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CHAPTER 1

DESIGN OF MOISTURE CELLS



CHAPTER KD, 1.

DESIGH OF MOISTURR CHELLS,
Mm

1, N .

The peper on "Measurement of subgrade Hoisture in Situ" by
the author, is pubdlished in Roorkee University Research Journel ,1962
an: has been accepted for putlication by the Institute of Engingers
(Inile), This peper is given in fppendix IV, 1In this article
various methods of measurerent o2 molstura content in situ and

the advantages and disadvaentages of each method have been discussed.
There in, it has been concludad that eleoetrical resistance cell if
pi‘operly designsd, are bast suited for measurement of moisture con-

tent under foundations,

In the procesding paragrephs, attempt has been made to invese

tigato each factor whieh affects the proper design of electrical
resistance cells, This attempt has enabled design of sultable cells
for this investigation,

2, ELRMEITS AFFICTING DESIGH,

In the design of electrical resistance colls the following

lel cnents affect the design,

( a) Electrodes ¢ Their corrosive pover, perforations for free
flow of moisture through the electrodes end the arsa of the
electrode, |

b) Insulating materials The moisture absorptive and release
povwer of the insulating material and the resigstance offored
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by 1t to the flow of electricity, The dielectric strength
(i,e. the abllity to with stand break down) of the insula-
ting material does mot affect the design, as the voltage
applied is too low,
(¢) Cover s 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

subs-paragraphs,

2.1, BLECTRODES s

3,1,1, MATERIALS FOR ELECTRODES : The materials for the electmde
should be of low reststivity, Almost any metal will sult the pume

pose from this view point,

Since the electrodes are to I embedded in moist soil (may
be with salt action) the metal so chosen should be nonecorrosive.
Various metals like copper, stainless steel and monel have been
used, Copper is éorrosiVe and hence is recommended for short dursa-
tions only, Monel is an slloy containing about 3 parts of mickel
to one part of copper. It is chesper than nickel, It is tough,
strong, non corrosive as pure nickel, Stalnless steel is also none

corrosive,

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

in resistance in between the slecx¥trodes is only considered to be

due to change in the moisture content batween the electrodes, they
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should be of such pattern, as to in mo way hinder the flow of mois-
ture to or fmm the 1‘nsulating matér\ial. In the first stzge of
dovelopment of electrical resistance cells, wire electrodes wers
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, |

21,3, AREA_OF ELECTRODE ¢ Since the resistance offered by electe

rodes is inversely proportional to the area of the conducting medium

(R= P x- Ap vhere R = resistance, £ = length, A = area and

P

tance offered and hence same measuring instruments may give more

resistivity of the material ) more the area, lesser the resise

n

accurate results,

2 l,.,4._ TZPE O_F ELECTRODES INESTIGATED ¢+ The following types'of
electrodes were adopted for this investigation | |

(a) Circular , Stainless steel electrode with central hole.
(b} Circular and rectangular perforated brass mesh electrodes,

lThey are shown in Fig, 1.

2,2, INSULATING MATERIAL ¢
2,2,1, CAPILLIARITY PERMEABILITY PROPERTY : It 1s claimed that the

porous material of the cell wets and dries along with the moisture
around 1t, Investigations carried by the author with plaster of
paris cell as recommendsd by Bouyoucos, showed that this is not so

and that the cell continued to remain wet in its interior (i.e.
between the electrodes even though the soil surrounding it had
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dried.) This is naturally due to the di fference in the capilliarity-
permeability of th;a 801l surrounding the cell and the capilliarity=
permeability of the material in the cell, The author therefore
concludes that with slight inerease in moisture content of the
surrounding soil the material in the cell gets saturated and no
further change in electrical resistance is recorded even though the
moisture content 61‘ the surreﬁnding soll is increased;, The sgme is
true for nylon ang ﬁbie glass cells, It is therefore highly desie
rable that the capilliarity-permeability of the dislectrie material
in between the electrodes should be same or more than that of its
surrounding soils, The capilliarity -pemeability of plaster of

paris 1s very low,

2,2,2, RESISTIVITY OF MATRRIAL ¢ - (&) When insul ation consists of

Small sheets of material, in addition to the volume resistivity of
specific resistance ofinaterial, surface resistivity is also to be
accounted for, Surface resistivity can be defined as the resistance
bétween opposite edge of a{ unit square area of the surface of the
material, This quantity depends wpon the general conditions of the
surface and upon the hunidity; and is not a constant -(44)° -~ The
surface resistivity 1s given by an equation

R x IT 4
I

¢ Numbers im.bracket, indicate reference number at the end
of this Chapter,




Value of resistivity at 30°C and ratio

3 6 $
resistivity at 20°¢
resistivity at 30°C

for & numbar of hard insul ating materials have been determmined.

These ratiog varies from 1 for mica to 16 for bee-wax,

2,2,3:; TYPES OF INSULATING MATERIALS INVESTIGATED ¢ The following

types of insul ating materials between the elactrodes were trieds

(2)
(b)
| ()
(a)

(a)

(b)

(e)

(d)

Rubber, _

Plaster of Paris with zero, 40 and 50 p.c. standard sand,
Soil and | |

Air,

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 surroundiné the
cell, These cells were therefore ot covered.

Plaster of paris was adopted as it has been commonly used

. in one type of cells at present marketed. Since their

capilliarity-permeability is very low and hence do mot relo=-
ase moisture easilyy Sand in 40 p.cC. and 50 poCo Were added
to plaster of paris to increase itis capilliarity-permeability.
and thus reduce the moisture retaintivée pover of this materid
Soil was adopted to provide the same cepilliarity-permeabl-
1ity as that of the surrounding medi vm,

Mr was tried as 1t was assumed that the change in resistance

would be proportiondl to alr hupidity which inturn will vary
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Churcher (45) has shown the flow pattern of the current, This pattem
is shown in Fig, 3 (The diagrmn 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
mediun has the effect of reducing the apparan_t impedance of the
seétion 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 imr‘estiga-
tions and has been discussed in 4 ppendix IV. Thus in case of
pl_as‘t.er of paris cells with or without sand, mo cover or very little
| cover (as 1ittle as practically possible) was provided in later '
investigations, Plaster of paris and sand mix in the cover was
the seme as for the insulator betwesn the electrodes., 4 thin cover
was found necessary to prevent any air or moisture gap between the
electrode and the insulator and slso provide finiform electrode con-

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

ALl other colls havi.ng rubber or soil as an insulating
material were not provided with cover because in case of soil,
the surrounding soil ia ‘thé same as the soil in between the
electrodes, while in case of rubber, the object was to determine

‘conduetance through the surrounding soil.
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3, DESIGN OF CELLS INVESTIGATED AND METHOD OF TRSTING,

3.1, CELLS INVESeTIGATED:

The elements in the design of cells have besn discussed in
para 2, Ths effect of different factors on these elements have
bsen pointed out, Varlous combinations of these cells were tried,

Their details are listed in Appendix No, 1, and shown in Fig, 7(b).

3.2, CALIBRATION:

The method of tesﬁing these cells is known as "Calibration®,

| It can be divided in twe parts (i) Emnbeddment of cells and measure-
ment of moisture content by gravimetric method (i1) Measuremént of
resistance at different moisture content, They have been discussed
" “belows

3.2,1, Two methods for embeddment of cells and measurement of

| mbisture content by gravimetric method were adopted as explained

belows

* Method (&) s The cells were embedded in a soil in & big con-
 tainer heving consideralle ares 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.6.

Mathod (b): The cells were embedded in & shallow box

(5 em, depth) with top and bottom provided with perforatéd sheet
of brass as shown in Fig, 7 (&) . The perforations in brass sheet
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#oro ag ohown in Pig. 4 o, Hotting papor on the inside of tho
porforated sheot was providod to prevent soil falling out through
the perforations and al.s'o to provide uniforaity of moisture ovor
the wkole avea. The tox was 30 e, long end 15 em, wide, The moise
turo contont was deterained by weighing the tox as explained
later in this paragraph,

Tho soil in both the methods was compacted for the seme dry
donsity as that obtained in the field,

Mothod To. (8) above hod to bo abondonod s two soil scuplos
woxo tokon foF sach roading of all the eeolls in the containo? and
in cll about 80 to € soil acaples had to be takon within the
1initod avon of tho cofl ovatlablo, Bach sofl semplo in mothod
(a) was tckon by deiving a cork bogor through the difv;@t.h of the
soil. Tho portion of the £0il at tho lovol at which the call vag
cmboddod wos thon tekon out of the bovor. Aftor the soil had been
bored 1t was cssontial to i1l tho hole with tho remaining soil
£vom the borer and also some moreo additional soil to replace tho
quantity of sou renoved for detominéﬂon of moisturo content,

It wos not possible to compact the soil in tho toved hole to tho
somo unifoin density os that of the surrounding soil. An attempts
wore thorefore made not to teko the soil scaple ot the point whoro
tho boring had alroady boon madae Hith the limited area of tho

goil ovailablo it was many a ¢imos not possillo to teke tho sraplo
at places othor than the places where oeaplo had dlready boon tokot
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It may however be mentioned that two soil senple teken diametrice
11y opposite but at the seme'éepth'and at the seme time showed vari-
ation of moisture contont not exceeding 1 p.c. of the average moise

ture content determined.

In method N;;. (b) above, &ll cells were placed aﬁ: 2.’5: o,
from the top and the bétf:Qm of the box (except cylindricai' cells)
and any two adjacement celis had a minimun clear gép of 2.5 cms,
Cylindrical cell‘s were placed i.n 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 welght of each box with dry
weight of the soil, blotter and cells was detemmined.. Thuélthe
average moisture content of the soil in the boi could be easily
determined by just welghing the boxs To provide uniformity of
moisture throughout the area of the box, both its top énd bottom
‘were always kept exposed to alr by kesping the box 1n~ﬂ.at positi—
on over the edges of an empty tray, Thus by this method moisture
contont could be determined without disturbing the soil,

In both the methods after the ceils had been placed, thé-
s0il was wetted and dried for number of times, spread over a
pinimun period of six months, This was temmed as & setting period.
Calibration of the eells was then started usudlly for fdlling water
content, under almost the seme temperature of the soil, Three and
sometimes four gets of readings fo_r different falling moistﬁ:e

content were teken. The readings reported in this paper (by means of)
graphs) are the last readings teken as there is no appreciable
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| di fference betwoen this set of reading amd one teken immediately
before 1t,

3.2.2, RESISTANCE MEASURING DEVICE s

The instrument for measurement of resistance have been men-
tioned under pera 3, The forest service U :S.4A Department of
Agriculture (30) have compared the utility or these instruments.

For measurement of resistance, following four. methods were trieds

1) . Aeross Olmemoter (A/0-8)

11): Across D,C, Wet battery and !mp-meter (AVO—B)

111) Aeross ﬂ.tei’nating eurreni (10 Volts) and Anp-meter {40-8)
iv)  Aervoss volt tube voltmeaer.

¥) By Post Office Mx method,

_The eircuit dlagram of the first four methods above are |
shown in Flg, Yo, 5. | ’

411 the ahovehethods were compared for number of times on
dry (coil-resistance) a8 well as Wet (wet moisture cell) resistance.
Sample readings are given in Jppendix No, II and the results are

reproduced belovw 3
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- ; T T Jg‘ . BResistance in Omms,
aAeross ' Across ' Aeross V.T,V.M,
S.ToYType of resistance] gro-",D.C.Wet! MC. ' . (10 V)
%ﬁ@tﬁr lbattery" (10 V) . '
1, Dry Coil resistance 1,950 '1,865 1,820 1,825
- 2, Wet, Saturated . . ... 182 . 136 . 155.:

moi sture Cell.

In case of measurement with om-meter only, the needle :
nuctuates when measuring resistance along wet moisture cell and

hence the readings are inconsistent,

Fron tha above results ve observe that the recorded res:ls-
tance dacreases in the following order s |

ka) leross wet battery. |

(b) Anmas V T.V.Me

{¢) Aeross A.C. Voltage.

The peréentage decrease in resistance in these three methods is

not appreciatble,

Experiments oa,r_ried _out with AC. Supply showed that \;.vhen
the terminal wires ere embedded in soll with varying emouat of
moisture eontént,; there 1s lot of variation in capacitonce and
inductanco recorded. Since resistance in these three is almost seme,

D.C., Wet battery method was adopteds
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4, DISCUSSION OF RESULTS.

4.1, PRCPORTION OF THS DISSIPATION OF CURRENT THROUGH THE S URRO UND-
ING SOIL AND THROUGH THE INSULATR BRTWEEN THE BLECTRODE,

To detormine the emount of current dissipated ihrough the
surrounding soil as compared to that through the insul ating mediwm
inbstueen the electrodes, cell No, 42 and 43 (Fig, Wo, 24) can be
empared with call Mo, 48 and 49 (Fig. Mo, 27). Cell No, 42 and 43
have rubber insulation between the olectrodes. The dissipationof
current through rubber will be almost zero, Moreover it being absoe
lutely impemoahle, the current if any passing through rubber will
not get affected by the moisture content of the surrounding mediwm,
Hence 1t can be assuned that the flow of current in cell No, 42
and 43 is only through i1ts surrounding medium. Cell Wb, 48 and
49 is exactly identicdl to cell Mo, 42 and 43 except for its ine
sul ating material between the electrodes, This insulating egent
ig air, soil anG the molsture conteined thersin. Thus the per‘ceib
tage di‘ current passing through the insulator between the electro-
dos in case of call Mo, 48 and 49 i3 given by s

E/R of cell No. 48 and 49,
Where E is ths voltage and R is the resistence.

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

through the insulator of cell No, 48 and 49,

e 100 x _Resistance of cell No, 42843 ~Resistance of cell No. 48549

. Resistance of cell No. 42 and 43.

¢
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The values of resistance for these cells for difforont molis-
ture content as chtained from Fig, Ko, 24 and 27 and the percentagze
current passing through the instlator agre given in Table Fo, 1.

T i — 1 IP.C. Current passing
P.C. JResistance cfiResistance ICol.2 Ythrough insulator
Moista-Yeall Nos, i of cell 1 minus

e § 42843, | b, 4a49  Col.3, JCOL. g’f x 100
Y 2 13 1 4 _f 5

2 2.3x10* 20zx1* 13x1° 38,2

4 1,65z 10° 1,0 x 10%  0.56x 10* 35,5

6 9.5z 1° 6.7 x 0° 2.8 x 0° 0.5

0 48x10°  37x10° 1L1xi10° 22,9

12 3.6x10°  20x1° 0,6x10° 16,7

14 2,7 x 10° 2,4 x 02 0.3 x 0° 11,1

18 1.6 x 10° 1.6 x 10° 0.1x 10° 6,25
- | Tatle No. L.

The graph of percentags moisturs (Col, 2 Table Mo, 1)
agelnst percontage current passing through the insuwlator (Col. 5
Table 1 ) is shown in Flg, To, B From this graph fvllowing two
things ere evident, |

(2) The dissipation of current through the Soil and alr
{naul ation botveen the clactrodes with relotion to molsture eontent
follow & stralght line curve, Since cell No, 42 and 43 also show a
straight 1ine curve for resistance against moisture content, ve
conclude that the dissipation of current through the surrounding
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s0il elso follow a straight line curve.

() The percentags emount of total current passing through
the soil and alr insulation between the clectsodes is about 28 p.e.
at the lowest moisture content of 2.\p.c. (C‘olo 5 Tatle 1) and
decreases vith increase in moisture content till 11; is 8,25 p,e.
at 18 PeCe. moiature content, This shows that most of the current

13 dissipated through the soil surroundirg the cell.

Cell Nos. 44 and 45 with pe;forated_mbber‘ insulator (Fig,
No, 28) have‘tha ama',alegttode area and gther faetors as those
of coell No, 42 ax_;d 4:3,, e:écgp_t_tha? the area _of insul ation caused by
air and soil through the perforations has decreased. Table ;.Noo
2.\ give the séme type of percentage comparision as cérri.éd out

in Table Fo. 1,

— { ' 1 ] P,C. current passin
fRosistance [Resistance off%l, 2 I through the insule-
P.C. Jof Cell Mo, §.Cell M, [, minus ftor
Moisture.ﬁ 42 & 43, ﬂ 44 & 46 % 0le 36 ﬁn@» x ]oo

FNRIS NS S BRSO SO S W SR
2 3.3 i m"‘% . 2‘4' x 163' o @.9 x m‘* - 273
8 9.5x 10 3.0 X m3 Loz 10,5
10 4.axm3 46 x10° 'o.ax:loa a2
14 27x0° 26 x 103 oax 1° e
18 ' 21z 0% 2.08% zo3 0.07 X 103 . 3.3

Table No\o 20 -
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As the sigg of the perforated holes in cell No, 44 & A5 wgs
of the order of 0,25 cm to 0.2 em, dia. the soil could mot get into
the Ivles e‘asily as in case of cell likg Nos., 48 and 49, The cone
ductivity as proportional to the area can therefore, be mot judged
from this comparis-ion, The only conelusion is that the insulation
area has considerable effect, Theoretically it should be proport-

lonal to the area.

The above talle proves that as the conductivity of the insu-
lation is decreased the percentage current passing through the in-
sulator also decreases, Ihis is mo doubt obvious from the theore-
tical stand point selsou. |

4,2, COMPARISION OF INSUL ATARS s

With rubber insulation with or without perforations (cell
No, 40, %o 46 as shown in Fig, 23, 24 and 25)' and with soil and air
inéulation (Coll Yoo 46 to 56 as shown in Flg. 26 to 31) there
is almost a uniform rise in gradlent from the lowest moisture cone
tent to the highest moisture content, It has also been shown
(paragraph 4.1) that the dissipation of current through the cell
or through the surrounding s;»il Tollovw & straight line path from

the lowest to the highest measurable moisture content.

In casa of plaster qf paris cells with or without sand
(1.e, with variatle capilliarity-permeability) the slope is flat
upto a certaln moisture .content depending upon the capilliarity-
permeability of the material and the cover provided . The slope
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beyond this moigture contont steepens.

With rubdber, sdi_l and air ipsulator the steepest slopes are
usually flatter than witll} plaster of _paiis insuiator. However with
s,u.ttablé inc(rease‘ in cap{ill@g‘r;tyg-pemeahiuty of pias'tar 0 f‘paris
by addifion ét 40 to 50 p‘.c‘,.saﬁ@) thé steepest slope fends o bs

identical with the rubber or soil or Air 1nsulator; I

4,3, EFFECT OF AREA OF THE INSILATOR s

With inerease in area from 3.75 cm2 '( 2,5 'x 1.5 em) to 5.04
u*(2,8 x 1.8 em) or from 3,14 (3 cm, di8) to 6.6 ew(2:9 en
dia) tﬁe ‘éondﬁctanqe of current increases, Comparing the pereéntagﬁ
increase in different types of insulating materials (caleculations
not given) it is found that the percentage ecnductance of current
decreases with increase in moisture content or remains elmost unde
forn inspite of the increase in moisture content beyond its certain
'percenﬁageel Tha percehtage increase of conductance per unit area |
“dapenc‘i‘s upon the type vain‘s_ulator and increass in the following:
order of insulator s Plaster of paris, perforated rubber and unper-

forated rubbers For soil, this type of comparision was not made.
4,4, _EFFECT OF THE MATRRIAL OF THE_HIECTRODE s

Two types of e‘lre‘ctrodes,i.e. Brass and stainless steel
vere tried, I‘!o changé is marl;e;d'due to the change in the metel of
the electrode, The m‘oa‘t,i‘mpoz;tan; point 1s the perforationsq F;'om
the " graph it is evident that stainless steel electrode with ono
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| ecentral holg has some times ‘gi,ven.erratic results, Perforations

uni formly spread over the area givamor‘e consistent readings.

From this 1t is concluded that mesh slectrodes are the best,
This is consistent with findings of Buyoucos (10).

4.5. STUDY OF PLASTER OF PARIS jcm'._r.s.

The most important faetor in this case 1s the pemeability
of the insulating materisl and the cover over the ele¢trode. In
the following sub-paraseells with thin cover, without cover, effect
of cover thickness ad joint effects of these factors have been

discussed s

4,5.1, PLASTER OF PARIS CELLS WITH THIN COVER s A1 cells with
plastdr of paris with or without sand but with thin cover of 0.2 em,
or less show a‘sm_odth uniformly rising curve wpto 8 p.c, moisture
contente Batween 8 and 12 p.c. the rate of rise of the curve
increases with increase in moisture content, Bsyond 12 p.c; moise
ture content the curve obtains very steep but unifom slope. Since
steep curves are most undesirable for proper determination of M.C.
the steepness beyond 12 Pecs moisture content should be as less

as posvslibl;e.,, This varies with the percentage of sand added, and

the area of thg egle,c;txpde as 18 évident from their respective grephs,
The area of the electrodes and the slope of the curve atove 12 p.c.
moisture content for these cells i3 givan in Table No. 3.




% Sand perc.entagj Area of jSlope of curve
Corl m, ] in plaster of i S %%‘,‘i’;?ciﬁt‘;;‘i: notes

T S T S N B
25 and 26 Ni1 3.75 11n 4,1

I 3.76  1in27
13,14, end 15 50 3.75 14n3.1
27 and 28 Nil . 5.4 11n 3,8
4,5 and 6 0 5,04 11n 2,2
16,17 and 18 50 5,04 1in 2.4

Table Mo, 3,

From Talle No. 3 we observe that s
1) The slope stespens in the following order s

8) 40 p.c. sand,

b) 50 p.c. sand,

¢} zero p.c¢. seand,
and that the difference in the steepness of the cells containing
40 or 50 p.c. sand is very 1ittle,

11) The slope steepens with decrease in area of the slectrode.

Thus we find thet 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 P
Al cells with plaster of paris with or without sand and
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vithout cover do not show such a smooth change in slope as in .
case of covered cells, Ttﬁs is probatly due %o non-uniform
contact and interlocking of molsture between the electrode and
the insulating meteriel, The bond between the electrode and insula-
ting material is not firm, However the cim’es for tﬁese’ cells indi-
cate that the change in steepness is not as abrupt as has been
noticed in covered plaster of paris_eells. §he stee_p‘est gradient
.An these cells also lie above 12 p.a.-ﬁoisture content, as is ob-

served in thin covered cells (See fppendix I.)

The steepness of the eurve in case of these cells beyond
12 p.,e. 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 #4ppendix IV,

N X 1 Slope of curve above
| ﬂSand percent [ Area of elect~ § 12 p.c. moisture
. 00‘11 Ko, in plaster ‘ rode in ! content,
g of paris. ' L an , n .
! a2 . 3 i 4
3 and 31 W1 375 11n 3.3
798 and. 9 . v 40 . 3n75 ’ 1 1n 200
19,20 and 21 50 475 14n 2.2
32 and 33 Nyl 5,04 1 in 2.9
. 104, 11 and 12 4 5,04 lin 2,0
23 and 24 50 5.04 1in 1.7
| Table Mo, 4.

From thé above ve observe that s
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1) The slope gteepens in tha following order s

a) 50 Pece sand.

'b) 49 PeCs sand,

¢) zero p.c. sand. ‘

and that the difference in the steepness of the cells con-
taining 40 or 50 p.c. sanﬂ is very little,
11) The slope steepens or remains sane with tho decrease in
area of electmdes. | .,
Thus ve arrive af. tha seme conclusion as that in para 4 5.1, that
the addition of standard sand to about 0 to 50 p.c. and 1ncreasa

in area of the electrode would provide flatter slopes,

Now comparing the slopes given in this sub-para for cells
uncavared with those given in para 4,5.1, with thin cover on cells,
ve find thet in case of uncoverad cells the slope is more flat,

This is further discussed in the following subspara,
4,5,3, BFFECT OF THICKNZSS OF COVER IN PLASTHR OF PARIS CELLS:

The effect of cover on plaster of paris cells with or with.
our gand has been pointed out at the bottom br-para‘ 4‘.5‘.2',

,The effect of varlation in thickness of cover was also tried
with plaster of paris cells without sand, The following are the
resultss | B

In cell No. 78, 79 and 80 (Fig,No.32) with cover of 0,3 cm,
the curve shows & smooth unifomm wise upto 7 p.c. of moisture




$ 233 |
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 fqr cell No, 78,79 and 80 steepen sharply
beyohd 8 e Co mbisture éontent as against 12 p,e, in case of cells
with or without sén;i and with thj.n cover or even without cover,
This 1s evideﬁt from Table No. 5, |

| ' I ISteepest slope of curve
 Cell No, JArea in Cm2 ]ICOVsr tMcknesslbeyond 9 peCe’ moisture

S | S : J content,..
78, 79& 8 7.31 0,31 1 in 15,0
26 and 26 3,75 0.1 1in 4,1 .
30 ang 31 3.75 N1 11n 3.3
27 and 28 5,04 0,075 & 0.05 1in 3.8
32 and 33 5,04 M1 11n 2,9
Table No, 5

Thus we find that with deerease in thickness of cover the
sloPe becomes flatter.
805.4,C0MP ARIBION OF PLASTER OF PARIS CELLS:s From the abue discuss-
ions under paragraph 4,5 1t lis observed that thé plaster of paris
cells with 40' to 50 p.c. sand, with minimwn possitle th;ékness, bet-
ween the electrodes (say zero to @ em) end having bigger areas say
(5 @®)yourq give better resul_i’ss.‘l'hev cells withoui cover though give
| fl atter lepes than wit‘x cover, but do mt shw a smooi:h chmge, Tho
reason for this non uniforn change has already been pointed outu A
thinest possible cover to provide very good and unifom contact
botween the insulator and electrode will give the best resulis,




5. CONCLUSION.

1)

i1)

1i1)

$ 24 3 ¢

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
insuWl ation also give eqmly good fegults. Plaster of
paris with improved capilliar}.-ty-perﬁeabili‘ty'also vould
give good results, ‘

Meterials for the olectmodes shou’!.dﬁbe selected from the
point of view of durability and eorrosion; but all electrodef
should have considerable perforations spread uniformly over
the area of the electrode.

The plaster of paris cells with 4.0 to 50 p;c. sand, with
minimun possible thickness between the electrodes"and-having
bigger area would give better results, The cells without |
cover though give flatter slopes than with coverj do not
show & smooth change, The thinnest possible cover providing
very good and unifomm contact betweeh the insulator and
electrode will give the best resultso

"‘_3:0:‘3’
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ARPENDIX XI.

SMPLE CALCUL ATIONS FOR GOMPARISION OF FOUR MEIHODS OF MEAS URE-
'Y Para‘mi_) $: ' :

————

(a) With dry resistance coil 3 . ,
1) Olm meter (ANQ0e«8) wwcaw 1950 Ohms, direct reading.
11)D.C. Wet battery at 5.5

volts —nmwn . z'eading = 2.95 M. A,
o o Besistance = .-.-§.s-§-- = 1,865 ohms,
0.00286
iii) A.G.Supply at 10Volts =~-- Reading = 5,5 M A -
- 10
. et = 1820 Obms.
. o Resistance = 50058

iv) AC. V.T.V. M. ‘at 10 volts supply with a ﬁ.xed resistance of
,000 B T J—— Beading = 5.45 volts,
-Hence resistance = - 10 e = 1,835 olms. o
o 5045/1000

(b) With wet moisture cell s

i) . Olmemetor (AVO-B) -Q—Q-Q-— Needle fluectuates,

11) D.C. wet battery at 5.55 volts ---e- Reading 30.5 M. A
5,55

Io'o R 313tanc —— 182 OhﬂlS.
o HOSISRENCE. = Towom05

111) A C.Supply at 10 Volts -----~ - Reading = 73.5 M. A

10
—
0.0735

iv) AC, V,T.V.M, at 10 Volts supply with a fixed resistance of
1,000 ohm§ ====== Readlng = 66,5 volts.

o o-Resistance = = 136 olms.,

s Resistance = 10 - = 155 olms.

86,5/1000
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fppendix II (2) -

‘Resgl 1;3 H

——" R AT S

- , L AR
Type of resistance % Olm meter % Battery % {
1) Dry resistance coil . 1950 S 1865 = 1820 1835
11)Vet Moisture cell . - . . 182 136 = 185

-308=
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APPENDIX III
PROPERTIES OF SOIL IN WHICH THE CELLS WERE cmmmm)
, .. . (ROORKEB SOIL) -
1, Sieve Analysis. .
Passing . Retained L Percentage
A, 8, T.M.SieVe No. A.S T.M, Sieve No, retained
4 f 8 0,04
8 18 0.0
16 o 3 | | 0.16
0 .. 40 o 2,60
40 S 5 13,00
C . 100 - 43.2%
100 20 13,80

2, Optimun Moisture content = 10,6 p.c,
Plastic limit = 10.8 p.c.
Liquid Limit ‘ = 23,2 p.cCs
Maximun dry density at 0.M,Ci= 126 1bs/e ft,

~303«
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~MEASUREMENT-OF-SUBGROUND-MOISTURE-IN<SITU-

\ : by | o

; | N-K. VASWANI® ’ o
h . 2 ~
1. Necessity ! ‘ oz

F oo - -~} -

The des1gn of 2 pavement is a  funciion of elastic properttes of ‘the;$il: undef-/
neath it. These properties are consxderabl;’r affected by/the variations of n?msture
»content Iti 1s therefore necessary to measure mo/lsf/ure content at llntervals of
tlme The varldtton of modulus of subgrade reaction with moisture content for

Roorkee soil.is shown_in Fig.. 1. | | o5
T et SRt 4 B0l ‘J'w'f

The distribution of ground water in isml varies throughout the year resultmg
in its movement. The prmc1pal factors Wthh affect the rrllovement are (1) tepmpera-
ture of soil, (n) air temperature and/ humldlty, (iii) level of waten table (iv)
rainfall and surface absorptxon In‘Case of water proof pavement, rain w{ter has
no direct 2 access to the subgrade.//Moreover, evaporatlon‘—from the - surface, lsﬁa]so
prevented, Mmsture varlatlon/m the subgrade is therefore mostly affectecf’ by the
water table and seepage t6’and from the sides. The mtenor of the subgrade has
more or less equilibritm moisture content whnle the ad)ommg groundI ur‘lflergoes
lot of moisture.variation throughout the season and affects edges of subgrade only!

— s —— -

B e e ey 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.
ad e methodsjusua]ly adopted are-given- be}‘ow-\(-l). $ Jc» 1
' [N

‘lODC\f{

Grav1metnc method
(a) UY IRUTRIOM
(b). Tenstometer method
VMWLELTDAIN 3QAARD BUE 3G TUIUQAON -t .o\a
noe 33lc)oklectrical resistance. methody »\ g S\
D v (d) Radio active or nnclear method.

e FE NG TS AU Sl 0ge 16 ek st coibiag Yo shodlsm sroitgY
2.1 Gravimetric method

o avrtat ot 1o aotanuat 35h 10 @ wdy qmn nerd 2udt hag

(l()[hi)i[‘ItvOODSIStb ot ta,klng the soil:sample from the,place  (may be l{t;ommg‘(ro}‘u}‘d

- surface:or atany depth;below the ground) at whlch the mmsture content !reqm—

[RESTH] ‘7!

peeart "‘*Reader in‘Ci'viI‘Englneermg,“Unnérstty of IRoorkee; - Roorkee ma1 ~, ) bas Bitsd o
s en fNu'inI;‘eré‘ in'bracket indicate reference niimber»given atithe end of this\paper. ris(g~
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o.-60cm.

FIG. 4 - (@) DETAILS OF PERFORATIONS IN BRASS ELECTRODE.

(6) PERFORATED STAINLESS STEEL ELECTRODE.

6.0V. BATTERY

WA~ AVO-8 AMMETER
—— L=
AVO -8 OHMMETER
(@) (b)
A.C.MAINS

A.C.MAINS

p———l 0 »
AVO-8
ﬂ AMMETER /5} rra

‘/W\ L EIxED RESISTANCE
V=/ovorrs ‘ __®__[\c/~k~aw~ RESISTANCE
. V=10voLTs
© @)

@)- ACROSS AVO-

(by - ACROSS WET BATTERY.
(C) - ACROSS A-C -10 VOLTS
() - ACROSS V.T-VMvACuum TUBE VOLTMETER)

FlG. 5~ CIRCUIT DIAGRAM OF MEASURING DEVICES.
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""MEASUREMBNT‘OF SUBGROUND -MOISTURE-IN SITU"

- : by | o
; | N.K VASWAVI* A
1.“ Nocesinty o ; [ _ ; I am

The desagn of a pavement is a function of elastic propertles of ‘thie;soil: undefy
neath it. These properties are con51derab]y affected by the variations ?f moisture
Tcontent Iti Is therefore necessary to measme mons‘(ure content at mtervals of
time. The Vﬂfldtlon of modulus of subgrade reaction with moisture cuntent for

Roorkee soil.is shown_in Fig.|1.. i l o3
i e S Rt T A I,

The distribution of ground water in soxl varies throughout the year resultmg
in its movement. The pr1nc1pal factors whilch affect the mjovement are (1) tempera—-
ture of soil, (u) air temperature and/humidity, (iii) level of water table (iv)
rainfall and surface abeorptnon In‘case of water proof pavement rain water has
o direct acoess to the subgrade./MoreOVer evaporatloanrom -the- surfaca 1s¢also
iprevented. Monsture vana/tlo{m the subgrade is therefo:re mostly affected by the
'water table and seepage to and from the sides. The mterlor of the subgrﬁda has
more or less equlhbrmm moisture content whlle the ad]ommg ground undergoe:s
lot of moisture variation throughout the season and affects edges of subgrade only.

R e i 8 ss i

/

2. Different methods of determmmg moisture content

NOO QO

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.
wi h'e‘m'eth‘dds_‘:igsually'adoptgg-are-vgiven-belrg)w.(.l.),_ ! oa . Iy

§ Z 2 b
(a) Gravimetric .m'ethod IRUTEIONM

(b). Tenswmeter method ‘
VGLITDAIA AQALADBUR AQ 2UIUQAON - 1 O

na2 a3alc)okElectrical reslstance -methgd‘ 2108 £\

, _(d) Radio active or nuclear method,
O RR VA Y S NE L0 M el adld coileve Yo shoddam swotinY
2.1 Gravnmetrlc method .
o oaiasvear e o mortesne o 3sbh o e sl s uninitesd pudt hns

[|()[fn')lf,It\ConSlStb»of taking,the soil;sample from the,place (may, be 'fromﬂ‘g‘rﬁ.nnd

-surface;or at,any depthgbelow the ground) at wh:ch the. motsture Lcontent isrequi-

cazy 1y

PO G eddat in'Civil Engifieetihg M URTversity of IRoorkee; <Roorkee: i1 ~ui{t hao [Liyadam

TN mbERS i bracket indicaté reference numbet given atithe end.of this,paper.,;;risfz~
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MEASUREMENT OF SUBGROUND MOISTURE IN SITU

by
N. K. VASWANI* vy
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, Itis therefore necessary to measure moisture content at intervals of
time. The variation of modulus of subgrade reaqti'én with moisture content for
Roorkee soil is shown in Fig. 1. A

>

The distribution of ground water in so1l 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 humldlty, liii} 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)%. S '
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) hlectrlca! reslstance method
(1) Radio active or niclear methaod,
2, l Gravimetric method

It consists of taking the soil sample from the place (may be from gréund
surface or at any depth below the ground) at which the moisture content is_réqui~

*Reader in Civil Engineering, Umvcmtv of Roorkee, Roorkee.
t+Numbers in bracket indicate reference number given at the end of this paper
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(iv) Penetrometer-methed. 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 -moistureiof a porous block placed in soil is determined,
(vi) Heat diffusion..method. This ‘method is'based on: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 a!ready been determined. r

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

2.2 Tensiometer method !

‘ By this method it is claimed that pressure upto one' atmosphere above and
belowithe atmospheric pressure can-be determined in the soil moisture (2). The
instrnment consists essentially of a small water reservoir on one side of which is a
porous plate. The other side of this reservoiri is connected to a long glass capilliary
tube, bent at the other end to form a rrfano!n'ieteri It is protected by a brass cover
from which the porous plate is arranged to:protrude. A diagrammetic 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 poréus 'plate indicating pressure above
or below one atmosphere respectively on,the tmanometer The suction in 'the up
or down direction stops when pressures on'both, sidestof the porous plate balance.
The instrument can be placed ir’soil tube holes upto reasonable working depth of

say 3imeters. ' '

" Croney and Coleman {8) have recommended the following equation for deter-
mining the suction due to suiface tension.and adsorptive forces.

*U = P — §

[y

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- deducecif from the total weight of wet
soil ahove the point under. consxderatxomw:th any surface load.

*ec= The factor of the over buﬁden pressure, ,(or the fraction of the pre-
ssure) that affect the suctlon. Iti Is greater than zero and less than
L 1. This factor has‘ to be méasured in the"laboratory by ioadmg test,

—— ~— e . ———————— — .
- 5 RN . — rr—

*For explanation of the terms see appendix L.
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In saturated clay all normal pressure is carried by the soilisincef the absor-
bed water film, surroynding. the clay particles are continuous. o 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 of = 0. - UTEE

.+ . Black and croney (4) determined the.following values of o for the soils used
by, them For sandv clay it is = 0.15,and for silty.clay = 0.5, , -

Having thus calculated the suction, the moisture content can be . obtained
after determining the relation between suction and moisture content in the labora-
tory for undisturbed condition. The method of measurmg suctlon by plate techm-—
que is described by Croney, Coleman and Bndge (5). The relatlon between suctnon
and moisture has been described by Schofield (6). ’ - P

~ The tensiometer method can be applied only when a bore. hole has been
dnlled The moisture content at the bottom of the bore hole would not be the
same as would have been otherwnse after a certain mterva! due to the factors men-
tioned in the first paragraph of this paper. Laboxatory tests on undxsturbed
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: .. .

LA S

The measurement of soil moisture is based on the physical laws governing
the scattering of neutrons in matter and, in partlcular. the scattering of neutrons
in soil. When a fast neutron source is placed in sml the emitted neutrons collide
with the atoms compnsmg 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 i is much greater in neutron collision with atoms of
low atomic weight than with ‘atoms of high atomlc welght As a result, the num-
ber of slow neutrons found near the source is a functlon of the number of atoms of
low atomic weight present in the soil. If the number of these atoms i in, the ,s0il,_ s
increased, a greater number of slow neutrons will be found near the source

Hydrogen is the only element of low atomlc wexght found m ordmary soils in
apprec.able emount Therefore, lf a devxce for detectmg 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 slow neutron count 1s a
dlrect measurement of the moisture content of the soil. '
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measuring instrument. The electrodes ean bei embedded in a . porous mateual
before placing‘thém in the'sdil. The céll so'formed is to be callbrated for mmsture
v[s‘electncal resistance between the électrodes. '

Bouyoucos and Mick (9) prepared the flrst electncal reslstance cell ln 1940
by embedding the electrodes’in plaster of pans block. “This cell was fnrther modi-
fied by Bouyoucos (10)'in (1954, "by. providing “stainless steél'20'U.S:A-mesh screen
2:4 crii; X -6.35:cm. wide and placéd 0:5 cnm.-apart. “Bouyoucos ‘claimed that-these
blocks became sensitive torchang in moisture -content at-a: tensmnnrange of 260* to
330 cm. ofiwater. ' '

‘In 1946 Colman (11) described a fibre glass cell and this cell was placed in
matket:in' 1947: Bnuyoucos (12) brought out a fabric’ glass  unit made of" nylon
and the electrodes. '

At present three’types of cells are available (i) Plaster of Paris or gypsum
consisting 'of -a pair &f stainless or‘tinned copper screen eléctrodes ethbedded in
plaster -of -pafis. [ii)'Nylon célls consisting of “fine metal screen electrodes
separdted by a covering of nylon and enclosed “in a permrated nickel
case. ‘The electrodes and casing may be of stainless steel (iii) ' Fibre _glass “cells
consisting of'two monél: meta} electrodes, separated by a processed fibre glass cloth.
The whole-assembly-is’ enélosed in- two or-three'layers of same material and then
further enclosed in a monel metal-case. ' Thus in'the plaster 6f paris, nylon and
fibré:glass cells;: the porous dielectric materials‘are plaster of paris; 1fiylon and fibre
glass respectively.  Incthefibre glass cell a smail thermisteris provided. * ' °

‘Further details of these ce]is are given in table below.

Ttem Fibre glass + - Nglon . Plaster, of Paris,

1. Outer dlmensmns cms. 3. 8 %2, 5 X 0 3 \ 3, 8x 3.2 xO 3. 4.3 x32x 1.8
2. Absorbent mate- Two eor three One. lgyer, of, Plaster of .

rial between layers of .nylon. , paris.

electrodes. fibre glass. '
3.' Distance bétween ' 0.08 " . (I)Oé - , 0.5

‘electrodes—cms. _ . o v X
4."Electrode ' area- 25 130 ' 3.0

sq. cm. ' S T ' (
5. Méeshuwires per-cm. 24 : 38 .- ‘8

3., Calibratipn methods of.electrical, resistance,cells
The followingmethods can be used : o

(1)  Field method—In this method the cells can be embedded in: the: field, in-
the same type.of goil where, they. are to be, nsedjand.while, recording the .resistance,
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the most accurate method but it cannot beztitilizedhforimeatizringanoiaturg;edntent
in siturn Méredvef, sitviso timecdbnsuming @vlibelirestothreesymethods|«,.e41tensio-
metér;.¢lebtri€al resistancé and:nuclear/ carilbe vised forisitulpositions.nT  ta-tm0d
btk 10wt of 'these thFEe tnstilods At tilethiod 13 thetonly fethod offmhéaduring
moistarecontdnt withiollt calibratidh. IsTHiS is*fig doubt aibigradvintage|t dndae
alr‘éady"distcuss*e‘df‘mn proviae ibre dcedrate esiilts ¢hian thefothedbtwo mmethodse
The calibritifn ¢urve *f&r"ﬁucléaf‘eqmpmen't' tsedrat WicksbuigreUs SarAea(l) show
that: the graph-terids to‘le6¢6] off‘al ety fhighfmo:sttfrelcéntent“approaclnng:saturs.e‘
tion. Level or vertical graph means that there will be no change in reading} insgite
of increase in moisture content., 1As:fegatds time taken, each reading would take
not more than 2 td 40 finintes frofthe wet tifig of ‘equipment to final reading.
"With regard to tensnometemm- states that ‘t;ansmmeters"'are best avaﬂa—
ble for the range.oh soil:moisture from field capacity to saturation, .and that they
cannot determme_]gw mo:nture content They are more accurate at high moisture
content. ’fhey ?requently leak and “herice ~give inaccurate® resultq Moreovez“‘at

....... s
takes 40 mg‘nntgi tq(i Yours to recordia dmp and hence may result into addntlon“

error.” ' T -.mﬂiﬂa;a M "‘1‘ At : v : é
e Electncal resxstance_qglla. espnnsme.to low,moxstﬁie-changes, S w
"For gneasurwgJ moisture content FefSwgrdld ™ 1evel” With tensiometer ;and

nuclear ‘mefhod, thg §d§requ1m$~fo%v&*’t§or&d fL c;rmg‘has to'be dohe imorder that
porous plate of the tensiometer or probe of \the nuicldar dev1ce should- !_'each the
sou?ce e e a—nt where mc mmsturé content is to be ¢ determmed

- 'In case of strictures *though having shatlow “foundatlons it may mahy a
time hecome difficult to reach certam pomts helow the foundation by boring. In
casé of p pavements whether a|rnady exxstmg' or proposed to be bu:!t bormg will
havo to be made through the. pavement if.the moisture. content is to be determined
either by tensiometer or nnclear device. In case of tensiometer, the porous plate
remaips pmbgdded-while the manameter projects out. - ;This:wiMl prevent tharoad
to be used for traffic. In case of nhélear devxcv it'ic impossible to obtain the actual
moisture content because the bottom of the hole is exposed to atmosphere,

Further in order to deterqnne 'the momure gradient through the depth of
the il Tor' any p?ace under the g(ro{]ndﬂor 'pavement the number of bore holes, wil,,
be quldl to'the number of pomtq at ssjlnch the mmsture content is to be determineéd. .
All these disadvantages are ov grcome i in case of « lectrical resistance method, More-

tnt lvvurnl‘fuhn_ P TR R SYR

over if the cells are required to e en ded efor y
!, the cells are requir b‘ e rr}b.eld”cf‘ b fo e cqnstrqctlon of .pavement, na,

boring is requirad to e carrned out v
' lgl & q o gt el e ,.}f]..the pa ement o beraeate ot nal wteedg

From the above discussion it is evident, thatga 5mtab!e(,eléctncal jredistance!y
cell 1s an 1deal method of determmmgr the mpisture contenti, below,. foundation or

jmvements i T o S H by
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a givén moisture’ tensioh is different for sml dryn{"' ‘and sonl"wettmg” Bourget
determified the hysteresis’over‘a'ténsivii range of 0 to 45 ‘atitiosphidted 'And found
that the accuracy of the unit is affected by (i) the mhgmtude of nloistiifé” hystere®
sis in,the cell, .(ii) upiformity of cells; unless they are:scalibrated 'individually, (iii)
sensitivity ands(iv) deterioration oriaging tof unit. vA' typical curve' for Igypsum:
cell with Jarge electrodes placed inwet peat for:8 months as given by Bolrget:(16)

is ShOWn ]n Fig. 5- CETTTR 'X"; R {!5!‘.!'!’) (T‘:" ry AY’.‘,I| Vlh LS DA
vy g - st gt s B ol s tadt s s e
1w JIMKL—‘-.-AJ . Coaar Castads Fagrattegy Sttt e dt oo L rn o Gddpriaat
"Q‘;\ L: [T TR CA T IR T A A ¢ EPRL | EERSOLY B R R R e W
.} -
N M~
i i
2
N Ay ity
‘é (LY anitg, s ooy ind
fer n?‘c". S S BRI ’ T
e kg 10!(‘ LTI S B S I LAER (L4 FOY ()
s ' N f
i i“" . A N A LA e e v b asn Ry
2 ' ] T
TR . - fr 1]
AU -~ T , . o freeho
@a
e N g DR | IR fo tin ! D
Y
% k ) ry ¥ prid ~ v PRSI ST I Y
EURNERN TR Wt
ok 4 n:luul 4 et s a00a)
oty g B0y boowe 1 QO - ’ . 1000 Cow ’
day MU/Sfoe fensloﬂl‘[n ofmosﬁljereJ L r . v
S EL 1 Y (/aj SCD'Q) R . ¥ A
1, RATIE B P e - : N ) v

S F’ﬁ /\&5 f/‘ec/r/.ca/ reS/s/cmce "Orf, gypsum

CoalbEes gt

S < cells- with - /or}e ‘eleclrodes’ ]J/acea’
R in wet peat for" '8 months.

-k

These experiments were conducted by, them yin..the, laboratory. where: 1the"
variation in moisture content was Jcarried out during a very short interval. In
case of soil below foundatlon, ‘the mo:qture content is almost at equnhbrmm, and
hence monsture tension will also remam in ethbrmm msp:te of very slow rate of
falhng or rising., The questlon arises. about the cahbratmn of moisture cells in the
labm‘atmv where the cells have to be cahbrated durmg a short mterval. The rise
in moisture content is mostly due to ramfall 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 = 2and soon. °’ AU e e e . y

,'?
..|1i'! R O 1 X . o a1
oy - e, 4l
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CELL Nos. 16, 17 AND 18.
PLASTER OF PARIS WITH S50 HC. SAND.
2.8 <18 cm. ( COVERED)
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CELL Nos 78, 79 AND 80
PLASTER OF PARIS ONLY (USUAL TYPE)
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PERCENTAGE MOISTURE
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PERCENTAGE MO/STURE
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PERCENTAGE MO/STURE
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CHAPTER 1II

DESIGN OF PRESSURE MEASURING CELLS



{1. RIRPOSES

Earth pressures cells are used % detieisnine the strasséé at
a po'int inside & soil mass, in a direction perpendicular  to " tho
plano of the cell, They are installed in carth structures and fou-
ndations to get a direct infomation on the developnent of btresa
distribution, The information so obtained will chock on the curr-
ont theoretical annlysis or help in the dovelopment of analysis.

There are only two possible mothodg for measuring soll pre-
sgures. They are glven belov s
> (1) Indirect method: "Byv neasuring stroins on structures
that swport the soil mass as in caso of rotaining valls, In case
of pavements neasurc:wnﬁ of doflection of pavesiont slab will holp
in aalcﬂating the strosses in tio supporting coll.
‘ (11) Dizect method: By this nothod the pressurss aro recordod

by measuring dovices, Two measuring prineliples are adoptod in this
diroect method, Thoy are ¢

(2) Hoving Types in which the pressuro transmitted | to céll
body, moves the vhole unit, A good exemple of this 1s a piston typo
eoll, in wvhich tho piston noves with incroase or decroaso of

Pressure,




i
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(b) Deforming diaphran Type : In this prossure is transmi-

tted to o deforming dlaphram, This type is preforred by many inves-
tigators because of 1ts ease of construction and also to avoid edge
effects which are inherent in the piston type cell,

The discussions and design detalls given hereafter pertain

| to dlaphran 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 pioneor

of cell design, At present more than 700 piston or disphram typo

c¢ells aro in use,

3. FACTORS IN THZ DESIGN OF PRESSURE CELLS 3

The factors that onter the design of pressure cells are

tgiven below s

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

2. Diemeter of pressure cell.,
' 3¢ Particle size of the soil,

4. Diamoter thickness ratio.

5. Dismeter deflection ratilo,

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

3.1, ELASTIC PROPERTY OF CELL WITH RESPECT TO SOIL MASS s

The use of coll involves the introduction of a foroign body

into the soil mass. This body has radically differont stross
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: doformation proporties, Koglor and Scheidig (28) in 1927 calleq
attontion to this inhorent difficulty in neasuring oarth pressure
accuratoly vith pressure colls. They pointed out that the cell
vhich is more rigld than the soil indicate pressure greator than
those prosent in the soil, Comversely a c¢oll more compraessible

then soil gives reverse readings.

This has the defect of disturbing the original distr;bution
of pressure in the vieinity of the body, The pressure cell having
different stress deformmation properties than that of the soil will
give different soil-pressuve reading than what would have been
othemrise, 1f no coll was introduced,

It is vory difficult, almost impossiblo, to construct a
cell having the seme elastiec proportiocs as that of the soil,
spoclally vhon the elastic proporties of the soil kesp on varying
wvith variation in moisture content, compaction and many other
factors., lore over tho olastic proporties of the soil vary from

place to place and also with different ranges of pressure,

The best vay of reducing the orror dus to two different
olastic properties of the soll and the cell is to provide 2 cell
having the same specific gravity as that of the soil,

3.2, DIAMETER OF PRE3SURE CELL 3

In case of pavenents and other Bngineering works, the soil

deflocts or doforms with the application of pressure, The defome~
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tion of the soil is ofther plastic or olastic or a combination
- ©f both, Whatever the type of deformation, the magnitude of
deformation 15 proportional to the load intensity, It 1s now an
accepled fact as pointed out by Housel (29) and many others, that
for the seme load intonsity the settlement is more for bigger
Plates than for smaller ones, Same prineipie will apply to the
| diaphram typo cells which have also the shape of a plate, It is

therefors highly dosirable to have the diamoter of the eall as
less as possible, unless preventedjby other reasons, as discussed
under para 3,3,

It has already been pointed out that the introduction of

| foreign body having stress-defomation ratio more than tho soil
mass surrounding it, results into concentration of stresses on
the body of the coll, This concentration will increase with the
diemeter of the coll, For exempls a small stone in a soil would
mo ¢ much disturb the distridbution of stress in the soil mass as
conpared to a bigger stone.

Thus smgller the size of cell, more accurate it would be

for pressure recording.

3,3, RELATION OF GRAIN SIZE T CHLL DIAMBTER ;

Kallstenius and Bergau (8) studied theorotically this offect
vith respect to the rigid piston. They considored a circular
- surface of radius "a’' free to move axially at periphery and d{g-

cussed as follows s-
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Lot *n® {5 tho number of sphorical grains acting on the
surface. Bach grain will than represeont a partial surface with
a hypothetical dizameter 4, so that

4 &~ 2a Yi/n (as IT 2% = It a n )'

4

vhore a = radius of the ploton and n = numbor of grain particles.

oY wo are interosted in the random distribution of contact
points at the peripkery where the probable number of grains are

snp = —2Ila = 'ITyn

2a y¥n

Hal £ of the partial surfaces of the periphorial grains

vill bo outside ths radius %a’, o got a corroet result of measup-
eronts, ve nust assitne that helf of theso poripherial contact
points be outside and the other half inside tho circular face.

On the othor hand the probability of amvther distridution nust

bo takon into consideration as theso points need to move only

very 1i¢tlo to pass the periphery. The safest way to reckon vith
the possibility is, that the contact points of all peripherial
grains are either entirely outside or entiraoly inside the coll

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

The resulting error AP / P 1i.e. A/~ will then be

P 2n

2 Va
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For instance 1f the maximun error dus to this cause shall
be less than 3 p.e. (this would be permissible partial effect 1f
the total error was about 5 p.c.) then we put

0.03 - It
2 /m
and ve obtain the condition n ) 2,750

{This would mean that the average hypothetical grain dizmeter
%should ot exceed about 2 p.c. of the cell diameter,

4 The sbove recommendations apply to rigid plston type

cell only. Kallstonius and Bergau (£), have further dlscussed
the diameter of the flexible cover bullt in at the periphory

j[ss 1s wually obtained in diaphram type cells. They argus that
in such case the given distribution has mo great influence on the
bending of the cover, On the other hand the grain distribution
|near the centrs has the greatest influence, Rough cgleulations
::n.‘ade by them indicate that the maxinus grain size can be 1ittle
{zreater than in the case of rigid piston,

From the diécussions carried out in this para and also in
[para 3..., vo conclude that the diameter of the cell should be

33 1ess as possible but mt less than 50 times the diameter of the
xiargest size of soil particle.
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3.4, DIAMEIER THICKRRSS RATIO s

In 1947 Taylor (19) carried out the theorotiecal analysis of
" 80ll pressure cell problem, Ho derived the following relationship

betwveen the cell error and the cell dimensions :

B _ N N
P T %0 )
e (44

P N B

"

Where P o Additional pressure recorded by the cell,

Fleld pressure existing at the j)lane of the cell,
= Half the thickness of the cell,
= Diameter of coll.

= Stross-strain modulus of soil,

(S C S - JUE ~ * .

c = Stress-str‘aln modulus of cell.

=

- angd = Property of soil such that I/D is analogous to the

coefficient of subgrade resction,

Some of the above mentionod factors are vory difficult to
dotormine, In 1950 Monfore (24) carried out a rigorous analysis
of the influence of the cell on the pressurs distribution in and
neal a ¢ell embedded in an infinite homogenous solid. He considered
 the cell to beo embedded in an infinite elastic mass and took a
section through the mass and cell on the plane ovf symmétry. This
Plane is assumed to remain plane aftor the application of pressure
to the ﬁxass. He then considered the cell and surrounding mass to

be divided 1n£o a number of concentric ring areas, and in order to
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keep the plane of symmetry plane, he considered the application of
gdditional loads over and above the field stress to each of these
ring areas, He thon applied Boussinesq's equatién for surface
_ doflections of seml 1ﬁﬁn1te mass and developed expressions for
{ deflections of the ring arégs in tems of the loads applied to them,
The expressions vere then solved simaltaneously to detemine the
loads on the ring areas, The actual values of-ring loads depends
Upon Me, M of soil and thickness of ecell, Fig. 43 shows Monfore
results, |

Poattle and Sparrow (10) have modified the above eguation
given by Taylor and have given it as follows :

Pe -

Yhere C,  1s krown as "Cell action factor", They have given a
graph of values of C, for different valuss of Me/M, This graph
1s reproduced in Fig, 44, This graph shows that the values of

C, 1s constant vhon Mc/l exceeds 9, Peattle and Sparrow recomm-
ended the use of the value of Mc/M grester than 10 so that small

change in M may mot increase the cell error.

From the equations and graphs mentloned in this para above,
it 1s evident that the ratio of thickness to diameter should be as

less as possible,

Research carried out at Waterway Experimental Station
Vicksburg, US.A. (25) have shown that pressure cell with a
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diameter thickness ratio greater than 5, vhen placed near the centre

entirely the same pressure applied at the surface of the sand, Cells
| vhich had diameter thickness ratio less than 5 indicated pressure
 considerably greater than those applied at the surface, the discre-
*, pancy 1ncreasing with decreasing ratlo, This indicate that in sand
| the diemeter thickness ratio should be greater than 5, Beklam and
Lancaster (3) have stated that in Iplastic soils dismeter thickness
| ratio have mo effect, McMahon and Yoder (30) therefore provided a
diameter-deflection ratio of 4 in plastic soil, |

Mo definite conclusion can be dravn from these investigations.
Thelknwy
With high diameter - deflection ratic the bending of the cell will
_ ‘ Pk
tend to synchronize with the bending of the soil, It is therefore

 Qesirsble to have this ratio as high as possible.

3.5, DIAMETER DSFLECTIOR RATIO s

Kallstenius and VYerner (R) have discussed the theory of
clireular surface moving into elastic mediwn, as would happen in a
pilston type cells, They state as follows s

If a cireular surface moves into sami-infinite elpstic
medium which is isotropic and fvllows hooks law; the pressure dise
- tribution can be ealeulated by uéing the theory of potentials, By
neans of this theory we can obtain the average increase or decreass
in stress on the surface by a certain definite travel of, for inst-

- ance centre of the surface, "This 18 also known as arching-effect”.
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Kallstenius and Warner have given the following expression dus to
arching : 2 i |
Ar = —-J-:-- B : + C (1)

N
W
w
=)
8N
]
o

Where
A+~ = Average change in stress on thh surface,

d = Travel of centre of surface into the medium ({.e.

deflection),
a = radtus of circular surface.
‘Es = Modulus of elasticlity of medium,
1/m = Poisson’s ratio of the medium.

and € = Constant deapending won surface dofomation.

'_The constant ’C’ has been deduced from Boussinesq's equation as
intorprotod by different authors (Hertz, H; Gesammelte Werke, Bd 1
Lelpzig 1895 and (11) Mises, F. Von; Difforential gleichangen der
Physik Bd, 2 Braunschweig 1935, p 301-312) for different kinds of
| surface curvature., The valus of this constant i3 given in table

Fo. 1, In caleulating these factors the normal stress in the

Surface % Stress distribution } c
Part of sphere #1lipsoidal, maximun at  8/3 IT = 0.85
centre,
Liquid surface uni form 1.0
 Rigld plane surface Infinite stress at
. periphery, minimm at &I 1.274
centre,

Table Mo, 1
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] mediun outside the circular surface was assumed to be zero,

The deflection *J’ i3 negative when the piston moves in
1 the direction of the application of stress, resulting into decreasirg
change of stress, The deflection is positive when the piston move
opposite to the direction of ths application of stress, resulting
into increasing change of stress. In case of diaphram type cells

| the defleetion *J * is in the direction of application of stress,

The rate of deersas» in average stress vhen the cireular

| surface moves away from the mediun is greater than the rate of
correspondirg increase in stress vhen tho movement is opposite,
| waben (29) has shown that when the deflocted circular surface is
} part of a ;Bhere, contact will be discontinued vwhen

Jz il « &8 (ii)

m2 Eg

1 vhere e = stress induced.

A soil differs from the ideal elastic medium in several

ipportant respects eg. limited shear strength, semi plastic nature,
often negligible tanﬁile strength and being anistropie, it does
-not follow hook'’s law,

Limited shear strength and semi-plastieity will tend to
reduce the stress difference which occur in 1deal elastic medium.
Kallstenius and Bergau (8) state that the average change in stress
on a circular surface can be expected to be smaller than that
indicated by squation (i) and that the permissible travel away from
the soil will be greater than that indicated by Equation (i1).
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| They further state that mo straight line relationship can be expec-
{ ted betwaen cell cover travel and change in soil stress. Frictional
forces acting in radial direction between the soil and cell collar
{ vill arise in practice, They have a general tendency to increase

1 the change in stress dus to cover movement.

The gbove discussion show that (1) the deflection-diameter
ratio ( J/?a) is an important characteristic of the cell which
{ affects the accuracy of the cellj (1i) the elastic properties of ths

{. 2

| sot1 € By —=F ;") have to be detemined vhen calibrating cells
, 0 -

{ vith respect to boundry conditions. The boundry condition affect

| the shape of deformation and hance the stress conditions,

In cyse of flexible membrane built in at the poriphery

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

| depends on bending moment caused by the load., Thus ths eccentrie

§ Load causos a smaller deflection than the centric load of the same
| magnitude, This mekes the membrane 1ess sensitive to the distrubing
I factors near the periphery, As the deflectlon curve is continwus,
the stresses in the soil are more uniform and stress equilization
by plastic flov 1s less probable than in case of rigid pavements,

The maximun deflection is much greater than the average.

EXAMPLE:
Teking the case of the cell dssigned for this investigati»n

| ve have the following values g, the intensity of stress = 0,88 Kg/
sz; a, the radius of the cell 3,15 emj u the poisson’s ratio of
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carbon steel 1n tho diaphrem is assumed to be 0.3, E,‘ tho modulus
jof olastielity of carbon steel is taken as 2,1 Kg/‘&nz(aoklos psi)
{ hy the thickness of the diaphrem plato = 0.09 em; By, the modulus
of elasticity of soil 1,000 Kg/Cn% uy = V/m , the poisson’s ratlo
of the soil = 0,4, C=8/ 3 IT = 0.85. |

Dotermine (1) the change in tho applied stress dus to the
deflection of the eircular diaphrem and also dotermine (i1) the
amount of deflection when the contact will be discontinued, and mo

further increase in stress will de rocorded by the diaphram,

Doflection of tho eircular plats clamped at the edge, as per equa-
tion given by Timoshenko (35)

2 ' 3
e f g3 vhere D= Eh
64 D 12(1 = v )
. 0d® _ 3qa? 1.4
gn3 18 Bn°
64 nre B
12(1~u")

3 x 0‘88 pid (30 IE)Z( 11-0909)
16 x 2.1 x 106 X (0.09)3

s 000609? em,

/ , ,
(1) The ehange in the applied stress due to deflection of the
civeular dlaphram dy 0.0C097 em 18 given by

2

n

Arz ---é:-—- EQ lc
2a n -1
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3
=0,00087 25 -
X 1000%-~——r, X 0.85

2 x 315 2.6%-1

= - 0,1558 Kg/Cn2 |
(11) The amount of doflection when the contact will be diseontinusd

| and no further increase in applied stress will be recordad by
the diaphram,

2
a ;max‘ | = m - ; ainiins e « 8
m 88
2,51 8,8
= m:-é-—g- b 4 IIALNEN J 3615
¢ 1000
= 0.,0233 o,

Thus we find that (1) for diameter deflactlon ratio of
6,3

8;500 the change in applied siress due to deflection

| of the cirewler diaphram = 2e32%8 _ 3 196 = 1.8 p,e, say and
B 8.8

(11) The percentege increase in stress when the contact will be

. - (3 2 3 )
proken is = 63»300;78 18 X 100 = 21,150 p.c. which is very very

high, .
This effect of arching has also been discussed by Irollope
in 19566, He argues as follows s

1t the actual pressure p 18 inecreased by dp, the equivalent
pressure increnent transmitted to the dlaphram will be less than
dp due to deflection 1i,e, arching of the diaphram,
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Brporimonts carriod out at Vicksburg U.8.4 . in 1044 (25)
have shown that with the values of the ratios of the coll dicmeter
to deflection (compression) which exceeds 2,000 vory littlo
change in indicated pressuro occured, Hence diameter deflection
ratio should bo greator than 2,000, On the results of further
oxporimentation carried out by the same organization for corps
of Englnears in 1855 (31) 1t is rocommonded that df{ameter deflec-
tion ratio should be greater than 1,000, thus reducing the limit
of tho ratio, |

In view of the above discussions, vhile designing the press
~ure cell, the valus of dlaneter to deflection ratio has not been
pernitted fo go below 1,000,

3.6, CFFCT OF THE RATIO OF SERSITIVE AR3A TO THE T07AL ARJA OF
THE CELL 3

Poattic and Sparrov (10) stato that high pressure will be
doveloped towards the odges of tk2 cell face and therofore the
coll ~shnuld not be sensitive tovards the odges, They therefore
roconmond that r a ecell of 7,6 cm, {3 in) dia; the sensitive
area should only be 3.8 en (1.5 in) diameter,

Beklam and Lancaster (32) state that the presence of a
rim around a pressure responsivo area woﬁld digturb the pressure
area Telationship because it would altor the distribution of
prossure on the centyal area. They observed that with rim typo

eell, there was considorable variation in the reading obtained
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vith di ffevont types of materials and difforent methods of embedd-
mont, In plastic clays the physical dimensions of the cell did mot

produce a significant deviation in the pressure indicated,

It has already beon mentioned in para 3.5 that in case of
flexible mambranes built in at the periphery, the diaphram is less
sensitive to the disturbing factors near the periphery,

The type of soil used for thls investigation is silty clay
and since flexible membrane diaphran type are proposed to ba used
no significant change in pressure i8 indicated.

4, PAST BXPERIENCE WITH DIAPHR.M TYP3 PRZ35URS CiLLS 3

The reasons for choosing a diaphram tyne' coll as compared to
piston typs has been explained in para 2, Reviewing the diaphram
type cells developed in the past, they can generally ba classified

- as follous

1) Pnewmatic or hydraulic cell,
i) Actoustic cell,

111) Plezoelectric cell,

1v) R ectro magnet type csll,

) Capacitance type cell,

vi) Strain gauge cell,

4,1. PNEMATIC OR RYDRAULIC CHELLS s

A.T, Goldbeck (8) was the pioneer in the design of pressure
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cell., In 1913 ho designed a pressure ¢ell with the prineiple of

balaneing the earth prossure by application of alr pressure.

" His coll consists of a cylindrical metal case one end of which
iscpen, A movablo metal piston is fitted loosaly in the open
end of the case and held flush with the rim of the case by a thin
metal diaphrame |

After the pressure is applied by the sarth ¢n the outside;
of the diaphram, alr pressure is applied through a pipe (0.3 cm dia)
on the other side of the movable piston to counter act the
aarth pressure applied. 4An elactrical contact is provided ingide
the case, As soon as earth pressuve 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
prassure is more than the aly pressure the electric circult would
renain closed. As soon as ths tvo pressures balance the electriecal
circult would open. The amount of eir pressure applied would then |

indicate tho pressure dus to carth,

The prineiples of application of air or hydrostatic pressure
has now been mostly suspended. However Vikremaratna (34) has dosige
ned a cell of 5 em (2 in) diay having stiff eleastic diaphrea,,
the cell has considerable length, The pressure acting on the cell
is inferred from the measurement of the contral deflection of 0-500
nicro-cm (0-200 micro inches) using the phewnatic gauging
| technique with a magnification of 35,000.
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Row é days in most of the diaphram type eells the folloving
two principlea are employed, |
1) Corverting the pressure into the vibrations of the
- ¥ire directly attached to moving diaphrem or
i1) Coxm“'arting the pressure to change in electrical cixfchit.

4.2, _ACCOIBTIC CRLLS

The development of accoustic cell mppear to have started from
 Germany {n 1935 , and later spread to U.S.A. Canada and other

-ecountries,

The accoustlc cells can bs used only for sustained or slowly
varying earth pressure and camnot be used for rapid transient
pressures caused by dynamic stresses. The cells employ the prineiple
that ths natural frequency of stuel wire varies as the tension in

the vire.

A vire is provided and so arranged in the cell that an extornal
pressure applied to the face of plate or dlaphram bends the plate
and increase proportionately the tonsion {(or compression) in the

wire (or wires).

Any moethod of measuring frequency can be used, Usual method is
vibrating the wire by means of small coil through which an electric
current is switched momantarily, The vibration of the wire is then
plekked up and transmitted by the Same coil and connector wires to an
indication deviee 1ike head phone or cathode ray oscillograph,
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The froqueney of the wire is natched either by direct comparision
eT by superimposition with that of an adjustablo atandard wire,
The standard viro would consist of a similar tough vire with calib-
ratod adjustable tension. The ceil is first calibrated for frogq

uoncy v/s pressure,

Accoustlc cells are quiet sensitive, Three diagrammetic
slketehos of accoustic cells are shown in Flg, 45, They show
some of the patterns used for varying the frequency of wire with
rospact to the pressure applied, \

4.3, PIZZZOTICTRIC CHLLS

These were first developed at the Road Researeh Laboratory
(33) for récoraing transiont soil pressures of very short duration

caused by dynamic stresses.

It consists of a pile 0f 4 quartz crystals connected elocte
rically in parallel (Fig, 46.). WUhen the erystals are pressod they
produce an slectrostatic charge, The voltage so generated is fed
to a cathodo ray tube via an emplifier, The movements of the spot
on the cathode ray txﬁae are photographed by & rotating drum cemera.

It 1s only useful in short duration tpansient pressure
as there vwill be leakage in insulating etec.,, which will affect
the result vhen the cell is employed to record duration pressures,
| The cell is housed in a 1ight alvalniwn - magnesiwm alloy to
keeop its donsity low, and have the same elostie pi-cport:los
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similar to those of quartz crystals,

The cells have to be calibrated for pressure, They can have
an operating range of 0-10.5 Kg/em? (0-150 psi). The operating range
can hovever be varied at will by merely changing the diaphrem thicks
ness, The sensitivity of these cells is greater than eloctro magnst
type cells,

Mention may be made of carbon pile cells which consisted

of thick carbon discs mounted between metal plates, When pressure

is epplied to the stack, its electrical resistance decroases, The
chaﬁge is of sufficient magnitudo to be measured by a simple wheat
stone bridges These cells were used for recording transient pre-
ssures under dynamic load, Since the plle does mot retain its cali-

bration, they have been abondoned,

4.4, ELECTRO MAGNET TYPE CULLS s

These cells employ electro magnet device where in diaphram
movenent causes a change of induciance. One emmaple is that of
Lee and Brown in 1957 who used the cell for small scale models.
The prineciple 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, vhile the
secondary windings are connected in seriess 5o, when the amature
is central, oqual and opposite electromotive forces are induced
in the secondary windings so that mo currant flows round the secon-

dary cireult, With the armature displacement, an increase occurs
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in the induced secondary emf of one circuit vhere as decrease
occurs in the other, Since the primary circults are reversed, a
total current flows through the secondary circult equivalent to
tvice the induced enf of one coil, The gauge is self compensating
with respeet Yo temperature changss. Its operating range is usually
not very high, Two typss of electro magnet cell are shown in Rg,
47,

4,5, CAPACITANCE T¥Ps CHELL s

This type of cell was developed under the supervision of the
author by 8yl V, Subba Rao, Research Fellow, A detalled diag-
rammetic sketeh of the cell is shown in Fig, 48, The diaphram
which {s fixed at its edges on deflection increases the capacitanes,

}whieh is measured by a capacitance measuring bridge.

4.6, SIRAIN GATGE CELLE 3

If a circular plate is clamped or fixed at 1ts periphery
radial and tangential stresses are induced. Timoshenkos (35) has
given the following equations for circular plates clamped at the

periphary,
.2
: a” u dw
1) Mr = - D( g + )' sessecnsns {1}
dar r dr
1 adv 4%y
Mt = - D (mw + Wmé—w seesaan (11)
r d4r d»*

B.2 1 A2 u aw .
r L g ———— ————— LA R XK R NN o
o= 5 (5 é_uﬁ + : ) (iii)
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2

E.2 d
*3 - mz( alll- —g—w +» 2 wz ) sedee (17)
q 2 2.2
M = 84 D (,3 - T ) eret v Tesse (V)
thare 3

Hy yo7 and o = Bending momant stress and strain respectively
ﬂlong the radius,

Mg 5 o7 and et = Bending moment, stress and strain respectively
along the tangent,

g = Distance from neutral aﬂs;a
D = Flexural rigidity = LA N
12 (1 « u%)

a = Plate dlameter.

deflection of the plate at any point.

o
n

= thicknaess of the plate.

i

distance of any point from the centre,
modulus of elasticity of the plate.

i

intensity of load distribution over the plate,

= o« 0
#

i

Poisson's ratio.

| From Bquation (v)above ve have

d.w' .= u--g--t 2 ( B,zv- ra) ( azr) 2 o- " r( 32- 1’2)

q
dr 84 D 16 D
a3, z a4 2.3.2
ar2 16 D )
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1 Thus whén

(1) e =1
a
3 a2 3 ¢ uaa
4 8¢ | 4 8 2
' 2
9 q”
=% T for u=0.3..(1x)

(11) When I _
a

3q&2(1+u)
8 E t2
39 q,aa

& g

ey = et

fbr U = 0.3 (X)

(111) When o, =0

0

r
(1 +u - 5~ (3+u) =0
aa‘

When ep=0; — = ( 120U

a 3+

)" =0.6277 for u=0.3 {xt)

(iv) When ét =0 2

. _ »
.(1+u)--—-§—--(1a»3u) =0
a
. %
o 0 r/a... (Ec—I-ugm)
l+3u

when et =0 3 r/a = 0,8273 for u = 0.3 (ﬂi)
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A graph of radial and tangential strain at any point ofthe
plate {s thus shown in Fig. 49,

It can be observed from the above equations and Fig, Mo,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 r/a =
04827, N |

When r = 0 , 1,e. at the centre of the plate, radial strain

= tangential strain

. 39 q 8 oo
g0 2 2 when u = 0,3

.and with r = a , 1,e. at the circumference of the plate,
‘ 2
radial strain = - % ......9.:‘._5___ irrespective of the value of u
Et

9
and tangential strain = 5 vhen u= 0,8
Bt

If therefore strain gauge can 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 gtrain shown dotted, the
two active bridge amms 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

111 Fig. 50,
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Thus we find that in redshav cell the two diaphram and two
{ strain gauge assembly give four active arm bridge with automatic
temperature compensation. He maintained the resistance of éach

| sauge as 80 ohms, Redshaw is claimed to have linear calibration

: curve and a sensitivity of 0,015 Kg,/sz ( 0:2 psi).

Strain gauge pressure cells are getting very common for
measurement of pressure in subgrade s:_ail and foundation, Yoder
| (3) adopted two SR-4 gauges along the dlameter, each strain gauge

emerging in opposite direction from the center of the plate,

54 CALIBRATION OF CELLSs

Calibration is one of the most important part in the manu-
facture of any instrument, More important it becomes when the
conditions under 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 1aboratory-ﬁill
have to be simulated with the conditions in the field dquring
ealibration, Field ealibration is almost practically impossible,
in case of pressure cells, Many methods of calibration have beefj":
adopted by various investigators, They can be grouped into
following heads, |

1) Dead weight method.

11) Pneumatic or hydrostatic pressurs method.

111) Soil pressure method.
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In the first method the diaphram will be loaded with a
dead velght and tested, Since the dead weights are rigld and
would mt yleld vitiz the plate, ths pressure distridbution willmot
be uniform as would be obtained in 8011 undor pressure, This method
15 therefore not used for emmmn.

In case of calibration with pneumatic or hydrostatic pressum
re the cell 1s kept at the bottom of chamber containing air or any
sultable 1iquid (preforably thick oil), respectively., Alr or
hydraulic pressure is applied and the cell calibrated, A typieal
chamber is shown in Flg, 52,

In case of calibration with soil various methods are sugges-
ted. The three typical patterns are (a) Swedish Geotoechnique
Institute type (b) Yator ways Experimental Station Type (¢} In
triaxial eell, |

In type (a) i.e. Ocotochnique Institute type, the pressure
Chamber is made up of eight rings cach 5 cm, in dia; and 5 em, in
height, The rings are stacked one over the other with 1 mm,
spacing boetween then, Ihe detalls are shown in Fig.51(a).This
set uwp 1is known as "Codometer", The v}ertieal deflaction of the
rings can be measured by the deflection gauges fixed %o the sides.
Strain gauges are fixed to each of the rings, so that horizontal
stresses in the chambaer can bo moasured, The pressure is applied
at the top through a bladder filled with water. The whole apparatus
| behaves 1ike a triexial apparatus, so thatl the pressure acting

on the cell can be measured accurataely. The soll in th: chembor
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is provided wvith the same dry density as obtained in the fisld,

In typo (b) i.e. Water Hays Bxperimental Station Type, the
pressure chamber consists of 71 em (28 in.) diametsr pipe section
vith flanged mouth, 4 0.3 em, (1/8in.) thick rubber membrane is
stretched across the mouth and a 1id is attached to the chamber
as shoun in Fig, 51(b), The 114 is of such a shape as to provide
a snall alr gap between the membrance and the bottom of the 1id. |
The soil 1s compacted to dry density as obtained in tha field, and
the cells installed as shown in the figure, Air undér pressure is
delivered into the gap between the 1id and the ribber membrane.

It vas found that the pressure on any horizontal section vas

unl form, Hany variations of this type of cell have been used,

Type (¢) triaxial cell was used by McHahon and Y.or (3))
for checking the cell otherwise calibrated in alr - pressure
chamber, They used 15 em x 20 em, (6" x 12" ) clay-soil specimen
from the field.

HeMahon and Yoder (30) also checked the cells, calibrated
in alr pressure chamber in sand medius also. They found that the
results of alr pressﬁre chamber agread with those of the triaxial
cell while with sand the data was erratic and caérelatlon very

poor,

From the above mentioned techniqus on calibration we find
that the type of material surrounding the eell to be calibrated
will have considorable effect on the rosults of calibration, Yost
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important factor that has to be kept in view is the arching
effect as discussed in para 3.5, From the equation of
'm2 - 1 |

= : _ . » 4
m2 ES

given in this paragraph, vwe' find that deflection of the diaphram

and hence stress recorded 1s inversely proportional tc the modulus
of elasticity of soil., Thus during ealibration arcmﬁg effect
will depend upon modulus of elasticity and poisson’s ratic 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 soll, less the modulus of elasticity and mors vwill be the defle~
otion, ‘hus in case of cement conerste with very high modulus of
elasticity, the deflection of the diaphvam will tend % be zero,
inspite of the heavy stresses developed in the layer immediately
 gbove the disphram, The type of soll with respect to its grain
8ize and other organic or salt contents will affect the dsfloetion
of tha di,aphram. Arching will be more in clayey soils than in
sandy soils.

The amount of deflection of tho diaphram will vary in the
seme type of soil depending, as mentioned above, on its moisture
content dus to change in its plastieity, This diaphram deflection
and hence stress recorded will also vary with the depth of the cell
below the top surface of the Soil in tho pressure chamber, This
18 due to internsl friction and cohesion of the soil, The

doflection decreases with inerease in depth for the same amount
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jof applied pressure, In the pressure chamber of Wator Hay Experi-
ment station {discussed in this paragraph), it is clalmed that the
pressurs on any horizontal section was unifomm + If this is possi-

] ble 1t will apply only to soils of higher elgstic modulus,

-

The author has carried out number of tests and have come
to the conclusion that the calibration should be carried out at full
arching effect and hence calibration of c¢ell in 1iquid (preforably
thick oil) 1is the bests He found that even in case of dry graded
sand calibration varied, depending upon the amowunt of initial
compaction applisd. He found out that if the greded sand 1s compace
ted so that no further compaction wouid take place, the calibra-
tion agroes with the calibration carried out with 1iquid medium, |
The calibration curve in case of 11iquid mediwm 18 the same straight
line during loading or urloading operation, The investigation
! carriod out by the author therafore collaborate with those carried
out by McMahon and Yoder (30).

Redshow (13) carried out eaplibration of his cells in a
praasutev chamber and subjected the cells to oill pressureby means
of a dead veight caliver, He again calibrated the same cells
embedded in g raded sand by applying & load through a ram, He states
that the eallbration in graded sand agreed with the calibration
in & 1iquid and both gave a straight line curve. He however states
that dus to locking‘ action of grain particles of sand, & 1hrge
hysteresis loop is obtained during unloading and results will not

agree,
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The locking action of soil particles is Just amother

name of arching.

It has been recommended that whatever the method of calibra
tion is adopted 1t is highly essential that it should be extended
through the entire design pressure range of the cell, both for
losding and unloading conditions and should bYe repeated several
- times and 1€ feasibla $shou1t§ include long time loading calibration,
 Excopt for long fime and repetitive loading in some simple cases,
all colls were calibrated for loading and unloading.

| IBMPERATURE CALIBRATION:

Woodman (18) states that temperature calibration is not
important since temperature changes within an earth mass usually:
are very small, The cell can be tamperature callibrated by
{ determining the shift in zero presaure reading at temperature
ranging from 2°¢ (358°% to 70°¢ (100°F) or whatever ficld
temperatwe conditions are anticipated. The cell for testing must
lie at a particular temperature for ¢ to 1 hours,

During ealibration earried out by the author the sbove

| statement was found to be correct if the dumny gauge‘was naintain-
{ @4 under the same conditions as the active gavge, except for the
load applied.
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6, LIMITATION3 IN THE DZ3IGN OF PRESSURE CELLS s

From tho discussions carried out in the foregoing paragraphs
1t 18 ¢vident that the accuracy of %he pressure cell in recording
the earth pressures in subject to various limitations described

bolov g

(1) The modulus of the soil surrounding ths cell may be

| efther large or small than the modulus (i.s, the stress deformation
property) of ths cell and this deviation may be a source of error

in measurement sirce it can cause a distortion of the strass pattern
] in the immediate vieinity of pressure, cell., Horeover as already
pointed out in para 3,1,y the modulus of soll is a variable factor,

| It has been rocommended tha.t{in order to reduce the error to

pininum, the density of the cell should be about the seme as that

of the soil,

(ii) As discussed in para 3.3. the dlameter and tho size of
the coll should be as tmall as possible but the dizmetor should mot
bo less than 50 times the diameter of the largest size of soil
particle, |

(111) As discussed in para 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 para 3.5, the diameter deflection ratio
should be greater than 1000,




t 122 3
(v) The ratio of the sensitive area to the total area
should be as great as possible.

| (vi) A1l care should be taken in determining the method and
tachnique of calibration,

7. DESIGN OF CELL s

7.1, The 1imitations in the design of call have been pointed
out in para 6, They show that the cell size, in diametor as well
as in thickness should be as small as practicable, keeping in view
the grain size of the seil,

Diaphrem type cells are the smallest in size. From the
discussion of the past experience of the diaphram type cells, giving
~in paragraph 5, ve find that strain gauge has the minimwn volume
| as compered to other neasuring deviees, Strain gauge cell was the-

refore adopted for this investigation.

Bafore starting with the dosign of cell it was imperative
to dotemine its maximum recording capacity, The maximum bearing
capacity of the seil in which the cells are to be installed is 0.88
Ko/ Cmg »(0.8 tons/sq. ft) and hence the eells have been designed
for a maximum load stress of 0.88 K@/mg. |

7.2, DIAMETER OF CELL ADOPTGD :

The diameter of ¢ell as mentioned in para 3.3 should be
as less as possible with a minimun of 50 times the maxinun size of
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the particle in the s0il, The maximum size of the particle of the
soll vhere these colls are proposed to be used is about 0.59 mm,
- {0.0232 1n.) at 85 P.c. grading. Honce the diameter should not be
less than 3,0 em, (1.16 in,),

As per para 4.6 and Fig, 46 radial stresses in the diaphram
dus to distributed load changes its sign from positive to negative
when the radius increases beyond 0,327 times the effective radius

of the diaphram (Poisson’s ratio of the material of the diaphram

| = 0.3}, The strain gauge should lie within the circuaference pres;
cribed by this radius, If this is mot done, the ﬁegative strain
caused beyond this radius will compersatc some of the positive

strain and thus make the gauge less sensitive,

As alrsady menticned the offective length of strain gauge
used 1s 2,0 cm, Henco the minimum effective dlameter of the cell
that could be adopted,

2,0 = 3,2 en, Thus 1f 3.2 15 the effective
0.627

diamoter 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 tho diaphram, The amount of strain from centre to the onds of
the strain gauge would reduce to zero {See Flg. 43}, To increase
the sensitivity of the cell and also to account for the error in
ecnonting ths strain gauge right in ths centre of the diaphram,

it vas thought fit to increaso the effective diamoter tp 5 cm,
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7 5. DIAPHRAM THICKNZSS ADOPTED s

Corps of Mgineers, US.4 (B81) have recommendsd that thes
diameter deflaction ratio > 1000.

Timosherko (35) has given thefbllowing squation for
circular plate clamped at its edges.

g gt
64 D
(motations explained in para 4.6)

and u= 0,3 for stesl

£t 21 x 10° x 0.093
D = e = 5~
12( 1 - w9 12 ( 1= 0,3%)
| = 141 em-kg.
2 |
- Taking ¢ = 0,82 Kg/@~ (12,5 psi), a = 2.5 em,
. 4
28 x 2,5
64 x 141
¢ Diemeter 5 |
Defloction B 0.00381 = L2 >

Hence thickness of 0.9 mu is sultable for 5 em, effective

dismeter of the cell.
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7.4, STRAIN GAWGE AKND ITS CRMENTIRG PROCEDURE ADOPTED :

74,1, MAIN REQUIREMENTS 3

In choosing a strain gauge the quality of the strain gauge
‘15 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 eonstant known load over a long period of
time (5 years).

Instabiliiy may be dus % aglig or iuperfect temperature
compensation, Temperature effeets frou imperfect temperature com-
pensations may he the cause of temperature difforential influonced
by the constant rise and fall of daily teaperature or from longer
period seasonal variations (31).

Pasting of strain gauge over tha diaphram has to be earried
out with proper skill andfgost sui table cementing material.
Instability of the strain gauge 1s also caused due to possible
change in the elastic properties of the film caused by the cement-
ing material, ¥hese 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 nagative (31), |

Though good quality strain gauges and cementing materials
used for this purpose reduce all the above mentioned errors it may

not be possible to make them zero,




$ 126 3
7.4.2, STRAIN CAUGE ISED 3

Three types of strain gauges are obtained in the narket,
(1) Bonded wire gauge and (11} Etched foil gauge (111} Unbonded wirel
gauge. Bonded wire gauge consists of a base which may be of paper
" o? plastic or any resimous material with a fine resistance wire
attached to 1t, In the etehed foil gauge a metallic il instead
of the wire, 15 used, Uhonded wire gauge has resistance vire
betwean two supports, It is claimed that etched foil gauge (36)
can stand i'epeated stresses and heavy clectrical current and have
less sehsitivit} to strain perpendicular to axis, 4ll these gauges
are useful upto 60°C temperature,

In the design of earth pressure cells where no repeated
stresses ai'e being measured, there 18 no need of sending heavy
él ectrical currents through the resistance wire and moreover sensi-
tivity perpendicular to strain gauge has no consequences, o unbone
dod viro gauge can be used in these pressure cells as they would

 be less sonsitive, Bonded wires were therofore used for this

purpose,

Paper type strain gauges though commonly used are less
moisture proof and of less heat endurance quality than with bakelite
or polyster bass (36}, Any moisture proof plastic base would be be-
tter than paper base, For' this imwestigation straln gauges with
paper base have been used because of availability, and also because
| strain gauges with paper bases vere much cheaper and}limited funds
vere available, Houme;@._ prepautions were taken while fixing
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and sealing to make the bases water proof, This has been oxplainod

later.

Strain gauges in Indla are moustly imported and a very few
cottage industries have raecently started making them, The choice
of the quality and size therefore depended on their availability,
The following strain gauges were tria&. (1) Strain gauge from one
of the cottage industry in India (1i) COrion E.M.G. Humgarian paper
strain gauge type 2359 resistance = 120 ohms ¥ 0,2 p,c. and zauge
factor 2,08 & 3,0 p,e, (111) Paper strain géuga suppliediby Shinko
communication Industry Co., Ltd. Japan (typs s;) having gauge
resistance of 120 ohms £ 0,3 p,c. and gauge fuotor of 2,08.

Strain gauges made by Shirko communication vere ultimately
selected, They wers found not only the best but choapest, The
sige of strain gauge obtained and used was 0.2 em, length,

7.4.3. XBTHOD OF FIXING THR STHRAIN GAUGE »

The strain gauges are camonted to the measuring surface by
moans of celluloid cement. Various patent products of colluloid
cement are recommended by different agencles, The cementing and
preparatory procedure for strain gauges adopted is explainsdbelow
in nutshell, The procedurs may be grouped as fllows s
1) Preparation of measuring sgurface.

14) Cementing of strain gauge.
111) Drying of strain gauge.
iv) Preoparation and placing of connecting cables.
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{v) Application of compensating gauge.

7.4.3.1, PRIPARATION OF MEASURING SURFACEs Tho surfaco of the

| disphram used was very smooth, In fact number of gauges fixed on
the surface by various adhesive were found to de suppixig, i tima~
tely the surface was provided with very light grooved lin2s in a
chequored pattern, This prevented slipping af straln gauges. The
surface wvas thon ¢leaned by emery eloth to remove the rust, Rubbe
1né continued t111 the surface was shining and no rust particles
visible; even the grooves were clean, The surface was then wiped
#ith dry clean cloth, To remove the eaery, dust particles and groo-
' se Lf any, the surface vas rubbad Dy means of cotton wool immoersed
in towlene {trichlorethylene or benzol can be used in place of
 ¢toulens) Ribbing continued till very little (infact nil) dust or »
rust particle was visible on the white cotton wool, The surface was
then rubbed with vhite cotton immersed in acetone,, (pure ethylace-
' tate may also be used in place of acetone) until mo dirt spot ecould
bo seen on vhite cotton wool., The colour of the spot decroased fronm
black to light brown while using toulene, and brown to nil vhile

using acetons.

?7.4,3,2, CEMERTIRG OF STRAIN GAWGE: Durofix (made in England) is

sald to be one of the suitable materia;s. This was not available.
Araldite supplied by Ciba 0., Ltd., would be suitable 1f thin
layer would be obtained with it, A thin layer of cemonting matorial
without any bubbles is absolutely necessary to provide proper
bond, othervise the strain gauge would slip, Araldite, as supplied,
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consiste of hardner and & cementing material which when nixed give
la highly viscous material, To malte this mixture less viseous it
jfas dissolved in acetone Yo the required viseosity, This solution

rovided the thin surface required, The danger of providing solvent
| s that 1t reduces the temperature of the surface and thus may
rovide a vater vapour condensate on the cement layer. This conden-
ate may be indicated by a nilk like precipitate, To avoid this
Ldanger, all strain gauges were fixed in non monsoon period during
the month of June; Hungarian manufacturers Orion - BIG Dehnungs «
jnesstreifen rocommonded that when such eondensgte takes place the

lurface should be heated to 25°C; Sinee the roon temperature under

o
Ehich the strain gauges were fixed was alvays above 25 €, mo such

troatment vas necessary.

The araldito-acetone mixture so prepared was applied on tho
dlaphram surface where the strain gauge was to be fixed and also
pn. the rear side of the strain gauge, in as thin as pogsiblo, layer.
Jefore applying on ths paper of the strain gauge, the surfaco of
fthe paper was slightly washed by running with cotton wool immersed
hn acetone, This was donc to remove any dust particles, Ths cemen~
ltod layer was allowed to dry. The time taken for drying varied from
B to S5 minutes, ﬁie strain gauge Vas then placed on the diaphram
Surface, Since these sirain gauges had felt cover over ths wires,
the inside of the folt was also coated with the araldite-acetons
olution and then placed on the wires, This was done to provide

h vater pmc;f surface ovor the wiros.
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The sides of the strain gauge S0 fixed, were covered with
neat paper to prevent the temminal wires sticking with the areldite
‘on the diaphram projecting beyond the limits of the strain gauge
paper, The whole assembly was then coveraed with a thick layaer of
‘cotton woolen, and then a pad of foam rubber and then pressed with
& dead welght of about & Kgms,

The dead welght along with icubber foam and cotton pad vas
‘r.emovéd: on thd next day (4,6, after about 15 hours), The surface
surrounding tho strain gauge was then mechanically orased with sharp
tool to remove the papaT or cotton sticking to it

The gauge was then mechanically chdcked to see whother tho
tvo axes of the gauge had mot bgsen displaced from the wanted direc-
tions, and also for its adhesivencss. Ifo such error was moted

'in any of the strain gauges so fixod.

7.4.3,3,
diaphrem plate vas then placed in the dessicator for a minimum pere

The strain gaugo along with the

iod of 42 hours. Drying may be done in an oven at Gooc. This was
not done as properties of arladite -acetons wure mot correctly known.

It vas found that the araldite crumbles when heated over hot plate.

: All the surface ofy the dlaphram around tho strain gauge and
‘also the top of the strain gauge was then painted with araldite-
_ncotone mixture to prevent any effect of moisture on the strain
‘gauge, This paint also prevented corrosion of the inside surface of
the diaphram,
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' The gauge was then checked for its continulty and also dis-
{eontinutty between the gauge wire and thy metal body, by means of

lan ohmemeter.

704.3'4»0 Ay

P ARA’ VBCIIKG One of
the most important ruls is to prevent én_y strain on the lead wires
\‘of the gauge supplied, This will result into erractic roadings and
also may result into short circuit betweon the body and teminal‘s
lor between teminals themselves, The lead wires should therefore
_ba electrically well insulated and no machanical forces should be
ttransfered to the strain gauge.

The terminals of the strain gauge were welded with the lead
vires by means of tin-lead solder and then the temminal along with
the solder Jjoint was provided with suitable sleeve, The sloeves
lextended over the base paper to as far as they could go, Thus

there vas no possibility of short cireuiting.

' To prevent the effect of methanical forces, the load wires
were first eircled inside the rim of the diaphram, as shown in
Fig, 53, before taking them out through a hole in the cell, The
gap betwoen the hole and the lead wires was completely sealed with
araldite, This seal would prevent any forces being tramsferred to
;.the le,d vires inside the cell. If by chance some pull or push is
oxorted on the lead wires inside the cell, the twisted loop would
ltake over these foreces without transferring them to the gauge.
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- 7.4,3,5, APPLICATION oF COMPERSATING GAUGE + Componsating strain

gauges are used to oliminats the effect of alongation caused by
changes due to teaporature variations, The conpensating strain

- gauge should therofore bs under the same temporature condition and
should be cemented on the same moterial and also should nmot shoy
any atrain due to mechaniéally applied foress.

A small plate of the same material as that in tho diaphron
vas prepared and the same type of strain gauge applied to it; This
pla‘ta vas placed in tho samo box, excapt for the vartation in ine
side depth, TFor the componsating strain gaugo the inside dopth vas
incronsed by 1 em,, oo that the doflection of tho diaphram and/or
base may rot compress the gauge and thus bend 1% nloné vith 1tool £,
The vhole box m“ntaining tho strain gouge was tested undor load,

and no change in reasistance was racorded due to load,

7.5, IRIAL CELLS

mmbor_of trlal colls vere tried at the first instance %o

obtain a contaitior with a 'mintmm ;ioasibla density and satisfy the
| other roquircments discussad in para 6 and its subparas, The patt-
| .arn chosen Was a stoel ring -’.Joined to the diaphram plato and an
al mintum base, as shown in Flg. "A" in this toxt,

A tight fit manufacture botwoen the steel and aluminivm ploeco
| 80 made, vith an araldite as a material betucen tho joint gave tho
best results, Araldite not only provided the bond betwoon tho

two pleces, but alsc provided vory good water seal 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 othef mater-
 1als wvere tried, Araldite 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 solde:ing were tried, A‘Rivetted Joints completely failed
vhile soldered joint stood pressure much more than the designed

pressure,

Variable dimensioned cells with different types of joints
-and bonding had besn tried. The dimension of three cells soldered
at the periphery of the éiaphram are given in Table No, 1, These
cells were provided with tight fit joint and the joint bgnded

with araldite, Lesser diameters than shown in table Ko, 1 were

tried, Thelr specific gravity was high and more over they showed
erratic results when tested under plate bearing test in the field.

-

+ DIAGRAM (0-9m.m.y CARBON STEEL

EII /%‘L l W—Rws (MILD~- STEEL)

C 1 ¢ [ aLommnium sase
o)
>

FIG. A '~ CROSS~SECTION OF THE CELL TRIED.
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} Dimonsions in cm. Ref. Fig. 'at % Speci fic Gravity of box

Cell }
I@.% a{aic {n V{E {E % G L
1. 5.5 6.0 0.4 0.45 0,15 0.45 0,183 3,57
2. 6.3 6.9 0.4 0.20 0,20 0.50 0.150 2,96
3, 6.3 6.0 0.4 0,30 0,20 0.40 0,22 3.4
Table M. 1.

All the three cells vere found suitable, Thase cells vere
 again testod in the field by placing them 1,5 cm, below the soil
surface and loaded Dy means of 76 eu (20. in) diameter plate, They

 gave uniform results,

The calls were tosted for moisture absorption by placing
them in vater for 3 days., Ho change in weight vas noticed.

The results showed that any of the cells would be adopted.
The best choico wvos thorefors to adopt a cell of lowest specific
gravity, Cell fo. 3 was therefore adopted for manufacture., Due to
manufacture on lathe, slight variations in diemensions vere noted,
Their speeifle gravity varied, In all 105 cells vere manufacturad,
out of vhich 19 rejected mainly due to defect is water seal or
inconsistant working of the strain gauges, ‘he specific gravity of
cells used for this irvestigation is given in table Mo, 2.
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ne and Specific Gravity of Pressure

i 1 olmg in { Spoel fie Gravi
S.no. | C 1 %Height in IThickness in} 8 @ § _ 0. 3 R4
’ ! c i Qﬂs. ms. %3?.4!(:01 4 I ' Gl.5
o 2 o 3
1 2 83,71 0.59 22,06 2.43
2 3. 60,76 0.65 . 24,3) 250 |
3 4 63,98 0.68 24.31 2,66
4 8 63,54 0.64 23,93 2,65
5 6 58.45 00 61 220 82 20 56
6 7 ‘81,41 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
2 10 63,01 0,66 24,68 2.55
10 11 62,81 0.69 26,80 2,43
11 12 62,79 0,63 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 $7.11 0.69 25,80 2.21
15 16 54.48 0. Gﬂ 220% 3043
18 b} 63,38 0.69 25,80 2,46
I7 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 56,80 0.65 24,31 2,34
22 24 63,44 0.65 24,31 2,61
23 25 60072 0. 61 23; 82 2066
24 26 58,05 N.62 23,18 2,51
a5 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 89,16 0.61 22.82 2,59
30 35 58,81 0.64 23,93 2.48
31 36 629 36 0062 230 18 20 69
32 39 66,41 0.68. 25,42 2,81
33 40 55,15 0.63 23.86 2,34
34 41 68,00 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 52,01 0,62 23,18 2,55
39 46 60.39 0.64 23.93 2.52
40 47 67.01 0.61 22,82 2,50
41 48 61,37 0.66 24,68 2.46
42 49 62,79 0.65 28,31 2,58
43 61 62,20 0,62 23.18 2,69

S.
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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 0.66 24,68 2.47
47 55 57,52 0.68 25,43 2.26
48 56 58,23 0.69 24,31 2.40
49 57 57,45 0.60 22,44 2,56
51 59 ' 57036 0.62 23. 18 2948
52 60 - 60,85 0.61 22,82 2.67
53 61 60.70 0.63 23,56 2.58
54 62 64,87 0.66 24,68 2,63
55 63 60,99 0.63 23.56 2,58
56 64 53,3 0,57 21,32 2,55
57 65 - 56,24 0,81 22,82 2.47
58 66 ! 590 08 0066 24.68 2; 39
59 67 57.97 .62 23.18 2.50
60 68 . 62,15 0.62 23,18 2.68
81 69 57.24 0.60 23.44¢ 2,55
62 70 60,32 0,65 24,31 2,48
63 71 59,28 0.80 22,44 2,64
64 72 i 63‘.0 85 00 64 23. 93 20 58
85 73 - 60,26 0.67 25,05 2,41
66 74 - 55,18 0.66 20.94 .64
67 75 - 55,69 0.59 22,06 2,52
és 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 0.57 21,31 2,47
72 8¢ 57,13 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 0.60 22,44 2,63
76 &8 - 63,23 0.68 24.68 2,56
77 89 - 60.98 0.65 24,31 2,561
78 80 - 69,62 0.63 23,56 2,53
79 91 55,85 0.54 26,19 2.7
80 22 58,53 0.56 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
856 102 55,35 0.61 2,82 2,43
86 103 59,83 0.68 25,43 2.36
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7.6, DESIGN ADOPTID :

As a result of the above mentionsd investigations the follov-
| ing design of the cell was adopted. The cell consisted of three
parts each of different material, (i) Aluminiwm base (11) Mild

| steel ring and (111) Carbon steel plate obtained from the blades.
The carbon steel diaphram vas soldered by means of tin-lead to the
ring, The strain gauge was then cemented on the inside surface of
the diaphram, The prepgratory and cementing procedure for st rain
gauge has been described in para 7., Araldite was then spread over
the proposed contact surfaces of the ring and the alwiniua plate

] and also in the hole for the wires, The ring with the diaphram was
| then hard pressed into the aluwainiu disc, The vhole assemply was
pressed in a Jack for about 12 hours. As a precautionary measure,

a thin coat of avaldite over the gim was provided. The cell so for-
ned was allowed to dry in dessicator for 3 days. The cell was then
painted with plastic paint, and the paint allowed to dry. After the
paint had dried the cells were checked for water absorption by
kaeping them in water for 3 days, If no absorption of the cell was
noticed and the straln gauge showed continuity but discontinuity
with the metal box, the cell vwas thought to be satisfactory.

As a further procaustions at later stags about 80 p.c. of

the cells were dipped in rubber solution and then dried,

The cells were later calibrated as discussed later in para

No. 7.7.
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{7.7. The different methods of calibration and the experience of
the author is discussed {n para M. 5. About 100 cells were |
caliﬁrated by the author in SAE 230 Hobil oil and in the chember
shown in Fig, 52,

The calibration curves are shown from Fig. 54 to 73

8, INSTALLATION OF CELLS s

Great care has to be taken while ingtalling the pressure
cells, As the cells measure stresses mormal to the cell face only,
the cells were installed horigzontally, parallel to ths base of the
proposed slab, $he horizontality of the cell faco was chocked with
a round spirit level, |
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FIG. 49 — RADIAL AND TANGENTIAL STRAINS OF LOWER
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SIGN IN THE OUTER REGION.




(147)

! LoAD

S

T

=0

q

g/ATE&hT&D RUBRER

SOL

—

NN

LEAD
WIRES

LEAD

DA
AW

PRESSURE
CeLL

_

=

[

WATER MANOMETER

FOUR DIALS
“AROUND
CIRCUMFERENCE

RESISTANCE WIRE
STRAIN GAUGES

FIGSI(b) caLigrATION SET UPp

CELL MANOMETER

FIGSI(Q) CALIBRATION SET UP .

@

(SWEDISH GEOTECH. INSTT. TYPE.)

INSIDE OF
DIAPHRAM

STRAIN
GAUGE

TO STRAIN . 4}

MEASURING
BRIDGE

LEAD
WIRES

LD/APHRAM

ALUMINIUM

BRASE

{ L 7 u_!
wipgs —fb— o ———

FI/G.530)PRESSURE CELL |

TO PRESSURE

i

F/G. 52.-CYLINDRICAL
CHAMBER FOR CALIBRATION
OF PRESSURE CELLS.

"

}9 RUBRER
SHEET

® L/
/" AIR PRESSURE “'\:

I 3 I 2= K X K X 2R K <K | 1

SOiL

(WATER WAY EXPERIMENTAL
STATION TYPE)

PRESSURE GAUGE
PUMIP

ﬁ'————fE Q/

L

i i
< -/OCM. DIA. -
;0
Hr
N 5 Al R
OR |
LIGUID
el
N PRESSURE
CeLlL

- o nd !

E1G.53(b) -PRESSURE CELL .




X +<g0

N Mg

(/48

7770 FANSSIId 70 LIVHD NO/LVIFITVD — 7S D/

LD aag suby NI F¥NSSTII
24 gt 0 b8-0 oL-O 950 zP0 gz-0 $1:0 1000 ©
| I ] ] i

! I I T ] T T T T
ISd NI FanNss3iydd

9 b/ ~2/ o/ e o + z / o

_m .

o9

"ON 173D —F—

|

N

"ON 173D —
‘ON 7732 /
N

o +

N
‘oN 773D llll// ///
AN
=
L

(o)

oci

031

N

oeli

\

<
b

olz

\

o
\

ove

oLz

| . |

S | L m ,.

w T - ¢ \ﬂ o o Oom
k

e

\

||

1
|
S ONV ¥ €2 SoN 1730

oge

‘SLINND 0l NI NIVILS




(149

'ST77720

% -0/ "ON 71732
P -66'ON 773>

© -8 'ON 17732
4+ -2 "ON 7732

0O -9 ON 7730 —

-/ 860

LD uag swby N/ FANSSTUL
Vg0 0.-0 95-0 2v-0 g0
I

v1-0 L0-0

F&NSS5TId JO LIVHO NOILVIFITVI —SS Dld

o

! I

b/

T T T T T T T T T

IS o N/ FANSsSITdd
z/ o/ e o) ¥

T

T

og

(03]

o6

/

osgl

0@

—B6—

N

\

\

\\

b o1z

<

L

ove

OLZ

oog

ozZIi

SLINA 0/ NI NIVYLS




{/50)

O ~97 "ON
v-t/-oN
+ -S1-ON
X -2/ "ON
o -/l on

"'S$7730 3FAMNSSISL JO LAVHO NO/ILVALITVO — 3§ D14

7732

7732
T30

7732

846-0 Y80 oL-0 25-0
T ] ]

.N.V.Q.

wo  saq swbd NI FURSSTYA

8Z-0
T

%10 LOO OO
)

T

by Z/ o/ &

T
ISd N/ F2dNssied

9

r

AV

' T

4 / o]

o

oid

o€

77372

R

\, 1 ,Qm

Z
A

o6&

ozl

os/

o8l

02

obe

oLz

co¢

- [ R A
'S, ONVYV T/ sl < Z/

+

</ sON 7730

OeE

o9

- Obg

‘SLIND 0/ N/ N/V&LS




(s0

X~ 0ZC 'ON

vV - bl "ON
© - 81 'ON

Bl

9/

*ON

ST7940 FssS3eld 40 LIVHOI NO/LVY G1TVO LS "D/d

L) usc) swby NI FHNSSTE

21/ 50 Ye-o olL-p 950 kA2 870 Yiro Lo©O o
T ‘— 1 _ T T v ] ' T T T T T T -7

Isd N/ F2N5S35d

9/ b z/ o/ & ) + Z / o
I | °
+ + og
09
779> i
! o6
773> w
7732 oz!
773>
=+ os/
m o8I
« 1 o1z
r ove
oLz
—

00¢%

‘SLIND 0/ NI NIVILS




Gs)

'ST773D FX1SSIV 40 LIVHO NO/LYVYGITVD ~85 '9/d

Lo Jag swby N1 3UNSSIVI

/) R0 be o oL-0 25-.0 zb-0 8z 0 bro oo O
. | [ T T T T T T L T T T T T T 1
1sd N/ 3F¥NSSITII
o 24 2/ o/ 8 =4 t 4 1 o
~ ﬁ 7 7 _
A ! w . :
i
©-92 'ON 44@034/ . 4
w-bz on 173> L .M . —
4-$Z ‘ON T7ID BN \Mﬁ&\ . | | ,
X—22Z "ON 7730 —F—= X ! —+ _ _ ‘
@ ~1lz "ON 1732 AN | | w |
' . } : ; +
\m : | :
e B | . L
Mo 1 v i i
) _M “ : ,H S ,_ ~
; — . :
ﬂ o |
_ i _ 1 _
[4 .
SZ ONV vz ‘€2 °2Z “1Z 'SON 773D

o¢
09
ob
ozl
0S|
ogl/
oIz
ove
oLz

o0t

"‘SLIN? 0/ NI NIVYLS




/57)

'S77370 FINSSIYS JO LYVHO NOILVIG/TVO — 9 D/S

LD iag swbs N/ FINSSTHS

z/7 @560 ve-o oL-o 9s-0 Zt-0 820 v10 LOO o©
T T T T T T T T ¥ 1 T T T | T 1 1
Isdad AN/ FANssI/d
o1 b1 Z/ ol 8 9 + z /I o
Zan
\
|_— \\\
y = \A\
P ~6b-ON 173D | 4
© - 8t oN 173D \\W\ &
+ - Lt oN 173D L —
B - 9t ‘oN 773D W\ < =]
i ]
N g
/ \
=

"6 ANV B8t ‘Lt ‘9t ‘SON 773D

og

09

06

oz 1

oS

ogl

olz

ovz

oLz

(vos

oes

SIIND 0/ N/ NIVYLS




(/58)

©® SS oy 173°

v - bs
4+ - s

X - 3T§
m ~/s

"S$77370 F&NssIAd JO LIVHD NO/LVIGITVD —-Vve O/4

Lo g swby N/ F¥nssIvd

AR 860 & o olo 929-0 zb-0 Bz-0 Y10 LOO
b f —+ + —+ t T —+— f - —y —rt
IS8d N/ J2nNnssIyd
97 b/ Z

(4] 8 3 +

z/
— -

i

— 4

N

ON 7732

‘ON T732

*ON T73D
"ON 773D

AN

e

SS NV S ‘€5°2S /1§ SON 77320

o¢g

09

ob

ozl

 os 1

oel

o1z

obe

oLz

O0€&

SLINT 0/ NI N/VILS




(/60)

'$7730 FANSSISd 40 12pAVHI NO/ILYVZGITVO =99 "O/A

Luws sy swb> N/ F¥nssIAd

zri 8b'0 +8-0 oL o0 9S-0 Zt-o 870 . Y10 LDO O
g T —T T T T T T T T T T T v 1
ISd NI/ FJ¥NssIdd )
9/ b/ 2/ o/ & 9 + z 1 o
3
3 \\\
— - 1 1= 1 ; \\\
©®©~S59°ON quullrll/f '
v -PoON 71730 —7F< T 1
+ - 290N 7732 N d
X ~29 'ON 7730—F— =
g -/9 ON quulill//// ///\\\\ﬂ\
\E‘ - f I
® S
N&zll% A I _L 1.
A
Y =
\
b3
q

‘"G9 NV P9°€9°29 ‘19 'SON 773D

O

o<

09

o6

oz !

051

ogl

ol

obz

oLz

O00¢%

oe¢g

'SLIND 0/ NI NIVYLS




)

(

"'§7770 3Fd4M553Fdd JO LaVHO NOILYVIIITIVDI - L9 'O/F

wo dodg swbhb'y NI FENSSIY

Z
. ALY b0 be-o 0Ll-0 950 2b0 £z-0 Y0 L0 (o]
r ¥ t T t T T Y t T T + { 1 + 1 —+
ISd N/ Fd77ssIed
9) b <zl oJ 8 =] z / o

(03

X - QL ON TM3ID
v - 69 "ON- 773D S

© -89 ‘ON 71732 N /
+ - L9 ON .Zmul/ / \, ost

B~ 99 'ON 773D - \\
oel
/ P! \QX | ,

= \ ST T ove

\X d o6

- 7T - (ofoR~

0L ANV 69 ‘89°19 99 SON 71732 oee

‘SLINN 0/ NI NIVYLS




i
m
1

ey

"STT730 F_UNSSIYHd JO LIVHO NO/LYVALITVO -69 D/d

W  asq swhd NI FANSSITId

Z
zr-! 840 bg o oL-0 2s-0 zt0 8z'0 Y10 LO-O o}
— 1+ + —+ —+ —+ T T T + T T 1 1 m
ISo N/ F&AMNSsS3iadd
9y 1 z/ 0/ e ° + z ! I}
o
< os
A
\v\ 09
\\A o6
¥ - 6L°ON 7732 ~_ \0\
© - @L 'ON T73D / P \< ozl
R V\ e 0s 1
/ @ .
K\ i . o8l
— N\\\\J * ol¢c
) !
. \\\\\\ % ovz
1 -
. i
_\ e _ !
1) \ i oLz
ﬁ o0¢
. - — oss

6L ANV &L SON TT73FD

"SLIND

N/ NivaLs

0/




(f4)

© -S58
v -be
X -ze

o -/8

"ON
‘ON

"ON

‘ON

'S77F70 FdnsSsidd JO LIVHD NOILVAGITIVDO — 0L "Dl
>  agd swby NI FynssIde

2z
217 b0 Ye-o oLo 26.0 b0 gz0 Y10 LOO ©
t t + t t T t ; T t T , t f +—
Isd NJ J3nss3idd
5 Y A o g ° + Z ! oo
o¢
23
V\\\\ 09
213D ~ . N\\ 06
7739 < // \WA 0z
7732 < | _ .
7730— / AN A M , oS
/ ~N V" |~ i i
N //OAy pd | ~{os
N 4 ]
/ \ﬂﬁ\\u
// \\\5\\ 0iz
| R — ” ovz

0o0¢g

oges

o9x

'Se aNV te ‘Z8 ‘I8 'SON 773D

0/ N/ NIVYLS

'SLIND




(s5)

X — 06 -
© -8C
+ —-L®
O -9g

ON 7732

‘ON 77732
"ON 71730

"ON 7732

'S$S7770 HI1755Fd 4O LIVIHO NO/LvGITIVO =1L "D/

UMD d3d .mE%v\ N/ 2dNnssSzed
rAN] " gLo b8 0 oL0 950 b0 ge-o 41-0 LO0

T

t t T 1 + t 1 } t t 1

IS N/ FdnNsszuvd
9/ W zi 0l 8 © 9 + z !

=

X

'\

RN
—
-

| ——1L P R §

j QU | . -ﬁ — | L..iv

06 NV 88 ‘1.8 ‘98 SON 773D

o<

o°

[e ]

ozl

ove

oLz

cog

oes

ose

SLINN 0 NI NIVYLS




ey

"S773D FINSSIYd JO LAVHO NOILVAGITIVI — L "D/

we D &WQ.m.RA%.V\ Nt FaNsSsIdd

4
A 86-0 v8-0 oL-0 95-0 2t0 8z:0 vi-o (00O O
t ot + ' } } 4 —— ' t + 1 - t + t
Isd NI 3FYNssidd
9/ +/ (4] o/ 8 2 14 [4 I (o]
o
T I e T 1 v T | o<
1 : L 1. - [ S NN S5O S \k o9
4+ - €0/"OoN 7132 > )
¥ ~ ZOI'ON 1732 o o6
© ~ bb 'ON 7733 . . \M\
7 — L& "ON 1733 ll// V\N . ozl
/,Y N R S A ) osl
< 1 . T 71 o8l

. A .

! ovc

\;\\

P
miz

i _ | ~
"so)] ANV 20/ ‘bbb ‘Lb SON 173D

00<

SLINI 0 N/ NIVd¥Lls




CHAPTER 111

THERMOCOUPLES
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QHAPTER IIX
THERI0COUPLES

ﬁﬁ Therc are difforent methods of recording temporaturcs. The
pnly suitadle method of rocording temperature at any point of a
@olid nass 15 by means of thermocouple.

| Seebeck in 1928 discovered that if in a circult formed by
joining two dissiniliar metals, the two junction are kept at different
temperatures, s current flows round the elrcuit. Such current is
Jtermed as “Qhermoelectiie current® and the emf produced is ecalled
*therno electric force'.

" The magnitude of this emf depends on (1) the motals, their
%alue of rosistivity and temperature co-efficlent and (41) the
tenperature difference between the two junctions. Thus for a
lziven pair of metal wires the ratio of emf generated to the
temperature difforence betweon the junctions can b2 determined, it
the average temperature is epecified. This ratioc for a specifiecd
pverage temporature is knownas the thermoelectric power 'e' of the

circuit.

Se Choice of metals for thermcéauples = The pairs of metals

lcaomonly used for thermocouples are
(1) Iron against constantan.
(11) Chromel against alumel
(1i1) Platinium against platinium - rhodium alloy
(1v) Copper ani constantan

(v) Copper ani Eurcka
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Published tables are available which give tho thormoclootric omf
betwoon the pair of the wires montioned gbove for dtfferent

tenperatures.

Spocific rosistance or rosistivity ami other properties of gezglg
for thermocouples. - :

Spccific resistance depends upon tho nature of the material,

and 18 reprcoented as follows:-

Ronistance x Longth of conductor
Cross~sectional area

x spocific roesistance

Thus ths unit of resistivity is ohm-em. Copper has low specific
resistance while c¢onstanten, Eurcka and mange.nin.haé high specific

resistance. Table Ho. 1 give thelr properties.
la. DESIGT ADOPTED

Type of wiresi~ The maximum and ninimum temporature at

_Roorkoo, vhore this investigation is proposed to be carried out is
140 °C and 0 °C respectively. In this investigation thermocouples
are to be inotalled in s0il underneath the pavement and also in
different bases and conerete pavemcnts. The maxinum gnd minimum
tenpegmture will be in the concrete pavement which is not expected
to go boyond the range of 0°C to 60 °¢. Temperature readings taken
in sun during the month of June and July 1962, have shown that
these ranges are acceptabdle. :

Table No. 1 shows that copper with econstantan or Eureka
produce a thermoelectric emf of 40 micro-volts per °C. Any of these

two metals with conper could therefore de useful. Eureka-coppor
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TaBLE MO, A
PROP ’
) ' L] ] " {Thermo )
51+  Material Qaesistivit Temp.felectric 4§ Remarks
No.§ {Micro ohms Coef.f fenf ageinstd
b { xcn ﬁpar CQCu.Micmu b
b ¢ ) Vglts per f
e o) b i
1. Copper 1.7 0.004 -
Steel 15«50 0.00562 to
0,008 o
3. Constantan 2«52 0.00001 40 Cheap. High resisti-
{35 to 55 p.ce vity.Very low temp.
Ni 4+ 65 to 45 p.cs co-pfficient. High
Cu. + 0 to 20 p.c. thermo electric eaf.
Zn.)
4, Burcka 50 0.00001 40 o=Dow-
(60 psceo Cu + 40 p.c.
Ni.)

S. Man enin High resistivity,
( 70 poco Cus ¢ 30 42 O to 0.00003 3-8 very low temp.
peC. ln.) co-officient and

very low themrmo-
electric enf,
6. lichrome . 98 0.0004 e Vory high rosisge

tivity.
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wire thermocouples were adopted. The Eureks vire was of 18 gauge
and copper wire of 22 gauge.
Type of Junctions The method of joining the two wires is very

fmportant. The method adopted may thermostatieally alter the
metals near the junetions by corrosion or contamination or by
changing the crystal structure. The junction in fact becomes a
short length of wire composed of third metnls but if this short
{ length 1s at the same uniform tempexature, the effect is the same
ag 17 the two metal wires were joined at the smme place without
making the third type of metal (1). Junotions can bo of many types
¢.g. braged or soldered; beaded or fused, and claemped. Clamped
junctions are undesiradle as they give orratic results. Braged or
| solderod junctions are quite good, 1f the temperaturc is wniform
in the vicinity of the junction. |
In case of conorete and oven in soil, the sasll junetion
point is likely to lose good contmot with its surrounding medium.
It was therefore desirable to incpease the contmot area of the
junction specially when sensitivity adopted was too low i.e. about
| 1 %. ™he design of junction therefore adopted wes, as explained
~ below.
| The coppor wire was wrapped round the cérxatantan wire for a
length of about # em. The junction so made wes placed on one naya
patsa ( a covper alloy of 1.5 cm dia and 0.05 en thiok, put in the
| shape of a coin). The whole sssembly was soldered with tin-lead.
This type of junotion is shown in fig. 74,
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INSTALLATION
Callidration

Sinee Eurekn and copper wires were soldered together and
at the same time with a copper alloy, there was every possibility
of the variation in ealidration from tﬁe gtandard ealibration supplie|
-d by the nanufacturers.

Rumbor of thermocouples were calibrated by (1) placing in
water at varying temperature (ii) Placing them in soil and varying
‘the temperature of soil and (111) embedding them in conorote block
and placing the concrete bdloek {n water whose teaxperé.tm*e vas varied.
v'i‘he method of testing for embeddment in soil and concrcote is showm
in £ig. 75.

“ o methods of reéding thermocouples were adopted (1) By
direet nethod i.e. measuring the smpornge and (41) Tull point

nothod i.o. mensuring the themoelectric caf. Enf method mo doubt
possess the advantage of elimination of the variable 'r* (resistance)
vhich is function of smblent tempenture. Enmf was measured by
comparing the thermoelsctric smf with a referense emf of s wot
battery. | The balacing operation was earried out by & balancing
eircuit of a potentiometor. The circuit diagram ie showm in fip. 78
and-{bl. The miecro smps vere measurcd direetly om a mieroammeter.
Calibration charts for themecaupléa Placel in concrete and soil in
terms of mieroamps snd millivolts are shown in fig. 77. Since the
ﬂslope of straingthk lines for water, concrete and s0il is the same, a

.géneml graph applicable to all the three types of emboddmonts with
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the readings obtoined, have been drawn in this graph.
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1, Baker H.U. Ryder E.A end Baker N,H. "Temperature

megsurement in Engineering® Vol. I John Wiley and Sons.
2. National Research Council of Canada. Division of
Building Research. Technieal note Wo. 113,
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CHAPTER IV

DEFLECTION DEVICES

4.1 Introduetions Burmiséer's theory 4is based on deflection

of layered system. For verirication.andpesign on the baois of
Burmister's theory 1% ﬁaa proposed 1o measure deflections ofthe top
of subgrade, Base course and conerete pavemont. The deflections to
be determined independently for given amount and type of loading.
4.2 Construction of the devies Tho arrangement adopted consistf
of 0.6 on (4 4in.) dlemeter rod with 2.5 cm. square bzse plate. This
rod passos axially through a 1.8 on (% in.) dlemeter conduit fixed
with washers at 1te ends. The internal diameter of these washers
i85 1.8 cn. and oxtornal diecnmeter is 4 cme.. The 1.8 cm. conduit ngaiA
pagoos through a 3 eme (1% in.) diemeter conduit. The 3 aa.
" oconduit is nlso provided with washors having internal dismoter of
| 2 om. and extornal diamoter of § em.. The arrangement is shown
in fig. 78, ' '

The above plate of the 0.6 cms diamoter rod romains embodded
in the top of subgrade by 1 cau depth and this rod should be free
to daefloct along with the pubgrade only through the bas; and
oconcrete pavement. The 1.8 cm. diemeter conduit around it and
passing through the base course and concrote pavement provides for
 4ts free dcflection. |
In order to prevent agoinst free movement of tho rod and
~ thus disturbing the subgrade of the baso plate, when the deflection

devico is not in use, provision is made to f£ix the rod temporaily
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with the top of 1.8 em. conduit pipe'hy means of a cork as shown

| in deteril 'A' of £{z. 78. fThis cork also helps in keeping the

rod in the central axis of the conduit pipe when the base courge
is being laid.

To keep the rod in the central axis of the conduit pipe
gt the bottom, the rod was passed through a tor paper and a eircle
of diameter oquasl to the eiternal diameter of the washer wvas drawm
on the paper with 1ts centre at theé centor of the rod. After the
rod wan embedded in the ground this tar paper was pushed through
the rod followed by the conduit pipe. The washer of the condui?
pipe was kept in line with the oircunfercnce of the ecircle alresdy
drava on the paper. Thecondult pipe was thus placed on the
subgrade and its top corked aé nentioned adbove.

To prevent ncoess of cubgrade materi 1l to tho rod at the
Junction of the eondult pipe and subgrade, a tar paper with a hole
v0qna1 fo the diametor of conduit pipe was placed on the top of the
‘botton vasher of the condult pipe. Thefletail of thls 4s shown in
‘e fig. 78.'

The base couwrse thus couldbe laid without effecting the
central rod, | |

Before laying the comerete pavement a tar paper with a |
hole oqual to the diameter of 1.8 em. wae placed around the 1.8 em.
dizmeter condult pipe on the top of base courso. This paper had

also n circle dravn with the center at the centre of the hole gnd
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diemeter equal to the oxternal dimmeter of itre washer on the 3.0 cm.
dizmoter conduit pipe.

Ths 3.0 cn. dlenster conduit pipe was then placed on the
papor vith the vasher in lino vith the circle so drawn. The top
end of the 3.0 ci. diameter conduit pipe vas corked as shown in
dotoil 'BY of fig. 78. The 1.8 cn. diwmetor conduit pipe thus
rcmained centrally in the 3.0 em. dlameter conduit pipe.

To prevent access of cemont concrete to the 1.8 em. digmeterny
condult pipe at its junction with the top of base couse, omo more
tar paper was placed on the top of the bottem washer of the 3.0 ca.
conduit pipe, in the similar manner as was dong before on the top
of subgrade,

The cement conerete pavement could thus be lald without
affecting the 1.8 ca. digmoter condult pipe.
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