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FOREWORD

Preparation and publication of this report were funded by redis-
t r ibut ion o~ funds from Engineering Studies projects assigned to the

U . ~. A z-nW Engineer Waterway s Experiment Station (WE s) in accordance
with authorization by letter from the Office , Chief of Engineers ( OCE )
(DA ~ N- -~WE-~~) ,  dated 29 November 1971, Subject: “ES 5I~6 , Panama Canal
• . lope Studies. ”

~p e? ia l  acknowledgement is due to various individuals in the
Special Engineer ing Divisi on , The Panama Canal Company , who were re-
sponsible for the planning , executing, and reporting of the field

studies described herein. Persons involved in the studies conducted in

connection with the T h ir d  Locks Project in the early l9L~O’s were:

a. Pedro Miguel Test Pit No. 3. Mr. E. Montford Fuc~.k,
Senior Engineer in charge of the Soil Mechanics Section,
was in general charge of the investigation. Mr. A. C.
Flach, Engineers supervised the field and laboratory
testing. Mr. C. ~. Vin~~nt wrote the report.

b. Cucaracha Foundation Test. Mr. E. E. Abbott , Chief,
Special Engineering Division, was the supervising
engineer until sometime in 191i5, when he was succeeded
by Mr. Russell L. Klotz. Mr. T. F. Thompson, Chief,
Geology Section, selected the site, analyzed the sub-
surface conditions, correlated the site with the proto-
type location, and took record photographs during the
test program. Most field observations were made by
Messrs. Msurice Eggleston and Maurice Teewinkle,
Engineers. Mr. Robert L. Tracy, Engineer, assembled and
analyzed the data and prepared the report .

With the exception of Part II, preparation of the text and selec-
tion of accompanying photos and figures were accomplished by Carneal K.

Smith under Contract DACW39-72-C-O014 with WES. Part II was prepared
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by Dr. R. J. Lutton, Engineering Geology Division, WES. Coordination

of contract and WES work , review of the draft report , and incorporation

of the authors ’ WES and OCE comm ent s in the final report were accom-

plished by Mr. J. R. Compton , former Chief , Soil Mechanics Division,

under the genera]. supervision of Mr. J. P. Sale , Chief, Soils and t
Pavements Laboratory .

During the course of the WES work , Directors of WES were BG E. D.

Peixotto , CE, and COL G. H. Hilt , CE. Technical Director was Mr. F. R.

Brown.
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-~r-: F:R~1-if I ~ACTOPS , BRITISH TO METPL’ UNITS OF MEASUREMENT

-r ~ tL~h un i t s  of measurement used in this report can be converted to
:!~e

4 r~~ units  as follows :

Multioly By To Obtain

2.5)-i centimeters
feet 0.30 148 meters
les “U. ~~. stat-ftc) 1.60931414 kilometers

~ :uare feet  0.092903 square meters

~al1ons (U. ~~. liquid) 3.7851412 cubic decimeters per
per minute minute

tons (2000 Ib) 9.071814714 metric tons

kip~ (force) 14.14148222 kilonewtons

tons (force) 8.896111414 kilonewtons

kic~ (force) per 147.880283 kilonewtons per
s-mare foot square meter

tons (force) per 8.896141.14 kilonewtons per minute
minut e

tons (force) per ~cuare 95.760567 kilonewtons per square
foot meter

pounds (force) per 0.68914757 newtons per square
square inch centimeter

• ix
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::-Js report I e s-r 1 :e s  and presents the results of field studies
of shp le~: of the u~:aracha formation condu ct ed du ring l9142~1914I h:r the
.i’-neoial gineerin~ Pivi sion of The Panama ~ inal Comp any in connection
wi’:. the desi~-n of the Third Locks Project.

~eoiou~z o~ the are~ in the vicinitj of the then-proposed New
Pedro Ui uel Lock where the field studies were made , as presented in
hic report , v~s based on a re-.’iew of geological studies available at

the tine of the tests supplemented by more recent studies and explora-
tioc of the :aracha formc~ ion ~~

-
~ .-‘ geologist s of The Panama Canal

‘omran .-~~ nd the  J . S. Arr~ P~:ineer Watez~ ays Experiment Station .’-

7~~~
he two nr~r,-~ p-,1 field s udies discussed in the report are:

/ a. Pedro ~(ii~uei Test Pit Uo. 3. The ~1t wa s excavated in
/ — 

19142. Field ~hear and bearing tests were performed in a
drift on ‘~u~aracha clay shale , and laboratory shear and
~earinv tes

4 s were made for comparison.
ucarach.a houndation Test. This test, which was initi-
ated in earl:4’ 191414, consisted of a large-scale bearing

- tes of a concrete base 140 b:r 50 ft in plan and 10 ft
thick. The base, whi ch simulated that of a lock wall
monolith , w~s loaded in stages over a period of about 9

- months with steel plate and concrete to produce maximum
\ pressures of 12.5 tsf at the toe and 7.5 tsf at the heel.

-~aximun Tress-~res were maintained for about 5 months and
then reduced to an average pressure of 6 tsf, which was -

•

• 
• 

mainta i ned for 300 days before concluding the program in
-
,
~~ 

Anril l914~ .

Measurements were made of structure settlements, settlement s ad-
acent to the structure up to 140 ft away , and pressures immediately be-

r~ ath the base of the structur~~) Attempts to measure pressures induced
various depths beneath th~ structure were not successftl.

~~~-----) Pe -orimendations made ~~ a board of consultants in February 19145
following review of the ~est results are included in this report.

The dat a indicate that settlement of large structures on
Cucaracha clay shales could be higher than anticipated in 19145. It is

• recommended that analyses be made of the test data using present-day
ana1~rtical methods.
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j APT I : l~~ P-Dii VJ- t 1u~

-~~‘h’,~r OUrI I

lTY , ‘cn r e r s  -auth or ize d  :;t id ~ es to be made to investigate
- . ro:~ n ~he hanana “~nal  . A s  a result of there r t u d i e r ,

- ;~~r -
~. . • .  - Lec In ~-e :  r :  r:: ~q3~ recom ended that conc t rac t ion  of

- i .: - •e ~ri ’~h~~ 11 or 12 :.‘e~~r r .  The nr o~ ect is to In corn orate

o — o ~ i r “-c o~ s ta had or’-c ~-T e~ ~ed ~ e ne~ locks

uer e to e Ic  :ated at  sone d i s t - c r e  :r orr  the old structures with  chan-

- els --rc e :tin~- the :.e-.- - r it e  c wi th ex i st in c  waterwa :,- r .  in  Aucus t 1939,
n - :-e :::-u ~hor cei ~~c- -an truction of a third set of locks , each 1140

ft ci ~e ’ ani 1200 f t long . This  nro ect became known as the Third

ro ck s  hro~eft. Constru:t~on was :ornended in May 19b2 when it became
accaren t tha t the nec; locks could not he completed before the end of
World War II due to con f l i c ting  -len-in ds for men and materials. At that

~~r e , e:-:ca- ation for the t atu r  and Miraflores Third Locks ha d been sub-

F ~-t - -~ t~~~I1~ ~o:rn1ete’i , hut e:-:cavation for the third lock at Pedro Miguel

an-i work an actual lock constr~ction had not commenced .

2. Tn the :/ear: s ince the suspension of the Third Locks :~‘ro:ect,

~he - - orstro-’tion of a third ret of locks has been a~~andoned in favor of

clans  for a sea le ci -canal  due to the vclner2hilit:. of locks to enemy

attack and sabota ,-e. ~ian:r possible routes for a sea level canal have

Leen studied in Ilicaracua , Panama, and Colombia. However, a route

through the Canal Zone and -‘icinity appears at present to have advan-

tage over the other routes. If a sea level canal were excavated in the

Canal Zone and -ricinit:r or if a new terminal lake lock ;anal were built ,

A table of factors for converting British units of measurement to
metric units is presented on page ix.
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‘he d-c on the - n -~ r:i -h- i :-o rn- c on from the T hi ‘I Locks i r o ~ec t would
Le ’-ome ~-x reme-ty :al ’i - t - L e .  Althou1cb ‘here has een some testing of

‘a -n rash - in recent  c • h e - . ulk of’ the —~‘~ta on tne  forrv c i O f l

is from ‘he er : T ) ~ 2 — l 9 2 ,’ . - -;en so , the ‘noaracha foundation test

is cl int crc:’ to efl, Ifleeri. IIc p ro fession . It nrobably the
In r . -: ’ h ~~- h ’  rI : :t rur lented L e I~rInc t e t  that  has ever been :~erforrs e d .
A -om::reh-~n :I’;e report on t h i s  n e t  has never neen made available to

the en~-heerIn1~ :rofession . T’here were also many small -diameter

I C !  1mg t est s  n e r fo rm e :i in Pedro Miguel :‘e~ t Pit  Pa.  3 on the Cuca racha

formation , and iah-orntory t est s  were performed on samples from Test Pi t

Cc. 3. - h n - - e  th i s  pit is ±ocate-d - -lose to the Cucaracha Foundation

T e s t  s i te  the  data have been inc luded in this  report along with the

results of the larce-scale bearing test .

1e:;tc Pr ior  t o 19142

3. The fi rst field tests on the flusaracha formation for the

Thi r d  locks irs ect were condu cted in Pedro Miguel Test Pit Co. 2.
Tert i-it No. 2 was located in the lower approach area of the proposed

Pew Pedro !1iruel bock. The Cucaracha formation in this location is a

dark cray , moderately slickensided sandy shale. Since a large part of

the Cucar acha formation consists of slickensided clay shale , it was

decided to excavate another test pit so that tests might be made on

the more slickensided phases of the Cucaracha clay shale.

Puppose and Scope of Test s from 19142 to 19146

14. In December 19141, the Soils Mechanics Section of the

Special Eng ineering Pivision , Panama Canal Company, reviewed the recoin-

mended bearing and shear strength va lue :  for the materials in the Pedro

Miguel area. The recommended -;alues were in part based on the results
from the tests in Pedro Miguel Test PIt Co. 2 and from laboratory tests

on cores from drilling with water. Drilling with water resulted in

damage to the cores and poor recovery . Con sesuently ,  laboratory tests

2

L~~. ~~~~~~~~~V - -- 
~~~~~~~~~~~~~~~~~~~~~~~ _ _ _



5 small :a~~s- les  we re- i nd ica t ive-  of’ the stronger phases of the forma—

tion. At this time , a meth od of -drilling with mud had been tried
a’hi- ,h :errnitted re- -o ’ery of the weaker phases of the Cucaracha shale.

A fe--.- l aboratory t e s t s  on the  weaker mater ial s  indicated strengths

I wer t:.an those snowTi in the result: from Test Pit No. 2. It was de-

cided to exca — ,-ate Pedro Migue l  Test Pit Co. 3. Tests were performed in

the Ir I  ft to determine the shear  strength and the bearing capacity of

the : l l sken s ided phase of Cucaracha clay shale .

5. Field t est s  ab Pedro Miguel Test Pit No. 3 resulted in lower
values of shearin~

T strength and ultimate bearing capacity than had been

ore-a .ouslv recommended. All test results seemed to indicate the desir-
• ability of a large-scale test which would average the variable charac-

t er i s n ics  of the T icarach a formation and give value s applicable for

struct-sra~ design. It was decided to perform a bearing test that would
simulate a lock wall monolith prototype. The test structure would be

Inst ras e:ted in such a manner as to determine data that could be used

in the r-rot ot~r:-e design. The large-scale Cucaracha Foundation Test was

in i t i at e d  in T-ecemher 19Li3 . Locations of Test Pit No. 3 and the
Cucarac ha Fou nda tion Test in relation to the proposed New Pedro Miguel
Lock and the ex isting Pedro MIgoel Lock are shown in fig. 1

3
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PART I I :  GEOLOG Y

6. Test Pit No. 3 and the (Cucarncha Foundation Test site were

located in the old valley of the Rio Grande about 14000 ft due west of

the e x :s ti r ~c Ped ro Mi~~ el Lock. Near this point , the Rio Sierpe and

Quebrada ~oa~-a enter the main valley from the southwest. Most of the

Bio Grancle runoff had been diverted directly into the Canal upstream so

that the valley here carried only a fraction of that at the natural

condition . Considerable dredge spoil had been dumped in the valley,

modify Lug to some degree the configuration of the valley bottom .

7. Early geological studies were confined to areas within a few

hundred feet of the bank s of the Canal , and no detailed geological in-
formation was available in the vicinity of the test sites prior to 19140.
Essent ially all of the information on local geology was collected dur-

ing the Third Locks Project ( fig . 2) from 19140-19145; numerous borings*
were made along the lines of the right and left walls of the proposed

New Pedro Miguel Lock , extending southeastward from this area.
8. Tes t Pi t No. 3 ~excavated in 19142) and the foundation test in

191414 were located on the lines of the right and left lock walls , re-
spectively. Five borings were made near corners of the foundation test

base to establish geological details immediatel y below. The locations

of exploratory borings for the lock walls and test excavations and of

the additional boring s at the foundation test base are shown in fig. 3.
Revised geological cross sections through the two test sites are

given in fig. 14.

Early Interpretation of Geology

9. Fig. 2 shows the early interpretation of geology along the

design lock walls as deduced from core borings through 19142 . The

following general description of the formation s is taken from Flach . 1

Rocks occurring beneath the north end of the proposed New Pedro Miguel

* Selected logs of borings are given in Appendix A.
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Lo- -k may be -divided into two major groups: (a) igneous-related rocks ,
cons i s t th  o~ h- trd , dense basalt and agglomerate , aiid (b) sedimentary
rocks , including rather ha rd , cemented sandstone and conglomerate, and
comparativel :,’ weak shale , regarded at that time as belonging to the
Cu.leb ra and u aracha. formations.

10. ~trengths dI±’:er great ly , ranging from very strong , massive
igneous rock to the unpredictable, weak , slickensided shale beds .
Faults, folds , and joint  systems complicate the structural features and
f\irther weaken the rocks. A reasonable degree of correlation of the
strata has seen attained through extensive core boring combined with
surface study , but excavation would no doubt reveal details otherwise
missed , particularly in the softer phases of the sedimentary beds .

11. Beds regarded as Culebra formation are composed essentially
of shale , sands t one and conglomerate , with scattered calcareous veins
and concretions in the sandstone and conglomerate . Fossils indicate a
marine environment of -deposition . The shale is essentially well-
consolidated tuffaceou s siltstone , extensively laminated with sandy
part i ngs , and it slakes readily on exposure. The sandstone and con-
clomerate beds are lenticular , generally hard and well cemented . The
supno:ed Culebra formation lies well below foundation grade at the
north end of the proposed lock.

12. Beds regarded as Cucaracha formation are the weakest of all
foundation materials in the vicinity, and yet they would form most of
the foundation of the north end of the proposed lock. Disturbances
have especially weakened the tuffaceous shale phase , which comprises
about 50 to 75 percent of the entire formation . Sandstone , conglom-
erate , and an ash flow constitute the remainder. These harder rocks

show little effect of the general disturbances. Hard beds are lenticu-
lar and were probably cushioned by the very extensive and more easily
distorted shales which surround them. The ash flow , a welded tuff
breccia , was usually regarded as unique and used widely for strati-

graphic correlation. It is a strong rock but is characterized by
well-developed j ointing . From an engineering standpoint the ash flow

9
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was ins igni f icant  since no part of the proposed New Pedro Miguel Lock

came in direct contact with it .

13. The typical shale is medium hard , rather brittle , -o~’py

(highly bentonitic) clay rock originally consolidated under high

overburden pressure. Subsequent alterations of the component materials

have contributed to the creation of an intricate system of slickensides

which lessens the overall strength. Weaker zones of soft , crushed

shale (gouge) are present locally in certain areas and are believed to

be directly related to faults although some gouge-like material has

been revealed by borings in other areas supposedly not near such zones.

114. Since the ma~or proportion of the supposed Cucaracha forma-
t ]on is shale, little importance was assigned to the presence of harder

and stronger sandstone and conglomerate beds in strengthening the

formation as a foundation for the new lock. This applied especially to

“he north approach wall areas (fig. 2), which would supposedly have

been founded on the middle portion of the Cucaracha formation, with

abundant weak, slickensided shale and only minor sandstone and conglom-

erate. The south approach area, at the other end of the proposed lock,

was supposedly underlain by the lower portion of the Cucaracha, which

is characterized by its stronger, more continuous beds of sandstone and

the presence of basal conglomerate immediately above the Culebra

formation .

Possible Misidentification of Strata

15. In view of the renown of the Cucaracha shale and in turn
the significance of the in situ tests described herein, it is appro-

priate to critically review the basis for previous identification of’

test site material as the Cucaracha. It was pointed out above that

very little information on geolo~ r in the immediate vicinity had been

assembled prior to the boring program. The boring logs were and still

are the main source of information on the geo1o~ r. At the time of’ the

boring program, from 19140 to 19145, D. F. MacDonald as consultant was

strongly influencing geological investigations in the Canal Zone.

10
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- cDonald had worked there in about 1912-19114 during construction for

the Isthmi —tn 1~ana1 I ’(y.5fl~55j~~ and at th~t time had established strati-

~‘r-sci 2 n o m e nc l at u r e  that remains to the present .

i6. Geologists of the Special Engineering Division of The Panama

~ana1 Corscany annarently found the old stratigraphic sequence to be

- t i ~ uate for loggin1 the units they were encountering in the new bor-

In boring logs and reports of the Third Locks Project, somewhat
suh ’ ective id e n t if i — at i o n s  of formations by names have been made. There
are enough discrepancies or anomalies to leave a degree of uncertainty.

17. The crux of the problem centers on the individuality of the

Thcar-acha, Culebra, and La Boca formations. These three sedimentary

:ormations are recognized today in the Canal banks and each has in the

cast been con fused with the others. Salient points that need to be

resol-,ed or at least thoroughly considered are as follows:
i. The Culebra, Cucaracha, and La Boc~ formations lie stra-

tigraDhically in the lower Miocene and represent a
relatively small portion of geological history.

b. Although the three formations are dominated by sandstone ,
shale, and siltstone, respectively, all three rock types
are present in each of the formations.

The distinction between clayey siltstone and silty shale
may vary from observer to observer , and there were at
least three geologists logging borings in this area.

d. The fossil content of some of the boring cores was used
to support stratigraphic identification, but it seems
unlikely that an adequate analysis was made to find
subtle faunal differences that would be required to dis-
tinguish such similar and nearly contemporaneous
formations.

e. The La Boca formation was equated to the upper Culebra
f ormation in 19142 .

f. Siltstone and shale encountered in borings 2200 ft
northwest at Cartegena South Extension slide of 19614
were classified as La Boca formation by R. H. Stewart
of The Panama Canal Company . Other beds once classi-
fied as Culebra or Cucaracha near the Pedro Miguel
Locks are now regarded as La Boca formation.

~~. Several of the boring logs indicate atypical strata.
Boring P~-1499 encountered fragments of oyster shellshigh in the unit that was called Cucaracha shale , and

11
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a lower :o. sl1~~t-r- I~~~~ zone also considered with~ r~ the
~~~ IS  1e :j ~-~n a t t , I as the “False Culebra.” Sin-

I a n - ,’, o.’s ’ *~r shell :‘ragments were found at a rela-
‘1.-el ’,’ hii’L ~eve1 in boring s ~1-50O to -5014 below the
:uuri-i’t ’~ios t .S t t ace.

l-’ . ~~ . the o’her hand, two :e- tture c of the strata near the test

.-i’ es seers ‘0  - u~- -)rt the  id e n t if i c a t i o n  as Cucaracha formation. Some

of “he strata ‘~- pe’tr o be composed of alternating sandstone, siltstone,

and shale ~~
“ —‘ 

~-raded bed relationship , i.e., coarse sandstone grading

upward to siltstone and tnen shale, followed by a sharp change to sand-

stone again. The second supporting feature is the presence of

so-called ash flow, as in boring PM-3l8 (fig. 14 ) .  If this tuff breccia

can be shown to be the unique ash flow found in the Cucaracha formation

1 mile to the north along the Canal, the identification as Cucaracha

formation will be confirmed. The Cucaracha ash flow is said by Thomp-

son3 to outcrop in the valley of Rio Majellon several hundred feet west

of the foundation test site , but until the unit has been followed more

or less persistently to a connection with the known Cucaracha ash flow

along ~he Canal, there is st~1l room for doubt.

Consequence of Possible Misidentification

19. Descriptions of’ the shale at the test sites clearly estab-

lish its similarity to shale of the Cucaracha formation. It was noted

above that the age in any case is probably very close, so geological

preconsolidation must be essentially the same. The environment of

deposition is about the same for the Culebra, lower Cucaracha, and La

Boca formations, with all being volcanic-derived marine sedimentary

rocks except for a few intervals marking terrestrial conditions. It

seems best for the present to regard the in situ test results as repre-

sentative of tuffaceous shale like that in the Cucaracha formation.

The chances are rather good that the test sites were indeed located in

the lower half of the Cucaracha, but this has not been proven to date.

12 
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20. Ac - -ordir to .‘i n- f-r . , ~-s~ : ~fr • ~‘ts loca e-I at station

73~ ~5 , 161 ft ri ’Lt o: he axis of he ror;osed ~~~~ edro ~-~~-cel Loc~
(fig. 2), near boring ~M-~~ . ~~~ locat~ r. Wa; oso. ‘-n a f te r  a carefu l
study ha-I been made of ‘he -ores taker. from h - r in;  ;~ Th the :orth ap—

proach wall areas . hor rig ~~~~~~~~~~~~~~~ indic-~tei a ‘onsiderasle depth of

material which was rer r e sent - it lye of the wea-er ahase of the supposed

~ucaracha formation and therefore ;erj -lesirable for testing. The

materials encountered in the vertical shaft (fig. 5) were as follows :

Depth, ft. (Ground —

Elev Is ÷65.7*) ~-~aterials

0 to 22 Overburden and weathered rDck

22 to 31 Cucaracha-like clay shaJ ’~, mediun hard , dense but
abundantly slickensi~~d , soapy, purple to mot-
tled purple and greer. —

31 to 37 Cucaracha-like clay shale , ~reen-gray , soapy,
slickensided, with a gouge zone between 30.5
and 32.0 —

37 to 52 Gouge, soft, crushed, green-gray clay shale, soft
enough to flow into the pit

52 to 714 Cucaracha-lilce clay shale, green-gray , soapy, and
slickensided , interspersed with badly broken ,
soft gouge zones up to 1 ft in thickness. The
whole mass is so soft that lagging in the sides
of the pit had to be carried to within 1 ft of
the bottom of the excavation to prevent the
material from flowing in

* Elevations (elev ) cited herein are in feet referred to mean sea
level.

21. A drift (fig. 5) was excavated between depths of 30 and 36 ft
in the north wall of the shaft. The drift was 6 by 6 ft and extended

145 ft back into the shale. This location was selected to allow testing

of the very slickensided purple shale at about the foundation level of
the proposed lock. As can be seen from the section in fig. 5, the

material tested appears in the shaft between depths of 22 and 31 ft and

13
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i-c n’.-strl -ruihe :-tee~ I 
- ,

- :~ ‘ he  l ir e - 4 
~‘ of - c ~ri :‘ , 

-
~~~

- : di n i - a

te r ‘h  of a: ~-r HI i d a - .-: ~ e fl oor of ‘ ;e -ir  r ’ ~~~ - : the 
~1 el d

- ea tS  r e  -On:: dere ao h - - e eec : er f rs:ec on n- ter I of - a:: -

- -
- 

t~~ . As the j r ’ a~~~c d-jg , t wa.: f i r s :  e re-d with fr a m e ;  of ° —

- 8 — : n .  :,€- as ;: set - :c’ s Hi- - ’ely 5 -~~~ - : :-ar ~ . ~t --ia:: ~:d -e. -
- to - - Y r - .

- o~~ -~ a:;- :e rbe -  i -I ong ~rith the - d- .rac-:e to nre-:er t -chunk:: of the  ro -
~~

: rors :’ulllmg i n .  c- -es of this  :aa 4 erl  1 f r e  : iect ly  ,ro i- e a r t  to r oy- :-.

:-ona-; a :e - € - i  l~ n - , and c r ior  to t e st i ng  - rout was force-i  in to  t : e

- - s:- es :ea:-:eea. ~oe t H d e r  roof ~cd the  r ock  so t i ’ t 4 the :l i a  - uoui i
- - 

a ci - le a oo1 :-e:ist- tr .-:e or the a’:k l o:idc a r a l i e d  in the f h e l - i  - e - a s .

- 
~

- 23. : mr :n~- cx a T o m  of the pit , moderate water ]n 1-:wc .-:eae

ccc unter€- :. Th- ’. t ar  ‘c-ie i from aO
~~~~

-- .’ : r - ct~~-ec , ut an r:cre - - 
-

e o o~ r cc c~ ii

- -c nmxi--:ss :-umn -a- e ro’- -*e ~~-~~~
‘ - - — s  -:n excess of 50 ton with Htlow::

- ccl ratser -m : c-r :- ::r ho:- - . - r i  to the hottom.
An a t temc t -~:as ~

- le t O cj~~g anoth er drift beta-cen death s  of

614 ‘ni 70 :t in t i~c- -een - : r ay  :ha ie .  This  i r ift  had to be abandoned
f ;er f-i-’? ft had i-eec dud : - - s e  th e  amount of cave-in endangered

*e ens I re  s h a f t .

h-ct’- l:: of h:e T:o -rac hn ounciation Test base

25. Cui ses-ienh to  the ~u:aracha i- o:m-htion Feat , core borings

were i r i T l e d  3 ft from each corner of the concrete test base on the

e x t e n s i on  at a i n e  h isect nm the corner angle .  An additional boring

Fe aft er corsof et i on of h-i c f ir st  four to determine to what

e:-:~ent ~he 
- 

~ter  h ad been r e l eased  by drilling. Locations are shown in

6. - aillin ;- was from nlc t form about 14 ft aho- e the floor of the

exc~~~at i o r  r - t i - r a r - h i c  inter-;als -are miven in the logs (Appendix A)

feet r elos: the n iot t orm reference r oict ( depths) and in feet referred

to me an sea level (ele:ntions).
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26. r i  F h - : r o -e !ru’e ’~~s L i ke that used during the Third Locks
-

- e :t ‘:X d o n  a-m ere  hr -~~ra -hn or s im i l a r  ::trata were known to he
: r~~ :c-: d . I- rIoio :’- -e ‘ ait; - - -crc emnlo~fed exclusively with a 10-ft core
: - r r e l  re- -a :er ia  - C’ ~2- l~~~-h : . -diam ) core sa~~ les. The use of a corn-

mer-cial Lc::aonite -h illing mud assis-teci in recovering a high percen-cage

of ‘he ;o:’ er materials. Tore recovery from the 5 borings averaged 92
- ar  :ens , :-:it: a a-wa -c of 88 to 97 percent .  T ores were covered with
:-.-et c - i  : -orla: to minimi ze dr’rinc . Samples were selected for laboratory
t e s d i nc and. ititure I:::: cation upon removal from the core barrel and
- -:ere coated ;-rith wax to r ac er s— c t:L:ei r natural water content . Each

s - :er- r a-a s removed to a high hurcicl i.ty room for permanent star-
: : e.  Where r oe--c: :  of c i : f i c i e n t  length for testing could be obtained ,
s- -n:  ~e:: :-:er”: t ake r  ron --orxs e :ut i - ;e  1O- f’t depths at each boring. If

r-:a r~:ed li tholo :- i c  i i f : e r en - : ec a- - c a r r e l ~~ thin any 10-ft section , typi-

cal samoles of each m at e r ia l  :-:ere se lec ted .  The waxed samples were

-also stored in the high humidity room . The drill inspector selected
an -i :o- ted the camales , ::oted unusual dri l l ing conditions , and recorded

:-s incn 4; i n :-c~~ atj o n t h a t  w~~~ d not be aroarent from an examinat ion of
She cores alone .

1?7. On the corroletion of each boring , it was filled with a
c o ar se  sand ~p ass ing the yo. 16 screen and retained on the No. 30) to
:-rithin 14 f t  of the top . Sand was introduced to the bottom of the hole

means of a 2 - i n,  pipe that was procressively raised as the drill mud

was forced out. A ~ rou - r a n  ;-ias poured into the top 14 ft to prevent

rising- water from wr shing the sand from the hole.

2~- . During the drilling of three of the borings (PM- 50l, -502,
-m n’l -50 14) the ~lr illin- mud was lost and reappeared at the surface at
several Foints , in the case of PN-50h, 140 ft from the casing head.

Lost mud usually returned to the surface by way of visible cracks in
the rock or at the top of settlement point borings. In PM-50l, artesian

water was encountered ~~bout. 2-”3 mpm 1 at elev -10.0, and ~ constant

flow at this rate continued to the ultimate depth of the boring at

elev -147.0. Some -lift i cu lty  was experienced in sealing off this flow

17 
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- - t ’-r he : o r i n~ u - s  f i l led  with sand.

:‘-- i -acy cr foundation test case

: 0 . ft~-- t-~ encountered below the test  base could be correlated

tao::: 1; r i ng  t. a or 1mg . A minor fault that extended from the southeast

- oar er to -l out 15 :t south of the northwest corner (fig. 6)  had maxi-
mum of fset of about 3 ft and a zone 01 crushing less than 1 ft in

cf -l~b. bedding dipped northwest at an inclination of about 15 deg. The

strike, as measured at the subgrade prior to placing the concrete base,

:-ras r~34 °W . I~igs . 7 and 8 show the apparent dip of the beds along
-:ertical sections 2 ft outside of the base of the structure, as well as

the location and effect of the small fault. Descriptions of the beds

are also shoam in these figures.

30. A carb onaceous shale exposed on the test base (fig. 6 )  was

the weakest  nemoer , and i ts fre sence was believed by Thompson 3 to be
‘ne Price factor in the settlement observed (see Part v). Beds of this

character occur as lenses scattered throughout the Cucaracha formation

along the i anama Canal, but aggregate onl~ about 6 percent of its total

t::i-:-kriess and are generally less than 6 ft thi-:k. iltresces created by

regIonal folding have been relieved by slippage along bedding laminae

ad.th resultant mashing. This slimpace is local l y reflected by small

se~nc or lenses of soft, brown carbonaceous clay found at various loca-

ions with in  the beds but  without lay- -c lateral extent. These inter-

r edded sauce seams are soft and nlastic , and because of their consider-

-b l e  org— raic content absorb muc h water a f t e r  release of confining

n r a  cure .

31. A li~ ht craw shate ir~aediately o—:er cfng m e  -art ona--eou s

shale was I eli ca-ed to ha-;e : cc:: originally of the same -bar acter as the

green shale wh ich overlies it~ the dif:erer:cc in rol or a-as -t tr l:u ted

to the blea ching effect of ‘-he carbonaceous e 1. The :omewho c-o tter ,

disturbed nature was thought to be due to the effe -ts of slint ages

along the :ontnct with the underlying carbonaceous member.

32. Green shale , three beds of which were encountered fiRs . 7

~n~i 8). was similar to typical shale of the -~ucarach-a . Strength of the

green :t ale varies depending on slickenside spacing and degree of

18 
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fr ac tu ring subse~ uer~tly by “distributed” fault :i- -~tion . Thin, sof t ,
light grit : gouge seams con~on1y occurring within  the beds resulted from

- -omp r-e ssion and d i f f e r en t ia l  mo ;emen ’. along minor fault s. Generally ,

“OrC samnies of appreciable length parted on slickensides , and samples
4 esaed in the laboratory often failed partially or completely along

slickensides. kcom ‘his evidence, it was deduced that the most highly
slickc-risided stra -a , if other considerations are the same , are the weak-

es~ of she un:aulted , green or chocolate-colored shales; and conversely ,

those which ha-ac wider snacing of slickensides are stronger. This

-: deduction has beer: r om e out by the many tests.

33. ihe green-cm :.- sandstone bed shown on figs. 7 and 8 has a
maximum th ickn ess  01 -about 12-1/2 ft. The rock is variably calcareous

and argillaceous and accordingly has a considerable range in strength.

I t~ subsur:ace trend along the right wall of the proposed New Pedro

iliguel Lock (fig. 6) can be traced 650 ft southeast, and it thins con-
siderably in that direction . This bed is the strongest revealed in

foundation test borings and is comparable in strength to similar units

occurring in the lower third of the Cucaracha formation and the upper

rortion of the lulel-ra . Thicimess variations beneath the test site

reflected the presence or absence of shaly interbeds. A layer rich in

o:-ster shells was used as a reference in determining the subsurface
stru c t ure.

~li . A “ coaly ” shale layer issnediately below the sandstone is an
imnu re form of li cnit e  and , when dried , can be burned. It is essen-
tiall:-r carb on ized  wood , the original fibrous struc~ ure of which was

eviden t in some o: the core samples. Slickensides along bedding were

no ahle. rio pockets of gougy clay were revealed by the borings, and
‘he  general a spect of this lignitic shale suggested that it is stronger

than the carbonaceous shale located 50 ft above, probably equal in

bearing strength to unfaulted green shale.

35. No evidence of crushing or n~ovement of the rock was noted
that could be attributed to loading of the test structure. The samples

were similar in all respects to those recovered from other nearby
exploratory borings.

____ _  -~~~~~~



PART II I: PRr’:-19142 TESTS AND EARLY DESIGN VALUES FOR BEAR 1Th;
“AFA~ ITY , MODULU S OF i- r LA P T Il l f -Y , AND PHEAR STR ENGTh

36. Ear ly Third Locks Project design values proposed an allowable

bearing pressure of 10 tsf and a modulus of elasticity of 70,000 psi

for the Cucaracha formation. Early values adopted for shear strength

for lice in lock wall design were cohesion c of 1.8 tsf (25 psi)

n:.d the coefficient of friction tan ~ of O .1i-2 . Field bearing tests

and l-aborator- - triaxial and uncon :ined compression tests on the Cu-

canner- a --lark cm :-,’ moderately slickensided sandy shale encountered in

b edro I-~iguel Test Pit No. 2 gave values for ultimate strength that

-:aried I ron 60 t
O 105 tsf and modulus of elasticity that -‘tried from

?~ ,200 ~o 2145,000 asi. Early tests were made on cores obtained by —
drilling with water, which resulted in damage to the cores and poor

[ reco- er:-- . Ibe later use of drilling mud, although it increased the

percentage of core recovery approximately 30 percent , did not enable

recover:,r of the weohest phases of the Cucaracha. Consequently , labora-

‘-orrT tes*s on small samples were indicative of strengths of the

rf roncer phases of the formation only. Furthermore, samples tended to

I
: shear or fail on weak slickensided faces thereby producing highly

i rr ecu l - ar  results.

37. A special type of bearing tests was developed in an effort

~o de-;ise a suitable laboratory test for the Cucaracha shale. A

3-in.  -diam plate was loaded on the surface of’ a block of shale about 10

in. in diameter and 8 to 12 in. deep. The sample was confined br.r

crouting it in a steel cylinder. These tests resulted in values for

ultimate strength ranging from 28 to 110 tsf and values of modulus of

elasticity ranging from 12,500 to 102,000 psi. These tests confirmed

the observation that samples loaded slowly failed at lower pressures

th a n those loaded rapidly . in the light of this evidence and since a

large part of the Cucaracha formation consists of slickensided clay

sh ale, it was decided to excavate Test Fit  No. 3 at the location shown
in f ig .  1 so that shear and bearing tests might be made on the more

slickensided phases of the Cucaracha clay shale.

22 
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~APT IV:  PEDR O ~- iiffl- .L 1-y l PIT ~Ib . 3*

38. Ma’ erir~ls Cr : -Ou r ’ ~.- r~- -1 in ‘ ~ I- sha lt 01 Iec~ i - It  gO~ 3 and in —
he - i r i l ’  excavated n * ier- 4 ns i-&weer : 30 and 31 I I  are described in

- - r ’ II.  Field cr:~- - - r  tes ’ s - m d  fiei-i bearing tests were performed on

- h ’~ floor of ~-e in ft i-ct weer. the timber ::unr,ort f rrtr ne s as c}:o~~ in

f ig .  . .  I r e  ~e c ’ locat i on is i d e n t i fie d  by the  number of the bay in

1’: i t  war: loca t ed.
cc4~ I - o r  con~ - :nison with the results of -he field shear tests,

~ab orasory  t e s ts  -.-rere rer-fommed on 2-in .-diam specimens of ‘u—: aracha
clay sh ies obtained from b lock s  taken in the test pit , and from

-:n!’~ouc 1 onings . The laboratory tests consisted of ~r i a xia 1 compres-
r iot  ‘ e s s , :ri :~ ion t e s ts  on rrecu~ polish ed sur fa ’-€-s , an d u rr co n f i n e d

aomrression ests. Laborat ory bearing tests were performe d on in-

1ic~ urbed block samples f or- comparison with the  field I c - r i n g  t e s t s .

4
i- ield Shear Tes

~ses of aprar stus  and eguirnes

140. A I-ft cube of ‘cor r e C  was poured on a grooved surface of

the rock , and a r:omms i load was applied to the block by placing a

50- ton- -cart c i y  r vdmnulic 1a -c k on i t  and j ack ing  aga ins t  the ceiling of

the d ri f t . In order to d l s ’ r i but e che fack cressure evenly over the

en ’ ire - re- of the con mete h i  o- -:k , a steel plate was grouted to the top

of ~he 1 I cc ’ :. hol ler b e a r 1 n 1 -s were placed between the jack and the

pin - c to allow free horizontal no:ement of the block.

141. The lateral load was onta ~ ned with another 50-ton-capacity

hvd r-aulic iack pushing ag—Y~nst  a thrust  bar fastened to the block with

s~~;d bolt s set in concrete. This ~hnist bar was designed to permit- the
lateral ;~ack pressure ‘o he a r:nlied in the same plane as the base of

the test block . As a re sis  an - r e for this jack, a small concrete slab

with a ‘aersical face was poured against the wall of the dri ft. A

~ Ila’erial for ~hi~ n-~r~ of ‘s.c rePort is taken largely from Vincent .14
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:;w itt- Lead was placed between the jack and the wall to provide a

perfect bearir: - ~~~ wee:: t h e  jack p i s t o n  and the tbru :rt bar.

~2. . r
~v~k loads - - c r c  r r : e : I : r l l ne I l  wi t h a : -r e s s ir e  gage in th e  oil

reser  - I~) ! .  . ce : e  ‘5  - - -c r c - a l  Ii ca’ ed vi t t ~he ~acks b- el  ore be in g

us e - I  In  he f i e l d  - -n d  again a’ h€ - r r l u s ~ or of ‘he es . ‘I nc l at t e r

I ii r -~’ 10:: WtS -c - - or ‘ - e - -onu utaJ io’ :: . ~-Iovement s of ‘he con - rete

locks  lur i” t r r l  I i-a: (If he - or ’r a ’l load arI II dur ing he e— ~n tes t ::

were rrr ea :rure  1 ~~J r ,  a .i - none en  ‘ag ’- :: s i r  nor ’ c-I f rom L r t r : t e i s  fastered 4.o

the ‘i n :  c m i : , , - sf the I r i t ’  .

I~-~:t ~roa ”- i’:res

The ri t e for cam:: ‘cc ’ was : r e r a m e  I by f ir s t  removing  all

-li r’urr e l  na’eri al ! r-o s - he : I ) ‘ ) r  )l - ~ e in  ft  and then making a smooth

and level s ur : a c e  1 - . a1: :o r : : -o : l  a l i ’r  through the clay shale Wi th  a

hand I -e saw. ice srsoo’ a -~ w-~s then  gr o o .e d  by us ing  a na::-

too ’h e 1  s -n-amer ma le e r r  e - i t l l v  for h i s  r u r r oce. This scraper l a d

se’:er- s: , ar ~ e: ed t ee - h  i~- : r i g - ,ecI ‘ o make -m o o - ac .- - w-i th a tr iangular cross

s e c t i o n t i n .  deep - - r i  2 i n . - a r ’ . When these -roo-aes were f in i shed ,

the cia’ - shale surround i n -  ‘ he  I-s  - f t  area was cut to the level of

t he  h-o~ tom of the ,-roo - :es.

1414. When t h e  si’ e had been ~ rena red as descril ed above a con-

--mete form box was nla ’-ed 0-a cm the orooved surface . A 1-in. -thick

layer of grout was spread in the ho ’ ~om of the form and ~amped. Then
-:he box was filled with concrete and thorourhly rodded , and the top

was smoothed off with a trowel. Irmnedi a~-el--r prior to testing, a small,

1- by 1-in, channel was cut into the clay shale around the base of the

block . This was done to remove any lateral restraint around the boun-

dary of the loint between the rock and the concrete.

145. Normal loads were applied to the blocks in increments of 1

tsf per 2 idn. In all the tests except that of the first block , the

settlement of the block under each increment of load was recorded. In

tes ’s of blocks 3, 14, 5, and 6. two or more cycles of load and release.

in increments, were applied prior to the actual application of the

shearing load . It was hoped that the settlement data so obtain-i would

be a ’I . u -b I e  in the analysis of the bearing tests. Results of the

214
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Fig. 9. Load versus  settlement of con~ rete blocks prior  to con-
ducting field shear tests , Pedro Miguel Test l i t  No. 3

settlement tests are show: in f ig .  9 and ~-a1Je 1.

bt~ . i’Jnen t.-:e normal load had been app lied , the l a ~ era ,1 pressure

was gradually increased in increments until  fa i lure had i een reached.

b .c loading rate , which was arbit rarily detemn i n c i .  wan th’out 0.25

ton/mm . Readings of movement of the block b~ sm~ increasingly
- ‘eate r  with increases in pressure , up to a reak , - s e a  the  ho r i z o n t a l

25

~ 

‘ - - - -- -



-- ‘ r—r ’- — ~~
_ - - ‘ ‘~~~~~~~~~~~ -“ -- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ r~~~-

: o r - -~- :,e ,e s s - ry  to ~eer’ he block moving be an to irop off. When the

block had t a i l e d  and a fr i - -t ion v a lu ~ r a d  r een obtained , ts~ horizontal

u r e s s ur e  was re le .’tse-I in  increments and ‘-he increased again unt i l  the

block mo’~ed out or: -e :cor ~- . :h is  procedure afforded a check of the

lric t ion value alt er failure .

cc - resul’ S

1.7. lix shear test.s were conducted on grooved surfaces of the

shale in * :.e f i t - ld .  Two of these tests were run at 14 tsf and the other
f our were ru: at 7.5-tsf normal stress load. In all of the tests , fail-

ure o m e d  in th e Cucaracha but  at vary ing dep ths  below the bottom of

ph ’: cr00 -es. Failure , which was attained -;erv gradually, was considered

to e the point  at which  ‘he hor izonta l  :orce r~e -e ss ary  to mainta in

-or. ’ inuous mo- ’ener : t  of ‘he 1-lock began to decrease. This shear stress

de:ined what was termed the “ultimate shear s rength .’ When the block

-a d mo-;ed ou’ for some dis a:: -e a : t e r  failure , the pressure was re-
leased and acair  apalied in ~~~~~~~~~ un t-il ‘he block once more

st ar ’ ed ‘.o rno’ae r-or~~j” :o1slJ wlile the pressure was maintained constant .

Ik e  poin t on ‘he second - -~i- --le beyond wh i ch  the pressure could no longer
1,- c ia~ -re a .sed def ined wha t  was t ermed the “sliding friction value.”

Figs. 10 and 11 show the results of the observations of horizontal

movement versais ::orizorctal load for the ‘csts , and Fig. 12 shows the

ultimate shear strengt h and sliding friction values.

Discussi on of est resu lts
148. Fig. 12 shows ‘ha t  ~-ood agreement was obtained between the

two tes’ s at 14-tsf normal load but the ultimate stre::gths of the four

tests at 7.,-tsf normal load varied over a large range. An analysis of

the variations in the material and of the irregularities in the ty-pe of

failure produced in each test was made in an effort to determine which ,

if any, of the ~est s could be omitted as not representative. A suimnary

of the factors -considered is presented in the following paragraphs.

149. Shear test 1, bay 3. The material in which the grooves were

‘-ut was predominantly green in color, with some purple being present ,
and was harder than that- in any other bay, with concretion up to 3/8 in.
in diameter. Slickensides in the surface were few and minor. However,

26
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PrM -t i i - .:r4- :1 : .’- o - : r 1 r r ’ - :  a ’ a c~~ •‘~~‘~~~~~i r e . a~ h1:-; lens of harder

s - ’ e r H J . m~ h o ’ tom  r n  - ‘- .:: :-: r. - -r- al ~~: - . ‘ - r : n~- ~ O ~:e block along

wI a I lure ~~~~ - was - - r o’i’ ~0 - ‘-r -eat s I -k er :s  l ied; but , s in - .rc

fa lure was :-o ’e ic’:: , a -  - , - i  rr~- - of ma ’ erlal -f tc - t ed was fairly

- ~t r - e  -- a d  ex ’€ a c. b.c :- -~~
- r - s er- ‘r icr -c- : to  r~-alance , so the

re su l t s  of this .e::t were e r :- c  - e.l + 0 be a: 0-it - , a cm - - ce.

50. lIhc -~r t e s t  2. I’- sj i~, er ‘ 1  was r r e d or r d n a t e l a  nurn ie  in

co l or , with s r o~ s of -see:. • - - rd was medium - r d . :.omoceneous in ext- ire ,

and ~or : a a i : e d  cc ;er- - 1 nr c - -c : - . ed cli -he’ s l i e s ,  lice failure surface he-

low - he block wa s about (5 r e m - - e a t  s l i a -k e a s i d e d  and 35 percent  crushed.

I r e  lock Wa :- n . :s r .ed aga i n s t  the m o d e r a t e  dip of the natural slide

a l - a r e .  r e  whole su r face  of t a i l un e  was -;ery rough and fairly exten—

si-ac .  211 f - i c oms considered , the results of’ this test would be

exc e  ate d to he abo-ae a ema ge .

51. The-ar ‘ e nt  3, La1 I .. TIn e ma te r i a l  was rurtle in color ,

sl :a-ntl :a softer and more un itc r rn  than that i.n any of the other tests,

and conca ined  two ma .~or sliakennides near the test area. The failure

su r fa c e  under th~ block was about 140 percent slickensided and 60

n er :- er. t hroke rc . Ike block was pushed across the direction of dip of

th e  n o a h .  The entire mass of material dist-;rhed was large. Considera-

tion of all these  f acto r s  would lead to the expectation that  this  test

would gi- .-e high results.

112. Thear teat 14,~ a-a II. The shale was mottled green and purple

in color and average in h a r dn e s s , with one major  slickenside near the

broo aed s u r f a c e .  The bottom face of the material adhering to the block
-,-as about 90 nercent slickensided. The block was pushed in the direc-

tion of a -a ery slight dir- , and the total failure plane was quite rough

hut  -at extensive. The total mass of material affected was small. The

results of this test would be ecpected to be low.

. llhear test 5, hay 3. lIt should be noted that this test was

run in the same bay as ~est 1 but ab out a foot lower in depth . The

material was predominately ur r ie ir~ color , al out average in hardness

with a f e w  concretion s, and had a few minor slickensides. Slickensides

i- den he block were approximately horizontal. The failure surface was

30
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a: OUr 10 ncr -  e: - r rough sli aken:: -Ic:: and 10 -er’-c- .’ -nun . ed. The

wi oll e I-: I lure  plane was - cr-I: rough bu ’ m allow so thai. .ic e mass of tnt—

- ul 1 s’ .:r: ed was r-.mall. These - a ’ ions would m d i  :a~~e t~hn.t an

a a e r a - - ’r ca l :e fu r  - Inc ‘.es t ~-esult:: wou ld  Le anticipated.

514. : ‘-n r ‘iest 6, r -ac 1. - - .e m a t e r i a l  in t i l s  bay was pre—

i o m i r . - -:.el: a :mn i e in -olor and a lit~ Ic harder than average , with

~oucrenions up to j / 14 i n . ,  and tad  rre - er- i m i n o r  sli -aken side c In  the

s:r fa c e ,  The raa ’ on c l i  arm e: :ci  des ::ear - he -lock were nearly -aer t ica l  so

tha 4 tI-:e f - i l - ut-c cur ace was only 20 :ercent througn sl ickensides  and

the rem inder w as r ake r .  -and ~ r unk€- 1 . The ent i re  failure p lane  was

m o : -I - ., rnediurs leer , r :d ex~ en si-ae . kese mactorn would lead to the
cx. e - - - - ‘ lot  that ‘- hi s- - ec-t would r -m odu -re cry h i gh  results.

55. is I:mrrut r ’ ari . to not e t hat the location of the failure in

c-:-/r: test was u o a e r r  ed bw the  ros i t i on  of the slickensides under the

lock . The p ath of least shearing resistance was along the slicken-

sides e:er: when this sli -kenside was 5 or 6 in. below the level of the

- r r l i : r a a i o r  of the lateral t h ru s t .

54. From the examination of the materials and the failure sur-

fa ces it  would he ca-c ted that , of the tests at the I4-tsf normal load ,

test 3 would he somewhat h igh er  than test 5, whereas the actual results

were ‘-i . out the same, Of the tests at the 7.5-tsf normal load, test 2+

was, as ext-c--ted, lower than test 1, but tests 2 and 6 were exactly

r e - e r s e d  in order of magci’ vde though they were bot h , as expected ,
h~ :Ther t h an  ‘es 4 r: 1 and b . It was concluded that the range of values

in-il -a ted h-i th .e result s of the tests a~ the 7.5- t :f  normal load is a
ch a r a ct e r i s t i c  of the mass in wh ich the est s were performed. There-

tore , each test was gi-aen equal weight in establishing the curve of

ui--m ate :rtrengtla, for the field shear tests. This shear strength

cur-ac , which is shown in fig . 12 , indicates a c of 0.65 tsf and a
~~

I of 21.6 deg.

Laboratory Ihear Tests

57. Samples of ~u-caracha clay shale from the proposed New Pedro

31
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mcI  l o -  -k - :-n r - o  - : :  - re- via re ob~ ni ned by r r ’- :c-r - - i’ ores r ot: the

drill ci ‘-s . Addi tjor.ai : : - rs r le s s- c m e  u b t -  i r ec Lv : ri lUng - -v l i r dm - i al

m m C- : I a m or : I mm ’ - - - t  10- - K s  t he: from edna -l Ig :e i  le s t  Pil g~, 3 ,

1 - cm-’ r -c: m c i on - e s’.s

58. - r i axl nI - , . : m essior : ‘~ent s s-m er e made on 2 — i t . — d i -or Lv I — j r . .

- a :- ‘-n • e .r - c r  ct rerut~ h - mu rs c- Ot)  ‘.a ‘m ed by a’aer: m-iflg the re ::ults of

1-H rI - -i -r i corn: r-e::cion ‘-es t s  Is  oar-ri in f ig .  13. It should L e

r ain cr1 out th a t  t h i s  ncr - C is :. aneu  on tests of sound clay shale

m a n : le. ‘i 1 m m :  , :m.cs - aed no e lder s  -e of :ril -kensi des and f racture::. an—

.m e  r e- . - l a ,  It  was exs ected - .I’ - - -~ t h i s  s t r er p -t h  would be h igr er than that
‘ound t’or ‘ - . ‘ield ten s in wh i c h  slickensides and frac tu res  were ’
r rr-m:e- - ‘ 0 we-he:’. ‘he ma ’ erial.

- a - ara’:orl.- : r :-  tion tes t s

c-P. FrI—m Uon tents on the tuc-ara-cha clay shale were made in the

Ui -:r- - a r I -  t~~~ -orspare the  results a~~th the  s-aJ .ues determined from the

f elii - e s t ,- m.  These tests were made on short lengths of t-lrs. -diam
- - ar e s .  lice ::ur f- -ace s to 1-c tested were carefully polished arT tIn cari crun-

- -him s tone:- and by mu LL - i rig the shale sur macear together.  For testing , the

ic - -en - -m ere held in place in a direct shear box with  plaster of p ar i s .

in :mommme of t:he tests , a aormal load was ar - s mi l e d  an d the f ri - -t ior: a l - m e

was ic ’ e r r - s i r e - I  ironed lately . in others , the nor:~a.1 load was a np  T e d  m a r

a neriod of 1 hr prior ~o shearing . Ihere was little di: Ircre- . -e in ‘be

results oh” sed from the two methods, lice mum -ac established from ‘he

result s  of ‘-Inc 1-thorn t a r :  tes ts  is shown in f ig.  12. The f r i - - ’- ion

‘ nule  was r ound to be about 10 deg.

Imaconfine d con~~ression tests

60. The samples tested were drill cores of Cucaracha clay shale

approximately 2 in. in diameter by 5 in. long . The specimens were

loaded to failure either by very slow or by quick application of load.

For the slow tests , loads were applied in increments of about 15 psi

per day, while in the quick tests the rate used was about 15 psi per

minute . The purpose of’ running both quick and slow tests was to

-ascertain whether there was the same considerable reduction in the

ultimate rmtrength under the slower application of load in this

32 
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~f test as on been noticed for the Ucla and laboratory bear ing
s ’miLiec.

1. - c-sul’,s of 3~ -~ anmlri e. l -omnrcssio :, tem :tn (i~ nu i -k ‘n d  20

slow~ - -n ’ - .mv ~r - I  z ’r i i t .  ‘ a m - i l-- r for:: i t  m 1g. 13 , a r m d  a a e ra g e  ‘aa l mm cm:  are

ed - - s t~o- r ’ mm ( : r les in 5- ,~- mm - rae fT cure. lest da ’ a inc luded  in
- he - er - si -mm ‘tn ’  or :: , r r -  I e: : . -e aer - ’ l J -- -. e~ - e r  tb- r-t: t he  a-~-ema -e clay

m a I ’ :  m u  1) t O ~ I:. - 1  dc ans resul’ s wl ir m h we:-e k r : o~~i to be i nr l u e n  -ed

hr a m i l  - - a c t s  i ale m : .

IT s -is sl a’ of - m i- a :. I
ator’i ” nr-a she— — C; -’ re--- m m 

~mr

- ‘2. u s .  13 m m - ow:; : he shear s’ re mm ~-~~:. - - or’ . e of the (iunaracb .a

sI- ale as determined from the laboratory t e s t s .  The values of 13 deg for

the a: sic of’ ‘intemr ,nl fric tion and 135 psi for cohesion are at -m ar i na -me

with the field. ‘est results shown in f i - . 12. The laborator ,r data

shoul d I c  hi -I cr s i n -r e  the only tests considered f o r  the final analysis

we re on ‘icnrncha shale which on ‘he average was slichtly harder than

‘he es t pit m a t e ri a l  and did not include n,nv test in whi ch the sne-c i-

macmm was known to ha-ac failed along slickensides. If it i s  assumed t h at

‘s i-r e e f f ec t  of the slickenside would only be to lower cohesion , then the

angle of 13 deg might be applied to the results of the field shear

tests.  This would produce curve B in f ig .  12. Such a curve , if used

for design , would in ef fec t  disregard tests 2 and 6 . However , no reason

could be found to discount these two tests , and, more important. the

field shear test was believed to be a better representation of the

conditions in the nrototvpe.

43. It was therefore considered that an angle of internal fric-

tion of 21.5 deg and a cohesion of 9 psi were the most accurate ultimate

shear strength values available for use in analyzing foundation bearing

capacity of walls founded on the type of material tested.

Bearing Tests

614. Bearing tests were performed for two purposes: First , to

deterrsm .tne the ultimate bearing capacity of the foundation material, and

3~4 

‘- ~~~~~~~ -- - - - - -~~- - - - -~~~~~--- .
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J

-i - 1 , ‘ 0 ~~~
- ‘ ~- r m a i : e  - 

hi- me ’ ‘ l ema ’ar:t that. could m e  exre0 1 ed for stmuc—

* - mm au r’- m on -lay -h - ,le. It - -m’ s nonsidered ‘hat ‘he t earing

-- .1 - - ‘ s m -s - ‘he ‘- s i g n  of ‘Ire lock walls if the settlements 

alT m - - -- d - i i -  m ‘- ‘~n m n ~ - ,n a ~~r t a  as -r e ” e rrtdned from the tests were

- o  - ‘- - m a r 1 1 .  If - he ::ef+ lemeist 5 s-m e ’e foun d ,o he exccmm si-ae for

Tan 1:- i- -
~~ 

- - a - . t he  ul’ m ate r e - r i n g  capacity, the design would Sc

:no-i i - - -  -o ‘ h - ’ ‘ he  loads v uld not traduce settlement s greater than

mm ’ ‘- : ‘-m r - ,- m nild vi” hst’mnd

F eld Beariri~j Tests

The of n r r n r a - -is - -mm d ‘:‘;oirsment

- 5 . .1 - ic  -rm- rnma ’’ls used o determine the bearing characteristics

of ~e sb-tie con:is ed essentially of’ (a) a ricid circular plate placed

an a :srenared shale s o r : nc e  rock , ~b )  a. hydraul ic  l ack for applying the

desired load on ‘I.e r-lnte , and C c )  a s:-s ’ em of micrometer gages to

i n di c at e  ‘ i.e amount of settlement . The plates used in this series of

‘- es~-s --mere 8, II., and 140 in. in diameter. The largest of these (140

in .) was a truncated cone-shaped casting 12 in. high. The other two

wer”- of f orged steel , each 3 in. high with four holes in the sides

drilled and tam ed for a 1-in , bolt.

~-6. The load on the plate was applied with a 150-ton-capacity

nydm a.uiic jack which was placed directly on the plate. A length of

hen-n,’ I-beam was used as a thrust beam between the jack and the ceiling
of tI-se drift . Jack loads were measured with pressure gages in the oil

line of the jack.  Plate settlement was measured with micrometer dial
c-ages supported from channels grouted into the walls of the drift. In

f ,he case of the 140-in.-diam bearing plate, dial stems bore directly on

the outer edge of the plate, but for the smaller sizes, the base of the

jack covered the plate so that the dials could not rest directly on it.

To correct this , bolts were fastened to the 8- and 16-in.-diam plates to
sumport steel sthips set in an upright position to act as bearing
rmoir~ts.

35
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_____

I en ’ r so- - i -dune
- ~‘ . A smooth  level surface of ‘he shale was nrepared n:a making

a h o r i z o n ta l  cut w i t h  an i - c  m m m i v .  The bearin g plate was placed on ‘he
shale wi th a th in  layer of n eat . cement grout to till any small irregu-

larities in the surface.

68. Two types of bearing tests were cor~ducted in this series:

quick tests and slow tests. In the cuick tests , time load was as- : l i€--1

in increment s fairl’r rapidly Un to some maximum and then r e l eased .  For

the  slow tests , the loads were t:pplied in increment s allowing deforma-

‘sian under en-ct ; application of load before adding the next increrner:t.

1r all the tests, the load was omplied in incremen ’s of 2.0 m 5 m ,

~9. lIme test urog r am fo r ‘he first test of ea.ci-m size of nlate

consisted or ’ four cycles of’ qui rk loading to 10 tsf in increme’~ c of

2 tsf per 2 mm and a release to zero load at the same rat€ . The

f i n a l  cycle on the 14- - and 140-in. -diam plates and the first test of the

~-in .-diam plate consisted of an increase of rressure to 10 tsf as

before, maintenance of the l0-tsf load until all nnp re rmi -a.hie movement

had ceased , and then the increase of the pressure at a rate of 2 tsf

mer 2 mm untIl the sthle ‘ailed. In the ca-se of the 140-in.-dmiam plate ,

the lQ-tsf loa’r was almost the capacity of ‘he jack pressure system so

no higher loads were applied.

70. In ‘he second and t hi r d  “-es ts  of the 8-in . -dian plate , a f te r

the four quick cycles of load and release were finished , the loading

used was slow, being applied a’ tt:e rate of 2 ‘sf for 214 hr up to the

failure of the shale.

les ’ result -s

71. A ‘otal of five bearing tests on circular plates were per-

formed in the f i e l d .  Tat-len 2 and 3 are sununaries of the results of
-t ese tests. Figs. 114-21 show ‘ -me load versus settlement curves, and

gs, 22-27 show ‘he time -:ersimm : set ’ .lement curves.

72. The ul t imate i- e a r i~ , niue of 10 tsf obtained from the

second ‘es’s of the U~ in._diam plate is not considered to be representa-

‘i-r e of t, i-,~ mass , s ince  it was performed in the same bay as the test of

the 140-in. - d i m u n  plate. Since ‘he 10-tsf load was mainta ined  for 55 
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days or; ‘he lancer- plate without sign or failure of I k e  ~ha1e , it

see med reasonable to conclu-ie t I- at the mailure of the p-in. -diam plate

at t I i e  10- tsm ’ load was due to a locally weaker zone and certainly was

0 t m ea resermtat-is e of the area or the ha-c in which ‘it was run,

Laboratory Bearing Tests

73. IITeaeral bearing tests were conducted in the laboratory on

‘u-smarachn shale taken from the test ‘nit. These fests were made with

3-ln .-diam bearing plates on smooth surfaces of approximately 10-in.

cubes. both quick and slow tests were made as in the field bearing
t ests.  Results of the laboratory tests  are shown in table 14, and load

versus settlement curves are shown in fig .  28. The values when -corn-

pared with the field bearing tests results in tables 2 and 3 are very

hInt;. However, it was considered that the fault was not in the labora-

thrla tes t ing  but that the differences were due to the fact that the

samples were not representative. The only blocks obtained for testing

were of material considerably harder than the clay shale tested in the

field. For this reason, the laboratory bearing test values were given

little consideration in arriving at the recommended bearing capacity

for the Cucaracha .

Conclusions and Reconnn&mdations of November, 19142

7Lm . Based on a study of the results of the tests described above,
the following conclusions and recommendations were made:

a. Field shear tests on the Cucaracha clay shale indicate
that the plane of failure is governed by the
slickensides.

b. Field shear tests results also indicate that an angle of
internal friction 0 of 21.5 deg and a cohesion a of
0.65 tsf should be used in obtaining the shear friction
factor for lock walls founded on the type of material
tested.

c. The ultimate bearing capacity of the Cucaracha shale in—
dicated by this series of tests is 15 tsf.
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75, The foundation test was located in the upper approach area

of 4he oroposed New Pedro T-iiguel Lock, approximately 500 ft from lent

~it Ho. 3 (see fi. 1). Geology of the site is discussed in F-art II.

75 A fter removal of 30 f’t of overburden and eDcnosure of the 
J

shale, the layer of soft carbonaceous shale was discovered (see photo 1).

It was realized that the presence of this soft material would influense

the data of the test , and consideration was given to lowering the base

of the stru cture sufficiently to avoid it. However , since black carbo-

naceous la-,--ers of this type are present in the weaker zones of the

flucaracha and rio reliable values of its strength had been determined ,
the decision was made to leave the material in place and the base of the

structure was located 14 ft below the top of sound shale at elev 28.

Details of the geology of the site are given in F--art II.

Description of structure

77. The structure ‘-onsisted of a concrete base 140 by 50 ft in

plan and 10 ft thick.  The rectangular base was chosen to simulate a
lock wall monolith prototype. It was loaded with 3-in , steel plate,

13-ton concrete breakwater blocks, and miscellaneous thin steel plates.

Approximately 15,000 tons of 3-in, steel alate , 2 500 tons of concrete

breakwater blocks, and 1300 tons of miscellaneous thin plate were used

to produce the final load (see f ig .  29 and photo 2) .

Loading

78. Loads were applied uniformly until a theoretical unit founda-

tion pressure of. 14 tsf was obtained. The remainder of the load was ap-

plied so that the final load produced a theoretical straight-line distri-

bution of base pressure ranging from 7.5 tsf along the east side to 12.5

t s f  along along the west side of the structure. Unit loads of 4 and 6
tsf were chosen for specific observation of long-time settlement because

~ This material is taken largely from Tracy.
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ACCUMULATIV E BASE LOAD
(SIPS PER SQ. FT

L0A D~ TOE HEEL DATE DATE
NO.

t 
LOAD LOAD STARTEDCOMPLETED N

1 (A) I S O  .50 2-14-44 3 - 7 - 44
t (B)f 3 9 1  3 9 1  3-14-44 3 - 2 2 - 4 4  TO TAL BASE LOAD
2 5 .95 5.95 3-29-44 4- 3 -4 4
3 8 0 0  — 8-00 4-10-44 4 - 13 - 4 4
4 ( 0 5 8  9 4 4  5-24-44 5 - 3 0-4 4
5 13 . 1 2 (0,88 6 - S - ’ 4 4  6 - 9 - 4 4
6 5 6 7  12.04 1 0 - 2 -4 4 1 0 - 5 -4 4
7 1 8 2 1  - (3 20 10-1 7-4 4 10 - 1 9 -4 4
!J 2O~~j _ 13.78 1 1-3 - 4 4  I I -  7 -44

_~~~j 2 I  92 (4. 23 11-16-44 I t -  17 — 4 4
23 . 5 1  4 .63 H— 29-44 12- 2-4 4

H j  25.00 (5 .00  l 2 - i 2 -4 ’
~~~t 2 - t 8 -4 4

FIn. 29. Test structure loading diagram
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the’, re the  proposed design values for lock structures to be built on

trt ~ h t  r -armati on in the proposed Pacific Terminal krtke Anchorage

Plan. The m~~cirnun unit load of 12.5 t n f  represented condit ions giving

a a c t o r  of safety greater than 2 for the ~5- ts f  design loading .

7—J . A slow rate of loading automatically developed because of

the size of the test . The rate was f~irther decreased by scheduling

7--iaj rest ir;ter --als bet-~,-eer each loading increment of 2000 tons (l—tsf

ua~ t load on the base). At the 14-tsf unit load, a long rest period of

28 -1a’.-c was maintained to determine consolidation characterist ics of

t- ;~-~ :ormntlon . A ~orc. er rest period of 122 day s was maintained at the
- -‘sf ur-T load , ant , under the fin—i l load , consolidation character-

~st i~ s .-;ere obser-ae-’I lor a period of 155 days . The structure was then

car ’ i~~ily unloaded :or  the m cur n os e  of obser ’aing rekound characterist ics.

~Then the ~1 ’;e r - .e unit F i n e  pressure equaled ~ tsf, a final rest period

was mair .th~ red for 3-0-0 days before allowing the test pit to fill with

water on As-si 18, 121-vT .

Hethods of OFtaining Test Dat~i

- t l em ent  of s t ruc ture

~O. Tn i t i~ l]gr, settlement measurements were obtained by precise

le-;el method;; asin,-- a re icrerce bench mark located in agg lomerate

approximately 350 feet from tI-;e site. Scales mounted at the tops of
0-ft pipe standards at the four corners of the structure were used for

reading settlement values. Early in the test, it was discovered that
the ascur-a-cy of presise le’ael measurements was not adequate for the
measurement of consolida’,ion characteristics. A static water reference

system was installed between the bench mark and the corner pipe stan-

dards. Settlement measurements were obtained with vernier hook gages.

The system consisted of short hook gage wells (6 in. long) installed in
the corner pipe standards and connected by 1-in , galvanized iron water
pipe to a hook gage well at the bench mark. The corner pipe standards

were maintained full of water to equalize temperature conditions be-

tween top and bottom. Corrections were applied to compensate for

55

--—— ----

~

.— --— ---- -  ~~ --—~
.--- -~--~ -~~~--- ---- -- -—-—--- —-~~ ‘- -



—--- -~~~ --~~~~~~
--- - - -~~~~~~~~~~ -——--- — 

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

-,- - - -- — ‘----

of Ler ; -t~. or ;; 4 ,r ~m d -  r i .  ~eadin -s oere cjrrC : -~. ~rcthin ~F ~~~~~~~~ in.

a ; O :;‘ ,- SO O n  - -ace assesc i’.- and the water ;I.ct(cP are shown in

7 and 5.

Di ‘- r~-n~- iai settlement

1. Heasoremenl ,s of the d i f f er e n 4, i a I l  of a ne cirscucm7acent shale

mm ’ - - “ v-c oF~ a ir;ed from F i -;. F. rmc rks grouted ;r1 4.o the shale surface
at ; I - , - ~-r -a a lc  of 10, 20 , ar;d 140 ft : r-om the sides of the  test structures

cl- own in ic. 30. F~erinarement of the mo’aement or subsurface strata was

i-c - : F-a an nc as ~r; }; marks steel rods crou ted into the bottom of

dI e , - 1-0, 25 , 50 , and 75 t t. deep ss showy; in f ig .  30.

- and uhsurface pressures

~2 ir e r ; s - res at the cant -act of ti .e Lace of the structure and
- he underllain- sI-;aie were me-~cured with ~ arlson stress meters grouted

~~to the —;O5 -~~~ et C  - ace as shown; in photo 5. Five F-arlson stress me n - rn
were Io’;;tted at ecual ither-aals a’mross the t ransverse ~~ is of the strus-

ure , ar;d the sixth was 1oca~ed at the northwest corner. The locations

-r e  shown in :ic. 30, and a cross section of the larison cell is shown

in .Ig. 31. t tnsu - ;cess ;u l  attemats were trade to measure substrata cres-

s ire by means of ruaber mells claced -it depths of 10, 25, 50, and 75 ft
in ‘ - i n,  drill holes  located at the senter  of the  structure and 3 ft

we: ’ o f the  west e--1-ge . The cells were 2-ft-long water-filled rubber

‘-‘al m’ 1’~-r:  ‘connected to pressure cages a~ the ground s ur t hc e .  Fpaces

ar ound am-I - e ’ween t he  cells were filled with sand. Late in the test a

;- i e z o m e ~ er  tube was installed to measure pore water pressures , but the

resul*s -cr c -rualitritive rather than quantitative .

Settlement Data

Factors that in fluence settlement

83. l” ttlement of the test structure was influenced by the soft
rJa;:ti—c -marbonaceous layer which dipped below the northwest corner.
‘Fl-ce settlement at this corner was approximately 3-1/2 times the settle-
men t , observed at the southeast corner , which is underlain to a great

depth cith typical cr-ay-creen Cucaracha . The base of the structure
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a: a - Ire- . ~o act at all tIne s like a ri~- i i  slate , although Late in the

test a cr a cK -c ; ’ - l - a t a c -r s:- :s wtt e~ ’~ at the tran::—;erse axis ac slr;Owyi

Tm rd a c. 6 - i i i  7. J’lk;ere is some in /-catIon that a c- -ia-1 - t I on  m a d  ]ur e

mc; - ;-.- have - a- when ti1e a ;~ar;ge load on the ;-;est side of the struc-
- c - a a—ac approx /thel-,- 18 k r m f .  -erimeter seave ;soints ad acec;t to the

;: I ic - of  the stru cture chow- a rise af- er this t ime ( November 191414,
-c --  f ig . - H . )  the evidence is :1 - irtll1r disproved by the continuation of

‘dcc r i s e  of r res .  ‘cr c indicate-i  by the - -  ar lson cells and ‘by the rebound

oh oc-’-urre- c- -I ces tiie stru cture was i c lc j - dCd

/~~~I result :

°L The s’ucjnar’.— of ti’.e settlement data th~-t follows is based on

the a . eras-- c settlement of all four corners of the test structure. An

s-ry cUsthnntion was made between “i~~ ediate ” settlement , that
o curricca .t the inc of load applic--tion , and “intermediate ” settle-

mer;t , that 0-caurri— iarrl-c a rest periods . Fignificant data of the test

are suimnarized in tal-les 5 and 6. Settlement versus time and load

versus time curves for the test are shown in figs. 32-314. A semilog

plot of setthemecmt versus time for the load 5 rest period is shown in

fig. 35. The uplift test during this rest period with the omission of

13 da~T: of the uslift test from the curve made it difficult to decide

if the :ettleme-,ct was complete at f he end of the 113-day rest period .

Llemiloc plots of settlement sersus time for the rest periods of loads
- ‘-11 are shown in fIn. 35. burm a rest period 11, drilling operations
at the site ca used an abnoi~nal settlement rate to occur between the
l~ th and 141st clays of the rest period . This abnormal settlement has

teen omitted on the plot shown in fig. 3 ’ ,

85. Wt-ien the structure was unloaded to an average base load of

12 ksf, a 300-day rest period followed to observe long-time rebound

characteristics. (il-cers-ed rebound data have been plotted on a semilog

scale in fig. 311 . The rebound was only 32.2 percent of the observed

settlement under the same load. The test loading during rebound was

held constant for a period approximately twice as long as the earlier

settlement rest period.
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Uplift Tests

First uplift test

86. 5ee structure was subjected to two uplift tests. The first

test was during the period May 13-23, 191414, when the average base load
upon the structure was 8 ksf. The test pit was flooded to a height of

21, . 14  ft aho- --e the base of the structure . Due to a shortage of water,

7 da- c were required for flooding the pit , and observations of structure

reb ound and contact pressure variation were made under varying load

conditions. The relation between pool stage and substructure water

press ures was observed by recording float well gages , the latter being
connected to f-he drill hole for the subsurface pressure cells. During
the test , the total movement of the structure was within the range of
error of the precise level measurement s being used at the time . Each
‘iarlson stress meter registered a rise or fall of pressure when i ts

reading prior to the test was less or greater, respectively, than the

average unit load . Stress meter pressures under conditions of increased

uplift are a combination of two separate effects. Total uplift over

the base of the structure would cause a reduction of pressure on a

stress meter equivalent to unloading the structure by a uniformly dis-

tributed load of equal amount. The stress meter indication of this

reduction would, however, be modified by an increase of pressure caused

by water which is locally in direct contact with the meter. The pres-

sures observed during the uplift test are indicated in fig. 37.

-

- Second uplift test

87. The second uplift test was performed during the period July

6-20, 191414, when the average unit load upon the base of structure was 12

ksf. The pit was flooded to a point 37.1 ft above the base of struc-

ture by heavy rains on July 6. During this period, the structure

gradually rose 0.015 in. The test was maintained until no further rise
had been noted for a period o~ L~ days. Carlson stress meters indicated

a change of contact pressure distribution during the test as shown in

t able  7.
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- ~-c sc- ,ires

‘~r1son st r~ c5 5

PR . I~x -J- trlcm on stress me erm ; were installed in the concrete
ace - o measure th e  pressure - ct the shale -- on t a s -L see photo 5). mc

-oc.s~ r-c 
-
~~ ion of - cc arlnor, strecc s meter is nm~o~~ in fig. 31. It con—

sis ted of wo slates - ;nn rox icc ~~sc1y 7 in .  in diameter separated by a

t h i n  ncr-cur - ,- hu m wL - i-ch served to indicate c-cry small plate deflections.

~~,e de r l e - c t i o r ;  was magni fied by means of a small internal diaphragm to

which was connected the moving ccunport of two electrical resistance

coils. The coils were wound about porcelain spools so that as one coil

was stretched, the other separated by plate movement. This feature

counteracted the effects which would otherw-ise be introduced by tempera-

cure variation at the stress meter. Pressure measurements are obtained

LIT measuring the resistance to a small flow of current through the

coils by means of a Wheatstone bridge.

test results

89. Very consistent results were obtained using the stress

meters as illustrated by the curves in fig. 31. Particular attention

is directed to meter 1 which gave consistent results to 32 ksf, more

than three times its rated capacity of 10 ksf. Above 32 ksf, diver-

gence from the straight-line variation with applied load is noted. It —
is believed that this is an effect produced by edge restraint of the

small diaphragm when deflected by high loads since edge resistance

will reduce the diaphragm deflection to a marked extent when the de-
flection is greater than one-half the thickness of the plate. As shown

in f ig .  31, the pressures on cells 3 and It became practically identical
as the pressure increased above 8 ksf.  This feature was attributed to

a squeeze of the plastic layer of the foundation material which crosses

the basal contact close to these cells. In figs. 38-1-tO are shown the

curves of contact pressure versus time for the six cells. The contact

pressure distribution for the various loadings is shown in fig 31.

90. It was recognized that the analysis of the pressure distrib i-

tion beneath the structure wovld be difficult with only 6 cell
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lo crt rams , he six -ells I ccd I ee -  a , a~ lac e r a n  cc r -I Locks Iro .r e~:t

e u~ r rcer! c , - -, c , -j w e r e  b y - - t ed  ~~ - . the ctr-a - ‘ i t-c  to d c t er r c i r e  ‘,~Ie t ! - ’I c : c c e r c c e

- cc: cc’ rI - ’ Ii c ’. ci cat ion or l- ,- . In a oumdct~ i or ca ter- : al such as the ‘u—

-1 ar--~’-c:- , - - - I c - r u a t e  ic. or:cc t~ on on c reccaure list ri c,utior could only ha ’e

h -c oc ta l  r I c a  by Lur. c rI -va. er O f  cells c i - ’ r I . u t . Cci over th e whole
- - c cc ,. I rer:s~ire -~~ I .)~~. across Lie rc1,~, c - , er cc e -cxirc of t I l e  stru-cc —

- i s  lnd ±-ca -i in -ic . 31. 11 cchowcc t h i t  c—Ire rrec’cu res c-acre con—

s a l e c - -  11: CX cecs of -er1tc-r c~r ccc s-ir e s  and the I- . ighcct , nrecccurcc were

1 oca r - - j  c i t  - ~- - o  “ - - - - - -

Ill-it cur ‘ace IFet’ .lerceri ~

-1 1. ~ e a s c r - -crcert of f l-ce r-co’ .’eme ‘ of rra: r-’Jr aye s-s ac , ~cc 0: —

F A
~,icc e l Li c .rsinr - ~~4 eel rods grouted into - c . C  Lottom of holes IL , 2 5,  ~O,

c~ , -d 75 ct —leer , the- loc-a ior.s of the holes ccre shown in f i ; -c . 30.

- ci :  ci- S a: ~ C measurement s crc shown as cur’:cs of seLileccecl -
-

cf for tcca ’.’crious rods in ~l. cose results -i re :icni :‘ic c~nt in

‘ha t  -ce-; indica4 ’ that , at a -Ic: I Liout equal to 3 timecc the width of
- - ‘ -c ict c c -  tare , tc:e- s I strata cc ’ t1c:c~en is so small ~s to be not

measurable .

- ‘a Ic -tior- ’, of t~ ri -tare Base

02 . A I- r- -e - crach dc-re-los-ed ir~ tie cc of the ctrcc ; tur e  late in

I - - t o t - o r  1014 1’, . i- :ecords of i ts  mo-rercient s c- -o re al-Lim ed h-ecinninr on
-

- - - em: er 3, 1-aLIt, -‘rcd crc indi — -ated in fig . 142. There was no evidence

‘hat it s 0-c rurren-c e influenced the tes t s since all data continued to

con form to c re-rious observations.

Settlement. a: ~-~r~u~u acent Shale Surface

~3. Settlement of the- -ir -c -cu 1 anent shale surface was verl: small.

- urs-es of se~ tclernecc t versus time are shown in fir. L3 . It is d m 1

cant that the settlement of I l-r e shale surface was less at ~- 1 ,e rior+h e~’~i .
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- 
where settlement or the structure was greater , than at the south end.

- This feature can be attributed to the weaker character of the shale at

- the north end : it compresses more under load but is less capable of

f r - rc s h e r r inm  stress to areas outside of the loaded area.
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PART VI:  REC0~~€IllIA’I’IrNS F CONSULTMJTS

014, A I concc rerc -e -~.-as held in Washing ’ on , D. s- ..  on Februar’,’ 27

c~~d 2P , 1—)i~5, w it h  Dr. ,1~. r
~acagrande , crld Messrs. L. F. thrz-c.~~Toel I.

Just ir i , and W. H. l-lnAlrIine , ‘ consu l t an ts ,  and lTecsrs .  P. ~- . -1/ d’ulet-rooks ,

r . P. : r!- - .-~elb , and I . D. llc ru i t ic  of f -he  O f f i c e , Thief of 1- r I/-1 1 c I e -Fc r s - .  ~s a

- -e sul”- of this -onceren :e , it was decided that safe upper lock chambers
could he bu,ilt at the ulvrcer end of the existing Liraflores Locks to

n ro’:ide c-ircle-llight locks and an anch orage harbor at the si~~~~t le-- el,

s-ro;ided nertain limitations in the desi gn and construction as de-

s cc i t - o d  r elow would h e  followed:
n . it was recortmiended flint the foundation loading on the

‘
~unara -h -c material for fl-ic normal operat ing condit ion s
should not exceed about 6- t s f.  ‘this load could be cx-
ceeded during the ic or ’, st  ru- c t ion period or when a lock
-I-card: er was unwatered for repairs.

b.  The f -ant  that the maximum foundation loading durinc con-
struction would be considerahim great e r  tI-. ~icc the loads
whi ch would be ef recc t ive  during carnal  or -er -ct ion was not
considered objectionable. These L ea n er loads would
actually be beneficial because t heIr would r e -cu l t  in a
major rcortiorc of the consol id-it ioc: a — ‘a rcIng during the
construction period .

c. In order to Lirther e~~edite -o s-cu I-~Loc Jar L n m  n or ,-
: f ru - -t ;or , it was recomrnnende-d Li-c’ :c~I c I cr- Ins i-c in—
stalled in the foundation w it h  s-aita i  1€- - m l e s. l-or
this  purpose , all exrlior i ’ or; holes would : e -:c:e’i b Il
backfilling with clean sand.

d, There was concurrence with the t~~c, t - - ‘- i - re Jesirn tha t  no
depender !ce should be minced  on the- s lid : i r’ac r ’csistance of
the ‘ una r~aca lor”-c ~ion . In merc er - i l , the lengths of the
monoliths should not exceed 35 feet, exr er c t where i-re - ter
length might- be needed for the I— ate blocks .

e. i-Ix ’cca’.--ation should be carried deep enoucrh to remove any
layers of weak carbonaceous shale or any cour e material
in the fault zone revealed by more extensive borings to
be ~Yr-l cL enough or near enough to the theoretical founda-
tion line to weaken the support ing value of the
foundation.
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I- AILIII VII : COPJLi~JS1 11115 AlIt) REC0?’~1ENDATIfIllS

- onl-lu sions

95. ‘tIre results of the excellent tests in bedro Miguel Test l i t

No. 3 have made a major contribution to the knowledge of the b eh avior
under loading of those phases of the flu-caracha formation that wPre

‘ es ’ ’-). 1-lost c-emark-uile of all the data are the 8- and 16-ir. -diam

plate i-earing tests. Tinder rapid loading, the shale acted as though it

were elastic , homogeneous, and isotropic. When such an ideal material

is loaded on its surface, the settlement can be expressed by the

following equation :

s- 1 - 2  2
S = C ~~~~A ( 1 - u )  (i)

c- -here

S = settlement of loaded area

C = coe fit)cient (a function of shape and stiffness
of the loaded area)

p = unit pressure
E = modulus of e l a s t i c i ty of the material

= loaded area

u = Poisson ’ s ratio of the material

T- ’ ciuation 1 can be expressed in logarithms as

log p = log + log 
c(i 

E 

u
2)

Th is is the equation of a straight line~ in addition , the slope equals
unity which makes it a 145-deg line. The results of the 8- and l6-in. -

diam ninte bearing tests when plotted on log-log paper show that the

line is very close to a It5-deg line . The results of the 140-in.-diam

plate bearing tests show a line inclined slightly greater than It5 deg .
The conclusion is that the shale tested acted elastically when loaded

rapidly and only small volumes were involved . The modulus of elasticity
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can therefore be determined from these tecc r :s. The shape of the time-
settlement curve-.: nugge:cts that the Terzaghi consolidation theory or
5jo± corr::oliJt ’- s-cc theory might be used to determine settlement u-c-Icr

conctant loading aver a re - n od of time . However , creep or secondary

comp ression enters the  problem , and thi s settlement could be equal to

the ::ettlec-ccecit due to consolidation over a long period of time . The

cmuestion then arises as to whether or not the 8- , 16- , and ItO-in.-diam
bearing tests can be used for predicting the settlement of large struc-

t i r e s .  I-ar this reason , the large-scale test was performed. Conclusions
on the large-scale test are given in the following naracraphi-.

91. It is unfortunate that the large-scale test was performed in

an n r e a  c-Ice -re the  layer of soft black carbonaceous clay shale crossed

the site diagonally, dipping below the northwest corner. This fact

increases the difficulty of analysis. If the s/A V2 rn tio  is plotted

against the unit load p on log-log scale for the uniform loads up to

9 ksf  the i n c l i nat i o n  of the line is much greater than It5 deg . This
would indicate that the shale is not acting as an ideal elastic ma te ria l

as would be expected because of the dipping carbonaceous shale layer.

Fowever , there are other factors that could influence the inclination
of the log-log plot. One of these is that each increment of loading

was applied over a considerable period of time and therefore the settle-

ment recorded at the end of the loading may include settlement due to

consolidation and creep .

97. The total settlement for a long period of time for a loaded

rigid rectangular area on a semi-infinite saturated porous material can

be easily calculated if certain conditions are fulfilled. The condi-

tions are that the material has mechanical nro’nerties that can be

considered as an idealization of the properties of actual shales and

that the load is applied instantly. Tinder these conditions and if the

total settlement is used , the log-log plot mentioned in paragraph 95
above would be a straight line and the effective modulus of elasticity

E and effective Poisson ’s ratio u could be determined. Since the

shale is not an ideal material, the E and U would be the nverage

for the materials under the loaded area. As the loads in the bearing
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test were applied over considerable time , and rest periods in most

cases allowed only partial consolidation settlement to take place ,

c~ncr lv s is  would be dif ficult  but could be made using analytical methods

developed since the test was completed in l91~6.

Recommendations

~~~~ it is recommended that the results of the Oucaracha Founda-

tion ‘lest and the tests in Pedro Miguel Pit No. 3 not be used for the
design of large structures built on cucaracha clay shale until a thor-

ca~gh investigation of the test results is made using the sor-histicated

methods of analysis available at the present time. This recommendation

is based on indications that the --r ctual settlements of large structures

on flunaraca -clay shale over a long period of time could be materially

di f ferent  than those expected in 19146.
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Table 1

Settlement Data for Concrete Blocks for Shear Tests

Block Itormal Stress Settlement Tinder
No. tsf Normal Stress , in.

1 7.6 --

2 7. 14 0.1145

3 14.0 0.186

14 7. 14 0.218

5 14. 0 0.128

7. 14 0.163

Ta’ole 2

Field Bear ing Test Results

Diameter IJiti mat e Bearing
of Plate Bay No. of Strength Value

in .  No. çyçles t a f  Loadi ng Rate*

140 6 5 **

16 7 14 30 Quick

8 (~~est 1) 8 5 38 Quick

8 (test 2) 6 5 iot Slow

8 (test 3) 5 to 6 6 15 Slow

See paragraphs 68—70.
~ Shale did not fail .

+ Test- result not considered valid (see paragraph 72). 
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‘tab le ~
Modulus of Elast ic i ty  S f rom Field Bearing Tests

Diameter Deformation Deformation E for — 
E for

of Plate 1st ‘ycLe 3rd Cycle 1st Cycle 3rd Cycle
in . — in .  

— 
in .  __~~ si 

— 
rsi

140 0.23 14 0.1314 114,000 2 14, 1400
16 0.122 0.051 10,700 25,700

P ( tes t i) 0.056 0.02 11,700 23, 1400
P (test 2) 0.1140 0.0148 14,670 13, 600
P (test 3) 0.053 0.027 12,300 214,200

Table 14

Laboratory Bearing Test Results 
-

‘

Ultimate Bearing Modulus of
Ty-pe Capacity Elasticity

Sample of Test tsf  psi

Shaft Samp le No. 1 Slow 25 .5  23, 000

Shaft Sample So. 2A Slow 28.0 114,000

Shaft Sample So. 2B Quick 30.5 12 ,500
Drift No. 1, Sample No. 1 Slow 60.6 145,000

Sample No. 2 Quick 87.3 81,000

Dri ft y0~ 2, Sam-nie P Quick 110.0 514,000
Averag e of slow tests 38.0 27, 000

Average of quick tests 75.9 149,000
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Table 5

Settlement of Structure  at Various Loads

-~~rage Immediate Intermediate
S cse Settlement Settlement
Load fe t t lemecc t , in .  Percen t of Percent of

ks c l mm e— Ii- tte Intermediate Tota 1~ Total Total

8 1.082 0.223 1.305 82 .9 17.1
12 1.14142 0.370 1.812 79.8 20.2
20 1 .120 0.790 2 .910** 72.8 27.2

.ett2er , ent data recorded at end of rest period fo1l~~~ng load
placement .

~ 
‘ettlem erct e ru a l  to 0.159 in. induced by drilling operations during

c i r c a l  r ent  r— en i o ds  has been deducted.

Table 6
Set t lement  Versus Rebound for Average Base Load

Increment, 12 to 20 ksf

Reb ound in
Ty-pe of Settlement Rebound Percent of

Settiemen~ in. in. Settlement

Inmiediate 0.678 0.29 14 143.3
Intermediate 0.1420 0.135 32.2

Total 1.098 0.1429 39.1

Note: The immediate settlement was 61.8 percent of the total, and the
immediate rebound was 68.5 percent of the total. The intermedi-
ate settlement was 38.2 percent of the total , and the intermedi-
ate rebound was 31.5 percent of the total .
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,

7
: : c : - i r € - c- 1 un c -  tft li ft ‘Perc h I ~k c - i ’

rec :::ure , kr: c , at liteil 1—leter
‘ond i t i on  - - -

~~ 5 1

l-e f o re fl-oo -iiccg 3 14.50 0.~~~ 14.33 1 .32 13 .07 18.78
- en  ‘l ’ ~Odt):, 32 . 145 0 . ’ 5 14.55 14 .6 5 12.90 17.142

- 
-- ~ maximum nec ound 31.57 10.27 14.~-7 1.82 12 .97 17.68
Af ~ er s-curate-ring 33.08 9 .95 14.33 14.75 13.07 l8.~~

Sbte : t in e-rn -c uni t  base load was 12 .00 k s f .

L _ _ _ _  -_ _ _ _ _ _ _ _ _ _ _ _  
- 

-
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APPENDIX A: ORIGINPLL GEOLOGICAL LOGS OF BORINGS IN THE

VICINITY OF TJE TEST STRUCTURE AND TEST PIT NO. 3
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G LL)G1~AJ~ LoG DRILL. kKJL~ }k-7~ I__ i

~~COV~ (Y
(~~.4) Line P—5 , . ta tion 94,~6O; £z. ~~~~ O~~ 4I ; 0t~ a.t 485’~~ ~R. ~LZV ; 69.6

• V ,,~~,• / - > / ••9 7/.•~•~’~~ i4r ø~~ 6,, -~
69.6 (~~~(k~fla~~t,~ brown to dnrk plastic ~~~~~ eout~ tn ing soee
to.0~ carb~nac*Qu8 ~att et.

TOP 0!’ ~~~~~~~ &$ K
(22. ~) ~~~~~~~~~ i111..14, soft , Iron-stained growi~ and broken

frugients of typical Cucaracba soft , ecu , sltck.naidsd
gu s h .
~~COYti~Y: 4,0’

37.6 1 ¼  CUCi~i~~~Hh ~~~~ soft , green , shicker~sided aba)•, core much
(32. 0) broken ~t frequent interva.le du• to jo int, end •hick.nsid•s,

~e.k , tnc~~p.tent foun~iation rock.1(gcovLcf: 2 6 0 ’

-0.4 TLM~.L D~~’1!~
(70.0)

Classified by £~ L 1 Spain , 5—29—40
Typed by M. ~j fr’tte , 64—40
Cbegkect by~ )~~~~ 4~~3~~4t~

Core Boxes EmptI~~i cc—ILtrmrlor.s fleld Offic• ~~~~~~

I’or Retj~~ Aul 46 SOils, lab.

Al

- V  ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ -—- -—~~~ -_  ~~~~~~~~~~~~~~~~~~~



- ~~ -V_ - ~~~~~~~~~~~~~~~~~~

~~~LOGICAL LOG D.LILL 1U.E PW—2%

(PVD) 1~~~)VERT : ~~~
Line P—8—C; Station 73,~5O; Offset 170’ R 0I~DU)D ELEY ; 65,2’

65.2 0VER~ J!~ fl~ (Dredge fill to about 13.5)
(0.0) CI.~J A*) SILT, very e-,ft , weak , bo ff  to brown dredge fill. Silty and

buff to 9.9, plasti c , in_n c  brown 9.9 to about 13.5’.
51.?
(13.5) ~~~Y MID PEBSL~~, stiff brown clay with nimerous bard water ~~rn pebbles

up to 2’ across.

46,7 TOP OP ~~Ltis~w ~)C~
(18.5) SA*~~rONZ, soft to indium hard , shaly, greenish, broken , weathered.

~~~~Z 0 6 ’ .

46.0 TOt~ ~~ SC~j t~ ~ CK
(19.2) $ S ~~~~~~~V) shaly, medium hard, broken, iron stiined along j oint., green,

~ucaracha formation.

~~: 1’.
45.0
(20.2) SHALL medium hard , soapy , somewha t slickensided end 3oint.d, dense,

typical red phase of Cuc ar acha , with a little local green mettling.
Strength average or a little l.~ i.
l~~~, 21’.

23.0
(42.2) ~1A1A. medium ha rd , somewhat jointed , alickonsided, soapy, typical

greenish gra~y phase of Cucaracha . A little red ~~tt1ing in upper 10’.
Mainly fairly dens., with sape ei.lly den~~ ~~~~ a~~ iud 67 to ~~~~‘.

Strength about avera ge or a littl . less.
KZC: 44.5’.

—25.6
(90.8) ~MA1L indium hard , carbonaceous , dark gray, thin—bedded , brittle, core

s~~~wnat broken down, and dip of beddi ng not isterndnab3..

~~C : 4’,
—30.8
(96.0) ,~~~~~~ medi~~ ha rd , massively bedded , d.noe , soapy, somewha t jo inted,

s lickensidsd , typic4 greenish gray phase of Cucaracha . Strength about
average (for typical soapy Cucaracha) or less.

~~: 22.5’.

(119.3) FINAL D~~’TH
rr - Not.: £11 Cucaracha, mainly sospy, and , as a whole,

weak.r then average,

1 1.sssif ted by: A. E. 5ai~ibexg_, 5—20—42
Core Bo,’es E mpt er~
F~r Reuse Aug. 46

cc — G.e1o~~’ Section (2)
Miraflores field Office
Soils Lab.
Area G.o1o~iht

A2

-
- -

-
V 

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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GTLOGICAI. L OG ~~ TTL ~~~~ NO . P11~ 305

(Pr ’) R~~~ V~ RY: ~~~~~~ ~~ 4,q %
Line P—8—C; Statiofl 70~O0; Offset 140’L Ground t~lev : 65.9’

65.9 QV~~~~!’1!)~~J
(0.0) a~~i , locally silty to sandy, brc win , fairly soft. Scattered

roots . Uay he old flood pl~ui r G eposi’~ ~‘ot a s wea) as dredge
fi ll seen farther southeast , ¶ t i f f  b. bout R ’ . Looks like
old surfa ce , wi th ro ot s and p1~~ t rw~a~’ ‘

~~ t
. ~thri’~ks sons—

what on drti ng.

48.4
(17.5) R 1rS P S , ha rd , fresh , part 1~v rounded , t’as~ . ~ra~ments up

to 7” acros s rec w~ red . C lay nni silt or san d ~atr i~ , if any,
washe d out in drilling .

Y~.4 70P C~ A H ~:-c~D Ftoc~c
( 2 6 . 5 )  SP.ALi, w.~athered , soft , crum bly, iron—stained , bro,m.

REC: 3’.

34.4 It? OF ~ i’~i~ ~~‘~ç (‘~‘or Cu caracr ,a slone factor)
(31,5) — SI1Af1.,~ nedium ha rd , thinly lar~ na t ed , ~ith abundant plan t

re r,airs, 3eddi n~ inclined, Slack.
REC : 2.8’ .

30.0
(35.9) ~~~~~~ c odium h ard , n~ssi vely bedded , slightly ~~~~~~

s1ick~~ sided ; checks and cru nbles . ri dry ing, Greenish ray.
Silty in lower part , wi th scattered lir ~-i c~~~cre tion s. eddin g
obscure, inclined about 150.
R~C: 34’

—8.7
(74.6) SA~~~TO’~~, hard , few jo ints , L’Iue gm ;, medium ~mained. V ery

lirw in upper foot , with ~ossil zcr ~es ar ound 75,5’ nnd 83’ .
Few calcit e veins ~nd joints.
REC : 10’ .

(~ 4.O) ~~~~~~ carbonaceous in upper f oot , then nndium hard , ~oapy ,
much &lickensided , j inted , tynical green ~ucaracha, with local
red streaks,
R&~: 10’ l of 2 V

A3

__ I

______________________________ —V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~V
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G~~WGICAL toc ~tIu. HC ’L~ Pu—305

—31.0
(96.p FINAL D~~TH

4 f r -
Not.: Six inc h core. Fair ~ucar atha to 74.6’; very good,

74.6’ to 84’; the n weak, 84’ to final depth.

Claisified by: A. S. Sandberg, 1—26—42 .
Typed by: S. ~~ P~tton, 1—26-42.
Check ed by - ‘- vs. .

cc — Geoloey Section (2)
Miraf].ores Field Off ice
Soils Lab.
Area Geologist, pacifi c pxea.

2 of 2
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~~ )LOGICAL UIG DRILL HQLE P*-399

(pvv ) a.~ 7~~2~~Line P—8—C; Station 72~O0; Of fset ~.5O’I. G~U)U ND ~~~~~ 66.2’

66.2 ~ TER~JRD))
(o.o) 3aT 1&j ri s~~o, re. email pebb lee , broun, loose. May b. coarse phase

of d redg. fill, but ~.ot weak as usual.
60.7
(5.5) ~~~~~~~~~, stiff , mot tled red and gray , dense , massive, locally cont.ttnimg

weathered rock material and becccing c rumbly , as f rom 15.8 to 18.9,
Plant astt.r in upper 2’.

47.3
V 

(38 .9) BO~JLDF.R5J recovery, for distance tron 18.9 to about 22’ consists of a
few basalt pebb les up to 2~’ across.

V 44.2 7~)F 0? WUC ’ ~~A_TI~ .i~~) JOCK (Bitter class as overburden for slop..)
(22.0) SHALL soft , plastic to crumtly, buff , weak, tyji cal ~~ch weathered

~~caracha.
5~ C* 4.6’ 

V

40. 6 TOP CV WEATHEhED I~ CX (for slopes)
(25.6) SMAJ,~g,, soft to indium hard , c rtsnbly, broken, soapy, buf f  in upper to

greenish g ray in lower part . S~~~shat weathered.
EEC 2 4’.

38.2 TOP OF $0UR ) ~~)Cg (for slopes) (B.C.E. )
V (28.0) SHAL~~~V, indium hard, massively bedded, c~ ewhat jointed, slickeneided,

soapy, dense , typical gr..ni eh gray Cucar acha , of about average
streng th. Slightly carbonaceou s zone around 59.6 to 61’. Loca].èy
very dense . Below 65k , core a little stronger then average . Low
recovery mainly in upper part. S1i~~tly silty in lower part with a
few limy concretion..
REC a 47.0’

—29.1

Note s All Cucaracha.

Classified by: A. E. Sandberg, 5—6..42
Typed hym E. L. Patton , 5—7—4.2 ,~ \e ~.
Checked by: ~~~ 5 - 7 -  42..

~4 ~~~cc — Geolo~~- Section (2)

A5

IL V V 
V V ~~~~~~~ ~~ V •  ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~
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O~~ LO~ICLL LOG ~R1LL HOLE Iit-~ 99

RECOVi~~Y s 92~ 
V

Line P—8—C ; ~tat.ion 72,~08; Offset 9’ Right 0R~YThD EU~V z 60.0’

Fisht ail.d thrcugt overburden ~.‘d weathere d rock zones

(0.0) ~~~SOIL — tine sand and silt , soft , brownish—gray .

57.0 — very soft , olast ic , wate r—s aturated , da rk gray. V

(3.0) 
V

46.0 “ 
~~WVI!* — silty clay with sandy streaks , brown .

(14.0)

42.6 Gravel and sand. Rocks U? to 6” in dia.-aeter.
(17.4) Light gray to yellow . Cave s when drilled into

(loosely con.-’act.ed) .

40.0 T~~ Of’ WEAT~t~RED ~~CX
(20.0) 5HA.L.k~ — .ea~.nero i to tt~ consistency of a stiff clay,

closely Jointed. Color: yellow.

34.9 TC~ Of SGUND ROCK(25.1) ~ fA12 — car b onaceo~.e , soft with crushed scans up to 6” thick , few
oasaltic rocks pr esent nave caved into t~ols from
gravel bed in the overb urden. Br~~en pieces of
harder shale intermirgied. Uppe r oort ions are
of a drab brownish—gray hue . ~ra des to eomeW ~at
harder, ieee disturbed, greenish—gray 8r~ale.B.covery s 5.5 feet.

27.5 _____ — soft cru shed green -gray Cucaracha shale , plastic,
(32.5) contains small pieces of f irm rock. Recovery: 0.5 feet

26.0 SHALE — sodium ha rd, dense , soapy, green—gray, high ly alickensided.
V (34.0) Material in core box probably not re ore sentati ve

of in place roc k con sition , as this interval was
dropped dur ing dri lling and wae run over three tines.
Recovery: 3 feet.

20.0 S~iALE — gray .~green , sliekensided , nediwo hard (soft where dry blocked
(40.0) l.a driLLing), locally ~~-ada .~ to co~~.act , highly

bentonitic , non— s J.cken&iued shale rf & soapy tcxt ur e ,
gou&e t~ -ur.a occaeiDrLal iy recove red up to 1~ in
th ickne ss ax~ a i) thick hls~nly eliekensided horizo n
(ehee~red) cetween ~~~ ana 5 5 4  fees. depth . This

A6

V 
-~ V - V V 
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~~~~~~~
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~~QWi1C..L LCX~ J~IL~ ~LL~ P~—499

interval Ls ~t~::. t~ s a little inferior to the average
Cuca racha clay ~: : V.~~V1e 5 with re spect to its stren gth as
a f ow ,V ~~ation x-~-~~ . A cris~ed zone is oreaent be t ween
depths of 62.~ and (~..I. feet.
Recovery: ~~.C feet.

—4.6 — ~edium-h&rd , silty, c~rhonzceous, dark—~ray, part. on
(6i..4) drying along bedding lamir.ations w’~lcn are inclined

at abbut 12°. i~aeovery: 2.0 feet.

—6 .6 $~NmsroNg — ctdjux~ hard to ha rd, jointed, calcareou.e and contains email
(66.4) broken bit.. of ~thell, occa&ional thin , greenish—gray

shale breaks ~ -‘~~~ s:~.all liny concretione present.Fine grained. kecovery: 6 feet.

—12.8 ~ 1A.1~ — sof t , cru °t e~i anti ehe&re d at too to medium ha rd , silty ,
(72.8) with fra ~~ent~ of oyster shells in lower port ion.

Color , dir k ~r~-y.  Recovery: 6.0 feet .

—20.0 _____ — sof t , crushed , gray—~’reen , slickensided, with with gouge—
(80 .0) like naterial cor.t aining a’i~all luxaps of harder shale.

Gray—green. ~ecove ry — 1.1 feet.

—22.0 No recover! — droppe d core . Drillers log describes the interval
(82.0) as “ very soft — probably go.~ge” .

—27.0 _____ 
— nedium ha rd, slicke:~sided , soapy, dense , ‘~ar iee in color

(87.0) trora dark to olive green , typical Cucaracha shale
(wdleturb.d) and of acproxis~ tely ave ra ge str ength
for the clay sh~Je ne~bers of the foi-,~ation.
Crushed or gcu~ e zore e noted at 97—99 ’ dep th (core
was here dropjx~d and recovi~red on the second run)
Contains a fey U.~y co~cr et iona ry horizons . Base
of successive run s broken by blockin g of core barrel.
Recovery — 2e .O ’

—60 .0 SHALE — aadium h~.i- J , silty, cc.rbor~ ceous with 1/4th inch se~ins of
(120.0) coaly plant or woody na teria l. Cor e aas~ les check

and part along bedding las~inations.
Recovery: 6.0 feet.

—68.0 - nedium hard, soaoy, slickenside d with calcite sea~ras along(128.0) joint pL—~ao.  Color , grc~ - -~reea. C~rades to n~~t
clascificati ?n. Recove ry : 4.0 feet.

SJ iJ~~~ — silty, ed~~~ ha r d , carbonaceous (dies~~inated carbonized
p~~~ .y a.at~e x ) .  Co lor , d~~~~ :V~ gray . A soft, crushed,
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~LOiI~~L IXJ.~ DRiLL H(~L~ P~-499

bro wi. clay hori zon is pr eser t tr ne depth 128.5 to
depth 130.0 f .e . E~TEz There is 7 feet of core
in tho b~x f~ r t~,r 3 feet z.t drilling between 127
~~~ i:-~ fee t. h~ccver7 : 3 feet.

—71.0 SAN~~T~~.~ — cosrse— .’r~ined, hard , “ gr i t ty” , sligh tly f r iable,
(131.0) oderately calcareous , cored in pieces of more than

~~
‘ . :r ~~5 bed is c c.ia~oeed of acg’J.a.r basaltic rcck

gr a in8. Gr ade6 downward into the um~er1ying conglz~ erate .
Color , da rk gray . Re covery : 14.5 feet .

—85.8 Q!~ LC4~3 RATh — ha rd , angular to subrow~ded pieces of basalt of
(145.8) about 1 ‘2 incn average dianeter in a snaly to silty

natrix wh ic h beccur~ee ir~ rer~singly calcorectue with
depth -~‘~i at tne b;.se is best classified as a cong loiaer at ic
1iaeetcr ~e. Color , dark gray becociing light, gray in
ba~al port Ion. Recove ry : 2.0 feet.

li~~ : Hole still drilling . Will be contin~iod f~~
about 7~ feet more . Tnia nole was logged to depth
of 147.8 during drilling operations .

-91.3 SAN L~T~~~ - hard , csdiwg grained becoming fine r grained downward
(151.3) with craly partin~ 8, calcareous , Color, light gray.

Better tr~an average rock f or the Cuca ra cha forastion .
Recovery: 8.7 feet.

—100.0 i~U.E - nedium hard to soft, slickensided and locally cru she d
(160.0) (gougoy) often with greenish—gray or brownish

phases, where the lignit.iC lAte rial is present
to greater extent . Recovery 19.5 feet. About
averuge or gonewn~t below ave rage for the Clay
shale j±iao es of the for mation.

—U9.5 SAli~~T~~ E — ( argillaceois ) soft t~ hare depending upon the extent
(179.5) to ithich the rock has neen distur bed by shearing .

Scattered hard lizoy concretlons, bit s of oyster
shell and numerou-s orbitoidal forem.tnifera. This
is the hi~ries t hor izon contai ning L.pidocyclina that
has been noted to date and is core U.ative to the zone
desigoated as Ua~ “false Cu.lcbra” in the logging of
the drIll hole s in the schene “B” drilling. Sa~ ,le
taken for  aicrofotisll ~der.tjZicatioa. Calcite reams
along steep ly dippi. ng irregular joint planes up to
1/2 inch in thick.n s~ . G~ .zge zone from 181.0 to
182.4 and 187.5 to about 139.0. Is above ncrna l strength
for the Cucaracha f or aa t lon. P.ecovery: 19.b test.
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G L ~X~lC .L LC..0 DE~LL HOLE PV-499

— ly? .0 ~ 1A.LE (carbon.ac.oua) dens. , nedium hard , dark gray wi th ~~ch plant
(197.0) meterial ceexpreesed into layer s. Oyster shells and

other megafoesils noted in short section. . Generally
fin.-grai nod but locally va~iao].y silty or sandy.
8ec~~~ e highly Lign.it ic at about 207.0 f..t. depth and
a soft crushed seam or 1.nticu.la.r am... is pre sent
frca 208.0 to 210.8 feet , which is largely brown,
crushed clay gouge. Recovery ; 14.0 f..t..

—151.0 ~~A1Z - medium. bard to soft , dens., soapy , •Jieksnsided. Soft.
(211.0) goug. horizons betwee n 222.0 and 224.3 and 22$.0

and 229.0 feet , otbe rwi,. is of approz~1me t.ly
averag , strength for the Cucaracha forma tion.
Recovery 33.0 feet.

—173.0 ~~~~~ ( carbonaceou s) genera lly soapy to silty but with th in
(2i~3.0) lignitic layers not.anle. Medium bard with soft

crush ed ton s froa 244.5 to 246.0 and frcn 254.0
to 256.0. Bedding dips about 15 degree. .
R covery; 13.0 feet.

—196.2 SMA.LI& - medium hard , gray-green , typical Cu.ar achs clay shale ,
(256.2) th.th sandy stre ak s. Recovery ; 3.3 feet.

—199 • 5 SA1{D~~0Y1S — argillaceous , gray—green , fi n -.grai ned with eam.1.1
(259.5) rounded ca.lc&reous concretiona , medsrat.ly j ointed ,

dlwi hard. Recovery; 5.0 feet.

—2%.8 S~3~X~ - carbonaceous , with silty streaks , medium hard, contains
(264.8) soft cr-~shed sean~ arzi thin lens... Recovery; 5.6 feet.

Above aver age for the Cucara .cha .

—211.4 Final Depth
(271.4) ~Q%~* This hc/~.e was drilled to pro vide fre sh core

a~~p1es for .xaza.tnation of the consul t ant s , Mr. Moilpime
and Mr. Jus tin, arzi was located within the same
•tratigraphic horizon as the Pedro Migi.~ l Test
area and Pedro Miguel Test Pit. No , 3.

The entire section e,nlored is within the lower and aidd.le
port ions of the Ciacaracna forsa t.t oo.
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GE0LOGIC~.L Ui~ E~ lLL ~~~~. ~ . k~~—~ :~

Letters ~.ono R~co~ .ry : 9.L~
— 

Lino; P— 8— C E 1.~v ; ?) ntfor ..2 35. 5
Stations 71•12 0ff~et: 147 lett

35•5
(0.0) Flat fcrs

~ ).3 Top of Scui..~ Rock — Shale, ~~diu~ h4~d, c1&~’jly J~~~ -~ 1 , de.~ e, soaPy ,
(5.2) c1ic~ensi~~d. 1~ro.~o to C b ~~rt , i r c~~~r r  ~~~~~ ~~~~~~~~~ du~~i_r~ drillin g

slor~g irregularly spaced , u .~- riont~~ ( . a ~es ~~~ ~~~ fz’~u 0.1 to 0.2 ~~ t
in length). 3ecoca~s sli;h~~ y ~~r~~r ~~ i cci r ~~-c~i -1.-~~t~.uL~ 27.7 to
26.0, ~~.it is esoa ntially U,.j ~~zc r~~:~ ~~~~ Ti~in calc~ tc ~~~~~
pro~ar.t along sUci en3id ~4 ~~r1acc~ ~~~~~~~~ o~~~~’t ~~~n 25. 5 and 23.1.
Coro is drv-b 1oc~:ed and cru~ ’.cd to a ~~c—llk~ r . & ~t.eria]. at  the end c’f

• eucc~~ sivo r..u~s.
Recovery — 6.3 feet Sant plo i~o. 1 — Ehri~ t ion 26.1 to 25.6

21.3 Shal e — Light gray, dena o , so.~py ~r~ding t.~ c~irbonLiceous in lower portioi.
(14.0) Rocovery — 1.5 fu~t

.~ ld — Car~x~aacoous , modiu.~ h ard to soft . Der ~~e , ~c~ py and st~fl~r to
(156) ovor3 yir ~g gro~n clay sJ~a1c i:~ str~nr~t; t -. ~1evat ~~in 18.6 , tLir co~ iy

sou~-~ r eccve r~d but c~a~ori ty cr :~at ,r~~1 is ~irgUL~c~ous . Dry.-b1ock~d
and crushed to clay at t~e ond of auce ~iv~ ru.~s (~~ pths of 16.9 foot ,
1.8.8 feet and 21.1 feet ) — gr~dos do~rr~ tr d to ri~xt c1~~~U i c : ii c~ .

Recovery — 5.6 feet Sa~plc ho . 2 — ~1ev&tion 19.? to 19.5
I, 

~ 3 — “ 18.6 to 17.9
“ 4 — 17.6 to 17.3

14.4 S~ia1o — Dense, soapy , s~odium harc~, ~lic~~~ sid~d. Cored in piec.~z~ to 0 .3 fc.3t
(2.l~1) 1on~. Grc.doc in color frc.~ b~o~r n—~~cer. to  o1ivo•.rr ~~~i. ry—b1oc~~d to

clay at the ba , e of au ccc s~’~ runs . Co~~4 in i~cru.;~~~ p.1y 1c::~ j i~ co~
bolow elevation 7.5 (or ~e 2 .2-foot piocc~ r~cov~r~~t ) .  T~i~ is t,p~ca1 of
the avcra~e pt~aso of the Cccaracha clay ~.nLics. Core ~:as dro~ :~od zr.~
recovore d f r om thotha of 43.7 to 46.0 1 cO t .  Sevorol thin ~ci~’~~ stroc.ko
notod in lower portion of reccv~ry (r. ’:~ r ‘pth c; i4.0 feet)

Sc. .zolo ~o. 5 — E1cr~tiozs j 1.2 to 10.7
~1 6- .  “ 7.8 to 6.9

“ “ 7 — 6.9 to 6.3
L N ~‘ 8 — ~.6 to 2.9

N 

~ 9 — —1.8 to -.3.0
“ ‘~ 10 — —3.5 to — .9

e fl — ~ —15.7 tc.— i / . 5

— —•- — .. 

N ~ 1 ’  — 

~ ~—_

_

~

l ~~~ C

~-oi.or ~~~~~~~~~ u-it: ~~~~~~ a-t ~: - - : r , ~- : ~~.~~~~t 3  ~~~~~~~~
in f~~r y  lor-z ~ic~c~ o ( c - .~ c-f :2 :’. ~~

;-
~~ •‘ .~~ -~~ ~~ • •
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C~)U. : f.! C.. th~~;C. t : C.. . • . ~~ - - - ‘~ (~ - : .‘~ .j

—23.3 
~~~~~ 

— !~~_ y ,  c : . , 
~~~~~~~ ~ r b , •~~ 

r - : - v  ~:- v y  ~~~~~ 1o ’ _i~ - a -
(~ q .~~) u~ i1 iw -~ip cf ~- -~ o - ~ ~~~~~~~ o:.~~ :i ~ -. ~~ ..

- ( - ~ - -:. —2 ~~.5)  . ! 1 • ~ c~.
~~~t L ’ - :~.s c f  o1c:c~:?~ ~ r~ • . ~~~~~~~~ • • . f ~ r~-~~— -~-~ j .. .t f z - ~.it
t c \ i t ~.. ( :~ —~ .~~ — :~. .L l~~~~ : — ~~. c~-r :• , 

~~~~~~~ ~~~~~~ ~~~~ —3 j . O to — 34 .5 .
a I :. a g~ • 1 ~~- •: - - r I:~

!:~ covo ry ~- )J.2 ro~ . ; - C.~
. . . — ; : - .~ L~~on — 2 7 . 7 ti  —23. 7

N 14 — N —2-~.7 t~ —~ , 3
‘~ 15 — N 

~~~~~~~~ 
tc~ —34.1.

—3 4 .~ ~~ — C ’ r ~~- •- , ~~~~~ ~~~~~~~ ~. - , ~;r ny•- - •~~~~: . ,  ccr~ ~~ 1t r ~,’t L . ’ of 0.~ foot .
(70.0) C~— .~~j  r i  • :  ~ .-v 1z-o~z - ::- . to —~~.C. rr~~ ’~. r 11::y . -~ ‘1~~ ~-r . rI

a,~:..- . (r ~~ — :~~ .;~ - ~~~~~I~.ocovory — 1.  4 f e e t .

F l cI L.: :-~ h
(a~.3 )

Not o: ~!~i s -
~~ . 1c~~

; ’~ ot t~: !~~r~~t ~~~~~ co:-.~~r ~f tho ~~~~~~~~Four.dz~t i - . ~~ :.t Ct r~~- t . ~ ’~~. ~~~ is ~~~~~~ ir.  tne :.::~.d
roor c-f t!.-.~ k : . r  ~- :t ‘ i~ l~ 1-:~~,: ~~~~~ ‘.1 : j~~ ix~~~ o z~~
follows: 1, dc~~~ l~ U . C tc  ~�.i l~~~t (.)• .  . 5 . 5 )

l’-x 7, ;2 .3 0: .0 fecit. (~~i. —2~.5)
~~ ~, ~~~~~~ ~~~~ t -:- ~ f~.ot (ol. —46.8)

C1 .ojji:~ by T . :- . :.:‘ ~~~~~:~ ::., 1/1~/45Typ~x! b~ i.’. G . ~~~~~~~~~~~ i/ .~ -/~~ 
—

All 

—~~~ •~~~~~~~~~~~~~~~~~ ~~~~~ _ - -  - -



~~OU)3ICAL LOG ~~1LL ~~1Z NO. PW—501

Letter ; Non. Rsccworys 88%
L b s  P-8-C Platform. tlev.; 35.4
Station; 71.12 Offsets W left

• 35.4
(0.0) Platform.

33.4 Top of Sowsct Rock - Shale, dense, soapy textured, nom.-sltekendided,
(4.0) esdi~~ ha rd, olive green grading to gray green. Reeovory - 0.5 test.

~).l ~~~~~ - Light gray, soft, geugey, (11-3 on hardnes. scale) plastic.
Recovery - 0.6 feet.

3).2 $h&1. - Carbona ceous (brow , gOugey is top 1 foot of recovery, soft (X-2
(5.2) to u_,)~ Pir. pieces of da rk gray to black shale ir.ter~~~~d sip to 0.3’

in length . Soft f rom elevation 28.6 to 27.3. M.&iua hard below to
elevatio n 25,6. Dry—block.d at ends of successive rujsa and ground to
clay—like saterial. Gra des to next classification. Recovery - 4.6 feet.

25.6 ~~~~ - Slightly carbonaceous, highly slickonaidsd, dark greenish gra y
1.8) with scattered specks of bright ehin ay, carbonaceous naterisi. Medium.

hard, soapy , dense. Gradee to next classification . £ 0.2—feet gouge
seam. present at depth of 12.3 foot with .~! t green elsy and iroa-staij sd
angular shale frt ~~.nts . Drilli ng fluid ~~s lost at thi s depth and
requi red setting the casing below the broken material . Th fluid .hessd
at the .urfac. at t hre e distinct points, 5, 10 and 20 feet from. the
hole. Tso of the point. of issue were along the trace of to. break that
marks the upslop. limit of the smell slide on thi s side of the structu re.
Recovery 3.2 feet.

23.3 ~~~ j  — Done., soapy, typical peon Cucaratha c].ay shale. Moderately
(14.1) slickensided , nedium ha rd . A 0.5-foot zone of gougey material was

recovered from. elevation 20.1 to 19.6. Succ.ssive core runs show dry—
block crushing at lower ends . Core is of a som.ewhat darker shade of
green than average . Recovery 10.3 foot .

3.0.9 ~~ — Crushed, gougsy, soft , lighter colored than t.rial above and below,
(24.5) smei—pla.tic, haH n.., M— 1 . Recovery — 1.3 fs.t.

9.6 ~~~~~ — Medium hard, dense, soapy, green , cored in long piece.. This
(25.8) int.rwal is typical of the undi sturbed , better phases of the Cuesracha

clay-shales. One 3-foot length of core recovered. Dry-blocked and
crushed to clay at the sds of th, run (elsvation 5.4 to 4.4 feet).
Recovery — 5.7 feet.

.4 - Medi~~ hard, blocky jo inting, psrts along slickensidea into 0.2-
(31.0) foot lengths or less. Medi um hard , iron stained on parting surf aces

indicating the presence of water (free). A 0.3—foot crushed seen present
at elevation —2.2 to —2.5 feet . Core is crushed by dry—blocking in —

bottom foot of recovery of successive runs. (An 0.8—foot soft cru.shsd
tone is present from .levation —3.6 to —4.4 feet. Recovery — 7.8 fest(poor)

I
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~~~LOG1CAL LO~ DRILL HOLa NO. PM-50l (Cent ’ d.)

—7. 8 ~~~~ — Slightly silty, mediurn hard, dense, eark ~ra,y, gradus dowuward to
(43.2) a harsher texture, assuming the characLr of an ar~il]aceous ailtstone.Color dark greon~sh gray bec ause of the presence of f t r u ly disseminated

carbonaceou, matter. Recovery — 4.9 foet .

— 12.9 Sandstone — ArgiU.aceous at top becomes incrc-asirig]y lincy with depth
(48.3) (below elevatio n —15.5 testS. addiun hard to hard, depending upon

calci um carbonate content . Numerous oyster shell fr agments between
elevation —20.7 and —21.7. Good marker horizon. Recovery — 5.8 feet.

—21.5 ~~~~~ - Co.,.ly (highly carbonaceous), medium. hard with layons of black,
(56.9) lignitised wood interapersod with more argillaceous matter . Slicken—

sided along bedding laminae. This material, is comparable in strength
to the average green , slickensided, unfaulted Cucaracha clay-shale. it
is stronger than tho overlyin~; carbcnacoous layer in tha t the gouge
layers are absent he re . Recovery — 2.1 feet.

—23.6 ~~~~~ — Sandy at top but grading to soapy texture in upper 0.3 feet. Below
(59.0) the harsh horizon is typical dense , finu—gr ained clay shale ranging

from moderately to highly slickonsided . Dry-blocked ~o clay-like
material at bottom of successive runs . A thin coc.ly layer (0.2 fee%
thick) cored at -31.1 feet elevation. A 0.3-foot go~1ge seam. recovered
fro m -34.2 to —34.5 feet elevation. This interval i~ prob ably a little
weak er t han average for the clay shale . of the formqtion. Appar ent ly
some of the material was dropp ed and re -dri lled . F±cm elevation —36.1
to the bottom of the hole the rock is more fr actur ed than avcr age , but
the fractures are ‘healed ’ by compression so that 1there i~ little
evidence of weakening other than a closer spacing’ of slickon s. Cores
fro. the fractured and ‘healed ’ intervals are characterize d by a pitted
appe ar ance on the cut sur face. Recovery — 22.5 feet.

‘.47.0 Final Dopth
(p.4)

Metes This hol. was located at the northe ast corner of the Cucara cha
Foundation Teat Structure. The cor e is stored in the humid room
of the Genm’ai. Materials Laboratory, and consists of three boxes.
16 s..ples were taken as followss

Sample Re , Elevation Samole Np . Elevat ic~
1 ha.8 to 28.5 9 —12.1 to —12.6
2 26.9 to 26.2 10 —12 .8 to —13.4
3 17.4 to 16.5 U —21.1 to ..23.6
4 14.7 to 13.2 12 —3 1.7 to —32.1

• 5 7.0 to 6.5 13 —32.3 to —33.2
• 6 6.5 to 6.1 14 —44.4 to —45 .1.

7 -6.9 to —7.4 15 —45.0 to —45.4
8 —7 .4 to —8.1 16 —46.0 to —44.5

Classified -by T. F. Th~~pson , 1/20/65
~~~~~~ v Is PZv.n. ‘1/2(545
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~~~~WGICAL LOG DRILL H0L~ NO. P’i.-~02

Letters None flecover ys 97%
Lines P-8-C Mlov: Platform 36.0
Stations 70.5$ Offs et : 1.4? loft

36.0
(0.0) Platform

31.0 Top of Soupd Rock - Shale , medium hard , light pay, soapy, dense , scattered
(5.0) carbonacsoas leaf imprints (well pre served).

Recovery — 1.6 feet .

29.4 ~~~~~ - Carbonaceous (vari ably) medi um ha rd to soft , w1~~ crushed seams and
(6.6) lenses para1l.~l to bedding. Dry—blocked to cl ay at bottoms of successive

runs . Gougey (mashed ) layers from elevation 2”.2 to 25.0. Weaker than
aver age ~ acar r cha shal e truss elevation 24.4 to 23.5 (soft , finely
l~~~nated , highly carbonaceous) intervening short sections are more
argillaceous aM 5i.i 1~e r in strength propertie. to the avere ~go gre~~ clay
shales.
Recovery — 6.4 feet .

(13.0)7 ~~~~~ - Medium. hard , blocky, core part s on slickensid ed aur face ,, soapy ,
dense . Typical of the average shale phases of the Cucaracha far.atior~Variations in shadee of green from olive to brown . Dry—blocked to cud
at the ends of successive runs. Core pa rts to average 0.3 pieces in
drilling, or al,lor . Can be scratch ed with the fingern ail, leaving a
shin7 cut surface. Gougey crushed seems (not dry—blocked ) fZ~om. 20•4
depth (slevation 15 .6) to 21.0 depth (elevation l~.o) and tress 26.6 depth
(e3.evatiot-. 9.4) to 27.0 depth (elevation 9.0). Iron str. ins noted at
depths of 16.7 and 25.0 (elevations 19.3 and 11.0) indicat e circulation of
free water. A crushed and ‘healed’ zone from 33.8 feet depth (elevation
2.2) to 35.0 feet (elevation 1.0).
Recovery 20.0 feet .

1.0 ~~~~~ - Madisaat hard , green, cored in section. to 2 feet long, moderately slicken—
(35.0) sided , occasioraily with thin calcite seam s along slickens , can be readU.y

scratched with the fingernail , of average or slightly above average strength
for tho Cucar ach a clay shales . Dry— blocked and mashed to clay .t the ends
of successive core ru ns. Grades to next classification.
Recovery — 6.0 feet.

—5. 0 ~~~~~ - Slightly silty, green-brown, becomes browner and more silt y with dept
(41.0) (grades to a material of argillaceous ailtatoro character), slickenaid.d,

with thin csleito semes along slickona . Dry—blocked to clay at end s of
successive runs . Pyrite crystals present along partings at elevation —11.8,
in slightly gri ttier than average mat eri al .
Recovery - 5.8 f..t.

A114
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~~~WGICAL LO~ DRILL HOLE NO. PN-502 (Cont’d •)

—12.2 Sandstone - Variably argillaceous to limoy, medi um. hard to herd, scatte red
(~,8.2) piece. of broken sh.U a present and concr.ttona of limey material are

especially notable at elevation s — 15.8 and —21.0. Becomes carbonaceous
belev elevation —19.0. Poor recovery f rom —1 5.4 to —20.0 (about 1 foot of
core for 4.6 feet of drilling) . Soft gougey’ layer from. elevatiop —24.0
to -24.7. Oyster shall mark er horizon from -24.7 to —2 5.5
Recovery - 10.9. feet .

—25.5 ~~4! - “Coaly’ - hiChl y carbonaceou s, dense , compact , an impure form of
(61.5) Iigmitic coal . Dried pieces ar e lnflaamable . A similar layer has been

found in other nearby holes at the sam e stratigraphic horizon.
Recovery - 0.9 feet.

—26.4 ~~~~~ - Green , medium hard with soft crushed seams, moderately slickeneided,
(62.4) soapy texture. Soft horizons recove red fro m elevatio n —29.2 to —30.2,

—31.5 to —36.2. Core dry—blo’ ked and urushed at the ends of successive
runs. Core samples part to 0.4—foot pieces or shorter. Fractured and
‘healed ” from elev’~Uon —45.4 to —46.3.
Recovery - l~ .8 feet . —

—47.5 Final Doptb

Not.: This hole was located at the eouthw31t corn er of the Cocaratha
?.at Structure . Thre. boxes of samples are stor ed irs the humid
room of the General Material s Laboratory. Sample. wer e taken as
follows:

Sample No. 1 - Elevation 29.8 to 29.5 Sample No. 11 — Elevation 6.6 to 6.0
2 28.9 to 28.7 12 1.5 to 1.0
3 277 to 270 13 -1.3 to —1.8
4 26.2 to 25.6 14 -6.7 to -.8.0
5 24.0 to 23.7 15 —8.4 to —8.8 —

6 23.4 to 23.1 16 —11.8 to —13.5
7 23.0 to 22.3 17 —2 1.5 to —22.6
8 21.7 to 21.0 18 —22.6 to —23.5
9 16.0 to 15.3 3.9 —27.5 to —28.0

10 8.6 to 8.2 20 —40.2 to —40.5
21 —45.5 to —46.2

Classified by T . F. Thompson, 1/23/45
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(~~)LOGICAL 14)3 L~U.LL Hu~~ NO. PM— 503

Letter: None Recovery: 94~(
Line: p-i—c £lov: Platform 36.0
Station: 70.58 Offsets ~~ lefts o-I -

36.0
(0.0) Platfo rm

31.7 Top of Soun d lock - Shale , medi u.i~ hard to s~~t and crush ed. Mediu m hard in
(4.3) uppormost recovery (greer color) — lighter shade below e1evztio~ 31.4 and

crushed . This hole may have entered tho small fault zone that cute this
corn er of to. excavati on ~t the top of the hole.
Recovery — 2.1 feet

2(1.6 ~~~~~ - Wed.i um ha rd , soapy text wed , moderately slickensided , core parta along
slieker. sided surfac es to 0.5 foot lengths or less. Blocked and ground to
clay at the ends of successive runs . Color ~reen. Soft , crush ed ‘gcugey’
soams or ~~~~~ at elev tiona 27.3 to 27.2 , 13.1 to 13.0 , 10.6 to 10.2 ;
oth erw i se is cf about avera ge strengt h for the gr uon slickensided 7haaC of
the Cucar acha cl ay sI~sles . Thi s bed was found underlying the uppe r car—
bors -coous zral e horizons in t t~e pr.vioue3.y—drilled holes. A fra cti’r ed and
‘healed’ horizon is present fror .levatio~. 12.4 to 11.7 &ad fron 4.1 to
3.6 , but the rock is little differ er .t .t th e present from it. pr o—fractured
strength.
Recovery - 21..9 feet.

3.6 ~~~~~ - Slightl y silty,  becoming more so with depth (gradi ng downward to an
(32.4) argillaceous silt .st or.e, slightly car bor~aceo us (disseminated). Color ,

brownish green , modium t~ard, slickensid ed. Dry—blocked tc clay .s ich as
1.5 feet aboyt. successive runs.
R.covor ~ — 7.3 feet.

—3.7 Sand8tone - Var iably limey to argillaceous , ;..edium to fine—grainod , nmdium
(39.7) ha rd to hard (hard layers of oqual strength to calearcous phases of the

Culobra forn ~ition). £haley layers up to 1 foot thick show dry—block
mashing. ~otab lc shaloy horizons (softer) f rom —9.0 to —9.3 ar.d —11.6
to —16.0. Oyster shell horizon at —16.0 to —17.1. Calcite cr ystals
(dog_toot h spar ) pre300t in joints cuttin g the fossiliferous layers.
Color greer to dark gray brown .
Recoverj - 12.9 feet .

-17.1 Shale — Coaly , black , inper. lignitic materi al (will b’~rn when dried out ) 
—

(53.1) slicken si~sd parallel t’D bedding laminao. Is about equal in strength to
undisturbed green clay sh~1e.

Recovery — 1.7 feet.
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C~OL0CIC.U. 14)3 2:U LL ~~~~~ N~ . P~-5O3 ~Cont ’d . )

~~~~ ~~~lu - C,roer., modi un hard to soft . Cored in st ort nioc..s . Crushed zones
(56.8) noted at -19.3 t -  —20.0, (dry—blocked ?) -2C.~ to —23.2, -2’.0 to —22.4,

—28.8 to —31.4 (dry—blockec at end), —3l.~ t —° 2 . 4 ,  —34.1 t.o—%.8, —3~- .4to — 3’ .8 , —38.3 t :  —40 .3. TPLs interval is apparently -.r ro ‘ rcko’~ in the
recovered s plos than was auto in othe r holes pos’ihlv toca us. of prod—
mity tc foromentioned amall fault. Irs ~c tor notes tha t core was lost. and
roeove’a-~ti on rodrillinc fr om — 3 ] .~ to — ‘...8 , an~ —3L .’ to —40. 3 whi ch mt~y•‘art l.3 ly explain unusually brokdr. con~i itio n.
Recovery — 18 .5 foot .

1.3 ~ha1o — L’~rk gray—rreen , modiun hard , ‘case , soa~j  t- sli~ht).j silty , loss
disturbed thin overlying tator 1~J -~nd appea rs i~whet stror.~or. . crush
sc rc (soft) pr.~scnt from — 43.3 t~ —43.9, otho twise geod so.L’ cor C r. covorad
in i—too t lengths or loss.
i~ecovury — 6.7 fe~t .

~t•’?~3 Fj~el Dept t
(83.0)

i’~ote : This ho].~. was located at the southeast corner of the Cucaracha
Foun dation Test Structure . Thr ee bo xes of sazples are stor.d at
the hum id roou of tho ‘eneral ~ater ials Laboratory. Sar~p1es ‘:ore
take n as follows :

Sample ~!o. 1 — 3l~vation 27.9 to 27.3 ~ampld N o. 9 — Zi eva tion —I..0 to —4.7
2 25.5 to 25. 1  10 —17.4 to —17. 8
3 24.3 to 23.2 II —18.4 to —18.9
4 18.2 ~n 17.3 12 —18.9 to —19.3
5 15.8 to 15.1 13 —31.9 to —32.2
6 9.7 to 7.~ 14 —39.0 to — 39.7 —

7 1. ’) to 0.0 15 -41.3 to —4 1.8
8 —2.4 to — 3.3 16 —42.7 to — 43.2

Classified by T . F . Thompson, 1/26/45
Typed by ~. 0. Evans , 1/27/45
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Latter: ~one Recovery: 97~
Line: P—8-C Elev: Platform 36.0
Station : 71.14.6 Offset: 140.7 f..t 1.Ct

36.0
(0.0) Pitt! orm~
31.2 Top cf Sound Rock - Shale, :‘~~~u.~z ha rd , acapy , dense , closely j eir to~ broke;,
(4.8) (cLosely) to elev~.tio~ •,C.O. AU of rucover in fra~nents less than0.1 length. y—b 1oc~ud to clay to 0.3 above successive botto m.s of runs

(ol. 29.0, 2i’.O , 26.0) cru -hed and gc-m ~~:’ section s from elevation 25.7 to
23.7. Gr ades downward t - a darker brownish— green color, lest ~ud
(eir cul~t ion fluid) du-~ng ‘riulirtg above elevat i on 23.0 and return noted
at surface at subsurf~oe sott1m~e~.t -joint N 2~ f eet and at the collar of
Hole PM— 501. .owored easin’ to e1evat~on 23.0 ond shut off leakage .
Recovery — ~.8 feet.

21.5 - 9rown gray, dense, ro~ ’y, sLLjitly softer than overlyi ng rsater~al ,
(1’..5) bocomee hrcwner in lower portion. Ro covery — 1.9 feet .

18.7
(17.3) ~~~~ - Carbonaceo~s, argillaceous to eoa.Ly, medium hard t o soft and plastic,

finaly 1an ratod , grades to an ir.pu~’- 11gn~te in short sections, ~irned
and crushed at cnds of s~mcceesive rua.s. 1 2—Inch gouge layer of gray
plastic aaterie] at clew . 16.7. ~ecevery — 3.0 feet.

15.7 — arown—green at top ( s1i~ht]y carbonaceous) ~radthg to green (purely
(20.3) ar ~illac eois) downward . i~e4ium hard, block0 part s along e1ickm~s~ded au r—

faces to pieces of 0.~ lon~th or less , to ~1ovation 11.0, from elevation
11.0 lo 6.0 , cored in lone pieces (up to 3’ lengths), thi s rock i~ of
avera ge or slightly above average strength for the Cucaracha clay—ahales.
Recovery — 11.1 feet.

6.0 Sha~~ - Green, medium hard , core broken and crushed locally due to dro~~ing
(30.0) and redri].ltng on 2r.ct run. Badly crushed at the end of recovery because

of dry—b1oci~thp. This rock in placo orohably better than would be
thot.~ht f rota the appearanco of the recove ry . Slickori sided ,soapy. Color
gray green wfte o crushed, ~roen in und isturbed sections . Recovery — 4.8 f..t

1.0 Fina l De~pth
(35.0)

Motet This hole located near the northwest corner of the tea t structure ,
4.3 feet fr om the corner of the concrete base , 4.6 north of the north face
of the base. No Indication of artesian flow of water and no unut ual settle—
tamo t of the stru ctur e was observed euring its drilling, less of drilling
fiel d above r ’lcvation 23.0 reacired setting casir.g down to thi s elevation .

~kd loss roac~p’srod at surfa ce aroun d subsurface sett 1~~~nt point 25 N ,
and at the location of Dri ll ~ole i~~-5Ol. Core recovered was placed in
storage at th e humid room of the General ltateria).s Labo ratory .

A.18 
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GEULOG1 CAL ~~f  LB.ILL H~ ~~~. ~.3. PM— 504 (Cont ’ d .)

- Ssmp]cs wore tak ~ r~ and wax—coated as follows :

- S~~,lo N o. 1 — Elc.~ at ion 27.9 to 26.9 Sample No. 4 — Zlevat.ion 22.9 to 22.5
- 2 26.9 to 26.5 5 17.5 to 17.0

3 23.6 to 22.9 6 16.4 to 15.5

- - 7 6.4 to 5.4

Clas sified by T. F . Thompson , 1/27/45
Typed by !. . G . ~v~ zta 1/29/45
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DOC UMENT CONTROL DATA - R & D
S•(.aIIy . ls.~~, Iscalgo, of Sit. . b.dy Cf .5.1,5.1 •,,d n2.. nj avno i. t Ion  ~i..l a Wa.. 5., . , . , ,  r.,,., Ifd.d,I O N I S I N A  T N  S A C  T , v ~~T Y  (C&Wp,S.I. .uthotj 12. R E P O R T  I C C U R T Y  C L A S S I F I C A T I O N

- - I -

~ 

-r  a - .- - .-r ent  - -~ ‘ Oi G R O UP
~~Sb ~~ , -L

S d ee..

• O E R C R I C T I T E  S . O T E S  (T5’p. .f..po.i .., d In.I,.S.. d.ft.)

F !na. re - r ’.
• A UY ~~ O R I S I  (f irtt n.e. m,ddf. inItial. I..: n.m.)

~i h ar - l - . ~~~~~~

• RE P ORT  D A T E  7a. T O T A L  NO OF PA C E S  7b NO OF REPS

S. C O N T R A C T  OR G R A N T  NO 9~~. O R I G I N A T O S S R E P O R T  ROUtER(S)

ar  — ‘L— (
b. PR OJ E C t  NO. I -

~~

.- Sb Ot IT C R R ~~ PO Rt  HOISt (*tSy oth., n. .b.,. d..( y 6. ...ia..d

a-

IS O U S T R I O U T I OPI S T A T E M E N T  

i - - a l  for ~~~~~~ re~ e- - e ;  c c ~~r ,  ho i .  -~~~r c e . .

I I  S U P P L E M E N T A R Y  NO T E S  ¶ 2 .  S P O N S O R I N G  M I L I T A R y  A C T ,  V I T T

1 : - ~~ , h .ef  of . - ‘ e r - , . ~~‘ ‘ - 

3 L e s t _ A c t

T h i c  renort -ia - -r . i e r  - ‘- -i r r e e hie r e s aj t a  of l i~-hl a ’ i i e c  of shales ~f the -Tixcaracha fo r i c ih i ac
- i - ’ -a-,rH ~ - -~~~ ;- .y ‘ a r e i i a l  -c hi e rh a  I l ivAc ion  of The Paria~ a Canal ‘onipany in

‘ h e  ‘Iech~: L 
~~~ - I ;  ?ro , e - t .  ec~ oc: r  Of the are a in ‘he -r i- d o tty  of the then-proposed

-h -’ .et 1 0 k  era  h.e f ’ : e ld  - -t - F a a  were nade , as i-e r e ct e d  in th i s  report , a-a r- based on a
- e -  ew of ~‘e- - l - ~ h 2 I : -r -a-:ai l i le at ~ha aloe of the  ‘a n t s  :r r lecrer r te .i by more recent studies

and exa- ora ’r ior  of’ t he  r i  ar a a i . T forrri i t ioc by o) o g i c t c  of I.e ranania lanaI Company and the  h.  I . Ar n~’
~- ,I : - a . e r  W’ erwa-;r- Is’ r I ’  - Tha ’r j o r . . The ‘wo r - rj c i r - I l  field a i d l e s  d i s c u s s e d  in the report are :

- a - I r a  -~~ - r ’- I an- ’ hI T- r- - i t  wan- . ex -a- .a t e d  in 101,2 . Field shear and t ear ina,-  t es ts  were
- c r - ar - -e l  i- I ’  on - i - -n r - n a -  c lay  n - - a l e , and ! r - - ’or-.- h ear and e- r in f-  ‘es t r -,nere n-i de for c lan—
n - r I c a n  • and - a r n -h- a - r - , n. -l - e : o r .  T, :~ :- inr en- ’ . n-itt - a  was h :t -i~~ted in  early 191sJi , consist ed of
a l - r - e - n n - r ’ n la  a r i a ,’ ‘ of a nnon -r e ’e n - n - c ~O i ,  1 ft Inn n - l an  end 10 ft th ick .  The base , which
cinnnrn - -a ed t a rt of a lock ‘cr 11 “- ann- - i l l ’ - . Wa s 1- a- na - 3d j . a  e e c  over a a e r io d  of about 0 months wdth steel
- l a t e  arid co-a r Ct C to r - r - n a d -u ’ e  mnnax i r iu ” n i r e n i s a r e r n  ci’ .5 t r i  at the toe and 7.5 t n - f  at the eel .  Mexirmon

r a n - c  ar e a  were a-a tnct e tn ed f a r  nat o-nit 5 r o nt ’an -  and 4atenn red -c-I to rn- - - ; ea’a~ c pressure of 6 tsl’, which was
maintained for n-tO - -cii before - non - l a d l r n ~’ the n- ro n - i-era in A ; ru I t-  . -l ea nu r e n n er t r  were made of struc-
‘ ire c e t t l en -e n i t a , : e t e ~ e’ ’ c J a  -ar ~ to the ct rn t u r e  up to it ‘1 a wn-n , and pressures irnanediately 1-c-
r ea th  the  base of the  nr 5 r un- ’ Ire . A ’ ’  -- to -‘a- - n - - i r e  ; -r en-r -ure c  n d i  - e l  ‘it various depths beneath the
— t r - i - t ~~re were not successful . Re—an-ni-n en-l ’ l-nin -nnr ri de by r card  of - n o n n r -u l t e n t s  in February 1915 follow-
ing re -n ew of the test  results are I ‘ n - I n n - l C d  in  this report. The data I ’n d m n -a t e  that settlement of large
n - t r -n - - t ,re s on ‘ - i - r n -nba cia , sta ler -  -n-n i l - I  a h Id er than  s n - t I  - h a t ed  li- i 193i5. It is recorrar ended that
an al-ices  le  n-na -ic of he test data  - a n nini g r e - e n  ‘ - tn-a- a n n n l y ’tj -n al ice ’ boric.

~~~~fl 1( 1KM 1 A ~~~~ RIPI  A d - S  F)!) IORM I4~~ , F JAN 64 , W HkH IS
I M ( V  Cc I ~~ I ~~ ‘)BSOLIIIE FOR A R M Y  USE. U a c l a s s ifj e d

5.curfty CI.seIf ~c.tJon
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In accordance with EI~ 70-2-3, paragraph 6c(l)(b) ,
dated 15 February 1973, a facsimile catalog card
in Library of Congress format is reproduced below .

Smith, Carneal K
Field tests of the Cucaracha formation , Panama Canal ,

19Z12_191i6 , by C. K. Smith ~annI~ R. J. Lutton . Vicksburg,
U. S. Arn~r Engineer 1~ terways Experiirannt Stat ion, l971~.1 v. (various pagings) illus . 27 cm. (U. S. Water-
ways Ebcperiment Station. Miscellaneous paper S_711._16 )

Sponsored by Office, Chief of Engineers , U. S. Arix~ .Inc1t~Ies bibliography.

1. Cuc aracksa formation. 2. Field tests. 3. Geology--
Panama Canal. ~ . Load tests. 5. Panama Canal. 6. Pedro
Miguel Locks . 7. Settlement (Structural). 8. Shales.
9. Shear tests. 10. Third Loc ks Project. I. Lutton,
Richard J., joint author. II. U. S. Arm~y. Corps of En-
gineers. (Series: U. S. Waterways Experiment Station,
Vicksburg , Miss. Miscellaneous paper S-74-l6 )
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