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Application of Direct Inelastic Design for Steel Structures
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ABSTRACT - In the present study, the Direct Inelastic Design (DID) for steel structures developed in the previous study was improved to
expand it applicability. The proposed design method can perform inelastic designs that address the design characteristics of steel structures:
Group member design, discrete member sizes, variation of moment-carrying capacity according to axial force, connection types, and multiple
design criteria and load conditions. The design procedure for the proposed method was established, and a computer program incorparating
the design procedure was developed. The design results from the conventional elastic method and the DID were compared and verified by
the existing computer program for nonlinear analysis. Compared with the conventional elastic design, the DID addressing the inelastic
behavior reduced the total weight of steel members and enhanced the deformability of the structure. The proposed design method is
convenient because it can directly perform inelastic design by using linear analysis for secant stiffness. Also, it can achieve structural safety
and economical design by controlling defermations of the plastic hinges.
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(a) Control plastic hinge
T2l 6. Admissible zone of control and subsidiary plastic hinges for group design
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(b) Subsidiary plastic hinges
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1% 6. Beam-column element with plastic hinges in two
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Table 1. Coefficients for seismic design
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Table 2. Mermber-grouping and member sizes selected for gravity loads

(/UHtI‘F)l Results of elastic design
Group No. Plastic .
. for gravity loads
Hinge
112" floor | CHI |W10%77 (269x259x]3x22)
Column| 2 [35" floor| " W 858 (229x209x13x21)
3 168" floor | - |W 8x35 (206x204x7.9%13)
4 112" floor | CH4 |[W12x35 (318%167x7.6+13)
Beam | 5 | 35" floor | CH5 |W12x35 (3181677 6x13)
6 |6"-8" floor| C1I6 [W12%35 (318%1677 6413

1} Columns were controlied to remain elastic.

Table 3. Allowable maximum plastic rotations for performance levels

Component Immediate Occupancy|Collapse Prevention
Columns 0.005 rad 0.02 rad
Beams 0.01 rvad 0.04 rad
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Table 4. Design results and performance points of control plastic hinges for single design criterion: Fully-Restrained connection

Immediate Occupancy

Collapse Prevention

Group Member Size cp'| M A M) 6, 8) |Group Member Size Pt M 'f( M) a,(9)
No. kN-mm rad No. kN-mm rad
1 |WI12x<87 (318x308x13<21)| CH1 |2.51 =10%(1.64) | 2.69 <10 ~2(0.54) 1 |WI14x90 (356x369x11x18) | CH1 | 3.09 «10%(2.01) | 1.10 <10 ~2(0.55)
2 |WI12x79 (314x307x12x19)| - : “ 2 [WI12x79 (314x307=x12x19)| - - -
3 |W10~49 (253x254x8.6x14)| - = - 3 |W 8x58 (222x209x13<21)| - = -
4 [WI1840 (455x153x8.0x13)| CH4 |3.08 x105(1.53)| 0.85 x10~2(0.85) | 4  [W14x34 (355x171x7.2x12) | CH4 | 2.15 *10°(1.07) [2.91 =10 ~2(0.73)
5 |WIe0 (407x178x7.8x13) | CH5 [2.87 x10%(1.42)[ 0.96 x1072(0.96) | 5  |WI14x34 (355x171x7.2x12) | CH5 | 2.15 <107 (1.07) [3.05 <10 *(0.76)
6 |WI16x31 (403x140x7.0x11) | CH6 |2.12 10°(1.05)[ 0.73 <10~ 2(0.73) | 6 |W12x35 (318<167x7.6x13) | CHE | 2.01 <10°(1.00) [1.59 =10 ~*(0.40)
Total Weight: 28.62 tons Total Weight: 28.90 tons| 1) Control Plastic Hinge
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(b) Collapse Prevention

12| 11. Design results and performance points of plastic hinges for single design criterion: Fully-Restrained Frame
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Table 5. Design results and performance points of contrel plastic hinges for multiple design criteria: Fully-Restrained
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Step 1 * Immediate Occupancy Step 2 ! Collapse Prevention
Group|  prober Size  |cPH &l u) 6 8) |Growp| e hersize  |cpw| MA M) 6, 6)
No. kN-mm rad No. kN-mm rad
EQ 2105 -2 <105 (D x10 -2
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Table 7. Results of Direct Inelastic Design for Structure
with Partially-Restrained Beam-Column Connection

Member Sizes
Group Elastic Design Direct Inelastic Design
for Gravity Loads for Earthquake Loads
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