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" and the develnpment of & xns:mme.;:ed impact -cone penetrometersfor

! signatyres]

. : : <,
measuring in situ strangth\yxapettiel of ‘éoil targets.

‘A pénetration meory\und -on momentum, camdeu:inna is

develapad for 3 cnnz—tipped rlght nin:uhr :yundu impuctlng nn a \:~¢

soil tgrget. A :elnuonship 1a eu:ahusm betueen the instn'nunzuus

velocity, various ttatic! and Vdynantc' soil pzupertieﬂ, peuekraue!er

J and the tns a depth of penetration, It is ;

absuned that tnpact causes shiear foilsge and the resistane to'the
motdon of penstrometes, 1s: provided byjha inertial resistance of the
accelerated n;i g plus the 'dynanfc' soil resistive force dis~
‘tributed over the, base ln; Shaff of the pénetrométsr: The sotl .
resiative forcs 1\ sitentated on the basts of plastic Baney ﬁuag{ad
for 'dymande' conditions and exun'dsng the previous ‘analysis for the
‘atatlc’ condition. The rehtim\nhlp obtatned, in addition’ to providing

the velodly prnfil: nnd .the miﬂum deptﬁ of penetta:iun, can also be

; used for estindting the'static" sau strength propentn although only

uhder iduluzd conditions. : g TN

The. penetrqueter uztuud, 10 additton to providing -mlenem :

westigatars), 1s up.bxe/:f

(As ubtained by prmoua

)
zecording cone u.m: dnd local syd: £xictton .mxcmousl{ and,

cnntlmlm.mly. e .vailub17-t resnlu indfcate that wlth this

systen the 'dyi strength profile, “the sold type; lofation, and




Teotd

depth of diiiaren: layzra cnmbe d!!:::tly evlluated up to. lhs
t penetnted depth. The pmce}fn’: s a}zum for esnmtl.nz ch;, tatarsct (|
\ in8itu strength pruﬂle fupn the 'd)nnnz.lc‘ nrenglh pmme. The :

expe mental reu\llte ob:u/n o dni the hh)m;eey_unm fully conmued

ndizi us are i good sg eenent with ptapoud ’tﬁeon:iul model., ,

ts cvnducéed n, terrestrial aom wL:h a penemubu

3 E devehpgrl fa; challoy 'dep' b-exploration ‘{n sarine enviromment s

urm the pots nthsl value :ha mpoaed 1n\j nt for in' situ ©
4 s £ :
testlng £ mnl aedimen unuy, the conceptunl denriptinn of a
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*'4 subsequent. appearance of

| general these different quantitfes do‘not appéar tn.the same :h-pu ;

NOTATION - »
‘? 5 | 2

Tha dysbhal us¥d in this report are defired where they firat

' appear. 'The u.g vlll serve as-a ;muu. Eracnsce and;a guide for the

. Ina fer 1nstand¥e-a given lydwl

In

45 used to’ r:prtelenl two of more entirely different qu-hm

~‘when this/occurs,/apecial l\lhlcrip\:a are tncgadnced. .
ALt . Cross-Sec of maximm’

projected area, of penetroeter, tonatant i
J G >

Constant * | . i . E

aanda = Acceleration or decéleration of projectile

B "= Constant, width of foundation |

‘'Bjand B, = Cons -t
o 8L : y j # &
b = Constant) -t = h . -

e -= sCohesion, constant
c, "= ‘Wave velocity in target matertal
cRE =~ Cdlibér radius i
e, = Apparent Cohesion . - 5i2
2P = Dleséteriof hnenouter =% = =g
- . N ’
B Dt = Depth. of iwnda:ian &
E % : .
;A -= Extemal fluid force on the body, soil restative'force .
e : . "
£ ‘Constant s
2 =, ‘st 1: “bleeve frietion” 2 Lafe BT
e . ;
- Dynmic“llvuve friceten . . e
B = s
s




S : Accalsn:lon “ate-to sy .
ey - Gage faztor .
0o = Hetght of 4411 dass sbove origifal surface ¥
X, = Constant, s011 viacosity cneiflcient (1inear relation-
z " Ahiv) g
(. » j < - I{ypar.hetical éonstant , .
121.- . = Adheston factor ’
& x,_ = Soil viscosity (1 \5 gl
e K 'and K, = Constant ) b
' X - mmam of m:h prus\lx: at rest
Landg 4 Length of enaitopater, wonstpor '
- Ll % = Liquid lait, -

Mand M .= Mass of pénetroneter plus 8oil moving with penetrometer
M andm’ = Mass of projectile or penctrometer

v s N0 U Nose e coef £ standard test
i . blow count;" constant >
S - sl
/ ‘Ne_, Ng_ and
o B M @
¥, 5

Ne, Nq and
Ny -

Soi1 pregeure acting on bottam’"houndlry/of"m vg

.= Soil pressure at zero penet
velocity

ofi, penetration at zero.

= rate of ge of “dibtance with time .

eal Loading &3} &
= Cone. resistance

= "Static' cone resistance




= ‘Impact veloeity, output voltage

. Sotl plug height’

Vane shear strength

‘Dypantc! cone u.;gs:ance
Radius of penem;&ner. gage. reststance

S0l censmnr., \mcanfined compressive strength .
senaitiv

¥ & :
Total “time of penetration -
T : N

timg &% > S -

Velocity, 'Dynamic' penetration velocity
Critical Veloeity ..
Velocity at any time (ty)

Input voltage

Standard or- "Static’ velocity

Weight of perietrometer

Moisture ‘content o

Tnatnntanewu penetnubn dep:h

Maxinun dgyth of peuetnyran

Tnstantdneous penetrnton d!pth

Martan penetration dep(h
 Normal stress: . - -

Harlzunr.nl effective s:t:!s ¢ P e

Seni-cone angle, ‘constant, 'dynaic' strain rate
\Stdtic': strain ‘rate '
Constant

Shear deformetian, l:onstunt .




P

, =
i)

v

% 'Mass density of soils .

‘= Density of solid
" % ‘Density of target

= Dry densicy
-,nnn]d'mg:y w5 wat
- Constant, Potssons Ratio .

- :Stra!:is\ ELN & 3
= Angle of internal friction

\

Angle of mm-ouwne “ 4y,

S

()
«




I DO
mmiwriug and sur\lalllancs staélions for nnval trnffin,‘ matine bénbh‘ . !

CHAPTER 1

'Imrwcnou o
i wnl ¥ | ¢ ' . i
1.1 Generals BT i

The nceln'ﬂnnr 15 one of the lebt une"xplo":.-ed lm‘nti/e:?unn the
In recent| yedrs a tremendous 1nuraet has ‘beefs genetated ‘in

|
m dtscovery and exploratinn of this unkndwn .po!:ion of 'th globe and

elrth.

Ats éxplqitation for both milituy and civilian puzpam. Naval

strateglsts are fow openly considering the feasibility of deep, Fixed,

underwater in:

Htond--nanhed and umanned, fixed m\rerwntet :

marks, navigntimal uids. Th the civilian shc or, tha last dq:ndz

has seen/an n].mqut unbel,!evnblﬁ ion of qcun £loor e
Offshore drilling, ﬁoutly fTr rm.uxll oil und xal. is now canled on
in vater depths of up to 1000 fe:t. The, fensﬂvﬂlt)’ of éxr.rac{ing “ 5
other’ raw muert-lu from :hg bntr.om of ‘the aeu, such ag sulplmr and
nodules of mngunesu, 18 nerlcusly bedng m-dxed. Plans are being ude -

to construct mancnade {alands bm for recreational and metedrological

purposes. One fact ds cl demanrh with an

1latior <

i to turn to the ocean.

“for £o0d, energy and other resources.

Depénding on the econonte feastbility o enginurinz n :he

‘ocans; the uu: of apylicntlm of. sail -=chmc.11n afine work is

boundles}s 5m of the past..and ponaible quture -ppum;m ar

(e8] Desdgn and conntruccim nuucu'

such as harbour prot.euion
[




Facilities, ris for 0 wl\ﬁ‘ng and dxuung platforns,

oil storage userv%iu, Tecr

" to provide necessaty data. A Variety'of techniques

.sedillente‘ The tern mpac: cone’

1m1. f\gﬂmu., industriel plants,

tadar touets, naval k\snlluinnq, undmum pxmﬁ
tubes, man-gade lalabds, e i umnned mumm;\(z)

stability analysts’ smpacier: anh s bibaaeine s16VER, evastin, “tgans-

port of beach sands; smlmg of ‘harbours, deepehing of navigation

. chantels, scour atound Eeundutxam yllc! under water; (3) salvage and®

_rescue opérations; and (4) mooring md a chuzln; 1in ocean -sedime] n. R

The design of fmmdnzicu» for ‘sea flqor installations asl well
as nost. Other ap'glicntions “of snu me:hl cs to nlﬂne wt‘k_ requites

detatled infornation on ‘the st ngl:h properties Gt sestToor. um‘ :

“ Th!.n information cnn be vbtalne either by curlng (for wbuequ!nt

testing) of ddrectly from i sty testings. pm oty evatlsble
sampling uchniqueu, hovever, ‘arg known to dum the sofl and pmmxe

a very poor engineering anmple fur 1Ahontory lunlyliu (see ‘Chapter 2. z

" for detailed discugsion). This suggests the need for an in.gitu method
5 R : .

ed for térrestrial

in'situ. strength measurenents is-available for ‘adaption to ocean Floor

‘work:" in addition to_the enormhus developsient cost, thd complexities

involved 1n deploying ‘and ‘operaring any of the s6iiEied conventional:

terrestrial in-gitu testing deviges. have idstricted their e to only
Sk

ery, sophisticabed projects. .
‘For thege reasons, an instrument called:'Impact: Core oy

Penetrometer' tiaa been devided for t 4n situ’ testing of marine




A s R

instrunénts used in the nomul ppactice;of Geotechnical Engineering,

such as static Cofte Penetroneter, and St [ ‘Penctri

test (SPT). The impact coné péi)ixr;meter aybe defiiied s a cone— .
. - :

tipped right circular .-.yund P which, after. imp&ttlns‘ ‘penetrates a

target like 2 so0il mediim WMer its own momentum gathed dirthg.a Fiee

or forced drop vheren r.he uzher typeq

nstrutents mentioped ubove

are driven by seme constant force/velocity. [

The praggsed penzcmmeter, in additiun tI’ umzdmg acceleration/

,.(gcelemu.nn (as deaceibed by previous: invastigaturl), is caplhle of .

. recording &3¢ ‘thrist, and ‘local side friction uimltsn:nusly anid can-

timioualy up to the penetnced depth. The Hvtking yunlm; of the
{nstrument i- wery stailar to a free falling or triggered corer with
velocity on impact betng 15 to 30 ft./sec, when triggered approximately

3

30 £t. above'thé ses bed. It wan be oherated ‘from a relatively snall

ship ‘ever in adveras ‘sea cond{tions anf vithout dpectal handling geer.:
1,2 Statement of Problem and Objectives . -~ ... '}
The p!nblem of 1mpur_t pem:ntinn mto nneltxul mutuinle is
a nlnsst:al prahlm of tmmal bulliezicb. : This problew was aump&ed
as early as the 15th century and an i.mem ancunt"of litetaturé hasl
been pubIished ‘on ! both the theoretical and exgerinental aspects. The
exintlng knowledge on 1 3 penecndrm. pheummm and vlriou diffi-

l

cultieu mouutered 1in'this fleld hﬂl been a\mlriled 4in Chapter Il' of

I
r.his ’th:si.n ‘A ﬂmu sumlry bf the various ai-ung techniques for

in situ renting of matine dedinet is also given 1o “that cbnytzh




of ‘penetration of an impacting pxojec:u]h to -provide passive protection

against. bombing or shelling, -for personnel and underground installations

(Rabertson, 1941).. Recent vork has highlfghted many posstb]

ot engineering applicationis (xcue )'1972),. amomg those. N e T

in situ. strengeh shvteeiing o 1n:c:=suible terrpstrial sotls (Sandin\‘

Lahors:ary, 1965) lunar spils (Anon, 1966), and dcean uaimen:a (Scott, .

1967b) i

With the advancemént of electronics thé present day pemetro-'

meters are.instrunented with accelerometers and are useful ‘tools in

tracing thd veloetty profile and depth of penetration of the yenettf); e

" meter. 'Virious theureucal rehr_ionships. mostly based on Newtnn'ni
i

Y uecond\hu of motiin. have also been proposed for u:muing the vel

p:ofua, maximum peme dion dap:h; nd'totll fuxc:, for !xnmple, Vung/ ;

dulhkall (1965) ‘In thoue
N L]

" .cunxldetqtlnns housve:, the tnget maceriul has been ana\.\merl to be

fmmggneous 1mcmp1c }ulf Aplca elther compres!ible ela tic,

inmmpreuiible plastie, or Vl!c‘ovhutlcv Unfar:umtely‘ Boil depoal.ts ;
 generally do.not Jutt.fy most: of the aboye propérties and ccnsgquencly,
available thenre:icnl relntimshipa hsve n:ua vnlu frmn a8 pruucsl
- poiat cf view. To' overcome this, ntm:a have, been mde to cltagnr!!e
the soil !trength yarm:eu bnsed on’ the expa'dmzntal‘ nmnlti, buc the

1muum ‘of ‘such [attespts are leglon. Tn eachiprogram the peetro-
meter has bean of various di ensiuns and f!equently of different shnpes.

- I7%ie citations on the following pages follow the style of
_Canadian, Geotechnical Journal published by National Research.Cofncil of
Canada. : i . 7 PN




o1

thus making a . very In very - |
few test programs the soil properties vere varied over & sufictently !
wide range to tden:uy{::mtdy their zﬂect on the response of ‘an ]4‘
e d \que: 1 The ruult- to date ' e

|

{

|

|

|

1

l

| indicate that it'is ot possible to obtain in‘-m‘ strength of the
soil fm. accelerdmeter -1,;.:&.; alone. nmme; the existing
h\n.n-mnticm techniques adopted by varioss m\;m,.:m are being
,-mm in' the current mvem.m.r- The preseat dipact pesatzonatst
is capible of recording decelération, cone thrust, and local stde o
friction. With those recorded values it'is pn-my & prediét the

'dynlmic l:nnglh)jlf m varget. eamﬁmly at ‘a1l dcpthl nf1

prnblcl at hind' is- somevhat dlfftm'.' Iml ti

|
myofmpzumuxn:um-eum- L | LR

properties from impact penztntl.on tests hereas most of the

vag -

\\ B 1V. The present { 1p simed at the soil 5

S :
]

})uvim- studtes vere confined to te evaluation of the,

"L depth: ot pmetntm i rs

s ‘2. Velocity range wnder which the present impact penetration
tests would be perforned 1s low (15 to 30 ft. /S:L) 1n com- '
).

K p-rum to' o:ho: !.nvnnuudbnl (200 to 800 £t

" In thi:prusest aoalysis; the frontal Toadtes’( 2 )40 mech

higher, and as ouch, the upemd u‘exezhm VOuLd be mch

5 5 lwer (1 to 10-g.) 4 cuquﬂum to.the vork :Arzud out by X
Sandis uhou:ory and others -tun deceleration was Som-

paratively very high (200 to 1000 g.) because,of a relatively




3 i low frontal loading and high {mpact velocity. - PO N

By and large, the existing penetrometers.are projectile- |

1ike in shape and penetrate 'to a much greater dépth than

the length of. the penetrometer itself. Probably this type - L ]
of shape andhigher ‘Tupact ‘velocity lead & cavitation - . |
A(u+d thé per cter and in the 2 b

side or-local fricuon 16 completely omitted in previous
°  analyses. l'ha ptcpoued penetrvmeter has been de-i;ned for : S0 oo

a noraa} pemmim dgpeh not greater than the J.angth ofé

. * . the penetzémeter. It is belleved that this shape, xpze- U

ctated vith a 10w smpact velomy, wonld prevent the

cavitation around the penetxoutu. s

5. In the present ilwes(!gltion‘ the esphasts s on'solls of

e
/ L) 1ow to mudsuu strength ntmula;in; those genernlly fmmd
% on’ boked Foot Tue the extsting knowledge" ls aataly on

gnmlllt Boils o ~teu‘estr1A1 soils of high utrength.

The objau:lves of me présent atudy are:.
s 1; ~To devélop the capability of the p{opuued 1nan£r/nuor "

laboratory and fiqk Usage,

16 study the response of. o instrunént undef different

-:en:‘duwm.' : w g \' gy
3.’ To study the defetent aspects of low veiomy mp.ﬁt pene-'

! . tratid nectintsn wheréby a theoretical fodel can. be developed
Sor the pr fotdon of the target -cxength, penetration depth,

G B v&luclty -ptniilp, etes, 7 . ke SLE B e Lo K

L e o, attqlptn hegretical/ approach for




'mm strength Qrgfﬁu airectly from impact penetration
:an results, nnd

1 5. To study the application of meact panetnﬁm test resnlu
for_estimating the. soil type on lines sinﬁar to friction
ratio concepts deuley;d for static 96ne p.bmmun tests
(Sl:hmerzmenn, 1959) b 1 o a g o o

“I11 presents the devalnrp nt of the then!e(lcal mndel

t experiméntal tavéstigations and past utudles. A

théoretical relationship between the veloeity, vartous:

"gtatic’ and' 'dynanic' 6oil properties, <penetrometer characteristics,”

< S
and 18 depth of has been: obtained from momentun

" l:oncepl:a. It 1; a“md that during impact pel\etrlli%n the shear -
“batlure ‘oerra and the ‘shear front fe .mm: to that praposed by L
Heyerhof {191) for a"deep cone mpea pile., 'n.a uuon- for adoptiag p
‘the Heyarhni fatlire. criterda, .instead of Te:nghi -nal Peck (19&8)

which, vag used hy Scott. (1952). is thm: ) 1 tlken into lccmn\t ﬂle
b

Vlriauu physical factors’ (shape, surfaée zoughnesu. até.)s’ (1) tha-!

. vHeyerhof f;um'e patterns hnve been ‘observed in the t\m dilel\li.nnul

' lmpuct venel:rntion test by Thmnpson (1966), lnd ﬂii) “the zxperimantal
vnlu:u agree better vith the nnalyunax v-lues nht-imd from the

Heyerhf pattern’ than those of other f.um cetbeita’ o addxtm‘;'

the' dynanic effects on soil streagth vhh:h s l:w-plel‘.ely 1dfeed w

 Seott, Have.been incorporated in tha pren analyets.

Chnput 1V deals vizh the expsr ental program and‘v'ms:ivu-

" mentation :gc)mxlqun adopted m this: {avestigation. The test prugrlm

sncluded mlnly mwmo:y testings cond\ll:ted tinder, :uuy cqntrolled~




 conditions in brder to study the response of the proposed instrument -

to-diferent test conditions’and. to evaluate the validity of the

. proposed._theoretical acl2L, © the tests 1nc..1uded constant. veiucity

tests at different pe vélogities o

tho and fhres dinensional targets, ‘and impact’ penetration teats. The ',

ohtn.lned exper’.nenf.al (esults ‘have been analysed in Chapter Vol isons

exanplgs have- hem pr;w\:ed for éat’ the 'ntatic' nrlec strength & L

from 'dynamil: iesulti and’ also from theuretlcll cunntdera:tons.

In Chapter VI the d. nf a lield

/ . |

¢ s
for 8 £ pena[(u[inn 1s auclin:d. . The ex| erimnt!l esults ol uimd

g wl:;\ :hu penet: é Let on. tezuuzrul uuila have b!zn puunr.éd, Thz

ussihiuty of developmg t.he £lllplct panetmmcu for' greater dzpnh

 exploration vork has also been dmmed Brtefly, Finaily; the T o

and tiots. For \inu ¢ _' of the vntk hlve ¥

A ; r ik
pregentedin Chapter VIL. .
The project, bnaides ‘contributing o, the kngiledge of 108N -

@::-:xm_ mgchaqisn, would provif! >

veloetty inpact

nost: fieeded infox for off-ahare

‘and 'would nmke a llgﬂlfiunt can:rlbuuun to the‘kmﬂledge nf marine

‘gaotenhnlq'ue. The vork can be" app1ied to’ ther. m.u oi in sity




+ ' CHAPTER IT G

THE STATE. OF THE ART Iy mznmlir, e, »

Ptevions reséarch in'the £1eld of "Impnct Penetrometer, and \

1:5 appucu:mn for In situ testing of Huum Sedlments" nay hto\udly
ng

be divided ‘in two:independent resench areas: . SR

1. 'Inpact penetpation. of Terxaﬁrlﬂl Materials,

2. In situ testing of Marine Sediments.

yrnjel:tﬂes smung a rehtivaly hnd :uge: at comdeubly hiqh

* velocities. In this thests; the term high vmcny wLLL b used, to ’

¢
. describe’ events for-which tapact ve\loclr.y 18- g!'e.uet thar perhlps

+50. ££. /sec. - ‘l'he tern low valncxcy wﬂl be \uad' Eo describe events 'y

or wm'ch impact velocity'is ‘lower than. 50 ft. /uen Lieonatdo- da Vinc.i

Hdleill 1972)' in the late 1500'5 vas; pnllibly ane. of the firet ta 5

é:-p: a's c .ppxnul Gf pensti i even ‘before !Inwnm'

o
. tise, D. ,V&nﬂ censidzud “the "p?wer of thq bo a:d” (-ing. prnje:tu )

aml "the ‘reuilt.ance of ‘the objur. (stone -u; amnc

in .dulguing




“Prlnciples of Cunnexy that the depth of penetration of a bal.

it cohcluded: that the resistance of a given target was alvays

constant, _&:eat mathematiian Euler (1745), -used Rahins

derive the ! Rﬂ\;\nsﬂ’uler Prediction equation which states that

1 into

o body vas proportional "rmiy to the aquara of its etriking velocity

work to,

penenauamu salely depeﬂdent on r.he ‘target property. Poncelet

(msz) publishad a study fhich concluded that penetration vas

pro=

porm.nu both co target sl.rength and peﬂetrl!iun veloclty Petry's '

anﬂlysia was mde in.1910. From 1910 to 1943, Peres, Probert,

and Didign, H. P. Rohertson. Nnhue de Gforst and others teported work.,

Morin

- vhich evaluated .the constants 'In the formila previously developed.

Recently the impsct pemzratinn problem has been nztacked ‘Erom

, many directions *to achieve some msningf\ll relationships.

The' bulk of

the 1uerature avauable to date can be classlﬁed in the follw.lng

“three categozie i

¢

(i1) ‘Enpirical Studies,

Theoretical Studies,. ' - B 5

(i11) Experimental Tavestigations,. ¢

2,1.1.  Theoretical Studies

and

Th 1cal and, quasi-th bttt ons ‘relating e i

y {ales of the impact penetratinn problem
" have heen developeﬂ by, many researcheu. ALl hav= assumed the soil
target to be ‘hotmogenéous, ssocmpic and half-splce and the pxnjectlle

[ or misslle meacts nntmal to the half spuce and that 4ts axis is a

to be

. tafgent' to the trajectory.’ The on’ path 18

vercieal. A 3




Basic Theory of Edrlier Research

““ Newton's equation of Notlon is the starting po:‘l-.: for most of

, 'these theories:’

i sl Ay Mg~ F = My ) &
F .y ) ™ R
sisch must hold wher the projectile 14 at any depth aid moviig vith
J ! any veloctey, vhete - s :
= Mass of projectile plus soil maving wuh pmjeceue
o B Sig= Acceleration due to L,?vtcy

F = Soil resistance to movement

B s
=" Aceeleraticn or xdgceuﬂcim\ of projectile. h‘/c .

Gravity .force on the projer_tile 18 st comppréd to the goil

- force and, the 5011 mags movmg\nxh—éh% pmjac{u' 16

L ra-latively very small “and hence may also be e gjﬁé;d

I1-1 may be rewritten ast

con wheze .

- oo 2 Mass of p::;j!ctilm 1/ 5 e
. In gmrnl the resi-cm furce F is. }aﬂ,ﬂn‘n of ptojectlle

velocity Wor - & ‘ a / . X .

TF o= EW) / B 2 B e 113
£(V) 18 a conbined result of theee comp)mmtl wiz.,

) if (v“). £ (v‘) and £,(72)" réspectively.

Su\zstinn:lng in the value of F, egiation T1-2 nay be mmn as
i b

v
P dt.

ot -"ifl(.vD)+52(v1')‘+_fa(v2_) . u—’u"
. 15 . 4 .




unzuan II-4 u-:uuy poltnhtu th.t durlnl the flrnt
phue of penetration, at hx.n veloctey, the =otion 1o governed by the

resttiye force proportional to the square of veloeity. | This force

.would be analogous to the drag Teststance fn flutd flow. Subsequently

at moderate vel the is nal to the frse

pover of velocity and, hence, dunpg this phase the resistance is -

"1In the last p!mle

PR, LM “the szcou resistance in-fluid pha
the reqistance i prmu_ly'cnu-ed by static £or==u. -y

If the functions 4n equation II-4 axe assuied to'be corstant

afli/lentu,'ihé statement 1s simplified to

o - TEENE R By w2 i -5
S w2 i "

'_u_ are the starting point of most of the- -
past ind] present thmuﬂculu Equatton 1175 s, the general form of |

varfous well known p:nztutlnn fofmulas. It for example ous takes
8 =.Y'="0, one obtains the Robina-Euler Formula. For'the case of
§ = g e obeatn Poncelet's equation. The following 1s a Mot of

formlie proposed by various lavestigators based-on the general loluthm

of eqiation TS, . . e &

hbl.nt (17102) lnd Euler (1755) e

T . : -6 ..

&
Giving the maximum penetration, -
: o aHNE E

where V= Inpact velocity




. p i% -
 Poncelet (1829)
: ' :
- a . : }
; MP at. = Wi+ o . ’ . . _llr-ﬂ ‘
giving l/”\ ; - % SE g
p . * T . . e v o ey
¥ \ . 142 Loy yVD7 3 Ly
Ressl (1895) g s . { T
MoGE n v 11-10
) ! Lo
glving . ' |
| ST W ‘ .
c _— ) Lo : c s
b Ftn I r¥— } i ' 1I-11 .
Allen et al. ' (1957) <
‘ |
i . i .
. = YW gor Vo> V> Ve 112
% I et .
= gV2 4y for Ve >.V >-0 11-13

Where Ve = .critical velocity.

Based on eiperinental :Lsum Allen o%'al. " propoaed the:
m:ml velocity as 200 ft. /sec. . They chazaccerizeﬂ that {mpact at

a velséity greater Fhan Vi ts Lifgely lnelastic and at 3 veldeity
"ass”than [t ehe projectile. stuply pusiice s sand’ aside more of less |

Elqntically.

Chisholm et al. (1962)

o 4
aE " BV.*V

p'




NG I
! e 8
. 1%
Hakala (1965) * - . L T i ' J g2 :
Pl , P ) i §
_t.yvfux&pf.xvu>v>v.: . 11-15; A
= ;- svraeuforVe>Vio. 11-16 )
Sehmdd (19,69). Crasshoff (1953) PE st / i :
1 . - % 3 o . . 5
gﬂ, ’- s A+'BV-+A1V2V 3 T T a7 4
The Jolul:ian o equltiun 115 or 1117 deponds on the »

mngnitudz of ‘the cnefﬂchnt By uld V,,uml hl! bezl\ preienied hy

“schatd (1969 in n.e fnnwtn; forms: '
(I) for the case whére a’ < bay;
4 - T, W2y tamgt L
RIS SR ’i"l’n-—-———-i?—u@v-a')“
: -'~ yvioav-n"’: ; S

_i . u’ Gy - nz)“‘ ‘,,-.‘ e BT

: 5 ('zyvu)(np;-s?)"" o 130
<y (n) Tor s cane where 82 > lmy . g b e 8
yv2+sv +a ’ et
3 n—2 2 1121
G S +"l+? 28
Mt = 28y (82 dap) S . T a2 .
.-ndz sr‘, (82 = ‘4ay) o, w . Y AT s




vhere. C = (Zy V@)t =2V, + ot /o

2y v+ 8+ (82~ 2y V% 8 - (82 - ba)®)

F g 5
T2y V48 - (B2en) M2y V) 4 8 £ B2 dan)T)
N .

' (I11) . for. the special case where 82 = 4ay’;

|

~ 3 B+ 2y V- BCH
g m R 0 5P
2y s+2W- -~
L ZCHH

(
)
(IV)  for this same case (82 = 4ay) 8 can also Be expressed as

B = 208 y" and the integration of 2quation II-5 will lead to:

Y u"»y"\iﬂ ’ii‘i‘ L 9=
= fn VY e e ——
iy @y )6 +yiw
and ™ y > . ’
vo-v -

t = Mi
' P P @ iy N
v o d N
Wang (1971) :

»H‘;v%- a+BV+y X" =

~ This is sidlar to the equation II-15 proposed by Hakala,

The solution of this equation is'.given in the following form:

and-deceleration. versus penetration is giyen

15

‘11-23

11-30




IV RS

f
!
“The ‘use of above mentioned. Formulde for. genetal purposes . 100 ‘

f

*res:ric:ed by the facc that the nate: ial constant values. &, a, and Y
A'have to be de(emined for each mataria!. i the Inpactiog sbiaet,

While" these formlse By ‘been: used in expresuing the wide vme:y of

cl\e tes: tesults, their vu dity has been tasted only with a linﬂ:ed ¥
rnnge of impm:t velacitine. Besides, the vulues of "the canstantn

proposed by differént -authors are on th: Ymeds of 1mpact velocity and
'aep:h f penetration. ' Most of. the previous otk failed to record or

recogntze ‘the properties of the mge: naterial uuch as density, ungle B

"ot intemnl frictitm, coheston;, Atc. For those haams, cunelauon

beween those cmstunts lnd in aitu soll pmpenheu 18 not Vel

devalpped v S ' .
Ia recént developmsnts of ;the yanetratlwn thearys the |

behaviour and the flﬂure mechlnum of the tnrggt. ‘material haLle alsu

“been 1ncaryorated. The pmblem has been utr.empted from diff ent

* angles i which the fallufe mechanism of target material has been:
. atstinaa Q;’ rha* form 5E slmplifie:‘l nathehatical sodela. "In the 2t
ueqm: purugraphs, thg work of a feu of ‘the ‘pr!nclgal authors haa
 been briefly acnbedd, B ,1_ el i

i
T Seott (1962) devel.oped thente‘ttzal uolut.ions, assuming the ...

target material hoth (a) wmpreuible 2 elum. and- (b) mcanpreaeme- -

“plastic.” For eompre soil\ the, atl ‘e 1c assumed

tobe a function of the  insteadof '




the mscstnaous veiacl\:y of pene:xomtn and the weig‘ht of the soil
novin); With the penetrzmeter 1s considered through & simpls model.

Scott assumed that a soil mof hel.ghr.(s), width 2R (2R = Diameter
of penetrometer), and: density oz moves with yenemmeter umi 1s acted

on by a pressure of i ik

.-)yu-hz

in which P 16 the. soil pressure acting on the botton hatizontal hmmdury

“'of ‘the 'soil plug, Po is.the soil pressure at.zero pemetration, Z is the

depth of, ’ and b-and £ are’ conatn:u.
I the case of incoiipreseible-plasti target Scott -
. developéd the t 1 5 adopting & classteal adlution

“for' the beartng capacity of solls. 'To ml’cuigie 801l resistance, he

‘assmed the general uhe\r fatlure ‘mechanisn 4 nugges:ed by Terzagh£

. and Pe-:k (1948) for the :011 target: and ‘added faértial restotance. af

“.the aceel'etated hnu mass to the static ben:mg renlataw:u of the unil.

: ssmim- treatnént may be £ umi in ur.hez reports (6ot example, Shipley
(11967), Schatd (1969)). Though Seott's later approach 1s-a ealistic
one, lita- aasusption of the failyre pattern 15 very conservatiye. ' Besides
this,. no cmsldexation ig gim to the dynamxc efsqcr.s on thg soll
‘réaistive force.  However,. the v,-uduy of thise, forsiulae could not be

zsubushed 1n the ‘absence nf expeximentll resuhs

'!'howpson (1966) nﬂde a mst cmrahensl\m th:oreti::al e:vdy

of b1 He. has consi d the equuthm of mdun, -

“the ‘cont tion, the e 5*" ‘-ute, ‘and ‘constitutive

:ou xelucinmhiyn to abuin a set: of partial dleexen:le rquntiws

for me nglct ' problem, ately; those.

1




e ‘ = B N 7-16

cannotbe solved in closed fnm. and ft uppears that they nre too highly

non-linear to be solved numerically.

A

Moore (1967).! developed. an equation for tatal impact penst:ation

based on the principle of conservation ‘of euergy andex b foumng
assumptions: |
1. * Soii penetration- :gnis;‘{me 18" proportionsl ‘to the soil density, ]
the dcceletation of gravity, and to the instantaneous-depth of {
penetration, N

2" The energy available for penetration is proportional to the,

kinetic energy of the penetrometer {mnediately before impadt.

The equation derived by Moore is:

7 e, i Vo !
_,..;((_2‘)‘.1‘—-g «II-32
E Pt g LT i

3'Lis the 1 £ 4

| >

in which Z is the depth of

_— b « i P Bl
p§ and p ¢ are the densities of the penetrometer and’the target
respemvel'y, and K is a .constant. Agatn the value of K has .to be

deternined ‘experimentplly for duferen: target mlteriuls #id” penetro-

meter's size Bnd'_};haye. i : k ] |

Tsnl and Schmid (1969), Schmid (1965). .and 'Angn (1966) stud%ed
the penetration phenonena for a s orpleielisbaking an Tacrendini arak
of :rons—sectiun. ‘Anon carried ouq his research for -the development
Of- the Lunar Penctroneter of epherical slmpe., The tesultlng eqﬂ\lnﬂ.cn of il

motion--a ‘non-linear differeitial equation, has been expanded by

utiliitng n‘e‘r&ym series expansion A‘relationship betveen the 1 L < .

manmuneo\ls vélomy ‘and the -density. andcompresisive strength,of the I 7 5

:sxget mateml, mass ' and dlmt:r and imct velncity of - tha p!netrmtar




- has been‘abtamed. A very. gm;ﬂ agreenent 1s claimed fej:' zﬁe velocity
rm}ge‘izam 500 o 6000 fe. /een:. and_ for taxget materials ranging from
soit bolyéthylene -to glass flbre’ ratnforced: epoxy ‘resins. m*ever, 2
fur th! impact velncity range of interest in ocean bottom penet:s:lon,
no expertsiental confimatlon of the vsn.uJ:y of ‘the equation is
avatlable. Ty | U

Schmid (1969, 1966), Toat (1967, rm and Schmid (1969). have
considered tha problen assuming target materisl either (a) ideal
plastic, or, (b) viscous. Further, the target material (soil) 15

by cal siodel of spririgs and dashpucs,

3 Unfortlma(ely a funct onal mlﬂti.cl\shiy be:ueen the -s01l reaistance

and tiie must e assumed 1n order to predtet the response of Tmpact;

pencteoneters from those equitions, In general, soil-resistance vergus’

time plota: (1) ‘asaide . a-fixed Fuictional ‘shape within ?nly Linited

ranges of the independent variables, and (2) are complex turves which

would be Aifficult.to represtat mathemstically. Thus, thusejsolutinns :

nay: be valid gily’ n :yecml cases: -,

‘ . Bssed ‘:m the-assumptidn that during izpact pevetration the
dlsplnnement fleld can be obtained to describe the motion of sou
medu at all times .during penetrstian, Reeves (1959) employed ‘finite
element to model a soil half space hy the generauon of an axisymetric
body of :evouudu. The caleulation of straid and inertial energies '
1s" done oiCa ¢ tlma dngtenent basls and at the end of each. {ncrement,
‘the sum of energy put Lm:c soil medlum 18 subcncted from the kinetic .
energy of the ptnjectile until the projectile fa stopped. The result

of, this opuamm 15 an gnsenble” of deé:h \'elocl:y, force, and




& , o . G
{transfer of ‘energy relations each obtained as & function of time. A
cn-pariuu? of his analysls with experizental results’ shovs the

vlril:i?u af 15 to 50% at- impact velod.tieu m;ing from 183 it./lec.

to 200 ft. I-ec. L - -

24.2. 'n'-ptriax Studies

ucause of the co in ing the y formula

of ‘tmpact penetration, quite a large mmber of =+pnm1 tellti,onuhlvu

“can be found 1a-the literature. . Those are

signed to amm :

analytical rel “from the tut rnult- af uxperi—

néntal programs and are muy concerned with high dapact velocitie

Tolch ‘and ausmnvmh (1957) :ecmend m— small projec:ileu i

an’iking soft rock:

a fe 133
and for large projectiles: |
X - u—(oom\nml . X
‘nax s G -
Lang (1956) on the other hand report: | : 3
DURES SRR ST s s
s S & it -

vhere "W = 'éeishl‘.’of projutlis |

. ddanete ‘of projectile. B

s = mmﬂned cmnpruli.vg -trgngtl\ ui the tn-gec—ruk (33 uoﬂ'




velocuy :Ln target ute:hl

-' 21

where for softer material su

(1961) suggest:

LR 2 sl
R i (1+K,V %)
o max T o 2%

‘Where X is total penstration in {aches; W is

g -V oa v
L 8 (52 for 0.1<_°<.1,o.

) Hhere n 1s the diame er of'a projectlle and co 1s che ws
T The, valises B, Byend _B'are,dete 4

fromtest data. . - 4. Py o I
. McCarty- and Curdzn (1962) _report: the £ouwin3 resulta ‘from

rhe Low] velotlty (v = 5.to 30. ft

i) tests 1n which cyunumnl

Iip[jed qith

1 - noses ~were, Ly ictéd onto rliy

I s
X w2 mp" 2B 140



 ¥here x' 19 maxj.mn penatrntinn 1n tnphes, ¥p1s the
penetroueter mass 1\1 pounds sac.zlim, V, 15 the p!netrometer impu:
velocity fn- 1n./sec. wd Dts dtanster ix tnches. . )
- From the series of bigh. valo:lty @, = 150 to 900 £e. /o)
" test fi which 3 dach - diaster cyundhcu penemu:ez tpped vith
Vemisphier1cal aid cottéal nosss was taphieadionte & layezsd sot
profile conslsti.ng of 'silty sand, sindy clay, latd clayey sand, ettty

and Carden found' that e % g “
X - ooosnpvm o I (LI 11—5‘
[ max . et e s L

It should be Ithd that in furlm.llae II——AO and II 41 a sl!\glé

value fot the coefﬂalmc ‘has been given couting a.wide mieny uf scils.

Hechtl (1964) \naﬂe an experi.wzntll study on the medlum velocity
ptojectile pehetl’utlm prnblen ‘and’ eutﬂblilhed a cnrrelutiuﬂ ‘with the

“impact test velués aid CBR, (California neazug :amrm—ﬁﬁ’—

cun‘elution mny be \ueful 1n niseuing tbe 8pdl :rlffiubﬂity prohlemw

Bedlistog® expertmental am’ derfived f:am tests con.ducted by the

Snndiu LabntAtories n thch i vid tmga of impact velocidas and noll .

types vere invescigateﬂ, Hoaduard, Clyde, Sherard and Assoclates

(1962—1967) Melopga two mpitical expresslwns fox rhe total deplh of -

penettation'
IR G T T 0 S O - ')
““max. W T v dad A% A o B X

e
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- 8 L26A x 1070 FE s i 145 Lptedn 4s
(\’imu 29 - 3.5V %107 ),.t = - p 1
M T uooom 2 i Ce EHAE .
b= 0.4314 x.1076 . o 147", -

: e .c\._'10+1556ch(w)-Ziexp(———) : 11-48

t =042 (@) 0,942

Q.
lnd N'is the lund-rd penetpdfibn ¢ .;Du blow ik, p‘ 1s ‘the soil
’m;.: dlulty .- -ae\im. . 818 the local -zummm of

|uv1ty in £t./sec.2, Q'is’ the penetroset. fmnl mdu; An pu

A 18 the mmm srea of penetrometer in in 2 and (CRH 15 caliber radius

8 held of the pe nose. ' These fons were based:ch the test -

i, rnultl heactnad Eiom long: slendix pumro-atsn tpped with blunt to
very nerp noses: : .

‘Young (1969) assuped a funcdml umiu-up to mmn the

penetration !vent in the, forn % g T RD AR

% ‘1‘“’ £, t,av) RN

where, . W = mizht of penetrometer, : 1 1bs




By judicious interpretation of numerous field tests, Yourg

evaluated the functions in the following equations:
| «

E e 5
= 53088 V§ %107 tn (2420 % 10 v2) for

\'B < 200 ft./sec. . I1-51
’ ¢ < o i : .
= 3100 SN.YQ'x 107 .(vo - 100)- for V, > 200. ft./sec. 11-52
where the terms are as prevlously defindd :nd Y s

Q = Froutal loadinz or w/A. i
Young's equation 15 anenablerto graphic solution; end reqnires

e goproximte value of § for tested mtzrial. Valued of §

L,
(musnred) lie within a wide range from less than l “to 50 or puhups
more. 1.'hus, the 1nveauga:ar as o wide cholce of § vnluAn available

une that § is

.
to characterize a gb{sn!deposiz. it 15 necessary to

“constant for a given target. Th;u, ‘for a penetration in’ layered media

'ef Hldely different pfopenizs, the correct equivllent wnifors value

-of S yitl, depend on the total depth penetrated.’ For this reason,

,/ x % g -
application of Young's or other eémpirical approaches require a,great

deal of experience and judgement for estimating the values of the soil

constant.

¢ Mitchell et al. ~(1969) éonducted.a statisticaltevaluation of

Out of the seven |equauen:—jalqaud; the following equation gave the:,

best fit- to exper{mental
X s x:‘a’qs‘ v’ +Po
max Q 4

1I-53

several equations é\:e/m penetration utilizing available test résults.




‘clays[' \

- where K = Soil constant

N. = Penetrometer nose shape.and dimension comstant: ey )

rometer frontal loading (W/A):

e 5 et velocity
Po = Penetration at zero impact velocity

Mitchell ‘efy al:  also expenmen;any 1nvestigated oblidie % o )

mpa{: penetration of soil target. Those studies indicate that the

a/bove equation will adequately predict total peretration if the term

(V) 1s'taken to be equal to the component of the impact velocity":
-t N ’

nbmal to the :arget surface.

“Dunlap (1972) perfomed myu& penetrsnun teafs on several

selected sl:ea to encompass a xeprcsantatlve di; [ribution of soil

ypes, ranglng from sands through silts to claye. Based on in situ

5 of Yotl and depth, two telation-

ships, hgve becn proposed, one for. st m other For silts and
Murff ‘and Coyle (19735) tried different polynmnlals 1n velonity
i depth to £it the experimentil data obtatned jinder fulfy. contwlled -
conditions and. found that a; Mnear function of yelocity and depth gave
an® excellen: £1t both for clay (correlation. coefficient 0.98) and ‘sand

(correlntion coefficient 0.93), The valyé of different coefflclents o

va established in térus of unconfined comprpssive strength,and

xelazive densi:y for :13){ and sand respectively. 3

2.1:3. " Experimental Investigations |

Nuberous ex 1av tlons have been cor té




develop.a quﬂlltative e of the mpac: 2 problem,

§

Tuthosé studtes a vide range of dependent and inrlependent parameters
have been: studied. Independent paraneters investigated have. included
penetrometer's’ weight, shape and size,, penqcrom:er impact .velocity

and. angula‘r Drien[stian at impact, propergx“es' of soil target. and the
nmhlenl environmental conditicnu‘ Amnng the quantities which have been
 cecovasn ol s apadeae e ml accelération time. hislfary .
penetrométer, [he total. depth of penecraunn, the dimension of the

péstimpact target sintface; aid ‘the defornaton pattern produced Wichin

ttie ol tatget durlag penetriition. | The ‘effects of clianges in various
‘independent parameters on the ‘output ‘of an accelerometer-monitored

pene}rometer ‘are gummarized below,

2:1.3.1 Penetrometer characteristics . 1
The indepéndent variables like wéight and diameter of impact
penetrometer have been studied by McCarty afid Carden (1962, 1968);
Clark and McCarty (1963); Hsnka and McCarty- (1966 ; . Anon (1956),
Carden *(1967); Caudle gt-al. (1967); Moore (1967); Mitchell et al.
€1969); Young '(1969), and MurfE and Coyle (1972, 19738). Tt has ‘been
indicated that an increase in penetrmeter wvelght ylelds an’increase .

in- total penetration, gn.increase in the chauc(et.{s(ic tiimes (e.

the time o reach maximin decelalution and the total tine. of the

penetration event) and a decrease in.measured decelerations, vhereas

the facrease in. the diameter of ‘the penetrometer produces a decrease

in total n, a'decreage in time, ‘and. an increase

1n measured decelerations. . . T S,




=

Thompson (1966), Woodwacd, Clyde, Sherard, and Assoctates .|
(1962°1967); Young (1969), and Murff and Coyle (1972, 1973A), have
made the éxperxme‘néa'l study of the nose sharpness and Bhape of the
" impact venet‘tumter and found that an’increase in mose sharpness )
yi61ds an fncrease in total penetration. Murff and coyle F.ndlca[e
that Penetrometer geumezry and the ratio of veight to, cxnss»sectimml
area profountly 1nflpence the perfornance of penetrometefs.
2.1.3,2.' Impa:t‘Velonity an;flmpact Angle Lo

Grasshoff (1953), MeCarty ‘and Carden (1962, 1968), Hanks and
. MéCarty (1966), Anon .(1955‘) Caudle, et al,, (1967), Carden (1967) and
Hyr£E and.Coyle (1972) have studted the perforsncé of peneapmcexs

uun varying {mpact velccity. Itis czmcludtd mm :mr sﬁndies chat

degrease in charnc\:e!latic times and an increase

pdasured aeaelequqs,

[+ in éuzal peneimuon.‘ Kurff and Coyle further indicate that depth ok

penetration 18-a linear furu::ion of ‘the impact velocity. .
Anon (1966), McCartyand Carden (1968); and Mitchell et al.,

. (1969). have carried the experimental investigation to study ‘the effects

* of ‘mpact angle (the angle between the"path of the penetrometer-and

‘nomal to\the soil target surface).. It 1s mﬁ\‘{xea from their - gtudy
| that ar increase in thé ‘impact angle produces a dectease in total
pendtration, a decreasé in measured défelerations, and'an increase in

the characteristic times.. Yed P "

2.1.3.3. Soil Characteristics

Fleld and 1 8 is have been con to




_study. the response of different types of soils and rock op impact
Tpenetration, It has been recognized that the penetration depth, ‘as :
‘well gs the shape of deceleration versus time tecords, is highly ’
dependent oo Bil prepertien:’ Te édktlons thé decslivarich sig-

natures are quite sensitive to boil type. 'For example,:cldy génetally

*(Woodward, Clyde, Sherard and Associatds (1962-1967); Caudle et al.

i
exhibits a lof deceleration and a smooth dccelerarion time-aignature [ '
(1967)).. In gravel, larger'decelerations are recorded* then.in sand, |
and” the acceleration tine -signaturés are also*rougher’ than sand. |

- Hakala (1965), Thoupson. (1966), and Avoshika and Cox (1948)

have mentioned that.sand and gravel may be comminuted during pene-

tration. Vapg (1971) has given atheoretical expressilon for the e
eriergy” éxpended on wiivertfatton, Yhough very 1ttle change in the

gradztinxl hds been observed AL his.experinents (veloclty range,

v, = 25 fr,/sec.). Wosack and .Cox’ (1967) have aleo ‘obsetved ally blast
_effects such as the ejectioh of material during impact on sand,

 Vey and Nelaon (1965, 1967), Hanks and McCarty (1966), Ason .
{1966); Hoore (1967, carden (1967), MeCarty and Carden (1968, and

Orrje and Brame (1970) have hweutigar.ed the soil densuy effects on

the yane:mctcm event. It is inferred from chelr investigations ths:

1ncresse in soil derisity ylelds a‘decrease in total plllettntinn, an’

increase in mensured decelerationy and desiéase in characteristic !

times. The ef{ects of uoiature content ‘and degree of samrlrion on
penatratiumevent hnve also been studied by variaus workers (a:e for

exumpla Reichmuth 1967). . It is stated “that impact penetration forces

will decrease’ considekably as the percentage by welght. of solids is
3 . - - s

s




|
»incteased and W1l increase’ts 4 lesser extent as me water content is

1ncreased 2 4 3 : N of

2.2. I st Testing dt Marine ‘Sednent
‘ The growing interest in placing englneering structures or
equipmeut on' the ocedn floor or carrying out r.ertaln opemtiana on:it
genéally " requires & knowledge of . the mechanical properties of the
matéfial. Only retatively recently have ' atténpts bg:n made to measure

the relevant properties of ofean Eloor sedimgn:s de obtained in coré
samples (McLelland' (1956), Mamilton (1963, {965) Richards (1962, 1964,
1967) Lee (1973) and otherxr?, The present smpl ng techniques,
hmaevpr, are known to disturb the. soil and grwida a poor engineering

sample for a sophisticated laboratory analysis. (U.S. Navy Hydrographic

Ffo;L:F (1965), Richards and Keller (1961), .Anderson et al.  (1965),

A Richards‘a‘hd ‘Parker (1957) and others). !Ased on’vane shear tests

" condugted in situ and-on collected cores, Lee (1.973) has reported
'disturbances of even up.tp 50 pereent, ‘To winimize the sample’ dis-

turbance in cores, ‘Riche and Parker Tecommend a design criteria of

a corer which' may mininfze the physical disturbance of the type
mentioned by Hovorslev' (1949), Calhoon (1956) and.Neorany and Seed:

(1965).  There are other difficulties associsted with Gbtatning and

bringing to’ the surface the soil sinple from deep océan bottom. A

few 'of these problens sre: (a), ‘Coré deformation (Richards and Parker’

1967), (b) 'mu;n mnve;len: (Antiersc;n ot at, 1965), (@) Change in the
geochenical properues (Jerho 1967) (d) .Change, in the misture s '
content (Richard 1967), and (&) micqmgnzu change (Vey and Nelson: o

1967). The énvironmental chinge may cause the exphnston of pore water




! = bl
o 3 | . .
volumie by 0.14 percent for évery 1000'ft. of water.. This expansion:
\ T i Y% :
may oceur laterally and/or longitudinally, depending on- the inside

¢ . B p
clearance ratio of the sampling tubp. Even this expansion™in Vetine

B2y cause sufficient in the 1a J
{
| the soil mass ther eby chang ing- the strength plopertits cunamezahly.l

Since s: 1s not practical’ to eliminate all these problems,

one obvious alternative is to examine the strength of the. sotlin'its

natiral location on the ocean £iSor,  The present description deals

with some of the possfble techniques of accomplishing such'strength

measuréments vhich have been:attempted inirecent’ years. B

2:2.1 . Direct Mpttiod i !

" A'varity. oftechiniques used for Gerseerial 4, einimeasire
hants 8 available: for adoption to ‘oeean: Eloor work, Héwever, mot ail
- are-directly applicable because of the envmmencall Kindratce. The
followtsg techaiques have beed tried, but ‘are otill fn the stage of
aevelopmenc. ik i

al 5 |

|
. ‘Fenske' (1957) has Jepmeér thie. use of vnne—shearing tests in

#3021, Vane Shear Test

- the Gulf of Mexico. Taylnt and Dmra {1970y hnve developad an
instrument "The Deep o:m; Test in Pl!ue and ubuermmn System

(Darxyqs) for measuring in situ shea:_attenglh with the tielp of vare

¥ith an 16 feet square basie and'a’ helght of 17.5 feet s}“pparted o
chedi k28 faat Hasring pads and veighs apptoximately soou 18s: 0

afr. This Anstrument is capable of ﬂelsuring shear urength to a

shear and o' static cone penétrometer. The DOTIPOY s pyramidal shaped




1
L ¢
ndmen: iépth of 10 f:. at water depthito 600 f:. Mclhry and F!blil:h
(15703, and xnduu:zen etal. (1971) have feported vane shear devicés ‘.
vhich can be operated by divers, foy testing siperficial sedinent
deposits. Toyle et al. ~“(1971)° have developed a remoté controlled vire
Line ‘vane probe for shear atrength measureménts of aediment “hich.can

be operated fram egther a fixed or flga:ing bne‘ Tl ,1nstrg-mgnt hds
s‘ucc’essf\)lly been tested ;xp to sedinent depth of 75 £, and vater depth
up to 185 £t. The wire lne vane probe can‘_u used only 1n ‘bore holes

and, as:such,. this systen may be quite uasful tn confunction vith

dri1ling and borings- for htatoing i eitu strength propertiss of

marine. sediments. Richards et al. (19{1) have reported an in situ
vane shear testing e et capable of| tebting’ up to 10 217 dpi st

one £oot 1I|r.etvnls under vater depths of -up to‘ 15.009 £t ﬂm i, il
»amenaxnne and wetght of ‘this, iy aie of the #ame ordér as.those

descrﬂsed for DD’!‘IPOS. 3

2

.2, Static Cone Penetration Test = ‘

Static cone tatiod test, in 1 use; 1o
a driving a cone tipped cyund'xxcu rod ‘at constant low speed whereby '
the, cone thrus: or both: cone thrust nnd lncal #ide friction are” ; :
maasured etcher mechantcally or elumcauy. Alttiough .this test ‘hu‘
not ,beve'n standurdued fornally a. generally accepted pral:r.i‘ce has ‘been
developed: ' The cone alwnye has a hm atea of 10 5. enl: and ﬁn apex
of 60°. ‘The. friction nleeve has generally a snrface area of 150 sq. em.

‘The ednptad rate of pene:ra:xon 1s £ the, ordexraf 1 co. /!ec. to
I

2 e, fsec:” For ndvanclns the l:une, hollow rods are:used H:lt.h an’ out-,

side dmucgr of 36 m- usully 1n uectiuni of 1 neter




B on o

. The development of aatic come penettadvn tests for in-situ 5 o
-ea'uruen( of otean floor sediment has been repm'ted by Ruiter (1911)
al_|d Hirst, :t al. (1971.) in addition to 'l'aylol' ln'l Demars (1970).
Ruiter's probe bas|been successfilly tested for 13 aeter penetration g

in up to 50 meters'of water depth vhereas Hirst's prode 1s operable up

to dn ocean depth of 1200 meters and penetration depth of two to hree
meters. The weight of Rwiter's probe is approximately 12 tons whereas <

other probes ate of the same order as those meationed for DOTIPOS. -

; o
These probes taks wp to-4 bours, for one deplojuient \

2.2.1.3. Plate Be,nring Test - -
Hll‘risol\ and lil:l\nrdlon (1967) hlve yerfnmed the. Pllte Bel ri.Pg
Test in shallow water . (16 to 20 faet deep] 1n ithe cnnvr.nunul manner,
‘l'ha plate was lo:ded -uh a hydraulic jack and the buhncmg reactions -
were provmu! ‘with the h:lp f massive concrete blm:h. Bovsux. Athu
" system ‘is-not. suitable fof deep mter tutlns unless some modifications

are made. Kretschmer ‘and Lée (1969) bave xeported a device, developed - ]

by N.C.E.L. for pertcuang in situ plate bearing’ :en- on sea floor 7‘ E

sédiments.’ It u a very cup-e: and alectnmiully weuted raqte
l:.onuol dwlce and is upuble of pufming the tut toa yner depth

of 14, ooo tean h’he equipment has an approximately 12 feet square base

"“f a height of Lppmmuuly 7 teet and welghs 4. tons i atr.’ I’

can accommodate bn:ing pllul rm;ing m uize E:mn 9 inches to l.rS f;et

‘4imm and én lpply a mx!.mm 1w1 vf sooo Ibe: Fron the

lysts *

'd: the, pest Tesults obtatned with' 1t, it hab beén established :11.: the

n‘pu c :orncayt ‘: elnm-. And bear: upul:y 1

theor s lypsl:n to'be .ppucm- to mlynh of “vedk-upper s seratace -




sea floor soils. . . i I

2.2.1,4. Impact Penetration Test : }' B 2

. i J . i/
In’'récent years, several studies of the penetration of the X

projectile at low and high velocities into soils and other gfanular

matetials have been made (refér to detailed description undér the

P 3 2
. heading "Impact Penetration of Terx‘e!tzial Materials"). Ba’Eed on this

| |

/
principle; Scott (1967A, 1967B) built' an actelerometer mon)(tared corer
which collects' the soil sample and records [

be dece1erm7‘n Sf corer ;
i

: -
simultaneously.  With the recorded scceleration, the velocity-and
. ]

displacement of the corer can also be computed. by integration -and

double integration w.r/t. time respectively, This technique has beer

tried for both gravity and free fall ‘types of corers. -In-the gravity =~ *
type pf-corer, ‘a simple mathematical relationship has been proposed
(neglecting the'drag, inertial, ‘andother forces) for calculatfon of°

shearing’ Festatance of soll from accelerometer records: | . 2.

Korties (1959)1 n additfon to. the parameters ponstdered by

Scott, has taken iuto \m‘éunc’a 8011 viscosity coeffictent in deriving ‘ ad
a theoretical relationship basid on thie fofbe 1%y thetéby showing a -
signiticant contribution to total. orée from viscous effects. Preslan
+'(1969) has' nade s of aceelerometer’racoids fn caleileitng the drag
force and added mass of a free falling corer. " Smith (1969), Migliare
(and Lee (1971), and u‘mg's‘u‘mv) R SO . N moi‘fcoregi
t6ds for predieting and mniysing the depth ‘of penetration of: sutken *
obécts. Basd o the experinental results, Smith and Migliore, and

Lee fave perforned a regreasion analysis and a correlation has been

\proposed relating total force to.the power. of velocity and depth of




penetration; |

2/2:1,5.  Other Methods

The ‘following are a few of the techniques which have he;n used

for the deternination of mater!;il prpll)erti_es of terrestrial and e;:t:rs—'
terrestrial materials and .can be tried for the in situ testing of ;cem
Sivor. albos Howeyer, Lt should be noted that’thése techniques will rot
/provtde a direct measurement of sheat, strength but from Sbsetved values
the qualita:ive’ntvrength properties of materials can be_ ;s:imted.- y
Préssuremeter: A technique devised by Menatd (1'966) to’ measure

the s0il prcperties involves the expans&on n( a cyllnd:lcul inembx'ane

1n a prepared cavity in the soily - The membrang fonu the vnlls of the
hole to"expand as & résult of ‘Internal fluid pressure. Both the
pressure and corresponding volume clianges are méasured and plotted.

Comparison of, the a1 presaure-volume rel hip with that

of the. theoretical enables the'values of material parameters such as
elastic modulus and yield serength. . Kouever, the application of this -

method :equxtes ‘the preparation uf a bore hnle.‘ ‘

1966) or ‘similar types ‘of devices which have bien used for deterutnation
of material prﬂpextles of 'the moon, Mars and Venus may be adoptive to

the océan botten Wik, “Sueyeyor!, fatitally ddsigned for obtalsiing

samplea of surface marerial of the aop hau been, instrumented. for. .

| static and dynamic penetration measu

ents. In.a dynantc ‘mode 6f._
operation it 1s tata:d and drubped onto surface, wheréupon the history
of deceletation duting the iopact 1s decorded, "Mole" 1s a vehicle

capable of p!opelling uself chrough soft an!l 1by. means of two
~

ot "Surveyot" sutface sumplet (Le Ctnlsaette. 1965). "Mole" (Scon. b




counter-rotating Jaugers driven by an 1ntemal elec:zic motor. The
pover .requirements of the motor, if mnxtuzed, supply an Indiutlun

of the stungth of the soil through which :he mole 1u driven. .
2z Indtrect Methods

2.2.2.1.. Acoustic o

e has been found that 'the velocity of sound in saturated
sedinent’s 1s clnuely zelated: to-the porosity, density and mean’ gum
size of me matertal (Hamiltor, 1963, 1965; Lewis et al., 1969)0 ¥or
unconsolidated ocean sediments meaaured velocities range frmn 1 {S km/aec.

“to 1.8 Icm /seci while the pe(osltien tlnge from 35 to 85 gu—cent. s

Hawevet, :o date no method 1s* availuble to euimte the stzength

tics of u‘:m nts by kiowing their acoumm ptop:ttiea.

.89 m..:m:

Thc in nt-u h\dk denmy ma water  content of ssdimentn have
beén mensured by Gama fadiatiomand neutrm\ mdiatiena respectively.

" (Metgh-and' Skctpp; 1960; KzlLer. 1963} Pra.'.ls, 1968; Lai et al, 1961,

In Gatina ray method the fuiber of electfunu présent m each cubfe’ canu)-
meter nf,igdmentrin mawrzd and .related in.a simple.way.to bulk’’
density of sedivent. ‘Whereas;. in neutron nd'iation the -'mmh’ar'ns

hydtugen nuclei pr!lnnt 1a. each ¢ubic .céhtineter of tedimenl 15 measured

and can | be expreugd 1n grams of water per cuble cmtiuter.

nuclear ée:lmd, the accuracy required from an instrunent 4s 4n inportant

design cr!tuiun. If tendinsl accutlte to 5% are uqui_ud duig,n.

" construction” ana .nbmm are !Lm'ph. i, hwevar, an .ccumy of

1 percent or better: is requi?. design of the .system agd choice of the




KR & S A
calibration specimens require mich time and effort..

: L P -

In sumafy; thé present stite of the art of in eitu sheai

strefigth testing of marine sedinent has been developed for ‘obtaining’ -

ehé' sotl profile up to 10 ft. tn’ deep water and up €0 41 £t n shn’uw

water by maam of: euher & vane she-r test or a stAuc penecmtion test.
However the econoncal use of those 1ns|:tumenu in-the routine m:ean
sedinent in situ tests' are prévented srom a combhu\'tlnn of facta. :
1. ‘Ipevelopnent csta are very.high, vhich sgain deppndaron i
req\lireuentn and sophistiutkm of the system: For mpl_e,

the overall development colt of DUTIPOS 1s more thnn a

mL!liun doMlars. . . ) . : :

Rig is. ex(rmly heavy (3to 12 tons weight in ut)

 Handling and tnstallations ;aqum a considerable amount of

money und ship le in udﬂltlon to sllitable weather cnndi'tinns.

| L Use of _those 1natmm=nn m obtaining greater depth pume
in ddep vatde is extrencly difficult becavse of, the com
Dlication of the systen.” 3

5. e overall dinensions of the fnstrinent are ummd by the’
chancterintinn uf ‘the ‘boom on bourd the' ﬁhlp .and this in
\tum um:- r.he depth of! pemxmm of ettfier. a vane or |

a atlcic cone pene:rmcu.
# »

g
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N . - * THEORETICAL [N’VE_STIGA!‘@N g N % g

This part Df zhe thesis denls with’ the theoretical xel!t!on!hip Yol
es:abuehed frpm :he uxmm:um cnnsldarntinnu betveen the 1nuanunenus .

velocity, various 'stntir_ -and 'dynumin soil prnperties, penecremel:er

tics and the depth of for, a m&— E
tipped aghe circutar cylinder !.mplcting vertteally at'a.lov vajetey .
1a] consisting of C - ¢ soils. It 1e:assumed that o

on :he/etrget nate!

\during the 1mpur. penatﬂtlﬂn shear £uuura occurs-and the failure mode 2ty o
g e ]

fhoséa by Heyethu‘f (1961 for tecp coné-tibped B

15 almlln (to thak

sile founﬂac' on, - M&jerhof's fnilure eriterton, 1s useq instead of the

physical sode proposed by | Scou (1962) because: (1) 1t tikes into

Acce\mt the phys icul yracteristics of the proj |‘ (shape asd "

" mitfacé roughness)s (11) the failure’ pumm observed in Pllne-a:nln s

jodel {mpact penmf atioi teu- by 'nwp.an (1966) and- 1n present
|

nveutlga:ion (cuu sed in Clup:er A2l can&g yptoxlmted to that’ of




earlier, these mp:ut‘e planes are assuned to be mimilar: to that

proposed by Meyerhot (1961) and shown, 1n Figure 1. mm:e 1 indxaates
tilac upon mpacz the canlcnl end. qf cyundrical pxism pushes A!ide the  ~ .
_sotl belnw the tip via zone b, into a curvilinear shear failure zone < :
The zone b 18 of tritangular shape for a suboth base whereas 1t 1s a |
coptgnuous curved path for a rough base. . Y Wi n h, A e
1 Figure 2 shows the generalised path of 8011 movement during.
penetration. It should be noted that nnmllrr eylindrical movenent (regton
4) of udjace}xc—snu has ‘been assuned to simplify the mumerical cal- :

ol culauons: “The Qlume accupied by: :he armulat cylindrinél regicn (4)‘.
above’the original surfece 1s equal'to the voltme of bole zmkdg by the '

penetrometer umler the o velume—chnnge condition. .. The .shape of zons -

1 (2) depends on the ‘surface rmxghness “or the adhééion between the

Jourface and sot1) of the: penetrometer. and :he s0il- pxupertius- Fora . '

bth )ase, the sngle 1 depends on the .angle of intemal friction of B 4

the sui!\ _The angle b 1ncrenes as, (he angle of {ntemal fnction

increauea wherea! it is a mlnlmnn for cohesive soiln nn\‘l Eqnal t8 the

seml-sng],e,a of cone. In the tane of a'rough base, resion @ d1s

dppE;irs end fortis| -,;,wmnum.s “éwrved Flov, path.. Thus, the yolumes st

the dlfferent teglons depend on the soil projerties and: the uu!‘face

roughtiess. of penetromatet and are, 1n general tedious to compute
Hoievet, nimerically, -~ w1l snot ddefer greatly fand ‘a5 such it

15 ageuned, to simp.ufy the cuc\aauon of the

ollme of different

regions‘ that: the" soil possess

nhly coh:eion and the penel‘.mmte! e

smooth. Piguze 3 ‘shows the flow’ Yuh as adop:ed in ulculn:ing the

volume of di(feren( Tegions required in generating’ the equntiun of mof1on.
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The full arrow in Figure 3 show :he rel@tive m(:veml\ts cf the penetro-

metez and the differenl soil masses. v . B

3.1 Equation of Ho[ian.

* The equation of motion s datemimd from momertum con-
siderations. At any tine t after fmpact, let the depth of penecrmon
-and velocity of. penetrometer be 2 and v Tespectivély. The momentum
dsiseibesiing wra beee 15 penetmn:léte;: at velocity W e
region (59 of triangular cross-section (refer to Figure 3), the
annular ourved region ®at velaci:ies compatible with the condition

of no-volume charige and the annular cylindrical volume (7).whose . L

velocity is again determined from the displacement condition:

'In the present imestigation the adapéea done angle of the
penetroneter 15 60°, and ‘s wich the masses of dsfferent xeg;m el .
~calculated o the, sent cone angle (u) of 30°,
'mton {1); =" penetroneter mass. ' w .| 7
© Reglon (5) = ‘mass of aumllur triangllln region, = é pR3
Reglon (6) =" mass of dnmilar.curved reglon = 273 T 502 + 3 ok
Réglon (1) = equivalent hass of aniular cyifader (calculated
from diéplatement considerations) = % wR%Z

: - %2»2 ToR2E

Yhere p = mass density of soil and R'= rddius of penetrometer.
"Equivalent Mass *
Referring to’ Pigure 3, the height of heave (H) is calcilated

under the. assunption that the Volume of soil displaced by the penetrometer o




Let M, = M4z

m- mass has béen teduced by

a1
o - ey i i
is equal to the increase in volume above the original surface.

‘a2 = (/R £ R)? - R2JW

34273 ety g0 o

"The ‘volume of. Tegion (7) moving upward = 7{(/3.R + R)2 = R2} X

il

) ST R A S e B
i i . : 34273 3

o, & ) ~ . G+ 2/5) R2Z
. :
When d\: -y-:e- moves a St ¥ ke waan aivaa only = .
3 W 1/— B 4 o =

and cunsequnuy the ve;ucuy of this mass 18 also reduced in the same

To taditat as in terus of Z,
i

:H-z/‘

and givr_n the nn :quivllmt mass” which is equll to:

(“’zr)wnlz' =

3+‘ )

1

o3 st
‘\fhere_’ u - n +é R + g/z' 7R3 + % 72 °b‘,3‘ ‘

: ’ ) 5 ‘ i
Boyeq e JG6A o ;&
and A 6 £ R .




The rte of change of m!hn.mr.z: time:

a04v)
dt

-7——v+x41—— J“———l" D v | >
‘ * o - L

LT Ay 5 H o

Thus _3::_ = av? vT/z 0(+A2Td(vz) 8 : I}

Expression 1 must be’ equated to the z’emmce of motion to :
obtain the cobplete equation of motion. The motion is aided by the
veight ‘of the .’pemmmm and. resiated by the welghts' of re'glonl [OR ’

(6) and (7) Xll ndditlon, ths m!ton s, reslaleﬂ by t'hu resistive

force nffend by the !011. Tha mgnituda of different fotl:gl an be

* caléulaed a8 -fouuu

65} cmmuuana from the velght of. the penetrometer and different

soil masges:

= mg ...(',% wgk? + 273 7pgR? +3.n?pgg3 + 7.466 wpgh?Z). (2) .

(1) So1l Resistance: - i ; .

"“Duttng the impact the -penet: 1s subjected fo a -
reststance due zuv'dyn_-k;_ S0l bearing capacity. all the way from entry
unt{} the :onciunon of penetration.. Well established formulae ate
available fnr uu.nunx the burinx npacxty t‘ur "static’ luding,

‘however, nu fnml- 1s known to the vd.:ex to be -dzqul:e !nr ’dynnic'

'dynlnic londing W

Loading. hr:hetmure, the beluviour of ‘so1l under
,still not wen understood, It u b-u-nd thlt the '4yn-m1= case at

tic! case. Tt i » theuhre, dni able

lov veloeity 1s similar to the

'w exni.ng nll Wullhle factors which could cause differem:u betvezn




L

the 'static' and 'dynamic' bearing capacities of soils af these low
; ¢ Shess :
penetration velodities. The present discission is confined to'the

following two factors which are believed to be the major cause for

the difference in *aynantc! bearing capacity ‘over 'static' beating capacity. "

OF Stratn rate effect, and g, ™ .

(Z) Hodes " of iailuxe. T Wy
3.2 Strain Rate Effect
For dynanic' loadthg conditions to and beyond failure,-as in|
the case for impact penetration, not.nly will ylelding occur but also
viscous £low will be presgnt..’ Recent tests have indicated that the

Jangle of {nternal friction may not b 4nfluenced mich.by the tate of

' defornation, “but the ‘cohesion tern sppears to be higily influenced by

tlfe deforaation rate (Casagrande and itison (1951), THealy (1963);
mnn%fna Healy (1962)). Taylor (1948), Casagrande a0dShanmon
‘(1949) and whiman (1957) h.lv: fmmd that ‘the strength pf clay increases
" somevhiat inderx Vaynasite! Loading while o, 11y @ elight. incréase fn Sand has

beok xepotted Harpton and Yoder (usa) have also dewsustzated &

significan( ncresse in the strength of clay'soll in rapd test and te

"

" 1s as much as 1euz 40" Loosely cor samples. : The on

sand by Wnitaan ‘and Healy (1962) have shown that. the valie of ¢ hanges

“ay Seral svet u’loadin‘g spedd ‘of 'up to 100 ‘Lhches per second.. Schiming
st al. (1566). ave also reported uimilar obsstvations. bkl (1966). -
from the theory of n:d.,proceue. and P!c'k (1961) fnm the teuults of
Casagrande-aid Wtlaon’ (1951), CravFotd (19599, Osterberg. and Perlots (1962),

*and aloo frm hh m reanlr.s, huve concluded - that the shear strength of '

clay solis ‘1s dinc_:tly praportlml to the logarithm of straij rate:’




These vesults fudicate’ that the strafsi rate effect m the
angle ‘of internal friceon ¢ 1s insignificant for the low veloeity
vanetra‘tim\. OII the other hand in fine gralned 80115, the strength is
mfluenced by tl\e rate| of sttaiuing” and as such, its strength gn-vaming

plrametern should be mdified for :he dynamic loading condition. If the

increase in apparent cu%.esion is assumed to be directly proportional to |

the logarithm of the pe}:letratlnn raté, the following flow condition

would sbe obtained for the-Mohr-Coulomb envelope:

., .
. 2 2
. C+KC log ——vs +o tan $ €]

where T = Shear resistlnce on, f£\:v surfece

€ "= Coheston as defined £

tg
o = lommal stress L . ; &

r so calied 'static! y{,eldmg chse

b= L\‘ltimate sugle of internal friccion

Kl: = Apparent soil vucoetty coefficient (assuming Logarithmlc
+ | ‘variation) *. - y

V.= 'Dynamic' p:qetr;tiuu v‘elocic); : A -

= z : 0
4.+ V' = Standard or 'static’ penetration velocity

If C' is called the apparent cohesion they

€' = T+ KClog o 3— : . < P )
e A
4.3 Modes of Failute |

Based on two and ‘three dhl:ensiunnl impsr_c penet}ﬂtion tests,

Thompson- (1966) thit the phi of ‘impact ‘per  i8
primarily one of shear deformation, There appears to bé a shear fromt,

.




defined as’ the line boun;llng’ the‘ zone vin which no. shearing of‘ m;dium

has occurred, I.!avclllng with Lhr yenzt(ometer The shape of the

Leading edge of the front acens to.be.a log opiral in.the case’of a. |
blun:-.@sed pm]actile panetrar_ing a half space. Furthemore.

Thompson has indicated tha adyany U.me, Lhe displacement qf the

particle 1s very similar,to the displ t 1nlzlal.1y

by Prandcl for the indentation of ‘sn infinitely long faoting or a’punch
sito s half space ef rigid-plastic weightless materials. Though his
study. indicates that ‘the shear front is siatlar to the log epiral ’
surface observed in 'static' pemetration, it 48 not known if the shaye
is related to targe: matetials and penecrmeter shape and velocuy‘
i + Colp (1965), Thvmpsnn (196@), Caudle et al, (1967) and
Meletl1 (1972) belleve that mounds or craters are formed during high
‘yelucity impact penetration and consequently no.side wall resistance
1s offeréd to the penctrometer. Whereas, based ‘on & simple pathematical
model, Murff and Coyle (1972, .19734) 1ndicnle ‘that side wall tasistnnce
1s ‘a significant portion of the total xesislma in clay. For ssnd and
sand—:luy nixtite, this effect 1 present but 1s less stgnificant. It
16 beldeved that & ctitlcal velocity extsts For. all soils and for,
impact velocity above this critical valué, cavitatton gccurs.. Where
caeitaexan, defined as encapsulation of the penctrmeter by @ cavity,
s oecur, ‘réstatance 18 4eveloped only by penetrameter nose. “The

crltluﬂ Velocihy is a Eun&tion of “both ‘soil antl penztrmz:er ptoyerties.

I Based ‘on the 7 r present. int tiop
(explatned in Chspter V). it is pmsumed that! under the 16w valBoLEY

inpact the fatlure mode is basically 5.4 "static! nafure (the il ,




4 e

resistance  is distributed over )tha base and shaft of the penetrometer)

and the effect of the strain rate on the angle of ‘taternal frictien 1a ;

insignificant vhereas for cohestve sotls it is .cemnud by m-mrmg

Eqution “@): :
|
. k i i .
3.4 Base or Cone Resistance g 2 :

The cone for static’ lon can be estimated from
;ng fouwlns equation. given by Heyerhof (1961) ‘for the bearing

upncuy of r:ona-tiyped pile foundation: - U boeon

Cone’ Resistance q - nnl{(cm +X ugzuq 4 DaXNy )b (5).

Where Ne_, Nq and Ny, 'are bearing capacity factors for cone;

nnd K h I:h: earth pressure ¢oef£1:lent on -h-ft éver the base, shich g

1a about 0J5 for sand aid 1.0 for clay.- ume. 4(a), 4(b), and b(c)
-hw :br bearing e.pl:it’\ actors for uffumt angles of 1nxam1
friction, semt-cone angles and for the lipiting conddtions of per[!cLly b

booth aod perfectiy.rough cose surfaces. “The bearing :+-cily factors

for the lnteﬂn_dme’ degree 'of roughner

can be found by linear inter-
polation ephsda the aboves ¥ v
For the ’dyn-ic' unduinn, c' (eqnll toC + KC 1e.m Y5 tel

Bl

substitutéd tnstead of € in Ilqultiou (s) and dnu 16 Bodifled 1a -
d v

fclloving :or_u.' . K v el

R ( ¥ K “310 ) N

+ K ogiia,. ¥ P8RNY ). (6?

Qg

3.5 SkLu or Locnl Eide Fri'ntitm . 5 »

!‘xpnn{m 6) glvu quy b-n or cone nu-unu to mw;n must
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_‘;f‘fered by the soil. ‘The choice of the propet value of skin frin:ian
is rathe! difftcnl:. . However, it can be calculated undet the simpli- .
fying nssumption pru'pnsed by Scott (1952) that unit -kin frlntinn is

“eqiial to shearing Tesistance of solls. G

hes shearing resiatance of a.C ¢ ¢ soil for the 'dyamte’

' conditton is given by me Eqi. (3): The'effective vertcal stress 3,

" on a horizontal plane ipa sotl nass s equal to pgl (neglecting the
ambient’ pnre pressure eEfeccn) bu: the hulizvm:ul effective stress uh-

on a.vertical®plans 1a variable depending en(the stress hfn:nty of the

material. It is usually expresud hy (Uu, 1966)

%G = X s)sZ

'n.us, muntion 3) can be rewtil:ten hy putting the value n( effecuve

m

stress £mm Equaclon (7)_‘tu obtain 'dynamxc mgiz aldn :ric_tlen on the

s )

IR 19510ﬁ+'xou.gz tan § ® .

and the total skin friction on'the cylindrical surface area of the.

" penetrometer at dqm;'z can be calculated i givén o
zmz ©+KC 1og1° —) + 7K agR12 tan ¢ - )

" The “net- reshenm:: to the motisn at amy depth can be cnlculacdd

>y mg%mm ; ')md (9) fron expresaton@viz.
R (/5 wogk’ * z/"pgn3 3, pgR3 + 7.46470gR?2) ©

= nsz(c + ch lagm v_ ) ey kK pgzuqx + pglmv }

S 2Rz @4 KC 0 ‘v—’- K pgRzY tan b - 10




. L 0
‘Bgyating the expresai | t C1)and after re ing the
dtffelent terms the following equation is obc.méd: .
2
V) | v 2(a -6z = y2) ‘y_‘:(z"“ R+ ) topi¥
) WAZ N+ Az M+ Az iU

. an

where: a = mg - {‘é 9gR3 + 2/3mpgR? +'—;~ =2 pgR? + Ce R + moghy, vn3} .
3 . . :

8= 7.A46kmpgh? + Tpgla R+ 25RC W

Y = K pgRitan ¢ ]
The Equation (11) 1s ‘a non-1inar differentisl equation of vhick

nelt)‘ér an exact nor an approximate lolntlun could be found. However,
1t 1»‘ soluble nmrlcllly by using a fnurth otder Runge-Kutta ml‘.egutiwn
process (Cama!un et al.’ 1969). “The pto:e“ 1s a single step -e:hnd in .
vhich the value of Viat 2= Z, 18 used to  Sompuge 9= v(zﬂl)

" computer progras has beea developed whereby the velocity vs. depth
relationship 1s abtalsed both 1h tabulst and n—apuul forus: et d1ffoant.
dep;h increménts, up to the -xi- dep;h of pmetutm. m- method

provides, a quick comp ofa al velocity profile’

and the -xim depth of pmutnunn for kriown physical properties of soils,
unezmur chract.uinicu s mpm velocity: T ua of this method for

aluation of the charactertstic nhur strength pmerm. such

a direct,
"n C and 4 of the r.ugu: uunhl frw 1mlct penetration test u
‘_peuible mily By uumplring thg trparinn(nl ulncity proiua with a,
rmxy of theereuul velouuy pruu.ln ohr.-xned by lnl:vq’uﬂnl a vide .




range of soil Strength properties for a known penetrometer chanc—

teristic and impact velocity.

Obviously this method,in addition to high computation cost,
1s time consuming as any vltllllnul in’ targer material, impact velocity
ot penettoseter propertlu would require a new'set of curves. 'To
overcome these difflculuu it s llluned :ha: the increase in apparent
Sotenlon dises dynamic mdmg 1s directly pToportional to the rate of

penetrl:ian as a first approximation, the Following flow condltiL:n

fould be obtained for thn Mohr~Coulomd envelope:

.r‘;C#KV+anlln¢ ) N ’ (2)
i Caiaia e | i

Where K = soil viscosity coefficient (assuming-linear variation)

It-is interesting }o-no(e that the re';ul‘ts‘ (@1scussed’ in
Chapter 5.3.2.) obtained by using either logarithmic variation
m%amm 3) or straight line variation. (Equation 12) do not produce
anyil(gnlf{cln: difference. i

Thus uding the nppl!e'n‘t Cohesion value a8 C' = C + KV and
procéeding in the same mamer as those described.for the development

of relationship 11, -the following equation 1% obtained:

p i gt g

Lo ae oo yah) . K(2alic, R + 4nR ¥2) sy i
; HHAZ Wk M AL :
Where all the terms are previously defined. [ .% .

- Equation’ (13) 1isa non-linear differentfal equation' of whicksn exact

analytical solution could not be 'foudd. However, its approximate’

solution 1s obtatned agalytically and mimerically. The dpproxisate

analytical solutifn is obtained by applying one degree perturbaticn




(Bellman 1966) as explained in Appendn} A. Putting 2me_ R%K = L,

47RK- =N, and ‘impact velocity = Vs we get, !

{H mv} {m.Aan-_A_mﬂv}zzv‘

2 o=
[ 2

(‘ﬂA’Z) 2

Hm

L[y oL M AB)  N(Aa = gwy ) oy
2{” 6 W ¥ anv z

'

] | o S e
: )

o B M ] et i ...

o o o g R

The equapon as) s the-genarnl solution by:which'the solutions for

virious special ‘applications ‘cafl be obtained. ‘.

For example:

(1) , Maxitum depth of penetration (z'm)

{zm-mv}z +{Au-EH<—Kz—
- i e 5

LAd
MV
°

- ;%{m« Fioag b

il
&

Equatton’ (15) provides the relntiunship betheen rimpscting velokity and *

naxtmua depthy of penetrnr_inn. et s not obtalnnble in clneed form,

the maximun depth of penetration may - be estimated by interpnlal:lan
L e <




L [ ~
(2) For the pure cohesive o‘ou.’ (6= o y I
e 1 {zmq uqv} +{Au—‘5|l'—v."; | %
Lemanyz U i E %
b . N » ¥ |
. o4 |
S Lo, 18 3¢ 1[LA8 - N(Aa - aw) - i
p: :{““W-~* }z *—{—- }z“ oy
P T NIV e T e
¢ ‘ LA o
+ o, ) S [¢1) 5o weint
B 3 f
(3)" For the condition K (soil viscosity coeffictent) = 0
e sk
R P G au) z2 -2 +5‘a) 2 !
(mz)z L o it
i ¥ A - - } B “
8 P I % et by
i -A}Z-H@vn’] i G 7 J “e s .an - :

. (4)" For pm - sad - o)

. 'h& eqnlcion (17) 1a vaitd-for pure mdy' soils also because
" here ag-m the- stratn rate effect on m;u of “fnteinal £riction)

is lnslgnii(unl: & s

The analytical ‘solution, in ddltmn to providing the v:loclly - i

pmiue and nlxim depth of penuumm, Can be nua for uuu:mg S e

the convenuonul shux unng:h p-r;-e:u- such’ -J c -nd ¢ of the

nm:m:mm for & lmawn up.e: vehcity ‘and naxizum depm of

case, of

peunrniun. It. u- seen Etom :hu- nluionshipu thlt ln

pure ¢oheaive soils the deummmn of eohestve stten;th zs a

as ln case of sandy wu- .: least three* .

s nuhz'ranurd tnk wher

tests with dmum 1n1tin1 cmmm are uquxred. However, “since T s




‘medtal velocity us.

an accelerometer record.  The angle of interml friction can be

calculated from this profile by choosing ‘any three velocities and ‘the '

 depths of pemetration..” "




50 that realistic: assimptions concerning che velocityand ‘stress fleld © - |

" the -appl of inpact ¢ vest results for estimation of " . - .-

CHAPTER IV

« EXPERTMENTAL PROGRAM

£

£

. . g & ) .
- . The objective of the experinental progran was (1) to develop
the up-bm:y of the pro)wled instruncnt to measure directly the

in sma shur uungth m‘upettlel from an L-pnc: pznetrl’timl tuc.

@ to mdy the mechanlsd of how.sodl e displaced during:penatration .

|
can be u-da' i (3) to obtatn evidence of ‘the vaumy o the :hmmm a Ry

work; (4) to B " the lnilu;ncc on pcna;rntion nechlnim af

parameters such impac: veloqu, ueuht of venetrmutnr.

shape and" phylicll and eng1n=enns propeme. of ‘sofls; (5) to study '

soil type on lines similar to what has been in practice for

tic cone

- penetration test; and (6) to study.the performance.of the penetrometer

v .gltlon were cE :hz fonowin; three, t,re-, N . S 5

f . B 5 =
1n layered soils.* i g ) 3|

rypaonxpm.-enu : = = o, 2 A
'n:e leontvry test prolr-u adopted in zh, preunt investi- ‘,

9
(i) Impact Pmetra:im 'rnn '
]

(51) Cmutant Velnclty Pmt(ntion ‘l’nsta,

(111) vo . Dtmensio

Conllln: V:lncicy Pener.ntl:m T!ptl.

Tﬂ firlt tifo. types, o! exyn‘!.lenti were perfoﬂed under. Eul!y

P tn which the p vas elther dropped or
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i . h
pe}.euated at coﬁs}an}‘vslocity into a tank'filled with. target material,
whereas s in’ the last type of’ esq;eriment the constant wvelocity pene-
tra:ian tests vere pexfomed into a target'material confined be:ueen
two cleariplexiglas plates so’that the whole gt of penetration

could be recorded ‘usdng high' pepd photography.

. x |

4.1° Fmpa:l .Penetrution. Te:cs' : )

The laboratory impact penetratiu\;l, tests were perfom‘ed on
different, types of target materials under myxng iniedal conditions.
The ‘mdin empliasis was to perform low velocity gmp;c'n' peretration: tests
on fing sotl target material which gerierally dccur on the’continental '
dhe1f and slope, Under thls_'test‘ progran 29’ test results will be
discussed in this :hén’ih._ ! U

]
1.1 “Inpact Penetrumeter Design .

The mmn for. selection of the penetrameCEr used 1n ms
inveatigatian are based on r.he consideratiuns of: )
(1) The ‘ease with vhich the peettoneter ‘could e handled dad |

adapted. to different’ environments, : "

(110 The senuitivlty -of the penetrometer 8 l:eapm'lse to varia{inn
lin'in m.'t-u soil properties, with depth, '

(i11) The sbility to analytically evaluate.the penstroneter uutput.
The basic dmemions of ‘the penqttume:er uelectEd for,_ this

experinental  program are the same as those genernlly adapted for the

static cone y!ﬁ’et:utt{mvtawl 50 :uu the: available knpwledge on static

Peneh’atiun te!tl could he ucutzed in analysing. :he test :esults. »

he imbact s a pped, right-cireular cylinder having
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TR A g 8 ook ; . &
the-folloiing nominal dinensions and characteriatice:: . e T
Diemeter: outer v 1405 dn. (35.6,m.) I
gt Below the wetght camage =2t - o ,_ b
Overall hetght = 3.25 fr, ) =
Core Angle’ "¢ L 60 e

"Weight of Penetrodeter: Variable weight adjustment system ’
. Y N # 1

. " providing 15 Ibs. to 65 1bs. range L - E
Area of Cone base . = L85 w2(10@?)
: Ared of Friction sléeve =225 in.z(lso en.2) |

vMAEEtlaI: Cold drawn round senmless Ateel tubé

lresulting’ instrument 1s Siobaran né. 5 and Fig, 6., S 3

The i
i
41,2, Instruméntation .., £ T ) . ¥
. T 2 b Lt i
The impact p r has beeﬂ‘ with three-

serigors: nccelermeter. cone load cell, and triction lleeve 1und celll 5

‘ Mcelerumnter

: * The a eletendter 18 housed ingide the q;eneuque":"ez and mountéd
1f the direction of ‘the p:ne;r‘m;letev arls ‘at appnsx":.mamy' velght + . C

carriage helght'to facilitate the Lad eell viring t:onnecting to the L :

recordet,’ ‘The anteleromater uud 1n this 1mestigation is of the “ - :
2 b
. ' M.

,fqllouing specificlti«ma‘ -

Endevco Hodel 2262 \- 25 Sertal fo, AT

“Type: Ple@zes!s!i Accelérometer:

Rated Range: +25°g| -
Frequency Response: D¢ to 7508z ! ..

" Senoitivity: 19.87 welg (ars100 DC excitation) e, "y
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{

[
| by, la

N

10| RECORDING  sYsTEM

w; B - i
ACCELERONETER

" LERD weiHT (s TO 4 oF
) ABPROXMATELY 10 L3S- £4CH)

LS e WEIGHT T CARRIAGE

STRAIN Gaces
2 1L0AG - CELL C =
[ FRICTION ™ "SLEEVE . (130.cu’)

< 60° 'CONE WITH - 10 SQ-.CM- BASE
G

[ “ I NOT 70 scaLE




FIG 6 FHOTOGRAPH OF LABORATORY

IMPACT PENETROMETER
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Load Cells
In the Initial sthge of this 1nvemga:1on the load cella used .
for the impact penétroneter vere the ories developed by. ‘F\:gm for

the Static cUne penetrofieter and a.detailéd - deacxipl:len of whlr:h has

. been given by Rutcer (1973). Howevzr freqent breaking of infernal
comnections and pick up of electrical nolsé was tnterrupting the ©
-progress of the work. THis 1edL!o the develcpmént of'a nev pemetro- . -
meter hich yas deatgned. vith the folloutng obfectives:

(@) To provide high sensitivity and winimun electrical nalse. s

11) Rugged enough to wmutand any accidsnul hlzh 1upacr. force,

(111) * To prevent the b!eaklng nf 1internal cmmecl:ions and ui!ing

. gyétem, A L

6 protect the Lo gauges from damage “from aoisture and

4v)
soil vater, " B .

To compensateé For' bending stresses in :h: cone and frlr.‘tim\ :
|

The crass—eeeticmal view of- the cnne and sleeve f tlun measunng k

)

nleeve tubs.

deviqes are shmm in’ Figure 7 uhich has I:he same outer dimanaions as

‘those of the 'Fugra" 'penetma:er . 'rhe detnlled dgﬂigning proudure @ %

1s given in Appendix'B. ‘The devexoped penetrometer has given excellent

service even sfter sustaliing a mimber”of high fmpace foreen. The.

£ollowing are the upacifinajionu of COT and’Friction. Sleeve load

cells. . P .. B

Gone ;
/ Dianeter. of Cone: ‘1.405,in. (35.6 mm.) " o ...
Bage area’ of Core: 1.5571n.2 (10 cm:?)




0 . . g " wifeeroor auglkm '

0= RING

§ 5 »
|
. . / . S - !
i :
5 : R |
; By
i
5 , Irs
. FRICTION_SLEEVE (150 em")
FRICTION— STRAIN_GAGES . L
‘ CONE~ STRAIN _GAGES
T 4 g | 2 i
-RiNG : 4
oE e ol 8
| o/ _conear woir (10em).
. ** NOT'TO SCALE ’
~ Y e s .
7. OETALS OF (LOAD. CELL ARRANGEMENTS , . )
t
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Cone Angle:  adaptable toany end shape; in. preuul fovesti-

N ‘ gation 30°, 60°, 90° “and blunt md tipe were used.
Rated Range: ‘2000 1bs. o i
Sensitivity: 378 1be./mv (at BVIC excitation)

Friction Sleeve: . . R .

Outer diameter: .1.405 in. (35.6 m:).

Area of .1=g+= 23.25 4.2 (150 ca,
| Rated Range: 1000 lbg. & ® Mg

Sensitivity:, 237.5 lbs./av (u: 8VDC: exeitn:i.on) A . -

e

-,Recor&ln; Systen:
 The output mmh of :ha nccelzrmu:, cone Load cell, and

friction sleevé load l:ell. vlrl lnitil.lly xecatded by means of a tvo

cope l

. channel 'Tektronh' n-:ulmup. and a llnale channel stora
equipped with a polaroiti camera. ' This recording. systen vas modified
by using a ‘mun Packard’ four channel high -peul inl!rtllion-‘

tape recorder to provide better flexibility and reproduction facility: - g
In addition, the recorded tape can directly be fed into computer for b
data reduction and processing. The signals were asplified by selecting.. -
suttable gatn on the amplifiers before feeding into the recorder. The, :

ecording ‘vas generally | done at 4 tape speed of 15 in./sec. aid vas . . N

reproduud at a tape -pua of Ts in./sec: on & "Btush! U-V recorder.

 Before -:.rung each test the fnumng cnubumm checks
were mnd:' :
(1) The lnt\ul ‘gain of .11 the nplmm !.ncludin; ziut of tha §
tape recorder, e | e |

(1) DBalarcing of the amplifiers, :




(111) The fapit voltage of each sensor; 3
(1) . The calt¥ration of acceleroneter By the turnover mathod. I
' thia méthod vt the a celeronster was ortented with its
unn:iu nh in ver:iul dtreuinn and then turni;:g over
|
) Balancing the bridge of cone ank friction load colls.

1800 mnmng 1n a change of

. After completion of each test sdries the calibration of cone

4,03, Trigg::ing Systen

In this i.nveutlgltlcn both =1eccx11-1 and mech-u)icnl uyl:un

are. uud for ral the r . " In_the aysten the
penetrmur 18 t:iuend \d:h the help of rmtely cuntrolled relay
system which 1nc1ude a 28\7 relay. Solenoid working at SA :\lrnnt A'

n\_zuch has bggn p;wldad to energize the relay for ;;hlu 1instantaneous

me fall and- t starting the re: systea. This

ly-tu is designed ior & maximun 1oul cf so 1bs. For a pénetrometetr

having more| than 50 lbg. weight m -:cmlul system {s used. In the -

.ech.)uc.l oyitena Hortzontal pla s pushed and kept. in position by
neans ¢ bigh tension spiing. The rear end. ei]:he bin'fs connected with

& cord ‘passing ovér a pulles; chereby pulling of the “cord, causes’ m

ingtantaneous fri

fall_ of the pma:rmter. Figure 8.shows the

Ampact yenecuuon tes

exp-r!.mgntnl th up. -
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cnnstmcted umch nm\ld be panitionad toany pre-selecud nugh;. The;

41,4, xndepenaenr vm-bm

. As mentioned earlier, the final form of the instrument would
[
be usa‘l for msum:g the ‘in situ uun;:h p!npertles of marine

aaﬂnent nhe_re the Llpm:t veln:!.ty vul range fm- 15 to 30 ft.

for nnt-l free fall he_lght. mnfon the -mpe of :M— p;el-nt
)-bontory mveatigatlvn was United to o velocity mpact pene
tu_:lnn. “The 1-;-:: vzlncuy mpmmued by the tm f.u “hetght )

of gge Tenetrontter.

wasg

dxapplng men:h.lnim was a:nnhad to m mfsnming. At every pn-i:{nn,.
the pexf:ct 1eumng of the mmmq; was obtained from the use,of

a -yiru level and &he vertidal nll[mun! of :he penelm-eter vas

checked £row the:plamb bobi. - © ¥ s o

H'gmm,,.',,‘ EER Y )

varying

welght systen ranging from 15 to 65 lbs so that a’pre-selected

 weight gould be used in particular tes

;ulvéized “ 1t was pmd ina mge :unéme mier-and mixed e
a nund mnnt ef wntel' to abm.n a pecifi: minmre cnntent. The

d was ' then




b ) . 8 j 6
" renoved, from Yhe wtxer, - .0 _ ;,*»Jf’ D .
N Tsrgers ver conatructed in oylindrical steel molds of. 18 g
dxauem and za to 36 in Mgh. Fot soft mud :azgus the uppez ;
range of mold. hedght was used, “The soil ‘mixture was placed in the . - o
w614 in Layers (normally 4 to'8 dn. layer) ‘md'» 2 ol i ot ed (L
" aAsto hiand himer. The dmud denntty vas controlled by thi s’ ¥ |
|
|

Rl An aﬂdition o jthe: prostn deuctibed ubeve, several tests were -
b ) »

of blows per layer- of sau .
i .
Diring target camtmc:inn the. samyles vere colle:ted at:6 i)

intérvals. for misture conzenr det: nation.\ Afcex cunntmclian nf ey

‘the target up to” appmxlm:ely mxd heizht the in situ vane shenr tdsts

uere perfemed at'6 fa, mzemu, The vane test for the Tematptng . - ]
v |

- upper half was perfomed either before or i.hmediately afcer the 1mpm

|
|
tests at 6 in. 1intervals. The ,vane ghear tests were performed near :he . f = o

target boundaries by mot jed. vane. tus For in muvaneshear o B8
: el !

' tasting, the availsble "Wykehdn Firfance' labofstory. vime apparatus vas

niodifled go that 1t could be'used up to depth of 18 ‘in, without'causing

ﬁmy dismr'l;am:e in-the target.  Depending spon the strength of the
targes either 14n. by Ytn. of i dns by by tn. vanes ere e, ’
“Figure 10 chia’ the marlifizd vane appar-m. $tace the epty velght
dnd vnl\m of :he mld were knuun. the, average aenuicmx vere, dztermined

by uzlghing the target with the mold, F i

to ¢ “the phyaicnl fos of the nou. “These

inqsluded sp&clﬁc gmvuy, grlin slzé nnaly!is, Attetberg 11m1m} and

ntneral conposteion, e eaté vere perforned - imadxa(aly after

preparation of ‘the Results indiuu(ed that as many a8 5 tests

LR 3 T |




FIG

|0 MODIFIED VANE SHEAR APPARATUS
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| could be perforned in one 18 '1n. dimter taxget Pwuhou: udvenely
e jnﬂueqcing the renlts. Tha cnp.billty of pezfomln; lultipll tests

alluued uvet-l :es:s with vlrying péng[tmte: parameters without

varying the sot1 propexneu. “, S =g

Cnhellcnlen Sollu - ) Y G e

» The diiftullty of congtructing nn-egemm samplés: of l:ohenlon~

less soil 18 vell knmm. The grenteqc contzol of prdpnrtle! can be
obtairied by the construcuon of & very., denie or £ vuy locee asmple. .
Hovever, ina loose ‘sample no matter how carefully 4t ‘{a handled and
‘:ranspo:‘ud Boue dlatirbanés will taks ‘Place. * For thie redson. the
P y

tais Tey of- tests vere conducted for dense gandi . s

. The denne targats were comczuc(ea by plal:h\g sand 4n 6 in.

lnyart und palpactad with modified MSHO lmnd hlmtr. The de!irad

density m obumed by cou:rolung the nuber%i blows -pet luyer for

. -the soil. Fnr cnunmcuon of the loode tu:get, the raining r.ecﬁnlque

.vas u-ed 1n which che dry u:.rm was pw!ed through & sieve held ata.

tixed hetght (9 e

abvve the gunr_ing nzget “surface. Dnly one teat

. vas performed on each carger. Because of the excessive dtsturbances

< oo K

caused frim a aingle ‘test

a opted

- For a-:urnud u:;et ! e ima prnceduu w

Afler the’ tnrgu

8 Prevloﬂuly uphlned for dry mple conatru-::ed‘

vnur whg ‘added at a u ow rate :nr(ugh * conn:ctlun at :ha bottom of

uuu -ampl.e which was teltlng on a :1gxd su;spar: aE fug awatiss ¢ 7 ,’-

The' denuit:{ deteminnnon was dpnu in the uhe way. as !kpluingd

ive -511-. m moisture. conun; of aamnnd 801l was’ detet-‘

mtned lf:er cmple:lan of thn “test by Klkin; unplu at. undm 1oc-:1m




’lhe atrunﬁth characteristics of the target materul were deter-
min'ed by prepating the snmple with _the game' density and moisture
conlent as.that -of the :utge: maursnl and (es:ing in the direct sheu
“test. Dther :euta uuch as gl‘(in uize analysis and specl(ic gmvity

cestn were also perfcmem 3 i

* Sand-Clay Mixture and isyezedr ‘Sotlta

In the case of Snnd~Clay mixture mm ‘the procedure de-

mmd for cnhmonlesn sqils vas fullwed for 81 fine mus ,md 921"
“sand. m&xtuu and for 507 aand, snz £1ne soils: the prnceduve delcribed
“for cobeedve: sau vas adopted‘ similnrly, depending én the rypes of

layered material emm— of the proteduras wais adopred. | e

42 Constant Velocity Pene:ramn Tests 2.
The cunsun: vzlocf( Y. penetration test 1o 2 cwntinuoua Vertical

fpenev. s:iou test at-a cnns:unt u,pami obtulnsd by mauns of sume axtemll,

driving ystem { The ruin ohjeccive of this test Has to qtudy the

trifluence DE-gate ‘of penetration on the ahear steength of soils andf to

emmm the ¢ 1-relations! becmn dynatc and.

[amcirvnhen ureng:h nf unus 8] pllcnbla to lw velncny impact ;tests,
n addition, :mu test in conjunction, with mpm peneua:ion test',

pmvided 2 quaueativa uud q\uncitutive cmpnriaoﬁ of zhz dynanic. cone

thrust and ‘local side friction yalues ith atatic mm. Under this

m: pragzm./.s tests were pe;far&ed on diffe:euc types af material
ranging irom undy gravel to cluy, with different- penetntinn veloci!

ranging from.0.004 ft. /uc‘ to 2. 662 Ec /uc-

8 The equipnentj uued' far this hwenig-:inn conniuted ee an




soll targets, \1 .

Inrtrumented Penetrator | 3 [ ,

; " The instrunented penetrhtor R %n:tﬁ‘is 1nvestigation 1 of °

the sene dinehetons-és those d scribed for. the lapact penetrometer .
1z’wau"cm‘.p1qd-'u1;h'a hydraulij actyator. wh!ch n turn vas connected .

to d heayy. aney pusp. e complece x1s as s)wvn in Pigore Wnas
mmm{ed on a laading f!ume capuble of viths anding the penetration Lo

reactiun. eyl E \ s ‘/ KR

The same’ instlumentation and tecardxng qysczm as that of 1mpac:
pene:xm:er vas used fur recordiv\g‘ cone thrust m\d local sidé fricciam o B

 For ‘neasuring the velpcit_y of the penetratof, a systen has begn: . - '

déveloped which consists of a fixed pointer and a resistance pire. ~The . < v
,mé is comnected to the Hoving shatt so that any dovement in.the’ shaft

Saada s changa n the length of the residtance, uire mh mpec: tob

fixed poinur. 18 nsulta in a char ge 1:\ voluge und when car ected -

vith the'U.V, fecorder, with-a proper calibration; a dfrect. plot] 1n !

tine va. d:Jpluqm: 1s obtatned. The usphcmn: record was also

“stored m 1nstrmn:ed :spe recordu. % -}

[
Hydmulic Aczuator B S W .

’Iha hyduuuc actuato: used in this inventigatian was. cApahle
- of prnviding dl(fetent speed systen anging £rom' 0,004 £t /ee:. to. 4 e i o8

34 asz ft. lun. and stroke \Ip 6183t To obtain such & high veloetty. ., . b7 d

ani toke the hyd*nuu.c ncr,uatox of the fullowing up!clfiea#iana :';.

] : .‘.L’f




FIG 11

PHOTOGRAPH OF CONSTANT VELOCITY PENETRATION
TEST SET-UP
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4.3 Tw Disensional Constant Velocity Penetration Tests .. |

series. of

of hydrablic

Type:. 'nouue.ﬂcun. roe Tt

Stroke: 22 fn.’ . s & R o
In:mul Diameter of Cyllnde ¢ 270 ; i
Diameter of Shaft: 15 g, : . S .

v!remre m—.mx 3 o(m P.

ﬁ‘, The l:tuutnx of .bav Jpcciﬂutim shen cpm‘uc:zd with )mvy * i %

duty pump” <Ao n.p. ‘and 20'G.P.M.) mu.bu with Mi1s, provided

mnloh. 8 s ’ LT e R
rnrgat Chn-tru:tinn y _- iy 3 v J .

. For the cmtruoclen ot target,’ same pxoc.aum wvere a&a-pted o

as thole explained for J.nput penetration test

The solutton to. “stafle’ beartng upamy probleas’ imjoives che s N
n;uwuon of a failure @ . Th- strength plu-ten (9, C) are then
assused to be developed aldng the failure gurfacd. These sssumptions

pernit the calculation of the ulesmee besting capscity. The solution
to Vijamte! besring cépacity probless also Tequires that the type of . .
fatlure mode be known, To study 1t the mxm e rmldp; fron § e
"dynanic’ oa _n; is ai:ﬂlr I3 r.hu rammn; f:‘[: unek lnldlng. ke ';

van.xenl ene nan were pe ustog

-half and full® ncunul pmnnmn at - v-:iou cdnltlnt velocineu ¥

%uwht -ou-

1n:a bo:b coh




. The equtpmenc used for this inveuugnbiun ccnsls:ed of-a
hydraulic 1inear actuuor. a targe: tank wi:b a front :ra.napnrm: fnce,
penun:m, different auus, and a sequence camera for (recording the

¢ patterns.

Bl . s I

’ Penetrator * e ;/ - J
Initinlly “both full and half ectional pengcmtaza were mq

Both: th: pene:tur.axs were of 1. /, inch dfameter ‘with 60° «cone angle.

i the grida were obtained from thed.. |
: Pl
Target Tank i

f
The (nget tank vas 12 1ncl\u Hide hy ZA inches high ﬂnd 1) 525

inches_thick so that either half seuinml oF £ull gectional pene"a:oz N .

of 1,4 tq. ‘diameter conm enter with minisun friction on ite fromt or | .-
* back.' By this syste. a true tvo-dimensional (x-y) test had been, -
achieved, . The ‘front face of 'the :'ugg: tank was removable ’:ype's/u‘ in.

thick plexdglas*to pernit ublervation of the. mavenent: of “the, target

r X macerm durlns pene:ruien, 4 e

. Criddiﬂg Pro d\lte x g

_To £ ulltute the vhull bblzrval:loﬂ ‘of 'thé movenent of :he .

suu 8 tefenm:e g:u was m:m on one uxdh of the umpu. F llwlng ‘the, ~




¢ |
| e 5 R 35
sethods of marking the grid vere tried., Tn-the firet method, as .
suggested by Peck (1962) two similar frames of thin angle:iron settion, | ’ f‘
X\ the same size as the plex{;lu pl-tel, ien constructed.— smn of

cords, spaced. 1 ‘theh apére, vere stretched between the opposite atdes

of the frame. In one frame the cords vere ltrztched horizontally: and

ll\e nthel‘ fl:-g they were lu’élchd ve!tlully. The frases are

ugure 12, -'To make the grid. thz cord- were dusted wnh

uurilco

Ed and wn :h:n ilickad le«uving a t)ﬂn cnlond Hne o3

a slotted plexiflas r,ma _There again, s fram

mz of the e plate, with horis

sontal snd vertteal slots. Toe £rases ave shown 1n Figure 13,

Agter drawing the grid the resovable plexiglas plate vas asatn

I’epllcad -nd. tuhtangﬂ Ln position. nz emmn vas placed’ uprmu,
p ready, for testing. Both' the sriddng pmmm-){num shove
vere tried and it was found that in case’of dry isand '..a -‘.A{u-

' the soconl e o ea nore ¥ mm;. 2
zolat: solls ele firat. wathud gave good ruuln. "In apite of ‘all the

zecnumus tHe. lecond mathnd did noe ﬁlve even nu- bu: as xc caused

lhe 1uu dllmzb-n:u Ln nnplu “this uthnd vas yufernd for ﬂm




GRID
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PHOTOGRAPH
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FiG 13 PHOTOGRAPH OF GRID FORMER OF PLEXIGLAS TYPE



*, frame rites (64 £ramu/sec ) vas obtatned.’ The' Tms were projecled

satumed cex\dltionl For nmaa soils the: tests vere pnfcmed for

of mud saspleson ap&ic‘dly visible grid could not be obtatned by the
fizst method, s bo flicking, the colored dust “Left by, the cords were
dbosibed by the-excass-vater sqyeszed frou thesampls. - Figura 14 nd 2
Figure 15-show the positions of the gride before and after the ‘

peneérmm ‘test for the tud sample.

Phecognphic Arnmgeme_uc 3 7 F l - > . )

Th

'
\op\tk_al chuervatiana of the cperntion of eqch test were

nade with.a Bolbx Model H-16 millimeter movie cémera equipyed wuh

both bnuery/slec:ric motor and clock work. case of low -pud

steady penetr‘tlon’ tean the camera was op:reted by neans of elentn:

motot shereby,, the sp:ed aE 24 Erameu/aec. was selected‘ In high

sbeed tests, the camera se npetated by\clm:k work wherew the fmm

fon the screen for seqipatial studiss of th@_fﬂilu\

o ‘patkem t every

stage 'ulf vemu':_nu‘an.

Test Veriables S omm S g

Thé ‘tests_were cundLnr.ed on coarse s.md Eine sand,.and-on =

clay unils, at differ.lt moiuum contenta rlnging Erom roon -dry to

e;, most’ densé, and incemedin[e dmi:xa., For.each test ;.- -

series at lesst. two stnflar targets vere. preyured 80 that the failute | T

vaz:mm coul.d he studied lnrlividn 1ly dn buh low and ht;h veloci:y
neady yanetul:ion tests. The lw\chy tests uere perfn.rmed nostly, T

at, o 042 2: /uec. » . vihere: zhe high velnciry :eu.I were mnduc:ed at "




FIG |14 FORMATION OF

I'IN- GRID ON MUD SAMPLE
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FIG- 15 DISTORTED GRID AFTER HIGH VELOCITY (2:662 FT/SEC)
PENETRATION
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; i : ;
o T | E

) ool w Exn R T
} . it 'Processing of Test Output Records R . + 5

. fopact’ Penetration Test S

2 1
The ‘perietrometer provides the"following ‘time dependent para - T ]
c 3 . B -2 v .
meters of tafget.material at ‘the moment of impact right down to full’ |
G R |
|

 penetration depth: : o 5 & . @
I Accel:rntiun/decelerntinn, g TR e e x
"(2) - Cone thrust, lnd B o E . ok
@ Sleeve frigtion: e ’ I T in
: o ncceleutim/dzcefenr_inn tine bistory, i i i .
. pmmuon Velocities and depth are :ucumed by n\l\uriul integ- 24, N
mion at xulnblé' tine intervals (explatned in Appendix c) AL the. . gl

-Jmmn: of fmpact the timel and penetration depth are assigned zero .
valies whereas the velocity ‘.‘mg’né 1s that of the fmpact velocity -
énxcuxi:'qd fron the measurad Fres-fall height neglecting air reststance.
,“This can be verdfied from the-accleroheter record. Using the cal-
culated time val penetnzion depth rehtinmh!p, Ehu dep(h V8. cone
 thruat ‘and depthve. .um fitetton p:oﬁlau are chtalnid fron
§ "recorded time va; cone- thrust lnd :ue va. §leeve friction relAuon-
ahips by cross calculation, Sintlerly depth ve. deceleration, and
"' depth va, velacity. profiles are also obtained from the tine v,
. deceleration and time ve. velpcity relationships, re'.pgcm'vﬂy. The

" obtained depth va. slesve friction profile, ismodifiedby subtracting .

0,22 ft, (7 cm.) for elch z-lcuhted deyth beuuu of ‘the geometry
-sepnacing tm cone and lhéva. The preuem ‘penatrmetdr therefore.
ce E enablaa the fuuwin; urget chlucterlldc e ‘be comp\lted. @ Depth
: of- penetration, (2) yruvxdu ;lqztlz va. nlezvasrriemn pl‘ofﬂe, depth :




ik - oo . ’ -1 42
5 " ve. cone thrust melléy depth vé, penetration’ velocny proftla; lnd
- 3, Yodh
5, Agpm V8, -ccexemlun pmﬂle. .
: 4 ‘ : 2N )
. constant Veloctiy Pemetratton Teser. T S

( " In this test the tolfmng tine dependent paraseters ate -

dbtained: - e 3 SRS e N,
(1) ' Displacement, e ey W s .

() cb& ‘thirust, . and )
i) ‘Sieeve Frictfon, * f . §

- : A

The actuator provides A constant velnnity thrmlghdut the

[

penezrnmm. This. could be verified Erau voltage vnmion v8, time
relniunsmp glvlng a. unght line. Tlﬁ pemcnziqn velocity. s

caleulated by knoving the total time of voltsge yartation (caleulated

from U.V recorder's. chatt speed) and the throw of the actuator, With

siltable calculation the disp of the 1s

fox em:h time ds.viuun on chart; md for diiimnn pmetunon veloclly‘ .

m-. the rechded :1«2 va. conme: theust and sleeve frictibn relation- ® . £
A [ships-1s directly cnnv:rtihh o depth'va. coe thwlt and sleeve
friction pmfm.. Aguy, the correction of 0. 2 . 18 upplied to_the
, calculated ‘depl:h for nleev- fu;:i.on pmfne. )

i ) g A~
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5.1 'reu HnuuluJ N

3 A series of ,hg-c: p:nu}lﬂm d constant velnmy penetration
7 T it g
ests were perfnjme«i on the follw 8 22 rials. 4

2

@ | L ¢

' (1) Modelltng chy,

(@) stltca-7 sand,’

(3) Mixeures of 1 end 2,

(@), Gravelly said;

(5) Marine gihy. 1

nodelitng o ly. and

To _‘ the
smc--m sand vere aelected vecaisae th ’pe« vere tuduy mn-m LR
large qmtith- And pxovmed unifora ¢ uu uurma. 'mm

5 ut-rms were und to, d-uIlnfthl clly n\d sand mkeu. The ‘main

. mphuuh of ‘this nmly vas oit fine, mua as :heu are gen:nlly found”
in continental shelf and. m- G gl BT 5o
The test umc m quu:ed in three series. !

serles 1-Clay”

’v The sratn aise;dteteibition of the aterial used 1s shown 1

. Hgure 16, mmuh. to M.LiT. Systen'of soil classitications it 1s \
2 g B > EIN

|1t has the following properties:’
3 )

classtfied as ‘clayey silt size. .

" laquid mte = 3T

Flasti Lintt - = 2% ol T

. Blastieity Ind




0
o005
0.0
-5

5420

N gl

LAY SLT SAND \

e M ulssﬂmm- SYSTEM. |

SERIES T ST 58 %, CLAY 42 %, CLAYEY-SILT su: i
SERIES IT  MEDIUM SAND. 37 %, FINE SAND_ 63 %, MSD YOF'NE Wﬂm

. SERES A m«% SILT 27 %, CLAY 25% , CLAYEY sLTY S“ﬁslli

,ssmsml SAND 92 % , CLAYEY SILT 8%, SlLTYSANDSZE :

FIG: Ii

Koo _'

| ‘GRAN sus DISTRBUTION QRVE.. o
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B3 cmut- Bainly of Illite -nd mm’lld minerals with sose pn~-

‘. The speadfic gravity o@t\m@: 2.668.
= :

! ilayey silc sand size. " In sther mixture stproxinately B2 clay vas

5.2 1w n+mwu Test: lnulu

“after the test om'a mud target uu.q half:

s 2 .

Spectfic Gravity = ‘z,ﬁ{ U s

centage of, Quartz, Feldapar, and Raolinite, d

sertes I1--Send %/ ““ ¥ : ‘

13
* The- grain size'distribution of the -xu'hl used s shovh in} .
Hgn“ 16°and {s chuif!nd medium to_ fine sand lln. ‘The pw

$eaph ofthis sand s shoarth Fig. 16A. 1t To very nnl!nnly graded. -

Seriu I17-Sand-Clay Hixeres ] v B R

& TR
“two dllinrent ;}ﬁ\k

vere u-ed In one mixture nnmmmy 50% sand vas mix

In this tast. urla

clay. ‘l'hi‘b lixllka 1s, dllipnld hy Series XIIA. 'th grain siz

dhuﬂhtlm of: 'Se!iel XII.A is lhmm h‘l Fig. 16 !ﬂl is chllﬂld a8

~l1ud with 91: sand. m- nnun i denmu:sl’by Series xln. l'he X i

grain llle dllu'lbut.m is lhovn in Fig. 15 and Il cl‘llﬂ!ﬁ as lllty

sand size.

uwtu ‘and Figure 15 ahow the phmu.,m taken before and

conatant, pmcut!on nlociey of 2. 1663 £. /uc. 1t ‘ésa be séen that
the p.m.cm at:a distance num than -ppmmmy 1 zm’n the.
penztmnrr dimen: avay’ fm !lu p«nntneur c:ntn unn are not
affected dm-in; :h. p.n:nuuq. The' distortion ol the horlLunnl -nd
vertical grid: Li.ne- Miuu that vlcbm ne distu(b-d 2oné the -

Plru:h -uud downward nnd avay from tha pmcrltnr.r.bmtfm soil °
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FIG I6A PHOTOGRAPHIC VIEW OF SILICA-70 SAND
(MAGNIFICATION APPROX 40)



ncu 16 forud on und around the tip of penetratof which pulhe! dévn- X t

P

uanﬁml ml.:a the 8011 mass. | mrzhemcre, the dlsl:ortlnm of srid
1ines mdm:e that- the Eeilire me 1&, combimtlwmo( both shear

'3

and punchinx with mm one pmdmum g,

A nequentil! ntudy oi the failure patterna at mrmm depths " "
of yenetrat(on vas ulde by pmequvg\ae fin nver a pa]:er bonrd‘

" the faﬂ,nre pnttein -: dﬂhrant\ valncltie!. Fm; the data abmned

fm these a:ndlea, mq falluw’lng core ustons cculd be dravm: - £ }

(0. WM €0 0,062 fr./aec.) g‘mntu:lan tests, | ‘The ratio of

3 f y 'dynmie‘ :a nutic veluu:y Yas nngln; betyeel lan to 630.
(

In Mxh velmJity zelu m tnmum of crate 5 vere ganeuny

L

@

F
8
g
£
.
2
£
]
o
i
7
g
e
3
v
g
’;i
3.
»
B
g
-
¥
8
:
-1
-3
g
el
5

nnltie! ald ﬂiffer‘nt mumre mtenu,

1€ miy ba_ infe '-: the hilnre app.muy occurred.

principally :‘h > igh two naohnnma' sheasiig: - punchidg.
In dense; wdl«pl#:d, of tlghtly ‘bound wun, penetnum
oecurred: primarily by :lm:!n;. nm is lubanntintzd from
the ltudy ‘nf the dsutortlmu c£ the stidl. and the flct that

tha radial cracks nxte.m‘ling to the gurface dnd :h( uphzrul

af cha ‘xlnlu mund the, pene:utnr were geﬂﬂllly seen u

clse oE bhz penetn:im nf the rlennly plckcd sandy soLl:

Tn.loose ‘or 1uefﬁctent1y pu:ua sotls gpd 1n ,f\ln/tt_ated clay -




: e . :
LT . y 1 S
R peutr-uan we

.ccmp;uhed ch!.aﬂy by punehlﬂg a8 seen in yow .

+ Figure s A 3
- (&) The movement of the soils benuth the pénetrathr vas pth a :
b a‘mmmly ovivard end, outward. T N 8

. T
(5) " The soil nose formed on and'arcund the conical-tip of I

'yene:r.:um-a cleaﬂy vilihle in ull thalsines, asthiti I

"ma high veloeity penet!ntlon the alle nd bhapd of the gotl E 1

@nt for L &

“all dzyths of penetration. -There sppenrs o be a shear front,

L . nque, for any, particilar tatget, s more or le

. Faﬂnad a8 the :u.ne 'b(mn{léna the ° zone 1n whu:h no ahesrsna of

the medium has octurred; cravellinz with.the penetnmt ata .

: cénunnt depth from the tip o( t‘ne pmmm. :

9
vnmus xnvelnga:au o mdm the modés of fallure during Ta

‘| dymamte Loading and the findings of nzveul su briesly discuased hest.
,Sellg and HcKea (1951) fmmd thlt fatlure nodel are dlifeten; in dymu

- lasdlng u(m in’ m -emc londi.ng for ‘sand. The dynumic test resul!ed

cunny and Sloan (1952) ‘have also obnrved ynn:hing shéar |,

msdn of (a(lv-rte. wue Sh!nkmn lnd’HcKAe (1961) Dbaerved ;enernl

k S
~Ebeax f}l)ure foz dynnic&l].y luldfd fom:lnga.
gh ° Jacmn and s.d.u (1954) pufumd soné statlc and dynanic’ -

. load test on-onttngs’ !‘Esting on elay,s Vigual obi mmna mmmd

thats the stattc and dynamic ililure uod,eu were s l\ificuntly diiEuzﬂF
Tn thz dynnmie unu zheu ypanred to,be & llight heave of. the- sail\

au‘lfﬂc! around :he iooting 'here kthe sofl lurf e, -rm.\ud the sutiuuy

veloped from

'l‘dndfwting‘\ ¢ _|rpv|:d 'v ita! aid : ks
o " s




the four corners. of ‘the footing a0d ‘extended outvard. The slight heave
sround the dnn.lu!ly loaded footing s ch.ncmum of wllchin‘
sodes’ of hunu. : lned on the model tests pgiur‘\ad on the clay sasple

. for "atatic’ loading conditions, Peck (862) tadtéated chat st sbout ane- -

v D
uu of m huure luA the {nu.u commenced to pnmch in vextlcllly. -

~
;1: or 'thurad‘ zone formed near the ed;el of the (ootingn.

Y

-

cad

\ Thnlpmn (1966) mhnld tw dhlenlicml ‘constant’ vtlau:y

the punching effecta.

) ;.mmm tests oy uadle bnring toneu for ulum-- ranging Ezf

o 15 ta 0.387 ft. /-ec and q:o two, dlnnuannl ﬁpu: penetnnon AR

A
tests on Ottawa sand inr impact vuocuy tlnsing 105 to 478 ft, lug

Based on the distortions of -the grids, uhtnimd hy a high speed -um
camera, he concluded that the dnfamtlon p-t:em- nbm:ved for impact "

y:nztntlm ‘tests were qnln -mhr to those seen ln constant velocuy

paecracion cests aad the displacemeit of the particles vas very ‘staila

to the tatetally o by Brandtl for the inden-

tation of an Infinitely long footing cr punch fato a half space of rigid

2lastic welghtless matertal.  Sinilar cbservations have been reported "

by Colp (1965) and Chou (1972) from steady penstration tests perforsed . . -
o -hnhtad cohestonless and cohesive éoils respectively: :

"' The overall reaulta-of the various mveatignnu are auu-»uz e

' confugtng tn mL sotie observed the general shear type of follore and

the: others f nuuhd.nu lhelr ype of huuu for aynlmiellly 1o|d.d

iwliny. ‘The rulonl ior diur!pluclel in \:be results are hﬂon.

lende- the vnr}uion- in soil, (ypel thz shape and: m; of the footings,

the various inuulptuu rased d{n.m: teating -yltan such




) eom:xollad uresa devtce. cbnttolleﬂ dxsphcement devlu, md the .

dmppmg ot wetgmu. to uch!uva dynmiavmdizim. [ - p, y

m f.c:. u 15 diftteuit o corcelre a m%glf_ s.;xuze pltﬁetn TN

applic!ble to a1l pmblm putmnmg to 'dynmf"’loadxngs beca\me .

" eath pmxé} 19 constratned by’ a diffexenc ‘wundary condition.’ Howewis, « - Lot f &
“based on the previous studies|and present nperiu}lf.nl inven:lgnlonl, i [

it-4s {mplied as 'a first approximation thats in the case of densely
patked fazget the geveral shear failure eriteriin can be adopted, while' ..
A e oy samples'and {n md the local shear fattice

‘criisrionv can be adopte.a"xn ddveloping t!x; inam‘mu.mdel for the

mnt‘pmmcnn of ‘targets like a@dh. :

. 5s3 Test. Resultu of Series T

fhe rest reaults repcrted in sum Tison. chy luiln and i g

innlude _both constamt velocity pmetrution md illplct penetn:im R

tests. In conjunction with !hese nsu the 'En ntu vine nhe-r tests’
were perforned for each target. and the -veuge Vane shuz sdmgm
“obtatned 1a refazred to as’ (f). uaucnu cofitent and bulk denpity '

o were “also. determined EMch m.e:.

5.4.1. Canltlnt Vdacity rmmmm Tests : ‘,

Tha I:Dn!tlnt v:lpd:y pen:tncinn tel:- were pufnmed on clay "
‘targats of varying’ n':rengtl\ nnnnx ftm gl 1 /s:.’ to
1671 m./t:. - ,m tests were guﬂnny pemmd ‘at four dtficxenc

velucitiu, 0. DMA j{ l;c., 0.042 f! Inc., 0. 456 £t./sec. “and

2.662 £¢./gec. In; some mta r.vn addldm\ll pﬂmtrlﬂm\ veloclttes.

A




Figures 17, 18,15,000 40 thos. the comstiat veloctly pine’ 0 .

tration test mnlu fo:f fine -ou targets havisg sheat strength ¥

64 1. /EE.Z, m 158, /£8.7, 1066 1ha. /2x.2 ) and 1671 1bs./EE.2,

vespectively. - Figire 2 shoys. the test n_nlti”fnx _l hyznd .yu—.

of two different strengths }98 Toi/ge. 2 and 135 1bs. /£t.2 of top and -

botten layers xupu‘:tlv-ly. In each r.-n undt edne’ thmu md unit -

sleaie frtumn protﬂu are plund up to,_pmtntion dty!h of 15 in. A
e ~—— R

. [nr four " to ﬂx du(nnnt mgr.n:ion valn:i:iu‘ ‘
" Aa rlported by puvi.vul stig hy &

19723>both cone -l\d sluvu ftlctiou r:lhnnce bx:renu cantlmw-ly

up to memzun d:pth of .n:o-tmaxy 0o dameter.of

and bqnnd !hil dqth l cmnnt value of thes rlﬂltlnell are ublai‘nlﬂ.

"--The mo.nmuuun of :n. non: .ppur:n; an paragraphs
1s Saped on the cone and friction reststance values of Nyond the

peuiutlon depth oﬁ 4D. 2 b

As zenttoned previpusly, the main sismi of u:. constant "lﬂ(
besetration tests fs to- study the influescd Of fate of penetration on

shear itnur.h of cohesive soils. The. results presented hem clurly ;

dy zur; :h-: uae “incrhase Ln'.h pgm-tiou vl.loc“y auses an

e 4o LR

thcrease of ‘tone .:l llee“ E:l:um ruunnce. The inére

versis’.
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lngla

*stresgth. Similarly,

Unit dmamic sleeve friction (F, m)_

Unit sleeve “friction at lowest penetration velocity (Fc)

versus

logyg

J X ugun 22, shovs,
- the. mmn- in cone mumcc can be v.ry nu u;m:e

variation of velocity,

velocit) of enetration
lave-z penetution velncuy n-ad (v )

Table 1

1 K, (for.

of K for different target -m.ni-.

of the target decredses the llope of the line tncreiach,

i

Sﬂh. VIEOSIT! COEFFICIENT (!l)

netn!inn velocit
lmn penemuan velocity ued (v , fot dtffeun:

are plotted in Fli. 23.
that" uc-pt Ecr nr!a: ntmngth (w) - 6& lbl./ft.
he s1épe of Line represents soi vllcvsl:y

ows - the nluu

It B abun&d that as th ltf@‘ﬂl

7 (1bs. /u‘.?)

K

64

1671

198, °
962
1066 -
1354,




100 ¢

For i = 6k lbn.lft.z‘ Lhe increase in one muume u LR

55 times for ' thoisand fold mmu in penetration velncity. - For”

‘a mu of this s:rength, w the vziux 8 knuuledge, neither qualitative

nor quantifative lnfcmtion 1s ‘avalable about’ its’behaviour undex
A

“aymatc' loadlag.. This target vag prepared at a water content of 43,51

vhich 1 well above the 1quid 1ialt of soil (LL =372) and ‘as ‘such. . e

1ts behaviour would be more Jike a solvent or suspending medium fatHers

than a plastic mediu

gowevez, to draw a.ny definite cencluucn for - i

such a ‘medium woul

| Te uh'e tur:her -y-:m:ic 1nveutigatlon-

The r&s’ultu of lncraau in unit aleav; ftir:ziun t!siumnce ‘

s E

; im:reaue in'the sleeve friction v absetved in'all the cases, 'mn ; g ot

Ve logarithate variation of v:lodty d6 provide a very.good tanehtion e

up to a velcoity of 0.456 ft. Jeic. and beyond this velocity 2 !udden

suggests the existence of some critical veluci:y and%he alope of the

L abave the critical mocm 15 stedper. than that of the Line béloy

the: cucml velacity. In most. cases the llapgn of  both 1nss dre’ %

steeper than that ohtaihed irom cone relistaﬂce re]atiunahip. This

-

disparity {s ateributed to the effect .of 1nc=rm:t1m of ‘the peneu'a—

. meter surface and soll plrticlel.

he above ﬂmuw s!lxgejt that ‘ai 1ntarpre:at£nn qf fenilts
fron 'dynmxc' tests to tstatie! valies rzquirel thres sets of sl

vistosiey coef £{efent

Eor & target of a pn:i:u}.ar axrmg(ih whu:h
fron a practicll point of view is nat desiuhle. Iw the pte!:m
mvnuga:m., the soil viscosity .mmcien: obtatned from cane

res!atance unlu has also been uued £ox pene:mzer shaft dn”

: . 'canpnrtng the’ prcpu!:d inpact on theory with ? 1,




explained in Chapt!r . ) 18 os £t ‘/uec., 17 fe. /u )

. : ) vlrol
{8 H
usul[a, Since the uu v!scouity nuefficient io: penetromtat ahnﬂ
Tesistance is. generally higher than those obtained fm- cone resistance
the use of it to penet:me:!r nhnft—relistnnu would cause a dis- .
ciepancy. This discrepancy 1s nounured i the theoretical sodel by
the nasunptim thatthe unit fricd.on on thl uh-ft is equal to :he
shesrmg reatatance of soil which for cohesive sotl should be-equal to
the vane lhenr} s:xength., However, from the dugc: meaqxrment of the
it sleeve Friction for the Sliviat pemi-.ém veﬁu‘:y (0,004 gt /sec."

the values ohtalned are algnlﬂun[ly ]ﬂvtr (10 ta 50 percent) than the

shearing mﬂnmce of the soil.

The Quneedhljd ussions l\ld f,h:ding! are based oryml):lmum

pemmion v:lor.u:y of 2. 662 £t laere m appucman of this to the

low velm:ir.y impact test, ( pact, &:glocxcy ranging from zn £t./set.
25 £t /oec. ) requires extrapélftion of those results. ' The v.ud ty
uf the ulrapohtiﬂn ‘methiod vas vezif!ad from the available impm:t
pehetrltinn test renltu. Typical ;elt Tesults are Showm in ngn

in which cunstmt v ci:y panetntla:) c:ur ru\lltl from Pigu:e 21 ‘and

Figire 27 dre eymdnced for target “strength’ of ‘1066 Tos./etE. e

from mpl:t uit ‘results.

mﬂ€ a X’Jtlﬂ
(and the natic penetration. test for the same tng:t at Eou\' differenl
penetutiﬂn velocities (ulcul- led from: uccalgrmcer record as

4 fr./sec., and.

225 g, /uec., and the uheve mcnm ratio’ for the penetrltinn velocity

<of 18.04 . [aeci axé also- stigh 1 Figure 2. 'The cone resistance fo

“bighet ’ pmmmn vemzne. are about. 107, above: the extrapolation

lln.e obtained fron coruu.nt veiuity peucrutian test. results. This

o il
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B

inctease may be'attributed to the effect of . fnertia] resistance of
the target materisl ('llng.A1971' Whitman, 1970; Hurff and Coyle, 19734) -

Jiich 15 observed fn high velocity inpact.

Thus, f:m :nnltnnc valncl:y p.ln:n:ion tnts tl-: fulang
= 7
eupmul relationﬂhly u nutsleshzd- ly =
F \ W
N 18)
,-ﬂ’u 1s assumed Jlm Ne, remains constant during dynanic 1oud£n5 then
the above ‘equation cin be traisforaed in the following form:
. % g v 3 s ¥ 2
s ) v . "
€7 EuEClon,y 9
4 ; ¢ b oo
' -"-lpplrant cohesion for 'dynntc ylelding case ° 3
é ~ ool 680 ‘starict’ yleldlul case.
ﬂu- o the shne assuned in d the ! .
theoretical ump penetration sodel (Eqn. b 4 - Chlyt&t ). The ¢

ui\lal o: soil vtuo-ny -:odnct:n: X h-ve to he eanblhhed i
experinentally and sce proposerl ta Table 1. Tor sotl of Internetiace o
strength the sofl Visconity :oei(lc!.gnc can be founddby linear inter— 3
.with good approximation. 'The

-%nuned Frothe results of . - Lt
Bt
other invéstigitors. The mun rate effect on -lm: stremgth'of .

- cohestye sotls had been studled b, ) varfSus investigators and is meny

Nht(m bet'een !h lhcve uu:

validity. of Egn, l?m tw:m be

de!cribed in Chapter II! ﬂ[v thil theli!\ lcclllu of tha diﬁaunt

natute ‘of the- apuchu r_u:hnlqual theit ﬂmll.n;u are m:iy related IR
* to strain rate ratio rather r.hln pgmtnnm: velocity nzlu as tn the

preseit cagd. If the strains for 'static’,and 'dynamic' cases are the®
. ? e 55 .




"strates the: increase of 158 and 1128 of apparent: cohesion at strain

‘

*

g _‘tha teasons’ discussed ubave) nd unnequenrly an apparent incredse 1“

the ratio of strain ratek; fherel
. . 2 8 v ﬂd .
¢ '1“*‘9.“_“’3102’ S (boy
shete 3j and a_'are atritn ra}es for 'dynanic’. hd '.m\iu' case f

respectivaly. Micebell (1964): m}uAm ate proceds thebey and Peck

(1962) from uperlm:l\ta résults y:airo d J.muar relutionshia (Eq

20).

N X i @
"For the experimbntal results shown in Fig. .22, Eqn.’ 20.demcnV | i1

rate ratio of 33333 for two extreme cases, soft clay (1 = 198 Ibs./ft.2),

and stiff clay aen 1bs,/£6.2) respéctively, Thése valugs axe .’ .~ % I

approxinately equal to. the: straid rate sensitivity valies suggested by -
¥

Wiitasn (1970) £6r cohsaive soils fron the’ trl-uhl\éku conducted” ' * o

up_to uaximm stratn rate. ratio of 33333. o Mg g i

Fron the. u{petlmentu, the ulculnted bearing capacity factor

N-: (" ) for penetrntiun velozuy of 0. DnAAft./aec. raugu from | * w
10:5 to L. 7" and ‘average mean 1s 1. Thesem,w

range ai p!evimlsly teporced vuuu ohtuneﬂ from static Penetration

tests (Sanglerat; 1972; Ludanyt_md Bden. 1969). aml am about’ 10 to 20%

higher than the thaoxa!lcll and mph'il:ll valug! repurl *hyxﬂé)ﬂhul

(1961;: 1951) nnd Skmptan (1951) l‘upecr.ivelx for pile Eoundatlons

The hmrenae 1is due to the. ac: thu :he measurenents,. even at thi

perietration velocity, would cause an incresse, 13 cone reststance (£6r

Nc value in ohserved.




/

105

O T

\:
Begemnn (1965) conducked uv:ral statie, penetntinn tests and
mld vane sheat ‘tests_on l:lny mus und reportebthe average Nc equai
ok m[qm high'fic, value e’ piovided a theoreftcal justification
from Prandel's classical beariag capactey shiesry by tabtey 20ts sbemnt

the shape factor and assuning that the failure bélow thé tip of. the

" “cone 15-extended above the tip also.up to approximately the. sané

distanice-and. thus the area of-failure plane is d;:uhlzd.‘ In fact, . i
- . i - |

Zomparing the vane nnd static penetration test 'mum Begemann

:mpletely 1gnoud one of :he( important fuctnn i.e., penetntlnn i
velchLy effect on cone ru}lnm:e, awu resuul e vilies T L
being approximately 40'to 502 higher. than mc of Meyerhof and Skempton. )
This-fact can be mbﬁunt,laced by exanining qu present experimental . . . ¢ ‘
results vhich mﬁum that at & penetration velocity ‘of O.OE_E;Vf‘t.Iae'c‘

cepted yemtrattnn speed of static ﬁem:raziuﬁ )

(z.ga excdsis general
Lut Lyl .5 em, Isec. to 2 cm./sec.), Al ‘thé velol:ity effect on cone

* resisténen; 18 neglacted, the average Nc equal to 13; uhich 1§ in

sreencit vith n=gmnn'. value, Hovevel
_that the: penetuum velucity has a uixxnificnnt effect on cone o J
resistance values Jand ‘as sich & ‘correction to this effect must be
et 1 otder to obt'a_m e, of viée versa for 'statlc! conition.

v T ey fovety i % w ¢
5- .2 n-p-c: Penarnuon Tenc- ] o ! L
wt _g,ﬂ_t,e_suyg,e_mdunced, with the e
Chjectives mentioned 1n Yhaptet 1v, o samrated sad plﬂ:inlly ’

\w.umed cohestve ‘targets. 'The inﬂnenl:e of the folloving seleéted

Paramet! on pmamuon secharien vere muuea.

hastees desonstrated . " e




~

(1) Welght of Penetrometer,

() ' Impact velocity,

(3), Nose shape,
), Nose shape

(k) Target strength, @ \.\ -

In'all the tests acceleiation/deceleratiod; cone thrust and -

* local stde friction were recorded Figure 2545 a typical utput. .

: umé for medium stiff clay: Target. and peu‘udum properties are
given with pene:utim test results where tbay occur. The Aalltnt.

recorded features of the !venl‘., !a 1ndicated from nccelermeler cone

thrust, and Friction sleeve, tecords,. dncludes
> (-.’ Srowohd accelerometer record N o .
(1) Upon impact 'thg‘ pmtrm:n.;nu aceélerates for a while,
(2 then a steady incréase in d!czlerazl?n,
@) an abrupt: drop i decsTeration Tevel wm . .mxemm “

pulse or 'dip :omrh the end of pene:ruian event, -

() * Fron cone: Shbant vebord : LT

(x) A% abrupt rise. m cone tlirust at the beginning .of th: event, "

1d cone mm: (nuﬂmted to

(z) then 2 steady decress

peutrltlnn aloc!.ty affect),

4 a sudd drop at the -end'of :he,

o
() _From triction sl e,ucorﬁ o
* event (due to con:snu ;L(m: i

R (nm i scndy friction) nnd

@®) ‘a gndu.!l deu'uu ln rictinn
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. It appears that the “'d1p' on the accelerometer record 15 the
13
result of the mboumdl.r. of the penetm-ete! caused by ellltlc eﬂ7rgy

mred in the soil during pmmuon. ng ﬁ!cnm n:ord duch at’

the énd of the penetration event shows & substamtial negative friction
& : y

on the sleeve, confirms the occurrence of rebounding phenbmend.

Although the 'dip' at the end of the event may be important to. the

understanding of the cﬂlp‘leﬁa medhanism, its influence on:the pene-

tration depth 1is normally insignificant. Consequently thi

not be considered in this l\ulyliu. .
Figure 26 mow. Depth ua. Accolan:lonldecelzutiun. veloeJty,

'dynamic' “cone. preslnu. and 'dyﬂllnic -leeve friction p!ofllel

:alc\llated for the test records l-hmm in Figure 25. The nic' cone:

pressure profile calculated (froa the proposed empirical relationship, .

eqa. u) for the penetration velocity of 0.004 fe. [sec. from dytamic’

cone premu profile is also shown in Fig. 25 togekht! with the actual

<one pressure pr&ju obtained at this speed gx?‘ ‘the constant velocity

penetration test. - The computed values are generally 10 to 12% higher

i than The actual .1‘.:. for the reasons digcussed previpusly. smuny.

the ¢ hli: sléeve £riction mum can lo be cbtaioed fron
dyqnic sleeve frictionprofiles. In the .yrnen: analysis ‘static!
cone pressite 1s, a?._,z\:‘ad or penetration velocity of 0.0044 ft./sec.

!‘pnninnon veloclty used in this investigation:

* However, it can be o[ztllnui for any penetration velocity such as

0.06 £t./sec. a. !3 =n luc ) used 1n -nuc pgnetrltibll test. ’nuu
;e'ultn clurly duon-n,ne th ability of the instrument to measure '

directly the strength characteristics of the target materials./

pect will

e



Selght of Penetrometer - - Ex M -

- To .n-dy the effo:n of the weight of ‘the penetrometér on

: the llpu:t tests were conducted on -
m dﬂfeml :ypu of urgen havtug shear strength 1066 1bs./fr.2
and 204 Ibs. 1665 m tn: umlu are plotted in Figs. 27, 28, ;9,

. 30,31, and 31. Those tu\-ln indicate that an increase in the

penet rometer -;ighc yields an increase ln total peuu-ucu, an
m:une in tonl time of yng-cxm event -nd a deueue in mnuud

deceleration. The measured cane thrust nnd sleeve frir:rlon records S

todicate :h-: an m:ruse in the weight of* the pen:trmetu doks not

Il)(z any llgniﬂclnt dlff&te’nl:e to their’ mg-nitudn,

hplnthlnclty o LSy S i P

m effect of impact velocity on the penetration 'ua..nm

s -md;ed by varying the free fall hetght of the peum-mr. _The -

= tests were l:und.uctu‘l im' lwl:l: velnclthl. 20. 01 ft. /uc., 18. lL ft,llac..

L 16.79, (: /lu:., 15.26 ft. Ilec., 12,37 ft./sec., and 0 n Isec., and <« o

e rmlx. are shown in Figs. 3334, and 35." These mum indicate - _.
tat the ‘increase 1n mm—;u s impact. nluuy-ymd- an {ncrease o
fn lu’ncd 'puk' de-:;’.leunan. decrease in total time o penetration

“event apd an lnu!ule in conl pmtnmm For nypnrli.-kdy uy to e
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_ mthe penetration mechanism have been studied by several fnvesti- .*

The effects of impact velocity and the veight of penstrometer

pitofs ‘and ate sumarized in sub sections 2.1.2.1, and 2.1.272. of . - "

this" thests.' In wntrut to the present imvestigations of Tow veloctty
izpact and high frounl loading, theix lr.\ldlu are mm:ly on high

selocity impact and: low fmn:nl loading and- their results are qunli-

:atively in agr,énem with the above’ nentioned conclusitng,
iy

‘_ql/letrmur nose sh‘}:u on' the penetutton

wa:hanism were studied H}Tanun&e uhapes. 30°, 60°, 90° ‘and blunt

" nose (the angles. are ghoqe Forusd | Semnmmwylszce ed;es of

cone _surface) And the teaultu\nre pla(tzd An: & gﬁ/ 36, 37, and 33

Those ‘results confirm the findil\gw ef previous 1nvasdgatqru (Thgplvn,

‘19663 Woodward, Clyde; Sharazd; and AssoctAtes, 1952—57 Young,. 1969%;

and Murf£ nnd Cnyle, 1972,/19731‘) that the imrenle An nose’ sharpness
vlelds an increase 1n the total penetntlml. The uunc nosed pro-

Jectile expéTTences a’very, high dbceleration at mpncc (several’ ntcmp:s

vere made in the preaent investigatdons to nessure the peak deceleration =
at mpnct—b\u it wag. nm:h highet than tlmt of the ‘rated Tange nf the
.!v:celeramutez) and then the dec:_lerution ‘trace follows a{mihr to that
of other end shapes. ‘ : -
Table 2 ‘shows. the average cona thrust and. sleeve h:ll::lon

obtatned from npact tests for dtfferent end :hnpes‘

Lt . ) « P et




l|||.\|||l|

llllllllﬂ Wv3d QININHILIOND .

O T Ofc- Gee- ODt- .Giz- OBz~ Gee- Obz- G- ORI~

®

G2i-_ 0014 GL-
(20387164) WOLVMITIZOV i




96013 336 SIVLIQ TVININNIAKD HOd - .

L R T I T I R L I e N

e

- (L4) WAd30- NOUVHIINEd




se0id 33,

3?—!_ WANINIYIAXT HO4 .

zo_»u_xu 3INIIIELINA ONV “LSN¥HL 3NOD ...rE: "SA H1d30 NOWVNL3NI4 40 1074 8¢ 914

WIS

TTETESON 1691

0622 0002 0GLI_OOSI g2l 0OQI OSL O0G OS2,

:E}ms

NOLLOINA 3AZ3I 1NN

o gggooﬂ»ggcooﬁgoo@ 0008 000y © -
& LA st 00D s




TABLE 2

. + CONE AND SLEEVE FRICTION RESTSTANCES
FOR DIFFERENT NOSE SRAPES

T . -+ - 3
VEnd " |Cone |slecte. | Penet- Ratio of cone

Test Yo. | Shape’’ |Thrust ' - |Friction | ration _pressure w.r.t.
. it 60° cone

(1bs/£t2) | (1bs/£t2) [depth (£t)

'

Experi-' |Meyerhof'h

1

. $ mental 4| theoretica
1 vd fa 4 5 . 5
3¢°. | 32600 | 2110 | 082 ) 1.2 - 102
60> | 27000..| 2075 .| 0.803, | ‘1 [ %
. 90° |"33200 | 1825 0745 | L2 104
Buncoed| . 42000 1350 0.7 155 |- 12

B c.!tively E£rom Me

* .condition,

An exalnlnn:irm of Tabl: Z teva!ls thnt :he waxtmum nnd minimm
|

cone resiutnm:eu are offered to the blnnc shnped and so° cone ‘respec-!

zo the beuef of Ymm; (1969) and Hoodwnd Clyde,

tively, ‘Contris

‘Shenrd and AlsncL _el (1962 67) u 1s. seen thlt the 30° cone offers

sore uuiltnnce Elwn th= 0° cone. The come resistance ratio is given .

o column 5y of Tﬂsle 2. fcl‘ diffexent, cnnl lnglea with respect: to 60

Cone. Stmihrly, the ratio of Meyerhof (1961) buring clpanity fm:r.or .

e, ) for a diff:[ﬂ)t cone angle to 60° cone s gfven in: column /(6) of

Table 2., The marmentally observed trend is conceivable quali-

2 Y ,,,h, lated for 'static

“The ule‘we friction records ﬁﬂiu!e t)ut the increase ill cone

- angle’ ylelds & ;ecreawa in unve (riction rasiutlm:e‘ The sleeve

friction tgsl.ﬂmce for: Wit ‘shap 4 approxiaately 35 percent

N %




friction mx-mm prodice Htdle difference and this a saall 5 <
* eterencs 4a observed in.the total penetzation depth. It is noted :

that, 1n spite of hwaex cone and hkﬂhsrzsmmce for a30° cone) | ~

2 so' cone yidlds 1awxr penemﬁm depm than & 30°-cone. This is

because of the geometrical shape viz., 30° rone provides. lesa .

surface area than 2 60" cone m the same mm. ) L - i

Target Strength 7 ) i
Three tost cemlts s shetratel Table 3 to shov he effect 40

of target s:rengu\ on pmr‘x-tlpn uvmt. ™ expetted, these rs-ulu ¢

Indlcate that an mcum In target strength yidda an dncrease i SR g

'peak! decéleration, a decrease p total- penettntian aod an focgease e ¢

.4n coné and sleeve fﬂc:ion resist

hlhlthn of zlu Propoled Theoretical llndel

7 The fougm; discussiond ste based on the exym-enul lelulu

1n Whtc vatious o reported- : vere

quantified and rur_hmll_l.ud by means of dlrecr. measurezents’ of l:one

:hnut and lle!ve frl::inu dudn; impact penetntlm Another mwun:
aspect of m- study 4s to develop a theoretical -oul lppll:.lblz to

lov nlocny x.pazx pnnntion p:ablm Based on past experience and- - i

- present investigations; » theoretical aoel has been developed. (see
" In general, thz

Cthtel n fm un fundamental Lavs of' mechanic
eialuatton of the, theoretlcl). model muﬁ- the same trend s those /
ghnwed -psl’!nanﬂlly. [n the fouw:.nz ‘paragraphs the vnlidity of
the proposed thenreuul' lndeL will h e\ulnltcd £rom ekperinental

o cesilts. The l:_'pn‘lm 1- n.ma to the range of variables Imests- -

Bated. . -
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Fenetration Velocity Proiile

uupmmlmlux.lqn llmbeued(o compute the - | T~
. theoretical velocity profile ad -xm. p!utrldon depth for knova" ;

st conditions. | Theorettcal velocity Profiles. wee conputed fron

m. 11 for- most of the tests presgnted T thia “the:

and those are .

s
| o o ’
shown in Fige. 28, 31, and 3/ togeehﬂ il th’ urperin!n!'luy pbtama - v

seloctty profiles. The differént cobfficients occurring in Equ. i

teristics. TRe calculated

depend on target and penetrodeter char

values of those coefficients vhich have befi used as computer imput”

- data for the : of al #qa. 11 are showm

3 WE
in Table 4. The theoxetical velocity profiles are in agreeserit with
those obtatned experizentally. It. {3 noted that in every test the 4 . L

lh:nxzucnl valocuy profiles are slightly nmm than ‘the experi-. e

nental ones fot the follmd.u Teasons; 1 a0t

(1) ‘From b to ‘coupll £ the. event the S

-lurlu capacity factors uua in :mm:icn ul:uhclm: are Em‘ deep g

foundation conditions ( :— 34 )", Whereas for depths up to 5= £ 1°

the coefficients for shallow depths should be used and for depths 3 . §s

betuieen 1< n—‘ <4 m;inm-dmi values-should be Gsed.
@) Tn the t\luutlnll dertation, the area of mfz at any

pepetration depth. is. alenhud unins a constant p-rmm mmdi.ng ) 2 Y

- from the tip of the cone.. Ammux it increases gradually from zero

at the t1p to maximum (equal to periméterof .1...;7 at  the!base of

cone;

. g for the shove factors dn- thé

80del would cavse: less.: - resistance oo !ﬁ;p‘mt?;-etu than.that, -




asiiaed 13 thi prement analysig and consequently kS vould pmlde more-
penetration depth for the same velocity or vice verss. Howsvet, it is

felt that thou hcton would uninecessarily complicate the ptoblen

vith no Lﬁ:&nt :m;umum upochlly.&t:g_ule' of the deep

penetrating pedet

er and, as-sych, 10 consf¥erations to this

. analysts

fect are given fa the _p're

luxln Penetration. Iy'm Plﬂ!lﬂl‘*! L
Weight ‘and Impact Velocity

. The maximum penetration ae'pu: for ‘different penetrometer

veights are cmuted mm the thconliuli telatxmmv (Eqn. 11) for two . }

different tlxggt g:reng:hu At = 204 1h- /fc.2 and" 1066 1bs./ft.2),

results are piahed 1n Pik. 39 for pm!l‘ fra uwp to 100 Tbs. |
Statlarly the saximin penatration depth vs. ispact velocity setittonity ;|0 L
15 plotted in ug. 40 up'to an L_pu: ‘velocity of 50 ft./sec. for nrau 2 ook

" 1 i :
stréngth: () of 577.5-1bs./ft.2. - The experimentally cbtained penetration..

depthis for those targets. are 'also shown in those ﬂg‘n’

0n the basis of experimental results btataed for experiaatal |
velocities ranging from 18 ft./sec. to 115 £t./sec. on kaolin clay,”

ot and Coyle ‘g7 ontlodéd that maxtim pesstration depth 1s”. e

) -I-m Mueir vith 1spact velocdty. It 16 of taterest to wpa thet e )

thenreﬂul carve, {ii Fig. 40 could very “well be app PR, R LI,

-straight u.n:. 'rhe present -muunnl n-uln obnined for hp.ct

nlu;!cie- betveen 10 £, /aec.  to 20 Ft. /nc. confuu the ‘above relation-

lhip. o . )
Table 4 shows the brtef sumary of esperisental and theoretical,

résults.’ Columa- (w. (13), and (14) of that_teble shou the -
11y computed depth, nd meu p
1y Ao examination of colum (14) shows

s
-

7

s
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" ting to note that Eqns. 11 and 14 give almost identical results for up

.40 Eqn. 14 the soil vlscosity copfficient (K)'1is estimated from cone

. résistances obtained by a constant velocity penetration test at' "

" the velocity ptofile nnd mxl.mm penenmticn depth, can. ‘be used for |
. pu\etnth’n depth. *'Eqm. 16, "applicable for pute cohesive snus, 18

‘been m\?é that app‘!ent coheston @ ) varigp, Unearly wtih velooity ©

1133

cmc out of ten results ptesented the. dapth prediction for six tests ,

|

Tin 60 percent) dre well above. the accm’acy of 95 perceit and wp'to

90 pzrc:nl ucgurate tests (in 90" percent). Only in me‘use is

it predlc[ed with an‘accuracy of 83 pegcent. *Those muxcs again e b

Jesonberace the validity of the proposed theoretical wodel.

For )npst !Bf the tests pentioned in Table 4 the velon:uy

profiles and maximum depth of penetration were also computed from -

Equ. 14 to evaluate the validity of this relationship, ‘It is interes- ,

to the hinety’ percent penetration depth and beyond this depth the

difference was never mote than 10 peecént (see Appendix 4). However, -

'0,0044 ft./sec. and an-iupact penetration test assuning a linear relation-'

ship (the pxoce’éuxe is explained in subsequent paragraphe).

mm:m of mge:fsmngm B s ¥

M ﬁentiomd ln Cbapter I11, Bqn. 114 m addition to ymviding

the 1 shear att:ngth luch as C and K}

of the target m(exinh fotl & kmown I.npact velocity and saxiom ;

ane of the special fora of Bqn. 14. - o s

It ohmlld be \wud that An rhtl\d.ng those relacionshipl it hns

(lnn. 12). As such the, 011 viscosity coefficiet (%) is established

by assuning 'a straight line variation bgtveen cone pressures obtained




@ & .
" fron mm' and Lhpact: yeuttution tests. - An approxilute egtimation

of K can ilso be hide bitextrapolating the 1

obtained from couatant ve’}ﬂut‘y&pmeuatian tests in Fig 22, The
error involvedsin assunung a unear variation is shovn in Fig. 41 along '

wm\ constant velm:lty penethtion test results for a typical tes:.

For zhu target, the relmanship obtained by ezztapnluicn of ‘_ o

1agni(hmic re.htlansllip (from Fig. 26) 18 also plotted on ordinary

scale’ in Hg. —61 _It.1s seén thnt che error involved in che o’

ralationshlps is almost ne\ltrlll!ed fot the penettatlon velocity abw:

8 fL./"AeC'. while for tlle penetration velocity below 8 ft. /sec. consider-

‘am\um 18 trivolved. au}gm, both theorstical ‘and expertnental © 2 Y :

velgedty profiles reveal um for 1pact veloeity of around 20 ft./sec.

alaost 65 to 9§ percent ,penetratiun 18 gmenny reached well abive the

.yenetruzxan ulocuy af 8 fr. i/séc. The reaultins ertor “would not be

‘very -1gn1f1cant. ‘um above. reasonings cgn be uubntantiaud iwm
previously untinned hm that “Eqa. 11 and Eqni 14 give. almost

identical msulu far up to 90 p:rcenuge of total penetntinn el K .

A tyyical calculation for eaumﬂtlng thJ cahes!ve strm;th of

. the target ncemr. from Test Yoo iC.H.LL (dmued_ in Table 4) is

showm, in.the folloviag:

Test,detatls . - :
_ Penetroneter: 6D°cnne - 1,405 4n, dimer.er 56 64, 1bs: w:ight.

R Impact veloclty (V-) = 18.99 f:./uec‘

Maximum pmetﬂthm depr.h @, ) = 0.886 .Et.

Turgef‘ Hedlum stiff chy
- 91 lbﬁ;lf:.

) Dry denuity. ('Vd
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“Ror ¢ =0 ‘and send cone sgle (@) = 30 - ) .

Vater mceni (u)'= B9 ; o Lot

Bulk density ("c) = 112.75 lbs./ft. EE

Shear s!tength © = 1066 bs. /£t.2

Unig Cone Pressure,3¥ constant velocity of ‘0,004 ft‘.jlsec, -

12561 1hs /5t.
umz Cone Presuure at average peneznuou velncity of 18 £t /sec.
(from snp.cc tést) = -zzozo 1bs.. Iit.7

Eir.i.matim of ﬂeil v’hmoiity coefficient K (assuming linear

variation):  ‘(Note: ‘for explnl\atlon of differedt nymhols um in this |
calculation refer to Chapter 111). w
5 Ratto of 1nc!eas= G e sregaiire te Vatasts® to)VpmRtat s

d 12020-125501' 75 587

1t Ne, s constant for atam and 'dymnlc caigé then cohestve B

mength wuld ulso hx:teale by the same um (75 58%). e s b

e Vane shear stréngth (C) - = 106 lbs./ﬂ_:.z 2 B
Apparent eoheston (¢'), . = 175585 16717 Lbe./fe.2

C Mso &= CHRV of Kom C'v‘c e

" For impact velocity of 18.99°Et./sec.. " | g .
Soil viscosity coeffictdt (€) = 42.42 v 40

Bur:ng capacity factors (estimated from Meyerhof, 1961) s ‘ .

" e, = 10.5 for thugh penctrosecer
Ne,''=' 7.5 for smooth pemetrometer

Nc" :

Assuming semi-rough. penetromete;




Ne AnRK .S 204 o sy

; 1

s = mg --(Ewgl@ + 273 -u_l’ +-§- 72pgR3 +Che 7RZ + ioghyRY)

55.98 - 0.0967 C

7464 pgR? + 7K pghiq B2 + 24RC -

10.25+ 0.367 ¢ . ]

S ;xp;nuno s0
uu

A= -pl’-nou
o S P
W s é R+ 245 e +3 v2m?
- Ly "
L s zumt R = 7736 o .

Equation 16 can he written in t)le Euuwing form far nximu depth of
pene:‘zutinn‘ 20 : N (e, B
s 5 N - . . .
H’V’--(m an)z—'(n m-£-~)12 I
LA

putting the values of the. lrnﬂexu: terms in above muuton -and

solving for v = w”n Jsec. and _

0.886 ft. we get . C= 923.5 1bs. /.2

Whereas the vane lllur ln:uutlr is 1056 1bs. "(.

Thus the variation 13. 13. 4z,

I ahe bave elcmtiun of C is based on the. anlmpuon that unit

t’ri:ﬂun on the uh.lft 1. eq\ul tn the -hurm. rulnmca of ‘the' unu

'd\il:b for cahulu 'uill nhwld be lqllll to v.me lbur strength.,

‘""e s the dmcc measurement of ualt sleeve frictions for the.
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slowest puetraticn vz‘l.ocity (0.0044 ft./sec.y 18 considerahly (10 to
500) lover than thu shea\: nnmgmaf soil and this dlfiuznce is
sccaunted ‘for in assuping a lower viscosity toefﬂcunt. This
simplification may hold good in H.nding the thec!etil‘.al vzloclty
profile and fotal p!natrltinn depth because in that case only :etalv
force onthe shatt 1o constdered.  Hovever, 1x eatiaating the shoar
strength this simpllficatiml significantly changes the result because
the. caleulation is “based on the .assunpt ion (hat adheston on ‘the! shaft

is equal to shear resistance o( soil. Thereiore, for calcuhtmg Lhe

‘shear snengr_h it 1s modified 3 ﬁut app(uxlmatinn, by assuming

o adhesion on the shef€Ls equa to 0. 8C. " The ‘selection of 0.8C'is based *

s fzict_lun to the vane Hhear strenstly rutia obmnéd 1n mbst
of the tests. 'Thus, the correction of mxhesxon equal to 0.8¢ givn

B = 7baunpgki+nx ‘pgllq Rlﬂ.bwnc

= 10:25 4 o.zgas e 7
The other fams remain tnchanged.
Prccwﬂng uith the modiﬂ.ed vulu: of B tliﬂ cuhenve strength of the:

tsrge[ 15 Dbtaiued as

= 2; 5%
(nadiﬁed) !Ogl) 4 lba.lft. percentage variation; 1.5

This relui:, along with ch: estimated Baheuive strength of two

other target atrengths, 1s shown. in Table 5.

modified adh ‘m Value (0.8 €) on shaft the mum ‘re very
ntsnmcmuy lnpxwed and zstiuted unmzthu are u-mun th

- of 94 PErcwdt cmnpared o vane shear utungr.ha. .

.w

accuracy

It 1; nbtad that by using.




N - k: . - TABLE s - e

< b . ESTDNATION OF TARGET STRENGTH ) .
T . 60°*Cone méter of 1.405 1a. = -
Ea Test | vy | w  [We. of| Vi [Ne, JK- | ‘zm |t-vane|C un= |C modi{Varia-..
4 L No. (bs./ () - |Penet-((fr I/ . (ft.) [(1bs./|modi- |fied [tiom : R
s gt Wl < -sec,) | 2 £t.2) |fied (Ibs, /] (Z) 3" Sx we
(1bs.) . - s avs /| fe. 2y -
L : 3 | e . g -
Gew.L.T| S1 23:9°| 56.64°18.99|9 (G| 1 o | 40car|-0.886[1066 [B23.5 [2050.4| 1.5 - .
Cewvaaa| 2 | 26.9 | s6.64] 20,01 5.8 [ 1 o 22,57 1.35. | s77.5(s52.5 [s02 | 4.2
. % A w - o :
= ezl srrz[ 3 | 2si07f 17:0] sie | 1 [ o[ @] 1:4a [ 206 [iz8.8 21& 5.9 i
L . 2 . ) (L) |. 5 P . o a VA t

(4) = directly obtained from Constant Velocity and Impacl: tests. g

«~ + .. (D = Interpolated in proportion to vane sheut at:ength from uppar and lover bound values
I L T - ; of Tal

| ; (6) . = General shear failure' condition.
Vo o (L) = ZLocal shear failure condition.:

|
és;_

©

5 N SN
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5. Test Results of Series II

The Tesults reported i Serles IT are losr_ly on silica sand and

Iaclude bal:h constant velocity pmem.uon and 1.-puz pmunxau tests.

.5.4.1. “Cosstant vmci:y Pmetn_tlau Tests' - ~ 5

The comstant vgk;‘clr.y penetration test results for n‘uiy gravel,
oosest sand and-dessest sand tirgeés. are shova 4n Figs. 42, 43; and 46
respectively, ‘i'l;z rests were perforﬁd for four different In.lncltiel:

0.0044 £e./sec., 0,042 ft./sec., 0.456 ft./sec,; and 2, 667 . /sec.

Those results’ indicate that even m a 600 fold increase, 1n pel\ntntiun

veloedty there 1s no,appreciable dlﬂerenmin elther cone, réstatance
or ftction slme‘ resistance. This'confirms the, previously r!porld

: results (dmmned in Ch:pcu )’ that "dynamic: efrecu are minimal
for. cohestonless soﬂl . Thus the assumption in the Theoretical modél,
‘:hn the strain rate effects on angle of internal h'iul-nn is insig-

‘alffcant during impsct peaetration, s justified from the present
{nvestigation also. - - £ i .
] 3 SNl I T
5.4.2. Ispact Peutrldm Tests -

The upac: penetration test. u-ulu £n a typical saturated
sand target has been discugsed Ln zhh c.huzr Those tests veré
perforned at dmpact velocities of 16.36 fe./sec. and 20.02 ft- [see.
The results’ showing dapth ua. ucllmdonlﬂecdegitlan, mncx:y,v

cone thrLut and .1e=u ftictlnn profilu\ are plotted 1n Figs. ns, 46
shon L Fig.

-lﬂd 47, The c_onutmc Vi ac;ty pene:z;:lon.:gs: 18

o S e ¢ B . ‘J.
e weight and impact Jelocity effects on the penetration ;
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s expec:ed. the ratio of cone thrust

"/
7/sleeve

b’ higher than that sbtained for cohesive goils. This

shall be 1in sub-se 5.6 of ths chapter,

. Evalugtion of the Theoretical Model

* Veloefty Profile and Maximm Penettation Depth
The "theoretical evaluaticn of veloeity profile-and the
naximm depth of penetration is obteined from Eq. (17). It is mt;l
that for the' coridition - K= 0, Eqn. (11) and Equ. (13) are feducéd to
the same "Lisear differential equation. Tie ‘solutton of ‘resulting

.equations can'be obtained by eit] ér the mu: method of: the pertur-

bation method. .

The, theoretical anympame“m velcolty profﬂsl are shom
in Hg) 46, It 1s seen that for ‘the sand targét the proposed Ca—
64él 45" 4n agreement with the experimental résults. The theoretical

depth ptedlntinL 1s well above the Bl:tuncy of 95%. - For a sand urget

also then!edml velocity profiles imd depth ptadlctlnnp are. Lover nm \,

the expeﬂmntal vll\les for khe u-qons discussed for clay thrgm.

Estimation nf the Angle oi lnl’.et‘nl!l Fticlim (0)

. * The folloving procedure is ldop(ed for eaummug the - angle: of
1numnl friccion (0) from'the lllputt pm:r-non teutn and dlso fnm

the consumt veloclty penundon test.

Test details - -

* Penetrotieter:  60%Cone - 1.405, in. diametet, 56.64 lbs. weight




~ S eross s Enr i 16.35 £ /nec.

Constant Velocity of Penetration test = 0. 90“ ft Ilee-

Target! saturated sand

ey denstty (v,) _-;uq.s ibs. fcu. £27 |

Water content (w) = 272 nc /. o B ow

Bulk density (v)'= 112.4 1be. féu.gt. ©

Cohesive strength (€)= 0 i B g B
sngle, of tnternal friceson § = 41° : k
* Solt viscostey mmem/z @0 - % e
 (The angle of Tnternal Ptklton has been ammsmd dby direct sheat P
(5 8

osth-end, the peinlts -n shovo 10 M. @)

Fenn

'mmuon of 4. -nul fron Tapace Teae ~ . i 8

- (,‘n;l’ + z/' -p.;:! +-iwlp,x’+cn.: -l’ + =pghy R? 4

e
; w5598 - 6o7ouy : -; oL e e o
B = 7.464 -p.ﬂ«nl p.)l"lz+2llc 5
- 9.0175‘-00.60!!“-'_ : . Bogy 2 . =

iond, 45 0.5 'nnmzr-. in-caleulating -

 In this caltulation’ x s

'-v-nxmnowu. g 50w _\

- (The fr(c.mm u-l-un« on th: -h-fc 1s ey utue ns mpned to

it u u.l:ued)» ;

coner thrust and as 4
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1719_ . oA

7.464 : Hmta, :
(77 it MR .. . A .-

0.0429 ; -
bat 3 Ty .
500
y The Eqn. 17 cin be written in the followtng fors for -m-.. pen::nuou
depth! (neglect1ng v): LI E

Y2 = - ? b. - 2 2 3 ',
Wy zmz_ (o - My 2.2 + 5282 )
. . : : Y N

‘putting the value of dffferent terns and solvisg for the ‘conditions

L@ vy =720.02 fr.fsec., z_' - L7 £t

> ‘(ll) \Io "-16.35 'ft.llec»:_l- =.0.86 ft.. ° | ¥ =

Cves L

g “'t- 1su and lqr Blﬁ

It ds nbtad th-z Heyerhnf (1761) hu not: glven the vuluu of Ny_for a

deep ckc\lhr cane. Boerer Ny is avatlable Em yeyerhot (ik) for

EPTYR

'Euimuan of ¢ ln'l! ior uv o
Estination of o .nm for Nq




" vere asasured ‘and found: to be 0.19 fr. 515 0.32 ft.

Hean ¢ angle = 0.7 -

' Estisation o

erage cone pressure at Z = 0.5 ft. squals 23400 1ys./ft.?; and
= Z.=" 1.0 fe. eq\ull 39200 no.ln. \
Solvig we get

Vg = SGZI -'-4‘.!7': - .maﬂl

~* ¢ angle for Nq_ ‘=362 18.39.5°
¢.angle for Ny, = 1926 1s 40.5° < -

% Hun ) -nale = 40°
7'&

" Fron direct shear ‘test'd dngle. = 41°°

At. m mm of :nu mvnngltion, § angle had been eatinated, 4

Aron v-nc s (1971) ume peutntlon test data. < For example, 1. 5 ta.

Sng 1,056 ll:l- was’ dxwppad 1ato. the denn dxy sand

nuezmu:e: vel

msez Iuvinx a unit nm\: of 110 1Bl.lcu £t

at sapact velucmu

sec. dnd 25 u./-ec. mpuqvgy. m asti.mued hean ¢, ll\gle

of 35

fron :hm cmnm. 1s 39°, mch 1 1n agreement v vx cne o nngle

nbninad as 39 'SP fron divect shear test.. < .

23 o wim penq:rniunu
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5.5 Test-Results of Serles IIT . - :
“The test resilts reported in Serfes ITT are on sand clay.

afxtures of two different vatios; ,A-description of those mixtures is
i1

given in sub-gection 5.1 of this thess. The results include both

constant \(glocily panetrntion and m.;m penetration tests.

5,5.1, “Constant Velﬂclty Pe’ne[ntion Tents
The constant, veloclty pmetrathm tests vere canducced az four

different velocities rnng‘ g frnm 0.0044 ft./se:‘. to 14662 ft.‘/uec.

for Serfes TITA (sand, S0% aod clay 50%). - For Series I1TB.(sand 921
ind clay 82) the results could be obtained only at Lovest and highest
penctration velocities. The results are shown in Figa. 49 and-50.

" Those results 17:d1ute m: the mmm of ‘¢one and lluve friction

realntanFen with r;apect to panetx-tlon depth and penetration’ velocity

fot Series IITA (Test. Hou'5.6.C. 1) 1s’ sinilar to' gt omined for a'
€,2) 1t 'Kelem'hles 4
U i Bl

cohestve soil whereas for Series IIIB (Test No.‘\S.

that of a sandy 'sbil. It is oburved chat; 10 test

“ fold increue in pmnruion valocizy caused as mnch u\a 40 percent

lm:reue l.n‘cobe resistance Hhera.!a 1n test No. S C.C. 2. the mcreau Df

Sed
bout 10 percant vas absecved. " The Tation 2% vareus Tana £

—for test No. 5.C.C.1, are plqtleﬂ in n;;s., 2, dnd; zz respectlvely
\dth the other results’ ubtaiud Eo: ‘clay Kn‘lgan. “:

A8 concluded - gazller. the dyrumic effects on & lx\gle u imxig-
l\lficmt and if this fact:1s extanded for unﬂ-chy dixtures thei the
xnereue i mmm 1s mataly conuxlbnred fm nevfoh:&me strehgth

 omponent., “The soil vidcosity coeffictent (K) ean be tatima(:d as.

Elpljlnad in the fulluuinx ynngturrhﬂ-

;epms .

&
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clay and sand mrg;u. An tnlpactiun of cone tbrust um‘l sleeve fricmm

3352 Imynct Perietration Te-ts

4557
R“m“‘s to Eqas. 5 4nd. 6, the ratio of 'A)Q;mit‘ to lstatic!
: i
con preasure’1a siven by G :
o
‘&l“w v .
S S e g
o 3 oty ¢ e
CE :
T WA

deg
q

(20,

vhere S = K o'gz nq' H RNy, .

1 C:c « 1, then, the relattonship 1e stelar to ;m obtatned for
ey

cohesive sa}ils (Eqn. 15). uThus KL can direl:tly be es:huced as 0.143

fion the cone pressuxe relutioushi\: shown in Fig. 22, It is noted

that che ls‘nmp:ion .ch <1 'tsvalid unly when' the .nu hal&
{

Cmparat,tvely mgher coh ! iva slrengtl\ nm‘l lower angle of i.nzerml

frict!bn. For test No. §.C.C. 1., the VBlue of KL calculated irau Eqns.
18 and 21 pruvides a difference of only 5 percen: at a penemmm

depth of 1,25 €6, Howevir, chi- value is tompantlvely qite 1ok to

. those reported in Table 1 for coliselos sitle ofiitiel s strength’

| range. -It 'is interesting to note that K obtatned by extrapolation of

the ‘constant velocity penetration test results s 4n agtecment with
thnue obtained fron impact, penatruian tests for a pan[ral:lng velocity

u(amundl!ft /uc., Geg oy, MR

The 1mplct pene:ntim\ tests ver{e wnducted £or both mixtures '

at, mue different mpac: Velocities ranging from 15.84 ft./sec. to ', :

. 20,04 £t. fgec. Those resilts are.shown Flgn. 51, 51 53, 5’¢ 55,

and 56, The weight and dspact’ velncny o fe:{u on pznetr!tlon avent

" of sa -clay mlxtuus are, in *netal, the same as those observed for *

!
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records xeveal that_for test ,u!ies No. 8.C.v.1 (l:lay 502 and nund 502)
the proﬁles are of & sinilar shipe to that of the “lay Cabget and’for
“test series Nn. 6.C.V.2_(clay ‘8% and sand 92%) the profiles are simtlar |
tn that of the sand target. Smila:ly, the rltlo of cone Lhtuut to, ) .

v al:eve frittion for test series No\ 5.C.V.1 18 ap‘ptnximr.aly four ums

. " higher -thaa that of “fest séries N, 5.0, Vi, This s because the [
target §.C.V.1 has @ higher percentage of fine, :em then taiget. 5.C. v 2
and consequently Yt-hasahigher cohesion componeat. This aspect will’
further be dl-cuu:d 1n sub section 5.6 of thisrchapmr.

The unil cone thrs .: p!eﬁ.li abn ned by impact penetntinn

l

tésts. at. three diffzunt hpm:t velocitiu are shown in F1g‘ 53 fnr

tests 8.0.V.1.1., S.C.V.0.2., dnd s V.13, For'test No. S.C.V.1L

the culcullr_ed 'static’ cone pressure profue from impact penecramn test .

L shom® 1 Fig. 53, togethier vith nm coné’ pressure profile ohmned

“direcely from the constint ve.\dcuy penetration’ test performed at

metrntlnn velos lty of 0,0044 ft /sec. The s:aticl‘mne preuure

“profile 1s cnlculn:ed for the psnenmon velo:“.y of 0.0044 £E. /se

‘from the relattonsidp: . L

% ,&:_q“ = 0143 1ogm v , -established from éummz vexncuy X

S
penetiation :eml smmny. the ‘static! sleeve mcmm ‘profiles can °
aleo be abtained. 1t 18 geen that epmmed 'static' conp pressure

profile fxom impact ‘test 1s in Agumnc with those obtained directly

fron. the constan velocity, pznettnzlvn test. This lyln shows, chat 1£

dynamic effécu are known, a very aceurate e‘rmzim of n:e cone preuure

{
" and al:nve fncmm fot "static’ condition can be mde from the pxepased




v
.hm An Fig. (48,

because the thes ‘ of cone

163 . . Lt

up.zt pznuumner fu'r nnd_clay sixtures also.
mxumm ngaeouucu ‘Mode ’ i o6 Teed b
In the uru:r urt of this chapler the nud.l:y of the’

roposcd ;heoggcml ki mhuted for cobesive and granutar .+

. target. ‘matérials, Tn thil sub-gection ‘the evaluation of the. theo-.

“ retical model was -ﬂu on sand-clay mixtures simulating a8 C= .. o

soils.. The cl : shear strength erties of these urgeu

" vete deter‘ed I:y diuu shear test preparing lhe sample at same
.. A

' mls:ure content and densidy.  The direct shear éest vepiita s

e theozetical velocity prnﬂiu and uxtm pemmm

¢ depth were catcutheed from mmx Eqns, 11 or- 18 First the theo-

ullc_al calealations were gmq by ‘seledting. H:yp:baf" bearing

& ot e Y 2 Cur
capsedty factora for deep foundation condicions.which gatg re

lmoxint.ay 40 petl:ent lovzt Lhn the test xe-ulu

ly 'ohnl.u'd cone

* compared :n




.,revl.oul c-u-1 {s:uu I and u) Ne_ vas aﬂ-hex Tt very efhm-e or
absent. H .
m.uy, in Serfes’ m Be, ‘vas selected by taking the mean of
shallow -na de:p values for m-m.u conditions. The folloying are e

the clﬁermt burlns upulty hcto:q used in thaondul calculation:

* fer. test serfes S.C.V.L: (= 159) s
S “‘t(lun) '30 ) o . “ s kS,
Nq, » 3 ;
) ”»“YY " | ; .. . , o ’
P B s.‘c.v.:z’-. =309 o 5 a0 ; - l
‘ “.:r(:lu;)'~1.. 170 : ) d
. 'n'w,v:- BN St =¥,

- 065150 = 90

.

. The computed. nloelty profiles are showmta Figs. 52 and 53

! for zm-euuuo..scn.,mucvz.my«uvuy. “"/. : _’

d!!f-nn: uafﬂr.lenu ‘used !.n cmution md teat detuuu are. lhmm

rhe duozu_

:hz/nuvm- :vu urlu.

“good Alrlnun: al

murlmnnl ‘p:utrutm dav:l\l nu nrwwn in. Tnble 6. Tﬁe error’



g = S < B

d Sa P ket

»DZ_PTH PREDICTION .FOR. smn-i:un{ igmuus
60° cdn-.rm:i—wr of 1.405 in. diameter .

o -] 4 K, . [ LR M A Actual|Theo- |X Varia-
(b, /| (de- 4 5 i " . |Penet-keticalltion
| ££.2)| gree) = 4 Hve ration|penet~ % oo
.. f 3 § %0 . ‘|depth [Tation
35 . =4 . . ‘| (£e.) |depth 5 s
A g 5 ) il Seey | o ot e
z 3 4 5, 8 b ] 0 | -1 | 12 13 14 N e

s6.64| 20.04| 400 [ 15 165.1( 2.94 }.'15‘ 0.0458( 1.34 | 1.236. 1219

| s6.64| 18.26| 400 | -15 265.1| 2.94| 1.78 [0.0458| 1.217| 1.098| 9.2,

-56.66| 1584|400 | 15 165.1|-.2.94| 1.78 [0.0458( 1.058|.0.92 | - 7.5

56.64°19.99| 150.|. 30
56.64| 18.22| ‘150 |. 30

101,3] 6.1 .| 1.78.]0.043 | 1.428] 1.23 | 13:2
101.3| 6.1 [ 1.78 [0.0a3 [ 1,20 1.067[ 12

s6.64| pe.62] 150 | 30 4 101.3| 6.1 | 1.78 [0:043°| 1.135] 0.902| 20.6'




" s Friction Ratio %

In the ptecedl.n; discnninns it is seen that the pruposed

fnatrunent cari ‘be used to obtain directly the 'dynamic’ strength @ *

properties of the target and upon applying the correction for ‘viscous;

effects the static’ strength can also-be estimated, In addition, the
seaured con. testatance and gleeve’ friction.durtag the fapace tost’ |
can ‘be used for an fppm;me' UiattEieacion ob targef watieislss. on
] the Tine sin{lar to the f;tcrian' ratio concept’ de‘velnped for am{: )
cone pemmiiun tests. e frictton ratis for "statie’ case halbe '

Y defined by Scmerhllnn (1969) a8 the dlmﬂslcnlesn tio cf unit

:tvx‘%ction/adhesiovn e,yng the swuth steel fucnun jacket ‘to untt
begrmé capacity of ‘the standard cone Potat &nd ‘a’definfte rela\:ton'a?\ip» .
has been shovn (Begmm, 1965) to exist between cone Tésistance, -

local side’ friction and uou type. mnmuhuJ frietion u‘io
(R ‘for mm c-}e s defmd as:’ ]
Kr(cfxouztunﬁ)

bl e ('zz)
Tl +Lagzﬁqr+pm1 e

i :
uhere lF 18 adhesioh factor and othnr temn are defined ptavinu-ly

The relationship 22 inddcites that  the friction fatlo s

tayersely pmpomam to ¢ angle and haxtmm at-§ % 0; équals t
- B - A Cu 3

c

: W et
v l.(suuc) T, T, 8 "“r
) / K

P . (13)"

" ks theeffects of the pm:rm»n zate o' the frtcéion nnglg

‘are munumnc for m Tow vglm:i\ty nng:, the' mcmn ratio
test ‘should be

cbiataed for‘gnnuh: qel.ll by the “tap t, penetmtion
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; . . 3]y
In the case oi cahnlve soils, l)l\peﬂelntfon rate effect gives the
f.:ﬁomg upm-m for friction ratfo under the assumption cm o1l
vilcnrlty coefficient (KL) 1s the game for cone and: friction llam

resistances,

v g K, Fr dog b e
. “ b 7 ;
F.R. ("Y‘“{"‘Q’. T Ve, u K lnxm ES m;z Wq_ 2. .

. For ‘m mm.mzy u:d many fleld mmxm(pemmm of fe

| 15'ft.) X 052 Nq_-can be igiored, alloving the expression-to be

* simplified to:

P.K. (dynante) = { (static) I

% 15 generally, assused equal to-one for atatic penetrition tests -

- (penetration veldéey 1. s'c-./m to 2 ca:/sec.). Hovever, in present

' mamg.ciom u s uan that. mn fot any feular materjal}

s strictly :onlunc. For example, at apenetration

3. netther Ky nor Np
o : l:te Of 0.0044 £E./aeY, e, (-%b) varies fros 105 to 11.7'aid.
targets. s tio condept could provide only sn : s
" approxisiate estimation to the soil type eVEs fn statfc “penetration - -
ety iu:r.hemn, n 'dyuud casé it has been seen in Sub-section :

5.3 m: the. llem friction Tocreases: gently, up 0 .ppmu-my

x n /u i pan.mmh vd.ucity and buyond this velocdty

incrnle in lleavc fricdun 1s. nbl rved. The- hpet of :heie llnu
T" Ile&plt\thln :hnu nh:llnld fron cone rnutmca ulltionlhtpu. )

This :endmey of sleéve fdcmh suggests, that the ucmn An L
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ol
sudden jump-at:a 1 f£e./sec. p vél.mty ‘Pam

7 shows the frlcttun mtloa at different penatration veloclti!s for

v di et !l’.tEl\gth ’clny targets which for most of the tests cnnflm

the above tendericy; _Simdlar behs 18 ohserved for teat miez,

5.C.C.1, (snnd 502, cla)’ 501) n the case of gmmlar aous. a8 seen .

Jid Table 7, the vmmon n mcmn ratio with. either’ pme:rxtlon
velucity or mtger: utreng:h 1s not vety stgnxiinun:. With some’
uimpleying assm:pcions one can arrive n: a range of frlntion zar_in
) repnrteﬂ Herein by mng Eqn. 22 or'any of the clnaslcal b:aring
' capacty’ menpes. These ratios are well vithln the range suggested -
by Begmnn (1965) ‘and Séhmertiann (1969) T |
Table 8.shdws :he Avange fridtion ratios ehtslne(irom 1mpact

penctration. tests for different target mmmu uhich; bestdes: baving .

lhelr own inherent ]Jmil’.u‘inns, can be uud for an'a rwx!.mate -esti~
For

matio of soil typc! £ the cargez mm ispact- pune:uttnn tests.

‘cohgsm s0ils, .these ratios are gmmxy her mmhoae obtatned
e o
3 If.a torrection

- from ‘scacic tests ror the teunnu ‘disc

to ‘this effect 1g mde, :hen those friction Tatiss vould, fall well
Tl\u-, iram kicclon

‘stltin‘ pénetration values

Within the unge‘ai

razle values nlm u can be presuned; as a flrsLlpprﬂxmthﬂn, that,

[he ‘failure Wdel during prlct y!nz:nuon are’ bnicully of a statir_ X

- natute,, i T
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5.7 layered System ' ¥

a2 McRedll (1972) 1in his paer entitled "Rapid Penetraticn of

that "at the

'p;um' time the analysis of a layered-

stem is/not mder-uood. P
In this h‘lveltlgldnn. tests have bm performed nrn labnntory pl't- )
parpd layarud .L-zg-n. The mm-ut is equ-]ly sensitive for Yeyerdy
systen and two typleal examples have paen ‘siven in Pge. 57 and 58.

The tent zesule shown in g 57 are for s target havits, 10. 5 0,7 ¥

“thick r.lny prm{e: amlyxng gravelly eard, u}.mn, for results shown

in ng. 58 are t’or an a m. .n:t clly 1ay=r nverlylng a mdlum -uir

slay layer"; The -udden cmu 0 deulgntlnn, sape “thrtat,

mcmn records m bozh figures cla-rly 'dmnamu m presence of

hye‘red loﬂl. Anllylu of the d‘tl gave the’ lollaldn] rel\lltl-

(8) “From Fig.'57
. @) up:h of top hynr - 1Jﬂ in. .

@ Avetqe “unit cone. thrust fux l’np layer = s m 1bs.. Il: 2z
(3) - Average unit -1.m friction for top layer = 224 1bs. /n, i
o) Average udit cong llmu! for bottod layer = - 28,000 1bs./fr.2

Aveuap- unit-sleeve fricucn for bottom lnye: = 401 1be./ft.2

M.ln. £ron mu 5 0

for the top.and mm ayers as 5 and.

(b) l’ror n., 58
(1) Depﬂr of tup layer 8.3 in.

)
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. (9 Average unit sleeve friction £or.top Layer /s 425 1b;‘/flc.'?
(4) Average unit cone thrust for botton layer//- vzvmo tos. /12,2
(5) " Average unit sleeve fricnnn for bottom Jayer = - 1800- zbn.lfz,
The friction ratto fodlop 1 layer equals 8, 121.)1 friction ratio for

the botton layer equals 7.9%; fndicating.sinilar mitertals 1n both

layers. L »

"Fron Table, 8 alsb materlsls of both lnyer dre-classifled as
* clay auiln. . : '
The vane hanr’s strengths fot ¢ top and bofton ‘uyeu are 198 1bu./ft.
e " and 1356 1bs. /£: 2 respecr_ivaly, pmmng sn£v2r53¢ vane shear strength

ratio of 6.8 1n, the botton'and top layers.

: The average 'dynanic' strength mm/cauulmd from cone thrust
records {s 4.53." This 1s less than’ the ' statt

strengeh’ Fatld becaise’

(68 zhe top. layex being a 5017 uun bo:to 1Ayer 18 more semsitive to- .

dynamte mma (2). the pene ratiag veloc ty for the top Layer 1s alsa

igher- than the bottom layer.? : Y ST = & l i
Fron "dynandc’ cone n.m: prnfil#a the 'mm coné reaistance e
pmflleu ate caloulated from Eqn.. 18 tnkilhg the 5011 viscosity coef-.
. imem £ron Table'1.. The calculated ayerage 'static’ cone resis(,mces o 54,
€ X n are 2740 1bs. /ft.? and 16784 lbu‘/fc.z Jelpeuiv:ly thus pmid;ng the
. average. 'static': atren;zh ratto equ.lh §.12, whtch 1 close to the-vane

shesr. strength rutia. : v




CHAPTER VI o

02 . FIELD TESTS

- m ultimate nx- oi premt work {s’ @ dcvllop du cqpmyty
n{ the mpued hll“l-nt to -umo the -n ity strength pronxuu
of 10 to 50 ft. of marine -edm&. With thl alm, lnboruory tests

were col\ducted under funy controlled cmdltimu tn study “the res;

of inltn-mt for different test tondlliann and ‘to understand the "

pm:r-:iun mclunln uhguby the mtamuuion of the.(eﬁuln cnuld

be sade fron unpu:c peumtxnn tests. Based on tHe modél penetro=’

meter. used in ‘the l.-bun:u;y, ‘the m,rm impact ‘:ane penaum{er‘ was »
,destgned snd dgveloped for £1eld‘use and gome prelimisary tests vere, st B

,couducten o 't@nutxm soils.

et H.nine Tapact Pen-mngtar

'!un're:”(d) lhall the uuu—uct;oul view of tbc Ilﬂlu

idpact paunl-:zex,vhtch, at pnun:, has_been dzvglnped Eer 10 to . '

15 £t. pesetration. The pemetrometer selected for field t
again a 1,405 fn. dlameter code tipped right circular cylinder and 3
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