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Shake Table Test of BRB Strengthened RC Frame

Many existing reinforced concrete (RC) buildings do not meet the lateral strength requirements of current
seismic codes and are vulnerable to significant damage or collapse in the event of future earthquakes.
Various techniques have been used for seismic strengthening of RC buildings which can be classified
into two main groups: the member-level techniques and the structure-level techniques. The member-
level techniques rely on section enlargement of the existing structural members by jacketing to improve
flexural, axial and shear strength of these members; enhancements in ductility and stiffness are also
attained. However, the jacketing technique may require evacuating the whole building and is labour-
intensive due to the associated heavy demolition and construction works.

The structure-level techniques are mainly intended to reduce the demand on the existing structure by
introducing new elements such as shear walls or conventional steel bracings. However, there are several
disadvantages to these approaches, which include the need for new foundations for the added weight
to the structure. Similarly, the hysteretic behaviour of conventional steel braces (CSB) is un-symmetric
in tension and compression. The yielding of the braces in tension under lateral loading provides a ductile
plastic mechanism with a good source of energy dissipation. On the other hand, brace buckling in
compression provides a poor source of energy dissipation because of the post-buckling behaviour of
the braces which is characterised by deterioration of strength and stiffness.

The development of buckling-restrained braces (BRBs) started in Japan after the 1995 Kobe earthquake.
The application of BRB in Japan was followed by their use in building retrofitting in USA. BRBs act
as hysteretic dampers. The main concept of buckling restraining is to decouple stress resistance of main
yielding steel member from the flexural buckling resistance. As a result, BRB reinforced frames yield
in both tension and compression without buckling.

Presently, buckling-restrained braces (BRBs) have become increasingly popular which is a new and
effective seismic load resisting system (SLRS) for engineers designing buildings for ductile seismic
performance. BRB improves strength, stiffness and energy absorbing capacity of structures. Most of
developed BRBs are proprietary although they employ similar design concepts. With little information
available in regards to elemental composition it becomes necessary to verify the effectiveness of a
particular design through investigational testing to ensure that a particular design meets the intent and
is adequate for the seismic response of the structure.

The existing designs of BRBs were studied by the University
of Ottawa, Canada and an improved design was provided.
The development of this design was carried out by Steel
Canada Limited (SCL), Canada. In order to assess the dynamic
performance of this design, the Department of Earthquake at
NED University of Engineering and Technology was engaged
by SCL to test the performance of a BRB strengthened RC
frame and to compare its performance with a control frame
without BRB (Figure 1). The shaking table testing of the

Figure 1: Dynamic Test Setup of BRB Strengthened RC Frame |frames was carried out on 13 May 2017. (Continued on page 2)

Two Powerful Earthquakes Jolt Mexico

Mexico was hit by two powerful earthquakes in two weeks.
The first strong earthquake of 8.1 magnitude occurred on 9
September 2017. The earthquake was 19 km deep and occurred
in the subduction zone formed by Cocos Plate which is sliding
under the North American plate (Figure 2). More than 600
aftershocks were recorded following the main shock. At least
61 people died due to this earthquake besides, damages of]
hospitals and government offices in the southern part of the
country that was closer to the quake’s epicentre off the Pacific
Coast. The earthquake was the Second Strongest recorded Figure 2: The two “seismic gaps” in the subduction zone off Mexico’s

coast, where tectonic plates grind past one another (Source: Mexico

earthquake in the history of Mexico after the magnitude National Seismological Service)
8.6 earthquake that occurred in 1787. The earthquake was also was felt in Mexico City (Continued on page 2)
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Shake Table Test of BRB Strengthened RC Frame (continued)

A large audience belonging to academia, consultants, students and media witnessed the test and valued the information gained.

One-third scaled models of both types of frames were employed. The design of the frames was provided by University of Ottawa,
Canada. The peak ground acceleration record for the 1988 Kobe earthquake was employed to simulate the earthquake ground motion
for the testing. The duration of this earthquake is 40.9 sec with peak ground acceleration (PGA) 0.34g. The acceleration record was
scaled for the testing of model. The model was subjected to different intensities of a seismic excitation in an incremental fashion. The
intensities were varied from 25-500 percent in increment of 25 percent. These records were calibrated prior to the test so that the machine
output matches closely with the input time-history record. At the end of each sequence of seismic excitation, physical inspection of the
model was carried out to assess the damage pattern and photographs were taken. The videos of the tests were continuously recorded
from two different angles.

Two Powerful Earthquakes Jolt Mexico (continued)

and Guatemala City. The Mexican interior
reported that 428 homes were destroyed
and 1700 were damaged in a highly seismic
state Chiapas.

The second 7.1 magnitude earthquake struck
Mexico City on 19 September 2017. The city
is one of the most populous cities in the Western
Hemisphere with a population more than 21
million. The earthquake caused a heavy and
Figure 3: (Left) Enrique Rebsamen elementary school in Mexico City before earthquake (Right); Collap g after earthquak prolonged rattling in the capital for about 20
(Source: Google Earth/Getty Images, Reuters) SeCOHdS. The Mexico Clty 1\/Iay0r reported that

at least 250 people died due to this earthquake and dozens of buildings in central Mexico were turned into dust and debris. The earthquake
caused severe damages to more than 5,000 schools and 21 children also died under the debris of the Enrique Rebsamen School in the
Coapa district (Figure 3). In addition, at least 22 hospitals were damaged in and around
Mexico City. This Central Mexico earthquake occurred on the 32nd anniversary of the
1985 Mexico City earthquake, which killed about 10,000 people. The epicentres of both
earthquakes were about 650 km apart from each other (Figure 4). The United States
Geological Survey (USGS) reported a measurement of VIII (Severe) on the Mercalli
intensity scale for the 19 September earthquake. National Seismological Service of Mexico
recorded a peak ground acceleration of 112 cm/s? (0.114g) at their closest reporting station.
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Although two major earthquakes in the same country within a short span of time are rare,
these are possible in such a seismically active region as Mexico. Both earthquakes seem
Figure 4: Locations of Mexico carthquakes (Source: USGS) to be a result of the rupture of fault lines within the North American tectonic plate.

Recent Earthquakes in China

A 7 magnitude earthquake struck southwest region of China on 8 August 2017 (Figure 5). The
earthquake killed at least 19 people whereas 247 others were injured. The earthquake hit a sparsely
populated area which is situated at 200 km northwest of the city of Guangyuan. Shaking was felt
in the provincial capital Chengdu. According to an estimate more than 130,000 houses were damaged
due to the earthquake.

Sichuan is frequently struck by earthquakes and a
huge earthquake there killed almost 70,000 people
in May 2008. In addition, 400,000 people were
injured, over 5 million buildings were destroyed and
over 45 million people were affected across western
China due to this earthquake. The earthquakes in
northern Sichuan are a result of shallow strike-slip
faulting in the interior of the Eurasia plate. The
earthquake on 8 August 2017 occurred on either a

southeast striking left-lateral fault or on a southwest|"ere > China Karuuzie Gource: ence France-Presse
striking right-lateral fault (Figure 6).

Another earthquake of magnitude 6.6 hit China’s far northwestern region of Xinjiang
on 9" August 2017. The earthquake injured 32 people in the mostly rural area. Recent
earthquakes in this area have also caused secondary hazards such as landslides that
Figure 6: Longmen Shan fault System (Source: Science in China 2009) | mlght have contributed to losses.
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