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1. INTRODUCTION

Low-rise RC frames with Infilled walls are widely used in
many areas around the world including Thailand. It is well
known that the presence of infill walls can have adverse
effects on the seismic response of the frame due to infill-
frame interactions [1-2]. Despite their widespread usage,
clear design strategies to prevent undesirable failure modes
due to the infill-frame interactions are not normally given in
design codes. Typically, these frames are designed based on
elastic analysis without considering the infill walls. It is well
recognized that structures designed with elastic analysis may
result in uncontrolled inelastic response. Together with
complexed infill-frame interactions, theses RC frames may
develop undesirable, and potentially dangerous, failure
modes such as soft-story mechanism and brittle shear failure.

The undesirable response modes can be mitigated by
controlling the response mechanism and using realistic
inelastic internal force distribution for design. This paper
proposes a practical design method for RC with infilled
frames. The method focuses on controlling failure
mechanism of the frame. The inelastic internal force
distribution is obtained from push-over analysis using a
structural model that can capture infill-frame interactions.
By ensuring that the frame develops a pre-selected
mechanism and preventing all the undesirable local failures,
the RC frame with infill walls can be one of the most
seismically robust structural systems for low-rise structures.

2. DESIGN STRATEGY

In this study, the following design method is proposed. The
design consists of 3 main steps as follows.

1. The frame is first designed following a governing
code procedure without considering the infill walls.
This first step ensures that the frame will have the
minimum required frame strength stipulated by the
governing code (Fig. 1a).

2. A computer model is developed with the infill
modeled as struts. The beams and infill walls are
modeled using inelastic elements. However, the
columns are modeled as elastic elements except the
at the bases of the columns where plastic hinges are
assigned and allowed to form. By doing so, the
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model ensures that the column will remain elastic
except at the base. This is the pre-selected
mechanism with elastic column and inelastic
activities confine to only the beams and infill walls
only (Fig. 1b).

The final design forces for the columns are obtained
by push-over analysis. The frame can be pushed up
to a selected target drift. In this study, the target drift
calculating using DPW1303 standard [3] is used as
the basis for the design. The column forces obtained
at the target drift from the push-over analysis are
used to determine final column sizes and
reinforcement. These include the moment shear in
the columns induced by the infill walls. If the column
sizes and reinforcement from step (1) are
insufficient, column design revision is carried out
(Fig. 1c).

e s, T ! / ! i
e |
W

(a) Bare Frame Design

Target
Displacement

r
=GGGS, 5.
i 44(.&’

I —

Elastic Column
with Plastic Hinge
at the Base

Inelastic Infill Strut
and Beam Elements

(b) Pushover with Elastic Columns

(

O

) Inelastic Force Distribution for Final Design
Check

Fig. 1. Summary of Design Steps



3. TARGET DISPLACEMENT

In the proposed method, the structure is pushed up to the target
displacement given by DPW1303 [3]. Figure 2 shows the
results from nonlinear dynamic analysis of single-degree-of-
freedom systems with negative post-yield stiffness and with
varying strength ratios (R=2.5 and R = 4) under 20 ground
motions. The negative post-yield stiffness represents a typical
hysteretic characteristic of an RC-Infill frame where
significant strength degradation occurs after infill wall failure.
The results show that by taking the yield strength as 60% of
the peak system strength, the target displacement given by
DPW1311 is reasonably accurate for design purpose except at
very short period ranges.
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Fig. 2. Comparison between DPW1303 target displacements and results
from non-linear dynamic analysis of SDOF systems.

4. EXAMPLE

The above design method was applied to a four-story RC-infill
frame. The effectiveness of the design method was assessed
by performing a non-linear dynamic analysis using an accurate
FEM model with multi-strut infill elements [4]. The results are
shown in Fig. 3. Under 20 MCE ground motions, the average
drift of the building in X- and Y-directions is lower than 1.0%
and distributed in a desirable shape, as indicated in Fig. 3(a).
Only one ground motion caused the maximum story drift in
the X-direction up to 3.5%. The structural damage state
corresponds to the maximum drift shown in Fig. 3(b). The
concrete crushing was observed on the lower stories. The
undesired column shear failure was not observed.
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(b)  Snapshot of the deformed shape and structural damage
Fig. 3. Analytical results of the example building

5. CONCLUSIONS
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This paper proposes a practical design method for RC with
infilled frames. The method is based on controlling failure
mechanism of the frame and using realistic non-linear internal
force distribution from pushover analysis for design. The
results show that, properly designed, RC frame with infill
walls can behave in a predictable manner resulting in
satisfactory and robust seismic response behavior.

6. ACKNOWLEDGEMENT

The authors gratefully acknowledge the financial support from
the National Research Council of Thailand (N25A650730)

7. REFERENCES

[1] Worrakulsajja, W., Srichai, J., and Leelataviwat, S.
(2020) “Seismic design of RC moment-resisting frames
with concrete block infill walls considering local infill-
frame interactions” Bulletin of Earthquake Engineering,
18, 6445-6474.

[2] Wararuksajja, W., Srechai, J., Leelataviwat, S.,
Sungkamongkola, T., and Limkatanyu, C. (2021)
“Seismic design method for preventing column shear
failure in reinforced concrete frames with infill walls”
Journal of Building Engineering, 44, 102963.

[3] DPWI1303 (2014) “Standard for Assessment and
Retrofitting of Building Structures in Areas with Seismic
Effects” Department of Public Works and Town
Standard (in Thai).

[4] Srechai, J., Leelataviwat, S., Wararuksajja, S.,
Limkatanyu, S. (2022) “Multi-strut and empirical
formula-based macro modeling for masonry infilled RC
frames,” Engineering Structures, 266, 114559.

8. AUTHOR BIOGRAPHIES

Sutat Leelataviwat is currently an
associate professor in Civil Engineering
and an assistant director for research and
technology at the Institute for Scientific
and Technological Research and
Services (ISTRS) at the King Mongkut’s
University of Technology Thonburi. He
obtained Ph.D. in Structural Engineering from the University
of Michigan at Ann Arbor, USA. His research interests
include seismic design and behavior of RC and steel
structures, seismic retrofitting of structures, and energy-
based seismic design methods. He is also a member of the
committee on the Effects of Earthquakes and Wind Loads
and advisor for the committee on Steel Structures,
Engineering Institute of Thailand.

Virote Boonyapinyo is currently a
professor in Civil Engineering, Faculty of
Engineering, Thammasat School of
Engineering, Thammasat University. He
obtained B.Eng and M.Eng from
Chulalongkorn University and D.Eng in
Structural  Engineering  from  the




Yokohama National University, Japan. His research
interests include Wind Tunnel Test of High-Rise Buildings
and Long-Span Bridges, Earthquake-Resistant Analysis and
Design of Bridges and Buildings, Analysis and Design of
Steel Structures. He is also a chairman of the subcommittee
on the Effects of Earthquakes and Wind Loads, and advisor
for the subcommittee on Steel Structures, Engineering
Institute of Thailand under H.M. the King’s Patronage.

Jarun Srechai is currently an assistant

professor in Civil Engineering at

Burapha University. He obtained Ph.D.

in Civil Engineering from Chulalongkorn
University, Thailand. His research ;
focused on seismic design and evaluation ‘p
of RC structures. He is also a committee

member of the Effects of Earthquakes and Wind Loads
Engineering Institute of Thailand.

Wongsa Wararuksajja is currently an
assistant professor in Civil Engineering at
Rajamangala University of Technology
Thanyaburi. He graduated with a Ph.D. in
Structural Engineering from King
Mongkut’s University of Technology
Thonburi, Thailand. His research
interests are seismic design and behavior
of infilled RC frame.

Jirawat Junruangg is currently a
lecturer at the Faculty of Engineering and
Architecture at Rajamangala University
of Technology Tawan-ok. He obtained a
B.Eng in Civil Engineering from King
Mongkut’s University of Technology
North Bangkok, as well as M.Eng and :
D.Eng in Structural Engineering from Thammasat
University, Thailand. His research interests include wind
tunnel testing of high-rise buildings and long-span bridges,
simulating airflow over structures using Computational
Fluid Dynamics, and earthquake-resistant analysis and
building design.

Bangkok, Thailand: October 2023

TSER2023

The 1 Thailand Syn

Il

sium on Earthquake Re



