Korean Building Code 2016 (KBC 2016)

2018 Korean Building Code
Chapter 3 Design Loads

1. Principles of earthquake design

1.1 Major factors affecting magnitude of earthquake load
Earthquake load = inertia force
Inertia force = the function of

1) peak ground acceleration,

2) structure mass, and

3) resonance(when the structure period is close to that of ground motion)
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1.2 Response spectrum

Spectral accelerations (PSa) of structures can be conveniently estimated by using
response spectrum. The response spectrum defines probable maximum accelerations of
structures, as the function of structural period. Thus, without performing time history
analysis, the design earthquake load (= M x PSa) can be conveniently calculated.
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1.3 effect of soft soil
As the stiffness of soil decreases, the response-spectrum values (spectral accelerations)

increases. For this, the soil factors are defined as the function of the soil stiffness.
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1.4 effect of ductility

Under rare and strong earthquakes, it is almost impossible to economically design
structures, limiting severe damage. Thus, modern design codes permit to consider the
ductility capacity of structures for the earthquake design. It is well known that as the
ductility capacity increases, the design earthquake load can be reduced.

In KBC, the effect of ductility is addressed using the response modification factor (R
factor). The R factor is defined according to the typés of structural system and materials

which are the major factor determining the structural ductility.
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mechanical devices such as damper and base-isolators can be used to significantly

ductility details should be satisfied. In concrete structures, confinement hoops should be
closely spaced to prevent brittle failure of concrete in beams and columns, and shear
failure should be prevented. In steel structures, weld and bolt connections between steel
members should be carefully designed to prevent brittle failure. In particular,

To satisfy the target ductility that is used to determine the earthquake load, the relevant

enhance the ductility and energy dissipation capacity of the structures.

1.5 ductility details
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2. Analytical / design Methods

The types of analysis methods which are used for earthquake design is determined
according to the seismic design category of the building. As the importance of the
building and peak ground acceleration increase, the design category varies from A to D.
For the high category such as C and D, more accurate and sophisticate analysis methods
such as dynamic analysis should be used to enhance the safety of the structure. For the

general use and low rise buildings, equivalent static procedure is sufficient.

Types of numerical analysis

Static analysis
Linear static analysis

Nonlinear static analysis (push-over analysis)
Time history (time domain) dynamic analysis
Linear analysis direct integration
Modal superposition

Nonlinear analysis  direct integration

Frequency domain analysis (linear analysis)

Fourier Transform
Modal analysis using response spectrum

Code-specified analysis

Equivalent static analysis (linear static analysis)

Dynamic analysis (Modal analysis using response spectrum)
For performance-based design, nonlinear static or nonlinear time history analysis should
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be used to verify the deformation capacity of structures and members

2.1 Equivalent static procedure (SIt& & oH &)
- linear analysis

- nonlinear analysis (no detailed specifications on nonlinear analysis )

Generally, the equivalent static method is applied to design category A and B, which are

of ordinary use, assuming the dynamic mode and period of the structures.

Design procedure

1) Estimate the dynamic period of building using empirical equations. As the building

height increases, the period increases.

2) With the estimated period, spectral acceleration of the structure is taken from the

given response spectrum.

3) By multiplying the mass of the structure with the spectral acceleration, the base shear
(total earthquake load) is calculated.

4) Assuming the dynamic mode of the structure, the base shear is distributed from the

top to the bottom of the building.

5) For the given story loads, linear analysis is performed forv the structure, and member

design is performed to satisfy the force demand.

2.2 dynamic analysis (S & oHA)
- Modal superposition method using design response spectrum — main method
- Linear time history analysis
- Nonlinear time history analysis (no specific comments)
For buildings in Design category C : Table 0306.4.5
Regular buildings of more than 70m height or more than 21 stories
Irregular buildings of more than 20m or more than 6 stories

For buildings in Design category D : Table 0306.4.6
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2.3 nonlinear analysis (H| & & of &)

Under strong earthquakes, majority of buildings are expected to experience large
inelastic deformations and severe damage. Thus, it is reasonable to use nonlinear
analysis for earthquake design of structures. However, in current design codes, for
convenience in design and to avoid technical difficulties, equivalent static procedure
based on linear elastic analysis and reduced design response spectrum is used.

However, recently, advanced nonlinear analysis and software have been developed.
Furthermore, performance-based design based on nonlinear analysis will be popular in

near future. Thus, the importance of nonlinear analysis is increasing.
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3. Regional factor

Korea is divided into two earthquake regions. Generally, major regions and cities with
high populations belong to region 1. _

In region 1, the peak ground acceleration of 2400 year return period EQ is defined as

0.22g. In addition, the peak ground acceleration can be determined from the hazard map
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of Korea. However, the minimum value should be greater than 80 % of the acceleration

determined from the Table, considering the uncertainty of the hazard map

<Table 0306.3.1> REGION OF SEISMICITY AND SPECTRAL ACCELERATION PARAMETER

Effective
A&mlnlstraiivjtdi;tri;t o groun(?
_— ; . acceleration
. : _parameters -
City Seoul, Il‘%ChGOl:l, Daejeo;,wBusan, Daegu, Ulsan, ‘
Gwangju, Sejong
1 Gyenggi-do, Chungcheongbuk-do, Chungcheongnam- 0.22g

District | do, Gyeongsangbuk-do, Gyeongsangnam-do, Jeollabuk-
do, Jeollanam-do, South Gangwon-do*

2 District | North Gangwon-do**, Jeju-do 0.14g

* South Gangwon-do: Yeongwol, Jeongseon, Samcheok, Gangneung, Donghae, Wonju, Taebaek

** North Gangwon-do: Hongcheon, Cheolwon, Hwhacheon, Hoengseong, Pyeongchang, Yanggu, Inje,

Goseong, Yangyang, Chuncheon, Sokcho
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[Fig. 0306.3.1] SEISMIC HAZARD MAP, EFFECTIVE GROUND ACCELERATION(S, %) OF MAXIMUM
CONSIDERED EARTHQUAKE WITH A 2400-YEAR MEAN RECURRENCE INTERVAL; (NATIONAL

EMERGENCY MANAGEMENT AGENCY, 2013)
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4. Site classification

The site is classified based on the average soil properties of the soil from the ground
level to the ordinary rock (shear wave velocity = 760m/s). When the location of the
ordinary rock is less than 5Sm or more than 30m, the average soil property is estimated
for the top 30m soil. The site is classified from Sa (hard rock) to Sg (soft soil).

Ground motion is mainly affected by shear waves (or surface wave). Thus, site is

classified based on the shear modulus

<Table 0306.3.2> SITE CLASSIFICATION

Average site properties

. Standard Soil undrain“e‘;i

Shear wave penetration shear strength, -

velocity

resistance, 3, i
(m/s) 3
(x10°MPa)
54 Hard rock >1500
55 Rock 760 to 1500
5 Verys‘;;nfjcfﬂ Tl 36010760 > 50 > 100
A Stiff soil | 180 to 360 15to 50 50 to 100
5 Soft soil <180 <15 <50
EAX|GEY] Zlo] a1 g
30m (2]t} 30m)

[ KBC 2009 ] [ KBC 2013 ]
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5. Design response spectrum

S,s = short period spectral acceleration (constant acceleration)

S,, =1 second spectral acceleration (constant velocity)

e SD.&’ — .
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T, T, 1.0 T(Z7])

Flastic design response spectrum

Sy =S(2.5)F,(2/3)
S, =SF.(2/3)

F_ = short period site coefficient (Table 0306.3.3)
F, =long period site coefficient (Tab le 0306.3.45)

S= effective peak ground acceleration corresponding to collapse limit state
(2/3) = reduction factor considering probability of structure collapse
(2.5) = amplification factor for short period structures (constant acceleration)

S(2/3) = effective peak ground acceleration corresponding to Life safety limit state
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6. soil coefficient
As the soil become soft, the spectral accelerations are amplified. Such effects are

included in the soil coefficient.

<Table 0306.3.3> SITE COEFFICIENT FOR SHORT PERIODS, £

Region of seismicity

B

8§, =050 &, =078
0.8 0.8
&y 1.0 1.0 1.0
more than 20 m depth to rock 1.2 1.2 1.1
& less than 20 m depth to rock 14 1.4 1.3
more than 20 m depth to rock 16 1.4 1.2
% less than 20 m depth to rock 1.7 1.5 1.3
A 25 1.9 1.3

* Sis 2.5 times the s defined for the design response spectral acceleration (Eq. 0306.3.1). For the values between the specified &
shown above, linear interpolation shall be used.

<Table 0306.3.4> SITE COEFFICIENT FOR 1-SECOND PERIOD, 7

Region of Seismicity

Site Class

sy

&y 0.8 0.8 0.8
&y 1.0 1.0 1.0
more than 20 m depth to rock 1.7 1.6 1.5
8¢
less than 20 m depth to rock 15 14 1.3
more than 20 m depth to rock 24 2.0 1.8
S
less than 20 m depth to rock 1.7 1.6 1.5
S 35 3.2 2.8

* Sis the value used for the design response spectral acceleration (Eq. 0306.3.2). For the values between the specified Sshown above,
linear interpolation shall be used.

20



,/7 ,//

S site (EGA = 0.22g)

soil depth more than 20m

<

9

oy
:

soil depth|less than 20m

Spectral Acceleration (g)
(=)
W

o
N
w

Period (s)

Sp site (EGA = 0.229)

soil depth mofe than 20m
0.75¢ soil depth less than 20m

Spectral Acceleration (g)
o =
[ W

Period (s)

21



~

\‘,

7. Importance factor
Buildings are classified according to their use and size. As the importance increases, the

design earthquake load increases.

fi Importance category ~ Seismic Use Group Importance factor (Ig) é
S S 1.5 |

1 1 1.2

2.3 2 1.0

0103.1 Importance (S)

(1) The storage or disposal facilities of dangerous materials with gross floor area of
more than 1,000 m

(2) National or local government buildings, foreign embassies, fire departments,
power plants, broadcasting stations and telecommunication offices with gross floor

area more than 1,000 m

(3) General hospitals, hospitals with operating rooms or emergency rooms

0103.2 Importance (1)

(1) The storage or disposal facilities of dangerous materials with gross floor area less
than 1,000m1

(2) National or local government buildings, foreign embassies, fire departments, power
plants, broadcasting stations and telecommunication offices with gross floor area less

than 1,000 mi
(3) Concert halls, assembly halls, exhibition halls, sports facilities, sales facilities and
transportation facilities with gross floor area more than 5,000 m (Cargo terminals and

delivery facilities are not included.)
(4) Facilities for children, welfare facilities for the aged, social welfare facilities, and
workers’ welfare facilities

(5) Accommodations, studio apartment buildings, dormitories and apartments with

more than 5 stories

22
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(6) Schools

(7) Hospitals without both operating rooms and emergency rooms, other medical
facilities with gross floor area more than 1,000 ni, which are not classified into

Importance (S)

0103.3 Importance (2)
(1) Buildings which are not classified into Importance (S), (1) and (3).

0103.4 Importance (3)
(1) Agricultural facilities, and small warehouses

(2) Temporary structures

A289 S0l Watd M JtXS SS22 FEEH0 XASHSAHALAIN Y SEHSE
Zoto, EREI =2 HE8d+E 2 XTGSH et A8l SS30 gses A

0 BIEA ERE PE2 L= WEFRXSS WaEZ 26t 2 XA

THo

Acceptable Risk Levels

Hwang et al., 1993, “Seismic LRFD Criteria for RC MRF Buildings”, J. of Str. Eng., ASCE

Target Limit-State Probability
First yielding (PFy. ;) Collapse (PF¢ 1)
Building category (per year) (per year)
(1) 2 (3)
Ordinary buildings 1/50 1/1,000
High-risk buildings 1/100 1/2,000
Essential buildings 1/100 1/5,000
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Example building - SAC project, 3 story Seattle

Base shear (kN)

5000

4000 +

3000

2000 +

1000 —+

0

200

400

Roof displ.
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8. EQ design category

As the importance of the building and peak ground acceleration increase, the design
category varies from A to D. For the high category such as C and D, more accurate and

sophisticate analysis methods such as dynamic analysis should be used to enhance the

safety of the structure.

o L Seismic Use Group
Value Of SDS e
S 2
050 <&m D D D
033 <8 < 050 D C C
0.17 <%m <033 C B B
8pi< 0.17 A A A

i

P Seismic Use Group
Value of Sp s .

s 1
020 £ 8, D D
014 £ Sp; < 020 D C
0.07 € Sy, < 014 C B
8y < 0.07 A A

25
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9. Equivalent Static procedure

Calculation of base shear
V=CWw
W = total dead load + additional load listed below
1) 25% of floor Live load in storage and warehouse
2)0.5 kN/m? (minimum) of partition load

3) total weight of permanent equipment

>0.01

I, = importance factor

R = response modification factor (related to ductility and over-strength)

S, = short period spectral acceleration (constant acceleration)

S, =1 second spectral acceleration (constant velocity)

T = dynamic period of structure

24
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( Estimation of dynamic period of buildings

Empirical method
T, =C, h'* for beam —column structures
C, =0.085: steel moment frame

0.073: RC moment frame, eccentric braced steel frame
0.049: others
h, = height of building (m)

T, =0.0743 1'* / J4, for wall structures

Ac = A4[02+(D./h) ] D,/h,<09

S Ac
Wall cross-section ~
De |

Rayleigh method

2
T= 27 |20
g2 f9,

/.= applied lateral force

6, =corresponding displacement

25



Dynamic analysis (modal analysis)
T can be obtained from modal analysis

1 st eigenvalue of the structure (1¥* Mode)

Limitation
C
T < C[T, C, = maximum period factor =1.4 ~ 1.7 g

u

Overestimated T results in smaller earthquake load.

Story lateral load
Fx
Fjv = CVXV -.

N
ve
C —_— wx hxk N
Z wihik >

i=l

—_— V

Jotersd (oad d:‘;'th'but'w ;hﬁoe,

k=1 for T<0.5 —interpolation
k=2 for T225 fe=1
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Response modification factor

The linear elastic spectra need to be modified considering the followings

1) over-strength
The actual strength of structures is significantly greater than the design strength for
the following reasons : material overstrength, strength reduction factor, load factor
(for other loads), moment(or force) redistribution (elastic analysis vs inelastic
analysis), and etc.

Generally, the actual strength is greater than two times the design strength.

2) ductility
As the ductility capacity of the structure increases, the earthquake load can be

decreased.

Considering the two factors, the values of the linear elastic response spectra can be

decreased. The relevant factor is defined as the R factor in KBC and IBC.
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<E 0306.6.1> AAHAGA| 280 it HAASF

AAAF Alegle] A gol(m) AT
718 AQEAGA 2 wesn | 2% | wgze | | e | g
Ak | SOBE | aao, | BFA | wzc | wzo
AT 2, =B
1 WEgA 28
1-a AZZIYE S5y 5 25 5 - - -
1-b. A2 TIE HEAGY 4 2.5 4 - - 60
1—c. ATHZ 23 Ady 2.5 2.5 15 - 60 8}
1-d 5% 23 Agy 15 2.5 15 - 87} B}
2. AEIRAN2H
2—a AZ UM EZ o 8 ) . _ _ _
(34 g 2= A A3
2-b. T WAMIER . 5 4 _ 3 _
(B3 g vizdE A3
2—c. AF EFFAMEZ 6 2 5 - - -
2—-d HE REFWMER 3.25 2 3.25 - - -
2—e. B4 BAIMHIER 8 2 4 - - -
2-f. ¥ EFSAMIZ2 5 2 45 - - -
2-g. A REFAMIZ 3 2 3 - - -
2-h. ¥4 ZuAY 6.5 25 5.5 - - -
2-i. ¥ S5Auy 6 2.5 5 - - -
2-j. ¥4 REAYY 5 25 45 - - 60
2-k. A SFAUAEH 7 2 6 - - -
2-1 2 A7MNE2
s A s e | s | - | -] -
2-m. AF HFPpIE= . 5 55 _ N B
(B RAE Az HAEY)
2—n. FIETIEYE S4uy 6 2.5 5 - - -
2—o0. ATEIBE RFAHGY 5 25 4.5 - - 60
2—-p. ASEZ =3 Ady 3 25 2 - 60 B}
2—q. FE7} 273 Add 1.5 2.5 1.5 - 27} B}
3. BRIE-A&EZ Alad '
3-a FE EFRUEETZ 8 3 5.5 - - -
3-b. A FURMESZ 45 3 4 - - -
3-c. AT HERHUESTZ 35 3 3 - - -
3—d. ¥ EFRUEIR 8 3 5.5 - - -
3—e. P4 FURAEZZ 5 3 4.5 - - -
3—f ¥4 RERUESZE 3 3 2.5 - - -
3—g B4 WARRRES 6 3 5.5 - - -

| 0306 | XQ8E |

7-28
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AFTIE 2 A

C <E 0306.6.1> AAHAGA L™ thg BAAS (AS)

AAAF Aol A gol(m) A
7% AREARAZ werd | 22 ) agzs | MR o | wan
As g | ZVE 020 | ¥FA | wzc | mzo
A% a, ‘] ®=B
3—h. AT EITE SFRUEZZ 8 3 5.5 - - -
3-i AZEALYE FARHEIR 5 3 45 - - -
3—j. AZ23E REFHUESZ 3 3 2.5 - - B}
4. SFRUEZZE 71 olFI A2
4-a AT WA/MEZ 8 2.5 4 - - -
4-b. AE EFFAHEE 7 25 5.5 - - -
4—c. 4 BATMNEZ 8 2.5 4 - - -
4—-d. G EFFAMNEZ 6 2.5 5 - - -
4—e. T Ay 75 2.5 6 - - -
4-f. ¥ SeAdEY 7 2.5 6 - - -
4-g P BHEAGY 6 2.5 5 - - -
4-h. FZ FPAMEZ 8 25 5 - - -
4-i. AF S57uAdy 8 2.5 6.5 - - -
4-j. AT EAEE S54AYY 7 25 5.5 - - -
4—-k. ATEINE BEAGY 6 2.5 5 - - -
_ 5.3 BUEIZE /M o|F IR
(J 5-a HAF EFFH/MEZ 6 2.5 5 - - -
5—b. AZTILE SAuY 65 2.5 5 - - -
5—c. ATEIE BEAYY 5.5 2.5 4.5 - - 60
5—d. ¥4 EFFA/MEZ 5.5 2.5 4.5 - - -
5-e. P4 BEFAMSZ 35 2.5 3 - - -
5-f. 34 nEAwy 5 3 4.5 - - 60
5-g ATRFY 23 Ay 3 3 25 - 60 27}
6. 958 A2d
6—a. WRHY 71T A=" 2.5 2.0 2.5 - - 10
6—b. AF EFRUEZTE 2.5 2.0 2.5 - - -
6—c. AT HEEREFZ 1.25 2.0 2.5 - - -
6—d. FITEFE EFRUETZ 2.5 2.0 1.25 - - -
7. Egi—:.ﬁf BE Aey-Iz 43 45 9.95 4 _ - 60
8. APZ7)Ee AuAwE uEsc 3 3 5 _ _ 60
FEFTFEAI2H
9. 23 E7|&9] YRS UEIe
AzEAYETE Alag 3 8 3 - - 30

1) Azt JHE 4 A2 44718 R Bt 484 e 478 A% 47, 84 §o dsAsE gack
2) AT EAAIE] dukiRold 5394 05202 & A UnA] wAL ou @l
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p-2

1. Bearing wall systems

1-a. Special reinforced concrete shear g 25 5 ) _ _
walls
1-b. Ordivr:lrl': reinforced concrete shear 4 25 4 ) _ 60
1-c. Reinforced masonry shear walls 2.5 25 1.5 - 60 NP
1-d. Unreinforced masonry shear walls 1.5 2.5 15 - NP NP
2. Building frame systems
2-a. Steel eccentrically braced frames
(moment resisting column-link 8 2 4 - - -
connections)
2-b. Steel eccentrically braced frames
(non-moment resisting column-link 7 2 4 - - -
C ) connections)
2~-c. Special steel concentrically braced 6 2 5 ~ _ _
frame
2-d. Ordl:;r: e:t:f;ioencenmcally 325 2 395 B _ _
2-e. Composite eccentrically braced 8 ) 4 _ _ _
frames.
2-f. Special composit concentrically 5 ) 45 _ _ _
braced frames
2-g. Ordinary composite concentrically 3 2 5 ) _ ~
braced frames o
2-h. Composite steel plate shear walls 6.5 25 55 - - -
2-i. Special composite shear walls 6 2.5 5 - - -
2-j. Ordinary composite shear walls 5 25 45 - - 60
2-Kk. Special steel plate shear walls 7 2 6 - - -
2-1. Buckling-restrained braced frames ‘
(moment-resisting beam-~ 8 25 5 - - -
column connections)
2-m. Buckling-restrained braced frames
(non-moment-resisting beam-column 7 2 55 - - -
( Ty connections)
- 2-n. Special reinforced concrete shear 6 2.5 5 - - -
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walls

2-0. Ordinary reinforced concrete shear

wals 5 25 45 - 60
2-p. Reinforced masonry shear walls? 3 25 2 60 NP
2-q. Unreinforced masonry shear walls L5 2.5 15 NP NP
3. Moment-resisting frame systems
3-a. Special steel moment frames 8 3 55 - -
3-b. Intermediate steel moment frames 45 3 4 - -
3-c. Ordinary steel moment frames 35 3 3 - -
3-d. Special composit moment frames 8 3 55 - -
3~e. Intermediate composit moment
frames > : 45 ) )
3-f. Ordinary composit moment frames 3 3 2.5 - -
3-g. Composite partially restrained 6 3 55 B B
moment frames
3-h. Special reinforced concrete moment 8 3 55 _ )
frames
3-i. Intermediate reinforced concrete
moment frames > 3 45 ) NP
3. Ordi reinforced concrete
: Omtm% 3 3 25 - NP
4. Dual systems with special moment frames
4-a. Steel eccentrically braced frames 8 25 4 - -
4-b, Specif;l;t;el concentrically braced 7 25 55 _ _
4-c. Comﬁp:it; eccentrically braced 3 25 4 _ _
4~d, Special composite concentrically 6 95 5 ) ~
braced frames
4-e, Composite steel plate shear walls 75 25 6 - -
4-f. Special composite shear walls with 7 25 6 ~ ~
steel elements
4-g, Ordinary composite shear walls 6 25 5 - -
4-h. Buckling-restrained braced frames 8 25 5 - -
4-i. Special steel plate shear walls 8 25 6.5 - -
4-j. Specjval a]]r;einforced concrete shear 7 25 55 B _
4-k. Ordinary reinforced concrete shear 6 25 5 ~ _
walls

5. Dual systems with intermediate moment frames
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5-a. Special steel concentrically braced

6 25 5
frames
5-b. Special reinforced concrete shear
6.5 2.5 5
walls
5-c. Ordinary reinforced concrete shear
55 25 45
walls
5-d. Special composite concentri
= waly 55 25 45
braced frames
5-e. Ordinary composite concentricall
AT, d 35 25 3
braced frames
5-f. Ordinary composite shear walls with g 3 15
steel elements '
5-g. Reinforced masonry shear walls 3 3 25
6. Inverted pendulum systems
6-a. Cantilever column systems 25 2 2.5
6-b. Special steel moment frames 25 7 2.5
6-c. Ordinary steel moment frames 1.25 2 2.5
6-d. Special reinforced t t
pecial reinfol concrete momen 25 5 125
frames
7. Shear wall-frame interactive system
with ordinary reinforced concrete
‘ 45 225 4
moment frames and ordinary
reinforced concrete shear walls
8. Steel systems not specifically detailed 3 3 3
for seismic resistance
9. Reinforced concrete systems not
specifically detailed for seismic 3 3 3
resistance”

1) Details on each system are determined by the corresponding design code or analytical and experimental
results performed by authorized research facilities.

2) The reinforced concrete systems are designed according to the design requirements contained in Chapter 5

except for Section 0520.
3) NP: Not Permitted
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N =25

Definitions of structural system

Béaring wall system

Wall — slab system. Popular system for apartment buildings in Korea

Both gravity load and lateral load is resisted by bearing walls.
Moment resisting frame

Beam and column system.

Lateral load is resisted by moment resisting actions of beams and columns
Building system

Primary lateral load resisting system + moment frame

Primary lateral load resisting system = walls and braces

All lateral load is resisted by walls or braces

Gravity load is resisted by moment frame
Dual system

Superficially, this system is similar to the Building system.

Primary lateral load resisting system + moment frame

A part of lateral load can be resisted by moment frame

The moment frame should resist at least 25% of the lateral load.

Structural elements
Concrete walls : rectangular wall,
barbell-shaped wall : wall with two end columns
core wall : generally located at the center or ends of floor plan
in a building
Steel braces ;
Concentric braces : greater strength, less ductility (due to buckling)

Eccentric braces : less strength, greater ductility
Classification of structural system according to the ductility details

Special system : special ductility details are used to significantly enhance the

ductility and energy dissipation capacity of the structure
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Classification of structural system according to the ductility details

Special system : special ductility details are used to significantly enhance the
ductility and energy dissipation capacity of the structure

Intermediate system : moderate ductility details

Ordinary system : seismic details are not used.
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7=y

Torsional moment
The eccentricity between the rigidity center and load center (mass center) cause

torsional moment in addition to the lateral load, which cause severe damage to the

structure.

Considering the uncertainty of the eccentricity, additional 5% eccentricity is
added.

% Rigidity center
(» Mass center

Additional (accidental eccentricity) = o258

X® Fx ® Fx
¥+ 0.05B
L .
A
B

Inter-Story drift

6x+1 - 5x < Aa

A, = permissible inter-story drift

5x+l - é‘x 4
—
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A,/h,=0.01 Importance class critical {$)

0.015 classI ¢¢)
0.02 classIl ¢z.)
5 = Cd5xe
¥ 1

e

C, = displacement factor (to consider the inelastic deformation)

o, = lateral deflection resulting from elastic analysis

P—A effect
1
J,=a a,=—-
X d>~x d (1 _ 0)
P.A
6 = L Y =elastic deformation ( /st erder anelysis)
V.h,C, Cy
in l Rriﬂ
(5x+l - 6):):5.
V. g T
hx
If 6<0.1, P-A effect can be neglected.
0.5
0 mustbelessthan 6, = 5C < 0.25, generally g =1
d
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