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Abstract - Buckling restrained brace (BRB) utilizing an H-section low-yield steel core and steel tubes at both ends to reduce the
yielding length is suggested as a novel type of all-steel BRB. The BRB core utilizes low-yield steel and has a reduced length to
initiate energy dissipation at small story drift, making it favorable for less ductile structures such as old, inadequately detailed
reinforced concrete frames. The parametric study concluded that width-thickness ratio, yielding length, and tube and stiffener
length dictate core flange local buckling, tensile rupture, and core end failure, respectively.
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Fig. 1. Example of buckling restrained braces
with H-section core
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Fig. 2. Concepts of Tube-BRB

Table 1. Chaboche model of SS275 and HSA80
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Fig. 3. Stress-strain curve of normal and low yield point steel™

Elastic properties Plastic properties
Steel Young’ dul
g’s modulus . s . 0o 4 .
(MPa) Poisson’s ratio (MPa) G Vi Ocq O b
109,347.8 833
SS275 150 117,933.5 9,985 150 33.75 7.15
4,850 60
200,000 0.3 17,333 1,133
1,267 217
HSAS80 100 2.730 13 100 116 5
50 9

oy: yield stress at zero plastic strain; o,,: equivalent stress; Q, b: isotropic hardening parameters; C;, y;: kinematic hardening parameters
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Fig. 4. Experiment set-up and FEM Model
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Fig. 5. Loading protocol of BRB Test
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Table 2. Total FEM models and variables
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(a) Parameters for width-thickness model

(b) Local buckling of 7; 10 model
Fig. 7. FEM model for width-thickness ratio

Tube Number.of Stiffener Tube Numb er of | Stiffener Tube Number. of | Stiffener
Ty | length | unconstrained — Ty | length | unconstrained | length Ty | length | unconstrained | length

(mm) section (mm) section (mm) (mm) section (mm)
10 0 2 250 12 100 1 250 24 400 1 250
12 0 2 250 16 100 1 250 24 500 1 250
14 0 2 250 20 100 1 250 20 0 1 100
16 0 2 250 24 100 1 250 20 0 1 125
18 0 2 250 20 200 1 250 20 0 1 150
20 0 2 250 20 300 1 250 20 0 1 280
22 0 2 250 20 400 1 250 20 0 1 305
24 0 2 250 20 500 1 250 20 0 1 330
12 100 2 250 22 100 1 250 20 100 1 100
16 100 2 250 22 200 1 250 20 100 1 125
20 100 2 250 22 300 1 250 20 100 1 150
24 100 2 250 22 400 1 250 20 100 1 175
20 200 2 250 22 500 1 250 20 100 1 200
20 300 2 250 24 100 1 250 20 200 1 150
20 400 2 250 24 200 1 250 20 200 1 175
20 500 2 250 24 300 1 250 20 200 1 200
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Table 3. FEM result by width-thickness ratio (Unit: mm)
b/Ty Failure
B i T % ratio mode
100 100 12 10 34
100 100 12 12 2.83
2.0Ap,
100 100 12 14 2.43 2nd C(L)
100 100 12 16 2.13
100 100 12 18 1.89
100 100 12 20 1.7
100 100 12 22 1.55 Success
100 100 12 24 1.42
C: compression, (L): local buckling
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Table 4. FEM result by tube length and unconstrained section

. Tube length Failure mode

! (mm) With stopper Without stopper
12 100 2.0Am 15t C(L)
16 100 2.0A;,2nd T(R)
20 100 2.0A,, 2nd T(R)
24 100 1.5A 20d C(P) | 2.0A,, 2nd T (R)
20 200" 1.5A4, 20d C(P) | 2.0A,, 2nd T (R)
20 300 1.5Amm 15t C(P) | 2.0Apm 1st T(R)
20 400 1.5Am 15t C(P) | 1.5Apm 2nd T(R)
20 500 1.5Am 15t C(P) | 1.5As, 1st T(R)

"Refer to Fig. 9
C: compression, (L): local buckling, T: tension, (R): tensile rupture, (P):
plastic hinge
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Fig. 9. Different FEM result by unconstrained section
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Table 5. FEM result by tube length

Tube Failure mode
length
(mm) T;=20" T;=22 Ty=24""

100 |2.0Ap, 20d T (R)|2.0A4, 2nd T (R)|2.0A4, 2nd T (R)
200 |2.0Ap, 20d T (R)|2.0A4, 20d T (R)| 2.0A,, 1st C (P)
300 | 2.0Ap, 1st T(R) | 2.0A4, Ist T(R) |1.5A4, 2nd C (P)
400 |1.5A4, 20d T (R)|1.5Ap, 2nd T(R)| 1.5A, 1st C (P)
500 | 1.5Apm Ist T(R) | 1.5Ap, 1st T(R) | 1.5A,, Ist T(R)

"Refer to Fig. 11

“Refer to Fig. 10

T: tension, (R): tensile rupture, C: compression, (P): plastic hinge, (L): local
buckling
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Fig. 10. Skeleton curve of FEM models (24 mm flange thickness)
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Table 6. FEM result by stiffener length

Tube | Yielding Stiffener
length length length Failure mode
(mm) (mm) (mm)
1,460 100 Success
1,410 125 Success
1,360 150 Success
0 1,100 280 Success
1,050 305 2.0Ap, 2nd T (R)
1,000 330 2.0Apy 2nd T (R)
1,200 100 2.0Ap, 1st C(P)
1,150 125 2.0Ap, 2nd C (P)
100 1,100 150 Success
1,050 175 2.0Ap, 2nd T (R)
1,000 200 2.0Ap, 20nd T (R)
900 150 2.0Ap, 1st C(P)
200 850 175 2.0A,, 2nd T (R)
800 200 2.0Ap, 2nd T (R)

T: tension, (R): tensile rupture, C: compression, (P): plastic hinge
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