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Development of two Modern Continuous Sounding Methods

Deux méthodes modernes de sondage continu. Interprétation des résultats 

b y  T. K a l l s t e n i u s ,  Techn. lie., H ead  o f  M echanical D epartm en t, Swedish G eotechnical Institu te

Summary

For more than ten years the Swedish Geotechnical Institute 
has used two sounding devices — the Iskymeter and the Sounding 
Machine — which differ from most others in that they produce 
continuous records ready for immediate interpretation.

The methods were radically different from the standard Swedish 
sounding practice and therefore time was needed to calibrate 
them and to gather experience. In recent years they have been 
widely and successfully used, especially in connection with 
investigations of stability conditions in the G ota River Valley 
in southwestern Sweden and the publication of some experience 
gained seems to be justified.

The Iskymeter works mainly in clay and gives shear strength 
data agreeing with the results of other rapid tests. The Sounding 
Machine is used to distinguish the soil strata and to determihe 
their thickness and homogeneity.

W hen evaluating a large number of diagrams, simplified 
evaluation methods are necessary, but also such evaluation can 
yield essential information as to the ground conditions over 
large areas.

The continuous records enable reliable statistical evaluation 
to be made and permit the selection of typical layers for sampling. 
This procedure makes for a great reduction in the quantity of 
samples required and considerable savings in field work, drawing 
office costs and laboratory work, reducing guesswork considerably. 
Thus the overall economy is very good. Even the cost per metre 
of depth sounded is low.

Introduction

M r. W . K jellm an — first head o f the Swedish G eotechnical 

Institu te  —  w ished to  develop sounding m ethods w hich were 

quicker and  cheaper and  even less dependent on hum an 

factors than  simple m anual sounding. D uring  the years 

1938-1942, assisted by M r. Y. L iljedahl, he developed the 

p ro to ty p e  o f a m achine —  now  called Iskym eter —  (R oyal 

Swedish Institu te  for Engineering R esearch Proc. N o. 170, 

W alter K jellm an, En m etod a tt d irekt i m arken bestam m a jo rd - 

lagrens skarhallfasthet). The A uthor has now developed the 

iskym eter to  its present form  and  has also developed ano ther 

m achine, the sounding m achine (utilizing a  princip le o f 

e lim inating skin-friction given by W . K j e l l m a n , cf. S tatens 

G eotekniska Institu t, Medd. N r 2 1949).

The SGI Sounding machine

Principles— The m achine (Fig. 1) was developed m ainly 

for large area sounding and  was in tended to  be an im prove­

m ent o f the Swedish S tandard  sounding m ethod (Cf. G e o t e c h ­

n i c a l  C o m m i s s i o n . Swedish S tate R ailw ays, Final report, 
1922).

Sommaire

Depuis plus de dix ans l'institu t Suédois de Géotechnique 
emploie deux appareils de sondage — « l’iskymètre » et la son­
deuse — qui diffèrent de la plupart des autres appareils en ce 
qu’ils fournissent des enregistrements continus immédiatement 
interprétables.

Les méthodes employées diffèrent radicalement de la pratique 
de sondage suédoise normale, et de ce fait il a fallu du temps 
pour les mettre au point et pour acquérir de l'expérience. Pendant 
ces dernières années elles ont été employées fréquemment et 
avec succès, notamment au cours de la recherche des conditions 
de stabilité du sol dans la vallée du fleuve G ôta dans le sud-ouest 
de la Suède et la publication de l'expérience ainsi acquise nous 
a paru justifiée.

Suit une description sommaire des méthodes de l’interprétation 
des résultats. L’iskymètre travaille principalement dans l’argile 
et fournit des valeurs de la résistance au cisaillement concordant 
avec les résultats d’autres essais rapides. La sondeuse est utilisée 
pour distinguer les différentes couches du sol, pour déterminer 
leur épaisseur et pour apprécier leur homogénéité.

Pour l’interprétation d’un grand nombre de diagrammes, il 
est nécessaire d’avoir recours à des méthodes simplifiées, mais 
aussi une telle interprétation peut fournir des renseignements 
essentiels sur les caractéristiques du sol dans de vastes étendues.

Les enregistrements continus perm ettent une interprétation 
statistique très sûre et autorisent le choix de couches caractéris­
tiques dans lesquelles seront prélevés des échantillons. Cette 
méthode permet une réduction im portante du nombre des échan­
tillons nécessaires et des économies considérables à la fois sur 
les opérations sur le terrain, les dessins et les essais de laboratoire. 
En outre, elle réduit considérablement les incertitudes. L’économie 
générale de l’opération est ainsi excellente. Les frais par mètre 
de sondage sont modiques.

The m achine uses a conical po in t fastened to a ro ta ting  rod, 

pushed by m eans o f two rollers, pressed hard  against the 

sounding rod. T he rollers are m ounted in a  ro to r. The rate 

between ro ta tio n  and  push is kept constant.

Pow er is p rovided by an  hydrau lic  m oto r m oun ted  on a 

pivot. This swings on a vertical axis and  is supported  by the 

ro tor. P ivo t and  ro to r are free to  m ove upw ards and  dow n­

w ards and are carried  by a set o f helical springs. W hen an 

axial force is developed in the sounding rod the system  is 

lifted p roportionally  to the force. The reaction  in a  tangen­

tial d irection w hen driving the ro to r is taken by a horizontal 

spring.

An arm  fixed on the p ivot moves upw ards w hen penetra tion  

resistance increases and  in a ho rizon tal direction when the 

tu rn ing  force increases. D isturbance from  friction or from 

the hose supplying the hydraulic fluid jo ined  near the centre 

o f ro ta tio n  are norm ally  small.

The horizon tal and  vertical m ovem ent o f the arm  influence 

a pen recording on  a w axed paper. A vertical load of 100 kg 

gives a  deflexion o f 10 mm on the chart (T otal range 1 000 kg).
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Fig. 1 General arrangement of SGI sounding machine.

Machine de sondage type SGI.

The paper is m oved by the ro to r over a flexible shaft (1 m  of 

penetra tion  corresponds to  a paper travel o f 10 mm).

Fig. 2 shows how  skin friction is elim inated. As there is 

a constan t re lationship  betw een penetration  and  ro ta tion , 

the direction o f travel o f each surface elem ent o f the sounding 

rod is know n. The m om ent required  to  tu rn  the rod is m easu­

red. I f  the rod  tu rns a round  its centre an estim ate o f the h o ri­

zontal force can be m ade. M oreover it can  be assum ed th a t 

the frictional force (F) on any  surface elem ent will be directed 

opposite to  the travel. T he frictional force consists o f one 

horizontal p a rt (Fh) (already calculated from  the turn ing 

m om ent) and  one vertical p a r t (F„) in constan t relationship  

to  the know n horizontal part. T hus, the tu rn ing  m om ent is 

p ropo rtional to  the vertical p a rt o f the skin friction and  can 

be in troduced  as an au tom atic  correction  on  the recorded 

to ta l vertical force (V). This is done by a sloping curve on 

the actuator-arm .

The sounding rods are coupled autom atically  by m eans of 

a ro tating 'chuck which m akes con tinuous penetra tion  possible.

Calibrations— Static calibrations have show n that with 

loads o f 0-500 kg and  m om ents from  0-18 kgm , the co rr­

ection on the m easured vertical load is norm ally  sm aller than

10 kg. A  suitable correction  can be m ade where required.

The m ethod o f using the turn ing m om ent for the elim ­

ination  o f skin friction has been checked by surrounding  the 

sounding rod  with a tube w here sand could be pu t under 

pressure. The calibrations show ed tha t the w ay to  elim inate 

skin friction is substantially  correct if a correction  on  po in t 

resistance o f —  2-5 kg per kgm  turning m om ent is m ade. 

In  very soft clay w ith a ro ta ting  p o in t o f the sam e diam eter 

as the sounding rods, the au th o r found  th a t the m achine 

recorded only  the weight o f the rod  as intended. (The correction  

in kg for rod  w eight is +  2-47 h, w here h is sounding depth 

in m etres).

This correction for skin friction  will n o t apply  if the ro to r 

is accelerated or re tarded  or if the couplings o f the sounding 

rod  are n o t quite concentric, o r if the rods are  no t quite 

straight. T his m ay only occasionally  in troduce errors which 

ough t to  be considered.

M ore serious erro rs are in troduced  by  varying static  

pressure in the bore-hole. T he au th o r has used three different 

po in t d iam eters, nam ely 25 m m , 40 m m  and  80 m m  (the latter 

is n o t used any  m ore), in com bination  w ith a 20 m m  sounding 

rod . T he pressure from  above on the p o in t (Fig. 3) gives a 

force dependent on conditions in the ground. W e can im agine 

a vacuum  acting above the po in t. In  an  open hole we will 

have the atm ospheric pressure. I f  the hole is filled w ith w ater 

o r clay m ud w ith volum e w eight y  we have a  pressure o f h • y  

above the poin t. F inally , we m ay have passed th rough  layers 

o f sand w ith high artesian  pressure which m ay act on the 

po in t if the hole is closed above the sand. The possible m agn­

itude o f static influences depends on the size o f the ring- 

shaped area accessible for pressure variations. F o r the 25 mm 

diam eter po in t this area is only  1-76 sq. cm and  disturbance 

is negligible. F o r  the 40 m m  diam eter po in t a rea is 9-41 sq. 

cm and  d isturbance m ust be considered. I t m ay  be an  advan­

tage to  use the 40 m m  diam eter po in t to  shallow  depths owing 

to  the heavier po in t resistance and  the low er influence o f 

m echanical errors.

Fig.

V-Fv

• * ¥
■Constant anale, r  _ moment 

h~ radius

'Direction of travel 

of any surface element 

of the rotating rod

1 Principle of separating skin friction from point resistance. 

Principe de la séparation du frottement latéral de la 
résistance de pointe.

Fig. 3 Points of 25 mm and 40 mm diameter.

Pointes de 25 mm et de 40 mm de diamètre.

The sounding m achine has been tried in different m aterials. 

Fig. 4 shows a rough relationship  between a 25 mm diam eter 

po in t resistance and  the degree o f packing o f different sands.
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Fig. 4 Resistance of a 25 mm diameter point in sand (Calibration 
Test).

Résistance de pointe de 25 mm de diamètre dans le 
sable (Essai d’étalonnage).

T he m achine has given lower resistance values th an  a  static 

test, p robab ly  because the rod  ro tates. T he influence o f a 

ro ta tive  po in t m ust be considered to  allow  fo r a possibly 

defective ball bearing. A ccording to  tests this reduces po in t 

resistance still m ore bu t it m ay  also increase penetration . F o r 

sand  which ranges from  norm al to  dense packing, the m achine 

w ith the 25 m m  diam eter po in t com bines adequate reaction  

w ith good penetration .

In  clay  points o f different sizes, provided w ith m antles 

o f  different lengths, have been tested by the au thor. Fig. 5 

gives a rough estim ate o f the influence o f po in t d iam eter and 

m antle length on the bearing capacity . The iV-value is defined 

as po in t resistance in kilogram s divided by  the cross-sectional 

area o f the po in t in sq. cm. times shear strength  in kg per sq. 

cm. The static conditions in the borehole and  the friction 

along the m antle  were n o t considered. M antle  length equal 

to  the d iam eter is deem ed best. I f  it is too  long the sensitivity  

an d  soil pressure on  the m antle will have a large and varying 

influence. If it is too  short, sliding surfaces around  the point 

m ay influence po in t resistance. To check the influence of 

these conditions the au tho r has poured drilling m uds o f diff­

eren t specific g rav ity  in to  the borehole. The drilling m ud 

greatly reduced the m easured point-resistance. F o r an  80 mm 

diam eter po in t and  w ith a m ud weighing 2 kg per litre, 

po in t resistance was elim inated. A t depths dow n to 10 

to  20 m how ever, the au tho r has som etim es used /V-values 

from  20 to  25 to  good advantage for an approxim ate estim ate 

o f clay streng th  when using points o f 40 and 25 mm diam eter.

Fig. 5 Point resistance in clay (Approximate Values).

Résistance de pointe dans l’argile (Valeurs approxim a­
tives).

•

Application and Experience— The records o f th is sounding 

m achine are  claim ed to  give a better ind ication  o f soil s tra tifi­

ca tion  than  alternative sounding m ethods.

Fig. 6 shows typical curves for clay, sand and  gravel o f 

different density . By judging the shape o f the curve, the po in t 

resistance and  the tu rn ing  m om ent, sound  in form ation  can 

be ob tained. A general know ledge o f site geology from  a 

continuous core o f soil is very helpful as an aid to  in terpre­

ta tion .

Fig. 6 Typical resistance curves for a point of 25 mm diameter. 

Pointe de 25 mm de diamètre. Courbes de résistance 
caractéristiques.

Fig. 7 shows a curve w ith no ta tions and  in terpre tation . 

T he opera to r notes on the diagram  direct observations m ade 

during sounding. H e can hear and  feel when the po in t hits 

a stone. Bad jo in ts or accelerations and  re tardations o f the 

ro to r influence the records. The opera to r notes the sounding 

depth  as observed directly on the sounding rods to  check 

possible slip o f the rod  betw een the rollers (which happens 

only  occasionally). M oreover, the tu rn ing  m om ents are noted  

at intervals to  facilitate in terpre tation  and  to  enable due 

allowance to be m ade for the effect o f skin friction.

W hen using the 25 mm diam eter po in t, the penetration  

and  ability  to distinguish sand layers in clay are far better 

w ith the sounding m achine than  w ith the trad itional Swedish 

sounding apparatus. N ear bedrock there are generally typical 

layers o f sand and gravel which can be distinguished on  the 

diagram s and indicate bed-rock. Silty m aterial below the 

w ater table  m ay give decreasing po in t resistance due to  incre­

ased pore pressure and rem oulding caused by the ro ta ting  rod.

The capacity  o f the m achine w ith two opera to rs in Swedish 

clay  is 30 to  50 holes dow n to  5 to 10 m depth  o r 10 to  12 holes 

dow n to 50 m depth in eight ours, including transport o f 

from  50 to  100 m between the holes.
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Fig. 9 P lo tting  o f po in t resistances.

G raph ique  de la résistance de pointe.

The SGI Iskymeter

Principles— The Iskym eter is intended for sounding m ainly 

in soft ground. Instead o f a po in t, it uses a resistor with 

foldable wings which is pulled ou t o f the ground. Fig. 10 

shows this resistor in different positions, as described. It is 

pushed dow n in the soil by m eans o f a rod  provided w ith a 

special end attachm en t for the resistor shaft. D uring  th rust 

in to  the g round, the wings are folded and  the resistor has 

little resistance and  therefore causes only  slight disturbance 

o f the soil. W hen the rod  is w ithdraw n the resistor stays in 

the ground, and  a w ire-rope from  the resistor ends in a  storage- 

d rum  on the soil surface. The pushing and  w ithdraw al is no r­

m ally perform ed with a separate  w inch (e.g. the fron t winch 

o f a lorry).

Fig. 7 Analysis of diagram for a point of 25 mm diameter.

Pointe de 25 mm de diamètre. Analyse de diagramme.

A special problem  arises when studying the diagram s. If, 

for instance, this m achine produces ab o u t 1 000 diagram s in a 

m onth , simple tables o f the m ost im portan t values m ust be 

prepared. Fig. 8 shows a  table for vertical drainage projects 

where the object is to  find perm eable layers and  the thickness 

and  depth o f the clay  layers. By p lo tting  po in t resistances at 

a certain  depth  on  a m ap , weak and  hard  areas can be found 

(the weak area in Fig. 9 coincided w ith the lowest p art o f the 

g round  surface).

W ith this system  poin ts and  levels can be selected where a 

few sam ples or in-situ tests can  give representative values for 

soil conditions. The sounding m achine is cheap in use for 

jobs exceeding abou t 200 bored m etres o r depths below 20 m. 

It has been used, for exam ple, in N orthern  N orw ay for an 

airfield n ear Stockholm  and in the G o ta  R iver Valley in W es­

tern Sweden. R apid  setting ou t o f the boreholes is an  im portan t 

factor.
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Fig. 8 M achine sounding data.

T ableau de résultats de sondage fournis par la m achine.
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Fig. 10 R esistor for SG I Iskym eter :

(a) installation  position ;

(b) sounding position ;

(c) position when overloaded.

E lém ent résistant de l'iskym ètre type SG I :

(a) position de fonçage ;

(b) position de travail ;
(c) position de relevage.

The storage-drum  is then fastened to a  special w inch (Fig. 11 ) 

which is driven either m anually  o r by m eans o f a sm all m otor, 

and  pulls the resistor ou t o f the ground. D uring  the first 

60 cm pull the wings o f the resistor-body unfold  au tom ati­

cally and  assum e the position show n in Fig. 10b.

As the w ire-rope runs ou t o f the g round it is first cleaned 

from  soil by a special cleaner. Then it bends 90° over a pulley, 

which is fastened to  a lever and  to rsion  beam  in such a  w ay 

th a t the pulley travels dow nw ards and upw ards in direct 

p ropo rtion  to  the pulling force. This travel is then extended
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Fig. 12 Early calibration of Iskymeter (Kjellman and Lil- 
jedahl, 1939-1941).

Etalonnage de l'iskymètre à l'origine (Kjellman et 
Liljedahl, en 1939-1941).

Fig. 11 SGI Iskymeter.

Iskymètre type SGI.

and  is used to  m ove a pencil across a  paper chart, a  pulling 

force o f 1 000 kg giving a pencil travel o f 100 mm.

The wire rope  is w ound a round  two drum s (one o f  which 

is driven by  the w inch) and  continues to  the storage drum . 

The ro ta tio n  o f one o f  the drum s is used to  m ove the diagram  

paper 10 m m  for each m etre o f pull.

R esistors w ith horizon ta l cross sectional areas o f 200, 100 

and 30 sq. cm  have been used. If the forces exceed 1 000 kg, 

a  sm all p in  on the resistor shaft breaks and  the wings can fold 

backw ards.

The Iskym eter is norm ally  transported  on  a light trailer 

bu t can  also be carried  by the operating  crew between ad jacen t 

boreholes.

Calibration—A first ca lib ration  o f the Iskym eter was per­

form ed as early  as 1939-1941 by M r. W. K jellm an and  assis­

tants. Fig. 12 shows the relationship  betw een specific vertical 

pressure on  reistors o f different cross-section area and  shear 

strengths determ ined by fall-cone tests. C onsiderable scatter 

has been noted .

Influence o f sensitivity  o f the soil and  o f variations in the 

pulling speed were suspected as the reasons fo r this scatter. 

M r. B. Jakobson  and  M r. O. W ager perform ed tests with 

pulling speeds varying from  0-001 to  10 m etres per minute. 

The results indicate dependence on pulling speed and type 

o f m aterial (Fig. 13). O rganic m atter (which influences e.g. 

the m odulus o f elasticity) m ay also have an influence. A t 

norm al speeds (0-50-2-0 m per m inute) the influence o f speed 

should  be sm all for a certain  m aterial. Fig. 14 shows u n co rr­

ected results (as com pared w ith vane tests) from  the G ota  

R iver Valley. The average scatter was ab o u t ^  35 per cent. 

B oth dep th  and  sensitiv ity  have som e influence. M r. J. O ster- 

m an, now  head  o f  the Swedish G eotechnical Institu te , derived

Fig. 13 Influence of clay and pulling speed (Jakobson and 
Wager, 1955).

Influence de la nature de l'argile et de la vitesse de 
traction (Jakobson et Wäger, en 1955).

20

75

70

Each dot represents
one comparison

i
* . **

Depth, Metres

70 75 20 25 30 35

Fig. 14 Uncorrected Iskymeter values (Compared with Field 
Vane Test).

Valeurs données par l’iskymètre non corrigées (compa­
rées avec des essais de chantier faits avec un moulinet).

a  sem i-em pirical expression for correction  o f the pulling 

force for sensitivity  and  for depth. H is expression, as derived 

m ainly for the 100 sq. cm resistor body , is the following:
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W here P =  pulling  force in kg

A =  area o f resistor body  in sq. cm

S t =  sensitivity  o f the clay

y  =  volum e w eight in tons per cub. m.

h =  depth  below ground  surface in metres.

(The dim ensions were chosen to  suit existing practice.)

The expression is m ainly based on  sliding circle calculations 

and  considerations of shear streng th  reduction  in relation  to  

the sensitivity  close to  the resisto r and  below it. A fter aplying 

the form ula the average scatter o f results was reduced to 

the o rder +  10 per cent.

I t is possible to  produce an expression fo r the evaluation  

based on  the theory  o f plasticity , where the m odulus o f elas­

ticity  can  also be considered. The scatter should therefore be 

reduced bu t it is difficult to  determ ine accurately  the m odulus 

o f  elasticity  o f the soil.

Experience

T he Iskym eter has been used in recent years bo th  fo r prel­

im inary and for detailed investigations, especially in the 

G ô ta  R iver Valley. The results agree reasonably  well w ith 

o ther rap id  tests and , the Iskym eter has the particu lar advan­

tage o f prov id ing  continuous records. F ig 15 shows a ty p ica l 

diagram . The capacity  under norm al conditions is 3-4 holes 

in eight hours. The Iskym eter can be used for soft clays for 

depths dow n to 100 m etres as friction against the wire rope 

is sm all and  can easily be com pensated for. A  special problem  

fo r such great depths is the difficulty o f driving the resistor 

vertically in to  the ground.

Conclusions

The continu ity  o f both  m ethods provides better know ledge 

o f  stratification  than  is possible w ith d iscontinuous sam pling 

or in-situ testing. The w ritten  records enable an  estim ate to  

be m ade o f soil conditions by studying the curves. T here is

Fig. 15 Iskymeter-diagram (Gôta, 1957).

Diagramme d’iskymètre (Gôta, en 1957).

also a considerable reduction  in the num ber o f sam ples 

required  on a  site.

T he diagram s are ready  for reading a t the exp loration  

site. This m eans th a t the opera to r can  m ake ano ther sound­

ing in case o f dubious results and  th a t the field w ork can be 

organised in accordance w ith the g round  conditions. This 

m ay  also entail fewer boreholes and  the p rov ision  o f m ore 

im m ediate in form ation  on the m ost suitable foundation  

m ethods to  be adopted .

The tw o m ethods have revealed th a t the use o f different 

equipm ents can  be bo th  ra tional and  econom ical. F o r  any 

site, ca lib ration  can be done by testing only  a few sam ples.
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