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ABSTRACT

This paper describes the work in progress on thetoaction, validation and parameterization
of a mathematical model for a 400 mm base lengtkeriSometer for measurement of
structural deformations. Previous work (Oliveird)12) showed the instrument has high
linearity, low hysteresis and good overall perfonee thus setting the need to further
enhance the existing model and to develop praatixpériments to validate it and certify the
instrument’s accuracy is within the desired valdelqum. Some preliminary results are
disclosed and discussed.

INTRODUCTION

The 400 mm base length Extensometer is a devieadetd to measure deformations on civil
engineering structures. Although it can be applcedtructures of different types of material,
it is aimed at concrete structures, hence the 4@0b@se length. This instrument is meant to
be a high accuracy, portable, robust and easy imgnsiblution for measurements in particular
points in space and in time. Some of its requisates+200 um range; accuracy withindm;
easy handling and installation; reliability; goagduency response up to the fundamental
frequency of structures (below 10 Hz); temperatim@ependence; and affordability. Its
- - working principle can be described as
follows: (a) one end of the instrument is
attached to a frame, (b) the other end is
attached to a rod protruding from this
frame, (c) within the frame four pre-
stressed steel strips link the rod to the
frame, (d) the geometry of this linkage is
such that as the ends of the instrument
move closer or apart, thus forcing the rod
into or out of the frame, two steel strips are
further stressed while the other two are
relaxed, (e) each one of these steel strips
— has a strain gauge glued on it thus forming
Fig. 1 — 400mm Extensometer being tested againstaa complete Wheatstone bridge. Further
LVDT and a LASER Interferometer. details can be found on Oliveira (2011).

A simplified mathematical model of the instrumensulted on a relationship between the
output of the Wheatstone bridge and the deformatigposed (Table 1). One of this model's
parameters is an equivalent cross section of tlsruiment Aqg), which can only be
determined through parameterization. Comparisanstfument’s performance to an LVDT’s
(Fig. 2) revealed the need to use higher qual#geable standards.
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RESULTS AND CONCLUSIONS

Preliminary temperature experiments revealed anxpewed Table 1 — Mathematical
small but consistent temperature dependence @Xtemsometer. model of the Extensometer

A detailed mathematical model of the instrument \agt to Simplified Model
accommodate for temperature and internal fricticifieces
(Table 1). In addition, unlike the previous modele detailed| 2V, S

. . . = AL
model allows for the calculation of the equivalerdss section of| u, L +20A L /A,

the instrumentAy). "

Detailed Model

A quasistatic experiment was then carried out \thi use of a
traceable LASER interferometer, the extensometeingbe su_ Sy c{m—mnd + f}
. . . . ut _
attached to a steel bar and its deformation beimgosed by a| ~; ==~ 5, STy
hydraulic press (Fig. 1). As displayed in Fig. 2 #hape and the s -
magnitude of the extensometer's measurements edsidua = E_'-SJ
obtained from present (LASER) and previous (LVD]) K 4A
experiments, clearly indicate a dependence of ¢isalts on the Uns— brige output
standards used and further experiments’ conditidesshown in | ; - brige input
Table 2 values for hysteresis and linearity ern@ @ow more f@: gﬁll:)girf]agiﬁ“
compatible with the pre-defined requisite of @ accuracy. | A, - strip cross section
This experiment also allowed for ple—extensometeriength

. . X . X , | Ad— extensometer cross section
Table 2 —Linearity and  first evaluation of the instrument’s AL - imposed displacement
hysteresis frequency response: at an impos n ¢ — thermal coefficient of expansion
[%FS] LVDT | LASER . AT - temperature difference
Lnearity eror | 0,97 | 00 | displacement frequency of 5 HEgi_ficion term

Hysteresis 1,06 033 | there wasn’'t any significant signglE- Young's modulus of steel
loss K — extensometer rigidity

Mechanical devices are being built in order to @enf (1) temperature experiments with a
high quality traceable climatic chamber, and thheds some light on the temperature
(in)dependence of the instrument as well
as determine its overall thermal
coefficient of expansion d); and (2)
stationary experiments which will allow
an evaluation of the significance of the
friction term ), the global validation
and parameterization of the model, the
evaluation of potential creep in the
instrument and its sensitivity. Ultimately
it is desired that these experiments along
with the validated model will sustain a
250 150 50 50 150 0 calibration procedure of the instrument.
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Fig. 2 — Residuals for LVDT and LASER experiments.
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