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LANDSLIDE IMVESTIGATION

Introduction

Purpose and Scope

This report presents the results of our study of an ancient slide
("Slide F") within the large landslide complex immediately west of the active
Portuguese Bend Slide. The purpose of the study was to supplement our Pre-
1iminary Repart of a Geologic and Soils Investigation dated December 29, 1969
(Job No. 18-507 and 18-741), to better define the ex1sting properties of the
slide and to provide recommendations for stabilization of the slide and areas
affected by the slide. The recommendations provided herein are intended to

be used for feasibility evaluations so that developmental plans may be formulated.

Further geologic study will be needed before remedial designs can be finalized.

The ‘nvestigation included site inspection, test borings and engineering
calculations. Preliminary developmental plans dated March 20, 1977 were
supplied by Larth Associates, Inc., Santa Monica.

Tie geology was mapped in 1968 by Moore & Taber and Dr. Richard Jahns
on a scale of one inch equals 200 feet. The 1969 study covered approximately
400 acres, about 70 acres of which are the subject of the present investigation.
To supplement the surface mapping and analysis of aerial photographs, a total
of 64 borings and 60 test pits were excavated in 1968. Reference was made to
"Geolngy and Paleontology of Palos Verdes Hills" by Woodring, Bramlette &.
Kew (U.S.7.S. Professional Poner 207, published in 1946), which provided
formational names and stratigraphic nomenclature used.

The present investigation included an extensive review of the 1969 data
and a more 'otailed study of Siide f within the subject 70 acres. To supple-

ment the 16 borings within the subject property associated with our earlier
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investigation, three additional rotary wash borings were drilled and logged by
an engineering geologist to determine the depth of the slide and better define
its direction of movement. Data and evaluations from our original study
concerning "Slide C" were also reviewed and new stability calculations made;

however no new subsurface information was obtained.

For convenience, and to minimize confusion, the designation of all slides,
secticns, boring numbers previously referred to in our 1969 report are used

in this report.
Geology
General

The regional stratigraphy and structure and the history of landsliding
for the subject area have been discussed in detail in our report of December,
1969. The site under consideration lies on the western edge of the ancient
Tandslide complex and includes portions of three slides. Two slides in particular
influence a large portion of the subject property - a long, southeast-dipping
s1ide (S1ide F) covers the northern quadrant (approximately 24 acres) and a
s1igntly smaller, seaward-dipping slide (S1ide C) in the south central area
(approximately 21 acres). Since the direction of movement of Slide F most
critically affects the development of the property, it was the primary subject
of this study. However, as previously noted, since Slide C is also of concern
and would influence project development, so it was also re-evaluated.

Slide F

Slide F appears to be a ‘arge mass of Monterey shale which has slid
along an adversely ¢ »iented layer of bentonitic claystone. The slide mass
consi~ts generally of siliceous shales, siltstone and claystones, which are
weathered and fractured. The undisturbed bedroc! beneath the slide is pre-
dominantly dark gray to black marine shales and claystones, highly indurated

with minor fracturing.
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Data from the 1969 geologic investigation revealed the configuration
of the slide surface nearest the head of the slide. The shear surface was
found to be dipping about 10° to 15” in a southeasterly direction, paralleling
liedding in the underiying undisturbed bedrock. Bucket auger borings had been
ineffective, however, in penetrating the toe and central portions of the slide
mass. To ascertain the depth of the slide in these areas, rotary wash borings
were utilized. This information indicates that the slide mass is about 100
fret thick with a base which is dipping in a southeasterly direction at Tow
angles (approximately 4° to 6°). Topographically, the ground surface of the
slide roughly parallels the base of the mass - a gentle slope (approximately
5:1) at the head descends to a hroad leyel terrace which joins an 8:1 slope
at the toe.

As depicted in the attached geologic cross-section FF-FF', these relation-
ships reflrct an elongated, slightly tapered wedge-shaped mass bounded by two
gently sloping planes. The slide thickness diminishes from about 100 feet near
the toe to about 50 feet near the head of the ancient slide.

Slide €

Although Slide C was not a basic concern of this investigation, it was
considered and reevaluated in 1ight of the new data obtained from the investiga-
tion of Slide F. &.ide C is comprised of two slides which have moved seaward
in a south-southwesterly direction. 7he slide has overridden marine terrace
deposits at the toe, and is well defined at its westerly edge in a canyon and
al the toe at the southeast property line. The slide is independent of and
younger than Slide F although its movement has probably involved the southerly
edge of Slide F where it has eaten back into Slide F.

Job No. 377-540 - July 6, 19/8 -4 -
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CONCLUSTUNS AHD HLECOMMEIHDATTONS

Engineering analyses were made to evaluate the stability of Slides F and C
and to design stabilization measures. Three possible locations for shear keys
on Slide F - one at the toe of the slide and two across the center of the mass -
and their advantages and disadvantages are presented. Calculations were
also made for buttresses at the toe of Slide C. At ceveral locations, evaluation
considered the comparative value of standard compacted fill (untreated) or
soil cement (treated), shear keys or buttresses. The stability of construction
slopes is critical and will require precautions and special grading procedures
to reduce the potential for failure during construction. Once the slide has
been stabilized, every effort siould be wade Lo minimize the inf{iltration of
water into thre subsurface soils. It is assumed that sewers will be available.

Stability Analyses

Using the Ordinary Slice Method, $1ide F was analyzed along Section FF-FF'.
The cross-section parallels the general direction of s1ide movement and inter-
sects the thickest and longest portion of the slide mass representing the most
critical section through the mass. All calculations are shown in the appendix.

With regard to evaluating the existing stability of the slide, the most
important, yet most difficultly defined variables are the shear strength
parameters, ¢ (angle of internal friction) and c¢ (cohesion), along the slide
surface. iwo general approaches were utilized to select parameters which are
representative of the materiail. encountered. These yielded factors of safety

within a range which are reasonable based on the genloaic history of the slide.

Tho most conservati-- analysis assumes 2n exi=ting factor of safety
slight:, cater ' . 1.0, representing the conditirn in which the forces which
could cause sliding are nearly »qual to those forces resisting movement. At
the cessation of slidina. thousands of years ann, the factor of safety would
have been 1.0. Since that time, the slide has heen modified by erosion and

Job lo. 377-540 - July 6, 1978 -5-
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deposition and has been subjected to severe rainfall and seismic shock, apparently

without inducing renewed movement. Thus, it is probable that the existing
safety factor is substantially greater than one.

Severa! conservative assumptions were made in the calculations:
1) that Slide F receives no support from the lower slide at its toe (i.e.
as though the lower slide has resumed movement,) 2) that renewed sliding could
occur in any of the predominantly tuffaceous claystones above the dark gray
marine shales, thus the deepest possible shear surfaces were considered, and 3)
that uniformly low shear strenglhs are present along the entire shear surface.

The minimum average strength parameters will vary depending on the factor
of safety assumed for the existing conditions. The following table relates
these values to several assumptions of the present factor of safety.

Factoer of Safety ¢ (degrees) ¢ (psf)
1.00 5.0 95
1.15 b:5 150
1.25 6.0 150

These strengths were compared to the extensive laboratory test data
and strengths used in calculations available from the 1969 investigation,
The Taboratory test data on ~amples of tuff above and below the slide surface
were all substantially higher than the calculated strengths, generally aver-
aging ¢ = 30° to 407, and ¢ = psf to 1000 psf. The lowest strength obtained
from bentonitic materials from the Portuguese Bend area was from the sheap
surface of the ancient small landslide within the existing Portuguese Bend
Club, about two miles east of the subject property at Yacht Harbor Drive and
Palos Verdes Drive South. Resicual shear tests on saturated, remolded, sheared
ciny yielded a strength of ¢ = 8" and ¢ = 150 psf. Calculations for the active
landslide, assuming no cohesion, indicated ¢ = 7.3°.

Job No. 377-540 - July 6, 19/8 -6-
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A1l of these strengths are significantly higher than g = 6° and ¢ =
150 psf, which were used as representative, though conservative, strength
parameters for Slide F. The existina factor of safety, therefore, is considered
to be ureater than or equal to 1.25. For consistancy, the same strength para-
meters were used in analyzing Slide C although calculations for existing
conditions would indicate these values are conservative and slightly higher
strengths wight be used. Slope stability calculations for existing conditions
as well as all subsequent stabiliztion measures (shear keys or buttresses )

are shown on pages C-1 to C-6.

Job Ho. 377-540 - July 6, 1978 -7 -
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Stabilization Measures

It is generally recognized that a slide must have a factor of safety of
at least 1.5 to be considered as suitably stable for development. This requires
some corrective stabilization for Slide F to raise the safety factor from
1.25. Due to the planar, uniform shear surface, a shear key rather than
unloading the head or loading the toe of the slide, appears to be the most
effective remedial measure.

Commonly, shear keys are constructed of compacted fil]; However, due to
the large volume of material which would ba required, consideration was given
to incorporatina soil cement into the critical portions of the shear key.

The higher strengths available from soil cement cause significant reductions
in the hat~ width of the key. The smaller excavation volumes needed with soil
cement prohably offset its higher cost. The approximate volume, as well as
tase width and lendth of the various shear keys and/or buttresses, is given in
Table 1. Their location is shown on the accompanying plan and sections and is
referenced by the following symbol:[ﬁﬁ.

Stahility calculations for the various shear keys were made using the follow-
ing strength parameters: compacted fill - g = 25° and c = 400 psf, soil cement

(47 by weight) - ¢ = 45° and ¢ = 2000 psf, s1ide base - ¢ = 6° and ¢ = 150 psf.

A shear key placed near the toe of Slide F, along the southeastern

property i, wou:d require a base width of 155 feet if constructed of compacted
Fill Zﬁk or 57 feet if soil cement is used [fx . The key would be about 110
feet deep at its deepest point, aradually thinning towards the southwest.

The ~lide ma 5 was then divided into two blocks - its head, northwest
of Section CC' and its toe, *heast of CC' - and each block analysed as
an inderendent slide. Amain. ssing ¢ = 6° and ¢ = 150 psf, the factor of safety

Job No. 377-540 - Juiy 6, 1978 -8 -
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for the head block is 0.7 and tor the toe is 1.6. This indicates that most
of the driving force for Slide [ lies within the upper portion of the slide,
northwest of CC'. If the upper portion is stabilized with a shear key near
the center of the slide, the lower remaining portion of the slide will have an
adequate factor of safety.

A shear key plated northwest of CC', as shown in the cross-section,
would require a base width of 223 feet if constructed of compacted fill [ﬁg?
or 76 feet if a soil cement backfill is used [fﬁ. The key would be about 70
feet deep, resulting in the excavation volumes indicated in Table I.

Obviously, the soil-cement shear key placed near the center of the slide
has a majcr advantage over the other shear key alternates presented in terms of
excavation quantities. Two other advantages for this method are also apparent.
The materials withir the slide mass near the toe of the slide were generally
impenetrable with a bucket auger due to the presence of very hard silicified
shales. Excavation of these materials may be more difficult than an excavation
nearer the head of the slide where borings were able to penetrate the slide
material and extend well into the undisturbed materials below the slide. Another
advantage of the central key is that it is further from existing structures and
thus, ~hould a failure occur in either construction slope during excavation,
it woult not jeopardize existing homes. The distance also results in fewer
aesthetic disturbances to the surrounding residences.

Recause of 1o 1imitations on excavation imposed by property lines, another
Jocation for a center shear key was considered that would allow greater lateral
exten' ion of the key to the east, still within property boundaries, thereby
increasing the usabin area below the key. This resulted in analysis of shear
key [35 crossing section FF-FF' at seciion CC'. If either the upper shear
keys ( [Ck. ZCB) or nid-shear key [3} arr nzed, consideration could be given
to purchase of lots 33 and 31 on Fruit Tree or permission of access to the horse
stable area across Narcissa Drive to peimit further extension. A similar
situation is present for the lower shear keys ( Zixand Zf&), that is, extension
across Harcissa Drive would minimize restriction on usable area on the subject
property.

Job No. 377-540 - July 6, 1978
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Analyses were made for Slide C considering both treated and untreated
fi11 buttresses ( [C} and [f} ) at the toe of the slide where it daylights
the existing natural slope. A calculation was also made to determine the
effioct on buttress width if a 2:1 fi1l slope was placed over a soil cement
treated buttress ( [@5 ).

Stability During Construction

Calculations along Section FF-FF' show that when a 1:1 backslope for the
upper shear key is excavated to the base elevation, the factor of safety for
the temporary slope is about 0.7. This Indicates that the slppe would be
unstable during construction if the actual shear strengths of the materials
are as low as the design strengths used in the calculations. The calculated
safety factor for an excavation at the toe of the slide (shear key gfg or [23 )
is greater than one, indicating that landslide movement during construction is
less likely. To reduce the chance of movement, any proposed shear key excavations
shouid be made in sections.

Setback

Depending upon which alternate stabilization measure is selected, a set-
back 1ine for construction may be required. Such a line would be located approxi-
mately 180' west of -nd trend essentially parallel to the east property line
along Narcissa Drive if stabilization is obtained by the Tower shear key ( [i& or
fo ). Using upner shear key [@5 or [fﬁ results in a greater setback from
Narcissa Drive due to excavation limitations imposed by the westerly property
lines of lols 33 and 34. This provides a buffer zone (restricted use area)
between the edge of the stabilize: slide and buildings, and accounts for pos-
sible ma.ement of the ancienl, unstabilized slide to the east and its effect
on the property. The setback is based upon a Tine projected at 45° to the sur-
face from the easterly end of the shear key base. A buffer zone would also
need to be established for the area below Slide D along the northerly property
Tine.

Job No. 377-540 - July 6, 197¢ - 10 -
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Drainage Caontrol

Infiltration of surface waters into the slide mass can significantly
reduce the safety factor of the slide, and possibly cause renewed movement
The additional weight of the water can increase the driving forces within the
slide. Simultaneously, greater saturation of materials at the shear surface
generally lowers the shear strength, reducing the forces resisting sliding.
Thus, it is imperative that following stabilization of the slide, every effort
be made to minimize the introduction of water into the slide mass. This
requires well-designed sewage systems and highly controlled surface drainage
and landscape watering.

General Conditijons

This report has been prepared in accordance with generally accepted
geotechnical practices, and makes no other warranties, either expressed or
implied, as to the professional advice or data included in it. This report is
for feasibility evaluation of the planned development and does not include
sufficient information foi final design of remedial measures. Additional
geologic investigation, including subsurface exploration and laboratory testing,
will be needed prior to final development plans. Buttress and/or shear key
depths and widths will be modified based.on the additional exploration and test-
ing. Development of the property should consider stabilization of both slides
rather than only one since movement of either one could affect the other by
removal of lateral -upport. Remaining portions of the property are considered
to be stable but additional investigation of these areas to confirm this will

be needed.

MOORE & TABER
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UNIFIED SOIL CLASSIFICATION

Pt JOH |CH |MH JOL [GCL |ML | SC | SM [ SP |SW [GC [GM [GP [GW
. Sands with fines | Clean sands Gravels with fines| Clean gravels
thhly Silts and clays Silts and clays >12%fines <5%fines >12%tines <5%fines
o;gj:lr:c Liquid limit greater than 50 | Liquld limit less thon 50 [ gonds.more than 50%of coarse | Gravels- more than 50% of coarse
fraction is smaller than N2 4 sieve.| fractionis larger than N2 4 sieve.
Fine grained soils Coarse grained soils
(More than 50 % is smaller than N% 200 sieva) (More than 50% is lorger than N2 200 sieve)
® LABORATORY CLASSIFICATION CRITERIA .
[s]
550 4 GWond SW-C = —5% greater than 4 for GW 8 6 for SW, C.= (D) between 18 3,
5 / up ¢ D x D
B CH / 0 10 60
240 P GP and SP- Clean gravel or sand not meeting requirements for GW and SW.
* . \}y GMand SM-Atterberg limits below "A" line or P [. less than 4.
o y GC ond SC-Atterberg iimits above "A" line with P I. greater than 7.
= A OH and MH - - Y ; -
< 4 Fines (silt or clay) Fine Medium Coars2 Fine | COGrse (copples|Boulders
= cL y sand sand |sand| gravel | gravel
e 7 A 5 8 o a{ c :g
I T T YT Sleve: siaes b ? T " v )
o m““-a; % a5 5 & o & 50 o Clossification of earth materials shown on this sheet 't.s based on field inspection and
L1QUID LIMIT sheuld not be construed to imply laboratory analysis unless so stated.
MATERIAL SYMBOLS CONSISTENCY CLASSIFICATION
; . FOR SOILS
eat or
°H Gravel o -
~~| organic matter ; .
= 8 According to the Standard Penetration Test
3 e |
Sand F]” maftetial Ne of blows Granular Cohesive
vzl s
:/?5 Silt VY] Shale 0-5 Very loose | Very soft
v,
7 6-10 Loose Soft
// Clay 1++1 Sandstone
- s 11-20 Semicompact Stiff
74 Sandy clayor B, .
244 clayey sand H ] Limestone 21 - 35 Gompact Very stiff
;.’/’1 Sandy silt or " ”” Metamor phic 36-70 Dense Hard
¢z silty sand rock
. R Ver n r
;,:, Silty clay or B loreous rock >70 ery dense Very hard
/4 clayey silt q'9
LEGEND OF BORING LEGEND OF PENETRATION TEST
7 : N
24
Bulk —'/ B
sample _-/ 30 |
4 Conformable material change 35 Yiows]
A
N 11
Drive] 5 N 27 5
samplée Approximate material change -
Yaws 8 — B o =
) ) 48
Casing || Unconformable material change 0 70 ab
sat — ] Blows pefr fopt n BPF /
| . (Using 140 Ib T
_‘rBoTtom of J'borlnL hammer with [0 Graphic representation of
! ' 30 dropl= 350 - driving rate.
ft/|b blow) L]
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TABLE I
Location and Type Base Width Base Length Excavation Volume Yd.3
Slide F ‘
Zﬁ& Lower/Compacted Fill 155" 570 ~ 520,000
/2\ Lower/Soi1 Cement 57" 570 ~ 290,000
/3\ Middle/Soi1 Cement 75" 555 ~ 270,000
Zﬁk Upper/Compacted Fill 223! 470 ~ 330,000
/5\ Upper/Soil Cement 76" 470 ~ 150,000
Slide C
ZCS Toe Buttress/.ompacted 272' ~ 1450 ~ 660,000
Fill
/N Toe Buttress/Soil 112" 1450 ~ 160,000
Cement
Toe Buttress/Soil 85" 1450 ~ 120,000
Cement with 2:1

Slope

Excavation voi ane includes front and back slopes

and ten feet deep key below slide surface.

Job No. 377-540 - July 6, 1978 A-1
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TEST BORING LOG

TYPE 5" Ralary [ELEVATION 422" |BoRING 201

LANDSLIDE DEPRIS:
tnrl brosen S1L7Y CLAY with STLTCEQUS
alrgront ehipg (o p/2™

Yellew-brown SILTY CLAY with SILICEQUS
SILTSTONE chips (~1/2")

increasing SILICEOUS chips (*1')

. . .

10 _&f_} Dark brown S11,TY CLAY with minor
? 2 | SILICEOUS chips
oy i —
Y Light yellow-brown SILT (no SILICEOUS
15 v chips)
i < A

20 [k !

LANDSLIDE

Yellow-hrown STLT

4
25 oy B
|
[

30 ;

I

|

=
"
A

I
Fa
’

<

35 N

LT

40 ity

LT
i

CAl- b i e 2

T

45

)

continued

L
o
IR L

LTt

H
i

THIS BORING LOG SUMMARY APPLIES ONLY AT THE TIME
AND LOCATION INDICATED. SUBSURFACE CONDITIONS
MAY DIFFER AT OTHER LOCATIONS AND TIMES,

oIP
Y IN

STR KE
{INCHES)

FEET
SYMBOL

T7307 78 A
LOGGED BY PJA DATE 2/3/78

COMPACTION
DRY DENSITY
(LBS/CU.FT)
MOISTURE
(%)
BLOWS /FOOT
SAMPLE SIZE
SAMPLE N%
MATERIAL

RELATIVE
bE
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TEST BORING LOG

[E———

TYPE 5" Rotary ELEVATION 422" [BoRING 201
_.q:\\ :
._..ES\: vYellow-brown SILT &
RS
55 LR\
NN
AN
AR
SN 2
TNy o
60 ):_‘] a\
(173 2[ Reddish-brown CLAYEY SILT
LA
VvV, A O
L Bl 4
//J w1
-—-,/;J g
65 _/’//? 7
LR A
’__‘//
'3
__//
4
AL,
AL _12»;_ PTETURNED BIENROCK
7012.5] 1 - :..'_'-_ ] Brecelated TUFF. Angular white BINTONLTE
—Etrd and gray and yellow SANDSTONE in a
LEIEY || red CLAY matrix.
——J.L-L-:Jr-
75 i Rrecciated SANDSTONE - Light yellow and
GE 1251 2 i BHE z|tan angular clasts of SANDSTONE and
&) ﬁ STLICEOUS SHALE in yellow-brown SANDY
| L0pd %l matirx. Some black manganese staining
1T % around clasts.
80 A [.‘-llj; 2T orecciated SANDSTONE and TUFF - red and
56(2.5{ 3 L+ orange SANDSTONE clasts in gray, yellow
2t > and rust BENTONITE matrix. Angular
1 d 2| clasts (1/4" to 1.5
85 Il Eii4 | Brecciated SANDSTONE, TUFF and SHALE -
3012.5| 4 . x13 Z| Yellow-brown and gray SANDSTONE and
L} SILICEOUS SHALE clasts (1/4" - 2") in
| AtbE | rust and white BENTONITE matrix. Few
l 5 manganese stains.
‘ 3202.5] 5| PO
mitsE=
o e
il =
95 184 | Brecciated TUFF and SANDSTONE -
131 2.3 6 ___& 5 yellow—brown and beige small (l[lt' to
Itk .f-;_?. 7l 1/2") SANDSTONJ clasls in olive-gray
BT 5] cLAY matrix.
A
1 nn-L _f' “.iﬁ 1
o 1| g~ —
II
""E continued
5 EE w %" g?ﬁ % '_1 THIS BORING LOG SUMMARY APPLIES ONLY AT THE TIME
vl |55l 238 S NI e AND LOCATION INDICATED. SUBSURFACE CONDITIONS
s gEl B E » § %& 2sl & ﬁﬂ :u;' MAY DIFFER AT OTHER LOCATIONS AND TIMES.
@ SF5 o NEFIE I =
Bele= | T |ag|e | & 3 |LOGGEDBY PJA |DATE %{,2%;8 and
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TEST BORING LOG

TYPE 5" Rotary

ELEVATION 422"

|BoRING 201

82 |

50

48

40

50

54

34

2.5

2.5

NSR

2.5

2.5

2 B

NSR

10

11

12

13

14

2/

105

110

FORMATfON+++++*_++

115

MONTEREY

120

DISTURBED BEDROCK: ({continued)
Vory haed roch ol 1ha?

Brecciated SANDSTONE and CLAYSTONE -
brown, green & gray large (>2.5") SAND-
STONE fragments. Reddish-gray CLAY,
somewhat plastic (sheared ?) at 106'

~

Brecciated TUFF and SANDSTONE -
Light pray SANDSTONE clasts in green-whit4
BENTONITE (some red staining in CLAY)

Sheared BENTONITE - carmel and white
BENTONITE with variously oriented sheared
and slicked surfaces. Minor gypsum.

Hard light gray SANDSTONE

125‘£
lmlizg
;\

135

/

PN RS, =

ol AR AN At L o Fp

T

PR
MEMBER

L]

CLLL
"

140

5 0

145

UNDISTURBED BEDROCK:
Dark gray SILTSTONE and SANDSTONE.
Minor gypsum. No apparent bedding.

Blue-gray SILTY CLAYSTONE. Minor mica
No apparent bedding

. becomes harder and sandier

.

Blue-yray fine to medium—grained SANDSTON
Dipping ~10° - 15°
. . . becomes black-gray

. hard SANDSTONE layer at the
bottom of the hole

T J

I

++<;++ <—<—++-<—A- ~+ ALTAMIRA

-150

1. 4
4
NOTES:
1) Minor caving at 15' to 20' and 85' to
95",
2) Groundwater encountered about 142’
3) Backfilled 2/3/78

STRIKE
DIP
RELATIVE
COMPACTION
DRY DENSITY
(LBS/CUFT)
MOISTURE

(%)

BLOWS /FOOT
S50 A b
SAMPLE 5I1ZE

(INCHES)

SAMPLE N%

FEET
MATERIAL
SYMBOL

DEPTH IN

THIS BORING LOG SUMMARY APPLIES ONLY AT THE TIME
AND LOCATION INDICATED., SUBSURFACE CONDITIONS
MAY DIFFER AT OTHER LOCATIONS AND TIMES.

1730776 and

LOGGED BY  pja |DATE /3,78

Job No. 377-54N

Julwv

A,

1978
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MOORE & TABE R CONSULTING ENGINEERS AND GEOLOGISTS
TEST BORING LOG

TYPE 5" Rotary ELEVATION 424" [BORING 202
| LANDSLIDE DEBRIS:
lpper 40' not continuously logged

40

Yellow-brown SILTY SAND with many
QILICEOUS SHALE chips (generally
yellow-brown, white and rust)
Some beige BENTONITE

45

50
Dark brown to carmel SILICEOUS SHALE
and SANDSTONE angular clasts (>2")

in 'sulphur' yellow SILTY SAND matrix
Several angular gray BENTONITE inclusions

2.5|1

LANDSLIDE DEBRIS

55

DISTURBED KFEDROCK:

Mottled light gray, light gray-green
and rust fine SANDY SILTSTONE. FeO
stains along joints. Scattered seams
of gypsum (Planar orientation of single
gypsum seam v 15° from horizontal).

,_
y iy Ao

Y FORMATION

60 1]

65

AR A i AT B
R A <L T A SR A )

727

ALTIMIRA MEMBER/ MONTERE

Light gray CLAYEY SILTSTONE with
interbedded yellow gritty TUFF and
light green BENTONITE. Scattered
gypsum seams. Generally coherent masgs.

1]
LAz a4

7 a7
T T TS

70

2.5} 4

VAr A A
. AR R

Yellow-white blocky BENTONITE. Moderately
{ndurated. Upper 2" of sample is light
gray CLAYEY STLTSTONE with dark brown
(rust) and gray SILICEOUS SHALE fragment
with gypsum seams and iron staining. 1

75
2.515 -

I T4 55 M A

T
i
1

Light gray-green, rust & chocolate
GANDSTONE. Some CLAY and SILT. Highly
indurated mottled with minor gypsum
_grystals.

Light purple-gray CLAYEY SILTSTONE with
_J anrerbedded carmel and white SILTSTONES
and BENTONITIC CLAYSTONES. Well-indurated
well-defined bedding. Some SILICEOUS
SANDSTONES, slightly fractured.

continned

THIS BORING LOG SUMMARY APPLIES ONLY AT THE TIME
AND LOCATION INDICATED. SUBSURFACE CONDITIONS
MAY DIFFER AT OTHER LOCATIONS AND TIMES.

LOGGED BY PJA DATE 2/21-22/78

AR S

jxel
W
~d
i
e R

2.5 6

A

L

o A

oo
Ui
L.

o I

1

D1P
RELATIVE

£ lb,
SAMPLE SIZE

STRIKE
(LBS/CUFT)
MOISTURE

(%)
e
{INCHES)
MATERIAL
SYMBOL

g’

DRY DENSITY

COMPACTION
BLOWS / FOOT
SAMPLE NT
DEPTH IN
FEET

2




MOORE & TABER CONSULTING ENGINEERS AND GEOLOGISTS
TEST BORING LOG

[rrera—

-

TYPE 5" Rotary ELEVATION 424" IBORING
I
_T —u?\:}\f DISTURBED BEDROCK: (continued)
NN .
LB 1] Modtom opange g ltby TURF ~ 1/8" clants
4 || of white BENTONITE in sand-like orange
901l %t | matrix. Massive. Minor gypsum.
2.5/8 AN
-:Jli Carmel, white and scarlet interbedded
CJ + | BENTONITE. Fractures easily along
o5 3 I color contacts. Gypsum seams, red CLAY
- n.: ,t
2.5/ 9 1 1 probable slide surface, shears
P
UNDTISTURBED BEDROCK:
AR Z| White RENTONITE with cream, brick-red
1004 BJ¥ = | and black stringers. Blocky with
2.5/ 10 N = | planar but undulatory thin stringers
NS Z| oriented " vertically. Minor gypsum seam
Apolle
NN
105 3 NN o, | Oranpe pritty RENTONITE v 1/16" clastse
2.5/ 11 'eqj a of white BENTONITE in SAND-1like orange
AN | matrix. Some red and white interbeds of
)i 2| BENTONITE. Minor gypsum.
-} N D =
5.5 12 11044 f i Z| salmon pink and orange BENTONITE.
’ N é ®| Somewhat gritty. Scattered 1/2" gypsum
L%Q'*‘»\' ©| seams.
L&\"L [:j
115_7 A Mottled white brick-red and crange-
2.5 13 AN | yellow BENTONITE with some 1/2"
M ; gypsum seams. Orange gritty TUFF at
\:t T| tip of sample.
EAR S
120 T RIf% <| Same with gray STLTY CLAYSTONE at tip.
2.5 14 N
ﬁ/fﬁ .,
/X | UNDISTURBED BEDROCK:
/wa {| Blue-gray SILTV CLAYSTONE with minor
1254 51? i white CLAYSTONE speckles. Some inter-
: 2.5 15 L Evld || calated orange gritty TUFF and sea
§ a; i green and white CLAYSTONE. Massive,
2 || solid not blocky.
‘ 4
. |130)T¢4 1| park blue-gray SILTY CLAYSTONE with
{4 Y| white ~ 1/8" CLAYSTONE clasts.
- 2.5 16 . il
_ 1 |
v ¥
13500 ; NOTES :
tf 1) No caving
} 2) No groundwater
: 3) Capped hole 2/23/78 )
Lﬂ!

z E E w 53 FeJ e 3 THIS BORING LOS SUMMARY APPLIES ONLY AT THE TIME
wllocl 23 | S [B%(°49) & 1E. <2 AND LOCATION 14 .CATED. SUBSURFACE CONDITIONS
==le=l &85 EE INMYs] Ylaw &3 MAY DIFFER AT OTHER LOCATIONS AND TIMES.
EesE o | 2T qeslaztalis i

gal g2 | 2 13%iaTl3|a 3" |LoGGED BY PJA |pATE 2/22-23/78
L

e,



MOORE & TABER COMSULTING ENGINEERS AND GEOLOGISTS
TEST BORING LOG

el

TYPE 5" Rotaty ELEVATION 395 [BORING 203
—L/ LANDSLIDI DFBRLS:
- S
= Black CHFRT and SILICEOUS SHALE
5_...<.....4V
-
_.J//_
w0 F4/{3 | . . . brown STLICROUS SANDSTONE well
2l indurated
B8
4
15 l/ . . . becomes less indurated brick-red
T £ CLAYEY SANDSTONE
20 [l (1 %
'4«%-’;: M|+ « « OTADRE CI.AYEY SANDSTONR
NN
P;:j‘? w| . . . red SANDY CLAYSTONE
.""
nitE =
25 4'{15 o | Yellow-brown SILICEOUS SHALE and
_ji light gray SILICEOUS SHALE
i —_.';‘;-'/:“ 4
i ]
30kl | Tight gray CLAYSTONE
AR . . . black CHERT
% Yellow-brown SANDSTONE
35 i Kk
LN
LBl
| RN Yellow-brown CLAYEY SANDSTONE with
LATE angular (>2") SILICEOUS SANDSTONE.
Gt 2PN Iron stains along fractures and
& gl around inclusions.
454l ]
1 . . . black CUFRT chips
i —
! —'\
; L & f continued
z 4 E w by §$ & B THIS BORING LOG SUMMARY APPLIES ONLY AT THE TIME
wl lefl 23 | S _ [@qoe| 21, =+ 3 AND LOCATION INDICATED, SUBSURFACE CONDITIONS 5
szl e | =@ [e¥F2| 2 |ze w2 MAY DIFFER AT OTHER LOCATIONS AND TIMES.
“l g2l 23 | § doiz | 2l ih
23| a= | % aala | 88 A LOGGED BY pJjA |DATE 2/23/78
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MOORE & TABER CONSULTING ENGINEERS AND GEOLOGISTS
TEST BORING LOG

TYPE Rotary [ELEVATION  4qq: [BORING 203
»H',} SLIDE DEBRIS (cont):
i Prowd yellowshrown and biask interkedded
55 8|, S11L1CRCUS SANDSTONE and CIHERT
-_‘éf
—S'_-' . . . some orange CLAYSTONE
AT
601 # 1
b s | 2 H::':; Orange and yellow-brown BRECCIA
' /4 |SILICEOUS chips in CLAYEY SAND.
———1;*-‘
63 1
70§ ]
38 . . . black CUFRT
75 .__-le &
2,5NSR o
L] a
— E3)
8Q =
T scattered beds of yellow
B ‘é SANDSTONE and beige CLAYSTONE
0 <
— —
85(i["
‘ L %
1 -,
! 90 F‘ Yellow | eige to light orange interbedded
i 2.5 |NSH 'r:,_' STLTICEOUS SANDSTONE and gray-pink
- SANDSTONE. Moderately fractured.
| A
9= ---Elf.;.1
B §H5 Orange-brown medium to coarse grained
‘ L B4 SANDSTONE with limey streaks and
{ R2EE gypsum filled fractures.
N
1oqu ELr
i 2.5] NSR B O S
: || .
| - continued
1B EE w Eollol e 5 THIS BORING LOG SUMMARY APPLIES ONLY AT THE TIME
2lsi>5| 2z é 3 EQ : wl - z - Eg AND LOCATION INDICATED. SUBSURFACE CONDITIONS
|3 :E :g w ?f gc‘; 2ol 2z w :.._ig MAY DIFFER AT OTHER LOCATIONS AND TIMES.
| 2% F 2 o ol 2| 2 |aw <>
wol 5= Jhnl 2w 5 LOGGED BY 2/24/78 and
o ° pia_ |DATE /51778

A-8



MOORE & TABER CONSULTING ENGINEERS AND GEOLOGISTS
TEST BORING LOG

e,

- ¢ p— g A

TYPE 5" Rotary “JELEVATION 395 [soRING 203
“";ﬁ‘!; . . . probable slide surface
105 ?J-\;
—i1 UNDISTURBED BEDROCK :
“‘l;’ = |Black and dark gray interbedded
all -;E SILTSTONF, SANDSTONE and CLAYSTONE
g - 11 pﬂg Steeply dipping ("60°)
’ Vo —— ]
Ly ES ‘
§ 15 |notEs:
115 =
£t 1) No caving
5 S | 2) No groundwater encountered
4 BT |3) Capped 3/21/78
i
ht
-
-
—4
-
&
B
5
z %E u saldal g ! P THIS BORING LOG SUMMARY APPLIES ONLY AT THE TIME
Yal¥5] 28 | 25 [Enlod| w B =¥ AND LOCATION INDICATED. SUBSURFACE CONDITIONS
HAEHEER g ;§§ Sel S|z 2 MAY DIFFER AT OTHER LOCATIONS AND TIMES.
%] JEL X2 o QlEof x [w .;:;
Bl &= | = |am|a | 8|8 3 LOGGED BY  pja |DATE 3/21/78

3
1
1
1
3
o
5
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F.S. =

SLINE FR-FF!

STABTILITY AHALYSIS : ORDINARY SLICE HETHOD
k= .00 R = 1000
w h h a ) o hw Fr Fd
120 12,0 24,0 50,0 6.0 15N n.n 7935 7RA74
120 29.5 31.0 38.0 6.0 150 n.n 14989 7562
120 39.0 B1.0 24,0 £.0 150 n.n 31291 97n79
120 50,5 An.0  17.0 fiptl 15N n.n 3N638 70870
120 2.5 62,0 8.n 6.0 150 0.0 5NN45 543A1
120 5.0 202.0 3.0 6.0 150 n.n 166836 182172
120 58.n0 147.0 8.0 6.0 150 n.n 128754 142390
120 58.0  76.0 /.0 6.0 150 n.n 6R56A6 73617
120 67,0 a2.n 8.0 AN 150 n.o 21N39 91754
120 77.0  75.0 8,n f.0 150 n.n 83488 9r446
120 a5.n n2.n 7.0 £.0 140 n.n 996AH 1n1a
120 105.0 480,0 5.0 f.Nn 160 .4 71N5626 527117
120 108.0 330.0 3 6.0 160 0.0 4984611 223830
120 96,0 98.0 3.0 6.0 150 n.0 133215 59085
120 an.0  57.0 3.Nn £.0 150 n.n 73175 32218
120 74,0 294.0 3.0 £.0 150 n.n 318182 136634
Total 2489786 1983547

1.25 for existing conditions, no stahilization measures.

SLIDF FF-FF'
STABILTTY AMALYSIS : ORDINARY SLIGE METHOD zfi&
k = .00 R = 1000

W h h - * - hw Fr Fd

120 12.0  24.0 50,0 6.0 v n.0 7935 26474
120 29.5 31.0 38.0 6.0 150 n.0 14989 67562
120 39.0 51.0  24.0 6.0 150 0.n 31291 97079
120 50.5 40,0 7.0 6.0 150 n.n 3NA38 70870
120 52.5  R7.0 8.0 6.0 150 n.n 50045 54361
120 54.0 20:.0 g.n 6.0 150 n.0 166836 182172
120 58.0 147.n 8.1 6.0 150 n.n 128754 142390
120 58.0 76.0 8.0 6.0 150 0.0 6R5A6 73617
120 7.0 82.0 8.0 £.0 150 n.0 81039 91754
s on /7.0 75.0 8.0 N 150 0.0 83488 9644F
b 85.0  82.0 7.0 6.0 150 0.n 99646 111931
120 17,0 480.0 5.0 6.0 150 0.0 705526 527117
20 102.n 33n.0 3.0 f.N 150 0.0 498461 223831
120 96.0 98.0 3.0 725.0 ann 0.0 564974 59N85
120 90,0 57.0 3.0  25.0 400 n.0 309496 37218

150 0.0 327803 147281

(=]
w
[an]
(@)}
em]

120 76.0 296.

Total 3167487 1988193
1.59 for lower untreated compacted fill shear kev



SLINE FF-TF
STARTLITY AMALYSTS

¢ ONNTHARY S TCE MITHAD

Fr

=

7935
149809
31291
30638
5045

166R3A
128754
6566
81139
83488
99616
705626
4984/
133215
728912
327803

20D
P

S DD N DD DIIDDITODS

. = o=

D302 DIDTI T DDDD

éﬁih\“

Fd

26474
67562
97079
70870
54361
182172
142390
73617
91754
Qr446A
1n1931
527117
2723830
50085
32218
141281

Total 3155144 1988193

Ep

=
=
=

7935
14989
3129
3n638
50045

166836
128754
ARRAA
31139
B37729
1828205

S O D DD oD
s Bt Jus Rl R B Sl R R S

N=15 k = NN Ro= 1000
W h ! a C
1 120 17.0 24.0 50.N 6.0 150
2 120 29.5  31.n  38.0 6.0 150
3 120 3.0 51,0 24,0 f,.0 150
4 120 50.6 40,0 17.0 6.0 150
5 120 2.5 62.0 8.0 fL0 150
6 120 54.0 202.0 8.0 f.N 150
/ 120 53.0 147.0 8.n f.0 150
8 120 58.0 76.0 3.0 6.0 150
9 120 £7.0 82.0 8.0 6.0 150
10 120 77.0 75.0 8.0 6.0 150
n 120 85,0 R2.N 7.0 h.N 1680
12 120 1045.0 4800 5,0 q.N 15N
13 18 18,0 330.0 3.0 6.N 180
14 120 96.0 93,0 3.0 6.0 150
15 120 an.n 57.0 3.0 45.0 20NN
16 120 76.00 296,0 3.0 6.0 150
F.S. = 1.59 for lower treated soil cement shear key.
STABTLITY AMALYSTS < ORNDINARY SLICT METHND
N=10 ko= .00 R = 1000
W n h a o
1 120 2.0 24,0 /0N 6.N 150
2 120 29.5 31.0 33.0 h.N 150
3 120 39.0  51.0 24.0 R.N 150
4 120 50.5 an.n 17.0 6.0 150
5 120 2.5 £2 .0 a.n 6.0 150
6 120 54,0 200 n a.n f.n 150
7 120 BR.O 1170 8.0 6.0 1650
8 120 53.0 /6.0 8.0 h.0 150
9 120 67.0  a2.n 3.0 6.0 150
10 120 7.0 5.0 8.1 an5.n 2000
11-16  (see page C-4)

Total 3244027

F.S. = 1,64 for middle treated soil cement shear key

Job No. 377-540 - July 6, 1978

£\

Fd

76474
67562
a7079
7087N
54361
182172
14?7390
73617
91754
96446
1080817

1983546

C-2
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. SLIDF FF-TF!
STARILTTY AHALYSTIS : ORDIMARPY SLICC METHOD
N= 8 k = .00 R = 1000
w h h a f c hvt Fr

: 120 12.0 24,0 EN.N [N 150 n.o 7935

7 120 29.5 31.0 38.0 h.0N. 150 n,n 14989

3 120 35.0 5.0 21.N A.N 150 n.0 31291

4 120 hn.5 an.n 17.0 A0 150 n.n 30638

5 170 52.5 67,0 a0 h.0 150 n,n 5NAR

6 120 4,0 202,0 a.n n.N 160 n.n 16ARIC

7 120 5.0 147.0 a.n 25.0 40N n.n R71873

8 120 53.0 76.0 g8.n 25.N an0 n.n 274156

9-16 (see page C-1) 1992732
Total 3101245

F.S. = 1.56 for untreated compacted fill

.iiear key in upper section
STARTI ITY AHALYSIS @ NRDINARY SLICE METHAD
N = 8 k = .00 R = 1000
w h h a ) c hw Fr

1 120 12.0 21.0 50.0 6,0 1RN 0.n 7935

? 120 29.5 31.0 38.n £,N 180 n.0n 14989

3 120 39.n  K1.,0 24,0 A0 150 n.n 317291

4 120 50.5 an,0n 17.0 AN 150 n.n 3INA38

5 120 2.0 (2.0 .0 6.0 150 0.0 AGR5R

fi 120 4.0 2nP.0 a,.n 6,0 160 n,n 1ARB3A

7 12n RE.0 147.0 a.n £.N 150 n.n 178754

B 120 58,0 6.0 a.n 45.n 2nn0 n.n 77305

9-16  (see page C-1) ‘ 1992732
Total 3100138

F.S. = 1.56 for upper tivated soil cement
shear key

Job No. 377-540 - July 6, 1978

/A

Fd

2RA74
RTHR2
97070
7ne7n
543R1
182172
142700
73617

1269015
1983543

A

Fd

2r174
£75h2
97n79
7n270
73843
182177
142399
73617

1269015
1983026

c-3
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SLINE FF-FF! \

STABTLITY ANALYSIS : ORNTHARY SLIAE METHOD S
N = 6 k= .00 R = 1090
w h b a A C hw Fr Fd
1 120 85.0 82.0n 7.0  A.0 151 n.n 99646 10197
12 1200 105.0 4800 5.0 @&.0 150 n.n 705526 52717
13 120 108.0 3.0 3.0 .0 150 0.0 A0346] 2213830
14 120 96.0 93.9 3.0 A0 150 n.n 133215 59NRG
15 120 99.0 §7.0 3.0 6.0 180 n.n 73175 32218
16 120 74.0 294.0 3.0 6.0 160 0.0 318182  13RR34

Total 1828205  1NBNR17

F.S. = 1.69 for portion of slide hrlow niddle treated soil cement shear key

SLINE FF-FF'
STARILITY ANALYSTS : NORNINAPY SLICE METHAN
N= 8 k = ,0N R = 10100
W h b a 4] c hw Fr Fd
9 120 ., 7.0  82.0 n.n .0 150 n,n /1n139 917654
}0 170 77.0 75,0 8.0 N 150 n.n 83488 NRA4F
i1 120 a8s.n 82,0 2.0 n.0n 150 0.0 LTS 1n1a3)
12 120 1065.n  A30.N 5.0 A.N 1650 n.n 7N6H2A 527117
13 120 108.0  33n.0 3.N 6,Nn 18N n.n 498481 223831
14 170 96 0N An,n 3,0 £.N 161 n,n 1332145 5ONBAK
15 12n nA.n h7.0 3.N 6,0 15N AN 713176 372718
16 120 7.0 294.0 3,N f.N 165N n,n 318182 13AR34
Tntal 1992732 12FfaN18
F.&. = 1.57 far portinn of slide helow unner treated snil cement shear

kéy and/or untieated compacted fill shear key

Job No. 377-540 - July 6, 1978 - C-4



STABILTTY ANALYSIS

SLINE C-r°

ONNTHAPY SLICFE METHAN

Ir

8537
N1
2294R/0
1560
85118
10155
94457
33an4
3nre

5Ag4a3

rd

3R197
17?778R

2ngal1o
REROA

5R5A8
17811
5PRRB
1RRBA
-4777

F7A2R0

£\

Fr

8537
30019
229469
935F0
05418
17155
376410
123768
1NR86

972822

M= 9 = NN R o= 1000
W h ) a f C hw
1 120 204 16,0 70,5 f.N 18N n.n
2 120 52.0 440 315.0 6.0 150 0.n
3 19N 3.0 2440 6.h f,N 150 n.n
4 120 AN 1,0 5,0 6,0 150 n.n
5 120 56.0 1NN.0N h.N AN 151 n.n
6 120 49.n 25,0 Hh.n 6,0 150 n.n
7 120 35,0 161.0 5.0 AN 150 n,n
8 120 15.0 100.0 5.N AN 150 n.0
9 120 3.0 12.n =?24.5 Af.n 159 n.n
Tntal
F.S. = .95 for existing conditions, no stahilization measures.
SLINE C-¢'
STARTLITY AHALYSTS : NRNIMNARY SLICE METHND
N= 9 = .00 R = 100N
W h ) a A c hw
1 120 20,0 16,0 70,5 6.0 150 n.n
7 120 52.0 44,0 39.0 6.0 150 n.0
3 120 63.0 244.0 6.5 n.N 150 0.0
4 120 6GA.ND 98,0 5.0 6.0 150 n.n
5 120 56,0 1n0.0N n.0 6.0 150 n.n
] 100 49.n 5.0 5.0 A.N 15N n.n
7 120 35,0 10N 5.N 2r.N 4nn n.n
8 120 15.0 1n0H.n 5.0 25.0 ann 0n,n
9 120 8.0 12.0 =440 25,0 ann n.n
Total
F.S. = 1.7 for untreated compacted fill buttress

Job No. 377-540 - July 6, 1978

Fd

3R a7
17278F
7N8819
6R596
58568
12811
5R5AR
15A88
-8145

R7NRAT

C-5



SLIDE C-C'
STABILITY ANALYSIS : ORDINARY SLICE METHOD / j}
[ N= 9 k = .00 R = 1000
\ W h b a P £ hw Fr Fd
1 120 20,0 16,0 70,5 6.0 150 0.0 8537 3R197
2 120 52,0 44,0 39,0 6.0 1450 n.,n 3n919 172786
3 120 63,0 244.0 (.5 .0 160 n.n 279469 ?PNAR1A
4 120 64,0 9a.n 5.0 6.0 150 n,.n 935R0 fRROA
5 12N R6E.N 1000 5.0 £.0 150 n.0 85418 58568
6 170 9.0 25,0 5.0 6.0 150 n.n 19155 17811
7 170 35.0 16N.N 5.0 .0 150 n.n 94452 58568
8 120 15.0 100.0 5.0 A5.0 2n0n n.o I8N078 15FR8B
9 120 8.0 12.0 =-45.0 4n,n 2000 n.n 42086 -8145
Tatal aB3hR74 20841
F.S. = 1.58 for treated soil cement buttress
SLINE C-C'
; STABILITY ANALYSIS : ORDINARY SLICE MFTHON
N =10 k = .00 R = 1000
W h h a f C hw Fr Fd
1 120 20,0 16,0 70,5 6.0 180 0.0 8537 36197
2 120 52.0 44.0 39.0 .0 150 n.n 31919 17278F
3 120 63.0 244.0 6.5 6.0 160 n.n 2294F9 2088149
4 120 64.0  98.0 5.0 6.0 150 1.0 93560 65596
: 5. 120 56.0 10n,0 5.0 r.n 159 n.n0 85418 585A8
6, 120 42.0 94,0 5.0 6.0 150 n.0 64939 42271
7! 120 4?2 1 106.0 5,N 6.0 150 0.0 71897 - 4R5R2
8! 170 43,0 12,0 5.0 6.0 150 n.0 8290 539k
9! 12N 25.0 73.0 5.0 45,0 200N 0.n 364773 19087
10! 120 5.0 12.0 -A5.0 45,0 2000 n.0 39037 -5n91
Total 996784 650197
F.S. = 1.53 for treated soil cement buttress
with 2:7 overlying fill
¢
Job No. 377-540 - July 6, 1978 C-6
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