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*BSTRACT

A so0ils survey was conducted in Frenchmen Flat

atv the Nevada Test Site ror the Small oy Event to

rrovile igstrumentation holes and data on the physical

characteristics of the subsurface sofls and backfii!
matorials for Poogram 1 and Program ! p - _ects.
Fleld and lavors ury tcsis were ~onducted to
de.elnine the water content, gradation, censicy, and
strength of the natural snils and the water content
ond density of compauted s0ils used for tacktilling.
Dr!Yliag and cesting procedurvs uced in conduct-

ing the survey and the results obtained are presanted

in this report.
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INTRCDUCTLION

' 1.1 CBJ=CTIVES
: The overall objectives of Project 1.0 Soils Survey,
vere to: (1) ootain preshol usta on the cha:acter and
certuin chysical propertivs of the natural scil to a denth
of 379 feet in the vicinity of ground rer. {ar the 9. i}
Boy Zvent iu the Frenchman Flat (°F, area a: the nevada
Tee* 3ite (NTS), {2) provide holes for the inrtallation
of instruments and sand colums, (3) determine censity
& water content of the beckfill placed armund s*ructures
and in instrument installations, end (i) ohtain postshot
data on csrteain physical properties of the natural soil
to & depth of 75 feet. These activities vere to support
aget.cies participating in Projects 1.2, 1.3, 1.9, 3.1, 3.¥,
and 3.3 in snslyziag blast cffects as releted to structures.
elastic oundation deformevions, permanent foundation
deformations, vertical and horizontal suock vave seasure-
ants in foundation »~ils in the bLlast arca, azd the
salelding effect of sarth cover over structures.

Specific odblectives of the s0ile sirvey vere ‘.,
(1) pre~ide 1-1/2-1nch-, 3-1/2-tach-, d-ttch-, s

1-1/0-inch-dimeeter *oles ranglug. fiol 5 w '35 Meet

-ae =" . ces 4

il -
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deep for instrument and sand column installations for

Projects 1.2, 1.3, 1.9, and 3.2; (2) make presho*
determina. fons of stretiricativii tType, molsture content,
density. strenzth, and compressibility of the in-situ coll
+n a maximum depth of 375 feet for Projects 1.2, 1.3, and 3.2;
(3) determine as-placed density and water content of silt
backfill placed in large-dismeter instrumented holes and
aronnd structures for projects 1.3 and 3.2; (4) <etermine
as-placed density and water ~ontent of send taekfill arovund
structures for Projects 3.1 and 3.3; end (5) mase postshot
cevarainations of moisture content, density, strength, and
compressibility of the ine-situ soil to a depth of 3C feet
or Project i.3.

The specific objectives were accomplished by: (1) drilling

holes by rotary drilling methods for the installiation of instru-

ments and sand solumia; (2) obtaining undisturbed and remolded
caup'es of the inesitu soil from borings and pits, and testing
the samples in the laboratory and 'n the ield; (3) performing
penetration and plaie bLearing tests in the fioid on the in-
situ soils; and (&) performin, vater content &1 density tests
during the placasert of daokfiil,
1.2 BACKSROUND
Repregentatives ol all agencies participting i wh- .

12
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projects were contacted to establish specific soils survey R e e
kAL
BT
requirements and t2 deterwine optimum methods for d~{1ling, '

sampling, and testing the soi.s, DEPEEN

le2.l C(orrespandence and (onferences. The soilc

program conducted by the U, S. Amy Engineer Waterways
Exper-iment Station (WES) was initicted and formulated
through the following letters and conferences: (1) Disvo-
~ition Form, dated 22 September 1961, subi~ci "Weapons
Effects Poc+icipation iu .uturc U. S. Hu)sar Tests (U),"
from Ofiice, Chief of Research and Development to Office,
Chief of Bngineers (OCE), ATTN: ENGRD-SE, Washington,
Ds Ce; (2) letter dated 11 October 1961, subject "Departaent
£ Dofense Scnedule NOUGAT Series (U)," from DASA, IC,
Albuquerqus, Nev Nexico to the Director, WES, Vicksbury,
Mississippi; (3) letter dated 20 Octoder 1961, subjest
"Weapons Effects Purticipation in Puture U. 8. Nuclear
tusts (U)," from the Director, WES, to OCE, ATTM: RWGRD~8B,
Vashington, De Co3 (8) lottes axied 2 Octoder 1961,
§ subject "Project Proposale for Future Wespons Tests (U),"
from the Director, WES, Vic.burg, Misstesippl, %o OCB,
ATTN: RWORD-SE, Weshington, T. Co; (5) DASA plemni
m. 2627 October 1961 ot DASA mmta
Veshiagtor, Do Oo3 (6) Project BWL DY 1 ~iing, 48
Junvary 1062 a% ¥IB; wad (7) dnforwal ecafercaces et WYS




with Program Directors and Project 0fficers before and

during construction to detevmine the soils survay

requircments of cach project and to arrange achedule-,

matlods, cud procedures to accomplish the requlrements
of eacn project on s-hedule.

1.2.2 Projects and Requirements. A summary of

pmdpets and sgencies and their‘ x_'equiremts involving
.;oil-aufvej aﬁppért is given in Tatle 1.1.‘ Tae instale
lations involved fall iu.o these grovps: (1) shafts

or holes, instrumented aud Luckfilled; (2) wall footing
and interior footing structures; (3) buried models of
concrete arch and dome structures; and (4) buried models
ol steel arch structures. ‘

The borings, sampling, snd testing acoomplished to
fulfill the soils survey requirements of the projects
listed in Teble 1.l are sumsariged h Table 1.2,

1.2,3 Soils Busvey Flan. Considersdle soilk dsta
vere availeble on the chareucsiistics Of the subsurface
011 et PP from the soils survey conducted by WBR durtng
the period May through Octula ¢ 1987 for 8hoi #risciila of
Operstion Plumbbod. The gic.ad sero of Shot Smalt k..

was sbout 2,500 feet N of  Shot Priscila
ground 28Y0 and wes in the mnnml 3. w af sol) .
formtion. | T




The Operation Plumbbob Soils Survey hei established
that: (1) the ¥ area is & dry lske bed (playa) luca’ed
iu sn intensmcane basin with a closed outlet and 1s
smoota and flat over an area of approximately 3 square
miles; (2) the playa soil in FF ls & fairly unif>mw silt
formaticn eitending telov a depth of 200 feet; (3) the
in situ dry density of the soil varied from 65 to 101 DL TETEE o Y
(4) the water coutent of the soil veri~d from 10 tr 21 percent;
(5) the modulus of deformation vas generelly about 6,500 psi
for the in-situ soil and about the sume value for the soil
compacted at & water content 3 porcént di-y of optimum, using
standard Proctor effort. These soil data vere sdsquate for
the initial eoil date requirements of allSmaull Boy projecic.
Sinoe specific soll test date were reguired for Smell
aoymcnulmls at or near the various
project installations defore, during, and after construction
of project installstions, the Iroject 1.8 s0ils survey vas
divided into three phases: »relimluary, installation, end
posttest.
| preiiatogry phase. During the preliminery phese, prior
to constructicd, subsurfece soll exploreticns were maia for
Projects 1.2, 1.3, ad 3.2 % mens of split spocn %<’ v,
undisturbed ssmple borings, and sta\.c plate oearing tests.

18
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The split spoon borings provided penetration resistance data
on hie lu-place solls and disturbed senples for viaual
ciassificutiun, laboratery classification, and water conteat
determiuations. Ohe undisturbed sample borings piovided
samples or visual classiJication, laboratory classification
tests, water zontent and density determinations, consolidation
tests, and triaxisl compresgcion tests. The load vearing tesvs
provided static load-bearing data on the undisi.:ded inesitu
coll. Density and vater content samples ¢l ti. in-situ soil
vere obtained adjacent to the vearing plate bvefore each
bearlny .est was performed. Fiald operations for the preliminary
phase vers initiated on 23 February 1962 and completed oa
43 June 1962; laboratory tests ‘or the prelimiiary rhase vave
completed oo 12 October 1962.

Installation phesy. During the installation phase,
density and veter ocubent deterninaticns vere made in the field
oo compacted dackfill during Tackfilling operstions for Projects

‘1e3p 31y 3e2, and 3.3, and holes for the installation of

lustrusents snd sand nolums vers drtlled for Projects 1.2, 1.3,

1.9, and 3.20 Fleld opexations ¢a1 tr2 instellation phase were

taittated oa @ Pebruary 1962 ena completed oo 5 July AR
w Minurbid lq.li voringe wers r°

© subsequent to the shot for Project 1. . Tests ou the |




samples obtained ‘rom these borings provided data on the
in-situ soil characteristics after the shot ifor comparisen
with t&° in-situ soil c<heract. astics before the shot.
Fizld operations cn the posttest phase were initiated on
&7 November 1962 and completed on 4 Pebraary 1963; leburatory
tests were completed on 1 April 1953,

The location of all borings and field tests for inslal-
lations and structures where soils survey suuort was

fumished are shown in *i; .re 1.%,
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TASLE 1.2 SUMMARY OF SOIL BORINGS, SAMPLIMG, AND THSTING

Pioject Thasc Tiuld Zompling and In Situ Testing Fleld Labormtory Testing WS Leborutory Testing
1.2 Frelininary 5 borings, 7-1/6-in.-dismeter from 75 classification 12 dens: ty and wnter conemnt
100 to 375 v Aeep: 7L verer contint determirations deterudnations
undisturbed 9 consclidalica at natuval
water convent
10 triaxisl, WU(Q), wltiple at e
1 boring, "-1/2-in.-dimc=ter, lin Visus' classitications Hone required
Ao denpi  general samples
3 %, ‘ngs, b-in.-dlmmetir, & it Jeep ¥  required ¥one required
1.3 Prelimtnary 4 boringe, T-+7/8-in,<diamete. , Visual classification None Nqulrtdh
350 ft deep: continunus undisturbed
agmple-
3 torings, 7<7/uein.-diameter, Visual clessificetion 21 clas.ification and vater
52 £t deep: 7 undictusbed sexples contant determinations
froa sach 5 consolidetion
5 triaxial, consiant stress
tio
Installation 1 voring, 7-7/6-fn.-dimseter, 30 £ Noas required Mone required .
1) wate: content samples for baekfil. 11 vater content determinaticas Nene required .
material control %
1k density semples for compastion 1h density and water tcatent Eone required f
oon deterninations (‘) 3
Posttestt 3 borinas, 7-7/8-1n.-dismeter, 30 £t Visusl classification Mone requs c H
dewp: contlzuous undisturned i
sepies : () b
) boring, 7+7/8«in.-dlameter, 77 1 Visual ¢)ased “Leation ¥ e vequired i
deep: continuous undisturbed 2
lq'luu 0 £'t; ne samples telow ]
1 voring, 7-1/8-in.-Alametar, 4l (¢ Visuai Classifiostion 3 der3ity and vaver gontent &
anep: \vdlnmed sumples Geterminacions 2
3 vemeisadavivn :
3 triaxial, constent strees
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CHAPTER 2 I,

Field and laboratory operations and procedures used
for campling and testing of so.ls throughout tu.s project
are deacribed in this chaper.

P TR N

The aolle survay praject officer, 4rill arew, lat..atory

e

techniciens, and all soil exploratfon and teusting equipment
were fumighed by WES. A headquarters operstiorns office vwas
set up at Camp Mercury, NIS, and a field laboratory vas set
up iu & van-type trailer in FP. PFleld exploretion snd )
testing equipment used on the project included: (1) a !
truck-mounted, rotary drill rig and accessory drilling
equipment; (2) spparstus for determining in-place density
i of soll; and (3) losd bearing tast apparetus. e field
g‘ij laboratory vas equipped vith the necessary testing equip-
st for the determination of vater content, gredation,

Atterberg limits, and density of soils. Sesples for

strength and consolidation tests vere tested by the

WES solls laboretory in Vicksdurgs

2.1 DORINO AND SAMPLII |

71014 boring wd explorstion included: (1) W' ..ubed

saple borings, (2) srlit spoon ssnple dorings, (3) senerad

 (e4aturbed) semple bort: v, (V) holes for tstrumntaticn,

81

B i A s e B PSR P B Lo . - R - I




and (5) in-situ and compaction control density samples, K o A
Date on ell borings end field testr performed are shown Pog
= Table 2.1,

2.1.1 Uad'sturbul 6-inch-Diemeter Samples. Undisturbed

C-inch-diameter swuples were obtained from borings for
Projects 1.2, 1.3, and 3.2 vith & truck-mounted rotary drill
rig using & 6-inch by 7-3/4-inch dimmeter double-tube core
barrel, a bhasket-type core lifter, and a special hottom
discharge core bit set w1 carboloy inseri:c as showm in
Figure 2.1. The bore hole vas reamed and/or advanced
after cbtaining each sample vith the 7-7/8-inch-dismeter
three-way, caxboloy insert drill dbit, followed by a
; 7.7/8-lnch-dismeter guide (Pigure 2.2). The cvttings vere
g removed from the hole by compressed air as the coring or
drilling pxbmnod. The samples vere removed from the
core barrel as shovn in Pigure 2.3. A ssall specimen
vas cut off  the bottom of each sample and sealed
in & pint glacs Juforun&nMuurmmt
Jeterxinations wsd clessificetion tests. Bach undiwturoed
sample wvas placed on A-M-mm um in
Pigure 2.4, a 7-inch-dismecer Lardboard tudbs ves pla.ec
over the seaple, an® the annular spece betwess e serT' e
a4 the tibe vas then filled vith w-ited pan.fin mnd
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nicrocrystalline wax as shown in Figure 2.5. After the wax
had hardened, the undisturbed samples were pacied in cushio-
ing materlal in wooden shippircg boxes and shipped to the
WEI suvlls 2adcratory in Vicksburg.

2.1.2 Split Sporu Semples. Split spood samples were
obtained for Project 3.2 by driving a 2-inch-outside-

dismeter, 1-3/8-inch-inside-digmeter splitv spoon sampler
13 inches into the in-situ soil by means of e lkO-gound
h-r,v:lth & drop of 30 Laches,operatad U, mesnsof the
catheesd on the drill rig. The borings vere advanced between
samples by conventional rotary drilling methods, using a
three-vay, 3-1/2-inch-diemeter carboloy insert bit rfor
sutting the 201l end compressed air for removing the muttings
from the bore hole. Split apoon semples were sealed in pint
glass jars and stored in the fiaa laboratory for testing.
2::3 Qeners Swples; Oue exploratory boring ves
mule for Project 1,2 in which geseral (disturbed) soll

- samples were taken, mmmmumsthmf_
 vay, 3-1/2-inch-dlemeter cazboloy insert bit to U depth

ot vhich the seeple vas desicid,end all ouitings vere
removed vith compressed alr el vesteds The Mole v
thea advanced 1‘mﬁ,u-mum from thie J-ic
m&n‘m.M‘mmwm. |
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2.1.4 Density Semples. Dencity samples were obtainzed by

means of two types or denzity sempling apparatus. Samyles of
compacted Tine-gralned bacriila aterial used on Projects 1.3
and 3.2 and <smrles of in-situ undisturbed soll in Project 3.2
yits vere taken by means of & drive sampler spparatuc using
3-inch-iiameter, 3-inch-long steel sumple tubes. The

su les vere removed from the tubes inthe field and tested
{mmydiately. Densities of the compacted sana ackfill used
on Projects 3,1 and 3.3 v determined Ly “ans of & LoX
density sampler apparatus since conveational tuchniques for
wanin density determinations could not be used ou these
cohesionless sands. The integrel parte of the box ssrpler
are shown ia Migure 2,6. The sample box vas pushed into '
the compected send backfill until the top of the box vas
ebout flush vith the surface of the backfill. The trovel (H)
vas used to resove sull from under the box flanges us the
mmwmmnn wbun(b)mum
Wumoﬂmwm .. box vith the spacer
22omp blooks (E) toprovide a i-inch extensicn sbove the top

of the vax. The elesn-out w<’s (B a0d 0) vi.a used to

mﬁt»ﬂhﬂﬂnb@:‘rnupﬁmﬁnm***ﬂ
mmummmmupu 00 KD
bars. mm-mm(o)mwawmmmm
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portion of the soil and the blade tool (B) was then used
to ensure remnvel of e rest of the soil tu n .nilorm
depth, All soil removzu in . .s [irst operstion was
discarded. The gpecer bars were shen Lakeu ol and soil
for the density sample was removed progressively irom
the %ox in the same manner td the uniform depih controlled
by the clean out tool. This procedure mede it poasible
+o ootain a sample of mowm in-pluce volume. Fipure 2.7
shovs the soil deing romc 24 {inm the se 1 lexr box afver
the spacer bars lrad been removed.

2.1.5 Instrumentation loles. Holes were arilled
to various MI for Projects 1.2, 1.3, 1.9, and 2.2
for instailasion of sand colums and various types of

‘motmmm devices. Instrumcntation holes vere
‘ willed for Rodom 1.2, 1.3, mnd 1.9 by means of

mmawmmmnummwmorm
-v/a-mmmammmn

| b1t followed by the 7-7/B-insk -tameter gulde hovn

hﬁnn!.a. wmmm-um:-m

.m*wmm““NWH.Mw
'ﬁ. uethod dsscrided ill Mm ﬂololo W""”ﬂm
B holes vere drilied rorProject 1.8 vith a Gelinihes ©ter
. Ivenetype hend auger. Mmt-m halve vere drt .ed




for Project 3.2 with a l-l/2-inch-diameter carboloy insert
drill bit rotated by a 1/2-horsepower electric mo‘or through
svecial, .040-inch-ouiside-dim.cter drill rods. All cuttings
were wenoved fi-m ins*~umentation holes and sand columns by

. compressed alr as the drilling progressed.

2.1,6 Identification and Shipment. Borings and pits

were identified by numbers assigned by proJject officers‘,
as shown in Table 2,1. Semples teken from boriugs and pits
vere additionelly identifie: by cample nuui>* und depth
below ground surface. Samples shipped to the WES soils
latoratory, Vicksburg, for testing were processed through
Rad-Safe and the DOD Support Group.
2.2 FIELD TESTS
Tests performed in the field included penetration

resistance tests and load bearing tests. Tests performed
in the rield laboratory were classification,

© . Attuiberg limits, water content, and density.
22,1 Ponstration Resistcuvs. Pewctration resistaxce
tenta were made in conjunction with ﬁu split spoon sample
borings (Paregraph 2.1.2) by i.cording the nuawer of blows

», raquired to drave ‘he sampler 2ach 6-inch incyement oo ..
: 18-inch penetration. These tests were performed to in.t 'n
data on the velative penetration rer.stance o° ths aoil
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with depth. The rumber of blows for sampler penetration
from & to 18 inches wes wged to expregs the penetretion
resistan.e in terws of number or blows per foot.

Ze2e& i0:Wd Bear.nz. Four loal bearing tests were

performed for Project 3.2. A rit was first exravated,

5 feet square and 5 feet deep. A 21- by 13-inch, 127~
pound I-beam. 17 feet long, was then centered across
the pit and bolted to a pair of channel bea.o anchored
at each end by two 10-inch diemeter soil aiiiors attached
to 10-foot=long, 2-3/8-inch-diameter ateﬁ as shown in
Figurs 2.8as A l-ﬂtoot-lqum, leinch=thick steel plate
vas seated fimly on & 1/ke-inch layer of fine sand in
“us center of the bottom of the pit. A 100-ton-caperisy
hy@raulic jJack equipped with a pressure gage vas then
placed on top of en B-méh-umr pipe colum (see
Figure 2,8b) centers: on the plate and Jacking preasures
vere applied ageinst the I-baam in incremsnts of 1 or

2 tons/sq ft. Rach increment was held until rate of

ssttlement became less thea 1/3 inch in 10 minutes.
‘The test vas continued until a settlement or at least
C inches had cccurred or until & 1osd of b deas.
30 tons/sq nﬂtmm Sottlemeat of e 75 -
mmﬁwmau’wm.mMmmw&




2.2.3 Field Classification. All samples were classified
in the field visually and Atterberg limits tesis were rerfoimed

on seleci.d samples. The ._av.if cation was based on the Corps
of Ergineers Unified Soil Classification Systcm (see Reference
1),

2.2, Fleld Density and Water Content. Deasities of
both the in-situ undisturbed soil in the pits and ol compacred
fine-grained backfill miterials were determined i, the field
on samples obtained with the urive sagpler smaratus. I2usities
of compeact2d sand backfill were determined on sarples obtained
vith the box density sampler spparatus,since conventional
techniques, such as the sand cone aethod and the ballonmn
vwthod, couw'd nut be used in these dry cohesionless soils.

Ihe vatar content of the density samples was determined

in the rield leborstory by drying weighed quantities of *he
materials in pans cver direct heat.

#,3 1ABORATORY T3878 _

Tests performed Ly the WES scils labogatory in Vieksburg
1ncludod clnqinmtic#., density, vater centent, contolidation

he e . 3 1 S S OIS WIS T R UM Y




tests, unconilined compression tests, and trisxial compressicn "
tests.

2+3.L Classificction Tests, Classiflcation tests were

performed on material from selected wndisturbed samples,
including mechanical analyses, Atterterg limit:, and specific
gravity tests, using procedlures described in Reference 2.

2e3.2 Dengity and Water Content Determinations., Tonsity

and water content tests were made nn selected undlsturbed
swples in the WES msoils leboratory to determine in-situ
characteristics of the soiles.

2:3.3 Consolidation Tests. Consolidation tests were
performed on undisturbed soil samples to determine the
compressibility characteristics of the in-gitu svile,
Fixed-ring consolidometers, using specimens 2.5 inches
in diemeter and 0.75 inch thick, were used for all
consolidation tests. The specimens vere tested at their
natural vater contents,and uoc vater vas introduced during

the tests,

Procedures fcllowed for the consolidation tests weie
develop.d 88 & resuly of expe.lence gained during performance
of the initia) phase tests conducted on FF #0i) for Overation
Plumbbeb Froject 3.0 in 1557, Gpacimens sested v
trimed in the hunid <oom, assesbled in the ccnsolidometars,
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and placed in the loading frame, The load increments were
applied at 8-minvte intervals; each test reguired abcut

4 hours, ‘o complete. bnu. »yi~uuens were loaded to 25

tor/sq £t, unloaded to the tare load, loaded to 100 tons/aq ft,
and unlcaded to the tave load. Other specimens were loaded

to 10C tons/sy ft and unloaded to the tare load. The
epparatus was then disasseubled and the final water content

of the specimen deteriniued.

2.3.4 Uncontined Com::ession Tests. lUnconfined

compression tests were made on selected undisturbea samples
by +he controlled strain method, using standard procedures
described in Reference 2.

2.3.5 T.iuxial Tests: Unconsolidated-Undrained, ‘
Multiple-Gage. e miltiple-stage uiccasolidated-wndraied
(Q) trisxial tests vere performed to determine the shear
strength of the soil tested. All test specimens were tm
1a the huaid rocm to @ dismeter of 1.4 inches and & helgnt.

of spproximately 3 inches. The “ssts vere performed at
a constant rate of strain. The multiple-stage procedure
ves used so that the shear o' rength curvocp'cu‘u .

from a single pesimen.
In the multiple~stage procedure, an initisl le ar-d

Pmmmm‘““m““m“‘m’;.widﬁ
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load was increased until failure was imminent as indicated
by the curvature ol the stress-sa<ial strain plot; then

a highe:r lateral press:~ .==° p:olied and the vertical
lond wes increased until failure was azain imminent.
Finally, a third (and sometimes a fourth), still higher
lateral pressure vas applied until failure occurred under
incrsasing vertical load. Except for the use of the
multiple-stage procedure; ivne test method corresponded
with the procedure for trie-ial tests described in
Referenca z.

2.3.6 Trisxial Tests: Constent Stress Rstio. Constant-
stress ratio triaxial tosts were performed on undisturbed
specimens at « constant rate of strain to determine the
stress-strain charesteristics of the soil tested., Test
specimens 1.4 inches in diemstar end epproximately 3 inches
high vere used, After the spacimens had been placed in
the test apparatus, en initial leteral coufining pressurc
equivalent to the existing overburden preasure in nature
vas agplied. Then, incremente of devistor stress and
additionsl confining pressure were applied at a ratio of
b %0 1. The mtic of & proved ad~quate in that the
specinen generally 4id not fail at this ratio. Bxc !

ﬁ)ﬁ the use of the oonstent stress retio, the cond.ize

of the test followed the prosedure desoribed for trimdal
tests in Meferenve 2.
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,'!‘uure' 2.1 View of rots ry drill rig showing ¢ by P/,~inch-MHameter
double-tbe cors harrel and a special bottom discharge core it set
with carboloy iuserts. (MA-W-“W)NTI-M photo)
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Figure 3.5 Undistarbed ¢ -inch-diameter soll samyle encasedfn
cardboard tube and wax. | DARA-395(NOU-9-338-0T)NTB-4" phioto) -
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Figure 2.8a Load bearing test apparatus. View showing reaction
beam, anchor benm, reference bar for settlement gages and
hyaraulic !ack. (DASA 516-4-NTS-62 photo)

Figure 2.80 Load bearing test apparatus - View showing test pit, pipe
column, settlement and »vessure (sl gages, and hydraulic javk.
(DASA 516~5-NT8-62 phota)
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“TAPTER 3

RESULTS

3.1 PROJECT 1.2

Five undisturbed sample borings and one general (disturbed)
sample boring were required during the preliminary phase ta
obain soil samples for testing to deteimine ui: pretest
characteriastics of the =:b irface gnils, ar. : Lorings were
required for instrument holes during the installaiion phase.
lests were psrformed on selected samples in both the fleld
laboreatory and the WES 80ils laboratory in Vicksburg. The
1nazations cf tihe holes are shown in Figure Ll.l.

3¢l:)_Preliminary Phase. A total of 81 undisturbed
sazples and 1 general sample vere obtained from boringu
1.2/G%, 1.2/75', 1.2/200', 1.2/290", and 1.2/800'. Atterberg
lir.'ts snd vater contents wvers run in the field laboratory
on the genersl sample acd on rals.ial cut from the dbotiom
27 canh ymAfeturied sumle. The results of these tasts
sre showno 1a Table 3.1,

Consolidation sid multipi~-stage unocnsolidatel - trwiiid l
triaxial tests vere performed in the WES solls :ati:ct- vy
on 9 select~d samples from boring ) .2/3%,sa8 ~ multiple. gtage .
triaxial tast “as performed on one sample from boring 1.2/800'.

A summary of the e01il propertica obtained from theoe t4e.3




A more Gotailea swmrary ol' conscli-

3 13 ohowm fa Teble 3.2, Pressure-vold

Sk sl

3]

dation tes
.atio curves are shown in Figures 3.1 and 3.2, and stiress-
struin curves wre shown in Figures 5.3 through :.5. Date
and ciurves obtained frum the trimxial tests are shown in
Figures 3.5 throngh 315

The general sample boring, 1.5/150', was drilled lor
use in planning and constructing e shaft at he boring
1ncation, A log of the vo.ing suowing saug.s depth and
visual clasci{ication, together with the disturbed samples
otta. .ed, was delivered to the 1.2 Project Oilices as
soon as the boring was completed., No tests were performed
-u the samples [rua boring 1.2/150'.

3.1.2 Installetion Phase. Three instrumentation

holes 1.2/380', 1.2/675', and 1,2/1150', were drilled
during the installation phase. Also, four holes, 1.2/62,
1.2/75', 1.2/200', and 1.2/200', Arilled during the
preliminary pnase veve cleaned out Yor une al fustrumetilat.aon
iviewe  Thusd hwlos hed De8n LIft ogon mnd anvewnd with
shoet plastic med plywood, tut sobe sloughing had occurred
and partially r.lled zhe hoies.
3 7,2 PROJECT 1.3
Instrupentation holes and dat. on both w. Fietedl.

42
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and pusttest physical characteristics of the subsurface solls
were reguired by Projzcu 1.2, and density anc vater contant
samples ~f the coppacied silt .ere required for backiill
place? in +he large-igmeter instrumented holes luring the
instaliation phase. 1mdisturbed samples wera obtained Irom
12 borings. The localions of the vorings and instrumented
holes are shown in Figure 3.16. Tests weir¢ performed on
srlected samples in toth the lield lzborate-y and the WES
soils laeboratory in vici:zt urg.

3.2.1 Preliminary Phase. Continuous undisturbed

sam'es wern obtained to a depth ol 30 feet from erings
1.3/503.02-1, 1.3/503.03-1, 1.3/503.06-1, and 1.3/503.12-1.
*% some aepths, 100-percent sample recovery wes not
obtained, As a result, offset borings vere made to obtain
undisturbed sanples at the depths vhere samples were not
obtained in the original boring. No tests were performed
by #ES on these samples, The log of these boringe showing
pample depthe and visuul cluseiiscation, together wich the
samples, was delivered to the Project Orficer lor ‘ests
to be performed by others.

A total of 2l undisturiuC sanples vacs obtilued s
specified depths f-ocm borings 1.3/503.05-1, 1.,/5G5.™ *,
and 1,3/50:,0¢ 1, The undisturbed sasples » -4 shippe:



#

to the WES soils laboratory in Vicksburg for testing.
Atterberg limits and woter content determinatiions were
made 0. all of the samples. .ensity tests were run on
15 o7 the caples. Five consolidetion and 4 constant-
stress ratio triaxia tests were performed. A summary
ol' tne 50il properties obtained from these tests is
shown in Teble 3.3. A more detailed swmuary of consoli-
lation test results is shown in Table 3.4. rressure-
void ravio curves are ci wn in Figures ;. 7 and 3.18 and
stress-strain curves are shown in Figures 3.19 and 3.20.
patn and curves obtained from the triaxial tests are
shown in Figures 3.21 throngh 3.23.

Jeced Installation Phase. One instrumentation hole,

1.3/503.01-1, vas drilled and 6 of the undisturbed sample
borings drilled during the preliminary phase were reumed
out for use as instrumentation holes. These holes had
L.en left open and covered with sheet plastic and plywood,
but some sloughing had occuiicu, partially filling the
wWnler,

Fourteen density and w. er content samples were
obtained and tested in lie ..cld laboratory from ui-
compacted silt te-~kfill placed in two 36-inch diuiwt" -
instrumen*ed holes, 1.3/503.0k=1 nd 1.3/5 ;.nB-1, which
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were drilled by others. The silt was placed in 3-inch-thick
lifts and compacted with air tamps. Water contzent and
density wata are shown in Tavle 3.5.

2.2.3 Porttest Thase. Continvous undisturbed sauples

were obtained to a dep*h of 30 feet from borines 1.3/502.02-2,
1.3/503.03-2, 1.3/503.06-2, and 1,3/503.12-2. The logs of
these borings showling sample depths and visual classification,
tocether with the samples, were deiivcred tc tne 1.3 Project
Officer for tests to be pc:.ormed by others:

Three undisturbed samples were obtained at specified
deptirz Crom boring 1.3/503.05-2. The undisturbed samples
were shipped to the WES soils laboratory in Vicksburg for
tagtinge Attexbery limits, density, water content,
consolidatlion and constant-stress ratio triaxial tests
were performed on the samples. A summary of the soil
properties obtained tvom these tests is shown in Table 3.6.

A camary of cousolidation test results is shown in
Teble 3,7. Pressure-void ratio curves are shown in
Meoivas 3 0 and ctress.styain curves are ghoum in
Pigure 3.25. Data and curves cutained from the triaxial
toste are shown in Flgures 3.:C through 3.28.

Borings 1.3/507.06-2 and 1,3/503.09-2 were lc-. - -
and covered sith sheet plastic and : .ywood [¢. later

use us posttesi instrumentation holes.




3.3 PROJECT 1.2

3.3.1 Tnstallation Phasc. Eighteen 7-7/8~inch-diameter

hnles w212 driiled for the instw.lation of nolored sand
coluwnz, Soi.s surve servicee were not required for
Jroject .‘...9, other tran to provide these holes.

3.4 PROJETT 3.1

3.4.1 Installation Phase. Fifteen deasity samples ol

corpaci~d sand backfill). were obtained from efani model
structure installation ritc located as show: fu Figure 3.29
to determine the as-placed density and water contents
ol Lhe backlfill. The water content and density of the
compacted sand backfil) are shown in Teble 3.8,
1.5 PROJEUT 3.2

Holee were required for the installation of sand columns
adjacent to test footings, and [ield tests were required to
obiain strength dats on the in-situ soils. Undisturbed
sem,lcs of inegitu soils and beckfill were required for
lahoratory tests to determine luc classiiication, water
, ucacity, sirenzth, ond comprecsivility of the
soiis. The location of borinye and [ield tusts are shown
in Figure 3.30,

'3+5¢1 Prelimirsary Phase. Four split epoon bai'»v

D-l, D=2, D=3, and D-k, were drille¢ to obtul.. practration

resictance aad s0il samples for tests.
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Penetration resistance deta,end water content andc
Atterberg limits determined from tesis on the split spoon
samples in the ield labcorato.y are plotted with relerence
te dAcpth I Flgure 2.31.

Eight undisturbel samples were obtained from borings
U-1, U-2, U-3, and U-4. Atterberz limits and water content
detewminations were made on the samples in the [ield
leboratory. Mechanical analysis, veid ratin, density,
unconfined compression, consolidation. aud muitiple-stage
triaxial tests were performed on selected samples in the
WES soils laboratory in Vicksburg. A summary of soil
properties determined {rom the tests is shown in Table 3.G.

Stress versus strain curves and soill properties
obtained from the uwnconfined compression tests are shown
in Figure 3.32.

Pressure-vold ratio curves and soll properties obtained
Tiom the consolidation tests are shown in Figure 3.33.

The recults of the multipie-scage triexial tests
wiw shiown Lu Figuva 3.3%.

Four load hoaring tests sere made in iest pits Nos. 1,
2, 3, and b, Settlement versus lowd curves Trom w.cyu: LEBLYS
are shown in Flgu= 3.35.

Density samples ol the undis' irbed in-.i L. 30il -rere
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taken in the bottom of each test pit adjacent to the load
bearing plate and [roa the floor of the structure pits,.
Water content and densily dacu Lvom these samples are shown
in Terle 2.9,

«5.2 Installation Phase, Water content and density

O

samples were obtalned [rom the cormpacted silt backfill
placed back ol the test walls of the footing structure a2
a-ound the perimeter of the interior footins s.ructure.

The silt was compacted in j-inch-thlick 1i7“s %y air tamps.
The water content and density of the silt baciklill vehind
e walls of the wall footing structure are shown in

Table 3.10 and in Teble 3.1l for fill around the perimeter
nf the inlerior rooting structure.

During the installation phase, 88 holes, 1-1/2 inches
in diameter, were drilled from 4 to 16 [cet deep in aad
around the wall footing structure pit; and 62 holes, 1-1/2
ir.:hes in diameter, were drilled from 1-1/2 to 10 feet
deep in the floor of the inte:ic: footing structure pit.
The holes werce bachlilled with colored eend,

3.6 PROJECT 3.3
3.6.1 1lnstallation Phe:~, Density and water - :-tent

samples wvere obtained from the compacted sand ~ack..l in
six model <tructure installation r.ts8, loca’<d a8 show. in

Figure 3,35. 'Mc final density and water contenl data

for the as-placed bHackfill are showr in Teble 3,12,
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T/RLE 3.1 PROJECT 1.2, SUMMARY OF SOTL /ROY.ATIES

Joring Distance Depth Sample Type of Pield laboratory Tusls WES lavoratory Teote -
No. from G2 From To No. Sasple Ciauoifi~ vmﬁm—msm Consolidation Triaxind
cation Limit  Limit Initial Tnizial -
™ 74 w.e A w.e, P ¢
= It e I pet lofeu . Pt I oare pey degreer
, 1.0 5 LA ISR S Y 14 Dictarhed ML 2.0 Wy EINN - ae - - - -
i 20.0 20.1 TA  Dinturbed » 5.0 .- - - -- - . -
el e K Undinturie -- -- -- 3.3 FFNE 14,1 0. JHS
! . . 3. 3.6 N Disturned e N 3.0 2b.0> - .- - - .
40.u 4303 13 tndistusved W .- - -- 6.t 1y.1 L 3.7 1.9y
| 4.3 a. Y 4A  Disturond ML 0.6 .7 1.1 .- .- - - -
: 51.3 5L.% SA  Disturbed . 132 b3 313 .- - - . - -
| 0.0 6.4 6 Udiaturbed ML .- -- -- Yoo oy bz NS 45 2,40
[ RS A Dislorbel [ 5.1 39l 2% -- - - - - --
i 7.6 TR0 TA  Distarbed ML Wb 36 2n P - - . - .-
.0 §3.E { Undisturbed ML -- - - 90.7 176 %2 I oy RS
] £0.0 bl 8 Undiaturbed ML - - - .8 131 9l 1o I 1.7
. oLt BLY dA  Dioturbed w Y6 305 - - - - - -
K.l w0.2 94 Dfeturbed [ W6 30,3 - - -- - - -
Whe Y0 7 Undisturbed ML - .- 80.0 PUN Q3.1 1, tai .50
9.6 4000 104 Dbisturbed W 19.6 30,3 .- - - - . .
10,0 103.6 10 undisturced M - - b1,y ptRe s iy I Yoyt
i 123.6 ws.0  1la  Disturbed ¥L 17.8  35.8 - - - . . .
L;6.0 45L,5 12 Unlstureed -3 -- - -- 80,5  20.7 T 200 Tagd Lod
151.5 15,7  12A  Disturbed W 9.3 392 0.0 .- -~ - - - -
9.6 15,8 134 Dlaturbed [ .2 3.8 27 - -- - - - -
199.9 201 1A Disturbed ML 17.2 - - .- - - AN . .
'f‘ 225.0 225.¢2 154 Llswturbed L' U My 24,4 -- -- -- - .-
! 250.0 251.5 16 Undistarbed . - - .- ey . [T TR SN 4 1
2507 @007 164 Distarded ML 15.6 2.0 3.7 .- - - - - -~
) \ AT ™ 10,5 0.7 14 Dintarbed . wE B 2,
1.6 22,2 A Dleturbed [ 15.2 3Ty auT
339 0 3A  Disturbed Y 9.% ©.T 2.
8.0 L YA Dusturbed ML 9.4 30,9 Q1.0
S Sat SA Bletubed w U5 3eG 28,9
6.0 L.l LA Dleturbed Cl-iL  17.86 LLb 2u.n
.2 6 8  Disturded CL-ML 16 2.6 26,
Wy T SA  Disturbed M-CL 1u.h 30,7 203
Ul.6 Bl.&  10A  Disturbed n w27 2
9.y ®.2 1A Disturbad ", 1.6 3.3 Lot
101.7 1009 124 Uisturbed w 16,6 3.3 2u.7
LD 0.8 10 14 Disturbed w U5 .0 267
9.8 20.0 27 Disturbed . 153 - -
[N A Dimturbed 8 FU-S T
39,7 39.9  aA  Dinturbed w 3.0 es .
b9.5 4.7 YA Disturbed L 13.7 W8 30,0
60,3 6.4 &% Nisturbed . 6.6 w2 @k
M0 N A uisturbed o 1.0 6.t @1
70,0 6&.0 SA Plzturbed L e - ..
91,2 Y3 94 Dastusbed [ 154 359 29.2
- 100.3 10,5 10A  Disturbed [ 8.9 332 7.4
123.0 1230 1A Datwrbed = we B0
15000 156,80 13A  Disturbed " T 1.2 &y
173.8 476.0 xt: Patursad u. L7 IR UPK S N
199.8 0.0 Disturbed ) 1.1 - .
! RS 134 Disturded w 9.6 W0 T
3.1 3. oA Disturbed w 0.8 B 9.8
L0 W 0.3 U3 A Dlsturbed ] 10T . 332
nl .t e thrbed 1% jLY 0.3 M.
.0 .8 en Bisturns o 1 w26y
41,3 AL.T A Disturbes w 133 Wy dih
5.6 516 b1 -3 T W 6.0
&.5 a8 6A " Wl 3T, e
n.6 n.o T ] 5.1 W 2.8
bl.6 K8 A Disturbed n JAPL I I S LT
- 9.6 U Diawwr! @ - R VR 2’1.5
1R.0 10N 1A Disturbed " Wes o vy
LA ULe A Distred " e P N
iy Lt 1A Dleturved " (20 B { PR R
» 3o .0 AW Dlewried o 33 Nae 26
Wit L0 WA {vemhed n ' B .8 .0
1587 18,9 A Dlowireed L W N LY
LA W0 1.3 . A Dlet ved w 133 ¢ L)
19,8 200 SA sdsturved " 152 e .-
o 7.0 " arbed [ Y By
w.e .t M Burbed " at+ . p
Lt aly W Dot o M. n.8
Wb o L T " b .. [
N e ra Dlawaresd [ (L0 I TPU (1
Wk 19,0 WA swrea ' o e -
[3 IR X0 N wrted n LTI ORI ¢ ]
100.5 100, WA Dlaturteq 1.3 Wb e .o
H08 UL0 LA Dlawmrked [ .l B s
Mo VA Bat vy " 1) e .
3 o My LA Motwrbed [ L I TS (2Y
A0 3350 M dewrbee n Wt e .-
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' TRE 3 J MOACT 1.3, KIARY OF SOLL PROPERTIN (PAITIST)
>~ y . —_
t W, Ustnse fample 14 P AR TeS A
' S v T IR e R R
] @t o v, " Limit e % AN s <.
n n on pev /e
1.)/303.05-4 180 PlOWY 1l WA 3 9.1 ™ - ® -
€1 01 2 tewn . B ., - 3 »
9.1 101 H Wdiowate 1.9 b » 3
.8 u,‘ Whiswurved W 12.8 . % :
19,2 0. 3 dtevated = Wl B o
Bl a-‘g £ Wdistwbed W 196 - » 2 {
[YOURN “X SE BT erreT . Y w06 W7 »
(SR SN DU z.l A 1 wmiletaed B ot - » ] . - . .
¢ 1 3 dietwrted » nae 63 n » . - . -
1.0 i wilewAel B ua e g n .- - -
83 u.l Udiotusbed B T ) . .- - -
n1 Y. z 3 wy N % o e - .- .-
9.) g Wwiteusted 8 ni %3 a * - - - - -
w.e b 7 Glinetd & V- » - - - . -
L300 0 WLy L pinwted B % N » »n 0. 10y Ml WS
v 83 2 " Ny W ¥ n - - .- -
v owd } Baad 2 a B & ot -
Wy 3.0 reTeee . " %1 xY 1) - - - - P
- i 34 x lbotartad " wy M6 n = N1 ne we WP
g:x X ddonted w0 » - It - «
o o) T Wwiewad W v.s A S Y - .- . -

* fgnsiame einitable fey triasial test.
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TABLE 3.6 PROJSCT 1.3, SUMMARY 0% SOTL PROPERTITS {POSTTEST}

Boring No.

Type of
Senple

T Frastls Gousel1d

nElon T friaxial

1.3/303.05-2

undiaturbes
tndigturbed

Undisturbe4

bjeu 't pue

v,

2ea?

2.1

15.4
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TABLE 3.2 DRAICCE 3.7, WATER COUTIMT AND DEXSITY OF
SANDN WACKEILL

V‘Stn‘xcture Pitv locetion Fit Sa{::ple 74 W.Ce .
Stalion No. Jo. o
irom G2 :
ft 1b/eu £t pet
514.05 "y i 14 Pt ¢.3
514,06 290 2 @l 03 O.b
51L.01 320 3 3 o043 -
514,04 320 3B w.n Vo3
514.02 365 4 ha 100.5 €.3
514.02 365 LB 101.4 0.4
514.03 420 5 3 101.1 0.5 -
514.03 420 3B 102.0 0.3
514,07 Y ] H #.e 3.3
314,07 Lxs 6n 101.6 0.4
514,07 Lus 6¢C 101.8 0.k
. 514,08 525 7 TA 99.5 0.3
514,08 528 2 9.3 0.k
Faedh £3% e 2 173 Tl

514.04 630 88 120 0.3




TAHLE “, 6 PROSCT oL STMAARY DT PROFTTTIES

B3 Pet
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aaple w Sp. Votd 34t ca- Vste,  Ory  Shewr Cobeston
Ya. Locetian swpth :or 1v 8t v Sle.o [ viass. Cr, Batly ¢ Qontent Den, Crrength < ¢
Pet Tt pef '.-; [T} Tegives

STATION 5.%.0 . VALL POOTL4% S5THLCTVHE

Test Pt %o, 1 S.o . B <
Teet Pit So. 1 5.0 - L2 9.3
Tedt il M. o S - AL i
Test Pit Mo, o N - M 0.2
Floor ar face ' - ML 3o
0T O Txiav. -- £ o

Bortns 0“0 . lax. Clasu v L . . "
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Tro. ™ 3.10  PROJDCY 5.2, WAT. . CONTENT AND DENSITY OF SILT
BACKFILYL, FORR WALL FOOTING STRUCTURE, STA 515.01

e cmm— e

Location Deplh* w.c. Wet Density Dry Density

ft pet 1b/eu £t b/ecu £t
NW Cosuer -7.9 19.2 110.8 92.9
Nk Corner =7.9 19.4 119.0 99.7
SE Coraer =7.5 25.2 113.3 9.
Nv Corner -6,h 20.1 112.2 9.0
Nt Comer ~f.4 20.8 120.6 99.9
SW Corner =5.h 9 107.2 83.2
SE Co.ner 5.4 23.3 116.8 94.5
5 Middle -3 b4 110.1 ('S
N4 Corner -5.2 18.8 11, b 93.5
N2 Corner =5.2 17.9 11,2 9%.3
<. Corner -9 20.1 118.0 98.4
SE Corner 4,9  19.7 113.8 95.4
W wm.r ‘“‘h 20.7 110.6 9108
NE Corner 4.4 22,2 115.0 4.8
5‘ COA'DOI' '309 20.0 123o6 1'\:203
83 Com.!' '3|9 21.3 121.0 ”08
NV Corner -3.7 19.2 119.6 100.1
A Comer 3 19.7 120.0 100,
NJ Corner -2, 19.2 108.0 90.5
n @mr “2.8 190" 115-6 %06
S8E Corner 2.3 20.8 120.2 9.5
S Corner '108 20.6 112-" 93.,
W Nmﬂl‘ 'los 19-" n°a6 ?Qos
NE Cormer '1.5 1906 10'.'.9 ;w-s
3" ler '1.1 16‘3 M0l‘ 91.7
“ “n.r '1;1 15:9 ”08 85.0
i Cormer ‘009 a)oa 11c.C 91.0
NE Cormer ‘009 N 8 m-h 92-,
SN Corner 0.7 2.4 118.8 7.3
88 Coruer «0,7 a.3 115.6 9.2

*Dapth balow origine’ ground surfe¢
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% W & T

TAELY 3.1t PROJRCT 3.2. WATER CONTENL AND DENSITY OF SILT
DACKKILL AROUND INTERIOR FOOTING STRUCTUkL,
5TA 915.02
Lozation Depth*  w.c. Wet Density Dry Density
£ pet lb/eu ft 1b/eu ft
SC Corner -1.8 0.6 108.3 on,,
NH CD].'.ls.r -J-lb 2009 10333 8505
N Middle -i.8 20.2 110.) 91.5
SW Corner =1.2 =1.8 1.k 9.2
N‘: comer ‘102 21.0 l:.:u 9205
KW Cormer -1.2 210 113.6 v3.8
SE Comer =i 20.3 107.2 89.0
NE Coruer «1.0 16.2 110.0 94.8
SE Corner -0.3 17.9 103.4 87.8
S Corner <0.3  17.h4 101.0 6.0
NE m;ﬂcl‘ "0-3 1801 92.8 8\“03
M Corner 0.2 18,7 96.1 02.5
W Comer +.0 17.6 100.8 85.9
SE Corner +1.0 6.2 98.0 84,3
NE Corner +1.0 6.1 100.0 86.2
L4 Corner +1.0 17.4 100.6 85.5
W Corner Crade  17.% 10 .g 88.5
&4 Corner ornde 16,9 104,98 85.7
Ot!ltll‘ Ol’lﬁt 17 . :) ‘ 03 -‘) 38. s
8E Comaer Orade 1.7 102.2 86.2
ME Corner Orade 13.2 10k 88.s

#pepth belov (=) or adove (¢) original ground surfe..
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Fi{gure 3.26 Project 1.3, ceosulidaticrn tests. stress verusvs stialn (posttest).
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