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TEMPERATURE COMPENSATION ON SMART STEEL ANCHOR SYSTEM
BASED ON CARBON FIBER SENSOR

1. Background and Propose

1.1. Current situations

Recently a new sensing system for important structures
that require high reliability is generated, which is called
structural health monitoring (SHM). In the geotechnical
slope engineering, steel anchor is adopted to improve the
stability of unstable slope. Those steel anchors usually
have very long service life. Engineers have been trying to
monitor the damage of those long term serviced steel
anchors. It is quite difficult to succeed an accurately and
real-time SHM by current monitoring methods. Now a
carbon fiber sensor (CFS) has being developed, as a new
effective self-health monitoring one. Here I propose to
develop a smart steel anchor (SSA) system with CFS that
it can succeed SHM by the anchor itself, and the
monitoring process is very simply that a worker can get
the job finished only need one multimeter.

1.2. Performance of CFS

CFS is made of carbon fiber, sometimes using one type of
carbon fiber, sometimes using several types, it is
depending on the monitor requiring. Studies show that
when tensile the hybrid CFS along the fiber direction, the
electrical resistance of hybrid CFS will change. An
important calculating parameter, resistance changing rate
(AR/Ry), is referred to show the strain state on hybrid
CFS.

As a result has be discovered that, AR/R, changed in two
states: in the initial low strain range, AR/R, increases
slowly, in proportion to the strain due to the
piezoresistivity of carbon fibers; in the high strain range,
AR/Ry changes in a step wise manner with the gradual
ruptures on hybrid carbon fiber, as shown in Fig. 1.
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Fig. 1 AR/Ry vs. € of CFS

1.3. Proposition of SSA

According the tension mode, there are two parts in the

body of an embedded steel anchor, the free deformable

part and anchored part. In this study, the main theory of

SSA system is bonding a CFS to the anchored part, and

use CFS to monitor the steel anchor, the main content is

showed in Fig. 2.

For SSA, it has three main purposes:

(1) When SSA is in working order, the CFS on it can
show the strain state as a strain gage;

(2) When SSA is close to the yield strength range, the
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value of CFS will change a lot that it can be easily
detected as a failure alarm;
(3) When damage has happened on SSA and it caused
SSA failed, the CFS can record this damage that does not
let the monitor operator miss it.
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Fig. 2 imagination of SSA

2. Working Ability of SSA
Link to properties of SSA’s the body materials and CFS,
two simulative curves can be drew in Fig. 3.
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Fig.3 curve of SSA

The curve in black shows the c—¢ diagram of the steel rod
of anchor body. And the red one is a imagine AR/R¢-¢
curve that use AR/Ry of SSA to show the strain state on it.
There are three zones in the whole AR/Rg-strain curve. In
Zone 1, within the proportional limit 6,, AR/R, should
have a linear relationship to the strain, so that SSA will
act as a strain gage. This relationship may be defined as:

AR
AR/Ry-¢ function & = S5 X R_

0
where Scgs is the slope of AR/Ry-¢ curve; € is strain; AR
is resistance change; Ry is initial resistance.
In Zone II, when SSA is get over the yield strength o, its
AR/Ry greatly changed and warning that SSA is in
dangerous. In Zone III, SSA is get close to the ultimate
strength o, it shows that SSA is going to or almost failed.
During Zone II and Zone III, the value of SSA changed
greatly that it is quite easy be notice, so at that time SSA
take a responsibility of fail alarm.
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3. Temperature Compensation

The primary monitoring part of SSA is CFS. During the
research I found that CFS usually has a larger gauge
factor than a foil gauge, but at the same time it is more
sensitive to temperature than normal foil strain gauge
does. In this paper, the study focuses on to remove the
temperature influence. Two compensation methods are
used to remove the temperature influence on CFS.

With these two methods AR/R, of CFS may correspond to
a linear relationship to temperature. So this linear
relationship, there is compensation fact can be added to
the AR/Ry-¢ function as:

&=Scps xﬁJrST x AT
R,
where St is the slope of AR/Ry-T curve.
At the same time another method can fig this more easily.
This study put two same CFS in a series circuit, and the
following function shows the main theory of it:

AR, =AR_+ AR, AR, = AR;;

S AR, — AR, = AR_;

AR, — AR,

R,

Where AR is the one being tensile; AR, is the one in a
free state; AR, is the change cause by strain; ARtis
the change cause by temperature.

Fig. 4 shows the curves of AR/Ry-strain in the morning,

noon and evening, and those data are directly measured

without any compensation. Fig. 5 shows the result with

compensated, that the data in Fig.4 and Fig.5 are gathered
in the same time.
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Fig. 4 three cycles without compensation

In Fig. 4, three curves show the same evolution current
but affected by the temperature, it shows discreteness.
And in Fig. 5, three curves almost evolutes in a very close
range.
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Fig. 5 three cycles with compensation
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It means that with this compensation method, the
temperature influence of SSA has been decreased.

4. Evaluating Experiments

To evaluate the working ability of SSA in different
thermal environment, an axial tensile experiment of SSA
is adopted here. In axial tensile experiment, CFS is
bonded on the equal tensile area. In theory every point on
CFS has same strain state. Base on the AR/Ry-¢ function I
noticed above, to repeat this experiment twice within the
proportional limit, and use St; (the slope of AR/R,-T
curve that calculated in cyclel) multiplying by AR/Rg;,
(the resistance changing rate that measure in cycle2).

Incyclel S xg X£+ST xAT =a-P

R,
where P is the load; a is a constant coefficient.
after temperature compensation, S, x AT =0
a-R
‘AR

RO]

then use Scrs; and a- P, (measured in cycle 2) to

50 Scpsy =

calculate a calculated value of AR/Ry in cylce?2.
Compare this calculated value with measured value of
AR/Ryin cycle2, at last get the following figure.

”~
0.14
0.12 "/
< 0.1
& 08 |

néoA 06 »
0.04
—
0.02 F

0

0 5 10

Fig. 6 inspection by axial tensile test

As shown in Fig. 6, the calculated value curve is same
with the measured value. This inspection proves that SSA
can show the strain state on it by itself in an unstable
temperature condition.

5. Conclusion

This study has been undertaken with main purpose of
developing a self monitoring anchor system, SSA. Its
AR/R, conforms to the AR/Ry-¢ function as:

&=8cp X AR +T
R,

where T is the error that cause by temperature.

With the temperature compensation that introduced above,

this error T can be removed. This is an important basic

research from which can develop a suitable SSA.
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