
Original Research Paper

 2Hacer BİLİR ÖZHAN ¹ , İsmail H. ÇAĞATAY   
1 Bursa Technical University, Bursa, Turkey.
2 Çukurova University, Adana, Turkey.

APPROACHES OF INFILL WALL MODELING IN FRAME SYSTEMS

ABSTRACT

It is known that infill walls considerably alter the behavior of frames under lateral loads. However, the effects of infill wall materials on building strength are mostly 
neglected. Structural fractures are initiated first in key structural members including infill walls. Therefore, behaviors of infilled frame systems should be analyzed 
and well-comprehended. In this study, two-story tree-span frame systems with/without infill walls and with/without shear walls were modeled with the aid of 
equivalent diagonal compression strut and finite element methods. Present findings revealed that infill walls had significant effects on building rigidity, period, lateral 
displacements, shear forces and behaviors.       
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1. INTRODUCTION:
In general, load-bearing effects of infill walls under lateral loads are quite well-
known, but they are usually neglected. The observations and investigations on 
earthquake-induced damages on buildings revealed that infill walls provided sig-
nificant contributions to rigidity, load bearing capacity, period and damping-like 
dynamic attributes of the buildings with significant effects on long-term durabil-
ity and on-purpose service of the buildings. In conventional design and calcula-
tions for infill walls, contributions of the wall are neglected and such a negli-
gence mostly attributed to great variety in infill wall materials and the resultant 
variety in strength and lack of in-field inspections. Structural or non-structural 
cracks are initiated over any key structural members at capillary levels or they 
are initiated over a large area through various reasons. Then, as a result of these 
cracks against which the measures were not taken or were not able to be taken, 
partial or overall failure is observed in buildings. Therefore, behavior of every 
member constituting a building should be known. During the earthquakes, gen-
erally great damages and fracture mechanisms are clearly visible on infill walls. 
Previous theoretical and empirical studies on behavior of infill walls under 
earthquake loads revealed contrary to actual cases that infill walls greatly influ-
enced earthquake behavior of the buildings. With proper design and workman-
ship, infill walls may improve building resistance against not only especially the 
vertical loads, but also the lateral loads. However, improper design and negli-
gence may result in negative cases influencing collapse mechanisms of the 
building. Therefore, the behavior of infill walls should be well-comprehended to 
improve positive impacts of infill wall members and turn them into structural 
members with great contributions to bearing capacity instead of being dead 
loads. In this study, two-story three-span frame systems with/without shear walls 
and with/without infill walls were modeled with the aid of equivalent diagonal 
compression strut and finite element methods and the effects of different 
modulus of elasticity values on building behavior and strength were investi-
gated. Analyses were performed based on 2007 Earthquake Regulations of Tur-
key and changes in period, shear force and displacement values influencing 
building behavior were investigated.

2. THEORY AND METHOD:
2.1. Effects of Infill Walls on Building Behavior:
There are several studies in literature about the behaviors of frame systems 
with/without infill walls under lateral loads. In a previous study investigating 
building behavior under lateral loads, experiments were conducted to determine 
the behavior of an infill wall of a composite frame system under lateral loads and 
it was reported that the concrete frame with infill walls exhibited at least two 
times greater load bearing capacity than the frames without infill walls and infill 
walls significantly improved building elasticity and rigidity (Govindan et al., 
1986). In another study, in cases where infill wall was created as macrovoid and 
low strength, the frame system with infill wall provided at least 40% greater con-
tribution to lateral load bearing capacity as compared to frame system without an 
infill wall (Vintzeleou, 1989). It was observed in a later study that lateral load 
bearing capacity of a building with infill walls was about 1.5 times greater than 
the lateral load bearing capacity of a building without infill walls, a soft-story 
concrete building and a concrete building without infill walls exhibited similar 
behaviors with regard to lateral load bearing capacity (Negro and Verzeletti, 
1996). In Turkey, ground floors are generally used as work place or office. 
Therefore, partition walls do not generally exist in ground floors. Then, the upper 
floors behave more rigid because of the partition walls (considering they behave 
like a shear wall until the incidence of an earthquake). Since the entire energy 
consumption is concentrated at the ground floor, a soft-story is formed in such 

buildings and damages are experienced then. Unexpected excessive damages 
are generated over the columns of these floors without infill walls and such a 
case mostly end up with total collapse of the buildings. Since the earthquake 
energy is confronted in this floor, rigidity of the columns and shear walls of this 
floor should be improved as to bear inter-floor displacements. Soft-story is 
formed generally because of static bearing system or partition walls. If the walls 
are constructed short and connected to frames, then the columns of the main 
frame cannot bend in between two stories they connected under lateral forces of 
an earthquake because of the rigidity of the walls along their own planes.  In this 
case, columns are forced to bend over the section with the empty height left over 
the upper sections of the walls. Then quite greater shear forces are generated over 
this section of the columns (Çağatay,2007). The windows extending from wall to 
wall then generate a short-column effect and thus reduce column length. Short-
column formation is defined as the reduction in column length and resultant 
increase in shear forces. Stirrup frequency should be increased to bear resultant 
shear forces and wall-to-wall windows should not be preferred as much as possi-
ble. Experimental works on frames and buildings with infill walls revealed that 
door and window spaces left over these members reduce building rigidity and 
generate damages on buildings (Zarnic and Tomasevic, 1995; Koçak, 1998).

2.2. Materials Used in Infill Walls of Concrete Structures:
Brick is the most common material used in infill walls of concrete structures. 
Bricks are produced as solid bricks, hallow bricks, pressed bricks and etc for vari-
ous purposes. Horizontally perforated bricks with greater hallow ratios were 
used since they have low compression strength when they were loaded vertical to 
hallows. Specifications for horizontally perforated bricks are provided in Table 
1. 

Table 1. Specifications of horizontally perforated bricks      

2.3. Modules of Elasticity for Infill Wall Materials:
Effects of infill wall behaviors on frame systems largely depend on wall rigidity 
and modulus of elasticity play a great role in wall rigidity. Infill walls are not 
homogeneous members and they have different modulus elasticity values in dif-
ferent directions (horizontal, vertical, diagonal). There are several studies in lit-
erature indicating that modulus of elasticity varied with the compressive 
strength of the material, height, compressive strength of mortar layer and height 
of mortar layer (Bilir Özhan and Çağatay, 2014). Modules of elasticity of infill 
walls are also different for plastered and unplastered walls. Plaster thickness also 
alters modulus of elasticity. In this sense, modulus of elasticity values of brick 
walls in different studies are provided in Table 2 where Ed expresses the modulus 
of elasticity of the wall under compression and Ec expresses the modulus of elas-
ticity of concrete under compression.     
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Specification
8.5 Horizontally 

perforated bricks 
13.5 Horizontally 
perforated bricks 

Height x Width x Length (cm) 8.5 x 19 x 19 13.5 x 19 x 19

Mean Compressive Strength (MPa) 4 5.2

Weight of single brick (kg) 2 3

2Number of bricks per m 25 25 and 33
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Table 2. Modules of elasticity values for brick walls

2.4. Equivalent Diagonal Compression Strut Model:
Several studies have been performed to determine and elucidate the linear 
behaviors of infill walls (Smith and Carter, 1969; Mainstone, 1974) and they gen-
erally reported diagonal cracks at the center of modeled panel, voids between the 
frame and infill at opposite unloaded corners of the model and a full contact at the 
other two loaded diagonal corners. To reflect such behaviors on actual infill 
walls and to facilitate the analysis of infill wall frame systems, infill walls were 
placed as equivalent compression struts (Figure 1). 

The compressive load-bearing region was represented with an equivalent virtual 
bar in static analysis of frame systems under external forces (Figure 2).

Different researchers used different assumptions in calculating the thickness of 
equivalent diagonal struts (Smith and Carter, 1969; Mainstone, 1974; FEMA - 
306, 307-356) and proposed the equations (1), (2) and (3) for strut thickness:

(1)

(2)

(3)

Where; h  = Column height , h  = Infill wall height, E  =Modulus of elasticity of col inf fe

the frame material, E  = Modulus of elasticity of the infill wall material, I  = me col

Moment of inertia of the columns, L  = Infill wall length, r  = Infill wall length inf inf

of diagonal, t  = Thickness of the infill wall, λ  = Coefficient used to calculate the inf 1

equivalent width of the pressure bar.

2.5. Finite Element Mesh Models:
Plane fill system is assumed to be a continuum and the system is modeled with 
two-dimensional triangles or rectangular (Figure 3). With this modeling 
approach, the system emerges as a high-degree statically indeterminate plane 
stress problem composed of finite number of elements (one or more) fulfilling 
the equilibrium and continuity conditions only at node points. Such an approach 
is solved in computer environment and provides full compatibility between the 
infill and the frame (Sayın, 2003).

In fine element modeling, for accurate representation of the effects of infill wall 
to the frame system, there should not be any empty spaces in practice between 
the members constituting infill wall, these members should be jointed to each 
other with mortar and the frame system- infill wall connection should be well-
established for full load transfer.

3. INVESTIGATED FRAME SYSTEMS:
3.1. Two-story three-span frame system:
The effects of infill walls on structural irregularities were modeled with a two-
story tree-span frame system through applying 5 and 10 t forces.
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Literature E  (MPa)d E  (MPa)c E  / Ed c

(Aydoğdu, 1995) 5200 30000 1/6

(Yalçın, 1999) 1240 30000 1/24

(Çağatay, 2002) 2850 28500 1/10

(Öktem, 2003) 6000 12000 1/2

(Dündar,  2006) 700 25310 1/36

(Budak, 1997) 17000 28500 1/1.7

(Dönmez, 2006) 3000 32000 1/10

(TDY, 2007) 1000 - -

Figure 2. Representation of infill wall frames with two end-hinged 
equivalent virtual diagonal bar 

Figure 3. Finite element modeling of the infill plane within the frame system 
with triangular or rectangular members 

Figure 4. Two-story and three-span frame models

Figure 1. Representation of infill wall in analysis model (Fema 273,1997)
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Data:
Wall Thickness (Brick)  : 10 cm
Beam Dimensions   : 25 x 45 cm
Column Sizes   : 40 x 40 cm
Concrete Class   : C20
Concrete Modules of Elasticity (Ec) : 28500 MPa
Brick Wall Modules of Elasticity (Ed-1) : 1000 MPa
Brick Wall Modules of Elasticity (Ed-2) : 2850 MPa 

Table 3. Displacement Values of Two-Story and Three-Span Frame

Table 4. Moment Strength Values (M ) of Two Story and Three Span Frames33

When the point displacements of empty frame and infill wall frame systems were 
compared (Table 4), it was observed that there was a decrease in displacements 
by 22.3% at point 2 and by 25.0% at point 3. When these values were compared 
to changes in their modulus of elasticity, it was observed that displacements 
decreased with increasing modulus of elasticity. When the frame systems with 
and without infill walls were compared, a decrease of 43.3% was observed at 
point 2 and 48.0% at point 3.

Table 5. Shear force values (V ) of two-story and three-span frame22

3.2. Two-story three-span shear wall plane frame:
Two-story three-span shear wall plane frame was loaded with 5 and 10 t forces 
and the effects of infill wall on frame system were investigated. 

Data:
Wall Thickness (Brick)  : 10 cm
Shear wall Thickness   : 25 cm
Beam Dimensions   : 25 x 45 cm
Column Sizes   : 40 x 40 cm
Concrete Class   : C20

Concrete Modules of Elasticity (Ec) : 28500 MPa
Brick Wall Modules of Elasticity (Ed-1) : 1000 MPa
Brick Wall Modules of Elasticity (Ed-2) : 2850 MPa

Table 6. Displacement values of two-story and three-span shear wall frames

When the point displacements of empty and finite element frame systems were 
compared, it was observed that there was an increase of 1.22% and a decrease of 
16.43% at point 2 and there was a decrease of 4.19% and 19.705 at point 3. When 
these values were compared to changes in their modulus of elasticity, it was 
observed that displacements decreased with increasing modulus of elasticity. 
When the frame systems with and without infill walls were compared, an 
increase of 1.83% and a decrease of 32.3% was observed at point 2 and a 
decrease of 10.59% and 41.13% was observed as point 3. 

Table 7. Moment strength values (M ) of two-story and three-span shear wall 33

frame

Table 8. Shear force values (V ) of two-story and three-span shear wall frame22
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Point number

E(1) E(2)

Without  infill 
wall 

With infill 
wall 

Without  
infill wall 

With infill 
wall 

1 2 1 2

Displacement (mm)

1 0 0 0 0

2 5,84 4,57 5,84 3,34

3 15,11 11,30 15,11 7,85

Member 
number

Member length 
(m)

(M  ) Moment Strength Values (t-m)33

Without infill 
wall (E-1)

With infill 
wall (E-1)

With infill 
wall (E-2)

1
0 12,34 9,93 7,50

3 -1,36 -1,64 -1,67

2
0 -5,88 3,20 1,67

3 5,11 -4,17 -2,67

Member 
number

Member 
length (m)

V  Shear Force (t)22

Without infill 
wall  (E-1)

With infill 
wall (E-1)

With infill 
wall (E-2)

1
0 4,57 3,86 3,06

3 4,57 3,86 3,06

2
0 3,67 2,46 1,45

3 3,67 2,46 1,45

Figure 5. Two-story and three-span shear wall frame models

Point 
Number

E(1) E(2)

Without 
infill wall  

With 
infill wall   

Finite
Element

Without 
infill wall  

With infill 
wall   

Finite
Element

1 2 3 1 2 3

Displacement (mm)

1 0,00 0,00 0,00 0,00 0,00 0,00

2 0,16 0,17 0,14 0,16 0,17 0,11

3 0,41 0,39 0,33 0,41 0,36 0,24

Member 
Number

Member 
Length 

(m)

(M ) Moment Strength Values  (t-m)33

Without 
infill wall  

(E-1)

With 
infill wall  

(E-1)

Finite
Element 

(E-1)

With 
infill wall 

(E-2)

Finite
Element

 (E-2)

1
0 0,36 0,37 0,32 0,39 0,26

3 -0,06 -0,08 0,08 -0,12 -0,08

2
0 0,12 0,09 0,07 0,04 0,03

3 -0,15 -0,01 -0,11 -0,11 -0,07

Member 
Number

Member 
Length 

(m)

V  Shear Force (t)22

Without 
infill wall

(E-1)

With 
infill wall

(E-1)

Finite 
Element

(E-1)

With 
infill wall  

(E-2)

Finite 
Element  

(E-2)

1
0 0,14 0,15 0,13 0,17 0,12

3 0,14 0,15 0,13 0,17 0,12

2
0 0,09 0,07 0,06 0,05 0,03

3 0,09 0,07 0,06 0,05 0,03

Figure 6. Displacement graphics of two-story and three-span shear wall 
frame models

Figure 7. Displacement graphics of two-story and three-span non-shear wall 
frame models
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In the graphics, the infill wall and shear wall frame models were found to be 
more rigid and they had lower displacement values than the models without a 
shear wall and infill wall.

4. RESULTS AND DISCUSSION:
In previous studies, modulus of elasticity of brick walls varied between 700 – 
17000 MPa and the value was reported as 1000 MPa for hallow bricks (15). In 
another study, modulus of elasticity was reported as 4272 MPa for high-strength 
pressed bricks. It was inferred from all these values that brick walls should have a 
modulus of elasticity of minimum 1000 MPa and maximum 4272 MPa. Con-
crete classes vary between C20 – C50, thus the modulus of elasticity values of 
concrete classes calculated for 1/28 – 1/15 vary between 1000 MPa – 2467 MPa. 
Such a range can be used to select the modulus of elasticity of brick walls in theo-
retical studies.

In this study, plane frame models with/without infill walls and with/without 
shear walls were analyzed and changes in displacements and internal forces were 
investigated. With the modeling of infill wall as an equivalent diagonal compres-
sion strut, significant decreases were observed in displacements, moments and 
shear forces as compared to empty frame system. These values even further 
decreased in finite element model. It was also observed that use of different 
modulus of elasticity values had positive effects on decreasing displacement, 
moment and shear force values. The frame systems with infill walls and shear 
walls generally exhibit more rigid behaviors than empty frame systems. As com-
pared to infilled and finite element frame models, displacement values increased 
respectively by 1.22 and 16.43% at point 2 and respectively by 4.19 and 19.70% 
at point 3 of empty frame model. As compared to empty frame model, respec-
tively 1.83% increase and 32.35 decrease were observed at point 2 and respec-
tively 10.59% and 41.13% decreases were observed at points 3 of infilled frame 
and finite element frame models.

As to conclude, in places like Turkey where frequent earthquakes are experi-
enced and buildings are exposed to reversible lateral loads, entire characteristics 
of structural members should be well-comprehended and they should then be 
designed accordingly. Previous literatures and present analyses revealed that 
although negative issues in calculations and implementations haven't been eluci-
dated yet, infilled frame systems with great effects on earthquake behavior of the 
buildings should be included in structural analyses. Frame systems should be 
modeled and designed as infilled frame systems to get actual behaviors of the 
buildings in case of an earthquake. Safer and more economic design procedures 
should be adapted in structural design.

 ACKNOWLEDGEMENTS:
Support was prov�ded by Çukurova Un�vers�ty project MMF2007D11. 

REFERENCES:
1. Govindan, P., Lakshmipaty M. and Santhakumar, A. R.(1986). Ductility of infilled 

frames, ACI JOURNAL, 567-576. 

2. Vintzeleou, E. (1989). Infilling of Reinforced Concrete Frames as a Strengthening 
Intervention. Seminar on the Assesment and Redesign of Reinforced Concrete Struc-
tures, İzmir.

3. Negro P. and Verzeletti G.(1996). Effect of Infills on the Global Behaviour of R/C 
Frames:Energy Considerations from Pseudo-synamic Tests. Earthquake Engineering 
and Structural Dynamics, 25(7),  753-773. 

4. Çağatay, İ. H. (2007). Binalarda Kisa Kolona Etki Eden Parametrelerin İncelenmesi, 
Altıncı Ulusal Deprem Muhendisliği Konferansı, İstanbul.

5. Zarnic,R. .and Tomasevic.M.(1995). Modelling of Response of Masonry Infilled 
Frame. 10. Th Europen Conference on Earthquake Engineering, Rotterdam. 

6. Koçak,A.(1998). Depreme Dayanıklı Yapı Tasarımı Ders Notları, Yıldız Teknik 
Üniversitesi.

7. Bilir Özhan. H., and Çağatay. İ. H. (2014). Mechanical behavior of brick masonry pan-
els under uniaxial compression, Journal of Mechanics of Materials and Structures, 
9(4), 385–395.

8. Aydoğdu, İ. (1995). Dolgu Duvarlı Çerçevelerin Davranışı, Yüksek Lisans Tezi, Yıldız 
Teknik Üniversitesi, 29s.

9. Yalçın, E. (1999). Dolgu Duvarları ve Konumlarının Çok Katlı Betonarme Yapıların 
Deprem Kuvvetleri Altındaki Davranışına Etkileri. Yüksek Lisans Tezi, İTÜ, 67s.

10. Çağatay, İ. H. and Güzeldağ, S.(2002):Yeni Deprem Yönetmeliği (TDY-98) 
SAP2000N Uygulamaları, Birsen Yayınevi, İstanbul, 213s.

11. Öktem, O.(2003). Betonarme Çerçeve Sistemlerinin Lineer Olmayan Hesabı ve Dolgu 
Duvarların Modellenmesi, Yüksek Lisans Tezi, İTÜ, 98s.

12. Dündar, E. (2007). Çok Katlı Betonarme Yapılarda Bölme Duvarlarının Deprem 
Davranışına Etkisi, Yüksek Lisan Tezi, Çukurova Üniversitesi, 169s. 

13. Budak, A. (1997). Dolgu Duvarlı Çerçevelerin Sonlu Elemanlar Yöntemi İle Malzeme 
Bakımından Doğrusal Olmayan Hesabı, Doktora Tezi, Karadeniz Teknik Üniversitesi, 
125s.

14. Dönmez, S. (2006). Deprem Etkisinde Betonarme Binalarda Hasarın Oluşmasında 
Dolgu Duvarların Modellenmesi ve Taşıyıcı Sisteme Katkısı. Yüksek Lisans Tezi, 
İTÜ, 75s.

15. Türk Deprem Yönetmeliği.(2007). Deprem Bölgelerinde Yapılacak Yapılar Hakkında 
Yönetmelik,  6 Mart 2007 tarih ve 26454 sayılı Resmî Gazete 

16. Smith, B. S. and Carter.(1969). C. A. Method of Anlaysis for Infilled Frames, Institu-

tion of Civil Engineers (ice), 44, 31-48.

17. Mainstone, R.J. (1974). Suplementary Note on the Stifness and Strengths of Infilled 
Frames, Building Research Station, UK, Current Paper 13/74, 

18. FEMA-273 (1997). NEHRP Guidelines for the seismic rehabilitation of buildings. Fed-
eral Agency Management Agency, Washington, D.C.

19. FEMA-306 (1999). Evaluation of earthquake damaged concrete and masonry wall 
buildings – Basic procedures manual. Federal Emergency Management Agency, Wash-
ington, D.C.

20. FEMA-307 (1999). Evaluation of earthquake damaged concrete and masonry wall 
buildings – Technical resources. Federal Emergency Management Agency, Washing-
ton, D.C.

21. FEMA-356 (2000). Prestandard and commentary for the seısmıc rehabılıtatıon of 
buıldıngs. Federal Emergency Management Agency, Washington, D.C.

22. Sayın, B. (2003). Mevcut Betonarme Yapıların Yeni Deprem Yönetmeliğine göre 
Projelendirilmesi ve Güçlendirilmesi Teknikleri, Yüksek Lisans Tezi, İstanbul  
Üniversitesi Fen Bilimleri Enstitüsü, 107 s.

23. Çağlayan, E. (2006). Betonarme Çerçevelerin Yatay Yüklere Göre Analizinde Dolgu 
Duvar Etkisinin İncelenmesi, Yüksek Lisans Tezi, Celal Bayar Ünv. Fen Bilimleri 
Enst.

Volume : 3 ¦ Issue : 12 ¦ Dec 2018 ¦ e-ISSN : 2456-5040 


	Page 1
	Page 2
	Page 3
	Page 4

