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PREFACE

This report was prepared by the Geotechnical Laboratory (GL), US Army
Engineer Waterways Experiment Station (WES), as part of the Dredging Operation
Technical Support Program (DOTS) work unit for verification and refinement of
engineering methodologies developed during the Dredged Material Research
Program. The DOTS Program is sponsored by the Dredging Division of the Water
Resources Support Center, Fort Belvoir, Va., and managed by the Environmental
Effects of Dredging Programs (EEDP) in the WES Environmental Laboratory (EL).

Mr. Charles C. Calhoun, Jr., was Manager, EEDP, and Dr. Michael R.
Palermo was the work unit Principal Investigator. The report was written by
CPT Kenneth W. Cargill during the period June 1982 to March 1983 under the
general supervision of Mr. C. L. McAnear, Chief, Soil Mechanics Division, GL;
and Dr. William F. Marcuson III, Chief, GL. Dr. John Harrison was Chief, EL,
during this period. Revision of the computer model PCDDF to internally deter-

POy e

Y
0 A, Ay

mine the simulation time increment and grid size was performed by Mr. Gary
Goforth, working for EL under an Intergovernmental Personnel Agreement with
the University of Florida.

During the preparation of this report, COL Tilford C. Creel, CE, and
COL Robert C. Lee, CE, were Commanders and Directors of WES and Mr. F. R.
Brown was Technical Director. At the time of publication, COL Allen F.

Grum, CE, was Director and Dr. Robert W. Whalin was Technical Director.

This report should be cited as follows:

Cargill, K. W. 1985. "Mathematical Model of the Consolidation/
Desiccation Processes in Dredged Material," Technical Report D-85-4,
US Army Engineer Waterways Experiment Station, Vicksburg, Miss.
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CONVERSION FACTORS, US CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

US customary units of measurement used in this report can be converted to

metric (SI) units as follows:

Multiply By To Obtain
acres 4046 .873 square metres
cubic yards 0.7645549 cubic metres
feet 0.3048 metres
feet per minute 0.3048 metres per minute
inches 25.4 millimetres
square inches 6.4516 square centimetres
tons (force) per square foot 95.76052 kilopascals
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MATHEMATICAL MODEL OF THE CONSOLIDATION/DESICCATION

PROCESSES IN DREDGED MATERIAL

PART 1: INTRODUCTION

Background

1. The safe, efficient, and economical disposal of fine-grained material
dredged from navigable waterways throughout this country is a problem which
must be continually addressed by most Corps Districts. In the recent past,
more stringent environmental concerns together with a general decrease in the
number of available disposal areas have created the need for maximum utiliza-

tion of both existing and planned dredged material containment areas. Bene-

fits to be derived from optimal use of containment areas include both economic
and environmental factors. By operating and managing the disposal sites in
such a manner as to reduce the dredged material surface elevation, the useful
service life of the containment areas and the volume of dredged material which
can be stored in them will be increased. Thus the number of additiomal con-
tainment areas required in the future wili be minimized, as will the environ-
mental impacts of additional containment areas. The authurity for site man-
agement is recognized in Section 148 of PL 94-587:

Sec. 148, The Secretary of the Army, acting through the
Chief of Engineers, shall utilize and encourage the utlli-
zation of such management practices as he determines ap-
propriate to extend the capacity and useful life of dredged
material disposal areas such that the need for new dredged
material disposal areas is kept to a minimum. Management
practices authorized by this section shall include, but

not be limited to, the construction of dikes, consolida~

" tion and dewatering of dredged material, and construction

- of drainage and outflow facilities.

As the management of disposal areas has intensified, the need has developed

to improve the mainly empirical methods used in the past for containment area
design. This report focuses on one of the primary factors in a well-engineered
scheme for the disposal of dredged material within confined areas: namely,

the prediction of settlements of the fine~grained portion of the dredged mate-
rial due to consolidation and desiccation.
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Problem Statement

2. In order that the maximum benefits can be derived from areas con-
structed for the confined disposal of dredged material, the areas' design and
operation plan must accurately account for the increase in storage capacity
resulting from future decreases in the height of dredged fill deposited. The
height of the dredged fill decreases by three natural processes: sedimenta-
tion, consolidation, and desiccation. The sedimentation process is not covered
in this report because its effect is complete within a few hours or few days
after material deposition and therefore has no effect on the long-term opera-
tion or storage capacity of the disposal area. Tests to ascertain a material's
sedimenting nature and procedures for calculating the effects on disposal area
filling are described by Montgomery (1978). General guidance on design, opera-
tion, and management of disposal areas is given by Palermo, Montgomery, and
Poindexter (1978).

3. Increases in the storage capacity of a confined dredged fill dis-
posal site because of the decrease in dredged fill height due to consolidation
and desiccation are important considerations when designing a containment area
for maximum efficiency and economy., Many soft, fine-grained dredged materials
consisting of clays and silts may ultimately undergo upwards of SO-percent
strain during self-weight consolidation. If the site is well managed to elimi~
nate surface water so that the material surface can dry through desiccation,
much higher strains are possible. The problem then is to determine settle-
ments as a function of time for dredged material subjected to the effects of
self-weight consolidation, crust formation due tc¢ desiccation, and additional

consolidation due to the surcharge created by crust formation.

Objectives

4. There are basically three objectives for this report:

a. Develop a mathematical model which describes the combined
processes of consolidation and desiccation within a typical
soft, fine-grained dredged fill, and which is based on
laboratory-determined material properties and site-specific
climatic conditions.

b. Codify the mathematical model in a computer program capable of
forecasting dredged material settlements as a function of time
for any particular filling history.
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c. Verify the mathematical model and computer program by comparing
predictions of settlement at various sites with measurements of
settlement made at these same sites.

Previous Work

5. A review of the literature revealed some of the past attempts at
solving the problem of dredged fill settlements. Casteleiro (1975) presented
a mathematical model of conmsolidation and desiccation which was able to pre-
dict settlements of the same order of magnitude as those measured in a field
site. The model is based on small strain consolidation theory, purports to
calculate consolidation in both saturated and unsaturated layers, and con-
siders evapotranspiration. The report's conclusion that the use of vegetation
with high transpiration rates offers the most promise of accelerating dredged
fill consolidation leads this author to believe that the model is deficient
in its treatment of the consolidation process. Johnson (1976) has also pre-
sented a mathematical model for predicting consolidation of dredged material
which is based on small strain consolidation theory and includes sedimentation
calculations. This model, modified to include an empirical model of desicca-
tion, was used by Palermo, Shields, and Hayes (1981) to make estimates of
settlements in the Craney Island disposal area with very good results.

Hayden (1978) and Haliburton (1978) have also produced procedures for esti-
mating dredged fill settlements which consider desiccation and use a simplified
approach to the consolidation process.

6. Two of the primary drawbacks to all of the above procedures are their
reliance on small strain consolidation theory to describe the consolidation
process and the unlimited depths through which unrestricted desiccation
effects may proceed. The report presented herein is essentially an extension
of a previous report by Cargill (1982) which documented a mathematical model
for settlement calculation based on the finite strain theory of consolidation.
The finite strain theory of comnsolidation, first proposed by Gibson, England,
and Hussey (1967), has been shown to be superior to the conventional small
strain consolidation theory in its ability to model the one~-dimensional primary
consolidation process for soft soils with nonlinear material properties
(Gibson, Schiffman, and Cargill 1981; Schiffman and Cargill 1981; and Cargill
1983a). A new version of the mathematical description of the desiccation

process to be fully described in Part II of this report will be coupled with
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this finite strain model of the consolidation process to provide a state-of-

the-art computer program for the prediction of settlements in dredged material.

Need for Field Verification

7. Field verification is a necessity for any analytical procedure before
the procedure can be used confidently as a basis for new design. This is
especially true where the variances of nature play a major part in the field
performance as in the case of desiccation. Therefore, the results of analysis
techniques developed in this study will be compared with available field
measurements to develop some initial level of confidence in the method. It
is recognized that the field sites used were not specifically monitored for
the purpose of verifying this consolidation/desiccation calculation procedure,
and some of the required input data will have to be assumed.

8. Additional field verification designed specifically for evaluation
of the proposed mathematical model and calculation procedure would be particu-
larly advantageous in providing guidelines upon which factors requiring
engineering judgment can be based. The design of such a comprehensive field
verification site is included as an appendix to this report. Such a program
is considered essential before maximum benefits can be derived from this or
any other method of dredged fill settlement prediction.

9. Several appendices accompany the main body of this report. Appen-
dix A is a user's manual for the computer program PCDDF. Appendix B provides
a source listing of PCDDF. Appendix C presents example input and output of
PCDDF. Appendix D contains compressibility and permeability data referenced
in the main body. A comprehensive field verification site 1is described in

Appendix E.
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PART II: MATHEMATICAL DESCRIPTION OF PROBLEM

10. In general, a problem must be described mathematically before a
properly engineered solution can be obtained. The complexity of the mathe-
matical description should conform with the certainty to which its constituent
variables can be measured or specified. A rather complex model of the consoli-
dation process is presented here because of the relative certainty with which
its variables can be known. That is not to say that they will be absolutely
known, but that the opportunity for reliable measurement or specification is
great. A somewhat looser description of the desiccation process will be used

because the primary factors governing the process are not normally predictable

to any large degree of certainty.

The Consolidation Process

11. The mathematical model of one-dimensional primary consolidation
used in this report is based on the finite strain theory of consolidation as
described in detail by Cargill (1982). Thus, only the main points will be

repeated here for ready reference without going into any of the derivationms.

Governing equation

12. The governing equation of the consolidation process first presented
by Gibson, England, and Hussey (1967) is

Ys .\ d [k(e) | e, @ [ _k(e)  do' de], 2e_, 1)
Y de |1 +e| 3z 232z yw(l + e) de dz| ot

where
Y = unit weight of solids
Y. = unit weight of water
e = void ratio
k(e) = coefficient of soil permeability as a function of void ratio
z = vertical material coordinate measured against gravity
o' = effective stress
t = time
This equation is well suited for the prediction of consolidation in thick

deposits of very soft, fine-grained dredged material because it provides for:

10
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the effects of self-weight, permeability varying with void ratio, a nonlinear
void ratio-effective stress relationship, and large strains.

13. A closed form analytical solution of Equation 1 is probably not
possible, but its numerical solution on a computer is quite feasible. Once
initial and boundary conditions are defined and appropriate relationships
between void ratio and effective stress and between void ratio and permeability
are specified, the void ratio distribution in the consolidating layer can be
calculated by an explicit finite difference scheme for any future time as

fully described in Cargill (1982). In finite differences, Equation 1 can be

written
e = e - Y Ble, ) + a(ei+1’j) _ u(ei-l’jg
i,j+1 i,d Y, P %i,j 26
2)
[°i+1,1 i "'i-l.j] . ate. ) |itid T %5 * %in1,j
26 i,j 62
where
T = time interval in finite difference mesh
Y. = buoyant unit weight of solids or
Yo 5 Y - Y, (3)
B(e) = a function of the void ratio and permeability defined by
d
o - & [Be]

o(e) = a function of the void ratio, permeability, and compressibility
defined by

8 = vertical space interval in material coordinates in finite
difference mesh

Initial and boundary conditions

14. Typically, the initial conditions of a saturated dredged fill layer
can be written as

e(z,t) = e, fort =0 (6)

00
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- where €0 = void ratio at zero effective stress. This is an instantaneous

- condition reached by the dredged material at the end of the sedimentation

' process just as the solids begin to form a continuous soil matrix. It is

» actually an approximation since the entire layer does not end sedimentation

3 and begin consolidation at exactly the same instant in time. However, it

i should be a good approximation if the time to which consolidation is calculated

is relatively long in comparison with the total time required for complete
A sedimentation.

15. In a dredged fill layer not subjected to surface desiccation, the
. top boundary condition is

e(2,t) = €50 for t >0 (7)

- where £ = total layer thickness in material coordinates. The top boundary

i condition of the consolidating layer in the presence of a desiccated crust

will be discussed in a later section.

.
b ‘l (]

16. The boundary condition at an impermeable lower interface is

Pl
W'

= - de_ -
= (Yw Ys) do’ for t >0 and z =0 (8)

and at a semipermeable lower boundary is

e (y A do' for t >0 and z =0 9)

where u = excess pore pressure. The impermeable boundary condition is used
where the dredged fill overlays a relatively impervious, incompressible founda-
tion layer. The semipermeable condition is used with either a compressible
foundation layer which drains through the dredged fill or an incompressible
foundation providing impeded drainage from the dredged fill.

17. At a free draining lower boundary, excess pore pressure is zero and

the total pore pressure is equal to the static pore pressure or

.
LIS

- u,=u =hy, (10)
X 12
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u, = total pore pressure
u = static pore pressure
hw = height of the water table above the boundary

Since the total weight of material above the boundary can be calculated,

total stresses are known and effective stress may be calculated by the effec-

tive stress principle. Thus

o'(0,t) = o(0,t) - u, (11)
where o = total stress and since

0'(0,t) = fle(0,t)] (12)
the persistent void ratio at the boundary is known.

18. There are several methods of relating void ratio to effective
stress. Among them is
- - t o [
e=e, (o ol)av (13)

where

e = void ratio at effective stress oi

a, = soil coefficient of compressibility
which is the relationship used deriving the linear small strain theory of
consolidation. There is also the well-known relationship for normally consoli-

dated clays

e=e - Cc log <0 (14)

)

where Cc = compression index for the soil. In linearizing the governing
equation of finite strain comsolidation theory, Gibson, Schiffman, and Cargill

(1981) have proposed the relationship

e = (eoo - e,) exp (-A0') + e (15)
13
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where

void ratio at infinite effective stress

i
1]

E
> 8
[}

a constant describing the change in soil compressibility with void

ratio

19. Since none of these methods are completely adequate in representing

. the void ratio-effective stress relationship throughout the range of void
ratios typical of a consolidating dredged fill layer, the mathematical model

P, used here will be based on laboratory-determined curves. This is accomplished

N in the computer program by interpolating between relatively closely spaced

- points selected from the laboratory curve.

Coordinates and settlement

3 20. It is convenient to solve the consolidation governing equation in

5

terms of the vertical material coordinate 2z . However, since this is a

s

measure of material solids which remains constant throughout the consolidation

process, a coordinate transformation is required to obtain the height of points

' "1‘.,-.
- .t

within the dredged fill layer. At any time, the actual coordinate within the

layer is

: 1
g(zl,t) = f [1 + e(z,t)]dz (16)

where

13

%

2]1. Total layer settlement between times tl and tz is now easily

convective coordinate

material coordinate of any point within the layer

>
v s
LS P

.
Y

expressed by

2
6= g(n,tl) - g(z,tz) = [ [e(z,tl) - e(z,t.z)]dz (17)

o

.. or if settlement is measured from the initial sedimented dredged fill
-. height h ,

hPRE )
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6(t) = €l - f e(z,t)dz (18)

since

h=2(0+e (19)

00)

Stresses and pore pressures

22. The calculation of stresses and pore pressures within a saturated
dredged fill layer is relatively simple once the void ratio distribution and
thus effective stress distribution is determined from solution of the governing
equation. The total stress at any point in the layer is equal to the total

weights in a unit area of all materials above that point. Therefore,

2 2

o(z,t) =yw[hl +/ e(z,t)dz] + Y ] dz (20)

z 2

where h1 = height of free water surface above the dredged fill layer. The

static pore pressure is determined by

1,z.) = y [, - £z0)] (21)
where h2 = height of free water surface above the datum plane 2z = 0 , and
total pore pressure is

u (z,t) = o(z,t) - 0'(z,t) (22)

by the effective stress principle. Then the excess pore pressure is
u(z,t) = uw(z,t) - uo(z,t) (23)
23. With the preceding equations, the state of the dredged fill layer is

fully described at all times during the consolidation process. Many of the

equations given thus far in this part will be modified when the dredged layer

15
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develops a desiccated crust; therefore, care should be used during application

when a crust or other surcharge is present.

The Desiccation Process--An Empirical Approach

24. As previously mentioned, the desiccation process is governed by
many factors whose predictability is often difficult. The empirical process
description to follow may then seem inconsistent with the rather sophisticated
model of the consolidation process. However, by using the more exact model of
consolidation, the reliability of the overall settlement calculation should be
increased since the major cumulative errors are more likely to be limited to
only one part of the calculation.

General process description

25. Desiccation of a dredged material is basically removal of water by
changing the state of the water near the surface from a liquid to a gas. This
change of state results primarily from evaporation and transpiration. In this
report, plant transpiration is considered insignificant due to the recurrent
deposition of dredged fill and is therefore disregarded. Evaporation is mainly
controlled by such variables as radiation heating from the sun, convective
heating from the earth, air temperature, ground temperature, relative humidity,
and wind speed. While equations have been proposed which relate evaporation
to these and other variables (Gardner and Hillel 1962; Linsley, Kohler, and
Paulhus 1978; Ripple, Rubin, and Van Hylckama 1972; Van Bavel 1966), they are
not used here due to the uncertainty in describing the variables over any
period of time. Instead, evaporation from a dredged material surface will be
defined as some function of the average Class A pan evaporation rate (Linsley,
Kohler, and Paulhus 1978).

26. Thus, a simple mathematical description of the evaporative flux is

E = cE EP (24)

E evaporation from the dredged material surface

CE = evaporation efficiency

EP = Class A pan evaporation

However, there are other factors which must also be taken into account. For

16
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. instance, the evaporation efficiency is normally not a constant but some
. function of depth to which the layer has been desiccated and also is dependent
on the amount of water available for evaporation.

Water balance

27. A more accurate equation governing the desiccation process is
possible from considering the water balance of a soil element of large areal

extent at the surface of the dredged material as illustrated in Figure 1. As

. g Ny Y
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- Figure 1. Water balance in a soil element of large areal extent

suggested by the figure, the change in the amount of water contained in the

upper crust over a finite period of time can be expressed as

[ Ot
D

. AW = RF + CS - OF - E (25)
= where

iz AW = change in amount of water within crust

if RF = rainfall

': CS = water supplied from lower consolidating soil

f; OF = overland outflow of excess rainfall

‘.

’
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28. Vith implementation of an active progras to promote surface drain-

age, most of the water available from rainfall can be removed from the area

q.1"."‘."'/ 'c' Py

before it is absorbed by the drying dredged material. The amount of water

added to the crust due to RF and OF could then be written

FAPASLIAI L

B 4, 8,8, Ty,

nr-or:(1-2—§)nr=(1-cn)nr (26)

where CD = drainage efficiency.

- 29. Equation 25 now becomes

AW = (1 - CD)RF +CS - CEEP (27)
for specified periods of time. If AW is a positive number, there is excess
water available at the dredged material surface which could resaturate pre-

- viously dried crust. However, a combination of the facts that CE increases
dramatically in the presence of small amounts of free water and that previously
dried crust is very slow in adsorbing standing water (Brown and Thompson 1977)
& leads to the assumption that AW can only be zero or less when the crust is

exposed to the atmosphere. 1If AW 1is a negative number, there is a net loss

of water which means either that more water is removed from any previously

dried crust or that the depth d of dried crust is increased.

“ .

30. It is practical to make the calculation of Equation 27 on a

monthly basis because of the availability of long-term monthly average rainfall

a
A

and pan evaporation data. Rainfall and pan evaporation data have been tabu-

.I ‘.

lated and published in climatic summaries by the US Weather Bureau for many

i

areas of this country. Tables of average monthly rainfall for select stations
are available in National Oceanic and Atmospheric Administration (NOAA) (1980),
and Brown and Thompson (1977) have developed maps of monthly pan evaporation.
In the absence of more site-specific data, these sources can be used for
specification of climatic data.

Drying stages

" 31. Studies by Brown and Thompson (1977) concluded that evaporation of

. water from dredged material occurs in two stages. During the first stage,
sufficient free water is available at the surface of the material so that

evaporation takes place at its full potential rate, i.e. CE = 1.0 . In the

- 18
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second stage of evaporation, drying proceeds at some fraction of the potential
rate, i.e, CE < 1.0 , and this fraction decreases as the depth of dried crust
increases. A statistical analysis of moisture contents taken on the four
materials studied led to an equation defining the moisture content at which

water can no longer be decanted from the material,

= 2.53 LLr (28)
where
w = moisture content as a percentage by weight
LLr = liquid limit of samples which have been dried and reconstituted

before testing

They also defined the point dividing first- and second-stage drying as when

the top 2 cm of crust reached a moisture content of
w=1.86 LLr (29)

again by a statistical analysis of moisture contents taken on samples of the
four materials studied. They postulated that without the presence of a water
table, a crust would form to a depth of about 120 cm and that the moisture
content would increase uniformly from 1.86 LLr at the top to 2.53 LLr at the
bottom. Brown and Thompson see evaporation beyond this second stage occurring
at an ever decreasing rate with water being lost from the entire crust due to
cracking. They made no further attempts at describing the process other than
to say that ultimately the surface will dry to a fraction of the material's
plastic limit while 5 to 10 cm deep the material will still be between the
plastic and liquid limit.

32. Haliburton (1978) says dewatering by evaporative drying is a three-
stage process but describes only the two which are important to fine-grained
dredged material. First stage is characterized by free water surface evapora-
tion at the potential rate, and second stage is governed by the capillary
resupply potential of the soil and will be at something less than the potential
rate. He asserts that, under normal conditions, long-term dredged material
evaporative drying is essentially governed by the second-stage process.
Haliburton's description of the stages is somewhat different from Brown and

Thompson's. He defines the first stage as a period of decantation which

19
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ceases when the moisture content of the top crust reaches 1.8 LL, which is

called the "decant point.”" In the second stage, the crust dries to
w=1.2 PL (30)

where PL = the plastic limit of the dredged material. The calculation of
desiccation effects proposed by Haliburton assumes that initially the entire
depth of dredged fill exists at 1.8 LL and that evaporation reduces the
moisture content of the entire depth to 1.2 PL at the rates of 0.35 EP for a
saltwater environment and 0.5 EP for a freshwater environment. No limits are
placed on the depths to which these rates are effective.

33. Gardner and Hillel (1962) also characterize soil drying as a two-
stage process with the drying rate in the first stage being constant and
dependent upon evaporative conditions. During the second stage, the drying
rate continuously decreases with time and decreasing moisture content of the
soil. The authors point out that previous studies had concluded that during
the constant initial stage of drying, the cumulative evaporation from a soil
will approach a constant amount which is independent of the evaporation rate,
and this conclusion was verified by the reported studies. They additionally
report that, after a sufficiently long time, the evaporation rate becomes
independent of potential evaporation and depends solely on the water content
distribution and water transmitting properties of the soil.

Saturation and desiccation limits

34. Based on the above cited studies, it is concluded that effective
evaporative drying of dredged material leading to the formation of a desiccated
crust is a two-stage process. The first stage begins when all free water has
been decanted or drained from the dredged material surface. In this study,
this decant point does not correspond to 1.8 LL as proposed by Haliburton, but
is the void ratio (void ratios will be used in lieu of moisture contents so
that the desiccation process can be more directly related to the consolidation
process as previously described) corresponding to zero effective stress €00
as determined by laboratory sedimentation and consolidation testing. This
initial void ratio may come very close to Brown and Thompson's decant point
of 2.53 LLt.

35. First-stage drying ends and second stage begins at a void ratio

The e

which will be called the saturation limit or e SL

SL ° of typical

20
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. dredged material probably comes very close to Haliburton's 1.8 LL. In this
model it is assumed that the dredged fill surface material at void ratios

higher than e ., will dry to the e at a rate equal to some constant per-
i da

SL
centage of the full evaporation potential. During the first stage, the free
water table is expected to remain at the surface of the dredged material even

though widely spaced and shallow surface cracks are very likely to develop.

v e e 8 b 8 2

This is not to say that the water table will stay constant because the dredged
N fill surface will be settling due to the effects of primary consolidation and
: desiccation. It does mean that the material remains saturated and buoyant
since any nonsaturated surface film will be negligible; hence, the term
"saturation limit."
36. After the saturation limit has been reached to a depth which will
. be discussed in the next section, water cannot be supplied by the soil fast
enough to sustain the first-stage evaporation rate. Two things then happen.
First, the dredged material begins to lose saturation starting with the sur-
face. Then, as the free water table begins to drop below the surface, the
material develops negative pore pressures which shrink the material to a hard
crust having a much lower permeability and thus drastically reduced evapora-
= tive rates. The evaporative rate in second-stage drying will depend not only
on the water conductivity of the unsaturated crust but also its depth. For
¢ this study, it is assumed that second-stage drying will be an effective
process until the material reaches a void ratio which will be called the
N desiccation limit or e . When the e

DL DL
tion of additional water from the dredged material will effectively cease.

reaches a limiting depth, evapora-

What evaporation occurs will be limited to excess moisture from undrained
rainfall and that water forced out of the material due to consolidation of

material below the crust. The €pL of typical dredged material may roughly

correspond to Haliburton's 1.2 PL or a similar quantity. Also associated with

the eDL

varies from 100 percent to something slightly less, depending on the material.

of a material is a particular percent saturation which probably

Desiccation depths

37. The saturation and desiccation limits described above are considered

N characteristic of the top portions of a dredged fill subjected to evaporative
- drying. There may be a top film of material dried to less than the eg ©°f
€L during the first- and second-stage process, respectively, but this film

is considered to have negligible influence in the overall calculation of

21




:: material settlements. The film, however, is one of the primary factors deter-
: mining the evaporation rate.
38. To determine the maximum depth of dredged fill which can be desic-
cated to the eg at first-stage evaporation rates, it is proposed that one
should consider the self-weight consolidation characteristics of the dredged

material as deposited. As shown in Figure 2, a saturated dredged fill layer
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Figure 2. Maximum depth of material desiccated by
first-stage drying

with a free water table at or above its surface will undergo self-weight con-
solidation to an ultimate void ratio distribution as noted. So long as the
material remains saturated and the free water table is at the surface, the
effects of evaporative drying cannot extend deeper than the intersection of

the ordinate denoting e and the ultimate void ratio distribution curve.

SL
Thus, the maximum depth to which first-stage drying can occur is

hige = (2 - 2gp) (1% egp) (31)

where

hlst = maximum depth of first-stage drying
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z = material coordinate at intersection of e and ultimate void
SL X . . . SL
ratio distribution curve
While void ratios lower than eSL may exist in the dredged material below

Zgr they are due to self-weight consolidation and not surface desiccation
during first-stage drying.

39. The absolute maximum depth to which second-stage drying will proceed
can also be related to the consolidation characteristics of the material.

Figure 3 depicts the situation. As shown, the curve defining the ultimate
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8Y SECOND~STAGE
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w
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Figure 3. Maximum depth of material desiccated
by second-stage drying

void ratio distribution has shifted toward the origin because of a surcharge
induced by the water table drop. Thus, the absolute maximum depth to which
second-stage drying can occur is the water table depth (which sometimes can
be measured in the field) or the intersection of the ordinate denoting L
with the ultimate void ratio distribution curve which is based on the sur-

charge induced. In equation form

hopa = (P - 2p) (1 + &) (32)
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where

h2nd maximum depth of second-stage drying

SMAADERAL .

¥ z,.. = material coordinate at intersection of e and ultimate void
DL . X X . DL
ratio distribution curve
- Again it can be seen that void ratios lower than epr may exist below Zn
o due to consolidation effects. It is also important to note that hlst can be

N larger than h2nd due to the low void ratio of a completely desiccated dredged

. material. A field indicator of the depth to which second-stage drying can be
) effective is the depth of cracks in the dredged material. Of course, cracks
- subjected to periodic rainfall are probably shallower than they would be under
‘ constant evaporative conditionms.

40. The preceding two equations form a rational basis for estimating
the depths of crust formation in dredged material under first- and second-
stage drying. They should be applicable whenever sufficient dredged material
is present to provide an intersection between the ultimate void ratio distri-
bution and the appropriate limiting void ratio, and there is no external in-
fluence limiting the water table depth. If insufficient material is present,
the entire dredged fill layer may be subjected to the first- and second-stage
drying processes in turn. If the water table depth is limited, the second-

. stage drying depth will be similarly limited. Again, the practical maximum
: depth of second-stage drying is best estimated from the maximum depth of desic-
-, cation cracks.

41. The maximum depth of first-stage drying as expressed in Equation 31
should be a realistic measure for most fine-grained soils whose esL inter-
sects the consolidated void ratio curve above the material coordinate defining
the s0il's maximum field crust thickness. For those soils whose esL is so
low that zZgp is greater than ZnL when based on the preceding considera-
tions, the zgr should be limited to no greater than zp

Evaporation and drainage efficiencies

n 42. Previous research on evaporation of water from bare s¢ .s (Brown

) and Thompson 1977; Gardner and Hillel 1962; Ripple, Rubin, and Van Hylckama
1972; Ritchie and Adams 1974) suggests that evaporation rates are some con-
stant fraction of the environmental potential rate (in this study, Class A
pan potential) during first-stage drying. The rates exponentially decay to a
negligible amount during second-stage drying as the water table falls below

the surface of the material. This is illustrated graphically in Figure &4
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Figure 4. Soil evaporation efficiency as a function of time

where CE is plotted as a functi'n of time. While the maximum value of CE

has been plotted as less than 1.0 in the figure, it should be noted that some
data have been presented which require CE > 1.0 , but these cases are limited
to freshwater material and are not considered typical of most dredged material.

Equations defining these relationships could be written

= C! < >
N Cg =Cg for 0 <t >t (33)
: and
) = )
5 CE CE exp (-ct) for t > tl (34)
: where
3 Cé = maximum evaporation efficiency for soil type
= t. = time first-stage drying ends
fi ¢ = a coefficient dependent on environmental and soil conditions
- The literature also suggests that during second-stage drying CE varies with
.. the depth to water table as shown in Figure 5 for fine-grained materials. The
relationship illustrated could be written
o 25
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EVAPORATION EFFICIENCY

EQUATION 35

WATER TABLE DEPTH

Figure 5. Soil evaporation efficiency as a function
of water table depth

Cp = Cp exp (-clhwt) (35)
where
€ = another coefficient dependent on environmental and soil conditions
h = = depth of water table below surface

wt

43. The relationships given above in Equations 33, 34, and 35 are pri-
marily based on experiments conducted in the laboratory under constant evapora-
tive conditions. It is appropriate to question their applicablility to field
situations where a soil layer will experience evaporation extremes every
24 hr and may periodically be rewetted from rainfall. However, based on con-
trolled experiments, Gardner and Hillel (1962) have concluded that one could
expect evaporation in the field under diurnally fluctuating conditions to be
similar to those under constant conditions. They also describe an experiment
which shows that the addition of small amounts of surface water to a soil has
no long-term effect on the cumulative water loss from the soil.

44. This latter experiment by Gardner and Hillel together with the
previously referenced findings of Brown and Thompson provide an impetus for

simplifying Equation 27. A drainage efficiency CD equal to 1.0 effectively

26
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means that all monthly rainfall is removed from the disposal area while an
efficiency equal to 0.0 means that all monthly rainfall must be evaporated
before any water can be removed from the dredged material by evaporation.
Since all well-managed dredged fill disposal sites are usually sloped to drain
as a result of normal placement operations, CD can be assumed to be 1.0
during periods of management to promote desiccation. Conceivably this period
could start as soon as deposition has ceased and outflow weir boards are
removed.

45. Owing to the uncertainties in the ability to predict potential
evaporation rates at a specific site and the uncertainties associated with
defining C! , the necessity to use an expression as complex as Equation 35
in this study is not warranted. The expression adopted here for defining the
drying rate during second-stage evaporation will be simply a linear function

of the water table depth:

h

- _ _wt

CE = CE ( 0 for hwt < h2nd (36)
2nd

This relationship is also shown in Figure 5 for comparison.

Desiccation settlement

46. From the previous discussion, the water lost from a dredged material

layer during first-stage drying can be written

AW' = CS - ci -EP+ (1 - CD)RF (37)

where AW' = water lost during first-stage drying. Even though some minor
cracks may appear in the surface during this stage, the material will remain

saturated and vertical settlement is expected to correspond with water loss or

66 = -AW' (38)

where 6b = settlement due to first-stage drying.

47. WVater lost during second-stage drying can be written

AW" = CS - C. 1 -

< EP+ (1 - CD)RF (39)
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where AW" = water lost during second-stage drying. Two things prevent there
being an exact correspondence between water loss and settlement during second-
stage drying. First is appearance of an extensive network of cracks which
may encompass up to 20 percent (Haliburton 1978) of the volume of the dried
layer. Second is the probable loss of saturation within the dried material
itself. Combining these two occurrences into one factor enables the vertical

settlement to be written

PS
" — o r o -
6p = -aw (1 100/ Bee (40)
where
65 = settlement due to second-stage drying
PS = gross percent saturation of dried crust which includes cracks

In determining the second-stage drying settlement, there are three unknowns
and only two equations. Therefore, calculation will have to involve an itera-

tive procedure of trial and error.

Interaction of Consolidation and Desiccation

48. The removal of water by desiccation from a normally consolidating
dredged fill layer will affect the upper boundary condition of the comnsolidat-
ing material. The deposition of new material on previously dried material
will leave an overconsolidated material forming an interior boundary which
will affect future consolidation. At present, there is no rigorous mathe-
matical description of what occurs at these boundaries. Therefore, the
succeeding descriptions are proposed as reasonable approximations of the in-
fluence of desiccated boundaries on consolidation.

Surcharge induced
by water table lowering

49. At the end of the first stage of drying, the water table begins to
drop below the surface of the dredged material. The effect of a dropping
water table is to increase the effective weight of the material above the water
table from a buoyant weight to the full weight of the soil solids plus any
water present. The redistribution of stresses and pore pressure due to a
lowered water table is illustrated in Figure 6. It should be noted that the

distribution shown for pore pressure and effective stress in material below
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the water table is correct only after all excess pore pressures have
dissipated.

50. Whereas Equation 20 fully describes the total stress distribution
in a dredged fill layer when the water table is at or above its surface, the

total stress at any point when the water table is below the surface is

2
o(z,t) =.{ [ys + Sywe(z,t)]dz for 2z <z< 4% (41)
and
Zat
a(z,t) = q +[ [ys + ywe(z,c)]dz for 0 <z < z . (42)
where

S = percent saturation of material above water table

z,. = material coordinate of water table
q = total weight per unit area of material above water table which
is Equation 41 evaluated for z = Z,. (surcharge due to crust)

51. The surcharge induced by water table lowering causes an increase

in the ultimate primary consolidation settlement of dredged material below

the water table above that which would occur in a layer due to self-weight

consolidation only. The effect of this surcharge can be expressed as a

Y 'Sy

modified boundary condition and is discussed next.

Upper boundary condition

52. During both drying stages, evaporation at the surface tends to pull
water from the lower mass of soil. Thus, the removal of water by evaporation
will increase the rate of consolidation in the soil below the desiccated sur-
face. This rate increase should be somewhat proportional to the degree of

desiccation. In the mathematical model of the consolidation process described

oy
(O
[}

previously, boundary conditions are defined in terms of void ratio. Thus,
the lower void ratios brought on by desiccation will cause the consolidating
material to respond in the correct manner.

53. The series of illustrations in Figure 7 show the proposed process
for combining the desiccation/consolidation phenomena during first-stage

drying when the water table remains at the material surface. The uniform,

——— y—r
B T L LY T S N

intermediate void ratio between eOO and esL

mined by the amount of water evaporated up to the time under consideration.

in the dried portion is deter-

30

R R B L s B T o e (R W SR
- Ut I N ] . o .
LML I LN - o . el et e A

Patmtala Lm.‘:l Aﬁw VY




! - -t . S R e T s T e W e T vy - hd R IR RS R MR
N
-
A
")
Y
1
[ ]
2 %
: - c
. et
iy >
N a
. ~
U
00
N S
®
) '
o
; ©
5 *
X !
. 00
-]
ot
~
=
©
- o
« - o §
A I -
N « o
] i o
s | e %
5 ! 5 o
Lo i > .
I ~ <
ﬁ "' { ﬂ (=]
| R
] &
: n
N e 7 o
N =
O
>
Q ~
PRI v
() o )
"N T) 3
7 o)
\ Py | ) b
o wp ——Xp 13
A3 NG i
-9 IoN, I’
- [ l 0/ a
2 E i o/a’(&\’/
- < , g1
- 3 ' IS,
| : <~
ll' i
|
)
N o #
N
31VNIGHO0D AVIYNILVYN
31
S e \-‘. SR PR I T I Pt L e I SR < et W T tetmt et . m s m, e .
e e e ot g et SN T AT T e AT S S A A S S R




Intermediate curves in the consolidating portion are dependent on material
properties and current boundary conditions. The heavy broken line represents
the ultimate void ratio distribution of the total layer normally consolidated
by self-weight only. The effect of drying the surface is to cause the effec-
tive weight of the dried material to be felt at the top of the consolidating
material. Thus, the top boundary of the consolidating material behaves as

if it were a drained boundary under a surcharge.

54. Under second-stage drying, the upper boundary condition is also con-
trolled in a2 manner similar to that for first-stage drying. Differences occur
because the water table is being lowered beneath the material surface and the
ultimate void ratio distribution is shifting due to loss of buoyancy in the
solids above the water table. The series of illustrations in Figure 8 show
typical void ratio distributions for increasing times under second-stage dry-
ing. The upper boundary of the consolidating layer will follow the water
table and its void ratio will be defined as the smaller of either the egp ©F
the ultimate void ratio at a drained boundary due to the surcharge above the
water table.

Deposition of additional mate-
rial on a previously dried crust

55. A further complication to the already complex mathematical model
describing the consolidation/desiccation process in fine-grained dredged
material involves the circumstance when additional dredged fill is deposited
onto a layer which has previously dried to some degree. Experience indicates
that all dredged fill surfaces subjected to desiccation will exhibit cracking,
the extent of which depends on material type and the environmental conditions
under which drying took place. When additional dredged slurry is deposited
on this cracked surface, there is excess water available which will resaturate
any material dried to less than saturation, but no vertical swelling of the
material will occur. Any tendency for the old material to swell should be
proportionate to the amount of cracking and thus will be absorbed by a partial
closing of the cracks. There is also evidence which suggests that some of
these cracks persist long after many layers of new material have been added
and may perform as interior drainage boundaries. The photograph in Figure 9
illustrates how an interior boundary serves to help drain a very well managed
dredged fill disposal area near Charleston, S. C.

56. In this study, it is assumed that previously desiccated material
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Figure 9. View of water flowing into ditch from interface of previous
dredged material 1lifts

will remain at its desiccated void ratio when inundated by additional dredged
slurry and behave essentially as an overconsolidated material. The effect
this has on the normally consolidating material above and below the previously
dried crust will be discussed in the next section.

Interior boundary conditions

57. When new dredged fill is placed on top of previously desiccated
material, an overconsolidated interior sublayer remains which does not behave
as the normally consolidating material above and below. In an intact state
this overconsolidated material might be expected to seal the material below
and thus impede its future consolidation. However, it is proposed here that
this desiccated and overconsolidated material will initially function as a
semipermeable drainage boundary due to its cracked and fissured nature de-

veloped during the evaporative dewatering process. It is also proposed that

34




consolidation in the lower overconsolidated material will cease until such
time as the effective stresses from higher normally consolidating material
cause existing void ratios to again fall above the ultimate void ratios.

58. In the mathematical model, the above postulated behavior of over-
consolidated material will be accounted for in the calculation by assigning
a temporary ''calculation" void ratio commensurate with its effective stress.
Effective stress is calculated from the top down by consideration of total
material weight and developed pore pressures. Figure 10 illustrates the

stresses and pore pressures immediately after additional slurry is placed on

a previously desiccated layer and also the actual and calculation void ratios.

When the calculation void ratios again equal the actual void ratios, consoli-
dation of the entire layer proceeds in the normal manner as illustrated in

Figure 11.
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PART III: COMPUTER PROGRAM PCDDF
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59. In this part, solution of the mathematical problem described in the
previous part by the computer program Primary Consolidation and Desiccation of

Dredged Fill (PCDDF) will be discussed. A user's manual giving specifics of

AR A RN

program organization, input requirements, output format, and other information

Y

necessary for program use in predicting settlements of actual disposal sites

Ce
»

is included as Appendix A to this report. A program listing is contained in

S
N

Appendix B, and sample input and output are given in Appendix C.

Background

" 60. PCDDF is basically an extensively revised and expanded version of
the computer program CSLFS (Cargill 1982) which solved the self-weight con-

solidation process through the finite strain consolidation theory by an ex-

[y
(g A
s

plicit finite difference solution of the governing equation. The program has

retained the features permitting semipermeable drainage boundaries and enabling

“© o6
Wttt

simultaneous consolidation calculation in a lower compressible foundation
layer. The principal alteration is the addition of a subroutine which calcu-
lates changes in void ratios due to desiccation and modifies the upper boundary
condition of the consolidating material to account for the effective weight of
f the dried crust.

61. The program is primarily intended as an aid to design of dredged
material containment areas where settlements are controlled by the self-weight

consolidation characteristics of the material and the material's response to

MR
et U

environmental factors causing desiccation of the surface. The calculation
scheme is such that any sequence of filling is permissible so long as the basic
[ dredged material properties are unchanged. Compressible foundation properties
E: can be totally different from the dredged material.
62. Another feature of PCDDF is the calculation of soil stresses and

pore pressures during the consolidation process. These values are helpful in
- assessing soil strength and determining when the material can be worked with
conventional earthmoving equipment or possibly when the material can support

construction loads such as interior dikes. The correlation of dredged material

.
FUR R N A

effective stress with load supporting strength is, however, a subject for

future research and will not be addressed here.

38
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63. It has been previously shown (Cargill 1983a) that the filling
sequence of disposal areas can be safely approximated by lumping all material
deposited over a period of time into one total deposition at the beginning of
the time period if settlements are being calculated for a time period at least
twice the deposition time period. For example, if one is interested in total
settlement 2 years after a site is put in operation, for calculation purposes
all material deposited throughout the first year can be considered deposited
at the beginning of the first year. However, this approximation may introduce
error if any desiccation occurs in the incrementally placed material. Thus,
the filling sequence used to simulate site filling must be set up to account

for all intermediate desiccation periods.

Solution Techniques

64. Closed form analytical solutions of the equations governing the
consolidation/desiccation process are not available due to the highly non-
linear nature of the equations' coefficients. However, incremental solutions
over relatively short time periods when these coefficients can be assumed
practically constant are feasible by computer techniques. In PCDDF the con-
solidation process and desiccation process are solved separately to a certain
point in time when the solutions are combined to determine the net impact on
the dredged material. This reconciliation occurs monthly in the program to
conform with the availability of reasonably accurate average evaporation and
rainfall data.

Consolidation

65. The consolidation process is solved in PCDDF by an explicit finite
difference scheme which reduces the governing equation (Equation 1) to a
tractable form. The procedure is fully described by Cargill (1982) and the
details will not be repeated here. Suffice it to say that the void ratio at
nodal points throughout the dredged fill or compressible foundation layer can
be calculated for any point in time as illustrated in Figure 12.

66. The consolidation calculation is carried forward from the time of
material deposition until the time desiccation starts. At the desiccation
start time the void ratio integral for the normally consolidating dredged fill
layer is evaluated. Normal consolidation then proceeds until 1 month after the

desiccation start time when again the void ratio integral is evaluated. The
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Figure 12. Typical finite difference
calculation mesh

difference in these integrals provides the value of CS used in Equations 39
and 41. Adjustments for effective desiccation can then be made. The process
is repeated on a monthly basis until new material is placed and desiccation
starts anew or until the entire dredged layer is dried and consolidation
ceases.

67. At each monthly interval during times when the desiccation process
is effective, the material thickness of the consolidating dredged material
will decrease by an amount dependent on the amount of effective evaporation.
(This will be discussed in the next subsection.) The top boundary condition
of the remaining consolidating material is also modified according to the
amount of effective evaporation. The void ratio of the top nodal point in
the consolidating layer will have a value greater than or equal to its ultimate
void ratio as determined by the effective stress induced by desiccated material
above. Thus, the consolidating layer behaves as if it were subjected to a

drained surcharge at the top boundary.
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68. The bottom boundary of the consolidating dredged material and/or
compressible foundation is assumed to be unaffected by the desiccation process.
Details of how this boundary condition is calculated may be found in the
earlier report (Cargill 1982).

69. The use of an explicit finite difference scheme in solving the con-
solidation governing equation requires that strict stability criteria be ob-
served at all times during the incremental solution process. PCDDF is coded
to print an error message when certain criteria are not met in choosing an
appropriate time step or material node spacing. Theoretically, the solution
should be stable if

2
(az)%y,
te- 2a(e) (43)
max
where
T = time step
Az = difference in material coordinates of adjacent nodes
]
a(e) = k(e) do' (maximum value within layer)

max 1 + e de

70. Another criterion which has been found to be useful in selecting a

time step for input to the program is
1< ——B_ (44)
where

h
N

layer thickness

number of material nodes in a layer

71. An instable calculation will usually be characterized by void
ratios considerably outside the range of possible values or by zero consoli-
dation when consolidation should be taking place. The cure for an instable
calculation is usually to decrease the time step chosen, but other input data
should also be checked to ensure consistency.

72. Two options exist for selecting the relationship of the time step
and grid size:

a. Based on the compressibility and permeability characteristics
entered as input data, PCDDF will determine a simulation time
increment and node spacing consistent with the stability
criteria presented in Equations 43 and 44. For each problem,

41




the dredged fill (and compressible foundation, if present) is
represented by 10 equally spaced nodes, and a stable time step
is determined.

b. The user may determine values of the time step and grid size.
An algorithm for choosing a stable set is presented in the
user's manual.
Desiccation

73. At the end of each monthly period during times when the desiccation
process is effective, the effect of the previous month's evaporation is applied
to the dredged material. For computational simplicity, changes in void ratio
are applied only at nodal points beginning at the surface of the dredged mate-
rial. Also, to avoid the trial-and-error method of solving Equation 40, the
program calculates desiccation settlement as

b = -AW - &' (45)
where Gb" = any carry-over desiccation. Carry-over desiccation normally
includes that which is due to the loss of saturation the previous month (a
figure which also takes into account the crack network during second-stage
drying). It may also include a negative desiccation quantity from the previous
month (water lost due to consolidation exceeds potential evaporation desicca-
tion) and/or a quantity from any necessary adjustment in the void ratio at
the top of the consolidating layer.

74. With the desiccation settlement from Equation 45, the program next

determines the average void ratio reduction within a dredged material sublayer

(that material between adjacent nodes) by

6! tt
I (46)
Starting with the uppermost adjustable node, void ratios are adjusted in turn
toward or to the ep °F egL (depending on whether first- or second-stage
drying is effective) until the average required reduction has been achieved.
75. As the dredged material is desiccated below the egr the free
water table drops below the material's surface. In PCDDF the water table is

set at the first calculation nodal point having a void ratio less than egr

but not deeper than the limiting value as defined by Equation 32. The solu- -
tion of Equation 32 requires a value be known for zZy - Since z;, occurs
13
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at the intersection of the ultimate void ratio distribution curve with epL *
the chosen void ratio-effective stress relationship can be used to define the

effective stress at this void ratio. Thus,

1 4 -
ODL = f(eDL) (47)
and since

op, = (@ -z [y, * (epy - BS - Y] (48)

ZnL is determined.

76. The desiccation subroutine in PCDDF also recalculates a new ultimate
void ratio distribution for material in the consolidating layer based on the
surcharge created by dried material above the new water table. The uppermost
void ratio in the consolidating layer is then set to its ultimate value (which
may create some carry-over desiccation) which becomes the top boundary condi-
tion for the next series of consolidation calculations.

77. There are obviously some drawbacks to this rather simplistic treat-
ment of the desiccation process in fine-grained dredged material. No attempt
has been made to model the complex mechanisms of how a soil gets to its final
desiccated volumetric condition nor how and to what magnitude stresses and
pore pressures develop in the desiccated portion. As previously stated, such
a rigorous explanation is felt not to be warranted due to the paucity of
information available on the factors which actually control the process. The
mathematical model and solution technique proposed here avoid the necessity
of knowing the complex mechanisms at work or the multitude of factors which
control them. The overall effect is correctly represented, i.e. desiccation
leads to a reduction of voids in the dried material. The presence of a dried
surface does change the boundary condition in the consolidating material, and
the effect of an extensively cracked crust is to increase the speed and magni-
tude of consolidation in the underlying material. The accuracy of this method
obviously depends on properly defining the proposed quantities esL and L
and how well these quantities can be used to represent the true boundary condi-
tion of the consolidating layer.

Deposition of addi-
tional dredged material

78. PCDDF allows the deposition of additional dredged material at any

monthly interval after filling begins. The only program restriction is that

43
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the new material have the same properties as previously placed material. In
the absence of any desiccation in prior deposits, there is a natural transi-

tion between the old and new since the void ratio at the top of the old

matches that of the new. However, when the top of the old layer has been
desiccated and extensively cracked, there is no natural transition between
- the two layers. Again, the program takes a simplistic approach in accordance
h with the mathematical model previously described.

79. When new material is deposited, there is a discrepancy in the value
N of the actual void ratio at the boundary node. Due to probable extensive
cracking at this point, it appears quite reasonable to approximate the actual
void ratio as an average of the zero effective stress void ratio and the desic-
cated void ratio. Void ratios in the remainder of previously desiccated
material are assumed to be maintained at their desiccated values.

80. To calculate consolidation based on these desiccated interior void
ratios which may be at or below their ultimate values would be saying that
there is a completely free draining interior boundary within the consolidating
layer. While evidence does exist to indicate that these old layer boundaries

do offer some enhancement to material drainage, it would be overly optimistic

to assume they are free draining. Therefore, future consolidation is based

on an artificially set initial condition through the previously dried mate-
rial. The initial condition was previously illustrated in Figure 10 and in
the previously dried zone is based on a linear variation of void ratio between
the boundary node at the zero effective stress void ratio and the node below
the dried zone at a void ratio due to prior consolidation. This scheme of
calculation is considered a realistic representation of the effect the pre-
viously dried zone has on future consolidation.

Stresses and pore pressures

81. The program calculates stresses and pore pressures by numerical
integration of the previous Equations 20 and 23 for all material nodes where
the void ratio has not been reduced below its ultimate value due to current
or past desiccation. In the consolidating material, effective stress is
dependent on the input effective stress-void ratio relationship and exact
values are interpolated between input points. At nodes where the void ratio
has been desiccated below its ultimate value based on material weights, excess
pore pressures are arbitrarily set to zero and effective stress is set equal

to the effective weight of material above.
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Input Data

82. The variables required for solution of the finite strain theory
consolidation governing equation include a relationship between void ratio and
effective stress in the form of point values, a void ratio-permeability rela-
tionship in the form of point values, and unit weights of material solids and
water. The determination of these variables has been previously discussed by
s Cargill (1982 and 1983a).

E 83. Input quantities governing the desiccation calculations in PCDDF
include the saturation limit (eSL), desiccation limit (eDL)’ average monthly
Class A pan evaporation rates, average monthly rainfall, site drainage effi-

ciency, and maximum potential soil evaporation efficiency. Specification of

these quantities will involve considerable engineering judgment until an ex-
tensive experience base is developed which compares model predictions against
actual site performance. At the present time, NOAA data appear to be the best
source for average rainfall and evaporation rates. Sites of interest for a
consolidation/desiccation prediction will normally be well managed for drain-
age of surface water and thus have a drainage efficiency of 1.0, but site-
specific conditions may be judged to warrant some lower factor. The egL
epL * and maximum evaporation efficiency are soil-related variables for which
there is no current convenient method of determination. Recommendations on
their specification will be made after some site-specific problems are ana-

lyzed in the next section.
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PART IV: FIELD VERIFICATION SITES

84. The analysis procedure proposed in the previous parts of this re-

port must be tested against measured field performance before it can be judged
- useful or appropriate for field design purposes. Therefore, the procedure
will be used to predict performance at three dredged material disposal sites
where settlements have been measured. These sites are not ideal because they
- were not monitored as comprehensive field verification sites as recommended in
E Appendix E. Some assumptions affecting the material's behavior had to be made
t: in order to apply the theory. However, the sites chosen are deemed the best

available and sufficient information is considered available to perform valid

comparisons of predicted and measured performance.
. 85. The first site is a confined disposal area for Canaveral Harbor
near Cape Canaveral, Fla.; the second site is a confined disposal area for
Norfolk Harbor and vicinity called Craney Island which is near Hampton Roads,
Va. These two sites were previously used by Cargill (1983a) in verification
of procedures for the hand calculation of consolidation only. The third site
- is a confined disposal area called Drum Island in Charleston Harbor near
Charleston, S. C. Settlements at this site were monitored and documented by

Mr. Braxton Kyzer of the Charleston District, Corps of Engineers.

Site Descriptions

86. Even though the Canaveral Harbor and Craney Island sites have been
previously described (Cargill 1983a; Palermo, Shields, and Hayes 1981), per-
tinent information will be repeated here for completeness. The description of
the Drum Island site is from Kyzer (1981). Tabulated rainfall data are from
NOAA (1980), and pan evaporation amounts are estimated from charts by Brown

: and Thompson (1977).

Canaveral Harbor

87. This disposal site was constructed in 1980 and used for one dredg-
ing operation in Canaveral Harbor. The site covers an area of about 20 acres¥
and was filled with dredged material during or about the last week of Septem-

ber 1980. Although detailed information on dredged volumes and disposal area

* A table of factors for converting US customary units of measurement to
metric (SI) units is presented on page 5.
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foundation elevations is not available, a sampling program was conducted in
conjunction with this study. Two settlement plates were also installed at the
interface of the foundation and dredged material prior to filling; thus, good
3 data on material settlement are available after 3 November 1980 when the
X plates were first read. Surface desiccation at the site was probably non-
, existent before outflow weir boards were removed, but was probably a criti-
. cal factor over the majority of the site afterwards. Project records indicate
weir boards were routinely removed beginning in December 1980 and the dike
was breached in the summer of 1981 to aid in the removal of surface water from
rainfall. Because of its relatively small size, the area around the settle-
ment plates would have been subjected to desiccation when the program of sur-
face water removal was initiated even though the plates were situated toward
the lower part of the disposal area.

88. In February 1983, the dredged material deposited at Canaveral Har-
bor was sampled the full depth of the layer in the vicinity of the settlement
plates. Figure 13 shows void ratio profiles developed from water content
measurements based on the assumption of saturated samples and a specific

gravity of solids of 2.70. From these profiles, an accurate measurement of

AR R A

the depth of material solids can be obtained. The material collected from the
fill site was also reconstituted into a slurry with harbor water for the pur-
pose of a self-weight consolidation test as described by Cargill (1983b). From
the self-weight consolidation test, the material's zero effective stress void
ratio was determined to be 11.5. Using an average height of solids of 0.756
ft, the unconsolidated height of dredged material would have been 9.45 ft.

This corresponds reasonably well with the 8.5~-ft average height used in a pre-

vious analysis (Cargill 1983a4) even though the initial void ratio and height
of solids do not. The discrepancy is possibly due to the sampling technique
used in the survey previously reported.

89. It should also be noted that there were no open desiccation cracks
in the area of the settlement plates at the time of the sampling in 1983 while
in November 1981, open cracks approximately 8 in. deep were observed. Thus,
in the analysis to follow, predicted material height which is based on open
desiccation cracks should be slightly higher than measured height.

- 90. Percent saturation testing conducted on material taken from the top
of the desiccated crust showed saturations from 90 to 94 percent. This pro-

vided the impetus for assuming 100-percent saturation in lower parts of the
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crust and enabled calculation of void ratio from water content measurements.
91. Average monthly rainfall and pan evaporation data for the site are
shown in Table 1 along with the data from other sites to be analyzed. Since
the site is generally sloped toward the outflow, a drainage efficiency of 1.0
is probable once the material begins to dry, and the rainfall amounts are not
critical to the analysis. They are thus listed as a matter of interest only.
For lack of any better specific information, it will be assumed that desicca-
tion in the area of the settlement plates became effective in December 1980

and that prior to that time there was free water at the surface of the dredged

material.
Table 1
Average Monthly Rainfall and Pan Evaporation (feet)
Canaveral Harbor Craney Island Drum Island

Pan Pan Pan

Month Rainfall Evaporation Rainfall Evaporation Rainfall Evaporation
Jan 0.18 0.30 0.28 0.00 0.24 0.18
Feb 0.24 0.30 0.28 0.00 0.27 0.23
Mar 0.29 0.46 0.29 0.00 0.40 0.36
Apr 0.21 0.57 0.23 0.39 0.25 0.36
May 0.23 0.66 0.28 0.57 0.32 0.57
Jun 0.57 0.62 0.30 0.57 0.53 0.49
Jul 0.58 0.57 0.48 0.67 0.68 0.67
Aug 0.57 0.57 0.49 0.51 0.54 0.57
Sep 0.60 0.49 0.35 0.34 0.43 0.41
Oct 0.40 0.41 0.26 0.26 0.25 0.33
Nov 0.16 0.33 0.25 0.00 0.18 0.21
Dec 0.16 0.25 0.26 0.00 0.26 0.16
TOTAL 4.19 5.53 3.75 3.31 4.35 4.54

92. Two recent (February 1983) photographs of the site are shown in Fig-
ure 14. It is evident from these pictures that the site has experienced con-
siderable desiccation.

Craney Island

93. The Craney Island disposal site is a 2,500-acre area confined by
dikes about 28 ft high. Dike bottom elevation is about -10.0 ft mlw (mean low

water), and top elevation averages about +18.0 ft mlw. Dike construction
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a. View of area from south dike looking north. East
settlement plate in center of photo

b. View of extremely desiccated nature of material. Notice
impressions of previous widely spaced cracks

Figure 14. Canaveral Harbor disposal area
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started in August 1954 and since 1956 over 130 million cu yd of in situ
X channel sediments has been deposited in the area almost continuously by both
direct pipeline discharge and hopper pumpout. Figure 15 illustrates typical
recent conditions at the site. As can be seen from these photographs, the
size of the disposal area is sufficient that disposal and desiccation can
occur simultaneously.
94. Settlement plates have only recently been installed at Craney
. Island and therefore material settlement at the site had to be inferred from
topographic surveys conducted in December 1964, August 1965, October 1968,
December 1975, October 1977, and March 1980 as reported by Palermo, Shields,
and Hayes (1981). Meaningful comparisons of settlements inferred from site
elevations with calculated settlements require detailed information about the
volume of solids deposited and the area of deposition.

95. Field sampling and testing reported by Palermo, Shields, and Hayes
(1981) indicated that the average in situ void ratio of channel sediments was
about 5.93 and that the sediments averaged about 15 percent sand (particle
size 0.075 mm). A self-weight consolidation test on material taken from the
» area in August 1982 indicated the zero effective stress void ratio to be 9.0.
If it is assumed that the sand solids will separate and settle immediately
after disposition to a void ratio conservatively estimated at about 2.0 (the
void ratio would usually be lower), then about 4 percrnt of the disposal area

will be required for sand deposition. Thus, the fine-grained portion will

)
d LSS

then settle and consolidate in the remaining 2,400 acres. The presence of
sand mounds commonly found at the outfall of dredged material discharge pipes
verifies the validity of this assumption.

96. It is very unlikely that any of the dredged material deposited in
Craney Island spread evenly across the 2,400 acres available for deposition,
but the assumption of uniform spreading is the only choice available in the
absence of more detailed information. Errors inherent in this assumption
-, should average out over the 24-year disposal history to be examined. Based

: on this uniform spreading, Table 2 shows the yearly totals of volumes of mate-

= rial deposited, total solids, height of material, and height of solids. The
% "Height of Solids" column is the equivalent height of solids with no voids in
; the dredged fill layer and is calculated from the dredged volume, disposal

.

area, and in situ void ratio.

> 97. Surface desiccation at Craney Island was not possible over a
/
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Table 2
Annual Volumes and Height of Materials Deposited in Craney Island Disposal Area

Dredged Volume Dredged Fill

- . Height* Height of
at : = 5.93 Totaz Solids at e=9.0 Solids
Year 10 cu yd 10~ cu yd ft ft
1956 0.98 0.14 0.311 0.0311
(0.14) (0.311) (0.0311)
1957 4.19 0.60 1.326 0.1326
(0.74) (1.637) (0.1637)
1958 5.08 0.73 1.609 0.1609
(1.48) (3.246) (0.3246)
1959 10.29 1.49 3.260 0.3260
N (2.96) (6.506) (0.6506)
" 1960 5.36 0.77 1.698 0.1698
N (3.74) (8.204) (0.8204)
1961 3.37 0.49 1.069 0.1069
h (4.22) (9.272) (0.9272)
g 1962 4.29 0.62 1.360 0.1360
s (4.84) (10.633) (1.0633)
- 1963 1.41 0.20 0.447 0.0447
- (5.05) (11.080) (1.1080)
i 1964 3.73 0.54 1.181 0.1181
(5.59) (12.261) (1.2261)
1965 6.23 0.90 1.973 0.1973
. (6.48) (14.234) (1.4234)
) 1966 6.41 0.93 2.032 0.2032
- (7.41) (16.266) (1.6266)
- 1967 10.93 1.58 3.464 0.3464
. (8.99) (19.727) (1.9727)
1968 4.88 0.70 1.544 0.1564
‘ (9.69) (21.274) (2.1274)
. 1969 5.31 0.77 1.682 0.1682
- (10.46) (22.956) (2.2956)
.. 1970 6.19 0.89 1.961 0.1961
;- (11.35) (24.916) (2.4916)
1971 20.59 2.97 6.521 0.6521
(14.32) (31.437) (3.1437)
1972 2.05 0.30 0.647 0.0647
(14.62) (32.086) (3.2086)
1973 4.18 0.60 1.327 0.1325
- (15.22) (33.411) (3.3411)
1974 4.48 0.65 1.419 0.1419
- (15.87) (34.830) (3.4830)
1975 5.04 0.73 1.597 0.1597
(16.59) (36.427) (3.6427)
A 1976 4.51 0.65 1.430 0.1430
- (17.25) (37.857) (3.7857)
~ 1977 2.13 0.31 0.674 0.0674
. (17.55) (38.531) (3.8531)
1978 6.80 0.98 2.155 0.2155
. (18.53) (40.686) (4.0686)
- 1979 1.33 0.19 0.420 0.0420
R
L] A — ————— ——————
", TOTAL 129.8 18.73 41.106 4.1106
-
3 Note: Numbers in parentheses are cumulstive totals.
:_ * Considers only fine-grained material, which is 85 percent of the total.
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majority of the site until about the end of 1965 when the average surface

ot 'l- ~ LY

elevation of the disposal area came above the mean low water elevation of the

surrounding harbor. After 1965 surface desiccation was probably limited due

to the almost continual input of large volumes of dredged material and the

fact that average pan evaporation was zero for nearly half the year as shown

in Table 1. However, as previously shown in Figure 15, desiccation does occur

e ) ..' ..'

at the site. It will therefore be assumed for the purpose of calculation that

annual material deposition occurs from August to December and that during the

remainder of most years after 1965, desiccation is active. This should ap-

proximate an average condition for the entire site and is expected to give

full benefit to desiccation which has actually occurred. As shown by Table 2,

the years 1967 and 1971 saw exceptionally large amounts of material deposited.

Therefore, no desiccation will be assumed to have occurred during those years.

Drum Island

= 98. This confined disposal area in Charleston Harbor is approximately
125 acres in size and has been used intermittently for storing dredged mate-

- rial since the 1940's. Since 1977 it has been intensively managed by the

- Charleston District to promote material desiccation. A program of perimeter

. and interior ditching and even an underdrainage system in a portion of the

- area has been used. Material taken from the ditches has been thoroughly dried

through repeated handling by construction equipment and ultimately used in

raising the area's confining dike. This dewatered material has been found to

. _»
2°2% %

be well suited for dike construction as there has been little loss of dike

height due to long-term drying and consolidation of the material.

-
:: 99. The present study will be concerned only with the two most recent
i disposal operations at Drum Island because settlement plates were installed
; just prior to them and have been available for settlement measurements since
then. The first disposal operation after settlement plates were installed on
: the previously placed material occurred between the end of November 1980 and
é then end of January 1981. Approximately 540,000 cu yd of channel sediments
. was pumped into the area. Settlement plates were read several times in the
months immediately following the first disposal, and readings will be graphi-
‘5 cally portrayed in a later section.
f 100. During the month of March 1982, the area was again used for
= dredged material disposal. Approximately 560,000 cu yd was deposited during
;: this operation. Unfortunately, no settlement plate readings were made in
: 54
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conjunction with this latest filling operation and until readings were again
made in January 1983, the only available data come from interpretation of
photographs taken in August 1982.

101. At the time of the last settlement plate reading, the dredged
material was sampled in the area of each settlement plate through the full
depth of the layers resulting from the two latest disposal operations. At the
time of the sampling, desiccation cracks about 10 in. deep as shown in Fig-
ure 16 were very prominent and completely filled with free water. Figure 17
shows void ratio profiles developed from water content measurements based on
saturated samples and a specific gravity of solids of 2.60 for samples taken
through undisturbed material between desiccation cracks. From these profiles,
an average depth of material solids was determined to be 0.270 ft for the top
layer and 0.370 ft for the bottom layer. The gross depth of solids for the
top layer calculated from the void ratio profiles was reduced to account for
the crack network in arriving at the 0.270~-ft figure.

102. A self-weight consolidation test conducted on material from the
site reconstituted into a2 slurry indicated the zero effective stress void
ratio to be 12.15. Together with the average solids height, this leads to
unconsolidated heights of about 3.6 ft for the top layer and 4.8 ft for the
bottom layer.

Material Properties

103. The analysis of consolidation/desiccation settlements accomplished
by the computer program PCDDF requires knowledge of the basic material proper-
ties controlling or describing the processes. The quantities included in a
complete geotechnical description of the material for the purpose of settle-
ment computation are the relationship between void ratio and effective stress
for the full range of possible void ratios, the relationship between void
ratio and permeability, the specific gravity of soil solids and water, the
dredged materials' saturation limit egL and its desiccation limit L
Void ratio-effective stress and void ratio-permeability relationships for each
of the field verification sites are given in Appendix D. The relationships
for Canaveral Harbor and Craney Island material have been modified from those
previously reported by Cargill (1983a) due to information gained from self-

weight consolidation testing.
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Figure 17. Void ratio profiles at Drum Island

104. Specification of the desiccation variables for the sites is based
partially on unpublished water content measurements taken in the dredged mate-
rial crust during the past few years and partially on the more recent material
sampling program. In interpreting the previously collected data, whenever the
dredged material was referred to as "at the decant point" (which should cor-
respond to that physical state as described by Haliburton (1978)) it was
assumed that the material was saturated, and its void ratio corresponds to the

saturation limit e . Whenever measurements where made on "dried crust" it

SL
was assumed that the material was at the desiccation limit eDL , and it was
not necessarily saturated.

105. Calculation of a soils void ratio can be accomplished by the

equation
w
e=—°*0 (49)
PS s
57
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where Gs = specific gravity of solids and other terms are as previously de-

fined. Using this equation and the facts that PS is 100 percent at the eq1.
and approximately 80 percent (as suggested by Haliburton (1978) and verified
through photographs such as shown in Figure 16) at the epL when the crack
network is considered, appropriate void ratios were calculated from all avail-
able data and the selected values for the verification sites are shown in
Table 3 along with average specific gravity of solids and other information.
While the dried material between desiccation cracks may not be completely
saturated, it is felt that the approximation of the crack area makes a more

accurate calculation of an effective void ratio in the dried crust infeasible.

Table 3

Desiccation Parameters

Canaveral Craney Drum
Parameter Harbor Island Island
Specific gravity of solids Gs 2.70 2.75 2.60
Liquid limit LL , % 143 125 140
Plastic limit PL , % 40 42 49
Zero effective stress void ratio €0 11.5 9. 12.15
Saturation limit eqr 3.7 6. .7
Desiccation limit epL 2.5 3. 1
Typical maximum crust depth, in. 11 6 10
Desiccation cracks as percentage of
surface area 20 20 20
Maximum evaporation efficiency, % 75 75 75
Site drainage efficiency, % 100 100 100

106. The percentages given for evaporation and drainage efficiencies in
Table 3 represent "best estimates" at the present time. Previously cited work
supports the 100-percent figure for site drainage efficiency since the chosen
sites have been managed to promote drying. The maximum evaporation efficiency
represents a compromise between the absolute maximum of 100 percent and the
probable minimum of 50 percent. The sensitivity of settlement calculations to
the maximum evaporation efficiency was checked for each site by performing the
calculations at 50, 75, and 100 percent. The results of this analysis indi-

cated that there are practically no differences in the long-term settlements
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calculated by either of the evaporation efficiencies and usually less than
about 5 percent differences in the intermediate settlements. Similar checks
of drainage efficiency between 0.5 and 1.0 also indicated no differences in
long-term settlements and only minor differences for the intermediate times.
107. The reason for this insensitivity to the drainage and evaporation
efficiencies lies in the specification of a maximum depth of crust for the
particular material. Thus, under most normal drying conditions, a maximum
crust will have sufficient time to develop and whether this takes 2 months or
12 months is insignificant over the long term. However, even if the crust
does not fully develop, it has also been found that the combined total effect
on settlements from desiccation and the additional induced consolidation re-

mains roughly the same magnitude and is mainly dependent on the maximum depth

of crust in conjunction with the material's saturation and desiccation limits.
J
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PART V: COMPARISON OF MEASURED WITH PREDICTED PERFORMANCE

108. In this part, the mathematical model of the consolidation/
desiccation process in dredged material will be used to predict material
settlements at the three verification sites previously described using basic
material properties and parameters as determined from field sampling and con-
solidation testing. In addition to the consolidation/desiccation prediction,
a prediction based on the finite strain theory and considering consolidation
only will be made to illustrate the differences which desiccation makes in
material settlement. This is also an ideal opportunity to illustrate the dif-
ferences between the finite strain and conventional small strain consolidation
theories, and so the results of a small strain analysis for two of the sites
are also given. (See Cargill (1983a) for details of calculation procedure for
multiple layers.) A small strain consolidation analysis of the Canaveral

Harbor site yielded no significant settlement over the period of interest.

Canaveral Harbor

109. Figure 18 shows the predicted height of the dredged material layer
at Canaveral Harbor using the mathematical model of the comnsolidation/
desiccation process as proposed in this report. While agreement between the
predicted and measured material height is not perfect, there is obviously good
correspondence. Differences at the early times when the effects of desicca-
tion become the controlling factor are possibly attributed to more extreme
drying conditions at the site than were assigned as problem input. The input
pan evaporation rates are average values over many years and thus may seriously
underestimate (in this case) the actual pan evaporation rates for any one par-
ticular year.

110. Some of the discrepancy between measurements and predictions in
the later times is due to the noted fact that the surface of the material has
been eroded to fill in the deeper desiccation cracks. However, most of the
discrepancy is thought due to the effects of secondary consolidation which is
not accounted for in the model. Evidence in support of this hypothesis comes
from the measured void ratios in the consolidating material below the crust as
shown previously in Figure 13 and the measured relationship between void ratio

and effective stress for the material. A calculation of effective weights of
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Figure 18. Measured and predicted material heights
:} at Canaveral Harbor

material assuming the water table is at the bottom of desiccation cracks

RIS AP MR AR

(11 in. below surface) reveals that the void ratio at the bottom of the layer
should be about 4.27, yet the void ratio measured was about 3.5. Secondary
consolidation is a possible reason for this difference.
Craney Island
g 111. The average material heights measured and predicted by the various
' models are shown in Figure 19. It is obvious that again the consolidation/
desiccation model developed in this report comes very close to simulating
i; actual field performance. It is also interesting to note that the cumulative
— amount of desiccation settlement at Craney Island is relatively small compared
‘i with overall settlement. This is due to the fact that potential evaporation
3 is zero for much of the year and that regular disposal operations prevent des-
" iccation some of the time when potential evaporation is not zero. The very
s poor correlation of the small strain theory prediction should also be noted.
.
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Figure 19. Measured and predicted material heights at Craney Island

112. Considering the 24-year time span covered by the Craney Island
disposal history, prediction results are considered very good. The fact that
slightly more settlement was predicted than was determined by averaging the
topographic survey results is thought to be due mainly to the inherent inaccu-
racies of trying to characterize average conditions over a 2,500-acre site.

113. Some interesting aspects of the interaction of desiccation and
consolidation over a long term are illustrated by Table 4 which lists settle-
ments by type at the end of the 24-year period for various evaporation effi-
ciences. In studying the computer runs for Cé of 1.00 and 0.75, it became
apparent that a higher evaporation efficiency tended to lead to greater desic-
cation settlement at the earlier times but that this greater early desiccation
led to greater consolidation (and increased the water available for evapora-
tion) and thus less later desiccation. However, in comparing the calculations
for a Cé of 0.75 and 0.50, it appeared that the earlier desiccation was not
sufficient to trigger greater consolidation and that the expected tendency of
greater desiccation for a greater evaporation efficiency was maintained. The
overall effect is that calculated total settlements are somewhat insensitive

to evaporation efficiency in the long term as shown also in Table 4.
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Table &
Calculated Settlements at Craney Island

g;:’;zgzzzon Consolidation Desiccation Total
: ! y Settlement Settlement Settlement
\ E ft ft ft
! 0.50 11.86 5.65 17.51
o
0.75 10.60 6.82 17.51
1.00 14.06 3.48 17.54

Drum Island

114. Predicted versus measured material height during the two latest
disposal operations at Drum Island is shown in Figure 20. As can be seen,
desiccation causes a relatively major part of the total material settlement,
and the consolidation/desiccation model more reliably simulates average mate-

rial heights throughout the history of the two layers.
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Figure 20. Measured and predicted material heights at Drum Island
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115. The discrepancy of about 4 in. toward the end is considered about

{ﬁ the limit of the accuracy of settlement plate readings, but the discrepancy is
~ .

- more likely attributable to secondary consolidation in the very soft material.
i_ A review of the void ratio profiles in Figure 17 shows void ratios lower than
Qi would normally be expected considering the void ratio-effective stress rela-
,:i tionship of the material, the effective weight of the material, and a normal
e water table at the bottom of the desiccation cracks.
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PART VI: SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

116. In this report, a concise, consistent, and cogent mathematical
model of the consolidation/desiccation process in dredged material has been
presented. The consolidation portion of the model is well founded on the
finite strain theory of comsolidation, which is most applicable to the large
strains and nonlinear nature of the consolidation process in soft, fine-
grained dredged material. The desiccation portion of the model is based on a
simplified empirical concept of water evaporation from the dredged material
surface. It conforms to observations as documented in previous work by soil
scientists and the experimental work of others conducted on dredged material.
The coupling of the desiccation process to the consolidation process is accom~
plished through manipulation of the upper consolidating layer boundary loca-
tion and the boundary condition.

117. The solution of the mathematical model developed is accomplished
by numerical techniques on a computer. The computer program PCDDF as docu-
mented herein can calculate dredged material settlements due to consolidation
and desiccation for any site-specific application using only the fundamental
properties of the dredged material and average site environmental conditionms.
The fundamental soil properties required are the soil's specific gravity, rela-
tionship between void ratio and effective stress, and relationship between
void ratio and permeability. Additional soil properties defined in this study
and required for modeling the desiccation process are its maximum evaporation
efficiency, saturation limit, and desiccation limit. Required environmental
conditions include monthly averages of potential Class A pan evaporation and
rainfall amounts.

118. Based on the comparisons of predicted with measured field settle-
ments in this report, it is concluded that the proposed mathematical model
and solution procedure offer both unique and realistic opportunities for more
economical and efficient management of confined dredged material disposal
areas. It has been shown that the model can reproduce with a great deal of
accuracy material heights resulting from disposal activities involving one
lift, two lifts, or even twenty-four lifts of dredged material over relatively
short time periods or relatively long time periods. The predictions are based
on fundamental soil properties determined during laboratory testing or field

sampling and have been shown to be relatively insensitive to those factors
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requiring engineering judgment such as site drainage efficiency and soil

evaporation efficiency.
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119. A logical extension of the research documented in this report in-

volves both theoretical and practical considerations. Improvements in the

y laboratory determination of the consolidation properties of the very soft,

fine-grained soils such as dredged material to include the correlation of some

Y Gk

standard consolidation parameters with the standard soil classifiers such as
Atterberg limits and activity ratio should be undertaken. Procedures for the
laboratory determination of the saturation limit egL desiccation limit
epL ° and maximum evaporation efficiency Cé must also be developed to enable
before-the-fact predictions in material not previously subjected to field
desiccation. Comparisons made here indicate that the role of secondary con-
R solidation in these very soft soils may be more important to ultimate settle-
A;_ ment than originally thought. It is therefore recommended that the theory be
extended to include appropriate consideration of time-dependent secondary con-
. solidation. Of course, the procedures and equipment required for laboratory
B determination of the fundamental soil properties governing secondary compres-
sion (creep) as a function of the void ratio in these soft materials should
proceed concurrently.
- 120. Special attention is again drawn to the opening assertion that all
: mathematical problem treatments must be rigorously verified through comparison
., with field performance. The mathematical model proposed herein should con-
tinue to be tested against performance in future comprehensive field verifica-
tion sites instrumented and monitored as recommended in Appendix E to provide
the experience base for any possible refinements necessary to improve its

validity.
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APPENDIX A: USER'S GUIDE FOR COMPUTER PROGRAM PCDDF

1. This appendix will provide information useful to users of the com-
puter program Primary Consolidation and Desiccation of Dredged Fill (PCDDF) to
include a general description of the program processing sequence, definitions
of principal variables, and format requirements for problem input. The pro-
gram was originally written for use on the US Army Engineer Waterways Experi-
ment Station (WES) time-sharing system but could be readily adapted to batch
processing through a card reader and high-speed line printer. Some output
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
quick access file at the option of the user. Specific program options will be
fully described in the remainder of this appendix.

3. A listing of the program is provided in Appendix B. Typical solu-

tion input and output are contained in Appendix C.

Program Description and Components

4. PCDDF is composed of the main program and 12 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 consolidation, desiccation, and
stresses; and print solution output.

Subroutine INTRO. This subprogram causes a heading to be printed,
prints soil and calculation data, and prints initial con-
ditions in each consolidating layer.

Subroutine SETUP1. SETUP1 calculates the time step and grid size,
initial and final void ratios, coordinates, stresses, and
final settlements in each initial consolidating layer. It
also calculates the various void ratio functions
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Figure Al. Flow diagram of computer program PCDDF
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where
e = void ratio
K(e) = coefficient of permeability
o' = effective stress
a(e) = a function of the void ratio, compressibility,
and permeability
B(e) = a function of the void ratio and permeability

from input relationships between void ratio, effective
stress, and permeability.

Subroutine SETUP2. SETUP2 performs the same functions as SETUP1 with
the exception of determining the time step and grid size.

Subroutine RESET. In this subroutine initial conditions are modified
and certain variables reset each time a new dredged fill
layer is added to the consolidating layers. The subpro-
gram also calculates new final settlements and resets the
bottom boundary pressure gradient based on the effective
weight of the added layer.

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 be-
tween specified output times. Void ratio functions and
pore pressure gradients at layer boundaries are also
recalculated at each time step. Subroutine DESIC is
called at specified times to modify upper void ratios to
account for desiccation. Just before each output time,
consistency and stability criteria are checked.

- Subroutine DESIC. This subroutine makes adjustments to the top void

5 ratios in a layer based on the amount of desiccation
which has been calculated to have occurred during the
previous month. The subprogram adjusts toward the egy °F

L depending on which stage of drying is currently ef-

fective (where e is the void ratio at the saturation

SL

limit and e is the void ratio at the desiccation limit).

DL
New final void ratios are calculated whenever second-
stage drying is in effect. When the entire layer has
A been dried to the epL °F only four nodes are left in the
; consolidating layer, a warning message is printed.
Subroutine VRFUNC. The functions o(e) and B(e) required at each
time step in FDIFEQ are calculated in this subprogram.

N Subroutine STRESS. Here, the current convective coordinates, soil
. stresses, and pore pressures are calculated for each out-
y put time.

Subroutine INTGRL. This subroutine evaluates the void ratio integral
used in determining convective coordinates, settlements,
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and soils stresses.
for odd- or even-numbered meshes.

Subroutine DATOUT.
desiccation calculations and initial conditions in tab-

The procedure is by Simpson's rule

DATOUT prints the results of consolidation/

ular form.

Subroutine DATAIN. This routine reads the data from a previous program
run so that future consolidation calculations can be
continued 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.

Examples are shown in Appendix C.

Variables

5.

arrays that are used in the computer program PCDDF.

The following is a list of the principal variables and variable
The meaning of each vari-
If the variable

name is followed by a number in parentheses, it is an array, and the number

able is also given along with other pertinent information.

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

A1(11) the Lagrangian coordinate of each space mesh in the com-
pressible foundation.

AEV the amount of water removed from the dried crust due to a
loss of saturation, and which is carried over to the next
month and used to adjust the desiccation amount.

AF(101) the function a(e) corresponding to the current void
ratios at each space mesh point in the dredged fill layers.
AF1(11) the function o(e) corresponding to the current void ratios
at each space mesh point in the compressible foundation.

AHDF(25) the initial height of added dredged fill layers in
Lagrangian coordinates.

ALPHA(51) the function a(e) corresponding to the void ratios input
when describing the void ratio-effective stress and perme-
ability relationships for the dredged fill.

ALPHA1(51) the function a(e) as above except for the compressible
foundation.

ATDS(25) an array which stores the various times at which desicca-
tion starts throughout the current problem.

BETA(51) the function PB(e) corresponding to the void ratios input
when describing the void ratio-effective stress and perme-
ability relationships for the dredged fill.
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BETA1(51)

BF(101)

BF1(11)

CE

CSET

DA

DL

DREFF

DSC

DSDE(51)

DSDE1(51)

DSET

DTIM

DUg

DUDZ1¢

DUDZ11

DUDZ21
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the function f(e)
foundation.

as above except for the compressible

the function B(e) corresponding to the current void
ratios at each space mesh point in the dredged fill layers.

the function PB(e) corresponding to the current void
ratios at each space mesh point in the compressible
foundation.

the maximum dredged material evaporation efficiency for
desiccation drying.

the consolidation settlement occurring during the most
recent monthly period in which desiccation was active.

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

the desiccation limit of the dredged material defined as
the lowest void ratio the material will assume under
second-stage drying.

the drainage efficiency of the dredged material containment
area. In practically every case where this program is use-
ful, the value of this variable should be input as 1.0,
which signifies a well-drained area.

the amount of desiccation carried over from the previous
month due to a loss of saturation, adjustment to top bound-
ary condition, or evaporation less than consolidation
settlement.

the calculated value of do'/de corresponding to the void
ratios input when describing the void ratio-effective
stress relationship for the dredged fill.

the calculated value of do'/de as above except for the
compressible foundation.

the desiccation settlement occurring during the most recent
monthly period.

the next time at which the subroutine DESIC will be called
to calculate the results of a month's desiccation.

the drainage path length in an incompressible boundary
layer used for computing the semipermeable boundary condi-
tion. This value is originally input in Lagrangian coordi-
nates but is changed to material coordinates by the
program.

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

the excess pore pressure gradient in the compressible foun-
dation 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 incom-
pressible foundation.
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Dz

DZ1

E(101)

E¢

EpP

E1(101)

E11(11)

EFFSTR(101)

EFIN(101)

EFIN1(11)

EFSTR1(11)

ELL

ELL1

EP(12)

ER(11)

ES(51)

ES1(51)

ET(101)

F(101)

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 compressible foundation.

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.

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) void ratios
at each space mesh point in the compressible foundation.

the effective stress at each space mesh point in the com-
pressible foundation.

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

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

the monthly potential evaporation after correction for
monthly rainfall and drainage efficiency.

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

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

the void ratios input when describing the void ratio-
effective stress and permeability relationships in the
compressible foundation.

an array for storing the values of void ratios in the con-
solidating and desiccating layers just before a new lift of
dredged material is placed. These values are used in all
calculations except consolidation so long as the corre-
sponding "calculation"” void ratios are larger.

the void ratios at each space mesh point of the previous
time step in the dredged fill.
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F1(11)

FINT(101)

FINT1(11)

GC
GC1

GS
GSs1

GSBL

GSDF
GW
H2

HBL

HDF

HDF1

IMPLY

IN

INS

IouT

I0UTS

the void ratios at each space mesh point of the previous
time step in the compressible foundation.

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.

the buoyant unit weight of the dredged fill soil solids.

the buoyant unit weight of the soil solids of the com-
pressible foundation.

the unit weight of the dredged fill soil solids.

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

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

the specific gravity of the dredged fill soil solids.
the unit weight of water.

the maximum depth to which second-stage drying will occur
in convective coordinates.

the initial height of the compressible foundation in
Lagrangian coordinates.

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 following options:

1 = program will determine the simulation time incre-
ment and grid size to satisfy the stability criteria

2 = user will input TAU, NBDIV, and NBDIV1

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 computations 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 computations in a format for con-
tinuing the computations in a later run which has the value
"13" in the present program.
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LBL

LDF

MS

MTIME

NBDIV

NBDIV1

NBL

NDATA1

NDATA2

NDIV

NDIV1

NDT

the number of data points used in describing the void
ratio-effective stress and permeability relationships in
the compressible foundation. The number should be suffi-
cient to cover the full range of expected or possible void
ratios. -

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

an integer used for tracking the month of the year for
desiccation calculation purposes.

an integer used to flag the start of desiccation and for
the purpose of calculating consolidation settlements.

the month in which desiccation starts for the current loop
to print time.

the number of additional output times when continuing 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 layer is
divided into for computation purposes.

an integer denoting the following options:

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

2 = consolidation calculated for dredged fill layers
only.

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

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
2

N

do not save data for later computer run.

save data on file "13" so that calculations 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 layer.

the total number of space mesh points in the consolidating
portion of the dredged fill layers or "ND" minus those top-
most nodes where void ratios have been reduced due to
desiccation.
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NFLAG an integer denoting the following:

0
1

print current conditions heading.

NM

NMS(25)

NND

NNSC(25)

NPROB

NPT

NSC

NST

NTIME

PEP(12)

PK(51)

R T T L P ) « e . . I I S ) PR R I
-, ., e

print initial conditions heading.

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

an array which stores the various months at which desicca-
tion starts throughout the current problem.

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 array which stores the various stress print option codes
for the current problem. The following values are
permissible:

1 = print stress and pore pressure calculations for the
succeeding print time.

2 = do not print stress and pore pressure calculations
for succeeding print time.

3 = do not print void ratio, stress, and pore pressure
calculations.

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 conditions, and current conditions for all
specified print times.

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

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

the value of the stress print option code used in the cur-
rent loop to print time.

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

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

the monthly Class A pan or maximum environmental potential
evaporation expected at the containment site for each month
of the year.

the function Kk/1 + e corresponding to the void ratios in-
put when describing the void ratio-permeability relation-
ship in the dredged fill.
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PK@

PK1(51)

PRINT(25)

QDF

RF(12)

RK(51)

RK1(51)

RS(51)

RS1(51)

SAT

SETC

SETD

SETT

SETT1
SFIN

SFIN1

SL

TAU

TDS

TIME

SO Anie e s v v e i A G0 20 Aien T adl it S el A N Al A '_T

the function k/(1 + e) for the incompressible foundation

layer.

the function k/(1 + e) corresponding to the void ratios
input when describing the void ratio-permeability relation-
ship in the compressible foundation.

the real times at which current conditions in the consoli-
dating layers will be output.

material crust which acts as a drained surcharge to lower
consolidating material.

the weight per unit area of the partially saturated dredged l

the monthly rainfall expected at the containment site for
each month of the year.

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

the permeabilities input as above except for the compress-
ible foundation.

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 com-
pressible foundation.

the saturation (expressed as a decimal number) of dredged
material dried to the desiccation limit which also in-
cludes the crack network.

the cumulative total amount of settlement in the dredged
material due to consolidation only since the material was
placed.

the cumulative total amount of settlement in the dredged
material due to desiccation only since the material was
placed.

the current total settlement in the dredged fill due to
consolidation and desiccation.

the current settlement in the compressible foundation.

the final settlement in the dredged fill layer presently
existing without further desiccation effects.

the final settlement in the compressible foundation under
present loading conditions.

the saturation limit of the dredged material, defined as
lowest void ratio the material will assume under first-
stage drying and in which the material remain. saturated.

the value of the time step in the finite difference calcu-
lations.

1
s

the time at which desiccation starts in the current loop to
print time.

the real time value after each time step.

P PR B
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TPM the number of basic time periods in a month. Used for
counting to desiccation calculation time. If time is
measured in days, this will be 30.0.

TPRINT the real time value of the next output point.

TOSTRI(11) the current total stress at each space mesh point in the
compressible foundation.

TOTSTR(101) the current total stress at each space mesh point in the
dredged fill.

* U(101) the current excess pore pressure at each space mesh point
in the dredged fill.

UP(101) the current static pore pressure at each space mesh point
in the dredged fill.

UP1(11) the current static pore pressure at each space mesh point
in the compressible foundation.

Ul1(11) the current excess pore pressure at each space mesh point
in the compressible foundation.

UCON the current degree of consolidation in the dredged fill.

UCON1 the current degree of consolidation in the compressible
foundation.

UW(101) the current total pore pressure at each space mesh point
in the dredged fill.

UW1(11) the current total pore pressure at each space mesh point
in the compressible foundation.

VRI1 the initial total void ratio integral for the compressible
foundation.

VRINT the void ratio integral at the start of each month when
desiccation is effective. Used for calculating the amount
of consolidation settlement during the month.

XEL the initial elevation of the top of the incompressible
foundation, i.e., bottom of dredged fill if NBL = 2 or
bottom of compressible foundation if NBL = 1.

XI(101) the current comnvective coordinate of each space mesh point
in the dredged fill.

XI1(11) the current convective coordinate of each space mesh point
in the compressible foundation.

Z(101) the material or reduced coordinate of each space mesh point
in the dredged fill.

Z1(11) the material or reduced coordinate of each space mesh point
in the compressible foundation.

ZK@ the permeability in the incompressible foundation at its
boundary with the compressible layer.

All !




~ Problem Data Input

$. The method of inputting problem data in PCDDF 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 exponential or fixed decimal for-
mats, but integer data must be written without a decimal.

7. For an initial problem run (i.e., NDATA1l = 1), the data file should

be sequenced in the following manner:

a. NST, NPROB, NDATA1, NDATA2

b. NST, NPT, NBL

c. NST, GSBL, HBL, LBL

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

e. NST, GSDF, HDF, LDF, E@@, GW

£. NST, ES(I), RS(I), RK(I)

g- NST, E§, ZKp, DUP, XEL

h. NST, IMPLY

i. NST, NTIME

j- NST, PRINT(I), AHDF(I), ATDS(I), NMS(I), NNSC(I)
k. NST, DL, SL, TPM, DREFF, TDS, MS, NSC
1. NST, PEP(I), RF(I)

1B
.

NST, CE, SAT, H2

8. 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.

9. The following exceptions and explanations should also be noted for
particular line types:

Line type c: If NBL = 2, all data values are set to zero except NST.

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

Line type f: There are LDF of these lines.

Line type i: If IMPLY = 2, line type i will contain NST, NBDIV, NBDIV1,
TAU, NTIME.

Line type j: There are NTIME of these lines. If AHDF(I) = 0.0 (no
additional dredged material is added at this print time),

Al12




then normally, ATDS(I) = PRINT(I), and NMS(I) = corre-
sponding month.

Line type k: The values input for TDS, MS, and NSC are used in the
first loop to print time.

Line type 1: There are 12 of these lines corresponding to the 12 months
of a year.

10. For the continuation of a previous problem run (i.e., NDATAl = 2),
the data file should be inmput in the following sequence:

Line type aa. NST, NPROB, NDATA1l, NDATA2

Line type bb. NST, MTIME

Line type cc. NST, AHDF(NTIME), ATDS(NTIME), NMS(NTIME), NNSC(NTIME)

Line type dd. NST, PRINT(I), AHDF(I), ATDS(I), NMS(I), NNSC(I)
The following explanations should be noted for particular line types:

Line type cc: AHDF, ATDS, NMS, and NNSC are the values from the last

; line of the previous computer run.
li Line type dd: There are MTIME of these 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
b of units is permissible so long as consistency is maintained.

12. The following algorithm is offered as guidance for users who wish to

determine a stable set of values for the time step and grid size.

a. Determine the maximum value of a(e) where

K(e) do'

a(e) = 1 +e de

based on the compressibility and permeability data.

Select the number of layers that the dredged fill simulation
- will employ, NBDIV. A minimum of three layers is required to
simulate the desiccation process.

-2

Calculate the grid size from

_f Az = (Initial thickness)/NBDIV

’
0

1.0 + e
00

Calculate the maximum time step from the smaller of:

2
W Az
. Toax = gﬁ?l) 2. Tpax T K(E@@)
max
Al3
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Select a time step, TAU, that is less than or equal to Tnax

e. If a compressible foundation is to be modeled, determine the
number of layers, NBDIV1, from

- . 1/2
Azmin = [TAU + 2+ a(e)max, foundat1on)/yw]
NBDIV1 - Initial thickness of f?undation )
max 1+ €00’ foundation min

f. Select an integer value for NBDIV1 that is less than or equal to
NBDIV1. If NBDIVlmax is less than 1.0, repeat steps 2 through 5
with a larger value of NBDIV.

Program Execution

13. Once an input data file has been built as described in the previous
section, the program is executed on the WES time-sharing system by one of the
following FORTRAN commands:

a. For an initial run where data are not to be saved for later con-
tinuation of the problem

RUN R@PGE@33/PCDDF,R#(filename 1)"14";"11"

where: (filename 1) = the name of the previously built file in
the user's catalog which contains the input data set as
described in paragraph 7 above.

b. For an initial run where data are to be saved for later continu-
ation of the problem
RUN RPGE@33/PCDDF,R#(filename 1)"10";"11";(filename 2)"13"
where: (filename 2) = the name of the previously built blank
file in the user's catalog to which data will be written
by the subroutine SAVDAT.
c. For a continuation run where data are not to be saved for later
continuation of the problem
RUN R@GE@33/PCDDF,R#(filename 3)"10","11";(filename 4)"12"
where: (filename 3) = the name of the previously built file in
the user's catalog which contains the input data set as
described in paragraph 7 above.
(filename 4) = the name of the file used in the initial
run to save data. Should correspond to (filename 2).
d. For a continuation run where data are to be saved for later con-

tinuation of the problem.

RUN R@PGEP33/PCDDF,R#(filename 3)"10";"11";(filename 4)"12";
(filename 2)"13"
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14. In the above commands, "11" indicates normal program output is to be
printed at the time-sharing terminal. The program is easily modified to uti-
lize other modes of input and output by simply changing the mode identifiers

in the main program to whatever is desired.

Computer Qutput

15. Program output is formatted for the 80-character line of a time-
sharing terminal. Since printing at a time~sharing terminal is relatively
slow, several options are provided which can be used to eliminate some data
which may not be required for the problem at hand or may be repetitions of
previous problem runs. These options are fully described in the previous

sections of this appendix.
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APPENDIX B: PCDDF PROGRAM LISTING

The following is a complete listing of PCDDF as written for the US Army

Engineer Waterways Experiment Station time-sharing system.
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1000CPCDDF PRIMARY CONSOLIDATION AND DESICCATION OF DREDGED FILL

10035C

1010C 1233333323222 3332 3233233333332 33323238333 83283483}

1013C ] X

1020C 4 PCDDF X

1025C X

1030C ] ONE-DIMENSIONAL PRIMARY CONSOLIDATION X

1033C X X

1040C 4 AND DESICCATION OF

10435C X x

1050C % HOMOGENEOUS SOFT CLAY LAYERS X

1055C ] X

1060C 1322333322323 2838383238323 3233383233222 833323482%

10635C

1070C

1075C 1333322332383 8333332333223 333 232323323332 33382238332322323384%
1080C | X
1085C % PCDDF COMPUTES THE VOID RATIOS, TOTAL AND EFFECTIVE «%
1090C % STRESSES» PORE WATER PRESSURESy SETTLEMENTS», AND %
1093C % DEGREES OF CONSOLIDATION FOR HOMOGEMNEOUS SOFT CLAY X
1100C % LAYERS OF DREDGED FILL DEPOSITED ON A COMPRESSIBLE 3
1105C % OR INCOMPRESSIBLE LAYER BY FINITE STRAIN CONSOLIDATION
1110C ¥ THEORY AND INCLUDES THE EFFECTS OF ANY DESICCATION. X
1115C %X LOWER BOUNDARY OF THE BOTTOM COMFRESSIBLE LAYER MAY X

1120C % BE COMPLETELY FREE DRAININGy IMPERMEABLEr OR NEITHER.®
1125C ¥ THE VOID RATIO-EFFECTIVE STRESS AND VOID RATIO- X
1130C % PERMEABILITY RELATIONSHIPS ARE INPUT AS POINT VALUES %
1133C % AND THUS MAY ASSUME ANY FORM. DESICCATION PARAMETERSX

1140C % INCLUDE THE LIMITING VOID RATIO OF THE SATURATED AND x
1145C X DESICCATED CRUST» MONTHLY CLASS °"A® FAN EVAPORATION x

1150C % POTENTIALs MONTHLY RAINFALL» AND DRAINAGE AND X

1155C % EVAPORATIVE EFFICIENCIES OF THE DISPOSAL SITE. X
1160C X X

1165C EEREREREERKKRRERKARREAEE KRR KRR R AR KR A KRR KRR ERR XK R AR R KKK KKK

1170C

1175C

1180 PARAMETER PQ1=31y PQ2=501, PQ3a251

11835 COMMON DA,DUO»DUDZ10,DUDZ11,DUDZ21,DZ,DZ1sEOQ,EOO0,ELLIELLL,
1190 3 6C»GC1+6S»GS1s6GSBLyGSDF yGWsHBLYHDF yHDF1»INs INS»IOUT,
1195 ] IOUTSsLBLILDFyMTIME,»NBDIV,NBDIV1»NBLsNDyNDIVSNDIV1,
1200 3 NFLAGyNMsNPROByNPTyNNDsNNN/NTIMEIPKOsSETT»SETT1,

1205 ] SFINsSFIN1sTAUs TIMEy TPRINT»UCONsUCON1»VRI1»ZKO»

1210 t A(PQ2)»A1(PQ1) yAF(PQR2)»AF1(PQ1)»ALFHA(PR3) »ALPHAL (PQ3)
1215 ] BETA(PQ3)»BETAL(PO3)»BF(PQR2)»BF1(FPQR1)»DSDE(FR3)»DSDEL1(PQ3)»
1220 3 E(PQR2)E1(PA2)+E11(PQL)+EFIN(PA2)rEFINLI(PQAL) yER(PQL)
1223 $ ES(PQ3)sES1(PA3)»EFFSTR(PA2)+EFSTRI(PAL1) »F(PQA2)»F1(FQ1)>
1230 | FINT(PQ2)FINT1(PQ1)»PK(PO3)PK1(PQA3) RK(PQ3)yRK1(PQR3))»
1235 $ RS(PQI)»yRS1(PQA3)»TOTSTR(PA2)» TOSTR1(PAL) +U(PR2)»UL(FQL)>
1240 s UO(PQR2)yUOL(PQL1)»UW(PQA2) »UNL1(FPQRL) » XI(PR2) 1 XI1(PQ1),»
1245 t Z(PQ2),Z1(PA1)»

1250 % AEVsCEsCSETsDLyDREFF yDSCoDSETsDTIMoH2+MsMM»MS»NDT»NSC»
1233 3 QDF»SAT»SETCrSETDySLyTDS» TPMsVRINT» XEL»

1260 3 EP(12)+ET(PA2)»yPEP(12)9sRF(12)y IMPLY

1265 DIMENSION AHDF(1000)sPRINT(1000)yATDS(1000),NMS(1000)sNNSC(1000)
1270C
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1275C
1280C
12835
12%0
12935
1300
1305C
1310C
1315
1320C
1325
1330
1335
1340C
1345
1350
13355
1360
1365C
1370
1375
1380
1385
13%90C
1395
1400
1405
1410
1415
1420
1425
1430
1435
1440
1445
1430
1455C
1460C
1465
1470
1475
1480
1485
1490C
1495¢C
1300
1505
1510
15195
1520
1525
1530
1535
1340
1545
1550
1535

AT STRT RN
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+++SET INPUT AND OUTPUT MODES

IN = 10

IDUT = 11

INS = 12

I0UTS = 13

+++READ PROBLEM INPUT FROM FREE FIELD DATA FILE
+++++CONTAINING LINE NUMBERS

FORNMAT(V)

Bl Wadh e - -y = ve YWl

+o++ +PROBLEN NUMBERs DATA OPTIONSy INTRO OPTION» FDT OPTION

READ(IN»100) NSTsNPROByNDATA1/NDATA2
IF (NDATAl1l .EQ. 2) GOTO 4

READC(IN»100) NST/NPTsNBL

se0s+80IL DATA FOR FOUNDATION LAYER OR SOFT LAYER
READ(IN»100) NST»GSBL HBELLBL

DO 1 I=31,LBL

READ(IN»100) NST,ES1(I)sRS1(I)yRKI1(I)
CONTINUE

+s++,S0IL DATA FOR DREDGED FILL
READ(IN,100)NSTyGSDFyHDF»LDF+EO0O+GU

DO 2 1Is=1,LDF

READ(IN;100) NSTsES(I)sRS(I)»RK(I)
CONTINUE

+00++CONSOLIDATION CALCULATION DATA
READ(IN»100) NST,EQ»ZKO»DUO»XEL
READCINy100)NST» IMPLY
IF(IMPLY.EQ.1)G0TO 10
READ(IN»100)NST+NBDIV,NBDIV1»TAU,NTIME
GOTO 20

READ(IN,100)> NSTHNTIME

NBDIV=9

NBDIVi=1

IF(NBL.EQ.1)NBDIV1=9

DO 3 I=1sNTIME

READCINs100) NSTyPRINT(I)sAHDF(I)>ATDS(I) s NMS(I)sNNSC(I)
CONTINUE

+++DESICCATION CALCULATION DATA
READ(INs100) NST+DL+SLsTPMsDREFF»TDSsMSsNSC
PO 9 1I=1,12

READ(INs 100> NST+PEP(I)rRF(I)

CONTINUE

READ(IN»100) NSTs»CE»SATsH2

+++SET INITIAL VARIABLES

AEV = 0,0 } DSC = 0.0 % QDF = 0.0

H=nu8-1

DTIM = TDS + TPNM

SETC = 0,0 $ SETD = 0,0

ELL1=0.0

TIME = 0.0

UCON = 0.0 $ UCONL = 0.0

SETYT = 0.0 # SETT1 = 0,0

SFIN = 0.0 3 SFIN1 = 0,0 # VRI1 = 0.0

NNN = 1 § NM = 1 3 MM = 1}

DA = 0.0} HDF1 = 0.0
DZ=1.0$DZ1=0.0
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1560
135635C
1570C
1573
1580
1585
1590C
1595C
1600
1605
1610
1613
1620
1629
1630C
1635C
1640
1645
1650
16355
1660
1665
1670
1675
1480
1685
1690
1695
1700C
1705
1710C
17195
1720
1725C
1730C
1735
1740C
1745C
1750C
1755C
1760C
1763C
1770
1775
1780
17895
1790
1795
1800
1805
1810
18195
1820
18235
1830
1835
1840
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puUDZ11 = 0.0 § DUDZ21 = 0.0

+++PRINT INPUT DATA AND MAKE INITIAL CALCULATIONS
CALL INTRO

IF (NPT .EQ. 3) STOP

GOTO 4

s+ +NEW CONSOLIDATION TIMES AND DATA

READ(IN»100) NSToMTINME

CALL DATAIN

READ(IN»100) NSTsAHDF (NM-1)sATDS(NM~1) s NHS(NM-1) s NNSC(NN-1)
DO 5 I=NMINTINME

READ(IN»100) NSTHPRINT(I)»AHDF(I)»ATDSC(I)»NMS(I)»NNSC(I)
CONTINUE

++ +PERFORM CALCULATIONS TO EACH PRINT TIME AND OUTPUT RESULTS
DO 8 K=NMsNTINME
TPRINT = PRINT(K)

IF (K .EQG. 1) GOTO 7
HDF1 = AHDF(K-1)

TDS = ATDS(K-1)

HS = NMS(K-1)

NSC = NNSC(K-1)

CALL RESET

CALL FDIFEQ

CALL STRESS

CALL DATOUT

CONTINUE

IF (NDATA2 .EQ. 2) CALL SAVDAT

sSTOP
END

SUBROUTINE INTRO

123232332222 233 332303332233 233233 223223322382 34333%2
% INTRO PRINTS INPUT DATA AND RESULTS OF INITIAL X
% CALCULATIONS IN TABULAR FORM. X
L1223 383223233233 2323383333232 23 3332323323383 3 8343

PARAMETER P01=51, PQ2=501, PQ3=51

COMMON DA,DUO,DUDZ10,DUDZ11,DUDZ219DZ,DZ1,EQ-EQQsELLIELLLY
6C»6C1,6S,88S1+GSBLyGSDF»OBWsHBLyHDFsHDF19IN» INS» IOUT,
IOUTS)LBLYLDFyMTIME/NBDIVyNBDIV1sNBLyNDsNDIV,NDIV1,
NFLAGs NMyNPROByNPT s NNDsNNN)NTIME)PKO»SETT»SETT1,
SFIN'SFIN1»TAUsTIMEy TPRINT»UCONsUCON1,VRI1»ZKO»
A(PA2)yAL(PQL) »AF(PQ2) »AF1 (PQR1) »ALPHA(PQ3) yALPHAL (PQR3)»
BETA(PQR3)BETAL1(PQ3)»BF(PQ2)»BF1(PQ1)+DSDE(PQ3) s DSDEL(PQ3),
E(PQ2),E1(PQ2)»E11(PQL1)»EFIN(PR2)yEFIN1(PQ1)ER(PQ1),
ES(PO3)yES1(PA3)yEFFSTR(PQ2)»EFSTR1(PQA1)F(PR2)sF1(PQ1),
FINT(PQ2)sFINTL1(PQ1)PKC(PQ3)»PKL(PQ3) »RK(PRI) RK1(PQI) )
RS(PQ3) »R81(PAI)»TOTSTR(PQA2)»TOSTR1(PA1) U(PR2)»UL(PR1),
UOCPQ2)»UO1(PQL1)»UN(PQA2) yUNL(PQL) » XI(PQ2)»XI1(PAL) >
Z(PQ2),Z1(PQ1)»
AEV»CE»CSET»DL+sDREFF»DSC»DSET»DTIM»H2yMrMM»MS»NDT»NSC,
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1849
1850
1855C
1860C
18465
1870
1873
1680
18895
1890
1895
1900
1905C
1910
1915
1920
1925
1930
1935
1940
1945
1950
1959
1960C
19635
1970
1975
1980
1985
1990
1995
2000
2005
2010
2015C
2020C
2029
2030
2035
2040
2045
2050C
2055
2060
2069
2070
2075C
2080
20895
2090
2093C
2100C
2105
2110
2115
2120
2123

3 QDF +SAT»SETC,SETDSLyTDS» TPMIVRINT» XEL »
t ] EP(12)»ET(PO2)sPEP(12)yRF(12),INPLY

++ +PRINT PROBLEM NUMBER AND HEABING
WRITE(IOUT,100)
WRITE(IOUT»101)
WRITE(IOUT»102)
WRITEC(IOUT»103) NFPROB
IF(IMPLY.EQ.1)CALL SETUP1
IF(IMPLY.EQ.2)CALL SETUP2
IF (NPT .EQ, 2) RETURN
IF (NBL .EQ. 2) GOTO 2
+++PRINT SOIL DATA FOR COMPRESSIBLE FOUNDATION
WRITE(IOUT»104)
WRITE(IOUT»10S5)
WRITECIOUT»106)
WRITE(IOUT»107) HBL,GSBL
WRITE(IOUT,108)
WRITE(IOUT»109)
DO 1 I=1,LBL
WRITE(IOUT»110) I-EB1(I)sRS1(I)sRKL(I)sPKLI(I)»BETALI(I)>»
& DSDE1(I) rALPHAL(I)

1 CONTINUE
+++PRINT SOIL DATA FOR DREDGED FILL

2 WRITECIOUT»111)
WRITE(CIOUT,112)
WRITE(IOUT»113)
WRITECIOUT»114) HDF+»GSDF»EQO,SL,DL
WRITE(IOUT»108)
WRITE(IOUT»109)
DO 3 I=1,LDF
WRITE(IOUT»110) I»ES(I)»RS(I)yRK(I)sPK(I)sBETA(I))

] DSDE(I)sALPHAC(I)
3 CONTINUE
+ ¢+ +PRINT SUMMARY OF RAINFALL AND EVAPORATION POTENTIAL
WRITECIOUT,»119)
WRITECIOUT»120)

DO 4 I=1,12

WRITECIOUT»121) I,RFC(I)IPEP(I)
4 CONTINUE

+ + s PRINT CALCULATION DATA

WRITE(IOUT,115)

WRITE(IOUT»116)

WRITE(IOUT»117)

WRITE(IOUT»118) TAU,EO»ZKOsDUO

+ + +PRINT TABLES OF INITIAL CONDITIONS

NFLAG = 1

CALL DATOUT

NFLAG = 0

++ +FORMATS
100 FORMAT(1HL1////7/9%X260(1HX))
101 FORMAT(9X»47HCONSOLIDATION AND DESICCATION OF SOFT LAYERS---»
] 12HDREDGED FILL)
102 FORMAT(9X»60(1HX))
103 FORMAT(/9Xr14HPROBLEM NUMBER,IA4)
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2130
2133
2140
2143
2150
2153
2160
21695
2170
2175
2180
2185
2190
2193
2200
2205
2210
2213
2220
2223
2230
2235
2240
2245
2250C
22355C
2260
2265
2270¢C
2275C
2280
2285C
2290C
2295C
2300C
23035C
2310C
2315
2320
23235
2330
2335
2340
2345
23350
2339
2360
2365
2370
2375
2380
2389
2390
2395
2400C
2405C
2410
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104 FORMAT(/////718¢1H%)»37HSOIL DATA FOR COMPRESSIBLE FOUNDATION»
3 17(1H%))

105 FORMAT(//28X»SHLAYER»9X»16HSPECIFIC GRAVITY)

106 FORMAT(26X»PHTHICKNESSs 11Xy PHOF SOLIDS)

107 FORMAT(/25XsF8.3,12X»F8.3)

108 FORMAT(//8XsAHVOIDy»2XyFHEFFECTIVE » 3Xs SHPERM~»SXySHK/1+4E)

109 FORMAT(4AX»B8HI RATIOs4X»S5HSTRESS»3XyBHEABILITY»4X»2HPK»7Xy»4HBRETA,
3 4Xr4AHDSDE » Xy SHALPHA)

110 FORMAT(2Xr»I321XsFb6.396E10.3)

111 FORMAT(///7//723(1HX)»26HSOIL DATA FOR DREDGED FILLs23(1HX))

112 FORMAT(//4X»SHLAYERySX s 16HSPECIFIC GRAVITY,

i SXe7HINITIAL»SX+ 1OHSATURATION»4AXs11HDESICCATION)
113 FORMAT(2XsyFHTHICKNESS»7X»9HOF SOLIDSs6X»
] 10HVOID RATIO»7XsSHLIMIT»?X»SHLIMIT)

114 FORMAT(/2XsFBs 318X sFB.379XsFB.39SXsFB8.,396X9F8,3)

115 FORMAT(//7//7/728(1HX) s 16HCALCULATION DATA»28(1HX))

116 FORMAT(//8X»3HTAU»10X» 1 1HLOWER LAYER»7X» 11HLOWER LAYER»7X>»
] 13HDRAINAGE PATH)

117 FORMAT(21Xs10HVOID RATIO»8X» 12HPERMEABILITY»?X>SHLENGTH)

118 FORMAT(/AXsE11.598X»FB.3+s9XvEL11.5+s7X93HZ =,F8.3)

119 FORMAT(1H1///13XsA4HSUMMARY OF MONTHLY RAINFALL AND EVAPORATION .
PHPOTENTIAL)

120 FORMAT(//20XsSHMONTH»11XsBHRAINFALL 11Xy 11HEVAPORATION)

121 FORMAT(/21%X212914XsFb6:3215XsF6.3)

RETURN
END

SUBROUTINE SETUP1

1323383333332 32323232223 203 233382333323 33332333333338333%]
X SETUP MAKES INITIAL CALCULATIONS AND MANIFULATIONS x
% OF INPUT DATA FOR LATER USE. X
133233832332 032232 2230202232032 0202 2332330323833 2302322232 %

PARAMETER PQ1=51, PQ2=501y PQR3=51

COMMON DA»DUO,DUDZ10,DUDZ11,DUDZ21+DZyDZL1,EQ¢EQO0,ELLELLLY
6C+6C1+6GS+6S1s6GSBL»GSDFyGWsHBL yHDF s HOF 1y IN» INS»IOUT»
IOUTSyLBLYLDFyMTIMEs NBDIVINEDIV1 NBLYNDyNDIV/NDIVL,
NFLAGy NMs NPROBsNPTyNNDsNNNyNTIME»PKO»SETT»SETT1
SFINsSFINL»TAUSTIMEs TPRINT,UCON,UCON1yVRIL1»ZKO»
A(PA2)»AL1(PQL)»AF(PR2)»AF1(PR1) »yALPHA(PQR3) »ALPHAL(FQ3)
BETA(PQ3)sBETAL(PQ3) +BF(FPQ2)»BF1(PQ1)»DSDEC(PQ3) »DSDEL1(PQA3)>»
EC(PA2)yE1(PQR2)»EL11(PQL)»EFINC(PA2)»EFIN1(PQR1)ER(PQLl)>
ES(PQ3)IES1(PR3)JEFFSTR(PQ2)»EFSTRI(PAL)»F(PR2)yF1(PR1)»
FINT(PQR2)sFINT1(PQ1)»PK(PQA3)yPK1(PA3)sRK(PQRI)»RKI1(PQRI) >
RS(PQ3I)yRS1(PAI)»TOTSTR(PA2)» TOSTRLI(PQ1)+U(PQA2)»UL(PQAL)»
UO(PQA2),U01(PA1)»UN(FA2)»UWL(PQRL1) »XI(PR2)+ XI1(PQAL1)»
Z(PQ2),Z1(PQL1)>»
AEVICEsCSET»DLIDREFFyDSCHyDSETyDTIMsH2y My MMsMS»NDT»NSC»
GDF ySATySETCSETDSLyTDS» TPMsVRINT»XEL »
EP(12)yET(PQ2)PEP(12)sRF(12)

+++8ET CONSTANTS
68 = GSDF x GW
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2415 GC = GS - GW

2420 681 = OSBL % GW

2425 6C1 = GS1 - GW

2430 IF( NBL .EQ. 2 ) NDIV1 = NBDIVLI + 1
2435 PKO = ZKO / (1.0+E0)

2440 DUO = DUO / (1.0+4E0)

2445 IF (NBL .EG. 2) GOTO 10

2450C

24355 6070 10

2460 2840 CONTINUE

24635 IF( NBL .EQ. 2 ) GOTO 3891

2470C +++CALCULATE ELL FOR COMPRESSIBLE FOUNDATION LAYER
2473 NDIV1=NBDIVi+1

2480 DZZ = 0.0

2485 NBD = 10 X NBDIV1 .
2490 DABL = HBL / FLOAT(NBD)

2495 EFS = 0.0

2500 DO 4 I=1,NBD

2505 DO 1 N=2,LBL

2510 §1 = EFS - RS1(N)

25195 IF (S1 .LE. 0.0) GOTO 2

2520 1 CONTINUE

2525 V = ES1(LBL) 3 GOTO 3

2530 2 NN = N-1

23535 V = ESI(N) + (S1X(ES1(NN)-ES1{(N))/(RS1(NN)-RS1(N)))
2540 3 TDZ = DABL /7 (1.0+V)

2545 EFS = EFS + GC1%xTDRZ

2550 DZZ = DZZ + TDZ

2555 4 CONTINUE

2560 ELL1 = D22

2565 DZ1 = ELL1 / FLOAT(NBDIV1)

2570 IF(DZ1.GE.DZININ)GOTO 3040

2575 IF(NBDIV1,6T.3)G0T0 2565

2580 NBDIV=NBDIV+1

25895 6070 10

2590 2565 NBDIV1=NBDIV1-1

2595 60TO 2840

2600C

2605 3040 CONTINUE

2610C +++CALCULATE INITIAL COORDINATES AND VOID RATIOS
2615C +++FOR COMPRESSIBLE FOUNDATION LAYER
2620 Z1(1)=0,0 § A1(1)=0,0  XI1(1)=0.0
2625 EFS = GC1 x ELL1

2630 DO 8 I=1,NDIVi

2635 DG 5 N=2,LBL

2640 81 = EFS - RS1(N)

2645 IF (81 .LE. 0.0) GOTO 6

2650 S CONTINUE

2633 E11(I) = ES1(LBL) % GOTO 7

2660 é NN = N-1

2663 E11(I) = ES1(N) + (S1X(ES1(NN)-ES1(N))/(RS1(NN)-RS1(N)))
2670 7 FI(I) = E11(])

2675 ER(I) = E11(I)

2680 EFS = EFS - GC1xDZ1

2683 8 CONTINUE

2690 CALL INTGRL(ERsDZ1sNDIV1,»FINT1)

2693 DO 9 I=2,NDIV1
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2700
2705
2710
2715
2720
2725C
2730C
2735
2740
2745C
2730C
2755
2760
2765
2770
2773
2780
2785
27%0
2795
2800
2805
2810
2815
2820
2825
2830
2835
2840
2845
2850
2855
2860C
2865C
2870
2875
2880
2885
2890
2895
2900
29095
2910
2915
2920
2925
2930C
293%¢C
2940
2945
29350
2955
2960
2965
2970
29735
2980

10

2346

2351

11

12
13

14

30
31
32

Z1(1) = Z1(1~-1) + DZ1
AL(I) = Z1(I) ¢ FINTI(C(I)
XI14(I) = AL(C])

CONTINUE

6070 3891

+++CALCULATE ELL FOR FIRST DREDGED FILL LAYER
ELL = HDF / (1.0+E00)
VRINT = ELL % EOO

+«++CALCULATE INITIAL COORDINATES AND SET VOID RATIOS
DZ = ELL / FLOAT( NBDIV )

GOTO 2679

TAU=0,.99%DZ/RK(1)
IF(TAU.LT.STAB)GOTO 2351
TAU=0.99%STAB

2(1)=0.0 3 A(1)=0.0 § XI(1)=0.0
E1¢(1)=E00 3 F(1)=E00 ; E(1)=EQ0 §# ET(1)=EO00
DA = HDF / FLOAT(NBDIV)
NDIV=NBDIV+1

ND = NDIV

NDT=ND

DO 11 I=2,NDIV

II = I-1

(1) = Z(II) + DZ

ACI) = ACII) + DA

XI(I) = A(I)

E1(I) = EOO

F(I) = EOO

E(I) = EOO

ETC(I) = EOO

CONTINUE

++ +CALCULATE FINAL VOID RATIOS FOR DREDGED FILL
DO 14 I=1,NBDIV

81 = SCR(ELL-Z(I))

IF (81 .LT. 0.0) S1 = 0.0

DO 12 N=2,LDF

§2 = 81 - RS(N)

IF (s2 .LE. 0.0) GOTO 13

CONTINUE

EFINCI)> = ES(LDF) i GOTO 14

NN = N-1

EFIN(I) = ES(N) + (S2X(ES(NN)-ES(N))/(RS(NN)-RS(N)))
CONTINUE

EFIN(NDIV) = EOO

+++CALCULATE MAXIMUM SECOND STAGE DRYING DEPTH

DO 30 N=2,LDF

Cl = DL - ES(N)

IF (C1 .GE. 0.0) GOTO 31

CONTINUE

EFSDL = RS(LDF) j GOTO 32

NN = N-1

EFSDL = RS(N) + (CIX(RS(N)-RS(NN))/(ES(N)-ES(NN)))
DZ2 = EFSDL / (GS+(GWXDLXSAT))

H2MX = D22 % (1.0+4DL)
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2985
2990C
2995

3000

3005 3891
3010C
3015C
3020

3025

3030

3035

3040

3045

3050

3055

3060 16
3065

3070 17
3075
3080 18
3085C
3090C
3095C
3100

3105
3110

3115

3120

3125

3130

3135 19
3140C
3145

3150

3155
3160C
3145C
3170 20
3175

3180

3185

3190

3195

3200 21
320SC
3210

3215

3220
3225¢C
3230 2679
3235C
3240C
3245

3250

3255 22
3260C
3265C

IF (H2 +GT. H2MX) H2 = H2MX

IF( NBL +EQ. 1 ) GOTO 4640
60TO 2840
CONTINUE

+++CALCULATE FINAL VOID RATIOS FOR FOUNDATION
IF (NBL .EG. 2) GOTO 20

C1 = ELL1%GC) 3 C2 = ELL%BC

81 = C1 + C2

DO 18 1I=1,NDIVI

§2 = §1 - Z1(I)x%G6C1

DO 16 N=2,LBL

83 = 82 ~ RS1(N)

IF (83 .LE. 0.0) GOTO 17

CONTINUE

EFIN1CI) = ES1(LBL) # GOTO 18

NN = N-1

EFINI1(I) = ES1(N) + (S3X(ES1(NN)-ES1(N))/(RS1(NN)-RS1(N)))
CONTINUE

+++CALCULATE INITIAL STRESSES AND PORE PRESSURES
ese+oFOR FOUNDATION LAYER

WL1 = XIL1(NDIV1) + XI(NDIV)

DO 19 I=1,NDI%1

UO1(I) = GW % (WL1-XI1(I))

Ut¢I) = €2

UWICI) = UYO1(I) + UL(I)

EFSTR1(I) = €1 - BC1%XZi(I)

TOSTR1(I) = EFSTR1(I) + UW1(I)

CONTINUE

veeesULTIMATE SETTLEMENT FOR COMPRESSIBLE FOUNDATION
VRI1 = FINT1(NDIV1)

CALL INTBRL(EFIN1,DZ1,NDIVi,FINT1)

SFIN1 = URI1 - FINT1(NDIV1)

¢s+eFOR DREDBED FILL LAYER
DO 21 I=1,NDIV

UO(I) = GW ¥ (XI(NDIV)-XI(I))
U(I) = GC ® (ELL-Z(I))

UW(I) = UO(CI) 4+ U(I)

EFFSTR(I) = 0,0

TOTSTR(I) = UW(I)

CONTINUE

ses s +ULTIMATE SETTLEMENT FOR DREDGED FILL
CALL INTGRLC(EFIN»DZsNDIV,FINT)
SFIN = EOOXELL - FINT(NDIV)
GOTO 2774

CONTINUE

+++CALCULATE FUNCTIONS FOR DREDGED FILL

oe0e s PERMEABILITY FUNCTION

DO 22 1I=1,LDF

PKCI) = RK(I) / (1.0+ES(I))

CONTINUE

sese+8LOPE OF PERMEABILITY FUNCTION -- BETA

es0e.AND SLOPE OF EFF STRESS-VOID RATIO CURVE -- DSDE
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. 3270 Ch = ES(2) ~ ES(1)
: 32735 BETA(1) = (PK(2)-PK(1)) / CD
.. 3280 DSDE(1) = (RS(2)-RS8(1)) /7 CD
. 3283 L=LDF -1
3290 DO 23 Ia2,L
_ 3293 1I=1-1 3 IJ=1I+1
-, 3300 CD = ES(IJ) - ES(ID)
- 3303 BETA(I) = (PK(INH-PK(II)) / CD
- 3310 DSDE(I) = (RS8(IJI-RE(II)) / CD
~ 3315 23 CONTINUE
- 3320 CD = ES(LDF) - ES(L)
3325 BETALLDF) = (PK(LDF)-PK(L)) / CD
3330 DSDEC(LDF) = (RS(LDF)-RS(L)) / CD
3335C soes PERMEABILITY FUNCTION TIMES DSDE -- ALPHA
- 3340 ALPHMAX=0.0
- 3345 DO 24 1I=1,LDF
. 3350 ALPHACI) = PK(I) x DSDE(I)
= 3335 IF( ABS(ALPHA(I)) .GT. ABS(ALPHMAX) ) ALPHMAX = ALPHA(I)
o 3360 24 CONTINUE
3365 44610 STAB = ABS(( DZx%2 X GW )/( 2.0 % ALPHMAX ))
.. 3370 GOTO 2346
< 3375 2776 IF (NBL .EQG. 2) GOTO 29
> 3380 GOTO 4891
N 3385C
- 3390 4640 CONTINUE
> 33935C ++ +CALCULATE FUNCTIONS FOR COMPRESSIBLE FOUNDATION
3400C ee0os oPERMEABILITY FUNCTION
i 3405 DO 26 1I=1sLBL
- 3410 PK1(I) = RK1(I1) /7 (1.04ES1(I))
< 3413 26 CONTINUE
N 3420C vee++SLOPE OF PERMEABRILITY FUNCTION -- BETA1
. 3425C +es++AND SLOPE OF EFF STRESS-VOID RATIO CURVE -- DSDE1
- 3430 Cp = €81(2) - ES1(1)
3435 BETAL1(1) = (PK1(2)-PK1(1)) / CD
3440 DSDE1(1) = (RS1(2)-RS1(1)) / CD
3445 L =LBL -1
3450 DO 27 1I=2,L
34353 II=I-1 # IJ=I+1
3440 Ch = ES1(1J) ~ ESI(ID)
34463 BETAL1(I) = (PK1(IJ)-PKL1(II)) 7 CD
3470 DSDE1(I) = (RS1(IJ)-RSI1(II)) / CD
3473 27 CONTINUE
- 3480 CD = ES1(LBL) - ESI(L)
: 3489 BETAL1(LBL) = (PK1<(LBL)-PK1(L)) /7 CD
3490 DSDE1(LBL) = (RS1(LBL)-RS1(L)) / CD
- 3495C ¢ oo e oPERMEARILITY FUNCTION TIMES DSDE -- ALPHA1L
. 3500 ALPHMAX=0,0
} 35095 DO 28 1I=1,LBL
3510 ALPHAL(I) = PK1(I) % DSDE1(I)
g 33915 IF(ABS(ALPHAL1(I)) .GT.ABS(ALPHMAX) )ALPHMAX=ALPHAL1(I)
- 3520 28 CONTINUE
. 3525 DZIMIN=SQRT (TAUX2.0XABS (ALPHMAX) /GW)
. 3530C
3535 6070 2840
., 3540 4891 CONTINUE
D 3543C ¢+ +CALCULATE BOTTOM BOUNDARY DUDZ

35350 DUDZ10 = UL1(1) / DUO




RSt Bl .

3355 29 IF (NBL .E@. 2) DUDZ10 = U(1) / DUO

3560C

' 3565C +++COMPUTE VOID RATIO FUNCTION FOR INITIAL VALUES
3570 CALL VRFUNC
3573C
3580C

L, 3585 RETURN

y 3590 END

% 3595C

3 3600C

8 3605 SUBROUTINE RESET
3610C
3615C 1232323333333 3333330333 02338833328 33323 283333333314

' 3620C % RESET UPDATES PREVIDUS CALCULATIONS TO HANDLE x

- 362SC & ADDITIONAL DEPOSITIONS OF DREDGED FILL. X

5 3630C (2232322332233 83332 b33 3238833323332 238324

3 34635C
3640 PARAMETER PQ1=S1, PG2=501» PQ3=51
3643 COMMON DA»DUO,DUDZ10,DUDZ11,DUDZ21yDZyDZ1,EO0EQOsELL,ELLLY
3650 ] GC+GC1+8S+8S1+GSPLsBSDF rGWsHBL yHDF»HDF1»INs» INSsIOUTy
34655 3 IOUTS»LBLsLDFsMTIME)NBDIV/NBDIV1sNBL/ND)NDIV,yNDIV1,
3660 L NFLAGyNMyNPROB» NPT oNNDyNNNeyNTINME»PKO»SETT»SETTL
3663 3 SFINsSFINL»TAUS TIMEs TPRINTSJUCON+UCONL1»VRIL1»ZKO>»
3670 ] A(FA2)»A1(PA1) »AF (PA2)»AF1(PO1) » ALPHACPQ3) »ALPHAL (PQR3)»
3673 BETA(PQ3) »BETAL1(PQ3) »BF(PQ2)+BF1(PQ1)yDSDE(PQ3I)»DSDEL(PQAZ)»
3680 3 E(PG2)E1(PA2)sEL11(PQL1)EFIN(PQR2)+EFINL1(PQ1),ER(PQL1)>»
3683 % ES(PQ3)»ESI1(PA3)»EFFSTR(PQA2)yEFSTR1(PQ1)»F(PQ2)»F1(PQ1)
3690 FINT(PQ2)»FINT1(PQ1),PK(PQ3)PKL1(PQ3)yRK(PQA3)»RK1(PQ3),
34693 RS8(PQAI)»RS1(PA3) »TOTSTR(PQR2)y TOSTR1(FA1)U(PA2)UL(PAL) Y
3700 3 UO(PA2)sU0L1(PAL1)»UN(PA2)»UNLI(PAL1) »yXI(PR2) »XI1(PQY),
3705 Z(PQ2),21(PA1)»
3710 ] AEVICEsCSETsDLyDREFF s DSCoDSET»DTIMoH29 My MMy NSy NDTINSC
3715 % ODF ySAT»SETC»SETD»SL,TDS»y TPMIVRINTy XEL s
3720 % EP(L12)yET(PQ2)»PEP(12)yRF(12)
3723C
3730C +++RESET DESICCATION VARIABLES
3733 DTIN = TDS + TPM
3740 M = MS-1
3745 IF (HDF1 LE. 7.0) RETURN
3750 AEV = 0,0 § DSC = 0,0
3755 QbF = 0,0
3760 MM = 1
3765C
3770C +++CALCULATE ELL FOR NEXT DREDGED FILL LAYER AND RESET CONSTANTS
3778 EL = HDF1 / (1,0+E00)
3780 IF (NBL .EG. 2) U(1) = U(1) + EL%GC
3785 Ui(1) = U1(1) + EL%GC
3790 NDZ = IFIX((EL/BZ)>40.5)
3793 ELL = ELL + DZXFLOAT(NDZ)
3800 VRINT = (ELL¥EOO) - SETD - SETC
38035 NT = ND
3810 NV = ND + 1
38195 ND = ND + NDZ
3820 NB = ND ~ 1
3825C
3830C ¢+ s CALCULATE ADDITIONAL COORDINATES AND SET VOID RATIOS

- 3835 DO 1 I=NVeND
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3840 11 = I-1

X 3645 Z(1) = 2(I1) + DZ
" 3850 ACI) = ACII) + DA .
- 3858 XICI) = XI(II) + DA
: 3860 E1(1) = EOO
3865 F(I) = EOO
Ay 3870 ECI) = EOO
‘o 3875 1 CONTINUE
; 3880 E(NT) = C(E(NT)I4E00) / 2.0
3 3885 F(NT) = E(NT)
0 3890C
= 389SC +++CALCULATE FINAL VOIDI RATIOS FOR DREDGED FILL
3900 DO 4 I=1,NB
x 3905 81 = GCR(ELL-2(I))
T 3910 IF (S1 .LT. 0.,0) S1=0.0
- 3915 DO 2 N=2,LDF
= 3920 §2 = 81 -~ RS(N)
Ky 3925 IF (82 .LE. 0.0) GOTO 3
- 3930 2 CONTINUE
3935 EFINC(I) = ES(LDF) 3 GOTO 4
A 3940 3 NN = N-1
: 3945 EFINCI) = ES(N) + (S2X(ES(NN)-ES(N)>)/(RS(NN)-RS(N)))
.. 3950 4 CONTINUE
- 3955 EFIN(ND) = EOO
. 3960C
. 3945C +++CALCULATE FINAL VOID RATIOS FOR FOUNDATION
; 3970 IF (NBL .EQ. 2) GOTO 9
" 3975 Cl1 = ELL1%6C1 # C2 = ELLXGC
3 3980 81 = C1 + C2
e 3985 D0 8 1I=1,NDIV}
- 3990 82 = S§1 ~ Z1(1)%6C1
- 3995 DO 6 N=2,LBL
v 4000 §3 = §2 - RS1L(N)
. 4005 IF (83 .LE. 0.0) 60TO 7
] 4010 & CONTINUE
: 4015 EFIN1C(I) = ES1(LBL) # GOTO 8
" 4020 7 NN = N-1
N 4025 EFIN1C(I) = ES1(N) + (SIR(ES1(NN)-ES1(N))/(RS1(NN)-RS1(N)))
a2 4030 8 CONTINUE
- 403SC eseesULTIMATE SETTLEMENT FOR COMPRESSIBLE FOUNDATION
’ 4040 CALL INTGRL(EFIN1,DZ1sNDIV1sFINT1)
4045 SFIN! = VURI1 - FINT1(NDIV1)
% 4050C
N 40S5SC +++RESET BOTTOM BOUNDARY DUDZ
. 40460 IF (NBL .EQ. 3) U1(1) = U1(1) + HDF1
- 4065 DUDZ10 = U1(1) / DUO
s 4070 9 IF (NBL .EG. 2) DUDZ10 = U(1) / DUO
: 4075C
- 4080C +++0+ULTINATE SETLEMENT FOR TOTAL DREDGED FILL
- 4083 CALL INTGRLC(EFINsDZ/)NDsFINT)
: 4090 SFIN = EOOXELL - FINT(ND)
4095C
4100C +++8ET VOID RATIO FUNCTIONS FOR RESET VALUES
4105 DO 10 I=NTsND
- 4110 AF(1I) = ALPHA(1)
: 4119 BF(1) = BETA(1)
- 4120 10 CONTINUE
N
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4125C

4130C +++SET *CALCULATION® VOID RATIOS
4135 DO 11 I=1sND
4140 ET(I) = ECI)
4145 11 CONTINUE
4130 N = NT-NDT-1
413595 IF (N .LE. 0) BGOTO 13
41460 DE = (EQOO-E(NDT-~1)) / FLOAT(N)
41435 DO 12 I=NDTsNT
4170 II=I-1
4175 EC(I) = E(IXI) + DE
4180 F(I) = E(I)
4185 12 CONTINUE
4190 NDT = NT
41993 CALL VRFUNC
4200 13 NDT = ND
4205C
4210C
4215 RETURN
4220 END
4225C
4230C
4235 SUBROUTINE FDIFEQ
4240C
4245C AXXEREBEERREXEREEXRRAKKEREREER KRR KRR K KR KX KRR R RERRE AKX A KKK KKK K
4250C % FDIFEQ CALCULATES NEW VOID RATIOS AS CONSOLIDATION PROCEEDS %
4255C % BY AN EXPLICIYT FINITE DIFFERENCE SCHEME BASED ON PREVIOUS X
4260C X VOID RATIOS. SOIL PARAMETER FUNCTIONS ARE CONSTANTLY X
4265C % UPDATED TO CORRESPOND WITH CURFENT VOID RATIO. X
. 4270C 1333233233232 23 2323022333233 3333 332333333333 3323¢3 2323233333343
. 4275C
Y 4280 PARAMETER PQ1=51, PQ2=301» PQ3=51
X 4285 COMMON DA,»DUO,»DUDZ10,DUDZ11,DUDZ21+DZ,DZ19EQ0»EOQO0SELLIELLL,
42%0 3 BC»BC1,BS»GS19GSBLyGSDF yGHWs HBL yHDF yHDF 15 IN» INS»IOUT,
4295 L3 IOUTSsLBLsLDF»MTIMEsNBDIVsNBDIV1yNBL/NDsNDIVsNDIV1,
4300 3 NFLAGyNM s NPROByNPT » NNDyNNNs NTIME»PKOsSETTYSETT1
. 4305 % SFIN»SFINL»TAUYTIMEs TPRINT»UCON>UCONL»VRI1¢ZKOy
. 4310 ] ACPR2) vAL (PRI yAF(PR2) »AF1(PQ1) yALPHA(PA3) s ALPHAL(FQ3) »
- 4315 t BETA(PQ3)»BETAL(PRI) +EBF (PQR2)sBF1(PQ1),DSDE(PQ3)DSDEL(PQ3)»
N 4320 t E(PQ2)SE1(PQ2)»EL11(PQL1)EFIN(PQ2)»EFINL(PRAL) yER(POL) >
4329 ES(PQ3)»ESL1(PA) PEFFSTR(PA2)»EFSTR1(PQ1) »F(PO2),F1(PQL),
4330 s FINT(PQR2)sFINT1(PQ1),PK(PA3)FPK1(PQ3)RK(PQ3)»RK1(PQ3)>
4333  } RS(PAI)IyRS1(PAI)»TOTSTR(PR2)»TOSTR1(PQL) yU(PA2)»UL(PQ1)
. 4340 ] UO(PQ2)»U01(FPQ1) »UN(PQA2) »yUWLI(PRL1) yXI(PQ2)yXI1(PAL) >
~ 4345 ] Z(PQ2)+21(PQ1)>»
) 43350 ] AEV,CE+CSETsDL»DREFFsDSCoDSET»DTIMIH2+ M MMsMSsNDTHNSC»
. 43359 ] QDF ySAT»SETC,SETD»SL+»TDSs TPMsVRINT» XEL
4360 : EP(12),ET(PR2)»PEP(12)»RF(12)
4365C :
4370C +++8ET CONSTANTS
4375 CF = TAU/{(GUWRDZ)
4380 DZ2 = DZ%2.0
4383 NND = NDT - 1
4390 IF (NBL EG. 2) GOTO 5
4393 DZ12 = DZ1%2,0
4400 CF1 = TAU/(GWXDZ1)
4403C
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4410C
4415C
4420C
44235C
4430 1
4433

4440

44435 2
4430

4439 3
4460

44463 4
4470

4473

4480

4483

44%0

4493
4300C
4505 S
4310

43513

4520 é
435295

4530 7
43533

4540 8
4545

4350

4553

4560

4563
43570C
45735C
4380

4583

4590

4595

4600 9
4605

4610 10
4615

4620 11
46295

4630

4635

44640

4645

4630 12
4653

4660 13
4665
4670C
4675C
4680 14
46895

4490

AR el spa it i wa A s -

+LOOP THROUGH FINITE DIFFERENCE EQUATIONS UNTIL PRINT TINME

+ ¢ +CALCULATE VOID RATIO OF IMAGE POINT AND FIRST REAL POINT
sese+FOR COMPRESSIBLE LAYER

DO 2 1I=2,LBL

C1 = ER(1) - ESI(]I)

IF (C1 .GE. 0.0) GOTO 3

CONTINUE

DSED = DSDE1(LBL) 3 GOTO 4

II = I-1

DSED = DSDE1(I) + (Cix(DSDPE1(I)-DSDE1(II))/(ESI(I)-EB1(II)))
F10 = F1(2) + DZ12%(GC1+DUDZ11)/DSED

DF = (F1(2)-F10) /7 2.0

DF2DZ = (F1(2)-2.0%F1(1)+F10) / DZ1

AC = (AF1(2)-AF1(1)) / DZ1

ER(1) = F1(1) - CFix(DF&(GC1%BF1(1)+AC)+DF2DZ%AF1(1))
IF (ER(1) .LT. EFIN1<1)) ER(1) = EFIN1(1)

IF (ER(1) .GT. E11(1)) ER(1) = E11(1)

+ss¢+FOR DREDGED FILL

DO 6 1I=2,LDF

Ci1 = E(1) - ESKI)

IF (Ci .GE., 0.0) GOTO 7

CONTINUE

DSED = DSDE(LDKF) # GOTO 8

11 = 1-1

DSED = DSDE(I) + (C1%(DSDE(I)-DSDE(II))/(ES(I)-ES(II)))
FO = F(2) + DZ2%(GC+DUDZ21)/DSED

DF = (F(2)-F0) / 2.0

DF2DZ = (F(2)-2,0%F(1)+4F0) / DZ

AC = (AF(2)-AF(1)) / DZ

E(1) = F(1) - CFR(DFX(GCXBF(1)+ALC)+DF2DZXAF (1))

IF (E(1) LT, EFIN(1)) E(1) = EFIN(1)

+++CALCULATE VOID RATIO OF TOP POINT IN COMPRESSIBLE LAYER
IF (NBL .EQ. 2) GOTO 27

DO 9 I=2yLDF

C1 = E(1) - ES(I)

IF (c1 .GE. 0.0) GOTO 10

CONTINUE

EST = RS(LDF) % GOTO 11

11 = I-1

EST = RS(I) + (C18(RS(I)-RS(II))/(ES(I)-ES(II)))

DEST = EST - EFFSTR(1)

UT = U(1) - DEST

EFS1 = EFSTR1(NDIV1) + DEST

BO 12 I=2,LBL

€1 = EFS1 - RS1(I)

IF (C1 .LE. 0.0) GOTO 13

CONTINUE

ER(NDIV1) = ES1(LBL) # GOTO 14

11 = I-%

ER(NDIV1) = ESI(I) + (C1x(ESI1(II)-ESIC(I))/(RSI(II)-RSIC(I)))

++ +«RESET BOUNDARY DUDZ FOR DREDGED FILL
DO 1S I=2,LBL

C1 = ER(NBDIV1) - ES1(I)

IF (Ci1 .GE. 0.0) GOTO 16
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46935
4700
4703
4710
4713
4720
4725
4730
4733
4740
4743
47350
47353
47460
4763
4770
4775
4780
4783
4790
47935
4800C
4803C
4810C
4815
4820
4825
4830
4833
4840
4845
4830C
4833
4860
48635
4870
4875
4880C
48835C
4890
4893
4900
4909
4910
4913
4920
4925
4930
4935
4940C
4943
49350
49535
4960C
4965C
4970
4975

et
- RN
AN SRR

DI S
O S

13

16
17

18
19
20

21
22
23

25

26

27

28

29

CONTINUE

EST1= RS1(LBL) # GOTO 17

11 = I-1 .

EST1 = RS1(I) + (C1S(RS1(IX-RSI(IX))I/(ESI1(I)-ES1(1I)))
UT: = UL(NBDIVLI) - EST1 + EFSTR1(NBDIV1)

DUDZ12 = (UT - UT1) 7/ D21

DO 18 I=2,LBL

€1 = ER(NDIV1) - ES1(I)

IF (C1 .GE. 0.0) GOTO 19

CONTINUE

RPKER = PK1(LBL) 3 6OTO 20

11 = I-1

RPKER = PK1(I) + (C1R%(PKI<I)-PK1(II))/(ES1(I)-ESLI(II)))
DO 21 1I=2,LDF

Ci = E(1) < ES(I)

IF (C1 .GE. 0.0) GOTO 22

CONTINUE

PKE = PK(LDF) 3 GOTO 23

11 = I-1

PKE = PK(I) + (Ci%(PK(I)-PK(II))>/(ES(I)-ES(II)))
DUDPZ21 = DUDZ12 % RPKER / PKE

+++CALCULATE NEW VOID RATIOS FOR REMAINDER OF MATERIAL
seeesIN COMPRESSIBLE FOUNDATION

DO 25 I=2,NBDIVi

Il = I-1 3} IJ = 141

DF = (F1(IJ)-F1(II)) / 2.0

DF2DZ = (F1(IJN)-F1(I)%2.04F1(11)) s/ DZ1

AC = (AF1(IJ)-AF1(11)) /7 D212

ER(I) = F1(I) - CF1%(DFX(GC1XBF1(I)4+AC)+DF2DZXAF1(I))
CONTINUE

+v+++RESET FOR NEXT LOOP

DO 26 I=1,NDIVI

F1(1) = ER(I)

CONTINUE

IF (NBL .EQ., 3) GOTO 30

IF (NDT ,LT.4) GOTO 30

+++NEW VOID RATIOS IN DREDGED FILL
DO 28 1I=2,NND

IF (E(I) .LE. EFIN(I)) GOTO 28

II = I-1 § IJ = I+1

DF = (F(IJ)-F(II)) / 2.0

DF2DZ = (F(IN-F(I)X2,04F(1II1)) / DZ
AC = (AF(1J)-AF(II1)) / DZ2

E(I) = F(I) - CFS(DFR(GCEXBF(1)+AC)+DF2DZ2AF(I))
IF (ECI) JLE. EFINCI)) ECI) = EFINC(I)
IF (E(I) .GT. FC(I)) ECI) = F(I)
CONTINUE

ve0+RESET FOR NEXT LOOW

DO 29 1I=1,NND

F(I) = ECI)

CONTINUE

++ +RESET BOTTOM BOUNDARY DUDZ FOR COMPRESSIBLE LAYER
IF (NBL .EQ. 2) GOTO 34
PO 31 1I=2,LBL

B15

;'.’. R =2t A i e e




‘,,,M-_‘.-.L o bt hpd Rt Sulbsiaat e A i Sl Sb 20 AT S VT W g TR T W T LR W U e S Pl MR Al M A e R O P M PR M e S M P
g

Y

(L
>
N
Y
] 4980 C1 = ER(1) - ES1(I)
vj 4985 IF (C1 .GE., 0.0) GOYD 32
3 4990 31 CONTINUE
4995 RPKER = PK1(LBL)
, 5000 EST1 = RS1(LBL) # GOTO 33
- 5005 32 II = I-1
- 5010 €2 = C1 / (ES1C(I)-ES1(II))
= 5015 RPKER = PK1(I) 4 C2%(PK1(I)>-PK1(II))
% 5020 EST1 = RS1(I) + C2%(RS1(I)~RSI1(II))
. 5025 33 DUDZ11 = DUDZ10 X PKO / RPKER
5030 UT1 = U1(1) - EST1 + EFSTR1(1)
5035 DUDZ10 = UT1 / DUO
, 5040 GOTO 38
. 5045C
x 5050C . ...RESET BOTTOM BOUNDARY DUDZ FOR DREDGED FILL
5 S0SS 34 DO 35 I=2,LDF
: 5060 €1 = E(1) - ES(I)
" 5065 IF (C1 .GE. 0.0) GOTO 36
5070 35 CONTINUE
- 507% PKE = PK(LDF)
- 5080 EST = RS(LDF) # GOTO 37
- 5085 36 II = I-1
. 5090 €2 = C1 /7 (ES(I)-ES(II))
- 5095 PKE = PKC(I) + C2%(PK(I)-PKCII))
: 5100 EST = RS(I) + C28(RS(I)-RSCII))
5105 37 DUDZ21 = DUDZ10 X PKO / PKE
5110 UT = UC1) - EST + EFFSTR(1)
- 5115 DUBZ10 = UT / DUO
- 5120C
2 5125C +++CALCULATE ALPHA AND BETA FOR CURRENT VOID RATIOS
-~ S130 38 CALL VRFUNC
- 5135C
; 5140C +++CALCULATE CURRENT TIME AND CHECK ABAINST
' S145C +v+++DESICCATION TINE AND PRINT TINME
& 5150 TIME = TAU % FLOAT(NNN)
P 5155 IF (TIME .G6T. TDS .AND. MM .EQ. 1) GOTO 41
e S160 39 IF (TIME .GE. DTIM) CALL DESIC
N 5165 NNN = NNN ¢ 1
™ 5170 IF (TIME .LT. TPRINT .AND. NBL .EQ. 1) GOTO 1
& 5175 IF (TIME .LT. TPRINT .AND. NBL .EQ. 2) GOTO 5
5180C
v 5185C «+ +RECOVER ACTUAL VOID RATIOS
- 5190 DO 44 I=2,NDT
. 5195 IF (ECI) .BT. ET(I)) ECI) = ET(D)
.. 5200 44 CONTINUE
- 5205 CALL VRFUNC
5210C
5215C +++CHECK STABILITY AND CONSISTENCY
5220 IF (NBL +EG. 2) GOTO 40
5225 REF = BF1(1)
. 5230 RAF = AF1(1)
o 5235 DO 42 1=2,NBDIV1
. 5240 IT = I+1
- 5245 IF (AF1(II) ,LE. RAF) GOTO 42
e 5250 RAF = AF1(II)
> 5255 RBF = BF1(II)
iy 5260 42 CONTINUE
N
~
L]
3

v _»
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5245 STAB = ABS((DZ1%%28GW)/(2.0%XRAF))
5270 IF (STAB .LT. TAU) WRITE(IOUT,»100) NPROB
5275 CONS = ABS((2,0%RAF)/(BC1XREF))
5280C IF (CONS .LE. DZ1) WRITE(IOUT,»101) NPROB
5285 40 RBF = BF(1)
5290 RAF = AF(1)
) 5295 PO 43 1I=2,NND
{ 5300 I1 = I+1
e 5305 IF (AF(II) .LE. RAF) GOTO 43
b 5310 RAF = AF(II)
5315 RBF = BF(II)
5320 43 CONTINUE
5325 STAB = ABS((DZXX2%GH)/(2.0%RAF))
4 5330 IF (STAR .LT. TAU) WRITE(IOUT»102) NPROR
3 5335 CONS = ABS((2,0%RAF)/(GCXREF))
5340C IF (CONS .LE. DZ) WRITE(IQUT,103) NPROB
[ 5345 IF (TAU .BE. (ACND)/(RK(1)XFLOAT(ND)))) WRITE(IOUT»104)
5350C
q 53%5C e+ +CALCULATE CONSOLIDATION SINCE LAST DESICCATION
5360 RETURN
5365 A1 MM = 2
b 5370 CALL INTBRL(E»DZsNDT»FINT)
\ 5375 CSET = VRINT - FINT(NDT)
5380 SETC = SETC + CSET
5385 VRINT = FINT(NDT)
5390 IF (MM .EQ. 2) GOTO 39
5395C
5400C e+ +FORMATS

5405 100 FORMAT(/////3BHSTABILITY ERROR ~-FOUNDATION --PROBLEM»IS)
5410 101 FORMAT(/////40HCONSISTENCY ERROR --FOUNDATION --PROBLEMsIS)
5415 102 FORMAT(/////40HSTABILITY ERROR ~--DREDGED FILL --PROBLEM»1S)
5420 103 FORMAT(/////742RCONSISTENCY ERROR --DREDGED FILL --PROBLEMsIS)
5425 104 FORMAT(/////40HPOSSIBLE STARILITY PROBLEM--DECREASE TAW)

S5430C
5435C
5440 RETURN
5445 END
5430C
5435C
5460 SUBROUTINE VRFUNC
54465C
5470C 1332233322333 33382383 323333 83333833333 33333333841
547S5C X URFUNC CALCULATES ALPHA AND BETA FUNCTIONS x
5480C & FOR CURRENT VOID RAT1O0S. X
5485C EREERREEERX XK AR XK AL RRER R KRR XX RR AR KRR E XXX XK KKK
S490C
5495 PARAMETER PQ1=51, PG2=3501, PQ3=51
5500 COMMON DA»DUO»DUDZ10,DUDZ11,DUD221,DZ»D21+EOQ0»EQO0sELLYELLYL
5303 3 6CyBC1+068,651+GSBL,GSDF»GW»HBL yHDF sHDF1»INs INS»IOUT,
5510 3 IOUTS»LBLsLDFyMTIME +NBDIVsNBDIV1,NBLsNDsNDIV)NDIV1)»
53513  } NFLAGs NMsNPROBy NPTy NNDyNNNsNTIMEPKOYSETTYSETT1»
3520 ] SFINsSFIN1»TAU» TIME,» TPRINT»UCONsUCON1»VRIL1y»ZKO,
5523 t A(PG2)sA1(PQ1)»AF(PQ2)»AF1(PA1) »ALPHA(PG3) ALPHAL(FQ3)
3530 L 3 BETA(PQ3)»BETAL(PQA3)/»BF(PQ2)/BF1(PQA1)»DSDECPA3) »DSDEL(PRI)
3535 3 EC(PA2)yE1(PQ2)yEL11(PQ1)EFINC(PQ2)>EFINL(PG1)ER(PQAL),
5540 L ES(PQ3)»ES1(PQ3)»EFFSTR(PQR2)yEFSTRI(PQ1)»F(PR2)»F1(PQ1)>
5545 ] FINT(PQ2)FINT1(PA1)sPK(PQ3)PKI(PR3)RK(PQ3)IRKL(PAJ),
B17
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53550 L R8(PQ3)»RS1(PA3) s TOTSTR(PA2) »TOSTR1(PA1)»U(FA2)»UL(PAL1)
55535 ] Uo(PQ2)»UOL(PAL)»UW(PQA2) rUWL1 (PA1) +XI(PA2) »XIL(PQL)>
3560 L 3 Z(PQ2),Z1(PO1)

3565 ] AEVCECSET»DLyDREFFsDSCyDSETsDTIMsH2y M) MM MS»NDTsNSC>
3570 QDF»8AT+SETC,SETDsSLsTDSs TPMN+VRINT» XEL »

3575 L EP(12)ET(PQ2)»PEP(12)»RF(12)

55680C

35835 IF (NBL .EQ. 2) GOTO 4

S5590C +o«FOR COMPRESSIBLE FOUNDATION

5593 DO 3 I=1,NDIVi

3600 DO & N=2,LBL

56095 C1 = ER(I) -~ ES1(N)

5610 IF (C1 .GE. 0.0) GOTO 2

56135 1 CONTINUE

5620 AF1(1) = ALPHA1(LBL)

5625 BF1(I) = BETA1(LBL) $ GOTO 3

5630 2 NN = N-1

3635 CM = C1 / (ES1(N)-ES1(NN))

5640 AF1C(I) = ALPHAL1(N) + CMX(ALPHAL(N)-ALPHAL(NN))

56435 BF1(I) = BETA1(N) + CMR(BETA1(N)-BETA1(NN))

5650 3 CONTINUE

5655C

5660C «++FOR DREDGED FILL

56635 4 DO 7 1I=1/NDT

5670 DO S N=2,LDF

5673 C1 = E(I) - ES(N)

5680 IF (Ci1 .,BE. 0.0) GOTO 6

356835 S CONTINUE

5690 AF(I) = ALPHA(LDF)

5695 BF(I) = BETA(LDF) % GOTO 7

5700 6 NN = N-1

5705 CM = C1 /7 (ES(N)-ES(NN))

5710 AF(I) = ALPHA(N) + CMX(ALPHA(N)-ALPHA(NN))

5713 BF(I) = BETA(N) + CMX(BETA(N)-BETA(NN))

$720 7 CONTINUE

$5725C

5730C

5735 RETURN

5740 END

3745C

5730C

3735 SUBROUTINE DESIC

35760C

5765C 13333333382 3333383323¢333 4333383332233 22332 833322222338 82432 3
5770C % DESIC CALTULATES THE NEW VOID RATIOS DUE TO DESICCATION X
5775C % IN THE UPPER PARTS OF THE DREDGED FILL ON A MONTHLY X
$780C % BASIS. NEW BOUNDARY CONDITION FOR THE CONSOLIDATING L 3
$765C % MATERIAL BELOW THE DRIED UPPER CRUST IS ALSO CALCULATED. ¥
$790C 8233383333833 8333323030382 2333 822332223t td3i i3t s
5793C

5800C

5805 PARAMETER PQ1=51» PG2=3501, PO3=51

5810 COMMON DAsDUO,DUDZ10,DUDZ11,DUDZ21+DZ+D21+EO0sEQOQsELLYELLLY
58135 ] 8C»BC1+8Sr6S1»GSELyGSDF s GWeHBL yHDF yHDF 1+ INs» INS»I0UT,
3820 & I0UTSsLBLsLDFsMTIME,NBDIVyNBDIV1syNBLND/NDIV,NDIV1y
5825 ] NFLAGs NMs NPROBsNPT)NNDsNNNsNTIME»PKO»SETT2SETT1
35830 ] SFINySFIN1»TAUs TIME,» TPRINTUCON,UCONL1»VRI1+ZKO»
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3 5835 3 ACPG2) »A1(PO1) 1 AF (PO2) s AF1(PA1) s ALPHA(PQ3) s ALPHAL (PA3) s
. 5840 : BETA(PQ3)»BETA1(PA3) »BF (PA2) yBF1(P@1) »DSDE(PQA3) yDSDEL (PA3)
- 5845 3 ECPQ2)»E1(PA2)sE11(PR1)+EFIN(PQ2) JEFINI(PQ1)+ER(PO1)»
: 5850 3 ES(PQ3) +ES1(PA3) yEFFSTR(PA2) yEFSTRI(PA1) sF(PA2) 1F1(PA1)
5855 Y FINT(P@2) FINT1(PQ1)sPK(PQ3)»PK1(PO3)RK(PA3)RK1(PA3) s
5860 t RS(PQ3) +RE1(PQ3) s TOTSTR(PA2) s TOSTR1(PQR1) +U(PA2) yUL(PAL) s
: 5865 : UO(PA2) »UOL(PA1) sUN(PA2) yUNL(POL) ¢ XI(PQ2) »XI1(PA1)
: 5870 3 Z(PQ2),Z1(PA1), :
- 5875 : AEVsCEsCSET DL s DREFF yDSC+DSET s DTINsH25Ms MMs» NS s NDT »NSC»
5880 : QDF ySAT»SETC»SETDsSL» TDSs TPH)URINT » XEL
5885 Y EP(12) +ET(PO2) »PEP(12) »RF (12)
5890 DIMENSION PS(P@2)
$895C
5900C «+ +RECOVER ACTUAL VOID RATIOS
5905 DO 20 I=2,NDT
5910 IF (ECI) 6T, ET(I)) ECI) = ET(I)
5915 20 CONTINUE
5920C
5925C +++CALCULATE NET DESICCATION FOR MONTH
5930 DTIM = DTIM + TPM
o 5935 CALL INTGRL(E,DZsNDsFINT)
3 5940 CT = Z(ND) + FINT(ND) - Z(NDT) - FINT(NDT)
" 5945 CSET = URINT - FINT(NDT)
g 5950 SETC = SETC + CSET
: 5955 W=M+15 MH=2
: 5960 IF (M .EQ, 13) M=1
5965 EP(M) = PEP(M) ~ ((1,0-DREFF)SRF(M))
' 5970 EVEFF = CE % (1,0-(CT/H2))
= 5975 EP(M) = EP(M) & EVEFF
- 5980 DSET = EP(M) - CSET - DSC
- 5985 DSC = 0.0
’ 5990 IF (DSET .LE. 0.0) GOTO 16
‘ 5995 IF (CT .GE. H2) GOTO 16
6000 SETD = SETD + DSET
6005 NN = ND-4
i 6010 IF (E(ND) ,LT. SL) GOTO 5
: 6015SC
. 6020C ++ +DETERMINE WHICH POINTS ARE ADJUSTABLE TO SL
; 6025 1 DO 2 I=1,NN
5 6030 I1 = ND+1-I
. 6035 IF (ECII) .BT., SL .AND. EFIN(II) .GE., SL) GOTD 3
6040 IF (EFINCII) .LT. SL) GOTO §
- 6045 2 CONTINUE
- 6050 GOT0 S
- 6055C
- 6060C «+ +CHECK CRUST DEPTH
. 4065 3 CD = Z(ND) + FINT(ND) ~ Z(II) - FINT(IID)
- 6070 H2T = H2 % (SL/DL)
y 6075 IF (CD .B6T. W2T) GOTO S
- 6080C
- 6085C +++ADJUST VOID RATIOS WHICH ARE ABOVE SL
- 6090 DEAV = DSET / DZ
- 6095 IF (II ,EQ., ND) DEAV = 2.0%DEAV
- 6100 V = ECID) - DEAV
- 6105 IF (V .LE. SL) GOTO 4
6110 E(II) = v
6115 60TO 16

) .
b S ." ot N

[y
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i: 6120 4 RV = DEAV - E(II) +SL
-, 6125 ECII) = SL
% 6130 IF (II1 .EG. ND) RV = RV / 2,0
o 6135 DSET = RV % DZ
0 6140 IF (DSET .GT. 0.0001) GOTO 1
6145 GOTO 16
AS 6150C
~ 4155C +++DETERMINE WHICH POINTS ARE ADJUSTABLE TO DL
~ 6160 S DO &6 I=1,NN
- 4165 11 = ND+1-1
s 6170 IF (E(I1) ,6T., DL .AND. EFIN(II)> .GE., DL) GOTO 7
- 6175 IF (EFINCII) .LT. DL) GOTO 14
6180 6 CONTINUE
A 41835 G070 1S
e 6190C
. 6195¢C +++ADJUST VOID RATIOS WHICH ARE AROVE DL
. 4200 7 NDT = 11
N 6209 DEAV = DSET / DZ
6210 IF (11 .EQ. ND) DEAV = DEAV % 2.0
6215 V = E(I1) - DEAV
6220 IF (V .LE., DL) GOTO 8
.. 6225 ECII) = V
- 6230 IF (EFIN(II) .BY. SL) RL = SL
AR 6235 IF (EFINCII) JLE. SL) RL = EFINCII)
T 6240 PC = 0.0
6245 IF (E(11) .GE. RL) PC = 1.0
6250 IF (ECII) .LT. RL +AND. RL .GT., DL)
) 6255 t PC = (E(I1)-DL) 7/ (RL-DL)
- 6240 PS(II) = SAT + ((1.0-SAT)2PC)
-, 6265 GOTO 9
= 6270 8 RV = DEAV - E(II) + DL
- 8275% NDT = II - &
- 6280 PS(NDT) = 1,0
6285 E(II) = DL
6290 EFIN(II) = DL
- 62995 PS(II) = SAT
i 6300 IF (I1 .EQ., ND) RV = RV 7 2.0
:: 5305 DSET = RV x DZ
. 6310 SETD = SETD - DSET
L 6315C
- 4320C +++CHECK NEW CRUST THICKNESS
6325 CT = Z(ND) + FINT(ND) - Z(NDT) -~ FINT(NDT)
. 6330 IF (CT .GE. H2) GOTO 9
X 6335 REF = CE x (1.0-(CT/H2))
w 4340 RAT = REF / EVEFF
= 6345 DSET = RAT % DSETY
- 6350 SETD = SETD + DSEY
. 6355 IF (DSET .GT. 0.0001) GOTO S
. 6360C
6365C ++ +DETERMINE SURCHARGE DUE TO PARTIALLY SATURATED CRUST
. 6370C +s+0,AND CARRY OVER DESICCATION DUE TO LOSS OF SATURATION
- 6375C ¢sss AND RESET STRESSES IN CRUST
. 4380 9 IF (NDT .EQ. ND) GOTO 14
- 6385 J = ND-1
- 6390 QDF = 0.0
- 4395 AEVL = 0,0
6400 DO 10 JI=NDT,J
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6403
6410
6413
6420
64235
6430
6435
6440
6445
6450
6453
6460
6465
46470
6475C
6480C
6485C
6490
6493
63500
6505
4510
63515
6520
6529
6530
63533
6540
6545C
6550C
635355
6560
65635
6570
4575C
6580C
6585C
6590
6593
6600
6605
6610
6613
6620
6625
6630
6633
6640
6645
6650
6635C
6660C
6665
6670
6673
6680C
6685C

10

11
12
13

17
18
19

14
100

I = J + NDT - U1

IJ = I+1

EFFSTR(1IJ) = QDF

TOTSTR(1IJ) = QDF

U(IJ) = 0.0

Yo(Id) = 0.0

UN(IJd) = 0.0

EAV = (E(I)+E(IN)) /7 2.0

SAV = (PS(II+PS(IJ)) / 2.0

AEVLI = (DZXEAVX(1.0-SAV)) + AEV1
QDF = GDF + (DZX(GS+(EAVEGNRSAV)))
CONTINUE

DSC = AEV1 - AEV

AEV = AEV1

+«+CALCULATE NEW FINAL VOID RATIOS DUE TO LOWER WATER TABLE
+++++FOR DREDGED FILL

@D = QDF + GCXZ(NDT)

DO 13 I=1,NDT

81 = QD - GCxZ(])

DO 11 N=2,LDF

§2 = S1 - RS(N)

IF (82 .LE, 0,0) GOTO 12

CONTINUE

EFINCI) = ES(LDF) % GOTO 13

NT = N-1

EFINCI) = ES(N) + (S2%X(ES(NT)-ES(N))/(RS(NT)-RS(N)))
CONTINUE

+++RESET UPPER BOUNDARY CONDITION FOR DREDGED FILL
V = E(NDT)

IF (V GT,., EFIN(NDT)) E(NDT) = EFIN(NDT)

F(NDT) = E(NDT)

DSC = (V-E(NDT)) x DZ + DBSC

+++CALCULATE NEW FINAL VOID RATIOS DUE TO LOWER WATER TABLE
sses+FOR FOUNDATION

IF (NBL .EQ. 2) GOTO 16

§1 = (ELL1%GC1) + (Z(NDT)XGC) + QDF

DO 19 I=1,NDIV1

82 = 81 ~ Z1(I)xGC1

DO 17 N=2,LBL

§3 = 82 ~ RS1(N)

IF (¢ 83 .LE., 0.0) GOTO 18

CONTINUE

EFINL1CI) = ES1(LBL) § GOTYO 19

NT = N-1

EFINLIC(I) = ES1(N) + (SIX(ESI(NTI-ES1(N))/(RS1(NT)>-RS1(N)))
CONTINUE

6OTO 16

++ +PRINT MESSAGE WHEN ALL POINTS ARE AT DL OR EFINAL
WRITECIOUT,»100)

FORMATC(LH1///7/7/75X9»39HALL POINTS AT DL OR EFINAL--REFORMULATE)
GOTC 14

v+ +PRINT MESSAGE WHEN LESS THAN 4 POINTS NOT AT DL
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6490
6693
6700C
6705C
6710
6715
4720C
6723C
6730
4733
6740
67435
6750
4735¢C
6760C
6745
6770
4775C
6780C
478935
6790C
67935C
6800C
6805C
6810C
6815C
6820C
6825
6830
6833
6840
68435
6830
6855
6860
6845
6870
6875
6880
68835
6890
6893
6900
6905
6910C
69135C
6920
6923
6930
6935
6940
6945
69350
6935
6960
6965C
6970C

15
101

16

21

WRITE(IOUT,101)
FORMAT(1H1///7/5Xs» 41HLESS THAN 4 POINTS NOT AT DL--REFORMULATE)

++ +RECALCULATE VOID RATIO INTEGRAL FOR NEXT CYCLE
CALL INTGRL(EsDZ/sNDT+FINT)
VRINT = FINT(NDT)

+++RESET CALCULATION VOID RATIOS

DO 21 1Is=2,NDT
ET(I) = E(I)

IF CECI) .LT. EFINCI)) E(I) = EFINC(I)
F(I) = E(I)
CONTINUE

RETURN
END

SUBROUTINE STRESS

1323223223323 3232332332323 2322232332322 33 33233333343 2332433284"
% STRESS CALCULATES EFFECTIVE STRESSESs TOTAL STRESSES» X
% AND PORE WATER PRESSURES BASED ON CURRENT VOID RATIO x
¥ AND VOID RATIOD INTEGRAL. x
0322232223232 238233222238 3 20322028833 232383233 3322333348

PARAMETER PQ1=51» PQ2=501, PQ3=51

COMMON DA,DUO,DUDZ10,DUDZ11,DUDZ21,DZ+DZ1+EQ0,EQOELLIELLYLY,
GCsBC1,B8y6S1»GSBLyGSDFyGWsHBLYyHDF»HDF 1 INy»INS,I0UT,
IOUTSsLBLsLDFyMTIME,NBDIVsNBDIV1,NBL,NDyNDIV,NDIV1,
NFLAG» NMyNPROBs NPT NNDsNNNsNTIME»PKOsSETT»SETT1
SFIN'SFIN1»TAUsTIME» TPRINT»UCONyUCON1+yVRI1»ZKO>
A(PQ2)»AL(PAL) sAF(PQ2) rAF1(PQ1) +ALPHA(PQR3) »ALPHAL(PQ3)»
BETA(PQ3)»BETAL1(PQ3)»BF(PQR2),BF1(P01),DSDE(PA3)»DSDEL1(PQ3),
E(PQ2),EL1(PQ2)+E11(PQ1)»EFIN(PR2)EFIN1(PQ1),ER(PQL),
ES(PQA3)ESL1(PQAI)»EFFSTR(PA2)»EFSTRI(PAL)»F(PQ2)»F1(POL1)>
FINT(PQ2) FINT1(PQ1) PK(PQ3),PK1(PQ3)»RK(PQ3)»RK1(PQ3)>
RS(PQ3)»RS1(PA3I)»y TOTSTR(PQ2)» TOSTR1(PQL1)yU(PQ2)UL(PQL) >
UO(PQ@2)yUOL1(PQA1)»UNCPA2) »UNL(PAL1)»XI(PR2)»XI1(PQL1),
Z(PQ2),Z1(PA1),
AEV»CE»CSET»DL»DREFFsDSCrDSET»DTINsH2/Mr MM MS»NDTHINSC»
GDF 9y SAT»SETC+SETD»SLy TDS» TPMyVRINT » XEL »
EP(12),ET.PQ2),PEP(12),RF(12)

+++CALCULATE VOID RATIO INTEGRAL AND XI COORDINATES
CALL INTORLC(EsDZs»ND»FINT)

DO 1 I=1,ND

XICI) = Z(I) ¢ FINT(D)

CONTINUE

IF (NBL .EQ. 2) GOTO 7

CALL INTGRLCERsDZ1»NDIVI-FINTE)

DO 2 I=1sNDIV1

XI1(1I) = Z1(I) + FINT1(I)

CONTINUE

+++FOR COMPRESSIBLE FOUNDATION
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6975C +++e+CALCULATE STRESSES

6980 WL1 = XI(NDT) + XI1(NDIV1)

6983 Gl = QDF + (Z(NDT)%GC)

6990 W1 = FINT1(NDIV1) 4+ XI(NDT)

6993 DO 6 I=1,NDIVi

7000 DO 3 N=2,LBL

7003 C1 = ER(I) - ESI(N)

7010 IF (C1 .BE. 0.0) GOTO 4

7013 3 CONTINUE

7020 EFSTR1(I) = RS1(LBL) # 6070 S

7029 4 NN = N-1

7030 EFSTR1(I) = RS1(N) ¢ (C1X(RS1(N)-RS1(NN))/(ES1(N)-ES1(NN)))
7033 S U01(I) = 6W % (WL1-XI1(I))

7040 TOSTR1(I) = OGWS(WI-FINT1(I)) + GSINR(ELL1-Z1(I)) + 61
7045 UN1(I) = TOSTR1(I) - EFSTR1(I)

7030 Utd(I) = UW1(I) - UOL(I)

7035 6 CONTINUE

7060C

7065C +++FOR DREDGED FILL

7070C s+++¢+CALCULATE STRESSES

70735 72 DO 12 1I=1,NDT

7080 IF (E(I) .LE. EFIN(I)) GOTO 11

7083 DO 9 N=2,LDF

7090 C1 = E(I) -ES(N)

7095 IF <(Ci1 .GE. 0.0) GOTO 10

7100 9 CONTINUE

7109 EFFSTR(I) = RS(LDF) § GOTO 11

7110 10 NN = N-1

7119 EFFSTR(I) = RS(N) + (CIX(RS(N)-RS(NN))/(ES(N)-ES(NN)))
7120 11 IF (E(I) .LE. EFIN(I)) EFFSTR(I) = GCX(Z(NDT)-Z(I)) + GDF
7123 UOCI) = GW % (XI(NDT)-XI(I))

7130 TOTSTRC(I) = GUECFINT(NDT)-FINT(I)) + GSE(Z(NDT)-Z(I1)) + QDF
71395 UW(I) = TOTSTR(I) - EFFSTR(I)

7140 UCI) = UNCI) - UO(I)

7145 12 CONTINUE

7130C

7135C +¢+CALCULATE SETTLEMENT AND DEGREE OF CONSOLIDATION
7160 IF (NBL .EQ. 2) GOTO 14

716% SETT1 = AL1(NDIV1) - XIL(NDIVL)

7170 UCON1 = SETT1 / SFIN1

7173 14 SETT = A(ND) - XI(ND)

7180 UCON = SETT / SFIN

7185 SETC = SETT ~ SETD

7190C

7195C

7200 RETURN

7205 END

7210C

7215C

7220 SUBROUTINE INTGRL(EsDZsN»F)

7225C

7230C ERERREEREREAEEEARE AR ERE LR LA RR AR AL LR RRERRX
7233C % INTGRL EVALUATES THE VOID RATIO INTEGRAL TO ¥
7240C % EACH MESH POINT IN THE MATERIAL. ]
7245C (32323 d it iititite st tsitidtititstidssdly
7230C

7239 DIMENSION E(101)9F(101)
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7260C
726%
7270
727S
7280
7285C
7290
7295
7300
730SC
7310
7315
7320C
7325¢C
7330
7335
7340C
7345¢C
7350
735SC
7360C
7365C
7370¢C
7375C
7380C
7385
7390
7395
7400
7405
7410
7415
7420
7425
7430
7435
7440
7443
7450
7455
7460
7465
7470C
7475C
7480
7485
7490
7495
7500
7505
7510
7515
7520

7529
7530

......

++ooBY SINPSONS RULE FOR ALL ODD NUMBERED MESH POINTS
F(1) = 0,0

DO 1 I=3sNs2

FC(I) = F(I-2) ¢ DZX(E(I-2)+4.0%E(I-1)+E(1))/3.0
CONTINUE

«++BY SIMPSONS 3/8 RULE FOR EVEN NUMBERED MESH POINTS
DO 2 I=4sNy2

FCI) = FCI-3) ¢ DZRC(E(I-3)+3.0%(ECI-2)4E(1I-1))+E(I))%(3.0/8.0)
CONTINUE

+++BY DIFFERENCES FOR FIRST INTERVAL

F2 = DZRCE(2)+4.0%EC(3)+E(4))/3.0

F(2) = F(4) -F2

RETURN
END

SUBROUTINE DATOUT

1333333322323 33 2323333333333 2323233323 332333833333233 383232833
% DATOUT PRINTS RESULTS OF CONSOLIDATION CALCULATIONS AND X
& BASE DATA IN TABULAR FORM. X
EEXRERERXREREBAERXXXR AR AR ARER XA XERRX R AR XXX AR AR KNS KRR BRBX R R RR

PARAMETER PO1=51, PQ02=501, PQ3=51

COMMON DAsDUOYDUDZ10,DUDZ11,DUDZ21+DZ9DZ1,EQ0/EQOQ0ELLIELLY,
6C+sGC1,08»681»GSBL»GSDF»GUWsyHBLyHDF»HDF1,INyINS»IOUT,
IOUTSsLBLYLDF sy MTIME/NBDIV/NBDIV1»NBLyNDsNDIV,NDIVL,
NFLAGsNMsNPROBs NPT »NNDsNNNsNTIME»PKO»SETT»SETT1,
SFINsSFIN1+TAU»TIME» TPRINTUCONsUCONL»VRI1»ZKO»
A(PR2)+AL(PQL) s AF(PQ2) sAF1 (PQ1)»ALPHA(PQ3) s ALPHAL (PQ3)»
BETA(PQ3)»BETA1(PQR3)»BF(PQ2)»BF1(PQ1),DSDE(PQI)»DSDEL(FPQA3)>
E(PQ2),E1(PQ2)+E11<(PRL)IEFIN(PQR2)EFINI(PQ1),ER(PQ1)»
ES(PO3)/ES1(PQI) +EFFSTR(POZ2) +EFSTR1(PR1)F(PQR2)»F1(PQ1)»
FINT(PQ2)»FINTL1(PQ1)»PK(PQR3)+PK1(PQR3)»RK(PA3)RK1(PQRI),»
RS(PQ3)sRS1(PQI)»TOTSTR(PA2)yTOSTR1(PA1)»UCPR2)»UL(PAL)
UOCPA2)»UOL(PQAL) »UNCPA2) »UNL(PAL)» XI(PR2)»XIL(PAL)»
Z(PQ2)yZ1(PQL1)
AEV»CE»CSET»DL»DREFFyDSCyDSET»DTIMsH2» M MM+ MSsNDT+NSC»
GDF »ySATySETC+SETDsSL»TDS» TPMsVRINT» XEL s
EP(12)9ET(PR2)»PEP(12),RF(12)

+++PRINT CONDITIONS IN COMPRESSIBLE FOUNDATION

IF (NBL .EQ., 2) GOTO 4

IF (NFLAG .EQ. 1) WRITE(IOUT»100)

IF (NFLAG .EQ. 0) WRITE(IOUT,108)

IF (NSC .EQ. 3) GOTO 3

WRITE(IOUT»101)

WRITE(IOUT»102)

DG 1 I=1,NDIVi

J = NDIV1i+1-}

WRITE(IOUT»103). AL(J)»XI1(J)»Z1(J)»EL11C(IISER(IIHEFINI(D)

CONTINUE
IF (NSC .EQ. 2) GOTO 3
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7333 WRITE(IOUT»104)

7540 HRITECIOUT»105)
. 7545 PO 2 1I=1,NDIV1
3 7550 J = NDIV141-1
. 7555 MRITECIOUT»103) XI1(J)sTOSTRIC(JIsEFSTRIC(II»UNL(J)»UOL(I) UL ()

7360 2 CONTINUE
7565 3 WRITE(IOUT»107) TIME»UCON1

3 7570 WRITE(IOUT»110) SETT1,SFINI
. 7575 WRITE(IOUT,111) DUDZ11
. 7580C
: 7585C +++PRINT CONDITIONS IN DREDGED FILL
) 7590 4 IF (NFLAG .EQ.1) WRITECIOUT,106)
7595 IF (NFLAG .E@. 0) WRITE(IOUT+109)
" 7600 IF (NSC .EQ. 3) GOTO 7
: 7605 WRITECIOUT,101)
. 7610 WRITE(IOUT»102)
7615 DO S 1I=1,ND
7620 J = ND+1-1
7625 WRITECIOUT103) ACJ) oXICI)eZCI)2ELC(IIsECI) sEFINCI)
7430 S CONTINUE
7435 IF (NSC .EQ. 2) BOTO 7
. 7640 WRITECIOUT»104)
- 7645 WRITECIOUT»105)
2 7450 DO & I=1sND
7655 J = ND#1-I
- 7660 WRITECIOUT»103) XICJ)»TOTSTRCJIIsEFFSTRCS) »UNCI) sUOCJ) s UCY)
- 7665 6 CONTINUE
7670 7 WRITECIOUT»107) TIME»UCON
- 7675 WRITE(IOUT,110) SETT,SFIN
N 7680 IF (TIME .LT. TDS) BOTO B
. 7485 WRITE(I0UT,»112) SETC
- 7690 WRITECIOUT»113) SETD
: 7695 8 WRITE(IOUT,111) DUDZ21
7700C
7705¢C +++CALCULATE AND WRITE SURFACE ELEVATION
: 7710 ELEV = XEL - SETT1 + XI(ND) + HBL
e 7715 WRITECIOUTs114) ELEV
5 7720C
- 7725C ¢+ +FORMATS
- 7730 100 FORMAT(1H1/////14C(1H%)»34HINITIAL CONDITIONS IN COMPRESSIBLES
N 773S ) 11H FOUNDATION»13(1HX))
7740 101 FORMAT(//8XsS(1H%)»13H COORDINATES »SCiHE)»13XsSC(1HE),
7745 3 13H VOID RATIOS »SC1H%))
7750 102 FORMAT(/7Xs1HA»10Xs2HXI»11Xs1HZs»7X+BHEINITIAL »8X s 1HE 18X
7755 3 GHEFINAL)

7760 103 FORMAT(2X»S(F10.4,2X)»F10.4)
7765 104 FORMAT(//135XsS5(1HEX)»10H STRESSES +»S(1HEX) »7XsSC(1HX)»

. .
PR A

- 7770 L 16H PORE PRESSURES »S5(1H%))
1 7775 105 FORMAT(/6X»2HXI»9?XsSHTOTAL o SXy PHEFFECTIVE »SX»SHTOTAL»6Xy

7780 t 6HSTATIC»6X9»6HEXCESS)
3 7785 106 FORMAT(1H1////7/719(1HE) » SAHINITIAL CONDITIONS IN DREDGED FILL,»
- 7790 s ‘ 192(1H8))
n 7795 107 FORMAT(//10Xs7HTINE = +EL10.4»5X»26HDEGREE OF CONSOLIDATION =
- 7800 % F10.6)
- 7805 108 FORMAT(1H1/////14(1H%) » 3AHCURRENT CONDITIONS IN COMPRESSIBLE.
= 7810 3 11H FOUNDATION»13(1HE))

7815 109 FORMAT(1H1/////19(1H%) » 3AHCURRENT CONDITIONS IN DREDGED FILL.»

J“ 'i“l .I \ .‘ .' b
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4
¥ 7820 % 19(1H1))
- 7825 110 FORMAT(/10Xs13HSETTLEMENT = ,F10.4,5X»19HFINAL SETTLENENT = ,
> 7830 ] F10.4)
4 7835 111 FORNAT(/10X»27HBOTTOM BOUNDARY GRADIENT = »F12.4)
; 7840 112 FORMAT(/10X»34AHSETTLEMENT DUE TO CONSOLIDATION = +F10.4)
7845 113 FORMAT(/10X»32HSETTLEMENT DUE TO DESICCATION = ,F10.4)
% 7850 114 FORNAT(/10Xs20HSURFACE ELEVATION = +F10.4)
- 7855¢C
- 7860C
Xy 7865 RETURN
XY 7870 END
~ 7875 SUBROUTINE DATAIN
7880C
7885C ERRERERAEERRAREARRERARRANRRERAREERARRRRALEBAAXRETLRAARKRKK
7890C % DATAIN READS THE DATA FROM A PREVIOUS PROGRAM RUN FROM %
7895C % FILE SO THAT FUTURE CONSOLIDATION CAN BE CALCULATED  «x
7900C % WITHOUT REDOING ALL PREVIOUS. *
7905C EEREEEREERRRARRARRRERAAREARAAREXAELARRAARXARERAKKERRNRRKKN
7910C
7915 PARAMETER PQ1=S1, PQ2=501, PQ3=51
- 7920 COMMON DA, DUO,DUDZ10sDUDZ11,DUDZ21+DZ+»DZ1+E0sEQ0rELLIELLY S
- 7925 t 8C»BC1+687BS1+BSBL » GSDF » GMyHBL s HDF yHDF 15 IN» INS» IOUT
: 7930 s I0UTSsLBLsLDFsMTIMEsNBDIV/NBDIV1,NBLyNDyNDIV/NDIVI,
- 7935 3 NFLAG» NMyNPROB» NPT »NND+NNNsNTIME»PKO+SETT»SETT1,
v 7940 3 SFINsSFINLsTAUsy TIMEs TPRINT)UCONsUCON1 »URI1,ZKO»
- 7945 s AC(PQ2)sA1(PA1) s AF (PA2) yAF1(PA1) s ALPHA(PR3) » ALPHAL (PA3)
- 7950 t BETA(PQ3)yBETAL (PA3)»BF (PA2) 1 BF1(PA1) s DSDE(PA3) s DSDEL(PA3) s
7955 : E(PA2),E1(PO2)sE11(PA1)»EFIN(PA2) »EFIN1(PQ1)ER(PAL),
- 7960 : ES(PA3)ES1(PA3) »EFFSTR(PA2)»EFSTR1(PA1) »F(PA2)sF1(PAL) s
- 7965 t FINT(PG2)»FINT1(PQ1)PK(PQ3)»PK1(PO3) yRK(PA3)»RK1(PA3),
- 7970 : RS(PA3)»RE1(PA3) s TOTSTR(PA2)» TOSTR1(PA1) /U(PA2) yUL(PAL)
- 7975 : UO(PA2)»U01(FA1)»UK(PA2) »UNI(PA1) 1 XI(PA2) »XI1(PAL),
- 7980 t Z(PA2)»Z1(PAL)
7985 : AEVsCE»CSET»DL » DREFF s DSCsDSET s DTIMsH2sMs MM NS s NDT»NSC
79990 % ADF »SATsSETC/SETDSLs TDSs TPNs URINT» XEL
- 7995 : EP(12),ET(PQ2)yPEP(12)»RF(12)
p 8000C
- 8005 READ(INS»100) NST»INsINS»IOUT»IOUTSsLBLILDF
- 8010 READ(INS+100) NSTyNBDIVsNBDIV1s/NDIVsNDIV1/NBL
- 8015 READ(INS»100) NSTsNDsNFLAGNMsNND»NNNyNTIME
v 8020 READ(INS»200) NSTsDAsDUDZ115DUDZ21+D2sD21
8025 READ(INS»200) NSTsEOOsELL/ELL1+BCsBCY
v 8030 READ(INS»200) NST»BS8+6S1sGSBL ¢GSDF OGN
e 8035 READ(INS»200) NSTsHBLsHDF syHDF1+SETT,SETT1
% 8040 READ(INSs200) NST+SFIN,SFIN1+TAUsTINE, TPRINT
; 8045 READ(INS»200) NSTsUCON,UCON1sVRI1
ot 8050 READ(INSy200) NST,DUOsDUDZ10/+E0
. 80SS READ(INS»200) NST»ZKOsPKO»XEL
y 8060 READ(INS+100) NST/MsMMsMSINDT/NSC
8065 READ(INS»200) NST»AEVsCSET DL s DREFF
8070 READ(INS¢200) NST,DSCrDSET/DTIMCErH2
8075 READ(INSy200) NST»GDF+SAT,SETC,SETD
8080 READCINSs200) NSTySLsTDSs TPH,URINT
> 8085 DO 9 I=1s312
- 8090 READ(INS»200) NST+EP(I),PEP(I),RF(I)
N 8095 9 CONTINUE
A 8100C
4
C4
-
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8105 PO 1 I=1,ND

. 8110 READ(INS,200) NSTrACI)sAF(ID»BF(I)sECI)»EL(D)
g 8115 READ(INS»200) NSTsEFINCI)»EFFSTR(I)sF(I)oFINTCI)»TOTSTRC(I)
. 8120 READ(INS»200) NSTsUCI)oUOCI) sUNCI) o XI(I)»Z(I)
. 8123 READ(INS+200) NST,ET(I)
8130 1 CONTINUE
. 813S IF (NBL .EQ. 2) GOTO 4
: 8140C
8145 PO 3 1a1,NDIVI
; 8150 READ(INS»200) NSTrAL(I)»AF1C(I)»BF1CI)sERCI)IELLI(T)
8153 READ(INS»200) NST+EFINLICI))EFSTRICI)oFLI(I)oFINTL(I)»TOSTRI(I)
8160 READ(INS»200) NST»U1(I)»U0LCI)UNLICI)»XIL1(I)»Z1()
8145 3 CONTINUE
- 8170C
. 8175 4 D0 S I=i,LDF
- 8180 READ(INS»200) NST»ALPHAC(I) yBETACI)»DSDECI) ESCI)PK(I)
N 818S READ(INS+200) NSTsRK(I)yRSE(I)
N 8190 S CONTINUE
8193 IF (NBL .EQ. 2) GOTO 8
8200C
8205 6 DO 7 1I=1,LBL
; 8210 READ(INS»200) NST»ALPHAL1(I)sBETA1(I)»DSDEL(I)»ESI1(I)yPKI(I)
- 8215 READ(INS»200) NSTIRK1(I)s»RS1(I)
~ 8220 7 CONTINUE
a 8225¢C
. 8230C +++RESET TIME CONTROL
8233 8 NM = NTIME + 1
8240 NTIME = NTIME + MTIME
8245 WRITE(IOUT,300) NPROB
8250C
8255cC ++ +FORNATS

8260 100 FORMAT(IS71I9)
8263 200 FORMAT(IS»SE13.6)
8270 300 FORMAT(/9X»3OHCONTINUATION OF PROBLEM NUMBER,IA4)

8275¢C

. 8280 RETURN

o 8285 END

‘ 8290C

< 8295C

e 8300 SUBROUTINE SAVDAT

7 8305C
8310C SEERERRARAERRKERREREERERXRRRRRKAAEREEEEEEEEAERERKERKELERR

o 8315¢C % SAVDAT SAVES THE DATA FROM A PREVIOUS PROGRAM RUN ON %

. 8320C 8 FILE SO THAT FUTURE EXTENSIONS TO THE RUN MAY BE MADE ¥

- 8325C % WITHOUT RECALCULATING PREVIOUS CONSOLIDATION. %

. 8330C SEEERATAKEBRERERRARRRR KRS RREAEREREERARERARARKAREREARERR

- 8335C

3 8340 PARAMETER PQ1=51, PQ2=501, PQ3=S1

. 8345 COMMON DA»DUO,DUDZ10,DUDZ11,DUDZ21+DZsDZL+EO0IEO00,ELLPELLL,
8350 s GC16C1+GS+6S1s0SBLrGSDF GWoHBL s HDF +HDF 1+ INs INS,IOUT,

o 8355 s I0UTS,LBLILDFsMTIME»NBDIVsNBDIV1)NBLNDsNDIV»NDIVE,

- 8360 s NFLAGyNMoNPROBo NPT s NND oy NNNs NTIME»PKO)SETTSETT1,

- 8365 % SFIN'SFINLyTAUs TIMEs TPRINT»UCON»UCONT»URI19ZKOy

< 8370 s ACPO2)rAL(PAL) s AF(PO2) »AF1(PO1) yALPHA(PG3) »ALPHAL(PQ3) »

- 8375 ] BETA(PQA3) »BETAL(PA3) »RF (PO2)»BF1(PQA1)yDSDE(POI) »DSDEL(PA3)
8380 % E(PA2)+EL1(PO2)sEL1L1(PA1) yEFIN(PO2) »EFINL(PQL) +ER(PAL)
8385 s ES(PQ3)sES1(PQA3)EFFSTR(PO2)»EFSTR1(PA1) »F(PA2)»F1(PO1)>

>
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8390
8393
8400
8405
8410
8415
8420
8425C
8430
8435
8440
8445
8450
8453
8440
84465
8470
8475
8480
8485
8490
84935
8500
8503
83510
85195
8520
8525
8330
83335
8540
83545
83530
8555
8560
8365
8570
8573
8580
8585
83590
8595
8600
84035
8610
8615
84620
84625
8630
8435
8640
86435
86350
8635
8660
8665C
8670

2003
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FINT(PQ2) sFINT1(PQ1)sPK(PQ3) »PK1(PQA3) RK(PQ3)RK1(PQ3),
RS(PQ3)sRE1(PQ3I)»TOTSTR(FA2)+TOSTR1(PQA1) U(FPQR2)»UL1(PQAL1)>»
UO(PQA2)»U0L1(PAL1)»UN(PA2) yUNL(PAL1)»XI(PQA2)»XI1(PQL)
Z(PQ2)»Z1(PA1)»
AEV,CE»CSET»DLsDREFF»DSCsDSET»DTINsH2,) Mo MM MS»NDTHINSC,
QDF +SAT»SETCySETD»SLsTDS» TPMsVRINT» XEL »
EP(12),ET(PQ2)»PEP(12))»RF(12)

NST = 1
WRITE(IOUTS»100)
NST = NST ¢ 1
WRITE(IOUTS»100)
NST = NST ¢ 1
WRITE(I0UTS:100)
NST = NST + 1
WRITE(IOUTS»200)
NST = NST + 1
WRITE(IDUTS»200)
NST = NST + 1
WRITE(IOUTS»200)
NST = NST + 1
WRITE(IOUTS»200)
NST = NST + 1
WRITE(IOUTS»200)
NST = NST + 1
WRITE(IOUTS»200)
NST = NST ¢+ 1
WRITE(IOUTS»200)
NST = NST + 1
WRITE(IOUTS»200)
NST = NST + 1
WRITE(IOUTS»100)
NST = NST ¢+ 1
WRITE(IOUTS»200)
NST = NST ¢ 1
WRITE(IOUTS»200)
NST = NST + 1
WRITE(IOUTS»200)
NST = NST + 1
WRITEC(IOUTS»200)
DO 8 1I=1,12

NST = NST + 1
WRITE(IOUTS»200)
CONTINUE

DO 1 I=1,sND

NST = NST + 1
WRITE(IOUTS»200)
NST = NST ¢+ 1
WRITE(IOUTS,»200)
NST = NST ¢ 1
WRITE(I0UTS»200)
NST = NST + 1
WRITE(IOUTS8+»200)
CONTINUE

NST»INs INSsIOUTy IOUTS»LBLYLDF
NSTyNBDIV,NBDIV1I»NDIVsNDIV1YNBL
NSTsNDsNFLAG» NM)NNDsyNNN»NTINE
NST»DA»DUDZ11,DUDZ21,+DZ,DZ1
NSTsEOOsELLYELL1»GC»GC1
NS7,65+651,6SBL »6GSDF »GW
NSTsHBLsHDF rHDF1sSETT»SETTL
NST»SFINsSFIN1»TAU» TIME,» TPRINT
NSTy»UCON»UCON1,VRIL
NST,DUO,DUDZ10,E0
NST»ZKO»PKO» XEL
NST»MoMMsMSHNDTNSC
NST»AEVSCSET»DL s DREFF
NST»DSCyDSET»DTIMYCEsH2
NST»ODF»SAT»SETCHSETD

NST»SLsTDS» TPM»VRINT

NSTHEP(I)»PEP(I)+RF(I)

NET»ACI)»AF(I)»BFC(I)YECI)»EL(])
NSTHEFINCI) vEFFSTRCID »F(I)»FINTC(I)»TOTSTR(I)
NST»UCI)sUOCI) »UNCI) s XI(1)»2Z(I)

NST»ET(I)

IF (NBL .EQ. 2) GOTO 4

I=1,NDIV1
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8673 NST = NST ¢+ 1

8680 WRITE(IOUTS»200) NSTsA1(I)sAF1(I)sBF1CI)sERCI)ELLCT)
868s NST = NST + 1
d 8690 WRITE(IOUTS»200) NST»EFINICI)sEFSTRICI)»F1(I)sFINTIC(I)sTOSTRI(I)
8695 NST = NST + 1
8700 WRITECIOUTS»200) NSTsUL(I)»UOLC(I) o UWICI) o XI1CI)»Z1(I)
8705 3 CONTINUE
y 8710C
. 8715 A DO S I=1,LDF
, 8720 NST = NST + 1
8725 WRITE(JOUTS»200) NST»ALPHACI)»BETACI) »DSDE(I)+ES(I)sPK(I)
8730 NST = NST ¢ 1
8735 MRITE(IOUTS»200) NST»RK(I)»RS(I)
8740 5 CONTINUE
8745 IF (NBL .EQ. 2) RETURN
8750C
8755 6 DO 7 I=1,LBL
8760 NST = NST + 1
8765 WRITE(IOUTSs200) NSTsALPHAL(I)»BETA1(I)sDSDE1(I)sESICI)sPKICI)
8770 NST = NST + 1
8775 WRITE(IOUTS»200) NST»RK1(I)sRS1(I)
8780 7 CONTINUE
8785C
8790C ++ +/FORNATS

8793 100 FORMAT(IS,719)
8800 200 FORMAT(IS»5E13,6)

8803C
- 8810 RETURN
. 88193 END
" 8820C
0 8823 SUBROUTINE SETUP2
- 8830C
- 8835¢ PR P22 2033333338330 33332 2332228332 0333232 3333333332823
8840C % SETUP MAKES INITIAL CALCULATIONS AND MANIPULATIONS %
X 8845C % OF INPUT DATA FOR LATER USE.
+ nggg EAREEA KR AR R KRR R R R R KRR KRR RN AR A KL AR KR KRR R KR EKREX KK
'. 8
: 8860 PARAMETER PQ1=51, P02=501, PQR3=51
A 8865 COMMON DA,DUO,DUDZ10,DUDZ11,DUDZ21,DZyDZ1+EQC»EQOELLIELLLY
¥ 8870 L3 GC+GC1+65,681+6SBLyGSDF»GWoHRL>HDF»HDF15 INyINS»IOUT,
88795 IOUTSsLBLsLDFyMTIMEyNBDIVyNBDIV1/NBLyNDsNDIV/NDIV1,
, 8880 L NFLAGyNMsNPROByNPToNND s NNNyNTIME)PKO»SETTH»SETT1
5 88895 L SFIN'SFINL»TAU» TIME» TPRINT»UCONyUCON1»VRI1+»ZKOy
- 8890 $ A(PQR2)rAL(PR1) 1AF (PQR2) »AF1(PQ1)»yALPHA(PQ3) y ALPHAL(PQ3)
", 8895 L3 BETA(PG3)»BETAL1(PQ3)»BF(PA2)»BF1(PQ1)yISDEC(FPQR3) »DSDEL(PQAI)
. 8900 ] E(PQ2),E1(PQ2)E11(PA1)»EFIN(PQA2)yEFINL1(PO1)ER(PQAL)>»
. 89095 13 ES(PA3) yESL1(PA3)YEFFSTR(PQA2)EFSTR1(PQ1)F(PA2),F1(PQ1)>»
- 8910 % FINT(PO2)sFINTL1(PQ1)yPK(PQ3)»PK1(PQA3) yRK(PQ3)RKI1(FQI)
8915 ] RE(FQ3)RS1(PQA3I)»TOTSTR(PA2)»TOSTR1(FA1)U(FPQA2),yUL1(FQ1),»
. 8920 ] UO(PO2) UOL(PAL1) »UN(PG2) yUWL(PQ1) 9o XI(PA2)yXI1(PGL)
. 8925 Z(PQ2)921(PR1)
. 8930 ] AEVSICEsCSET»DLyDREFF+DSCoDSET s DTIMIH2yMs MM MSsNDT 9 NSC»
S 8933 ] QDF »SATySETCySETD»SL»TDS» TPMIVRINT» XEL »
o 8940 ] EP(12)+ET(PQ22)+PEP(12)sRF(12)
ol 8943C
8950C ++»+8ET CONSTANTS
X 8955 NDIV = NBDIV + 1
- B29
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:5 8960 ND = NDIV
) 8965 NDT = ND
" 8970 6S = GSDF % GW
~, 8975 GC = GS - GW
8980 681 = BSBL & GW
x 8985 GC1 = GS1 - OW
™. 8990 NDIV1 = NBDIVI + 1
o 8995 PKO = ZKO / (1.04E0)
5 9000 DUO = DUO / (1.0+EO)
o 9005 IF (NBL .E@. 2) BOTO 10
O 9010C
9015C +++CALCULATE ELL FOR 'COMPRESSIBLE FOUNDATION LAYER
. 9020 DZZ = 0.0
P 9025 NBD = 10 % NBDIV1
s 9030 DABL = HBL 7/ FLOAT(NBD)
. 9035 EFS = 0.0
- 9040 DO 4 I=1,NBD
- 9045 DO 1 N=2,LBL
. 9050 81 = EFS - RS1(N)
9055 IF (S1 .LE. 0.0) GOTO 2
- 9060 1 CONTINUE
- 9065 V = ES1(LBL) § GOTOD 3
- 9070 2 NN = N-1
- 9075 V = ESI(N) + (S1E(ES1(NN)-ES1(N))/(RS1(NN)-RS1(N)))
<. 9080 3 TDZ = DABL 7/ (1,04V)
- 9085 EFS = EFS + GC13TDZ
9090 DZZ = DZZ + TDZ
" 9095 4 CONTINUE
G 9100 ELL: = DZZ
i 910% DZ1 = ELL1 / FLOAT(NBDIV1)
i 9110C
3; 9115¢C +++CALCULATE INITIAL COORDINATES AND VOID RATIOS
: 9120C +++FOR COMPRESSIBLE FOUNDATION LAYER
9125 21(1)=0.0 ; A1(1)=0.0 3 XI1(1)=0.0
a 9130 EFS = BC1 % ELL1
- 9135 DO 8 I=1,NDIVi
- 9140 DO 5 N=2,LBL
- 9145 81 = EFS - RS1(N)
- 9150 IF (S1 .LE. 0.0) GOTO &
. 9155 S CONTINUE
91460 E11(I) = ES1(LBL) ; GOTO ?
9165 6 NN = N-1
9170 E11¢I) = ES1(N) + (S1X.ES1(NN)Y-ES1(N))/(RS1(NN)-RS1(N)))
9175 7 FI1(I) = E11(I)
N 9180 ER(I) = E11(I)
.- 9185 EFS = EFS - GC1%DZ1
o’ 9190 8 CONTINUE
9195 CALL INTBRL(ERsDZ1sNDIV1»FINT1)
9200 DO 9 I=2,NDIVi
-. 9205 Z1(I) = 21¢1-1) 4 DZ1
2 9210 AL(I) = Z1(I) + FINT1(I)
- 9215 XI11¢I) = ALCI)
- 9220 9 CONTINUE
. 9225C
9230C +++CALCULATE ELL FOR FIRST DREDGED FILL LAYER
9235 10 ELL = HDF / (1,04E00)
) 9240 VRINT = ELL % EOO
.
o
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9230C
9235
9260
9265
9270
9275
9280
9283
9290
9293
9300
9305
9310
93135
9320
93235C
9330C
9333
9340
9345
9330
9355
93460
9363
9370
9375
9380
93835
9390
9395C
9400C
9405
9410
9415
9420
9425
7430
9435
9440
445
94350
9453C
9460C
?465C
?470
2475
9480
9485
9490
94935
9500
9505
93510
9513
9320
93525

11

12
13

14

30
31
32

16

17

+++CALCULATE INITIAL COORDINATES AND SET VOID RATIOS
DZ = ELL 7 FLOAT(NBDIV)

Z(1)=0.0 5 A(1)=0.0 § XI(1)=0.0

E1¢(1)=E00 5 F(1)=EO0O0 § E(1)=E00 } ET(1)=EQ0
DA = HDF / FLOAT(NBDIV)

DO 11 1I=2,NDIV

11 = I-1

2(1) = Z(I1) + DZ

ACI) = A(II) + DA

XIC(I) = ACI)

E1(I) = EOO

F(I) = EOO

E(I) = EOO

ET(I) = EOO

CONTINUE

+++CALCULATE FINAL VOID RATIOS FOR DREDGED FILL
DO 14 I=1,NBDIV

61 = GCR(ELL-Z(I))

IF (81 .LT. 0.0) St = 0.0

DO 12 N=2,LDF

82 = 81 - RS(N)

IF (82 .LE., 0.0) 8070 13

CONTINUE

EFINC(I) = ES(LDF) § GOTO 14

NN = N-1

EFINCI) = ES(N) + (S2%(ES(NN)-ES(N))/(RS(NN)-RS(N)))
CONTINUE

EFIN(NDIV) = EOO

¢+ ¢+ CALCULATE MAXIMUM SECOND STAGE DRYING DEPTH
DO 30 N=2,LDF

C1 = DL - ES(N)

IF (Ci .GE. 0.0) GOTO 31

CONTINUE

EFSDL = RS(LDF) # GOTO 32

NN = N-1

EFSDL = RS(N) + (C1X(RS(N)-RS(NN))/(ES(N)-ES(NN)))
DZ2 = EFSDL / (GS+(GUXDLXSAT))

H2MX = DZ2 % (1.,04DL)

IF (H2 .BT. H2MX) H2 = H2MX

+++CALCULATE FINAL VOID RATIOS FOR FOUNDATION
IF (NBL .EQ. 2) GOTO 20

C1 = ELL1%GC1 § C2 = ELLXGC

81 = C1 + C2

DO 18 I=1,NDIV1

§2 = 81 - Z1(I)>x0C1

DO 16 N=2,0LBL

83 = 82 - RSI(N)

IF (83 .LE. 0.0) GOTO 17

CONTINUE

EFINLIC(I) = ES1(LBL) 3 GOTO 18

NN = N-1

EFINICI) = ES1(N) 4 (SIR(ESI(NN)-ESI(N))/(RS1(NN)-RS1(N)))
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9530 18 CONTINUE

9533C
9540C +++CALCULATE INITIAL STRESSES AND PORE PRESSURES
9545C seee+sFOR FOUNDATION LAYER
9530 WL1 = XI1(NDIV1) + XI(NDIV)
9535 DO 19 1I=1,NDIV1
9560 Uo1(I) = GW & (WL1-XI1(I))
9343 ui(r) = Cc2
9570 UNI(I) = U01(I)> + VUi(I)
9573 EFSTR1(I) = C1 - GCIxZ1(I)
9580 TOSTR1(I) = EFSTRI(I) + UW1(I)
9583 19 CONTINUE
?590C ees s dULTIMATE SETTLEMENT FOR COMPRESSIBLE FOUNDATION
595 VRI1 = FINT1(NDIV1)
9600 CALL INTGRL(EFIN1,DZ1,NDIV1,FINT1)
9603 SFIN1 = VURI1 - FINT1(NDIVID)
9610C
9615C es++.FOR DREDGEDR FILL LAYER
9620 20 DO 21 I=1yNDIV
92623 UO(I) = GW & (XIKNDIV)I-XI(I))
9630 U(I) = GC ¥ (ELL-Z(I))
9633 UWCIY = UOCI) + V(D)
9640 EFFSTR(I) = 0.0
9643 TOTSTR(I) = UW(I)
9630 21 CONTINUE
9655C sess ULTIMATE SETTLEMENT FOR DREDGED FILL
9660 CALL INTGRLC(EFINsDZsNDIV,FINT)
9663 SFIN = EOORELL - FINT(NDIV)
9670C
9675C ++ +CALCULATE FUNCTIONS FOR DREDGED FILL
9680C eso s sPERMEABILITY FUNCTION
9683 DO 22 1I=31,LDF
9690 PK(I) = RK(I) /7 (1.0+ES(I))
P695 22 CONTINUE
9700C s++++SLOPE OF PERMEABILITY FUNCTION -- BRETA
970SC seso+AND SLOPE OF EFF STRESS-VOID RATIO CURVE -- DSDE
9710 Ch = ES(2) -~ ES(1)
9715 BETA(1) = (PK(2)-PK(1)) /s CD
9720 DSBE(1) = (RS(2)-RS(1)) / CD
9725 L =LDF -1
9730 DO 23 1I=2,L
97335 II=1-1 % IJ=]I+1
9740 Ch = ES(IJ) - ES(ID)
9745 BETA(I) = (PK(IJ)-PK(II)) / CD
9750 DSDE(X) = (RS(IJ)-RS(II)) / CD
9735 23 CONTINUE
9760 €D = ES(LDF) - ES(L)
97465 BETACLDF) = (PK(LDF)-PK(L)) / CD
9770 DSDE(LDF) = (RS(LDF)>-RS(L)) / CD
927275C +es0s+PERMEABILITY FUNCTION TIMES DSDE -- ALPHA
9780 DO 24 I=1,LDF
978S ALPHA(I) = PK(I) % DSDE(I)
9790 24 CONTINUE
9795 IF (NBL .EQ. 2) GOTO 29
9800C
9805C +++CALCULATE FUNCTIONS FOR COMPRESSIBLE FOUNDATION
9810C +e0+PERMEABILITY FUNCTION
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9815

9820

9823 26
9830C
9635C
9840

9845

9850

9855

9860

984S

9870

98735

9880

9883 27
9890

9895

9900
9905C
9910

9919

9920 28
9925C
9930C
9935

?940 29
9945C
9950C
9935
9960C
9965C
9970

92975

DO 26 1I=1,LBL

PK1(I) = RK1(I) / (1.04ES1(I))

CONTINUE

+e0¢+SLOPE OF PERMEABILITY FUNCTION -- BETAL
+esee+AND SLOPE OF EFF STRESS-VOID RATIO CURVE -~ DSDE1
Ch = ES1(2) ~ ES1(1)

BETA1(1) = (PK1(2)-PK1(1)) / CD

DSDE1(1) = (RS1(2)-RS1(1)) / CD

L =1LBL -1

DO 27 1I=2sL

1I=1-1 3 IJ=1+1

Cb = ES1(IJ) - ESI(II)

BETA1(I) = (PK1(IJ)-PKI1(II)) /7 CD

DSDE1(I) = (RS1(IJ)-RSI(II)) 7/ CD

CONTINUE

Ch = ES1(LBL) - ES1(L)

BETAL1(LBL) = (PK1(LBL)-PK1(L)) / CD
DSDE1(LBL) = (RS1(LBL)-RS1(L)) / CD

sees s PERMEABILITY FUNCTION TIMES DSDE ~- ALPHAL
DO 28 I=1,sLBL

ALPHAI(I) = PK1(I) ¥ DSDE1(1)

CONTINUE

+++CALCULATE BOTTOM BOUNDARY DUDZ
DBUDZ10 = U1(1) / DUO
IF (NBL .EQ. 2) DUDZ10 = U(1) / DUO

+++COMPUTE VOID RATIO FUNCTION FOR INITIAL VALUES
CALL VRFUNC

RETURN
END
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APPENDIX C: SAMPLE PROBLEM LISTINGS

The following pages contain sample data input and calculation results

from the Drum Island site previously discussed.
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L ", " 14 YA e O - 4 . T— -
& ACE, Ut e K I SN AL, Lp U IR TN e D i R Ry v iy b Y oy A N DA RSN IR A NS N A

b 2

- 100 1 1 1
¥ 1061 1 2
& 110 0. O, O
< 111 0. O, O,
200 2.6 4.8 36 12.15 62.4
i 201 12,15 0.00E-00 1.56E-01
& 202 12,0 S.80E-02 1.44E-01
- 203 11,5 1.68E~01 1.12E-01
9 204 11,0 3.56E~-01 8,71E-02
X 205 10,5 &.80E-01 6.77E-02
W 206 10.0 1.12E4+00 S5,27E-02
207 9.7 1.S0E4+00 4,58E-02
208 9.3 2.,20E400 3.74E-02
" 209 9.0 2,86E400 3.23E-02
N 210 8.7 3.6BE4+00 2.76E-02
~ 211 8.3 4.90E400 2.29€-02
- 212 8.0 &4.,04E400 1.94E-02
213 7.75 7.16E400 1,71E-02
214 7.5 8.36E400 1,47E-02
215 7.25 9.80E+00 1,27E-02
216 7.0 1,14E401 1.10E-02
217 6,75 1.33E401 9.34E-03
218 6.5 1.54E401 7,92E-03
219 6:25 1.79E4+01  6.62E-03
220 6,0 2,18E401 S.S7E-03
- 221 5.75 2.86E401  4,54E-03
g 222 5.5 4.,02E401 3,44E-03
2 223 5.25 S5.70E401 2.87E-03
- 224 S.0 7.86E+01 2,22E-03
X 225 4,75 1.11E402 1,46E-03
- 226 4,5 1.S3E402 1,25€-03
‘ 227 4,25 2.16E+02 9.00E-04
228 4,0 3.00E402 4.48E-04
229 3.75 4.20E402 A,S7E-04
230 3.5 S.90E4+02 3.20E-04
231 3.25 8.20E402 2,17E-04
232 3.0 1,14E403 1,48E-04
233 2,75 1.S8E403 9.79E-05
234 2,5 2.20E403 6.62E-0S
23S 2,25 3.10E403 4,39E-05
236 2,0 4.24E403 2.97E-05
300 1. 1.0E-06 10. 100,
350 1
400 &
403 90. O. 90. 4 1
404 120. O. 120. s 1
405 180. 0. 180, 7 1
406 300. O. 300, 11 1
407 420, 3.6 S10. 6 1
408 430, 0. S10. 6 1
S00 3.1 6.7 30, 1. 90,
601 0.18 0.24
602 0.23 0.27
603 0.36 0.40
604 0.36 0.25
Lt 0, l':.":'-':.f:""..f-.-':.9.:' T e T el e e T e e T e e e e e e S e e e e e e S e e




603
606
407
608
609
610
611
612
700

0.357
0.4%
0.47
0.57
0.41
0.33
0.21
0.16
-]

0.32
0.33
0.48
0.54
0.43
0.29%
0.18
0.26
735

+83
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CONSOLIDATION AND DESICCATION OF SOFT LAYERS---DREDGED FILL
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PROBLEM NUMBER 1

EAREAREXXXKKERARRXARXERSOIL DATA FOR DREDGED FILLEKKXKKREREEXERKRKANERKE

LAYER SPECIFIC GRAVITY INITIAL SATURATION DESICCATION
THICKNESS OF SOLIDS VOID RATIO LIMIT LIMIT
4.800 2.600 12,1350 6.700 3.100
VOID EFFECTIVE PERM- K/71+4E
I RATIO STRESS EABILITY PK BETA DSIE ALFHA
1 12.150 0. 0.156E 00 0.119E-01 0.524€E-02-0.387€ 00-0.459E-02
2 12,000 0,580E-01 0.144E 00 0.,111E-01 0.447E-02-0,258E 00-0,.286E-02
3 11.500 0.168E 00 0.112E 00 0.896E~02 0.382E-02-0.298E 00-0,267E~-02
4 11,000 0,356E 00 0.871E-01 0.726E-02 0.307E-02-0,492E 00-0,357E-02
5 10,500 0.4460E 00 0.677E-01 0.589E-02 0.247E-02-0,764E 00-0,450E-02
é 10,000 0,112€ 01 0.527E-01 0.479E-02 0.201E-02-0.105€ 01-0.503€E-02
7 9.700 0.150E 01 0.45BE~01 0,42BE-02 0.164E-02-0,154E 01-0,6640E-02
8 9.300 0.,220E 01 0.,374E-01 0,.363E-02 0,150E-02-0.1%94E 01-0,705E-02
? 9,000 0.286E 01 0.,323E-01 0.,323E-02 0.131E-02-0.247E 01-0,797E-02
10 8,700 0.368BE 01 0.276E-01 0.285E-v2 0.110E-02-0,291E 01-0.829€-02
11 8,300 0.490E 01 0.229E-01 0,244E-02 0.98B5E-03-0.337E 01-0,830E-02
12 8.000 0.604E 01 0.,194E-01 0.216E-02 0.924E£-03-0.411E 01-0,884E-02
13 7.750 0.,716E 01 0.,171E-01 0.,195E-02 0.,852E~03-0.464E 01-0,907E-02
14 7.500 0.836E 01 0.147E-01 0.173€E-~02 0.830E-03-0.528E 01-0.913E-02
13 7,250 0.980E 01 0.,127E-01 0.154E-02 0.709E-03-0.408E 01-0.,%936E-02
16 7.000 0.114E 02 0.,110E-01 0.138E-02 0.,663E-03-0,.700E 01-0,963E-02
17 6.730 0.133€ 02 0.936E-02 0.,121E~02 0,438E-03-0.800E 01-0.968E-02
18 6,500 0,154 02 0.792E-02 0,1046E-02 0.589E-03-0.920E 01-0,972E-02
19 6,250 0.179E 02 0.662E-02 0,913E-03 0.521E-03~0.128E 02-0,117E-01
20 6.000 0.218E 02 0.557E-02 0,.796E~-02 0.481E-03-0.214E 02-0,170E-01
21 5.750 0.286E 02 0.454E-02 0,473E~03 0.471E-03-0,368BE 02-0,248E-01
22 $5.500 0.402E 02 0.344E-02 0.5480E~03 0.427E-03-0.,568E 02-0,31BE-01
23 5,250 0.570E 02 0,287E-02 0,459E~03 0.380E-03-0.768E 02-0.353E-01
24 5.000 0.784E 02 0.222E-02 0,370E~03 0.341€-03-0.108E 03-0,400E-01
25 4.750 0.111E 03 0.166E-02 0,289E~03 0.285E-03-0,149E 03-0,430£-01
26 4,500 0,153E 03 0,125€E-02 0.227€~03 0.235E-03-0,210E 03-0.477E-01
27 4,250 0.216E 03 0,900E-03 0.171E~03 0.195E-03-0,294E 03-0,504E-01
28 4,000 0.300E 03 0,648E-03 0.130E-63 0.150E-03-0,408E 03-0,529E~01
29 3,750 0,420E 03 0,457E-03 0.942E~04 0,117E-03-0,580E 03-0,.558E-01
30 3,500 0.590E 03 0.,320E-03 0.711E~04 0,903E-04-0.,800E 03-0,569E-01
31 3.250 0.820E 03 0.217E-03 0.511E~04 0.4682E-04-0,110E 04-0,562E-01
32 3,000 0,114E 04 0.148E-03 0,370E~04 0,499E-04-0.,1%2F 04-0,.562E-01
33 2,750 0,158BE 04 0,979E~04 0.241E-04 0.3462E-~04-0,212E 04-0,553E-01
34 2,500 0.,220E 04 0.662E-04 0.,1B9E-04 0.252E-04-0.304E 04-0.575E-01
35 2.250 0.310E 04 0.439E-04 0,135E~04 0.180E-04-0.408E 04-0,551E-01
36 2,000 0.,424E 04 0.297E-04 0.990E-05 0.144E-04-0,4546E 04-0,.451E-01
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SUMMARY DF MONTHLY RAINFALL AND EVAFORATION POTENTIAL

MONTH RAINFALL EVAPORATION
1 0.240 0.180
2 0.270 0.230
3 0.400 0.360
4 0.250 0.360
S 0,320 0.570
é 0.530 0.490
? 0.680 0.670
8 0.540 0.570
9 0.430 0,410

10 0.2350 0.330
11 0.180 0.210
12 0.260 0.160

EXRERRRRARRKREKRRKRRKRKKARERCALCULATION DATARKRESXRRRRKKERRRERRRAKERXKER

TAU LOWER LAYER LOWER LAYER DRAINAGE PATH
VOIDh RATIO PERMEARILITY LENGTH

0.2573%E 00 1.000 0.10000E-05 Z = 5.000




EREXERXXRKEXEXREARXINITIAL CONDITIONS IN DREDGED FILLERERUXKRXEEIXRRXKEKEX

XX%%%x COORDINATES XXXi%

A XI Y4 €
4,.8000 4,.8000 0.3650
4.2667 4.2667 0.3245
3.7333 3.7333 0.2839
3.2000 3.,2000 0.2433
2:.6667 2.6667 0.2028
2.1333 2.,1333 0.1622
1.6000 1.6000 0.1217
1.0667 1.0667 0.0811
0.5333 0.5333 0.0406
0. 0. 0.

Xx%xx STRESSES XXXXX
X1 TOTAL EFFECTIVE
4,8000 0. 0.
4.2667 37.3293 0.
3.7333 74,6586 0.
3.,2000 111.9878 0.
2.66467 149.3171 0.
2.,1333 186.6464 0.

1.6000 223.9757 0.
1.0647 261.3049 0.
0.35333 298.6342 0.

0. 335.9635 0.
TIME = O,

SETTLEMENT =

0.

12333

INITIAL
12,1500
12,1500
12.1500
12.1500
12.1500
12,1500
12,1500
12,1500
12,1500
12,1500

€
12.1500
12,1500
12,1300
12.1500
12,1500
12,1500
12,1500
12.1500
12,1500
12.1500

VOID RATIOS XXX&x%

EFINAL
12.1500
8.5789
7.5545
6.9016
6.4203
6.0996
5.9082
5.7594
9.6682
5.5810

k2%x3%% PORE PRESSURES 3%%X%%x

TOTAL
0.

37.3293

74,6586
111.9878
149.3171
186.6464
223.9757
261.3049
298.6342
335.9635

STATIC

0.
33.2800
66.5600
?9.8400

133.1200
166.4000
199.6800
232,9600
2646.2400
299.5200

DEGREE OF CONSOLIDATION =

FINAL SETTLEMENT =

BOTTOM BOUNDARY GRADIENT

SURFACE ELEVATION =

104,.8000

0.

0.

EXCESS
0,
4.0493
8.0986

12,1478
16.1971
20,2464
24,2957
28,3449
32,3942
36.4435

1.9465
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SEERREEEERXERXERXRECURRENT CONDITIONS IN DREDGED FILLXSEXXEXRXERRRRXRKRE

S%2%2 COORDINATES x%x%%%

2k%X% VOID RATIOS Xx%xx

A XI y 4 EINITIAL 13 EFINAL
‘ 4,8000 3.5013 0.3650 12,1500 12,1500 12.1500
. 4.2667 3.0230 0,3245 12.1500 ?.8932 8.,5789
- 3.7333 2,95897 0.2839 12.1500 7.4944 7.5545
) 3.,2000 2,1711 0.2433 12,1500 9.1463 6.9016
) 2,6667 1.76469 0.2028 12.1500 8.,7835 6.,4203

2.1333 1,3780 0,1622 12,1500 8.3869 6.,0996
A 1.6000 1.0060 0.1217 12,1500 7.9517 5.9082
.. 1,0667 0.6521 0.0811 12,1500 7.4979 5.7594
- 0.5333 0.3167 0.0406 12.1500 7.0399 5.6682
N 0. 0. 0, 12.1500 6.35776 5.5810

XXXXE STRESSES XXxXx% Xx%%%x PORE PRESSURES Xxxx%

. X1 TOTAL EFFECTIVE TOTAL STATIC EXCESS
X 3.5013 0. 0. 0. 0. 0.
- 3.0230 33,8911 1.23352 32,6359 29.8419 2.7940
g 2,5897 64,9820 1.8597 63.1223 56.8834 6.2388
> 2.1711% ?5.1511 2.5382 92.6129 83.0032 ?.6097
. 1.7669 124.,.4233 3.4517 120.9718 108,2264 12.7454
2 1.3780 152.7414 4.6349 148,1063 132.4950 15,6115
. 1.0060 180,0032 62566 173.7466 155.7075 18,0391
- 0.6521 206.1340 8.3720 197.7620 177.7891 19.9729
0 0.3167 231.,1111 11.1449 219.9661 198.7169 21,2493
- 0. 254.9235 14,7484 240.1751 218,4800 21,6951
- TIME = 0.9008E 02 DEGREE OF CONSOLIDATION = 0.,667211
N SETTLEMENT = 1,2987 FINAL SETTLEMENT = 1.9465
N SETTLEMENT DUE TO CONSOLIDATION = 1.2987
- SETTLEMENT DUE YO DESICCATION = 0.
2 BOTTOM BOUNDARY GRADIENT = 0.0020
i
. SURFACE ELEVATION = 103.5013
- c7
o
s
NI . .ot o
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25Xk COORDINATES x¥x2%

EEEEEBARREREARAEASBCURRENT CONDITVIONS IN DREDGED FILLEXXXEKEXXEEREEEKKRLL

¥X2%kx VOID RATIOS X&Xx%k

TN TV TN Y Y T

A X1 z EINITIAL E EFINAL
4.8000 3.3275 0.3650 12.1500 10.9287 12,1500
4.2667 2.8724 0.3245 12.1500 9.6495 8.5789
3.7333 2,45353 0,2839 12.1500 8.9952 7.5545
3.2000 2,0582 0.2433 12.1500 8.,5936 6.,9016
2.,6667 1.6766 0.2028 12.1500 8.2214 6.4203
2.1333 1.3102 0.1622 12.1500 7.8456 6.0996
1.6000 0.9593 0.1217 12.1500 7.4634 3.9082
1.0667 0.6238 0.0811 12.13500 7.0775 3.7594
0.,5333 0.3041 0.0406 12,1500 6.6836 5.6682
0, 0. 0. 12,1500 6.,3193 9.5810

X%%kXx STRESSES £x%kkx kkkkXx PORE PRESSURES XXXxXkx

XI TOTAL EFFECTIVE TOTAL STATIC EXCESS
3,3273 0. 0, 0. 0. 0.
2.8724 32,4487 1.5884 30.8603 28,3994 2.4609
2.4553 62,5249 2.8730 59.6518 54.4263 5.22355
2,0582 ?1.3522 4.0045 87.3477 79.2043 8.1434
1.6766 119.20%98 5.1988 114,0110 103.0127 10,9983
1,3102 146.,1226 6.7317 139.3909 125.8762 13,5147
0.9593 172.,0717 8.,35707 163.5011 147.7761 15.72350
0.6238 197.03565 10.9041 186.1523 168.71195 17.4408
0.3041 221,0502 13,8413 207.2090 188.6560 18.5530
0. 244,0779 17,2072 224.8706 207.6344 19.2363

TIME = 0,1202E 03 DEGREE OF CONSOLIDATION = 0.756505

SETTLEMENT = 1.4729 FINAL SETTLEMENT = 1.9463

SETTLEMENT DUE TO CONSOLIDATION = 1.4478

SETTLEMENT DUE TO DESICCATION = 0.0248

BOTTOM BOUNDARY GRADIENT = 0.0020

SURFACE ELEVATION = 103,3273

cs8




EXEEEKREREEAKEERERKRCURRENT CONDITIONS IN DREDGED FILLXXEEREEXEKEXXRKAREKE

X8%k%k%X COORDINATES X%xxX

A
4.8000
4,2667
3.7333
3.2000
2.6647
2.1333
1.6000
1.0667
0.5333
0.

X1

2,8161
2.5193
2,2014
1.8948
1.5597
1.2227
0.8986
0.5874
0.2885
0.

TIME = 0,1802€ 03

X1

2.8161
2.,5193
2.2014
1.8948
1.5597
1.2227
0.8986
0.5874
0.2885
0.

y 4
0.3650
0.3245
0.2839
0.2433
0.2028
0.1622
0.1217
0.0811
0.0406
0.

KEX&%k STRESSES 3¥¥XX

TOTAL
0.
22,5640
46,4560
69,6349
74,5950
119.6686
143.9463
167.4160
190.1138
212.1653

SETTLEMENT =

EFFECTIVE
0.
4,0493
8.0986
12.1478

8.5652
10.4403
12.6660
15.2659
18.21895
21.6235

XXXX%¥ VOID RATIOS Xkxkx

EINITIAL
12.1500
12.1500
12.1500
12.1500
12,1500
12,1500
12.1500
12,1500
12,1500
12,1500

E
5.46754
6.7000
6+.7000
6.7000
7.4644
7.1500
6.8334
6.35160
6.2296
6.,0113

EFINAL
12.1500

8.5789
7.554%

6.9016

6.4203
6.0996
35.9082
5.7594
5.6682
5.5810

¥X%k¥%x PORE PRESSURES X%x%%

TOTAL
0.
18.5148
38.3575
57.4891
86.0299
109.2284
131.2803
152.1501
171.8954
190.5417

STATIC
0.
18.5148
38,3575
57.4891
78.3979
99.4223
119.6506
139.0711
157.7196
175.7218

DEGREE OF CONSOLIDATION =

1.9839

SETTLEMENT DUE TO CONSOLIDATION =

SETTLEMENTY DUE TO DESICCATION =

BOTTOM BOUNDARY GRADIENT =

SURFACE ELEVATION =

0.0019

102.8161

0.3424

FINAL SETTLEMENT =

1.64146

EXCESS
0.
-0.0000
-0 .0000
-0.0000
7.6319
?.8061
11.4296
13.0790
14,1757
14.8200

1.019244

1.9465




LM 2% R 2y

-
R

~
N EXLXAEERRRERERERXEECURRENT CONDITIONS IN DREDGED FILLERERSREXXKEREREREXS
N $888% COORDINATES S%%%3% SXX2% VOID RATIOS R8s
. A X1 z EINITIAL E EFINAL
. 4.8000 2.2006 0.3650 12,1500 3.1000 3.1000
: 4.2667 2.0346 0.3245 12.1500 3.1000 3.1000
' 3.7333 1.8782 0.2839 12.1500 3.6673 5.8569
y 3.2000 1.6348 0.2433 12,1500 5.8024 5,7254
2.6667 1.3589 0.2028 12.1500 5,7978 5.6381
2.1333 1.0834 0.1622 12.1500 5.7780 5.5509
: 1.6000 0.8094 0.1217 12.1500 5.7406 5.4749
) 1.0667 0.5370 0.0811 12.1500 5.6875 5.4146
. 0.5333 0.2671 0.0406 12,1500 $.6220 5.3544
0. 0. 0. 12.1500 5.5481 5.2941
8588 STRESSES ¥%%%% X222 PORE PRESSURES XX%%X
; X1 TOTAL EFFECTIVE TOTAL STATIC EXCESS
2.2006 0. 0. 0. 0. 0.
- 2.0346 12,4642 12.4642 0. 0. 0.
- 1.8782 25.6918 25.6918 0. 0. 0.
1.6348 44,9302 27.1737 17.7565 15,1891 2.5674
1.3589 66.1918 27.2991 38.8927 32.4014 6.4913
1.0836 87.4237 27.8397 59.5840 49.5841 9.9999
0.8094 108.5831 29.0342 79.5489 66,6941 12,8547
0.5370 129.6273 31.5012 98.1261 83.6891 14.4370
0.2671 150.520S 34,5409 115.9796 100.5330 15.4466
0. 171.2365 37.9693 133.2672 117.1997 16.0674
TIME = 0.3001E 03 DEGREE OF CONSOLIDATION =  1.335416
SETTLEMENT = 2.5994 FINAL SETTLEMENT = 1.9465
SETTLEMENT DUE TO CONSOLIDATION = 1.9364
SETTLEMENT DUE TO DESICCATION = 0.6630
BOTTOM BOUNDARY GRADIENT = -0.,0003

SURFACE ELEVATION = 102.2006

Cl0
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SEEEEERERREAAERREKECURRENT CONDITIONS IN DREDGED FILLEXEXXRUKAKKKEEERERK

X2%2% COORDINATES X3¥x%X ¥XX%kx VOID RATIOS Xkxkx
A X1 4 EINITIAL E EFINAL
4.8000 2.,0416 0.3650 12,1500 3.1000 3.1000
4,2667 1.8733 0.3245 12.1500 3.,1000 3.1000
3.7333 1.7123 0.283% 12.1500 3.1000 3.1000
3.,2000 1.,3232 0.2433 12,1500 4,2488 5.5250
2.666467 1.2798 0,2028 12,1500 5.4403 5.4570
2,1333 1.0197 0.1622 12.1500 5.3864 5.3968
1.6000 0.7617 0.1217 12.1500 5.3348 5.3365
1.0667 0.50358 0.0811 12.1500 $.2847 5.2762
0,3333 0.2519 0.0406 12.1300 5.2353 5.2235
0. 0. 0. 12.1500 5.1872 5:1767
SX2X% STRESSES xxx2x% X%k PORE PRESSURES X&kXk%

XI TATAL EFFECTIVE TOTAL STATIC EXCESS
2.0416 0. 0. 0. 0. 0.
1.8733 12.4642 12,4642 0, 0. 0.
1,7123 24.9284 24.9284 0. 0. 0.
1.5252 39.0398 39.0398 0. 0. 0.
1.,2798 358.4063 43,0891 15.3171 15.3171 0.0000
1.0197 78.6859 47.1384 31.5473 31,5475 0.0000
0.7617 98.8323 51.1877 47,6446 47,6446 ~0.0000
0.5058 118.8301 54.6704 64,1797 63,6131 0.5666
0.23519 138.7421 58,2355 80.4866 79,4559 1.0307
0. 158.5108 62.4296 96.0812 95.1753 0.9059

TIME = 0.4201E 03 DEGREE OF CONSOLIDATION = 1.417129

SETTLEMENT = 2,7584 FINAL SETTLEMENT = 1.9465

SETTLEMENT DUE TO CONSOLIDATION = 2.,0131

SETTLEMENT DUE TO DESICCATION = 0.7453

BOTTOM BOUNDARY GRADIENT = -0.0019

SURFACE ELEVATION = 102.0416

cl1
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R N R A S S AP I A A AL I TN S DA S AL TS LR et S

EXAXAXXXRERREEEXXRRCURRENT CONDITIONS IN DREDGED FILLEXREZRREEAXRERRKERY

¥kX%x COORDINATES kixs%

KXXXX VOID RATIOS kxkx%

A X1 2 EINITIAL E EF INAL
8.5333 5.6173 0.6489 12.1500 12.1500 12.1500
8.0000 5.0851 0.6084 12,1500 12,0993 8.5789
7.4667 4,5550 0.5678 12.1500 12,0293 7 .554%
6.9333 4.0295 0.5272 12.1500 11.8480 6.9016
6.4000 3.5136 0.4867 12,1500 11,5330 6.4203
5.8667 3.0208 0.4461 12.1500 10.970% 6.0996
5.3333 2.5457 0.4056 12.1500 10.1813 5.9082
4,8000 2,1097 0.3650 12.1500 746250 5.7594
4.2667 1.8727 0.3245 12.1500 3.1000 5.6682
3.7333 1.7118 0.2839 12,1500 3.1000 5.5810
3.2000 1.5246 0.2433 12.1500 4.2488 5.4956
2.6667 1.2791 0.2028 12,1500 5.4403 5.4354
2.1333 1.0190 0.1622 12.1500 5.36864 5.3751
: 1.6000 0.7610 0.1217 12,1500 5.3347 5.3149
- 1.0667 0.5052 0.0811 12,1500 5,2795 5.2546
g 0.5333 0.2516 0.0406 12,1500 $.2277 5.2047
3 0. 0. 0. 12.1500 5.1790 5.1599
3 X388 STRESSES S%9%% XXX PORE PRESSURES XXKKX
. X1 TOTAL EFFECTIVE TOTAL STATIC EXCESS
5.6173 0. 0. 0. 0. 0.
S.0851 37 2627 0.0196 37,2430 33.2134 4,0297
4.5550 74,3856 0.0467 74.3390 66.2871 8.0519
4.0295 111.2306 0.0870 111.1435 99.0827 12.0608
3.5136 147.4703 0.1607 147.3096 131.2732 16,0364
3.0208 182.2706 0.3739 181.8967 162.0242 19.8725
2.5457 21%5.9676 0.9532 215,0144 191.6720 23,3425
2.1097 247.2205 7.7600 239.4605 218.8756 20.5849
1.8727 266.0617 32,3942 233.6675 233.6675 0.
1.7118 280.1475 36,4435 243.7040 243.7040 -0.0000
1.5246 295.8819 40,4928 255.3891 255.3891 0.
1.2791 315.2488 44,2144 271.0344 270.7067 0.3277
1.0190 335.5280 47.8307 287.6972 286.9366 0.7606
0.7610 355.6767 51,3108 304.3458 303.0361 1.3298
0.5052 375.6872 55,0164 320.6708 318.9973 1.6735
0.2516 395.5625 58,9242 336.6383 334.8233 1.8150
0. 415.3106 63,1316 352,1790 350.5222 1.6568
TINE = 0.4502E 03 DEGREE OF CONSOLIDATION = 0.751470
. SETTLEMENT = 2.9160 FINAL SETTLEMENT = 3,8804
BOTTOM BOUNDARY GRADIENT = 0.0043
SURFACE ELEVATION = 105.6173
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APPENDIX D:

CONSOLIDATION PROPERTIES

1. Figures D1-D6 show the relationships between void ratio and effective
stress and void ratio and permeability used in the settlement calculations
discussed in the main text. Cargill (1983a)* provides a complete description
of the different tests performed.

2. The g function referenced in Figure D2 is the finite strain co-

efficient of consolidation

K(e) do'

g(e) = Yw(l Y o) de

which is considered to be a constant over the range of void ratios expected in

the containment area (Cargill 1983a).

* See References at the end of the main text.
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APPENDIX E: A COMPREHENSIVE FIELD VERIFICATION SITE

1. This report and others related to dredged material settlement in
confined disposal areas have recognized the need for comparing mathematical
model predictions to actual field performance. While this and a previous
report (Cargill 1982b)* have made some comparisons between theoretically pre-
dicted and field measured quantities with good results, the field sites were
not specifically monitored for the purposes that they have been used. There-
fore, the data have been incomplete and some assumptions have been required in
order to make the coup;risons. While the data used in this and the previous
report have been sufficient to illustrate the validity and usefulness of the
procedures and to establish a basic level of confidence in them, there remains
a need for additional comparisons at sites specifically monitored for verifi-
cation purposes. Only then can the analysis procedures be fine tuned and the
level of confidence in them be raised to a level acceptable for use in routine
design. This appendix documents the measurements and observations which

should be made in future contained disposal areas.
General

2. The geometry and size of a comprehensive field verification site are
not critical so long as deposited material is able to spread relatively easily
and evenly throughout the site and the areal extent or any cross dimension is
very large in comparison with the depth of material deposited. The theory is
one-dimensional and not applicable where two- or three-dimensional effects are
possible.

3. Prior to the commencement of the dredging operation, channel sedi-
ments to be dredged should be thoroughly sampled in situ for later correlation
with material deposited in the site. Data collected should include in situ
void ratio, grain-size distribution, specific gravity of coarse- and fine-
grained portions, Atterberg limits, and consolidation parameters of the fine-
grained portion. Consolidation testing recommended here and later for mate-
rial after deposition in the site should be conducted on disturbed samples at

a void ratio comparable with the state of the material as it is discharged

* See References at the end of the main text.
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from the dredge pipe. This testing is best accomplished in a controlled rate
of strain device (Cargill 1983b) or slurry consolidometer since conventional
oedometers cannot accommodate the very high void ratios common to dredged

R material.

4. A complete initial topographic survey of the containment area and
dikes is required to correlate volumes dredged and pumped to volumes stored.
While theoretical settlement predictions may be absolutely accurate for known
heights of dredged material solids in the disposal area, unless the solids
height can be deduced accurately from volume dredged, there is little hope of

obtaining a useful settlement prediction.

Foundation Sampling and Testing

@ 5. The material properties of the foundation upon which dredged mate-

f rial is deposited will have some effect on the overall settlement experienced

: by the surface of the dredged material. Therefore, some sampling and testing
of foundation material are required. The specific material will determine how
extensive the program of sampling and testing should be.

6. The basic information needed from a sampling program for a3 compre-
hensive field verification site includes boring logs identifying the material
to a depth from one to two times the maximum height of dredged material to be

. deposited (so foundation effects can be considered), regular and closely
E spaced undisturbed samples throughout all compressible layers, and relative
density correlations through coarse-grained material along with samples.
Correct specification of the boundary condition between foundation and dredged
material requires knowledge of the permeability and void ratio at the founda-
N tion surface. Undisturbed sampling and field permeability testing should be
accomplished to define these variables.
- 7. A laboratory testing program is needed mainly for the characteriza-
tion of fine-grained compressible materials. Coarse-grained foundations are
normally expected to be relatively incompressible under the loading of typical
dredged material thicknesses. Theoretical prediction of foundation settlement
requires knowledge of the material's specific gravity, consolidation param-
eters (derived through testing of material at various depths and reconciled
with a measured in situ void ratio distribution when possible), and Jayer
thickness. For completeness and possible use in future correlations, the

grain-size distribution and Atterberg limits should also be determined.
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Instrumentation

8. Measurement of settlements in both the foundation and dredged mate-
rial within a confined disposal area is very easy with the aid of a simple
settlement plate as illustrated in Figure El. All comprehensive field verifi-

cation sites should be initially equipped with at least three settlement plates:

e S
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Figure E1. Settlement plate for field verification sites

one located on the inflow side of the area, one near the middle, and one near
the effluent discharge side. Since most areas gently slope toward the outflow
side and desiccation drying varies across the site, this arrangement allows
measurement of settlement under a variety of conditions which can be related
to other monitored variables. If a site is used for more than one major
dredging disposal operation, additional settlement plates should be placed
on top of previously deposited dredged material so that the contribution to
total settlement can be individually tracked for all major layers.

9. At sites subjected to extensive evaporative forces, desiccation
settlement can be a large part of the total. Theoretical prediction of desic-

cation settlement is dependent upon knowledge of the environmental potential

E3
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evaporation at the site. Therefore, all comprehensive field verification
. sites should also be equipped with a Class A pan and rain gauge for determin-
ing evaporation potential. This equipment should be installed, monitored, and

maintained in accordance with the National Weather Service (NWS) standards so

. that data gathered can be compared with NWS data. After an extended period of
~. favorable correlation between site data and published NWS data for nearby sta-
) tions, site monitoring can possibly be discontinued, but should be checked

periodically throughout the life of the disposal area to ensure consistency of
data.

10. The theoretical prediction of consolidation settlement involves
very precise calculation of void ratio, effective stress, and pore pressure
distributions through the consolidating layer. The accuracy of these calcula-
tions at any point in time can be best judged by comparison of predicted and
measured pore pressure distributions. Due to the relative impermeability of
dredged material and the large unknown relative displacements likely to be
experienced by any permanently installed pore pressure measuring device, it is
recommended that pore pressure distribution measurements be accomplished with
an electronic pore pressure probe such as the one described by Cooper and
W Franklin (1982). Since the structural integrity of the device is not expected
to present a problem in soft dredged fill, a hand-pushed, simplified probe

3 such as shown in Figure E2 may be found to be quite suitable for the intended

i APPROXIMATELY
17 OUTSIDE DIAMETER

" ADDITIONAL LENGTHS
OF TUBING

(W) —J
3 0000 Q000
; PORE PRESSURE PORTABLE DIGITAL
\ TRANSDUCER POWER VOLTMETER

SINTERED SOURCE
METAL TIP

Figure E2. Typical pore pressure measurement probe
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application. Before the use of any pore pressure probe in dredged material
becomes routine, a study on how to account for possible probe-induced pore

pressures should be conducted.

Dredged Material Sampling and Testing

11. Immediately upon the completion of dredged material deposition, the
entire layer should be sampled on the same foundation contour and in the vicin-
ity of each settlement plate, but not so close as to interfere with the settle~
ment plate. It may be necessary to maintain a pond of water over the site to
permit access to the sampling locations by boat since the material will be too
soft for foot traffic. This initial sampling is considered crucial to any com-
prehensive field verification site. From it, an initial void ratio and height
of material solids will be determined. The height of material solids is the
base number upon which all other calculations are based. If possible, the ini-
tial sampling should include well-preserved samples at various depths as well
as a tube sample of the entire layer. Techniques for conducting the sampling
should recognize the very soft nature of normally consolidated dredged
material.

12. Laboratory testing to determine in situ void ratio, grain-size dis-
tribution, specific gravity of solids, Atterberg limits, and consolidation

parameters should be performed on these initial samples. Correlations between

[ N

these test results and similar testing on channel sediments should be sought.
13. Once a desiccated crust begins to form in the vicinity of a settle-
. ment plate, it should be statistically sampled monthly for determination of
thickness, depth and areal percentage of cracks, and void ratio distribution
and saturation through the crust. This sampling is crucial for the verifica-
tion of the saturation limit and desiccation limit concepts and determination
of the maximum soil evaporation efficiency and its relationship to water table

depth.

Site Monitoring and Operation

14. Once material disposal activities have ended, a regular monitoring
program should be initiated to track changes in the material and weather vari-

ations over an extended period of time. Settlement plates, evaporation pans,

E5
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and rainfall gauges require reading at least monthly and possibly more often

in the early stages of consolidation or desiccation. A quarterly determination
of pore pressure distribution in the vicinity of settlement plates is consid-
ered sufficient for monitoring this aspect of the consolidation phenomenon. A
complete topographic survey of the disposal area should be accomplished on a
yearly basis to ensure that settlement predictions are correctly translated to
volume reduction.

15. At sites operated for field verification purposes, consideration
should be given to maintaining the site at various degrees of desiccation
through control of surface drainage. For instance, the upper or inflow side
of the containment area should be decanted of free surface water as soon as
possible to get maximum benefit from evaporative drying; the middle portion
of the site should be managed for desiccation starting 3 to 4 months later
than the upper end; and the lower or outflow side of the site should be
managed to maintain a pond of water so that material desiccation is prevented.
Of course, the site must be quite large and positively sloped to enable this
type management without benefit of interior dikes. Figure E3 lllustrates a

comprehensive field verification site as recommended by this appendix.
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