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vibration and compaction, followed by 28-day curing using moist burlap and plastic covering for all samples, 
which resulting in high-quality specimens applicable to real conditions. 

The specialized reinforced concrete frames were constructed with a 2000mm span between columns and a 
height of 1500mm from the foundation to the beam soffit. Wall posts were manufactured using size 4 angles. 
For proper anchoring of alkali-resistant glass fiber (ARGF), connections were established from the top to the 
beam soffit and from the bottom to the foundation. The anchoring of the top row of blocks with angles was 
performed using size 8 roll bolts embedded in the beam soffit. In total, three different infilled frames were 
constructed: 

1. Bare frame sample (FC-IP) 
2. Frame with clay block infill (FI-IP) 
3. Frame with wall post and clay block infill reinforced with alkali-resistant glass fiber (FIR-IP) 
In-plane loading was considered in this experiment to evaluate structural performance. For the setup and 

preparation of the samples, six threaded #16 rebars were anchored at both ends using plates. To ensure 
uniform stress distribution in the beam, 30mm thick steel plates with dimensions of 50×50cm containing 
regular holes were installed. The connection between the plates, jack, and beam was secured through 
longitudinal rebars and nuts. Cyclic loading was applied using a 25-ton jack with a 150mm movement range. 
The test specimen was maintained in position by a 3.5-ton crane. After installing the in-plane setup on the 
reinforced concrete frame and leveling it, in-plane loading of the samples was performed according to the ACI 
374-05-1 protocol. Displacement transducers were installed at specific points on all samples to record 
displacements. 

 

3. Results and discussion 

3.1. Bare reinforced concrete frame (FC-IP) 
The structure exhibited linear behavior up to 0.35% relative displacement. Initial failure commenced at the 

lower part of the right column. As displacement increased to 0.5%, damage extended to the foundation, upper 
third of the right column, and foundation connection. At 0.75% displacement, damage propagated to the critical 
zone of the beam's upper area and its column connection. At 1% displacement, additional damage areas 
appeared in horizontal and vertical members and their connections. At 1.4% displacement, additional fractures 
were observed 30 cm from the beam-column connection and at the column's lower section. At higher 
displacements (1.75% to 2.75%), damage expanded to the column's middle, beam-column connections, and 
critical beam areas. Finally, at 3.5% and 4.5% displacements, shear failures developed at the column base and 
near beam-column connections, ultimately leading to reinforcement rupture at the column base at 4.5% 
displacement. The damage progression initiated from the column, extended to connection points and the beam, 
and ultimately manifested as shear failures in critical areas. The cyclic load-displacement curve, envelope load-
displacement curve, and bilinear diagram provide comprehensive information about the structural behavior, 
enabling the extraction of key performance parameters such as initial stiffness, maximum lateral resistance, 
deformation capacity, and ductility factor. 

 

3.2. Reinforced concrete frame with complete infill (FI-IP) 
The behavior of the frame with infill at initial drift ratios (0.02% to 0.1%) was completely elastic. As the 

drift increased to 0.15%, the first crack was observed in the mortar joint of the infill, and subsequently these 
cracks propagated in the mortar joint between the clay blocks. At this stage, cracks were primarily formed as 
shear cracks between the mortar joint and the block bonds. At a drift of 0.35%, the first cracks in the frame 
appeared at the beam-to-column connection. As the drift increased to 0.5%, gradual deterioration of materials 
and the concentration of cracks were observed. At a drift of 0.75%, separation of blocks at the bottom and 
vertical cracks at the beam-to-column connection occurred. At a drift of 1%, the infill materials reached their 
ultimate capacity and began to separate and crush. At higher drifts (1.4% to 3.5%), cracks propagated in critical 
areas of the beam, columns, and connection points. The damage continued in the form of shear failures in the 
connection area and column base, and finally, at a drift of 3.5%, all of the infill materials collapsed, marking the 
end of the experiment. Overall, the damage process initiated in the mortar joints, gradually propagated to the 
frame, and ultimately led to the complete destruction of the infill. 
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3.3. Reinforced concrete frame with clay block infill reinforced with alkali-resistant glass fiber (FIR-IP) 
In the early stages of the experiment, the FIR-IP sample exhibited the first signs of damage at a drift of 0.5% 

with the separation of the top connection of the infill from the main frame. This separation caused the loss of 
connection between the restraining angles and the overlap of the alkali-resistant glass fiber with the clay 
blocks. Subsequently, at this drift, the first crack appeared in the area below the beam-to-column connection 
on the left side of the sample, and the anchoring angles at the top experienced a horizontal displacement of 
nine millimeters. As the drift increased to 1%, visible cracks formed in the upper column area. At a drift of 1.4%, 
the damage propagated, and a continuous horizontal crack formed at the bottom of the column and sample. 
Additionally, a horizontal crack appeared at the connection between the infill and foundation at the back of the 
sample. In the final stages of the experiment, at a drift of 2.2%, shear cracks formed in the connection area and 
the beam-to-column joint, and an additional crack was observed at the bottom of the column. Finally, at a drift 
of 2.75%, the damage pattern was completed with the appearance of a mild diagonal crack in the infill (both in 
front and back of the sample), and simultaneously, the propagation and concentration of cracks in the lower 
areas and connection joint increased. The bilinear approximation of the envelope curve was derived from the 
experimental data. The results of the three laboratory samples of building frames demonstrate that the sample 
with the existing structure wall post reinforced with glass fiber (FIR) exhibited the highest resistance to applied 
forces. This sample was able to withstand 79% greater force in compression and 138% greater force in tension 
compared to the control sample (FC-IP), demonstrating a significant increase. Additionally, compared to the 
FI-IP sample, it was 27% higher in tension and 13% higher in compression, indicating the positive effect of 
using wall posts and glass fiber in strengthening infills. In examining the initial stiffness of the samples, the 
specialized reinforced concrete frame with complete clay block infill (FI-IP) exhibited an increase in stiffness 
of 206% in compression and 260% in tension compared to the seismic frame (FC-IP). Additionally, comparing 
the FIR-IP sample to the FI-IP sample, there was a decrease of 171% in compression and 299% in tension. This 
result indicates that using a complete clay block infill can significantly improve the stiffness of the structure. 
Overall, the ductility values calculated for the samples FI-IP, FC-IP, and FIR-IP were 1.64, 2.47, and 1.16, 
respectively. These favorable results demonstrate the superior performance of the FIR-IP sample. 

 
4. Conclusions 

The study examined three specimens: a plain reinforced concrete frame (FC-IP), a reinforced concrete 
frame with clay block infill (FI-IP), a and reinforced concrete frame with clay block infill strengthened by alkali-
resistant glass fibers (FIR-IP). 

1) The plain frame (FC-IP) maintained linear behavior until 0.35% drift. Damage commenced at the bottom 
of the right column, with the failure mechanism transitioning from flexural to shear. Reinforcement rupture 
occurred at the column base at 4.5% drift. Critical regions were identified at column bases, beam-column 
connections, and locations 30cm from connections. This structure demonstrated appropriate ductility and 
acceptable energy dissipation capacity. 

2) The clay block infill frame (FI-IP) exhibited elastic behavior at very low drifts. Initial damage appeared 
in mortar joints at 0.15% drift. At 0.35% drift, the main frame developed cracks at connections. The infill 
material reached ultimate capacity at 1% drift and completely collapsed at 3.5% drift. Critical points included 
mortar joints, beam-column connections, and column bases. The presence of infill significantly influenced 
overall structural behavior and created a distinct failure mechanism. 

3) In the strengthened specimen (FIR-IP), the first damage occurred at 0.5% drift with separation at the top 
infill-beam connection. Damage progressed systematically with increasing drift, exhibiting only mild diagonal 
cracking in the infill up to 2.75% drift. The strengthening system with alkali-resistant glass fibers and 
restraining angles improved the failure mechanism compared to conventional specimens and maintained infill 
integrity. 
A Comparison of the three specimens revealed: 

1. Damage initiation threshold: The Plain frame remained undamaged until 0.35% drift, the conventional 
infill frame until 0.15%, and the strengthened infill frame until 0.5%. 

2. Failure mechanism: In the plain frame, damage commenced from columns; in the infill frame, from 
mortar joints; and in the strengthened frame, from the top infill-beam connection. 

3. Ultimate capacity: the Plain frame resisted up to 4.5% drift, the conventional infill frame up to 3.5%, and 
strengthened infill frame sustained loading beyond 2.75% without complete collapse. 

The results indicate that appropriate strengthening systems can significantly improve seismic performance. 
Frame-infill interaction should be considered in seismic design, and infill strengthening can enhance the overall 
seismic resistance of structures. 
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    نمودارهاي مربوط به آزمایش داخل صفحه نمونه -9شکل 
)FC-IP( (نمودار  ، ب)  اينمودار بار تغییر مکان چرخه : الف

    همراه نمودار دوخطینمودار پوش به ، ج)  مکان تغییر پوش بار
  

  هامشخصات رفتار نمونه  -8جدول 
 (݉.ܰ) ܧ ߤ ௬(݇ܰ) ݇ாݒ  اي چرخه  نمونه

FC-IP  
Push  98 /70  01 /4  47 /2  2418367  
Pull  11/63 -  09 /4  85 /2  

  
هاي ، شکست %5/4و    %5/3هاي نسبی  جاییسرانجام در جابه

برشی در پاي ستون و نزدیک محل اتصال تیر به ستون ایجاد و  
به گسیختگی آرماتور   %5/4جایی نسبی  توسعه یافت که در جابه

دهد که روند آسیب  بندي نشان میدر پاي ستون منجر شد. جمع
هاي اتصال و تیر توسعه یافته و نهایتاً  از ستون شروع شده، به محل 

هاي برشی در نواحی بحرانی ظاهر گردیده است صورت شکست به

شده در شکل    ) قابل مشاهده است. نمودارهاي ارائه8که در شکل (
بار9( منحنی  بارمکان چرخه   تغییر  -) شامل  منحنی پوش   -اي، 

تغییر مکان و نمودار دوخطی، اطلاعات جامعی در خصوص رفتار  
دهند. تحلیل این نمودارها امکان استخراج نمونه ارائه میاي  سازه

اولیه، مقاومت جانبی   پارامترهاي کلیدي عملکردي نظیر سختی 
تغییر ظرفیت  شکل  حداکثر،  ضریب  و  فراهم شکل  را  پذیري 

  ) ارائه گردیده است. 8سازد. جزئیات این پارامترها در جدول (می 
  

  )FI-IP(قاب کامل آرمه با میاننمونه قاب بتن  -3-4
میان )  FI-IP(نمونه   با  قاب  در  رفتار  اولیه جاییجابه قاب  هاي 

  جایی نسبی جابه) کاملاً الاستیک بود. با افزایش %1/0تا  % 02/0(
میان %0/ 15به   ملات  درز  در  ترك  اولین  و  ،  شد  مشاهده  قاب 
بلوكتدریج این تركبه سفال گسترش    هايها در درز ملات بین 

صورت برشی بین درز ملات ها عمدتاً بهیافت. در این مرحله، ترك
بلوك بند  در  و  شدند.  ایجاد  نسبیجابه ها  اولین %0/ 35  جایی   ،

با ترك شد.  مشاهده  به ستون  تیر  اتصال  محل  در  و  قاب  در  ها 
، شاهد زوال تدریجی مصالح و %5/0به    جایی نسبیجابهافزایش  

. قابل مشاهده است  )10(، که در شکل  ها بودیم متراکم شدن ترك
ها در قسمت پایین و ، جدا شدن بلوك%75/0  جایی نسبیجابه در 

هاي عمودي در محل اتصال تیر به ستون رخ داد. در  ایجاد ترك
قاب به ظرفیت نهایی خود رسید ، مصالح میان%1  جایی نسبیجابه

 هاي نسبیجاییجابهشروع به جدا شدن و خرد شدن کرد. در  و  
نواحی بحرانی تیر، ستون)، ترك%3/ 5تا    %4/1بالاتر ( ها و  ها در 

. نشان داده شده است  )10(در شکل    ،محل اتصالات گسترش یافت
صورت برشی در ناحیه اتصال و پایه ستون ادامه پیدا  ها بهخرابی

قاب ، تمامی مصالح میان %5/3  جایی نسبیجابه نهایت، در    کرد و در
به بود.  طورکلی، تخریب و فروریخت که این نقطه، پایان آزمایش 

به ملات شروع شده،  درز  از  خرابی  گسترش  روند  قاب  به  تدریج 
میان کامل  تخریب  منجربه  درنهایت  و  است،  یافته  شده  قاب 
میان  با  قاب  رفتار  بیشتر  درك  براي  مراجعهمچنین  با  به    هقاب 

پذیري و مقاومت پارامترهاي سختی، شکل   )9( و جدول    )11(شکل  
 توان مشاهده کرد. نهایی را می 

  
  هامشخصات رفتار نمونه  -9جدول 

 (݉.ܰ) ܧ ߤ ௬(݇ܰ) ݇ாݒ  اي چرخه  نمونه

FI-IP  
Push  04 /112  31 /12  64/1  

3315282  
Pull  84 /117 -  73 /14  68/1  
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