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Figurel. Arial photo of Arge- Alisha Tabriz site ( Google
Earth 2012).

Figure2. Southern facade of Arge- Tabriz ( right side),
northen facade of Arge- Tabriz ( left side).
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1. Simplified Kinematic Limit Analysis ( SKLA)
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2. Participating mass of the kinematic mechanism
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Figure 4. Overturning and in plane collapse mechanisms of
Tabriz Citadel.

dgumo (Sl WIGT Y
SA= S sl el Sl ml d RS ke o
Stbws & ol Bl (ade Jde Sl el ool oo
SO Shs D] el el eslinal Tl il
3 At Jsde las e Ay O35 Jols ol

3 e S Ry 90 Sl Ol IS Cslis
J&»j’)b &;».w‘ ol 4.:.9;;)@): OLA& bjbul 6‘?‘ ﬁjLI

2. ANSYS
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or city 5) ' (R=2) | R=1. | R
25 | =2
mpo | B 0'834 043 0.66 0.41 x v
M2 V;e 0'5‘8 0.47 0.65 0.41 x v
M3 vze 0'721 0.22 0.64 0.40 x x
m vze O'fl 0.38 0.85 0.53 % %
ms | F2 °f5 0.12 0.76 0.48 x x
Me | We | 0261 44 0.76 0.48 x x
st | 2
mr | B o.;o 0.41 0.70 0.44 x x
M8 V;e °§‘3 0439 | 070 0.44 x v

Table 1. Seismic verification of different failure mechanisms
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collapses ( right side) safety coefficients equation for various
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crack:
Shear transfer coefficients for B4=0.65
closed crack:

=100000 Pa
Cohesion value: C

@ = 20" Angle of
internal friction:
n =5" Dilatancy
angle:

7 Tensile strengths:=0.2 MPa

o, compressive strengths:=2.2 MPa

Table 2. Utilized yield criterion in numerical model
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Figure 18. Principal stress time-history under Chi-Chi
accellerogram
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accellerogram

b e Salus IUT-0F

B R e e A
Sl 03 S 1y didaie datas Sloy ) (SIS0 G o3l
e S5 SOlABEOLI 3l eslinal U iou cpl 53 sl
Shs s maw Jlre 52 5 L) Hlas b 8
Glas [V «Sols pbbs mhaw oS las 5 S,
5 (V) la I8 5 553 e sbl (g Je YOY 5
S bl sl gslaas s 5 Ol ad 4 )b (YY)
- Ol O s amsiey 500 o) ol 0l eals QLS
3)ls o5l k5 OIS LL Jsl llamd Olas 55 o5l oS Las
bl VL Gl i 5 WS ,0ss 5 ol ot 8 4l
o AS 503 S0 Jeod 1 e aniS gla S s el
o aziS anlsl 3 3 gdoe (gl LT B Gluper 2y
B adl e S o pl 5o esle (sles ) calinad =Y el
b > Sl ol b o (0156 1989) o d
ot S o 1A b SO maly il s
Olmuisl 435 Gy oemes ol (PGA=0.12 @)
b LS a2l s el muly oS (45 5144Y)
sse b Calial gl 35l 13 by clSoks sl
Al e Ll (PGA=0.25 g)

9y

Db 3 4ty L8 4 g aEulid Sls past (1) i

Record Description Name (CPmG/'SAz) p(an]/g%)
Chi-Chi, North
component, 1999. : 371 0.38
Scaled Chi-Chi, 10% in
50 year, Soil type: IV, 1 520 0.53
(Iranian code 2800).
Scaled Chi-Chi,
Higher level of seismic 11 627 0.64
probability

Table 3. Utilized accelerograms characteristics in Time
response analysis
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Figure 14. Principal stress time-history versus scaled No 11
Chi-Chi accellerogram
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Figure 15. Principal stress time-history under scaled and un-
scaled accelerograms
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Figure 16. Displacement time-history under Chi-Chi
accellerogram
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Figure 17. Principal stress time-history under scaled and un-
scaled accelerograms
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Figure 20. Displacement time-history under Chi-Chi
accellerogram
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Figure 21. Displacement time-history under Chi-Chi
accellerogram
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Figure 22. Minimum principal stress time-history under
Erzincan accellerogram
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Abstract:
Currently, there are a lot of powerful FEM packages which are used for different types of analysis of
structures. However, using these softwares for assessment of seismic safety and strengthening of historical
masonry buildings are envolved with some problems. Complex building geometry, low information about
physical and mechanical properties of materials, lack of precise information about composing material of
internal parts of thick elements, prohibition of execution of destructive tests on these buildings, consumpsion
of considerable cost and time for analysis process are some of the problems for engineers and researchers
working professionally on numerical modelling of historical buildings. The structural analysis of the Citadel
was approached by a 3D finite element model based on the concepts of homogenized material and smeared
crack modeling using the ANSYS code v.10.0. The nonlinear behavior of the masonry was represented by
combining plasticity with a smeared crack approach. The perfectly-elastic plastic behavior with the Drucker-
Prager (DP) vyield surface was used to reproduce the plasticity properties, whereas the Willam-Warnke
(WW) failure surface was considered for model crush and cracking. Through different analyses carried out
with ANSYS software, the following results were obtained:
While the gravity capacity of the structure is high, its lateral resistance to equivalent static loading is not
enough.
Dynamic bearing capacity of the structure in y direction, along wing walls, is less than x direction, along
web walls. One reason for this may be the existence of numerous cracks scattered in the web wall. Therefore,
web wall has the most vulnerable wall in comparison with two other walls.
The seismic sensitivity of two wing walls is different. Vulnerability of East wing wall under x direction
excitation and vulnerability of west wall under y direction earthquake are higher.
Arge Tabriz walls remains stable up to 0.25g for both Chi-Chi and Erizincan accelerograms. However, the
structure loses its stability in 0.3g while according to historical documents and a recent investigation, the
Maximum considered earthquake for Tabriz could be as high as 0.64g.
Simplified Kinematic Limit Analysis (SKLA) is a powerful method for the analysis of historical buildings.
This method is recommended for strengthening of historical masonry buildings in Italian O.P.C.M.3431
ordinance. Applied rules in this method are based on virtual work principle.
In this paper, this method (SKLA) capability for assessing the seismic safety of Tabriz Alisha Citadel is
investigated. For this, the results of analysese of this building by two methods of SKLA and FEM are
compared. The comparison of the results of two methods has shown acceptable accordance. High analysis
speed and being free of precise mechanical properties of the buildings material are main features of SKLA
method. However, tracing the magnitude of stresses and deflections in different points, revealing collapse
time and sequence of fracture of walls are main features of FEM. It seems that the SKLA can be utilized as a
high speed and low cost tool for primary assessment of seismic safety of masonry buildings.

Keywords: Simplified Kinematic Limit Analysis; Finite Element Analysis; Earthquake Safety; Historical
building; Tabriz Alisha citadel,
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