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Abstract

Baku, the capital of Azerbaijan, has seen a boom in construction in recent years. The old Baku city has been rapidly
transforming into a new hub of high-rise buildings and lively cultural centers hosting the Euro Vision Song Contest in 2012
and European Games in 2015. A major population shift to Baku from its suburbs and the countryside has resulted in the
doubling of Baku’s population in the 4 years between 2009 and 2013. As of January 2013, Baku’s population reached four
million people, 43% of the citizens in Azerbaijan according to The State Statistical Committee of Azerbaijan. With this trend,
the city needs more high-rise buildings to accommodate rapidly increasing demands for more housing and business space. Until
the Azerbaijan Seismic Building Code was published in 2010 and became effective, many different seismic criteria, in terms
of building codes and seismic intensities, were used for all new high-rise projects in Baku. Some designers used the SNIP
(Russian) code with seismic level 9 or level 8 with 1 point penalty. Others used the Turkish code with Seismic Zone 1, UBC
97 with Zone 2 through 4, or IBC with Sa=0.75 g through 1.0 g. The seismic intensity is now clarified with the Azerbaijan
Seismic Building Code. However, the Azerbaijan Seismic Building Code is appropriate for low-rise buildings applications but
may be inappropriate for high-rise project applications. This is because the code-defined response spectrum yields
unrealistically conservative seismic forces for high-rise buildings with long periods, as compared to those determined by other
internationally accepted building codes. This paper provides observations and recommendations for code-based seismic load

assessment of high-rise buildings in the Baku area.
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1. Introduction

Baku, the capital of the Republic of Azerbaijan, has
been rapidly growing in population and business activity.
This has led to a dramatic increase in high-rise cons-
truction in the city. Although high-rise design is often
controlled by wind-induced forces, this doesn’t apply to
Baku which is located in an area of high seismicity.

Before the Azerbaijan Seismic Building Code AZN10
became available, there was no seismic code reflecting
local conditions. Designers of Baku high-rise projects ap-
plied seismic provisions from other codes including those
from Russia (SNIP), Turkey and the United States (Uni-
form Building Code, International Building Code). To
properly apply these codes, extensive efforts were put into
researching area seismicity, performing seismic hazard
assessments, establishing seismic characteristics, determi-
ning appropriate seismic ground accelerations and esta-
blishing suitable response spectrum curves for safe and
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economical high-rise building designs. Even so, seismic
criteria varied over a wide range.

To develop the most suitable Response Spectrum Cur-
ves to be applied for the design of high-rise structures, it
is very important to start with a review of historical ear-
thquake activity and study the seismic hazard assessment
and seismic characteristic of Baku. The review of historic
earthquakes in Baku and seismic hazard assessment
research documentation published by the Global Seismic
Hazards (GSHAP) and NATO Science for Peace and
Security Programme determined that a seismic intensity
of 8 with a Peak Ground Acceleration of 0.25 g is appro-
priate for building projects in Baku. This is comparable to
criteria in the newly adapted Azerbaijan Seismic Building
Code (AZN10). These criteria alone are not sufficient to
establish appropriate response spectra for high rise design.
This paper presents recommendations to that end.

2. Historical Earthquakes in Baku,
Azerbaijan

The City of Baku is located in the Absheron Peninsula
adjacent to the Caspian Sea which has witnessed many
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Table 1. Local Earthquake and Strong Events felt in Baku
(Babayev 2010)

Data ~ Magni- Depth Intensity Farthquake loca-

tion/ Intensity
dm/y tudeMs km MSK-64 in Baku
Mashtaga, near
02/01/1842 5 3 VIII Baku/V
11/06/1859 5.9+0.5 10  VII-IX Shamakha/V
28/01/1872 5.7+0.5 7 VIHI-IX Shamakha/IV
08/071895 82+03 60 X Krasnovodsk/V-VI
13/02/1902 6.9+0.2 8 VII-IX Shamakha/V
Surakhani, near
06/07/1910 4.4+0.5 7 VI-VII Baku/V
07/06/1911 6.4+03 46 VI-VII  Caspian Sea/VI
Absheron
22/11/1922 43+£0.7 15 V-VI Peninsula/VI
20/10/1931 6.2+0.5 70  VII-VIII Caspian Sea
09/04/1935 6.3 100 VI Caspian Sea
24/06/1935 3.5 5 A" Surakhani/Baku
06/09/1937 5 22 V-VI Absheron
Peninsula
23/02/1938 5.7 15 VI Baku
Caspian Sea
06/09/1938 5.0£0.5 22 VI (northern part)
05/03/1946 4.8:03 11 VI Absheron
Peninsula

05/11/1958 4.0£0.5 12 V-VI Caspain Sea
28/11/1958 2.2+0.7 3 \Y Baku
27/01/1963 6.5 30 - Caspian Sea

15/10/1971 4.0+0.5 13 VI Caspian Sea
20/12/1971 55401 5 VIl Absheron
Peninsula
20/12/1971 53+02 12 VI Absheron
Peninsula
03/02/1972 49402 5 VI Absheron
Peninsula
26/10/1973 5.1 80 ] Absheron
Peninsula
Caspian Sea
14/121973 51402 70 v (northern part)
51 km eastward
02/08/1975 4.7 33 - o Bake
16/01/1979 4.4 10 - Baku
23/02/1983 5.0 10 y  Nardaran-Bilgah,
near Baku
06/03/1986 6.3 33 VIII Caspian/V-VI
11/05/1986 4.5 15 VI Caspian/V
16/09/1989 6.5 55 Caspian/IV-V

06/01/1992 4.5 33 Baku

28/10/2000 4.6 33 Caspian Sea
25/11/2000 5.8 40 VII Caspian Sea
25/11/2000 6.3 33 VIII Caspian Sea

West Turk-
06/12/2000 7.3 33 IX menistan/IV
07/01/2001 5.5 48 IV-V  Caspian Sea/IV-V

11/02/2002 5.3 38 v Caspian Sea

Table 1. Local Earthquake and Strong Events felt in Baku
(Babayev 2010)

20 km southwest
04/10/2003 4.1 10 from Baku

34 km northeast
24/10/2003 4.6 33 from Baku

seismic events in the past. A list of the most severe
earthquakes and their intensities in Baku is provided by
Babayev et al. (2010) in Table 1.

According to this table, the most severe earthquakes in
the region occurred in Shamakha with intensities estima-
ted as 9 to 10 in MSK-64 scale. These events generated
moderate shaking with intensities around 5 in Baku City
as the town of Shamakha is located approximately 110
km away.

The highest magnitude earthquake close to the center of
Baku (35 km away from town center) was recorded in
2000 with a magnitude of 6.3 Ms. The intensity of this
event was determined to be 8 (Babayev et al., 2010).
Therefore, there were not any earthquakes reported with
an intensity of 9 in Baku.

Panahi (2006) also clearly states, “Based on available
sparse data, there is evidence that the level Caspian Sea
seismicity is lower than adjacent areas” and concludes
that “Character of seismicity of Azerbaijan and adjoining
territory of the Caspian Sea is moderate”.

3. Seismic Hazard Assessment for
Azerbaijan

A Seismic Hazard Assessment for Azerbaijan was per-
formed in the framework of a NATO Science for Peace
and Security Programme by Akhundov et al. (2011). A
Seismic Risk Map for Baku City was provided by consi-
dering many factors, including seismic sustainability of
physical objects, depth of underground waters, physical-
mechanical and other features of the grounds. Figure 1
shows seismic zoning of areas in Baku City by the MSK-
64 scale.

According to this map-schedule, the seismic zoning of
the City of Baku is mainly 8 or below with some excep-
tion where the coastal territories with waters and loose
soil conditions pose higher seismic hazard, potentially up
to seismic Intensity 9 on the MSK-64 scale. However, if
a high-rise building is expected to be constructed in this
area, it would be reasonable to expect, or require, that the
construction site will be carefully reclaimed and founda-
tion soil improvement will be provided in the process of
installing closely spaced piles. Therefore, watery and
loose soil conditions which require the Seismic Intensity
of 9 per ANZ 10 will not be found in the project site.

This document also reports the Maximum Peak Ground
Acceleration (PGA) in the territory of Azerbaijan for a
return period of 475 years as 0.22g (Figure 2) and PGA
for Baku is around 0.13~0.16g'. Both values are less than
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Figure 1. Seismic Zoning Areas in Baku City (NATO Sci-
ence for Peace and Security Programme by Akhundov et
al. (2011).

Figure 2. PGA for 475 Year Return Period by Akhundov
et al. (2011).

the PGA value of 0.25 g reflected in AZN10 Pseudo-
acceleration values for periods 0.2, 1.0, 2.0, 4.0 seconds
are also available in this report. Spectral values for 0.2
sec, 1 sec and 2 sec are shown in Figure 3 to 5 respec-
tively. These reported values are smaller than those values
with the Intensity 8 reflected in AZN10.

'It should be noted that the authors of this documents are currently
conduting further study to better estimate the ground accelerations
for the Baku region and it is likely that the new values will more
closely approach the PGA reflected in the code.

Figure 3. Spectral Acceleration for P=0.2sec with a
Return period of 475 years by Akhundov et al. (2011).

Figure 4. Spectral Acceleration for P=1.0sec with a
Return period of 475 years by Akhundov et al. (2011).

4. Seismic Load Comparison

4.1. Azerbaijan code (AZN10)

AZN10 defines Baku Area as Seismic Intensity 8 with
a return period of 1000 years, not 500 years as seen in
Figure 6 which matches with the research documents pre-
sented in the previous pages. Peak Ground Acceleration
(PGA), ao, for Intensity 8 is given as 0.25 g in the code.
The code seismic parameters are calculated below:

- Intensity 8, a0=0.25g
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Figure 5. Spectral Acceleration for P=2.0sec with a
Return period of 475 years by Akhundov et al. (2011).

Figure 6. Seismic Intensity Zones of Azerbaijan (AZN10).

- Soil Parameter Kq is defined as 1.2 for Soil Type 3
- Acceleration for Short period, Sds is defined as:

Sds=2.5xkqxao=0.75¢g 1)

- Accelerations for periods higher than Tb = 0.6 seconds
is defined as:

S(T)=2.5 x kq x a0 x (Tb / Ti)** )

4.2. Uniform Building Code (UBC-97) / International
Building code (IBC-06)

It is instructive to compare IBC-06 and AZN10. How-
ever, IBC-06 is based on the Maximum Considered Ear-

Figure 7. Comparison of Response Spectrum Curves, (AZN
vs UBC/IBC).

thqake (MCE) with a much longer return period than used
in AZN10. Therefore, UBC-97 is used for comparisons
because its approach is more consistent with AZN10.
Parameters for UBC-97 are defined as follows:

- PGA is defined in parallel with AZN10 as 0.25 g for
comparison purposes.

- For Soil Class D (Equiv. of Soil Type 3 in AZN10),
Ca=03g Cv=0475¢

- Accelerations for periods higher than Ts = 0.63 seconds
are defined as:

S(T)=Cv/T 3)

For these parameters, the AZN10 Response Spectrum
Curve does not attenuate as rapidly with increasing modal
period as UBC or IBC curves would, as shown in Figure
7. Instead, a minimum acceleration ‘floor’ occurs for pe-
riods longer than about 2.5 seconds, yielding unrealistically
high seismic forces for a long period high-rise building.
This is probably due to the fact that the AZN10 mainly
focuses on low-rise structures with very short periods.
Both UBC and IBC have their own minimum base shear
‘floors’ to cover both higher mode shaking (drives shear
but not overturning) and sufficient story strength to avoid
a ‘ratcheting’ failure of progressive post-yield deforma-
tions all in one direction. However, AZN10 has a rela-
tively very high base shear ‘floor’, therefore, it might not
be appropriate for high-rise building application.

According to Panahi (2006), the seismic character of
the Baku area is more intra-plate (near-source). As shown
in Figure 8 for typical characteristics comparison of intra-
plate and inter-plate earthquakes, the intra-plate curve
pattern matches well with that of UBC or IBC but not
with AZN10. Therefore, there is no evidence that Baku
should have relatively high acceleration values for long
period ranges.

For all these reasons, we recommend that a response
spectrum approach consistent with IBC2006 is more ap-
propriate than AZN10 for high-rise design.
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Figure 8. Comparison of Inter and Intra-Plate Earthquakes
by Gioncu, Mazzolani (2011).

4.3. Case study: Site specific seismic assessment of an
on-shore towers in Baku

For site specific seismic assessment, a probabilistic
seismic hazard analysis (PSHA) gives more accurate in-
formation since the analysis considers a variety of sources
that contribute to the seismic hazard at the site of interest.
The typical steps in a PSHA are to:

i. Derive a source model containing the tectonic envir-
onment where active faults and fault zones contributing
to seismic hazard at the site.

ii. Derive the source characteristics for each fault or
fault zone on the basis of earthquake catalogues from va-
rious agencies including the United States Geological
Survey (USGS) and the International Seismological Cen-
ter (ISC) etc.

iii. Specify the major crustal features, generally sub-
duction zones and assign earthquakes to them.

iv. Treat other sources as a collection of area sources
and again assign observed seismicity to them.

By inputting all the sources within a study area of suf-
ficiently large footprint into a computational shaking mo-
del, the ground shaking intensity at the site of interest can
be obtained. Ground shaking intensity means the ground
acceleration characteristic at the bedrock (or very stiff
soil). Considering ground shaking intensity and the site-
specific soil profile and parameters, the design response
spectrum at ground surface can be derived.

To illustrate the adequacy of adopting IBC (2006)
design spectrum, two PHSA study samples were done for
two different sites, one near the Port Baku area and the
other located in the Caspian Sea, which is about 140 km
east of the Port Baku at the boundary of intensity 8 and
9 . This is a short distance in terms of tectonic movement.
The study covers source data enclosed by an area of
1,100 km x 1,100 km and the earthquake data reflected in
the shaking model comprises the records back to the 15th
Century.

Although Port Baku is not located at the center of the
above study area, the response spectrum can still be ap-
proximately obtained from the computational model. The

Figure 9. Comparison of design horizontal response spectra.

Figure 10. Comparison of design horizontal response
spectra with fault underneath the Site.

corresponding horizontal peak acceleration at bedrock is
about 0.5 g. For building design the horizontal response
spectrum at ground surface is more relevant since the
foundation level is about 100~120 m above the bedrock
(stiff soil). Soils have an amplification effect and the wea-
ker the soils, the greater the effect. Shear wave velocities
obtained from three boreholes near Port Baku in 2010
ranged from 300 m/s to 400 m/s which matched well with
Class “SD” in IBC(2006) and Class “III” in the Azerbaijan
Code. The resulting response spectrum, as shown using a
dashed line in Figure 9 is shown for comparison with the
IBC(2006) design spectrum used for high-rise projects in
Baku.

The site specific peak acceleration is around 0.65 g
which is 13% smaller than the current design peak accel-
eration. While this seems a small difference, for the design
of the high-rise towers the difference is greater. For tall
building overturning moments, the more important range
of values is at the longer period, say 4 s or longer, which
is the natural frequency of the towers. From the figure it
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can be seen that the acceleration of site specific curve 4 s
is significantly lower than the proposed spectrum. From
the figure, it can also be seen that the site specific spect-
rum is not as smooth as the theoretical code spectrum.
The site-specific spectrum reflects soil characteristics at
the site which causes a “spike” at a period close to 0.9 s.

Baku city is close to the boundaries of tectonic plates
and the seismic report produced by SRIFSE also indicated
“tectonic cracks” underneath the Port Baku area. In view
of this, another preliminary model simulates a major fault
located directly underneath the site which could trigger an
earthquake of magnitude 7 (based on historical record,
Baku has recorded majority up to magnitude 6 earthquakes
except one with magnitude 7 in year 2000). The resulted
response spectrum at ground surface compared to IBC
(2006) design spectrum is shown in Figure 10.

Under this scenario, the peak horizontal ground accele-
ration increased from 0.65 g to 0.70 g, which is still below
0.75 g. The “spike” near 0.9 s has been further amplified
and locally reaches the IBC (2006) design spectrum. In the
important range of interest for high-rise building design,
periods 4 s or longer, the corresponding site-specific values
are still well below the recommended design spectrum.

5. Conclusion

Based on the paper review of the history of earthquake
activities, the seismic hazard assessment by a NATO Sci-
ence for Peace and Security Programme by Akhundov et
al. (2011), and seismic characteristics of Baku as well as
a site specific seismic assessment by Arup and a seismic
code comparison study performed by Thornton Tomasetti,
seismic parameters required to determine adequate seismic
response spectrum curves are confirmed to be appropriately
addressed by a response spectrum proposed to follow the
IBC2006 approach.

Figure 11 shows the comparison of all Response Spect-
rum curves from the proposed curve with reference to
UBC/IBC, PSHA study with fault and without fault con-
sideration and NATO research by Akhundov et al. (2010).
As shown, both Site Specific Response Spectrum curves
reasonably match the form of, but at values below, the Pro-
posed Response Spectrum curve. The authors of the NATO
paper (Akhundov et al., 2010) are currently working on
revising their values and it is likely that the new results
might get closer to the proposed spectrum values.

Therefore, it can be concluded that provisions in the
current local code are not appropriate to reflect seismic
effects on high rise structures. Instead it is recommended
that the proposed Response Spectrum Curve shown with
a solid line below based on IBC2006 methods can be
applied to determine seismic demands for high-rise pro-
jects in the Baku area.

Note that Performance Based Design, including Nonli-
near Response History Analysis is sometimes being app-
lied to high rise buildings in high-seismic regions. This

Figure 11. Comparison of Response Spectra.

most often occurs for buildings intended to exhibit impro-
ved seismic performance to reduce post-quake repair
costs and downtime, and for buildings with structural sys-
tems that are not listed within the prescriptive code pro-
visions, such as core-and-outrigger systems. However, any
high rise building design can benefit from PBD since it
considers actual non-linear behaviors to reveal actual buil-
ding responses rather than relying on the assumed beha-
viors and responses reflected in prescriptive code methods.

In this way the design can be optimized to put material
where it is useful, and trim material where it is not useful.
Typically nonlinear performance is checked for shaking
with a 2% probability of exceedance in 50 years per Re-
commendation for the Seismic Design of High-rise Buil-
dings published by CTBUH Seismic Working Group. Li-
near performance may be checked for short-return-period
service level shaking as well.

This study was a result of collaboration between Thorn-
ton Tomasetti, Inc. and Arup Geotechnical engineers thr-
ough numerous projects conducted in Baku area.
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