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I INTRODUCTION

In April 1985, Ebasco Sérvices 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 I - 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.

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,

The Apache Junction Floodway and F1ood Retarding Structure control a drainage

area of 5.72 square miles. The total watershed to the end of Bulldog 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 Bulldog 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.

‘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
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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 d1scharges
into the 130 foot wide trapezoidal earth channe] 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 spiliway 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 emergenéy spillway.

The principal spiliway discharges into the Apache Junction OQutlet 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 1V
side slopes. The bottom width of the concrete channel varies from\3.5 feet to
50 feet and has a maximum 100 year discharge 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.
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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 Rahge physiographic province near the eastern edge of
the Phoenix Basin. This basin is subdivided into a series of Tlesser

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

The project is located on a bediment of primarily unconsolidated alluvial fan
deposits of Quarternary-Tertiary age. Features of the project intersect
numeréus ephemeral washes which have vtheir 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.
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I1-A SUMMARY OF TESTS PERFORMED

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
stem augers. Standard Penetration tests were performed on some of the holes
drilled to obtain representative samples, while in bthers the

$s011

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-B backhoe. The so0il sample Tist 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 1

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,

The laboratory soil tests performed and presented in the Soil Test Results
report dated Nov. 20, 1984 include 67 index tests (yrain size, atterberg
limits and soluble salts); four dispersion tests; 13 moisture contents; eight

consolidation, triaxial shear with pore water pressure measurements, and
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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.

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 D698 - 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.

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 samples), and triaxial shear. with pore water pressure

measurements testing.

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 D698 - 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).
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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,

As part of the Phase I scope of work for the subject project, Ebasco
subsequently conducted a thorough review and evaluation of‘the geologica1 and
soil mechanics testing information provided by the SCS. The Phase I
Suitability Assessment: Soil Mechanics report submitted to the SCS
recommended that additional field permeability and in-situ density tests be
performed on the overburden soils along with laboratory classification and

compaction tests on representative soil samples.

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 1initial supsurface investigation only three permeability tests were
conducted on the caliche Materia1 underlying the overburden soils. The
in-situ density tests, laboratory classification and compaction tests were
performed in order to detefmine the collapsibility potential of the foundation
soils upon wetting and addition of the embankment Toading. The boring logs
indicate that the soils are generally cemented to some degree and that calcium
carbonate (CaCo3) is present. Therefore, it 1is possible that the soil
structure is very strong fn the dry state (therefore high blow counts were

recorded), but may have a Tow in-situ density and propensity for collapse.
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The actual test program, requested by Ebasco, was outlined to the SCS in a

Tetter 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.

Summaries of the field and laboratory testing performed are presented on
Tables III and IV respectively.
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I1-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.materia1s to consist mainly of silty sands (SM) and clayey
sands (SC), with various degrees of cementation and presence of calcium
carbonate (CaCo3), underlayed by caliche. Along the few visible washes
which cut across the dam, the soils 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 fluctuates 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 overburden soils are loose to medium dense extending 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.

0395v



Borings and test pits located along the centerline of the Apache Junction
Floodway and Bulldog Floodway show the subsurface conditions to be similar to
those encountered along the centerline of the FRS, mainly silty sands (SM)
with varying degrees of cementation and calcium carbonate (CaC03) content

undertain by caliche.

The depths to caliche varies from zero to seventeen feet along the Apache

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

Standard Penetration tests were conducted in two of the four boreholes drilied
along the Apache Junction Floodway. The blow counts recorded indicate that

the overburden soils are loose to medium dense to a depth of approximately

three feet. From this depth to the top of caliche the soils appear to be

dense to very dense based on the Standard Penetration tests conducted. In the
two boreholes drilled along the Bulldog Floodway, Standard Penetration tests

were not performed.

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 1locations were Stations 97+00 and 91+00 respectively. The
permeability test at Station 97+00 was conducted on the caliche material
encountered from a depth of three to thirty feet. The permeability rate
reported for this test is 0.37 ft/day (1.2 «x 10'4 cm/sec). Two other

permeability tests also conducted in the caliche at Station 91+00, at depth
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intervals of 2.5 ft to 10 ft and 2.5 ft to 20 ft, yielded coefficients of

4 4

1.8 ft/day (6.4 x 107" cm/sec) and 0.43 ft/day (1.5 x 107 cm/sec),

respectively.

The results of the five permeability tests subsequently conducted in the SM-SC
soils along the centerline of the FRS are presented on Table V. The

3 and 4.9 x.10'4 cm/sec.

permeability coefficients range between 1.6 x 107
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 mipimum of 60 percent fines. The plasticity index for all the

soils tested range between zero and 24, with eight of the samples having

‘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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Percent Passing Dispersion

Sample Number Location Classification No. 200 Sieve (Percent)
84W - 2912 Dam 58+20 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 aré susceptible to erosion damage. Erosion
resulting from the dispersion 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,

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

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

soils are coarsé 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 laboratory using the double hydrometer

procedure. It is suggested that during construction, pinhole tests be
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 conducfed on soil samples obtained from the
borrow area. Gradation characteristics show the samples to be predominantly
silty sands (SM) and clayey sands (SC) with, 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.

11
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Eleven soil samples collected along the Bulldog F]oodway 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 silty 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.

I1I-B.3 Strength, Consolidation and Permeability Tests - Laboratory

Eight consolidated undrained triaxial

shear tests with pore pressure

‘l measurements and 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 D698 - 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
undi$turbed silt 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 form the borrow area which were prepared by compacting the material
to 95 percent of the maximum density obtained as per ASTM D698 - Method C.

The test results are presented in Table IX.

II-B.4 Soil Design Parameters Obtained from Field and Laborétory Testing

Standard compaction curves developed for the four samples from the borrow area
in accordance with ASTM D698 - 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 rangind 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 D698 - Method C, and
if optimum moisture content is assumed, a wet density value of 130 pcf 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 streﬁgth properties for both the embankment and foundation soils. The
seven consolidated undrzined 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




¢ = 0 psf
The effective cohesion and angle of friction parameters will be used for

design since they yield conservative shear stréngth values under the normal

stresses caused by the embankment loads.

Based on the description of the soils provided in the boring logs, field
density tests, blow count data (Standard Penetration Tests), results of the
consolidated undrained triaxial shear tests on the recompacted silty sand

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

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

materials:

-]

Y

= 30

C = 0 psf

The seepage analysis required to determine flow through the embankment
materials  will use a  conservative permeability  coefficient of
1 .0x 10'4 cm/sec. The highest test value reported on Table IX for the SM
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 cm/sec. The coefficients
shown on Table VII which range from 1.4 x 10'4 cm/sec to 4.6 x 10‘4

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

condition. Additional falling head permeability tests perfomed on these




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

range between 1.8 x 10'4 cm/sec to 8.8 x 10“5 cm/sec. However, these

samples were prepared by compacting according to ASTM D698 - Method A which

resulted in lower maximum densities than those subsequently obtained us1ng
Method C.

The dry densities of the samples prepared as per Method A criteria ranged
between 101.2 pcf and 113.9 pcf while those prepared as per Method 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 while
those prepared as per Method C would have ranged between 131.7 pcf and
135.5 pcf 1f 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 cm/sec
compares well with those values published for typical properties of compacted
silty sand (SM) materials (NAVFAC presents a typical value of 5 x 10°°

cm/sec) and is fépresentative of the overall range of values obtained from the

laboratory tests.

As stated earlier and shown on Table V, the permeability coefficients for the
foundation materials tested along the centerline of the Apache Jdunction FRS
ranged between 1.6 x 10'3 cm/sec and 4.9 x 10'4 cm/sec. A value of 1.0 «x

1()'3 cm/sec will be used as the representative permeability coefficient for

the foundation soils.

15

0395v



_ 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-consolidation pressures for the compacted borrow area soils

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, C ranges between 0.007 and 0.012 with an average of

r’
0.008, and the compression index, Ces 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, e, = 0.460
recompression index, C = 0.008

r
compression index, C = 0.080

c
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 6btained 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 sighificant1y.

16
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The one-dimensional consolidation tests performed on 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
Table VIII the overburden pressures for the samples, as provided by SCS,
ranged between 400 psf and 1,200 psf while the preconsolidation 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
distributed to the foundation soils would not cause the total pressures to

significantly increase beyond the minimum preconsolidation pressures.

The void ratio values for the three samples tested ranged between 0.811 and
1.030 with an average of 0.935. The recompression values, C,., were 0.008,

0.020 and 0.023 while the compression values, C were 0,094, 0.445 and

c’
0.545. The following parameters obtained for Field Sample Number 11.4 will be
used if a settlement analysis based on one-dimensional consolidation theory is

to be conducted .for the foundation soils:

minimum preconsolidation pressure, p. = 6,000 psf

initial void ratio, e, = 1.030
recompression index, Cr = 0.023
compressiqn index, CC = 0.545

17
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It will be specified that after construction of the concrete walls for the

various project structures the excavated areas be backfilled with a random

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

conservatively assumed as follows:

Y, = 130.0 pcf
g =30°
T =0

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

active pressure, Ka’ towards the top of the wall where lateral 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 opackfill as

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

for a friction angle of 30° degrees will be used:

Ko = 0.60

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
walls,

18
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IT-C ANALYSIS AND INTERPRETATION

II-C.1  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
stéeper than the upstream (2H to 1V versus 2.5H to 1V), and (2) the upstream
slope will be submerged for most of the cases analyzed and therefore its
stability will be 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 siope.

19
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3 - An infinite slope stability analysis be conducted on the
cohensionless 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 spiilway (EL +1799.7 ft) and steady

state , séepage with a horizontal ground acceleration of 0.10g

?

(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.

20
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APACHE JUNCTION FRS EMBANKMENT SLOPE STABILITY

Loading

Condition

S1ip Circle Analysis

Infinite Slope Analysis

W/0 Seismic

W/Seismic

W/0 Seismic

W/Seismic

1) End of Construction

1.65 Not Applicable 1.51 Not Applicable

(DS slope) (1.4) ' (1.1)

2) Reservoir at free-
board storm eleva- 1.65 1.32 Not Required| Not Required
tion
(DS slope) (Not Reg'd) | (Not Reg'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
(D§ slope)

4) Sudden drawndown 0.87 Not Applicable 0.83 Not Applicable
(US slope) (1.3) (1.1)

Note:

Figures 3 to 5 present the critical failure circles.

0395v
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The slip circle analysis conducted indicates that shallow failure circles

within the saturated embankment zones of both the upstream and downstream
siopes may occur for the steady state seepage cond1t1on with seismic forces,

Shallow sloughs may also 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".

Table X presents the duration of water impoundment behind the FRS, at various

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

dur1ng the FBH, the duration of water 1mpoundment above elevation +1799 feet

~will be under 10 hours., Under normal operating conditions the impoundment of

water behind the FRS above elevation *1795 feet will be under five days (
hrs).

116.2

Therefore given the unsaturated conditions of the embankment, the

penetrat1on of water into the fill material above elevation +1799 feet wil]

on]y be a few inches. During the freeboard hydrograph the penetration of

water into the embankment soils, will at maximum, be a few feet.

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 siope.
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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 estab]fshed
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 loss of water through the natural soils underneath the foundation
will decrease the elevation of the impoundment, unless the reservoir is
contiﬁuous]y replinished, and will further decrease the probability of the
development of Steady state ;;epage. Therefore it is doubtful that a steady

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

Even though it 1is 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
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assumed that the soils are cohesionless and a drawdown cond1t1on does occur at
the upstream face, it is expected that the water retained in the voids wou]d
be held by capillary forces and the pore water pressures developed in the fil]k
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 soils and thus the total strength parameters have a

significant temporary cohesion component.

Based on the discussions presented above, it is believed that: (1) 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 Préssures upon the possible occurrence of a drawdown

condition.

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 ehallow failure circles of the saturated zones in either slope.
This unlikely occurrence can be easily rectified through maintenance rather
than drastically decreasing the slopes at the time of construction to satisfy
the stability safety factors required by TR-60. The slopes mandated by the

safety factor criteria established in TR-60 are approximately 4.5H to 1V

downstream and 3.5H to 1V 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.

I11-C.2 Settlement Potential - General

Deformation of the embankment or foundation soils due to imposed 1loads
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 forcing water to flow out of the soil until 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.

11-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 percént (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 re]ative]y,impervious,sbi]s will
be compacted at or near optimum moisture content énd, 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 1load 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 wusing assumed elastic parameters, a

consolidation analysis was performed using the results of the laboratory tests

presented in Table VII.

The settlement analysis conducted for the embankment section indicates that
settlement will be under one inch and due to the relatively coarse grained

nature of the soils, it should take place during construction,

II-C.4 Settlement Potential - Foundation Soils

The overburden soils a]ong'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 test 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 1inches 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

settliement of the 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 1imits are generally below 45 percent and plasticity index

below 25 percent.

Due to the dessicated state of the foundation soils along the FRS and the

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

investigated.

The 1imitea field density and 1laboratory index testing conducted 1in
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.
Insfead, it appears 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, baéed 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 possibly 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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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 -

Removal

Conduct a field and laboratory testing program to determine whether

the soils are indeed collapsible and ascertain the amount.

During construction of the embankment, remove all the overburden .

material to caliche.

Remove the upper twenty-four inches of 1loose material, 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.

of the upper twenty-four inches of 1loose material, and then wetting

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

solution

and will

when considering technical, economic and construction schedule issues

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

this alternative be selected due to the following:

1-
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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 1ar§e vibrating roller
(rubber tires or smooth wheel drum) and it is expected that some

settlement will occur as a result of this effort.

The construction of the five-foot-deep trench will place a
significant portion of the FRS directly on the caliche. 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.

The foundation soils will only be subjected to a small stress

increase due to the embankment loads.

A1l the empirical relationships which determine the collapsibility
potent}al 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 soils in order for the soil structure to
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settle, and (2) the volume changes caused by the collapse are
relatively minor and therefore may be contro]led_ by the central

transition zone.

11-C.6 Seepage Analysis

A flow net seepage analysis was performed for the subsurface soils using a
maximum depth under the embankment of twenty-two feet ~(maximum depth to

3 em/sec. Assuming that

caliche) and a permeability coefficient of 1.0 x 10~
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
1.6 X 10'4 cm/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 required 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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gallons per day per foot length of embankment). Thus horizontal drains

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

II-C.7 Embankment Material and Compaction Criteria

A homogenous fill embankment meeting the following gradation criteria is

_ -v’ - -; ’

suggestéd:

' SIEVE SIZE | % 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

k' .001 0-30

The grain size analysis performed on soil samples from the borrow area show
'l that the majority of the available soils will meet the above gradation
' criteria.
I 0395v




The embankment and transition fill material (Section II-C.8) 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.

I1-C.8 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 exténd
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 moisture changes inside the embankment. Similarly
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
required and therefore the purpose of the transition 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 particles in this zone if the foundation underneath were to

move considerably.
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Calculations presented in Appendix B include the gradation desigh of the
transition filter material according to the recently revised Soil Mechanics

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

gradation:

SIEVE SIZE % PASSING BY WEIGHT

2 100
3/4" 90-100
#4 60-100
#10 40-100
#20 20-75
#40 0-55
_ #60 0-40
| #100 0-25
) #200 o 0-5

’

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.

II-C.9 Foundation Preparation

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

prepared as follows:

g 9
L

-
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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 fouqdation area at‘near optimum moisture
contents (-2% to 2%) with six to eight passes of a large vfbratory
roller (rubber tires or smooth wheel drum exerting a minimum energy
of 40,000 ft-1bs). 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 - Excavation of the cut-off trench extending to a depth of five 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 1V minimum slopes. The purpose of the cut-off trench is
primar{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 |
regardiess of the excavation depth required. The buried channel
shall also be removed in the upstream and downstream directions
extending to the outermost Tlimits of the FRS foundation usihg
practical widths and side slopes to permit production oriented

backfilling operations.

4 - Upon removal of the soils in the cut-off trench, the area shall be
compacted to the same reguirements previously specified for the

overall foundation area. If the excavated soils meet the gradation

35
0395v

.




requirement of the embankment fill or transition filter materia1;

they can be used during construction.

5 - The recommended 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 Floodway, FRS Outlet Channel, and
Bulldog Floodway will be designed for lateral pressures exerted by thé 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 walis and
the bottom slab will be resting on it. The area between the walls and the
excavated side slopes which will be partially caliche, will be backfilled with
available random material. 1In 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, Tlocated at the bottom of the walls, should be used to provide
continuous drainage along the entire outside length of the channel walls and
thus serve to hydraulically connect the weep holes. Proper protection should
also be provided 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 backfill material with an empty channel.

The walls are also currently being designed to carry a full head of water in
the channels without any support from the structural backfill 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

erosion.

To prevent erosion on the outside of the Emergency spillway walls, it is
suggested that a twelve inch layer of rip-rap, having an approximate width of

ten feet be proyided.
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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

0395v

slopes of the embankment are 2.5H to 1V upstream and 2H to 1V
downstream. A five foot wide transition zone will extend along the
centerline 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 width of the bottom of the cut-off trench shall be
fifteen feet with minimum slopes of 1.5H to 1V. The centerline of

the trench shall coincide with the centerline of the dam.

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.

Embankment Compaction - The embankment and transition fill material

. should be placed 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.

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.

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 Jjoints must be designed to remain watertight under the

maximum probable joint opening computed using TR-18.

Maintenance - Unless the FRS slopes are protected) periodic
maintenance will be required to repair the damages caused by erosion —
due to surface water runoff. Similar maintenance will be required
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)

AREA BOREHOLES TEST PITS
DRILLED EXCAVATED
Centerline of Dam 16 38
Principal Spillway 2 | --
Emergency Spillway 13 37
Alternate Emergency 6 | -
Spillway
*Emergency Spillway - 10
- Alternate No. 1
Emergency Spillway -- 21
Alternate No. 2
Borrow Area 7 204
Apache Junction 4 5
F1oodway
Centerline of Outlet : -- 7
Channel
(Principal Spillway)
Bulidog Floodway 2 _55
TOTAL 50 377

* Location of Ebasco proposed Emergency Spiliway
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TABLE II
SCS - APACHE JUNCTION AND BULLDOG PROJECT
DETAILED SUBSURFACE INVESTIGATION SUMMARY
AS PRESENTED IN THE SCS GEOLOGICAL INVESTIGATION REPORT

Work
Performed

Centerline of Dam

Bulldog Floodway

Emergency Spiilway
Alternate No. 2

Emergency Spillway
Alternate No. 1

Alternate Emergency
Spillway

Emergency Spillway

Bulldog Floodway

Apache Jct Floodway

Centerline of OQutlet
Channel
Principal Spillway

Borrow Area

Geological
Investigation

Report Date Date Equipment

Pages Started Completed Used
p. 9-p. 19 6/26/83 6/29/83 CME-75
p. 20-p. 26 6/14/83 6/15/83 Ford 555 Backhoe
p. 27-p. 36 7/7/83 7/8/83 Ford 555 Backhoe
p. 37-p. 38 6/17/83 6/17/83 Ford 555 Backhoe
p. 39-p. 44 6/30/83 7/1/83 Ford 555 Backhoe
p. 45-p. 47 12/14/83 12/14/83 Case 980-B Backhoe
p. 48-p. 52 12/12/83 12/12/83 Case 580-B Backhoe
p. 53-p. 54 7/12/83 7/12/83 Ford 555 Backhoe
p. 55-p. 57 7/6/83 7/8/83 CME-75
p. 58-p. 60 7/1/83 7/5/83 CME-75
p. 61 12/13/83 12/13/83 Case 980-B Backhoe
p. 62 7/8/83 7/8/83 CME-75
p. 63-p. 68 7/11/83 7/11/83 Ford 555 Backhoe
p. 69 7/8/83 7/8/83 CME-75
p. 70-p. 73 6/16/83 6/17/83 Ford 555 Backhoe
p. 74 6/14/83 6/14/83 Ford 555 Backhoe
p. 75-p. 77 6/29/83 6/29/83 CME-75
p. 78-p. 79 6/15/83 6/15/83 Ford 555 Backhoe
p. 80 7/12/83 7/12/83 CME-75
p. 81-p. 90 6/20/83 6/21/83 Ford 555 Backhoe
p. 91-p. N7 6/21/83 6/28/83
p.118-p.126 7/1/83 7/6/83 Ford 555 Backhoe
p.127-p.128 7/12/83 7/12/83 CME-75

Borings 1-16
TP 6-TP 23
TP330-TP349

TP 44-TP 52
TP278-TP299
TP396-TP406

TP408-TP428
TP350-TP359
Borings 201-206

Borings 21-32
TP392-TP395
Boring 207
TP360-TP392

Borings 33-34
TP 31-TP 43

P 1-TP §
Borings 17-20

TP 24-TP 30

Borings 301-302

TP101-142
TP146-277
TP300-TP329
Borings 35-41



TABLE I1I1
SCS-APACHE JUNCTION AND BULLDOG PROJECT
SUBSURFACE INVESTIGATION: FIELD TESTING SUMMARY

Area Permeability Density Approx. Date Source
Centerline of Dam 3 - 6/83 USDA - SCS
Geological
Investigation
Report
Centerline of Dam 5 6 8/21/85
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TABLE IV
APACHE JUNCTION AND BULLDOG PROJECT

SUBSURFACE INVESTIGATION: LABORATORY TESTING SUMMARY

Grain Atterberg Soluble Natural Triaxial w/
Area Size Limits Salts Dispersion Moisture Consolidation Permeability Pore Ppressure Compaction Source

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

- Dated 11/20/84

Bulldog Floodway 1 n 1 - 2 - - - - File Code
210-22

Borrow Area 4 4 4 - 4 7 3 7 7

Apache Junction 3 - 3 3 - 1 - - - -

Floodway

Centerline 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 Permeability
Station) (ft) Classification (cm/sec)
DAM 67+00 5' - 15 SC-SM 9.3 x 10°4
DAM 80+40 5' - 10" SM 1.5 x 10-3
DAM 81400 2 -7 SC-SM 1.6 x 10-3
DAM 87+50 5' - 10 SC 4.9 x 10-4
DAM 98+30 1 - 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-situ In-situ Liquid Plasticity Percent Percent STANDARD  PROCTOR

Test Test Dry Moisture Limit Index Passin Passing w
Location Conducted Soil Density Content No. 20 No. 4 d max 0
(Station) (ft) Classification (pcf) (%) (pcf) - (%)
32450 ' 5 SM 99.0 4.8 NP NP 2.6 50.4 119.2 12.2
42450 5 M : 103.4 6.0 33.4 14.2 . 21.0 88.1 122.8 10.9
53+90 3 SM 75.0 3.8 NP NP 171 69.2 127.1 9.8
53+90 9 SM 85.9 10.5 NP NP 29.5 93.1 112.0 14.5
70+00 5 SM-SC 94.0 4.9 24.5 4.3 32.9 91.7 122.9 11.5
87+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 CONDUCTEP ON COMPACTED SAMPLESV
(SOURCE: USDA - SCS SOIL TEST RESULTS DATED 11/20/84)

STANDARD SAMPLE PERME -
PROCTOR PREPARATION TRIAXIAL SHEAR ABILITY
Sample Field Sample Percent  Percent Sample _ —
Location Sample Depth : Liquid Plasticity Passing Passing w Molding Sample [/} ¢ [’} ]
{Station) Number (feet) Classification Limit Index No. 200 No. 4 d max [\ Moisture Compaction (psf) (psf) {em/sec)
DAM 52+00 1.9 5'-10" sC 36 12 37% 86%  118.0 pcf  12.02  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 pef 9% 12,3% 95.3% 22,0° 1875 .- 37.0° 0
400 Us
BORROW 52+00 38.1 10'-15' SC 30 n 16% 76% 123.5 pef  11% 13.32 95.2% 39.5° 0
600 US
BORROW 100400 160.1 2.5'-3"' SM NP NP 23% 81% 120.0 pcf 11,52 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 16.52 20.6% 95.0% 29.5° 1575 38.0° 100 1.4x10-4
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 uUs . ’ .
BORROW 62+00 36.4 15'-20' SM 28 2 26% 86% 119.5 pcf  12.0% 14.4% 95.02 . 21.0° 1900 35.5° 275 4.6x10-4
800 Us
1% BORROW 78+00 40,1 10'-15' SM 28 4 29% 83% 121.5 pef  11.5% 13.6% 95.0% 24,5° 1250 38.5° 0
i 1000 us

NOTES: 1) Standard Proctor as psr ASTM D698 - Method A.

P AN

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

3) values for pg, Cc» and C,. were determined by Ebasco based on results of consolidation tests.




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 SMPLE
PROCTOR PREPARAT 10N CONSOL IDAT ION
Sample Field Sample Percent Percent SampTle T
Location Sample Depth Liquid Plasticity Passing Passing w Molding Sample Pc eg Ce Cy
(Station) Number (feet) Classification Limit Index No. 200 No. 4 d max o Moisture Compaction (psf)
DAM 52+00 . 5'-10 SC 36 12 37% 86% 118.0 pcf 12.0% 16.2% 95.3% 4,200 0.486 0.096 0.008
BORROW 91+00 152.] 0'-4' SC-SM 21 5 36% 91%  125.5 pcf 9.0% 12.3% 95/3% 1,300 0.39 0.077 0.008
400 Us
BORROW 52+00 38.1 10'-16" SC 30 " 16% 76%  123.5 pcf  11.0% 13.3% 95.2% 2,400 0.410 0.075 0.007
600 US - .
BORROW 100+00 160.1 2.5'-3" SM NP NP 23% 81%  120.0 pcf 11.5% 14.7% 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 19% 80% 122.0 pcf 11.5% 13.2% 94,9% 4,200 0.420 0.068 0.007
800 US
BORROW 62+00 36.4 15'-20' SM 28 2 26% 86% 119.5 pef  12.0% 14.43 95.0% 2,700 0.460 0.084 0.007
800 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 0.008

1000 US

s e e



TABLE VIII :

SCS - APACHE JUNCTION AND BULLDOG PROJECT ) |

LABORATORY TEST RESULTS CONDUCTED ON U_NDISTURBED FOUNDATION SAMPLES
(SOURCE: USDA - SCS SOIL TEST RESULTS DATED 2/5/85

Sample Field Sample Percent  Percent TRIAXIAL SHEAR TEST CONSOL IDATION }

Location Sample Depth Liquid Plasticity Passing Passing c c E— PERMEABILITY ‘

(Station) Number (feet) Classificatfon Limit Index No. 200 No. 4 [} (psf) 7 (psf) Po Pe o Ce Cp {cm/sec) ;
| , é

DAM 52450 n.2 3.5'-4,7" ML 25 3 80% 1003 9° 5470 45° 0 400 4,000 0.811 0,094 0.008 7.0x10-4 '

DAM 52+50 11.3 12'-13.2' ML 29 5 85% 100% 4° 2370 40° ] 1,200 6,700 0.976 0.445 0.020 2.8x10-4

DAM 52+50 1.4 12'-13.2' ML 29 4 88% 100% 10.5° 2300 a° 0 1,200 6,000 1.030 0.545 0.023 2.6x10-4

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

2) Values of pg, Pc, €q and Cc were provided by SCS in the consolidation curve plots. Values of Cp
were determined by Ebasco based on results of consolidation tests.
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LABORATORY PERMEABILITY TESTS CONDUCTED ON BORROW SOILS
(SOURCE:

TABLE IX

SCS - APACHE JUNCTION AND BULLDOG PROJECT

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

STANDARD SAMPLE
PROCTOR PREPARATION PERMEABILITY (cm/sec)
Sample Field Sample Percent Percent SampTe
Location Sample Depth Liquid Plasticity Passing Passing W Holding Sample Surcharge Surcharge
(Station) Number (feet) Classification Limit Index No. 200 No. 4 d max 0 Moisture Compaction Lload: 1,000 psf  Load: 2,080 psf
Borrow 52+00 38.1 10'-15' SC 30 11 16% 76% 127.5 pcf 9.0% -— 95% 3.2 x 10-5 2.1 x 10-5
600 US \
Borrow 100400 160.1 2.5'-3" SH NP NP 23% 81% 125.5 pcf  10.5% - 95% 7.1 x 10-6 ————
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 4.6 x 10-5
800 US :
Borrow 78+00 40,1 10'-15" M 28 4 29% 83% 127.5 pcf 9.5% -- 95% 1.1 x 10-6 ———
1000 -US
NOTES: 1) Standard Proctor as per ASTM D698 - Method C.

2) Sample molding moisture not reported.
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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 V

Infinite Slope Analysis for Cohesionless Soils

1. Infinite Slope Cdn:iputa.tions. _ For cohesionless 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 where seepage is involved. It is as-

sumed that the seepage flow is uniform throughout the soil mass.

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

flow is neither parallel nor horizontal to the outer slope is

! tan a

Ygat

cot B tan ¢

where

Y' = submerged unit weight of soil
Yy = unit we‘ight of water
@ = angle between seepage flow line and embankment slope
B = angle of inclination of embankment slope with horizontal (cot § = b)

Y = saturated unit weight of soil .

sat
¢ = angle of internal friction
3. Seepage Parallel to Slope. For seepage flow parallel to and coincident

with the embankment slope (a = 0), the safety factor becomes

F.S. =—Y— cot P tan ¢ = —0-
sat sat

b tan ¢

where
b = cot B

4. Horizontal Seepage. Where seepage flow is horizontal (e = B) , the factor
of safety is

Y ‘ ..
Y' < tg sz' -
F.S. = €o (cot B tan ¢) = (tan ¢)
Ysat bYsa.t:
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. 5. No Seepage. Where no seepage forces exist, i.e. for a dry slope, the
- factor of safety is

F.S. --"{-:-‘%% =b tan ¢

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

to all of the previous equations for factor of }:safety by replacing b with the
term b' where

b-y
170D

Y srst

¢ = seismic coefficient (see fig. 6, main tc'zxt)

b!

7. Example. An example of the influence of the direction of seepage flow
on the factor of safety is illustrated in the following tabulation.

Factor of safety for

Seepage
Assumed parallel to Horizontal No
design‘values outer slope seepage seepage
b = 3'5 . .
Yeat = 2Y,, | 1.23¢ 1.43% 2.45¢%
tan ¢ = 0.7 o
¢ = 0.1 0.881% 0.741% 1.761%
bt = 2.52 '

1 Without earthquake loading.
Tt With earthquake loading. -
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APPENDIX B - SUMMARY OF SLOPE STABILITY COMPUTER RUNS

0395v




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

report:

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

acceleration. Downstream slope. SLOPE-II.

2 - Reservoir at freeboard storm elevation. Acceleration (0.1g).

Downstream slope. SLOPE-II.

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

acceleration. Downstream slope. SLOPE-II.

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

acceleration. Downstream slope. EBASCO.

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

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

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

Acceleration (0.1g). Downstream slope. EBASCO.
7 - Sudden drawdown. No acceleration. Upstream slope. SLOPE-II.

A11 computer printouts will be given to the SCS during the Final Design Phase.
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AA A A A A PR R A AR AT IREXN KT AKX AN RN AR RN AR RT KRN hh ke hh

THE X=-CSCRCINATE OF ThE LOWER LEFT CCRKER OF THE GRID IS 145,80580
TEE CEMTERS ARE INCREMENTED ]

INCHREMENT EGUAL TG 16.22000

THE Y-COORCINATE OF THE CLOWER.LEFT CORNER .QFE _TEE GPRID. IS __11%.0080 —

TIMES IN THE X-0IRECTION MITH_EACH _ . _

THE CENTERS ARE IMCREMENTED 4 TIMES IN THE Y-DIRECTLICN WITH EACH
InCREVENT EQUAL TQ 13e.0000

THE GRID HAS A SLOPECCHANGE IN ABSCYSSA DIVIDEC EY CHANCE 1IN ORDINATE)
CF «5503,

GTFFR FARTICULARS FOR THE ANALYSIS

LA R X X} Q**ﬁiﬁ*t**ﬁﬁ**tﬁﬁ*ti**i*i**ti*_

THE Y-CGORCINATE OF A FORIZONTAL LINE TANGENT TO THE SLIP SURFACE CF
MINIMLY RACIUS IS 10%e0000e .. ...

FOR EACH CENTER, RADIUS IS INCREMENTED 20 TIMES WITH EACH INCREMENT
tGUAL ToO 200003 - e e e e e e
THE TCTAL NUMBER OF STABILITY ANALYSIS IS £3fie

THE GECMETRY 1S CIVIDEC INTO.. ... 264 SLICESs FACH e B33

THE CEPTH OF THE DEEPEST SLICE MUST 8E GREATER THAN

THE TCLERANCE IN CALCULATING THE FACTOR OF SAFETY IS .0130

THE SEISMIC CCEFFICIENT IS EGQGUAL TC . . _ . 0.003908

THE UNIT WEIGHT GF &ATER 1S 62,4604

THE CCNTROL GUESTICNS ANSWERED

1+) FRINT OUT THE INPUT DATA. IG(1)=2

2+) wRITE CQUT ALL FACTCRS OF _SAFETY,., IG(2)=1

34) WRITE OUT A SUMMARY CF THE MILIMUM FACTCRS CF SAFETY. 1G€31=2
4.) WPITE GUT A DETAILEU SUMMARY CF THE COMPUTATICNS IG(4l=3

7+) CISKEGARD THE PREVIOUS PORE PRESSURE DATA. IG(7)=1
R,) SET ALL MEGLTIVE PURE FRESSUKES TGO 2ERC. IG(u)=1

9.1 FRINT & DIGITAL FLCT COF THE GEONETRY AND SLIF SUFFACE.

IG¢s5)=1
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CATE  29-04-85 RUN  TRIAL 91
COMMERTS RESERVCIR AT FREEHGARC 0S5 NG EQ §
Ishik«s STMPLIFIED METECOD . ; -
- SPECTAL DETAILS UM THE LAYCUT CF THE CROSS=SECTICHN

~THE COCRUINATES CF THE YERTICES. CF _LINES FORMING THE CC’\TFCTS BEIWEEN _SOIL LAYERS ARE_AS FOLLCKS.
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LINE  COCPDIMATES

6000001..-0'0.’0

fiCe . .. e e e e i e s e e e el i et e e i e et et 2 e amron e s o 1o < s
1 2 3 4 5 6 7 8 9 10 - 11 12 13 14 15
T * 104¢ 11845 12840 134,75 17200 275¢0...2753.9 2750 275.0 279,08 275.0 275.0 275.0 2_§*_.W2]5-0
12a Y 10%9.4 109.4. 117.9 110.: 88.0 60 8640 8640 8643 B6.0 860 . BB 8G6eT - 864D 86.0
250 x 1n,¢ ES5e0 11845 120470 13640 17847 275.0 2758 275.0 275.0 27%.9 275.6 27540 2750 275.0
230 Y €840 B8a0 1094 . 11Cef 11060 _ 8B.0 . _86e0 . 66e7 _ B86e0 . 8640 860 _ 86e0 . B6e0. 8640 8640 .
: 300 X 1042 550 112,58 12044 135e0 142.5 17840 2750 27540 275.0 27540 27540 275.0 2750 27540
: 379 Y A% a0 f8.0 LT 83,0 £2.0 €t ol 5846 2640 860 8640 8660 G0 B6e0 86.0 86.0
Lonna A 1Cad 275ed.. 2790 . 2750, 2750 27560 _ 2750 275800 __ 2750 2750 2750 2750 27540 2750 2750 U
. 43¢ Y A% 560 665 E6e9 6643 €640 6640 66e3  BEel 66.8 6640 660 £6e0 6640 6640 R
: LIMITS OF THE GEQWETRY GSED LURING CONFUTATICNS 77— 7/ T o -
o R R AR EEEEEEEE S REREER IR AR RSN EERRR R RS R EERER R R
B }v* o CTHE LEFT LIMIT IS 11.80. o
- THE FIGHT LIMIT IS 274400,
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) CATE  o&-G4-HS RUM  TRIAL Ut
N ConEnTe RCSERVCLE AT FRECEGARE 05 1O Eo )
t
FISHCP+3 SINMELIFIED METHCD e e e R -
') SEECLAL DETAILS ON THE SCIL CONDITICONS ' #

+) '
_SGIL CiaRaCTZRISTICS s e

* * i}*titi*k*ﬁ'ﬁiiﬁt*ii**ﬁ

¢)  THE GECMETRY CUNSISTS CF 4 LAYERS WITH THE FOLLOWING CHARACTERISTICS. ‘ . ’ : = _

]  LAYER ToT1aAb & I}LE“ (&F‘ o . FCR[‘-»F'RE:SLL}PEw T T e e e o ) -
) o UNIT WEIGHT COHESIGN  INTERNAL FRICTION  RATIQ KU S0IL DESCRIPTICN
LER AR A A RN AP A RKRAT A N A R AR R AR N Ik RNk kAA S AR AL L AL RS ER SRS AL N oot gl b A
) 1 52,409 3.901 2406060 04000 © O WATER . S S :
‘ 2 1304200 0.380 . 37.905 2.0080 e .. COMPACTED. SMaSC_ MATERIAL. — : . —
L 3 112,736 9.0C8 IRe000 Ce0 0D FCUNDATICN SM=SC MATERIAL
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CATE  ad

CLBYENTS

ELSHEP

SUMIA

RADIUS A=
COGRT.

145,72
15840
1543
1720
16545
195,C
Tl el
1600
1707
16247
19040
FRVEII
540
16540
17573
1ES e
195,38
50
1664¢C
170.¢C
18CaC
1903
2309
210 a0
16540
175.¢
125,70
. 195635
21 27360
19 . 215.¢

: : !
N [V N oy

DO F R PRPODOURGE OO RGN AN S =g 2

4

N

THE MOST

CRADIUS X~
INC*T  CGGRD.

IE A 2SR AR N ESREEREESENRSS

*  SLOPT STABILITY »

LEEEEEEERSEESIEREEENE RS

-24=-£5 RUN TRIAL D1

RESERVCIR AT FRECECARD DS NO Eé

& SIMFPLIFIED METRCD ... . ... ... e et e e e e e

’

KY CF MINIMUM FACTORS OF SAFETY
Y- FACTOR CF NGs MALPES
CUCRECs PRADILS SAFETY. ITER*N _WARNYG

SO D S DU

11549 1546 2.321 - L0
115,2 19.C 1.987 3 ¢

11549 21,6 1.851 4 ¢

1152 29,7 LleT0S. &G
11544 330 2.929 z f
115.¢ €% .0 5.021 4 0
12560 278 24160 4 6
1252 Z1.0 1.837 4 ¢

1ébat 3249 1.7C6 4 2

125,95 3940 le7589 Y S
125.0 4549 3.397 3 n
12543 €3¢0 4.931 4 0

1542 3760 1.962 4 o
135430 4340 1.706 4 2
13540 49,0 1.682 4 o
13540 51e9. 2e083 . 4 __ 2
13546 €3¢0 3,649 3 ]
12540 7342 44987 3 g
145,90 49,1 1.98¢ b . .
14540 5340 1.729 4 0
145,80 €740 14651 4 ¢
165,56 £1.0 R348 & Do —
1454¢C 83,0 3,812 3 0
16545 830 £.131 3 0
15540 59,0 14670 4 N
15542 6540 14759 4 0
15540 E9 0 1.,75¢ 4 c
155.¢ 73.6 __2el65. 4 8
15540 23,0 3.972 3 e
15540 £S.0 6304 2 ]

CRITICAL SLIF SURFACE

Y- FACTGR CF  NO. MALPRHA
COUREs  RADIUS SAFETY ITER+N WARN*G

1.6%1 4 .
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EISHOP*S SIMFLIFIED METHOD

1..9.8 C e
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+ + 5 & 2 0+ @

CATE 09-04-85

LolaBT

RUNTRIAL 61

JEURNETDS W £ -SRI P 4 -]

COMMENTSRESERVOQIR. AT FREEBOAKD

- 2.076.

B8 NO_EG. .

€630 —

BT

1,84

SRS W

1. 7"3--. T T _ - ) ﬁ‘

i N R ztvg-ij -_MWm;taq' vass B e
171 1.6 T T -

PR 4] 2,092 ) . 'g?., :‘_ - S - i A

ssceacsesctoscccnccotocrcsncet®torgecseccotrssnesccrtoeveccscectoscresvectse .t&"an.t“o‘«c--o.‘io‘*otiﬁoooo."

145,00 153.08
HORIZGNTAL SCALE

lel.Gn

1. INCH = g.00

16900

177.00 185.00

_ _VERTICAL SCALE 1 INCH =

209.10
8,008 0 =

193.00 . 201.00

217.00 .

s e e it i e
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EISHCP xS SIMPLIFIED METHOD

» * UATE (S~-04-85 RUNMTRIAL 41

CGMPENTSRESERVGIR. AT FREEROARD . DS NOEQ. .

. *
125800 + . i - — S

. 1111331331221 1112131113311113121112222222222%2 . _ _. e e e e e e et v e s R
. 2222 gsae

. 2222 sgz2222

p— B WC00 4 . e e 222 .S 888222 _ i

e . 333333333333333333333333333333333333 23333333388S8333333333333333333333333333333333

. 3333333 ) ) . . . : ) ’
- 44464640444 4480404644444480880404840480444848408484844400408480880488464040800488400086448044080440408464644840 0

—— 60Ty 0 e e e s e o st et [

“cc-Ol.0.0“'5-Q¢c0o..:"“o...:-.oo*..o.o..t."o.’D.;Qooc*'."loott.""ol....“..."..oo oo'o»v'.’:\-‘o_v.obvou‘oo .‘-;-h,"oct.b-;o,-u-"
10,873 40aG0. TG0 102.00 130.00 160,00 19007 228.00
oL HORIZONTAL SCALE 1 INCH. I0400C. CVERTICAL_ SCALE 1 _INCH = . 308400

RN

250400, - 280,00

¥ o= 185450 Y = 145,00 RADIUS = 57,00 FACTOR OF SAFETY = 1.651 -
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» SLOPE STALILITY «
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BATE 22 -04-85 FUN  TRIAL G1

COMMENTS RESCRVGIR AT FREEBOARD G5 NC EGQ
i FTSRCFxS SIMPLIFIED METHCD , o S B . . S
SLICE %=COOR Y-TOP Y~-EASE ALPHA SLICE SLICE . MORMAL PORE-MATER _ SLICE Vﬂuggolusmu“mNORuALﬂmEhr
COHESION JMEIGHT FORCE FCRCE MALPHA ARM ANGLE

AR B EEREEENERESES) iii*t*t***n*ﬁ***fﬁfﬁ*ﬁﬁ***ikki**iiki*t*****t*****k******i*t*?ﬁ****t***‘ﬁ_"ﬁitﬁ*i**’****Q’i*t*’i‘****Q**ii**iik***ti*****'

CTHE TGTERSECTIGAS OF ThHE SLIF SURFACE WITH THE SURFACE LAYFER_ARE

LZFT INTEZFCERT weeee X= 13%,675¢ Yz 10%.1622
RIGHT INTERCEPT esee X= 177.9244 Y= £8,3378 -
X- LEFT ANEC RIGHT INTERCEPTS OF THE SLIP SURFACE AND THE _GEDROCK ARE 0.0000 AND . ._0,0000 RESPECTIVELY .
THIS IS ITERATION NUMBER 4
, 126 13A09 108,94 158.66 £0,39 0. «3171E+02 «3208E402 G «G883E+00 57.00 C.08 37.3
p_o127. 137459 128,59 10758 . 4Be98 Do . ol188E+03 21188BE402 0O, «9998E400 57.08 000 370
Too12s 136400 1Coe3? 16646 47,47 o, «1993E+03 +1971E+03 0. #10L1E+01 ' 57400 - - 0e00:-37.0
12¢ 139,25 117.5¢ “105.40 46.00 0. ,2725€403 e2EGEEFEI  O. 010224071 57.00? T 0e00 3740
13¢ 14547 107656 1264439 44457 Ce L e3388E403  (I2R3EA03  De. ... ... *1032Es01. . 57400 000 . 370 _
131 161,69 196457 102,43 43,18 0. 3TBBE+OT «3831E403 3D «1041E+C1 57.00 0.0 37.0
132 142,62 176406 1tz.%1 41.¢1 % 45296402 «4Z1HE+03 O, «1049E+401 “87.00 0.00 37.0
S S U S 21 17550 17164 S LR I 5014E+02 «4THBE+D3 0, «1056£461 67400 000 370
134 144430 105490 190,81 33,17 S, S449E+403 «5126E+403 (. «1063E401 © - -57.00- 0,00  37.0
135 145,03 154459 10Ca61 37.68 T »T834E403 «5458C+03 D, «1069E+01 57400 880 37.°0
13¢ 1646470 1244900 €5 425 ZEW62 D oB1T2E40Z  JSTUBE+03  O. - «10T78E¥0Y 5700, . -0.00_ 37,0
137 167436 153,54 90,52 35.28 (o «BUGTE+DD «5994E+03 G 21079E+01 57.00 0.00 37.0
13¢ 14G427 1°3.52 9763 4,16 e CETLRE+33 6204E+93 0. +1083E+01 £7.00 0.90 37.0
133 149400 102,59 ST,17 324395 e e eEB3LEX03 W63 7RE+D3 0, «1087E+01 57.00 000 37.0
145 150.G0 130230 95453 21.76 0. «TL0SE4G3 «6519C+03 0. . e109CE+01 " ET7.00 - Gwal0 370
141 151.35¢ 101,590 95,93 30.58 (. «7241E+403 e6628BE+03 " Ja. $1093E+01 §7.00 -  Be00 37.C
142 152,92 101.0¢8 85,35 . 2942 3. 7342E203 #26T0TE+03 0, «1095E+01 - S 87500 0400 378 .
143 153400 10052 F4 480 2R.28 G e T4GBE+C3 «6TSTE+LZ 0, «1096E+01 57.00 6,00 37.0
144 154,00 150400 B4 428 27«18 9. «TR41E+DZ «6TTOE+G3 - O «1098F+91 B7.00 C.00 37.0
145 0 155430 €9 ,%9 13,TR 26402 _ O T4L1E+02 +£TI5E+03 O, «1098E+01 57.00 000 37,0
146 156.00 99,00 93,329 24.90 G «7T410E+03 «6T44E+83 Q. S e1099E+401 57408 " 0e00 -37.8
147 157.99 9g ,50 92485 23,80 0. «7348E+03 «6GBBE403 0. T el099€+01 .. 57400 “0e00 3740
148 158400 9609 «42 22472 Qe W T25TE+03  6608E+03 Qe ... el 0986401 157400 000  37¢%
149 159,52 9753 92.01 21.€2 0. «TL3TE+03 SE6G03E+03 0. «1097E+21 5700 G.00 37.0
152 153420 97.80 51462 20456 D «69688E+03 «ESTSE+03 G «1096E401 57.60 6.00 37.0
_.151 Jlele20 96457 .S1426 12,47 9. «6811E+03 «6223E+03 0. «1099c+01l 5700 0.00 37.C
152 162.00 26,00 20,72 18,41 0. «GEGTE+D3 e6O4TE+C3 QW T e1093E481 . STL.00 " 0e00 370
153 162470 S5 .58 91,59 17.35 G «63TTE+C3 «5849E+03 g, «1050€+01 57.00 " 0e00: 3740
1586 164453 054G 50629 . 164303 . 0 L +6120E2C3  _ oS627E+03 0. «1088E+01 . 5T.00 .0s00 370
155 168450 94 .52 59401 15.2¢ 3, «GE3TE+03 «5382E+03 0. «1085E+01 57.00 0.00 37.3
155 166400 94 ,C 3 29,75 14,22 GC. +5EZ9E+03 5114E+03 0, «1081E+01 5700 000 37.6C
157 . 1kT7.2¢C S350, 82682 131K 8. «5196E+53 c4822E+63 (. «1C077E+81 57,00 0e00 37.0
15& 168,90 2,08 39 .28 12.15 0. »BRZBE+D3 «4STTE+03 0O «1073E+01 57.00 0,00 37.0
159 1632, 52450 25,07 11.12 0. $4456E+403 J416BE+03 0. «1769E4+01 57.00 0.00 37.0
Cled  1TG.GU 024800 Bte38 10415 0O W405CE+03 . «3805E+403 O e wlDeak+01 57,00 000 37,0
161 171400 SieEd EHeT2 9,09 1, I619E+C3 «341TE+03 6. «1259F4C1 57,40 0.00 37.0
le2 172452 Gle00 SRe56 .07 2. .3xee=+f3 «3203E403 O «1C54E401 §7.00 0.00 37.0
163 173430 1450 et} TelS 3 W 2HHBE+DT v 2564E+03 (. s10485401 57.00 00 37.0
16¢e 176.5 CLel RE 5L el 1, e Z1RTE+GCH L2258+ T, «1742FE+01 £T7e6% 0.00 370
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. FLEASE NOTIFY GEG-SLOPE PROGRAMMING LTD.s GF ANY
® . PROPLEMS ENCCUNTERED WITH SLOPE-1T.
% CISCLAIMER:
L NO WARRANTY IS EXPRESSED OR IMFLIED AS TC THE : o
: DOCUMENTATION FUNCTION CR PERFORMANCE QF THE o e . e
. PROGRAM AND THE USER OF THE PRUGRAM IS EXFECTED
L TC MAKE THE FINAL EVALUATION IN THE CCNTEXT OF
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CORMENTS RESERKVOIR AT FREEBUARD DS EARfHQUAKL el 6

CEISHCP*3 SIMPLIFIED FETHCC. .

IR A RS RINEREREEEEENNEESERES]
* SLOPE STABILITY «

****ﬁ*ﬁ***kt*ﬁik*****A =

CATE (9-34-89% RUN  TRIAL 22

DETAILS 48 THE SLIP CIRCLE GRID

THE CCNTROL GUESTIONS ANSWERED
143 FRINT OUT THE INPUT UATA. I1a(13=2
Ze) WRITE OUT ALL FACTORS_OF SAFETY, 1gt23=1

LAYSLT OF CRID FOR CEKTERS. OF TRIAL SLIFP CIRCLES
AR RS AR NE S A SRR R 22 AR A NAASEEASSS EEESESASERSEES . -

THE X-COGRDINATE GF THE LOWER LEFT CORNER OF THE GRID IS 145.0000

THE CENTERS ARE INCREMEMTED. .. 5. . TIMES_IN_THE X-DIRECTION.MITH EACH. .. A L
INCREFENT EGUAL TO 1043008

THE Y-COCRCINATE OF THE LOWER LEET CORNER._CF._THE_GRID IS 115.0008

THE CENTERS ARE INCREMENTED 4  TIMES IN TFE Y-DIRECTICN WITH EACH

INCREYENT EQUAL TO 10.0600 S

THE GRID HAS A SLOPECCHAMGE IN ABSCISSA DIVIDEC 6Y CHANGE IN ORDINATE) - i

CF «5000,

OTHEF FARTICULARS FOR THE AMALYSIS

ek ook R iﬁ*ﬁi**ﬁi*iit***iﬁﬁ*i*****ﬁ?fﬂ*mi_ L e e e e R R - i = e =
THE Y-COCRDINATE GF A HCRIZONTAL LINE TANGENT TG THE SLIP SURFACE OF

RINIFLY RADIUS IS 10€45008%e. .o . — ,

FOR EACH CENTERy RADIUS IS INCREMENTED 28 TIMES WITH EACH INCREMENT =

EGUAL TO 2.00600 i R
THE TCTAL KUMBER OF STABILITY ANALYSIS IS 630

THE GECMETRY IS OIVIDED INTO _ _ _2¢4 SLIGESs EACH 1.0060

THE DEFTH CF THME DEEPEST SLICE MUST EE GREATER THAN $.0000

THE TCLERANCE IN CALCULATING THE FACTOR OF SAFETY 1S Wuige ~ T

THE SZISMIC COEFFICIENT. IS EQUAL JO_ 41380

THE UNIT WEIGHT OF wATER IS 6244000

T.) WRITE GUT A SUMMARY CF THE %INIMUM FACTGRS GF SAFETY.

1G(3)yY=2

4.) WRITE OUT A DETAILED SUMMARY OF THE COMPUTATICNS IG(4)=2

7.3 CISREGARD THE PREVIOUS PORE PRESSURE DATA.  I0t7)=1
fe) SET ALL NEGATIVE PCRE PRESSUKES TO ZERO. I6(f)=1
Ge) FRIMT A DIGITAL FLCT CF THE SEOMETRY AND SLIP SURFACE,

I0(sy=1
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LA R FSEEEEEREE N ENR NN IEEE] . }
@ *  SLoFE sTaBILITY
5 I E R RTEREEEE ERNFEREEERES] - e e e - —— - -
() CATS  59-24-85 FuUh TEIAL 02
: ° COrFENTE RESERVOIR AT FREECGARD ©S EARTHEUAKE 8.1 G
. 3 BISKHCP*S SIMPLIFIED METECU e —
N SHZCIAL CDTAILS, ON THE LAYGUT CF THE CROSS-SECTIGH h
o
i THE COCPLINATES OF THE VERTICES GF LINES FOARMING THE CONTACTS BETWEEN SOIL . LAYERS ARE AS_FOLLGUWS o i
i ***fgﬁﬁ*g**ﬁ*‘Qt**'g-k*.ig***tﬁ***ii***t**t**k**t*it*tk**t*ﬁ*****ili*******ti*******'*tﬁi*i*ﬁtﬁ*ﬁt**fﬁit*******ﬁ*i*i***tﬁ*ﬁii
. LINE CNOOKDIRATES
. - 1 2 3 4 5 & 7 8 3 11 12 13 14 15
- »
RN K. X 10,9 11845 12040 . 134.2  178.0_ 275,3 275.0 2750 275.0 2750 27560 27540 27540 275.0 2750
- 1ee Y 199¢6 159.4 110.0 113.0 88.0 86+ 8640 B6eO BBL0 . 8640 . 8640 . 8640 . HEel. 86D ~ 86eL
{ 258 X 105 €50 118.,5 12040 13640 1780 27540 275eC 27540 2750 275.0 275.0 275,80 2750 275.0
' G203 Y 6840 BBe0 10%.6 _ 110.0. 11CeB . 8840 86406640 __ 860 __ 8640 . _ 86el 600 . 860 - 860 86s0 —
' 3 322 x 1003 6540 112.5 12040 135¢C 14245 175eC 275e0 27540 275e8 275¢7 27540 275e0 2750 27540
@ . 390 Y BE ot  HEeG  BEGD B340 23.0  B85.5  BE.0 B56e0 BHel BBel 8640 B6eL FB4D  E£6e0 Bl
SR A 1763 275e0 . 2793, 2753 _27%«d._275s0 2750 27500 27540 27150 2750 2750 2750 2750 27540
4735 Y 6E oD 660 6.0 66e 7 664G 6640 66eC 6640 6640 . 6640 66l f6el 660 660
Y ;
: , LIMITS OF THE 3EQMETRY USEL DURING COMPUTATIONS i T
. B Ehher kAR AR AT TR AR RN ANR AR AT AR RN R AN Rk kr
. THE LEFT LIMIT IS N1.00. T T T T T T T e e
- @ THE RIGHT LIMIT IS 274,00,
. @
e
. @
o
L
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I EE R E R EEEREEEEEEEFESE] B B T -
+  SLCPE STABILITY +
kit*#*tti*ittﬁfii'*‘jﬁt - — i, o
CATE 0G-34=-85 KUN TRIAL 52
COMMENTS RESERVAIR AT FREEBOARD ©0S FARTHGUAKE 3.1 G T mem
EYSHCP 2 SIMELIFIED METHCD I e B —
SHECTAL DETAILS CN THE SJIIL CONGITICNS
©.SOIL CHAFACTERISTICS R S . . - e e
Wd ek ki ke bk hhok had ke Wk oh oA
THE GEOMETRY CONSISTS OF 4 LAYERS WITH THE FOLLOWING CHARACTERISTICS.
LAYER TOT AL ANGLE CF FORE-FRESSURE N
MO . URIT WEIGHT CORESIOH INTERNAL FRICTIGN RATIC RU SO0IL DESCRIPTION
SRR A AR R T AR AL ARSI AR LR EAEEALARSARRESLESAILELALEEIALRESAEES LN
1 £€2.6230 G000 NeG09 0.000 WATER .
2 1304620 0000 37000 . 0.0¢C9 . COMPACTED SM=SC_MATERIAL e i, e
I 113,226 Ce3C 300720 0,300 FOUNCATICN SM=SC MATERIAL
4 “14470 Te00GE Le08Y 0.002 CALICHE
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. . [ZEEEEEERENE EER ERE SN EE X
@ v SLGPFE STREILITY +
AR AL RS EESERAEENSE SN - e e e e e e e e e e e o e o e
(] DATE A%«04=-5% RUN  TRIAL 72
- ° CUM b ENTS RECERVOIK AT FRECEOCAFD DS EARTHGUAKE 7.1 G
. : ISHOP*S SIMPLIFIEC VETHOD . — e e -
. @ . : : .
SUMMARY CF MINIHUM FACTGORS OF SAFETY T e e e e e o e e e e e e e
@  RAZIUS - X- y- FACTOK GF NOs MALFPHA .
" _INC#T COCRD, COORD. RAQIUS | SAFLZTY_ . ITZR*N WARN*G._ . . e
, : *****i*ﬁ**t**k***i*iiﬁ*ii*i’itt***********t**i’***k**ii'ﬁi**k********i** :
@
s 2. 14950 11547 1549 CleBED _ 3. B B} ——— a PO N A i
- . 4 15%5 1152 1549 . le6023 z 0
- @ & 16545 11548 2349 1.486 4 0
‘ B 17540 1152 2940, ... .1a35% .o 3.0 e
Lot 15540, 1158 33.90 24880 3 )
@ 21 12540 11540 53 .0 3.310 4 0
o 2 19740  125.Y 2742 . .. 14699 .. 4 I U R
. 5 levbel 12543 X1.0 14673 4 ]
o 9 175 12547 29,2 1268 3 r
9. Loded  12%.0 3940 I - £ Y YU R . .
12 128,70  12%5.3 45,0 2.298 3 )
. 21 29065 12%48 6347 T.166€ 4 ¢
, 3 15540 13949 3740 14538 L4 N » . o e e o
3 5 163eL 13%e9 43,9 1.362 4 9
L a 1755 13549 4G 0 1.337 4 ?
10 C18%e7 13%Glf 1% . o 1eST8 & ¢
9 21 29543 13549 L 3.112 3 0
3 16640 14940 49,6 . 1e%43 % 0 o
; & 17940 1354 5340 14373 4 i :
@ . % 180.0  145.0 5740 1.316 4 ¢
P10, . ..19040 14540 6Le0 . . leT26_ . _ _.___ .4 __ c :
T 1e 20040 145,30 7340 2.561 3 2 *
® . 2 21047 145,0 8340 3107 3 il
4 165.7 15540 59,9 1.460 4 L0 . o L
;j & 1758 155,90 6549 1391 3 )
@ g 165.0 15540 6540 1.376 A o)
S 31 19540 . . 15540 T3e0. . 1e948 . 3. b
21 20540 155,79 1349 2,622 3 g
® . 19 215.0 15540 89,0 34405 3 n ‘
L THE MGST CRITICAL SLIP SURFACE
© RADIUS  x~- Y- FACTOR CF NOe MALPHA
@ . InNC+T CCORD. COORDe RADIUS SAFETY LTER*N WARN=*G
; ***t**i***&ﬁ***ui—**&*t**ﬁt*kt*****k*kt*t*ﬁ***ﬁ**_*ttt-k_j.****ﬁf***?*t**fﬁmwu_“wm“‘__ T —
L & Tat et 14545 5745 1.31¢ 4 :
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*»  stoPt STAUILITY = LATE i9-06-88 KUNTRIAL (@ CCMVENTSRESERVOIR AT FREESOARL DS EAFTHQUAKE 0.1 6
IR EEE RS EEE NN ERNERS SRS .
o . BISHEGP*S SIFPLIFIED HETHOD
185,400 + . . 1et6 . . .. 1e3% o Y38 o L aSE

o
»

;m
N

3e41 : S

. L)
147,423 + . Lo . e e e e e e e+ e e —_— S S
. le54 1.37 1.52 le72 2456 3.11
* .
° . ’
125,070 + - et e e e e oot e e i — e S —_—
® . :
. 1.54 R . o le34 o8& 2686 0 Bed) L i R
9 .
: 151.092 + . e e e e o+ e e e i e
. o . .
. le7% 1.47 1;3? 1.38 2.3“:3’.A i .“;:17 - o T o
‘ .
1234000 + e L ) _ ‘ e
' : L]
L . ‘
11€.,0070 + 1.%¢ LoleaBC L85 1036 208 . EEY-3 W . ——
. J .
. . .
) e A CT 200 e e _ e i
s "'..a..0..0’00C.l‘.o."...o..-o"’lt..t..0."."00.0..".lo.b.o‘o"..0.;00'."'00..0.-;?.*"0..‘05-C‘o‘.....’.‘..“’
L 145,99 183,¢0¢C 1€1.30 169,00 177080 185,00 193.00 201.00 2809470 21700
: HCRIZONTAL SCALE 1 INCH = . 8692 . VERTICAL SCALE 1 INKCH = . 8,00 -~ - . . L s
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*  SLOFL STABILITY DATE N9«04-£5 RUNTRIAL (2 _COMMEMTSRESERVOIR AT FREFBOAND DS EARTHQUAKE (1 G

dw ok wh ok Nk k kk ok ke d Nk

nISEGP«s SIMPLIFIED »ETHCGE

188 4051 + - . - S - e —_ — . —_ S
. w*
1284000 + - - - et em v vt e
. ’ 1111111111311231111112111111122111132222222222%2 . e e e e e s e e e+~ e+ e e e e e+ e e e e o
. 2227 ﬁS'ZZ
. 2222 sszz22
S0 + o o - ‘:555242 e e o e
. 23333333333333333333 3333333333333333 333333333s¢ 3333333333333333335333331333333333
. 3333333
; . 44464464048 66060466088444444684800406480804808444466408000083444444844848084848444048848840448640486484
! 0.........+.........+.........+.........40.0......’-oc.oc-.o*oo-oooooo*oooo-o'fo’&i*oo’ofo..God*o‘iovcooto*
,. 10.03 40,00 T0ed0 163600 138.€C0 160,00 15006 220.00° 250,00 * 280.0¢
e : rCRIZONTAL SCALE 1 INCH =  38.0C | e ee e o MERTIICAL SCALE 1 INCH = 30800 I - -
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. e v SLOPE STABILITY
LER A SR EEREEREEEEESEEE SN - — . . I - . — et
B DATY  55-04-8D RUN TRIAL 52
° CONMENTS RESERVOGIR AT FREEBCARD 05 EARTHUUAKE 0.1 6
_ - BlSHCEXS SIMPLIFIED METHCD | .. . S
® 4 - : :
' © 8sLIcE X=CUGR Y-TOF Y-BASE . ALFPHA SLICE  __ SLJCE . _ NORMAL _PORE-WATER SLICE__ . RADIUS __NORMAL  PHI ____
) COHESION LEIGHT FOKCE FORCE MALPHA ARM ~ ANGLE
. . N i***ﬁkk****ﬁiﬁt*ﬂk**t*********it**i**‘k‘k*ii*ﬁ*ﬁﬁ***iit**t**-*k***ii**t*tiﬁ*hhii***ﬁ**k**ﬁ****k****i**i'*ﬁfittﬁﬁﬁtiii‘*ﬁl*ii*iﬁ*t'ﬁ'*
. THE INTEZRSECTIGNSG GF THE SULIP SURFACFE WITH THE SURFACE LAYER ARE . . : .
© LEFT INTEECEPT eeeas Xz 135.,6756 Y= 159.1€22 ' ~ :
@  RIGHT INTERCEPT eees X= 177.9264 Y= 88,0378 _
. %= LEFT AND RIGHT INTERCEPTS CF THE SLIP SURFACE AND_ THE 8EDROCK ARE  0.0000 _AND. ___0.,0000 RESPECTIVELY _
. " THIS IS ITERATIUN NUMBER 4
® 126 136429 105.96 108.€6 53,39 0. «3171E+402 2944402 O *1077E+401 57.00 000 37.0
. c.12T7. 1370 178,58 17758 . . 4Re99 Qe . ... .allBBF40Z 210330403 Qe «1087E+01 7,080 000 37.0
, oies 136,35 166400 166446 47.47 Q. : 1993E+83 «1R18E+03 0. S «1DGGE+01 - STe«00 0.00 37,8
® . 12y 132462 167.50 105440 46.00 D W2725E403 «2466E+L3 Oa S »1105E+01 ' E7.00. . 0.00 37.0
o130 146400 12700 164,39 . .84.57 G e . #33BBE4Q3. . #3048E%03  De. . ... elll3E#01 100 o000 370
To1s 161403 156450 103443 43,18 G +398RE+03 e3562E+03 O «1120E+01 57400 0,00 37.0
. @ 13z 142407 196,90 122451 41,61 C. 4529E403 «4023E+03 0. «1126E+01 5700 0.00 37.0
: FRO O 143450 175,50 101664 40848 Do . _ . eTIL4E¥CI  +4434F+53 e e 1131E+01 57338 000 37.0
_ . 134 144420 135480 120,81 39,17 0. WHL4BE403 L4TIBE+0Z T Ce «1136E+01 BT7«00 0e00 3740
® . 135 145429 1045¢C 16¢.01 27.85 C. 5834E+03  .5119E+403 Ce s1140E+01 T B7.00% C.G0 37.8
. 35 146450 1064.38 39425 L3662 0. Ce61T2E403 0 W5401E403 O .. el1G3E+01 ;. 57.00 0400370
- @ 13s 18ia03 103490 97843 34.16 9. W6TIFEXDZ «5A54E+33 Q. «1148E+01 E7.00 0.00 37.0
: v _..139 149450 102451 570l 32095 Lo a0 931E203 260308403 Gy . o 1149E+01 57430 000 37.0
S X5 156402 102.30 76453 31.76 9. +7105E+03 <61 75E+03 - 0. PUUGIISIESCEL T 8T.00 0 0400 ¢ 37.0.
. @ 141 151,09 101.50 95,93 30,58 0. eT241E+32 «6291E+03 . O G I1E1E+O L 57408 - 0400 37.0
o142 152.00 101.08 95435, .. 29.42 0. et T3426203 ___o63TTE+E3 D . te1151E20) . 65Te00 o 000 - 370
‘ T 143 153,20 13¢50 J4.50 28428 G «THLORESDZ o643TE+33 Do »1151E+401 5700 0.00 37.0
. @ 14s 184429 19000 94,428 27.14 0. «T441E+33 «6470E4+03 0. #1150E+01 57.00 .00 37.0
¢ ot 145 - 185408 9950 . 93.78. . 26402 0. «74841E+03 2647TE+403 - Do . "e1149E401 57400 0600  37.0_
“14e 136400 92,60 93,30 24,53 0. «7410E+03 ~ +6459E+03 . 0. e Y14TE401 574000 0400073740
® . 147 187.6C 984,50 $2.85 23,80 0. «T34BE+03 «641TE+03 7 0o «1145E+01 57400 . 0400 37.0. "
148 158400 98 400 F2.42 L2270 0. L eT25T7E403 _  .6351E+03. - 0a «1143E401 57400 000 370 .
T 149 159,00 9750 92.01 21,62 3. «T137E+03 «6261E+03 0. e1140E+01 57.00 0.00 37.0 .
..71- 150 16000 97.00 9l.e2 20.54 0. «6IBBE+D3 +6148E+03 0. «1137€401 57.00 0+00 37.0
o181 161.CC 96459, ... . 91.26 ~A9.47 0. «6811E+03 060126403 Ce e1133E401 . 57.00
o182 162499 96400 90.92 18,41 0. W660TE+03 J5852E+03 0. “e1129E401 0 5TL00
9. 153 163,30 95,519 90459 17.35 0. «6377E+03 «S6TOE+03 0. ©e1128E+01 ° 5.57400
o184 15603 95400 30429 . 16430 Ce... ... .. .e6120E+03 _  <5864E+63 Q.. . Le1120E401 AT
188 165, 94,30 30eC1 15.26 G, +583TE+02 «5236E403 G, «1115€+61 S7.00
® . 156 166420 S4,50 89.75 14.22 9. «5523E+032 47B4E403 N «1109E+01 57.0C
G A9T 167420 33.50 B9.50__ 13418 3. «S5196E+032 47085403 G, «1104E+01 5700
158 168,20 93,60 §9.28 12415 0Bo - S4BIBE+E3 . L449BE+0T 0. Clel098F401 TB7.00 "
® 159 169453 52450 89.37 11.13 5. SG4SEEFDT J4083E+403 C. «1091E+01 57.00 000 37.0
L1698 170.0¢6 92430 58.88 16.10 O _ 40505403 L3734E+03. Oe .. . _«l085E+01 5700 .0000. 370
s lel 51450 BE.T2 9,09 3. ¢3619E+03 «3359E403 O «1078E+401 57400 0.00 37.0
® . 162 S1.00 ABL36 o7 O $3166E403 +29SRE+03  Ca «1070E+01 57,00 0.00 37.0
163 CRIALY 2R ,43 7.5 0. CCEBBE+LE $2B3CE+03 D $1762E+71 57.0C 0.0 37.0
° lou ER 2pa30 6.6 D, JZ1BTE+CE 22074E403 G «1054E+01 57.00 0.00 37.0
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LEFT SIQE === FLUID FhEC
FIGHT SICE === FLUID Fog

-.RADIUS X Y-

1 18C a0 145.¢C 570

INC*T CGOGRC. COCRD. RADIUS
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Efa22 7
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54423
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eSGESLe il
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C1590E+03 G, +1C46E+01

«lITEE+D3 . 0 .. . ... «1038E*01

«5311E+22 0. «17290+01
.528160+01 €, «1022€+01

HORIZCMTAL FCRCES ON THE SLCFE CUE TC PARTIAL SUBMERGENCE OF TEMSION CRACKS
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57400
5T«G0

0.00

. 0e00.
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AND MOMERT LRHM = « 35 B4E+D2
AND MOMENT ARM = «E6955E+02
o MGe _MALKWHA — -
ITER*N WARM®G
N . - T - et et e e e
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LATE  $9-064-k% RUKN  TRIAL 04

TEACY STATE SFEFAGE D05 4G FG

r

COMPEMTS

EISHCF*S SIMPLIFIED METHOL. e e e e - . R

CETAILS ON ThHE SLIF CIRCLE GRID

LAYGUT GF 6RIL FUR CENTERS OF TRIAL SLIP CIRCLES

R R N R I AR SRR R SRR SRR,

THE Xx-CUORGINATE OF THE LOWER LEFT CCRMER OF THE GRID IS 148,0C00°

THE CLATERS ARE INCREMENTED. . S TIMES IN THE X-DIRECTION.WITH EACH .___ .. .. . - e . S
ITMCREVENT ECUAL TC 10,3003 :

TitE Y-CCORCINATE CF THE LCWER LEET CORNER QF IHE GRID IS . 11540004

THE CEATEKRS ARE INCREMENTED 4 TIMES IN THE Y-DIRECTION WITH EACH

INCREVMENT EGUAL TG 16.0902

THE GRID HAS A SLOPECCHANGE IN ABSCISSA DIVIDED BY CHANGE INM ORDINATE)
CF CEUNG.

OTHER PARTICULARS FOR THE ANALYSIS

R KAk ko ko bk h Rk ok ko ko Nk ok ok Wk k

THE Y=-COOKUINMATE GF A FCRIZUNTAL LINE TANGENT TO THE SLIP SUEFACE OF

— MINIMUM RACIUS IS 1O0BeT0C 0 oo o e e e i :
FGR EACH CENTERy RADIUS IS INCREMENTED 20 TIMES WITH EACH INCREMENT
EGUAL To 2.09G5 e e e e e .-
THE TCTAL MUMBER OF STAEILITY AMALYSIS IS 630,
. e THE GECMETRY 1S CIVICED INTO .. . 2e4 SLICESs EACH_ 1.000¢ , : R — =
THE DEFTE CF THE DEEFPEST SLICE MUST BE GREATER THAN 5.0000 ;{

ThE TCLERANCE IN CALCULATING THE FACTGR GF SAFETY IS 40140

THE SEISMIC COEFFICIENT_ IS EQUAL_TC. . 0.203¢

THE UNIT WEIGHT OF WATER IS 62.4G00

TPE CO{RNTROL GUESTICAS ANSWERED

le) FRINT OUT THE INPUT DATA. IG(1)=2

Ze) WRITE CUT ALL FACTORS OF SAFETY, 16¢23¥=1 _
2.3 WRITE GUT A SUMMARY CF TEE MINIMUM FACTORS OF SAFETY., I1G(3)=2
4, WRITE QOUT A DETAILEC SUMMARY CF THE COMPUTATICNS 1IGC4)=2

7.) [C1SPECARD THE PREVIOUS PCRE PRESSURE CaTa.. _IGe(7T)=1 _
£e) SCT ALL NEGATIVE FURE PRESSURES TO ZERD. 1IG¢2)=1

Se) FRINT A CIGITAL FLGCT CF THE GEQMETRY AND SLIF SURFACE. 16(2)=1
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DATE  §5-0&=gE RUN  TRIAL 64
CubNER TS STEALY STATL SEEPAGE US MC EG '
EISHOP+S SIKPLIFIEU KETHOD . . e e e . -

SFECIAL DETAILS ON THE LAYOQUT CF THE CRGSS~SECTION

_THE CUCFDINATES CF THE VERTICES.CF LINES FORMING THE CONTACTS FETWEEN SOIL LAYERS ARE AS FOLLOWS

**iﬁﬁﬁ****ti*tniﬁ*i***ﬁiiti*t*""*tt**ttit***t*ﬁ*****i**it*i*****itﬁ*i**it**ﬁ*i*t*'*i*tt*i****i'ﬁ*i*t*t*th**iﬁii**ti**ﬁ**t’ﬁi

LINE ~ CCCROINATES

NGe e e e e e e e i e e e
1 2 3 4 5 6 7 8 S 10 11 12 13 14 15

_..130. 5 1700 G442 _125e2.._134.0. _178.0 _275.0 _ 27 7 5 ol __21 S¢0 27540 27540 27540 275,08 2750 27540 27540

ica Y 99,7 99,7 119,73 118.0 88,0 BEWO 8640 8640 86.0 86,0 86.0 86e0 . FHoO 86.0 8640

203 X 1640 659 9642 120423 134,37 178.% 275.0 275.0 275.3 2753 275.8 275.0 275,08 275 2750
2C& Y 88420 EBG 0 9% 7. 11040 11060 . 884G .. . 8640 . 86a0 . eg.c___aslg_ﬂgﬁblnwwmasJﬂ.wuaa‘n‘__aa.o 86a0__ .. .

3356 % ) i £5.0 11245 12040 13540 14245 178.0 275¢0 2755 275+0 275,80 2750 27540 27540 T275.0

3¢ i EF 40 Gtel Etef £3a3 b3e0 B840 £ LG t6el B6al 8640 g6e0 E6el’ &6e0 864G 8640
400 % 10eC 275ev 2750 . 27S5a0. 27569 ..27%90. . 275¢%._ 2150 2155 2790 2750 2750 2780 _ 21540 __275. O_WW____~WM

aLg Y

6643 €6yl 6660 HE€el 66 o0 E6e6 €£6eC 660 660 66.0 6640 €E6el’ " £64T €6 s 0 660

LINITS OF THE GEOMETRY USEC CURING CUAPUTATICNS

hk hhwehwh A bk A AR R AR R kAR TR N ek A a bk Rk AT R Rh bk

THE LEFT LIMIT IS ' 11.00.

JJHE RIGHT LIMIT IS 274,00
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o o SLUFE STARILITY »
X IR EEEE R EEREEERREENER _ - . _ . . = - - I o - - R .
@ DATE  go-ra-85 RUN  TRIAL 54
CoprenTs STEALY STATE SEEPAGE 0 Ho E6
@
_ EISHGP*S SINFLIFIEC METHGD S ] . e
[ SCECTAL LETAILS OGN THE SOIL CCADITIGNS
o .
_SOIL CHARLCTLAISTICS U, , S e . e
. LR B A SR EENEREEEEEEEEERER RS N
@ THE GECMUTRY CGASISTS OF 4 LAYERS WITH THE FOLLOWING CHARACTERISTICS.
aves - NeE O RBRETRREeRE T e -
® o. LnIT LEICHT CGHESION  INTERNAL FPICTIGN  RATIO RU SGIL BESCRIPTION
L AR AR AR AR KA KRR AN R AT AT N R AR RN AR AN K R AN KRR A R R RN IRk kR A N AN kA a A AN RN XA I R ARk bk
e 1 €24 430 3,930 0.000 0,300 WATER -
= z 13556660 2.503 17403 04089 .. . ... _ COMPACTED SM-SC_MATERIAL ____ R .
R 3 112..500 Ce365 20,9573 B.00° FOUNCATICN SM-SC MATERIAL
@ 4 “1.i%0 T.550 Cel53 8,000 CALICHE
®
P
®
Ky
@
o
[
@
®
o
® ) )
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®
IR RS SR NS EEREEREEEEERS B } B T )
o « SLOFE STARILITY
. KRR AR I N ek RN KWk AR R ~ _ IR .
e DATE  59-04-65 RUN  TRIAL 24
. COMMLNTS STEADY STATE SEEPAGE  ©S NO Ea ’ R )
- CISHCe*»s SIMPLIFIZS PETHCL o . L N SR -
SPECIAL DETAILS OGN THE FORE PRESSURE CONDITIONS
®
® . THE COCRLINATES CGF THE VEXTICES OF LINES FORMING THE PIEZOMSTRIC LINES ARE AS FOLLOUS,
R R R R R R R R R R A L R R R R R Rl R R R Rl R Rl B R B R R Bt BBl B Bl BB R B BT B B B Bl Rl R o BB BB B oo e B R Bt o]
: LIKt cocro InaTES ‘ :
! . NG o ) ‘. ’ .
1 2 3 4 5. o 6. T _.._..8 9 10 11 1213 . 14 - E
N 1 X 1.0 0ad 8.0 3.3 0.0 0ot 040 Ge0 0.0 040 0.0 0.0 9.0 0.0 0.0
G 1 Y e Medw Vel oLl el B £ ek Cel Nel 2.0 00 0ol 00 0.0 040
N 2 X 6.9 F4e2 1700 17847 275.0 2780 27540 27540 27540 27540 27560 2750 27540 2750 27540
[ I 2 Y $%.7 9947 9240 Bb.d 850 85.% 8540 8540 85.0G 85.0  -85.C 85.0 50 85.0 . 85.9
. L 3 X 0l 650 17660 27540 2750 . 27540 . 27540, 2750 275027502750 27540 __ 27502750 2750 . ...
) 3 Y 9G o7 997 RYel £S5 2542 85,45 85.10 £5.0 - 85.0C RS, 0 8590 €540 BG40 85.0 85.0
® 4 X Se3 Gel el Ged [ Y s Gel Cel 3.8 Jel 08 Je8 0e0 0.0
S 4 Y (Y el . el . 03 Ded __ Gei. . _0ef . Oel .. Geld 0.0 el Gel Qed: 0.0 0.0
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o * SLOFD STADILLITY »
I E S BEEEEREEEERNEEEEIE S ~ —— . e e - e S
® DATE  59-04=8€ RUN TRIAL 24
° CorErTY STEAQY STATE SEEFAGE US M) EG
EISHQOP*S STMPLIFIES METHOQD e e —— e e e
] »
SUMMARY CF MINIMUM FACTORS OF SAFETY — e i e
® . RralILS *- Y- FACTOR (F Mds MALPEA
- INC*T CLURD. COGRD. RACIUS SAFETY LTER*N WARN G - N
, t*iﬁ*’****tﬁi***k*t**i*t**t******ti*t******ttﬂ‘i*k*t*i*t**tkﬁikﬁ*ﬁi*ti
Q.
: 4 14546 11546 15.0 24321 3 .y e I e
R 13545 11549 9.0 1,906 4 G
¢ 12 165.7 115438 3540 1.4485 4 ¢
T - 175¢% 1150 29 a4 N . 3-SR SO LR . —
11 185540 11549 3348 1,629 4 )
9. 2 18540 113540 5340 2.636 4 )
- 2 15043 12549 2T 241610 4 ¢ . - RS S
. o1z 1rJa6 125.C 45 4% 1.680 3 5
® 11 17549 12542 4347 1.39% 3 n
S 1573 12740 40 14528 e . R S
13 19040 12040 4746 1.542 4 c
9. =2 22943 2840 6340 24598 4 6
o 3 155 ¢ 13544 3745 14962 4 . . - . e e e e IR
o1l 1650 13542 5345 1.588 3 ¢
9. 9 17540 13543 £la0 1.3%6 4 5
S 1%baei 13543 €543 C1e8T0 G B
T2t 195.0 135.0 7346 2,671 4 ]
9. 21 20%.u 1350 7340 2,634 4 )
R ¥ 1AGeC 14940 63540 1.921 &0 . S R S VS
o1 17246 145,80 6340 1.564 4 e
9. & 16549 145,43 5740 1,406 4 0
v 18 19940 145.9 Ele0 lee6l}t & 3 —_—
too21 20040 14540 8340 2.122 4 i
9. 2 21640 145438 83490 24713 4 )}
w11 16543 15540 73.0 1.848 4 0 B e il . i
i g 17546 15543 Tl.C 1.577 4 0
L s 185.0 15543 EFeb 1,454 4 a
S 13 19540 15543 TTe0 1,775 . 3 0
P21 23540 15540 93.6 2.265 4 ¢
9. 19 21549 15540 89.0 3.260 4 9
| THE M0ST CRITICAL SLIP SURFACE
. RADIUS X= Y- FACTOR QF NO. MALPHA
| ) INC*T COGRDs COCRD. RADIUS SAFETY ITER*N WARN+*G
. *******‘ﬁ*tit**i*t****ii***iﬁ*t*k*********ﬁ*tﬁﬁ**fkt*i*ttif*ﬁtff»ﬂriif*:k"”*‘*‘“ T ~ N = . e o " S _ o
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»  SLGPE STABILITY DATE fY-g4-8% RUNTRIAL 04 COMMENTS  STEADY STATE. SEEPACE..DS NO Eq
LR Z NI ENENEEEEEREREEREXJ
bISFOF«S SIMPLIFIED METEOD . o
15Se050 + . e o 2188 ..A,lo.S.e.._,_,w ____..ln__q‘.’}_v____,_.___-_,,__,..1_-,7_8_ ~2..21 _v.3,02,6_____0.______._",,________;___7_‘__,__.

e
. .
‘ L .
@ . v ,
R 147.079 « . R e m et e m e L e e e e e et 2 s e o 22 2 < et e e e e
- . legz 1,56 l.41 - l.61 2012 2.71
o .
. ) L
* l— 1346349 e e e P
@ . . : :
- . . 1.96 . e 189 L4 e .___;-_,,.,..,2.(07,,._.“_ _-_.__2},63. — e i+ e 2 s £ et
o .
S e 131eC00 + R - SRR ~
@ .
‘v . 3015 e 1.615“ e 1.(“’: R 1'3~a“‘ l:;}; **‘*-—""'—2.60"' e b - e
. - L]
. 123.000 + - e e e . e e e i O
. N .
P : v
S 118670 + 2432 oo lem0 L 1e48 1.32 178
. ". . -
® .
. o 1i7e820 + . . o e e e . . . :
i{ "otc.aooo."..0....01"....Q.o."I‘-.oooo.‘ot!o.'.l."..0...00."..000...’00"0“’0".‘0:;0’0‘"0/‘"00":."’."’0.:6&.‘0.‘ o
] - 145403 153.,0C . 161.G0 169,00 177.C0 185,00 183,00 291300 .209600 o 217460
i HCRIZONTAL SCALE t INCH = 8.00 e VERTICAL SCALE 1 INCH =_ .. .8.00 _ A . i 3 _
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» SLOFE STABILITY + CATE 09-7%a-8S5 RUNTRIAL 64 COMVMENTS - STEAUY STATE SEEPAGCE._ DS noO EG
KA AARR N K A A R ok kh kkoh

HISKOF»S SIMPLIFIED METELL

1824005 + - e e e e e e e [ - e
123.002 # e e e e .
. R
N 222222222222 N ot e b 2 e e S e P
. ‘ 2222 z22
. Co1r111rriiidilliiiiiiiiariioLze " - Sz2222
RIS 2222 . ...988 222

. 333333333333333323333333323333333355 335333335SSSSSSS333333333333333333333333333333
. 31333333

. BGh044460406944660440004048064G00004406600430640440404084404004868440404066400444068538844400444

36303 4

Yeevsvesssteccssncscetocreccsrotavvocrsastoresscscetossccscsstocscssscetorcscnssotoncssncsetosnancsseat

10.29 40,00 70,00 160.UC 130,00 160,00 150,00 = 220.00 250.60 . 280,00
HCRIZOMTAL SCALE. 1 INCH = . 308,00 . e NERTICAL SCALE _ 1 INCH = 30600 SN, . !
4 = 175e(3 Y = 11598 RADIUS = 29400 FACTOR OF SAFETY = 1.323
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»  SLOFE ST&BILITY =«
***i****t*ii***i‘-ii_ﬁ**b - - - — e e,
GATE  §5-04-55 RUN  TFIAL 34 "
CeMMERTS STZACY STATE SEEPAGE 2§ NC EG
. EISH(F*S SINPLIFIED METRCD e i - -
SLICE ¥-COCR Y-TGP' Y-EASE ALPHA SLICE . SLICE _ _NOFMAL . __.PORE-WATER_ SLICE. . _. . RADIUS_ _ NORMAL _PHI _
_ CCHESION WEIGHT FORCE - FORCE MALPHA ARM ANGLE
R R R AR R R R R Y R R R R s NN R A e N Y R R R R L R R R R R R e R 2 R Z s RS R R R R R RS R R
Co_n THE INTEKSECTIGMS CF THE SLIP SURFACE. wITH.THE _SURFACE. LAYER ARE. ‘
LEFT IMTEPCEPT aewee X= 148,7300 Y= 102.610¢C
RIGHT INTERCEPT weee X= 185.1963 Y= §78516 . .
%= LEFT AKD RICFT INTERCEPTS GF THE SLIP. SUKFACE AND THE BEOROCK ARE. _ C.00006 __AND ___ 0,06000 . RESPECTIVELY . . .
THIS IS ITERLTION NUMEECR 3
133 ’l“c}cl‘{ 102042 1¢1.88 63413 GCe e5117E+g2 «5351E+02 Ce «9563C+00 29.00 0«00 - 37.0
1490 . 150e28 13z.00 10033 . _ 5%ab) Qe «21S2FE+03  W2206E+03. Q. _ v 9936E+0C 290,90 . 000 37.0
141 151,228 10153 SBe72 €5,89 0, «36C2E+03 «3501E+03  Ge o «1029E+01 29,00 0e00 3700
142 192 49¢ 101,00 97433 2451 0. «4754E+93 +4497E+403 06 . - - ¢1057E401 29400 0080 37,0
. 143 19336 100450 Skell 49,37 1. . eSTCOE+D3 . _a5282FE+453 . 0. oo ol080E+0L . _29.00.. _. . . 000  _37.0._
144 18443 100400 35,00 46442 0. «6LIGEHD3 «591CE+02 U J1C09SE+01, 29,060 0.00 370
14% 135460 Y 5L 6433 43,62 U e7TLAEE*OT «E414E403 O e1114E+31 29.50 0.00 37.0
_.lse 1%0e 3l 5% o £ 5 5309 . ... 4595 e o TETTE+D3 6 709E 403 - W273SE+02  o1126E+01, _29.00 000 3700
147 1574230 S5e5C 92426 Z8.38 0. «810%E+03 «T4U2E+03 eBG2GE+02 . L1135E+01 29,00 0.00 37.0
148 198420 SHeD0 51.51 35,90 Q. e844CESDS «T776E+C3 «1320E403° . ,1142E+01 29.00 0,00 “37.0
149 189.5¢0 G750 9L .81 33,49 Ce _eBEIOE+D3 . | 4885S2E403 | e1728E*C3 [ .1146E401. . 294080 .. _ 0800 37.8. .
159 160465 97400 SCelf 31.15 N. WREE2E+DT eB244E+03 «206TE+C3 «1148€+01 29400 0.00 37.0
Lo1s1 161436 964570 89.60 2867 D WHIEIE+03 B3E4E+02 «2260E403 «1145E+01 29.0¢C 0.00 37.0
¥__152. 162400 S640¢ B9eCA_ .. 2€464.__Co e BYCTE+GT «8418E203 ¢2608E+03 +1147€+01 29000 0600 37.0
153 163,00 95 .51 88467 24445 0. «£969E+03 «8414E403 «ZBIFE+03 " J1144E+01 29400 0 0T0L.00 37.0
154 164400 95450 8817 2230 0. +B8B0E+03 +B3IS5E+03 «2996E+03  W1140E+Q1 729400 - 70400 37.0°
155 165460 4,59 87.18 20417 0.  «B692E403 | LBI3IE+03. . 10426403 +1088E+01% . .0 29.00. ... 0007 30l _
156 leéal S4,00 87.432 18.08 G. eB4Z3E+C3 «791CE+02 «1189E+03 «1085E+01 29.00 6.00  38.0
= 157 16703 53.52 87413 16.02 Ja oB11GEQ3 «TH49E+03 e1307E+03 «1081E+01 29,00 0.00 300
7158 ... 1€84035 S3435 BE.86 13,97 0. «7758E+33 W T3ISOE+03 ¢1403E+03  L107S5E+G1 . 29,00 D08 30.0
L 159 169460 245§ 86463 11.94 0. «T358E+03 «TOI3E+C3 <14T0E+03 " J1068E4G1 . ./ 29400 T 0eB80 3040
i 160 173.00 52400 B6e43 9.93 9. 6921E+03 +6EIBE+03 «151TE+03, . ¢1060E+401 729,00 - - . 0,00 30.8
*oo.1el 171.99 91450 86428 7.93 0, LeB443E403 | o6223FE+03.  o15%2€+03 - s1050E+01 . 2900 0000 :30.0.
tote2 172400 €1.09 YeelE 5454 0, 592TE+0U3 «STESE+03 «1547E+03 +1039E+01 29,00 0.00 - 30.0
4 163 173453 €Je5G B6edT 3.56 0. «53T2E+03 #5273E+03 «1532E+03 «1027E+01 29,080 0.00 30,0
B 164 174460 R Cb6e02 . _1.%8_ 0. 4 TTISE+03 4T 34E+03 «1497E+03 «1014E+01 29,00 0,00 30.0
168 175.00 59.50 BEaCD g.0C 0. «4148E+03 +4148E+03 «1442E403  J1000E+0L 1 29,00 - 0a00 3060
» 166 176409 89,00 E6e02 ~1.98 G «34TS5E+03 +3514E+03 «1367E4+83  ,9845E+60 . 29.00 . 0e00 30,0
5167 177.9¢C £8450 £€e37 =396 0. - «2TT2E403 .. +2826E+03 . _«1273E+03 . +9677E+00Q 2300 0,09 _30.0
168 178,00 28460 8E.16 ~“5.54 Q. W2027E+03 2GE0E+03 «1157E+403 «94G8E+00 2%9.00 0.00 3040
169 179,00 2793 REL2P =7.93 0o $18T1E+G3 e1942E+02 «1066E+03 eS3G7E+00 29400 0.00 3060
170 180eis 87496 . 86443 =893 0] «16TSE+03 «1762E+C3 «9527FE+02 *9103E+00 29.00 0.00 3Ce0
171 181.00 67454 BEe63 ~11.94 0, «144GE+03 «1536E403 «8163E+02 «88BTE+0C S 29.00 0.00 30.0 .
o172 182.00 E7 .62 LEJBE -13.97 - ¢, «1164E+03 e1266E+03 «6551E462 «BESBE+NY 29,00 000 30.0
L1713 182,50 £7..90 £7413 ~16.02 O _ eBATCE+02 | oG4 00E402  o4CTSE«02  JB41TE+00 29,00 0«00 3040 -
174 186,00 57 o EF R7..43 -18.08 2. SBHRTIE+UZ eSTE3E+C2 «2511E+02 «B1E6CE+00 25460 0.00 3040
175 166,85 CTee £7.72 -1%.6% 7, L17716452 cliagE+C2 e2TTTE+L1 eTN3ET 405 2%.2¢ 0.90 3C.l
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LEFT SICE === FLUIL FUKCE = e ANP MOMENT &l#H = «1239E+G2
RIGHT SIDE =-=- FLUIC FOGRCE = Ce ANU MOMENT ARM = «2715E+02

RADILS A= Y- FACTOR CF. jGe  MALFHA e e e e A a2 e < s oo i

e g d

INC*T CGORDe CUGORRe KADIUS SAFETY ITER®N WARN*G T
ARk N AR N AN AR AR RN AR I A AN AARF AR IR IR A A kA vk AR AR AR N Ak ke hhk kb kb
1 17540 11540 29.0 - 1323 3 0
R
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*  SLIP CIRCLE STABILITY ANALYSIS
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APACHE JUNCTION FRS

I (PROJECT)
. USDA-SCS .
(CLIENT)

STEADY STATE SEEPAGE (NO ACC)
(TASK)

3037.100
(CHARGE NUMBER)

AP1
(DATA FILE NAME)

11-08-85
(DATE)

BY V_BOLANO
(NAME) (SIGNATURE)

CHECKED BY S GOYAL '
(NAME) (SIGNATURE)
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PAGE 1
APACHE JUNCTION FRS
USDA-S5CS
STEADY STATE SEEPAGE (NO ACC)
11-08-85

,/ .
<
X .
X g 5

CROSS SECTION POINTS

NO. OF POINTS FOR OUTLINE OF THE CROSS SECTION = 12

\ u
- aE e

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
7 112.80 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 LINES

NO. OF LINES = 11

LINE NO. FIRST POINT SECOND POINT ID. NO. OF THE
OF THE LINE OF THE LINE UNDERLYING SOIL

= OWW~NNWM b WN
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PAGE 2
APACHE JUNCTION FRS
USDA-SCS .
STEADY STATE SEEPAGE (NO ACC)
11-08-85
~ SOIL TYPES
I NO. OF SOIL TYPES = 3
- wID.NO. OF THE UNIT WEIGHT OF COHESION FRICTION ID. NO. OF ASSOC.
| DERLYING SOIL SOIL (LBS/FT"3) FACTOR (PSF) ANGLE (DEG) PIEZ. SURFACE
‘ ‘
N 1 130.00 0.00 37.00 1
\ l 2 110.00 0.00 30.00 2
; 3 125.00 1000.00 40.00 1
1
l PIEZOMETRIC SURFACES
THERE ARE 9 POINTS FOR THE PIEZOMETRIC LINES:
) ID. NO. OF ID. NO. OF X-COORDINATE Y-COORDINATE
THE PIEZ. SURFACE PIEZ. PTS. OF THE POINT OF THE POINT
l 1 1 0.00 99.70
) 1 2 94.20 99.70
= 1 3 170.00 92.00
l 1 4 178.00 88.00
' 1 5 275.00 85.00
2 1 0.00 99.70
2 2 65.00 99.70
2 3 178.00 88.00
2 4 275.00 85.00

|
1
"
I’
"
A




PAGE 3
APACHE JUNCTION FRS
USDA-8CS
STEADY STATE SEEPAGE (NO ACC)
11-08-85

SEARCHING FACTOR OF SAFETY OF THE CIRCLE:

X-COORDINATE OF THE INITIAL SEARCH POINT (FT)
Y-COORDINATE OF THE INITIAL SEARCH POINT (FT)
INCREMENT OF X VALUES (FT)
INCREMENT OF Y VALUES (FT)

180
125

i un
Q

LIMITATION OF THE SIZE OF THE RADIUS USED IN A SEARCH:
COORDINATE PERMITTED AT THE LOWEST POINT ON ANY TRIALFCIRCLE:

- e

93
88

MAXIMUM Y-COORDINATE (FT)
MINIMUM Y-COORDINATE (FT)

HEIGHT ALLOWED FOR TALLEST SLICE IN ANY CIRCLE:

s

MAXIMUM HEIGHT (FT) = 0
. MINIMUM HEIGHT (FT) = 0
' FRACTIONAL INCREMENT OF RADIUS IN A SEARCH = .2

|
]
i
i
|

THE SLIP CIRCLE WILL BE ANALYZED WITH 45 SLICES.




PAGE 4
APACHE JUNCTION FRS
USDA-SCS
STEADY STATE SEEPAGE (NO ACC)
11-08-85 S

CENTER OF TRIAL CIRCLE:

X = 180 Y = 125
RADIUS RESISTING DRIVING SLICES FS
I 37.000 4032.61 3247.01 7 1.2419
36.000 2249.61 1664.13 6 1.3518
‘ 36.750 3239.78 2441.35 6 1.3270
l 36.500 2932.06 2184.80 6 1.3420
36.250 2606.09 1925.57 6 1.3534
¥ TOO FEW SLICES AT RADIUS 35 =--- CIRCLE IGNORED %
AT X = 180 Y= 1256 LOWEST FS = 1.24195 FOR R = 37

- W

i
|
|
"
1
|
i
i




PAGE 5
APACHE JUNCTION FRS
USDA-SCS .
STEADY STATE SEEPAGE (NO ACC)
11-08-85

O Sm e W

CENTER OF TRIAL CIRCLE:

X = 180 Y = 125
RADIUS RESISTING DRIVING  SLICES FS
37.000 4032.61 3247.01 7 1.2419
| 36.000 2248.61 1664.13 6 1.3518
‘ \ 36.750 3239.78 2441.35 6 1.3270
l 36.500 2932.06 2184.80 6 1.3420
36.250 2606.09 1925.57 6 1.3534
i TOO FEW SLICES AT RADIUS 35 --- CIRCLE IGNORED *
AT X = 180 Y = 125 LOWEST FS = 1.24185 FOR R = 37

G Ba G5 En = @ W .
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*  SLOFE STAEILITY «

Q‘ﬁ**tﬁt’hﬁk*i*&**ﬁit**_

JBATE  (9-04-55 RUN TRIA&L "8

CCMMENTS STEALY STATE SZEFAGE OS EARTEHALAKEL Fel €

tISEGP*S SIMPLIFIED FETHCD . e e e J— S P

DETAILS ON THE SLIP CIRCLE GRID

LAYCUT CF GRIU FOR CENTERS COF TRIAL SLIP CIPCLES

AR R S L N R R S RS RS S A AL R L S

THE x=COGCRDINATE OF THE LOWER LEFT COANER OF THE eRIp IS 145,0000
THE CENTERS ARE INCREMENTED 5  TIMES IN THE X-DIRECTION WITH EACH _ .
INCREMENT EGUREL TO 15400008

THE Y-CUCRCIMATE GF THE LOWER LEFT _CORNER GF_THE GRID IS 115.0G00
THE CENTERS ARE INCREMENTED 4 TIMES IN THE Y-DIRECTION WITH EACH
INCREMENT EGUAL TC 10.090¢C

THE CRIU HAS A SLOFECCHAMEE IN ABSCISSAVDIV]Dfﬁ &YHEHANéEmi&"CRﬁiKA¥éa e e e

GF LR-ESREE v

ETHER PARTICULARS FOR THE ANALYSIS

AR AR Rk Ak kA N AN AR bk rkk Ak h A VX * A p

THE Y-CCORCINATE COF A HOKIZ2ONMTAL LINE TANGENT TG THE SLIP SURFACE CF
MINIMLY FEDIUS IS 106403000 . .. ...

FOGR EACH CENTERs RADIUS IS INCREMENTED 20 TIMES WITH EACH INCREMENT
EQUAL:TO 2.03500 . et e e e+
THE TCTAL AMUMBER CF STABILITY ARALYSIS IS 630

® &6 06 8 0 0 0 0 0 0 0 0 5 0 0 0 0 s 0

THE GEOMETRY IS DIVICEC INTC. . . 264 SLICES. EACH 1.00C8

THE CEFTH OF THE DEEPEST SLICE MUST BE GREATER THAN 540009

THE TCLERANCE IN CALCULATING THE FACTOR OF SAFETY Is

THE SEISMIC CGEFFICIEAT 1S ECUAL_T( 21396

THE UNIT wEIGRHT OF WATER IS 62.4000

THE CCAMTRGL SUESTICNS ANSWERED

1.0 FRINT OUT THE INPLT CATA. IGC1)=2

2.) wKITE GUT ALL FACTGRS OF SAFETY. I6¢2)=1
3.) WRITE OUT A SUMMARY GF THE MINIMUM FACTORS OF SAFETY. 16G(3)=2
4.) WRITE CUT A DETAILED SUMMARY CF THE COMPUTATIONS IG(4)=2
7.) CISKECARD THE PREVICUS PORE FRESSURE CATA. 167351

8.3 SET ALL MEGATIVE FOPE FRESSURES TC ZERC, 10t(R)=1

S,y FUINT # CICIToL FLGT LF THE CEGHETRY AWR SLIF SUFFACE. IG(3)=1

i
i
|
H
i
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»  SpoPE STAanTILITY  «

PR R R RS R I R K R R *.**.. _ _ R S e et e e s et et oo e o 5 2+ e et s e o e+ e
UATE C9-04=-85 ' RUN TRIAL 05
COMNENTS STEADY STATE SEEFACTE US EARTHQUAKE 2.1 ¢ - ) T

EISHOFAS STMFLIFIED wETHTD e U e — e e e e e e

SFECIAL DETAILS ON THE LAYOUT OF THE CROSSTSECTIGCN

L THE CCOURDLNATES CF THE VERTICt" CF LINES FORMING THE CORTACTS BETWEEN _SOIL LAYERS ARE AS FOLLCYS e e e
t*tk*t**ﬁkt*lt-*ﬁﬁt*ktwttkt*t"******i***i******&i**ﬁh***i***ﬁ******kﬁ****ﬁﬁ**fﬁ*****ﬁ*ittt*iiﬁit***ii**i*t**!i*i*t‘***ﬁ*tt*t .
LINE CCGRODINATES .

NG o . . e i e e e+t i+ i e e e

1 2 3 4 5 6 7 8 9 12 11 12 13 14 15
153 % 10e8 9442 1204013400 17040 2750 27540 _ 2750 27540 27540 2750 2750 2750 275.0 275.0
163 Y Y947 G947 11C0e€ 11048 8840 €640  86¢0 E6e0 8640 86,0 860 86e0  BBel 8640 Bbel
203 X 130  65e3 9842 1200 13440 17640 275¢0 27540 275,80 2750 2750 275.0 275.0 2750 27540 .
260 Y Peed 8842 9947 11645 11060  8t.0 . 860, _ 6640 . 86l . B6aQ _ _86e0 _ 8640 . B6eO. _ 86e0___ 8640 .
300 X 1048 €563 1125 12C¢0 13540 142+5 17840 2750 27546 27545 275+0 275¢0 2750 27540 27540
o 32) Y HBel  £800  B3el  £340 £3e0  BE.T  EBL  EEsD  B640  BAEWD  BEeE  BE.I  86e0  86.0 8640
40¢ > 1Ged 275G 27540 27545 275406 27548 27540 27540 27540 27540 27560 2750 275.0 27540 2750
® 458 Y £E6ed Chel 66 el €640 661 €6a 5 66el 6€el 66D 668 66.0 (XA £Hell 66D 6640
LIMITS OF ThE GEGMETRY USED DURING COMPUTATIONS T T e e I
. B IR E R RS RIS SRS E R ERE R TR E ERE I IR R IR PR R PR P IRER LR R BN R
, THE LEFT LI®IT IS  11.ce. 7777
L THE FIGHT LIMIT IS 278.09.
. @
@
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SLGFE STABI
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CETE

COMMENTS

EFISHCE+S SIPPLIFIED METHCD

SPECIAL CETAILS.ON THE SOIL CONDITIONS

GECMETRY

TuTatb
UNIT WELCHhT

£2,400
1306500
11%6203

-1.,0%¢

19 =54=85

STEADY

SOIL CHARACTERISTICS

********ﬁ*i"*ﬂ*i*ﬁifﬁ*ﬁ

CONSISTS CF

CORESION

0.C00
32800
JeCW

Cel20

RUN

STaTE SEEPAGE

[l

ANGLE GF

INTERNAL FRICTION

0.0C0

27603

3CeCIC

N.GC03

TRIAL 05
6S CARTHGUAKE 2.1 G ’ ;
4 LAYERS WITH THE FGLLOWING CHARACTERISTICS.

. M_“thé;?RtgéUREmmwﬂhuwu,_w“ﬁw-w_ e S .

RATIO RU SOIL DESCRIPTION
Ak khh kR R kA KK

G.000 WATER RS
0000 COMPACTED. Sh=SC MATERIAL .. e i e
o068 FOUNCATICN SM-SC MATERIAL
8,063 CALICHE:

Dok kkkkk bk hk ANK e i EE R R RS & k_!_*!_i'_*“ﬁjﬁ__tm?t_‘_i_k_f'i:ﬁ_\_f__vili_*_h__i‘r_t__h__f_»k__.ir__i‘t__\_k'_*.t

}.-i-f--—xu--x—'—----___-_-




IR S S TR B ERE S EREEREEEEERS o ) o
® : «  SLOFE STABILITY =
********f‘.*iiﬁ**l"*ﬁ_ﬁ _
o CATE  $59-C4-85 RUN TRIAL 0%
. CUMMEATS STELOY STATE SEEPAGE DS EARTHGUAKE 5.1 6 ) e o
) ET1SHUP*S SINPLIFIED. SETFED .o . .
. SPECIAL DETAILS ON THE PORE PRESSURE CONGITIONS :

-

® e COGFDIMATES CF THE  VERTICES §F LINES FURMING THE FIEZCGMETRIC LINES ARE AS FOLLOWS,

AR R Rk Rk KA AR KRR AN RN AR RN T AR RN RN AR T H R R A A A b d kR AR * N AR NI IR AT AR R A AR R RN XA I R AN IR R AN R T IR N AN N A RN AN AN AR Nk AR IR RN AN NN A AR IR o

. LINE = COORDINATES
. MO

S 10 . Al 12._ 13 14 1§ _ . .

1 2 o3 4 o5 6 S SO - ST NI
b 1 X el 060 el Dol 0e Jel Gel C.0 Jed 0.0 0eC 03 0.0 Cel 9.0
PRI § Y el e Ll et el Tl C el 0.2 00 0.8 0.8 0.0 0 D20 060
- 2 X D2 4,2 170eC 17Ee0 27540 27540 27540 27540 27540 275.0 . 275.0 :275.0  275.0 275.0 '-2?5¢0 
8 2 Y 9947  9%.7 926 8E.0 65.0  85.2 85,0 85.0 - 85.0 85,0 B85.0 85.0 85.0 - 85.0 B85.0 :
- 3 X 2.0 5.0 17840 27540 275¢0... 2754027540 27540 27540 275.0_-2750..2756.__2750._ 2750 _ 2750 .
3 Y 99,7 C9.7 88a0 8540 8%.C P3.4 5e0 85,0 8540 8500 £Se. 0 850 “Sel 8540 85.0
‘ 4 X Yal 003 0'-. Naed U.C Ged ’oJ 0.9 0.0 0.0 0.0 0.0 0.0 0.0 500
- 4 Y O.D f‘..'J I OQU _ C.O 4_0-0 . -_.,.0...'(*‘..,_,,. ,_ﬂ‘o_ﬁ 0.0 0___9,_0 0.0 0.0 0.0 0.0 : 000 - 0.0
. )
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LY “\\
i
.
..
L
‘ 7




i
i
:
!
!

L
LB R NSRS EEES SRR EERSNER]
[ ) + SLOFE STABILITY
: ***ﬁt***ﬂk***i*i*!t*t” = e . - - . N e e e o o .
@ CETE  0S=04-25 PUN  TRIAL 95
: CUHLENTS STEADY STATE SEEFAGT ©S EARTHQUAKE 0.1 6
o .
' S £I8HCP»S SIFPLIFIED METROD . e R .
N . ,
: SUMMARY OF MINIMUM FACTORS OF SAFETY U T
@®  RrapIus k- Y- FLCTOR CF NC. MALPHA
_IHC«T  CUCRD.  COCRLDS  FADIUS SAFETY. OO TTERAN WAPNXG " —
*it******t****ii***k*tiiki**i.ii***i**i*t**iﬁ*i*i**ti*i*t********i**t
. . )
.z 14540 11540 1542 1.860 L S O A -
: P14 15840 11540 29,3 1.494 4 ¢
- @ 1z 1F543  11%.6 3540 1.163 4 ¢
tol9 . 17547 . 11943 3106 . 1836 N T : S
RS} 18545 11549 3345 1.178 4 5
® 21 19543 11542 533 1.718 4 3
: SR ¢ 15068 12549 3343 14654 4 3. . e e 2 - e e
: 12 16ie3 128540 55,0 1.337 3 o
- @ 11 17542 12%5.) 6240 1.596 z ¢
, - 183a% 12943 39¢ . lebh28_ s o e e
11 19065 12344 4344 1.278 3 5
- @ 21 20042 12545 63.1 1e643 4 3
. S 1e 15545 13540 6343 1.496 3 e . T e . S
® 1 17540 13540 53,0 1.083 3 a
y EI N IfS40 13544 $1ed0 . Le38T . . & _____§
: To1e 155ed 13843 59.5 1.367 4 /)
® . 2 20545 135.0 13.5 1.616 4 0
: #013 160.0 14540 67,0 1.911 3 5 e i —_
A B 17040 14540 6340 14174 4 3 '
® 1 18343 14543 610 1.098 4 3
S 143 19040 14540 61e3 ..l.1%4 & % .
Y 23040 14540 7540 14405 4 ) :
@, =2 21Ge0 14548 8349 1.613 4 a :
Bo12 16540 15540 7540 1.365 4 o o o »
NERS! 175.9 155,13 7543 1.189 4 3
@ . g 10543 15540 6940 1.122 4 3
I SN 19%«2 i55.0 T7.¢ te224 3. S
T2 25540 155,.0 3343 1.428 4 3
@® . 19 21543 15540 87940 1.730 4 0
e . TR ©0ST CKITICAL SLIP SURFACE
: RAGIUS  X- Y- FACTOR CF NO. MALPHA
- @ . INC+T COORC. COORL. RADIUS SAFETY ITER*N WARN#G
. ! ”ﬁ*ﬁ*t*i***k***it‘k***tk**i*tt*ﬁi*****ﬁ*i*ﬁ.*f'**_*i****t*vi*t:{**tfﬂ*ﬂiﬁiﬂ_ﬁ_iﬂ*_rd e e e . -
@ G 106 ey 12243 3,5 L,228 4 2
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«  SLOPE STAREILITY = OATE ¢7=-04-85 RUNTRIAL J5 .. . CCMVENTS STEADY STATE SEEPAGE . DS EARTHQUAKE 0e1.6G .

Axhwk Ak kbwwkkk

L J PISFOF =S SIMFLIFIED METEGCD

1:8%.007 + o L lele L 1e19 dede o teR2 o bed3 13 -
L J R '
o .
DR L&7Tad 20+ B .. . e am vt e s e it e e e e e e S -
. le4} 1.19 1.1¢ 1013 1‘40 1.61
. -
o .
12%.2.0 e e e e e e et e e o — s Spa £ 1 o e J—— - e e o e s e 2 4 e et
o ) .
. 1459 . . 1e23 . 1408 . 1609 o le36 o le82 I e
o .
- 1313000 + ORI e —
] .
. 1.6% 1.3t 1413 1,03 T T1.2s 1.64 T
‘ .
1234830 + e v+ e e st o —— -
’ .
’ .
. Li%.07, 4 1.86 R Y 2 ST D § - I 1e86 _ 1.18 172
) .
. .
N 107008 + e e e
*".......*.".....'+..........’.........’...’..'..*...'..’..’...-.....“.......“.‘-‘.'...+.‘......:.’ g B

’) 145610 15300 161.30 169,00 177.0¢ 185,90 . 193,00 201.00 209,00 - 217.00
s HCRIZONTAL SCALE 1 INCH = 890 . ... .. _ VERTICAL SCALE .1 INCH 8,00 O
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*  sLePE STAGILITY = DATE 2%-0b4-85% RUNTRIAL ¢
A B RS RN EEENNEEREEEEESNE.]

p1sCPws STt IFIED BETHOD

o
on

COMRENTS  STEADY STATE SEEPAGE DS EARTHQUAKE 0«1 G ...

Tobed L+ . . . e o e e o e o em v + e o @+ ot e £ St et oo e e 1 e e e P
1é&He000 + . . R, e e e e e e e e e e e e i e e i oo e
. tc22z222222e¢ o . - ER— _ S - -
. 22:2 222
. 1111211t l111111111111112222 sSz2z2
98,300 L RRR22 e S8.222 v ,
. 3323333333333333333333333333333323333 3333333388555S558S533333333323233333333333333333

3333333

L

. 446444400 40044464445804040040880640684040086640404408840848408080448400484080408450060444808446484
. £54000 e :
+

sneverosvetessssesvetecsvrersotinsncrncetrtosscncroteccsrrsssatecescscsoatoveccsronostscsevsrovetessccesee?

1C¢.023 40.30 70600 10C0.06 130400 160,080 19060 220 .60 250400 260,00

HCRIZONTAL SCALE 1 INCH = . 30.33. . o .. VERTICAL SCALE 1. INCH = . 30e00. i i i e
X = 1gJem2 Y = 128.2¢€C RACIUS = 3g.00 FACTOR OF SAFETY = 1.028

® © 06 © 0 ¢ & ¢ &6 ¢ 0 66 06 06 & &6 6 06 0 o
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®
o *  SLOPY STAZILITY
ﬁi*ﬁ**w*ﬁ*ﬁ*ki*tﬁ!'ﬁ*t - T R I . — . e -
. CATF R X RUN TRIAL 25
o COMMENTS STEALY STATE SEEFAGE DS EARTHQUAKE Cel G
, LIiniPes SINFLIFIED FETHUD y U - e
® : ~ »
SLICE ¥»=COUCR  Y=TCP ° Y-RASE ALPHA SLICE . SLICE. . NORMAL___ PORE-WATER SLICE .. ... RADIUS __ NORMAL __PHI _
_ COFES LON KEIGRT FORCE FORCE MALFHA ARM = ANGLE
)
@

TEE INTLESCCTIONS OF THE SLTF SURFACE wITh THE SURFACE LAYER ARE T -
LEFT INTERCEFT wesee X= 16746933 Y= 103.1534
RIGHT INTERCEPT seee Nz 19144622 Y= ETe.7224 ; »
%= LEFT &NC RIGHT IMNTERCEPTS CF THE SLIP SURFACC AND THE HEDROCK ARE . 0.0000 _AND . 0.0800_  RESPECTIVELY . o o o
©OTHIS IS ITERATION NUMEER 4
® . 13¢ 145412 122455 192497 £4,93 0. «3981E+02 «3396E*32 0. «1172E+01 39.00 8.00 37.0
13 14c.30 132,50 101634 . __ 52,66 Ga. .. #}B0TE+03  «127CE+03 Q. 11876401  39.00 0,00 37.0_
o143 150430 122.409 130.08 50,30 0. «2491E+03 «2075E+03. Oe «1200E401 . . 39400 = 0400 37,0
® . 141 1514406 101e930 98,92 48.05 6. +3345E+03  J2761E+403 Go 12116401 2 39.00 0400 37.0
142 152437 10100 97,485 45,90 3. . .  »408BE403 . 33S0E403_ 0. .. . «1220E401 . - 39.00 0,00 379
: 143 153410 12053 "?65".55 4382 Do «4T3I2E+0D o3'6565¢03 1% «1227E401 39,0¢C .00 370
® . 144 1364737 177,50 35,93 41.82 9. 5286E+03 «4291E+03 0. «1232E401 39,00 0.00 37.0
145 185407 ¢S 458 8,07 . 39e8E G _eSTHJED3 L AGE2E+C3 0. _«l235E+01 394050 0,00 373
T 146 156430 29,02 944206 IT7.95 0, 61G60E+D3 45 TBE+03 O : e123TE401 . - 39,80 - 0el0 < 370
® 147 15730 “0,.352 93458 Ibelt 9, $6G49I2EH0T «5244E+403 Do T G12BBE40Y 39400 0e00 370"
S 14a 186450 CRL 4D 2,80 Jha34 e f6TH1E+03 .5565E+03 | 31BEE+GZ:  W123T€+01 0 13900, - 000 37.8
R LE i5%.00 ¢7.53 32414 32.58 0. W6GTOE+D3 «S5BT2E+03 s T263E+02 «1236E+01 29,00 0.00 37,9
® . 15z 153433 STe03 81,52 30486 e 71262403 «6109E+03 «1088E+03 01233401 T 39.00 0.00 37.0
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- PAGE 1
APACHE JUNCTION FRS
USDA-SCS
STEADY STATE SEEPAGE (ACC=0.1G)
11-08-85 :

N_POINT

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 LINES

NO. OF LINES = 11

LINE NO. FIRST POINT SECOND POINT ID. NO. OF THE
: OF THE LINE OF THE LINE UNDERLYING SOIL

[ary
NOUOOWONOO,Md WN
WNNNNNND =N

H OO WN -
HOWO_NNDOTEWN-

b
WPy
[y




PAGE 2
APACHE JUNCTION FRS |
USDA-SCS - " 5.
STEADY STATE SEEPAGE (ACC=0.1G)
11-08-85
SOIL TYPES
NO. OF SOIL TYPES = 3
ID.NO. OF THE UNIT WEIGHT OF COHESION FRICTION iD. NO. OF ASSOC.
NDERLYING SOIL SOIL (LBS/FT~3) FACTOR (PSF) - ANGLE (DEG) PIEZ. SURFACE
1 130.00 0.00 37.00 1
. 2 110.00 0.00 30.00 2
3 125.00 1000.00 40.00 1
l PIEZOMETRIC SURFACES
THERE ARE 9 POINTS FOR THE PIEZOMETRIC LINES:
II ID. NO. OF - 1ID. NO. OF X-COORDINATE Y-COORDINATE

THE PIEZ. SURFACE PIEZ. PTS. OF THE POINT OF THE POINT

0.00 99.70
94.20 99.70
170.00 92.00
178.00 88.00
275.00 85.00
0.00 98.70
65.00 98.70
178.00 88.00
275.00 85.00

NI DN b s s
W GO DD O LoD

SEISMIC LOADS

.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 RATIO
1 1
2 1
3 1

l HORIZONTAL GROUND ACCELERATION (IN G’S)




PAGE 3
APACHE JUNCTION FRS
USDA-SCS
STEADY STATE SEEPAGE (ACC=0.1G)
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)
MINIMUM Y-COORDINATE (FT)

93
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 (ACC=0.1G)
11-08-85

CENTER OF TRIAL CIRCLE:

X = 180 Y = 125
RADIUS  RESISTING DRIVING SLICES Fs
37.000 3781.41 38985.80 7 0.9706
36.000 2120.40 2007.56 6 1.0562
36.750 3048.72 2969.56 6 1.0270
36.500 2761.93 2649.65 6 1.0424
36.250 2456.25 2328.81 6 1.0547
TOO FEW SLICES AT RADIUS 35 --- CIRCLE IGNORED x
AT X = 180 Y = 125 LOWEST FS = .970637 FOR R = 37

i
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GATE 09-04-86% KUN TRIAL 97

COMMIATS APACHE JCT FRS DRAWULOWN CONUITIGN US

"DETALLS ON THE SL1P CIRCLE GRI1D

TS HOFRS STMELIFIED BETHUL - - o 0 o m s s e o o o s s s e e e e

LAYCUT CF GRID FQR CENTERS OF TRIAL SLIF CIRCLES

THE X-COORCINATE CF THE LOWER LEFT CORNER OF THE 6RIp IS 66,0000

I8

e e e Rk R ket s doe e e e Wkt ke N A W ke ke A I A A Ak e R B e L e o e

INCHE"ENT EWUAL TO 1740070

Y
-
1
>
D
-]
wl

IrE-CENTERS-ARE-INCREMENTER - g T FHES— I M- THE- Y= BIRECTRON W FFH- EAEH-

R o THE- ¥ =COGRBINATE GF—THE—LGWER—LEFT—CORRER—OF—THE-GRID—16—11+5+0038
: THE CENTERS ARE INCREMENTED 5  TIMES IN THE Y-DIRECTION WITH EACH
INCREMENT EGUAL TO 10,0000

¢ 9 06 0 0 o o

. THE GFID FAS A SLOFELCHANGE IN ARSCISSA DIVIDED BY CHAMGE 1IN ORDINATE)
4 “e230C,

L I

OTHER PARTICULARS FOR THE ANALYSIS

PTG e e R R R X S S [V

THE Y-COCKUDINATE CF A FCRIZONTAL LINE TANGENT TO THE SLiIF SURFACE OF

e B E R AL RADIUS - 18— 18600 B0 i e N

FOR EACH CENTERy RADIUS IS INCREMENTED 20 TIMES WITH EACH INCREMENT .

”}-—~—-——*—EQUAL-JQM____Q_nnnn
- THE TCTAL AUMPER CF STABRILITY ANALYSIS IS 378,

e TRE-GEOHETRY LS -UIVIDED INTE————264—SLICESyEACH—— 1+ 0880 —

. THE DEPTH CF THE DEEFLST SLICE MUST BE GREATER THAN 5.00ﬁh :

TINE TCLERANCE IN CALCULATING THE FACTOR OF SAFLTY IS «G150

U e FHE - SEESH FE-COEFFEGLENT-FS- EQUAL- T0- 800088

THE UNIT WEIGHT OF WATER IS 6244008

= THE CEATPOL GUESTICNS ARSWERED
1e) FRINT CUT THE INFUT DATA. 1létl)=2

WRITE -QUT—ALL EACTORS OF—SAFETY-v—LG ¢23=1
YRITE OUT A SUMMARY OF THE MINIMUM FACTORS OF SAFETY. 1G(3)=2
WRITE OUT A GETAILED SUMMARY OF THE COMPUTATIONS I0(€4)=2

SET ALL MEGATIVE PUPE PRESSUFES Ty ZERG. I6GL8)=1

}

)

)

3 LISREGARD ~THE—PREVIOUS -PCRE FRESSURE-DATA—IRLZI=L

)

) TRINT & CIGITAL FLGT OF THE GEQMETRY AND SLIP SURFACE. IG(S)=1
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DATE CI=74-3% RUN TRIAL 27
© CompenTs  APACHE JCT FRS GRAWDCWS CONDITION US o ' T
L EIOPEPAS STUELIFIED BETHLU o oo oo o e e o o e e e e e e e e e e e e e

SHLCIAL DETAILS CN THE LAYOUT CF THE CROSS~-SECTION

Y THE-COURDINATES OF THE VESTICRS OF- LINES FORKMING-THE -CONTACTS- BEINEEN-SO Tk LAYERS ARE-AS FOLLOWS - o e o e
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GATE 0S-04=35 RGN  TRIAL 07

 ; COMptENTS APACHDT JdCT FRS CRAWDOWN CCONDITION US
FISHGEF*S SIMPLIFICO METHCD - - - S £ e e e Ll e e i e e e B R S

SEFECTAL DETAILS ON THE SOIL CONDITICNS

LSGIL CHARACTERISTICS - oo o o SO SO SRS e e - i e R

(LA R EE R ENESEESEEEEERRSERS]

THE  GELRETRY  CONRSISTS CF 3 LAYERG WITH THE FOLLOWING CHARACTERISTICS.

>

OLAYER TGT AL ANGLE CF PORE“PRESSURE
L NO. UNIT WEISHT CCHESION INTERNAL FRICTION RATIO RU SC1L OESCRIPTION

113

R L R R L A R R B g R R A R N N R N T N N R N e S L=

N 1 156309  0.003 37.000 9.000 - COMPACTED' SH=SC MATERIAL
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