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1 INTRODUCTION 

The site  of archaeological excavations of the ancient town at 
Akrotiri of Santorini island is actually covered by a temporary 
system of shelter roof and a new hangar has already been de-
signed as a final structure, providing both the assurance of a 
permanent protection to the valuable findings and the possibility 
of relatively easy extention of the excavations site. For the con-
struction of the peripheral to the excavation site walls, the sys-
tem of reinforced by geogrids walls was selected as the techni-
cally most adapted to the project obligations and cost-effective 
solution since it combined the following advantages: 
− Immediate adaptability of the final vertical faces to the spe-

cific environment according to the implications of the exist-
ing rules and the architectural design. 

− Best response to the high earthquake accelerations imposed 
by the Greek Regulations for volcanic areas on flexible geo-
walls instead of on rigid concrete structures. 

− Reversibility of the retaining method (e.g. easy demolition of 
parts) for future extension of archaeological excavations. 

− Use of site recovered granular material (volcanic ash) that 
supplied an acceptable friction and interlocking with the 
geogrid. 
The vertically sloped proposed geo-walls had a variable 

height (2 ÷ 7 m) and their longitudinal form was polygonal, 
reaching a total length of  750 m. Prior to the Client's approval of 
the conceptual design of those geo-walls, a special pilot project 
part had to be realised to verify the efficacity of the initial pro-
posal, the design and parameters adopted for the geo-walls, the 
choice of compaction degree and the excavation technique 
within very sensitive neighbouring archaeological findings ex-
cluding vibrations or use of large amount of water. The pilot pro-
ject was loaded on top up to 160 KN/m2 permanent load and 
monitored, proving the conceptual design adequacy. 

2 BACKGROUND INFORMATION - DESIGN 
PARAMETERS 

2.1 Geotechnical properties 

The island of Santorini consists of volcanic and pyroclastic rocks 
which are covered by successive layers of volcanic ash and sand-

gravelly deposits. The granulometry of  the volcanic ash material 
is equivalent to a well graded silty sand (SM) with the critical 
properties presented over Table 1. This material has been used 
for  the construction of the geogrid reinforced walls. 

Table 1. Critical properties of volcanic ash backfill. ____________________________________________________
Property Nomimal value ____________________________________________________
Fines percentage 16 - 28% 
Plasticity Non Plastic 
Specific Weight 2.34 - 2.39 gr/cm3

Maximum grain diameter (pumice gravels) 50 mm 
Modified Proctor dry density  1.42 gr/cm3

Best natural moisture content 16.5 % 
Effective friction angle ´ = 25° - 35° 
Effective cohesion c´= 5 - 20 KPa ____________________________________________________

2.2 Geogrids 

The selected geogrids for the reinforcement of geo-walls refered 
to high density polyethylene, involving two different tensile 
strength primary reinforcement with nominal values of 80 KN/m 
and 40 KN/m and one secondary reinforcement with nominal 
strength of 20 KN/m to be placed at the intermediate elevations 
among primary reinforcement. The permissible working load of 
primary reinforcement for a nominal value of 80 KN/m was 20.4 
KN/m and for a nominal value of 40 MN/m was 12.4 KN/m. 

2.3 Sismic risk 

The area of Santorini corresponds to a high seismic risk area ac-
cording to the existing Greek Specifications with a maximum 
design coefficient of e = 0.24 g. As such, the anticipated seismic 
deformation on the retaining geo-walls was calculated at 48 mm 
at the top. Earthquake design was performed according to the 
pseudo-static method using the Mononobe - Okabe method. 

3  DESIGN OF GEO-WALLS 

The design of reinforced earth walls involved two main stages: 
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− Preliminary design based on the method of Institut fur Bau-
technic especially adjusted for ge grid reinforcement and its 
assessment by the special pilot project. 

− Final design and stage III check by the Technical Consultant 
based on the "Department of Transport Advice Note HA 
68/94" and realised by the computer code GCG Reactiv Ver-
sion .6, cross checked by the computer code TALREN 97 
Version .2 (Terrasol) at the National Technical University of 
Athens. 
The design principles of the geo-walls included the consid-

eration of a purely geotechnical first stage (where soil pressures 
of retained soil are calculated on the reinforced earth system) 
and the structural second stage. During the second stage, the 
bearing capacity of the combined backfill - reinforcement system 
is calculated, according to the theory that the acting forces are 
relieved by the reinforcement geogrid elements. The backfill 
layers between the reinforcing geogrids are retained by the soil 
arching effect developed between the successive geogrid layers. 
To better assist this function, taking also into consideration the 
mostly cohesionless nature of the volcanic ash backfill, secon-
dary reinforcing geogrids in those zones were also foreseen for 
the stability design. 

The design method was based on limiting equilibrium of a 
two-part wedge mechanism (Fig. ) with a vertical interwedge 
boundary and a vertical slope induced by  = 90°. 

Figure . Two part wedge failure mechanism for inclined slope. 

The foundation soil of the geo-walls consisted mainly of a 
pyroclastic rocky material, with a variable cementation degree. 
The critical shear parameters of the reinforced fill zone, backfill 
and foundation are recapitulated in Table 2. 

Table 2. Shear design parameters. ________________________________________________________
Soil type  c´  ´cv  Unit weight 
 (KN/m2)  (degrees)  (KN/m3)________________________________________________________
Reinforced fill     5.00 25.00 20.00 
Backfill     5.00 25.00 20.00 
Foundation 00.00 35.00 22.00 ________________________________________________________

The front geo-wall facing was designed to be vertical, accord-
ing to the general design assumptions presented furtherbelow 
(Fig. 2). Due to the anticipated relatively high deformation 
within the selected backfill of the reinforced soil mass, the soil 
parameters adopted for the design conformed to the critical state 
condition, with a maximum value of effective cohesion not lar-
ger than 5.0 KPa. 

Figure 2.  Design principles of  Geo-walls stability. 

The allowable geogrid tensile load was determined by divid-
ing its nominal short time strength by three reduction factors : 
− Creep and connection strength factor A  = 2.30. 
− Installation dammage factor A2 = .07.
− Calculation safety factor A3 = .75.

As such, a generalised safety factor of 4.30 was adopted for 
the geo-walls design, taking also into consideration the following 
interaction coefficients :  
− Pullout  f  = .00
− Sliding  f2 = 0.80 

Intermediate geo-walls sections were analysed with final 
height ranging between 2.0 m and 6.5 m involving two types of 
primary reinforcing geogrid and one secondary reinforcing 
geogrid. The primary geogrids length varied between 2.40 to 
4.40 m distanced at 0,50 - 0.60 m elevations, while the secon-
dary reinforcing geogrids were placed in-between with a length 
of .00 m. The wrap - around anchoring length was .0 m for the 
primary geogrids. 

4 CONSTRUCTION 

The construction stage of the geo-walls lasted approximately 2
months due to the very complex polygonal form of the exterior 
face, creating successive rectangular corners at relatively short 
distances to fulfil the necessities of the architectural and archaeo-
logical design. 

The initially constructed pilot geo-wall that was followed by 
a load-test eight times higher than the function stage on the top 
of the experimental embankment had a vertical facing and be-
haved correctly according to the anticipated design criteria. 

The construction of the final geo-walls involved the follow-
ing interesting points :  
− The vertical facing of the geo-walls was shaped by means of 

jutta bags filled by volcanic-ash material and placed in an odd
and even way on right angle corners assuring thus the best 
possible adhesion (Fig. 3). 
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PLAN VIEW
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Figure 3. Details for geo-walls facing system. 

− The transport of geo-walls backfill material was performed 
by special small tamper lorries of 1000 kgs potential each, so 
that the least disturbance to the surrounding structures is 
provided. 

− The volcanic-ash backfill was proved very sensitive to 
moisture content changes and several layers (especially in the 
beginning of the construction stage) initially failed in 
obtaining the prescribed site density of 95% of the Modified 
Proctor Test. Site strict supervision obtained better efficacity 
with checking moisture deviations not larger than ±2%. 

− The friction characteristics of the system geogrid 
reinforcement - volcanic ash backfill were proved of much 
higher quality than the design anticipated values. This fact is 
probably due to the excellent interlocking effect between the 
selected type of geogrid and the grain-size of the  volcanic 
ash used for the geo-walls. 

− The layer thickness of the backfill after compaction was set at 
0.30 m, since the internal stability design of the geo-walls 
asked for 0.60 m vertical distance of primary reinforcement 
and 0.30 m distance of secondary reinforcement. A typical 
designed section of 6.5 m height is presented furtherbelow 
(Fig. 4). 

− The final facing of the wall consisted of a specially graded 
mortar laid manually with horizontal slots. The mortar mix 
included a 60 - 70% percentage of the same volcanic ash so 
that the final aspect of the face gives the same impression to 
the vertical slopes of volcanic ash that are gathered around. 

− Monitoring of displacements and settlements showed that the 
initially anticipated deformations were approximately 5 times 
larger than the ones finally measured on site. To assess this 
effect, special boreholes with pressuremeter site tests 
determined that the obtained modulus of elasticity due to the 
compaction of the geo-walls material was nearly double the 
initially considered value for the design. 
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Figure 4. Typical section of geo-wall. 
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5 CONCLUSIONS 

The choice of geogrid reinforced geo-walls for a multidiscipli-
nary project related to archaeology and anticipating an extremely 
long life - period which had to be geotechnically assessed, al-
lowed for the most cost -effective and technically correct solu-
tion that satisfied all partial demands for the design. The pleasant 
final aspect of the geo-walls combined to the reversibility of the 
proposal and the proved engineering design created the basis for 
other similar projects to be realised adopting the same technique. 
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