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In Situ Determination of Horizontal Ground Movements

Détermination in situ des mouvements horizontaux du sol

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

and

W. B e r g a u , D r Ing., H ead  o f  M easuring  Section, Swedish G eotechnical Institu te

Summary

The Swedish Geotechnical Institute has developed new 
inclinometers for accurate determination of horizontal ground 
movements. The instruments are norm ally applied in smooth 
flexible tubes installed vertically in the ground.

One purely mechanical device — the "S G I Rod Inclinom eter”
— is suitable for depths down to 4 metres. A second device — 
the "SG I Strain Gauge Inclinom eter” — is used for depths 
down to 90 metres. This device has great accuracy due to the 
fact that the zero point travel of the strain gauges is eliminated 
through a special measuring method. Both devices also give the 
direction of the inclination of the flexible tube. The Strain Gauge 
Inclinometer permits polygon measurements starting from a 
firm bottom  or any other bench mark. By repeated measurements, 
ground movements can be determined.

A third instrument — the “SG I Contact Pendulum” — consists 
of a pendulum in electrical contact with a remotely controlled 
micrometer screw. It can be left installed in the ground for a 
long time in order to check the changes in inclination at a given 
level, norm ally selected by previous measurements with the 
Strain Gauge Inclinometer. The Contact Pendulum may serve 
as a warning of excessive ground movements.

Sommaire

De nouveaux inclinomètres ont été mis au point à l’institut 
Suédois de Géotechnique pour la mesure précise des mouvements 
horizontaux du sol. Ces appareils sont normalement placés dans 
des tubes lisses flexibles disposés verticalement dans le sol.

Un appareil purement mécanique — l'inclinomètre à tige SGI
— est utilisable jusqu’à 4 m de profondeur.

Un autre appareil — l’inclinomètre à strain gages SG I — 
peut être employé jusqu’à 90 m de profondeur. Cet appareil 
est d’une grande précision, due notam ment à ce que la dérive 
du zéro des strain gages est éliminée par la méthode de mesure 
adoptée.

Les deux appareils indiquent également la direction dans 
laquelle s’incline le tube flexible.

L’inclinomètre à strain gages permet de déterminer la déformée 
du tube flexible par des mesures en divers points, en partant 
de la base de ce tube si elle est fixe ou de tout autre repère. Des 
mesures répétées perm ettent de déterminer les mouvements du 
sol.

Un troisième appareil — le pendule à contact SG I — est 
constitué par un pendule qui entre en contact électrique avec 
une vis micrométrique commandée à distance. L’appareil peut 
être laissé longtemps dans le sol pour suivre les variations d’incli­
naison à un niveau donné, choisi d’après les mesures faites anté­
rieurement à l’aide de l’inclinomètre à strain gages. Le pendule 
à contact peut servir d’avertisseur pour déceler des mouvements 
du sol dépassant une certaine ampleur.

Introduction

D eterm ination  o f ho rizon ta l g round  m ovem ents is im por­

tan t in soil m echanics. In  recent years m any m easurem ents 

o f such m ovem ents have been taken  all over the world.

The Swedish G eotechnical In s titu te  in  1957 needed such 

m easurem ents for a large-scale field test and  for research 

in to  the kinetics leading to  failure o f na tu ra l slopes. 

The au thors studied available borehole inclinom eters for tha t 

purpose. A lthough a great varie ty  o f these are  used fo r diff­

eren t purposes they could find no  type w hich com bined sm all 

d iam eter w ith high accuracy in the de term ination  o f size 

an d  horizontal direction  o f inclination. T hey therefore devel­

oped the special instrum ents described in the paper.

The SGI Rod Inclinometer

W hen, in June  1957, a large-scale conso lidation  test was 

started  a t Ska E deby  n ear Stockholm  and  m easurem ent o f 

ho rizon ta l displacem ents bo th  a t the g round  surface and  in 

the g round  was considered essential, an available borehole 

in clinom eter was used bu t failed to  som e extent. A nother type 

was therefore urgen tly  needed. M r. A. H allen , o f the In stitu te’s 

m echanical departm ent, was p u t in charge o f  the developm ent 

o f a  sim ple ro d  m eter fo r shallow  depths only, as it was p ro ­

bable th a t g round  m ovem ents a t great depths were small.

This m eter was soon  in opera tion  and  has since been gradually  

im proved.

Fig. 1 shows the m easuring principle. A flexible tu b e  w ith 

an in ternal d iam eter o f 40-110 m m  is installed in the g round  

and  a straigh t rod  is inserted in the tube w ith a flexible guide 

follow ing the bends o f the tube. W here the rod enters the 

tube it is centered by  m eans o f a disc and  a spherical guide.

T he inclination  and  length o f ro d  betw een the guides 

determ ines the position  o f the centre o f the low er guide in 

re la tion  to  the centre o f the spherical guide. The position  of 

the la tter is determ ined by geodetic m eans in re la tion  to  a 

bench-m ark.

The direction  an d  the size o f inclination  are m easured by 

m eans of an  instrum ent m oun ted  on  the rod. The instrum ent 

has one p a rt which can be fixed to the ro d  and  one p a rt 

which can be turned. The first p art is fixed after the d iop ter 

has been d irected in a chosen horizon tal zero direction. Then 

the o ther part o f the instrum ent is turned  until a  tangentially  

positioned spirit level indicates a horizontal position . T hat 

position  corresponds to  the inclination  p lane of the rod. 

The horizontal angle betw een this position  and  the zero 

d irection  is given by  the position  o f an  index on the tu rnable  

p a r t in re la tion  to  a scale disc on the fixed part.

T he inclination  is ob tained  by setting a rad ial sp irit level
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Fig. 1 Rod Inclinometer.

Inclinomètre à tige.

in a horizon tal position  by  m eans o f a set screw and  reading 

the position  either on the set screw, which in this case is a 

m icrom eter screw, o r on  a dial gauge (no t show n in the 

figure).

To take a  m easurem ent the rod  is inserted to  different 

depths. F o r each depth three readings are taken , between 

each o f which the rod  is tu rned  th rough  120 degrees. The 

observed scatter between these readings has averaged ^  0-35 

m m deviation  in ho rizon tal d irection for one m etre’s depth, 

^  0-5 m m  fo r tw o m etres ' depth  and  4; 0-9 m m  for three 

m etres'dep th . A t fou r m etres' depth  the scatter has h itherto  

increased suddenly  abou t ten times to  -r 6-7 mm . The cause 

was an  incorrect jo in t (as the ro d  had  to  be lengthened for 

th a t depth) bu t even the flexible guide can be influenced by 

the w eight o f  the system  (which p robab ly  also is the reason 

w hy the relatively  m inim um  scatter was ob tained  for two 

m etres' depth). These parts  have now  been im proved.

Fig. 2 shows som e m easurem ents m ade over a period  o f 

tw o years a t Ska Edeby.

The R od  Inclinom eter seems to be particu larly  suitable 

for m easurem ents on  em bankm ents and  levees for depths 

dow n to 4 m etres. Its m ain advan tage  is its simplicity.

The SGI-Strain-Gauge Inclinometer

The S train-G auge Inclinom eter was p rim arily  in tended  

fo r the determ ination  o f ho rizontal m ovem ents in  clay  dow n 

to  20-30 m depths bu t has also been used w ith piles (70 m 

length) and  for m easurem ents in an  earth  dam  w hich will 

have  a height o f 90 m w hen com pleted.

F o r m easurem ents in  clay a flexible tube w ith an  inside 

d iam eter o f 40 m m  is installed vertically  in the ground. If  

possible the low er end  o f the tube is fastened to  firm bottom . 

T h a t p o in t can  then  p rovide a  bench-m ark fo r m easurem ent 

o f  the  ho rizon ta l travel o f  the  tube. In  add ition  the position 

o f  th e  upper end  o f  the tube  should, w hen possible, be deter-

Fig. 2 Rod Inclinometer. Measurements at Ska-Edeby. 

Inclinometre a tige. Mesures faites a Ska-Edeby.

m ined on the surface. By com bining a  fixed low er end and  

a m easured upper end  the accuracy can be checked. E ven 

if the positions o f the ends are neglected useful inform ation  

ab o u t relative soil m ovem ents is obtained  from  the shape of 

the curves.

The instrum ent, in  its cylindrical cover, is d irected by 

m eans o f a spring and  guiding knobs w ithin the plastic tube. 

E ach end  o f  the cover is in con tac t w ith the tube wall a t three 

po in ts, and  the axial distance betw een the con tac t po in ts is 

200 mm.

W hen m easuring the inclination  and  the ho rizon ta l d irection 

o f the plastic tube  a t different levels the shape o f  the tube  can 

be determ ined as a polygon. The conform ity  o f the com puted  

po lygon to  the tube centre line is dependent on the spacing 

o f the m easuring levels and  on  the cu rvatu re  o f the tube. 

F o r  a  tube w ith a continually  gentle slope this spacing can be 

increased, w hereas a tube  w ith inflexion points will need 

closer spacing. The necessary spacing is also determ ined by 

the stiffness o f the tube. A stiff tube is less sensitive to  local 

changes and  perm its greater spacing while a softer tube  

follow s the g round  m ovem ents m ore closely and  requires 

m ore m easuring points.

In  practice the au thors usually  carry  ou t the first tw o 

series o f m easurem ents w ith a spacing o f 0-5 m ; thereafter 

the suitable spacing is prescribed for each tube (even w ith 

regard  to  econom y).

The m easuring princip le o f the inclinom eter should perm it 

determ ination  w ith high accuracy o f even large angles in 

tubes o f 40 m m  inside diam eter.

The chosen m ethod  is based on  the m easurem ent (by elec­

trical resistance strain  gauges) o f  the stra in  in a leaf spring 

stressed by  a  w eight (Fig. 3). The usually  d isturbing factors 

w ith stra in  gauge m easurem ents (e.g. zero drift, creep, varying 

tem perature  differences between the m easuring bridge and 

the inclinom eter in  the g round) do no t influence the m easur­

ing result owing to  the adop tion  o f the m easuring procedure 

th a t the m eter is tu rned  round  in the tube. D uring  one tu rn  

the spring will first deflect in one direction  un til, after a 

m axim um  deviation  value (Fig. 4a) (which is indicated as a 

strain  value a t the m easuring bridge), it then deflects in the 

opposite d irection  to  ano ther m axim um  (Fig. 4b) giving 

ano ther stra in  value. I t  is the difference betw een these values 

w hich is calibrated  against a know n inclination  o f  the 

instrum ent.

In  p ractice the inclinom eter is inserted in to  the plastic tube 

to  the desired level by  m eans o f extension tubes (norm ally
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Inclinomètre à gages.
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Fig. 4 Strain Gauge Inclinometer. Measuring Principle.

Inclinometre 4 gages. Principe de mesure.

one m etre in length) prov ided  w ith flexible couplings (Fig. 5). 

A fter th a t a  tu rn ing  handle is fastened to  the upperm ost 

extension tube. The w hole system  is then  ro ta ted  for m easur­

em ent.

T he d irection o f  the plastic tube in  horizontal projection  

a t the actual level is determ ined by m eans o f a d iopter dial 

fixed in a certain  position  on  the extension tube. All screws 

on the couplings and  on  the extension tubes are positioned 

along a  straight line and  hence the po in ter o f the d iopter 

dial (Fig. 4) indicates the horizontal direction o f the inclino­

m eter when it has reached one o f the positions o f m axim um  

deflection (which can be obtained  from  the bridge reading 

if the electrical cables are connected  to  the bridge in suitable 

order). The angle o f horizon tal d irection is then  read on the 

dial betw een the po in ter and  a line to  an  a rb itra ry  chosen 

fixed po in t on  the surface. The m easuring accuracy o f  the 

inclinom eter is dependent on the stability  and freedom  from

. .  . .

Fig. 5 Strain Gauge Inclinometer. Measuring Set Up. 

Inclinomètre à gages. Equipement de mesure.

hysteresis o f the leaf spring. If the allow able stress on  the 

spring is too  lim ited, the resistance variations in the strain  

gauges m ay be too  sm all for a  safe indication  on  the bridge. 

H ow  personal factors m ay influence accuracy, especially 

w hen com pensating  and  reading the bridge, was exam ined by 

com parative tests. Three m easurem ents in a  tube at Skâ Edeby 

w ere carried  ou t by three different staffs. The tube happened 

to  lie in a plane and  the ob tained  horizon tal coordinates in 

this plane are show n in Table 1.

Table 1

Depth
Coordinale

1st 2nd 3rd
m measurement measurement measurement

mm nun mm

0 0 0 0

1-50 74 73 73
3-00 157 156 155
4-50 253 251 252
6-00 353 354 354
7-50 468 469 469
9-00 — 597 597
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These and  later field m easurem ents by the au tho rs have 

show n th a t the S train-G auge Inclinom eter now  has an accuracy 

better th an  +  0-02° for inclinations below  45°.

The results o f the m easurem ents are p resented  in  a three- 

d im ensional coord inate  system  either by setting  up g raph ­

ically the curve o f the tube, o r by com puting  its coord inates, 

w hich is m ore accurate. Fig. 6 shows the results o f tw o m easur­

em ents w here a certain  change has occurred in  the m eantim e. 

Such a  m ethod o f p resen tation  is correct bu t hard ly  ex am ­

inable. W hen the first aim  o f the investigations is to  determ ine 

horizon ta l m ovem ents it is o ften  sufficient to  establish the 

principal p lane o f m ovem ent and  to  repo rt the results only  

in  this plane in a m anner th a t the variations against the initial 

position  o f the tube are show n. C om parison  o f results is 

fu rtherm ore facilitated w hen m easurem ents are alw ays m ade 

a t the sam e depths.

Movement

Towards centre 5 cm 0 10 cm

5 cm 0,

Oct. 10' 

Jan. 161

1958

1959

Fig. 6 Measurements at SkS-Edeby (Strain Gauge Inclinometer).

Mesures faites a Sk^-Edeby (Inclinometre a gages).

In Fig. 7 the results o f m easurem ents in a slope a t the G o ta  

R iver Valley are set out. The slope runs ou t in a tongue-like 

shape, and  the principal plane o f m ovem ent coincides w ith 

the axis o f the tongue. The plastic-tube was set dow n th rough  

a  clay  stra tum  to  a bo ttom  layer o f m oraine w here its conical 

iron tip was fixed a t a  depth  o f 17-25 m etres. The position  

o f  the upper end o f the tube is determ ined against a bench­

m ark  in the vicinity. T hus the position  o f the tube, determ ined 

from  the fixed tip, can  be checked on  the surface. The first 

series o f  m easurem ents is represented by  the vertical axis, 

an d  the deviation  from  these initial values is indicated  in  the 

diagram . The curves reveal th a t la teral displacem ents in the 

soil obviously begin a t a  depth  o f ab o u t 8 m. M oreover an  

increasing tendency o f the curves to buckle is visible. This 

is due to (observed) vertical settlem ents. W hen the soil settles 

it presses dow n the tube by friction thus causing sm all lateral 

deflections. By coating  the tube  w ith asphalt p ro tected  by a  

bandage o f a lum inium  strips, friction between soil and  tube 

can  be reduced. Such an  arrangem ent has been m ade a t Ska 

Edeby, bu t for the present m easurem ents it was considered 

unecessary and uneconom ical. So fa r this sim plification seems 

to  have been acceptable.

T he m ethod o f contro lling  the position  o f a  vertically  ins­

talled plastic tube in the ground by the S train-G auge Inclino­

m eter is now  used for observation  purposes a t different sites. 

F o r  a  bridge abu tm en t extensive excavations an d  considerable 

piling w ork  had  to  be carried  out, and  harm ful m ovem ents

Fig. 7 Measurements at Strandbacken (Strain Gauge Inclino­
meter).

Mesures faites a Strandbacken (Inclinometre a gages).

were feared. H ence tw o plastic tubes were installed  from  sea 

level in  fron t o f the abu tm en t area. B oth excavation  and  

piling were reflected in the m ovem ents o f the tubes. A fter 

piling the m ovem ent ceased.

A nother p roblem  has appeared  in  a  large earth  dam , where 

the la teral variations in  a set o f  vertical telescopic tubes had  

to  be determ ined. W hen com pleted, the dam  will have a height 

o f  90 m. The loosely jo in ted  telescopic set (tube d iam eters 

40 m m  and  53 mm ) is in the first place in tended  for the deter­

m ination  o f settlem ents. F o r the purpose o f m easuring  the 

change in inclination  the guiding cover o f the inclinom eter 

had  to  be constructed  in such a  w ay as to  give reliable con tac t 

o f the in strum ent fo r tubes o f  vary ing  diam eter.

F o r the determ ination  o f the cu rva tu re  o f piles the stra in - 

gauge inclinom eter has been applied to  reinforced concrete 

piles o f 70 m  length. The tubes for the inclinom eter were 

set a long the axis o f the piles.

The S G I C ontact Pendulum

In the G o ta  R iver V alley in  southw estern Sweden slides 

occur frequently  and  it was desired to  install instrum ents in  

the g round to  w arn against possible slides earlier th an  occas­

ional observation  o f the g round  surface can  do.

T he au thors designed an  instrum en t w hich could  be left 

in the g round  for a  long tim e and  could  be opera ted  by a  

non-specialist.

T he chosen procedure was to  install a  tube as for the S train- 

G auge Inclinom eter. A  few consecutive m easurem ents were 

then  m ade w ith the S train-G auge Inclinom eter to  get a  

general idea as to  where m ovem ents occur in  the ground. 

F inally  a  long-term  inclinom eter is installed a t th e  actual 

dep th  and  w ith a ho rizon ta l o rien ta tion  determ ined by m eans 

o f the S train -G auge Inclinom eter o r otherwise.

T he C on tact Pendulum  has been developed for such long­

term  purposes. In  principle it is a  m echanical device as show n 

in Fig. 8. T he pendulum  is hinged on  ball-bearings and  assumes 

a vertical position . A  m icrom eter-screw  can be tu rned  by 

m eans o f  a th in  shaft and  a gear. W hen the screw touches an  

electrical con tac t on  the pendulum , a  signal is obtained  above 

g round . T he pendulum  and  con tac t a re  im m ersed in oil w hich 

prov ides p ro tec tion  against co rrosion  an d  has a  dam ping 

effect on  the pendulum .

484



Pendule à contact.

This dam ping ensures good electrical con tac t w ithout 

noticeable deflexion o f  the pendulum . C are is taken  to  use a 

very w eak cu rren t and  never to  b reak  the con tac t w ith the 

cu rren t sw itched on. T hus great accuracy (con tact travel 

ab o u t 1 ¡ji) and  long life o f  the con tac t is ensured.

T he m ircrom eter screw is m an ipu lated  from  above ground 

by m eans o f a tu rn ing  knob  (provided  w ith a dial). A  90° 

tu rn  o f  the dial m eans a  0 -1° corresponding change in inclina­

tion o f the pendulum . T herefore the tw ist o f the shaft —  w hich 

is only  a few degrees —  does n o t influence the results.

By counting the necessary num ber o f ro ta tions o f the dial 

to  get a  con tac t and  com paring  th a t num ber w ith the num ber 

o f tu rns required  w hen the instrum ent is held in a  vertical 

position the inclination  can be determ ined. This is, how ever,

n o t the recom m ended procedure when checking ground 

m ovem ents. In  such cases it is sufficient to  install the C on tact 

Pendulum  in the tube and tu rn  the dial until con tac t is o b ta i­

ned. This gives an initial position . Then the dial is tu rned  

backw ards. A fter som e tim e a new contac t is established and 

the change in inclination  is ob tained  from  the difference of 

the readings.

A possibility  (not yet applied bu t in tended  to  be perform ed) 

is the application  o f an arrangem ent giving an  au tom atic  

signal. O ne can then  open the con tac t gap a know n distance. 

W hen the inclination  reaches a corresponding value a signal 

is ob tained. If the soil in a  slope is creeping a t a certain  rate 

the con tac t can  be preset to  cover the m ovem ent du ring  a 

certa in  period  o f  tim e. If  the m ovem ent is accelerated a signal 

is ob ta ined  before the presum ed tim e interval is ended.

Tw o types o f  con tac t pendulum  have been m ade. O ne 

specim en o f the o rd inary  type had  been left in the ground 

fo r eighteen m onths up  to  the tim e o f  w riting. A t Ska Edeby 

this m eter was installed 2 m etres ap a rt from  a tube where 

m easurem ents were perform ed w ith the R od Inclinom eter. 

Fig. 9 shows a com parison  o f  the m easurem ents. The contac t 

pendulum  has rem ained sensitive.

Change o f inclination
10  degrees

0.5

(x) = Rod inclinometer 2-3  m depth 

(o) = Contact pendulum 2.56m depth

° ' ¡958 ’ ® S  ' m d

Fig. 9 Measurements at SkS-Edeby (Rod Inclinometer, Contact 
Pendulum).

Mesures faites a Sk^-Edeby (Inclinometre a tige et 
pendule a contact).

A precision pendulum  has also been bu ilt w ith a sensitivity  

o f ab o u t 0-002° (m easuring range 0-1°). T his indicates th a t 

the principle can give a high degree o f accuracy.
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