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\ A )
Thig. inviention is conceived by Holavanahalli Narayana Raos
Vgnkoba "Rao, Yagnanarayana Ilyer Mahadeva 1Iyer, Nerur
Sankaranarayanan Rengaswamy, Seshadri Srinivasan; and Ramia
larigovinda Rao Suresh Bapu, all of Central ELecﬁrochemical
)
Research Instltute, Karaikudi, Tamil Nadu all Indian Citizens and
(o, 'h’\ P/L\. ﬂ'( s (/3)15 <. f '7)(?‘%4_41\3,

relates to [aprovemente—in—ok-relating—+td Tour probe resistivity

neter.

Ifitherto it has beegproposed that the electrical resistahée of an
environment like soil or concrete can be measured in situ by

‘psing a null balance instrument and four probes/three

“probes/single probe.

This.is open £o the objection that:

(i) the measurements based on the null balance instrument are
suspectible to subjective: error. ‘ »

‘(ii) A number of operations are involved making it time
gonsuming. |
(iii) Sensitivity is low and it also varies with the resisﬁance
values.

iv) The probes are separate from the maih instrument resulting in
use of long cables. ‘

(v) Though the principle of electrical resistance measurements is
known, a direct reading digital instrument with provision for

direct display of electrical resistivity is not available.

The main objective of this invention is therefore to obviate
these disadvantages by developing a direct readng digital,

electrzcal resistivity meter with built-in probes.
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Thg‘main finding of the invention is that by constructing a
épring loaed arrahgement of four metal probes of suitable size
and shape and of equal interelectrode distance, by passing a
known amount of current through the two outer probes and by
measufing the‘potential between the ﬁwo inner probes and then
electrical resistivity, the electrical resistivity of a given
environment, concrete;in particular can be obtained
instantaneocusly in terms bf ohm cm/kiloohm c¢m, Interference
effects from the steel relnforcement grid is avoided by proper
placement of the probe on}the rainfoiced concrete surfaces. For

i .
measurements in soil, a Sepapate set of four probes is used.

The result is that the ele#trical resistivity of any envirorment'
like concrete and g0il c?n be quickly measured at any time

without disturbing the syséem.
The instrument accordlnq,ko this invention cen51sts of a built in

spring loaded four pxobe unit and electronlc circuits for

/

conversion of the current-v ltage data ;n terms of resistance and
scaling of the data to diséla? the resistivity in digital panel

meter. The schematic “lohk diagram of the meter is showin in
' P ,

figure l. of the drawings agcompanying the specificaition. Block

(1) iséthe square wave generator for supply of (A.C.) current and

Blockl(2) is the constant current source which impresses a

constént (AC) current;%hrough the two outer probes C; and C, as
" g
shown'dn block (3). 'Thp‘purpcse of the square wave generator is
i L
to avoid palarlsatidn efﬁects ln Lhe measurements. The potentlal*

st

drop prweav the two 1nﬁer probes Pl and P, of block (3) is fed
”to a commutator shown iﬁ bLock,44),and converted into resistivxty.i
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.‘Val’ues.a.nd ‘di:s'played in t‘.he_dlgitavl_ panel meter in blocﬁ (5).
;.“"rhe" congtrudtion details of _thg spri'nc;f loaded buillt-in probe ':l.‘s-'
" shown in figs 2 of the drawin;gé accompanying the exp‘ec:j.f:Lc:'en:'i.on'.:\'~
The four probe unit is mounted in a Pvcvfrarﬁe (6). Each 'olf' the
four copper probes Cl' Pys Pyr Cy with pointed ends is threaded
‘t'o a PVC tube connector (7) which is held in aluminium tube (8)
and a spring (10) is provided between the aluminium head and PVC
: .;tubol connector. The pointed end‘of the‘copper‘prob’e is wrapped
A'vllitlyx“‘s'ponqe (11) saturated with watér for makihg effective
contact,with the concrete surface (12). The display unit (13) in
whiéh tﬁe electronic curcuits are housed is mounted at ‘_the" top of
PVC frame (6). Tt}e push button switches (14) for ,operafing the
instrument are mounted at the top of thg display unit (13).  The
"resistivity is displayed in the digital panel meter (5) as shown
in figure 3 of the .drawings accompanying the specification. Fig.

3 is the plan view of Fig. 2.

. Dated éhis' _2[5}" day of Mowch 1985,

}

f\f /(? “ --«.L~i”¢~~43~‘~_~

ﬂf:”"."'——w
: (N.R. SUBBARAM)

JOINT ADVISER (PATENTS)’
COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH
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This invention is conceived by Holavanahalli Marayana Rao,
}Venkoba Rao, Yagnanarayana lIyer. Mahadeva 1Iyer. Nerur
Sankaranarayanan Rengaswamy, Seshadri Srinivasan, and Ramia
Harigovinda Rao Suresh Bapu, all of Central Elgctrochemical
Research Institute, Karaikudi, Tamil Nadu ail'Indian Citizens and

relates to direct reading four probe resistivity meter.

Hitherto it has heen proposed that the electrical resistance of an
~environment like soil or concrete can be measured in situ by
ugsing a null balance instrument and four probes/three

probes/single probe.

‘Resistivity of various media are méasured by passing a current
through the medium and then measﬁring the vélgggé dfop across a
known-distance bhetween two points on the diametionally defined
specimen. Resistivity of a specimen is defined as = = AR/l
where R is the resistace measured, A is the cross sectional area
and 1 is the length of the specimen. Techniques vary depending
on various situations. In the case of very low resistivities
like that inmetals invariably a four probe technique has
necessarily be used siﬁce.the lead resistances are very high
compared to the reistance of the specimen. When the resitance is
much high i.e. greater than 100.22, then other techniqués like‘two‘
an three probe techniques also could be used.l In the case of
s0il resistivity measurements, the érobe can be inserted into the
s0il. In the case of hard materials like metals, concrete etc.
the measurements are to be made only on the outér surface. Many
mccééions when the current flow is due te ionic conduction also,

direct current cannot he used to make resistivity measurements..

&
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This is because plarisation effects also play an important role
in giving misleadig results., In view of this, invariably
alternating currentis used to make resistivity/conductivity of
electrolytes/snil/solid ionic cenductovs eto. flence
resistivity meters available for various applications differ very
much depending upon the applications and the specially configured

probes and electronics.,

éor measureent of resistivity of concrete whose vesistivity
‘varies from 100 ohn cmtx)gréater than106<ﬂnncn§no'equipment is.
available. Conductivity kridges, s0il resistivity bridges are
difficult to use in view of the.probes not suitable for ﬁhe
purpose The resistivity meter probes available are (1) single
probe (2) three probe and four probe. In the single probe the
inner conductor separated by an insulator is covered by an outér
~conductor axially. The A.C. produced by heans‘of a mechanical
vibrator is passed through the media when this probe is inserted

into the medium. The potential drop across the probe when the
current passed divided by the current gives the resistance., 1In
the case of three probas, the cu}rent is passed through twe outer
probes kept in a line. The third probe with respect to one
curret probe the pbtential drop between it and the other probe,
i when inserted intce Lhe medium in line with the two outer current
?robes. In the commercially avallable eguipments, the prohes and
the instrument are separéte requiring lengthy cables to be used
when measuring the resistivity of locations not easily

accessible.
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None of the commer#ially available instruments is found to be
convenient to use when it comes'to measure the'resistivity of
 ‘¢oncreté insitu'on thé.cbhcrete structures. This is because the
probes cannot be positioned properly on the surfacd of concrete.
But to get valuable information about the quality of concrete

. and its deterioration in RCC structures, such an instrument is

:?'hlghly ‘useful.

:{:Further (i) the measurements based on the null balance instrument
" are suspectible to subjective error, T

:3(11) A number of operations are involved making it time
:_cohsuming. | | " .‘ |

ﬁf(iii) Sensitivity is low and itaalso vAries:di€ﬁ~£heﬂresistance
values, = | T .

iv) The probes are separaﬁe from the’main instrument résulting in
use of lon, cables. ’ | | o
{v) Though the prihdiple of electrical resistance méasurements is
known, a direct reading digital instrumeﬁt»with prévision for

direct display oerlectrical‘resistiVity is not available.

The miin objective of this invention is therefore to obviate‘
‘these disadvantages by . developlng a direct readlngdigifal

electrical resistivity meter with built-in probes.

The ﬁain finding of Ehe invention is that by.éonstructing'a
'_lspring load arréngement of four mgﬁal probés'bf suitable size
and shapeand 6fveqdal'inter electrode diétanﬁe} by passing a
known'amount of current through the two outer probes and by

'measuring'the potential between the two inner probes and then

e
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electricel resistivity, the electricallreeistivitylof e'piven,un
environment, concrete inm per;ieulargcankbe obtained
instantaneously in terms of ebm cm/kilo ohmecm. !interference'
effeccts from the steel reinforcement grid is avqided by proper
placement of the probe on the reinforced concrete surfaces. For

- measurements in soil, a separete‘Set,of,four.probes is used.

'.H The result is that the electrical resistivity of any environment
Afkllke concrete and soil can bé qu1ck1y measured at any time
:_Four probe resistivity meter (FPR meter) ‘is an 1netrument used to
. measure the electrical resiatiyity ofwrhe’concrete in the RCC
structures.’ In this instrumenﬁ,jthreé’push_bhtton switche S3, S)
and S3 are provided for operation A 3.1/2_di§it liquid crystal
disply has been provided for.easj readout in the ambient light
~conditions and ir consumes'very‘lees.poﬁer} A triming
'.pot antiometer is prov1ded at. the bottom of the un1t for
cellbration purpose. This instrument_is,e portable and battery

T

operated one. - S i

According ta the present invention{'there ie_provided a direct
rendlng four probe re51stivity meter for measurment of electrical
reJiutiVLty of any environment such as soil and concrete amsd=the

¥k which comprises four probes arranged side by side, each

b

pLobe/epring mounted .on a frqme, the terminals of the outer
probes being connected to a constapt current eource a square wave

2 generator being connected to the conltant current source, the

[}

inner probes being conneted to a commutator for cOnverting the

jpoLeanal drop between the inner probes into resiativity, the

";
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outputs of the commutator beiﬁg connected to a display, digital

unit, the entire assembly being houset in a cabinet)the caliiney

being provided with‘awitchéd for tesiting: calibrating and

measufement. '

According to another feature of the invention the digital unit is

a LCD panel meter. | |

The invention is further 111ustra%ed with reference tc the

drawings accompanying the provisional specification.

The instrument accofdihg to this "invzation consists of a ﬁuilt in
spring loaded four probe unit and electroﬁic circuits for
conversion of ihé curréhﬁwvolﬁage'déta in terms of resistance and
écaling of thé“data to di$play*the resistivity tn digital panel
meter. The schematic block diagram of the metervis shown in
figure 1. of the drawings accompanying the provisional
specificaition. 'Bi§ck (1) is £ha square wave generatoi for
suﬁplylof (A.C{) cuffeht'andw§IGCK (2} is ;he constani current
source which impresses a constant (AC) current through the twe'
outer probeslcl éndvcz és shown,in block {3). The purpose of the
square wave genérator is'tdlévoid polarisation effects in the
measuramahtsa' Thé boténtial arop betweaen ihe'twé inﬁer probes Py
and Py of‘bloék (33~ié fed to a commubator shown in block (4)..
The ccmmutator»cOhVerté the potential drop generated in the inner
pfobéé into signél; wﬁich is ﬁroportional»to,the»rgsistivity of
the eﬁvirdhment'to ﬁe héasuréd. The resistivity is displayed in

the digital display unit shown in block (5).

\

The construction details of the spring ‘loaded built*in probe is

ﬁahown in fig. 2.

{0
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Tha Eour probe unit is mounted in a PVC frame (6). Each of the
taur copper probes Cy. Py, Py, Ty with pointed ends is threéded,
to a PYC tube connector (7) which is held in aluminium tube (8)
and a gpring {10) is provided betwecn the aluminium head and PVC
tube connector. The pointed end of the copper pgcbé is wrappéd
witlhi spoage (11) saturated with water'foF making efﬁecﬁive,
- contach with the concrete surface {(12).- The display unit (13) in
which 'he electronic circuits ére housed is mounted at the top of
PYC frame (6), The push button switches (14) for operating the
instrument are mounted at the top of the display unit (13). The
Vresistivity iz displayed in the digital panel meter (5) as showﬁ
iﬁ figure 3 of '‘the drawings accompanying the specification. Fig.

3 is the plan view of Fig. 2.
¥or the operation of device, the following éteps are caken:

i) Press the power ON switch and S3

ii) Note the reading in the LCD dispiaya The readihg should be
16.or 159, depending upon the position of the switch Sy '
iii) TE the re'ading i\s not 16 or 155, the trimming pote'ntiometer
which is provided at the bottom of the unit is adjustéd to read
16 or 159 as the case may be

iv) Release the switch Sy o

v) Moisten the sponge with water for better electrical contact
;ﬁith the sucrface |

'vi)' Piace the instrument with probe assembly over the concreta
‘‘surace and press gently | |

vii) Notws the reading the LCD display. The display indicates

the value of the resistivity of the concrete directly

"
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~ WE CLAIM R
1._A'direct'reaoincifourjprobe'reeistivity meterifor'neasurementi'
of electrical resisti?ity of any en#ironment such as soil and
,concrete which comprises four probe arranged side by side each
probe/;gring mounted on a frame, the terminals of the outere
probes being connected to a'constant current source, a square
wave generator being. connected to the constant current source,
the inner probes being connected to a commutator for converting
the potential drop between the timer probes into re51stivity, the
boutputs of the commutator ‘being connected to a cigital display
unit, the entire assembly being'housed in a cabinet, the cabinet
being provided with switchee for testing, calibrating and

.V

. measurement .

2, A direct reading four probe reeietivity meter as claimed in

claim 1 wherein the digital unit is a LCD panel_ meter.

_3.‘ An improved direct reading four probe reeietivity meter
‘isubstantially as herein deecribed with reference to the drawings

accompanying the provisional specification.

'~ Dated this 29th day of Auguet 1985,
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LT L JOINT ADVISER (PATENTS)
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