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Direct Inelastic Design for Steel Structures
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ABSTRACT : A new inelastic design method performing iterative calculations using secant stiffness was developed. Since the
proposed design method uses linear analysis, it is convenient and stable in numerical analysis. At the same time. the
proposed design method can accurately estimate the inelastic strength and ductility demands of the members by performing
iterative calculation. In the present study, the procedure of the proposed design method was established, and a computer
program incorporating the proposed method was developed. Design examples using the proposed method were presented,
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and its advantages were highlighted by comparisons with existing design methods using elastic or plastic analysis. Unlike the existing
inelastic design methods performing the preliminary design on the structure and checking its validity using nonlinear analysis, the proposed
integrated analysis-design method can directly calculate the strength and ductility demands of each member. In addition, the proposed
design method can address the inelastic design strategy intended by the engineer, such as strength and ductility limits of members and the
design concept of strong-column and weak-beam. As a result, economical and safe design can be achieved.
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(a) Deformed shpae

(b) Nonlinear analysis

{(c) Linear analysis using secant stiffness

2%l 1. Traditional nonlinear analysis vs. equivalent linear analysis using secant stiffness
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17l 5. Allowable range of secant stiffness at plastic hinge
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12l 6. Strategy for Updating secant stiffness at plastic hinge
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(a) Configuration and load profile  (b) Analysis model
2! 7. Design example of 3-story frame

E 1. Minimum strength limits of plastic hinges

Member :Minimum flexural strength (kN-mm)
Columns(1st story) 221000(H-250%255%14x14)
Beams 185000(H-294x200x8x12)

¥ 2. Ductility limits for performance level

Member :erformance Leve}l3
Columns(lst story) 8, =0.005" 8, =0. 01”
Beams 6,,=0.01" 8, =0.02"

1) Plastic rotation timit 8, = 0, — 8,
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¥ 3. Direct inelastic design using secant stiffness:
Sinale step (Design example 1)
Assumed Secant Performance Points
Plastic hinges |stiffness of rotational| Moment Plastic
spring (kN-mm) | (kN-mm) |rotation{rad)
1 4.41 107 " 3.18 10° | 7.22 10 °*
column P - P =
3 4.41 >10" 3.30 x10” | 7.48 10 ™
13 4631077 ] 2.22x10° | 4.81 <10 *
14 1.85 =107 " 3.19 x10° | 1.72 x10 " *
beam | 15 4.63x10" 1.87 x10° |4.05 10 *
16 1.85x107 " | 2.97 x10° | 1.61 10 2
18 1.85x107 7 [ 2,17 %10° | 1.17 <102
0 K, =2.0<(M,/8,), 2 K.=5.0x(M,/6,)
33 Columns! 3
= | =
02 &} 5 o
& Ik s &
51:‘ Ei‘f "’lé’
IS E XEI"«S!IC
S0 20
0 0.5 1 0 0.5 1
Ratio of Plastic Rotation @, /6, Ratio of Plastic Rotation 8,/8,,

28 8. Performance points at plastic hinges: Single step
(Design example 1)
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H 4. Direct inelastic design using secant stiffness: lterative
procedure {Multiple steps) (Design example 1)
Performance Level A I Performance Level B
Plastic hinges | Moment Plastic Moment Plastic
(KN-mm) |rotation(rad)”’ | (kN-mm) | rotation(rad)"”
. . 3.30 \
1 [2.98 x107|4.47 103 5 19.29x10 2
colum x10
n - . 3.55 .
3 13.32x10°[4.71 x10 3 <105 9.43x107*
. ) 1.85 )
13 |1.85x10°/4.68x10 %) o5 | 1.05x10°°
3.20 ,
14 13,71 x10°/9.85 x10 3 <107 1.98 x10°°
s .| L85 _y
beam | 15 [1.85x10°|1.64 =10 <105 7.83 <10
. ) 2.91
16 [3.45x10°19.88 10~ <107 1.98 %1072
- . 1.89 )
18 ]2.11 x10°(9.17 =103 <105 1.80 =10+
1) Plastic rotation 6, = 8,— 86,
g - i Beams !
= | ]
: g? | A
& & , 18,
E é | \,ll—f- Elastic
[} =] 0
=3 =
0 0.5 1 0 0.5 1
Ratio of Plastic Rotation &,/6_, Ratio of Plastic Rotation 8, /8,
(a) Performance level A (drift = 1.34%)
=9 g Colums! 3% 3 Beams!
= | = |
o2 1 o 2 E 114
= i | =
g 1,3 ¢ g a oale
£ B W o
GEJ Il. %’ 3 Elastic
0¥ go
0 0.5 1 0 0.5 1
Ratio of Plastic Rotation &, / HW Ratio of Plastic Rotation #,/6,,

(b) Performance level B (drift = 2.00%)

3% 9. Performance points at plastic hinges: lterative
procedure(Design example 1)
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H498 %432 x45x 70
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1 H-400x400=13x21
H-394%398x11x18
L H-388x402x15x15

Admissible Zone
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¥ 5. Direct inelastic design using secant stiffness: iterative
procedure for discrete section sizes (Design example 11)

Performance Level A | Performance Level B
Plastic hinges | Moment Plasgc Moment Plas‘tlc
. rotation . rotation
(kKN-mm) u | (kN-mm) 5
(rad) (rad)
1 12.76-10% 28610 3.26 <10" |5.91 <10 *
column— . — - ;
3 2.76 10° |3.44 10 ] 3.26 x 10" 16.02 =10 "*
13 - - - -
14 [ 3.58~10°19.11 =10 "*| 3.58 x10” [1.36 <10 "*
beam | 15 - - - -
16 | 3.58 10" |5.87 »10 "* 2.86 x10° |1.67 10 " *
18 1242x10" 1078510 * 1.86 x10° |1.57 <10 ¢

1) Plastic rotation 8, = 8,— 6,
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712 11. Performance points at plastic hinges: iterative

procedure for actual discrete section sizes (Design
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38 12. Verification of the Direct Inelastic Design
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E 7. Results of traditional elastic and plastic design method

Member Elastic design Plastic design

Ist | H-300x300x10x15 | H-300x300x10x15

Column | 2nd | H-294x302x12x12 | H-294x302x12x12

3rd | H-294x302x12x12 | H-294x302x12x12

Ist | H-390x300x10x16 H-396x199x7x11

Beam | 2nd | H-500x200x10x%16 H-396x199x7x11

3rd H-396x199x7x11 H-396x199x7x11

Total weight 3876.4 kg 3292.6 kg
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272 14. Nonlinear analyses for elastic, inelastic, and plastic design results
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