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(57) Abréege(suite)/Abstract(continued):
which In turn Is telescopingly fitted within an outer tube shaft, that is secured to the vibrating wire strain gage. By using two

spaced securement means, such as clamps, this strain gage assembly Is secured to the exterior of a flexible elongated
member. One securement means secures the combined vibrating wire strain gage and the outer tube shaft to the flexible
elongated member at one location. The other securement means secures the combined calibrated colled spring and the inner
tube shaft to the flexible elongated member at a spaced second location. The inner tube slightly radially turns relative to the
outer tube, within controlled limits, to compensate, If necessary, for any slight twisting of the flexible elongated member, which
may occur when the flexible elongated member Is excessively strained In tension. This strain gage assembly, when installed,
may also Include a thermistor to signal temperature changes, a data transmission means via electrical cable leads of electrical
circuits, and/or a signal transmitter means via radio waves, optionally utilizing satellite transmissions or meteor burst
transmissions, and/or a protective cover, and/or a vibrating wire readout instrument. VWhen the flexible elongated member Is a
tieback steel structural cable, for example, the strain gage assembly created reading may be read at random times, at
scheduled times, or constantly, during either static or dynamic loading periods of time. Observations may be made before,

during, and after earthquakes.




ASSEMBLY FOR MEASURING_ EXCESSIVE TENSILE STRAIN OF A

FLEXIBLE ELONGATED MEMBER, SUCH AS A STEEL
‘ AL TRANSMISSION | "ABLE,; OR

“A GLASS FIBER OPTIC COMMUNICATION CABLE, WHICH MA
SLIGHTLY TWIST UNDER TENSILE STRAIN

STRAIN GAGKE

ABSTRACT

A strain gage assembly 1is secured between two initially

member g

transmission cable, or a glass fiber optic communication cabley

after or before the sinstallation of the flexible elongated

pon the subsequent pre~-stressing and/or

member, tO thereafter u

e cable, create an

the possible excessive straining of th

observable or transmittable reading of the excess tensile strain

being sustained by +he flexible elongated This strain
in line

in one embodiment, the

gage assembly includes;,

arrangement of a vibrating wire strain gage, having the vibrating

wire thereof secured to a calibrated coiled springy which in turn

is secured to an inner tube shaft, which in turn is telescopingly

£ itted within an outer tube shaft, that is secured to the

vibrating wire strain gage. BY using two spaced securement

this strain gage assembly is secured toO

means, such as clamps,

he exter ior of a flexlble elongated member. One securement

means secures the comb1ned vibrating wire strain gage and the

ter tube shaft to the flexible elongated member at one

securement means secures the combined

1oc atione. The other

calibrated coiled spring and +he inner tube shaft to the flexible
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be read at random timesgy
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Observations may be made before, during, an



2040143

BACKGROUND

persons desiring to know when structures are being

To assist
and/or undergoing unwanted linear

such as bridges, piles; tunnel linings;. buildings

structuressy
nstalled quickly and easily.

etCc. are available to be 1 These .

ize the so called vibrating wire principle. A steel

gages util

is tensioned between two end blocks,

wire of these strain gages

10 | which are secured to +rhe surface of a steel nember. The wire,
ts natural resonant fregquency. This

11 when plucked, vibrates at 1
depends on the wire te

An electromagnet colil is

12 || freguency, however, nsion, which varies as

e the Efrequency of the

15 | wvibration produced. s transmitted from

i6 || the electromagnet coil,
:» change reading tO be observed

17 | qisplayed as a strail
In a particuiar embodiment of this vibrating

18 called readout box .
ragsonant electrical circuit

a dual coil anto-

15 wire strain gage,
w frequency dynamic strain

90 || and driver is used to obtain lo
one hundred and twenty H,o The E£requency

91 || measurements up to

99 signals, as necessarﬁ may be rransmitted, via electrical cable
93 | 1leads of electrical circuits, over many meters without 1loss of
24 ; accuracy and precision.

25i% There are other gages which use the sO called vibrating wire
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principle. For example, there are vibrating wire jointmeters and
crackmeters which measure displacements across joints and cracks
in concrete, rock, so0il, and structural members. In these
meters, instruments, or monitors, a shaft is coupled to a spring,
which in turn is coupled to a vibrating wire element. Movement
of the concrete, rock, soil, and/or structural members causes
movement of the shaft, which extends across joints and/or cracks, -
and is secured at one shaft end to either a portion of concrete,
rock, or structural member. The other shaft end is secured to
the spring, in turn secured to the vibrating wire, in turn having
the housing of this wvibrating wire strain gage secured to the
concrete, rock or structural member on the other side of the
joint or crack. Movement of the shaft, caused by moirement of
concrete, rock;, so'il, and/or Structural members, oOn opposite
sides of a joint or crack, changes the tension both in the spring
and in the vibrating wire, ca.using a corresponding change in the
frequency of vibratioh of the vibfatihg wire of the jointmeter or
c:ackmeter. ;nternal ball jOi_nts are employed, as necessary, to

The frequency of

vibration of these jointmeters or crackmeters is transmitted

through a cable lead to a readout location. At this location the

80 ¢called po.r't;afb'lfe readout box, or continuouﬁsly monitored by

using a data logger.

Other instrumentation used to monitor possible unwanted

4



11 exce
D) use of a cantilevered beam OnN which strain gages are€ mounted.
9 The beam is held Dby a ring, which in turn js positioned about a
4 ' cable, such as a transmission line cable.

0 This available instrumentation s understood not to be
6 applicable for use while monitoring possible unwanted excessive
7 stresses and/or unwanted movement of flexible elongated members .
8| which when strained tend toO twisto

9 '.

10 | SUMMARY

11 | There are many places where flexible elongated members are
i2 ,‘ ased, and if they are preloaded and subjected to prestressingys
13 | and then later ate€ overloaded creating excessive tensile straing
14 | the magnitude of such strailn <hould be made known tO persons
15 concerned about maintaining the structural integrity of the

into which

the flexible elongated member 1S incorporated.

18 j. By way of e{xample: oftentimes retaining walls, buildingsy
10 | br idges and tunnels are tied or anchored into earth. When steel
sre utilized, while anchored

90 || cabless '
:fied size and

these structures in place, there is

‘weight into earth, tO hold
es, embedded in

23;: always the need to know how well these steel cabl

1indrical concrete anchorsy are continuing to maintain the

24 | the Cy

95 | designed long term ran thereof, to successfully

ge of static loads
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continue on in holding these structures, to which they are
attached, safely in place. This need to know how well these
steel cables are holding, i.e. how well the tie backs are
holding, is often ongoing, such as hefore, during, and after
earthquakes, i.e. both static and dynamic conditions.

At times high voltage powelr 1ines because of earth
movements, temperature changes, jce loads in winter times and/or -
high winds, may be excessively stressed, OrF in reference to a
group of them may be unevenly excessively stressed. If these
power lines are SO stressed, the resulting excessive tensile
strain should be made known to persons concerned with the overall
structural integrity of the high vecltage power transmission
system; and

Glass fiber optic communication cables must not be over
stressed, and therefore should be monitored to determine any
gxcessive strain;

Therefore, this strain gage assembly is provided in various
embodiments to be very useful in monitoring the loads being

sustained by flexible elongated members to determine whether Or

and if so, what the magnitude was OI ss. One embodiment of this
strain gage assembly_ has a vibrating wire strain gage,; via the

housing thereof, arranged to be secured directly or indirectly,

‘at a specific location, to a flexible elongated member. The end

of the vibrating wire of this vibrating wire strain gage 1is
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secured to a calibrated coiled spring, which

ting wire strain gage, and makes this gage a SO

of the vibra
escoping assembly of tube shaft

called softer gageo. A tel s is

ia the larger diameter tube shaft, to the housing of

connected, V

and via the smaller tube ashaft to

the vibrating wire strain gagey

the other end of the calibrated coiled spr

completed at this stage, twoO securement means such as clamps are

t+ means 1s used to secure the outer tube

selected. One securemen

nd/or the housing of the vibratind wire strain gage to the

r at a first locatione.

shaft a
Then the other

flexible elongated membe

securement means is used to secure th

bey at a second locationg

flexible elongated mem
jon of the flexible elongated

+he first iocation. After installat

if not already

. member, this straln gage assembly is positioned,

on_the flexibl and then

, prewpositioned, e elongated member ;

read that no excesgssive strain has

calibrated to, in effect,
e Thereafter;
reated' an.d he made availabl
for monitoring the structural

,occurreda
e to a person OX

signal will be C

;s incorporated.
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overall structural installation.
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strain gage assemblies are spaced along each selected cable to
first provide readings of the intentional prestressing of the
cable by loadings parallel to the cable and the strain gage
assemblies. This prestressing often is applied with a force
creating stresses as high as forty five kips, i.e. forty five
thousand pounds per square inch of cross sectional cable strand.
This prestressing force is distributed, via resistance of an
overall anchoring of an overall tie back assembly, from a max imum
at the front of the concrete bonded anchor portion to zero at the
back of the concrete bonded anchor portion of an overall tie back
assembly.

This prestressing is continually monitored by the strain
gage assembllies and read during specific times or all the time,

as S:Lgnals are transmltted via cable leads, extending from the

strain gage assemblles to read out instruments and/or data

If the readings

observed are in excess of the prestressing limits, indicating

an observer cyreates an

alarm to a'lert- all persons concerned with the continuity of the

Also the readings observed may

_be l'ower, possibly indicating the overall tie back assembly is

Observation' of these readings during

| static and dynamlc times are undertaken, for example, before,

during, and after earthquakes for short term ox for long term

The readings are transmitted from many locations,
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often very remote locations; by using radio wave transmissions,

satellite transmissions, or meteor burst transmissions.

ITn another embodiment of this strain gage assembly, a beam
having at least one planar bonded strain gage mounted thereon has
a calibrated coiled spring secured to one end thereof, and an

extending member is secured to the other end of the calibrated

coiled spring. In mounting this embodiment, a securement means

at one end thereof, to a flexible

is used to secure the beamy

elongated member. Then another securement means is used to

secure the extending member, at an end thereof, to the flexible

elongated member. Following an installation like the
installation of the other embodiment, if an excessive strain does
occur a signal will be created for review by a person responsible
for monitoring ‘the structural integrity of a system into which
the flexible elongatedlmember is incorporated.

In xespec:t to. other embodiments, other strain gages are

used; In respect _to 211 embodiments the strain gages will be

'inco.xpcirated into the overall strain gage assemblies, so the

possible slight twisting of the flexible elongated member will be

accommodated.,



prestressing of a cable and/or later on the excessive tensile
strain of a flexible elongated member, which may slightly twist
under strain, such ag the slight twisting of a steel structural
cable, is illustrated in the drawings, wherein:

Figure 1 is a perspective view of one embodiment of the.
strain gage assembly mounted on a steel cable having multiple
strands, indicating the incorporated vibrating wire strain gage
and electrical cable leads thereof:

Figure 2 is a side view with some portions broken away for
purpose of illustration, of one embodiment of the strain gage
assembly, as illustrated in figure 1;

Figure 3 is a schematic cross-section taken at line 3-3 on
figure 2 to show how a securement means, such as a clamp

asSembly, is used to secure some o0f the portions of the strain

gage assembly to a steel cable at one of two spaced locations;

| Figure 4 is a SChematic perspective view of the arrangement

o} i portzons of the 1nter10r of the vibrating wire gage ,;

.illustrated in flgures 1 and 2, and also showing the electrical

cable leads of both the power and signal circuits, and ~showing a

 ﬁfrequenqy counter;

Figure S_is a partial schematic side view indicating how a
vibrétinngire gage operates;

Figure 6 is a partial schematic side view indicating how a

10



variable reluctance transducery which is used in place of a
vibrating wire strain gage, in assembling the strain gage

assembly;

magnetostructive transducer, which {s used in place of a
vibrating wire strain gage, in assembling a strain gage assembly;

Figure 8 1is a partial schematic side view indicating &
1inear variable differential transformer, which is used in place
of a vibrating wire strain gage, in assembling a strain gage

assembly;

strain gage, which 1s used in place of a vibrating wire strain
gage, in assembling a strain gage assembly;

Figure 10 is a side view, with portions broken away for
purposes of i1lustration, of a strain meter utilizing elastic
wires, designed by Mr. Carlson, which is used in place of a

vibrating wire strain gageq in assembling a strain gage assembly;

s structural installation of an earth retaining wall, indicating
a portion of the re_taining wall, and the tie back assembly
arranged within the earth, and further indicating the unbonded
iength of the tie back assemblys and the bonded length of the tie
béck aSSEmbly, in which the strain gage assemblies are positioned
at spaced locations along a steel structural cable;

Figure 12 1is a side elevation of a tie back assemblyy

11



closely together during the unbonded length, and how this group

js separated and re~-separated in the bonded length, with respect

to creating greater holding power and also to create spaces for

figure 12, tO indicate the closely grouped steel structural

cables, where their portions are sin the unbonded length of the

+ie back assembly;

Figure 14 1is a cross sectional view taken at line 14-14 in
figure 12, to indicate how the steel structural cables are

separated creating initial spaces in the bonded length of the tie

them from the anchori'ng concrete, subsequently poured in creating

'the'bonded anchored length of this tie back assembly and allow

novement of the assembly;

. construct_‘ion of a retaining wall, at a £i11 slope site, which is

tied back to -orig-ina'l ground ahd then an earth f£ill is completed

behind the wall and over the or iginal ground of earth, and the
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Figure 16 is a schematic side elevational view of the
construction of a retaining wall, at a cut slope site, which is
tied back to the original ground of earth, and the locations of

the strain gage assemblies are indicated in the bonded area;

Figure 17 1is a schematic side elevational view of the
construction of a retaining wall created during the construction
of a new building to protect an older building next to it, and
later the new building, from any unwanted original earth
movement,; indicating how tie backs, equipped with strain gage
assemblies;, are utilized:

Figure 18 is a schematic side elevational view of the
construction of a new bulkhead spaced in front of an 0ld existing
bulkhead, indicating how tie backs; equipped with strain gage

assemblies, are utilized:

Figure 19 is a schematic side elevational view of the

construction of an earth side control wall, showing how tie

backs, equipped with strain gage assemblies, are utilized;

Figure 20 is a schematic side elevational view of the
construction of the basement foundation and lower floors of a new

building, illustrating how tie downs, equipped with strain gage

-_assemblies, are utilized.

Figure 21 is a schematic cross-sectional view of a liquid

tank, installed at and below ground level, indicating how tie

downs, equipped with strain gage assemblies,; are utilized to keep

13
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the liquid tank in place against any and all hydrostatic

pressures;

Figure 22 is a schematic side elevational view of the
resulting erection of an aerial structure such as a radio
transmitting tower, illustrating how tie downs, equipped with
straln gage assemblies are utilized;

Figure 23 is a schematic side elevational view of an

existing concrete water dam on a river, showing how tie downs,

equipped with strain gage assemblies, are utilized;
Figure 24 is a partial perspective view of an electrical
transmission cable on which a strain gage assembly has been

mounted to monitor any excessive tensile strain;

Figure 25 is a partial perspective view of a fiber optic
cable on which a straihgage assembly has been mounted to monitor
any excessive tensile'strain;

"FPigure 26 is a cross-sectional elevational view of a dome

sports ‘arena, illustrating where the tension ring is installed,

‘on which the strain gage assemblies have been mounted;

Figure 27 is a cross sectional elevational view of a silo,

Shbw,ing ‘where the tension rings are installed, on which the

strain gage assemblies have been mounted;

Figure 28 is a cross sectional elevational view of a
SﬁSpenSiOn*briége,'Shdwing'where strain gage assemblies have been
mOUnted on'the 8upporting steel structural cables.

Figure 29 is a schematic cross sectional elevational view of

14
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a pretensioned bridge structure referred to as a prestressed
bridge structure, showing where strain gage assemblies have been
mounted on the pretensioned steel structural cables; and

Figure 30 is a schematic cross sectional elevational view of
one of many post tensioned floors of a building, indicating where
the strain gage assemblies have been mounted on the post

tensioned steel structural cables.

DESCRIPTION OF PREFERRED EMBODIMENTS

The various illustrated embodiments of the strain gage
assembly for measuring excessive tensile strain of a flexible
elongated member, which may slightly twist when undergoing a
tensile stress; may all be modified in some way. The purpose, in
respect to all embodiments is to obtain an accurate signal at a
definite critical locationy which may be correctly observed and

understood at the critical location and/or at a remote location,

by a person responsible for observing p:}:eloading, and later any

excessive loading conditions, wherein there is excessive tensile

stress occurring in respective structures and thereafter

initiating a selected appropriate action. In some embodiments

| different strain gages, per se, may be used. In some embodiments
22 g me
oy

different securing means may be used. In some embodiments
different signal transmitting means may be used.
In figures 1, 2, 3 and 4, a strain gage assembly 10, is

illustrated in an embodiment 12, which is arranged for securement

15



1% +o a steel structural cable 14 of multiple wire cable strands 16.
9 | Such a steel cable 14 may be one of several used as a typical tie
3 back anchor 18 and/or tie down anchor, as shown in figures 11 and
4 i 12. A vibrating wire gage 20 within its housing 22, is connected
o ! to an electrical cable lead 24, enclosing both power circuiltry 26
6 : and a signal circuitry 28, by employing a cable lead gland 30, at
7 | one end 32 thereof. At its other end 34, the housing 22 is>
5 secured to a larger diameter tube-shaft 36. The vibrating wire
9 38 of the vibrating wire gage 20, extending out from the housing
10 22, is connected to and in alignment with a calibrated coiled
11 i spring 40 at its leading end 42. The trailing end 44 of this
12 coiled spring 40, is connected to the leading end 46 of a smaller
134 giameter tube-shaft. 48, which is telescoped inside the larger
14 4 diameter tube-shaft 36, and remains relatively movable within the
.15 | 1larger diameter tube-shaft 36, with respect to both rotations and
16 'j longitudinal movement. Hdwever, the rotational movement 1is
17 . confi'ned within the 1imits determined by respective abutments 50,
18 | 52, '
19* . This substantial assembly of the components of the strain
20 gage _a$sembly 10 is cOmpleted upon the selection of securement
21 ' means 54, such as the clamp assemblies 56. As shown in figures
o 22 " 1, 2,_.and;;3, each of iheée clamp assemblies 56, has a top portion

23 | 58, with a tube-shaft receiving hole 60, a set screw hole 62, a
set screw 64, a concave receiving space 66, to accommodate about

! 25 ‘one half the diameter of a steel cable 14, and threaded holes 68

16
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arranged adjacent the respective sides of the concave receiving
space 66. The bottom portion 70 of each clamp assembly 56, has a
concave recieving space 72, to accommodate about one half of the
diameter of the steel cable 14, threaded holes 74 arranged
adjacent the respective sides of the concave receiving space 72,
and threaded bolts 76 for entry into threaded holes 74, and upon
assembly, on into holec 68 of the top portion 58,

In figure 4, the vibrating wire tensile strain gage 20 is
illustrated schematically, indicating: the housing 20, cable
gland 30, electrical cable lead 24, power circuitry 26, signal
circuitry 28, the vibrating wire 38 and calibrated coiled spring
40. In figure 5 the operation of a vibrating wire gage 20 is
illustrated schematically. Located over the vibrating wire 38 an
electrical coil 80 is used both in exciting with magnets .the
vibrating wire, like a plucking effect, and in measuring at the
same time, via a frequency counter using a readout the possible
related frequency change in the vibrating wire 38. Such a
frequency change occuré, if the vibrating wire 38, is changed in
its effective length, between the securement meaﬁs 54, which may
move, 1f the tension load or tensile stress changes in the cable
strand 14.

If the securement means 54 are drawn sufficiently

apart, there will be an excessive strain of the cable 14, which

is then detected, as the frequency of vibration of the wire

changes,; and a signal is transmitted, via the signal lead cable,

l.e. electrical cable 24, via the signal circuitry 28 thereof, to

17
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the frequency counter 82, having a read out, not shown. &

reading 1s observed by a person, responsible for notifying other

persons, 1if any preload and/or an excessive tensile strain has

occurred, which may indicate the forthcoming partial failure or

extensive failure of a structure, not shown. Such as the failure

of an overstressed tie back oOr tie down anchor and hence the

possible failure of a structure to which they are attached.

In figures 6 through 10, other gages, Pel se, which are used
in place, of the vibrating wire gage 20, are illustrated. 1In
figure 6, a variable reluctance transducer 84 serves the gage
function. 1In figure 7 a magnetostrictive transducer 86 serving

as a gage is illustrated. In figure 8, a linear variable

differential transformer 22 serving as the gage is shown. In

figure 9, an unbonded wire resistance strain gage 90 is shown.

In figure 10, a Carlson strain meter 96 is illustrated which

strain gage.

These strain gage assemblies 10, utilizing selected gages.,

securement means, and readouts are used in many places such as

shown in figures 11, 12, and 15 through 30. As illustrated in

figures 11 through 16, the embodiment of this strain gage

assembly 10, as shown in figures 1, 2. and 3, is installed as a

‘tie back anchor 18 with one tie back anchor assembly 100 of

figu‘re 11 or with one tie back anchor assembly 101 as shown in

figure 12, which would be used with other iike assemblies 100 or

18
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101, not shown, to hold a retaining wall 102 in position, for
example, adjacent to a highway 104. By way of example, the tie
back anchor assemblies 100, 101 have at least a fifteen foot
minimum essentially unbonded length 105 from their exposed anchor

head 106 and bearing plate 108 with a sub-bearing plate 110 and

sleeve 112. Also the tie back anchor assemblies 100, 101 have a

max imum bonded length 118 which is at least fifteen feet long.
In the minimum bond length 118, the steel cables 14, such as

three, are grouped together with the electrical cable leads 24 as

shown in figure 13. In the maximum bonded length 118, the three

steel construction cables 14 at spaced locations are radially
separated before grouting by tendon spacers 120 and so remain
separated, as illustrated in figures 12 and 14. Then, as
particularly illustrafed in figqure 12, strain gage assemblies 10,

such as the embodiment shown in figures 1, 2, and 3, is secured

to one of the separated steel cables 14, Following the completed

placement of these steel cables 14, and one or more strain gage
| ""-aSSémblies. 10_g and the electrical cables 24 thereof, a plastic

1 such as styrofoam material, not shown, is formed about the strain

gage ‘assemblies 10 to keep them free from subsequently poured

grout 122. This plastic such as styrofoam material insures the

....nece_ssary c_ompo;nents*of'the' str_ain gage ,a'ssemblies will be free

to move when a steel cable 14 is stressed sufficiently to cause a

strain of any steel cable 14 being monitored. Thereafter grout

,-'..122_ is pumpéd in to complete the bonding of the maximum bond

19
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length 118 of these tie back anchor assemblies 100, 101.

In the schematic figures 15 through 23, selected

construction sites have been illustrated whereln the tie back
assemblies 100 or 101 are used. In some locations they are

referred to as tie down assemblies. In figures 15 and 16,

retaining walls 102 are shown where a highway 104 is located. In
figure 15, the wall was constructed and then an earth fill was-:
made later between the wall 102 and the original ground. In
figure 16 the original ground was removed. In both figures 15
and 16, the tie back assemblies 101 are illustrated and the
locations of the strain gage assemblies 10 are shown. 1In figure
17 a retaining wall 102 is illustrated which has tie back

assemblies 101 and strain gage assemblies 10 to insure its

initial and follow on position will be maintained and known, as

B the new-bui1ding'114 next door to an older building 116 is being

”j'constructed.

 In figure 18 a new waterfront bulkhead 124 is illustrated

- which ‘has been installed in £front of an older existing bulkhead

_._126; and the tie back anchor assembly 100 has a strain gage

In figure 19, an earth side control wall 128 has

.;tle back anchor assemblles 100 "equipped with strain gage

How the basement 130 and lower £loors 132 of a

‘new buildmg 134 and a retaining wall 124 are also held by tie
‘down assemblies 101, equipped with strain gage assemblies 10, is

| illustrated in figure 20.
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a distant 1oéation.

A liquid tank 136 installed at ground level and below ground
level is shown in figure 21 having tie down assemblies 101
equipped with strain gage assemblies 10. Also tie down
assemblies 101 equipped with strain gage assemblies 10 are used
to maintain the vertical position of an aerial structure 138,
such as a radio transmitting tower 138, as illustrated in figure
22, Tie down assemblies 101 equipped with strain gage assemblies
10, are used to tie down concrete water dams 140 on rivers as
shown in figure 23.

Apart from considerations of whether or not building
structures are keeping in their original earth locations, there
are considerations of whether portions of structures, per se, are
In figure 24, an electrical transmission

not being overstressed.

cable 142 1is shown, on which 1is mounted a straln gage assembly

'.109 The stress of this electrical transmission cable 142 is

s'electively or constantly monitored, and the level of stress

signal, carried over the electrical cable lead 24 to a radio

- transnmitter, is thereafter broadcast to a receiver (not shown) at

Excessive stresses causing strains, may

occur during winter ice storms, and during wind storms at anytime

of the year.

-Alsos. in .z’efer}ence to' fiber optic communication cable 146,
any. exCess stress generally results in a fracture of the fiber

optic cable 146. Therefore, to gain knowledge of where such a

- ,.'-_'-fracturé 'has‘ occurred a strain gage assembly 10 1is installed, as
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-.111us'tr.at'ed ,' in which. post tensioned floors 166 are installed.

8

shown, in part, in figure 25.

In many different structures steel construction cables 14
are used, and the knowledge is needed at all times, either at
selected time periods, or continuously, to be assured that these
steel construction cables 14 are not being overstressed. When
tension rings 148, composed of such cables 14 are used 1in domed
stadiums 150 or the 1like, such knowledge is wanted. Also when.
reinforcing rings 152 about a silo 154 are used, such knowledge
is wanted. Therefore, these buildings have these steel structure
cables 14, equipped with strain gage assemblies 10, and with
accessories to transmit and record the stress levels.

In figures 28 and 29, two types of bridges are illustrated.
In the figure 28, a suspension bridge 156 is shown schematically;
where the suspension cables 14 are equipped with strain gage

assemblies 10. In figure 29 a river or ravine Crossing bridge

158 1s illustrated which is referred to as a pretensioned bridge

158, wherein the structures used ar referred to as prestressed

Structures 160. The steel construction cables 14 incorporated

into these prestressed structures 160, are equipped with strain

gage assemblies 10, and accessories for conveying the information

about possible excessive stresses.

In- ._ fi'gu're 30 s a portion 162 of a building 164 is

The steel structural cables 14 used in these post tensioned

flolo'rs 166, are ‘equipped with strain gage assemblies 10, and
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accessories for conveying the information about the level of the
stressese.

In respect to all the possible installations of these strain
gage assemblies 10, which have the capability of accommodating
slight twisting of the flexible elongated members, there is
always provided a source or sources of the importént information
on the levels of stresses, which will be observed by those.
persons initially responsible for being assured themselves, and
assuring others that the monitored structures are remaining safe.
Or if the monitored structures are deviating from their safety
range, this person will alert other persons about the deviations
and appropriate actions will be undertaken, In specific
reference to earthquake regions, by the utilization of these
strain gage assemblies 10 and their accessories; to monitor

stresses during both static and dynamic conditions, at selected

times, or continuously, knowledge will be gained essentially

"instantaneously, which will help all persons interested in

khbwi.ng‘- how safe many structures are remaining.
By using many available data recording and transmitting

products' in conjunction with the strain gage assemblies 10, the

-necesSary kncwledge of the conditions of many structures may be
gathered at one or mor’e 10¢ations for observance by persons who

. can initiate any necessary corrective and/or preventative

actions.
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I CLAIM:

strain gage assembly, comprising:

a) a tensionable ground cable anchor having two ends,

a first.fnuifbeing accessible at one observable structural

hole, in turn to be surrounded by ground, for the purpose of

anchoring and securing a structure or a structural component:

o) a strain gage assembly having two ends, a first
end being clamped at a first location of the tensionable ground
cable anchor, and the second end being clamped at a second spaced

location of the tensionable cable ground anchor, and this strain

gage assembly is clamped near the second end of the tensionable

~to the tensionable ground cable anchor, to provide space for
lengthening of the cable during the application of a load to the
'tensionable ground cable anchor° '

d) _ cement grout poured about the flexible filler
material, covering the strain gage assembly, and beyond about the
tensionable ground cable anchor , thxoughout the bonded length,
and to be in turn surrounded by groundo and

. e) means to operate and to observe the functioning of

the strain gage assemblya'



2. The combination of the tensionable ground cable anchor
and the strain gage assembly, as claimed in claim 1, wherein the

|
strain gage assembly, comprises in turn:

a) a vibrating wire strain gage, having all the
necessary components thereof which include among these necessary
components a housing, a vibrating wire having two ends, a first
end thereof secured to the housing, and a second eng thereof
extending out from the housing, electrical circuit wires having
two ends, the first ends thereof secured within the housing and
second ends thereof extending out from the housing, through the
flexible filler material, through the cement grout, and beyond to
the observable structural connection Pretensioning location,
where the first end of the tensionable ground cable anchor is
positioned, and there to be connected to the means to operate and
to observe the functioning of the strain gage assembly:

b) a larger diameter tube shaft having two ends, the

strain gage, and a second end thereof extending from the housing
of the vibrating.wire strain gage;

. C) a calibrated coiled spring, to increase the strain
- measuring range of the vibrating wire strain gage, having two
ends ,' positioned within the larger diameter tube shaft, and a
first end of this calibrated coiled spring 1s connected to the
second end of the vibrating wire, which extends out of the
housing of the vibrating wire strain gage, the second end of this
calibrated coil spring extends farther within this larger
diameter tubes '

d) 4 smaller diameter tube shaft for telescoping



within the larger diameter tube shaft and extending therefrom,
having two ends, the first end thereof is connected to the second
end of the calibrated coil spring, which extends within the
larger diameter tube, and the second end thereof extends clear of
the larger diameter tube shaft:

e) 4 means to securely position the second end of the
smaller diameter tube shaft at a secongd location on the

tensionable ground cable anchor: and

£) a means to securely position the housing of the
vibrating wire strain gage and the larger diameter tube shaft at
a first location on the tensionable ground cable anchor, which is
spaced from the- second locﬁation on the tensionable ground cable
anchor, where the second end of the smaller diameter tube shaft

is connected,

3. The combinatidn of the tensionable grougg cable anchor

~ and the Strain gage assembly, as claimed in claim 2y combined in

4 The COmbinatiOns of the'combination of the tensionable
~ ground cabl‘é anchor and i:h_e’ strain gage assembly, as claimed in

"'claim "_..3-3. ﬁw_he.IEin at 'the second ends of the tensgsionable ground
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cable anchors, thesge tensionable ground cable anchors are
Separated, to provide space where the strain gage assemblies are
secured, and the flexible filler material 1s positioned about
these separated ground cable anchors and their respective strain

gage assemblies, and thereafter the grout 1is poured about the

flexible filler material and beyond throughout the bonded length.

5 The combinations of the combination of the tensionable
ground cable anchor and the strain gage assembly, as claimed in
claim 4, wherein the tensionable ground cable anchors are
separated; then returned together, and then separated agaln and
returned together ¢to Create at least two locations where the
flexible filler material is positioned about these separated
tensionable ground cable anchors and their respective strain gage
assemblies, and thereafter the cement grout is poured about the
fl_éx'ible filler. mater ia.ls, and beyond throughout this bonded

lengtho_ .

,6". A stxain gage assembly having two ends, a first end

- being clampable to a first location on a tensionable ground cable
"ahchor, and a second end being clampable at a second spaced

| 1ocation on a tensionable cable ground anchor, comprising:

S 'a). a vibrating wire strain gage, having all the
necessaryzcomponents thereof, whiCh include among these necessary
componentsg a housing, a vibratlng wire having two ends, a first
-'end thereof secured to the housing, and a second end thereof

--.extending out from the housing, electrical circuit wires having
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two ends, the first ends thereof secured within the housing and

the second ends thereof extending out from the housing and

continuing to reach an observable instrument reading locale:

b) a larger diameter tube shaft having two ends, the

first end thereof secured to the housing of the vibrating wire

strain gage, and a second end thereof extending from the housing

of the vibrating wire strain gage;

c) a calibrated coiled spring, to increase the strain

measuring range of the vibrating wire strain gage, having two

ends, positioned within the larger diameter tube shaft, and a

first end of the calibrated coiled spring is connected to the

second end of the vibrating wire, which extends out of the

housing of the vibrating wire strain gage, the second end of this

calibrated coil spr ing extends farther within this larger

diameter tubes

.haVing tw¢ ends,'the first end thereof is connected to the second

'end of the calibrated 0011 spring, which extends within the

' largex diameter tube, and the second end thereof extends clear of

 the larger diameter tube shaft;

‘?e)j a means to securely position the second end of the

smaller diameter tube shaft at a second location on a tensionable

“ground cable anchor, and

| f) a mea;ns to s.e'curely position the housing of the



where the second end of the smaller diameter tube shaft¢
is connected,

tensional ground cable anchor,



0143

4 SRk
1

’ 4

sy
s
;i’J

R " ". . a'.‘.
;5"%.#'1 y



.....

. - A | ‘i}: : rf, {sf‘rﬁt | Yy .--"";;f:
- RO I PR EN T T N N R P4 g g o
. . }I’j 5 .’) /'J N .“.’ N ."F"‘ o e 'd ? zl' . ’ {),,T}’ .'V & N .
; 2” ¥l 4' &J - -:’J‘/'.ﬂ:-tb e ,5‘:‘"‘ & &)""L,& S “waa¥ L b
' . ’ Y . : R . b .. T A . ’
. . . . ) :gz{ " re
. : N _ :



120

24’



/C&jﬁé’”‘ - f"':.»i}" ,,.jj\ ;,.:., ,jf}f/z%?ﬂ f:‘«%



2049143

Y Y BEeN
C N rad mh

150

154

ajer,

31

Bt ok e i IR vy

FIG.28

. " "
i g ¥ y\-:)' ; S / . ‘,,‘;r_ 27 s 7
- . Rdes " s < . P A i h i o) 3 y ’ fe" '4;'
N W ] / LAT A F T RSTS84 T ﬁ} £ ’Jﬁ *’fﬁ 4550
/ @{M g;%i‘ff' ,y ;iff'h)ﬂi{f'z;',’}f :}:""’m'-” ;na"# '1'1‘“’) ts ;\}/ & 9 b \"”’g; I‘é?;&’ ’}‘?;’/
. \? p "’a

E;



158

2040143

FIG.30

LR
fci@?r’
4






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - abstract
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - abstract drawing

