The com

puter program CSLFS (Consolidation of Soft Layers, Finite Strain) will

be used to solve a practical dredge fill consolidation problem and a

soft foundation consolidation problem to illustrate the capabilities of

the program. A user's manual for CSLFS is included in Appendix A.
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PART II: FINITE STRAIN FORMULATION
OF ONE-DIMENSIONAL CONSOLIDATION

9. The basic assumptions necessary for the development of the

theory of one-dimensional finite strain consolidation are:

a. The soil system is saturated and consists of a compres
sible soil matrix and incompressible pore fluid. While
the soil matrix is considered compressible, individual
soil particles are incompressible.

b. Pore fluid flow velocities are small and governed by
Darcy's law.

c. There is a unique relationship between soil permeability
and void ratio such that

k k(e) (5)

d. There is a unique relationship between vertical effective
stress and void ratio such that

0' 0' (e) (6)

e. The material is homogeneous as to type.

These conditions are only slightly restrictive and imply monotonic load

ing. The usual assumption made in the small strain theory restricting

the magnitude of strain is not made here.

Coordinate System

10. The election to allow unlimited strain makes the use of a

fixed coordinate system impractical due to the relatively large movement

of the top boundary of the consolidating layer. To simplify the re

quired mathematics, a coordinate system which moves with the layer is

needed. This condition is satisfied when the coordinates are defined in

terms of the volume of solid particles in the layer, which happens to be

a constant quantity. These material or reduced coordinates (Ortenblad

1930) are uniquely suited for use in the time-dependent consolidation

10



problem because they are time independent and independent of the amount

of strain.

11. Before material coordinates can be employed, however, a rela

tionship must be established between these coordinates and the more

conventional methods of thickness measurement. Consider the soil element

shown within the consolidating layer in Figure 1. At time t = 0 the

initial configuration is given in what will be called Lagrangian coordi

nates. This system is related to "real" measurements at t = o. For

time, t, during the consolidation process, "real" measurements are

made in terms of a convective coordinate system which is a function of

the Lagrangian coordinate and time.

~o.=o.o

a q (/} I:l {].Q 0 0
00 ~ 'V &~(J L>

-c{) Q a fj rJ
b ~ <Pl:J,CJ

a
yo.=O

LAGRANGIAN
COORDINATES (0.)

t=o

Figure 1.

~o.:::o.o

CONVECTIVE
COORDINATES (~)

"t. >0

Coordinate systems

12. Both Lagrangian and convective coordinates are a measurement

of the soil system, which includes both solid soil particles and the

pore fluid. As previously stated, the material coordinate is a measure

of the volume of solid particles only. A comparison of these three

systems is illustrated in Figure 2. As shown in the illustration, only

the Lagrangian and material coordinates are constant for all time for

particular points in the soil layer. It is, therefore, convenient to

develop the governing equation in terms of either of these systems. The

material coordinates will be used here.

13. Since material coordinates are not measurable in the usual

11



MATERIALG\
CONVECT I VE \
LAGRANGIAN, ,

,..----.-30 30 15

ODD MATERIA\~CONVECTIVE
c-24 24 12 LAGRANGIAN)\uOO 30 20 15
-18 18 9 DUODUu DOD

-24 16 12

-12 12 6 -18 12 9

DnO GOD
rl2 8 6

'- 6 6 3 <J~O
{)oo GOO

f- 6 4 3

0 0 0 0 0 0

t =0 'i: ='i:,>0

Figure 2. Comparison of coordinate systems

sense, it is necessary to develop a method of conversion from one coordi

nate system to another so that the layer thickness may be expressed in

easily understood conventional units at any time. Consider the differen

tial elements of soil shown in Figure 3. If these elements are chosen

t =0
LAGRANGIAN

t>o
CONVECTIVE

t. =0 & t>O
MATERIAL

Figure 3. Differential soil elements

such that they encompaSS a unit volume of solid particles, then

da 1 + e
o

d~ = 1 + e

and

12

(7)

(8)



dz 1 (9 )

where e is the initial void ratio and e is the void ratio at some
o

later time during consolidation. By simple ratios

dz 1
da 1 + e

0

3- 1 + e
dz

(10)

(ll)

and

3
da

1 + e
1 + e

o
(12)

Thus conversion from one coordinate system to another can be accom

plished by simple integration such that

(13)
da

+ e(a,O)z • 1---"'1=---
o

and

z

E;, = I [1 + e(z,t)] dz

o
(14)

These relationships will be used extensively throughout the remainder of

this development so that equilibrium and continuity conditions may be

expressed in the most easily understood manner and then transformed into

the material coordinate system for the governing equation.

Material Equilibrium

14. The equilibrium of a soil element having unit area

13



perpendicular to the page and a unit volume of solid particles is illus

trated in Figure 4. The weight, W, of the element is the sum of the

L

I
GRAVITY

COORD,NATEsl +

Figure 4. Soil element in equilibrium

weights of pore fluid and solid particles:

w e y + (1) yw s
(15)

Therefore, equilibrium of the soil mixture is given by

o (16)

where 0 is the total stress. By simplifying and applying Equation 8,

an equation relating the spatial rate of change in total stress to the

void ratio and unit weights of solids and fluid is obtained:

e y + Y
~ + w s
a~ 1 + e

o (17)

Multiplying through by ~~ and substituting Equation 11 gives the

equilibrium equation in terms of material coordinates:

o (18)

15. It is also necessary to derive an expression for the equilib-

rium of the pore fluid alone. Considering the total fluid pressure at

any time to be composed of both a static and excess pressure gives

14



u
w

u + u
o

(19)

where u
w

respectively.

u ,and u are total, static, and excess pressures,
o
Static pressure equilibrium is ensured if

o (20)

Therefore, differentiation of Equation 19 yields

Clu
w o (21)

or in terms of the material coordinate

Clu
w

Clz
~ + y (1 + e)
Clz w

Fluid Continuity

o (22)

16. To determine the equation of continuity for the fluid phase

of the differential soil element, the weight of fluid inflow minus the

weight of fluid outflow is equated to the time rate of change of weight

of fluid stored in the element. As shown in Figure 5, the weight of

fluid flowing into the volume is

(23)

per unit area where n is the volume porosity which is here assumed

also the area porosity and v is the velocity of flow. Since the soil

solid particles are also moving during consolidation,

(24)

where subscripts f and s represent fluids and solids, respectively.

15



t n-v- ~ +i.. (n·".r ) d~W oEj w>>»

tn .V". "t
w

Figure 5. Fluid flow through a
differential element

The weight of fluid outflow is

+ _d_ (n • v • y )d~n • v • Yw d~ w (25)

By specifying the differential element to have a unit volume of solid

particles, the weight of fluid contained within the element is

(26 )

and its time rate of change is therefore

Equating this time rate of change of the weight of fluid within an

element to inflow minus outflow results in

(27)

a (28)

where the fluid is assumed incompressible and thus has a constant unit

weight which is cancelled in the equation.

17. Equation 28 is the equation of continuity expressed in terms

of the convective coordinate system. Utilizing the chain rule for

differentiation, the relationship

16



aF
az (29)

can be written where F is any function. Equations 8, 11, and 29 can

be applied and Equation 28 can then be written as

or

since

o

o

OOa)

OOb)

n = e
1 + e

(1)

Governing Equation

18. Before a governing equation can be assembled, two other re

lationships are needed. The first is the well-known effective stress

principle

er = er' + u
w

and the next is the equally well-known Darcy's law which is usually

written in the form

(2)

k au---
Yw at.:

(33)

Equations 21 and 31 can be used and this can be written in terms of

total fluid pressure and the void ratio as

By Equations 29 and 11, this becomes

17
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(35)

19. Now Equations 18, 30b, 32, and 35 can be united to produce a

governing equation. First, combine Equation 30b and 35 to eliminate the

velocity terms. Thus

(

dU
w

e) ~+ y +
w

de
dt

o (36)

Next, use Equation 32 to eliminate u in Equation 36
w

L [_ k (dO _ dO' + Yw + e yw)] + de
0

dZ Yw (1+ e) dZ dZ dt

and then Equation 18 to eliminate 0 in Equation 37

d [- k
( - y s

dO'
Yw)] +~ 0

dZ y (1 + e)
-~+

dZ dt
w

or

(37)

(38a)

d (k )+-L[ k ~J+~-odZ 1 + e dZ yw(l + e) dZ dt -
(38b)

Again, by the chain rule of differentiation, the relationship

dF
dZ

dF de
--
de dZ

(39)

can be written and Equation 38b thus becomes Equation 4:

(~ - 1) ~ [k (e) J~ +
y de 1 + e dZ

VI

a [ k (e) do ' ~J + ~ - 0
dZ yw(l + e) de dZ dt-

(4)

which is the same as the previous Equation 4 and constitutes the govern

ing equation of one-dimensional consolidation in terms of the void

ratio, e, and the functions k(e) and 0' (e)

20. An analytical solution to Equation 4 is not possible, but

once appropriate boundary conditions are specified, its numerical

18



solutiun is feasible with the aid of a computer. Of course, the rela

tionships between permeability and void ratio and effective stress and

void ratio must also be known or assumed.

Boundary Conditions

21. Three types of boundary conditions are possible for a soft

clay deposit undergoing consolidation. These are shown in Figure 6 with

IMPERMEABLE SEMI
PERMEABLE

FREE
DRAINING

Figure 6. Possible boundary
conditions

possible combinations at the top and bottom of the layer. The condition

of semipermeable is an addition to the usually assumed conditions of

either permeable or impermeable. The semipermeable condition represents

the state when a compressible layer is in contact with another different

compressible layer or when a compressible layer is in contact with an

incompressible layer which has neither the characteristics of a free

draining layer nor those of an impermeable layer, but something in

between.

22. For the case of a free-draining boundary, there is no excess

fluid pressure and the total fluid pressure is equal to the static

pressure

u
w

u
o

(40)

is the height of the free water table above the boundary.where h
w

Since the total weight of material above the boundary is known, total

19



stress may be calculated, and by the effective stress principle, effec

tive stress can be calculated. The void ratio is then deduced from the

known or assumed relationship between it and effective stress.

23. At an in~ermeable boundary, there is no fluid flow and thus

v
s

Applying this to Equation 35 results in

dU
~ + y (1 + e)
dZ w

o

(41)

(42)

but consideration of Equation 32, the effective stress equation, gives

dO
dZ

dO'- + y (1 + e)
dZ w

o (43)

Now if Equation 18 is used to replace the total stress term and the

relationship of Equation 39 is used to express the effective stress part

in terms of the void ratio, Equation 43 can be written

~+
dZ

o (44)

which is the boundary condition where the compressible layer meets an

impermeable layer.

24. The boundary condition for a semipermeable layer is based on

the fact that the quantity of fluid flowing out of one layer must equal

the quantity of fluid flowing into the layer across their cornmon bound

ary. The quantity of fluid flowing across a boundary of unit area is

Therefore

(45)
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where the subscripts indicate upper and lower layers. Then from Equa

tion 33 and the relationship of Equations 29 and 11

(47)

where

1 and

is eliminated because the same fluid is in both layers and

indicate upper and lower layers, respectively. It should

also be noted that the total, static, and therefore excess fluid pres

sures must be equal in the two layers at their common boundary

(48)

25. From the effective stress principle,

Clo
Clz

Clu
w

Clz
Clo'
Clz

(49)

By use of the equilibrium conditions of Equations 18 and 22, Equation 49

can be rewritten as

which can also be written

Clo'
Clz

Clu
Yw - Ys - Clz (50)

Cle =, (Yw - Ys - ~) ~
Clz Clz do'

(51)

The conditions expressed by Equations 47, 48, and 51 may be used to al

low numerical solution to the problem of semipermeable boundaries.

Initial Conditions

26. Initial conditions through a compressible layer will vary

according to the stress history of the layer. Since it is necessAry to

solve the governing equation by an approximate numerical technique, any

initial distribution of void ratios is permissible so long as it is
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consistent with the assumed void ratio versus effective stress relation

ship. Typical inital void ratio distributions in qualitative terms are

as follows:

a. A dredged fill layer will have a high uniform initial
void ratio distribution.

b. A layer consolidated under self weight only will have
relatively high initial void ratios which decrease
considerably with depth in the layer.

c. A layer normally consolidated under a small surcharge
load will have intermediate void ratios which decrease
with depth.

d. A layer consolidated under a large surcharge load or
overconsolidated will have relatively low initial void
ratios which decrease only slightly with depth.

The value of these void ratios and their exact distribution will depend

on the void ratio-effective stress relationship chosen and any existing

surcharge.
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PART III: SOLUTION OF THE GOVERNING EQUATION

27. An analytical solution of the one-dimensional finite strain

governing equation is not possible because of the nonlinear nature of

its coefficients. However, a numerical solution of the equation is

feasible if these coefficients are constantly updated during the solu

tion to simulate their nonlinearity. An explicit finite difference

scheme has been chosen to solve the equation because of its relatively

simple algorithm, but this scheme does necessitate stringent stability

criteria which will be discussed in a later section.

Explicit Finite Difference Scheme

28. The finite difference procedure is a method of representing

a differential term by means of finite differences. Time space is

broken down into intervals of finite length denoted T. The time

derivative of void ratio can then be written

de
-;:;- (z.,t.)
at 1 J

1
- -- (e. .+1 - e. .)

T 1,J 1,J
( 52)

where the subscripted terms are as shown in Figure 7. If the space

z·I
'T'

e j + I,j

S
ej.lj 8 j Jj+1

S
ej-1Jj

t·J

Figure 7. Finite difference mesh
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coordinate is divided into intervals denoted 8, the derivative of void

ratio with respect to space is

de
~ (z.,t.) -
aZ l .1

1
2 £ (e'+l . - e. 1 .)

u l,J l-,J
(53)

by the central difference method, and the second derivative of void

ratio with respect to space is

d2
e 1
2 (z.,t.) =--2 (e'+l .

dZ l .1 8 l,J

where terms are also as shown in Figure 7.

2e. . + e. 1 .)
l,J l-,J

(54)

Simulation of Nonlinearity

29. It is appropriate here to rewrite the general governing

equation (Equation 4) in the form

where

{
d } deycp(e) + az [a(e)] az + a(e) o (55)

(56)

and

S(e)
d
de [

k ( e ) ]
1 + e

(57)

a(e)
k(e) do'
1 + e de

(58)

To simulate the equation nonlinearity, the functions a(e) and S(e)

are recalculated at each time step for the current value of the void

ratio at each point in the Z space grid.

30. In the computer program developed for this report, point data

are input relating void ratio to permeability and effective stress
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similar to that which would be obtained from laboratory testing. To en-

sure smooth continuous functions, however, additional points are inserted

between the laboratory determined points. A typical trace of such data

is shown in Figure 8. Using these data, tables of values for aCe) and

See) at various values of e can be constructed by numerical differ

entiation. Then, by a linear interpolation, the value of aCe) and

See) for any value of e can be obtained.

e
~-~ I
~x PERMEABI L1TY/x""x

EFFECTIVE~

STRESS ~x" /
x /x
-, /x

/~'
~x \

..---x x,
...-0--1< x....,_x_x """~x.

x-x--o

LEGEND LOG a I

o LABORATORY POINTS LOG k
x ADDED POINTS

Fjgure 8. Typical plot relating void ratio, e
to permeability, k, and effective stress, 0'

31. The solution to the governing equation in finite differences

can now be written

T
e ..
l,J Yw (1 [a ( e i +1 , j ) - a(ei_1,j)]}

Y See .. ) + 2J:
C .i , J o

[
e ' + l . - e. 1 'Jl ,J l- ,J

28 + aCe .. )
l,J
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2e ..
l,J + e'_l 'J)l ,J
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From Equation 59 it is seen that the void ratio along point z. at a
l

future time, t
j
+
l,

is explicitly determined from the values of the

void ratio at that point and its nearest neighbors at time t. and func
J

tions of the void ratio at these same points at the present time, t ..
J

Thus, once initial and boundary conditions are determined, the consolida-

tion problem is solved.

Solution for Initial Conditions

32. Calculation of the initial void ratio distribution in a com-

pres sible layer is dependent on the unit weights of solids and fluid in

the layer, the effective weight of any existing surcharge, and the rela

tionship between void ratio and effective stress within the layer. To

illustrate the procedure, assume the compressible and saturated layer

shown in Figure 9 is fully consolidated under its own self weight only

_ V FREE WATER SURFACE

SURCHARGE
=.6q

COMPRESSIBLE
LAYER cts,tw ) h

z=o

Figure 9. Initial void ratio distribution in
a compressible layer consolidated under self

weight only

before a surcharge, 6q, is added which will cause further consolida
+

tion. The initial conditions in the layer at t = 0 are then the same

as conditions in the layer at t = 0 assuming the surcharge is quickly

added at t = O. This is so because the fluid in the layer has not had

time to drain, and therefore, initially, fluid pressure will support all

the added surcharge. Of course, as time goes by the surcharge load will

gradually be transferred to the soil particles causing the solid skele-

ton to compress.
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33. To determine the initial void ratio distribution,

the equation

e (a) ,
o

da
+ e (a)

o
( 60)

must be solved where h is the initial layer height in Lagrangian co

ordinates and £ is the initial height in material coordinates. Since

there are two unknowns in this equation, it cannot be solved without some

additional information. In a fully consolidated state, the effective

stress distribution through a layer depends only on the buoyant weight

of solids and any existing surcharge such that

s.
o'(z,o) =J(Ys - yw)dz + qo

z

(61)

When Equations 60 and 61 are used in conjunction with the relationship

between void ratio and effective stress such as that shown in Figure 8,

the number of relationships matches the number of unknowns and solution

is possible. However, even if the relationship between void ratio and

effective stress were expressed analytically and the appropriate sub

stitutions made in Equations 60 and 61, a transcendental equation would

result which would require an iterative type solution. Therefore, an

incremental technique will be used here which will approach the exact

solution from the lower side.

34. It is first necessary to divide the compressible layer into

a number of elemental layers of length

6a
h
N

(62)

where N is any positive integer. The larger the N, the more accu

rate the solution. The uppermost elemental layer is subject to an ef-

fective stress equal to the effective weight of any existing surcharge,

q When this effective weight is used, a void ratio is obtained fromo .

data such as Figure 8. This void ratio is assumed constant for the
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elemental layer. Therefore, for the first layer

and

llz(l)
lla

1 + e (1)
o

(63)

llo' (1) (y - y )llz(l) + q
s w 0

(64)

When llo'(l) is used as the effective stress acting on the second in

cremental element, the void ratio of the second element can be deter-

mined. Following this technique throughout the entire layer results in

the initial void ratio distribution sufficiently accurate for computation

of future consolidation.

35. For the case of a dredged fill, it is assumed that the layer

is deposited at a uniform consistency, and after initial solids sedi

mentation the compressible layer exists at a uniform void ratio with

zero effective stress throughout the layer. Under these conditions,

total layer height in material coordinates is calculated directly from

h
1 + e

o
(65)

where h is the height of the compressible layer after initial sedi

mentation but before any consolidation.

Void Ratio at Boundaries

36. Void ratio calculation at a free-draining boundary is actually

a calculation of effective stress at the boundary. This calculation is

done through a knowledge of the total weight of materials above the

boundary plus any existing or added surcharge and the distance of the

boundary below the free water £urface. Since there is no excess fluid

pressure, the effective stress is

0' o + llq - Y h
w w
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where a is the total stress due to any existing surcharge and material

self weight, 6q is an added surcharge, and h is distance of the
w

boundary below the free water surface. With this effective stress, the

persistent void ratio can then be determined from a relationship such as

shown in Figure 8.

37. The determination of void ratio at an impermeable boundary

requires the use of a fictitious mesh point outside the boundary as

shown in Figure 10. Using the initial void ratio distribution or

distribution at any time, t. , the void ratio at this fictitious mesh
J

point is ca1cu1atetl by expressing Equation 44 in finite difference

terms. Thus

e2 . + 20(~)
-J do'

e
1

.
, J

(ys - y) (67)

where
de

is determined for from data such in Figure 8.
do' e 1 ' as

oJ
With eO . determined, e 1 '+1 is then found from Equation 59 and the

oJ oJ
whole process repeated at each time step.

COMPRESSIBLE LAYER

l' '(

6
IMPERMEABLE L.:::::r=l;==r==r=~~$~~===7'=r=;;='T'"
BOUNDARY or - t j

Figure 10. Void ratio calculation at an
impermeable boundary

38. When a compressible layer lower boundary is neither free

draining nor impermeable, void ratio calculation at the boundary is

accomplished by writing a finite difference expression for Equation 51

and using an imaginary mesh point as was done for the impermeable case.

Then,
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e
2

. + 20(de )
,J do'

e
l

.
,J

[ (dU) ]y - y + -
s w dZ l,j-l

(68)

dU
where the term is either calculated from the previous time step or

dZ
assumed. In the case of a dredged fill overlying a compressible layer,

the excess pressure gradient at the layer interface is assumed to be

zero for the first time step and thereafter it is calculated based on

the previous conditions and Equations 47 and 48. The procedure is shown

schematically in Figure 11. The method of calculating excess pressure

Figure 11. Schematic representation of void ratio
calculation at semipermeable boundaries
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from void ratio and vice versa is given in a later section. The void

ratio of the top point in the compressible lower layer is based on

Equation 48 and the fact that the change in excess pore pressure equals

the negative change in effective stress. In the case of a compressible

layer overlying a semipermeable incompressible layer, the permeability,

void ratio, and a typical drainage path length in the incompressible

layer must be either measured or assumed. The calculation procedure is

also illustrated in Figure 11. Only a typical illustration of marching

forward in time is shown, but this holds for all void ratios except at

the imaginary points and the top point in a compressible foundation

layer.

Settlement Calculation

39. The calculation of settlement at any point in a compressible

layer is simply the subtraction of its convective coordinate from its

Lagrangian, or initial, coordinate. If settlement at a point is denoted

S(z,t) , then

S(z,t) a(z,O) - ~(z,t) (69)

and by integration of Equations 10 and 11

S(z,t)

z

=Jf [1 + e(z,O)]dz

°

z

-Jf [1 + e(z,t)]dz

°
(70)

Since data are generated around mesh points in the finite difference

solution of the consolidation problem, the numerical integration of

Equation 70 by Simpson's rule is a simple exercise.

40. A common method of expressing the state of consolidation in

small strain theories is by the percentage of excess pore pressure dis

sipated. In the finite strain theory, degree of consolidation is appro

priately defined as the ratio of current settlement to final settlement

in the entire layer. Thus
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S(9.,.t)
S(~.oo)

(71)

where S(~.oo) is the ultimate settlement of the layer when all excess

pore pressure has dissipated.

Calculation of Stresses and Pressures

41. Once the void ratio distribution throughout a compressible

layer is determined. the distribution of effective stress can be ob

tained from a relationship such as shown in Figure 8. The static pore

pressure is also immediately determined for each mesh point as

u (z v t )
o

(72)

where h
l

is the height of the free water surface above the datum plane.

z = 0 and ~ is the convective coordinate of the mesh point at the

time in question.

42. The total stress at a point in the compressible layer is

equal to the total weights in a unit area of all materials above it plus

any surcharge. Thus

(73)

where h
2

is the height of the free water surface above the top (z = t)

of the compressible layer. the integrals represent the volumes of fluid

and solids in the compressible layer. respectively, and qo is any

surcharge.

43. With total and effective stresses determined. the effective

stress principle is used to calculate total pore pressure

u (z , t )
w

a(z,t) - a'(z,t)
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and excess pore pressure is the difference between total and static

pressures,

u(z,t) u (z,t) - u (z,t)w 0
(75)

Solution Consistency, Convergence, and Stability

44. Now that a solution technique for solving the finite strain

consolidation problem has been formulated, some assurance that this tech

nique gives a correct answer is necessary. Consistency implies that the

difference equations actually do approximate the differential equation.

Convergence means that the numerical solution is a close approximation

of the exact solution. Stability implies that small errors introduced

initially or at a boundary remain bounded as the computations progress.

Keller (1960) has shown that for a parabolic partial differential equa

tion of the form

de d
2e

deat - a(z,t) ---2 - 2b(z,t) dZ + c(z,t)e
dZ

d(x,t) (76)

consistency, convergence, and stability are assured in an explicit

finite difference scheme if

and

8 <
a(z,t)

Ib(z,t)1
(77)

+ c(z,t)

1
2a(z,t)

8
2

(78)

where 8 and T are the spatial and time mesh spacings, respectively,

and a b ,and c are any variables.

45. In the governing Equation 55 for finite strain consolidation
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a(z,t)
_ a(e)

(79)
Yw

b(z,t)
1

{Yc S(e)
+ _d_ [a(e)]} (80)2y dZ

w

c(z,t) 0 (81)

d(z,t) 0 (82)

where a(e) and S(e) are as previously defined in Equations 58

and 57, respectively. Therefore, if

and

<5 < -
2a(e)

d
Yc S(e) + ~ [a(e)]

(83)

T < -
2a(e)

(84)

then the solution should be consistent, convergent, and stable. To

ensure these criteria are met throughout the solution process, Equa

tions 83 and 84 should be periodically checked using the extreme values

of a(e) and S(e) to be expected in the problem.

34



PART IV: SOIL PARAMETERS FOR FINITE STRAIN CONSOLIDATION

46. Calculation of the consolidation of soft deposits by finite

strain theory requires the determination of the specific gravity of

solids in the compressible layer, the relationship between void ratio

and effective stress, and the relationship between void ratio and perme

ability. These determinations are presently routine laboratory proce

dures for fine-grained soils normally encountered in earth construction.

The use of standard oedometer tests for soft deposits which may be under

consolidated in situ involves uncertainties; for instance, a thin oedom

eter sample with no excess pore pressure and subjected to a sudden load

increment may not react in the same way as an underconsolidated thick

sample whose excess pore pressure is slowly decreased. Additionally,

the consolidation induced by the hydraulic gradient of a permeability

test may not be adequately accounted for in the test results. The

answers to these questions are beyond the scope of this report and need

research to either relate soft deposit parameters to the results of

conventional tests or devise new test methods so that direct measure

ments can be made.

47. In order to demonstrate the use of the computer program

CSLFS, the soil parameters necessary were deduced from conventional

oedometer test data such as may be generated in any well equipped soils

testing facility. By logical extrapolation of these data generated by

the oedometer testing over the full range of void ratios that might be

encountered, reasonable solutions to the dredged fill consolidation prob

lem can be obtained. Of course, the test results on a thick normally

consolidated or overconsolidated soil under a surcharge should be di

rectly applicable without extrapolation.

48. Use of the program feature enabling the specification of

boundary conditions that are neither free draining nor impermeable re

quires that a void ratio, permeability, and drainage path length for

the incompressible foundation material be given. While it is generally

possible to determine void ratio and permeability by laboratory testing

on undisturbed samples, the distance required for dissipation of excess
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pore pressures in the incompressible foundation must be estimated based

on engineering judgment.

Void Ratio-Effective Stress Relationship

49. The conventional laboratory oedometer test can be used to

establish the void ratio-effective stress relationship required for cal

culation of consolidation by finite strain theory subject to the uncer

tainties previously raised. Principally, the only difference between

testing soft deposits and the stiffer soils usually tested is in the size

of the load increments used. For routine tests of most soils, the load

ing schedule starts at 0.25 tsf* and is doubled for each succeeding in

crement until a total load of 16.0 tsf is applied. Typical tests of

soft deposits such as channel sediments or dredged fill start at

0.012 tsf and are incrementally increased to 1.0 tsf. At these extremely

low pressures, accurate account must be taken of the weights of load

transfer hardware and even the force exerted by dial gage springs

(Palermo, Montgomery, and Poindexter 1978).

50. Perhaps the best method of graining insight into the behavior

of soft clay soils is to examine some typical oedometer test results.

In Figures 12 and 13 are plotted e-log a' curves as determined in the

Soils Testing Facility at the U. S. Army Engineer Waterways Experiment

Station. These plots have been corrected from the originally reported

results (Palermo, Shields, and Hayes in press) by assuming 100 percent

saturation at test completion. This was necessary because direct

measurements of the specific gravity of soil solids were not made and

original results consistently indicated saturation greater than 100 per

cent when average specific gravity values were assumed.

51. Figure 12 shows four samples taken from the Craney Island

dredged material disposal site, one sample of channel sediments con

sidered typical of what goes into the disposal area, and one sample of

* A table of factors for converting U. 5. customary units of measure
ment to metric (51) units of measurement is found on page 5.
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the foundation soil beneath the disposal area. As can be seen from the

figure, these soft deposits generally have characteristics similar to

other soils encountered in construction practice except that the range

of void ratios these deposits undergo during consolidation is much

greater. The tendency for initial void ratios to increase as in situ

confining stresses decrease is also apparent from the figure. A conven

tional analysis to determine the preconsolidation pressure from the

e-log 0' curves is probably not appropriate since there is no way to

obtain a truly undisturbed sample of such soft soils. However, the nor

mally consolidated portion of the curves should be a valid indication of

the soil behavior as indicated by the fact that all dredged material

curves including that for channel sediments are approximately parallel

over their normally consolidated range.

52. Consolidation characteristics of other soft materials are

shown in Figure 13. Here again, the extremely wide variation in void

ratios over relatively small stress ranges should be noted. The unusual

upturn in these curves at the low end of the stress range may be pecu

liar to the particular test procedure or may be valid indicators of the

behavior of these materials. Definite conclusions cannot be drawn with

out further testing.

53. To illustrate the method of obtaining the necessary void

ratio-effective stress relationship for use in the computer program CSLFS,

consider the data points as shown in Figure 12. It is proposed that

those points defining the normally consolidated portions of the e-log 0'

curves fully describe the material behavior between effective stresses

of about 0.01 tsf to 1.0 tsf. Defining the curve below and above these

values is a matter of judgment in the absence of experimental evidence

dictating otherwise. The arbitrary extension of the normally consoli

dated portion in a straight line is unreasonable since this would give

an infinite void ratio at zero effective stress and a zero void ratio

at some finite effective stress. Probably a more reasonable assumption

is that there will be some finite void ratio at zero effective stress

and that the curve will become asymptotic to some minimum void ratio

depending on the origins of the soil. It is therefore further proposed
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that the void ratio at zero effective stress be selected as somewhere

between the void ratio at the intersection of the normally consolidated

line with the effective stress ordinate 0.001 tsf and the measured void

ratio before oedometer testing. The curve at effective stresses higher

than 1.0 tsf should ideally be based on oedometer testing at these

higher stresses, but in the absence of such data may reasonably be an

extension of the normally consolidated portion which is brought asymp

totic to a constant void ratio value between 0.4 and 0.7. Figure 14

shows such curves constructed from the data of Figure 12. Void ratios

of 7.0 for the dredged fill and 3.0 for the foundation soil at zero

effective stress were chosen as about midway between the previously pro

posed range of possibilities.

54. Before the final decision is made to use such a void ratio

effective stress relationship in the computer program CSLFS, the curve

4

6

.eo

~
6eo

~.oeo 017 eo

'- oeo <> <> ~VDRE"DGE"D FILL

~.

I-oeo
FOUfVDATIO~~ ~

r---... r-,
~

~

8

7

Q)

3

2

I
0.0001 0.001 O.QI

... ; TSF'

0.1 1.0 10.0

Figure 14. Void ratio-effective stress relationships for soft dredged
fill and foundation materials at Craney Island
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should be replotted on an arithmetic scale to ensure the curve is a

smooth continuous function without extraneous reverse curvature and with

continuous derivatives. Figure 15 shows such a plot for the dredged

fill material, and Figure 16 shows the plot for the foundation soil from

the Craney Island site. The points shown on the plots are the points

to be used as program input for a practical example to be worked.

Void Ratio-Permeability Relationship

55. The determination of the void ratio-permeability relationship

necessary for calculation of consolidation by the computer program CSLFS

will also be accomplished through use of oedometer test results. Be

cause conventional oedometer testing involves relatively thin samples

and relatively small load increments, analysis of this testing based on

the assumptions of small strain consolidation theory will probably pro

duce sufficiently accurate values of permeability.

56. By small strain theory, a nondimensional time factor is de

fined by

T (85)

where t is real time, H is the drainage path length, and the coeffi-

cient of consolidation, c , is
v

c
v

(86)

where k is permeability, e

water as previously defined.

is defined as

is void ratio, and Yw is unit weight of

The coefficient of compressibility, a
v

a
v

(87)

where ~e is the change in void ratio corresponding to the change in

effective stress, ~a'. Combining the three preceding equations
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results in an expression for permeability,

k

2
T y 6e H

w
(1 + e) t 60'

(88)

which involves known or measurable quantities in the oedometer test.

57. Typically, consolidation time curves for each load increment

are used to determine the time, t, for 50 percent consolidation where

analytically T = 0.197 for an initial uniform distribution of excess

pore water pressure. The void ratio, e, is also determined at t
50

from a knowledge of the specific gravity of solids, total weight of

solids, and current sample volume. The drainage path length, H, is

estimated as one-half the sample height at t
50.

An average coeffi

cient of compressibility is obtained by dividing the total void ratio

change during the load increment by the load increment.

58. Permeabilities determined in this manner for the foundation

soil and dredged fill of the Craney Island disposal site are shown in

Figure 17. While the data at the higher void ratios is considerably

scattered, the data in the lower void ratios which is less scattered

does seem to give a good fit when extended. Here again, the behavior

of the void ratio-permeability relationship outside the range of data

points is purely speculative until such time as adequate testing is de

vised and used in defining the curve over the full range of possible

void ratios. However, it is probably reasonable to assume that permea

bility becomes infinitesimally small at some finite void ratio and thus

the curve will become asymptotic to this void ratio.

59. Figure 18 shows the relationship between void ratio and per

meability for the same other samples of soft deposits described pre

viously in Figure 13. The behavior of these curves at the higher void

ratios may be an idiosyncrasy of the test procedure since it is probably

more reasonable to expect that permeability would increase more dramat

ically as the void ratio reached some maximum limit where the soil no

longer forms an interconnected network of solid particles.

60. As before, it is beneficial to plot the void ratio-permeability
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Figure 17. Void ratio-permeability relationships for soft dredged fill
and foundation materials at Craney Island

relationship on an arithmetic scale as an aid in determining the point

data for use in the program CSLFS. Figure 19 shows such a plot for the

dredged fill material, and Figure 20 is of the foundation soil at the

Craney Island Site. The points shown on the figures are the points to

be used as program input for a practical example.

Semipermeable Boundary Parameters

61. As previously shown, the boundary conditions between two

compressible layers undergoing consolidation are automatically determined

by the program CSLFS based on the continuity of fluid flow and current

void ratio and permeability conditions in the compressible layers. Where

a compressible layer bounds an incompressible layer, boundary condi

tions are determined by the program based on current conditions in the
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Figure 18. Void ratio-permeability relationship for other samples
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compressible layer and specified void ratio, permeability, and length

of drainage path for the incompressible layer. It was also previously

stated that the void ratio and permeability for the incompressible layer

should generally be determined by laboratory testing on undisturbed

samples and that specification of the drainage path length is a matter

of engineering judgment. The basis for making such a judgment is dis

cussed in this section.

62. The drainage path length is defined as that distance required

for complete dissipation of excess pore water pressure existing at the

layer boundary. Together with this pore pressure, it is used to deter

mine the excess pressure gradient at the incompressible layer side of

the boundary by the equation

dU
dZ

u
x

1 + e
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where u is the excess pore pressure at the boundary, x is the drain

age path length measured in the Lagrangian coordinate system, and e is

the void ratio of the incompressible layer. The excess pore pressure

is calculated as previously described from the void ratio of the compres

sible layer. The pressure gradient thus obtained is used in Equation 47

to determine the excess pore pressure gradient on the compressible layer

side of the boundary as

(90)

where the subscripts comp and incomp refer to the compressible layer

and the incompressible layer, respectively. This value is then used in

Equation 68 for computing the void ratio of an image point which enables

the computation of the void ratio at the first mesh point in the compres

sible layer at the next time step.

63. An examination of Equation 89 shows that if the drainage path

length is chosen to be very large, the effect is make
dU

smallto - very
dZ

and in the limit will approach zero or the impermeable boundary condi-

tion which makes Equation 68 the same as Equation 67. At the other

extreme, if the drainage path length is chosen to be very small, the
dU

effect is to make very large and in the limit will approach an
dZ

infinite value. The computation in Equation 68 then has no physical

meaning, but the effect in the program is to cause the void ratio at

the first mesh point in the compressible layer to be set at its final

value or the free-draining boundary condition.

64. Between those conditions of impermeable and free draining,

it is proposed that the drainage path length be chosen to equal the

depth of the compressible layer where the material of the incompressible

layer is the same or essentially the same as that of the compressible

layer. Where the material properties are substantially different, it

is further proposed that the drainage path length be chosen to be pro

portional to the ratios of the permeability functions times the depth

of the compressible layer. In equation form, this means

46



x =
(

k )1 + e camp

( k )1 + e .lncornp

h (91)

where x is the drainage path length, h is the depth of compressible

material, and k and e are average permeability and void ratio, re

spectively, in the respective layers near the interface of the layers.
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PART V: CONSOLIDATION PROBLEMS

65. In this Part, the capabilities of the computer program CSLFS

will be demonstrated by solving some practical examples involving the

consolidation occurring in a dredged fill disposal site subjected to

periodic deposition of soft channel sediments and the consolidation of

a thick soft layer subjected to an additional surcharge due to some con

struction activity above it. Figures will be used to show the distribu-

tions of excess pore pressure, void ratio, layer settlement versus time,

and percent consolidation versus time. Whenever possible, a comparison

between the results computed by the finite strain formulation will be

compared with those from a small strain theory computation.

Consolidation of Dredged Fill on a
Compressible Foundation

66. In this example, a large disposal site has been proposed for

an area of a bay where foundation material is a soft marine sediment

currently about 5 ft below mean sea level. Considerations of the area

available for disposal and the volume and type of material to be dredged

has led to the conclusion that the site must be capable of holding mate

rial deposited according to the following schedule:

Year 1 through Year 2, 3 ft/year

Year 3 through Year 4, 2 ft/year

Year 5 through Year 8, 1 ft/year

The total amount for each year will be deposited during the first few

weeks of each year and therefore can be considered to be dumped instan

taneously in the disposal area at the beginning of each year. Figure 21

shows the schedule graphically. It should also be noted that the yearly

amounts are based on volumes after initial sedimentation has taken place.

If initial sedimentation is not complete very soon after each particular

dredging operation, due consideration of the nonsedimented height of

each layer must be taken into account when calculating the necessary

height of confinement dikes.

48



1098732
O'----'----'----J...----'-_---l._----JL....-_-'--_-'--_........_---J

o 456
TIME, YEARS

Figure 21. Schedule of dredged material deposition

15

~
w
W
l.L.

l.L. ....
00
I ~ 10
~-~ CI)

tiC
On.w
-.J 0
<{ -.J 5
~<{
0
~a::

w
~
~

67. The consolidation behavior of these dredged fill deposits is

required to be calculated in conjunction with the consolidation behavior

of the foundation in order that a program of dike construction may be

instituted that is neither overly conservative nor extravagant. It is

further required that an estimate be made of the time required for 90 per

cent consolidation of the disposal area and ultimate settlement so that

an evaluation of its potential future use may be made.

68. Before consolidation can be calculated, laboratory determina

tions must be made of the void ratio-effective stress and void ratio-

permeability relationships for both the dredged and foundation materials

along with the unit weight of solids in these materials and the initial

void ratio assumed by the dredged material after initial sedimentation.

For this example, the relationships depicted in Figures 15, 16, 19,

and 20 will be used. The dredged material is assumed to have an initial

void ratio of 7.0 and a specific gravity of solids of 2.75. The founda

tion is assumed to have a specific gravity of solids of 2.83 and to be

normally consolidated under its own weight.

69. It will be further assumed that field borings were addition

ally used to determine that the compressible foundation is 20.0 ft thick

and overlays an incompressible layer of silty material having an average
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-4
void ratio of 0.65 and permeability of 3.0 x 10 ft/day. The void

ratio and permeability of the compressible foundation layer at the inter

face with the incompressible silt deposit could be determined either by

field borings or by assuming the layer is normally consolidated under

its own weight and allowing the computer program to calculate its ini

tial conditions. For this example a void ratio of 1.80 and permeability
-4

of 1.03 x 10 ft/day have been chosen based on program calculations.

Equation 91 is used to determine the drainage path length for this semi

permeable boundary as about 6.0 ft.

70. The input data required for problem solution is shown in

Appendix C of this report. The calculation constants T and 6 are

chosen small enough so that problem detail and accuracy are preserved,

yet large enough to promote computation economy. If the constants are

too large for the stability criteria, the program will print an error

message. For this problem, T = 1.0 day and 6 is one-sixth of the

initial layer height for the dredged fill and one-tenth for the founda

tion. These selections proved sufficient for accuracy and stability.

Also included in the appendix is calculated data for the end of the

second and eighth year of consolidation.

71. From these calculated data, a visual picture of the consoli

dation process can be obtained. Figure 22 shows the void ratio distri

bution in the dredged fill at the end of year 2 after two layers of fill

have been placed but before the third layer is placed. Also shown in

the figure are the void ratio distribution at year 1 after the second

layer is placed (which serves as the initial conditions for the current

consolidation period) and the final void ratio distribution if no more

dredged fill layers were to be placed. In the figure, void ratios are

plotted against the material coordinate, z, for ease in comparing

past, present, and future distributions. The conventional layer height,

s coordinate, equivalent to z can be found in the problem listing in

Appendix C.

72. The distribution of excess pore pressure within the dredged

fill at the end of the second year and before the next layer is deposited

is shown in Figure 23 along with the distribution at year 1 after
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deposition of the second layer. The discontinuity in the year 1 curve is

due to the assumption that the second layer is deposited instantaneously

and its excess pore pressure is superimposed on the existing excess pres

sure before the layer was deposited. At the end of consolidation there

is no excess pore pressure, and thus a final curve is not shown. Curves

of this type are useful in evaluating strength or stability using an ef

fective stress analysis. Distributions of total and effective stresses

can be found in tabular form in the problem listing in Appendix C.

73. Figure 24 depicts void ratio distributions throughout the

dredged fill deposition period and the final distribution for the total

amount of material deposited. This figure shows that even after 100 per

cent primary consolidation, very high void ratios will exist throughout

the dredged fill material and unless some later load causing further

consolidation is placed, the material may never be suitable for any

engineering purpose. The effects of surface desiccation and secondary

consolidation are not considered here, even though these factors will

have an impact on the final void ratio distribution. The effects of

these factors will be considered in future extensions of the theoretical

basis and computer program.

74. Shown in Figure 25 are excess pore pressure distributions in

the later years of consolidation. Again, this type of figure would be

useful in evaluating strength or stability using an effective stress

analysis. Tabulations for year 14 can also be found in Appendix C.

75. Figures 26 and 27 are plots of the degrees of consolidation

and settlement, respectively, throughout the period of deposition and

for 9 years after deposition ceases. Also shown in the figures are the

results of a conventional or small strain analysis of the same disposal

program estimated from consolidation charts (Terzaghi and Peck 1967,

Lambe and Whitman 1969). The difference between the two theoretical

approaches is clearly evident. The sudden drops in the degree of con

solidation at years 1 through 7 are due to the instant application of

additional dredged fill at those times. As can be seen, 90 percent con

solidation is achieved at about 12.8 years by finite strain theory;

whereas, the deposit is only about 55 percent consolidated at this time
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by small strain theory. The predicted ultimate settlement is essentially

the same in both calculations since the original individual layer heights

were relatively small. It should be noted that the small strain analysis

was a hand calculation and more elaborate computer applications of the

theory may reduce somewhat the differences shown, but results from the

use of the two theories will never match due to the basic differences

in the theories.

76. For containment area design purposes, the results of the
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at years 7, 8, and 14

finite strain analysis of the dredged fill and compressible foundation

can be plotted as shown in Figure 28. With this representation of the

dredged fill surface and foundation surface, the height of containment

area dikes required during the period of disposal can be readily

determined.
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Consolidation of a Soft Thick Layer

77. This example will illustrate the program's capability to cal

culate primary consolidation in a soft thick layer which is normally

consolidated under a small overburden when subjected to a series of

added surcharges. The layer is assumed to be 20 ft thick and to overlie

a coarse sand so that its lower boundary may be considered free draining.

The layer's void ratio-effective stress and void ratio-permeability re

lationships are those shown in Figures 16 and 20, and the layer's speci

fic gravity of solids was assumed to be 2.80.

78. It is further assumed that initially the top of the layer is

about I ft below the water table and some years ago was covered with I ft

of sandy material so that it is fully consolidated under about 75 psf of
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overburden. It is planned to hydraulically fill the area with an addi

tional 10 ft of sand over the next three years to prepare it for con

struction of light buildings. The sand will be dredged from nearby

sources and deposited according to the schedule shown in Figure 29,

which also depicts initial layer conditions. It is required to deter

mine consolidation behavior of the compressible layer during and sub

sequent to surcharge additions.

79. Based on program calculations, void ratio distributions can

be plotted for any time during the consolidation process. Figure 30

shows such distributions for the first three years of the example in

comparison to the initial and final void ratios in the layer. The dis

tributions at years 1 and 2 are before the surcharges for those years

are added. As can be seen from the figure, wide variation in void

ratios occurs throughout the layer initially and until it is finally con

solidated under the total added surcharge. Thus again, the inapplicabil

ity of a small strain analysis which assumes a constant distribution of

void ratios is manifest.

80. The distribution of excess pore pressures at various times

during consolidation is shown in Figure 31. The principal information

W.T. 57
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Figure 29. Schedule of surcharges added to
compressible clay layer
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to be gained from this figure is the fallacy of the often-made assump

tion that the value of the remaining excess pore pressure is its maximum

amount reduced by a percentage equal to the degree of consolidation.

For instance, at 57 percent consolidation the remaining excess pore pres

sure is more than 89 percent of its maximum value, at 76 percent consoli

dation it is 58 percent, and at 91 percent consolidation, it is about

25 percent of the original maximum value.

81. Figures 32 and 33 compare the degree of consolidation and

settlements respectively as predicted by the finite strain analysis
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and a small strain analysis. Once again the difference in the two theore

tical approaches is clearly evident, and as in the dredged fill example,

consolidation is predicted to occur at a faster rate by the finite

strain analysis. Even though consolidation occurs faster, the dissipa

tion of excess pore pressure is predicted to occur slower. Figure 34

shows the excess pore pressure distribution by both theories at year 6

during consolidation. This figure shows that the small strain theory is

ullderconservative when used to predict pore pressures and therefore may

lead to underconservative safety factors when used in stability analyses.
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82. A listing of problen input and calculations to years 3 and 6

are included in Appendix C. The calculation constants T and 0 were

1.0 day and one-tenth of the layer height, respectively. These selec

tions proved to be sufficient for stability and provided for an economic

calculation.
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PART VI: SUMMARY

83. This report has developed the theory of finite strain consoli

dation in relatively simple and concise terms and shown how the theory

can be effectively programmed for computer computation of the consolida

tion behavior of very soft single or multiple layers of fine grained

materials. In the theory development, simplifying assumptions have been

held to a minimum which effectively makes the theory the most general in

defining one-dimensional consolidation. The chief advantages of finite

strain theory over small strain theory are its independence from strain

levels,its independence of any set relationship between void ratio and

effective stress, and its consideration of the variabilities in permea

bility through the consolidating layer due to changes in void ratio.

84. The computer program, CSLFS, documented in this report

represents an alternative to the conventional methods of calculating

one-dimensional consolidation which was previously unavailable. The

program was purposely written to require only the most basic soil prop

erty data, i.e., point data from laboratory testing relating effective

stress and permeability to the void ratio. It also provides for the very

real case of a semipermeable boundary. Although the program was inten

tionally structured to facilitate the calculation of consolidation in

multiple dredged fill layers deposited on a compressible foundation,

it is equally suitable for making one-dimensional consolidation predic

tions in a clay layer subjected to more traditional foundation type

loads.

85. As shown by the example problems worked in the report, this

method of consolidation prediction is not merely a more detailed analy

sis which leads to essentially the same results obtained through a

simpler small strain analysis. There is a real and substantial differ

ence in the results and indications are that the finite strain method

is more accurate because of consistent underprediction of settlements

in designs using small strain theories. Therefore, the program should

prove to be a valuable aid in future designs requiring a prediction of

one-dimensional consolidation as a function of time.
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APPENDIX A: USER'S MANUAL FOR CSLFS

1. This appendix will provide information useful to users of the

computer program CSLFS to include a general description of the program

processing sequence, definitions of principal variables, and format re

quirements for problem input. The program was originally written for

use on the WES Time-sharing System but could be readily adapted to batch

processing through a card reader and high-speed line printer. Some out

put format changes would be desirable if the program were used in batch

processing to improve efficiency.

2. The program is written in FORTRAN IV computer language with

eight-digit line numbers. However, characters 9 through 80 are formatted

to conform to the standard FORTRAN statement when reproduced in spaces

1 through 72 of a computer card. Program input is through a quick access

type file previously built by the user. Output is either to the time

sharing terminal or to a file which must be saved by the user at the end

of a run. Program options will be fully described in the remainder of

this appendix.

3. A listing of the program is provided in Appendix B, and typi

cal solution output is contained in Appendix C.

Program Description and Components

4. CSLFS is composed of the main program and ten subroutines. It

is broken down into subprograms to make modification and understanding

easier. The program is also well documented throughout with comments,

so a detailed description will not be given. However, an overview of

the program structure is shown in Figure Al, and a brief statement about

each part follows:

Main Program. In this part, input data are read according to
the option specified and the various subroutines
are called to print initial data, calculate con
solidation and stresses, and print solution
output.

Subroutine INTRa. This subprogram causes a heading to be
printed, prints soil and calculation data, and
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READ DATA OPTION

STOP I--------j
L..:...._":""---'--J

Figure A1. Flow diagram of computer program CSLFS

prints initial conditions in each initial con
solidating layer.

Subroutine SETUP. SETUP calculates the initial and final void
ratios, coordinates, stresses~ and final settle
ments in each initial consolidating layer. It
also calculates the various void ratio functions:

k
1 + e '

do'
de
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from input relationships between void ratio, ef
fective stress, and permeability.

Subroutine RESET. In this subroutine initial conditions are
modified each time a new dredged fill layer or
surcharge is added to the consolidating layers.
The subprogram also calculates new final settle
ments and resets the bottom boundary pressure
gradient.

Subroutine FDIFEQ. This is where consolidation is actually
calculated. A finite difference equation is
solved for each nodal point in the consolidating
layers at each time step between specified out
put times. Void ratio functions and pore pres
sure gradients at layer boundaries are also re
calculated at each time step. Just before each
output time, consistency and stability criteria
are checked.

Subroutine VRFUNC. The functions aCe) and B(e) required at
each time step in FDIFEQ are calculated in this
subprogram.

Subroutine STRESS. Here, the current convective coordinates,
soil stresses, and pore pressures are calculated
for each output time.

Subroutine INTGRL. This subroutine evaluates the void ratio
integral used in determining convective coordi
nates, settlements, and soil stresses. The
procedure is by Simpson's rule for odd or even
numbered meshes.

Subroutine DATOUT. DATOUT prints the results of consolidation
calculations and initial conditions in tabular
form. Examples are shown in Appendix C.

Subroutine DATAIN. This subprogram reads the data from a pre
vious program run so that future consolidation
can be calculated without having to recalculate
previous consolidation.

Subroutine SAVDAT. The data from the current program run is
written to a file in the format required to be
read by DATAIN.

Variables

5. The following is a list of the principal variables and vari

able arrays that are used in the computer program CSLFS. The meaning of

each variable is also given along with other pertinent information about

A3



it. If the variable name is followed by a number in parentheses, it is

an array, and the number denotes the current array dimensions. If these

dimensions are not sufficient for the problem to be run, they must be

increased throughout the program.

A(lOl)

Al(ll)

AF(lOl)

AF1(11)

AHDF(lO)

ALPHA(Sl)

ALPHA1(Sl)

BETA(Sl)

BETA1(Sl)

BF(lOl)

BF1(11)

DA

DSDE(Sl)

the Lagrangian coordinate of each space mesh
point in the dredged fill layers.

the Lagrangian coordinate of each space mesh
in the compressible foundation or layer.

the function a(e) corresponding to the cur
rent void ratios at each space mesh point in
the dredged fill layers.

the function a(e) corresponding to the cur
rent void ratios at each space mesh point in
the compressible foundation or layer.

the initial height of added dredged fill layers
in Lagrangian coordinates or the amount of
added surcharge on a compressible layer.

the function a(e) corresponding to the void
ratios input when describing the void ratio
effective stress and permeability relationships
for the dredged fill.

the function a(e) as above except for the com
pressible foundation or layer.

the function 8(e) corresponding to the void
ratios input when describing the void ratio
effective stress and permeability relationships
for the dredged fill.

the function 8(e) as above except for the com
pressible foundation or layer.

the function 8(e) corresponding to the cur
rent void ratios at each space mesh point in
the dredged fill layers.

the function 8(e) corresponding to the cur
rent void ratios at each space mesh point in
the compressible foundation or layer.

the difference between the Lagrangian coordi
nates of space mesh points in the dredged fill
layer.

do'
the calculated value of ~ corresponding to
the void ratios input whenedescribing the void
ratio-effective stress relationship for the
dredged fill.
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DSDE1(Sl)

Du0

DUDZ10

DUDZll

DUDZ2l

DZ

DZl

DQ

E(lOl)

E0

El(lOl)

Ell(ll)

EFFSTR(lOl)

EFIN(lOl)

EFIN1(11)

do'
the calculated value of as above except

de
for the compressible foundation or layer.

the drainage path length in an incompressible
boundary layer used for computing the semi
permeable boundary condition. This value is
originally input in Lagrangian coordinates
but is changed to material coordinates by the
program.

the excess pore pressure gradient in an incom
pressible foundation at its boundary with the
compressible layer.

the excess pore pressure gradient in the com
pressible foundation or layer at its boundary
with an incompressible foundation.

the excess pore pressure gradient in the dredged
fill layer at its boundary with a compressible
foundation or incompressible foundation.

the difference between the material or reduced
coordinates of space mesh points in the dredged
fill.

the difference between the material or reduced
coordinates of space mesh points in the com
pressible foundation or layer.

the initial additional surcharge placed on a
compressible layer.

the current void ratios at each space mesh
point in the dredged fill.

the void ratio in the incompressible foundation
at its boundary with the compressible layer.

the initial void ratio assumed by the dredged
fill after initial sedimentation and before
consolidation.

the initial void ratios at each space mesh
point in the dredged fill.

the initial void ratios at each space mesh
point in the compressible foundation or layer.

the effective stress at each space mesh point
in the dredged fill.

the final (100 percent primary consolidation)
void ratios at each space mesh point in the
dredged fill.

the final (100 percent primary consolidation)
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EFSTRl(ll)

ELL

ELLI

ER(ll)

ES(5l)

ESl(.5l)

F(lOl)

Fl(ll)

FINT(lOl)

FINTl(ll)

GC

GCl

GS

GSI

GSBL

GSDF

GW

RBL

void ratios at each space mesh point in the com
pressible foundation or layer.

the effective stress at each space mesh point
in the compressible foundation or layer.

the total depth of the dredged fill in material
or reduced coordinates.

the depth of the compressible foundation or
layer in material or reduced coordinates.

the current void ratios at each space mesh
point in the compressible foundation or layer.

the void ratios input when describing the void
ratio-effective stress and permeability rela
tionships in the dredged fill.

the void ratios input when describing the void
ratio-effective stress and permeability rela
tionships in the compressible foundation or
layer.

the void ratios at each space mesh point of the
previous time step in the dredged fill.

the void ratios at each space mesh point of the
previous time step in the compressible founda
tion or layer.

the void ratio integrals evaluated from the
bottom to the subscripted space mesh point in
the dredged fill.

the void ratio integrals evaluated from the
bottom to the subscripted space mesh point in
the compressible foundation or layer.

the buoyant unit weight of the dredged fill
soil solids.

the buoyant unit weight of the soil solids of
the compressible foundation or layer.

the unit weight of the dredged fill soil solids.

the unit weight of the soil solids of the
compressible foundation or layer.

the specific gravity of the soil solids of the
compressible foundation or layer.

the specific gravity of the dredged fill soil
solids.

the unit weight of water.

the initial height of the compressible founda
tion or layer in Lagrangian coordinates.
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IN

NBL

LBL

HDF the initial height of the first dredged fill
layer in Lagrangian coordinates.

the initial height of later dredged fill layers
in Lagrangian coordinates.

an integer denoting the input mode or device
for initial problem data which has the value
"10" in the present program.

an integer denoting the input mode or device
for problem data from a previous computer run
which has the value "12" in the present program.

an integer denoting the output mode or device
for recording the results of program computa
tions in a user's format which has the value
"11" in the present program.

an integer denoting the output mode or device
for recording the results of program computa
tions in a format for continuing the computa
tions in a later run which has the value "13"
in the present program.

the number of data points used in describing
the void ratio-effective stress and permeability
relationships in the compressible foundation or
layer.

the number of data points as above except for
the dredged fill.

the number of additional output times when con-
tinuing a previous computer run.

the number of parts the initial dredged fill
layer is divided into for computation purposes.

the number of parts the compressible foundation
or layer is divided into for computation
purposes.

an integer denoting the following options:

1 = consolidation calculated for dredged
fill layers and a compressible
foundation.

2 consolidation calculated for dredged
fill layers only.

3 consolidation calculated for a single
compressible layer only.

ND the total number of space mesh points in the
dredged fill layers.

LDF

INS

lOUT

HDFl

MTIME

NBDIV

lOUTS

NBDIVl
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NDATA1

NDATA2

NDIV

NDIV1

NFLAG

NM

NND

NNN

NPROB

NPT

an integer denoting the following options:

1 = this is a new problem and data will be
read from file "10".

2 this is a continuation of a previous
computer run and data will be read from
file "12".

an integer denoting the following options:

1 do not save data for later computer run.

2 save data on file "13" so that calcula
tions can be continued in a later
computer run.

the number of space mesh points in the initial
dredged fill layer.

the total number of space mesh points in the
compressible foundation or layer.

an integer denoting the following:

a print current conditions heading.

1 print initial conditions heading.

an integer counter which is used in tracking
the output times for each computer run.

an integer used to denote the total number of
parts into which the dredged fill layers are
divided for computation purposes.

an integer counter which is used in tracking
the total number of time steps through which
consolidation has proceeded.

an integer used as a label for the current
consolidation problem.

an integer denoting the following options:

1 = make a complete computer run, printing
soil data, initial cnditions, and cur
rent conditions for all specified
print times.

2 make a complete computer run but do not
print soil data and initial conditions.

3 terminate computer run after printing
soil data and initial conditions.

NST an integer line number used on each line of
data input and on data lines output for use in
a later computer run.
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NTIME

PK(Sl)

PK0

PK1(Sl)

PRINT(2S)

Q0
Ql

RK(Sl)

RK1(Sl)

RS(Sl)

RS1(Sl)

RWL(lO)

SETT

SETTl

SFIN

SFINl

TAU

the number of output times during the initial
computer run of a consolidation problem.

k
the function corresponding to the

1 + e
void ratios input when describing the void
ratio-permeability relationship in the dredged
fill.

k
the function for the incompressible

1 + e
foundation layer.

k
the function corresponding to the void

1 + e
ratios input when describing the void ratio
permeability relationship in the compressible
foundation or layer.

the real times at which current conditions in
the consolidating layers will be output.

the initial overburden on a compressible layer.

the current total surcharge including overburden
on a compressible layer.

the permeabilities input when describing the
void ratio-permeability relationship in the
dredged fill.

the permeabilities input as above except for
the compressible foundation or layer.

the effective stresses input when describing
the void ratio-effective stress relationship
in the dredged fill.

the effective stresses input as above except
for the compressible foundation or layer.

the new height of free water surface above the
bottom of the compressible foundation or layer
after a new dredged fill layer or surcharge
has been added.

the current settlement in the dredged fill.

the current settlement in the compressible
foundation or layer.

the final settlement in the dredged fill layer
presently existing.

the final settlement in the compressible founda
tion or layer under present loading conditions.

the value of the time step in the finite dif
ference calculations.
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TIME

TPRINT

TOSTR1(11)

TOTSTR(lOl)

U(lOl)

U0(101)

U0l(11)

Ul(ll)

ueON

ueONl

UW(lOl)

UWl(ll)

VRIl

~

~l

XI(lOl)

XI1(11)

2(101)

21(11)

the real time value after each time step.

the real time value of the next output point.

the current total stress at each space mesh
point in the compressible foundation or layer.

the current total stress at each space mesh
point in the dredged fill.

the current excess pore pressure at each space
mesh point in the dredged fill.

the current static pore pressure at each space
mesh point in the dredged fill.

the current static pore pressure at each space
mesh point in the compressible foundation or
layer.

the current excess pore pressure at each space
mesh point in the compressible foundation or
layer.

the current degree of consolidation in the
dredged fill.

the current degree of consolidation in the com
pressible foundation or layer.

the current total pore pressure at each space
mesh point in the dredged fill.

the current total pore pressure at each space
mesh point in the compressible foundation or
layer.

the initial total void ratio integral for the
compressible foundation or layer.

the initial height of free water surface above
the bottom of the first dredged fill layer.

the initial height of free water surface above
the bottom of the compressible foundation or
layer.

the current convective coordinate of each space
mesh point in the dredged fill.

the current convective coordinate of each space
mesh point in the compressible foundation or
layer.

the material or reduced coordinate of each
space mesh point in the dredged f~ll.

the material or reduced coordinate of each
space mesh point in the compressible foundation
or layer.
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ZK0 the permeability in the incompressible founda
tion at its boundary with the compressible
layer.

Problem Data Input

6. The method of inputting problem data in CSLFS is by a free

field data file containing line numbers. The line number must be eight

characters or less for ease in file editing and must be followed by a

blank space. The remaining items of data on each line must be separated

by a comma or blank space. Real data may be either written in exponen

tial or fixed decimal formats, but integer data must be written without

a decimal.

7. For an initial problem run (i. e., NDATA1 1) , the data file

should be sequenced in the following manner:

a. NST, NPROB, NDATA1, NDATA2

b. NST, NPT, NBL

c. NST, GSBL, HBL, WL1, LBL, Q0, DQ

d. NST, ES1(I), RS1(I), RK1(I)

e. NST, GSDF, HDF, WL, LDF, E00, GW

f. NST, ES(I), RS(I), RK(I)

-B-. NST, E0, ZK0, Du0

h. NST, NBDIV, NBDIV1, TAU, NTIME

i. NST, PRINT(I), AHDF(I) , RWL (I)

It should be pointed out here that NST may be any positive integer but

must increase throughout the file so that it will be read in the correct

sequence in the time-sharing system.

8. The following exceptions and explanations should also be noted

for particular line types:

3.have nonzero values only if NBL
all data values are set to zero

Line type c: Q0 and DQ
If NBL 2,
except NST.

Line type d: There are LBL of these lines unless NBL = 2, and
then there will be one line with all values set
to zero except NST.

All



Line type e: If NBL = 3, all values on this line are set to
zero except NST and GW.

Line type f: There are LDF of these lines unless NBL = 3, and
then there will be one line with all values set
to zero except NST.

Line type i: There are NTIME of these lines.

9. For the continuation of a previous problem run (i.e.,

NDATAl = 2), the input data file should be input in the following

sequence:

Line type aa. NST, NPROB, NDATA1, NDATA2

Line type bb. NST, MTIME

Line type cc. NST, AHDF (NTIME) , RWL(NTIME)

Line type dd. NST, PRINT(I), AHDF(I), RWL(I)

10. The following explanations should be noted for particular

line types:

Line type cc: AHDF and RWL are the values from the last line
of the previous computer run.

Line type dd: There are MTIME of the lines.

11. All input data having particular units must be consistent with

all other data. For example, if layer thickness is in feet and time is

in days, then permeability must be in feet per day. If stresses are in

pounds per square foot, then unit weights must be in pounds per cubic

foot. Any system of units is permissible so long as consistency is

maintained.
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APPENDIX B: CSLFS PROGRAM LISTING

1. The following is a complete listing of CSLFS as written for

the WES time-sharing system.
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0010::::50
on! n:::60
0010::::70C

••• SET I ~iPUT At'm OUTFUT ~10DES

IN = 10
lOUT = 11
Itr: = 12
IOUT:S: = 1:=:
••• PFAII PI'DF:LEt'l IHPUT FPOt'i FPEE FIELD DATA FILE
••••• CONTAINING LINE NUMBEPS

1 (I I) FOPt-IAT 0::'./'
••••• PPOE'L EI·l NUt'1BEP, DATA OPT I me, I NTF'D OPT I nn- FIIT OF'T lOti
PEAD,IN,lI)Q) NST,NPROB.NDATA1,NDRTA2
IF <NURTA1 .EO. 2) GOTO 4
PEAD<IN,l(10' NST.NPT,NBL
••••• SDIL DATA FOP FOUNDATION LAYER OR SOFT LAYEP
REAr, <I H. 1 no) t'l:::T, G':'B'.., HBL, l.oIL 1, LBL, 00, DC'
DO 1 I=I,LE:L
;;~EAI!<Iti.l(0) tET,ESI 0::1) ,P::l 0::1) ,Pkl ,:1)
CDtHIP'.:E
••••• :OJL DATA FOP DFEDGED FILL
READ<IN,100) NST,GSDF,HDF,WL,LDF.EOI).GW
DO 2 1=1, LDF
PEAII (IN. 10(') H:;:T, ES (I), p:;: ':J), PK <I)

':: CmnINUi=,
••••• CDNSOLIDATIDN CALCULATION DATA
PEAD;In.l00) t--lST,EO.n':O.DUO
PEADO::IN.l(0) NST,NBD1V.NBDIV1,TAU.NT1ME
DO:::: ! = 1, tH I t'lE
PEAf; .ru- 101':') trT, PPUH 0:'1:" AHDF ('1"" F.'IoIL (D

:; cor-n It-il,IE

••• SET INITIAL VAPIABLES
ELLl 0.0 DZI = 0.0
T1t'lE O. I)

UCON 0.0 UCONI 0.0
SETT 0.0 SETTl 0.0
SFIN 0.0 SFJNl 0.0 VP1l = 0.0
NNt'j = 1 ; tH-1 = 1
fiR = o. 0 ; DZ = 1. 0 ; HDF 1 I). 0
DUDZll = 0.0 ; DUDZ21 : 0.0
01 = 00 + DO
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n 1 0 : fil-

"I 1 0 .:,;I

Ii 1 n f ! n
0 } (I i 0
n 1 0 I f'

-
C'

,-I 1 0 : iii
"

f: J f,'~4 Cl
f: 1 095 C'
I , ) fl9t:. (,

(! '-1 1!'"! '::. ? n
1111 11'1'::I.~J'

(II',I',} 0'::":'"
1)(1 ('11 f, n(,c
('0011 fl1 01=
01) r, 111'1",' f'i

nn01 1 0:- j:J

(, 1" fi 1. 1 f' 4 I"

n('OJ 1. 1"':'('
,ye,C']] 01",0
n i', ,', 1 1 C,~' 1"
'-'0 ill 1 0:::: C'
1'\ flld .l n'::, 1"

,'. (I Cll ] 1 0 0
,"('011110
orln111~'(IC

I) 1',111'30
1'; f, 1 1 14 ,',e
n ('11150
1'; ,',1 11 .c, 0
0011170,=
!) Olll::::OC

••• i='F. trrr HWUT DATA Fttm t'ifiKE rut T I AL CALCULtH I DfF
CALL ItHPO
IF "'NPT .EO. 3> STOP
GOTO t=.

••• tiFj,i Cm-COLIT'HTIOti TU1E:: AND TIATA
4 PEAII 'iH. 100> t'CTd'1T1t'lE

CALL DATAH~

PEAII ... I H, 100' t'ET, AHDF oJ1t'1- D ,PI,,;L oJH'i- D
DO c:; I=t'H'l, tHUlE
",'EAI, ... IN. lon", N::T. PF.' I in'" I ') • f1HT'F ... I > , PloiL ... I >
cnnr ItiUE'

••• PERFORM CALCULATIONi TO E'ACH PRINT TIME AND rUTPUT PE~ULTS

6 DO S K=HM,NTIME
TP~INT = PF.'INT{V>
IF ·f .;0:(1. 1> '::;OTO 7
HDFl = AHDF{V-1>
l,iL t = ;:"':L "Y-1:'
CAL.L. ':;'E:ET

, CFtLL :=-DTFEO
CALL :~T'F.'E::

CALL [lATOUT
':: cor-n T. tiiJE

IF {NDATA2 .EO. 2> CALL SAVDAT

:TOP
EN~:
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II n,:' 0 I-III (I

II O;::OI-'loe
fl '-I:'n((?f:C
n 1~!C'Cjfl':=;(IC

I) fI flC' n (14 C!I~'

1"1) O~:.:' (i (;~:. f.~-:'

n(I O?(I (I':. (ll~

nfj O? 1) (1(' (I

II n1-\ c' (I ,', ':: (;

(I (I (lc~ (1(I'? I.'

Ci II II;C'Ii 1 (, Ci
fiO ,-,;:: (,I II"'
IIIi n,::' I) 1:: "I

(!!) 0;: (:1 .=. (j

II(I n,: II t 411

n (I n2 fl j 5 (i

110 (I':' Ii t "', (I

n(I n;:: (,17 fI

"10 ('? I) i '::: (I'I (I lie- I) 1 '30
(I)) t\..~' O~; 0 (IC'

(I q I)C' 0::.' 1 Ol~

CI n 02 fic'::'(I
non;:.' (Ie'::;1'1

I-! '"'I-I ..:' (lc'4 fl

(i (; r\c: C:-c'5 (i

rl fi t.: (r~'6 (I

(,0 (Ie' (l~' (' (I

r-: I) fie' o~~; :::: (I

0°00':' Oc"3I'tC
no (t c: (l ::; fl (I

COC;,::IF,10
(I (I (I~' I)::::' I)

I) I) fie' 0:::-:: 0
/I n0..=' O.:~4'fI
fJ(i f,2 O:::~51"!

n(I (t.? fi3i:, n
n (I II;:' 0,:::7(I

n(j O~=.' n:::~: n
n(I 0;::n::':~9 n
nl) I),:: 041i I"

(,0 I)::" '-'41 OC
000':'0420
n(I n~=: (14:; I)

t'i (I (!I~' (,44 (!

(I (I ('c' (,45 (

fll.! (IC' C!4f, 0
nO(lc,047 i ,

'"'0O,='f14:=' n
n(I (i:::' (,4'~ o
nft Uc' fl~, II 1'1
flon?051 (I

::UF;F'OUT I t-iE I n fRO

••••••••••••••••••••••••••••••••••••••••••••••••••
• TNTRD PRInTS IN~UT DATR AND RESULTS OF INITIAL.•
• CALCULATIONS IN TABWLAR FORM. •

••••••••••••••••••••••••••••••••••••••••••••••••••
COMMON DR.DUO.DUDZI0.DUDZ11.DUDZ21.1Z.D21,DQ.EO.EOO,ELL.ELLI.

GC,GC1,GS,GS1,GSBL,GSDF,GW.HBL.HDF,HDF1,IN.INS,IOUT,
IoUTS.LBL,LDF.MTIME.NBDIV.NPDIV1,NBL.ND.NDIV.NDIV1,
NFLAG.NM.NPPDB,NPT,NND,NNN.NTIME.PKO.QO.Ql.SETT.SETT1.
:S'F Hb::F I N 1. TRI.', T HIE, TPR I In. IJCiJt.. 1.,i,:,DH 1, ",iP11, I"L., I,.!L 1. 2n:' ,
A'l (11:· • A1 • 11:0 • AF ' 1 (11.0 , AF 1 (11:0 • ALPHA 0:'51 ,F!LPHA 1 ''51::' ,
F:ETA ',51), BETAI (~,1), BF (1" I':', Bi="1 '11'). DSD (51). [rS'DEI (51.:-,
E 0.:1 (I D ,E 1 ([ I) 1) , Ell <11) • EF IN' 10 D • EF H11 1 D • ER (11':0 •
E:: <51) , E:~'l '':"01 ':0 • EFF:S'TR >: 1 (i 1> • EFSTF 1 q 1:'. (10 D , F 1 (11:' ,
F I NT (1 I) 1::0 , F I NT 1 <II .... PK ('51) • Pf': 1 (51) , R~':' < 1::', Pte 1 {51:o •
R:~' ('51>. PSl. <51), TOTS'TP'l 01'). TO'::TF,1 ([ 1,. (1 (Il>. Ul (11),
U,) " 1 01.:- , U01 '.: 11:'- , '_II..! ( 1 (1) , Ui,i 1 ',I 1.:0 , :": 1 <1 0 1 ,>,; I 1 • 11::' ,
Z ( 1 (I I:· , Z 1 ..1 1)

••• PRINT PPDBLEM NUMBER AND HEADING
!olPITE 'lOUT. 1 UO)
'dPITfnOUT,1(1)
'"iF'ITE nOI_iT. 1 C2')
WPITE(IDUT,103) NPRoB
CALL ",ETUP
IF ,:tiPT .EO. 2) RETURti
IF (NRL .EO. 2) GOTO 2
••• PRINT SOIL DATA FOR rOMPPESSIBLE FOUNDATION
i..IF'ITE(IOUT,104)
I,IR ITE 0:" IO'_:T, 105)
I!IF' J TE >: lOUT, 1 0';:,)
I"IF' I TE 0:" lOUT, 10l:' HPL, G::PL, I•.IL1 , I~I 0
1,,iF I TE ( lOUT, 1 0:::;)
I,WITE dOUT, 10'::')
TiD 1 I =1 , L:BL
hIRITEo:"IOUT·II0) I.ESI (1) ,RS:l <I) ,PVl 0) ,1"f':'1 (I') .F;ETAI (1':0.

;::.: [i:S:DE1(I),ALPHA1(I)
Cm~T INUE
IF o:"NBL .EO. 3) GOTD 4
••• PRINT SOIL DATA FOP D~EDGED FILL

c: I,JPITE<IOUT, 111)
I.<,IF-'I TE <lOUT, 112::0
'!IRrTE (lOUT, 11:::"
'",IF: I TE 0:' I [JUT, 114) HDF. I;='DF, '-,IL,E 00,1:;1,1
1o1P. I TE (lOUT, 10:=:")
I,.IF: HE <lOUT, 10'3":0
[J[l:':: 1=1, LItF
1",:I"iTE (lOUT, 11 fr', I, E':: 0:' I) ,p', "I) • P~' ,I:', • PK (I) • BETA 0: r::. ,

~ ItSD~(I),ALPHA{!":o

::: corn I til.'E'

BS



PETUPt'1
Et'iI1

· .. FOPt'IAT~:

Ion FOPMAT(lH! ////9X,60(lH.»
101 FOPMAT(9Y,49HCONSOLIDATIDN OF SOFT LAYERS tv FINITE STP~Itl -- ,

~ 12HDREDGED FILL)
102 FOPMAT(9X,60(lH.»
103 FOPMAT(/9X,14HPPO~LEM NUMBEP,J4>
104 FOPMAT('//'/18(IH.l,37HSDIL DATA FOP COMPPESSIBLE FOUNDATION,

::!., 17(IH·:·>
105 FOPMAT(//6X,5HLAYEP,6!,16HSPECIFIC GPAVITV,4X, l1HWATER LEVEL,

t ;:'X,7HINITIAL)
In~ FOPMAT(4X,9HTHICKNES~,8X,9HDF SOLIDS,7X,11HFROM BOTTOM,aX,

~ ooH~UPCHAPGE'

107 FnPMAT(/4X,F8.3,7X,F8.3,2(10X,F:::::.3»
lfiS FDPMAT(//8X,4HVDID,2X,9HEFFECTIVE,3X,5HF'EFM-,5X,5HK/l+E>
109 FDPMAT(4X,SHI RATIO,4X,6HSTPESS,3X,8HEABILITV,4X,2HPK,7X,4HBETA,

t 6X,4HD2DE,5X,5HALPHA)
110 FORMAT(2X,I3,IX,F6.3,6EI0.3)
111 FOPMAT(/////23(IH.),26HSOIL DATA FOP DREDGED FILL,23(IH.»
112 FDPMAT(//5X,5HLAYER,5X, 16HSPECIFIC GPAVITV,3X, l1HwATER LEVEL,

& 5X,7HINITIAL,4X,IIHUNIT WEIGHT>
lt3 FORMAT(3X,9HTHICKNES:,7X,9HOF SDLIDS,6X, I1HFPOM BOTTOM,

~, 3X,10HVOID RATIO.5X,8HOF WATER)
114 FORtqAT(."2X~F8.j~8X~F8..3~9X~~8.:3~5X~F8.3,7X,F6.2)
115 FOP~AT(/////2:::::(IH.),16HCALCULATIOn DATA,2:::::(lH.»
116 FDRMATc//8X,3HTAU, lOX, llHLOWER LAYEP,7X, IlHLOWER LAYER,7X,

& 3HDRAINAGE PATH>
117 FORMAT( lY,10HVOID PATIO,8X, 12HPEPMEABILITY,9X.6HLENGTH'
118 FOPMAT( 4X,Elt.5,8X,F8.3,9X,El1.5,7X,3HZ =,F:::::.3'

0 =-' OS~:' oe
,-j c.' (t~~3 0
0 E' 054 0
fI _. 0:;5 0
n c' 05e. 0
fI 2 Or-~7 (p-

(: ,:. O~':, I)

0 ,: n~;':; (,

fion;:, i",!t:·OO
(100,: 0;:,1 oe
(Ion;:::' 0;',,:-IY'
nn fl L:' f1~..:: (I

(1(l0?0;:,4C!
n(I fie: Cit:. 5 (I

0(; (lc' 06·E. (I

nOO?f,t:.7n
~'; n (I? I-It:.~:::: «
to! (I 02 06'~ n
nOOe 07fi(l
00 (ic' (171 (I

f! (I (lc: 07~~t (I

(I (I n:? (I ;:":?, 0

(l(ln;=OCi740
OOOc'f175fl
,"100c07;:0
nOOc'0770
(I 0 fl;::~ 07~:: I)

(1)0207';:'0
r-II~1 O;~' (l:~: n I~i

00(:::::0:::10
(I (I (12 fi':~C~ I)

no O? 0:=:::: I)
(.(,nc'0::::4 (:
I-II) (ll:: (je~~ fl

(I n ftC' n:~;~· n
(100;::' (1:::::7 n
00 (I;:' 0:=::::::: 0
00 0;:' O::::'~ 0
OOO~'O'jl:'OC

00020'",t C':
1"1 (I 0;", 09? fI

(10020'0030
f1(1020940C
fl 0 n;,.~· O'~5 fie

· •• F'P tn CAL CU
4 WRITE IOUT,115

(,.lP ITE I[liJT, 116
lo!F'ITE '·IOUT, 117
IdPITE (lOUT .. 11:3
· .. F'F' It'll TABLE
nFLAG = 1
CALL DATOUT
tlFLAG = (I

ATlon DATA

TAU, EO, Zf<O, DUO
OF INITIAL conDITION2
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CDt-ETAtH'S
t'~F:DI\" + 1

t·~It I \..
:;:::'f!F • 131.01
13:S: - (;1..1GC

••• S.ET
nnI \,~

t'1fi =

••••••••••••••••••••••••••••••••••••••••••••••••••••••
• SETUP MRKES INITIAL eALCULATION~ AND MANIPULATIONS.
• OF I NPUT DATA FOF.' L.ATEF.' U::E. •

••••••••••••••••••••••••••••••••••••••••••••••••••••••

13:::' 1 = I;'::F:L • 131...1
Gel == GS'l - 1,,1.. .1

NDIVl = NBDIVl + 1
PKO = ZKO (1.0~EO)

ItUO = DUO·' (1.0+EO)
IF O::NBL .EO. 2) GOTD 10

cor-1t'1m~ DA' DIJ0, DUDZ1 I), DUDZ11, DUDZ21 , It:, nz1, ItO, EO, EO 0, ELL, ELL 1,
GC, C:;C 1 , GS:, 1:3::: 1, G:5:BL, GSItF, 131..1, HBL, HDF, HItF 1, It-i. It-E, IOUT,
IDUTS,LPL,LItF,MTIME,NBItIV NBDIV1,NBL,NIt,NDIV,NItIV1,
NFLAG,NM,NPRDB,NPT,NND,NN ,NTIME,PKO,OO,Ql,SETT,SETTl,

:'., SF H~, '::F It-il , TAU, T H1E, TF'P It-j ,Ucmi. UCDtH , '.... F.' I 1 , I..IL, I•.IL1, ZK I),

.) A<10D,Al<1D AF<1(ID,AFl lLo,ALPHA(SLo,ALPHAl.':SD,
:', BETA(Sl.;',BETA (Sl:",BF(101 ,BF1(ll),ItSItE('S1),D:::fJE1(Sl;',
:)., E <1 (I D ,E 1 -i 01 ,E 11 (j D ,EF N (j I) D , EF HH ..11) ,Ef" q D ,
t E:::(Sl),ESlo:S1 ,EFFSTP 1('1 ,EFS·TF.'1(11),F(101),F1(11),
:)., FItn(lOl;.,FIN l(ll),P (51 ,F'Kl(Sl) F.T:(51),Rf'::1':51·),
t F.'S(51),PS·l(S1 ,TOTSTF.' 101 ,TD:::·TF.:1( 1),U(101),U1(ll),
:)., U0 ( 1 I) 1::0 , U0 1 0:: 1 ), !JI..I ( 1 (I ), U 11 0:: 11) , >; Ill) 1::0 , >.: I 1 0:: 1 1::0 ,
}'., Z(101:',Zl0:'11)

::::UBj;:OU r I fiE ::ETUP

••• CALCULATE ELL FOR COMPPESSIBLE FOUNDATION LAYEP
IiZ? == 0.0
NED = 10 • NBDIvl
DABL = HBL ./ FLOAT(NBD)
EF::: = 00
DO 4 I = 1, tH:D
DO 1 ~j=;::,U:L

S1 EFS-F.'Sl(N)
IF (Sl • LE. O. (I) 130TO 2
CmHIt-1I.1E
v = ES1(LBL' ; GDTD ::=:

2 t'H'j = t'j-l
\..: ES 1 no + (S 1. (ES 1 't'H'!) -ES 1 o:JD;' ./ <1':5; 1 (~H'D -PS 1 n'D ') ;.

:3 TDZ DABL./ (1. (1+'.")

EFS = EFS + GC1.TDZ
ItZZ == ItZZ + TIl:

4 CDtHItiUE
ELL1 = ItZZ
ItZl = ELLl ./ FLOAT(NBDIVl)

OflG~;nn (I

000::::00 oc
OOO:~:'F; oe
nno:::nn oe
non::: f: l-i O(
I-I0 IE: 0 1', fl(

n1-' 0.:: n(,6 oe
01-,03011-;" I'
fl n(I.:: (, n':: n
fl (I O:~' (I f'l,? (I

O(in:;nlO(,
(,,", 1'1:: 0 1 1 I)

(,i)Ci::::lI1?0
01'10:::: 01 :::0
000::::0140
('00:::0150
non::=:o1t"I'
111)0:::')170
00(':~;Ol:::0

no0:: n1'0'0
c: 0 cn (I;:; flOC
n')0"30c'10C
1'10030220
on 0::::: 023 n
nOO?Oc'4n
(100::::0250
00 I):C: 0;0'60
nn03(1:::70
o 00:::: oc':::::0
nn 0:::: 02'0'0
non:~:(l29~,

(I n(,:~: 0:3 (I (I

nn 0:::: n:::: 1 oe
(II) 03 0.::.:'nc
nn 0::=:0 ::::::0
I-In0::: ((':4 0
(II) n::: 0:::::5 I)

o(I O:~: I\::t:'. I'
no 0::::: (,::::7 0
0(: 03 (I:::::::: 1'1
nn 0:::: n::=:':::,o
00(':: 0'4nI)

(II) er::: 1)41 0
OO(I?0420
(10 0::::: 04:~: 1'1
n(10::n44n
nOO:?04',n
000::::04;',0
00(130470
nn 0:304:~: I)

1'100:3(14'''0
nOO::::0500
000:::::0510C
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n 0:; 5'='(i(

(I fl? ~::: or
I"i O·::~ 54 o
(I 0-::: cc o" ,
0 0::: 56 0
n 0:::: 057 n
n 03 05;~. (I

n 0::: j~a::'? I~I

norl ": " Ot, (I!)

00 n-':061 (,
nn 0::; I)':,c..' I)

(I (I f:? C!t:::,.:' I)

(I (I n? (It:. 4 (I

(,(10306'5(,
0,)03('660
f10n"30r:7fl

no 0.:; Ot=·;=" (!

no 0::; ('b9 I)

nOO::::0700
000;:;;";710
(100':::07;:'0
('00307:::: 0
noo::::074ftC
000.::0750C
flO 0':':; C:~t:. (,
00n-:::0770
n0 o::~ 07::: OC
0('0'::: 079 oe
n(,030::::00
n(,0::: I:;:::, 10
no 1,"1.31):=,':: 0
0'0030:::':: I-I

nOO:::O':AO
(,00:':: (1,::5 (,
nn 0:::: (i;::6 0
00 (i:~: (;:=:7' (I

n(I (I:: O:::S fl

000::: O::::'? (I

(100::: 0':;' I) 0
('OrnO':;l (I

(I(lliJO'?20
(,(1030'330C
00 cn0':14 OC
f10Ci30950
0(,1"1'::: n96 0
frO (l:?': (197 (I

00 (n 0':"::; 0
110(I::: fl99(,

fin 0:::: 1 OUO
,", (, 1"1.3 1 (, 1 0
on(311)2r:
(100310:::(;
fin 0:':1 041~1

(1001 c;o
(,on 1 ';:,0
(, r,,~, 1 7 (iC

... C LCULATE I ITIAL COORDINATE AND VOID RATIOS
••• F R COMPRES IBLE FOUNDATION AVER
:: 1 (1 = '-'. (I ; All") = O. 0 ; >:: J 1 (! :0 = • 0
~F~ = Gel • ELLl + 00
liD:3 I = 1, t'm 1'-.11
DO c; li=2, LBL
21 E~S - RS1(N")
IF C;l • LE. O. Cl) 130TD 6

'=. '::mn INUE
Ell (n = E: 1 (LEU ; I:;OTO 7

t', t'i[-j = ['j-I

Ell (I" = ES 1 (t'O + "S 1 • (ES: 1 .-:t'H'i':o -E:: 1 (t-L' ) ,/ (I;:'S1 tr'no -Pi: 1 (t'n ) )
, Fl n:, = Ell d)

EF'(I> = Ell<1>
EFS = EF8 - GC1.DZl

::::: CDI'iT I ~'1'-'E

CRLL INTGRL(ER,D21,NDIV1,FINT1)
[1[1 9 1=;:', t'ifi I ',,.'1

21 d) = 21 d-1) + D21
Al (T) :: 21 (D + FUnl (T)

;'<11(1', = Al (I,
':j CDt-lTI t-~UE

••• CALCULATE ELL FOR FIRST DREDGED FILL LAYER
10 n,L'= HDF .... o:'1.0+EOO)

IF 'lfH .EO. 3) GOTD 15

••• CAL (,-ILATE I t-i I T I AL CDDF'D I nATE:: At·m SET '·... 0 I n RAT I OS
DZ = ELL / FLOAT(NBPIV)
;::(1)==(1.0; A(l)=O.O; >::r(l':'=O.fI
~l(1)=E(,;O : F(1)=EOO ; E(1)=EOO
DR = HDF / FLDAT(NBDIV")
r.o 11 1::0':, nnrIi
II = 1-1
Z d) = Z 0 I> + DZ
A{ D = A <I D + DA
;>':1 <0 = A (1':0
El(D = EOO
F(I) = EOI)
E{I) = EOO

11 COtHHiUE

••• CALCULATE FINAL VOID RATIOS FOR DREDGED FILL
DO 14 1=1 .tH:D I'-/
21 = GC.(ELL-Z(I»
IF CSl .LT. 0.0) !.1 ..= 0.0
DO 12 n=2,LDF
:::;c = S 1 - Ro;' (t-p
IF 0::8;0: .LE. 0.0) GDTO 1'3

1 ~::' corn HiUE
EF HH D = ES (LDF) ; (;[1TO 14

I :::: Nti = t'i-l
EF I t-i (i) = E:Sor, + (;S2. (ES: "-Nt-i> -ES, nt'· :0 ,/ {RS (t-n-n -RS '::Ii> ) )

14 COtH I t-itiE
EFlt'i (NDI',,1':0 = EOI)
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000 1 o:~:nc

f!(,0 1090
frOO 1 100
no 0 111 0
nl'o 1120
00011-:::0
000 1140
OOCi 1150
1100 11"'.0
0001170
1100 1 1:~:0

oon 1190
110011::'1.. 0
f!00.::.1?! (r

n'~1(i31 c'20
000::: 123 i,e
,-,(10:::: 1 '::~4 OC
00 I~i·~; 125 U(
(II) 0:; 1 C't:. (t

(11)031270
(100:::12:;0
000::.: 1 ;::'?II

1-,00':::1':::00
110(!.::1 ::::10
nOO-:::l:::?O
n;) 0::: 1 .::::::: OC
00031::::40
no(:.:::: 135 0
000:::: 1::6 I~I

00 (I:::: 137 I)

f1(1I).;: 1.:::::: fie
noo.:: 1 ::"? (,e
00 I"::: 14 nI
000':::1410
i100:::::14;::'O
OCI 0:::14.:: '-I
000.:::14411
nOiL31450
1100314"',0
1i0031470C
000314::::0
00(,::::: 14'?(1
O(l(':::1500C
(l00::::l'510e
000'::15 oe
I" (11):31 c:; (I

11(1031" 0
00',:::' 1 ':' 0

•.. CAL CULATE F H~AL '·,1DI D PAT! O'C FOf:;: FDUrmF1T! m~
IF (NBL .EO. 2) GOTO 20

15 Cl :. ELL1.GCl ; C2 = ELL.GC + 01
:s: 1 = C 1 + C2
DO 18 I=l,NDIVl
S2 = S1 - 21(I).6Cl
DO 16 r'~:';::, LBL
'5:3 == ·~·2 - F."S 1 (ti)

IF (23 .LE. 0.00 GOTO 17
16 cnr-r HiUE'

F:FHH (1'0 E:l 'LEU '::;OTO 18
17 Nn = N-l

EFHH ILr ESl (l.r; + (:~.::::.(ESl (['itD-ESl (r'l)' ....{R::;l q·H~'-R::::l 'tD»)
1:::: corn I r"UE

IF 'JiBL • EO. 3) EF' (r';[lIV1' = EFHH ,tmI"/1',

•.• CALCULATE INITIAL STRESSES AND POPE FPESSUFES
.•.•. FDR cOUNDATION LAYER
DO 19 I=1,NDIV1
U01 iI' = (31,.1 • «u.i-xr i (D::
1J1 (C, :. C2 - on
UI,11 (I) = Ulll (I) + Ul (I".,
FFS'rRI (1) ':1 - 1::;(.1.::::1,r,) + "II
TO·:.TRl (l) = EF:::TRl iI' + /.11.,.11 q ..

1'? corn HHJI=:
••... ULTIMATE SETTLEMENT FOR COMPRESSIBLE FOUNDATION
VRIl = FINT1(NDIVI)
CALL INTGPLIEFIN1,DZ1,~DIV1,FINT1)

SFlnl = VRIl - FINTlINDIV1)
IF (NtL .EO. 3) GOTO 25

..••. FDR DREDGED FILL LAYER
20 DO 21 I=l,NDIV

UI) (I) = 131,1 • (I,.IL-:>(I {I:o)
t!o:'I) :. GC • <ELL-2(1)',
UI,.I 'I) = U 0 ,:I ') + IJ ( I )
EFF:~:TPn) 0.0
TOTSTPII) = UI,.I(I)

21 corn It~UE

••••• ULTIMATE SETTLEMENT FOR DREDGED FILL
CALL INTGRLo:'EFIN,D2.NDIV,FINT)
SFHi = EOO.ELL - FIttT (tiDI '.... ,

••• CALCGLATE FUNCTIONS FOP DREDGED FILL
••••. PERMEABILITy FUNCTION
no 2c~ 1=1, LDF
PVO::J':o = RV(!) ...- (I.O+ES(I)}

22 CDrHHH.'F

B9



1i0 O~: 1", l'le
1-'fIlE:15 OC
1-:0 I):: 15 fI

nl.'fnJ.:. Ii
,.: I) 0.;;1':. (I

(II) Ii .~: 1f 1 (I

(10(1:::1620
I-I 0 O:~: 1 f, .~: fl
1-100.:' 1 fA I!
fI (I I) :~ 1~,::; (I

no 0:31 ~,E, l~;

OOO'::lf?f1
'-II) 11::':: j ;::,:::,0
OOfl::lf,o:=.O
I) I) 0::,1 '" I) (I

"on:::1710e
000::1720
IIOO::17:~:0

000·:::1740
,,(,0-:::1750
OOO:::1760C
IIOfn177nc:
1'1) 1)317'::: oe
oon:::J.790
(llifl:::l::::OO
OOO~'l,::::l Ii
000::':: 1 :;:'c' f,C
Ii 0 0:::: 1I:::::: (Ie
00 I',:: 1:::4
(I n0':'1 ::::5
1100-,' 1::::,:
flO fI:? 1:::::7
II0 Ii:~: 1 ::::,:=:
1i0 fie: 1 :=:'=!
OOO:::l-=<nl
1i0 Ii:: 191 (I

'-10031 '::';:':0
flOO:::1':":~:0

00fl:'::1.'?40
000::: 1'0'"':, 0
011031':"60
000:::1970C
(I (II)::: 1 '0'::::: 0
no 0:3 t '3'::' (I

OOO:::20flO
I' 0 O,:~,c' I) 1 or
11(1)320?OC
fl003En40
II I) n::.::c.' Cl5 C!
('0 fl:3E' fl":. oc
onfl32070C
n0 (!.::~~:: O::~ 0
I) 0 0:::'::' 0'0' OC
IIIHI:~:c'l ooe
OOO:~:?110

00032120
II co 0:::;::' 1? nc
000:::?140C

..... ~ P OF PERMEABILITY FUNCTION -- BETA

..•.. A LOPE OF EFF STRESS-VOID PATIO CURVE -- DSDE
CD = E 2 - ES(l)
BETA (1 (PV (2::' -PV (1" ) CD
n:;.DE <1 ,'RS (2) -p:;: (1)~' .... CD
L = LD - 1
DO 2:3 I =c:, L
11=1-1 ; IJ=I+1
CD = rs "'IJ) - E:S(I n
E;ETA '1':0 = (PI::' '" I J) -PI::' (I I) ) CD
D';'DE'I) = (RS(IJ)-PS(II») ./ CD

c:3 C!1NT I t'jUE
CD = ES<LDF) - ES(L)
BETA 0:I_DF~, = (PK (LDF) -PI::' (L» .... CD
DSDE(LDF) = o:'RS(LDF':o-RS<L» / CD
•..•. PEPMEABILITy FUNCTION TIMES DSDE -- ALPHA
DiJ 24 1=1, LDF
AL PHA <I ) = PI< 0:' I) • D.::DE <I)

24 CDtHINUE
IF <NBL .EO. 2) GOTO 2'3

•.. CALCULATE FUNCTIONS FOP COMPRESSIBLE FOUNDATION
.•.•. PERMERBILITY FUNCTION

25 DO 26 I=1,LBL
PV 1 (I) = F'V 1 (I) .... (1. O+ES 1 '.: I) )

c'6 cnnr I NUE:
••••• SLOPE OF PERMEABILITY FUNCTION -- BETA1
•...• AND SLOPE OF E~F STPESS-VOID RATIO CURVE -- DSDE1
CD == E:;:l (2) - ss i (1)

BET8U1) == <PK1(2)-Pf<1(l}) / CD
D:;:Dr: 1 <1:" = (PS1 (2) -R:;1 (1» / CD
L == LBL - 1
DO er 1=2, L
11=1-1 ; IJ==I+1
CD = ES1 ny, - E::1 (I D
E:ETAI (1':0 (PK1 (lJ':o -PKl n n) CD
nsnsi nCo = (Rq (T.-i)-F':S1 nn) ... en

;:'7 ccnr I t'iUF
CD = ES1(LBL) - ES1(L)
BETA 1 (LI;L':o = (PI< 1 (LE:L) -PK 1 (~L) ':0 / CD
DS:IIE 1 <LBU = (RS1 <L BU -RS 1 <U) ..... CD
••••• PEPMEABILITy FUNCTION TIMES DSDE -- ALPHA1
DO 2::: 1=1 , LBL
ALPHA1 (D = PI< 1 (J) • DSDfl (1)

c':::: cnnr !t1UE

•.• CALCULATE BOTTOM.BOUNDARY DUD?
DUDZ10 = U1(J.·' .... DUO

29 IF (NBL .EO. 2) DUDZ10 = U"'1) / DUO

•.• COMPUTE VOID RATIO FUNCTION FOR INITIAL VALUES
CALL ',,'PFUtK:

RETUPt!
END

BIO



4 fi I'il)

4 1'll0(
4 rlc~ Cq~

401}C:I)':
4'-1':'40(:

n I) 4 f, 1-'5 oe
i' 'I 4 ill I;:, ill:
'-'0 401170
Ii II 41.10:::1'
liO 4r:II':,n
I-In 41:11,0
IIIi 411110
riel 4(1120
nn 4r!130
lif;')4GI40
c' n(104. (I J 5 (i

0(":141'160
00':,40170
Olln40 1:::::(;
I: (I C,4 II 19 (:
nI) 1-:4 (I;~' 0 OC
,-,Ci040c'l n
I" Ci 04 (I(~~' 2 Cl

(I fi (t4 Oc"~: (I

('-0 Ci4nc~4 (,
I) 0 (.4 0;:'5 oe
f! (I !H14 ('IC'r:.(1

(I (I 04 (l.~:~.5

OCt 04 OE:6f,
no 04 Ce'? 0
1"10 Ci4Oc'::' Ci
110 04 (I:=":=' 0
0'-' 04 (I Co 0 I'
Ci(I(:4 O,?:1 I)

" 0 114 f;:=:? oe
11,)040':":=:0
110040,:40
0004c\:35Ci
000'40:::,.:, I)

00040:=:70
II0040:;::::: 0
(1(1,)40::::':"0
"00404011
'-'0 (14 0410

•••••••••••••••••••••••••••••••••••••••••••••••••
• RESET UPDATES PREVIOUS CALCULATIONS TO HANDLE.
• ADDITIONAL DEPOSITIONS OF DREDGED FILL. •
•••••••••••••••••••••••••••••••••••••••••••••••••
COMMON DA.DUO~DUDZ10.DUDZll~DUDZ21,DZ,DZ1~DQ,EO.EO(,ELL ELL1~

::' G(:. loG1 • G:~, I:;:::; 1 ~ G'S::E:L , G:S:DF, GI.d. H:E:L, HJ:iF, HDF 1, In. TtF. T UT,
~ IOUTS.LBL.LDF,MTIME,NBDIv,nBDIV1.NBL,ND.NDIV.NDI 1,
& NFLAG.NM.NPROB,NPT.NND.NNN,NTIME,PKO,QO,Ol,SETT, ETTl,
::' :S:FHlo SFItH, TAU. TU1E, TPRIt'iT, UCON, Ucmq ~ 'liP I 1, I,lL, l,o.IL ,:KO~

A' 1(1) ~ A1 (J 1:0 , AF .:1(1) , AF 1 <11) , ALFHA .::~ 1 ~, ,ALPHA 1 <5 ),
BETA (51), BETAl (51) ,BF (1 OJ), BFl (11), DSDE (51). D:S'TiE (51),

:;., E <l I) 1) ,E 1 '10 D , Ell <11) ~ EF HJ <l (1) , EF I N1 <l D ~ ER 01
I:, E:S:'.·51) ,ESl (51:" ,EFF:::TP(101:o ,EF'S:TRl '11) ,F<1(1) ,Fl ( 1'),
::" FItH 0 OD ,FIt'iTl (1), PK (5D, PKl <5D, PK <51), RI<l <51
::' R:::<51> ~P:S:l (51) ,TOTS'TP',:101.:o ,TDSTPl (11) ,1.1(101) ,1.11 < 1),
::" 1.10 <I (1).1.101 (11), UI,.! <1(1),1.110.11 <11> ,'<1 <1(1), :'<1 1 (11) ,
;:., :,'101),ZI01)

1 F 't'j E:L • EO. ;::'" I,lL :: ',oiL 1
IF (HDFI .LE. 0.0' RETUPf'j
IF 'NBL .EO. 3) 01 HDFl + 01
IF (NBL .EO. 3) GOTD 5
••• CALCULATE ELL FOP NEXT DPEDGED FILL LAYER AND RESET CCNSTANT~

EL :: HDFl / <1.0+EOO'
IF (t-n:L .EO. 2) U(D :: UO) + EL.':;C
1.11 (1) :: Ul (1) + EL.GC
ND: :: TFIX(EL/DZ)
ELL:: ELL,+ DZ.FLOAT<ND:)
t'lV ND + 1
ND :: t'~D + t'W?
t'~f; :: r'm - 1
••• CALCULATE ADDITION8L COOPDINATES AND SET VOID PATIOS
DO 1 I ",ti\i. nn
II :: 1-1
Z 0:: I ) :: :: ( I I + DZ
A ,:1) :: A (' I I + DR
:,<1 (I') :: :0<1 < I) + DR
El <I) '" EOO
F(I) :: EOO
Ed) :: EOO
CDtHItlUE

Bll



(! 04 04::"OC
004 '"'4.:,(,
i)04(14..:tG
(1040450
(; 04('46(1
1': l'i4 0 ... (' 0

00404:: ,",
n04(14'?I)

004 (''5 1'1 0
004(1510
0040':':20

0004 (:5::::: I)

00 04 0541~'

fj (I 04 O~~5oe
(,0040560C
O(l040~70

f· 0 04 05::: 0
00(140590
(10040'::,0(1
(10(140610
00(,40620
0004')t=,::::I',
00040,,:04(/
(i0040t=:,~(1

,",004 fl':'6 Ci
,"004'"'';:.7('
'-'0040'::·::"0
1',1'/1,4 Ot.'? 0
'"i(041)700C
00040711'1
1'1(10407,::0
(,00411'?30C
OO')40740C
0(1)40745
(1)(14(1;'50

00040755
000407': (I

00040??f!C
00040;'::" (I':
1'100407'",(1
(10040::::0(1
1'10 (41)::: 1 oe
(10040::::':" oe
0(' Ci4(,:::,:: 0
00040::::4 0
t10fi4(1:~:50

(10040::':'::,0
(10040::;70
0004 ('::::::: (lC
('0('41-;;::'::'0'::
n0040'?00
no 04 0'310
000409'::'0C:
(,0040930C

••• CAl ULATE FINAL VOID RATIOS FOR DREDGED FILL
no 4 =j. t'lE:
$1 = G .(ELL-Z(I»)
I F o:':~: 1 • LT. O. 0) S 1= O. 0
DO 2 tl=;::, L DF
:S'C: = S: 1 - R:S: <t'D
IF ('~:2 .LE. 0.0) GOTO::::

2 CmnInUE
EFHl (I> = ES (LDF) ; GOTO 4

::: Nt-l = t'l-l
EF I t'j <I) = E:~: d'i) + (:S:C:. (E:S: ""'H'D -E:~' d·n ) .... <RS <nrn -RS n'n »

4 CONTIlH.IE
EF Hj ':.1'; Ii ':. = E (II)

••• CALCULATE FINAL VOID PATIOS FOR FOUNDATION
IF (NBL .EO. 2) GOTO Q

5 Cl ELL1.GC1; C2 = ELL+GC + 01
.S:1 ci + C2
DIJ::: 1=1 , '·m I VI
S2 21 - 21 (I)+GCl
DO "', t'~=2, LE:L
S·:::' :::2 - PS 1 np
IF O::-~::::: .LE. 0.0::0 GOTO'"

t, cmn'It-lUE
EF ItH 0: D E~'l o:LE:U GOTO '::::

7 Ht'i = tj-l
Ei= HH ,n = E:S: 1 (rn + (:~::::. (ES 1 d'ltr, -E:~ 1 (rn ) ..' (RS 1 d'~h) -R:~ 1 dr, ) )

:? COtH I t'HJF.
••••• ULTIMATE SETTLEMEt-lT FOP COMPRESSIBLE FOUNDATIDh
CALL INTGRL(EFIN1,DZ1,NDIV1,FINT1)
:~:FItH = ',/1"11 - FItHl 'liD I"''' 1 )

••• PESET BOTTOM BOUNDARY DUDZ
IF d'i'F:L .EO. :3) Ulo:'1) = Ul (1':0 + HDFI
DUD:l0 = Ul (1) ,/ Dun
IF (NBL .EO. 3) RETURN

'? IF (t'jBL .EO. 2) DUDZ10 = UO::l) DUe'

••••• I.IL T !t'lHTESETLEt'lnjT FOP TOTAL DREDGED FI LL
CALL INTGRL~EFIN,DZ,ND,FINT)

~FIN = EOO.ELL - FINT<ND)

••• ::.ET vnr n PATIO FUt"CTIDtr, FOR F'E:~:ET VALUES
t'j = t'H/-l
DO 1 t) I=t'j, tiD
AF q) = AF rn
E:F 0: I) = BF t'j)

1 (I cnr-r I t'iIJE

F.·ETUi":t1
Et·m

BiZ



'SU!':F'DUTI NE FD I FEQ

...........................................~ .
• FII I FEC' C8LCUL ATE::: t·iEt.o' "10ID PAT! 0:: A:5 CDNSOL I DATI Dt-i PROCE ["5; •
• BY AN EXPLICIT FINITE DIFFERENCE SCHEME BASED ON PPFVICll •
• \IOID PATID:':. 'S:OIL P8PAt'1ETEP FUNCTIDt-LS AF.:E CDrETHNTL\' •
• '.iF-DATED TO CDF.'RES;pDt-iD 1.•.1 I TH CURREtH -,,10 I It RAT I O. •
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

• •• CALCULAT~ VOID PATIO OF IMAGE POINT AND FIRST PEAL POINT
••••• FOF' COMPRESSIBLE LAYE~

DO 2 I=c:' LBL
C 1 = EP 0:. 1.,. - ES 1 (1:-
IF ('('1 .GE. 0.0) GDTO 3

2 CorHUi'-'E
DSED = DSDElo:.LBL) ; GOTO 4

3 II = 1-1
nSED = DSDE1(I) + (Cl • .:DSDE1(I)-DSDE1(II»·... (E;Sl(I)-ES1.II»)

4 FlO = Fl(2) + DZ12.';:'(:;Cl+IIUDZlD.··DSED '
DF = (F 1 (2) -F 1 (I) .,' 2. 0
DFE:DZ = (Fl 0::<:')-2. O.Fl (.1':0 +Fl 0':0 / DZl
AC -= (AF 1 (2) -AF 1 d» / DZ 1
EP<1;' = Fl(1) - CF1. DF.((;Cl.BFl (D+AC)+DF2DZ.AFl <1:')
IF (ER(!:'· .LT. EFItH l) EP'1'· = EFHil(1)
IF (EP (1,:' • GT. Ell (1 EP q) = Ell (1)
IF (NBL .EO. 3) GOTO 24

.LOOP THPOUGH FINITE DIFFEPENCE EQUATIONS UNTIL PRINT TIME

DA,DUO,DUDZI0,DUDZll,DUDZ21,DZ,DZ1,DO,EO,EOO,ELL ELL1,
GC,GC1,GS,GS1,GSBL,GSDF,GW,HBL,HDF,HDF1.IN.INS.I UT,
IOUTS,LBL,LDF,MTIME,NBDIV,NBDIV1,NBL,ND,NDIV,NDI 1,
NFLAG,NM.NPROB,NPT,NND.NNN,NTIME,PKO,QO,Ol,SETT. ETT1·
SFIN,SFIN1,TAU,TIME,TPRINT,UCON.UCON1,VPll,WL,WL ,ZKO,
8(101'" .Al (11) ,A~(101) ,AFl 0::1D ,ALPHA(5D ,ALPHAl ('5 ),
'BETA(51) ,BETAl (51) ,BF(101) ,BFl (11) ,DSDE(51'" ,D:SDE (51).
E <1 01':0 ,E 1 (10 D , Ell <11 " • EF Hi (101':0 , EF nu (11) , ER (11 •
E;:' (51) , ES 1 (51.,. , EFF '::TF.~ ,.'1 01'" , EF:S:TF'1 '11', , F (101) • Flo' 1'"
F I rF (101':0 , F I rrr 1 '.11) , PK (51) , PK 1 (51) , "'K ':51) ',,'f: 1 (51
R:~(5D ,~'·S.l (51) ,TOTSTP<101'" ,TO:::TR1 (11) ,U<1(1) -ur: D,
UO (1 (1) ,1.101 i'Il) ,UI.-.I (1 (1), uui (11), >::1 (101), ::·::1 1 (11),
Z (1 (1) ,21 (11;.

••• 5;;;::T CDt-ETAtH:;
CF = TAU/':GW.DZ)
DZ2 = DZ.2.0
N~HI = nil - 1
IF (NFL .EO. 2) GOTO ~

DZ12 = r,Zl.2.0
CF1 = TAU/(GW.DZ1)
IF (m::L .EQ. ;:::) EP(t·UtI ..... 1) = EFHil (JUt I"'''})

~.,

:~.,

:~.,

:~.,

:~.-

(01)50 (I 0 0
1"I0050010C
OOI)5nnE~OC

nnU:!flf!::nc
Ii (I (!':l fll~14 fll~

(I (\ (1.5 (I nsO(

n !"j 0-:, n n~, fie
11(l(:50117nc
n~-I 115 nl~l ~:-~ '-\1:

.-,1) os(I o·? 1~1

00n51.110(,
(II) riS J)11 0
o(I ,-,:: 1"1 1E 0
II (I I) ~ f! 1 ::.=: 11

nn05l'] 40
n005f1150
1"1 n'"1'5 n160
nnn501711
n(l 05 n1::;I)
11(1('5 1"1 1 '?I"'
(1) 05 (le:. (: (I

000'::;1,21 (i

fIOn50c.'::~OC

0(1 05 O,=~'::: (,e
00050?411
nO(l~·(!;::~50

fl nOC:. ni~t:. n
nI) 05 O~:17 (I

oi) 05 nc'~=~ I)

(I (I rt5 (Ie:'? (i

n(I O~ OE"::'S
iI0050.:::00C
0') 1150'::, 1 oe
(I (I 1':1 032 0':.
I~I 0050:::=::::OC
o0 n~ (1:::4 l"Ie
n(I 1'5 (1::'::5 (I

00 1"'SIF:f, 1"1
II I) O~ 1):::7r)

I' 0 05 0.::::::: II
(I n05 03'? i~l

0(,1"150400
110050410
1"101'5042 (,
nOftS(l4.:':0
(10051"1440
1"101150450
110050460
0005047'0
(I I) 0-:;114:::: n
000504'",1"1

Bl3



'-I Or:; c- I-II
_.

n 05 0=- CI "',,
fi 05 c: f!
,, fr:=; "": I)

1, c!c c; ,i Co-'.'

(I fl~ c; (I

(: (15 '" (I ,
0 1-'5 0=- ,,

-
c: ftS c.

~~ (I :::r .

n no; r:
~ I-I

DZ

I:F'EDGED FILL
,LDF

E: (I>
E. (1.0) (;OTO 7

••••. FO~
TiD:::' I =
'::1 = E' 1
IF 'C1 •
cmnlt'4! E
D.:ED .",. I,SI:E o:LDF, ; GOTO :::
II = 1-1
D.S:ED = [i.S:DE(I) + o:C1.o:D:::DE(I>-ICDE(II» ··(F:';(I)-E::i.II:,»
FO = F(2) + DZ2.i.GC+DUDZ21).DSED
rlF = (F ....:':.. -~ 0.... c'. I]

DF2DZ = 'F0:2)-2.0.F(!)+Fn)
AC -= '. AF i.e:) -AF (1) ') Ie
E(D -= t=o:'1:' - CF.'·DF.(GC.BFi.l)+AC'+DF2DZ.AF(1))
IF (E(j) .i.r , EFHHT)) Ed) = EFHhD

••• CALCULATE VOID PATIO OF TOP POINT IN COMPPESSIBLE LAYEP
IF 'NBL .EO. 2) GDTO 27
DO 'o! I=2'LI'F
C1 = E (l) - E.:: (D
IF oC 1 • fOE. n, 0) ':;OTO 10

'O! CCltFHH_iE
E':T = F'S(LDF) ; G!JTO 11

HI I I = 1-1
E:::T = F':S:, T:', ... i.C1. ,p·S· (I) -F"'S: (I I'., ':0 ... (E::: (I) -E': (I I) > ...

11 DEST = EST - EFFSTP'I)
tiT = U 0: 1) - DE'::T
EFSl = EFSTP1'NDIV1':o + DE3T
DO 12 1=2, LBL
C 1 = EF: 1 - p':: 1 .; I)
IF ((I .LE. 0.0) GOTO 13

12 cmnlt;Ut
EP n1DI\iD ES1 (LE:U ; GOTD 14

1::: II = I-1
EF' (NT' I'.," 1 ':0 E::: 1 (I) + (C 1.0: E:S: 1 (I I) -E::: 1 0:: I») .. ' O::P S: 1 (I I) -PS: 1 0:: I) ':, ",

••• RESET BOI.:rjT'HFY RIP::: FOF DPEDI:;:;ED F I L.L
14 DO 15 I=2,LBL

C1 = EF'(nBDI'·/I) - ES1 (I)

IF '(1 • GE. 0.0) ':;OTO 16
15 corHIt1UE

EST1= PS10::LBL) ; GOTO 17
1E II = 1-1

EST1 = F':::1(T) + (C1.,P':I(I.i-F::::10:·II.).····O::ES1(I)-ES1'II,:O)
17 UT1 = U1 (t'{BPI'",'j'o - E:::T1 + EFS'TP1 nn::r,I'·/j'o

DUD:12 = 'UT - UT1' DZI
DO 1:::: 1=2, U:L
C1 -= EP (t·mT"/1) - E::'1 (I)
IF o:C1 .GE. (1.0", GOTO I?

1 ::: cnrrr I nUE
PP~EP = F'f': 1 '.LBL) : GOTO 20

1';: II = 1-1
PPf"EP = Pk1 (1" + O::Cl.(PV1 i.D-PV1 (lI~·,':o,""E::·1 (I)-ES1 'II»}

e'O DO <':1 1=2, LDF
(1 = EO) - E.:;'::!>
IF (C i . GE. Ct. 0' GOTO e:2

;:::1 COnTIriUE
PKE = PK'LDF':o : GOTO 23

2'=' II = 1-1
FVE = F'K (l) + (C1. (F'f' 0::1) -FV (l D) .... (E':: (l) -ES 'I D')

2'::: DIID?21 = DUIiZ 12 • PFfEP F'VE

1-10050770
fi (I CI.5 (17:~; n
n(.05 f,('? f,

0005 o:c, °CI
nn1-'5 (i!:: 1 '"i

f"1 05 ::=,00
,-\1~11:1~ n~, j n
nn(1.5 (Ir:.-C' (l

nI:, fl5 n~,:::: I-~

CI f! (I~! 064 n!~

n(10:3Of,C:· (Ie
on CiS O"::,t.:, (.
nil Cl5 Ot:.7 (I

(1) 0'5 0;<,: 0
l"I005 06'3 I)

on05 C1? (In
(,00':",071 (1

c!nnSCi720
Ci (I (! :; (1"7 :: f1

nnO:I074fi
flCi05n?~n

(ill 05 0:=::,0

nn05 O;~:4 fie
1-10(15 f1~:~~, nc
00(51)::,60
l~in 05 0:::7 (!

n l) 05 0:::':: (I

f,(I050:::'jO
n005090fl
rll~:05 0910
OOO~O';'20

!';C105f19'?O
0(1CI:5 (!'~4 C
f100::;O'~5f1

no05 n·~f-. I)

fin (1''5 n'~7' n
nfI050'?:~:(I

(I (l oe:; O'?'?0
00051 O'~.IC:

0005101(1
Oft0':, 1 0'::'0
(II) 0'510'::' Ci
(101-''51 04 (\
fI(I(I:;1 (!'Sfi
(I I) OS1 I""f-:, fl

nnl)Sl e70
II (I (I~; 11);=, (l

nnO~, 1 (l':=tn
(II) 0511 OI)C
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flO 1 1 fie
fin 1. 1 rH.

fin 1 1 ri cA
no 1. 1. ,-,
I) (I j 1 (,

on 1 1 n
'-Inn j 1 (,

1,-1 (I ,-I 1 1 (:

n005J 1 ':" (I ·-.e
'::"-_1

(I (I (15121) ne.
n(I rl~ 1 ;c'1 0
Ofin51c~2(1

noo:: 1230 ~:~6

nonSlc'40
n1-' 051.='5 oe.
f'005 le'60C
(1i~1 051 ?70 .-, -:'

C(

nn Cl~: 1C :~: I-I

(I fI C'~l 1c"~ (I

n I~I 051 .~: (1I-!

I-I(, I~I':, 1::: 1 0
!) I) c: -:-~ 1"?? (i

n 1-' f,5 1::::: I)

000':;1 :Aoe
n0051::=:50
00051 ::::,e:, fl
nn051::::70
(l1:i I)~ 1 ::;'~: (I!~·

n0051 :':'I-'C
0005140('
1"I,-I('514j (I

fI00514'::' 0
000514;;:(,
1)00514411
nn051450
n005146.,0
nOI):.1470
no 0514;:::(1
nOUJ1 4 ':"n
0'-1051 fin
1"10051
00051
on051
nl-1051
00051 C

••• CALCUL TE NE VOID RATIOS FOP REMAINDER DF MATERIAL
••••• IN C MPPES IELE FOUNDATION
DO 25 1= ,NEDI 1
II = 1-1 IJ = 1+1
DF = <Fl(I.J':>-Fl(II» d.1)

DF':~D: = <Fl<I,.I)-Fl'"I).;:'.O+Fl(II)" .... D:l
Ae = <AF 1 <I '.1') -AF 1 (I I' ':> IiZ 1c'
ER..-r) = Fl<D - CF1.'"DF.(GC1.EF1(D+AC)+ItF2DZ.I1Fjq:.::.
CDrHI t'jUE
••••• RESET FOP t~E>n l_ODP
DO ;::6 1=1 ,tiD I './1
F 1 <I :. = EP '"I')
CDtiTlnUE
IF (NBL .EO. 3) GOTO 30

.•• NEI,; '.JOID PATIOS: IH '[WEDGED FILL
DO ?:::: I =;c~. Nt'lD
II = 1-1 ; IJ = 1+1
DF '" (F <I..\:) -F <I I) ) C:. II

DF':::DZ -= <F<I.J)-F<I).c~.O+F<II» D:
Ae = '"AF n.J) -AF o:r D :0 D:2
E<n = F',D - CF.(DF.'\;C.F:FO',+A()+DF2D:.FtF(D':>

21::: CmHItiUE
••.•• PESET FOP NEXT LOOP
DO c"::O 1=1 ,tit'iIi
F<I) = E<I',

29 car-rI t'jUE

•.• PESFT BOTTOM BOUNDARY DUD? FOP COMPRESSIBLE LAYEP
IF <NBL .EO. 2) GOTO 84

,:=:0 DC; ':::1 I=c', LBL
(1 '" EP (1) - E:::l <I)
IF "Cl .GE. 0.0) GOTD ,~:,c:

31 r:mnInUE
PPKEP = P~l'LBL)

EST 1 = P::'l <LBU ; GOTO:::3
':::c' I I = 1-1

Cc~ = Cl ./ (E:::l <I)-ESl (II)')
PPKFP = F'1<'1 <I) + C2.<F'f<1 <I)-F'Vl',:II':>::'
EDT 1 = PS j <1) + C2. ';F'S 1 <I'! -p::: 1 cI I'! ':>

3:;;: nUD:ll = DUD: 10 • PK I) RF'KEP
UT 1 = U 1 (j ':> - EST 1 + EFDTP 1 (n
DUD?10 = UT1,./ DUO
GOTO :::::::
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t-H:L .EO. 1) GO TO 1
NE:L • EC:. c~) 60To 5
tlf:L_ . EC'. 3) GO TO 1

000515'=::. e
fll)ft5l57
0011515:::::
00(1515'::'
00(151'::'0 Co

00051'=::,1 I)

('0051;::,?O
000':,1.::::1-'
nOOS1 ",,40
IIfII,51 ":,50
00051660
nO(;51670
n(I O~ 1 ,:::.:~: (i

(Inn51E.'~O

fi0051700C
'-10051710C
110051720
fifjO~1730C

n00517411C
flflfl517c:.n
n0051.7t=.O
nonSl??O
1100517:::::0
(1)(151 ?'3 CI
oonS1::::00C
110051:::1 ne
OOOS 1:::::2 0
001151::::::0
nOI'51::::40
nfi(iS1.:~:50

nC' 1151 ;:-:~, II

n0051::::70
(lO (IS 1;:.::: f·
f!OO~l:~:'~n

f11)f151 'C'O II
o0 li51 ':; 1 I)

fl00S1920C
nnfIS1.'C':::(:C
00051':;4(,
00051'C'50
nnnSl';:';:.O
nnn51 ''":170
nn1151 '?:::: IX
Ii II li51 9':::' (IG

nons.:'ooo
00nS:o:(:1 f1

fI00520c'OC
n005c.·o·:~oc

..• RESET BOTTOM BOUNDARY DUD2 ~OR DREDGfD FILL
34 DO 35 I=2,LDF

C1 = Eo:. 1::' - ES 0:: I)
IF (C1 .13E. O. (I) 60TO :3'::'

:::5 CmiTItlUE
PKE = Pf< (LDF)
EST = RS(LDF) ; GOTO 37

:::6 I I =. 1-1
C2 = C 1 (ES (n -ES (! r. )
PKE = PK(I) + C2.(Pf«I)-PK'.:II»
E:::T = p:: n) + C2. (PS (n -R::: II l»)

37 DUDZ21 = DUDZ10 • PKO / PKE
UT = U(l) - EST + EFFSTR(l)
DUD?10 = UT / DUO

.•. CALCULATE ALPHA AND BETA FOP CUPPENT VOID PATIOS
3:; CALL ',/PFUt'jC

... CALCULATE CURPENT TIME AND CHECK AGAINST PPINT TIME
TIME = TAU. FLOAT(NNN)
~HH-l = t'HH-j + 1
IF (TIME .LT. TPRINT .AND.
IF (TIME .LT. TPRINT .AND.
IF (TIME .LT. TPPINT .AND.

... CHECf( STABILITY AND CONSI~TENCY

IF (NFL .EO. 2) GoTO 39
STAB = ABS«(D21 ••2.6W)/(2. 0.AF1 0::1»)
TF (STAP .LT. TAU) WPITEO::IoUT,100) NPPoB
cm"c = ABS «(2. 0.FtF1 (1» ..... «(3C1+l::F1 (1)":0::-

IF (CONS .LE. D:1) WPTTE(IOUT.101) NPRoB
IF (NEL .EO. 3) RETURN

~9 STAB = ABS«DZ••2.GW)/(2.0.AF(1»)
IF (:STAB .LT. TAU) 1,IPITElIOUT,102) r'jPRDE:
CONS = ABS«2.0.AF(1)/(GC.BF(1»)
IF (cmf:: .LE. riD 1.,JPITEnOUTd03") ~lPPOB

••. FOPt'1ATS:
10 FoPMAT(//// .... :38HSTFtBILITY ERROP --FOUNDATION --PROBLEM,IS)
10 FDPMAT(/////40HCoNSISTENCV ERROP --FOUNDATION --PROBLEM, 15)
10 FoRMAT(/////40HSTABI~ITY ERROP --DRED6ED FILL --PPoBLEM,I~)

10 FORMAT(/////42HCONSISTENCY ERPOP --DREDGED FILL --PPOBLEM,I5)

"'ETURt'l
9m
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PETUPti
PHi

I OUTS, LF:L, LIiF, In H1F.. l'iE[1 1\1 ii ~:rl 1'·... 1 • ti'E:L. Ii[!. r, [, I ...r, Ii ',/1,
N~LAG.NM.NPRDB,NPT,NND,~N .NTIME,PKO.OO.Ql.SE T.:ETT1,
SFIrt. ,~FIt'il. TAti· TU1E. TPPJr-< .1.!COt,. '_'CDt·it .....·PI 1, 1,!l....'..IL1. :>:(1.
A'1(1) .Al 'l.D .t=iFo::t 01::0 ·AFl 11) ,HI_FHA',=,,1) .FiLFHAl ''51).
F:ETA '51:0 , BETA 1 (51) • F:F ':1 I) J ,EF 1 0: 11.:- , IiS DE' 51) , D:: DE 1 i '51) •
E . r oi , E 1 <:1 (I 1') • Ell '1 1) F. F n o::t 0 1 .:- • EF Uil q 1> , E p' , 1 1) •
E::: ':51 .:- • E:::1 i 51) , EFF'S:TF" I) 1 ,EF:S:TR 1 • 11':0 • F 0:: 101::0 • F 1 '11 :" ,
FIr'iT'l (1). FItH 1 ':11), Pf:: 51 ,F'f::'l (51'), Rf:: ('51.' Rf:.l ',51),
P:S: (5 1) • RS: 1 ('5 J :' , TOT S: TP ',: 1"1 1 ,TO:S TF 1 r:. 1 1 ':0 • U (1 1.:0, U1 (1 1:' ,
U(I i 1 (I 1::0 , U(I 1 (1 1" , I" i;, I ': 1 C: 1 ,U 1'" 1 1) • ::-:: I ..1°1) • "< 1': 1 1 ) ,
':::001:",':::1<:11>

••• FOP DREDGED FILL
4 [tf] 7 I = 1 • ntm

DO~, i~=2, LDF
C 1 E (1::0 - E.S· (i'i',

IF (Cl .GE. 0.0':0 GOTD ':'
S CmnHiL'E

AF'I' = ALPHP'LDF)
f:F' I' =' BETA (LDF) : (~OTD -

"" Hr, = [1- t
Ct'1 = Cl ":ES '. r'i) -E:';;: (NN',::-
FiF 0: I:' = flL.F'HA, r-n ... ('t·1. ,'ALF'HFl oJ'r, -ALPHA (Wr,.:
BF(I) = BETFliNI + C~."'BETA(N)-BETA(NN)':o

? C[lnTJr'i , l ::

AF(ND:O ALPHAil'
BF'JiD' = PETA il)

• ELU.
Ot;T.

COt'1P1Lit, DR. T,U iJ. IiI,'I:: 1 (I. r,up: 11, ['uro':::El , D':::. [I: 1, DO, Ell. E (I I). L
,::;C, ':;C1, ,:;,c'. ':;.S: 1, '-:;:S BL, I:; ~r,F. 1:;1". i-;F'L, Hf,F, f-1f:F 1. J n. It,;

••••••••••••••••••••••••••••••••••••••••••••••
• '·.·'F'FUiiC CALCI_'l ATE: f1L I=f-IA Ht"I" E:F.TA FUI'jeT 101"1" •
• ~DR CURPENT VOID p~TIOS. •

••••••••••••••••••••••••••••••••••••••••••••••

IF (NfL .EO. 2) GOTD 4
••• FOR CDMF'PESSIE:LE FDUNDATION
DO::: I'" 1 .r j[1 T'".' 1
DO ",=;:::,L1:'_
C1 EP' ''I'. - E:S'l 'JI',
IF ((:1 • GE. O. (I:. C~OTO c.'
CONiIr-1UE
AC10" =ALPHA1'LEI_:'
BFl (l) = E:ETfo1 (LE:U ; '3CiTu::

2 HI' :: t'i- t
Ct'l = Cl ..... (E,Sl (t'f)-E:S:l n'H', .. )
FlF1 n':o = FlLPHA 1 n{:, + Ct·1. '-FiLF'HA 1 n'n -HLF'Hfi i ":~1r'{" ':0
F:Fl0:" = BETA1 ili) + cr·l.o:'E:ETAl oJ{:o-!-.ETAl o:r'H'~:1

:::: conr I t';UE
iF "'~BL .EO. 3) RETUPN

,
i n~, (, I" ,I

,-, ,'1-, I , < f'l1

,-, C!~, I I .:. (I

I-If! n~, ;", -: n,-
t (, n~. I) 4 CI

nOI)~,f14'~n

(I (I (l~. I~i:=; (\ fl

(IOOt::,O-=jO
t. nCIE, (i~c OC
nne6c~::fl(.

fl II (It-. 1):.4 (!

,',n Of. (ie;s fI

flftO;:·f1560C
1)(1060:.70(,

f,(I0~,(1 5t"f

rtOnr:. no·.:, I"j

(II"I (i':, Ii 1-1(' 0
(I n(It=, (I O~:: fl

n(I 1"1 i~. r !~1'? (,

fiCf!~,Ol c,n
1-\ (1'"1':::, ft 11 n
I-I(1I) t:, (i 1. "2 (I

!-ICl U'=::, fi 1 ::.=: (;

'-1'"1".1":" (I 14 C,
fi f) n,,:. (I 15 II

no ':',:, 0 1", (I
nnnt=, n17 c,
n (I n~. III ::: (I

'-10 c,,.:, n t .", 1.1
nno~ 0:=-001.:
ClO n,.:· I!,:' 1 C,
CI (1116 (le'c.' Of"
l-tt! (,~ O? =~ (I

(1) 1.,::=, 'J~A C,
n(l n~, fi.;..: ~i I)

fln Oe. f:~:~, II
n(l Cl~' (;1~~7 (I

nn I·;~. C!c'~:: n
(I not::, (it:"? (:
n (I (I~. !."I? r-i n
nli06U::: 1 ft
1'(1)6°:=:2 C'
n (I (l~. (1":-:.::. (i

III', n,.=. 0:::4 C,
o(I Cit-: I~! ::,: u
'v'06 0':6 oe
nnot:·Ci?71IC
nn (I~. o·:.=;:~~ c:
nCl I-I": n.:- ':;. (i

Cl n n~, 1)4 fl i~l

1100".(141 (i.

110(I';. (i4=~ (I

ill-' (I f, r~i 4..:: 1"1

OC'06044(,
(iI) 06114'5 (I

000"::.04".1.
,",I:' f'''. Ci4'" C
;-'0 f'r::. (14;::n
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•••••••••••••••••••••••••••••••••••••••••••••••••••••••••
• STRE: CALCULATfS EFFECTIVE STRE:SES, TOTAL, ~TPESSES ••
• ritifl co' FE I.lATE~' PPE"SI.IJ;'E;: :E:A'ED or'j CUJ;:'PEr'T ..... [] I Ii ;;:""T I 0 •
• 8'1]1 '.,' II: ",'f-TIll HiTEf3PlOlL. •

••••••• •••••••••••••••••••••••••••••••••••••••••••••••••

.•• F[1(; CQtolF'J;'E:::: I'F.:LE .=nur'HIAT I Uti
••••• CALCULATE XI CDOFDINATES AND ~TPESSES

DO c' I=l,rHII',/1
:'-::1 1 (Lo = :l,:n + r nrr i (1)

c' cOtnI fiUE
i•.IL l,oJL 1 - ,,11 (t'm I >'''1 :0
61 ELL. 1;( + 01
1,.11 F ItH 1 ("W I >,,i D + 1.•.u,
nn '::' 1=1, Nfl I',,., 1
DO::: ['j=,::. LBt.
'::1 EF' • n - ES 1 (t''''

IF 'C1 .I::;E. 0.0) ':;OTO 4
::: rnrrr It-H If

EFSTP1(I:O PS1(lEL); GOTO 5
4 rHj = r-j-1

EF TR 1 (I) PS 1 d'n + ,:e • o:'P::: 1 d'D -P:S: 1 • r·~N) ' .. O::E:: 1 (t'n -E: 1 'f'Hn '::
~ Uf, 0:'1) = 61..1 • d ..IL1-"":11', ,:<-'

TO TR1d) = '::;i,i.'.!dl-Frr-n nt"~ + G:1.o:'ELL1-:1(J)':, ... ':;1
UJ.,i (I) = TO'TFl (L' - EF TP1 (D
U1 J) = UI,11 d:' - un1 (1:<

Eo CD THiI,;E
! F ,:r-1F:L • Ee'. ::::. 6fJTO 1:::

Iii"!. I'I_, '-" [iI_II': 1 (I, IiI_'D: 11 , r,!"DZ~:: 1 , Ii:. Ii: 1 , DC', E I). E (, r. , ELL, ELL 1 ,
GC • I;C 1. • I-,S, , I::;;' 1 , ,::;:E: t, • I::; SIi F , GI" , h:E: L • HI, F , HIi Fl. In. In,s:. J 0 UT •
IOUTS.LEL,LDF.~TIME·NBrIv,NBnrv1.NBL,ND,NDIV.NDIV1.

nFLA'::;, [-it'l, t'1F'POE:, tiF'T, t'ihD, t-it-1rlo rrr HtE, F'f': 0, C' O. Cot .SETT .:ETT 1.
SF Tn ·SF t n t , TAU. T H1E, TF'J;' HiT. UCQt'j, !.iCOn 1 • ',,if;' 1 1 , i.,iL , I...IL 1 , :f'O(I.
A (1 Ci1', A1 (11', Ai=' ,1 ('1). AF1 (11'), ALPHA (51), ALF'l-if11 (0::.1' •
BETA '51':-, BETA1 (51) • FC' ',1 01'" BF1 (11:0. D:;DE (51). II:'DE1 (51).
r: '10 J :0 • E 1 q (11', • Ell q L' • EF H1 (1 0 D , EF rr-11 (11) , EP q D •
~ :S· '5 l' , E ::' 1 (5 1·) • EF F S T P , t (11 ) , E F:: T j;" 1 o:t 1 ') • F ' 1 (! 1·' • F 1 (1 l' •
F I iH (101) ,F I t~T 1 '.·11':- , F'f' (51':- ,F'~ 1 '':' l' F'k' ,'': l : • F f'.l ' 51' •
~':: (:,1) ,f:;:Sl (51:' ,TOT::TP (1 (11) • TO:::TP1 ( 1', I.' (101) ,1.'1 '·11':- ,
U 1"1 ( 1 0 1) , U ':'1 (1 1>, U101 ( 1 (I1) , U1,1 1 (1 1>• >,: I 1 0 1) , >< I 1 '1 1:0 ,
:'10L',Zl<l1)

..• CALCULATE VOID PATIO INTEGRAL
IF (t" t:l, • EO .3', I::;OTO 1
CALL It-1IGRL(E,D:.NIi·~TNT':-

IF n j E'l • EO. ,:::::' ':;OTO ;-'
CALL rr-n'::;PL (EF.D:1.t-1I'I"/l,FItHD

CO;'1t'1[Jf1

~:~ .

c,
,~ "

fJ '-1 I",'7 (i 1 =;(I

j-ifl (17 ,'i 1 r::.I-i

i' l (: I~: 7' I~I 1 (' (:

CI J:i1-;( 01 :=~ C
nOf17nj J,?i-j

(I (1 (I( (11:= '~l (i

r-ICf(17f:?1 (IC"

(~ ~~! n7' n? c.' (j I~

I-I (I ["17 n-:·.3 0
1'1 1.1fl? (I':"~ I)

I-I (I n7 C! ~:' C; !-l

fin ('170,..=0':: n
(jfICI7f1??n

(I'n fl( nL~';~: n

nf.t(1'7 fiE'';! C'
CI(iO"1"I:'I-IC!
nOI-i7n~:1 n
no 1)-;-' Ci,:::=" C!
fin CI";:' 1-,.-, "_:: (i

I-j ~~: /'1'7 (I .:~ ,~t n
1-lon?n.::5D
(in (:-;:.") ?t:. !-I

1-1 (11)7 I
W

' " : ; 7 n
'-II) (,? I-I :;:::: ,',

(I (10"( n'::'; n
nofl,? f!'-f I) n
nil q? 0'::; 1. I~~

(,n07 (14':: (I

no n";' 04:. (,
1"IOC7044C,
nn,-/7C:45fl

"I (! 1',71"14':. (,
;"11'1 70471"1
fi I.'j 7 f14::~ n
no ?('4Q'-i
(1(1 7(I~nnC

(i (I I ! 1; !.~

.'; (I (! 1 IW I

.• I", I"l=:f';

f', fi f-' n I i.:, (!

1-, f: C(' fll-~4 :-,

fi rll·i71-ll"·i~. Il

n(i (17" n(I ~ (I

I-I I'i I'J ;- :~~ ~", ~ CI

!~: C· t'; (' 1) 0:::: (:
:", IWl i)7' I) l:: ? I.'

C: fl (I ;:' 0 1 (! (I

:"!(; !-, ;-:- IWI 1 1 c~
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nfl07(l'51 C,,~:

i'O n70";;:' I)C
n0070530
ClflO?0540
(11107055(:
(I,) CI7 05;;:,0
Cli)(I70~70

l~; fI 07 05:=: r,
1)1-1070SqO

c'0070600
i'0'-'70610
110070620
II (t 07 n~.·~: (I

n(I '-17 0,e.4 0
;-'fJ 07 O~,5 (I

nn07f1":,t:,\-'
flOCI70t:',70
0(107 ot=,·~; (I

01-IO{'0690
(1)07f170f!
0007071 (Ie

flOO?O?c'OC
flOfl70730
fI c: r,? (174 fl
il 0 O? 0"75 f'
fin07fl76.ol
fl007077(1
,',I)07 fl7::::: (I

n007079f1C
00070::: f, f,C
00070:='10
nn1)7 o':~:;:~ (I

OI)070:::30C
Q0070::;40C

••• FOP DPEDGED FILL
••••• CALCUl.ATE :'-::1 COOPDIrVnE':: At'm ":T~:E:S::::ES

7 DO::: I:.: 1 , r'H'
:"!J 0) :.: 20) + Fun 0)

::: CDtHIm.lE
WLL::; WL - XI(ND)
WI ::; FINT(ND) + WLL
DO 12 I::; 1, tiD
DO '3 j'j::;;:,L[IF

ci ::; E (I) -E:: n·v
I F (l~: 1 • GE. (I. 1):0 GOTD 10

'? COtH WI_;F
EFFSTPfI) PS(LDF) GOTO 11

11'1 NN :.: ii-j

EFF::TP r" I) ~S (t·n + " C 1. (p::' n'D -P:: d'1!'j') ) ,.... (ES: n·o -E::: (t-H'O .' ')
11 '-10 (I) ::; 131.11 • ,.i,IL-~<I (I»

TOTSTP(I) ::; GI,I'.(I.,11-FINT(!» + G:::.(ELL-2(!»
UI,IO) ::; TOT:S:TP(J) - EFFS:TF:O)
U 0.:0 == Ulo.\ 0) - U0 (D

12 CDtHlt,UE

••• CALCULATE SETTLEMENT AND DEGREE OF CONSOLIDATION
IF (~BL .EO. 2) GDTD 14

1::::::ETT 1 ::; At n·m I VI':, - :,< I 1 nn' I "il)
UCON1 ::; SETTI .... SFIN1
IF (NBL .EO. ?) RETURN

14 SETT A(ND' - XIlND)
Ixor, ==::'ETT ..... :::FItl

RETUF't'i
Et'm
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f; (I n (, (I

r.n (I 1 fie
(1(1 I'

-, fiec:
flO n :~ r.r
1)0 I) ,140<.
f, i ,n ,-.C ,"-f_, I -
nor, I ;t", ,
fin ':' : ,-!.'

f: '~I (i ,!':: !I
..

nl) t", I-I'~

'-'1'0;=,(;10
i-I rll"i.::· (1 1 1
flO (! .~: n1 c'
(I nO;~: fl 1 .-::: 1-"

fin ("=; I) 14

fI.O f1::: (I 15
on n:=.: (I 1 ;:,
(I n0 ;~: I) 1? ,
,-I I) O!~: (I 1 ;=.:
fiOO?Ol'?
no (I~: C? I) ,

000::: 0'='1 C.
C!OI-I::;02~'

fin I);::: Oe':::
oon;;::0':"4 r
noo?O?':. C

•••••••••••••••••••••••••••••••••••••••••••••••
• INTGRL EVALUATES THE VOID PATIO INTEGRAL TO •
• EACH MESH POINT IN THE MATERIAL. •...................................~ .
DI t·1Etr I Dt1 E (1 I) 1) ~ F (101.:-
... BY SIMPSDNS RULE FOR ALL ODD NUMbERED MESH POINTS
F i1i = 0.0
[IC1 1 1=3· t·j.':·
F(I) = F(I-~~') + DZ.'E(I-c·)+4.(!.E(I-1:·,+E(!» -: ~;.0
cmHINUE
• •• f:''''' : fto1P:mV :; ..'::: RI.lLE FOR E'·... En nUt'1f:EFED T'1ESH PO rtH:
[10 c' I=4,r'h':::'
F (I) -= F (I-:~:.·' + DZ. oJ:: (1-:::" +:;::. O. 'f. (1-2) +E (1-1» +E (I». ';.0·' :::. en

2 CDt-iTInUE
••• BY DIFFEPENCES FOR FIRST INTERVAL
F2 = DZ.(E(2)+4. O.E(3)+E(4» .... ::::. 0
F(c') = F.:(4) -~-2

PETUR'tj
Et~D
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•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
• DATOUT PRINT! RESULTS OF CONSOl,IDATID~ CALCULATIONS AND.
• FA!E DATA IN TABULAR FOPM. •

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

TH1E, UCON!
::ETT1,SFI~~1

DUD:ll
I,.!L 1
PETUPt-~

DA.DUO,DUD:10,DUDZll,DUD?21,D:,n:l,DQ.EO·EOO.ELL,ELL1,
GC, GC1, G:, GS!, G.,;:Bl., G::.DF, G'.•I, HPL, HIiF, HT.'Fl, H~. IN:::::. lOUT,
lour::, LE:L, LDF, r'1T I r'lE, NPD I '.. , r'PD I \11 , r'fBL. ('iIi, riD I '.... , rH, I'o.l l ,
t-iFLAG. rii'1, r·'PPDF:. NPT. t-H·n:::, ri!H'~, t'iT H1E. PI< 0, c, e, C'1 • :::ETT .7-ETT 1,
::F Hh'F Ii'll • TAU, T HIE, TPP nn. ucm~. ucor-{ 1 , '·... P II, I,lL, I,lL1. ZV ,),
H (1 c: 1) • A l. 0:: 11:0 , AF (101':0 • FtF 1 ': 11 ':0 • AI_F'HA '.51 ';, , AL.PhA 1 ,51) •
E:ETA 0:'51), F:ETAI (51:0, PF 0: 1 OL,. :E:Fl 'lD, D::[,[ ('51), I!:DF.l ('51).
'" (1 (11.:0 , E 1 0:' 10 1 :0 • E 11 (11:0 ,EF I N <101':0 • EF I ril (1 1:' • EF ': 11':0 ,
E: (5 P , E:: 1 ('51 ", , EFFSTP 0:"1 I) l' , F F:TP 1 (11) , F '.: 1I) 1) • r 1 0:"(1) ,
F Ir-n q 0 1:0 • F rrn 1 0:' 1 1 ':0 , P v ': '51) , F'f'- 1 '.'5 t. ,,,. K .:'5 1 ) , t':K 1 (5 1 ':0 ,
p':: ('51 ':0, P::l (51::0. TDT"::TP (1')1" TOS'T,,'l (11:0, U (1 ('1) • Ul (11:0,
U 0 ( 1 (1) • U01 0:: 11) , Ui.,i '.: 1 ')1:'- , UI;' 1 ': 11) • >< I (1 (1) • >< I 1 0:: 11 ) ,
:oon,:lnn

:~"

:~.

::'"

••• PPINT CONDITIDNS IN CDMPPESSIE:LE FOUNDATION
IF <Nfl .EO. 2) GOTO 3
IF (NFLAG .EO. n 1,IPTTEo:'IDUTdOO'
IF n'~FlAI:; .EO. 0':, 1,IPITEorOtIT,ll):::;:O
i..!PITE (lOUT, 101:'
I,IPITE (! OUT, 10;::':'
DO J 1=1, ~U,I'o/l

J = r·WI'·... 1+1-1
1...IPITE(IDuT,103) Al (y. • :'<11 (j) ,21 (J) .Ell (J':o ,EF'(j) ,EFINI o:,J')

CDtlTHH,lE
1.,Wln:: (lOUT. 1(4)
!..!PITE(IDUT·l0S':o
DO~· I = 1 ,r'Hi I './1
J = r-w T'.1 1+-1 - I
'"IPITE(IOUT.l(,::,) xr i cJ:o ,TO::'TPI (J) ,EF::;TPI (J:O ,UI..Jl ,j) -uoi ',,) ,Ul <j:'-

_ COrH I r'jUE
',IPITE (lOUT, 10
I,IF' I TE .:' I aUT, 11
I.,IF' ITE (! OUT, 11
'...IF-' ITE (lOUT. 11
IF aU:L .EO.

n f!'~ (, (, ,-,
(I Cl'3 n 1 ,I

,,
O'~ I) := n

(, (I'~ (1 n
('O'i':' n(,~ C'
I-In0'3'(1t"5 (I
nCI (I'~ (I (It:, (I

Cl (I n'~ n Cl ~ (I

,', (I I)':' n(:,::. 0
fl n fl'~ n I-I';' n
(i n(i'=' f: 1 fj c:
,',,-,,-,.:; (, 11 (I

fI f: ('9 (11 =. (I

nCl (,9 f'i 1 '::; ,~!

f! nn~ fl1 .:+ fi

I-in fl'? 0 1~ (I

fi (I :':!'~ l~i 1':. (I

nt l ll ':; 1" 17 0
'-'00';:'0 j ;:: ,-,

nOCi':;'01'~O

fl (1 C,'~ Oe'(1 f!l='

nn09(ic'10C
nnu'=. I-~C'~: r
fi n (I'~ flc'::'=: n
(i'l"l n'~ 1\~'.:.1 (I

(1(; f1'~ (1:"5 n
n0 (i'~ Oc~E, n
(, (I (i';' 027 (l

(I n ,-I'::' CII~'::: (\
(I n no.:;. (1;:"'3 (l

r.~ (11'1 j (~ :: n()
,-r!) C' '-;'1),:' 1 0
C' (, ,-,'0'(,::;2 (I

,101'1':; 03.:· fi
0(' 09 0:::4 I)

C!) n9 f1.?~: 0
I) nO·~ (:.:.=.~, fi

nCO'30:=iO
fI n O..~ 0.::::: U
(, 0 0'0'0'::;';:' (,
,',00';:'04(;('
,VI(;O'f.i41 (1

(In !'1904 L='" (1("
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ft C' fl'3t 4 :. fll~' . F'P rtn crnmrr ron In PEDI::;EI', F LL
(In f":;' 44(' :~ IF ·tWLFiG • EO. 1) PITE I OI_:T, 10':,
,":I'; (I'~ 4~Ci IF {riFL AG . EO. CI) PITE lOUT. 1 n'::.
(: I.', (j?l .:.1~, Ci
(I (I (l'~ ('4 (' n
nn '-I'~ 1-'4,~: '-1
1-\n :-I'? C!.:.1'?:, 1-\

I-il'll'l':-~ 05 (I

fl (I (I ~ Cl51
(! (I n~ (I~~C'

1-; n :~l'? (;5::

(lfll~' ~ (I~.S

(;(1 (1'~ C-:f..
,'j (i f'l ~ l-l~?

I"' f! CI'~ C~I:=:

fl fi '-1'3 fl"=:, (I

,.,(, f":' I"'':', 1
1-lnCI;~O~.c. C
!-;(II)? (11:<.:; 1_

1·,f1(":'O"A
(II) j-l'~ 0':, '5
f!(, n-:. 06':,
nn (t'7t I)f.?

(I n(I'j fir:, e
(t 1"1 (I'~ n~,'?

n (1(t'~ 0"70
nn I)'~ (t71

n(I (I'j (I? c~

n1"1 (I'~ Ci?3
(rn 09 ((74
fl(i(l'307~

fiOO'307t':,
nl)r'I'~077

nnO'~ 07:::
nOO'-3079
fl I) 0'3 c!;=~ (I

(, C' 0'''1 0:=: 1
ot) (I'::' O~:;E'

nI~\ 0'3 O'~:3

0(1(!9n:=:4
(: rt 1)9 O~:'5

on (l9'~1~~'6

('fI(I'~(i::~7 r:
nOO'3(J:~::=: I::
n(ln'~(l::;9

nOfi~09(1

i,IP I TE ( lOUT. 101>
I.lP I TE(I CUT. 10;::::'
liD 4 I = 1 , rm
j = r1D+ 1-J
J!if;'JTE (JOUT, 10::::> A.,'J) , :'<I (,J), Z 0:,.;" E1 Cf), E (,J •• EFlt'j" J>

4 COrHHiI,iE
1...lF' I TE ,lOUT. 104.
I!IF' I TE ' lOUT. 105)
DO '5 I=l, tm
J = nD+1-1
f..IF'I TE 0: lOUT. 10-::> :,< I C.I' , TOT::TP o:'J.:o • EFF::TF.' (J'. ,UI,I 0:.1> , UC (.1, , U{_!,'

5 '::OnT J t4UF
WFITEfTOUT.107> TIME,UCDN
loiF.' I TE ,.'1 [11.IT, 110) =ETT.'F I n
i,IF-ITt=' 'JOI.IT, 111) nUDZ21
I,W I rr 0: I [JUT. 112) I',IL

••• FOPt'lFtT"
100 FDF.'MAT(lHl //14'lH+,,34HINITIAL CDNDITIDN~ In CD~PPESSIELE,

:'.. 11 H FDUNDAT I OIi, 1::: (1 H+' )
101 FOPMRT(//8~,'5(lH+>·13H COORDIMATES ,'5'lH+',13~,S(lH+"

( 13H VOID RATIOS .5o:'lH-»
1 02 FOPt'1AT c·,7o<, 1HA, 1 ox- 2H:': I. 11 :,<, 1HZ, 7:'<, ::::HE I t'4 I TI AL, :=:: :. 1HE. ::::>:,

6HEFItlAL>
103 FDF'MAT(2X.5(F10.4,2X),~10.4>

104 FOPt'lATc,·",,"'1>=;;o.<,5<lH+' ·10H::TF.'E:::E:: .5dH+> .7:":.50f-J+'),
~. 16H POPE PPESSUPES ,5'lH+»

105 FDPMAT"6X.2HXI,9X,5HTDTAl,5X·9HEFFECTIVE·5X,5HTOTAL,6X,
& 6HSTATIC,6X,6HEXCESS:o

106 FOPMAT(lH1/,///19o:'lH+).34HINITIAL conDITIONS IN DREDGED FILL,
19o:'lH+>.:o

107 FOPMAT(//10/,7HTIME = ,E10.4.5X,26HDEGPEE OF conSOLIDATIon = ,
F 1 e, ':.)

108 FOPMAT f1H1, ////14(lH+>.34HCUPF.'ENT conDITIONS IN CDMPPESSIBLE,
:'.. I1H FOUnDATIDtJ,130H+')

109 FOPMAT(lH1/////19(lH+.:o,34HCURPENT conDITIONS IN DREDGED FILL,
3 19(1H.»

110 FOPMAT(/10X.13HSETTLEMENT = ,FI0.4.5X,19HFlnAL SETTLEMENT = ,
::'" Fl n 4>

111 F[lPt·1AT (,10 • .c:7HF:OTTOt·1 E:OI.ltmAF.'·/ 13RADIEtH ,FlO. 4)
11 2 FOPr'lAT C·l 0 .27HI.IATEF.' LE'·... EL A.E:D'·... E BOTTml ,F1 0.4'

F.'ETUPt4
END
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:::1.1 F:f"DUT! tiE DPTA rr-

+++++++++++++++++++++++++++++++++++++++++++ ++++++++++++++
+ DATAl READS THE D~TA FROM P PREVIOUS PRO RAM RUN FROM +
+ FILE 0 THAT FUTURE eOtEOLIDATIOti CAr·j F:t: AleUlATED +
+ I,.IITHO T PEDOHu:; All P~'E"/IOUS:. +
+++++++ ++++.+++++++++++.++.+++++++++.++++++++++++++++++++

PEf1TI , In, 1 00:.0 t,r::T, rn- IrE. I [11_ I T . I OUT'S', L. E:l. lI!F
F'EFir (I Ii • 100> r1ST. t-1E'I! I \1, r'1r,I' I ',,I 1. r-n I '.,1, r'1D I './ i , nEll
RERD(IN .1(0) NST.ND.NFLAG,~M.NND,NNN.NTIME

PEAD(IN ,200':0 NST,DA,DUDZll,DUD221,DZ,DZ1
FE FiT! 0: Ir'j ,200> r·r::'T,EO(I,Ell,Elll,I:;C,':'Cl
PEAD 'Ir~ .2 (I 1'1', r'ET, I:' S:, I:' S'l , I:,S:BL, I::;:SDF. ':'1,1
PFRD(IN ,200:.0 NST.HBl.HDF.HDF1·SETT,SETTl
F'EAD II n ,;::: (I (I) t'CT, :S:F Tr-1. SF UH • TAt l • TFF' PH
~'ERD ,Pj ,2 I) n', rr;T. uem,. ucDt·'.! , '·... P J 1 , [,IL , i"il 1
j;'EADIIN ,;:"00" N:::::T.DUO.T'UI'Z10,IiO.EO

PERI,nl', ,200> rl.':-T,ZfJ'·F·KO,I~I(i,C'l

COMMON DA,DUO,DUDZ10.DUDZll,DUDZ21,D?,DZ1,D0,EO,EOO.ELl,ELL1,
GC,GC1,GS,GS1,GSBl,GSDF,Gb',HBl.HDF,HDF1,IN.INS,IDUT,
I OUTS, lEil, lDF. nr HiE. r·rFI, J'.,I, nrn I './1 ,NFL, r,w. nD I ',,I, ND t vi ,
NFLAG NM.NPROF,NPT.NND·NN~.NTIME.PKO.QO.Ol,::ETT,SETTI.

:S:F In. F HH , TAU, T HiE, TPR HH, ixon, ueOtq , '.s~. 11, I.oil, I.oill, a: (;.
A (1 01 ,A 1 (11) • AF (l 0 l:) , AF 1 ': 11 ':0 , AI, FHA 0: 51':0 ,HLPHA '51:0.
BETA( 1':0 ,BETA1 (51) ,BF(101':o .BFl (11':0 ,D:S:DE(51) ,D DEl '51':'.
t: 0'1 i)l ,E'1 0'101'" ~11 (11), EFHi 0'1 01':0. EFINl (11), Ef" 11).
f:S ('=;1 ,E:S:l (51'" EFF'S:Tf" 0'1 (1), EFSTP'l 0'11>, F ,1 01,:.. 1 '11),
F I r,n ( (1). F I r,n 1 0:: 11 ':0 , PL (51) , P~:'l (5! ) , ":f·:' (51) ,f"f"'l 51).
P'S: (51 ,PS:1 (~l>. TDTSTP (1 01', TD:STF1 (1 D. U ': 1 01:'" 1 <l D,
U0 (1 0 >, un 1 (11 ::' .1.11,' (1 01) , UI,.ll " 11) , :.< I 0:: 1 (;1 ') • :,.; I 1 0:: 1 .!,

Z"1Ol ,71(11'

E1 II
.F NT(I,:.,TOTSTP(I)
• c: L'

IF (NEiL .EO. 3) GDTO 2
DO 1 1=1, rom
PEATI(Hj ,2(0) r'E;T,Ao:I" .AFII ,fiFII ,E
PERD "It·, ,20n} t'ET,EFIN'I::'.E FS:TP(),
PERD(Ih 'c'Of(:o N:S:T,U"I::' .1.10(1 ,1.11,.1, I .>:
,:mnINU
IF (NFL .EO. 2) GOTD 4

'~.,

t.

:~.,

;',(11 (, fl

nn i 0 (I

:-,fl 1 (: n
;'11)1 (, (t

nn 1. n(i n
I-ii) 1 (:')0 I"

'-I f'l 0;'1 (it. ,'1::

fil"!10!""in7(lf
0010 (It-,::=, f:

(. (I 1 l~! (! IM1':4 n
.-\(I 1 C(I 1 Cn
f' (t 1 f· "i1 1 ;':'
(1(I 1 0 o1c' (I

fi (I 1 I-I Ci 1. .~: (1

,'ti) 1 0 fl14 Ci
Of: lOCi 1 5 (I

fl II I 0 ,': i ;::, 0
nnl (if!17Ci
;'1(t 1 (II:'] .=. I"

j-i n1 U01"?
fin 1 (I oi.' (i
Ii""1 0 u> 1 C
no t (I (Ie';::.'
",i-'1 0 (:,c,::,
fl(ll0f'?4
flO 11-' 0':::,
(101 (lO?':
C,010C:;::7
n 0 1 IIfio' :0:
001 I);';,:;":::'

ni-l1 (10.:; 0
'-'1'1 (,n C: i
liO 10('::';::
1-' n 1 0 I) :o:c: c
n0100'::;4
(II) 1 (10::5
00100:::0:,
n1~11·(1 rl.::·7
i-I 1"1 C(,:?:o
iil:ll 0 n c"::.
Ofll I' 04 C
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RETURt~

Etm

.. • FOPt'1A :S.
00 I=CRMAT(I ,(19)
00 FORMAT(! ,5E13.':')
00 FDF.:MAT(/ X,30HCONTINUATIDN DF PROBLEM NUMBER. 14)

... RESET TIME CONTPOL
':: r~I'l = !'i T HlE + 1

NTIME = NTIME + MTIME
WPJTE(IOUT,300) NPPDB

f,. DO 7 1=1. LBL
f':EAD(HE.,:::OO.:o t'tST,ALPHA1 (1) ,BETA1 (1) ,D:~PE1 (1':0 ·E::1 n;. .Pf':l (P
READntE,200') t'E'T,RK1.::I),F'Sl(1.:o '

i cmnIt'jllE

') , EF: (1) ,E 11 'I
,F1(D,I=ItH1( ':o,fOSTF:1(L'
) ,>':11(1) .2'1 n

I ,f:l=l
F TF'l',
I ,til..: 1

1), A
i'H (!
!),U

'::;OTO .:.

'·/1
tET, A1
tET,EI=
tiST, 1J1

l=l,nD
(It'~:S.2no

(In:~:,c:C!O

(IHS,c:OO
It'l'.;E
t'~BL .EO. 3)

4 DO:=; 1=1, LI'F
l;::EAft (HE, Eel!;) t'ET, ALPHA (!) ,BETA (!) • IiSDE (n ,ES 0: 1) ,PK (1::
f':EAfi (It'E, 2(0) t'FT, J;:'f;:' (I). F'S (1':0

5 cm-r ItH.iE
IF (nBL .EO. 2) ~OTO 8

2 DO
F.:EA
<;:'FA
!':EA

:=: con
IF

n 10,-'41 (Ie
(, 1 (, 04.:' 0
r. 1 (, 1-: 4,:=' (;
(,10044(,
(I 1 (I C45 o
Cl lO(14t-,I~!

(I 1 (,047(,
(11~11 004:::'OC
(I')10(,4'::oC'
(In1 fIO~CiO

(If!l (1051 Ci
('01 (I C'~ c' 0
nn i OO~'::I-'

nui n05,.j.OC
nOlOO:.::'('
(,C, 1 00"',6 (,
n01n057n
no 1 I) 0:=;;:; i~:

nnl005'~(iC

no i 001:', ,) (,e.
0('1 001:',1 I)

(1(11 (1 ot:'c' (i
nf', 1 006':=: (,
t!I-11 I) (it=,4 (Ie
no 1 0 (,,c,:=;C"~

ni~! 1 (I f!~.~, i~i

(IOj oflt:-7 0
flO 1 I) ,:',":,:::\1
n010n",.'::OOC
nOl n07n('
oni0(,71 I)

'"'0100(21)(.:
n01007,::;OC
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•••••••••••••••••••••••••••••••••••••••••••••••••••••••••
.S:A'·,.'[!f'T SA'·iES THE' [rt=lTA FPDr-l P PPE',,.' I O\lS' F'F'O,::;R'At'l PUt~ Dt~ •
• F' I LES'C THFrT FI,ITUPE E>:TEtE ION' rn THE PUrJ r·1A'.... BE I"AI'E •
• :,.IITHC1UT i;'ECALCULATH~r; PPE'·/IOU,S COI-FOLIDATIDN. •
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••

;~..

I' (i 1 1 0 f' '~I

n(I j 1 n i. ne
,",r'l1 0 :: f:e
fifi.1 1 0 ,:JII

(:(111 0 4 (I'~

n1\1 1 n 5 CII~

,',f'1 1 0 ":. I."
,", Ci 11 (I C'?OC
f; ,",1 1 I,',n::' (I
nfll1 (10'0'0
'-' f, 1 1 n1 (, 0
0011011C'
,", rr11 fi 1? n
n(I 1 1nj ":;n
(, ,"1 1 ('1 4",
"II" l 1 (i 1 <=: 0
f' f: 1 1 fll t', I)

:'If:J 1 n 1;' (:
f,:) i 1 C1,;:n
nn1 1 fl 1 '" ,',
nOl10?')'"
,",,"1 1 021 0,:'
(,01 1 etce' 0
f,r'll O;c? ::J,
,',i': 110:::'4'-,
n ~': 1 1 fl,:'''', (;

1-'(1 t 1. (1c.:6(~

(:(: 1 J 1\:'7 0
lin 110:"::::(1
i, (I 1 1 (:2 '3 I)

I' (', 1 1 0:::r:r
')0110::1(;
,"i1-, 11 (I,:::?Ii
«o i i fl:::::C'
OCrll0:::40
1'1,', 11 0:,::':, I";

(,,"I 1 ':n.:',f!
nnl1fi:;:7n
(:(111 c.::: ::1";

f: (111 il ::':; ,:.

n (;11 04'-' (,
1'1 fi 1 1 (,41 ,-,
(,,::11 n4,:' 0
(If: 1104':' (I

f':'I11 0440;:

:~.'

;~..

SUBROUTINE SPVDAT

COMMON DA.nU(I,DUDz10.n~D~11,DUD:21,DZ.D21.DO.EG,EOO.ELL,ELL1,

I3C. GC 1.'::;::-' I3,S 1 , GS:F:L, G'STIF. Glo!, HBL, HI,i=', HI,F 1. I t~, I r'E, lOUT.
IOUT:S. LE:L, LDF· t'1TH1E, ttBDI',"', NF,DJ'./1, HBL, Nh ,',;, Pi. tiDI'·/!.
r'WLAt::;, tH·l. r-iFPDB, t'WT, t'HU" Nht'j. rn I r'lE, Pf' I), C' n. 'S'l ,SF.TT.' E TT 1.
'S:~Hh SFI!'l. TAU. TH1"'. TPR'Itn. uccrJ, i.iCmu. '·iRI 1.1.',iL.lrlL 1. Zf: I).

A" 1 0 L' , Pl' 1 L' , AF (1 (11':1 • AF 1 '11') • AL PHP '51' • l"iL F'f-.!H 1 ,51 :' •
F:ETA ',51) ,BETAl (51,. BF'l 01' • F:Fl <11:0. DS'IrE ,51'). r'SDFl "51'.
E ·1 I) 1 , , E 1 ( 1 ,) l' , Ell 0:11) • E F In , 1 01) • EF I n 1 ,,'11 ) , E;;C' , 11 :' ,
ES':o1', ,ES'l ,:51) .EFFSTPo'l01> ,EF:':,TPl (j Lr ,F" 01, .Fl (11',
F HH 0 t) 1) , F UH 1 I 1 t) , PK (':,1> • Fl'l (51') , F'f':' ('51':, Pf:: 1 '51,,, •
p:s (51), F-':S:l (51) , TDTS:TP r:t 01> , TD:~'TF'l '11), U '1 1').1)1 d 1',
U ':' " 1 (1) • U0 1 (1 1 ,:' • UIo,i ( 1 (1) , Uloi 1 (11:;' • :>-: I '1 0 l' • >': i : 11 ) ,
:(01) ,21 (j L'

1FT = 1
\,I~·ITE·"IOUTS:, 10,)') r'j:::T, HJ. HE, lOUT, IDUT:S:,LEL,LDF
r'CT = rrT + 1
WPITE(IOUT2,100) NST,NBPIV,NBIIV1,NDIV,NDIV1.NBL
N'S:T = t'FT + 1
ioW I TE' "I C]lJT:S:. 1'-' 0) nST, nn- r'WLAG. Ht'lo t-Hih ~H"t'i. nr H1E
r'FT = rET + 1
101" I TE (I OUT:S'. 2 I) f,' ns T, [,F<. [lI)D::' 11. I',,'n:::'21 • [':. L'Z1
t-i,S:T = t'JS:T + 1
1"iR' I TE 0:. I GUT::':. 21~i n'! r<:T, EO C,. ELL, ELL 1, GC. '3C 1
NS:T = it~T + 1
!.IF I TE (I [JUT'S:, E:' 0 0) rET, 13?,. 13 S 1 , 6:S 'ElL, '::;'S [I~. 131".1
rET = rjS:T + 1
I,.IP I TE n OUTS.::: I) o· r'FT, H8L, HDF, HI'F 1. :SETT, SETT 1
r'fST = ITS'T + 1
I,ll;: TTE (J OUT:S:,:: 0 (::;' t""T. S:FHlo 'SF rru • TAU. T H1E, TPF HiT
r'ET = rET + 1
i.,IP I TE' 'lOUTS. c' I) n') N:' T. ','cm'J. UCOt-i1. ',iF' J 1 , I,lL, I,lL 1
r'c: T = r'F'T
l,iPITE(IDI.IT ,;::(0) r-FT.DUO,PUD:I0.[,n.t'0
NS'T = r'ET
l,iRITE ..-rOUT ,200:' tFT. :kO. pVt), (,(,. C'l

B25



(1(11 1 4
01)11 4 0
,'11·,1.1 4 C'
fi I~: I I 4 C'
'j(' 11 4 ,.,
(I {": 1 1 5 (I f!
,., :, i i os 1 n
("., 1 1 05c' 0
1-: ,"! 1 1 (J~:. i-j

0('11 C,54 ".I
L(11105':;OC
(jl)11056Ci
n (!"1 1 fi~? 0
CI (I 1105,:; (I

.-. (111 f15'? 0
no1 1 01"', (I (,

,., (11. 1 nl", J (I

nn 1 1 nt:,E (I

'·11·,1 1 I·',c, : ,.,

nOj lnf·4fl
(,,-: 11 (J,,:, 5 C,,~

fi j.; 1 1 (!6~. n
(,011 0" '"0
(I fi.t :t (!~,:~: C
(~ I) 1 1 nr:-.:~ n
,If, 11 (:'" 0 n
,.,0 1 1 (' 7 1 0
r,(I 1. 1 (17 E Cl

(, '-'11 (:7,:e;'
nn11 I~; '" 4 (,
0011075Ct
fir! 11 f~?6, (I

l-j(ll J Oi?ll
(,('1107:=:0
(j (I 1 1 tY? '::; I.~i

(,Ol10:::0nc
, III~I t 1 0:;:: 11)C
(,')11 0:3':::0
n :~i 1 1 ("::'::: 0
n,";,11):;:;4 or
n(d 10:;:,'50
no 11 O,;::t', 0

IF diF:L • E'::'. 31 GDTO 2
DO 1 1=1, tHi
nST = n'~:T + 1
',1IF'ITE(IOUTS,;:,'OO', n,:;-T'!"'(I ... ,FlF'I:o ·F'F(I> ,E(I> ,E1 (I>
t'FT = ['j:: T + 1
;,IF I TF ','I ~UT:::,. 200> rEr. FF I t'j ,II , EFF:::TP (I) ,F " I', , F I rrr (I) • TDT::: TP (I>
f'f" T = I'F,T + 1
I,IF'ITE (lOUT::::, 200) t'lI::'T, U (I'" U(, (I':'. Ul,oi (I}, -",:1'1),:: (I)
'::on T r nUE
IF (NFL .EO. 2> GOTO 4

_ DO ~ I=1.NDIV1
r;S:T '" N'T + 1
i.lPITE ( IOU T S , 2 n (I> t'1:: T • A1 (I) , HF 1 'I) , I::F 1 (I) , E p. ( I) , Ell (I ':0
t'E r = NST + 1
IoIF'ITE(10UTS',200) t'ET,EFlt'11 (1) ,EF:S'TF1 (1) ,F1 (!:O ,FTtHld" .TJ:T:;l n,
H:c::T ,= nST + 1
',IF I TE (IOUT;,;~ I·'0) t'FT, U1 (1:0 , U ('I " I) • Ui,lI 0: I) • :: II (r) , :::: 1 0: I'

:: cm-n Tr'~l.il=

IF (NBL .EO. 3) GDTO 6

4 DO 5 1=1 , L DF
t,n T = r'E T + 1
idr.:'r n::(JOUTS,200';. r'ET. ALPH':;' (I) ,E:ETfiO::I':' ,DSPE(I) ,ESO:J') .F'f" (I'
n::T = r'CT + t
1,.iP I TE (I OUT~', E' 0 0) t'j:::T. Pk (I) , p:S' (I :"

5 Cm~T I tjUE
IF (NBL .EO. 2) RETURN

6 TiD 7 1=1, LBL
r'ET '" rj',:T + 1
i,leITE (IOl.iTS,200') t'E T. ALPHA1 0::1), FETAl (I) ,leD!:l (I), ES1 .;'I). PK1 0::1:'
tr'T = t'ET + 1
I.,IF' I TE ( IOU T'S , 2 ,.., 0) t'j'::: T • Rf' 1 ' I) • R:~ 1 ' I)

.,. CmnUElf

••• FOPt'1AT:S
100 FCRMAT(I5,719)
~OO FDFMAT(I5,5E13.S)

RETUPt-1
EtW

B26
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APPENDIX C: SAMPLE PROBLEM LISTINGS

1. The following pages contain sample data input and calculation

results from the two practical applications previously discussed.

Cl



2. This page and the next contain the input data file used in

the dredged fill with compressible foundation example.

11)(1 10 1 co
1 n 1 2 1

O. (I

::::.197E-05
2.7:;:6E-05
2.3:;;3E-05
1. 9;~:?E-05

6.6c:4E-05
5.:332E-05
'S.112E-05
4. :j'?2E - (15
:3. 773E-05

1 (14. (I

1c':;:. (I

154.0
19",. r:

20.0 25.0 36 0.0
u, (I 1.21 OE-(I':;::
4.2 1.112E-03
I:: • :;: 1 • (!=:oE - 0::::

14.1) '3'. 494E-(14
1':<. t, :3. :354E-C'4
c''':,.4 :::::.2:::4E-04
'::::C'.U 7. ':::,16E-04
:;::'? I) 7. OOnE-i14
4::'. n ':::,.:=:'=<2E-04
5:=:. I) 5.7::::::E-04
70.0 :',.227E-04
'::':::,. I) 4. t:,::'OE-04

4.2::NE-04
'::;. :::,3 OE- 04
':::. 45f.E - 04
3.0':;::'':::,E-04

2'32.0 2.736E-04
2.44:=:E-04
2.160E-04
1.944E-04
1. 714E-(:4
1. ':' L=:E-n4
1. ::::25E-04
1. 1701:::'-04
1.0:::4E-04
·:'-.OfIOE-(lS
7.720E-i)5

;::'=::=;. (I

344.0
4c'0. n
S1 O. I)

640.0
7:3 I). (I

'350. n
116n. r.
1400. (I

1700.(:
2040.0
2'540.0
::1. 00. (I

:37'::,0. (I

46(10.0
5540. Ci
E·:::OO.O
:~:4 1'111. (i

10400. 0

::. (I (I

E~. 7 n

1. ':::; (I

1. c'5

1.75
1. ;:' (I
1.65
1 • ~,n
1.55
1 • ':, (I

J .45
1.40

2.90

,~. ,',I)

1. '35
1. '?O
1. :::::5
1. :=: (;

c:.OS

':::.:::0

c'.75

e, 20
c.'. 1. ~,

c:. 11)

;:',65
;:~. 6.(:
2.55
2.50
c~. 45
2.40

,",ctc'

c:=:o
2'31

'=-0:::

~-:.' 1 S

~'24

c'O'::·

~? n 1~1

~=: 01
;~: I);:::
='CLC:
c'n4

,~'n7

?J. ::;
co 1':;.
2~:n

??1

:='10
'::'11
?12
?1::::
C'14

C2



:;. 26. o

c~. 29 (I

1. 3 I) 0

2. 5 c:t=,E - O~,

1.656E-05
1.0':"4E-05
':::.7:::::4E-06

'::" 0

3001"!. I)

401",1"1. C'
':':4:=:(1. (.
750fi. (I

':"000.0
:;::.OF-04

1 0 4

3.0 5.0 31 7.0 62.4
O. 0 8. 56·::::E - 1"1:3
0 •. ::: 8. E:C'SE-03
1.0 7. ::A::::E-I):;::
2.::: 7. 200E-O:::
5.4 6.091E-03
::::: • :c' 5. O'~;::::E- 0::::

1:;:. ? 4. 176E - 03
1:::::.2 ::::.442E-0:;:
c'4. ::::: ? ':::'::-c:E - 03
:';:. ;;: c' • ::: 1::::E - 03
44.0 1.:::::::::6E-03
57.0 1.5?OE-0:::
73. I) 1.267E-(I::::
9'::,.0 1.037E-0:::
12~.0 ::::.352:E-04
1':,3.0 6.7f:::E-04
2'10.0 5.4c"3E-04
c'74.0 4. '37::::E-04
35:::::. 0 ::::. 4 ':;"3E - (14
462.0 2.794E-04
600.0 2.21::::£-04
790.0 1.7:::5E-04

1030.0 1. 354E-04
1320.0 1.022E-04
1740.0 7.488E-05
2240.0 5.32PE-05

~'. '?5

1 (1':'5

1460

c:.O

S. fJI

5.40

(30

'='.6

1. '::
1.6..1
1.50
fi. :::.5
.;:, 10

;:'.4

'5.c~o

s. (I (i

4. :::: ,-,
4.6· 0
4.40
4. c'O
4.00
:::. :::0
:;. € I)

.::.40
:;:;.20
0:::. (10

7. 00

6. '30
6·. ::: Ct
;:,.61)
6.40
6.20
'=" 0 0

:.-::..::'
0. 'i- _'

:;2~·

~:27

.-•. -.1:'

.':.":' ..'

·::f!S

:"-::: n
;::31
4no
'-I('1
4n,:::'
4 .::
4 4
4 ~

o~: (i 1
·~:(;2

::: 0:::
.;::1)4

.;::24

·;nE·
'::07
:::0:=:
:::09
::t u
::1 1
.:, 1 'c
;:1::.
::t4
:;::15
:;16
.:: 1;.'
::: 1 :;::
? 1'3
:.~c' 0
se1

:::29

C3



3. Below are the calculation results after 2 years. A total of

6.0 ft of dredged material has been deposited. Results for the compres

sible foundation are not shown .

•••••••••••••••••••(UP~ENT CONDITIONS IN DREDGED FILL •••••••••••••••••••

•••••
A

':::, 1111II11
It:'", -:"'J fl (I (1

e; (I (I l (I

4 c:; Il fl! ~

4.0011(:
3. C:;OI-il-1

::: 11111: n
~ 500 l i

2 001111

1 5111-111

1 110 "11i

II =;OI~II~l

'-I

,., I
-, ,::-";1 0
4 0 ;::·2:='
4. ::"304
:: :=~ E;::'j
::' •.:::7'::.4
.:' '3J 1'3
c:.4'345

1 • ;;:,3':0 =;

1 2':::0::'
11 ~: 11:=::::
II 41',' 3
o

•••••
z

(I 7500

(I 6c'Si l

0.5625
0.50011
0.4375
(I 375 (I

O• .-=,1'::5
(J 2:.(10
o 1:::75
II 1c'5 I)

O.O'.:,c'C;
o

•••••
E Hi IT I AL

7 00(11)
... II (10 II

7 0000
.000 II

7 0(:110
7.11000
7 (J1)lfCI

7 uUOu
7 000('
... 011 I) II

, 011111"'
7.lllif,ll

, 011110

',,1OID ~'ATIO:

E
7.00011
,:::, ;':,61 u
6· 4651
6 ~: O?t,
6 17:;:5
6 O~,4 0
5 'j43'~

'5 ,::40:
:; ?422
5 t::,47:::
5 SSt::. 1

•••••
EF I ~jF1L

7 Ollnll
t=:. 5162
.:. 1:::20
"; '3 =:1 1

'5 341':;

'5 1447
c; 11594

4. '3:::~~ n
4 '?22-::,

••••• ~TRESSES ••••• ••••• POFE PRESSURES •••••

:: I

.~~:. :~:7't:,4

,CO. ':::;=: 19
», 494~
E'. 06:;:~:

1. c' .=' C"::'
O. :e: 0::::::
1'.401:::
o.

TOTAL.

1::::2.56:::;:;
16::;1. 1'3 I'l::'

?71. ,::.:;,1 ::::
::::05. ';:,:,:44
::::::1::. '::'444
:371. • :::7:::7

fFFECT!\:E
-0.0000

4.4'541

1 Co. ':::=:::: I'
1::::. :::;::,1 ::::1

;~. (I. O:-'2e
c':3 . 4 E,::I ~=;

27. 225'~
31.1941".
.35. 57c'4
40.43;:::::
45.477::::

'31 • :~: 0 I::::::
124. :::,74-.'<
157. J57:~:

220. '="~':: I~I

::::11. :::;('? fl

cr:~:E·. 171 c~

:0: 11. 71 ::::5
::::4 I). '::,::':47
:=:6::::. :~:7:::: 1

::TATrc

:::'3.4::7'="
11:::.'::'l:::e
147.71':,::::
175. '~4'?~

1.=: o·~.• 6::::::;::

2::14.3444
310.45=:7
:;::::t:,. 2 (,05
-:::61.5'33c·
'~::::.:.. ':·::':·74

Clio
2. ::::70'~

5.95':.1
.~. 6420

17.274~3

=:4.:: 11 I:::

27.:::"41
:::: (;.231 el

"34. 64c~7

.::~.• 422;:"

TIM~ = 0.7300E 0::: DEGPEE OF CDNSOLIDATION =

::::fTTLFt"ft'iT = 0.74'30 FIN~L SETTLEMFNT 1. 0'56'="

IoIATER LE.'·... EL AF,D\iE F:OTTDr1

C4

-23.17.37

':'.19';:,J.



4. This page and the next contain the results after 8 years of

consolidation. A total of 14.0 ft of dredged fill has been deposited .

••••••••••••••••••• ruRRENT CONDITION~ IN DFEDGED FILL •••••••••••••••••••

•••••
A

14 I,i., (it ,

1 -:' c; I! Ill!

1- 00111-,
1;:: e:;nfJll
1 c ",1 (II

11 51 11-: (I

11 (I I j i it

111 5i ! Ii

1 0 1I1I ,-, I:

,::;, 011 lin

_: =;i'j i I (.

: III fill'

"/ I t I i I! fI

~, 5f1 l i (

,,:, 01.1(:'-'
c; 511 nII

c:; 0':,111-'

4 -:. (~I r II

4111'11'-'
:::: ~ (I ~-Ij-I

:: nonII

2 '5111111

C 1:11: " I,

1 .. ::-10 I t n
1 0 (II: 0
i', =: II II (I

II

>, I
11 ::111
1 i' :~:.:'~5 n
10 J57fi

'::;,. ,:, I i 1
'9 4545
9.1115'5
:::. :;':::':::: II

-. I :~~'~

I ~: 15::::
~'. ';(120
.::. 4'::'20
t:=, 0:::57
C; ':-·,b ..:':",

4. :::::~:73

4 494.::
4 10,,,5
::' 717:=:
.::: ::::::4,)
2 '3~,? 1
E .. S750
2.1 C,?;::,
1 :=26::::
1 4~5t,6

1 0:=:::':;'
o 7:='3t.
n ':::;::'0":,
o.

•••••

1 75"111
1 f,:::7t::;
1 6 c.: 5 (l

1 • 56~:5
1 50011
1.4 _,7e:;
1 3750
1.;'1;:::5
1. c'5 (11-'
1 • 1:::::75
1 12511
1 • 06'=::5
1.000('
0.:;'-:::75
o ::::75(I

0. :::125
(1.75 nl',
(I 6::,75
I) 62511
O.562~

(I 501ln
O. 4:::7~
I) :~~751:

o• .::: 1 c'':';
O. ':::'5 nn
I) 1:~:75

n 12511
fl.Ot::.25
O.

C5

•••••
EHH TIAL

7 IIlln

(II' (,

7 IlOt)

7 01111
7. II I) I'

7 OOCI
7. lion
7 0011
7.1'00
,on (,
I OOu
,.. 0(1 o
7 (1I.i11

.. 0011

7' I) fl I

7 (:(1

,. 00
7 00
7 (1(1

7. I) (,

7 IIII

'7. (I (I

7 IiI)

7 00
7.00
7 •. 0 IJ
7.00
7 OU
7. 0('

E
7 011111-'
1':, 6041

;::, 214c
1::, 0:::: 0:::'

5 ;~:756

a=; 7'3':34
5 I 196,
5 6520
~ 5:::92
s 529:::

<=: ,~17':<

:; ·~:64~,

5.:;127

5 16411
5 1171
5 071 ::::

4 '::;'::::51
4 943'::'
4. '::;'0':::::
4 ::::;:0.4 1
4 ;::259
4 7:=:::::6
4.7519

•••••
EF I t-jPL

7 01100
t· ..51 t:.c:
6 l::::c'O
5 •.~::: 11
5.7405
5 5~:~'=';·?

5 45~,5

5 ::::41-:'

'5 144~'

:1 OSQ4
4.9:=:211
4 '3c'c'6
4 :=''::,::::
4 :=:1':::-:'
4 .. 75t::, 1'1

4. 70':'11
4.661 ,:,
4 1:,14:=,
4 :1754

4 '5(1'::'=
4 4676
4 4;'17
4 3'?;::,6
4 367t=,
4.3:::;::;5
4 3095
4.28114



••••• STRESSES ••••• ••••• PORE PRESSURES •••••

>:: I
1 1 .:=:1 1 1
10. :=::C''SO
1 fl. :~;t::;7n

9.91-111
'::'.4545
'3.01.55

7. '~:j 5::;
6., ••~ Oc.~ I)

'::,.4';'.:"1";

~ ,-,,-.·-.,.1
• .1. c.::" =,~

4. ':::::73
4.4'=Q:=:
4. 1 (i4':;
:::.717::=:
.:::. 3:"4 (I

2.5750
2. 1'~':'>:,

1. :=::26::::
1 • 4'5'::,t,
1 • 0:=::::::'::;
(I. 7c.·:::~,

n. 3'::, Or',
o.

TOTAL
75.3'395

112;55'35
1 4 s , '5::=: :=; .:'
t ::::::=:, ;c:,::,::=::;:'

41 :=:'. 77'=<':
451.1:=:::59
4:?:.~;. 365'5
S1 5. ::=:E70

641.1173

70?e4e3
7:=:::.441'=:

7';:'4. 1 (,'?-E·
:?-24.19':-1
30:::;4.1'='12
e::=::~:. '=::'::''='4
91~:.'5127

'?4;:::·. 9'=:57
'j:"2.3146

EFI="ECTI\"E
-0.00('(,

'3. 1:=:::::4
1~~.• ~:~:~ ;~~ I:'
16.1951
19.2020
22.3060
c'5.0774
2::::.1767
31. 01::::':<

4'-:;.0640
43.0:=;:='1
46. ':::0;=:'1
49.':774
52.'~724

56. 1137::;

5'~. :::::::217,
6::::. f.E~·:"7

E,?2576
70.7771
74.717:::

'=::4.1177

'37. f·540
10;::.9':.;:'7

TOTAL

107. 22:~:2

13'0'.4047
170.'3750
;~ Oe·. 35::::4

264.2821
294. '0':=::71
::::2~. 0607
355.1215
:;::::4. '0"3::='4
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5. After 14 years, conditions in the dredged fill layer are as

shown below and on the next page .
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6. The input data file for the soft compressible layer example

is given below.
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7. Conditions in the compressible layer after 3 years are shown

below. The total layer depth differs from the input value slightly due

to the iterative method of calculating the material coordinate and the

fact that Lagrangian coordinates are reset to match the material

coordinate.
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8. Compressible layer conditions after 6 years are shown below.
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