
 

International Journal of Research 
Available at https://journals.pen2print.org/index.php/ijr/  

 

e-ISSN: 2348-6848 
p-ISSN: 2348-795X 
Volume 06 Issue 10 

September 2019 

 

Available online: https://journals.pen2print.org/index.php/ijr/  P a g e  | 206    

Seismic Behaviour Of Reinforced Concrete Frame With Different Infills 

 
VADDI SRIRAM

1                                                   
K. VINOD 

2 

M.Tech (Structural Engineering)             Assistant Professor (Civil engineering Department) 

DJR College of  Engineering and Technology ,  Vijayawada. Andhra Pradesh. 

 

ABSTRACT :- Reinforced concrete frames 

with masonry infill walls are a common 

practice in Countries like India, where the 

region is prone to seismic activity. Generally 

the Masonry infill walls are treated as 

nonstructural element in structural analysis 

and only the contribution of its mass is 

considered and it’s structural properties like 

Strength and stiffness is generally not 

considered. Whereas Shear walls are concrete 

wall made to resist lateral forces acting on tall 

buildings. Shear walls are vertical elements of 

the parallel forces resisting system and the 

shear walls are considered as a structural 

element in structural analysis. 

The present study investigate the seismic 

performance of reinforced concrete framed 

building with bare frame, equivalent diagonal 

strut, R.C wall and shear wall. The seismic 

behavior of a 10-storey building investigated 

using response spectrum analysis. Equivalent 

diagonal strut methodology is used to 

represent the behavior of infill walls, whilst 

the well-known software package ETABS is 

used for implementing all frame models and 

performing the analysis. 

The results such as maximum displacement, 

maximum drift, storey shear, base shear and 

mode shapes for the bare frame as well as the 

equivalent diagonal strut, R.C wall and shear 

wall are presented in a comparative way. The 

results of the study indicate that the interaction 

between infill walls and frames significantly 

change the responses of buildings during 

earthquakes compared to the results of bare 

frame building model. While comparing base 

shear, the value drastically decreases for the 

bare frame coming to the base shear for other 

models uniformly decreases. Whereas 

comparing storey drift, the value considerably 

decreases for the bare frame coming to the 

storey drift for other models uniformly 

increases. 

I INTRODUCTION 

The non-linear behaviour of the infilled 

frame under seismic loading is very 

complex, thus it is very difficult to predict 

it just by analytical models. Therefore, 

experi- mental studies are necessary to 

predict this behaviour. 

The presence of infill frame affect in a 

direct way, stiffness, strength and energy 

dissipation of the structure. In seismic 

zones, the interaction between the infill 

panels and bare frames influence the 

seismic response of the structure. The 

collapse of infilled reinforced concrete 

frames exposed to earthquake loading is 

caused in the most of the cases by the 

presence of infill panels and by the 

insufficiency of shear resisting capacity due 

to the lack of ductility and resistance of 

reinforced concrete bares. Finite element 

analysis can simulate the non-linear com- 

portment of reinforced concrete elements of 

the model even if the non-linear response of 

each material has a complicated behaviour. 

The presence of the infill panels has an 

important effect on the behaviour of the 

bare frame, because the infill panels alter 

the mechanical characteris- tics of the 

portico under seismic loading, and their 

pres- ence can influence the strength, stress, 
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stiffness and ductil- ity of the structure. 

The paper presents a review of different 

experiments that had been done by many 

researchers to analyze the ef- fect of the 

presence of infill panels on the behaviour of 

the Infilled RC frame under seismic cyclic 

loading. 

Objective and scope 

  

The goal of this research is to evaluate the 

risks of infill panels on the behaviour of bare 

fames. Also among the objectives of this work 

is to: 

 Identify the mechanism failure of 

masonry walls, the stiffness, ductility 

and energy dissipation. 

 Classify the behaviour mechanism of 

infill panels. 

 Compare experimentally the response 

of model with fully and partially infill 

walls. 

 Examine the influence of infill panels 

on the seismic response of the 

structure. 

For that purpose, analytical and quasi-static 

cyclic ex- periments had been done by many 

researchers to evaluate the influence of 

infilled walls on bare frames, through dif- 

ferent physical parameters of the model like 

the height, mortar formulation and the 

constituent of the wall, to study the influence 

of a cyclic loading on in-plane and out-of- 

plane drift. In this part, the description of the 

previous ex- periments program, materials, the 

connections between different elements, the 

method of function of the system used for test, 

the measure of the model, the test setup and 

loading are summarized. Moreover, the results 

of the ex- perimental test such as, 

displacement, strength, stiffness, hysteresis 

response, failure mechanism, drift ratio, and 

the different types of damage in terms of 

different type of models will be defined. 

 

 

LITERATURE REVIEW 

Infilled frame had been studied by many 

researchers to understand the behaviour of 

widespread strength of the Infilled RC-frame. 

[1] Had tested three-dimensional sur- faces to 

determine the failure surface of masonry 

subjectedto biaxial stress using a cubic tensor 

polynomial.  Besides,[2] had reviewed the 

most criteria present in the literature and codes 

to interpret, the possible failure modes for ma- 

sonry piers under in plane loading. 

Furthermore, [3] had evaluated the possibility 

of achieving a high level of duc- tility by 

flexural yielding in fully grouted reinforced 

con- crete masonry shear walls; for that, six 

full-scale walls were tested to failure under 

reversed cyclic lateral loading to investigate 

the effect of the amount and distribution of 

vertical reinforcement and the level of axial 

compressive stress of the inelastic behaviour 

and ductility. Results showed that yielding of 

the outermost vertical bars extend- ed to a 

height equivalent to half the wall length. In 

addi- tion, the top wall displacement at the 

onset of yielding of the vertical reinforcement 

was highly dependent on the amount of 

reinforcement, but only minimally affected by 

the level of axial compressive load. However, 

at maximum loads, the displacements were 

less sensitive to either the amount of vertical 

reinforcement or the level of axial 

compression. Correspondingly, the 

displacement ductility was found to be very 

sensitive to the amount of vertical 

reinforcement, but was not dependent on the 

level of axial compression. In general, high 

levels of ductility and ener- gy dissipation 

capabilities accompanied by relatively small 

strength degradation were observed for the 

test specimens. The irregularity related with 

undefined location of in- 

fill walls could make undesirable effects on 

the general behaviour of structures [4]. 
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[5] Had proposed a macro-model to simulate 

the com- portment of infill panels, which were 

presented by two equivalent struts to study the 

global and local responses. Finite element 

analyses had been done to compare the re- 

sults to experimental data, in order to evaluate 

the local effects on the frame and underline 

the influence of the co- efficient of friction at 

the infill-frame interface. It was concluded 

that the presence of infill increases the 

stiffness and modifies the dynamic response 

of the structure. 

The internal forces produced by the 

interaction of the infilled frame, were not 

supported by the bare-frame, caused by an 

additional shear force arising at the ends of 

beams and columns. This additional force can 

cause brittle collapse mechanisms. A 

parametric study was carried out addressed to 

the prediction of the shear forces. The results 

can be used as a support when the simplified 

model is adopted, consisting in substitution of 

infill with an equiva- lent in jointed concentric 

strut. Equivalent strut models do not present 

exactly the physics of the original systems; 

fur- thermore, information about the local 

shear transfer in contact regions can be 

ignored [6].According to [7], the distribution 

of the original con- struction cost of the 

nonstructural elements of three types of 

buildings (offices, hospitals, and hotels) it is 

about 48% to 70% of the total cost. Therefore, 

the economic loss caused by nonstructural 

components is more of that due to structural 

components. 

3.1Seismic provisions related to mortar 

type 

  

Mortars had been used to fill cracks and 

provide uni- form bedding for masonry units. 

Such mortars were typi- cally composed of 

clay, bitumen, or clay-straw mixtures. 

[8] Had studied the influence of grouting 

on the compres- sive strength of masonry 

prisms, results showed that grouted masonry 

prisms have failure loads, lower than those 

predicted using superposition to combine the 

capaci- ty of the grouted area and the capacity 

of the unit area. Re- sults indicate that the 

compression strength of grouted ma- sonry 

can be expected to be less influenced by 

mortar properties than that of ungrouted 

masonry due to the dom- inance of the grout 

with respect to the failure mechanism. It was 

also noted that fully grouted specimens 

typically display more uniform behaviour with 

less scatter than ungrouted specimens. 

Currently, the Masonry Standards Joint 

Committee Code [9] prohibits the use of 

masonry cement (MC) mor- tars in the 

construction of lateral force resisting systems 

for structures that fall into Seismic Design 

Categories. Two factors have likely 

contributed to establishing and maintaining 

this ban: (1) MC mortars were not common in 

high seismic regions where seismic codes 

were developed and (2) research into the 

behaviour of the ungrouted (solid or hollow) 

masonry assemblages has shown that MC 

mor- tars typically display lower bond 

strength than PCL mor- tars. Clearly, the first 

factor is social in nature rather than related to 

the actual seismic performance of shear walls 

constructed with masonry cements. The 

second factor, while well established, may not 

have as large an influence on seismic 

performance as expected. 

 

3.2Models subjected to in-plane actions 

The in-plane behaviour of shear walls is so 

complex to lateral force resisting of the 

structure, as consequence their failure cause 

ruin of the structure. Many researchers have 

studied the reaction of infilled panels to quasi-

static re- versed-cyclic displacement. This part 

presents a summary of existing researchers 

and their results founded in the lit- erature. 

[10] Have reported the structural behaviour 

of a frame, with masonry wall subjected to in-

plane monotonic load- ing by full-scale test 
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and the method of discontinuous de- 

formation analysis. 

[11] Had studied reinforced concrete (RC) 

frame with the middle bay brick infilled, 

representing a five stories, three bay building 

in quarter-scale. As a result, the frame 

developed beam and column hinging near 

beam column interface before they reached 

their maximum story shear force and they 

eventually failed due to joint shear, exhibit- 

ing successive strength drops. The frame 

exhibited diago- nal crack failure at brick infill 

in the bottom story at a rela- tively slow rate 

of increase before they started to break down. 

After the collapse of brick infill in the bottom 

story, it was acting as a soft story. The 

contribution of the infill brick was significant 

up to breaking. The strain measured in infilled 

beams and columns are 20% lesser than bare 

frame beams up to failure brick infill. For, 

[12] results show that the response of the total 

walls is not sensitive to the reinforcement 

pattern, but it is sensitive to the aspect ratio of 

the wall. 

It is clear that only if the infill is separated 

from the frame and a sufficient gap exists, 

then it can be considered that the frame and 

the panel do not interact. This solution is 

rarely used in common practice due to the 

difficulties related to connecting the walls to 

the frame. Out-of plane loads need to be 

withstood, while allowing free in-plane 

deformations and ensuring a good thermal and 

sound insu- lation. Moreover, if there is a gap 

only at the top of the wall, between the infill 

and the frame, a negative effect could occur: 

the compression strut acts more on the col- 

umns, which leads to a faster increase of shear 

forces [13]. 

 

3.3Models subjected to out-of-

plane actions 

Several research had been done to evaluate the 

out-of- plane behaviour of partially and fully 

infill panels, such as [14], this research was 

based on the experimental testing approach 

where the walls were loaded out-of-plane 

using inflatable air bags. Testing was 

performed on ten unrein- forced masonry 

walls, with cavity walls in two separated 

buildings. The test walls were isolated into 

vertically spanning panels. The walls are in 

reinforced concrete block and walls having a 

rigid top edge restraint consisting of a RC slab 

or beam were assumed to be subjected to the 

arching action during loading. The retrofit 

cavity ties used in this study included both 

mechanical and adhesive ties and was 

installed in each test specimen along two 

vertical lines separated by approximately 600 

mm horizontally. Cavities between brick 

wythes were typically 50 mm. All the test 

walls were loaded semi-cyclically at a quasi-

static loading rate. The maximum in-test g-

force value for each wall was determined by 

dividing the maximum total test load by the 

weight of the test wall. Where the walls could 

be tested to complete collapse, the instability 

drift was measured using photogrammetry. It 

was concluded that, the top rigid restraint 

from the building frame causing “arching 

action” could greatly increase the OOP 

capacity of vertically spanning infill walls. For 

relatively low slen- derness ratios (i.e., ratios 

of wall height to effective thick- ness), the 

ratio of strength-based capacity between a 

cavity wall with arching action and a similarly 

retrofitted cavity wall without arching action 

(e.g., Has-W1 and Has-W3, respectively) was 

observed to be as high as 4, “figure 1” 
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Fig. 1. Sensitivity of two considered OOP wall 

capacity models to changes in slenderness 

ratio 

 

Furthermore, cavity tie retrofits with adequate 

spacing, as well as adequate compressive and 

shear stiffness, can greatly improve the OOP 

capacity of URM cavity walls, especially for 

walls with arching action. For a force-based 

analysis in one case-study, the cavity wall 

OOP strength was more than doubled when 

comparing the existing con- dition (i.e., Has-

W5) to the condition in which new ties were 

vertically spaced at approximately 150 mm 

(i.e., Has-W6). The adhesive cavity ties 

considered in this study were not notably more 

useful to improving OOP cavity wall 

performance than were more easily installed 

mechan- ical cavity ties. In addition, [15] had 

evaluated the out- plane response of masonry 

infill panels when damaged due to in-plane 

forces. Two half-scaled specimens of large 

slenderness ratio (h/t=23) were subjected to 

simulated seismic load through a shake table. 

The out-of-plane ob- jective was chosen as 

N21E component of the 1952 Taft earthquake 

with PGA of 0.156g and total duration of 

54.16 s “figure 2a”. The first 30 s of ground 

motion was considered for the simulation, 

which includes the strong motion portion, and 

the time axis of the accelerogram was scaled 

by a factor 1/ 2 to satisfy the similitude 

relations. 

 

 
Fig. 2. (a) TAFT N21E ground motion (b) 

Comparison of re- sponse spectra of DBE and 

TAFT motion 

 

As results, the big parts of the cracks were 

produced by the in-plane loading, the cracks 

form at initial stages of the in-plane loading 

developed and energy dissipation caused 

principally by sliding along the bed-joints. 

The first spec- imens indicate a diagonal bed 

joint cracking pattern, while the second 

specimen showed a sliding along the parallel 

bed joints and uniformly distributed cracks 

“figure 3” & “figure 4”. The two models attain 

their maximum in-plane strengths of 32.2KN 

and 39.1KN at 7.50mm and 11.25mm 

displacement. 

 
Fig. 3. Cracking pattern in the first specimen 

after 1.0 % in- plane drift cycles and arching 

phenomenon before failure under out-of-plane 

shake table motion 
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Fig. 4. Cracking pattern in the second 

specimen after 1.0 % in- plane drift cycles and 

partial collapse of masonry due to out-of- 

plane motion after 2.2 %in-plane drift cycles 

 

For the out-of-plane loading, very few cracks 

were cre- ated. The first model collapsed 

during out-of-plane load- ing after 1.2% in-

plane drift cycles, showed large out-of plane 

deflection, and arching before the failure. For 

the second model with interior grid elements, 

a partial col- lapse of masonry sub-panels 

were observed after 2.20% in-plane drift 

cycles, along with the failure of the interior 

vertical grid element at mid height. 

As results, the two experimental models 

reached at- tained their maximum peak 

accelerations in the undam- aged state, but 

after the damage was introduced, and a small 

deflection was observed in the second model, 

which could be caused by the confining effect 

that the interior grid generated which help in 

reducing out-of-plane deflec- tions. The 

acceleration response decreased and was ob- 

served to saturate to a lower value with 

continued in-plane damage “figure 5”. 

 

 
Fig. 5. Variation of average acceleration and 

out-of-plane dis- placement with in plane drift 

(Damage) 

In addition, the variation of the acceleration en 

func- tion of the height of the models shown 

in “figure 6”, the interior grid elements 

provided in the second model seems not very 

important to modify the acceleration response. 

Therefore, the maximum acceleration 

response for two specimens was nearly 

similar. 

 

 
Fig. 6. Variation of average accelerations 

along the height of specimen 

The sliding movement of sub-panels with the 

grid ele- ments allowed better energy 

dissipation and grater de- formability, without 

much reduction in lateral resistance. In 

addition, the in-plane load-displacement 

response pre- sented enhanced the capacity of 

infill panel with interior grid elements “figure 

7”. 
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Fig. 7. Load-displacement curve (a) Specimen 

1 (b) Specimen 2 

Many National and International Standards 

have rec- ommended different empirical 

formulations to tackle the above problem by 

dividing it into two parts; (i) Bare framed 

structure and (ii) Framed structures with 

masonry infill. They do not give due 

consideration to the location and the 

percentage of infill in the structures [16]. 

Extensive researches have been carried out 

worldwide in the last five decades. Many 

methods have been devel- oped for the 

dynamic analysis of RC frames with masonry 

infill incorporating one or more simplifying 

assumptions regarding its stiffness. 

Unreinforced Masonry (URM) infill panels 

have a very high initial in-plane lateral 

stiffness and low deformability. Therefore, 

under seismic loads, the ex- istence of URM 

walls change the whole lateral force trans- fer 

mechanism of the structure from a 

predominant frame action to predominant 

truss action [17]. 

The behaviour of 3D RC frames with various 

configu- rations & amount of masonry infill, 

under dynamic loading conditions has been 

studied by [18], components of the structure 

i.e., structural sub-assemblages of columns, 

beams and slabs were casted from the same 

materials. A series of various ground motion 

tests were performed in the building models 

using servo controlled hydraulic actu- ator. As 

a conclusion the masonry infill although do 

not interfere in the vertical load resisting 

system for the RC frame structures, they 

significantly affect the lateral load- resisting 

system. Also, the effect of de-bonding of 

masonry infill with RC frames as the base 

acceleration is increased, moreover, the 

natural frequencies and damping reduces. For 

the natural frequencies and damping values 

had been high in the presence of masonry 

infill. In addition, the de- crease in the natural 

frequency is more, when the masonry infill is 

not constructed in the lower floor as compared 

to the upper floors without masonry infill. 

This is due to the contribution of walls 

towards the stiffness being more in the lower 

floors as compared to the upper floors. Moreo- 

ver, there is an increase in the natural 

frequency when the masonry infill is not 

constructed in the upper floors. From this, it 

can be concluded that the contribution of 

masonry infill towards the mass is more in the 

upper floors as com- pared to the lower floors. 

 

 
Fig. 8. Pushover Curve 

19] Had tested three full-scale wall specimens 

with different schemes, to improve the seismic 

comportment of shear-type damage of lightly 

RC walls. Two specimens were improved 

using supplementary RC panel and ultra- high 

strength fiber reinforced concrete panel to 

avoid shear failure. The other specimen had 

been improved rein- forcement details to 
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enhance shear capacity and flexural ductility. 

The test results had been compared with past 

lightly RC wall test as a reference wall, which 

failed prematurely in shear reproducing the 

failure observed in the field. The variations of 

the eventual failure mode and the damage 

process were detected. The experimental spec- 

imens indicated ductile and stable behaviour 

with less damage compared with the reference 

wall. Also, this test, prove that RC and UFC 

panels enhanced the behaviour of lightly RC 

wall and stopped crack creation in the central 

part of the wall panel. Also, increasing the 

amount of hori- zontal reinforcement and 

providing confinement in the boundary 

regions controlled the opening of crack width 

and made the structure more ductile. 

Conclusion 

Stiffness, strength, energy dissipation and 

mechanical behaviour of bare frames are more 

significant enhanced when the infill panels 

were taken into consideration in buildings. 

The contribution of infilled panels, steel not 

taken into account in the design, because of 

the insuffi- cient information about the 

interaction between infill pan- els and RC 

frames. However, their interaction needs more 

investigation. From those experimental 

researches, we can conclude that: 

• The presence of Infill panels in the 

structure modify in a direct way the stiffness, 

the strength, deformation, failure mechanisms 

and energy dissipation of RC frame under 

lateral loads . 

• The damage caused like shear sliding 

in the joints, the crush of infill, diagonal 

tensile cracking, and plastic hinges, depends 

on the physical characteristics of the different 

element, the ratio between the infilled and the 

RC frame and the infilled RC frame interface. 

• A number of models have been used to 

predict the component of infilled frames. 

However, there is a less of experimental 

studies, which work on RC frame with the 

presence of infilled. In addition, the existing 

codes 

  

considered that infilled do not have an 

important influence on the RC frame. For that 

additional studies and experimental 

investigation must be done. 

• The negligence of the presence of 

infilled walls can highly influence the 

mechanical characteristic of RC frame that 

can lead to unacceptable economical damage. 

• The remarkable strength and stiffness 

of frames with and without infills prove the 

importance role of infill panels in the 

structure, consequently the infill panels must 

be taken into consideration in the design of the 

structures. 

• The presence of infill panels in frame 

building makes significant modifications in 

the mechanical characteristics of the structure. 

• The presence of infilled reduces the 

displacement capacity of the structure. 

• The response of infilled frames had 

been simulated by the application of loads in 

compression in structure with equivalent 

diagonal struts, which might not consider the 

evolution forces in frame members. 

• Brittle failure produced by shear forces 

was undervalued. 

• When the interaction between infill 

panels and bare frame is taking into 

consideration the mechanical characteristic of 

the structure changes. 

• The infill panels has an important role 

in resisting to lateral forces like earthquake 

and wind. 

• The interaction between in-plane and 

out-of-plane panels was not taken into 

consideration. 

Different models evaluated the contribution of 

infill- panels on the behaviour of bare frames. 

The present work presented a review of many 

experimental studies. The future work will be 

focused on a finite element study on Infilled 
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RC frame with different storey subjected to 

cyclic loading. 
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