2021.8.30



1| D 2UYQ| 2

I_

Wt HE 2

7|k LHEIEA 2 off 2|

=1 |

=2

LI

L—

27

— L






2) Subjected to:
FO T X|EH=HE

1) Determine:
-T2 24, 37|

: & '_.“l seaamags R
o - - P A »

~ 3) Such that:

i Y 970 =

S v w -




20168FK

|Jt | Al
—

~

0.5}

-0.57+

S
oS W

Accleration, g
S
(V)]

0.5

-0.5¢

2017 Pohang PHA2.NS

0 5 10 15 20 25
2016 Gyeongju USN.HGN

o L
Al ba e g

0 5 10 15 20 25
1940 El Centro 270 Deg

et

0 5 10 15 20 25
Time, sec

2017 Pohang PHA2. EW

0.5}
0 s Akaes
-05¢

0 5 10 15 20 25
2016 Gyeongju MKL.HGE

0.5}

OH%-::

-0.5¢1

0 5 10 15 20 25
1994 Northridge Sylmar 360 Deg

0 5 10 15 20 25
Time, sec

O



20168X[Tl & 2017

2017 Pohang PHA2.NS

— — =2017 Pohang PHA2.EW
2016 Gyeongju USN.HGN
- = =2016 Gyeongju MKL.HGE
KDS 41 17 00 Sp

— — —KDS 41 17 00 S¢

---------- KDS 41 17 00 Sp

p—
(V)]
I
|

Spectral acceleration, g

0 0.5 1 1.5 2 2.5 3
Period, sec



?

HEEQ UM

Tk

Ay
(e




1) Determine:
TXEIHC| 24,

i -+
Al
-

B

10

000000000

¢G00000000

S

000000000000000

0
& b



T X A|AH]

44800040 :a
1) Determine: L; {
FEEMe| #AL 3y T T
G4 4080000 E#
[f 4[' 'Ji* il

1) Dteri:
= s oA

e
oy L oy R e . |
g 3 0

L4444 00

-4 &a

& 12



A

BE

A
b

r

o ()
= =]
(=] =]
=] &
o =
% [ Y
® R
> [~
¢I &
[-]
il =
E !

hle)

HE 7hstt QS 72| YA0] ST FRE F2 MR 20 TR0 e Alakef ot
2} BHECEL Fhlie 39 D0L0| WH HET 2 flis 20ME Y ol ZHE L2
e £ 22N LE5E ok U0 =355 E TPl TS 23 842 ARE £ 9l
Lt @ 7HM2] CIRRIE H571 12 FIRIL|0 A0 7RIS E=0| Rasich 22

S840| 0¥ D2 AIEEC 248h= 22 L 2R, 20| EEEL2 EoE|
T2 0L
3712 stE3 88 27|15 71 2HE MY Sk Hlais of P S0 2EE

ze
B2 B 2012l J1EIR, 40% HEH)| O EIC), AHHOR B Ip) BEL 2745

[

s

CHEEE HIZEICL 742 2 282 EStE CielM = FE5R(0t 0243 ZHe 2o
Pl A2 SFHEICE 7Rl S=0ME £ HPTE AR WA 7HE 3XPL BRE 2
|4 oA ZHE 3CL 7R SE2F DHE ZEE HEE 0|F S5 (dual frama)=

=&t
d2igt & Al2E2| HEES #H ST NS P44 7 lE 30ich

e

B

1. B t|0| 7hiE W (core wal) o] ZHEEIAHL = &EICH
2. 2Jehs 10| 7Pl Of 2 =9t 248 MBS

3 HEES 2 UEE T fIE 2ciEe S ThY

4. HERC| 2 UCE H7| 95 SUS9} Tk TRy

5 MHE BX0| glHy Be

6. 7t Bx2| glHy R=

7. 0UE Zxo P ZEE HEE 0| 3= gEE 2

10



SEHEZYAIMAILE]

FIGURE 1 Dual system combining a buckling-restrained braced frame
(BRBF) and a moment resisting frame (MRF)

Freddi, F., Tubaldi, E., Zona, A., & Dall'Asta, A. (2020). Seismic performance of dual systems coupling
moment-resisting and buckling-restrained braced frames. Earthquake Engineering & Structural Dynamics.
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One of the first implementations of performance-based building design
requirements was in Hammurabi's Code (c. 1795 to 1750 BC), where is
stated that “a house should not collapse and kill anybody”. This concept is
also described in Vitruvius's “De architectura libri decem” (“The Ten Books of
Architecture”) in first century BC.In modern times, the first definition of
performance—based building design was introduced in 1965 in France by
Blachere with the Agrément system.

Despite this, the building process remained relatively conventional for the
next b0 years, based solely on experience and codes, regulations prescribed
by law which stifled innovations and change. The prescription approach is a
technical procedure based on past experience which consists of comparing
the proposed design with standardized codes, so no simulation or verification
tools are needed for the design and building process.

AtZH EiS Sot 2= M2 Hiehol=s dAIE 2=t ZE8 H|Wok=s A2R
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EQ0olX| FRUAL.
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Figure 3 a) End connection details for the different brace types and buckling modes considered;
b) Brace specimen in the 12 MN load frame; and ¢) End connection and attachment grips in the test setup.
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Figure 5 Observed brace behaviour: a) Overall buckling: b) Inelastic rotation in the gusset plate free
length associated with buckling: ¢) Local buckling of a RHS brace specimen;
d) Local buckling of a CHS brace specimen; and e) Local buckling of a W-shape brace specimen. 49
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4 MODELING AND ANALYSIS.... w1
4.1 f= 10T o1 wennth=1

42  General.....occo. w1
421  System IgealZation. .. ... e s s 4-1

4N [T N 4.3

4.6.4 Structural Steel Components on Demands 43
In lieu of calibration to test data, model the parameters for steel components with concentrated mdc;mmly yLoads .. 45
hinge/spring models defined as described in Sections 4.6.4.1 through 4.6.4.8.

Commentary: As described in Section 4.4.3, concentrated hinge models that simulate both
cyclic strength and stiffness degradation may be defined based on the monotonic backbone
curve and checked fo ensure that they can produce a response representative of the first-
cycle envelope curve (Figure 4-5a) when subjected to a cyclic loading profocal. Otherwise, ™
where cyclic strength and stiffness degradation are nof simulated, the models should be
defined based on the first-cycle envelope curve.

4.6.4.1 Steel beams in bending
Determine the moment-rotation response using parameters in NIST (2017b) or ASCE 41.

Commentary: NIST (2017a) provides paramefers for establishing both the manatonic -« 2
backbone and first-cycle envelope curves for steel beams that generally conform to the — s
design requirements for Special Moment Frames with fully restrained connections in AISC IL-STRUCTURE INTERACTION .........
341. ASCE 41 provides paramelers, based on the first-cycle envelope curves, for 8 WIHER e
range of beam design parameters (i.e., beams that may not conform to the cOMPacINESs OF EMS e
bracing requirements for Special Moment Frames). Where applicable, the parameters from -
NIST (2017b) are recommended as they are more up to date with available test data.

4.6.4.2 Steel columns in bending
Determine moment-rotation response using parameters in NIST (2017b)or ASCE41.

Commentary: NIST (2017b) provides parameters for establishing both the monotonic -
backbone and first-cycle envelope curves for steel columns that generally conform to the *©ndng--
design requirements for Special Moment Frames in AISC 341. ASCE 41 provides "9
parameters, based on the first-cycle envelope curves, for a wider range of beam design
Facific Earthquake Engineering

4645 Steel EBF link beams .............................................................. -
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Guidelines for Nonlinear Structural Analysis for Design of

Buildings:2017

4.1 Overview of Procedure

Procedures for nonlinear static seismic analysis are fairly well developed and
described in ASCE/SEI 41-13, its predecessor documents (FEMA, 1997; FEMA,
2000; ATC, 1996) and other supporting studies (FEMA, 2005). The overall steps in
the procedure include:

1. Creating and calibrating the nonlinear analysis model

It

Defining and applying the static gravity loads
3. Defining an equivalent earthquake lateral load pattern
4. Establishing a target displacement for a specified ground motion intensity

5. Incrementally increasing the equivalent lateral load until the target displacement
is reached

6. Assessing the story drifts and other demand parameters (hinge rotations, member
forces) against specified acceptance criteria at the prescribed target displacement

Some or all of these steps may be repeated as desired to investigate alternate model
parameters (Steps 1 to 6), alternate load patterns (Steps 4-6), or alternate target
displacements (Steps 3-6).

4.2  Component Modeling Requirements

Component modeling requirements for nonlinear static analysis are simpler than for
nonlinear dynamic analysis in that the component models do not need to capture the
cyelic hysteretic response. However, when static pushover analyses are used directly
to check the seismic design (as opposed to being used as a preliminary step to a
nonlinear dynamic analysis verification), the force-deformation behavior should be
calibrated to incorporate cyelic degradation. So, for example. this implies calibrating
the concentrated hinge component models to the cyclic skeleton curve, rather than the
monotonic backbone curve. The force-deformation response curves in the current
{and previous) editions of ASCE/SEI 41 are calibrated to the cyelic skeleton, but this
may not be the case for other models. In particular, most fiber-type and contimuum
finite element models are formulated to simulate evclic degradation effects directly,
in which case monotonic analyses run using these models would not represent cyelic
degradation and may give unconservative results. When nonlinear static analysis is
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CHAPTER C

COMPONENT PROPERTIES AND REQUIREMENTS

This chapter addresses the stiffness and strength of steel and composite steel-concrete members and connections
subject to seismic forces and deformations. Expected (deformation-controlled) and lower-bound (force-controlled)
strengths are given.

There are four analysis procedures detailed in ASCE/SEI 41 as follows:

(a) Linear static procedure

(b) Linear dynamic procedure
(¢} Monlinear static procedure
(d} Nonlnear dynamic procedure

A performance objective is a set of building performance levels, each coupled with a seismic hazard level. Additionally
in this chapter. permissible performance parameters (component capacity modification factor and expected
deformation capacity) for pnmary and secondary structural components are given for three structural performance
levels, as defined in ASCE/SEL 41, Chapter 2, and for each analysis type (linear and nonlinear), as follows:

(a) Immediate Occupancy (10)
{b) Life Safety (LS)
(¢} Collapse Prevention (CF)

For linear analysis procedures, permissible strengths are given independently for primary and secondary components,
as defined in ASCESEL 41, Section 7.5. For nonlinear analysis procedures, permissible deformations are applicable
for both primary and secondary components. Interpolation of permissible performance parameters to intermediate
performance levels not listed in these Provisions, such as Damage Control and Limited Safety, shall be in accordance
with ASCESEI 41, Chapter 2.

This chapter 15 organized as follows:

Cl. General

(2. Beams

C3. Members Subjected to Axial or Combined Loading
C4. Panel Zones

C5. Beam and Column Connections

Ch. Steel Plate used as Shear Walls

C7. Braced-Frame Connections
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Figure 2-7 Range of structural model types (NIST, 2010).
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TABLE C2.2
Modeling Parameters and Permissible Deformations for Nonlinear
Analysis Procedures—Beams Subject to Flexurel@

Modeling Parameters Expected Deformation Capacity
Plastic chord rotation angle a and b, rad Plastic chord rotation angle, rad
Residual strength ratio c
10 LS CP
Section Compactness!™
a=90,
1. Highly ductile (i < inq) b=110, 0.25a a b
c=06
a=40,
2. Non-moderately ductile (% = .ma) b=60, 0.25a 0.75a a
c=0.2

Linear interpolation between the values on lines
1. and 2. for flange, wall and web slenderness

3. Other shall be performed, and the lower resulting value
shall be used.

[l Tabulated values are applicable for flexure-controlled beams with L, > 2.6 Mce/Vce. Values shall be taken as 0.0 when L, <
1.6Mcel/Vee. For 1.6Mcel/ Ve < Ly < 2.6Mcel/ Ve, values shall be linearly interpolated between the tabulated values and 0.0.

[l The limiting width-to-thickness ratios, ins and imae, are defined in Seismic Provisions Table D1.1, with RyFy replaced by Fye. A
shall be compared to ins and i.me for each element of the cross section and the element producing the lowest permissible
deformation shall be used.
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TABLE C3.3
Modeling Parameters and Permissible Deformations for Nonlinear
Analysis Procedures—Columns and Buckling-Restrained Braces
Subject to Axial Force

Modeling Parameters Expected Deformation Capacity
Plastic Axial Residual
Deformation, in. Strength Plastic Axial Deformation, in. (mm)
(mm) Ratio
Component a b c 10 LS CP

Columns in Tension DAT AT 1.0 0.5A7 BAT [ AT
Buckling-Restrained Braces in 13.3Ay 13.3Ay 1.0 3.0Ay 10Ay 13.3Ay
Tension or Compression!® [°]

3l Maximum strain of the buckling-restrained brace core shall not exceed 2.5%;.
bl |f testing to demonstrate compliance with Section E3.4a is not available, the values shall be multiplied by 0.7.
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Fig. 4 Photographs showing plastic hinge region after completion of testing
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Normalized moment at the hinge location

7
) b= 0050
[w/o SLAB]
a= 0040
|
]
o= 1.1
1
-1 a
f' o a=0.040
E S 9| 80% b= 0,050

gy

-0.05 0

Table 9-7.2. Modeling Parameters and Acceptance Criteria for Nonlinear Procedures—Structural Steel Components Other Than Beams and Columns—Flexural and

Shear Actions

0.05
Total plastic rotation, rad

-
=

MM
b

E| T2 80%

Normalized moment at the hinge location

0.1

0.1

[w/ SLAB]

Eci B =2 80%

-0.05 0

h=0.040
a= 0,030

| a= 0,030,

b= 10040

0.05
Total plastic rotation, rad

Modeling Parameters

Acceptance Criteria

Residual
Plastic Rotation Angle, Radians

Strength Ratio

Plastic Rotation Angle, Radians

Component or Action a b c 10 LS cp
Column Panel Zones—Shear

For |P/Pye < 0.4 12y, 12y, 1.0 1y, 12y, 12y,

For |PI/Pye > 0.4 20 (1 = |P/Pye)yy 20 (1 = |PI/Pye)yy, 5/3 (1 — IPVPys)  5/3 (1 — IP/Pye)y, 20 (1 — IPI/Pyo)y, 20 (1 — |P/Pye)y,
Fully Restrained Moment Connections—Flexure®

WUF? 0.051-0.0013d  0.043-0.00060d 0.2 0.026-0.00065d 0.0323-0.00045d 0.043-0.00060d
Bottom haunch in WUF with slab 0.026 0.036 0.2 0.013 0.0270 0.036

Bottom haunch in WUF without slab 0.018 0.023 0.2 0.009 0.0180 0.023

Welded cover plate in WUF? 0.056-0.0011d  0.056-0.0011d 0.2 0.028-0.00055d 0.0420-0.00083d 0.056-0.0011d
Improved WUF—bolted web? 0.021-0.00030d 0.050-0.00060d 0.2 0.010-0.00015d 0.0375-0.00045d 0.050-0.00060d
Improved WUF—welded web 0.041 0.05%3 0.2 0.020 0.0410 0.054

Frea flannad

N NR7-NNN12A N NAA-NON1RA N2

N N34-n NNNARNA N N7NR-N NN12A 0 NA4-N NN1RA

HOZT2 80%

0.1
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