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Abstract 

Robustness of frame structures is fundamental to limit progressive collapse of buildings in 

case of accidental loss of columns. The interest in robustness assessment is growing in recent 

years especially for reinforced concrete structures, which are commonly analyzed consider-

ing the bare frame configuration. This paper presents a numerical study highlighting the in-

fluence of masonry infill walls on the robustness of reinforced concrete frame structures. The 

main geometrical and mechanical parameters identifying an infilled frame (aspect ratio, 

seismic detailing, lateral constrain degree) are investigated by performing parametric push-

down tests on reference two-bay frames extracted from different types of buildings. The tests 

are carried out by using a detailed finite element model of the infilled frame. Results show 

significantly different responses from bare and infilled frames in terms of resistance and dis-

placement capacity under the different conditions tested. In a relevant a number of cases in-

fills have shown to be fundamental to limit or avoid multiple collapses. 
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1 INTRODUCTION 

In the last years, the interest in structural robustness is rapidly increasing within the scien-

tific community and in practice engineering. For civil structures having residential, commer-

cial or public use, the limitation damage propagation in consequence of the accidental loss of 

a primary structural element, such as a column, is fundamental to prevent public safety and 

reduce economic losses. Robustness based design of buildings addresses solutions to avoid 

that damage suffered by a structure, due to an accidental event, would not be disproportionate 

with respect to the cause that has caused it, as several times occurred in the past (Fig. 1). In 

frame structures, the loss of a perimetral column due to impacts, explosions or advanced ma-

terial degradation may result into serious consequences for the whole building which depend 



on several conditions such as the location of the collapsed element, the shape of the bays, the 

type of frame elements and the arrangement of the reinforcement.  

 

a)  b) 

Figure 1: Examples of progressive collapses: a) Alfred P. Murrah Federal Building, Oklahoma City, 1995; b) 

Ronan Point Building, London, 1968. 

For reinforced concrete bare frame structures, the possibility of avoiding or limiting multi-

ple collapses as a consequence of a column loss, depends on the capacity of the connected 

beams to switch from the first flexural and arching resistant mechanism, to a catenary tensile 

mechanism under large displacements regime. In the recent past, several studies have ad-

dressed progressive-collapse response of frame structures. Among these [1,2] formulated a 

simplified method for the determination of dynamic load-displacement demand, through a 

pseudo-static procedure. Experimental tests on reduced scale and real RC structures have been 

also carried out [3,4]. Further experimental investigations, accompanied by numerical studies, 

were provided in [5-9]. The principal findings of these studies report that ductility of beam 

end cross-sections has an important role on the possible activation of the catenary mechanism, 

but many other factors condition the response as for example the horizontal constraint degree 

the actual capacity of elongation rebars and the height to length ratio of beams.  

It should be evidenced that the aforementioned studies did not consider the influence of in-

fills on the progressive collapse mechanism, although infill-frame interaction effects are well 

known and have been widely documented for the case of lateral forces by a number of exper-

imental studies and numerical investigations [10-19]. Only in the last few years the influence 

of masonry infills on the progressive collapse response has known the first numerical studies 

regarding masonry infilled steel frames [20, 21], and two experimental investigations on in-

filled RC structures [22, 23]. These studies revealed the significant modification of the resist-

ing mechanisms due to the noticeable strength increase and the alternative load pattern which 

develops. As a consequence of this, sufficient reliability [24-35] in estimating progressive col-

lapse response of infilled frames (IF) cannot be achieved without explicitly considering 

frame-infill interaction. Further the role played by different geometrical and mechanical pa-

rameters remains unknown even in terms of dynamic load amplification and safety levels. 

Based on this background, the paper presents a study investigating parameters influencing 

the robustness of RC structures with masonry infills in terms of resisting capacity and dynam-

ic amplification of the response in comparison with bare frames. Three reference case study 

building structures have been designed with and without considering seismic load and detail-

ing. The pushdown response is obtained from refined finite element models of 2D sub-

structures. Numerical tests regarded a significant number of parameters such as lateral con-

straint degree, aspect ratio of the infilled frame, seismic detailing). Finally, possible single 

strut and multiple strut modelling configurations are tested and compared.  
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2 ANALYISIS PROGRAM AND STRUCTURAL MODELS DEFINITION 

The case study of a five-storey RC frame residential building is considered as reference. It 

is supposed the accidental loss of a column placed at the center of a perimeter frame. The 

building structures have been designed hypothesizing two different arrangements of central 

bays, one with short spans and beam length (lb) column length (hc) aspect ratio lb/hc=1 (Build-

ing A) (Fig. 2a), the other having long spans and lb/hc=2 (Fig. 2b) (Building B). Buildings A 

and B have deep beams (30x50 cm). Design strength of concrete (fc) and steel (fy) are 25 MPa 

and 450 MPa respectively. Design loads of inter-floor slabs are G1k=3.20 kN/m, G2k=3.80 

kN/m, Qk1=2.00 kN/m. Buildings A and B have been designed with and without considering 

seismic loads, seismic detailing and capacity design. In the first case the site hazard of Paler-

mo (Italy) is selected in combination with a Type A (hard) soil, a reference life (VN) of 50 

years, and a return period (TR) of 475 years. For the second case buildings A and B are de-

signed considering only vertical loads and disregarding seismic detailing rules. Reinforcement 

detail of the extracted sub-frames is shown in Figs. 3-5. The influence of the horizontal con-

straint degree, provided by the adjacent frames, on the progressive collapse response is also 

investigated. Pushdown tests on the sub-frames are then carried out in the two boundary cases 

of: i) full lateral constraint; ii) no lateral constraint. 

Masonry infill walls are supposed to be the same typology as the one tested by [12], ar-

ranged with clay hollow bricks. Experimental mechanical parameters are shown in Table 1, 

and are referred to direction 1 (parallel to mortar joints) and direction 2 (orthogonal to mortar 

joints). For the current case, the units are supposed being 30 cm thick, 32 cm long and 26 cm 

high. Summarizing, investigated parameters are the aspect ratio of the frames (lb/lc), the aspect 

ratio of the beams (hb/tb of the beam), the type of reinforcement design (seismic / non-

seismic), the effectiveness of the lateral constraints (rigid or free). For every case bare frame 

and infilled frame conditions are analized.  

a)  b) 

Figure 2: 3D view of case study buildings and extracted sub-frames: a) Building A; b) Building B; c) Building C; 

d) Building D. 

a) b) 

Figure 3: Sub-frames with seismic design extracted from: a) building A; b) building B. 



a) b) 

Figure 4: Sub-frames without seismic design extracted from: a) building A; b) building B. 

fm1 

(MPa) 

fm2 

(MPa) 

fvm 

(MPa) 

E1 

(MPa) 

E2 

(MPa) 

G 

(MPa) 

4.18 8.66 1.07 5032 6401 2547 

Table 1: Mechanical parameters of masonry constituting infills [12]. 

3 DEFINITION OF THE FE MODEL AND TEST MODALITIES 

3.1 The FE model 

The extracted sub-frames are reproduced with a refined nonlinear FE model realized in 

ATENA 2D [34]. The assembly of the model is depicted in Fig. 6. Concrete element portions 

and masonry blocks are modeled by using CCIsoQuad nonlinear finite elements [36]. The 

constitutive model governing the response of concrete elements and masonry units (SBeta 

material) is defined by a uniaxial stress-strain concrete-type law that is associated with a biax-

ial domain regulating the failure surface. Compressive strength of concrete elements is as-

signed to the different element portions taking into account the actual confinement exerted by 

transverse reinforcement. Nominal concrete mechanical parameters are reported in Table 2. 

As for the masonry units parameters are initially taken from experimental values reported in 

Table 1, however, in order to account for the anisotropic behaviour of masonry, conventional 

compressive strength mf
~

 and elastic modulus mE
~

 are obtained by averaging experimental 

values along the two orthogonal directions [35] while shear strength (fvm) is the same as that 

experimentally detected from the shear tests. Mechanical parameters used for masonry units 

and unconfined concrete are summarized in Table 2. Frictional response of mortar joints is 

simulated by using interface elements between masonry units and between masonry units and 

concrete. The 2D interfaces are governed a Mohr-Coulomb failure domain which depends on 

friction coefficient (µ) and cohesion (c). Interface response depends also on tangential and 

normal stiffness moduli  Ktt and Knn assumed for the interfaces. Longitudinal reinforcement is 

accounted by using "embedded rebar" elements with a uniaxial elasto-plastic strain hardening 

constitutive model with yield stress fy=450 MPa, ultimate stress ft=540 MPa and ultimate de-

formation εsu=12%. Transverse reinforcement is considered within the by means of the 

smeared reinforcement material, which uniformly spreads shear reinforcement over the mesh 

of macro-elements. For all the elements described above, geometric nonlinearity is  consid-

ered to allow carrying out large displacements the analysis. 

 

 

 



F. Di Trapani, L. Giordano, G. Mancini and M. Malavisi 

 

 
Figure 6: FE model assembly for of an extracted sub-frame. 

Unconfined concrete  Masonry unit macro-elements 

fc 

(MPa) 
fct 

(MPa) 
Ec 

(MPa) 
mf

~
 

(MPa) 
mE

~
 

(MPa) 

fvm 

(MPa) 

25 2 31000 6.42 5716.5 1.07 

Table 2: Mechanical parameters of masonry and unconfined concrete macro-elements. 

3.2 FE model calibration 

Parameters subject to calibration are those associated with the major uncertainty, namely 

those regarding interface response. In detail these are the normal stiffness modulus (Knn), the 

tangential stiffness modulus (Ktt), the cohesive strength (c), the tensile strength (ft) and the 

friction coefficient (µ). Since masonry infills are hollow clay infills of the same type of those 

tested in [12], it has been reasonably supposed that calibration parameters values should be 

the same as those obtained in [37] where the same model was used to simulate lateral re-

sponse of infilled frames experimentally tested in [12]. Interface parameters used are reported 

in Table 4. It should be said that original experimental tests are lateral force- lateral displace-

ment tests, simulating seismic load conditions, while current load condition refer to vertical 

loading of the infilled frames. However interface parameters are not significantly affected by 

loading direction, hence the assumption made of adopting calibration values obtained in [37] 

for the current models is considered reasonable also in the framework of this study.    

 

Figure 7: Experimental positive and negative envelopes of specimens S1B [12 ] and force-displacement response 

by the FE model after the calibration [37]. 

Rebar 

elements Concrete 

Macro-elements 

Masonry Unit 

Macro-elements 

Interfaces 

Smeared shear  

reinforcement 
Vertical loads 

Lateral 

constraints 

Imposed displacement 



Normal  

stiffness 

Tangential 

stiffness 

Tensile 

strength 
Cohesion 

Friction 

coefficient 

Knn  

(MN/m) 

Ktt  

(MN/m) 

ft  

(MPa) 

c 

(MPa) 
µµµµ    
- 

4000000 400000 0.4 1.0 0.7 

Table 3. Calibrated interface parameters. 

3.3 Definition of pushdown tests and capacity / demand assessment 

Pushdown tests are conducted in two phases. First, vertical loads are applied at the top of lat-

eral columns (Fig. 6), then, increasing vertical displacement is then imposed to the central 

column. Vertical displacement and reaction forces are monitored during the tests. The ob-

tained force-displacement curve is the pushdown capacity-curve of the system under the col-

umn removal scenario. The static load demand (P0) for each analyzed system is determined as 

the rate of axial force previously acting on the removed column (Ps): 

 sSF0 PP α=  (1) 

where αSF is a distribution factor obtained as the ratio between the number of floors involved 

in the sub-frame system (nf,SF) and the total number of floors (nf) as follows: 

 
f

SF,f
SF

n

n
=α  (2) 

In the current cases, 2 storey sub-systems are extracted from 5 storey frames, then the distri-

bution facto αSF is 0.4 (2/5). The static load demand to the sub-frames (P0) is then 260 kN for 

the systems having lb/lc=1 (Ps = 650 kN) and 480 kN for the systems having lb/lc=2 (Ps = 1200 

kN). Under the instantaneous column removal the static load demand is amplified because of 

the dynamic effect occurring due to the abrupt variation of the equilibrium conditions. The 

load amplification factor can be estimated through a pseudo static-procedure [1], namely by 

equating the external work done by gravity loads and the internal work resulting as the area 

below the pushdown curve. The external work done by gravity loads is the function: 

 uP)u(W 0e α=  (3) 

where α=0.5 is coefficient considering the fact that loads are distributed over the beams. Eq. 

(3) represents a straight line passing through 0 and is defined in the interval [0,uu], where uu is 

the ultimate displacement. The internal work is the integral function of the pushdown curve 

P(u) defined in the interval [0,uu] obtained as (Fig.: 

 =
u

0
i du)u(P)u(W  (4) 

After column removal, the system will achieve a new equilibrium condition if functions Wi(u) 

and We(u) have an interception point in correspondence of the vertical displacement u=ud  (Fig. 

8a), representing the dynamic displacement demand to the system. Displacement ud  can be 

evaluated by setting (Fig. 8a, 8b): 

 0)u(W)u(W ie =−  (5) 

that is: 

  =−
du

0
d0 0du)u(PuPα  (6) 
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After, the dynamic load demand αPd is evaluated as: 

 )u(PP dd =α  (7) 

Therefore the static load amplification factor is: 

 
0

d
d

P

P
=λ  (8) 

 
Figure 8: Framework to evaluate dynamic demand and capacity: a) Internal work and external work functions; b) 

determination of dynamic load demand; b) determination of maximum capacity. 

 

The capacity / demand ratio of a system can be also expressed as the ratio between the maxi-

mum static load to which the sub-frame could be subjected to (P0
max

) and the current static 

load (P0), that is: 

 
0

max
0

s

P

P
=β  (9) 

where P0
max

 is easily obtained by changing the slope of the line expressed by Eq. (3) in such a 

way that external work function becomes is tangent to the internal work function (Fig. 8a). In 

this case Eq. (6) becomes:  

  =−
max
d

u

0

max
d

max
0 0du)u(PuPα  (10) 

which allows also obtaining maximum dynamic displacement demand ud
max

 and maximum 

dynamic load demand αPd
max

, which is theoretically coincident with the peak load P
*
 (Fig. 8c).  

The capacity/demand ratio βs can be evaluated even in the case in which a system is not able 

to achieve a new equilibrium condition. In this case βs will be lower than 1.  

4 INFLUENCE OF ASPECT RATIO, SEISMIC DETAILS AND LATERAL 

CONSTRAINT DEGREE 

4.1 Bare and infilled frames having lb/lc=1    

Pushdown curves of bare and infilled frames having lb/lc=1 are shown in Figs. 9 and 10. 

For the case of rigid lateral constraints the pushdown response of bare frames (Fig. 9a) exhib-

ited a resistance peak followed by a rapid loss of resistance. This behaviour is consistent with 

a significant compressive thrust occurring when arching mechanism develops after the crack-

ing at the beam ends. This justifies the initial increase of flexural capacity of beams. The fol-

lowing bearing capacity loss is related to the achievement of high strain rate of concrete 

which starts crushing compression. Pushdown tests of infilled frames (Fig. 9b) showed on av-



erage double resistance with respect to bare frames, together with a significant stiffness in-

crease. The increase in strength is strictly related to the modification of the overall resisting 

mechanism because of the interaction with the infills. This is clear from the comparison of the 

damage scenarios of the two systems (Figs. 11a-b). The resisting mechanism of bare frame 

involves 8 plastic hinges at the ends of the beams, as expected for a simple flexural collapse 

(Fig. 11a). The resisting mechanism of the infilled frame (Fig. 11b) is more complicated. Fist 

it can be clearly observed the formation of two compression fields characterized by diagonal 

cracks passing through masonry units. Second, slippage of mortar joints occurs in the central 

portion of the infill, which is less affected by confinement effect exerted by the frame at the 

corner regions. The compression fields conveying the diagonal compression stresses on the 

masonry also influence the local distribution of internal forces of beams. This results in a 

shifting of the position of plastic hinges (upper beams external hinges and lower beams inter-

nal hinges) toward the inner of the beam (at about 35% of the internal length). Steel rebars 

plastic strain diagrams of bare and infilled frames highlight the position of plastic hinges (Fig. 

11a-b). The rapid post-peak strength decay occurs in correspondence of mortar joints sliding.  

As for the influence of seismic detailing, it can been observed, that the major strength of 

seismically designed bare frames with respect to frames with seismic detailing (Fig. 9a) is re-

lated to the larger amount of flexural reinforcement arranged to agree code provisions. Con-

versely, the seismic design of the frame resulted to be not actually relevant in the case of 

infilled frames if one considers the large strength increment provided by the infills (Fig. 9b).  

a) b) 

Figure 9: Pushdown curves for specimens with lb/lc=1 and rigid lateral constraint: a) bare frames with and with-

out seismic detailing; b) infilled frames with and without seismic detailing. 

 a) b) 

Figure 10: Pushdown curves for specimens with lb/lc=1 and no lateral constraint: a) bare frames with and without 

seismic detailing; b) infilled frames with and without seismic detailing. 
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Some different observations can be done in case of no lateral constraint (Fig. 10), where 

the larger deformability of the systems has as effect the significant reduction of the compres-

sion action on the beams, which is reflected as a reduction of the flexural resistance, ranging 

between -40% for the infilled frames and -70% for the bare frames. The reduction of the axial 

force on beams is consistent with the more ductile behaviour observed form the capacity 

curves. The influence of infills results in a more relevant strength increase action especially 

for the case of non-seismically designed frames, where strength increment is about 3 times.  

It should be finally observed that for all the investigated systems with aspect ratio lb/lc=1 

there was no evidence of activation of the catenary mechanism after the flexural phase. This 

can be first attributed to the reduced inelastic displacement capacity of the beams, because of 

the low span length / cross-section height ratio. For the infilled frame cases this is also associ-

ated with the overall modification of the resisting mechanism which results in an increase of 

shear damage to bottom beams at relatively low displacements because of the infills pushing 

action. 

 

 a)      b) 

Figure 11: Cracking pattern on the FE model at the end of the pushdown test of specimens with lb/lc=1 and rigid 

lateral constrains: a) bare frame; b) infilled frame. 

4.2 Bare and infilled frames having lb/lc=2    

Push-down curves of bare and infilled frames with shape factor lb/lc=2 are shown in Figs. 

12 and 13. In the case of rigid lateral constraints (Figs. 12a-b), both the systems exhibit the 

achievement of a resistance peak followed by a rapid strength decay. Bare frames have shown 

significantly slight regain of resistance at large deformations due to a moderate activation of 

the catenary mechanism (Fig. 12a). The final cracking pattern of bare frames test (Fig. 14a) 

clearly shows the position of plastic hinges at the ends of beams, and the presence of cracks 

orthogonal to the longitudinal axis of the beams, denoting a uniform tensile stress state. 

Infilled frames have shown a resistance increment of about + 50% with respect to bare 

frames (Fig. 12b). In comparison with square frames, the lower influence of infills to the sys-

tems resistance is recognized in this case. This is related the larger deformability of the frame, 

which can provide effective confinement on a relatively smaller portion of masonry (Fig. 14b). 

Slippage and separation of mortar joints, is observed in the central portions of the infills. 

The migration of the position of plastic hinges toward the center of the beams is more pro-

nounced in this case. The position of plastic hinges is at about 35% of the internal length of 

the beams. In absence of horizontal constraints, the strength reduction is approximately -40% 

(Figs. 13a-13b) with respect to the fully restrained case for both bare and infilled frames. The 

achievement of the maximum load capacity is followed by a post-elastic branch not showing 

losses or increases in resistance. This highlights on the one hand a more ductile behaviour due 
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Plastic hinge 
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Plastic hinge 

location 

Plastic hinge 
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Main cracking 

pattern on the infill 

Steel plastic strain 
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Steel plastic strain 
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to the reduced axial compression level on beams, and, on the other hand, the inhibition of the 

catenary mechanism, because of the reduced capacity of the system to support horizontal ten-

sion forces.  

For all the investigated systems, the presence of seismic detailing resulted to not influence the 

overall response in a significant way. The small strength increments observable from Figs. 12 

and 13 can be entirely associated with the larger amount of longitudinal reinforcement.  

a) b) 

Figure 12: Pushdown curves of specimens with lb/lc=2 and rigid lateral constraints: a) bare frames with and 

without seismic detailing; b) infilled frames with and without seismic detailing. 

a) b) 

Figure 13: Pushdown curves of specimens with lb/lc=2 and no lateral constraints: a) bare frames with and with-

out seismic detailing; b) infilled frames with and without seismic detailing. 

 

 a)  b)   

Figure 14: Cracking pattern recognized on the FE model at the end of the pushdown test of specimens with 

lb/lc=2 and rigid lateral constrains: a) bare frame; b) infilled frame. 

4.3 Quantification of and capacity and demand modification due to infills 

Fig. 15 shows the ratios between infilled frame and bare frame peak loads (P
*

inf and P
*

bare) 

under the different investigated conditions (aspect ratio, lateral constraint (LC), seismic detail-

Plastic hinge 

location 

Steel plastic strain 

diagrams 

Plastic hinge 

location 

Main cracking 
patterns on the 

infill 

Plastic hinge 

location 
Steel plastic strain 

diagrams 

Plastic hinge 

location 

Sliding and detachment 

of mortar joints 



F. Di Trapani, L. Giordano, G. Mancini and M. Malavisi 

ing (SD)). The aspect ratio of the frames plays the major role. In fact, square frames provide 

spread confinement on the masonry, which results in a major infill contribution to the overall 

strength due to the increased strength. This is much more evident for the frames not provided 

with seismic detailing and lateral constrains, where the modification of the overall capacity 

produces by the infills achieves +209%. For the frames having lb/lc=2 the influence of infills 

is less relevant but still significant. In this case the tests have highlight minor dependence of 

the strength increment with the lateral constraint and seismic detailing conditions, recording 

an average increment of +45%.  

Dynamic load amplification factors (λd) obtained for the specimens are reported as bar 

charts in Fig. 16. Square bare frames and infilled frames have shown similar dynamic ampli-

fication factors, which stay in the range 3.5-4.7, apart from for the case of non-seismically 

designed frames without lateral constraint. The effect of masonry infills on the modification 

of λd was more relevant when lb/lc=2. In these cases the increase of dynamic load demands 

ranged between +30% and +60% depending on lateral constraint conditions, although he in-

crement of dynamic load demand is however generally accompanied by an increase of bearing 

capacity. Capacity / demand ratios are finally shown in Fig. 17. The presence of infills result-

ed in a noticeable increase of βs coefficients (Fig. 17a) especially for square specimens, where 

βs was more than double with respect to bare frame cases. βs coefficients of infilled frames 

with lb/lc=1 ranged between 7 and 10. On the contrary βs coefficients assumed values between 

1.28 and 2.0 for lb/lc=2. 

 

Figure 15: Infilled frame / bare frame maximum strength ratios for the investigated conditions. 

d

 a)

d

 b) 

Figure 16: Load amplification factors: a) lb/lc=1; b) lb/lc=2. 



s

 a) 

s

 b) 

Figure 17: Capacity / demand ratios: a) lb/lc=1; b) lb/lc=2.  

5 TESTING EQUIVALENT STRUT MODELLING APPROACH  FOR THE 

SIMULATION OF PUSHDOWN RESPONSE OF INFILLED FRAMES 

In order to find a computationally effective modelling strategy to simulate progressive col-

lapse response, a possible adaption of equivalent strut modelling approach is here tested, 

while acknowledging that: a) load direction in case of column loss is vertical instead of hori-

zontal; b) observed collapse mechanisms are different from those typical of infilled frames 

subjected to seismic actions. Numerical tests previously presented are reproduced with Open-

Sees [38], using fiber-section approach to model beams and columns, and the equivalent strut 

model by Di Trapani et. al (2018) [37] to model infills. This model is based on a single con-

centric fiber-section strut (S1 strut) governed by a concrete-type stress-strain law. The defini-

tion of the equivalent strut properties follow the equation provided in [37]. This approach is 

tested in two possible configurations having different degree of complexity: 1-strut configura-

tion (Fig. 18a) and 3-strut configuration (Fig. 18b). The 1-strut configuration is the original 

strut configuration of the model, where, for the determination of all the parameters, the length 

of the infill (lb) is inverted with its height (hc). In the 3-strut configuration, the same S1 strut is 

accompanied by two rigid struts (S2 struts) which start from the end of S1 strut and point to-

ward top and bottom beams at a distance αlb (Fig. 18b). S2 struts are included in the model to 

simulate in a more effective way the observed damage mechanism, in which, masonry at cor-

ners remains almost intact. The distance αlb represents the position where the plastic hinge 

forms. From the damage patterns observed by the FE models pushdown tests it can be reason-

ably assumed that assumed αlb=0.35 in the case in which lb/hc=1 and αlb=0.1 if lb/hc=2. 

The tests are carried out for four specimens among those previously tested, in detail these 

are seismically designed frames with and without lateral constraints and with square and rec-

tangular aspect ratio (lb/hc=1 and lb/hc=2). Results of the comparisons are illustrated in Figs. 

19 and 20. It can be observed that the prediction of the peak resistance results significantly 

improved in the case of 3-strut configuration. On the contrary 1-strut models generally show 

an understimation of the capacity. The better predictive capacity of 3-strut models is due to 

the effective identification of the reduced span length mechanism, which results in an increase 

of bearing capacity of the system. This can be also observed from the deformed shapes of the 

specimens reported in Figs. 21a and 21b, that highlight the consistency of 3-strut models de-

formed profiles with those recognized by the FE models.  
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Figure 18: Possible equivalent strut configurations:  a) 1-strut model; b) 3-strut model. 

 a) b) 

Figure 19: Possible equivalent strut configurations:  a) 1-strut model; b) 3-strut model. 
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Figure 20: Possible equivalent strut configurations:  a) 1-strut model; b) 3-strut model. 
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Figure 21: Deformed shapes of 1-strut and 3-strut models of infilled frames with:  a) 1-strut with rigid lateral 

constraints (lb/hc=1); b) 3-struts with rigid lateral constraints (lb/hc=1), c) 1-strut with rigid lateral constraints 

(lb/hc=2); d) 3-struts with rigid lateral constraints (lb/hc=2) 



6 CONCLUSIONS  

The paper has presented a numerical investigation regarding the influence of masonry in-

fills on the progressive collapse response of reinforced concrete frame structures. Results have 

shown a primary role of infills on the response of the system to a perimetral column acci-

dental loss scenario. The major findings can be summarized in the following points: 

• In the progressive collapse mechanism infills work as diagonal struts providing addi-

tional resistance and at the same time modifying the internal forces distribution on 

frame members;   

• Infills can increase the overall resistance in a significant way but their presence result 

in a inhibition of the potential activation of catenary mechanism, which instead is typ-

ical in the case of bare frames;  

• Frame aspect ratio (lb/lc) is one of the most important parameters for both bare and in-

filled frames. Masonry infills in square specimens have much more influence on 

strength increment because of the major confinement action exerted by the frame;  

• Lateral constrains degree is decisive on the collapse mode of bare and infilled frames. 

In fact, rigid constrains induce large axial force on beams which consequently have 

less deformation capacity. Then hence restrained frames are generally more resistant 

but show limited ductility and capacity to activate catenary mechanism; 

• Equivalent strut macro-modelling seems a possible simple solution to effectively sim-

ulate progressive collapse, although further generalization of the tested approach is 

necessary. 
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