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I N

S'~~BSTRACT -

A soils sao1rey was Cond'-uced in Fretv,;1un.n Flat

at the Nevada ¶Tst Site for the Small Loy Event to

-rovidae icatrumenttion holes and data on the physical

characteristics oC the subsurface so!Js and backfi.Ll

matorials fu~r P.'otretn I and Prograim .4 p%%ecc L.

Field and labori vry tcsas were oncudcted tc1

deý.er±nc tzm water content, gradation, densitq, and

strength of the inatuml soils and the water content

and density of coMPa&ted soils uced ror taext'illine.

Dr '.2. an mnd Lesting procedurea -aced in conduct-

ing the survey and the risults obtained are presanted

in this mzort.

4.4-
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•TAPTP-R

INTRODUCTION

1.1 COBJL.TIVES •.

The overall objectives of Project 1.. Soils Survey)

ver,. to: (i) obtain preshot .sts. on the cha2&tter and

certain I•hysical propertios of the natural soil to a depnth

of 375 feet in the vicinity of ground -Pr.., inr the ". 11

Bo) Zvent Iu the Frenchman Flat (IF; area at t4w devada

lj; siý (wrS), (2) pr%'vidp holes t'or thc in~tollatiom

of Instrwoents and sand columns, (3) determane density

&&,A 'dter conteint of the backflll placed around structures

and in instrument instllationse, eand (:•) obtain pouitshot

data on certain physIcal properties of the natural oil

to a depth of 75 feet. These activiUee were to support

AeLcOiea paztIctpating in projects 1.2, 1.3, 1.9, 3.1, 3.0,

eWW 3.3 in wAeylig bleat etfects as relaed to tricturee.

elastic roundation derorw.ons, peurmnunt rowidation

defonmatIons, verrAl and horizontal saock vwve masure-

asate in fo itltin wtls. in the blas. a-m, teA the

nielAiM effect )r earth ,ow'r over stmewturoe.

Opeciric objeoitvea of the soil* uarvey vera

(1pmI"UW l-1/2-lmi -, 3-1/2-itnh-# 6-it-Ch-, Oule

7-7/§0-Lncih-dLmatr lole. tamugJ. tas ý i.z rV est

C ** -

• a "



All

deep for instrument and sand column installations for

Projects 1.2, 1.3, 1.9, mnd 3.2; (2) make preshot.

determina ions of strt1-.l ut1.,: type, moisture content,

densitty. strength, and compressibility of the in-situ zoil

-o 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-diameter instrumented holes and

aroind structures for projects 1.3 and 3.2; (4) ý,etermine

as-placed density and water =ontent of se.0 1, ekfill arnound

structures for Projects 3.1 and 3.3; and (5) ma1ce postshot

ceeLiainations of moisture content, density, strength, and

compressibility of the in-situ soil to a depth of 30 feet

or Project ,.'

he specific objectives were aeccapliuhed by: (1) drilling

holes by rotary drilling methods for the installation of instru-

ments and sand solumus; (2) obtaining undistuzoed and remolded

saTlee of the in-tAu soil from borings and pits, and testing

the samples In the laboratory aen I the Zield; (3) perfOrmug

penetration and pLat•s bearing tests in the field on the in.

sitiu soils; sad (4) performint, water content .A density tests

during the plaewwet of baekf±iLe.

1.2 3AMR3IUND

Representatives or all "=alsees partiao4at. i n .

is



projects were contacted to estqblish specific soils survey

-equ"rer.ent2 a- d t:, eitex..ne optirn•.m method., for d'•,lling,

camp]iir, and testing the soi-s.

... 2.1 COrresp:zadence and uonferences. The soi9±

proerem conducted by the U. S. Army ERgineer Waterways

Expe;riment Station (WES) was initiated end formulated

through the following letters and conferences: (1) D•Jt.ao-

,ition Fozu, dated ý2 September 196., Subeý 'Weapons

Effects P. cl.• lption " .uturc U. S. IJ.)":iar Tests (U),"

from Office ChAief of Research and Development to Office,

Chief of Engineers (OCI), AM: ==D-=, Washingtoa,

D. 0.; (2) letter dated 11 October 1961, subject "Deparent

of Defense Sonedule NOMA? Series (U),P" frw % oA IC,

'wmee •me 3ttots Iartiot'ca MU Mut U*. 8. Dleiair

4sts (U)," tron the Dfetoe, W , to 00, AM D-Mv,

v iatm, D. 0.1 (1) 1ett. A 2a1 October 1961,

eaabJq~et "bojeee�t Ne el. VOuMu *@+a (0),"

ti, m the, Ils-a eetot, Yi& •xg •Maaauies i, t

151

I~~~i~~iiIft IIlt..Mr DJMW =# "At i li nIIi



with Program Directors and Prolect Offf.cers before snd

during construction to dete•rmine the eoile .urvey

requ:imrents of each project and to armage scb-dule-,

m,,UMd8, ,d procedures to acccp2.ish the requireents

of eacn project on s.-hedule.

1. :.2 Projects end Re.uirements. A sumexy of

projects and agencies and their requirements involvinR

.ioil-3urvey support is Given in Table 1.1. -oe instal-

lations Involved fasll iuo these groisps. (1) shafts

or holes, instrwmented aWl •i s"killed; (2) wall footing

and interior rooting structures; (3) buried mdels of

contrete arch and dome structures; and () buried modele

or steel arch structures.

Se bore•lns solings, and testing waelisbhed to

fulfi the soils survey requiremnts of +he projects

listed In Tble 1.1 re wtsmarised Ia Tabe 19.2

10201 Souls MMvy1u. miee~ soils data

were available an the eamu aAAtieb of the aabeierfce-

sonl at N •r •he - owils uW ao by 1 • W urft

the perIod hay thouigh OWtAi r 1957 for SWo Prlslila of

OpeatI PIUMIbob. 2W GAAd sero of "hod Smd' k..

e bat k S0 feet N Of So ,iboter UA

----- romaSI I * &I WI In I"t"e AI # I 4.l Ir I I

14



The Operation Plumbbob Soils Survey had established

that: (i) the ie? area is N dry i!ke bed (playa) luca.!ed

iu an interw-qntane basiP with a closed outlet and is

smooth and flat over an area of approximately 3 square

miles; (2) the playa soil in F? -s a fairly unlf,=. silt

formation etending be•lov a 1epth of 2D0 feet; (3) the

in situ dry density of the moil varied from 65 to 101 l';?u ft;

(I} the water content of the soil vari"d from 10 t' 21 percent;

( t) the modulus of defomt:.on was generlly about 6,500 psi

for the in-situ soil and about the son value for the soil

coq, LCed at a water content 3 peroent dry of optima# using

standard Pmotor effort. ftese soil data vera adequate for

tas InItalt soil daft roquiri•ente of all S mall Boy pocectC.

Sicew spesoio sol tat data wero required for Small1

Boy PRP• M I and 3 at or near the various

pioject instalations beforep dring, and after construction

of proj•et inetallatinsa• 0 roject 1.8 sois survY was

divied Into three phases: *r'l*UazamW, Inste•lat~ tzon ad

VOUAM ME M. WiN the p ie iaRy ph sei prior

to v~a~~nsbufc olep*tfB ere M1

iist~ed ~Le orin s, a%% &ta.c plate bearing Atseas



The split spoon borings provided pe.etration resistance dats

o0 VIV iLi-place soils and i.•turbed sa-ples for viximl

c.aisificutikn, laboratory classification, end water conteat

determ'uat•ions. 'he undcsturbed sample borings piovided

samples for visual classL'ication, laboratory claMi fication

tests, water content and density detezzinations, consolidation

tests) and triaxial compression tests. The load beeaing tosscb

provided ezatic load-bearing data on the undis.2 .bed in-situ

t.oi!. Density end water content samples c t•.. in-situ soil

-ere obtained adjacent to the bearing plate before each

bearti :lest was performud. Field operations for the prellminar

phase were initiated on 23 February 1962 ara ocupleted on

J June 1962; laoratory tests :or the preliaAm. y ;ha-e v9-

ampleted an 12 October 1962.

InsU baltinubs I. 4w the Inestalation phase,

sWety eind water ecntent det werena mMe In the field

n comae beakfill du-JAg .backfil.n operations for Projects

1-3, 3.3, 3.2, Ma 3.3, and eole, ror the ortallat.ae or

±astrseint ead saad 'muams were ried for Projefti 120 1.3,

1.9, &W 3.2. Field Operatos CI V2 Paan Vpase roe

initiated an 2 6ebruaI7 9k62 a• aoqA.eted an 5 Ju3- :.,.,,. .

Ell, •isturbed seLe boring vet$ r,

suabsequenit t& the diot for pvoiftt It ets W VW

Sehe• •es.



samples obtained from these borings provided data on the

ii.-situ soil characteriztics after the shot for comparison

with ta,, in-situ soil ý;-aracr. Lstics before the shot.

Field operations cn the posttest phase vere initiated on

27 November 1962 and oompleted on 4 FLbr•-ary 1963; laboratory

tests were completed on 1 April 1963.

The location of all borings and f'ield tests for instal-

litions and structures where soils survey slRi.Ort was

furnished are shown in ri! ,re 1.1..

S'1'
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L231E . SL.WAM Or iOfl BORINGS, SMFPjft, AN"D ItSTING

Flvjact rtmasc 7.1-4 Zo~iling and In Situ Tiesting Field Labocratory testing V.3S Laboratory Teuting

1.2 j-relieinarY 5 borings, 7-7/8-1.in.dimsetor from 75 riass'fication 1P doen: ty' W~ eutor mnmr
IM0 " 375 ", 4"r! 71. woter contunt dettrairations detendnations
undisturt"e 9 0mI9.iidaLkon at nat'".&a

water content
1 boring, '/2n.date 11.I. Vieub, cluaitlcations None ,equired~;genearl sullieS
3 bo. Ings, 6-in.-dimostor, loopee 1&.. required Mone required

1.3 ?rtel~nmn I. boring.., 7'.7/8-ift..GsUet., visual Clasuification None requeotde)
30O tt deep: coOtiflutA*5unleui
sample-

3 boringss -I.-o-i~e, Visual oiussific~ticn 21 clav.. ication man water
$) ft dee,: 7 undietusted sampes content determinations
Crom each 5 consolidation

5 trI39dsi, constant street
reeic

Installation I1 boring, 1, 7/6,-iu. .dimseter, 30 ft Nome required Name required

11 usaA., content owles for backf il. ).I water content detoemmiationn *oue required
material coureial

14 density 9m%4es for eceopstcon 14 density &Md Water eowtoet Comes requiredi

PoettestO borings. 7-7/8-iA.-dimeUetr. 10 ft Visual cleeeiticatiun, 1"e requ
deep; coatlnumoa isw~et.

'bowing, 7-7/S-iR..dA0etoro 77 ft Visual ClosasSicaoticn reuIred's
dee: Catlt.,eUS uad4*tU*e
mawles to 30 Itl so @&*Us be'u

I boring 7-7/5-ta...dtaetrp At ft ViGUetL c.1esIfioetion 3 GurIty end voter econsent

p5?'ofstn stdltau se"e

I boring -A-u.-im r 76 ft Neo" required Wig' required
Leap: no somlae nequired

1.5 thotailatico 16 borings, 7-7/46.ia..iemter, 10 iem reqjitreG bP, reqUipe

3.1 Zeetet~laila 17 610111l 1040 f~te 96"MUMtla 17 G016Vm dt watser esetet beme required
getrel 4,temstattems

t"Inere k %w'r 64. i-,.-a-ditr 1.5 32 ekaealtlUta ieee weQtedd
Mt "eIp IS 60*74s scqle VoS i4 water smotetGtsiii.'
pwotnsalm seedtetme per Wefss 74 pecetvallom seelahse

btest pita , a ts a % dee lb GeAd Waving thsan am required
S haetq en water mustlo

t~up 1et6,7./-i.4es.3 ft 4 elinOftftelr traltitt, IIJ(4)p M1UP10 pe tfin

mopoams$ @1 rtl

laetodlattae 150 besiege "-I.i.diet as required iem requiares

lo *001V 000" of at Mu Neut sl b Smetw wee eater s ~ m" Ie
Zethamdi 40 haoiti) "Wife r"e em~sepett to~me "d "Mr nemteet ame requlrd

1.q khst&.Atus, AS deatit4 samples for eypeeui Go issett enate*A minte

p emAttel 40601ssadatme

ftoe deuvearm to ON har stat



'9.

3 I/M4.O?.P?*

I USSE .,91? 4

�- I

IgOONW-U: it/OZ&IB'31�
*MF4W- - ,iiox
I*idO�W- - ja/lasi
*flNW '7 I IMO SE

Ifl.,4W C 0.-11905t

*jia.a.a - -. *-- - '.aosg
I .'iSO�@)*- -Ia'?s

- �* all..
1 '�t: *� h,

l.a 1800

-- �, p I �

- - Pft)ACT a a w*i.� '214.�

I? ChIN. I1�1llI. 51501

J iIYIWl SI? i

S.AC? �3 engm� F0,�¶INS

� a ?UY �Ya-, f Pm4YWt.SYAII.#4 SIt ?I
� lISPS

, am,

Sn. I
"E.g

I
I

-N-

I

a m,��iuWbuIU m m h�
. bSYtJISSS aa.t masm MMLWt.I.StadgatS W�U m�---- in
* e..�wS UMUS teat, --

R NSYSI 31J3J gIIi�imIU4? SUW m w M'sSY

Flpto 1.1 Plan it I'rIng, stre, sad pAt lomintioes.5 40



CHAPTER 2

Field and laboratory operations and Prcedures used

f or aMpling and testing of so.-ls throughout 1"s project

are described in this chaper.

¶ W9a olt stirvey projaet offleerj ittll ntrow,, 1et-atory

technicians, and all soil emlorat.%o, and teutin6 iquipent

vrcre !•irished by WM*. A headquarters operations office was

set up at COw Mercury, NM#, and a field laboratory vas set

up Li a van-t4•pe trailer In F?. Field exloration and

testSing equipment used on the project Included: (1) a

truck-momteu , rotary drl riS and accessory dAillg

*quipmentl (2) qMiaratus for deteniniag An-place density

of sotll and (3) load bearing test gparatus. e field

laborstcry was equpiw~ with the necesmar testing equ#-

aunt for the dmten'dnatltm or water acatent, gradattoBD

Atte1r limits, and domelty of soils. 83ee for

strength amn aomuodstim tests were tested by the

2.1 30111 AND SmEIS
field %ad" a e.plontm Inds (1) M'e

sme. borp) (a) NUt aun m ( o#1 bo gs (3) emOMs

(dlstUzAed) sql. bwi af Coo baolfs I MMMasz~ b~ft

II



and (5) in-situ and compaction cantrol density 1p10e.

Data on ell borins alit,! ePIP tactA pprflrmed srYe shoun

5~Table &I-1.

.lo.l ',%Csturbua 6-inch-Diameter Sailes. Undisturbed

6-1nch-diameter sa~lett were obtalned from borings for

Projects 1.0, 1.3, and 3.2 with a truck-mumted rotary drill

rig using a 6-inch b, 7-3/u-inch diameter double-tube core

beare1, a basket-tMie core lifter, and a spe'1-l bottom

disoharge core bit set "u4.t cazboloy in' r fas slhown In

Figure 2.1. The bore hole vas remed and/or advanced

after obtaining each sle vith the 7-7/8-Inch-disiater

three-wv, cazbolW insert drill blt, followed by a

-.7/8-ianchdineter guU.e (Figure 2.2). ,he o,..*t.i,, aer

remmed fz= the hole by ociressed air an the oring or

drilling poigesNd, Soe moles were removed rm the

core barrl au as a In Figure 2.3. A small sPeainm

vwa out off the botbom of me ueqle 40d sealed

SIn a pint glas ja for use In Sb.Lig Water i0tent

ltaerdsattn.s sod oal ifoaelti tests. Ua&h tU,,~bd

"*Ise Va PINe aW a pooed ".omm bseok 6 in in

Figur, 2.4., a 7-• • ,,,,r Q,.aruawd tne Wee p3e.9,

O we mo uqles W~ the. iular Was betWeen0 the uwir

j ma thet tUs b was then ftlle wi.th W1te.ld Pa.'A d

I1

H i ll J I • I "I i --1

--...-. ". -' i ..- .---.,-- .



.lcrocmstalllne wax as shown in Figure 2.5. After the wax

had hardmee1, the undista.irbed saMples wemre pwite•.e n ruahiom-

Ing mt.Aal In vooden shtppic boxes and shipped to the

M 6v1s "acrato* In Vicksburg.

2.1.2 sMlt §= .e•. Split spoon sale were

obta•Lied or ProJeOCt 3.2 by driving a 2-inch-outside-

dimeter, 1-3/8-Inch-luside-dismster •lit; a asp - sm er

13 Inches into the In-situ soll by aams of P a O-Vound

hammwith a 6M of 30 Laheswoperla 4d u; maasct the

ostheed an the drill rig. So0 borings vere advanced between

sowlles by acaventionna rotary drillng matbodev using a

the'.Ws,, 3-1/ S-lna-damstr aabola' Insert bit for

zaktigthe 1.ll end aom.remed air top rwrize th*e nuttiu

Strm the bone laes 811t eam amss won sealed In piat

glw j as st•re• in owe fiesd laoramo for t""Ig.

2*1.3 CMIeIM SINNIs. On eQ*ortox7 boring Mes

nows fbi P1oJet let In *0amia gsara (distwaed) SOil

e9m*% were tam. 2e boring ws ad•vaed with a them.

Vat, 341/2.tw4m'4imar oedwe Amsat bit to tieo aepth

at I1ddh ate saqpe vus A..i~A 5 d %U. a mp wer

rmve wilth efas• "t &A m& a, .2w Whe bole

& thin asmeed ft t~md A21 eufttia trm *A*. 3. c

Pinetutisi were mot am a zep sustat. iaqL wt.c.

eAle In ~ at P.MOw Jaw 9biaer t& estig.

I

• " ' -_.,.,. I' '" "i



2.1.4 DensitY SeOples. Density samples vere obtained by

means of two types of denctity sampling apparatus. Saw)les ot"

ccwpac ' fine-graineld b*,iJ..U" aterial used on projects 1.3

and 3.2 and mW5leb of in-situ undistuzrbed soil In Project 3.2

kits 'rere taken by means of a drive sampler spparstuc using

3-inch-liameler, 3-inch-long steel somple tubes. The

saemrles were removed from the tubes Into field and tested

iurndiately. Densities of the compacted emu * .aafil1 used

on Pmolecta .]. and 3.3 v%-r detersined by -,ot. of * Wx

density sampler apparatus since conventionral tmaiques ,'or

density 8eteriunatioes could not be used on these

coeiesl e sends. The integral parth of the box awupLer

,w aowa ;A Ware 2.6. 2we sale box was pushed into

the mpacte4 i "sn b"o U til *t te top of the bo was

about f IU& vilA the SIOufSa of the be*=ll. OWe tratl (I1)

was ed to rimov stl fx miur the bo Clasp s he i
boxia "fbtos a to tVe so* Neow bar (D) Vet. then

Stened to *e frl e tp o " b• o -A* the Spacer

tU blO*@M (3)topw d* a_" e.4ah WIoM above tbe UTo

or +the "X,. IN cum-out tuc's (S MA C) Va..$ Use to

r rg~smoe the M"i Crm the box * a*# Owtb a eniold' '

p=_M I*"a (C) the AWol tD teth the top oa"

bare+. The ,on-like .,--.+ (0) wee -i to -m -+ I

Ai
++'i



portion of the soil, and the blade tool (B) was then ued

to ensure reanval of 1J:e rest of the soil tau rt .i•nirm

depth. All soil remo- in ' .s i.rst operation was

d'.sca "ed. The spacer bars vere t-hen tae oZ' end soil

for the density sample vwa removed progressively Z-roan

the box In the same manner to the uniform depLh controlled

by the clean out tool. This procedure mode it possible

ft obtain a sample of cwwv in-place volume. giiure 2.7

hovs the soil beine Y w--- od frnm the iet% 'e. box a,%er

the spacer bars had been removed.

2.1,5 .. str.msntatioan %*e*. Holes were a.-illed

to various depths; for Projects 1,2, .1.3, 1.9, and 2.2

rIo last%%) 4 of sand ol,,s and. various tps of

insr~ntatsto devloes. Io nmatation holes von

oA1e for Pojeota 1.2, 1.3, aud 1.9 by mas of

thd tiuek-mwA•te tao drill M by use of the

T 7./8.-f. 11srm tree-W agbolage drill

""t,s fbtod by the 7.?/8-t 'tm tr p s dK*w

to Fiprm tog* qaaLst*ed 6isa-41iinte? 4010e

:wen abtdaood fnem am of e lastumAt .:2UwbV

the 1100tGUMS SArie VWVaP 9bur~ .1.1. Mas'i1H.'.'

holse Vone GrIM for Prjet L&4 with a 6." * ts.Ar

Aft-p WAww Usttvmmtot3m bba."' wve g ad-d• I1I
£ ii,



for Project 3.2 with a 1-1/2-inch-diameter carboloy insert

drill bit rotated by a l/2-horse•ower electric iiio3or through

snecialp, ).040-inch-ouLside-dia)..jter drill rods. All cuttings

werc. -eovea fx 'n ins*'umentation holes and sand columns by

=ompressed air as the drilling progressed.

2.1.6 Identification and Shipment. Borings and pits

were identified by numbers assigned by project officers,

as shown in Table 2.1. Samples taken from bnr:iigs and pits

were additionally identifle : by cample nz'rumZ and depth

below ground surface. Samples shipped to the WES soils

l aoratoryp Vickbburgp for testing were processed through

Rad-Safe and the DOD Support Group.

'ý.P FI3LD TESTS

Tests performed in the field included penetration

resistance tests and load bearing tests. Tesba pertmad

in the field laborato-y were classification,

Att•r.berg limits, water content, and density*

2.2.1 Ptmetration Resistvcuu. Pefttration resitn•a

+seat vere made In conjunction with the 01t spoo sawplee

borings (Paregrq* 2.1.2) by ir.ordjng the nmer of blove

required to drive the seomler ',t,:h 6-ino' inoreMent

18-inab penetration. Ownes tests were perfoimed to ,,,.t toI

date on the velativ* p•e•tratin root-stanoe o" ths soil

IF-
-s H i ill/ •Imi mi i / I ii I m m -- -



with depth. The riumber of blowc for sampler penetration

from 6 to 18 inches wvas ýsed to express the penetration

resista.- •in terms tif number cof blows per foot.

2.2.2 LO.; Beavlng. Four loaa bearing tests were

performed for ProJect 3.2. A rit was first exetvated,

5 feet sq'iare and 5 feet deep. A 21- by 13-inch, 127-

pound I-bea; 17 feet long, was then centered across

the pit end bolted to a pair of channel beai aichored

at each end by two 10-inch -iameter sol.1 au --hors attached

to 10-foot-long, 2-3/8-inch-diameter stem as shown In

Figut-*, 2.8a. A 1-toot-square, 1-inoh-Oick steel plate

vws sated fimW4 on a 1/4-inch layer of fine #and In

".e *eter of the bottom of thc pit. A lO0-tc.-ospa-44y

byd• allo Jak equipped wit a preuume gae was then

placed on top of gm 8-1nah-mst"er p.pe oaum (se

Figure 281b) oentered on the plate and Jacking pressures

were qpled against tk.e I-bern in IncromiAts or I or

2 toss/sq ft. M&k Inaem %a. vWs held, until Lrae of

settlmamt beom leos the 1/3 Inch In 10 iDates.

9w test vas oantinued Unt l a settlsmst ot at least

, Lnoes bWd occUned oat unt a Lam4 or at lis..

30 4as/q ft had.* time S&e4 Ietamemnt of, QLC t

avus afsurQ TV the dial. qie s , eov" in Firip&. 8b,

i " ' Dl l I I l l l I i l id



2.2.3 Field Classification* All samples were classified

in the field visually and Atterberg limits tests were jerfoned

on select,, d samples. The .- atwI .;sation was based on the Corps

of Ergineers Unified Soil Classifia.ation Systcm (see Reference

I).

2.9.2. Field DensitY and Water Content. Deasitits of

both the In-situ undisturbed *oil in the pits and oZ compac~ed

fine-grained backfill aatrarials were deteiminted 'L the field

on muples obtained vith the arive sampler r.-rsratus, Dfasities

of coqA td vand backfill were determined on samples obtained

v tiu the box density sapler *pparatuse since conventi'on&

techniques, such as the sand oone method and the balloon

,,sthod, =ou.'4 nul be used in tbese ft cahesionless solse.

v.e water oltn•t of the density solts was determined

In the fte laboratory by dryIN weighed quantities of *Ae

materials In gas ever direct heat.

k-.3 )ADMAIW "M

Ts paertemd by the O 01 laocatory In Viwsbm

lncludedaasllo4A density, water c~nteflt, EMO6IOJ (9tio'

tt

I:



tests, uncon~ined compression te,.ts, and triaxial compression

tests.

2.3.1: Classifiction Tests. Classification tests were

perfoirmed on material from selected undisturbed samples,

including mechanical analyses, Atterberg limit-, and specific

gravity tests, using procedures described in Reference 2.

.. 2 Dcznoty ond Water Content D÷,ermnations. 7..onsity

and water content tests were made nn selectel unO.34turbed

kizei in the WM soils laboratory to determine in-situ

characteristics of the soils.

2.3.3 Consolidation Tests. Consolidation tests were

perforsd on undistuxted soil saples to determine the

oopreseobility oharwateristies of the in-situ wull..

Fixed-•rlng oaneoliitewep using speoluens 2•.5 Inches

In dimeter end 0.7M Inch thick, were used for &U1

a solidatio tests. 2he speo msn were tested at their

natural water oontents~and ao water was Introduced during

the tens,

Prmer•es ftol ed for the conso3ation tes;. wsi

developA " a result of expeimoe gidned 6al~og perftozmoe

of the initl). phase tests conduated an so'). for ciOerawon

Pl~um=bb Fo•tet 3.0 i 1•7. 8p1la M tested 1.

twiMd IA the bwdd II esel, I!n the O !lsoumiltersi



*

and placed in the loading frame. The load increments vere

applied at 8-minute intervals; each test required abcut

I4 houmt to complete. b .. .b-.^ens were loaded to 25

torL/sq ft, unloaded to the tare Ioad, loaded to 100 tons/eq ftj,

and unloaded to the tare load. Other specimens were loaded

to lOC tons/se ft and unloaded to the tare load. The

apparatus was then disassembled and the final water content

of the specimen determiued.

2o3.4 nconfined Ocm,ression Tests. Unconfined

campression tests were made on selected undisturbed savples

by the controlled strain method., using standard procedures

described In Reference 2.

2.3.5 "Laz~al Tests: c•consolidated-T,•rv.ned
ldultlple.Ste. Ie .flttple-stags unoonsolidated-undralned

()triaxiel tests vere performed to determine the showr

strength of the sonl tested. All test specimmns were trIWA4

La the humid moan to a diameter of 1*. Inches and a he1~t

of 9ProhlMtel)? 3 Inches. Ui. '*oats ver* perfoznid at

a onstant rate ot strain. w naeltploe-stae procedur

was usmed so that the shear a~'.- ran cumY Wid2 be se*

i. tr'm a sngl el..OIMI

h the wlt"'e"stap, proeiatD -nital lu I .r, I

pressure was efgied Uo te test spicM Wii the VVWA4ý

)4a
~~A

Me



load was increased until failure was imminent as indicated

by the curvature of" the stress-&4al strain p-lot; then

a highpr lateral pressi- --: .lied and the vertical

1oAt was increased until failure was again imminent.

Finally, a third (and sometlmeo a fourth), still higher

lateral. pressure was applied until failure occurred under

increasing vertical load. Except for the use of the

multiple-steoe procedure: the teat methodl correspouded

with the procedure for tri-1.1-l tests described in

Referenca 2.

2.3.6 TrAdxl. Wests: Oonstant Stress Ratio. Constant-

stress ratio trisxial tests were performed on undisturbed

speolmmns at A constant rate of strain to detenmine the

strosu-strain charateristios of the soil tested. Test

sepems l1.# nch Ibes In disiter end eGqOrxlately 3 inches

hig vwoe used. After the speciens had beeo plaeed In

the test qpsratus, an Initial lateral coafint pressure

equaivalent to the existing overburden pressure In vature

was e#paed. hens, Ineremmn+ of deviator stre" and

aftitional =fInIng prsure vten qelied at a ratLo of

to I. ie wTi or p• ovedA%uate Lh that the

St~~~or, *0 un of tom ooslat stn"e nt,,os the oond,.t.,

et 0h0 teoot f* eA& t*e 90603 Ofeut'bed for trI-1a,

tests in bhaemoe 2.

Siq
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Anm-

O = w .......

Figure 2.8a Load bearing test apparatus View showing reaction

beam, anchor beam, reference bar for Rettlement gages and

hyaraulic lack. kDA.SA 516-4-NTS-62 photo)

Figure 2 Ab Load imariny; tat apparatm View bwin teat pit, pipe

colunm, settlement and 'reemUre %tgal pW.a, and bydraule JI*k.

(DABA 516-5-NTS82 photo)
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RESULTS

3.1 PROJECT 1.2

Five undisturbed seaple borinas and one general (disturbed)
sample boring were required during the prel'minary phase •

ob4 .ain soil iaMples for testing to detcrminft Li pretest

characteristics of the 2,Th, 4rfac soils, a-, borings were

required for instrument holes during the installation phase.

lest6 were performed an selected salles in both tie fleld

laboratory and the WES soils laboratory in Vicksburg. The

I^-. atl~ orsci the holes are shown in Figure 1.1.

3.,Al Prel&Mi Ph"*e. A total of 81 undisturbed

sw*les and 1 general smp*e were obtained from boringu

1./0t, 1.2/75', L.400', 1.2/290', end 1.9/800'. Atterberg

-.Its and water contents were run in the field laboratory

on the generAl *& ol* ad on 6t,- ;al .. t from the bottom

IvqAI~t.%I t0 i avaie. lb. results or thfte tests

are sown iz Tole 3,1.

Coneolidation h.0 uAltp-.-stoo9 unoosolidat . .

tri-3 d- tests wait performed it the WU soils -oko:r.t- y

on 9 oeleot,-d eWle's from boring I -VZ jani -% m:AJ t Ip1.c. stage

triaial teat as pertomad am one s@Wle trm boring 1.2/800'.

A s* •ry or the soil p:vpertics obtained rtm these tt,.
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, nhwn in Table ;.1. A more ,',tailea summary of conso.li-

.4aý- -. -- - j. 4.1 '_ -, .. Vfh% W1, I ' 0 'D,- - 7&~~vr

.atio c~urves are showvi in Figures 3.1 and 3.2, and stress-

str~ln curvts kre shown in Figures 3.3 throuf.ri '.5. Data

and c•trves obtained fr;m the tr.axial tests art shown in

FiGures 3.5 thro'Zxh 3.15.

The eeneral sample boring, 1.L/150', was drilled .()r

,use iu planning and constructing a shaft at , b:rlng

Incation. A log of the uo.ing Wnowing saur.. depth anO

visual ('lassification, together with the distý.rbefl samples

o'btn ed, was delivered to the 1.2 Project Offiice. as

soon as the boring was completed. No tests were performed

t.,1he samples frim boring 1.2/150'.

3.1.2 InstOllation Phase. Three instrumentation

holes 1.2/380', .02/675', and 1.2/1150', were drilled

during the installation phase. Also, four holes, l.2/'Z,

i.4/745', 1.2/200', and d.2,I':', drilled during the

prelimlnax7 pnase were cleaned o0t for unt tc tistrumtaLativut

uh.ot pla.ic Lm rylywood, b',. co sloughng" had occurred

and parially f.led .he Mies.

7. •2 lS#.nIcr 1 ,3

In str.•ontation holct and dat. on both w.4 rite',.
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and posttest physical character4stics of the subsurface soils

were required by Pro.'.=c% 1.ý. and density and :7ater content

qarples nf the compabed silt .ere required for backfi1ll

pl.ace in the 1arge-liameter instroemented holez during the

installation phase. Tyrdisturbed samples were obtained from

12 borings. The locations of the borings and instrumented

holes are shown in Figure 3.16. Tests weic performed on

slected samples in both the field laborato-', and the WES

soils laboratory in Vic-zl.ý ,rg.

3.2.1 Preliminary Phase. Continuous undisturbeI

saa- es were obtained to a depth of 30 feet from borings

1.3/503.02-1, 1.3i503.03-1, 1.3/503.06-i, and 1.3/503.12-1.

At •uu uic-hz, 1( -percent eaple recove.-, wat- not

obtained. As a result, offset borings were made to obtain

undisturbed s*aples at the depths where samples were not

obtained in the original boring. No tests were performed

bý WW on these u leas. The log of these boringr. sh'ang

aemple depths and visunI cI•d6,L&A,*tioup together vich the

samoles, was delivered to the Project Ofticer for *eats

to be performed by others.

A total of UI unisturbt.I. MS4J2lts wOte Obtid4W%. ft..

specified depths t"va bori~ngs 1.3/503.05-1,l.- ,5O

and 1.3/5V.:.OP -I- 7he undisturbed Amples v rt sh!ppO t

4S

I



to the WES soils laboratory in Vicksburg for testing.

Atterberp limits and woter content determiniaLions were

made o,. all of the taatples. .ensity tests were run on

i• c' th. ca)iples. Five consolidation and 4 constant-

stross ratio triaxial tests were performed. A summary

of tne soil properties obtained from these tests is

shown in Table 3.3. A more detailed sumia•ry of consoli-

lation test results is shown in Table 3.4. ?cessure-

void ratio curves are 6ý, -n in Figures 'o ' and 3.18 and

stress-strain curves are shown in figures 3.19 and 3.20.

Data and curves obtained from the triaxial tests are

shown in Figures 3.21 thro•lh 3.23.

3.k.2 Installation Phase. One inbtrjrentation hole,

1.3/503.01-1, was drilled and 6 of the undisturbed saWJle

borings drilled during the preliminary phase were reamed

out for use as instrumentation holes. These holes had

1 •en left open and covered with sheet plastic and plywood,

but Pome slouching haS ocuuirc..C partially filling tho

Fo.urteen density and w.. er content &"iples were

obtained and teited in W~e ':old jAboratory from 6-

coin ted silt We-kfi•l placed in two 36-incO dU.~~t- -

•.instromen-44. holes,, 1.3/503.04-1 ýnd 1.3/ý -.06-1, VwI.Ch

0MIW



were drilled by others. The silt was placed in 3-inch-thick

lifts and compacted with air tanms. Water content and

(I.nsit) .',.xta are showrn iLL laule 31.5.

;=.1, Potttest Phase. Continu~ous undisturbed swirples
were obtained to a depth of' 30 feet from boritias 1.3/503.02-2,

1.3/503.01-2, 1.3/503.06-2, and 1.3/503.12-2. The logs of

thes• borings showing sample depths and visual classification,

tocether with the samples, were delivered to tne 1.3 Project

Officer for tests to be ij: .ormed by othex•

Three undisturbed samples were obtained at specified

depLh:- from boring 1.3/503.05-2. The undisturbed samples

were shipped to the WES soils laboratory in Vicksburg for

. Atterberg limits, density, water -ontenf,

consolidation and constant-stress ratio triaxial tests

were performed on the samples. A summary of the soil

properties obtained trom these tests is shown in Table 3.6.

A cjmiary of consolidatLon test results is shown in

Table 3.7. Pressure-void ratio ,;urve are shown in

"31'.. 1 •2,! -nd- -trie-c-'-t-ra-n -.,u.-.e. -_•e !-hV"! in

Figure 3.-25. Dats and curveu v,,tained from the triwxal

tests ar shown In Fis.ires 3.LL through 3.2.

Boring$ 1.3/50,.o6-2 &R 1.3/503..9-2 wereIr

and covered "ith sheet plastic and •:4w00 to. !atcr

Use AS PosttQ01- ina iAmim i holes.

- N. m ,i ml



3.3 PROJECT 1.9

.3.1 TInstallation Phase. Eighteen 7-7/68-inch-%iameter

holes wai .ý dri led for ti.c inst,.1lation of nolored sand

coli.Taiz. Sci s survey services were not required for

2rojecet 1.9 other tean to provide these holes.

3.4 P-ROJE-' 3.].

3.4.1 Installation Phase. Fifteen deaisity samples of

corrpacit'd sand backfill were obtained from ei•',-t model

structure installation pitc located as sho;; z.L "u Figure 3.29

to determine the as-placed density and water contents

ui' `te backfill. The water content and density of the

compacted sand backfill are shown in Table 3.8.

. PROJ2QT 3.,

Holes were required for the installation of sand columns

adjacent to test footings, and field tests were required to

obi ain strength data on the in-situ soils. Undisturbed

uim,,los of in-situ soils and backfill were required for

laboratory tests to determine 1icc ulassification, water

-a~cnzit'yp tc~h cad co~rccoiltiit'y of: the

sot) s. The location of borin•b and field tests are shown

in Figlare 3.30.

3.35*1 Prelimir%7 Phase. Four split spoon be.-,,

D-l, D- 2 # D-3i and D-11 were drilloe to obtul... ;etictrat'iu

resictawce and ioll suples for tests.

4#3

F 1



Penetration resistance data,and water content and

Atterbera limits deteziined from tests on the split spoon

samplas in the field laborato~j are plotted with reference

tc iz-th In F*gure 2.31.

Eight undisturbel samples were obtained from borings

U-1, U-2. U-3, and U-4. Atterberg limits and water content

determine.tions were made on the samples in the field

laboratory. Mechanical analysis, void rat!,, density,

unconfined compression, consolidation.. &j -;iuJltiple-stage

triaxial tests were performed on selected samples in the

WES %ioils laboratory in Vicksburg. A summary of soil

properties determined from the tests is shown in Taole 3.9.

Stress versus strain curves and soil prvperties

obtained from the unconfined compression tests are shown

in Figure 3.32.

Pressure-void ratio curves and soil properties obtained

fom the consolidation tests are shown in Figure 3.33.

Me results of the multipiL-scaWe triaxial tests

Four load bearing; test5 ,ere madre. in 1est pits No@. 1,

* 2, 3, and 4. Settlement ; Los co curves from wn; tmsBL

are shown in Figu.e 3.35.

Density samles of the undl, &rbed i 1-.-t :;oil --are

Ott, 47
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taken in the bottom of each test pit adjacent to the load

bearing plate and from the floor of the str.it ire pits.

Water c,.ntent and density daz Crom these samples are shown

in Teale 3-.

•o.5.2 Installation Phase. Water content and density

samples were obtained from the compacted silt backfill

placed back of the test walls of the footin-g structure &.d

a-ound the perimeter of the interior footinr ý; ructure.

The silt was compacted tn -- inch-thick l1.! by air tamps.

The water content and density of the silt backfill behind

tLie walls of the wall footing structure are shown in

Table 3.10 and in Table 3.11 for fill around the perimeter

rnf thc ii,terior iooting structure.

During the installation phase, 88 holes, 1-1/2 inches

in diameter, were drilled from 4 to 16 feet deep in &-d

around the wall footing structure pit; and 62 holes, 1-1/2

irncýhes in diameter, were drilled from 1-1/2 to 10 feet

deep in the floor of the inte t,.ý: footing structure pit.

ITc holca wcrc 1"achfilled with colore- s-nd.

3.6 PROJECT 3.3

3.6.1 instAllation Phs•:. Density and water =-.nt

samples were obtained from the compacted sand ,lani; - in

SiX model, 9tructure installation r.ts, loca'-• i s In

FiCure 3.35-. The 1'nal density and water contett. data

for the au-placed bacl-fill ame sho in Table 3.12.
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TAOLU 3.6 PROj-r 1.3, 9w4Ar ILn Pm0PnO miRs (POST1ST)

Boring ?40. Vitu. rM* ui th sawle Type Of ___ ~T riax
?rc. GZ0 ro 1, So. Sbdple Coa'Tfl'q-A a -.so______"_ -__ --

cation LIOit Limt -d .c. Y 4 .

ft It ft Th/0i, ft ret lb/ou It p-.
1.3/503.05-2 80 I_, 4.5 1 jndistarbe61 ML 19 -j .., 9 i.

9,0 10.6 M,.b0 I. .1. 9 "4, . 13.5 72.5 12.1

19.0 2o.4. 3 NJdilt.ýul, it. '5 26, 18.9 86.1 15.8.

4, 54
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TABL ... *. •.7A'R C.0:--T!T A:MD DENSITY OF

Structure Pi. LoCation ilt Sanple 7 d W.c..
No. N(O.

iiCrol (•Z

ft lb/cu ft pct

514.05 5i J A i . 0.3

514.06 290 2 o.4

3i20l 3 o 3 3-0 i 0. o.
320 3B • .

514.02 365 4 4A 1eO.5 0.3
514.02 365 4B 1o1.4 0.4

514.03 420 5 3:. 101.1 0.5
51-.03 420 5 102.0 0.3

5114.07 445 6 6;-

31-0 4r6T 101.6 0.14
514.07 L45 6c 101.8 0.4

514.08 525 7 ' 99.5 0.3

51•.08 "1 98.3 0.4

5114.04 630 8B 102.0 0.3

- . - -- -

0*
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Tp*7. 3.30 I'R(P C PC" , WAT, . CONTENT AKD DENSITY OF SILT
BACKFRU. FWit WALL IMOTING STRUCTURE, STA 515.01

IAcCatiol DepLh* w.c. Wet Density Dry Density

ft pct lb/cu ft lb/cu ft

NW Co,:er -7.9 19.2 110.8 92.9:• Corner -7.9 19.4 119.0 99.7
SE Corner -7.5 25.2 113.3 90.:
aW corner -6.4 £0.1 c 94.0
M' Corner -6.4 20.8 120.6 99.9

SW Corner -5.4 ".9 107.1 88.2
SE Comher -5.4 23.3 1i6.6 94.5
z Mdule -,.3 24.4 110.1 66.4
NW Corner -5.2 18.8 111.4 93.5
NE Corner -5.2 17.9 i11.2 94.3

• Corner -4.9 20.1 138.0 98.4
SE Corner -4.9 19.7 113.8 95.4
NW Corner -4.4 20.7 110.6 91.8
HE Comer -4.4 21.2 115.0 94.8
SW Corner -3.9 20.0 123.6 1c.,

SE Corner -3.9 21.3 121.0 99.8
AW Corner -3.7 19.2 119.6 100.1
ME Corner :3:. 19.7 120.0 100.'.
W Corner 2 19.2 108.0 90.5
M Cormer -2.8 19.4 115.6 96.6

SE Comer -. ,j 20.8 120.2 90.9
V3 Comer -1.3 20.6 112.j 93.5
AW Corner -1.5 !9.A 110.6 92.5
NE Comer -1.5 19.6 10(.9 3.5
SW Corner -1.1 16 .j 10M. 91.7
*A Corner A.1 15.9 98.8 85.0

W Comer -0.9 2D.8 GC.0 91.0
U Coe.r -0.9 al .8 112.4 92.5
W Corner -0.7 Z2.1 118.8 97.3
U Corner -0.7 21.3 U15.6 95.

$1*Depth bftla origino' around surf&-

A_ as



TABLF -. -1 Pw'JLC-T 3.2.- WATER CONi~NYg XID DENSITY OF SILT
B'ALKIýIUL. AROUND MNTERIUR FOOTING STIUCTUAL,

Lo!:atiozi fle~th* V. C. Wet Density Dry Density

rL pct lb/cu ft lb/cu ft

V-d .%~~ .10 1

Ifd Coraer -...b 20.9 103.3 85.5
N Middle -1.3 20.2 .110.1 91.5
SW Corner -1.2 --1.8 114L.4 94.2
NT Corner -1.2 21.0 111.8 92.5

N1W Corner -1.2 21.0 113.6 93.8
SE Comiur _-;.2 20.3 1.07.2 89.0
NE Cormer -1.0 1612 110.0 911.8
;.W Corner -1.0 17.8 105.6 89.6
BE Corner -0.3 17.9 103.14 87.8
SW Comner -0.1 17.4 101.0 &6.o
NX C'n. r -0. 3 18.1 99.8 014.3
NW Corner -0.2 18.7 96.16-e
51 COwner +1.0 17.6 100.8 85.9
SE Comner +1.0 16.2 98.0 814.3
NE Corner +1.0 16.3 100.0 86.2
UI Comner *1.0 17.14 100.6 8.
NW Comner Crade 17.14 103.8 88.5
OW Comner orade* 16.9 104a~ 89.7

Ce~tar OrsA* 17.ý 103-4) 88.5
SE Comner Orade 10.7 3.02.2 86.3j
NE Corner Grade II~f 10~&14A 88.5

'Dopth UelmyC or ebaia (i orý atom pwind surro.~.,

I69

a" I'
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