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RESEARCH on IDTti'RHDTim ~ D:!iSITr OF BAltiS 
Bl' BF001l Pi!lib'TltmOll ~ 

by- H. J. Qlbbo and \1, Q, Holta2 

ABS'l'RJCl 

The opli t opoon sampler haD boon u.ced tor a nu:nber ot year& LUS 

a oounding and onmpling device for eotimating tho d.onna~oD or fln::nooe 

of ooila in place. The Bureau of Reclamation hao u.ced thlo device tor . 

eotimating foundation conditiono at tranDmiooion tovar or omall otructuro 

oitea or for extending mre detailed tield and laboratory data obtai..ruld 

at largor otructure oitea. ArJ tho empirical rul.co available for intor

proting the data did not provide an evaluation tor the longth and lr~ight 

ot drill rod, and etrecta ot moioturc and overburden proooW.O, a clocel.1' 

controlled raaoa.rch otudy w..D initiated to ovaluato theca tnctora. .. 

Tho portion ot tho rooaarch proE.tJ'Cm rolntod to fino and c~ 

Dando haD boon completed and tho reoulto ot n~rouo clocol.y controlled 

tecto o.'ro proc.ontod and ova.luatod. · It i~ beliovod that thio evaluation 

leadD to bottor undaroto.nding ot a~ ot tW, anomalioo vhich nN otton 

npparont in tho tield toot data and providoa a 12:tMD tor a b3ttor 

1ntorpretation ot tho data obtainod b7 thio cocnon !!old toot. 

1A papor prepared for preccntetlon at th~ Jf'ourth International 
Conference on Soil l.~chanicG and Foundation RngiMering, London, !ngl.o.nd, 
Augu.ot 1957. 

2Head, Bp!oial. Invoot1gat1on and R:lccarch ~ction, Earth 
Labora.tor,y Brc.nch and Chief, Earth Laborator,y Branch, D1vio1on ot 
Rng~oring LAboratories, Ottiee ot Anoiotnnt ~ooionor and Chiot 
!:ngill!)or, Bureau ot ~el.amation, Ibnvor, Colorado. 
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'lha pomtration 1\'lciotnn.ee» toot io a. oounding ctbod ot 

oubcurtc.co exploration vith a. comro.l purpo:10 ot ovalll!).ting tho coU ·:· 

eb4re.ctorlot1co ot tir'!Cl3oo end cbn.c:)nooo. Although ~ typ30 ot 

counding too to hnvo thio cru:::J bo.oie ~:», tb Duroa.u ot rae~tion 

hn!J C:)loCt.od om typ:» on \lhieb to catluJr B bo.c!tuoUnd dD.tD. for 

ompirlce.l. c.ppl1co.t1on to foundation 1nwot1cnt1ona. Tbio particulAr 

toot 19 occontio..l.l.y tba C4C) c.o thc.t publ1~d 'b7 TonQ8h1 end Poclt. 3* 

An im,portc.nt c.dvnntc.eo or tbia toot, boa1411o obta1nin8 plnotro.t1cm 

rooiotanao, io tbc.t a oaopl..e io _rotaimd tor ~ction. 

'rho toot provitbo en indirect Cltbod ot ovnl.u:lt1ng, to a 
. ' 

c:ortnin oxtont, ooU ~ebonico ~rtioo ot oubo~ coila. It baa 

sonoro.l.l.7 boon octabliohlld tM.t 1t baa tnirly rol1nblo o.ppl.icc.t1on to 

granular, co~oionlooa coil.o c.nd hM looa c.pplico.tion to cohoo1w co1la 
; 

· : · \lhich oro approcia.bl.)rintl.u:Jncod by moioturo contont ond cl.q' cin:Jrcl. 

'. 

!' ..• 

: '~l .. 

charcctorioticta. 'lllo provioU!llt ootnbliomd corrolationa vith ooU 

ocbc.nico propart1oo cu-o conoi<brod gonornl end turtb!lr contidonco wa 

n:locbd in uotna tlrJD tor dittoront toot condit1on.o. Binco th3 oqulp::ont 

conoioto ot a. rod eonta1nina a pomtrc.tion-ond ~vieo c1rl von by blov:~ ot 

otandard ~r c'L~d a otandard dicttlll!!tt, 1t v.:lD bol1ovod that ouch. 

vorio.bl.oa M c.bptb and concoqu:lntlt ovorburdon · proocuro, length of rod, 

end wight ot rod wul.d innmtneo tho Vnl.U!lD to tho graatoot ~81"00• 
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'to dotormins tho c.t't'cct or theBe i.nfi~neeo, ~ reneareh toot-

ing progra.n vnD .conducted U!Jing equ1pm3nt in vbich the ooU WJJ placod 

at controlled conditione· or dt:!no1t1' and zooioturc, otreoned by varying 

ovorburdsn prooourcn, and teotod v1tb rod.a or varying length, oize, and. 

\.-eight. Combinationo ot tMoe variableo vare ma.de to roproeent w:tual 

field tooting at var,ying depths •. 

Tho otandard toot conoiota or t:::lo.tJuring, ill tcl"m3 or blova 

p::tr root, tho raoiotanco or tho ooU to tho penetration or a otcndard 

opoon drivon by tho troe~rnll ot a 14<>-pound ~igbt droppad 30 inchoa. 

Tha dit:::Jnoiona or the apoon oro givon in Fi()urO la. It ia dpl1t, 

loneitudiruiuy and can bo opo~d to inopoct th3 oo11 po~trated. 

To control th3 vo.rioblo cond1t1onn ot thirJ ro~arch ot~, a 

hoo.vy otcol tank, 3 toot in diamter b7 4 root high, 'W.D conntruotod 

and tittad v1th load platco and loading opri'nga tor raproeanting ovor• 

b\l.l"dan prooouro c.a ohovn in i'iguro lb. '1ho load vno applied to th!t top 

plAta by a co::wroooion m!!Chino anc1, by tiahtcning tho bolto on thct load 

rotainina rodo opacod at intorv:llo around the tank, tM oomproooed 

opringo bald tM loed on the ooil during thn poMtration toota. · 

'l'ha. toot ooila lr.!ra plaeoc1 in the tank at controlled derus1t1 

and zooiatunt content vith tM firot coriea at lrlr-4ry m:>1oturc content 

(about o. 5 porcont), tho next eerie a at C3di~ moiGtlm:! contont (about 

5 percont), and tbe lo.ot corioe at oe.turatcd c::o1aturo content. TM .. 

aoilo wro ccmpe.c:tod by a vibrator vork.in& up o.nd dovn tho center axia 

3 • 
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ot the to.nk, u ohow 1n Figura 2, e.nd tor t:X)ro v1corou.o vibration t= 
. ' 

vibrntor \roD o.lco o.ttac~d to ~ o1doo ot tho to.nlt. DirtoJ'QneoD 1D 

doneenooo wN obtainod by Yll%71na the t~ c.ud ortort ot vibro.tion •• · 

'Iha panotro.t1on teoto l.~ro l:lAdo 1n o1x uniformly o~d holoa 

around the t4Ilk e.G chow in Fi()Ul'O lb. '!he donoity ot tM ooU tootod 

VM m:laourcd by o.voragina throo diroct dtlnoit;y doton:dn.ationo ~d1o.tol.7 

att.or complot1ng the ponotro.t1on tooto. . . 

'].'ho wight ~d fioxibUity or the driYin.g rod. wre vo.riod by 

Wling thno o1z:oo, IT-rod., B-rod., end A·rod.. 'lhe lonsth ot rod "'";l!J vo.riod 

by oporat1ng the hnzr=:)r o.t o. bolc~ay lovol o.nd on tM root ot t~ ltlbora.

tory building and diroetl.y cbovo tho tank. 'l'ho rod. vaa onclocod 1n o. 

otnndard drill bolo ca.nins p1po to oioulo.to tiold cond1~1ono. Tbroo 

lcnsthlJ l.-~ro otu.diod (1) 0 toot (clr1YiOB ~e4 o.nd opoon only), (2) 32 

toot, o.nd (3) 65 toot. 
. . ~· 

Ditem!SIO!J 01 msm 

Standnrd ProP?rtioo ~oto 

TM [p'tldat1on curvoo ot tM aoorco c.nd tiM onndD otudiod tu:'l) 

Dhow 1n Fiauro 3· 'Ib.oc.o cc.nda "-ll"ll cohooionloocs oxcopt tor tho f'Mt 

that tho tiM oc.nd eonto.inod 1~ poreont a!.nua no. 200 12torial. ~oto 

tor tho coo.rco oa.nd i.Ddicatod a: cln.il::rum donoity ot 93 pet o.nd o. ~ 

don.dt;y ot 124 pat, end tor tho tim oc.nd a. ninil:nm donoity ot 1~ ~t 

and a ~ donoity or l.ro pat. ~ baaic oqu.nt1on tor dotorz:1nins 

tho 4ogree ot relative don.oity 1a 

','I 



. 8 max-o "( d - Y cin '(max 
1<. D.~ • e -e X 100 • '(, X ~ X 100 

, mwt m Ymax- min 'd 

e • void ratio tor variable dono1t1ea 

em1n • void ratio at maximum donoitt 

emax • void ratio at minimum donaitt 

Y d • variable d.enoitieo 

· Y J:WC • maximum donoit7 

Y min • minimum denoi ty 

Tho oaximum d.cnoity vrus determined by vibrating tho naturatod mator1al. 

to eonDtant denc1ty or by WJing extroll:) compaction by ba.n:m:!r blow, 

11h1chcvor gavo highor valueo, in a eon~ain:Jr ot knaun Yoluc. Tho a1ni· 

mum donoi ty WD to\Uld by lightly pouring tho dr,y ll::ltcrtal 1~to tho 

containor ot lmovn volUim. 

Bocnuco ot oido tr1ct1on on tho coil raoulting f'ro:l th.3 

limited oizo and th:l contineJtOnt ot tho toot tank, tho nppliod prooo\U'Q 

on tho top ot tho coil VlUJ not cUotrtbutcd 1n tho tu.U tlll:OUDt to 10'\.":ll" 

d!tptho in tho tank. 'l'he preoouro at tho level or the panetrntion toot 

(6 to 18 incheo bolov tho ourto.ce) va.o oval.Wlted by toUl" prooouro colla 

1notollod in tho oo11 at tho 6- nnd 18-inch lewlrs. TM intore;nmular 

praoouro vn.luoo uoed throughout th3 otud,y \..":lro tm avorn.gc ot tln tour 

coll r::oanuro~nta tor eo.ch prooouro application on oc.ch ot tho tvo ce.nd.D. 

Rttcot ot Ovorburdan Proooura 

'l'ho ovorburdon proooureo \."01'0 round to hava tW, mat pronouncod 

and corusiotont otrooto on tho P'ntltration rooiGtanco vnlW!D. "lhoco · 

roculto tor th!t coaro<t and tiM oandG arc ahaun 1n Fiauroa 4 and 5, 

rocpoctivoly. 'nlo pointa on tho graphs are ths reoulta 1n blove pear toot 
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.. 
ot p::motrati:)n obtai.Md 1n th!l oa.ndo plc.cod at rolo.t1vo donn1ty Talu:JD 

ohow end vith intorgranular prooouro~:J 1nd1eatod by tm variouo cymbol.a. 

Th!l ~oulto do not ineludtl th:! ottocto ot rod \;;light or length no all 

vnl.uoa in thocs fi8uroo \.";l%'0 obtaitnd vith tha p:ln'ltrat1on opoon and 

Jar-eouplins onlJ'• ri{)Ul"' ~ i.nelwbo a ~r1oo ot toota at air-dry 

t:oloturo contont, ohcnm by hollov po1nto, e.nd at 1ntol't:::ld1ato roiotunt, 

chow by colid po1nto. ~ vnltno (air dry nnd r::o1ot) oo cloco~ 

rocorablo oc.ch oth:tr that only a· o1nglo 1ntorprota.t1on VruJ conn1cbro4 .. 

'-"attnntod. ·Tho t1no.l intorprotnt1on ot tha gra.phD Vo.D th:t. drnving ot 

curvoo tor vo.ria.blo ovorbtll'd!ln prooouroo or· O, 10, 20, and ~ poi vhich 
I 

so.vo tho corrol.a.tloll!J obto.in:)d bot1.-~on p:!~>.otrot1on rooiotaneo, rola.tlvc · 

cbnoit,-, and o-..-orburdon proooura. 

rtauro 6 ohcn,."' hcr.r tho curvoa tor tM ccarco and t1.n:l ·co.n4s 

\.";21"0 aWrnc;Jd to obtnin o. c~rioo ot curwo 'Uhich .r.ro contJ14!lrod o.ppl.i-

· co.bl.o to oir-dry end colot cohoo1onlooo oandD. Thio t1auro Dhow mthor 

cloco oorrolat1orus tor ~ t'\:0 atmdo. 

r\Joulto ot ~oto on Sn.turetod Sand 

Tolloto \.--:ll"' ~ on oech oc.nd to o1frulnto oa.turntion end hiah 

. vntor t®lo cond1t1ona by J::tililtninins th!l lmtor lowl 1n tho toot tank 

abovo tho ou..-tnoo. lhta otmlg in typ3 to that ohavn in P'it;uracs ~ nnd 

5 ~ro obtainod tor occh ot th12 oe.ndtJ. ~ t1nal curvca cro chavn 1n 

i'1guro 7, vith ~d curve a tor tho coo.rM oand Md dL!!Jhcd-dot C\ll"VCD 

tor tho ~ oand. 'ih:t rooulto f.nd1catod ooo reduction in ~D':)tn.tlcm 

rocia~eo tor tM coo.rtJ.o atmd and npprocisbla roductlon tor t.M tim 

6 



oand. It coe= reaoonable that high oo1oturo c:ontento vould roduco t= 

tric:tional reoiota.nce to ponstrat1on ot the opoon boc:auea ot lubrico.tion 

and delayed drain~ around the opoon during the ohort t1EO ot the 

dynwn1c blow ot the hamz:oor. Aloo, it io reaeonablo that tlut del,Qyttd 

drain.aee. et.rec:t io EOOro pronounced in tho tine oand than in the c~ 

ound. The delayed drain~ thereby rectrainad the a.c:t1on ot ottoct1vo 

grain-to-grain preao\ll'Oo in rocioting p3~trat1on. On the othor hand, 

it io recognized trom proviouo literat\ll"' 4 that o:xceooivo blow ~r 

toot may be obtainod in very tine oa.nd bolov the ~tar table tn· a 

natural otratum d~ to tho rootric:tion ot vatar r:ovon:,nto t:!!Ut1ng opc.co 

tor the penetration device. It io doubtful tlul.t thoce laboro.tor,y toots. 

t~ly repraoented a natural vater table condition oince tho' tank w.o .. . . 

ot limited oizo and tho vator ourtaco va.tJ ralativoly clo~ to tho toot 

location in all caeca. 'lhorotoro, \mtU bettor cve.luationo ot cntumtod _ , 

c:onditiono are obtaiMd, it vould be adviaable to uce the higb.or ro.oiot-

ance curveo tor air-dry and l!X)iot cohooionleoo oo.ndo, ohovn by hoavy 

nolid lineo in Figure 7, ao thece vould be on the .c:onaervati w oido vhen 

predicting denoity. 

Ertect ot Rod Woie;ht 1 Site, and Length 

When penstration data uning rod.o ot Ynr;y1ng length, o, 32, and 

65 teet, wre compared, the groator length ot rod ohowd reduet~d blova 

per toot in the oand.s at relativa derusitieo ot mdium and loo~, a.nd 

increaced blow in denoe and very denoe oando. Tb.eretore, thoro ~re tvo 

view ot interpretation taken: (l) The loooe oando vbich .normall.y -had 

1 
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lov penetration reoiotance ohovsd otill leoa blovo per toot becau.ne the 

ad.dod wight or the rod vnn anoiating pen3tration or the _upoon, and (2) 

the deD.Der oo.ndD which normal.l.y had high penetration r-esistance showd 

increaaed bl0ll8 per foot becau.ce o:t' ne~ and vhipping or the rod. 

during hard driving. i'rom these view it ceec:s logical that a relative~ 

otitt rod uould be pre:t'llrablo to reduce the flexure ettect but, on tho 

othor hand, it vould not be advioo.bl.e to haw an exceooivoly heavy rod 
I 

'Vhich vould shov lo\.-er penetration reoiotanee ·for looce ooilo that are 

ot major concern. 

Tho e:t'!ect or wight vatS invontjgated separately by UGing the 

rod aD wight and driving tbs opoon on a jar coupling at tho lowr end 
'· 

ot the rod. 'lhene teoto emphMized too reduced blow par toot tor mdium 

and loooe oand but oho'\.~d leas reduction for d.enno oand. ~reto:re, the · · 

length or rod e:t'foct apparently pa.rtiilly comp:lnoated :t'or tM wight 

ettect. O:t' tho three rod oizeo tried, tho B·rod. had tho least reoultant 

o:t':t'oct and thio ot:t'ect appeared to be vithin the accuracy or tha toot 

itnolt. Although reduced blow per toot wre found for inodiUill and looce 

oa.nd vhen weight and length wre coDDidorod, it vas connid.ered advioable 

not to u.ae thece valuen to arrive at tho correlation curvee. Inotead, . 

the higher reoistance correlation curveo, nhovn by hoo.vy linea in Figure 

7, wre conaidered beot oo that oxcosoively high denDitiecs vould not bo 

predicted. 

Rooulto or a Field Teot to Evaluate the Ccrrelc.tion Curveo 

Beco.une the correlation or penetration reoiotanco vonua rela· 

tive density published by 'l'erWBhi and Pock5 have been videly unod 1n 
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thia country, t1. da.nhed curve giving their correlation ha.:s been plotted, 

in Figure 7, tor com~ieon to the correlatiou trom thio rooearch. 

Although their publication ohovn their correlation only in general 

deocriptive term.a or very looue to very denne, valueo or relative 

denoity were applied on the baoio or divioiono 1n common uoe by the 

Bureau. It ~ be noted that thio correlation tollow clooely to tho 

correlation round in thio otudy tor higher overburden preooureo or 4o 

poi. 

'!be interpretation or thio otudy roo.y be vioualized by nnal.y:

ing the relu.tive denaity or o. coheoionleoo oand having ·a penetration 

rooiotance of 20 blow per root. The 'furza.ghi and Peck curve vould. chov 

it to have a r:edium dennity or 52 percent rclat~ve denoity vithout ragard 

to overburden preooure. 'Ihe findingD or thio otudy indicate a :relative 

donoity or 55 percent tor 4o poi proooure, 65 ~rcent tor 20 poi prea
oure, and a very denco oand it teotod near the aur.t'uce vith pra.ctical.l7. 

no pNooure. 'lhua, it may bo t'aid that the Terz.asb1-Peclt correlations 

are on the conoervo.tive o1de tor ohallov tooting vork tor vhich they vare 

J_ntended. 

Figure 8 ohovu the reoulto or a· tiold trial made 1n a depooit 

of tine eand oimilar to that used 1n the otudy and loeated in the. vicinitr 

ot Cherry Creek Dam near ~nver, Colorado. A great number ot dena1t1 

obeervationa vere obtained trom undiaturbed oa.mpling by the Daninon and 

ti.xed pioton aamplera and by teat pit excavation. 'nlee.e are Dhovn by 

hollov ci.rcle pointa. Tht! heavy d.a.Dh-dot line ohovs their approximate 

9 
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average trond. 'lbo val.ttla ot ~mtro.t1on rooloto.neo at 2-1/2-toot 

1ntorvala ot depth 1.";11'0 avorac::d :f"ro::1 C!)VOro.l holoa end a.ro 11Dto4 1n 

tho circle a on th!t extroc lett ot the t1guro. 'lbo curve on. tho right 

1o o.n approx.imate computation ot the overburden prcooureo. From FS.guro 

1 and the ralat1vo donn1ty oco.lo at t~ top ot FigUre 8, t~ rolo.tho 

donn1t1eo prodictod t'rol:s pomtrnt1on roaiato.nce vo.l~a oro chovn b7 

throe curvoo. 'Ihct curve ohovn by ool1d dot po1nto vao obtain!td t'ro:l 

tho heavy lima 1n Figuro 1 o.nd indico.too d.ono1tioo cloceat to tho 

~o.ourod ~nn1tioo. 'l'ho curvo ohO'Ull by col1d tr1a.ngular pointo .io tro:1 

tha Ter~i tmd ~ck correlation o.nd indico.teo lowr than C3o.auro4 

<bnn1tioo tor o.ll po1nto. ~ third curve u.Oing tM t1ndinga tor oatu-

ra.tod tina oand 1n F1«Ul'Q 1 ohau:J oxccooivoly· hi&h val.ttlo. Although 

lxllov tM w.tor tabla, tho oxcoooiw donoit1oo ohoun by tM oo.turntod 

oe.nd eorrolo.tion curvo , .. ·ould 1nd1co.to tho advioo.bU1ty ot uoin3 tho 

moro eonoorvativo unoaturntod curvoo (~av,y l~o) glvon 1n ~ 1· 

co::cwaxons 

1. FoMtrntion reni.Dtanco 1ncroo.ooo v1th o.n 1ncroo.M 1n oithor 

rolo.t1vo dorus1ty or ovorburdon proOGUl"ft. Slnco th:! principal object ot 

the penstro.tion teat in cohoo1onlooa nand:~ io to evaluate ~rusity, tM 

ortoct ot owrburd.en pl"'DINl"' at tM dDpth ot the toot mut~t bo taken into 

e.ccount. 

10 



2. Ail fncrea..oe in rod length n.ppaaro to have relatively omall 

<!ttect 'When coinpared to the ettect ot overburden prcooure. It b 

conoidered to be vithin the a.ccura.cy ot the teot itcelt and ia tound to 

be partially counteracted by the ettect ot rod wight d\13 to 1ncroa.o1.ng 

length. 'l"hio finding 1a limited to deptluJ looo than 65 teet vhieh ':ara 

co~rod by thio otud,y. 

3. The apparent ettoct ot rod wight alone io to reduce the 

penetration blow per toot ao wight increo.ceo. 'l'hia io particulArly 

tn» at lov doniJitiea vben reaiota.nce ia lov. 'l"hia et'tect 1o omall 1D 

comparioon to overburden erte'ct and it vould be on the oate aide to uno 

the correlation val~o tor tM eaco ot· no-wight ettect. 

4. The ettect ot oaturation 1n thece tento 1n a relati~ly om!Ul 

laboratory tarik colllpSl"ad to ticld conditiono vaa to ohov lcn.~r ponotrn

tion reoiotMce. Hovaver, it ia conoiderod doubt:f'ul that the laborntor;y 

nodel tl"lml)" ro:preconta w.ter table conditiono 1n a. natural depooit. 

'l'horotore, it 1o conoiderod.a.dvioablo to u.cc the correln.tionG tor tM · 

air-dey and moist oe.ndts ao aD not to tal~ly predict high dano1t1eo. 

5. Finally, the correlat1ono tor air-dr,y and moiot coheoionlooa 

oands (ohovn by the hoa.v;y curvea 1n Figura 7) e.ro moot rcconm:onded tor 

predicting deno1t1eo trom penotration raGiotance valW)O and giving con

Di<1erat1on to the important ottect ot overburden prooaure. '!he ntoulto 

ot these curveo oholt-ed reliable correlation in a trial teat in a natural 

tield ·deposit. 
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