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SUB SOil DEFORMETER 

Introducti0 n 

In soil exploration work one has to resort to both 
laboratory tests and field tests. The former have the 
advantage of close control over various factors, 
whereas the latter conform to the actual site condi­

tions and are more realistic. Particularly in the 
determination of soil strength for the purpose of 
foundation design, field tests have a definite advan­
tage over others because soil disturbance is minimum. 
There are various well established in-situ tests like 
the Standard Penetration Test, Dynamic Cone Test, 
and Static Cone Test. One common thing in these 
tests is that a pointed end of the drill rod is driven 
into the soil either by hammering or by continuous 
pressure. The resistance offered by the soil against 
penetration is measured in terms of the number of 
hammer blows (in the first two cases) and of the 
concentrated pressure (in the third case), and this 
resistance is taken as a measure of the strength of 
the soil. 

In these cases it is to be noted that this resistance 

represents the maximum t hat a particu lar soil layer 
offers against penetration. It does not give any idea 
about how the soil deforms when the driving force 

is less than the maximum. In other words, these 

deep tests give empirical information on 1he strength 
of the soil layer, but say nothing about the defor ­

mation pattern. I n case of plate load test, we do 
get a definite relationship between the load and 
deformation but this test is confined to shallow 
depths. 

FOR SOIL EXPLORATION 

Requirements of a Field Test 

For correct assessment of the load bearing 
characteristics of a soil, we need a test which must 

satisfy the following six requirements : - (i) The 
test must give complete stress-deformation 
characteristics of the soil from 'natural' stress to 
'failure' . (ii) It must be conducted in one layer only 
at a time. (iii) It must be capable of being 
conducted layer after layer to any desired depth. 
(iv) one test should not affect subsequent tests at 
greater depths. (v) Test results should be known 

immediately and (vi) the test must be based upon 
sound theoretical principles. It is obvious that none 
of the conventional tests mentioned above satisfies 

all these requirements. This Institute has designed 

and developed a SUB-SOIL DEFORMETER (Fig . 1) 
for this purpose and made it readily available· to 
practising engil1eers. 

What is Sub-Soil Oeformeter 

It is an instrument used in soil exploration for 
finding stress-deformation characteristics of soil ­
strata under in-situ conditions. It is based on the 
principle of the well known pressuremeter test 
and the part that actually goes into the 
bore hole is made to the same dimensions 
and standards as in pressuremeter. But the control 
panel of Sub-Soil Deformeter carries several instru­
mentational improvements over the corresponding 
dart of pressuremeter, making it simpler to operate. 

This development has been made keeping in view 

*Exclusive manufacturers : Mis. Associated Instrument Manufacturers (I) Pvt., Ltd., 35-B, Najafgarh Road. 
New Delhi- 11 0015. I , 
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Fig. 1 SUB-SOIL OEFORMETER 

~.the conditions prevail ing in India and other semi­

industra li sed countries. /" '\ 
-'- + _ ENL ARGE D aORE II CL E 

The test is carri ed out in the same manner as in \. --~,' 


pressuremeter test, so that all the theories, inter­

pretations and app lications of pressure meter test 


(] INI TI AL VOLUME 

apply to Sub-Soi l Oeformeter test in toto. 
~ VOL UIoI ETR IC DEFORIoIATION 

Principle of the Test 

In this test a uniform radial pressure is appl ied to 
FI G. 2 PRINCIPLE OF SUB- SOIL OEFORMETER

the wal ls of the boreho le over a short length (Fig . 2). 
TEST 

Th is causes a f ie ld of compressive stress in t he 

horizontal plane. The Intensity of this stress is measures the strength of the soil layer as w ell as its 
equal to the app lied pressure at the borehole w all defor mation proper t ies. 

and becomes zero at infinite distance. Each annu lar 
Description

ring of the soil gets proportionately deformed under 
the respective stress and the sum of all such defor. The part of the deformeter which goes into the 
mations shows itself as an expansion of the boreho le borehole is known as 'Probe' (Fig. 3}. It consists 
diameter. Since the test length is fixed, this expan­ of rubber membranes st retched over a core. On ly 
sion is measured as a vo lumetric deformation. For the centra l portion know n as th measuring cell is 
a given pressu re, the vo lumetric deformation is used for measurement. The two end portions 
inversely proportiona l to the modu lus of elasticity of kn ow n as guard cells serve merel y to avoid end 
that layer. In other words. a hard soil will show a co nvergence over the measured port ion . The control 
small volumetric deformation under a high pressure pane l at g round level essential ly consists of two 
and a soft soil wi ll do vice versa . Thus this test reservoirs of water (1,2) . The measuring ce ll is 
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onnected to the bottom of the measuring cell 
reservoir by means of a hose (3) . Another hose 

(4) runn ing co-axi ally over th is hose con nects the 
two guard cells to the guard cell reservoir (2) . 
The reservoirs are fi ll d w ith deaired water, w hose 
levels (5, 6) are seen in the graduated vol umeters 
(7. 8). A set of pressure gauges (9) measures the 
pressures and a set o f valves contro ls the flow of 
wa ter. 

The probes are of two sta ndard sizes AX and BX 
(44 an d 58 mm diameter respect ively) . Th e man ual 
augers are of matching sizes and are operated w ith 
simultaneous wa sh bo ri ng. Dri l ing rigs may also be 

used w here necessary. but th boreho les must be 
of AX or BX size as t he case may be; (S ub-Soil 
Deformeter can not be used in the same boreho les 
as are normally made for SPT and und isturbed 
sampling). If casing is used, it is stopped at least 
a metre above the test depth. 

;,n\tl >n(,( »,h( 

Test Procedure 

First a borehole (10) of proper diameter is made to 
the test depth and the auger withdrawn. The probe 
is attac hed to the drill rod in place of auger, lowered 

into the borehole and he ld at test depth. Al l val ves 
are opened so that the system atta ins equi librium 

PROBE 

GUARD CELL 
under atmospheric pressure. Water level of the 
measuri ng cell reservoir is noted. The instrument 
is set ready for test by closing or openi ng the 

ME ASURtNG CELL 

GUARD . CELL 
relevant valves. Then fro m a compressed gas 
cy linder (11) a sma ll step of pre sure is let into the 
system. This pressure causes the probe to expand 

LEGEND .- and consequently the water levels to fa ll (12. 13). 
The pressure is mainta ined consta nt for that·step 

1. 	 Measuring Cell Reservoir and t he measuri ng cell volumeter readings are noted 

(8),30 and 60 seconds after letting in of pressure.
2. Guard Cell Reservoir 

3. Hose to Measuri ng Cell After the sixtieth second, the next step of 
4. Hose to Guard Cell pressure is let in and observations cont inued as 
5, 6. Ini tial Water Level before. Th is way, the· test is carried out w it h equal 

7, 8. Volumeters increments of pressure (erich increment being main­
9. Pressure Gauges 	 tained constan t throughout that step) til l the soi l 
10. Borehole fails. Then the pressure is released, probe is allowed 
'1. Compressed Gas Cylinder to contract to its original s ize and is withdrawn to 
12, 13. Fallen Water Levels the ground level. This consti tutes one test at a 

g iven depth. The borehole is then extended to the 
FIG. 3 : SUB- SOI L DEFORMETER WORKING next test depth and the test repeated in th e same 
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manner. For best results, drilling in virgin soil 
testing and driving the casing down to the tested 
depth are donemetre after metre in the said sequence 
ti l l the desired depth is rea ched. 

Presentation of Results 

A sample of test data is given in Table 1. Fig . 4 
shows the plot between app lied pressu re against 
the sixty second readi ngs (Vno). It is to be noted 
that the graph consists of three parts. Part AB 
represents the expansion of the probe in t he ini ti al 
air gap. Part BC which is a straight li ne. represents 

TAB LE I-TEST DATA 
Site New Hoste l 
Borehole No. 2 
Test Depth 15 m 
Depth of Water tab le 8m 
Date 21 .1.1977 
Time 11 .30 A.M. 
Remarks G.K. 
Observations on last one metre of boring Si lty Clay 

App lied 
Pressure 
(kPa) 

Volumeter 

At 30 Sec 

(cc) 
Readings 

At 60 Sec 

P vao v60 

2000 

P",- ____ .!:I~I!.!~A!!~!__ ____ __ __ _ o 
:- 1600 -~~-
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FIG . 4 SUB-SO IL DE FORMETER TEST CURVE 

the stress deforma tion rela tionship of the soil. Part 
CD represents the progress of lai lu re of the soi l. 

At D the soil has failed complete ly. P" represents 
the 'natural stress ' in the soil, PJ and PI are termed 
'Creep pressure' and ' Limit pressure ' respect ively. 
The modulus of deformat ion 'E' of the soil is calcu­
lated from the slope of the curve from the straig ht 
li ne portion BC. 

Po = 200 Po V" = 116 c .c. 

PI = 1000 Pa Vr = 261 C.c. 

E = 2.66 (535 + 116 +261 ) x !.900- 200 
2 261 -- 116 

= 10.620 kP" 

0 
100 85 
200 114 
300 138 
400 155 

500 170 
600 187 
700 203 
800 218 
900 238 

1000 258 
1100 285 
1200 318 
1300 356 
1400 410 

1500 474 
1600 552 
1700 660 

0 The values of Po . PI . PI and E obtai ned f rom th e 
89 

fi eld plot between vol umetric deformation and
116 

applied pressure are uncorrec ted values. There are
140 

simple methods for correcting these values for t he
157 

rigidity of the probe material. ground water tab le 
172 and the expa nsion of the instru ment. Depending 

189 upon the stiffness of the soi l and other test 
205 condi tions Some of these corrections become 
220 important and others not. The corrected 

240 val ues of the modul us of deformation E and limit 
pressure PI are p lotted with depth. along w ith the 

261 
bore log as in Fig. 5. 

289 
321 Interpretation 
362 

The family of such curves from one borehole is419 
shown in Fig. 6. In general, a curve which l ies low 

485 and f lat (e.g. 2m) represents a sof t or loose soil and 
568 a curve which rises steep (e.g. 12m) represents a 

678 stiff or dense soil . 
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FIG. 6 CURVES FROM SAME BORE HOLE 

Usua l va lues of E and P, for different types of soil 
are given in Table II. 

Table 1/ : Typical Val ues of E and P, for Dif ferent 
Soil Types 

Soil Type Modulus of Deformation Limit Pressure 

E kPa P, kPa 

Mud, Peat 200­ 1500 20­ 150 
Soft Cley 500 ­ 3000 50­ 300 
Medium Clay 3000­ 8000 300­ 800 
Stiff Clay 8000 ­ 40000 600­ 2000 
Marl 5000­ 60000 600­ 4000 
Loose Silty Sand 500­ 2000 100­ 500 
Si lt 2000 - 10000 200­ 1500 
Sand and Gravel 8000­ 40000 1200­ 5000 
Sedimentary Sands 7500­ 40000 1000­ 5000 
Recent Fi JI 500­ 5000 50 - 300 
Old Fi JI 4000­ 15000 400­ 1000 

5 

Application to Design 

The limit pressure and the modulus of deform ation 
are the most important parameters obtained from 
this test, w hich are used to estimate the bearing 

capacity of the soil. 

From Fig. 5 the values of P, and E from relevant 
depths are chosen for use in designs. The PI va lue 
is used in calculating t he ultimate bearing capac ity 

of footings, piles etc. and E va lue is used in 
estimating the sett lements and deformatbns. 
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FIG. 5. SUB·SOIL DEFORMETER RESULTS FROM 
A BOR E HOLE 

Advantages of Sub-Soil Deformeter Test 

A few advantages of the SUb-Soil Oetormeter test 
over conventional test are listed in Table III. 
From these, it can be readily seen that the Sub­
Soil Oeformeter test satisfies all the requirements of 
a fie ld test as en umerated earlier. Further, since 
the borehole is much smaller than the one in con . 



TAB LE III ADVANTAGES OF SUB-SOI L DEFORMETER TEST OVER OTHER 


CONVENTIONAL INS ITU TESTS 


Sub-Soi l Deformeter Test 	 Penetration Tests 

1. 	 Gives the buil d- up of stress from zero to fail ure. 

2. 	 Gives complete picture of deformations from 
natural state to fa ilu re. 

3. 	 Average out the soil properties over a large 
volume. 

4. 	 I nf l uence of loca l hard or soft pockets is very 
littl e. 

5. 	 Tests the undisturbed sides of the borehole. 

6. 	 Carrying out the test at one depth does not 
affect the layers below. 

7. 	 Possib le to know during the test itself w hether 
the test is run nin g correctly or not 

8. 	 The final results of the test are based upon 
scores of in termediate observations. Hence 
any n istake or oversight of the opeartor can be 

easi ly detected and corrected. then or later. 

9. 	 Estimation of earth pressure at rest possible. 

10. 	 Un loading test possi ble 

11 . 	 Is based on sou nd theory 

Give on ly the maxi mum resista nce . 


Give no information wh atever on deformations. 


Give the properties of soi l laye rs be low the tip on ly. 


Such pockets have a pronounced effect on t he 
res ults. 

Tests the disturbed bottom of the borehole. 


Soi l layers immediately below the tip are strongly 

affected by the tests. 


Not poss ible 


The test at any depth gives on e value only. It is 
not possible to detect a mistake and corr ect it later. 

Not possible 

Not possib le 

Are purely empirical 

Sub- Soil Deformeter Test 	 Plate Load Test 

1. 	 Can be conducted at any depth. Limi ted to sha llow depths only 

2. 	 Can be cond ucted below water table also. Not usually possible 

3. 	 Test gives a we alth of basic information . Only l imited information is avai lable. 

'.
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ventional exploration and the Sub-Soil Deformeter 
equipment is much lig hter, the progress is 

faster and running costs are much less. The Sub-Soil 
Deformeter pays back its cost in a short t ime. The 
Sub-Soil Deformeter te st is the only test in wh ich 
both th e strength and deformability of deep soi l 

strata are measured simul taneous ly and its result 
ca n be applied directly to design of fou ndations, 

without resorting to ind irect correlationships amongst 
a mU ltip licity 0 different tests. 

Since the Sub-Soil Deformeter gi ves reli able data on 
the most important propert ies of the soi l, the number 
of other conventional insitu tests can be red uced. 

For greater details about Sub-Soil Deformetsr, its 

pri ncip le, test method, interpretation, app lication etc. 
please refer to Handbook on Sub·Soll Deformeter, 
published by this Insti tute. 

Specifications 

The Sub-Soil Deformeter is used with any of the 
two probes. The probes can be easily inserted in the 
AX or BX size bore ho les (made according to 
DCDMA standards). Thus the probes are nominated 
AX and BX w ith nominal diameters 44 mOl and 

60 mm respectively. For drill ing in fine 
grained soi ls (c lays, sil ts and sands) spi ra I augers 

Copies: 1000 


Pri nted at : 


Anubhav Printers, Anaj Mandi, Roorkee 


are supplied to su it each probe. Si nce the probe 
si ze has been taken into accou nt in the for mula and 
the rigidity of the probe accounted for by correction, 
th e res ult is same wh ether AX or BX probe is 

used. The pa nel is compatible w ith both the 
probes. 

Probe size AX BX 

Au ger diameter mm 45 
 59 
Borehole d iameter mm 46- 52 60-66 
Probe dia meter mm 44 58 
Effect ive length of cm 36 21 
measuring cell 
Volum e of measuring cell cc 535 535 
Overa ll length cm 82 62 

Length of coaxial hose = 30 m 


Maxim um volumetric = 750 cc 

deformation 


Maximum limit pressure= 2500 k Pa (25.5 kg /cm2 


= 363 psi) 

Maximum mod ulus of = 98,000 k Pa (1000 kg/cm 2 

deformatton = 14.000 psi) . 

It is to be noted th at the range of Sub-Soil 
Deform eter covers practically the fu ll range of E and 

PI val ues occurring in natural soi ls-from mu d and 
peat to soft rocks. 

Prepared by : S Vaenkatesan 
Published by : 


Central Build ing Researc h Instit ute, 
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