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A shake table study of single-bay two-storey model of conventional ordinary concentric braced frame
(OCBF) and aluminum shear-link enabled braced frame (SLBF) was conducted to evaluate the perfor-
mance of shear-link as energy dissipation device. The 1:12 reduced scale models were subjected to Taft
ground motion of increasing peak ground accelerations, representing seismic loads of increasing severity.
Similitude laws for adequate modeling of dynamic behavior of the reduced models were satisfied and
time, frequency and acceleration values were scaled. The test indicated that SLBF frame attracted about
41–64% less base shear compared to OCBF for varying PGA levels of the ground motions. Similar trend
was noticed for overturning moments and floor acceleration as well. However, the first storey floor drifts
for the SLBF were always greater than the OCBF. Significant amount of energy was absorbed by aluminum
shear-links leading to satisfactory response up to the scaled PGA of 1.7g of the Taft motion, while the
OCBF frame could not survive the scaled PGA of 0.8g. These proof-of-concept tests also helped validate
the design methodology developed for proportioning aluminum shear-link enabled steel frames.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Under seismic action, reliance for survival of fixed-base struc-
ture is placed on its ability to dissipate seismic energy, which oc-
curs while undergoing large inelastic deformations in specially
detailed regions of beams and column bases of the gravity load sys-
tem. With the use of energy dissipation devices (EDDs), which can
be easily replaced, it is possible to prevent accumulation of inelas-
tic deformation in the main gravity load resisting members and
localization of the damage induced. The basic function of EDDs is
to reduce and/or absorb a portion of the input energy, and thereby
reducing the energy dissipation demand on primary structural
members and minimizing possible structural damage.

A widely considered strategy for the dissipation of energy in the
structure during an earthquake is through the inelastic deforma-
tion of metallic devices [1–3]. Flexure yielding of steel dampers
such as TADAS, ADAS were developed using steel plates of triangu-
lar shapes to maximize energy dissipation potential [4–6]. Solid
and slit webs of steel section has also shown to yield in shear
and act as a damper under lateral loads [7–9]. A few studies have
also been carried out on low yielding steel shear panels utilizing
its shear deformation as a means to dissipate the energy [10].
The shear yielding of low yielding alloy metals, such as alumi-
num, has been found to be very ductile and large inelastic defor-
mations are possible without tearing or buckling. The yielding in
shear mode maximizes the material participating in plastic defor-
mation without excessive localized strains. In this regard I-shaped
shear-links of low yield ductile alloys of Aluminum have been
found to be excellent energy dissipative devices limiting the en-
ergy dissipation demand on structural members of the primary
structure [11–13]. Further, the addition of aluminum shear-links
to an ordinary chevron braced frame (OCBF) as shown in Fig. 1
has shown to improve its seismic performance remarkably. The
analytical study indicated that addition of shear-links leads to con-
siderable reductions in the base shear which acted as dampers by
dissipating significant amount of seismic energy induced in the
structure. A number of element tests on the reduced and full-scale
shear-links showed satisfactory performance over a wide range of
frequencies [11,14]. However, no system test by means of fixing
the shear-link within a steel frame has been conducted to verify
the effectiveness of shear-link braced frames (SLBFs).

Earthquake simulation tests are an invaluable source of infor-
mation for understanding the behavior of the structural systems
in the nonlinear range. Shaking table tests were conducted to eval-
uate the load resistance mechanism, failure/damage pattern and
the hysteretic behavior of shear-link systems and to provide the
data for developing suitable design procedures for proportioning
various elements of the overall system.
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Fig. 1. (a) Schematic diagram of typical shear-link and (b) arrangement of shear-link in shear-link brace frame system (SLBF).
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The primary objective of this research effort is to study the per-
formance of the SLBF, designed as per the simplified method devel-
oped by Rai and Wallace [11], using shake table experiments. A
1:12 reduced scale model was fabricated with due care of dynamic
similitude relations and earthquake simulation tests were con-
ducted. The performance of the SLBF was evaluated in terms of
floor accelerations, base shears, overturning moments, and hyster-
etic response of shear-links. Similarly, OCBF model having same
details as that of SLBF model was tested in order to compare the
performance with the SLBF.

2. Aluminum shear link as seismic damper

Typical shear-link with two panels is shown in Fig. 1, which is
fabricated from thin plates forming its flanges, web and stiffeners.
The aluminum shear-link is designed to yield in shear mode to lim-
it the maximum lateral force, which is transmitted to the primary
structure, and to provide significant energy dissipation potential
during the earthquake ground shaking by means of inelastic defor-
mation in the damping device. In addition, significant amount of
strain hardening of aluminum alloys allows the shear-links to re-
sist additional lateral loads after the first yield and thus forcing
shear-links of other stories to share the load in a multi-storied
structure. Consequently, the inelastic activities are spread out
across various bays and stories of the building structure. These
properties make the aluminum shear-link attractive for both new
buildings and improvement to existing structures. Aluminum links
should be placed strategically in the structure to yield in shear; for
example, in ordinary chevron braced frames it is placed in between
the diagonal braces and the floor beam as shown in Fig. 1 [11].
Fig. 2. (a) Portion of building and its tributary loading area of the prototype consider
3. Earthquake simulator testing

3.1. Prototype building

A two-storey community building assumed to be located in
seismic zone V (PGA = 0.36g) on the soil profile Type I (Rock, or
hard soil) of IS 1893(Part 1) [15] was considered for analysis. In
the plan, the building is 36 m long in the E–W direction (six bays
@ 6 m) and 18 m (three bays @ 6 m) wide in the N–S direction as
shown in Fig. 2. In the elevation, floor to floor heights are 4.5 m
and the building is assumed to possess no irregularity of any kind.
In the N–S direction, six bracing frame system were designed to
provide the code level lateral resistance. The building was assumed
to have a dead load and live load of 3.8 kPa and 3 kPa, respectively,
on roof and floor. The six bracing frame systems at the middle bay
in N–S direction are designed as SLBF systems and all the other
interior frames were designed to resist only gravity loads associ-
ated with their tributary areas.

The capacity design approach is followed in proportioning var-
ious components of the SLBF system. They are designed for the
capacity of the dampers such that the frame does not yield before
the dampers reach their failure shear stress. Similar design philos-
ophy has been used for such yielding energy dissipation devices
[16,17]. The shear-links are designed based on two limit states of
strength and ductility demands of the design level and maximum
credible earthquakes. Size of shear link is calculated by determin-
ing the horizontal web area required to resist the design storey
shear taken same as that of OCBF. The design shear strain, cd = d/
d corresponds to the allowable storey drift, d at design level
earthquake (typically 0.4% of storey height) and the depth d, of
ed for the model and (b) cross-sectional view of the frame under consideration.



Table 1
Design calculations.

Zone factor, Z = 0.36 Dead load on floors and roof = 3.8 kPa
Importance factor, I = 1.5 Live load on floors and roof = 3.0 kPa
Response reduction factor, R = 4.0 Seismic weight on floor and roof = 2948.4 kN

Fundamental natural period, Ta ¼ 0:09h
ffiffiffi
d
p
¼ 0:19 s Total seismic weight, W = 5897 kN

Average response acceleration coefficient, Sa/g = 3.5
(for 5% damping and load factor of 1.4)

Design base shear, VB = AhW = 1392 kN
Design base shear/frame = 1392/6 = 232 kN

Design seismic coefficient, Ah ¼ ZI
2R

Sa
g ¼ 0:236 Maximum increase due to 5% accidental eccentricity VBðe¼1:8Þð18Þ

2ð62þ122þ182Þ
¼ 0:032VB ¼ 45 kN

1. Vertical Distribution of design seismic shears

Level h (m) wx (kN) wxh2
x (kNm) Fx (kN) Vx (kN) Vt

xðkNÞ

First 9.0 2948.4 238820.4 185.6 185.6 230.6
Ground 4.5 2948.4 59705.1 46.4 232 277
R 5897 298525.5

2. Proportioning of Shear-link

Level Shear link height
(mm)

Allowable storey drift (mm) Design shear Eqiv. AISC section Shear link dimensions (mm)

Strain cd Stress, max
* (MPa) Prototype Model

l d tw l d tw

First 375 18 0.048 34.0 W 14 � 145 400 375.4 17.3 42.5 28 1.17
Ground 450 18 0.04 32.8 W 18 � 50 956.2 456.9 9 50 37.5 1.27

3. Design of braces

Level Maximum Shear capacity, Fmax Design buckling load, Fmax
2 cos h ðkNÞ Buckling load (kN) Brace section

Prototype Model

First 306.3 257.6 249 ISHB 150@34.6 kg 7 mm dia,
1.5 mm thick

Ground 381.7 321 437 ISHB 200@37.3 kg 10 mm dia.,
1.6 mm thick

* smax = 2.6r0.2c0.2, r0.2 = 24.01 MPa, h = 53.5 �.

Table 2
Scale ratios for dynamic similitude adopted for modeling.

Parameters Scale ratio

Length Sl 1/12
Modulus SE 1
Acceleration Sa 2
Time scale ST ¼

ffiffiffiffi
S1
Sa

q ffiffiffiffi
1

24

q

Mass SM ¼ SE S2
l

Sa

1/288

Strain Se 1
Stress Sr 1
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shear-link is chosen between 1/10th and 1/12th of storey height.
The peak shear stress and strain values in the shear-links follow
a power law relation given by smax ¼ 2:6 r0:2c0:2 where r0.2 is the
tensile yield strength of web material [11].

The maximum allowable shear strain is assumed to be 20% and
strains higher than this value represents failure of shear links. The
braces are proportioned such that their buckling load is greater
than the axial force corresponding to shear stress in the link at
20% shear strain, which is taken as 1.886 times r0.2, the tensile
yield strength of web material. The design calculations for shear
links and braces are summarized in Table 1.

3.2. Model

The experimental model represents a portion of the building
which corresponds to two sets of isolated braced frames (SLBF or
OCBF) designed to resist inertial forces developed due to loads on
corresponding tributary areas, as shown in Fig. 2. The assumption
is justifiable considering that the excitation is only in one direction.
For a reliable correlation with the prototype, it is important that
the modeling is appropriate with respect to governing similitude
relations [18]. Based on the size and capacity of the shake table
an optimum length-scaling ratio of 1:12 was adopted. An acceler-
ation ratio of 2 was adopted to reduce the required mass for lim-
ited space available in the model. For adequate dynamic
simulation, acceleration, time and frequency scale ratios were
modified according to applicable similitude relations, as shown
in Table 2. The similarity in buckling behavior is valid for shear-
link models, even in the inelastic range, as strain number is same
for both model and prototype [19].

Tubes sections were used for frame members because of ease in
fabrication. The dimensions of the shear link required were com-
puted from the formulation developed by Rai and Wallace [11]
and results are summarized in Table 1. Braces were proportioned
such that they do not buckle before the shear stress in the links
reached the failure shear stress. Pipe sections were chosen for
braces because the fracture life and ductility are greater than those
of rectangular tube sections. In this present study, the braces and
other members of the OCBF were kept the same, as in the SLBF, to
facilitate a direct comparison. All the beam and columns were cut
to the required lengths from the corresponding tube sections, and
pinned connected at the ends. Floor beams were connected to the
column through two bracket plates welded on both sides of the col-
umn. The beam was connected to the plates through a pin to simu-
late a hinged end connection and a gap of 5 mm was left from the
edge of the beam to the column for free rotation of the pin joint dur-
ing loading. All the columns were connected to base beam through
pin connection. The schematic diagram of the model is illustrated in
Fig. 3 and details of various connections are shown in Fig. 4.

The energy dissipation capacity of the shear panels depends
strongly on the mechanical properties of the material. A highly duc-
tile material is needed to meet the large inelastic strain demand re-
quired in these applications. In this investigation, specimens were
fabricated from commonly used alloy of aluminum 1100-O. These



Fig. 3. Model specimen frame and its members: (a) Front elevation, (b) side elevation, and (c) plan.

Fig. 4. Details of (a) plan of connection A, (b) elevation of connection B, and (c) elevation of connection D.

Fig. 5. Dimensions of the fabricated shear-link used in the experiment.
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were machined from a larger piece because of greater accuracy
needed for very thin web (1.11–1.28 mm). The details of the fabri-
cated shear-links are shown in Fig. 5. To relieve the initial stresses
and stresses developed close to the surface during machining, the
shear-links were heat treated (annealed). They were raised to a
temperature of 420 �C for two hours and then gradually cooled at
a rate of 30 �C per hour in heat treating oven. The mechanical prop-
erties of the material used in the test specimens were obtained from



Fig. 6. Tensile stress–strain curve for (a) aluminum alloy used and (b) steel brace used in the model.
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uni-axial tension tests on un-annealed and annealed coupons. The
coupons were made from the strips that were cut out of the solid
square section. The 0.2% proof stress for unannealed 1100-O was
about 150 MPa while after annealing the yield stress reduced to
53.6 MPa, as shown in Fig. 6a. The stress–strain curves for the tubu-
lar steel braces of 10 mm and 7 mm dia. used in the model are
shown in Fig. 6b. The corresponding 0.2% proof stress are
820 MPa and 1040 MPa, respectively.

3.3. Test set-up

The uni-axial shake table used for testing had the dimensions of
1.8 m � 1.2 m (length �width) with 1.8 m length in the direction
of motion [20]. The test specimens were instrumented with accel-
erometers, displacement transducers and strain gages to measure
the required response. Two accelerometers, one at each floor level
were placed to measure the floor’s absolute accelerations. Simi-
larly, table acceleration was measured using the accelerometer at-
tached to it. Displacement transducers (LVDTs) were used to
measure floor displacements. At the mid-length of each column
and brace, strain gages were used to measure axial force. A sam-
pling period of 0.0026 s (393 Hz) was adopted for acquisition of
data through a high performance data acquisition system. Fig. 7a
and b represents specimen mounted on the shake table.

3.4. Loading history and earthquake simulation

A series of earthquake simulation tests were performed by
using the uniaxial shaking table. The target accelerogram of the
Fig. 7. (a) Specimen mounted over the shake
table was the recorded component of the 1952 Taft earthquake
(Taft N21E with PGA of 0.15g). A comparison of acceleration re-
sponse spectrum of Taft ground motion is performed with re-
sponse spectrum used for the design of the prototype and
model as per IS 1893 [15]. The scaled Taft motion with PGA equal
to 0.2g matched reasonably well with the code spectrum in high-
est seismic zone as shown in Fig. 8 and it can be considered to
represent the ‘intensity’ or ‘severity’ implied by the design-basis
earthquake (DBE). As a result, the test run TAFT04 was chosen
to represent the DBE level ground motion for the prototype and
model and others test runs were expressed as percentage of
DBE, for example, TAFT08 can be referred as 200% DBE. The
150% DBE was regarded as the code level design earthquake with
importance factor of 1.5 used for structures with higher conse-
quences of failure, such as hospitals, schools, and community
buildings. Similarly, 200% DBE was considered to represent maxi-
mum credible earthquake (MCE), whereas the 400% DBE can be
thought to represent a ‘catastrophic’ level earthquake. The proto-
type and model structure were designed for 150% DBE as the ac-
tual design earthquake load for the study building which was
intended to serve as community building. It should be noted that
the 100%DBE does not include the importance factor of 1.5 con-
sidered for the study building.

Based on the similitude rules the time axis was compressed by a
scale factor of

ffiffiffiffi
1

24

q
(Table 2). The original Taft ground motion,

scaled motion and their response spectra are shown in Fig. 8. For
several runs of time scaled Taft motion, only PGA was varied in
increments of 0.1g, starting with 0.1g and carried up to the failure
of specimen. White noise tests (with PGA of 0.05g) were conducted
table and (b) close up view of shear link.



Fig. 8. (a) Original Taft N21E component of 1952 Taft earthquake, (b) scaled motion, (c) comparison of design response spectra and Taft 0.2g response spectrum, and (d)
response spectra comparison of the original and scaled ground motion.

Table 3
Fundamental frequency measurements.

Test Natural frequency (Hz)

SLBF OCBF

Ambient vibration test 7.4 9.6
Free vibration test 7.0 9.7
Forced vibration test 7.3 9.8
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after each earthquake simulation test to investigate the change in
the stiffness properties of the model.

4. Dynamic characteristics

4.1. Free vibration test

Free vibration is the natural response of a structure to some ini-
tial displacement or velocity. The response is completely deter-
mined by the properties of the structure. An impact hammer and
a medium tip along with extender mass were used. The signal from
the quartz force sensor was acquired and its Fourier transform
showed the force spectrum to be flat over a wide range and, there-
fore could excite the modes present in this range. The response was
measured with the help of two velocimeters, one at each floor. The
hammer was struck at different locations of the model and on the
table, and floor velocity time histories were obtained at a sampling
frequency of 1000 Hz, a signal conditioner was used to amplify the
signal and to filter out the noise. Natural frequencies of the SLBF
and OCBF models are summarized in Table 3.

4.2. Forced vibration test

Generally forced vibration test are conducted where the ambi-
ent noise is not sufficient to obtain the response of the system.
An electro-dynamic shaker was used as an excitation source.
Forced sinusoidal vibration test was performed at different fre-
quencies. The first sweep of tests indicated some narrow range of
frequencies in which the model’s natural frequency could be ex-
pected. The frequency content of the time history was evaluated
and the peak amplitudes were plotted against the corresponding
exciting frequencies, and the frequencies corresponding to maxi-
mum peak amplitudes were regarded as natural frequencies.
5. Evaluation of earthquake test results

5.1. Overall behavior and failure mechanism

The response of a system to dynamic excitation depends on
properties, such as natural periods and modes of vibration, damp-
ing; and yield strength and hysteretic characteristics in case of
inelastic systems. For earthquake excitation below 100% DBE (i.e.,
model PGA of 0.4g), no inelastic activity or damage was noticed
for both OCBF and SLBF. However, at 125% DBE, elastic buckling
of first floor braces in OCBF was observed along with a premature
failure of pin connection. The pin was replaced and further tests
were continued. The permanent bending of second floor braces of
OCBF occurred at 200% DBE. During the test run corresponding to
model PGA of 1.1g (i.e., 275% DBE), the second storey brace frac-
tured which seriously undermined the lateral load capacity of
OCBF and further test runs were not carried out.

In contrast, for the same level of excitation (275% DBE), only
inelastic activity in SLBF was the buckling of the first floor shear-
links, whereas all other members were in the elastic region. The
buckling of second floor shear-links was noticed at 375% DBE.
The SLBF continued to sustain even higher levels of excitation
and when the test was stopped at 425% DBE, severe buckling had
taken place in shear-links of both stories. However, no other



Table 4
Summary of observations.

Test
run ID

PGA (g) %
DBE

Observations

Model Prototype SLBF OCBF

TAFT02 0.2 0.10 50 – –
TAFT04 0.4 0.20 100 No inelastic damage or activity No inelastic damage or activity
TAFT05 0.5 0.25 125 – Buckling of first storey braces, connecting pin failed and replaced after
TAFT08 0.8 0.4 200 First storey shear-link suffered significant plastic shear

distortion. Rosettes detached due to higher shear
strains

Permanent bending in second storey braces identified

TAFT11 1.1 0.55 275 Web buckling of first storey shear-links observed Second storey braced fractured which seriously undermined the
lateral load capacity. Tension failure of first floor brace at connection
noticed

TAFT15 1.5 0.75 375 Web buckling of second storey shear-links –
TAFT17 1.7 0.85 425 Severe buckling of shear-links of both storey –

Fig. 9. (a) Deformed configurations of shear-links at different level of excitation and (b) deformed shear-links after the TAFT17 Test (425% DBE).

Fig. 10. Comparison of white noise fundamental period for OCBF and SLBF.
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member of the frame had experienced any inelastic deformation or
damage. The primary events related to deformation and damage of
the modes at various levels of earthquake excitation are summa-
rized in Table 4. The buckled shear-links after the last test run
TAFT17 corresponding to model PGA of 1.7g are shown in Fig. 9.
At the end of the test, no tearing of the web was observed, though
very deep buckles (folds) were present in the web. Web tearing in
one of the first floor shear-link occurred suddenly when it was
being removed from the frame, possibly due to readjustment of
internal stresses at the release of restraint.

Fig. 9 shows the deformed configuration of shear-links at var-
ious levels of excitation. As discussed above, until 200% DBE, the
first storey links suffered significant plastic shear distortion,
while the second storey links ‘nearly’ maintained the original
geometry. Significant yielding and buckling of web, flanges and
end stiffeners was noticed at the excitation level of 400% DBE.
Despite such visible distress, the links maintained their own
structural integrity and that of the SLBF, at such a high intensity
of shaking. Since the shear-links were not replaced after each
run, the yielded and buckled shear-link softened the entire
structure causing increase in the natural period and correspond-
ing reduction in the force demands.



Fig. 11. Hysteresis response of shear-links at 50%, 100% and 200% DBE.
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The fundamental period of OCBF and SLBF systems for white
noise test runs are presented in Fig. 10. The normalized fundamen-
tal period shows that there was 80% increase in the period from the
first run of 25% DBE to 425% DBE for the SLBF system which in-
creased in steps following the major inelastic events. However,
the corresponding decrease in acceleration demand is about 50%
which is lower than the total increase in the PGA levels during suc-
cessive simulations. It should be noted that decrease in floor accel-
erations is result of the combined effect of decrease in effective
stiffness (causing period elongation) and hysteretic characteristics
of the yielding components (causing increase in ‘damping’).

Shear stress in shear links was obtained from the horizontal
component of brace forces divided by link web area, whereas shear
strains were directly measured using strain rosette in the web
which are seen as dark circle in Fig. 9a. At 100% DBE, shear-links
experienced very little or no inelastic deformations, which in-
creased only marginally at 150% DBE. Shear-links in the first-storey
experience larger shear stress in comparison to second storey links.
Further, even at 200% DBE, the maximum shear strain was about
4% in first storey and about 2% in the upper storey. Throughout
all test runs, shear links at different floors have shown the stable
hysteresis loops. (Refer Fig. 11.)
5.2. Acceleration response

The floor acceleration time-histories for OCBF and SLBF at 50,
100 and 200% DBE are plotted in Fig. 12. These plots show that
the SLBF system was effective in reducing the peak acceleration
of both the floors compared to the OCBF system for the same level
of excitation. Peak accelerations at different floors of SLBF system
are substantially smaller than those observed for OCBF system
for all acceleration levels as shown in Fig. 13. In other words, the
inertial forces developed at different floors, which needed to be re-
sisted by the bracing system were smaller in SLBF system in com-
parison to OCBF system. The peak floor accelerations of the SLBF
system increased at progressively decreasing rate. The SLBF system
had shown better performance in reducing the peak floor acceler-
ations during the tests of higher PGA values.
5.3. Base shear and overturning moments

Base shears indicate the global seismic demand imposed on the
model structure for various excitation levels of the Taft ground mo-
tion. These were determined from the first storey brace forces,
which were derived from axial strains measured using strain gages.
Similarly, base overturning moments (OTMs) were derived from
the column axial forces measured from axial strains in the first sto-
rey columns. As noted in the case of floor acceleration response,
the general characteristics of force quantities, base shear and OTMs
do not change significantly with increase in earthquake excitation
level. Further, the nature of time-histories of base shear and OTMs
are nearly similar, indicating that columns primarily resisted
OTMs, while the lateral shear was almost entirely resisted by the
braces and/or shear-links.

The SLBF system attracted lower base shear than OCBF during
all simulation tests and the reduction ranged from about 41–64%.
Moreover, it can be observed in Fig. 14a that the SLBF system at-
tracted base shear at a progressively decreasing rate. This can be
attributed to the fact that the further yielding of shear links at
both floor levels made the SLBF system more flexible indicated
by increase in natural periods (Fig. 10), and larger energy dissipa-
tion (damping) by shear-links due to higher drifts (strains) at in-
creased PGA levels of loading. Consequently, SLBF attracted base
shear at much decreased rate and was limited by the post-
yield/buckling capacity of shear-links which was kept reasonably
low.

Similarly, the SLBF system was subjected to lesser overturning
moments than the OCBF system. Reduced maximum base over-
turning moments resulted in lesser peak forces in the primary
members. It is clear from these observations that SLBF system is
capable of limiting the forces transferred to the primary structural
members, at all levels of ground motion. As in the case of base



Fig. 12. Time history analysis of ground floor and first floor acceleration of OCBF and SLBF at 50%, 100% and 200% of DBE.
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Fig. 13. Comparison of peak accelerations of OCBF and SLBF (a) first floor and (b) second floor.

Fig. 14. (a) Comparison of maximum base shears of OCBF and SLBF, and (b) comparison of maximum base overturning moments of OCBF and SLBF.

Fig. 15. Comparison of peak drifts of OCBF and SLBF (a) first floor and (b) second floor.

746 D.C. Rai et al. / Engineering Structures 46 (2013) 737–747
shear, the overturning moment also increased at a progressively
decreasing rate with increasing severity of ground motion as
shown in Fig. 14b. These results clearly indicate the effectiveness
of shear-links in limiting the seismic demand on the structure as
a whole and in the primary structural member such as columns
and braces.
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5.4. Floor drifts

The first floor storey drifts of SLBF were always greater than the
OCBF system for all test runs, whereas the second storey drifts of
SLBF were smaller than those of OCBF (Fig. 15). Further, the in-
creased storey drifts were not so large to cause extensive non-
structural damages; they were about 1% at 150% DBE, which in-
creased to about 1.3% for 200% DBE excitation. The SLBF system
had increased floor displacements in comparison to OCBF by a fac-
tor of 1.03–1.14. However, care must be taken for SLBF in tall struc-
tures as they tend to be more sensitive to additional P-delta effects.

6. Summary and conclusions

Reduced scale models (1:12) of ordinary concentric braced
frame (OCBF) and frame supplemented with aluminum shear link
(SLBF) were subjected to a series of scaled Taft ground motion with
increasing severity, and the results were evaluated and compared:

The SLBF system attracted less base shear during simulation
tests compared to OCBF. Peak base shears were observed to be pro-
gressively decreasing with increasing severity of ground motion
with maximum reduction to about 64%. Due to yielding and/or
buckling of shear-links at lower lateral loads, the shift in natural
periods due to reduced effective frame stiffness and enhanced en-
ergy dissipation due to hysteresis helped in decreasing the acceler-
ation demand at higher PGA levels of successive simulations.
Similarly, overturning moments and floor accelerations were sub-
stantially smaller in SLBF than those observed for the OCBF system.
With decrease in frequency, there has been corresponding increase
in drift levels which may be critical for tall structures. In SLBF, all
inelastic activities were confined to shear-links as expected, while
the other structural members remained in the elastic range even
up to 1.7g PGA (425% DBE) of simulated motions. In comparison,
braces of OCBF buckled permanently and deformed at much lower
PGA of 1.1g (275% DBE).

The scaled model specimens captured the overall behavior
rather accurately. Various response quantities for the correspond-
ing prototype structure can be obtained by employing the same
scaling factors used for geometry and loading for these scaled
models within the margin of errors of modeling and experimenta-
tion. However, these results needs to be further investigated ana-
lytically or preferably conducting tests on large scale specimens
to preclude errors due to variations in geometry, dimensions and
connection details which are rather difficult to control in small-
scaled models.
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