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Uplift load tests on grillages for guyed towers in Itaipu Transmission System 

Essais de traction sur les fondations en grille des tours étayées du Système de Transmission d'Itaipu

RA.BRASIL DANZIGER, COPPE/Federal University of Rio de Janeiro, Brazil 

C.PEREIRA PINTO, AANoronha Eng., Rio de Janeiro, Brazil 

B.RAGONI DANZIGER, COPPE/Federal University of Rio de Janeiro, Brazil

SYNOPSIS: The paper describes uplift load tests on grillage foundations for transmission lines 
composing the Itaipu System. Special attention is given to displacements and its relation to 
construction process. The higher displacements were attributed to punching effects related to 
improper soil compaction immediately above the grillage. Use of a sand and stone layer above the 
grillage resulted in adequate foundation performance. Comparisons between the results here analysed 
with the limit curve proposed by Trautmann s Kulhawy (1988) are also emphasized.

1 INTRODUCTION

The Itaipu Transmission System (Furnas Centrais 
Eletricas S.A.) consists of 5 transmission 
lines, 3 in alternated current 750 kV and the 
remainder in continuous current 600 kV. Each 
line is 900 km long. The geographical position 
of the transmission system is shown in Figure 1.
The type of tower used, in the great majority 

of cases, was the guyed one (Figure 2), employed 
on those situations where the topography was 
quite smooth. This type of tower is provided 
with 4 guys and 1 or 2 masts, the former for

continuous and the latter for alternated current 
lines.
Foundations for the guys are submitted to 

uplift loads (inclined in respect to the 
vertical axis) whereas foundations for the masts 
are submitted to compression and horizontal 
loads.
Many full scale tests have been performed. 

This paper is concerned with the behaviour of 
guy (anchor) foundations. Emphasis is given to 
the displacements obtained in the tests and to 
the influence of the construction process.
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Figure 1. Plant of Itaipu Transmission System.
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Figure 2. Guyed towers used in the Itaipu 
Transmission System.

2 SOIL CHARACTERISTICS

All over the region comprised by the transmission 
lines, fine residual soils, originated from 
basalt, sandstone, argilite and siltstone, are 
predominant. Typical values of cohesion c' are 
in the range of 10-20 kPa, friction angle it11 in 
the range of 18° to 30°, from CU tests performed 
on samples in the natural water content (in the 
range 20-35%). Values of natural unit weight 
are in the range of 14.0-16.5 kN/m1. SPT indicated 
values between 2 and 10.

The water level for all lines was always below 
foundations depth.

3 TESTS PERFORMED

For the 2 transmission lines initially ocnstructed 
tests have been performed through 3 stages.
The aim of the first test stage was to choose 

a standard foundation type to be employed along 
the lines.
Different types of foundations for 5 distinct 

representative sites have been tested. The guy 
foundations which presented the best behaviour 
were the inclined grillage and the cast in situ 
concrete block. The grillage was chosen for 
logistic reasons. 2 sizes were standardized 
for each line, the corresponding dimensions can 
be seen in Figure 3 and in Table 1. The smaller 
one was applied for the cases of higher soil 
resistance and the greater for the lower ones.

Fi gur e 3.  Foundat i on (gr i l l age)  used f or  t he guys.

Tabl e 1.  Types of  gr i l l ages t est ed.

Line
Qd
(kN)

Grillage

Type

Dimensions (cm)

B L D

750 kV 
AC

334
I 85 235 265

II 125 330 315

600 kV 
CC

257 I 83 195 230

II 116 250 295

The second stage consisted of tests performed 
during the construction of the lines and aimed 
the verification of the foundations performance 
when employing usual construction techniques. A 
total of 122 load tests have been carried out,
68 performed on foundations of towers and 54 on 
foundations especially built for the tests. The 
great majority of tests have been performed for 
the 750 kV line.

The aim of the third test stage was to 
determine foundations uplift capacity and to 
observe the failure pattern (checking of existing 
theories), as well as to verify the influence of 
grillages geometry. Results of these tests have 
been reported by Barata, Danziger & Pereira Pin 
to (1985), Pereira Pinto (1985) and Pereira Pin 
to & Mahler (1988) .

In this paper the authors will mainly analyse 
the load tests performed during construction 
(second stage) . These tests have been performed 
along the 900 km extension lines by 5 distinct 
contractors. Each one designed its own reaction 
system and an example is shown in Figure 4.
The rate of loading was about 30 kN/min. Each 

load stage (comprising 10% of maximum design 
load Q(j) was maintained for 1 minute. Maximum 
load test attained 0.75 Q^ in the case of 
tower foundations and 1.2 Q& in the case of 
foundations especially built for the tests. 
Maximum design load were concerned with a wind 
of 150 km/h and 30 seconds of duration corresponding 
to a recurrence time of 50 years.

In view of the existence of gaps among the 
elements of the grillage, a small load has been 
previously applied and considered to be a 
reference load.

Fi gur e 4.  React i on syst em.
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4 TEST RESULTS

4.1 Displacements

Once the 2 sizes of standard foundations 
indicated approximately the same results, those 
have been presented altogether. These results, 
shown in Figure 5, have been considered as 
satisfactory ones. In fact, differently from 
rigid towers, guyed towers can support high 
displacements without structural damage.

Plastic displacements, however, could cause 
loss of the prestress load applied to the guys, 
resulting in undesirable frequent maintenance 
necessity. Small residual displacements are 
then desirable. Residual displacements 
obtained in the tests, considered as satisfactory 
ones, are shown in Figure 5d.

In certain regions, foundations presented 
much higher displacements than mean values 
obtained in other places. In these regions the 
soil is a silty clay (the finest all over the 
Itaipu System) and the smallest grillage was 
used. The corresponding results are not 
included in the figures.
The higher displacements have been attributed 

to punching effects of grillage angles. This

(c) 1 0 0 %  - 34 TESTS (d) RESIDUAL DISPLACEMENTS

53 TESTS

A - M E A N  VALUE, S-STANDARD DEVIATION

Figure 5. Load test results.

has occurred due to the difficulties in soil 
compaction just above the grillage, owing to 
lack of space and to the necessary care in order 
to avoid damage of grillage elements and change 
of its original position.

Although silty clays found in these regions 
presents in its natural state strength and 
deformability characteristics suitable for the 
employment of smaller grillage, those 
characteristics may change a lot when soil is 
not conveniently compacted. It must be pointed 
out that when this soil is conveniently 
compacted those characteristics are even better 
than in its natural state.
To check that fact, tests have been planned 

in 3 places in those regions where foundations 
presented higher displacements. In each place
3 foundations have been tested: one with the 
original design, other with a greater depth, 
and another by introducing in the original 
design a small layer of sand and stone just 
above the grillage (Figure 6).

Tests performed on grillage foundations at a 
greater depth presented the same range of high 
displacements obtained for the original design. 
Tests carried out with a layer of sand and stone, 
however, presented displacements 3 to 5 times 
lower than the original values.
These results confirmed the punching effect, 

which could be visualized in excavations carried 
out during 3 tests.

A layer of sand and stone was then employed 
all over the regions mentioned above.

This experience led to the conclusion that 
foundations behaviour has been strongly affected 
by the construction process. Moreover, it seems 
that the finer the soil, the greater the 
influence of unsuitable compaction conditions.
Taking this fact into account the design of 

grillage foundations to new transmission lines 
emphasized the importance of convenient 
compaction as a means of attaining to a better 
soil condition immediately above the grillage.

4.2 Uplift capacity

Concerning foundations uplift bearing capacity, 
attempts to extrapolate load-displacement curves 
by means of different criteria resulted in great 
dispersion, not only for the tests attaining to 
a maximum load of 0.75 Q,j as well as for those 
reaching a maximum load of 1.2 Qd. This seems 
to indicate that these foundations have not been

Figure 6. Solution ertployed to reduce displacements.
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loaded to a sufficient level to assure the 
reliability of the extrapolation process. In 
other words this means that the foundations 
presented a large safety factor (SF) against 
failure. By the way, evaluation of SF by means 
of the method proposed by Martin (1974) provided 
values in the range of 2-3.

2 attempts to apply loads greater than 1.2 Qj 
resulted in yielding of the anchor rod at 
approximately 1.3 Q^.

To investigate uplift capacity, it has been 
planned a special series of tests (third stage, 
as previously mentioned) having the grillages 
been structurally designed to withstand soil 
failure.

4.3 Load-displacement curve

Considering the general shape of load-displacement 
curve, the authors believe that it is influenced 
by stiffness of soil and foundation, foundation 
geometry and construction process.

Now, it seems to be attractive to compare the 
results of the tests analysed in this paper with 
the limit curve proposed by Trautmann & Kulhawy 
(1988) for load-displacement behaviour of spread 
foundations submitted to uplift loads. In this 
proposition loads are normalized with respect to 
failure and displacements with respect to 
foundation depth.
Figure 7 illustrates some data of dimensianless 

displacement versus normalized load in conjunction 
with the limit curve proposed by Trautmann & 
Kulhawy (1988). The shaded area comprises mean 
values observed in Itaipu System tests (second 
stage), the related safety factor ranging from
2 to 3. Relative position of the shaded area in 
respect to the limit curve (Trautmann & Kulhawy 
1988), is in agreement with comments of these 
authors who pointed out that the limit curve 
could be unconservative in the case of 
unsuitable compacted backfills.

DIMENSIONLESS DISPLACEMENT, Z/D

Figure 7. Normalized load-displacement curves-carparison 
of results.

A typical result of load tests performed on 
grillages with B=0.50m, L=1.35m and D = 1.40m 
for the third test stage of Itaipu System 
(Pereira Pinto 1985) shows again the 
favourable influence of compaction conditions. 
Although the inclination imposes on adverse 
compaction conditions for soil layers above the 
grillage foundations, this series of tests has 
had a different design for the grillages and 
soil compaction immediately above the grillages 
has deserved special care.

Although the data collected by Trautmann <> 
Kulhawy (1988) referred to vertical uplift 
loads, it can be concluded that the limit curve 
proposed by these authors can be a useful tool 
for inclined uplift loads as well.

5 CONCLUSIONS

(1) Backfill compaction conditions, mainly 
immediately above the grillage, have a great 
influence on foundation behaviour.

(2) A small sand and stone layer placed over 
the grillage may be an adequate procedure to 
reduce displacements magnitude.

(3) The limit curve proposed by Trautmann & 
Kulhawy (1988) seems to be a useful tool to 
predict foundations behaviour not only for 
vertical uplift loads but for inclined loads as 
well.
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