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I INTRODUCTION

The Apache Junction Floodway consists of a rectangular concrete lined channel,

energy dissipator, and trapezoidal earth channel which outlets into the Apache

Junction FRS. The concrete portion of the floodway varies in width from

The main project features include the Apache Junction Floodway, Flood

Retarding Structure, Outlet Channel, and Bulldog Floodway. These features are

part of the Buckhorn-Mesa Watershed Project in Maricopa and Pinal Counties,

Arizona. The Buckhorn-Mesa Watershed has a total area of approximately 108

square miles.

In April 1985, Ebasco Services Incorporated was awarded a contract for the

design of the Bulldog Floodway and Apache Junction Floodway, Flood Retarding

Structure (FRS), and Outlet. The contract consists of five phases: Phase I _

Site Characterization and Comparative Design Studies, Phase II _ Soil

Mechanics Report, Phase III - Preliminary Design, Phase IV _ Final Design and

Phase V - Service During Construction. This Soil Mechanics Report is

submitted in fulfillment of the Phase II contract requirements.

1

The Apache Junction Floodway and Flood Retarding Structure control a drainage

area of 5.72 square mi 1es. The total watershed to the end of Bull dog Floodway

is 11.4 square miles. The Apache Junction Floodway intercepts flow from the

drainage area between the Apache Trail Highway and the Apache Junction FRS and

conveys those flows to the FRS. The Bull dog Floodway intercepts flows from

the drainage area between the Apache Junction FRS and the Signal Butte FRS and

conveys those flows, along with the outflow from the Apache Junction FRS, to

the Signal Butte reservoir.
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8.5 feet to 37.5 feet and is 1,645 feet in length. It intercepts two major

drainage basins for which weir inlets will be provided. The major portion of

the floodway is designed for a flow of 1,046 cfs. The concrete channel

outlets into a grouted rock chute energy dissipator which in turn discharges

into the 130 foot wide trapezoidal earth channel. Flows in both the concrete

and earth channels are subcritical.

The Apache Junction Flood Retarding Structure is an earth embankment

8,500 feet long with a maximum height of approximately 22 feet. The dam has

been classified as a Class "C" structure according to the requirements of

Technical Release No. 60. The embankment has a 14 foot top Width, 2.5H to 1V

upstream slope and 2H to 1V downstream slope. The principal spillway consists

of a 30 inch diameter reinforced concrete pipe with a baffle riser. A baffle

chute with a 100 foot crest length will serve as the emergency spillway.

The principal ..spillway discharges into the Apache Junction Outlet Channel.

The maximum discharge from the principal spillway is 81 cfs during passage of

the 100 year flood. The outlet channel extends from the Apache Junction FRS

to the Bulldog Floodway. The Apache Junction Outlet Channel and Bulldog

Floodway, which discharge into the Signal Butte FRS, consist of a rectangular

concrete channel 10,250 feet in length, a grouted riprap chute energy

dissipator, and a trapezoidal earth channel haVing 100 foot width and 3H to IV

side slopes. The bottom width of the concrete channel varies from 3.5 feet to

50 feet and has a maximum 100 year di scharge of 4,670 cfs. Flow in the

concrete channel is supercritical. The earth channel is designed for

5,466 cfs. There are fourteen major side inlets along the floodway, inclUding

side channel and weir inlets.

2
0395v



I
I
I
I
I
I
I,
I
I
I
I
I
I
I
I
I
I
I
I

As noted in the Geological Investigation Report prepared by the Soil

Conservation Service (SCS), the project is situated within the Sonoran Desert

section of the Basin and Range physiographic province near the eastern edge of

the Phoenix Basin. This basin is subdivided into a series of lesser

structural and topographic basins by a number of fault block mountains.

The project is located on a pediment of primarily unconsolidated alluvial fan

deposits of Quarternary-Tertiary age. Features of the project intersect

numerous ephemeral washes which have their origin mainly in the Goldfield

Mountains. Loose alluvial deposits of recent age are in the washes. Caliche

is intermittently exposed throughout the project area, especially in the

smaller washes, and generally is present at shallow depths elsewhere. Depth

to groundwater is unknown, but it is at least several hundred feet deep.

3
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II-A SUMMARY OF TESTS PERFORMED

The laboratory soil tests performed and presented in the Soil Test Resul ts

report dated Nov. 20, 1984 include 67 index tests (grain size, atterberg

limits and soluble salts); four dispersion tests; 13 moisture contents; eight

consolidation, triaxial shear with pore water pressure measurements, and

As presented in the Geological Investigation Report, dated July 1983, the

initial subsurface investigation conducted by the Soil Conservation Service

(SCS) for the Apache Junction Flood Retarding Structure (FRS), Apache Junction

Floodway and Bulldog Floodway consisted of drilling 50 boreholes and digging

377 test pits. The field investigation was performed between June 14 and

JUly 12, 1983 with a few test pits being completed from December 12 to

14, 1983. The boreholes were drilled using a CME Model 75 ,rig with hollow

stern augers. Standard Penetration tests were performed on some of the holes

drilled to obtain representative samples, while in others the soil

identification was made from visual inspection of the auger cuttings. The

trenches were excavated using either a Ford Model 555 backhoe or a Case Model

980-8 backhoe. The soil sample list included in the Geological Investigation

Report shows that 68 disturbed samples were collected from the various test

pits and boreholes. The testing conducted during the field investigation also

included three permeability tests on the caliche materials. Table I

summarizes the scope of the subsurface exploration conducted by the SCS for

the various project features. Table II summarizes in detail the drilling and

test pit work performed as presented in the Geological Investigation Report.
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compaction; and four falling head permeability tests on the consolidation

samples. The report indicates that a total of 74 disturbed soil samples were

collected in the field of which seven were not received by the laboratory.

SUbsequent to this laboratory testing program, three undisturbed samples from

the centerline of the dam (Station 52+50) were subjected to index (grain size

and atterberg limits), consolidation, permeability (falling head tests on the

consolidation ~amples), and triaxial shear. with pore water pressure

measurements testing.

The soil samples for consolidation, permeability and triaxial strength testing

were prepared by compacting the disturbed soil to approximately 95 percent of

the maximum density previously obtained for the individual samples using the

Standard Proctor Test (ASTM 0698 - Method A). The moisture contents for the

samples prepared were between 1.7 percent and 4.2 percent above optimum. One

of the soil samples was obtained from the centerline of the dam (Station

52+50) and the seven others from the borrow area.

During the initial review by Ebasco of the above described field and

laboratory test programs it was recommended to the SCS that additional

compaction and permeability tests be performed on soils from the borrow area.

The purpose of these tests was to determine the permeability coefficients of

the soils when compacted at optimum moisture according to ASTM 0698 _ Method C

instead of the previously used Method A, since the materials contained

approximately 15 percent fine gravel (soil retained on NO.4 sieve and passing

through 3/4 inch sieve).

50395v
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These tests were performed in June 1985 using four disturbed samples collected

during the initial, field exploration program, and the results reported on

June 24, 1985.

The purpose of the field permeability tests was to ascertain the permeability

coefficients of the foundation soils in order to perform a seepage analysis

and determine the cutoff requirements for the dam. As stated earlier, during

the initial subsurface investigation only three permeability tests were

conducted on the caliche material underlying the overburden soils. The

in-situ density tests, laboratory classification and compaction tests were

performed in order to determine the collapsibility potential of the foundation

soils upon wetting and addition of the embankment loading. The boring logs

indicate that the soils are generally cemented to some degree and that calcium

carbonate (CaC03) is present. Therefore, it is possible that the soil

structure is very strong in the dry state (therefore high blO\v counts were

recorded), but may have a low in-situ density and propensity for collapse.

6
0395v



Summaries of the field and laboratory testing performed are presented on

Tables III and IV respectively.

The actual test program, requested by Ebasco, was outl i ned to the SCS ina

letter dated August 13, 1985 (Ebasco File Ref. USDA 3767-L0021). The field

testing was perfomed on August 21 and 22, 1985 and consisted of six

permeability tests and six in-situ density tests. Six index (grain size,

atterberg limits, moisture content) and Standard Proctor tests were also

conducted in the laboratory.
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II-B SUMMARY OF TEST RESULTS

II-B.1 Field Tests and Sampling

Borings and test pits located along the center line of the Apache Junction FRS

show the subsurface materials to consist mainly of silty sands (SM) and clayey

sands (SC), with various degrees of cementation and presence of calcium

carbonate (CaC03), underlayed by caliche. Along the few visible washes

which cut across the dam, the soil s are poorly graded sands (SP) generally

extending to a depth of two to four feet. The depth to caliche varies

significantly along the length of the structure from one foot to approximately

twenty-four feet. Generally, as shown on Figure 1, caliche is found at

shallow depths near the west abutment and fl uctuates to. maximum depths of 24

feet near the east abutment. The caliche varies from fairly soft to hard and

ranges from poorly to moderately cemented. Standard Penetration tests show

that the overbijrden soi 1s are loose to medi urn dense extendi n9 from ground

surface to a depth of approximately three feet. From this depth to the top of

caliche, the subsurface soils appear to be dense to very dense as indicated by

the blowcounts recorded. However, five in-situ density tests performed at

depths ranging from five to nine feet indicate that the soils are loose to

medium dense with the dry inplace densities being only 76 to 92 percent of the

maximum densities obtained from Standard Proctor compaction tests. The

caliche is very dense and breaks down to a gravelly, silty, fine to coarse

sand when augered.

8
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Borings and test pits located along the centerline of the Apache Junction

Floodway and Bull dog Floodway show the subsurface condi ti ons to be simi 1ar to

those encountered along the centerline of the FRS, mainly silty sands (S~1)

with varying degrees of cementation and calcium carbonate (CaC03 ) content

underlain by caliche.

The depths to cali che vari es from zero to seventeen feet along the Apache

Junction Floodway and from zero to twelve feet along the Bulldog Floodway.

During the initial field testing program conducted in June, 1983, three

permeability tests were performed along the centerline of the Apache Juntion

FRS. It was noted by the SCS during a meeting held on May 23, 1985, that the

test locations given in the Geological Investigation Report were incorrect.

The correct locations were Stations 97+00 and 91+00 respectively. Th~

permeabil ity test at Station 97+00 was conducted on the cal iche material

encountered from a depth of three to th i rty feet. The permeabi 1i ty ra te

reported for this test is 0.37 ft/day (1.2 x 10-4 em/sec). Two other

permeability tests also conducted in the caliche at Station 91+00, at depth

9
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intervals of 2.5 ft to 10 ft and 2.5 ft to 20 ft, yielded coefficients of

1.8 ft/day (6.4 x 10-4 em/sec) and 0.43 ft/day (1.5 x 10-4 em/sec),

respectively.

The resul ts of the fi ve permeabi 1ity tests subsequently conducted in the SM-SC

soi 1sal ong the centerli ne of the FRS are presented on Table V. The

permeability coefficients range between 1..6 x 10:-3 and 4.9 x 10-4 em/sec.

Table VI presents the results of the field density tests conducted during the

same time period and the associated laboratory index and compaction tests.

II-B.2 Index Tests - Laboratory

Mechanical analysis were performed on a total of twelve samples from the

foundation area. Gradation characteristics indicate that the foundation

soils range from silty sands (SM) with a minimum of 25 percent fines to clays

(CL) with a mitlimum of 60 percent fines. The plasticity index for all the

soi 1s tested range between zero and 24, wi th ei 9ht of the samples havi n9

plasticity index less than 10. It must be noted that the logs of borings and

test pits indicate that the majority of the foundation soils consist of silty

sands (SM) and clayey sands (SC).

Four double hydrometer dispersion tests conducted on the foundation materials

along the Apache Junction FRS yielded the following results:

10
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performed, as required, to determine whether dispersive clay material is

present in the borrow soils to be used as embankment fill.

Forty-one mechanical analysis were conducted on. soil samples obtained from the

borrow area. Gradation characteristics show the samples to be predominantly

It is suggested that during construction, pinhole tests be

Percent Passing Dispersion
Sample Number Location Classification No. 200 Sieve (Percent)

84W - 2912 Dam 58+~0 SC 25 20

84W - 2914 Dam 53+90 CL 64 20

84W - 2915 Dam 53+90 CL 60 13

84W - 2916A Dam 53+90 ML 53 6

Dispersion values greater than 20 to 25 percent are usually indicative that

dispersion in the field may be a problem while values grater than 50 percent

strongly indicate that the soils are susceptible to erosion damage. Erosion

resul ting from the di spers; on phenomenon may be seen in the form of either

surface erosion or erosion tunnels extending through the dam, and takes place

as the clay particles go into suspension in flowing water.

procedure.

As noted in the Phase I Design Review Report prepared by the $CS, dispersion

is generally associated with fine grained soils. Since the majority of the

soils are coarse grained (SM or SC), and given the test percentages presented

above, it does not appear that dispersion is a likely design concern. These

tests, however, were performed in the 1aboratory using the double hydrometer

si 1ty sands (SM) and cl ayey sands (SC) wi th, on average, 84 percent of the

material passing the number 4 sieve and 29 percent passing the number 200

sieve. The plasticity index for these soils ranges from zero to 25 with 34 of

the samples tested having plasticity index of less than ten.
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Eleven soil samples collected along the Bulldog Floodway and three samples

from the Apache Junction Floodway were subject to mechanical analysis. The

materials were in all cases silty sands (SM) or clayey sands (SC) and the

plasticity index were fairly low ranging from zero to a maximum of 12.

A total of thirteen moisture content tests were performed on the soil samples

obtained from the Apache Junction FRS, borrow area, Bulldog Floodway and

Apache Junction Floodway. Results indicate that the natural moisture content

of the sil ty sands (SM) and clayey sands (SC) ranges between one and four

percent approximately. The moisture content of the silts (ML) and clays (Cl)

ranges between three and seven percent approximately.

II-B.3 Strength, Consolidation and Permeability Tests - Laboratory

Eight consolidated undrained triaxial shear tests with pore pressure

measurements a~d eight one-dimensional consolidation tests were initially

performed on compacted samples, seven of which were obtained from the borrow

area and one from the centerline of the Apache Junction FRS. Compaction tests

according to ASTM 0698 - Method A were first conducted to determine maximum

dry density and moisture content. The soil samples for strength and

consolidation testing were then prepared by compacting the disturbed material

to approximately 95 percent of the maximum density obtained as per ASTM D698 

Method A with moisture contents on the wet side of optimum. Four of the eight

consolidation samples were subject to falling head permeability tests. Table

VII presents the detailed results of all these tests.

12
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Subsequently, consolidated undrained triaxial shear, one-dimensional

consolidation, and falling head permeability tests were conducted for three

undisturbed sil t samples (ML) obtained from the foundation of the Apache

Junction FRS (Station 52+50). Table VIII presents the detailed results of

these tests.

Additionally compaction and permeability tests were conducted on four samples

obtained fonn the borrow area which were prepared by compacting the material

to 95 percent of the maximum density obtained as per ASTM 0698 - Method C.

The test results are presented in Table IX.

11-8.4 Soil Design Parameters Obtained from Field and Laboratory Testing

Standard compaction curves developed for the four samples from the borrow area

in accordance wi th ASTM 0698 - Method C, show the maximum dry density of the

borrow soils to.range between 125.5 pcf and 127.5 pcf with optimum moisture

contents ranging between 9.0 and 10.5 percent. Since the compaction criteria

to be established for construction of the embankment will require a minimum

density of 95 percent of the maximum obtained using ASTM 0698 - Method C, and

if optimum moisture content is assumed, a wet density value of 130 pef will be

used as representative of the compacted embankment material. The results of

the compaction testing are summarized in Table IX.

The slope stability analysis to be conducted on the Apache Junction FRS will

require strength properties for both the embankment and foundation soils. The

seven consol idated undrained triaxial shear tests with pore water pressure

measurements presented in Table VII indicate that the following values should

be used in the analysis for the embankment soils:

13
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materials:

1 = 30
0

c = 0 psf

condition. Additional falling head permeability tests perfomed on these

ofcoefficientpermeab i 1i ty

14

conservativea

The highest test value reported on Table IX for the S~j

use

samples (Table VII) and undisturbed silt samples (Table VIII) the following

1 = 37
0

C = 0 psf

The effective cohesion and ang1 e of friction parameters will be used for

design since they yield conservative shear strength values under the normal

stresses caused by the embankment loads.

values will be used to represent the strength properties of the foundation

consolidated undrained triaxial shear tests on the recompacted silty sand

Based on the description of the soils provided in the boring logs, field

density tests, blow count data (Standard Penetration Tests), results of the

The seepage analysis required to determine flow through the embankment

materials will

1 .Ox 10-4 em/sec.

compacted material (Field Sample Number 36.3) containing 19 percent fines

under a surcharge load of 1,000 psf was 8.8 x 10-5 em/sec. The coefficients

shown on Table VII which range from 1.4 x 10-4 em/sec to 4.6 x 10-4

em/sec are not representative since they were obtained under a "no-load"

0395v
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compares well with those values pUblished for typical properties of compacted

silty sand (SM) materials (NAVFAC presents a typical value of 5 x 10-5

em/sec) and is representative of the overall range of values obtained from the

laboratory tests.

consolidation samples under pressures of 2,000 psf, show the coefficient to

range between 1.8 x 10-
4

em/sec to 8.8 x 10-5 em/sec. However, these

samp1es were prepared by compacti n9 accordi ng to ASTN 0698 _ Method A whi ch

resulted in lower maximum densities than those subsequently obtained using

Method C.

As stated earlier and shown on Table V, the permeability coefficients for the

foundation materials tested along the centerline of the Apache Junction FRS
-3 -4ranged between 1.6 x 10 em/sec and 4.9 x 10 em/sec. A value of 1.0 x

10-
3

em/sec will be used as the representative permeability coefficient for

the foundation soils.

The dry densities of the samples prepared as per Method A criteria ranged

between 101.2 pcf and 113.9 pcf whi 1e those prepared as per r~ethod C ranged

between 119.2 pcf and 122.6 pcf. Similarly, the wet densities of the samples

prepared as per Method A criteria ranged between 122.0 pcf and 130.7 pcf whil e

those prepared as per Method C woul d have ranged between 131.7 pcf and

135.5 pcf if they were compacted at optimum moisture content (the moisture

content for preparation of these samples was not noted in the laboratory

report). In addition, the permeability coefficient of 1.0 x 10-4 em/sec

15
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One-dimensional consolidation tests performed on the seven compacted soil

samples obtained from the borrow area indicate that the pre-consolidation

pressures (pc) will in general be greater than the maximum overburden

pressure caused by the embankment loads. The maximum embankment load assuming

a height of 22 feet and a compacted wet density of 130 pcf will be 2860 psf.

The apparent pre-consol idation pressures for the compacted borrow area soi 1s

tested range between 1,350 psf to 4,200 psf with an average of 2,770 psf.

The values of void ratio for the borrow area materials, as presented in

Table VII, range between 0.391 and 0.644 with an average of 0.457. The

recompression index, Cr , ranges between 0.007 and 0.012 with an average of

0.008, and the compression index, Cc' ranges between 0.068 and 0.104 with an

average of 0.083. Therefore, the following values will be used if a

settlement analysis based on one-dimensional consolidation theory is to be

conducted:

preconsolidation pressure, Pc = 2,750 psf

initial void ratio, eo = 0.460

recompression index, Cr = 0.008

compression index, Cc = 0.080

It must be noted that the above values accurately represent the overall narrow

range of test results obtained in the laboratory. The lowest laboratory test

values obtained were not used in the settlement analysis, since the results of

the particular test widely differ from all the rest. In any case,

irrespective of the test values used, the calculated settlements will not

change significantly.

16
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The one-dimensional consolidation tests performed ~n the three silt (ML)

samples obtained from the foundation area of the Apache Junction FRS (Station

52+50) indicate that these soils have also been preconsolidated. As shown on

Tabl e VII I the overburden pressures for the sampl es, as provi ded by SCS,

ranged between 400 psf and 1,200 psf whil e the preconsol i dation pressures

ranged betweem 4,000 psf and 6,700 psf. It must be noted that even if the

lowest preconsolidation pressure of 4,000 psf is chosen, the embankment loads

di stributed to the foundation soi 1s woul d not cause the total pressures to

significantly increase beyond the minimum preconsolidation pressures.

~inimum preconsolidation pressure, Pc = 6,000 psf

initial void ratio, eo = 1.030

recompression index, Cr = 0.023

compression index, Cc = 0.545

17
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c = 0

Ko = 0.60

Yw = 130.0 pcf

1 = 30°

In addition, any surcharge loading on the wall due to construction or

maintenance equipment will also be taken into account during the design of the

wall s.

18

It will be specified that after construction of the concrete walls for the

vari ous project structures the excavated areas be backfill ed wi th a random

fill material. The properties of these soils after compaction will be

conservatively assumed as follows:

The maximum lateral pressure for cohesionless materials is likely to be near

the at rest pressure, Ko' at the bottom of the wall and decrease to the

acti ve pressure, Ka , towa rds the top of the wall where 1atera1 movement of

the wall is permitted. For the analysis of the walls on this project it will

be assumed, given the wall thickness to height ratio, that the structures are

non-yielding. Thus the at-rest pressure coefficient for level oackfill as

presented in the Far West States Engineering Design Standards, Figure 2-12,

for a friction angle of 30° degrees will be used:
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II-C ANALYSIS AND INTERPRETATION

II-C.l Slope Stability

An analysis of slope stability using Bishop's Simplified Method was conducted

for a critical cross-section of the Apache Junction FRS utilizing the SLOPE-II

computer program. After performing an overall evaluation of the stability

using the SLOPE-II program, Ebasco's in-house Slip Circle computer program

(also based on Bishop's Simplified Method) was used to determine the stability

of a few selected cases. In addition, an infinite slope stability analysis

was performed.

The analysis focused on the more critical downstream slope since: (1) it is

steeper than the upstream (2H to IV versus 2.5H to IV), and (2) the upstream

slope will be submerged for most of the cases analyzed and therefore its

stability will ~ increased by the water impounded against the slope. Still

a few runs were made for the upstream slope for all conditions considered.

Upon review of Ebasco's Phase I Design Criteria, the SCS suggested that:

1 - Steady state and rapid drawdown conditions be analyzed in accordance

with TR-60 based on the potential for the riser to plug.

2 - An infinite slope stability analysis be conducted for partial seepage

and sudden drawdown conditions at the upstream slope.
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3 - An infinite slope stability analysis be conducted on the

coheflsionless embankment soils rather than the normal slip circle or

random type analysis.

The stability of the embankment was investigated for the following conditions

using both the slip circle and infinite slope stability analysis to meet the

requirements of Technical Release No. 60 (TR-60) and Ebasco·s Phase I Design

Criteria:

1 - End of construction without seismic forces.

2 - Reservoir at freeboard storm elevation (EL +1809.4 ft) without

seismic forces.

3.a - Reservoir at crest of emergency spillway (El +1799.7 ft) and steady

state seepage without seismic forces.

3.b - Reservoir at crest of emergency spillway (EL +1799.7 ft) and steady

state. seepage with a horizontal ground acceleration of O.lOg
~(pseudostatic condition).

4 Complete sudden drawdown condition with reservoir initially at crest

of emergency spillway (El +1799.7 ft).

The following table presents the minimum factors of safety obtained for the

slip circle and infinite slope stability analysis performed for the Apache

Junction FRS and, in parentheses, the required safety factors as per TR-60.
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APACHE JUNCTION FRS EMBANKMENT SLOPE STABILITY

.
Slip Circle Analysis Infinite Slope Analysis

Loading

Condition W/O Seismic W/Seismic W/O Seismic W/Seismic

1) End of Construction 1.65 Not Applicable 1.51 Not Applicable

(OS slope) (1.4) (1.1 )

2) Reservoir at free-

board storm eleva- 1.65 1.32 Not Requi red Not Requi red

tion

(OS slope) (Not Req'd) (Not Req'd)

3) Reservoir at crest

of emergency spill- 1.24 0.97 0.78 0.62

way and steady (1. 5) (1.1 ) (1.1) ( 1.1)

state seepage

(OS slope)

4) Sudden drawndown 0.87 Not Applicable 0.83 Not Applicable

(US slope) (1. 3) (1.1 )

Note: Failure modes for loading conditions 3 and 4 are shallow circles.
Figures 3 to 5 present the critical failure circles.
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The short impoundment durations, coupled with a relatively impervious and

unsaturated embankment will prevent the development of steady state seepage

along the cross-section of the FRS and thus the possible Occurrence of a rapid

drawdown condition along a considerable portion of the upstream slope.

The slip circle analysis conducted indicates that shallow failure circles

wi thi n the saturated embankment zones of both the upstream and downstream

slopes may Occur for the steady state seepage condition with seismic forces.

Shall ow sloughs may a1 so occur at the upstream slope in a sudden drawdown

condition.

It is Ebasco's opinion that the steady state seepage and rapid drawdown

conditions (loading conditions 3 and 4) are not applicable in the analysis of

the stability of the Apache Junction FRS under the current operating criteria

which states that the "FRS will mitigate the flood peak by storing water

behind the embankment over a period of 10 days or less".

Tab1 e X presents the duration of water impoundment behi nd the FRS, at vari ous

elevations, for the freeboard hydrograph (FBH). It can be observed that

during the FBH, the duration of water impoundment above elevation +1799 feet

will be under ~O hours. Under normal operating conditions the impoundment of

water behind the FRS above elevation +1795 feet will be under five days 016.2

hrs). Therefore given the unsaturated conditions of the embankment, the

penetration of water into the fill material above elevation +1799 feet will

only be a few inches. During the freeboard hydrograph the penetration of

water into the embankment soils, will at maximum, be a few feet.
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It must be noted that if cracks develop in the upstream face and some water

penetrates through the embankment, the water flow will be terminated at the

filter and the zone of penetration will be restricted to the localized crack

area. Therefore, neither steadY state seepage or saturation of the embankment

will occur.

The seepage analysis performed indicates that if the riser were to plug with

the reservoir at the highest possible elevation (1799.7 ft) it would take

nearly seventeen months for a steady state seepage condition to be established

and then only the lower four feet of material in the downstream slope near the

toe becomes saturated. Assuming that the riser were to be plugged for this

large period of time and neglecting other factors such as evaporation and bank

storage, it is expected that the reservoir level will be significantly lowered

since calculations show that water flow through the natural soils beneath the

foundation cut-off trench will occur after a relatively short period of three

months. The lo~s of water through the natural soils underneath the foundation

will decrease the elevation of the impoundment, unless the reservoir is

continuously replinished, and will further decrease the probability of the
I

development of steady state seepage. Therefore it is doubtful that a steady

state seepage condition will ever be established in the embankment soils.

Even though it is theoretically possible that the upstream face of the

embankment may become saturated at very shallow depths, it is not foreseen

that near surface sloughs will occur. The soils used for construction of the

embankment will contain at least 15 percent to 20 percent fines (passing No.

200 sieve) and will be compacted at or near optimum moisture content. Thus

the soils will exhibit some cohesion after compaction which will increase as

the materials become dessicated and cemented. In addition, even if it is

23
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Based on the discussions presented above, it is believed that: (I) the

conventional steady state and rapid drawdown conditions are extremely unlikely

to occur at the Apache Junction FRS, (2) the infinite slope stability analysis

for cohesionless soils is not totally representative of actual field

conditions, and (3) sloughs of the near surface materials will be prevented by

the limited cohesion properties of the soils and the temporary development of

negative pore :water pressures upon the possible occurrence of a drawdown

condition.

assumed that the soils are cohesionless and a drawdown condition does occur at

the upstream face, it is expected that the water retained in the voids would

be held by capillary forces and the pore water pressures developed in the fill

would be negative thereby making the embankment temporarily more stable than

it was at the outset. The triaxial shear strength test results conducted on

the compacted borrow area soils indicate that negative pore water pressures do

indeed develop in these soi 1s and thus the total strength parameters have a

significant temporary cohesion component.

In any case as shown on Figures 4 and 5, if steady state seepage or sudden

drawdown conditions were to occur, the only damage to the FRS would be surface

sloughs or shallow failure circles of the saturated zones in either slope.

Thi s unl ikely occurrence can be easily rectified through maintenance rather

than drastically decreasing the slopes at the time of construction_to satisfy

the stabil ity safety factors required by TR-60. The slopes mandated by the

safety factor criteria established in TR-60 are approximately 4.5H to IV

downstream and 3.5H to IV upstream.
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For the embankment slopes considered, surface erosion due to rainfall runoff

may occur as gullies are formed. In order to minimize this damage, it is

possible to provide either a rip-rap cover along the entire dam or some type

of protective vegetative cover. Alternatively, a maintenance program can be

established to periodically repair the erosion damage in the embankment.

II-C.2 Settlement Potential - General

Deformati on of the embankment or foundati on soi 1s due to imposed loads

generally occurs through either elastic distortion of the soil particles or

dissipation of high pore water pressure. These two mechanisms are commonly

termed elastic settlement and consolidation settlement.

Consolidation settlement occurs when an external force applied to a saturated

soil mass causes the pore water pressure to increase beyond the hydrostatic

pressure thus forci ng water to flow out of the soi 1 unti 1 the pressures are

equalized and thereby producing a reduction in soil volume. In order for the

theory of consolidation to apply the soils must be fine grained (silts and

clays) and be at a saturation level of 90 percent or higher.

II-C.3 Settlement Potential - Embankment

The borrow soils used for construction of the embankment will be silty sands

(SM) and clayey sands (SC). Standard proctor (D698-Method C) compaction tests

performed on these materials show the optimum moisture content to vary between

9.0 percent and 10.5 percent (Table IX), while saturation water contents are

in the order of 18.0 percent (thus only about 50 percent saturation).
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During construction of the embankment these rel atively impervious. soi 1s wi 11

be compacted at or near optimum moisture content and, over time, will become

dessicated near the surface. Since the soils are mainly composed of coarse

grained material (sand) and their natural moisture content will be much lower

than the water content at saturation, a settlement analysis of the embankment

subjected to its own load based on consolidation theory is not totally

appropriate.

However, in order to compare the maximum settlement value calculated for the

embankment under its own weight using assumed elastic parameters, a

consolidation analysis was performed using the results of the laboratory tests

presented in Table VII.

The settl ement analysi s conducted for the embankment section indi cates that

settlement will be under one inch and due to the relatively coarse grained

nature of thesojls, it should take place during construction.

II-C.4 Settlement Potential - Foundation Soils

The overburden soils along the Apache Jundtion FRS mainly consist of silty

sands (SM) and clayey sands (SC) with moisture contents ranging between one

and four percent. The natural moisture contents of the silt material

encountered at Station 52+50 ranged between 5.5 percent and 6.9 percent, while

the water content at complete saturation ranged between 30 percent and 38

percent.
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Therefore, given the in-situ moisture conditions which are much lower than

those at saturation and the grain size distribution of the majority of the

soils, a settlement analysis based on consolidation theory is not totally

appropriate for the foundation soils.

The potential settlement of the FRS foundation soils was calculated for a

section of maximum overburden height using the consolidation tes~ results as

well as assumed elastic parameters in order to compare the values obtained.

The settlement analysis conducted for the worst case situation indicates that

settlement of the foundation soils due to the embankment loading will be under

two inches and with the majority of the settlement occurring during

construction.

Since at most locations the embankment will be directly supported on the

caliche or within close proximity of it, the potential total and differential

settlement of tbe FRS is expected to be a maximum of two inches.

II-C.5 Collapsibility Potential - Foundation Soils

In addition to elastic and consolidation settlement certain soils undergo a

sudden and appreciable change in volume when they become saturated and are

subjected to a certain load. These collapsible soils usually exhibit the

following characteristics:

1 - In-situ dry densities range from 65 pcf to 105 pcf.

2 - In-situ water contents range from 5 percent to 30 percent and are

generally below 10 percent.
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3 - The clay content of the materials range from 10 percent to 30 percent

with the remaining material being silt or fine sand.

4 - Liquid limits are generally below 45 percent and plasticity index

below 25 percent.

Due to the dessicated state of the foundation soi 1s along the FRS and the

presence of calcium carbonate, the collapsibility potential of these soils was

investigated.

The limited field density and laboratory index testing conducted in

August 1985 indicates that there is a possibility of certain foundation soils

being prone to collapse. The low in-situ dry densities of the materials

tested negate the assumption that the high blow counts recorded during the

initial subsurface investigation were due to the high densities of the soils.

Instead, it app,ears likely that the high blow counts were caused by the

cemented strength of the soil structure in its dry state condition.

It must be noted that the available empirical relationships, based on the

index characteristics of the soils, only indicate whether the materials are

susceptible to collapse. The available data does not allow a quantitative

analysis of the settlements which may possiD1y occur due to collapse or even

certify that collapse will indeed occur.

In order to ascertain the load and the volume change Which a collapse prone

soil will undergo when saturated and loaded, it is necessary to obtain

undisturbed soil samples and conduct a laboratory testing program. Given the
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varied nature of soils along the FRS, the collection and testing of samples

would require an elaborate and extensive investigation.

To address the issue of collapsibility three alternatives are presented for

the SCS's consideration:

1 - Conduct a field and laboratory testing program to determine whether

the soils are indeed collapsible and ascertain the amount.

2 - During construction of the embankment, remove all the overburden

material to caliche.

3 - Remove the upper twenty-four inches of loose niaterial, compact the

foundation surface near optimum moisture content and rely on the

filter transition zone to accommodate any movement which may result

from the potential collapse.

Removal of the upper twenty-four inches of loose material, and then wetting

and compacting the entire foundation area appears to be the most effective

solution when considering technical, economic and construction schedule issues

and will serve to mitigate any potential for collapse. It is recommended that

this alternative be selected due to the following:

1 - A cut-off trench extending below the removed overburden to a five

foot depth or to caliche (whichever is less) and having a bottom

width of approximately fifteen feet will be required along the length

of the FRS. The entire embankment foundation area will be compacted
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at a near optimum moisture content using a large Vibrating roller

(rubber tires or smooth wheel drum) and it is expected that some

settlement will occur as a result of this effort.

2 - The construction of the five-foot-deep trench will place a

significant portion of the FRS directly on the cal iche. Where the

FRS still rests on overburden material a large section of the soil

layer, which may be susceptible to collapse, would have been removed

and the remaining material will have been compacted. Therefore, both

the possibility of collapse and the associated amount of settlement

would be greatly reduced.

3 - The foundation soils will only be subjected to a small stress

increase due to the embankment loads.

4 - All th.e empirical relationships which determine the collapsibility

potential of the soils based on their index characteristics indicate

that each of the three silt samples obtained at Station 52+50 (Table

VIII) are susceptible to collapse. However, the consolidation tests

performed on these undisturbed saturated samples show that a

reduction in volume does not occur until relatively high

consolidation pressures are applied (4,000 psf, 6,000 psf and

6,700 psf, respectivelly). Furthermore, the percent consolidation

for these samples at the maximum applied normal pressure of

16,000 psf were 3.2 percent, 9.0 percent and 11.8 percent,

respectivelly. This limited data suggests, assuming the soils are

indeed prone to collapse, that: (1) high normal pressures must be

exerted to the saturated soi 1sin order for the soi 1 structure to
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settle, and (2) the volume changes caused by the collapse are

relatively minor and therefore may be controlled by the central

transition zone.

II-C.6 Seepage Analysis

A flow net seepage analys is was performed for the subsurface soi 1s us i n9 a

maximum depth under the embankment of twenty-two feet "(maximum depth to

caliche) and a permeability coefficient of 1.0 x 10-3 em/sec. Assuming that

the riser becomes plugged and the reservoir water elevation remains at 1799.7

feet, it will take nearly four months (113 days) for water to reach the

downstream toe of the embankment. The calculated volume of water flowing at

the toe after this period of time is 58 gallons per day per foot length of

embankment. The piping potential and seepage pressure calculations indicate

that a toe drain is not required .

A seepage analysis conducted for the FRS using a permeability coefficient of

1.0 x 10-4 em/sec and assuming that the riser becomes plugged (therefore the

reservoir water elevation remains at 1799.7 feet) indicates that it will take

nearly 17 months for a steady state seepage condition to develop in the

embankment. The expected volume of water after this time would be less than

two gallons per day per foot length of embankment. It must be noted that if

cracks develop in the upstream slope, they will only extend to the transition

zone. Therefore possible water flow through the cracks will be terminated at

the face of the transition filter. The flow of water through the cracks will

shorten the time requi red for the water to reach the downstream toe to six

months in a worst case analysis, however the volume will still be minimal (3
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II-C.7 Embankment Material and Compaction Criteria

A homogenous fill embankment meeting the following gradation criteria is

suggested:

% PASSING BY WEIGHT

3" 100

1" 90-100

1/2" 85-100

#4 75-100

#10 50-100

#40. 30-95

#200 15-60

.02 5-40

.001 0-30

SIEVE SIZE

gallons per day per foot length of embankment). Thus horizontal drains

connected to the transition filter and extending to the toe are not required.

The grain size analysis performed on soil samples from the borrow area show

that the majority of the available soils will meet the above gradation

criteria.
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The embankment and transition fill material (Section II-C.S) should be placed

at densities not less than 95 percent of maximum density as determined by the

applicable method of ASTM-D698. The soils may be placed with a moisture

content of plus or minus three percentage points from optimum moisture

contents.

II-C.S Central Transition Zone and FAD Diaphragm

In order to control the cracking which may occur in the embankment due to

either potential foundation movement, dessication, or any other phenomenon, a

central transition zone along the entire centerline of the FRS will be

provided. This transition zone shall be four to five feet wide and extend

from a depth of approximately two feet below the embankment crest to two feet

above the bottom of the cutoff trench. The purpose of burying the transition

zone below the crest is to minimize the seepage of rainfall into this pervious

zone and therefore reduce moi sture changes insi de the embankment. Simil arly

the transition does not extend to the bottom of the cutoff trench in order to

avoid the entrance of water into this zone if reservoir water flows downstream

through the foundation soils subject to the pressure head in the reservoir.

The seepage analysis conducted for the FRS indicates that a drain is not

requi red and therefore the purpose of the transiti on zone is to prevent the

possible movement of the embankment soils caused by flowing water. The

cohesionless characteristics of the transition material would also permit the

readjustment of parti cl es in thi s zone if the foundation underneath were to

move considerably.
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prepared as follows:

As stated in Section II-C.5, it is recommended that the FRS foundation be

% PASSING BY WEIGHT

211 100

3/4 11 90-100

#4 60-100

#10 40-100

#20 20-75

#40 0-55

#60 0-40

#100 0-25

#200 0-5

SIEVE SIZE

-
Calculations presented in Appendix B include the gradation design of the

transition filter material according to the recently revised Soil Mechanics

Note No.1. The transition filter material requires the following approximate

gradation:

II-C.9 Foundation Preparation

In addition during design, a filter and drainage (FAD) diaphragm should be

provided for both the principal spillway conduit and the AT&T cable crossing

the embankment.
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4 - Upon removal of the soils in the cut-off trench, the area shall be

compacted to the same requirements previously specified for the

overall foundation area. If the excavated soils meet the gradation
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1 - Removal of the upper twenty-four inches of existing base material.

At the discretion of the inspector this amount may be varied during

construction to reflect actual field conditions encountered.

2 - Compaction of the embankment foundation area at near optimum moisture

contents (-2% to 2%) with six to eight passes of a large vibratory

roller (rubber tires or smooth wheel drum exerting a minimum energy

of 40,000 ft-lbs). The maximum densities of the compacted foundation

materials at a depth of six inches should not be less than 98 percent

of maximum density as determined by the appropriate Method of

ASTM-D698.

3 - Excavati on of the cut-off trench extendi ng to a depth of fi ve feet

below the removed material or one foot into the caliche, whichever

depth is less. The bottom width of the trench shall be fifteen feet

with 1.5H to lV minimum slopes. The purpose of the cut-off trench is

primari ly to identify and remove buried washes of pervious coarse

material. Therefore if the bottom of the cut-off trench is resting

on a buried wash of sand and gravel, this material shall be removed

regardless of the excavation depth required. The buried channel

shall also be removed in the upstream and downstream directions

extending to the outermost limits of the FRS foundation using

practical widths and side slopes to permit production oriented

backfilling operations.
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requirement of the embankment fill or transition filter material,

they can be used during construction.

5 - The recol1lJ1ended location of the centerline of the cut-off trench is

coincident to the centerline of the FRS.

II-C.10 Design of the Concrete Walls

The concrete walls for the Apache Junction F100dway, FRS Outlet Channel, and

Bulldog F100dway will be designed for lateral pressures exerted by the random

backfill soils. Since the depth to caliche is shallow along major portions of

the channels, the caliche must be excavated for construction of the walls and

the bottom sl ab will be resting on it. The area between the wall s and the

excavated side slopes which will be partially caliche, will be backfilled with

available random material. In order to prevent the saturation of the

backfill, during a significant storm on which water may become pounded on top

of the more impervious caliche, weep holes will be provided at the bottom of

the walls and spaced at approximately eight feet. Properly graded filter

material, located at the bottom of the walls, should be used to provide

conti nuous drainage along the enti re outside 1ength of the channel walls and

thus serve to hydrau1 ica11y connect the weep ho1 es. Proper protecti on shoul d

al so be provi ded to prevent the potential loss of soil through the weep

holes. By providing weep holes through which water pressures will be

relieved, the possibility of both hydrostatic pressures acting against the

wall and uplift pressures against the bottom slab are minimized.
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As stated earlier in this report all walls on the project, including the

Emergency Spillway, will be designed for lateral earth pressures caused by a

random backfi 11 materi al with an empty channel.

The walls are also currently being designed to carry a full head of water in

the channel s without any support· from the structural backfi 11 on the other

side. It is not expected that erosion of the structural backfill against the

walls will be significant due to the relatively flat ground slopes and thus

low velocities of any runoff flow. Since the structural integrity of the

channel walls would not be affected by erosion of the structural backfill,

periodic maintenance should be used to correct any aesthetic damage caused by

erosi on.

To prevent erosion on the outside of the Emergency spillway walls, it is

suggested that a twel ve inch 1ayer of rip-rap, having an approximate wi dth of

ten feet be provided.
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III CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations are offered for the design of

the various project structures:

1 - Embankment Configuration - As shown in Figure 2, the recommended side

slopes of the embankment are 2.5H to lV upstream and 2H to lV

downstream. A five foot wide transition zone will extend along the

centerl ine of the dam. In addition, a cut-off trench extending to

either a depth of five feet in the subsurface soils or one foot into

caliche will be required to identify the possible existence of buried

washes. The wi dth of the bottom of the cut-off trench sh all be

fifteen feet with minimum slopes of 1.5H to lV. The centerline of

the trench shall coincide with the centerline of the dam.

2 - Foundation Preparation - All buried washes of coarse material which

are uncovered during trench excavation, shall be removed extending to

the outer limits of the FRS foundation. The entire foundation area

shall be compacted with six to eight passes of a large vibratory

roller at near optimum moissure contents (-2% to +2%).

The minimum densities of the compacted foundation materials at a

depth of six inches should not be less than 98 percent of the maximum

density as determined by the appropriate method of ASTM-D698.

3 - Embankment Compaction - The embankment and transition fill material

should be pl aced at densities not less than 95 percent of maximum

density as determined by the applicable method of ASTM-D698. The
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soils may be placed with a moisture content of plus or minus three

percentage points from optimum moisture content.

4 - Settlement and Seepage - The settlement analysis conducted indicates

that over building or providing camber to the crest of the FRS to

account for future total or differential settlement is not required.

Similarly, horizontal drains extending from the transition zone to

the toe of the downstream slope in order to reduce seepage pressures

and carry water are not necessary.

5 - Principal Spillway and AT&T Cable Crossing - A filter and drainage

diaphragm to meet the requirements of Soil Mechanics Note No. 1 must

be provided. In addition, if the pipe is not resting on caliche, the

conduit joints must be designed to remain watertight under the

maximum probable joint opening computed using TR-18.

6 - Maintenance Unless the FRS slopes are protected) periodic

maintenance will be required to repair the damages caused by erosion

due to surface water runoff. Simil ar mai ntenance wi 11 be requi red

for the backfill material along the channel walls.

Maintenance of the FRS slopes will also be required, if sloughs or

shallow failures of the near surface soils occur. If this possible

maintenance requirement is not acceptable, the slopes must be flatten

or other alternatives pursued.
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TABLE I

SCS - APACHE JUNCTION AND BULLDOG PROJECT

SUBSURFACE INVESTIGATION SUMMARY

DRILLING AND TEST PITS

(Source: USDA - SCS Geological Investigation Report)

0395v

* Location of Ebasco proposed Emergency Spillway
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AREA

Centerline of Dam

Principal Spillway

Emergency Spillway

Alternate Emergency
Spillway

*Emergency Spillway
Alternate No.1

Emergency Spillway
Alternate No. 2

Borrow Area

Apache: Juncti on
Floodway

Centerline of Outlet
Channel

(Principal Spillway)

Bulldog Floodway

TOTAL

BOREHOLES
DRILLED

16

2

13

6

7

4

2

50

,
TEST PITS
EXCAVATED

38

37

10

21

204

5

7

55

377



-------------------
TABLE II

SCS - APACHE JUNCTION AND BULLDOG PROJECT

DETAILED SUBSURFACE INVESTIGATION SUMMARY

AS PRESENTED IN THE SCS GEOLOGICAL INVESTIGATION REPORT

Geological
Investigation

Report Date Date Equipment Work
Area Pages Started Completed Used Perfonned

Centerline of Dam p. 9-p. 19 6/26/83 6/29/83 CME-75 Borings 1-16
p. 20-p. 26 6/14/83 6/15/83 Ford 555 Backhoe TP 6-TP 23
p. 27-p. 36 7/7/83 7/8/83 Fo rd 555 Backhoe TP330-TP349

Bull dog Fl oodway p. 37-p. 38 6/17/83 6/17/83 Ford 555 Backhoe TP 44-TP 52
p. 39-p. 44 6/30/83 7/1/83 Ford 555 Backhoe TP278-TP299
p. 45-p. 47 12/14/83 12/14/83 Case 980-B Backhoe TP396-TP406

Emergency Spillway p. 48-p. 52 12/12/83 12/12/83 Case 580-B Backhoe TP408-TP428
Alternate No. 2

Emergency Spillway p. 53-p. 54 7/12/83 7/12/83 Ford 555 Backhoe TP350-TP359A1 ternate No. 1

Alternate Emergency p. 55-p. 57 7/6/83 7/8/83 CME-75 Bori ng s 201-206Spillway

Emergency Spillway p. 58-p. 60 7/1/83 7/5/83 CME-75 Borings 21-32
p. 61 12/13/83 12/13/83 Case 980-B Backhoe TP392-TP395p. 62 7/8/83 7/8/83 CME-75 Boring 207
p. 63-p. 68 7/11/83 7/11/83 Fo rd 555 Backhoe TP360-TP392

Bull dog Floodway p. 69 7/8/83 7/8/83 CME-75 Borings 33-34
p. 70-p. 73 6/16/83 6/17/83 Ford 555 Backhoe TP 31-TP 43

Apache Jct F100dway p. 74 6/14/83 6/14/83 Ford 555 Backhoe TP l-TP 5
p. 75-p. 77 6/29/83 6/29/83 CME-75 Borings 17-20

Center1 ine of Outlet p. 78-p. 79 6/15/83 6/15/83 Ford 555 Backhoe TP 24-TP 30
Channel

Principal Spillway p. 80 7/12/83 7/12/83 C~'E-75 Borings 301-302

Borrow Area p. 81-p. 90 6/20/83 6/21/83 Ford 555 Backhoe TP101-142
p.91-p.117 6/21/83 6/28/83 TP146-277
p.1l8-p.126 7/1/83 7/6/83 Ford 555 Backhoe TP300-TP329
p. 127-p. 128 7/12/83 7/12/83 CME-75 Borings 35-41
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TABLE III

SCS-APACHE JUNCTION AND BULLDOG PROJECT

SUBSURFACE INVESTIGATION: FIELD TESTING SUMMARY
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Area

Centerline of Dam

Centerline of Dam

0395v

Penneability

3

5

Density

6

Approx. Date

6/83

8/21/85

Source

USDA - SCS
Geological
Investigation
Report
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TABLE IV

APACHE JUNCTION AND BULLDOG PROJECT

SUBSURFACE INVESTIGATION: LABORATORY TESTING SUt~ARY

Grain A1:terberg Soluble Natural Triaxial w/
Area Size Limits Salts Di spersi on Moisture Consoli dation Penneabi 1i ty Pore Ppressure Compaction Source

Centerline of Dam 12 12 12 4 6 1 1 1 1 USDA - SCS
Soil Test
Results

2
Dated 11 /20/84

Bull dog Floodway 11 " " - - - - - Fil e Code
210-22

Borrow Area 41 41 41 - 4 7 3 7 7

Apache Junction 3 . 3 3
Floodway

Centerl ine of Dam 3 3 - - - 3 3 3 - USDA -SCS
Soil Test
Results
Dated 2/5/85
File Code
210-22

Borrow Area - - - - - - 4 - 4 USDA - SCS
Soil Test
Results
Dated 6/24/85
File Code
210-22

Centerline of Dam 6 6 - - 6 - - - 6
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TABLE V

SCS - APACHE JUNCTION AND BULLDOG PROJECT

FIELD PERMEABILITY TEST RESULTS

(SOURCE: USDA - SCS LETTER DATED 9/24/85)

Depth
Test Test

Location Conducted Soil PermeabilityStation) (ft) Classification (cm/sec)
DAM 67+00 5' - 15' SC-SM 9.3 x 10-4

DAM 80+40 5' - 10' SM 1.5xlO-3

DAM 81+00 2' - 7' SC-SM 1.6 x 10-3

DAM 87+50 5' - 10' SC 4.9 x 10-4

DAM 98+30 l' - 6' SC 7.9 x 10-4

NOTES: 1) Test Data not yet received from SCS
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TABLE VI

SCS-APACHE JUNCTION AND BULLDOG PROJECT

FIELD DENSITY AND ASSOCIATED LABORATORY TESTS

(SOURCE: USDA - SCS TEST RESULTS TRANSMITTED ON 9/24/85)

Depth In-s itu In-situ liquid PlasticityTest Dry Percent Percent STANDARD PROCTORConducted Moisture limit Index paSSingSoil Density Content Passing
ft) Classification No. 20 w

(oct) (%) No.4 d max 0

.--!J
32+50 5 SM 99.0 4.8 NP NP 2.6 50.4 119.2 12.242+50 5 SM 103.4 6.0 33.4 14.2 21.0 88. 1 122.8 10.953+90 3 SM 75.0 3.8 NP NP 17.1 69.2 127.1 9.853+90 9 SM 85.9 10.5 NP NP 29.5 93.1 112.0 14.570+00 5 SM-SC 94.0 4.9 24.5 4.3 32.9 91. 7 122.9 11.587+50 8 SM 101. 5 10.8 NP NP 9.3 88.8 109.8 16.7
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TABLE VII

SCS - APACHE JUNCTION AND BULLDOG PROJECT

LABORATORY TEST RESULTS CONDUCTED ON COMPACTED SAMPLES

(SOURCE: USDA - SCS SOIL TEST RESULTS DATED 11/20/84)

STANDARD SAMPLE
PERME-PROCTOR PREPARATION TRIAXIAL SHEAR
~

Sample Field Sample Percent Percent SampleLocation Sample Depth Liquid Plasticity Passing Passing w Molding Sample 0 i -c c
(Station) Number (feet) Classification Limit Index No. 200 No.4 d max 0 Moisture Compaction (pst) (pst) (em/sec)

DAM 52+00 11.1 5'-10' SC 36 12 37% 86% 118.0 pcf 12.0% 16.2% 95.3% 19.0' 1575 37.0' 0 2.5x10-4
BORROW 91+00 152.1 0'-4' SC-SM 21 5 36% 91% 125.5 pcf 9% 12.3% 95.3% 22.0' 1875 . 37.0' 0

400 US

BORROW 52+00 38. 1 10' -15' SC 30 11 16% 76% 123.5 pcf 11% 13.3% 95.2% 39.5' 0
600 US

BORROW 100+00 160.1 2.5'-3' SM NP NP 23% 81% 120.0 pcf 11.5% 14.7% 94.9% 32.5' 1500 37.0' 375 2.8x10-4
600 US

BORROW 92+00 164.1 0.5' -2.5' SM NP NP 35% 87% 106.5 pcf 16.5% 20.6% 95.0% 29.5' 1575 38.0' 100 1.4xl0-4
600 US

BORROW 62+00 36.3 10' -15' SM 28 5 19% 80% 122.0 pcf 11.5% 13.2% 94.9% 41.0' 1350 39.0' 100
800 US

BORROW 62+00 36.4 15' -20' SM 28 2 26% 86% 119.5 pcf 12.0% 14.4% 95.0% 21.0' 1900 35.5' 275 4.6xl0-4
800 US

:~
BORROW 78+00 40.1 10' -15' SM 28 4 29% 83% 121.5 pcf 11.5% 13.6% 95.0% 24.5' 1250 38.5' 0

.. ';
'$

, ~ 1000 US

;!
NOTES: 1) Standard Proctor as psr ASTM 0698 - Method A.

; ~

'i
2) Penneabi1ity coefficients reported above were obtained from consolidation tests under a "no load" condition.i~•
3) Values for Pc. CC • and Cr were detennined by Ebasco based on results of consolidation tests.
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TABLE VII (Cont'd)

SCS - APACHE JUNCTION AND BULLDOG PROJECT

LABORATORY TEST RESULTS CONDUCTED ON COMPACTED SAMPLES

(SOURCE: USDA - SCS SOIL TEST RESULTS DATED 11/20/84)

STANDARD SAMPLE
PROCTOR PREPARATION CONSOL IDAT IONSample Field Sample Percent Percent SampleLocation Sample Depth Li qui d Plasticity Passing Passing w Molding Sample Pc eo Cc Cr(Station) Number (feet) Classification Limit Index No. 200 No.4 d max 0 Moisture Compaction (psfl

DAM 52+00 11. 1 5'-10' SC 36 12 37'.t 86% 118.0 pcf 12.0% 16.2% 95.3% 4,200 0.486 0.096 0.008
BORROW 91+00 152.1 0'-4' SC-SM 21 5 36% 91% 125.5 pcf 9.0% 12.3% 95/3% 1,300 0.391 0.077 0.008400 US

BORROW 52+00 38.1 10' -IS' SC 30 11 16% 76% 123.5 pcf 11.0% 13.3% 95.2% 2,400 0.410 0.075 0.007600 US

BORROW 100+00 160.1 2.5'-3' SM NP NP 23% Ba 120.0 pcf 11.5% 14.n 94.9% 2,300 0.444 0.078 0.008
600 US

BORROW 92+00 164.1 0.5'-2.5' SM NP NP 35% 87% 106.5 pcf 16.5% 20.6% 95.0% 4,000 0.644 0.104 0.012
600 US

BORROW 62+00 36.3 10'-15' SM 28 5 In 80% 122.0 pcf 11.5% 13.2% 94.9% 4,200 0.420 0.068 0.007800 US

BORROW 62+00 36.4 15'-20' SM 28 2 26% 86% 119.5 pcf 12.0% 14.4% 95.0% 2,700 0.460 0.084 0.007800 US

BORROW 78+00 40.1 10'-15' SM 28 4 29% 83% 121.5 pcf 11.5% 13.6% 95.0% 2,500 0.430 0.101 0.0081000 US
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TABLE VI II

SCS - APACHE JUNCTION AND BULLDOG PROJECT

LABORATORY TEST RESULTS CONDUCTED ON UNDISTURBED FOUNDATION SAMPLES

(SOURCE: USDA - SCS SOIL TEST RESULTS DATED 2/5/85

Sample Field Sample Percent Percent TRIAXIAL SHEAR TEST
- CONSOLIDATION

Location Sample Depth Li qui d Plasticity Passing Passing c c PERMEAB ILITY
(Station) Number ( feet) Classification Limit Index No. 200 No. 4 ~ (pst) J (psf) Po Pc eo Cc Cr (cm/sec)

DAM 52+50 11.2 3.5'-4.7' ML 25 3 80% 100% 9° 5470 45° 0 400 4.000 0.811 0.094 0.008 7.0xlO-4

DAI1 52+50 11.3 12' -13. 2' ML 29 5 85% 100% 4° 2370 40° 0 1.200 6.700 0.976 0.445 0.020 2.8xl0-4

DAr1 52+50 11.4 12' -13. 2' ML 29 4 88% 100% 10.5° 2300 41° 0 1.200 6.000 1.030 0.545 0.023 2.5xl0-4

NOTES: 1) Permeability coefficients reported above were obtained from consolidation tests under a "no load" condition.

2) Values of Po. Pc. eo and Cc were provided by SCS in the consolidation curve plots. Values of Cr
were determined by Ebasco based on results of consolidation tests.
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TABLE IX

- - - - - - - - - -

SCS - APACHE JUNCTION AND BULLDOG PROJECT

LABORATORY PERMEABILITY TESTS CONDUCTED ON BORROW SOILS

(SOURCE: USDA - SCS SOIL TEST RESULTS DATED 6/24/85)

STANDARD
PROCTOR

Sample
Location
(Station)

Field
Sample
Number

Sample
Depth
(feet) Classification

Percent
Liquid Plasticity Passing
Limit Index No. 200

Percent
Passing
No.4

w
d max 0

SAMPLE
PREPARATION

Sample
Molding Sample
Moisture Compaction

PERMEABILITY (cm/sec)

Surcharge Surcharge
Load: 1,000 psf Load: 2,000 pSf

Borrow 52+00 38.1 10' -15' SC 30 11 16% 76% 127.5 pcf g.O% -- 95% 3.2 x 10-5
600 US

Borrow 100+00 160.1 2.5'-3' sr~ NP NP 23')', 81% 125.5 pcf 10.5')', -- 95% 7.1 x lO-6
600 US

Borrow 62+00 36.3 10' -15' SM 28 5 19% . 80% 126.0 pcf 10.5')', -- 95% 8.8 x 10-5
800 US

Borrow 78+00 40.1 10' -15' SM 28 4 29% 83% 127.5 pef 9.5% -- 95% 1.1 x 10-6
1000 US

NOTES: 1) Standard Proctor as per ASTM 0698 -.Method C.

2) Sample molding moisture not reported.

039r,v
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TABLE X
-

SCS - APACHE JUNCTION AND BULLDOG PROJECT

FREEEBOARD HYDROGRAPH (FBH)

DURATION OF FLOOD STAGES ABOVE VARIOUS ELEVATIONS

Elevation Duration
(feet) (hrs)

1809 0.9

1808 1.7

1807 2.3

1806 2.9

1805 3.5

1804 4.2

1803 5.0

1802 6.0

1801 7.2 (estimated)

1800 8.4 (estimated)

, 1799 41.4 (estimated)

1798 65.7 (estimated)

1797 83.8 (estimated)

1796 102.0 (estimated)

1795 116.2 (estimated)

1794 218.0 (estimated)
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APPENDIX A - CALCULATIONS
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I
'1

0
I
'I'
:1,
I
I
Ii
Ie
I
I
I
I
I
I

·0I ",

I
51118..1



-I/78B;,
v

·-t/B/O

J..;"7!..te '-t

,/-t'-r--- 4-7/6.----'7!'?r7%-¥-IS~7tf. -:-·:;!J5.~--
,

'.

f
22ft

EBASCO SERVICES INCORPORATED

'BY Y .BOI-IlJ.JO DATE I~s....- SHEET_/_ OF 66
CHKD. BY .s. L4 DATE /I. ,- 85 OFSNO. DE:~: __

CLIENT t./5:DA

PROJECT A'PAC,f=lc .sCI: FRS

SUBJECT EMBANKtd?Nr :5EEP.t.:l. cj£ A,uA L Y.sfs
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SHEET .;:u OF G<2
DEPT.OFSNO. NO. _
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....."'llfL-v.'.-.,.;-.. ---'-.-..-'.._.....-'-i-~:d=-~~/(_-..... -'-T-...... ...i----~__--2':rz- . I . 'I' -':/.. .
~---·?f,.r7z...jL /S~7~:: ., . .;3S~Z -'-----,A'

'1.2 •....~.. .la. ¥
.-,. '-~""'-"f .... __. -- -~,

a = (~2~cfJ::f.--r?~ 4'Z~>t<)~-d~
)hi; 0

A ;:.. /~/-f/ 6/ ~ ~~7~j~nc/.. :0( = :46.6

~ ..A:o ./.;L/t.......q:~¢Ld_.=, 2f.J:E-:
. ! l.-- ....-.-.----..~._--..- .~ .---.-- --- --'-'---~'- ---'1-'" ...,.-.

(2 ... 2.) !6:---yo:: ~/~ c-+ i.2 ._;- -

~)

EBASCO SERVICES INCORPORATED

BY V BQl-tlJoJO DATE /OJ/ss:
CHKD.BY $ <it DATE /I~6"SS

CLIENT u.sX>A

PROJECT A PiAcHC .:reT" FRO

SUBJECT EMB4N.Kl-d?}Jr :5EEPAo/£ tf¥JALY.s/S
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SHEET..::3..- OF <e b
DEPT.

OFS NO. - NO.__-,-

EBASCO SERVICES INCORPORATED

sv\/80L,LlJ(/O DATE Iv,lt/as

:-4) 1= ,-rCUiS//>;< P<

CL=:~4Ii I ~= /XA':)-~/,71/.s=c .~ ... O.~B3~;r;7 /' ~/?c/CX ':;. ::<C,.6 0

i ~ (0. .2B3//~ )(flc)(:SIO=<].?6=~j

! ~. 0.:23;t'41';f j,e:~.y~ y,.,;;#
7~(o ..).:,c(JyfffJ~!I. '1je~)(~: )... /. 'RJf'f/;,./'~1£

CHKD. BY .$ C. DATE 11- t - 85

CLIENT US7)A -':)C S

PROJECT APAcdc ..:reT reS
SUBJECT D-IBA6//<"c/EA/T .;s~~E ANA",-Y.$6S

•

I

Ie
I
t
I,
I,

I
I'
je:

I
I
I
I
I
I'
I(,~'j

,,:~

I
I



+/788;
. Ii'

- of /78~

·-fI610

~,,/~u.d~;=;f;?Lt",,,ZJ/~76-fi
KAh
fn

K~s",j;..e~f?''f"iz·?jt/~La-~--"",,)
• ~i"""" •• , . ""' •• '., .•..•

A. == /;2/f ( ..RjBQD,..~£L..L78F3)

-t ~ 76/(' (s;~k~·;A:J7;re;~6sve,~)
, . ,

rL - ·~<>YOs/j (O.~;·Ci~.~li Pe2f€ I
, ,?'./ez .",Gr,s-~/An~O.3Sb).O.~*. Sic,~:cI: "'l.=O• ..25ftvo.sv ..

't...
,,- ~.

:2211:

EBASCO SERVICES INCORPORATED

BY V }3QL/J.J../O DATE loA~s: SHEETL OF hb,
DEPT.

CHICO. BY .$(;; DATE"-~-$S' OFSNO._____ NO. _

CLIENT u.;sZ>A

PROJECT A PACt=!C ..Ie r F R.:5

SUBJECT EMsAAlKtdPJr :5E£P~(fE AAlALV-S/S
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EBASCO SERVICES INCORPORATED

BY V BO/"IJ.).)O DATE /c.0ie5' SHEET~ OF b-b
DEPT.

CHKD. BY .$ <;. DATE 11-6-8> OFSNO. NO. _

CLIENT I):::::;:DA -..5c.S

PROJECT APAcrlE ....:reT E&..:5
I

SUBJECT £Nf8A1Jf<.,MaJl.:5~L/HALY.sCS
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DEPT.
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EBASCO SERVICES INCORPORATED

svV 13QLAJJO DATE Fu!J/J/Ss:,
CHKD. BY di1.G, DATE 11-J1-8s

C'-IENT t.I...sX>A
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SHEET.1..- OF c;6
DEPT.

OFS NO.______ NO. _

EBASCO SERVICES INCORPORATED

DATE/~hi8~
DATE II ~ 11- 8,$

BY V 13OL4,,1 0

CHKD.BY .$ "

CLIENT US Z) A
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SUBJECT ~
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EBASCO SERVICES INCORPORATED

BY YBQLAJ../O DATE ,o/d€~ SHEET-8- OF <2b'
r... DEPT.

CHKD. BY $.., DATE /J-11-8-S .OFSNO. NO. _

CLIENTU..s.z:>A
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EBASCO SERVICES INCORPORATED

BY V80LAtlD DATE 1#8>
CHKD. BY .J~ DATE . /1- 11-'&$

CLIENT I/SZ>A - Sc.S

PROJECT APACHE Ie r FICS
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SUBJECT .:sEEPAG£ ANA/..Y:5/~ 7tiRQU'7d EQUA./2)ATlQA./ .:sO/L...::5
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SHEET -l.L- OF Gt;
DEPT.

OFS NO._____ NO. _

11 3ft-

V" = -t-"-li-.."'-

EBASCO SERVICES INCORPORATED

BY VBQLAA-/O DATE I~;;-
CHKD. BY $. £; DATE /1-' -S..s

CLIENT cJ;52:?A - .sCS

PROJECT APACdt=:" .:Ier Fie S
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EBASCO SERVICES INCORPORATED

BY V BOLAtJO DATE /oP,Ie~ SHEET.l.i!::.. OF b.b
~ DEPT.

CHKD. BY .$ - DATE 1- I.-8s OFS NO._____ NO. _

CLIENT tJ;;;;DA- SCS

PROJECT APAcdC .:JeT F/C;;S
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SHEET~ OF 6-'
DEPT.

OFS NO._____ NO. _

~2Y2/~

..3~Y~'-\~ts/e 1.

EBASCO SERVICES INCORPORATED

BY \!.80~AIJODATE'uhks:
~)

CHKD. BY $ <; DATE 11- ~- -g>

CLIENT ().;S7>A - .sC5

PROJECT AP.ccH'£ JeT ;=;eS

SUBJECT S¢:2;;p~E" AALALYS /S zHRQUc;c1 COUA/DA77QA/ ..:s0/4.5
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EBASCO SERVICES INCORPORATED

BY V BOLAIJD DATE IOj,;)-/£1=: SHEET.L::L OF G6> . ,

& DEPT.
CHKD. BY oS {;; DATE /1- 11- .5 OFS NO._____ NO. _

CLIENT Os.-SZ?A - 5C.s

PROJECT ./\PAc~/L XC r FRS,
SUBJECT .SEC2?A9E A,vALYS/-S 7l{RQU9;{ FC>UiJ.M77061 SQ/k-$
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T.bullr Computation,

U. S. DEPARTMENT OF AGRICULTURE
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Tabular Computations

u_ s_ OEP~RTMENT OF ~GRICULTURE

SOIL CONSE..VATION SERVICE:
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where

V-1

F .S. =...:::J.!- cot ~ tan +=...:::J.!- b tan +
Ysat Ysat

EM U.tO-z-i90Z
1 April 1970

APPENDIX V

--

Yw
V' - Zz~ b 'V' - 'V

F.S. = cot (cot ~ tan +) = w (tan +)
Ysat bVsat

y' _ ('I tan 0)
w cot ~

F.S. = cot ~ tan +
Ysat

Infinite Slope Analysis for Coheaionless SoUs

t. Infinite Slope Computations•. For coheaionless materials· (c =0) , equa

tions applicable to an infinite slope may be used to obtain an estimate of the

stability of the slope of an embankment ~here seepage is involved •. It is as

sumed that the seepage now is uniform throughout the BOU mals.

Z. General Case. The safety· factor for the general case where seepage

flow is neither parallel nor horizontal to the outer slope is

y' =submerged unit weight of soil.
Yw =unit weight of water

a =. angle betwe.en seepage flow line and embankment slope

~ =angle of inclination of embankment slope with horizontal (cot ~ =b)

Ysat =saturated unit weight of soil .

cfl =angle of internal friction

3. Seepage Parallel to Slope. For seepage flow parallel to and coincident

w,ith the embankment slope (0 = 0) , the safety factor becomes

where

b =cot f3
4. Horizontal Seepage. Where seepage now is horizontal (a =~) , the factor
of safety is

,
l~,
(~{1
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F.B. =tant =b tan.
tan"

_5. No Seepage. Where no seepage forces exist, i.e. fora dry slope, the

factor of safety is

Z.45t

1.76tt

No
seepage

i.t3t

0.74ft

Horizontal
seepage

Factor of safety for

0.88tt

Se.epage
parallel to
outer slope

V-2

b'=~1+b
~/r6·fJ

'" = seismic coefficient (see fig. 6, main t~xt)

t Without earthquake loading.
t.t With earthquake loading•.

Assumed
design'values

b = 3.5
- Z"sat - 'Vw

tan += 0.7

'" = 0.1
b' = Z.5Z

EM iiiO-2-i902
Appendix V
1 April 1970

6. Earthquake. The effects of an earthquake loading can be applied

to all of the previous equations for factoro£ ,safety by replacing b with the

term b' where

7. Example. An example of. th~ innuenc~ of the direction of seepage flow

on the factor of safety is illustrated in the following tabulation.
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APPENDIX B - SUMMARY OF SLOPE STABILITY COMPUTER RUNS
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0395v

7 - Sudden drawdown. No acceleration. Upstream slope. SLOPE-II.

All computer printouts will be given to the SCS during the Final Design Phase.

Acceleration (0.1g).

3 - Reservoir at crest of emergency spillway. Steady state seepage. No

acceleration. Downstream slope. SLOPE-II.

4 - Reservoir at crest of emergency spillway. Steady state seepage. No

acceleration. Downstream slope. EBASCO.

6 - Reservoi r at crest of emergency spi 11way. Steady state seepage.

Acceleration (O.lg). Downstream slope. EBASCO.

5 - Reservoir at crest of emergency spillway. Steady state seepage.

Acceleration (0.1g). Downstream slope. SLOPE-II.

2 - Reservoir at freeboard storm elevation.

Downstream slope. SLOPE-II.

1 - End of construction or reservoir at freeboard storm elevation. No

acceleration. Downstream slope. SLOPE-II.

The major portions of the following seven computer runs are presented in this

report:
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11I*" ** 'Illy. * 1r * ~* ... **."* * 1f"_ ****' **** *.** * *.*..* 1t.,~·*_lI!,,~.~ *_:-'!._~.*~

TleE )( - CC(0 ReI U> TI'" 0 F ThE LOw ER LEFT CCRfi £ R 0 F TI-' E GP. I DIS 145. 0 0 0 0
Tt'i:: C[1', TE RS AKE I NCROiE f'lr'ED 5 Tlj~ES IN THE X-0 IR ECT I ONIIITH.._EA CH _,.,, __ , .. _
I~CR~~E~T EOUAL TO IG.2CDG

Tr!E Y-COOR cl NATE UF TtL. LO",':K.LEF.LCORNER.QL_tI:'£ r1P_IO._.TS.. 1.l5.00Q_Q.__. __ ._. __..._.,_... ._.~.,.---~.. _.-_.,._._..----._._,_.._.. . .-
TRE CE~TEHS A~E INCRE~E\TEO 4 TIMES IN TI-'E Y-DIRECTiON WITH EACH .,
I~CRE'ENT E~UAL TU IJ.JDOO

TilE GRID ~AS A SLOPECChANGE IN A5SCISSA DIVIDED EY C~~N([ I~ ORDINAT~)

CF .~0G~.

r,HfI( FAf\TICULAF,S FOR' TilE ANALYSIS
*****.********* ••• ************.**** ,.-_.".. .....;.~.,,'.. ~..,_ ..;, ;""':":'-~'." •.. ~._ .....

T~[ V-COORDINATE OF A ~O~IZONTAL lI~[ TA~GENT TO TH~ SLIP SURFACE CF
i1HIl"LfJ RAOIU:; IS lC5 •.0QOO •.......

FOR EAC~ CENTER, RADIUS IS INCREMENTED 20 TIMES ~I1H EACH INCREMENT
~aUAL TO 2.0000
THE TCTAL ~UMBER OF STABILiTY ANALYSts IS b3G.

---'-. _...•~-;..~ ..... '"'--

.0100

5.0000

THE GE CME TRY IS DI VIOEC r N10_._ __.2611.. SLlC.ES_-,_.E.I1C~... 1_._00~]..~__._,_--._~---'"7""..-.,.;.".-_-___

TH~ TCLERA~CE IN CALCULATING THE FACTOR OF SAFETY IS

THE DEPTH OF THE DEEPEST SLICE ~UST BE GREATER THAN

THE SE ISnC C GEFF Ie lENT IS. EQUAL.TO ..._ ....__ ll .• O_O_O.Q ._._._. __.__. ._._._. ..__-_.,,_ __,--.,....-__,__,-

ThE U~IT wEIGHT OF .ATER IS 62.4GGiJ

THE CC~TROL QUESTIONS A~SWERED

1.) PRINT OUT THE INPUT DATA. 10(\)=2
2.> "RITE OUT ALL FACTORS OF ~f.F[TY. IG(2'=1
:).) '"R 1 TE OLJ T A SU~~-M AR Y c'", THE Inr,Hlli,;' F ACTe RS---6F---SAFETy~----i-Q (-3·i-;2--------·--------·---------·---·
4.) ~PITE CUT A DETAILEU SUMMARY OF THE COMPUTAT!CNS IC(4)=2
1.) CISkEGARD THE PREVIOUS POPE PRESSURE DATA. IQ(1)=1
p.) SlT ALL NEcaTIvE pCRE ~RESSUKES TO ZERC. 16(p)~1q., f'RH;T A QIGITt,L HeT CF H'E (jf:O~"ETRY AND ~LII SUPFf.CE". IC(,,)=1



\III
• - - - - - .. .. - .. .. .. - .. .. .. .. .. -

....THE CCC;;~: 1 tIJ ~ TF S OF TH[ VEf< TICES CF LINSS FeRn Nc THE ccr,J i;CTS_(~CUJ.E~:f'!._s.O.ll"J,,.}n.ERL.~fE_As._Em,..L~.s . __. ._..-__ ,-'_.._.~._.._ .
**.****.***~******.**.**.****.******.**************************~******** •• **.******** •••*** ••• *.*~*~**.*.***••••**.**:*** •••.•

15H1312

-..,-..". -,..,.....c.,- ,.....--....,___-.--__..,......--.---

11

,_., . ._0 , ~ •._ •• _, .• .••__ • __. ."._.".__.... •...• .- •• .__., •.. . .•C........· ••_.-4 ·.:. •.. _

10Cj137h54

-_ ..._.. ----. -_._---._-_..•- .....--,~ ---'"-'~'-' -------_.•.

RUN TRIAL n

3

.._._.. ---.- -- ...- _.... - -....:-....~_. ..:-.--'......'-.'".-..~------

.'.._-----_..-. __..•. _.- .._--,._-_ .._-~_._._._...;.....; .._----_ ..__.~.. ~--_.'--_._._ ....._.•. --_._._,--,---_._--------- -_.__--:.."'----_._-............

....~ .._._-----_...._._.__.,---_._--------

1 2;; .• 0._ ..1.3.1. •. : 1.7e. 0 2..l5.L._;:J.? •.f.L..~.L~.JL_2.U.•L_.2J5.Jl__:_~.li.•.JL-:? 7~.L!l,.,....2L~~~.W_•...Q-,--:-2_lli-2.:....,.~~-_.
IIQ.a 110.~ 88.0 66.0 86.G 86.0 86.0 86.G 86.g 86.0 ·86.0· 86.0 86.D
118.5 12U.0 134.0 178.~ 215.a 275.9 21S.0 275.0 275.0 215.0 275.0 275.a 275.0
1 ~':'.i+ 11 t'. 0 11 'J .0 .. P.B.• 0 ._~ 6.• 0 ..... 8 (;:.0 .._86 .1l .._...86.IL_86 .O._,_8.6.•Jt~_.l;J6 •. IL._.._8.6".O.._ •.a6 •.Q_;...••. ~_'_

112.5 12G.:, 135.0 142.5 1713.0 275.0 275.0 215.0 215.0 215.0 275.0 215.0 215.0
B~.: P3.~ e3.0 e~.D b~.G 86.0 86.0 86.0 86.e 8£.0 ~6.~ 86.0 86.0

;:; 7.<~ • 0 ... 2'75. G 2.1.'5.0 .2.75. J. _.2 7.5...L.... 2.1.5.•. :L.. 2]..5....L.<~L5 ....0....._2.L5_._L_:_'Z].5.•JL __2..L5 .JL.21~ •.L_li5_~j) ....._._l.__ ._" __

66.2 66.~ 66.0 66.0 66.0 66.J 66.0 66.0 66.0 6~.O 66.0 66.0 66.0

11.0C.
2'T4.()J.

RESlRVGIR AT FRiEBGARG OS ~o EQ

.********************

.**~.*****k**•• *****~
* SlCP~ STAbilITY *

S~E£IAL DETAILS O~ THE LAY0UT OF l~E CROSS-SECTION

teepe o.A TE~

*** •• *.***_ •• *.*.********-***** •• **************

THE LEFT lIMIT IS
ThE PIGHT LIMIT IS

LH'lTS (IF ThE r;i::(li-1ETRY liSEr [:lJRHJG COi"FUTATICI\S

ll~;;,U:,..S SHlPLIFT[[) METI-'e:)

c ()r·~ c: f.~'~ TS

U; fr 'Yi-1I,+-[j5

LI"[
r:o.

1 :::

LJ,J. ~, 1<'1 " 118.5 ... .,
1 ~ '. y lU~.4 109.4'.,;\.1-

2.0 c.: x 1n.J 65.0
2:J 0 y e~.() 08.0
31..1 D .' lC.J b5.0
3'J y ~~e.rJ S8.C

..,+ca i< 1 C • :) 275.;,L.
4:~ y 6~.J 66 .. 0

•
•
•
•
•
•

••
•
•
•
•
•

';'.

•
•
• ,Ii

• i'

, '

:: .
,,'

•
•



- - - - - .. - - - .. .. .. - - _.- .. - -
**k*.* •• ***~~********

** ••• ***********~.****

')

. J

* SLOFf srAfllITY

Ct.rc:: ,;<,-r,4-1~:::

*

RU~: TRI l\l 01
-..

I )
C C!-;" ~:~ t'!T~' f~ [ Sfi', VG1 i~ ~ r FF f- r.: e() A '1 r: j) S r, (l [ (.

PIS~:P·S SIMFLIFIED VETHCU
_._-..---~'~---'--'---" ..--~-,-- ...----~---.------.",--_.-~.-¥,---- ...--_._--,----~..

I ) SPECI~L ~ETArlS ON THE SGll CGNDITIONS

-- ._---.~~._..._-------

--·-----·-------·--··-··~-r------,..,..,--~-----~

--.,---,--,--,-,----,--,~...---~-.------_.

-_.._---_._--- -- ..;-,,--~_--..--~----_.~. .. ~;.~._..~..,.

-'.- _•..~~~-_ .._-.-..-..-------.__.._------'----.~..,._-----_ .•._.._--..-.

~,~ •• ~. '- ,. ,~_. ¥. ' ..... ..:. __C._'':':':~; ,-"':"',~ ,.",-•. ..;:.-,._-,'.~...c..-. __.~ ~' ..... ~:~~ ..:., .•_, ,_.•.-• ........--:~ .... "',_~ ..----.;._

wATER
C_Qr1 PAC JE.O SM~SL. "'II,T~RH L"."_~ ~~_~ ._ ._.__• __.__.... ._ ....... _
FOUNDATICN SM-SC MATERIAL
CALI CHE

., .; _.... _"' .... _....._-_..._-- -

-- _.' _..•_--_...,. -~_ ..._.._~_. __._~.__.._-_.

•~....;--''-'.. "",-..:.:~.~-----. __......~. ~ __.__.....--" .•._ -'-.i.....:~,._ ..'.....;... .. :...._..:.'~_ .... _'. __-'-',•..:..;,:....:- _.......-._....... ,.;..'':'_.__.-:..,.:..~-:.:..._

._ .•.__._._---•. __ ._-_._-_._----------- ----------------

--.-----.. --..•.---..-.---------.--.-.-------;-----;-----;-----;-----;-----;--:------;------;--:----,--=-c--,-~---

- ---_•.._._.__.._... _-•..._----_ .._._--_._----_.- -_..-...•__ ._.__._---~...,."",.....--

. --- -...._, .._.,.. _-,. '-'-'''''''--'-

4 LAYERS ~ITH r~E FOLLOWING CHARACTERISTICS.

1 52." 0,) J.nG) a.~GO O.ilOO
2 13:.:1)1J O.GCr) 37.;)00 c.coo
:5 iE.~·}G G.oca 30.['00 c.con
'I -1. !.iU·J :.C~J IJ • C\1 C e•CGI)

SOIL C"~ll~CTt:PISTlCS

************ •• **********
THE GEC~~r~y CLNSISTS CF

._._ .... _,-.,~.. " ... _. "--"-~'-'- .... __ ._.__ . --- ..
LlYlR T~TAl A~GLE CF FCR[-PRES~URE

NO. U~IT W[IGHT COHESION INTf~NAL FRIcrION RATIO RU SOIL DESCRIPTION
.'!.1t.1t.* it. * ~* .. JII' 1r.". * *,* ... ** * *. * ... * *_~__* * .":..*_':~._'!. ~-~*.'It:._.~_:!.* .. ~_,~~.~.*...!'_2':_*.~_.!" ..!!_,'!~jr.~ ..~!....~_:*:_~!_* "'_~_"!_~_'" _*-"~_"'!.!!..;!.~ __.~__.,_-:;;:---._-~.~-~--

t)

0

t)

t)

t)

ti

.'J.)

.)
e)
.)
a)

e)

.!
•
)



• - - - - - - - - .. - .. - - - - - .. -
•
•
•

******* •• ***** ••• *.**
* SLOPS STABILITY *
*.***.*.********.****

ct.Tf }:-~4-f)5 RUN TRIAL £11

llSHCP*~ SIKPLIFlfD rET~CD

SU~VAR) CF ~INIMUM FACTORS OF SAFETY

•
•

cu·::··U, TS ~ESERVCIR AT FREEBOARD DS NO EQ

'_._-' ..- - '--'--'--'" . --_.__. - - -_.__._------------_._.__._._--~----_._----_._._--

•. RADIuS l- Y- FACTOR OF NO. MALP~~

..Hl C* T CGGk C• CO eRe. P to DI l; S .S Af EJ Y_ .. IT [R,I. N_ WA ~ ti!':.fl .----------_-..-.----------- .:.. __ . ~.-.---- ~---~..----.-----_-_
*************************.*********************.************.****.*** .

ThE MOST CRITICAL SLIP SURF'CE

"

.'~'-----.-- '~

----'---.--------------~-------

,,_. _. -_.._ ..._-,-","-'- ..._-"--~ .. _,,"-_ ......_--~--"--_ ....,....-., ...._.'"'...:-'--'-._-_..-'-,_.. --- ....- ..._" ..,

...• --_..-_..---..~.__. - .._---'---_.----- ~ ....•._.~--_.._-_._,---...;.....- ._.__.... _._--_.~, _.---._-_..~--_ .._-_ ....-......

-"-"'-'~-'-"""--- ._._.- .. -_... -.-'.

••__• __• __ ,, __ . _~•• • M__...

c

o
(1

o
o
o
o
c

o
o
o
o

3
3

3
3
4
4
4

3
3

., n-- .--.. -'-' .. C-----·
o

3
3

.4
4
'I

4 C
...'+..._ .. _..__ .. 0.. . __. . ._.. .__
3 0
4 I)

4 Q
4 C
4 ~

_.... _ ~ ..__0.__ . . . ._._. . --- .------.----.-----..----. :__-
3 ()
4 0
'+ C
4 0
4 [)
4 ~..'_. ,~"~.-., ----._-_._....__._...-._._--~~~--.-.--..-.--

2.321.
1.987
1.1'51
.1.7C~

2.929
5.['21
2.16u
1.<\37
1.706
1.7:-.9
3.397
4.931
1.%2
1.706
1.682

.2.083..
3.6!19
4.987
1.980
1.729
1 .f, 51
4.3,\/\
3.812
5.131
1.870
1.759
1.759

__ .._2.16':: ... __
3.972
6.304

2 145.) 115.0 15.C
'+ 1~5.C 115 • .:' 19.0
t 1!:"5.:J 115.8 2?G

-. I;j 1"l~.(' 115. ) 2 <) • 'J
11 11'.:,.0 115. ~ 3::.()
21 1 ':<5. C 115.C 53.0

2 1:: • ~ 1~ 5.~ 27.0
5 11'-.(.' ." 1~!:'~.·~ 31.0
S In. : 1 c: ~ • ~ 3" '), ..
<; 1 h;.! • ~.: , ":C:;: t"'. 39.0_ I:: •.• oJ

1:": 19 iJ • I) 125.0 45.0
21 <: 0 J •.J 125.0 63.0

.3 lc:.5: q 135.0 37.0_'..J • ..

5 Ib5.C' 135.G 41.r
8 175.] 135.0 49.0

..10. 11.'5.( U5.C 51.0
1b 195.0 135.0 63.0
21 ~ D5. S 135.0 73.0

3 It-D.C 145.0 49.0
6- l"lO.C 145.0 53.c
13 !PC .r 145.C !:·7. ~

U 199.;:) 145.~ 61.0
21 2 J I.J. 'J 145.C 83.0
21 :::10.0 145 .~ e3.~

4 HS.O 155.0 5'3.0
6 175.S 155.~ 65.0
9 1 p 5. r; 155.C 69.:)

___ 11 t95. J 155.0 73.0
21 2C5.2 l!J5.0 93.0
19 215.C 155.0 f9.C

•

•

•

•

•

•

•

•

•
•

•
•

---._._.._.-...__ ._-------_._--_._------._-------_._-_ ..-.---.-.----------

41. G~ 1,-, -, .'.,14:; .,1 r ", •

RADIUS w- Y- fACTOR CF NO. MALPHA
INC*T CC~RD. COORD. R'DIUS SAFETY ITER*N ~ARN*G

*********.*.**~**************************************. ***************•
•



1':5.]U~ +
EIS~OP*S SIr~LIFIED ~ETPOO

*.**.***********~****

*********.*******.*.*

-------
COMf"EJlTSRESERVOIR AT. FREE.SOAPO OSNOEG

--..
L• .7 6 .._,-_. __.1.•.16 _.._ _._~ J6 ._.._.._3 .9J __ _.--'--.6-t.:i.O . __.

RUflTRIAL 01

--
...1 •. F.7

(A TEO 'J - () 4-8 5

-
*.

_.--
* ~lDrE STAbILITY

--•
•

••

•
•
•
•

147.GCC ..
I·ClP 1.73

..
1.65 2.35 3.el 5.13 ..

.-.:-._-- --_. --------.---:---_.,--_~.-. .__. - _.._~_._--------

•.'
1:::~.vC0 ..

131.'Jr~ +

1.96 1.71 1 •.68 2.•..08 ... ,__. .._... __ .3..•.&9__.._....,_~._'t•.';l.9.. _._ '~"'."'•.._.' '_._ "_~'._' .~ .._..._.•............._

e;

e 2.1£ 1. e4 1.71 1.7F- 3.4J
; ...~.~\...:.....: •..~.

4.93

•
123.DCU .. . ._- .... - ...--;-_..-•....-•.. _~._- .. _- ...__..._-_._"'_~ ..•':""---~ ...,.._~.-.---- ...._---_.~~,_."~ ..------'--_.._,-_..--......._-,...,-_._---- -----~-~---,.-.-_._-. -

+ ••••••••• + ••••••••• + ••••••••• + •••••••••+ ••••••••• + ••••••••• .;--~--:-' :-• ...... + ••• ~-,'~ •••:.f•.•••-•• ~'•. .;. ..... -.:'~.:-•••••+

1.99 ...

~

185.00 193.ao .. 2ol.DO. 209.00 217.00
.. VERne AL..S. C.AJ,.F;, ._. ~.....1RC.H.E _.__ .~ ~.9JL.._"..:._,.. "_.~._." .._.~ _ _'___.._"~__._,~

177.0U

_._. __,.....__ ._. __._._._ ~ ..~~:';:..._c_...~:"':"_~_~~,.~ ....... :.. ._-_.__,...:;..._ .;...;.:_~....:.:. ~..:_;;.,.;.,. . ............... .-__.: ~__ ..

1(9.00
e.oo

..1.• e5..... __ .._._1..• 1.L.. __ _2.~3 !5 Q.2._

161.G()
1.INCH =

2.32.

145.UO 153.00
HORIZONTAL SCALE

107.000 +

11S.Gec +

•

•
• ••

•
."
•
•
•
•

-.--- --_.-- ..- _. ~~----.---_ ..__ .- .._--_.._----_~-._--_.

-



lt~.JGC ..
BIShCP*S SiMPLIFIED ~ETHOD

.~*******••• *********

••••• ***************.

---. --'..----_.--.. - ~~_. __ .. -- .._-'-'-,- -._. -_._.. _."._-~~' _.~_.----
cmr'ENTSRESfRVCtIR. AT H([80ARC.OS NO.EQ_

--
.--- ...- '._--- -,--_ .. "~--'-~~'

*

-
RurlTRI AL C; 1

-..
GAT[ C9-04-fl5

----
* ~U;P[ ::iTII£'ILITY *

--
•
•
•
.-

•
•
•.'

1~5.e(J +

95.00U +

11111111111111111111111111111111122Z2222222~2

2222 $S22
2 22 2 SS2222

.. 2222.. __ _. .. _..__ _ _._S..S.S.S..2.2.2... . . __.__.._- .. _
333333333333333333333333333333333333 333333333SSSS33333333333333333333333!33!~3333~

3333333

• 44444444444444444444 4 444444444444444444 4 4444444444444444444444444444444444444444444444444
.. b~ • U0 iJ + ._ _ . " _.. -

...........+ ••••••••• + + ••••••••• + ••••••••• + •••••••••+ + it •••••• '.," +
13~.OO 160.00 190.00 22ti.OO 250.00 280.00

... . VE RUC ALSCAU:.. LINCH_=" . .,_.~.Q.g.[__~~.__•.•__,.. ,, _
57.00 FACTOR OF SAFETY = 1.651

•
•
•

10.0a 40.uo, 70.00
HCRIZONTAL SCALE I INCH =

y = 18G.80 y = 145.~O

100.00
30.0 C

RJlDIUS =
..._-_ ....,,--_ .. _-.----_._------.----------..-....,..-.,..,.'--_. ._._-.-._-------_ .._~~._--.-

e,s

-.- --- ----- .._----._--- ---------------..---- --------.._---__----·--0-?"T,----~S7:-c00--;0"'·;:-.' :0·'."0-j,'·)-~,;:"=T--77i'G'0-----.,-------';,i" '.','''
-':i.;"

·,,··N'!;>· "'~,,,,.,.-----------y-~~. "."---- ._._--,._--,. -~-----~_ ..-_. --_. _.--- -'---'- --_.-

_m - -~._'-.,-- ••_----._.-.---,---_._ •••_ .• _.,. __ ._•.• .~_•• ,.".~, ,3~ .. , _,.1"",", _,:..,_,y,.

: ~

--t

e '.~

e"
•

•

•

·:'

•
. -- -----_. -'- _. - .---..--'" --- ..__ ..-. -'------~------.---

•
--..-._--- --~ ..._----_._---- ------- - ._--



• - - - - - - .. - - - - - - - - - - -
•

************.**.*.***
SLOPL STf.L1LITY *

•
***********k*******~*

D;'T'~ ~'J-04-&5 RUN rr< IIIL 01

• ,i

150
___15..1

152• 153
154
155• 156
157
15!>• 159
1bO
161

9 162
1 t,-3
16"•

.... _---, .~- '-""'--_.'~-'- --_ ~--_.-. __.-. -_._----_.-----._---- _._-'.. ~._-_.,---,.-.- .._-_.-._.__ .. __._-------- '" .._-_._ -

ALPHAY-[)ASE

RES[RVGI~ AT FREE50ARD DS NC EQ

V-lOP~-C()OF

~rS0CF.S SIPPLIFIEG ~ET~(D

cctr~[rns

SLl CE SLICE SLICE: NO~MAL PORE-WATER SLICE . RADIUS NQRMAl, PHI
COPESION .~JEIGHT FOR.CE FORCE r-iALPhA- -.---- ---- ARM -"-ANGLE:

.***~.**~~**~ •• **~*.******.****.***.~*****~**.**~**************·.*********t.********~~****.**·*********************•• ********.****
. _HE 1 ,'TrR U:C 1 h;r"S C:F ThE SLI PSlIRF ACE WI Tli THE _Sl)RF ~CE_L~Xf!3_.tlEf . .. ... .---.---.-------- . ..
L~FT INT~FCEPT ••••• x= 13~.675f Y= 1Gn.1622
RIGHT I~T~KCEPj •••• x= 177.9244 Y= &e.J378

X - LEFT A:.j [; RIG i11 1rn ERCEPTS OF THE sur SURFACE ANO THE_ 8EDROCj\APE Jt.tO_O..tL._~ ~IL_Q .• O_O_QQ:-.:_J:U:.SNCJJY_~.i.,,_L~_. . . __
THIS IS ITERATION NUMBER 4

120 13h.0Y 10P.9~ 10B.~G :Q.3g o. .~111E+02 .3209E+02 o. .9883E+00 57.00 0.00 37.3
1.27 137. [t!) 1"e. 5') tC l .. eIL .._._.Il.B .913 ..) .•. _. .. ._LlJ1a~_O_L_. __._U88E +O~_.J).L ..---..'2998E+O g . 5.L•..oJL--__-_OJL..~~...Q.-~.
12b 138.00 lC~.()Q IG£,.46 47.47 o. .1993E+03 .1971E ... 03 o. .1011E+Ol 57.00 0.00 37.0
12':' 13'J.JIJ H7.5C ·IC5.40 4/i.oa o. .2 7 2 5 E"'03 .2E66E+03 c. .1022E+Ol.57.00< 0.00, 37.0
13 C 1 ti ij .1 J 11)7.: C 1:' 4.39 44.57 G. .33 88f;+03 • 32J13(_~D3 __ ... !l .. __ _ ~c !'l.!i.3_2E._+_tu_L_~T.Qn~~__.__ .O ...OL .:n.o
131 141.G0 136.~G 10~.43 43.18 D. .3988E"'03 .3831E+03 o. .1041£+01 57.00 o.oa 37.D
132 142.0:) l;£'.OG H2.'31 41.11 G. .4529E+03 .4311:IE+03 o. .1049E+Ol 57.00 0.00 37.D
13} 14:3 .; V 1::i. 5 '} .111 • p4.. ..... ~ 'J .41' _c_... ._.._ •.:)J.l!L~.:': ..!L~ --,,!±..7 4 fl_Lt.O_,3 fL. _...ilJJ.5.~E +() 1 ,..,----.-S 7 _*_Q..2. ~O_P_._U-·-O_-

134 144.:;0 1C~.!JO 1!:lC.H1 3~.17 o. .5449E.+03 .!)126E.+D3 0.. .1063(4"01 57.00" 0.00 37.tJ
135 1.45.:;:; 1:::4.50 10C.01 37.GB~. .583H+03 .5458E+C3 o. .1069E+Ol 57.00 0.60 31.C
13E. 14Ci.;~ 1J4.0G ";5.25 .3E.C2 O. .6172E, ... 03 .571l6E_+03 ...._0 •. _. . •.H!HE_"'.!H_ .. 57.QIL ~.OO.__.37.0
137 147.JD l03.5U 98.52 35.38 O. .6467E+03 .5994E+03 o. .1079[+01 57.00 0.00 37.0
13E 14b.Ja 1:3.:;J ~7.83 34.1f J. .6719E+03 .62D4E+03 o. .lJ83E+01 57.00 0.00 37.0

.13·J 149.'~0 102.50 q7 .11 ...__ ..32 •.95 _.J .__ ..__ .. ._65:U,E,:t:.O_:3.__._f>:5_:7JlJ;:~ll~_L ~.10U~.:!:.O_L_-'5..7..~-(j~L_. O.!JlJL--.d1.-0
140 l~lO.uu 1J2.00 9(,.53 31.76 O. .7105E.+03 .6519[+03 o. .10/)(;£+01' 57.0110.00 37.0
141 lSl.:;O 1(11.50 95.93 30.58 O. .7241[+03 .6628E+03 o. .1093(+Cl 57.00 0.00 37.6
142 1 S2 • ');] 101.0 C ~15 .35 29.42 0_. ..._ ._ .• 7-H2E~ 0 3 ..•f> 791~:tl!.L....Q. --,-,_·._.__·· ..-,-_.J09~E.+O_l..::...~ .._._·.~1.!t.O.L. Jt'!o.JL__~J. 0
143 1~3.C0 1CJ.50 94.~J 2A.28 o. .7408E ... C3 .6757[+03 O. .1096E+Ol 57.00 0.00 37.0
144 154.=Q 10C.00 ~4.28 27.14 o. .7441[+03 .6779E"'03 o. .1098E:+Ol 51.CO 0.00 37.0

__..1_45 15·'5.:') S9.=O q~,.-rR 26.C~ 0..7441E+03 .•6775E+03 O. .1098(+()1 57.00 0.00 37.0
146 156 .00 99.00 ':13.30-'" '24:90 - o-:·-----·------:74-iu"E-:;.-0'3-·--:6744·r-:;-03--0-:-- .1099(+0i-"~7.0n. 0.00 3-:;:-n--c--
147 157.00 %.50 9~.A5 23.80 o. .7348E+03 .6688(+03 o. .1099('+01 . 57.GO 0.0037.0
148 158.0\: %.00 ':12.42 22.70 o. .7257E+03 .6f,08E:+03C.·.. ' ...··.109~E:+Ol .. 57.00 ' ... 0.00 37.0
149 17,9 • ~ J 91.5 J '32. n 21. f 2 o. .713 7E ~ 03 ---.650 3-E+·oj.... - ci :._.-- ------------:-i-097E'+::i i-- ------57 .0'o~· -----. -ii-:-o'o- --3'7. 0

lSJ.~O 97.00 91.62 20.54 o. .6988E+03 .6375E+03 o. .1096[+01 57.00 0.00 37.0
1 (,1. JD %.5 J ~l.2.6_ . 1.':_.43 __0... ..68 nE+03 .6223E+03 o. .1095~ 51.0 0 0.0..0_ 37._~.._
162.00 %.00 '?o.n 18.410. .6607E+03 .6047[+03 O. .1093[+01 57.00 0.0031.0
1fo3.10 95.50 9~.59 17.35 O. .6311E+03 .5849E+03 (I. .1090t+01 51.00 0.00 37.0
164. C(I '?5. 0 J '30.29 .16.30 .. 0.. ._ _.... .&140[;+ 03.... __ ._5(>21E:!:.Q.3 J) .._,, ~~_~~. ...1!Ht8E.:':Qj_~ .51_.'O'0 ... _g • .O_O~7. 0_.
1(5.00 9~.5J 99.01 15.26 O. .5837E"'03 .5382E+03 o. .1085E+Ol 57.00 0.00 37.)
1106.U':) 94.J3 il9.75 14.22 C. .5529E+03 .5114E+03 o. .1081E+()1 57.00 O.CO 37.li
1 h 7 • J 0 .S 3.5 C . He;>. 5 'J .. 13. 1 ~._._c_.__ .__ ..._. ...~1..9_6_E~_93 .!+ p ~.£~+ () L-Q_. ~ 1 CHE + QJ '5 7 !J1._C O~ 0a 37._0.._..
16~.10 93.00 A9.28 12.15 O. .4P.38E+03 .4507E+03 o. .1013E:+nl 57.00 0.00 37.0
If9.1G 92.~C p9.07 11.13 o. .4456E ... 03 .4168E+03 O. .1069[+01 57.00 0.00 37.0
17".:;U °2.00 8t~.3g 10.1:] o. .40'5GE+03 .3805E+03. o. . .1064(+01. 57.00 .. 0.00 37.0
171.% 91.::0 FH.72 ~.;Jc; 1. .361'310+03 ·.-3417E~03--G: ---···-----.1·a5Q~;Ol-·..----5i~,oo------_·0·~O-iJ---3-7~0 _.- ...

172.:j 51.0r 8r.56 k.G7. .3166E+03 .3103E+03 o. .lC~4E+C1 57.00 O.OC 37.0
173.~G r,.s~ ~~.43 7.l5. .;6~BE ... ~3 .2564[+03 C. .lC48E+01 57.00 n.oo 37.0
1 74 • >, '- _• C ~ p ~ • j ,c" f; • L·1;. • 2 1h7 E+ G.) • 2 J '; PC: + /., -' 0 • • 1 ~ 4 2E + 0 1 ':: 7 • G': 0 • 0 0 37. C
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•• ********** •••• t.******************w****************.** •• ****.******

HORI<:O~;HL FORCES (Hj THE SLOPE DUE TO PARTIAL SUBMERGENCE OR TENSION CR'A'CK-~'-'--------------'--'---'----""--"---------'---------'-,---.-~-._--

l~FT SIC~ --- FlUIU FORcr = O. AND MOMENT ARM = .3584(+02
RIGhT SIC~ --- FLUI~ FeRCE = O. AN~ ~G~ENT ARM = .5696E+02

1b5 1 7'3. J B~) .5 J H.22 5.0,) o. .16f3E+03 .16051:+03 O.
166 176. (1 b'? 00 36.1 /f 4.C2 O. • 1116E+03 .1 calfE+ 03, c•.
11,7 177. .-

He,'-~ CJ ,! f .uR ":t (~,.., G• .54(,3[+ C' 2 • ~ 3 I; 3E + IJ 2 (: ..~ • v c::

168 1: ; 7. 1 Ff<.14 IJ" .llt 2 • .5 {] C • .5398E+01 .5305E+C1 o.

N\1 • _" ~ Al FJ.1A .. .___ ... . __ . .._.•. -.-, .__~----
ITER*N WARN*C

0.00 37.0
o• 0,:0,.....3 1. 0 _
0.00 37.0
0.00 37.a

S7.00
57.00.
57.0 C
57.0 I)

.1036[+01
" •.102.9[+0.1.

.10 2 3[+01

.1017E+()1

fA CT(i r ,C F .
SAFETYR,ADIUS

y-
COURD.

"_RADIUS >:-
INC .. T COOP,C·

•

•

•
•
•

• 1 f; j • :' 14~.~' "\7. 'j 1·651 4
._._ _ ,-"- .'._,"- .~._- _ ,~. --.,.-._, ..__..¥---_._~._~_._ _.~

G

•
..~ ...- .---- ._~--_...,.-.-. _ .._-_....~_.~._-------,.._.-:--.-.----:-. __¥_-,-.......~---...'":"":-,.--~--'---------. -~~'--'- "--,--.-'----

•
•

---...~---~--~_ .._"~---..-,._-'-"::-_._--'~~.,--:-.~ .._~~ ... __._-,---',"'--::-~-.-..""---.--,_P':---.. :--...

•
•..~...._,"",- ._...._.._"'- -'-_...•._--'..._... _._.

•
...__._---_._.-..~~-_ .. --..._'_.. -.-.. __._--_.-.--,-..._.-.--_._ ...~._.~. __.~.,... '.~...-_~----_ ..__ ..__ .._---.,--,_.._.-+-_.:...._--.-.-,

•

,',"t

..-•.. , _.. " -_._.... _-- .....- _.__._-_._._._---- ._-------------.--::-:--::--

. ·--"--P"~'" -"._ .. _._ .. ¥ •• __ • __._.~_..._._••• ,••~••••._ •••_._.•__~ .•_ ••_._.,..,.. ~. ••__. _". ~~:7~..,._---.-". '" •. M__,_,'

- ",- --.. -----------,- -- .. ---- ---- .._---------- -- .. _._---------,-,---"l ._--_._._-,.
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----» DJ UCCiJ ul:u GO
DD fJO[;[1['[ DUDe:
OJ DiJ

__ 8[J Cu

~:J Dl:,
DO DJ

• CD Dr
DO DC
DJ [;C)

• CD ['C
.. DDC::; CI) ee, 0 (, D[;

DCDU"DS[:OUD

..

•
5~~:5~5~~555 9999999999 11 00001000_-w"sm"'-U9_""""'g ----t,lt--- _-~.m:·1·------_·~ _.-~

5;5~555555S· -999~99-99999-9----· --.- g--_.. -._- 00-·- ---o-~----_·-- ~--lf--

..... . __....__.~~555555~~ .... 99a.9999~9:L._.~-~il.--~~~._.~-.Jl. .-.' --.-l6-... ~_.
55 99'11· 0.0 '.00 K -t-

- ;~;;;;;;;;~;~:~~ ~~~;~~F-· ;m}}m;Cc.._O;~~~-~~~}:: ~-----,,-}- ·t t-- .-..~. --.-- -_.. ------. -.- ..--------.-,--.----.--.-..----~-t--~-
11 22222a222 6666666i::6f:6 PPPPPPPPPFP R!lRRRRRRRRR 11 l '-.

111 ~22222222222 66666666(666 PPPJ:PPPPPFe.p _RRRR8_RRRRRRR _. __ 1.lL .-.. -.---. -.- ... - --..-1~
1111 22 22 66 F'P PP RR PR 1111 fb

11 22 f6 PP PP RR RP 1l lt1 ,.
ti -. .. ..... -.. ---- .-2-~2-.. ~ ~6666-66666--~~-PPPPPPPP~~·-~~·R RR RR-R-RR~{-'-----i{---.-.----.-..~ CO' --'~
;: 2222 _. ::66""":: n~~P.':"PP Ppp:. . ;, ;,,,,,,,,,:;,,,,~-.li __ ,~~~'-9~, ~__11 22 66 66 lOP .~ RP!lR ll'-ro- n ...:
11 22 66 66 PP . RP RR 11 ~ ~

1111111111.. .. 2222;Z2222222_.-"f>66p.HJ~.ii.6R6_£.I: . Re RR 1UULlLU , ..
1111111111 222222222222 6666666666 PP RP, RR . 1111111111 ",--",. (A

.' -- _.-•..•. - - •..---~ -, -~----.--_.,-._ --- •• -., -'---.'-. ----..•--- - __.C__ •. -t'.
TTTTTTTTTTTT 11 44 00000000 3333333333 ~

TTTTJLIIIIIJ__.._ 111.. . 1.'L4 .O 0 () 0 00 (l 0 J 0 3:i~ 33 333~~33 . .. . . .. .. . . '.' ~
TT 1111 4444 CO 0033 .... ·33 . . ..... .•...... . ..

TT 11 1+4 44 00 CO 33
TT 11 44 44. _.00 __ ._.._.f)JL._.~_.... _" .. ~3~_._. .__·__._~ __. .__.__...~._.c __._.~

TT 11 44 44 CO 00 3333
TT 11 44 44 00 00 3333
TT 11 ..... 44444444444 00. 00 33
TT 11 ... - -4"44-4;144-4 4444'--OO--·_-liQ--- 33 .---..

T T 11 ...... 44 0 0 00 3 :3 :3 :3
TT 1111111111 44 0000000000 333333333333
TT 1111111111 .... -... 44 ·-··-·_·OGoa-aooQ-·····-3-3-33-33333j···
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* SLCFE-II * 15 A FULLY MftI~TAINED. PRCPRIET4RY PROGUeT OF
******"*.*~*""*

CEO-SLOPE PROGPAMMING LTD ••
7ry27 SILVER SFRJ~GS ReAD ~.w ••
ceLGAR~. AL~EF.TA. CANADA. T38 4K4

.---".,------ ... ------".-.,.__.-
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PLEASE NOTIF~ CEO-SLOPE PROGRAMMING LTO •• OF A~Y

PRoeLEMS ENCOUNTERED WITh SLOPE-II.

----~-----,,----------- ----_._------,----,_._---------

---- -"-----,----------,, .... _-----------------'----...-,--0'---:---,----,.

RELEASE 5.0VERSION 2-A

"

CISCLft IMEP:
NO WARRANTY IS EXPRESSED OR IMPLIED AS TO THE
DOCUMENTATION FUNCTION CR' PERFORMANCE OF TliE __
PROGRAM A~D THE USER OF THE PRQGRA~ IS EXPECTED
TC MAKE THE FIN~L EVALUATION I~ THE CC~TEkT OF
T~E Pfl 08 L E~! U~. PER.CONS IDE.RAJlQN • _

e,
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• *****~~********.**.**

* SLUPl STABILiTY *

•
**********k**********

DATE OQ-J4-gS RU~. TR TAL 02

, DETAILS 8N ThE SLIP CIRCLE GRID

EISr.CP*~ SI~PLIFIEQ ~[T~CC•
•

COVME ~JT ~ RESEfiVl'IR AT FREEEUAPU OS EARTHQUA~[ G.l G

T~E X-COLRDI~ATE OF lHE LOWER LEFT COR\ER OF THE GRID IS 145.0000
Tr. t: CENT ERS it P. E IN CR ErENT EO 5..T IME S _IN _THE. X-D IR EeTLQ~L JUJH .. EA.C.tL __~ . '-- ..
INCREfENT EQUAL TG 10.00ryO

•
•.,
)

")

LAyeLT CF eRIn FOR C[~TERS. OF TRIAL SLIP CIRCLES
* .... It * * ... *: .. it If- .. * .. * ...... * * .. *.'!t. .. * * *.'!'!.*._*. ~ :~_ ~,_~ ..~.*!_ ..*-_~_~ *..* 'i! ~_.• "'*:-!_~'!t._*..~

THE. Y-cocru;I NA TE. OF TeE LOIoiE.R__LEE.LCORNER_CL_TI:'E._J"RID_IS_u...s...JlQ_Q.G- .~---
THE CE~TERS ARE INCR[~EN~ED 4 TIMES IN T~[ Y-DIRECTION WITH EACH
INCRE~ENT EQUAL TO 10.0000

ThE G~ID HAS A SLOPEtCHANGE IN ABSCISSA DIVIDEC bY CHANGE IN ORDINATE)
CF .5'::00.

----.---'--.-..-.. -.-,.. ---.-...--..---------.-

,~-,--_.__.._---~-'_._--_.-..-'-.--------_._-----.. --,._--------

)

. .__._.._-_._._-----,----- --------_.--,------------'---'--_.~--_._-------_.~------
OT~EP ~ARTICULArs FOR THE A~ALYSIS

* •• *.*.~•• *•• * ••• ******.*.** •• *****

THE Y-COGIWINATt: OF II t-<Ci'\IZONTAL LINE TANGENT TO TH[ SLIP SURFACE OF
1" I ~. I ~' LtI Rt. DIU S IS 1. C. f • ;; J.O 0 L .. , __ .. .... . .______ __.__ .

FOP EACH CENTlR. RADIUS IS INCREMENTED 23 TIMES ~ITH EACH INCREMENT
EQUAL TO 2.00DD
THE TC1~L ~UMbER OF STABILITY ANALySIS IS 63C.

THE GEeME TRY J SOl V10 ED uno __2~(LSLJ CL"i_.• _E~C.!:L .1.._.QJ!..9 0

.~_..';'.'. ,._~.:._:.:.L;~.:;..:.:..;,~·~: _0.0_.:......__ .._._......;..~ ...:-...:.:- ,-', .;.....~~..,_..~~:.:._~ __..~ .. _.:....:..; ... '__ ,__. ." .... ~__._

THE DEFT~ OF THE DEEPEST SLICE MUST FE GREATER THAN
._-,._- ,~._..,-

THE TCLERANCE IN CALCULATING THE FACTOR OF SAFETY IS

5.0000

.U1CO
•• ~._~._.. '.,;.:...__ ."..........:._. .--._:-'-_,---.:.,;,......._ ••C_:__.__• __._....

Tt-if ScISM IC COEFF I CI EII!T_I.SEIl~AL__LO. . .1.J_Q9 . _

ThE U~IT wEIGHT OF wATER IS 62.4DOO

..,J

THE CC~TROL QUESTIONS ANSwERED
1.) FRINT OUT THE INPUT DATA. 10(1)=2
2.) 'RITL OUT ALLPCTORS __ Of..S AFELY._I()(2)=1 .. .. .. .
3.) .PITE CUT A SU~IMAP.Y (;F HiE ~HNIMur~ FACTORS--OFSA-FET-y-:---ici"-(--3'-;2------
4.) ~RITE OUT A DETAILED SUMMARY OF THE COMPUTATICNS IG(4)=2
7.) CISREGARD THE PREVIOUS PORE PRESSURE DATA •. IO(7).:l
s.) SET ALL NEGATIVE peRt: PQESSURES TO ZERO. IG(~)=1

9.) FSI~T A DIGIT~L fLCT CF THE SEONETPY AND SLIP SURFACE. IO(~)=1

.-------..--- ----------'0-.
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************t****k***
* SLCP[ STABILITY *
***.*********~**.****

DAT::.: :j9-:;'+-fJ~ FUh TRHL 02

bISHCP*S SI~PLIFIEO 'ET~CU

Sf-'i:C I H Ct: TAILS. ON THE LA YCljT CF THE CPOSS-SECTION

•
•
•

CCi- r" E ~~ T~ RESERVOIR AT FREECOA~D DS EARTHGUA~E C.l G

T.HE C()Ci'LltJ~TES OF THE v[HTICEs oCr lli\:[S F:nRr-.ING.ThE_.CONJ~c.T2_~E:TJ,iEEl:L_S.oJL_LA..l.f;RS_J\.R..E_j~_f_Q_LI,.Ji\ol~L ._.. ... . . . _
********.***.*.*.*.***.**.*** •• **.~*********k********• • **********~.***************.****.*.* •• ** •• **~*•• **.** .**.*.**********

1..3_ 4.-".' ue . L .. 2.7_5.:!- _23.~.•iL.1L!?!.Q._~L2...-l,._~-L~ .•.L.n~J-O__.<'J.5~~O 27 5 .JL_.2_Th.!!.Q. 2 75~JL .
110.0 AB.D 86.0 86.0 86.0 86.0 B6.G 86-0 86.e 86.0 8•• 0 86.0
120.0 134.0 178.0 275.() 275.0 275.0 275.0 275.0 275.0 2-r5.0 275.0 275.0
110.0 110 .0 138._0 .13_6.0.__ &6.0 .. _.8 G. Q __..c8.6. ~. _.. e6'.•_o.~.Jl.6 .• 0 __ ._J1.6_.J,L .. ,6li •.0. .8.6.Q_._. ._._. _
120.C 135.0 142.5 17b.e 275.0 275.0 275.C 275.0 275.0 275.0 275.0 275.0

H3.C 83.0 88.0 oH.O b6.0 86.0 86.0 86.0 86.0 Fo.O B6.0 86.0
_2.1.5... J __ V 5.0.275.• L.2J ~ .~__._23_!:i.•JLu27~.LL_.2..I~ •.0--2.75. 0 ~L!?._9_._2~2..•.Q..__ 2L~L._Q__._2IhO__. _

6f,.') 66.0 65.0 G6.D 66.0 66.(1. 66.G 66.0 66.1i f6.0 66.0 66.(1

•
•
•
•
•

L I ',f COCRD H.A TEs
NO.

1 2 3

. __.le 'J X- Ie. ~j IlP,.5 12C.O...
10::- y 1a9.4 l:i9.4 110.0
2 u )( 10.a £5.C 118.5
2 ~ y 88.0 88.0 109.4
~ " -~ 10.0 65.0 112.5..J 0

7 oj '( of. ': eb.C &8.0,J

4 ;.. 1 n ': 275.0_ 2 7? • J ___•J ..
4 ~ Y 6€;. ') 66.0 6 6 .0

'I 5 6 7 R 9 10 11 12 13 14 15

• LIMITS OF THE ;EOMETRY USEC DURING COMPUTATIONS
.****.*.*.*******.** ••••• **.**~**********.*****

- _.-._.__... - _.... --_._---."-_.... _. '--"'-_.~---.' ._._---_.._..•_----_._------~-.-

•
•

THE LEFT LIMIT IS
TH~ RIGHT LIMIT IS

11.00.
214.00.

-- y,-·,,-",...,--.-:'::"----':'-7c0~

• __._ •. _.__• ~,... _.__•.~..;..-._~._._._'__•.....;;.........~.i..;__"'_'_,"_'_"'----'--_'_"-.-'--_.'--'-'_• • _.~~__..--'-""~_'_"._~__-"---'--'---._,.~._'_" ••

•
•
•

_.__._--_ -----_ ..•..__._-------------------,-------,--

•
•
•

_.__.__._ ... .~__.._.._.__. ~ ..•...__'__~_._..~.. ___'__....;..:.....;;;.~;..._~. ;~~:-_~~:<,.s..:....~~ ........;__ ~_"_"_.;,~_..:.._'_.:......:......_._
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• cC~':t\: E r~ TS RE~ERVCIR AT FREEBOARD OS ~ART~GU.KE J.t G

EISHCP.: SIM~LIfIED ~rT~CO

SPECIAL DETAILS C~ THE SOIL CONDITIONS"
•
.. §OIL C~~F~CTf~l~TICS
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SU~"'ARY CF MINl0UM FACTORS OF SAFETY
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RADIUS X- Y- FACTOR OF NO. MAlPHA
INC*T CGORD. COORD. RADIUS SAFETY lTER*N WARN*G
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HE:EKVlI~ AT FREEBOARD OS EART~GUAKE ~.1 G

14::). :~1 (-:.; • (.'

UStiCP*s SIi"PLIFIEC ~ETH(ID,
CV"'~'.E.t4TS

145. () 115.il 15.il l.ij60
1'35.::; 115.r: 19.0 1.6"IJ
lbl).~ 1l5.C 23.Q 1.486
175.Q 115.D 2_9. Q ___ _L.35.9 __ .
165.0. 115.C 33.0 2.080
1 '; c: .0 115.3 53.0 3.310
15 C.0 125.:,) 27.0 .1.69';;
1 t.... ti • C 125.) .31.0 1.473
1 7 J • t) 125.1 39.0 1.36U
1,lJt'. ~ 125.0 3~.G .1.37.R_
1QO.~ 125.:j 4'" q 2.2'18~ ."
2~ .... ) 12~.a r, 3.• J .3.166
155.0 135.') 37.0 .1.5,3A
165. (; I'" " ,+1.0 1.362.,J _' • ~

175.: 135.'.' IJ. f.~ • ry 1.337
ItS.: 1 j!3.~ 51.0 ___ 1..•.5.1.1L.._..._.
195.0 135.0 Sf).O 2.460
':J5.J 135.1) 7" n .3 .112...; ....
l~fJ.lJ 1'15.0 49.0 1.543
17 ij.IJ 145.0 53.0 1.373
130.C 145.1) 57.1) 1.316
190.0 1'15.0 " 1 • 0_, .___ .. 1..• 7.2!+. ____
200.0 145.0 73.0 2.561
21 G.OJ 145.::: 03.0 3.1']1
165.'.) 155. 'J 59.1) 1.460
175.(J 1 ~ 5.n 65.'.) 1.3'l1
l! 5.0 1~,5 .0 6':1. I} 1.:516
1.95 •.0 155.0 73.') _______1..._'l!t8_____ ...
2C5.0 155.3 '13.') 2.622
215.0 155.0 139.0 3.405
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_._----'------_.__.:---.:--._----:-_._~ ...._---,-. ..-.~._.._~..-- ..--.-- ..,--------.--_. --..,_._-.-~ ....,.---.-----:-~.-

•
•
•
•

lZS.(~"C +

1:51.0QQ +
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1D.al 4~.OO 70.00 100.00 130.00 160.00 190.00 220.00 250.00 2ao.oo

r- CH 120 NTA L, SCALE. 1 I r-;c 1-1. = 3!J .:l C ... _ .. " ..V.E.IUICAL.S.C ;Lf. .. L UicH. ~'E_,__:5..9!O.O~ c_._..._. __.. ,,_' . _..__ ,, _

= 180.CO y = 1 4 5.00 PADILS = ~7.0J FACTOR OF SAFETY = 1.316
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[jAT:: ;;::;-,;4-H::J RUN HI/IL 02

• CCH'H: t')"S RESERVOIR AT FREEBcARD OS EARTHUUAKE 0.1 G

•** ••• *********+***************.***********.********************************************************* •• ***** .***••• ***.* •• *.*~*•• *
__ HiE H'T::>~)f.:C TICN~; CF HiE :iUP SU_RFACE WITH THE SURFACE L'AYER ARELEFT I /Ii TU CrPT.. ••• x= 135.6756 v;' 1 G9 ~ 1622 -- . - -------- ---- -----------------------~--------------------- ---.--~----------------

RIGHT l~TERClrl •••• x= 117.924. Y= 88.037A
)( - LEFT AND R HhT INTER CEF TS OF THE. SLIP SUPF ACE AND IHE . 8EDltQ_C.ILA£.C G_.Ojl_Q.9__A.NO !J_~OQJLQ R~_~f'.J:.CIJ_yE:LJ --,,------------------

t;ISHCF*~ S[~iPLIFIED r'!ETt-'CD

•
•
•

SLICE x-eVCR y -T._9 p Y-tiASE ALPHA SLICE
COHES 10 t•

sqCE __
\;EIGHT

NORMAL . P_QR[_-I/AHfl, _S_LIe E KA DJ\JS .NO~MAL__cJ'.HJ. ·
FO~CE FORCE MALPHA ARM ANGLE

TH I SIS

• 126____127
128

• 12913!J
1 ,H

• 132__ 133
134

• 1.35136
137

• 13E___ 139
14:1

• 141142
. 143

.' 1
1
14"' 1'+5 _

14&

." 147148
149

• 150___ 1:5J, _
152

• 153
154
155

• 156, t ~L _
158

• 159160
161

• . 162
163
164•

ITERATIt:N
136.~9

137.'Ju
13b.:Jii
139.GJ
14~.OC

141.00
1<+2 .c,~,

1'13.~[j

144.80
14~ .:J
146.0[\
147.;; D
14H.W':
149.CJ
150.01
151.0J
15i!.O'j
153.GO
154.CO
E5.0G
156.00
157.00
15H .1] C
159.\;0
HO.'HI

_ 161.(/C
162.QQ
163.)[1
164·CO
l(,t).cr
1('6.~·O

167.:")0
16/1 .:; G
1~: ~.

170.
171.
172.
173.
1 7 1f •

NUMB ~R

108.96
100. 0 ~

1eH.OO
101.50
1~7.00

1S&. 5 U
1 %.00
1C5.50
U5.0C
1 C'I • ':> C
104.iH}
1 C3. 50
lr3o'lO
1 C2. 5 J
l(l2.00
101.50
1 'l1. 0 ()
1,)(;.50
100-.00

9':1-.50
99.00
98.50
98.00
97.50
97.00
96. SQ..
"6.00
95.5 rJ
95.00
9'1. 5 0
G,+. ~ a
93.50
93. co
<;2.50
92. iJ 0
91.50
'i1.Del
S'}.50
g,"'; .: '~

4
1()8.66 50.3';1 O. .3171E+02 .294'1E+02 O. .1077(+01 57.00 0.0037.0
1 H. 5 8.____ lt8 .. ~? 'J Q • ._.l.llHi!.± Q~ • 1 i.L9-_:iL:tJLL__O"""""-_..-_--.--_..lllI~...±Q.L-~.L.ll.L..- -_J!-~-!t~-__~ 7._0__
106.46 41.410. .1993E+03 .1R18E+03 O. .1096[+01 57.00 0.0037.0
105.40 46.00 Q. .2725E+03 .24(,6E+03 o. .1105E+Ol !57.00 0.00 37.0
1 G4.39 ._44.51 .. 0. .._ __ __ •• 3.38.l;lE.+_il.3_. ._3Q~tl!t.:t'J:t3_~_~_ .. . ._,_~_ ...._1.1t3E.t!tl:......._~ ..51.jl.O ~O .._0_Q_~_31 .. 0. _
lD3.43 43.18 c. .3988E+03 .3562£+03 O. .112QE+Ol 57.00 O.OC 37.0
1 ')2.51 41.U o. .4529[+03 .4023E+03 o. .1126[+01 57.00 0.00 37.0
1 C1.6.'L.. _ _ ottO .ito 0. .S.U!lJ.:±.O~__.~(:tJL3--2..L_____ .113.[+0 1 ~l"-iLO JL•.JlL~l!LQ _
130.131 39.17 o. .5449E+1;'3 .4798(+030.. ..113'6E+Ol 57.00 0.00 37.0
1 c C• (11 37.8 & c· • .5834 E+ 0 3 .511 9E + 0 3 0 • ..1140 E'" 0 1 5 7 • 0 1] c • C0 37.0

'9 Cj. 25 36. E2 Q. .61 72E:.+ [J_3 .~A QlE~lt3 .. 0_ .... __ ... .11.1l:3E_'f:O_L__ "_:~_~7. 0p"~ O_.QQ 37.0~_

~e.~2 35.~2. c. .6467E+03 .5645E+03 o. .1146E+Ol 57.00 O.OC 37.0
"!7.~3 34.16 o. .6719E+iJ3 .5854E+03 O. .1148E+01 57.00 0.00 37.0
97.17 .. 32. 9.5 C! •. _. ._. oh_'L3_1 ~_O_;5 __~,.iLO_3P_E.~__QL-v_~. .. _.__~l!t~~lU.-_-.-~I.JLO .ll.~IL_:u.__O__
'6.53 31.76 o. .7105[+03.6175[+03 o. ., '1151£:+01' 57.00 0.00 31.0
q5.93 30.58 O. .7241E+03 .6291£+03 O.i ..eH51E+01 .. 57.000.0031.0
': 5 • 35 .. __ 29. 4 2 0 • . _ __• J 34 Z.E.~ (I 3.. __.__~_.._6.3.1_7E.:tJi..~,~'_'1l ...:_____ .__~_'::":":~/" ._1.1.5J_E:.±!:t1~ .:..:...5_T.O_O__-,,::.~",_Il._.!lJ!_..;._3_1..JL~

94.80 28.28 D. .740R[+D~ .6437E+03 o. .1151E+Ol 57.CO 0.00 . 37.0
04.28 27.14 O. .7441E+()3 .6470[+03 O. .1150E+Ol 57.00 C.OO 37.0

_93_. '7fl ~6_. 04. 0-,, .. .J44J.~'!' 03 ..6'+ 71Et03 _Q_~____.. .1.~4 9E~ 0157.00_._ .. _._----!l!JL~lUl-.
93.30 24.9::1 o. .7410E+0.3 .. 6459E+0:r 0.. ./,"'.l... 41E+Ol '57.00.. O.01J37.0
92.85 23.80 o. .7348[+03 .6417E+03 0.< ...•• 11'1-5E+01 57.00 0.00 37.0
n.42 .22.70. O. .1.45]E'!'Q3 ._63_5U::.~!t~~Q.~ __~_~_.H~~_'_(.~Jll __~~_-..::.n_.O.o _D_.l1'Ld_I,,_O__
92.01 21.62 a. .7137E+03 .6261E+03 O. .1140E+Ol 57.00 0.00 37.0
910'£:2 20.54 O. .6988E+03 .6148E.+03 O. .1137E+Ol 57.00 0.0037.0

_ql.z..6 __~ l':l..._41__0_. ".bJlll~~ 6012E.+03 C.. . ".•_1..133(+01 . 51.00 .' 0,,00 ;n.o
~0.92 18.41 O. .6607E+03 .5~52E+03 O. . .'j.}0"')~U29t+li 1 ·sf.oO ·0.0 0;. Hoi 0
90 .59 17 .35 o. .6377E+03 .5670E+03 o. . . ·•.••.• i.U25E+Ol ./.51.00 .•... ',0.0031<00
go .29 16.3!L. 0.__ .•6120E+_O_3 .5!t6I1L'!:_Q3. 0 .... ~ · _.·.-'~~_1.iOL:!:_o..1_"_~!i,:r..!LO__..;._'_Jt._o_o~n...lt~··_·
90.01 15.26 O. .5831[+03 .5236E+03 O. .1115[+01 57.00 0.00 31.0
1\9.15 1'+.22 O. .5529E+03 .4"114E+03 (). .1109E+01 57.00 0.00 3 7.0
89.:' 0 D. UL _J_,,-___ .5..L't.qE:.:tC_~ ~.ll~~~3__QL_ .11 04 E + 0 1 57.00 0 • 0 0 37. Q
&9.28 12.15 O. .4838E+03 .' .4408E+03 O. .' ..1098(+01 57.00 . 0.00 37.0
"9.07 11.13~. .4456E+03 .4~83E+03 D. .1091E+Ol 57.0n 0.00 37;0
(j 8 • Ii8 1G • 11} 0•._ _ • 4 05 Q_E +Ji3_. ~-,34(;+ 0_ :L O_ ,,_ _ .1_O~_5E_+.Ql.__ ._ 5 I_"JUL JI_.JUI_._.;U~d)_·__
"8.72 9.09 D. .3619£+03 .3359E+03 O. .1078E+01 57.00 0.00 31.0
})1~.56 p.e1 O. .3166[+1)3 .29:BE+03 a. .1070E+Ol 57.00 0.00 37.0
ep.,+3 7.~5 o. .2688E+S3 .2530E+03 O. .1062E+01 57.00 O.CO 31.0
01' .3:: " • 0 I. a. •<' 1 e 7 E+ C::: .2 !J7 'IE + 03 G. .105 '+ £ + 0 1 57.0 0 0.00 37. [}
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hOR!ZC~T~L FCRCE~ ON THE SLCFE ~UE TC P~RTIALSUB~ERGlNCE OR TENSION CRACKS
LEFT SIDE --- FLUID Fopce = J. AND ~G~E~T ARM = .35R~E+02

RIGHT SIDE --- FL~IJ FORCE = J. AND MOME~T h~X ~ .~6g6E+02

"-",_._--_ ..-

1(,5 17~ .' et? .5 Cl t. [,.22 5.:33 O. .1663E+G:: .1590E+03 O. .1046[+01 57.0 l) 0.00 :37. a
Ib6 17" .: ~~. J J 38.1'1 1f.02 p .111f.·IC+C3 .1 HE.[ +03 O. _..1038[+01 .57.(10 0.00. ,.37. a...
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630.

20 TIMES ~ITH EACH INC~EMENT

62.4(;00

RU~ TRPL 114

STEAOY STATE SEEFAGE r$ ,;G re..

*t~** ••• *~k*********~
~ SLOpE STAbILITY •
**********.~*****k •• *

OT~~R PARTICULARS FOR T~E ANNLYSIS
****** •• *.**************••• ********

OETAILS frN THE SLIP ~IRCL[ GRID

THE DEFTf CF THE OEEFEST SLICE MUST BE GREATER THAN

ThE U. I: ,., ::: TRY I SCI V1[; ED.. I_N J Q. __.. 2cit S.L leE S,EAC.l-L .__J,_~_OJJJt~ __.......,...._

LAV(jUT CF CRIIJ 'FGR CE\TFRS OF TRIAL SLIP CIRCLES
... ,,* * 1f * " ..... *." '* .... ." * * .. * * It* * .... * * * ~ ~.'" * ~ ~.~ ., * "!! ~_ ~-* .*." ....If ~

THE SEISMIC CaUF 1 CI Et1LI S _EG_UAL_.IQ ._Q.• QOO.O__ . _

THE L~IT WEIGHT OF WATEP IS

TilE Y-COORDINATE CF thELOl.ERLEEL CORtlER .OL.UlL.Ji.RlfLLS-__ ..l.l 'i.OQ~LO..... _. ._. . ._
Th~ CE~TEkS ARE INCREMENTEO 4 TIMES IN THE V-DIRECTION WITH EACH
IhCRE'E~T EQUAL TO IO.OGOD

ThE TCLERA~CE IN CALCULATING THE FftCTUR OF SAFETY IS

..__..._.,_ .. ,.._•... - -- .-._.-
THE Gf:rr. fl,\S A 5LOPUCHM.l>E IN ABscI~SA OIVIOEO BY CHANCE H; OROH;ATE>
fr .~UQU.

TI'E CUHROL GUESTICNS ANSIoIERED
1.1 ~RI~T OUT THE INPUT DATA. IQ(1)=2
;:.) ~RITE CUT ALL FACTORS_OF_SAF:EJY. •.I.9(2J;.1.. . __._. . ----..,.__----..,.----..,.----..,.."..".,_----..,.__
3.) ~RITE OUT A SUMMARY CF T~E MI~IMUM FACTORS OF SAfETY. 10(3)=2
4.) ~PITE OUT A DETAILEC SUMMARY CF THECO~PUTATICNS 10(4)=2
7.) CISREtARC THE FFEVIOUS PCFE PRESSURE DATA •. ,IG(7)=l
f.> SET ALL ~EGATIVE ~DRE PRESSUFES TO ZERO. lQ(2)=1
9.) FRI~T A CIGITAL FLGT CF THE GEOMETRY AND SLIP SURFACE. IG(9)=1

TH~ a-CLOPDINATE OF THE LOWER LEFT CORNER OF T~E GRID IS 145.0eoo
THE Cl1\TEFS ARE lrJCRE~ENTED 5. TU'ES IN H:E.X:-DIREcTION.WITH XI
I~CRE~E~T EL~~L Te ID.JDOJ

T~E Y-CGGkGINATE CF ~ ~URIZU~TAL LINE TANGENT TO T~E &LIF S~EFACE OF
~! I N111 UI" RHI USIS 1 06 • :J .0 0 0 •.. _._

FOR EACh CENTER, RADIUS IS INCREMENTED
EQLAL TU 2.D0U~

Tn: TCTAL I\~~!BER OF SHEILITY MjALYSIS IS

lIEHCF~5 SIMPLIFIED ~ET~O~

C~Tr Grr·li4-c5

crr'j·;F.:'lT ~
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* SLOPE 5TtBiLITY *
***.*****.*.****.***~-

• DATt: 1]'::-04-8:: RUt- TR IAL 114

~ISHCP*S SIkPLIfilU ~ET~OD

SPECI'L DETAIl~ UN THE LAYOUT OF THl CROSS-SECTION

•
•

Ci..!.'n.r'IS :STUe) SUTl SEEPAGE OS ~C Hi

.. '- ._......•.•........_---_.._---_.. __._------.-_ ---

.1 HE CQ0 F LJ 1 NATE S OF TI1 [ VERT1CES 0 F Ll N. ES.F O!'M 1i'iG...ThLCO.N.IA CL~_J~.LHlEE.N._.SO:lL.LA.'\'.E.Rs....A_RL..As..J:'OL LQJoLS-....-.__. • __.__._. -_.-_._.~-
*****.****.*.*~***.****.*.******.******•• ****.*.****** **********.******* •• *******'.*.,********************.**.*****.***.**•••.

.400
Ij CC

_._ ... lQ Q

lOO

• 20';200
30C

• 3~C

1514131211109
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8765432

·9'+ • L _. 12..:J •.L_.13.4 • D.. _ LHlo.Q. __2..I5..'l.._2T?t'._•._~.I5..JL_2.7.5 ...Q_.2..75...Q 2. 7 5 •.0-..2.1.5. ..Q._2.."l..5..•.JL.....ll5....lL-2_1.S ....0.---:. .
86.0 8b.0 86.0 86~O 86.0 86.0 ~6.0 86.0 86.0

275.0 275.0 275.~ 275.0 215.0 275.0 275.0 215.0 275.0
.. 86.• 0 86 .0.. 86,.• C ~ 86.'O -"-.8.6 •.L._.86.• 0.. _._"R6. 'O _~86.0 c:.~_86 .0._._ .
178.C ~75.a 2750.~ 275.0 275.0 275.0 275.0 275.0 275.0

Pt.G ~6.0 H6.C 86.0 86.0 86.0' 86.0 86.0 86.0
_2. 7 5.. ~.._L:z.5.•.C._...2I.5. •. L .. 2.75..•.0_2.1..5. •.0'.__2.1.5.....c__2.1.5 0_Q_215....0._.1.1.5.• 0. . .

66.0 66.0 66.0 66.0 66.0 66.0' 66.U 66.0 66.0

99.7 11 Q. 0 11 0.0 a8.0 8£:.0
65'~ 94.2 120.; 134. () 178.C
815.0 9 9.1 11 c.o 110.Q 88.C
f5.D 112.5 120.[; 135.0 142.'5
ft.~ tf:.r; f. j •.j 03.0 dg.O

275.C . ~,7 5 • C ... 2. 7 5 • J 27.5..• 3...2..75. ...[L
f',6.:J 66.:- b6.(J 66.0 66.1)

1

i. lr.D
Y 99.7
~. 10.0
Y ua.o
x 1 0 .:
y Ii I' • ':
II 1 C• .:
y G6.~

caCHO HATEsLI/I<E
NO.

•

•
•

.:
• LIMITS OF THE ,rOHETRY USEe CURI~G COMPUT.TIONS

**~.**~.**.******.***.*.**.******.*****~*.*****

•
•

T~E LEFT LIMIT IS
.,n'E RIGIH Lt~'IT IS

11.00.
214.00 •
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***.******** •• *~*****
* SLC~= ST~HILITY *
.*****.**************

[);'T[ :Ju-~4-E<5 RUI'i THIAL G4

• cU'n:1iTS STEHY STATE SHPAr,[ D~ riJ Ef..

•
•

E:ISHGf'*~ SHFLIFIt:c. r·ETHC!J

SPfCI~L UETAILS ON TME SOIL CC~DITIO~S

• __ • _._.__ ."'_ __", __ , __ ., __. __•• _ •• _ .•_- •• -'0-_"_'" __ • •.• _ ••..• _. • • __ ~_••

-,

~OIL Clit'U·CTLP ISTlCS
*****.*.-****.~********.*• THE GE(~~TRY CG~SISTS OF 4 LAYERS wITH THE FOLLOWING CHARACTEPiSTICS.

._*..-~- *.*~* *.* • * * * * * * '* * * * ** * * .. ** '* * *.* :*._~._*-~- *:~.!:.* ..~~..*-.~_.*--*-_'!! ~-* -~.~.~. ~.~~."!_~.'!-"'!-*-.":_~.!" ..!.*:_~_!!_* *~-*-. *** * * *.~_'!-~.• LAY[k
NO •

T0TtL
L~IT ~~I(HT COHESIDN

ANGLE OF
INTE~NAL FPICTIGN

PCRE-PRE~SI.JRE

RATIO RU SOIL DESCRIPTION
._--~--_._-.-.. -----._------------

--- ---_. --------- ------ --------_.----_._---

-,

...~'-, .._.. '., ....-.._." - ~ ..._._-- ....._. __.....~.'_ ..

WATER
CO~PAC TEO__ Sfol~SC_l'AIEJHA .. .._. __~_ .... ___" ~ _
FOUNDArlC~ s~-sc MATERIAL
CAL let-lE

------_._._- .._--------_._---------~--

O.JOO
0.000
O.liO:
o.ooe

._---._.- -_ ..__._-------- -----::--,----,---,

o.ooe
.37.00
30.0,)
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THE COCPO[NATE5 OF THE VF~TICES OF LINES FOR~ING T~E PIEZOP~TRIC LINES ARE AS FOLLOWS,
_...1f..*~ ~ *.* * ** * * *.... **. * ** * *.111 * 11 tit * .. •.,•. *~_•• * *_.,~.* .~*!.,!,_'!.,*_.~ ** * * *_!'!~_~.~ "! _*.~_!.!'_:!_.*._~_*,_~~_~_~~.!_!.~,.!-~:~' ...~..:~::!"_!l:._~~~~_~~~!!~_~_~~~..!_~~~..!.~~~~.~~!...~.!'_*~~~_"!..!.~. __._. _

.... ._..... .- __ .•_._.__.... ••_."__• __.._......'___~,,__•__ .._.,~.'___"_ ...... -'-'.-'-~~_'"'-"-_. • __ ...._c~__~....... '_........~_'_"__" ..... _

:~"..,..-----.,........,.......------.-.. -.. ---.-,,--

_..7_ ..__ ... 8....._. 2.__....._.'''1.0._~ .. _.H__.._~12 .. __l.L_'_ l!. l5_.~_~_.. __._.6...

_ ~"""'----'-"'-_.-_.~._---'-~-._---._--_..~_-_._._---_._. __.._"-'_.---_.-,--"'----'-

c.c ooe 0.0 O.G 000 0.0 0.0 0.0 0.0 0.0
.__ c. 'J ..__.c- •..G._..._"""O_•..Q..._~I)_ •.L !lo_O'_.__O.!..Jl"'.----lL•..!L-~--.-.P.-*-~9JL-_--.
275.0 275.0 275.0 275.0 275.0 275.0 275.0 275.0 27S.fi 275.0
85.0 85.0 85.0 85.G 8500 85.C 85.0 c5.0 85.0 85.0

275. i.l. 2.75. C 275~O_.275.0__2.150O"._275.•JL __215.0._215_._Q._."'2..7.5._Q_..2.75_.0__. .. _.... "' ..
?s.c 85.D 8~.O 85.0 85 0 0 85.0 85.0 RS.O 85.0 85.0

C.G ~.c 0.0 c.) ~oC 0.0 0.0 o.~ 0.0 0.0
..._.. Col.L .J).-"-O_._..._.CI-L0__ . CO...L. J'l .• !1 Jl.• O__Jl .•Ji....__tl.•JL...._-D. .•. _O--------..O..JI. ...__.. _

5 ...4

._ .._--_... _... '-_.. '_ .. _._--------_._... ~~----:....,.,.,...,.-.....,--,.,..,..----

PUN TF. IAl 04

............ --.----_._.....- ._-_.---.;.._"--~_._--'-.:...:-_._.-..:----'---..-:. ...._-;_._._.~.. _..:-.....;...;,._.__ .._....._.__._-

-,-_.,-....- .---_. --.-.-.-----.~_----._-._--...... --_.-------------.-- '\'0 '·:"i~\·«'

......_--- ---------.-._._._ ...__. __._.__._.._--"-----------_.__._---- --------------,-.---..........

3

n.e [l.) O.IJ
Q• a .__"._.__::.•. J. ... ......fJ_e.C...

170.0 17A 0 1 275.0
"'2.0 8boJ 85.0

1 7b. C 275.0 275.:)
8b.C ['5.;] 2.5.0

.; • J O.CJ 0.0
i) •. :J ___... .0 .•. J...._ ....P_,~.J._

" .. -.-. ...... ""-'_ .. - ...... -...._..--._.._.._..•...._---_.-..__.-.. _- _._._-...,-...,---:

STEADY STATE SFEPAGE OS NO EQ

* SlO~l STdBIlITY *
.**.***w*.*.*.******~

[. I S II CF * SS It''.·L IF I t::i r'ETt· .CD
SPlCIAL DETAILS ON T6E PORE PRESSURE CONDITIONS

DATF: ,~':I-G"-8t;

CCh~1tNTS

LINE. COCRO II\ATE~

~'IC •
1 2

1 ;, ) • 0 o.0
1 y (l.O 'J •.J
2 X (l.O 94.2
2 y C;t;.7 99.7
.3 X a.a 65.0
'r Y 99.7 '?'~ .7,.;

" X G.J 0.0
't Y C.O u.D
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[JAT£ ~'J -04-8 S RlJl'I TR IH 34

El ~~: 0 f' * S S I M(0 LI F I [ D HI:: T i' 0 D

SU~MARY OF MINI~Url FACTORS OF SAFETY

STCAUY STATE SEE~A0E US ~J E'
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--- ..._----_.-. __ .- ". --_._- ..-.'_... -_ .. -.. _-.-.. ----------." ._-._--
NO. MAlP~A

IT[R*NWARN*~

FACTOil CF
SAI-ETYRADIUS

Y
COORD.

c0r<!"[lTS

RAe IUS J.-
INC * T C() OJ RD.•

•
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it a
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3
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4
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******.***** •• **k*_*k
• SLOPE STAbILITY *
******~*.*****.******

bIS~nF*S sIMPLIFIED MET~O~

DIHE: i]Q-e 4 -8':>

1.8_5. 1.5f'. _

CO~IMENTS STEADY STATE_ SEE.PAGE _~DSNO EQ

_ 1.•__45 .1 •.18 2.• 2.1... . 3.• 2,6 .. .. -

•
147.nc'J ...

1·92 1.56 1.41 1.61 2.12 2.71

"-' ,- -- - _ , _.__ -_.-._._----.._-----~.---_._-_._-_. __ ..•;..------_.._ _--. ---_._.----

._._,----_._-------_ .. __.-.--~-----_._._._------_ ..._.-_.'..---_._-_..• ----_._..._--------.------------------------_._.,_._--_.------•
•
•
•

l;:~.GoJlj ....

131.0<)u +

•

1.96 .1.59 .. 1. q 0.. .. _.. " __1.'17_ . ._-"_. __ 2 07.. _2_.63. ~.~ .__.__ __._._.

---- ----_._-_...._-

-, ---_..__ .-.. ----.._- "-". -.. -._.. _._. --- .._._.....,_._-- _ ...-_ ..._---------- .-.--_.-_._.,._..._._------_ .. -....---_ ....---_._ ..._._---.-•
•

12.3.r "Ij +

2.16 1.GH 1.4G 1.34 1.9q 2.60
._._ .._-- ..._--,"- --~._._--_._-,. __ ... --_ ...._--

•
•
•

115.0r;!j ... 2.32 .. t.. '3 () ..... ...1 • q 8.__ . ..__..1.•.3.2 ._......l.LfL 2_._6.IL.-=".......~.

"

._~------_.._---------

•."."

liJ7.0CJ +
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1l+5.0~ 153.00 H1.Gcr 169.0U 1n·co 185.00 193.00 20hOO .. 209.00 217.00
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BIS~GP*S sIMPLIFIED MET~GC
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222.2.22222222
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11111111111111111111111112222' 52222
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3333333333333333~3333333333333333333 33333333gSSSSSSS333333333333333333333333333333

. 3333333
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h4444444444444444444 4 444444444444444444444444444444444 44444444444444444444444444444444444
b5.QCJ +

_."--~---- -" --','- .__•. , .._.._....
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10.)0 40.00 70.00 100.UO 130.00 160.00 190.00 220.00 250.00 280.00

HeR IlONTAL SCALE. 1 I Net: =30.00 .. ._._.V~RT IC.AL ...S.C.AL.t._.. J ... INC1L=. .....__..~o.oo-,--...:_ .. ~ ,__._._· ._~:c_ ..... _.... L~__
~ = 17S.CJ Y = 115.10 RADIUS = 29.00 FACTOR OF S~FETY = 1.323
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****** •• ***.**.*.***~
* SLQFE STtBILITY *
***.**************.***

GATt: 0<;-04-b5 RUN TPHL ')4

• CCW;t'E~TS STEACY STATE SEEPAGE ~S NC EG

EI~;t'lY*~ ~INFl1FIE[; ~'ETt-CO

• SLICE )I-COeR Y-HiP' Y-8ASE ALPHA SLICE
COHESION

SLICE
WEIGHT

.NO PM AL__ ._ ~.p ORE: -\iATER__
'FORCE· FORCE

lICE." . .._,.__ J~A0 l\)$ .... _"_ ..!'JO_R ~Al,. ".PHL .~_.. __
ALPHA ARM ANGLE

4t ******.~.****.*••• *****.**.*******.******.************.* ••• ****** •.~~.*************************.**********.**********.*************

- ~ L'·~ r. ;.( .-I r I ~ I

'5fl.72
97.3ol
'76.11

3
1a1.88 63.13 O. .5117E+02 .5351E+02 C. .95&3E+00 29.00 0.00 37.0
1': Q• 3:J._.. __ ..5.9. .. 6.1 .. __tl._ __ __ _.__ • 2.1 S,2.£.±JL3. .. 2.2..C6£~Ql-,-Jl. .---•.~3.3-6£±.O.,L.--£·h!LO- .. ---_,JlLlLIl.-,-.3J-LO__.

55.09 o. .36D2E+03 .3501E+03 O. .1029E+01 29.00 0.00 37.0
52.51 O. .4754E+03 .'1497E+03 O. .1051[+01 29.00 0.00 31.0
'19.• 31 (J • .5.106 E+ 113 __....528.2E.+03 c,._. 0 .. . . " .1.0.80£+0 1__,,-,2:9 •.0 0 _. _._..... 0.00 .._31•.0. .

q5.JD 4b.42 O. .649'1(+03 .5910[+03 O. .IC99(+01, 29.00 0.00 37.0
~".uj '13.62 D. .7145£+03 .6414E+03 G. .1114E+31 29.00 0.00 37.0
'33.07 .4!; •.95__o •. _ . •.76..Ur..+.._0.3 _ .•6q.iJ'i(±JL3. .L2n.5E~...o.a ...112_6E:..'!:Q_l.------,--29..QJI O..,o_oJl._._.U •...L-
92.26 38.38 o. .8105E+03 .H(12E+03 .8424E+02 .1135E+01 2':1.00 0.00 37.0
';1.51 35.90 o. .8440(+03 .1176£+C3 .1320£+03 .l1'12E+01 29.00 0.00 :H.O
<Jl).81 33.49 G. .8690(+03 ..80.52E~03... • 1724E,:''Jl 3 ~.ll.I+GE~..O.l:,._ ,__ , 29.QJJ.. __. 0._00 .~I.q

~O.lt 31.15 Q. .rp62E+03 .8244E+03 .2Cb7E+C3 .1148E+Ol 29.00 0.00 37.0
~9.6J 28.87 o. .H963E+03 .8364E+03 .2360E+03 .11'19E+Ol 29.GC 0.00 31.0
a q. CIL __. 2E..6.4. C• . ..__._ . ._e-'l.'i'J_E:_~_::_ ..._&~1_e._E;~Q;3 .!.Z£>JL8_E_+ 0 3 • U.iJ.J:..:t'JLL 29 .J) 0 0~_OJL~•.JJ__
88.60 24.45 O. .8%9[+03 .8414E+03 .2819(+03 .1144E+01 ,,29.00 <~o.on 37•.0
8fh17 22.30 o. .U880E+03 .8355E+03 .2996[+03.1140[+01 ;29.00:0.00' 37.0'
87.78 20.17. o. .. _ .8 £>92£+0 3 __ ._.e.Ult~.9 ~_.. _ ... lO'tgE~+03~!'Lg~ElI;;:!U._c_:,,;_~.'J .. (}JL_~~,.':J~~_9.l __..~!1.P .._
87.43 18.08 G. .8423£+03 .7910E+03 .1189E+03 .1085E+Ol 29.00 0.00 30.0
87.13 16.02 u. .el1GE+03 .1649E+03 .1301£+03 .1081[+01 29.00 0.00 30.a
H6 .116 13 .'21 __ O .H..~~J;_:t:.,1~__ .__!]...J21J..h~Q~ ti..U].E+03 ..1015f+0 1 .... 29.a (} 0.00 _3Q.~
86.63 11.94 o. .7358E+03 .7013E+03 .1470E+03' ·'.1068E+Gl·i.29.000.0l) 3'0.11
86.43 9.93 O. .6921E+03 .6638E+03 .1517E+03.1060E:+0129.000.0030.0
(; (', .2e 7 • ') 3 C• .6 il 't 3 E:t. 0;; .._. f> ??3.E!.Q3_L .• l5·t?Etg~_··.·_··.• :lg~_p(_~_Ql.,_.__"--"-?_2.•._QJL -,-_,.Q.•,gJl.dO!'.,~
~b.1£ 5.94 D. .5927E+03 .5769£+03 .1547E+03 .1039E+Ol 29.00 0.00 30.0
k6.J7 3.~6 o. .5372E+03 .5213E+03 .1532E+03 .1027E+01 29.00 0.00 30.0
bE> .02. 1.98. __Q.____._. ~!L7_L'li:.±..Q]._ _'~.E +03 .1_'t97E + 03 .10 HE + 0 1 29.00 0.00 3 0.0
be.CO o.ce O. .'+148E+03 .'1148£+03 .1442£:+-03' .fOOOE+OF29"0Il 0.00 '30.11-
E6.02 -1.% O. .3479E+03 .351'1E+03 .1361[+03- .98'15£:+00 29.00 0.00 30.0
8 6 • 31 - 3 • 96 0 • • 2 U 2 E.t. 0.3.~_ _ • 28. 26(_+0.3 ..• 1213E+JI3~__•.._S'6_1IE_::t.QL ---.2_2_. OJL__ .__lt.O!L~..30•. 0_ .__
8E.16 -5.94 C. .2~27E+03 .2080[+03 .1157E+03 .9498E+00 29.00 0.00 30.0
~E.2r -7.93 o. .1871E+O~ .1942E+03 .1066E.03 .93G7[+00 29.00 O.~O 30.0
H6.43 __. __::9 .9;3 Q. .~ .!l.EiIo.~+_q_~ _!!.lH,.~£+()~-__~_!;i_~]_~Q.L~03J:.,+00 29.0 L II.._O 0 30.0.
PE.63 -11.94 Q. .1440E+03 .1536E+03 .. 8163E+02 .8881E+00 . 29.00 0.00 30.0
8E.86 -13.97 O. .1164E+03 .1266E+03 .6551E+02 .8658E+00 29.00 0.00 30.0
e7 .13 -16. r 2 O. .8470 [+ 0 2 .940 OE +0 2 ...46 75E +02 .841 7E + 0 0 . 29_._0"L __ . _9._QO ... _3._0_~IL_
87.43 -lh.GB:. .4~7JE+U2 .5553E+C2 .2511E+02 .816ZE+OO 29.00 0.00 30.0
~7.7~ -IS.b~. .IJ~1£+~2 .1248[+(2 .2777E+L1 .7935E+O~ 29.~r 0.00 3C.O

IS ITER/..TlOr, t.UMbi:R
149.1'1 H2.'t~

15C.JO 102.0 Q
lSI.GO 101.5 :J
152. (; G H1.0n
1~3 .;JC 100.50
1: 4. J I) 10G.CO
1:';5.('0 '1':1 .!:l (
1 :'0. :: c. 9 Ct • CS
157.JJ ~ci.5C

1:' 8.: G SH. 00
159.0u 97.50
1 (, r: • c~ 97.00
161.00 "'6.5~

162.00 ~6. 0 C
1 &3 .:' 0 95.5 (]
1 b4 .:r.J (I 95. C0
It,S .• OO 94.5 :J
It-c.Ol) 54. (l1J

167.00 93.5 J
H.a .0:; ~3.CO

16CJ.£iO 52.5G
170.00 92. () 0
171.GO 91.50
172.00 '31.0 'J
17.3.0 j '3::1.!j a
174.00 ~C.DO

175.00 69 •. 50
176.00 89.00
177.0e 1'8.00
17f.CO P8. GO
179.0 G 1"7.93
1 R(,. (;s" 1'7.9b
181.00 iH.'J4
182.00 t7."?2
1n.:JG f7.9('1
1 i~ 4 • C'J 137. Eof-.
1<'''- .:>5 ~:,7.~c

1 ,.. '

._. HiE H:TEkSEC TICr,IS OF THE SLlP SllR.fA.CLio.IIH.lhE.-SuRfAC_L LAYE:JL4£E. . ~ .-- _
LEFT INTfPCEPT ••••• x= 148.7800 Y= 102.6100

• RIGHT INTERCEPT •••• J(= 185.1963 Y= 81.8516
x- LEF TAr; 0 RIG" T INTERCEPTS CF J HE S.L IP . SURFACE AND _THE BE OR OC K.~JlE __ .. 0 •.O_Q.OO __ ANQ_ .__ 0 • .liQI) C._ .: JtE_§EEC_T_tv.E_~Y . ~ .

THIS

• 1
3

'3_ ....1.4.0
141

• 142143
144

• 14::__ 1.4,"
147

• l'tE149
150

.; 151

"_.__1.52..
, 153

• 154
.155

. 156
.;: 151

:.__1_~8.

'!C 159
.;, 160

_.161
162

• 163:' 1!:l.4_.
165

• 166161
168

• 16'), 1..7 0

171

• 17217:3
174

• 17'2



FLUIL FuRCL = n.
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RIGliT SIDE

..~ til
...
'..
•
•
e .*******.**.*~*.*****.***************************.****~***~**********

._-. -._' ---_._- .----_._._-- _.~--- .._._- - .. _-_.-._----_._~_ .. -----_._... __.~._._- ----_.----.._--_._-_.-. - ._-_. -~---- _._----._---_.~--• 1 175. G 11'5.0 2Ci.C 1·32 :5 3 c

• -"

.. _.. _ _- --'_._ - ,,",~- .._-•....•..•..

-_. __ . __ .. -._---------._----------------_._-_ .._---_.--------_._----------------_.--_.

-_•.~..._----- ._--_.- ..• __._...._-----:---:-.........~._-.. ~.-:-;~---, ...---:::-:--.":""-..----------.--.----.-----

..~--- .._-_. _..~~.~_....- --- ~ ......,..~-

/

\

--.-¥_~-_._-.-.. -._.~.-._---. -.,..--------------.--.~-:-----

.;;

._'_'"'"._...•. ··_·····_M_ .. ,.. __. .. __ •._•. ,~ __._. .__._._._

.,

- --_.. -.-.. _._._---._------ .._-- ---------------_._-------,--,-_.

._----_.- - -_... -_. -_. - ..__.__._--- ----_._------------------_._---,-----,-

•
•
•
•
•
•
•
•
••
•
•

..'\ ---_. __ .---

•
•:s

"

•
•
•



3037.100
(CHARGE NUMBER)

STEADY STATE SEEPAGE (NO ACC)
(TASK)

USDA-sca
(CLIENT)

APACHE JUNCTION FRS
(PROJECT)

(SIGNATURE)

(SIGNATURE)

(NAME)

11-08-85
(DATE)

BY V BOLANO
(NAME)

CHECKED BY S GOYAL

~
(DATA FILE NAME)

**************************************
* ** SLIP CIRCLE STABILITY ANALYSIS *
* ** VERSION NO.1. 5 *
* *
**************************************

~:seAl.o;r e cresl- c>/~",,~e"'j '¥',/Iwj
Skc~ 54A .5.rY f?-

,ij(,) Acc e ~,.wt ~CJYl)
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NO. OF POINTS FOR OUTLINE OF THE CROSS SECTION = 12

POINT NO. X-COORDINATE Y-COORDINATE
(FT) (FT)

1 0.00 88.00
2 65.00 88.00
3 120.00 110.00
4 134.00 110.00
5 178.00 88.00
6 275.00 86.00
7 112.50 88.00
8 120.00 83.00
9 135.00 83.00

10 142.50 88.00
11 0.00 66.00
12 275.00 66.00

CROSS SECTION POINTS

PAGE 1
APACHE JUNCTION FRS

USDA-SCS
STEADY STATE SEEPAGE (NO ACC)

11-08-85

I
I
I
I
\1
I
1/
I,

I
,I
,I
I
I
I
I
I
I
I
I

CROSS SECTION LINES

NO. OF LINES = 11

LINE NO. FIRST POINT
OF THE LINE

1 1
2 2
3 3
4 4
5 5
6 2
7 7
8 8
9 9

10 10
11 11

SECOND POINT
OF THE LINE

2
3
4
5
6
7
8
9

10
5

12

ID. NO. OF THE
UNDERLYING SOIL

2
1
1
1
2
2
2
2
2
2
3



SOIL TYPES

I
I
I
I
I
11 NO. OF SOIL TYPES =

PAGE 2
APACHE JUNCTION FRS

USDA-SCS
STEADY STATE SEEPAGE (NO ACC)

11-08-85

3

PIEZOMETRIC SURFACES

LINES:

ID. NO. OF X-COORDINATE Y-COORDI NATE
PIEZ. PTS. OF THE POINT OF THE POINT

1 0.00 99.70
2 94.20 99.70
3 170.00 92.00
4 178.00 88.00
5 275.00 85.00
1 0.00 99.70
2 65.00 99.70
3 178.00 88.00
4 275.00 85.00

UNIT WEIGHT OF COHESION FRICTION ID . NO. OF ASSOC.
SOIL (LBS/FT"3) FACTOR (PSF) ANGLE (DEG) PIEZ. SURFACE

130.00 0.00 37.00 1
110.00 0.00 30.00 2
125.00 1000.00 40.00 1

1
1
1
1
1
2
2
2
2

• ±D.NO. OF THE
FDERLYING SOIL

1
2
3I

'I
I

THERE ARE 9 POIN~S FOR THE PIEZOMETRIC

lID. NO. OF
THE PIEZ. SURFACE

I
I
"

1
I
I
I,

. '-,.: - '. . ~. .
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PAGE 3
APACHE JUNCTION FRS

USDA-SCS
STEADY STATE SEEPAGE (NO ACC)

11-08-85

SEARCHING FACTOR OF SAFETY OF THE CIRCLE:

X-COORDINATE OF THE INITIAL SEARCH POINT (FT) = 180
Y-COORDINATE OF THE INITIAL SEARCH POINT (FT) = 125
INCREMENT OF X VALUES (FT) = 0
INCREMENT OF Y VALUES (FT) = 0

LIMITATION OF THE SIZE OF THE RADIUS USED IN A SEARCH:

COORDINATE PERMITTED AT THE LOWEST POINT ON ANY TRIAL CIRCLE:

MAXIMUM Y-COORDINATE (FT) = 93
MINIMUM Y-COORDINATE (FT) = 88

HEIGHT ALLOWED FOR TALLEST SLICE IN ANY CIRCLE:

MAXIMUM HEIGHT (FT) = 0
MINIMUM HEIGHT (FT) = 0
FRACTIONAL INCREMENT OF RADIUS IN A SEARCH = . 2

THE SLIP CIRCLE WILL BE ANALYZED WITH 45 SLICES.



PAGE 4
APACHE JUNCTION FRS

USDA-SCS
STEADY STATE SEEPAGE (NO ACC)

11-08-85

CENTER OF TRIAL CIRCLE:
X = 180 Y =

RADIUS RESISTING

4032.61
2249.61
3239.78
2932.06
2606.09

RADIUS 35

FOR R = 37

FS

1. 2419
1. 3518
1.3270
1. 3420
1.3534

1.24195

125

SLICES

LOWEST FS =

3247.01 7
1664.13 6
2441. 35 6
2184.80 6
1925.57 6
CIRCLE IGNORED *

DRIVING

125Y =

I,
I
I
I
I
I
11 37.000

36.000
36.750

I 36.500
. 36.250

* TOO FEW SLICES AT

I AT X = 180

I
;1

I
I
I
I
I:
I
I
I



PAGE 5
APACHE JUNCTION FRS

USDA-SCS
STEADY STATE SEEPAGE (NO ACC)

11-08-85

CENTER OF TRIAL CIRCLE:
X = 180 Y =

FOR R = 37

FS

1.2419
1.3518
1.3270
1. 3420
1.3534

1. 24195

125

SLICES

LOWEST FS =

3247.01 7
1664.13 6
2441. 35 6
2184.80 6
1925.57 6
CIRCLE IGNORED *

DRIVING

125Y =

RESISTING

4032.61
2249.61
3239.78
2932.06
2606.09

RADIUS 35

RADIUS

37.000
36.000
36.750
36.500
36.250i TOO FEW SLICES AT

AT X = 180

I
I
I
I
I
I
II
II

I
I
I
I
I
I
I
I
I
I
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********w**_**.******
* ~L8rE STAEILITY *

. CAtE C'.I-04-85 RUN TRIAL (15

-_.•-.•.__.... _.-.. - .-_._--..._--.- ._---. .- _....__ ._.-- -_.-._.. _._._-_ .._, ....__._...,-- ---_._'.

DElA I LS· ON THE SLIP CIRCLf. GR 10

dSI(.P* ~ S U;PLI F I En n. THO•
•

c nH·:ll\ T~ STEAGl ST~TE SEEPAGE OS EART~~UA~~ r.1 E

-_ -.- "--'-'--'-' -'"'--'--"--' --.-_.-. __ .--_.._.-.---- --~_.._--_._----------_._-

TH E r; EOME TP Y 1S DI "I DED .INlC..... _.. 2£i4 .. SL..I CJ' S.LE:bC !:i. t •. .Q_Q.PJL _

. _._-------.._--_. __.'- ._----~"-~-- ...._-_.~---_ . ..;... -'. -.;..-...-.,.;..---~-_ .••...._- ._---_._._--_.~--_..__._-_._----

• UO 0

5.0000

._••• " ,, __ • _ ••• _•• _'. •• •.•__ ••·_•• _ •• _A••••_.· • w._. .._. __ "-- • ••_~__._. --~ . . . _

.......__...._-_.- --_..__._--------_._-..-_._-..-.--,----,------------- ------_._--_.

62.4000

I~ ABSCISSA DIVI~ED bY CHANGE IN CRDt~ATE)

.~~:...c.

~~s • SLOFElCHAM~E

THE X-COORDI~ATE OF THE LO~ER LEFT CORNER OF THE GRID IS 145.0000
THE CEriTERS ARE INCREMENTEG 5 TIMES IN HE X-DIRECTI.O~; ..I.UTH .EHt-i _ _ .. ~ .. "__ _.. __ .. . __ ~ .._.._._ __
IHCRE~[NT E~UAL TO 1~.OOOQ

ThE TCLE~A~CE 1~ CALCLLATI~G T~E FACTOR OF SAFETY IS

THE U~IT .EIGHT OF WATER IS

T~E CC~TR(L ~U~STICNS ANSWERED
1.1 f~I~T OUT THE INPLT CATA. IG(1)=2
2.1 •.. kITE GUT ALL FACTGP.S Of SAFEIJ~._.Jr~(2).=.1._ ...__. ..
3.) ~RITE aUT A SUMMt.RY OF THE MI~lMUM FACTORS OF SAFETY. IQ(3)=2
4.1 ~RtTE CUT A DETAILED SUMMARY CF THE COMPUTATIONS Ib(4)=2
7.) CISRECA~G T~E PREVIOUS PORE PRESSURE DATA. IG(7)~1

H., ~[T ALL ~EGATIV[ fODE PDESSURES T0 ZE~C. I0CRI=1
c.) P'I'.T f CU IT"L I'-LC.T ;,f ThE LU;i'[TRY Ai',P ~LIr SUt<F"CE. IO('})=l

TH Y-CCCf'CI ~J" TE cF TH£.LOIOER .LEF.T.. COt<Nf8CL..II:ir,:.J'J'IU1 __.U_.H;i~.PJ)QJ) .._..__. .
TH CENTERS ARE INCREMENTED 4 TIMES IN THE Y-DIRECTION YITH EACH
IN RE~E~T EQUAL TO 10.000e

LAYCUl CF GPIL FO~ CEI\TEPS OF TRIAL SLIP CIRCLES

CHIER Pt.RTICULARS FOR THE ANALYSIS
** •• ******* •• *** •• *.***************

ThE Y-COORDINATE OF A ~OkIZONTAL LINE TANGENT TO T~E SLIP SURFACE CF
~ gII'L~' H·DIUS Is 106.0(100 •....... __

TI<E r P Hi
CF

THE DEPT~ OF T~E DEEPEST SLICE MUST BE GREATER THAN

THE S E ISh IC CCEFF Ie; IE t,T_ I.S .E(:.U.AL._JC .._.~)jUIL . __

FOR EACH CENTER. RA01US IS INCREMENTED 20 TIMES WITH EACH INCREMENT
EnUAL~TO 2.DJOO
H'E TCTAL r-.u~,aER OF STAbILITY ANALYSIS IS 63C.

.****.***.******.****************~*****~*********;•
•
•
•
•
•
•
•
•
•
•
•
• --_._--.__....~. ~..

•
•
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LI~lTS OF ThE GEOMETRY USED DURING COMPUTATIONS

~~--~-----~---

• __•__• __ . ._. •__~~__._,. ,_. ,.,_._......_~__• .w_____.. •• --'_ •• _ ••_. ._.-;..._.• ...;~ _

9 10 11 12 13 14 15

-.;

.. __.••_._......_ .•._..•. ~~;... __'-_._._."""'_._...~_...:;;.' •. ....:-~~._'_•. ~.,'_",;__ """,-,~~':'-.:: ......~,_~._.~._~'-..:.c..i.._._,.;.,. ~_-",_~,,,;_

-----~~~---------~--------------~--------------------

876

2.15.• u....-.2.12 Q __f,:.1.5.-UL-_ 2~5.. ...0 275._0 275. C:.~.2.1.5..LL_2:.I5_._L....2..1.5..•jL,..2I5_LlL ,
ee.o 86.0 86.0 86.0 86.0 86.e 86.0 86.0 86.0 86.0

17P.0 275.0 275.0 275.0 275.0 275.0 ~75.0 275.0 275.0 275.0
8e.• O .8.&;,,0 8_&.•..O~ .. 8.6.0_"_a6..Q~~_~ 8,EL.,° .86.(1 ,£.6..•.0 86_. o__,__a6.,O._.." ,

142.5 I78.C 275.0 215.0 275.6 215.0 275.0 275.0 275.0 275.0
88.0 f8.e ~6.0 86.0 86.0 86.0 86.0 P6.0 86.0 86.3

275. C _~I5_•.\L,_V:;._Q._4 I,~~_Q.__X7~~..Q._~,I5~....L_ __?15.•J!--.£.7..~.Jt __ £.7~_.•!L_~75 ._o ~__
66.G ~6.C 6E.0 6E.0 66.0 66.0 6t.O &6.0 66.0 66.0

5

..--._.- ,-,,----- .."._-----.----_._-~--

._._------_._--,-----_..--_.._._--------~--

'+

RUN TFIAL ()5

.5

11.CO.
27'1.GJ.

2

94.2... 12.0. Q_1.~ it.G. ,..178 .,0_.
9'3.1 11 c. (J 11 ().o Be.D
65.() 94.2 120.0 13'+.0
88.e 99.7 I1G.0 110.0
f~.) 112.:: 12C.O U5.0
E-,o. C bil.l) 83.0 t3. a

27'i.C 275.0 27'j •.It. ?'75_.Q
!::fi.-J 6lO.0 (;6.0 66.0

STEADY ST~TE SEEPAC[ os EART~UU'~E 0.1 G

*******.*.******* •• **
* ~L~PE STA6ILITY *
'********************

..- "<'-- - ..._-._-----,,- --------------.-,-----.-.~----

SFECIAL DETAILS ON THE LAYOUT OF THE CROSS-SECTION

THE LEFT LiMIT IS
ThE FIGhT LIMIT IS

.* .. *~*.* ••• + •• ***.*****••• * •• **.*.** •••• **.***

E:ISt·(f-'.~ SH~FLIFIED 1,~t:H<[j

cC"'~: [ f\ r s

DATE ~c; ·C4·8~

T4 E C::" ~ Hj 1.'; AH: ~ CF TH EVER T ICes LF LH E. S_ f If\i-;lNG THC COU AC T.~, __ [U\,E.EtLSD..IL__ LAJ.E..P;S. __~__RE_.AS__ LQ_lL..cw.S . ._. . . , . , _
********.***k***.*~**.***.***·********* •• ************* ************************** •.• ***.****.*.****.********.**** •••**********

LINE COGllO If\A TES
NC.

1

,__ .1':;'; 1( 1(;. C
1 C ,; Y 9'9.7
21];; I- IJ.()
20u 'y 8c.1
30u X 10 • a
3: J 'r HB.G
4..'C > 1 C• l1

4G~ y (;6. ,')

•
•
•
•
•
•
•
e,

e
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•
•
•
• '9';'

l'·;,

•
•
•
•
•
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•
• ctrr.

.*******.*,*.*~**.****

• SLG~E ST~BILITY

*********._****-*****

Ol'" - 04-1\5 R(;N TFIIIL O'i

_._-~ --",-'--' '-'--'''----' ..------_._-_ ..._~-.__._- -_. - -~...,,;,.---.-._--
.. --_.- --_. _..__.."._, .. - ....•.....__ .•._._. - _•.._----

~ISHCF.S Sl~PLIFIED ~~TH(D

SPECIAL CETAILS.O~ THE SOIL CONDITIONS

•
•

CCWHf: US
STEACY STATl SEEFAGE OS CARTHQUAKE r.1 G

-----_.-._- -- .-._".... ---_._._------- --.---

•
•

~DlL CHAR 6 CTERISTICS
******** •• *~**.*******.*
THE GECMETPY rONsISTS cF '+

---,.._~---~--

LAYERS WITH THE FOLLOWING CHARACTERISTICS.

LA YER Tt. pL ArJCLE OF PORE-PRESSURE
NO. U,IIT WElChT COhESION INTERNAL FPlCTIOfIJ RATIO RU SOIL rESCRIPTIO~1

_*'!t * ** * *.* * *:11 ** •• *." * *. *." * * •• * * ••• •_~_*'!r .•. ~.*-,"!'.!!.:~_*...~_It:_":.~,,!_~_~~_._._".~_ •.-~.!:.~_.*,.~_!'~~_~_1l!.~.!!..~.!'_~..~.-*-.~.!-~.~~~----- --.-.--.----.-.---.-----.--.-----.•
•
•
•
•
•
•
•

1
2
.3

"

f: ."OD
13 • eery
11 .':0j
-l.:S~

o.coo
O.i}£)()
J.CJJ
(' .., ~I r""
•• t.. .......

o.oeo
:3 7.00 J
3C.()j(

n..o (. 0

0.000
0.000
a.e GG
o. C(I:l

WATER
.CQ!";PAC TEO_ SM .. SC .~ATEIUA.L -.-"----- .--..-----.- ----.--,-- ----..--
FOUNDATION SM-SC MATERIAL
CALICHE

--~._--------------~----- - ----~---....,,...._-----------_.'" _."._----------

.•-~-~_...•..._. .. _ .. _ .•;;.-~--'-..,~.-.:.. ...;....'-.•_.-.;...- _ •. , .......~ .<-----' - ._'.

._---_._-_.

•
•
•
•..

..._._-- ....._.- ..~---.,.-~ -.'_ ..

._---_.__ .:...._-':-....---_.. :...---_.....;.-..,.--_.__ .._---_-:.....,~_._--~--_." .~_._--

.-_._-----.._-_._.__.._-_.,~ ..-~-- --~_._-,----_.
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•

.. .. .. _I .. .. \- .. .. .. .. .. - --... - .. ,.,.

***.*** •• *~,****.*****

THE CCCFDIMAT~5 CF THE' VERTICES OF LI~ES FlRMING THE PIElCMETRIC LINES ARE AS FOLLOWS,
**************~*********.**.*.****************.**.****.************** •• *.*.~**.*.*****.********~********~*************••• ***- LINE COORD I~A TE S - -.- --" -- .. --"-,,, .... -- ,- " ,-- ,-- .. ---- ... ,---------,---- -----------------,,-----.- .,,--- ..---- ..--~-.------,-.

NO.

a.a D.n 0.0 0.0 0.0 J.O 0.0 0.0 0.0 0.0 C.O 0.0
___C•.:_ ,_. __ 0,0. 0,,_, __ G.•_c. __--,~-LO-.--Q.!L-~_._L_Q_.O o. 0 Q. 0 JJ..~__.""O'~!L~jL _

In.a 275.0 275.0 275.0 275.0 275.0 275.0 275.0 275.0 275.0 275.0'.215,,0
88.0 85.0 85.G 85.0 85.0 85.0 85.0 85.0 85.0 85.0 85.0 is.o

275.0 275.0. 275.0 2}5. (L_~75.() .2J 5.(1 ,2.75.0 __ .-'2.15« O.. ,,,2.75.G __.J.7S 0__ .2_7.5. 0_2.15.IL,, "_.
H5.0 R5.0 P5.D 85.0 85.0 85.0 85.0 BS.O 85.0 85.0 85.0 85.0

Q.J Q.G 0.0 c.o G.O a.~ 0.0 0.0 0.0 0.0 0.0 o.a
C.0._0. O_., 0. c__ .._0.0 ._0_.. ;:1.. . _O_LO l1JJL__!L~_.-O~_9_._ __!t~~Q_-'---~Q..~Jl-._'__!t.D. . _

:".~__" _ ...w~_···;~__ ..:-.;...• .....:._,~;,;";,,,':-

\

9 ... "__..10.~_, .. _'_lJ. l_2.. . 1~_. , ..1_'L __.__,"-15,_.'--' __~ . _

-----~_.-----~--.------,.__.._---- ----_.'"---._----'."~---'---------------'-'.

"... ", ",_,.,_", ,'-_.'- ,'-••'""''-'_._'_-''"'-..,''"''c ".,,_c,',,-'~."_

_,,8__._,,_]

--,._-~---~..-~- -_._._-_._~-----._-,..----~._._ .... ----"~'_.,--_._ .. _,--_.--_.-

~,5

.. -,--.--... _..-- .. _---.--_._--------------

4

RUN TRIAL 05

STEtOY STATE SEEPAGE OS EtRT~GUAKE G.I G

• SLel'E S TAE) I LITV

"

************.*** ••• *.

rI~·H;p*f; 'SHIFLIFIfD HTt-SD,_ ._,_.,,_
SPECIAL DETAILS ON THE PORE PRESSURE CQ~DITIONS

"

DATt:: o'J-C4-e5

C(;"1~F.f\TS

1 2 3

1 X : • c o.u ~.G

1 '( c.a c.. !) ,,_0_.0_,
2 X o.~ 94.2 170. C
2 '( 99.7 99.7 92.0
3 X ::.0 €:~.o 178.()
3 y Y9.7 r:;C:.7 88.0
4 X v.e c.a G. ':
't y I) .,J G.] (J •.V
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'!I ..

II •J
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I
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RAulu~ ~- y- FACTOR CF ~C. MAL~HA

__ J i~C * T CQCR C. ce'er-,r. P1,0 I liS SAFElY UC.Y *f';, .\lAPN.*L. ".. . ._,__.__.. .
**************.****t.* ••• ****.**** •••• *.*****.********* ••• ***** ••• *.*

SEACiY STHE SEEPA"C C~ E:ARTtIGUilKE i).1 G

-•-..-..-......

.__._-_--.._------~---._'----------_._-,,---_._--------_ ..

~

v

o

o
o

~

J
"

.;

\)"
C

---_._--.....,-..-_._-------~._---

i)

::J
a

G
1

;;

c
c

_____0 "__,, ._. . ._._____ ~-.~---.-'-------

-

:)

!)
. -----"ii"---------------·

o

3
'l

:3

1+
1+

4
4
1+

4

3
1+
3

:3 ()

1+
1+
4
1+
4

-}
1+
1+

-

.~ ~

.__,.. ':\ ._0 __
it 0
4 0
:3 0
II

4

..
PU\ TRIAL 15

*

-. '

SLept: ST~t:>ILJTY

..
*.*.****~***.***.*.**

*
*****************-**-.-

-

SUMMARY OF VINIMUM F~CTORS OF SAFETY

[·I~f·CI·S SUPLIFIED t·'ErreD

U'TE Ij~,-(!4-(;5

(, (J~'i r-. f :;T S

145.0 115.0 15.D 1.&60
15::-.0 115.0 :39.J 1.494
1(5.0 115.0 35.() 1.163
17:,.~ 115.J 31.0 __ 1.~:t3 6_
lH5.G 115.J 33.G 1.178
Ie').:} IIj.:! 53.,) 1.718
l!:iO.O 125.1 53.';; 1.65./+
1 ~~.• J 125.0 "+5.0 1.3~7

1 7 ~ .0 12~.) 4:3 • Cl 1.0'16
1 p. ~ • f, 12.,.; 39. :: 1.G2B
1 s~ ;.: • G 12';).J 43 ... 1.278
2 CC.: 1~:'.J 63.G 1.",43
15 ~. G 135.0 63.Q 1.496
If,~.J 13::'. J 5,3 oj 1.226
175 • ~ 1:' 5.0 53.f) 1.01'.3
11'5.0 135.C 51 oJ 1. (lP.7_.
1'35.J 1-35.) 5'J.O 1.36;)
2C5.~ 135.G 73.0 1.616
16ll.J 145.0 69.Q 1./+11
17C. J 1/+ 5 .li 63.G 1.1°4
l~~j.J 145.'J 61.0 1.091:'
lS~J.0 145.G 61.j 1.1 ~4_

200.0 145.0 75.0 1.405
21 G.0 14S.C 83. -J 1.613
It:5.C 155.C 75.0 1.365
175.0 1=5.J 75.~ 1.11l9
U5.:) 1 ~ 5.0 69.1] 1.122
195.8 1S5.0 77.0 1.22":
2G5.J 155.() 93.J 1.42::
215.) 155.0 89.0 1.73Q

TI-;[ :'OST OlTICJlL SLIP SURFf.CE

..

11
21
16
11
10

_.. Ie ,
14
21
13
11
1 'J

1"
17
21
12
11

_9

'3

C.
1 'I
1

~

<;

9__

11
21
15
12
11

,,_ ..l_~. 
21
19

*'
•
•
•
•
•
•
•·"

•
•
•
•
•

'-

•
•
•
•.,

--Rl\'Gi"US x- Y- FACTOR (;f--i~6--.--MALPHA·-----------_·----

INc*r COORC. COOR~. RAOIUS SAFETY ITER*N WARN*G
* ..... * y,'" "" * *' * k * * * .... * * * ....... * '* * * * '* .. ." .. * .. * * * ....... * ... * * * ... * * * .... * '* ...... *~'!' ........ * *' * .. ** __ .•

• 9 1 ;:~ \] • l.,' 1 :-2 :. • J - C r"
) .• .J 1.J?!4 4



.._._--_ .._--- -_.- .._-----------_._--_ .•-- _. __._-----------_..

1.61

I.E4

1.4

1.28

1.15

"CCMI'ENTSSTE ADY STATESEEI' AbLDSEA.RTHGUAKLn.LG

..._.•.-.-..... I S

.. _1 .•. ('.9._ _.. 1.36.._.__.__ _..1 •..62..• -- ~.-..-_.~-.-.-.>.- ---..---.- -

... J ..J2_. c•..•. .1 •.22..__._..... 1..1+.;'L....._ ..._.- ..1.•.1.;L. ._..__._.~ _

•• _ "~".__._~_••. _. .._ ..__~ .~~_ •._. __•__.;..• ..;.'-_'-_. __. _-_~~~__•.;..~~;. ....:..o...... •• _.;.;~••_...:.... ~:.• ..:.......:_._. ._~_.:...~_'_ --'.•_~._-._._.-......_-- ...........
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COMMENTS STEADY STATE SEEPAGE ns EARTHQUAKE ..D.! G

------,,-----

-,-------~---_._-------~-~---~~. ~--.-~

RUNTRIIIL O!:

13C.CO 160.00 190.00 220.0Q 25Q.~0

V[ P T I CAL S CALE_L.INCH.::; __._ 30~[jO~ _. ,..._._.
3~.ro FACTOR OF SAFETY = 1.028
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* ~LOP~ STA~ILITY *

•
************ •• ***-***

DATE ,;c-C4-f.5 Rl'N TRIALJ5

PORE -WATE.R.SLICE ,_._RAOIUS. .NOR.MAL._.~IiI __ .
FORCE MALPHA ARM AN€lE

NOR MAL __
FORCE

sL! CE
1~t:IGhT

SLICE
COl-E:SION

:.: .

~.

I).

o.

0.
o.

c.
o.

G.
,0.

-5.[..-..,

-7 • ~ 7

ALPHA

_ f~ • ;.; t:.

30.86

.3981E+02 .33%E+02 O. .1172E+01 39.00 0.00 :57.0
____ .._•.L5JLl~_lU. .._._~12..l.Q.f.,!..C..3_~ Q._ ._. ._,-__.!J.l~I~L_.__,~ 't.•_tlQ ._.~!!JJ~~tJt..--

.2491[+03 .2075£+03 O. .1200£+01' 39.00' o.o~ 31.~

.3345E+03 .2761E+03 cr. .1211E+01 39.00 0.00 37.0
.4(1 a8.E,+ 03" 3.3 50E!.!)L.O'.___._"~~~."12.aQtt.Il1... __ ,_.~9_.Qo~.~,;~.._.q.~IlC~]~Jt_.
.4732E+03 .3h56E+03 O. .1227[+01 39.00 0.00 37.0
.5?86[+03 .4291E+03 O. .1232£+01 39.00 0.00 ;37.0

. __ '. ~7f,>_O E.<:.Q.L__ .!.lf_6.f;,.~~ + r, 3._.()_'--_. . -'-oJ.) 3 !!~:!'JLL__~.4~ ...QJl_-.. --.- Jh..!tE-.ll!..lt_
.6160E+03 .4978[+0.3 O. . .l237E+01.'39.ilO . 0.00 31.0
.6492E+03 .524 4E+03 '0. .1238(+01,39.00 0.00 31.0
.6761[+03 .5569E+03 .3186E+02. .123]E+01. ."39~00 0.00. 37.G
.6970 E+ 0'3 ....• si172[ ~ci 3 -- .726 3E:;0 2<-'- ~i'i366o 1'·---" 39'~o' 0·'-----'0.0'0' --Sj.- if"

U. .7124[+03 .6109[+03 .1088E+O~ .1233E+01 39.00 0.00 37.0
.2'1.1 ~L... V,•. ._.. , ",.. ~7...2-4lH.!.J),,;,..-_.•.~,~-I,!7E + O_3 ~J!,-_l.Pt"'J1.3_._· _..!-1229E+0L.-39.0 a o. 00 31. ~_._.__
27.,+9 O. .7275E+03 .MIOE+03 .1696E+03t',"1224E":,OL:r,'3'3-:00 0.00 31.0,
25.85 G. .7278[+03 .6483E+03.,.1949£~03.'.•• 1218E:+OL .. ,39,,00' .•'.•••. 0.00 37.0"
24.22 0., ,.72~5E+.0.3 .__.651.0E::+.JJ 3 __, ..21I~.t.~03_,·_i.U_l_lt.!'..~l- ... "~·:&,_".Q.Q.i..:~~~,.._O'.IL.__.3.1.....11.:':':":'.
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**************************************
* ** SLIP CIRCLE STABILITY ANALYSIS *
* ** VERSION NO. 1.5 *
****************************************

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

APACHE JUNCTION FRS
(PROJECT)

USDA-SCS
(CLIENT)

STEADY STATE SEEPAGE (ACC-O. 1G)
(TASK)

3031.100
(CHARGE NUMBER)

Af.l
(DATA FILE NAME)

11-08-85
(DATE)

BY V BOLANO·
(NAME)

CHECKED BY S GOYAL
(NAME)

(SIGNATURE)

(SIGNATURE)

• • _~:', 4



CROSS SECTION POINTS

NO. OF POINTS FOR OUTLINE OF THE CROSS SECTION = 12

PAGE 1
APACHE JUNCTION FRS

USDA-SCS
STEADY STATE SEEPAGE (ACC=O.lG)

11-08-85

CROSS SECTION LINES

ID. NO. OF THE
UNDERLYING SOIL

2
1
1
1
2
2
2
2
2
2
3

Y-COORDINATE
(FT)

88.00
88.00

110.00
110.00
88.00
86.00
88.00
83.00
83.00
88.00
66.00
66.00

SECOND POINT
OF THE LINE

2
3
4
5
6
7
8
9

10
5

12

X-COORDINATE
(FT)

0.00
65.00

120.00
134.00
178.00
275.00
112.50
120.00
135.00
142.50

0.00
275.00

1
2
3
4
5
6
7
8
9

10
11
12

NO. OF LINES = 11

LINE NO. FIRST POINT
OF THE LINE

1 1
2 2
3 3
4 4
5 5
6 2
7 7
8 8
9 9

10 10
11 11

- POINT NO.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



SOIL TYPES

I
I
I
I
I
II NO. OF SOIL TYPES =

PAGE 2
APACHE JUNCTION FRS

USDA-SCS"<~;;,' .
STEADY STATE SEEPAGE (ACC=O.lG)

11-08-85

3

PIEZOMETRIC SURFACES

LINES:

RATIO
1
1
1

ID. NO. OF X-COORDINATE Y-COORDINATE
PIEZ. PTS. OF THE POINT OF THE POINT

1 0.00 99.70
2 94.20 99.70
3 170.00 92.00
4 178.00 88.00
5 275.00 85.00
1 0.00 99.70
2 65.00 99.70
3 178.00 88.00
4 275.00 85.00

UNIT WEIGHT OF COHESION FRICTION ID. NO. OF ASSOC.
SOIL (LBSjFT"'3) FACTOR (PSF) ANGLE (DEG) PIEZ. SURFACE

130.00 0.00 37.00 1
110.00 0.00 30.00 2
125.00 1000.00 40.00 1

HORIZONTAL GROUND ACCELERATION (IN G'S) = .1
VERTICAL GROUND ACCELERATION (IN G'S) = 0
THE RATIO OF EFFECTIVE VERTICAL ACCELERATION
OF THE FREESTANDING WATER TO THE VERTICAL
GROUND ACCELERATION:

SOIL TYPE
1
2
3

SEISMIC LOADS

1
2
3

1
1
1
1
1
2
2
2
2

l ID. NO. OF THE
NDERLYING SOIL

I
I
I

THERE ARE 9 POINTS FOR THE PIEZOMETRIC

lID. NO. OF
THE PIEZ. SURFACE

I
I
I
I
I
I
I
I



(FT) = 180
(FT) = 125

= 0
0

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

PAGE 3
APACHE JUNCTION FRS

USDA-SCS
STEADY STATE SEEPAGE (ACC=O.lG)

11-08-85

SEARCHING FACTOR OF SAFETY OF THE CIRCLE:

X-COORDINATE OF THE INITIAL SEARCH POINT
Y-COORDINATE OF THE INITIAL SEARCH POINT
INCREMENT OF X VALUES (FT)
INCREMENT OF Y VALUES (FT)

LIMITATION OF THE SIZE OF THE RADIUS USED IN A SEARCH:

COORDINATE PERMITTED AT THE LOWEST POINT ON ANY TRIAL CIRCLE:

MAXIMUM Y-COORDINATE (FT) = 93
MINIMUM Y-COORDINATE (FT) = 88

HEIGHT ALLOWED FOR TALLEST SLICE IN ANY CIRCLE:

MAXIMUM HEIGHT (FT) = 0
MINIMUM HEIGHT (FT) = 0
FRACTIONAL INCREMENT OF RADIUS IN A SEARCH = .2

THE SLIP CIRCLE WILL BE ANALYZED WITH 45 SLICES.



CENTER OF TRIAL CIRCLE:
X = 180 Y = 125

FOR R = 37

FS

0.9706
1.0562
1.0270
1. 0424
1. 0547

.970637

SLICES

LOWEST FS =

3895.80 7
2007.56 6
2969.56 6
2649.65 6
2328.81 6
CIRCLE IGNORED *

DRIVING

125

PAGE 4
APACHE JUNCTION FRS

USDA-SCS
STEADY STATE SEEPAGE (ACC=O.lG)

11-08-85

Y =

RESISTING

3781. 41
2120.40
3049.72
2761.93
2456.25

RADIUS 35

180

RADIUS

AT X =

I
I
I
I
I
I
I 37.000

36.000
36.750

I 36.500
36.250

* TOO FEW SLICES AT

I
I
I
I
I
I
I
I
I
I
I
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• "PPPPPPPPHI-' iJRPRRRPRRRR TTTTTTTTTTTT 11 44 000.0.0. 333333~333
".Pflp..PfLP-P-~I"~'1:q::. -1'f'RRRHR~RRRR- ..IHTH·T-T-T-llT- -----1-1-1---------------4-44----.-.~Q-Q-GB-~-.-··.3·3-n·3-~~;s,...,_-.. -...,,,...·,...~-. -.. -' -I .~

• ' PP PI' i<.R RR TT 1111 4444 00 00 33. . ....-.,,33. ,ii, '.' .,,,.:.Y
PP FP IiR RF TT 11 4ft 44 00 0'):- 33. '.'_ co. .

··~---.PP.-_R_R__--.. -R_R___- ..--r_l-..-------_4_1_- 44 44 00 00 . 33 ." _It,.;
•

. PPPPPPPPPPPP RHRRkRRRRRRR TT 11 114 44 00 00 3333
PPPPPPPFPFP ~RRARRRRRRA TT 11 44 44 GO 00 3333

" ---P-P---------------------i' R----.. - RR·------- ----- -·..·..T-1 ----..--------------l1-·-------4-4-'+4-4-4-4-44-44--~{l_----·-M ..-3-3-,---.---..-.-_-_------

•
" pp ~R RR TT 11 'f44444tt441+<t4 00 OOy .. 3:S-

PP F'R RP TT 11 . 114 00 00 33 ..... ' .... 33
;·--plL---~----,--.RR__----.. -..J\-R"--.-.---r..T_---------l-l-l_l*l-U-l-l-- 44 000000 ('lOO().......c 33333333:1'333

• -~ PP RR RR TT 1111111111 44 OCGOOJu'l 3333333333

JJ CCOOOCOOOOOO utH,8£J£JBE,lfHlR 555!::55S5e55~ 44 2222222222 777717777777
-'"- --- ----.. J" Ceve GCU (; CCt e- -- l! iJ b (j L;h Bbi.lU ti [; ---- -_. ...- --- .•--.-.-.,,- -----.- -!)-5-§-§ 5&5~·5&-§'5- ---- ----------4-4-4-·----.a2-2-2.-2- 2.2~2_2_2_2 --- -7-7 7-l-7-7-7-17 71---·------ '-- ---------t---------------

,)J CC i 00 £.<tl 131:3 55 ,~444 22 '- .22 77 71
JJ LC 00 BR B8 55 44 44 " 22 77

·---·---------,}~--(O..-·---·---··-I;(}-----&g...·-----&H_-.. ---.-----------§-§---- 44 44' 22 -- 71-~---~-~ I !tio::-
JJ CC 00 bd8E8BBPBEB 55555555555 44 44 22 77
JJ (C co djBrb8bCU5B 5~5555555555 44 44 22 77
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- .. Rl-i-.-------.- .... -.;;.I<-- .... - - - .. ·~2 --. - ---1-1- .----- --" ..--.--,--~- -------7-:1------P-f'------f2.f!-RR-__ -RR- - - ---- 11-----.------- ..-- .. --- --- -- --- ...-
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b~S~0P*S SI~PLIPIED VETH~U-

LAYCUT OF GRID FOR CE~TERS OF TNIAL SLIP CIRCLES -- ..__.._.~ - ,"----_.,._.- . __ ..__....._ .._--_ .._. __ ._-_.__._._--

RUN THIIIL G7

APACHE JCT FkS OkA~~C~N CCNOITICN US

DETAILS ON THE SLIP CIRCLE GRID

C ChtE ~.I S

[jATE ;J9-0(~-&5

•
•

•

•

.. ', THE X-COORCINATE OF THE LOWER LEFT CORNER OF THE GRID IS 60.0000
_______. +-h-&__{?-E_N-lER-& __ foRE __I_I>ttRf-M-f-Nl-E-{l-------2-------=rIIolE-S--II'i--T-H~---K~J-R-H-T-I-G""--\of-J-f-H-e.:~!+'-'-

...: INCi<E r'[NT EI.<UAL T () l,} .GO'H]

'_. Th-E \'-_COvRG-1-NA-lE--{}F--ll.H:.=-k{;\iER--I.E:F-T--f<GRNt-R--G-F--lH~R_I-l,}__l_.s--+l-!h{}_I)..ll4--------

.~: 1I1E CENTERS ARE INCREMENTtO 5 TIMES IN THE Y-OIRECTION WITH EACH
. INCRE~ENT ECUAL TO 10.0000

-----

-------.--_.__.--_.

-------_._--_._------------,--,---

..~'; "

;~..
--- .. _------- _. __._----.,..,.,..---;....

OT~ER PARTICULARS FOR T~fANALYSIS

T~E GFID fAS A SLOPE(CHAMGE IN ABSCISSA DIVIDED BY CHANGE I~ ORDINATE)
IF -.5000.

______--*.•_'*- _* **'_ _.. _ _* _..~ J\.1l.*.*..,---__ ~._-_ .--.;..-------.-----.-----.------,--------------------,---.----.--,. .:.-.~ - ~~~---...:-..--'-

----- ---_._--_.._-------_._- ..__ ._- -.---_.- ...-.-_.__ ... _.. "---- ._------- .~_ .._- ---_.__.__.._------._._._----

ThE Y-COC~CINATE CF A ~CRIZONTAL LINE TANGENT TO THE SLiP SURFACE OF .
___ ------------l~l;'~l i'; ll~-. - "1\.0 IV S .-I S----- i U(,.~ OC') • -_. .-.-. -.-----------.--.--.----.. ------ -·--·---·--··-·---c-;- ------.-. ----.~-..-•... ----.------..---.-._.---,-

't:

•.-
..-

.~ i

.:.J;

;.;r

•
FOR EACH CENTER, RADIUS IS INCREMENTED 20 TIMES WITH EACH INCR[ME~T
[-I;-YI4.--:r{).---~ ~O-Y-J:J-.------_.

TH~ T(TAL lUMPER OF STABILITY ANALYSIS IS 31B.

_______ - 1h[----I>[CMf-T-r- 'f-. 1&-0 l-1jl-O~-1·fIO.lG------2..,+-.sb-1-Gg-:;'-.f~---l..-G~----···---.--

·--,.--.-----,---.-.---THE - SElS-Io'tl-b-COEH-l-f-l£NT··-I-SgGUAb-l-G-·------G-.IHHHl------.--------.-.-.-··-·-c-·-------.-..,...,.----", . . -'._. _,' " .,,'" ,c.";..'''

,.
•

_THE DEPTH CF THE DEEFEST SLICE MUST BE 'REATE~ THAN
----_._---------------_.._---_.~ ..._-------- --------

Tli[ TCLERAI\CF.: IN CALCLLATlfliG HE FACTOR OF SAFETY IS

5.0000

.OIGO

.' THE U~IT WEIGHT OF WATER IS 62.400il

: :3 ~.,'-'
T~E C(~TPOL QUESTICNS A~S~EREO

1.) FRI~T rUT THE INFUT DATA. 1"11=2
", 2_.)-_ .. RlTE__4W-T-__-Abb_Ft.CTJk-S_OF_S~f[T_Y- ....--4G'-2-l:.-1,---------__----·--------·----- ..-------------

." . 3.) !"jRITE OUT A SUM~ARY OF THE MINIMUM FACTORS OF SAFETY. IQC.H=2
. . 4.) ~kITE OUT A OETAILED SUMMARY OF THE CO~PUTATIGNS IQ(4)=2
5; ~ 1_._:J_--r,lSR_~GJJ.R~-lH"-PR[!>I-~O·US---P-CR~P-~S_SURE;---ilA-T-A---I-M-1-}':-~1 ~-~-
~ H.) SET aLL ~EGATIVE peRE PPESS~FlS TJ ZERO. I~(81=1

.'3: ".1 'HINT ~ CJGITt.L PLOT OF Tr'E GEot·1ETFV AND SLIP SURFACE. IG''J)=1
:~

•
-------~._~ ------ -_. --------.---_._-' ----''--_. ---_.~. -, .._----_.__.•.__ . - ---_ ...._...._. _..- ,.... - .----_...__ . --_._- _.-._------_ .. --~._-------
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~jJ.ACHE JeT FRS GRA',o/ecwri CC~JJITION us

•
•
•

*·**_**-~*.~,•• k+k****.
SL 0 ff STAhlLITY *

•• ** •• ~.*.* ••• **.*,•••

D/IT( S9-14-d~

C CI>':r,',: f\TS

RUN THIAL,;7
- .....- --- ~.. --- _._--.-'._-- -----_.. ---'--~-'_._'-'._~'-"--'--'

•
I':.>

L:~HCP*S SIMfL1FIED t[TH~U

SPECIAL DETAILS ON THE LAYOUT OF THE CROSS-SECTioN

-.:'

-1 Hr-Cf;~ I< G1 f~;' T ~ ~ OF TH E- vEe, TIe [S OF LINt: S F OR~i If'<G-"PiE-COIH k-C TS---IH;-l~E-E-N----SO I b---LA---YE RS- ARE-AS F OllGWS ------- --- - ,---------..--- -- --. -------
.********** •••• ********,***************************** •• ********* •• ***;******** •• ***-********* ••• ************ •••• *** ••• ** •••• *

•. LINE CQQR[)INAHS .
1".--------11;0 ..-- '--- -- ----.------ ---- ------ ------------- .. ------------. -----.---------------------.-----... ,." .. .

1 2 3 " 5 6 7 8 s 10 11 12 13 14 15

.:'"
!! ~ ·-~------1··~fJ..-- -.-.. -. -- - ~.-.. - .- -----llf. 'J·----65 .0--1-2 0- .t----l-3 4 .G--1-+8-..4--2--1-5 ..(j.-...-a1-5-.-O-----2-1---5----!}..-2+5,..{).-2--75 ..-o--;:2-1S-r~2--1-5 "'O-----2:15-..!h---2-7-5-~-2--15-.!h----,-,-----

IJO y 88.0 ~8~O 110.0 110.0 88.0 86.0 8~.O 86.0 86.0 86.0 86.0 86 .. 0 . 86~O 86.~ 86.0
2~J x 10.0 1',:'.0 112.5 120 • .1 135.0 142.5 178.0 275.0 275.0 275.G 275.0 275.0 275.0 275.0 275.0

,"'l_~J__l~---------Y------ --~~-..(l--H-~o--O----~~..V----#-3-4_----6-3-~8-e--.. g Jl!l ~ 0 '. !l6-...~-"--o-,--:....c8!>- ..~-'"---3fHi-~-,--"---(l...--'---~--~6--0-I}-.~8b-.-~~· '-'_._-
.~: 3~~ )( 10.0 275.0 27~.1l 275.J 215.0 275.iJ 275.0 275.0 275.~ 275.0 275.0 275.0 275.0 275.0 215.0

3J~ Y 66.0 I',h.J 6b.O 66.C 66.0 66.0 66.0 66.0 66.u 6&.0 66.0 66.0 ~6.0 66.0 66.0
~<~

----~,.----_.-.. ---.__ .----- ..._--.'------_. --------_...~" ----------_._~-_._---- ..--_ .. -.- ---- ,--.--- ---'- ~ ----, _.,._._-_._....._----_.~

•
2,;

Ll~ITS OF THE GEOMETRY USED DURING COMPUTATIONS,.....-. -._ * *.~_.~ 'If, 11. *_* •.~* lr_***._ ..*-*- *.* *.*_ _*-**, _*._ *_ .. '-"'--~_._". . ".

1~~ L~FT LIMIT IS II.JO.
rh [. R I ;;1\ T- L.l-~\ IT:- I-S---,-----2-1-'+ ..r..J .-- .---- - ------------- ------------------.---------. ---------~-."------------;.--. ---- - .._-• J',
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----_._-- ._----_._------------_.. _---------- ----- ----------~.':i,:.-,.
-_. ,_._. -.-..-....._...._.. - ---.-~..----

•
•



. --"- --."¥'- -- ... ---, .._.,..-._.._---_.~._- .__._......,.:-.~---~. __..~-_.- ..~.__._._-.......--:.....,-"-...:;.._."--'.-:.. -:..;..~ --~_.----.....:..;,._-, .._-_._ ..~ ..__._._._-,..:..--.._.:~.:_, ..'-~.-.*_:. __._... _..:.--.::....'----.;.;.... ' ---.._-

-~

--

-.'- -"-" -'-'-" ._,._-~.-..~,._- .--_.

--------
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PORE-PRESSURE.

--
Rlirl TRIAL fJ7

hl\lGLf OF

LAYERS WITH THE FOLlCWI~G CHARACTERISTICS.

-

:3

-
APhCh, JeT fRS CRAwDOWN CONDITION US

-**.~*** •• ~***** •• *~**
SLOP: STA~ILIrY *

.111 ·.. ·

TOT AL

-
SfECI'L CETAILS ON THE snIL CONDITIONS

GISHG~.~ SIhPLIFIEO NETHcn

cc,., r, [r, TS

DATE' ~l ~ - 04 - J ~

-

SOIL CHARACTERISTICS
*********** •• *****.***~*
THE GElMET~Y CCNSISTS OF

:';.

" LA Yt:i\
.. I NO. UNIT t.:EI'3HT COHESION INTERNAL FRICTIMI RATIO RU SOIL DESCRIPTION

3' .__•••_ _ _* :~_•.*-* _ _.._ *' * *_*- ._ __ ..,....,..,._.."...."...."..---:-_-.-, -...,.--__
I:)" , " '.. '., .":',.'
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CALICHE
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l,IShGF*S SJHFLIFIEO H':TH~v

SPEcr AL DETAILS GN TH!:: HiRE F'RESSUR[ CONDITIONS

THE COC~Dl~ATE·S CF THE VERTICES CF LI~fS FOkMTNG THE PIEZQMETRIC LINES APE AS FCLLOUS.
* -k-.--.-1t'_••_••··*-lll - _. * •.• *;* .. * •.* Itt •.•_.*,*~* k.""" _._ _._._ _•..•..•_ _. *-•.••.• ........ ....................._ *** •...__. ._,. __~.~

LINE C~ORDINATEG

NO •

* *- * ••-* .'. ** ... * * -** *.- • • -.-..-.-

"-_.__ .._-_.. _~ ..•~-._..._--_..__._--_--:_----_._------_..;:_--_.-~------'-------_.__._..~.---......_-~--'-_._.-:..._- ---_.-'._-.----" ._....._._.--~------

RUN TRIIlL H

AP~CHE JeT FRS CRAWCCWN CONDITION US

SLUFE ::;T4h1L!iY *
*.k****'*****.**~*.**

0';-04-85rj"T E

ceM;' ~~. TS

•
•
•
• );

•
• . --.-------.---- --..----. --·----·-1-----·-·-··2··-------a·----.l+- .--!}.-.-.-.-.----b----1------8--.-"- -9-.--'-- -1-!J--...........-1-!-----l-2-·-·-1-3--.---1-4------1-5--.-._._-

.:' 1 )( 10.'; 1->5.0 94.2 17e.J 118.0 275.0 215.0 275.0 275.0 215.Q 215.() 275.0 2"15.0 275.!t 215.0
:::' 1 . ._ 't -.- --8-8 .. ':;·· --.i1Jl... G----9-9 ._7---9-2-.';;".- H8. Q .....Jl.&.rl---8-&-ri}--&&~---Hj).....n_._:__-a6-....~8-5 ..-0---~§-rU----~8-5-.-O----8-5-...G--8-h4l-.---_.-_._.~

•.,: 2 )<. LJ.~ b~.Q 911.2 113.0 215.0 275.0 275.0 275.0 275.0 215.0 275.0 275.0 275.0 275.0 275.0
i 2 Y Bd •.J 81:\.0 99.7 88.:1 85.0 85.() 85.0 85.0 85.0 85.0 85.0 85.0 85.0 85.0 85.0
)!-----,-3---·,·--·----·--X---·-·-----~ff-rO_----ll-.tL---....-.{1 .-0----~.-g.-·--4w4-~·-_4_rl-·-~~---n.._-o---'---~ 0.·9 g.....tl-~··--lh·O'----·--Q.._Q...-~""O-----_O_.O-·-~-·_.. _.--_._.-

• ;: 3 Y ~ • J C • :l C • J J • ,~ (J • v c• (; j • 0 C • 0 () • 0 (\ • 0 O. GO. 0 0 • 0 0 .0 O. 0

._._-- ._-. ~._., --~ ._- ._--- _. -_..._._._----_..._~-_ ...---~-_. _._-,.._---"- ---_.---._-- _....-._".__.~.._- .'.-...-
_._.,_., .._._._~-,-_ ..'._.- .---- _..._..__.- . -"'~-'-'~" . ---_.__._- .... ,-.- ..-..-,- .._--- _._--~-----_._~----------------' ... ,~-'--'-:....:..........-'- ...;.;..._.--~._,-_ ......;--_. _.__..""""--..------_-.:..__._-_.._~_._-_ ...--....__.-

• 1,
I.'

;1
. _.. "-""_.".... .'.----- .... -----_._._. ----_... -_._-----_..._-_ ...

.1'
---'---'"'----~~ .....~--_ ..;.~, -- --------_._... __ .•_._.,. _._----~........-------_.-
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e,;,::
y

e"
------._-_... _.. _----_.. -.- _.. . ... _.._--_ ..__.._.._.._-_.._-_._------,._-----------,,-------_.__.~-:---~----. -_. --,------~-----_.

• !;.-------~_..-_....---..-"--.--_. - . ~.k_

·:21....-.__._------- .. _..~. -•...._.. _---- .__ ._._--_., .._-_ ..,-_....._~._-_ .._------_..-._.__ .._-.,.,
, ~ ~.!

. ~-------.~~_ .._-_.__.._------~----~----------------..:..
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.. -.. - - - - - - - - - - -.- - - ... ........1. ..

••_.. "'Itt .. * Itt • * ...... * • *. * • *-

**.****~.~*~*********

~ ~lOP~ ST.~lliTY *

c U;";~,, r:;

..
•-, D,',E :9-(j4-05 RUN TRIAL OJ

APAChE JeT FRS CRA~LC~~ CONDITION US
_.._- ._._-_._.. _--_..... -_. - ._------_..:-_-----•.--~-

------ ~U ~ >l\f,. in -0+ NI NIr·u r,~- FA CH/;"S· {IF- SA F-E-TY------·.-------.--.,.-.--~.--- ..---.-..--.- ...------.----.--..-...--..---- --.---.---------.-----.----~--------•
•
•

fc,Ic'I·"r:*~ &H;~LlFI£1} i,'tlf<lD

RADIUS ~- ¥- FACTOR OF NO. MALP~A
--liTe *l----C,,(,;.lJ. CiJ",i.O. ;;; .:.DlliSSAFfH"---··--·1 feR *10 . IoiARN-..l;-- --- ----- ..-.-

*********k***.***.**~**.**.**** •• *********~********.*.***.***********

._-. . '. -_ .._.." ---_._-'.- .. ------ -_._.

•
•

"
1 C

•
•

.....:-..__._-~_._•..-:--------~-_._ ..- ...... -..-_..-
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