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SUMMARY

Following a major revision to the seismic zoning of Antalya in Southern Turkey, it was decided
that the existing international terminal building at Antalya should be upgraded to provide a seismic
performance at least as good as that required by the new regulations. However, this upgrading had
to take place with minimal disruption to the continuing operation of the terminal, which is one of
the busiest in Turkey, handling 13 million passengers a year. After extensive studies, it was
decided that the optimal solution was to introduce seismic isolation bearings under the entire
building, with an isolation plane at 1.2m above ground level. In order to effect this, the columns
were temporarily propped, and sections of columns cut out at this level, into which lead rubber
bearings were then inserted. In all a total of 341 lead rubber bearings were used, supplemented by
some pot and sliding bearings. Despite this method being used for the first time in Turkey, the
seismic retrofit was successfully completed on time without interruption of operations within the
terminal.

1.

INTRODUCTION

Antalya International Terminal Building 1 is one of the busiest airport terminals in Turkey (Figure 1). Although
it had been designed for five million passengers per year, 12.5 million passengers used the terminal building in
2004. Most of these passengers travel between May and October which makes the terminal even more congested
in that period. The terminal building was completed in 1998 as an in situ reinforced concrete structure. The
structural design was done in 1996 based on the 1975 Turkish Earthquake Code which was valid during the
period that the building was under design. However, the Turkish Earthquake Code underwent a major revision
both in philosophy and application, which became effective on 1st January 1998. Earthquake loads were
increased depending upon the type of building from 2 to 6 times. In addition to this in the new seismicity maps
attached to the code, the zone factor for Antalya was increased from Turkish zone 4 at time of construction
(seismic coefficient = 0.1) to Zone 2 (seismic coefficient = 0.3). In view of the importance of the building, it was
decided that the building should be upgraded to provide a seismic performance at least as good as that required
by the new regulations.
Two organizations undertook the assessment of the terminal building to the 1998 code. Firstly, BELIRTI
Engineering Company performed a detailed investigation of geotechnical conditions at the site and as-built
material properties throughout the building. There were slight differences from the design condition, as detailed
in the report [Belirti, 2003]. Secondly, ERALKO Engineering Company performed a structural analysis using
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the as-built material properties and requirements of the new regulations and seismic zoning map. As a result of
this assessment, all deficiencies of the building, when checked against the new regulations, were identified. In
the second step, it was shown that the unmodified building would not satisfy the 1998 Code.
A number of retrofit options were investigated, using the data generated by the initial studies. The goal was to
find an economical solution, which could be practically implemented and also achieve a high performance level
to ensure operational capability safety after a major earthquake, by protecting both structural, electromechanical
and architectural elements. In implementing the solution, there was a need to keep the very busy terminal
building open during construction, with minimal interruption to its operations and no impact on the safe transit
of passengers.

Figure 1: Photograph of Antalya International Airport Building
Jacketing solutions were found to be unable to provide the required 3 fold increase in lateral strength.
Introduction of shear walls was found to be too disruptive to the continuing operation of terminal building. After
all investigations, the optimal solution was identified as seismic isolation. In the structure, there is no basement
or an accessible sunken storey; for this reason, Lead Rubber Bearings (LRBs) were introduced at 1.2m above
ground level. LRBs are a combination of a laminated natural rubber bearing with a lead plug insert. Seismic
isolation combined with limited strengthening of the superstructure was therefore adopted, since it met the
stringent performance requirements, while enabling the airport to continue operating during construction.
The work was undertaken as a design & build contract by ERSE Construction Company with the retrofit design
being undertaken for the contractor by GAMB, consulting engineers of Istanbul. Prof Yilmaz of Middle East
Technical University, Ankara was appointed to review all design and construction work of the project and was
also employed as approval authority by the client, Antalya Airport International Terminal. Parsons Brinckerhoff
Ltd was engaged by the client to undertake an independent technical audit of all design and construction work,
including all structural, mechanical & electrical and architectural aspects. In this audit process Parsons
Brinckerhoff Ltd was assisted by Edmund Booth Consulting Engineer.
2.

DESIGN OF SEISMIC RETROFIT

2.1 Description of airport terminal building
The lateral load resisting structure comprises in situ reinforced concrete moment frames and shear walls on pad
foundations. Most of the slabs are made from precast elements with an in situ topping. There is no basement.
The roof is formed from a steel space truss. The building has a footprint area of about 23,000 sq meters and rises
to a height of 18m above ground on up to 3 levels. The building is divided into five main sections separated by
expansion joints. To indicate the structural geometry, Figure 2 shows a schematic layout of the structure. The
total floor plan area of the terminal building is 55,000 sq meters.
The structure consists of 16 independent blocks (except for the foundation system, which is integral). The blocks
are separated from each other by 5 cm wide expansion joints. In plan view, the building is in the form of a letter
“T”, and two main groups of block can be distinguished: A-B-C group which forms the upper part of the “T”
(A1, A2, B1, B2, B3, C1, C2 blocks), and D-E group forming the web of the “T” (D1, D2, D3, E1, E2, E3, E4,
E5 and E6 blocks).
Blocks A, B and C form a rectangular shape and cover an area of 55.5m×253.5m at ground floor level. Blocks D
and E form a combination of a rectangle and semi circle, and occupy 92.5m×131.25m. Storeys are generally at
4.09, 4.89, 5.69 and 13.99 meters height above ground level.
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In blocks A, B and C, each block is bounded by two perimeter elements (Figure 2), with different framing
arrangements and numbers of storeys. The space truss roof spans 30 meters between the two perimeter elements
to form a full height central space. The parts are connected at their ends and also with a stair in B Block, as well
as by the roof truss. This connection between the parts was not a problem for the original fixed base design.
However, with the introduction of seismic isolation, out of phase displacements may occur between the two parts
and provision was therefore made for movement between them.

Figure 2: Schematic arrangement of the terminal building
2.2 Adopted retrofit scheme
The preliminary calculations revealed that with suitably sized lead rubber bearings and pot bearings together
with sliding supports, the maximum displacement would be in the order of 15 cm under the 475 year return
design earthquake. The seismic isolation plane was chosen at 1.2m above ground level, because of the lack of a
basement. The1.2 metre height was selected to minimize the flexural effects at the top of the column and
foundation after introduction of the isolation bearings.
In the lead rubber bearing (LRB), the rubber parts provide three main functions, namely vertical load
transmission, lateral flexibility (the low lateral stiffness resulting in an increase in natural vibration period of the
structure) and re-centering capability, while the lead plug provides damping by hysteretic energy dissipation and
high lateral stiffness at small displacements to limit deflections under wind loads and minor earthquakes. In
addition to the LRB’s, free sliding (POT) bearings and wall sliding elements (WSE) were utilized. All of these
devices are referred to as “isolation devices”. A typical LRB used in the project is shown in Figure 3.
The expansion joints in the original construction posed an issue for the chosen retrofit scheme, because with the
introduction of isolation bearings, relative movements between blocks greatly exceeding the original expansion
gap of 50mm were possible. Therefore, in the absence of other measures, buffeting between blocks could have
occurred in the design earthquake. The first proposal was to place seismic lock up devices across the expansion
joints to prevent buffeting. Seismic lock up devices are elements with high viscosity which allow very slow
movements due to thermal and other effects, but lock under rapid seismic movements. However, an effective
and much cheaper alternative was devised, which dispensed with the need for lock up devices. This involved
permanently linking columns just above and below the bearings (Figure 13). Relative movement between blocks
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at isolation level (i.e. 1.2m above ground level) was therefore no longer possible. However, no further concrete
shrinkage was expected, 7 years after construction, and the thermal movements near ground level were
anticipated to be small and unlikely to be of concern. Thermal movements at first floor and above were still
possible; however, buffeting at these higher levels was not anticipated, because the stiffness of the concrete
structure and the reduction in seismic loads due to the effect of isolation meant that relative movements were
calculated as less than the 50mm expansion gap. This solution proved effective and cheaper than using lock up
devices.
Architectural and Mechanical & Electrical elements crossing the isolation plane such as cladding, escalators,
glazing frames, drainage pipes, cables, fire hydrants and walls were modified to be subject to rather limited
damage in the design earthquake and to remain usable in case of earthquakes of smaller magnitude. Elements of
the building which are critical to the safe exit of occupants are designed to accommodate the full design
earthquake. While infill walls have been separated from the two columns on each side by sufficient displacement
capacity, they have been also separated from the floor slabs, eliminating the danger of falling off at many places.
Connection details for cladding and glazing frames were revised and new details implemented for providing
necessary separation to prevent damage in case of small deformations.

Figure 3 Typical Lead Rubber Bearing Cross Section
The LRBs were wrapped in ceramic wool fire insulation material to attain the same level of fire resistance as the
rest of the building. The fire performance achieved was documented and compared with the temperature
performance of the bearings reported by the manufacturer ALGA. This established that for temperatures at the
bearing surface of 70 0C the isolators could last for days, for 120 0C they could last for four hours but their
properties should be checked after the fire. For the case of 180 0C ambient temperature they would reach the
limit of their vertical load carrying capacity; however it was also reported that, even with no thermal insulation
and exposed to direct fire, they would retain their load carrying capacity for about half an hour.

3.

ANALYSIS

The use of seismic isolation for repair and strengthening of structures in Turkey is only recent. The Turkish
earthquake code does not currently contain any provision for base isolation. For that reason the Uniform
Building Code [UBC:97, 1997] was adopted as the reference code, to supplement the Turkish Earthquake Code.
3-D time history non-linear analysis was performed using 7 time histories scaled to match code spectrum, using
ETABS v8.3 Nonlinear computer code. Seismic isolators were modelled as non-linear elements, other structural
members as linear beam elements. The analysis was used to optimise the arrangement and number of different
isolator types.
3.1 Mathematical Model
The mathematical model given in Figure 4, as suggested in FEMA 356 [FEMA, 2000], was utilized with 12
different types of LRB and the values provided in Table 1 were used to determine the preliminary arrangement
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of isolators. Following the procedure suggested in UBC:97, the natural period was obtained as 2.74 secs, and the
design displacement as 14.4 cm.
The parameters used in the calculation according to UBC:97 are as follows:
•
•
•
•
•
•
•

Seismic Zone: Z=0.3 (A0=0.30)
Soil Class: S=SB (shear wave velocity, vs=800 m/sec>760 m/sec)
Independent of occupancy category, importance factor is I=1. (UBC1657.3)
Ductility factor, for the superstructure RI=2. (Later this was modified to R=1.875 according to IBC
2003), for the substructure R=1. (UBC1657.3)
Seismic mass, calculated from sum of dead and permanent loads and 60% of the live loads.
Total Seismic Mass of the Isolated Superstructure: m=65288 tonnes
Other seismic parameters were taken from the following sections of UBC:97: Table 16-I, 16-J, 16-Q,
16-R, 16-S, 16-T and Figure 16-3.

Kp: Post-yield stiffness
Ke: Elastic stiffness
Keff: Effective stiffness (is used to
model the isolator as linear)
Q: Characteristic strength
βeff : Effective damping (is used to
model the isolator as linear)

Figure 4 Typical LRB force-displacement behaviour from FEMA 356 [FEMA 2000]

Table 1 Characteristic values of isolators used for preliminary design
Name
EL25
LRB285
LRB350
LRB490
LRB580
LRB710
LRB770
LRB860
LRB895
LRB1019
LRB1340
LRB1835
LRB2040

Ke
[kN/m]
25
2850
3500
4900
5800
7100
7700
8600
8950
10190
13400
18350
20400

Kp
[kN/m]
25
285
350
490
580
710
770
860
895
1019
1340
1835
2040

Keff
[kN/m]
25
397.36
490.44
679.60
804.71
990.89
1068.44
1190.04
1242.60
1414.35
1859.64
2551.26
2833.5

Q
[kN]
0
16
20
27
32
40
42.5
47
49.5
56.3
74
102
113

βeff

Number

0
0.172
0.174
0.170
0.170
0.173
0.170
0.169
0.170
0.170
0.170
0.171
0.171

28
26
40
43
52
31
41
27
5
58
32
2
2

3.2 Time history analysis
Article 1659.4.2 of UBC:97 states that “Pairs of appropriate horizontal ground-motion time-history components
shall be selected and scaled from not less than three recorded events. Appropriate time histories shall have
magnitudes, fault distances and source-mechanisms that are consistent with those that control the design-basis
earthquake”. For this analysis, the 7 accelerograms given in Table 2 were selected. They were not in pairs but
applied in both x and y direction simultaneously after scaling. The scaling was done by taking the square root
sum of the squares (SRSS) of the 5 percent-damped spectrum of the accelerograms. The motions scaled such that

5

the average value of the SRSS spectra did not fall below 1.3 times the 5-percent damped spectrum of the design
basis earthquake (or maximum capable earthquake) by more than 10 percent for periods from 0.5 TD seconds to
1.25TM seconds. TD is the effective period at design displacement that is selected approximately 2.68 secs, and
TM is the effective period at the maximum displacement, approximately 1.10 times TD.
As an example, acceleration records of Kocaeli, Turkey of 1999 Marmara Earthquake was used to represent the
seismic intensity of the zone. Analysis was performed with two horizontal compounds of the selected
earthquake, acting simultaneously. On figure 7, both UBC spectrum (increased with multiplier 1.3) and Kocaeli
spectrum for 5% modal damping are compared. Kocaeli spectrum was obtained by square root of sum of the
squares of the two direction components. A scaling factor of 1.15 was found for the records using the procedure
described above.
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Figure 7 Non-scaled Kocaeli 1999 Acceleration Spectrum vs. 1.3x UBC Spectrum
3.3 Analysis results
Although in preliminary design, 12 different LRB types were utilized, this number was subsequently reduced to
5 types, to minimize constructional and production problems. As a result of this change, the first natural period
of the structure changed to 2.72 secs and the maximum displacements increased to approximately 20 cm. To
reduce this displacement and also to tune the behaviour of 16 separate blocks in the final design, the number of
isolator types was increased to 7. The properties of these 7 isolators are provided in Table 3. It is very difficult to
represent the accidental torsion effect (5% eccentricity) in a conventional manner. To take this effect into
account, checks were made with different properties of the isolators and various live load distributions. The
response was found to have low insensitivity to these changes, demonstrating adequate torsional resistance.

Table 2 Earthquake records used in the analysis
Earthquake

Magnitude (Ms)

Borrego Mtn 09/04/1968
Chalfant Valley 21/07/1986
Chi-Chi Taiwan 20/09/1999
Coalinga 02/05/1983
Kocaeli Turkey 17/08/1999
Loma Prieta 18/10/1989
Imperial Valley 19/05/1940

6.5
6.0
7.6
6.5
7.8
7.1
7.2

Closest distance to Fault
Rupture (km)
124.7
36.0
125.5
38.8
17.0
11.2
8.3
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Scale Factor
7.20
10.00
1.60
3.50
1.15
1.50
1.00

Table 3 Properties of isolators actually used in construction
(for symbols, see Figure 4)
Name
LRB1
LRB2
LRB2B
LRB3
LRB4
LRB4B
LRB5

Ke
[kN/m]
1780
3320
2550
1920
2620
4180
2650

4.

Kp
[kN/m]
539
870
670
782
1033
1640
1210

Keff
[kN/m]
676
1066
866
980
1302
1910
1517

Q
[kN]
19.60
28.27
28.3
28.3
38.5
38.5
44.2

βeff
0.17
0.17
0.17
0.17
0.17
0.17
0.17

TESTING OF ISOLATORS

Both quality control tests and prototype type tests were performed at Alga’s laboratory in Milano (figure 8), to
confirm the stiffness and damping characteristics, and to check compliance with UBC:97 requirements. For
quality control purposes, each isolator was tested for compression (bearing) and combined compression-shear.
From each type of LRB, two prototype tests were done to determine effective stiffness and damping. To
determine these parameters, the selected isolators were subjected to three fully reversed cycles up to the design
displacement Dd under maximum design compression P1. The stability test performed on selected isolators
comprised one full reversed cycle to maximum total design displacement DTM under design compression P3.

a) Overview of testing rig

b) LRB under extreme shear

Figure 8: Testing of LRBs by ALGA Milano
Two series of prototype tests were performed. In the first series the design displacement and the maximum total
displacement were 143 mm and 220 mm respectively. Later these values were increased to 240 and 300 mm.
As an example, the effective stiffness and damping results are given for LRB2 in Figure 9 in the second series of
tests. LRB2 is reported to have the lowest theoretical ultimate deflection capacity of the seven bearing types.
Previously, the bearing had been tested to a maximum deflection of 150mm. In the new test, where three full
cycles were applied the maximum displacement was 240 mm with an axial load of 1500 kN and 1000 kN
separately. The third test was three cycles to a maximum deflection of 300 mm (the maximum stroke of the
testing jack) and an axial load of 1500 kN. The bearings were tested in pairs. After all the tests, the bearings
survived with no obvious degradation of strength or stiffness, and essentially no damage, except very locally
around the top of the lead plug. After the third test there was a residual displacement of a few millimeters. From
the test, it was concluded that the bearing LRB2 was capable of satisfactorily surviving a deflection of at least
300 mm. Each type of LRB was tested with a similar procedure.
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Figure 9 Combined Compression and Shear Test on Bearing LRB2 by “ALGA”

5.

CONSTRUCTION

The installation sequence for a typical LRB into a ground reinforced concrete column is now described.
a)

Temporary steel columns on suitable foundations were installed to either side of the column into which
the bearing was to be installed (Figure 10). Hydraulic jacks were placed at the heads of the temporary
columns, bearing onto the soffit of the beams at first floor level, and stressed to a predetermined level,
calculated as the gravity load in the permanent column from the ETABS analysis. The hydraulic fluid
in the jacks was locked off.

Installation of temporary steel props
Figure 10: Construction sequence for installation of LRB – Part 10
b) Bench marks were introduced onto the column just above and below the final position of the bearing,
and measurements taken, to enable subsequent checks to be performed of possible movements of the
column.
c) Two horizontal cuts were made in the column using a diamond chain saw (Figure 11a). The block of
concrete in between was removed (Figure 11b). The movements of the column above and below the
cuts was then measured; in most cases this was small, but could reach as much as 6mm. This was
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considered acceptable. A bed of epoxy mortar was placed on the low half of the cut surface, and the
LRB was then rolled into place on steel ball bearings. The gap above the bearing was then filled with
epoxy mortar. The hydraulic jacks in the steel props were released and the props were removed after
curing of the epoxy mortar

a) Saw cuts through the concrete column

b) Removal of concrete block

Figure 11: Construction sequence for installation of LRB – Part 2
d) Steel jackets was welded into place above and below the bearing, and grouted to the column, to
accommodate the stress concentrations at the cut surfaces of the column arising from the bearing and to
replace the reinforcement that had been cut in step c) (Figure 12a).
e) The bearings were wrapped in fire insulation, and brackets introduced to support architectural finishes
(Figure 12b).
f) Final finishes were then applied.

a) Steel jackets replacing severed reinforcing bars

b) Fireproofing insulation

Figure 12: Construction sequence for installation of LRB – Part 3
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Figure 13 shows the finished result at the column pairs on expansion joints. It can be seen that the steel jackets
above and below the bearings serve to link the columns at these levels and prevent relative movements, as
previously discussed in section 2.

Figure 13: Bearings at columns pairs on expansion joints
6.

CONCLUSIONS

Seismic retrofit by means of seismic isolation introduced into existing columns at 1.2m above ground level
proved a cost effective way of achieving the required level of seismic performance. Since the seismic ground
motions considered were three times greater than those in the original design, and since a high level of postearthquake operability was required, the increase in seismic performance level achieved was very considerable.
Some strengthening of the superstructure above the seismic isolation plane was required, as was some
modification to architectural and mechanical features, but this was relatively minor. No modifications were
required to the foundations. Construction was successfully completed within the 9 month programme specified
by the client without adverse effects on the continuing operation of the terminal building
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