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Abstract : This study examined the effect of rotational stiffness of joints between vertical and horizontal members in system supports. In
order to prevent repeated disasters of system supports, it is important to examine the accurate behavior of system supports. Among various
factors affecting the complex behavior of system supports, this study focused on the stiffness of joints between vertical and horizontal
members. The considered joint was modelled by a rotational spring, but the translational displacements were fixed. The stiffness of
rotational spring was calculated by utilizing the usable experimental data. In addition, the hinge connection condition, which is generally
considered in design and only restrict the translational displacements, was modelled to compare the results. The case with the rotational
stiffness in joints showed 3.5 times buckling loads compared to the case without the rotational stiffness. Thus, the structural behavior of
the vertical member in system supports was similar to the vertical member with the fixed condition. For the combined stresses of vertical
members, the combined stress ratios were reduced 5~6% by considering the rotational stiffness of connecting parts. However, for the
horizontal member where showed relatively small stress range, the stresses were increased 2.3~7.6 times by considering the rotational

stiffness in connecting parts.
Key Words : rotational stiffness, joint, system support, hinge, combined stress ratio
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Fig. 1. Considered rotational stiffness of joint,
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Fig. 2. Configuration of experimental tests,

Table 1. Dimensions and materials of members in experiments

Member Specification Steel grade
Vertical member 260.5 mm x 2.6 mm SS 400
Horizontal member 427 mm x 2.3 mm SS 400
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Fig. 3. Comparison of load—displacement curve between experiment
and analysis (Method 1),
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Table 2. Dimensions and material type of system support

Member Specification Steel grade

Vertical member 1 Z60.5 mm x 3.2 mm STK 400
Vertical member 2 Z48.6 mm x 6.0 mm STK 400
Horizontal member 2427 mm x 2.3 mm STK 400
Diagonal member @427 mm x 2.3 mm STK 400

Table 3. Boundary condition of connecting part

Connecting part Boundary condition
Bottom of vertical .
member Hinge
Between vertical Continuous
members
Between vertical and Hinee
diagonal members =
Between horizontal and .
. Hinge
diagonal members
Case 1 - Hinge
Between vertical and
horizontal members Case 2 - Ry=
18% of horizontal members (Using method 1)

J. Korean Soc. Saf., Vol. 32, No. 3, 2017



NAE SHi2lo] £ERYoL +BT HHT

Table 4. Considered cases of system supports

No. Case thii?e < ro;(;;:)l;al (‘l:(()):((i:irr?;e Csoeiii(flgg
stiffhess width

1 F9-0 0.9 m hinge 10.8 m NO

2 F9-0.18 09 m 18%a 10.8 m NO

3 S9-0 09 m hinge 10.8 m YES

4 S9-0.18 0.9 m 18% 10.8 m YES

5 F3-0 03 m hinge 10.8 m NO

6 F3-0.18 03 m 18% 10.8 m NO

7 H3-0 03 m hinge 54 m NO

8 H3-0.18 03 m 18% 54 m NO

a. Ratio to bending stiffhess of horizontal members

Fig. 5. Modelling of system supports concerned(Case F9-0).

Fig. 5= AA| B 222 E7F 0.9m eE 7
Q1 Case F9-09] mele] A4S Yepdch

23 HESS
IHIFOR SHE (Y SF 24 kN/m’)Tt
Fo FA04 kN/mHE Ao, Dols
3.75 kN/m*S Zg319tk BHd A9 24, B Al
o} 5 Whdst Ha pHsFoR 1AE 2%
=4

o= v
oV, e Aol T LS kN/molY FollA 2 £
slgol 5 el FEol=s A8tk
3. 2y

3.1 1A% 31M 2N madof| w2 A EZEE
FEAel A AR A WSt w1
A e dFAel YAR=SE tﬂﬁl*g HESIA:
3‘1%2‘: FE A= AtEe ¢ +Hske
= Aot 145 okl OP@ZF‘Q AR
EPoﬂ 283

rol

PR k5| K|, |32 KI3E, 20174

A ZH| HE AT =4

Table 5. Result of eigen value and critical load calculation
(Case F9-0 and Case F9-0,18)

Case F9-0 F9-0.18 F9-0.18/F9-0
Eigen value 0.131 0.466 3.531
Critical load(kN/m) 4.077 14.395 3.531

Table 6. Result of eigen value and critical load calculation
(Case H3—-0 and Case H3-0.18)

Case H3-0 H3-018 | H3-0.18/H3-0
Bigen value 0345 -0.739 2.143
Critical load(kN/m) 4697 -10.067 2.143
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Table 7. The maximum combined stress ratio according to
vertical member location(F9—-0 and F9-0.18)

oo Element| 14 573 7 729
F9-0 0.764 0.765 0.764 0.699
9018 0.714 0.714 0.714 0.677
F9-0.18/F9-0 0.968 0.934 0.934 0.968

Table 8. The maximum combined stress ratio according to
vertical member location(F3—0 and F3-0,18)

oo Element| 374 04 525 72
F3-0 0330 0298 0330 0298
F30.18 0315 0282 0315 0283
F3-0.18/F3-0 0.954 0.950 0.954 0.950

Table 9. The maximum combined stress ratio according to
vertical member location(H3—0 and H3-0.18)

e kNt 299 383 448 729
H3-0 0.048 0254 0.048 029
H3-0.18 0.039 0248 0.039 0.288
H3-0.18/H30 | 0810 0977 0811 0.974
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Table 10. Combined stress at major points in system support(Case S9-0, Case S9-0.18, Case FO—0 and Case F9-0.18)

Combined stress (MPa)
Member Element With settlement Without settlement
S9-0 $9-0.18 $9-0.18/S9-0 F9-0 F9-0.18 F9-0.18/F9-0

Vertical 525 -92.616 -87.099 0.940 -72.646 -67.661 0.931
member 526 -74.319 -75.132 1.011 -57.826 -58.086 1.005
Horizontal 533 -11.692 -19.448 1.663 -5.921 -13.582 2.294
member 516 16.577 21.024 1.268 1.091 8.270 7.583
Diagonal 534 42379 42.079 0.993 3.594 3.375 0.939
member 522 -24.706 -24.834 1.005 3.577 3.357 0.939
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