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Abstract. The object of this study is the development of a structural precast system for a su-
permarket chain in order to have the same quality of product construction all over Greece 
regardless of its application site and independently of the area seismicity. The dimensions of 
one typical storey building was approximately 50.0x25.0x0.50 (AxBxH m). The  load bearing 
structure of the building consists of columns restrained in the foundation with special anchors 
or Koecher – Foundation. Between the columns were placed double-walls (precast Sandwich 
panels) with insulation and for the earthquake resistance some walls placed in certain posi-
tions along the external perimeter. These walls were designed by special connections with the 
foundations and columns in order to achieve restrain. The panels were connected on the top 
with beams by hinges (so called Dual Type), define as the combination of structural walls and 
frames. It is well known that precast concrete structures generally provide poor performance 
in earthquakes and the existing codes do not provide adequate guidelines for the designing of 
prefabricated  structures so it is very important that the modeling of such structures must be 
very precise in order to be able to make the design of the connections. The structure was cal-
culated with linear and finite surface elements (3d- modeling) by taking in mind every pecu-
liarity of the building. Slab is acting as diaphragm. The seismic behavior was calculated 
according to the Dynamic Spectral Method (Norm: EC8). Seismic Behavior Factor q=1.5. 
Specially calculated and designed connections between the elements (columns- walls, column 
– beams, column/ wall – foundation, metal structure – concrete elements) is giving the ability 
to the system for uniform action. 
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1 INTRODUCTION 
The scope of this paper is the development of an earthquake-resistant [5] prefabriced struc-

tural system that may be implemented in all stores of a large food supermarket chain, main-
taining the same structural quality regardless of the installation area and its seismic activity. 

Due to the particular nature of the structural system, the creation of an accurate calculation 
model that takes into consideration the method of connecting the different structural elements 
is a crucial factor in the investigation of an optimum solution. The results of the analysis, in 
combination with a good knowledge of the features and properties of connecting materials 
(quality, resistance, etc.) may then make the basis for the proper implementation of the con-
struction. 

2 DESCRIPTION OF THE BUILDING AND BEARING STRUCTURE 
The aforementioned stores have a typical floor plan measuring 50.00 X 25.00m and have a 

height of approx. 5.50m; they consist of two main areas:  a) the retail area, 18 or 22m wide 
and b) the storage area with a width of approx. 6.50m. The final dimensions and the configu-
ration of any offsets on the plan are determined based on the architectural requirements and 
the position of the loading ramp on the site. It is noted that the store entrance is marked with 
an L-shaped canopy (bottom left of the floor plan in Figure 1). 

               
Figure 1: Floor plan (left) and section (right) of a typical store 

The load bearing structure of the building consists of prefabricated reinforced concrete 
columns and beams. Between the columns were placed double-wall (precast Sandwich panels) 
with insulation and for the earthquake resistance some walls placed in certain positions along 
the external perimeter. The roof of the retail area is covered by means of large trusses made of 
structural steel with a span of 18 or 22 m, while the storage area is covered with prefabricated 
reinforced concrete one-way slabs. The foundation is made of cast strip footings equipped 
with specially configured sockets where the prefabricated columns are fixed (anchored) or, 
alternatively, with custom elements where the columns are bolted. The beams are connected 
to the columns by joints and designed to bear the vertical loads of the steel structure and par-
ticipate in the transfer of the roof’s seismic loads to the columns and walls.  

3 SIMULATION MODEL  
The simulation of the carrier is performed using a 3D model, where the system’s structural 

elements are simulated as linear and surface finite elements [4] with their exact geometric fea-
tures. A diaphragm action is simulated on roof level (invariable relative distances of the col-
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The infilled walls are connected to the strip footings, at their bottom, and to the beams, at 
their top edge, by joints. The simulation of these connections assumes a bound displacement 
only along the connecting surface of the different structural elements (Vy = Vz = Mx = My = 
Mz = 0). Moreover, the connection of the wall with the columns is assumed as a joint blocked 
the displacement only in the direction transversal to the interface of the different elements (N 
= Vy = Mx = My = Mz = 0). The following diagrams show the envelope results for the cross-
sectional loads, where we assume only the loads n-x, D along the connecting surface for the 
connection of a infilled wall with the foundation, and only the loads n-x transversal to the 
connecting surface for their connection with the columns. 

                

Figure 5: Design envelope for load on the infilled wall-foundation (left) and infilled wall-column (right) connect-
ing surfaces 

In relation to the earthquake-resistant (shear) walls (marked blue in Figure 2), the same ap-
ply for their connection to the roof beams as in the case of infilled walls, but at their connec-
tion to the strip footing, the joint receives only loads in three axes (Mx = My = Mz =0). The 
joint connections of the earthquake-resistant (shear) walls with the columns vary depending in 
different site locations, as these depend on the seismic risk zone. For instance, in zone I with a 
horizontal ground acceleration A=0.16g, the joint must only receive the force that is transver-
sal to the structural elements’ interface (N = Vy = Mx = My = Mz = 0), contrary to the other 
zones where the joint must additionally receive the force parallel to the connecting surface of 
the different structural elements (Vy = Mx = My = Mz = 0).  

The following Figures 6 and 7 show the envelope results of the cross-sectional loads for 
the connection of the earthquake-resistant (shear) walls with the foundation and the columns, 
where n-y signifies the loads tending to separate structural elements (i.e. Vy in Figure 3) and 
n-x signifies the corresponding loads transversal to the connecting surface (i.e. Vz in Figure 
3). Figure 8 below shows clearly loads n-y appearing only on the earthquake-resistant wall. 
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Figure 6: Design envelope for ‘n-y’ load perpendicular to (left), and ‘n-x’ load envelope transversal (right) to the 

connecting surface between earthquake-resistant (shear) wall - foundation 

                  

Figure 7: Design envelope for ‘n-y’ load vertically (left) and ‘n-x’ transversely (right) of the connecting surface 
between the (earthquake-resistant) shear wall –column 
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Figure 10: Design envelope for load at the connecting surface between infilled wall and beam 

With regard to the loads stressing the structure, vertical dead and live loads are taken as 
static loads, and the dynamic spectral analysis is applied for seismic loads as per EC8 / Na-
tional Annex [3]. The dynamic features are determined by modal analysis, and a design spec-
trum acting in three dimensions (two horizontal and one vertical) is introduced. In the 
spectrum, the horizontal ground acceleration is Α=0.16g or 0.25g or 0.36g, depending on the 
location of the store; the behavior factor of the structure is taken as q=1.50. The calculation is 
performed for the modes in which 90% mass participation is achieved in every direction, 
which requires 23 modes in this particular model, a rather large number resulting from the 
modular connections of the infilled walls with the columns. 

The calculation is performed for load combinations determined in accordance with Euro-
codes EC1/EC3, taking into consideration EC8 / National Annex, while the loads cases [1] 
participating in the combinations are the follows: a) LC1: self weight of the structure, b) LC2: 
dead load of the slab, c) LC3: additional dead load of the slab (HVAC), d) LC4: dead load of 
the canopy, e) LC5: dead load of the trusses (point loads on columns), f) LC6: live load of 
slab, g) LC7: live load of canopy, h) LC8: live load of trusses, i) CΑ1: seismic load on X-axis, 
j) CΑ2: seismic load on Y-axis, and k) CΑ3: seismic load on Z-axis. The schematics of the 
three main modes are shown below, as they result from the calculation of the structural model. 
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4 STRUCTURAL DETAILS 
The proper implementation of connections [6] is particularly important in prefabrication 

systems, in order to properly block displacements, according to the calculation model de-
scribed in detail in chapter 3. 

The columns are restrained on the strip footings by use of preconfigured encasement pock-
ets (koecher); wherever this solution is not viable, the columns are restrained using special 
anchor bolts that are standardized and certified for use to receive specific loads. 

Figure 14: Fixed support of columns by means of pockets (left) and anchor bolts (right) 

The sandwich-type walls provide full thermal insulation. They consist of three layers, the 
outer skin, 7 cm thick with an Ø8/20 steel mesh, the inner skin, 30 cm thick with an Ø12/20 
rebar grid, and the 5 cm thick thermal insulation between the two skins. The inner skin is 
connected with the outer skin by means of special stainless pieces able to transfer their self 
weight, wind pressure loads and seismic loads to the inner skin. 

 

 
Figure 15: “Sandwich”-type wall: Elevation and typical sections 
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Depending on their load bearing role, the walls are distinguished as infilled walls and 
earthquake-resistant (shear) walls; their connections to the remaining structural elements is 
accordingly arranged. Infilled walls are connected with joints to the strip footings with the use 
of special reinforced dowel sleeves on the bottom of the walls, which fit in specially confi-
gured cavities in the strip footings in order to be able to receive loads point out during the 
analysis; on the other hand, they are connected with the columns by means of anchoring 
channels, bolts and L shape steel plates (for the bindings achieved with such connections, see 
chapter 3). 

 
Figure 16: “Sandwich”-type wall: Connections of packing wall with strip footing and column 

The connection of earthquake resistant (shear) walls to the foundation is provided by spe-
cial anchor bolts at 2 points of the walls’ bottom, which are placed in the strip footing before 
the concrete is poured. This type of connection is dimensioned for compression and tensile 
forces resulting from seismic combinations (Figure 6). The connection of earthquake (shear) 
walls with columns for seismic risk zone I (A=0.16g), as mentioned in chapter 3, matches the 
connection implemented on infilled walls. On the contrary, for the other connections, the col-
umns are equipped with special casings with rebend starters, toothing in transverse direction 
for optimal force transmission and for exposure to longitudinal shear forces parallel to the 
joint (Figure 19) in order to achieve connection and cooperation between walls and columns 
in receiving the loads. 

1478



 

Figure 1

Figure 1

 

Fi

 
 
Upon

with the
column 
to recei
connect

17: Sandwich”

8: “Sandwich

igure 19: Con

n completio
e horizontal
joints, pins

ive the cros
ted to the co

”-type wall: C

h”-type wall: C

nection betwe

on of the c
l elements o
s are implem
ss-sectional 
olumns by u

An

Connection bet

Connection be
tion

een shear wall

connections
of the struct
mented on t
loads of th

use of specia

ndreas P. Chris

tween earthqu
plan) 

etween earthqu
ns, see Figure

l and columns

of vertical
ture, i.e. wit
the column
he joint. M
al incorpora

stou  

uake-resistant

uake –resistan
 17) 

  

s using special

l structural
th beams an

ns to fit in h
oreover, the
ated cast-in 

(shear) wall a

nt (shear) wall

l casing reben

elements, 
nd slabs. At
holes inside 
e bottom si
channels. 

 
and strip footin

 
l and strip foo

nd starters (righ

they are co
t positions o
the beams 

ide of the b

ng (floor 

ting (sec-

  

ht) 

onnected 
of beam-
in order 

beams is 

1479



Andreas P. Christou  

 

 

Figure 20: Beam-column joint connection 

The storage area roof is laid with 7 cm thick one-way preslabs; during the assembly, these 
slabs rest on a 4 cm wide support zone on the wall of each side, while their starter bars are 
anchored through the entire width of the beam. Apart from the rebar mesh, latticed girders as 
well as connector bars are factory incorporated wherever it is deemed necessary (in order to 
create hidden beams within the storage roof slab, additional reinforcement areas around slab 
holes etc.). A top rebar mesh is added on-site and an 18 cm thick layer of concrete is poured 
to achieve a final slab thickness of 25 cm. The connection between preslab-wall (with hidden 
beam)-column in the storage area is considered monolithic, due to the on-site concrete pour-
ing procedure. The beam-column connection near the aforementioned slab is implemented 
using special stud connectors placed at the system points where concrete is poured in order to 
achieve monolithic connection. 

 

Figure 21: Formation of preslab near the hidden beam 
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Figure 22: Beam-column monolithic connection near the slab 

5 CONCLUSIONS 

• Except for linear, surface elements may also be implemented in prefabrication structural 
systems. 

• Modeling the structure model and particularly the connections between structural ele-
ments, as well as matching the results to the construction are the determining factors for a 
complete construction design of prefabrication projects. 

• Due to the particularity of the construction, numerous different structural elements and 
variety of connection types and materials, the creation of a reliable calculation model is a 
quite strenuous task. 

• The prefabrication method may be the ideal solution for mass construction of standard 
buildings in any location, irrespective of the seismic activity of the area. 

• Prefabricated walls can be applicable in strengthening existing buildings. 
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