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Abstract

One of the most important stages of seismic evaluation involves ascertaining the mechanical
properties of building materials, which is typically realized through destructive tests. To mitigate the
destructive effects of these tests, a qualitative approach namely Masonry Quality Index (MQI) has
been proposed by Italian scholars. In this article, the MQI approach was used to estimate the
compressive strength and elastic modulus of building materials at three Qajar period houses in the
city of Tabriz. Based on the results, the min and max compressive strength obtained by the MQI
were 5.13 and 2.21 MPa, respectively, with the flat jack of 0.53-1.68 MPa, which suggested a big
difference. Also, the min and max values of elastic modulus by the MQI was determined to range
between 2050.5-1070.5 MPa, and the test results were 1179.4-2611.3 MPa, which indicated a strong
correspondence.
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Introduction

Conservation of architectural heritage still poses many challenges to the involved practitioners. In the
past, there have been attempts to classify historical masonry, but they rarely included an experimental
study on mechanical properties. However, better technical information about these characteristics of
historic masonry structures will assist the preservation of our building heritage. Iran is an important
ancient civilization in the world, with a wealth of built heritage from antiquity, of which 4% are
located in East Azerbaijan Province, especially in the city of Tabriz [2]. Through the ages, monuments
have been exposed to catastrophic earthquakes. Assessment and retrofitting of this architectural
heritage are effective measures to prevent their destruction by future earthquakes. These operations
require a good understanding of the mechanical properties of the materials.

A popular approach to determining mechanical properties is the double flat jack testing, which is
considered as a minor destructive method. Many attempts have been made to propose fully non-
destructive methods for this purpose. A relevant approach is called the Masonry Quality Index (MQI)
[1], which relies only on visual inspection. This method aims to develop a simple and systematic
approach to the analysis of masonry constructions based on idealized typologies, different
parameters, and mechanical properties of the constituent materials (stone, brick, mortar, etc.). Many
methods have been advanced in order to evaluate the quality of existing buildings in Iran and other
countries. Nevertheless, none of these involve the qualitative assessment of mechanical
characteristics. In qualitative methods, special forms are prepared according to seismic conditions
and building conditions and based on the experience of past earthquakes. Using these forms, building
inspectors collect information such as the vertical bearing system, the quality of connections, the
ductility of members, the construction method, the conditions of the building site, the condition of
the foundation, etc., and store them in a database. These methods can be used for preliminary and
approximate estimation of seismic resistance capacity of buildings in a specific region.

Materials and Methods

The present study is a practical work that analyzes the mechanical properties of materials used in the
historic houses of Nafisi, Kalantar and Sorkheie, a sample of brick buildings from the Qajar period
in Tabriz. Gholami and Akhoundi reported in 2022[3] that according to level 1 method of Italian
guidelines to evaluation and reduction of seismic risk of historical buildings, the seismic safety index
of Nafisi and Kalantar houses were less than 1, an observation that signaled the unsafe conditions of
these buildings, calling for their prompt conservation. In the present study, data are collected through
library and field researches. The study adopts an experimental-analytical approach to calculate the
modulus of elasticity and compressive strength of the building materials of the sample under study
through the double flat jack testing, and they are qualitatively evaluated using the method advanced
by Borri. The values obtained through these methods are finally compared. Replacing the number of
Masonry Quality Index (MQI) by X in the relations presented by Borri (Table 1) will enable the
qualitative estimation of the modulus of elasticity and compressive strength.

Table 1: The equations proposed by Borri et al to estimate compressive strength and modulus of elasticity.

Mechanical properties Min Max

compressive strength Y=0/937e0/2232x Y=1/6882¢0/1988x

modulus of elasticity Y=548/31e0/1737x Y=821/24¢0/163x
Discussion

The study sample consists of historic brick buildings dating to the Qajar period in the city of Tabriz.
Seven double flat jack tests were carried out on the main and the bearing walls of the buildings. The
stress/strain diagram of these tests is presented in Fig. 1, and the arrangement of LVDT and cracking
pattern of the walls is presented in Figs. 2, Fig. 3 and Fig. 4. The tested walls are the original,
unrefurbished bearing walls, which are specified in the plans of the houses. The houses of Natfisi,
Sorkheie and Kalantar each were subjected to 3, 2 and 2 tests, respectively, implemented with the
stipulations specified by the provincial Cultural Heritage, Tourism and Handicrafts Directorate in
mind. The obtained results outlined in Table 2 show that the maximum compressive strength. i.e.
1.68 MPa, was recorded for the Kalantar House, while the Sorkheie House yielded the minimum
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value at 0.53 MPa. Also, the maximum elastic modulus of 13.2611 MPa belonged to the Kalantar
House, and the minimum value of 803.26 MPa was registered for the Nafisi House.
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Fig.1. Stress/strain diagram obtained by tests

Fig 2: Nafisi House: (a) cutting the mortar of the test site, ( b) arrangement of the measuring gauges, (c) wall cracking
pattern, (d) recording the data of the gauges, (e) conditions of the site and stipulations for the conduction of the tests

Conclusions
The results of the study are outlined below.

— Based on the qualitative evaluation done by Borri’s method, the Masonry Quality Index of
the walls of the Nalfisi, SorkheieSorkheie and Kalantar houses in different loading modes
such as vertical, out-of-plane and in-plane loading are as follows:

— The walls at the Nafisi House yielded the Masonry Quality Index of 4.20 and 3.5 under
vertical and out-of-plane loading, respectively, placing it in Category B with average quality,
and under in-plane loading they produced an MQI of 3.85, corresponding to Category C
with poor quality (Table 3).
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The Masonry Quality Index 3.85 under vertical loading and 3.50 under out-of-plane loading
placed the Sorkheie House in Category B, i.e. average quality, while the recorded MQI of
3.85 under in-plane loading falls in Category C category, i.e. poor quality (Table 4).

The walls of the Kalantar House under vertical and out-of- plane loading gave the Masonry
Quality Indexes of 5.25 and 4.55, respectively, which place them in Category B. And the
MQI of 5.60 under in-plane loading revealed the good quality of the respective walls, thus
assigning them to Category A (Table 5).

Mechanical properties of materials used in the houses of Nafisi, Kalantar and Sorkheie were
evaluated by double flat jack tests, which produced a minimum and maximum compressive
strength of 0.53 MPa for the Sorkheie House and 1.68 MPa for the KalantarHhouse. Also,
the recorded minimum and maximum values of elastic modulus for the Sorkheie House was
1179 MPa, and for the Sorkheie and the Kalantar House at 2611/3 MPa, respectively (Table
0).

Mechanical properties of the materials used at the studied houses were estimated through
both quantitative (double flat jack testing) and qualitative (Borri’s method) approaches.
Based on the results from the comparison, the values obtained by the double jack tests for
compressive strength are not compatible with those deduced by Borti’s equations, while the
values of elastic modulus are in good agreement with the values obtained by Borri’s equations
(Table 6). Due to the lack of guidelines regarding the historic constructions in Iran, in this
study we used Borti’s equations to estimate the mechanical properties of the building
materials. This formula results from the correlation between the values of qualitative
evaluation (MQI) performed on 11 types of historic constructions specific to Italy (a
combination of stone and brick buildings) and the proposed Italian guideline values
(IMIT2009).

The results indicate the masonry quality index (MQI) is a suitable method for assessing the behavioral
quality of buildings in various loading conditions. Therefore, further tests and application of the
masonry quality index (MQI) in the study of Iranian buildings will make it possible to adapt this
approach to typical masonry used in Iran. This in turn will enable us to estimate mechanical properties
by an enhanced qualitative method instead of destructive experimental tests.

Fig. 3: Sorkheie House: (a) crack pattern of the wall, (b) arrangement of measuring gauges

Table 2: Values of compressive strength and modulus of elasticity obtained by the double flat jack test

Compressive strength Modulus of elasticity

Number of tests (MPa) MPs
Nafisi House /11 803/26
3 1/13 1182/06
0/81 1382/27

1/36 1794

Kalantar House 2

1/68 2611/13
Sorkheie House 2 0/53 1179/42
0/81 1480/35




Aminifar et al.,/ Journal of Reseatch on Archaeometry 2 (2021) 209-217

Photos

elevation

Analysis of horizontal and vertical

iniento and veinll coactine

Vertical joints Wall section
-
E | 1 ]
“ 1 | R | |
° [ I [ ]
g : | . | . | . ]
o
o0 | | | ]
<
g
<

Axonometric projection Front view




Aminifar et al.,/ Journal of Reseatch on Archaeometry 2 (2021) 209-217

Analysis of horizontal and Vertical joints
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Table 4. The results of the qualitative evaluation of the Sorkheie House based on Borri’s approach
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—  Brick wall with a thickness of 1 meter
—  The wall built with square bricks
—  The horizontal joints are filled full

—  Squate (20x20x4 cm) and rectangular (20x10x4 cm) fired bricks
—  Weak aerial lime-based mortar with low bonding,.
—  The thickness of the mortar is the same in the horizontal and vertical joints

Dimensions of the bricks

L=B=200 mm
H= 40 mm
B
In-plane Out-of- Vertical MM | V) H) WC ss D M
plane
- B B Category PF F F NF | PE | PF | PF
[ 125> M
MQI = SM (SD + SS + WC + HJ + V] + MM)
85/3
/ 50/3 85/3 MQI MQIV =7/0 (5/0 +1/5+ 0+ 2+ 1+0/5 =85/3
MQIO =0/7 (0/5 + 1+ 0+ 2+ 1+ 0/50) =5/3
E (MPa) £,(MPa) , MQ /70/ /50) =5/
Mechanical MQII=0/7(0/5+1+0+1+2+1)=3/85
1179/42- 0/53- properties
1480/35 0/81

Table6: Comparing the values of compressive strength and modulus of elasticity obtained from the double flat jack
testing and the relations proposed by Borri et al.

Nafisi House Sorkheie House Kalantar House
Min and max Min and max
) Min and max | Min and max Min and max | values ValU?S Min and max
Mecham'ca.l values values values obtained by obtained by values
propetties obtained by obtained by obtained by Borri’s double flat obtained by
double flat jack Borri’s double flat relations jack test Borri’s
test (MPa) relations jack test (MPa) (MPa) relations
(MPa) (MPa) (MPa)
Compresive | 0/g1-1/13 | 2/39-3/89 | 0/0-53/81 | 2/21-3/62 | 1/36-1/68 | 3/27-5/13
fe)
Elastic -1182/06 -1137/74 —1179/42 -1070/59 -1794 -1451/16
modulus 1382/27 1631/23 1480/35 1540/56 2611/3 2050/53
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Fig.1: (a) U-shaped plan of Nafisi house, (b) a picture of Nafisi house, (c) section of Nafisi house.
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Fig.2: (a) plan of Kalantar house, (b) a picture of Kalantar house, (c) section of Kalantar house.
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Fig.3: (a) plan of Sorkhehee house, (b) a picture of Sorkhehee house
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Table 1: The equations proposed by Borri et.al to estimate compressive strength and modulus of elasticity.
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Fig.4: (a) cutting machine, (b) LVDTs, (c) Hydraulic pump, (d) double flat jacks
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Table2: Numerical values for analysis
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Table3: Masonry categories as function of the Masonty Quality Index (MQI)
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Table4: Values of compressive strength and modulus of elasticity obtained by the double double flat jack test

(MPa) dtpioY] Joso (MPa) (g)lib cenglio l yiolosl Sy

modulus of elasticity compressive strength Number of tests
AYINS VN g 98
VVAY/-5 VAT v Nafisi historic house
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Fig 5: Nafisi's historic house (a) cutting the mortar of the test site( b) arrangement of the measuring gauges (c) wall
cracking pattern (d) recording the data of the gauges (e) site conditions and how to conduct the test.
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Fig6: The locations of conducted testsin Nafisi house are marked with blue circle
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Fig.7: Historical house of Sorkhehee: (a)crack pattern of wall (b) The arrangement of measuring gauges
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Fig8. The locations of conducted tests in Sorkhehee house are marked with blue circle
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Fig 9.(a) Condition of conducting the tests (b) The arrangement of measuring gauges
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Table5.The results of the qualitative evaluation of Nafisi's historical house based on Borri's method
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Wall's elevation
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Horizontal bed joints
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Analysis of hootizental and vertical joints and wall section
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Table8: Investigating the status of the masonry quality index of Nafisi historical house
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Vertical loads
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Table9: The results of the qualitative evaluation of Kalantar's historical house based on Borti's method.
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Dimention of the bricks of wall
1.=B=200 mm 18
H= 40 mm 4 g
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Table10:Investigating the status of the masonry quality index of Kalantar historical house

A °
B L (e50s sl DSMQIS - Yo <MQI< 0 - SMQI=<V/o
Vertical loads
aio 3 @8l gyl YSMQIS Y- F<MQISY +SMQIS<Y¥
Horizontal in plane loads
aiuo jl g a8l glaly BEMQIS Y- Y<MQI<O +SMQIS<Y
Horizontal out of plane loads
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Table11: Comparing the values of compressive strength and modulus of elasticity obtained from the double double flat
jack testing and the relationships proposed by Borr et. al

SIS s Slas pw G5 JEVIVEHR-HES
Kalantar house Sotkhehee house Nafisi house
5lus 8l
5 Jilo ’ 5 5 Jils s B oy Jile | Sl s Bl | ol
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obtained by | Max values | obtained by Vz.tlues obtained by obtained by
Borri's obtained by Borri's obtained by Borri's double flat
relations double flat relations double flat relations jack test
jack test jack test
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1. Masonty Quality Index
2. Apparecchio murario aquilano
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