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Experimental investigation of BRB with transverse rib restraints
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Abstract: To develop a high performance buckling-restrained
brace (BRB) with less weight, an innovative type of the BRB
with transverse rib restraints is proposed and studied through
experiment. Three BRB specimens are cyclically loaded in the
investigation. Specimen 1 adopts a Q235 core member and
transverse rib restraints. Specimen 2 adopts a LYP160 low
yield point steel core member and transverse rib restraints.
Specimen 3 adopts a LYP160 low yield point steel core
member and mortar restraint. The experimental results indicate
that the transverse rib restraining mode can provide sufficient
lateral stiffness for the core member and effectively restrain its
buckling. The BRB specimens with a LYP160 core member
exhibit better hysteretic performance and energy dissipation
capacity than the specimens with a Q235 core member.
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I nterest in the development and application of passive
control technology has greatly increased in the past

-2
two decades''™

. As an innovative member of passive en-
ergy dissipation, the buckling-restrained brace ( BRB)
usually consists of the core member, the buckle restrai-
ning member and debonding material™”. Compared with
the traditional diagonal brace, the BRB has a more stable

mechanical property as shown in Fig. 1"

. Design of the
restraining structure is essential for the performance of the
BRB. Large cross sections and excessive weight are de-
fects of traditional BRBs with mortar or concrete infill re-
straint. This paper focuses on innovating and improving
the restraining structure for less weight, smaller cross sec-

tions and better feasibility.
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Fig.1 Behaviors of traditional brace and BRB. (a) Traditional
brace; (b) Buckling-restrained brace

1 Experimental Program

1.1 Test specimens

Three BRB specimens are tested through the investiga-
tion. The core elements adopt Q235 plain carbon steel for
specimen 1 and LYP160 low yield point steel for speci-
mens 2 and 3. LYP160 steel has a lower yield point and
better ductility than Q235 steel”®
size and material properties of the core members are listed
in Tab. 1. The transverse rib restraint condition is adopted
for specimens 1 and 2, while the mortar restraint condi-
tion is adopted for specimen 3. The restraining ribs con-

!, The measured section

sist of two lines of parallel steel square tubes allocated at
both sides of the core member. The cross sections of the
inner square tubes are 40 mm in width and 6 mm in thick-
ness. Gaps between the ribs are 30 mm. PTFE is used as
the debonding material between the core member and the
transverse ribs. Details of the structure of the BRB speci-
mens are shown in Fig.2, Fig.3 and Tab. 2.

Tab.1 Material properties for core members
Measured thickness Measured width Tensile yield strength

Specimen t/mm w/mm fy/(N - mm~?)
9.88 89.78 237.8
2 7.58 79.02 147.6
3 8.02 80.16 147.6

1.2 Test setup

BRB specimens are tested using the MTS fatigue tes-
ting system. A schematic view of the experimental setup
is shown in Fig.4(a). The BRB specimens are designed
to be fixed to the MTS system with end plates. During
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the experiment, the BRB specimens are vertically loaded
under reversed tension and compression. An overview of
the test setup is shown in Fig.4(b).
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Fig.2 Structure of BRB specimens. (a) Front view; (b) Side

view
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Fig.3 Restraining mode of BRB specimens. (a) Cross section
of specimen with mortar restraint; (b) Lateral profile of specimen with
transverse restraints

Tab.2 Geometric parameters of BRB

Core member

Outer square tube

Specimen  Steel of core  Length of working Length of transition Length of connecting Section size/ Length/ Re;trj;r:ng
member section /,/mm section /,/mm section /;/mm (mm x mm x mm) mm
Q235 700 80 170 122 x 160 x 8 820 Transverse ribs
2 LY160 600 95 180 130 x 130 x 8 670 Transverse ribs
3 LY160 600 95 180 140 x 140 x 8 670 Mortar

1—BRB test specimen; 2—FEnd plate; 3— Pedestal ; 4— Actuator

Fig.4 Test setup overview. (a) Schematic view; (b) Overview

1.3 Loading procedure

The BRB specimens are cyclically loaded. The loading
history is determined considering the test requirements of
displacement-dependent passive energy dissipation devices
in “Code for seismic design of buildings” (GB 50011—
2010) """ and FEMA450"®'. Cyclic loading is controlled
by the load before yielding and the displacement after
yielding. Displacement loading amplitudes are 1D, to
10D, , 12D, and 15D, where D, is the yield displace-
ment of the BRB specimen, with three circles at each am-
plitude. Theoretical yield displacements for specimens 1,
2 and 3 are 1.01, 0.60 and 0. 60 mm, respectively.

2 Test Results

The local buckling conditions of the BRB specimens
are illustrated in Fig. 5. For specimens 1 and 2, local
buckling of the core member occurs in the gap between

the transverse restraining elements. Hysteresis curves of
the BRB specimens are illustrated in Fig. 6. Local buck-
ling occurs in specimen 1 at 12D, while local buckling
occurs in specimen 2 at 15D,. Among the three speci-
mens, specimen 2 and specimen 3 obtain full and more
stable hysteresis curves, which indicates that the low
yield point steel applied in the core member is beneficial
to the hysteresis performance of BRB. Experimental yield
displacements for specimens 1, 2 and 3 are 1.03, 0. 65
and 0. 65 mm, respectively, which match well with the
theoretical yield displacement.
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Fig.5 Failure condition of BRB specimens. (a) Specimen 1;
(b) Specimen 2

3 Evaluation of Hysteresis Performance

3.1 Difference of tensile and compressive load

Due to the friction between the core member and the
restraining member under compression loading, the axial
compressive load tends to be greater than the axial tensile
load. The percentage of tensile and compressive differ-
ence is calculated as
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Fig. 6 Hysteresis curves of cyclic loading tests.
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x 100% (1)
where R is the percentage of tensile and compressive
difference; P~ and P* are the maximum axial compres-
sive load and maximum axial tensile load at the same am-

(a) Specimen 1; (b) Specimen 2; (c) Specimen 3

plitude of displacement, respectively. Taking specimen 2
for example, the tensile and compressive differences are
obtained from cyclic loading results, as shown in Tab. 3,
where D, =0.6 mm.

According to Ref. [9 ], the difference of tensile and

Tab.3 Tensile and compressive axial load difference of specimen 2

Displacement Dy 3Dy 5Dy 7Dy 9Dy 10Dy 12Dy 15Dy
|P* |/KN 84.21 110.97 122.12 136.32 144.2 148.28 156.63 167.87
| P~ |/kN 82.05 113.42 124.89 139.85 149.08 155.2 166. 56 184.6
R/ % -2.57 2.21 2.27 2.59 3.38 4.67 6.34 9.97
compressive axial force shall not exceed 30% . As can be W,
seen from Tab. 3, the tensile and compressive differences faa =417WS (3)

of the axial load of specimen 2 increase gradually as the
axial displacement increases, but the percentages of the
tensile and compressive difference are all within 30%
throughout the loading process, which meets the require-
ments of relevant standards.

3.2 Energy dissipation indices

According to FEMA356'°" | hysteresis performance in-
dices of the displacement-dependent energy dissipation
device mainly include effective stiffness K.

. and equiva-
lent damping ratio £, as shown in Fig.7.
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Fig.7 Energy dissipation indices

For practical use, it is sometimes preferable to express
BRB properties in an equivalent viscous system. This is
basically a single degree of freedom oscillator with an ef-
fective stiffness K_; defined as

K P l+lP]

.= 2
““p I+ |p" | @

where D* and D~ are the maximum tensile and compres-
sive displacement, respectively; P* and P~ are the axial
forces corresponding to D* and D™, respectively. The
damping ratio {,, for the equivalent system is defined as

where W, is the area enclosed by a complete hysteresis
loop, which represents the energy dissipated in a cycle,
and W_is the area of a triangle, which represents the en-
ergy stored in an elastic spring with a stiffness K ; and a
displacement D *.

The relationship between K, and displacement ratio
(D/D,) is shown in Fig. 8. K decreases as the dis-
placement ratio increases. The reason for the degradation
of K, is due to the increase of plastic deformation after
the yielding of the core member. Theoretical results are
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Fig.8 Effective stiffness. (a) Specimen 1; (b) Specimens 2 and 3
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obtained by finite element analysis with the same parame-
ters using the bilinear model. As can be seen from Fig. §,
test results agree with the theoretical results.

As shown in Fig. 9, when the displacement ratio rea-
ches higher than 3, specimens 2 and 3 provide a damping
ratio in excess of 30%. Specimens 2 and 3 with a
LYP160 core member obtain higher values of equivalent
damping ratio ,, than specimen 1 with a Q235 core mem-
ber. Besides, specimens 2 and 3 match better with the
theoretical curve than specimen 1. Therefore, the results
indicate that the energy dissipation capacity of BRB with
a LYP160 core member is better than that of BRB with a
Q235 core member.
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Fig.9 Equivalent damping ratio

4 Conclusions

1) Specimen 2 exhibits full hysteresis curves with the
equivalent damping ratio in excess of 30% at a large dis-
placement range, and the percentages of tensile and com-
pressive difference are all within 30% , which indicates a
good energy dissipation performance of the BRB with
transverse rib restraints.

2) The specimen with a LYP160 core member exhibits
better hysteretic performance than the specimen with the
Q235 core member, which indicates that low yield point
steel applied in the core member is beneficial to the hys-
teretic performance of BRB.

3) Transverse rib restrained BRB can achieve the same
level of hysteretic performance with mortar restrained
BRB, but much lighter than the latter one, and more con-
venient for production, which verifies the credibility and
advantage of the transverse rib restrained BRB.
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