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CHAPTER I 

DESIGN OF MOISTURE CELLS 



CHAPTER  KO. I. 
1.00•0■•••••■•■ 

DliSIGN OF 140ISTURR, CM1,3 

1. LEMDiraus 

The paper on "Measurement of subgrade Moisture in Situ" by 

the author, is published in Roorkee University Research Journa1,1962 

an has been accepted fbr publication by the Institute of lIngineers 
(Inua). This paper is given in Appendix I  I. In this article 
various methods of measurement o f! moisture content in situ and 

the advantages end disadvantages of each method have been discussed. 
There in, it has been concluded that electrical resistance cell if 

properly designed, are beet suited for measurement of moisture con-
tent under fbundations, 

In the proceeding paragraphs, attempt has been made to inves-
tigate each factor Which affects the proper design of electrical, 
resistance cells. This attempt has enabled design of suitable cells 
for this investigation. 

2. ILEVIENTS AFF3CTING DZSIGH. 

In the design of electrical resistance cells the following 
elements affect the design. 

	

C a) 	Blectrodea s Their corrosive power, perfbrations for free 

flow of moisture through the electrodes and the area of the 
electrode. 

	

b) 	Insulating material: The moisture absorptive and release 

power of the insulating material and the resistance offered 
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by it to the flow of electricity, The dielectric strength 

(i.e. the ability to with stand break down) of the insula-

ting material does not affect the design, as the voltage 
applied is too low, 

(c) 	Cover : The porosity of the material covering the electrode 

and the resistance offered by it to the flow of electricity. 

The effect of these elements are discussed, in the subsequent 
sub-paragraphs, 

44CTRODIO  

2,1.1, MATERIALS FOR ELECTRODES 	The materials for the electrode 
should be of low resistivity, Almost any metal will stmt the pur-

pose from this view point, 

Since the electrodes are to b3 embedded in moist soil (may 

be with salt action) the metal so chosen should be nom-corrosive. 

Various metals like copper, stainless steel and monel have been 

used, Copper is corrosive and hence is recommended for short dura- 

tions only, Monel is an alloy containing about 3 parts of nickel 

to one part of copper, It is cheaper than nickel, It is tough, 

strong, non corrosive as pure nickel, Stainless steel is also non-

corrosive, 

2,1.2, FLOW OF MOISTURE THROUGH THE ELECTRODE s Since the variation 

in resistance in between the eleoytrodes is only considered to be 

due to change in the moisture content between the electrodes, they 
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should be of such pattern, as to In no way hinder the flow of mois- 

ture to 	from the insulating material, In the first stage of 

development of electrical resistance cells, wire electrodes were 

used, They have now been replaced by mesh pattern. Any mesh 

pattern to serve the above mentioned need of free flow of moisture 

would be suitable, 

2,1,3, AREA OF ELECTRODE s Since the resistance offered by elect-

rodes is inversely proportional to the area of the conducting median 

( R = 	x 	where R = resistance, 4 = length, A = area and 

10  = resistivity of the material ) more the area, lesser the resis-

tance offered and hence sane measuring instruments may give more 

accurate results, 

20 104, TYPE OF ELECTRODES INVESTIGATED s The fbllowing types of 

electrodes were adopted for this investigation s 

(a) Circular , Stainless steel electrode with central hole. 

(b) Circular and rectangular perforated brass mesh electrodes. 

They are shown in Fig, 1. 

292. INSULATING MATERIAL  

2,2,1, CAPILLIARITY PERMEABILI PROPERTY s It is claimed that the 

porous material of the cell wets and dries along with the moisture 

around it, Investigations carried by the author with plaster of 

paris cell as recommended by B)uyoucos$  showed that this is not so 

and that the cell continued to remain wet in its interior (i.e. 
between the electrodes oven though the soil surrounding it had 
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dried.) This is naturally due to the difference in the capilliarity-

permeability of the soil surrounding the cell and the capilliarity-

permeability of the material in the cell,-  The author therefbre 

concludes that with slight increase in moisture content of the 

surrounding soil the material in the cell gets saturated and no 

further change in electrical resistance is reanded even though the 

moisture content of the surrounding soil is increased*  The same is 
true ibr nylon and fibre glass cells*  It is therefbre highly deal.- 

liable that the capilliarity-permeability of the dielectric material 

in between the electrodes should be same or more than that of its 
surrounding soils e 

parts is very low*  

The capilliarity -permeability of plaster of 

2.2.24  RESISTIVITY OF MATERIAL 	- (a) When insulation consists of 

small sheets of material s, in addition to the volume resistivity of 

specific resistance of material, surface resistivity is also to be 

accounted fora Surface resistivity can be defined as the resistance 

between opposite edge of a unit square area of the surface of the 

material*  This quantity depends upon the general conditions of the 

surface and upon the hunidityi and is not a constant (44) - The 

surface resistivity is given by an equation 
R x II d 

* Numbers ill bracket indicate reference nun' ber at the end 
of this Chapter* 
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Value of resistivity at 30°C and ratio resistivity at 20°C 

resistivity at 30°C 

for a number of hard insulating materials have been determined* 

These ratios varies from 1 for mica to 16 for bee-wax. 

2.2.3* TYPE OP INSULATING MATERIALS INVESTIGATED. s The following 

types of insulating materials between the electrodes were tried; 

(a) Rubber, 

(b) Plaster of Paris with zero, 40 and 50 p.c. standard sand, 

(c ) Soil and 

	

(d) 	Air. 

(a) The object of providing rubber as an insulating material was 

to provide zero conductivity in between the electrodes and 

thus measure the conductivity due to the soil surrounding the 

cello These cells were therefore not covered. 

(b) Plaster of paris was adopted as it has been commonly used 

in one type of cells at present marketed, Since their 

capilliarity-penneability is very low and hence do not rele-

ase moisture easily,- Sand in 40 p.c. and 50 pee* were added 

to plaster of paris to increase its capilliarity-permeability 

and thus reduce the moisture retaintive.power of this mated 

(c) Soil was adopted to provide the same capilliaxity-permeabi-

lity as that of the surrounding medium. 

(d) Air was tried as it was assured that the change in resistance 

would be proportional to air humidity which inturn will vary 
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Churcher (45) has shown the now pattern of the current. This patte 

is shown in Fig. 3 (The diagram is not intended to be a map of the 

various field forms but merely to show in an approximate way the 

nature of the effects tried). The flow through the surrounding 

media has the effect of reducing the apparent impedance of the 

section of the specimen near the centre and at the same time reduce 
its power factor. 

2.3.3. THICKNESS OF COVER s The disadvantagesof providing usual 
cover over the electrodes in case of plaster of paris (which is 

highly impermeable) were observed during the preliminary investiga-

tions and has been discussed in Irppendix IU, Thus in case of 

plaster of paris cells with or without sand, no cover or very little 

cover (as little as practically possible) was provided in later 

investigations. Plaster of paris and sand mix in the cover was 

the same as for the insulator between the electrodes. A thin cover 

was found necessary to prevent any air or moisture gap between the 

electrode and the insulator and also provide futilbrm electrode con-

tact. However, some cells without cover have also been investigated. 

All other cells having rubber or soil as an insulating 

material were not provided with cover because in case of soil, 

the surrounding soil la the sane as the soil in between the 

electrodes, while in case of rubber, the object was to determine 

conductance through the surrounding soil. 
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3. DEIGN OF CELLS INVESTIGATED AND METHOD OF TESTING. 

3.1. CELLS INIES-TIGATEDs 

The elements in the design of cells have been discussed in 

pars 20 The effect of different factors on these elements have 

been pointed out, Various combinations of these cells were tried, 

Their details are lis_ted in Appendix No, 1a  and shown in Fig, 7(b) 

3.2, CALIBRATION:  

The method of testing these cells is known as "Calibration". 

It can be divided in two parts (1) oi.beddment of cells and measure-

ment of moisture content by gravimetric method (ii) Measurement of 

resistance at different moisture content, They have been discussed 
below: 

3„2,1, Two methods fbr embeddment of cells and measurement of 

moisture content by gravimetric method were adopted as explained 

below: 

Method (a) s The cells were embedded in a soil in a big con-

tainer having considerable area and depth, and moisture content 

of the soil at the level of the cells determined by taking soil 

samples, as explained later in this paragraph and shown in Fig,60  

Method (b): The cells were embedded in a shallow box 

(5 ono  depth) with top and bottom provided with perforated sheet 
of brass as shown in Fig, 7 (a) 0  The perforations in brass sheet 
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..e:ctro as shown in Pigs 4 a, Blotting paper on the inside of the 

perforated sheet was provided to prevent soil falling out through 

the perforations and also to provide unifbxmity of moisture over 

the whole area, The box was 30 em, long and 15 cm. wide. The mois-

turo contort was deter oined ,by weighing the box as explained 

later in this paragraph* 

The soil in both the methods was compacted for the scone dry 

density as that obtained in the field.: 

tiothod to (a) above had to be abandoned as two soil scmplos 

were teken fbr each roading of all the cells in the container and 

in all about BO to 0 coil scnplos had to be takon within the 

lit itod area of the soil availablo. Bach soil ample in mothod 

(a) was taken by driving a cork borer through the d'apth of the 

soil. The portion of tho coil at the lovol at which the cell tras 

osiboddod was thon taken out of the borer. After the soil had boon 

bored it was es'3ontial to fill the hole with tho remaining soil 

from the borer and also some more additional soil to replace the 

quantity of soil removed for detcamination of moisturo content, 

It 11013 net possible to compact the soil in the bored halo to the 

soma unifbm density as that of the ,surrounding soil. All attempts 

wore therefbre made not to tato.  the soil ample at the point whoro 

the boring had already boon made, i11th the limited area of the 

soil available it was many a times not possiblo to take the 	plo 

at placos other than the places where semplo had already boon Ws° 
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It may however be mentioned that two soil sample taken diametrica-

lly opposite but at the same depth' and at the same time showed vast-

ation of moisture content not' exceeding 1 p. c. of the average mois-

ture content detemined. 

In method No, (b) above, all cells were placed' at 2.5 cm. 

from the top and the bottom of the box (except cylindrical cells) 

and any two adjacement cells had a minimtm clear gap of 2.5 CMS* 

Cylindrical. cells were placed in a vertical position i.e. PerPen 

dicular to the perforated top or bottom'of - the box, Bach box 

contained about 16 cells or less, The weight of each box with dry 

weight of the soil„ blotter and cells Was determined,, Thus the 

average moisture content of the soil in the box could be easily 

determined by just weighing the box, To provide unifonnity of 

moisture throughout the area of the box, both its top and bottom 

were always kept exposed to air by keeping the box in fiat positi-

on over the edges of an empty tray, Thus by this method moisture 

content could be determined without disturbing the soil, 

In both the methods after the cells had been placed, the 

soil was wetted and dried for ramber of times, spread over a 

minimum period of six months, This was termed as a setting period. 

Calibration of the sells was then started usually for falling water 

content, under almost the same temperature of the soil, Three and 

sometimes four sets of readings for different falling moisture 

content were taken, The readings reported in this paper (by means o 
graphs) are the last readings taken as there is no appreciable 
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difference between this set of reading ana one taken immediately 
beibre it. 

3.2,2. RESISTANCE MEASURING DEVICE s 

The instrument for measurement of resistance have been men 

tioned under pare, 3o The forest service U :So A. Department of 

Agriculture (30) have compared the utility Of these instruments, 
For measurement of resistandet  following fouir,methods were tried: 

I) 	Across tam-meter (NO-8) 

ii). Across D.C. Wet battery and Amp-meter (AST©•S) 

111) Across alternating current OD Volts) and imp.meter (NO-8) 

iv) Across volt tube voltmeter, 

v) By Post Office Box method, 

The circuit diagram of the first four methods above are 

shown in Fig, Noe 5. 

All the abovedlethods were compared ibr number of times on 

dry (coil,-resistance) as well as Wet (wet moisture cell) resistance, 

Sample readings are given in Appendix No, It and the results are 

reproduced below s 
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s st :ic: n0' 
lAcrossektross • Across 	Aaroas V.T.V.M. .S.NoITYpei of resistanceg ohm. 0D.C.Wet' A.C. 	(10 V) 
i
mettor  ,battery' (10 V) * 

	

1, Dry Coil resistance 1,960 1,865 	1,820 	1,825 

	

182 	136 
Moisture Cell. 

In case of measurement with Qom-meter ozily, the needle 

fluctuates when measuring resistance along wet moisture cell and 

hence the readings are inconsistent, 

From the above results we observe that the recorded resis-

tance decreases in the following order s 

ta).crass wet battery. 

(b) Across V.T.V.14, 

(c) Mross , A.C. Voltage. 

The percentage decrease in resistance in these three methods is 

not appreciable, 

raperiments carried out with A.C. Supply showed that when 

the terminal, wires are embedded in soil with varying emount of 

moisture content,' there is lot of variation in capacitance and 

inductance recorded, Since resistance in these three is almost seine, 

D.C. Wet battery method was adopted. 

2,, Watt)  Saturated 155 



s 14 $ 
4, DISCLESION OF MILTS, 

4.1, PROPORTION OF TFt DISSIPATION OF CURRENT THROMH THE SURROUND. 
XNG SOIL AND THRO DOH THE INSULAIOR 3311-13EN THE ELECTRODE, 
To determine the amount of current dissipated through the 

surrounding soil as compared to that through the insulating modius 

inbetwoon the electrodes, cell No. 42 and 43 (Fig. No. 24) can be 

ecmpared with call No, 48 and 49 (Fig. No. 27). Cell. No, 42 and 43 

have rubber insulation between the electrodes. The dissipation of 

current through rubber will be almost zero. Moreover it being abso-

lutely impermeable, the current if any passing through rubber will 

not got affected by the moisture content of the surrounding medium. 

Hence it can be assumed that the flow of current in cell Nos  42 
and 43 is only through its surrounding mediun. Cell No, 48 and 

49 is ezaotly* identical to cell No. 42 and 43 except fbr its in-

sulating material between the electrodes. This insulating agent 

id air, soil and the moisture contained therein. Thus the percen 

tage of current passing through the insulator between the electro-
des in case of cell Mo. 48 and 49 is given by s 

No 	d 9 	 42 
FiR of' cell No, 48 and 49. 

Where E is the voltage and. R is the resistance. 

Since 3 is constent, we have the percentage of current passing 

through the insulator of cell No. 48 and 49. 
100 x Resistance of cell No. 42&43 -Resistance of cell No.4 gt  

Resistance of cell No. 42 and 43. 

100 

49 
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The values of resistance ibr these cells for different mots-

turd content as obtained from Fig, No. 24 and 27 and the percentage 

current passing through the insulator are given in Table No. 1, 

  

•111.1111•17111.111101 1 11r111.1.4■001.1~* 	 . 

  

  

P.C. Current passing 
Ithrough insulator 

1COL, 2. 

P. C. 	(Resistance e fiResistarice 1031.2 
Heistlpicell Nos, 	j of cell 	minus 
re. 	42 ti 43. 	4P&49 I col,3. 

4 5 
NOIWIPas■IMMENIst 

2 3.3 x 104  2.0 x 104  1,3 x 104  38,2 

4 1.55x 104  1.0 x 104 0.56x 104 35,5 

6 9.5 x 103  6,7 x 103  x103  30.5 

10 4,8 x 103  3.7 x 103 1.1 x 103 22.9 

12 3,6 x 103  3.0 x 10 0.6 x 103  16,7 

14 2.7 x 103 2.4 x 103 0.3 x 103 11.1.  

18 1.6 x 3.03 3..5 x 203  0.1 x 3 6.25 

Table Vii. 1. 

The graph of percentage moisture (Col. 2 Table No. 1) 

against percentage current Passing through the insulator (Col. 5 

Table 1 ) is shown in Fig. No. 8 From this graph falowing' two 

things are evident, 

(a) The dissipation of current through the soil and air 

insulation between the electrodes with relation to moisture content 

follow a straight line curve. Since cell No, 41 and 43 also show a' 

straight line curve for resistance against moisture content, we 

conclude that the dissipation of current through the surrounding 



hesistance Resistance ofi 
lo f Cell No, Cell No0 

42 ik 43. 	44* 46 	II 

P.C. current passin 
col, 2 1 through the insular. 
C minus I 

 ( 	t24.3) wo 	 X 100 
P.C. 
Moisture, 
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soil also Hallow a straight line curve. 

(b) The percentage amount of total current passing through 

the soil and air insulation between the electrodes is about 28 pee. 

at the lowest moisture content of 21p.c. (Col0  6 Table 1) and 
decreases with increase in moisture content till it is 6.25 p.c. 

at 18 p.c. moisture content, This shows that most of the current 

is dissipated through the soil surroundirg the cell. 

Cell. Nos. 44 and 46 with perforated rubber insulator (Fig, 

No*  25) have the emne electrode area and other factors as those 

of cell No, 42 and 430  except that the area of imitation caused b7 

air and soil through the perfbrations has decreased. Table No, 

2, give the same tljpe of percentage comparision as carried out 

in Table No. 1, 

• 

0,9 x lo4  

6 9,6 x 103 8,0 	x 30 	1.0 x 103  

10 4.8 x 20 4.6 	x 303 	002x 103  

14 207 x 10 2,6 	x 103 	0.1Z 103 

18 2.1 z 103 2,03'x 103 	0,07 x].03 

Table'No,,  20 

3s3 x 10 
	2.4 x 10 27.3 

10,5 

4,2 

3,7 

3.3 
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As the size of the perforated boles in cell No. 44 & 45 was 

of the order of 0,25 cm to 0.2 cm. dia. the soil could not get into 

the holes easily as in case of cell like Nos, 48 and 494  The con- 

ductivity as proportional to the area can therefore, be not Judged 

from this comparis-ion. The only conclusion is that the insulation 

area has considerable effect. Theoretically it should be proport-

ional to the area. 

The above table proves that cts the conductivity of the insup 

lation is decreased the percentage current passing through the ins 

sulator also decreases. This is no doubt obvious from the theore- 

tical stand point also. 

4,26 SMAIUMSLLIElana 

With rubber insulation with or without perforations (cell 

No b  40, to 45 as shown in Fig, 23, 24 and 25) and with soil and air 

insulation (Cell No, 46 to 56 as shown in Fig. 26 to 31) there 

is almost a uniform rise in gradient from the lowest moisture con-

tent to the highest moisture content, It has also been shown 

(paragraph 4.1) that the dtosipation of current through the cell 

or through the surrounding soil follow a straight line path from 

the lowest to the highest measurable moisture content. 

In case of plaster of Paris cells with or without sand 

(i.e, with variable capilliarity-permeability) the slope is flat 

upto a certain moisture content depending upon the capilliarity-

permeability of the material and the cover provided 6 The slope 
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beyond this moisture content steepens. 

With rubbers  soil and air insulator the steepest sieves are 

usually flatter than with plaster of paris insulator, Ibwever with 

suitable increase in capilliarity-permeability of piaster of'paris 

(by addition of 40 to 50 No. sand) the steepest slope tends.to be 

identical with the rubber or soil or Air insulator. 

4.3, EFFECT OF  F AREA OF THE INSULATOR s 

With increase in area from 3.75 cm2 ,
( 2,5 x 1.5 cm) to 5.04 

Cm2(208 x 1,8 cm) or from 3.14 =2( 2 cm, dia) to 6.6 =2(2.9 cm 

dia) the conductance of current increases. Comparing the percentag 

increase in different tapes of insulating materials (calculations 

not given) it is found that the percentage conductance of current 

decreases with increase in moisture content or remains almost uni-

form inspite of the increase in moisture content beyond its certain 

percentage, Ito percentage increase of conductance per unit area 

depends upon the type of insulator and increase in the following' 

order of insulator a Plaster of pariss  perforated rubber and .unper-

forated rubbers  For soil s  this type of compe.rision was not made. 

4.40 2tragisaLilili .01101 

Two types of electrodes i.e. Brass and stainless steel 

were tried. No change is marked due to the change in the metal of 

the electrode, The most important point is the perforations. From 

the 	graph it is evident , that stainless steel electrode with ono 
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central hole has some times given erratic results, Perforations 
uniformly spread over the area give more consistent readings. 

From this it is concluded that mesh electrodes are the best, 

This is consistent with findings, of Ebuyoucos (10). 

4,5. STUDY OF PLASTER OF PARIS C.LS. 

The most important factor in this case is the permeability 

of the insulating material and the cover over the electrode. In 

the ftalowing subsparaspells with thin covert  without covert  effect 

of cover thickness and joint effects of these factors have been 

discussed 

4,5.1. PLASTER OF PARIS CELLS WITH THIN COVER 	All cells with 

plastar of paris with or without sand but with thin cover of 0.2 cm. 

or less show a smooth uniformly rising curve upto 8 p.c. moisture 

content. Between 8 and 12 p.c, the rate of rise of the curve 

increases with increase in moisture content. Beyond 12 p. c. mois-

ture content the curve obtains very steep but uniform slope. Since 

steep curves are most undesirable for proper determination of M.C. 

the steepness beyond 12 p.c. moisture content should be as less 
as possible. This varies with the percentage of sand added, and 

the area of the electrode as is evident from their respective graphs. 

The area of the electrodes and the slope of the curve above 12 p.c. 

moisture cOntent for these cells is given in Table No, 3. 
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11 Sand percentage I Area of 	Slope of curve 
Cell1 in plaster of I electrode in above 12 p.c. lois 

I No. 	parist 	 2 	1ture content, 
1 	 2 	 3 	 4 

Cm 

25 and 26 	Nil 	 3.76 	3. in 4.1 
40 	 3.75 	l'in 207 

13,14, and 16 	50 

27 and 28 	Nil 

4,5 and 6 	40 

16,17 and 18 	50 

.3.75 

5.04 

5,04 

5.04 

1 in '3.1 

1 in 3.8 

1 in 2.2 

in 2i4 

Table No, 3. 

From Table No, 3 we observe that 

i) 	The slope steepens in the following order s 

a) 40 p.c. sand, 

b) 60 p.c. sand. 

c) zero p.c. sand, 

and that the difference in the steepness of he cells containing 

40 or 50 p.c. sand is very little. 

Li) 	The slope steepens with decrease in area of the electrode. 

Thus we find thct addition of standard sand to above 40 to 

50 p.c. and increase in area of the electrode would provide flatter 

slopes. 

4.5.2. PLASTER OF PARIS CELLS WiTHOUT COVER 

All cells with plaster of paris with or without sand and 
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without cover do not show such a smooth change in slope as in 

case of covered cells. This is probably due to non.unifOrm 

contact and interlocking of moisture between the electrode and 

the inoculating material. The bond between the electrode and insular. 

ting material is not . firm. However the curves for these cells indi-

cate that the change in steepness is not as abrupt SS has been 

noticed in covered plaster of paris cells, ?he steepest gradient 

,in these cells also lie above 12 p.c moisture content, as is ob. 

served in thin covered cells (See irppendiX I.) 

The steepness of the curve in case of these cells beyond 

12 p.c. moisture varies with the percentage of sand added and the 

area of the electrode, as is evident from Table No. 4, prepared 

from data given in Appendix IV. 

1 Slope of curve above 
Nand percent 	Area of elect I 12 p.c. moisture 

Cell No. 	in plaster 	I rode in 	 content. 

	

of paris. 	2 

30 and 31 	Nil 
7,0 and 9 	40 
19,20 and 21 	50 
32 and 33 	Nil 
10, 11 and 12 	40 
23 and PA 	50 

	

3.75 	1 in 3.3 

	

3.75 • 	1 in 2.0 

	

4.75 	1 in 2;2 

	

5.04 	1 in. 2.9 

	

5.04 	1 in 2.0 

	

5.04 	1 in 1.7 

Table Na. 4. 
From the above we observe that s 
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J.) The slope steepens in the fbllowing order : 

a) 50 p.c, sand. 

b) 40 p.c. sand. 

c) zero p.c. send. 

and that the difference in the steepness of the cells con-

tattling 40 or 50 p.c. sand is very little. 

ii) The slope steepens or remains same with the decrease in 
area of electrodes. 

Thus we arrive at the same .conclusion as that in pare 4.5.1. that 

the addition of standard sand to about 40 to 50 p.c. and increase 

in area of the electrode would provide flatter slopes. 

Now comparing the slopes given in this sub-para for cells 

uncovered with those given in pare 4.5.1. with thin cover on cells, 

we find that in case of uncovered cells the slope is more flat. 

This is further discussed in the following sub.para. 

4.5.2, EFFECT OF THICKNWS OF COVER IN PLASTER OF PARIS CELLS: 

The effect of cover on plaster of paris cells with or with. 

ou and has been pointed out at the bottom of para 4,5.2, 

The effect of variation in thickness of cover was also tried 

with plaster of paris cells without sando The following are the 

resultss 

In cell No. 78, 79 and 80 (Fig.No.32) with cover of 0.3 cm. 

the curve shows a smooth uniform Vise upto 7 p.c. of moisture 
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content as against 8 p.c. in case of plaster of paris cells with 

or without sand and with thin cover or even without cover. 

Moreover the curve for cell No. 78,79 ail 80 steepen sharply 

beyond 8 p.c. moisture content as against 12 p, c, in case of cells 

with or without sand and with thin cover or even without cover. 

This is evident from Table No. 5, 

41 	 'Steepest slope of curve Cell No. 	IArea in Cm" 1Cover thicknessIbeyond - 9 p.c moisture 

78, 79 & 80 • 
25 and 26 
30 and 31.  
27 and 28 
32 and 33 

	

7.31 	0.31 

	

3.75 	0.1 

	

3.75 	Nil 

	

5.04 	0.075 & 0.05 

	

5.04 	Nil 

1 in 15.0 
1 in 4,1 
1 in 3.3 
1 in 3.8 
1 in 2 9 

Table No. 5. 

Thus we find that with decrease in thickness of cover the 

slope becomes flatter. 

6,6 5.4.00MPAR/SION OF PLASTER OF !PARIS MILS: From the above discuss-
ions under paragraph 4.5 it is observed that the plaster of paris 

. 
cells with 40 to, 50 p.c. sand, with minimum possible thickn.ess. bet- 

ween the electrodes (say zero to 3. cm) and. having bigger areas say 

(5 cm2)would give better re$ults.The cells without cover though give 

flatter slopes than with covert  but de net show a smooth change. • Tho 

reason fo.r this non unifbrm change has already been pointed out. A' 
thinest possible cover to provide Very good and uniibrm contact 

between the insaator and electrode will give the best results() 
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5. C0 N 	J, . _0 _N .  

Dissipation of current through the surrounding soil would 

give better results than through the insulating material 

between the electrodes, Cylindrical cells are therefore 

undesirable, Rubber insulation is the best. Soil and air 

insulation also give equally good results, Plaster of 

paris with improved capilliarity-permeability also would 

give good results, 

ii) Meterials for the electrodes should be selected from the 

point of view of durability attd corrosion; but all electrode 

should have considerable perforations spread uniformly over 

the area of the electrode, 

iii) The plaster of parts cells with 40 to 50 p.e, sand, with 

minimum possible thickness between the electrodes and having 

bigger area would give better resats, The cells without 

cover though give flatter slopes than with cover; do not 

show a smooth change, The thinnest possible cover providing 

very good and uniform contact betweert the insulator and 

electrode will give the best results, 

OD S S 
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1,000 ohms Reading 	= 5.45 volts. 

t2 10835 ohms. 
5.45/.1000 

Hence resistance 

10 155 ohms. Resistance = 

s 26 s 

SiMPLE CALCILATIONS. R COMPARISION OF MR METHODS OF MEASURFp 
HP011T5-tAgl. Para i1,20) u 

(a) With dry resistance coil s 

i) Okra meter (NO-2) 	 1956 Ohms, direct reading. 

ii)D,C, Wet battery at 5.5 
volts   reading = 2.95 M. A. 

• • Resistance = 
0.00295 

iii) A,C,Supply at 10Volts --- Reading = 5.5 14 . A. 
 

, • 	
10 

Resistance = 	 1820 Ohms. 
0.0055 	

=4 

iv) A.C. V. T.V.M, at 10 volts supply with a fixed resistance of 

(h) With wet moisture cell 

1) Ohm-meter (100-8) 	 Needle fluctuates. 

ii) D.C. wet battery at 5.55 volts 	 Reading 30.5 14, A. 

.1 . Resistance = 
5,55 	 = 182 ohms. 
0.0305 

iii) A.C.Supply at 30 volts 	 Reading = 73.5 M.A. 

0
.

II" Resistance = 	 10 	= 136 ohms. 0.0735 

iv) A.C. V.T.V T.V.M. at 10 Volts supply with a fixed resistance of 
1,000 ohms 	 Reading 	= 66.5 volts. 

65,5/1000 

1,865 ohms. 



Appendix  (2) 

Results s 

D. C. Wet  A. Co  V T. V• 
Type of resistance  10hth meter 1 Battery 1  1 

i) Dry resistance coil  1950  1865  1820  1835 

ii)Wet Moisture cell 
 

182 
 

136.  155 

—$0s 
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APPENDIX III  

PROPERTIES OP SOIL IN WHICH THE CELLS WERE CALIBRATED 
. 	(ROORKEE SOIL) 

1. Sieve Analysis. 

Passing  
A.S.T.M.Sieve No. 

Retained A.S T.H. Sieve No. 
Percentage 

retained 

4 r 	8  0.04 

8 16 0.10 

16 30 0.16 
30 40 2.60 
40 50 13.00 
50 100 43.20 

100 200 13.80 

2. Optimun Moisture content = 10.6 p.c. 

Plastic limit = 10.8 p.c. 

Liquid Limit = 23,2 p.c. 

Maximum dry density at 9,M,C3= 126 	rt. 
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--MEASUREMENT-OF-SUBGROUND-MOISTURE-INcS1TU7,  

b ,...-1 y I  u 
I 	 i N. K. VASWANI* 	 s.:./  

0+ 

1 	
i 	5 1. Necessity , 

	

	 I ; 
The design of a pavement is a function of elastic properties of -  

I 	 I 	/ 	 o 	, 
neath it. These properties are considerably affected by the variations of mo

.  stills, 
content. It 	therefore necessary to measure moisture icontent at intervals of 
itime. The variation of modulus of subgrade reaction with moisture content foii:  
[Roorkee soil.ig shown in Fig.! 1. 	1 	 I 1 i 	:1 

The distribution of ground water in soil varies throughout the year resulting 
I 	 1 	 i - '11-- 	WI t- A v 

./ in its movement. The principal factors which affect the Movement are A) tAipera.li-' i 	 I 	 1 	-4. i 
ture of soil, (ii) air temperature and/t

/ 
 imidity, (iii) level of water table (iv) 

	

rain 	I 	t.,  
rainfall and surface absorption. In'ase of water proof Pavement, rain wl-ter has 
tio-direc-FacceSs to the gittgijade/Moreovelr, evaporationLfrom the -surface z IsIO: 

, ./". 	I 	 1 	ci'l 	tr prevented. Moisture variation in the subgrade is therefo're mostly affecte 	y t e 
V' 	 ! 	,i water table and seepage to and from the sides. The interior of the subgrlde has 

	

....1 	A  .."- more or less e4uilibrium moisture content while the adjining ground undergoes 

	

..": 	 i 	c.... 1  
lot of moisturexariation throughout the season and affects edges of subgrade only 

2. 

 

Different methods of determining moisture content 	, 	1 	0
0 

The current methods of estimating the moisture content range from the agev  

old method of feeling the soil to the recent development of radio active method. 

■ Thern-ethodsJ:Usually-adopted-are-given-below (4). 	 IPA I it 
 ■ SJ1 	 a 	4 

(a) Gravimetric .method 35;liIa\ON1 
(b) Tensioeter method ; 	m 11. 	rvA 	‘.1 e 	au.woom - 

3 3 (c),0)Electrical -resistance.sneth4AI z‘ou, t.\\4  
(a) Radio active or nuclear method. trod 	,c1 114'10 01 	 ile0,110,-).bi,1 	;:f■iisf■rti, iU PhOdillni 

2.11Gravimetric 1;11.11.4t).111  grff to fjOrLfltion i ih lo 	 )1Altrl audi hnn 
loftwA f; cbrisists ipf taking:the;  soil:sap? Rle from ,the,place r)(71ayti  12,e ,f Romi)a51,v!Lild 

•,Surfacelor at iartv depth below the groundit p.t,whclitheynoistgre,Isontent l imeRii- 

'" 	 of Moorkee; -Roorkee.m 'yr ,4.11 btu 0, ;793 tin,  
j-Nu'int;'eri'in'brdcket iridicatil reference niintheirgiveniabthe,encl..ofjhistpaper. ftw ilfz, 
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content. It is therefore necessary to measure moisture f content at intervals of 

time. The variation of modulus of subgrade reaction with moisture content foi 

Roorkee.soil.is
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lot of moisture variation throughout the season and affects edges of subgrad only'. 
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2. Different
1 
 methods of determining moisture content 	 g 

 t y 
The current methods of estimating the moisture content range from the age 

old method of feeling the soil to the recent development of radio active method. 

Themethods:iisually-adopted-are-given-below-(.1).- 	 _104 1  
cA \ 	 ..1 	 e• 	 & 	 A 

(a) Gravimetric method 
V' j t if'‘..)) 3 5kU1 .E' \ON\ 

(b) Tensiometer method 
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(4) Radio active or nuclear method. 
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(10iftillEItIconsistot taking the;  soil; sample frsornl.he)plaice_ n(mayi,  tr_ ,ifriomATal 

-,Surface:or at,any depth!below the ground) at  

`-*header iri `CiVil'EniiiieeiiheithiiVJrsiiy of )lloorkee;oRoorkeeirter gilt ha:-  ILI-19i WTI 
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MEASUREMENT OF SUBGROUND MOISTURE IN SITU 
by 

N. K. VASWANI* 

1. Necessity 
The design of a pavement is a function Of elastic properties of the soil under-

neath it. These properties are considerably affected by the variations of moisture 
content. It is therefore necessary to measure moisture content at intervals of 
time. The variation of modulus of subgrade reaction with moisture content for 
Roorkee soil is shown in Fig. 1. 

The distribution of ground water in soil varies throughout the year resulting 
in its movement. The principal factors which affect the movement are (i) tempera-
ture of soil, (ii) air temperature and humidity, (iii) level of water table (iv) 
rainfall and surface absorption. In •case of water proof pavement, rain water has 
no direct access to the subgrade. 'Moreover, evaporation from the surface is also 
prevented. Moisture variation in the subgrade is therefore mostly affected by the 
water table and seepage to and from the sides. The interior of the subgrade has 
more or less equilibrium moisture content while the adjoining ground undergoes 
lot of moisture variation throughout the season and affects edges of subgrade only. 
(4, 17).t. 

2. Different methods of determining moisture content 
The current methods of estimating the moisture content range from the age 

old method of feeling the soil to the recent development of radio active method. 
The methods usually adopted are given below (1). 

(a) Gravimetric method 

(b) Tensiometer method 

(c) Electrical resistance method 

(4) Radio active or nuclear method. 

2.1 Gravimetric method 
It consists of taking the:  soil sample from the place (may be from ground 

surface or at any depth below the ground) at which the moisture content is.reqpi- 

*Reader in Civil Engineering, University of Roorkee, Roorkee. 	- 

-I-Numbers in bracket indicate reference number given at the end of this paper, 
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(iv) Penetrometer-method. In-this method for a given soil -the -penetrometer has 
been :calibrated with respect to the moisture content, _ (v) Soil point method. By 
this methad.a.change ,of, moistureof a porous block placed in soil is determined, 
(vi) Heat diffusion .pmethod. This 'method is'based orr the principle that the rate 
of heat diffusion increases,with moisture content. The percentage moisture can be 
determined for those soils whose heat conductivity-moisture content relationship 
has already been determined. Ar: 

I From the above it is observed that the gravimetric method is not suitable 
to measure moisture content imsitu and over a long period, and is very elaborate 
when spread over larger area and depth. The soil point and heat diffusivity methods 
are just attempts to remove the defects mentioned above. 

2.2 Tensiometer method 

By this method it is claimed that pressure upto one atmosphere above and 
below; the atmospheric pressure canbe determined in the soil moisture (2). The 
instrument consists essentially of a small water reservoir on one side of which is a 
porous plate. The other side of this reservoir: is connected to a long glass capilliary 
tube, bent at the other end to form a manonieter. It is protected by a brass cover 
from which the porous plate is arranged to protrude. A diagramrnetic sketch is 
shown in Fig. 2. When the porous plate is brought in contact with the soil, the 
moisture is either sucked up or down the pin-ous 'plate indicating pressure above 
or below one atmosphere respectively on,ti'te 4 manometer The suction in the up 
or down direction stops when pressures oni  both, sidevof the porous plate balance. 
The instrument can be placed insOil tube holes upto reasonable working depth of 
say 3imeters.  

Croney and Coleman 	have recommended the following equation for deter- 
mining the suction due to surface tension.and adsoeptive forces. 

*U et•P — S 

where *U = Pore Water pressure in the thin horizontal stratum of the soil, mea-
sured by means of tensiometer. 

*S = Sunction due to surface tension and adsorptive force. 

*P = Overburden pressure and can be deducedlfrom the total weight of wet 
soil above the point undeficonsicierationovith any surface load, 

*•e= The factor of the over bu&len-o pressure,;(or the fraction of the pre- 
ssure) that affect the suction. It is greater than zero and less than 

• I 	,1,"  
I. This factor has' to Be'measured in the-laboratory by loading test. . 	- 

*For explanation of the terms, see appendix I. 
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In saturated clay all normal pressure is carried by the soil psincel the absor-
bed water film, surrounding, the clay particles are continuous: c( in this case is 
therefore equal to unity. In a material of rigid.structure, e.g.•incoinpressible soil, 

	

no part of normal pressure is transmited to .water and c( 	0. 
Black and croney (4) determined the following values of 	for, the soils used 

i by them. For sandy clay it is = 0.15,andfor silty.clay 	 • - 
Having thus calculated the suction, the moisture content can I)e.obtained 

after determining the relation between suction and moisture content in the labora-
tory for undisturbed 'condition. The methOd Of measuring suction by plate techni-
que is described by CrOney, Coleman and 'Bridge (5). The relation betweeusUction 
and moisture has been described by Schofield (6). 

r 	I 
The tensiometer method can be applied only when a bore hole has been 

drilled, The moisture content at the bottom of the bore hole would not be the 
same as would have been otherwise after a certain interval due to the factors men-
tioned in the first paragraph of this paper. Laboratory tests on undisturbed 
samples are also likely to lead to error. 
2.3 Nuclear method 

Moisture measurement by Nuclear method depends upon (i) a source of fast 
neutrons (ii) slowing down and deflection of these neutrons by the water in the soil 
and (iii) a measure of the resulting slow neutrons. Carlton (7) has stated the 
theory behind this method and is mentioned below :  

The measurement of soil moisture :is based on the physical laws governing 
the scattering of neutrons in matter and,, in particular, the scattering of neutrons 
in soil.' When a fast neutron source is placed in soil, the emitted neutrons collide 
with the atoms comprising the soil. As a result of these collisions, the neutrons 
are scattered in all directions and some:of them return to the vicinity of the source. 
However, in each collision the neutron loses part of its kinetic energy and is slowed 
down. The average energy loss is much greater in neutron, collision with atoms of 
low atomic weight than with atoms of high atomic weight: As a result, the num-
ber of slow neutrons found near the source is a function of the number of atoms of 
low atomic weight present in the soil. If the number of these atoms in the soil is 
increased, a greater number of slow neutrons will be found near the source. 

•i! 	. 
Hydrogen is the only element of low atomic weight found in ordinary soils in 

f ' 	4! 	 ) 	'I• 
apprec;able amount. Therefore, if a ,device for detecting slow neutrons is placed in 
the soil near fast neutron source, the number of slow neutrons counted per unit ,of 
time is a measure of the concentration of hydrogen atoms in the soil. since hydro-
gen is largely contained in molecules of free water;the slovhieutron count is a .1 	• 	• direct measurement of the moisture content of the soil. 

• 
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measuring instrument. The electrodes oan be embedded in a porous material, - before placing•them in Vie - skill. The cell so 'formed is to be calibrated for miiistuie"  
v/stele:ttrical resistance' between the "electrodes. 	" 

• - ‘BouyoucOS and MiCk (9) prepared the first electrical resistance, cell in 1940 
by embedding the electrodes' in plaster of Paris block. " This cell was further modi-
fied by Bouyoucos (l0)' in (1954, 'by. providing '-itainless steel' 201,73:Al-inesh screen 
244 	.6.35,cm.. wide and placed 0:5 cni.-apart. '•13ouynuCog 'claimed that. these 
blocks became.sensitive totbang in moisture 'content at4a-tenSion(range of 260 tci 
330 cm. ofiwater. 

In 1945COlman (1-1) described a fibre las b'ell and this cell 4tras placed in 
matket in I 947 r. Rouyn-1166's' (12) brought ant a labriC'• glas's' unit-  made of nYlriff 
and the electrodes. 

At presentlbreelypes of cells are available (i) Plaster Of Paris or gypsum 
consisting .;:if -.a pair &stainless or-tinned copper screen eleCtrOde; embedded in 
plaster 'of 'paris. (ii)'Nylon cells consisting 'of :fine metal screen electrodes 
Separated - .by a covering of nylon and enclosed in a perforated nickel 
case. 'The. electrodes And casing may be of stainlesS steel 	glass 'cells 
consisting of' two money metal electrodes, separated -by a procesSe&fibre 
The•whole-assernbly-is` enElOsed in two or - three layers of same material and then 
further enclosed in a monel metal -case: "Thug in 'the plaster Of paris, nylon and 
fibre:glaSs cells;: the porous dielectric materialslare-plaster of paris; nylon and fibre 
glass respectively. .:InEtheifibre glass cell a small thermister is provided. '" 	" 

• „ 	• , 
'Further defails of these cells are given in table below. 

item 	 Fibre glass 	, 

,3.8x2,5X0.3 
Two or three 
layers of 
fibre glass. 

0.08 

2.5 • 

24  

.Nylon,, 	Viastr,c)f,Xariso  

,3,8x 3.2.x0.3 	• 4,3, <,3,•2,•x 1:8 
Onp.layer I  of, 	Plaster of 
,nylon_ 

0.5 

3.0 

38 	 '8 

1. Outer dimensions ems. 
2. Abs.orbent mate-

rial between 
electrodes. 

3.' Distance between 
electrodes-ems. 

4.'"Electrode area- 
sq. cm. 

5. Meshi wires per cm. 

3., Catipratiqui .metheds.mf leleetrtical, resist.49ce,.cells. 
The followlingAnethods can be used : 
(i) Field method— In this method the cells can be emlieddedinithei.field, in 

the sat,ne t ype :of soil mbere, they. are,to he used land .,while,,recordyig !he , resistance, 
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the most accurate method but it cannot bezatilizedifoginteatoriogrOniBtor§i6.firttenh 

in situ,-t rt Maretwet, 9it isy l timetrebosnmiog Ihellrestrahr6e9inethods14,eillt ensio - 

rii et 4r;',-elet deal •-"resist aria atictnuc I ear; •cariI b'e liseg for isitalwisitions. n1 / ?no, 

11"" 4-106f rcif 	 1§9t-fielonl iiieth6d bierlitit4hrimg 

idtiftinta01/ dndtvat! 

al ieady 414014s-4(1;13*i 11 13fSvidglicor̀erqddiirat 	 thegothdrewn,  methods n 

The .cillibritti8n -CuYvelfarlificlitatleAtiipirle-4 A'Ser&h.ii tsliuig>riUtS'?(Aeltei ) show, 

	

that the graph 'tents tivieffl off 	1ilighrffoigtuter&irtAVappFoachifigiiatitml,7; 
tion. Level or vertical graph means that there will be no change in reading:,  inSifitt 

of increase in moisture content.v,  tAg!legatds time taken, each reading would take 

not more than 2 to -40,nunutes fronPthe setting of equipment to final reading. 

9.1  

With regard to tensiometer Lull (1) states that tensiometers Pare best availa-

blefnr the range::.ofi„soileenoisture from field capacity. to saturation;,and that.i'they 

cannot determincILW., enois:tifre content. They are more accurate at high moisture 

content. '"•TiliGelt tieqftntlii :ItaAili'lierice - give inaccurate'result1,; 'Moreover"' it 

takes 40 mipitttexkzqlieairs to reco'rct a drop and he may resul ts into additiont.1 
	  --r • 

te- r"O'i!."  ' 	 — 
I

rj  

	

Electrical resititnee_Olis, 	 esPPlisive_tet 

For Ineasnrangaelistiire cont iir1"ief'SvNraid".16-41'  ith`ifelisiometer an 

nuclear ho00eTequire --to 	td 	 to-lbe'dthe inuider . th4 

porous.  plate of the tensiometerorp'yobe f the nuclear device Should reach- the 

source i.e. the ,oin 	 moisture} stur content 	to o e determined:  
• _ 	4 

t4  In case of stritctures,illietugh having,  shallow  louhtlationS, it nay many a 

time become difficult, to reach. ekr.tainThants below the foundation by boring. In 

case of 	v;t h■-,iheEa.lreaCiVrexisting or proposed to be built, boring will 

hav,e,te he made through, the.pavernent if-the moisture,  content is to he determined 

either by tensiometer or ruiclear device. In case of tensiometer, the porous plate 

rema,iies-rtilbeddrd-while the;rrianonieter Projects out. This?will preVent th7eZrnad 

to be used for traffic. In case of nitr:Pir'cleVi-CIft"  impossible to obtain the actual 

moisture content because the bottom of the hole is exposed to atmosphere. 
...Al 

- Further, in order to determine _the moi.,:ture.sradirnt,ithrop4,1Ale. (lertth of 
the V)if 	 y-liplc'eI tin&r-  'trite 	 tI he,'number of pore holes will 

	

.• 	{•• #21 	'1 	" 	r • • 

he equal to the number of points at which the moisture content is to he determined., . 

All these 
riirot 
disadvantages are overcome in case of electrical resistance;metholil, ,INfore- 

,,•,• 	• 	 ' • •7 I • I . 	11:  .2 	. 
over it the cells are required to be embedded before

gconstnictiR 'n 
'‘t 	 '•  • • 

boring is required to be carried out in the pavement. 	 fi 	,1 tyt,  ic) r It 	 • /12t-  Olr&•1 	 • I 	A 	 A 1 1 	 1 , 1. 

From the above discussion it is evident, thatta ,snitable,; eleetrical Ireiistanceitl 

cell is an ideal method of detetrnining the mpistnre contentt,beloivr. -foundation or 

pa vements. 

	

t 	 -• 	14.'1 
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a given moisture' tension ig"diffrerit' fdt: 	 anti t.Sbirciretting.li  Bodge- 
deterniieed the hy'steresislotAffi'tjnsiiiii range of 0 	.atiriO§PligW rind fan& 
that the accuracy of the unit is affected by (i) 	M;.gnit'iide'of rkOistiiiel hYsterel: 
sis in,the cell, .(ii) uniformity•of cells; ehless they are,Jcalibtated iindiVidually, (iii) 
sensitivity andi(iv) deterioration or aging (of 	typical curver,for tgypsurn,  
cell• with large•electrodes placed in wet 'pekt'fdi•;8 Months •is kiveiy by3BoUrget-J16) 

111 

'1 	.• ! 1 	I .9 )  • 10.0. t 100 .0 

Alai Shire 	 mosplieres- 
‘Thy,scale) , 

f 

'No 5 Elecineal 
tt 	qt4'' 

I,. yypsirn 
!cells With • larye electrodes' placed 

s. 	'in we/ tbecal for' : 6 monms. 
These experiments were gmd.1,1,c,tediby them in ,,then  laboratory) . whereothe% 

variation in moisture content was carried out during a very short interval. In 
case of soil below foundation, 'the moisture. Content is almost at equilibrium, and , 
hence moisture tension will also remain in equilibrium inspite of very,slow rate of 
falling or rising.. The ,question ariSes.about the calibration of moisture cells in the , , 
laboratory where the cells have to he calibrated during a short interval. The rise 
in moisture content is mostly due to rainfall or rise in the level of the water table. 
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energy of water in the soil is termed by a factor known as pF value introduced by 
Schofield (6). The pF value of soil water is defined as a common logarithm of the 
suction or tension, (expressed in cms. of water) under which water is 'held in the 
soil. A suction of 1 cm. of water has pF = 0 ; 10 cms. has pF = 1 ; 100 cms. has 
PF = 2 and soon. ' 	 1., A • 

I 	i t 
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CHAPTER II 

nazaszallkmailizzgazuLgsba 

Earth pressures cells are used to determine the stresses at 

a point inside a soil mass, in a direction perpendicular to tho 

piano of the cell o  They are installed in earth structures and fou-

ndations to get a direct infbnnation on the development of stress 

distribution. The infbrmation so obtained will chock on the curr-
ent theoretical analysis or help in the development of analysis. 

c4 	! 10_ 	c 4 V3 

There are only ttso possible methodg fbr measuring soil pre-

ssures. They are given below i 

(i) Lntakteslmat.Ws By measuring strains on structures 

that support the soil sass as in case of retaining walla. In case 

of pavements measurement of deflection of pavement slab will help 

to calculating the stresses in tin supporting coil. 

(ii) Direct methods  By this method the pressures aro recorded 

by measuring devices, Ito measuring principles are adopted in this 

direct method. They are s 

(a) novinz  TERes  in which the pressure transmitted to coil 

body, !neves the whole unit. A good ex Jill° of this is a piston typo 

collo  in which the piston moves with increase or decrease of 

pressure. 
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(b) Deforning diaphran Type 	In this pressure is transmi- 

tted to a detbnnin.g diaphram. This typo is preferred by many inves-

tigators because of its ease of construction and also to avoid edge 

effects which are inherent in the piston type cell. 

Tho diseissions and design details given hereafter pertain 

to diaphram type of cells only. 

 

The first earth pressure cell (diaphram type) was designed 

by A.T. Goldbeck in 1913 (7) and he is considered as the pioneer 

of cell design. At present more than 700 piston or diaphram typo 

cells aro in use, 

 

3. FACTORS IN TE3 DESI I; OF PRES ORE CELLS 

  

 

The factors that enter the design of pressure cells are 

given below t 

   

1. The elastic property of the cell with respect to the 
soil mass. 

2. Diameter of pressure cell, 

3. Particle size of the soil. 

4. Diameter thickness ratio. 

5. Diameter deflection ratio. 

6. Ratio of sensitive area and total area of the coll. 

 

3.1. ELASTIC PROPERTY OF CELL T. RESPECT TO SOIL MASS t 

 

The use of cell involves the introduction of a foreign body 

into the soil mass. This body has radically different stress 
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defbrmation properties, Kegler and Schoidig (28) in 1927 called 

attention to this inherent difficulty in measuring earth pressure 

accurately with pressure cells. They pointed out that the cell 

which is more rigid than the soil indicate pressure greater than 

these present in the soil, Conversely a cell more compressible 
than soil gives reverse readings. 

This has the defect of disturbing the original distribution 

o f pressure in the vicinity of the body, The pressure cell having 

different stress deibrmation properties than that of the soil will 

give different soil-pressure reading than what would have been 
otherwise, if no cell was introduced, 

It is very difficult, almost impossible, to construct a 

cell having the same elastic properties as that ef the soil, 

specially when the elastic properties of the soil keep on varying 

with variation in moisture content, compaction and many other 

factors. Nero over the elastic properties of the soil vary from 

place to place and also with different ranges of pressure. 

The best way of reducing the error duo to two different 

elastic properties of the soil and the cell is to provide a cell 

having the same specific gravity as that of the soil, 

3.2. DIANSTSR OF PRg33URE CELL 

In case of payments and other Mg/flooring works, the soil 

deflects or dofbrms with the application of pressure. The deforms- 
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tion of the soil is either plastic or elastic or a combination 

of both. Whatever the type of deformation, the magnitude of 

defbrmation is proportional to the load intensity. It is now an 

accepted fact as pointed out by Hensel (29) and many others, that 

for the same load intensity the settlement is more ibr bigger 

Plates than fbr smaller ones. Same principle will apply to the 

diaphram to cells which have also the shape of a plate. It is 

therefore highly desirable to have the diameter of the cell as 

less as possible unless prevented by other reasons, as discussed 
under pare 3.3. 

It has already been pointed out that the introduction of 

foreign body having stress-defoimation ratio more than the soil 

mass surrounding it, results into concentration of stresses on 

the body of the cell. This concentration will increase with the 

diameter of the cell. For example a small stone in a soil would 
not much disturb the distribution of stress in the soil mass as 
compared to a bigger stone. 

Thus smaller the size of cell, more accurate it would be 
for pressure recording. 

3.3. RELATION OF GRA SIZE TO CELL D AMSTER 

Itallstenius and Hergau (8) studied theoretically this effect 

with respect to the rigid piston. They considered a circular 

surface of radius 'a' free to move axially at periphery and dis-

cussed as follows s- 
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Lot °n° is the nuaber of spherical grains acting on the 

surface. Bach grain will than represent a partial surface with 

a hypothetical diameter d, so that 

d 	2a 	(as n a2 
	

d2 
n 

4 

whore a r: radius ot the piston and n = number of grain particles 

Itow wo are interested in the random distribution of contact 

points at the periphery where the probable Ember of grains are 

2 n a 

2a 107). 

Half of the partial surfaces of the peripherial grains 

will bo outside the radius °a°, 23 got a correct result of measuD. 

ements o  we must assure that half of these poriphorial contact 

points be outside and the other half inside the circular face. 

On the other hand the probability of another distribution must 

bo taken into consideration as these points need to move only 

very little to pass the periphery, The safest way to reckon with 

the possibility 1s t  that the contact points of all peripherial 

grains are either entirely outside or entirely inside the call 

radius, He further assume that all contact forces are equal.. 

The resulting error AP / P i.e. Arlo- will then be 

Air-)21= f 
(r- 	2 
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For instance if the maximum error due to this cause shall 

be less than 3 p.c. (this would be permissible partial effect if 

the total error was about 5 p.c.) then we put 

0.03 > 
2 

and we obtain the condition 	n > 2.750 

This would mean that the average hypothetical grain diameter 

should not exceed about 2 p.c. of the cell diameter, 

The above recommendations apply to rigid piston type 

cell only. Kallstonlus and Borgau (s), have further discussed 

the diameter of the flexible cover built in at the periphery 

as is anlly obtained in diaphram type cells. They argue that 

in such case the given distribution has m great influence on the 

ending of the cover. On the other hand the grain distribution 

near the centre has the greatest influence. Rough calculations 

ado by them indicate that the maxinvm grain size can be little 

greater than in the case of rigid piston. 

From the discussions carried out in this para and also in 

a a 3.21  we conclude that the diameter of the cell should be 

s less as possible but not less than 50 times the diameter of the 

argest size of soil particle. 
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3.4. plAliSTSR  TALCKNgSS RATIO  

In 1947 Taylor (19) carried out the theoretical, analysis of 

soil pressure cell problem. Re derived the following relationship 

between the cell error and the cell dimensions 
B ..10wraib amisarno 

- 

MMINI11141•111MAID ) 

N J.▪ + .omamamMIs • ■IMOIMMEN.4111NOLON 

tic 
 

Where Pe 	Additional pressure recorded by the cell. 

	

P 	22 Field pressure existing at the plane of the cell. 

= Half the thickness of the cell. 

= Diameter of cell. 

= Stress-strain modulus of soil, 

	

14 	= Stress-strain modulus of cell. 

	

and N 	= Property of soil such that WD is analogous to the 
coefficient of subgrade reaction. 

Some of the above mentioned factors are vory difficult to 

dotorminev  In 1950 Monfbre (24) carried out a rigorous analysis 

of the influence of the cell on the pressure distribution in and 

near a cell embedded in an infinite homogenous solid. Re considered 

the cell to be embedded in an infinite elastic mass and took a 

section through the mass and cell on the plane of symmetry. This 

plane is assumed to remain plane after the application of pressure 

to the • mass. Be then considered the cell and surrounding mass to 

be divided into a number of concentric ring areas, and in order to 

Pe 
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keep the plane of symmetry plane, he considered the application of 

odditional loads over and above the field stress to each of these 

ring areas. lie than applied Boussinesq's equation fbr surface 

defections of semi infinite mass and developed expressions fbr 

defections of the ring areas in terms of the loads applied to then. 

The expressions were then solved simaltaneously to determine the 

loads on the ring areas. The actual values of-ring loads depends 

upon Mc, M of soil and thickness of cell. Fig. 43 shows Montero 

results. 

Peattie and Sparrow (10) have modified the above equation 

given by Taylor and have given it as fbllows 

Pe = CA B/D 

Where CA 	is known as "Cell action factor". They have given a 

graph of values of CA  for different values of Mc/M. This graph 

is reproduced in Fig. 44, This graph shows that the values of 
CA is constant when Me/M exceeds 9. Peattie and Sparrow recomm-

ended the use of the value of MciN greater than 10 so that small 

change in M may rot increase the cell error. 

From the equations and graphs mentioned in this pare above, 

it is evident that the ratio of thickness to diameter should be as 

less as possible. 

Research carried out at Waterway Experimental Station 

Vicksburg, U. S. A. (25) have shown that pressure cell with a 
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diameter thickness ratio greater than 5, when placed near the centre 
it,  ottawa sand mass, in 71 cm, diameter pressure chamber indicated 

entirely the same pressure applied at the surface of the sand. Cells 

which had diameter'thickness ratio less than 5 indicated pressure 

considerably greater than those applied at the surface, the discre-

pancy increasing with decreasing ratio. This indicate that in sand 
the diameter thickness ratio should be greater than 5. Beklam and 

Lancaster (3) have stated that in plastic soils diameter thickness 

ratio have no effect. McMahon and Yoder (30) therefore provided a 

diameter.deflection ratio of 4 in plastic soil. 

No definite conclusion can be drawn from these investigations. 

With high diameter deflection ratio the bending of the cell will 

tend to synchronize with the bending of the soil, It is therefbro 

desirable to have this ratio as high as possible. 

3.5. DIAMETIS DSFLECTION RATIO s 

Kallstenius and Werner (R) have discussed the theory of 

circular surface moving into elastic medium, as would happen in a 

piston type cells. They state as follows s 

If a circular surface moves into semi-infinite elastic 

medium which is isotropic and fbllows hooks law; the pressure dis-

tribution can be calculated by using the theory of potentials. By 

means of this theory we can obtain the average increase or decrease 

in stress on the surface by a certain definite travel of, for inst-

ance centre.of the surface. "This is also known as arching effect". 
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Kellstenius and Warner have given the following expression due to 

arching s 
m2 

1r 	 B
s 
  • C 	 (3.) 2 

Where 

a, or' e: Average change in stress on thi surface. 

cry Travel of centre of surface into the medium ge. 

deflection). 

a 	= radius of circular surface. 

Es 	r. Modulus of elasticity of medium. 

= Poisson's ratio of the medium. 

and C 	= Constant depending upon surface dofbnnation. 

The constant 'C' has been deduced from Boussinesq's equation as 

interpreted by different authors (Hertz, H; Gesemmelte Werke, Bd 1 

Leipzig 1895 and (ii) Mises, P. Von; Differential gleichangen der 

Physik Bd. 2 Braunschweig 19359 p 301.312) for different kinds of 

surface curvature. The value of this constant is given in table 

Ho. 1. In calculating these factors the normal stress in the 

Surface Stress distribution j C 

Part of sphere Ulipsoidal, maxima at 

centre. 

8/3 11 = 0.85 

Liquid surface uni form 1.0 

Rigid plane surface Infinite stress at 
periphery, minimum at 

centre. 

4/n 1.274 

Table No. 1 
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medium outside the circular surface was assumed to be zero. 

The deflection °cr. is negative when the piston moves in 

the direction of the application of stress, resulting into decreasi 

change of stress. The deflection is positive when the piston move 

opposite to the direction of thsi application of stress resulting 

into increasing change of stress. In case of diaphram type cells 

the deflection ' er• is in the direction of application of stress. 

The rate of decrease in average stress when the circular 

surface moves away from the medium is greater than the rate of 

correspondirg increase in stress when tho movement is opposite. 

lrlaben (29) has shown that when the deflected circular surface is 

part of a sphere, contact will be discontinued when 

ci = m 	 (ii) 
m2 

••••■•■•■•■■■■•• 
°T)". 

where 	= stress induced 

A soil differs from the ideal elastic medium in several. 

important respects eg. limited shear strength, semi plastic nature, 

often negligible tensile strength and being anistitpic it does 

not follow hook's law. 

Limited shear strength and semi-plasticity will tend to 

reduce the stress difference which occur in ideal elastic medium. 

Kalistenius and Bergau (8) state that the average change in stress 

on a circular surface can be expected to be smaller than that 

indicated by equation (i) and that the permissible travel away from 

the soil will be greater than that indicated by Equation (ii). 

Es 



'100 i 

They further state that no straight line relationship can be expec-

ted between cell cover travel and change in soil stress. Frictional 

forces acting in radial direction between the soil and cell collar 

will arise in practice. They have a general tendency to increase 
the change in stress due to cover movement. 

The above discussion show that (1) the deflection-diameter 

ratio ( (f/2a) is an important characteristic of the cell which 

affects the accuracy of the cell; (ii) the elastic properties of the 

m2 
soil ( Es 	-- ) have to be determined when calibrating cells ------ m 2...  

with respect to boundry conditions. The boundry condition affect 

the shape of defbrmation and hence the stress conditions, 

In case of flexible membrane built in at the periphery 

(as obtained in diaphram type cells) the deflection of the plate 

depends on bonding moment caused by the load. Thus the eccentric 

load causes a smaller deflection than the centric load of the same 

magnitude. This makes the membrane less sensitive to the distrubing 

factors near the periphery. As the deflection curve is continuouss  
the stresses in the soil are more uniform and stress equilization 

by plastic flow is less probable than in case of rigid. pavements. 

The maxim deflection is much greater than the average. 

AMU& 
Taking the case of the cell designed for this investigati:)n 

tre have the following values q, the intensity of stress = 0.88 Kgn/ 
2 Cm; a t  the radius of the cell 2,15 cm; u the poisson's ratio of 



• 

64 
Sh3 

12(3u2) 

3  q a ( 1- u2  ) 

16 113 
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carbon steel in tho diaphrss is assuised to be 063, 139  tho modulus 

of elasticity of carbon steel is taken as 2.1 Kg/Cal2  (3031106  psi) 

h, the thickness of the diaphrem plato 0,09 cm; Ss, the modulus 

of elasticity of soil 1,000 KgiCm2; us 	1/m 9  the poisson's ratio 

of the soil 0,4, C 8/ 3 n = 0.85. 

Determine (1) the change in the applied stress due to the 

deflection of the circular diaphres and also determine (11.) the 

amount of deflection when the contact will be discontinued, and no 

further increase in stress will be recorded by the diaphrom. 

Deflection of tho circular plate clamped at the edge, as per equa-

tion given by Timoshenko (35) 

q a2  
where 

64 D 12(3.. 

3 x 0,88 z (3,15)2( 1.0 09) 
16 x 2,1 x 106 x (0.09) 

046097 cm, 

(0 The change in the applied stress due to deflection of the 

circular diaphram by 0,0009'7 cm is given by 

-= 	
m2 

A f s 	aMINmr.m1.0■.■■•ramillwa 0 	 9 C 

2 a 	
2 

S h3 
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00097 	 262  x  
2 x 3,15  205 •1 

- 0.1558 Kg/QI2  

x 0.85 

(ii) The amount of deflection when the contact will be discontinued 

and no further increase in applied stress will be recorded by 

the diaphram 

2- 1  az 
= FOULIC.  

m  
a 

m 
2  Be 

2 6-1  8.8 el  X 	 X 3e15 
2.5  1000 

= 0.0233 cm. 

Thus , we find that (1) for diameter deflection, ratio of 
8.3 

6000 the change in 
0.00097  applied stress due to deflection 

of the circular diaphram = --. 0.1558
------ x 3410 = 1.8 p.c. say. and 

8.8 

(ii) The percentage increase in stress when the contact will be 

broken is = 0.0233  8,8 x 100 = 21)150 p.c. which is very very 040097 

high. 

This effect of arching has also been discussed by Trollops 

n 1.958. He argues as follows 

If the actual pressure p is increased by dp, the equivalent 

pressure increment transmitted to the diaphram will be less than 

dp due to deflection i.e. arching of the diaphram. 
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orimonta carried out at Vicksburg U.S.A . in 1944 (26) 

have shown that with the values of the ratios of the cell diameter 

to deflection (compression) which exceeds 2,000 very little 

change in indicated pressure occured. Hence diameter deflection 

ratio should bo greater than 2,000. On the results of further 

oxporimontation carried out by the same organization for corps 

of Engineers in 1955 (31) it is recommended that diameter deflec-

tion ratio should be greater than 1,000, thus reducing the limit 

of the ratio. 

In view of the above discussions, while designing the press-

ure cell, the value of diameter to deflection ratio has riot been 

permitted to go below 1,000. 

3.6, EFFECT OF THS RATIO OF S gISITIV Ig AR SA ID Tli3 	AR 7A OF 
THE CELL I 

Poattie and Sparrow (10) state that high pressure will be 

developed towards the edges of t1 cell face and therefore the 

cell should not be sensitive towards the edges. They therefbre 

recommend that fbr a cell of 7.6 cm. (3 in) dia; the sensitive 

area should only be 3.8 en (1.5 ill diameter. 

Beklam and Lancaster (32) state that the presence of a 

rim around a pressure responsive area would disturb the pressure 

area relationship because it would altar the distribution of 

pressure on the central area. They observed that with rim typo 

cell, there was considerable variation in the reading obtained 
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with different types of materials .and different methods of embed& 

ment. In plastic clays the physical dimensions of the cell did not 

produce a significant deviation in the pressure indicated, 

It has already been mentioned in para 3.5 that in case of 

flexible membranes built in at the periphery, the diaphram is less 
sensitive to the disturbing factors near the periphery. 

The type of soil used for this investigation is silty clay 

and since flexible membrane diaphram type are proposed to be used 

no significant change in pressure is indicated. 

PAF F.XPgRISMCS EIITH DIAPHR., T PR&Y,i'Ufti; CILLS 

  

The reasons for choosing a diaphram y'e' cell as compared to 

piston type has been explained in para 2. Reviewing the diaphrem 

type cells developed in the past, they can generally be classified 

as fblices 

I) 	Pneumatic or hydraulic cell. 

ii) 	kecoustic cell, 

Ili) 	Piezoelectric cell* 

iv) SLectr© magnet type cell. 

v) Capacitance type cell. 

vi) Strain gauge cell. 

4.1. VatEALTEMI___111DR Lig_SMka s 

A.T. Goldbeck (8) was the pioneer in the design of pressure 
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cell. In 1913 he designed a pressure cell with the principle of 

balancing the earth pressure by application of air pressure. 

His cell consists of a cylindrical metal case one end of which 

iscpen. A movable metal piston is fitted loosely in the open 

end of the case and held flush with the rim of the case by a thin 

metal diaphram. 

After the pressure is applied by the earth 6n the outside 

of the diaphreast  air pressure is applied threugh a pipe (0.3 am di a) 

on the other side of the movable piston to counter act the 

earth pressure applied. An electrical contact is provided inside 

the case. As soon as earth pressure is applied and the piston 

deflects the electrical contact gets closed. The closing of the 

electrical circuit is shown by a lamp or ammeter. As long as earth 

pressure is more than the air pressure the electric circuit would 

remain closed. As soon as the two pressures balance the electrical 

circuit would open. The amount of air pressure applied would then 

indicate the pressure due to earth, 

The principles of 'application of air or hydrostatic pressure 

has now been mostly suspended, however Vikremaratna (34) has desig-

ned a cell of 5 can (2 in die; having stiff eleastic diaphram., 

the cell has considerable length. The pressure acting on the cell 

is inferred from the measurement of the central deflection of 0-500 

micro-cm (0-200 micro inches) using the pheusatic gauging 

technique with a magnification of 35,000. 
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Now a days in most of the diaphram type eells the fbllowing 

two principlea are employed. 

1) 	Converting the pressure into the vibrations of the 
wire directly attached to moving diaphrem or 

ii) 	Converting the pressure to change in electrical circuit. 

4.2. —iiragincsratitast 

The develoci ent of accoustic cell appear to have started from 

Germany in 1935 and later spread to U.S.A. Canada and other 

countries. 

The accoustic cells can be used only fbr sustained or slowly 

varying earth pressure and cannot be used for rapid transient 

pressures caused by dynamic stresses, The cells employ the principle 

that the natural frequency of steel wire varies as the tension in 

the wire. 

A wire is provided and so arranged in the cell that an external 

pressure applied to the face of plate or diaphram bends the plate 

and increase proportionately the tension (or compression) in the 

wire (or wires) . 

Any method of measuring frequency can be used. Usual method is 

vibrating the wire by means of small coil through which an electric 

current is switched momentarily.. The vibration of the wire is then 

picked up and transmitted by the same coil and connector wares to an 

indication device like head phone or cathode ray oscillograph. 
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The frequency of the wire is matched either by direct comparision 

or by superimposition with that of an adjustable standard wire. 

The standard wire would consist of a similar tough wire with calib-

rated adjustable tension, The cell is first calibrated for freq- 
uency vis pressure. 

Accoustic cells are quiet sensitive. Three diagrammatic 

sketches of accoustic cells are shown in Fig, 45. They show 

some of the patterns used for varying the frequency of' wire with 
respect to the pressure applied. 

4,3, PIM270T3CTRIC CELLS 

These were first dvoloped at the Road Research Laboratory 

(33) for recording transient soil pressures of very short duration 

caused by dynamic stresses, 

It consists of a pile of 4 quartz crystals connected elect-

rically in parallel (Fig. 46.). When the crystals are pressed thq 

produce an electrostatic charge. The voltage so generated is fed 

to a cathode ray tube via an amplifier. The movements of the spot 

on the cathode ray tube are photographed by a rotating dr= camera. 

It is only useful in short duration transient pressure 

as there will be leakage in insulating etc., which will affect 

the result when the cell is employed to record duration pressures, 

The cell iss housed in a light aluminium - magnesium alloy to 

keep its density low, and have the same elastic properties 
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similar to these of quartz crystals. 

The cells have to be calibrated fbr pressure. They can hate 

an operating range of 0-10.5 1gicm2  (0-150 psi), The operating range 

can however be varied at will by merely changing the diaphrem thick-
ness, The sensitivity of these cells is greater than electro magnet 

type cells. 

Mention may be made of carbon pile cells which consisted 

of thick carbon discs mounted between metal plates. When pressure 

is applied to the stack, its electrical resistance decreases, The 

change is of sufficient magnitude to be measured by a simple wheat 

stone bridge. These cells were used for recording transient pre- 

ssures under dynamic load, since the pile does not retain its cali-

bration, they have been abondoned. 

4.4. BLZTRO MAGN3T TYPE C3LLS 

These cells employ electro magnet device where in diaphran 

movement causes a change of inductance, One example is that of 

Lee and Brown in 1957 who used the cell for small scale models. 

The principle of this can be explained by Rowe's cell. It consists 

of two core inductive circuits carrying a central armature. The 

primary winding carry currents in opposite direction, while the 

secondary windings are connected in series.- So, when the armature 

is central, equal and opposite electromotive forces are induced 

in the secondary windings so that no currant flows round the secon-

dary circuit, With the armature displacement, an increase occurs 
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in the induced secondary emf of one circuit where as decrease 

occurs in the other. Since the primary circuits are reversed, a 

total current flows through the secondary circuit equivalent to 

twice the induced emf of one coil. The gauge is self compensating 

with respect to temperature changes. Its operating range is usually 

not very high. Two types of electro magnet cell are shown in Fig. 

4?. 

4..50 	 -C 

This type of cell was developed under the supervision of the 

author by Sri 7. Subba Rao, Research Fellow. A detailed diag-

rammetic sketch of the cell is shown in Fig. 48. The diaphram 

which is fixed at its edges on deflection increases the capacitance, 

which is measured by a capacitance measuring bridge. 

4.6. 	IRALLaal& tLgAlaiLs 

If a circular plate is clamped or fixed at its periphery 

radial and tangential stresses are induced. Timoshenkos (35) has 

given the following equations for circular plates clamped at the 

periphery. 
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= Plate diameter. 

y = deflection of the plate at any point. 

t = thickness of the plate. 

= distance of any point from the centre. 

3 = modulus of elasticity of the plate, 

q = intensity of load distribution over the plate. 

u = Poisson's ratio. 
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Thus when 

(1) 
a 

= 1 

2.12_12  

4 $t2 

3  q u a2  

4 13 t2  
9 qa2  

-.a- for u=0.3.. (ix) 40 	 .1.  t 

(ii) When 
a 

= 0 

+ u) 
et 

3 q a2( 
8 B t2  

39 q a2 

= 	 He 

fbr u = 0.3 	(x) 

(iii) When er  = 0 
r2  (1 + u) --r_( 3 u  ) = 0 

. 	1 + u When er  = 0 ; 	t = 0.6277 for u =0.3 )xi) 3 + u 

(iv) When et = 0 
r2  ( + u) 	( 1 + 3 u) =0 
a2  

When e = 0 ; r/a = 0.8273 fbr u 0.3 

• • r/a 
1 + 3 u 
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A graph of radial and tangential strain at any point ofthe 

plate is thus shown in Fig. 49, 

It can be observed from the above equations and Fig. No,49 

that the radial and tangential strains on the underside of the 

plate change from positive to negative, The radial strain being 

zero when r/z = 0.628 and tangential strain being zero when Va. = 

0,827. 

When r 0 , i.e. at the centre of the plate, radial strain 

tangential strain 

39 	q a2 
= 

80 	t4  when u 0.3 

and with r = a s  i.e. at the circumference of the plate, 

radial strain 	 n2 	irrespective of the value of u 
E t2  

9 	q a2  
and tangential strain = 

40 	E t2  

If therefore strain gauge eon be attached to measure tangen-

tial strain in the zone defined by positive tangential strain(shown 

in Fig. 49 hatched) and a second gauge to measure radial strains 

in the zone defined by negative radial strain shown dotted, the 

two active bridge arms with almost perfect temperature compensation 

will be secured and will cover and record most of the strains. 

Redshaw (13) took advantage of the strains caused in the 

plate and designed a rosette pattern of strain gauge as shown 

in Fl:. 50 

when u = 0.3 
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Thus we find that in redshaw cell the two diaphram and two 

strain gauge assembly give fbur active arm bridge with automatic 

temperature compensation. Re maintained the resistance of each 

gauge as 30 ohms. Redahaw is claimed to have linear calibration 

curve and a sensitivity of 0.015 itg,,Cm2  ( 0.2 psi). 

Strain gauge pressure cells are getting very common for 

measurement of pressure in sub grade soil and foundation. Yoder 

(3) adopted two SR-4 gauges along the diameter, each strain gauge 

emerging in opposite direction from the center of the plate. 

5. CALIBRATION OF CELLS: 

Calibration is one of the most important part in the manu- 

facture of any instrument. More important it becomes when the 

conditions wider which the calibration is to be made are different 

from the conditions under which the instrument is to be used. In 

case of pressure cells the conditions in the laboratory will 

have to be simulated with the conditions in the field during 

calibration. Field calibration is almost practically impossible, 

in case of pressure cells. Many methods of calibration have been 

adopted by various investigators. They can be grouped into 

following heads: 

i) Dead weight method. 

ii) Pneumatic or hydrostatic pressure method. 

iii) Soil pressure method. 
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In the first method the diephrem will be loaded with a 

dead weight and tested. Since the dead weights are rigid and 

would net yield with the plate, the pressure distribution wiilnot 

be unitbrm as would be obtained in soil under pressure. This method 

is theretre not used ibr calibration.  

In case of calibration with prxeumatic or hydrostatic press 

re the cell is kept at the bottom of chamber containing air or any 

suitable liquid (preferably thick oil), respectively, Air or 

hydraulic pressure is applied and the cell calibrated. A typical 

chamber is shown in Pig. 52, 

In case of calibration with soil various methods aro s 

ted. The three typical patterns are (a) Swedish Geotechnique 

Institute type (b) Water ways axperimental Station Type (c) In 

triaxial cell, 

g es& 

In type (a) Le. Geotechnique Institute type, the pressure 

Chamber is made up of eight rings each 50 cm, in dia; and 5 cm, in 

height. The rings are stacked one over the other with 1 mm„ 

spacing between them, The details are shown in Pig.51(a),This 

set up is known as "Oodometern  The vertical. deflection of the 

rings can be measured by the deflection gauges fixed to the sides; 

Strain gauges are fixed to each of the rings, so that horizontal 

stresses in the chamber can be measured. The pressure is applied 

at the top through a bladder filled with water. The whole apparatus 

behaves like a triaxial apparatus, so that the pressure acting 

on the coil can be measured accurately. The soil in the chamber 
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provided with the same dry density as obtained in the field, 

In type (b) i.e. Water Ways 3xperimental Station Type, the 

pressure chamber consists of 71 cm (28 in.) diameter pipe section 

with flanged mouth, A 0.3 cm. (1/Sin.) thick rubber membrane is 

stretched across the mouth and a lid is attached to the chamber 

as shown in Pig. 51(b). The lid is of such a shape as to provide 

a small air gap between the membrane° and the bottom of the lid. 

The soil is compacted to dry density as obtained in the field9  and 
the cells installed as shown in the figure, Air under pressure is 

delivered into the gap between the lid and the ribber membrane. 

It was found that the pressure on any horizontal section was 

Uniform, Many variations of this type of cell have been used, 

Type (c) triazal cell was used by McMahon and Y4,;,er (4) 

for checking the cell otherwise calibrated in air - pressure 

chamber. They used 15 cm x 30 cm, (0" x 12" ) elay-soil specimen 

from the fields 

McMahon, and Yoder (30) also checked the cells, calibrated 

in air pressure chamber in sand medium also. They found that the 

results of air pressure chamber agreed with those of the triaxial 

cell while with sand the data was erratic and co-rela.tion very 

poor. 

From the above mentioned technique on calibration we find 

that the type of material surrounding the cell. to be calibrated 

will have considerable effect on the results of calibration. Most 
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important factorthat has to be kept in view is the arching 

effect as discussed in para 3.5, Prom the equation of 

. m 	I 

given in this paragraph, we find that deflection of the diaphrem 

and hence stress recorded is inversely proportional to the modulus 

of elasticity of soil, Thus during calibration arching effect 

will depend upon modulus of elasticity and poissonls ratio of the 

soil, These factors in turn depend upon the type of soil, moisture 

content and depth of cell in the calibration chamber, More plastic 

the soil, less the modulus of elasticity and more will be the defle-

ction* thus in case of cement concrete with very high modulus of 

elasticity, the deflection of the diaphram will tend to be zero, 

inspite of the heavy stresses developed in the layer immediately 

above the diaphram, The type of soil with respect to its grain 

size and other organic or salt contents will affect the defloction 

of the diaphram. Arching will be more in clayey soils than in 

sandy soils* 

The amount of deflection of the diaphram wi9,l vary in the 

same type of soil depending, as mentioned above, on its moisture 

content due to change in its plasticity, This diaphram deflection 

and hence stress recorded will also vary with the depth of the cell 

below the top surface of the soil in the pressure chamber, This 

is due to internal friction and cohesion of the soil, The 

deflection decreases with increase in depth for the same amount 
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of applied pressure. In the pressure chamber of Water Hay gxperi-

ment station (discussed in this paragraph), it is claimed that the 

pressure on any horizontal section was unitbra 	If this is possi- 

ble it will apply only to soils of higher elastt.c modulus. 

The author has carried out nub of tests and have come 

to the conclusion that the calibration should be carried out at full 

arching effect and hence cdibration of cell in liquid (preferably 

thick oil) is the best. He found that even in case of dry graded 

sand calibration varied, depending upon the amount of initial 

compaction applied, He Pound out that if the graded sand is compac-

ted so that no further compaction would take place, the calibra-

tion agrees with the calibration carried out with liquid medium. 

The calibration curve in case of liquid medium is the same straight 

line during loading or unloading operations  The investigation 

carried out by the author thereibre collaborate with those carried 

out by 14cllahon and Yoder (30). 

Redehom (13) carried out calibration of his cells in a 

pressure chamber and subjected the cells to oil pressure6y means 

of a dead weight caliber. Re again calibrated the some cells 

embedded in g railed sand by applying a load through a ram, lie states 

that the calibration in graded sand agreed with the calibration 

in a liquid and both gave a straight line curve, He however states 

that due to locking action of grain particles of sand, a large 

hysteresis loop is obtained during unloading and results will not 

agree. 
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The locking action of soil particles is just another 

name of arching. 

It has been recommended that whatever the method of calibra-

tion is adopted it is highly essential that it should be extended 

through the entire design pressure range of the cell, both for 

loading and unloading conditions and should be repeated several 

times and if feasible should include long time loading calibration. 

except fbr long time and repetitive loading in some simple cases, 

all calls were calibrated fbr loading and unloading. 

T 	CALIBRATIOffs 

Woodman (18) states .  that temperature calibration is not 

important since temperature changes within an earth mass usually 

are very small. The cell can be temperature callibrated by 

determining the shift in zero pressure reading at temperature 

ranging from 200 (350F) to 70°C (300°F) or whatever field 

temperature conditions are anticipated. The cell for testing must 
lie at a particular temperature for ir to 1 hours. 

During calibration carried out b,y the author the above 

statement was fbund to be correct if the dummy gauge was maintain-

ed under the same conditions as the active gauge, except for the 

1 oad applied. 
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6, LT14/TATION3 IN T 3 DESIGN OF PREVISURS C t.LS $ 

From tho discussions carried out in the foregoing paragraphs 

it is evident that the accuracy of the pressure cell in recording 

the earth pressures in subject to various limitations described 

below 

(I) The modulus of, the soil surrounding the cell may be 

either large or small than the modulus (i.e. the stress deformation 

property) of the cell and this deviation may be a source of error 

in measurement sirce it can cause a distortion of the stress pattern 

in the immediate vicinity of pressure, cell. lioreover as already 

pointed out in para 3.1., the modulus of soil is a variable factor. 

It has been recommended thalin order to reduce the error to 

miniram, the density of the cell should be about the same as that 

of the soil. 

(ii) As discussed in pare 3.3. the diameter and the size of 

the coil should be as small as possible but the dionetor should not 

bo less than 50 times the diameter of the largest size of soil 

particle. 

WO As discussed in pars 3.4. the ratio of diameter to 

thickness should be as high as possible. In case of sand the ratio 

should not be less than 5. 

(iv) As discussed in pars 3.5, the diameter deflection ratio 

hould be greater than 1000. 



$ 122 s 

(v) The ratio of the sensitive area to the total area 

should be as great as possible. 

(vi) All care should be taken in determining the method and 

technique  o f calibration. 

7, D&SIGN OF CELL  

7,1, 	The limitations in the design or cell have been pointed 

out in pare. 6, They show that the cell, size, in diameter as well 

as in thickness should be as small as practicable, keeping in view 

the grain size of the soil. 

Diaphram type cells are the smallest in size. From the 

discussion of the past experience of the diaphran type cells, giving 

in paragraph 5,  we find that strain gauge has the minimum volume 

as compared to other measuring devices. Strain gauge cell was the-

refbre adopted fbr this investigation. 

Before starting with the design of cell it was imperative 

to determine its mezimun recording capacity. The maximum bearing 

capacity of the soil in which the cells are to be installed is 0.88 
2' KW Cm (0.8 tons/sq. ft) and hence the cells have been designed 

for a maximum load stress of 0.88 'Wang. 

7.2. DIAMETER OF  CELL ADOPTED : 

The diameter of cell as mentioned in para 3.3 should be 

as less as possible with a minim= of 50 times the maxima also of 
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the particle in the soil. The maximum size of the particle of the 

soil where these cells are proposed to be used is about 0.59 mm. 

(0.0232 in.) at 85 P.c. grading. HHS►nce the diameter should not be 

less than 3.0 cm. (1.16 in.) 

As per pare 4.6 and Fig. 46 radial stresses in the diaphram 

due to distributed load changes its sign from positive to negative 

when the radius increases beyond 0.627 times the effective radius 

of the diaphram (Poisson.a ratio of the material of the diaphram 

= 0.3). The strain gauge should lie within the circumference pros.. 

cribed by this radius. if this is net done, the negative strain 

caused beyond this radius will comperzato some of the positive 

strain and thus make the gauge less sensitive. 

As already menticned the effective length of strain gauge 

used is 240 cm. Hence the minimum effective diameter of the cell. 

that could be adopted, 
= 2,0 = 3.2 cm.  Thus if 3,2 is the effective 

0.627 
diameter of the diaphram taken, the strain gauge has to be cemented 

exactly along the diameter with 1 cm on either side of the centre 

of the diaphram. The amount of strain from centre to the ends of 

the strain gauge would reduce to zero (See Fig. 49). To increase 

the sensitivity of the cell and also to account for the error in 

cenenting the strain gauge right in the centre of the diaphram, 

it was thought fit to increase the effective diameter to 5 cm. 
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7.3. BIAFRA:4 THICKNS ADOPTED ; 

Corps of Engineers, 11..A (31) 

diameter deflection ratio > 1000. 

=  d  
12 ( 1 - Oese ) 

q a4 
Ilaxintrn deflection = 

64D 

(notations explained in pars 4.6) 

Taking g = 21 x 105 Kg/Cm2  (30 x 106  psi) ; 

and u 0.3 ter steel 

E t3 	 21 x 105  x 0.093  
12( 1 - u 

= 0.00381 cm. 
R.88 x 2.5 

w = - 	- 
64 x 141 

• 
• • 

5 

0.00381 

Diameter 
Deflection = 1,231 > 1000 

Timoshenko (35) has given thefbileuing equation for 

circular plate clamped at its edges., 

= 141 cm-kg.
2Taking q 0.88 Kg/ al (12.5 ps 	2.5 cm. 

h = 0.9 mm. 

Hence thickness of 0.9 mm is svitable for 5 cm. effective 

diameter of the cell. 
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74;4, STRAIN GAME AND TS CEKENTING PROCEDURE ADOPTED 

7.4.1. 14/1111150112........4ENTS t 

In choosing a strain gauge the quality of the strain gauge 

is of highest importance. The strain gauge should show constancy 

of the indicated zero pressure reading as well as constancy of iden-

tical pressure under a constant known load over a long period of 

time (5 years). 

Instability may be due to agiag or luperfect temperature 

compensation. Temperature effects frog imperfect temperature com-

pensations may be the cause of temperature differentia, influenced 

by the constant rise and fall of daily temperature or from longer 

period seasonal, variations (31). 

Pasting of strain gauge over the diaphram has to be carried 

out with proper skill andAmost suitable cementing material. 

Instability of the strain gauge is also caused due to possible 

change in the elastic properties of the film caused by the cement-

ing material. these changes may be short time cyclic changes 

induced by temperature differential or may be longer or slow aging 

changes and ma- be either positives or negative (31), 

Though good quality strain gauges and cementing materials 

used ibr this purpose reduce all the above mentioned errors it may 

not be possible to make them zero. 
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7,4,2, STRAIN GAUGE MSS?  

Three types of strain gauges are obtained in the market. 

(1) Bonded wire gauge and (ii) Etched lbii gauge (iii) Unbonded wire 

gauge. Bonded wire gauge consists of a base which may be of paper 

or plastic or any resinous material with a fine resistance wire 

attached to it. In the etched tbil gauge a metallic tbil instead 

of the wire, is used. tbbonded wire gauge has resistance wire 

between two supports, It is claimed that etched foil gauge (36) 

can stand repeated stresses and heavy electrical current and have 

less sensitivity to strain perpendicular to axis, All these gauge 
are useful upto 60°C temperature. 

In the design of earth pressure cells where no repeated 

stresses are being measured 9 there is no need of sending heavy 

electrical currents through the resistance wire and moreover sensi-

tivity perpendicular to strain gauge has no consequence, No unbon. 

(led triro gauge can be used in these pressure cells as they would 

be less sensitive, Bonded wires were therefore used -lbr this 
purpose, 

Paper type stray, n gauges though commonly used, are loss 

moisture proof and of less heat endurance quality than with bakelite 

or polyster base (36). Any moisture proof plastic base would be be-

tter than paper base. For this irvestigation strain gauges with 

paper base have been used because of availability, and also because 

strain gauges with paper bases were_mmeh cheaper andllimited funds 

were available. Ilevevellprecautions were taken while fixing 
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and sealing to make the bases water proof. This has been explained 

later. 

Strain gauges in India are mostly imported and a very few 
cottage industries have recently started making them. The choice 

f the quality and size therefbre depended on their availability. 

e following strain gauges were tried a) Strain gauge from one 

of the cottage industry in India (iA) Orion L.M.G. Hungarian paper 

strain gauge type 2359 resistance = 120 ohms 	 0.2 p.c. and gauge 

factor 248 * 3.0 p.c. (iii) Paper strain gauge suppiie4y Shinko 

communication Industry Co., Ltd. Japan (type si) having gauge 

resistance of 120 ohne f 0,3 p.c. and galge factor of 2.08. 

Strain gauges made by Shish° communication were Ultimately 

selected. They were found not only the best but cheapest. The 

site of strain gauge obtained and used was 0.2 en, length. 

 

7.4 	MSTHOD OF FIXING TH. STRAIN A EC 

 

 

The strain gauges are cemented to the measuring surface by 

means of celluloid cement. various patent products of celluloid 

cement are recommended by different agencies. The cementing and 

preparatory procedure for strain gauges adopted is explaine+el 

in nutshell. The procedure may be grouped as fbllows s 

1) 	Preparation of measuring surface. 

li) 	Cementing of strain gauge. 

Lill 	Drying of strain gauge. 

iv) 	Preparation and placing of connecting cables, 
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Application of compensating gauge. 

7.4.3.1. PREPARATION OF MEASURING SURFACE*  Tho surface of the 

diaphram used was very smooth. In fact nutter of gauges fixed on 

the surface by various adhenive were found to be slipping. Ultima. 

tely the surface was provided with very light grooved lines in a 

chequered pattern. This prevented slipping af strain gauges. The 

surface was then cleaned by emery cloth to remove the rust. Rubb-

ing continued till the surface was shining and no rust particles 

visible; even the grooves were clean. The surface was then wiped 

with dry clean cloth,. To remove the emery, dust particles and grog 

se if any, the surface was rubbed by means of cotton wool immersed 

in toulene (tricblorethylene or benzol can be used in place of 

toulene) Rubbing continued till very little (infect nil) dust or 2 

rust particle was visible on the white cotton wool. The surface was 
then rubbed with white cotton immersed in acetone., (pure ethylace-

tate may also be used in place of' acetone) until no dirt spot could 

be seen on white cotton wool. The colour of the spot decreased from 

black to light brown while using toulene, and brown to nil while 

using acetone. 

7.4.3.2. Men' OF STRAIN GAME;  Durofix (made in England!? is 

said to be one of the suitable materials. This was not available. 

Araldite supplied by Ciba Co., Ltd., would be suitable if thin 

layer would be obtained with it. A thin layer of cementing material 

without any bubbles is absolutely necessary to provide proper 

bond, otherwise the strain gauge would slip. Aral dite, as supplied, 
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mutate of hardner and a cementing material which when mixed give 

highly viscous material, To make this mixture less viscous it 
-as dissolved in acetone to the required viscosity, This solution 

rovided the thin surface required. The danger of providing solvent 

s that it reduces the temperature of the surface and thus may 

rovide a water vapour condensate on the cement layer. This conden. 

ate may be indicated by a milk like precipitate, To avoid this 

anger, all strain gauges were fixed in non monsoon period during 

the month of June. Hungarian manufacturers Orion •iG Dehnungs 

esstreifen recommended that when such condensate takes place the 

urfaee should be heated to 25°Ci Since the 	temperature under 
hich the strain gauges were fixed was alrays above 25o

C2 no such 
reatment was necessary. 

The araldite-acetone mixture so prepared was applied on the 

iaphram surface where the strain gauge was to be fixed and also 

n the rear side of the strain gauge, in as thin as possiblo9. 1ayer. 

eibre applying on the paper of the strain gauge, the surface of 

he paper was slightly washed by running with cotton wool immersed 

n acetone, This was done to remove any dust particles. The cemen• 

ed layer was allowed to dry. The time taken for drying varied from 

to 5 minutes, The strain gauge was then placed on the diaphram 

urface, Since these strain gauges had felt cover over the wires, 

he inside of the felt was also coated with the araldite-acetone 

olution and then placed on the wires. This was done to provide 

water proof surface over the wires. 
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The sides of the strain gauge so fixed, were covered with 

neat paper to prevent the terminal wires sticking with the araldite 

on the diaphram projecting beyond the limits of the strain gauge 

paper, The whole assembly was then covered with a thick layer of 

cotton woolen, and then a pad of foam rubber and then pressed with 

a dead weight of about 5 Itga 

The dead weight along with rubber foam and cotton pad was 

r. loved on thel next day (1,e, after about 15 hours). The surface 

surrounding the strain gauge was then mechanically erased with sharp 

tool to remove the paper or cotton sticking to it. 

The gauge was then mechanically checked to see whether the 

two axes of the gauge had not been displaced from the wanted direc-

tions„ and also for its adhesiveness. No such error was noted 

in any of the strain gauges so fixed, 

7,4.3.3. MIXLEIESTR.Aaglipik The strain gauge along with the 

diaphrem plate was then placed in the dossicator for a minimum per-

iod of 4q hours. Drying may be done in an oven at €0°C, This was 

not done as properties of arladite -acetone were not correctly known. 

It was found that the araldite crunbles when heated over hot plate. 

All the surface of the diaphram around the strain gauge and 

also the top of the strain gauge was then painted with araldito-

acetone mixture to prevent any effect of moisture on the strain 

gauge, This paint also prevented corrosion of the inside surface of 

the diaphram, 



r 1;4.. One of 7.4.3.4. 

131 s 

The gauge was then checked fb r its continuity and also dis-

continuity between the gauge wire and the metal body, by means of 

an ohm-meter. 

the most important rule is to prevent a ny strain on the lead wires 

of the gauge supplied. This will result into erractic readings and 

also may result into short circuit between the body and terminals 

or between terminals themselves, The lead wires should therefore 

be electrically well insulated and no mechanical forces should be 

transfered to the strain gauge. 

The terminals of the strain gauge were welded with the lead 

wires by means of tin-load solder and then the terminal along with 

the solder joint was provided with suitable sleeve. The sleeves 

extended over the base paper to as far as they could go, Thus 

there was no possibility of short circuiting. 

To prevent the effect of mechanical forces, the lead wires 

were first circled inside the rim of the diaphram, as shown in 

Fig, 539  belbre taking them out through a hole in the cell. The 

gap between the hole and the lead wires was completely sealed with 

araldite. This seal would prevent any ft,rces being transferred to 

the lend wires inside the cell. If by chance some pull or push is 

exerted on the load wires inside the cell, the twisted loop would 

take over these forces without transferring them to the gauge. 
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7,4,3,5, APPLICalati apt GQMPS LSATII G aAUGS s Compensating strain 

gauges are used to eliminate the effect of elongation caused.  by 
changes due to temperature variations, The compensating strain 

gauge should therofbre be under the seine temperature candition and 

should be cemented on the same material and also should not show 

any strain due to mechanically applied Ames. 

A small plate of the same material as that in the diaphrem 
Ana prepared and the same type of strain gauge applied to it, This 

plate was placed in the same box, except fbr the variation in in 

side depth, 1br the compensating strain gauge the inside depth vas 

increased by 1 en,, so that the deflection of the diaphram and/or 

base may not compress the gauge and thus bond it along with itoalf. 

The whole• box containing the strain gauge was tested under loads  
and no change in resistance was recorded due to load, 

7,5. TRIAL C5LLS s 

limber of trial, cells were tried at the first instance to 

obtain a container with a MitlialU3 possible density and satisfy the 

other requirements discussed in para 6 and its subparas, The patt-

ern chosen teas a steel ring joined to the diaphrem plate and an 

aluoinium bases  as shown in Fig, °A.  in this text. 

A tight fit manufacture between the steel and aluminum piece 

so made, with an araldite as a material between the joint gave the 

best results, Araldite not only provided the bond between the 

tvo pieces:4 but also provided very good water sod at the junction. 
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For sealing the gap between the terminals and the sides of 
the hole in the cell, bee wax, rubber araldite and many other mater- 
ids were tried. Aral dite filled in the whole and slightly pro-
jecting out gave the best results: 

For joining the ring to the periphery of the diaphram 

riveting or soldering were tried. Rivetted joints completely failed 

while soldered joint stood pressure much more than the designed 
pressure. 

Variable dimensioned cells with different types of joints 

and bonding had been tried. The dimension of three cells soldered 

at the periphery of the diaphram are given in Table Nog. 	These 
cells were provided with tight fit joint and the joint bonded 

.0 
with araldite. Lesser diameters than shown in table No. 1 were 

tried, Their specific gravity was high and more over they showed 

erratic results when tested under plate bearing test in the field, 

;`• 

1- 	{D •1 
	( DIAGRAM (0.9rn.m) CARBON STEEL 

    

RING (MILD-STEEL) E 

c 

   

     

ire 
	

if °  741 ALUMINIUM BASE 

8 	  

FIG, A 	CROSS —SECTION OF THE CELL TRIED, 

Fla. A 

ri 



Cell Dimensions in cm. Ref. fig. se 	jpecific Gravity of box 
No. mr—rnre7517TFT7-1 

1,  5.5 6.0 0.4 0.45 0.15 0.45 0.183 3,57 

2,  6,3 6.9 0.4 0.30 0.20 0.150 2.96 

3,  6.36.n 0,4 0.30 0.20 0.40 0.220 3.14 

Table No. 

All the three cells were found suitable. These cells were 

again testes in the field by placing them 1.5 cm. below the soil 

surface and loaded by means of 76 cm (30. in) diameter plate. They 

gave uniform results. 

Tho cells were tasted fbr moisture abiorption by placing 

them in water ibis 3 days. Ito change in weight was noticed. 

The results showed that any of the cells would be adopted. 

Tho best choice was thorefbre to adopt a cell of lowest specific 

gravity. Cell Ma. 3 was therefore adopted for manufacture. Due to 

manufacture on lathe, slight variations in dimensions were noted. 

Their specific gravity varied. In all 105 cells were manufactured, 

out of which 19 rejected mainly due to defect is water seal or 

inconsistent working of the strain gauges, the specific gravity of 

cells used fbr this investigation is given in table No. 2. 

	Ne41110•MINOWONI.l.weIlleamillialkOnlimr0 



s 135 s 

Table No 2 	b V 	e and 8.o fie Gravit of Prc sure 

Yol ung in (i) Specific Gravity 
5. no. Coll Weight in IThicknoss ink Qv 	1 	eta. 

No. I  Ons, 	I 	028. 	b37,4xCoi.4I V 	cot.5 

1 2 53.71 0.59 22,06 2.43 
2 3 60.76  0.65 24.31 2.50 
3 4 63.98 0.65 24.31 2.66 
4 8 63.54 0.64 23.93 2.65 
5 6 58.45 0.61 22.82 2.56 
6 7 61,41 0.64 23.93 2.56 
7 8 62,55 0,66 24.68 2.53 
8 9 61,55 0.63 23.56 2.61 
9 10 63.01 0.66 24,68 2.55 
10 11 62.81 0.69 25.80 2.43 
11 12 62,79 n.63 23,56 2,66 
12 13 62.08 0.65 24,31 2.56 
13 14 54,24 0,65 24,31 2,23 
14 15 57,11 0.69 25,80 2.21 
15 16 54.48 0.60 22.44 2.43 
16 MI 63.38 0.69 25.80 2.46 
17 19 61.97 0.62 23.18 2,67 
18 20 62.31 0.63 23.56 2.69 
19 21 59.20 0.64 23.93 2.47 
20 22 58.44 0.69 25.80 2.27 
21 23 56.90 0.65 24.31 2,34 
22 24 63.44 0.65 24.-31 2.61 
23 25 60.72 0.61 22.82 2.66 
24 26 58.05 0.62 23,18 2061 
25 27 60.36 0.59 22.06 2.74 
26 28 55.56 0.62 23.18 2,40 
27 29 58.81 0.62 23,18 2,54 
28 31 61.97 0.64 23.93 2.59 
29 33 59.16 0.61 22.82 2.59 
30 35 58.81 0.64 23.93 2.46 
31 36 62,36 0.62 23.18 2.69 
32 39 66.41 0.68. 25,42 2.61 
33 40 55,15 0.63 23.56 2,34 
34 4.1 65.00 0.68 25,42 2.55 
35 42 61.44 0.61 22.82 2.69 
36 . 43 61.53 0.64 23.93 2,57 
37 44 60.08 0.62 23,18 2.62 
38 45 59.01 0.62 23.18 2,55 
39 46 60.39 0.64 23.93 2,62 
40 47 57.01 0,61 22.82 2,60 
41 48 61,37 0.66 24.68 2,46 
42 49 62.79 0.68 26.31 2.58 
43 51 62.20 0.62 23.18 2,69 
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44 52 62.18 0.64 23.93 2.60 
45 53 64.66 0.66 24.68 2.62 
46 54 60.91 0.68 24.68 2.47 
47 55 57.52 0.68 25.43 2.26 
48 56 58.23 0.66 24.31 2.40 
49 57 57,46 0.60 22.44 2,66 
60 58 60.45 0,63 23.56 2.57 
51 59 87.36 0.62 23.18 2,48 
52 60 60.85 0.61 22,82 2.67 
53 61 60.70 0.63 23.56 2.58 
54 62 64,e7 0.66 24,68 2,63 
55 63 60.99 0.63 33.66 2.58 
66 64 53.37 0.57 21.32 2.55 
57 65 56,24 0.61 2'%81. 2.47 
58 66 59.08 0,66 24.68 2.39 
59 67 57.97 0.62 23.18 2.50 
60 68 62,15 0.62 23.18 2.68 
61 69 57.24 0.60 23.44 2.55 
62 70 60.32 0,65 24.31 2.48 
63 71 59.28 0.60 22.44 2,64 
64 72 61.85 0.64 23.93 2,58 
65 73 60.26 0.67 25.05 2,41 
68 74 55.18 0.56 20.94 2.64 
6? 75 55.69 0.59 22.06 2.52 
68 78 61.29 0,66 24.68 2.49 
69 79 58.87 0.68 25.42 2.32 
70 81 58.11 0.59 22.06 2.63 
71 82 52,67 0.5? 21.31 2.47 
72 84 67.13 0.65 24.31 2.35 
73 85 62,89 0.68 25.42 2,47 
74 86 56,40 0.62 23.18 2,43 
75 87 59,03 0.e0 22.44 2,63 
76 88 63.23 0.66 24.68 2.56 
7? 89 60.98 0.65 24.31 2.51 
78 90 69.62 0.63 23,66 2,53 
79 91 55.85 0.54 26.19 2.77 
80 92 58.53 0.65 20.57 2.84 
81 93 57.38 0.62 23.18 2.47 
82 95 62.64 0.65 24.31 2.58 
83 97 49.32 0.54 20,19 2.44 
84 99 57.57 0.59 22,06 2.61 
85 102 55.35 0.61 2,82 2.43 
86 103 59.83 0.68 25.43 2.36 



13? ; 

.6. DEati.a22Z2.2  

As a result of the above mentioned investigations the follow 

ing design of the cell was adopted. The cell consisted of three 

parts each of different material. (i) Aluminiun base (ii) Mild 

steel ring and (iii) Carbon steel plate obtained from the blades. 

The carbon steel diaphram was soldered by means of tin-lead to the 

ring. The strain gauge was then cemented on the inside surface of 

the diaphram. The preparatory and cementing procedure for strain 

gauge has been described in pare 7. Araldite was then spread over 

the proposed contact surfaces of the ring and the aluainiiza plate 

and also in the hole for the wires. The ring with the diaphram was 

then hard pressed into the aluminium disc. The whole assemply was 

pressed in a jack for about 12 hours. As a precautionary measure, 

a thin coat of araldite over the rim was provided. The cell so fbr-

mod was allowed to dry in dessicator for 3 days. The cell was then 

painted with plastic paint, and the oaint allowed to dry. After the 

paint had dried the cells were checked fbr water absorption by 

keeping than in water fbr 3 days. If no absorption of the cell was 

noticed and the strain gauge showed continuity but discontinuity 

with the metal box, the cell was thought to be satisfactory. 

As a further precaustions at later stage about 50 p.c. of 

the cells were dipped in rubber solution and then dried. 

The cells were later calibrated as discussed later in para 

Ito. 7.7. 
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7,7. The different methods of calibration and the experience of 

the author is discussed in para No. 5. About 100 cells were 

calibrated by the author in SAE 30 Mobil oil and in the chamber 

shown in Fig. 52. 

The calibration curves are shown fin= Fig. 54 to 73. 

INTATAALTALIESNILL: 

Great care has to be taken while installing the pressure 

cells. As the cells measure stresses normal to the cell face only, 

the cells were installed horizontally, parallel to the base of the 

proposed slab, *he horizontality of the cell face was checked with 

a round spirit level, 
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CHAPTER III 

THERMOCOUPLES 



168# p 

maTER  

THERUOCOUPLES  

There are different methods of recording temperatures. The 

nly suitable method of recording temperature at any point of a 

olid mass is by means of thermocouple. 

Seebeck in 1928 discovered that if in a circuit formed by 

ailing two dissimiliar metals, the two junction are kept at different 

emperaturec, a current flows round the circuit. Such current is 

ermed as ',Thermoelectric current° and the emf produced is called 

'thermo electric force'. 

The magnitude of this emf depends on (i) the metals, their 

alue of resistivity and temperature co-efficient and (ii) the 

emperaturo difference between the two junctions. Thus for a 

ven pair of metal wires the ratio of emf generated to the 

empsrature difference between the junctions can be determined, if 

he average temperature is specified. This ratio for a specified 

veri.ge temperature is known as the thermoelectric power se" of the 
circuit. 

3. Choice of metals for thermocouples:-- The pairs of metals 

counenly used for thermocouples are 

(1) Iron against constantan. 

(ii) Chromel against alumel 

(iii) Platinium against platinium - rhodium alloy 

(iv) Copper and constantan 

(v) Copper and Eureka 
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Published tables are available which give tho thermoelectric omf 

between the pair of the wires mentioned above for different 

temperatures. 

ocific es t  e or s,..4 v ty  °the •re e tie 
for thermocouple  . 

Specific resistance depends upon the nature of the material, 

and is representei as follows:- 

Resistance x angth of psnductor 
Grose-sectional area x specific resistance 

Thus the unit of resistivity is ohm-cm. Copper has low specific 

resistance while constanten, Eureka and manganin has high specific 

resistance. Table No. 1 give their properties. 

4.  DESIGIT ADOPTED  

Type of vireo:-  The maximum and minimum temperature at 

Roorkoo, whore this investigation is proposed to be carried out is 

40 °O and 0 00 respectively. In this investigation thermocouples 

are to be installed An soil underneath the pavement and also in 

different bases and concrete pavements. The maximum and minimum 

tempesanture will be in the concrete pavement which is not expected 

to go beyond the range of 0°0 to 60 °C. Temperature readings taken 

in sun during the month of June and July 1962, have shown that 

these ranges are acceptable. 

Table No. I shows that copper with conetantan or Eureka 

produce a thermoelectric emf of 40 micro-volts per °C. Any of these 

two metals with conper could therefore be useful. Eureka-copper 

It 



81.0 
No.* 

a 
0 

Material 

Mks 
( 70 p.c. Cu. + 30 
p.c. 14n.) 

42 

Very high rosis- 95 04004 6. Nichrome 

CO 1.?  0.004 

15-50  0.0052 to 
0.006 

49.42 0.00001 40 

-#170*- 

T4bLE  

bermo 
*Resistivity Tempaelectric 4 Remarks 
*Micro ohmsCoeff *elf against* 
0 Z cm  per °C0Cu.Microo 0 
0  0  *valts per 0 

Cheap. High resisti 
vity.Yery low temp, 
co-efficient. High 
thermo electric emf. 

High resistivity, resistivity, 
0 to 0.00003 3-8 very low temp. 

co-efficient and 
very low thermo-
electric emf. 

tivity. 

Copper 

Steel 

Constantan 
(35 to 55 p.c. 
Ni + 65 to 45 p.c. 
Cu. + 0 to 20 p.c. 
Zn.) 

Eureka  50 
(60 p.c. Cu + 40 p.c. 
Ni.) 

0.00001 40 



wire thermocouples were adopted. The Bureka wire was of 18 gauge 

and copper wire of 22 gauge.  

Type of. Junction: 	The method of joining the two wires is very 

important. The Method adopted may thermostatically alter the 

metals near the 3unctions by corrosion or contamination or by 

changing the crystal structure. The junction in fact becomes a 

short length of wire •compoeed of third metal; but if this short 

length is at the same uniform tempetature, the effect is the same 

as if the two metal wires were joined at the sine place without 

making the third type of metal (1). Junctions can be of may types 

e.g. brazed or soldered; beaded or fused, and clamped, Clamped 

:unctions are undesirable as they give erratic results. Brazed or 

soldered Junctions are quite good, if the temperature is uniform 

in the vicinity of the junction. 

In case of concrete and even in soil, the small junction 

Point is likely to lose good contact with its surrounding medium. 

It was therefore desirable to inevease the contact area of the 

junction specially when sensitivity adopted was too low i.e. about 

1 °C. The design of :unction therefore adopted wee, as explained 

below. 

The copper wire was wrapped round the nstantan wire for a 

length of about  The junction so made was placed on one nays 

pates ( a copper alloy of 1.5 cm dia and 0.05 cm thick, put in the 

shape of a coin). The whole assembly was soldered with tin-lead. 

This type of junction is shown in fig. 74. 
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IRSTALLATLOU 

Callibration 

Since Eureka and copper wires were soldered together and 

at the same time rith a copper alloy, there was every possibility 

of the variation in calibration from the standard calibration supplie 

—d by themanufacturers. 

ffumber of thermocouples were calibrated by (i) placing in 

water at varying temperature (ii) Placing them in soil and varying 

the temperature of soil and (iii) embedding them in concrete block 

and placing the concrete block in water whose temperature was varied. 

The method of testing for embeddment in soil and concrete is shown 

in fig. 7b. 

Two methods of reading thermocouples were adopted (i) By 

direct method i.e. measuring the amperage and (ii) Uull point 

method i.e. measuring the thermoelectric, oaf. Emf method no doubt 

passers the advantage of elimination of the variable le (resistance) 

which is function of ambient tempenture. Emf was measured by 

comparing the thermoelectric emf with a reference emf of a wet 

battery. The balacing operation. was carried out by a balancing 

circuit of a potentiometer. The circuit diagram is shown' in fig. 76 

andd,h1. The micro amps were measured directly on a ratoroarnmeter• 
Calibration charts for thermocouples placei in concrete and soil in 

terms of mieroamps and millivolts are shown in fig. 77. Since the 

slope of straingth lines for water, concrete and soil is the same, a 

general graph applicable to all the three types of embeddmenta with 



the readings obtained, have been drawn in this graph. 
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CHAPTER IV 

DEFLECTION DEVICES 
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(MUTER /V 

Dr7 MIMI DEVICES 

4.1  Introductions  Burmieterts theory is based on deflection 

of layered system. Per verification anOesign on the baois of 

Burmieter's theory it was proposed to measure deflections oftho top 

of eubgrade, base course and concrete pavement. The deflections to 

be determined Independently for given amount and type of loading. 

4.2  Construction of the device The arrangement adopted consist 

of 0.6 cm  in.) diameter rod with 2.6 em. square base plate. This 

rod peones axially through a 1.8 can (i in.) diameter conduit fixed 

with washoro at its ends. The internal diameter of these washers 

is 1.8 am. and external diameter is 4 03.. The 1.8 cm. conduit agai 

Poems through a 3 cm. (a in.) diameter conduit. The 3 a. 

conduit is ale° provided with washers having internal diameter of 

3 cm. and external diameter of $ cm.. The arrangement is shown 

in fig. 78. 

The above plate of the 0,6 cm. diameter rod remains embedded 

in the top of eubgrade by 1 cm depth and this rod should be free 

to deflect along with the oubgrade only through the base and 

concrete pavement. The 1.8 cm. diameter conduit around it and 

passing through the base course and concrete pavement provides for 

its free deflection. 

In order to prevent against free movement of the rod and 

thus disturbing the eubgrado of the base plate, when the deflection 

device is not in use, provision is made to fix the rod temporally 
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with the top of 1.8 CM6 conduit pipe by means of a cork as ehown 

in deteril 'A' of fin. 78. This cork also helps in keeping the 
rod in the central axis of the conduit pipe when the base course 

is being laid. 

To keep the rod in the central axis of the conduit pipe 

at the bottom, the rod was passed through a tar paper and a circle 

of diameter equal to the external' diameter of the washer was drawn 

on the paper with its centre at the center of the rod. After the 

rod was embedded in the ground this tar paper was pushed through 

the rod followed by the conduit pipe. The washer of the conduit 

pipe was kept in line with the circumference of the circle already 

drawn on the paper. Theconduit pipe was thus placed on the 

oubgrade furl its top corked as mentioned above. 

To prevent access of oubgrade materitl to the rod at the 

Sunction of the conduit pipe and eubgrade, a tar paper with a hole 

equal to the diameter of conduit pipe wan placed on the top of the 

bottom washer of the conduit pipe. Thedetail of this is shown in 

'0' fig 73 

The base course thus could laid without affecting the 

central rod, 

Before laying the concrete pavement a to paper with a 

hole equal to the diameter of 1.8 cm. was °laced around the 1.8 cm. 

diameter conduit pipe on the top of base course. This paper had 

also a circle drawn with the center at the centre of the hole and 
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diametor equal to the external diameter of tre washer on the 3.0 cm. 

dirnoter conduit pipe. 

The 3.0 cn. diameter conduit pipe was then placed on the 

paper with the washer in line with the circle so drawn. The top 

end of the 3.0 cn. diameter conduit pipe vas corked as shown in 

detail Vsil of fig. 78. The 1.8 en. diameter conduit pipe thus 

remained centrally in the 3.0 cm. diameter conduit pipe. 

To prevent access of cement concrete to the 1.8 en. diamete  
conduit pipe at its junction with the top of base cause, one more 

tar paper. V84 placed on the top of the bottom washer of the 3.0 en. 

conduit pipe, in the similar manner as was done before on the top 

of subgrade. 

The cement concrete pavement could thus be laid without 

affecting the 1.8 cm diameter conduit pipe. 



0. 6 cm, dia. rod 

1I

CORK WHEN s/ 
DEFLECT/ON 
DEVICE IS NOT 
N USE. 

O./8crrrn all& 
CON DUIT PIPE 

DETAIL AT A. 

I 

070 

K 0.6 Cm. ca roe 
b8 c2/1.1 forcilaiyausye 

to cm. Space 

conceille 	/0 c m, Space for 
cl(alyauje Tar ?oper 

/.8 cm a/1h .conchd 
Rifle 

A 0 

3cm, clt4.CON1111.1 
Pipe. A 

DETAIL AT 8 

f

0.6 c tn.( 4 in.) dia.bat- v 
with a 2.5X2.5 cm spare 
plate at in' ,6 o Ito m . 

14? CM (I in) d/Q.  Condit;t, 
pipe with washers At its 
[ 

top and hottOnl. 

I

3.0 cm(1 P4 in) dia .conduit 
PiPe WITH washers al di 
to/ and bottom . ' 

DETAIL AT C. 

.1 

 CORK WHEN 
ouLEcTION 
DEVICE IS 
NOT USED 

TWO LAYERS OF PAPER 
To PREVENT CEMENT 
CONCRETE ST/ckIAIG 
ON TO /.8 c n?ctfh. 
CONDUIT PIPE. 

TWO LAYERS OF PAPER 
TO PREVENT BASE 
MATERIAL STICK/NG ON-
TO THE 0.6 cm ROci. 

to cm_ thick 
concrete slab. 

Variable depth 
OF base course. 

//M(77,-Cri,Aw N's%/A.s. 	 /vszekkyAWA■vnxv mr,•■•••Yr 

FIG_ 78. 

h- -h  
2.5 cm. x2.5 Cr!) 
spare plate 

DEFLECT/ON DEVICES To MEASURE 
DEFLECT/ON OF SUB GRADE, 807710m 
OF BASE AND BOTTOM OF CONCRETE SLAB. 


	63531.pdf
	Title
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4


