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Model Connector ~ Connector  Governing Slenderness Slenderness Section
Designation Dimension Distances Slen_derness Ratio Between Ratio Geometry
(cm) (Ly) (cm) Ratio (L/r) Connectors (L Ir) L),
(Lifr))
Hollow Steel Section (HSS) Brace
Box4x4R - i 82.2 : . <>
Diagonal Toe-to-Toe Braces
L4FSS3-6t 16.8x4.4x1.2 155.7 102.5 72.7 70%
L4FSS4-6t 16.8x4.4x1.2 102.3 91 47.8 52%
L4FSS5-6t 16.8x4.4x1.2 75.6 81.2 35.3 43%
L4FSS6-6t 16.8x4.4x1.2 59.6 81.2 27.8 34% <>
L4FSS7-6t 16.8x4.4x1.2 489 81.2 22.8 28%
L3FSS5-2t 14.5x4.4x1.2 60.9 80.8 41.1 50%
L3FSS7-2t 14.5x4.4x1.2 39.1 72.7 26.4 36%
Diagonal Back-to-Back Braces
L3BS4-6t-0.4 14.5x4.4x0.8 50 86.1 33.7 40%
L3BS4-6t-0.55 14.5x4.4x0.8 71 89.3 48 55%
L3BS4-6t-0.6-L4  14.5x4.4x0.8 81.1 90.3 54.8 60% T
L3BS4-6t-0.75 14.5x4.4x0.8 99 92.3 66.9 73%
L3BS5-2t 14.5x4.4x0.8 60.9 73.4 41.1 55%
L3BS7-2t 14.5x4.4x0.8 39.1 70.5 26.4 37%
X-Braced Models
L3FSS4-0.4 14.5x4.4x1.2 20 40.3 135 34%
L3FSS2-0.65-L4  14.5x4.4x1.2 36.8 40.3 24.8 62%
L3BS4-0.4 14.5x4.4x1 20 37.3 135 36%
L3BS2-0.7-L4 14.5x4.4x1 36.8 37.3 24.8 66%

Table 1. Description of the numerical models
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Initial Maximum Maximum Last Cycle Last Cycle
Model Stiffness Compressive Tensile Compressive Tensile Buckling
Designation (KN/cm) Resistance Resistance Resistance Resistance Location
(KN) (KN) (KN) (KN)
HSS Model and Diagonal Toe-to-Toe Braces

Box4x4R 75.2 983 1756.8 713.7 1464 Brace Middle
L4FSS3-6t 70.4 776.7 1765.2 672 1478.9 Between Stitches

L4FSS4-6t 70.1 896.3 1788 653.8 1584.3 Brace Middle
L4FSS5-6t 72.2 942.2 1737.6 670.7 1514.2 Between Stitches

L4FSS6-6t 72.2 962.5 1765.9 665.2 1528 Brace Middle
L4FSS7-6t 72.1 974 1718.4 673 1522 Between Stitches
L3FSS5-2t 64.8 824 1491.8 605 1216 Between Stitches
L3FSS7-2t 65.1 824.3 1500.7 669.3 1241.2 Between Stitches

Diagonal Back-to-Back Braces

L3BS4-6t-0.4 56.6 750 1405.3 570.8 1219.6 Brace Middle

L3BS4-6t-0.55 56.8 750.8 14104 569.7 1219.9 Brace Middle

L3BS4-6t-0.6-L4 58.1 751.7 1422.2 572.4 1235.7 Brace Middle

L3BS4-6t-0.75 57.5 753.8 1425 566.9 1238.8 Brace Middle
L3BS5-2t 62.1 813.9 1448.8 598.5 1242.2 Between Stitches
L3BS7-2t 62.1 813.2 1447.8 598.9 1229.1 Between Stitches

X-Braced Models

L3FSS4-0.4 111.9 2042.5 2293.7 1873 2109 Out of Stitches
L3FSS2-0.65-L4 113.7 1988.3 2162.3 1948.7 2097.9 Between Stitches

L3BS4-0.4 99.8 1894.7 2144.8 1887.1 2101 Out of Stitches

L3BS2-0.7-L4 108.7 1886.4 2140.6 1855.6 2072.2 Out of Stitches

Table 2. Cyclic results of the SCBF models
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Failure Failure . . -
Model Compressive Tensile D'Ultlmate . Yield Ductll!ty Failure
Designation Resistance Resistance isplacement  Displacement  Capacity Location
(mm) (mm) (He)
(KN) (KN)
HSS Model and Diagonal Toe-to-Toe Braces
Box4x4R 714.4 1409.7 52.7 21.9 2.4 Gusset Plate
LAFSS3-6t 672 1478.9 54.8 21.7 2.5 Gusset Plate
LAFSS4-6t 653.8 1584.3 57.8 20.3 2.8 Gusset Plate
LAFSS5-6t 670 1565.2 56.4 19 2.9 Gusset Plate
LAFSS6-6t 665.2 1528 58.1 21.3 2.7 Gusset Plate
LAFSS7-6t 673 1522 57.2 20.2 2.8 Gusset Plate
L3FSS5-2t 611.5 1255.1 56.3 18.1 3.1 Gusset Plate
L3FSS7-2t 651 1251.8 56.2 17 3.3 Gusset Plate
Diagonal Back-to-Back Braces

L3BS4-6t-0.4 488.3 1405.3 53.2 19 2.8 Brace

L3BS4-6t-0.55 489.1 1410.4 53.1 19.3 2.7 Brace

L3BS4-6t-0.6-L4 523.5 1360.6 58.1 18.1 3.2 Brace

L3BS4-6t-0.75 556.9 1224.6 56 18.8 3 Brace

L3BS5-2t 560.5 1243.6 38.3 16.3 2.3 Brace

L3BS7-2t 548.2 1229.4 37.7 16.1 2.3 Brace

X-Braced Models

L3FSS4-0.4 1862.1 2053.1 69.9 10.3 6.7 Stitch Weld
L3FSS2-0.65-L4 1962.4 2048.8 69.3 7.1 9.7 Stitch Weld

L3BS4-0.4 1792.9 1934.9 415 115 3.6 Brace

L3BS2-0.7-L4 1760.4 1921.1 41.7 10.9 3.8 Brace

Table 3. Failure results of the SCBF models
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Abstract:
The most important characteristic of brace frames is their significant stiffness as well as their compression
strength against eaterae forces. Built-up special concentrically braced frames (SCBFs), which contain double
angle braces, are among the common steel structural systems resisting lateral loads. Along the built-up brace
length, the stitch and connector distance plays an important role in cyclic and ductility behavior of braced
frames due to possibility of out of plane buckling.The results of experimental studies of built-up double
angle braces have shown that setting the stitches closer to each other can improve the post buckling behavior
of systems, resulting in increasing the final compression strength, close to box-shaped brace strength. In
addition, an individual member buckling is possible by increasing the stitch distances along built-up braces.
According to AISC seismic provisions for built-up SCBFs, the slenderness ratio of individual elements
between the connectors should not exceed 0.4 times the governing slenderness ratio of the built-up member.
Also, connecting built-up members by the use of welding is not permitted within the middle one-fourth of
the clear brace length. In fact, AISC seismic provision has prohibited the use of stitches and connectors in
the protected zones of built-up specially concentrically braced frames such as the center one-fourth of the
clear brace length and a zone adjacent to each connection equal to the brace depth in the plane of buckling.
In this research, seismic provisions related to built-up diagonal and X-braced SCBFs are investigated
numerically under cyclic loading using a single-bay single-story frame. The numerical study is performed on
models, which contains parameters such as back-to-back and face-to-face connection types of built-up
members. Seismic behavior of these braces are investigated from the view points of cyclic and failure
behavior. This investigation is performed on both types of diagonal and X-braced steel frames. The cyclic
behavior of systems is studied based on post buckling capacity, structure initial stiffness, and final
compression strength. Failure behavior of systems is investigated with regard to failure cycle and ductility
capacity. In order to evaluate seismic behavior and ultimate ductility of the numerical models, regarding to
initiation and propagation of cracks, the concept of plastic equivalent strain is used to predict system failure.
The results of this study show that increasing the number of stitches or decreasing their distances along the
length of the built-up members may not necessarily improve behavior of braced systems.That means
inelastic deformation concentevation an occur in individual elements between stitches resulting in earlier
failure of braces. Therefore, current seismic provisions such as limiting the slenderness ratio of individual
elements between stitches from 0.4 times of the governing slenderness ratio of the built-up member for
compression sections, are conservative in SCBFs and can be changed according to the type of braces. In
addition, Failure of double angle back-to-back diagonal braces occurs earlier in comparison to face-to-face
braces. Also, in X-braced frames, cyclic and failure behavior of built-up face-to-face braces are more
desirable than the similar back-to-back braces in general.

Keywords: Build-up concentrically braced frames, double angle, plastic equivalent strain, back-to-back,
face-to-face.
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