
I?- -_ -— 

_ 
_ _  

-

AD — A 0 75 778 ARMY ENGINEER W ATERWAYS EXPERIMENT STATT Oq VICKSSIJRS—fTC ns •,e
EV ALUATION OF EFFECTS OF PANA”A CANAL DEEPE’IING UPON THE STASIL— ETCI’’)
UP 79 N 0 MilaN

UNCLASSIFIED flS—II.—79—1ê Nt 

a _ ___

_ •U11IJ Lfl ~JO!U

El!_



~

.

f~PruV EL%

TECHNICAL REPORT GL-79-16

EVALUATION OF EFFECTS OF
j ’~ :~ PANAMA CANAL DEEPENING UPON THE

STABILITy OF LA PITA HILL11r~ by

Wend.II 0. Miller

Gsot.chnjcel Laborstory 
- .U. S. Army £ngin..r Waterways Exp.dmrn,t Stabo~P.O. Box 631, Vicksburg, Miss. 39180

ocr 31 1979S.p~.mb.r 1979

~inaJ R.por*
Fof P ib~lc Rush .; D~stdbutIo. UldImIt.d] B

_

_ _

_ _ _ _  

7g 10 29 061

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . .- ~~~~~ 
~~~~~~~~~~~~~~~ ~~~

—S — -. . -



Destroy this report when no longer n..d.d. Do net return
it to the originator.

The findings in this report are not to be construed as an official
Deportment of the Army position unless so designated

by other authorized documents.

This program is furnished by the Government and is accepted and used
by the recipient with the express understanding that the United States
Government makes no warranties, expressed or implIed, concerning the
accuracy, completeness, reliability, usability, or suitability for any
particular purpose of the information and data contained in this pro-
gram or furnished in connection therewith, and the United States shall
be under no liability whatsoever to any person by reason of any use
made thereof. The program belongs to the Government. Therefore, the

• recipient further agrees not to assert any proprietary rights therein or to
represent this program to anyone as oth:r than a Government program.

The contents of this report are not to be used for
advert ising, publication, or promotional porpoise.
Citation of trod. names doss not constitute an
off icial endorsement or opproval of the use of

such commercial products.

- ~ I ~ —~ — 1 IL ~~~~~~~~
~~~~~~~~~~~ ~~~~~~~~ •

/ /“
_ _ _ _ _ _ _ _ _ _ _  

_ _ _ _



DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DDC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT

REPRODUC E LE GIBLY.

a

. r ~~~~~~~~; ~~~~
~~~~~~

/



Unclass ified
SECURITY CLASSIF ICATION OF THIS PAGE (ITha. D.f. Hnt.,.d)

o~~~e~ør 
~~~~~~~~~~~~~~~~~~~~ 

DAr.E READ INSTRUCT IONS
r~Lr~ JI’ I ~~~~~~~ n I ,~~IJIJI” F ~U BEFORE COMPLET ING FORM

I. REPORT NUM B ER 2. GOVT ACCESSION NO. 3. REC IP IENTS CATALOG NUMBER

Technical Report GL—79— 16 ______________________________
4. TITLE (aid S~bIlti.) 5. TYPE OF REPORT S PERIOO COVERED

E~VALUATION OF EFFECTS OF PANAMA CANAL DEEPENING •1 -1Final report .,
~‘
..— - ----~< UPON THE STABILITY OF LA PITA HILL , ~~~~. 6~. tW~1~M iNG OR G. REPORT NUMBER

— I - — . 
B. CONTRACT OR GRANT NUNBER(.)

wendell 0 ./Mil ler

9. PERFORMING ORGANIZATION NAM E AND ADDRESS 10. P R O G R AM  ELEMENT, P R O J E C T , T A S K
A R E A S  WORK UNIT NUMBERS

U. S. Army Engineer Waterway s Experiment Station
Geotechnical Laboratory
P. 0. Box 631, Vicksburg ,  Miss .  39180 

____________________________

II. CONTROLLING OFFICE NAME AND ADDRESS •I2. REPORT DATE -

The Panama Canal Company / / Sep~~~~~ 1979
IS. NUMBER OP PACESBalboa Height s , Canal Zone —

__________________________________________________________ 3 5~4
41. N~ N ITOR ING AGENCY NAME B ADDRESS(lt dlfS.ronl ( g m  ControHlng Offic.) IS. SECURITY CLASS. (of thu r.port)

( ~~~~~~~~~ ) 

— 
( ,

, 
-/

~~~~~ 
Unclassified

/ ~~ 
‘ “  - / IS.. DECLASSIF,CATION /OOW NGRA DINC’

- - SCHEDULE

16. DISTRIBUTION STATEMENT (of fbi. ROpers)
.1 ~ /

Approved for public release; dis t r ibut ion unlimited.

17. DISTRIBUTION STATEMENT (of Ih. ab.Iract .nt. ,.d In Block 20. If dfff.r.n f from R.porf)

D D C
15. SUPPLEMENTARY NOTES 1~ii1j? 1~D 1? flft fI{ ~!

OCT 31 1919

IS. KEY WORDS (ConIin.~s on .. ~.r.. old. II n.c...ay aid Id.ntlfy by block nuo,b.r) ~J (J1.6(..!~L6~U U [.5
Blasting Panama Canal B
Canals Pseudostatic analyses
Excavation Semiempirical analyses
La Pita Hill Slope stability

20. a~~~’rRAC’r (comt~~~. om ro..r.. .l~~ ft n.c..wy d ldm’.üfy by block rs ,b.,)

report presents an analysis and evaluation of the stability, as well
as provides design recommendations for La Pita Hill on the Panama Canal. The
site was selected for study by the Panama Canal Company (Pcc) based upon
scheduled Canal deepening locations and stability of adjacent slopes. This
report provides systematic , step—by—step guidance for preventing a massive
failure of La Pita Hifl caused by Canal deepening operations , i.e. blasting and

(Continued)

DO ~~~ 1473 EDITION OF INOV BS PS OBSOLETE Unclassified
SECURITY CLASSIFiCATION OF THIS PAGE (NS..n Dat. Enl rsd)

___ ~ / I-
~

‘ I : *4~ . ..

_ _ _ _ _ _ _ _ _  

- 
a



Unclassified
SECURITY CLASSIFICATION OF THIS PAGEI’B7Ia. Dot. ZnI.rod)

2U. ABSTRACT ( Continued )

- excavation. The results are n . intended for direct extrapolation either to
other sites along the Canal or to small localized failures along the slopes
adjacent to La Pita Hill .

Tins report provides the basis for the future evaluation of slopes affected
by Canal deepening but is not intended to set a precedence for the method of
analysis. Any future study should be independent but should draw upon the
experience gained from preceding analyses. ‘

ACCESSION for 
_______

NTIS Vih~t~ Section
DDC Buff Section 0
UNANNOUNCED 0
JUSTIFICATION _______

BY —

OISTRIRDIIDN/AVAIIAB IUTY CODES
Dist. AVAIL. and,’or SP ECIAL.

Unclassi  f ied
SECURITY CLASSIFICATION OF THIS PAGE(Wh.n Data Entsr.d)

________ 

j

- / ,  c,- 
- -

1T~~ . 
~t~~~~~~; 

- -

/



PREFACE

This study was initiated by a request from the Panama Canal Company

(PCC) that the U. S. Army Engineer Waterways Experiment Station (WES)

prepare a work statement describing a study approach for selected slopes

in the Gaillard Cut. A work statement was prepared by WES and trans-

mitted to PCC on 1. October 1974. La Pita Hill was chosen for analysis,

and authorization for the study was obtained in a letter from PCC dated

8 November 1974.

Upon completion of this study, a draft of the report was trans-

mitted to PCC for review and comments. Since transmittal of the draft,

WES and PCC have held numerous discussions. As a result of the review

and discussions, several of the recommendations in this report were

implemented prior to publication.

The study was conducted and this report was prepared by Mr. W. 0.

Miller, Rock Mechanics Applications Group (RMAG), Engineering Geology

and Rock Mechanics Division (EGRMD), Geotechnical Laboratory (CL), WES.

Technical assistance was provided by Mr. R. D. Bennett, RMAG; Mr. J. L.

Gatz, Chief, Exploration Group, EGRMD; and Mr. G. P. Hale, Chief, Soil
Testing Facility, Soil Mechanics Division (SMD), GL. The study was

conducted under the direct supervision of Mr. J. S. Huie, Chief , RNAG,
and Dr. D. C. Banks, Chief, EGRMD, and under the general supervision of
Messrs. J. P. Sale and R. G. Ahlvin, Chief and Assistant Chief , respec—

tively, GL. The report was reviewed by Dr. F. C. McLean, former Chief,

Earthquake Engineering and Geophysics Division, CL; Dr. R. J. Lutton,

Research Group, EGRMD; and Messrs. S. J. Johnson, former Special Assist-

ant, CL; and C. L. McAnear, Chief, SMD. The study was closely coordi’-

nated with PCC personnel, particularly Mr. A. P. Mann, Chief, Civil

Engineering Branch, Engineering Division, and several of his associates:

Messrs. R. H. Stewart and F. A. Len—Ri’os , CPT J. McCutchan, and Mrs. J.
Stewart.

Directors of WES during the conduct of the study and the prepara-
tion of this report were COL G. H. Hilt, CE, COL J. L. Cannon, CE, and

COL N. P. Conover, CE. Technical Director was Mr. F. R. Brown.
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CONVERSION FACTORS , U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measu rement used in this report can be con-
verted to metric (SI) units as follows:

Multiply By To Obtain

feet 0.3048 metres

inches 25.4 millimetres

inches per minute 25.4 millimetres per minute

inches per second 25.4 millimetres per second

pounds (force) 4.448222 newtons

pounds (force) per square 47. 88026 pascals
foot

pounds (mass) 0.4535924 kilograms

pounds (mass) per cubic 16.01846 kilograms per cubic
foot metre

tons (force) per square 95. 76052 kilopascals
foot
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EVALUATION OF EFFECTS OF PANAMA CANAL DEEPENIN G
UPON THE STABILITY OF LA PITA HILL

PART I: INTRODUCTION

Background

1. The Bank Stability Surveillance Program (BSSP) of the Panama

Canal Company (FCC) has provided data in the past several years that

indicate varying degrees of stability for portions of the banks of the

Panama Canal in the area of the Gaillard Cut. The BSSP data collection

has been supplemented by a long—term study of the clay shale slopes

during which as complete a record as possible was compiled of historical,

geological, and engineering data starting from the early days of Panama

Canal construction and continuing into the early to mid—l970’s (Lutton

and Banks, 1970; Lutton, 1975; Banks et ala, 1975; Banks, 1978; and

Banks, Strohm, and Lutton, in preparation). These references emphasize

the continued need for concern over slope stability, especially during

planning and construction of the 9—f t~ deepening of the Canal.

2. It is hoped that the Canal can be deepened in the vicinity of

both stable and marginally stable slopes in such a manner that slope

failures will be prevented. At the same time, it is recognized that,

since the deepening will affect the toe of the slopes, even the rela-

tively minor new excavation may have a serious effect on slope stability.

Additionally, since deepening by underwater blasting techniques is

planned, the forces applied to the slopes by blasting and/or the change

in material properties caused by the blasting may be sufficient to cause

damage or even failure. These possible causes for concern led PCC to

request a statement from the U. S. Army Engineer Waterways Experiment

Station (WES) describing a study approach for assessing the stability of

specific slopes selected by PCC and design recommendations to prevent

* A table of factors for converting U. S. customary units of measure-
ment to metric (SI) units is found on page 4.
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failure*. The study approach 18 illustrated in Figure 1. Upon review

of the work statement, PCC selected La Pita Hill as the first area for

study and authorized WES to proceed on a study of that slopea **

General Description of Study Area

3. La Pita Hill lies on the east bank of the Cunette Reach of the

Panama Canal approximately between sta 1827 and sta 1837 where La Pita

Ridge intersects the Canal cut.t The hill and ridge form the topo-

graphic high in the immediate area, as shown in Figure 2, rising approx-

imately 310 ft above the present Canal bottom. Cross sections through

La Pita Hill show the front slope to rise roughly 110 to 130 ft above

the Canal bottom on approximately a l.75V on 1H slope (60 deg) and then

on approximately a lV on 2.75H slope (20 deg) for the remaining 180 to

200 ft.

4. The hill has experienced a limited amount of instability in

the past with at least one slide occurring on the hill and several

others in the immediate vicinity (Figure 2). A description of the

history, geology, and mechanics of movements in the area have been

reported by Lutton (1975). The slides in this area began during the

early construction and continued intermittently over a period of many

years; no recent activity has been noted .

* Work Statement for PCC by WES, “Incremental Slope Designs and
Development of Blasting Criteria Related to the Deepening of the
Panama Canal ,” transmitted by letter dated 1 Oct 1974.

** Letter from Mr. R. J. Risberg, Chief, Engineering Division, PCC,
Subject: Analysis and Recommendation for Stabilization of La Pita
Hill , dated 8 Nov 1974.

t In this report, present (1975) Canal stationing is used. The
Cunette Reach lies between the Cunette and the Fanpire points of
intersection (Pt). These points are located as follows:

Pt Station Latitude Longitude

Cunette 1819+57.2 90 04’ + 1119.7 790 40’ + 2788.5
Fmpire 1842+57.4 9° 03’ + 5711.7 79° 40’ + l494al

Azimuth of Canal center line in Cunette Reach: 321° 05’ 43”.
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5. The planned deepening of the Canal in the vicinity of La Pita

Hill caused concern over the present stability of the hill. This interest

was generated by several important considerations : (a) previous slide

activity in the area , (b) the large potential mass that could be involved

in a massive failure , and (c) method of excavation , i.e., blasting along

the toe of the hill. with subsequent removal of resisting material from

the toe of the slope.

Purpose

6. The purpose of this study is to provide an assessment of
La Pita Hill as it presently exists and to evaluate the possibility of a

major failure of the hill which could result from the proposed deepening

operations in the area. In addition, if the assessment should indicate

the possibility of a major failure, procedures or techniques are to be

recommended for either increasing the factor of safety or controlling

the amount by which it is reduced.

Scope

7. Acquisition of data for the analyses included a review of

historical records, review of information gathered under the BSSP and

other data of PCC and WES , taking samples in new borings, and laboratory

testing to identify strength and index properties of materials encoun-

tered. The need for additional borings to identify the geologic structure

more completely and for laboratory tests to determine strength parameters

immediately became evident following a review of existing data from the

study area.

8. Laboratory strength tests were conducted at WES on the new

J samples to determine the current strength parameters and compare them
with peak and residual values. Because of a restricted time frame and

limited funds, only those samples deemed most important to the study

were tested .

7
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9. During 1975 the Canal was deepened by blasting on the opposite

bank of the Cunette Reach in the near vicinity of La Pita Hill as shown

in Figure 3. Seismographic records were obtained to assist in the

development of acceleration criteria for use in the analyses. In addi-

tion to the evaluation of present seismographic records, all blast

records previously acquired were reviewed, and appropriate relationships

of velocity versus scaled distance and acceleration versus scaled

distance were developed.

10. Stability analyses of La Pita Hill were made following two

different procedures. First, a semiempirical two—dimensional effective

stress analysis was made to obtain an estimate of the long—term stability

of the hill after deepening. Following guidance recommended by Banks

et al. (1975), a failure plane was assumed and strengths were determined

from back analyses of failures that had occurred within the same geologic

formation (Las Cascadas). Second, to obtain an evaluation of the short—

term stability of the hill, a conventional two-dimensional total stress

analysis was performed using laboratory strengths partitioned along

trial failure surfaces. As will be explained later, the choice of a

two—dimensional analysis rather than a three—dimensional analysis was

governed by an evaluation of all subsurface information currently avail-

able on the site. For the short—term analysis, the stability of La Pita

Hill was determined for (a) its present conditions, (b) its condition

after removal of the toe, and (c) its condition after removal of the toe

with additional forces caused by average blast—induced accelerations

acting uniformly upon the slope. An additional analysis was conducted

using distributed accelerations imposed upon the slope.

11. Recommendations proposed in this report have been made con-

cerning existing and future stability of the La Pita Hill and econom-

ically feasible ways for maintaining the stability against a massive

failure. These recommendations should be limited to La Pita Hill per se

and are not intended for extrapolation to other areas along the Canal.

8
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PART II: GEOLOGY AND FIELD DATA

General Geology

12. La Pita Hill is composed of materials of the Las Cascadas

formation, described by Woodring (1957) as being volcanic in origin and

consisting principally of agglomerate and tuff. The matrix of the

agglomerate consists of soft, fine-grained altered tuff and bentonitic

clay. Lutton (1975) stated that the formation has been generally regarded

as Oligocene (but without verification) and thought to contain four rock

types: dacitic tuff breccia (also called agglomerate), tuff, welded

tuff (also called ignimbrite and ash flow), and andesite. The tuff

breccia , welded tuff, and andesite , while jointed, are generally stronger

than the tuff. The tuff layers are generally thin (on the order of

10 ft) and soft, and at the location of previous slides , functioned as

parts of the sliding surfaces. Slickensides appear to be a characteristic

feature of the tuff. Geologic information determined from a review of

both past and present boring logs generally confirms these descriptions.

A description of the general geology at La Pita Hill has been presented

by Lutton (1975).

Specific Geology

13. Strata in the bill consist of a sequence of interbedded

andesites, tuffs , agglomerates, and ash flows, all dipping generally

toward the Canal. Saprolitic overburden, derived from andesite, ranges

in depth from zero near the Canal excavation down to a maximum of approx-

imately 100 ft on the crest of the hill.

14. Table 1 lists the borings from which subsurface information

was available for this study. Boring logs indicated the presence of

numerous faults, joints, shear zones, and highly faulted areas. The

approximate general locations of both confirmed and possible faults have

9
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been indicated in Figure 3. Boring logs available at the beginning of

the study indicated the possible existence of a fault paralleling the

Canal that could serve as a back scarp for a potential slide mass. (The

possible fault is labeled C-C in Figure 3.) The possible fault was

located between borings SC-82 and ERE-l8 and was indicated by the general
lack of correlation of strata encountered in these two borings. Since

the possible fault was located at a particularly critical location and

since the geologic picture was still incomplete for a specific analysis,

three additional borings were drilled by WES crews and a shallow trench

was excavated by FCC crews at the L a Pita Hill site.
15. The loèations of the three new borings, ERE-25 , ERE-26 , and

ERE-27 , are shown in plan in Figure 3. The three new borings were

located to intercept the possible fault, and to determine if it dipped

toward the Canal and could thus function as the back scarp of a possible

sliding mass. Boring ERE-25 was made using a 4- by 5-1/2-in, standard
Diamond Core Drill Manufacturers Association (DCDMA ) double-tube, swivel-
head core barrel with cemented carbide insert bits. After boring ERE-25
was logged and the core evaluated, an offset boring ERE-25A was made

using a 5- by 6-1/4-in, modified Denison sampler with cemented carbide

insert bits to obtain undisturbed cores. Borings ERE-26 and ERE-27 were

made using a 4- by 5-1/2-in, standard DCDMA double-tube, swivel-head

core barrel with cemented carbide insert bits. Logs of the borings were

compiled by PCC geologists and are included in Appendix A for complete-
ness. An evaluation of the core samples and logs of the three borings
did not conclusively confirm or deny the existence of any of the faults

within the hill (Figure 3) although the borings did reveal numerous

zones of sheared or faulted materials and provided additional geologic

information about La Pita Hill. A review of all boring logs in the hill

indicated a general predominance of broken or sheared zones within the

weaker strata, i.e., tuffs and agglomerates. In general, the bill

appears to consist of fairly competent materials (andesites and ash

flows) with zones of weaker, broken , and sheared materials (tuffs and
agglomerates).

10
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16. An open—face trench (benched excavation), approximately 40 f t

deep, 100 ft wide, and 200 ft long, was excavated along the side of the
steep slope on the northwest side of La Pita Hill with bulldozers by PCC

crews. The trench (Figure 3) was located to provide additional informa-

tion concerning the existence of the possible fault. The trench was

inspected by PCC geologists, who were able to determine only minor
possible expressions of a fault within the overburden materials. No

conclusive evidence was determined to confirm the fault.

17. Geologic cross sections (Figures 4 and 5), prepared through

sta 1831+00 perpendicular to the Canal center line and sta 1835+50

skewed to the north at an angle of 67.5 deg with the Canal center line

(labeled A—A and B—B , respectively, in Figure 3), show the materials to
be bedded and generally continuous, with a strike of S 61° E and a dip

of approximately 5° SW. The oblique section through sta 1835+50

(Figure 5) is drawn parallel to the dip of bedding.

Simplification of Geology

18. The complexities of lithological types, stratigraphy, faults,

shear zones, and joints indicated in Figures 3, 4, and 5 caused diffi—

culties in understanding the possible failure mechanics of La Pita Hill.

For a stability analysis of La Pita Hill, an in—depth evaluation was
required of all available data from the site.

19. An evaluation of the entire geologic picture of the La Pita

Hill area revealed layered materials which, in general, possessed numerous
sheared and broken zones. In some cases the8e zones have been termed

faults to explain discontinuity of strata between borings. However, the

majority of the faults within the hill are inferred faults that exhibit

only minor throws and are oriented to form only a minor portion of a
potential slide mass. Two faults which were inferred as major faults in

the study area were evaluated both separately and jointly. One fault

(designated D—D in Figure 3) strikes N 40° B and dips approximately 74°

SE, passing through boring ERE—9; and the other (designated E—E in

11
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Figure 3) strikes N 100 E and dips 600 NW, passing through boring ERE—2
(Figure 3). These two faul ts  form a wedge—shaped prismoid which isolates

the central portion of the hill from either side. The dips of these two

faults  are such that they extend outward and downward away from the hill

and thus are not considered to contribute major or significant sliding
planes for the purposes of an analysis. This observation suggests that

the stability behavior of the central portion of La Pita Hill can be

assessed using a two—dimensional analysis rather than a three—dimensional

analysis.
20. In order to perform a two—dimensional stability analysis of

La Pita Hill , the following generalizations and assumptions were necessary :
a. Materials similar in strength properties and somewhat similar

in composition and method of deposition, i.e., tuffs, agglom-
erates , agglomeratic tuffs, and tuffaceous agglomerates , were
grouped together as tuff breccia in order to describe certain
layers within the hill.

b. Ash flows and agglomerates, which were described as ignimbrites
on PCC boring logs, were grouped together as a layer of
“ignimbrite” and subsequently served as a “marker ” bed in
describing and evaluating the geologic structure of the study
area.

c. Strata within the hill were assumed to be continuous , and
discrepancies between elevations of materials in boring logs
and those plotted on the analysis cross section were primarily
accounted for by the offset of the borings from the section
analyzed.

d. Major faults  wi thin the hill are oriented and dipping in such
a manner that it was assumed that a three—dimensional wedge—
type failure was highly improbable.

a. The section chosen for analysis (Section A—A, assumed most
critical) was perpendicular to the Canal through sta 1831+00
(Figure 4), which represented the steepest ground surface
profile, rather than the section skewed at 67.5 deg with the
Canal (Section B—B) through sta 1835+50 (Figure 5), which
represented the steepest bedding dip for the study area.

21. These assumptions, necessary to perform an analysis, are

generally consistent with the overall geologic interpretation of the

hill from an engineering standpoint, i.e., assumptions made do not

compromise the strength parameters governing the stability of the hill.

The simplified profile is shown in Figure 6.
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Groundwater and Pore Pressure Conditions

BSSP data

22. Groundwater level measurements , obtained in open boreholes by

the BSSP, were furnished by PCC at the beginning of the study for 10

boreholes in the immediate area of La Pita Hill. The designation and

location of these boreholes are listed in Table 1.

23. The maximum and minimum levels recorded were chosen as limiting

conditions for use in stability analyses. These maximum and minimum

levels are shown in a section in Figure 7. To establish the section ,

boreholes with their appropriate water levels were projected parallel to

the center line of the Canal. The ground surface profile depicted in

Figure 7 represents the ground surface at each of the individual boreholes.

24. Groundwater levels and pore pressures are applicable to

effective stress analysis rather than to total stress analysis. As will

be discussed later , only the semiempirical analysis used effective

strengths.

Recent data

25. To supplement the existing data and more precisely identify

pore pressures active within the analysis area, two piezometers were

placed in La Pita Hill during the recent boring program. These piezom’-

eters were placed in borings ERE-25A and ERE-27. In addition, borings

ERE-25 and ERE-26 were used for open-hole water level measurements.

26. Water levels within borings ERE-25 and ERE-26 were generally

consistent with the previously defined groundwater conditions plotted in

Figure 7. The piezometer levels reflected in borings ERE-25A and ERE-27,

however, were substantially lower than readings recorded in the open

boreboles, thus indicating that a perched water table was measured in

the open boreholes. The geologic information available for the hill

tends to support the likelihood of a perched water table. The boring

logs and interpreted geologic cross sections reveal numerous strata

beneath the overburden materials that are highly broken and sheared ,
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thus indicating high permeabilities and the probability of somewhat

free draining layers at depth.

27. The use of water levels recorded in the open boreholes,

i.e. the perched water table, for defining pore pressures rather than

the lower pore pressures indicated by the piezometers provides conser—

a 
vative assumptions with respect to the anticipated pore pressures at

depth. Pore pressures associated with the upper water levels were used

in the semiempirical analysis of the slope (effective stress analysis)

and thus caused a more conservative (lower) factor of safety to be

calculated.

Surface and Subsurface Motion Vectors

BSSP data

28. The potential of a slide at La Pita Hill, as reflected by

previous activity in the area, resulted in the establishment of BSSP

surface monuments and electronic distance measurement (EDM) stations in

1972 to measure both surface movement and settlement (Tables 1 and 2).

In addition, one Telemac and eight plain—cased deflection boreholes were

used to monitor any subsurface movement or activity (Table 1).

29. The readings furnished by PCC from each of the8e data sources
were plotted to determine a movement history as well as total resultant

vector movement. The alignment checks, made on 15 surface monuments for

the purpose of detecting horizontal movement of the slope toward the

Canal, have been plotted in Figure 8. Except for the one apparently

erroneous or at least questionable reading (1.44 ft), the maximum recorded

movement toward the Canal was 0.17 ft or approximately 2 in. A study of

the movement history indicates initial movements toward the Canal with

subsequent movements away from the Canal or upslope. This behavior

suggests the possibility of surveying inaccuracies, especially in view

of the relatively small magnitude of movements being recorded.

30. Settlement readings f or the slope were made for the surface

monuments mentioned previously. The total settlement and the settlement

14
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history are plotted in Figure 9. With the exception of two readings

(0.54 and 0.49 ft), the maximum recorded settlement for the 15 measure-

ment points was 0.07 ft or approximately 0.8 in. A study of the history

of the measurements indicates initial settlement with subsequent rebound,

again suggesting possible surveying inaccuracies.

31. EDN ’s have been made from a station on the opposite bank of
the Canal to six selected EDM points located on La Pita Hill. The total

movement and the movement history of the measurement points are plotted

in Figure 10. The maximum resultant vector movement to date has been

0.008 m or approximately 0.32 in., reported for surface monument No. 2

and for boring ERE-3. It should be noted that the alignment checks

(Figure 8) reported a movement of monument No. 2 of 0.12 ft or approx-

imately 1.4 in. A study of the EDM movement history does not reveal any

trends suggesting inaccuracies. The movements reported were , however,

very small and not considered to be of any significance due to their

apparently random directional orientation.

32. Data furnished for the plain-cased deflection boreholes and

the Telemac showed no subsurface movement or blockage.

33. The recent history of the bill , as reflected by the BSSP data

collected to date, indicates that the slope is presently stable for

existing conditions.

Recent data

34. During the drilling of boring ERE-25 for this study, an

offset in the boring was reported at a depth of approximately 86 ft

(ci 253,* slightly above the overburden-andesite contact) immediately

after a blast on the opposite bank of the Canal. The Survey Branch of

PCC obtained readings for all plain-cased deflection boreholes at La Pita

Hill to determine if the hill was involved in motion. The Survey Branch

reported no movement in any of the other holes, thus suggesting the

J probability of hole collapse or only localized movement at boring ERE-25.

* All elevations Ccl) cited herein are in feet referred to mean sea
level.

15 

—a— ~~~~~~~~~~~

/ - -

______________________________________________



35. While the recent data indicate a stable slope for existing

conditions , PVC pipes were placed in borings ERE-25 and ERE-26 to serve

as plain-cased deflection boreholes to provide measurement points in

addition to those previously established at La Pita Hill.

16
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PART III: BLASTING DATA
- ‘ 1

General Blast Records

36. A large volume of blast data (i.e. ground acceleration and

velocity measurements for known charge weights being detonated at known

locations) has been collected during production blasting along the

Canal , particularly for the Canal widening project in the 1960’s. In

addition, a smaller number of records of ground motion resulting from

special calibration and quarry blasts were also available at the begin— a

ning of this study. Two velocity seismographs (Sprengnether , Model

No. VS—llOO) placed on La Pita Hill during the recent (1975) Canal

deepening operations on the opposite bank of the Cunette Reach supple-

mented these previous records and provided specific information concern-

ing the response of the hill to dynamic loadings. The instruments were

placed at sta 1831+50, at offsets of 500 and 900 ft east of the Canal

center line (Figure 3). For seven blasts, however, the instrument

offset 900 ft was moved to sta 1838+14.7 at an offset of 642 ft west of

the Canal center line to monitor accelerations being imposed by the

blasting upon a concrete spillvay located on the west bank of the Canal.

37. The blasting data were compiled , with PCC assistance, to

determine (a) general relationships between ground motion response, in

terms of acceleration and velocity , and scaled distance (range R

divided by the cube root of the charge weight W , i.e. R/W~
13
); (b) the

agreement between general data and those specifically collected at

La Pita Hill; Cc) the maximum level of ground motion (particle velocity

and acceleration) to which La Pita Hill had been subjected in the past;

and (d) a particle acceleration profile for La Pita Hill.

Data Reduction

38. All blast records provided to WES were systematically reduced

and the results plotted to obtain appropriate relationships for veloci-

ties and accelerations versus scaled distance. The method of reducing

17
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seismographic data currently used by PCC (and adopted by WES for this

study) is a very conservative approach that yields high values of veloci-

ties and accelerations. Peak velocity and acceleration components are

determined for the transverse, longitudinal, and vertical axes, and the

magnitudes of the resultant velocity and acceleration vectors are com-
puted using the peak values. The actual velocity and acceleration

vectors that occurred at any given time are somewhat lower since the

measured peak velocity and acceleration components rarely, if ever,
occur at the same time. This approach results In an overestimation of

the actual magnitude of velocities and accelerations.

39. First, all velocity data were reduced and plotted in terms of

resultant particle velocity versus scaled distance as shown in Figure Ii.

The data all fell within a reasonably narrow band. A straight—line fit

of the data, visually biased for the 1975 La Pita Hill records, provided

a general guideline for anticipated velocities at various scaled dis-

tances. The La Pita Hill velocity data were shown to be in general

agreement with velocity data collected elsewhere along the Canal.

Secondly, acceleration data were reduced and plotted versus scaled

distance as shown In Figure l~. The specific data from La Pita Hill

yielded a satisfactory distribution and provided a general means of

predicting the accelerations at various scaled distances. As can be

seen, the acceleration data from records taken at all points along the

Canal show more scatter than the velocity data and are therefore more

site dependent than the velocity records. For this reason, extrap-

olation beyond the boundaries of measurement are more questionable. A

straight—line fit of the data, again visually biased for the records

obtained at La Pita Hill, provided a general guideline for anticipated

accelerations at various scaled distances. Although the data are scat—

tered somewhat, the La Pita Hill acceleration data are shown to be In

general agreement with data collected elsewhere.
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Data Evaluation

40. The method of computing the magnitude of the acceleration and

velocity vectors was discussed in paragraph 38. It was stated that the

method overestimated the actual magnitude(s) at a given time. The

seismographic data were subsequently reevaluated to determine the magni-

tude of the actual measured accelerations as opposed to the magnitude of

the computed accelerations. In a manner of speaking, the reevaluation

established an appreciation of the safety factor imposed upon the stability

analysis as a result of the method of data reduction. The velocities

and accelerations for the recent blasts opposite La Pita Hill were

recomputed, and the results are shown in Table 3. For each blast and

each instrument, the velocity and acceleration magnitudes were calculated

for the point in time when each of the three axes recorded a peak value;

also shown are the calculated magnitudes of velocities and accelerations

computed from the vectoral sum of the individual peak values. The

amount of conservatism is immediately evident when comparing the values.

This aspect has been discussed by Lutton (1976). Results indicate that

the peak acceleration values, computed as discussed previously, average

34 percent higher than the magnitude of the maximum recorded acceleration

vectors.

41. The degree of conservatism within the acceleration data

developed for the analysis is further evidenced by the lack of consid-

eration of the direction in which the acceleration vectors act. All

accelerations within the analysis are imposed as horizontal loads to the

slope in the downslope direction, when in fact, 68 percent of the measured

peak accelerations were determined to act in the vertical direction.

J The remaining 32 percent were approximately evenly distributed between

the transverse and longitudinal directions, suggesting that approximately

16 percent of the peak accelerations occur along a line perpendicular to

the Canal. If it is assumed that half of these were directed upslope

and half down, then only 8 percent of the peak accelerations measured

would represent horizontal driving forces to the potential slide mass in
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a direction toward the Canal. WhIle it is recognized that vertical

accelerations reduce the normal stress in the failure mass, thereby

reducing the shear strength , horizontal accelerations were considered as

more critical due to the driving forces imparted to the failure mass.

42. Another argument for conservatism involves blasting records

indicating numerous blasts of 40,000 lb between 1000 and 2000 ft away

from the centroid of the potential slide mass on the hill. The maximum

of these blasts, using acceleration versus scaled distance relationships

developed for the present analysis, would have caused an acceleration at

the centroid of the assumed failure mass of 1.95 g’s, as shown in Table 4.

While the actual response of the hill to those blasts is not known,

failure obviously did not occur, thus confirming the conservative nature

of the acceleration versus scaled distance relationships being used.

The acceleration interpretation techniques are thus recognized and

proven conservative.

43. However, none of the data used in evaluating accelerations

and particle velocities were taken at the toe of La Pita Hill. Thus,

when blasting occurs at the toe, the possibility exists for changes in

the transmitted wave forms and the transmission mechanisms due to the

change in the transmission path. In addition, the relatively complex

nature of the site and the recognition of the consequences of a blast—

induced slide cause the interpreted conservatism within the blast data

to be a matter of concern. It was therefore decided to use the accel-

erations computed from the vectoral sums of the individual peak values

as a self—induced safety factor for the analysis.

44. At the present time the only seismographic measurements which

have actually been recorded on La Pita Hill are those which were acquired

specifically for this study. The maximum velocity recorded on the hill

was on the seismograph located at sta 1831+00, offset 500 ft east, for

blast 17 (Figure 3). The blast, located at sta 1836+50 on the west

bank, had a charge weight of 2642 lb , and produced a maximum resultant

velocity of 7.3 in./sec at the recording station. The subsequently

computed acceleration for the blast was 0.91 g. It should be pointed
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out , however, that both seismographs were placed upon the surface and

the velocities measured were the velocities for only the overburden

materials. Since the overburden would tend to resonate and thus amplify

the velocities and the subsequently computed accelerations, it is probable

that these surface measurements are somewhat higher than the average for

— 
the entire potential failure mass and their use represents yet another

foris of conservatism.

45. In an attempt to more precisely define and evaluate the

dynamic response of La Pita Hill for stability analyses , an acceleration
prof i le  was developed . Although the general acceleration data measured
for the Canal (Figure 12) were used to obtain acceleration versus scaled
distance relationships , the constructed line was visually biased to
represent the average of the data obtained from recent Canal deepening
operations opposite La Pita Hill (Figure 3). As a means of evaluating
the developed acceleration versus scaled distance relationship and

establishing its validity for use in analysis, accelerations for the

recent (1975) blasts at La Pita Hill were recomputed using Figure 12.

The results obtained were reasonable and fell within the expected ranges,

as shown in Table 5. To facilitate the stability analysis of the hill ,

the relationship so developed was assumed to apply to any weight charge

detonated at any location. To develop a profile, it was assumed that a

charge of arbitrary weight was detonated at the toe of the slope, 10 ft

east of the prism line (260 ft east of the Canal center line at

sta 1831+00). The resulting acceleration occurring at the centroid of

the initially assumed potential slide mass was designated as being

100 percent. The corresponding acceleration of other points along the

section were expressed in terms of percent of the acceleration at the

centroid (Figure 13). From such a plot it is possible, as discussed

later, to study the potential effects of a blast detonated at the toe of

the slope in terms of a distributed acceleration using pseudostatic

techniques of stability analysis.
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PART IV : LABORATORY TEST RESULTS

Prior Laboratory Tests

46. At the beginning of this study , the only laboratory test

results available on materials from the Las Cascadas formation were
those performed on six samples by the U. S. Army Engineer Division,

South Atlantic (SAD) Laboratory for the U. S. Army Engineer District,

Jacksonville (1968) . A summary of those results has also been published

by Banks et al. (1975). The samples tested were described as agglomerate,

tuff , and shales taken from boring Dl during the Atlantic—Pacific Inter—

oceanic Canal feasibility studies. Results of these tests, as well as

recent testing, are summarized in Table 6.

47. The SAD testing program consisted of unconfined compression

and direct shear tests as well as the determination of index values.

The direct shear tests were performed on remolded precut, undisturbed

intact, and undisturbed precut specimens with peak and ultimate strengths

being determined for each type specimen. The laboratory test reports
are reproduced in Appendix B (pages B2 through BlO).

Recent Laboratory Tests

48. During the recent boring program at La Pita Hill, undisturbed

samples were taken in borings ERE—26, ERE—27, and ERE—25A for the purpose

of laboratory testing. The sampling program was established after

completion of boring ERE—25. The log and core of boring ERE—25 were

studied , and selected zones of weaker and/or faulted and sheared material

were chosen for sampling. Samples of these zones were obtained by using

a rock bit to drill a new hole, boring ERE—25A, to desired sampling

depths at an offset of 8- ft from boring ERE—25. For borings ERE—26 and

ERE—27, ~~neral instructions were given the driller to sample the weaker

materials, i.e., tuffs, agglomerates, as well as weathered and gouge

zones. Samples from borings ERE—26 and ERE—27 were taken with a Denison

core barrel, and samples in boring ERE—25A were taken with a Shelby tube
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sampler. A total of 26 samples were taken in the three borings. The

samples were shipped to WES in the sample tubes, after which they were

extruded , visually inspected , and photographed. Within approximately

5 mm the samples were placed in cardboard tubes and encapsulated in a

50/50 mixture of microcrystalline wax/paraffin and stored in a humid

room to await testing.

49. Ten samples were selected by WES for laboratory testing.

Sample selection was based upon the desire to establish (a) differences

in strength between the various layers, (b) the similarity of strengths

at different locations within the various layers of tuff , and (c) the

existing peak , ultimate , and residual strength parameters for various

materials. To establish differences in strength parameters between

various layers, six samples of tuffaceous and agglomeratic materials ,

one sample of andesite, and one sample taken in a fault or shear zone

within agglomeratic tuff were chosen for single-plane direct shear tests

in a rock shear device. For the agglomeratic tuff sample taken from the

fault zone, a multistage direct shear test was performed because of the

limited amount of sample available . In addition to the strength tests,

index properties (i.e., water contents, unit weights, and Atterberg
limits) were determiâed on each test sample.

50. For each test conducted in the rock shear device, specimens

approximately 0.4 ft in length were sawed from the samples. The specimens 
—

were cemented in the two halves of the shear boxes with a mixture of

water and Hydro-Stone Mix, lt~aving approximately a 1/16-in, opening

between the two halves of the boxes to allow for axial displacements

under consolidation and for shear. The specimens were then consolidated

under normal loads of 4, 8, and 12 tsf, for approximately 10 m m .  The

samples were sheared to failure at a rate of 0.002 in./min after which

the strain rate was increased and shear continued for approximately

J 10 to 12 m m .  The strengths that were determined represented the peak

and ultimate values for each of the samples. The ultimate strength

represents the strength after initial failure of intact materials.

Ultimate strength is distinguished from residual strength by the amount
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of displacement required. Ultimate strengths were defined as the strength

occurring at a displacement of 0.42 in.; residual strength represents

the minimum strength obtained after relatively large displacements or

strains (i.e., displacements an order of magnitude larger than ultimate

disp lacements (Banks et al . ,  1975)) .

51. For the multistage direct shear test conducted on the faulted

material, the sample preparation and performance of the tests were

conducted as described previously. However, the strength envelope was

determined using a single specimen rather than separate specimens for

each normal load. For each shear strength determination the specimen

was recentered and reloaded for each of the progressively higher normal

loads. Pretest and/or posttest photographs for all of the samples

tested in the rock shear device are shown in Appendix B, Figures Bl

through B8. The laboratory test reports are presented in Appendix B

(pages Bl3 through B44), and the test results are summarized in Table 6.

52. Three specimens of the weaker tuff layer were tested in a 3—

by 3—in, direct shear box to determine the drained peak, ultimate, and

residual strengths (i.e., c’ and $‘) for use in effective stress analyses.

The intact specimens were trimmed to 3 by 3 by 1 in. by first roughly

sawing them and then pressing them through a cutting mold. Normal loads

of 4, 8, and 12 tsf were placed on the specimens. The specimens were

then consolidated for approximately 24 hr, at which time it was deter-

mined from a plot of the change in specimen height versus time that
consolidation was essentially complete. The specimens were inundated

with distilled water 2 mm after the consolidation was begun and main-

tained that way for the remainder of the test. The specimens were

sheared at a rate of 0.00008 in,/min for a total of 5 days (approximately

0.5 in. in 5 days) to obtain the peak and ultimate values. At that

time, the shear rate was increased to 0.03125 in./min (0.25 in. in

8 mm) , and the specimens were rapidly sheared to residual. A total of

10 in. of displacement was accumulated during the rapid shear, after

which the rate was reduced to 0.00008 in./min for obtaining the residual

strength. The peak and ultimate values determined were c’ 0.4 tsf

and 4~
’ = 38 deg and c’ — 0 and q~’ 25 deg, respectively. The test
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results for the peak and ultimate tests have been included in Table 6,

and the laboratory test report has been presented in Appendix B (page B46).

The results obtained from the residual tests were erratic and did not

provide suitable data for an evaluation. An inspection of the shearing

surfaces after completion of the tests showed the materials to be broken

without the establishment of distinct failure planes. The failures

within the shear boxes had occurred diagonally through the specimens and

in one case had exited through the top and bottom of the test specimen.

53. The final tests conducted were performed solely to establish
_

~~~~ the residual strength of the weaker tuff layer. The tests were con-

ducted by shearing the specimens along precut failure planes. Precut

failure planes for the tests were fabricated by trimming three sets of

two 3- by 3- by 1-in, test specimens to 3 by 3 by 1/2 in. and placing

them together in the direct shear boxes. The specimens were then con-

solidated under normal loads of 4, 8, and 12 tsf for a total of 46 hr.

Again the specimens were inundated 2 mm after the consolidation was

begun and maintained that way for the remainder of the test. The speci-

mens were sheared in 0.25-in, increments at a rate of 0.03125 in./min,

i.e., 0.25 in. in 8 mm , until a total displacement of 5.0 in. had been

accumulated . At that displacement , the maximum shear stress for each

increment had stabilized . The specimens were then centered , left under

normal load overnight, and sheared twice the following day at a rate of

0.5 in. in 24 hr. The readings from the second shear were used for

computing residual values . The residual strength for the tuff as deter-

mined from the test results was c’ 0.0 tsf and $‘ 8.3 deg. The

test results have been included in Table 6, and the laboratory test

report is presented in Appendix B (page B47).

Laboratory Index Parameters

54. Laboratory index parameters, i.e., water contents, unit

weights , and Atterberg limits , were determined for each sample tested .

The index parameters provide a useful means of comparing materials and
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establishing similarities in behaviors and properties. The results of

the index tests have been included in Table 6.

55. The laboratory—determined water contents for the samples of

tuff and agglomerate tested ranged from 15.7 to 29.3 percent with excep-

tion of the tuff in sample 4 from boring ERE—27 . The tuff in sample 4

was highly weathered and had water contents ranging from 38.9 percent to

42.1 percent. The andesite tested exhibited lower water contents of

11.7 to 12.1. percent. The dry unit weights, with exception of sample 4

from boring ERE-.27, ranged from 95.0 to 120.3 pcf for the tuffs and

agglomerates and corresponded to the same specimens for which the high

and low water contents were measured. The dry unit weights for sample 4

ranged from 77.5 to 79.5 pcf. The dry unit weights of the andesite were

somewhat higher , ranging from 128.4 to 129.0 pcf. Laboratory test

results reported by SAD for the Las Cascadas formation, as shown in

Table 6, generally indicated somewhat lower water contents and higher

dry densities than those determined by WES. With regard to water content

and dry density, the shale samples tested by SAD appear to correlate

with the tuff samples tested at WES as part of this study. The agglom’-

erates and tuffs previously tested indicated significantly higher dry

densities than the current specimens.

56. The Atterberg limits for the specimens indicated the con-

sistency of properties within the different samples tested. As shown in

Table 6, the liquid limits for the tuffs ranged from 76 to 99, the
plastic limits ranged from 30 to 57, and the plastic index ranged from

40 to 58 , all indicating reasonably narrow ranges of values. The liquid

and plastic limits of the tuff previously tested by SAD fell within the

ranges determined for the La Pita Hill samples. The agglomerate tested

at WES during this study indicated a somewhat higher liquid limit, a

significantly lower plastic limit, with a subsequently higher plastic

index when compared with that tested by SAD, suggesting that the agglom-

erate tested by SAD was perhaps of different origin than that found at

La Pita Hill. No limits were obtained for the andesite, due to the

sample being inadvertently omitted from the testing program. A plot of
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the limit parameters on a plasticity chart (Appendix B, page B59) shows

half of the samples tested during this testing program below the A-line ,

resulting in a classification as NH materials.

Laboratory Strength Parameters

57. To establish appropriate strength parameters for use in a

total stress analysis (i.e., c and •), all of the peak shear stresses

and all of the ultimate shear stresses obtained from the single-plane

direct shear tests were plotted versus normal stresses in Figures 14

and 15, respectively. As can be noted, the peak shear strength results,

Figure 14, indicated a large amount of scatter, and due to the limited

number of tests performed , only general trends were indicated .

58. The ultimate shear strength plot (Figure 15) yielded somewhat

more consistent data. The agglomerate tested yielded the highest strength,

followed by the andesite and then the tuff. For determination of the

tuff strength, an average of the shear stress values recorded for each

normal load was used. In addition to the ultimate strength providing

the most interpretable values, it can be shown that the ultimate strength

is most applicable to the type analysis under consideration . Peak

strengths are developed in very small movements and residual strengths

are developed only after very large displacements, thus leaving a very

broad range of displacements or strains in which ultimate strengths are

applicable for use. It has been noted in Report 3 (Banks et al., 1975)
that the displacements inherent within the majority of the materials

along the Canal are such that current strengths for the materials can be

estimated by the ultimate strength of intact specimens.

59. The assumption of ultimate strength applicability was supported

by the results of the drained tests on intact specimens and the multi-

stage direct shear tests on faulted and broken materials. The results

of the multistage test, reported in Appendix B , pages B42-B44, indicate

the same peak and ultimate values for the faulted and broken tuff sample.

Since it was clearly demonstrated with the drained test that residual
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strength for the material is considerably lower than the peak and ultimate

values, i.e., the materials tested were not at residual strength in situ ,

the ultimate strength appears most applicable when failure is assumed in

broken and/or faulted materials , as with this analysis.

60. As previously stated , the ultimate strength of the tuffs,

shown in Figure 15, was determined by averaging the shear strengths
- 

recorded in all the tests for each normal load. The plotted results

indicate ultimate shear strengths of c = 1.0 tsf and 4 = 30.5 deg for

the tuffs, c 1.5 tsf and 4 = 32.6 deg for the andesites , and

c 2.7 tsf and 4 29.9 deg for the agglomerates. For the purposes

of analysis , the layers of tuff and tuff breccia were assumed to have

the same strength , c 1.0 tsf and j 30.5 deg. In addition, the

ash flow layer (ignimbrite) within the hill was assigned the same strength

as agglomerate (i.e., c = 2.7 tsf and 4 29.9 deg) since much of the

agglomerate logged in borings at La Pita Hill was described , in supple-

mental information provided , as being ignimbrites.

it
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PART V: STABILITY ANALYSIS

61. The geologic structure, as previously discussed , was simpli-

fied from a rather complex structure composed of interbedded sequences

of tuff , agglomerate, ash flow, andesite, and overburden crosscut by

numerous joints, faults, sheared zones, and fault zones to a more simple

layered system. This simp lification was accomplished as described in
Part II without any major compromises in lithologic interpretation.

62. Pore pressures and groundwater conditions were evaluated , as
discussed in Part II , and were used to develop appropriate pore pressure

parameters associated with the upper and lower limits of the interpreted
groundwater levels. The pore pressure parameters were used only for the

semiempirical two—dimensional effective stress analysis.

63. Strength parameters for the analyses were chosen after a

comprehensive review of available data. For the semiempirical analysis,

the upper and lower limits of strengths for failures along faults and

through materials weakened by faults, as determined from back analyses,

were obtained from Report 3 (Banks et al., 1975). In the conventional

stability analysis, ultimate total strengths, as discussed in Part IV,

were chosen from laboratory test results. -

64. Accelerations of various magnitudes were used to determine

the response of factor of safety to dynamic loads. The methods chosen

for applying the accelerations, as discussed in Part III, were uniformly

applied accelerations and distributed accelerations lying along developed

acceleration contours.

Methods of Analysis

Semiempirical analysis

65. A semiempirical analysis was performed at the beginning of

the study, prior to obtaining any supplemental geologic or water table

data. At the time of the analysis, the existence of the possible fault

(C—C, Figure 3) paralleling the Canal, which could potentially represent
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the back scarp of a slide, had not been confirmed or disproved. This a

fault and the apparent bedding dip obtained from existing cross sections

furnished by the FCC were used in establishing a potential failure plane

exiting at the toe of the slope. The assumed failure planes for the

existing condition and for the section after deepening are shown in

Figure 16.

66. The semiempirical analysis was conducted in accordance with

procedures used for back analyses presented in Report 3 (Banks et al.,
1975). The La Pita Hill study represents the first opportunity for WES

to analyze an existing stable slope and to compare the results as obtained

from recommendations in Report 3 with those obtained by a more conven—

tional approach. As reported in Report 3, the semiempirical method of

analysis serves as a useful tool in obtaining rapid estimates of the

factor of safety based primarily upon previous experience in similar

materials. It should be pointed out that relatively few failures have

been experienced in the Las Cascadas formation; therefore, the conclu—

sions gained from back analyses are more speculative than those made,

for example, in the Cucaracha formation.

67. The selection of applicable strengths for the analysis required

the description or characterization of materials at La Pita Hill into an

appropriate category with which experience has been gained in the back

analysis of slides occurring in the Las Cascadas formation. Based upon

boring logs currently available and discussions with Mr. Robert Stewart, J
PCC geologist, the material was considered to be such that if failure

occurred the slide surfaces would be primarily along faults and in

materials weakened by faults. As a result, strength parameters of

c’ = 600 psf and 4 ’ — 20 deg, and c ’ = 0 psf and 4 ’ — 20 deg were

chosen as upper and lower limits from Table 5, Report 3 (Banks et al.,
— 1975), and were applied along the entire failure surface.

68. The influence of the water table upon the factor of safety

was evaluated by performing the semiempirical analysis with both the

maximum and minimum levels as determined from available BSSP data. The

strengths obtained from back analyses were obtained using a pore pressure
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parameter r defined as the ratio of the pore pressure to the total

pressure at a point (Bishop, 1954). The total pressure is assumed to be

the vertical pressure caused by the ve.ight of all material vertically

above the point in question, including external water if present.

Therefore,

r = u/ 

~

where

u = the pore pressure, psf
y = the total unit weight of material in layer i pcf

h the vertical thickness of layer i , ft

Pore pressure parameters computed for the upper and lower water surfaces,

r = 0.32 and r
u 

= 0.23 , respectively, were used in the analysis in
computing average pore pressures for the entire failure mass.

69. The analysis was performed using the WES version of the
Morgenstern and Price computer program. Initially, the section was

analyzed using the existing geometry to determine the current factor of

safety and to evaluate the influence of the water table on the factor of

safety. In the analysis , several arbitrary strengths were chosen and

safety factors computed. The factors of safety (FS) were used to develop

a c’/FS versus tan 4I’/FS plot. The factors of safety for c’

0 psI and •‘ 20 deg and c’ 600 psf and 4’ 20 deg with the

limiting pore pressure assumptions were subsequently computed as shown

in Figure 17. The factors of safety so determined were as follows:

Factors of Safety for
Assumed Limiting Strength Parameters
Lower Limit Upper Limit

c’ = 0 psf, •‘ = 20 deg c’ 600 psf, $‘ = 20 deg
Upper groundwater 1.20 1.31
surface, r = 0.32

U

Lower groundwater 1.25 1.38
surface, r = 0.23

U
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The section was next analyzed assuming 9—ft deepening of the Canal at

the toe. The results and computations of factors of safety for this

condition have been shown in Figure 18. The factors of safety for this

case were as follows:

Factors of Safety for
Assumed Limiting Strength Parameters
Lower Limit Upper Limit

c ’ = 0 psf, 4’ 20 deg c ’ = 600 psf, •‘ 20 deg

Upper groundwater 1.15 1.27
surface, r 0.32

U

Lover groundwater 1.26 1.38
surface, r — 0.23

U

70. As a final stage of the semiempirical analysis, several

different accelerations were uniformly applied as horizontal forces to

the slope in an effort to pseudostatically determine the response of the

slope to dynamic loads. These analyses were made for the section with a

9—ft cut at the toe using the high groundwater surface, i.e., r = 0.32.

Results of the analysis in terms of factor of safety versus acceleration

for each of the limiting strength assumptions is presented in Figure 19.

To reduce the results to a more usable form, the scaled distances,

R/W1”3 
, for each of the analysis accelerations were plotted versus

factor of safety in Figure 20. The scaled distances were determined

from the straight—line fit of the acceleration data, as described in

Figure 12. As a final presentation of the results, the scaled distances

determined from Figure 20, which represent a factor of safety of 1.0,

were used to develop a graph of charge weight versus distance from blast

to the centroid of the assumed failure mass (Figure 21). The distances

and weights in Figure 21 represent minimum distances and maximum charge

J weights allowable for a factor of safety of 1.0.

Conventional static analysis

71. A conventional two—dimensional stability analysis was per-

formed for La Pita Hill using the presently defined geologic profiles

with appropriate laboratory determined strengths within the various

strata.
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72. The critical failure surface for the slope was defined by a

systematic set of trial runs with the problem . Initially , a back scarp
to the failure plane was assumed to be inclined at 45 deg toward the

Canal and to enter the ground surface at a distance of 1000 ft from the

Canal center line. A base plane for the failure surface was then assumed

to be inclined along the dip of the beds toward the Canal. For the

initial set of computations, the back scarp was left fixed , and the

depth at which the failure plane exited the slope was varied to determine

the factor of safety. The results , plotted in Figure 22, indicated two

failure planes with low factors of safety. The first, possessing the

lower factor of safety (FS = 2.93), hereafter called the upper plane ,

was in one of the tuff layers above the Canal water surface , and the

second (FS 2.99), hereafter called the lower plane, was in the more

competent agglomeratic material below the bottom of the Canal. The..’

proposed 9-ft deepening of the Canal was evaluated to determine the

effect of the lower plane because of its somewhat more critical location.

It was determined that the deepening operations resulted in a reduction

in factor of safety of approximately 6 percent. In view of the reduction

in the factor of safety and still somewhat incomplete geolog ic picture
at the toe of the slope with the subsequent potential for daylIghting

weaker beds , it was decided to continue the analysis of both failure

planes.

73. The next step in identifying the critical failure planes was

to vary the length of the base of each of the failure planes along the

strata as defined in the first step. With the locations and inclina-

tions of the base planes fixed and with the back scarps fixed at 45 deg,

as previously , the factors of safety were plotted versus distances to

the back scarps (Figure 22) to determine the critical lengths of both

the upper and lower failure planes.

it 74. Finally,  with the exit elevations and base plane for each
failure surface fixed , the inclinations of the back scarps were determined

by a similar procedure . Factors of safety were plotted versus the

locations at which the back scarps entered the slope (Figure 22) to
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define the critical failure surfaces and their lowest factors of safety

for the analysis. The factors of safety determined for the conditions

analyzed were as follows:

Factors of Safety
Upper Plane Lower Plane

Prior to deepening 2.12 2.59
After deepening 2.12 2.45

Pseudostatic analysis
with uniform accelerations

75. An analysis to evaluate the influence of accelerations imposed

upon the slope was conducted using the two critical failure surfaces

determined with the conventional static analysis. For the purposes of

analysis, the accelerations were imposed as horizontal loads upon the

slope, similar to the pseudostatic method used in evaluating the effects

of earthquakes upon a slope.

76. Initially, uniform accelerations were applied to the slope.

The results of the analysis in terms of factor of safety versus accel-

eration are shown in Figure 23. To further evaluate the data, the

scaled distances taken from Figure 12 for each acceleration were used,

and a plot of factor of safety versus scaled distance was developed as

shown in Figure 24. For the purpose of obtaining blast design data, a

plot of charge weight versus distances to the centroid of the assumed

failure mass was developed from the scaled distance corresponding to a

factor of safety of 1.0. The plot shown in Figure 25 represents minimum

distances and maximum charge weights, as with that previously developed

in the semiempirical analysis.

Pseudostatic analysis
with distributed accelerations

77. The use of distributed or partitioned accelerations, within a

slope being analyzed, more realistically represents the forces involved

than the assumption of uniform accelerations. The hill was thus analyzed

using the acceleration contours previously mentioned and shown in
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Figure 13. These contours were used in distributing various assumed

accelerations at the approximate centroid of the previously assumed

slide mass under the assumption that the accelerations were generated by

an arbitrary charge located at the toe of the slope. The distribution

of the accelerations away from the centroid of the mass have been included

in Figure 16 immediately beneath the surface prof lie.
• 78. The use of partitioned accelerations increased the complexity

of the problem being analyzed many times. Thus, to simplify the problem

and facilitate computations, equivalent uniform strengths were determined

for the entire slope such that their use in a stability calculation

would yield the same factor of safety as that given by the conventional

analysis using the upper and lower planes. Several arbitrary strengths

were assumed to develop a c/FS versus tan 4/FS plot (Figure 26),

from which equivalent uniform strengths could be determined. Thus

simplified , the slope consisted of one soil mass with c 0 and

4 = 36.11 deg. The equivalent uniform strength that was chosen for use

in further analyses of both the upper and lower planes was associated

with the upper , more critical failure surface.

79. The extremely high accelerations imposed upon the toe of the

slope caused the majority of the solutions using the Morgenstern and

Price computer program to be nonconvergent. None of the solutions

involving the upper plane converged , and only two solutions for the

lower plane converged. The results were, however, adequate for demon-

strating the effect and the importance of using distributed accelera-

tions for nearby blasts.

80. The results of the analysis with distributed or partitioned

accelerations have been plotted in Figure 27. The nonconvergent solu-

tions were included in the plot to aid in demonstrating the trend. The

results are further reduced in Figure 28 with a plot of factor of safety

versus scaled distance, which was determined by methods previously

described. Finally, from the scaled distance representing a factor of
safety of 1.0, a plot of charge weight versus distance to the centroid

of the slide mass (Figure 29) was developed.
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Results of Analyses

81. The results of the analyses show La Pita Hill to be stable

against a massive failure as it presently exists by both the semi—

empirical analysis and the conventional two—dimensional static analysis.

The semiempirical analyses produced factors of safety ranging from 1.20

to 1.31 using the maximum pore pressure parameter and the upper and

lower limits of the strength parameters. The conventional analyses,

using existing total strengths, yielded factors of safety of 2.12 for an

upper failure surface and 2.59 for a failure surface below the Canal

bottom, prior to excavation.

82. Factors of safety computed for a section after the proposed

deepening indicate a reduction in factor of safety of approximately

4 percent for the semiempirical analysis and 6 percent for the conven-

tional analysis. After deepening, the semiempirical analysis indicated

factors of safety ranging from 1.15 to 1.27 for the upper and lower

limits of the strength parameters with maximum pore pressures conditions.

It should be noted that the semiempirical analysis indicated no appre-

ciable change in factors of safety after deepening for the minimum pore

pressure conditions (Figures 17 and 18). The conventional analysis

yielded a factor of safety of 2.45 for the lower failure surface. The

upper failure surface remained at 2.12, as it was unaffected by the

deepening.

83. Results of the pseudostatic analyses of the slope were highly

variant depending upon the analysis technique. For a factor of safety

of 1.0 the semiempirical analysis indicated the maximum allowable charge

weight, assuming the blast 260 ft east of the Canal center line (at the

toe of the slope, 10 ft east of the prism line), was 50 lb for the

minimum strength parameters, c’ — 0 and 
~~~
‘ 20 deg, and was 87 lb

for the maximum strength parameters, c’ — 600 psf and 
~~
‘ — 20 deg.

For the conventional analysis with uniformly applied accelerations and

for a blast at the same location as above, the results indicated that a

maximum allowable charge weight of 165 lb for the upper failure surface
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and 360 lb for the lower failure surface produced a factor of safety of

1.0. The final analysis , utilizing distributed accelerations , indicated

that a maximum charge weight of 145 lb at the toe of the slope produced

a factor of safety of 1.0 for the lower failure surface .

84. A copy of each of the computer runs representing the low

factors of safety as well as the run demonstrating the effect of using

distributed accelerations is contained in Appendix C.

Comparison of Results

Static ~aalysis

85. Both the semiempirical and the conventional two-dimensional

analyses indicated the hill to be stable against massive failure prior

to and after completion of deepening with the safety factor decreasing

4 to 6 percent as a result of the excavation. The differences in the

factors of safety obtained by the two methods is attributable primarily

to the differences in assumptions that were inherent within each method.

86. The semiempirical analysis used effective strengths that were

back-calculated to be the strength existing at the time of failure of

various slides within the Las Cascadas formation. The true significance

of a factor of safety can only be evaluated through much more experience

and many correlations with results obtained from conventional type

analyses. An additional assumption necessitated by the semiempirical

effective stress analysis was the use of average r values in describing

pore pressure conditions .

87. The conventional stability analysis used total strengths

rather than effective strengths. As a result , the water table and pore

pressure conditions, as they exist within the hill, were not used

directly within the analysis. -

88. The conventional analysis was conducted to obtain design

results to base recommendations upon, while the semiempirical analysis

was run to establish a base point in the analysis and to demonstrate the

use of the method . The semiempirical analysis can be and was used with
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no supplemental geologic or water table data to determine an approxima-

tion of the factor of safety for La Pita Hill. It is obvious in comparing

the results that the semieinpirical analysis is very conservative, and

this should be recognized during future use of the method.

Pseudostatic analysis

- 
89. The differences in the results obtained with the pseudostatic

analyses are primarily attributable to the method of stability analysis

used. The low allowable weights at the toe of the slope obtained from

the semiempirical analysis are a direct result of the low factors of

safety obtained for the static conditions.

90. The disparities between the two different methods applied to

the conventional stability analysis are attributable to the acceleration

assumptions. The assumption of a uniform acceleration implies that the

blast is remote to the slope and that the acceleration distribution

contours are so widely spaced that the entire potential failure mass is

acted upon by an approximately uniform acceleration. On the other hand ,

the analysis performed with the distributed accelerations implies a

blast near the slope and reflects the actual acceleration gradient or

distribution with distance. The particular distributed acceleration

analysis performed , however, was for one blast of arbitrary weight

detonated at the toe of the slope; the contours and subsequent results

of the analy&is would change if an evaluation were to be made at a

different location.

9~.. The results of the two pseudostatic analyses thus represent

limiting assumptions for evaluating the dynamic response of the hill.

For a blast at the toe of the slope, the distributed acceleration type

analysis is more applicable. For a blast at a reasonable distance from

the slope, the results obtained from the two different methods become

more nearly the same, and thus the uniform acceleration assumption becomes

more applicable. The two different solutions may be properly used in

assessing the predicted behavior of La Pita Hill if proper recognition

is given to the inherent assumptions and limitations. The choice of

results to use is theoretically a function of each blast location. A
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generalized evaluation of accelerations using theoretically correct

acceleration distributions was not wi thin  the scope of this report.

Applicability of Results

92. The results obtained in the above stability analyses are

conservative if it is assumed that (a) the geologic structure of the

hill has been completely defined , (b) representative samples were obtained

for laboratory testing, (c) the laboratory test results are indicative

of in situ mass strength, (d) the pore pressures generated during testing

duplicated in situ pore pressures that would occur during shear, and

Ce) the dynamic response of the hill is consistent with the acceleration

assumptions. The origin of the conservatism is inherent within the

accelerations used in the analysis and the high pore pressure assump-

tions; i.e., a conservative approach was used in obtaining acceleration

data and the pore pressure conditions were maximized for the analysis by

using data associated with a perched water table in the hill.

93. The highly complex nature of the slope and the complicated

mode by which blast-induced accelerations are distributed, however, tend

to suggest the possibility of a certain amount of uncertainty in the

definition of the problem. An evaluation of previous blasts in the area

of La Pita Hill, i.e., determination of maximum plateau of previous

accelerations, indicates that the conservatism outweighs the uncertain-

ties involved , since previous blasting has not generated failures at

La Pita Hill even though the estimated accelerations exceeded those

computed to induce failure.

94. The results are thus considered appropriate for design recom-

mendations, and it is assumed that recommendations based upon a factor

of safety of 1.0 are applicable considering the conservatism inherent

within the results obtained.
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PART VI: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

95. An evaluation of the current conditions of La Pita Hill

indicates the hill to be stable against massive failure as it presently

exists. Neither surface nor subsurface motion vectors have recorded any

movements of consequence to date . Water level data for the hill indicate

a perched water table at approximately the base of the overburden, with

subsequently lower piezometric heads being recorded in the free draining

layers of broken materials deeper within the slope.

96. The present stability against massive failure was confirmed

by both the conventional total stress analysis and the semiempirical

effective stress analysis. Additionally, both analyses indicated the

hill to be stable after completion of the anticipated 9-ft deepening of

the Canal. The deepening of the Canal was shown to reduce the factor of

safety by approximately 6 percent.

97. The dynamic stability of La Pita Hill has , to an extent, been

tested in the past by blasting operations in the immediate area. Although

the hill was not instrumented during production and Canal widening

blasts in the area , back computations for the blasts indi’ate that

significant accelerations were imposed upon the slope during these

operations . The results of the stability analyses for massive failure

indicate a definite potential for instability of the hill when subjected

to blast-induced accelerations . While the hill has in the past withstood
higher computed accelerations than those calculated to cause failure ,

the effect on, or change in, material properties as a result of blasting

is not known ; therefore , the stability as effected by blasting is still

a matter of concern . Recommendations have thus been made to control the

magnitude of the accelerations imposed upon the hill during blasting

operations for the current Canal deepening project.
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Recommendations

98. For current design requirements , it is recommended that

blasting in the vicinity of La Pita Hill be regulated or controlled so

that a factor of safety of 1.0 is maintained according to the results

computed by the conventional two-dimensional analysis using uniform

accelerations imposed upon the failure mass. For blast design computa-

tions, the curve relating the distance from the blast to the centroid of

the potential failure mass versus charge weight of the blasts for the

upper failure surface (Figure 25) was used to develop the design curve

shown in Figure 30. The centroid of the assumed critical slide mass is

located at sta 1831+00, offset 572 ft east of the Canal center line.

This centroid should be used in computations of distance to a proposed

blast location. The design curve (Figure 30) represents the charge

weight and distance from centroid combinations , which the analyses

indicate yield a factor of safety of 1.0. Combinations of weight and

distance plotted above the curve have factors of safety greater than

1.0, and those plotted beneath the curve are less than 1.0. The con-

servatism in the design recommendations is supported by the data points

taken from Canal widening blasts at La Pita Hill plotted below the curve

(Figure 30). The maximum allowable blast weights for the critical

failure surface have been shown graphically in Figure 31. The contours

in Figure 31 represent the minimum distances with the maximum allowable

charge weights for maintaining a factor of safety of 1.0 for the hill.

99. It is recommended that during blasting operations a seismo-

graph be placed approximately at the centroid of the failure mass , i.e.,

sta 1831+00, offset 572 ft east, and that particle velocities be monitored

and accelerations computed . As an additional check on the blast design

recommendations , the accelerations computed for the blasts should not

exceed those in Figure 23 for a factor of safety of 1.0 for the upper

more critical failure surface .
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General Recommendations

100. In performing the preceding analyses, several areas were

noted in which the addition of new or supplemental information could be

used to an advantage in defining more completely the structural geology

- 

and engineering properties of La Pita Hill.

101. Subsurface information should be supplemented in the areas

of fault identification and further evaluation of the geology along the

toe of the slope. The hill is obviously faulted to a great extent, and

the placement of future borings at the site should be made in an effort

to more precisely identify the extent of faulting. The geology along

the toe of La Pita Hill is perhaps the least defined with regard to

stability analyses. Future borings along the toe should be extended

well below the bottom of the Canal, and special efforts should be made

to determine the possible existence of any beds of weak materials.

102. In addition to the need for completing the structural

identification of La Pita Hill, there is a very real need for samples to

be acquired for laboratory testing purposes. The Las Cascadas formation

has the least information available on strength parameters of all the
major formations through the Gaillard Cut, In the future, each time a

boring is placed in this formation, consideration should be given to

acquiring and testing samples. Through continued testing (along a more

routine basis) a data bank will gradually develop that will prove valu-

able in studying other slopes within the formation.

103. In view of the frequency with which the slopes along the

Canal are loaded dynamically, i.e., frequent blasting wlthirf the Canal,

it is suggested that in addition to sampling for future conventional

laboratory tests, specific samples be acquired for cyclic triaxial shear

testing. Possible changes in material properties resulting from blasting

should be inferred or identified and subsequently used in future slope

evaluations.

104. Additionally, it is recommended that the monitoring of

blasts be continued during future operations. This analysis has served
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to illustrate the relative effects that blast-induced accelerations can

have on a slope. For marginally safe slopes , the effects could easily

be enough to cause instability , and any blasts in such area6 should be

monitored whenever possible .

Recommendations for Comprehensive Blasting Design

105. While the primary purpose of this report is to provide

recommendations for prevention of a massive failure of La Pita Hill, the

total benefit of the report will not be realized unless a series of

incremental reports are completed for selected slopes along the Canal.

The combined results of a series of detailed analyses, supplemented with

semiempirical analyses between slopes studied in detail, would provide

the data base from which detailed blasting recommendations could be

developed for the Gaillard Cut.

l06~ A final suimnary report is envisioned in which results of the

above recommended incremental reports are coupled with recorded blasting

experience in the Canal and are systematically applied to the entire

Gaillard Cut. The development of final blasting recommendations would

follow the step-by-step approach, outlined below and graphically illus-

trated in Figure 32.

a. Select slopes for analysis contingent upon deepening
locations and stability.

b. Incrementally evaluate and provide design recommenda-
tions for selected slopes by conventional analyses.

c. Perform semiempirical analyses on selected slopes.

d. Perform semiempirical analyses on areas between selected
slopes.

e. Develop conventional analysis versus semiempirical
analysis relationships for extrapolation to areas between
selected slopes.

f. Obtain experience records for Canal blasting .

g. Develop slope height/slope angle versus blast weight
relationships.
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h. Plot b , c, ‘i , and f using e and g to adjust the data and
f i ll in the gaps.

i. Provide final blasting recommendations determined from
h.

i• Adjust final recommendations as required by additional
blasting experience .

107. Implementation of these final recommendations will provide

blasting recommendations based upon experience with Canal blasting ,

experience with previous slides, and stability evaluations using present

strength criteria and current analysis techniques . When implemented ,

these blasting recommendations will be readily adaptable to “fine tuning”

or adjustment, as additional blasting experience is gained during the

Canal deepening project.
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‘lab) - 1

I t o r r n a t , j  i i  Av t i  lab ic  at La Pit -a H i ll

[tori rig I n  Ia (,rmO ti on
0 t’foe I. rriiiri - Water Level

Ito c - i  Ct at  ion from (~ N - vol .1 on  D epth E levat i on  f r e c e r i t
-N ~~~~ fi, * ft* f5 t ’4~ ta t f t  Use

NIlE — i 1 ’ )  J u n  7~’ 1 R - f + 2 3  14140 N :‘oq.. ’ 2114 .7 83.5  EDMt 510410 - - N

FEE— - 21 Nep 50 0 , ‘ +  5 1,28 F ‘09 . 198.0 — No n e
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def lec t ion
b oreh -Ie
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H E N —i  19 :;ep 5 ’) 18 12÷00 (65 N 3 19 . 5  252.0 — Non e

8 Oct 5~ 33 ~5+0o 385 F 182.8 20 14 .0 — None
E HE—9 “3 Nep 59 1831÷80 ~61s N 214 5 . 5  25 1.0 — No ne
Nb — b  1 ct 59 1835÷60 555 N 226. 14 207.0 — None
HEN—Il 5 Oct 5) i 0 - M + 5 5  370 N 1714 .0 210.0 — None
N R E — 1 2  I oct 00 031+05 710 N 214 2 .6  232 .0 — No n e
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deflection
borehole

1-01— oS :o- F’- ) (5 l~~0,+ ’-o ‘) 07 N 3 3 4 . 1 380.6 312.6 C r c  hole
4 22 -Sir 75 1832÷51 812 N 307.8 300.2 263.0 Core hole

1 ) ’ ) - — . 3 I I  A pr 75 o~9÷: ’: - ’ 8ot F: l l;’ a 1 101.2 28 1.0 Piezometer
:2 — ’ :. 5 Mar 1,7 1832+56 1128 E 3l~0 .2  1°2.7 302.2 E1~i1 station ,

plain—cased
borehole

i—N— I ’) I 1-tar 13 0:5÷5 ho:’ F: too . 6 1469.0 — EDM station ,
p la in—cased
borehole

0 1)0— 1’ , 8 .~~~l (I i  5, :‘+5o ‘So N 83.;’ 80.0 8 3 . : -  Corehole
‘( Jo n 714 33: 7+00 250 N 83.7 60.7 83.7 Corehole

:00—1 8 sO •:~~ -(Ii : 0 30 + 2 5 250 F~ E l a ( 68.9 83.6 Corehole
0 0 0 — 1 9  I J U l  (14 18 12+00 250 1-: 85.0 63.5  85.0 Corehole
001— 20 3 I , ~ 1 71, 1015+00  250 N 83.6 67.8 83.6 Corehole
I ’ D ,—?!  25 ~Iu 1  i~’ 18 y ÷ 5 1 ’  250 1-~ 83.5 62.5 83.5 Corehole
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‘t ab le  2

D c t t l em e nt  and Al i gnment Mo n urnen tc  ‘

O f f s e t  (irour id
Mo n ument .  Ot a t ior t  f rom ~ F :levation

i ~~r i ’ t t  i n  f t c ft~ ft** Present Use

0 1831+50 900.00 E 335.08 Set t lement  and alignment checks , and
EDMt s t a t i o n

1 1831+50 8 140.00 N 333.36 Settlement and alignment checks
2 1831+50 75 14.37 N 293 .56 Settlement and alignment checks , and

EDM st a t i on
3 1831+50 7;’S.33 E 287.98 Settlement and alignment checks

1831÷50 69l,.70 N 278.96 Settlement and alignment checks
5 1 833÷50 666.13 F: 270.36 Settlement and alignment checks
6 1831÷50 632.81 N 265.67 Settlement and alignment checks , and

EL~I s ta t ion
7 1831+50 603.69 E 25 1 .’ i 3  Settlement and alignment checks
8 1831÷50 577.914 N 2145.08 Settlement and alignment checks

1831÷50 521.78 N 208.1i7 Settlement and alignment checks
10 1831+50 503.76 E 207.00 Settlement and alignment checks
11 1831+50 1485.01 E 203.18 Settlement and alignment checks
12 1831+50 1458.80 N 191.91 Settlement and alignment checks
i i  1831+50 1421.61 E 1814.114 Settlement and alignment checks
114 1831÷50 399.78 E 180.12 Settlement and alignment checks

* Presen t  s t a t ion  and o f f s e t .
** Feet above mean sea level (msl).

1- 1)2 = c-I 1- , -t r ( o I  ii- Ii:; t r u i ca  - measurement.
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Table li

Production Blasts — Canal Widening

Djs ta~ce - 1,
to

Centroid
of

Station Offset  (Assumed) La Pit a S~~1ed Calcu1a~~d
ft ft Hill Weight Distance Acceleration

Old Present Old Present 5. f t 0  )~ J~_ V1 R/W~”~ ____________
1657+75 1813.75 375 U 268 U 1935 20 ,000 27.144 71.29 0.215 a
1648+50 1814+50 365 U 258 U 1875 20,000 27.144 69.08 0.235
1687+50 1813+50 375 U 268 U 1950 20.000 27.144 - 71.84 0.212
1657.00 18134.00 375 U 268 U 1992 20 ,000 27 . 144 73.39 0.200
1645+00 1811+00 375 U 268 U 2150 250 6.300 34 1.27 <0.001
1646+50 1812+50 375 U 268 U 2030 20 .000 27.145 74 .79 0.188
1646+00 1812+00 375 U 268 U 2070 20 ,000 27.144 76.26 0.177
1646+00 1812+00 375 U 268 U 2070 20 .000 27.1144 76.26 0.177
1655+50 1811+50 375 W 268 U 2107 13 .160 23.609 89.25 0.114
1659+25 1824+35 250 U 322 U 1200 10.000 21.5414 55.70 0.1,25
1685+00 1811+00 375 U 268 U 2150 12,000 22.894 .j 93.91 0.101
1658.80 1823+94 250 U 310 U 1212 2,160 12. 927 93.76 0.10,2
1658+54 to 1823+73 250 W 300 U 1217 4 ,125 16.038 75.88 0.181
1658+60

1644+00 to 1810+00 to 375 U 268 U 2042 4,125 16.038 127.32 0.044
1648+65 1811e+65

1658+35 to 1823+60 250 U 295 W 1225 2 .925 15.301 85.66 0.131 a
1658+51

1658+16 1823+80 260 U 297 W 12140 3, 000 114 .623 85.97 0.128
1657.98 to 1823+07 265 U 292 U 1255 - 3 ,051 14 .504 86.53 0.126
1657+92

1645.55 to 1811+55 to 350 U 243 U 1835 8,811 20.654 88.81. 0.118
1652+27 1818.27 -

1651+56 to 1817+56 to 350 U 243 W 1630 1,500 11.41.7 142.40 0.0325
1652.36 1818+36

1656+00 1821+55 300 W 262 U 1363 10 ,000 21.545 63.27 0.300
1651.50 1817+50 350 U 243 W 1657 10,000 21.545 76.91 0.177
16148+00 181b.+0o 375 U 268 U 1915 500 7.~37 251.28 <0.001
1653+32 to 1819+26 to 325 U 225 U 1483 10 ,000 21.544 68.84 0.237
1654.60 1819-’75 ‘

1650+62 to 1816-i-62 to 350 U 253 U 1682 8.000, 20.000 84.10 0.136
1651+73 1817+73

1651+56 to 1817+56 to 350 W 253 U 160!. 9,000 20. 801 77.11 0.172
1653+17 1819+17

1650.62 1816+62 350 U 243 U 1717 100 4 .652 369.88 0.001
1650.50 1816+50 350 U 243 U 1723 5.000 17.100 100.76 0.084
1650+00 1816+00 350 U 243 U 1758 40 ,000 34 ,200 51.50 0.525
1645.55 to 1810+55 to 375 U 268 U 2155 8,880 20. 708 103.58 0.077
1645.50 1811.50
1648+09 to 1814+09 to 350 U 243 U 1835 45, 000 35: 568 51.59 0.521
1649+61 1815.61

1642+59 to 1808+89 to 375 U 268 U 1883 39,000 33.91 55.53 0.,~e27
1654+09 1819.60

16144,149 to 1810.59 to 375 U 268 U 2150 37, 000 33.32 65.53 0.280
1645+53 1811+53

1649+65 to 1815+65 to 350 U 243 U 1718 56 ,000 35.83 47.95 0.635
1651+17 1817+17

164 6+73 to 1812+73 to 375 U 268 U 1967 48 ,000 36.35 54 .13 0. 456
1648+01 1814+01

1651+25 to 1817+25 to 350 U 2 143 U 1635 38 ,000 33.62 58.63 0.613
1652+45 1818+45

1656+37 to 1821+62 to 275 U 267 U 1300 38 ,000 33.62 38.67 1.140
1657.45 1822+62

1653+93 to 1819+53 to 325 U 230 U 1468 40 ,000 31..20 52.92 0.870
1654+65 1819.85

1654.41 to 1819+59 to 325 U 237 U 1457 39, 000 33.91 52 .97 0.860
1654+69 1819+84
1652445 to 1818.144 tc 300 U 258 U 1373 37 ,000 33.32 1.1.21 0.960
1659+21 1825+37
1650+01 to 1816+01 to 350 U 253 U 1735 39, 000 33.91 51.16 0.530

1650+69 1816+69
‘4 1652.85 to 1818+85 to 350 W 238 W 1537 39, 000 33.91 55.33 0.740

1653.89 1819+58
1655+59 to 182~+75 to 300 U 260 U 1368 40 ,000 34 .20 40.00 1.050
1656.33 1821+53

1659+13 to 1825+30 to 260 V 320 U 1)80 41,000 35 .58 34 .22 1.560
1660+01 1825.13

1650+77 to 1816+77 to ~5o t~ 253 U 1675 40 ,000 34 .20 48.98 0.600
1651.73 1817+73

(Cont inued)

Note : Calculated maximum acceleration from Canal widening blasts — 1.95 g; mean acceleration • 0.53 g.
* Assumed to be at sta 1831+00 , 675 ft east of Canal center line .

•• Prom graph of acceleration versus scaled distance, Fi gure 12.
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Table 5 (Concluded)

Distance
to

Centroid
of

Station Offset (Assumed) La Pita Scaled
ft ft Hill Weight 01 stance Ca1cuia~ed

Old Present Old Present B , ft ~~j~~_ wh/3 ~j~l/ 3 Acceleration
________ A

1558+17 to 1823.38 to 250 W 308 U 1217 36,000 33.02 36.86 1.031
1659.21 1825+37

1660+09 to 1825+22 to 225 U 330 U 1119 34,000 32.38 35 .56 ~.55O
1660.97 1827+20
1651.81 to 1817+81 to 350 U 253 U 1605 50,000 34.20 56.93 0.680
1652+71 18181-77
1657.05 to 1822+25 to 225 U 285 W 1278 40,000 35.20 37. 25 1 e 6 ~1658.09 1823+25
1661+05 to 1827+32 to 277 U 320 U 1090 40 .000 35 .20 31.87
1662+59 1828+68
1656+09 to 1821+37 to 275 U 275 U 1317 35,000 32.71 40.26 1 ,30
1656.97 1822+19
1655.13 to 1620.29 to 325 U 270 U 1505 50,000 35.20 41.08 ~.97O1656.01 lb2l$l0
1655+41 to 1819+59 to 325 U 258 U 1450 33.000 32.08 55.20 O.7’.5
1655+05 1820+20

1653.85 to 1819+50 to 325 U 225 U 11483 34 ,480 32.55 55.56 0.730
1651.4.33 1819457
1652+89 to 1818+89 to 350 U 243 W 1540 38,850 33.87 55.67 0.735
1653+93 1819+50

1651+77 to 1817.77 to 350 U 253 U 1613 39,210 33.97 57.58 0.650
1652+81 1818.81

1650+73 to 1816+73 to 350 U 243 U 1675 36.390 33.15 50.55 0.550
1651+77 1817+77

1653+00 1819.00 350 w 243 U 1565 230 6.13 255.30 O.00l
1659+00 to 1825+22 to 263 U 34 14 U 1160 7,728 19.36 58.82 0.368

1661+50 1827.88
1655+50 to 1820+68 to 300 U 263 U 1360 1,215 10.67 127.46 0.044

1656+67 1821+82
1650+00 to 1816.00 to 350 U 243 U 1693 9,000 20.80 81.39 0.150
1652+00 1818+00

1653+00 to 1819+00 to 300 U 205 U 1537 6 .000 16.11 79.09 0.162
1656+00 1821+20
1656+23 to 1821+39 to 290 U 272 W 1330 20,000 27.15 49.01 0.597
1657+03 1822+15

1657+50 1822+66 275 U 285 U 1277 22 ,000 28.02 145.57 0.732
1655+00 to 1820+11 to 325 U 260 U 1420 20 ,000 27.15 52.32 0.592
1655+50 1820+65
1655.18 to 1819.60 to 325 U 230 U 1567 25, 000 29.24 50.17 0.562

1655+50 1819+69
1655+50 1819+69 325 U 235 U 1555 20,122 27.20 53. 59 0.470
1653.50 1819+50 150 U 253 U 1535 20 ,000 27.14 56.56 0.406
1653+00 1819+00 350 U 253 U 1565 30 ,000 31.07 50.31 0.555
1652+00 1818+00 350 V 21.3 W 1625 20 ,000 27.15 59.87 0.359
1653+00 1819+00 350 U 253 U 1565 20 ,000 21.15 57 .66 0.387
1651.50 1817+50 350 W 253 U 166 2 20 ,000 27.15 61.2!. 0.328
1650+00 1816+00 350 U 243 U 1756 1,000 10.00 175.60 0.0185
1650+ 50 1816+50 350 U 243 U 1125 20 ,000 27.15 63.56 0.298
1650+50 1816+50 350 U 243 U 1725 20 ,000 27.15 63.56 0.298
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Table 6

Suemary 0! Laboratory Strength Test Results for the Las

In i t i a l  Laboratory Test
Results

Grain Water Dry
Sam— Atterberg Size Act iv -  Con- Den- Satura—

Boring pie Depth Limits <2  ~ i ty  G ten t  sity Void t ion
Location No. No. ft Description LL Pt P1 _j_ s _j_ 2~~~ ~~ J_2 % ________

South Atlantic Division Laboratory, 196

Route 11., Panama D—1 2 81.7—82.9 Green volcanic agglomerate 60 33 27 13 2.1 2.65 11.2 148 -- —— DC
slakes to 146

4 101.0-102.5 White tuft  slain-es to 144 85 46 38 15 2.5 2.63 12.3 1112 -- -— DC

10 175.9-176.0 Agglomerate --  2.66 7.1 155 - -- DC

13 230.5-231.6 Agglomerate -- 2.77 11.0 157 -- -- DC

15 235.5-236 .0 Red shale slain-es to 514 37 35 3 3 1.5 2.80 18.7 111.5 0.569 91.7 Multistage
(considered a clay 2 in . by
shale) —

16 237.8-250 O Dark brown shale slakes to 50ff 39ff lift 2ff 5.5 2 .82 15.8 117.1 0.503 83.3 DOS on und
CH (considered a clay 78* 3l~ 147* 27$ 1.7 16.3 112.5 0.565 81.3 by 2 i n .
shale ) 93*6 35*6 58~~ 51*. 1. !, 16.1 109.9 0.601 75.6 mm , 6p

15.9 110.4 0.595 70.8
15.3 125.5 0.503 100.0 RODS on on
14.5 125.1 0.507 100.0 2 in. by
15.1 125.3 0.1.13 100.0 = 1

Waterways Experiment Station. 1975 (This P
La Pita Hill ERE-25A 6 125.0-127.0 Agglomerate , (14.5 to R}N 3 102** 22** 80*~ -- --  --  22.5 107.4 -- -- DOS on und

18.3 111.3 -- -— imately
17.5 113.8 -- -- at 0.002

ERE-25A 8 165.8-168.3 Tuff , RH- 3 to RH-i 97~~ 39~~ 58~* -- -- -- 25.1 104.5 -- -- DOS on und
25.6 105.6 -— -— imately
25. !. 102.5 --  --  at 0.002

ERE-25A 9 169.0-171.2 Tuft , RH-3 to RH-i 82~~ 34** I.8~~ -- -- -- 23. 14 101.6 -- -- DOS on un-nd
23.5 101.6 -— -— 3 in. by
25. 5 101.2 -- —- mm , 6

in

11* 212.0-213.1 Tutf , RH-i to 511-2 98~~ I.0~~ ~~~~~~ -- -- -- 15.7 120.3 -- -- DOS on un-nd
16.5 119.8 -- -- imately
16.3 119.1. -- -- at 0.002

ERE-25A liB 213.1-215.1 Tuff , RH-i to 511-2 82~~ 30*~ 52~~ -- -- -- -- -- -- -- None

3 ‘164 .6—165.3 Tuff , RH- i to 511-2 78~* 38*~ IIO~~ -- -- -— 16.2 118.7 —— -— liDS on und16.7 115.5 -. —— imately
6 135.5-136.3 Tuff , 511-2 to R11-3 76*~ 36~* IIOft -- -- -- 22.1 107.3 -- -- at 0.002

ERE-26 5 209.8-210.3 Tuft (fault zone), -- -- 21.6 99.7 -- -- Multistage
511-2 to RH-3 approxim

in. high
0.52 in.

ERE-26 6 236.7-237.9 Andesite , RH-3 to RH-S -- -- 11.7 129.0 -- -- liDS on und
11.5 128.4 -— -- imat eiy -
12.1 128.8 -- -- high, at I

in.
ERE 27 14 714. 5-75.6 Tuft, C!6..3 to 511-2 98{~ I~3~~ 55~~ -- -- -- 39.1 78.3 -- -- RDDS on win

38.9 79.5 by 3 in.
112.1 77.5 mm , ~~

ERE—27 7 1I.i. Ie-112.5 Tuft , RH-2 to RH3 9904 570,4 1124* -- -- -- 29.3 95.0 --  -- DOS on un&
88.6 96.1 -- -- imately
27. 2 96.9 -- -- high, at I

in.

Note: a • undrained shear strength; n1~!, = effective normal stress; 0n • total normal stress; r = peal- shear strength; Tu ult imate shear strength; t rc° • total peak coheej on intercept ; 0 , • total peak angle of internal fr iction; c ’ = eff ~ctive “ultimate” cohesion intercept; O,, = effective “ult ii• U~ unconfined compr ession test; RODS — repeated drained direct shear teat; 6 u_ maximum displacement; DOS drained shear test ; 6 — displaces~i•• “Ultimate” • strength ~t displacement of about 0.3 in . max p
t 11. S. Army F4igineer uivi sion , South Atlantic , 1968.

f t  3 cycles of slaking 2 mm in blender.
$ 9 cycles of slaking 2 mm in blender.

** 19 cycles of slaking 4 mm in blender .
Minim,~ value.

I I  Air dried and soaked 58 hr each , then blenderi zed 10 mm , Banks et al., 1975 (Appendix B) .
I Sample added due to insufficient material in boring No. ERE—26, sample No. 3, to perform complete test.
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able 6
Results for the Las Cascades Formation

y Test 
Shear Strength Data

Normal

satura- Stress Shear Stress Peak Ult imate’ Residual
t ion  5u ~~n 0n ‘!p ~u T r c~, t5’~, c2 ~~ 

c,~ O~ e0 n-~ 
c; ø~ 

Type of Test” tat tst t S f  t8t tat t if tat  deg tat  tat  tat d~~ ~ f tif ti? deg
sion Laboratory, l968t

-- DC 30 -. - - --

- 
-- UC 50 - -  -- --
-- DC 57 - - --

-- DC 13 --  - -

91.7 Multistage RODS remoided specimen. -- S -- -. 0.57 0.2 5.5
2 in. by 2 in. by 0.5 in. • precut , 8 - -  -- 0.80

= 10 in. 12 -. -- 1.10

83.3 DOS on undisturbed specimens , 2 in.  --  9 12.5 5.51, -- 7.9 24.5 -- -- 0.0 35.0
81.3 by 2 i n .  by 0.57 in.  a~ 0.001 in.! 10 13.3 6.98
75.6 mm , 

~~ 
0.03-0.2 in.  12 13.2 8.35

70.8 18 16.6 13.10
100.0 RDDS on undisturbed precut specimens , -- 1, 2.97 -- 1.62 5 1.8 15.5 0.S 11.5
100.0 2 in. by 2 in. by 0.5 in., 8 3.49 -- 2.705 -- -- (Minimuin
100.0 6 10 in. 12 5.65 -- 3~~ 4 -- -- values)

Station, 1975 (This Report)

-- DOS on undisturbed specimens, approx I, 7.65 4.92 -- -- -- 0.0 65.2 -- -- 2.1 39.8 -- --
-- imately 5-in, diem, by 4.8 in. high,  8 16.87 8.71 ---- at 0.002 in./min, 6 = 0.142 in.  12 26.67 9.57 --
-- DOS on undisturbed specimens. approx 4 13.08 4.12 -- -- -- 8.7 148.3 -- -- 3.6 7.6 -- ---- imately 5-in, diem, by 4.8 in. high, -- 8 17.27 7.09 --
-- at 0.002 in./min, 6max 0.52 in. -- 12 22 .16 5.19 --
-- ODS on undisturbed specimens, 3 in. by -- 4 -- 6.72 2.82 -- 0.14 38.0 -- -- 0.0 25.0-- 3 in. by 1.0 in. at 0.00008 in.! 8 -- 6.62 2.82 ---- mm , 6~~~ = 0.5 in. 12 -- 9.70 5.57 --
-- DOS on undisturbed specimens, approx 1, 12.32 14.29 -- -- -- 8.5 I,1,.3 -- -- 2.1 28.6 -- ---- imately 5—in, diem, by 4.8 in. high, •- 8 16.06 6.50 ---- at 0.002 in /mm , 6max = 0.42 in. -- 12 25.67 10.23 --
-- None -- --

-- DOS on undisturbed specimens, approx 14 18.33 2.55 -- -- -- 15. 14 36.3 -- -- 2.0 23.5 -- ---- imately 4-in, diem, by 4.8-in, high, -- A 21.19 5.49 ---- at 0.002 in./mmn, 6max = 0.42 in. -- -- 12 22.13 7.214 --
-- Multistage lIDS on a faulted specimen, -- -- 5 3.85 3.65 -- -- -- 2.6 l6.s -- -- 2.6 16.5 -- --

approximately 3.9-in, diain, by I,.8 8 3.90 ~~~~~~ --
in. high, at 0.002 in./inin, 6 = 12 6.21 6.21. --0.112 in. =-—

-- liDs on undisturbed specimens , approx- 5 22.05 2.53 -- -- -- 0.3 63.5 -- -- 1.7 31.5 -- --
-- imately 3.9—in, diem, by 5.8-in. 8 i6.28 6.55 ---- high, at 0.002 1n./min, 6max 0.1.2 12 24.45 9.10 --
-- RODS on und isturbed speclmans, 3 in. S -- -- -- 0.70 0.0 8.29

by 3 in. by 1.0 in. •t 0.03125 in.! 8 -- -- -- 1.28
mm , tme,x = 0.25 in. 12 -- -- -- 1.76

-- UDS on undisturbed specimens, approx- 4 5, l~c~ 2.30 -- -- -- 10.3 28.0 -- --  1.5 13.8 -- --
-- imate].y 3.8-in, diem by 5.8-in. 8 

~~~~~ 3. Ii2 ---- high, at 0.002 in./min, 6smx • 0.142 12 16.60 5.23 --

shear strength; t r = residual shear strength; c’ = effective peak cohesion intercept; 0’ • effective peak angle of internal fr ict ion;
0n-, — effective “ultimate” angle of internal friction; c~ total “ultimate” cohesion int~reept 0u — total “

ultimate angle of internal fric on.
test; 6 — displacement at peak shear stress; DOS = undrained direct shear test performed in a rock shear device.
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I .

Initial Net
Offset I4ov~~~.nt History Horizontal
from ~~, from to from to INovement

Monument ft 05/06/70 05130/73 05/30/73 05/24/74 (f t  S or U)

0 900.00! ‘ ‘ 0 0

- 
1 840.0! 4 4 ~ 0.02!

2 754.37! 0.12W

3 724.333 0.10W

4 694.701 0.17W

5 666.133 0 1.44W

6 632.81! 0.14W

7 603.69 I~~ 0.05w

8 577.943 
: 4  • Q 0.03W

9 521.783 4 4 0 0.02W

10 563.76! A a 0 o.oiw

11 485.01! ‘1~ 
. 0 o

12 458.80! ‘ 0 o

13 421.67! • • 0

14 399.78! 4, • ~ 0.03W

Figure 8. Total horizontal movement and movement history
for monuments at sta 1831+50
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a. lmxnediately after extrusion from Shelby tube

‘Na.’

a..”~~
”f

~~~~

b . Single—plane direct shear test after failure at
4—t sf  normal load

Figure Bi. La Pita Hill study, agglomerate from
boring ERE—25A, sample No. 6, depth 125.0 to

127.0 ft (sheet 1 of 2)

Bil

~I ~~~~~~ ‘•~~~~~
“' - .  —:---

~~ 
“ - - I

5. S. : 7 ~~~~~~ 4 i
5
.~~~

l
~~~~~~~~~ r .~~

-l ‘ %,A .5.ç.,~



55
~~~~~~~~~~~

I 5
Lapl~~~~~~~~~~

‘
- ERE-254 64.

Pc1 1 
~~~~~~

• 
~~~~~~~~~~~~~~~~ 

0 i:cF”'

/~~~.; 

~~

‘

0 ‘~

— 

- 
1”~~1 

a 51555.

c. Single—plane direct shear test after failure at
8—tsf normal load
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d. Single—plane direct shear test after failure at
12—tsf normal load

Figure Bl (sheet 2 of 2)
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a. Immediately after extrusion from Shelby tube

b. Single—plane direct shear test after failure at
4—tsf normal load

Figure B2. La Pita Hill study,tuff from
boring ERE—25A , sample No. 8, depth 165.8 to

168.3 ft (sheet 1 of 2)
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c. Single—plane direct shear test after failure at
8—tsf normal load
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d. Single—plane direct shear test after failure at

l2—tsf normal load

Figure B2 (sheet 2 of 2)
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a. Immediately a f t e r  extrusion from Shelby tube
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b . Single—plane direct shear test after failure at
4—tsf normal load

Figure B3. La Pita Hill study,  tuff from boring
ERE—25A, sample No. 11, depth 212.0 to 214.1 ft

(sheet 1 of 2)
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c. Single—plane direct shear test after failure
at 8—tsf normal load

_ _ _  
_ _  

I

c,
. -:  ~~~~~~~~~~~~

S. ~~~~~~~~ 
—

d. Single—plane direct shear test after failure
at 12—tsf normal load

Figure B3 (sheet 2 of 2)
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b. Single—plane direct shear test after failure at
8—tsf normal load

Figure B4. La Pita Hill study, tuff from boring
ERE—26, sample No. 3, depth 164.6 to 165.3 ft

(sheet 1 of 2)
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c. Single—plane direct shear test after failure
at 12-tsf normal load

Figure B4 (sheet 2 of 2——Substituted sample tuff
from boring ERE—27, sample No. 6, depth 135.5 to
136.3 because of insufficient material in Boring

ERE—26, sample No. 3)
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a. Single—plane direct shear test after failure at
4—tsf normal load
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b. Single—plane direct shear test after failure at
8—tsf normal load

Figure B5. La Pita Hill study, tuff from boring
ERE—27, sample No. 7, depth 141.4 to 142.5 ft

(sheet 1 of 2)
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c. Single—plane direct shear test after failure at
12—tsf normal load

Figure B5 (sheet 2 of 2)
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a. Single—plane direct shear test after failure at

4—tsf normal load
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b. Single—plane direct shear test after failure at
8—tsf normal load

Figure B6. La Pita Hill study , andesite from
boring ERE— 26, sample No. 6, depth 236.7 to

237.9 ft (sheet 1 of 2)
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c. Single—plane direct shear test after failure at
12—tsf normal load

Figure B6 (sheet 2 of 2)

~~~

. . . .

~~~~ ~~~~~~~~~~~~~~ 

- 

B37

4
~

- 9’ 9

I .9% •... ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—I.- — —_ -

~~~~~~~~ ~
~—



— 

I ’  • ~~~~ ~~ -r r~~~ ~~~ 
:-
~~~ r~ -:~ . , . . ~~~~~~ ~~~~~~ ‘ I , -  “ 9 ’

t I , . . - 1  1 ~~~~ I~~~~~~I I I I  
~ 

I I , .  ? . , ,
~~~~~

l .  t ‘
9 4 4  ~ 

T 
~ 

~ ~‘—1--.- “-9---- ~~~~~ ~~,—,--9- ~~~~~~~ II. 7_~ 9~. -s-—s I •_SI_ ‘-~~~r ~—‘-“-~ ~~~~~~~ —‘-~‘ —‘----SI
. 1 4  I I I -  I- ~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 

I’  ‘ . j . l _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I ’ , ’

I~. 
• • I~~ l~~~~I 9 1 - .  t I ~~~~I I I I  5_ 4 t 1 , i~~~~~

l ? 1 1 1  .~~ ~

~~ 

—_ - 5 1—~~~~~-~~~~~~~~~

;

~~ 
51__~~~~~~~~ I~Lt~~ ft _ ~~ -—~~~~~~~--~~~~~~~~~~~~~~~~~~~~ -~~~~~~~ -

E l I~~~~l I I ~~~~~~~~~~~I l l ~~~~l l I I U ‘~~~
. - ‘ ‘ ‘ - -  1- l 1 , 4

5— I I I ‘ ‘ E ‘ ‘ ‘ ~ -t i  ~
- t ‘

01 I 4 1— ‘ 1 ’  ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ 
I 4

E ~ 
i - ’ -  0 I

SI 4 —:--:- —‘----
~ i~1TT -:----‘--:- 

~
—

~
-• E ~~~~~~ ~~~~~~~ 

:-‘--‘-‘- —  
~
-:-:— :—:---— ~~~~~~~ ~~~ -51-’5

Si , ‘ . ~ . 4 1 - ,~~~~~.-. .U
- I ‘ ,

UI , ,  _,_ _~~~~,
I ‘ I ‘ I I  . l - -9’4 ~~~~~~~~~~~~~~~~~ 4

I I .  , , ~~~~~~~~~~~~~~ ~~
,_ ..-_4._4- - . 5 ~~~. . I - 9 ‘ 1 ’ ’

W’~~~ :~~~~fl~~~~ ::

z
9 - - ‘ ‘ ‘ ‘I I , , ,  , 

‘ , , I 4 NORMAL STRESS 0’, TSP
5-

~ _9__.~ 4_,,..~. 
_.

‘n ‘ ‘ 4 ’  ‘ ‘  SHEAR STRENGTH PARAMETERS

~~~ t I ~ : t ~ ; MAXIM UM ULTIMATE
Z ~~~~~~~ ‘-1—,- SI-~~ SI~9 ~I~ 9SI•SISI 1-4SI9-, 9 . 4  I~~~~’ o o‘n  63.8 3

T A N ~~~~r 2.032 0.613

0.3 1.7 TSF
SHEAR DEFORMATION . IN, U io~~

TEST NO. 1 2 3 
______ ______

WET DENSITY , PCF )
~ 11414.1 1143.0 11414.14 

______ ______ ______

WATER CONTENT ~ 11,7 S~’ 11.14 ‘4 12.1 ‘7. ‘7. ‘4 ‘7.

NORMAL STRESS, TSP 0’ 14.0 2.0 12.0

MAXIMUM SHEAR STRESS. TSP ‘7~ 22.05 16.28 214.145 
_____- —

TIME TO FAILURE. MINUTES If 10 ‘7 19

UL TIMATE SHEAR STRESS. TSP 
~ 2.53 6.55 9.10

INITIAL DIAMET ER . IN.  Do 3,902 3.2k 1 3.901

INITIAL HEIGHT , I N .

DESCRIPTION OFUATERIAL Andesite, RH—3, medium hard rock, to 1(11—5, very 
—

hard rock (FCC)

REMARKS In tact  specimens P R O J E C T  LAPITA HILL STUDY 
—

J PANAMA CANAL
AREA

___________________________— BORING NO. ERE-26 SAMPLE NO. 6
DEPTH 236.7-237.9 DATE 5 June 1975

____________________________ 
CII DIREC’T SHEAR TEST REPORT (ROCK)

WES 
~~~~~~~~~ 

1490 EDITION OF JUN 6 5 1 5  OBSOLETE

SHEET NO.

B38

~~~~~~~~~~~ __ _ _  

,

~~~~~~~~~~~~~~~~~~

. - ‘N.



~~~~r T S 4 ~~4 ~
-
~
-r

~ ~~ rr ~~~~ ~~Trn~T-T-T T~ -~-~- fT ~ flTm
25~~~~~~~~~~~~~ 

~~~~~~ 

~~~~~~~~ ~~~~~~~~~~~~
-~~~~~ ~~t ~:J~ 

~~ ~~1tfl 4~t; ~~~~~~~~~
~~~~~~~ ~ ffi- f ~~ ~ ;t~::m~-~ ~~~~~~20

~~ 

~~~~~~~~~~~~~~~~~~~~~~~ 4- 

~~~~~~~~ ~~ 
H- -

~
-
~rt r~~ ~~~t-~~~ 4~’~ ~~~~~~~ 

I

15 .~. ~~+ -I- .s.

t - ~ ~~~~~~~~~~~~~~~
~ ~ ~~

I tTI~ ~~
~ 10 ~ ‘~~~~~ 

1: ~~~ 

~~~~ ~~ ~~~~~ ~~

-

~

- ~~: ~~~ 

t

5
, 

- 

~
I- i~ 

~~~~~~~~~~~~~~~~~~~ 
-

4

-

, 

1
0 ~ ~~~ ~ H I

0 100 200 300 1400 500

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 

‘

~~
0 ..00 200 300 1400 5C’)

SHEAR DEFO RMATION. IN. ‘ lO~~~

‘ 
REMA RKS - -- Rate of -leformation PR OJECT LAPITA HILL STUDY

9 
in”rease~ PANAMA CANAL

____________________________________ 
A R E A

_____________________________ 
BORINGNO. ERE-26 . SAMPLENO. 6

~~~~~

TH 
236.7-237.9 DATE 5 June 1975

DIRECT SHEAR TEST REPORT (ROCK)

WES MT~~~~, 
1490.1

B39 
SHEET NO.

~
I ~

~~~~~~ 

i—. :a:::T.~
’N.a. I 

•~
p, -

~~~~~~ 
- ~~ ~~~~~~~~ ~~~~~~~~~ 

- 
~~~~~~~~~ SI ~~~~~ •



SI ~ ~ 
0 

f

! 

20 ~ 

: 
~~

~ 
~15 .2 t

~~ 

51 ~ 7

~ : : :  l = = a . = -4 f .
~~ ~~~~~~~~

~ i : : : : ~ ~~~~~~~ ~~~~~ 
~~~~~~~~~~~ 

~~~~ ~~~
SI SI SI SI SI SI _l_ -9 _ 

~~~~~~~ ~~~~~~~~~~~ 4- 4 1- -I 4~~ S
SI SI SI S I S I S I S ISI SI’9 -l 

:;1—~
4’ 

~ 
~~~~~~~~~ ‘ ‘ ‘  t 4 - +

~~
-

10 . . . a - . .. -4--I’ 91 1 1  SI ~ ~~~~~~~~~ 9 4 I I 
~~~ ~SI SI SI SI SI SI ~S I 4 l  4. -9- 4- #~~ ’ t * ’ - -4-- —i.- - - f + .

SI SI SI SI SI SI SI 4 +  ~~~, + ,  I.~+~_ S I  f t ~SI SI ~ SI SI ‘ k ~~ 
t~~ ~~~~~ 

I~~~~~+~~~~~~ SI f lf 4
SI ~ SI ~ 

SI SI f ’  ~~~~~~~~~~ ~~~~~~~~~ ~~~I + 5 S 1 1  4— - —~- 4 -. . . . . a ~~. p . H— H—H- ~~~~~~ • 9 9 4 . .4.
. SI ~ SI 

~~~~~~~ 
SI j~~

4
~~

5 4~~ -4~~~ --f f--4 4 ++ ~t SI  
~
SI1SI

~
+SI

. SI SI a S -H’ ’  t t ~~~+ - — ~- 4- -+ - t  . ‘ ‘~~~~~~~

_ _ _ _  

~~~~~~~~~~~~

NORMAL STRESS 0’, TSP

RVIARKS _________________________ ~~!~~ JE CT LAPITA NIL ]1 ST”DY

p M axi ’~. ’~:r~ shear s t ress  PANAMA CANA L

~~ ~I 1 t 1icat’- shear struss A R E A

________________________________ 
GORING NO. ERE-26 SA M P L E  NO.
DEPTH

________________________________ 
I.’ 236 .’7-23 (.9  DATE 5 June 1975

DIRECT SHEAR TEST REPORT (ROCK)
w~~t 

FORM

~~J MAY 75

SHEET NO.

B140

J
~~•I91*I • ,c:~

R
~~

SI
_

~~~
I•’N 

~- 

~~
,%, S ~~~~ ‘ ~~~~~~~~ ~~~~~~ 

SI Y ‘5E I~~~~~iS~~~~ ~~~~~~~~~~~~~ —•~~~~~~~ SI 4~ 
‘~~h~~~~~ ‘



SI 

_ _ _ _ _

Iw 

-

IT~

Figure B7. La Pita Hill study, agglomerate tuff
(fault zone) from boring ERE—26, sample No. 5,
depth 209.8 to 210.3. Multistage direct shear

conducted at 4, 8, and 12 tsf
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Figure B8. La Pita Hill study, tuff from boring
ERE—25A , sample No. 9, depth 169.0 to 172.1 ft.
Pretest photography immediately after extrusion

from Shelby tube
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BLENDED
UQLMD AND MASTiC LIMIT TESTS

DAT! 6-11-75

~~~~~~~~ 
La Pita Hill Study, Panama Ca nal

SOlING .= ERE-25A 
•~~~ 6-p.

LtQUID LIMIT

RUNNO. I 2 3 4 5 6

TARE NO. 1214A 125A 1714A 175 ________ ________

TAREPL USW ET SOIL 27.614 214.97 30.144 ~~~~ ________ _______

TARE PLUS DEY SOIL 19.18 17.88 24.57 26.18 
________ _______

WATER 
~~~ 

8.1+6 7.09 5.87 7.25 ________ _______

TARE 11.13 11.02 18.7q 18.81 ________ _______

W 8.os 686  5.78 7 29_
WATER CONTENT W 105.1 103.14 101.6 99~5 ________ ________

NUM)ER ~ 16 22 28 314 
________ ______

~~~~~~~~~~~ 
_ _ _= = ~~~~~ . : : :~~~~~: —105 LL 102.0

~ PL 22.0
-1014

~ Bo.o
1 !4’!tIIJ— — — — — - — - - - -  ~ -103 S~ ,nboI f,on

— — — — — — 
. 

plalt.c4 1y chøfl

102 CH

thi ffi 30 4O~~~~~ 

_ _ _ _

NUMBE R OP SLOWS

PtASTIC LIMIT NATURAL
WATER

RUN NO. 1 2 3 4 5 CONTENT

TARE NO. 147A 1514A - _________ ________ ________ ________

TARE PLUS WET SOIL 33.57 32.79 _________ _________ _________ _________

TARE PLUS DEY SO4L 30.90 30.27 _______ _______ _______ _______

WATER ~~ 2.67 2.52 _______ _______ _______ _______

TARE 18.90 18.88 
_______ _______ _______ _______

Div SOIL 12.00 11.39 _______ _______ _______ ______

WATER CONTENT I w 22.3 22.1 - ________ ________ ________ ________

J PLASTIC LIMIT 22.2 __________ __________ __________ __________

IIMARSS ~~~~ ClaY CH D. Gray
Was h, on ~~ 140 sieve s% coarse sand_______________________________________

TECHNICIAN -_______________________ COMPIJIED IV BD o*cxic iv _____________________

INS POIM 3$3$ (EM 1110—2—1906) ( TRAN$LIJC FNI, GPO ‘45 OP —~~‘ ‘~~
0 PLATE Ill- I

B50

-.

~~~~

- -~~~ —



BLEI~)ED
LIQUID AND PlASTIC LIMIT TESTS

DATE 6-11-75
P*O)ECT La Pi1-e Hill St .utiy, Pencomfi (~~n~~l

lOSING NO. ERE—25A SAMAE NO 8A

1101110 UMIT

RUN NO. 1 2 3 4 5 6

TARE NO. 
- ________ 53A 7’.A 70A

TARE PEUS WET 5OIL 24.40 26.85 25.51 26 61 _______

~ TARE PLUS DRY SOIL 17 70 1Q 014 18 1414 ________ ________ ________

WATER 
~~~

+. 6~70 7.81 7:07 7 5 8  _______ _______

TARE 11 ()~ 11 (19 11 1~~ 11 (1(1 ________ ________

DRY SOIL ( 6 1 4  7-95 7 28 R l i  _______ _______

WATER CONTENT W 100.9 q8 .2 97.1 9143
NUMIER Of SlOWS 15 21 27 35

= = = : : : 1i~ t~ 101
- -

- ico LL 97.0

PL 39~0

~I sa.o

— — — — — — — - - - pIoiticiI~ CII~~I$
U —  — — — — - - - - - -

CH
— — — — — — —

98 Syn.boI f,em

96

- 9 5

— — — — - - - - - - - 914
5 10 20 30 40

NUMSER Of SLOW S

PlASTIC LIMIT NATURAL
WATER

SUN P40 I 2 
- 

3 4 5 CONTENT

TARE NO. 110 131 _______ _______ _______ _______

TARE PLUS WET SOIL 2~ . 19 26.59 ________ ________ ________ ________

TARE PtUS DRY SOIL 24.lg 22.27 _______ _______ _______ _______

WATER t~_
w 5.00 ________ ________ ________ ________ _______

TARE 11.1+0 11.21+ ________ ________ ________ ________

DIY SOIL 19.79 11 03
WATER CONTENT I w 39.1 39.2 ________ ________ ________ ________

I’ PLASTIC LIMIT 39.2 I ___________ ___________ ___________ __________

IRMARKS Clay (r.H) I). Chervy Red
Wash on TI~ 

140 
~
1eyo s~ coarse sand

TECHP~ CIAN 
BD 

COMPUTED IV _BD iv ___________________

INS POIM 3838 (EM 1110—2—1906 ) (TRANSLUCENT) GPO ~$4 O P — 7 ! S .7 4 O  Pl ATE I l l — I

B51

- 
~ 

-.
~~~
. 

— -

~~~~~~~~~~~ ~~~~~~ ‘.

~
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BLENDED
LIQUID AND Pl ASTIC LIMIT TESTS

DATE 6-10-75 I
,

PROIECT La Pita Hill Study Panama Canal _______

1011140 NO, ERE-25A SANPIE .~~ -~~~~~~~ h A

1101110 UNIT

RUNNO. 1 2 3 4 5 6

TARE NO. 75 101 9 
_________ ________ ________

TAREPtUS WITSOIL 22.59 . 22.76 25.73 ________ _______ _______

TARE PLUS DRY SOIL 16.98 16.95 18.60 
_________ ________ ________

WATER ~~~ 5.61 5.81 7.13 _______ _______ _______

TARE ~~~~~ 11.12 10.99 ________ _______ _______

DRY SOIL 1~~ s 5. 1~9 5.83 7.61 _______ _______ ______

WATER CONTENT I ~ 102.2 99.7 93.7 ________ _______ _______

NUMIER Of StOWS 17 21 35 ________ ________ ________

1~ 1~~~~
11i

— : : : : : - t11L~11~ iiii 1iO
I f l I H f l R~H— ’° 9 

________

~~~RJ~~— io8 LL _ _ _ _ _ _

: s : : :  i1 itft ~~ff— 107 
~o o

= = I i ±~~~W~ i06
:::~~~~: t 1 i I H ~~— 105 P1 58.0

t111 ±1ttU ~~~’°14
= = = = - : t11111ffI1 $$ t~— 10 3 ST~~~ O I I~

On
~

—  — — — — — — : - : ~~~~~~~~ 102 ~ I~~~tk.s~ chorl
-
~ ~ j~j

_ ioi CH
= ::::: : . 1H111 100

= : = : = I~ 1H — 99
— —  — — — - - - - - - ~H f H - 9~— —  — — — _ _ _ - - - = — 9 7

20 30 193

NUMBER OP SLOWS

Pt* SUC LIMIT NATURAL
WATER

RUN NO. I 
— 

2 3 4 5 CONTENT

TARE NO. lSOA 157A _______ _______ _______ _______

TARE PLUS WET SOIL 35.11 35.52 ________ ________ ________ ________

TARE PtUS ORY SOIL 30.1+6 30.78 _______ _______ _______ _______

WATER L~_w 4.65 4.714 _______ _______ _______ _______

TARE 18.89 18.97 _______ _______ _______ _______

DRY SOIL 
-

~~~ W s 11.57 11.81 
_______ _______ _______ _______

WATER CONTENT W 1+0.2 140.1 ________ ________ ________ ________

PLASTIC LIMIT 140.2 __________ __________ __________ __________ _________

IRMAIKS Clay CH D. Red
Wash. on No. 140 ~~~~ 6% coarse sand_-_

TECHNICIAN ED COMPUTED ~y ____________________ CI*~~ED IV ________________________

~~~~~~ 3838 (EM 1110—2—1906) (TRANSLUCENT) GPO IllS OP—7Hl- ~~lO PLATE III—

B52

‘

~ / ~~~~~~~~~~~~ 
-
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~~~~~~~~~~~~~ /

/
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BLENDED
LIQUID AND PlASTIC LIMIT TESTS

DA TE _________________________

P*OJECT _ La Pita Hill Study , Panama Canal

lOSING NO ERE-25A 
_______ SMIPLE NO llB

LIQUID UNIT

RUN NO. 
— 

I 2 3 4 5 6

TARE NO. 51A 29A 30A 53A ________ ________

TAREPLUS WET SOII. 2~4.87 28.26 27.33 28.10 
________ ________

TARE PLUSDRY SOIL 18.148 20.50 20.13 ‘ 20.61 
________

WATER ~~ 6.39 7.76 7. 20 7.1+9 
________ _______

TARE 10.95 11. 17 11.32 11.09

ORY SOIL 7.53 9.33 8.8]. 9.52 
________ ________

WATE R CONTENT W 814.9 83.2 81.7 78.7 
________ ________

NUMBER Of SLOWS 15 22 28 35 
_________ ________

82.0LL _ _ _ _ _ _

= PL 30.0

___________ ~~~52.0

= WJ LIiI-I
= - ftj lftH 82 Sym~~~I fPo .

— — — — — - — - - - pladi.4IV CIOII
U - I-4-1-l k-14

= ~~~~~ -8l CII

== = E ~~~~
~~~~79

-~~~~~~~ 78
5 10 20 30 40

NUMBER Of SLOWS

PLASTIC LIMIT NATURAL
WATER

RUN NO. I 2 3 4 5 CONTENT

TARE NO. 130 131 
________ ________ ________ ________

TARE PLUS WET SOIL 23.25 22.02

TARE PLUS DRY SOIL 20.51 19.55 
— ________

WATE R L~ 
2.71+ 2.147 

________ ________ ________ ________

TARE 11.31 11.214 
________ ________ ________ ________

ORY SOIL 9.20 8.31 
_______ ________ _______

WATE R CONTENT w 29.9 29.7 
________ ________ ________ ________

PLASTIC LIMIT 29. 8

AEMARKS Clay ( C I I )  D. Red
Wash on No. 1+0 sieve

TECHNIQAN BD COMPUTED IV BD CMc~w IV _________________________

~~~~~~~~~ 3838 (F.M IIIO—2-1906) (TRANSLUCENT) GPO I l I S O P — 7~~S-1HO PLATE I l l—I

B53

J 

—-- - 

/ ~~~~~~~~~ /
/
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BLENDED

LIQUID AND PLASTIC LIMIT TESTS

DATE 6-18-75
PIOJECT La Pita Hill Study, Panama Cana l ______________ ______

lOSING P40 ERE—26 SMI?tE NO 3
LIQUID LIMIT

RUN P4O. I 2 
— 

3 4 5 6

TARE NO. (
~J~~ 73f~ — ________ ________ ________ ________

TAREPLUS WET SOII. 25 12 26J~7 22 .58 2~~10
TARE PLUSDRYSOIL 18 96 19)19 17.62 19.67 _______ _______

WATER 6.16 6.s~ 14~~6 6 113
TARE 11.27 11.16 11 07 ii oR ________ ________

DRY SOIL S 7~~9 8.33 6 .ss 8 s ~ ________ ________

WATER CONTENT w 80.1 78.4 75.7 714.9 _______ _______

NUMMR OP SLOWS 16 21 — 29 35

LI 78.0

PL 38.0

P1 
140. 0

— — — — - 7o Spn.bol from

— — — — — — — -. pIoslicll ~ cho. -I

g = =~~~~~~~::::: - 77  M}1
4 — — — — — — — ____________

— -75

— — — 
10 

— 
20 30 40

NUMSER OP SLOWS

PlA STIC LIMIT NATURAL
WATER

RUN NO, I 2 
—_

3 
— 

4 5 CONTENT

TARE NO. l14oA 150A 
________ _________ ________ ________

TARE PLUS WET SOIL 24.07 30.71 — 
________ _________ ________ ________

.-~~~ TARE PLUS DRY SOIL 20.59 27.148 
_______ ________ _______ _______

WATER 3. 1413 3.23 
________ ________ ________ ________

TARE 11.31 18.89 
________ ________ ________ ________

D*’I SOIL 9.28 8.59 _______ _______ _______ _______

WATR R CONTENT I w 37.5 37.6 
_______ _______ _______- _______

PLASTI C LIMIT 37 .6 __________ ___________ ___________ ___________

REMAR KS Silt Clay (MB) (WINE )
W ash 

~~ 
No. 40 sieve —

BD BD 
________________TKPR~ CIAN — co~ ,wi p iy ____________________ CI*~ KRD IV ________________________

I C  3838 (EM I I 10.2—1906) (TRANSLUCENT) 
GPO .,u o r— ? ,. -  7,0 PLAT E I l l— I
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BLENDED
LIQUID AND Pl ASTIC LIMIT TESTS

DATE 6—18-75
PROIECT 

La Pita Hill Sutdy, Panama Canal

lOSING P40 ERE 27 SMIPLI NO 
6

LIQUID LIMIT

RUN NO. I 2 3 4 5 6

TARE NO. 103A llOA 122A 128A 
_______ _______

TARE PI.US WET SOIL 25.22 26.35 25.33 26.05 ________ ________

TARE PLUS DRY SOIL 19.06 19.70 19.24 19.62 
________ ________

WATER I~~ ....._6.16 6.65 6.09 6.43 _______ _______

TARE 11.22 11. 01 11.06. 10.814 ________ ________

DRY SOIL ~W 7.84 8.69 8.18 8.78 _______ _______

WATER CONTENT I W 78.6 76.5 74. 14 73.2 ________ ________

NUMBER Of SLOW S 17 21 28 35 ________ ________

~~~~~~ U ll ~F !llI~ 1 -80

LL 76.0

— — — - - - - - - 4 fl 1 ~ t t I1 t ~~ PL 36.0
— — — — — — — - . . 

‘~ n ~;u;u~ -7 8
=~J:-11 i1;i1;i~ P1 40.0
~~fl uuimcxt

= = — = — - - - ItH tt~t l f t t  77 Sp,nbol lrom

— — — — — — - — - - 

~ f f~ 
pIasIIcIIy cho n

-76 
_ _ _ _

— — — — — — — - - - - -

— — - - - - - - - - - - . -75

5 10 
- - 

20 30 40

NUMBER OP SLOWS

PLASTIC LIMIT NA TUR A L
WATER

RUN NO I 2 3 4 5 CONTENT

TARE NO i6~A l68A
TA RE PLUS WET SOIL 31.93 32.114 

________ ________ —_______ ________

TARE PLUS DRY SOIL 28.5~ 28.62 ________ _______ ________ _______

WATE R ~~bo _______ ________ _______ ________ _______

TARE 18.99 18.72 ________ ________ ________ ________

J DRY SOP. J~J~
j 9~ 5I4 9.90 _______ _______ _______ _______

WATER CONTENT I w 35.6 35.6 ________ _______ ________ _______

PLASTIC LIMIT 35.6 _________ __________ _________ __________ _________

11MAR55 Silt Clay (Wine )
Wash, on No. 140 sieve

BD 
COMPUTED ST 

BD 
~~~~~~ IV ________________________

I
~~~~

C?1I 383$ (EM Ifl0—2—1906) (TRANSLUCENT) ~ ‘° ‘“ Or—Il l-  PlO PLATE I l l — I
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BLENDED
LIQUID AND PlASTIC LIMIT TESTS

DATE _________________________

PROJECT La Pita Hill Study, Panama Canal _____________________________________

lOSING ~~ ERE—27 SAMPt I NO ___________________

UQUID LIMIT

RUN NO. 1 2 3 4 5 6

TARE NO. 153 172A 132A 113A 
________ ________

TAREPLUS WET SOIL 20.11 26.62 18.53 19.00
..~~~~ TAREPLUS DRYSOIL 15.65 22.74 14.72 15.05 ________ ________

WATER [
~~~ 

4 .46 3.88 3.81 3.95 ________ ________

TARE 11.35 18.85 10.314 10.92 
________ ________

DRY SOIL [~~~ 
4 .30 3.89 3.88 14.13 

_______ _______

WATER CONTENT I w ].03~~~~ 99.7 98.2 95.6 -______ _______

NUMBER Of BLOWS 17 23 28 314 ________ ________

— = = — = : 1] FE] E [i[1IE~~RJ— 113
= = : : : 

- = I I El H ± if E iIE. f f l F~~ 3~l21~-~ H ~~~~~~~~~~~~~~~~ LL 99.0
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ i~~

_
ti t tt~ ~~~~~~~~ 57.0

= = = =~~~~~~~~~~~: : ::  J H E l L~~ ~~~~~~F-l08 PL _ _ _ _ _ _

1HHH ~~ ~~~~~:io6 
P1 142.0

__ 

::~ I~f l E~f F ~~~~~I 105 Syn~boI from

= : = = : : . .  ~~ fl
’I±L ~~~~~~~~ 

plo.t.cnl y chofl

= 

NH

l u  El t~ ~~~~~~~ 100
iii H-±-t ftHE±F 99

~J ~ 4 ~~~~~ f- 98
l i t  Et ± UHHi~J 9 7

“ iii ~~ ~~~~~~~96
5 1 0  20 30 40~~~~~

NUMBER Of SLOWS

PLASTIC LIMIT NA TURAL
WATER

RUN NO I 2 3 4 S CONTENT

TARE NO. l714A 131 
— ________

TARE PLUS WET SOIL 28. ~6 21.05
TARE PLUS DEY SOIL 25.03 17.50 

—

WATER ~.53 3.55 ________ ________ _________ ________

TA RE 18.79 11.29 
________ ________ ________ ________

DRY SOIL 
__________ 

6.214 6.21 
—

WATER CONTENT I w ~~~~~ 57.2
PLASTIC LIMIT Jvg . ~6. 9 __________ __________ __________ __________ __________

REMARKS M .H. Orgy Silt
Wash, on No. 40 sieve

TICP#IIOAN EH COMPUTED IV EH CHR~~RD ST ____________________

~~~~~~ 3$3$ (EM 1110.2—1906 / (TRANSLUCENT) GPO IRIS 0P I~ t 7lO PLATE I l l —I
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14TEND1~TI
LIQUID AND PlASTIC LIMIT TESTS

DAT1 6—5—75
PROJECT j4j~ita Hill Study J~~~~~~~Ca naL_ __

ROSINO 140 EEE—25A .__ _._ ..~ ._~_~~__________ SAMPtE NO — 9
LIQUID LIMIT

RUN NO. I 2 3 4 5 6

TARE NO 95A 95 79 6a~ ________ ________

L2~!!
!LUSWE1 SOIL 20.90k 26 .00 

— 21.914 19.75 ________ —_____

~ TARE PLUS DRY son 16.1+2 18.88 17.28 15.84 
_________ ________

WATER 1~w 4J18 7.12 14 6 6  ~.9i
TARE g 11.23 10.145 11.1+9 10.86 

________ ________

DRY SOIL 
~ j i~ 5.19 8.43 5.79 14.98 _______ _______

WATER CONTENT W 86.3 84 .5 80.4 78.5 _________ ________

NUMBER Of ‘LOWS 17 22 28 314 
________ ________

~~~~~~~~HH ~J HThiflthI
- 9 1 +  

_ _ _ _

— ~~~~~~~~:: : I l I I j -~ .H+~f 93 LL 82.0

~1 4 i ~ i :~ PL 314.0

P1 148.0

~ ==== == T ==~~~~~~~~~~~~I = 1III r1rr~~ 
-
~~~~~

~ : T~~~~~~~~~~~~~~~ ::~ : - 8 8  Symbo l fre m
— — — — — — — - ._ - . - 87 pIOlt ,c,Iy chart

- 8 6
- 8 5  Cli

= ~fl:
-El3 - 8 1 4

= ===~~~~~~~: :: - 8 3

-8 i
— — — — — - - — - - - -  

~~~~~~ 
- 8 2

= I~°E’~ - 8 0
- 79

— — — i. — - — - - - i it a  -
5 10 20 30 40

NUMBER OP SLOWS

PLA STIC LIMIT NATURAL
WATER

RUN NO 1 2 3 4 S CONTENT

TARE NO. 5—A 56 __________ _________ _________ _________

t
TARR PLUS WET SOIL 23.91 23.16 ________ _______ _______ _______

TARE PLUS DRY SOIL 20.65 20 22 
________ ________ ________ ________

WATER 1Ei~ 3.26 2.9~4 
_______ _______ _______ _______

~ I TARE 11.06 11.149 
_______ _______ _______ _______

_L DRY SOP. 9.59 8.73 _______ _______ _______ _______

WATER CONTENT J~ 314,0 33.8 _______ _______ _______ _______

J PLASTIC LIMIT Avg. 33) ________ ________ ________ ________ ________

~~~~ 
Clay CII Brown

Wash, p~ ~~ 140 sjp ’.rp

TECt*IIOAN ~H COMPUTED IV El-I CI*CXRD IV _________________________

~~~~~~~~ 3$3$ (EM III0—2—I906) (TRANSLUCENT) GPO ISIS OP—1lS-TEO PLATE I l l—I
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BLENDED •
LIQUID AND PlASTIC LIMIT TESTS

DATE 6—23—75

~ROAO La Pita Hill Study1 Panama Canal ______________________________

lOSING NO 
ERE —2 7 SAMPLE NO 

14

LIQUID LIMIT

RUN NO. I 2 3 4 5 6

TARE NO. 52k 66k Q7A 90k ______ ______

TARE PLUS WET SOIL 25.07 25.27 25.914 27.79 _____— _______

..~~~~ TAIE PLUSDRYSOIL 18,04 18.29 18.63 19.65 ________ ________

WATER 7.03 6.,9~_, 7.31 8.114 
_______ _______

TARE 
. 11.11 11.27 11.13 10.86 _______ _______

DRY SOIL 

~~ 6.93 7.02 7.50 8.79 ______ ______

WATER CONTENT W ~~~~~~ 99)4 97.5 ~~~L_ -________ ________

NUMBER Of SLOWS 15 21 27 35 ________ ________

—— — — — — — - - - 4 fR4~ 111H ~P~W l—llo
— = = : : T~T 1f I~fl1FP ~-rnP1-1o9

= : : : 
~~~~~~~~~~~~~~ 1441~~1—lo8 

________— = = 3~ H l E f l h l ~~~ 1~~-lo7 LL 98.0
— — ~~~ — — — — :1 — - - - R~ ~f 1 ~~~~~~1WP ~- io6

= == = = : = : fl T~~~~~~~~~~~~ — l05— — — — — — — - - ++ t+ l ItIlltI $ $’H$$H I

= : : : = :t± t t1t t 11 i~~t~~1thi— ’0 55.0

= ~ ; = = = i±~~ I±1tt fl1~~ f~~~iBi~~~
-°3 

P1 __________

= — — — — — — - - f~ t it i ~P1 ftl f Hltt 11 1-°2 Syn.bol Icon ,
— = : : : : : —10 1 plo.I ic.t y chall

s~~~~~~~~~~~~~~~ Tho~~~~~ 

_ _ _  _ _ _  

gloo 
NH

NUMBER OP SLOWS

PLA STIC LIMIT N ATURAL
WATER

RUN NO I 2 3 4 5 CONTENT
-- 

TARE NO 168A 16% 101 133 
_______ _______

TAR E PLUS WET SOIL 28.26 29.140 __.1IJ.Q_ 19.314
TARE PLUS OSY SOIL 25.38 26.23 16.147 16.76 _______ _______

WATER 
- EEI~ 2.88 3.17 2.63 2.58 _______ _______

TARt 18.72 18,88 11,12 11.48 _______ _______

DRY SOIL J~ 
6.66 7.35 5.35 5.28 _______ _______

WATER CONTENT I w 143.2 43.1 49.2 48.9
PLASTIC LIMIT 43.2 _________ 

149.1 _________ ________ ________

Silt Fine Sand
~~~7h on No . 40 sieve

BD 
COMPUTED ST 

BD ORO1ED IV _____________________

~~~~~~~~ 3$3~ 
(EM III0—2—1906/ (TRANSLUCENT) GPO 155 OP—Ill-Ill PLATE III-
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APPENDIX C: E XAMPLES OF COMPUTE R RUN S FOR CRITICAL SOLUTION S

______  ____ ______
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EXAMPLE NO. 1 - 
N

Semiempirical Stability Analysis Section

Prior to Canal Deepening

Strength Po re Pressure Acceleration

= 0, ~~ = 20 deg r
~ 

= 0.23 0.0

c’ = 600 psf , ~~ = 20 deg r
~ 

= 0.23 0.0

= 0, 4/I = 20 deg r
~ 

= 0.32 0.0

c’ = 600 psf , 4~ = 20 deg r
~ 

= 0.32 0.0

4

C3

‘If ’ ~~~~~~~~ 
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~~~~~~ 

,..— •.-
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P116 MI~,1, 2.DI I. EN SI III:A L STI.B l L IT
~ ~N~ L904

~

14U1594 ~jI eO ILTS ‘ 46

IIIJMIIF.4 ØE l I N E S  • 411

~~~~ O~ 
I4?Nr 9~~ Li~~ —

. . - . . . -

TOIl • jSS.J.3
— 

TN • 690. 1.0 

O~
D .  Ej~~. L3 

- - - - 

- . pOc.~ T OEIE{ 89E31.(.14 - - ~~~~~
. LL -.bt4C~-IpT4 OA

POI~I1 NO. N~~,L 9ES . E— rOoR UlKA Tf  - V .TOORD IN* !E LINE NO. PO INT C F O I N T  2 SA T E R I * 1 .

2 — 
24L . QO 

- . .

3 . ‘. 49L,00 . . - — .DQ~ 0t
4 — 46~~,50 SIS .OE S I
0 - - . C  - . 95I ,j~ ~~~5 _ . N . 6

6 C aRL ,09  iTO f OO ‘ 1
721.00 1L L.00 .~~L . _  .. ~~~~~~~~~~ ~~.I C~ 791 .0 9  l?O~ 00

9 . .. _~~~~~~_ . .191.,00 - . . 9~ 19
1.0  829 ,00 210 ,0 0 10 III 11.
1.1 — - ~.4 . .  _ _~~~~ L.i0 . . 2~.Q.O0 II

. . .  41 . 32
1.2 891 .00 270 ,00 12 12 12
13 C 909.00 2.2.00 . .....j3 13 .. i_ . .
14 . 93~~.Q0 290 .00 j4 14

— ‘.. ?0’ ,00. ~ti1..Q0 ~~~~~ - J,5_. _ . ~~~~~~ . C
15 ?‘i. ,QO 270 00 16 16 1/
1~  . . . 2 1.0.00 1.7 ..
is C 1 0 3 1 , 0 0  2 0 . O Q  18 111
19 1u’ .~.0n  ~~a o.  .. .i.! - -- 1.L . _ .....~ ZL_ .. ._
20 • 110 1,00 31.0 00 20 20 3
23 — —— 1.321,00. 3 1.1.00 .21 3.3. - . 22
22 • 114 ., 00 3~~0 , O0 22 22 23
23 C 

~~~~~~~ - . 3~ U.00 23 . 2’ . 3
24 C 11.61,09 ~~~~~~~ 

24 24 29
13 7 1 ,00  SLO.OQ__ 29 ~~~~~~~~~~~~~~~~~~~~ — - -26 i18~ , Q 0  370 ,00 26 26 2 7

2’ ~~~~~~~~~~~~~~~~~~~~~~ . 2 ~ . .2.7
28 - 1391 , 00 39 0 , 0 0  28 28 2~ C
29 . . 1 00__._ 410.,i.0 . .19 _ _  ~~~~~~~~~~~~~~~~~~ 3
70 • 129.. , 00 4 1.0,0 0 30 TO 31 1

___________- i~ 99 .00 4i5..,IL.. ........ ‘i 31 ~~~~~ — .1
32 12 14 ,60 4~ 0 , Q 0  32 32 3J
73 .. 1.223,00 . 4 1O 9 OL ~~~~~~~ ~3 

- -34 1~~3 1,Q0 4~ 0, 00 34
35 • 324L.QQ - 4~Q.,0S . - - - 36
36 , 12 52 , 0 0  414 0 .00 36 3’

- — 1361 .00 4L0 4 00 -— !‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 1. .
38 C 150 1. 00 ‘149,00 3L 39 40 7

— .k.... 119., 09 3!. 40 41. II
40 529 ,00 277 ,00 40 47
43 l’lb ,QE ~9II.Q9 . 41 42 42 (I
42 93 ’ . UO 276 ,80 42 4~ 0
L . .. _ _ _ _ . 10~~

) .00__ 33.!1JL. ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~. 3~ . 0
44 • 1119 ,00 39t ,20 44 31. 45 II

1~ O~~I00 ‘t’,09 4~ 4 4 0  3
46 3 3 .  6 ( 0 ,00 46 40 47
47  . 5 2 L . 0 0  61.0 ,00 47 46 4 1
48 1. 1S~ ( .00  6 1 0 . 0 0  46 4/  48 1
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EXANPLE NO. 2

Semiempirical Stability Analysis Section

After Canal Deepening

Strength 
— 

Pore Pressure Acceleration

c’ = 0 , ~.‘ = 20 deg r = 0.23 0.0

c’ = 600 psf , q ’ = 20 deg r = 0.23 0.0

c’ = 0 , 4 ’ = 20 deg r
u 

= 0.32 0.0

c’ = 600 psf , ~~‘ = 20 deg r = 0.32 0.0
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EXAMPLE NO. 2

Semiempiric~l Stability Analysis Section

After Canal Deepening

Strength Pore Pressure Acceleration

= 0, q ’ = 20 deg ru 
= 0.23 0.0

c’ = 600 psf , ~~‘ = 20 deg r
~ 

= 0.23 0.0

= 0, q ’ = 20 deg r
u 

= 0.32 0.0

c ’ = 600 psf, ~~‘ = 20 deg r
u 

= 0.32 0.0
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EXAMPLE NO . 3

Semiempirical Stability Analysis Section

After Canal Deepening

Strength Pore Pressure Acceleration

= 0, •‘ = 20 deg r = 0.32 0.07 g

600 psf, •‘ = 20 deg r = 0.32 0.11 g

C23th~~~~~~~ 

_ __

,L~ ~~~~ # 

/ ~~~~~~~~~~~~~~~~~~~~ ‘
‘~~~~~~~.‘14~~~4 ~~~~~~~__________________ 

-



NO’3.0NSO ~”,, £ 4 ’I P4!eP 9[Y11Qb or sL ”p F 10*31 1110 ANA L VI IS  Do’, 0a’,ol
lOt s,- 1*ITWI,.*d, 6511.96(6 — —_.__

LA Pt~~6 W ILL . .7—O l~~!’5~~IONAL ~1AAlL1 ,Y A74 A LY~~)~

“U”609 0~ ~ O )NTS •

“U”dF~ QF Ll7l~ S • 48

‘J u”096 ~F •A T * 0 1 6 L S  • 1

• 0 74.01

044 • ~44. . _ .. . -

•. 455 9•~ .

) — . #O iso bESC PI5TIIJ N 
. . .

P01ST 7477 . ~i’,,L1 ~~65. x — C Q O R U I S A I ( 1  Y —070# f l IN A 1E  1168 00. P Q j N T  I P076 1 2 96119061

& 3. -. 
~ , i50 ,00 —1-~ - —— - - - 11 ~--—- — ——2-- —~

2 2 240, 00 150 ,00 2 2
3 - 290,00 160 .00 -- -— -1- — 3 - .

4 .1 466.70 165.00 4 4 5
,
- -

~~~~~~~~~~~~~~~~~~~~
-- — — —

~ 116.0!’ — 3 5 6
6 4 696 ,00 179,00 6 6
7 1) ?Pt.05- - - 1.81,00 -5’—- - - - - —-~—5’ 
o 2 766.00 190 .0 0 6 (1 9
9 . ?95~~O5 290,00 — — —  

~5— ----—— .9 .  ..3-3... —..— . — —1—
10 2 829.40 210.00 10 10 11

11 11 1?
12 2 *90.30 230 .00 3.2 12 12
56 2 935,05 240,56 j9-.

~~~~ ~~~~~~~~~~~~~~~~ 
-

14 2 9 3 3 , 0 7 7  25 Q~ Q0 1.4 14 15 0.
11 3 - 935 56 260.03 — 15 15. — — -

~~~— 1-e—-——- 
16 1 975 .0 0  2 7 0 . 3 0  16 16 3.7 1

— . — — . - 
~~~~~~~~~~

-.— - 796 40 200.00 — 11 17 j8 3.—
16 2 107 5.00  290 .00  18 18 19 1
3.9 — — 4 - ~- t972. eo ~~~~~~ 

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

~~~~~~~~~~ 751 - I
20 2 jJ.70.O fl 310~ Q0 20 20 21 1.
21 3 - 3-195 *!’ 5t3-il-0 - - —— --2t—--

~~~~~~ ~~~~~~ — 
~~~

_ff_____. 
~
.

22 2 13.42.00 300 ,00 22 22 23 1
— ~~~~~~~~~~~~~~~~~~~— *#r99—— 340,00 00 23 (14

24 0 1189.00 330 .0 0  24 24 25 1
74 - 3 - 5 r9* — -— 

~~~~~~~~~~~~~ 
.
~~-~-54--———— — 25 — - --2#--- — - - -~~~ 3.~~~70 2 1193, 051 370 ,00 76 26 27 1

77  3 . - 41-~49 34.4-44-~~~
- - —56——~~~ 27 20 0 ——-

26 1 1199.0!’ 390,00 28 28 29 1
2. — 1202.00 4051 • 00 (14) 27 30 3.—
30 4 1204 ,00 4 17 .00 30 30 31 1
3.4 _

~~~~~~~~~ 
....  . . - ~~~~~~~~~~~ 71 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~32 0 1211.00 420 .0 0  32 32 33

U - - —1.2-611-01-- - 4311,50 -

34 2 1251,00 4 4 0 . 0 0  34 34 35 1 0

1246.00 - 4 30 ,00 — 3~ 35 36
56 4 1253,20 4 6 0 . 0 0  36 .19 37 1

3 .0 — 1-MOr4-0—- ~~~~ 4*1-9 
—1-P- - - 30 -1---——-

30 1 1506 , 00 4*5 ,00 36 39 40 0
- —~~~- - U-i - - -565 ,8-0 - - - 39 - 4* 

40 4 525,00 231 .00 40 41 42 0
-4 —— — 4-S~j43- — - —~ — 250 ,00 — - — - 41 4? 43 0—

42 1 1 ) 3 3 . 0 0  276 ,87 42 43 44 0
- 40 - - - - 2- 1567, 000 318 .00 46- - - -44-- 03.- - — 1-

44 4 1119 , 00 3 1 , 2 0  44 31 4~ 0
46 — —.1~ 00, uo ~15 ,30 - - — 46 - - -4-8—- - - . - - - - 3.— - —
46 1. I 600 ,00 46 40 47 3.

~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~~
—-

~~~ ,59 01,50-—- 47 16 17 1
46 3 i s o o . on 6 0 0 , 0 0  4* 47 40 1

. - —.— - . — --— — - . — — — - —

C24

_ _ _ _ _  _ _ _ _- -- 

,
. 

. -
~~.

-,-,. 

—- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

- .~, )~~~~~~~ - 6’~ . j ,.,~.

_ _ _  - - -- --



806 4. 2~ 1.0Uy0O 0 290,000008 466 .500000 850,000000 66’,005000 729.000000 
- 

766 .9 0000 0
— -9-~-8 .051~ .~4~*~9..._..4-S9.,444444—- 809. Ofl uO-44-— -- 4451•p999~4~ 998•ppOp3.p ,35,989001, 999,0•~ 00p —444-,~ 019-8-o-—

Ox A 990 .0007077 1038 .0116000 1070.000000 10~~0,000000 1120,000200 1142.800000 1158.000000 1169 .00000 0
$60 3.07 0O0~ ld-8 J.3.93-.U-40949- .-3.19-3-4306404 1-1Q-~-.100 2-00- 02-0-2,40-0-945--— - 1284.208pOO &200 ,00e-9190 I-211.91-09-6 9
006 0.221.3000010 12-01,000000 1046 .000000 1 53.000000 1360 .000000 1500.000080 0. 525.000000
98* 67’ .0-06090 631.-eO99-Q’9— 19-60,609*00 - 1-93.-s ‘$91000 -1500,9000 40 ~~~~~lrx——-——--b60, 090000 t-S$0~-909O0o
0x * 4~ 4.7~ 000V 

674 .048811 630,000008
---46*— . .l4.~ . _.. . .419.,.94.3.009—.—4B9 ,9980lJ p 1*8.988390 492 . 708093 ‘56.066656 ó-9$.AJp 090-3 6Bl.390 -0-O-0— -

009 6~~ .0 689’1 8 ’ 8 . 0 0 0 0 0 0  o8A ,19~ 900 72 0 . 0 0 0 0 00 766 ,000 0 00 795 .00 0000 829 .000 000 933 , 0 00 0 00
290 $5-o~ o9-0-*~*- - -638.0-690-0-0- ._ .0L0’4~ -$~~~

.
~~

- 43 $~0~ $5- *1,~ p0p3p ~~~~~~~~~~ 
10 v000059 t00 ’6051600

01)9 103’.0001U7 1572.000000 13.00,008008 111°,000000 1125 ,500000 13.42,000000 1198 ,0 0 0 0 0 0  116 9,000000
98* 3.371.354*99 — 0t 8.00500p - -1t~1-.094Q3O t3.99~!’00900 j302.40009p iP,~~’0 08y90 12~ ’ .0yy00~ Ititi0 00000
BOO 1221.0011101 1231.010000 124 6. 1) 000 00 125 3 ,0 0 0000  1360 ,00 000 51 &~ 00 .009000

- 9—-—t20.00Ul~ 00, • I 1),00 ’070 1.

‘9 * 1-B~ ,*0G04 0-  49 - - . -

• 100 .605714 38

~~. #4.5~e-e4VAu - —-.--——.— - -—

By • 115,700000 2

By • 211 .04 1620 38

~
. • 374 ,340449. — - . . - -. - — . —--- - -—- -—..—.--- . — 

BY • j87•5l~QQ7U 3
* * .$93~40 - 4-0- —.

• 220.464162 36

89 • 165.212140. 4

By • 37’ ,t*40401 - -. 45-- - — — _________________________ -

By • 3.91.0 00500 49
By ~ 314-.9-&847’ - 3-9 - — — — — -

0 • 803 ,8)50111
80 • 3.tS•915848 4

By • 181 .0010 507 49
By ’ - ê13..0-49 * - -— 4U- - . --- - - -.-_-—.-— _______ ____-

~~~~~~~~~~~

By • 2-4)4.907919 38

~~
o 34~~5$00P0 -

BY • 1~~~.15926’ 4

Dy • -1-8-*-.0~ 01)69 —44
By • 244.310457 .09

- By .  3-41.429434 - - - 4-4 - . - _________ __________

o • 604,000050
3451 * - 1-yO..84316-1. -—- -4  - - - .

9y • 24’.940763 39
.191.0)6156 -~~~~434

By • 417.000000 30
• 4*4rO*4445- - . - - -_____

00 • t/2.41’33~ ~By- . 24-4 -9*0415 - 30- - .  . _____

fly • 47).40ó 259 40
By o 413 ,000000 99
o • 676 ,034439
89-. - -&-~5.46l342--—-—--4----- - .

By • l4 ’~~83299t IP
-fly- • —*19.070030 30 -. . - - . ________—

~~~~~~~~

0 4 11 . 3 4 7 5 4 6  46
• 3.$J,I098ØJ
00 • 177 .500000 3

_4
~~* —44U-r64441$ -— 4 4  —- - - - 

By • 411.00303.0 53
4.y -42~~.6644 74 — 4 4  - — 

0 • 7~ 4,yQ0 J53

C25

J “ I
.

~

, 
.~~~ ... •-



.- - --t6-0-.00r*t9~
- - - -6 By 0 03.9 , 560700 5-0

By S 294 . 4954 63 40 0 • 1.0~ 0004 0 0
8, — 410 .000050 7.) ‘9 * ~b,,,e*v*-44 t o

5y • 450 . .401 35 46 0 9 • 34 1 , 4 0 7 5 7 8  42
• 5’43~~ p55 90-- - - - By • 40 ’ .000’980 9$

BY • 105. 5 30 0 00  7 0 5 1156.300000
- -261~

-t3-8-5’64- -- 40- 09 • 305. 005992 94
By • 411,000000 41 By • 349 ,3934)30 42
B, • 407.37501.2 —44— 49 • 44*,-*99-$414 9-4
0 • 790 , 5071050  0 • 3.122,4)00-041

-— —90- . -*4’3-,8e*9t0- 0- 09 • 364.199994 00
BY • 261 .722580 40 By • 353 .425543 43
By - - — --44,- .00*t9U* - - 39- By • 410 .040909 3*
By • 042 .08707 3 46 0 •

- 71(1,300300 -99 • 023,09-9440- 91
BY • 205,000000 9 Ny • J6l ,56~ 979 43

--*y--~ --t-
~4-.t64933- 

- - 40 By • 41~~.99$09.0 50
By • 417.003000 5’) 5 1190 ,0 0 0 0 7 0
1y. t70-~ 5’*0-*63- - 44 B’ • 3*3.54-09-eU 22

0 • 031 ,0100300 By • 37~ .i97478 43

•Y S ~~~~~~~~~~~~ ~~~~ • 4-49 .0 00 000 — — --3-0- - - —

By • 376 .454593 40 0 1163 , 500 070
-. By • -411.35129-10 - - By • 344 • 999994 93

o • 441.500041 By • 38~~.412791 43
— BY- ~ 2+3.945380- - 54 By • 43.4.04390-8 40

By • 27d ,8l26~~ 41 0 117 2 ,00 7 00 0
B-,- • 410,003000 -8-0— —-—9-y--* —54-4-,99999-$- 44 - - -

• 870,000000 By • 392 ,513404 43

0-Y .—~~~~ 3 *19-U 0- It By • 4t~~.000-800 0.7

By • 281.56 002 1 41 0 • 1179 ,000050
- —Oy-- —- 43.~~,90-0-9-U-!’- -—-- - - 99 -. 343 .5-19884 2,

0 • 497,500000 BY • 397 .711629 43
B. • 724 .999990 1! B , • 414-~-0--B30-0--9- — — 54 —

fly • 090 .072414 41 x • 1187 ,900020
- - -59- 81 • -- 419,035054 20- -— —

0 • 419,000004 By • 404 .1111445 43

• - 24 .9-0159-98- -- - 3.3 01 456.008010 93
By • 491 .163719 43. 0 1193 ,500 0 0 0
B y - 413 .000900 7U 0? • 085 .00 0 070 17
0 • 944,70037’) B y • 401 .95232 0 43

9, . — t’5-,-!’97U1.U- 14 01 • 4j3,Q9~3909 38

B y • 31-3.004760 41 0 • 1200 ,00000u
—-By- *- -- -4-D-.-0-0444* - -54 9-9 • 324,999991 95

o 965 ,410004 B y • 411 .661629 43
09 • 2*5.004130 15 40- ~~ 

_4-1 r80 940_-— - 40.— .

By • 101.05 5 172 41 0 • 1203 ,000300
— - -By -.- - - —*t~ -.-Ufl4548 9.7 BY • 49.3, 0450 94 29

o 905.5000710 By • 413 .516281 43
- --0-9- • 93-3.-0-0$&l9-U 3.4 01 • 415,0-05600 50

By • 314.909195 43. • 1204 ,5000510
By • 418 , 000140 99 —8-9-.- 4*rSGft*44-- - — —3-0 -

o • 1.105,500450 B y • 414 .6297770 ~3
-— 349- . - -443,4352 ’ 0~ 

By * 4t~~.0040U0 00

By • 316 .691780 41 0 • 1208,045400
- $y -- ~~ 115.35409-0 4-0 BY • 413 ,949999. 35

0 • ~~~i.y~ 0usu By 0 411 .499996 .31
• 200 ,110259 17 —y—-S--—-i-2-t-6-,0003I’O — - — — -.

By • 322 .130502 42 BY • 419 ,0 3 000 10  50
- - 9y- • 4i’,~ 0U99.9 

- 5-4 By • 42’040500 33
0 10~ 3 , 9 Q 0 3 2 J  0 1726 ,0 003 70
99 • - *34-,-049836- - - - -0* - BY 0 413 ,935054 59

fly • 031 . 741900 42 By • 437 ,Q03 703 33
T 1  122W 90129-’TS - —

9Y • 419.037004 100
By • 448 .000009 .04
o 1249 ,5000 08

---9Y— - — - - -  43.4. 000000 *9
By • 431,000 204 3,

BY • 415 .00 700 0 50
B~ — 46 9 ,0 0 4 0 0 0  34 -

0 • 3.420,000070
- .

By • 462,800000 37

C26

-. - - _— -—-——--— - .•-i ,•_.- ~~~~~~~~~~~~

~~~
, 

~i~4~
-
~

-
I ~~~~~~~~~~~~~~~



LA 091 * 41 4.4. 2—D14:NSIS,40L S700 LLI IY ANA L YO I S

‘40. O~ P0~ ’,T c TO JE SC AIB9  rA T L 0 6 0  S U N FA C ES • 3.

so, 7’ r A 1 4 U9L SU O FA C 6 D3 . S 0RtP? I3~ ~~4 OS • 1

9AY ~ 451 , Jr CU _ 1J0 195 TO 06 504105 091L . SV NO .. 5

‘40. -1~ BLOY9 S 71 041451 11314) SUIL TYPES • 3

‘40 . 0~ AL 0042416 9 0  D ! S TO I9UT I0NO • 0

— - ______________

99’4! ‘49-. 9-y3529l4o ‘3. - - y- 100R941t*70---- -- — — --yj,,~y-- --- -
466 , 50 3.64 . 00 1,00 —44* ;-0$ - 

0 .4 0 0 . 3 5 1  1140 ,00
- - 419.79. 1,,,) 8-10—--——-

1240 , ~0 4 7 0 . 1 1  1.00
0 , 99. 1094.49 — -
1 . 74’

— 
411( 1)64. SURrAISA 00000IP?ION

suorocy ‘AU . P0~~3.Ti TO 7ES C R IA3.  166 1u4D*cE
7 4— -2- -3 - — • - 5.

SO IL COl A

51 967 j O T  1114 rI  ~u E0
O *~~~.0 - 5-3-*~-44- -4-j - 0-.344 - 0.4*0 - 0.9.70 - - - -

2

C2 7

_ _ _ _ _  _- - ..1$.,j ~~~~~~~~~ ~~~~~ ~~~~~~ 
-

~~~—~~~~ -- - ~~~~... - , .  _____

‘ 
-

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~
lw

~~~~~~ i~~~~~~wi,-- 
-•----•-- - w.- -- 

- - 

- -. -:



BuIrAc4) kt uMB~ 4 I • 1. I3. l ’ (- CLFIE3. )  — - -

SURF 000 D.r io€ ,  $Y~ P0 197  -0—— 0 , 0 1  -- - - -

1 466.3.0 3.6~ .00 1.80
2— 3- *9+440 - *4-0-409-
J• 3 13 .4 3 .00  470 ,00 j 0 0
4 4 - - - t*44 440 - -~~~~~-4?04-9-0 -- 3. -

5 — 3. 125~~.O0 459 , 89 i 0 0
IS!. II J 8 -- — . —- — — — — -— — , - —
185.11 u 2

70541.- - - - B r44e3. - - -704*-- - - -Y - YT / 9 ~ 2-—- —-- V3*y -9’- - - - -5$9*~3. 0 99*7 9*70462 . 75 72 6 ? .  ‘262 , 4224 , 4 ,74 0.250 0 ,63 1.00 1.00 0.
44i,t _f 7 11 ,. ~T41. 4330, 4 ,4-9 0 .230 0 4 3  1.08 3 , 0 0  BIB ,So —
5 2 5 . S j  9 5 5 5 4 .  45554 , 5 5 5 7 7 ,  17 .19 0 , 250 o ; 6 3 0 .00  1,03 94 5 , 0 9
32* 3* - t’4~#P-’- - -564592-,— 34344, 3P ,W - *4340 0.63 tiB4 It 219-$o BI
650. 74  84 4905 .  143908 . 5 4 9 0 0 3 ,  54~ Q3 0 .250 0 .63 1.00 1.00 3045,30—*54-449- - 100935-4’ 1-0-3- **4 . 04-2440-, - - - - 0.730 0,03 1440 - 1it0 $3tii’Z—6 74 .07 1i7944~~. 143~ 4 36 , 12 09 90.  63 .74 0 .266 0 ,93 0 . 0 0  1, 00  9738 . 92
4P4.74 124011,. 124 1790. 71217’ , 63 ,0, 0. 766 0.03 9.00 1,0 0 ~~28~~7g67 0 . 10  12°31’t- 3 . 2 9 3 3.51. 752132, 65 . 3.3 0 . 2 69  0 .63 1,00 1.00 103’3. 50
444-~70 - -3-4-7-3-45-3,- - 1’3~ 3~ 3, 67357? , — - —$+-~-43--- - u.077 - 0. 83 5.00 - - -0 440-——— 10320,-3j-- - - -
694.16  1552955 . 3.5 12956, 0744 77 ,  71. 71 0 . 2 7 6  0~ 63 1.00 1.00 10811,00

- 443r9-0 - 1 3. 1-1+,-- i701~ 79 . - 844705r - - — 
~~~~~ 

- - e~4Pfr -
~~~~~~,30 t.10 t~*t 3.312ti14~~ 

-
695,93 .  1,213)2 , 152.052 . 0446 05 ,  7~~,09 0.~~~6 0 ,63 1.00 1, 0* 33206 . 3 0
729.17p 14 ’ 4 3 .~~1. 1401598. 913.061, 21,01 9.273 0.03 9.05 9,00 101236,50
766,10 ¶4749)3.. 1214053.. 743.510, 15,’2 3.297 0,63 5.00 1.00 3.1261.61

— - 701.93. - -3-33t4- 1-9-~- 1-24-1841’-. - 7PU~ 45, -‘4.-d’0 ~~3t3-~~~ t~8* 1.00 - 3 . .OB ttt9-t~’4 -
029 .16 12Y394 7 . 12 51 39 0 51 , ~40?21, 03 ,61 0 ,350 0 ,9 3 1.00 1.00 10659 ,24
933 ,9y  - - - —3.2~~ 1.i4. - j7p ’4 3 4~ — ‘022*R ,- - 44 .k& — 0.OB4.— ------- ---- 0 -j--~9 ~~~~~~~~~~~~~~~ 10326,26 - -

~~~~~~ 12 72 73 7 .  1211432 9, 710 766, 05 ,86 0 .373 0 .b3 1.00 1.00 102 59, 62
199.79 3 . j 4 9 4 7 0 .  114447 1 , 667960 , aa •~s B .1~?9. 0.83 1.00 ~,05 ~‘59, 40
9~ 5, 41 1~ 03’°~~. 11 ’ 43 0 9U .  09 3 934 ,  89 ,4 j  6. 415 0.6 1 3 .00 1.00 9638 .93.

- - -tt742*3-’- - 1170235. 687204, - 44.34 — — -0-~4-34— — ——-0;-s-0— —-—-o-44o~~~
---tito - 9251.60 - — — -

0 5 5 . ’ ) Q  13.013.73. 3.3.09555, *Q~ 87~~; 07 ,44 0 .443 0,63 1.010 1.00 8901. 04
9-0-3-,-44--- - -— t2’~3.’9. 3.209459, ‘72’31,— — - -09-~

-
~

-5—-----— --—-0-.-432 - - — ——--0-
~-8-5--- — -1-.--90--—— tilO — — -

986. 41 1223. 400.  ~2208~ 5 , 711243 , 02 . 3.1 0, 458 5, 61 1.00 1.00 53.94 .46
—t-o-90-~-7t— 3.74749’. 3.0-9740?. ‘510309. 80.84 0.454 0;63 -t.eo -1.00 1788.62

19.33.00 116~ 7~ 2’ 1169 273.. *5 )5161, 76 ,45 0, 442 0,03 0 . 0 0  1,00 7699 .83.
to7-*.-o-t-—- ~j~ 8-~ 4;. 1126 1S3 .— 65.4410, 7o. eo — —- - — -403--—-—--— -—0-~-o-0- -——- t -.-~°J--- - 1-tOO- —.  ________

110O’~~0 1113728. 1113726 , 047774 , 64,39 0.409 0.83 3.01 0,00 7545,96
- 11t2*lt.—ttI-24 -t-.- - o**24*r *r3OO— —-—t~-*3--- ----i-44O-- —-i-.-9$—- - - 6793,Sj

1123,10 3.112605. 13.12600. 647 3.2 7 :  58 ,64 0 .194 0~ 63 0 .00  1.00 6922, 52
1140.’)! 3.193310. 113331’. 859060, 54,73 0.388 0.63 3,00 • ,00  64 36,33.
13.4 2 .0 )  1053605. 1133683. , 059383, 54 .21 0 , 3 8 7  0~ 63 0 .00  1,00 60 98,02
1140r’O - - t t 0~~+’ 1140994, 0*3031t - 49,3-5 0,350- - 0~~ 3 t440 - 1i013. - -04934,00-- - - - - --
13.69. 70 1i9b’)44. 1166948 , 6767 29 , 45 ,4 1 0.378 0,63 0,00 1.00 5616,00
3-3-7-3-440- - -$-44-63-.’.9-.- i2-0’770, - - # 94544-.- - - 4--3 ,- 94 —-8-~-399-- - — - - +-465. — - -1.50- t 44t - --9t *i-0O
13.01.30 124 04 37 .  12 4 04 47 , ~23. 4~ 7, 39 ,65 0 ,396 0 .63 1.00 1,00 4 752 .0 0
tt~ P.9B 106’l~~1. 1096 143.. 7 0 6 4 3 7, 3S .5~ 0. 304 0 6 0  1.00 1,00 452 0 . 00
3.3.90.50 12 94415 .  12 944 3. 5 , / 5 2 06 7 , 32 .79 0 .4 0 1 0 6 3  1.00 1.00 3005,~~10-034.150- - -1-37037 ?. 132067 0, 3-tl42r 25 3t— 0-i*34 - 0 . 6 5  to 00 — 1.08 — 2430.Ou
12 3.4 ,00 13603/9 .  136 0379 , 79 1234 , 29 .36 0 ,409 0.83 ( .0 0  1 ,00  3024 ,00
Ito-3- .10— -— -1J’44 ,S. 3.3744p3,—— 79939.3~- - 2*.15 0~ 5?~~~~~~~~ 0 5-B-3- — 0i40 T.O0 209t.04-
1211.70 3.371~~13.. ~371 4 3. b~ / 976 53 .  25 .~~7 11,909 0 .65 1.00 1,00 2376 ,00
1121.00 1341184. 136376’ . 75790 1, 3.9 • 89 O, 4~ 7 0 ,65 8 . 0 0  0 .00 1139 ,84
3.731, 10 1348 1/ 2. 1.140072 , 7 9 4 0 7 6 .  14 .20 0 ,473 0 ,63 1.00 1,00 2027.52 

i 74-f- - - - - s-93-tt09.— -  

~‘~ 54T-.- - - 4 .90 ~~~4r359-~~~~— 87*2-—-- f--44U - t,00- -
3.24 6, 50 7 11724. 713.4) 38, 425115, 4~ B3 0 .31* 0 .63 1.00 1,00 3.655,83.
124-2,~* — 9~— —-—- —0. — — - -40-.—--—--—-——-0-~-----—--~~~- — ---—-0-,— -- — — -— -—0-,—— - —  - - -——1-i- -0—1--.-0-0-—- - —f S-9~i5t—

~F S 0, °46 1A ’ 4b )A 0, 3.82 1 6 3.9 81

- 
~~~~4-4t C* 16 — ——~~~~~~~~ — - -

904 23-0 S”3 3.444 - 2-0 - - - 340 - - - -

1 3.3) .3 131.4 6 00 ,0 77 . 364 0, 320 0,110

C28

I / -

-

. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ 
-

- 

--



~) SURO’A C2 8U901# 1 • I ~sP~ c i r[0bT

33.OrocO 5LF I 0C ~ 01,0 ~0I’4T
-- - ‘ ‘x l

1— 1 466 . 3.0 16~~. 80
1’ 69-4,24  446 ,934 - — t;e. -

3. 3 13.40 ,9 0  470 .00 1 0 0
- - 4-— —4- - -tO*Oi-80 470 45—- — —

5’ 3. 1253. 6 0  459 ,BQ 1:00
093,01 8 9
t NS,t ~ 

0 2

_______ - — * - -o-—-1090C9 - - - Y •OT - Y- .YT~-?-.-1’---- — - 6557 0 - — - 393,,$. F - -- - - —#0*7 4*34
482, 75 — 4 2 8 3 .  ‘4 2 80.  — 2523. ,  4~ 4 0  0 .232 .3,8’ j, 00 1,00 0,
403, 75 4j04. .43.14, — 744?, 4,40 0,575 ~~~~~ 1.~ 0 3 ,00 0iB.50
525 .00 5 9 7 9 4 .  5979 4 W 3523.9 ,  3.9 ,51 0 .286 1,79 1.00 1,00 04 5 ,56
32-6-.5* - - - 6424 2 6424 2, 9204~ , t~~~- 1- — - - 0~?se- - --3.-~l-4 
65 7,90 00829 3. . 85629 3. .  52323 0 , 60. 31 0 .279 1.87 1.00 0 , 0 0  3049 .36

- 430-,ot 153t34-r -4 453t-~—-------3.736i1, 02 91 ——t~-924-----— o ;~~,-
- — - i~~~o 0100 9-3~t i’7674 .77 114853.6 . 1180526 , 7~~ Q70,  1~~.72 0 ,293 0 .82 1,00 1,00 9738. 92

67 4 . 74 11’p~~ 1. 1173*01, 7q~ 4$9, 70;!! 8.713 0 8 ?  1.00 3.00 18366, 11
675,73 1243208. 1243206 . 132206, 02 .54 0 .290 0,82 1,00 0 .00  10373,50

- -643-.- o-o---— —13018123, - i3U3.~ 23. 8~ 640 9, - - - 97~ 07 O~ 305 0. 00 3.00 ~ .00 1~ 92~ ,31 -

694 .7* 146 77~ 0. 146 7749 . 664 549 ;  70 ,09 0 .304 0 .60  1.00 1,00 00911.0 0
- - 4OS- ,9Q - 3 41*443. - -t*66-48*I--- — - - 9.t~9-4*44 - 79 ,24 ——-4-,-0-04---—- 0 ,85 1,00 3,00 -flftli -?t

695 .01 1476585.  1476 965 . 86944 8.  74 ,29 0 ,3 04 0 0 0  1,00 1,00 11206,30
tOQ. 9p 1308710. 138074,; 8jOplS-J 01 55 0-433.3 0. 83. j .00  j. OB 11736i00-
708.30 1311506. 1311586 . 77256 4 68 :8 0 0 ,349 0 .82 1.00 3,00 3.1261,61

- - 130-9.t~t~ 1-844-5*1. 3?4610-9- - 9L4-~~~~ 
- - 8.540 8 4 4 t— t i $ *~~~~j  .00 11006j4* -

829.00 13l~ 317. t3o73i7 , 77~ 06~~, 97~ 93 0 .43.0 0, 80 j ,00  3 ,00  10659 ,24
*33,19 3.33.4444, t&3 *0&. —844 -*tr - - +8 ,34~~~~~~~+r4t4—--- -OT*0 -0-440 -1,344- - 3-9416,10
~~~~~~ 3.34 5 875.  134~ 435 , 792~~ 7, 99 .56 0 .432 3 . 7 9  1.08 1,00 10255,62
890 ,70 j3~ 9p) p . j 3 u9 p79 , 771008 , 101, 36 8 ,4 54 0. 19 1,08 1,00 9951, 49-—
‘09,00 13664 9 7.  13 06497 . 0349 00 , 180. 89 0. 471 0. 70 t OO 1.00 9639 .93.
433,99- 33734*9, ~-3 6443, - -b0 3t~ f 99 .39 - 34,404— - -- - - -4-443- - 1tt0~~~ 

- 9101.60
p55 ,00 1401014. 1401 514 , b25~ 35, 97 .10 0 .492 0 .76 .4)0 1.00 8401,14

74-tO$ - *434944-. 3.404944. - —4-44474 94, 7 4,441- 8- -23— -- .134 1r0 - 9-32,t1
996.00 3.461153. 1461155: 86066 9 ,  90 .05  0 .500 0 7 1  .00 1,00 8159.48

3. pp7 .9~ ~457~ 0~~ 14023. 12, 855385, $0 .10 8,414 0, 74 .00 8 .00  7180,634—
1039 ,00 142~~~ 0~ 142~ 4 4 0 .  04 1984, 82:61 0 .478 0 :7 4  .00 1,00 7695, 51
3359-rtt - ~4~4*4~. t4 4062- , 402-454-# -34,44- - - - 4~441 4 • 34 - - t.Ot - tr04 - 34-

~-4,71--
~~~~~~~ ~4~ 5j90. 14 Q5 3. 99 . 627705 ,  67 .03 0 .431 0 .73 1 ,00 1,00 7149. 96
3-3-3.3,49 543.3.4*3. 145164+ , 0-326 +r 39, 74 3.43.6- - 4,2-3- - - 4.00 1,03 69-03,33.
1125.90 3 . 4 j 3 6 2 7 .  141 382 7 . 832787 , 61, 08 0 .410 0 7 3  1,00 .00 6522. 52
1140.0 9 —*-4-3~ i’5- 3.43 94 00 . ~47’01, 36 ,63 0.401 0:7! 1,00 — 1--cOO- 64 36 .3X -
1142.4)0 1440468. 1440466 . 048479 , 55 ,99 0 ,405 0 : 72  1,00 .0 0  6790 . 02
tj O r’* 04514*3.. 1445*41. 433203-, 38. 96 - 4.343 34.31 1.80 .00 6049449
13.69,73 j479944. 1470984, 871776, 46:13 6.304 0,70 1,00 .00  56 16 ,00

7-3,~ t S4t24-~-t. 503434-32, * 6754J 47;63 0,397 ~~~ 0-449 .440 31*4 .90
1t83,7~ 15~ 43~ B. 154)4358, 9j3.563, 40,02 0 .400 0.68 ~.00 1,00 4757,0~03.3.95,3~ 1..79077 .  3.519671, 93p4 79,  3s ;74  8 .317 0.68 ~~1TO0~~~~ i,00 43Z~ ,Oy
~~~~~~~ 1607 113. 160 7 113. 94663 0 ; 32. 74 1.473 5 .67 1.00 1.00 3888.00
tool. 00 4644718. 3.440749, 4*643?, 25•*3 34.474 9,0* - - - t .00 - 1.09 3400,340
22 04 .39 16718~ 6 . 1671896 , 48 479 9 ,  29 .50 0. 492 0 .65 3, 00 1,00 3024 .00
1155 . 01- 16~3341.-. 1804383., 44-9414-, 74 , 9~ -0.030- -— 0.60 - - - 7--,94 3 .919 0-9-92 • 00
3.2 3.1. 00 16034 34.  3.60 04 34 , 909427 , 25,60 0 .512 0,65 1,00 1.00 2376 . 0 0
3-281.09 162-851 7. 1*68242 , #07644, 11.99 6 .900 0 .84 —-t-i4# 1.00 7759i-**-—---
0231.00 3.648762. 1648009 . 97~~7 79 ,  54 ,27 0 . 4 76  0 :6 4  ‘.00 1.00 2527 ,52
10-40.4)9 50043-18. 0664340- . $349-75~ -4 •-~ 7 34.378 -  4,83 -3 .99 1.09 1795.00
5246.00 894705. 6947~ 0. 3.27010, 4 ; 8 4  0 ,3 17 0 ,64 1.00 1,00 1655, 91
3-347,43- $. 0. - - 4) . 9. 0, 1-iO4 1,09. t359,3j

0 • 5,054 L 046IA • 0 .5891 6 0 0 )

C29

~~~~~

-

~~~~
:-

~~~~~

-- -

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - —- 

•



EXAMPLE NO. 4

Conventional Stability Analysis Section Prior to Canal

Deepening——Total Stress Analysis Using Laboratory

Strengths with Acceleration = 0.0
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EX.ANPLE NO. 5

Conventional Stability Analysis Section After Canal

Deepening—Total Stress Analysis Using Laboratory

Strengths With Acceleration = 0.0
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32 30 34 4 90 48 4p 0
33 31 32 4 99 40 41 1
34 32 90 4 92 41 42 035 90 33 4 93 42 57 0
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44 40 49 3 102 31 45 0
45 49 130 3
40 50 47 3
47 42 51 3
48 53 54 2
49 94 2
50 55 56 2
50 56 57 2
52 57 34 2
53 51 92 2
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96 60 61 3
57 (.1 62 3
58 62 63 3
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• 537 .900535 61 0’ • 164.370902 711
• 146 ,50 1501 6 0  0’ • 400.096604 7~oO • 166.653214 70 • 119 ,000000 104

08 • 197 .2049 6 7  76 00 • 4 23 .1 17 073  07
• 415 .0 0 0 0 0 0  104 1’ • 641.590000

98 • 425,036597 01 6, • 2149.95238: 10
11 • 914.000064 0’ • 778,136414 ~~

• 214 0.932301 10 °E • 778.564432 93
• 776.454493 92 P~ • 797. 408965 51

PO • ,7o .547768 46 08 • 911 ,510117 5,
0 gO • ‘9 1. 447 230  31 DV • 139,965012 61

00 • 1144, 554870 56 04 • 145.227927 65
L 08 • 138. 730296 61 • 168.439433 79

90 • 147 ,674359 45 8’ • 4 00.12 4 3 10 7(
DO • 167 ,00 3 673  76 B~ • 4 15. 0000 0 0  104
0’ • 199 .329193 76 • 423.3514219 82

• 410 .00 00 0 0  104 0 • 042.250000
0’ • 4 - 2 2 .38 * 904  81 • 216,309525 10
0 U 015 . 0 00000  0! • 648.754333 4/

69 • 212.857143 10 0’ • 779.13341i 93
B’ • 77’ ,114449 4/ Dv • 797.505459 5~
gO • 771.009277 93 0! • 317.525291 5’
00 • 2 9 1 . 04 8 6 0 6  51 • -04 01.4121149 6 .
p8 • 018.932926 36 9y • 949 .28 9886 6~.

• .135.510132 61 0! • 168.484663 7)1
• 347 .837261 65 0! • 408.045077 7’

0’ • 969 .04 5872 75 9! • 415.000000 104
0 8 • 199 .7763 50 76 0’ • 429.526079 6.
0’ • 413 ,000000 104 0 • 046.230000
0’ • 427.649391 01 *0 • 2 ,0.214267 00
0 • 018.090000 0’ • 278 .853236 41

6y • 2 14 .2857 15 10 • 20 0.1 7394 9 93
00 • 2 77 .50 6 124  47 5! • 29 7 . 9 9 15 3 5  30
08 • 779.013196 93 9’ • 117.*0821~ 51
0! • 292.1 51 389 51 0! • 149,339556 67

• 007.716465 54 D~ • 148.646496 66
0’ • ‘39.720074 61 Py • 165 .804203 71.
g8 • 147 .955316 65 By • 400 .7555,4 1’

• 168 .727524 70 0’ • 4 15.11000 0 0 104
DO • 400.027622 71 0’ • 4 24 . 4 6 34 1 7  07

• 413,000000 104 0 • 970.000000
0’ • 427.559736 81 • 273.000000 11
0 • 519.500000 0! • 207.617340 41
IV • 215.000000 10 • 706.721649 93

B’ • 77 7 .5219 64 4 1  0’ • 295, 4043 95  5:
• 779,455154 93 00 • 918.906104 57

p 0 • ~9;,~~~~7i9 ~i. 00 • 147. 368 8 ,06 62
• 1j1.058231 56 08 • 03 0 . 76432 6 66

B’ • 139 . 825047 61 90 • -170.730027 71
0’ • 148, 14459 6 Au DE • 40 0. 9 1 1602 77
D O • 568.318352 70 0’ • 4 13. 141 00 000 104
p8 • 4 0 0 . 001900 1 77  D~ • 43 0 .0 243 9 1  62
00 • 413. 000000 104 U 09 7 .50000 0
0’) • 427,984939 01 6! • 2-54 .999999 :2
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p0 • 756 .941040 47 50 • 107 .631314 32
08 • 793.724228 93 80 • 309, 000000 04
00 • 298.198205 51 gO • 920 ,00861*4 57
p0 • 518,643063 57 p0 • 330 , 406 090 62
p0 • 144. 69 5431 62 p0 • 339. 7356 41 6*

• 933.216360 6* gO 378 . 637 307 7~
• 3 77 .96165 1 7~ • 403, 5359j2 17
U 40 1.671261 11 90 • 4*45.000000 104

Oy • 41 9. 000000 104 00 • 440 .31 07 13 53
I’ U 4 3 4 ,4 4 3417  62 50 • 450, 3 034 37 0’.
K • 917 . 500000 0 • 985 .500000

45’ • 244 .464285 13 *v • 2 79.00 0 00) 1  26
• ~9o.e8s54e 47 o • 300. 776 870 47
9 290,313009 93 p0 • 303,323637 52
U 30 0 .2 300 8 0  51 p0 • 313, 3920 37 94

p0 3* 4 9 .0476 08 51 00 • 320. 4 23412 57
U 34 6.31 747 1 62 00 • .137 ,144 90 38 42
• .599.900000 66 SO • 36 1.963614 66

5! 974.514072 11 0! • 300.100206 11
B’ 402. 2237 55 7~ SO • 4 0 4 . 1 0 7 2 0 1  77
98 • 415 ,000000 104 p! • 413, 000000  104
0~ ‘ 440 .146343 82 5’ • 434. 230441 09
0 • 931.500000 60 • 453,466164 lb

• 249.464205 o3 0 e 1081.000000
B~ • 792.206705 4/ *0 • 2P1.20203i. 47

0! • 301.549343 52 0’ • 303,213071 4/
0! • 301.821430 94 B’ • .003. 835526 9 .
0! • 364.330929 57 BE • .916. 714207 94
B! • 347 ,5719 11 62 5! • 320 .736998 57
9! • 134.245405 66 5’ • 953,451773 62
B’ • 375.719765 71 54’ S 962 ,44588 0 66
gO • 40 2.61 04 97 77 ~0 • 381.357470 71
g O • 415.000000 104 gO • 4 54 , 5303 B4 77

• 444.424393 82 00 • 415.000000 104
K • 997.750000 5” • 429 .62 0819 03
IV • 252 .159099 14 54’ • 455.796993 05

0’ • 793.769363 4/ K 5 1096 .950000
B’ • 101.754532 53 ~V • 202.692307 t7
B! • 309.1460713 94 IV • 304 ,017143 53
0! • 3j5,437371 07 p0 • 3*47,892057 94
B’ • 349.100677 92 59 • 370.B40 267 57
BO • 356.905133 6. 50 • 353.917088 62
B! • 376.226768 11 p0 • 362.936306 60
I! • 402 .783150 7’ 04’ • 350 .803 837 71.
oy • 4 05 . 000000  104 p0 • 404.6 02320 7/
5’ • 445.197806 52 gO • 4*45,000000 104
0 • 946. 750000 54’ • 437 ,995632 83
4y • 257 .159092 14 p0 • 436,624050 844

50 • 794.998144 07 3 • 1001, 000000
50 5 302 ,116776 52 IV • 283 .016123 t7
P1 • 305.S17057 94 90 • 964 ,068573 5:i
0! • 3*49 .679913 5’ 5 U 218,428570 95
I’ • .149.031303 62 0’ • 330.070613 57

• 397.756621 66 SO • 394.943901 61!
5! • 917.119102 71 p0 • 363. 070060 64
ly • 4 09,881017 11 B O • 351 .923318 71
By • 4 13.000000 104 • 454,733733 11
00 • 44 3. 144 164 03 gO • 4 15.000000 104

• 447.939850 *1. p8 • 427. 53021 7 03
0 U 9*3 ,0000 00 p0 • 436.849623 Sb

By • 2*5 .000 000 15 0 • i 011.500000
• 797.553157 47 4! • 283.974355 17
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U 304 . 108372 53 SE • ~~0.644~~3 96
• 319.528570 99 64 • 3,9.029~53 62
• 320.949421 57 B*4 • 360 .168434 66
• 334.340099 62 5! • 307.473206 11
U 363.302144 66 I! • 406,612933 1?

54’ • 387,209430 71 5’ 4*44 ,630040 54
50 U 404 .020442 71 415.000000 104

• 419 .000 000 104 Iv U 418,059029 04
50 • 426.510918 83 0 • 1087.130803

U 457.701250 84 64 • 304 .928040 19
O U 1074 .300000 • 106.701906 53

• 207 .307693 17 1 • 323.450430 58
By • 304 .6342 85 53 p0 • 342.036137 94
5’ • 321.352940 51 s! • 360.739330 62

• 324 .0 20000 96 64 • 370.027033 66
5! • 355.439934 62 SE • 368 .345337 11
5! • 364.541401 66 9! • 406.909912 77
B~ U 393.264011 71 IV • 41,5.000000 104
5! • 405.179550 71 5 • 415.535046 04

• 413.0 00000 104 64 • 481. 4 18404 86
sy • 427 .430654 63 K • 1096. 1300 08
B’ • 461.043750 06 69 • 308. 50000’) 20
0 • 1042 .632355 00 • 323’~~~05t3 56

• 292.062195 10 5! • -144 ,0004 16 96
• 305.235966 53 Sy • 361,552452 62

oy • 323.962433 50 5! • 370.984014 66
• 329.2 35210 98 5! • 309.125000 71
• 356 .573 97 2 62 • 4 07,115415 77

Sy • 66.150290 66 04’ • 443,000000 104
5! • 904 .734924 71 BO • 418.343456 04

5! • 405.600450 71 00 • 404.421075 04
• 415 .000 000 104 K S 1199.900000

5! S 411.266373 53 ~V • 313.799999 21
• 467.510113 06 By 324 .210053 50

O • 1033 .632353 Py • 348.46 7621 9*
I~ • 295.035170 1.0 ‘ 5! • 367.631134 62

5’ • 305.433110 53 64 • 372,121017 66

B! • 322.332100 50 5’ • 390,159294 74
• 337 .399021 94 5 • 407.521622 77

5’ 357.9045 00 62 0! • 415, 0 00000 104
367 .139191 66 5’ U 441.415086 54

SO • 355,627234 71 54’ • 409.406250 06
DO • 405,984310 77 0 • 11,2.000000
• 41.4.000000 83 • 3t0.799594 It

By • 419 .000000 104 • 324 .63 0253 5*
IV • 476.947613 0* py • 353 .431040 91
O • 1064.500000 0’ • 163.600663 62
8! • 291.972913 10 50 • 373.235640 66

p0 • 306.005714 53 p0 • 391.173306 71
50 • 327.697479 58 i • 407. 012929 77

5’ • 333.524761 96 50 • 415. 000000 104
SO 5 .150.824021 62 IV • 419, 467259 04

• 369.108200 66 50 • 497 .312500 06
B’ • 306.300030 71 0 • 1179.000000
Dy • 406.204531 77 8! • 322.50000’) 22

U 413 ,630840 04 p4 - • 324 ,065347 54
5’ • 415.000000 104 50 • 35S,659462 91
p0 • 474 .343 750 0,0 50 • 364.200000 62
O S 1076.380889 50 • 373.659671 64

• 301.42094)1 19 • 391.141130 11
5! • 306 .413334 5.0 P! • 408.066296 70
IV U 323.097103 54 5’ • 413 .000000 104
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s O • 419 .0560 72  64 0 • 1170.25 000 0
I’) • 494 .300095 06 ~!• 364 .06 230 01 77
0 • 110 5.23 000 0 5,, 369.478024 63

Os • 376.230640 23 •y • 179 .58 9741 67
• ‘63 .3 21621 97 5~ • 393. 719299 9’)

I! • 164 .909643 47 By • 395.136359 7!

5! • 174 ,417494 66 • 409.426796 77
5’ • 192. 248150 14 P~ • 4 15.000 000 194
By • 405 235949 17 S~ 5 423.090597 04

• 415. 0 00000 104 p0 • 509 .890625 86
sy ‘ 464.901776 54 0 S 1152,250090

0’ • 494 .433125 S6 Iv • 34 9.06250 10 27
0 • 1199,730000 S~ • 389.91758 3 63
IV • 378,75000)1 33 Py • 379 .0 000 0 0  67
I’ • 165.247293 63 5’ • 396.146343 72

• 368.396773 90 64 5 5944 .599995 100
PS S 374 .810410 66 50 5 409.537292 77
sE • 397.613201 71 58 • 415 .000000 104

• 408.363295 7’ • 423.3 35046 50
By • 415.000000 104 54’ • 510.140625 56,
py • 419.960218 54 0 9 1184 .000000
0’ • 497 ,859315 56 *9 • 371.111115 25
0 • 1147.5150000 S~ • 179.119485 67

• 333.437500 24 P’ • 596. 4078 04 12
5v S 368 .0909300 63 S~ • 198.000640 1030
50 • 377 . 096775 95 B! • 409.585636 77

S 375.509352 66 5! • 415. 0000 00 104
Sy • 393.241090 71 P • 423 .602243 S4
5! • 4964 .571347 77 B’ 5 511.687500 56

Sy 5 415, 0 000 14 0  104 0 U IIS I.500000
By • 425.642148 54 ~! • 376.111115 25

5’ • sOo .2B12 30 oft Dy • 319.641026 67
O • 1195.500000 0! • 191 .365036 7 .

• 330. 437300 24 5! • 400 .599998 105
B’ • 366. 970024 6 3  5’ 5 409.109946 71
50 • 316.2564 09 6’ p0 • 415.000000 104

• .177,754387 94 00 • 424.060745 54

• 193,890554 74 B’ • 517.066672 51

B! • 409.790340 77 0 5 1095.300000

54’ • 41 5 .0 00000 104 • 385.0000010 29

9*4 • 420.205046 54 5! • 300. 73 17 99 72
DV • 302. 181250 84 B! 407 ,200001 100
0 • 11.63 .500000 S~ • 409 .903313 7’

• 344.9999944 25 By • 415,000000 104
B’ • 361 .53 7143 63 py • 424.649532 04
p0 • 177.978920 6’ B~ • 517.500000 51

00 • 303.3 6842 3 9’, 0 • 1200.900 000
58 • 194.539022 71 • 394 ,999992 30
00 • 499 )119337 7/ 0! • 399.1073t7 72

5! • 4 15 .00 00 00  104 5! • 4 10 .0 00000 78
•y • 421 .957943 54 9! • 4 11.249996 101

• 905.781250 8* B~ • 4 15.000000 104
0 5 1172 ,9015 0030 64 • 42 5,070091 54

354.999996 76 5’ • 517. 738091 07
• 368.191210 63 K • 1203 .000000

DV • 177. 948715 6’  Iy • 4 0 1 5 . 0 0 0 0 0 0  31
P’ • 109.333336 99 • 4141 .640000 70
sy • .195.22935 1 71 P! • 413.333332 101
B’ • 409 .754 143 7 ?  5~ • 4 15 . 000000 104
5! • 415.000000 104 9! • 425.750373 84
B! • 427.672897 14 5’ 917.8 51147 87
0’ • 00 7. 937500 8~ 

K • 1204 .500000

I
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• 412 .500000 12
• 414 .563332 101

I’ • 415.0000 00 104
• 423,4 06540 84
• 647.928574 07

O • 1201.000000
• 415 .000000 104

I! • 417. 499996 33
5’ • 425.780932 04

513.095236 l•/
O • 12 0 4 .23 0000

• 4 o5 .00 000’I 11)4
90 • 4 23 .250000 34
9! • 426.726635 64
S’ • 513 .392860 57
0 5 1219.230000
4! • 415.0000000 104

00 • 428.230000 3”
• 513.630951 81

O • 1276.000090
• 4 15 .0 0 0 0 0 0  1114
• 435.000000 38

5’ • 513.952385 S~/O 5 1238.500000
69 • 415 .000 000 004
• 445.000000 37

sO • 514 .547623 57
0 S 1249 .500000

64 • 4 15.00000i’  104
50 • 460.250004 38

• 915 .071426 87
O 5 1306.300000

413.000901) 104
I’ • 470.500000 39
P8 • 517.705713 87
0 • 1430.000000

• 4 15 .000000 104
Dy • 170.300000 401
B’ • 523 .666672 51
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EXAIIPLE NO. 6

Conventional Stability Analysis Section After Canal

Deepening—Total Stress Analysis Using Laboratory

Strengths With Accelerations of 0.39 and 0.82

for the Upper and Lower Failure

Surface, Respectively
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ST • 38.1.428940 19 —. ~~~~~~~~~~~~~~~~~ 
- .71 -

9! • 306.413334 5.4 B~ • 409.0662~ 6 
77

1’ • 123.09710.3. .5.8.. . - .415.401144— - j .fl.4 .. -

J
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85 I 6 19.056 972 64 0. I 1178.250000
86 • 404.5000.0.0 - 85 .- .. _ • 364 .06250 1 .17
0 I 1135.2 5000 0 ,  BY • 169.470924 6.4
1~ • 06407 9 ~~9 II !.  37.8.585.7 4.1 87

P’ • 4463.3216/1 97 96 • 991.719299 9Q
9.0 a 164.10964 .3. 6.7-. 1 395.735359 73.
p0 • 974 .447194 66 98 I 4 0 9 . 4 2 6 7 96  7/
90 4.. 392.248,1.53- .11... — - 85 • 4t5.00.0.0fll3 10.4

• 406.236949 ~~ 85 • 423.198557 04
I 409.04111170 104 BL.. 53.9. 9.0625. -

9’ • 419.581776 84 0 I 01B2 .2 50 000
80. 1 4 4.453.3,7.5.~_ ._ ._ 84~. -- — — . • 369.062500. 27
0 $ 1199 . 7 1.0000 ~6 • 969.917503 6-5

- 328 .750000 2.3 — 85 • 379.0.000 00 6
86 • 165.747253 63 p0 • 196 .446343  77
50 I 166.596775 96 39... 394.5.99993 _1fl7-....._
96 • 174 .818470 60. 11 409.537292 7’
86 192..h1J.201. - 11. 

~~~~~
— - B0. 8 015.114400.0 10.4..

p6 • 4 0 6 .363298 ~~‘ 9! I 623.535046 84
85 • 4.7.9.04fl34fl. 10.4 

~~~~~~
. 9’ • 83.1.5406.25 8*97 I 410 .960230 84 0 I 1164 , 0 0 0 0 0 0

a6 • 492.859375 8*. ..........-50. • 371.J..11.tt!L 2.8 - —

0 I 1147 .5000 00 85 $ 979,579495 67
- . . *2-i - ..13L.4310.011 . ... 2.4_ .. 39 r - 394.44710.4 72 5 

-96 I 166.098900 6 5  p6 U 196.0 000 90 10~)
_.BO_ 7__ .122.,0.96.7Th . _98~~.. 46 • 409.5.85636 -

p6 • 975,509552 6~. P6 I 40.5.000000 104 )P6 I 4499,241994% 71
0’ • 608.577347 ~~ B7 • 511.687500 86
34 • 4j,9.. fl.44Q40 104 . . X.I 1188.5040011 .

428.612148 84 àY • 376 .10.5013 28
._B!.....!..........;0fl.781 254% .86.. - . - .8.9..-.. - - 179.64102.6 67

0 • 1153. 59 0 0 0 0 p0 • 197 .365856 71
50 4418,4979011 74 

— BY • 401.599998 1.01.... .....
9’ • 466.978024 63 pO • 409.709946 7/j !p. ..3Th.25.6.449 .8.7 tO i. 41.5.9110000 104
B,’ • ~~~~~~~~~~ B! • 4 2 4 , 0 6 0 7 4 5  84
349 ..,9.93.,99485.4... .11. — — - 98 • 5,12 .1.56612 07
B’ 4 0 0 . 7 9 8 3 4 0  7~ 0 • 10.95.500 0 0 0

• 415.800000 104 60 •
pO • 421.285046 04 ~ 0 1  196 .731799 72

.....8.91_!._5.02..2.91253._ .. .-..~o - . . .&~. • - ~ai.~~ooooi. 103
0 1 1163.300000 9! • 409 .9033,3 77

i ,3 4.922t98 ...25 .. 
~~ V . 415.000000 104

pE 1 167.857143 6.4 8’ • 424,649532 84
• 4477.436974 62 

—— $7 I ...5.12.51.fl.0.0.0.-.
9’ • 783.36 9423 9’) 0 • 12 9 0 . 5 0 0 0 0 0

..81..! 1.94.5398.2.2. 7.1, - 6Y V 394 .999992 10
85 • 409.019337 77 96 • 199.7073~ 7 72

..I! .6 .  11.5.910.440...-.. 1.0.4 . B0 • 4.10,0000 00 7.3
06 • 4 7 4. 9 9 7 9 4 3  ~~ 85 • 4 2 7 . 2 4 9 9 9 9  301
I 614 5 041260 56. _ .....B V  4 15.0000f l 0  10-i......

0 • 1172 .000000 B’ • 425.070091 94
-. As .a 33-4.11919& 26 .....-. - • .312.738.090 - -

P6 • 168 .191210 63 0. I 1 2 9 3 . 0 0 0 0 0 0
- — - 47 . - 4.05...fl.0110.03 - .1.1.

86 • 389.333336 94 9Y • 419,000000 74
56 • 4495.72 935 1 71 ....... J.9 • .41.1.333332 101.
P6 I 409.234143 7’ 96 I 415.000000 194
85 • 455.0000.4’3....... 104 — 425..280.3-7.1.. .84
p6 • 627.672897 84 p0 • 517 ,637 147 97
Bi.-L.-.4fl1..937540... 86 - 0.. I 12114.5110-0110- 
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68 • 412. 50000., 32
---39 ~~ --41.4.56113112. - . - 1,31 .- -

p6 • 415.000000 104
82 • g2c .6.065gfl 54 

5p6 • 517. 928374 87
.1.1 1.2.n3..0.0fl.0.9.& — -—

40 • 413.000nOi 194
._Bi ..L .. IIL.124938 ...i3_~~p0 • 425.7009 12 94

56 • 5 144 .1445210  47
0 • 42,4 .250000

- .89. & .  .43.8.0.1103101.-. .1J%Lp0 • 423.250000 34
--.8& L... .424.223-633- 34._

B’ • 9 13.36286 0 87
I U 12l9.250000

I 4 15.000 00 . )  194
- .1 9 . 42~.214440 _. . 33~~. -9’ • 511.630951 87
. .i.-a. j226.3_801136. . .

• 413 . 00000 n 194
85 1 439.400000 36
p6 • 543,95,2305 9•?

..-1~~ . ~~~~~~~~~~~~~69 • 413.00000’, 124
is~~ ~~~.44.n01010~~~~ .
p0 • 914 .547623 8/
O • 1249.506007

• 4,5.000002 124
_ ._.8~

_I_. àSS.99nni.4 .,31L...
9’ 515.07 1426 97

.-..._..1_.i 1346 51101104
PY • 415 .00 000 3  104

98 $ 4 6 0 . 0 0 0 0 0 0  39
85 • 517 .785713 87

..-.i..i. t.43fl..0-00.flkfi~~~~
• 41 5.000003 104 
442.900000 ...4o.~~p6 U 923.666672 9?
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(~ P 4 i6  HILL 2—3099851 0961 3TABI L IT ’  ANA L Y S IS

Nfl. OF POINTS TO DEIICBIPE FAILU R E SURr6C ER • 7

NO . or FAILURF SURFACE DESCRIPTION CAR DS $ 2

4460 . 410. OF COLUMNS TO DEICSIIO E FA IL. SURF .. 4

NO . OF BLOCKS OF SUBStITUTE SOIL TYPEI4 • 3

NO . OF 6LTERNAT E 9 (91 DISTRI9UTIPNS • 0

FAILURE SURFACE POINTS

PAINT NP . X—050 90INATE Y.COf1Rfl0NA~ E roo ,
1 600.08 107.’19 1.00

0.89 950.00 378.00
2.00 9.00 0293.00

489.00 i.00 0.00
523.08 166.08 1.00

0.00 975.00 443.09
0.00 6.00 120)4.00

480.00 3 .00 0.08
4285.00 46.4.50 1.90

FAILURE SU RFAC E I)ESC RI PTIO N

S~,RF Ac E 845 , POINTS ‘TO DES C RI B E THE SUI4~ AC F
1 1. 2 3 4)

2 4 5 6 ‘

SOIL 061,6

Oo lET SAT CON TI RU 00
1 i35.o 135.0 1000.0 9. 0. 0, 3945
2 135, 9 j30.0 2nOB.0 o .’8’ 0. 0.399
3 135.0 135.0 3900.0 0.649 0. 0.39”
4 135,8 135.0 5400.0 9.510 0. 0.390

J
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91,8TACE NII M PEN 1 • 1 (SPF.CIEIEI)4

I,,RTACE DEF INED 099 POIN T 0 5
1• I 608.00 067,00 1.00
2— 2 030 .00 378.00 1.00

. 3— 3 1205.00 409.00 1.00
I~ S•IT 0 B
105 ,40 0 2

0 00000. E 0—FORCE V — V T  9.9.9,99.7 VEIl F SWA LL F ~o~o P~~ S
629.86 —0529. —5329 •45t3. —l ’ .O i —5.001 —3.49 1.00 1.flB o.
680.00 1913,. 10135. 02131. 22.00 p .004 2.2~ 1.98 1.~~0 0.
690.66 29173. a.i7s: 23999. 46.50 0.956 1.34 1.00 S.’)B o.
618.00 24904. 60904 56229, 92.59 9,336 0.47 1.90 5,~10 0,
677 .00 71378. 7t370~ 5P2 4~ . 42.48 0.330 0.65 1,99 5~ IIØ 0,
678.00 73063. 73063. 60275. 12.39 P.325 P.43 1.00 5.110 0.
679.04) 76393. 70303. 62330; 42.23 0.359 0.45 i.oo 0.~ 0 0,
689.00 10028P. 190240. •j93~ , 41.33 9.277 e .So 1.00 5.08 0.
720.84 2140’6. 254006. 174679. 19.24 0.176 0.33 1.00 1.09
725.94 240331. 2403ti~ 196504 . 10.24 0.169 0.31 1.90 5.90 0.
741.60 424310. 42.370. 341937. 40.14 9.135 0.92 1.00 1.40 0.
766,09 452031. 652031. 368070. 10.13 0.131 8.21 5.00 1.49 o.
108.68 461213. 485213. 390083. 10.12 9.1.30 8.241 1.00 ~,50 0,
795.00 496810. 494818: 405424. 43.29 0.197 0.39 5.00 j,’Ip 0,
001.44 505239 . 393239. 412298, 14 .16 0.164 0.43 1.08 1.4)0 0.
•29.06 305083. 5P5oS5~ 417453. i 1.~~9 0.170 0.02 1.00 5.~ O 0.
133.0ö 397643 . 697643. 407703. ¶7 .40 9.182 0.33 5.00 5.10 0,
837 .86 61B30 9, 610309. 4944049, 1’.78 9.105 0.94 1.00 1.00 0.
039.09 616604 . 616604. 503241. 1 7 .98 9.186 0.53 1.00 5.50 o .
040.08 619001. 419001 . 505990. 10.05 0.187 0.95 5.08 5. 49 0,
841 .Oñ 62308E •23013. 506469. ¶8.14 P.1,8 0.95 1.00 1.10 0.
062 .045 626296. #24298! 511086. 14 .22 0.188 0.95 1.00 5. 58 0.
$42.58 627904 . #21904. 510399. 18 .27 0.109 0.55 1.00 1. 40 0.
949,94 652040 , 452040. 532100. 18.87 p,593 0,57 1.00 1.’)B 9.
•~o.oo 652 154 . n52194 532107. 16.80 p .193 0.97 t.go t.3o 0.
080.08 743191. /43591 . 606477. 04.17 0.216 0.12 1.00 1.’~B o.
$S4,3~ 754496. /54496~ 615702. 04.77 0,222 0.73 1.00 1. 40 0.
905.00 797209. 797209. 690531. oN.39 •.231 0.75 1.00 ~.10 0.
910.07 020766. 020746. 669702. 1.4.97 0,231 0.70 1.00 1.10
930.09 873044 , 873944. 713096. 70.01 0.239 0.82 1.00 1.~~0 0.
933.06 a0p57$~ 802520. 729223. 244.33 0.241 0.12 1.00 ~.9 0 0.
942.50 93,0147, 950747. 74:4210. 70.32 8.246 0,59 1.00 1. 30
940.51 925904. 920904. 756027. 70.9j 0.249 0.56 1.00 ~,00 0.
950.06 935991. 035591. 763484. 79.99 8.249 0.16 1.00 ~ .‘i0 0.
955.06 915540. ‘13540. 747122. 79 .10 B .246 0.58 1.00 ~.‘30 0.
915.94 834101 . 834161. 692361. 75.75 0.232 0.92 5 .00 i. O0 0 ,
996.08 736254 . ‘94294. 615535, 21.57 0.200 0.84 1.00 j, 3O 0.

6 006.00  71574)3. 755 705. 804045. t O .50 0.191 1.00 1.00 ~,10 0.
6007 .011 711050. 711050 . 509902. ~9 .30 0.109 1.01 5.00 1.10 0,
6009.04 704149. /04149. 576617. 10.09 8.165 5.02 1.00 1.48 0,
6 0 54 . 0 4  694910. 6049 18. 53u924~ 4 ’.08 0.177 1.03 1.00 1.’)O 0 ,
7035.00 604484 . 404484. 493286. 13 .60 9.140 1.12 1.00 j.O0 0 ,
6030.26 344373. 546373. 445565. 49.06 0.115 1.20 1.00 j. IJO 0,
6957.08 320934 . 520$34~ 425024. ‘.91 0.104 1.23 1.00 ~.‘19 0.
6072.06 464116, 466126. 379759. 7.50 0.062 1.33 1.00 j . U 0  0.
6080. 78 4 311,03, 43t~ S3. 33,564. 0.36 0.010 1.39 1.00 ~.‘I9 0.
6083.38 3$3619~ 303610. 313049. 4.00 0.054 1.30 1.00 1. 1 0 0.
?tp o .o6 33945E 359459. 793334, 4.09 6.047 1.34 1.00 5.’~0 0.
6119.08 209491. 299491. 23*239, 2.37 0.029 1.69 1.00 j.’IB 0.
6125.09 267507. 267597 . 215363. 2 .31 0 .025 5,73 5.00 ~ .‘10 0.
6133 .011 230590. 238590. 194750. ~.63 0,022 1.94 1.00 1,110 0.
~37 .59 22249?. 222402. t$t49p~ 1.40 0.820 0.86 1.00 1.00 0.

6142.09 206295 . 206299: 168346. 5.37 0.819 1.93 0.00 ~.U0 0 ,
6193 .08 167297 . 167297. 136922. 1.25 9.019 2.66 5.80 j,’IO 0 ,
1130.09 149755. 143758. t22167. 1.38 0 .022 2.17 5.00 1.18 0,
1148.04 111725 , 119723.. 91170. 1.94 0.035 2.35 1.00 1.00 0.
6i73 .oã 9~473, 91473, 74646. 2.07 0.046 2.33 1.00 t. ’lO
6111.56 70020. 7g~ 2l. 57144. 1.76 9.046 2,41 3.00 1.~~0 0.
6i13 .06 65139. ê3~.39. 53156. 1.64 0.045 2.44 1.90 3 , 40 0.
~1$5.0l 30656. 59656. 47068. 3.40 0.043 2.05 1.00 ~,00
192.00 36251. 36251. 293Sf. ‘1.91 0.033 3.23 1.00 I.~~B 0.

9394 .45  22299; 22364 : 10165. 0.39 0.027 3.53 1.00 1.~~0 0.
9189.09 54360. 14360. 11719. 0.52 0,929 4.69 1.00 ~.0p 0 ,
6202 .06 0230, 3238. 4273. (4.39 0.046 4.76 1.00 1.00 0.
793. 77 —0~ — 0 . —I. 0. 0. 0. 1.00 1.08 0.

0’ • 4 .905 LANO DA I 0.5464 0 6 0)

J - 
SOIl. DA TA

~O W~ t SA T CON TI  ~II E~
1 135,0 135.0 1000.0 1. 0. 0 .0214
2 133.9 535,0 2600.0 4 .509 0. 0.92”
3 $33.9 135.0 3900.0 4.649 0. 0.020
4 135,9 135 .B 5406.8 0,579 0. 0,S7U

Cl 3
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S9 ,RFACE N UM NER 2 • I (XPPC IEIEI1 )

SñRF ATE D O F INED ~V 5 P O I N T  0 0 F I X )
4— 4 529 .00  169, 00 1.00
5. 5 975 .0 0 4 6 5 .00  1.00
6. 6 1259.00 488.00 1.00.
7. 7 1285.00 469. 50 ‘ .00

100,11 4) 0
109.10 0 2

X CDOBD . I 0—F ORCE ‘—8? 8 .90/8—7 $EPT F SMALL F P600 PB~ S593. 74 6517. 6517. :056?. 72 .77  3.285 4 .39 1.00 1.00 0,
570 .OB 437/5 , 43175. 24799. ,5.24 0.54 4 1.13 1.00 1.00 0.L.. 370.S14 453i’0. 43300. 2 56 6 0 .  15.26 0 .539 1.50 1.09 1.’l0 0.
574 .0 45 566/ 0 .  86620. 31075. 15 .47  0,501 0. 95 1.00 t .~~0 0.
648.47 560111. 9.65121. 32)1145. p7 .59 8,355 0.24 3.00 1.00 0.
650.06 SPO 9iS. 500955. 12~ P92. p7 .57 8.354 0.24 1.00 ~~~~ 0.
659.00 661078. 667075; 17~904. 29.35 0.350 0.22 1.00 j.0~ 0.
662.00 7129’16. 152996. 403917. 30.09 0.353 0.21 1.00 ~.9o 0 .
676.0 0 5076o2. *8766 7! 457546. 35.14 9,309 0.41 1.00 1.00 0.
677.96 8547o4. 014764 . 46,369. 33.49 5.392 0, 42 1.00 1.00 0 .
978.~~ 8219 r6 . 026 986!  4696 16. 35 .82 1,394 0. 43 1.00 1. 410 0 .
670.110 82901)9. 829059. 46 966 3 .  36.16 0 .396 0 .44  1.00 1. 00 0.
698.04 593543. 095543 . 507332. 3’1.09 9 ,453 0.50 1.00 ~,0Ø 0.
693.01 9419115. 040905. 533595 . 40.97 9.41.7 0.35 1.00 1.00 0.
720. 90 12 04137 . 1206737. 68249 3 . 4 ’.63 0.419 0.63 1.00 1.°0 01
775.91 5270620. 1270628. 739024 , 40 .51 8.422 0.67 1.00 j, 0~
740.35 1436235. 1436230 . 813639. 52.34 0.427 0.71 1.00 ~~~~ 0,
166.01) 1731999. 1731989.: 901166, 5~~.37 0. 44 1 0 .70  1.00 1.00 0.
702.34 1933760. 1033760: 1095468. 63.64 0.454 0.03 1.00 1.00 0.
195.00 2114358. 2114538. 1197912. 64.06 0.458 0.03 1.00 1. 00 0.
799.75 2161146. 2160746. 1224644 . 64.66 0.450 0,83 1.00 3. 90 0.
829 .06 2588335. 2508335. 14663 59. 73.3 1 0 .4 68  0 .09  1.00 3 . 00 0.
934.74 2613503. 2613583. 5400615. 73.67 0.469 0.09 1.01 1.~~o 0.
033.00 2649653. 2649603. 1501047. 74.04 0.470 0.90 1.00 i ’ll 0.
53 7.49  2713735. 2713133,: j3 3734 9 . 74 .69 0, 472 0. 90 5 .00 1.00 0 .
039 .44  2745902 , 2745902. 1555312. 75.02 0.413 0.90 1.00 1.~~I 0,
040.04 2762017. 2762017. 1364701. 75.19 0.414 0.90 1.00 1. 10 0.
041.04  2775153. 2778 153 . 1973842. 75 .33  9, 474 0 .90  5 . 07  t.~~0 0.
8 6 2 . 4 6 2794330.  279431 0 ; 1502996. 7 5 .49  0 . 415 9. 00 1.90 1.00 0.
042.59 2802396, 2802396: ~387377. 75.57 8.415 0.90 1.00. 1.04 0.
850. 00 2924322.  2924 322 .  1634640 . 76 .7 3  0.479 0.91 5.00 ~~~~ 0.
451.40 34604:10. 3460430,: j9611357. 8~. .5,6 0. 410 0.95 1.00 1.’lO 0.
990.00 3586906. 3986946. 2037007. 03.34 0.472 0 .96  1.00 1. 00 a .
902.27 3760909 . 3769909 . 213’,679. P6 .7 4  0. 400 0.98 1.00 j,0~ o.
905 .0 4  31)10561. 31)3036 1. 2151)749. 1)6.81 0,491 0.99 3.00 1.00 0.
930.041 4j94458, 4194058. 2375963. ‘11.56 0,499 1,03 1.00 ~~~~ 0.
933.00 42415,41. 4241341. 2402062, 92 ,45 0 .499 1.03 1 .09 I.~I0 0.
947.So 43934o5. 4393465_ 2481)928. 9~~.2B 0.504 41.05 1,00 1.00 0.
94 9 ,20  4485 3 66.  44 85966 . 204 1104 . 95 .35 9 ,506 1.06 1.00 1. 10 0.
953.19 4,670:19. 49.67030. 2587259. 96,27 0.500 1.07 5 . 0 0  1. 20 0.
955.09 45998/5. 49.99875. 2605061. 96,54 0.509 1.00 1.00 1.00 0.
975.09  4961343. 496 15,43. 2814 147. 90 .36 0 .515 1.11. 1.00 t.~~0 a ,
996.09 51113:45. 3115335. 2999606. ‘14,53 9.51.3 1.54 3.09 1, 00 0.
906.oo 5116998. 5176990. 2332805. 92 ,53 0.305 1.54 1.00 3.00 0.
0001.04 5183312. 5183512. 2936495. 92 .29 8.504 1,14 1.00 j.OØ 0.
600 9 .0 6  5196531. 3196511. 2 94 38 59.  Q! .$2 0. 502 0 .14 3.00 1.00 0.
6014.06 3228841 . 522084 1, :  7969114. ‘10 .65 0,498 1.15 1.09 1.00 0.
7o 3 3 .on  53620/5 .  53 62025 .  3 0 3 / 6 2 4 .  55 ,57 0. 480 1.18 1.00 t .00  0.
6050.01 5454646. 1454646. 329(4854. 1)~ .40 0.465 0.20 1.00 i. l~ o.
6050.26 54557:15. 3455735. 3904753 . 8 ,/8 6.465 1.20 1.00 j.0~ 0.
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6037 .04 5486143 . 5456 143. 3~ 0’937. 80.19 0.460 1,21 1.00 1.00
6972.0n 5551940. 5551940. 3t4~ 712. 711 .64 0.446 0.22 1.00 1. 130 0.
6050 .70 5589014 . 0559014. 3165249 . 14 .5 0 0.439 1.23 1.00 1.00 0.
6093.58 5640104 . 5640784. 3199.843. 73 .33 0.428 1.24 1.00 1.00 0.
Ojao .on 5666051, 5~ 66051:’ 3209057 . 68 .67 0.424 0 . 2 4  1.00 1. 50 0 ,
6119 .00 5134735 . 5734735. 374076$. 64 .63 6.409 1.24 1.00 1.1)0 0.
0 123 .04 5754904 . 5734904 ,: 3260193. 62.99 9.492 0 ,23 1.00 1.98 0.
6133 .06 57001.92. 5/00382 . 3274513. 60.14 9.399 1.23 1.00 1.00 0.
6137 .SB 5193460. 3193460. 3202034. 59 ,45 9.396 1.23 5.00 1, ’)O 0.
6142.00 5006119. 5006119. 3299206. 59.14 5.392 1.22 1.00 1.08 0.
6153 .00 5834383, 3034503 . 3300005. 54. 54 8.355 1.21 1.00 1.50 0.
6 158.09 5845535. 3845538. 3313 336. 53 .30 8,352 0.21. 1.00 1.90 0.
6160 .00 506629 1. 5.66291. 3323294. 4~ .79 5,391 1.20 5.00 1.30 0,
6j75.~~n 3813973. 5073978. 3327646. 4’.77 8.394 1.59 1.00 1.40 0.
1191.55 5079668. 5879685,: 3350304. 49.48 0.400 0.15 1.00 1.00
TjS3.oo 3879293. 8579295.’ 333o659. 44 .94 5.402 1.07 1.00 1.30 0.
~1$5.I0 3870077 , 5579817. 3330993, . 4 .22 0. 402 1.17 1.00 1.90 0,
1 102 .09 5619516 5819516. 3330936. 43.63 5.405 0.11 1.00 1.36 0,
~i’5 .O6 5875957 3073957. 3128710 . 34.97 5, 437 1.16 5.00 5.30 0.
6202.0 6 5812421 5072421: 332*766. 0’.78 0.452 1.14 1.00 I. OB 0.
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EXAMPLE NO. 7

Conventional Stability Analysis Section After Canal

Deepening——Total Stress Analysis Using A Computed

- Strength with One Homogeneous Soil Mass Yielding

Equivalent Factors of Safety to That Using

Partitioned Soil Strengths

Strength Pore Pressure Acceleration

c = 0, ~ = 36.11 deg 0.0 0.0

c = 0, 4, = 39.95 deg 0.0 O•O
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EXAMPLE NO. 8

Conventional Stability Analysis Section After Canal Deepening——

Total Stress Analysis Using A Computed Strength of c = 0

and ~ = 36.11 deg for the Lower Failure Surface with

Distributed Accelerations Applied to the Failure Mass
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030,05 34j61?~ 3~ 141’, 102423, j99,22 1,241 2.43 1.00 1,04 5.
*5*, n 043~*t~ 0$19* , ~6l99~ , 391,60 1~ 033- 

- - - - — 2.43 3.00 1,90 0.
•‘o.oi 675S4~ , 67I$4~ , 253652 16’,~~1 u ,959 2.45 3,00 3.00 S.
•92,2? 574I~, •~4~3o 247739, 3o3.~ 5 0,92’ 2.43 3.00 1,00 0.
•05,05 5564110, 656408 , 256922, 163 ,03 0 .922 2 .43 1,00 1,00 5,
‘13,~~o 

957559k 9s7065, a073680 060,85 0,094 2.43 7.00 1,50 5.

~30.0S 122~904, 325~ 55~ , 366753. i,4;9o q,84~ 2.43 3.00 1804 5.
— - 933~~5p - i4”7~~’~ 1,’ ~~?4’; 0*33707 - 319.26 9, 633 - 

7 4 T  1.00 1,00 0.
~“.oI 1~ 13~ 11’ 1521311, 433395, j53,49 9,633 2.43 1,00 2,00 0.
955,59 ~?3434?~ 113254’ 539161, 346,95 0,709 2,43 9.00 1,00 5.
975.~~ 24S367~ . 7763470, 50*303, 144,~~O 0,730 2,43 1.00 1,09 S.
943.05 4306344* 3506532, t~ 59577 345,05 0,165 2,42 1.00 1,00 S.
996,00 2100066, 2700966, 034290, 142.20 0,769 2.43 3.00 1,08 0.
3391T37 377301Si 3~43*79, ~~~~ q 4 3b ~33,*3 

- -0,168- - -- - 2~53 T.00 - 0.
1014.00 32573,93, s~s7~ sj; 477~ 99-, 357 ,63 9,764 2,43 3,06 3,00 5
1315,50 33223’3, 3322563, *‘67,9~ 13’,?~ 0,763 2;43 3,00 1100 5.
j035.~~5 42*9792, 4269792, 1290769, 125,09 0,706 2~ 43 1,00 1,00 5,
1936,01 4526989, 41765$9, 1”6”1? 120,83 0,082 2,43 1.00 3,00 0,
3572,55 ~~~~~~~~ 74~4445, 3221394, 355,21 0,601 2 ,43 2.00 1,00 0,

- - 7$*$.5s 77921*9, 71941-39, 2~3t 333 101.33 - - - 0- , ,30- - - 2,93 1.50 t~ 09 0.
1095,55 iolo5$93, 3o1o5893; 3443760, 95,19 0 , 543 2.43 2.00 1,00 I.
1100.00 13,506,5, 11750059, 3525237, 87,68 0.933 2;43 1.00 2.00 S.
1112.~~S *4332409, 34332455, 4299722, Si, 93 0.910 243 0.00 1,00 9,
11*9,00 ~63S0499~ 3638049’. 49141~ 0. 7$, 5~ 0,496 2,43 3.00 1,00 0.
3123 ,08 15248149, 35346249, 3474443, 75,97 8 , 455 2 .43 1.00 1~~0U 5.

----1-33-3,-fl - 2$fl 9*lIj - 2933 *4*4, *9539632 53,13 9,453 - 2;47 1.10 1,30 I,
113’,30 23549319k 245’~5i’, 7064056, ‘0,’~ 9,464 2.43 3,00 1,00 0.
1142,00 23I4~~2~ , 23640126, 7752039, 48,94 u ,465 4,43 9, 09 1 ,04  5,
2153 ,05 31246304, 31246304. 947389j, 64~ ’3 0 , 456 2 , 43 0 , 0 0  1,00 0,
1130,85 33633200, 33642369, ~900941~ , 63;31 0 , 453 2,43 1,00 1,00 5.
1105.00 30601310, 31661316, 11~~ 53~ 3, 99,94 U ,439 2,43 0.00 1,00 0.
1173 ,a0 4121~506. 41217586, 3236517*, 00.12 0,460 2,43 3.00 1,00 0.
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1101,35 43I~go)2, 435000 02, 13340036. 96,14 0,494 2;43 2.00 1.00 0,
- -lltSj-5$- 44313*73, 44572*13, 132111427 39. 1 0• 494- - 2 i~3 

- - 
1,90 1,50 5,

1192.00 476407*6. 47640716, 14292225, 52,95 0,016 2 ,43 1.03 1, 00 5,
1I’9.aS 4~963046~ 4’~6~ o4~ , ~490l$34, 50~93 0,545 z;.s 9,83 1,00 I.
3202.00 50063439, 90*61432, 15455430, 00,03 0,198 543 959 1,00 0,
1708.00 51394419, ‘139421’; 134302861 49 , 4 1 0,869 2.43 9,50 1,00
1203,05 53635654, 51435696, 35493759, 49,10 0 , 7~ 3 2;43 1,00 1~ 0U S.itit.n 329*95*~j  52*71340, 153982821 91, 29 9,134 7.41 9,50 1.03 5,
1221.00 35~~ Q39t, 35000207 , *65000 17 , 44 , 38 0 ,002  2 .43 9,80 1,00 0.
1431.09 ~66t3t04~ 56*90904 , 1700727 1, 41. 60 0,099 2 4 3  9.00 1,00 I.
12~6,oS 5I5973Q5, 557673Q0 , *7630253, 37,64 1,000 2,43 1.00 1.00 5,
1230,33 ~

9j546O~~ “1
50510. 177432452 06,64 1,294 2,43 1,00 1,00 5,

1233,05 390279318 99S2’122, 37948376, 33, 71 2 ,1 22  2, 43 1.00 1,00 0.
i7 3.tr 34579I)9~ 20119855, 11083931,- 0. 0, 0 - 

1. 00  1 , 00  S.
F . 5,’81 369000 9 0,3008 0 10 0)

SOIl. DATA

9t1 Sal - CON II RU 90 —-
3 332 ,9 135 ,0 0 , Q , 7 29  0.  0 , 0 3 0
2 33),Q 135,0 0, 0,729 9, 0.030
3 152,0 235,0 0, 0,729 0, 0,040
4 33’,~ 153, 0 0 , 0,729 0, 0.040
5 $3’.O 335,0 0, 0,729 0, 0,030

— S 11’i0 - 
393,0 0 , 0, 129 9.  0i05 0

1 33’,Q 335,0 0, g,729 0, 0,063
* $35,~ 135.0 0, ~~~~~ 0, 0,000
9 

~
35,o 135,0 0, 4,729 9, 0,100

13 1~~~~ .0  135 ,0 0 , 0 , 72, 0,  0 , 13 9
11 t3~ ,0 135,0 0, ~,729 0. 0,350

- - tt iO’ia - 393~~t 0 , 
- 

~~2$ 5~ 0,233 — - - -

33 335,4 135,9 0, 0,724 0, 0,235
2~ ~~~~~ 135.0 0, ~,729 0, 0,300
15 33’.o 135,0 0, 0,729 0, ~,40516 152,0 129,0 0, Q, 7?9 0, 0,500
17 ~~~~~ 135,0 6, 0.729 0, 0,600
It i5*,~ I3~ 10 0,- 9,726- V~ 91930- 

- - - -

39 13’.O *35,0 0 , 9,729 0, 3,030
30 13’,O 131.0 5, 0,729 0, 2,500
21 j3),~ 135 ,0 0, 0.729 0, 2,000
72 3~~’,0 155 .0 0. 0, 729 0,  3 . 00 0
23 33’,O 135,3 0, ~,7?9 0, 5,000- 3’j-~~- 333-,3-  01 0, 77* 0 j~~~~~~ i,3~ 9-~~~~~~~~~~~ 

- - - -

25 j35,Q 135.0 0 , 0, 729 0, 10,000
24 i32,o 335 ,0 0, ~,779 0,  15 , 0 00
27 i3’,o 135,0 0, g.~~29 0, 2 5 , 0 0 0
25 ~35,g 235,0 5. 0,129 0, 0,
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SUR’oco ~U~ OER 2 6 2 tS~ E d 1 F L E 0 )

~~~~~~~ 
O6 F (OEI  III POlO 1 0 V FIX ) 32. 2 )25~ QQ 363,05 1,00

3’ 2 970 ,00 463 ,00 1,00
6’ 6 1 2 5 0 , 40  488 , 00 i~ Q0
7. 7 1305 ,00 469,50 1,00

oøl C0,~V2R91 ,,G 0 ‘

0.14090,  3 4 . r 0 4 93  3.91 9.11/1.2 4987 r 59633 1 7085 7645
338.05 303, ‘383. ‘134 , ‘7 , 32 .0 ,179 2 4 3  1,00 1 , 0 0  0.
333.79 •20~ 4. ‘2074 . —627, .0,’O .0,478 2,45 3.50 1,00 9.
583.30 .95*5, .9993, 2729, .20,12 .0,530 2 43 1.50 1,00 0,
*59 ,05 .240~ 3, 24011, .772k, ~84,75 .0,993 2,45 3,00 1,00 5.
640,45 .53829. ‘22875 , —6,58, .96,96 .1,547 2,43 9,00 1.00 S.
650.50 .75385, — 22301, .6714, ‘153 ,30 .1,330 2,43 1.00 1.00 0.
850,08 •13053. •o1053 , ‘6 336 , ‘140. 50 .1,671 2 , 43 3, 00 3 , 0 ( 0  5,
678 , 0 8  .3 7 45 4 ,  .17404 , .5549 , •279,22 .3,069 2,43 2.00 1,00 5,
694,00 •i35~~ , •1~58,, .4077, 4353,59 “.059 2 43 1.50 1,00 5.
6 ’S.oD .1’211, •1’2t2, .4763, .480,7’ .4,59j 2.43 3.00 1,08 0,
120,00 10133, 30333 , 30’O. 3129,10 30 ,824 2,43 2.04 1,08 5,

~5’ .~~0 75636. 05656. 7697, 563 .18 4,890 2,43 1,00 1,08 5,
766, 50  81109, •1103 , 2733 1, 284 , 78 ~~~~~ ?~ 43 1,99 5 , 0 0  5.

‘‘~~,50 3to0~~3. 310043 . 33013 , 267 , 85 1 ,944 2,43 1.00 1,00 0,
795,3~ j~8354i 358354, 58584, 259,44 1,492 2,43 3,09 1,00 5.
8 16 .0 8  2~~33 43 ,  7~~ 4531, *b539 ,~ 19 0 , 3 1  1 ,238 2 , 4 3  3 ,0 0  1 . 08  5.
p29 , 00  343397 , 3 * 33 9 7 , 11503 ’ , 27 6 , 71 2,128 2,43 5.00 j,00 0.
*33,55 413807, 413647 , 323480, 114,22 1.106 2,43 3,00 1400 0.
‘~‘,oo ‘it6’3. 511493. 153498, 187 ,90 2,046 7.43 1.00 1,00 0.
“o.oi 5~ 02’3, 54o1~ 3. 162055, 165,96 1,054 2,43 1.00 1.00 5,
480,05 835042, 053547, 45~ 753 108,3~ 0,9~ 8 2.43 1,09 1.00 0.
~~~~~~ 909 170, ~~~~~~~ 2967 5 3, 102 ,11 0 , 060 2. 43 9 , 0 0  3, 00 5.
‘07,2? 11”7’~~, 3~~79~ 99 , 353949, j4~ ,36 0,044  2,43 1,00 0.00 0.
‘03 .00 1222147, 122214’, 486644, j40,73 0,041 2,43 3.50 1,0* 0.
5~ 3.35 ~345385~ 3330286. 496506. 147 .80 0.022 2.43 1.00 1.00 0.
93~ ,~~5 1775229, 1705228. 511569, 144 ,’~ 0,783 2,43 1,00 1,00 S.
•33,5p 178~ 7~2, j7697i?, 533939s j44,j7 ~,770 2,43 3.00 1,00 0.
‘~‘.00 7~ 735u1~ 49 13S7 , 627076, 143,36 0,166 2.43 3.00 1~ 0U 0.
•35,~~p Z3~ ’1’1, 23’~ 1~~ , 797393, 141.72 0.744 2,43 1.00 1,00 0’
~~~~~~ 3~ 76441, 3076447, ‘22’34. 330 ,68 u ,?39 2,43 3.00 1,00 0.
IB~ ,3~ 32530~ t. 3231041. 969312. 330,21 0,125 2,43 3.00 1.09 8.
‘96,00 3010869, 3010669, 3143201, t32.’~ 0,71~ 2,43 1.00 1.00 0.

3301,55 42443Q?~ 4240 99’. 14723~ 7, 129 .81 0, 798 - 
2. 45 1.50 1,00 0.

i01~ ,00 45jO670 , *5j~ 67’, 3603204, 126 ,43 0,703 2,43 3.00 iiOU S.
1516 ,50 46~ 6354, 46~ 6536 , ~30~ 96~~. 195 ,66 g, 899 2 , 4 3  9 .80 1.00 9 .
1035,05 5993253, 29~ 1793 , 1710376, 20,01 0,644 2,43 1.00 1.00 0.
1346,50 8666124, 6686jp4 , j99903j, 110,23 0,023 2,43 3,00 1,00 0,
1072,00 33014985• 300 3490 0 ,  3~ j A 4 9 4~ 95 , 1~ 0 , 554 2 , 43 1.0 0 1,00 8.
1059.05 jO3S543~~ i~ 36~ 4’0, 3369*411 93, 49 0,5*9 2 .43 3 , 0 0  1.00 5.
~~~~~~~ 34468452, 244684 32,  434~ 536 , 04 ,02 0 , 506 2 . 4 3  ~ .f l 0  1,00 0.
1290.00 35603934, 15603934, 41731~~9,  81,80 0 , 495 2 ; 4 3  5.00 1.00 0.
1132,35 39004350, 39994535 , ~~03$~ 6, 

16,~~0 4,479 2 , 43 3 . 00 1,03 9 ,
312’,OS 21621752, 21622732, 8406339, 74,96 0,467 2,43 3.00 1,00 5,
i i2~~.0~ 2 4 0 9 83)9. 74 Q~ 8309 , ‘0 02 309 ,  ~~~~~ u , 45 6 2. 43 1.09 1,00 0.
1131.03 2b*33tE3~ 36409720. 79t~356, 89 ,83 0 , 439 - 7 . 43 1.30  1 ,0 0  5 .
113’,5I 30763215, 30761213, 9278365, 67,33 0,4’l 2.43 1.00 1,00 0.
it’2.00 33673079, 33073075. 39392163, 65,73 0,443 2,43 1.00 1,00 0,
11~ 5.08 4054 8390. 4 0548 140 .  12 564 4 5 7,  62,13 0, 4 37 2 , 43 1. 00 1,00 0 ,
1i~ 5,08 4350995?, 4338u951 , j3~ 74287, 60,64 0,434 2,43 1.00 1,00 0,
1169.00 4997*569, 49 1176889, 34993 56 1, 5’, b l 0,440 2 , 45 1, 90 1, 00 0.
2115 ,00 5322’341, 33337337 , 1396829%, 35,94 0,460 2.43 1,90 1,00 0.
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1•

t iS i ,3s %65j3314, 34111114, 36995334, 13 ,V~ 0,474 2.43 1.00 1.00 0.
fl93,fl 37g3I*45. 57*3 8686, 1~ 0~~Z8- 01 11.48 3.479 2,47 T.00 1,91 0,
1192,00 61354174, 6239~ 7?’. 35~ 10432. 53 09 0,49, 2.43 1,00 1.08 0.
119~ ,05 I4381774~ S434771~ • 39304331. 85~0, 9,174 2 43 1.00 1,00 5.
1202,05 65495340, 45490320 , 35 *4 7039 , 45 ,05 0 , 574 2 , 43 1,80 1,04 5,
170,.05 5SiS~Ss3, 6605’6g3, 1’S~ 07~ 13 47 ,43 9,543 2,63 1,00 1,00 0,
1203.05 664746)0, 64474634 . 3594539~, 45 .13 0,654 2.43 1.00 1, 00 5.

— I7TT .09 t$it~v93 • *I394~$S • 7015072’T 49 ,30 0 ~i0’ 7741 1.00 3,02 1,
1221.00 7575694,~ ~o73’96S. 2 10270 ’ l,  42.52 0,768 2.43 ~,00 14014 5,
1232.05 729~ 3l73, ?39~ 3873, 23 874387, 39 ,79 0.560 2.43 9,50 1.04 0.
1246,05 733a7~ ?ê, 73547~ 76, 22670163, 35,59 0 ,954 2.63 1.00 1.00 0.
1230,00 1896?34S~ 7558)590, ~787~ 3*9, 34 99 1,328 2,43 3,00 1,00 5.
12~3,0I 7’3658i~, 775*2821 . 232*8048, 31,~~’ 1,991 2.43 5.50 1,00 5.
1283,51 71t9~U389 1~?99~3S, ~~U3993~~ 0. 0, - - 

2~ T~00 1,02 5.
F • 5, 137 

3*960* 0 , 3 0 0 8  0 10 5)

$013.  36 7*

982 36? COw Vt  RU 30 - - — - -

3 335 ,4 135,0 0, 9,729 0, o.031
2 ~~~~~ 332,0 0, 0.719 9. 0,045
3 13’,o 135,0 0, 5,729 5, 0,040
4 $52.g 133 ,0 0 , ~,7P9 0, 0.030
S ~~~~~ 332 ,0 0 , 0, 729 0, 0 ,050

— 
* i~’.o 133,0 0, 0,599 0, 0,080
7 ~~~~~ 135,0 0, ~,79 0, 0,000
5 ~~~~~ 153 ,0 0 , 0. 17~ 0. 0 , 0 ~ 0
9 152,0 132 .0 0 , 0, 729 9,  o,120

10 ~~~~~ 135, 0 0 , 0, 129 0, 0, 159
11 ~~~~~ 332,0 0, o.’59 5, 0,180

~~~12 - 1~~ ,9 333,3 4, ~,729 0, ~,245
33 13’ . O  335 , 0 0 , 0, 729 0,  0, 300
14 t3’,~ 255 ,0 0 , ~~, ?29 0 ,  0 ,3 65
15 13),o 335,0 0, ~,759 0, o,~ 00
16 ~~3’, g  335 , 0 0 , 1 4 , 729 0 ,  0 .6 0 0

~~7 ~~~~~~~~ 332 , 0 0 , ~~~~~~~~ 0, ~ ,129

39 13’,o 35’.D 0, Q, 729 0, 0,980 -

i’ i3~ ,o 132,0 ~~, ~ , 729 0, t , 200
20 335 ,ç 133 .0 D . o, 729 0 ,  1 , 800
21 ~~~~~ 13’,O 0, o,719 0, 2,’Q0
72 ~~~~~ 135 .0 0, 0, 179 0. 3, 600
23 ~35•~ 132,0 1, o,729 0, 6,00,
29 *~‘.o 13’.9 0, 0,159 0, 9,000 -

25 ~~~~~ 335,0 0, o.’29 0. 12,000
76 335,~ 133,0 6, ~,729 0, 18,000
27 13’,Q 23’,0 4, 0,~ 79 0, 30,003
58 t35.o 132,0 0, Q,~ 29 0, 0,
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3, - 1 I OPI.lIfl L0) - - -

5~ 0FA C5 DOFI650  598 P0) s 1 9
52 2 522130 366,00
52 3 975,40 463,00 1.00
6’ 6 3450~ 00 400 ,00 1.00
1’ 7 1563300 46~~.9 0 1. 00

90~ ~~~~~~~~~~ 
—r ~~1~~ 

- -

0— COOR S.  S 0.10823 1.11 y .TT ,V . Z V 9 R I  1 59*33 1 7005 lOSS
336 ,05 ‘023, 833 , .7*4; .0 ,31 .0 , 010 2 4 3  9, 00 1,00 5.
353,79 —54t~ , ‘9433, •1629 , •j~ 06 .0,305 2,43 9,~~0 1.00 0,
349.5w .445P3~ 974373- - ‘73 21 ~~~~~~~ .77 219 — - 

2 4 3  
- - - 3,00 3,00 5,

630 ,00 ~~~~~~~ .7537 5, •2258~~, 436 ,16 •0 ,235 2 . 43 1,00 1.00 5.
849,47 .05555, .01209, •54365~ .12 25 .0,206 2,43 1,00 1.00 5,
630,00 .92512, .02212 , .246 64 1 .53 , 27 .0 , 296 2 .43 9, 90 7 , 5 0  5.
*38 ,30 .57645, sS5945, .263 00 ,  .35 ,0 0 .0 , 344 2 4 3  3 ,00  1,00 0,
876.05 102326, .392356 , .3~ 690 , .42.18 .0 , 464 2 . 4 3 1. 00 1.00 S.
I*t,3E—  fl931 . 2101t0, 

- - 
‘33 0337 

- i49~ 40 
- 

~~~0733V 
- 207  T~10 1.00 0.

695.05 ‘331773. ‘312771, ~~~~~~ .32.67 *0 ,938 2,43 3,00 1,00 0.
?20,00 •11’4’t. •11’44 1, ‘543321 ‘9E98 0,527 2.43 1.00 1,00 0.
734 ,35 1135’4. •ji3594 , .34078, •324,52 .1,044 2 , 4 3 1,00 1,00  0.
‘*8.08 .73965, .~ 396S , .53793, ‘335 ,13 0,481 2,43 1,00 1,00 0,
774 ,3~ .65081, .65081, .19524 , ‘446 90 .3, 246 2 .43 1.00 1, 9 0  0,
199iu i3~~3i ~t437~ 

- 
4530T 2r1L08 2 .727~~~~~~~~2~ 4T 1.00 1,00 0.

016.05 97583, 97 603, 29305 1 586 ,96 3 .586 2 . 4 3 2 .00  1,00 0.
*29,55 IR~ 500, 18’660. 34280 1 379162 2 , 398 2 4 5  1.00 1,00  I.
~33,oo 2j5149, 21’04~ . 64734; 346,33 2,199 2,43 1.00 1,00 s.
8-8’.05 ~~~~~~ 3i”2’, 94779. 788 ,21 1,783 2 . 43  1.00 1,00 5.
89 0 .00 346 34j ~ 346 141. jo3”a, 273 ,13 3,~~02 2~ 43 3,00 1.04 0.

- 42j03 139362a 15*339, 397t02j 237~33 1~ 233~~~~~ 2743 3~ t0~~~~T.30 0.
090 ,05 839919. 839979 • 4492~ 4, 193 .09 1, 107 2 . 45 1.00 1.00 5.
~~~~~~ 1044394, 10’~ 3~ ’. 1133001 183. 65 1163~ 2 .4 1 1.00 1.00 5,
‘01.05 1Q937~ 7, jg91137, 027 5271 1S1,~~0 1.028 2,43 1.00 1,00 0.
‘33.38 3240750, 1340785, 372236, 116187 0.983 E43 3.100 1,00 5.
‘30,00 16432U ~ , 3643540, 49 2969 ,  169 , 76 0 ,699 2 , 43 1,00 1.0)1 0.
933,fl~~ t1~?44lo - 

1~~ 1~~*44 , 919733; 6*709 — - — I 7743 
-- 1700 - 

3, 00 5,
~~‘.08 2O6S1V~ , 2066790. 52003’, 160,36 0 ,855 2,43 2.00 1,00 8.

~~~~~~ t4~ 3~ 4l, Z40~02’, 775~097 
- 113~o3 

- u ,8~?- - - 
~~. 3  1.00  1* 00 0 ,

~~9.00 3255169, 3255633, 976754, 140.00 0,767 2,43 1.00 1,00 5,
961,38 3449338, 3449350, j93406~ . 346,19 0,77~ 2,43 3.00 1,00 0.
‘96,00 43563S7~ 4386387, ~453936, ~~J 7 , 97 0,746 2 , 43 1 . 5 0  1 , 0 0

3332j 53 *l37S~ 4 ,  47328~4, 3*291**j 312 35 07?23 7797 T~W — 
T,U 0 .

101’.0I 5059265, 5576348, 1222061, 12’.31 0,718 2.43 3.00 1.00
1016,31 5198155, 9196125. 3259430, 130,40 0,115 2.43 3.00 1,00 5.
1035,00 68;9~ 3p, 6859032, 7Q57749~ 115 ,00 0,644 2,43 1.00 1,00 S.
1046,05 701Q7 7, “4020’. 2352062, 159,23 0,636 2.43 3.00 1,00 5.
1072.00 32299017, 35239971, 3462995, 9~ ,98 11, 535 2.43 2.00 1,00 0.

— 15~*. 03 i1$1623 j 7208-0231. 3 I9*29~~~ 99.35 07330 74T - 
L 0 0  1. 00  0.

1093.55 i~~ 11~~ 1, 
31931493, 5573447, 79,94 0 ,462 2,43 1.00 %~ 30 0.

3305.55 3948330*, 3I*S53S~ , 39450” , 71, 69 0, 413 2 . 43 1.00 1,0 14 S.
1112.50 337704 19, 337784 13, 7~~33524 , 71, 2 1 0, 452 2~ 43 2 .00  1.011 0.
I11~ .00 2318656j~ 31186361, 01499687 59~59 0,439 2143 1,00 1,00 S.
1123 ,00 30256390, 30256199, 9076160. 67,28 0,430 2,43 1,60 1~ 00 6.

- -- - n3t-,-e* -3339t *fl-~ 333346~~2 . ~0q05~~*r - - 63 ,l~~~~ 47*33- 
- - 2 . 93 - 

T .0O 2 , 0 1 0  0 .
1j37,5~ 39002964, 39002064, 11790619, 62,71 0.412 2,43 1.00 3,01) 0,
1342.50 4777551~ , 9277’270, 32932561; 63 ,36 0,413 2,43 1.00 1,00 0.
11~ 3 . X 0  53 6 03 6 0 1,  21600601, 35)04 1~~0, 97 , 6 j  0, 4 Q5 2 , 45 1.00 1,011 5,
3358.00 5”o”u~~. ‘3’o’4 00. 18662829, 54 ,15 0 , 4 0 2 2 . 43 3,00 1~~OU 0.
3369,75 63894904, 63194984, 59366495, 53•06 0,406 2,43 ~,00 1.00 0.
11~3,08 611,3003, 60305993, 204317~ j, 5~ ,42 0, 424 2 , 43 1, 00 1, 0 0  0.
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11~ 1.~ 0 12359773, 77539173, 21007932, 49,56 0,436 2;43 1,00 2,00 5,
21*3.01 135~P*93~ 73309693, 219906047 49,10 0 ,439 2.43 3.00 1~~00 0.
1192,05 75696308, 78656396 , 23605693, 46,63 0.454 2,43 1, 00 1,04 0.
~~~~~~~~ 075%3?69, 6251176’, 24753535, 44,71 9,419 2,43 9,00 1,00 0.
1232 ,05  0399 1636 , 63993636 , 2359 74~~3, 43 ,86 0 , 924 2 , 43 1,00 1,00 S.
i20’,O S 5486927 0, 54169714, 2516976 11 43 ,29 0 ,906 2 , 43 1, 00 1,00 5,
1205.05 63267043, 95267 D*3 , 23364135 43 ,00 0 ,624 2 ,43 1,00 1,30 5,

3731.33 87494671, 01*94614, 20545402; 4117’ 0 , 841 2,43 1.010 0,03 5.

1221.01 908162)3, 955j6553, 27444876, 30,52 0 ,696 2,43 1.90 1,60 5.
123 1,00 936~ 3459. 936334 73 , 2 00 9492 9;  35 ,56 0.175 2,43 5,00 1.00

1246.00 97054’13, “O”eo3 , 29216~~
74 , 32,0~ 0 ,552 2 ,43 1.00 3q90 S.

1750,01 ‘7110605, 91110606, 29313152, 31,06 3 ,3 52 2 ,43 3,00 1,00 5,

• •,b~~3 369906 9 0, 3008 0 59 9)

3017. 0*9*

140 987 361 CON 79 Ru 59
3 335 ,4 332 ,0 0 , 0,129 0 , 0, 040

7 ~~~~~ 119.0 0, 0,129 0, 9,049
3 33~~,Q 133 ,0 0 , 9, 729 0,  0 , 0 2 6
~ 33~~,Q 133 .0 0 , 0, 129 3. 0,060

~ 352.0 332 ,0 0 , ~~,729 0, Ø~~060
6 j32,~ 133,0 0 , ~,729 0,  ~ , 070
7 j3),~~ 335 ,0 0 , 0, 729 0, o,090
8 ~~~~~~~ 333,0 0 , 0,,79 0, 0.110

9 335 ,4  335 ,9 0 , 4,729 0, o ,3 ’0
10 ~~~~~ 253,0 0, Q , 129 0 , 0,100
11 t3~ ,0 352,0 0 , Q, 729 0, 0,213
32 ~3’.q 333 ,0 0, ~~,729 0,  5, 5 65
33 13~ .0 332,0 0, 0, 79 0, 0,350
14 ~~~~~ 15~~.4 0, ~~~~ 0, o,’~ 035 ~~~~~~~ 335 ,0 0 , o,’79 0, 9,360

30 ~~~~~~~ 335 ,0 0 , 2 , 12
~ 0 , 0, ’05

~7 1)2.0 232.0 0, ~,I79 I, ~,045
36 3~~ ,0 33~ ,0 0, ~,720 0, 3,125
1~ 355,~ 335.0 0, 4,729 0, j,409

- 
29 33 1,9 335.0 0 , ~~~~~ 9 , 2 . 3 0 0
21 ~~~~~ 332 ,0 0 , 9,729 0, 2,809
72 319.9 335,0 0, ~,759 0, 4,200
23 33),~ 139,0 0, 3, 779 0, 7,005
24 1~~~,9  132.0 0, 0,~ 79 0, 30.500
25 ~~~~~ 132 ,0 0 , 4 , 729  0 , 14,000

U 133 ,~~ 353,3 0, 7, 179 0, 2j,009

27 333 ,~ 132 ,0  I , 4, 729 0, 35,000

78 13’.~ 132.0 9. ~~~~~ 0, 0.

d O 1
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$407)1çE 144950* 2 , t$’3c3~~l59’

54R714C9 DSF~ N55 595 P Q t S 7 6 V F(~~)
52 2 22’~ U0 186 ,00 1,00
52 2 ‘75 ,00 463,00 1.00
6’ 6 1250i00 466.00 1.00
I ’ I 0285,00 469,50 1,00

~o2 t~ 5V~R33p~ 0

0.20080. 0 0—10#C0 7.07 7.71/7.3 V7RT F 5907.7. F PORE 7075
536,05 96 , 56 , 371 33,03 3,487 2147 1.00 1,04 5,
353, 7 0 3634, 1634 . 49 3, 23. 09 1.354 2 . 43 1. 50 1,00  0,
51

~~.1P •I’2 . 8112. 2497, 49,00 1,794 2. 4.1 2 , 0 0 1 , 04  5.
635 ,0, 422~ 6. 44296 , 3260 5 , 75 , 8~ 1,~~57 2 , 43 7 , 0 9 3 ,00  0,
644,41 574 9 4 k 97484, 37245w 76.13 0,979 2.43 1.00 1,00 0.
630,00 60020, 61)990, 36034 , 76 ,36 0,970 2 , 43 1.00 1,00  9.
856,05 13996, 73996 , 22199 , 70 .07 0,952 2.43 3.00 1,00 5,
678,5, jil’93. 311193 , 33449 ,~ 53.69 0 ,920 2,43 1.80 1,014 0,
5*9,05 131,05, 131430, 39429, 06,72 7,957 2,43 5,00 1,00 0.
695 ,05 ~450 7 7 .  3 4 5 6 7 7 , 4376 3, 50 , 93 0 , 9 06 2 .43 1, 00 1, 00 0.
‘20,00 228703, 228733. 67620, 93.00 0,819 2.43 1.00 1400 8,
734 ,55 203540, 26 1268 , 6447 0 ,  ‘ 96,66 0 ,512 2,43 1.01) 1,00 9,
146, 5, 44 *24 4 ,  446224 . 372 067 , 102 , 72 0 , 181 2 .4’ 3 .9 0  1,00 S.

‘‘~ .~~0 493073. 493070, 148161, 104.~~0 0,763 2.43 1 .00 1, 00 0,
193,3-5 66~ 492, 689432, 293,23; 100.~~2 0,740 2.43 3.00 1,00 0.
536 . 0 w  8!17~~~, 8577 96 . 2 2 7 3 4 7 ,  113,38 0 , 729 2, 43 1.00  1, 0 0  8.
~~~~~~ 201 806 9, 1038569 , 33357 3, ~~ j , 37 0 , 73 1 2 , 43 3 .00  1 ,0 0  0,
l33,~~ 1O6~ 056, 3069 066 . 32072 6 ,  333, 88 U , 7 t 0 2 .45 3 , 60 1,00 0.
*41 ,~~, 1216079, 1246079. 374424, 113.’3 0,710 2,43 1.50 1,00 0.
85~~,~~p 1296298, 12~~~258 , 580877 ,  134 ,12 0 , 7j 1 2 , 43 1. 90 1,00 0.
~~~~~~~ ~19It56 , ~V95776 , 5367 39; 137 .’O 0, 684 7 ,43 1.00 1, 00  0.
~~~~~~ 2079 036, 2Q3 9536~ 6 1171 1, 119 , 52 0 , 610 2 . 43 0 . 9 0  1,0 0  0.
90 2.21 734330 1, 234 1597 , 7~~245~~, 3j9 , 73 0 , 071 2 4 3  5 . 0 0  1,00 0.
‘03. 00  24 3 870 4 ,  24 0 8 7 94 , 72 2621 ,  120 .04  0 ,679 2 , 43 1 .00 1q 0 0  0,
933.55 2639965, 261~963 , 795909, 121.10 0.673 243 1.00 1,04 0.
~~~~~~ ~~~~~~~~ 3 126991, 54 7 091 , 12 2 . 3 2  0 , 003 2. 43 1, 00  1.00 0.
*35,3, 3795313, 3553111, *?8-87~~ 577 , 64 0 , 662 2 , 4 3  1. 00 t , 0 0
~~~~~~ 

3722280, 3722280, 1206604, 124 .55 0,663 2.47 2.00 1,00 0.
53i,~~; 4~ 453?1, 434o~ 97 , t24 20~ 9 , 324 , 20 0 , 835 2 , 43 1.00 2 , 0 0  0,
975 ,o~ 5270163, 3200163, 1)60049 , 125.3~ 0,630 2,43 1.00 1,00 0,
981,50 5497i2~ , 54’’i30 j 6 49 3 4 10 ,  123 , 46 0 , 648 2 . 43 1.00 1, 0 0  0.
‘96,05 6412~ 06, 6472906, 3943072, 338 ,97 0 , 633 2 , 43 1,0 0 1,00 0.

Ioo’ .ov 7~t6337, 7396302 , 7-1)e30~ -j 357, 75 0,619 2 , 41 3 .00 5 , 9 0  0,
103~~,00 

76141314, 7621354 , 5495594, 133, 31 0,811 2.43 9.00 1,00 0.
1918.55 7832605, 7512680. 2143604, 309 ,40 0,809 2.47 1.00 1,00 0,
1035,05 9706938, 97969j6~ 7939Q15, 101.00 0,066 2,43 1.00 1,00 0.
i046 ,e~ 304845 99, t~ 969~ 99 , 340 3137, 97 , 04  0 ,347 2 , 43 9 , 0 0  1~~5U 0,
3 07 2 , 3 5  10073095,  35871~ 95 , 47 6 3 32 0 , 86 , 0 7  2 .501 2 , 4 7 1 ,00  1, 00
-x7’t,oo 1*609545, 1860959, 4*979312 34 ,75 0 , 4*9- 2.43 1.90 1,30 0.
3095,5~ 2211 7398, 5231 396 , 6675227, 77,73 0,460 2,43 3.00 1,00 5.
1100,00 23813004, 43l~ 3~~ 4, 154393~ , 78,16 0,463 2,43 1.90 1~ 00 0,
3112, 55 2044 5616 , 38445616 , 0)3 5605, 72 . 31 0 , 453 2 , 43 3 .00  1, 0 0  0,
111~ .0S 32051005, 32397303, 0637324, 7~ ,j9 0,413 2,43 3,00 1,00 5,
1125 .05 3’3503’2, 53320372. 10603132, 60,43 0,437 2.43 1, 00 0,OU 0,

- 1131,03 3**3Q5?9, 3*$53979, ~3392764j 8610? 0,420 2.49 !,fl0 2 , 0 0  5,
j~ 31 ,5~ 446~ 63Y3, 44658393, 33005455, 65.03 0,426 2.47 1.00 1.00 0,
334?.~~9 466~ 3699, 48603*95, 345813092 63.75 0• 43Q 2.43 2.00 1,00 5,
11~ 3,00 56030078, 56010070. 1740-2023, 6~ ,75 0,457 2,43 1 ,00 1,00 0.
it58,~~ 62309929, 62329928, 30647975, 99,16 U ,426 2.43 3.30 1,00 5,
1169,0, ~0’13~~’, ~o

911694 , 5j3730~ S , 96.65 U ,434 2.43 1.30 1.00 0.
3374,35 703S941)~ , 73539433, 2250752’, 55.0~ 0,434 2.43 1.00 1,00 5. j
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1181, 55 79 89 27 4 6 , 79552746 1 23955824, 53 33 0,469 2743 1.00 3,00 5.
-XX*3753 ~~~~~~~~~~ 00*49923, i17948;0~ 

- 32 90 07*12  2 , 43 17*0 1,00 0,
1192,05 66535243 , 6693574 1, 35964 573, 5~~,43 0 , 491 2 , 43 5 .00  1q 00 5,
2199 .05 90575959, 90575~ 39 , 273 12 182 1 48 ,53 0 , 320 2,43 5,00 1,0)1 S.
1202.00 9213~ 0’9, ‘23390701 27641721, 47166 U ,57Q 243 3,00 1,06 5.
1704,03 93056043, 93056063 , 57?j9005, 47 ,~ 9 0,636 2 ,43 1,00 1,00 0.
1205 ,00  9 1496231. 93406237 , 2694 507 1. 46 , 00 0 , 679 2 , 43 1.00 1,00 0.

_________ - ‘3t3991j , 95*3~~931, 29~51~~ ’2 45 10~ 
- 0,699  21*3 3.00 3~~5U 0.

1221,0 S 99353485, 993534 83 , 299 06046 ,  42 , 2~ 0 , 763 2 4 3  1,00 1,00 0.
- 1233,33 j5233Sfl5~~30503672e, 50693868, 5913~ 0 ,535 2 ,43 3 ,03 j~ 5U 5,

1246,00 to’914086,005974ø65 , 35 792229, 35~ 71 3,949 2,43 3,09 1,00 I,
- 2133,35 jgI4193i?~~~*67-95~ 7, 32003~~5; 34.72 1.321 2,43 5.00 1.00

3253,90 ~Q76 27 545,30763 794 5 32266364 , Sj , 96 2 ,000 2 .43 1.80 1,00 0.
17I3,ii jQ *363”?,15538394-1 , 319493’9 — - _ _ 5_; — — ‘, 1.00 3.00 I,
• 

- 
S. 749 I_ 0N 00 0,3008 0 20 0)

- tOt), 3*7* 
-

----n— .t-~
-- 3*? 04W 91 RV EQ

1 ~3),o 132.0 0 , ~ , 759 
~~, 0, 040

- 
2 33),0 332,0 0, 0,729 0, 0.090
S %5~ ,Ø 352.0 0, ~,729 0, 0,06*

— 4 335.0 132 ,0 0 , 0.72’ 0. ~ ,060
s 339,4 139.0 0, ~,779 0, 0,070

- 
23’.5 0-, 

- 0, 729 - 
3, 3,000 -

7 33’,O 132 ,0 0 , 0, 72 9 0, ~ ,100
— 9 332,4 152,0 0, 0,729 3. 0,120

9 ~~~~~ 232,0 4, 0,729 0, 9~ 365
10- 33’,O 25’,9 7 . 0, 729 0, 0, 200
31 ~~~~~ 339,0 0 , 0,729 0, ~,245
1) *35-i3- - 229.0 -3. 

-- 
0 2 ’2’ 0. 

- 
~~,323 - -

13 13’,O ‘ 239 ,0 0 , 0,~~P9 0,  o,~~00
14 ~~~~~ 135 ,0 3, 0.729 0, ~,4B0
15 13’,O 335,0 0 , ~ , ? 29 0, g. 640
18 33~ ,0 153 ,9 0 , 0, 723 0, ~ , 60O
17 ~~~~~ 155 ,0 0 , o, 729 0, 0,960

~~~1t ~~~~~ 355j3 O~ o ,1p9 02~~~~~~~ T,~~’U19 i3~ .0 135,0 0, 0,~~29 0, j,606
-- 335,Q 0, - 0, 72~ 

- 
9,  2,310

21 j3 ),~ 135.0 0 , 0, 729 0, 3, 200
22 iO’,o 232.0 0, 0,729 3, 4,000
23 33’,O 132 .0 0 , 0, 729 0,  8, 000
24 i3~~, 0 327 0 0, 37179 0. 11, 000 - — - - -

25 s39,~ 132,0 0, 0,729 0. 16,000
26 -339,g 132.0 0, 0,729 0,  34,009
27 ~~~~~ 132,0 0, o,~~2’ 0, ~o, 006
25 13~~.o 139 ,0  0 , 5, 779 9, 0,
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IVRI4cLJd’J!I3N 2 j  1 3OP ECI F LE D )
D~V)NE3 3~ 5 PO1s~ V Ft0 )

52 2 525~ Oo 166,00 1,40
52 5 975,00 463,00 1,00
5. 6 3350100 400,50 j~ O0
7— 7 t5 I5~ 0O 469 ,50 1.00

~~~~~~ 1.t — - -

I 9~ tY 0
twolt, 1. 2

X.COORD1 0 9—o 0R~.E 0.01 V— V T IV— Z ~E~~’ F 514 *7.7. r 7003 7513
- 

•2331 
-— - .397 .9, 45 .4,570 2;39 0,00 1,00 5,

553, 79 — 4 2 k ,  421. 129, — 05 ,68 .4 , 557 2,39 3,00  1.00 I,
5S~ ,3I —3230 . .3590, .397, 206,77 .7 ,569 2 ,39 5 ,00  1,0 14 6.
679,00 32695, 12695, 3082, 240,34 3,464 2.30 1.50 1,00 6.

— *40,41 74233, 3~ 235. 7420. 379,94 2,535 2,39 1,00 1,00 0,
550.05 76303, 56383 . 6006, 314 , 76 2,221 2,39 1.00 1.00 5,

- - -341??j - 3529?• 112491 - 15T30 — 17*3* 2~39 
- 

0~~00 1,00 0,
616 ,05 85263. 65261, ~~~~~ 145 ,06 1,594 2,39 1.00 ~,O6 0,
600,05 60394, 00384, 24579; 144 11 1.524 2 .39 1,00 1,00 0,
495,Os 91301. 913011 27942, 544,47 1,473 2,39 3.00 1,00 0,
p20,03 165092, 165092. 9~ 48~ , 332,77 1 ,360 2,39 1.00 1.00 0,
734.55 2120~ 6, 212096, 64853, ~37, 96 1,jjS 2,39 5.68 1,00 0.

—9*6-j-3~ ~~~ 3*995Su 3417*3. - 7 3 0~*i~~~ 12’7*’ 
- 0 .360 - - 2,39 1,00 $,94 S.

714.9~ 4~ 5373~ 41~ 373, 127009, 130,62 0,949 2,35 1.00 2,04 5,
‘~~~.üi 593,08, 395796. 3321493 326. 11 0,879 2,39 5.00 1,00 0.
036,05 709517, 709732. 243317, 127.26 0,042 2,39 1,011 j~ 00 S.
05’, OO ‘801*6, 960168, 2933~ 1, 120.10 0,60, 213’ 3.00 1,07. 0.
533,35 to135~ 1. 1913871, 310033, 126,06 0.800 2,35 3.00 1.00 0.

— 123* 133, - 38t ~ 94-, i70 .59 - 
~,709 2 ,39 1.00 1,00 0.

0)9.o~ 1256416 k 1256436, 304374, 126.34 4 ,707 2,39 1.00 1,00 0,
600,0, j?5632~ , 1736220, 5498472 127,23 0,730 2,39 5.00 1,00 0.
S’o.oi 7068 243, 206624 .0 , 532491, 126 ,66 0 , 7~ 6 2 ,39 0 .0 0 0 , 0 1 4  5.
902,20 2403~~2. 2403924. 73594 7 p 376 ,82 0 , 7 37 2 ,39 1,00 1 ,00  8.
905.05 2470496. 2478496~ 75702~ 126,93 0,7j4 2,39 0.00 1,00 0,
913.3~~—--- tP329~tr 71fl99Z~~ 679339 w — 12?7*5 0, ,0~ 

- 2.39 5.00 1,00 5,
•30.55 3336460, 3536465, 1014078, t27.~ 0 0,693 2.39 2,00 1.00 0.

~33,0I 342 513, 345?0~ 3, 10431221 32’134 7,605 2.39 1.00 1,00 0.
947 ,~~, 395~ 745, 393 1142, 1706374, 120 , 92 0, 606 2 .39 1.00 2 , 0 0  0.
935,~~• 4476773, 4448713, 3354365” 127.00 0 , 673 2,39 1.80 1,00 0.
915,00 3636663, 3.j30665, 1124334, 19~~,~~ 0 ,662 2 ,39 1.00 1, 00 6.

- --— 9*t,3, - 399921t, 1*32739 , 1832743, - 125 ,32 0,038 2.39 3.00 1,00 0.
996,~~, 7~593b5, 7329385, 2309129, ~~7,45 0,633 2.39 1.00 1,00 8.

100~ .05 6974924. 0~54924, 245370k, 332.02 0,638 2,39 1,00 3,50 0.
103~~,0S 65609)9, 0566952, 2620129, 109,72 0,606 2,39 0 . 0 0 1,00 0,
1016.59 0181576. 0161914, 679349j 1.0177 0,005 2~ 39 3.00 1,00 6.
105~~,0S 3j 34443 4 j 1134~ 43~~, 3477634 , 99 , 22  0 , 056 2 ,39 1,00 1,00  8,
34*.33 12551064, 22351.3*4. 38319927 94,56 - 0 ,535 7,39 3,00 1490 0.

10~ 2 .05 i0432305 , 10452305 , 5642 2 146 ,  03 ,03 0• 463 2 .39 3 .00 1,011 6.
1076 ,00 39341229, 19341292. 5955915, Si164 0,460 3,39 3.60 1,00 6,
~~~~~~~ 25978416, 23970430, 794342j; 74,50 ~,44d 2,39 1.00 t,00 S.
1100.05 20022018. Z0~~ 22tS, 0580556,~ 32,68 0,442 2.39 1.00 1,0)1 8.
1112.55 336~8~)7~ 33606157, 10276366, 6S,/4 0,458 2,39 1.08 1,00 0.

—1-2-19-rfl — 774$465_4. 51964994 , - 11806439 . - 60 ,99 02 420 - 2 .39 1. 00 1,00 5,
1329.05 41931232, 41937232. 12023347, 64151 0,414 2 139 1 .00 1,00 8.
1131,05 459~057~ , 459j651ç. 34943525, 63.23 0,397 2,39 1,00 1,014 8,
1337,55 533j96)4, 53119694, 36242396, 61,39 0,402 2,39 2,00 1,06 5,
ij4?,3~ 579?91’6, 67929376. 377130044 60.12 2,400 2,39 3,00 1,00 5,
3153,09 6~ 23Q37j. 69530371, 21303859. 07•j4 0,402 2.39 1.00 1,00 0.
1156 ,00 74278221, 74500773, 72715109, 55,66 0,400 2.39 3.00 1,00 0.

1
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1169 ,01 148494)0, 04349455, 79944435, 531 08 0,406 2139 1.00 3.00 I.
~~~~~~~ 335~ 6?8 3, ‘021*103, 27)399*32 51, 03 0,475 2 ,39 9,39 1,00 0.
1181,5, 95639312, 9)839132, 2954357j4 49,70 0,434 213~ 1,00 1,00 8.
~iS3.0• 96841505, ‘50410001 296110~ 51 49,37 0.441 2,39 1.00 1,00 5,
3t92,0• 103703243,103’03243, 3j7~ 934~ , 46,95 0,457 2,39 1.00 1,08 0.
119~ .00 j5S3~93l5,30S509513, 33305315, 45,03 8,452 2,39 3,90 1,08 5,
3202,06 1*04*5809,1*0465689, 33771o94, 44,20 0,528 2,39 1,00 1.00 0,
i2u 4 .u i  fl15341*5 i5115I*3561 342391577 - 43 62 -  07191 213’ 9.30 1,00
1205.00 132091351,712591369. 34274304 , 43,34 0,629 2.39 1.00 1,00 0.
1211.05 334931040,514931840, 35*427094 43162 0,646 2139 1,00 1,00 0.

• 1221,05 319372040,5053)2639, 36439479. 35~ S4 0,70* 2,39 1.00 1.00 0.• — 3231.21 3229523 43,5321)2546 , 375340~73 38,15 0,051 2,33 1.00 1,00 6,
3246,05 32 7166977,927366977 , 38603641 , 32.20 0,850 2,39 5,00 1,00 5,
i79o,oi ~~00?~~~$.9Z902332*4 33345025i ~3~~29 —1 30  -2-

•3~~ 
- - 1.00 1,00 5.

3253.00 299931470.590931420, 91~ 1)1032, 11.50 11,723 2 ,39 7.00 1,00 0,
22*3,13 .1230133. —1230-733. —.778314, 0. 0, 0, 2.60 1,00 0.

— 
9. •,~ 77 7.81490* • 0, 306 8 3 .0 *3

______ - — —

90 02? 9*? C3s~ PJ 012 00
1 13’.O *32,0 0 , 0, 7 29 0 , 0, 050
7 135,~ 

- 15~ ,0 0, 9, 129 0, 0,050
3 335,0 135,0 0, 0.729 0. o,°~ 04 23’iT 1.13~~~~~~~~0~~ 0, ’20-- 0-,~~~~~~~~ ,013 - ~~~~- -— - - — -

S ~~~~~ 335,0 II, *,729 0, 0,000
- - 6 ~ 35,; 355,0 0, 0,129 0, 0,090

7 332,0 332,0 0, 3,729 0, 0,118
9 532,~ 

- 13540 0, Q,729 0, o,140

‘ *3’.O 339 ,0 0 , 0 , 729 0, 0 , 160
17 [3’73 t35O O, 0,~ 29 - O ,  0.230 — -  - -

11 i3~ ,0 332,0 0, 0.729 0, 0,270
3-2 535 ,Q 13-5,0 0 , o,,?9 0, 0,360
13 13’,o 339,0 0, ~ ,729 Q, o,~~30
14 335.0 135,0 0, 0,729 0, ~~~~~15 335,0 132.0 0, 0.729 0, 0,720
~6 j35,0 315,0 - - 

0-, 0,729~ 
- 

0-4 ~~~~0i~~0U 
— -- --

17 332,0 135.0 0, 0. 179 0, j,089

~f ~~339 ,O - 333,0 0 , - 0,~ 29 0, ~,449
1~ 13),0 135.0 0, 0,729 0, 1,600

—20 - 335,0 332,0 0, 0,72’ 0, 2,’00
21 332.0 132.0 0, 0,~~?9 0,  3,609
7t 3 3 ~ .0 73;0 - — 07 — 3 i 2 9  57493 - - - — - — - -

23 135.0 335,0 0, ~ , 729 0,  9 , 0 0 0
2* 339,3 135,0 0 , 3, 779 0,  13, 508
25 ~~~~~ 139,0 0, 0,729 0,  18 ,000
26 33),O 33~ ,0 0. 0,729 0, 27,000
21 ~~~~~ 135,0 0 , 5, 72 9 0,  4 5 , 0 0 0

- 0, 
- - 0, 729 ~V7 0 — - - - -—
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su’~~~~ 0#F1$E5 8Y6 P0 3I0 ~ 0 Y
3— 0 2 0 0  1 ,00 I S O
~~ 7~~ 00 4~~~,00 1 0 0
52 6 1350400 400 .00 1:00
7’ 7 j28

~~ 0Q 469,00 1100
t03j ti 1 1
395,31 1 0
IN,,,, 2

0—00090, 6 0—FOOCI 0.07 Y.yT/ 7-Z 9051 F 514A~ 7. F 7383 9935
-536,31 —20?, —23~ , .594 .8,30 .1.019 2,55 1.00 1,00 9,
593,73 .65, .60, ~25, .464148 -‘27.464 2.55 1,90 1,00 0.

— 505,50 404, 40~ , 13*7 1091.07 26.765 2109 2.00 1,00 0.
639,08 18900, 18960. 5426, 191,02 2,674 2.55 1,00 1,014 9.
645,47 326)6, 32950, 9336, 393,66 1,977 5150 1.80 1,00 5.
8)0.0. 34~ 60, 34 966 , 9997, 1001 56 1,933 2.00 3,00 1,014 0.
355,05 41577, - 47321; 335077 140138 1,676 - 

713’ 1.00 3,00 3,
670.08 83393, 81293. 23240, 333,65 1,469 2.55 7.00 0.00 0.
600.ø~ 99223, V~ 220. 28365; 133,’~ 1.417 2,55 1,00 1,01’ 0.
693,0~ ~~27)7, 11225~ , 320~ 2, 134197 1,374 2,55 2.00 . j~ 00 0.
p20,05 197047, 397842, 065)93 327 ,03  1,131 2,55 1.90 1,00 0,
~~~~~~ 

252417, 7524~ 7, 12161, 350~ Q0 1.0~~ 2, 55 1.00 1,00 9.
- ‘96,00 t33*19~ 433t?~ 4 3240391- - 32.;83 0,936 2.59 1.00 3,00
774.5~ 466308, 486388, 1.390497 127.01 0,920 2,55 3,00 1,30 S.
795,05 692300, 592335, 1979237 13~ ,’0 

0,666 2,35 1.00 1.08 4 .
836.01 9j3336, 913336 , 2610993 335,94 0,034 2159 1.00 1,00 6.
•2~ .3l 11~

7
~ 4j. 130 7041, 3j6719, 125.13 0,199 2;53 1,00 1,00 S.

833.05 1~ 8094S, j368948. 3341~ 9 125,18 o,795 2.55 1,00 1,00 5,
**?.fl 3355**4~ I3~’4907 2~ 6~ 17, - 

~p3,97 0.135 2,55 0 .00  1.014 0.

~~~~~~ 144400?, 3444607, ~130424 ~~~~~~ 
0,764 250 1,00 1,00 0.

003,30 2060039, 208001’, 508939; 127.16 0,738 2~ 53 1.00 1.00 0.
093.3, 2365910, 230)936. 6153694 138.74 0.716 2.55 1.00 1,00 9.

~02,21 2746392. 7746~ 92, 705~6~ 327,05 0,71’ 2.55 3.00 1,00 0.

~o5.08 2830673. 2830673, 6092-~4, 127119 0,719 2,53 7.80 1,00 0,
— 4--75i94 33~~62*?i 30~*21~~ 063365, 13? .81 0~?~ 7 

-  2,55 3.00 1,00 0.
93~ ,9, 

3779333, 377~ 113, j9S~ 374, 127,~~4 0,694 2,95 3,50 1,00 0.
933,35 3’0’0’4, 3’0’0~’

, 11161~ 91 121,11 0, 691 259 2.00 1,00 5.

~4’.08 4497054~ 4497504~ 12950)14 329,26 72,669 2,55 2.00 1,00 5.
999.73 5030780, 5~ 3818~ . ~4399~ 6, 120,06 0,67? 2,55 1.00 1,00 8.
‘p9.08 6403599, 6493305, ~93~6)9~ ~p8,66 0 ,061 2,33 1,00 3,00 5,
*3~ i5~~~ 6*335*3. eti3I43, 13*16897 0132- 3439 ~~~~~~25’ 1403 8.
996.05 5149*03, 0349331, 2.0296652 118.06 0,638 2.59 1.00 1.00 8.

13o~ ,o5 9i3’442, 9~39442, 26~ 7761~ 123,09 0,021 2 ,53 5.00 1,00 0,
1034.00 9763936, 9161936 , 2~’g’~ 0, 130 ,29 0,011 2.55 1.00 1,00 5.
3036.55 9982769, 9962069. 70536 7~ 9 j;9,34 0,608 2,05 1.00 1,00 5,
1035.08 12619399, ~2679359, 3624760. 99~ 97 0,560 2155 1.00 1,014 5,

- 1-0**o09 - 3*2?2*39r 2*t?t*3’r 4090t03 , p5 , 64 —0j 5~~~~~~~ 2,53~~~~~~9.I 0 1,00 5.
1072,08 20903020, 70903020, 597)767, 04108 0,409 2.55 2,00 1,072 0.
1-396.00 53*33S13~ ~~~~~~~~ 65833143 S7•73 0,406 2.55 1.00 1,00 5,
10~ 9.50 293363117, 293363221 0356676, 75,95 0.455 2,35 1.00 1,00 S.
1301.30 31622356 , 3~6~ 2366, ~l4~ 365j ?3~96 0.450 2 ,59 1.00 1,00 0.
1332.55 37069972, 31689572. 10126165, 90.10 77,437 2,55 5,00 1,00 6,
11t4~*t 4l734-74-t, 47734749,---3-333~-99 — - 3?,9* - — -0 ,4?9 t39~

- - — 3,31  ~ ,oo
1123,00 47373206. 47171266 , 334~5342, 66123 0,423 2,53 1.00 1,00 5,
1131.00 3i6~ 755~ , 0161’,sl; 547564433 64,68 0 ,408 2.95 7,00 3,00 0,
it~’,’o 

59630369, 09650309, 37035073, 62104 0,412 2195 1.00 1,00 S.
1*4-9.30 6’-ot~~•~ . 

e533~ 450, 10)066413 63,57 0.416 2,55 3,00 1,00 5.
1153.00 77617724, 77571734, 22006534. 00164 0,432 2,59 3.00 1.00 0.
1150 .00 0326401~~, 03564011, 23803541. 57 ,39 0,411 2130 1.00 1,00 0.
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1169,05 9)045110. 9)045110 , 37373929, 14,66 0,419 2.59 1,00 1,0 11 5,___ _I _
1,,.30 I0103238~ ,301032335, 269521697 55,17 0 ,436 7,55 1.00 1.00 5,
3161.08 107001014.167061034. 30612357, 1~ ,46 8 ,493 2.99 0.50 1.00 0,
11S3.00 3064,1704,108421134. 39995639, 11,08 0,436 2.53 1,00 1,00 0,
1192,00 116076584,2*6016584. 331~ 400’, 40,73 0,4)4 2,50 1.00 1,00 S.
119~ .75 121515978,721510926. 3473953~ , 46,90 0.602 2130 1,00 1,50 0.
j2o2.~~ 116620119,163620119. 33774~ 557, 46,30 0,051 2,99 1.00 1,06 0,
2204.07 124068001,924668000. 396973947 49,50 D,S1~ 2,05 1.00 0,00 5.
1205.09 165433593,125433593 , 358509943 45,27 0,657 2,53 1,00 1~ 0U 0,
1211.00 128692352,520632352, 367*4019 , 43,63 0,677 2,50 1.S0 1,00 0.
1221,00 133334075,333334875, 39331054 , 45,96 4,740 2,35 1.00 1,00 0.
1531.08 13’3313’6,137311395. 39209343, 3t ,’4 0,031 2,59 1,50 1,00
1246.05 142263646.542263640, 400*9503, 34,79 0,924 2.35 1.00 1,00 0,
t2~t.0~ 3432735’2,14322~ 332. 40~~4’35, 33,66 1.205 2.50 3 .03 0 . 0 0  5,
1253,00 372129196,272139196.106394407, ~~~~~ 0,708 2.53 1.00 1,00
1283,11 —405168, —405388, —113830, 0. 0, 01 1.80 1,00 5,

— ~ • a. ’077 7.3890* • 0,2867 1 9 03

S~ 7. 70714

NO) Ott 5*? COK 70 RU 60
1 ~~~~~ 135,0 0 , 0,~~29 8, o, 059
2 j16,Q 13~ ,0 0 , 7, 729 0, 0 , 0 6 0
3 ~37,3 139 ,0 0 , 0 , 729 0,  0, 010

— 4 ~3’,u- 335,0 0, g,729 5, 0,006
S 335,0 135 .0 • 1’, ~,729 72, ~,099
6 339,9 339,0 0 , ~ , 729 0, ~ , 100

~37 ,0  135,0 0, 0,729 0, 0,335
8 jS’,o 135.0 0, 0,729 0, 0,150
9 t3~ ,0 135 ,0 0, 72,729 9, o,200

—tu- - i3’vo 255.0 - 0, o,?29 0, 0,231 -— -

11 t3~ .0 132 ,0 0, 0,~ 29 0, ~,30Ø
12 335,0 13’,O 3, 0,729 0, o,’00
i3 i3’,O 332,0 0, 0,729 0. ~,5O0
1~ ~35,0 135,0 0 , 9, 729 3, 0 , 600
15 335.0 335.0 0, 0.729 0, 0,600

- 9~~~
,0- 235 0 0, 3. 129 - 0, 1. 039 

- - - - - — —

17 j3),~ 335 ,0 0, 9,729 0, 3,200
18 33’,Q 055,0 0, 0,129 0, - 1,600
1~ j3’,o 335,0 0, 0,729 0. 2,000
20 137,0 139,0 0, Q,129 0, 3,000 - -

21 j37,Q 33~ ,0 3, 7,729 0. 4.006
—12- - i-p.o- 23’i0- —--3-4 — - --o .72~ 1, 6,-009 - — - — - - -

23 13’,Q 13’,O 0. 0.~~29 0, 10,000
24 33’,Q 139 ,0 0 , 0, 729 0, 15.000
25 ~37,Q 137,0 1’, 0.~ 29 0,  20.000
26 33’.O 139,0 0, 0,’79 0, 30,000
27 337.0 33~ ,0 2, 9,729 0. 5~ 0~ ,009

-12- i-3 25~~~~~ 72t~~~ ,j ~~~ 0j - —- - -
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9u506C E 30010314 899 90)8,  0 0
52 2 325~ 00 166,00
)  5 975,00 463,00 1100
8 6 (700409 406~ 00 1105
7 1 1205 ,00 469 , 90 1.00 

- - - -  -

NO? CONVEHG100 0 1

0—00050) 0 0—F080E V.? 9.00/0—3- 9557 0 5987.7. F 9063 #515
536,00 334?, 1337, 401, 1,31 9,209 2.43 1.00 1,011 0.

- -  33061 31969. 33637 - 6 , 7~ - 04553 
-- s.ou 1,53 5,

565,55 553775, 55525, j6658, 35~ b7 8,410 2,43 5,60 2,00 5,
639,05 2~9936, 219926, 659784 39~54 0,426 2,43 9.00 1,00 0,
646,47 286790, 268790, 08637, 23,40 8,430 2143 1.00 1,04 5,L,. 6’o.00 2770~ 4, 27’044, 63333, 33.64 0 ,430 2 14 5 1.00 1,00 0.
658.00 321~ 00, 321909, 963734 36.23 8,432 2 ,43 1.00 1400 5,
9?0,i~ 44794~ . 4475431 337787, 41,50 01480 -— - 2145 — - - 

1.00 - 
1400 I,

660,06 5p6504~ 506304, 351975, 44,54 0,473 2143 1,00 1,00 5,
695.00 3533)5, 053j09 , 3699403 40;v 0,472 2 ,43 1,00 1,00 0.
p20.08 p70399. 720395, 731*19. 63, 31 0,469 2.43 5.00 1.00 0.
‘3~ .30 

90612i, p58973, 0726164 67131 0,401 2145 3,00 1,00 0.
166,00 5769417, 1209472, 306842, 68.05 8,489 2143 1.50 1,00 5,

- - 754.33 - 139~3~5i ~399509 , 4~ 9*1?7 80.31 - u,*91 Z.43 9,05 340 0  5,
“5.00 3749 319, 1149 315 . 534734 73192 0,613 2.43 1.00 3 ,00  0.
~ 16.03 21241 ’4, 732~ 3~~~. 63725 2; 79 ,39 0. 526 2 , 43 1.80 1,00 0,
629,00 2438006, 2410080. 725426, 02.13 0,528 2.43 1,00 1,00 0.
‘S3,o~ 23j0410, 2310416. 7533253 03,75 0.937 2 , 4 3 1.00 1,00 5.
547,08 20375)7, 7847551, 6512673 07,56 0,544 2,43 1.00 1,04 S.
050,00 1920*0?, 2920677. 0962463 97,99 - 316 2143 !.00 1,00 5,
58~ .~~e 3764099, 3784066. i~ 3522A 95,75 0.553 2.43 2.00 1,00
890 ,00 437 6107p 4 176727 . 1753010 , 07 ,61 3 ,392 2 ,43 1.00 3,09 5,
142 .27 4664035, 4664639 , i3~9452, 1,0,’? 0,966 2143 1.00 1,00 5,

~~~~~~ 4773327, 47fl571. 143390?, 191 ,5~ 0,512 2.43 1.90 1,00 6.
‘13,~~5 ~33 4 198,  9114198. ~5342S9, 183.Q2 u , 573 2,43 7.00 1,977 9,

- *35,5, 99463)j, 59’~ 331, ~153959~ 15*~5* 0 ,51* 2.43 5,00 1,53 3,
933.o~ 6099601. 6~ 9968i, j6 79964 , 157 .21 7 7 , 9 7 9  2 ,43  3 .08 3,00 5,
‘47 .00 6022290, 6027290 . 25460093 310,26 0,558 21 45 5.00 1.00 5,
~55 ,05 74 3632~~, 74 36 j 34 , 273 U ~~~0’ 111. 67 ~ , 660 2. 43 3 . 00 1.00 0.

• 97 5,~~, 699 3~ 1~~. 6993~~~o. 2697985, 115.’l 0.596 2.43 1.60 1.00 0.
• 90j.3~ ‘4-~ 0~~~2. 94 90 7 72,  20472 4 7 , t13.1~ 0,694 2.43 3,SU 1,00 I.

‘99so~ 10992106, 30992206 , 31916621 351.41 0.601 —- 2,43 9.00 2 , 5 0  0.
100~~.05 121326*3. 1210 5666 . 36 31180, 103 .60 ~ , 569 2 , 4 3 7 ,00  1~~00 0.
1014,00 12005576, 12005526. 39418552 353,37 0.562 2.43 3.00 1,80 0,
1016.58 13093039. 33053035, 3916150. 1S0.60 0,960 2,43 0.00 1,00 S.
1035,00 ~50OQ134, 35090734. 4787723, 94,24 0,926 2,43 9.00 1q00 0.
10~~ .80 375*6624, 57386624, 5469987, 911o9 0,913 2143 1.00 1,014 0,
101-1.00 2~2?06’*, 24220084. 7266003 4 03 ,40 0 ,466 2.43 3.00 1,00 5.
1076,00 20222300, 25222380. 1566714, 02,47 0.405 2143 1.00 3,04 0.
i~93,5~ 3252050?, 32520557 . 9756152 , 11,49 0,461 2 ,43 1.00 1,00 5,
1303,00 3’741504, 3”lSO’, 104224513 76140 0,465 2,43 1.00 1,04 0.
3117.~~5 40009063, 40809063. ~2247719, 73,53 0,438 2145 1,00 1.00 5.
3136.09 43466099. 49456098, 33645629, 72.~~9 0.455 2.42 3,00 1.00 5.
1133.09 4970232k, 49151071. 14~ 253233 ~0,?3 0,452 - - 2,43 1.50 1,00 5,
1131,00 54073394, 54325394, 58407610. 69,53 9,437 2.45 0.00 1~~00 0.
1i37,5~ 525790973,S75)96520,247739954, 06.42 0,440 2,43 7.80 1,09 0.
11’2,00 3432’7008,14125’080.402377179 , 66.99 0,452 2,43 1.60 1,00 0,
1153,95 957636704,151S16794,7673450163 *4,00 0,450 2.43 1.60 1,00 6.
0350,00 0945319’6.094516976,920359296, 62,70 0 ,453 2,43 2.00 1,877 0,
1119,00 226426083,326480660,267578064, 60.02 0,459 2,43 3.00 1,00 5.
30 23,00 5Ø1667990,S01681~60,440500409, 68,34 0 , 40 1 2 , 43 3, 60 1, 08 5.

- 1t’t.3g ?S7$530’0,Ifl00~ 5~0,62’~ ’11~ 2i 16.37 - . ‘~~ - - 2 ;43 1.50 1,00 5.
1363,05 3*1616910.011616376,653404976, 65 ,91 0,900 2.43 1.90 1.00 5,
1192.00 147073 10S,147073720 .07432 2 17# . 53 .16 0 .911 2 ,43 3. S0 3 , 9 0  0,
3399,05 7*9670912.?69000912,030901709, 81,01 4,546 2.43 0.50 1,00 5,
1?o’.OO 9?1056042,97103603?,0019900&8, 50.05 o,590 2,43 5,00 1,00 0.
1704.00 991709S56,091729056,127516960, 49,38 9,669 2,43 1.60 1,60 5,

-—x 2sSilw 1* 08 591o~ 46~ t99fl , il3U7Q$12i 6’~~ 5 t ,012 - - 7,43 - i, 80 1.00 8,
1711,00 4507~ 76V9,459717696.2353j5326. 4~ .01 o.729 2,43 1.60 1,00 0.
1221,00 95S865101,906055600 .377065160, 43 ,80 0,791 2,43 3.05 1,60 5.
1331,35 793821696.293121696 .408346 52 5 , 40.77 0,081 2 ,43 9.60 1,00 5,
17*0,50 772993040,172~ S4O4Q,6 3 199493 24 35 ,91 0 .97 0 2~ 43 1.50 0 , 0 0  0.
1250,50 87029 1’6I, 17 0291960 ,6*1007994 , 35 , 43 1,340 2 .43 i S o  1,00 0,

-- 9393ofl 94 2596927.942990917.6871?9115, - 12.92 3,0,8 2. 13 7.05~ 1,00 5,
1783,33 9422~ 2 7)7 ,9422S2752,6d 2 *94032,  0. 0 , 0 , 1.00 1,00 5,

P • ~~,75Q 7.
611*09 • 0. 3051 0 20 0)
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In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MAJ~C format is reproduced
be low.

Miller , Wendell 0
Evaluat ion  of effects  of Panama Canal deepening upon the

s t a b i l i t y  of La Pita Hill / by Wendell 0. Miller. Vicksburg ,
Miss. : U. S. Waterways Experiment Station Spring f i e ld , Va.
available from National Technical Information Service, 1979.

45 , [251] p. : ill. ; 27 cm. (Technical report - U. S. Army
Engineer Watersoays Experiment Station ; GL-79-16)

Prepared for The Panama Canal Company, Balboa Heig hts , Canal
Zone.

Reference s: p. 45.

1. Blasting . 2. Canals. 3. Excavation. 4. La Pita Hill.
5. Panama Canal . 6. Pseudostatic analyses . 7. Semiemp irical
analysis. 8. Slope stability. I. Panama Canal Company.
II. Series: United States. Waterways Experiment Station ,
Vicksburg, Miss. Technical report GL-79-16.
TA7 .W34 no.GL-79-16
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