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30. Determination of representative CPT-parameters 

H. HARDER, Dipl.-Ing., and G. VON BLOH, Dipl.-Ing., Hannover University 

A computerized 8-step procedure to detcrrnine representative CP'I'<par arneters is presentcd, which has been devel 
oped wi thin a comprehensi ve research program on the facili ties of CPTs in geotechnical "every day engineering". 
The results of the procedure are the soil st.ratification and the in pu t parameters for any soil classificat.ion and 
correlation chart . The quality of the results is at least t.he same as in case of borings with classificat.iou of disturbed 
samples by drillers, but it depends on the most accurate calibration of the whole system, as !arge capaci ty cones 
are used. 

INTRODUCTION RELIABILITY OF MEASUREMENTS 

) 

Due to the high costs of conventional soil invest.igat ions con 
struct ions of less importance are often realize d wi th poor 
informat.ion or even without any informat ion about the sub 
soil. A cornprehensive program has been start.ed at the 
l(~BE at Hannover University t.o scrut inizc, if and how the 
Iacilit.ies of CPTs can satisfy hasic needs of geot.echnical "ev 
ery day engineering" without _additional inforrnation. Due 
to this condition the use of high capacity cones is requircd. 
As smaller constructions usually need Iess sophisticat.ed in 
formation ahout the subsoil, the idea of the int.ended method 
is t.o derive sufficient soil type information and "mininmm 
values" of basic soil properties from CPT-results, which can 
be correlated to strength and deformat.ion charnct.erist:irs hy 
general experience. Wit.h respect t.o this concept. the re 
search program is focusse<l on 5 subjects: 
1. Reliability of CPT-measurement.s 
2. Definition of CPT-parameters 
3. Determination of representat.ive C:PT-parnrnctf'rs 
4. Soil type identi.fication 
5. Basic soil property correlations 
This paper deals with subjects 1 t.o 4, while suhject. 5 is still 
under research. 

EQUIPMENT 

The CPTs in t.he program are performerl with a 100 kN .stan 
darrl setnp with several electric GOllDA-rnnes I of rliffPrr11f 
sensitivit.y, layed 011t. for the mcas11remerit. of ~ forcr.s: rone 
resistance, local friction and porc walr>r prrssurP ( fig. l.) and 
one more it.em like inclinat.ion or t.emperal.urc. /\ rnmp11t.er 
cont.rolled dat.a handling system was developer.l. The analo 
gous signals of 4 channels provirlerl hy a signal conrlit ioner 
are digilizcd sirnuJtancously every 5 nun of rlept.h. This dat.a 
is savr.d on floppy disks rluring sounrling int.errnpf inns rlue t.o 
p11shing ro<l inst.allation. Becausc of t.he high rligitizing rate 
the plot.s of the data series are irlent.ica.l to any analogous 
writing. For further uetails see Harder ancl Blümcl ( l!J87). 

1 Goudsche Machinefabriek B.V., GOUDA, Netherla11ds 

From t.he t.f'chniral point. of virw t.hc rrliahi\it.v ol' CPTs 1s 
widely disrussed in int:ernat.ional puhlirnt.ions (r>.g. Srhaap 
and Zuirlberg 1982). Generally it is fo11nrl t.o he excellent.. 
prove<l by repeat.abilily of t.cst. res11lt.s. Prohle>ms arise here, 
as t.he subsoil in t:he nort.h of FRG is 11s11ally founrl in l;i.yprs 
of different soil t.ypes, an<l t.hc t.hickncss of 1:he layers vmics 
from a few centirneters t.o several mcters. A rigidly ron 
structed cone with at. least. 50 kl" rnparitv sho11lrl h1~ 11sed f.o 
avoid rlamages hy ovcrloads dming so11nding in dr>nse sanrl 
layers. Dat.a of wcak layers then rxt.Pnrls onlv ovn t lw V<"ry 
low part of t.hf' scale range anrl is f'Xf.rPnwly s<"nsil.ive f.o 
zero-sltift.s and ot.her deviat ions of t.he ,kvirr>s. ThP w holr 
proceclurc t.herefore hinges on most. acrnr;it.r calibrat.ion of 
t:he syst.em. 
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Construct.ion princip!P. of COl11),\-rnrw, 

ThP. GOTTDA-rnnf's 11sed wit.hin t.he progr,u11 ;irc> layNI 0111 
rigidly and th<:'y have proved t.o he good l'or so1rndi11gs in ;inr 
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soil. The cnne r esistance force is measnr erl separarely, but 
t.he Ior ce of lo cal friction is got hy suht.rar tion of cone r e 
sistance Ior ce from t.otal tip Ior ce, which leads t:o significant 
int.craction of the measured values. ,\ ser ics of rnlihrat.ion 
t.est:s in t he Iahoratory leads to individual correction func 
tions of every cone, which inclurlc the load-Ievel dependent. 
rlr-v ial.ion s of t.he measurciuent deviccs caused hy interne 
tinns anrl ternperature dependent: zero-shift.s. Hut t.emper 
ature measurernent is not essential. The readings immedi 
ately aft.er having pulled thc cone back to the surfacc give 
the zer o-Ievel with good accuracy, as the underground tem 
p er ature is approximarely const ant and the rr-action of t.he 
conr t.o ternperatnre changes is sufficient.[y slow. 

The measmemcnt. of cone resist.ance qc is mnst. reliablc, while 
[oral friction f sometimes tends t.o scat.t.er. RPli;ihle llH'il. 
s11rement. of pore wat.er pressure 11. hinges on I he pnfoct. sat 
urnt.ion of the tip and of t.hc soil. In case of non-perfect. sat 11- 
rat.io11 t.lte measured porc pressure profile indicat.es on ly t he 
sand ancl gravel layers below groundwa!Pr tahles. Tip sat.u 
ral:ion wifh silicon oil often ran kPep tlw tip sat.ural.NI dur 
ini:; sonnding through non-saturat ed soils, hnt. not always. 
In .most. sites t.he groundwat.<'r t.ahle is fo11nd several me 
t.ers helow gronnd level. As sur.cessfnl sat.nrat.ion rnnnot. he 
rhecked unt.il t.he end of the t.est., prehoring would 11sually 
he necessary. In case of two or more water t.ahlcs rcliahle 
11.-meas11reme11t.s rannot he g11ara11l.ef'd. 

DEFINITION OF CPT-PARAMETERS 

('. l'T-paramet.ers commonly proposed in p11 hliraf.ions are t lH' 
dircct.l_v measured r:om: rc<isla.ncc '/c arid dcrivcd valucs likc 
t.he friction ratio R1 == f/qc and t.he pnrr. pn.:s.<urc -ratio 
U., :-::: 11/q,,, or more complex paraml't.ers like 6.u./(,1-r •· <T„0), 
where .6.u == u. ·· l/.n is the excess pore wat.er pressure, 'Ir t.he 
ronr r<'sistan,e "r.orrcct.ed" hy pore wal.Pr pn•ss11r€' infl11enccs 
and <T,,o t.he initial overhurden pressure. 
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Frict.ion ratio and cunndative curves 
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TPst.s in a calihrat.ion cell show t.hat. t.here is no need for a 
rnrrect.ion of qc-vai11es in case of GOUDA-cones, as the wa 
t:erpressurc is act.ing nearly all around t.he cone, except. for 
t he very small area of t.he thread at. the screw joint.. On t.he 
ol.hn hand excess pore pressure at. cone t.ip can be quite clif 
ferf'nt. from the one measured at. t.he cone shoulder during t.he 
sonnding proress (Levadoux [980), so t.he "corrPct.ion" of 'lc 
hy nwans of measured u or 6.11. does not alwilys make sense. 
ln geot.echnical pract:ice cones with 11-rneilsnrement. facilities 
are not. widely in use. As reliable u-measurement.s are not. 
easy to get:, 11, is not. considered in this concept. The param 
et.ers we dPal wit.h are t.he most reliahle cone resisla.nce 11c 
and t.he quite reliable friction ratio R !· The frict.ion ratio is 
conqmt.ed wi 1.h t.he values of qc and J r<'forring t.o t.he same 
dPpt.h z, whirh is related t.o half the height. of t.he cone ilnd 
of the sleevc, respectively (Fig. 1 ). 

DETERMINATION OF 
REPRESENTATIVE PARAMETERS 

ThP readings of CPTs usnally show a fairly wide scat.f.er 
wit.hi11 t.he same layer, not only from one t.est t.o anot.her 
h11t dnring the same sounding, too. Not. evNy pPak incli 
rnt rs s11hla.vers. hut appears due t.o small inhomogeneities. 
The use of CPT-result.s beyond qualit.at.ive met.hods neNls a 
st.andardized procedure t.o det.ernüne represcnt.at.ive val11es 
of the CPT-paramel.Prs, berause ·"engi11eering judgcment." 
lcads to significant. different. res11lt.s and i11t.erprct.at.io11 chart.s 
are <p1ile sensitive t.o t.he inp11t. paramf'ters. Contin11011s 
C PT-proliJes provide a sufliciPnt amount. of clat.a t.o appl_v 
semi-aut.ornat.ical procedures, so a comput.erizcd 8-stcp pro· 
redure of dat.a processing was developrd. 

following a rcmark of Albert. Eimt.ci11 2 t.he procedurc is i\ 
t.ool ;ind does not. decide cveryt.hing hv il.self. Sinre t.here 

' .. ~1;ikr t.hin~~ rts sin1pk i\S possiblc, h11t not. simplf'r! 
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1s no physical relation bctween t he C"PT-rlat.a of different 
laycrs thc dat.a series have t.o he divirlcd into subsor ies ho 
Iore applying any numerical algorit.hm. Sclf-stratiflcntion 
h_v str ict ly defined classes of parametr-r s is not. heipful, when 
t.he pnrarnet er s of a layer scatt.er around a classes hounrlar y. 
The procedure bet.ler gets sorne help in defining stratifica 
t ion. This help is no enginecring judgornent , it. is nothing 
but support hy decisions, 

'I'he 1<-st.ep procedurc is explained using the R.,-dat.a of the 
e x ample in Fig , 2. The original values .have heen mcasured 
wit.h a L00 kN capacif.y cone (!). Thc subsoil of lhc t.est 
sit<' consist.s of aboul: 6 m of different hyclraulic landfills over 
nat.urally st.rat.ified soils. 

Stcp 1 : R.aw Dat.a Preparation. The rnw dat.a is t:he 
originall_y measnrcd digital values of qc and J, correct.ed b_y 
t.h<' individ11al function uf t.he cone and cornhined for t.hc 
frirtion rat·.io R I (Fig. 2 and :Ja). 

St.cp 2 : Curnulative curvcs. The cnmulat.ive rnrves uf 
t.he frirtion rat.io and of the cone rcsist.ance over deplh ~ 

and 

arc t.aken as t.he base of t.hc "main st.rat.ificat.ion det.ermina 
tio11 ·•. As 11 I is assnrned t:o he of ronstant. value for a certain 
soil, t.he l wr.urve is approximat.ely a scrics of straight. lines 
wit:h different. inclinat.ions (Fig. 31.> ). Comparcd t.o t.hc rnw 
dat.a of R1 t.herc is no confnsing srat.t.er. The 17-rnrve does 
hasirally not. consist. of straight: lines, hnt. charact.erist.iral 
changrs of 1.he inclination are clearly det.ert.able as weil. 

St.cp 3 : Main St.rat.ification Determination. The 
hends of t he I wrurve give the depth of t.he main layer 
h111mdarics vcr,v rlearly. Adclit.ional lrnundaries, fnr exam 
ple caused by different. st.at.es of t.hc same soil t.,vpe, ran he 
rkrivrd from thc lq·curve (see for exarnple main lavers !) 

aml 11 in Fig. 3c : sand of different. densit.y). The following 

filt.ering and smoothing (st.cps 4 to 6) are clone within these 
main layers separat.ely! 

Stcp 4 : Filtering. The non-charact.erist.ic elerncnt.s of 
t:he raw dat.a scries, caused by small inhomogenet.ies, are 
eliminat.ed hy t.he filtcring procedure proposed by -Vivat.rat 
( l!lTS). This antomat.ic filt.er neetls t.wo input parameters 
6./z ancl a. t.o determ.ine t.he dcgree of filtcring and it. works 
like this: 

·- Main layers are divitletl into suhstrat.a of t.hickness 6.h. 

- Thc standard tleviat.ions c, wit.hir\ each of t.hrce consec 
ut.i vc sublaycrs i,k,I arc computcd. 

- The "represent.at.ive'' st.andard deviat.ion 5 is select:ed: 
S = 0.5 • min{ ( a; + ai,); ( 1Tt, + er1 ); ( er1 + er;)} 

- The mrdian AI of t.he dat.a of all of the t.hrce suhlayers 
is c-omp11t.ecl. 

All dat.a in layer k ont.side the range of ( Al ± aS) is 
replaced by t.lw appropriat.e houndary val11rs. 

By t.his filt.eri11g proretlnre 1:hc insignificant. inforrnat.ion is 
rnl. ln onr invest.igat.ions t.he input. pararnet.ers a. = l and 
6.h == 0.3 m gavc gootl results (Fig. fa). 

St.cp 5 : Shodcning of dat.a. For t.he acccleration of 
t.he fnllowing smoothing procedrue t.he dat.a series can he 
short.ened by replacing cvery m. elernent.s hy t.heir mean: 

Thr rxample in Fig~ 4h was prod11rrd wit.h m = 5. Not.e 
t.hat. 110 informat.ion is cnt.. 

St.cp G : S1noot.hing of dat.a. The short.l'ned dat.a sl'ries 
an' smoot.hed t.lH'll hy t.hr appliral_ion or a "moving averagr" 
prorcdur!'. A lot. of sophist.iratcd smont.hing pron•durrs for 
rnndom dat.a series are desrribed hy Oavis ( l 9T:l). Sevrral 
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of them wcre triecl, but it provcd to he the best. to applv 
sever al times t he simplest version, which is a moving winrlow 
of three. Every time the value \/ m is replaced hv: 

The cxample in fig. 4c has bcen smool IH'd , t imcs. Not.o 
that no inforrnation is cut, 

St.ep 7 : Final Stratification Det.er nrinatiuu. ThP 
smoot.hed curve of the frict.ion ratio Hf is the h;is(' Ior t.ho 
final stratification det errnination. The bounrlar ics of thc 
sublayers are detect.ed by t.he t.urning points ol' significant 
changes of the curve, marked by • in Fig. 4r. A not.her set 
of cumulat ive curves may he helpful somet.imcs. 

Step 8 : Representative Parameters. Wit.hin t.lrc inter 
vals found hy t.he final st rat.ificat ion decision the repr esenta 
tive values of C:PT-paramet.ers for every laycr arr- calculatcd 
as the mean values. The coefficient. of variation ran he usrrl 
as a measure of uniformity. Fig. Sa and 5h give f:hc res11lt.s 
of t.he whole procedure for the frict.ion ratio and for the cone 
resistance. 

The qualit.y of the stratification determinal.ion hccomcs clear 
hy comparing t.he results to t.he strat.ifirat.ion det.Pct<'d by r1 
boring ( Fig. Sc), which is located in a dist.ance of ahout 10 m 
from the CPT. 

SOIL TYPE IDENTIFICATION 

) 

The dat.a of 21 C:PTs perforrned wit.h SO kN and 100 kN 
cones at 3 different sites was treated by t.he r1hovp ment.ioned 
data processing procedure, and t.he result.s were userl for soil 
identification, based on. the classical scheme of 1/c vs. R1, 
The soil types are divided into five main groups (sec legend 
in Fig. 6), as most of the soil is mixed and more sophist.icated 
schemes could not be verified. Note t.hat for example si/1 
is rarely fonnd in a pure state, hut soil clnssifiPd as si1t is 
usually enriched with sand and/ or clay up to 40%. 

Soil classification charts have been proposed hy varinus au 
t.hors (see Douglas and Olsen 1981). They all have more or 
less similar tendencies, but they are quite different. in im 
portant det.ails. The results of our work At best. tn t.he charl. 
type proposed by Douglas and Olsen (1981). For design 
practice we will propose t.o use a slight.ly m0dified version 
like the one in Fig. 6, where less det.ailed informr1f.ion is [;iyed 
out., but. "problem.''-zones are marked. Datr1 point.s in t.hose 
zones indicat.e eit.her special soil contlit.ions or non-reliahle 
CPT-data, and additional soil investigat.ion should he clone. 
In Fig. 5c f:he soil t.ype identification hy t.he rhart. is co111- 
pared t.o the result.s of the convent.ional soil classifirat.ion hy 
visual and manual means. 

CONCL USIONS 

The determ.ination of representntive C:PT-pararnct.ers rau 
easily be performed by applying the propo~cd 1111111Prical 
filt.ering and srnoothing procedure t.o digit.ized dat.a. lln 
cert.ainties of engineering judgement are omit.ted 1:his wn,v. 
These representati ve parameters gi ve sufficient informat. ion 
ahout soil stratification r1ml soil type. This informat.ion sr1t 
isfies hasic needs of geotechnical "every day engineering" in 
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Soil Ident.ification Chart 

many cases. The ciur1lit.y of the results is at. ler1st t.he sarne 
as in case of low quality borings wit.h d.isturhed sampliug. 
Note thal: laborat.ory tests 011 t.hose samples give rando111 
dat.r1, while CPTs are cont.inuous informr1t.ion prnfiles. Jlow 
ever, since rigid application of a simple scheme can ohsrnr•~ 
t.he view of reality, represcntat.ive val11c profiles sho11ld not. 
be considered as suhstitutes fot t.he raw dat.a, hut. as one of 
t.heir results. 
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