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Abstract Review History

Performance assessment of reinforced concrete frames with clay block infills during recent Received: May 3, 2025
earthquakes, particularly the devastating 2017 Kermanshah (Sarpol-e Zahab) earthquake, Revised: Oct 8, 2025
demonstrates the significant vulnerability of these common structural systems. Analysis of the Accepted: Jun 21 2026
resulting damage indicates that most failures stem from inadequate anchoring or complete lack of pted: i

proper restraint in the infills. This structural weakness has led to extensive economic damage and in  Keywords

some cases, loss of life. Considering the widespread use of this structural system in existing Reinforced concrete frame
buildings, developing efficient, economical, and implementable retrofitting solutions to enhance  cjay block

their seismic performance is of high importance. The present research aims to develop and evaluate
a novel method for retrofitting clay block infills using alkali-resistant glass fiber technology. The .
effectiveness of this strengthening technique has been assessed through precise out-of-plane loading Infill

tests. The proposed retrofitting approach relies on alkali-resistant glass fibers, selected for their Glass fiber
favorable durability characteristics in concrete’s alkaline environment, appropriate mechanical Clay block
properties, and optimal cost-to-performance ratio. In this experimental study, three 1:2 scale

reinforced concrete frame specimens were designed, constructed, and subjected to standard loading

protocols, consisting of: A concrete frame with clay block infill having a two-centimeter gap from

columns on each side (representing typical construction practice), A concrete frame with separator

wall posts and clay block infill placed two centimeters from columns (representing an improved

conventional method)A concrete, frame with wall posts where the infill section is strengthened with
alkali-resistant glass fibers (representing the proposed method), For specimen construction, steel

formwork with 2mm thick metal sheets was designed and fabricated in the structural laboratory. All

construction phases including cutting, bending, and welding were performed with high precision at

1:2 scale proportional to actual specimens at the Shahrood University of Technology's structural

laboratory. Importantly, the specimens were constructed according to common building practices,

with concrete pouring sequenced from foundation to columns and finally beams to simulate real

construction conditions. Standard perforated clay blocks measuring 25x20x10 centimeters were

used without scaling to eliminate potential scale effects on mechanical behavior. All structural

design and construction details for the reinforced concrete frame complied with Chapter 9 of the

Iranian National Building Code. The main innovation of this study, beyond the strengthening

method itself, lies in the approach to specimen construction following actual industry practices,

making the results more applicable to real-world conditions. An advanced measurement system

including high-precision linear variable displacement transducers (LVDTs) was employed to record

the complete response of specimens throughout testing. Analysis of test results demonstrated that

the specimen reinforced with alkali-resistant glass fibers showed significant improvement in

seismic performance compared to the other two specimens. Specifically, this strengthening system

provided: Increased lateral load-bearing capacity by up to 110% compared to specimens with infill

with boundary conditions and infill with wall posts Enhanced ductility (displacement capacity) by

up to 150% compared to non-strengthened specimens, Transformation of failure behavior from

brittle and sudden to soft and ductile failure, Progressive and gradual material deterioration instead

of sudden collapse. the proposed strengthening method, given its ease of implementation,

reasonable cost, and desirable performance, can serve as an effective solution for retrofitting

existing buildings with reinforced concrete frame systems with clay block infills in seismic regions.

Out-of-plane loading
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Table 1: Specifications and parameters of experimental spacimen.

Specimen Details Configuration
N First Infill frame with connections only at
(IC-OOP)  Specimen  top and bottom and 2 cm gap from
(Figure 2-a) columns

Second Infill frame with lateral wallposts and

"(IW-O0P)  Specimen  connection details similar to existing
(Figure 2-b) buildings
Third Infill frame with lateral wallposts

" (IWR-OOP)  Specimen
(Figure 2-c)

where the infill section is reinforced
with alkali-resistant glass fibers

® Glass Fiber Renforced Polymer
10 Fiber Reinforced Polymer

™ Infilled Control Out Of Plane
12 Infilled Wallpost Out Of Plane
%3 Infilled Wallpost Out Of Plane
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Fig. 1. Geometry and reinforcing details of reinforced concrete frame (dimensions in millimetre).
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Fig. 2. Schematic of Connection Infiled Reinforced Concrete Frame and Intermediate Frame (Measurements in Millimeters).
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Table 2. Mechanical properties of materials. (@) Specimen IC-OOP, (b) Specimen IW-OOP, (c) Specimen IWR-OOP.
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Table 3. Compressive Strength Test Results of Clay Hollow Blocks Used in Infill Construction.

Number of samples

Spacimen Average Standard deviation covariance
S1 S2 S3 sS4
Clay Brick-horizontal 0.682 0.876 0.803 0.846 0.807  0.802 0.065 8%
Clay Brick-vertical 2.9 3.42 5.9 5.42 4.3 4.38 3.30 11%

(\_,.x)/w S €J.§)l:5 e ) CL..A o gu Lol C_/Ja ¥ d}.\?
Table 4. Mix Design of Reinforced Concrete Frame (kg/m®).

Materials

Portland Cement Type Il (kg/m°)

Coarse Aggregate (Medium) (kg/m®)
Coarse Aggregate (Large) (kg/m°)

Fine Aggregate (Sand) (kg/m°)
Water (L\m°)
Water to cement ratio

Foundation Column& Beam
450 380
340 350
340 350
1000 1040
210 200
0.47 0.53
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Table 5. Concrete Compressive Test Results

Cubic: Test day

Cylindrical: Test day

spacimen (MPa) (MPa) Average iz?l?:t?gg covariance
S1 S2 S3 S1 S2 S3 Cubic  Cylindrical
Foundation 44.26 41.02 43.73 35.41 32.81 3498  38.77 31.02 0.940 3%
IC-O0P Column 37.35 3750 3363 29.88 30.00 2690 43.00 34.40 0.655 1.9%
Beam 4955 5320 46.88 39.64 4256 3751 36.16 28.93 0.827 2.8%
Foundation 44.75 36.42 4131 35.80 29.14 33.04 49.88 39.90 1.19 3%
(f\ll\\//\/R-_OoOcl;g) Column 39.8 4157 4038 31.84 33.26 32.30 40.83 32.66 1.57 4.82%
Beam 40.67 69.39 3595 3254 31.76 28.76  40.58 32.46 0.33 1%
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Table 6. Compressive Test Results of Mortar Joints and Shotcrete

Cubic: Test day (MPa)

Spacimen Configuration o1 > Average Standard deviation covariance
IC-OOP  Spacimen Mortar joint  25.30 22.63 20.22 22.71 1.2 5%
IW-OOP  Spacimen Mortar joint 8.2 8.9 9.42 8.84 0.288 3%

Spacimen Mortar joint 18.62 17.28 19.60 18.52 0.54 3%
IWR-OOP .
Shatcrte Spacimen 1187 1226  9.08 11.07 0.81 7%
ol S Caslie (sl s V g
Table 7. Tensile Strength Test Results of Reinforcement Bars.
Material Average Yield Average Ultimate Yield Strain  Ultimate

Stress (MPa) Stress (MPa) (%) Strain (%)
Reinforcements No 12 494.38 614 0.0024 0.03
Reinforcements No 10 343 561 0.0016 0.05
Reinforcements No 8 355 514 0.0016 0.05
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Table 8. Results and Geometric Specifications of Alkali-Resistant

Glass Fibers.
Mean Tensile Mesh Number
Strength (MPa) Interval of Fibers
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A-A: Restraint Element
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Fig. 5. Laboratory Setup for Out-of-Plane Loading.
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Table 9. LVDT Specifications and Installation Details.

Sensor Number Installation Details

Measurement Purpose

Measurement Range (mm)

LVDT1 Foundation Out-of-plane displacement of foundation 50
LVDT2 Column Out-of-plane displacement of column 50
LVDT3 Center of beam Out-of-plane displacement of beam 10
LVDT4 End of jack Jack displacement 100
LVDT5 Upper right support Out-of-plane displacement of infill 50
LVDT6 Upper left support Out-of-plane displacement of infill 50
LVDT7 Lower right support Out-of-plane displacement of infill 25
LVDT8 Lower left support Out-of-plane displacement of infill 25

LVDT 5
LVDT 2

)

()]

{LVDTS) ez 0K ks (K 5 aomios 5l sl Ol s # JS05
Fig. 6. Installation of Out-of-Plane Setup and Positioning of Displacement Transducers (LVDTS).
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Fig. 7. Out-of-Plane Mechanism of Infill [26].
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Table 10. Specimen Test Results.

(IC-O0P) Force (kN) Displacement (mm)
Peak load 15.65 18.81
Minimum load 8.24 20.20
18
16 H
S 1
f‘: 12
S 10
I
g
m

Displacement (mm)
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Fig. 9. (a, b, c) Out-of-Plane Test Diagrams for Infill Specimen
IC-OO0P.
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Fig. 10. (a, b, c, d) General Testing Procedure.
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Table 11. Specimen Test Results.

(IW-00P) Force(kN)  Displacement(mm)
Peak load 13.91 16
Minimum load 1.6 38
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S 7.
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Fig. 11. Diagrams Related to Out-of-Plane Testing of Infill
Specimen IW-OOP.

boodd Sy sl ol b p0ks i OB wises Shlel ¥
(IWR-OO0P) L:L; J.:‘ﬁ): (a‘gu.a A uL,!I

¢

!
|

SISl 3 4 5ad sled (D)

.L:.UJ.J‘J{)JC}LLWJQ\QAMCﬁ)ﬁ.?QM...?H)LJguol:nﬁbjlj\.x&!}‘}?}JJSéu.\" s
Fig. 12. General View Before and After Testing of Infill with Wall post Reinforced with Alkali-Resistant Glass Fiber.
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Table 12. Specimen Test Results.

(IWR-OO0OP) Force (kN) Displacement (mm)
Peak Load 32.98 21.19
Minimum Load 3.30 50
35
© iy [ ——— IWR-00P |
g 2%
g 20
L 15
3
@ 10
3 T
0
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Displacement (mm)
35
A TWR -0OP
— 30 \ 4 Cracking Point
P /\ 2 —#&— Peak Load
=3 25 4~ Mesh Rupture
= 20 ! ——=— Ultimate Stage
[}
% 15 /
o 15 e
{5}
I . N
5 Lo,
0
0 5 10 15 20 25 30 35 40 45 50 55 60
Out of plane Displacement (mm)
aied SUIL CBOLe O s L Jls 5es ()
16 %
BOUNDARY ——25%
_____ —x—35%
LVDT5 —%— 60 %
—a— 100 %
LVDT 6
LVDT 4
LVDT 7
LVDT 8

BOUNDARY %% 5 1o 15 20 25 30 35 40 45 50 55 60 65
Displacement (mm)
SIS Jsb 3 (LVDT) s O i Sl sai ()
(IWR-00P) & 505 ke amis 5l 3l (glals sad (G i odl) Y K3

Fig. 13. (a, b, ¢) Out-of-Plane Diagrams of
Infill Specimen IWR-OOP.
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Fig. 14. Comparison of Out-of-Plane Behavior Pushover Curves
of Laboratory Infill Specimens.
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Table 13. Results and Comparison of Force and Displacement for Laboratory Specimens.

Control Infill Frame with 2 cm
Gap from Columns, Under Out-

Infill Frame with Wallpost, with 2
cm Gap from Columns, Under

Glass Fiber Reinforced Infill Frame with
Wallpost, with 2 cm Gap from Columns,

Properties of-Plane Loading (IC-OOP) QOut-of-Plane Loading (IW-OOP) Under Out-of-Plane Loading (IWR-OOP)
Force Displacement Force Displacement Force Displacement
(kN) (mm) (kN) (mm) (KN) (mm)
Peak Load 15.65 18.81 13.91 16 32.98 21.19
Minimum Load 8.24 20.20 1.6 38 3.31 50
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Fig. 15. Bar Chart Comparison of Specimens at Corresponding
Force and Displacement Values.
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