
DEVELOPMENTS IN GEOTECHNICAL ENGINEERING VOL 1 

THE PENETROMETER 
AND SOIL EXPLORATION 
INTERPRETATION OF PENETRATION DIAGRAMS 
THEORY AND PRACTICE 

G. SANGLERAT 

Professor of Soil Mechanics and Foundations 

Ecole Centrale Lyonnaise and Conservatoire National des Arts et Mtitiers 
Chief Engineer of SOCOTEC 
Lyons, France 

Second enlarged edition 

ELSEVIER SCIENTIFIC PUBLISHING COMPANY 
Amsterdam - Oxford - New York 1972 



CONTENTS 

l'rejacc. by PROr. RALPII B. 1'1·0: VII 
l'rr"dem of the lmcrnationJI Society for Soil ~lechanics and l·oundatio n l· n· 
j:inccring 

lntruducrion 

NMotiom 

Chapter/. 1/istor~· o[11tc pcnetromctcr . . . . . . . . . 
1.1 Orij!in and charac tcri ~ t ic~ 

1.2 1 he Dutch ~ta t ic penctromctcrs (Goudschc Machincfabrick) 
1.3 The Frankipfahl static pcnctroml'tcr {Germany) 
I .4 American pocket pcnctromctcrs 

1.4.1 Measuremen t of soi l trurficabili ty factors by cone pcnc tro m.:ter 
1.4 .2 Soiltcs t pocke t pc nc tro mc tcr 

1.5 The Sol·EsS<Jis {l'arez) static pcnc tro mc tcr (France) 
1.6 The Dcgcbo s tatic pe nc tromctcr (Gcrm uny) 
I. 7 The G.C. static pencuomcter (Belgium) 
1.8 The recording static pcnctromctcr { U.S.A.) 
1.9 The Franki static penetrometer (Be lgium) 
1.10 The Solctanchc static pcnctromctcr (France) 
1.11 The Fugro elect ric-s tatic pcnctrometer (The Netherlands) 
1.12 T he penetrometers o f C. E. B. T.P. (France) 

1.12.1 Static pene tro metcrs 
1.12.2 Light-duty dynamic pcnetrometer 
1.12.3 Heavy-duty C'.E. B.T .P. dynamic pcnctrometer 
1.12.4 Bo rro dynamic penetro mctcr 
1.12.5 Multi-purpose pcnc tro mctc r 
1.12.6 Sta tic-dynamic penctro me te r 

I . I 3 The elec tri c static pcnetro mctc r of the Po nts et Chauss~cs Labo ratory at 
Saint Brie uc (France) 

1.14 The B.M.E.E. Iight pcnetromctcr (Grea t Britain) 
1.15 The American sta tic pcnctromctcr 
1.16 The N.B.R.I. s tatic pcnetro metcr (South Africa) 
1.17 The Australian s tatic peneu o mcu:rs 
1. 18 The Russian pcnctromcters 

1. 18.1 Soviet lunar penctromctcr 
1. 18.2 Dynamic Russian pcnct rometers 
1. 18.3 Static sounding riss 
1. 18.4 Static Russian pcnctrome tc rs S-979 and S-832 

1. 19 The Bulga rian sialic pcnetro mcte r 
1.20 Remarks o n the sta tic pe nctro mctcr 
1.21 The Fondasol dynamic penctro mctcr (F rance) 
1.22 The Scrmes d ynamic pe nc tro mctc r (France) 
1. 23 TI1e Dyna tcst (France) 
1.24 The Swedish pcnetromctcrs 

1.24. 1 The Swedish weight-sounding method 

XV II 

XX III 

I 
5 

17 
17 
17 
18 
18 
21 
21 
23 
23 
24 
24 
29 
29 
32 
32 
3 2 
32 
33 

34 
35 
36 
38 
38 
39 
39 
41 
4 3 
45 
46 
4 7 
48 
51 
53 
54 
55 



CONTENTS 

1.24 .2 Rap1d ~ound•nr method 56 
1.24.3 l11e Swedl\h ram-~oundmg method 57 
1.24.4 The electrical-recording Uorro pcnctromctcr 5H 
1.24.5 l11e S.G.I. sound in~ m:~ch i nc 58 
1.24.6 The Joncll and Nils,on sta tic pene trumctcr 58 
1.24.7 T he Asund elec tric pcnc trurne tc r 60 
1.24.8 Inves tiga tions with diffe rent rod types 60 
1.24 .9 Inves tiga tions with diffcrcnt sounding points 61 
1.24 .10 Swedish s tandard~ ~ounding tes ts 63 

1.25 The Danish pcnctromctcr 63 
1.26 Critical con~ideration~ on the dynamic pcnctrometer 64 
1.27 The Swiss pcnetromctcrs 64 

1.27.1 The llaefeli-h:hlmann static-dynamic pcnctromcter 64 
1.27.2 l11c manual and semi-au toma tic Bevac dynamic penetromcters 66 

1.28 The Jangot-Bonncton static-dynamic pcnetrometcr ( France) 67 
1. 29 l11e Meurissc s ta tic-dynamic pcnctrometer (France) 71 
1.30 The Andina sta tic-dynamil; penc tromcter (Switzerland and France) 75 
1.3 1 G raphical rcprescnt;~ tion of penctro rne tcr tests 80 

1.31.1 Static penctromcte rs 80 
1.3 1.2 Dynamic pcnct ro rnc tc rs 82 
1.3 1.3 Sta tic-dynamic pcnetrometers 82 

1.32 Recommendations of the interna tional commission 85 
1.32.1 Recommended procedures fo r the static and dynamic penetra tion test 86 
1.32.2 Recommendations for the method of the Standard Penetration Test 

(S.P.T.) 89 

Chapter 2. Genera/theory 
2.1 Preliminary evalua tion of the d iagrams and so il classification 

2.1. I llomogeneous so ils 
2. 1. 2 Heterogeneous soils 

2.2 Deep foundations 
2. 2. 1 Case of an incompressible layer 
2.2.2 Case of an instantaneously compressible layer 

2.3 Shallow footings 
2.4 Dynamic-pcnctromcter tests 
2.5 Settlement forecas t 

Chapter 3. The De Beer theory for the interpretation of penetrometer test data 
3. 1 Shallow founda tions 
3.2 Incipient failure conditions under shallow foo tings 
3.3 Cohesionlcss soils 
3.4 Cohesive soils 
3.5 Inte rpretation of the pcne tro rne te r diagrams 

3.5. 1 Shallow foundations 
3. 5.2 Deep foundations 

3.6 Comparison between the Belgian and the early French theories 
3.6. 1 Practical applica tions: sand and gravel of Renncs (France) 
3.6.2 Practical applica tions: Ghcnt-Bruges sands (Belgium) 

3. 7 Notes pertaining to deep foundations 

Chapter 4. Kerise/'s theory 
4.1 Introduction 

93 
93 
96 
97 

113 
I 14 
114 
JJ4 
I 19 
11 9 

121 
121 
125 
126 
129 
129 
129 
132 
135 
135 
136 
137 

14 3 
143 



<:ON I I· N·I S 

4 .2 Dense grdnula r -.<HI ~ 

4. 3 Loose and medium dense granular S(lil s 
4.4 Cohesive suib 
4.5 Conclusions 

XI 

146 
141$ 
155 
156 

Chapter 5. Dutch theories de1•eloped ot the Ddft Lahoroton · 159 
5. 1 l'ilc founda tion design bJ,cd on penctromctl'l te\t da ta 159 
5.2 hxpcrimental re~ea rch in Delft 16 2 
5.3 Prac tical applica tion~ of the Delft Laboratory me thod 163 
5.4 Research on the skin fric tion as de te rmined from static-pcnc trometer tests 16g 
5.5 Tests perfo rmed in ll1c Ne the rlands 17 1 
5.6 Effects of vcrt~al hclCrogcne ity of soils Ceuzc's law 174 

Chapter 6. Static penetromcters in the U.S.A . am/ ((modo I 77 
6. 1 Research by A.S. Vesic ( U.S.A.) 177 
6.2 TestsofC L. Crowther (U.S.A.) 180 
6 .3 Research by J .ll . Schmertmann (U.S.A.) 18 1 
6 .4 T ests of Y. Lac ro ix (U.S.A.) 182 

6 .4.1 Compac ted fills 182 
6.4.2 In situ soil 184 

6 .5 Canadian tests 184 

Chapter 7. Side friction and skin friction 189 
7 .1 Measurements o f side fric tion 189 

7 .1.1 Accumula ted side friction 189 
7 .I. 2 Local side fric tion fs measured o n a sleeve I 90 

7. 2 Cohesion less so ils I 93 
7 .3 Cohesive soils 194 

7 .3 .1 Ccncrul 194 
7 .3.2 Cohesion 196 
7.3.3 De termina tion of cohesion with the s tat ic penc tromctcr 198 
7.3.4 Expe riments o f Licms (Columbia) 202 
7 .3.5 Experimental ve rification of cohesion values 204 
7 .3.6 So l-l::ssais tests ( France) 205 

7.4 Soil classification by determination of side fric tion fs and po int resistance q c 
with st;1tic pcnc trometcrs 206 

7.4.1 Evaluation of local side fric tion f s from point resis tance qc 206 
7.4.2 Comparison of [5.qc and the ra tio F ( = f sfq c) 207 

Chapter 8. nze dy namic penetrometer 2 15 
8. 1 Tests with dynamic pene tromete rs fitted with a cone 216 

8.1.1 Dynamic pcnctromcter where shaft and po int have the same diamete r 216 
8.1.2 Dynamic penetrometer where shaft diameter is smaller than cone 

diameter . 2 16 
8. 1.3 Dynamic penetrometer whose shaft diameter is smaller than that of 

t.he cone but whose outer moveable shaft diameter is the same as that 
of the cone 217 

8. 1.4 Remarks on dynamic pene tra tion 
8.2 Interpretation of dynamic-penetration tests fo r shallow foundations 

8.2.1 Cohesionless soils (<P :1- 0 and c = 0) 
8.2.2 Cohesive soils (op = 0 and c * 0) 
8.2.3 Soils having both <P * 0 and c * 0 

2 17 
220 
220 
222 
223 



XII ('QNTI- NTS 

8.2.4 ( nndu~ion 224 
8.3 Theories fo r the m tcrpreta tion of dynamic-pcnctrom.- tcr di.tj:rams fo r deep 

t oundauon~ . 225 
8.3. 1 l undanwnt·tl I!IJilat l n 226 
8.3.2 Hrst appro \imat •on 226 
8.3.3 Second approximation 227 

8.4 Expcricn.:es in the Lyon~ urea with sand and !-: r:tvci tn ix turcs 23 1 
8.5 Heavy- and li)! ht ·du t}' dynamic pcnc tromctcrs 234 
8.6 The dynnmic pcnctrumctcr and the d riving of shee t pile~ 235 
8. 7 Particula r dynannc-pcnctromctcr method for determining so il paramete rs 236 

8. 7 . I Aircraft-launched penetromctcr 236 
8. 7.2 The pc ne vane (Grcno blc. I· ranee) 237 

8.8 J>rccaut ions to be observed during dynamic penetration of cohesive soils 237 
8.8. 1 Difficul ties encountered 237 
8.8.2 Swdies of the ··Ecolc Centrale Lyonnaisc'' and the ''lnstitut Na tional des 

Sciences Appliquccs" , Lyons (France) 240 
8.8.3 Conclusions 244 

Chapter 9. Tlw Standard Penetration Test and the static penNro meter 245 
9. 1 Standard Pene tra tion Tes t {S.P.T. ) 245 

9 .1.1 Cohcsionlc'IS soils 246 
9. 1.2 f-ooting~ on clay so ils 250 

9.2 Limita tions on the use o f the S. P.T . 25 1 
9.3 The various types of Standard Penetra tion Test 252 
9.4 Experience of the Uureau of Recbmation (Denver. Colo. ) 255 
9.5 Thesis of Baz;Jraa 256 

9 .5.1 Effec t of submergence 257 
9.5.2 Effect of overburden pressure on stanoord penetration vnlues in sands 258 

9.6 Comparison between the S.P.T . and the static-penctrometcr test 260 
9 .6 . 1 Mcyerhof's estimates fo r tine o r silty sand 260 
9.6.2 Urazillan expe riences 261 
9 .6 .3 Tests perfo rmed in l'o rtugal 264 
9.6.4 Tests perfo rmed in Mozambique 264 
9 .6 .5 Spanish e"pericnccs 265 
9.6.6 Tests perfo rmed m India 266 
9.6. 7 Conclusions 266 

9. 7 Meycrhofs theory 269 
9 .7 .1 Bearing capacity and settlement o f shaUow footings 269 
9.7.2 Be~uing capacity o f pile founootions 27 1 
9.7.3 Conclusions 272 

9.8 Israeli experiences 
9.8.1 Experiences o f Alpan 
9.8.2 Experiences of Zolkov and Wiseman 

9.9 No tes on the use of S.P.T. in South America and Spain 
9 .9.1 Argentina 
9 .9.2 Venezuela 
9.9.3 Spaj n 

Chapu r I 0. Discussions 
I 0. 1 Introduc tion 
10.2 Raedschelders' comments on intc rmiuent or continuous static penetration 

(Belgium) 

2 74 
274 
275 
277 
277 
277 
278 

279 
279 

280 



CO fl- TS XIII 

I o,:; L 'Jicrminier'~ :u:d I diCtl(~ c;-. pcri.'rh:c~ ( h~m·e1 283 
I 0.4 Static pcnc tromch.:r tes ts in chalk deposit~ 284 

I 0.4 .1 Pari' are:r 21:!4 
I 0.4.2 Mons arc:r (Belgium) 285 
10.4.3 Pommouth area (Great Britain) 286 

I 0.5 Tests perfo rmed in Turkey 287 
I 0.6 13rasilian tests 287 
I 0. 7 Tests performed in Yugo~lavia 288 
I 0.8 German experience~ 288 

I 0.8. 1 13rcmcn 288 
I 0.8.2 Aachcn 290 
I 0.8.3 Statistical rcse:u ch of Menzcnbach 292 
I 0.8.4 Research of Muhs in B.:rlin 293 

I 0.9 Bulgarian tests 295 
I 0.10 Australian experiences 295 
I 0.11 Experiences in Venezuela 296 
I 0. 12 Invest igations performed for Delawan llarbor (Sumatra) 296 
I 0. 1 3 British experiences 297 

I 0. 13.1 Tes ts of Goldc r 297 
I 0.13.2 Research by Thomas 299 
I 0. 13.3 Experience of Meigh and Corbett 300 

I 0. 14 Italian tests 303 
I 0. 15 Penetration tests in the U.S.S.R. 306 
I 0. 16 Swedish method of interpretation of penetration diagrams 307 
I 0.17 In si tu measurements of sand porosity 309 
I 0. 18 South African tests 31 2 
I 0. 19 Correlations between static penetromcte r and prcssuremete r 313 

I 0. 19.1 Tests of Van Wambeke (Be l~ium) 313 
10.19.2 Laboratory tests of Ponts-e t.Chaussccs ( France) 313 
I 0.19.3 Israeli research 314 
10. 19.4 Tests ofFondasol (France) 315 
I 0. 19.5 Research performed by the "F.cole Centrale Lyonnaise" (France) . 315 

10.20 Jimenez Salas' experiences (Spain) 316 
10.21 Compaction control with the static penetrometer 320 

I 0.2 1. 1 Tests performed in Congo 320 
10.21.2 Experience in the Lyons urea (France) 32 1 
I 0.2 1.3 Con tro t of the vi bronotation effects (South-Afriea) 326 

I 0.22 Driven pile length determination from static penetromcter diagrams 327 
I 0.23 Required depth of soundings 328 
10.24 Innuence of rate of J)enetralion and point diameter on the poin t resistance value 

of the static penetrometcr 329 
I 0.24.1 Soft c lays 330 
10.24.2 Stiff clays 332 
I 0.24.3 Saturated silts 332 
I 0.24.4 Loose sands 332 
I 0.24.5 Calcareous loam 333 
I 0.24.6 Conclusions 334 

I 0. 25 Penetration tests in Japan 3 34 

Chapter I I. The static penetrometer and the prediction of settlements . 337 
11 . 1 General comments . 337 

11.1 .1 l11eory of se ttlement calculations 337 



XIV CONTENTS 

11 . 1.2 Sclllcmcnt~ in undis turbed, nonnally consulitla tcd c lays 
11 . 1.3 Undisturbed ovcrconsnlida tcd clays 

11 .2 Dctcrminin~; the cons tant of comprcssibility by s ta tic pcne trometcr 
I 1.2.1 Sandy so ils: Bu ism an 's fo rmula 
I 1.2.2 Case of co hllsive soils 

11 .3 Method of determining the correla tion between tic and soil compressibility 
( research of E.C.L. and l.N.S.A .. Lyons) 
I 1.3. 1 lhsic principle 
11 .3.2 Normally o r underconsolida tcd so ils 
11 .3.3 Ovcrconsolida ted so ils ·• 
11.3.4 Experimental data 
11 .3.5 So il classifio.:a tion of samples 

11.4 Results of the research made at the "E~.:ol c Centrale de Lyon" and the I.N.S.A. of 
Lyons (France) 
11.4.1 Values of the a coeffi cient 
11 .4 .2 Corre lations of qc,Cc and w 

11.5 Prac tical examples fo r sands 
11 .6 Prac tical examples for clays 

11.6.1 Preliminary remarks 
11.6 .2 Problem no. I 
I 1.6.3 Problem no. 2 

11 .7 Experiences of Parez and Bachelie r ( I' ranee) 
I 1.8 Delft Laboratory's results 
11.9 Comparison between reinforced concre te design and soil mechanics 

I I .9.1 French specifica tions for re inforced concrete 
11.9.2 British specifications fo r pre-s tressed concrete 
11.9.3 American specifica tions fo r reinforced concrete 
11 .9.4 Spanish specifica tions 
11 .9.5 Conclusion 

11.1 0 Estimates of se ttlements from S.P.T. data 
I 1.1 0. 1 German expl'riences 
I I .1 0.2 Israeli tests 
11.10.3 American experiments 

11 . 1 I Research in Africa 
I 1.1 1. 1 South African tests 
11.11.2 Portugese tests in Angola 

11 .12 llaefeli 's experiences (Switzerland) 
I 1.13 English experiences 

11.13.1 Tests of S kernpton and Meyerhof 
11.1 3.2 Tests of Thomas 
11.13.3 Research of Meigh and Corbett 

11.14 Australian tests 
11 .15 Theory of Schmcrtmann (U.S.A.) 

11 .15. 1 Corrections of the basic assumptions of strain distribution 
11.15.2 Correlation be tween static-cone bearing capacity qc and £ 5 

values to use in set tl ement computa tions 
J 1.15.3 Settlement estimates 

Chapter 12. Conclusions 
12.1 lnte rprel3tion of s ta tic-penetration diagrams 

I 2.1 . I Soil classilica tion 
12. 1.2 Shallow footings 

342 
343 
344 
344 
34 7 

349 
349 
350 
350 
35 1 
35 1 

356 
356 
357 
360 
364 
364 
365 
37 1 
374 
377 
377 
378 
378 
379 
379 
380 
380 
380 
383 
384 
389 
389 
392 
393 
393 
393 
394 
396 
398 
399 
400 

403 
404 

407 
407 
407 



C'ONTI· NTS 

12. 1.3 Senlcrncnt prcdic tton fo r ~hallow tootings 
I 2. 1 .4 Deep foundations 

12.2 Interpre ta tion of dynamic penetratton d1agrams 
I 2. 2. 1 Cohesionle~s ~o•h 
I 2. 2. 2 Cohe~•ve soils 
12.2 3 S taiiC·dynanm: pcnc tromctcr 
I 2.2.4 Standard pcnctratllln tes t 

12 3 l· lcmcntary precautions to be ob~ervcd 
12.3 .1 Cust and ~ccurity 
12.3.2 Equipment 
12.3.3 Conclusions 

11 pp(•11dicrs 

XV 

408 
41 0 
41 7 
41 7 
418 
419 
4 21 
421 
421 
422 
423 

A. A.S.T.M. tentative s tand ard method fo r deep quasi-sta tic-cone pene trat ion test. 425 
B. L'llerm inier's theory for the interpre tation of penetration test data . 4 36 
C. Ucarin~:-capacit y fa cto rs 442 
D. Curves o f equal vertical stresses under a continuous footing and a square footing 44 3 
E. Report of the Subcommittee on Standardization of Penetration Testing in 

Europe 444 

Bibliography. 46 7 

References added to the second edition 487 


