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1. Vibration-based
2. Micro-modeling

203

doNdo —
5 sl 055 5l bolestle gl 55 ol plas 5l eslinad
s 3l oslinal w035 8l el ails £y, Ol BlE b 5 0L
35 S la g 3 ey Sl b gladlestle s me ol
3y 5l Sl 03 e S5l s bl sl 1Al
Sl 5l Sop cand ol sleoletle gl Gble zis
aoletle ool 035 plicanl 4 a5 b s o LSS 1)

Ol oo gm0y ) g s Lol s sl axddS glad s s



fl;'-fpu‘}flvu.k.ljj

wildie SSTa l CH"M sl pluley J ol asis

Jlasl dajlgs (gamwdn ¢ls ST s opl s ol el
A e @B G sy 5 Ll s S22

s Ol 50y 4 oly lan lalss (rass onl 5o
530 e S35 gl gl OF et 515 5 (g3ladi
23 Sl (85 sl eyl 5 (ilS B s 1 2l Sl ()
oo S o ol sl 53 35 e ) L Ol 55
Gl b elast o a0 5B S5 ol il
o 3 Sl bl s a4 il g e sl O ol
P L el S S ISR sy b S el ol
Spd e stalie g 5 M6 o IS5 3l il e
el 5l 5> S5 gk 5 A, b e S

o O g5 -Y
el oS Sl s (34wl S BDECT 53l
oMl a5l ladacms (giludde (gl Tz a0 s,
Snisd SRy e Dp¥pe b Olan sl ool 53 3580
&b ol ol s s el UDEC gk
5 Sl Gl (oime o3 oS laegs il e Sl
S s dphe Silutnd g 4 Ll JE (Sl
pde A LSk o i s Olge 4 b SKosnl
S MlS e SO b e s 4 Sl S,
Jolis sl 5l Gl 4 g S s sl s
—os ey SO plal Ol ey Wisd e R
o Szl (o S8 s o oy ot L st B S
ey b Ly sbcgr o 50 - olralr bils,y Loy
b Kol 5 Sl (6 ()b, Joe cpekim 4ol ol e
Sl 8 el 518V Jldbows = b ol 3DEC wali ;305
s (S Sl K3 085 5 S SZS = 035 Jos
Lyl i ol Jl) (e Gamdin 4 by e DUl sl
Flas Jbe S o sl 5l 5,50 ST 5 (1081 sl
ok el 5 S e Ol 2y bl 2l
(sle glaosle 513, (s3ledde 53 BDEC i3dle 5 bl o 5

Caad 93 33 @lﬁ.ﬁgbﬂ @L:j 5 ke gladie ganslis @

3. Dimensonal Distinct Element Method (3DEC)
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1. Distinct Element Method (DEM)
2. Hagia Sophia Bell-Tower
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SW30 (slaslg3 sl w36 slasl 5 i Olze (V) st
SW250 , SW200 SW100

Wall Vertical Load (kN) Vertical Stress (MPa)
SW30 30 0.15
SW100 100 0.50
SW200 200 1.00
SW250 250 125

Table 1. Stress and corresponding vertical load values for
SW30, SW100, SW200, SW250 walls
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Walls SW30, SW100, SW200, SW250

Specific Weight (tonf/m®) 25
Bulk Modulus (kN/m?) 8.61E6
Young’s Modulus (kN/m?) 1.55E7
Shear Modulus (kN/m?) 6.45E6

Poisson’s Ratio 0.2

Foundation and Loading Beam

Specific Weight (tonf/m®) 25
Bulk Modulus (kN/m?) 1.75E7
Young’s Modulus (kN/m?) 3.15E7
Shear Modulus (kN/m?) 1.31E7

Poisson’s Ratio 0.2

Table 2. Material properties used for blocks in numerical
model

Laojys (gade Jde 5 ealaul 5 40 CSLQA Slasein (F) Jsd

Shear Stiffness (kN/m?) 2.45E6
Normal Stiffness (kN/m?°) 5.87E6
Friction Angle (Degree) 318
Cohesion (kN/m?) 0

Dilation Angle (Degree) 0

Table 3. Material properties used for joints in numerical model
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Fig. 1. Adopted geometry for the dry stone masonry walls and
schematic loading arrangement [1]
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Fig. 2. Blocks and joints in numerical model
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Failure Load (kN)
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0.74 0.82 18.3 16.6 224 SW30
1.08 1.05 47.1 484 450 SW100
1.28 1.10 776 89.9 70.3 SW200
1.06 - - 109.0 102.7  SW250

Table 4. Wall ultimate strength for experimental specimen and
numerical method
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Fig. 3. Lateral load—displacement diagram for SW30 wall
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Fig. 4. Lateral load—displacement diagrams for SW100 wall
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Fig. 6. Lateral load—displacement diagrams for SW250 wall
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4. Out-put only modal identification
5. Singular Value Decomposition (SVD)
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Fig. 10. Experimental and numerical model of the wall
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Specific Weight (tonf/m®) 2.2
Poisson’s Ratio 0.2
Table 5. Material properties used for blocks in numerical model of
the wall
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Shear Stiffness (kN/m®) 0.82E7
Normal Stiffness (kN/m®) 1.96E7
Friction Angle (Degree) 38

Table 6. Material properties used for joints in numerical model
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Fig. 11. Failure mode of experimental and numerical model for the
wall subjected to support settlement
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Table 7. Frequencies extracted by pick picking method and FEM
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Table 8. Frequency variation in different damage states of wall
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Abstract

Dry-joint construction method is among the oldest techniques adopted in most of the ancient and historical
masonry buildings. Historical structures constructed using this method are highly vulnerable today. In
addition, the strength of mortar is strongly affected —in most cases- by the passage of time and corrosion.
Thus, the structure behavior would most likely be dependent on the dry-joint characteristics. Therefore, non-
destructive dynamic-based methods are attractive tools to assess the existing damages of masonry walls, as
they are capable of capturing the global structural behavior. In this paper, micro-modeling approach is
adopted for the evaluation of masonry walls. The approach is based on the application of Distinct Element
Method (DEM) as assemblies of units consist of block and mortar. Idealization of discontinuous nature
governing the nonlinear mechanical behavior of the mentioned units is considered trough the modeling
approach. Due to the heterogeneous and complex behavior of the interface between blocks and mortar, DEM
seems to be the best-adapted approach for modeling this kind of structures, in particular for reproducing
complex nonlinear post-elastic behavior. At the first step, micro-modeling strategy is used for masonry walls
by DEM, and particularly post-elastic behavior is verified with valid experimental data. However, DEM does
not directly obtain natural frequencies and mode shapes of the wall via a classic vibrational analysis.
Therefore, the second objective of this study is to propose a technique to indirectly identify dynamic
characteristics of masonry walls using DEM. The aim of this part is to check the capability of dynamic
identification procedure, in the extraction of the dynamic characteristics of the masonry wall in the used
DEM software. For this purpose, the dynamic behavior at low vibration levels of an existing masonry
building subjected to forced hammer impact test, was investigated. By transforming the collected data of the
dynamic response of wall from time domain to frequency domain -using Fast Fourier Transform (FFT)-
natural frequencies can be found from Fourier amplitude spectrum. The proposed technique is then validated
by comparison with the results of modal analysis which was carried out using Finite Element Method
(FEM). The dynamic characteristics of walls (i.e., natural frequencies and mode shapes) may change when
different levels of damage are induced to the wall. The proper knowledge of these variations is a key issue in
order to study the seismic demand and seismic performance of structures. Aiming at finding adequate
correspondence between dynamic behavior and internal crack growth, several numerical simulations are
performed; progressive damage is induced in the wall; and sequential structural frequency identification
analysis is then performed at each damage stage. In this paper, frequency and drift are selected as dynamic
behavior and crack growth indices, respectively. Quantifying the relative frequency drop shows that although
the shape does not vary significantly with increasing damage, there is a relation between frequency drop and
damage variations -based on analyzed data. These properties are firstly modified in the elastic range, and
then are developed in the inelastic range with increasing damages. It is also observed that while the failure
mode of the wall is the diagonal cracking, the in-plane vibration mode shapes are much affected by the
initiation of crack. On the other hand, modal properties of out-of-plane mode shapes are affected less by the
diagonal crack.

Keywords: Damage identification, masonry walls, distinct element method, frequency drop
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