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1. Introduction

The tests of the real objects are often expensive. The numerical
models based on finite elements or meshless formulation play impor-
tant role in estimating mechanical properties of these objects [1–4].
The models are necessary to verify the tests. In the case the test
object is destroyed during test (according the test program) and the
test is impossible to repeat with the same object then high demands
are also placed on the preparation of test methods used, and related
measurements.

This group includes the tests of bolted steel lattice high voltage
tower structure, which are implemented in the company of our
customer, according to specific customer requirements. The deter-
mination of deformation in selected parts of the tower was solved
by the Faculty of Mechanical Engineering University of Zilina,
Department of Applied Mechanics and Department of Design and
Mechanical Elements. The paper deals with the preparation of
measurement, its execution and interpretation of results. The inter-
pretation will focus on possible sources of deviations between mea-
sured and calculated results.

2. The Basic Assumptions and Preparation of the Test

The subject test was bolted steel lattice high voltage tower
structure made to the customer. The methodology for the test was
prepared by customer according to international standard IEC
60652, Ed. 2.0. The tower was loaded by vertical and horizontal
forces. First, there was a load force in the vertical direction to sim-
ulate the gravitational forces of ropes and ice, then there was a load
tower in the horizontal direction, this simulates the effect of wind
load acting perpendicular to the direction of power lines, Fig. 1.
The strength in the horizontal direction was gradually step by step
increased until the plastic deformation of the column correspond-

ing to the collapse of the structure. In describing the test was
a requirement of determining the strain (deformation) in the axial
direction of the trusses, due to tensile – compressive forces in the
members truss structures. It was just assuming the presence of
axial forces only and it was necessary to make measurements at
selected locations L-tower profiles on both parts of the L-profile.
The customer intends to compare own computational model with
the experiment.

As the measuring points were also located at height up to 20
meters of ground on the assembled column and measurement
should be made at temperatures below 0 °C, strain gauges and
wires were installed on the chosen elements of the tower or the
partially assembled parts of the tower in the production hall. The
functionality of sensors was verified with wires and calibration was
performed too. Checking and calibration was repeated after stand-
ing the tower on the test field, and also just prior to the test. 

The strain gauges Micro-Measurement Division Vishay were
used, namely CEA-06-250UW-120 and installation technology of
Vishay too. The sensors were installed at the customers required
locations. Some of the locations are shown in Fig. 1. 

Four gauges were used in a full bridge connection, with two
active gauges in the axial direction of member and two dummy
gauges to eliminate temperature effects were placed transverse to
the applied strain, Fig. 2. 

The bridges were connected to the five cDAQ National Instru-
ments 9237 modules (4 channel, 24-bit resolution, 50 kS/s/channel
maximum sampling rate, cDAQ NI bridge module) in NI 9178
chassis, by using 8-wires cable. 8 wire connections allow to control
the supply voltage to the bridge, eliminate the resistance of wires
whose length was varied in the test and reached the 60 m and
allows precision calibration of bridges [5]. This configuration was
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also installed on the test element in the laboratory of the Faculty of
Mechanical Engineering and the installation with the whole mea-
suring string was verified on a test stand too. The properties installed
sensors and the measuring system was also tested at ambient tem-
perature below �10°C. It should be noted that the bridge does
not eliminate the potential bending in members.

The strain (deformation) eμε [με] for different load stage is
generally defined: 

,  1με � 10�6,  e � 10�6eμε (1)e
L
LD

=

e [1] is the measured strain, [1],
L [1] is the active grid length of strain gauge, [m]
ΔL [1] is the change of active grid length of strain gauge, [m].

For full-bridge type III, [6]:

, 

(2)

VCH is the measured signal’s voltage, [V],
VEX is the excitation voltage, [V],
ν is the Poisson’s ratio, defined as the negative ratio of trans-

verse strain to the axial strain (longitudinal) strain, [1],
GF is gauge factor, [1].

The tensile – compressional force F [kN]:

F = EA(10�6eμε)/1000, (3)

E is Young’s modulus of elasticity, [N/mm],
A is area of cross section, [mm].

The measured data are below the yield stress value, therefore
the linear model is sufficient. In the case of the nonlinear region,

V
V

V strained unstrainedV
R

EX

CH CH

=
-_ _i i

e
GF

V

V1 1

2 R

Ro o
=

+

-

- -_ _i i8 B

Fig. 1 Load of tower with chosen strain gauges places Fig. 3. The test stand to verify the installation of strain gauges 
and the whole measuring chain

Fig. 2 A position of strain gauges on the chosen place of L-profile
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we have to use the tensile curve. Based on the shape of the tensile
curve then we would determine the bilinear or multilinear model
according to which the Young's modulus E would be changed in
the formula (3).

3. Resutls

The results of measurement are depicted in Figs. 4–6. 
In Fig. 4 is depicted strain – deformation of chosen parts versus

number of samples. It presented step by step increasing of strain
(in absolute value) according to the increase of horizontal load.
Rapid decrease of compressive strain (divergence of curves) in
bottom of Fig. 4 is important. If the top curves (tensile strain) pre-
sented linear increase of strain, then the bottom curves (compres-
sive strain) presented non linear decrease.

In Fig. 5 is depicted zoom of Fig. 4. Inside the ellipse are rec-
ognized peaks of strain. This phenomenon is explained as a dis-
placement of parts of truss structure on the base tolerances in the
holes of bolts.

In Fig. 6 is depicted zoom of Fig. 4 too. After this displace-
ment are recognized next displacements in the bolt’s holes, Fig. 4.
This moment was recognized as a start of non linear properties of
strain on the tested object.

In Fig. 7 is depicted zoom of Fig. 4 for T_1, average values
and original data stored with sampling frequency of 1 kHz. The
displacement is recognized, it is marked with ellipse.Fig. 4. An overall record of deformation (strain) 

in stepwise increasing of test load

Fig. 6 Zoom of Fig. 4. Inside the ellipse 
are recognized peaks of strain

Fig. 7 Zoom of Fig. 4. Inside the ellipse are recognized peaks 
of strain, black – average data and grey – original stored data 

with sampling frequency of 1kHz
Fig. 5. Zoom of Fig. 4. Inside the ellipse 

are recognized peaks of strain
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4. Conclusion

The objective of the paper was to present the experiences with
strain measurements of bolted steel lattice high voltage tower struc-
ture and interpret non linear properties of measured strain. The
displacements of members truss structure in screw bolts is pre-
sented in measurement data as a start of this non linear relation.
The displacement of elements can cause a violation of the con-
struction and the location of loading forces can be changed too.

The peaks are presented in the strain measured data. These changes
are not implemented in usual computers models. The plastic defor-
mation of truss is not source the peaks identified in the measured
data in this paper. The next step will be formulation of this problem
as a task with uncertainty parameters, [7]. 
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