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project for the temporal resto-
ration of the north-west wall

Foreward

In Ankara, all that remains today of the 
original majestic Augusteum (measuring 36 
x 54. 82 m.) is the pronaos and the lateral 
walls of the cella, one of which (the West 
wall) is badly holed. The temple faces West 
like all Greek sanctuaries based on an an-
cient Anatolian tradition (above all from 
the model of the architect Hermogenes, 
2nd century B.C.). Inside the pronaos sur-
vives the Augustan text in Latin, while a 
Greek translation has been carved on the 
exterior of the South-West wall of the cella. 
Alongside the notable remains of the tem-
ple (almost 12 meters high and 32.5 me-
ters long), there is a 15th-century mosque, 
which adjoins the North wall of the cella. 
The Turkish mosque, the Haci Bayram Veli 
Camii, with its minaret, is still today one 
of the most important place of the Islamic 
worship in Turkey.

The site has been radically changed 
by the modern urban development. The 
mosque and part of the temple are sur-
rounded by heavy, concrete paving. The 
lateral wall of the temple is flanked by a 
modern, busy road. The building, which 
bears the exceptional Augustan document, 
must be saved, whatever the cost. This ex-
traordinary inscription, cultural heritage of 
mankind, are undergoing irreversible dete-
rioration caused by pollution, climatic fac-
tors as well as man-made damage. 

After the appeal made in the press by 
professor Ekrem Akurgal, the most famous 
Turkish archaeologist, for saving the mem-

ory of Augustus, the University of Trieste 
approved a programme of research on the 
temple of Augustus at Ankara, in 1997. The 
programme, named Project Ancyra (from 
the Roman name of Ankara) started in the 
Department of Classics in the Faculty of 
Humanities at the University of Trieste, 
together the Faculties of Architecture and 
the Engineering. The University of Ancona 
(Italy), the Politechnical University of 
Torino, with individual researchers and 
other professionals from a range of various 
centres in Italy and abroad are participat-
ing in the project.

The main scientific objective of the pro-
ject was originally a survey of the the mon-
ument, both for the epigraphic content of 
the carved walls (res gestae Divi Augusti) 
and for the metrical and topographic sur-
vey of the remains of the temple. Following 
the initial inspection in Ankara, togeth-
er with the Director of the Museum of 
Anatolian Civilizations and the General 
Directorate of Turkish Ministry of Cultural 
Heritage, the complete degradation of the 
whole site has produced agreement on the 
following needs:

a) to protect the inscriptions;
b) to make a meticulous petrographic 

survey to establish the measures necessary 
to stop degeneration and to restore the epi-
graphic surface;

c) to draw up a plan for an intervention 
to ensure the stability of the monument, 
which is the support of the epigraphs.

The preliminary planimetric survey, 
carried out by a team on May 1997, con-
firmed the need for a more careful in-depth 
examination since the last measurements 
known to us are to be found in Der Tempel 
in Ankara by M. Schede and D. Krencker, 
published in Berlin in 1936.

In the course of several missions in 
Ankara, we have been able to carry out 
a photogrammetric survey of all the en-
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graved walls, covering an area of approxi-
mately 46 square meters. The survey was 
performed by engineer Gabriele Fangi, 
professor of the University of Ancona. A 
thorough photographic documentation of 
the monument complex was also produced 
with special regard for its architectural fea-
tures with a view to publishing a much-
needed new interpretation of the complex 
(archaeologist B. Pinna Caboni); architect 
Paolo Marconi gathered the preliminary 
data necessary for drafting a project for 
protecting the epigraphs and the existing 
structure. The photogrammetric survey, 
a most advanced technology for the first 
time applied on inscriptions, provides a 
complete systematic frame of reference not 
only of the original elements making up 
the Latin and Greek texts, but of the sub-
sequent traces of alteration of the inscrip-
tions and the walls bearing them owing to 
a range of natural and anthropic phenom-
ena. This intervention has provided a vir-
tual cast of the complex, obtained by non-
aggressive and non-intrusive techniques. 

A complete survey of the whole com-
plex both topographic and photogram-
metric has been carried out in 2000. The 
updated plan was then derived, the 3D line 
plotting of the walls, including the portal 
of the temple, has been carried out and a 
wire-frame model of the monument has 
already been set up. The photo mosaic of 
the walls has been added as texture to the 
plotted walls. This will allow a complete 
knowledge of the monument regarding the 
deterioration mapping in order to prepare 
the restoration of the inscriptions. 

We have studied and pointed out the 
static problems of the structure, i.e. the left 
lateral wall being out of verticality by more 
than half of the width of the wall.

A synthesis of this preliminary work 
and an autoptic survey have already yield-
ed valuable results: a design for a vertical 

protective barrier to be placed close to 
the epigraphs and an overarching cover to 
channel away rain and snow, both in light-
absorbent and temperature-insulating ma-
terial. A design has also been drafted to re-
store the bottom wall of the cella and install 
a high girder to link its two longitudinal 
walls after repairing the hole in the North-
West wall. Architect Sergio Pratali Maffei 
of the University of Trieste and Doctor 
engineer Giuliano Rossi are working out a 
project to cover all the temple and protect 
the inscriptions. 

On the basis of the marble analysis 
conducted by professor C. Gratziu of 
the Department of Earth Science at the 
University of Pisa, restorer B. Zanardi has 
drafted two possible working projects and 
a programme for the delicate preliminaries 
to the operational phase of the restoration 
of the engravings. Dr. Zanardi’s proposals 
are part of the project documentation and 
will be published as soon as possible.

The overall results achieved during 
the first period of the Ancyra missions be 
summed up as follows:

 -  Plans of the site as a whole.
 -  Petrographic and mineralogical 

analysis.
 -  Photogrammetric survey of the 

Latin and Greek epigraphs. 
 -  Topographic and photogrammetric 

survey of the temple of Augustus.
 -  Preliminary plans for external pro-

tection of the engraved surfaces.
 -  Preliminary plans for the minimum 

intervention necessary to ensure the 
stability of the existing structures 
for the protection of all the building.

Summary of the results

The University of Trieste, together  
with other Italian Universities has pro-
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duced in real terms a feasible project for 
the roofing of the temple and the epigraphi-
cal restoration:

- micrometric survey using laser-scan-
ner, Handyscan 3D scanner;

-  photogrammetric survey of the 
foundations by means of the spheri-
cal panoramas;

-  photogrammetric nadiral takings of 
the foundations with low altitude 
link of the local engineering network 
to the international reference System 
WGS84 - World Geodetic System 84;

- link to Turkish National Grid UTM - 
Universal Transversal Mercator;

-  topographical direct survey of the 
excavations of the foundations. 
Survey of vertical orthogonal cross-
sections of the walls of the founda-
tions, monitoring of the verticality 
of the leaning interior wall.

By the present report the conceptual 
proposal has been developed to a final de-
sign stage and it ready to be put in place by 
a qualified contractor, after the competent 
Authorities will approve it. 

Actual status

Ths Report deals with the proposal, 
which has been developed by University of 
Trieste regarding the measures to protect 
the lining North-West Wall of the Augustus 
temple, which is located in Ankara, at the 
suburb of Ulus.

In a second phase that it is strongly rec-
ommended and it is unavoidable to guar-
antee the survival of such an important 
cultural heritage of the humanity, a com-
plete protection to the whole temple area 
has to be assured by means of a framed and 
roofed structure covering the perimeter of 

	  

NORTH-‐WEST	  WALL	  

ANCIENT	  WALL	  OF	  
OPISTODOMOS	  

Fig 1. – Plan of mosque and temple. Location of N-W wall in hazardous state of conservation.
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the area itself. A solution had been studied 
by the same group and submitted to the 
General Directorate of Turkish Ministry of 
Culture and Tourism

In the present report a brief description 
of that proposal is given at Chapter 2.4

As far as the structure is considered, the 
N-W wall is the most hazardous, therefore 
it is necessary to operate very quickly. The 
wall tilt S-E. The foundation of the wall it-
self is too slim (section) and because of its 
height equilibrium problems are evident. 

The most functional solution for the 
North-West wall consolidation consists in 
carrying out a structure both resistant and 
light but to resist the inner overhanging, in 
relation as to the normal stresses as to ex-
traordinary stresses in case of earthquake 
action.

The position of the light structure is in-
dividualized in function of:

1. better statistic functionality;
2. historical conditions existing before 

hand. 

On account of the original structure of 
the Roman temple and on account of the 
changes in the structure made through the 
centuries, the location more congruent his-
torically is that one between the cella and the 
opistodomos. This locating coincides with 
the same place where the Romans built the 
primary wall, which the Byzantines demol-
ished to carry out the crypt. 

The Existing Materials

Our remark is direct to the traditional 
solidity of the feasible manners concerning 
the Roman masonry. 

It is necessary to study in depth the spe-
cific contribution of every connector; the 
possibility of subsequently intervention, 

Fig 2. – N-W wall.
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positioning again the removed connectors 
by previous interventions of the people.

The Roman connectors are not every-
where lost. They are missing only near the 
demolitions made by Abdulhamit, in 1834. 
It means for the future to contemplates also 
the presence not uniform of a resistance on 
the surface of the wall.

The day’s information are such as to con-
sent to believe that the supporting soil of the 
structure, if suitably drained on the surface, 
can to support whole the forecast weight 
without negative consequences on the foun-
dations of the temple (H. Koşay saw the 
foundation of the temple to go down four 
metres, during the excavation in 1938. H. 
Koşay found also the Roman podium and 
the flight of steps, today not more present). 

1. The Proposal

1.1 The Resistant Structure.

The proof structure goes to make up a 
metal three-dimensional reticule, such as 
to do the function of:

1.  limiting device of any increase of 
overhanging resulting from settle-
ment of the foundations;

2.  function of limiter of the amplitude 
of the vibrations of the overhanging 
wall, resulting from usual solicita-
tions (urban traffic) and extraordi-
nary solicitations (earthquake).

On account of the climate of Ankara, 
we consider must be employed some mate-
rials able to be resistant not only to thermal 
gap -10 ÷ +50 degrees centigrade Celsius 
but also to be resistant to the attack of the 
atmospherically pollution.

For the pillar and the beams, on ac-
count of their considerable size of the free 
height and the lights, we foresee to make 
use of structural steel UNI without weld-
ing in elements suitably arranged before-
hand (by means of the cutting). 

So, the three-dimensional reticule we 
have proposed is formed by not welded 
steel tubes (all of the same circular section 
of 48 millimetres, minimum thickness: 
3,2 millimetres). They must be united by 

Fig. 3 – N-W wall situation and cross section of ancient wall of opistodomos.
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clamps, studs and nuts, as you can see in 
the usual typology of the metalic struc-
tures of more common scaffolding.

The steel shall be safeguard against 
the corrosion by means of anti-rust paints 
based on phosphate of zinc (without lead 
and chrome), applied with brush (grey col-
our RAL 7038).

In case of bigger amount of money at 
disposal, the rust-resistant passivation can 
be achieved by means of components of 
epossydic varnishes based on zinc dust 
more resilient to industrial environments 
and extremely humid and to chemical 
weapons. 

The final colouring (super painting 
covering the colouring of the rust-resist-
ant) can be decided during the carrying 
out, with epossydic, epossyvinyl, polyure-
thane, chlorocautchouc finishing or rapid 
synthetics.

1.2 The support of the structure resistant to 
the flooring

The position of the resistant structure 
does not depend on the structure of the 
West wall. We take note of the existing 
original continuous foundation made of 
andesitic stones. A heavy base, made of 
composite materials (metal-stone), makes 
the resistant structure stable. In short, a 
plurality of natural stone prisms (or blocs 
of cementitious material with visible face) 
rests on a set of large winged metal beams. 
The spatial grating consisting of pipes and 
clamps is stabilized on the later.

1. 3 The support of the resistant structure to 
the N-W wall.

The support between the reticular body 
and the wall will be carried out by means 
of neoprene blocs (on the two sides of the 
N-W wall).

The plan foresees a second more scien-
tific stage.

Once the light structure carried out, it 
will be necessary to follow the varying in-
clinations using precision instruments and 
to define the general behaviour of the N-W 
wall, which is slightly bent to South-East. 

	  3D	  GIRDER	  STRUCTURE	  	  

	  ROOF	  
	  (Recommended)	  

	  

Fig. 4 – Position of new structure at the inside 
surface of  North-West wall.

Fig. 5 – Schematic views: front, cross and plan.
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We foresee the subsequent definition of 
today’s status of the wall using scientiphic 
methodologies.

They consist of model tests measuring 
the vibrations by non-distructive methods 
and comparing them with analytical models. 

The instrumentation, all time con-
nected to the wall, will perform and record 
the measurements at a regular time inter-
vals. Their monitoring will allow to take 
measures in order to prevent dangerous 
displacements. Besides, they will assess the 
achieved displacement.

On the base of the continuous moni-
toring and using some sensors fixed to the 
reticular structure and on the base on con-
sequent measures in situ, it will be possible 

determine the typical frequencies of the 
solicitations of the vibrations.  

It will be possible to establish the reso-
nance thresholds and thus to calibrate type 
and quantity of the amortizing springs ini-
tially consisting of neoprene blocs.  

In future, when a permanent solution 
will be studied, proper seismic isolation 
system might be considered to be applied.

1. 4 The Materials for the Roof 

In the first phase of the intervention no 
roofing is foreseen. In the second phase a 
roof structure could be realized for pro-
tecting the whole site and to minimize the 
visual impact. 

Fig. 6 – Explicative cross section, in line of opistodomos with destroyed wall.
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The roof shall be made by a supporting 
girder structure having a slope (over hori-
zontal plane) of about 5% to guarantee the 
water ran off due to rain, melting of snow 
and condensation; a system of gutters shall 
collect this water to be discharged by verti-
cal draining pipes ( best to be in copper or 
hot deep galvanized steel pipes).

The covering shall be opaque because:

a)  we want to make easier both the 
ordinary and extraordinary mainte-
nance;

b)  we want to keep safe the passage of 
visitors, anyhow;

c)  it is possible to install some translu-
cent areas.

The material of the roof could be a 
wooden surface fixed to self bearing corru-
gated steel sheets.

Long lasting colour of the external 
surface is secured by a protective coat-
ing, which has to be applied by scrubbing 
brush.

Colour proposed: red -brick.
Model: DAKORIT® Ruflex; colour 

resistant to atmospheric agents. Of high 
elasticity. Coloured. Permeable to vapour, 
melting in solvents.

Fig. 7a-b – Position of the ancienti wall of epistodomos and of the new composed. View from East side 
of temple.
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2. Attachments

2.1 Matters of the meeting at Ankara, in the 
Italian Embassy, on July 21th 2004.

Specification for the protective roof 
project of Augustus temple:

1. A lightweight structure should be provided for the reversible roof.

2. Footings should not be located inside the monument and close to the walls of 
the monument.

3. Shallow foundation should be preferred for the foundation system.

4. Any parts of the roof should not touch or rest on the Augustus temple.

5. 

A proper rainwater drainage system composed of roof drainage and surface 
drainage systems, should be involved in the roof project for providing a 
satisfactory removal of rainwater (or melting snow) from roof surfaces and of 
surface water from the immediate surrounding of the monument.

6. With this roof structure, exterior surfaces of walls should be protected from 
rainwater and direct solar radiation as much is possible.

7. Roof should cover more than overall the cella of the Augustus temple.

8. An extra space under the roof structure should be provided around the temple 
for in situ diagnostic and conservation studies.

9. A proper ventilation (air movement) should be provided under the roof 
structure.

10. Roof should not touch the roofs of Haci Bayram mosque and the tomb.

11. The roof structure should be compatible with the scale of the buildings 
surrounding the temple.

12. 
Reversible roof should not shade the importance of temple of Augustus and the 
Haci Bayram mosque; on the contrary, should emphasize their historic aesthetic 
importance as a design project.

13. Roofing materials selected should be resistant to the solar radiation, considerable 
temperature variations as well as load of wind, snow and hail.

14. Roof structure should be removable.

15. Stone surfaces should have minimum intervention due to imperfection of stone 
treatment in long term.

16. 
At the moment, only the shades which are in danger of loss and granular 
disintegration areas can be treated with stone consolidants after laboratory and 
site experiments and their compatibility and durability testing.
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3. Structural analyses and seismic checks
(Gaetano Germani)

3.1 Scope

The North-West wall of the temple is 
hazardously inclined by the time; to avoid 
any likely sudden collapse of this due to any 
accidental vibration, a temporary steel sup-
port structure is planned to be placed in.

One of the most serious cause of in-
duced vibration is the earthquake, there-
fore firstly seismic forces will be computed 
and in a second analyses the wind loads 
acting on the wall will be determined ac-
cording to Turkish Standard TS 498 and 
relevant design analysis will be carried con-
sidering the worst load cases. 

3.2 Structural Analysis of Steel Truss 
Structure foreseen to Support North-East 
Wall

Ref: Specification about Buildings to 
be Constructed in the Earthquake Zones – 
Published by Ministry of Public Works and 
Settlement of Turkish Republic (2007)

Spectral Acceleration Coefficient: 
A(T)=A0 * I * S(T)

The city Ankara where August temple 
is located on a small hill is at 4’th seis-
mic zone in Turkey (see attached Turkey 
Earthquake Map).

Effective Ground Acceleration Coefficient 
A0= 0.1 (Table 2.2 of the reference)

Building importance coefficient I=1.0  
(Table 2.3 of the reference)

Spectrum Coefficient: (Equation 2.2 of the 
reference)

S(T)=1+(1.5 *( T/TA)) (0 =< T =< TA)

S(T)=2.5  (TA < T =< TB)

S(T)=2.5 * (TB/T)0.8  (TB<T)

Spectrum characteristic periods TA, TB 
are determined from table 2.4 of the refer-
ence, depending on the local ground class 
taken from table 6.2 and ground groups 
from table 6.1 of the reference. 

Basing on paragraph 6.2.1.3, consid-
ering the hill where the temple is located 
the stiff clay of Ankara and the age of the 
standing walls in temple the ground class 
is determined as (B) and local ground class 
as Z2 and consequently TA=0.15 sec. and 
TB=0.40 sec

According to paragraph 2.6.2 of the 
above reference, in the earthquake zones 3 
and 4 for all kind of structures which height 
H<40 m, while doing structural computa-
tions equivalent earthquake load method 
can be used (see table 2.6). Therefore static 
linear analyses were carried on for struc-
tural computations. The steel structure de-
sign is done according to Eurocode 3-1993 
steel section check.

3.3 Computation of earthquake loads acting 
on the wall

According to equivalent earthquake 
load method, equivalent earthquake load 
(the bottom shear force) Vt is:

Vt=W*A(T1)/Ra(T1)>=0.1 * A0 * I * W

The steel structure designed to support 
the wall is composed of modulus having 
0.9 m width 0.9 m depth and 0.73 m height, 
therefore the wall also has been modeled as 
a unique shell subdivided into 11 slices hav-
ing 0.9 m width and 15 imaginary layers. 
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The unit weight of the wall is taken as : γw=22 
kN/m^3
The modulus of Elasticity of the wall is com-
puted using equation 5.2 of above ref.
Ew=200*fd 
Computed: Ew= 120000 kN/m^2
The wall height is H=10.95m
The computed weight of 0.9 m long wall is: 
W=183 kN

First vibration period (T1) computed accord-
ing to equation 2.11 is: T1=0.328 sec

As long as: TA<T1<TB:   S(T1)=2.5

Ra(T1) Earthquake load reduction factor is 
determined using equation 2.3 and table 2.8 
as: Ra(T1) =R=4
Spectral acceleration coefficient for first vi-
bration period is: A(T1)=A0 * I* S(T1)
 A(T1)=0.1 * 1.0 * 2.5=0.25
 Vt= 183 * 0.25 /4=11.44 kN

The loads acting along the height of the 
wall are distributed to 15 equally distant 
(0.73m) points. (see Computation Table 1).

For 0.9 m long wall equivalent earth-
quake loads acting along the wall are:

Height  Equivalent    
of wall  earthquake loads:
(m)  (kN)

See the model with loads acting on it:

The earthquake loads of the steel structure 
itself were also computed :
The weight of the steel structure is:   W=179 
kN
The computed earthquake loads are applied 
on each joint of the structure at both global 
directions: X and Y.

3.4 Steel structure

The floor is covered with a steel grid 
made of HEB 200 Steel profiles laying on 
15 cm thick lean concrete and over the grid 
a layer having 80-100 cm thickness made 
of natural stone will be covered. 

Steel structure is composed of modulus 
of rectangular prisms 0.9*0.9*0.73(height) 
made of hot deep galvanized steel pipes. 
The structure which will sit on the steel 
grid, has a T shape standing on two feet 
with dimensions 1.8 m * 3.6m, on top the 
total length of the arms of T is 10.8 m and 
the width 9.9m (see following sketches). 

 
On top there are 11 cantilever ele-

ments: Rectangular steel tube profiles :3.5 
mm*150mm* 100mm   St 37.

The eleven cantilevers arms are joined 
with transversal beams and wind crosses 
made of:L50*50*5 steel profiles St 37 . (see 
following sketches). 

The T shape structure in the direc-
tion of the arms of T is tightened by f 16 
mm pre-tensioned 8 steel cables. 

 The cables have to be pre-tensioned by 
-0.1 % strain each.

10.95 1.505
10.22 1.325
9.49 1.230
8.76 1.135
8.03 1.041
7.3 0.946
6.57 0.852
5.84 0.757
5.11 0.662
4.38 0.568
3.65 0.473

2.92 0.378
2.19 0.284
1.46 0.189
0.73 0.095



452

Giuliano Rossi

3.5 Neoprene lateral supports:

Between the wall and the structure 
neoprene pads having sizes 0.6 m * 0.6 m 
thicknesses changing between 0.15 m and 
0.35 m (The sizes of each neoprene pad 
will be given in the execution drawing. The 
physical characteristics of the neoprene are 
given below:

- Shear modulus: 0.0272 MPa
- Poisson ratio: 0.499
- Density: 9 kN/m^3
- Young modulus: 0.0815456 MPa = 
81.5456 kN/m^2
- Bulk modulus: 13.59093 MPa
- Incompressibility parameter: d = 
0.147156928

3.6 Determination of the members of the steel 
truss

In the first model attempt, all the mem-
bers of the rectangular modules were con-
sidered by the following elements:

Vertical elements (fsec 4) 1 ½” steel 
pipe St 37

Vertical diagonal elements (fsec 3) 3/4” 
steel pipe St 37

Horizontal elements (fsec 1) 1” steel 
pipe St 37

Horizontal diagonal elements (fsec 2) 
3/4” steel pipe St 37

However, the steel structure design 
checks shown some failures (see following 
sketches); consequently a second model 
was introduced in which the vertical ele-
ments, at the bottom layer, were increased 
to steel pipe φ4” St 37.

The upper layer vertical elements were 
increased to steel pipe φ 2 ½” St 37 and in 
the third layer from the bottom, the verti-
cal elements were chosen as to steel pipe φ 
2” St 37.

3.7 Displacements of the supported wall 
under earthquake loads:

Two similar models have been sche-
matized to run under opposite direction 
earthquake loads: 

1-Earthquake loads in South-East di-
rection (towards steel structures)

Displacement of top of the wall is 4.47 
cm, besides the steel structure displacement 
is only 0.38 cm. The displacement difference 
is compensated by neoprene pads.

Under the same loads without any sup-
port the top of wall is displacing about 49 
cm (see below sketches).

2-Earthquake loads in North-West di-
rection (towards cantilever)

Displacement of top of the wall is 3.36 
cm, besides the steel structure displace-
ment is only 0.25 cm the displacement dif-
ference is compensated by neoprene pads. 
The cantilever displacement is 0.99 cm 
(see following sketches).

Under the same loads without any 
support the top of wall is displacing 
about 49 cm (see below sketches).
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Earthquake loads acting on the wall towards cantilever (in 3D View).

Displacement of the supported wall under earthquake load in South-East direction.
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Displacement of the wall without any support under earthquake load in South-East direction.

Displacement of the supported wall under earthquake load in North-West direction.





458

Giuliano Rossi

(the southwestern part of the is quite well 
supported by the transversal portal wall).

3.8 Analyses carried out on both walls

Firstly, the previously considered steel 
truss structure was prolonged by the up-
per girder and a second cantilevered arm 
was provided at the side of the South-West 

Wall (see below sketch.). Under those cir-
cumstances, the vertical members at the 
bottom part of the truss structure failed 
(see following sketches).

The structure has been modified to 
have cantilever arms to hold both walls.
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The structural analysis on the steel 
structure shown the failure of 18 members. 

The failed members are the fol-
lowing ones: 4333, 4338, 4343, 
4344, 4349, 4354, 4355, 4360, 
4365, 4366, 4371, 4376, 6181, 6178, 

8351, 8348, 8712, 8715 (see attached file, 
sheet “steel PMM-Euro-code 3-1993” for 
design results and acting forces on the 
members). In this analysis, loads are acting 
to South-East direction, it means towards 
the steel structure (critical load condition). 

The same analysis has been run with the 
lateral loads (earthquake) acting to North- 
West direction, it means towards cantilever 
(less critical load case, because the wall is 
inclined in opposite direction). Under this 

loads condition, four members have shown 
failures, these are: 1264,1275,1280,0285 
(see attached excel file sheet “steel PMM-
Euro-code 3-1993” for design results and 
acting forces on the members).
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As improvement, it has been assumed 
to change the geometry of the structure 
instead of trying to find suitable resistant 
sections for those elements, which due 
to overstress, failed. By this solution two 
direct advantages come out too: 1) the 
strained cables, which would require con-
tinuous tension control during the life of 
the structure, can be eliminated; 2) the 
additional 1 meter sized stone/concrete 
blocks, which were foreseen on the foun-
dation as counter weight for pre-stressing 
the cables, becomes also not needed and, 
therefore, can be are eliminated. 

The new shape of the steel structure is 
as shown below.

By this new configuration all the struc-
tural elements fall within acceptable work-
ing conditions (no structural failure), be-
sides the very bottom vertical elements 
becomes 2” steel pipe instead of 4”. 

Total weight of the steel truss is in-
creased from 20 tons to 26 tons. Pre-
stressing strands and stone/concrete 
blocks are not necessary anymore. 

This is the solution that it is deemed the 
most suitable, safer and easier to maintain. 

The drawings and details will prepared 
upon to the final decision of the solution 
chosen. 




