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This investigatior was authorized in the lst indorsexent to a

memorandur from the Weterways Experiment Station to the President, Mis-
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sissippi River Cczmission, dated 12 Mey 1¢L7, subject, "Sovec!

for Fiscal Year 1945.°

rersonnel of the Frobankrment znd Foundation Branch of the Solls

Division, Waterweys Experiment Station, comducted the study. Enginsers

connected with the study were Messrs. ¥. J. Turmbull, S. J. Johnson,

L, A. ¥ewwell, 7. B. Coocde, and W. M. Mullinnix. This report was pre-

rared by Mr. Mullimnix,
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UBDISTUEBED SAMPLING OF s CLAY USIHG

VaCUUY¥- AKD PISTON-TYFZ SaMPLERS

P5RT I: INTRODUCTICH
1. Various tcsts are performed on soil samples during en investige-
tion for an engineering project. For some tests the type of sample is
of little importance, but for tests to determine strength zrd consolida-
tion cheracteristiss of the soil, factors upon vhich the design of a
stztui:ture zey be based, it is very importent to have ssmples as neerly
like the meterizl in situ as possible. Soee disturbance to the sasgle
is inevitable during the sampling process, the degree of dusturbence
depending upon the tyre of materisl, the eguipsent, end t:e methed ussd
in ocbteining the saorle.

2. The surposc of the investigetion reported herein was 1¢ de-
termine the field perforzsnce of seversl types of undisturbed saxpling
devices in sa=rling 2 typicel clay encourtered iv the siluvisl valley of
the lower Mississipri River, and to evsluzate their perforzence by =eens
of laborztory tests made to deter=ire the “rpe snd degree of seaple dis-
turbance caused by the verious sampling procedures. The investigetion

==de to accomplish this purpose consisted of the following:

5. Fieid boring progre= to obtain ss=ples of & fairly
hooogenecus =materisgl using different types of ss—pling
devices.

b. L:boratory testing program to determine the ssrple dis-
urbencze caused by the verious sammpling devices.

£. Ao snelysis of the

test dats to determinme, iF possible,
the degree snd type of disturbance ceused by the sa=plers.




ny

Tyres snd Jsuses of Sapple Distwrbsance

Ed
3. Sample disturbunce has seon discussed st length by Bvorslev-

=

ansd others and will not be covered in detail in this report. According
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5. In tr2 best wdisturbed zemsles obtaired, saspies carefylly cut
by hand from fest pits, so=s disturbence to the == uwral struclurs is in-
gvitshle, duc solely to the change in stress condicion coused by resovsl

disturbasnce in semples obtained fro= borings will very vith the type of
-_-gg-?_f‘; ins, thks t5ee of ==teris:

ssznies ore handled after they
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PREF II: SAVPLIHC IEVICES AHD HETHOIS :
X , i |
&. Toe vacuusm-tyre sampler {fig. 1j hes an sir-hose ~ommection in

the ssxnler zesd so thet = vasimis Or press: czn be zpplisd %o the de- {
. . :

vice dquring the sempiing operstion. i
g, === - g

e se=pling tube proper is —ede of - L i
§

. X . i
thin-welled sezzless tubirg. 5§ rub- {

o

ber gasket between the tube znd

":,.:'k -
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from the tube by =eans of & screv-jeck ejector amd segled in parsffin

ir cardbeerd containers. 1

o

Fiston-tyce Semnler (2.87-in. Diseter

A

S. This sasztler is similer to thks sampler described in the pre-
of

ceding peragraph, ezcept thet the disseter is 2.87 in. instesd

lengths grester than sbout 2.2 It dus to the difficuliy of resoving the

S-in.~piston-type Ss=oler ¥itk Lipers

Iv. This type of ss=mler is ezsentislly the ssze g5 the 5-in. D

ference is the use of thin-wellied =zetal sectiopsl liners in the sassling

tube. TBese liners sre in I-ft sections apnd sre held together by =etsl

tsnds. After rescvsl fros the sampling tube, the bends sre siipped rpast

the 1-ft sectioms sepsreted by cutting throus: the soil

&t the jcints with 2 fine steel vire.

Sszpler Disencions

epaipped vith removsble cutting shoes

i cutiing edges, vhile the vacuu:

K £ £ o =% = — - - P
Beving siire £4, fsre = sa=pler hes ths

thin-welled s~ ling tube beveled znd drsvn in te %orm e cuttirg edge.
Ihe dimen .2 of Uhe cutting edges sre ususlly veried, depending on the
type of i 1 :ing secpled. It is desirsble to mave = cutting edgs which

viii provide sufficient inside clesrsnce io reduce the imside wuil
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used. Also shown on the Tigure are per

and the approximate lengths of drive.

tinent dimensions or the samplers
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PART IV: LABORATORY IKRVESTIGATION ‘

Detection of Disturbence

1k, The verious tests used to detect semple disturbance ere dis-

cussed in the following psregraphs.

Visuel determinstion

15. Distortion or mixing of soil leyers can socetimes be observed

by slicing s sezmple, providing the ssmple hes & definite structurel pet-
tern such s parallel sirztz of verying types or cherecteristics. If the
stratificetions are not discernible when the sanple is freshkly sliced,
their visibility rmey be incressed by sllowing the sample to sir dry.e

The coerser soil leyers will éry faster snd as the weter content of these
levers cpprcuches the chrinksge linmit the color comtrast will resch a
mazirun, At this point any distorted or disturbed sections rsy generslly

be observed and 2 permsnent record obtained by photographing.

Unconfined conpression test

16. The unconfined compression test hes been usecd ssccessfulig3
to detect semple disturbance. It has been found thst disturtsnce gener-
2lly ceuses s decressc in the mszirain shearing strength of the soil and
elso czuses ¢ decrcasc in the iritisl slopc of the streszs-strein curve,
es well as exhibiting 2 nore rounded curve share sas %oz sarcd to the rels-

tively sharp peesk for sone undisturbed soils, These effects are illus-

treted by 2 hypotheticel case &s shown on the upper : of figure 5. It

ves believed that unconfincd conmpression tests would yicld dets for cosper-

ing sauzples tuken with different saupling devices.

" o — e il - i ittt ———— —




Consolidation test

17. It kas been found that semple

disturbance or remolding tends to lower the
70id ratio~-pressure curve znd the vrecon-
»0lidstion rressure as determined fronm the
consolidation test.3 Ia the case of coo-
plete remolding, the void ratio-vressure
curve is so rounded that it is 4ifficult
to determine the previous stress history of
the semple with any degree of accuracy.
Figure 5 shows the typicel effect of re-
zolding a cley soil.

Classification tests
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Fig., 5. Typical ¢ “fcct

of remol .ag on stren

and consolidetion charas-

teristics of & sensitive
clay soil

13. Mechenical anslyses, water contents, and Atterberg limits tests

were performed on ssoples selected for detsiled testing end on other sa—

rles for the purpose of comparing seople cherscteristics. A summsry of

classification date is included in table 1.

log of borings showing

the clessifications and water contents of the msterisls is given on

figure k.

Locetion of Disturbence in Long Ssoples

15. 1In this phese of the laborstory program tests werc perforred

on soils obtained in one continuous drive of the sempier to determine

the snount and locstion of the disturbance w..ich might occur in ¢ samplse

spproxirately 5 ft in length. It wess belisved thet must of the iistwb-

ance, if present, would occur neer the top and bottum ¢f & lung semnle
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and thzt the reteriel in the center would bte less disturied.

20. Senples 36, 37, 38, 39, ard LO of boring D3-2 were selected for
the initial tests. These serples were all obtained in one 5-ft drive

uzing & 5-in.-disreter niston-type sempler with 1-ft sectionel liners.

k cutting shee with ar inside dia-eter of 4.74 in., eand providing an in-
side clearance of 1.05 per cent, was used.

21. Sliced srecicens. Horizontsl slicec 3/4 in. thick were taken

from the top and bottom of the sarples and verticel slices 3/k in. thick
ené Lk to 11 in. long werc tsken froo the center of tne sacples. These

-

slices vere pormitted to air dry in en ztiempt to bring out eny visible

Q

;vidence of disturbance or distortion of the so0il due to sampling. Photo-
graphs of tho slices (fig. 6) show thst the soil hes s mottled or merbled
appenrancc with no definite structursl pattern; this, no visible signs of
disturbance coulé be noted. The cracks visible in the samples were due
£c shrinkzge thet occurred ss ths saoples dried out and were not present
in the samples vhen freshly sliced.

&2, Unconfined coopression tests. Unconfined coorression tests

¥gre pariorred in dupiisnte op the top, middle, snd bottoz portions of
3%, ard 40, Test resulis ora showm in tsble 2 and on
figures 7, €, 9, and 10. Inspection of the date shows thst the sirongths
of zuzples from the same clevation within the specimen are not in very
gooi ngreement. Thesé differences, in part, z=sy be attributed to varia-
tions in water content and density end to minor changes in composition
of ths s2ii. It will be noted on the figures that 21l of the stress-

strai~ auwrves cxcept tvn (sample L40) show a2 well-defined pesk ususlly
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wztsr content snd density botn

b

verticslly snd horizontelly srd pert-
1y du= to the struciure of the =s-
terial, as will be div¢ -se¢d iz oore
detail lster. Beczuse of th..e veri-
groperties of the soil
were oot, Uwrefore,

verizstion iz the mmbtursi w=tsr

density,
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sazples, very siziler to thsse shown in Figure 5,

sroarsnce.
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were zpporent,. no varistion of strength with respect to the location of
thae test specicen withixz ihe sampler wes epperent. Figures 14 and 15

cshow the veristion in wzter con-
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tent znd strength veluss thre

out ezch drive. Prom figure 14

. . it can be geern that the average

WA e "I}M’

consistent trend evident that

i Fig. 15, TVaristion of waier comtient, can be sttributeg to sarzler
raxinms stress and oodules of @“'ezﬁ-

distarbence. £ soo=uwhat botter
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diffored in smter content by sz =uch 235 17 per cent in one instance. The

15. show s fzirly wmiforz over-

: there is con-

re
wge wter content throughout the length of drive, however
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veristion in the strength vels
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25. The results of the unconfined cospression tests demcnstrsted

it en e srmo =
thetl this test wos unssatisfactory for indiceting eny difference in dis-

turhence csused by the various ssoplers on the perticuler soil seogl
It wes therefore decided to =ttempt such 2 comparison by perforsing con-
solidstion tests on selected saxples teoken with diffcrent smmplers to
lcternine if ooy differences existed in the indicsted preconsclicdestion
pressures {see persareph 17 and figure 5). The results of the consoli-
detion tests together with the classificstion 4ste are presented in toble

z

L. The estimeted preconsolidetion pressure for coch ssnple wos deter-

=ined~, znd these values =nd present overburden pressurcs sre shown by

vy 7




curves, it wap difficult to detorming the

1 bt

~WArEN MOl
h e ld fold

2 gt

proconcolidotion precosurc with accuracy.

The semplos obtained with the vacuum cem-

pler show, in goneral, a lower preconsoli-

REE |
. ”ﬁ”\ M I B 1T dation pressurc thon the semples obtaincd

MEIENT ~Mrsiier

with the piston sauplors. This trend is

E e

particularly cvident in the upper portion

s of the borings throughout the depths in-

vestigated and could possibly indicate that

more disturbence was ceused by the vacuun

’ 2 0
PACAIUN- TONE/WE P T

sampler.
Fig. 16. Comparison of 29. The 5-ir. piston sampler has a
present overburden pressure
and preconsolidation cutting shoe which provided an inside clear-
prcssures

ance of 2.67 per cent, whereas the vacuunm
samples were obtained with cutting shoes providing inside clearances
ronging from 0.64 per cent to 2.77 per cent (see table 4). The 5-in.
piston sampler with liners had cutting shoes providing inside clearances
of 1.48, 1.91, and 2.67 per cent. The samples obtained with the 1.91 and
2.67 per cent inside clearances showed higher values for the preconsoli-
dation pressures. These data tend to indicete that the higher percentage

of inside clearance causes less sample disturbance in the type of soil

encounterod in this investigetion.

Analysis of Data

30. Deta obtained from the preceding tests were generally incon-

clusive and it is belioved that natural veriations in the soil were

i S e G A R RS MR -



respensible for most of the inconsistent test results. Consideration was
also given to the fact thet perhaps tne type of soil used in this inves-
tigation was of e low sensitivity and any disturbence might not be ap-
perent in the test resuits. TFor this reesson, additional tests were
performed to determine the veristion in the moisture content and density

and to determine the degree of sensitivity.

Moisture content and density

=1 TieplT]
i D 51 d :
31. Ssmples 35 and 37 from bor- ;; T b 7
Z 7
ing 53-3 wore celectad for detsiled L L B
;" H LR
zoisture-content determinations. To s HTH .
é‘ ! ] Tl LI IS 3 :
- . * p 4=
cttein & complete horizentsl snd verti- s, i = BEGEE - :
AN L& TR TN
R . . r' H -t & : SEIEE
czl pattern of the moisture conient, o " - y ,;é =
WRTIR SINTLNT -G TAY WESMT
SORAMG D3-3 SAMPLE 35
the sazples were sliced into 12 hori- gE[E;
zontgl sections 1 in. thick, snd five -3
0T
moisture-content determinstions were N ERE
i
male Srom eech section. The results s
r 3
) . s e
ere shown on figure 17 which demon- S
s - - o .
strates that considersble veristion @ - Lk b il
- * » ¥ ) a3 a5 Ft3
WATLR (TRTINT- % SRy ﬂiisa"
SCRL D3-3 SAMPLE
occaurred in both horizontal and verti-
czl dircctions, with as much ss 15 per Fig. 17. W

sristion of
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=oisture within scopiles
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Sersitivity of clay

32. Terzeghi eznd Pecku stete that, "The term sensitivity indicates
the effect of remolding on the consistency of e clay, regerdless of the
physicel nature of the causes of the change. The degree of sensitivity
is different for different clays, and it msy slso be different for the
seme cley at different water contents.” They slso express the degree of
sensizivity, S¢, of & cley as, "The ratio between the uncenfined compres-

sive strength of an undisturbed specimen and the strength of the seame

pecinen at the same weter contant but in a2 remolded state. The values

0

of 8; for most clays renge between 2 and zbout k. For sensitive <lays
they mey range from k to 8." To determine the degree of sensitivity of
the cleys studied in this investigstion, unconfined compression tests
were performed on ssmples selected from aporoximetely the szme elevation.
The semples tested were sample 16 from boring D3-1, sample 32 from boring
D3-2, end semple 32 from boring D3-3. The semples were obteined with the
vacuum sempler, the 5-in. piston ssmpler, and the 5-in. piston ssoplex
with sectionel liners, respectively.

33. The semples were sliced horizontally into four sections snd
th= two upper sections were used for unconfined compression tests. Thres
l-in. undisturbed specimens were obteined from eesch of the two sections
2nd the rereining material was remolded to ezc neerly the same water con-
tent as practicable. Two remolded specimens were obtsined fror sszub sec-

tion. The result

(1]

of tests on undisturbed and remolded specimens zrs
suzzmerized in table 5. Typicel stress-strain curves are shown by figurs
1£. The compressive strergths of the remolded specimens were equel %o or

r

greater thsn the strength values the undisturbed specimens in the

P
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tive to remwolding £nd

[

probebly woula not be

L éoome more nlastic. The

-ing thst the Pig. 18.

-
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owed 3 “gher per : ;
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sion test, boring DI-2,

izl is not sensi- semple 32, section B

thet any pertiel sample disturbance due to sempling

evident i the results of laborstory strength test=.
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fined compression tests showed conslidsrable variciisons in Jozpressive

/4

y

f

strengtn of soils which are attribu.ed lzrgeiy to verletions iz smter

content, dengify, ond scil charscieristics. Tiere wes no conclusive evi-
donse froz thece test: to indicete wheihor or not the s0il had beern dis=-
turbed in sempiing. Later tepts showed thet tn: soil under investigetion
wag & zongensitive clay, thus the results of the unconfined cozpression
tests would not be expected to be indicative of disturbance of the soil.
The results of consolidetion tests showed. by comperison of preconsolii-
dat.on 1oeds, that there wes ¢ tendency for zore disturbencc to be caused
by the vacuua sempler then by the piston sempler. Thess date slso indi-
cated that higher percentages of inside clesrance in the ssmple tube
csused les: semple disturbenc. in the soil encountered in this investi-
gotion,

35, Frobebly the most significant festure discleosed by this in-
vestigetion is the lack of sensitivity of this type cley to remolding.

€ practical value of this rether detsiled investigation is that where

o)

:

orzatirn as to the ctrength of this type of msterisl is desired saz-

h)
*

ples mey oc obteined by any one of che semplers described herein with

(4

s

th

etisfactory results, slthough the szampler should be selected on the

bosis of esse end ecoucmy of operation. The test dsts indicnte thet the

K
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more sdvanced type of sempler, which is the piston ssapler, gives bet-
ter results where information on the consolidaticn charz¢cteristics of &

soil is desired.

t

of ti

W'

36. Treleck of semsitivit: is cley is due spperently to the

&

sernar o which the dsposit is formed. Judging from the known geological
Frctavy . tue eree, end the apue rance of the semples, it is likely
that ¥ ; =steriels were deposited esch yesr By sn overflov of the river

¥
&

and that thd meterizl so deposited dried out and cracked during the low
water season. iz tyove of formetion would explein sstisfectorily the
resuita ¢f the consolidstion tests reported herein where the indicsted

reconsolidstion loads sre eoncistently greeter thsn the overburden pres-

sure.
37. vwhere the goil .~ been deposited under weter snd gererslly
remeined under weter, as in sbendoned chsr=zel fillings, the zbove type

of structu.-e does not develop erd it is know: thst the moterisl does
exhibit zarked sencitivity =nd thet the preconsolidetizz losd from ihe
laboratcry tests is zbout the seme order of zsgpitude or les. than the
overburden pressure.

38. The preceding considerstions relstive to the forzation srd
proverties of tnese two types of msteriels suggest thet field explors-
tion progrems should be conducted in such & wey thet the properiies of
the s0ils being ssmpled are recognized znd tsken into sccount. Thus, if

the soil being sampled ig of 2 mottled spoesrsnce 2nd is loce

W

ed in

:1

backswenp regiorn, Jjudgzment snd possibly 2 few tests might be sufficient
to daterzine that, if the primery purpose of sampling is %o furnish

strength dais, only sversge core in sezpling is reguired 2nd the ssampler

f
f
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PABT VI: CONCLUSIONS

Eil. Apnlyses of the test resulls presenied ix this report indicete

the following corclusions., It is esphesized thet the comclusioms epply

only to the type of soil encountered in this investigetion.

=

S

It

I

Disturtence due to se=pler or senpling operstione tenfed
to be obscured by (1) neturel veristions in the soil, end
{2) by the low degree of semsitivity of the soil.

Based on the results of comsolidation tests there wes
soze indicetion thet kigher percemtages of inside clesr-
ence ou the cutting shoes ceused less semple disturbence.

Besults thuge inconclusive tend to indicete thet the
piston-type sampler is superior to the vzcuum type.

The sersitivity of 2 clzy to resolding should e comsid-
ered in ss=pling overstioms. If 2 cley is not sensitive
only =oderste czre necd be exercised snd the ssrpler used
would be the ome thet iz =ost ecomomicel, wherensg if &
clsy is semsitive then the greatest cere zpd the best
e@gﬂeble ssnpling equipnent should be used. Sindlerly,
e knovledge of clsy sensitivity will permit more intellif-
g::?;i design essugptions o certein types of projects.
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Table 1
CIASSIFICATION DATA
T _
A is Atterderg
Iimits Naturel
Boring Seaple Classification Send Silt Clsy IIL PL PI v
D-3-1 2 Clay & 2 T2 13 26 Kk 3B.S5
g 511ty clay 15 % I I O 23 Rh2
i1 Sendy silt 2 55 I 3 22 8 28.8
5 8 ¥ 51 ;5
-2 Clay g 28 63 8& 23 57 k.3
B Clay g 25 66 B 23 €1 M6
c Clay 8§ 29 63 TS5 21 M M
b Clay 8§ 21 71 8 2 o0 kS8
7 Silty clay 2 MM 8 - - -~ 390
i3 Ciay 3 3¥ 67 1™ 23 51 ¥BS
22 Clay 2 8 8 70 23 M Mg j
{
23 Clay 2 13 75 & 29 8 3.7 f
2 Clay 1L 2% 65 61 286 [ %6 :
D-1.2 g Clay & 271 €7 8 19 & Ms :
2 Ciay siit A 2 X M 2 A 218
13 Ciay silt 39 2 15 3056
iz Sility ciay 1l k3 k6 51 25 2 k3j.o
3 Clay » 29 5 - - -- 318
2 Ciay 8 23 €63 78 25 53 39.7
B Ciay 8 ¥ $ R” 2 8
Cc&d Silty clay 13 35 8 6 23
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