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ABSTRACT:  *In this study, lateral response of masonry walls with openings is studied. The numerical 
modeling and analysis is followed and the developed models are validated using available experimental 
results. Samples selected for validation analysis include two masonry walls confined with reinforced 
concrete perimeter ties and one masonry wall with no ties. Validity of the numerical models has been 
established against the experimental samples within Abaqus software using nonlinear static analysis. 
Variation in the size, location and aspect ratio of the opening are taken into account and the lateral 
stiffness and strength of the walls are calculated. In addition, a series of equations have been developed 
based on strength of materials for simple calculation of lateral stiffness, strength and ductility of masonry 
walls with opening. This has the important advantage of avoiding complex and time consuming 3D 
nonlinear finite element analysis for the same purpose. To do this task, three different cases of failure are 
accounted for the walls including: when presence of the opening is not effective, when behavior of the 
two piers besides the opening is governing, and when the overhead lintel governs the lateral behavior of 
wall. Each of the mentioned cases are in turn divided into other sub-cases and several nonlinear finite 
element analyses have been undertaken. Results of the developed analytical equations are compared and 
calibrated with those of the finite element analysis and desirable accuracy of the relations developed in 
this study is confirmed.
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1. INTRODUCTION
There have been several research works for quantifying the 
lateral behavior of masonry walls with openings in masonry 
buildings. Qamaruddin [1] presented a method for calculating 
the in-plane stiffness of masonry walls with openings. In his 
method, the wall was simulated using a number of flexible 
beams under the lateral load. Shariq et al. [2] studied the effect 
of openings on the seismic performance of masonry walls. They 
concluded that the maximum tensile stress happens in narrower 
walls while the maximum shear stress occurs in longer walls. 
Kuroki et al. [3] investigated different methods of strengthening 
for the masonry walls with openings using added reinforced 
concrete elements. They performed a number of experiments 
on the masonry walls for this purpose. The test results exhibited 
the fact that it was possible to increase the shear strength of the 
walls with openings to a level even larger than that of the solid 
wall using the added concrete elements. Sarrafi and Eshghi 
[4] devised a number of masonry wall samples being similar 
in pattern to the walls being customary in Iran and conducted 
experiments on them. As a result, they determined the cracking 
strength, the ultimate lateral strength, the ductility capacity, and 
the energy absorbed by the wall samples. Ganz et al. [5] tested a 
number of masonry walls under different loads. Moreover, they 
analyzed the tested walls using the finite element method and 

the macro approach. They compared the analyses and testing 
results and exhibited the similarities. In this research, a semi-
analytical equation has been developed for determining the 
lateral stiffness of masonry walls having openings, using the 
analytical approach.

2. METHODOLOGY
A masonry wall with opening is shown in Fig. 1. This wall 
is divided into three segments and its lateral stiffness is sum 
of the deformations related to bending and shear actions. 
The flexural and shear energies are calculated for the wall 
segments using Eqs. (1-3):

 

Fig. 1. Schematic view of a masonry wall having an opening and distribution of internal actions along its height. 

  

 Fig. 1. Schematic view of a masonry wall having an opening and
distribution of internal actions along its height.
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In the above equations, IU , IIU and IIIU are the energies 
absorbed by the lower, intermediate, and upper parts of the 
wall, respectively; 1h  , 2h  , and 3h  are the heights attributed 
to the parts below and over the opening and the whole wall, 
respectively. Moreover, wI  and opI   are the moments of 
inertia of the solid and opening parts of the wall, respectively, 
E is the modulus of elasticity and ν   is the Poisson’s ratio of 

the wall material. To simplify the procedure, 1h
h

 , 2h
h

 , and 
3h

h
 are replaced by 1α , 2α , and 3α . Then:

Using Eq. (4), the lateral stiffness of the masonry wall with 
opening is calculated using Eq. (5):

The lateral stiffness of the concrete ties around the wall is 
calculated at the top of the wall by analyzing it as a moment 
frame using Fig. (2).

Then, the stiffness matrix of the concrete tie will be:
Using the relations between the rotations of the nodes and 
the lateral displacement under a lateral load, and a coefficient 
of 0.3 for the moment of inertia of the cracked sections, the 
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Fig. 2. The concrete tie system. 
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in which x showing the number attributed to the location 
of the opening in the wall, as shown in Fig. 3. 

 

Fig. 3. Possible locations of the opening (locations 1-9). 

     Coefficients of Eq. (9) are calculated as follows: 
20.1536 0.0172, 0.92a Rγ= − + =                             (10)   

22.3598 0.2642, 0.93b Rγ= − =                               (11) 

2 2209.82 101.9 10.654, 1c Rγ γ= − + =                      (12)   

220.397 1.9893, 1d Rγ= − =                                     (13)   

where γ is ratio of opening area to the total wall area. 

 Conclusions  

In this paper, lateral stiffness of a masonry wall having 
an opening was calculated. Nine different locations were 
considered for the opening and different ratios were 
considered for the area of the opening to the whole wall. 
It was simple and accurate enough to correct the 
analytical equations using a correction factor derived 
from the finite element analysis. The correction factor 
varied with location and relative area of the opening. 

 References 

[1] Qamaruddin; M.; “In-plane stiffness of shear walls 
with openings”; Building and Environment, 34, 
1999, 109-127. 

[2] Shariq; M. Abbasi; H. Irtaza; H. & Qamaruddin; M; 
“Influence of Openings on Seismic Performance of 
Masonry Building Walls”; Building and 
Environment, 43, 2008, 1232–1240. 

[3] Kuroki; M. Kikuchi; K. Nonaka; H. & Shimosako; 
M.; “Experimental Study on Reinforcing Methods 
Using Extra RC Elements for Confined Masonry 
Walls with Openings”; 15thWorld Conference on 
Earthquake Engineering, Lisbon, Portugal, 2012, 2-
5. 

[4] Sarrafi; B., Eshghi; S., “Experimental Study on 
Lateral Strength of Confined Masonry Walls”; 15th 
World Conference on Earthquake Engineering, 
Lisboa, 2012, 2-7. 

[5] Ganz; H.R.; and Thurlimann; B.; "Tests on masonry 
walls under normal and shear loading."; Rep. No. 
7502-4, Inst. of Struct. Engrg., ETH Zurich, Zurich, 
Switzerland (in German), 1984, 3-8. 

 is ratio of the difference of the analytical and finite 
element values of the lateral stiffness to the later one. It is 
proved to be calculated using Eq. (9):

in which x showing the number attributed to the location 

 
Fig. 2. The concrete tie system. 

  

Fig. 2. The concrete tie system. 

 
Fig. 2. The concrete tie system. 

Then, the stiffness matrix of the concrete tie will be: 

3 2

24 6 6

6 4 4 2

6 2 4 4

EI EI EI
hh h

EI EI EI EIk
h h L L
EI EI EI EI
h L h L

 
 
 
 = + 
 
 +
  

                    (6)   

      Using the relations between the rotations of the nodes 
and the lateral displacement under a lateral load, and a 
coefficient of 0.3 for the moment of inertia of the cracked 
sections, the lateral stiffness of the tie is calculated to be 
as follows: 

2

3
2

36 0.3(24 ( ))
32

h EIK
hhh

L

= −
+

                                   (7) 

The total lateral stiffness is the sum of the masonry parts 
and the concrete tie calculated in the above. 

 Discussion and Results 

     A wall having dimensions equal to 5m in length, 3m 
in height and 30 cm in thickness is considered. It is under 
a uniform gravity line load of 2 t/m. The lateral stiffness 
of the wall is calculated using the finite element method 
and compared with the above analytical relations. Then 
the lateral stiffness (K) is calculated using the analytical 
ones corrected as follows: 

K = Kwall+Ktie
1+β1

                                                  (8) 

where 𝐾𝐾𝐾𝐾𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 and 𝐾𝐾𝐾𝐾𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 are the lateral stiffness of the wall 
itself (reciprocal of Eq. 5) and the tie system (Eq. 7), 
respectively, and 𝛽𝛽𝛽𝛽1 is ratio of the difference of the 
analytical and finite element values of the lateral stiffness 
to the later one. It is proved to be calculated using Eq. 
(9): 

3 2
1 ax bx cx dβ = + + +                                               (9) 

in which x showing the number attributed to the location 
of the opening in the wall, as shown in Fig. 3. 

 

Fig. 3. Possible locations of the opening (locations 1-9). 

     Coefficients of Eq. (9) are calculated as follows: 
20.1536 0.0172, 0.92a Rγ= − + =                             (10)   

22.3598 0.2642, 0.93b Rγ= − =                               (11) 

2 2209.82 101.9 10.654, 1c Rγ γ= − + =                      (12)   

220.397 1.9893, 1d Rγ= − =                                     (13)   

where γ is ratio of opening area to the total wall area. 

 Conclusions  

In this paper, lateral stiffness of a masonry wall having 
an opening was calculated. Nine different locations were 
considered for the opening and different ratios were 
considered for the area of the opening to the whole wall. 
It was simple and accurate enough to correct the 
analytical equations using a correction factor derived 
from the finite element analysis. The correction factor 
varied with location and relative area of the opening. 

 References 

[1] Qamaruddin; M.; “In-plane stiffness of shear walls 
with openings”; Building and Environment, 34, 
1999, 109-127. 

[2] Shariq; M. Abbasi; H. Irtaza; H. & Qamaruddin; M; 
“Influence of Openings on Seismic Performance of 
Masonry Building Walls”; Building and 
Environment, 43, 2008, 1232–1240. 

[3] Kuroki; M. Kikuchi; K. Nonaka; H. & Shimosako; 
M.; “Experimental Study on Reinforcing Methods 
Using Extra RC Elements for Confined Masonry 
Walls with Openings”; 15thWorld Conference on 
Earthquake Engineering, Lisbon, Portugal, 2012, 2-
5. 

[4] Sarrafi; B., Eshghi; S., “Experimental Study on 
Lateral Strength of Confined Masonry Walls”; 15th 
World Conference on Earthquake Engineering, 
Lisboa, 2012, 2-7. 

[5] Ganz; H.R.; and Thurlimann; B.; "Tests on masonry 
walls under normal and shear loading."; Rep. No. 
7502-4, Inst. of Struct. Engrg., ETH Zurich, Zurich, 
Switzerland (in German), 1984, 3-8. 

 

 
Fig. 2. The concrete tie system. 

Then, the stiffness matrix of the concrete tie will be: 

3 2

24 6 6

6 4 4 2

6 2 4 4

EI EI EI
hh h

EI EI EI EIk
h h L L
EI EI EI EI
h L h L

 
 
 
 = + 
 
 +
  

                    (6)   

      Using the relations between the rotations of the nodes 
and the lateral displacement under a lateral load, and a 
coefficient of 0.3 for the moment of inertia of the cracked 
sections, the lateral stiffness of the tie is calculated to be 
as follows: 

2

3
2

36 0.3(24 ( ))
32

h EIK
hhh

L

= −
+

                                   (7) 

The total lateral stiffness is the sum of the masonry parts 
and the concrete tie calculated in the above. 

 Discussion and Results 

     A wall having dimensions equal to 5m in length, 3m 
in height and 30 cm in thickness is considered. It is under 
a uniform gravity line load of 2 t/m. The lateral stiffness 
of the wall is calculated using the finite element method 
and compared with the above analytical relations. Then 
the lateral stiffness (K) is calculated using the analytical 
ones corrected as follows: 

K = Kwall+Ktie
1+β1

                                                  (8) 

where 𝐾𝐾𝐾𝐾𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 and 𝐾𝐾𝐾𝐾𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 are the lateral stiffness of the wall 
itself (reciprocal of Eq. 5) and the tie system (Eq. 7), 
respectively, and 𝛽𝛽𝛽𝛽1 is ratio of the difference of the 
analytical and finite element values of the lateral stiffness 
to the later one. It is proved to be calculated using Eq. 
(9): 

3 2
1 ax bx cx dβ = + + +                                               (9) 

in which x showing the number attributed to the location 
of the opening in the wall, as shown in Fig. 3. 

 

Fig. 3. Possible locations of the opening (locations 1-9). 

     Coefficients of Eq. (9) are calculated as follows: 
20.1536 0.0172, 0.92a Rγ= − + =                             (10)   

22.3598 0.2642, 0.93b Rγ= − =                               (11) 

2 2209.82 101.9 10.654, 1c Rγ γ= − + =                      (12)   

220.397 1.9893, 1d Rγ= − =                                     (13)   

where γ is ratio of opening area to the total wall area. 

 Conclusions  

In this paper, lateral stiffness of a masonry wall having 
an opening was calculated. Nine different locations were 
considered for the opening and different ratios were 
considered for the area of the opening to the whole wall. 
It was simple and accurate enough to correct the 
analytical equations using a correction factor derived 
from the finite element analysis. The correction factor 
varied with location and relative area of the opening. 

 References 

[1] Qamaruddin; M.; “In-plane stiffness of shear walls 
with openings”; Building and Environment, 34, 
1999, 109-127. 

[2] Shariq; M. Abbasi; H. Irtaza; H. & Qamaruddin; M; 
“Influence of Openings on Seismic Performance of 
Masonry Building Walls”; Building and 
Environment, 43, 2008, 1232–1240. 

[3] Kuroki; M. Kikuchi; K. Nonaka; H. & Shimosako; 
M.; “Experimental Study on Reinforcing Methods 
Using Extra RC Elements for Confined Masonry 
Walls with Openings”; 15thWorld Conference on 
Earthquake Engineering, Lisbon, Portugal, 2012, 2-
5. 

[4] Sarrafi; B., Eshghi; S., “Experimental Study on 
Lateral Strength of Confined Masonry Walls”; 15th 
World Conference on Earthquake Engineering, 
Lisboa, 2012, 2-7. 

[5] Ganz; H.R.; and Thurlimann; B.; "Tests on masonry 
walls under normal and shear loading."; Rep. No. 
7502-4, Inst. of Struct. Engrg., ETH Zurich, Zurich, 
Switzerland (in German), 1984, 3-8. 

 

 
Fig. 2. The concrete tie system. 

Then, the stiffness matrix of the concrete tie will be: 

3 2

24 6 6

6 4 4 2

6 2 4 4

EI EI EI
hh h

EI EI EI EIk
h h L L
EI EI EI EI
h L h L

 
 
 
 = + 
 
 +
  

                    (6)   

      Using the relations between the rotations of the nodes 
and the lateral displacement under a lateral load, and a 
coefficient of 0.3 for the moment of inertia of the cracked 
sections, the lateral stiffness of the tie is calculated to be 
as follows: 

2

3
2

36 0.3(24 ( ))
32

h EIK
hhh

L

= −
+

                                   (7) 

The total lateral stiffness is the sum of the masonry parts 
and the concrete tie calculated in the above. 

 Discussion and Results 

     A wall having dimensions equal to 5m in length, 3m 
in height and 30 cm in thickness is considered. It is under 
a uniform gravity line load of 2 t/m. The lateral stiffness 
of the wall is calculated using the finite element method 
and compared with the above analytical relations. Then 
the lateral stiffness (K) is calculated using the analytical 
ones corrected as follows: 

K = Kwall+Ktie
1+β1

                                                  (8) 

where 𝐾𝐾𝐾𝐾𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 and 𝐾𝐾𝐾𝐾𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 are the lateral stiffness of the wall 
itself (reciprocal of Eq. 5) and the tie system (Eq. 7), 
respectively, and 𝛽𝛽𝛽𝛽1 is ratio of the difference of the 
analytical and finite element values of the lateral stiffness 
to the later one. It is proved to be calculated using Eq. 
(9): 

3 2
1 ax bx cx dβ = + + +                                               (9) 

in which x showing the number attributed to the location 
of the opening in the wall, as shown in Fig. 3. 

 

Fig. 3. Possible locations of the opening (locations 1-9). 

     Coefficients of Eq. (9) are calculated as follows: 
20.1536 0.0172, 0.92a Rγ= − + =                             (10)   

22.3598 0.2642, 0.93b Rγ= − =                               (11) 

2 2209.82 101.9 10.654, 1c Rγ γ= − + =                      (12)   

220.397 1.9893, 1d Rγ= − =                                     (13)   

where γ is ratio of opening area to the total wall area. 

 Conclusions  

In this paper, lateral stiffness of a masonry wall having 
an opening was calculated. Nine different locations were 
considered for the opening and different ratios were 
considered for the area of the opening to the whole wall. 
It was simple and accurate enough to correct the 
analytical equations using a correction factor derived 
from the finite element analysis. The correction factor 
varied with location and relative area of the opening. 

 References 

[1] Qamaruddin; M.; “In-plane stiffness of shear walls 
with openings”; Building and Environment, 34, 
1999, 109-127. 

[2] Shariq; M. Abbasi; H. Irtaza; H. & Qamaruddin; M; 
“Influence of Openings on Seismic Performance of 
Masonry Building Walls”; Building and 
Environment, 43, 2008, 1232–1240. 

[3] Kuroki; M. Kikuchi; K. Nonaka; H. & Shimosako; 
M.; “Experimental Study on Reinforcing Methods 
Using Extra RC Elements for Confined Masonry 
Walls with Openings”; 15thWorld Conference on 
Earthquake Engineering, Lisbon, Portugal, 2012, 2-
5. 

[4] Sarrafi; B., Eshghi; S., “Experimental Study on 
Lateral Strength of Confined Masonry Walls”; 15th 
World Conference on Earthquake Engineering, 
Lisboa, 2012, 2-7. 

[5] Ganz; H.R.; and Thurlimann; B.; "Tests on masonry 
walls under normal and shear loading."; Rep. No. 
7502-4, Inst. of Struct. Engrg., ETH Zurich, Zurich, 
Switzerland (in German), 1984, 3-8. 

 

 
Fig. 2. The concrete tie system. 

Then, the stiffness matrix of the concrete tie will be: 

3 2

24 6 6

6 4 4 2

6 2 4 4

EI EI EI
hh h

EI EI EI EIk
h h L L
EI EI EI EI
h L h L

 
 
 
 = + 
 
 +
  

                    (6)   

      Using the relations between the rotations of the nodes 
and the lateral displacement under a lateral load, and a 
coefficient of 0.3 for the moment of inertia of the cracked 
sections, the lateral stiffness of the tie is calculated to be 
as follows: 

2

3
2

36 0.3(24 ( ))
32

h EIK
hhh

L

= −
+

                                   (7) 

The total lateral stiffness is the sum of the masonry parts 
and the concrete tie calculated in the above. 

 Discussion and Results 

     A wall having dimensions equal to 5m in length, 3m 
in height and 30 cm in thickness is considered. It is under 
a uniform gravity line load of 2 t/m. The lateral stiffness 
of the wall is calculated using the finite element method 
and compared with the above analytical relations. Then 
the lateral stiffness (K) is calculated using the analytical 
ones corrected as follows: 

K = Kwall+Ktie
1+β1

                                                  (8) 

where 𝐾𝐾𝐾𝐾𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 and 𝐾𝐾𝐾𝐾𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 are the lateral stiffness of the wall 
itself (reciprocal of Eq. 5) and the tie system (Eq. 7), 
respectively, and 𝛽𝛽𝛽𝛽1 is ratio of the difference of the 
analytical and finite element values of the lateral stiffness 
to the later one. It is proved to be calculated using Eq. 
(9): 

3 2
1 ax bx cx dβ = + + +                                               (9) 

in which x showing the number attributed to the location 
of the opening in the wall, as shown in Fig. 3. 

 

Fig. 3. Possible locations of the opening (locations 1-9). 

     Coefficients of Eq. (9) are calculated as follows: 
20.1536 0.0172, 0.92a Rγ= − + =                             (10)   

22.3598 0.2642, 0.93b Rγ= − =                               (11) 

2 2209.82 101.9 10.654, 1c Rγ γ= − + =                      (12)   

220.397 1.9893, 1d Rγ= − =                                     (13)   

where γ is ratio of opening area to the total wall area. 

 Conclusions  

In this paper, lateral stiffness of a masonry wall having 
an opening was calculated. Nine different locations were 
considered for the opening and different ratios were 
considered for the area of the opening to the whole wall. 
It was simple and accurate enough to correct the 
analytical equations using a correction factor derived 
from the finite element analysis. The correction factor 
varied with location and relative area of the opening. 

 References 

[1] Qamaruddin; M.; “In-plane stiffness of shear walls 
with openings”; Building and Environment, 34, 
1999, 109-127. 

[2] Shariq; M. Abbasi; H. Irtaza; H. & Qamaruddin; M; 
“Influence of Openings on Seismic Performance of 
Masonry Building Walls”; Building and 
Environment, 43, 2008, 1232–1240. 

[3] Kuroki; M. Kikuchi; K. Nonaka; H. & Shimosako; 
M.; “Experimental Study on Reinforcing Methods 
Using Extra RC Elements for Confined Masonry 
Walls with Openings”; 15thWorld Conference on 
Earthquake Engineering, Lisbon, Portugal, 2012, 2-
5. 

[4] Sarrafi; B., Eshghi; S., “Experimental Study on 
Lateral Strength of Confined Masonry Walls”; 15th 
World Conference on Earthquake Engineering, 
Lisboa, 2012, 2-7. 

[5] Ganz; H.R.; and Thurlimann; B.; "Tests on masonry 
walls under normal and shear loading."; Rep. No. 
7502-4, Inst. of Struct. Engrg., ETH Zurich, Zurich, 
Switzerland (in German), 1984, 3-8. 

 

Fig. 3. Possible locations of the opening (locations 1-9). 

 

Fig. 3. Possible locations of the opening (locations 1-9).



747

M. Shafiei Varzaneh and F. Behnamfar, Amirkabir J. Civil Eng., 52(12) (2021) 745-748, DOI:   10.22060/ceej.2019.16157.6144

HOW TO CITE THIS ARTICLE
M. Shafiei Varzaneh, F. Behnamfar, Effect of opening on the lateral stiffness of masonry 
walls with and without ties, Amirkabir J. Civil Eng., 52(12) (2021) 745-748.

DOI: 10.22060/ceej.2019.16157.6144

of the opening in the wall, as shown in Fig. 3.
Coefficients of Eq. (9) are calculated as follows:

where 

 

 
Fig. 2. The concrete tie system. 

Then, the stiffness matrix of the concrete tie will be: 

3 2

24 6 6

6 4 4 2

6 2 4 4

EI EI EI
hh h

EI EI EI EIk
h h L L
EI EI EI EI
h L h L

 
 
 
 = + 
 
 +
  

                    (6)   

      Using the relations between the rotations of the nodes 
and the lateral displacement under a lateral load, and a 
coefficient of 0.3 for the moment of inertia of the cracked 
sections, the lateral stiffness of the tie is calculated to be 
as follows: 

2

3
2

36 0.3(24 ( ))
32

h EIK
hhh

L

= −
+

                                   (7) 

The total lateral stiffness is the sum of the masonry parts 
and the concrete tie calculated in the above. 

 Discussion and Results 

     A wall having dimensions equal to 5m in length, 3m 
in height and 30 cm in thickness is considered. It is under 
a uniform gravity line load of 2 t/m. The lateral stiffness 
of the wall is calculated using the finite element method 
and compared with the above analytical relations. Then 
the lateral stiffness (K) is calculated using the analytical 
ones corrected as follows: 

K = Kwall+Ktie
1+β1

                                                  (8) 

where 𝐾𝐾𝐾𝐾𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 and 𝐾𝐾𝐾𝐾𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 are the lateral stiffness of the wall 
itself (reciprocal of Eq. 5) and the tie system (Eq. 7), 
respectively, and 𝛽𝛽𝛽𝛽1 is ratio of the difference of the 
analytical and finite element values of the lateral stiffness 
to the later one. It is proved to be calculated using Eq. 
(9): 

3 2
1 ax bx cx dβ = + + +                                               (9) 

in which x showing the number attributed to the location 
of the opening in the wall, as shown in Fig. 3. 

 

Fig. 3. Possible locations of the opening (locations 1-9). 

     Coefficients of Eq. (9) are calculated as follows: 
20.1536 0.0172, 0.92a Rγ= − + =                             (10)   

22.3598 0.2642, 0.93b Rγ= − =                               (11) 

2 2209.82 101.9 10.654, 1c Rγ γ= − + =                      (12)   

220.397 1.9893, 1d Rγ= − =                                     (13)   

where γ is ratio of opening area to the total wall area. 

 Conclusions  

In this paper, lateral stiffness of a masonry wall having 
an opening was calculated. Nine different locations were 
considered for the opening and different ratios were 
considered for the area of the opening to the whole wall. 
It was simple and accurate enough to correct the 
analytical equations using a correction factor derived 
from the finite element analysis. The correction factor 
varied with location and relative area of the opening. 

 References 

[1] Qamaruddin; M.; “In-plane stiffness of shear walls 
with openings”; Building and Environment, 34, 
1999, 109-127. 

[2] Shariq; M. Abbasi; H. Irtaza; H. & Qamaruddin; M; 
“Influence of Openings on Seismic Performance of 
Masonry Building Walls”; Building and 
Environment, 43, 2008, 1232–1240. 

[3] Kuroki; M. Kikuchi; K. Nonaka; H. & Shimosako; 
M.; “Experimental Study on Reinforcing Methods 
Using Extra RC Elements for Confined Masonry 
Walls with Openings”; 15thWorld Conference on 
Earthquake Engineering, Lisbon, Portugal, 2012, 2-
5. 

[4] Sarrafi; B., Eshghi; S., “Experimental Study on 
Lateral Strength of Confined Masonry Walls”; 15th 
World Conference on Earthquake Engineering, 
Lisboa, 2012, 2-7. 

[5] Ganz; H.R.; and Thurlimann; B.; "Tests on masonry 
walls under normal and shear loading."; Rep. No. 
7502-4, Inst. of Struct. Engrg., ETH Zurich, Zurich, 
Switzerland (in German), 1984, 3-8. 

 is ratio of opening area to the total wall area.

4. CONCLUSIONS 
In this paper, lateral stiffness of a masonry wall having 
an opening was calculated. Nine different locations were 
considered for the opening and different ratios were 
considered for the area of the opening to the whole wall. It 
was simple and accurate enough to correct the analytical 
equations using a correction factor derived from the finite 

 

 
Fig. 2. The concrete tie system. 

Then, the stiffness matrix of the concrete tie will be: 

3 2

24 6 6

6 4 4 2

6 2 4 4

EI EI EI
hh h

EI EI EI EIk
h h L L
EI EI EI EI
h L h L

 
 
 
 = + 
 
 +
  

                    (6)   

      Using the relations between the rotations of the nodes 
and the lateral displacement under a lateral load, and a 
coefficient of 0.3 for the moment of inertia of the cracked 
sections, the lateral stiffness of the tie is calculated to be 
as follows: 

2

3
2

36 0.3(24 ( ))
32

h EIK
hhh

L

= −
+

                                   (7) 

The total lateral stiffness is the sum of the masonry parts 
and the concrete tie calculated in the above. 

 Discussion and Results 

     A wall having dimensions equal to 5m in length, 3m 
in height and 30 cm in thickness is considered. It is under 
a uniform gravity line load of 2 t/m. The lateral stiffness 
of the wall is calculated using the finite element method 
and compared with the above analytical relations. Then 
the lateral stiffness (K) is calculated using the analytical 
ones corrected as follows: 

K = Kwall+Ktie
1+β1

                                                  (8) 

where 𝐾𝐾𝐾𝐾𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 and 𝐾𝐾𝐾𝐾𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 are the lateral stiffness of the wall 
itself (reciprocal of Eq. 5) and the tie system (Eq. 7), 
respectively, and 𝛽𝛽𝛽𝛽1 is ratio of the difference of the 
analytical and finite element values of the lateral stiffness 
to the later one. It is proved to be calculated using Eq. 
(9): 

3 2
1 ax bx cx dβ = + + +                                               (9) 

in which x showing the number attributed to the location 
of the opening in the wall, as shown in Fig. 3. 

 

Fig. 3. Possible locations of the opening (locations 1-9). 

     Coefficients of Eq. (9) are calculated as follows: 
20.1536 0.0172, 0.92a Rγ= − + =                             (10)   

22.3598 0.2642, 0.93b Rγ= − =                               (11) 

2 2209.82 101.9 10.654, 1c Rγ γ= − + =                      (12)   

220.397 1.9893, 1d Rγ= − =                                     (13)   

where γ is ratio of opening area to the total wall area. 

 Conclusions  

In this paper, lateral stiffness of a masonry wall having 
an opening was calculated. Nine different locations were 
considered for the opening and different ratios were 
considered for the area of the opening to the whole wall. 
It was simple and accurate enough to correct the 
analytical equations using a correction factor derived 
from the finite element analysis. The correction factor 
varied with location and relative area of the opening. 

 References 

[1] Qamaruddin; M.; “In-plane stiffness of shear walls 
with openings”; Building and Environment, 34, 
1999, 109-127. 

[2] Shariq; M. Abbasi; H. Irtaza; H. & Qamaruddin; M; 
“Influence of Openings on Seismic Performance of 
Masonry Building Walls”; Building and 
Environment, 43, 2008, 1232–1240. 

[3] Kuroki; M. Kikuchi; K. Nonaka; H. & Shimosako; 
M.; “Experimental Study on Reinforcing Methods 
Using Extra RC Elements for Confined Masonry 
Walls with Openings”; 15thWorld Conference on 
Earthquake Engineering, Lisbon, Portugal, 2012, 2-
5. 

[4] Sarrafi; B., Eshghi; S., “Experimental Study on 
Lateral Strength of Confined Masonry Walls”; 15th 
World Conference on Earthquake Engineering, 
Lisboa, 2012, 2-7. 

[5] Ganz; H.R.; and Thurlimann; B.; "Tests on masonry 
walls under normal and shear loading."; Rep. No. 
7502-4, Inst. of Struct. Engrg., ETH Zurich, Zurich, 
Switzerland (in German), 1984, 3-8. 

element analysis. The correction factor varied with location 
and relative area of the opening.

REFERENCES
[1]Qamaruddin; M.; “In-plane stiffness of shear walls with openings”; 

Building and Environment, 34, 1999, 109-127.
[2]Shariq; M. Abbasi; H. Irtaza; H. & Qamaruddin; M; “Influence of 

Openings on Seismic Performance of Masonry Building Walls”; 
Building and Environment, 43, 2008, 1232–1240.

[3]Kuroki; M. Kikuchi; K. Nonaka; H. & Shimosako; M.; 
“Experimental Study on Reinforcing Methods Using Extra 
RC Elements for Confined Masonry Walls with Openings”; 
15thWorld Conference on Earthquake Engineering, Lisbon, 
Portugal, 2012, 2-5.

[4]Sarrafi; B., Eshghi; S., “Experimental Study on Lateral Strength 
of Confined Masonry Walls”; 15th World Conference on 
Earthquake Engineering, Lisboa, 2012, 2-7.

[5]Ganz; H.R.; and Thurlimann; B.; “Tests on masonry walls under 
normal and shear loading.”; Rep. No. 7502-4, Inst. of Struct. Engrg., 
ETH Zurich, Zurich, Switzerland (in German), 1984, 3-8.



This
 pa

ge
 in

ten
tio

na
lly

 le
ft b

lan
k


