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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 
fonn. 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-1 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 l, the vertical deformation of an element at a distance z 
under the surface is given by 

8p=e(z)oz 

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

The total deformation is given by: 

H 

p= r e(z) 8z 

(1) 

(2) 



Soll Model 

EMBANK 

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 

n n 

p= LAH;= Le;H; 
i = 1 i = 1 

in which: 

Allj = thickness change of sublayer i 
Hi = initial thickness of sublayer i 
£j = vertical strain in sublayer i 
n = number of sublayers 

(3) 

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 (e), so that 

Lill; ~ 
e;=-=--

H; l+eo; 

in which: 

At, = change in void ratio for sublayer i = eri - eoi 
eri = final void ratio for sublayer i 
~ = initial void ratio for sublayer i 

Equation (3) then becomes: 

(4) 

(5) 

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: 

Cc = compression index 
Cr= recompression index 

For cases of one-dimensional unloading or reduction of vertical effective 
stresses, the relationship can be represented by a third parameter, Cs= 
Swelling Index. In most cases the values of Cr and Cs are very similar. 

2 
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The maximum past pressure, Bvm, 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, iiv0, is smaller than iivm. The ratio 

(j 

vm/~ = OCR 
vO 

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, Cc, Cr, and Cs, respectively, 

Cc 
CR= ---

(1 + eo) 
c, 

RR=-­
(1 + eo) 

Cs 
SR= --­

(1 + eo) 
where e0 is the initial void ratio. 

(6a) 

(6b) 

(6c) 

The values of ~e = er. - eOi to input in equation (5) depend on the final 
stress level within each sublayer. If Gvf does not exceed Gvm, the reduction 
in void ratio for the soil in sublayer i is: 

If the final stress o'vtis greater than o'vm• the value of ~ei is: 

-
(J 

vm 

When unloading (reduction of effective stresses) occurs, the void ratio 
increases and the soil swells. The increment in void ratio is 

3 

(7) 

(8) 
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(9) 

where the difference ~ 2 - avl represents 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 ii,, does not exceed ii , the vertical strain is: 
v1 vm 

~f 
Ei=RR log -

If the final stress ii,, is greater than ii , the vertical strain is: 
v1 vm 

- -
O'vm O',,f 

e;=RR log - + CR log -

-
(j 

vm 

For unloading conditions the vertical strain is 

a,, 1 
E;= - CS log -

where ~ 2 - <1v 1 is the reduction in effective stress. 

(10) 

(11) 

(12) 

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 

4 
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O'z= - /3+ - - -(x- b) p[ xa z l 
1l a Rf 

(13) 

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 Ymax = Yl + 10½ 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 = y1 + 5~. 

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

p [ t,;,j lb ) lbz ( 1 1 )~ 
O'z= 21& arc...,\zR3 + Ii-; Rf+ R~ 1j (14) 

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 include 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. 

5 



References 

EMBANK 

Ladd, C.C. (1973), "Estimating Settlement of Structures on Cohesive 
Soils," Presentation prepared for the Foundations and Soil Mechanics 
Division of the ASCE, April 9-10, 1973. 

Lambe, T.W. and Whitman, R.V. (1969), Soil Mechanics, John Wiley and 
Sons, New York. 

Poulos, H.G. and Davis, E. H. (1978), Elastic Solutions for Soil and Rock 
Mechanics, John Wiley and Sons. New York. 

6 



00+--

3.0 

2.8 

2.6 

(I) 2.4 
6 
~ 2.2 a: 
0 

5 
> 2.0 

1.8 

1.6 

1.4 

EMBANK 

z 

~dz 

T 

.----Infinitely Extended Uniform Load 

H 

Incompressible Boundary 

Figure 1. Elastic medium under one-dimensional compression 

I ~t~VM (Casagrande) 

I Min;..,m Ra<iu,/ 

----~;-::--1 
r;---

Virgin Compression Inda~, c?~ 
~ 

------- ·-------- -----o 
Swelling Index, C5 

2 5 10 20 50 

CONSOLIDATION STRESS, <Jvc(TSM) 

Figure 2. Compression <;:urve and compressibility parameters 
void ratio vs. consolidation stress (Ladd 1973) 

7 

100 



0 

5 

10 

* ef 15 z 
< a: 
I- 20 CJ) 

_J 
<( 
(.) 

25 ~ 
a: 
UJ 
> 

30 

35 

40 

z 

EMBANK 

2 5 10 20 50 

CONSOLIDATION STRESS, O'vc(TSM) 

Figure 3. Compression curve and compressibility parameters 
vertical strain vs. consolidation stress (Ladd 1973) 

a 
b 

Figure 4. Embankment loading and parameters 
(Poulos & Davis 1974) 

8 

100 



El 
d 

I· 

b 

I 
I 
IZ 
I 

• 

EMBANK 

a+b 

~ "I FAm p =yH P=yH p =yH 

+ I 
I z 
IZ 
I I 

• • 
d a +b-d 

Figure 5. Superposition scheme for symmetrical embankment loading 

L-----------------------

~-----------------------------­
r -L--------------------------------'Y• unit weight of fill ::..i_ _________________________________ _ 

-L-------------------------------------
-L _______________________________________ _ 

a ___________________________________________ _ 

H 

L----------------------------------------------

j_yH 

T 10 

Figure 6. Superposition scheme to model end of embankment loading 

9 



w 

(a) 

Figure 7. Transformation of end of embankment to equivalent 
rectangular loads 

l 
z 

Uniform Vertical 
Stress/Unit Area 

R1 = (12 + z2) 112 

R2 = (b2 +z2)1l2 

R3 = (12 + b2 + z2)1l2 

Figure 8. Parameters for the determination of increments of vertical stress 
under the comer of a rectangular load 

10 

EMBANK 



b 

I 

I 
I 

I 
I 
I 
I 

I 

: 2 
I 
I 

I 
I 

I 
I 
I 
I ------------.-----
1 

3 : 4 

---1 
I 
I 
I 
I 
I 

I 
I 

1 2 : 
I 
I 
I 
I 
I 

I 

I 
I 

---1 
I 

3 4 i 
I I I 

EMBANK 

I 
I 

I ___________ ! -------

(a) Interior Point (b) Exterior Point 

Figure 9. Superposition scheme to determine increments of vertical 
stress at any point under a rectangular load 

11 



EMBANK Appendix A 

Appendix A 

12 



Appendix A EMBANK Appendix A 

Appendix A contains a compilation of theEMBANK program screens. 

To bring up EMBANK, 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: 

F==========t: FEDERAL HIGHUAV ADNIN[STRATION :!===========, 

E: M IB: RI ru1 IR: 
A Nicroco"puter progra" for coKputing one 
diNensional coKpression vertical settleNent due 
to eKbankKent loads. The progra" follows the 
equations pres.ented by La"be&UhltNan (1969), 
Ladd (1973) and Poulos&Davis (1974). For the 
c■se of• strip sy,,wwtric■l v■rtlc■ l ■Nb■nkN■nt 
lo■dlng the progr■N superlNposes two vertlc■ l 
eNb■nkNent loads. For the lnereNent of vertle■ l 
stresses at ■nd of fill, the progr■N 

superl"poses a series of rectangular lo■ds. 

Uersion 2.00/0ctober 1991 

PROTOTYPE ENGINEERING INC. 

57 Uestland Avenue 
Ulnchester, 11A 01890 

(£,17) 729-2363 

Attn, Dr. Alfredo Urzu■ 

Hit <Fl0) to continue 

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

FEDERAL HIGHUAV ADNINISTRATIOH 

1-------------------•,---- 11aln Menu ----

A Nicroco"put■r progr- for coNputing on■ 

project Definition 
soil Profile and soil para". 
Uater table deflnltlon 
Stress history 
Uertical stress incret1ent 
syste11 of Unlts 
Naintaln file 
Run pro9rU1 
Exit ta DOS 

diN■nsion■ i co"pMISlSlon vertic■ l settle"ent ------------­
due to eNbanlu'lent loads. The pro9raN Follows 
the equ;r.tlons presented b!,I LaNbe&Uhit"an i-============--=============-==4 
(1969), Ladd (1973) and Poulos&D■vts (1974). 
For the e■se of a strip s~NNetrleal vertle■ l 

e11bank"ent loading the pro9ra11 superi11poses 
two vertic;r.l et1b;r.nkN■ nt loads. For the 
lncre"ent of vertical stresses ■l end of 
flll, the progr.u. supertNposes a series of 
rectan9ular lo;r.ds. 

PROTOTYPE ENGINEERING INC. 
57 Uestland Avenue 

Ulnchester, 11A 81898 
(£,17) 729-Z)l;J 

Attn. Dr. Alfredo UMua 

Enter letter onl~, or use arrows then +.I ► Nake selection, 

In general, the following rules apply: 

1. To move between the options, use the up (i) and down ( J,) 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 perfonn 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 HIGHUAV ADNINISTRATION 

!====================,,===== l'laln tlenu ====-=t 
pro,jt!cl Definition 

rr
l lflll I~ 111111 ~:!!/~:,~!ed:;'tn~!!/araH. 
==== PROJECT DEFINITION =====-y 

s increttent 
Client = Any client s 
Project NaHe = Highuay EHbankHent 
Project Manager = Mr. John Doe 

A MlcrocoHpute 
dlHenslonal COM 
due to eHbanktte 
the equations 

File HaHe = EXAMPLE1.EMB 
Date = 3/16/92 <MM/DD/W) 
CoHputed b~ = El!l:l 

(1969>, Ladd (1"'==== Hit <Flll> to accept values ===• 
For the Cilse of 
eHbankHent loading the prograH superiHposes 
tuo vertical eHbankHent loads. For the 
lncreHent of vertical stresses at end of 
flll, the prograH superiHposes a series of 
rectangular loads. 

!NEERING INC, 
57 Uestland Avenue 

Ulnchester, 11A 81890 
(£,17) 7ZS-Z3£,3 

Attn. Dr. Alfredo Urzua 

After the project is defined, press <FlO> 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 HIGHLIAY ADMINISTRATION 

A MicrocoHputer prograH for coHputlng one 

Main Menu====, 
project Deflnltlon llllml:iEmlll 
soil Profile and so 
soil Profile and soil paraH. . ' . 

Strain per Olag stress 

Run prograM 
Exit to DOS 

dlHenslonal COHpresslon vertical settleHent "======~=======~ 
due to l!HbankHent loads. The prograH follous 
the equations presented by LaHbe&UhitHan ....,======-=-=====-=1 
(1969), Ladd (1973) and Poulos&Davls (19?4). 
For the case of ii strip syHHetrlcal vertical 
eHbankHent loading the prograH superlHposes 
tuo vertical eNbankHenl loads, For the 
increHent of vertical stresses at end of 
Fill, the prograH superlHposes a series of 
rectangular .loads. 

PROTOTYPE ENGINEERING INC. 
57 Uestlancl Avenue 

Uinchester, MA 81898 
(£,17) 729-2363 

Attn. Dr. Alfredo Urzua 

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

14 



EMBANK Appendix A 

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

__________ "_ED_E_R-AL_H_I_GHUAY--A-D_l1_IH-I-S-TR-A-T-IO-H-1=-=_=_=_=_=_=_=_=_=_=_=_=_=_=..,=l=il 

Layer Hu"ber = 1 Elev. or top or layer= 100.00 

Nu"ber or subl11yers = 1 (for thls l11yer) 
Subl11yer 1 

Unit ueight or soil = 115.00 
L11yer 

1 Type of l11yer = Co11pressible 
Sublayer n 

Layer soil properties= Co11presslble 
Sublayer 1 lnco11presslble 

Co"pression Index EsltL-------' urves 
Layer 

Z Reco11pression Inde>< Esti1111ted fro11 e-logp curves 
Subl11yer Z 

S11el ling Incle>< Esti1111ted fro11 e-logp curves 

Is this the last layer or profile No 

-------------------- Hit <F10> to continue 
<t-H-+-11ove bar ,.I-Select Esc-Elcit 

~ 
J 

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 
250.0pcf. 

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: 

----------"-E-DE_R_A_L _H .. 1GHUAY ___ A_o11_1_"_1s_T_R..,AT ... 1 ... 0N_1=l .. = ... =_= ... = ... =_=_= ... = ... = .... = .... = ... = ... =:=

1
=i

1 
Layer Nu"ber = 1 Elev. or top of layer= 100.00 

Subl11yer 1 

Sublayer n 

Sublayer 1 

Nu"ber of sublayer& 1 (for this layer) 

Unit ueight of soil = 115.00 
Layer 

1 Type of layer = Inco11pressible 

Layer 
z 

Is this the last layer or prorlle !ml 

-------------------- Hit <F10> to continue 
Space Bar-Next lte11 All-11-ltenu 

~ 
J 

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: 

----------F-ED_E_R-AL_H_1GHUAY ___ Ao_11_1_"_1s_T_RA_T_1_0"_ .. _ ... _ ... _=_=_=_ ... _=_=_=_=_=_=_== -===1""'1 

Layer HuNber = 1 Elev. or top of layer = 100.00 

NuNber or wblayers = 1 (for this layer) 
Subbyer 1 

Unit weight or soil = 115.00 
Layer 

1 Type of layer = CoHpressibie 
Sublayer n 

Layer soil properties= lnilial void ratio 
Sublayer 1 

CoNpr■ssion [nd■x Esti Initial void ratio 
Layer Initial uater content 

Z RecoHpression Index Es:ti'-------------' 
Sublayer 2 

Swelling Index Est1Nated froN e-logp cu1•vesj 

Is this the last layer of profile Ho 

._ _____________________ Hit (F10) to continua 

Prass space bar to see H■nu options and than <Rel} to inp11t 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: 

~ 
j 

FEDERAL HIGHUAV ADNIHISTRATION F========""' 

E: 
Layer Soll Properties~ 

l Uoid Ratio = 1111D flayer= 

Hit <F10) to accept values ayers 

100.00 

= 1 (for this layer) 

Sublayer n 

Sublayer 1 

Sublayer 2 

Unit .eight of soil = 115.00 
Layer 

1 Type or layer = CoHpresslble 

Layer soil properties= Initial void ratio 

CoHpresslon Index EstiHated froN e-lo9p curves 
La~r 

2 RecoHpresslon Index EstiHated froN e-logp curves 

Swe 111 ns Index EsllHated froH e-logp curves 

Is this the last layer of profile Ho 

---------------------- Hit <Fl0> to continue 

The program allows for void ratios between O and 5.0. 

16 

l 
~ 
J 



EMBANK Appendix A 

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

I r..===== La~r Soil Properties ==="'!ADNINISTRATlON !==========""'! 

= 35.00% -----ll Initial Uater Content 

Specific Gravity or Solids=~ layer= 100.00 

Degree or Saturation = 100.00% yers = 1 (for this layer) 

Hit <F10> to accept values soil = 115.08 

Subh!ler n 

Sublayer 1 

Subla'jer 2 

1 T!lpe of la~r = CoP1pressible 

Layer soil properties= Initial uater content 

Co"pr111SSion Index EstiMaled FroM e--lo9p curves 
Layer 

2 Reco"pression lndeM Esti"ated Fro" e-lo9p curves 

Suelllng Index EstiMated froN e-logp curves 

ls this the last layer or profile No 

---------------------- Hit <F10) to continue 

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

~ 
j 

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

I r La~r Soll Properties ====,ADNINISTRATION 

Initial Uater Content = llmll!,1% I ===============i7l 
r::- Uer lf!I :::7 

SpeclFlc Gravlt!I of Solids= ~bort ("}I = 100,00 

Degree of Saturation = 100.00% I !lers 

Hit <F10) to accept values soil 

= 1 (for this la!ler) 

= 115.00 

Sublayer n 

Sublayer 1 

1 = CoNpressible 

Layer soil properties= Initial uater content 

Co"pression Index CoNpuled using FHUA(1982) 
Layer 

2 RecoNpresslon Index CoNputed using FHIJA(1982) 

Sue 111 ng l ndex Sa"e as recoNpression lndex 

Is this the last la!ler or profile No 

---------------------- Hit (F10> to continue 

~ 
j 

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 



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: 

I 

"~----La-ye_r_s_oi_i_Pr_o_p_e_rt_i_e_s_=_=_=:_=_~_,_A_D_NI_N_I_ST_R_A_T_IO_N ________ 

1
1 

Layer HuHher = 1 Elev. of top of layer= 180.00 

Sublayer 1 

Sublayer n 

Sublayer 1 

Sublilyer 2 

NuMber or sublilyers = 1 (for this lilyer) 

Unit ueighl of soil = us.ee 
Layer 

1 Type of layer = Co11presslble 

Layer soil properties= Initial uater content 

CoMpresston Index Esl!Mated froH e-logp cucues 
Lilyer 

Z Reco11pression Index 
CoMpuled using FHUA(1982> 

S1.1elllng Index 

~ 
j 

~ 

Is this the last layer of profile Ho J J 
--------------------- HI l (F10> to continue 

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

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. 

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

r AT 

Input Ualue of Co11presslon index = Ell 
Hit <F10> to accept value 

~-0"::::::::=qll 
180.00 

Sublilyer 1 
---------

: - Layer 
1 

Sublayer n 
-

Sublayer 1 

---------- - Lilyer 
z 

Subhyer 2 
-

NuMber of sublayers = 1 (for this layer) 

Unit ueight of soil = 1 15.80 

Type of layer = Co11presslble 

Layer soil properties= I nltlal uater content 

CoMpression Index Estl" 

Reco11pression Index EstiM 

Sue 11 l ng Index 

ated froH e-logp curves 

ilted fro11 e-logp curves 

illed fro11 e-logp curves Esli" 

ls this the last layer of profile Ho 

Hit <F10> to continue 

where the values of the Compression Index can vary between O and 5.0. 
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If the FHW A (1982) empirical procedure is selected. EMBANK shows 

rp=T=h=e=F=ed=e=r=a=l=H=l=g=h=w.:
0

:::::::::.:::x(=F'HIJ=A=)=l=n=t=h=e=so=l=l==t=========l""'l 

and Foundations Uorkshop Nanual (1982) estlNates the 
CoNpression Index by dividing the initial soil 
Noisture content by 100. ~ 

this layer) 
CoNp. Index= Initial Uater Content (in%)/ Constant 
where constant= 100 

Constant = WW sslble 

------ Hit <F10) to accept value _____ _. uater content 

- - J- La~er 
Sublayer 2 

CoNpression Index CoNputed using FHIJA(1982) 

RecoNpression Index EstiNated froN e-logp curves 

Swelling Index EstiNated froN e-logp curves 

Is this the last layer of profile Ho 

---------------------- HI t (F10> to continue 

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

J 

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

r F::::::::::::::::=C=O=N=p=r=es=s=l=o=n==Ind==e=x"'== ===================:::::::::::::::::::::=1""'l 

Layer NuNber = 1 Elev. of top of layer= 100.00 

Sublayer 

Subh!,!er n 

Sublayer 1 

Sublayer 2 

NuNber of sublayers = 1 (for this layer) 

Unit ueight of soil = 115.00 
La\jer 

1 Type of la~r = CoNpressible 

~ 
I Layer soil properties= Initial water content 

CoNpression Index CoNputed using FHIJA(1982) I 
.----11 

Layer 
2 RecoNpression Index EstlNaled froN e-lo9p curves 

Swe 11 i ng Index EstiNated froN e-lo9p curves 
CoNputed using FHUA(1982) 

Is this the last lay.._ ___________ __. 

._ _____________________ HH <F10) to continue ..I ..I 

Press space bar to see Nenu options and then (Ret} to input values 

19 
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If the "Estimated from e-logp curves" option is selected, the program displays 

r 
I I 

I 
Input Value of RecoNpresslon lnde>e = l!l!il!l 

Hit (F10> to 

Sublayer 1 

------------
: ,- Layer 

------------ 1 
Sublayer n 

-
Sublayer 1 

- Layer 
2 

Sublayer Z 
-

accept value 100. 00 

NuNber or subla!fers = 1 (fo r this layer> 

Unit uelght or soil = 115.00 

Type of la~r = Co!'lp M1$Sible 

Layer soil properties= Inltia I uater content 

CoNpressian Inde>e CaNputed using FKJA<19SZ> 

RecaNpressian Index EstlNated 

S11elllng Index EstlNated 

Is this the last layer of prof 

froN e-logp curves 

froN e-lagp curves 

lie No 

Hit <F1B> ta continue 

where the Recompression Index can vary between 0.0 and 5.0. 

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

rF'"'"""""""""""""""""""'" RecoMpresslon Index 

The Federal Hlgh11ay AdNlnistratlon <FHUA) ln the soils 
and Foundations Uorkshop Nanual (1982) estlMates the 
RecoMpression Index by dividing the lnltlal soil 
Nolsture content by 1888. 

RacoMp, Index= Initial Uatar Content (in%)~ Constant 
Mhere Constant = 1880 

Constant = Wl:ml 
------ Hit <F18) to accept values _____ _,, 

is layer) 

Ible 

ter content 

CoMpresslon Index CoMputed using FHIJA(1982) 

RecoNpression Index CoNputed using FHIJA(198Z) 

SMelling Index 

ls this the last layer of profile No 

--------------------- Hit <Flll> to continue 

in which the constant can vary between 500 and 2000 with a default value of 1000. 
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For the Swelling Index, EMBANK has two options as displayed in the next screen: 

rr::::::::::::::::_R_e_c_o_"_pr_e_s_s_i_o_n_1_nc1_e_x_=_=_=::_=_=_=_=_=_=_=_=_=_=_""_s_=_=_=_=_=_=_ .. _=_=_=_=_=_= .. =l-1 

Layer HuKber = 1 Elev. ar tap ar layer= 180.00 

Sublayer 

Sublayer 1 

Sublayer Z 

Layer 
1 

NuKber of sublayers = 1 (ror this layer) 

Unit ueight or soil :;: 115.00 

Type of layer = Co11pressible 

Layer soil properties= Initial uater content 

~ 
J 

CoKpression Index CoHputed using FHUA<1982) l 
Layer 

2 RecoHpression Index CoHputed using FHUA(1982) 

Sue 111 ng Index 
.-----

Is this the last lay Esti11~ted fro11 e-logp curves 
Sa11e as reco11presslon index 

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

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

I I 

r 
Input Ualue of Suelllng index = l!Jli!l!I -----------.71 

---- Hit (F10> to accept value---- 188.00 

Subhyer 

>- Layer 
1 

Subh!:jer n 
-

Sublayer 1 

- La!:jer 
2 

Sublayer Z 
-

NuHber of sublayers = 1 (for this layer) 

Unit uei9ht of soil 115.00 

T!:jpe of la!:jer = Co11presslble 

La!:jer soil properties= Initial uater content 

CoKpression Index CoHputed using FHIJA(1982) 

Reco11pression Index CoKputed using FHUA(1982) 

Swelling Index Esti11ated fraN e-losp curves 

Is this the last la!:jer or profile Ho 

~ 
J 

-

._ _____________________ Hit <F10> to continue - • 

where the Swelling Index can vary between O 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: 

r_L ___ ye_r_HU_N_b_e_r_= __ 1 ____ E_le_u ___ o_r_t_op_o_f_l ___ y_er_=_1_8_0 __ -00-------~11 

Subhysr 1 

Sublayel" 1 

Subl;aysl" 2 

Layer 
1 

Layer 
2 

HuNber or sublayers 1 (for thls l;ayer) 

Unit ueight or soil = 115.00 

Type or layer = CoHpresslble 

Layer soil properties= Inltlal uater content 

CoHpression Index CoHputed using FHIJA(1982) 

RecDMpression Index CoHputed using~982) 
ma 

Suelling Index S;aHe ;as recoHp Yes index 

Is this the last layer or profile~ 

--------------------• Hit <FlB> to continue 
+U-+-l'love ))ar .i-select Esc-Exlt 

~ 
J 

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

Layer l'luHber = 2 Elev. of top of layer:: 110.00 

HuHbel Too Large--> Upper Bound: 
Subl•!ler 

99.991 

Subh!l•r n 

Sublayer 1 

Sublll!,ler 2 

Unit 1,111ight or soil :: 8.00 
La!,ler 

1 T!fp■ or layer :: CoMprnsible 

L•!fer soil properties= Initial void ratio 

CoHpresslon Index EstiHated froH e-logp curves 
Layer 

2 RecoHpression Index EstiHated froH e-logp curves 

Suelling Index EstiHated froH e-logp curves 

Is this the last layer of profile No 

--------- Hit (F9) lo Prev. Layer - Hit <F10> to continue 

..JI 

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. 
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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: 

r 
Layer HuNber = 2 

Sublo1yer 1 

Layer 

Elev. of top of layer= 80.00 

HuMbar of sublo1yers = S (for this lo1yer) 

Unit ueight of soil = 120.00 

----------- 1 Type of layer = CoHpresslble 
Sublayer n 

Sublayer 1 

Sublo1yer 2 

Layer soll properties= lnltlal uold rallo 

CoHpresslon Index EstlHated froM e-logp curves 
Layer 

Z RacoMpression lndax EsliHalad froM e-logp curves 

Sue 11 l ng Index EstlHaled froM e-logp curves 

Is this the last layer of profile Im 

--------- Hit (F9) to J>Nv. Layer - Hit <F10> to continue 
Space Bar-Next lteH Alt-H-Henu 

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

r,.,;.,L=a=ye=r=H=UN=be=r===2====E=l=e=v=.=o=f=t=o=p=of=l=a=y=er=======8=0=.=ee=========-1
1 

HuHber of sublayers = 5 (for this layer) 
Sublayer 1 

--------- Elav. of bottoM of last l•yer = lll!lilil ible 
Sublayer n 
----- - I==== Hit <F10) to o1ccepl villue id nl lo 
Sublayer 1 

Sublayer 2 

CoMpresslon Index EstlMated fro" e--logp curves 
~ Layer 

2 RecoHpression Index EsllMated froM e-logp curves 

Sue 111 ng I nclex EstiMated froH e-logp curves 

ls this the last layer of profile Yes 

._ ________ Hlt <F9) to !'rev. Layer - Hit <F10) to continue 

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

~ 
l 

If the user highlights "Strain per L'1log stress" in the soil Profile and soil param. menu, EMBANK displays 
the following soil profile input screen 
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,-.---------F-E-D-ER_A_L_H_I_GHLIAY __ A_D_M_IN_I_s_rR_A_r_1o_N_p=_=_=_~=-~~~~:::=_-===,,1 

Layer Nu"ber = 1 Elev. or top or layer= 100.90 -

Subla':fer 

Subh':fer n 

Subla1':fer 

Subhyer 2 

Nu"ber or subla':jers = 5 (for this layer> 

Unil uei9hl or soil 115,88 
La!afer 

1 I!;fpe of la~r = Co"pr-esslble 

CoKpress1on R•tlo = 8,200 

Reco"pro,,;slon Ratlo = 8.040 

Suel 11 ng Ratio = User defino,d 

~ 
J 

= ,----------, 
User defined 

Is this the last layer o Sa,- as Reco"P• Ratio 

'===================== Hl .. 
+U-+-Moue bar .i-select Esc-E>clt 

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

After the elevation of the bottom of the last layer is entered, EMBANK returns to the Main Menu the 
<FlO> key is pressed. 

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

FEDERAL HIGHUAV ADMINISTRATION t============t 

l=-===-=========-=======1F""'==-= Main Menu ====11 
project Definition 

E
l M Bl 1r11 Pl I 111 soil Profile and soil para ... 

I 11111 I I n. Stress hlsto~ 

I 11 "~ ~:•::::':,::l•l a,;:;~~ ,~-•• 
A 111croco11PUter pro s 
diKenslonal coKpress Hit <FlB> to accept values --------
due to eNbank11ent loa the equations presented by La"be&Mhit"an .,.. ___________ ...,. 

(1969), Ladd (1973) and Poulos&Davis (1974). 
For the case of a strip SY""etrlcal vertical 
eMbankNent loading the prograM superiMposes 
two vertical et1bank11ent loads. For the 
increftent of vertical stresses at end of 
fill, the pro9rill1 superi"poses a series of 
rectan9ular loads. 

PROTOTYPE EHGINEERIHG INC. 
S7 Mestland Avenue 

Minchester, 11A 01898 
(617) 729-2363 

Attn. Dr. Alfredo Urzua 

EMBANK defaults the elevation of the water table at -999.90 ft. After the water table is defined, press 
<FlO> to accept the value and return to the Main Menu. 
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If the user selects "Stress history," EMBANK displays 

FEDERAL HIGHUAY ADnINISTRATION t==========a 

t=======....,====-==-............... _..==P'""'"=== t1a1 n Menu ====" l 

A Nicroco"puter progr•" for co"puting one 

proJect Def1nltion 
soil Profile and soil par•"· 
Mater table definition 
Stress history 

Stress history 

E 
di"ensional co"pression vertlc•l settleNent """"=============' 
due to ettbanbtent loads. The prosrUt follows 
the equations: presented by La,,,l,e&Uhit"an l==....,==============4 
<1969), La.dd <1973) and PoulosllDavis <1974). 
For the case or a strip S!fMMetrlcal vertical 
e"bank"ent loading the progr•" superi"poses 
two vertical ettbank"ent loads. For the 
increMent of vertical stresses at imd of 
fill, the prograM superiMposes a series of 
rectangular loads. 

PROTOTVPE ENGINEERING INC. 
57 Llestland Avenue 

Mlnchester, MA 01B98 
(617) 729-2363 

Attn. fuo. Alfredo Urzua 

Enter letter anl!:f, or use arrows then +J ► Make selection. <Esc> ► nain nenu 

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

FEDERAL HIGHUAI/ ADnIHISTRATION 

l=m========-..... =============F==== Naln nenu ====•• 
pNject Deflnltlon 

E: MB: R ru R: 
soll Profile and soil paraM. 
Mater table definition 
Stress history 
.-:-:-- Stress h1slory 
I Nart1ally consolidated soil 

-------- User Defined 

A 
di 
du 
th 
(1 

Fo 
BM 
tw 
in 
r1 

11 1 STRESS HISTORY 
nax1- Past rressure with Elev. 

YARNING: Maxi- past pressure us. Elevation 
"ust be defined for coMplete soil profile 

( Progra" interpolates linearly between points) 

Elev. l'laxl- Past Pressure Last point 

90.110 2000.00 

re.._ ____ Hit. <F10) to accept values ____ __. 

Space Bar-NaKt iteM Alt-N-Nenu 
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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 HIGHUAV ADMINISTRATION 

l====================;f==== Main Menu ===="'! 
project Definition 

Stress history E ', M B', R " I u1, ~:::::~::::::•_ara"~· 1·1 I U n . nor.tally consolidated soil 
--------• User Defined--------

II 2 STRESS HISTORY 
l'laxi11U" Past Pressure uith Elev. 

A 
di 
du 
th 
(1 
Fo 

UARNING: Maxi11UM past pressure vs. Elevation 
NUSt bl!! defined for CONplete soil profile 

( Progra" Interpolates linearly betueen points) 

e" Elev. Maxi111.1" Past Pressure Last point 
ENGINEERING INC. 

stland Avenue 
sler, NA 01890 tu 

ln 80.00 1500.00 ?) ?29-2363 
fl r. Alfredo Uw-zua 

Hit (F9} lo prev.polnt, (F10> lo accept values 

Space Bar-Next ileM All-11--tlenu 

When the <FlO> 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 l============t 

t-====================1,==== Main Menu =====1 

El M B' R I,, 111111 ~:!!:~~IT[!::~:~~!!/•r•"· 11 "' Stress hlsto~ 
Uertic~l stress increHent 

I I 1
uerllcal stress lncrt!Pll!nt 

increl'lent of stresses Beneath the end of a fill 
A Nicroco"puler prograM fo---------------------­
di"ensional COMpression ver 
due lo ei.banJu.tenl loads. The prograM follous 
the equations presented by LaMbe&UhitMan 
(1969), Ladd (1973) and Poulos!Davis (1974). 
For the case of a strip sy""etrical vertical 
e"bank"ent loading the prograN superiMposes 
tuo vertical et1bankNent loads. For the 
lncreNent of vertical stresses at end of 
fill, the pro!Jra" superiNposes a series of 
rectangular loads. 

PROTOTYPE ENGINEERING INC. 
57 Llestland Avenue 

Uinchester, MA 81898 
(617> 729-2363 

Attn, Dr. Alfredo Urzua 

Enter letter only, or use arrous then -..J ► Hake selection. (Esc) ► Hain Nenu 
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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: 

SVHttETRICAL VERTICAL ENBAHKMENT LOAD 

UERTICAL ENBAHKMENT FOOTIHG 
~--i 

b I 
1 E1tbank. slope a = 20.00 u 

E1tbank. 11idth b = 100.00 uuuu t n 
Height of fill H = 15.Be uuuuuu H )C soil pari11t. 
Unit weight of fill= 120.00 UUlUUUUUl~~ ition 

POINTS FOR COMPUTATION OF l.a!,ll!r 1 1111;1.1111 

F'7 
SETTLEMEHT t 
calculate in = ~;1mm !i•o~ll}li1 X coordinilte = 

la:mm 
I.ayer 2 

I )( Direction I 
FOlltDATION ELEV. 

Z: 188.88 
ERING INC. 

Hit <F10) to accept values Avenue 
A 01898 

incre-nt or vertical stre~s at end or (617) 729-2363 
Fill, the progra1t superi1tpoi.es a series or Attn. Dr. Alfredo Urzuil 
rectilngular loads. 

+U-+-rtove bar .i-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: 

F"'==== SYMMETRICAL UEltTICAL EMBANKMENT LOAD ====='I 

VERTICAL ENBANKNENT FOOTING ~b~ E1tbank. slope a = 20.80 u 
E1tbank. 1ddth b = 198.80 uuuu t n 
Height of Fill H = 15.80 uuuuuu H )( soil para1t, 
Unit weight or Fill= 128.80 llllllllllllllll-l-➔ ition 

POINTS FOR COMPUTATION OF 

ZF'7 
La!fer 1 11111; 1;.1 

SETTLENENT t 
calculate in = X Point , .. 
IC coordinate =ma L•!fer 2 nd of a fill 

FOUNDATION ELEV. 
Z = 188.88 

ERING INC, 
.._...,.=-===- Hit (F10) to accept values-=====""' Avenue 

incre1tent of vertical stresses at end of 
fill, th■ progr•" WP11ri1tpoS11s a S11ri■s or 
rectangular loads. 

A 81B90 
(617) 729-2363 

Attn. Dr. Alfredo Urzua 
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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 xis the increment of distance between the xl and x2 coordinates where EMBANK will 
calculate settlement. Example: xl = 0.00', x2 = 60.00' and delta x = 10.00', EMBANK will calculate 
settlements at x = 0', 10', 20', 30', 40', 50', and 60'. 

i====== S\'1'11ETRICAL VERTICAL EMBANKMENT LOAD --====-"" 
VERTICAL EMBANKMENT FOOTING 
EMbank. slope a = 20.08 
EMbank. uldlh b = 180.88 
Hel9hl of fill H = 15.88 
Unit uei9hl of fill= 120.88 

POINTS FOR tol1P\JTATION OF 
SETTLEMENT 
calculate ln 
x1 cool'dlnale 
x2 COOl'dlnale 
delta x 

FOUHDATIOH ELEU. 
Z = 100.00 

= X Dil'ectlon 
: 8.88 
= 68.88 
=ED 

~-; 
HUUU t 

HUUUUU H X 
JlJJllllllllllll~--+ 

,E7 l.a.~I' 1 

La~I' 2 

------- Hll <F10> lo accept values ______ _. 

u 
n 
so 11 Pill'aft, 
it.ion 

1111;;:1111 
l 

,. ' 
nd of • fill 

ERIHG INC. 
Avenue 
A 81898 

lncl"eMent of Vl!l'tlcal stl'esses at end of 
fill, the pNgraM supel'iMposes • series of 
l'eclangul•r lo•ds. 

C 61 'i') 729-2363 
Attn. Dr. Alfl'edo Ul'zua 

1 

-

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 alternative 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: 

o====== SYMMETRICAL VERTICAL EMBANKMENT LOAD ======t 
VERTICAL EMBANKMENT FOOTING ~■1 b I 1 EMbank. slope a = 28.00 u 
E .. bank. 1o1idlh b = 188.00 uuuu t n 
Height of fill H = 15.00 uuuuuu H l( soil pilrilM. 
Unit ueishl of fill= 128.00 llllllllllllllll~- it.ion 

POINTS FOR COMPU'l'ATIOH OF ,f'7 Layer 1 1111;1.1111 
SETTLEt1EHT 

~9a'?!."Aff1 calculate in = X Dil'eclion 
x1 coordlm1le = 8.88 Lil!,!er Z 
x2 coordin•le = li8.88 
delta x = 18.88 

FOUU>ATIOH ELEU. CoMpute excavation effect 
Z: 98.88 as gllNNll"Foundation Depth= (ml 

ERING INC. 
Hit <F18) to accept values ~ • Avenue 

A 81898 
incre,wnl of wrlicill i.lrnsn: •l end of I 29-2363 
fill, the progra" lillperiftpo:i;es a i.el'ies of Attn lfredo Urzu• 
rectangular lo•ds. 

+U-+-11ove bal' ~ -Select Esc-Exit 
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If the user exits to the Main Menu by hitting the <ESC> key, EMBANK will respond with the following 
screen: 

F===== SYMMETRICAL VERTICAL EMBM<l1ENT LOAD====~ 

VERTICAL F.11BAHl<HEHT FOOTIHG 
EHbank. slope • = 28.88 
EHbank. uidth b = 188.89 
Height of fill H = 15.88 
Unit ueight of fill= 129.99 

POINTS FOR COl1PUTAT[OH OF 
SETTLEMENT 
calculate 1n 
Xl COOll"dinate 
x2 COOll"dinate 
delta x 

= X Dill"ection 
= 8.08 
= 68.89 
= 18.88 

~-I 
uuuu t 

JJJJJJJJlJJJ H X 
JJJJJllJJlJJJJJJ-J-+ 

ZE7 ___ ::: 
FOUNDATION ELEU. CoHpute excavation effect 

Z = 98.00 as ga-•Foundation Depth= i?!I 

u-1 
n 
sol l pall"aH. 
ltlon 

;,;;;; 1911 
t 

nd of a fill 

r--= Uerif~ ::7 HC. 
"'========= Hit <F19> to accept values ====~rt <\1'~..2._J 

increHent of vertical stll"esses at end of I 
fill, the pll"ograH supell"iHposes a series of 
rectangular loads. 

(617) 729-2363 
Attn, 011", Alfredo Urzua 

Space Bir-Next lteH Alt-tH1enu 

A "Y" answer will exit the program to the Main Menu without saving the infonnation already entered. If 
the user selects "N," the program continues. The <FlO> 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 HIGHUAV ADNINISTRATIOH 

!=,,===================-=== tlaln 11enu ======,~ 

El M Bl R "111111 ~:!!:~~ni;::*:~:~!/all"aH. 
I I I n. Stress histoll"',:I 

Uertical stress increHent 
I I ----- 1uertic■ l stress incre-nt -----

strip SyP1P1etrlcal vertical e"bankHent loadlng 

A 11icll"oco"pu.ter pll"ograH ro 
diHenslonal COHpression ver 
due to et1banlu'l8nt loads. The progra,, follous 
the equations presented b~ La."be&UhitHan 1================4 
(1969), Ladd (1973> and Poulos&Davis (1974). 
For the case of a strip s~HHetrical vertical 
eHbankHent loading the prograH superiHposes 
tuo vertical eHbankHent loads. For the 
increHent of vertical stresses at end of 
fill, the progra" superiHposes a serles of 
ll"ectangul■r loads. 

PROTOT'a'PE ENG[NEER[HG [NC. 
57 Uestland Avenue 

Ulnchester, MA 91898 
(617) 729-2363 

Attn. Dr. Alfredo Urzua 

Enter letter onl~. or use arrous then .,.J ► Nake selection. {Esc) ► Nain Nenu 
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Press <Enter/Return> to make the selection and EMBANK displays this screen: 

--------END OF FILL COHDITIOH --------

CHARACTERISTICS OF FILL 
Hei9ht or rill = 15.88 
Midth or tap ar rill w = 58.88 
Unit ueight or fill = 128.88 

COORDINATES 
Point A: xt = 8.88 
Point B: x2 = 38.88 

8.88 
38.88 

POIHTS FOR CONPUTATIOH OF SETTLENEHT 
calculate in = f:ftff P§§Dffl 

A( ■)= (ic1, y1) ~ 
X ;ading 

., t 
111 coordinate 
icZ coordinate 
delta x 
y coordinate 

~ I X Point X Direction I r.y ~ ,- H .. 

FOUHDATIOH ELEU. 
z = 108.88 

IHC. 
e 
98 

'======= Hit <F18> ta ilccept uillues =======~ rzuil 

◄-H➔-l'love bar .i -Select Esc-Exl t 

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 l 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: 

,-------- EHD OF FILL CONDITION ---------. 

CHARACTERISTICS OF FILL 
Hai9ht of fill = 15.00 
Uidlh of lop or fill w = 58.00 
Unit weight of fill = 128.118 

COORDIHATES 
Point A: x1 = 8.88 
Pointe: lCZ = 38.88 

yl: 0.00 
!IZ = 30. 00 

POINTS FOR CONPUTATION OF SETTLENENT 
cillculate in = X Point 
X coordinate = 30.98 

y coordinate 

FOUNDATION ELEV, 
11: = 108.90 

= IIElmJ 

y ,Q, 3 
r :._.::Cicl,l,11> --~ ~ X ■ding 

,, t 
H 
I 

IHC. 
e 
98 

i....-===== Hit <F1B> lo accept values =======• rzua 
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If calculation of settlement in the X-direction is required, EMBANK prompts the user for the infonnation 
displayed on the next screen: 

--------- END OF FILL CONDITION --------

CHARACTERISTICS OF FILL 
Height of fill = 15.88 
Midth of top of fill w: 58.80 
Unit weight of fill = 128,80 

COORDINATES 
Point A: x1 = 8.08 
Point B: x2 = 38.00 

!,11 = 8.00 
y2 = 30.00 

y ,Q, 3 
f :.,_:_:(X1,y1) ~ ~ X adlng 

POINTS FOR COHPUTATION OF SETTLEttENT 
calculate in = X Dlrectlon 
xl coordinate = e.ee 
x2 coordinate = 80.88 
delta x : 10.08 
y coordinate = lli!D 
FOUNDATION ELEU. 
z = 100.88 

" r 
H .. 

'======== Hit <F10) to accept values======== 

INC. 
e 
90 

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 
Height of fill = 15.00 
Midth of top of fill u = 58.00 
Unit weight of fill = 128.00 

COORDIHATES 
Point A: xl = 8.08 
Point B: x2 = 38,80 

y1 = 8.00 
y2 = 36.88 

y ,Q, ::II 
t -~(IC1,\jl> ~ ~ X adlng 

POINTS FOR COl1PUTATION OF SETTLEr1ENT 
calculate ln 
x1 coordinate 
x2 coordinate 
delta ,c 
y coordl nat.a 

FOUNDATION ELEU. 
z = 98.88 

= X Direction 
= 8.88 
= 88.88 
= 18. 88 
= 30. 00 

I t 
I H 

Co"pute excavation effect 
IS s•-•Foundallon Depth= m 

b..--======"""""""""" Hit <F1B> to accept values ........... .,,,.,.r-J 

.. 

INC. 
e 
90 

rzua ..._,_ __________ ~ _. 
+-tl,...-Nove bar ~-Select Esc-Exlt 

Pressing the <FlO> 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 infonnational screen that defines the system of units required by the program. 

FEDERAL HIGHUAV AD11INISTRATION 

t====================F==== Main Menu =====-
project Definition 

B
l 1-11■ II II ■ I sail Profile a.nd sail para.,.. 
,====== Unit Syste,. ======. definition 

ry 
ENba.nk requires the infar,.a.tlon ln: ess increttent E:M its 

A NlcrocoHputer p 
dlHenslonal COHPJ'e 
due to eNbankNent 
the equations pr 
<1969), Ladd (1973 
For the case of a 

Length 
Load 

• Stress (pressure> 
Unit uelght 
Unit ueight of 
uater defaults to 
Settle,.ent 

feet 
pounds 
psf 
pcf 

62.4 pcf 
inches 

e 

eNba.nk,.ent loading'==== Hit (F10) to continue====' 
tuo vertical et\ba 

HGIHEERIHG INC. 
land Avenue 
er, 11A 01890 

increNent of vertical stresses a.t end of 
fill, the progril.N superiNpases a. series of 
rectangular loads. 

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

Enter letter only, or use a.rrous then~ ► 11a.ke selection. 

Hitting the <FlO> 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 pennits data file management inside the program. 

FEDERAL HIGHUAV AD11INISTRATION 

I====================,==== Main Menu ==== .. 

A NlcrocoMputer prograN far co,.putlng one 
diMensional coMpres:sion vertical settle,.ent 
due to et\bank"8nt loads. The progra.M follous 
the equations presented by La.Mbe&UhilMa.n 
(1969), Ladd (1973) a.nd Poulos&Da.vis (1974). 
For the case of a strip syMMetrica.l vertical 
eMba.nk,.ent loading the progra.M superiMposes 
tuo vertical 8"bank"8nt loads. For the 
increMent of vertical stresses a.t end of 
fill, the progra.M superiMposes a. series of 
rectangular loads. 

project Definition 
soil Profile a.nd sail para. ... 
Ua.ter table definition 
Stress history 
Uertica.l stress incret1ent 
syste,. of Units 
Maintain file 

11ainhin file 

Retrieve file 
Clear entries 

PROTOTYPE ENGINEERING INC. 
57 Llestla.nd Avenue 

Ulnchester, MA 01890 
(617) 729-2363 

Attn. Dr. Alfredo Urzua. 

Enter letter only, or use arrous then~ ► l1a.ke selection. <Esc> ► l1aln Menu 
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By selecting "Save file," EMBANK displays 

FEDERAL HIGHUAV ADNINISTRATION 

t====================p===~ Hain Henu ==== ... t 
project Definition 
soil Profile and soil paraM. 
Uater table definition 
Stress history 
Uertical stress: incre11ent 
s~shM of Units 
l1,1inlain file 
Run ff t1aintain file ■ 

A Nlcroco"puter pro9raM for coMpuling one Exil11F\ilSijj- II 
diMensional CGMpl'llliliion vertical settr---- Desti-tion File-----. 
due to eMbank"8nt loads. The prograM rl •.ENB 
the equations presented by LaMbe&UL------------------' 
(1969), Ladd (1973) and Poulos&Davis (1974). 
For lhe case of a strip ~""etrical vertical 
eMbankMenl loadins the prograM superiMposes 
two vertical eNbank11ent loads. For the 
increMent of vertical stresses at end of 
fill, the prograM superiNposes a series of 
rectangular loads. 

PROTOTYPE ENGINEERING INC. 
57 U.,stland Avenue 

Uinchester, t1A 01890 
<617) 729-2363 

Attn. Dr. Alfredo Ur.zua 

Enter letter only, or use arrows then ._J ► Nake selection. <Esc} ► 1'1aln Menu 

in which the program prompts the user for the destination file name for saving the input inf onnation. 
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 HIGHUAV ADMINISTRATION 

I====================•-==== Hain 11enu ====""14 

A Nier 
diMensi 
due to 
the eq 

EXAMPLE1.EMB 

project Definition 
soil Profile and soil paraM. 

11nl -
(1969),L---------------------------' 
For the case of a strip syMMetrical vertical 
eMbankNent loading the progran superiMposes 
two vertical ettbank11ent loads. For the 
increNent of vertical stresses at end of 
fill, the progrilll supariNpo~e~ ~ ~•ries of 
rectangular loads. 

PROTOTYPE ENGINEERING INC. 
57 Llestland Avenue 

Ulnchesler, 11A 81898 
(617) 729-2363 

Attn. Dr. Alfredo Ur.zua 

Enter letter only, or use arrows then ._J ► Nak11 selection. <Esc> ► 1'1ain Menu 
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When the "Retrieve file" option is selected, EMBANK shows 

FEDERAL HIGHUAV ADNINISTRATION !====-=-=-...... -. 

t--===-=====-============,===""' !'kin Menu ===....,..,.,t 

A NlcrocoKputer prograK for coKputing one 
dlKenslonal co"presslon vertical settleKent 
due to el'lbi.nlu.ent loads. The prograM r 

project Definition 
soil Profile and soil paraK, 
Uater table definition 
Slress h.ist.o"" 
Uertlcal stress inc.,...nt 
S!jSleK of Units 
Malntilin file 

Run Maintain file I 
Exit Save file 

liAGl41I¥119 __ __. 
Input File ------. 

the equations presented by LaKbe&UI N,ENB 
(1969), Lildd (1973) and Poulos&Davis ( ... -----------------i 
For the case of a strip SY""etrical vertical 
eKbankKent loading the progra" superiKposes 
luo vertical Bl'lba~nt loads. For the 
increKent of vertical stresses at end of 
fill, th• progrM superiKposes a series of 
rectangular loads. 

PROTOTYPE F.NGIHEERIHG INC. 
5? Uestland Avenue 

Ulnchester, NA 01898 
(61?) 729-2363 

Attn. Dr. AlfM1do Urzua 

Enter letter only, or use arrous then ,._J ► Hake selection. <Esc> ► tkln Nenu 

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: 

FEJ)ERAL HIGHUAV ADNINISTRATION i--..... =-=====-=..,.. 

I---======---=======-====•====- !'kin Menu -==-,t 
project Definition 

E
l 1111-11-11■ II II ■ I soil Profile and soil paraK . 
.--------- C:\ENBANK.2\N.ENB ---------, 

EXZ.ENB 
ent 

I -
A "lcr 
dlNensi 
due to 
the eq <191i9), .__ _______________________ _. ___ ___, 

For the case of a strip syKKetrlcal vertical 
eHbankKent loading the prograK superiKposes 
tuo vertical el'lba~nt loads. Far the 
lncreHent or vertical stresses at end of 
flll, th• progrM superlKposes a series of 
rectangular loads, 

PROTOTYPE EHGIHEERJHG JHC. 
5? Uestland Avenue 

Ulnchester, 11A 01890 
(li17> 729-2363 

Attn. Dr. Alfredo Urzua 

Enter letter only, or use arrous then ,._J ► "•ke selection. <Esc> ► !'kin Nenu 

The use of the arrow keys ( f-, i, ..J.., ➔) 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/Return> at the "Clear entries" field initializes all EMBANK variables to their default values 
(equivalent to loading the program from scratch). 

FEDERAL HIGHUAY ADHINISTRATION t===-===============t 
P"""'"""'"""'""""""""...,...,._,, _ _,.....,....,....,...., .... ....,....,.,......,,...,....,....,..,.. 11ain Menu """'"""'"""'"""'"" 

A Hlcraco"puter p:rogratt for co"putlng one 
dlNensional cot1pression vertical settleNent 
due to ettbanlutent loads. The progra" fallows 
the equatlons ' presented by La"belUhltNan 
(1969), Ladd <1973) and Poulos&Davls <1974). 
For the case of a strip syNNetrical vertical 
et1bankt1ent loading the pro9rat1 superit1poses 
two vertical eribankl'lent loads. For the 
increNent of vertical stresses at end of 
fill, th• pro9ra.. WJ111rit1posas a series of 
rectangular loads. 

project Deflnition 
so ll Profile and sa ii paraN, 
Uater table definition 
Stress hlsta~ 
Uartlcal stress inc..-nt 
S!jSteM of Units 
Maintain file 
Run Haintaln file 
Exl t Save fl le 

Retrieve file 

PROTOTYPE ENGINEERIHG INC. 
57 Uestland Avenue 

Uinchester, NA 01890 
(617) 729-2363 

Attn. Dr. Alfredo Ur:zua 

Enter letter onl~, or use arrows then ,..J ► Hake selectlon. <Esc> ► 11ain Nenu 

EMBANK returns to the Main Menu. 

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

FEDERAL HIGHUAY ADHIHISTRATION 

t----=---=---=---=--=========-=----,F"""'"""'....,.11ain Menu """'"""'"""'"""'"'14 

A Hlcraca"puter progr1111 for coNputlng one 
diNenslanal cat1pression vertical settle"ent 
due to et1bank,ent loads, The prograN follows 
the equations presented by LaNbelMhitNan 
(1969), Ladd (1973> and PouloslDavls (19?4). 
For the case of a strip S':l""elrical vertical 
eNbankt1ent loading the prograN superi"poses 
two vertical -bank-nt loads. For the 
lncre"ent of vertical stresses at end or 
flll, the pro9ra11 superl"poses a series or 
rectangular loads. 

project Definition 
soil Profile and soil par■N, 
Uater table definition 
Stress hislo~ 
Uertlcal stress incre-nt 
systet1 of Units 
naintain flle 
Run pr09ra11 
Exit to DOS 

PROTOTYPE ENGINEERIHG INC. 
57 Uestland Avenue 

Ulnchester, NA 01898 
(617) 729-2363 

Attn. Dr. Alfredo Unua 

Enter letter onl':I, or use arrows than -4-,J ► 11aka selection. 
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When "Exit to DOS" is selected the program displays the following screen: 

FEDERAL HIGHUAY ADnlHIStRAtlON i-,,=-=--=--=----. 

t==========-=======-====F""'--- 11Aln Nenu -----. 

A NlcrocoNput.er prograN for coNputtng one 
dlNenslonal CONpresslon vertical settle"ent 
due to e"bankNent loads. the progra" Follows 
the equations presented by LaNbe&UhllNan 
<1969), Ladd (1973) and PouloslDavis (1974). 
For the case of a strip SY""etrical vertical 
eNbankMent loading the prograN superiNposes 
tuo vertic11l e,,banJu,ent loads. For the 
increMent of vertical stresses at end of 
fill, the progrM suparlNpos■s a serl■s of 
rectangular loads. 

projact Definition 
soil Proflla 11nd sail p11r•"• 
Mater tabla definition 
Stress histori, 
Uertlcal st.recs l ncl'IIMl!nt. 
s!jste" of Units 
nalntain file 
Run prograri 
Exit to DOS 

Elcl t to OOS ■---­
Yes 

PROt NG INC. 
57 Uestland Avenue 

Ulnchester, NA 81898 
(617) 729-2:363 

Attn. J>r. Alfredo Urzua 

Enter latter only, or use arrous then~ ► Hake selection. <Esc> ► 11Aln Nenu 

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 : 

EMBANK Appendix B Example 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 swnmary 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 
B 
C 
D 
E 

20 FT 

GRANULAR 
FILL 

'Y-120 pcf 

13.44 
13.08 
12.01 
10.34 
8.32 

- SANDY GRAVEL -

"( =122 pcf 

80 = 2.096 

"(= 104 pcf 
-CLAY-

-SAND-

20FT 

20 FT 

10 FT 

13.46 

12.02 

8.33 

q =1.10 

q. =.11 

Notto scale 

Figure 10. Example 1: Settlement of Symmetrical Embankment Load 
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b-30' 

z 

• 
d = 20' 

EMBANK Appendix B Example 1 

Symmetrical Embankment Load 

10' 

(j_ 

, Y=120 pcf 

A 

- SAN DY GRAVEL -

Y=122 pct 

20' 

20' 

-CLAY­
y .. 104 pct 

Subdivide compressible 
1 O ,.--- stratum into five 

2' sub/ayers 

-SAND- Not to scale 

Determine geostatic effective vertical stresses at points 1 ... 5: 

81 = 20 X 122 + l X 104 - 21 X 62.4 = 1233.6 psf 

<12 = 20 X 122 + 3 X 104- 23 X 62.4 = 1316.8 

<13 = 20 X 122 + 5 X 104- 25 X 62.4 = 1400.0 

<14 = 20 X 122 + 7 X 104 - 27 X 62.4 = 1483.2 

0'5 = 20 X 122 + 9 X 104 - 29 X 62.4 = 1560.4 

Determine increments of vertical stress under noiut A: 
• Determine increments of vertical stress from figure 4 in text. 

• Use superposition, as shown below: 

~T IAJ 111 JP-2400psf 

= ~i--a-,..... ............. ~ + 
z 

• 
d •20' 

40 

10+30-20 1 

-20· 

z 



z (ft) 

21 

23 

25 

27 

29 

(crz in psf) 

EMBANK Appendix B Example 1 

Therefore, we compute increments of vertical stress as 2 times the vertical 
stress increment for: 

z 

10' 10' • 

For the general case shown below. 

vertical stresses are given by: 

CT= - {3+ - - - (x - b) P [ xa z l 
z 1r a R1 

In this case: 
b= 20' 
a= 10' 
R2 = z 

Therefore: 

tg {3 = lzO ~ {3= arct e:) 
tg( a+ /J) = 2zo ~ a= arctg ( 2zo )- /3 

We compute the stress increments for z = 21, 23, 25, 27, and 29 ft: 

/3= arct{ 1:) a = arct{ ~o )- f3 (1 = ~ [/3 + ~J z 1t a 2uz 

25.463345 18.139474 823.23057 1646.4611 

23.498566 17.510521 780.26144 1560.5229 

21.801410 16.858398 740.24275 1480.4855 

20.323137 16.205718 703.12764 1406.2553 

19.025606 15.566683 668.78629 1337.5726 
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• 
d 

z 

X= 10' 

z (ft) 

21 

23 

25 

27 

29 

z 

a - 10' 
b .. 10' 
da30' 

a=/3 

25.463345 

23.498566 

21.801410 

20.323137 

19.025606 

EMBANK Appendix B Example 1 

Uetecroioe iocceroeots of vertical stress under point C; 
• Use superposition as shown below: 

X + 
z 

a+ b-d • 

z z 
d= 10' a +b • d-30' 

• For first superposition step, consider: 

x= 10' 

a= 10' 

b=20' 

x-b=-10 

Ri=t2 + 102 

tg /3= ~o ; 10 tga= z 

• Compute increment of stresses using: 

<J. = - /3 + - - - (x - b) P[ xa z l 
z tr a Rj 

• See results in table below: 

Ri = z2 + 102 
z 

- (x-b) 
Ri 

541 - 0.3881701 

629 -0.3656598 

725 - 0.3448276 

829 - 0.3256936 

941 - 0.3081828 
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O'z (psf) 

975.56265 

905.97194 

844.79982 

790.76190 

742.78381 



z (ft) 8 

21 25.463345 

23 23.498566 

25 21.801410 

27 20.323137 

29 19.025606 

EMBANK Appendix B Example 1 

• For second superposition step, consider: 

.! _ 30 _ 3 a - 10 -

R~=z 2 + 102 

x-b=lO 

/3 = arct{ 
2
z
0 
)- 8 

a= arct{ 3zo )- (/3 + o) 

8=arct{ ~o) 

• Compute increment of vertical stresses using: 

<11 = - /3 + - - - (x - b) P [ xa z l 
1r a Ri 

• See results in the table below: 

/3 a 
z 

- (x-b) 
R~ 

18.139474 11.405161 0.3881701 

17.510521 11.514733 0.3656598 

16.858398 11.534621 0.3448276 

16.205718 11.483932 0.3256936 

15.566683 11.378733 0.3081828 

• Add stress increments from both superposition steps: 

z (ft) O'z (psj) 

21 1377.0886 

23 1320.6914 

25 1267.5344 

27 1217.3838 

29 1170.0546 
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O'z (ps/) 

401.52598 

414.71942 

422.73460 
426.62194 

427.27078 



z 

z 

z (ft) a=arct{~
0

) 

21 25.463345 

23 23.498566 

25 21.801410 

27 20.323137 

29 19.025606 

EMBANK Appendix B Example 1 

Petecroiue iucceroents or vertical stress under point E; 
• Use superposition as shown below: 

z 
(a) 

• From figure (a) above: 

a = arctg ( ~o ) 

/3 = arctg (2z0 
)- a 

(x - b) = 0 - 20 = - 20 

R ~ = z 2 + ( - 20)2 

z 

az = - f3 + - - - (x - b) P [ xa z l 
n a R~ 

(b) 

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

f3=arct{~
0 
)- a R i = z 2 + ( - 20)2 z 

- (x-b) 
R~ 

O'z (psf) 

18.139474 841 - 0.4994055 623.37735 

17.510521 929 - 0.4951561 611.74501 

16.858398 1025 - 0.4878049 597.43413 

16.205718 1129 - 0.4782994 581.47007 

15.566683 1241 - 0.4673650 564.59633 
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z (ft) 8=arct~~
0

) 

21 43.602819 

23 41.009087 

25 38.659808 

27 36.528855 

29 34.592289 

EMBANK Appendix B Example 1 

• From Figure (b): 

8 arctg (~
0

) 

/3 = arctg(3z
0 
)- 8 

a = arctg( ~ )- (/3+ 0) 

(x - b) = 40 - 20 == 20 

• Apply expressions above to compute increments of stress for case 
(b): 

/3= arct{~
0 
)- 8 a=arct{~)-(/3+8) 

z 
- (x-b) Ri Gz (psj) 

11.405161 7.2925472 0.4994055 159.48697 

11.514733 7.5772781 0.4951561 179.37988 

11.534621 7.8001877 0.4878049 197.14946 

11.483932 7.9678630 0.4782994 212.67796 

11.378733 8.0868661 0.4673650 225.97541 

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

z (ft) Cfz (psj) 

21 782.86432 

23 791.12489 

25 794.58359 

27 794.14803 

29 790.57174 
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z (ft) 

21 1233.6 

23 1316.8 

25 1400.0 

27 1483.2 

29 1566.4 

EMBANK Appendix B Example 1 

Compute settlements. 

• Use following expression: 

where: 

n = number of substrata= 5 

H; = thickness of each substrata = 2 ft 

CR = Virgin Compression Ratio =--
(1 + fb) 

1.10 
=----

(1 + 2.096) 

= 0.3552972 

<ivt== Final vertical effective stress = i1vo + Ai:iv 

<iv0 = Initial vertical effective stress 

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

Aif, (ps/) if ,f (ps/) = if ,o + Aif, P; = H; CR lo{::] 

1646.4611 2880.0611 0.2616603 ft 

1560.5229 2877.3229 0.2412246 

1480.4855 2880.4855 0.2226560 

1406.2553 2889.4553 0.2057997 

1337.5726 2903.9726 0.1905031 

Total Settlement: 1.1218437 ft 

13.46 in 
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• Apply expressions above for 12Qint..C: obtain table below: 

z (ft) iivo (psi) Mi, (ps/) u,,{ps/)= ii,o+f>ii, P;=H; CR lo{::) 
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 12Qi.n1..f; obtain table below: 

z (ft) iivo (psi) (lij V (psi) ijvf(psf) = iivo + (lijv P;= H; CR I•{::) 
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 2356.97174 0.1260962 

Total Settlement: 0.6940069 ft 

8.33 in 
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EMBANK Appendix B Example 1 

Compilation of Computer Screens for 
Example 1 

I FEDERAL HlGHUAV ADNIHISTRATION: I 

E: M e: R ru R: 
A Nlcrocottputel' prograN for co"puting one 
dl"enslonal cottpress1on vertical settle"ent due PROTOT'/PE ENGINEERING INC. 
to et1banluent loads. The prograH fol101.1s the 
equations presented by Lattbe&Uh1tttan (1969), 57 Uestland Avenue 
Ladd (1973) and Poulos&Dauis (19?4). For the Ulnchester, 11A 81890 
case of a strip sy,w,etrical vertical e"bank"ent (61'7> 729-2363 
luding the progra" superiNposes luo vertical 
et1bankt1ent loads. for the increMent of vertical Attn. Dx-. Alfredo Ur~ua 
stresses at end of Fill, the prograM 
superlt1poses a series of rectangular loads. 

Uerslon 2.00,'0ctober 1991 Hlt <F10) to continue 

OPENING SCREEH 

FEDERAL HIGHUAV ADHIHISTRATIOH 

1=====================F===- ~ln l1en1.1 -----.t 

~ Hlcroco"puter prograN for co"puting one 
dl"enslonal coNpresslon vertical settle"ent 
due to ettbankNent loads. The progra" follous 
the equations pr-esented by Lattbe&Uhitttan 
(1969), Ladd (1973) and Poulos&Davis (1974). 
For the cas:e of a strip syNttetrical vertical 
e"bankttenl loading the progra" superi"poses 
tuo vertical eNbank-nt loads. For the 
increttent of vertical stresses at end of 
fill, the progra" superit1poses a series of 
rectangular loads. 

project Definition 
soil Profile and soil paraN. 
Uater table deflnition 
Stress h l sto"" 
Uertlcal stress increttent 
syste" of Units 
Halntaln flle 
Run progrllf1 
Exlt to DOS 

PROTOT'/PE EHGINEERING INC. 
57 Uestland Avenue 

Uinchester, 11A 01890 
(617) 729-2363 

Atln. l)r, Alfredo Urzua 

Enter letler on)~, or use arrous then.._. ► Nake selection. 

El1BANI< l'IAIH MENU - SELECTION OF PROJECT DEFINITION 

48 



EMBANK Appendix B Example 1 

FEDERAL HIGHUAY ADttIHISTRATIOH 

project Definition 

El M P' IPII I~ 111111 ~=~!/~=~~!•d:~tn~~!nparaM. 
---• PROJECT DEFINITION -----y 

s lncrl!Ml!nt 
I Cl lent = All!I client s 

Project NaNe = Ertba.nk11ent load 
Project Nanager = AUrl 

A NlcrocoMpute 
dlNens:lonal CON 
due to Bl1ba.nJ!.Ne 
the equations 

File NaNe = EXANPLEl.ENB 
Date = 3/13/92 (NNIDDIVV> 
CoNputed by = ml 

(1969), Ladd (1"==== Hit <FlB> to accept values==="' 
For the case of INEERIHG IHC. 

57 Uestland Avenue 
Uinchester, tlA 81890 

(617) 729-2363 

eNbanknent loading the prograN superiNposes 
tuo U1trtical eNbankN■nt loads. For the 
increP1ent of vertical strasses at end of 
fill, the prograN superiNposes a series of 
rectangular loads. 

Attn. Dr. Alfredo Ur=a 

PROJECT DEFINITION SCREEN 

FEDERAL HI6HUAV ADNINISTRATION 

t======================•p===== 11ain 11enu =====-1 

A NicrocoNputer prograN for coNputing one 
diNensional caMpres:sion vertical settleNent 
due to eNbankPtent loads. The prograN follous 
the equations presented by LaNbe&UhllNan 
(1969), Ladd (1973) and Poulos&Davis (1974). 
For the case of a strip syNNetrical vertical 
eNb■nkNent loadi"f tlu! progr■N superiNposes 
tuo vertical BPlba.nkNBnt loads. For th■ 

incr■Nent of vertical stresses at end of 
fill, the pro!fl'UI superiNposes • series of 
ractangular loads. 

project Definition 
soil Profile and soil paraM. 
Uater table definition 
Stres:s history 
Uertica.l strvs:s incre"8nl 
S!;!SleN of Uni ts 
Maintain file 
Run prograN 
E>Cit to DOS 

PROTOTYPE ENGINEERING INC. 
57 Llestland Avenue 

Uinchester, tlA 81890 
< 61 7) 729--23£,3 

Attn. Dr. Alfredo Unua 

Enter letter only, or use arrous then +-1 ► Nake selection. 

EMBANK l'IAIN MENU - SELECTION OF SOIL PROFILE 
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FEDERAL HIGHIJAY ADNINISTRATION 

r:::::- 11aln Nenu ----, 
limiiim Definition lllllllllall 

soil Profile and soll par•"· 

A Nicroco"puter progra" For CONputing one 

Strain per olog stress 

Run pro9rar1 
Exit to DOS 

diNensional CONpresslon vertical settleNent -==-===-==-==-==--­
due to etthanluent loads. The progrM follous 
the equations presented by LaNbe&Uhit"an i--------------◄ 
(1969), Ladd (1973) and Poulos&Davis (1974). 
For the case of a strlp syNNetrlcal vertical 
eNbankNent loading the progra" suparlNposes 
tuo vertical BNbankNent loads. For the 
lncr■"•nt of v■rtical stresses at ■ncl of 
Fill, the prograN superi"poses a series of 
rectangular loads. 

PROTOTYPE ENGINEERING INC. 
57 Uastlancl Avenue 

Uinchaster, NA 81898 
(617> 729-2363 

Attn. Dr. Alfredo Urzua 

Enter letter only, or use arro~s then._. ► Nake selection. <Esc> ► Nain Nenu 

SOIL PROFILE NENU - SELECTION OF VOID RATIO PER LOG STRESS 

----------F-ED_E_R-AL-H-IGHIJAY ___ A_D-NI_N_I_ST_R_A_T_IO_N ________ ~

1
1 

Layer NUNber = 1 Elev. of top of layer= 180.110 

Sublayer 1 

Sublayer n 

Sublayer 1 

Sublayer Z 

Nu"ber of sublayers = 1 (For this layer) 

Unit u■ ight of soil = lZZ.00 
Layer 

1 Type of layer = IncoNprcss.ible 

Layer 
z 

ls this the last layer or profile No 

---=--===-========-===-===-=- Hit <F10} to continue 
Space Bar-Next iteN Alt-N-Nenu 

SOIL DESCRIPTION AND PARANETERS FOR LAYER #1 
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I 

pfl ____ L&_ye_r_So_ll_P_ro_p_e_rt_1_e_s ____ l_A_D_n_IH_I_s_TR_A_T_1_0N--------~7I 

Layer Nut1ber = 2 Elev. of top of layer= 811.00 

Sublayer 1 

Sublayer n 

Sublayer 1 

Subla!:ler 2 

Hu"ber of sublayers = S (for this la!:ler> 

Unit uai9ht of soil = 184.80 
Layer 

1 T!:lpe of layer ;;; Co"prer..ible 

Layer soil properties= Initial void ratio 

Co"presstan Index Estt Initial void ratio 
Layer Initial uater content 

2 R■ca"pl'IISSian Index Esti._ ________ __, 

Is this the last la!:ler or profile Na 

Su■ llins Index EsliMaled fro" e-lo9p curvesj 

...., _____ ....,......,_ Hit <F9> to Prev. Layer= Hit <F18> to continue 
Press space bar to see "enu options and then <Ret> to lnput values 

SOIL DESCRIPTION AND PARAMETERS FOR LAVER #2 

FEDERAL HIGHUAV ADl1INISTRATION 

E 
L&yer Soll Prop■rtl■s ~ 

l Uoid Ratio = lllllliJ 
Hit <F18) to accept values 

flayer= 88.88 

•!lllrs = 5 (for lhls layer) 

Sublayer n 

Subl;ayer 1 

Subl;ayer Z 

Unlt ueight of soil = 1114.BB 
Layer 

1 Type of layer = Co"pressible 

L;ayer soil properties= Initial vold ratio 

CoNpresslan Index lsti";ated fro" e-lagp curves 
La'::ler 

2 Reco"pression Index EstiMated fro" e-logp curve1o 

Su■lllns Index Esti"at■d fro" ■-lo9p curves 

Is this the lut layer of profile No 

---------- Hit <F9) ta Prev. l.&!lllr - Hit <F18) ta continue 

INITIAL UOID RATIO - LAYER #2 
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Sublilyer 1 

Sublayer n 

Sublayer 1 

Sublayer 2 
------

- Layer 

EMBANK Appendix B Example 1 

Nu"ber of sublayers = S (far tkls layer) 

Unit 1aight of soil = 184.88 

1 Type of layer = CoHprnsible 

- Layer 
z 

Layer soil properties= Initial uold ratio 

Co"presslon Index EstlHated fro" e-lagp curues 

Sue 111 ng Index 

Is this the last layer of profile Ho 

"========== Hlt (F9> to Prev. Layer - Hit (118> ta continue 

Sublayer 1 
----------

: 

Sublayer n 
-

Sublayer 1 

---------
Sublilyer 2 

-

- Layer 
1 

- La!jer 
z 

CONPRESSION INDEX - LAYER #Z 

NuNber of sublilyers = S (for this layer> 

Unit 1aigkt of soil = 184.118 

Type of layer = CoNpressible 

La!jer soil properties= Initial uoid ratio 

CaNpresstan Index EstlNated froN e-logp curues 

RecaNpnrsslon Index EstiNated fraN e-logp curues 

Sue 111 ng I ncle>C EstlNilled fraN e-logp curues 

Is this the last layer of profile No 

"'======---=-= Hll <F9> to Prev. La!jer =-== Hll <118> to continue 

RECONPRESSION INDEX - LA'lER #Z 
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rFL=a=y=11=r=N=u=MN=r====z====E=l=11v=.=o=f=t=o=p=o=f=l=a=y=11=r~:~~►=========1=t1 
HuMber of sublayers = 5 (for lhls layer) 

Sublayer 1 
Unit 1.111i9ht of soil = 104.00 

Layer 
----------- 1 Type of layer 

~ 
J 

Subhyer n 

Sublayer 2 

Layer 
2 

Layer soil properties = Initial void ratio 

CoMpresslon Index EsUMated fror, e-logp curves l 
RecoMpression Index EstlMated fror, s-logp curves 

Sue 11 i ng I ndelC 

Is this the last lay EsliMated fror, e-logp curves 
SaMe as recor,pression index 

"=========== Hit <F9> lo Prev. Layer'--------------' 
Press space bar to see Menu options and then <Ret> to input values 

SMELLING INDEX - LA'lER 112 

.. r:L:a:y:11:r:N:U:M:_::r:=:::z::::::::::::::::::::::::::_A_=J_i_o_H:_ =_ =_ =_ =_ =_ =_=_ =_ =_=_=_=_ =:_ =_ =:1=,1 
Elev. of top of layer = 80.00 

Sublayer 1 

Sublayer n 

Sublayer 1 

Sublayer 2 

HuMber of sublayers = 5 <ror tills layer) 

Unit 1.111 ight of 1,0 il 104.00 
Layer 

1 Type of layer = CoMpressible 

Layer soil properties = Initial void ratio 

CoMpresslon Index EsllMaled froM e-logp curves 
Layer 

2 RecoMpresslon Index EsllMated fror, e-logp curves 

Sue 111 ng Index SaMe as recoMpression index 

Is this the last layer of profile lZ!! 
I========== Hit <F9> to Prev. Layer= Hit <F10> to continue 

Space Bar-Next iteM All-H-Henu 

DEFINING LA'lER IIZ AS LAST LA'lER OF SOIL PROFILE 
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,.r:L:a:u:e:r:N:u:,,:,..:_=r_=_..,:::2::::::::::::::::::::::::::.A~•TI•O•N-1=::::::::::::::::=1"'"'1 
~ ..., - Elev. of top of layer= 80.00 

NuNber of sublayers = 5 (for this layer) 
Subhyer 1 

Elev. of bottoN of last layer= llllil!lil ible 

----- - -===== Hit <F10) to accept value===" ld ratlo 
Sublayer n 

Sublayer 1 
CoNpresslon Index EstlNaled froN e-logp 

------------ """"Layer 
2 RecoNpression Index EstlNated froN e-logp 

Sublayer 2 
- Sue l li ng I ndex SaNe as recoNpress:ion 

curves: 

curves 

Index 

Is this the last layer of profile Yes 

-=========== Hit <FS> to PN!V. Layer= Hit <F10> to continue 

DEFIHIHG THICl<NESS OF SOIL PROFILE 

FEDERAL HIGHUAV ADHINISTRATIOH 

1 
j 

l=====================i===== 11ain 11enu =====-

A NlcrocoNpuler prograN for coNputing one 
diNensional CoNpression vertical seltleNenl 
due to eNbankr,enl loads. The prograN follous 
the equations presented by LaNbe&UhilNan 
(1969), Ladd (19?3) and Poulos&Davls (1974). 
For the case of a strip syNNetrlca) vertical 
eNbankNent loading the progr■N superiNposes 
Luo vertical eNbankMnl loads. For the 
increNent of vertical stresses at end of 
fill, the prograN svperiNposes a series of 
rectangular loads. 

project Definition 
soil Profile and soil paraN. 
Uater table definition 
Stres:s hh:tory 
Uertlca.l stress increNBnl 
systeN of Units 
Nainhln flle 
Run prograN 
Exit to DOS 

PROTOTYPE ENGIHEERIHG IHC. 
57 Uestland Avenue 

Ulnchestl!J', 11A 01890 
(617) 729-2363 

Attn. Dr. Alfredo Urzua 

Enter letter only, or use arroi,s then <1--1 ► 1'1ake selection. 

EMBANK 11AIN MENU - SELECTION OF UATER TABLE DEFINITION 
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FEDERAL HIGHUA\I ADMINISTRATION 

!='====================-==="" l'lilin Menu =====, 
project Definition 

E: M e: E~~ ~-~~:~~L-·:•~:,~'.:'.,~:;i;~;;.::·· 
A MlcrocoNputer pro S 
dlNenslonal coNpress Hlt <F10> to accept values =========' 

Uater table definition 

due to eo.bank11enl loil 
the equations presented by LaNbe&Uhil..an l===============t 
(1969), Ladd (1973) and Poulos&Dauis (1974). 
For the case of a strip syNNelrlcal uerticill 
e"bankNBnt loading the prograN superiNposes 
tuo uerticill eNbilnkNent loilds. For the 
increttent of uerlicill stresses al end of 
fill, the prograN superiNposes ii series of 
rectangular loads. 

PROTOTYPE ENGINEERING INC. 
57 Uestland Avenue 

Uinchester, MA 01890 
(617) 729-2363 

Attn. Dr. Alfredo Urzua 

UATER TABLE AT ELEVATION= 100 FT. 

FEDERAL HIGHUAY ADNIHISTRATION 

A HicrocoMputer prograM for coMputing one 
dlNBnsional coNpression vertical settleNent 
due to 11NbankNent loads, The prograN follous 
the equations presented by LaNhe&UhllNan 
(1969), Ladd (1973) and Poulos&Davls (1974), 
For the case of a strip syMMetrlcal vertical 
SNbankNent loading the progrilM superiMposes 
tuo uertlcal e11bank11ent loads. For the 
lncreMent of vertical stresses al end of 
fill, the prograN superlNposes a series of 
rectangular loads. 

Main Henu 
project Definltlon 
sol! Profile and soil paraN. 
Ualer table definition 
Stress history 

E 

Stress history----. 
HorNally consolidated soil 

defined stress history 

PROTOTYPE EHGIHEERIHG INC. 
57 Ueslland Avenue 

Uinchester, 11A 01B90 
(617) 729-2363 

Attn. Dr. Alfredo Urzua 

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

COMPRESSIBLE LAYER IS DEFINED AS NORMALLY CONSOLIDATED (DEFAULT) 
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FEDERAL HIGHIJAY ADt1[NISTRATIOH .,_ _______ _ 

!====================~.--==== M11in Menu ====""'• 

A MicrocoMputer prograft for coMputing one 
dltenslonal coftpression vertical settl1!'11!nt 
due to BNbankl'tBnt loads, The prograt1 follous 
the equations presented ~ La..be&UhilNn 
(1969), Ladd (1973) 11nd Poulos&D11vis (19?4). 
For the case of• strip sy-trlcal vertical 
~nkMent loading the prograft superiNposes 
tuo vertical et1bankrlent loads. For the 
lncreNent of vertical stresses at end of 
fill, the prograM superiMposes ii series of 
rectangular loads. 

project Definition 
soil Profile and soil par•"· 
U;ater table definition 
Stress history 
Uertlcal stress lncreMent 
syste11 of Units 
Maintain flle 
Run progr■M 
bit to DOS 

PROTOTYPE ENGINEERING IHC. 
5? Uestland Avenue 

Uinchester, nA 81890 , 
(617> 729-2363 

Attn. Dr. Alfredo Urzua 

Enter letter onl!l, or use arrous th~n +J ► Make selection. 

ENBAHK NAIN MENU - SELECTION OF VERTICAL STRESS JNCRENENT 

FEDERAL HIGHUAY ADt1INISTRATION 

Nain Nenu =====-
project Definition 

El M B' R ~ 11~1 soil Profile and soil para11. Uater table definition 
I Stress history 

I I _ IUertlcal stress lncreMent 
Vertical stress lncre11ent 

increnent of stresses Beneath the end of, a fill 
A Microconputer prograM fo,u...---------------.--------■ 
dlMenslonal conpression ver 
due to ettban.kttent loads. The progran follous 
the equAtlons presented by LaMbe&UhitNn !=============~ 
(1969), Ladd (19?3) and Poulos&Davis (1974). 
For the case of ii strip S!l""etric11l vertical 
enbanluent loading the progr11n superiftpo:ses 
tuo vertical -bankNent loads. For the 
lncreftlfflt of uertic11l stresses at end of 
flll, the progr- superiNposes a series of 
rect11ngular loilds. 

PROTOTYPE ENGINEERING INC. 
5? Ueslland Avenue 

Uinchesler, NA 81898 
(617) 729-Z363 

Attn. Dr. Alfredo Urzua 

Enter letter only, or use arrous then +J ► Milke selection. <Esc> ► Naln 11enu 

VERTICAL STRESS INCREMENT NENU - STRIP SYl'll'IETRICAL ENBANKNENT LOADING 
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.... ---- sv""ETRICAL UEJITICAL El'IBANK"ENT LOAD----... 

UEJITICAL D1BAHK"Elff FOOTING 
ENJiank. slope • = 1B, 88 
ENJiank. uldth b = 38.88 
Height of fill H = 2e.ee 
Unit Melght or r111 = 128.88 

POINTS FOR CO"PUTATJON OF 
SETTLE"ENT 
calculate in 
>C1 coorcll nat■ 
lc2 coordinate 
delta IC 

FOl»IDATION BLEU. 
Z = 188.88 

= Mtlli9HD 
-= X Point 
= I 1•?1494Ub■I 

~~ 
uuuu 

111111111111 H X 
llllllllllllllll-l-• 

1=· ~---=: 
------- Hit (F18) to accept values ______ ___. 

u -===-====.. 
n 
soil paraN. 
ltlon 

lsi3?3h9,i 
t 
nt loading 
nd of • fill 

ERING INC. 
Avenue 
A 81890 

lncreNent of vertical stresses at encl of 
fill, the prograN superiNposes a series or 
rectangular loads. 

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

+-H...,-f'love bar ..,i-Select Esc-Exil 

STRIP SVtt'I. E"BANK"ENT LMDING GEOt1ETRV - SETTLErtENT IN X-DIRECTION 

----- SVtt'IETRICAL UERTICAL D111At1(NENT LOAD ============o 

VERTICAL D1BANKl'IENT FOOTING 
ENbank. slope a = 18.88 
ENbank. uidth b = 38.88 
Height of fill H = 28.88 
Unit ueight of fill= 128.88 

POINTS FOR COl1PUTATION OF 
SETTLENDIT 
calculate in 
x1 coordinate 
xz coordinate 
delta IC 

FOUNDATic»I ELEU. 
Z = 188.88 

= X Direction 
: 8.88 
= ze.ee 
= ll!l!l!l 

~-I 
b I 

uuuu f 
1UUUUUl H X 

llllllllllllllll-1_.. 

.f La~r l 

Layer Z 

------- Hit <F18) to IICC■pl values--------

u 
n 
soil p■raN. 
ltlon 

hi!;; IDII 
l 

Ir, f 

nd or a fill 

ERIHG IHC. 
Avenu■ 
A 81898 

incr■ftenl of wrlical stresses •l end of 
fill, the progrM superiftposes a =ries of 
rectangular loads. 

(617) 725-2363 
Attn. Dr. Alfredo Ur~u• 

DEFIHIH6 POINTS FOR COHPUTATION OF SETTLEl'IENT 

57 

1 

ff 



EMBANK Appendix B Example 1 

FEDERAL H[GHl#W ADl1[NISTRATION t=---------. 
to-=-======-==--==-==-======-=--=-=-===--•.---- Ndn Nenu ----• t 

A NlcrocoHputer prograH for coNputlng one 

project Deflnltlon 
soil Proflle and soll par.,.. 
Uater table deflnltlon 
Stress history 
Uerlical stress lnc.....-nt. 
systeN of Units 
Naint■ ln file 
Run pro9rar, 
Exit to DOS 

dlNenslonal coNpresslon vertical settlettent ------=-=------­
due to etlbankNent loads. The progru. follous 
the equations presented by LaNbe&Uhl t-n ,-............ ..,.,,..., ______ ...,. 
(1969), 1-dd <1973) and PouloslDavls (1974>. 
For the case of a strip syHHelrical vertical 
eNbankNent loading the prograH superiNposes 
two vertical eHbankHent loads. For the 
incr-nt of vertical stresses al end of 
fill, the prograH superlMposes a series of 
rectangulu loads. 

PROTOTYPE ENGlHEElllHG INC. 
57 Meslland Avenue 

Ulnchester, 11A 81898 
(617) 729-2363 

Attn. Dr. Alfredo UrlNil 

Ent.er Jett.er only, or use arroYS then +-I ► Hake selection. 

EHBAHK HAIH NEHU - SELECTION OF RUH PROGRAH 

ONE DIMENSIONAL SETTLENENT ANALYSIS/Federal Hlghuay AdNlnlstration 
STRIP SYNNETRICAL UERTICAL ENBANKNENT LOADING 

Projact NaNe 
Projact NuMber 
Date 

EP!b..nkMnt lHd 
91-1234 
11YB1191 

Client 
Project Nanager 
CoNputed bi, 

A111j Client 
All1 
All1 

Er,banlll'tent slope a = 
Er,banlr.,ient. top width = 
Er,banlr.Pll!nt bottoH width= 
Ground Surface Elev. = 
Uater table Elev. = 

LAI/Ell 
NII. TYPE THICK. 

(ft) 

1 INCONP. 28.8 
2 CONP. 18.8 

SettleNent for X-Dlrectlon 

111.88 (ft) 
211.BII <ft) 
48.88 (ft) 

188. BB (ft) 
188.88 (ft) 

Height of flll H 
Unlt. weight of fill 
p load~unit area 
Foundation Elev. 
Unit. ueight of I.lat. 

= ze.ee <ft> 
= 128.88 (pcf) 
= Z4BB.BB (psi') 
= 188.BB (ft> 
= 62.48 (pct) 

COEFFICIENT UNIT SPECIFIC UOID 
CONP. RECONP. SUELL. UEIGHT GRRUIT'I RATIO 

(pcf) 

122.88 
1.188 8.118 8.118 184.88 2.65 2.18 

Hit arrou keys ta display na~t scrmm. <FB> Print. <Ji'19> Hain Henu 

PROGRAN OUTPUT SCREEN 
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ONE DIMENSIONAL SETTLEMENT ANALYSIS/Federal Highuay Adftinlslratlon 
STRIP SYMMETRICAL VERTICAL EMBANKMENT LOADING 

Project NaMe EMbankMent load Client Any Cllent 
Project NuMber: 91-1234 
Date 10/01/91 

EMbankMent slope a = 
EMbankNent lop uldth = 
EMbankNent bolloN uldth = 
Ground Surface Elev. = 
Uater table Elev, = 

LAYER 

Project Manager AUl1 
CoMputed by AUN 

SellleMenl for X-Direction 

10.ae <ft> Helght or flll H = z0.aa (ft> 
20.ae <ft) Unlt uelght or Fill= 128.88 <pcf) 
40,88 <ft> p load/unit area = 2488.88 (psf) 

100.88 <Ft> Foundation Elev. = 188.88 (ft) 
100.ae <ft .. 

11
-----• Select ------•1 .. Send forN to: Ii-Printer, ID-Disk File. 

COEFFICIENT UNIT SPECIFIC UOID 
N2. TYPE THICK. COMP. RECOl1P. SUELL. UEIGHT GRAVITY RATIO 

(ft) (pcf) 

1 INCOMP. 20.0 122.00 
z COMP. 10.0 1.100 0.110 0.110 104.00 Z.65 Z.18 

Hit ai-rou keys to display next screen. <FB> Print. <F10> Maln Menu 

SELECTION OF DISK FILE PRINTED OUTPUT 

ONE DIMENSIONAL SETTLEMENT ANALYSIS/Federal Highuay Adftinislration 
STRIP SYl1t1ETRICAL VERTICAL EMBANKMENT LOADING 

Project NaMe 
Project NuNber 
Date 

ENbankMent load 
91-1234 
10/01/91 

Client 
Project Manager 
CoMputed by 

Any Client 
AlJ1 
AlJ1 

EMb■nkMnt slope a = 
ENbankM■nt top uidth = 
EMbankN■nt bottoN uidth = 
Ground Surface Elev, = 
Ualer table Elev, = 

LAYER 
HSI, TYPE THICI<. 

(ft) 

1 IHCOMP. 20.0 
2 COtlP. 10.0 

SellleNenl for X-Direclion 

18.88 (fl) Height of fill H = 20.08 (ft) 
Z8.88 <ft) Unit u■ ighl of fill= 120.88 (pcf) 
48.80 (ft) p load/unit area = 2488.88 (psf) 

100.08 (ft> Foundation Elev, = 188.88 (fl) 
100. 00 <Ft>..-

1
---- DBStllliltlon File -----, 

_ EXAMPLE1.0UT 

COEFFICIENT UNIT SPECIFIC UOID 
COMP. RECOMP. SUELL. UEIGHT GRAUITY RATIO 

(per> 

122.00 
1.100 0.110 0.110 104.00 2.65 2.18 

Hit arrou keys to display next screen. <F8> Print. (Fl0) 11ain Nenu 

SELECTION OF DESTINATION FILE 
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ONB DIIIBNSIONAL SB'l"l'LBMBHT ANALYSIS/Federal Highway Administration 
STRIP SYJIMBTRICAL VBRTICAL BMBANIOIBN'r LOADING 

Project Name 
File Name 
Date 

1 Bmbanlanent load 
1 Bxamplel,BMB 
I 10/01/91 

client 
Project Manager 
coq,uted by 

I Any Client 
AUN 
AUN 

Settlement for X-Direction 

Blllbanlcmant elope a 10.00 (ft) Haight of fill B 20.00 (ft l 
Blllbankment top width 20.00 (ft) unit weight of fill 120.00 (pcf) 
Bmbankment bottom width# ,o.oo (ft) p load/unit area a :U00,00 (pd) 
Ground surface Blev. 100.00 (ft) Foundation Blev. 100.00 (ft) 
Water table Blev. 100,00 (ft) IJ'nit weight of Wat. 6,L40 (pcf) 

Layer 

1 
2 
3 
4 
5 
6 

Layer 

1 
2 
3 
4 
5 
6 

i:.AYBR COBPPICIBNT UNIT SPBCIFIC VOID 
N•, TYPB TBICII'., COMP. RSCOMP, SWBLL, WBIGBT GRAVITY RATIO 

(ft) (pcf) 

1 INCOMP, 20.0 
2 COMP, 10,0 

SUBI:.AYBR 
N•. TBICII'., 

(ft) 

1 INCOMP. 
2 2.00 
3 2.00 
4 :2.00 
5 2.00 
6 2,00 

X = 0.00 
Strasa Sett. 
(psf) (in.) 

INCOMP. :tNCOMP, 
782.86 1.82 
791.ll 1.14 
794, 58 1.66 
794.15 1.59 
790. 57 1.51 

8,32 

X = 20,00 
Streaa Sett. 
(psf) (in.) 

INCOMP. 
1646.46 3.14 
1560,52 2.89 
1480,0 2. 67 
1406,26 2,47 
1337,57 :2.2s 

13 ·" 

1,100 0.110 0.110 
122.00 
10,.00 

SOIL STRSSSBS 
BLBV. INITIAL 
(ft) (pef) 

79,00 1233. 60 
77 .oo 1316, 80 
75.00 1400. 00 
73 .oo 103.20 
71,00 1566.(0 

X = s.oo X = 10,00 
streaa sett, Straas Sett. 
(psf) (in.) (psf) (in,) 

:tNCOMP. IHCOMP. 
1089,37 2,34 1377,09 2,77 
1065.97 :2.19 1320,69 2.57 
1041,58 2.06 1267,53 :1,38 
1011;,53 1.93 1:117 ,38 l,2:.l 

991.15 1.81 1170.05 2,06 

10,34 1.1.01 

2.10 

MAX,PAST PRBSS. 
(psf) 

1233,60 
1316,80 
1400.00 
1483, 20 
1566,40 

X = 15.00 
Stress Sett. 
{psf) (in. l 

1576, 37 3.04 
1497, 77 2,81 
1424,60 2 .60 
1356,64 ,1.40 
1293.57 2,23 

13,08 

Bit arrow keys to display next screen. <1"8> Print, <1"10> Main Menu 
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FEDERAL HIGHIJA\I ADt11HISTRATIOH 

1=---==-===============,,==== Nilin 11enu ===="It 

A NlcrocoNputer progr■" for coNputlng one 

project Definition 
soil Profila and soil para". 
Uatar tabla definition 
Stress history 
Uartic■ l stress incre,ent 
syste" of Units 
Mali nt11in file 
Run progr■N 
Exit to DOS 

dlNensloMl coNpresslon vertical settleNent """'============~ 
due to 8"knllrtent loads. The pro9r■,. follows 
the equ&tlons presented by LaNbe&UhltNan l==================t 
(1969), Ladd (1973) and Poulos&Davls (1974). 
For the case of a strip syKNelrlcal vertical 
eNbanluent loading the progra" superl"poses 
tuo vertical a"bank"ent loads. For the 
lncr-nt of vertical stresses at end of 
fill, tha progra" superi"poses a series of 
rectangular loads. 

PROTOTVPE ENGINEERING INC. 
57 Uestland Avenue 

Uinchester, 11A 01890 
(617) 729--2363 

Attn. Dr. Alfredo Urzua 

Entar latter only, or use ■rrous then ~ ► N■ke selection. 

ENBAHK NAIN NENU - SELECTION OF NAINTAIN FILE 

FEDERAL HIGHUAV ADMINISTRATION 

t--=--===============•1===== Hain Henu =====, 

A NicrocoNputer prograN for co"puting one 
dlNensloMl coNpression vertical settle"ent 
dua to ■Nbank1111nt loads. The progra" follous 
tha aquatlons pl"IISllnt.ecl by La"be&Uhit"an 
(1969), Ladd (1973) and Poulos&Davls (1974). 
For tha case of a strip ByNN■lrlc■ l vertical 
■Nb■nkNant loading tha progr■N supari"posas 
tuo vertical 8"bankN11nt lo■ds. For the 
increNant of vertical strassas ■t end of 
fill, the prograN superiNposes • saries of 
ract■ngul ■r loads, 

project Definition 
soil Profile and soil para". 
Uater table definition 
Stress history 
Uartical strvu inc:rt11Wnt 
systa" of Units 
Naintain fih, 

11aintain fila 

Retrieve file 
Claar entries 

PROTOTYPE ENGINEERING INC. 
57 IJestland Auenua 

Ulnchestar, 11A 01890 
(617) 729-2363 

Attn. Dr. Alfredo Urzu■ 

Enter latter only, or use ■rrous then~ ► Nake selection. <Esc> ► 11aln Nenu 

11AINTAIN FILE NENU - SELECTION OF SAUE FILE 
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FEDERAL H[GHUAV ADl1IHISTRATIOH 

............... ....,================F===== Nilin Nenu =====-
project Definition 
soil Profile ilnd soil J)ilrilft. 
Miller tilble definition 
Stress histor\j 
Uertical stress incretwnt 
sysleM of Units 
Naintain file 
Run n Naintain file I 

A NicrocoMJ)Uter prograN for coMpuUng one t:xlt11fj\i)#Qj- H 
diMensional COMpression vertical sett~

1 
____ Destination File----.... 

due to 8"banlutent loads. the progrilft f EXAHPLEl.ENB 
the eqw1tlons presented by LaMbe&U-----------------... 
(1969), Ladd (1973) and Poulos&Dauls (1974). 
For the case or a strip syMMetrical vertical 
eMbankMent loildlng the prograM superiMposes 
tuo vertical aMbankM■nl loads. For tha 
lncrBMnt or uertlcill stresses at end of 
fill, the progrilM superiMposes il series of 
rectangular lo•ds. 

PROTOTVPE ENGINEERING JHC. 
57 Westland Avenue 

Minchastar, 11A 81898 
(617) 72!hZ363 

Attn. Dr. Alfredo Urzu• 

Enter letter only, or use arrous then .,.J ► tlake selection. <Esc> ► tlain Nenu 

SAUING INPUT FILE AS EXAMPLE1,DAT 

FEDERAL HIGHMAV ADNIN[STRAT[ON 

t----==-====-===-===========r====~ Hitin 11enu ======t 

A NicrocoMput.er prograM for coNputing one 
diMensional COMpression vertical settleMent 
due to eMbilnluwnt loilds. The prograM follous 

project Definition 
soil Profile and sell paraM. 
Uater table definition 
Stress history 
Uertical stress incraiwnt 
S!jslBM of Units 
Nainlain file 
Run prograM 
Exit to DOS 

the equ•tions pl'BSllnt.ed by LilMbe&UhitMiln t===================f 
(1969), Ladd (1973) and Poulos&Davls (1974). 
For the caa of a strip S\jMMetrical vertical 
eMbankMent loading the prograM superiMposes 
tuo vertical BMbankMBnt loads. For the 
increMent of vertical stresses al end of 
fill, the progra.M superiMposes • series of 
rectangular loacl.s. 

PROTOTYPE ENGINEERING INC. 
5? Uestland Avenue 

Uinchester, 11A 01890 
(G1?> ?29-23G3 

Attn. Dr. Alfredo Urzua 

Enter letter onl\j, or use arrows then .,.J ► Nake selection. 

EMBANK NAIH NEHU - EXIT TO DOS 
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FEDERAL HIGHIJA\' ADMINISTRATION t=-====-~==---

...,. .............................................................................................. ,,... ........... ...., 11illn 11enu ................... t 

A HlcrocoMputer prograK for coMputlng one 
dlKenslonal coMpression vertical settlet1ent 
due to etlbankNent loads. the progrM follous 
the equations presented by LaMbe&UhltNn 
(1969), Ladd (19?3) and Poulos&Davls (19?4). 
For the case of a strip syMMelrlcal vertical 
eMbankMenl loading lhe prograM superiMposes 
tuo vertical eMbankManl loads. For the 
lncrBMent of vertical stresses at end of 
fill, the prograM superiMposes a serles of 
rectangular loads. 

project Deflnltlon 
soil Profile and soil paraM, 
Uatar tabla definition 
Stress hlstor!j 
Uartlcal stress lncre.nt 
s!jshM or Units 
l'lainlaln rile 
Run prograK 
Exit to DOS 

E>Ci t to DOS n_....,_,,,,._,.. 

No 

PROT NG INC. 
S? Uestland Avenue 
Ulnch■st■r, 11A 81898 

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

Enter letter onl\:j, or us:e arrous then 4-1 ► l'lake select.ion. <Esc> ► l'laln Henu 

EXIT TO DOS l'IENU - SELECTION OF YES 
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Example 2 
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Example No. 2: 

C 

35 ft 

EMBANK Appendix B Example 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. 

-CLAY-

-SAND-

Table 2. Summary of surface settlements 

Surface Settlement (in) 
Point Computer Hand-Calculated 

A 
B 
C 
D 

30 ft 

y = 127 pct 
cc =0.35 
c, =0.035 

W-35% 
G = 2.78 

34.46 
23.99 
7.51 

18.97 

100 ft 

'L. 

34.46 

(a) Cross Section (b) Plan View 

Not to scale 

Figure 11. Approach embankment settlement 
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EMBANK Appendix 8 Example 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 = 12.5 ft: Gt= 110 X 10 + 127 X 2.5 - 62.4 X 7.5 = 949.5 psf 

Z = 17.5 ft: 0'2 = 110 X 10 + 127 X 7.5 - 62.4 X 12.5 = 1272.5 psf 

Z = 22.5 ft: 0'3 = 110 X 10 + 127 X 12.5 - 62.4 X 17.5 = 1595.5 psf 

Z = 27.5 ft; 0'4 = 110 X 10 + 127 X 17.5 - 62.4 X 22.5 = 1918.5 psf 

z = 32.5 ft: ifs = 110 x 10 + 127 x 22.5 - 62.4 x 27 .5 = 2241.5 psf 

Z = 37 .5 ft: 0'6 = 110 X 10 + 127 X 27 .5 - 62.4 X 32.5 = 2564.5 psf 

Z = 42.5 ft: ~ = 110 X 10 + 127 X 32.5 - 62.4 X 37.5 = 2887.5 psj 

Detennine 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 Ymax = y1 + 10b2 = 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. Xl Yt Xz 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: 

XA = 110ft; YA= 60ft 

• The configuration of a typical sub-load and its relation to point A is 
shown below: 
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(X,, Y1> 

EMBANK Appendix B Example 2 

Note: Values of x1, x2, y1, and Y2 
are as shown on table in 
previous page for each sub­
load. In all cases, y2 = 600 
ft. 

I 

I 
(J_ Embankment 

@x-110ft 

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

(110, 600) ---

= 2 X + 2 X 

A A A 1 
(110, 60) (X,, 60) JJ 

(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. 
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Parameters R1, R2, and R3 are defined in figure 8: 
I 

R1 == (/2+ z2)2 
l. 

R2==(b2+z2)2 
I 

R3==(/2+b2+z2)"i 

• Tables l 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 1 and C2 in the tables are defined as follows: 

so that: 
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Table 3. Approach Embankment Settlement 
Summary Calculations for Increment of Stresses at Depth 

z = 12.5 feet 

Increment 
b R2 

1 Ri R3 C1 C2 Oz 

3 53 2965.25 165.25 54.54 0.23 0.23 28.67 57.35 

53 540 291756.30 2965.25 542.74 1.34 0.22 96.99 193.98 

9 59 3637.25 237.25 60.98 0.61 0.49 68.10 136.21 

59 540 291756.30 3637.25 543.36 1.36 0.20 97.13 194.25 

15 65 4381.25 381.25 67.87 0.85 0.51 84.83 169.67 

65 540 291756.30 4381.25 544.04 1.38 0.19 97.22 194.44 

21 71 5197.25 597.25 75.09 1.01 0.46 91.39 182.77 

71 540 291756.30 5197.25 544.79 1.40 0.17 97.28 194.56 

27 77 6085.25 885.25 82.55 1.11 0.41 94.19 188.38 
77 540 291756.30 6085.25 545.61 1.41 0.16 97.33 194.66 

33 83 7045.25 1245.25 90.19 1.18 0.36 95.53 191.06 

83 540 291756.30 7045.25 546.48 1.42 0.15 97.36 194.72 

39 89 8077.25 1677.25 97.97 1.23 0.32 96.24 192.48 

89 540 291756.30 8077.25 547.43 1.43 0.14 97.39 194.78 

45 95 9181.25 2181.25 105.86 1.27 0.29 96.65 193.29 

95 540 291756.30 9181.25 548.44 1.44 0.13 97.41 194.82 

51 101 10357.25 2757.25 113.83 1.30 0.26 96.89 193.79 

101 540 291756.30 10357.25 549.51 1.45 0.12 97.42 194.85 

57 107 11605.25 3405.25 121.88 1.33 0.24 97.05 194.11 

107 540 291756.30 11605.25 550.64 1.45 0.12 97.43 194.87 

Increment of Stress = 3645.02 (psO 

where: c1 = arctf _!!!_] ol zR3 
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Table 4. Approach Embankment Settlement 
Summary Calculations for Increment of Stresses at Depth 

z = 17.5 feet 

Increment 
b R2 

1 
R2 

2 R3 C1 C2 Cz 

3 53 3115.25 315.25 55.89 0.16 0.17 20.80 41.59 
53 540 291906.30 3115.25 542.88 1.25 0.30 96.18 192.37 

9 59 3787.25 387.25 62.20 0.45 0.43 54.57 109.14 

59 540 291906.30 3787.25 543.50 1.28 0.27 96.52 193.05 

15 65 4531.25 531.25 68.97 0.68 0.52 74.47 148.95 

65 540 291906.30 4531.25 544.18 1.31 0.25 96.76 193.51 
21 71 5347.25 747.25 76.08 0.84 0.52 84.72 169.45 

71 540 291906.30 5347.25 544.93 1.33 0.23 96.92 193.85 
27 77 6235.25 1035.25 83.45 0.96 0.49 89.97 179.94 

77 540 291906.30 6235.25 545.74 1.35 0.22 97.04 194.09 
33 83 7195.25 1395.25 91.02 1.04 0.45 92.78 185.55 

83 540 291906.30 7195.25 546.62 1.36 0.20 97.13 194.26 
39 89 8227.25 1827.25 98.73 1.11 0.41 94.37 188.74 

89 540 291906.30 8227.25 547.56 1.37 0.19 97.20 194.40 
45 95 9331.25 2331.25 106.57 1.16 0.38 95.33 190.66 

95 540 291906.30 9331.25 548.57 1.39 0.18 97.25 194.50 

51 101 10507.25 2907.25 114.49 1.20 0.35 95.93 191.87 

101 540 291906.30 10507.25 549.64 1.40 0.17 97.29 194.58 

57 107 11755.25 3555.25 122.49 1.23 0.32 96.33 192.67 

107 540 291906.30 11755.25 550.78 1.41 0.16 97.32 194.65 

Increment of Stress = 3S37.82 (psf) 

where: C1 = arcrf ..!!!.... ) 
o~ zR3 
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Table 5. Approach Embankment Settlement 
Summary Calculations for Increment of Stresses at Depth 

z = 22.5 feet 

Increment 
b R2 1 R2 

2 R3 C1 Cz Oz 

3 53 3315.25 515.25 57.66 0.12 0.14 16.21 32.41 
53 540 292106.30 3315.25 543.06 1.17 0.36 94.91 189.81 
9 59 3987.25 587.25 63.78 0.35 0.37 44.71 89.42 

59 540 292106.30 3987.25 543.68 1.20 0.34 95.55 191.10 
15 65 4731.25 731.25 70.40 0.55 0.49 64.79 129.57 

65 540 292106.30 4731.25 544.36 1.24 0.31 96.00 192.00 
21 71 5547.25 947.25 77.38 0.71 0.54 77.21 154.43 
71 540 292106.30 5547.25 545.11 1.26 0.29 96.33 192.65 
27 77 6435.25 1235.25 84.64 0.83 0.53 84.57 169.14 
77 540 292106.30 6435.25 545.93 1.28 0.27 96.56 193.13 
33 83 7395.25 1595.25 92.11 0.92 0.51 88.94 177.89 
83 540 292106.30 7395.25 546.80 1.30 0.26 96.74 193.49 

39 89 8427.25 2027.25 99.74 1.00 0.48 91.62 183.23 
89 540 292106.30 8427.25 547.75 1.32 0.24 96.88 193.76 
45 95 9531.25 2531.25 107.50 1.06 0.45 93.31 186.62 
95 540 292106.30 9531.25 548.75 1.33 0.23 96.98 193.97 

51 101 10707.25 3107.25 115.36 1.10 0.42 94.42 188.84 
101 540 292106.30 10707.25 549.82 1.35 0.22 97.07 194.14 
57 107 11955.25 3755.25 123.31 1.14 0.39 95.17 190.35 

107 540 292106.30 11955.25 550.96 1.36 0.21 97.13 194.27 

Increment of Stress = 3430.22 (psf) 

where: C1 = arctJ _!!!___J 
6~ zR3 
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Table 6. Approach Embankment Settlement 
Summary Calculations for Increment of Stresses at Depth 

z = 27.5 feet 

b R2 
1 Ri R3 C1 C2 

3 53 3565.25 765.25 59.79 0.10 0.12 

53 540 292356.30 3565.25 543.29 1.09 0.41 

9 59 4237.25 837.25 65.71 0.29 0.32 

59 540 292356.30 4237.25 543.91 1.13 0.39 

15 65 4981.25 981.25 72.15 0.46 0.45 
65 540 292356.30 4981.25 544.59 1.17 0.36 

21 71 5797.25 1197.25 78.98 0.60 0.52 

71 540 292356.30 5797.25 545.34 1.20 0.34 

27 77 6685.25 1485.25 86.11 0.72 0.55 

77 540 292356.30 6685.25 546.15 1.22 0.32 

33 83 7645.25 1845.25 93.46 0.82 0.54 

83 540 292356.30 7645.25 547.03 1.25 0.30 

39 89 8677.25 2277.25 100.99 0.90 0.52 

89 540 292356.30 8677.25 547.98 1.27 0.29 

45 95 9781.25 2781.25 108.66 0.96 0.50 

95 540 292356.30 9781.25 548.98 1.28 0.27 

51 101 10957.25 3357.25 116.44 1.01 0.47 

101 540 292356.30 10957.25 550.05 1.30 0.26 

57 107 12205.25 4005.25 124.32 1.06 0.45 

107 540 292356.30 12205.25 551.19 1.31 0.25 

Increment of Stress = 

where: C1 = arcJ _!!:_) 
o~ zR3 
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Increment 
crz 

13.19 26.38 

93.17 186.33 

37.47 74.94 

94.19 188.39 

56.49 112.97 

94.93 189.86 

69.81 139.63 

95.47 190.93 

78.64 157.27 

95.87 191.74 

84.38 168.76 

96.17 192.34 

88.14 176.28 

96.41 192.81 

90.65 181.30 

96.59 193.18 

92.36 184.72 

96.73 193.46 

93.56 187.12 

96.85 193.70 

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

z = 32.5 feet 

Increment 
b R2 

1 
R2 

2 R3 C1 C2 O'z 

3 53 3865.25 1065.25 62.24 0.08 0.10 11.04 22.08 

53 540 292656.30 3865.25 543.57 1.02 0.45 91.02 182.03 

9 59 4537.25 1137.25 67.96 0.24 0.28 31.98 63.96 

59 540 292656.30 4537.25 544.18 1.06 0.43 92.48 184.96 

15 65 5281.25 1281.25 74.20 0.38 0.41 49.55 99.11 

65 540 292656.30 5281.25 544.87 1.10 0.40 93.55 187.10 

21 71 6097.25 1497.25 80.86 0.52 0.50 62.98 125.96 

71 540 292656.30 6097.25 545.62 1.14 0.38 94.34 188.69 

27 77 6985.25 1785.25 87.83 0.63 0.54 72.66 145.31 

77 540 292656.30 6985.25 546.43 1.17 0.36 94.95 189.89 

33 83 7945.25 2145.25 95.05 0.73 0.55 79.44 158.88 

83 540 292656.30 7945.25 547.31 1.19 0.34 95.41 190.81 

39 89 8977.25 2577.25 102.46 0.81 0.55 84.17 168.33 

89 540 292656.30 8977.25 548.25 1.22 0.33 95.77 191.53 

45 95 10081.25 3081.25 110.03 0.87 0.54 87.47 174.95 

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 292656.30 11257.25 550.32 1.25 0.30 96.27 192.55 

57 107 12505.25 4305.25 125.52 0.98 0.49 91.52 183.03 

107 540 292656.30 12505.25 551.46 1.27 0.28 96.46 192.91 

Increment of Stress = 3213.81 (psf) 

where: c1 = arctf _!.!!_) 
c5l zR3 
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Table 8. Approach Embankment Settlement 
Summary Calculations for Increment of Stresses at Depth 

z = 37.5 feet 

Increment 
b R2 

1 R~ R3 C1 C2 Oz 

3 53 4215.25 1415.25 64.99 0.07 0.09 9.42 18.84 
53 540 293006.30 4215.25 543.89 0.95 0.47 88.54 177.09 

9 59 4887.25 1487.25 70.49 0.20 0.25 27.68 55.37 

59 540 293006.30 4887.25 544.51 1.00 0.46 90.46 180.91 

15 65 5631.25 1631.25 76.53 0.33 0.38 43.78 87.55 

65 540 293006.30 5631.25 545.19 1.04 0.44 91.89 183.77 

21 71 6447.25 1847.25 83.00 0.45 0.47 56.85 113.71 

71 540 293006.30 6447.25 545.94 1.08 0.42 92.97 185.94 

27 77 7335.25 2135.25 89.80 0.55 0.52 66.91 133.83 

77 540 293006.30 7335.25 546.75 1.11 0.40 93.80 187.60 

33 83 8295.25 2495.25 96.87 0.65 0.55 74.41 148.82 

83 540 293006.30 8295.25 547.63 1.14 0.38 94.45 188.89 

39 89 9327.25 2927.25 104.15 0.73 0.56 79.91 159.82 

89 540 293006.30 9327.25 548.57 1.17 0.36 94.96 189.91 

45 95 10431.25 3431.25 111.61 0.80 0.56 83.94 167.88 

95 540 293006.30 10431.25 549.57 1.19 0.35 95.36 190.72 

51 101 11607.25 4007.25 119.20 0.86 0.54 86.90 173.81 

101 540 293006.30 11607 .25 550.64 1.21 0.33 95.68 191.37 

57 107 12855.25 4655.25 126.90 0.91 0.53 89.11 178.21 

107 540 293006.30 12855.25 551.77 1.23 0.32 95.95 191.90 

Increment of Stress = 3105.92 (psO 

where: c1 = arctj .!!:_) 
6lzR3 
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Table 9. Approach Embankment Settlement 
Summary Calculations for Increment of Stresses at Depth 

z = 42.5 feet 

Increment 
b R2 

1 
R2 2 R3 C1 C2 O'z 

3 53 4615.25 1815.25 68.00 0.05 0.08 8.15 15.29 

53 540 293406.30 4615.25 544.26 0.89 0.49 85.84 171.68 

9 59 5287.25 1887.25 73.27 0.17 0.22 24.23 48.26 

59 540 293406.30 5287.25 544.87 0.94 0.48 88.19 176.37 

15 65 6031.25 2031.25 79.10 0.28 0.34 38.92 77.84 

65 540 293406.30 6031.25 545.56 0.99 0.46 89.98 179.97 

21 71 6847.25 2247.25 85.37 0.39 0.44 51.43 102.86 

71 540 293406.30 6847.25 546.30 1.03 0.45 91.37 182.74 

27 77 7735.25 2535.25 92.00 0.49 0.50 61.55 123.11 

77 540 293406.30 7735.25 547.12 1.06 0.43 92.45 184.90 

33 83 8695.25 2895.25 98.92 0.58 0.54 69.47 138.95 

83 540 293406.30 8695.25 547.99 1.09 0.41 93.30 186.61 

39 89 9727.25 3327.25 106.06 0.66 0.56 75.55 151.11 

89 540 293406.30 9727.25 548.93 1.12 0.40 93.98 187.96 

45 95 10831.25 3831.25 113.39 0.73 0.57 80.19 160.37 

95 540 293406.30 10831.25 549.94 1.14 0.38 94.52 189.05 

51 101 12007.25 4407.25 120.86 0.79 0.56 83.71 167.42 

101 540 293406.30 12007.25 551.01 1.17 0.36 94.96 189.93 

57 107 13255.25 5055.25 128.47 0.84 0.55 86.40 172.80 

107 540 293406.30 13255.25 552.14 1.19 0.35 95.32 190.64 

Increment of Stress = 2999.06 (psf) 

where: C1 = arcJ _!!?__ l l\ zR3 
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Compute settlement. 

• Use the following expression: 

where: 

n n a 
p= LPi= LHiCR log _y_ 

i= l i= l 

n = number of sublayers = 7 

¼ = thickness of each substrata = 5 ft 

CR = Virgin Compression Ratio 

iivt= Final vertical effective stress = iivo + A <iv 
iiv0 = Initial vertical effective stress 

• Determine value of CR: 

Use: 

CR= 

Gw 
Gw= Se => e = - s 

Gw 2.78 x 0.35 
Therefore: eo = - = ----

S 1 
~: Assumed S = 100% 

e0 = 0.973 

Thus: 0.35 = 0.177 
(1 + e o) (1 + 0.973) 
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• Apply expressions above; obtain table below: 

z (ft) i1vo (psi) I!:.. av (psf) av/ (psf) = <1v0 + I!:.. <1v [ U,f) Pi= H; CR log i1v0 

12.5 949.5 3645.024 4594.524 0.6073516 ft 

17.5 1272.5 3537.818 4810.318 0.5122418 

22.5 1595.5 3430.215 5025.715 0.4419801 

27.5 1918.5 3322.095 5240.595 0.3870922 

32.5 2241.5 3213.811 5455.311 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 

I FEDERAL HIGHUAV ADNINISTRATION: I 

E: M e: R ru R: 
A Nlcroco"puter progra" for COMputing one 
dl"enslonal co"pression vertical settle"ent due PROTOTYPE ENGINEERING INC. 
to e"bank...,nt loads. The prograM follous the 
equallons presented ~ LaMbe&Uhlt.Man (1969), 57 Liest.land Avenue 
Ladd <1973) and Poulos&Davls (1974). For the Ulnchester, NA 01890 
case of a strip ~trical vertical eMbankMent (617) 729-2363 
loadlns the progra" superl"poses t.uo verllcal 
eMbankMent loads. For the increMent. of vertical Attn. Dr. Alfredo Urzua 
stresses at. ll'Nl or fill, the progra" 
superlMposes a 1111ries or rectangular loads. 

Uersion 2,BIYOctober 1991 Hlt <F10> to continue 

OPENING SCREEN 

FEDERAL HIGHUAV ADNINISTRATION 

1-o---=-==--==-==-==--==-==-==-=-==•p=-=== tlaln Henu ---==-"'If 

A Nlcroco"put.er progra.. for coMputing one 
diMensional coMpression vertical settleMent 
due lo eflbank...,nl loads. The prograM follous 
the equations presented by LaMbe&UhitMan 
(1969), Ladd (1973) and Poulos&Davis (1974). 
For the case of a strip S!:fMMetrical vertical 
eMbankMent loading the prograM superiMposes 
tua vertical BNbanluwnt. loads. For the 
lncreMent of vertical stresses at end of 
flll, the pro9raM superlMposes a series of 
rectangular loads. 

pruje~t o~rinilion 
soll Profile and soil paraM. 
Uater table definition 
Stress history 
UerUcal stress incre-nt. 
systaM of Units 
Naintain file 
Run progra" 
El<it. to DOS 

PROTOTYPE ENGINEERING INC. 
57 Uestland Avenue 

Uinchester, NA 01898 
(617) 729-2363 

Attn. Dr. Alfredo Urzua 

Enter letter only, or use arrous then ...,J ► Nake S11lectlon. 

ENBANK NAIN MENU - SELECTION OF PROJECT DEFINITION 
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FEDERAL HIGHLIAY ADttINISTRATION ...,_ _______ _ 

..,_ ........................................ ....,...., .............. ====="''"-===== Naln N•nu -----.t 
proj.,ct Dt!finition 

rr
l lrtl lrl 111111 ~:~!/~:!~!11

d:~tn~~~npara". 
--- PROJECT DEFINITION -----.!I 

s lncret9nt 
Client = A'fl!I clhmt s 
Project Na"I! = Approach E"bank"ent 
Project tlanager = AUl1 

A tllcroco11putl! 
dlNenslonal CC!l1 
due to f!l1l)ank...e 
the equatlons 

File HaNe = EXAMPLEZ,ENB 
Pall! = 3113/92 (NNIDD"\111) 
Co"puted b!I = !1!l;l 

(1969), Ladd <1"'====== Hit <Flll) to accept values---• 
For the case of !NEERING INC. 

57 Uestland Avenue 
Ulnchester, NA 81898 

e"bankrwnt loading the progra11 superl"poses 
lwo vertical •"bankMent loads, For the 
lncra,ent of vertical strassas at and of 
flll, tha progra11 superiMposas a series of 
rectangular loads. 

< 61 ?) 'i'Z9-Z363 
Atln. Dr. Alfredo Ul"2Ua 

PROJECT DEFINITION SCREEN 

FEDERAL HIGHUA\I ADNJNISTRATION 

t-, .................... .._=============,.,..==F======-- l'laln tlenu ----• ( 

A NlcroCC!11put.er progra" for co11putlng one 
dl11enslonal co11pl"ll5Slon vertical settle11ent 
due to e11bank-nt loads. The progra" follows 
th■ equatlons presented by La"be&Uhlt"an 
(1969), Ladd (1973) and Poulos&Dauts (1974). 
For th■ cau of• strip ~1111etrical uartlcal 
■Nbank"ant loading th■ prograN supari11poses 
two uartical lffll>anluent loads. For th■ 

lncrt111ant of uertlc:«l strassas at and of 
flll, tha progr.,. superiMposas a sarlas of 
ractangular loads. 

project Definition 
soil Profile dnd soil pdr~M. 
Uater table definltlon 
Stress history 
Uartical stress lnc...,.nt 
sysleM of Unlts 
Naintain fil11 
Run prograN 
Exit lo DOS 

PROTOTYPE ENGINEERING IHC. 
57 Uestland Avenue 

Ulnchastar, 11A 81898 
(61'?) 729-2363 

Attn. Dr. Alfredo llr2u• 

Enter leltl!!l' only, or use arrows then 4-1 ► Nake selection. 

EMBANK NAIN MENU - SELECTION OF SOIL PROFILE 
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FEDERAL HIGHUAY ADHIHISTRATJOH to---------
r:::::- l'laln t1ellll ~ 
I ll!lllm Def l n l U on llalllmll 

E: Ml Bl IR ru IKl 
t soil Profile and soil parM-1 

•t\Sf\GiUF-lf MHFIA 
Strain per o og stress 

A HicrocoHputer progra11 for coHputing one 
diHl!nsional coHpression vertical settleHent 
due to ■HbankHent loads. The prograM folloo.,s 

Run prograH 
Exit to DOS 

the ■quations pr■s■nled by LaNbe&UhilHan ,-.... ==-==-=-=--------t 
(1969), Ladd (1973) and Poulos&Davis (1974). 
Far the case of a strip syHMetrlc■ l vertical 
Ml>ankN■nt loading the prograN superiHposn 
tuo vertical eNbankl'lent loads. For the 
lncreNent of vertical stresses at end of 
fill, the progran ,superiNposes a series of 
rectangular loads. 

PROTOTYPE ENGINEERING ltC. 
S7 Untland Aultnu■ 

Uinchester, l'IA 81898 
(617) 729-2363 

Attn. Dr. Alfredo Urzua 

Enter latter only, or use arrow then...,. ► l'laka sall!Ction. <Esc> ► Hain l'lenu 

SOIL PROFILE HENU - SELECTION OF UOID RATIO PER LOG STRESS 

__________ F_E_D-ER_A_L_H_l_GHJAY ___ A_D"_r_"_r_sT_R_A_T_Io_"--------~71 

Layer HuNber = 1 Elev. of top or layer= 180.ee 

Subl•yar 1 

Layer 
--------- 1 
Sublayer n 

Sublayer 1 

Sublayer 2 

La!,ler 
2 

HuNber of sublayars = 1 (for this layer) 

Unit ueight of soil = 118.08 

= Inco,.,prcssible 

Is this the last layer or profile Ho 

bo======================- Hit <118> to continue 
Space Bar-Next lteH Alt-H-Henu 

SOIL DESCRIPTION AND PARAHETERS FOR LAYER 11 
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----------F-ED_E_R_A_L_H_I_GI-UW __ A_D_N_["_[_s_r_RA_r_1_0" ________ .,.11 
Layer Nuttl:!er = 2 Elev. of top of layer = 90.00 

Nu"ber of sublayers = 7 (for this layer) 
Sublayer 1 

Unit ..,.ight of soll = 1z7,ee 
Layer 

1 T!Jpe of layer = Co1'preuible 
Subhyer n 

Layer soil properties= ln1tial void ratio 
Sublayer 1 

Co"presslon Index Esti Initial uold ratio 
Layer Initial uater r.ontent 

Z Reco"pression IndeK Esll 
Sublayer 2 

Suel 1 ing Indax Esti"ated fro" a-logp curu■sJ 

ls this the last layer of profile No 

""""========-=-· Hit <F9> to Prev. Layer= Hit <F10> to continue 
Press space bar to see "enu options and then <Ret> to input values 

SOIL DESCRIPTION AND PARANETERS FOR LAYER IZ 

I 

~ 
J 

r-I""'n"'"it""'i""'a I Lau:: .. So~:t:::pertie: =35""'.""'00%=.=i A-DN-[N_[_s_t_RA_T_I_o_" _________ l l 
Specific Gravity of Solids= 2.78 layer= 90.00 

.Degree of Saturation = lm!liiiJ% yers = ? (for this layer) 

Hit <F10> to accept values soil = 127.00 

Sublayer n 

Sublayer 1 

Sublayer Z 

1 Type of layer = Col'lpresslble 

Layer soil properties= Initial uater content 

Col'lpresslon Index EstlNated fro" e-logp curves 
Lay■r 

2 RecoNpresslon Index Esti"ated fro" a-logp curves 

Swelling lndeK Esli"ated fro" e-logp curves 

Is this the last layer of profile No 

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

INITIAL UATER CONTENT - LAVER 12 
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r::::::::::::::::::::::::::_A!!!J_io_N::_-_-:_-_-_-_ -_ -~l-1 
L•yar NuHber = 2 Elev. of top of la\jar = 90.80 

Hu"ber of sublayers 
S:ubhtyer 1 

Unit. 1,111ight or 50il 

La\jer 
1 T!lpe of la~r 

Sublayer n 
Layer soil properties 

Sublayer 1 

= 

= 
= 

= 

7 (for thls layer) 

121.ee 

Co"presslble 

Initial uater content 

~ 
J 

Co"pression Index EstiHated froH e logp curues ..------J 
EstiN•ted fro" a-logp curves 

Subla\jer 2 Co"put~d using FHUA(t98Z) 
Siia l ling I ndax 

Ii; this the last la!ler oF profile Ho 

""""=-======== Hit <F9> to J>rev. Layer= Hit (F10) to continue 
Press space bar to see "enu options and then <Ret> to lnpv.t values 

JJ 
COMPRESSION INDEX MENU - FHUAC1982) 

r-?=h=.=,=.-d-■r=••l=H=l=g=h-=u.:
0

:::::::::.:::x(=FHIJ=A=)=l=n=t=he=s=o=l-l ..... = __ -_=_-_-_=_-_-_=_-_-_-_-_-_-~-7-1 

and Foundations Uorkshop Manual <1982) estlM•tes the 
CoNprasslon Index by dividing the lnltl•l soil 
Noisture content by 188. ~ 

this layer> 
CoNp. Index= Initial Yater Content (in%) I Constant 
iihere constant= 100 

Coni;tant = EE!J sslble 

...,..,.....,.==--=• Hit <F1B> to accept value uater content 

CoNpresslon Index CoNputed using FHUA(1982) 

RecoNpression Index EstiHatad fro" e-logp curves 

Suell i ng Index EstiHated Fro" e-logp curves 

Is this the lai;t layer of profile tlo 

-----=-========== Hlt (F9) to Prev. Layer= Hlt <118) to continue 

FHUA<1982) PROCEDURE SCREEN 
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~r~i_-_-_-_-_-_-_-_=_-_-_-_-_-_-_c_o_"_p_re_s_s_l_o_n_I_nd_ex ________________ 

11 
Layer Nu"ber = 2 Eleu. of top of layer= 90.00 

Sublayer 1 

Sublayer n 

Subla1111r 1 

Sublayer 2 

Layer 
1 

La!fer 
2 

NuNber of sublayars = ? (for this layer) 

Unil iaight of soil = 121.ae 

Type of layer = Co"pressible 

Layer soil properties= Initial iater content 

CoNpresslon Index Co"puted uslftf FHLIA(198Z> 

RecoMpresslon Index E~tiHaled froH e logp cu~ues 

S1.1a 11 i ng I ndax EstiNated fro" e-logp curves 
CoHpul~d usin9 FHUA(198Z) 

~ 
J 

] 
Is lhis the last lay------------~ 

--------- Hit <F9> to Prev. Layer - Hit (110> to continue ..I ..I 
Press space bar to see "enu options and then <Ret> to lnput values 

RECONPRESSION INDEX NENU - FHMA(1982> 

r-T·h·■-,-■d·•·r·•"'l"'H""l-,-h-1.1a:·:::::::::::1:~:~-A)-l-n-t .. he ....... s.o-l-ls"""l-_""_"'_-:_""'_""_""_""_ ... _-_-_-:l-1 
and Foundations Uorkshop Nanual (1982) estlNates the 
RecoNpresslon Index by dividing the lnltlal soil 
"°lst.ure content. by 1880. ~ 

ls layer) 
R■cD"P· lndeX = lnltlal Maler Content (ln %) ~ Constant 
uhere Constant = 1888 

Const.ant = mi lble 

------ Hit <F1B> to accept values===--===-......,....,. ter content 

-
- J- La~ar 

Sublayer 2 

CoNpresslon Index CoHput.ed uslnr Ft1JA(1982> 

RecoHpl'l!l53lon Index CoNput.ad uslns FtlJA(1982) 

S1,1e 11 i ng I nde>e Est.lMatad fro" a-logp curves 

Is this the last layer of profile Ho 

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

RECONPRESSION INDEX - FHUA<1982) PROCEDURE SCREEN 
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r ~::::::::::::::::_R_•_c_o_"p_r_•_s_s_1o_n_1_nc1_e_x _________________ l1 
Layer N~ber ~ Z Elev. of top of layer= !HI.BB 

Subla!:ler 1 

Subla!;ler n 

Sublayer 1 

La!;ler 
1 

= 7 (for thls layer) 

Unit i.,eight of soil = 127.88 

T!;jpe of la~r = 

Layer soil properties= Initial iater content 

~ 
j 

Subh!;IBr 2 

Layer 
z 

CoMputed using FKUl(19BZ> ] 

RecoMpnission Index CoMputed using FI-IIA(198Z) 

~ 

Suelllng Index 

Is this the lut lay EsllMalecl fro" e-logp curves 
Sdtll:! cts rccoMpress i un i ndt:X 

'=============-====-=-- Hit <F9> to Prev. Layer-------------­
Press space bar to see Menu options and then (Rel) to lnput values 

SMELLING INDEX - LAYER az 

r:_ ... _=_,,.,_,,.,_ ... _,,,._=_"":_=_=_=:_-_-_R_e_c_o"_P_r_e_s_s_lo_n_I_nclex __ .. _ ... _:::::::::::::::: .. -:::::::: • .-;l-1 
Layer Nu"ber = Z Elev. of top of layer= 911.110 

Subhyer 1 

Sublillyer n 

Sublayer 1 

Sublayer 2 

Hu"bar of sublayers = 7 (for thls layer) 

Unit ueight of soil = 1Z7.ee 
Layer 

1 T!;lpe of la~r = Co"pressible 

Layer soil properties= Initial uater content 

CoMpresslon Index CoMputed using FKIA(1982) 
L1!19r 

Z Reco"prmion Index Co"pulad uslns FIIIA<198Z) 

Swelling Index 

Is this tlur lut layer of profile ml!! 
-======-=----=-=- Hit <F9> to Prev. Layer - Hit (1111> to continue 

Space Bar-Next lle" Alt-n-nenu 

DEF[NING LAYER az AS LAST LAYER OF SOIL PROFILE 
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rrF1_=_=_=_=_=_=_=_=_=_=_=_=_=_=_=_R_e_c_o_"_p_re_s_s_1_0_n_I_nd_e_x ________ .;... ______ ~71 
L■yer HuMber = 2 Elev. of top of layer= 90.ee 

Subl•yer 1 

Sublayer 1 

Subhiyer 2 

NuMber of sublayers = 7 (for thls lilyer) 

Elev. of bolloM of last layer= ll:ml!Ill ible 

--==-=== Hit <F10) to accept value====-~ ter content 

CoMpresslon Index CoKputed using FHUA(1982) 
.,_ Layer 

2 RecoMpll'l!SSion Index CoKputed using FHUA(1982) 

Suelling Index SaKe as recoMpN!ssion index 

Is this the last l•yer of profile Yes 

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

DEFINING THE n-lICl<NESS OF THE SOIL PROFILE 

FEDERAL HIGHUAY ADNINISTRATIOH 

~ 
J 

I========================,,=,===== 11ain t1enu ===-==it 

A NlcrocoMputer progrAM for coMputing one 
diMenslonal COMprassion uertic•l settleMent 
due to eMban.luent. loads. The progrilM follous 

proJecl Definition 
soil Profile and soil paraM. 

Str■ss hist.o~ 
U■rt.ical stress incNHWnt 
sy5l■M of Units 
Nalnhin file 
Run progriUI 
Exit. t.o OOS: 

the equations presented by L■Mbe&Uhit.M■n t===========================I 
(1969), Ladd (1973) and Poulos&D■vis (1974). 
For the case of a st.rip syMMetrical vertical 
eMb■nkMent. loading the prograM superiMposes 
two uert.lcal lll'lbank,.,nt. loads. For the 
lncreMent of vertical stresses at end of 
fill, the prograM superiMposes I series of 
rectangular loads. 

PROTOTYPE ENGINEERING INC. 
S? Uest.lancl Avenue 

Ulnchest.er, MA 01890 
(61?> 729-23£,3 

Attn. Dr. Alfredo Ur2ua 

Enter letter only, or use arrous then .,_J ► Nake selection. 

EMBAtl< MAIN MENU - SELECTION OF WATER TABLE DEFINITION 
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FEDERAL HIGHUAV ADNINISTRATION !===-=--==------. 
t==========~=====-=-====-==,.==--==-==- 11ain l'lenu =--~,t 

project Definition 

El M Bl 1"'11" 111111 ::::.::::::~nd soil pan". 

I 11111 11 "' U■rtlcal strau lncl'IINnl 
I E llat■r Tabl ■ D■finition ~ Units 

lle 

Udlcr table definition 

Elev. of Uat■r Tabla ~ IIIEiliiil " 
A NlcrocoNputer pro S 
dl"ensional COHpress Hit <FtB> to accept values -=-""""""'"'""""" .... _, .. 
due lo ■Nbank"8nt laa 
tha aquatlons pl"BSllnted by LaNbe&UhitHan 
(1969), Ladd (1973) and Paulos&Dauls (1974). 
Far tha case of a strip Bll""etrical uartical 
a"bankHant loading the progra" superlHpases 
luo uertlc■ l e,,bank,..nt loads. For the 
lncre"ent of vertical stresses at end of 
fill, the pro!Jl'aH superiHposes a series of 
rectangular loads. 

PROTOTYPE ENGINEERING INC. 
Si' Uestland Avenue 

Ulnchnlt!r, 11A 81890 
(617) 729-2363 

Attn. Dr. Alfredo Urzua 

UATER TABLE AT ELEUATION 95 FT. 

FEDERAL HIGHUAY ADNINISTRATION 

to--------------------• .. ---- rtaln Menu -----.t 

A NlcrocaNputer prograN for CONputlng one 

proJect l)eflnltlon 
soil Profile and soil paraH. 
~atar table definition 
Stress h !story 

Stress history ---w 
stress history 

diNenslonal coHpresslon vertical settleHent "'"""""'"""'"""''"""''"""''"""'"""""""""""""""""""'"""""'" 
due to ettbankHent loads. The pro!fJ"M follous 
the equations: presented by LaHbe&UhltHan 1---------------t 
(1969), Ladd (1913) and Poulos&Dauls (1974). 
Far the case of a strip syHHetrical vertical 
eHbankHent loading the prograH superlHpases 
tua vertlc.il IIHbankHent loads. For the 
incr■Nant of vertical stresses at and of 
fill, the progrM superiHposes a series of 
rectangular loads. 

PROTOTYPE ENGINEERING INC. 
57 Llestland Avenue 

Ulnchester, NA 81898 
(617> 729-2363 

Attn. Dr. Alfredo Urzua 

Enter letter only, or use arrous then~ ► Nake selection. <Esc> ► Nain Nenu 

COl1PRESSIBLE LAVER IS DEFINED AS NORNALLV CONSOLIDATED 
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FEDERAL HIGHIJAY ADl'IINISTRATION 1---------.. 

A Nlcroca"puler progra" for co"putlng one 
dll'll!nslonal co"presslon vertical setlle11enl 
dull to 8"bank•nt loads. The progra" follous 
lha ■quatlons pr■s■nt■d by La1UM1&Uhlt~n 
(1969>, Ladd (1973) and Poulos&Davls <1974), 
For the case of a strlp sy,...trtcal vertical 
...bank"■nt loading the progr- superi"posas 
two vertical e"bank11ent loads. For the 
lncre"ent or vertical stresses at end or 
fill, the prograN superl"posas • series of 
rectangular loads. 

Nain Nenu =====-• 
project Derlnltlon 
soil Profile and soil par■N. 
Uater table definition 
Strl!ss history 
Vertical stress increNent 
syste" of Units 
11alntaln file 
Run prograM 
E>cll la DOS 

PROTOTYPE ENGINEERING INC . 
57 Uestland Avenue 

Ulnchester, NA 81898 
(617> 729-2363 

Attn. Dr. Alfredo Urzua 

Enter letter only, ar use arrous then.._. ► 11ake selection. 

ENBAII< NAIN NENU - SELECTION OF VERTICAL STRESS INCRENENT 

FEDERAL HIGHJAY ADNINISTRATIOH 

1------------------------ 11■ ln tlenu 

El M Bl R 1~ 111111 ~:!!?:E!!::~:~:!!/araN. 11 Pl. Stress hlstol'1' 
Uerlicr1l slrt-!ss in1.ret11::ml 

I I .-----·V■rtlcal stress incr■Nlnl 
strip ~trical vertical eNbankNent loading 

A Nlcroca"puter progra" ro 
dlNenslonal caNpresslon ver 
due to lfflbanlu'll!nt loads. The progrM follous the equations presented by uutbe&UhltMan .,_ _____________ -! 

(1969), Ladd (1973) and Poulos&Davls (1974). 
For the caa of a strip syMMetrlcal vertical 
eMbankNent loading the prograM SLtperlMposes 
tuo vertical Bflb■nk"ent loads. For the 
increMent or u■rtlcal stressn at encl of 
fill, thll progr■,. superiMposes a series of 
rectangular loads. 

PROTOTYPE ENGINEERING INC. 
57 Uestlancl Avenue 

Winchester, NA 81898 
(617> 729-2363 

Attn. Dr. Alfredo Urzua 

Enter letter only, or use arrous then..._. ► Nake selection. <Esc> ► naln Nenu 

VERTICAL STRESS INCRENENT l1ENll - SELECTION OF END or FILL CONDITION 
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D4D OF FILL CONDITION 

CHARACTERISTICS OF FILL 

LJ ~ Height or rtll = 38.88 
Midth of top of fill w = 108.00 
Unit 11t1i9ht of flll = 138.88 

V :] COORDINATES ~(o): (x2,y2), 
Point A: x1 = e.ae !;11 = e.ee 
Point B: x2 = 68.88 !:jZ = 68.88 (,ci,yl) 

~ X 
POINTS FOR COl1PUTATIOH OF SETTLENEHT "'''' calculat■ in = X Point. ,, t 
lC coordinate = 110.ee ,I H .. r. V 

_, 

y coordinate =IUD 
INC. 

FOUIDAT [ON El.EU. e 
z = 1ee.ee 98 

Hit <F10> to accept values ?'2Ua 

I 

END OF FILL GEONETRY - POINT A COORDINATES 

FEDERAL HIGI-IJAV ADtlINISTRATION i,,----------. 
t=~-~-~-----=-------=~=-=•F"~=== Nain 11enu ~==-=-=tt 

A NlcrocoMputer prograM for coMputlng one 

p~oJect Oefinltlon 
soil Profile and soil par•"· 
Uater table definition 
Stress hlstOl'\I 
Uertlcal strass lncr-eMent 
S!:,Ste" of Units 
11alnhln file 
Hun p.-ogra" 
bit to DOS 

dl~nslonal coMpresslon vertical settliment 1==-============_. 
du■ to atbank1t■11t loads. Th■ progl'IUI follows 
th• •qUiltlons pr•sent•d ~ La,d,e&UhitNn ~---==-=--==-==--===-=-=at 
(1969), Ladd (19?3) and Poulos&Davls (1974). 
For th• case of• strip sy-1.rlcal u■rllcal 
..hankM•nt loMllng the progr- superiMposes 
u,o vertical ettbanwnt loads. For the 
lncreMent of uertlcal stresses at end of 
fill, th■ progl'ilM superlMpos■s a series of 
rectangular loads. 

PROTOTYPE ENGINEERING INC . 
S? M•slland Aueoo• 

Ulnchesler, NA 01898 
<lil?) ?29-23&3 

Attn. Dr. Alfredo Urzua 

Enter latter only, or use arrous than .._J ~ ltak■ selection. 

EMBANK NAIH 11ENU - RUN PROGRAN 
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ONI DININSIONAL SfflLENENT ANALVSIS✓Federal Hlghuay Acbilnlstratlon 
INCRIJIINT OF STRESSES BENEATH THE END OF FILL CONDITION 

UIVER COEFFICIENT UNIT SPECIFIC UOID 
N8 • TVPI ntlCK. COttP. RECONP. SUELL. UEIGHT GRAUITV RATIO SettleHent 

<rt> (pct> < l n.) 

1 INCONP. 18.8 118.BB 
Z CONP. 35.8 8.358 8.835 8.835 1Z7.B8 2.78 8.97 34.4Ei 

Total Setlle,cnt = 34.46 

SUBUWII SOIL STRESSES 
NII, ntICK. ILIU. JHITJAL JNCRENENT NAX.PAST PRESS. SETTLEttENT 

1 
z 
3 
4 
5 

' 7 

(ft) (ft) Cpsf) (psr> (psf> Cin.) 

IHCOtlP. 
5.ee 87.58 949.58 3£,45.83 949.58 7.29 
5.ee 82.58 1272.58 3537.82 1272.58 r,, 15 
5.ee 77.58 1595.58 3438.22 1595.58 5.38 
5.ee 72.58 1918.58 3322.11 1918.58 4.65 
s.ee 67.SB 2241.58 3213.84 2241.SB 4.11 
s.ee '2.58 25£,4.58 3185.97 25£,4.58 3.£,7 

Hlt IM'IIM ~ ta display next screen. <FB> Print. <F10> Main l'lenu 

PROGRAN OUTPUT - PARTIAL SCREEN 

ONE DININSIONAL SETTLENENT ANALYSIS;Federal Hlghuay AclHlnlstratlon 
INCRENENT OF STRESSES BENEAnt THE END OF FILL CONDITION 

LA~ COEFFICIENT UNIT SPECIFIC UOID 
NR, TVPE ntlCK. CONP. RECONP. SUELL. UEIGHT GRAUIT\' RATIO SettleMent 

(rt) Cpcf) Cln.> 

1 INCONP. 18.8 118.88 
z CONP. 35.8 8.358 8.835 8.835 127.88 Z.78 8.97 34.4£, 

Total Set.tlet1ent = 3<1.<16 

SUBLAYER Select 
NR, ntJCK. ELEU. INITIAL INCR Send forN to: Ii-Printer, (!l-Dlsk File, 

(ft) (ft) (psf> < 

1 JNCONP. 
2 5.ee 87.58 949.58 3G45.83 949.58 7.29 
3 5.ee 82.58 12'?2.58 3537.82 1272.58 6.15 
4 5.88 77.58 1595.58 3438.22 1595.58 5.38 
5 5.88 72.58 1918.58 3322.11 1918.58 4.65 
6 5.88 67.58 2241.58 3213.84 22<11.58 4.11 
7 s.ee 62.58 2564.58 3185.97 2564.58 3.£,7 

Hit arrou keys t.o display next screen. <FB> Print. <Fl&> t1a1n t1enu 

SELECTION OF DISK FILE PRINTED OUTPUT 
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ONE Dl11ENSIONAL SfflLENENT ANALYSIS/Federal Hlghuay Ad!.lnlstratlon 
INCREnENT OF STRESSES BENEATH THE END OF FILL COtlDITION 

y dlrec. = 68.88 <ft> Unlt uelght of flll = 138.88 (pcf> 
ENbankNent top uldth = 188.88 (ft) p load/unlt area = 3988.88 (psf> 
ENbank"ent botto" uldth = ZZ8.88 (Ft> Foundation Elev. = 188.88 <Ft> 
&round Surface Elev. = 188.88 (ft) 
Mater table Elev. = 95.89 (fl) Unit uelght of Llat. = 62.49 (pcf) 

LAVER COEFFICIENT UNIT SPECIFlC UOID 
NII, TVPE nil CK. COl1P. RECONP. SUELL. UEIGHT GRAUITV RATIO Settle"ent 

(ft) (pcf> <ln. > 

-----1 
DestlMtlon File 

1 INCONP. 18.8 EXANZA.OUT 
z COt1P. 35.9 8.359 8,935 8.835 

34.46 

SUBLAYER SOIL STRESSES 
Nll, THICK. ELEIJ. INITIAL IHCREHEHT HAX.PAST PRESS. Sffl'LEl1EHT 

(in.) (ft) (ft) (psf) (psf> (psf) 

Hlt arrou k~ to display next screen. (FB> Print. <F18) 11ain 11enu 

DISK FILE PRINTED OUTPUT - DESTINATION OUTPUT FlLE NA11E 

Olilll DIIIBNSIONAL SB'l'TLBNIDl'l' ANALYSIS/Federal Highway Adllliniatration 
INCRBMBHT OP STIIBSSBS BBHBATH TBB BlfD OP PILL CONDITION 

Project -
Pile Name 
Date 

1 Approach Blllbankmant 
1 BXAKPLB2,BIIIB 
1 10/02/91 

Client I Any Client 
Project Naneger , AtlK 
Computed by , aum 

Sattl-nt for X • 110.00 (ft) Y • 60.00 (ft) 

llllllbank. alope, x direc, = 60.00 (ft) Height of fill B 30.00 (ft) 
y di rec. . 60.00 (ft) Unit weight of fill• 130.00 (pcf) 

Bmbankment top width = 100.00 (ft) p load/unit area • 3900.00 (paf) 
Blllbankment bottom width ■ 2:10. 00 (ft) Foundation Blev, . 100.00 (ft) 
Ground Surface Blev. = 100.00 (ft) 
Water table Blev. 95.00 (ft) Unit weight of Wat, . 62,40 (pcf) 

LAYBR COBPPICIBNT tJHIT SPBCIPIC VOID 
H• • TYPB THICK, COIIP, RBCOKP, SWBLL, WBIGBT GRAVITY RATIO Settl-nt 

(ft) (pcf) (in.) 

1 IHCOIIP. 10.0 110.00 
2 COIIP, 35.0 0.350 0.035 0.035 1:17 .oo :1.78 0.97 3C.46 

Total settl-nt ■ 3C,46 

SU'BLAYBll SOIL STNISSBS 
H• • THICK, BLBV, INITIAL INCRBKBN'l' KAX,PAS'l' PRBSS, SB'l'TLBICBHT 

(ft) (ft) (paf) (p■f) (paf) (in,) 

l INCOKP, 
2 s.oo 87,50 90,50 36'5,03 90,50 7,29 
3 s.oo 8:1. so 1272,50 3537 .e:i 1272,50 6,15 
4 s.oo 77,50 1595,50 3430,22 1595,50 5,30 
s 5.00 72,50 1918. 50 3322 ,ll 1918,50 4.65 
6 5.00 67 .so 22'1, 50 3213,8' 2241.50 4,11 
7 5.00 62,50 256' .so 3105,97 256',SO 3. 67 
8 5.00 57,50 2887,50 2999,13 2887.50 3,29 

Total Settl-nt ■ 34,'6 (in,) 

Bit arrow key• to diaplay nut acreen. <P8> Print. <P10> Kain xenu 
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FEDERAL HIGHLIAY ADNINISTRATION F=~=====--"" 

t-------------------.---- 11aln 11enu ----,t 

El M Bl R I"' 111111 ~:!!:~:IT!!:;:T:!!/araH. 11 II Stress history 

I I ----- 1u■rllcal str■ss incrw.nt ------. 
strip Sy,wmtrical vertical mbankHent loading 

A NicrocoHputer prograH fo 
dlHenslonal coHpression ver 
due to et1bankl'l■nt loads. The progra" follous 
the equations presented by LaHbe&UhltMan 
(1969), Ladd (1973> and Poulos&Davls (1974). 
For the case of a strip syMMetrlcal vertical 
eNbankMent loading the prograM superiHposes 
tuo vertical 8"bankMent loads. For the 
incr■H■nt of Ullrtlcal stressn at ■nd of 
fill, the progr;u1 superiHposes a series of 
rectangular loads. 

PROTOTYPE ENGINEERING INC. 
57 Uestland Avenue 

Uinchester, NA 81898 
(617) 729-2363 

Attn. Dr. Alfredo Urzua 

Enter letter only, or use arrous then '4-l ► Nake selection, <Esc> ► Naln Nenu 

EnSAHK NAIN NENU - VERTICAL STRESS INCREMENT NEHU 

END OF FILL CONDITION 

CHARACTERISTICS OF FILL 

t=j ::::::J Height of fill = 38.80 
Midth of top of fill u = 188,80 :] Unit ueight of fill = 138.80 

V 
COORDINATES ~(o): (x2,y2) \ 
Point A: >el= B.88 y1 = a.ea . 
Pointe: xz = 68.88 yZ = 68.88 (>Cl, yl) 

~ X 
POINTS FOR cot1PUTATION OF SETTLEl'IINT 
calculate In = X Point ,I 1 
)( coordinate = 118.88 ,I H .. 

r." ~ y coordinate =IIIID 
INC. 

FOUNDATION II.EU. • 
s = 188.88 98 

Hit <F1B> to accept values rzua 
. 

END OF FILL GEOl'IETRV - POINT C COORDINATES 
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FEDERAL HIGHUAV ADMINISTRATION 

t---=--=-====-~=======--=====-F==== Main Menu ====,4 

R Nicroco"PUt.er progrM for coMputing one 
diMenslonal co"presslon vertical sellleMent 
due to e"bank-nt loads, The prograM folloys 
the equations prmiillnted by LaMbe&UhllMan 
(1969), Ladd (1973) and Poulos&Dauis (1974). 
For the case of a strip syNMetrlcal vertical 
eMbankMent loadlns the prograM superlMposes 
tuo vertical BMbankNBnt loads. For the 
lncreMent of uertlcal stresses at end of 
fill, the progratt super1Mposes a series of 
rectangular loads. 

project Definition 
soil Profile and soil paraM, 
Uater table definition 
Stress history 
U•rtlcal stran. inc::NttWnl 
s~st■M of Units 
Nalntain file 
Run prograM 
El<it to DOS 

PROTOTYPE DIGINEERIHG INC. 
57 Uestland Avenue 

IHnchester, 11A 01890 
(617) 729-2363 

Attn. Dr, Alfredo Urzua 

Entl!r letter only, or use arrous then ~ ► Make selection. 

El1BANK MAIN MENU - RUN PROGRAM 

ONE DIMENSIONAL SETTLEMENt ANALYSIS/Federal Hlghuay AdMlnlstratlon 
INCRENEN't OF STRESSES BENEATH THE END OF FILL CONDITION 

Project Nate 
Project Nwtber 
Dale 

Approach EMbankMent Client AlllJ Client 
AUN 91-1235 Project Nanager 

10/02/91 CoMputed by a,ut1 

Seltletient for X = 11 o . o o < rt) v = 0.ee <ft> 

EMbank. slope, x direc. = 68.88 (fl) 
y cUrwc. = 60.00 (fl) 

EMbankM■nt top Yidth 108.08 (ft) 
EMbankMenl botlot1 uidth = 228.88 (ft) 
Ground Surface Elev. = 108.88 (ft)I 
Ual■r ta.ble Elev. = 9S.88 (ft> 

LAYER 
HR, TYPE THICK. 

(ft.) 

COEFFICIENT 
CONP. RECONP. SUELL. 

1 lNCOHP. 10.0 

Height of fill H :: 38.ee (ft> 
Unit u•ight of fill = 138.ee <,er> 
p load/unit area = 3908.ee (psf) 
Foundallon Elev. = 100.00 (ft) 

Destination File 
EXAl12C.OUT 

UH[T SPEC[FIC UOID 
UEIGHT GRAU[TY RATIO SettleNent 
(pen (in.) 

118.88 

Hit arroY k~ to display next screen. <FB> Print, <F10> l'laln 11enu 

DISK FILE PRINTED OUTPUT - DESTINATION OUIPUT FILE 
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ONE DIMENSIONAL SETTLEMENT ANALYSIS/Federal Highway Administration 
INCREMENT OF STRESSES BENEATH THE END OF FILL CONDITION 

Project Name 
File Name 
Date 

Approach Embankment 
EXAMPLE2.EMB 
10/02/91 

Client 
Project Manager 
Computed by 

Any Client 
AUM 
aum 

Settlement for X = 110.00 (ft) y 0.00 (ft) 

Embank. slope, x direc. 60.00 (ft) Height of fill H 30. 00 
y direc. 60.00 (ft) Unit weight of fill 130. 00 

Embankment top width 100.00 (ft) p load/unit area 3900.00 
Embankment bottom width 220.00 (ft) Foundation Elev. 100.00 
Ground Surface Elev. 100.00 (ft) 
Water table Elev. 95.00 (ft) Unit weight of Wat. 62.40 

LAYER COEFFICIENT UNIT SPECIFIC VOID 

(ft) 
(pcf) 
(psf) 
I ft) 

(pcf) 

N1 • TYPE THICK. COMP. RECOMP. SWELL. WEIGHT GRAVITY RATIO Settlement 
If t I (pcf) (in. I 

1 INCOMP. 10. 0 
2 COMP. 35. 0 0.350 0.035 0.035 

110.00 
127. 00 2.78 0.97 7.51 

Total Settlement= 7.51 

SUBLA'l'ER SOIL STRESSES 
N•. THICK. ELEV. INITIAL INCREMENT MAX.PAST PRESS. SETTLEMENT 

(ft) (ft) (psf) (psf) (psf) ( in. l 

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 
5 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 2 564. 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. I 

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

FEDERAL HIGKIA\' ADMINISTRATION 
.,_ ____________________ , _____ Nain Menu 

El M Bl R 1~ 111111 ~:!!:~~IT!!::*:~:~!/•r■M. 11 " Stress hislor,j 
Uerlical stress incre"enl 

I I ------ 1
uartical strass i ncratEnt 

strip Syt'll'letrical vertical ettl>ank"ent loading 

A n1crocoNJ14.1ter prograM 
dlNenslonal coNpresslon ver 
due to l!Nhanlutent loads. The prograN folloYs 
the eq1J11tlons presented by LaNhe&UhltM■n 
(1969), Ladcl (1973) and Poulos&D■uis (1974>. 
For the ca- of• strlp syMMetrlcal uertlc■ l 
eNbank,..nt laadlns the prograM superlMposes 
tuo uertlcal 9"bankMent loads. For the 
lncreM■nt of u■rtical strasses at ■nd of 
fill, the progratt superlNposes a series of 
rectangular loads. 

PROTOTYPE EHGIHEERIHG INC. 
57 Llestlancl Auanua 

Uinchester, HA 81898 
(617) 729-2363 

Attn. Dr. Alfredo Urzua 

Enter letter only, or use arrous then -4-J ► Nake selection. <Esc> ► Hain Nenu 

EMBANK 11AIN NENU - SELECTION OF UERTICAL STRESS INCREMENT NENU 
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--------- EHi> OF FILL COHl)ITIOH ---------

CHARACTERISTICS OF FILL 
Height of fill 
Uidlh of top of fill 
Unit ueight of fill 

COORDINATES 
Point A: x1 = 8,88 
Pointe: xZ = 68.88 

= 38. ee 
M: 188,80 

= 138.08 

yl : 8.80 
y2 = 68.110 

',Q, j 
f .~(xi,!11> ~ ~ X adlng 

POINTS FOR COl1PUTATION OF SETTLEl1ENT 
calcul•t• in = X Direction ,I t 
Ml coordinate = '38.88 ,I H .. 
MZ coordinate = 198.BB 
delta M = SB.BB 

-.1---~•----

y coordinate = IIIII!D 
FOUHl>ATION El.EU, 
s = 100.ee 

IHC. 
II 

90 ----------=• Hil (F1B> to accapt values ................. ....,..., .... ....,,... r2ua 

END OF FILL GEOMETRY - SETTLEMENT IN X-DIRECTION 

FEDERAL HIGHUAV ADNIHISTRATIOH 

1o----------=-=---=---=-==--=----=- Main Menu ---­

E: INI IB: IRI lru R: 
A Nicroco11p11ler progn" for co"puting one 

project Definition 
soil Profile and soil par•"· 
Uater table definition 
Stress history 
U.rtlcal stress incrat9nt 
sysl•" of Unlt.s 
Nainbin file 
Run pro~rdM 
Exit to DOS 

di"ensional CO"J'rBSSion vertical s11ttl11"enl i.,..,..,_.,_,..,.....,,..._..,..,......,_,,...,.~ 
due to e"1>anlumnt loads. The progr•" follous 
the equations pl'8Sllnt.ed bi, LaMbe&Uhll"an ............................................... ....,i 
<1969), Ladd <1973) and Poulos&Dauls <1974). 
For the case of• strip S!l""11trical v11rtical 
■Mbank"ent loading the progr•" sup11riNposes 
luo vertical e,diank,ent loads. For th11 
incre"ent of vertical str11ss11s at 11nd of 
fill, the prGgt'M superiMpos■s a serl■s of 
reclansular loads. 

PROTOTYPE ENGINEERING INC. 
57 Uestland Avenue 

Ulnchester, 11A 81890 
(617) 729-2363 

Attn. Or. Alfredo Urzua 

Enter letter onl!J, or use arrous then +J ► Nake selection. 

El1BANK MAIN NEHU - RUN PROGRAM 
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EMBANK Appendix B Example 2 
ONE DIMENSIONAL SETTLEMENT ANALYSIS/Federal Hlghuay Ad"lnlstratlon 

INCRENENT OF STRESSES BENEATH THE END OF FILL CONDITION 

Pro.Ject Na"■ 
Project Nu"ber 
D■la 

Approach E"bank"ent Client 
91-1235 Project Nanager 
11Y82/91 Co"putad by 

Setlle"enl for X-Dlrecllon 

Anoj Cli■nt 
AU1 
au" 

E"banll. slope, x dlrec. = 60.00 (fl) Helghl of flll H = 30.00 (fl) 
y direc. = 

E"ban.luwnt top width = 
E"bankP1Bnt botto" width= 
Ground Surface Eleu. = 
Uater table Eleu. 

68.88 (fl) Unil weight of fill= 130.00 (pct) 
188.88 (fl).-

1

---- Destination File----
228.88 (ft) EXANZD-D.OUT 1ee.ee <ft>.._ ______________ __. 

95.88 (ft) Unit walght of Uat. = 62.48 (pcf) 

LAYER 
"9. TYPE THICK. 

(ft) 

1 INCONP. 18.8 

COEFFICIENT UNIT SPECIFIC UOID 
COMP. RECONP. SUELL. UEIGHT GRAUITY RATIO 

(per> 

---- ---- 118.88 

Hit arrow keys to display next scr1111n. <FB> Print. <F10) Naln Nenu 

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 
Fi le Name 
Date 

Approach Embankment Client Any Client 
EXAMPLE2.EMB Project Manager AUM 
10102191 Computed by aum 

Settlement for X-Direction 

Embank. slope, x direc. 60.00 I ft) Height of fill H 30.00 
y direc. 60.00 (ft) Unit weight of fill 130.00 

Embankment top width 100.00 (ft) p load/unit area 3900.00 
Embankment bottom width 220.00 (ft) Foundation Elev. 100.00 
Ground Surface Elev. 100.00 (ft) 
Water table Elev. 95.00 (ft) Unit weight of Wat. 62.40 

LAYER COEFFICIENT UNIT SPECIFIC VOID 
WEIGHT GRAVITY RATIO 
(pcf) 

NB. TYPE THICK. COMP. RECOMP. SWELL. 
(ft) 

INCOMP. 10.0 
2 COMP. 35.0 0.350 0.035 0.035 

110.00 
1.27. 00 

SUBLAYER SOIL STRESSES 
NB. THICK. ELEV. INITIAL 

(ft) (ft) (psf) 

1 INCOMP. 
2 5.00 87.50 949. 50 
3 5.00 82.50 1272.50 
4 5.00 77.50 1595.50 
5 5.00 72.50 1918.50 
6 5.00 67.50 2241.50 
7 5.00 62.50 2564.50 
8 5.00 57. so 2887. so 

X = 30.00 X = 110.00 X = 190.00 
Layer Stress Sett. Stress Sett. Stress Sett. 

(psf) (in.) (psf) I in.) (psf) I in.) 

INCOMP. INCOMP. INCOMP. 
1607.73 4.58 1946. 78 5. 16 1607.73 4.58 

3 1496.84 3.59 1941. 44 4.28 1496. 84 3. 59 
4 1404.36 2. 92 1932.52 3.67 1404.36 2. 92 
5 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 1217.89 1.80 1881.37 2.54 1217.89 1. 80 
8 1177 .30 1. 58 1856.48 2.30 1177.30 1. 58 

18.97 23.99 18. 97 

2.78 0. 97 

MAX. PAST PRESS. 
(psf) 

949.50 
1272.50 
1595.50 
1918.50 
2241.50 
2564.50 
2887. so 

I ft) 
(pcf) 
(psf) 
(ft) 

(pcf) 

Hit arrow keys to display next screen. <F8> Print. <Fl0> Main Menu 
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FEDERAL HIGHUAY ADt1INISIRAIION ~--------

t=====================•-===== Hdn Henu -----

E: IMI IB: R ru ~: 
A 11icrocoNpuler prograN for coNputing one 

project Definition 
soil Profile and soil par .... 
Uater table definition 
Stress hislor!:f 
Uert.lcal stress lncra.nt. 
S!:fSleN of Units 
Maintilin file 
Run progrH 
Exit lo DOS 

diNensional coNpression vertical settletent i.. .... ,...,...,,._ __ ..,....,. ____ _, 

due to et1hankNent loads. the prograt1 follol.lS 
the equations presented b!:I LaNbe&UhitNn 
(1969), Ladd (1973) and Poulos&Davls <1974). 
Far the case of a strip S!:fNNetrical vertical 
eNbankt1ent loading the prograN superiNposes 
t.ua vertical eNbankNent loads. For the 
incre.,.nt of vertical stresses at end of 
fill, the prograN superiNposes a series of 
rectangular loads. 

PROIOIVPE ENGINEERING INC. 
57 Uestland Avenue 
Uinch■sler, 11A 81898 

(617) 729-2363 
Attn. Dr. Alfredo Ur2Ua 

Enter lettel' onl!:f, or use arrous then ~ ► Hake selection. 

EMBANK MAIN MENU - SELECTION or MAINTAIN FILE 

FEDERAL HIGHUAY ADt1INISIRATION 

t=====================F====- Nain 11enu ,_ ... .,_...,.,. 

A 11lcrocoNputer prograN for coNput.lng one 
diMensional coMpression vertical settletent 
due to ettbankNent loads. Ihe prograt1 follol.lS 

project Definition 
soil Profile and soil paraN. 
Uater table deflnltlon 
Stress hist.or!:f 
Uert.ical stress lnc..-nt 
S!:fSleN of Units 
Maintain flle 

Naintaln file 

Retrieve file 
Clear entries 

t.he equations presented b!:I LaNbe&UhitNn 11===-<L--------- ___ _. 
(1969), Ladd (1973) and Poulos&Davls (19?4>. 
For the case of a strip syNNetrical vertical 
eNbankl'lent lo.uilng t.he prograM superiNposes 
lua vertical eNbankNenl loads. For lhtr 
incr-nt. of vertical stresses at end of 
fill, t.he prograN superiNpases a series of 
rectangular loads. 

PROTOTYPE ENGINEERING INC. 
57 Uestland Avenue 
Uinchesl■r, 11A 81898 

(617) 729-2363 
Attn. Dr. Alfredo Ursua 

Ent.er letter onl!:f, or use arrous then ~ ► Nake select.ion. <Esc> ► Nein l'tenu 

MAINlAIN FILE MENU - SELECTION OF SAUE FILE 
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FEDERAL HIGHUAV ADNIHISTRATIOH 

t=====================p==== ~in 11enu =====it 
project Definition 
soil Profile and soil para". 
Uater table definition 
Slr■ss histo~ 
Uerlical stress inc~nl 
sysleM of Units 
Haint .. in file 
Run ff Naintain file n 

A NicrocoMpuler prograM for co"puling one Eicit 9£1'19ii• H 
diMensional co"pression vertical settr----- Destination File-----. 
due lo eMbankMBnt loads. The prograM fl EXANPLE2.ENB 
the equations pl'9Sllnted by LaMba&u~--------------------" 
(1969), Ladd (1973) and Poulos&Davis (1974). 
For the case of a strip SY""atrical varticai 
aMbankMant loadins the prograM supariMposas 
tYo varti'cal BMbankMBnt loads. For the 
lncre"ent of vertical stresses at and of 
flll, the progra" superi"posas a series of 
rectangular loads. 

PROTOTYPE EHGIHEERIHG IHC. 
57 Uestland Avenue 

Ulnchester, 11A 01890 
(617) 729-2363 

Attn. Dr. Alfredo Urzua 

Enter letter onl!j, or use arroYs then._. ► Hake selection. (Esc> ► ~in Henu 

SAVING INPUT FILE AS EXAMPLEZ,EMB 

FEDERAL HIGHUAV ADHIHISTRATIOH 

l====================,p==== ~in 11enu ==== .. t 

A NicrocoMputer pragraM for coMputing one 
diMensionai coMpression vertical settleMent 
due to eMbankMBnt loads. The prograM follous 
the equations pl'9Sllnt.ed by LaMba&UhltMan 
(1969), Ladd (1973> and Poulos&Davis (1974). 
For the case of a strip S!:l""etrical vertical 
a"bank"ant loadlns the progra" superi"posas 
tuo vertical BMbankMBnt loads. For the 
lncraMent of vertical stresses at and of 
fill, the prograM superi"poses a series of 
rectangular loads. 

project Definition 
soil Profile and soil par•"· 
Uater table definition 
Stress history 
Uertical stress increMnl 
systeM of Units 
Maintain file 
Run prograM 
Eicit to DOS 

PROTOTYPE ENGINEERING IHC, 
57 Uestland Avenue 

Ulnchastar, 11A 01890 
(617) 729-2363 

Attn. Dr. Alfredo Urzua 

Enter letter onl!j, or use arrous then ._. ► !'lake selection. 

EMBANK HAIN NENU - EXIT TO DOS 
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FEDERAL HlGHUAV ADnIHlSTRATlOH 

t==-=================-======11"""'==~ 11aln 11enu =------. 

A nlcrocoMputer pragra,i for coMputlng one 
diManslonal COMpresslon vertical setllaMant 
due to eMbanloent loads. The progrilM follows 
lha aquatlons pressntad by LaMba&UhltMan 
(1969), Ladd (1973) and Poulos&Davls (19?4), 
For tha case of a strip S!fMMetrlcal vertical 
BMbankMent loading the prograM superlMposes 
two vertical -bank-nt loads. For the 
incr■Ment of vertical stresses at and of 
fill, the prograM superiMposes a series or 
rectangular loads. 

project Definition 
soil Proflle and soil paraM, 
Uater table dd'lnltlon 
Str■ss hlsto~ 
Uartlcal stress lnc...,..nt. 
S!fsl■PI of Unlts 
N;ainhin fila 
Run progra,i 
Exit to DOS 

E>ci t to OOS ■--=----"" 

No 

PROT HG lHC. 
S? Llestland Avenue 

Ulnch-tar, NA 81898 
(61?> 729-2363 

Attn. Dr. Alfredo Urzua 

Enter lettl!T' onl!f, or use arrows then..,. ► nake selection. <Esc> ► 11aln nenu 

EXIT TO DOS nENU - VES SELECTlON 
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Example No. 3: 

- A 

CR= 0.2 
RR= 0.04 

EMBANK Appendix B Example 3 

Highway Embankment Settlement 

This example is presented in Appendix C of the FHW A 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 

Point 

A 
B 
C 
D 
E 
F 
G 

Settlement (in) 
Computer Hand-Calculated 

8.92 
63.07 63.09 
62.17 
56.50 56.53 
37.96 
14.44 14.46 
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. 

1-4 
50ft .. , 

20ft I 

B 

I 

-CLAYH- 14 
Yt = 105 pcf I 

I 
I 

-SAND-

HIGHWAY EMBANKMENT 

~ 
COMPACTED FILL "ft= 125 pct 

C D 

25ft I .. 4 25ft .. ~ 201tJ1 201t.,~o~ 

< •J statss fflstoa 
z (ft) <1t,n, (psf) 

10 
30 
50 

1000 
1278 
2130 

60 ft 

Notto•cal• 

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

Yt = 105 pct 

CR = 0.2 60.0' 

RR = 0.04 

a =40 ~ b•1~ 

z 

• 
d =90 

EMBANK Appendix 8 Example 3 

Highway Embankment Settlement 

50.0' 

Yim = 125 pcf 

P = 2500 psf B D 
10.0' 

I. .I- .l0-~·I -• 1 50.0' 40.0' 

20.0' 

•2 

20.0' 

•3 

Clay is overconsolidated from O to 20 ft. A maximum past pressure of avm 
= 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: 

<11 = 10 X 105 - 10 X 62.4 = 426 psf 

<r2 = 30 X 105 - 30 X 62.4 = 1278 psf 

0'3 = 50 X 105 - 50 X 62.4 = 2130 psj 

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

·1 Bfnl Bfnl 0 0 

+ 
z z 

• • 
d =90 a+b-d=90 
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z (ft) 

10 

30 

50 

/3 = arctat{ szo ) 

78.69006 

59.03625 

45.0 

EMBANK Appendix B Example 3 

Therefore, increments of vertical stresses are computed in this case as 
two times the vertical stress increment for: 

z 

90 • 

For the general case shown below: 

The vertical stresses are given by Fr9 P [ xa z ] u. = - /3 + - - - (x - b) 
z tr a R2 

2 

In this case: 

a= 40 

b= 90 

b- a= 50 

x= 90 

x- b= 0 

Therefore: 

tan/3= (b-a) = 50 
z z 

b 90 
tan( a+ /J) = - = -

z z 

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

a = arctat{ 9zO )- ,B 
p 

O'z = - [/3 + 2.25a] 
1C 

4.969741 1,248.222 

12.52881 1,211.473 

15.94539 1,123.294 

102 

20"z psf 

2,496.444 

2,422.940 

2,246.5870 



B1 
140 

d = 140 

z (ft) 8 

10 78.69006 

30 59.03625 

50 45.0 

·1 

• 

EMBANK Appendix B Example 3 

Detennine increments of vertical stress W1der point D; use principle of 
superposition, as indicated below: 

B1nl B1nl 0 

+ 
z z z 

140 • • 
a+b-d = 40+140-140 = 40 

(1) (2) 

For ( 1) we have: 

x= 140 

a= 40 

b= 90 

(x - b) = 50 

~ = 140 = 90 
a 40 

R~ = z2 + (x -b)2 => R~ = z2 + 502 

tan 8= (x; b) = 5z0 => o = arcra{ 5z0) 

tan(/3+ 8) = 
1
~ => ~ = arcra{ 

1
~ )- o 

tan(o+~+a)= l;o =>a=arcra{1;0)-o-

a. = - f3 + - - - (x - b) = - /3 + 3.5a - -p [ xa z l P [ 50z l 
z ~ a R~ ~ R~ 

The results for z = 10, 30, and 50 ft are: 

/3 Ri = z2 + 502 z 
a - (x- b) O'z (psi) 

R2 

5.599341 1.62497 2,600 0.1923077 3.726639 

14.26451 4.60449 3,400 0.4411765 70.87047 

18.43495 6.911229 5,000 0.5 194.1161 
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z (ft) a 

10 75.96376 

30 53.13011 

50 38.65981 

EMBANK Appendix B Example 3 

For the second superposition step (2), we have: 

x= 40 

a= 40 

b= 90 

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

X 40 
-= -= 1 
a 40 

R~ = z
2 + 502 

50 
tan/3= -

z 

40 
tana=­

z 

⇒ /3 = arctru{ 5z0 ) 

⇒ a = arctru{ 4z0 ) 

O'z= - /3+ - -.- (x - b) ⇒ O'z= - /3+ a+ -p [ xa z l P [ 50z l 
n a R2 n R2 

2 2 

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

/3 R~ = z2 + 502 z 
- (x- b) 
R2 

<1z (psi) 

78.69006 2,600 0.1923077 2,301.003 

59.03625 3,400 0.4411765 1,908.943 

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 (ft) 

10 

30 

50 

104 

<1z (psf) 

2,301.003 + 3.726639 

1,908.943 + 70.87047 

1,559.829 + 194.1161 

<1z (psi) 

2,304.7296 

1,979.8135 

1,753.9451 



G1 
1~Q 

d -180 

z (ft) 8 

10 83.65981 

30 71.56505 

50 60.9454 

EMBANK Appendix B Example 3 

Determine increments of vertical stress under point F; use principle of 
superposition as indicated below: 

·1 fAm + f-r-"--.....__.__ ............... 

z z z 

• X = 180 e ---------•! 
X=O 

(1) (2) 

For superposition step (1) we have: 

90 
tan c5= -

z 

140 
tan({J+ o) = -

z 

O'z = - /3 + - - - (x - b) P [ xa z l 
n a Ri 

x= 180 

a=40 

b= 90 

(x- b) = 90 

X 180 
-= -= 4.5 
a 40 

=> o = arcrar{ 9z0 ) 

=> /J= arcrar{ 1~ )- a 

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

/3 a Ri= z2 + 50
2 z 

- (x- b) 
R2 

O'z (ps/) 

2.25457 0.9057924 8,200 0.1097561 0.5843725 

6.340192 2.632437 9,000 0.3 13.85309 

9.400786 4.12971 10,600 0.4245283 50.84445 
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z (ft) a 

10 75.96376 

30 53.13011 

50 38.65981 

EMBANK Appendix B Example 3 

For the second superposition: 

<1z= - /3+ - - - (x - b) P [ xa z l 
tc a R~ 

40 
tana=­

z 

x= 0 

a= 40 

b= 90 

(x- b) = - 90 

X 
-=O 
a 

90 t,,.J90) tan(a+ /3) =-; ~ /J= arc-\-; - a 

Thus: <1. = - /3+ -p [ 90zl 
z tr Ri 

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

/3 Ri= z
2

+ 902 z 
- (x- b) <1z (psf) 
R2 

7.696052 8,200 0.1097561 194.2307 

18.43495 9,000 0.3 494.7734 

22.28558 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 (ft) 

10 

30 

50 

194.2307 + 0.5843725 

494.7734 + 13.85309 

647.3508 + 50.84445 

106 

<1z (psf) 

194.81507 

508.62649 

698.19525 
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Detennine increments of vertical stress under point G; use principle of 
superposition as indicated below: 

~ 140 ., 

I ~~ fAm ~ 
d -190 

z (ft) 

10 84.28941 

30 73.30075 

50 63.43495 

~+ 
190 '. [ 

~------'-"-----+I 
a +b - d • -10 

(1) (2) 

For superposition step (1) we have: 

100 
tan o= -

z 

150 
tan(/3 + 8) = -

z 

x= 190 

a= 40 

b= 90 

(x- b) = 100 

X 190 
- = - = 4.75 
a 40 

~ o= arc~
1
~) 

~ /3= arc~ l:O )- o 

tan(a+/3+8)= 1:0 ~ a=arc~1:o)-o-P 

O'z= - /3+ - - - (x - b) ~ O'z= - /3+ 4.15a- --p [ xa z l P [ lOOzl 
tr a Ri tr Ri 

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

~ R~=z2 +1002 z 
<Jz (psf) - (x- b) 

R2 
2 

1.896518 0.8012836 10,100 0.0990099 0.4134162 

5.389313 2.337304 10,900 0.2752294 10.02816 

8.130105 3.691383 12,500 0.4 38.13693 
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z (ft) 0 

10 45.0 

30 18.43495 

50 11.30993 

EMBANK Appendix B Example 3 

For the second superposition 
step (2), we have: x= - 10 

a= 40 

b= 90 

10 
tan o= -

z 

50 
tan(a+ o) = -

z 

100 
tan(a+~+o)=­

z 

(x - b) = ( - 10 - 90) = - 100 

X 
- = - 0.25 
a 

O'z= - ~+ - - - (x - b) => O'z= - ~- 0.25a - --p [ xa z l P [ . lOOzl 
tr a Ri tr Ri 

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

~ ex R~= z2 + 1002 z 
- (x- b) 
R~ 

Oz (pst) 

33.69006 5.599341 10,100 0.0990099 39.57881 

40.6013 14.26451 10,900 0.2752294 276.162 

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) 

10 

30 

50 

108 

39.57881 + 0.4134162 

276.162 + 10.02816 

457.3714 + 38.13693 

39.992226 

286.19016 

495.50833 



z (ft) 

10 

30 

50 

z (ft) 

10 

30 

50 

av0 (pst) 

426 

1278 

2130 

if v0 (pst) 

426 

1278 

2130 

EMBANK Appendix B Example 3 

Compute settlements; use expression indicated below: 

where: 

II; = thickness of each sublayer = 20 ft 

RR= 0.04 

CR= 0.2 

i!f vm = Maximum past pressure = 1,000 psf at z = 10 ft 

i!f vf = Final vertical effective stress = i!f v0 + ~ ij v 

i!f v0 = Initial vertical effective stress 

• Apply expressions above for J;2Qin1,.I!; obtain table below: 

2496.444 

2422.946 

2246.587 

1000 

1278 

2130 

2922.444 

3700.946 

4376.587 

Total Settlement: 

• Similarly, at point D: 

~ ijv (psf) 0 vm (pst) ijvf= if v0 + ~ ijv 

2304.7296 1000 2730.7296 

1979.8135 1278 3257.8135 

1753.9451 2130 3883.9451 

Total Settlement: 

109 

Pi (ft) 

2.1594571 

1.8471276 

1.2510239 

5.2576085 ft 

63.09 in 

Pi (ft) 

2.0415871 

1.6255815 

1.0435739 

4.7107425 ft 

56.53 in 



z (ft) 

10 

30 

50 

z (ft) 

10 

30 

50 

ova (psf) 

426 

1278 

2130 

ova (psf) 

426 

1278 

2130 

EMBANK Appendix B Example 3 

• At J2Qin.LE: 

Liov (pst) avm (pst) avt= ova+ liov P; (ft) 

194.81507 1000 620.81507 0.1308421 

508.62649 1278 1786.6265 0.5820117 

698.19525 2130 2828.1953 0.4925192 

Total Settlement: 1.2053729 ft 

14.46 in 

• At point G: 

aav (pst) avm (pst) avt= ova+ Liov P; (ft) 

39.992226 1000 465.99923 0.0311753 

286.19016 1278 1564.1902 0.3510348 

495.50833 2130 2625.5083 0.3633352 

Total Settlement: 0.7455453 ft 

8.95 in 
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EMBANK Appendix B Example 3 

Compilation of Computer Screens for 
Example 3 

r===========t: FEDERAL HIGHUAV ADNIHISTRATION :!=======-----. 

A NicrocoNputer prograN for coNputing one 
diNensional coNpression vertical settleMent due 
to eMbankMent loads. The prograM follous the 
equations presented by LaMbelUhitMan (1969), 
Ladd (1973) and Poulos&Davis (1974). For the 
case of a strip s~trical vertical eNbankNent 
loading the progrilll superiNposes two vertical 
eMbankMent loads. For the incraMant of vertical 
stresses at end of fill, the prograM 
superiMposes a series of rectangular loads. 

Uersion 2.00/0ctober 1991 

OPEHIHG SCREEN 

PROTOTVPE ENGINEERING INC. 

57 Uestland Avenue 
Uinchester, NA 81898 

(617) 729-2363 

Attn. Dr. Alfredo Urzua 

Hit <F1B> to continue 

FEDERAL HIGHUAV ADNIHISTRATION I=========----.. 

t==-========-============,--=- tlain l'lenu ----.. t 

A NlcrocoMputer prograM for coNputlng one 
diNensional COMpress1on vertical settleMent 
due to eMbankMent loads. The prograM follous 
the equations presented by LaMbe&UhitMan 
(1969), Ladd (1973) and Poulos&Dauis (1974). 
For the case of a strip ~MMetrical vertical 
eMbankMent loading the prograM superiMposes 
tuo vertical ■,.ba.nkMBnt loads. For th■ 
lncreMent of vertical stresses at and of 
fill, the progrilll superiMposes a series of 
rectangular loads. 

proJ~rl D~finilion 
soil Profile and soil )NllraM. 
Uater table definition 
Stress histo~ 
Uartlcal stress incraN11nt 
systl!M of Units 
Naintain file 
Run prograM 
EIClt to DOS 

PROTOT\'PE ENGINEERING INC. 
57 Uestland Avenue 
Uinch■st■r, NA 81890 

(617) 7ZS-Z363 
Attn. Dr. Alfredo Urzua 

Enter letter only, or use arrous then +.J ► Nake selection. 

EMBANK MAIN MENU - SELECTION OF PROJECT DEFIN[T[ON 
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FEDERAL HIGHUAV ADNINISTRATION 

!===================-.-=-- l'laln 11enu ----.. 
project Definition 

E'.M rr
l 1r,1 I" 111111 ~:!!/~~~!e~n~:!npar■t1. 

PROJECT DEFINITION =-==-=i!I 
s incra1Wnl 

Client = An!I cli ■nl s 
Project Na"e = Highuay E"bank,.enl 
Project Manager = AUN 

A Nlcrocot1pute 
dlt1enslonal cot1 
due lo et1bank,e 

File Nat1e = EXANPLE3.ENB 
Dale = 3113192 (MMIDDIYY> 
Cot1puled b!I = imCl 

the equallons 
(1969), Ladd (1===== Hit (F1B> to accept values=-=-"" 
For the case of 
e"bankMent loading the progra" superi"poses 
tuo vertical 8"bankN11nt loads. For the 
lncret1ent of vertical stresses at end of 
fill, the prograt1 superlt1poses a series of 
rectangular loads. 

INURING INC, 
57 IJn:tland Avenue 
Ulnchnt.■r, NA 81898 

(617) 729-23'3 
Attn. Dr. Alfredo Urzua 

PROJECT DEFINITION SCREEN 

FEDERAL HIGHUAV ADMINISTRATION t-------=---
!====================.--==--=- Naln 11enu ----.. 

A Nicrocot1puter prograN for co .. puting one 
di,.enslonal cot1pnisslon vertical sattle,.enl 
due to et1bankPtent loads. The progra" follous 
the equations presented by La,.be&Uhit .. an 
(1969), Ladd (1973) and Poulos&Dauis (197◄). 
For the case of a strip syt1t1elrical vertical 
e"bank"ent loading the progra" superi,.poses 
tuo vertical imNnkMnl loads. For the 
incret1ent of vertical stresses at end of 
fill, the prograN superit1poses a series of 
rectangular loads. 

project Definition 
soil Profile .ind soil pdr1-1r1. 

Uater table definition 
Stress hlstol'!, 
Uertlcal stress hicraNBnl 
S!1Slet1 of Uni ts 
Maintain file 
Run prograt1 
Exit to DOS 

PROTOTYPE ENGINEERING INC. 
57 IJn:tland Avenue 

~lnchater, l'IA 81898 
(617) 729-2363 

Attn. Dr. Alfredo Urzua 

Entel' letter only, or use arrous then ~ ► Make selection. 

EMBANK 11AIN MENU - SELECTION OF SOIL PROFILE 
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FEDERAL HIGHUA\t' ADMINISTRATION 

r:::::- Naln 11enu---, 

( E'iiizr:tfl nl tlon 1111:1Zml r. soil Pl'Oflle and soil par•"· ~ 
Uold ratio per olog stress 

A Mlcroco"puter progra" For co"putlng one 

s1111,1 11,wa■n•,1a;;k 

Aun progrill"I 
Exit to DOS 

dlNenslonal OONpresslon uertlcal settleNent ._"""====-="""'"""'"'"" ___ __. 
due to l!!Nba.nkl'tent loads. The progrM follous 
the equations presented by LaNbe&Uhlt"an 1---------------t 
(1969), Ladd (1973) and Poulos&Dauis (1974). 
For the case of a strip syMMetrlcal Vl!lrtlcal 
e"bankNent loading the progra" superl"poses 
tuo vertical !fflbank"ent loads. For the 
incre"ent of uertlcal str■ssas at end of 
Flll, the progrillll superlMposes a series of 
rectangular loads. 

PROTOT\'PE ENGINEERING INC. 
57 Uestland Avenue 

Ulnchester, MA 81898 
(617) 729-2363 

Attn. Dr. Alfredo Urzua 

Enter letter only, or use arrows then +.I ► Make selection, <Esc) ► Main Menu 

SOIL PROFILE MENU - SELECTION OF STRAIN PER LOG STRESS 

__________ F_E_oE_R-AL_H_IGHUA\t' ___ A_on_1_"_1s_r_R_Ar_1_o_n ________ 

1

1 

Layer NuNbeJ:, = 1 Elev. of top of layer= 8.00 ~ 

Sublayer 1 

Sublayer n 

Sublayer 1 

Sublayer 2 

Hu"ber of sublayers = 3 (for thls layer) 

Unit uelsht of soil = 185.00 
Layer 

1 Type of lai:,er = CoNpressible 

Layer 
2 

CoMp:ression Ratlo = 8,288 

RecoMpresslon Aatlo = 8.848 

Suel ling Ratio = 

Is this the last lay■r of profile No 

...,....,....,.,..._,,..,,.....,.,,.,,==============- Hit <F18> to continue 
I, 

Space Bar-Next ite" Alt-M-Menu 

SOIL DESCRIPTION AND PARAMETERS FOR LAVER 11 
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r=========-=F-=E=DE'"'R""A""L""H""I""GH=-UAY= .. A-=D-=N-=IN""I'""ST-R==A-T•ION_:::::::::::::-_-

1 

... l 

La~r HuNber 1 Elev, of top of la~r = e.ee -

Sublayer 

Sublayer n 

Sublayer 1 

Sublayer Z 

Layer 

HuNber oF sublayers = 3 (for thls layer> 

Unit uei9ht of soil = 185.88 

1 Type of la~ = CoNpresslble 

Layer 
2 

CoNpresslon Ratio = e.zee 

R■coNpression Ratio= B.848 

S1111l llng Ratio = S...1111 as RecoNp, Ratio 

"==================== Hit <F18> to continue 
I, 

Space Bar-Next lteN All-lH'lenu 

DEFINING LAYER #1 AS LAST LAYER OF SOIL PROFILE 

~ 
J 

----------FE_D_E-RA_L_H_1_GHUAV __ A_D_n1_N_1_st_R_Ar_1_o_N :_•_-::_•:_•:_•_•::•_ ........ 

11 
Layer NuNber = 1 Eleu. of top of layer= 8.08 -

Sublayer 1 

Sublayer n 
------
Sublayer 1 

Subl11yer 2 ------

NuNber of sublayers = 3 (for this layer) 

Elev. of botto" of lut l11yer = mDliiil ible 

'=== Hit <F10> to accept ualue ====-

- Layer 
z 

Reco"pression Ratio= 8,1148 

Swelling Ratio = SaNe as IBCO"P• Ratio 

ls this th■ lul layer of profil■ Y■s 

........ ._-.......... -==-====-=-=-=-=-== Hit <F18> to continue .. 

DEFINING THICKNESS OF SOIL PROFILE 
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EMBANK Appendix B Example 3 

FEDERAL HIGHUAV AD"INISTRATION 

l===-==============--=====p===-- t1ain 1'1enu ==-=-=-.t 

A "icrocoNputar progra11 for coNputlng one 
diNenslonal co"pression vertical settleNent 
due to eNbanktmnt loads. The prograN follous 
the equations pr11S11ntad b~ LaNbe&UhitNan 
(1969), Ladd (1973) and Poulos&Davls (1914). 
For the case of a strip S';:INNetrlcal vertical 
eNbankMent loadins the prograN superiMposes 
t1.10 vertical -banJi-nt loads. For the 
increNent of vertical stresses at end of 
fill, the progr&N supariHposes a series of 
rectangular loads. 

project Definition 
soil Prafile and soil paraN. 

Stress histol'!,I 
U■rtical strass inc.,...nt 
syst■" of Units 
Nalntain file 
Run progrAN 
Exil to DOS 

PROTOTYPE ENGINEERING JHC. 
51 Llestland Avenue 

Ulnch-t.er, 11A 01890 
(611> 729-2363 

Attn. Dr. Alfredo Ur2ua 

Enter letter onl~, or use arrous then ._J ► Nake selection. 

EnBANK l'IAIN MENU - SELECTION OF UATER TABLE DEFINITION 

FEDERAL HJGHUAV AD"INISTRATION 

t------=-==-=---===--=--=======-====•,-...... ===== t1ain 1'1enu .................... ,t 
project Definition 

El M B' I ■ I~ 111~1 soll Profile and soil par•"· 
Str■ss history 

I I Uartlcai stress i ncratWnt 
I E Uat■r Tabla Definition~ Units: 

Uatcr table definition 

l la 
Elev. of Uatar Table = 11D " 

A Microconputer pro S 
diNensional CONpress Hit <F1B> to accept values ========-====--
due to enbankNBnt loa 
the aquationa presented by La"be&Uhit"an t--------------""" 
(1969), Ladd (1973) and Poulos&Davis (1914). 
For the caa of a strip ~NMetrlcal vertical 
eNbankNent load.ins the pragraN superiNposas 
t1.10 uertlcal -bankNBnt loads. For the 
lncreNent of vertical stresses at and of 
fill, the prof?'llN supariNposes a series of 
rectangular loads. 

PROTOTYPE ENGINEERING INC. 
51 Llestland Avenue 

Ulnchaster, 11A 01890 
<&11) 129-23£.3 

Attn. Dr. Alfredo Urzua 

LIATER TABLE AT ELEUATION = e.e FT. 
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FEDERAL HIGIIIAY ADNINISTRATION t=---------. 
1-------------------■ .. ---• ttaln ltenu ----,t 

A Nicroconputer progran for conputlng one 
di"ensiona.l conpresslon vertical ssttlenent 
due to l!Mbanknent loads. Th■ Pl'091'■M follOYS 
the equations presented by Luibe&Uhlt"■n 
(19£,9), Ladd (1973) and Poulosll>auis (1974). 
For the ca- of a strlp synnetrlcal uart.lcal 
enbanknent loadlng the progran superlNposes 
tuo vertical B01banknent loads. For the 
incren■nt of lJerlical stresses at end of 
fill, lhe progran superlnposes a series of 
rectan9ular load$, 

project Deflnltlon 
soil Profile and soll par•"· 
Mater tabla deflnltlon 
St ri,~, h 1 ,tory 

E 

soil 

PROTOTYPE ENGINEERING INC. 
57 Uestland lluenue 

Mlnc:hestar, NA 81898 
(f,17) 729-23&3 

Attn. Dr. Alfredo Urzua 

Enter letter only, or use arrows then._. ► nake selection. <Esc> ► Naln Nenu 

SOIL IS OUERCONSOLIDATED - USER DEFINED STRESS HISTORV 

FEDERAL HIGHUAY ADNINISTRATION .,._ _______ .,. 

E
1

1 M e: R ru R: :::r;;.:?i!::n~u -- I Mater table deflnltlon 

r.- Stress history 
I non,ally consolidated soll 

-========= User Defined,_....,...,.,......,.....,.,......,.~ I ined stress history 

A # 1 STRESS HISTORY 
di Nax1nun Past Pressure with Elev. 
du YARNING: 11■XiMWt past pressure us. Eleuatlon 
th nu.st b■ d■finlld for conpl■t■ :soil profile 
(1 ( Progran interpolates linearly betYeen points) 
Fa ENGINEERING INC. 
en Elev. l'IA)cinun Past Pressure Last point 
tw 
In -18.08 1888.88 m 
fl 
re"'====="" Hl t <F18) lo accept Uillues _____ .. 

Space Bar-Next lt■" Alt-l'H1enu 

STRESS HISTORY - POINT 11 
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,==,-========4: FEDERAL HIGHUAY ADHIHISTRATIOH :1,,..--.......... - ............... _ 
t--=====--=============,F==== "ilin "enu 1 

project Definition I 
E: Me: R ru R: 

sail Profile and soil par•"• 
Uater table deflnltlon 

11a;++◄·~•na1 

r.- tress history 
I NorNally consolldatecl soil 

--­A 
dl 
du 
th 
(1 

Fo 

User Defined 

STRESS HISTOR\I 
11a.XlMUN Past Pressure ulth Elev. 

UARHIHG: 11axlHUH past pressure us. Elevation 
..ust be defined for coMplete soll profile 

( Pl'ogrill'I interpolates linearly bet1oeen points> 

eM Elev. 11axiNuH ·Past Pressure Last point 
EHGIHEERIHG INC. 

stland Avenue 
st.er, NA 81898 tu 

in -38.00 1288.88 m 7> 729-2363 
fl r. Alfredo Urzua 
re'== Hlt <FS> to preu.point, <F1B> to accept values"""' - Space Bar-Next lteH Alt-11-11enu 

STRESS HISTOR\' - POINT 12 

FEDERAL HIGHUAY AD"IHISTRATIOH l=-===-==-~-====a 

i------------------------- 11aln 11enu project Definition 

E: Me: R ru R: 
soll Profile and soll paraM. 
Uater tabla definition 
Stress history 
W-::--- Stress history 
II NorNally consolidated soil 

A 
di 
du 
th 
(1 
Fo 

..,..======== U:.er Defined 

U 3 STRESS HISTORY 
11axlHUH Past Pressure ulth Elev. 

UARNIHG: 111XlHUH past pressure vs. Elevation 
N.tst be defined for coMplete soll profile 

( Pl'ogy,M interpolates linearly betueen points) 

eN Elev. 11axlNuN Past Pressul'II Last point 
tu 
in -50.80 2138.80 ~ 
fi 

Hit (F9) to preu.point, (F18) to accept values 

Space Bar-Next lteN Alt-11-Nenu 

STRESS HISTOR\' - POINT 13 
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FEDERAL HIGHUAV ADNINISTRAT[ON 

t=====================p==== tlain l'lenu ====-"' 

A NicrocoNputer prosraN for coNputing one 

project Definition 
soil Profile and soll ~raN. 
Uater table clefinitlon 
Stress histo~ 
U~rt ica l stress i ncrer1enl 
syst■M of Units 
11alnlain file 
Run progra" 
Exlt to DOS 

diNensiona.l CONpression vertical settleMent ..,__,,==-=-==-======' 
due to eNb&nk,-nt loads. The prosraN foilous 
th■ ■quations presented by LaMbe&UhltMan 
(1969), Ladd (1973) and Poulos&Davls (1974). 
Far th■ case of a strip SIJNN■trlcal v■rtlcal 
■MbankMent laadlns the prograM superlMpases 
lua vertical BNbankNBnt loads. For the 
lncreMent of vertical stresses at and of 
flll, ·the progrM superlMposes a s■rl ■s of 
r■clangular loads. 

PROTOTYPE ENGINEERING INC. 
57 Uestland Avenue 

Ulnchester, 11A 91890 
(617) 729-23'3 

Attn. Dr. Alfreda Urzua 

Enter letter only, or use arrous then ...i ► 11ake selection. 

EtlBANK MAIN NENU - SELECTION OF UERTICAL STRESS INCREMENT 

FEDERAL HIGHJAV ADNINISTRATION 
.,_ _______________________ Naln 11enu -----. 

project Definition 

El M B' R I"' 111111 soll Profile and s:oll par•"· 

11 
" Uat■r tabla deflnltlon 

Uerl1c11.l slri-'!s.S incret1enl I I I 1uartica:t::::~l::::..nt 

inc:reoient of stresses Beneath the end oF a Fill 
A 11lcrocoNputer prograN FoL...-----------------------­
dlNenslonal coNpresslan ver 
due to ettbankNent loads. The progr&N follous 
the equations presented by l.aNbe&UhltMan 
(1969), Ladd (1973) and Poulas&Davls <1974). 
For th■ case of a strip syNM■trlcal vertical 
■MbankNent loading th■ prograN superlNpasas 
tuo vertical BNbankMent loads. For the 
increMent of Vllrtical str■ssn: at encl of 
Fill, the progrM superiNposes a series of 
rectangular loads. 

PROTOTYPE ENGINEERING INC. 
57 Uestlancl Avenue 

Uinc:hsster, NA 81898 
(617) 729-2363 

Attn. Dr. Alfredo Urzua 

Enter letter only, or use arrous then -4-.J ► Nake selection. <Esc> ► Naln Nenu 

VERTICAL STRESS INCREMENT MENU - SELECTION OF STRIP SYMM. EMBANKNENT 
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I=""'""'""'""',_== S'.r'ttlETAICAL UERTIC.U. ENBAN<MENT LOAD...,......,.....,....,,,.,. 

UERTICAL ENBAN<MENT FOOTING 
EMbank. slope a = 48.88 
EMbank. uidth b = 148.88 
Height of fill H = 28.88 
Unit ueight of flll = 125.88 

POINTS FOR COl1PUTATION OF 
SETTLEMENT 
calculate in 
,c coordinate 

FOUNDATION ELEU. 
Z = 0.00 

= •amm 
= 

X Polnt 
X Direction 

~-f b 
uuuu 

•••••••••••• H X 
t•••JJllllJ•••••-i-+ 

I . :---:: 
l 

,.,.-=====- Hlt <Ft8> lo aic;c;ept v.lues ======-

u---­
n 
soil paraM. 
lllon 

;,;;;; 1911 
l 

nd of a fill 

ERIHG INC. 
Avenue 
A 81898 

incre"ent of vertical stresses at end of 
fill, the prograr. superi"poses a series of 
rectangular loads. 

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

+U-+--ltove bar .i-select Esc-E>dt 

STRIP S'a'tt'I. UERTICAL EltBAtl<t'IENT LOAD - SELECTION OF X DIRECTION 

----- S'./tl'IETRICAL UERTJCAL EttBllll<MEHT LOAD --========1 

UERTJCAL Et1BANKl1ENT FOOTING 
~; 

b I 
EMbank. slope • = 48.88 
EMbank. uidth b = 148.88 uuuu t 
Height of fill H = 28.88 uuuuuu H X 
Unit u■lght of fill = 125.BB ••••• ,,, •• ,,.,,,-i_.. 
POlHTS FOR COl1PUTATIOH OF .E.7 La.~r 1 
SETTLEMENT 
calculate in = X Direction 
xl coordinate = -18.88 Layer, z 
x2 coordinate = 198.88 
delta ,c =mD 
FOUNDATION El.EU. 

Z = 8.1!18 -----=-=-=- Hlt <F18> to accept values-=-=====-==-=""'"" 

u 
n 
soil para". 
itlon 

hla;;:1D1I 
t 

I, I 

nd of a fill 

ERING INC. 
Avenue 
A 81898 

incre"ent of vertical stresses at end of I 
fill, the progra" superi"poses a serles of 
rectangular loads. 

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

DEFINING A,B & 6 POINTS FOR COltPUTATION OF SETTLEl1ENT 
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FEDERAL HIGHUR\' ADMINISTRATION 

1=-=========-=========="'F===- Nain Nenu ===="'t 

E:IM e: R ru K: 
A NlcrocoMputer prograM for coMputlng one 

project Definition 
soil Profile and soil paraM. 
Uater table deflnltion 
Stress hh:tory 
Uerttcal stresc lncl'l!Nnt 
sysll!M of Units 
naintain flle 
l!un prograN 
Exit to DOS 

diMenslonal coMpression vertical settleMent -==============­
due to e"11anbtent loads. The prograM follous 
the equations presented by LaMbe&l.lhit..an l==============-t 
(1969), Ladd (1973) and Poulos&Dauls (1974). 
For the ca.se of• strip sy.._tric•l vertical 
eMban"-nt loading the prograM superlNposes 
t~o vertical eNb&nkMent loads. For the 
lncre-nt of vertic&l stresses at end of 
fill, the prograN superiNposes • series of 
rect11ngular loads. 

PROTOTIIPE ENGINEERING INC. 
57 Uestl11nd Avenue 

Uinchester, 11A 81898 
(617> 729-2363 

Attn. Dr. Alfredo Urzua 

Ent.er letter only, or use arrololS then ~ ►. Hake selection. 

ENBANK nAIN NEKJ - RUN PROGRAn 

ONE DinENSIOHAL SETTLEtlEHT AHAL'i'SIS/Federal Hlghuay AdMtnistratlon 
STRIP SIINHETRICAL UERTICAL EttBAHKHENT LOADING 

Project HaMe 
Project HuMber 
Date 

Highua.y ENbankMent 
91-1236 

Cl lent 
Project l'lanager 
CoNput.ed by 

Any Client. 
All1 

18183191 

ENbanluent slope a = 
ENbanbtent top uldlh = 
ENbanluenl bollo" uldth = 
Ground Surface Elev. = 
Ualer table Elev. = 

LAI/ER 
H'I. T\IPE THlCI<. 

(ft) 

1 CONP. 68.8 

&UN 

Set.t.leMent for X-Dlrectlon 

48.88 (ft) 
188.88 (ft) 
188.88 (ft) 

8.e8 <rt> 
a.ea <ft> 

Height of fill H 
Unit uelght. of fill 
p load✓unlt area 
Foundation Elev. 
Unit ueight of Uat. 

= 28.88 (ft> 
= 125.88 (pcf) 

= 2580.80 (psf) 

= 0.00 <rt> 
= 62.48 (per> 

COl1P. RECONP. SUELL. UNI? 
RATIO UEIGHT 

(per> 

8.288 8.848 8.848 185.88 

Hit arrou keys to dlspl~y next screen. (F8) Print. <F1B> nain l'lenu 

PROGRAH OUTPUT PARTIAL SCREEN 
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ONE DinENSIONAL SETTLENENT ANALVSIS/Federal Highuay Ad.ttlnlstratlon 
STRIP SVtl'tETRICAL UERTICAL E11BANKnENT I.OAl)ING 

Projact NaN■ 
Project Nu1tber 
Dat.11 

Hlglway INbankM■nt 
91-1236 

Cli■nt 
Project l1an19er 
Cor,puted by 

ATl'j Cll ■nt 
AIJ1 

10/83191 

EMbanJuolent slope 1 = 
EMbanJu.nt top uidth = 
INbanJuwnt bottoN uidth = 
Ground Surrac■ Elev. = 
I.later table Elev. = 

LAVER 
"8. TYPE THICK. 

(ft) 

1 conP. 68.8 

llUPI 

SettleMent for X-Dlrection 

48.88 (ft> Height of fill H : 28.88 (ft) 
188.88 (ft) Unit ueight of fill= 125.88 (pcf) 
188.BB (ftn===----=---= Select -===--===="ii 

B.BB (ft Sand forM to: IJ-Prinler, li}-Disk Flla. 
a.ea <rt----------=--=--

CONP. REC011P. SIJELL. lltlT 
RATIO I.IEIGH'I' 

(pcf) 

a.28a 8.848 8.848 185.88 

Hit arrou keys to display naxt scraen. <FB> Print. <F10> l11ln 11enu 

SELECTION OF DISK FILE PRINTED OUTPUT 

ONE D111ENSIONAL SETTLEl'IENT ANAL'ISIS~Federal Hlghuay Ad.ttlnlstratlon 
STRIP S'lrflETRICAL UERTICAL E11BAl1KMENT LOADING 

ProJect Ha11e 
ProJect Nuttber 
Date 

Hlglulay EMbankMent 
91-123& 

Client 
ProJect Nanager 
CoMputed by 

ATl'j Client 
AIJ1 

1~03/91 IUPI 

SettleMent far X-Dlrectlon 

EMbankr,ent slope• = 48.88 <ft) Height of fill H = ze.88 <ft) 
EMbankM■nt top uidth = 188.88 (ft) Unit u■ ight of fill= 125.88 (pcf) 
EMbankM■nt bottaN uldth = 
Ground Surface ll■u. = 
Uat■r table lleu. = 

188.88 (ft)I D■stlnatlon Fll■ 
8.88 (ft) EXAl13ABG.OUT 
a.ea <rt>---------------

LAVEI COl1P. RECONP. SI.IELL. lliIT 
NII, TYPE THICK. RATIO UEIGHT 

(fl) (pcf) 

1 COttP. '8.8 8.Zea 8.848 8.848 185.88 

Hlt arrau k~ to display next screen. <FB> Print. <F10> Main 111!!nu 

SELECTION OF OUTPUT DESTINATION FILE NANE 
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ORB DIMBRSIONAL SB'l"l'LIDIBN'I' AHALYSIS/P•d•ral Highway Adminiatration 
STRIP SYNMB'l'RICAL VBRTICAL BIIBAlllOOIN'l' LOADING 

Proj•ct "­
P11• Name 
Date 

1 Highway lllllbanlmlent 
1 BXIJIPLBJ , BMB 
I 10/03/91 

Client I Any Client 
Project Manager , AUK 
Coaputed by I aWD 

sattl-nt for X-Dir•ction 

lllllbanlmlent slope a 40,00 (ft) &eight of fill B :ao.oo 
lllllbanlment top width = 100,00 (tt) Unit weight of Ull" 125.00 
Babanlment bott011 width• 180, 00 (ft) p load/unit area = :asoo.oo 
Ground Surface Blev, 0,00 (ft) Foundation Blev. o.oo 
Water table Blev. 0,00 (ft l O'nit weight of Wat. " 6:1.40 

LAYU. COMP. RBCOMP, SWBLL, UNIT 

••• TYPB TBICJt, RATIO WBIGBT 
(ft) (pcf) 

1 COMP, 60,0 o.:aoo 0.040 O,HO 105.00 

SUBLAYBR SOIL S'l'RBSSBS 
N•. 'l'BrCK, BLBV, INITIAL MAX.PAST PRBSS, 

(ft) (ft) (paf) (paf) 

1 :ao.oo -10.00 4:16.00 1000. 00 
:a :ao.oo -30.00 1278,00 1:180,00 
3 :ao.oo -50.00 3130,00 3130,00 

X = -10.00 X= 90.00 X = 190.00 
Layer Streaa Sett. Streas satt. stress Sett. 

(paf) (in.) (paf) (in.) (paf) (in. l 

1 39,99 0.3'7 2496,U :ilS.91 39,99 0,37 
:a 286.19 4.19 :au:a.95 :il:il.U 286.19 4.19 
3 05.51 4,36 2246,59 15,01 495,51 4,36 

8.92 63.07 8.92 

(ft) 
(pct) 
(pat) 
(ft) 
(pcf) 

Bit arrow kaya to diaplay nut acr•en, <18> Print. <110> Main Menu 

FEDERAL HIGHUAY ADNINISTRATION t===-=--=-==-.....,....,...,..,. 

t--------------------•.----• 1'1a1n 11enu -----.t 

El M e1 R I"' 111111 ::!!:~~IT!;::*:~:~!/araM, 11 " Stress hlst.o~ 
Uerlic<1l stress incre11eol 

I I -----'vertical strHs hicreNnt -----

i~nmcnt or stresses Beooath the end or a fill 
A NlcrocoMputer prograM ro------------------------­
dlttenslonal CO"fl'esslon ver 
due to Mbanluwnt loads. the prograM follous 
the ■quat.lons prasantad b~ l.aNbe&UhltM■n i---------------t 
<1969), Ladd <1973) and PouloslDavls (1974), 
For th■ ca• or a st.rip syMM■t.rlcal vertical 
eMbankM■nt laadlns t.he prograM superlNposes 
tYo vertiCill .. bankMent loads. For the 
incr■"ent. of u■rt.lcal stresses at end of 
fill, the pl'Ogrilfl superiNposes a series or 
rectangular loads. 

PROTOTYPE ENGINEERING INC. 
5? Uestland Avenue 

Ulnchester, NA 81898 
(61?) '729-2363 

Attn. Dr. Alfredo Urzua 

Enter letter only, or use arrous then +,J ► Nake selection, <Esc> ► Naln Nenu 

ENBANK MAIN NENU - SELECTION OF VERTICAL STRESS JNCREl1ENT NENU 
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-----=- svnnETR[CAL UERTICAL l!'IIBAtlOtENT LOOll ...... ==== ...... "'I 

UERTICAL EnBANKNENT FOOTING 
ENbank. slope a = 48.BB ~~ u~l ENbank. uidth b = 148.BB uuuu n 
Helght of flll H = ZB.BB '''''''''''' H X soil paratt. 

ltlon Unlt ueight of fill= 125.80 ,,,,,,,,,,,,,,,,-!-~ 
PO[NTS FOR conPUTAT[ON OF 
SETTLEHENT 
calculate ln 
IC1 coordinate 
ICZ coordinate 
clella IC 

= X Dlrectlon 
= 140.00 
= 1ee.00 

= --

_f ___ ::: 111398,!911 
t 

ncl of a fill I 

FOUNDATION ELEU. 
Z = 8.88 

""======== Hit <F10) to accept values: =======:jl 
ERJHG INC. 
Avenue 

lncreNent of vertical stresses at end of I 
flll, the prograN superiMposes a series of 
rectangular loads. 

A 01898 
(617) 729-2363 

Attn. Dr. Alfredo lJr2Ua 

DEFINING D,E & F POIH1'S FOR COMPUTATION OF SETTLEMENT 

FEDERAL HIGHUAV ADl1INISTRATION 

I==--=---=--============,-==== Hiiln tlenu =====11 

A NlcrocaNpuler prosr•" for coMputlns one 

project Definition 
soil Profile and soil paraN. 
Uater table definition 
Stress history 
Uertical stress lnc~nt 
sysleN of Units 
nalnhln rue 
Run progratt 
£,cit to DOS 

dlMenslonal CONpresslon vertical settleNent ....,======-==-=---.. 
due to IIMhamu.ent loads. The prograi. folloi.,s 
the equations presented by LaNbe&Uhlt..an !============----"""I 
(1969), Laclcl (1973) ancl PouloslDauls (1974). 
For the case of a strip s~NMetrlcal vertical 
eNbanlvenl loadln9 the prograM superlNposes 
tuo vertical eNbankNenl loads. For lha 
lncr-nt of vertical stresses al encl of 
fill, the pro9raM superiNposes • series of 
rectansular loads. 

PROTOTVPE ENGIHEERIHG INC. 
57 Uestland Avenwi 

Uinchester, 11A 01890 
< 617) 729-2363 

Attn. Dr. Alfredo UJ"2Ua 

Enter let.tar only, or use arrolJS then ~ ► Hake seleet.lon, 

EnBANK HAIN tlElt.J - RlJi PROGRAH 
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OHE Dil'IEHSIONAL SfflLEHEHT AHALVSISIFederal Hlghua~ AdNln1stratlon 
STRIP SYMMETRICAL VERTICAL EMBANKMENT LOADING 

1 
2 
3 

La!f■r 

1 
2 
3 

SUBLA'/ER SOIL STRESSES 
THICK. ELEU. INITIAL 
(ft) (ft> (psf> 

:ze.ee -10.88 426.98 
:ze.ee -38.88 1278.98 
:ze.ee -59.88 2138.98 

MAX.PAST PRESS. 
(psf) 

1eee.ee 
1288. ee 
2139.ee 

X = 148.88 X = 168.88 Destination File 
Stress Sett. Stress Sett. EXAH3DEF.OUT 
(psf) (in.> (psf) (in.) 

2304.73 24.50 1249.88 14.32 194.81 1.5'7 
1979.81 19.48 1244.86 14.15 508.63 6.96 
1753.95 12.SZ 1228.38 9.49 698.28 5.91 

56.50 37.96 14.44 

Hlt arrou k~ to display next screen. <FB> Print. <F10> Main l'leoo 

SELECTION OF OUTPUT DESTINATION FILE HANE 

ONB DIJIBNSIONAL SB'l"l'LBXBN'l' ANALYSIS/Federal Highway Adminiatration 
STRIP SYMMBTRICAL VERTICAL BXBANICMBNT LOADING 

Project Name , Highway Bmbankment Client , Any Client 
,110 Name • BXAMPLB3.BMB Project Manager I AOM 
Data , 10/03/91 Computed by , aUIII 

settlement for X-Direction 

Blllbankment elope a 40.00 (ft) Haight of fill B 30, 00 (ft) 
Babanlaaant top width . 100.00 (ft) Unl.t weight of fill • llS,00 (pcf) 
Blllbanlanent bottoa width• 180.00 (ft) p load/un.it area :isoo.oo (paf) 
Ground surface Blev. o.oo (ft) Foundation Blev. 0, 00 (ft) 
water table Blev. Q,00 (ft) Unit weight of Wat. = 62,40 (pcf) 

LAYBR COMP, RBCOMP. SWBLL, UNIT 
11•. 'l'YPB TBIClt, RATIO WBIGHT 

(ft) (pcf) 

1 COMP. 60.0 0.:100 0.040 0,040 105.00 

SUBLAYBJI. SOIL STRBSSBS 
H• • THICK. BLBV, INITIAL MAX.PAST PRBSS. 

(ft) (ft) (paf) (paf) 

1 20,00 -lG,00 426.00 1000.00 
:i 20.00 -30.00 1278.00 1280.00 
3 20.00 -so.oo 2130.00 2130.00 

X = uo.oo X = 160,00 X = 180.00 
Layer Streaa sett, streaa Sett, strea1 Sett. 

(paf) (in.) (paf) (in.) (psf) (in.) 

1 :1304.73 24,50 1:249.80 14,3:1 194.81 1.57 
:I 1979 .81 19.'8 1244.86 14,15 508.63 6,96 
3 1753.95 12,5l 12:28.38 9.49 698.lO 5.91 

56.50 37.96 u.u 

Bit arrow key• to diaplay next screen. <PB> Print. <FlO> Main Menu 
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FEDERAL HIGHUAY AD"IHISTRATION t========---=i 
.,_ _______________________ Main Menu ---~•t 

El M B' R I" 11 ILII ~:!!:~:E!!::*:~:~!/•r•"· 11 n. Stress history 
Uert1i:,1l stress increHent 

I I .-----1
uert1cd str■a lncre1Wnt -----

increto11:nt of stresses Beneath the end of a fill 
A "lcroco..-putff prograM ro---------------------­
d1Nenslonal CO"Pf'esslon uer 
due to l!flbanlutent loads. The progrM follous 
the equations presented by l.aMbe&Uhlt"•" 
(1969), Ladd (1973> and Poulos&Dauis (1974). 
For the case of• strip sy""etrical vertical 
11Mbank"enl loading the prograH superiHposes 
two vertical eHbankNent loads, For the 
incre"ent of vertical stressn: at end of 
fill, the prograt1 superiMposes a series of 
rectangular loads. 

PROTOTYPE DIGIHEERIHG IHC. 
57 Uestland Avenue 

Ulnchesler, 11A 81898 
(617) 729-2363 

Attn. Dr. Alfredo Urzua 

Enter letter only, or use arrows then ._J ► "ake selection. <Esc> ► l'laln "enu 

DtBANK l'IAIN NENU - SELECTION OF VERTICAL STRESS INCREMENT NEHU 

___ ....,,. S\fflETRICAL VERTICAL ENBANKNEHT LOAD -""""""""""""=t 

VERTICAL El'IBANl<l'IENT FOOTING 
E"bank, slope a = 48.88 
E"bank. width b = 148.88 
Haight of fill H = 28.88 
Unit w■ lght of fill: 125.88 

POINTS FOR COl1PUTATION OF 
SETTLEl1ENT 
calculate ln 
IC coordinate 

FOUNDATION EI.EU. 
z = a.ea 

= X Point 
= IIEl!I!l 

~-t b I 
llllllll t 

llllllllllll H X 
lllJJJJJJlJJlllJ-l-

z E7_::: 
-------== Hlt <F18) to accept 11,dues ========" 

u-1 
n 
soil paraH. 
ltlon 

lei3?9fi9ti 
t 

nd or a r111 U 

ERIHG IHC. 
Avenue 

lncl'ltftent of vertical stresses at end of 
fill, the progrM superiNposes a series or 
rectangular loads. 

A 81890 
(617) 729-2363 

Attn. Dr. Alfredo Urzua 

DEFIHllli POIHT C COORDINATES 
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FEDERAL HIGHUAV AD"INISTRATION ...,_....,._...., ___ "' 

i------------=------=-=-=•.---- t1aln l'lenu ----,t 
project Definition 
soil Profile and soil Pilr•"· 
Uater table definition 
Str■ss histo"!I 
U•rtical stNSS inc,._nt 
syst■M or Unltc 
Nalnbin file 
Run proyrdf1 

A NlcrocoNpuler prograN for coMputlng one Exit to DOS 
dlNensL01111l coNpnssslon vertical settl■Ment ,_......,.....,....., ____ .,..,_ __ _ 
due lo eMb&nkMnt loads. The prograM follous 
the equations presented by LaMb■&UhltNan .,_ ___ _,,.....,_....,.,.. ___ '"'""4 

(1969), Ladd (1973) and Poulos&Dauls (19?4). 
For the case of a st.rip Sl:fNNBtrical vertical 
eNbankNent loadl"IJ the prograN 1up■rlNpos■1 
tuo vertical 11t1hanlutent loads. For th■ 
lncreNent of U1Brtlcal slr■ss■s at and of 
fill, the prorrari superlNpos■s • seri ■s of 
rectangular loads. 

PROTOTYPE ENGINEERING IHC. 
5? Uestland Avenue 

Ulnchest.er, 11A 81890 
(&17> 729-23'3 

Attn, Dr. Alfredo Urzua 

Enter lrlter only, or use arrous then +J ► 11ake selection. 

EMBANK MAIN NENU - RUN PROGRAM 

ONE Dil1ENSIONAL SETTLEMENT ANALVSIS~Federal Hlghuay AdNlnlstratlon 
STRIP S'sfflETRICAL UERTICAL EHBANKNENT LOADING 

Ualer table Elev, = 8.88 <ft> Unit weight of Uat. = 62,40 (pcf> 

NII. 

1 

LA\!ER CONP, REC°"P. SUELL. UNIT SettleMent 
TYPE 11HCK. RATIO LIEIGHT 

(ft) (pcf) (in.> 

COHP. 68.8 0.200 8.840 8.040 185.08 62.17 

Total S■ttl-nt = 62.1? 
D■stlnatlon File 

sol ElCAN3C.OUT 
SUBLAYD 

NII, 'ntICK. ELDJ. INITIAL INCRENENT NAX.PAST PRESS. SETTLEnENT 
(ft> (ft) Cpsf> Cpsf) (psf) <in.) 

1 28.88 -18.88 42&.88 2491.1!1 1808.88 25.88 
2 28.88 -38.88 12?8.88 23&8.48 1280.88 21.?8 
3 28.88 -58.88 2138.88 2141. ?8 2138.08 14.51 

Total SettleNlfflt = &2,1? (in.> 

Hlt arrou keys to dlsplay next screen. <F8> Print. <F10> Na.in Nenu 

SELECTION OF OUTPUT DESTINATION FILE NAl1E 
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ONB OIXBNSIONAL SB'l"l'LBNBN'l' ANALYSIS/Federal Highway Admini•tration 
STRIP SYMMBTRICAL VBR'l'ICAL BMBANlOCBNT LOADING 

Project Name 
Pila Name 
Data 

, Highway Bmbankmant 
1 BXAMPLB3.BMB 
I 10/03/91 

Client I Any Client 
Project Manager I AUM 
Computed by , aum 

SattlMMlnt for X • 115.00 (ft) 

Bmbankmant alopa a 40.00 (ft) Haight of fill B :a.oo 
Bmbankmant top width = 100.00 (ft) Unit weight of fill • 1:15.00 
Bmbankmant bottaa width• 180.00 (ft) p load/unit area = 2500.00 
Ground surface Blav. o.oo (ft) Foundation Blev. o.oo 
water table Blev. 0.00 (ft) Unit weight of Wat. ■ 62.40 

(ft) 
(pcf) 
(p8f) 
(ft) 
(pcf) 

LAYBR COMP. RBCONP. SWBLL. UNIT Sattlamant 
N•. TYPB THICK. RATIO WBIGBT 

(ft) (pcf) (in.) 

1 COMP. 60.0 o .:ioo 0.040 0.040 105. 00 62.17 

Total Sattlamant = 6:Z.17 

SUBLAYBR SOIL STRBSSBS 
N• • THICK. BLBV. INITIAL INCR.BIIBNT MAX.PAST PRBSS. SBTTLBMBN'l' 

(ft) (ft) (paf) (p•f) (paf) (in.) 

1 :zo.oo -10.00 4:36.00 :1491.19 1000.00 :ZS.88 
2 20.00 -30.00 1278.00 2360.48 1280,00 21.78 
3 :Z0.00 -50.00 :Z130.00 UU.78 U30.00 U.51 

Total Settlamant 6:Z.17 (in.) 

Bit arrow keya to di•play next acraan. <P8> Print. <1'10> Main Menu 

FEDERAL HIGHUAV ADNINISTRATION 

t-----======================================•p::===-- 11ili n n.nu ----• I 

A Nlcroco"puter progrM for coNputlng one 
dlNenslonal coNpresslon vertical settleNent 
due to eMbankNent loads. The prograN follows 
the equations presented b!I LaNbe&UhltNan 
(1969), Ladd (1973) and Poulos&Davls (1974). 
For the case of a strip S!l""etrical vertical 
e"bankNent loading the prograN superiNposes 
two vertical 8"banwnt loads. For the 
lncreNent of uertlcal stresses at end of 
fill, th■ progra" superi,.poses a series of 
r■ctangular loads. 

project Definition 
soil Profil■ and soil paraN. 
Uater tabla d■flnltlon 
Str■ss hlsto~ 
Uertlcal str■ss lnc~nt 
S!jStBN of Units 
Maintain file 
Run progra.. 
Exit to DOS 

PROTOTYPE ENGINEERING INC. 
57 Uestlancl Avenu■ 

Uinchnter, 11A 81898 
(617) 729-2363 

Attn. Dr. Alfrecl.o Urzua 

Ent■r l■tt■r onl!j, or us■ arrows then +.J ► Nak■ s■lection. 

EMBANK MAIN NEHU - SELECTION OF NAINTAIN FILE 
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FEDERAL HIGHUAV AD"IHISTRATION 

t====================r===--=- ltaln Menu -----. 

A Nlcroco,.puter progra" for co"putlng one 
di"enslonal co"pression vertical settle"ent 
due to e"bankNnt loads. The progra" follous 
the equations presented by La"be&Uhit"an 
(1969), Ladd (1973) and Poulos&Davls (1974). 
For the ca- of a strip sy""•trlcal vertical 
e"bankMent loading the progra" superiMposes 
tuo vertical eMbank,..nt loads. For the 
incre,.ent of vertical stresses at end of 
fill, the prc,gr.,. superiHposes a series of 
rectangular loads. 

project Deflnltlon 
soil Profile and soil pair•"· 
Uater table def'lnltlon 
StnH hlstol'!f 
Uertical stress inc-nt 
syst■" of Units 

ltaintain file 

Retrieve file 
Clear entries 

PROTOTYPE ENGINEERING INC. 
57 \lest.land Ave1IUII 

Uinchnt.er, NA 01898 
(617) 729-23£,3 

Attn. Dr. Alfredo Urzua 

Enter letter only, or use arrous then.._, ► Nake selection. <Esc> ► !'lain Nenu 

NAINTAIN FILE "ENU - SELECTION OF SAUE FlLE 

FEDERAL HIGHLIAV ADNJNISTRATIOH ~--------

Naln Nenu ----"'I 
project Definition 
soil Profile and soil )Nlr•"• 
Uater table definition 
Stress history 
Uertical stress lncretenl 
systeN of Units 
Mai nhln file 
Run ff "•intain file n 

A "icroco,.puter progra" for coMputlng one Exit iil'i◄ifr 
diNensional CONpression vertical sett.I Destination File-----, 
due to et'lbankltent loads. The progra" f EXAMPLE3.E"B 
the equations presented by La,.bell.l'-----------------_. 
(1969), Ladd (1973> and Poulos&Davls <1974). 
For the case of a strip syM"etrical vertical 
e"bankMent loading the progra" superl,.pases 
tuo vertical ■"bank"ent loads. For the 
lncrlfflBnl of vertical stresses at end of 
fill, the progra" superlNposes a series of 
rectangular loads. 

PROTOTVPE ENGINEERING INC. 
57 Uestland Avenue 
Uinchest■r, 11A 01890 

(617> 729-Z363 
Attn. Dr. Alfredo Ur'ZIHI 

Enter letter only, or use arrous then .,J ► 11ake selection. <Esc> ► 11ain l'lenu 

SAUING INPUT FlLE AS EXAMPLE3.EMB 
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FEDERAL HIGHUAV ADNINISTRATION 

I====================,-==...,.,= 11.lin ttenu. --=-.. ~ 

A NlcrocoNputer prograN for coNputing one 
dlftensional CONpression vertical settleMent 
due to eMbankl'll!nt loads. The prograM Follows 

proJect Definition 
soil Profile and soil paraN. 
Uater table definition 
Str■ss histo~ 
U■rtlcal strass: lncrtr-nt 
S!lsleN Of IJnits 
Ndnbin file 
Run prograN 
Exit to DOS 

the equations presented by LaKbe&UhltMan l====-=--=--==-===-=I 
(1969), Ladd (1973) and Poulos&Davis (1974). 
For the ca- or a strip 5!1N11etrical vertical 
e"bank"ent loadins the progra" superi"poses 
two vertical -bank"8nt loads. For the 
lncre11ent or uertical stresses at end of 
fill, the progra11 superiNposes a series of 
rectangular loads. 

PROTOT\IPE ENGINEERING JHC. 
57 Uestland Avenue 

Ulnchester, 11A 01890 
(&17) 729-2363 

Attn. Dr. Alfredo Urzua 

Enter letter only, or use arrows then~ ► Nake selection. 

EMBANK "AIN "ENU - EXIT TO DOS 

FEDERAL HIGHUAV ADnINISTRATION 

!---==============~===,--=- 11.lln l'len.i -----

A NlcrocoNputer progra11 For coNputing one 
dlNenslonal co11pressi0n vertical sellleKent 
due to e11bankflBnl loads. The progra11 follows 
the equations presented by La"be&Uhit11an 
(1969), Ladd (1973) and Pculcs&Davis (1974). 
For the case of a strip sy1111etrical vertical 
eNbankNent loading the prograN superiNposes 
two vertical -bank"8nt loads. For the 
incre11ent or uertical stresses at end of 
fill, the proSJ'U' superl11poses a series of 
rectangular loads. 

project Definition 
soil Proflle and soll para11. 
Uater table definition 
Str■ss hislo~ 
Uertical stress incr■,..nl 
S!1Ste11 of Units 
Naint.in file 
Run progra11 
Exit to DOS 

Ex l t lo DOS _..,.....,.....,..,.._. 

No 

PROT HG lNC. 
57 Uestland Auen.ie 

Uinchesler, 11A 01890 
(61?> ?29-23';3 

Attn. Dr, Alfredo Urzua 

Enter letter only, or use arrows then~ ► Nake selection, <Esc> ► 11ain "•nu 

EXIT TO DOS "ENU - VES SELECTION 
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Example No. 4: 

10 

EMBANK Appendix B Example 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~culated 

Embankment on top of organic soil 
Embankment on top of sand stratum 

23.80 
10.51 

23.80 
10.51 

10 20 

'I' 'I ✓c.s., 

✓✓✓-.,:.:-,;o~- ________ ',X-Case2 

/ ' 
/ ' 

/ ' 
/ A ' 

0 RGANIC s:J IL 

SAND 

NC CLAY 

"( .. 100 pct; w • 80% G • 1 .8; S = 100"/o 

y • 11 o pcf pssumed incompressible) 

"( • 127.4 pcf 
w • 35% 

G • 2.78 

Incompressible 

Figure 13. Example 4: Embankment on layered soil 
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b =30 

z 

d = 20 • 

EMBANK Appendix B Example 4 

Case 1 : Embankment Bears on Top of Organic Soll 

• Divide NC Clay stratum into four 10-ft thick sublayers. 

• Detennine geostatic vertical effective stresses at points l through 5: 

o\ = 1.5 x 100 = 150 psf < 200psf, use 200 psf 

0'2 = 3 X 100 + 2 X 110 + 5( 110- 62.4) + 5(127.4 - 62.4) = 1083 psf 

0'3 = 3 X 100 + 2 X 110 + 5( 110- 62.4) + 15(127 .4 - 62.4) = 1733 psf 

0'4 = 3 X 100 + 2 X 110 + 5( 110- 62.4) + 25( 127.4 - 62.4) = 2383 psf 

0'5 = 3 X 100 + 2 X 110 + 5( 110 - 62.4) + 35( 127.4 - 62.4) = 3033 psf 

Detennine increments of vertical stress under point A; use superposition 
principle as explained in Figure 5 of main text: 

f '::~-···1 
P=10x120 

= 1200 psf 

X x+ 
z z 

d =20 • 
a+b-d • 

10+30-20 == 20 

X 

Therefore we compute the increments of vertical stress as two times the 
vertical stress increments: 

The vertical stresses are given by 

P [ xa z l O'z=- P+---(x-b) 
tr a R2 

2 

In this case: 

a= 10 

b=20 

x= 20 

x-b=O 

(1. = - /3+ -P [ 20a] 
z 'Tr 10 

tan/3= (b-a) 
z 

b 
tan(a+ /J) = -

z 
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z (ft) 

1.5 

15 

25 

35 

45 

z (ft) 

1.5 

15 

25 

35 

45 

EMBANK Appendix B Example 4 

The results for z = 1.5, 15, 25, 35, and 45 are indicated below: 

/3 = arctat{ lzO ) a = arctai{ ~o ) · /3 !:i. O'z (psf) 2/:i. C1 z [p .ef] 

81.46924 

33.69007 

21.80141 

15.9454 

12.52881 

H; (ft) 

3.0 

10.0 

10.0 

10.0 

10.0 

4.241609 599.6831 1199.366 

19.44004 483.801 967.6019 

16.8584 370.1214 740.2428 

13.79948 290.2958 580.5915 

11.43368 235.9745 471.949 

Settlement detennination for point A: 

• Use the following expression: 

where: 

~ Cc [<ivo+dC1v] p = £ .. /I; -- log ---
i =d l+eo _ 

<1vo 

H; = thickness of each substrata 

Cc= Use FHW A procedure 

For organic soil layer: 

For NC clay: 

C = w % = 0.8 
C 100 

w% 
C = - = 0.35 

C 100 

e0 = Initial void ratio; use equation Gw = Se 

where S = 100% = 1. Therefore, Gw = e. 

For organic soil layer: e0 = 1.8 x 0.8 = 1.44 

For NC clay: e0 = 2.78 x 0.35 = 0.973 

• Apply expressions above at point A. for z = 1.5, 15, 25, 35, and 45 
ft. Results are indicated in table below: 

!:i. <io (psf) !:i. <iv (psf) <ivr= <iv0 + !:i. av (psf) P; (ft) 

200 1199.366 1399.366 0.8310505 

1083 967.6019 2050.6019 0.4918323 

1733 740.2428 2473.2428 0.2740186 

2383 580.5915 2963.5915 0.1679828 

3033 471.949 3504.949 0.1114204 

Total Settlement: 1.7689566 ft 

21.23 in 
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ORGANIC I 
SOILS 

SAND 

NC CLAY 
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Case 2: Embankment Bears on Sand Stratum, After 
Organic Soll has Been Removed 

10.0 20.0 

p • 1 0 X 120 • 1200 psf 

Yfill • 120 pcf 

1y-1oopc1;w.eo% ft 
G • 1 .8; S • 100% 

3
·
0 

y ~ 110 pcf (assumed incompressible) 12.0 7.0 ft 

y = 127.4 pct 

w -35% 
G • 2.78 

Incompressible 

t2 

t3 

•4 

t5 

40.0 ft 

Notto scale 

• Determine geostatic vertical effective stresses at points 2, 3, 4, and 5. 
These geostatic stresses are ~ excavation of the organic soil layer 
(same values as in Case 1): 

<12 = 1083 psf 

<13 = 1733 psf 

0'4 = 2383 psf 

0"5 = 3033 psf 

• Three feet of organic soil is excavated: 

3 x 100 pcf = 300 psf 

• Compute new embankment load as: 

P' = P - 300 psf 

where P = 10 ft x 120 pcf = 1200 psf 

Therefore P' = 1200- 300 = 900 psf (considers excavation) 
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a= 10 

z (ft) /3 = aretar{ ~o ) 

12 39.80557 

22 24.44395 

32 17.35403 

42 13.3925 

EMBANK Appendix B Example 4 

Detennine increments of vertical stress under point A1: use 
superposition principle as explained in figure 5 of main text: 

~ ~ 0 0 

x+ X - X -
z z 

d =20 • 

Therefore we compute the increments of vertical stress as two times the 
vertical stress increments which result from: 

Therefore: 
p 

(j = - [,B + 2a] 
:z 1r 

tan /3 = (b - a) 
z 

b 
tan(a+ ,8) = -

z 

x= 20 

a= 10 

b= 20 

x-b=O 

X 
- =2 
a 

Compute stress increments for z = 12, 22, 32, and 42 ft. Results are 
indicated in the table below: 

a = aretar{ ~o )- /3 fl(j:z (ps/) 2,.:i(j:z [psj] 

19.23068 391.3346 782.6692 

17.82974 300.5171 601.0342 

14.65136 233.2837 466.5674 

12.07085 187.671 375.3419 
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z (ft) H; (ft) 

12 10 

22 10 

32 10 

42 10 

EMBANK Appendix B Example 4 

Settlement determination for point A1: 

• Use the following expression: 

where: 

If; = thickness of each sublayer= 10.0 ft 

wo/o 
Cc = According to FHW A procedure = -

100 

Therefore: C = 
35 

% = 0.35 
C 100 

. . . . Gw 2.78 x 0.35 
9 3 e0 = Imhal void rabo = - = ---- = 0. 7 

S 1 

• Apply expressions above for z = 12, 22, 32, and 42 ft. Results are 
indicated in table below: 

Ll iio (psf) ,'.l ii.., (psf) ijvf = ijvQ + ,'.l ij V (ps/) P; (ft) 

1083 782.6692 1865.6692 0.4190176 

1733 601.0342 2334.0342 0.2293869 

2383 466.5674 2849.5674 0.1377558 

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 

-----------t: FEDERAL HJGHUA¥ ADNINISTRA~ION : ...... --=------

A NlcrocoNputer progrill'I for co"puting one 
dl1t11nslonal coNpresslon uertlcal settleMent due 
to eNbanktent loads. The prograM follows the 
equatlons presented ~ LaMbelUhitMan (1969), 
Ladd (1973) and Poulos&Davis (1974). For the 
case of a strip S!jlllletrical vertical eMbankMent 
loading tlul progrAlt supariMpos■s two vertical 
eMbankMent loads. For the incr■Ment or vertical 
■tr••••• at end of fill, the prograM 
superiMposes a •rles of rectangular loads. 

Uerslon 2.BIYOctober 1991 

OPENING SCREEN 

PROTOTYPE ENGINEERING INC. 

57 IJestland Avenue 
Ulnchester, 11A 81898 

(617) 729-2363 

Attn. Dr. Alfredo Urzua 

Hlt <F18> to continue 

FEDERAL HJGHUA¥ ADNJNISTRATJON 

._, ____________ ....., _ _,_....,....,......, .. ,..., .... ....,._ l'laln l'tenu -""""'=--

A ntcrocci,.ut.ff proSJ'M for co"putlng one 
dl1111nslonal CDttPresslon vertical settleMnt 
due to eMbanktent loads. The prograN follous 
the equatlons presented by LaNbe&UhltNan 
(1969), Ladd (1973) and PouloslDauls (1974). 
For the cau of a strip S!::INN■trlcal vertical 
eNbankMnt loadlns the progra" superiMpose• 
tw vartlcal 8"Nnlu.nt loads. For th■ 
increNent of U81'llcal stresses al end of 
fill, the prograM superiMposes a series of 
rectangular loads. 

prn,wc t 0oefimt1011 
soil Proflle and sail paraM, 
Uater table def'inltlan 
Stress hlsto~ 
Uertical stress lncraent 
S!fSleM of lJnlls 
Nalnt■ ln flle 
Run progr&M 
Exit to DOS 

PROTOTYPE ENGINEERING INC. 
57 Uestland Avenue 

Uinchnter, 11A 81890 
(617) 729-2363 

Attn. Dr. Alfredo Urzua 

Enter letter only, or use arrows then .,J ► ttake •l11etion. 

El'IMIK HAIN ttENU - SELECTION OF PROJECT DEFINITION 
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FEDERAL HlGHIMW ADNINISTRRTION 1----------. 
to=-=-------------------.. ---- N•ln 11enu ----.. , 

µ1·0.w1 t OP.f1n1l1on 

Pl IPll ll'l 111111 ::!!r'~::~!e .. :~1n~~!n))arM. 
---- PROJECT DDIHITJON -----.y 

s lncra.nt. 
Client = t:llf/ CLIENT s 
Project NaNe = ~lOlt EXAl1PLE 
ProJecl l1ana9er = ltr, John Doe 

A 11lcrocoNpute 
dlNenslonal CON 

due to etlbankNe 
lhe equations 

File NaNe = EXlll'IPLl4.EnB 
Dale = 3"13'92 cnN/DD/YV> 
CoNputecl by = !!!Cl 

(1969), Ladd (1..__,_ Hil <F1B> ta accept values ___ _. 
For the case of 
eNbankrent loildln9 the pro9r•N superlNposes 
luo uertie&l eNbankNent loads. For tha 
lncr-t of vertical stresses al end of 
fill, the prograN superiNposea a serin of 
rectangular loads. 

INEEIUNG INC. 
S? Uestlarul Avenue 

Ulnchesler, l'IA 91898 
(61?) 729-23&3 

Attn. Dr. Alfredo Urzua 

PROJECT DEFINITION SCREEN 

FEDERAL Hl&HIHIV ADnINISTRATION 1----------. 
1-------------------•---- tlaln l1elll,,I -----.1t 

E: Ml IB: IRI rul R: 
A nlcrocoNPUter pragrM for coNputlns on■ 

project Deflnltlon 
'.:iUil Profile .tnd s:oil p,o'LIM. 

Uater table cleflnltlon 
Stress lllslary 
U.rtlcal st.ms lnc.-nt 
syste" or Units 
nalntaln fll■ 
Run prOIJl'aN 
Exlt to DOS 

dlNensional coMpJ'IISSlon -rtlcal -ttleNent -------------­
du■ lo eflbank,mnt. loads. The prograN follous 
th■ equations p.-nted by LaNb■IUhit.Nan .,_ ____________ ---t 

(1969>, Ladd (1973> and PouloslDauls (19?4). 
For the cas■ of a st.rip ~lrlcal v■rt.tcal 
■NbankNent load.ins th■ progr•" sup■riMpoaa 
tuo uertlcal mdlanbant. loads. For th■ 
tncr■Mnt of uartical stress■• at encl of 
fill, th■ prolfNII sup■rlNposes • series of 
r■ctan9ular loads. 

PROTOTYPE EHGINDRING IHC. 
S? Uestlancl ~ 
Ulnchat■r, NA 81898 

(&17> 729-236.3 
Attn. Dr. Alfredo Urzua 

Enter letter onl!:j, or use arrous then ..,J ► 11ake selection. 

ll1BM< NAIN 11ENU - SELECTION OF SOIL PROFILE 
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FEDERAL HIGHLIA\I ADNINISTRATION 

r:::;:- tlal.n l'lenu ~ 
I im:IJim Def l nl tlon lll!ll:l:III 

1tMDiiilh114Mi1P►iiii,; 
[ soil Profile and soll paraM.

1 Strain per olog stress 

A NlcrocoMpuler prograM For coMpuling one 
d1Mens1onal COMpresslon vertical settleMent 
due lo l!tlbanluent loads. The progratt follous 
the e~u•tlons presented by LaMhe&IJhltMan 
(1969), Ladd (1973) and Poulos&Davls (1974). 
For the ca• of a strip syMMetrical vertical 
eMbankMent loading the prograM superiMposes 
luo vertical BflbankMenl loads. For the 
increMenl of vertical stresses at end or 
Fill, the progrM superiMposes a series of 
rectangular loads. 

Run progratt 
Exit to DOS 

PROTOTYPE IHGIHEERING IHC. 
57 Uestland Avenue 

Uinchaster, NA 81898 
(617> 729-2363 

Attn. Dr. Alfredo Urzua 

Enter letter only, or use arrous then ._i ► Nake selection. <Esc> ► Naln Nenu 

SOIL PROFlLE NEHU - SELEC'I'IOH OF UOlD RATIO PER LOG STRESS 

----------F-ED·E·R-AL_H.IGHLIA\I ___ A_D_n_I"_1_sT_R_A_T_Io_"_'" _ ... _ ... _ ... _ ... _-_-_-_ .. _ .. _= _-_-_ ... _== .. ====

1
=i1 

Layer HUNber = 1 Elev. or top or layer= 8.80 

Sublayer 1 

Sublayer n 

Sublayer 1 

Sublayer Z 

Layer 
1 

NuMber of sublayers = 1 (for tkls layer) 

Unit i,eight or soil = 188.88 

Type of la!fBl" = Co,-,prL·~~iblt 

Layer soll properties= Initial void ratio 

CoNpresslon Index EstlM■ted froM e-logp curves 
Layer 

Z RecoMpression Index EstlMated fro" e-logp curves 

Suelling Index EsliMaled froM e-logp curves 

ls this tile last layer of profile Ho 

'====-======-=======-===================-- Hlt <118> to continue 
Space Ba..-Next iteM Alt-n-nenu 

SOIL DESCRIPTION AND PARANETERS FOR LAYER #1 
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r-== L&yer Soll Properties ==--="IADNINISTRATION 

= 88.80% -----..ll 
Specific Gravity of Solids= 1,88 layer= 8.08 

Initial U■ter Content 

Degree of SAturatlon = ~ yers = 1 (for thls layer) 

Hit <F1B> to acc■pt valua soil = 188. 98 

Sublayer n 

Sublayer 1 

Sublayer 2 

1 Type of layer 

Layer soil properties= Initial uater content 

CoMpressian Index EstiMated fraM e-logp curves 
Layer 

2 RecoMpr■ssian Index EstlMat■d fraM a--logp curves 

Suelllng Index EstiMatad fraM e-logp curves 

Is this the last layer of profile No 

-=================....,....,== Hit <118> to continue 

INITIAL IIATU CONTENT - LAVER 11 

~ 
j 

r The Federal Hlghua:
0

:::::::::a:::x(•Ftll""'"A•) .... in-t=h .. e .. s=o•i•l""l '•.=.•.:•.•_: .... =_ .. _=_=_=_-_ .. .,.-1""'1 
and Foundations Uorkshop nanual (1982) estlM■tes the 
CoNpr■sston Index by dividing the initial soil 
Moisture content by 188. ~ 

this layer) 
CoMp. Index= Initial Uatar Content (ln %) I Constant 
uhara constant= 188 

Const.ant= mI!l ssible 

I .__,,_ .......... == ... Hl t <F1B> to accept value -==-===-====-===' uater content 

- - J- La~■r 
Subbyar 2 

CoNpresslon Index CoMputed using FHUA(1982) 

R■coMpresslon Index EstiMaled fNM a--logp curves 

Su■ l ling Index EstiMalad froM a--logp curves 

ls this the la.st layer of profile No 

-==============-=====-=-== Hit (118> to continue 

COMPRESSION INDEX - FHUA PROCEDURE - LAVER 11 
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pr'FI_=_=_ ... _=_=_=_ ... _=_=_=_=_=_=_-_ -_c_o_"_p_r_es_s_i_o .. n-lnde--lC--= =_ ... _._ ... _ .... _ =_ =_ .. _ ... _ ... _ -_ -_-_ -.... _ .... -... -........ ,,,,._._ ........ -... ·:: .. ""_ ,,,._._. .. -7-1 

Layer NuNber = 2 Elev. of top of layer= -3.ee 

Sublayer 1 

Sublayer n 

Sublayer 1 

Sublayer 2 

NuNber of sublayers = 1 (for thls layer> 

Unit waight of soil = 118,98 
La1Jer 

1 Type of layer = lncoMprt.•s~iblt.: 

Layer 
2 

Is this t.he lut layer of profile No 

._ _________ Hit <F9> to Preu. Layer - Hit <F18> to continue 
Space Bar-Next lteN Alt-N-Nenu 

SOIL DESCRIPTION AND PARANETERS FOR LA\IER 12 

~ 
J 

.. rF1 __ =_ """_ =_ =_ """_ =_ =-_ ... _ .,._ ... _ m-.,._ ... _ -__ ca_"_p_r .. e-ss_1_o_n_1nc1_ex_:::::::::::::::·:::::::::::::::-l ... l 
Layer Nt.!Nher = 3 Elev. or tap of lalJer = -10.ee 

Sublayer 1 

Sublayer n 

Sublai,er 1 

Sublayer 2 

NuNber of sublayers = 4 (for this lai,er) 

Unit 1o1Bight of soil = 127.48 
Layer 

1 TOJpe of la~r = Cor1p1·ess i b I e 

Layer soil properties= Initial uold ratio 

CaNpresslon Index EstiNated froN e-lagp curues 
Layer 

2 RecoNpresslon Index EstiNated froN e-logp curues 

SYell ing IndelC 

Is this t.he last layer of profile No 

..._ ___ ....................... - Hit <F9> to Preu. Layer - Hit <Fll> ta continue 
Space Bar-Next lteN Alt-N-Nenu 

SOIL DESCRIPTION AND PARANETERS FOR LAYER #3 
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rF=l=n=l=l=i=./::r ::t:::perll e: =35=.=00%=.=- ,=_=_=_=_=_==_:==_::==_=_::' :=_:=_-_:·_ ... _ .. _-_ ... _ .. _ ... _:-_:·1'"""l 

Specific Gravity or Solids= 2.78 layer= -10.ee 

Degree of Saturation = fliiilllE% yers = 4 (far this layer> 

Hit <F10) to accept values soll = 12?. 48 

Sublayer n 

Sublayer 1 

Sublayer 2 

1 = CoMpressible 

Layer sell properties= Initial uater content 

toMpresslon Index EsllMaled froM e-lo9p curves 
Layer 

2 RecoMpression Index EstlMated froM e-lo9p curves 

Suelllng lnde>c EstlMated fro" e-logp curves 

ls this the last layer of profile Ho 

I-==== ..... =--= ........... Hit <F9> lo Pre\.l. Layer - Hit <F18> to continue 

INITIAL UATER CONTENT - LAYER 13 

r-========== toMpresslon Index 

The Federal Highway AdMinistratlon <FKJA> in the soil 
and Foundations Uorkshop Hanual (1982) estlMales the 
CoMpression Index by dividlns the Initial soil 
Moisture content by 188. 

CoMp. lndelC = lnlllal Ualer Content (ln %) I Constant 
where constant= 188 

Constant=~ 

...,=====- Hit <F10) lo accept value =....,=,__....,..,. 

this layer> 

ssible 

uater content 

-

- ~ La~er 
Sublayer 2 J 

toMpresslon Index CoMputed uslns FIIIA<1S82> 

RecoMpresslon IndeK EstiMated froM rlo9p curves 

Suell Ing Inde,c EstiMated fro" rio9p curves 

Is this the last layer oF profile Na 

..._========= Hit <F9> to Preu. Layer,...... Hit <F18> to continue 

COMPRESSION INDEX - Fl-llA PROCEDURE - LAYER 13 
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rrp1_-_-e·=·=·=·--_-_-_-_-_-_-_-__ =co=N-p_re_s=s=i-o_n_I_n_d_ex _______________ ...,.11 
Layer Hw.ber = 3 Elev. of top or layar = -18.88 

Sublayer 1 

Sublayer n 

Sublayer 1 

Sublay■r Z 

Nu"ber of sublayers = 4 <for this layer) 

Unit i,el9hl or soil :; 127.48 
Layer 

1 Type of l•\18!" = Co"pr-ibl■ 

Layer soil properties= lnltlal uater content 

Co"pression Index CoNput■cl using FHUA<1982) 
Layer 

Z Reco..,resslon Index Estl1111.led fro" ■-logp curves 

Swelling lnde>c Esti..ated fro" ■-logp curves 

Is lhls th■ last la!f■r of profile fm 
---------- Hlt <F9> to Preu. Layer - Hlt (F18) to continue 

Space Bar-Next lleN Alt-lt-f'lenu 

DEFINING LAYER #3 AS LAST LA~ OF SOIL PROPILE 

~ 
J 

,.r:1 ::::::::::::::_c_o"•p•r••-•••i•o•n-lndex __ :::::::::::::::•:::::::::::::::-

1
-.1 

Layer NUfdle,, = 3 Elev. of lop of layer= -11.ee 

Sublayer 1 
HuNber of :suhlayers = 4 (for thls layer) ~ 

Elev. of bollo" of last layer= 1111mm lble 

----- - --- Hit <FlB> to accept value --- ter content 
Sublayer n 

Sublayer 1 

Subla,.er Z 

CoNpress:ion Index CoNputed using Flf.JAC198Z) 
- Layer 

Z RecoNpnrssion Index EsliNaled fro" e-logp curu■s 

Sw■l ll ng I nd■x EstiNalad fro" e-logp curves 

Is lhls the lut layer of profile Vea 

--------- Hit <F9> to Prev. Layer - Hit <118> to continue 

DEFINING ntlCKNESS OF SOIL PROFILE 
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FEDERAL Hl6HUAV ADNINISTRATION 

t=======================r===== 11aln l'lenu =-=====11 t 

A Nlcruco .. puter progrilN for coNputing one 
diMensional co"pression vertical selll ■Nenl 
due lo ePlbanlulBnt loads. The prograN follows 
the equations pr8Sllnt.ed by LaNbe&UhitN■n 
(1969), Ladd (1973) and PouloslDauls (1974). 
For the case of a strip IPJlfflBlrical vertical 
e"bankNent loadi119 the prograN superiNposes 
two vertical 1111bank111111t loads. For the 
increMent of vertical stresses at and of 
Flll, the progra" superlNposas a series or 
rectangular loads. 

project Definition 
soil Profile and soil paraN. 

SlrHS hhi:tory 
U■rtical streu inc,....nt 
syste" of Units 
Nainhln file 
Run prograM 
Exit to DOS 

PROTOTYPE llMiINEERIHG IHC. 
S?' Yestland Avenue 

l,llnchest.er, 11A 01890 
(61?') ?'29-2363 

Attn. Dr. Alfredo IJJozua 

Enter letter only, or use arrous then +J ► Nake selection. 

EMBAl'I< MAIN NENU - SELECTION OF WATER TABLE DEFINITION 

FEDERAL HI&HUAV ADNINISTRATION 

t==-=====================F==== Main Menu ====91 t 
project Definition 

E: Ml IB: 11:11 IDJU~L .. ~;;:::t:i. .::~ 
E ~ lle 

IJdt1er labl" definition 

t---------- . of Water Tabla = ~ " 
A Nlcroco,ipuler pro S 
di-nslo-1 co"p~ Hil <F18} lo accept values ========-==I 
due to e..hanluent lo■ 
the equations p..-nt.ed by LaNbe&UhitN■n '""'=== ..... ==============I 
(1969), Ladd (1973) and Poulos&Davis (1974). 
For the - of a strlp syNNetrlcal vertical 
eNb■nkNent lo■dl119 the progr■N superlNposes 
tuo vertical 8"hanlu.nt loads. For the 
lncre,.ent of vertical stresses at end of 
fill, the progrui superlNposes • series of 
rectangular loads. 

PROTOTYPE EHGIHEERING IHC. 
Si' Yestland Avenue 

lollnchester, 11A 01890 
(61 ?') 729-2363 

Attn. Dr. Altredo Urzua 

UATER TABLE AT ELE\IATION -5 FT 
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FEDERAL HI&HUAV ADNINISTRATION 

1--------------===========•F========- 11Ain lteR.L ----

E: M IB: RI lru R: 
A NlcrocoNput.er progrM for cONputing one 
dlNensia1111l coNpl'IISSlan uertlcal settleNent 
due to eNb■ nJu.nt loads. The prograN follous 
the equations presented by LaNbe&UhilNan 
(1969), l,.■dd. (1973) and Poulos&Dauis (1974). 
For the case of a st.rip ~etrlc■ l vertical 
eNbankNent laadlns the progra" superlNposes 
tuo vertical 8"banJu.nt loads. For the 
lncreNenl of uerlical slress■s al and of 
flll, the pro91'U' superlNpos■s a s■rl ■s of 
r■ct■ngular law. 

project Definition 
soil Profile and soil JlllrAN, 
M■ter table definition 
Sln~ss h 1 slortJ 
U■rtlcal stress lncr■!Wnl 
S!fsl■N of Unlta 
N■ lnt■ ln fll ■ 
Run progr■,, 

Exlt to DOS 

PROTOTYPE ENGINEERING INC. 
57 Llestland Avenue 

LHnchat.er, NA 81898 
(617> 729-23&3 

Attn. Dr. Alfredo Urzu■ 

Knllll' letter only, or use arro11s then ..... ► N■ke selection. 

DUIANK NAIN NENU - STRESS HISTORV 

FEDERAL HIGK#W ADNINISTRATION ..,_ ___ _, ___ _ 

t------------------------- 11aln 11enu ----~ 

A NlcrocoNputer progr■N for coNputlng one 

project Definition 
soil Profile and soll p■raN. 
Maler table deflnlllon 
StrPss history 

Stl'IISS history---• 

E 
dl•nslonal COfllll'Hslon vertical settleNent """=-==========-=,. 
du■ to llflbanluent loads. The progrM fallows 
th■ equations presented by l..iud,e&LlhltN■n 1--------------1 
(19'9), Ladd (1973) ■nd Poulos&D■uls (1974). 
For the case of• strip syNNelrlcal uert.lc■ l 
eNb■nkNBnt loading th■ progr■N superlNpos■s 
ti,o vertical .. bankN■nt loads. For the 
incr■Mnt of u■rtlc■l stresses at and of 
Fill, the pro91'U' superiNposes • series of 
rectangular loads. 

PROTOTYPE ENGINEERING INC. 
57 Llestland Avenue 

Ulnchester, NA 81898 
(617) 729-2363 

Attn. Dr. Alfredo Urzua 

Enter letter only, or use arrows then ..... ► N•ke selection. <Esc> ► Naln Nenu 

SOIL IS DEFINED AS NORNALLV CONSOLIDATED 
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FEDERAL HJ&HUAY ADNIHISTRATION .._ _______ _ 

1----------=--------==--=-=P----- NAin l'lllnu -----• 

E: M IB: IR 1ru1 IR: 
A NlcrocoP1pUt.er progr- for coMputlng one 

proJect Definition 
soil Profile and soll )Nlr•"· 
Mater table dlrl'inition 
Str■ss hlstol'!f 

sysl■N of Units 
Naintain rll■ 
Run prograN 
EIClt lo DOS 

diMenslonal co,ipresslon vertical settleNent .__..,. __ _.,,_..,_,,....,....,....,....,_. 
due lo el'lhankt.nl loads. Th■ prograM follous 
the equations pNISBllt.■d by LaMbe&UhltNan t,,11 ............................. =-,_...., __ .... 
(1969), Ladd (1973) and PouloslDavls (1974). 
,or th■ casB of a strip ~-trical vertical 
eMbankNent loading the prograN superiNposes 
tuo vertical .,J,anJu.nt loads. For the 
incr■N■nt or vertical stresses at end or 
fill, the progMUt superlNposes a series of 
rectangular loads. 

PROTOTYPE ENGINEERING INC. 
57 Uesll■nd Avenue 

Ulnchesler, 11A 91890 
(&11> 729-23&3 

Attn. l)r. Alfr■clo Urzua 

Enter letter only, or use arro11s then ._J I' N■ke selection. 

El1IMN< NAIH ltENU - SELECTION OF UERTICAL STRESS INCJIEl'IENT 

FEDERAL HIGHUAY ADtlINISTRATION .,_ _______ .,. 

El M IBI R I~ 111~1 :~te:~o:~n:!!!::o~l paraN. U.ter table d■flnltion 
Stress historv 

I I _____ IUertical stress lncreMent -----

1ncreMent or slre5$es Beneath the end or• fill 
A Nlc:rocall)IUter prosr•" ro,"-----------------------­
dl"enslonal OOl1J'l'BSSion ver 
due to llflb&MNent loads. The progra" rollous 
the equations presented by LaNbelUhltMn ..,_ _ _.....,..,....., .... ______ _... 
(1969), LadAl (1973) and PouloslDavls (1974>. 
For the - of a strip syN"etrical vertical 
eNbankrlenl load.ins the progra" superi"PQses 
tuo uartica.l nank"■nt loads, For tke 
lncre...,t of UIIJ'tlc•l stresses at end of 
flll, the proSJ"M superi"poses a series of 
rectansular loads. 

PROTOTYPE ENGINEERING INC. 
S7 Ueslland Avenue 
Uinch■st■r, NA 81898 

(£,17) 729-2'.:1£,3 
Attn. Dr. Alfredo Urzua 

Enter letter only, or use arrous then ._J I' Nab selection, <Esc> ► Naln N■n.i 

UERTICAL STRESS INCRENENT - SELECTION OF STRIP SYNN, ENBANKNENT L0AI) 
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---- IMl1ETRICAI. VERTICAi. 111BA1t<l1ENT LOAD----

VERTICAL D1BANI01ENT FOOTJN& 
~-t 

b I 1 ENbank. slope • = 18.88 u 
ENbank. 1o1idt.1t b = 38.88 uuuu t n 
Hei9ht. or rill H = 18.88 uuuuuu H )( soll paraN. 
Unit 1o1■ i9ht. or fill= 1ZB.BB •••••••••••••••• lt.lon 

POINTS FOR COl1PUTATION OF W.yin' 1 1111111111 
SETTLEl'IDIT t. 
calcuht.e in = X Point ,. ' 
IC coordinate = 28.88 .f Layer z nd or a r111 1 

FOUNDATION EI.EU. 
z = lliD 

------= Hit <F18) lo accept IHllu■s ------.....i ERING INC. 
Au■nu■ 

increN■nt or vertical stressn at end or 
rill, the prograri superlNposes a series or 
rectangular loads. 

A 81891 
(617> 729-2363 

Attn. Dr. Alrredo Urzua 

STRIP svnn. UERTICAL Ettl. LOADING GEONETRV INPUT SCREEN 

FEDERAL HIGHUAV ADNINISTIATION 

t---====---===-==--====•.---- tlaln Nenu --=-==-i1 I 

A NlcrocoNput.ar progra,i for coNputlng one 
dlNenslonal CONpl'IISSion vertical settleNent 
due to el'lbanlulent loads. The prograN rallous 

project. Definition 
soil Prorlle and sail par•"· 
Mater table deflnltlon 
Stress history 
U■rtlcal st.rwss lnc..-nt. 
S!tSt■N of Units 
Naintaln file 
Run pr119r<1P1 
Exlt to DOS 

the equations prmnt.ecl by LaNbe&UhltNan t---------------1 
(1969), Ladd (1973) and Paulos&Dauis (1974). 
For the case or• st.rip ~trical u■rt.lcal 
eNbankNent. loadlng t.he pro9raN sup■riNpos■s 

t.uo u■rt.lcal atbanbmnt. loads. For the 
lncr■11■nt. or uert.lcal st.ress■s at ■nd or 
flll, t.he proi,rut sup■rlNpos■s • s■ri■s or 
rectangular loads. 

PROTOTYPE ENGINEERING INC. 
57 Liest.land Aull111111 

Ulnchest.ar, NA 11898 
(617> 729-2363 

At.t.n. Dr. Alfredo llr2ua 

Ent.er letter anl!I, or use arraus then +J ► Nake selection. 

El1BAfl< HAIN NENU - RUN PROGRAN OPTION 
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ONB Dl~IONAL SITTLENEHT AHALIISIS✓Feder1l Hlghuay Adi.lnlstratlon 
STRlP S'itl1ETR1CAL UERTICAL ENBANKNEHT LOADING 

ENblnkN■nt slope 1 = 18.88 (Ft) Height or Fill H = 18.88 (Ft) 
ENb1nkN■nt. top uidth = ze.aa (ft) Unit ueight or fill= 129.88 (pcf) 
ENbankNent bottoN uidth = 48.88 <ft> p load/unit area = 12118.88 <psf> 
Ground SW'face Elev. = 8,88 (ft> Foundatlon 1111"', = 8.88 <ft> 
M•t•r table Elev. = -S.88 <Ft> Unit weight or Mat. = 62.48 (pcf) 

HR. 

1 
z 
3 

1 
2 
3 

LAI/ER COEFFICIENT UNIT SPECIFIC UOll) 
Tl/PE nna<. COl1P. RECOtlP. SMELL. IIEIGHT GRAUITII RATIO SettleNent 

<Ft> (per> <ln.) 

CONP. 3.8 8.888 8,888 8.888 188.88 1.88 1.44 9.97 
INCOl'IP. 7.8 U8.88 
CONP. 48.8 8.358 e.088 8.888 127.48 2. ?8 8.97 12.54 

Total Settl8"Bnt = 21.23 

SOIL STRESSES SUBLAYER 
NR. THICK. ELEU. 

(ft) (ft) 
INITIAL IHCRENEHT NAX.PAST PRESS. 
(psf> (psf) (psf) 

SETTLDIENT 
(in,) 

Hit arrou kll!!IS to display next screen. <FS> Prlnt. (F18> l'laln 1'1800 

PROGRAN OUTPUT - PARTIAL SCREEN 

ONE DINEHSI014AL SETTU:NEHT AHALIISIS/Federal High~ay Adi.inistratlon 
STRlP SllttlETRICAL UERTlCAL ENBANKNENT LOADING 

(Fl> (pcf) <Ln.) 

COl1P. 3.8 8.888 8.888 8.888 188,88 1,88 1,44 9.97 
INCONP. 7.8 118.08 
COl1P. 48.8 8.358 8.888 8.888 12?.48 2.78 8.97 12.54 

Total Settl.,.nt = :21.:23 

SUBLAIIER SOIL STRESSES 
HS2. THICK. ELEU. INITIAL IHCR Select 

(ft) (ft) (psf) (pl Send ForN to: It-Print.er, It-Disk File. 

1 3.08 -1.S8 200.00 1199,37 200.00 9.97 
2 INCONP. 
3 18.88 -15,88 1883,118 967,68 1883,88 S,98 
1 18,88 -zs.ea 1733.88 718.Z1 1733,88 3,Z9 
5 18.08 -35.80 2383.88 588.59 Z383.88 z.ez 
& 18.88 -45.88 3033.88 471. 95 3833.88 1.34 

Total Settl■"•nt = .U.23 <ln.> 

Hit 1rrou keys to display next scMll!n, <FB> Print. <F1B) N•in Nenu 

SELECTION OF DISC FILE PRINTED OUTPUT 
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ONE Dit1EHSIQlt!IL SETTLENENT ANALVSIS✓Federal Hlshua~ Adriin1strat1on 
STRIP S'xfflETRICAL VERTICAL EHBANKHEHT LOADING 

(ft> (pcf) (In.> 

1 COHP. 
2 INC011P. 
3 COMP. 

3.8 
7.8 

48.8 

8.888 8.881 8.888 

8.358 a.aaa 8.8ea 

188.88 
118.88 
12?.48 

1.88 

2.78 

1.44 

8.97 

9.97 

12.54 

21.23 Total SetlleNent: 

SUBLAYER SOIL STRESSES 
N2, THICK. El.EU. INITIAL IHCREI Destination File 

1 
2 
3 
4 
5 
6 

(fl) (ft) (psf> Cps A:EXAH4A.OUT 

3.80 -1.58 .200.00 1199.37 .200.00 9.97 
INCOl1P. 
18.80 -15.08 1883.BB 967.68 1883.Bfl 5.98 
18.80 -25.08 1733.88 748.24 1733,Bfl 3.29 
18.80 -35.08 2383.88 588.59 2383.Bfl 2.82 
18.80 -45.08 3833.88 4?1.95 3833.Bfl 1.34 

Total Settle..nt = .21,23 (in.) 

Hlt arro~ keys to display next screen. <FB> Print. <Fl8) 11aln l'll!nu 

SELECTION OF OUTPUT DESTINATION FILE NAME 

• DDIDSIONAL SIITTLIDIBNT ANALYSIS/J'ed•ral Highway Adainistration 
STRIP SYlOIIITRICAL VIIRTICAL IIJDAH1Q(DT LOADING 

Project N.­
J'ile N'.­
Date 

, IXCAVATION lllCAnLII 
1 ICtAIIPLR6,IDIB 
I 10/03/91 

Client , A1fY CLIBNT 
Project llanager , JO.. JOHii DOIi 
Computed by • awa 

Settle-nt for X • 20.00 (ft) 

lmbanlaaent slope a • 10.00 (ft) Height of fill H ■ 10.00 (ft) 
lllllbankment top width ■ 20.00 (ft) Unit weight of fill• 1:10.00 (pcf) 
Kmbankment bottom width• ,o.oo (ft) p load/unit area • ll00.00 (pat) 
around Surface Blev. 0.00 (ft) J'oundation Blev. ■ 0.00 (ft) 
Water table Rlev. • -5,00 (ft) Onit weight of Wat. ■ 62.,0 (pct) 

LAYBll CO BJ'l'I CIIDl'l' OMIT SPICIJ'IC VOID 

*· TYPR THICIC. COIIP • RBCOIIP • SWKLL • WBIQHT GRAVITY RATIO Settlement 
(ft) (pcf) (in.) 

1 COl(P, 3.0 0.800 0.000 0.000 100.00 1,80 1.6' 9.!n 
2 INCOIIP. 7.0 110.00 
3 COKP. ,o.o 0.350 0.000 0.000 121.,0 2. 78 0.97 12.s, 

Total Settl-nt ■ 21.23 

SUBLAYBll SOIL STUSSBS 

*· THICK. IILlrV. INITIAL INCllllKBNT IIAX. PAST PRBSS. SBTTLBIIUT 
(ft) (ft) (psf) (psf) (psf) (in.) 

l 3.00 -1.50 l00.00 1199.37 200.00 9.97 
2 INCOKP. 
3 10.00 -15.00 1083,00 967.60 1083.00 s.go 

' 10.00 -25.00 1733.00 7'0.26 1733.00 3.2!1 
5 10.00 -35.00 2383.00 580.59 2383.00 2. o:a 
6 10.00 -,s.oo 3033.00 ,11. gs 3033.00 1.3, 

Total Settle-nt • 21,23 {in.} 

it arrow keys to display next screen, <P8> Print. <PlO> Main llenu 
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FEDERAL HIGHIMIV ADl1INISTRAtlON ,_ _______ _ 

t-----------=~~--=-----•P--=--- l'laln Nenu ----,t 

A Nlcrocot1pU.ter prcisr- far co,.putln9 one 
dl,.■nslonal CO"Presslon v■rtic•l s■lll■Mnt 
du• to ■Nbaruu.nt loads. Th■ prograN follous 
th■ ■quatlons p~l■d by LaNb■lllhllNan 
(1969), Lildd (197.3) and PoulaslDavls (1974). 
For th■ case or a strip S\ll'ffl9trlc■ l v■rtic■ l 
■Nb■nkN■nt lo■dlns the prograN sup■rl,.po••• 
tuo vertical llflNnklant loads. For th■ 
lncreMnt or u■rtlcal stresses at ■nd or 
rll 1, the progr■N sup■rlNposes • s■ri■s or 
rectangular loads. 

proJect Deflnltlon 
soil Profile and soll pi!r•"· 
U•ter table derlnltlon 
StrHs hlstol"!I, 
Ut:'r-llldl ~Lres:'.::. inc1·~,-,t!11l 

syst■N.of Unlts 
NAinbln rlle, 
Run progr­
Exlt to DOS 

PROTOTYPE ENGINDRING INC. 
57 "-tl■nd Au■1IU■ 

lllnchester, 11A 81898 
(&17> 729-2363 

Attn. Dr. Alfr■cl.o Ur2u■ 

Enter letter only, or use ■rrous then~ ► nake selection. 

~ l'IAIN l1mJ - SELECTIOk OF UERTICAL STRESS lNCREnENT 

FEDERAL HJGHIMIV ADNINISTRATION 

1-------------------,---- l'laln Nenu ----1t 

E: IMI 1B: IR ru1 R: 
A NlcrocoflllUter prov- for coNputlng on■ 
dhM1nslonal CONPresslan vertical setlleN■nt 
du■ ta eNbanluwnt loads. Th■ prograN follous 
th■ equations present.ad by LaNbelUhitNan 
(1969>, Lildd (1973) and PauloslDauls (1974). 
For the cau or a strip :IY""etric■ l uertlcal 
-benkfMlnl lo■dlns the prograN sup■riNpos■s 
tuo u■rtlcal ... nuant loads. For th■ 
lncr-nt of ~teal stress•• at ■ncl or 
r111, the proSJ"IUI sup■rlNpos■s • s■rl■s or 
rectangular loads. 

proJect Deflnltlan 
sail Profile and soil par•"· 
Mater table derlnltlan 
Str■ss hlstof'!I 

syst■N of Units 
Nalnhln file 
Run progrM 
Exit to DOS 

PROTOTYPE ENGINIIRJNG INC. 
57 Uest.land Ava-■ 
Ulnch■-t.■r, NA 811198 

(£.17) 729-23£,3 
Attn. Dr. Alfr■cl.a Ur2ua 

Enter letter only, or use ■rrous then.._. ► nake selection. 

ENBAlt< l'IAIN l1mJ - SELECTION OF UERTICAL STRESS INCREnENT 
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FEDERAL HiliHIHW AOtUNISTIIATION 1---------. 

Mater table deflnltlon 

E' IM 111 IR I~ 111~1 ::r;~o~~i!:!~~o~l pill' .... Stress history · 

I I . lu.r-tlcal stress lncre"ent -----

lncr■Mnt af streaes Beneath the end af a flll 
A NlCNc:o"JIUter pro9ra" ra---------------------­
dl1111nslonal oo..,...sslan uer 
du■ ta lll'lbanllMnt. loads. tha pro9rM follows 
the IN(Utlons pr■s■nt■d bi, ...,._Mll\ltMn i---------------1 
(1969) 1 t.dd (1973> and PouloslDlluls (19'74). 
Far tha e&ae of• strip Si,NMtrlcal u■rtlcal 
•"banluwnt loadlns th■ progru super1..,. .. 
t11a u■rtlcal alllankMnt loads. Far lb 
lncr■l'IBnt of wrtlcal stresses at end ef 
flll, tha P"IJJWI superl"pos■s a serla at 
rectansular lo._. 

PROTOTYPE EltliINEERING INC. 
57 Uestland Avenue 

Ulnchester, NA 81898 
<617> 7Z9-Z363 

Attn. Dr. Alfredo Urzua 

Enter letter only, ar use arrows then._. ► l'lake selection. (Esc> ► ftaln l'llmu. 

UERTICAL STRESS INCREftENt NENU - SIUCTION or STRIP SYnn. ENB. LOAD 

----- SY111ITRICAL UERTICAL ll'IBM(NENT LOAD-----. 

UERTICAL lnBAtlOIENT FOOTING 
E"bank. slope a : 18.11 
ENbank. uldtll b = 38.88 
Height af fill H = 18.88 
Unit 11el1ht of fill= 128.88 

POINTS FOR COl'l'UTAtlON OF 
SErtLEl'IDff 
calculate ln = X Point 
,c coordlnate = 21.88 

FoutlDATION II.BU. Z=-------- Hit <F18> to ac:mpt ualues ______ __. 

u-1 
n 
soU par•"· 
ltlon 

\0999:190 
l 

nd or • ru1 

ERING INC. 
Auen11e 
A 81891 

lncre,..nt ar uertlcal atreaan at end of 
fill, tlw Pl'O!P"M superl"poses • series of 
rectangular la.ads. 

(617) 129-2363 
Attn. Dr. Alfredo Ursua 

LOAD GEOIIETRY - FO\ltDATION DEPTH At ELEUAtlON -3 n 
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,===== SVNNETRICAL UERTICAL ENBAN01ENT LOIID --=---"'I 
UERTICAL ENBAHKNEHT FOOTING ~~ 1 EMbank. slope • = 1a.aa u 
EMbank. 1.1ldth b = 38.88 uuuu ' n 
Height or rtll H = 18.88 UlUULUU H l( soll par .... 
Unit YBight or rlll = 128.88 ,,,.,,,,11,,,,,,-'- ltton 

POINTS FOR CONPUTATION OF L■!,IIIJ" 1 11111111111 
SETTLENEHT t -calculate in = X Point ' . 
)( coordinate = ze.ae r Layer Z ncl of • fll 1 I 

z ' 
FOUHDATIOH ELEU. CoMpute excavation errect 

Z = -3.88 as 9aNMaMFounclatlon Depth= !ml 
ERIN& INC, 

Hit <rte> to accept values • Avenue 
A 81898 

lncreNent of vertical stresses at end of 29-%363 
fill, the prograN superiMposes • series of Attn lfreclo Urzua 
raclangular loads. 

+-fl-+-Noue bar ,.I-Select Esc-Exlt 

SELECTION OF EXCAIJATION EFFECT 

FDERAL Hl&HWlV ADNINISTRATION .,_ _______ _ 

1=-==-=-=~====-=====-==-===--==-=----~---- ttaln ltenu ----1f 

E: IMIIB: IR ru R: 
A NicrocoMputer progrillM ror coMpullng one 
diMensional COMpression vertical settleMent 
due lo eMbanluwnt loads. The prograM follous 
the equations presented by LaMbe&UhltMan 
(1969), Ladd (19?3) and PouloslDauls (1974). 
For the case of a strip S!fMNetrlcal uerllcal 
eMbankMent loadlns the prograM superlMposes 
tuo vertical IIMbanklmnt loads. For• the 
lncreMent of uert.lcal stresses at end ar 
flll, the proSJ'M superlMposes a series ar 
rectangular loads. 

proJect D.tlnitlon 
soil Profile ancl soil paraM, 
Mater table deflnitlon 
Stress histo~ 
U.rtlcal strass inc,-nt 
S!fSteM of Units 
Naintaln flle 
Run pr·n~r-rlM 

Exit lo DOS 

PROTOTYPE ENGINDRIHG INC. 
S? Uestland Avenue 

Ulnchest.er, NA 81898 
<G17) ?29--2363 

Attn. Dr. Alfredo Ur2ua 

Enter letter only, or use arrous then 4-J ► Hake -lectlon. 

EltBANK nAIN NENU - RUN PROGRArl 
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ONE DINENSIONAL SETTLENENT ANALYSIS/Federal Hlgtu,ay Ad"lnistratlon 
STRIP SVNNETRICAL UERTitru. ENBANKNENT LOAl)IN6 

EMbaruuwnt slop■ a = 18.88 (ft) H■ ight of rill H = 18.88 <rt> 
EMbaruuent top uidth = 28.88 <rt> Unit weight or rill = 128.88 (pcf) 
EMbaruuent botto" uidth = 48.88 (ft) p load/unit area = 1288.08 (psf) 
Ground Surfac■ El ■v. = 8.88 (ft) Foundation El■v. = -3.08 <rt.> 
Uater table Elev. = -5.88 (ft) Unit weight of Uat. = 62.40 (pcf) 

NSI. 

1 
2 
3 

1 
2 
3 

LAVER COEFYICIENT UNIT SPECIFIC UOID 
TYPE THICK. CONP. RECONP. SUELL. UEIGHT GRAUITil RATIO Settl-■nt 

(ft) (pcf) (ln.) 

CONP. 3.8 8.888 8.888 8.888 188.88 1.88 1.44 8.08 
INCOl1P. 7.8 118.88 
COl1P. 48.8 8.350 8.888 8.888 127.48 2.78 8.97 18.51 

Total Settl-nt = 18.51 

SUBLAVER SOIL STRESSES 
tfl. THICK. ELEV. INITIAL INCREl'IEN'I' NAX.PAST PRESS. SETTLEl1ENT 

Hit arrou keys to displa~ n■xt sc..-n. (F8> Print. <F18> Nain 11enu 

PROGRAN OUTPUT - PARTIAL SCREEN 

ONE DINENSIONAL SETTLENENT ANALYSIS/Federal Highuay AdHlnlstratlon 
STRIP SVNNETRICAL UERTICAL ENBANKNENT LOAl)JHG 

(ft) (pcf) (ln.) 

CONP. 3.8 8.888 8.800 8.888 188.88 1. 88 1.44 
INCONP. 7.8 118.88 

CONP. 48.8 8.358 8.888 8.888 127.48 2.78 8.97 

Total Settlettent = 

SUBUM:R SOIL STRESSES 
NII, THla<. ELEU. INITIAL 1~~1 Send for" to: 

Select 
(ft) (ft) (psf) Ii-Printer, 

1 Subl•~er ouer foundation Eleu. 
2 INCOl'IP. 
3 18.88 
4 18.08 
5 18.88 
& 18.08 

-15.88 
-25.88 
-35.88 
-45.88 

1883.88 
1733.88 
2383.00 
3833.00 

782.67 
&81.83 
466.5? 
3?5.34 

1883.88 
1733.88 
2383.88 
3833.88 

Total Settle...ent = 

8.88 

18.51 

18.51 

DJ-Dlsk File. 

5.83 
2.75 
1.&5 
1.88 

18.51 (ln.) 

Hit arrou keys to display ne>Ct screen. <FB> Print. <118> Naln Nenu 

SELECTION OF DISC FILE PRINTED OUTPUT 

153 

I 



1 
2 
3 

EMBANK Appendix B Example 4 

ONE DINENSJONAL SETTLENENT ANAL'r'SI~ederal Hlghua~ AdNlnlstratlon 
STRIP S'a't111EtRICRL VERTICAL ENBRNKNENT LOADll16 

<Ft) (per> (in.) 

COl1P. 3.8 8,888 8.888 e. 1!188 188.88 1.88 1.44 a.ea 
INCOl1P. ?.8 118.88 
COttP. 48.8 0.358 8.888 a.eae 127. 48 z. 78 8.97 18.51 

Total Settl-nt = 18.51 

SUBLAYER SOIL STRESSES ~- THICK. £LEU. INITIAL IHCREI Dnt.i1111tlon File 

1 
2 
3 
4 
5 
6 

<Ft> (Fl> (psF) Cps A:EXAN4A1.0UT 

Sublayer 0U11r Foundation lleu. 
IHCO"P. 
18,88 -ts.ea 1883.118 78Z,67 1883,88 5.113 
18.88 -25,98 1733.88 681.03 1733.08 2. 75 
18.88 -35.98 2383.88 466.57 2383.08 1,65 
18.88 -◄5.08 3833.88 375.3◄ 3933.88 1.88 

Total S■ttl-t = 11,S1 <In.> 

Hit arrou ke~s to dlspl•~ next screen. (FS) Print. <118) Naln Henu 

SELECTION OF OUTPUT DESTlltRTlott FILE NA11E 

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

Project Name 
File Name 
Date 

EXCAVATION EXAMPLE 
EXAMPLE4.EMB 
10/03/91 

Client ANY CLIENT 
Project Manager MR, JOHN DOE 
Computed by aum 

Settlement for X = 20.00 (ft) 

Embankment slope a 10.00 (ft) Height of fi 11 H 10.00 ( ft) 
Embankment top width 20.00 (ft) Unit weight of fill 120.00 (pcfl 
Embankment bottom width 40.00 (ft) p load/unit area 1200.00 (psf) 
Ground Surface Elev. o.oo (ft) Foundation Elev. -3.00 (ft) 
Water table Elev. -5.00 (ft) Unit weight of Wat. 62,40 (pcf) 

LAYER COEFFICIENT UNIT SPECIFIC VOID 
Na. TYPE THICK. COMP. RECOMP. SWELL. 

(ft) 
WEIGHT GRAVITY RATIO Settlement 
(pcf) (in.) 

1 COMP. 3.0 0.800 0.000 0.000 100.00 
2 INCOMP. 7.0 110.00 

COMP. 40.0 0.350 0.000 0.000 127.40 

1.80 

2.78 

1.44 

0.97 

0 .oo 

10.51 

10.51 Total Settlement= 

SUBLAYER SOIL STRESSES 
No.. THICK. ELEV. INITIAL INCREMENT MAX.PAST PRESS. SETTLEMENT 

( ft) (ft) (psfl (psf I (psfl ( in. l 

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 
5 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. I 

Hit arrow keys to display next screen. <F8> Print. <F10> Main Menu 
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EMBANK Appendix B Example 4 

FEDERAL HIGHUAY ADNINISTRATION t-=---=--=-----. 
.,._ ___________________ ,,_ ___ N;dn Naru -----.. t 

A NlcroCONJll,lter progr■N for CONJll,ltlng ona 

project Daflnltlon 
soil Profile and 110ll PAI'.,., 
Uatar tabla d■finition 
Stress histor11 
Uartic■l stress inc-nt 
s11st■N or Units 
MctlnLHn f 1le 
Run progr■N 
Exll to DOS 

dl11enslon■ l -prasston uertlc■ l settl-t ----------=-----~ 
due to etlb■ nllllent loads. Tha progrM follows 
the equations presented b!I L■NbelUJlltMn t--=--------=--=---1 
(1969), L■dd (1973) and PouloslDauls (1974>. 
For tha case of• strip S!lfllllllrlc■ l uartlcal 
aNbanluwnt loacllng lha prograN superiNposes 
tuo u■rtical ■Nb■nkN■nt loads. For tha 
lncr.-nt of uartical stresses at and of 
fill, the progr■N suparlNposas a seri- of 
rectangular loads. 

PROTOTYPE ENGINEERING INC. 
57 Ueslland Avenue 

Ulnchastar, t1A 81898 
(617> 729-2363 

Attn. Dr. Alfredo Urzua 

Ent.er laU.ar onl11, or use arro- than .,-1 ► Hake salactlon. 

EnBANK nAIN nENU - l'IAIN'l'AIN FILE OPTION 

FEDERAL Hl&HUAV ADnINISTRATION 

1-------------------•,--=-- l'laln n■nu ----,t 

A Nicroco,.uter progl'lll'I for coNputlng ona 
dlNBnslon■ l co....-lon vertical sattl■NBnt 
dua to ■Nlllnluwnt. loads. Tha prograN follows 

project Definition 
soil Profile and sall par■N, 
Uater table deflnltlon 
Stress history 
Uartlcal strass lnc-nt 
s11st■N of Unlts 

l'lainbin file 

Ratriaua flla 
Claar antrl-

tha aquatlons ,-nt.ed b!, LaNba&UhitNan ........ _. ______ _. •--..... 
(1969), L■dd (1973) and PouloslDauis (1974). 
For tha - of a strip ~trlcal uartlc■ l 
■NbankNBnt loading thll prograN suparlNposas 
tuo uartlcal athanlumnt loads. For tha 
incr■NBnt of VID'lical stresses at and of 
fill, tha prosra,t superlNposas a sarlas of 
ract■ngular loads. 

PROTOTYPE El'GINIERING INC. 
57 Uastland Auanua 

Ulnch-t.er, 11A 81898 
(617> 729-2363 

Attn. Or. Alfredo Ursua 

Enter letter onl11, or use ■rrous then._. ► Nake selection. <Esc> ► l'laln nenu 

l'IAIN'l'AIN FILE NENU - SELECTION OF SAUE FILE 
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EMBANK Appendix B Example 4 

FEDERAL HIGHIJA',/ ADl'IINISTRATION t----=------
i---=---..... -----=--=--=--------,---- ll-1n 11enu .................. .,. 

project Definition 
soil Profile and soil J)iU'.,., 
Uat■r table definition 
St.rHs history 
U■rt.lc■ l stress lncr.-nt. 
syst.e" of Units 
Me11inLun file 

Run fl Naintaln file 1 A Nlcroco"put.er progra" for co"putlng one Exit @§i◄Qj- 1 
dl"enslanal co"presslon vertical set.ti Dest.lnat.lon Flle 
due to etlba.nluenl loads. The progrvi f EXANPLE4.E"B the eqwitlons presented by La..tie&U.__ _______________ _, 
(1969), Ladd (1973) and PouloslDavls (1974>. 
For the case of• st.rip S!fl'l"etrlcal vertlCill 
e"b■nkrent loading the progra" superlPl)IClses 
luo vertlCill •"bankM■nt loads. For th■ 
lncr-.nt. of vertical stresses ■t end of 
fill, the progra" sup■ri"poses a sari- of 
rectangular loads, 

PROTOTYPE ENGINEERING INC. 
57 Uestland Avenue 

Ulnchest.■r, 11A 81898 
(61'7) 729-2363 

Attn. Dr. Alfredo Urzua 

Ent.er letter only, or us■ ■rrous t.h■n 4-,I ► 11ak■ select.ion. (l!sc> ► Naln 11■ nu 

SAUING INPUT FILE AS EXANPLE4.E"B 

FEDERAL Hl&HUAY ADIIINISTRATION 

t-----=-=----=-=-====--===,r--=-====- 11illn tlenu ==-====i 

A llicroeoMpUtm- progr- for coMput.ing on■ 

proJect Definition 
soil Profile and soil paraM. 
Uater table clefinltlon 
Str■ss hh:tory 
U■rtlcal strwss lnc.-nt 
syst■M of Unit.a 
llalnt■ ln file 
Run progrui 

dhtenslonal CO"Pr■alon vertical sett.leMent ._ ______________ ,. 

due to eMbanlumnt loads. The prograM follous 
the equations in-nt.ed by LaMbe&UhltMan t=--=------=-=--==-=-t 
(1969), Ladd (1973> and PouloslDavls (1974). 
For the - of a st.rip sy-trlc■l vertical 
eMb■nkMent loadlns the progr■M superlMposes 
tYO uertlcal 8"banlu'8nt. loads. For the 
lncreMent or vertical stresses at end of 
fill, the prolfl'UI superlMposes • s■rl■s or 
rectangular loads. 

PROTO'l\'PE ENGINEERING INC. 
57 Unt.l■nd Avenue 

Uinchester, 11A 01890 
(617> 729-2363 

Attn. Dr. Alfredo Urzua 

Enter letter only, or use ■rrous then 4-,I ► "ak• selection. 

EffllAfl< NAIK IIENU - EXII TO DOS OPTION 
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EMBANK Appendix 8 Example 4 

FEDERAL HJGHIIAY ADNIHISTRATIOH 

1--------------------•r-~-- tlain l'lenu --===--=-=1t 

A Nlcraca,iputer pragrM for caMputing on■ 
dlMnslon■ l ca..,.-lan uertlcal s■ttleM■nt 
du■ to ■l'lb■nluant loads. The prograN follows 
th■ equatlans pr■sant.ed by L■Mb■&UhitNan 
(1969), Ladd (19?3) and PouloslDavls (19?◄). 
For th■ case ar a strip ~MMetrical vertical 
■MbankNent laading the pragraM sup■rlMposes 
tuo vertical ....,_nk,-nt loads. For the 
incr■Nent of uart.lcal stresses at end of 
fill, the pro!JrU! sup■rlNposes a s■rl■s of 
r■clan9ular laads, 

praJect Definition 
sail Prarlle and aoll p;ar•"· 
Uater table definition 
Stress history 
U■rtic■l str■ss l ncr■t9nt 
syst■N ar Units 
Nalnl■ ln rll■ 
Run progrlU'I 

Exit to DOS .---....i 
Na 

PROT HG INC. 
S7 Liest.land Auenu■ 
Ulnchest■r, 11A 01890 

(1,17) 729-2363 
Attn. Dr. Alfredo Urzua 

Ent■r latter only, ar use arrows then "4-1 ► Nake selection, <Esc> ► l'l■ ln Nenu 

EXIT TO DOS NENU - YES OPTION 
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