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ABSTRACT: Deterioration of telecommunication antenna tower foundations is becoming an issue of criti-
cal importance in the Croatian electronic communications network since little attention has been directed to-
ward the design against failure and premature deterioration of concrete footings and buried tower components 
in the design period. In this paper, a case study of comprehensive condition assessment and repair works of 
defective concrete foundations of 3 self-supported antenna towers exposed to extreme environmental loads is 
presented. In the first step of investigation, visual examination for the preliminary assessment was done, 
while in the second step, the detailed examination was provided. The mechanical and durability properties 
were tested in-situ and in laboratory. Factors affecting the durability of tower anchorages and foundations are 
discussed together with introduction of repair methods of tower foundations. As presented case studies illus-
trates, concrete deterioration and distress must be carefully monitored and evaluated to determine the appro-
priate repair method. 

1 INTRODUCTION 

Deterioration of telecommunication antenna tower 
foundations is becoming an issue of critical 
importance in the Croatian electronic communica-
tions network. The overall layout of telecommunica-
tion towers is governed by the requirements to the 
transmission and receiving conditions which often 
leads to relatively tall structures in mountainous ar-
eas. Added hereto the access and working conditions 
for installation and service means that many 
solutions often lead to various problems with regard 
to design, construction and maintenance. 

In addition to the complexity of the structural sys-
tem itself and the construction technology, the pre-
dominant loads of antenna towers are natural loads 
such as wind and ice: loads that also affect the 
deterioration. The telecommunication equipment and 
the load bearing steel structure is well maintained 
and in perfect condition. On the other hand, in the 
design and maintenance works, little attention has 
been directed toward the design against failure and 
premature deterioration of concrete footings and 
buried tower components. 

In the case of self supported telecommunication 
antenna tower foundations, the main applied force is  

the lateral wind pressure, the foundations are sub-
jected to repeated eccentric loads. The applied forces 
on tower foundations alternate between maximum 
compression and maximum tension force. These ten-
sile forces usually cause hair cracks, which accelerate 
the freeze and thaw degradation process during 
winter and the corrosion process of the steel rein-
forcement leading to the degradation of tower foun-
dations, and consequently reduced service life. 

The Occupational Safety and Health Administra-
tion, (OSHA, 1991) reported the collapse of a 20- 
year old guyed communication tower in North Da-
kota due to failure of the anchorage system. The cor-
rosion process of the foundation components of 
guyed towers was also investigated. It was recom-
mended that existing towers should be investigated 
for damage and then protected against corrosion, 
while towers scheduled to be built should include 
corrosion control measures (Synder, 1996). The cor-
rosion of underground tower components was also 
investigated. 

The Canadian Standard (CSA-S37, 2001) cur-
rently contains an appendix that outlines the corro-
sion problem and lists recommendations for mainte-
nance of tower components. 

A case study involving the concrete foundations 
of a wide range of antenna towers, a total of 51, has 
been presented in (Abdalla, 2002). The rehabilitation 



and strengthening methods of concrete foundations 
were studied on towers that were erected in Egypt, in 
different soil and environmental conditions with 
heights ranging from 15 to 120 m. 

2 DESCRIPTION OF THE INVESTIGATED 
TOWERS 

Defective concrete foundations of 3 self-supported 
antenna towers, Licka Pljesivica, Mirkovica and 
Ucka, exposed to extreme environmental loads were 
investigated, figure 1. These are existing antenna 
towers erected in 1978, beginning of the 1960s and 
beginning of 1980s, respectively. 

 

Figure 1. Photograph of the self-supported antenna tower Ucka 

Antenna towers were erected on the tops of three 
Croatian mountains. Licka Pljesivica is situated 
1552 m above the sea level, Mirkovica 1283 m 
while Ucka is situated 1385 m above the sea level. 
All three antenna towers are steel structures with the 
height between 70 and 80 m, respectively. 

The weather conditions on all three mountain 
tops are harsh, with average temperatures below 0 
°C with snow, on Licka Pljesivica and Mirkovica 
towers, snow falls are well above 2 m for at least 4 
months a year. 

Available data about the antenna towers was neg-
ligible, while the basic designs of the towers were 
found, the data about strengthening and upgrade that 
happened during the exploitation of all three towers 
was missing.  

2.1 Antenna tower foundations 

Self supported towers have one central concrete 
foundation with as many attachment points as the 
sides of the tower structure. The Licka Pljesivica 
tower is a three-sided tower thus having three at-
tachment points (anchors) in the concrete founda-
tions, while towers Mirkovica and Ucka have four 
anchors in the foundations, being four-sided towers, 
figures 2 & 3. 

 

Figure 2. Photograph of the pedestal on the Licka Pljesivica 
tower 

 

Figure 3. Scheme of the attachment point of the steel tower to 
the foundation via pedestal 

The attachment points are anchored deep into the 
central foundation through the concrete pedestals. 
The foundations are constructed in such a way that 
only the pedestals are exposed, while the footing 
itself is buried into the ground in all three antenna 
towers. 

3 DEGRADATION OF TOWER 
FOUNDATIONS 

3.1 Visual inspection 

In this paper, the degradation of exposed pedestals 
is considered, while the footings are inaccessible and 
in relatively good condition. 



 

Figure 4. Detached repair mortar on Mirkovica tower 

Structural damage of the tower foundations arose 
from a variety of causes such as use of low-strength 
concrete or poor concreting technology. An even 
more common cause of damage is freeze and thaw 
cycles, especially on Licka Pljesivica and Mirkovica 
towers which led to cracking and spalling of the 
concrete cover. 

It was determined that all three antenna towers 
were poorly refurbished using repair mortar on 
Mirkovica and Ucka towers, while pedestals on 
Licka Pljesivica were refurbished using a new 20 cm 
thick concrete layer and epoxy resin. Because of the 
incompatibility of the two layers and temperature 
differentials, these layers detached, figure 4 and 
cracked, figure 5, thus providing poor protection to 
the foundation pedestals. 

 

Figure 5. Cracked concrete layer on Licka Pljesivica tower 

The crack width was measured to be from 0.1 to 
0.5 mm, while the delaminations of the repair mortar 
on Mirkovica and Ucka towers appeared at the 70 
and 75 % of the foundation surface, respectively. 

3.2 Homogeneity & Compressive strength 

Concrete cores 50 mm in diameter were drilled 
out of the tower pedestals in order to determine the 
homogeneity of the concrete within the pedestals  

and to determine the compressive strength of con-
crete. The depth of core drilling was from 20 to 40 
cm and even up to 60 cm on Licka Pljesivica tower. 
Generally, the concrete of the Ucka and Mirkovica 
towers can be characterized as unambiguous, full of 
voids due to missing fines and poor compaction in 
the concrete mix (Fig. 6), while on the other part of 
the foundation, perfect homogenous cores were 
drilled (Fig. 7). 

 

Figure 6. Part of the concrete core taken from the Ucka tower 

 

Figure 7. Concrete core taken from the Ucka tower 

On the Licka Pljesivica tower, drilled concrete 
cores show two different types of concrete, the outer 
shell of 20 cm thickness, that was used to protect 
the original pedestal, is made from homogenous 
concrete while the inner part reveals unhomogenous 
concrete which is crumbling on some locations, fig-
ure 8, thus revealing relatively poor condition of the 
pedestal. 

 

Figure 8. Concrete core taken from the Licka Pljesivica tower 



The compressive strength of concrete was tested 
on the specimens, 50 mm in diameter and 55 mm 
high, gained by cutting the cores transversely at se-
lected depths. The results of the testing from all three 
antenna towers are shown in table 1. 

 
Table 1. Results of the compressive strength testing 

Antenna tower 
Licka 

Pljesivica 
Mirkovica Ucka 

Number of tested specimens 8 12 15 
Minimum value       [MPa] 16.90 5.49 3.80 
Maximum value      [MPa] 49.70 28.93 38.10 
Average value         [MPa] 35.79 11.71 13.95 
Standard deviation  [MPa] 11.75 7.05 10.28 

 
The designed values of the concrete built-in were 

intended to be M-220 in Licka Pljesivica and Mirk-
ovica tower foundations. This would be equivalent to 
current compressive strength class C20/25. The de-
signed compressive strength for the Ucka tower 
foundations was not known, but can be assumed the 
same because of the similar antenna tower structure 
and loading conditions as for the other two towers 
which were also built on the solid rock. 

From the results of compressive strength testing 
presented in table 1, it is visible that overall com-
pressive strength of the concrete does not satisfy 
prescribed values. Besides the evident large scatter-
ing, the extremely low compressive strength values 
gained for individual specimens from Mirkovica and 
Ucka tower foundations, it has to be said that the 
testing could not be performed on four concrete core 
specimens taken from Licka Pljesivica tower foun-
dations due to crumbling of the specimens, figure 9. 

 

Figure 9. Crumbled concrete core taken from the Licka Plje-
sivica tower 

The homogeneity of concrete foundations surface 
layer was also tested using the conventional Schmidt 
hammer method. Prior to the test itself, the repair 
mortar was removed from the measuring locations, 
10 of them on every tower foundation, in order to 
avoid the results connected to delaminations of repair 
mortar or the homogeneity of repair mortar itself. 
The average values of rebound numbers taken from 
locations on Mirkovica tower vary between 25,1 to 
38,1 with standard deviation of 3.93 and variance of 

11.1%. On the other hand, average values of rebound 
numbers gained from locations on Ucka tower vary 
from 23.4 to 43.0 with standard deviation of 5.61 and 
variance of 15.8%. The Schmidt hammer test results 
also indicate the inhomogeneous concrete. 

3.3 Capillary absorption and gas permeability 

The performance of concrete subjected to a harsh 
environment is to a large extent a function of the 
concrete permeability. In unsaturated concrete, the 
rate of ingress of water or other liquids is largely 
controlled by absorption due to capillary rise. There-
fore, water absorption and gas permeability of the 
concrete cores were also tested. 

The rate of absorption of water was intended to 
determine the susceptibility of an unsaturated 
concrete to the penetration of water which would 
provide some additional data about the concrete 
durability properties, table 2. 

 
Table 2. Results of the capillary absorption testing 

Antenna tower 
Licka 

Pljesivica 
Mirkovica Ucka 

Coefficient of capillary 
absorption, average 
C [g/mm2/h-0,5] 

-- 15.86E-4 11.82E-4

Standard deviation
[g/mm2/h-0,5] -- 4.13E-4 6.50E-4 

 
In general, the concrete from both tested antenna 

tower foundations can be characterized as poor qual-
ity concrete. Also, from the results, it arises that the 
rate of absorption of concrete at the surface differs 
slightly from the rate of absorption of a sample taken 
from the interior. The exterior surface was subjected 
to less than intended curing and was exposed to ad-
verse conditions which caused cracking of concrete. 

Measuring permeability helps detect durability 
problems and in addition provides the information 
about timely and cost-effective protection of the 
concrete structure. The results of gas permeability 
tests performed on specimens of 55 mm in diameter 
which were gained from concrete cores are presented 
in table 3. The specimens were taken from the 
surface layer of the cores thus actually representing 
the properties of repair mortar and its durability 
properties together with its current ability to protect 
the tower foundations. 

Table 3. Results of the gas permeability testing 

Antenna tower 
Licka 

Pljesivica 
Mirkovica Ucka 

Coefficient of gas
permeability, average [cm2] -- 8.49E-13 7.79E-13

Standard deviation [cm2] -- 3.07E-13 4.51E-13



The results show that repair mortar has great gas 
permeability and large scattering thus showing that 
even the existing protection is of poor quality. This 
can also be confirmed by the fact that there were 
specimens from both towers on which gas perme-
ability could not be measured. 

3.4 Adhesion strength 

Pull off tests were used to determine the adhesive 
and tensile strength of concrete foundations. Testing 
was carried out on 6 locations on Mirkovica tower 
and 7 locations on Ucka tower which were selected 
as places with no apparent defects on existing repair 
mortar. The pull-off adhesion strength and mode of 
failure of a coating from a concrete substrate were 
determined to be important performance properties 
that would be used as an input parameter in deter-
mining the characteristics of repair materials. 

The pull off test results gained from the Mirk-
ovica tower foundations showed very low adhesion 
strength, the average value of the results was 0.3 
MPa while the predominant fracture mode was 
across the concrete substrate, figure 10, which indi-
cates the necessity of creating a stronger bond sur-
face between concrete and repair mortar. 

 

Figure 10. Fracture mode, pull off sample on Mirkovica tower 

In addition, it has to be said that failure happened 
at the interface of the concrete substrate and existing 
repair mortar in two locations. This proves the fact 
that the initial protection and refurbishment at the 
Mirkovica tower were attempted with unsuitable and 
incompatible material which detached after just a 
couple of years tearing the concrete and providing no 
protection to the foundations. 

On the other hand, the pull off test results gained 
from the Ucka tower foundations averaged 0.89 
MPa, but with a large standard deviation of 0.94 MPa 
thus showing strong variation and inhomogeneity of 
the concrete. The predominant fracture mode was 
across the concrete substrate, figure 11. 

 

Figure 11. Fracture mode, pull off sample on Ucka tower 

The results from the Ucka tower indicate the ne-
cessity of injecting the voids and thus strengthening 
the parent concrete. Repair mortar would be applied 
to protect the structure from further decay, this 
requires a creation of stronger bond surface between 
concrete and repair mortar before protection layer 
would be constructed. 

4 REPAIR OF ANTENNA TOWER 
FOUNDATIONS 

All of the results presented in this paper are direct 
evidence of poor construction technology of the an-
tenna tower foundations due to demanding construc-
tion conditions and extreme environmental condi-
tions on the antenna tower locations. 

It was essential to provide solutions which would 
restore the strength and durability of the defective 
concrete foundations so that adequate safety margins 
could be achieved. 

Consequently, following steps were carried out to 
achieve a successful repair of foundations of all three 
antenna towers that were examined: 
– Removal of existing repair mortar and unsound 

concrete, roughening and cleaning of undeteriorated 
concrete so that the resulting surface would be 
conducive to achieving high bond strength with 
overlay concrete. 

– Repairing of cracks and internal voids by epoxy 
injection 

– Applying bond coating to concrete surfaces using 
polymer cement products 

– Encasing the foundation with a 2 cm thick layer of 
polymer-modified fiber-reinforced mortar 

– Removal of rust and flakes from corroded steel of 
the antenna tower itself and renewal of anti corro-
sion coating. 

 



4.1 Requirements for the materials 

In order to achieve the best possible repair of the 
antenna tower foundations, requirements for the re-
pair materials were prescribed. 

The requirements for the polymer-modified fiber-
reinforced mortar used for encasement of the antenna 
tower foundation are listed in table 4. 

Table 4. Requirements for the polymer-modified fiber-
reinforced mortar 

Property Unit Requirement
28 day compressive strength  [MPa] > 25.0 
28 day flexural strength        [MPa] > 8.0 
Adhesion strength       [MPa] > 2.0 
Capillary absorption          [MPa] < 0.3 
Thermal compatibility (freeze-
thaw), adhesion strength after 50 
cycles   

[MPa] > 0.8 

Elastic modulus  [GPa] ~ 10.0 

The requirements for the low viscosity epoxy 
resin used for injection of the antenna tower founda-
tion are listed in table 5. 

Table 5. Requirements for the epoxy resin 

Property Unit Requirement
7 day compressive strength  [MPa] > 50.0 
7 day flexural strength [MPa] > 30.0 
Adhesion strength       [MPa] > 2.0 
Viscosity at 20°C [mPas] 200 - 400 
Pot life at 20°C [min] > 45 

5 CONCLUSIONS 

A case study involving the concrete foundations 
of 3 antenna towers, located in extreme conditions 
has been presented in this paper. 

Poor construction of the antenna tower founda-
tions due to demanding construction conditions and 
extreme environmental conditions on the antenna 
tower locations during the lifetime resulted in 
degradation of the foundations. 

The evaluation of concrete properties was useful 
to determine if the tower foundations were safe for 
use under the design load, and a reduced load that 
takes into account the damage. The concrete proper-
ties were also used to design the concrete encase-
ment necessary for the repair process of the tower 
foundations. 

Results of site investigation, test data, and design 
records were interpreted in order to determine the 
appropriate repair method. 

Even though repair process before finishing of 
this paper still didn´t begun; special attention should 
be paid to the quality control of works during the 
repair process.  
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