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INTRODUCTION

In a letter dated January 13, 1972, Mr. K. A. Allemeier, then Engi-
neer of Soils, requested the Research Laboratory to produce a computer
model of the Housel method for the analysis of slope stability.

The Housel method, as presented in the MDSHT "Manual of Soil Engi-
neering' (1970), can be used quite easily with a desk calculator or a slide
rule to calculate for the length of the critical plane of sliding (L) when the
overload ratio (R) is known, However, when L is given and R is the depen-
dent variable, the calculation runs into a higher degree equation requiring
aseries of approximations for the solution, The procedure, which becomes
a tedious process with a desk calculator, takes only a few seconds of run
time on an electronic data processing system.

The computer model, as requested, is written in FORTRAN and has
been set up for time-sharing to make it accessible in District offices hav-
ing remote units. Mr. L. K. Heinig of the Soils Section provided the sample
problems and solutions. He also contributed valuable ideas toward inclu-

sion of some run options that will prove helpful to users of the computer
model. '

DESCRIPTION

Program Q12077 is an operational time-sharing computer program for
slope stability analysis using Housel's shearing resistance method as des-
cribed in the 1970 "Field Manual of Soil Engincering' of the Michigan De-
partment of State Highways and Transportation, ‘

The slope stability analysis consists, essentially, of relating the value
of the overload ratio (R) with the length of the critical plane of sliding (L),
given a combination of active and passive driving forces on the one hand and
soil resistance components on the other.

The diagram and stability equation (Fig. 1) show the shear factors and
the driving and resistance forces which together determine the stability of
an embankment or an excavation.




"1981%] ST J9A3Y0IYA ‘P 20 [ 95))
"aUe]] BUIPBOT 94} SAOQY IBJSUTIT, TUBIA M o

pioey p P pioy P .
0= ——— - — - YA - g% — 4y — - T s
°qg 8 TYHX 14’ °1
- AUE §3210 J0ue ) aueld B INSSILJ (o) ..mmummmﬁm a3reqomng
8189y yelS  -ISISRY peop mopyg  pedofeas(g eI e] m®e
1dn salsseJ  IBIIUsE  uoljnqLNSI(g JAIY AINY
-ue] 1813}87]
01 NOILVADY
aubi|d Dul
-plIS DO Uo T P L T P
IDBYS 9SJ9ASUDI| =3S S .
4D3YS °se °s2 ﬂ
abbiaay pojybiap =°9 Dg Dg P
ﬂmcc_& od_vco.d \ %
; dy 2s % o ﬂ
oy Oum um Sy
us h




The symbols stand for the following:

h - Total height of soil layers in the active zone.

h, - Total height of soil layers in the passive zone.

d - Critical depth, or depth from loading plane to critical plane of
sliding

L - Length of critical plane of sliding

W - Unit weight of soil

S; — Horizontal shearing resistance available at critical plane of sliding

Sg ~ Shear developed on the vertical plane. It is limited by S;and must
be less than, but may be equal to, the available shear resistance
on that plane, If h is less thand, 8, is less than or equal to 5; x

%. If b is greater than d, ASe is less than or equal to S¢.

S, - Weighted average shear
R - Overload ratio

The advantages of using an electronic data processing unit to calculate
for R in the Housel equation are easily seen.

Program Q12077/QTSS is written in FORTRAN. At the present time,
it is accessible only through one of the remote units in the Highway Build-
ing, the Testing and Research Laboratories, and some District offices. It
had been decided that card input not only takes time to prepare for the ini-
tial run, but also requires a resubmifting of the cards if some reworking of
the data becomes necessary. It is this time requirement which makes card
input non-feasible for use outside of the Highway Building.

The conversational mode in which Program Q12077 is written allows
the user considerable flexibility to:

1. Induce various combinations of simulated loading and soil layer
conditions.

2, Modify data on line and have calculations reworked until heis satis-
fied with the results.

3. Obtain a neat print-out of both input and answers.

All input instructions are displayed on the remote unit, a convenience
for those who use the program infrequently. Schedule files may be built by
users who intend to terminate their runafter the initial gsolution, or by those
who know beforehand how they wish to rework their data. Schedule files




are especially helpful tousers who donot have the time to sit at the remote
unit and wait to enter input data between instruction print-outs and inter-
mediate calculations,

CAPABILITIES

The program can handle a maximum of 25 initial soil layers, and can
perform an almost unlimited amount of reworking, If R is the dependent
variable, the program uses a 10-step approximation process to arrive at
an L value within 0,04 of the given L. Either the metric or English system
of units may be used, provided all the data in a given problem are consis-
tent within one system. :

The rework options available are: ‘

1. Change elevations of the active top, passive top, and load plane

2. Change value of critical depth (D), length of eritical plane of slid-
ing (L), or trial overload ratio (R)

3. Change the amount of surcharge

4, Zero out Fa and Fp

5. Delete or revise zone layers.

Also available are:

1. A recovery procedure which allows the user to retrieve his original
layer data after he has made some revisions on it,

2. A back-~tracking procedure which enables user to correct data which
had been entered erroneously for any reason.

3. A procedure which enables the user to terminate a run at any input
location other than the normal end of job.

Appendix A is a listing of the computer program Q12077/QTSS.

Details of input, rework options, and the above procedures are given
in the User's Guide (Appendix B).
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USER'S GUIDE - PROGRAM Q12077
HOUSEL'S METHOD OF SLOPE STABILITY ANALYSIS

Desecription

The input mode of the program is conversational, that is, statements
calling for the appropriate input entries are displayed, after which a ques-
tion mark is displayed to indicate that the program is ready to accept the
data entry. Rework, termination, and back-tracking options are available.
A schedule file may be created to have the run scheduled and the output file
retrieved later in the day. An option to send output to the printer unit may
be clected at the beginning of each run.

Program Q12077/QTSS can be accessed from any MDSHT computer
user code. A single run without rework takes about 7 minutes elapsed time
at the remote unit under normal conditions, Simple rework such as chang-
ing surcharge, zeroing out Fa or Fp will add 1 or 2 minutes each to the
total time. Larger rework procedures such as adjusting active and passive
tops and load plane elevations or changing soil layers add about 4 to 6 min-
utes,

Scheduling takes about 5 minutes of terminal time. To print the output
file, allow 3 minutes forevery 72 records of output {one foot length of printed
paper}. Executing the program on line does not require much more time
than scheduling the subsequent printing of output, but scheduling has defi-
nite advantages when the remote unit time available is limited. However,
executionon line offers the user the advantage of being able to rectify input
errors as soon as they are spotted.

Capabilities

Program Q12077/QTSS can handle a maximum of 25 soil layers. After
the initial run, the rework option may be entered any number of times, 1li-
mited only by the amount of time available tothe user tospend at the remote
unit. When the overload ratio (R) is entered as the dependent variable, the
program requires entry of a trial value for R which it uses in a 10-step
approximation process toarrive at an L (length of eritical plane of sliding)
value within 0,04 of the given L. An option for an additional 10-step ap-
proximation may be elected. However, if the L value shows no sign of be-
ing approached by approximation, the user is re-routed to enable him to
re-enter a new trial R or a new L-R combination,




An optionat the beginning of the runallows the user who plans to sche-

dule his run to send the output to the printer unit downtown., This option is

especially useful if the remote unit is kept so busy that the user has very
little chance of getting back on to print his output file. It does not exclude
the userfrom printing his output file on the remote unit when he has a chance

to do so.

The program can handle either metric or English units but all input for
a problem must be consistent within one system of units.

Procedure

Except for names, identification, and titles, all input items are entered
free field, separated by commas. On schedule files, each line, except the
first 2 or 8 lines, must end with a comma, The following are the input
items in the order given:

?

YES or NO
(YES to send output to printer unit, NO otherwise)

Name, Division, Office Phone - 72 characters maximum
(Where to send printer output if first input is Yes. I first inpuf is
No, this entry is omiited.)

Project and other identification - 72 characters maximum

Soil layer data (may consist of several lines, 5 items each)
The items are: Layer number, elevationof top of layer, unit weight,
yield shearing resistance, angle of pressure transmission® .
The last line must consist of the following:
99, bottom of elevation of lowest layer, 0, 0, O,

Elevations of active top, passive top, ‘loadihg plane
Depth from loading plane to critical plane of sliding

Four nines (9999) entered here forces the program to compute the
maximum value of depth from the given data,

Options to correct or change layer data just presented
Enter O (zero) if layer data needs no change.

Enter 1 if some of the layers have to be deleted.
Enter 2 if layers have to be corrected or replaced.



? Live load surcharge

? Length of critical plane of sliding and overload ratio R. One of these
must be the dependent variable and must be entered as 9999.

? Trial overload ratio R
Options

When the initial solution has been completed, the user is presented with
three options:

1. Terminate the run, in which case he enters a 0 (zero), to be fol-
lowed by another 0 (zero) after the next question mark is displayed.

2, Start a new problem {enter 1),
3. Rework the problem with changes in data (enter 2).

If the rework option is elected, one of the following codes must be en-
tered next:

3 or 13 To change elevations of active top, passive top, andload plane.
4 or 14 To change the value of D

5 or 15 To change the value of L or R or both

6 or 16 To change the value of trial R

7or 17 To zero out I active or F passive

8 or 18 To revise soil layers

9 or 19 To change the value of surcharge

The corresponding codes 13 to 19 are entered when the user is prepar-
ing to rework a set of soil layers which are a result of previous soil layer
changes in the same problem. However, if the user wishes to get back to
his original soil layers of the initial run, he should enter codes 3 to 9.

Back-Tracking to Correct Input

There are instances when the user executing the program on line be-
comes aware of aninput errorafter he is several entries ahead, or just af-
ter hehas depressed the left-arrow key. When this situation occurs, input-
ting 99999999 (eight nines) for the first item of the next entry, zero-filling
the data line as necessary, will cause the program to jump back to the pre~
vious input location point, thus enabling the user to enter the correct data




this time. By successive back-tracking, this routine can be used to correect
erroneous data several lines behind the point of discovery.

Terminating a Run At Any Input Location

If the user desires to terminate a run at any input location, he must
enter 9999999999 (ten nines)for the first item of that input entry, zero-fill-
ing as necessary. This procedure will send the program to the routine for
normal termination of job.

Building a Data File

After the user has become comfortable with the sequence of data en-
tries, he may wish to build a schedule data file. Schedule files consist of
a command toexecute a program, followed by the data in the same order that
they would occur if they were input on line. The file is then scheduled to
anoutput file and the user is free to leave the remote unit or perform other
computer work on the terminal, After some time, and before 4:30 p,m.,
the output file (containing the solution) may be accessed and printed.

Assistance

Q12077/QTSS is anew program and, although the testing has been thor-
ough, is still sensitive to unforeseen option combinations. Because some
changes in the program may need to be made from time to time, the listing
which is attached may not be the latest version. However, a copy of the
current listing will be available upon request. For assistance in building
a schedule file, or assistance in running the program, or if a run is yield-
ing wrongor weird answers, please get intouch with Josette Portigo, Soils
Research Unit, Research Laboratory, Lansing, Michigan, Telephone 1-517-
373-7598.
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OVERLOAD RATIO (R) KNOWN,

LENGTH OF CRITICAL PLANE OF SLIDING (L) IS CALCULATED IN ONE STEP,

SURCHARGE REWORK IS ALSO SHOWN.

R Q12077/92715S«
R UNNI NG

DA YAU WANT AUTPUT SENT TP PRINTER -- YES, N@
7 Ne

ENTER TITLE T@ 72 PeSITIANS MAXIMUM
? SAMPLE O - R KNOWN, REWPRK SURCHARGE-

ENTER LAYER DATA: wg;, o TAP ELEV GAMMA SHEAR K THETA

LAST LINE ENTER 99 LAQT LAYER BﬁTTﬂM ELEV, 0 ,0,0,
? 1,603,130,300, 45, -

? 2,591, 130,160, 45«
? 99,543,0,0,0,¢
LAYER TgP ELEV  GAMMA SHEAR H  BGTM ELEV
1 603,00 130,00 300,00 12,00 591.00
2 591,00 130,00 160,00 48,00 543,00

SPIL LAYFERS ARE DEFINED,

ENTER ELEV 9F ACTIVE T@P, PASSIVE TOP, LMAD PLANE
? 603,588,572, «

ENTER 9995 T# CAYPUTE D FRoM DATA, ELSE ENTER ACTUAL D.

? 9999, «
N@. OF LAYERS IN ACTIVE ZONE = 2 .
! 603.00 139,00  300.00 12,00 551,00
2 591,00  130.00 160,00 19,00 572,00

N@. 2F LAYERS IN PASSIVE ZoNE = |
| 588 .00 130,00 180,00 16,00 572 .00

N@. @AF LAYERS BELZW LPMAD PLANE = |
H 572,00 130.00 160.00 29,00 543,00

PLEASE CHECK LAYERS JUST PRINTED, :
ENTER 0,1 ,PR 2 F®R NA CHANGE  DELETE, REPLACE,
20, «

ENTER LL SURCHARGE
70,

~13-

THETA

45,00
45.00

45,00
45.00

45.00

45.00



ENTER L, R, USING 9995 FP#R DEPENDENT VARIABLE.
29999, 1.9,«
AT RATIO = 1.900, 1 = 27,769
ACTIVE STATIC SHURCHARSE = 116870.00
FA = 42231 ,46 FP =  26368.00 D = 29.00
TRANSY SHEAR N CRIT. SLIDING PLANE = 160,00
YT, TRANS ABOVE L.P, = 6211,61 SA = 160,00
DEV. PRESSURE + LAT. DISTR, BELAW L.P. = 52896,00
PASSIVE STATIC FPRCES = 60320,00 UPLIFT RESISTANCE = 4864.00

ENTER 0,1, 2 F#R EXIT,

[

NEW PRPBLEM,

2% REWERK,

YA ARE WORKING WITH PRIGINAL S@IL LAYERS.

ENTER 3-9 T/ REWARK ARIGINAL LAYERS,

13«19 T? REWARK LAST REPLACEMENT LAYERS,

ENTER REWARK ZPTIANs

FAR NEW D,
FOR 7ER¢ FA & FP,

T® REVISE ACTIVE,PASSIVE T#PS, L7AD PLANE ETC.
NEW L AND R,

NEW TRIAL RATID
CHANGE LAYERS, CHANGE SURCHARGE.

EMTER SURCHARGE INCREASE @R DECREASE(NEG,)

7 200, ¢

ENTER L, R, USING 9999 F@AR DEPENDENT VARTABLE,

29999 ,2.,2  «

AT RATI® = 2,200, L = 15.989

ACTIVE STATIC SHURCHARGE = 122670.,00
FA = 44273 .61 FP = 27904.00
TRANSYV SHEAR @AN CRIT. SLIDING PLANE
WT. TRANS ABQAVE L.P, = 6211.61

DEV, PRESSURE + ILAT. DISTR. BELAYW L,
PASSIVE STATIC F#RCES = 60320.00

ENTER 0,1,8R 2 F#R EXIT,

2, -

YZU ARE WERKING WITH ARIGINAL SaIL L

ENTER 3-5 T# REWARK GRISZINAL LAYERS,
13«19 T REWGRK LAST REPLACEMEN

D2 Y2l WANT 2APTIZN C@DES PRINTED? |

75, «

NEW PROBLEM,

D 229,00
150,00

160,00

P. 61248 .00
UPLIFT RESISTANCE

SA

5632,00
AR REWPRK,

AY ERS,

T LAYERS,

IF YES,ELSE ENTER REWQORK @APTIZN,

~12-




ENTER L, R

L]

79999 ,2.0,«

, USING 6999 FOR DEPENDENT VARIABLE,

AT RATIO = 2.000, L = 45,030

ACTIVE STATIC SURCHARGE = 122670.00

FA = 45951,15 FP = 26880,00 D = 29.00

TRANSV SHEAR @N CRIT., SLIDING PLANE = 160.00

WT. TRANS ABPVE L,.P, = 6211,61 SA = 160,00

DEV. PRESSURE + LAT. DISTR., BELGW L.P. = 55680,00

PASSIVE STATIC FARCES = 60320,.,00 UPLIFT RESISTANCE = 5120.00

ENTER 0,1,7R 2 FPR EXIT, NEW PRABLEM, AR REWARK,
20, ¢

ARE Y@l SURE THIS IS WHAT vaU WANT T@ D@? - REENTER @PTION CODE.
20, «

CALCULATIANS HAVE BEEN CAMPLETED,
END @F J#B, ELAPSED TIME = 10 MINUTES, 0.8 SEC@NDS

PRAGRAM Q12077/QTSS, SLAPE STABILITY-HAUSEL
RUN DATE: 9-27-74

END Q12077 3,6 SEC.

L KNOWN,
RIS CALCULATED BY APPROXIMATION,
TWO REWORK OPTIONS SHOWN,

R QI2077/QT55«
R UNNI NG

DZ Y@U WANT AUTPUT SENT T# PRINTER -- YES, N@
?7 Nfe

ENTER TITLE T@ 72 POSITIANS MAXIMUM
7T SAMPLE 02 - L KNoOWN, REWORK T@ 7ER® SUT FA, L FP:REWARK Re

ENTER LAYER DATA: NO., T@P ELEV,GAMMA SHEAR, THETA
LAST LINE ENTER 99, LAST LAYER BATTAM ELEV,0,0,0,

? 1,603,130,300,45,«
? 2,5591,130,160,45,
? 59, 543,0,0,0,« |
LAYER T@P ELEV  GAMMA SYEAR H BATM ELEV ~ THETA
I §03,00 130,00 300.00 12.006 ~ 591,00 45,00
2 591,00 130,00 160.00  48.00 543,00 45,00

-13-




SOAIL LAYFRS ARE DEFINED,

ENTER ELEV @F ACTIVE T@P, PASSIVE TOP, LPAD PLANE
? 603,588,572, «

ENTER 9999 T# C@MPUTE D FR@M DATA, ELSE ENTER ACTUAL D.

79999,
NA. AF LAYERS IN ACTIVE 7ONE = 2 ok
1 603,00 130.00  300.00 12.00 591,00 45,00 :
2 591,00 130,00 180.00 19,00 572,00 45,00

NA. PF LAYERS IN PASSIVE ZONE = |
i 588.00 130.00 160,00 16,00 572.00 45,00

NZ., @F LAYERS BELOW L@AD PLANE = |
! 572,00 130,00 160,00 29.00 543,00 45.00

PLEASE CHECK LAYERS JUST PRINTED.

ENTER 0,1,AR 2 FOR N@ CHANGE, DELETE, REPLACE. ?
70, i

ENTER L1 SURCHARGE
20,

ENTER 1., R, USING 9999 FAR DEPENDENT VARIABLE,
? 30,9999, «

ENTER TRIAL RATIO

? 1.6,¢
AT RATI? = 1.600, L = 84,484
STEP = 1
AT RATI® = 2,000, L = 12.81%
STEP = 2
AT RATIA = 1.904, L = 27,124
STEP = 3
AT RATIZ = 1.885, L = 30,88
STEP = 4
AT RATI® = 1.886, L = 30,001

RATI® = |.,R9

t

ACTIVE STATIC SURCHARGE = 116870.00

FA = 42344,07 FP = 26296.21 D = 29,00
TRANSV SHEAR AN CRIT, SLIDING PLANE = 160,00
WT. TRANS AB@VE L.P, = 6211.81 SA = 160.00
DEV, PRESSURE + LAT, DISTR, BELOW L.P, = 52504,98
PASSIVE STATIC FZRCES = 60320,00 UPLIFT RESISTANCE = 4828.14

14—



ENTER 0,1 ,4R 2 F@&R EXIT, NEW PROBLEM, @R REWORK.
72, -

Y2U ARE WPARKING WITH ARIGINAL S@IL LAYERS,

ENTER 3-9 T@ REWRRK PRIGINAL LAYERS,
13-195 T# REWEBRX LAST REPLACEMENT LAYERS.

ENTER REWORK APTIGZN:
T? REVISE ACTIVE,PASSIVE TOPS, L@AAD PLANE ETC.

PR 6 FAR NEW D, NEW L AND R, NEW TRIAL RATI®

3
4’ 59
7, 8, "R S FOR ZERQ FA & FP,  CHANGE LAYERS, CHANGE SURCHARGE.

? 7,

¥

ZER® PUT FA,FP,
ENTER TRIAL RATIA

?1.7,«
AT RATI® = i.700, L = -4,932
STEP - |
AT RATI® = 1,300, L = 52.875
STEP = 2
AT RATIO = 1.458, L = 25.747
STEP = 3
AT RATI? = 1,433, L = 29,481
STEP = 4
AT RATIO = 1,430, L = 30.010

RATIO = 1.43

ACTIVE STATIC SURCHARGE = 116870,00

FA = 0.00 FP = 0.00 D = 29.00
TRANSV SHEAR @N CRIT. SLIDING PLANE = 160,00
WT, TRANS ABOVE L.,P, = 6211.61 SA = 160,00
DEV, PRESSURE + LAT. DISTR. BELAW L.P, = 39811.11
PASSIVE STATIC FORCES = 60320.00 UPLIFT RESISTANCE = 3660.%4

ENTER 0,1,FR 2 FAR EXIT, NEW PROBLEM, #R REVERK.
?2,¢

YR ARE WORKING WITH PRIGINAL S#IL LAYERS.

ENTER 3-9 T@ REWARK ORISINAL LAYERS,
13-19 TQ REWARX LAST REPLACEMENT LAYERS.

D# YAU WANT @PTI@AN CADES PRINTED? | IF YES, ELSE ENTER REWPRK APTIZN,
78, «

~15-




ENTER TRIAL RATI?

?7 13,
AT RATIR = 1.300, L = 169,437
STEP = |
AT RATIA = 1,700, L = 63,253
STEP = 2
AT RATIZ = 1.825, L = 40.076
STEP = 3
AT RATIA = 1.8%0, L = 31.009
STEP = 4
AT RATI® = 1.886, L = 30.031

RATI® = ].R89

ACTIVE STATIC SURCHARGE = 116870.00

FA = 42345,75 FP = 26295.20 D = 29,00
TRANSYV SHEAR PN CRIT, SLIDING PLANE = 160,00
WT. TRANS ABQVE 1,,P, = 6211.,.61 SA = 160.00
DEV, PRESSURE + LLAT. DISTR. BELAW L.P. = 52500,11
PASSIVE STATIC FORCES = 60320.,00 UPLIFT RESISTANCE = 4827.60

ENTER 0,1,AR 2 FPR EXIT, NEW PREBLEM, OR REWARK.
2270, ¢

CARE YPU SURE THIS IS WHAT YoU WANT T2 D@2 - REENTER APTI@N C@DE,
70,

CAILCULATI NS HAVE BEEN COMPLETED.
END AF J@B, ELAPSED TIM® = 11 MINUTES, 15,8 SECONDS

PRAGRAM Q12077/R7TSS, SLZ2PE STABILITY-HAUSEL
RN DATE: 9-27-74

END Q12077 4,9 SEC.

REWORKING ELEVATIONS OF ACTIVE TOP, PASSIVE TOP, AND LOAD PIANE.

R QI2077/QTSS«
R UMNI NG

DA ypll WANT ZUTPUT SENT T® PRINTER -- YES, NO
? N«

ENTER TITLE T9 72 PASITIANS MAXIMUM
? SAMPLE 03 - L KNZWN REWARK ACTIVE,PASSIVE T#PS AND LAAD PLANE«

-16-




ENTER LAYER DATA: N@. K TOP ELEV,GAMMA SHEAR, THETA
LAST LINE ENTER 99,LAST LAYER BATTeM ELEV,0,0,0,

7 1,603,130,300,45,«
? 2,591,130,180,45,«
7 99,543,0,0,0,«
LAYER T@P ELEV ~ GAMMA SHEAR H 3TN ELEV
1 603.00 130,00 300.00 12,00 591.00
2 591.00 130,00 160,00  4%.00 543 .00

SPAIL LAYFERS ARE DEFINED,

ENTER ELEV AF ACTIVE TaP, PASSIVE TAP, L#AD PLANE
? 601,590,580«

ENTER 9999 T@ C@YPUTE D FR®M DATA, ELSE ENTER ACTUAL D.

7 9989, +«
N@., #F LAYERS IN ACTIVE ZONE = 2
H 601,00 130.00 300,00 13,00 591.00
2 591.00 150,00 160,00 11.00 580.00

NA. 2F LAYERS TN PASSIVE 7Z@NE = |
I 550.00 130.00 160.00 10,00 580.00

N#, #F LAYERS BEL@W LAAD PLANE = |
| 580,00 130,00 160.00 37.00 543,00

PLEASE CHECK LAYERS JUST PRINTED.
ENTER 0,1,7R 2 F@AR N# CHANGE, DELETE, REPLACE.
70, «

ENTER LL SURCHARGE
0,

ENTER L, R, USING 9555 FOR DEPENDENT VARIABLE,
? 30,9999, ¢«

ENTER TRIAL RATIA

? 1.8,¢

AT RATI® = 1,800, L = =-51,774
STEP = |

AT RATI® = 1,400, L = 14,522
STEP = 2 '

AT RATIZ = 1,307, L = 36,151
STEP = 3

AT RATIQ = 1,333, L = 29,683
STEP = 4

-17-

THETA

45.00

" 45,00

45,00
45.00

45.00

45.00




AT RATIO = 1,332, L
RATIA = 1,33

i

29.9%2

ACTIVE STATIC SURCHARGE = 101010.00

FA = 18441,.76 FP = 10761.97 D = 37.00
TRANSYV SHEAR @N CRIT. SLIDING PLANE = 160.00
WT. TRANS ASQVE L.P, = 4760.00 SA = 160,00
DEV, PRESSURE + LAT. DISTR. BELAW L.P. = 47307.58
PASSIVE STATIC F@RCES = A8100.00 UPLIFT RESISTANCE = 2130.99

ENTER 0,1,%R 2 F@R EXIT, NEW PROBLEM, 2R REWORK.
7 2,¢ %

YZU ARE WARKING WITH PRIGINAL SMIL LAYERS,

ENTER 3-9 T/ REWORK PRIGINAL LAYERS,
13-19 T¢ REWARK LAST REPLACEMENT LAYERS,

ENTER REWZRK APTIONg

5 TP REVISE ACTIVE PASSIVE T2PS, LOAD PLANE ETC.
4,5, AR 8 FPR NEW D, NEW L. AND R, NEW TRIAL RATI®
7

, B8, AR 9 FOR 7ER® FA & FP, CHANGE LAYERS, CHANGE SURCHARGE.
?73,¢

¢

ENTER ELEV #F ACTIVE ToP, PASSIVE TAP, LPAD PLANE
? 603, 588, 588«

ENTER 9999 T# CAMPUTE D FReYM DATA, ELSE ENTER ACTUAL D.

? 9999,
N, BF LAYERS IN ACTIVE 70NE z 2
{ 603,00 130,00 300,00 12.00 551,00 45,00
2 591,00 130,00 180,00 3.00 588,00 45,00

N@, @F LAYERS IN PASSIVE ZONE = 0

NA, @F LAYERS BEL@W LOAD PLANE = 1
1 288,00 130.00 160,00 45,00 543,00  45.00

PLEASE CHECK LAYERS JUST PRINTED,

ENTER 0,1,AR 2 FAR N CHANGE, DELETE, REPLACE,
2 0,¢

ENTER LL SURCHARGE
20, ~

ENTER L, R, USING 9999 FPR DEPENDENT VARIABLE,
? 30,9999, «

ENTER TRIAL RATIE
? 1.6,¢

~18-



AT RATI® = 1.600, L =  76.811

STEP = | 3
AT RATI® = 2,000, L = 3,480 %
STEP = 2 5
AT RATI® = 1.855, L = 26,181 |
STEP = 3

AT RATIZ = 1.831, 1L = 30.370

STEP = 4

AT RATIS = 1.833, L = 29,995

RATI® = 1,83

ACTIVE STATIC SURCHARGE = 87750.00

FA = 4319,41 FP = 0.00 D = 45,00

TRANSV SHEAR PN CRIT. SLIDING PLANE = 160.00

WT. TRANS AB@VE L.P. = A080.00  SA = 160.00

DEV. PRESSURE + LAT, DISTR, BELAW L.P, = 79191.76 !
PASSTVE STATIC F@RCES = 0.00 UPLIFT RESISTANCE = 0,00 :

ENTER 0,1,0% 2 F@R EXIT, NEW PRMBLEM, @R REWIRK.
20,c

ARE Y2U SURE THIS IS WHAT Y@U WANT T@ D@? - REENTER OPTI@N CPDE,
20, «

CALCULATIANS HAVE BEEN CAMPLETED.
END AF J¢B. ELAPSED TIME = S MINUTES, 58,3 SEC@NDS

PROGRAM @12077/Q0TSS, SLOPE STABILITY-HO@USEL
RUN DATE: 9-27-74

END Q12077 5.3 SEC,

REWORKING SOIL LAYER DATA.
BACK-TRACKING AND CORRE CTING INPUT ERRORS ALSO SHOWN.

R RI2077/QTSS«
RUNNING

DZ Y#U WANT @QUTPUT SENT T@ PRINTER -- YES 6 N2
7 Nbe

ENTER TITLE T@ 72 POSITIONS MAXIMUM
? SAMPLE 04 - L KNAWN, REWARK T2 CHANGE LAYERSe

-]10-



) ) =2

ENTER LAYER DATA: NG@. , TP ELEV GAMMA SHEAR, THETA

LAST LINE ENTER 99 LAQT LAY ER BﬂTT?M FLFV 0 ,0,0,
1,603,130,300,45,«

2 591 150 160 45 “

99,543 ,0,0,0,¢

LAYER TAP ELEV GAMMA SHEAR H BATM ELEV
! 603 .00 1530.00 306.00 12.00 591.00
2 591,00 130.00 160,00 48,00 543 .00

SAIL LAYERS ARE DEFINED,

ENTER ELEV @F ACTIVE T@P, PASSIVE T&P, LUAD PLANE
601,590,590, « -

ENTER 9999 T@ CAMPUTE D FR#M DATA, ELSE ENTER ACTUAL D.
9999, «

N@. AF LAYERS IN ACTIVE ZONE = 2
1 601.00 150.00 500,00 10.00 591,00
2 291,00 130.00 160,00 1.00 590.00
N#. BF LAYERS IN PASSIVE ZgNE = 0

NA, OF LAYERS BELAW LOAD PLANE = |
| 590,00  130.00 150,00  47.00 543,00

PLEASE CHECK LAYERS JUST PRINTED,
ENTER 0,1,AR 2 F@R N@ CHANGE, DELETE, REPLACE,
C,«

ENTER LL SURCHARGE
0,«

ENTER L, R, USING 9999 F@% DEPENDENT YARIABLE.
30,9999, «

ENTER TRIAL RATI®

1.6«

AT RATIA - 1.600, L = -26,736
STEP = |

AT RATI® = 1,200, L = 83,442
STEP = 2

AT RATID - 1.348, L = 23,523
STEP = 3

AT RATI® = 1,324, L = 29,369
STEP = 4

-20-

THETA

45,00
45.00

45.00
45.00

45,00




AT RATIA = 1.322, L = 30,018
RATIO = 1,32
ACTIVE STATIC SURCHARGE = 67210.00
FA = 1930,70 FP = 0.00 D = 47,00
TRANSY SHEAR @Y CRIT, SLIDING PLANE = 160.00
WT. TRANS ABOVE L.P, = 3150.00 SA = 160,00
DEV, PRESSURE + LAT. DISTR, BELAOW L.P. = 59632,37
PASSIVE STATIC FORCES = 0,00 UPLIFT RESISTANCE =
ENTER 0,1,7R 2 F@R EXIT, NEW PRUBLEM, R REWARK.
?2,« |
YU ARE WZRKING WITH @RIGINAL S@Il LAYERS,
ENTER 3-9 T® REWARK ARIGINAL LAYERS,
13- 1q T# REWORK LAST REPLACEMENT LAYERS.
ENTER REWARK @PTI@N:
3 T® REVISE ACTIVE,PASSIVE TAPS, LPAD PLANE ETC.
4, 5, AR 6 FPR NEW D, NEW L AND R, NEW TRIAL RATI®
7, 8, PR S FPR 7ERZ FA & FP,  CHANGE LAYERS, CHANGE SURCHARGE.
? 8,¢

ENTER LAYER REPLACEMENT DATA -

(Z PNE CP@DES 1,2,3 FOR ACTIVE,PASSIVE,BELAW L.P.)
ZPNE CADE,LAYRR, TAP EL,GAMMA S H, THETA

END WITH 7@NE CADE = 99 FoLLAWED BY ZERBES
1,1,603,130,300,12 45, «

1,2.591,130,160,19. 45 «

21,588, 130.160.16.45, «

3.1.572.130 160 +29 145«

99,0,0,0,0

Lot BEav BECS SN I b

L
14
?
9
, 0,

=2

603,588,572, «

ENTER 9999 T2 CAMPUTE D FRa¥ DATA, ELS5E ENTER ACTUAL D,
79999, «

N2, OF LAYERS IN ACTIVE 7ZaNE = 2
1 603,00 130,00 306,00 12 .00 591,00
2 591,00 130,00 160,00 19.00 572,00

NB. OF LAYERS IN PASSIVE 79NE = |
I 588,00 130,00 160,00 18,00 572,00

N@., AF LAYERS BELAW L2AD PLANE = |
! 572,00 130.00 160.00 29.00 543.00

PLEASE CHECK LAYERS JUST PRINTED,

ENTER 0,1,7R 2 F@R N@ CHANGE, DELETE, REPLACE,
70,

=21~

ENTER NEW ACTIVE PASSIVE T7PS AND L#AD PLANE, ELSE 0,0,0,

0.00

45.00
45.00

45,00

45,00




ENTER L1l SURCHARGE
7 0,«

ENTER L, R, USING 5999 F#R DEPENDENT VARIABLE,
30,9999, «

ENTER TRIAL RATIO

7 1.8,*
AT RATIS = 1,800, L = 44,478
STEP = | -
AT RATIA = 2.200, 1. = =-12.770
STEP = 2
AT RATI® = 1.901, L = 27,589
STEP = 3
AT RATIZA = 1.883, L = 30,429
STEP = 4
AT RATIZ = 1,886, L = 29.996

RATIZ = 1.89

ACTIVE STATIC SURCHARGE = 116R70.00

FA = 42343.97 - FP = 26296,33 D = 29.00
TRANSV SHEAR @N CRIT. SLIDING PLANE = 160,00
WT, TRANS ABAVE L.P. = 8211 .41 SA = 160,00
DEV, PRESSHIRE + LAT, DISTR, BELAW L.P., = 525068.21
PASSIVE STATIC F@RCES = S0320,00 UPLIFT RESISTANCE = 4828.17

ENTER 0,1,2R 2 FeR EXIT, NEW PR@BLEM, OR REWORK.
7 1,e

ENTER TITLE TO 72 POSITIANS MAXIMUM
SAMPLE 05 - REVISE LAYERS TP C2RRECT INPUT ERRIR.BACKTRACKINGe

=3

ENTER LAYER DATA: N&,, TP ELEV,GA™MYA SHEAR, THETA
LAST LINE ENTER 99 ,LAST LAYER B2TT2M ZLEV,0,0,0,

7 1,603,130,300,45,«
? 2.592.130,260 .45 «
? 99,543 ,0,0,0,¢
LAYER T@P ELEV  GAM™A SUEAR H RATH ELEV ~ THETA
1 §03.00  130.00 300,00 11,00 592,00 45,00
2 592,00 130,00 260,00 49,00 543 ,00 45,00

S721L LAY ERS ARE DEFINED,

ENTER ELEV #F ACTIVE T@P, PASSIVE TP, L@AD PLANE
799999999,0,0,

PP




ENTER LAYER DATA: N@,,K T@P ELEV, GAMMA SHEAR, THETA
LAST LINE ENT3R 99,LAST LAYER BoTT@M ELEV,0,0,0,

7 1,603,130,300,45,«
2,592 ,130,160,45, «
77 99,543,0,0,0,«
LAYER T@P ELEV  GAMMA

1 603,00 130,00
2 592 .00 130.00

SAIL LAYERS ARE DEFINED,

SHEAR H BATM ELEV

300,00 11.00
160,00 45,00

592.00
543 .00

ENTER ELEV AF ACTIVE T@P, PASSIVE T#P, LAAD PLANE

? 605,588,572«

ENTER 99%9 T4 C@MPUTE D FR@YM DATA, ELSE ENTER ACTUAL D.

29999,

TAPLINE ENTERED IS UP IN THE AIR ABOVE TAPMAST LAYER.

ENTER ELEV #F ACTIVE T@P, PASSIVE T@P, L@AAD PLANE

? 603,588,572, «

ENTER 9995 T CAMPUTE D FR2M DATA, ELSE ENTER ACTUAL D,

79999, «

N@. AF LAYERS IN ACTIVE ZONE
1 603,00 130.00
2 592,00 130,00

-

a

300.00 11.00
150,00 20.00

Na., AF LAYERS IN PASSIVE 7ZPNE = |

1 582,00 130,00

150,00 16.00

N7, #F LAYERS BEL@W L@aD PLANE = |

1 272,00 130.00

180.00 29,00

PLEASE CHECK LAYERS JUST PRINTED,

ENTER 0,1,PR 2 FOR NG CHANGE,
2 0,e

ENTER LI SURCHARGE
? 300,

ENTER L, R
? 30,9999«

ENTER TRIAL RATIM

DELETE, REPLACE,

, USING $999 FAR DEPENDENT VARIABLE,

21.8 ,«
AT RATIQ = 1,800, L = 101,730
STEP = |

-23-

592.00
572 .00

572,00

543.00

THETA

45.00
45.00

45.00
45,00

45,00

45,00




AT RATI? = 2,200, 1 = 32.818
STEP = 2
AT RATIA = 2.216, L = 30,55%
STEP = 3

AT RATI? = . 2.220, L
RATIOA = 2,22

30,003

ACTIVE STATIC SURCHARGE = 125570.00

FA = 46997.98 FP = 28008, 43 D = 29.00
TRANSV SHEAR @N CRIT, SLIDING PLANE = 160,00
WT. TRANS AB@VE L.P, = 6020 .65 SA = 160.00
DEV, PRESSURE + LAT, DISTR, BELAW L.,P., = 61815.56
PASSIVE STATIC FPRCES = 60320,00 UPLIFT RESISTANCE = 5684,21

ENTER 0,1,8R 2 FPR EXIT, NEW PRABLEM, R REWARK.
0,

ARE v@U SURE THIS IS WHAT Y&l WANT T® D@? - REENTER @PTIAN CODE.
20, «

CALCHLATIANS HAVE BEEN CAMPLETED,
END @2F @B, ELAPSED TIHE = 7 MINUTES, 18,5 SEC2ZNDS

PR 2GRAM QlZO?T/QTSS, SLLAPE STABILITY-HAUSEL
RUN DATE: $-27-74
END 212077 8.3 SEC,

SCHEDULING A RUN AND RETRIEVING THE OUTPUT FILE ON THE REMOTE UNIT.

MAKE QHDATI «

FILE:QHDATI - TYPE:SER -- CREATED
#

SEQ 10+10«

10 R RI12077/Q7TSS«

20 YES«

30 & DAE, T&R RESEARCH LAB, 37598«
40 TEST PRINTER APTI®ZNe

50 1,603,130,300,45,«

60 2,591,130,160,45,«

70 $9,543,0,0,0,¢
0 803,590,590, «
90 9999, «

100 0,«

110 0,«

120 30,9999, «
130 1.8,«

-4




140 2, ~
150 3,
160 601,590,578, «

FILE: QHDAT! - TYPE:SEQ -- SAVED,

SCHEDULE QHDATI T@ QHDAT2«
WATT,

END SCHEDUL 1.1 SEC.

STATUS AHDATZ «
SCHEDULED.

STATUS QHDATZ «

DANE,

WHATS QHDATZ «

FILE QHDATZ, TYPE INFO, 169 RECARNS, CREATED 09/27/74 (1404)
# .

P QHDATZ

R R12077/Q7SS
DUNNI NG

DR YAU WANT gUTPUT SENT TA PRINTER -- YES N@
27 YES
WHERE D@ YAU WANT PRINTER AUTPUT SENT --
ENTER NAME DIVISIAN, OFFICE PHANE
77 J DAE, T&R RESEARCH LAB, 37598

ENTER TITLE T@ 72 P2SITIANS MAXIMUM
27 TEST PRINTER OPTION

ENTER LAYER DATA: NA, K T@P ELEV, GAMMA SHEAR, THETA
LAST LINE ENTER 99,LAST LAYER BaTTm™ ELEV,0,0,0,

27 1,603 ,130,300,45,

77 2,591 ,130,160 45,

77 99,543,0,0,0,

25~

SF=2




LAYER TOP ELEV GA MMA SHEAR H BATM ELEV THETA®

I 603,00 130,00 300.00 12,00 591.00 45,00
2 591.00 130,00 160.00 48,00 543,00 45.00

S@11. LAYERS ARE DEFI NED,

ENTER ELEV @F ACTIVE T@P, PASSIVE T@P, LOAD PLANE
7?7 603,590,590,

ENTER 9995 T CAMPUTE D FR®M DATA, ELSE ENTER ACTUAL D,
7?7 9999,

NA. @F LAYERS IN ACTIVE 78NE = 2

1 803.00 130,00 500.00 12,00 591.00 45.00
2 551.00 130.00 160,00 1.00 590,00 45,00

N#., @F LAYERS IN PASSIVE 7ZPNE = O

N@., @F LAYERS BELAW LPAD PLANE = | 1
1 590.00 130,00 160.00 47,00 543 .00 45.00 |

PLEASE CHECK LAYERS JUST PRINTED.

ENTER 0,1,AR 2 F@R. N CHANGE, DELETE, REPLACE,
77 0,

ENTER LL SURCHARGE
27 0,

ENTER L, R, USING 9999 FAR DEPENDENT VARIABLE,
77 30,9999,

ENTER TRIAIL RATICZ

77 1.8,
AT RATI® = 1.800, L = -12,538
STEP = |
AT RATIO - 1.400, L = 69,568
STEP = 2
AT RATIZ = 1,594, L = 24,613
STEP = 3
AT RATI® = 1,571, L = 29,392
STEP = 4
AT RATI® = 1.568, L = 30,010

RATI® = 1,57
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ACTIVE STATIC SURCHARGE = 79430.,00

FaA = 2598 .44 FP = 0,00 D = 47,00
TRANSV SHEAR @N CRIT, SLIDING PLANE = 160,00
WT. TRANS ABO@VE L.P, = . 3760,.00 SA - 160.00

DEV, PRESSURE + 1,AT, DISTR. BELAW L.P., = 70740.24

PASSIVE STATIC FARCES = 0.00 UPLIFT RESISTANCE

ENTER O,1,7R 2 FAR EXIT, NEW PROBLEM, PR REWARK.
27 2,

YZU ARE WORKING WITH PARIGINAL SAIL LAYERS,

ENTER 3-5 T@ REWARK ARIGINAL LAYERS,
15-19 T@ REWERK LAST REPLACEMENT LAYERS.

ENTER REWARK 2PTIAN:

0.00

CHANGE SURCHARGE,

3 TA REVISE ACTIVE,PASSIVE T@PS, L%AD PLANE ETC.
4, 5, @R 6 FPR NEW D, NEW L AND R, NEW TRIAL RATI®
7, 8, /R 9 FPR ZER@ FA & FP, . CHANGE LAYERS,

77 3, \

ENTER ELEYV @F ACTIVE T@P, PASSIVE T@P, LOAD PLANE
27 601,550,578,

ENTER 9999 T@ CAMPUTE D FROM DATA, ELSE ENTER ACTUAL D.

7?7 9999,
N#., OF LAYERS IN ACTIVE 7ONE = 2
{ 601,00 130.00 300.00 10,00 591,00
2 581,00 130,00 160.00  13.00 578,00

N@. WF LAYERS IN PASSIVE ZONE = |

| 590,00 130.00  160.00. 12.00 578.00

NG, AF LAYERS BELCW L@AD PLANE = |

H 512,00 130,00 160,00 35.00 543,00

PLEASE CHECK LAYERS JUST PRINTED.
ENTER 0,},7PR 2 FPR N@ CHANGE, DELETE, REPLACE.
27 0,

ENTER LL SURCHARAE
77 300, |

ENTER L, R, USING 9999 F@R DEPENDENT VARIABLE.
7?7 30,9999,

ENTER TRIAL RATI®

2?7 1.6,
AT RATIP = 1,600, L = 38,431
STEP = |

-97-
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45.00

45,00

45,00




AT RATI® = 2,000, I = -26,655

STEP = 2

AT RATIP = 1.652, L = 28,130

STEP = 3

AT RATI® = 1.640, L = 30,433 ;
STEP = 4 - N
AT RATI® = 1.642, L = 29,997 5

RATIZ = 1,64

ACTIVE STATIC SURCHARGE = 115150.00

FA = 26406,92 Fp = 15665,90 D = 35.00
TRANSV SHEAR AN CRIT. SLIDING PLANE = 160,00
WT., TRANS ABAVE L.P, = 5080.00 5A = 160,00
DEV. PRESSURE + LAT, DISTR, BELAW L.P, = 55176,4l
PASSIVE STATIC FARCES = 54600.00 UPLIFT RESISTANCE = 3152.95

ENTER 0,1,0R 2 FOR EXIT, NEW PRABLEM, PR REWORK,
27 0,

ARE YAU SIRE THIS IS WHAT YAU WANT T2 D@? - REENTER @PTI@N CODE,
77 0, :

CALCULATIANS HAVE BEEN C2MPLETED,
END #F J@B, ELAPSED TIME = 2 MINUTES, 35,2 SECZNDS

PREGRAM Q12077/2TSS, SLAPE STABILITY-HAUSEL
RUN DATE: 9-27-74

END Q12077 5.4 SEC,

BYE
C&E USE 1,0 SEC.
EXECUTE 5.4 SEC,
I TIME 7.5 SEC,
GPADRYE QTANDR
09727774
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