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where | is the moment of inertia of the cross-section, E is the young’'s modulus. Shear
deformation is not considered.

Based on the bearing capacity of cross-section under axial force and bending
moment, the yield strength of a SCKB is preliminarily estimated by the following formula,
where geometrical nonlinearity is not considered:

YWAT,

p o= (6)

YW+ AA,

In which y is the plastic adaption coefficient of the cross-section, i.e. y=M, /My,
where My and My are the ultimate and elastic limit flexural capacity respectively. W is the
sectional modulus and A is the area of the cross-section. As web plate is set at mid
height of the cross-section, its influence on y is neglected, i.e. y is estimated as 1.5.

3. EXPERIMENTAL INVESTIGATION

3.1 Specimen preparation

As shown in Fig. 3, three configurations of SCKBs are determined, which possess
different initial stiffness but similar yield strength computed using Eq. (5) and Eq. (6),
assuming that young’s modulus is 2.06x10°MPa and yield strength fyis 345MPa. For
each configuration, two specimens were constructed for monotonic compression and
tension respectively. The detailed geometric parameters of the specimens are listed in
Table 1.

SCKB1 SCKB2 SCKB3

Fig. 3 Specimens
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Table 1 Geometric features of specimens

Specimen L. Ls A As 6 6 h b t b
label (mm) (mm) (mm) (mm) () () (mm) (mm) (mMm) (mm)
SCkois 1000 207 40 73 18 376 120 100 10 8
SCkoos 1000 194 101 183 45 913 160 100 12 10
SCkoos 1000 163 206 368 90 1802 200 100 14 10

All specimens were fabricated using Chinese Q345 steel. The computed vyield
strength and initial stiffness of all specimens are listed in Table 2. All the SCKBs tested
were loaded along the axis connecting the centers of the two pins, as shown in Fig. 4.

Tabel 2 Estimated mechanical properties of specimens
Initial stiffness  Yield strength

Specimen label

(KN/mm) (kN)
SCKB1-C, SCKB1-T 109.32 243
SCKB2-C, SCKB2-T 60.12 267
SCKB3-C, SCKB3-T 37.10 261

A PSS o == .‘ \,!
Fig. 4 Layout of SCKBs test

3.2 Test Results

The relationships of absolute values of load P and relative displacement &
between the centers of the two pins are illustrated in Fig. 5. The strength of SCKB1-C
and SCKB2-C decreased after reaching their ultimate strength, while SCKB3-C
hardened constantly through the loading process. Local buckling or fracture was not
observed on SCKB1-C. The flanges at mid height of SCKB2-C buckled when || grew
up to 53mm (Fig. 6). For specimens under tension, sharply decrease in tangential
stiffness was observed after tensile strength exceeded the computed vyield strength,
therefore the computed value can estimate the yield point of SCKBs. The ultimate
tensile strength is higher than the ultimate compressive strength, thus the latter is
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chosen to represent the ultimate strength of SCKBs. The tensile strength of SCKB3-T
dropped suddenly when the ultimate tensile strength was attained because of local
buckling at compressed flange edge and fracture at flange edge under tension (Fig. 7).
The ultimate compressive strength P, was compared with the computed yield strength
Nc in Table 3, which indicates that N. is about 85% of N,,.
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(a) Under compression
Fig. 5 Load (|P]) versus relative displacement between center of pins (|8]) curves

1000
800 4
r j[ Fracture
_.600 /
= 8
X
§400
| —o— SCKB2-T
0 —— SCKB3-T
'

0 40 80 120 160
|6](mm)

. (c) Deformation of
(b) Under tension 2 SCKB

Fig. Local buckling and fracture on SCKB3-T
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Table 3 Comparison of N, and N

Specimen label Nu(kN) Nc(KN) N¢/Ny
SCKB1-C 283.9 243 0.854
SCKB2-C 313.6 267 0.853
SCKB3-C 309.1 261 0.845

The initial stiffness measured in tests, K is compared with that computed
according to the simplified model, K., as listed in Table 4. The simplified model gives an
appropriate evaluation of the initial stiffness of SCKBs. A higher initial stiffness under
tension compared to that under compression was obtained, because the eccentricity
tends to decline and increase under tension and compression respectively, as shown in
Fig. 8, which is also responsible for the higher ultimate tensile strength than the ultimate
compressive strength. This phenomenon is much prominent for SCKBs with a relatively
small curvature, as the variation of eccentricity becomes more obvious. Generally,
based on similar yield strength and ultimate compressive strength, different initial
stiffness was obtained.

Table 4 Comparison of K and Kjc

Specimen label Kit(KN/mm) Kic(KN/mm) Ki/Kic
SCKB1-C 96.27 0.88
SCKB1-T 130.22 109.32 1.19
SCKB2-C 47.56 0.79
SCKB2-T 68.15 60.12 1.13
SCKB3-C 30.33 4710 0.82
SCKB3-T 34.76 : 0.97

(a) SCKBL1-T before  (b) SCKB1-T after  (c) SCKB1-C before  (d) SCKB1-C after
test test test test

Fig. 8 Deformation of SCKB1-T and SCKB1-C

The ductility factor y of a SCKB is defined by the following expression:
u=A, 14, )

In which A, and Ay are absolute values of the relative displacement & between the
two centers of the two pins corresponding to the ultimate strength and the computed
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yield strength respectively. The ductility factors are listed in Table 5. Restricted by the
test equipment, the exact value for some specimens was not obtained. It is noticed that
all specimens possess ductility factor higher than 4.41. For the same configuration, the
ductility factor for the specimen under tension is greater than that under compression,
and this difference is more significant for SCKB with a smaller eccentricity.

Table 5 Ductility of specimens

Specimen label Ay Ay u
SCKB1-C 3.87 17.93 4.63
SCKB1-T 1.72 >17.70 >10.29
SCKB2-C 9.00 91.75 10.19
SCKB2-T 3.65 >53.89 >14.76
SCKB3-C 15.74 >69.39 >4.41
SCKB3-T 10.10 143.58 14.22

4. CONCLUSION

Steel curved knee brace is proposed for weld-free beam-to-column connections. A
simplified model of the proposed SCKB is introduced in this paper together with an
experimental study. The following conclusions are drawn:

1. The initial stiffness and yield strength of a SCKB can be designed independently
to a certain extent.

2. Appropriate estimation of initial stiffness and yield strength can be obtained by
the simplified model.

3.For the same configuration, the ultimate tensile strength is higher than the
ultimate compressive strength, and the ductility factor is higher under tension than under
compression.

4. The difference between mechanical properties under tension and compression
becomes distinguished with the decrease of the curvature of the SCKB.
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