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Figure 1 A stacked gauge configuration

The axial strain is calculated from:
& 'aia= (€' +e'"3)/2L i=123 (1)
where €' is the stretch (mm), or relative displacement, between the ends of the i gauge in mm.

These results represent the average strain along the length of the gauge and are located at the
center of the gauge.

The corresponding bending strain is:
gibending: (8 i —-& I+3)/2 (3)

Since the gauges are arranged end-to-end and monitor the whole length of the bolt the equivalent
displacement profile can be written:

Aucilxial: gzé(g(l;lxial X L) (4)
fori=1,2 and 3.
It should be recognized that a distinction is made between the measured displacement (Au') from

each displacement sensor and the calculated axial displacement Au’,;,,.which accounts for any
bending.



2. Staggered gauges
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Figure 2 A staggered gauge configuration.

For the staggered configuration, the gauges on Side A of the bolt are offset from those on Side B
by one half the base-length of the sensor (L/2). In this case a data reduction scheme is
implemented based on the central difference approximation to the second order governing
differential equation for displacement variation along a grouted bolt (Farmer[2]). The strains at
the i™ nodal point can be approximated as:

el im= (3e'+e™3)/4L i=1  (5a)
el = (€72 +2e'+e™3)/4L i=23  (5b)
el = (€72 +2e'+e")/4L i=45  (5c)
el = (€7 +2e)/4L i=6  (5d)

Where e* — e° are the measured stretch values.
Since the gauges are arranged end-to-end and monitor the whole length of the bolt the

corresponding displacement profile at the ith nodal point can be calculated from the summation
from toe to head:

Auflxtal (eaxwl X L/Z) (6)

from the toe end of the bolt which is assumed a fixed point (Auf2%,; = 0).



Force calculation

The force-strain response of a typical rebar is shown above. VantagePoint assumes a tri-linear
response (1) elastic, (2) plastic, and (3) hardening.

For the elastic zone (1):
Fax|a| - Fe (gax|a| /ge) ..... (7)

for zone (2);

Faxial = (Fp-Fe).(xiai—&) I(&-&)  (8)
and for zone 3;

Faxia= (Fu‘Fp)-(EaxiaI —&p) /(5u '5p)- (9)
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Figure 3: The tri-linear load deformation plot



Threaded Rebar
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Figure 4: Mechanical properties of some typical rebar (DSI website)

The properties of the rebar depend principally on (i) the cross sectional area and (ii) the grade of
steel.



Example 1:

The rebar properties
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Figure 5: The rebar property form.




The load-deformation profile and corresponding force profile values for the rebar are shown in
Figure 5. This information will be used to calculate the force in the bolt based on the strain value.

Stretch (e) is the raw data measured from the instrument. Stretch values are plotted at the gauge
mid-point. Stretch is the difference in displacement between the two ends of the gauge.
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Figure 6: Temporal plot for stretch which is the raw data from the instrument.

The temporal plot for stretch is shown in Figure 6 and the corresponding axial strain (at the
center of the re bar) calculated from Equation 5 is shown in Figure 7. The spatial profile for axial
strain along the length of the rebar is shown in Figure 7b. In the spatial plot each trace
corresponds to a snapshot in time. Hovering over the trace presents the corresponding timestamp.
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Figure 7a: Temporal plot for axial strain (&axia).-
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Figure 7b: Spatial plot for axial strain(eaxiar). The values are plotted at the center of each gauge.

The axial strain represented the strain acting at the center of the rebar in the axial direction.
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Figure 8a: Temporal plot for axial displacement.
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Figure 8b: Spatial plot for axial displacement.
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Figure 9a. The temporal plot for axial load. Notice how the load stops rising after the bolt
exceeds the elastic limit and enters Zone 2.
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Figure 9b. The corresponding spatial plot for axial load.




