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Introduction

One-Dimensional
Compression

EMBANK

EMBANK

A Microcomputer Program to Determine One-
Dimensional Compression Settlement Due to
Embankment Loads

An important part of the design of embankment foundations are analyses to
predict settlements. When settlements or differential settlements exceed
given tolerances, the overall safety and/or functionality of the structures
may be endangered.

The objective of this report is to introduce a microcomputer program for
computing one-dimensional compression vertical settlement due to
embankment loads. The program follows the equations presented by Lambe
& Whitman (1969), Ladd (1973), and Poulos & Davis (1974). For the case
of a strip symmetrical vertical embankment loading, the program
superimposes two vertical embankment loads. For the increment of vertical
stresses at end of fill, the program internally superimposes a series of 10
rectangular loads to create the end-of-fill condition.

The report presents the equations and analytical procedures utilized by the
program and examples of the capabilities of the user-friendly data entry
form. The computer program is coded in the Turbo Pascal 4.0 language and
takes full advantage of the stand-alone (single-user) characteristics of the
IBM-PC through the use of “friendly” input menus and data-checking
routines.

The code implements copyrighted portions of the microcomputer programs
SAF-I and STRESS developed by PROTOTYPE Engineering, Inc.,
Winchester, MA., and uses the screen editor Turbo Magic from
Sophisticated Software.

“One-dimensional compression” refers to situations where ground settlement
occurs exclusively due to vertical straining of the soil mass, that is, when
there are no lateral strains. Geologic processes of uniform loading and/or
unloading of large areas of soil are good examples of one-dimensional
compression conditions. While these conditions are rarely perfectly
encountered, reasonable approximations occur when the foundations are large
in relation to the soil thickness or when the points of interest for settlement
computations are far from the edges of the loaded areas.

For the most general case of an elastic medium of finite thickness H, as
depicted in figure 1, the vertical deformation of an element at a distance z
under the surface is given by

dp=¢€(2) &z §))

where €(z) describes the variation of vertical strain with depth.

The total deformation is given by:

H
p=J; e(2) 82 @

1



Soll Model
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When a discrete variation of vertical strain versus depth can be established
and the compressible material can be divided in sublayers, within which the
strain levels remain constant, equation [2] becomes

p= iAH.: isiHi 3

i=1 i=1
in which:

AH; = thickness change of sublayer i
H; = initial thickness of sublayer i
g = vertical strain in sublayer i

n = number of sublayers

Equations (1) through (3) are valid for any kind of material where
deformation is proportional to strain. In the particular case of soil, which

is a multi-phase material, vertical strains under one-dimensional
compression conditions are the result of changes in the void ratio (€), so that

AH.
g S0 @
H  l+e,
in which:
Ae; = change in void ratio for sublayer i = eg - eg;
ef; = final void ratio for sublayer i
ey = initial void ratio for sublayer i
Equation (3) then becomes:
n n
Ag
p= DAt = D H ®

1+e(),'

i=1 i=1

Equations (3) and (5) are valid for estimating one-dimensional compression
settlements of any kind of soil, cohesive or cohesionless, provided a
relationship between stress and strain or void ratio can be established. Such
a relationship can be determined by running oedometer tests on
representative undisturbed soil samples. Figure 2 (Ladd 1973) shows a
typical compression curve from oedometer test results, where values of void
ratio are plotted versus vertical effective stress on a semi-log scale. A
bilinear model is regularly adopted to approximately represent the void ratio
versus vertical effective stress relationship for a loading condition. The
linear portions of the model are represented by:

C, = compression index
C; = recompression index

For cases of one-dimensional unloading or reduction of vertical effective
stresses, the relationship can be represented by a third parameter, C, =
Swelling Index. In most cases the values of C; and C; are very similar.
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The maximum past pressure, Gy, can be understood as a “yield stress,”
which establishes the limit between the recompression and virgin regions.
Overconsolidated (OC) soils are those where the in situ overburden effective
stress, G, is smaller than &,,,. The ratio

g
/3, ,= OCR

is called the Overconsolidation Ratio. For Normally Consolidated (NC)
soils, OCR = 1.

Figure 3 (Ladd 1973) shows a compression curve from oedometer test
results where values of vertical strain versus vertical effective consolidation
stress are plotted on a semi-log scale. In this case the model is described by
the Virgin Compression Ratio (CR), the Recompression Ratio (RR), and
the Swelling Ratio (SR). The following relationships exist between these
parameters and the Virgin Compression, Recompression, and Swelling
indices, C,, C;, and Cq, respectively,

.G (63
" (+eg)
__& (6b
T (1+ep) )
CS
SR = (6c)
(1+eq)

where ¢ is the initial void ratio.

The values of Ae =eg; - eg; to input in equation (5) depend on the final
stress level within each sublayer. If &,¢ does not exceed O, the reduction
in void ratio for the soil in sublayer i is:

Aej=ef— egi= G logl — (7)

If the final stress G, is greater than &, the value of Ag; is:

c (o)
vm vf
Ae,'=eﬁ-€oi=cr108_‘ + C, logl — ®

v0 va

When unloading (reduction of effective stresses) occurs, the void ratio
increases and the soil swells. The increment in void ratio is
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%1
Aej=ep—eqi= - C, log — )

)

where the difference 5;,

" 5; | Tepresents the effective stress reduction.

Equation (3) can be used to evaluate the soil deformations. The expressions
for vertical strains for a given sublayer can be obtained from equations (4),
(6a), and (6b).

When &’v does not exceed 6'; - the vertical strain is:

f
S

&= RR log — (10)
6v0

If the final stress 0 . is greater than 6‘v , the vertical strain is:

f
o c
vm vf
€= RR logl — |+ CR logl — (11)
avO a;m

For unloading conditions the vertical strain is

o,
&= - CS log — (12)

%2
where E'V - 5;' | is the reduction in effective siress.

To use equations (6) through (12), the program must compute the
increments of vertical stress as a function of depth for the following two
types of loads,

Strip Symmetrical Embankment Loading

Poulos and Davis (1974) present an equation for the increment of vertical
stresses due to a vertical "embankment” loading on the surface of a semi-
infinite mass
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/4

o,= £[ﬂ+ 2oL b)] (13)
a R}

where the parameters are defined in figure 4.

For symmetrical embankment loading, the load is divided into two equal
vertical embankment components, and the contributions of both are added
(see figure 5).

End of Embankment Loading

To compute the increment of vertical stresses due to an end-of-embankment
condition, EMBANK superimposes a series of 10 flexible rectangular loads.
Figure 6 shows the superposition scheme.

If the end of the embankment is modeled as shown in figure 7a, then the
coordinates that determine the size of each of the rectangular loads are given
by the expressions in figure 7b. The value yn.x = ¥1 + 10b; is internally
defined in the program.

The user must select the Strip Symmetrical Embankment loading option to
compute increments of vertical stress for points beyond y = y; + 5bs.

For a rectangular load the increment of vertical stress beneath the comer of
the loaded area is (Poulos and Davis 1974)

b l 1 1
=L amlar(———-)+ el , L (14)
2n zRy) R3\R? R}

where the parameters are defined in figure 8.

Figure 9 shows the application of the superposition principle for points
inside and outside rectangular loaded areas. For the end-of-fill condition, a
series of similar superposition schemes are applied for each one of the 10
rectangular loads.

Input screens and menus are employed to enter the necessary data for the
analysis. An input screen consists of a graphical display defining the data to
be entered and an area to query the user for the data. Menus are used to
select the entry of optional data and to control program operation. The
output of the program is compact but complete. It includes an echo print of
the input data (embankment geometry, soil parameters, etc.) and the
computed total settlement. The output screens also inciude distributions of
effective, increment, and maximum past pressure stresses and settlement
with depth.

Appendix A contains a compilation of all the EMBANK computer screens.
Appendix B contains four sample runs with hand computations, showing
copies of the actual input screens, menus, and output result screens used by
the program for each one of the four examples.
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Figure 4. Embankment loading and parameters

(Poulos & Davis 1974)
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Figure 6. Superposition scheme to model end of embankment loading
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Appendix A EMBANK Appendix A

Appendix A contains a compilation of theEMBANK program screens.

To bring up EMBANIK, first move to the directory or subdirectory where you have installed the program.
Then type the following at the DOS prompt

EMBANK
and press the <Return/Enter> key.

EMBANK loads and returns the opening screen as shown below:

FEDERAL HIGHWAY ADMINISTRATION

. M1 1B IR U

A MHicrocomputer program for computing one
dimensional compression vertical settlement due | PROTOTYPE ENGINEERING INC.
to embankment loads. The program follous the

equations presented by Lambe&Whitman (1969, 57 Uestland Avenue
Ladd <1873> and Poulos&Davis (1974). For the Uinchester, MA 81830
case of a strip summetrical vertical smbankment 617> 729-2363
loading the program superimposes tuo vertical

embankmMent loads. For the increment of vertical Attn. Dr. Alfredo Urzua

strasses at end of fFil1, the progran
superinposes a series of rectangular loads.

Uersion Z2.088/0ctober 1991 Hit <F10> to continue

From the opening screen, press the <F10> key to continue. EMBANK displays the Main Menu screen
showing all the options available to the user:

FEDERAL HIGHWAY ADMINISTRATION

Hain Henu
project Definition

1 I l soil Profile and soil param.
Uater table definition
Stress history
Vertical stress increment
] I I systen of Units

Haintain flle
Run progran

A Microcomputer program for computing one | Exit to DOS

dinensional compression vertical settlement
due to embankment loads. The program follous
the equations presented by Lambe&Whitman
€1969), Ladd (1973) and PoulosiDavis (1974).
For the case of a strip symmetrical vertical PROTOTYPE ENGINEERING INC.

enbankment loading the program superimposes 57 Westland Avenue
tuo wvertical embankeent loads. For the Winchester, M4 981890
increment of wvertical stresses at end of (617> 729-2363
£111, the program superimposes a series of attn. Dr. Alfredo Urzua

rectangular loads.

Enter letter only, or use arrous then < » Make selection.

In general, the following rules apply:

1. To move between the options, use the up (T) and down ({) arrow keys or press the high-
lighted capital letter of your selection. EMBANK will select the option with that letter.

2. To make a selection, highlight the option of your choice and hit <Return/Enter>.

3. The bottom line of each EMBANK screen explains the operations you can perform and the
keys required to perform those operations.

4, To exit a screen or to abort to the Main Menu, press the <ESC> key.

13



EMBANK Appendix A

With the highlight on the “Project Definition” field, hit <Enter/Return>; EMBANK responds with the
Project Definition screen:

FEDERAL HIGHUAY ADMINISTRATION

Main Menu
A T—
| IIHI IH " II lI soil Profile and soil paran.
Water table definition
| PROJECT DEFINITION ===y
s increment
| I Client fny client s

Pro ject Nawe
Pro ject Manager
A Microcompute] File Nawe
dimensional com| Date

due to embankme] Conputed by

Highuay Emxbankment
Hr. John Doe
EXAMPLEL.ENB
3716792 (MM/DD/YYD

the equations

<1969, Ladd <1 Hit <F18> to accept values

For the case of INEERING INC.
embankment loading the program superisposes 5?7 Uestland Avenue
tuwe wvertical embankment loads. For the Winchester, MR 618390
increment of vertical stresses at end of <B17> 723-2363

f£ill, the program superimposes a series of Attn. Dr. Alfredo Urzua
rectangular loads.

After the project is defined, press <F10> to accept the values. EMBANK returns to the Main Menu screen.
(It is important to note that EMBANK functions even if the Project Definition values—Client, Project
Name, etc.—are not entered.)

If the user selects “soil Profile and soil param.,” EMBANK displays the following screen:

FEDERAL HIGHWAY ADHINISTRATION

I Hain Menu I
ro ject Definition |
Joll Profile and soil paran
| I soil Profile and soil paran.
Uoid ratio per olog stress
Strain per olog stress

Run program I

A Microcomputer program for computing one | Exit to DOS
dimensional compression vertical settlement
due to embankment loads. The program follous
the equations presented by Lanbe&Uhitman
€1969>, Ladd <1973> and Poulos&Dauis (1974).
For the case of a strip symmetrical vertical PROTOTYPE ENGINEERING INC.

enbanknent loading the program superinposes 57 Uestland Auenue
two vertical embankwent loads. For the Winchester, NMA 81890
increnent of wvertical stresses at end of <617> 729-2363
fill, the program superimposes a serles of Attn. Dr. Alfredo Urzua

rectangular loads.

Enter lstter only, or use arrous then +J1 » Make selection. <Esc) » Hain Nenu

14



EMBANK Appendix A

The compressibility of the soil can be expressed either as void ratio or strain per Alog stress. With the
highlight on *“Void ratio per Alog stress,” press <Enter/Return>. EMBANK displays the soil profile input
screen:

[— FEDERAL HIGHUAY ADMINISTRATION I
Layer Number = 1 Elev. of top of layer = 1080.00 -|
— Number of sublayers = 1 (for this layer)
Sublayer 1
------- Unit weight of soil = 115.64

H — Layer
-------- — | 1 1upe of lager :
Sublayer n
—————— Layer soil properties =
Sublayer 1 Incompressible
Compression Index Esti urves
——————————— — Layer
2 Recompression Index Estimated from e~logp curves
Sublayer 2
B Suelling Index Estinated from e-logp curves

Is this the last layer of profile No

Hit <F18> to continue =
<+ti->-Hove bar <« -Select Esc-Exit

The elevation of the top of layer 1 can be between -999.00 and 9999.00 ft.; the compressible layers can be
divided into 1 to 10 sublayers; and the value of the total unit weight of the soil ranges between 62.4 and
250.0 pcf.

EMBANK accepts two types of layers: compressible (it settles) and incompressible. If the user highlights
“Incompressible” followed by <Enter/Return>, EMBANK returns the following screen:

I FEDERAL HIGHWAY ADMINISTRATION I
Layer Number = 1 Elev. of top of layer = 108.80 -]
I Number of sublayers = 1 (for this layer)

Sublayer 1
——————— Unit weight of soil = 115.00

— Layer
------- 1 Type of layer = Incompressible
Sublayer n
Sublayer 1
------- —~== = Layer

2
Sublayer 2
Is this the last layer of profile (I}
Hit <Fi8> to continue =¥ =

Space Bar—Next iten Alt-N-Henu

For incompressible layers, the compressibility parameters are not required. The user selects the Compress-
ible/Incompressible option by pressing the space bar key or the Alt-M key combination to display the menu
options.

15



EMBANK Appendix A

If the soil layer is compressible, the program prompts the user for the “Initial void ratio” or the “Initial
water content.”

The next screen shows the user options:

[ FEDERAL HIGHUAY ADMINISTRATION l
Layer Nusber = 1 Elev. of top of layer = 100.68 -]
N Number of sublayers = 1 (for this layer) 1
Sublayer 1
------------ Unit weight of soil = 115.80

: - Layer

e —————— 1 Type of layer = CosMpressible

Sublayer n

—_— Layer soil properties =

Sublayer 1
Compression Index  Esti J -

———————— —-== |- Layer Initial water content
Recompression Index Esti

Sublayer 2

— Suelling Index Estimated from e-logp curves
Is this the last layer of profile Na

Hit <F18> to continue =l
Press space bar to see menu options and then (Retd> to input values

EMBANK uses the following equation between void ratio and water content: Gw = Se.

When <Enter/Return> at the “Initial void ratio” highlight is pressed, the program responds:

l FEDERAL HIGHUAY ADHMINISTRATION
Layer Soil Properties
Initial Uoid Ratio = NG | £ layer = 188.00 -]

b=—= Hit <F18> to accept valugs === ayers = 1 (for this layer) 1
-------- S Unit weight of soil = 115.094

: |- Layer
------- 1 Type of layer = Compressible
Sublayer n
——— Layer soil properties = Initial void ratio
Sublayer 1

Compression Index Estimated from e-logp curves | =
------- ———— I~ Layer
2 Recompression Index Estimated from e-logp curves

Sublayer 2

- Suelling Index Estimated From e-logp curves

Is this the last layer of profile No

Hit <F19> to continue =~ J

The program allows for void ratios between 0 and 5.0.

16



EMBANK Appendix A

On the other hand, if the user selects “Initial water content,” EMBANK displays the following screen:

f
F— Layer Soil Properties

ADMINISTRATION
b
rl Initial UWater Content = 35.00%
Specific Gravity of Solids = layer = 188.88 -I
Degree of Saturation = 108.88~ | yers = 1 (for this layer) 1
== Hit <F18> to accept values —— so0il = 115.68
———————————— 1 Type of layer = Compressible
Sublayer n
—_— Layer soil properties = Initial uater content
Sublayer 1
Conpression Index Estimated from e-logp curves
----------- Layer
Recompression IndeX Estimated from e-logp curves
Sublayer 2
B me————— Suelling Index Estimated from e-logp curves
Is this the last layer of profile No
Hit (F18> to continue =

The values of initial water content can range between w = 0% to 900%.

During data entry, the user can exit to the Main Menu by pressing the <ESC> key. EMBANK responds

with the following display:

Sublayer 2

f
p======= Layer Soil Properties ADHMINISTRATION
e
F{ Initial Water Content = d I
Verify
Specific Gravity of Solids = | fAbort (D7 I = 100,00
Degree of Saturation = 198.88”% | yers = 1 (for this layer) 1
Hit <F18> to accept values soil = 115.88
——————— 1 Type of layer = Compressible
Sublayer n
e Layer soil properties = Initial uater content
Sublayer 1
Conpression Index Computed using FHUAC(1982)
e ———— Layer
Recompression Index Computed using FHUAC1982)

Suelling Index Same as recompression index

Is this the last layer of profile Mo

Hit <F18> to continue =

A “Y” answer will return the program to the Main Menu without saving the screen information. If the user

selects “N,” the program continues.

17
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EMBANK Appendix A

The next step is to define the compressibility indices. For the Compression Index, the user has the option
of entering a value as obtained in an oedometer test or using an empirical relationship between C_and the
initial water content proposed by FHW A in the Soils and Foundations Workshop Manual (1982). The
following screen displays the options:

Layer Numnber

]
Sublayer 1

Sublayer n
Sublayer 1

Sublayer 2

— Layer

- Layer

Elev. of top of layer 180,96

Number of sublayers = 1 (for this layer)

Unit weight of soil = 115.00
Type of layer = Conmpressible

Layer soil properties = Initial uater content

Compressian Index

Est.imated fram e-lagp curves

1
|

1

Recompression Index
Computed using FHWAC1982)

Suelling Index

Estimated from e-logp curves |

Is this the last layer of profile No

Hit <F18> to continue

Press space bar to see menu options and then (Ret> tao input values

If the user selects “Estimated from e-logp curves,” EMBANK responds

1]

These two options are available to the user only if the “Initial water content” option is selected. If “Initial
void ratio” is highlighted, the compression indices can not be computed using the FHW A (1982) procedure.

|
Sublayer 1

Sublayer n

Sublayer 1

Sublayer 2

- Layer

— Layer

T
ATION
el Input Value of Compression index = |
m— Hit (F18) to accept value =w=—————l 100.060 -l

Number of sublayers = 1 (for this layer)

Unit weight of soil = 115.P@
Type of layer = Compressible
Layer soil properties = Initial uwater content
Conpression Index Estimated from e-logp curves
Recompression Index Estimated from e-logp curves
Suelling Index Estimated from e-logp curves

Is this the last layer of profile No

Hit <F18) to continue =

where the values of the Compression Index can vary between 0 and 5.0.

18
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EMBANK Appendix A

If the FHWA (1982) empirical procedure is selected, EMBANK shows

f
I Compression Index

rl The Federal Highway Adninistration (FHUA) in the soi]l | ee—e————
and Foundations Workshop Manual (1382) estimates the
Compression Index by dividing the 1initial soil
molisture content by 160.

this layer)
Comp. Index = Initial Water Content C(in %> 7/ Constant
where constant = 188

Constant = ssible

Hit <F18> to accept value wemssese— yater content

Compression Index Computed using FHUAC1982)
e Layer

2 Recompression Index Estimated from e-logp curves
Sublayer 2
_— Swelling Index Estimated from e-logp curves

Is this the last layer of profile No

Hit <F18> to continue =

where the constant can vary between 0 and 200 with a default value of 100.

I =

For the Recompression Index the user has the same two options as for the Compression Index:

f
Compression Index
Il |

Press space bar to see menu options and then <(Retd> to input values

19

Layer Number = 1 Elev, of top of layer = 108.00 =|
E—— Nunber of sublayers = 1 Cfor this layer) 1
Sublayer 1
———————————— Unit ueight of soil = 115.08
' }~ Layer
--------- — 1 Type of layer =  Compressible
Sublayer n
—_— Layer soil properties = Initial uwater content
Sublayer 1
Conpression Index Computed using FHUAC1982)
------- ~-—- |~ Layer
2 Recompression Index
Sublayer 2
—— ] Suelling Index
Computed using FHWAC19382) I
Is this the last lay
Hit <F18> to continue =i =d



EMBANK Appendix A
If the “Estimated from e-logp curves” option is selected, the program displays

Fl Input Value of Recompression index = l
e {1t <F18> to accept value =w=m=—w————{ 100, 08 ‘I
EE— Number of sublayers = 1 (for this layer)
Sublayer 1
—mm— e Unit ueight of soil = 115.00

: — Layer
———————————— 1 Type of laver = Campressible
Sublayer n
———— ] Layer soil properties = Initial uater content
Sublayer 1
Compression Index Computed using FHHA(1982)
el 1 Layer
2 Recompression Index Estimated from e-logp curves
Sublayer 2
—_—— Suelling Index Estimated from e-logp curves
Is this the last layer of profile Mo
Hit <F18> to continue =

where the Recompression Index can vary between 0.0 and 5.0.

If the FHWA (1982) method is selected, the program shows the following screen

F
l Reconpression Index

Fl The Federal Highuay Adninistration (FHUAY in the so0ils | =——eseeme———
and Foundations UWorkshop Hanual (1982) estimates the

Recompression Index by dividing the initial soil

noisture content by 1668.

is layer)
Recomp. Index = Initial Hater Content Cin %> 7/ Constant
uhere Constant = 1888
Constant = ible I
fe—— H{{ (F18) to accept values =e—e————— ter content

Compression Index Computed using FHUAC1982) -
2 Recompression Index Cowputed using FHUAC1382)

Sublayer 2
e Suelling Index Estimated from e-logp curves

Is this the last layer of profile No

Hit <F18> to continue = =

in which the constant can vary between 500 and 2000 with a default value of 1000.

20
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For the Swelling Index, EMBANK has two options as displayed in the next screen:

1
|[47 Reéonpression Index l
Layer Number = 1 Elev. of top of layer = 1060.08 -l
——— Number of sublayers = 1 C(for this layer)
Sublayer 1
———————————— Unit uveight of soil = 115.88
: |- Layer
—————————— 1 Type of layer = Compressible
Sublayer n
— Layer soil properties = Initial uater content
Sublayer 1
Compression Index Computed using FHURC1982)
------------ |- Layer
2 Recompression Index Computed using FHUR(1982)
Sublayer 2

— Suelling Index Estimated fram e-lagp curves
Is this the last lay] I3 T R LY curves]

Same as recompression index

Press space bar to see menu options and then (Ret> to input values

If the user selects “Estimated from e-logp curves” the program shows

r| Input Value of Suelling index =
e Hit (F18)> to accept value ===sssmee—d 189,00 -l
E— Number of sublayers = 1 (for this layer)
Sublayer 1
------- Unit ueight of soil = 115.80
: — Layer
————————— 1 Type of layer = Compressible
Sublayer n
—— Layer soil properties = Initial uvater content
Sublayer 1
Compression Index  Computed using FHUAC1982>
———————— ——=——  t— Layer
2 Recompression Index Computed using FHUA(1982>
Sublayer 2
—_— Suelling Index Estinated from e-logp curves
Is this the last layer of profile No
Hit CF18> to continue =

where the Swelling Index can vary between 0 and 2.0.

The other option is to select the Swelling Index as having the same value as the Recompression Index
(common engineering practice).
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The next step is to define the end of the soil profile. If layer i is not the last layer of the soil profile, the user
responds “NO™ to this entry. EMBANK displays the following screen:

I I I I

Layer Number = 1 Eleu. of top of layer = 180.00 -I
R Number of sublayers = 1 (for this layer)
Sublayer 1
———————— —_— Unit weight of soil = 115.08
: - Layer
---------- — 1 Type of layer = Compressible
Sublayer n
—_— T Layer soil properties = Initial vater content
Sublayer 1
Compression Index Computed using FHUAC1982)
—————————— -— | Layer
2 Recompression Index Computed using 982>
Sublayer 2
_ Suelling Index Same as recomp| Yes | index

Is this the last layer of profile {J

Hit <F18> to continue =
<-ti-p-NHove bar < -Select Esc-Exit

After<F10> is pressed to continue, EMBANK displays the following input screen for layer 2:

j =1
Layer Number = 2 Elev. of top of layer = 118.08 =]
R NunbeL Too Large ~->  Upper Bound: SS.SSJ
Sublayer 1
—————— e Unit ueight of soil = 9.80 -
: — Layer
—————————— 1 Type of layer = Compressible
Sublayer n
- Layer soil properties = Initial void ratio
Sublayer 1
Compression Index Estimated from e-logp curves
me——mm—ee———  —~ Layer
Y4 Recompression Index Estimated from e-logp curves
Sublayer 2
—_— Suelling Index Estimated from e-logp curves
Is this the last layer of profile No
Hit <F9> to Prev. Layer s=em Hit (F18> to continus =

For layer 2 the elevation of the top of the layer must be smaller than the elevation of the top of layer 1. If
the user inputs an elevation for layer i+1 greater than that for layer i, EMBANK traps the error as shown
above. The <F9> key permits the user to return to the previous layer.

2
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The user inputs the information for layer 2 (layer 3, etc.) in the same manner as for the first layer. If layer i
is the last layer of the profile, the user answers “Yes” to the last question as follows:

Layer Number = 2 Elev. of top of layer = 88.00 -]
E—— Number of sublayers = S (for this layer>
Sublayer 1
------- Unit weight of soil = 120.00
: - Layer
———— e 1 Type of layer = Compressible
Sublayer n
——— Layer soil properties = Initial veid ratio
Sublayer 1
Compression Index Estimated from e-logp curves
----------- |~ Layer
2 Racompression Index Estimated from e-logp curves
Sublayer 2
—_—— Suelling Index Estimated from e-logp curves
Is this the last layer of profile
Hit <F9> to Preu. Layer =m== Hit <(F18> to continue ==

Space Bar-Next item Alt-H-Menu

The last step is to define the elevation of the bottom of the last layer of the soil profile. EMBANK displays
the following screen:

Il | I

Layer Number = 2 Elev. of top of layer = 88,08 =]
R— Nunber of sublayers = 5 (for this layer)
Sublayer 1
——————— Elev. of bottom of last layer = ible ]
Sublayer n
— Hit <F18> to accept value ===== id ratio
Sublayer 1
Conpression Index Estimated from e-logp curves
——————— — |- Layer
2 Recompression Index Estimated from e-logp curves

Sublayer 2
—_— Suelling Index Estimated from e-logp curves

Is this the last layer of profile Yes

Hit <F9> to Prev. Layer === Hit (F18> to continue =

Press <F10> to continue and return EMBANK to the Main Menu screen.

If the user highlights “Strain per Alog stress” in the soil Profile and soil param. menu, EMBANK displays
the following soil profile input screen

23
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FEDERAL HIGHUAY ADMINISTRATION

Layer Number = 1 Elev. of taop of layer = 160.08 ml
".

ERE— Number of sublayers = 5 (for this layer) ess
Sublayer 1
------- L. Unit weight of seil = 115.80

Layer
------- 1 Type of layer = Compressible
Sublayer n
—_— Comnpression Ratio = 9.200
Sublayer 1

Recompression Ratio = 9,848
m—we———m———— L Layer
Z  suelling Ratle =
Sublayer 2 =
—_—
Is this the last layer o] Same as Recomp. Ratio

Hi

<+ti—>-Hove bar < -Select Esc-Exit

in which the compressibility parameters are defined in terms of strain versus Alog stress. The input to this
screen is similar to the one for void ratio versus Alog stress.

After the elevation of the bottom of the last layer is entered, EMBANK returns to the Main Menu the

<F10> key is pressed.

If the user selects “Water table definition,” EMBANK shows the water table definition input screen:

FEDERAL HIGHWAY ADMINISTRATION

Main Menu ml

' I I
|
I I em=== Uater Table Definltion

Elev. of UWater Table
A Nicrocomputer pro L
dinensional compress Hit <F18> to accept
due to embankment loa

the equations presented by Lambe8Whitman
(1969>, Ladd <(1973> and Poulos&Davis (1974).
For the case of a strip symmetrical vertical
enbankment loading the program superimposes
tuo wvertical embankment loads. For the
increment of wvertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

roject Definition
soll Profile and s0il param.
Water table definition ’
Stress history
Uertical stress increment
Units

ile

S

values

PROTOTYPE ENGINEERING INC.
S? Uestland Auenue
Winchester, 1A 0818390
<B1?> 729-2363
Attn. Dr. Alfredo Urzua

24

EMBANK defaults the elevation of the water table at -999.90 ft. After the water table is defined, press
<F10> to accept the value and return to the Main Menu.




If the user selects "Stress history,” EMBANK displays

EMBANK Appendix A

FEDERAL HIGHWAY ADMINISTRATION

BRI

project

Stress h

Main Menu
Definition

soil Profile and soil paran.
Water table definition

istory

[ Stress history ]
Stress history |
Normally consolidated soil
User defined stress history

A Microcomputer program for computing one
dimensional compression vertical settlement

due to embankment loads. The program follous
the equations presented by LambelUhitman

€1969), Ladd (1973> and PoulosiDavis <(19749).
For the case of a strip symmetrical vertical
enbankment loading the program superimposes
tuo vertical embankwent loads. For the
increnent of wvertical stresses at end of
£111, the program superimposes a series of
rectangular loads.

Attn.

PROTOTYPE ENGINEERING INC.
57 Westland Avenue
Winchester, MA 01890
€617> 729-2363

Dr. Alfredo Urzua

Enter letter only, or use arrous then «J » Make sslection. <Esc> » Main Menu

FEDERAL HIGHWAY ADMINISTRATION

The program defaults to a normally consolidated soil. If the soil is preconsolidated, the "User defined stress
history" option must be selected. EMBANK displays the following screen:

E MBI A

S
Normally consolidated soil i

Haln Henu

project Definition
soil Profile and zo

i1 paran.
Stress history

Water table definition

tress history

fined stress history

ENGINEERING INC.
stland Auenue
ster, MA 81896
?> 729-2363
r. Alfredo Urzua

Space Bar-Next ites Alt-i-MHenu

25

User Defined
A 81 STRESS HISTORY
[} Maximum Past Pressure uith Elev.
du WARNING : Maximum past pressure vs. Elevation
th must be defined for complete soil profile
(1] ¢ Program interpolates linearly betueen points )
Fo
en] Elev. Maximum Past Pressure Last point
tu
in 96. 68 2000. 00 m
fi
re Hit <F18> to accept values =———ssd
hnne—




EMBANK Appendix A

The user has up to 10 points to define the soil stress history for the complete soil profile. A minimum of
two points are required, and the program interpolates linearly between points. The next screen shows a
typical entry screen for the last point of the stress history.

FEDERAL HIGHWAY ADMINISTRATION

[ Hain Henu |
project Definition
I soil Profile and soil paran.
| | Water table definition

|
Stress history .
i I I I Nornally consolidated soil |
ed ined stress history ‘

User Defin
A #2 STRESS HISTORY
di Maximun Past Pressure with Elev. d
du HARNING @ Maximum past pressure vs., Elevation
th must be defined for complete soil profile
(1] ¢ Program interpolates linearly betueen points )
Fo ENGINEERING INC.
en] Eleu. Haximum Past Pressure Last point stland Avenue
tu star, MA 81898
in 80. 00 1500. 08 = 7> ?729-2363
£i r. Alfredo Urzua
rebe= Hit (F9> to prev.point, <F18> to accept values =

Space Bar-Next iten Alt-H-tenu

When the <F10> keyis pressed, the program accepts the data and returns to the Main Menu.

If the user selects "Vertical stress increment” from EMBANK’s main menu screen, the program shows the
following screen:

FEDERAL HIGHUAY ADMINISTRATION

Main Menu
project Definition

I soil Profile and soil paran.
Hater table definition
i Stress history
]

| I Uertical stress increment

“ strip Symmetrical vertical embankment loading ’

increment of stresses Beneath the end of a fill t
A Microcomputer progran fcu

dimensional compression ver

due to embankment loads. The program follous
the equations presented by Lambe8UWhitman
(1969), Ladd <1973> and Poulos&Davis (19740).
For the case of a strip symmetrical vertical PROTOTYPE ENGINEERING INC.

embankment loading the program superimposes 57 Uestland Avenue
tuo wvertical enbankwent loads. For the Winchester, NA 81830
increnent of wvertical stresses at end of (637> 729-2363
fi11, the program superimposes a series of Attn, Dr. Alfredo Urzua

rectangular loads.

Enter letter only, or use arrous then <4 » Hake selection. (Esc) » Main Menu
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By pressing the <Enter/Return> key, the user selects the highlighted "strip Symmetrical vertical embank-
ment loading" option. EMBANK displays the following screen:

e SYMMETRICAL UVERTICAL EMBANKMENT LOAD ==———em——
UERTICAL EMBANKMENT FOOTING
k| Evbank. slope a = 208.88
Embank. uidth b = 108.80 [R2YSRSF] 1
Height of Fill H = 15.80 (32222 3ERR RN H X | soil param.
Unit weight of fill = 120.90 LALLM ition
X—
POINTS FOR COMPUTATION OF . Layer 1
SETTLEMENT . t
calculate in = . nt loading |
El x coordinate = . Layer 2 | nd of a fill
e ‘
X Direction It
FOUNDATION ELEV.
Z = 188.88
ERING INC.
Hit <F18> to accept values ARuenue
A 818390
increment of vertical stresses at end of (617> 729-2363
fill, the program superimposes a series of Attn, Dr. Alfredo Urzua
rectangular loads.

“+ti+-Nove bar <« -Select Esc-Exit

The geometry, load, and coordinate(s) of the point(s) where settlement is calculated are entered into this
screen. Note that the visual aid does not represent the actual geometry of the load; its objective is to guide

the user in the data input process.

EMBANK can compute the settlement in a point or in the X-Direction.

If the user selects the computation of settlement in a point, EMBANK displays the following screen:

k| Embank. slope a
Embank. width b
Height of Fill H
Unit weight of f£11l

SETTLEMENT
calculate in
ki X coordinate

FOUNDATION ELEV.
2 = 1bb.88

rectangular loads.

VERTICAL EMBANKMENT

e SYNHETRICAL VERTICAL EMBANKMENT LOAD ===

FOOTING b—j
= 20.00
= 108,900 41344 1
= 15.00 [22ERRRYNRO Y H X
= 129,00 LALLM — ) —
.
POINTS FOR COMPUTATION OF . Layer 1
= X Point .
= . Layer 2

Hit <F18> to accept values ="

increment of vertical stresses at. end of
f£ill, the program superinposes a series of

(617> ?29-2363
Attn. Dr. Rlfredo Urzua

—

n
soil paran.
ition

ncrement.
t

nt loading |
nd of a £i11 |

ERING INC.
fivenue
A 81838
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For a given set of input parameters, press the space bar if settlement calculations are desired for more than
one location. Delta x is the increment of distance between the x1 and x2 coordinates where EMBANK will
calculate settlement. Example: x1 = 0.00', x2 = 60.00" and delta x = 10.00', EMBANK will calculate
settlements at x = 0', 10, 20", 30", 40', 50', and 60'.

=== SYMHETRICAL VERTICAL EMBANKMENT LOAD =m==—=———w=q
VERTICAL EMBANKMENT FOOTING ——-I
ki Embank. slope a = 208.88 -
Embank. uidth b = 180.68 (22222921 1
Height of fill H = 15.88 Wil H X | soil paranm.
Unit uweight of fill = 128.68 N R N N B N B ition
X—>
POINTS FOR COMPUTATION OF . Layer 1
SETTLEMENT — t
calculate in = X Direction . nt loading t
k] x1 coordinate = 8.80 . Layer Z | nd of a fill
x2 coordinate = 66.88 . '
delta x = zl
FOUNDATION ELEV. e
Z = 1060.00
ERING INC.
Hit <F18> to accept values Avenue
A 818389
increnent of uvertical stresses at end of C617> 729-2363
fill, the program superimposes a series of Attn. Dr. Alfredo Urzua
rectangular leads.

The last entry on this screen is the Foundation elevation. This option permits the placement of the load at
an elevation smaller than the elevation of the top of the soil profile. EMBANK provides the dlternative of
computing the initial effective stress by considering the complete soil profile or correcting the applied load
by discounting the effect of the excavated soil. A typical input screen is as follows:

——=———=== SYMMETRICAL VERTICAL ENMBANKMENT LOAD =——==———===

r
UERTICAL EMBANKMENT FOOTING
k| Embank. slope a 28.00 a—{ u
n

Embank. uidth b 180. 66 122222234 t

nt laading i
1

Height of fill H 15.68 1222222222 H X | soil paran.
Unit weight of f£ill 126.68 LRI — ) — ition

X—>
POINTS FOR COHPUTATION OF . Layer 1
SETTLEMENT . t
calculate in X Direction .

| X1 coordinate = 8.68 Layer 2 | nd of a Fill
X2 coordinate = 66.88
delta x = 18.88 214
FOUNDATION ELEV, Conpute excavation effect e
Z= 98.80 as gammaxFoundation Depth = [T
| ERING INC.
Hit <F18)> to accept values == ITHN| = Avenue
Yes A 018398
increment of vertical stresses at end of 29-2363

£ill, the program superinposes a series of Attn 1fredo Urzua
rectangular loads.

<+ti—->-Move bar <« -Select Esc-Exit
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[f the user exits to the Main Menu by hitting the <ESC> key, EMBANK will respond with the following
screen:

SYMMETRICAL VERTICAL EMBANKMENT LOAD =1

UERTICAL EMBAMKMENT FOOTING —]
F| Enbank. slope a = 28.88 — u
n

Embank. uidth b 168.600 1L 1

IHH

Helght of fill H 15.080 SRR FRRRYNY H X | seoil paran.
Unit weight of fill = 128.08 L —d——s | ition
X

POINTS FOR COMPUTATION OF
SETTLEMENT

Lager 1

t

. o & o

calculate in = X Direction nt loading |
Fl X1 coordinate = 9.08 Layer Z | nd of a fill
xZ coordinate = 66.88
delta x = 108.88 Z 1
FOUNDATION ELEU. Compute excavation effect ]
2= 98,00 as gammaxFoundation Depth = [
Uerify NC.
Hit <F18> to accept values ===========| Abort (WD? |

increrent of wvertical stresses at end of (617> 729-2363
fill, the program superimposes a series of Attn, Dr. Alfredo Urzua
rectangular loads.

Space Bar-Next item Alt-H-Henu

A “Y” answer will exit the program to the Main Menu without saving the information already entered. If
the user selects “N,” the program continues. The <F10> key accepts (saves) the values and EMBANK
returns to the Main Menu screen.

From the Main Menu, select “Vertical stress increment” followed by “increment of stresses Beneath the
end of a fill.” EMBANK shows the following screen:

FEDERAL HIGHUAY ADMINISTRATION

Main Menu
project Definition

| | I soil Profile and soil param.
Water table definition
| Stress history
|
1 I Uertical stress increment
strip Symmetrical vertical embankment loading {
increment of stresses Beneath the end of a fill l
A Microcomputer program fo

dinensional compression wver

due to embankment loads. The program follous
the egquations presented by Lanbe&UWhitman
(1969), Ladd (1973> and Poulos&Davis (1874).
For the case of a strip symmetrical vertical PROTOTYPE ENGINEERING INC.

enbankment loading the program superimposes 57 Uestland Avenue
tuo wvertical embankment loads. For the Winchester, NMA 91896
increment of uvertical stresses at end of (617> 729-2363
fill, the program superimposes a series of Attn. Dr. Alfredo Urzua

rectangular loads.

Enter letter only, or use arrous then 4J » Make selection. {Esc> » Main Menu
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Press <Enter/Return> to make the selection and EMBANK displays this screen:

END OF FILL CONDITION

CHARACTERISTICS OF FILL
F| Height of fill = 15.00 f
Hidth of top of fill w = 58.08 Ll
Unit ueight of Fill = 120.00
Y [ DUONE
COORDINATES 7 BCo)= (XZ,42> \
Point A! x1 = 8.80 y1 = 8.00 .
Point B: x2 = 38.80 42 = 30.80 | A= (x1,y1)
X

k] POINTS FOR COMPUTATION OF SETTLEMENT

calculate in = /
x1 coordinate
x2 coordinate
delta x

y coordinate

N
- -
+

X Point Y
X Direction
Z

INC.
FOUNDATION ELEU. | e
z = 190.00 98
Hit <F18> to accept values rzua

i

<tl-»>-Move bar ¢ -Select Esc-Exit

EMBANK has a XYZ coordinate system, where the X and Y axes are the horizontal components and Z is
the vertical component. The XY diagram at the top of the screen is a plan view of the embankment. The ZY
diagram beneath the plan view is an elevation view or cross section. The correct orientation of the elevation
view is to picture it from the right side of the embankment, looking towards the XY origin, that is, towards
the left. The Y direction is consistent in both the plan and elevation views. Point A in the plan view is at the
bottom of the slope; it is normally the origin of the XY axis. Point B in the plan view is located at the top of
the slope. Negative XY values are possible because EMBANK has the ability to compute settlements
outside the embankment area.

The Z component is the foundation elevation and is the elevation of the soil profile where the embankment
construction begins, that is, the bottom of the embankment. The magnitude of the Z component must be
consistent with the elevation given in the “Soil Profile and Soil Parameters” screens. Example: Ground
surface elevation value input for layer 1 in the “Soil Profile and Soil Parameter” screen is 100'. Layer 1 is a
5 foot thick layer of highly compressible organic material that will be removed prior to embankment
construction. The foundation elevation “Z” in the case is 95'.

If the user selects the computation of settlement in a point, EMBANK displays the following screen:

END OF FILL CONDITION

CHARACTERISTICS OF FILL
k| Height of fill

15. 88 t I
Uidth of top of fill u 58.088 u
Unit weight of fill 128. 00 paran.
¥ - N ——
COORDINATES 7 BCod= (X2,y2) N\
Point A: x1 = ©.88 yl 8.00 ' .
) ading

noan

Point B: xZ 38.88 y2Z 39.98 ACed= (x1,y1d

ki POINTS FOR COMPUTATION OF SETTLEMENT

calculate in = X Point 4 1
X coordinate = 30.90 / H -
r» v }
—_——
y coordinate = JJECKD z
INC.
FOUNDATION ELEV, e
z = 169,68 98
Hit (F18> to accept values rzua
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If calculation of settlement in the X-direction is required, EMBANK prompts the user for the information
displayed on the next screen:

END OF FILL CONDITION

CHARACTERISTICS OF FILL
| Height of rill 15.80 t
Width of top of FIll w = 58.00 u

F| POINTS FOR COMPUTATION OF SETTLEMENT

Unit weight of fill 120.00
Y ° J
COORD INATES /7 BCod= (x%2,42> \
Point A: x1 = ©8.88 yl = B.88 n ™
Point B: x2 = 3J0.08 yz = 30.08 A= (x1,91)
X ading

| B

calculate in = X Direction 4 t
X1 coordinate = 9.80 4 H +
x2 coordinate = 88.80 Yy - ]
delta x = 18.08 l
y coordinate = z
INC.
FOUNDATION ELEV. e
z = 180.88 99
Hit <F18> to accept values rzua

The last entry on this screen is the Foundation elevation. This option permits the placement of the load at
an elevation smaller than the elevation of the top of the soil profile. The program computes the initial
effective vertical stress by considering the initial soil profile and allows the user to correct the applied load
by discounting the effect of the excavated soil.

A typical input screen for this case is shown below:

END OF FILL CONDITION

CHARACTERISTICS OF FILL
F] Height of fill

Width of top of fill u
Unit ueight of fill

paran

<

COORDINATES 7 BCod= (x2,42> \

Point A: xi = ©0.00 yl = . ]
Point B: xZ2 = 368.88 yZ2 = 30.00 ACm)y= (x1,yl)
X ading

#] POINTS FOR COMPUTATION OF SETTLEMENT
calculate in X Direction / 1
x1 coordinate 8.68 14 H -

| BN

%2 coordinate 80.68 Y - l
delta x 18.00 [-’
y coordinate 30.088 z
INC.
FOUNDATION ELEV. Compute excavation effect ]
z = 98.00 as gammaxFoundation Depth = [T} 98
Hit <F18> to accept values [ No | rzua
Yes

«tl—»-Hove bar «¥-Select Esc-Exit

Pressing the <F10> key accepts (saves) the values, and EMBANK returns to the Main Menu screen.
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With the highlight on the “system of Units” field, hit <Enter/Return>. EMBANK responds with the Unit
System screen. This is an informational screen that defines the system of units required by the program.

FEDERAL HIGHWAY ADMINISTRATION

EN

A MNicrocomputer p
dimensional compre
due to embankment

the equations pr

§1_1iL B} IEII
£

Uni
I Enm

bank requires the information in :

[ S

Syste

Length
Load

Stress (pressure)

Unit welght
Unit welght of

uater defaults to :

(1963), Ladd <1973 - Settlenent
For the case of a

enbankment loading

tus wvertical emba

increment of wvertical stresses at end of
f£ill, the program superimposes a series of
rectangular loads.

Main Meu ——=r—=—x
project Definition
soil Profile and soil param.
py ===y definition
ry .
ess increment
its
i feet e
. pounds
psf
M pcf —————————
62.4 pcf
* inches
NGINEERING INC.

Hit <F18> to continue ==—=== land Avenue

er, MA 81898
(617> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then +J » Make selection.

Hitting the <F10> key returns EMBANK to the Main Menu.

Move the arrows to highlight “Maintain file” and hit <Enter/Return>. EMBANK displays the Maintain file
menu, which permits data file management inside the program.

FEDERAL HIGHWAY ADMINISTRATION

E BRI

Hain Henu
project Definition
soil Profile and soil paran.
Water table definition
Stress history

Vertical stress increment
system of Units

Maintain file

fA Microcomputer program for computing one
dimensional compression wvertical settlement
dus to embankment loads. The program follous
the equations presented by Lanbe&Uhitman
(1969), Ladd (1973 and Poulos&Davis (1974).
For the case of a strip symmetrical vertical
subankment loading the program superinposes
tuo wvertical embankment loads. For the
increment of wvertical stresses at end of
f111, the program superimposes a series of
rectangular loads.

Run o Maintain file
Exit

Retrieve file
Clear entries

PROTOTYPE ENGINEERING INC.
57 Uestland Auenue
Uinchester, MR 818390
(617> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then <«J » Hake selection. <Esc> » Hain Menu
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By selecting “Save file,” EMBANK displays

FEDERAL HIGHWAY ADMINISTRATION

Hain Henu
project Definition

1 soil Profile and soil param.
Hater table definition
| Stress history
l I Vertical stress increment
| systen of Units
[ Maintain file |

Maintain file

Run g Haintain file
A Microcomputer program for computing one | Exit

dimensional compression wvertical sett————— Destination File
due to embankment loads. The program £| ». EMB
the equations presented by LambelHW
(1969>, Ladd (1973) and Poulosi&Davis (1974).
For the case of a strip symmetrical vertical PROTOTYPE ENGINEERING INC.

enbankment loading the program superinposes 57 Uestland Avenue
tuo vertical embankment 1loads. For the Hinchester, MA 81890
increment of wvertical stresses at end of (617> 729-2363
f111, the program superimposes a series of Attn. Dr. Alfrede Urzua

rectangular loads.

Enter letter only, or use arrous then <! » Make selection. <Esc> » Hain Menu

in which the program prompts the user for the destination file name for saving the input information.
EMBANK defaults to filename extension .EMB. This filename extension can be changed by the user.

When <Enter/Return> is pressed, EMBANK shows the filename.EMB files that are in the current directory.

A typical screen will look similar to the following screen:

FEDERAL HIGHUAY ADHINISTRATION
Main Menu I
pro ject Definition
(AL R IRL IB1 PRI NINIR I soll Profile and soil param.
b:\embexi\». RMB
I
ent
|
L

A nicr
dimensi
due to I
the eq
1969,
For the case of a strip symmetrical vertical PROTOTYPE ENGINEERING INC.
embankment loading the program superimposes 57 Uestland Avenue
tuo wvertical embankment loads. For the Winchester, MA 01898
increment of wvertical stresses at end of <B17> 729-2363
£ill, the program superimposes a series of Attn. Dr. Alfredo Urzua
rectangular loads.

Enter letter only, or use arrous then <! » Make selection. <Esc> » Main Menu
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When the “Retrieve file” option is selected, EMBANK shows

EMBANK Appendix A

FEDERAL HIGHUAY ADMINISTRATION

EMBRNK

pro.jec
soil P
Uater
Stress

systan
Mainta

Uertical stress incremsent

Main Menu $=====|
t Definition

rofile and soil param.
table definition
history

in file

of Units J

A Microcomputer program for computing one
dimensional compression wvertical settlement

Run o Maintain file 4
Exit]l Save file
Retrieve file l ———

due to embankment loads. The program f Input File
the equations presented by Lanbe&"l ».ENB I
(19697, Ladd <1973> and Poulos&Davis ¢

For the case of a strip synmetrical vertical
embankrent loading the program superimposes
tuo wvertical embankment loads. For the
increment of vertical stresses at end of
fill, the program superimposes a series of

PROTOTYPE ENGINEERING INC.
5?7 UWestland Avenue
Winchester, MA 81890
(B17> 729-2363
Attn. Dr. Rlfredo Urzua

rectangular loads.

Enter letter only, or use arrous then <1 » Make selection. <Esc> » Main Menu 7

in which the program prompts the user for the filename.EMB to be retrieved. EMBANK defaults to the
EMBfilename extension of data files. This filename extension can be changed by the user.

If the user does not recall the name of the filename. EMB files in the current directory, a list of these can be
displayed by pressing the <Enter/Return> key. EMBANK shows the following screen:

FEDERAL HIGHWAY ADMINISTRATION

A Micr
dinensi
due to

the eq
(1969,

L IR th) 1) RINAR
C: \EHBANK. Z\». ENB
|
1

Main Menu
project Definition
soil Profile and soil

params.

L

For the case of a strip symmetrical vertical
enbankment loading the program superimposes
two wvertical embankeent loads. For the
increment of vertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

PROTOTYPE ENGINEERING INC.
57 Uestland Avenue
HUinchester, MA 01894
617> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then +J » Make selection. <Esc> » Hain Henu

The use of the arrow keys (&, T, 4, —) allows the user to select a file. Press the <Enter/Return> key to
retrieve the file into EMBANK. The program returns to the Main Menu screen.
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Hitting <Enter/Returmn> at the “Clear entries” field initializes all EMBANK variables to their default values
(equivalent to loading the program from scratch),

FEDERAL HIGHWAY ADHINISTRATION

Main Menu
pro ject Definition

| I soil Profile and soil param.
Uater table definition
| Stress history
Uertical stress increment
| systen of inits

 Raintain file —
Run g Maintain file
A Microconputer program for computing one | Exit}] Save file

dinensional compression wvertical settlement Retrieve I'ile
due to embankment loads. The program follous
the equations presented by Lambe&Whitman
€1969>, Ladd (1373) and Poulos&Davis (1974>.
For the case of a strip symmetrical vertical PROTOTYPE ENGINEERING INC.

embankment loading the program superimposes 57 Uestland Avenue
twe vertical embankment loads. For the Uinchester, MA 81890
increment of vertical stresses at end of (617> 729-2363
£il1l, the program superimposes a series of Attn. Dr. Rlfredo Urzua

rectangular loads.

Enter letter only, or use arrous then +J » Make selection. (Esc)> » Main Henu

EMBANK retums to the Main Menu.

Selecting the “Run program” option will un EMBANK. The user is referred to Appendix B for typical
example runs and output screens.

FEDERAL HIGHWAY ADMINISTRATION

Hain Henu
project Definition

| I I soil Profile and soil paranm.
Water table definition
I Stress history
Vertical stress increment
l I I systen of Units

Maintain file

A MNicrocomputer program for computing one | Exit to DOS

dinensional compression vertical settlement
due to embankment loads. The progras follows
the equations presented by LambeSWhitman it -
(1969>, Ladd <1973 and Poulos&Davis (1974).
For the case of a strip symmetrical vertical PROTOTYPE ENGINEERING INC.

enbankment loading the program superimposes 57 Uestland Avenue
tue wvertical embankment loads. For the Hinchester, MA 91830
increment of vertical stresses at end of 17> 729-2363
fi111, the program superimposss a series of Attn. Dr. Alfredo Urzua

rectangular loads.

Enter letter only, or use arrous then <«J > Make selection.
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When “Exit to DOS” is selected the program displays the following screen:

FEDERAL HIGHWAY ADMINISTRATION

Main Henu
project Definition

| soil Profile and soil paranm.
Water table definition
| Stress history
Urrtical stress incresent
] systen of Units

Maintain file

fun progran
A Microcomputer program for computing one i

dinensional compression vertical settlement | Exit to DOS

due to embankment loads. The program Follous Yes

the equations presented by Lambe8Uhitman u
(1969, Ladd (1973) and Poulos&Davis (1974).

For the case of a strip symmetrical vertical PROT NG INC.
enbankment loading the progran superimposes S7 Uestland fuenue
tuo vertical embanksent loads. For the Winchester, MA 81890
increment of wvertical stresses at end of (617> 729-2363
fill, the program superimposes a seriss of Attn. Dr. Alfredo Urzua
rectangular loads.

Enter letter only, or use arrous then <+J » Make selectlon. <{Esc> » Main Menu

A selection of “No” returns the program to the Main Menu. A “Yes” selection takes the user back to the
disk operating system prompt.
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Appendix B
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Example 1
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Example No. 1: Settlement of Normally Consolidated (NC)
Soft Clay Layer Due to Symmetrical
Embankment Load

This example is similar to the one presented in the U.S. Department of
Transportation, FHWA, Soils and Foundations Workshop Manual, p. 161,

Figure EX-1 shows the problem geometry and soil parameters. The
objective is to compute total settlement of the NC clay stratum beneath
points A through E. The clay is divided into five sublayers.

Table EX-1 presents a summary of the computer-calculated and hand-
computed settlements for points A through E.

Table 1. Summary of clay surface settlements

Settlement (in)
Point Computer Hand-Calculated
A 13.44 13.46
B 13.08
C 12.01 12.02
D 10.34
E 8.32 8.33
10FT 20 FT
GRANULAR i)
FILL
¥ =120 pet 20 FT
B 4 Y \Vi
3 =
T
: : : : : — SANDY GRAVEL —
N 122 pef 20 FT
N Y=122pc
T
I T T [
= 2.096 -1
%0 —CLAY — wopr & =110
Y = 104 pct | C =.11
— SAND —
Not to scale

Figure 10. Example 1: Settlement of Symmetrical Embankment Load
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Example No. 1: Symmetrical Embankment Load

' GRANULAR 20'
FILL

1 Y=120 pcf ]
— x

<

— SANDY GRAVEL —

20’
! Y=122 pcf

M1

0, = 2.096 g 1
C. =1.10 --3%

— CLAY —

Subdivide compressible
10'“~  stratum into five
2' sublayers

— SAND — Not to scale

Determine geostatic effective vertical stresses at points 1...5:
01=20x122+1x104 - 21 x 624 = 1233.6 psf
0,=20x 122+ 3 x 104 - 23 x 62.4 = 1316.8
03=20X 122+ 5x 104 - 25 x 62.4 = 1400.0
0;=20x 122+ 7x 104 - 27 x 62.4 = 1483.2
05=20% 122+ 9 x 104 - 29 x 62.4 = 1560.4

Determine i s of vertical ler point A:

» Determine increments of vertical stress from figure 4 in text.
» Use superposition, as shown below:

(¥

a=10 10’ 10’

L L P = 2400 pst P = 2400 pst P = 2400 pst

e
IN
.I‘-'N—“
+
}‘T’}:_

10+30-20 *
‘___—'.——H ‘——-——H' ‘———-—H'
d=20 Y d=20 Y =20
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Therefore, we compute increments of vertical stress as 2 times the vertical
stress increment for:

Yy
lz
10 10" @

For the general case shown below,

vertical stresses are given by:

a
h P=yh .
In this case:
I Y YV o

o B b= 20'
R, a= 10
| R2= Zz

© DE— ]
v g Therefore:
tg B =g = B= arct (170)
tgla+ p) = %Q = a=arctg(%)— B
We compute the stress increments for z = 21, 23, 25, 27, and 29 ft:
10 20 p
z (f) B=arct -z—) a=arctg(—z—)-ﬁ dz=-1-t—[[3 + xTa] 20,
21 25.463345 18.139474 823.23057 1646.4611
23 23.498566 17.510521 780.26144 1560.5229
25 21.801410 16.858398 740.24275 1480.4855
27 20.323137 16.205718 703.12764 1406.2553
29 19.025606 15.566683 668.78629 1337.5726
(o, in psf)
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Determine i f vertical ler point C:

» Use superposition as shown below:

42

N
—>
a [ — - \\
P = 2400 pst P = 2400 psf P < 2400 ps? |
c_ v \
- X - X + I
4_»{. < d » N a+b-d N
y ¢ Y v
z z z
a=10 d=10' a+b-d«30
b=10
d =30’
s For first superposition step, consider:
b=20 o
a=10 - x= 10
a=10'
P = 2400 psf b=20
I .. —b=—
15 2 =1; x-b=-10
2 |2 R%=2% +10?
_lo | _10
tg B= < tga= )
Y x=10
» Compute increment of stresses using:
P xa  z
%= [ﬂ*'— e (x—b)}
» See results in table below:
2_,2 2 z
z (f) a=p R5=12*+10 F(x-b) o, (0sf)
2
21 25463345 541 - 0.3881701 975.56265
23 23.498566 629 - 0.3656598 905.97194
25 21.801410 725 - 0.3448276 844.79982
27 20.323137 829 -0.3256936 790.76190
29 19.025606 941 -0.3081828 742.78381
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» For second superposition step, consider:

b=20
' : ; » x _ 30 _
a=10 210" 3
R3=z%+10?
P = 2400 psf c—b=10
< BN 5 Jf - ,B=arctg(22—0)—5
- a=arctg(%)—(ﬁ+é)
Y x =30 '
o= arctg(—lz—o- )
» Compute increment of vertical stresses using:
P xax oz
O'z= 7[ |:ﬁ —a- - -—% (X—b)}
« See results in the table below:
4
z (fH) é B «a =z (x-b) o, (ps)
2
21 25.463345 18.139474 11.405161 0.3881701 401.52598
23 23.498566 17.510521 11.514733 0.3656598 414.71942
25 21.801410 16.858398 11.534621 0.3448276 422.73460
27 20.323137 16.205718 11.483932 0.3256936 426.62194
29 19.025606 15.566683 11.378733 0.3081828 427.27078

+ Add stress increments from both superposition steps:

z (ft) o, (o)
21 1377.0886
23 1320.6914
25 1267.5344
27 1217.3838
29 1170.0546
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» Use superposition as shown below:

2 b=20 >~ - b=20'
— <=2 <=2
T RN
. P=2*400 psf P = 2400 ps? |
X - =
:I.Z .
X =40 |
’ >
z p4

» From figure (a) above:
a= arctg(?)
B = arctg(%)— o
(x-b)y =0-20=-20
R} =22+ (=200

o, =£[ﬁ+ﬂ——f—(x—b)}
a

4 R}

+ Apply expressions above to compute increments of stress for case (a):

() a=aagf L) pmaagR)-a Ri=z+(-207 EZE x-b) o0
21 25.463345 18.139474 841 - 0.4994055 62337735
23 23.498566 17.510521 929 04951561 61174501
25 21.801410 16.858398 1025 ~0.4878049 59743413
27 20323137 16.205718 1129 04782994 58147007
29 19.025606 15.566683 1241 ~0.4673650  564.59633



z(f S=arct, -22—0)

EMBANK Appendix B Example 1

» From Figure (b):

6

arctg (? )
arctg (—Z—O‘ ) -0

arctg (?)-— (B+9)

153

40-20=20

« Apply expressions above to compute increments of stress for case

(b):

ﬁ:arctg(—z;q)— 5 a= arctg(-%q)— B+ "Iéz"z' x-b) o,
3

21
23
25
27
29

43.602819
41.009087
38.659808
36.528855
34.592289

11.405161
11.514733
11.534621
11.483932
11.378733

7.2925472 0.4994055 159.48697
7.5772781 0.4951561 179.37988
7.8001877 0.4878049 197.14946
7.9678630 0.4782994 212.67796
8.0868661 0.4673650 225.97541

+ Add stress increments from cases (a) and (b). Obtain table below:

z (f9) o, (psf)
21 782.86432
23 791.12489
25 794.58359
27 794.14803
29 790.57174
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Compute settlements.
« Use following expression:

Gvf

n
p= ZH,- CR log
i=1 EVO
where:
n = number of substrata = 5
H; = thickness of each substrata = 2 ft

C,

c
(1+e)

110

T (1 +2.096)

=0.3552972

CR = Virgin Compression Ratioc =

G, = Final vertical effective stress = 6,5+ AG,

G, = Initial vertical effective stress

« Apply expressions above for point A; get table below:

o
2 (f) 5,0 (oS AG, (ps) G =G+ A5,  p;=H,CR log —~L
Gy
21 1233.6 1646.4611 2880.0611 0.2616603 ft
23 1316.8 1560.5229 2877.3229 0.2412246
25 1400.0 1480.4855 2880.4855 0.2226560
27 1483.2 1406.2553 2889.4553 0.2057997
29 1566.4 1337.5726 2903.9726 0.1905031
Total Settlement: 1.1218437 ft
13.46 in
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* Apply expressions above for point C; obtain table below:

g
z (ff) Oy (s AG, (psf) o, (psf)= G+ AG, pi=H; CR log —<
Gy
21 1233.6 1377.0886 2610.6886 0.2313558 ft
23 1316.8 1320.6914 2637.4914 0.2143639
25 1400.0 1267.5344 2667.5344 0.1989536
27 1483.2 1217.3838 2700.5838 0.1849378
29 1566.4 1170.0546 2736.4546 0.1721668
Total Settlement: 1.0017799 ft
12.02 in

+ Apply expressions above for point E; obtain table below:

o
z (ft) 6v0 (psf) Aav (s avf sh = 6\10 + Aav pi= 1-11 CR log A
0y
21 1233.6 782.86432 2016.46432 0.1516523 ft
23 1316.8 791.12489 2107.92489 0.1451995
25 1400.0 794.58359 2194.58359 0.1387251
27 1483.2 794.14803 2277.34803 0.1323338
29 1566.4 790.57174 235697174 0.1260962
Total Settlement: 0.6940069 ft
8.33 in
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Compilation of Computer Screens for
Example 1

FEDERAL HIGHUAY ADHINIST!

RATION

EMIE R

K

A Microcomputer progran for conputing one
dimensional compression vertical settlement due
te ewmbankment leads. The program follous the
equations presented by Lambe&UWhitman (1969,
Ladd <1973> and Poulos&Davis (1974). For the
case of a strip symmetrical vertical embankment
loading the program superimposes tuo wvertical
enbankment leads. For the increment of vertical
stresses at end of fill, the program
superimposes a series of rectangular loads.

PROTOTYPE ENGINEERING INC.
57 Westland Avenue
Winchester, NMA 918398
617> 729-2363

Attn. Dr. Alfredo Urzua

Uersion 2.88/0October 1991

OPENING SCREEN

Hit <F18> to continue

FEDERAL HIGHUAY ADMINIST

RATION

EMIBRITIR

A Microcomputer program for computing one
dinenslonal conpression vertical settlement

Maln Menu

pro ject Definition

soil Profile and soil paranm.
Hater table definition
Stress history

Uertical stress increment
systen of Units

Naintain file

Run progran

Exit to DOS

due to embankment loads. The program follous

the equations presented by Lambe&Whitman
<1969>, Ladd <1373> and Poulos&Dauis (1374).
For the case of a strip symmetrical vertical
enbankment loading the progras superinmposes
tus wvertical embankment loads. For the
increment of vertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

PROTOTYPE EMNGINEERING INC.
57 Westland flvenue
Winchester, MA 61830
(617> 729-2363
Attn. DPr. Alfredo Urzua

Enter letter only, or use arrous then 4J » Make selection.

EMBANK MAIN MENU -~ SELECTION OF PR
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FEDERAL HIGHUAY ADMINISTRATION

1

|

| Client
Project Name

Project Manager Aun
A Microcompute| File Name EXAMPLEL. ENB
dimensional com| Date 3713792 (MM/DD/YY)

due to embankne
the equations
(1869), Ladd (1E====== Hit <F18> to
For the case of

enbankment loading the program superimposes
tuo wvertical embankment loads. For the
increment of wvertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

Computed by

PROJECT DEFINITIO

Any client
Embankment load

N_y

accept values ===

Hain Hernu
pro ject Definition
soil Profile and soil params.
Water table definition

s increment
s

INEERING INC.
57 Uestland Avenue
Winchester, MA 81890
(617> 729-2363
Attn. Dr. Alfredo Urzua

PROJECT DEFINITION SCREEN

FEDERAL HIGHWAY ADMINISTRATION

EMIBIHIU K

A Microcomputer program for cowmputing one
dimensional compression wvertical settlesent
due to embankment loads. The program follows
the equations presented by LambeS8Whitman
€1969>, Ladd (1973) and Poulos&Davis (1974,
For the case of a strip symmetrical vertical
enbankment loading the program superimposes
tuo vertical embankment loads. For the
increment of vertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

Hain Hernu
project Definition
Water table definition
Stress history
Uertical stress increment
system of Units
Haintain file
Run progranm
Exit to DOS

PROTOTYPE ENGINEERING INC.
S? Uestland Avenue
Uinchester, MA 81890
(617> 723-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then 4 » Make selection.

EMBANK MAIN MENU - SELECTION OF SOIL PROFILE
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FEDERAL HIGHUWAY ADMINISTRATION

EMBRIK

Main Menu
proJect Definition

soi] Profile and soll paran.
Uoid ratio per olog stress
Strain per olog stress

A Hicrocomputer program For computing one
dimensional compression vertical settlement
due to embankment loads. The program follous
the equations presented by LambegUhitnan
€1969), Ladd (1973)> and Poulos&Davis (13974).
For the case of a strip symnetrical vertical
enbankment loading the program superimposes
two vertical embankment loads. For the
incranent of wvertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

Run progran
Exit to DOS

PROTOTYPE ENGINEERING INC.
57 Uestland Auvenus
Winchester, MA 01898
(617> 729-2363
Attn, Dr. Alfredo Urzua

Enter letter only, or use arrous then 4! » Make selection. <Esc> » Hain Menu

SOIL PROFILE MENU - SELECTION OF UOID RATIO PER LOG STRESS

FEDERAL HIGHUAY ADMINISTRATION

Layer Number = 1 Elev. of top of layer = 160.00 -l
T Number of sublayers = 1 (for this layer)
Sublayer 1
------- L_ Unit weight of soil = 122.8@
: Layer
------- 1 Type of lager =
Sublayer n
Sublayer 1
------- —~=— |~ Layer
Sublayer 2

Is this the last layer of profile No

Space Bar-Next iten

Hit <F18> to continue =

Alt-H-Menu

SOIL DESCRIPTION AND PARANETERS FOR LAYER %1
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[
"=—= Layer Soil Properties =====l ADMINISTRATION

Layer Number = 2 Elev. of top of layer = 80.00 -I
N Number of sublayers = 5 (for this layer) 1
Sublayer 1
------- Unit waight of soil = 184.80
: — Layer

------- 1 Type of layer = Compressible
Sublayer n l
_ Layer soll properties =
Sublayer 1

Compression Index Esti
——————— ~—w— |}~ Layer Initial uater content |

2 Recompression Index Esti

Sublayer 2
—_— Suelling Index Estinated from e-logp curves

Is this the last layer of profile No

Hit <F9> to Prev. Layer == Hit <{F18) to continue
Press space bar to see menu options and then <Ret> to input values

SOIL DESCRIPTION AND PARAHETERS FOR LAYER #2

I FEDERAL HIGHWAY ADMINISTRATION
Layer Soil Propertiss |
Initial Uoid Ratio = f layer = 88.88 1
e Hit (F18> to accept valugs =i ayers = 5 (for this layer) 1
—————————— Unit uweight of seil = 184.80
: - Layer
—————————— 1 Type of layer = Compressible
Sublayer n
—_ Layer soil properties = Initial void ratio
Sublayer 1
Compression Index Estimated from e-logp curves
----- -~ Layer
2 Recompression Index Estimated from e-logp curves

Sublayer 2
—_— Suelling Index Estinated from e-logp curves

Is this the last layer of profile Ne

Hit <F3> to Prev. Layer ==== Hit <(F18> to continue

INITIAL VOID RATIO - LAYER #2
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ATION

r] Input Value of Compression index =

bevem— Hit <F18) to accept value weeewmssmed 8. 80

"_"I!l_—l

Number of sublayers = 5 (for this layer)
Sublayer 1
-------- — Unit ueight of soil = 184.00
: — Layer
--------- — 1 Tuype of layer = Compressible
Sublayer n
_— Layer soil properties = Initial void ratio
Sublayer 1
Conpression Index Estimated from e-logp curves
—————————— |- Layer
2 Reconpression Index Estiuated from e-logp curves
Sublayer 2

~ Suelling Index Estimated from e~logp curves

Is this the last layer of profile No

Hit (F9> to Prev. Layer === Hit <(F10> to continue =

COMPRESSION INDEX - LAYER #2

F

ATION

TS
Fl Input Ualue of Recompression index = I
rmeme—— {1t (F18> to accept value ———J 88.080 -‘

— Nunber of sublayers = 5 (for this layer)
Sublayer 1
-------- —— Unit ueight of soil = 184.0@
: |- Layer
——————————— 1 Type of layer = Compressible
Sublayer n
_ Layer sail properties = Initial vold ratie
Sublayer 1
Compression Index Estiwated from e-logp curves
——————— -——— |~ Layer
2 Recompression Index Estimated from e-logp curves
Sublayer 2

— Suelling Index Egstimated from e~logp curves

Is this the last layer of profile No

Hit <F3> to Prev. Layer === Hit <F18> to continue =

RECOMPRESSION INDEX - LAYER #2

52



EMBANK Appendix B Example 1

M - Innon l
Layer Number = 2 Elev. of top of layer = 88.88 1
ETTR——— Number of sublayers = S (for this layer)
Sublayer 1
---------- " Unit weight of soil = 184.08

: -~ Layer

----------- 1 Type of layer = Conmpressible
Sublayer n
_— Layer soll properties = Initial void ratio
Sublayer 1

Compression Index Estimated from e-logp curves
———————————— — Layer

Recompression Index Estinated from e-logp curues
Sublayer 2

-~ Suelling Index Same as recompression index

Is this the last lay| Estimated from e-logp curves

Hit <F9> to Preu. Layer

Press space bar to see menu options and then <Ret> to input values

SHELLING INDEX - LAYER #Z

|I I IhTION I
Layer Mumber = 2 Elev. of top of layer = 80.068 -l
R Number of sublayers = 5 (for this layer) 1
Sublayer 1
e Unit uweight of soil = 184.00

: |— Layer
------- 1 Type of layer =  Compressible I
Sublayer n
_— Layer soil properties = Initial vold ratio
Sublayer 1
Conpression Index Estimated from e-logp curves
-------- —— |- Layer
2 Recompression Index Estimated from e-logp curves

Sublayer 2
—_— Swelling Index Same as recompression index

Is this the last layer of profile

Hit <F9> to Preu. Layer = Hit <F18> to continue =
Space Bar—Next item Alt-M-Henu

DEFINING LAYER #Z AS LAST LAYER OF SOIL PROFILE
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ATION

Layer Number Elev. of top of layer

—— Number of sublayers = § (for this layer)
Sublayer 1
e Elev. of bottom of last layer = ible
Sublayer n
— Hit <F18> to accept valug ==——= {d ratio
Sublayer 1
Compression Index Estimated from e-logp curves
s T — LDBBP
2 Recompression Index Estinated from e~lagp curves
Sublayer 2
—_— S

Suelling Index

Is this the last layer of profile Yes

Hit <F3> to Prev. Layer == Hit <Fi®> to continue =

am@ as recompression index

DEFINING THICKNESS OF SOIL PROFILE

FEDERAL HIGHWAY ADMINISTRATION

E MBI K

A Hicrocomputer program for computing one

Hain Henu
project Definition
soil Profile and soil paranm.
Stress history
Vertical stress increment
systen of Units
Maintain file
Run program
Exit to DOS

i

dimensional compression vertical settlement
due to embankment loads. The program follous
the equations presented by Lambe&UWhitman

(196%>, Ladd (1973) and Poulos&Davis (1974).
For the case of a strip symmetrical vertical
subanknent loading the program superimposes
tuo vertical embanksent loads. For the
increment of vertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

PROTOTYPE ENGINEERING INC.
57 Westland Auenue
Uinchester, MA 81898
(617> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then

<J » Make selection,

EMBANK MAIN MENU - SELECTION OF WATER TABLE DEFINITION
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FEDERAL HIGHUAY ADMINISTRATION

' |
|
i | peemmmes Uater Table Definition Units

Elev. of Uater Table
A Hicrocomputer pro
dimensional compresst=—=
due to embankment loa
the equations presented by Lambe&Uhitman
(1963>, Ladd <(13973) and Poulos&Davis (1974).
For the case of a strip symmetrical vertical
embankment loading the program superimposes
tuo wvertical embankment loads. For the
increment of wvertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

ile
S

Hit <F18> to accept values

Main Menu ;l

project Definition

soil Profile and soil param.
Water table definition
Stress history

Uertical stress lncrement

PROTOTYPE ENGINEERING INC.
57 Uestland Avenue
Hinchester, MA 81830
(617> 729-2363
Attn. Dr. Alfredo Urzua

WATER TABLE AT ELEVATION =

188 FT.

FEDERAL HIGHUWAY ADMINISTRATION

EMIBRITIR

Hain Menu

project Definition

soil Profile and soil paranm.
Water table definition
Stress history

Stress history
Nermally consolxdated soil
User defined stress hlstorg

A Microcomputer program for computing one
dimensional compression vertical settlement
due to embankment loads. The program follous
the equations presented by LambedWhitman
(1969>, Ladd (1973) and Poulos&Davis (1974,
For the case of a strip symmetrical vertical
embankment loading the program superimposes
two wvertical embankment loads. For the
increnent of vertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

E

PROTOTYPE ENGINEERING INC.
57 Uestland Auenue
Winchester, MA 81890
(617> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then «? » Make selection. <Esc> » Main Menu

COMPRESSIBLE LAYER IS DEFINED AS NORMALLY CONSOLIDATED (DEFAULT)
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FEDERQL HIGHUAY ADMINISTRATION

EMIBRIUR

A HMicrocomputer program for computing one
dimensional compression wvertical settlement
due to embankment loads. The progran follous
the equations presented by Lambe&Hhitman
(1969, Ladd (1973) and Poulos&Davis (1974>.
For the case of a strip symmetrical vertical
embankment loading the program superimposes
tuo vertical enbankment loads. For the
increment of vertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

Main Menu =="=j]

project Definition
soil Profile and soil param.
Uater table definition
Stress history
| Uertical stress increwent |
systen of Units
Maintain file
Run progran
Exit te DOS

PROTOTYPE ENGINEERING INC.
57 Westland Averwe
Winchester, WA 91830
(617> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then +J » Hake selection.

ENBANK MAIN MENU - SELECTION OF UERTICAL STRESS INCREMENT

FEDERAL HIGHWAY ADHINISTRATION

Main Henﬁ

E IR RIN

project Definition
soil Profile and soil param.
Water table definition
Stress history

Uertical stress increment

Uertical stress increment
strip SgnnetrXcal vertical embankment loading

i increment of stresses Beneath the end of a fill

A Microcomputer program fo
dimensional compression ver

due to embankment loads. The program follous
the equations presented by Lambe&Uhitman
(1963>, Ladd <1973> and Poulos&Davis (1374).
For the case of a strip symmetrical vertical
embankment loading the program superimposes
tuo vertical embankment loads. For the
increment of wvertical stresses at snd of
fill, the program superimposes a series of
ractangular loads.

PROTOTYPE ENGINEERING INC.
5?7 Uestland Avenue
Hinchester, MA 81898
(617> ?729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then < » Hake selection. <Esc> » Haln Henu

VERTICAL STRESS INCREMENT MENU - STRIP SYMMETRICAL EMBANKMENT LOADING
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pro—— SYMMETRICAL VERTICAL EMBANKHENT LOAD =waumem

VERTICAL EMBANKMENT FOOTING b——-]

Enbank. slope a = 10.08

Embank. width b = 30.00 [2RRRRRYY t

Height of fill H = 20.08 JA4LLLLL0LLS H X

Unit weight of fill = 120.08 IR RS SR RURNYE § § S pR—
X

POINTS FOR COMPUTATION OF . Layer 1

SETTLEMENT .

calculate in = .

%1 coordinate = . Layer 2

%2 coordinate =] X Point _

delta x - :

FOUNDATION ELEV.

Z = 188.008
Hit <F18> to t values

increment of wvertical stresses at end of
fi11, the program superimposes a series of
rectangular loads.

(617) 729-2363
Attn, Dr. Alfredo Urzua

soll paran.
ition

ncrement

nd of a fill

i

ERING INC.
Avenue

A 81830

«ti->-Move bar ¥-Select Esc-Exit

STRIP SYm. EMBANKMENT LOADING GEOMETRY - SETTLEMENT IN X-DIRECTION

SYMMETRICAL UVERTICAL EMBANKMENT LOAD =————eceee
VERTICAL EMBANKMENT FOOTING

Enbank. slope a = 10.88 4

Ewbank. uidth b = 30.00 11150 1

Height of 111 H = 20.60 44334141111 H X

Unit weight of f1l11 = 120.60 LML — ) —
X

POINTS FOR COMPUTATION OF . Layer 1

SETTLENENT I

calculate in = X Direction .

X1 coordinate = 8.08 . Layer 2

X2 coordinate = 20.08 —

delta x = IEXE zi

FOUNDATION ELEV.
2 = 160.08

Hit <F18> to accept values

increment of wvertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

<61?7> 728-2363
Attn, Dr. Alfredo Urzua

I

n
soil paran.
ition

t ‘
nt loading |
nd of a Fill §

ERING INC.
Avenue
A 91898

DEFINING POINTS FOR COMPUTATION OF SETTLEMENT
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FEDERAL HIGHWAY ﬁDﬂlNiSTRﬁTIDN

pro ject Definition

i l I soil Profils and soil paran.
] Uater table definition
| Stress history
Uertical stress increment
| l I system of Units

Maintain flle
Run progran
A Microconputer progran for computing one | Exit to DOS
dimensional compression vertical settlement
due to embanksent loads. The program follous

p—

the equations presented by LanbefUhitman
<1969, Ladd <1973) and Poulos&Davis (1974),
For the case of a strip symmetrical vertical PROTOTYPE ENGINEERING INC.

enbankment loading the program superimposes §7 Hestland Avenue
tuo vertical ewmbankment loads. For the Winchester, MA 81890
increment of uertical stresses at end of (617> 729-2363
fill, the program superimposes a series of Attn. Dr. Alfredo Urzua

ractangular loads.

Enter letter only, or use arrous then <«J » Make selection.

ENBANK HAIN MENU - SELECTION OF RUN PROGRAM

——— ONE DIHENSIONAL SETTLEMENT ANALYSIS/Federal Highuay Adninistration
STRIP SYMNETRICAL UERTICAL EMBANKMENT LOADING

Project Name @ Embankment load Client i Any Client
Project Number @ 91-1234 Project Manager : AUM
Date ¢ 18701791 Computed by §OAUM

Settlement for X-Direction

Embankment slope a = 10.80 (ft) Height of fill H = 208.08 (ft)
Embankment top width = 28.80 (ft) Unit ueight of £ill = 128.80 (pcf)
Embankment bottom uidth = 48.88 <ft) p load/unit area = 2408.088 (p=f)
Ground Surface Elev. = 188.80 (ft) Foundation Elev. = 180.80 (ft)
Uater table Elev. = 100.88 (ft> Unit ueight of Uat. = 62.48 (pcfd

LAYER COEFFICIENT UNIT SPECIFIC VOID

N2, TYPE THICK. COMP. RECOMP., SMELL. MWEIGHT GRAVITY RATIO

(€33 C(pcf)
1 INCOMP. 28.8 122.08 —— ——

2 CoMP. 18.8 1.180 8.119 0.1180 184.08 2.65 2.18

PROGRAM OUTPUT SCREEN

38
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STRIP SYMMETRICAL VERTICAL EMBANKMENT LOADING

Project Name : Enbankment load Client ¢ Any Cl
Pro ject Number : 9i-1234 Pro ject Manager @ ALK
Date ¢ 18784791 Computed by tOAUM

Settlement for X-Direction

ONE DIMENSIONAL SETTLEMENT ANALYSIS/Federal Highuay Administration ——

lent

Embankment slope a = 18.88 (ft) Height of Ffill H = 28.88 (ft)
Enbankment top width = 20.80 (ft> Unit ueight of £ill = 128.688 Cpch
Enbankment bottom uidth = 48.88 (ft)> p loadZunit area = 2480.08 C(psf)
Ground Surface Elev. = 100.90 (ft> Foundation Elev. = 100.80 (ft)
Water table Elev. = 100.08 (ftp Select
“ Send forn to: [f-Printer, [-Disk File. I
LAYER COEFFICIENT UNIT  SPECIFIC UOID
N2, TYPE THICK. COMP. RECOMP. SUELL. WEIGHT GRAVITY RATIO
'ty Cpef)d
1 INCOMP. 20.0 122. 09 — ——
2 COMP. 18.8 1.100 ©.110 9.118 194.80 2.65 2.18
Hit arrou keys to display next screen. <F8> Print. <F10> Main Menu

SELECTION OF DISK FILE PRINTED OUTPUT

ONE DIMENSIONAL SETTLEMENT ANALYSIS/Federal Highuay Administration

STRIP SYMMETRICAL VERTICAL EMBANKMENT LOADING
Project Name : Embankment load Client 2 Any Client
Project Number @ 91-1234 Project Manager : AUM
Date : 18701791 Comnputed by AU
Settlement for X-Direction
Enbankrent slope a = 18,68 (ft> Height of fill H = 20.88 (fv)
Enbankment top uidth = 20.00 (ft> Unit weight of fill = 120,08 C(pcl)
Enbankment bottom uidth = 48.080 (ft> p load/unit area = 2408,.08 (psh)
Ground Surface Elev. = 108.88 (ft> Foundation Elev. = 100.08 (ft)
Hater tables Elev. = 108.08 <(ft> Destination File
I EXANPLE1. OUT
LAVER COEFFICIENT UNIT SPECIFIC UOID
N2, TYPE THICK. COMP. RECOMP. SWELL. WEIGHT GRAVITY RATIO
(€33 (pcfd
1 INCOMP. 20.9 122.98 _— ——
2 CoMP. 18.9 1.180 ©.118 8.118 104.00 2.65 2.18
Hit arrou keys to display next screen. <F8> Print. <F18> Main Meny ——-I

SELECTION OF DESTINATION FILE

9




ONE DIMENSIONAL SETTLEMENT ANALYSI

STRIP SYMMETRICAL VERTICAL EMBANKMENT LOADING

Project Name + Bmbankment load cl
File Name + Rxamplel.BMB Pr
Date t 10/01/91

Settlement for

Embankment slope a = 10.00 (fr) Height of f1ill H = 20.00 (ft)
Bmbankment top width = 20.00 (ft) Unit weight of £ill = 120,00 (pcf)
Embaniment bottom width = 40.00 (ft) p load/unit area = 2400.00 (pef)
Ground Surface Elev. = 100.00 (ft) Poundation Rlaev. =« 100.00 (ft)
Water table Elev, = 100,00 (ft) Unit weight of Wat. = 62.40 (pcf)

LAYER CORFFICIENT UNIT SPECIPIC VOID

Nt. TYPE THICK. COMP. RRCOMP. SWBLL. WEIGHT GRAVITY RATIO

(£t) (pct)
1 INCOMP. 20.0 memmwe sme—a —w——— 122.00 ——— ————
2 COMP. 10.0 1.100 0.110 0.110 104.00 2.65 2.10

SUBLAYER s
Ne. THICK. ELEV.
(ft) (ft)
1 INCOMP.
2 2.00 79.00
3 2.00 77.00
4 2.00 75.00
5 2.00 73.00
6 2.00 71.00
X = .00 X = 5.00
Layer Stress Sett. Stress Sett.

(psf} {in.) (psf) {in.)

1 INCOMP. INCOMP. INCOMP. INCOMP.
2 782.86 1.82 1089.37 2.34
3 791.12 1.74 1065.97 2.19
4 794.58 1.66 1041.58 2.06
5 794.15 1.59 101€.53 1.93
6 790.57 1.51 991.15 1.81

X = 20.00
Layer Stress Sett.
(pef) (in.)

INCOMP.

1646.46 3.14
1560.52 2.89
1480.49 2.67
1406.26 2.47
1337.57 2.28

oW

Bit arrow keys to display next screen. <F8> Print. <F10> Main Menu

60

computed by . AUM

EMBANK Appendix B Exampie 1

S/Pederal Highway Administration

lent t Any Client
oject Manager : AUM

X-Direction

OIL STRESSES .
INITIAL MAX.PAST PRESS.
(psf) (psf)
1233.60 1233.60
1316.80 1316.80
1400.00 1400.00
1483.20 1483.20
1566.40 1566.40
X = 10.00 X = 15.00
Stress Sett. Stress Sett.

{psf) {in.) {psf) (in.)

1377.09 2.77 1576.37 3.04
13320.63 3.57 1437.77 2.81
1267.53 2.38 1424 .60 2.60
1217.38 2.22 1356.64 2.40
1170.05 2.06 1293.57 2.23

e
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FEDERAL HIGHWAY ADHINISTRATION

E MBI K

A HNicrocomputer program for conmputing one
dinensional compression vertical settlement
due to embankment loads. The program follous
the equations presented by Lambe&Uhitman
(1969), Ladd €1973) and Poulos&Davis (13974).
For the case of a strip symmetrical vertical
enbankment loading the program superinposes
tuo wvertical embankwent loads. For the
increment of wvertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

Main Menu m]
pro ject Definition
soil Profile and soil param.
Hater table definition
Stress history
Uertical stress increment
systen of Units
Run progran
Exit to DOS

PROTOTYPE ENGINEERING INC.
57 Uestland Auvenue
Hinchester, MA 818396
(617> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then «J » Make selection.

EMBANK MAIN MENU - SELECTION OF MAINTAIN FILE

FEDERAL HIGHWAY ADMINISTRATION

MBI K

A Microcomputer program for computing one
dinensional compression wvertical settlewment
due to embankment loads. The program follous
the equations presented by Lamnbe&UWhitman

Hain Henu
praject Definition
soil Profile and soil paran.
Water table definition
Stress history

Uertical stress incremant
system of Units
Maintain file

Run o Maintain file
Exit

Retrieve file
Clear entries

(1969), Ladd (1973) and Poulos&Davis (1974).
For the case of a strip symsstrical vertical
subanknent loading the program superimposes
tuo wvertical embankment loads. For the
increment of vertical stresses at ond of
fill, the program superimposes a series of
rectangular loads.

PROTOTYPE ENGINEERING INC.
57 Uestland Avenue
Winchester, HA 81898
(617> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then <! » Make selection. <Escd » Main Menu

MAINTAIN FILE MENU - SELECTION OF SAVE FILE

61
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FEDERAL HIGHUAY ADMINISTRATION

EMEIRINR

A Microcomputer program for computing one

dimensional compression vertical sett
due to embankment loads. The program f‘ EXAMPLE1. EMB

Main Henu
project Definition
so0il Profile and soil param.
Water table definition
Stress history

Uertical stress increment
systen of Units

Maintain file

Run g Maintain file

%3841 Save file

Destination File ———]

the equations presented by Lanbe8U
(19697, Ladd €1973) and Poulos8Davis (1974).
For the case of a strip symmetrical vertical
enbankment loading the program superimposes
tuo wvertical embankment loads. For the
increment of wvertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

PROTOTYPE ENGINEERING INC.
S7 Hestland Avenue
Winchester, MA 81838
(B17> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then «J » Make selaction. C(Esc)> » Main Menu

SAVING INPUT FILE AS EXAMPLEL.DAT

FEDERAL HIGHWAY ADMINISTRATION

EMBRIK

A MHNicrocomputer program for computing one

Main Menu ===========1
project Definition

soil Profile and soil paran.
Hater table definition
Stress history

Vertical stress increment
system of Units

Haintain file

Run program

Exit to DOS |

dinensional compression vertical settl t
due to embankment loads. The program follous
the esquationzs presented by Lanbe&Whitman
€1969), Ladd (1973> and Poulos&Davis (1974).
For the case of a strip symmstrical vertical
enbankrent loading the program superimposes
tue vertical embankment loads. For the
increment of vertical stresses at and of
fill, the program superimposes a series of
rectangular loads.

PROTOTYPE ENGINEERING INC.
57 Uestland Avenue
Winchester, MA 91890
(617> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then < » Make selection.

EMBANK MAIN MENU - EXIT TO DOS
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FEDERAL HIGHWAY ADMINISTRATION

EMBRI R

A HMicrocomputer progran for computing one
dimensional compression wvertical settlement
due to embankment loads. The pragram follous

the equations presented by Lambe&Whitman

(1969>, Ladd €(1873) and Poulos&Davis €1974).
For the case of a strip symmetrical vertical
enbankment loading the program superimposes
tuwo wvertical embankment loads. For the
increment of wvertical stresses at end of
fill, ths program superimposes a series of
rectangular loads.

e, Exit to DOS

Main Meru
project Definition
soil Profile and sail param,
Water table definition
Stress history

VUertical stress increment
systen of Units
Maintain file
Run progras
Exit to DOS

No Ty
PROT NG INC.
S? Uestland Avenue
Hinchester, MA 81890
(617> 728-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then <l » Make selsction. (Esc) » Main Menu

EXIT TO DOS MENU - SELECTION OF YES
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EMBANK Appendix B Example 2

Example No. 2: Approach Embankment Settlement
This example is similar to the one presented in the U.S Department of
Transportation, FHWA, Soils and Foundations Workshop Manual, p. 165.

Figure EX-2 shows the problem geometry and soil parameters. The purpose
of the example is to compute the settlement of the clay stratum under points
A through D. The clay stratum is divided into seven sublayers.

Table EX-2 presents a summary of the computer-calculated and hand-
computed settlement for points A through D.

Table 2. Summary of surface settlements

Surface Settlement (in)
Point Computer Hand-Calculated
A 34.46 34.46
B 23.99
C 7.51
D 18.97
L 60t N \/
u I60 f-ti
100 ft
30ft -
» C
101t : A 221 _ | COMPRESSIBLE — y=110pcf P
D p D
\ y=127pcf 2 6oft| @B
C,=0.35 o
351t — CLAY — ¢ C
C, =0.035 y
w = 35%
! G=278 I
X
— SAND —
(a) Cross Section {b) Plan View
Not to scale

Figure 11. Approach embankment settlement
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Example No. 2: Approach Embankment Settlement

Problem: Compute settlement at point A in figure 11.
— Geostatic Effective Vertical Stresses
+ Divide compressible clay stratum into seven 5-ft substrata.

+ Compute effective vertical stresses at midpoint for each substrata;
obtain table below:

z= 125t &=110x 10+ 127x 2.5- 624 1.5 949.5 psf
z=175f1 3= 110x 10+ 127 x 7.5 - 62.4 x 125 = 1272.5 psf
z=225f1 G3=110x 10+ 127x 12.5~ 62.4 x 17.5= 1595.5 psf
z=275ft Gy=110x 10+ 127 x 17.5- 62.4 x 22.5= 1918.5 psf
z=325ft 5= 110% 10+ 127 x 22.5 - 624 x 27.5= 22415 psf
z=375ft = 110 10+ 127 % 27.5 - 62.4 x 32.5 = 2564.5 psf
2= 425t ;= 110% 10+ 127 x 32.5 ~ 62.4 x 37.5= 2887.5 psf

— Determine Increments of Effective Stress

+ Program divides embankment load into 10 3-ft high rectangular sub-
loads, as shown in figure 6 of the main text.

* Program extends loads to y,,. = y; + 10b, =0 + 10 x 60 = 600 ft.

« Coordinates of lower left and upper right corners of each sub-load are
as follows: (Refer to figure 7 of main text.)

Sub-Load No. X Y1 X, Y2
1 57 57 163 600
2 51 51 169 600
3 45 45 175 600
4 39 39 181 600
5 33 33 187 600
6 27 27 193 600
7 21 21 199 600
8 15 15 205 600
9 9 9 211 600
10 3 3 217 600

+ Note that “x” and “y” coordinates of point A are:
x4= 110 ft; y,= 60 ft

« The configuration of a typical sub-load and its relation to point A is
shown below:
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(Xz' Y2)

Note: Values of x;, x5, y;, and y,
are as shown on table in
previous page for each sub-
load. In all cases, y, = 600
ft.

LA
(110,60
|

(X %) i

Q Embankment
@x=110ft

« For each sub-load, the increments of vertical stress at point A must
be computed by superposition, as shown below:

(X5 ¥,) (110, 600)
= 2 X + 2 X
oA A '
(110, 60) (X, 60)
L) (%, Y,
(0) = 2 X (a) + 2 X (b)
(0) = 2 X [ (a) + (b) ]

« Equation (14) in main text is applied to superposition steps (a) and
(b) for each sub-load in order to compute the increments of stress.

P Ib bz (1 1
, = —— arct,;(—)+ — (—2 +— (14)
2n zRy) R3 \R} R;
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Parameters R, R, and R are defined in figure 8:
Ry = (1*+ 2y
Ry=(b%+ z")%
Ry=(%+b%+ KX

+ Tables 1 through 7 on the following pages summarize the
computation for z = 12.5; 17.5; 22.5; 27.5; 32.5; 37.5; and 42.5 ft.

Parameters C; and C, in the tables are defined as follows:

C = arctg[-lb—)
ZR 3
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Table 3. Approach Embankment Settlement
Summary Caiculations for Increment of Stresses at Depth

z = 12.5 feet

) ) Increment
b 1 Ry R R, cC, G o,

3 53 296525 16525 54.54 023 023 2867 5735
53 540 291756.30 2965.25 542.74 134 0.22 96.99 193.98
9 59 363725 23725 6098 0.61 049 68.10 136.21
59 540 291756.30 3637.25 54336 136 020 97.13 194.25
15 65 438125 38125 67.87 085 0.51 8483 169.67
65 540 291756.30 4381.25 544.04 138 0.19 97.22 194.44
21 71 519725 59725 75.09 1.01 0.46 9139 182.77
71 540 291756.30 5197.25 544.79 140 0.17 97.28 194.56
27 77 608525 885.25 8255 1.11 0.41 94.19 188.38
77 540 291756.30 6085.25 54561 141 0.16 97.33 194.66
33 83 704525 124525 90.19 1.18 036 95.53 191.06
83 540 291756.30 7045.25 54648 142 0.15 97.36 194.72
39 89 807725 1677.25 9797 123 032 9624 19248
89 540 291756.30 8077.25 54743 143 0.14 97.39 194.78
45 95 918125 218125 105.86 127 0.29 96.65 193.29
95 540 291756.30 9181.25 54844 144 0.13 9741 194.82
51 101 10357.25 2757.25 11383 1.30 026 96.89 193.79
101 540 291756.30 10357.25 549.51 145 0.12 9742 194.85
57 107 11605.25 3405.25 121.88 1.33 0.24 97.05 194.11
107 540 291756.30 11605.25 550.64 145 0.12 9743 194.87

Increment of Stress = 3645.02 (psf)

b
where: C; = arctg(——}
ZR3
bz 1 1
o=l L
R3; (R R;
P
o,= —(C;+C
2 2”(1 )
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Table 4. Approach Embankment Settlement
Summary Calculations for Increment of Stresses at Depth

z = 17.5 feet

5 ) Increment
b 1 R} R; R, ¢ G o

z

3 53 311525 31525 5589 0.16 0.17 20.80 41.59
53 540 29190630 311525 54288 125 030 96.18 192.37
9 59 378725 38725 6220 045 043 54.57 109.14
59 540 29190630 3787.25 54350 1.28 0.27 96.52 193.05
15 65 453125 531.25 6897 0.68 0.52 7447 14895
65 540 291906.30 4531.25 544.18 131 025 96.76 193.51
21 71 534725 74725 76.08 0.84 0.52 84.72 169.45
71 540 29190630 5347.25 54493 133 023 96.92 193.85
27 77 623525 103525 8345 096 049 8997 179.94
77 540 29190630 623525 54574 135 022 97.04 194.09
33 83 719525 139525 91.02 1.04 045 92.78 185.55
83 540 291906.30 7195.25 546.62 136 0.20 97.13 194.26
39 89 822725 1827.25 9873 1.11 041 9437 188.74
89 540 291906.30 8227.25 547.56 137 0.19 97.20 194.40
45 95 933125 233125 106.57 1.16 0.38 9533 190.66
95 540 29190630 9331.25 548.57 1.39 0.18 97.25 194.50
51 101 10507.25 2907.25 11449 120 035 9593 191.87
101 540 291906.30 10507.25 549.64 140 0.17 97.29 194.58
57 107 1175525 355525 12249 123 032 9633 192.67
107 540 291906.30 11755.25 550.78 141 0.16 97.32 194.65

Increment of Stress = 3537.82 (psf)

where: C, = arctg[i-)
ZR3
L bzf1 1
G=212t 2
3 Rl R2

P
o,= E;(Cl +G)
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Table 5. Approach Embankment Settlement
Summary Calculations for Increment of Stresses at Depth

z = 22.5 feet

Increment
b 1 R? R? Ry, C; G o,

3 53 331525 51525 5766 0.12 0.14 1621 3241
53 540 29210630 331525 543.06 1.17 036 9491 189.81
9 59 398725 58725 63.78 0.35 0.37 4471 89.42
59 540 29210630 3987.25 543.68 120 034 9555 191.10
15 65 473125 73125 7040 0.55 049 64.79 129.57
65 540 292106.30 473125 54436 124 031 96.00 192.00
21 71 554725 94725 7738 0.71 0.54 77.21 15443
71 540 29210630 5547.25 545.11 126 0.29 96.33 192.65
27 77 643525 123525 84.64 0.83 0.53 84.57 169.14
77 540 292106.30 6435.25 54593 1.28 0.27 96.56 193.13
33 83 739525 1595.25 9211 092 0.51 8894 177.89
83 540 292106.30 739525 546.80 1.30 0.26 96.74 193.49
39 89 842725 202725 99.74 1.00 048 91.62 183.23
89 540 29210630 8427.25 547.75 132 024 96.88 193.76
45 95 953125 2531.25 107.50 1.06 045 93.31 186.62
95 540 292106.30 9531.25 548.75 1.33 0.23 96.98 193.97
51 101 10707.25 310725 11536 1.10 042 9442 188.84
101 540 292106.30 10707.25 549.82 1.35 0.22 97.07 194.14
57 107 1195525 3755.25 12331 1.14 039 95.17 190.35
107 540 292106.30 11955.25 55096 1.36 0.21 97.13 194.27

Increment of Stress = 3430.22 (psf)

b
where: C) = arctg{———]
ZR3
bz 1 1
C2= R_ -—2- + ——2-
P
o,=—(C+C
A 2n( 1+ C)

n
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Summary Calculations for Increment of Stresses at Depth

z = 27.5 feet

R;

R;

¢y

C,

Increment

S,

53

59
15
65
21
71
27
7
33
83
39
89
45
95
51
101
57
107

where: C) = arcg(

53
540
59
540
65
540
71
540
77
540
83
540
89
540
95
540
101
540
107
540

3565.25
292356.30
423725
292356.30
4981.25
292356.30
5797.25
292356.30
6685.25
292356.30
7645.25
292356.30
8677.25
292356.30
9781.25
292356.30
10957.25
292356.30
12205.25
292356.30

1o ——

Ib
R

LK)

72

765.25
3565.25
837.25
4237.25
981.25

4981.25 -

1197.25
- 5797.25
1485.25
6685.25
1845.25
7645.25
2277.25
8677.25
2781.25
9781.25
3357.25
10957.25
4005.25
12205.25

59.79
543.29

65.71
543.91

72.15
544.59

78.98
545.34

86.11
546.15

93.46
547.03
100.99
547.98
108.66
548.98
116.44
550.05
124,32
551.19

Increment

0.10
1.09
0.29
1.13
0.46
1.17
0.60
1.20
0.72
1.22
0.82
1.25
0.90
1.27
0.96
1.28
1.01
1.30
1.06
1.31

of Stress

0.12
0.41
0.32
0.39
0.45
0.36
0.52
0.34
0.55
0.32
0.54
0.30
0.52
0.29
0.50
0.27
0.47
0.26
0.45
0.25

13.19
93.17
37.47
94.19
56.49
94.93
69.81
95.47
78.64
95.87
84.38
96.17
88.14
96.41
90.65
96.59
92.36
96.73
93.56
96.85

26.38
186.33

74.94
188.39
112.97
189.86
139.63
190.93
157.27
191.74
168.76
192.34
176.28
192.81
181.30
193.18
184.72
193.46
187.12
193.70

3322.09 (psH
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Table 7. Approach Embankment Settlement
Summary Calculations for Increment of Stresses at Depth

zZ = 32.5 feet

Increment
b 1 R? R3 Ry C, G G

Z

3 53 386525 1065.25 6224 0.08 0.10 11.04 22.08
53 540 29265630 3865.25 543.57 1.02 0.45 91.02 182.03
9 59 453725 113725 6796 024 028 3198 63.96
59 540 292656.30 4537.25 544.18 1.06 0.43 92.48 184.96
15 65 528125 1281.25 74.20 038 041 49.55 99.11
65 540 292656.30 5281.25 54487 1.10 0.40 93.55 187.10
21 71 609725 149725 80.86 0.52 0.50 62.98 12596
71 540 29265630 6097.25 54562 1.14 0.38 94.34 188.69
27 77 698525 178525 87.83 0.63 0.54 72.66 145.31
77 540 29265630 698525 54643 1.17 036 9495 189.89
33 83 794525 214525 95.05 0.73 0.55 79.44 158.88
83 540 292656.30 794525 54731 1.19 0.34 9541 190.81
39 89 897725 2577.25 10246 0.81 0.55 84.17 168.33
89 540 292656.30 8977.25 54825 122 0.33 9577 191.53
45 95 10081.25 3081.25 11003 0.87 0.54 8747 17495
95 540 292656.30 10081.25 549.26 1.24 0.31 96.05 192.10
51 101 11257.25 3657.25 117.72 0.93 0.52 89.82 179.65
101 540 29265630 11257.25 55032 125 0.30 96.27 192.55
57 107 1250525 4305.25 12552 0.98 049 91.52 183.03
107 540 292656.30 12505.25 55146 127 0.28 9646 19291

Increment of Stress = 3213.81 (psf)

where: C; = arctg(ﬂ)—)

ZR3
Ibz( 1 1
C2=—z—2+—5
Ry\RY R

P
o,= —(C;+C
2= .G 2
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Table 8. Approach Embankment Settlement
Summary Calculations for Increment of Stresses at Depth

z = 37.5 feet

Increment
b 1 R} R} Ry C G o

z

3 53 421525 141525 6499 0.07 0.09 942 1884
53 540 29300630 421525 543.89 095 047 8854 177.09
9 59 488725 148725 7049 020 0.25 27.68 55.37
59 540 293006.30 4887.25 544.51 1.00 046 90.46 180.91
15 65 5631.25 163125 76.53 0.33 038 4378 87.55
65 540 293006.30 5631.25 545.19 1.04 0.44 91.89 183.77
21 71 644725 184725 83.00 045 047 56.85 113.71
71 540 293006.30 644725 54594 1.08 042 9297 18594
27 77 733525 213525 89.80 0.55 0.52 6691 133.83
77 540 29300630 7335.25 546.75 1.11 040 93.80 187.60
33 83 829525 249525 9687 0.65 0.55 74.41 14882
83 540 293006.30 8295.25 547.63 1.14 0.38 94.45 188.89
39 89 932725 2927.25 104.15 0.73 0.56 79.91 159.82
89 540 29300630 9327.25 54857 1.17 036 94.96 18991
45 95 10431.25 343125 11161 080 0.56 8394 167.88
95 540 29300630 1043125 549.57 1.19 035 95.36 190.72
51 101 11607.25 4007.25 11920 0.86 0.54 86.90 173.81
101 540 293006.30 11607.25 55064 121 033 95.68 191.37
57 107 12855.25 465525 12690 091 0.53 89.11 178.21
107 540 293006.30 12855.25 551.77 123 032 95.95 191.90

Increment of Stress = 3105.92 (psf)

b
where: C| = arctg —
ZR3

©ORs\R] R}

P
o, = Ey_r(cl +G)
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Table 9. Approach Embankment Settlement
Summary Calculations for Increment of Stresses at Depth

Z = 42.5 feet

Increment

R

R;

R,

¢

G,

53

59
15
65
21
71
27
77
33
83
39
89
45
95
51
101
57
107

53
540
59
540
65
540
71
540
77
540
83
540
89
540
95
540
101
540
107
540

4615.25
293406.30
5287.25
293406.30
6031.25
293406.30
6847.25
293406.30
7735.25
293406.30
8695.25
293406.30
9727.25
293406.30
10831.25
293406.30
12007.25
293406.30
13255.25
293406.30

1815.25
4615.25
1887.25
5287.25
2031.25
6031.25
2247.25
6847.25
2535.25
7735.25
2895.25
8695.25
3327.25
9727.25
3831.25
10831.25
4407.25
12007.25
5055.25
13255.25

68.00
544.26

73.27
544 87

79.10
545.56

85.37
546.30

92.00
547.12

98.92
547.99
106.06
548.93
113.39
549.94
120.86
551.01
128.47
552.14

0.05
0.89
0.17
0.94
0.28
0.99
0.39
1.03
0.49
1.06
0.58
1.09
0.66
1.12
0.73
1.14
0.79
1.17
0.84
1.19

0.08
0.49
0.22
0.48
0.34
0.46
0.44
0.45
0.50
0.43
0.54
041
0.56
0.40
0.57
0.38
0.56
0.36
0.55
0.35

8.15
85.84
24.23
88.19
38.92
89.98
51.43
91.37
61.55
92.45
69.47
93.30
75.55
93.98
80.19
94.52
83.71
94.96
86.40
95.32

15.29
171.68

48.26
176.37

77.84
179.97
102.86
182.74
123.11
184.90
138.95
186.61
151.11
187.96
160.37
189.05
167.42
189.93
172.80
190.64

Increment of Stress = 2999.06 (psf)
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Compute settlement.

+ Use the following expression:

n n o
vf
p=D pi= X, H;CR log —
i=1 i=1 -
%

where:
n = number of sublayers =7

H; = thickness of each substrata = 5 ft
CC
Qa+ eo)

CR = Virgin Compression Ratio

0= Final vertical effective stress = 5,9 + A 0,
0,0 = Initial vertical effective stress

+ Determine value of CR:

CC
T (1+eg)
Gw
Use: Gw=Se = 8=T

Therefore: e, = —Gsi = —?'—7—5-;—);—0—%2 Note: Assumed S = 100%

ep= 0973

C, 0.35
Thus: CR= —— = . =0.177
us (I+¢g)  (1+0973)

76




EMBANK Appendix B Example 2

« Apply expressions above; obtain table below:

() G0 AG, G Gy = G+ AS,  py=HCR log —L
Oy,
12.5 949.5 3645.024 4594.524 0.6073516 ft
17.5 1272.5 3537.818 4810.318 0.5122418
225 1595.5 3430.215 5025.715 0.4419801
27.5 1918.5 3322.095 5240.595 0.3870922
325 2241.5 3213.811 5455311 0.3426211
37.5 2564.5 3105.922 5670.422 0.3056625
42.5 2887.5 2999.06 5886.56 0.2743762
Total Settlement: 2.8713 ft
34.46 in
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Compilation of Computer Screens for
Example 2

FEDERAL HIGHWAY ADMINIST

RATION

EMIE R

UK

A MNicrocomputer program for computing one
dimensional compression vertical settlement due
to enbankment loads. The program follous the
squations presented by Lambe&UWhitman (1969),
Ladd (1973 and Poulos&Davis (1974). For the
case of a strip symeetrical vertical embanknent
loading the program superimposes tuo vertical
enbanknent loads. For the increment of vertical
stresses at end of fi1l, the progran
superinposes a series of rectangular loads.

PROTOTYPE ENGINEERING INC.
57 Uestland Avenue
Uinchester, MA 81890
<617> 729-2363

Attn. Dr. Rifredo Urzua

Version 2.88/0ctaber 1991

OPENING SCREEN

Hit <F18> to continue

FEDERAL HIGHUAY ADMINIST

RATION

E BRI

A HNicrocamputer program for computing ane
dimensional compression wvertical settlement

Hain Henu

project Definition

soil Profile and soil parans.
Water table definition
Stress history

Vertical stress increment
systen of Units

Haintain file

Run program

Exit to DOS

due to embankment loads. The program follous

the equations presented by Lambe8Whitman
(1969), Ladd (1973 and Poulos&Davis (1974)>.
For the case of a strip sywmetrical vertical
enbankment loading the program superinmposes
tuo wvertical embankment loads. For the
increnent of wvertical stresses at end of
fill, the progran superimposes a series of
rectangular loads.

PROTOTYPE ENGINEERING INC.
5?7 Uestland Avenue
Uinchester, MA 01898
(617> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then <«J » Make selection.

EMBANK MAIN MENU - SELECTION OF PR

18

0JECT DEFINITION
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FEDERAL HIGHUAY ADMINISTRATION

|
| PROJECT DEFINITION
| Client

Project Name

ProJject Manager
A HMicrocompute| File Name
dimensional com| Date

due to embankme| Computed by

the equations

13792

(1969, Ladd (1==== Hit <F18> to accept values ==smzzmd

For the case of

enbanknent loading the program superimposes
tuo wvertical enmbankeent loads. For the
increment of wvertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

Hater table definition

Any client
Approach Embankment
ALM

EXAMPLE2, ENB

Main Menu ——I
pro.ject Definition
soil Profile and soil param.

s increment
s

CHN/DD/YY)

INEERING INC.
5?7 Hestland Ruenue
Hinchester, HA 018950
(617> 729-2363
Attn. Dr. Alfredo Urzua

PROJECT DEFINITION SCREEN

FEDERAL HIGHUAY ADMINISTRATION

EMIBIRIN K

A HNicrocomputer program for computing one
dimensional compression vertical settlement

Main Menu
project Definition

soil Profile and soil paranm.

Hater table definjtion
Stress history

Uertical stress increment
system of Units

Maintain file

Run program

Exit to DOS

due to embankment loads. The program follous
the equations presented by Lanbe&Whitman

€1969>, Ladd <(1973> and Poulos&Davis (1974).
For the caze of a strip symmetrical vertical
subankment loading the program superimposes
two wvertical embankment loads. For the
increment of vertical stresses at end of
fi11, the program superimposes a series of
rectangular loads.

PROTOTYPE ENGINEERING INC.
5?7 Uestland Auenus
Hinchester, MA 01890
(617> 729-2363

Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then < » Make selectien.

EMBANK BMAIN MENU - SELECTION OF SOIL PROFILE

79




EMBANK Appendix B Example 2

FEDERAL HIGHUAY ADMINISTRATION

Haﬁn Henu I

' soxl Prof:l? and Knl‘ paran
I I s0il Profile and soil paran.
1 Uoid ratio per nlog stress
: l | Strain per alog stress

Run progran
A Microcomputer program for computing one | Exit to DOS
dimensional compression vertical settlement
due to embankwent loads. The program follous
the equations presented by Lambe&Whitman
(1969), Ladd (1973 and Poulos&Davis (1974),
For the case of a strip symmetrical vertical PROTOTYPE ENGINEERING INC.

enbankment loading the program superimposes 57 Uestland Avenus
tuo wvertical embankment loads. For the Winchester, MQ 01898
increment of vertical stresses at end of (617> 729-2363
fill, the program .superinposes a series of Attn. Dr. Alfredo Urzua

rectangular loads.

Enter lstter only, or use arrous then <«J » Make selection. <Esc> » Main Menu

SOIL PROFILE MENU - SELECTION OF UOID RATIO PER LOG STRESS

[ FEDERAL HIGHUAY ADMINISTRATION

Elev, of top of layer = 108.00 -I

"
-

Layer Number

Number of sublayers = 1 (for this layer>
Sublayer 1

Unit ueight of soil = 110.0@

Incompressiblel

— Layer
1 Type of layer

Sublayer n

1}

Sublayer 1

---------- i~ Layer
2
Sublayer 2
_ ]
Is this the last layer of profile No

Hit <F18> to continue =
Space Bar—Next iten Alt-H-Henu

SOIL DESCRIPTION AND PARAMETERS FOR LAYER #1

80
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FEDERAL HIGHUAY ADMINISTRATION

L]
Sublayer 1

Sublayer n

Sublayer 1

Sublayer 2

Layer Number =

2 Elev. of taop of layer = 90.00 -|
Number of sublayers = 7?7 (for this layer)
Unit uweight of soil = 127.00

— Layer

1 Type of layer Compressible

=

Layer soil properties = [ EYIRIVIEEIET

Compression Index Esti] Initial void ratio l

|~ Layer Initial wvater content

2 Recompression Index Esti

Suelling Index Estimated from e-logp curves

Is this the last layer of profile No

Hit <F3> to Prev. Layer === Hit (F18> to continue

Press space bar to see menu options and then <{Ret> to Input values

f
=== Layer Soil Properties ADHMINISTRATION
s
Fl Initial Water Content = 35.08% l
Specific Gravity of Solids = 2.78 layer = 90.00 -]
-Degree of Saturation = yers = 7?7 (for this layer) 1
beseee Hit <F10) to accept values === soil = 127.00
------- 1 Type of layer = Compressible
Sublayer n
e Layer soil properties = Initial uwater content
Sublayer 1
Compression Index Estimated from e-logp curves
------- ———— Layer
2 Recompression Index Estinated from e-logp curves
Sublayer 2

SOIL DESCRIPTION AND PARAMETERS FOR LAYER #2

Suelling Index Estinated from e—logp curves

Is this the last layer of profile No

Hit <F9> to Prev. Layer === Hit <F18> to continue =

INITIAL WATER CONTENT - LAYER #2
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I = ]

Layer Nusber = 2 Elev. of top of layer = 90.00 -I
R Number of sublayers = 7?7 (for this layer)
Sublayer 1
————m e Unit weight of soil = 127.80
: |~ Layer
———— 1 Type of layer = Compressible
Sublayer n
—— Layer soil properties = Initial uater content
Sublayer 1
Compression Index
-===es~ew—— |- Layer -l
Recompression Index | Estimated from s-logp curves
Sublayer 2

- Suelling Index

Is this the last layer of profile Mo J J

Hit <F9> to Preu. Layer === Hit <F18> to continue
Press space bar to see menu options and then (Ret)> to Iinput values

COMPRESSION INDEX MENU - FHWAC1982)

r
[ Compression Index

rl The Federal Highway Adninistration (FHUA) in the soi]l | =——ee—m————— I
and Foundations Workshop Manual (1982) estimates the
Comprassion Index by dividing the initial soil
noisture content by 160.
this layer)
Comp. Index = Initial Water Content Cin %) 7 Constant

uhere constant = 188

Constant = ssible

T ey

e Hit {F18> to accept value =————————=——

water content

Conpression Index Computed using FHUAC1982)
——— Layer

2 Recompression Index Estinated from e—logp curves
Sublayer 2

Suelling Index Estinated from e-logp curves

Is this the last layer of profile Mo

Hit <F9> to Prev. Layer == Hit <F10> to continue =

FHUAC1982> PROCEDURE SCREEN
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” Compression Index |

Layer Number = 2 Elev. of top of layer = 98.00

Sublayer 1

Unit weight of soil 127.00

: — Layer

1 Type of layer = Compressible
Sublayer n

— Layer soll properties = Initial uwater content
Sublayer 1
Compression Index Computed using FHUAR(1982>
--=====———— |~ Layer

Reconpression Index RIREEY I ICH T I

— Suelling Index Estimated from e-logp curves

Computed using FHUAC1982)

E——— Number of sublayers = ? (for this layer) ]

Sublayer 2

Is this the last lay

Hit <F9> to Prev. Layer ==== Hit <F10> to continue = =
Press space bar to see menu aptions and then <(Retd> to input values

RECOMPRESSION INDEX MENU - FHWAC1382)

F
I Recompression Index

rl The Federal Highway Administration CFHUA> in the soils | =—ee——————
and Foundations UWorkshop Hanual <(1382) estimates the
Recomprassion Index by dividing the initial soil
noisture content by 1888.

is layer)
Recomp. Index = Initial Hater Content Cin %> 7 Constant
uhere Constant = 1880
Constant = ible

— ey —2 |

s Hit <F18> to accept values =——=w=====——==d ter content
Conpression Index Computed using FHUAC1982)
------- _— Layer
2 Recomnpression Index Computed using FHUA(1982)
Sublayer 2
e —— Suelling Index Estimated from e-logp curves

Is this the last layer of profile No

Hit <F9> to Prev. Layer ==== Hit <F18> to continue =

RECOMPRESSION INDEX -~ FHUAC1982) PROCEDURE SCREEM
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Her pression Index

1

! l

Layer Number = 2 Elav. of top of layer = 90.98 -|
SR— Nunber of sublayers = ? (for this layer)
Sublayer 1
------- Unit weight of soil = 127.00
- Layer
------- 1 Type of layer = Compressible
Sublayer n
——— Layer soil properties = Initial uater content
Sublayer 1
Coupression Index Computed using FHUAC1982)
-------- ——— }~ Layer
Recompreszion Index Computed using FHUAC1982)
Sublayer 2
—— Suelling Index Estimated from e-logp curuey
Is this the last lay Estlnated from e~logp curuc:
Sdnt as rLLonprLsslun index

Hit <F9> to Preu. Layer

Press space bar to see mwenu aoptions and then <Ret) te Lnput values

SWELLING INDEX - LAYER #2Z

| . Bl
ll Recompression Index I I
Layer Number = 2 Elev. of top of layer = 90.08 -l
—— Nunber of sublayers = 7 (for this layer)
Sublayer 1
——————— Unit ueight of soil = 127.08
|- Layer
-------- — 1 Type of laver = Conmpressible ]
Sublayer n
—_— Layer soil properties = Initial water content
Sublayer 1
Conpression Index Computed using FHUAC1982) -
------- ——— = Layer
2 Reconpression Index Computsd using FHUAC1982)
Sublayer 2
———— Suelling Index Same ag recompression index
Is this the last layer of profile
Hit <F9> to Prev. Layer »== Hit <F10> to continue =~ =

Space Bar-Next item Alt-N-Nenu

DEFINING LAYER #Z AS LAST LAYER OF SOIL PROFILE
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f
II Recompression Index

Layer Number = 2

Elev. of tap of layer = 90.00 -]

— Suelling Index

EE— Number of sublayers = 7 (for this layer) 1
Sublayer 1
——————— Elev. of bottom of last layer = ible
Sublayer n
— Hit <F18> to accept value =s=—=== ter content
Sublayer 1
Compression Index Conputed using FHUIAC1982)
—————————— — Layer :
2 Recompression Index Computed using FHUAC1982)
Sublayer 2

Is this the last layer of profile Yes

Hit <F9> to Prev. Layer === Hit <F18> t¢ continue =

Same as recompression index

DEFINING THE THICKNESS OF THE SOIL PROFILE

FEDERAL HIGHWAY ADMINISTRATION

EMIBRITIR:

Hain Henu I
project Definition

soil Profile and soil paran.
Stress history

UVartical stress increment
system of Units

Haintain file

A Hicrocomputer program for computing one
dimensional compression vertical settl t

Run pragram
Exit to DOS

due to embankment loads. The program follous
the equations presented by Lambe&Uhitwnan
(1969), Ladd (1973) and Poulos&Davis (1874).
For the case of a strip symmetrical vertical
enbankment loading the program superimposes
tuo vertical embankment loads. For the
increment of vertical stresses at end of
£ill, the program superimposes a series of
rectangular loads.

PROTOTYPE ENGINEERING INC.
S? Uestland Avenue
Uinchester, NA 018950
(617> 729-2363
Attn. Dr. Rifredo Urzua

Enter letter only, or use arrous then <t » Make selection.

EMBANK MAIN MENU - SELECTION OF WATER TRBLE DEFINITION
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FEDERAL HIGHWAY ADMINISTRATION

project Definition
s0il Profile and soil param.

Hater table definition h

Stress

=110

p===== Water Table Definition

ENE

Elev. of Water Table
AR Nicrocomputer pro L==

dimensional compress Hit <F1B> to accept values
dus to embankment loa

the equations presented by Lambe&Whitman

Vertical stress increment

- NEENT

Main Menu ===—==—]

history

Units
ile
[, ]

S

(1969>, Ladd (1973> and Poulos&Davis (1974).
For the case of a strip symmstrical vertical
enbankrent loading the progran superimposes
tuo vertical embankment loads. For the
increnent of wvertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

PROTOTYPE ENGINEERING INC.
57 Mestland Auvenue
Uinchester, MR 81898

Attn. Dr. Alfredo Urzua

617> ?729-2363

WATER TABLE AT ELEVATION 95 FT.

FEDERAL HIGHUAY ADMINISTRATION

EMIB R

project Definitlon
s0il Profile and soil paran.
Water table definition
Stress history

Stress history .
Normally consolidated soil ‘
User defined stress history |

Main Menu

A Microcomputer program for computing one
dimensional compression vertical settlement

due to smbankeent loads. The program follous
the equations presented by LambedUhitwan

(1969), Ladd (1973) and Poulos&Davis (1974).
For the case of a strip symnetrical vertical
enbankment loading the progras superimposes
tuo vertical ewmbankwent loads. For the
incresent of wuvertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

PROTOTYPE ENGINEERING INC.
5?7 Uestland Auenue
Hinchester, MA 81890

Attn. Dr. Alfredo Urzua

€617> 729-2363

Enter letter only, or use arrous then 4+J » Make selectlon. <Esc> » Main Menu

COMPRESSIBLE LAYER IS DEFINED AS NORMALLY CONSOLIDATED
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FEDERAL HIGHUAY ADMINISTRATION

Main Henu =
pro ject Definition

| I I soil Profile and soil param.
Water table definition
| Stress history
| | |
| susten of Units

Haintain file
Run progran

A Hicrocomputer program for computing one | Exit to DOS

dimensional compression vertical settlement
dus to smbankment loads. The program follous
the equations presented by LambeiWhitman
(1969, Ladd (1973) and Poulos8Davis (1974>.
For the case of a strip symmeetrical vertical PROTOTYPE ENGINEERING INC.

snbankment loading the program superimposes 5?7 Uestland Auvenue
two wvertical ewmbankment loads. For the Winchester, MA 81890
increnent of wvertical stresses at end of 617> 729-2363
fill, the program superimposss a series of Attn. Dr. Alfredo Urzua

rectangular loads.

Enter letter only, or use arrous then <4 » Make selection.

EMBANK MAIN MENU - SELECTION OF VERTICAL STRESS INCREMENT

FEDERAL HIGHUAY ADMINISTRATION

Main Henu
project Definition

soil Profile and soil paran.
Hater table definition
Strn:s historg

Uertical stress increncnt

strip Synnetrical vertical embankment loading

lncrcnhnt of stresses Beneath the end of a fill

A Microcomputer program fo
dimensional compression ver

due to embankment loads. The progran follous
the equations presented by LambedUhitman
(1969), Ladd (1973) and Poulos&Davis (1974).
For the case of a strip symmstrical vertical PROTOTYPE ENGINEERING INC.

enbankment loading the progras superimposes 57 Uestland Avenue
tuo vertical smbankment loads. For the Winchester, HA 81838
increment of uvertical stresses at end of (617> 728-2363
£ill, the program superimposes a series of Attn. Dr. Alfredo Urzua

rectangular loads.

Enter letter only, or use arrous then <t » Nake selection. <Esc> » Main Henu

VERTICAL STRESS INCREMENT MENU - SELECTION OF END OF FILL CONDITION
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END OF FILL CONDITION
CHARACTERISTICS OF FILL

El Height of ftll = 308.00
Hidth of top of fill w = 108.60
Unit ueight of fill = 138.08

Y
COORDINATES
Point A: x1
Point B %2

0.8 yi

F POINTS FOR COMPUTATION OF SETTLEMENT

= 8.98 -
68.88 y2 = 68.90 ACm>= (x1i,y1>
X

calculate in = X Point s/ t
X coordinate = 119.00 4 H -
[—O ¥ - 4
Eep————
y caordinate = QTR 2z
INC.
FOUNDATION ELEV. e
z = 100.00 9
Hit <F18) to accept values — r2ua
i L

EMBANK Appendix B Example 2

!

o,

7 BCod= (x2,y2> \

END OF FILL GEOMETRY - POIN

T A COORDINATES

FEDERAL HIGHUAY ADHIN

ISTRATION

EMIBIRI R,

Main Menu
project Definition
soil Profile and soil param.
Uater table definition
Stress history

Uertical stress increment
systes of Units

Maintain file

A Microcomputer program for computing one
dimensional compression vertical settlement
due to embankment loads. The program follous
the esquations presentad by LambeiUhitman
(1969, Ladd <1873) and Poulos8Davis (1974>.
For the case of a strip symmetrical vertical
embanknent loading the program superimposss
tuo vertical enbankment loads. For the
increnent of wvertical stresses at end of
£111, the program superimposes a series of
rectangular loads.

Exit to DOS

PROTOTYPE ENGINEERING INC.
57 Hestland Avenue
Winchester, MA 01898
617> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous the

n <4 » Make selection.

EMBANK MAIN MENU - RUN PROGRAM
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——— ONE DIMENSIONAL SEYTLEMENT ANALYSIS/Federal Highuay Administration

INCREMENT OF STRESSES BENEATH THE END OF FILL CONDITION
LAYER COEFFICIENT UNIT  SPECIFIC UOID
N, TYPE THICK. COMP. RECOMP. SWELL. MEIGHT GRAVITY RATIO Settlement
Ftd (pefd in.)
1 INCOMP. 10.0 118.00 m— —
2 ConP. 3.6 0.358 8.935 06.835 127.80 2.78 8.97 34.46
Total Settlement = 34. 46
SUBLAVER SOIL STRESSES
N2. THICK. ELEV. INITIAL INCREMENT MAX.PAST PRESS.  SETTLEMENT
(€3] (€35 Cpsf) Cpsf) (psf) (in.)
1 INCOMP.
2 65.98 87.58 949.58 3645.83 949.50 7.29
3 65.08 82.58 1272.58 3537.82 1272.58 6.15
4 5.00 77.58 1595.58 3438.22 1595.508 5.38
S 5.608 72.58 1918.58 3322.11 1918.58 4.65
6 5.00 67.580 2241.56 3213.84 2241.50 4.11
? 65.00 62.58 2564.58 3185.97 2564.58 3.67
Hit arrou keys to display next screen. <(F8> Print. <(F18> Main Menu ——-d

PROGRAM OUTPUT -~ PARTIAL SCREEN

—— ONE DIMENSIONAL SETTLEMENT AMALYSIS/Federal Highuay Administration
INCREMENT OF STRESSES BENEATH THE END OF FILL CONDITION

LAYER COEFFICIENT UNIT  SPECIFIC VOID
N®. TYPE THICK, COMP. RECOMP. SUELL. UEIGHT GRAVITY RATIO Settlement
(33 (pef) Un)
1 INCOMP, 10.8 110. 88 ——— —
2 CodP. 3S.6 0.350 0.835 0.635 127.80 2.78 8.97 34.46
Total Settlement = 34.46

SUBLAYER SIr——-—==== Select
N2, THICK. ELEV. INITIAL INCR|| Send form to: [j-Printer, [}-Disk File. “
(€3 ) C(psD) Cp

1 INCOMP.

2 65.00 87.50 949.580 3645.83 949.508 ?.29
3 b5.08 82.58 1272.58 35372.82 1272.508 6.15
4 5.00 ?7.58 1595.580 3430.22 1595.58 5.38
5§ 5.00 72.58 1918.S8 3322.11 1918. 58 4.65
6 5.00 67.50 2241.580 3213.84 2241.50 4.11
7 b5.88 62.58 2564.58 3105.97 2564.58 3.67

Hit arrou keys to display next screen. <F8> Print. <F10> Main Menu

SELECTION OF DISK FILE PRINTED OUTPUT
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ONE DIMENSIONAL SETTLEMENT ANALYSIS/Federal Highway Administration

INCREMENT OF STRESSES BEMEATH THE END OF FILL CONDITION
y direc. = 68.80 (ft> Unit ueight of fill = 138.08 C(pcf)
Embankment top uwidth = 180.00 (ft) p load/unit area = 3900.08 (psf)
Enbankment bottom uidth = 228.88 (ft)> Foundation Elev. = 190.00 (ft)
Ground Surface Elev. = 100.88 (ft>
Water table Elev. = 95.80 (ft> Unit weight of Wat. = 62.40 (pcf)
LAYER COEFFICIENT UNIT  SPECIFIC UWOID
N2, TYPE THICK. COMP. RECOMP. SWELL. WEIGHT GRAUITY RATIO Settlement
(€3 3] Cpcf) Cin.)
| ——— Destination File
1 INCOMP. 18.8 Ijmnza.our I
2 ComMP. 35.8 0.350 8.835 0.835
Total Settlement = 34.46
SUBLAYER SOIL STRESSES
N2, THICK. ELEV. INITIAL INCREMENT MAX.PAST PRESS.  SETTLEMENT
«ftd 't Cpsf) Cpsf) (psf) (in.)
Hit arrou keys to display next screen. <F8)> Print. <F18> Main Menu ——d

DISK FILE PRINTED OUTPUT - DESTINATION OUTPUT FILE NAME

ONB DIMENSIONAL SETTLEMENT ANALYSIS/Pederal Highway Administration
INCREMENT OF STRRSSES BENEATH THE END OF FILL CONDITION

Project Name 1 Approach Bmbankment Client 1 Any Client

Pile Name 1 BRXAMPLR2.RMB Project Manager : ADM

Date 1 10/02/91 Computed by t aum
Settlement for X = 110.00 (ft) Y= 60,00 (fr)

Embank. slope, x direc. = 60.00 (ft) Beight of fill H = 30.00 (ft)
y direc. = 60.00 (ft) Unit welight of £ill = 130.00 (pct)

Embankment top width = 100.00 (ft) p load/unit area = 3900.00 (psf)

Bmbankment bottom width = 220.00 (ft) Poundation Rlev. = 100.00 (ft)

Ground Surface Elev. = 100.00 (ft)

Water table Rlev. = 95,00 (ft) Unit weight of wWat. = 62.40 (pcf)

LAYER CORFFICIENT UNIT SPECIFIC VOID
Nt. TYPE THICK. COMP. RECOMP. SWELL. WRBIGHT GRAVITY RATIO Settlement
(ft) (pef) (in.)
1 INCOMP. 10.0 ~w-v= comme —wm--- 110.00 ———— ————
2 CcoMP. 35.0 0.350 0.035 0.038 127.00 2.78 0.97 34.46
Total Settlement = 34.46
SUBLAYER SOIL STRRSSRES
Nt, THICK. BRLEV. INITIAL INCREMEBNT MAX.PAST PRESS. SETTLEMENT
(fe) (fe) (psf) (psf) (paf) (1n.)
1 INCOMP.
2 5.00 87.50 949.50 3645.03 949.50 7.29
3 5.00 82.50 1272.50 3537.82 1273.50 6.15
4 5.00 77.50 1595.50 3430.23 1595.50 5.30
5 5.00 72.50 1918.50 3322.11 1918.50 4.65
6 5.00 67.50 2241.50 3213.84 2241.50 4.11
7 5.00 62.50 2564.50 3105.97 3564.50 3.67
8 5.00 §7.50 2887.50 2999.13 29887.50 3.29
Total Settlement = 34.46 (in.)

Hit arrow keys to display next screen. <F8> Print. <F10> Main Menu
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FEDERAL HIGHUAY ADMINISTRATION

Main Menu
project Definition

| soil Profile and soil paran.
Water table definition
Stress history
Uertical stress increment
ertlcal stress increment

Sgnnetrlcal vertical embankment loading
1nchngnt of stresses Beneath the end of a Fill

A Microcomputer program fo
dinensional compression ver

due to embankment loads. The program follous
the equations presented by LambeXUhitwan
(1969), Ladd (1973> and Poulos&Davis (1974).
For the case of a strip symmetrical vertical PROTOTYPE ENGINEERING INC.

embankment loading thes program superimposes 57 Uestland Avenus
tuo vertical embankment loads. For the Hinchester, MA 81838
increment of wertical stresses at end of (617> 729-2363
fill, the program superimposes a series of Attn. Dr. Alfredo Urzua

rectangular loads.

Enter letter only, or use arrous then <1 » Make selection. <Esc) » Main Menu

EMBANK MAIN MENU - VERTICAL STRESS INCREMENT MENU

END OF FILL CONDITION

CHARACTERISTICS OF FILL
H Hetght of £i11 = 30.80 t
Hidth of top of fill uw = 1808.90 u
Unit ueight of fill = 138.08 paran.
'} - IE——
COORDINATES 7 B(o)= (X2,42) \
Point A: x1 = ©.80 yl1 = 0.90 . ent
Point B: x2 = 60.80 y2 = 60.80 ACm>= (x1,y1)
X ading
F| POINTS FOR COMPUTATION OF SETTLEMENT Q
calculate in = X Point 4 1
X coordinate = 110.68 ’/ H hd
¥y l
r'. ———
y coordinate = 8. 8a) 4
INC.
FOUNDATION ELEV. .
= 100.960 98
Hit <F18> to accept values rzua

END OF FILL GEOMETRY - POINT C COORDINATES
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FEDERAL HIGHWAY ADMINISTRATION

ERBRTR

@ Hicrocomputer program for computing one
dimensional compression vertical settlement
dus to smbankment loads. The program follous
the equations presented by Lambe&Whitsan
<19693>, Ladd <1973) and Poulos&Davis (1974)>.
For the case of a strip symmetrical vertical
enbankment loading the program superinposes
tuo vertical enbankment loads. For the
increment of vertical stresses at end of
fill, the program superimposes a series of
ractangular loads.

Main Menu
pro ject Definition
soil Profile and soil paranm
Water table definition
Stress history

Uertical stress increment
system of Units

Halntain file

Exit to DOS

PROTOTYPE ENGINEERING INC.
57 Uestland Avenue
Hinchester, MA 01830
(617> 729-2363
Attn, Dr. Alfredo Urzua

Enter letter only, or use arrous then +! » Make selection.

EMBANK MAIN MENU - RUN PROGRAM

Ground Surface Eleu.
Hater table Elev.

Project Name : Approach Embankment Client { Any Client
Pro ject Number : 91-123% Pro ject Manager : AUM
Date 1 18/682/91 Computed by toaum
Settlement for X = 110.00C(fL) Y= 0.80 (ft)-

Embank. slope, x direc. = 68.80 (ft) Height of fill H = 30.88 (ft)

y direc. = 68.88 (Ft> Unit ueight of fill = 138.80 (pcf)
Enbankment top uwidth = 1080.88 (ft> p load/unit area = 3968.88 (psf)
Enbankment bottom width = 228.88 (ft) Foundation Elewv. ‘= 198.88 Cft)

ONE DIMENSIONAL SETTLEMENT ANALYSIS/Federal Highway Administration
INCREMENT OF STRESSES BENEATH THE END OF FILL CONDITIOM

160.88 (ft> Destination
95.088 (Ft)I EXAMZC. OUT

File —————————]

LAVER COEFFICIENT UNIT SPECIFIC UOID
N2, TYPE THICK. COMP. RECOMP. SUELL. WEIGHT GRAUITY RATIO Settlement
(€33} Cpef) Cinl)
1 INCOMP. 18.8 1168.08 —— -—

Hit arrou keys to display next screen. <F8> Print. <Fi8> flain Meny ——

DISK FILE PRINIED OUTPUT - DESTINATION OUTPUT FILE
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ONE DIMENSIONAL SETTLEMENT ANALYSIS/Federal Highway Administration —m—

INCREMENT OF STRESSES BENEATH THE END OF FILL CONDITION
Project Name : Approach Embankment Client : Any Client
File Name : EXAMPLE2.EMB Project Manager : AUM
Date : 10/02/91 Computed by : aum
Settlement for X = 110.00 (ft) Y = 0.00 (ft)
Embank. slope, x direc. = 60.00 (ft) Height of fill H = 30.00 (ftr)
y direc. = 60.00 (ft) Unit weight of fill = 130.00 (pcf)
Embankment top width = 100.00 (ft) p load/unit area = 3900.0C (psf)
Embankment bottom width = 220.00 (ft) Focundation Elev. = 100.00 (fr)
Ground Surface Elev. = 100.00 (ft)
Water table Elev. = 95.00 (ft) Unit weight of Wat. = 62.40 (pcf)
LAYER COEFFICIENT UNIT SPECIFIC VOID
N*. TYPE THICK. COMP. RECOMP. SWELL. WEIGHT GRAVITY RATIO Settlement
(ft) (pcf) (in.)
1 INCOMP. 10.0  ----- —--me —-o 110.00 -—— ————
2 COMP. 35.0 0.350 0.035 0.035 127.00 2.78 0.97 7.51
Total Settlement = 7.51
SUBLAYER SOIL STRESSES
N#®., THICK. ELEV. INITIAL INCREMENT MAX.PAST PRESS. SETTLEMENT
(fr) (ft) (psf) (psf) (psf) (in.)
1 INCOMP.
2 5.00 87.50 949.50 248.05 949.50 1.07
3 5.00 82.50 1272.50 343.85 1272.50 1.11
4 5.00 77.50 1595.50 432,56 1595.50 1.11
S 5.00 72.50 1918.50 513.52 1918.50 1.10
6 5.00 67.50 2241.50 586.22 2241.50 1.07
7 5.00 62.50 2564.50 650.45 2564.50 1.04
8 5.00 57.50 2887.50 706.28 2887.50 1.01
Total Settlement = 7.51 (in.)
Hit arrow keys to display next screen. <F8> Print. <F10> Main Menu

FEDERAL HIGHUAY ADMINISTRATION

Nain Menu
roject Definition

p

soil Profile and soil paran.
Water table definition
Stress history

Unrttcal stress increment
Sgnnetrical vertical embankment loading

1nLanLnt of stresses Beneath the end of a Fill

A Microcomputer progras fo
dinensional compression ver

due to embankment loads. The program follous
the equations presented by Lanbe8Uhitran
€1969), Ladd (1973) and Poulos&Davis (1374>.
For the case of a strip symnetrical vertical PROTOTYPE ENGINEERING INC.

enbanknent loading the program superimposes 57 Uestland Auvenue
tuo vertical embankwent loads. For the Winchester, QA 81838
incrensnt of vertical stresses at end of (617> 729-2363
£ill, the program superinposes a series of Attn. Dr. Alfredo Urzua

rectangular loads.

Enter letter only, or use arrous then <4J » Make selection. <{Esc> » Hain Henu

EMBANK MAIN MENU - SELECTION OF VERTICAL STRESS INCREMENT MENU
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END OF FILL CONDITION
CHARACTERISTICS OF FILL
H Height of Fill = 38.00 t
Hidth of top of fill w = 100.00 u
Unit ueight of fill = 138.920 paran.
' [ P —
COORDINATES 7 B(od= (x2,42> N\
Point A: x1 = 8.88 yi = ©0.08 . ent |
Point B! x2 = 68.88 y2 = 68.00 ACm)>= (x1,y1)
X ading
} POINTS FOR COMPUTATION OF SETTLEMENT
calculate in = X Direction 4 t
%1 coordinate = 38.88 / H -+
%2 coordinate = 190.68 ¥ 4
delta x = 80.980 [—_’ Sr——
y coordinate = FA
INC.
FOUNDATION ELEV. e
z = 190.80 98
Hit <F18> to accept values rzua

OF FILL GEOMETRY - SETTLEMENT IN X-DIRECTION

FEDERAL HIGHWAY ADMINISTRATION

EMBRITIR

A HNicrocomputer program for computing one
dimensional compression wvertical settlemsent
dus to embankment loads. The program follous
the equations presented by LanbeRUhitnan
(1969), Ladd <1373 and Poulos&Davis (1874).
For the case of a strip symmetrical vertical
enbankment loading the program superimposes
tuo vertical embankment 1loads. For the
increment of vertical stresses at end of
£111, the program superimpossg a series of
rectangular loads.

x Hain Menu
project Definition
soil Profile and soil paranm.
Vater table definition
Stress history

Vertical stress increment
system of Units

Naintain file

Exit to DOS :

PROTOTYPE ENGINEERING INC.
5?7 Uestland Avenus
Winchester, HA 91890
(617> 729-2363
fttn. Dr. Alfredo Urzua

Enter letter only, or use arrous then 41 » Make selection.

EMBANK MAIN MENU - RUN PROGRAN
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——— ONE DIHENSIONAL SETTLEMENT ANALYSIS/Federal Highuay Administration
INCREMENT OF STRESSES BENEATH THE END OF FILL CONDITION

Project Name : Approach Embankment Client : Any Client
Project Number : 91-1235 Project Manager : AUM
Date ' 18782/91 Computed by toaum

Settlenent for X-Directlion

Embank. slope, x direc.
y direc.
Enmbankment top width
Enbankment bottom width
Ground Surface Elev.

68.80 (ft> Height of fill H = 30.80 (fV
68.88 (ft) Unit weight of fill = 130.00 (pcf)

168.88 (ft> Destination File
220.88 (Ft)l EXAMZD-D. OUT I
1808.088 ('t

Water table Elsv. 95.88 (ft> Unit ueight of UWat., = = 62.48 (pcDd
LAYER COEFFICIENT UNIT  SPECIFIC VoID
N€, TYPE THICK. COMP. RECOMP. SWELL. WEIGHT GRAVITY RATIO
ft) Cpefd
1 INCOMP. 18.0 119.00 ——- —

Hit arrou keys to display next screen. <F8> Print. <Fi8> Main Memu

SELECTION OF DISK FILE PRINTED OUTPUT - DESTINATION FILE

ONE DIMENSIONAL SETTLEMENT ANALYSIS/Federal Highway Administration
INCREMENT OF STRESSES BENEATH THE END OF FILL CONDITION

Project Name : Approach Embankment Client : Any Client
File Name : EXAMPLE2.EMB Project Manager : AUM
Date :+ 10/02/91 Computed by :aum

Settlement for X-Direction

Embank. slope, x direc. = 60.00 (ft) Height of fill H = 30.00 (ft)
y direc. = 60.00 (ft) Unit weight of fill = 130.00 (pecf)
Embankment top width = 100.00 (ft) p load/unit area = 3900.00 (psf)
Embankment bottom width = 220.00 (ft) Foundation Elev. = 100.00 (ft)
Ground Surface Elev. = 100.00 (ft)
Water table Elev. = 95.00 (ft) Unit weight of Wat. = 62.40 (pcf)
LAYER COEFFICIENT UNIT SPECIFIC VOID
N8. TYPE THICK. COMP. RECOMP. SWELL. WEIGHT GRAVITY RATIO
(ft) (pct)
1 INCOMP. 10.0  -----  —cc-ee mmees 110.00 ———— ————
2 coMp. 35.0 0.350 0.035 0.035 127.00 2.78 0.97
SUBLAYER SOIL STRESSES
NB. THICK. ELEV. INITIAL MAX.PAST PRESS.
(fr) (ft) (psf) (psf
1 INCOMP.
2 5.00 87.50 949.50 549.50
3 S.00 82.50 1272.50 1272.50
4 5.00 77.50 1595.50 1595.50
S 5.00 72.50 1918.50 1918.50
6 5.00 67.50 2241.50 2241.50
7 5.00 62.50 2564.50 2564.50
8 5.00 57.50 2887.50 2887.50
X = 30.00 X = 110.00 X = 190.00
Layer Stress Sett, Stress Sett, Stress Sett,
(psf) (in.) (psf) (in.) (psf) (in.)

1 INCOMP. INCOMP. INCOMP.

2 1607.73 4.58 1946.78 S 4

3 1496.84 3.59 1941.44 4 3

4 1404.36 2.92 1932.52 3.67 1404.36 2.92
S 1328.79 2.43 1919.59 3.21 1328.79 2.43
6 1267.55 2.07 1902.51 2.84 1267.55 2.07
7 1 2 1

8 1 2 1

.16 1607.73
.28 1496.84

.58
.59

1217.89 .80 1881.37 .54 1217.89 .80
1177.30 .58 1856.48 .30 1177.30 .58

Hit arrow keys to display next screen. <F8> Print. <F10> Main Menu
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EMBANK Appendix B Example 2

FEDERAL HIGHUAY ADMINISTRATION

Hain Menu —=—===-—]

EMEIRIK

A Microcomputer program for computing one
dimensional compression vertical settlement
due to embankwent loads. The program fallous
the equations presented by LambeSUhitman
(13969, Ladd (1973) and PoulosB&Davis (1974).
For the case of a strip symmetrical vertical
enbankment loading the program superimposes
tuo wvertical embankment loads. For the
increment of vertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

project Definition

soil Profile and soil param.
WHater table definition

Stress history

Vertical stress increment
systen of Units
J
Run progran
Exit to DOS

PROTOTYPE ENGINEERING INC.
57 Hestland Auenue
Hinchester, NA 01890
(617> 729-2363
Attn. Dr. Rifredo Urzua

Enter letter only, or use arrous then <! » Make selection.

EMBANK MAIN MENU - SELECTION OF MAINTAIN FILE

FEDERAL HIGHWAY ADMINISTRATION

EMIB R

A Hicrocomputer program for computing one
dimensional compression vertical settlement
due to embankment loads. The program follous
the equations presented by Lambe&Uhitman
(1969>, Ladd (1973 and Poulos&Davis (1974).
For the case of a strip symmetrical vertical
enbankment loading the program superimnposes
tuo wvertical smbankment loads. For the
increment of wvertical stresses at end of
fi11, the program superimposes a series of
rectangular loads.

Main Menu ‘
project Definition

soil Profile and soil param.
Water table definition

Stress history

Uertical stress increment
systen of Units
Matintain file

Run g Maintain file
Exit

Retrieve flle
Clear entries

PROTOTYPE ENGINEERING INC.
57 Uestland Avenue
Winchester, MR 91890
(617> 729-2363
Attn, Dr. Alfredo Urzua

Enter letter only, or use arrous then <1 » Make selection. (Esc)> » Main Menu

MAINTAIN FILE MENU - SELECTION OF SAUE FILE
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FEDERAL HIGHUAY ADMINISTRATION

E MBI

Main Menu
project Definition
soil Profile and soil paran.
Hater table definition
Stress history

Uertical stress increment
system of Units

Haintain file

A Microcomputer program for computing one

dimensional compression wvertical sett
due to embankment loads. The programn fl EXAMPLE2. EMB

the equations presented by LanballU

Run o Maintain file
Exit
Destination File

€1969>, Ladd (1973) and Poulos&Davis (1974).
For the case of a strip symmetrical vertical
enbankment loading the program superimpozes
tuo vertical embankeent loads. For the
increment of wvertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

PROTOTYPE ENGINEERING INC.
57 Uestland Auenue
Uinchester, MA 01890
(617> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then < » Nake selection. <Esc) » Main Menu

SAVING INPUT FILE AS EXAMPLEZ.ENB

FEDERAL HIGHWAY ADMINISTRATION

B RITIR:

Hain Menu
project Definition
soil Profile and soil paranm.
Uater table definition
Stress history

Vertical stress increment
system of Units

Naintain file

A. NMicrocomputer program for computing one
dimensional compression vertical settlement
due to embankment loads. The program follous
the equations presented by Lanbe&Uhitman
(19363>, Ladd (1973) and Poulos&Davis (1974)>.
For the case of a strip symmetrical vertical
enbankment loading the program superimposes
tuo vertical embankment loads. For the
increment of vertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

Run program

Exit to DOS I

PROTOTYPE ENGINEERING INC.
57 Uestland Avenue
Uinchester, NA 01898
617> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then <1 » Make selection.

EMBANK MAIN MENU - EXIT TO DOS
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FEDERAL HIGHWAY ADMINISTRATION

EMBRITR

Hain Henu
project Definition
soil Profile and soil paran.
Uater table definition
Stress history

Uertical stress increment
system of Units

faintain file

A HNicrocomputer program for computing one
dimensional compression vertical ssttlament
due to embankment loads. The program follouws
the equations presented by LanbeRWhitsan
(1969>, Ladd (1973) and Poulos&Davis (1374).
For the case of a strip symeetrical vertical
enbankment loading the program superimposes
tuo vertical embankment loads. For the
increment of vertical stresges at end of
fill, the program superimposes a series of
rectangular loads.

Exit to DOS
e

Run program

Exit to DOS

PROT NG INC.

57 Uestland Avenus

Hinchester, 0 81890
(617> 729-2363

Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then «! » Hake selection. (Esc) » Main Menu

EXIT TO DOS MENU - YES SELECTION
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Example 3
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EMBANK Appendix B Example 3

Example No. 3: Highway Embankment Settlement

This example is presented in Appendix C of the FHWA Report No.
FHW A/RD-86/168, entitled “Prefabricated Vertical Drains, Vol. I:
Engineering Guidelines.”

Figure 12 depicts the problem geometry and soil parameters. The clay
stratum is divided into three sublayers.

Table 10 presents a summary of the computer-calculated settlement for
points A through G.

Table 10. Summary of Clay Surface Settlements

Settlement (in)

Point Computer Hand-Calculated
A 892
B 63.07 63.09
C 62.17
D 56.50 56.53
E 37.96
F 14.44 14.46
G 8.92 8.95

Note that the symmetry of the problem is fully satisfied, as EMBANK
predicts the same amount of settlement for points A and G.

COMPACTED FILL 7, = 125 pcf

‘ HIGHWAY EMBANKMENT
|

ik
—_%-—
o N

( lo]

E F G
* *—
A
25 f 25h 20ft | 20ft jo
CR=0.2 —CLAY (*) —
RR = 0.04 % = 105 pef ! 60 ft
]
— SAND — ' (9 Siress History
Z(f) Gm (oS
10 1000
30 1278
50 2130

Not to scale

Figure 12. Example 3: Highway embankment settlement
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Example No. 3: Highway Embankment Settlement

40.0° .0
200 Yan = 125 pet
P = 2500 psf B D F G
. 4

\V4
b 100 ' =
— ¢ 1 50.0 40.0° 0.0
¥, = 105 pcf 200 ' ;
CR =02 60.0° +—e2
RR =0.04 20.0'
y
’ 10.0'_}5_ ®3

Clay is overconsolidated from O to 20 ft. A maximum past pressure of &,
= 1,000 psf at z = 10 ft is used.

Settlement is computed at points B, D, F, and G and compared to program
results.

Determine geostatic effective vertical stresses at points 1, 2, and 3:

5,=10x105-10x62.4= 426 psf
3,=30x105-30x624= 1278 psf
5, =50% 105 - 50 x 62.4= 2130 psf

Determine increments of vertical stress under point B; use principle of
superposition, as explained in figure 5 of main text:

b =140 »l 90 90
P = 2400 psf

F ¥ e 3 . Y Y'Y o
B - = -+ -
r4 4 4

oY . .

b—————, ———p} ————

v d=90 \ d=90 Yy a+b-d=90
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Therefore, increments of vertical stresses are computed in this case as
two times the vertical stress increment for:

o,

P = 2400 pst

I

S —
\

For the general case shown below:

:m The vertical stresses are given by

Gz=£[ﬁ+£—i2(x—b)}
n a R}

N B IRQ In this case:
J

a= 40
X5y b= 90
A 4
b-a= 50
x= 90
x-b= 0
Therefore: o, = L [[3+ &]= L B+ 225a]
/4 40 n
mp- &= _0 p=am{ﬂ)
4 z z
9

tan(a+ fB) =

(SIS

<
U

R

I
&
~ |8
l

=

2

Compute stress increments for z = 10, 30, and 50 ft:

P
z(f) B=arc %) o =arc %Q)-ﬁ f‘; (B + 2.25a] 20, psf
10 78.69006 4.969741 1,248.222 2,496.444
30 59.03625 12.52881 1,211.473 2,422.940
50 45.0 15.94539 1,123.294 2,246.5870
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Determine increments of vertical stress under point D; use principle of
superposition, as indicated below:

140 o 90 90
40 I 40 40 |
> = > + —>
- [ ]
d =140 o 140 iy .
v ¥ a+b-d = 40+140-140 = 40
(1) (2)
For (1) we have:
e 80 'l
r 40 x= 140
a=40
R y > b=90
RANVAY nal, (x= b) = 50
x 140
Z===9
140 o 2" 20
v
R3= 2%+ (x-b)’ = R =22 + 507
tan 5= X289 _ 30 =>8=arc|m{ﬂ)
z z z
B =X L= arcw{@} 5
z V4
1
tan(d+ P+ a) = 140 = O = arc -—1:4—(2]—8—
z z
cz=£ B+ ﬁ-—-—%(x - b) £ ,6+3.50:——5—0-2Z
T a RS r R;
The results for z = 10, 30, and 50 ft are:
2 (ff) ) B « R = 2%+ 507 -1-:—2 (x-b)  0,(psh)
2
10 78.69006 5.599341 1.62497 2,600 0.1923077 3.726639
30 59.03625 14.26451 4.60449 3,400 0.4411765 70.87047
50 45.0 18.43495 6.911229 5,000 0.5 194.1161
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For the second superposition step (2), we have:

x=40

90
40 I a=40

b=90
(x-b)=(40-90) = = 50

=1

1& Ry=:

tan f= 5—20 = ﬁ:arctan{i?}

alx
J:-'-h
olo

=)

+ 502

The results for z = 10, 30, and 50 ft are indicated in the table below:

2 (fr) a B Ri=:z24500 S (x-b) o, (psf)
Ry
10 75.96376 78.69006 2,600 0.1923077  2,301.003
30 53.13011 59.03625 3,400 04411765  1908.943
50 38.65981 45.0 5,000 0.5 1,559.829

Add stress increments from steps (1) and (2) to obtain the stress
increments. See table below:

z (ff) a, (ps) a, (psf)
10 2,301.003 + 3.726639 2,304.7296
30 1,908.943 + 70.87047 1,979.8135
50 1,559.829 + 194.1161 1,753.9451
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Determine increments of vertical stress under point F; use principle of

superposition as indicated below:
140 o 9 80
o L T o,
4 A . > + yYvoeey,
d =180 @ X = 180 -4
™ -
v Y x=0
(1) (2)
For superposition step (1) we have:
1——»'90 P xo z
= — + —_— - — - b
qig-q T o |:ﬁ a R% (x )
y - x= 180
a -
B ) R, |2 a=40
b=90
x = 180 _{ (x-‘b)=90
v
x_180 .
a 0
2_ 224 90
tan §= Eal = 8= arcmn(%)
¥4 z
! 140
tan(f+ 8 = — ﬁ=arcmn(—-—J-a
z
tan(a+ﬂ+5)=i = q= W{EQ)_ 5-B
V4
The results for z = 10, 30, and 50 ft are indicated in the table below:
2 (ff) ) B p R?= 2%+ 50° Z(x-b)  o,(psh
R;
10 83.65981 2.25457 0.9057924 8,200 0.1097561 0.5843725
30 71.56505  6.340192  2.632437 9,000 0.3 13.85309
50 60.9454 9400786 4.12971 10,600 0.4245283 50.84445
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For the second superposition:

P
Thus: c,= p [ﬁ+ —?}

The results for z = 10, 30, and 50 ft are indicated in the table below:

2 (f) P B R3=z%+ 90 iz (x-b) o, (psf)
R;

10 75.96376 7.696052 8,200 0.1097561 194.2307

30 53.13011 18.43495 9,000 0.3 494.7734

50 38.65981 2228558 10,600 0.4245283 647.3508

Determine actual increments of stress by adding the increments from
superposition steps (1) and (2). Results are indicated in table below:

z(f1) o, (ps) o, (psf)
10 194.2307 + 0.5843725 194.81507
30 494.7734 + 13.85309 508.62649
50 647.3508 + 50.84445 698.19525
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Determine increments of vertical stress under point G; use principle of

superposition as indicated below:
140 ol 90
40 ol "——'|4° <—JLu|
y ) y ‘ - A

> - y v Vv o + o
d =190 * ¢

90 x= 190
40 I a=40
b= 90
! N (x-b) =100
% P 8 R 190
z
2 o475
a 0
190 0
> )
v R2=Z + 100

The results for z = 10, 30, and 50 ft are indicated in the table bglow:

2 (f6) 8 B a R3=2"+1000 = (x-b)  o,(psh)
2
10 84.28941  1.896518  0.8012836 10,100 0.0990099 04134162
30 7330075  5.389313  2.337304 10,900 02752294  10.02816
50 63.43495  8.130105  3.691383 12,500 0.4 38.13693
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For the second superposition

step (2), we have: x=-10
a=40
b= 90
‘__9_0__.1 (x=b)=(-10-90) = - 100
.40
Lo 025
, a
s Ao L3 —
zl Ra R}=z%+ 100

1
tan6=—O ::6=arcw{~1-9]
V4 V4
tan(oz+<3')=-5—0 =>a=arctar{5—0]—8
z z

tan(a+B+8)=29- = B=arclan(£q)—8—a
z Z

P .
c,= — B+§(—x—-z—2(x—b) =>oz=£ B- 0.250 - 10(;:
n a R; 74 R;

The resuits for z = 10, 30, and 50 ft are indicated in the table below:

z (ft) ) B a Rj=z%+100° = (x-b) o, (psh)
R
10 45.0 33.69006  5.599341 10,100 0.0990099  39.57881
30 1843495 406013  14.26451 10,900 02752294  276.162
50 1130993  33.69007  18.43495 12,500 0.4 457.3714

Determine actual increments of stress by adding the increments from
superposition steps (1) and (2). Results are indicated in table below:

z (ft) S, (psh) o, (psh)
10 39.57881 + 0.4134162 39.992226
30 276.162 + 10.02816 286.19016
50 457.3714 + 38.13693 495.50833
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Compute settlements; use expression indicated below:

3 —
p= ) H|RR log Tom | CR tog —
=1 6v0 avm
where:
H; = thickness of each sublayer = 20 ft
RR = 0.04

CR=0.2

G, = Maximum past pressure = 1,000 psf at z = 10 ft

G,¢= Final vertical effective stress = §,,+AG,

G o = Initial vertical effective stress

+ Apply expressions above for point B; obtain table below:

z(ft) G0 (psf) A&, (psh) S, (psf) Gvf= Got+AG, p; (ft)
10 426 2496.444 1000 2022.444 2.1594571
30 1278 2422.946 1278 3700.946 1.8471276
50 2130 2246.587 2130 4376.587 1.2510239
Total Settlement: 5.2576085 ft
63.09 in
« Similarly, at point D:
z (ft) G0 (psh) AG, (psf) G, (psf) o‘vf= Got+tAG, p; (ft)
10 426 2304.7296 1000 2730.7296 2.0415871
30 1278 1979.8135 1278 3257.8135 1.6255815
50 2130 1753.9451 2130 3883.9451 1.0435739
Total Settlement: 47107425 ft
56.53 in
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* At point F:
z (ft) G o (psf) AG, (psf) G, (psh) Gy= G+ A0, p; (ft)
10 426 194.81507 1000 620.81507 0.1308421
30 1278 508.62649 1278 1786.6265 0.5820117
50 2130 698.19525 2130 2828.1953 0.4925192
Total Settlement: 1.2053729 ft
14,46 in
* At point G:
z (ft) 6v0 (pSf) A 6v (psh) c—vm (psh) Gvf = 6\70 +A av Pi (v
10 426 39.992226 1000 465.99923 0.0311753
30 1278 286.19016 1278 1564.1902 0.3510348
50 2130 495.50833 2130 2625.5083 0.3633352

Total Settlement:

0.7455453 ft
8.95 in

110




EMBANK Appendix B Example 3

Compilation of Computer Screens for
Example 3

FEDERAL HIGHWAY ADMINISTRATION

E: 1P 1B R0 R

A Microcomputer program for conputing one
dinensional compression vertical settlement due | PROTOTYPE ENGINEERING INC.
to embankment loads. The program follous the

equations presented by Lambe8Whitman (1969, 57 Uestland Avenue
Ladd <1973> and Poulos8Davis (1974). For the Winchester, HA 81898
case of a strip symmetrical vertical embankment 617> 729-2363
loading the program superimposes tuo vertical

esbankment loads. For the increment of vertical Attn. Dr. Alfredo Urzua

stresses at end of fill, the progran
superimposes a series of rectangular loads.

Uersion 2.88/0ctober 1991 Hit <Fi8> to continue

OPENING SCREEN

FEDERAL HIGHUAY ADMINISTRATION

Main Menu

praject Definition

] I l soil Profile and soil paranm.
Hater table definition
| Stress history
Uertical stress increment
I systen of Units

Haintain file
Run program

A Microcomputer program for conputing one | Exit to DOS

dinensional compression wvertical settlement
due to embankment loads. The program follous
the equations presented by Lambe&Whitman
(19639, Ladd <(1973) and Poulos&Davis (1974).
For the case of a strip symmetrical vertical PROTOTYPE ENGINEERING INC.

enbankment loading the program superimposes 57 Westland Auvenue
two vertical embankwent loads. For the Winchester, MA 81890
increment of vertical stresses at end of (617> 729-2363
fill, the program superimposes a series of Attn. Dr. Alfredo Urzua

rectangular loads.

Enter letter only, or use arrous then <«J » Make selection.

EMBANK MAIN MENU - SELECTION OF PROJECT DEFINITION
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FEDERAL HIGHWAY ADMINISTRATION

IR
LR

EN

Client = Any client
Project Name =
Pro ject Manager = AUM
A Microcompute| File Name = EXAMPLE3.ENB
dimensional com| Date =
due to embankme] Computed by =
the equations

(1969, Ladd (1&==—= Hit (F18> to accept values =w=—=c==d

For the case of

enbankment loading the program superimposes
two vertical embankment loads. For the
increnent of vertical stresses at end of
£111, the program superimposes a series of
rectangular loads.

PROJECT DEFINITION =—==—====s==mqy

Highuay Embankment

3713792 (MM/DD/YY>

Main Henu
project Definition
soil Profile and s0il paran.
Water table definition

s increment
s

]

INEERING INC.
57 Uestland Avenue
Uinchester, HA 81898
(617> 729-2363
Attn. Dr. Alfredo Urzua

PROJECT DEFINITION SCREEN

FEDERAL HIGHWAY ADMINISTRATION

EMBRITR

A MNicrocomputer program for computing one
dimensional compression vertical settlement
due to embankment loads. The program follous
the equations presented by LanbeSUhitwan
(1969), Ladd (1973) and Poulos&Davis (1974),
For the case of a strip symmetrical vertical
enbankment loading the program superimposes
tuo vertical embankment loads. For the
increment of wvertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

Main Menu
project Definition

soil Profile and soil param.

Hater table definition
Stress history

Uertical stress increment
system of Units

Maintain file

Run progran

Exit to DOS

PROTOTYPE ENGINEERING INC.
57 Uestland Avenue
Winchester, MA 01890
(617> 728-2363
Attn, Dr. Alfredo Urzua

Enter letter only, or use arrous then <J » Make selection.

EMBANK MAIN MENU - SELECTION OF SOIL PROFILE

112



EMBANK Appendix B Example 3

FEDERAL HIGHUWAY ADMINISTRATION

Hain Menu

Ject Definition
I soil Profxlp and soil paran
soi}l Profile and soil paran.
ﬂ- UVoid ratio per olog stress

= Run progran
A Hicrocomputer program for computing one | Exit to DOS
dimensional compression vertical settlement
due to embankment loads. The program follous
the equations presented by LambeiUhitnan
(1969), Ladd (1973) and PoulosiDauvis (1974).
For the case of a strip symunetrical vertical PROTOTYPE ENGINEERING INC.

|

enbankmant loading the program superimposes 57 Westland Ruenuas
two wvertical embankment loads. For the Winchester, HA 81898
increment of vertical stresses at end of (617> 729-2363
F£ill, the program superimposes a series of Attn. Dr. Alfredo Urzua

rectangular loads.

Enter létter only, or use arrows then «! » Make selection. <Esc> » Main Henu

SOIL PROFILE MENU - SELECTION OF STRAIN PER LOG STRESS

FEDERAL HIGHUAY ADMINISTRATION

Layer Number = 1 Elev. of top of layer = 8.00 ml
n.

— Number of sublayers = 3 (for this layer) 133
Sublayer 1
------- Unit uveight of soil = 185.00

: |- Layer
------- 1 Type of laver =  Compressible
Sublayer n
—_— 4 Compression Ratio = 8.200
Sublayer 1

Recompression Ratlo = 0.6848 ———
-------- — |~ Layer
- 2 Suelling Ratia =
Sublayer 2
Is this the last layer of profile No
Hit <F18> to continue =

Space Bar-Next item Alt-H-Henu

SOIL DESCRIPTION AND PARAMETERS FOR LAYER #1
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FEDERAL HIGHWAY ADMINISTRATION

b

Layer Number = | Elev. of top of layer = e.88 ;l
. . LB
E— Nunber of sublayers = 3 Cfor this layer) ess
Sublayer 1 N

————————e Unit velght of soil = 185.08
: L Layer
—————————— 1 Type of layer = Conmpressible
Sublayer n
—_— Compression Ratio = 0.200
Sublayer 1
Racompression Ratio = 9.8480 —1
. ==—==-———- |- Layer
2 Suelling Ratio = Same as Recomp. Ratio
Sublayer 2
[s this the last layer of profile
Hit <F18> to continue =
Space Bar~-Next 1tem Alt~Mttenu
DEFINING LAYER #1 AS LAST LAYER OF SOIL PROFILE
FEDERAL HIGHUAY ADMINISTRATION ]
Layer Number = 1 Elev. of top of layer = 8.908 ml
: n.
E—— Nunber of sublayers = 3 (for this layer) ess
Sublayer £
-------- - Elev. of bottom of last layer = ible
Sublayer n
- Hit <F18> to accept valug ===l
Sublayer 1
Recompression Ratio = 8.848 s—
------- ——— |~ Layer
2 Suelling Ratio = Sane as Recomp. Ratio
Sublayer 2
Is this the last layer of profile Yas
Hit <F18> to continue =

DEFINING THICKNESS OF SOIL PROFILE
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EMBANK Appendix B Example 3

EMBERNK

A MNicrocomputer program for computing one
dimensional compression vertical settlement

project Definition

soil Profile and soil paran.
[ Uatcr Lable definition |
Stress history

Vsrtical stress incrsment
system of Units

Maintain file

Run program

Exit to DOS

Hain Menu

due to embankment loads. The program follous
the equations presented by Lambe&UWhitman

(1969>, Ladd <(1973) and Poulos&Davis (13749.
For the case of a strip symnetrical vertical
subankment loading the program superimposes

tuo wvertical embankment loads. For the Uinchester, MA 01890
increnent of wvertical stresses at end of <617> 729-2363
fill, the program superimposes a seriss of Attn. Dr. Alfredo Urzua

rectangular loads.

PROTOTYPE ENGINEERING INC.
57 Uestland Auenue

Enter letter only, or use arrous then <J » Make selection.

EMBANK MAIN MENU - SELECTION OF WATER TABLE DEFINITION

FEDERAL HI1GHWAY ADMINISTRATION

project Definition .

soil Profile and soil param.
Stress history

Vsrtical stress incremsent

' |
|
| I === Uatar Table Definition

Elev. of UWater Tabls

A MNicrocomputer preo

dimensional compresstE=—= Hit (F18) to accept values
due to embankment loa
the equationg presented by LanbeS8Uhitwan

Hain Hernu

Units
ile
n

S

(1969>, Ladd (1973) and Poulos8Davis (1974).
For the case of a strip symmetrical vertical
enbankment loading the program superimposes
tuo vertical embankwent loads. For the
increment of vertical stresses at end of
£i11, the program superimposes a series of
rectangular loads.

fttn.

PROTOTYPE ENGINEERING INC.
5?7 Uestland Avenus
Winchester, M4 01890
617> 729-2363

Dr. Alfredo Urzua

WATER TABLE AT ELEVATION = 8.0 FT.
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EMBANK Appendix B Example 3

FEDERAL HIGHUAY ADMINISTRATION

Main Menu
project Definition

l I soil Profile and zoil paran.
Water table definition
|
I I . Stresz history
i Normally consolidated soil

| User defined stress history

A Hicrocomputer program for computing one | E

dinensional compression vertical settlement ]
due to embankment loads. The program follous
the equations presented by LambelUhitwan
(1969), Ladd (1973) and Poulos&Davis (1974).
For the case of a strip symnetrical vertical PROTOTYPE ENGINEERING INC.

embanknent. loading the program superinmposes S? Uestland Avenue
tuo wvertical embankment 1loads. For the Winchester, MA 818398
increment of wvertical stresses at end of 617> 729-2363
fill, the program superimposes a series of Attn, Dr. Alfredo Urzua

rectangular loads,

Enter letter only, or use arrous then <! » Make selection. <Esc> » Main Menu

SOIL IS OVERCONSOLIDATED - USER DEFINED STRESS HISTORY

FEDERAL HIGHUAY ADMINISTRATION

MHain Menu 1

project Definition

| soil Profile and soil paran.
Water table definition
!
Stresz history
] | l “ Mormally consolidated soil
User Defined

r_ﬂ- #1 STRESS HISTORY
di Naximum Past Pressure with Elev, 4
du HARNING : Maximum past pressure vs. Elevation
th must be defined for complete soil profils
(1] < Program interpolates linearly between points )
Fo ENGINEERING INC.
en| Elev. fMaximum Past Pressurs Last point stland Ruenus
tu ster, MR 91896
in -18. 08 1088. g8 m 7> ?729-2363
fi r. Alfredo Urzua
re Hit <F18> to accept values

Space Bar-Next item Alt-M-tenu
STRESS HISTORY ~ POINT 81
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EMBANK Appendix B Example 3

FEDERAL HIGHWAY ADHINISTRATION

Main Menu l
project Definit

J ion
:oil Profile and soil param.
Uatar table definition
tress hl:tnrg
Nonually consolidated soil
ned stress history t

ser Defined
A %2 STRESS HISTORY
ai Maximum Past Pressure with Elev. J
du UARNING @ Maximum past pressure us. Elevation
th must be defined for complete soil profile
(1] < Program interpolates linearly betueen points )
Fo ENGINEERING INC.
en] Elev. Maximun Past Pressure Last point stland Avenue
tu ster, NA 81890
tn] -38. 1288.88 iNo | ?) 729-2363
fi r. Alfredo Urzua
reb= Hit <F9> to prev.point, <F18> to accept values =

Space Bar-Next item Alt-M-Menu

STRESS HISTORY - POINT #2

FEDERAL HIGHUAY ADMINISTRATION

Main Henu
project Definition

I soil Profile and soil paran.
Water table definition
Stress history
“ Normally consolidated soil
Def ginzz|51:§55|¥;;;;;;ﬂ

User
] 43 STRESS HISTORY
di Maximum Past Pressure uith Elev. d
du WARNING : Maximum past pressure vs, Elevation
th must be defined for complete soll profile
(1] < Program interpolates linearly betuesn points )
Fo ENGINEERING INC.
en| Elev. Maximum Past Pressure Last point stland Avenue
tu ster, MA 918308
in -58. 00 2130.09 ?) 729-2363
fi r. Alfredo Urzua
rel== Hit <F9> to prev.point, <F10> to accept values =

Space Bar-Next item Alt-H-Menu

STRESS HISTORY - POINT #3
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EMBANK Appendix B Example 3

FEDERAL HIGHWAY ADMINISTRATION

Main Menu
pro ject Definition
! I |
l
| I I

soil Profile and soil param.
A Hicrocomputer program for computing one

Water table definitjon

Stress history
[Uer{ical stress increment
systen of Units
Haintain file
Run program

Exit ta DOS
dimensional compression wvertical settlement
due to embankment loads. The program follous
the equations presented by Lanbeliihitman
(1969, Ladd (1973> and Poulosi&Davis (1974,
For the case of a strip symmetrical vertical
enbanknent loading the program superinposes
tuo vertical embankeent 1loads. For the
increment of wvertical stresses at end of
fill, -the program superimposes a series of
rectangular loads.

PROTOTYPE ENGINEERING INC.
5?7 Uestland Avenue
Hinchester, MA 081890
617> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then <J » Nake selection.

EMBANK MAIN MEMU - SELECTION OF VERTICAL STRESS INCREMENT

FEDERAL HIGHUAY ADMINISTRATION

Main Menu
project Definition

| I I soil Profile and soil paranm.
Hater table definition
I Stress history
| Uertical stress incresent
I Vartical stress increment

n strip Symmetrical vertical embankment loading

lrincrenent of stresses Beneath the end of a Fill |
A Microcomputer program fo

dinensional compression ver

due to embankment loads. The progran follous
the equations presented by Lambe&Uhitnan
(1969), Ladd (1973> and Poulosi&Davis (1974).

For the case of a strip symmetrical vertical
enbankment loading the program superimposes
tuo vertical embankment loads. For the
increment of wvertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

PROTOTYPE ENGINEERING INC.
57 Uestland Avenue
Uinchester, WA 81834
(617> 723-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then +J » Make selection. <Esc> » Main Menu

VERTICAL STRESS INCREMENT MENU - SELECTION OF STRIP Symtl. EMBANKMENT
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EMBANK Appendix B Example 3

SY'METRICAL VERTICAL EMBANKMENT LOAD =mem—e—
P
VERTICAL EMBAMKMENT FOOTING
b| Ewbank. slope a = 40.00 t::—i
Enbank. width b = 140.08 IRRRReNY! 1
Height of fill K = 28.080 IR SRR NR) H X | soil paran.
Unit ueight of fill = 125.08 MM —l— | itien
X—>
POINTS FOR COMPUTATION OF . Layer 1
SETTLEHMENT . t
calculate in = . nt loading ‘
Fl X coordinate H] D Layer Z | nd of a fill
X Point "
i
FOUNDATION ELEV. ——
2= 0.00
ERING INC.
Hit <F18> to accept values Avenue
A 01898

increment of wvertical stresses at end of
£i1l, the program superimposes a series of
rectangular loads.

(617> 729-2363
Attn. Dr. Alfredo Urzua

<+ti->-Hove bar 4 -Select Esc-Exit
STRIP SYMM. VERTICAL EMBANKMENT LOAD - SELECTION OF X DIRECTION

SYMMETRICAL UERTICAL EMBANKMENT LOAD =—me—————-m—

VERTICAL EMBANKMENT FOOTING

k| Enbank. slope » = 40.00
Embank. uidth b = 140.80 1444111 1 n
Height of fill H = 20.80 Hasa H X | soil paran.
Unit ueight of fill = 125.80 OB el | itioOn
ST 4
POINTS FOR COMPUTATION OF . Layer 1
SETTLEMENT . t
calculate in = X Direction .
| x1 coordinate = -10.80 . Layer 2 | nd of a Fill
%2 coordinate = 190,80 .
delta x = zi
FOUNDATION ELEU. ——
2= 0.0
ERING INC.
Hit <F1B> to accept values H Avenue
A 81898

617> 729-2363
Attn. Dr. RAlfredo Urzua

increnent of vertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

DEFINING A,B & G POINTS FOR COMPUTATION OF SETTLEMENT
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EMBANK Appendix B Example 3

FEDERAL HIGHWAY ADHMINISTRATION

EMBIRIUK

A Nicrocomputer program for computing one

Main Heru
project Definition

soil Profile and soil param.
Hater table definition
Stress history

Uertical stress increment
systen of Units

Maintain file

Run program

Exit to DOS

dimensional compression wvertical settl nt
due to embankment loads. The program follous
the equations presented by Lambe&Whitman
(1969, Ladd €1973) and Poulos8Dauis (1974).
For the case of a strip symmetrical vertical
enbankment loading the program superimposes
tuwo vertical enbankment loads. For the
increment of wvertical stresses at end of
fill, the program superimposes a series of
rectangular loads,

PROTOTYPE ENGINEERING INC.
57 Uestland Avenue
Winchester, MA 91830
(617> 729-2363
Attn. Dr. Alfredo Urzua

——— ONE DIMENSIONAL SETTLEMENT ANALYSIS-/Federal Highuay Administration ——

Enter letter anly, or use arraus then <t » iake selectlon,

EMBANK NMAIN MENU. - RUN PROGRAM

STRIP SYHHETRICAL UERTICAL EHBANKMENT LOADING

Project Name : Highuay Embankment Client ¢ Any Client
Project Mumber : 91-1236 Project Manager : AU
Date ¢ 1876391 Comnputed by i oaum

Settlenent for X-Direction

Embankment slope a = 48.80 (ft> Helght of fill H = 28.88 (It
Embankment top uldth = 180.88 (ft) Unit ueight of £i11 = . 125.88 (pcf)
Embankment bottom uidth = 180.88 (ft> p load/unit area = 2500.80 (psf)
Ground Surface Eleu. = 8.88 (ft> Foundation Elev. = 8.99 (fO
Uater table Elav. = 08.88 (£t> Unit ueight of Uat. = 62.48 (pc)

LAYER COMP.  RECOMP.  SWELL. UNIT

N2, TYPE THICK. RATIC UEIGHT

(€3] Cpef)

1 conP. 60.9 8. 268 8. 640 8.840 105. 80

Hit arrou keys to display next screen. <F8> Print. <F18> Main Menu

PROGRAM OUTPUT PARTIAL SCREEN
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EMBANK Appendix B Example 3

——— OME DIMENSIONAL SETTLEMENT ANALYSIS-/Federal Highuay Rdministration
STRIP SYMMETRICAL VERTICAL EMBANKMENT LOADING

Project Name : Highuay Embanksent Client : Any Client
Project Number : 91-1236 Project Manager : AUM
Date ¢ 18783791 Computed by ¢ aun

Settlenent for X-Direction

Embankeent slope a
Embankment top width
Embankment bottom width
Ground Surface Elev.
Uater table Elev.

40.688 (ft) Helght of Fill H = 28.88 (fOO
100.88 (ft> Unit ueight of fill = 125.88 (pcH

1808.08 (ft, Select
8.08 (l‘t“ Send form to: [§-Printer, {l-bisk File. I
0.808 (It

LAYER COMP.  RECOMP.  SMWELL. UNIT
M2, TYPE THICK. RATIO WEIGHT
(€33 Cpef)
1 CoMP. 60.8 8.268 8.040 8.848 105. 60

—— Hit arrou keys to display next screen. (F8> Print. <F18> Main Menu

SELECTION OF DISK FILE PRINTED OUTPUT

——— ONE DIMENSIONAL SETTLEMENT ANALYSIS/Federal Highway Administration
STRIP SYMMETRICAL VERTICAL EMBANKMENT LOADING

Project Name @ Highuay Esbankment Client ! Any Client
Project Number @ 91-1236 Project Manager : AUM
Date ! 19703791 Computed by !oaumM

Settlenent for X-Direction

Enbankment slope a = 40,00 (ft> Height of fill H = 20.08 (ft)
Enbankment top uidth = 160.88 (£t> Unit usight of fill = 125.88 (pch
Enbanknent bottom width = 188.88 (ft)———— Destination File —m
Ground Surface Elsv. = 8.88 (ft>] EXAM3ABG.OUT
Hater table Elsv. = 8.088 (ftd
LAYER CoMP.  RECOMP.  SUELL. UNIT
Ne. TYPE THICK. RATIO WEIGHT
(€33 Cpef
1 COMP. 68.0 8.2680 08.040 0.840 165. 00

Hit arrou keys to display next screen. <F8)> Print. <F18> Main Menu ——

SELECTION OF OUTPUT DESTINATION FILE NAME
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EMBANK Appendix B Exampie 3

ONE DIMENSIONAL SETTLEMENT ANALYSIS/Paederal Highway Administration
STRIP SYMMETRICAL VERTICAL EMBANKMENT LOADING

Project Name + Highway EBmbankment Client t Any Clieat
File Name 1 RXAMPLE3 .EMB Project Manager : AUM
Date t 10/03/91 Computed by : aum

Settlement for X-Direction

Babankment slope a
Bmbankment top width
Embankment bottom width
Ground Surface Blev.
Water table Blev.

40.00 (ft) Height of fill H = 20.00 (ft)
100.00 (ft) Unit weight of fill = 125.00 {(pcf)
180.00 (ft) p load/unit area = 2500.00 (paf)

0.00 (ft) Poundation Rlev. = 0.00 (ft)
Q.00 (ft) Unit weight of Wat. = 62.40 (pcf)

LAYER COMP. RREBCOMP. SWEBLL. UNIT
Nt. TYPE THICK. RATIO WEIGHT
(£t) (pef)
1 COMP. €0.0 0.200 0.040 0.040 105.00
SUBLAYER SOIL STRESSES
N, THICK. ELRV. INITIAL MAX.PAST PRESS.
(ft) (ft) (psf) (psf)
1 20.00 -10.00 426.00 1000.00
2 20.00 -30.00 1278.00 1280.00
3 20,00 -50.00 2130.00 2130.00
X = -10.00 Xs= 90.00 X = 190,00
Layer Stress Sett. Stress Sett. Stress Sett.
{psf) (in.) {pef) (in.) (psf) {in.)
39.99 0.37 2496.44 25.91 39,99 0.37

286.19  4.19  2422.95 22.14 286.19 4.19
495.51  4.36 2246.59 15.01 495.51 4.36

W

Hit aryow keys to display next screen. <F8> Print. <P10> Main Menu

FEDERAL HIGHUAY ADMINISTRATION

Main Menu
project Definition

l soil Profile and soil paran.
Water table definition
| Stress history
|
| | ‘

Uertical stress increment

l strip Symmetrical vertical embankment loading
i increment of stresses Beneath the end of a fill
A MNicrocomputer program fo

dinensional compression ver

due to embankment loads. The program follous
the equations presented by Lambe&Uhitnan
€1969), Ladd <(1973> and Poulos&Davis (1974)>.
For the caze of a strip sywsetrical vertical PROTOTYPE ENGINEERING INC.

enbankment loading the program superimposes 57 Uestland Avenue
tuo vertical embankwent loads. For the Winchester, MR 018399
incrament of wvertical stresses at end ' of (617) 729-2363
£ill, the program superinposes a series of Attn. Dr. Alfredo Urzua

rectangular loads.

Enter letter only, or use arrous then +«} » Make selection., <Esc> » Main Menu

EMBANK MAIN MENU - SELECTION OF VERTICAL STRESS INCREMENT MENU
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incresent of vertical stresses at end of
£ill, the program superimposes a series of
rectangular loads.

EMBANK Appendix B Example 3

=== SYNNETRICAL VERTICAL EMBANKMENT LOAD
E
VERTICAL EHBANKMENT FOOTING b—|
ki Embank. slope a = 48.80
Embank. width b = 140.00 [RRRYRRE) 1
Helght of f£ill H = 2e.00 IR YRR YR RNERY) H X | soil param,
Unit welght of fill = 125.80 LALLM el — | ition
X—>
POINTS FOR COMPUTATION OF . Layer 1
SETTLEMENT . t
calculate in = X Directlon .
| X1 coordinate = 149.00 . Layer 2 | nd of a £ill
%2 coordinate = 180.00 .
delta x = A
FOUNDATION ELEV. e
Z= 9.00
ERING INC.
Hit <F18> to accept values Avenue
A 91890

(617> 729-2363
Attn. Dr. Alfredo Urzua

DEFINING D,E & F POINTS FOR COMPUTATION OF SETTLEMENT

FEDERAL HIGHUAY ADHINISTRATION

EMIBIRIN K

A Microconputer progran for computing one
dirensional compression vertical settlement
due to embankment loads. The program follous
the equations presented by Lambe&Uhitman
(1969>, Ladd (1973) and Poulos8Davis (1974).
For the case of a strip symmetrical vertical
enbankrent loading the program superimposes
tuo vertical enbanknent loads. For the
increment of vertical stressas at end of
fill, the progran superimposes a seriss of
rectangular loads.

Main fenu
project Definition
soil Profile and soil param.
Water table definition
Stress history

Vertical stress increment
systemn of Units

Haintain file

Run program

Exit to DOS

PROTOTYPE ENGINEERING INC.
57 Hestland Avenue
Hinchester, MA 81890
(617> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then «J » Maks selection.

EMBANK MAIN HENU — RUN PROGRAM
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SELECTION OF OUTPUT DESTINATION FILE NAME

ONE DIMENSIONAL SRTTLEMENT ANALYSIS/Federal Highway Administration

— ONE DIMENSIONAL SETTLEMENT ANALYSIS/Federal Highuay Administration
STRIP SYMHETRICAL VERTICAL EMBANKMENT LOADING
SUBLAYER SOIL STRESSES
Ne, THICK. ELEV. INITIAL HAX. PAST PRESS.
(€3 3] (Ft) Cpsh) Cpsf)
1 20.90 -18.99 426.98 1000. 00
Z 20. 08 -30.00 1278.080 1288. 00
3 20.00 -59.08 2130.088 2130.08
X = 140,08 X = 160.00 Destination File —————
Layer Stress Sett. Stress Sett. I EXAM3DEF. OUT :
Cpsfy  <Cin) Cpsf) (in.d
1 2304.73 24.50 1249.88 14.32 194.814 1.57
2 1979.81 13.48 1244.86 14.15 568.63 6.96
3  1753.95 12.52 1228.38 38.49 698.28 5.91
56,50 37.96 14.44
b Hit arrou keys to display next screen. (F8> Print. (Fi8)> Main Menu -

STRIP SYMMRTRICAL VERTICAL EMBANKMENT LOADING
Project Name 1 Highway Embankment Client t Any Client
File Name : BRXAMPLR3.EMB Project Manager : AUM
Date 1 10/03/91 Computed by : aum
Settlement for X-Direction
Babankment slope a = 40.00 (ft) Helght of fill H = 20.00 (ft)
Babankment top width = 100.00 (fr) DOnit weight of £ill = 125.00 {pcf)
Embankment bottom width = 180.00 (ft) p load/unit area = 2500.00 (psf)
Ground Surface Elev. = 0.00 (ft) Foundation Elev. = 0.00 (ft)
wWater table Elev. = 0.00 (ft) Unit welight of wWat, = 62.40 (pcf)
LAYER COMP . RECOMP . SWBLL. UNIT
N¢*. TYPRE THICK. RATIO WRBIGHT
(fr) (pct)
1 COMP. 60.0 0.200 0.040 0.040 105.00
SUBLAYER 80IL STRESSES
Ne, THICK. BLBV. INITIAL MAX.PAST PRESS.
(ft) (fr) (psf) (psf)
1 20.00 -10,00 426.00 1000.00
2 20.00 -30.00 1278.00 1280.00
3 20.00 -50.00 2130.00 2130.00
X = 140.00 X = 160.00 X = 180.00
Layer Stress 8ett. Stress 3Sett. Stress Sett.
(psf) (in.) (pef) {in.) (psf) (in.)
1 2304.73 24.50 1249.80 14.32 194.81 1.57
2 1979.81 19.48 1244.86 14.15 508.63 6.96
3 1753.95 12.52 1228.38 9.49 698.20 5.91
56.50 37.96 14.44
Hit arrow keys to display next screen. <F8> Print. <F10> Maln Menu
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EMBANK Appendix B Example 3

FEDERAL HIGHUWAY ADMINISTRATION

Main Menu
project Definition

| I I soil Profile and soil paran.
Hater table definition
| Stress history
| I
| I——- Vertical stress increment

strip Symmetrical vertical embankment loading
increment of stresses Beneath the end of a Fill |
A MNicrocomputer program tcl
dinensional compression ver
due to embankment loads. The program follous
the equations presented by LambeliUhitwan
(1969>, Ladd (1373) and Poulos&Davis (1974).
For the case of a strip symmetrical vertical PROTOTYPE ENGINEERING INC.

snbankment loading the progran superinmposes 57 Uestland Avenus
“two vertical embankwent loads. For the Hinchester, MR 01838
incrsment of wvertical stresses at end of €617> ?729-2363
f£ill, the program superimposes a series of Attn. Dr. Alfredo Urzua

rectangular loads.

Enter letter only, or use arrous then <} » Make selection. {Esc> » Main Nenu

EMBANK MAIN MENU - SELECTION OF VERTICAL STRESS INCREMENT HENU

== SYMMETRICAL VERTICAL EMBANKMENT LOAD ===
o
VERTICAL EMBANKMENT FOOTING
r| Enbank, slope a = 48.88 —
Enbank. uidth b = 148.00 [RR2RRNY} 1
Height of i1l H = 20.88 [RRRRRRYRRRY! H X | soll paran.
Unit uveight of fill = 125.88 LSl l—de—— | ition
e g
POINTS FOR COMPUTATION OF . Layer 1
SETTLEMENT . t
calculate in = X Point . ht loading
| x coordinate = . Layer Z | nd of a fill
Z
FOUNDATION ELEV. ———ttd
2= 0.68
ERING INC.
Hit <F18> to accept values ———————=d  ivenue
A 81898
increment of wvertical stresses at end of 617> 729-2363
£i11, the program superimposes a series of Attn. Dr. Alfredo Urzua
rectangular loads.

DEFINING POINT C COORDINATES
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EMBANK Appendix B Exampie 3

FEDERAL HIGHUAY ADMINISTRATION

EMEBIRIK

Hain Menu
project Definition
s0il Profile and soil paran.
Water table definition
Stress history

Vertical stress incrsment
system of Units

Maintain file

A MNicrecomputer program for computing one
dinensional compression vertical settlement
dus to embankment loads. The program follous
the tions pr ted by LambefUhitman
€1969>, Ladd (1973) and Poulosi&Davis (1974).
For the case of a strip symmetrical vertical
enbanknent loading the program superimposes
tuo wvertical embankeent loads. For the
increment of vertical stresses at end of
fill, the progran superimposes a series of
rectangular loads.

Run proyran

Exit to DOS

PROTOTYPE ENGINEERING INC.
57 Uestland Avenue
Uinchester, MA 81890
617> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then «J » Make selection.

EMBANK MAIN NMENU - RUN PROGRAM

ONE DIMENSIONAL SETTLEMENT ANALYSIS/Federal Highuay Administration

STRIP SYMMETRICAL UERTICAL EMBANKMENT LOADING
Hater table Elev. = 8.68 (ft> Unit weight of Wat. = 62.49 Cpci)
LARYER COMP,  RECOMP.  SWELL. UNIT Settlement
N, TYPE THICK. RATIO WEIGHT
(€33 Cpef) Cin))
i1 ConP. 60.0 0.200 8. 0848 8.840 105,00 62.17
Total Settlement = 62.17
————— Destination File
EXAM3C. OUT
SUBLAYER S0
N2, THICK., ELEVU. INITIAL INCREMENT MAX.PAST PRESS.  SETTLEMENT
[€X3) ) Cpsf) C(psf) Cpsf) (in.)
1 28.98 -19.900 426.980 2491.19 1800. 88 25.88
2 20.66 -30.08 1278.88 2360.48 1286.60 21.78
3 20.00 -50.80 2130.88 2141.78 2130.08 '14.51
Total Settlement = 62.17 (in)d)
I—— Hit arrou keys to display next screen. <F8> Print. <F18> Main Menu

SELECTION OF OUTPUT DESTINARTION FILE NAME
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EMBANK Appendix B Example 3

ONE DIMENSIONAL SETTLEMENT ANALYSIS/Federal Highway Administration
STRIP SYMMBTRICAL VERTICAL EMBANKMENT LOADING
Project Name 1+ Highway Embankment Client 1 Any Client
File Name : RXAMPLRE3 .ENB Project Manager : AUM
Date 1 10/03/91 Computed by + aum
Settlement for X = 115.00 (ft)
Embankment slope a = 40.00 (ft) Height of fill1 H = 20.00 (ft)
Embankment top width = 100.00 (ft) Unit weight of fill = 125.00 (pcf)
Bmbankmeat bottom width = 180.00 (ft) p load/unit area = 2500.00 (psf)
Ground Surface EBlev. = 0.00 (ft) Poundation Rlev. = 0.00 (ft)
Water table Blev. = 0.00 (ft) Unit weight of Wat. = 62.40 (pcf)
LAYRR COMP. RECOMP. SWBLL. UNIT Settlement
N*. TYPB THICK. RATIO WEIGHT
(ft) (pet) (in.)
1 COMP. 60.0 0.300 0.040 0.040 105.00 62.17
Total Settlement = 62.17
SUBLAYER SOIL STRESSES
Nt THICK. ELRV. INITIAL INCREMENT MAX.PAST PRESS. SETTLEMENT
(ft) (ft) (psf) (paf) (psf) (in.)
1 20.00 -10.00 426.00 2491.19 1000.00 25.88
2 20.00 -30.00 1278.00 2360.48 1280.00 21.78
3 20.00 -50.00 2130.00 2141.78 2130.00 14.51
Total Settlement = 62.17 (in.)
Hit arrow keys to display next screen. <F8> Print. <FP10> Kain Menu

FEDERAL HIGHWAY ADMINISTRATION

EMIBRITIR

A Microcomputer program for computing one
dinensional compression vertical settlement
due to embankment loads. The program follous
the equations presented by Lambe&Whitman
(1969>, Ladd <1973> and Poulos&Davis (1374).
For the case of a strip symmetrical vertical
enbankment loading the program superimposes
tuo wvertical embankment loads. For the
increment of vertical stresses at end of
£il1, the program superimposes a series of
rectangular loads.

Main Menu ey
project Definition

soil Profile and soil param.
Uater table definition

Stress history

Vertical stress increrent
systen of Units

Run progran
Exit to DOS

PROTOTYPE ENGINEERING INC.
57 Westland Auvenue
Winchester, MA 81890
617> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then <«J » Make selection.

EMBANK MAIN MENU - SELECTION OF MAINTAIN FILE

127




EMBANK Appendix B Example 3

FEDERAL HIGHWAY ADMINISTRATION

EMBRIK

A MNicrocomputer program for computing one
dimensional compression vertical settlement
due to embankment loads. The program follous
the equations presentaed by Lambe&UWhitman
(1969>, Ladd (1973> and Poulos&Davis (1974).
For the case of a strip symmetrical vertical
subankment loading the program superinposes
tuo vertical embankment loads. For the
tncrement of wvertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

Hain Menu I
project Definition

soil Profile and =0il paranm.
Hater table definition
Stress history

Vertical stress incremant
systen of Units

Haintain file i
Run gy Maintain file
Exit

Retrieve file
Clear entries

PROTOTYPE ENGINEERING INC.
57 Uestland Avenus
Yinchester, BA 01890
617 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then <«J » Make selection. <(Esc)> » Main Menu

MAINTAIN FILE MENU - SELECTION OF SAVE FILE

FEDERAL HIGHWAY ADMINISTRATION

EMEIRI K

A Hicrocomputer program for computing one

Main Nenu
pro ject Definition
s0il Profile and soil paran.
Hater table definition
Stresg history

Uertical stress increment
system of Units

Haintain file

Run g Maintain file

Exit

dinensional compression vertical sett Destination File
due to embankment loads. The program fI EXANPLE3. ENB I

the equations presented by Lambedd

(1963>, Ladd €1973) and Poulos&Davis (1974,
For the case of a strip symmetrical vertical
enbankeent loading the program superimposes
tuo wvertical embankment loads. For the
increment of wvertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

PROTOTYPE ENGINEERING INC.
57 Westland Avenue
Winchester, MA 01890
(617> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then <«J » Make selection. (Esc)> » Main Menu

SAVING INPUT FILE AS EXANMPLE3J.EMB
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FEDERAL HIGHWAY ADMINISTRATION

EMBRK

Main Menu
project Definition
soil Profile and soil param.
WHater table definition
Stress history

Vertical stress increment
system of Units

Maintain file

A Hicrocomputer program for computing one
dimensional compression wvertical settlement
due to embankment loads. The program follous
the equations presented by LambefUhitman
(1969>, Ladd <(1973) and Poulos&Davis (1974).
For the case of a strip symmetrical vertical
enbanknent loading the program superinposes
tuo vertical enbankment loads. For the
increment of wvertical stresses at snd of
fill, the program superimposes a series of
rectangular loads.

Run program

Exit to DOS

PROTOTYPE ENGINEERING INC.
5?7 Uestland Avenue
Hinchester, M 01890
(617> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then <+J » Make selection.

EMBANK MAIN MENU - EXIT TO DOS

FEDERAL HIGHWAY ADMINISTRATION

EMBRITIR

Hain Menu
project Definition
soil Profile and soil paran.
Water table definition
Stress history

Usrtical stress increment
system of Units

Haintain file

A HNicrocomputer program for computing one
dimensional compression wvertical settlement
due to embankment loads. Tha program follous
the equations presented by Lambe&8UWhitman
(1969, Ladd (1973) and Poulos&Davis (1974).
For the case of a strip symmetrical vertical
snbanknent loading the program superimposas
tuo vertical embankment loads. For the
increnent of wvertical stresses at end of
£i11, the program superimposes a series of
rectangular loads.

Run program
Exit to DOS

Exit to DOS
:::::“!???!!!!!!!!ﬂ

PROT

—l

NG INC.
57 Hestland Ausnue
Uinchester, MA 01890
(61?7 ?729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then <1 » Make selection. <Esc) P Main Henu

EXIT TO DOS MENU - YES SELECTION
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Example 4
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Example No. 4:

Embankment on Layered Soil
Figure 13 shows the problem geometry and soil parameters. The purpose of
the example is to compare the settlement for the following cases:

1. The embankment bears on top of the organic soil.

2. The embankment bears on top of the sand stratum after the organic
soil has been removed.

The clay layer is divided into four sublayers. The example shows the use of
the foundation depth option included in EMBANK,

Table 11 presents a comparison of the computer-calculated and hand-
computed settlements.

Table 11. Settlements at point A

Settlement (in.)
Computer Hand-Calculated

Embankment on top of organic soil 23.80 23.80
Embankment on top of sand stratum 10.51 10.51

10
A
- &
ORGANIC &ILW Y = 100 pct; w = 80% A, G=18; S=100% o1 af
®
L
SAND ¥ = 110 pef @ssumed incompressible) h
o2
NC CLAY Y = 127.4 pot o
W = 35% 40 ft
G =278 04
o5
TS Incompressible Sy o
Nat to scale

Figure 13. Example 4: Embankment on layered soil
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Case 1: Embankment Bears on Top of Organic Soll

» Divide NC Clay stratum into four 10-ft thick sublayers.

« Determine geostatic vertical effective stresses at points 1-through 5:
0;= L.5x 100 = 150 psf < 200psf, use 200 psf
0,=3x 100+ 2x 110+ 5(110 - 62.4) + 5(127.4 - 62.4) = 1083 psf
O3=3x 100+ 2x 110+ 5(110~ 62.4) + 15(127.4 - 62.4) = 1733 psf
0,=3x 100+ 2x 110+ 5(110 - 62.4) + 25(127.4 - 62.4) = 2383 psf
O5=3x 100+ 2 x 110 + 5(110 - 62.4) + 35(127.4 - 62.4) = 3033 psf

Determine increments of vertical stress under point A; use superposition
principle as explained in Figure 5 of main text:

v

I(a+b[/2=20|| [a+h)/2 =20||
P=10x120
= 1200 psf
Lt rx <4 >x
rs Z
d=20 ¢
\j v a+bd=
10+30-20 = 20
Therefore we compute the increments of vertical stress as two times the
vertical stress increments:
20 The vertical stresses are given by
10 p
P xx  z
o,=—1f —-—E(X -b)
n R2 ‘
> X
o B In this case:
z a=10
Y x=20
x~-b=0

g, = £ [[3+ —2—%} =>az=-1: B+ 2a]
n n

tan f= G-a = f=arc mj:arc _19)
z
tan(a+ﬁ)=-? = a:arcm(%o.j_ﬂ

132




EMBANK Appendix B Example 4

The results for z = 1.5, 15, 25, 35, and 45 are indicated below:

z (fr) ﬁ:yarclar(l;-)-) @ =arc 22-)-/5 Ao, (psf) 240, [psf]
L5 81.46924 4241609 599.6831 1199.366
15 33.69007 19.44004 483.801 967.6019
25 21.80141 16.8584 370.1214 740.2428
35 15.9454 13.79948 290.2958 580.5915
45 12.52881 11.43368 235.9745 471,949

Settlement determination for point A:
» Use the following expression:

where:
H; = thickness of each substrata

C, = Use FHWA procedure

w %

For organic soil layer: C.= =038
g y c 100
w %

For NC clay: C.= = 0.35
or clay <= 100

¢, = Initial void ratio; use equation Gw = Se
where S = 100% = 1. Therefore, Gw = e.
For organic soil layer: eo=18x 08 =144
For NC clay: ep= 278 x 0.35=0973

+ Apply expressions above at point A, for z = 1.5, 15, 25, 35, and 45
ft. Results are indicated in table below:

Z(ﬂ) Hi (ﬂ) Aa0 (p-sf) A&v (péf) 6vf= 6v0+A6v (I”f) pi (ft)
1.5 3.0 200 1199.366 1399.366 0.8310505
15 10.0 1083 967.6019 2050.6019 0.4918323
25 10.0 1733 740.2428 2473.2428 0.2740186
35 10.0 2383 580.5915 2963.5915 0.1679828
45 10.0 3033 471.949 3504.949 0.1114204
Total Settlement; 1.7689566 ft
21.23 in
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Case 2: Embankment Bears on Sand Stratum, After
Organic Soll has Been Removed
o 10.0 . 20.0 "
I 1 ' | P = 10 x 120 = 1200 psf
10.0 Yrn = 120 pd
ORGANIC | =100 pcf; w = 80%
SOILS y Ay 5,I ! G=185=100% 40 "
* »
Z .+
SAND Y = 110 pef (assumed incompressible) - 12.0 7o
X 92
NC cLay ¥ = 127.4 pet .
w =35% 400 1t
G =278 04
o5
NSNS incompressible ~ NSNS
Not to scale

« Determine geostatic vertical effective stresses at points 2, 3, 4, and 5.
These geostatic stresses are before excavation of the organic soil layer
(same values as in Case 1):

0y = 1083 psf
03 = 1733 psf
04 = 2383 psf
05 = 3033 psf

+ Three feet of organic soil is excavated:

3 x 100 pcf = 300 psf

« Compute new embankment load as:

where

Therefore

P'=P -300 psf
P =10fr x 120 pcf = 1200 psf
P'= 1200 - 300 =900 psf (considers excavation)
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Determine increments of vertical stress under point A;; use
superposition principle as explained in figure 5 of main text:

b =30 ) (a+b)2 = 20 L (a+by2 =20 |
‘ a=10 1 10 10
3 4 > x — 4 > + >x
| d=20 ¢ d=20 ¢ d =20
v v
Therefore we compute the increments of vertical stress as two times the
vertical stress increments which result from:
20
< x=20
10
a=10
b=20
o i x-b=0
; l
X
Z=2
20 ’ a
\
Therefore:
P
o,=— [f+2a]
4
b- 10
tan,B=( ) = B=arc —J
Z z
20
lan(a+ﬁ)=2 = a=arcla|{-—-]—[3
z z
Compute stress increments for z = 12, 22, 32, and 42 ft. Results are
indicated in the table below:
10 20
2 (ft) B=amtat(—z-) a=arctar(—z—)- B Ac, (psf) 240, [psf]
12 39.80557 19.23068 391.3346 782.6692
22 24.44395 17.82974 300.5171 601.0342
32 17.35403 14.65136 233.2837 466.5674
42 13.3925 12.07085 187.671 375.3419
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Settlement determination for point A,

» Use the following expression:

4 -
CC GVO + AO'V
= ) H lo
P 2 1+ey
Ty
where:

H; = thickness of each sublayer = 10.0 ft

C. = According to FHWA procedure = TOZO
35 %
Therefore: C .= — = (.35
erefore; ©= 700
eo = Initial void ratio = _%w_ = 218—:-13—51 = 0.973
» Apply expressions above for z = 12, 22, 32, and 42 ft. Results are
indicated in table below:
z (f1) H,(ft) A G, (psf) AG,(psf) Gy= G, +AG, (pg‘) p; ()
12 10 1083 782.6692 1865.6692 0.4190176
22 10 1733 601.0342 2334.0342 0.2293869
32 10 2383 466.5674 2849.5674 0.1377558
42 10 3033 375.3419 3408.3419 0.0898873
Total Settlement: 0.8760476 ft
10.51 in
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Compilation of Computer Screens for
Example 4

FEDERAL HIGHWAY ADMINISTRATION

E M B M

MU I

A Hicrocomputer program for computing one
dinensional compression vertical settlement due
to embankment loads. The program follous the
equations presented by LambeXWhitman (1369),
Ladd <1973> and Poulos&Davis (1974). For the
case of a strip sysmetrical vertical embankment
loading ths progran superimposss two wvertical
eubankrent loads. For the increment of vertical
stresgses at end of fill, the progran
superinposss a series of rectangular loads.

PROTOTYPE ENGINEERING INC.

S7 Westland Avenue
Hinchester, MA 81898
617> 729-2363

Attn. Dr. Alfredo Urzua

Uersion 2.0870ctober 1991

OPENING SCREEN

Hit <F18> to continue

FEDERAL HIGHWAY ADMINISTRATION

E BRI

A Nicrocomputer program for conputing one

Main Menu ———ll
project Definition

soil Profile and soil paran.
Uater table definition
Stress history

Usrtical stress increment
systen of Units

Haintain file

Run progran

Exit to DOS

dinensional compression vertical settlement
due to embankment loads. The program follouws

the equations presented by LawbelUWhitman
(1969>, Ladd <1973) and Poulos&Davis (1874)>.
For the case of a strip symeetrical vertical
snbankrent loading the progran superinmposes
tuo wvertical embankment loads. For the
increment of wvertical stresses at end of
£i11, the program superimposes a zeries of
rectangular loads.

PROTOTYPE ENGINEERING INC.
57 Uestland Avenue
Uinchester, MA 81890
(617> 729-2363
Attn. Dr. Alfredo Urzua

Enter lstter only, or use arrous ﬂum <l » Nake sslection.

EMBANK MAIN MENU - SELECTION OF PROJECT DEFINITION
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FEDERAL HIGHUAY ADHMINISTRATION

Project Name

due to embankme
the equations
(1969, Ladd <1
For the case of
enbankment loading the program superimposes
tuo vertical wembankment loads. For the
increment of wvertical stresses at end of
fill, the program superimposez a series of
rectangular loads.

UM

Computed by

' [P |
I PROJECT DEFINITION
| Client = ANY CLIENT

= EXCAVATION EXANPLE

Project Manager = Mr. John Doe
A Hicrocompute| File Mawe = EXAMPLEA4. ENB
dimensional con] Date = 313792 CN/DD/YY)

b Hit <F18> to accept values s

Hain Menu
project Definition

soil Profile and soil param.
Water table definition

Y

s increment

s

INEERING INC.
57 Hestland Avenue
Hinchester, MA 918390
(617> 729-2363
Attn. Dr. Alfredo Urzua

PROJECT DEFINITION SCREEN

FEDERAL HIGHWAY ADMINISTRATION

EMIBIRI R

A MNicrocomputer program for computing ona
dimensional compression vertical settl t

" systam of Units

Main Menu ]
project Definition l
s0il Profile and soil paranm.
Vater table definition

Stress history

Usrtical stress incremant

Maintain file
Run progran
Exit to DOS

due to embankment loads. The program follous
the equations presented by LambeSUhitman

€1969>, Ladd (1973> and Poulos&Davis (1974).
For the case of a strip symmstrical vertical
snbankuent loading the progran szuperisposes
tuo vertical snbankeent loads. For the
increment of vertical stresses at end of
fill, the program superimposes a seriss of
rectangular loads.

PROTOTYPE ENGINEERING INC.
S? Uestland Avenus
Winchester, MA 81896
(61?7 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then <! » Make selection.

EMBANK MAIN MENU ~ SELECTION OF SOIL PROFILE
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FEDERAL HIGHWAY ADNINISTRATION

I Main Menu
proJect Definition
|
g0il Profile and sall paranm.
] Uoid ratio per cluy stress
I I I Strain per clog stress

Run progran
A Microcomputer program for computing one | Exit to DOS
dimensional compression vertical settlement
due to embankment loads. The program follous
the equations presented by LambefUhitwan
(1969), Ladd (1973> and PoulosiDaviz (1974).
For the case of a strip symmetrical vertical PROTOTYPE ENGINEERING INC.

|

embankment loading the program superimposes 57 Uestland Auenue
tuo wvertical embankment loads. For the Winchester, MA 81898
increment of wvertical stresses at end of 617> 729-2363
fill, the program superimposes a series of Attn, Dr. Alfredo Urzua

rectangular loads.

Enter letter only, or use arrous then <4 » Make selection. <Esc)> » Main Menu

SOIL PROFILE MEWU - SELECTIOW OF UOID RATIO PER LOG STRESS

[— FEDERAL HIGHUAY ADMINISTRATION l
Layer Nusber = 1 Elev. of top of layer = 9.80 -l
N Number of sublayers = 1 (for this layer)
Sublayer 1
------- Unit ueight of soil = 188.00

— Layer
------- 1 Tupe of lager -
Sublayer n
_— Layer soil properties = Initlal void ratio
Sublayer 1
Conpression Index Estisated from e-logp curves
------- ———- }~ Layer
2 Recompression Index Estimated from e-logp curves
Sublayer 2
~ Suelling Index Estimated from e-logp curves
Is this the last layer of profile Mo
Hit <F18> to continue =

Space Bar-Next item Alt-N-Menu

SOIL DESCRIPTION AND PARAMETERS FOR LAYER #1
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I
p=—=== Layer Soil Properties =—======y ADNINISTRATION

Fl Initial Uater Content = 898.00% *I
Specific Gravity of Solids = 1.88 layer = 8.00 -I
Degree of Saturation = yers = 1 (for this layer) 1

be—=x= Hit (F10> to accapt values === soil = 100.00
------- 1 Tupe of layer = Compressible

Sublayer n
B ——— Layer soil properties = Initial uvater content
Sublayer 1
Compression Index Estimated from e—logp curves
B — Layer
2 Recompression Index Estinated from e-logp curves
Sublayer 2
Suelling Index Estimated from e-logp curves
Is this the last layer of profile Mo
Hit <F18> to continue =
INITIAL WATER CONTENT - LAYER #1
F =1
I Compression Index

rl The Federal Highuay Administration (FHUA) In the soil ———-ﬂ I
and Foundations Uorkshop Manual (1982) estimates the
Compression Index by dividing the initial soil

woisture content by 108.
this layer)
Comp. Index = Initial Uater Content Cin %) / Constant

wvhere constant = 188

Constant = ssible

Hit <F18> to accept value === yater content

Compression Index Computed using FHUAC1982)
------- — Layer

2 Recompression Index Estimated from e-logp curvex
Sublayer 2

Swelling Index Estinated from e~logp curves

Is this the last layer of profile No

e 1 T |l

Hit <Fi®> to continue =

COMPRESSION INDEX - FHWA PROCEDURE - LAYER #1
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f
II Conpression Index . I
Layer Number = 2 Elev. of top of layer = -3.08 -I
EERE— Number of sublavers = 1 (for this layer)
Sublayer 1
------- Unit weight of soil = 116.00
|- Layer
——————— { Tupe of layer -
Sublayer n
Sublayer 1
—=—==meee—-— L. Layer
Sublayer 2
Is this the last layer of profile No
Hit <F9> to Preuv. Layer =ww= Nit (F18)> to continue =
Space Bar—Next item Alt~H-Henu
SOIL DESCRIPTION AND PARANETERS FOR LAYER #2
I 1
II Compression Index I l
Layer Number = 3 Elev. of top of layer = -10.00 -]
T Number of sublayers = 4 (for this layer)
Sublayer 1
------- Unit weight of soil = 127.48@
— Layer
------ 1 Type of layer =
Sublayer n
—_—— Layer soil properties = Initial vold ratio
Sublayer 1
Conpression Index Estimated from e—logp curves
“oesmumme——— - Layer
2 Reconpression Index Estimated from e-logp curves
Sublayer 2
- Suelling Index Estimated from e—logp curves
Is this the last layer of profile No
Hit <F9> to Prev., Layer === Hit <F10> to continue =

Space Bar-Next iten Alt-M-Nenu
SOIL DESCRIPTION AND PARAHMETERS FOR LAYER 83
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Degree of Saturation

-------- — 1
Sublayer n
Sublayer 1

2

Sublayer 2

F
=== Layer Soll Properties ‘]
Initial Uater Content = 35,08/ ]

Specific Gravity of Selids = 2.78 layer = -18.908

=== Hit (F18) to accept valugs ==== soil = 127.40

)
i
i
]
1
i
!
{
i
=
>
<
[-]
3

—_ 1 (- ¥

1

- |

= [[EHEE~ | yers = 4 (for this layer)

Type of layer Compressible

Layer soil properties = Initial uvater content

Compression Index Estinated from e-logp curves
Recompression Index Estimated from e—logp curves
Suelling Index Estimated from e-logp curves

Is this the last layer of profile No

Hit <F9> to Prev. Layer === Hit (F18> to continue =

INITIAL WATER CONTENT - LAYER #3

I
pression Index

C

noisture content by 1

Comp. Index = Initial
uhere constant = 186

Co

e Yt (F1

——————— —— Layer

Sublayer 2

COMPRES

el The Federal Highuay Adninistration (FHUAD in the soil
and Foundations Workshop HManual (1982) estimates the
Compression Index by dividing the initial soil

this layer>
Hater Content (in %) / Constant

nstant = ssible

8> to accept valug =—=——m————med yater content

Compression Index Computed using FHUAC1382)

o 2 1

Recompression Index Estimated from e-logp curves
Swelling Index Estimated from e-logp curves

Is this the last layer of profile Mo

Hit <F9> to Prev. Layer === Hit <F18> to continue = =

SION INDEX - FHUA PROCEDURE - LAYER #3
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f L
Conpression Index j
Layer Mumber = 3 Elev. of top of layer = -10.88 ..I
—— Nunber of sublayers = 4 (for this laver)
Sublayer 1
———————— Unit uweight of soil = 127.40
H [— Layer
———————————— 1 Type of layer = Cowpresszible
Sublayer n
—_— Layer soil properties = Initial uater content
Sublayer 1
Compression IndeX Computed using FHUAC1982)
m—mesem———= | Layer
2 Reconpression Index Estimated from s-logp curves
Sublaysr 2
—_——e Suelling Index Estimated from e-logp curves
Is this the last layer of profile
Hit <F9> to Prev. Layer wmm= Hit (F18> to continue =

Space Bar-Next item Alt-Mtenu
DEFINING LAYER #3 AS LAST LAYER OF SOIL PROFILE

f
Conpression Index

e ]

Layer Number = 3 Elev. of top of layer =
— Number of sublayers = 4 (for this layer)
Sublayer 1
------- Elev. of bottom of last layer = ible
Sublayer n
—~ Hit <F10> to accept value =wsmemed teyr content
Sublayer 1
Comupression Index Computed using FHURC(1982)
------- ——— |~ Layer
2 Recompression Index Estimated from e-logp curves
Sublayer 2
—_— Suelling Index Estinated from e-logp curves
Is this the last layer of profile Yes
Hit <F3> to Prev. Layer === Hit <F10> to continue =

DEFINING THICKNESS OF SOIL PROFILE
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FEDERAL HIGHWAY ADMINISTRATION

A Microcomputer program for computing one
dimensional compression vertical settlsment
due to embankment loads. The program follous
the equations presented by LanbeSWhitwan
€1963>, Ladd (1973) and PoulosiDavis (1974).
For the caze of a strip symmetrical uertical
smbanknent loading the program superimposss
two vertical enbankment loads. For the Hinchester, MR 91890
increnent of wertical stresses at end of
fi11, the program superimposes a series of

rectangular loads.

project Definition
soil Profile and scoil paranm.

|
[ Uater table definition” |
| Strass ’
| | I system
Maintain file

Run program
Exit to DOS

Uertical stress increment

Hain Memw =—s——===—

history
of Units

PROTOTYPE ENGINEERING INC.
57 Uestland Auenue

Attn.. Dr. Alfredo Urzua

617> 729-2363

Enter letter only, or use arrous then <J » Make seiection.

EMBANK MAIN MENU - SELECTION OF WATER TABLE DEFINITION

FEDERAL HIGHWAY ADMINISTRATION

EME

project Definition

soil Profile and soil param.
ater table dctinivion ]
Stress

|

p==—=== Water Table Definition

A Microcomputer pro
dimensional compress!

bz Hit <(F18> to accept values

due to embankment loa

the equations presented by Lambe&Whitman
€1969>, Ladd <1973) and Poulosi&Davis €1374).
For the case of a strip symmetrical vertical
snbanknent loading the program superimposes
tuo wvertical embankeent loads. For the Uinchester, MA 81890
incremnent of uvertical stresses at =nd of
f111, the program superimposes a series of

rectangular loads.

Uertical stress increment
Unit, .

Elev. of Uater Table = "

Hain Menu

history

s
ile

S

PROTOTYPE ENGINEERING INC.
5?7 Uestland Avenue

Attn. Dr. Alfredo Urzua

(617> 72%-2363

WATER TABLE AT ELEVATIOM -5 FT

144




EMBANK Appendix B Example 4

FEDERAL HIGHWAY ADHINISTRATION

EMBRITIR

A MNicrocomputer program for computing one
dinensional compression vertical settlement
due to embankment loads. The program follous
the equations presented by Lanbs8UWhitman
(1969>, Ladd <1973 and Poulos&Daviz €1974).
For the case of a strip symmetrical vertical
enbanknent loading the program superimposes
tuo vertical embankeent loads. For the
increment of vertical stresses at end of
fill, the program superimposes a ssriss of
rectangular loads.

Main Menu
project Definition
soil Profile and soil param.
Water table definition
Stress history

Uertical stressz increment
systen of Units

Haintain file

Run program

Exit to DOS

PROTOTYPE ENGINEERING INC.
57 Uestland Avenue
Uinchester, MA 81890
(617> 729-2363
Attn. Dr. Alfredo lhrzum

Enter letter only, or use arrous then <«J » Make seiection.

EMBANK MAIN MENU - STRESS HISTORY

FEDERAL HIGHUAY ADMINISTIRATION

EMEBIHI K

Main Menu
project Definition
soil Profile and soll paran.
Water table definition

Stress history

| Stress history
Normally consolidated soil |
User defined stress history

A Microcomputer program for computing one
dinensional compression vertical settlement
due to embankeent loads. The program follous
the equations presented by Lambel3Uhitman
€1969), Ladd (1973) and Poulos&Davis (1974)>.
For the case of a strip symnetrical vertical
snbanknent loading the program superimposes
tuo vertical embankmwent loads. For the
increment of wvertical stresses at end of
£111, the program superimposes a series of
rectangular loads.

PROTOTYPE ENGINEERING INC.
5?7 Uestland Avenue
Hinchester, MA 81830
€617) 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then <«J » Make selection. <Esc> » Main Menu

SOIL IS DEFINED AS NORMALLY CONSOLIDATED
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FEDERAL HIGHWAY ADMIMISTRATION

EMBERTK

A Microcomputer program for computing one
dimensional compression vertical settlement
dus to smbankment loads. The progran follous
the equations presented by Lanbe8Uhitman
(1969>, Ladd (1973> and Poulos®Davis (1974).
For the case of a strip symmstrical vertical
enbankment loading the program superimposes
tuo vertical embankment loads. For the
increnent of vertical stresses at end of
fill, the program superimposes a seriss of
rectangular loads.

Hain Menu
project Definition
soil Profile and soil paran.
Hater table definition
Stress history

oer Ticat Strecs dnerement |
system of Units
Maintain file
Run progranm
Exit to DOS

PROTOTYPE ENGINEERING INC.
57 Uestland Avenus
Uinchester, MA 01898
<617 ?29-2363
Attn. Dr. Alfredo Urzua

Enter letter aonly, or use arrous then <«J » Make selection.

EMBANK MAIN MENU - SELECTION OF VERTICAL STRESS INCREMENT

FEDERAL HIGHUAY ADMINISTRATION

EMBRNE.

Main Menu
project Definition

soil Profile and soil param.
Uater tabls definition
Stress history

Uertical stress increment

Uertical stress increment
strip bynnetmcal vertical embankment loading
ILlncrenent of stresses Beneath the end of a fil}
A Microcomputer progran fo

dinenslonal compression ver

due to embankment loads. The program follous
the equations presented by Lanbe&Whitman
(1969, Ladd (1973) and PoulosiDavis (1974).
For the case of a strip symmetrical vertical
enbankment loading the program superinposes
tuo vertical smbankment loads. For the
increment of wvertical stresses at end of
fill, the progran superimposes a series of
rectangular loads.

PROTOTYPE ENGINEERING INC.
57 Hestland Avenue
Winchester, MR 81890
(b1?> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then <«J » Make selection. <Esc) » Main Menu

VERTICAL STRESS INCREMENT ~ SELECTION OF STRIP Symn. EMBANKMENT LOAD
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EMBANK Appendix B Example 4

‘ SYMETRICAL VERTICAL EMBANKMENT LOAD o=
. '
VERTICAL, EMBANKMENT FOOTING
Fi Ewbank. slope a = 10.88 u
Enbank. width b = 3J0.88 LML 1 n
Height of Fill H = 18.80 34430800401 H X ]| =zoil paranm.
Unit ueight of fill = 120.86 4338800000800 L —d e ition
S —
POINTS FOR COMPUTATION OF . Layer
SETTLEMENT . t
calculate in = X Point .
Fl x coordinate = 20.80 . Layer Z | nd of a fill
21
FOUNDATION ELEU.
z=
ERING INC.
Hit <F18> to accept values Avenue
A 81890
increment of wvertical stresses at end of €617) 729-2363
f£ill, the program superimposes a series of Attn. Dr. Alfredo Urzua
rectangular loads.

STRIP SYMM. VERTICAL EMB. LOADING GEOMETRY INPUT SCREEN

FEDERAL HIGHWAY ADMINISTRATION

ENBIHRI K

A MNicrocomputsr program for computing one
dimensional compression wvertical settlement
due to embankment loads. The program follous
the equations presented by Lanbe8Uhitman
(1969), Ladd (1973) and Poulos&Davis (1974),
For the case of a strip symmetrical vertical
snbankmnent loading the program superimposes
tuo vertical embankeent loads. For the
increment of vertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

Main Menu
project Definition
soll Profile and soil paran.
Water table definition
Stress history

Vertical stress incrsment
systen of Units

Maintain file

Exit to DOS

PROTOTYPE ENGINEERING INC.
57 Uestland Avenue
Uinchester, MA 81890
(617> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then <«J » Make selection.

EMBANK MAIN HENU - RUN PROGRAN OPTION
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EMBANK Appendix B Example 4

ONE DIMENSIONAL SETTLEMENT ANALYSIS/Federal Highuay Administration
STRIP SYMMETRICAL VERTICAL EMBANKMENT LOADING

Enbankment slope a = 10.80 (ft> Helght of fill H = 10.08 (It
Embankment top uidth = 28.08 (ft> Unit weight of fill = 1206.8@ (pcfd
Embankment bottom uldth = 48.88 (ftd> p load/unit area = 1200.08 (psi)
Ground Surface Elev. = 8.8@ (ft> Foundatlion Elev. = 9.08 (ft)
Hater table Elev. = ~5.88 (£t> Unit weight of Hat. = 62.4@ (pc)
LAYER COEFFICIENT UNIT  SPECIFIC UOID
N®, TYPE THICK. COMP. RECOMP. SWELL. WEIGHT GRAVITY RATIO Settlement
(€33 Cpef) n)
1 coMP. 3.0 ©.500 0.060 0.6600 16@.088 1.80 1.44 9.97
2 [INCOMP. 7.8 110.088 —— ——
3 CoMP. 40.0 ©.350 ©6.060 8.888 127.48 2.78 9.9? 12.54
Total Settlement = 21.323
SUBLAYER SOIL STRESSES
N2, THICK. ELEV. INITIAL INCREMENT MAX.PAST PRESS.  SETTLEMENT
(€3 3] ) Cpsh) Cpsf) C(psf) (in)d

Hit arrou keys to display next screen. <F8> Print. <F18> Main Mernu ——-

PROGRAN OUTPUT - PARTIAL SCREEN

(FL)

2 INCOMP. 2.8

1 CcoMP. 3.0 0.8500 0.808 ©0.008

3 COMP. 48.8 0.350 0.8P8 0.800

——— ONE DIMENSIOMAL SETTLEMENT ANALYSIS/Federal Highway Administration
STRIP SYMMETRICAL UERTICAL EHBANKMENT LOADING

Cpef)

100.00  1.89 1.
118.88 -~ = —--
122.48  2.78 .97 12.54

Cin)

14 9.97

Total Settlement = 21.23
SUBLAYER SOIL STRESSES
N2, THICK. ELEV, INITIAL INCR Select
(€33} (€35 Cpsf) Cp|]] Send form to: [F-Printer, J-Disk Fi lc.‘]

1 3.08 -1.58 200.00 1189.37 200.00 9.97
2 INCONMP.

3 10,08 -15.08 1883.08 967,68 1083.00 S5.98
4 19,60 -25.8@ 1733,08 748,24 1733,00 3.29
S 108.88 -35.88 2383.98 580.59 2383.00 2.82
6 18.88 -45.80 3033.00 471.95 3033. 08 1.34

Total Setilement =

SELECTION OF DISC FILE PRINTED OUTPUT
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EMBANK Appendix B Example 4

ONE DIMENSIONAL SETTLEMENT ANALYSIS/Federal Highuay Administration
STRIP SYMMETRICAL VERTICAL EMBANKMENT LOADING

£t) Cpef) n.)
1 ConP. 3.0 ©.800 9.000 B.880 108.00 1.88 1.44 9.97
2 INCOMP. 7.9 119.09 =— —
3 ConP. 40.8 ©.350 0.000 0.8080 127.40 2.78 8.9?7 12,54
Total Settlement = 21.23
SUBLAYER SOIL STRESSES
N2, THICK. ELEV, INITIAL INCRE—————— Destination File
(x5 f1) Cpsi) (ps] A:EXAM4A.OUT
1 3.08 -1.58 200.00 1199.3?7 200.00 9.97
2 INCOMP.
3 10.88 -~15.80 1@83.68 967.68 1883. 08 5.98
4 18.88 -25.88 1733.06 740.24 1733.00 3.29
5 186.68 -35.88 2383.60 588.59 2383.80 2.82
6 18.88 -45.88 3833.88 471.95 3833. 68 1.34
Total Settlement = 21.23 Un))

Hit arrou keys to display next screen. <F8> Print. <F18> Main Menu -——-o

SELECTION OF QUTPUT DESTINATION FILE NAHE

——ONR DIMENSIONAL SRTTLEMENT ANALYSIS/Federal Highway Administration
STRIP SYMMETRICAL VERTICAL EMBANKMENT LOADING

Project Name : RXCAVATION RXANPLE Client :+ ANY CLIENT
File Name + RXAMPLE4 .EMB Project Manager : MR. JOHN DOR
Date 1 10/03/91 Computed by 1 aum

Settlement for X = 20.00 (ft)

Embankment slope a = 10.00 (ft) Height of fill H = 10.00 (ft)
Embankment top width = 20.00 (f£t) Unit weight of £i11l = 120.00 (pcf)
Embankment bottom width = 40.00 (ft) p load/unit area = 1200.00 (psf)
Ground Surface Elev. = 0.00 (ft) Foundation Elev. = 0.00 (ft)

Water table Rlev. = -5,00 (ft) Unit welght of Wat. = 62.40 (pcf)
LAYER COBPFICIENT UNIT SPRCIPIC VOID
Ne. TYPE THICK. COMP. RECOMP. SWELL. WRIGHT GRAVITY RATIO Settlement
(fe) (pef) (in.)
1 COMP. 3.0 0.800 0.000 0.000 100.00 1.80 1.44 $.97
2 INCOMP. 7.0 ==v=~ cove= cmcw- 110.00 ———- ~———-
3 CoMP. 40.0 0.350 0.000 0.000 127.40 2.78 Q.87 13.54
Total Settlement = 21.23
SUBLAYER SOIL STRRSSES
Ne. THICK. EBLEV. INITIAL INCREMENT MAX.PAST PRESS. SRTTLEMENT
(£t) (£e) (pst) (psf) (psf) (in.)
1 3.00 -1.50 200.00 1199.37 200.00 9.97
2 INCOMP.
3 10.00 -15.00 1083.00 967.60 1083.00 5.9%0
4 10.00 -25.00 1733.00 740.24 1733.00 3.29
5 10.00 -35.00 2383.00 580.59 2383.00 2.02
6 10.00 -45.00 3033.00 471.95 3033.00 1.34
Total Settlement = 21.323 (in.)

L——$Hit arrow keys to display next screen. <P8> Print. <P10> Main Menu

149




EMBANK Appendix B Example 4

FEDERAL HIGHWAY ADMIMISTRATION

ENBIRIN K

" systen of Units:

A MNicrocomputer progras for computing one
dinensional compression vertical settl t

ftain Memu ——l
project Definition

soll Profile and soil paran.
Water table definition
Stress history,

Uertical stress increment (

Maintain file’ -
Run progran
Exit to DOS

due to embankment loads. The program follous
the equations presented by LambelUhitnan
€1969>, Ladd (1973) and Poulos&Davis (1974>.
For the case of a strip symmetrical vertical
enbanknent loading the progran supsrinposes
tuo uvertical embankment loads.
increment of wvertical stresses at end of

fill, the progran superimposes a seriss of

rectangular loads.

For the

PROTOTYPE ENGINEERING INC.
57 Uestland Auenus
Uinchester, MA 01898
C617) 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then < » Make selection.

EMBANK MAIN MENU - SELECTION OF UERTICAL STRESS INCREMENT

FEDERAL HIGHUAY ADMINISTRATION

EMIBRI K

A MNicrocomputsr program for computing one

Main Mem scwomssmmteommsy
project Definition

soil Profile and soil paranm.
Water table definition
Stress history

Uertical stress increment

systen of Units
Haintain file
Run progran
Exit to DOS

dimensional compression vertical settl t
due to smbankment loads. The program follous
ths equations presented by Lambe8Uhitran
(1969, Ladd (13973) and PoulosiDavis (1974).
For the case of a strip symeetrical vertical
enbanknent loading the program superinposss
tuo wvertical embankment loads. For the
increment of vertical stresszes at w®nd of
fil1, the program superimposss a series of
rectangular loads.

PROTOTYPE ENGINEERING INC.
57 Uestland Avenue
Winchester, MR 01898
617> 728-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then <3 » Nake selection.

EMBANK MARIN MEMU - SELECTION OF VERTICAL STRESS INCREMENT
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EMBANK Appendix B Example 4

FEDERAL HIGHUAY ADMINISTRATION

Hain Henu
project Definition

I soil Profile and soil param.
Uater tabls definition
Stress history
Uertical stress increment
Vertical stress incr t

’r-lp \qnmtr ical vertical embankment loading
lncnnnt of stresses Bensath the end of a fill

A Hicrocomputer progran fo
dinensional compression ver
due to smbankeent loads. The program follous
the equations presented by Lanbstihitman
(1969), Ladd <1973 and PoulostDavis (1974).
For the case of a strip symmetrical vertical PROTOTYPE ENMGIMEERING INC.

enbanknent loading the progran superimposes 57 Hestland Avenue
tuo vertical embankment loads. For ths Uinchsster, HA 81890
increment of wvertical stresses at end of | (617> 729-2363
fill, the pregran supsrinposss a serises of Attn. Dr. Alfredo Urzua

rectangular loads.

Enter letter only, or use arrous then «J » Make selection. <Esc) » Main Mernu
VERTICAL STRESS INCREMENT MEMU - SELECTIOM OF STRIP SYmnM. ENB, LOAD

pr— SYETR ICAL VERTICAL EMBANKMENT LOAD

VERTICAL EMBANKNMENT FOOTING
bf Enbank. slope a = “18.088 -4 u
Embank. width b = 38.88 L t n
Height of fill H = 10.00 IRRRRYRYRRRY} H X | soil paran.
Unit usight of fill = 120.88 MAHBLLLILLL—l—> | itlon
| cmmmalp .
POINTS FOR COMPUTATION OF . layer 1 ‘
SETTLEMENT .
calculate in = X Point .
F % coordinate = 20.08 . Layer 2 | nd of a Fill
i
2= .-
ERING INC.
Hit <F18) to accept valusg =sesssssesee=——d Ausnus
A 018398
increment of wvertical stresses at end of (617> 729-2363
£i11l, the progran superinposes a series of Attn. Dr. Alfredo Urzua
rectangular loads.

LOAD GEOMETRY - FOUNDATION DEPTH AT ELEVATION -3 FT
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EMBANK Appendix B Example 4

1 SYNHETRICAL UERTICAL EMBANKMENT LOAD ==
F
UERTICAL EHBANKMENT FOOTING b—|
k| Embank. slops a = 10.08
Embank. width b = 30.80 Wit t
Height of £111 H = 10.060 WLt H X | =zoil paran.
Unit usight of fill = 129.688 BLLLEELLLIMLII—34— | ition
Ko
POINTS FOR COMPUTATION OF . Layer 1
SETTLEMENT . ' t
calculate in = X Point .
Fl x coordinate = 20.00 . Layer 2 ] nd of a F£ill
z1!
FOUNDATION ELEV. Compute sxcavation effect
Z= -3.88 as gammaxFoundation Depth = I
ERING INC.
Hit <F18> to accept values No = Quenue
Ves A 818398
increment of vertical stresses at end of 29-2363
fil1, the program superimposes a series of Attn 1fredo Urzua
rectangular loads.

<+tl-+-Movas bar <« -Select Esc-Exit
SELECTION OF EXCAVATION EFFECT

FEDERAL HI1GHWAY ADNINISTRATION

Hain Menu
project Definition

incrensnt

| soil Profile and seil paran.
Water table definition
] Stress history
Vertical stress
| | I systen of Units

Maintain file
Run program

A Microcomputer program for computing one | Exit to DOS

dimensional compression vertical ssttl t
due to embankment loads. The program follous
the equations presented by LanbeSUhitwan

(1969), Ladd (1973) and Poulos&Davis (1874).

For the caze of a strip symmetrical vertical PROTOTYPE Dﬁllm INC.

enbankment loading the program superinposes S? Uestland Avenue
tuo vertical embankment loads. For' the Winchester, ¥A 01890
increment of vertical stresses at end of 617> 729-2363
fil1, the program superimposes a series of Attn. Dr. Alfredo Urzus

rectangular loads.

Enter letter only, or use arrous then «J » Hake selection.

ENMBANK NMAIN MENU - RUN PROGRAN
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EMBANK Appendix B Example 4

———— ONE DIMEMSIONAL SETTLEMENT ANALYSIS/Federal Highuay Adninistration

STRIP SYMMETRICAL VERTICAL EMBANKHENT LOADING
Embankment slope a = 18.88 (I't> Height of fill H = 18.88 (')
Emnbankment top width = 20.88 (ft) Unit ueight of fill = 120.88 (pch)
Enbankment bottom width = 48.68 (ft) p load/unit area = 12080,808 (psf)
Ground Suirface Eleu. = 8.88 (ft> TFoundation Eleu. = -3.88 ()
Uater table Elev. = -5.80 (ft> Unit ueight of Hat. = 62.48 (pch)
LAYER COEFFICIENT UNIT  SPECIFIC UOID
NS, TYPE THICK. COMP. RECOMP. SWELL. UEIGHT GRAVITY RATIO Settlement
) Ft> Cpch) Cin)
1 COoMP. 3.0 0.500 B.000 0.000 100.08 1.80 1.44 8.60
2 INCOMP. 7.8 118.88 — —
3 COMP. 48.8 ©.35 0.P00 08.898 127.48 2.78 08.97 18.51
Total Settlement = 18.51
SUBLAYER SOIL STRESSES
N2, THICK. ELEV. INITIAL INCREMENT MAX.PAST PRESS.  SETTLEMENT
Hit arrow keys to display next screen. (F8> Print. <F18> Main Hermt ———

PROGRAH OUTPUT - PARTIAL SCREEN

ONE DIMENSIONAL SETTLEMENT ANALYSIS/Federal Highuay Administration
STRIP SYMMETRICAL VERTICAL EMBANKMENT LOADING
(€3 3] (pcf) Un)

1 COMP. 3.0 ©.880 9.800 9.000 100.80 1.88 1.44 8.88
2 INCOMP. 7.8 118.88 S —
3 COMP. 46.8 8.350 0.P00 ©0.000 127.48 2.78 8.97 18.51

Total Settlement = 18.51

SUBLAYER ' SOIL STRESSES

N2, THICK. ELEV. INITIAL INC Select
v ) CGpsh (p| Send forn to: [-Printer, [-Disk File. I

1 Sublayer over foundation Eleu.

Z INCOMP.

3 18.08 -15.86 1B83.08 782.67 10883. 60 5.83
4 10.88 -25.00 1733.80 681.83 1733. 00 2.75
S 10.66 -35.00 2383.88 466.57 2383. 80 1.65
6 10.80 -45.88 3033.80 375.34 3833. 89 1.e8

Total Settlement = 18.51 <in.)

L Hit arrow keys to display next screen. <F8> Print. <F10> #ain Henu

SELECTION OF DISC FILE PRINTED OUTPUT
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EMBANK Appendix B Example 4

——— ONE DINENSIONAL SETTLEMENT ANALYSIS/Federal Highuay Administration
STRIP SYMMETRICAL VERTICAL ENMBANKNMENT LOADING

SELECTION OF OUTPUT DESTINATION FILE NAME

STRIP SYMMETRICAL VERTICAL EMBANKMENT LOADING

L—— Hit arrou keys to display next scresn. <F8)> Print. <F18> Main Henu

ONE DIMENSIONAL SETTLEMENT ANALYSIS/Federal Highway Administration

ft) Cpef) in.)
1 Coup. 3.6 0.808 B8.860 6.0080 108.88 1.80 1.44 8.08
2 INCOMP. 2.8 118.68 — ——
3 COMP. 46.6 ©.358 0.880 0.008 127.48 2.78 9.97 16.51
Total Settlement = 10.51
SUBLAYER SOIL STRESSES
N2, THICK. ELEV. INITIAL INCRE Destination File
(FL) vy (psf Cps] A:EXAM4AL. OUT
1 Sublayer over foundation Elev.
2 .
3 10.08 -15.080 1083.08 782.67 1883.00 5.e3
4 19.80 -25.88 1733.80 691.03 1733.00 2.75
5 19.88 -35.90 2383.80 466.57 2383.00 1,65
6 10.88 -45.80 3033.84 375.34 3833.08 1.e8
Total Ssttlement = 10.51 CinJ)

Project Name : EXCAVATION EXAMPLE Client : ANY CLIENT
File Name : EXAMPLE4.EMB Project Manager : MR. JOHN DOE
Date : 10/03/91 Computed by : aum
Settlement for X = 20.00 (ft)
Embankment slope a = 10.00 (ft) Height of fill H = 10.00 (ft)
Embankment top width = 20.00 (ft) Unit weight of fill = 120.00 (pcf)
Embankment bottom width = 40.00 (ft) p load/unit area = 1200.00 (psf)
Ground Surface Elev. = 0.00 (ft} Foundation Elev. = -3.00 (ft)
Water table Elev. = -5.00 (ft) Unit weight of Wat. = 62.40 {(pcf)
LAYER COEFFICIENT UNIT SPECIFIC VOID
Ne. TYPE THICK. COMP. RECOMP. SWELL. WEIGHT GRAVITY RATIO Settlement
(ft) (pct) {in.)
1 COMP . 3.0 0.800 0.000 0.000 100.00 1.80 1.44 0.00
2 INCOMP. 7.0  ~===- =-+-coe  -ce-- 110.00 ———- ————
3 COMP. 40.0 0.350 0.000 0.000 127.40 2.78 0.97 10.51
Total Settlement = 10.51
SUBLAYER SOIL STRESSES
Ne. THICK. ELEV. INITIAL INCREMENT MAX.PAST PRESS. SETTLEMENT
(fr) (ft) (psf) (psf) (psf) (in.)
1 Sublayer over foundation Elev.
2 INCOMP.
3 10.00 -15.00 1083.00 782.67 1083.00 5.03
4 10.00 -25.00 1733.00 601.03 1733.00 2.75%
S 10.00 -35.00 2383.00 466.57 2383.00 1.65
6 10.00 -45.00 3033.00 375.34 3033.00 1.08
Total Settlement = 10.51 (in.)
Hit arrow keys to display next screen. <F8> Print. <F10> Main Menu
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EMBANK Appendix B Example 4

FEDERAL HIGHUAY ADHINISTRATION

EMBRIK

A Microcomputer progran for computing one
dinensional compression vertical settlement
due to enbankment loads. The program follous
the equations presented by LambeSUhitman
€1969>, Ladd (1973) and Poulos&Davis (1979).
For the case of a strip symeetrical vertical
enbankment loading the program superimposes
tuc vertical enbankment loads. For the
increment of wvertical stresses at end of
fill, the program superimposes a series of
rectangular loads.

Hain Menu sy
project Definition
so0il Profile and soil param.
Uater table definition
Stresx history
Vertical stress increment
systen of Units

R r—
Run progran
Exit to DOS

PROTOTYPE ENGINEERING INC.
57 Hestland Avenue
Hinchester, MA 01890
(617> 729-2363
Attn. Dr. Alfredo Urzua

Enter lstter only, or use arrous then <l b Make selection.

EMBANK MAIN NENU - MAINTAIN FILE OPTION

FEDERAL HIGHWAY ADMINISTRATION

E BRI

A MNicrocomputer program for computing one
dinensional compression vertical ssttlewent
dus to embankment loads. The program follous
the equationg presentsd by LanbeSUhitman
€1969), Ladd (1973) and Poulos&Davis (1974).
For the case of a strip symmetrical vertical
enbankuent loading the program superimposes
tuo vertical embankwent loads. For the
increment of vertical stresses at snd of
£f1l11, the progran superimposes a series of
rectangular loads.

Hain Henu
project Definition
soil Profile and soil paran.
Hater table definition
Stress history
Usrtical stress incressnt
systen of Units

[Faintain file
Run g Maintain file
Exit

Retrieve file
Clsar entries

PROTOTYPE ENGINEERING INC.
57 Uestland Avenue
Uinchester, MA 81890
617> 729-2363
Attn. Dr. Alfredo Urzua

Enter letter only, or use arrous then <J b Make selection. (Esc) » Main Menu

MAINTAIN FILE MENU - SELECTION OF SAVE FILE
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EMBANK Appendix B Example 4

FEDERAL HIGHWAY ADMINISTRATION

EMBERK

A HNicrocomputer progran For computing one

Main Heru
project Definition
soil Profile and soil paras.
WHater table definition
Stress history

Uertical stress i{ncrement
systen of Units

Run 5 Maintain file
(#3831 Save file

dinensional compression vertical sett Destination File
due to embankment loads. The progran fl EXAPLE4. ENMB I

the equations presented by Lambed3l

(1869>, Ladd €1973) and Poulos&Davis (1974).
For the case of a strip symmetrical vertical
enbankment loading the program superimposes
tuwe wvertical smbankment loads. For the
increment of wvertical stresses at end of
£1il11, the program superimposes a series of
rectangular loads.

PROTOTYPE ENGINEERING INC.
57 Hestland Avenue
Winchester, MA 01890
617> 729-2363
Attn. Dr. Alfrede Urzua

Enter letter only, or use arrous them «J » Make selsction. (Esc)> » Main Menu

SAVING INPUT FILE AS EXANPLE4.EMB

FEDERAL HIGHUAY ADMINISTRATION

EMBRIK

R MNicrocomputer program for computing one
dinsnsional compression vertical zsttlement
dus to embankment loads. The program follous
the squations pressnted by Lanbelilhitnan
(1969>, Ladd (19?73) and PoulosiDavis (1974).
For the case of a strip symsetrical vertical
snbankment loading the program superiuposas
tuo vertical embankment loads. For the
increment of vertical stresses at end of
fill, the program superimposes a seriss of
rectangular loads.

Main Menu
project Definition
soil Profile and soil param.
Hater table definition
Stress history

Usrtical stress increment
systen of Units

Maintain file

Run progranm

Exit to DOS

PROTOTYPE ENGINEERING INC.
57 Uestland Avenus
Uinchester, MA 81898
(617> 729-2363
Attn. Dr. Alfredo lhrzua

Enter letter only, or use arrous then <3 » Make smlection.

EMBANK MAIN MENU - EXIT TO DOS CPTION
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FEDERAL HIGHWAY ADMINISTRATION

E BRI

Hain Menu
project Definition
soil Profile and soil paran.
Hater table definition
Stress history

Vertical stress increment
systsn of Units

NHaintain file

A MNicrocomputer progras for computing one
dinensional compression vertical settlement
dus to embankrment loads. The program follous
the squations pressnted by Lanbe8Uhitnan
€1969>, Ladd <1973> and PoulosiDavis <1974,
For the case of a strip symmetrical vertical
enbankment loading the program superimposes
tuo vertical embankment loads. For the
increment of vertical stresses at snd of
£111, the program superimposes a seriss of
rectangular loads.

Run progran
Exit to DOS

[Exit to DoS ]
Exit to DOS
45

PROT NG INC,

57 Mestland Avenus

Winchester, HA 01890
(617> 729-2363

Attn. Dr. Alfredo lrzua

Enter letter only, or use arrous then <! » Make selection. (Esc) » Main Menu

EXIT TO DOS MENU - YES OPTION
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