e

Title:

Authors:

Subjects:

Keywords:

Publication Date:

Original Publication:

Paper Type:

- CTBUH
bantotia e S e a rC h P a p e r ctbuh.org/papers

Overview of Performance-Based Seismic Design of Building Structures in
China

Guo-Qiang Li, Professor, Tongji University
Yan-Bin Xu, Engineering Master Candidate, Tongji University
Fei-Fei Sun, Research Professor, Tongji University

Seismic
Structural Engineering

Code Compliance
Performance Based Design
Seismic

2012
CTBUH 2012 9th World Congress, Shanghai

Book chapter/Part chapter
Journal paper

Conference proceeding
Unpublished conference paper
Magazine article

Unpublished

o0k w2

© Council on Tall Buildings and Urban Habitat / Guo-Qiang Li; Yan-Bin Xu; Fei-Fei Sun


http://ctbuh.org/papers

Overview of Performance-Based Seismic Design of Building

Structures in China
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Guo-Qiang Li Yan-Bin Xu

Fei-Fei Sun

Guo-Qiang Li, Yan-Bin Xu & Fei-Fei Sun

Abstract

The development history, the current situation and the future of performance-based seismic
design in China are presented. The evolution of performance-based seismic design specified
in the Chinese codes for seismic design of 5 editions (Edition 1974, 1978, 1989, 2001 and 2010)
are introduced and compared. This paper details the provisions of performance-based seismic
design in different codes (“Code for Seismic Design of Buildings”and “Technical Specification
for Concrete Structures of Tall Building”), which presents the concepts and methods of
performance-based seismic design adopted in Chinese codes. Lastly, according to those
mentioned above, this paper points out the imperfections of current performance-based
seismic design in China and proposes the possible direction for further improvement.

Keywords: Performance-based seismic design; Out-of-codes High-rise Building
Structures
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Introduction

In China, 5 editions of seismic design codes
have been promulgated so far. These are “Anti-
seismic Design Code of Industrial and Civil
Building (Trial)"TJ 11-74, “Anti-seismic Design
Code of Industrial and Civil Building"TJ 11-78,
“Specifications for anti-seismic construction
design”GBJ11-89 (implemented since 1990,
partially revised in 1993), “Code for Seismic
Design of Buildings”GB 50011-2001 (partially
revised after the 2008 Wenchuan Earthquake)
and “Code for Seismic Design of Buildings” GB
50011-2010, hereinafter respectively referred
to as Code74, Code78, Code89, Code01 and
Code10.

In Chinese codes, fortification intensity

is regarded as criterion of seismic design
requirements, corresponding to basic seismic
intensity. The basic seismic intensity of a
certain region in China is defined as the
impact of the earthquake with 10 percent
probability of exceedance in 50 years, divided
into 12 degrees, demarcated by maximum
ground acceleration and the earthquake
impact or damage extent on landform or
buildings (Table 1) .

Code74 and Code78 use single seismic
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demand level, see Table 1, taking design intensity of 7 degrees and
above into consideration, requesting no damage under earthquakes
of fortification level, which is to control structural deformation under
earthquake and to ensure adequate structural seismic bearing
capacity. In the former, for general buildings, the design intensity is
one degree lower than the basic seismic intensity (not when the basic
seismic intensity is 7 degrees) ; In the latter which was promulgated
after the 1976 Tangshan Earthquake, the design intensity is equal to
the basic seismic intensity.

In Code89, three-levels performance objectives of seismic design of
buildings as “no damage under minor earthquakes, repairable under
moderate earthquakes, no collapse under severe earthquakes”was
proposed, which means “No damage or applicable without repair
when suffered from frequent earthquake (minor earthquake), (10
percent probability of exceedance in 50 years); Applicable after normal
repair when suffered from earthquake action of fortification intensity;
No collapse or serious damage that can create hazard to life safety
when suffered from predicted rare earthquake (severe earthquake),
(2-3 percent probability of exceedance in 50 years)".

In Code89, to realize the three-levels of performance objectives,

the "two-steps seismic design method” was developed, detailed as
follows: 1st step, using ground motion parameter (ground motion
peak acceleration and characteristic period of earthquake motion
response spectrum) of minor earthquake, firstly calculate the elastic
relative inter-story drift to be less than the limit value, in order to satisfy
the requirement of “no breaking for nonstructural component and

no damage for structure” of first level; secondly, combining the effect
of earthquake action with effect of other loads to check the member
bearing capacity, in order to satisfy the bearing capacity requirements
of the first level. 2nd step, using ground motion parameter of severe
earthquake, calculate the elastic-plastic relative inter-story drift to

be less than the limit value, in order to satisfy the requirement of ‘no
collapse of building structure” of third level.

Code89 is one of the first codes in which the performance-based
seismic design (hereinafter referred to as PBSD) was introduced.
However, imperfections exists: 1) The requirements for “no damage
under minor earthquakes”and “no collapse under severe earthquakes”
were given, see Table 1, but not for the “repairable under moderate
earthquakes”; 2) In member bearing capacity checking of ‘no damage
under minor earthquakes’, partial factor of earthquake action larger
than 1.0 is introduced, thus the earthquake action is not exactly the
same as that of minor earthquake with 10 percent probability of
exceedance in 50 years.

Seismic Design Provisions of PBSD in China

Provisions in “Code for Seismic Design of Buildings” GB 50011—
2010

In Code10, requirements of PBSD are specified in 3.10, titled as
"Performance-Based Design of Buildings”. As it refers, when PBSD

is adopted in designing, the objectives shall be evaluated both
technically and economically, according to fortification intensity, site
condition, structure type and irregularity, functional requirements of
building and ancillary facility, investment, post-earthquake loss and
repair cost. Objectives of PBSD could be targeted respectively to overall
structure, parts of the structure, key members, important members,
secondary members, construction members and electromechanical
equipment.

First Level (Minor Second Level (Moderate | Third Level (Severe
Earthquake) Earthquake) Earthquake)
F—AE DR FoAkE (FR) B=A% (KR
Member Bearing - -

Code74 capacity Checking

TR HWERRARK

Code78 - MembAer Bearing capacity | -

Checking

8H% HUERRA RN

Code89 1) Structural Elastic - Structural Elastic-Plastic

893 3% Deformation Checking Deformation Checking

Code o1 SWBREEHRK RSN R K
2) Member Bearing

013 capacity Checking

Code 10 WUEREA BRI

10813

Table 1. Seismic design requirements of building structures of China
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The PBSD steps are: 1) Select the seismic ground motion level; 2) Select
the performance objectives; 3) Select the performance-based design
demand. The anticipated performance objectives of PBSD dividing into
1/2/3/4 to choose from are listed in Table 2.

The performance-based design demands on bearing capacity,
inter-story drift and seismic grade of construction measures are then
specified to realize the performance objectives.

Provisions in “Technical specification for concrete structures of
tall building” (JGJ3-2010)

Similar to Code GB50011-2010, the performance objective of tall
buildings is divided into four grades named A/B/C/D. In addition, the
aseismic performance level is divided into 5 levels named 1/2/3/4/5.
Each performance objective corresponds to a group of aseismic
performances under different earthquake levels, see Table 3.

Seismic design provisions of out-of-codes high-rise buildings

In China, for high-rise buildings over the limits of the relevant codes,
we are naming this group out-of-codes high-rise buildings. Out-of-
codes high-rise buildings are divided into two types: 1) building height
exceeding limits and 2) structure regularity exceeding limits. For the
out-of-codes high-rise buildings, seismic tests shall be conducted
when necessary and a peer review for the seismic design scheme shall
be adopted.

The additional requirements for design of out-of-codes high-rise
buildings mainly are: Using two independent structure analysis
software programs to proceed the seismic calculations, respectively;
Elastic time-history analysis demanded; Elastic-plastic time-history
analysis demanded for buildings over 200m; Using two independent
structure analysis programs to proceed elastic-plastic time-history
analysis for buildings over 300m; Considering the elastic deformation
of floor.

Conclusions and Suggestions

Primary Achievements

From the translation of “Codes for Buildings in Earthquake Zones" of
the former Soviet Union in 1955 to the publication of “Code for Seismic
Design of Buildings”GB 50011-2010 in 2010 with the proposition of the
PBSD concept, significant achievements have been gained. These are:

Seismic 1 2 3 4
Level
eve AL a2 3 4
HE AR
Frequent Perfect Perfect Perfect Perfect
Earthquake =5 = 2 =4
E2 £i¥ 4
Perfect, in normal | Nearly perfect, Minor damage, Minor to moderate
Design use applicable after applicable after damage,
Earthquake 24, EXER maintenance slight repair E’Aelff:]rmat"m <3
TR,
RERR BAED UPF BRALATT pezences
A R R%% <3m0)
Nearly perfect, Minor damage, Applicable after Serious damage,
Rare applicable after applicable after strengthening applicable after
Earthquake maintenance repair ERREME 8 overhaul
B EEER, BYUTRERPR, | KER BATEHRR, K
FRER  EREER®Y  Viimsin BERREA

Table 2. Anticipated performance objectives of PBSD for buildings
2. A YUE M SRR B TR M AR B AR
Note: AU, : maximum elastic inter-story drift caused by standard value of frequent earthquake action.

E: AU S ERRERFRRE ENRERRANRYEZH 4B,
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Damage Position
Seismic
Performance | Macroscopic D g B Possibility to Continue Using
E;;ﬁ FARRER KeyMember | GeneralVertica No Damage BT T R
e L SEE R
Perfect, no damage No damage No damage No damage Applicable without repair
! RH. FRHF FAR FAR FAR THG BT RERS
Nearly perfect, minor No damage No damage Minor damage Applicable after slight repair
2 damage i THA BUEERATER MG ERTREFEA
EXRH, BURR
Slight damage Minor damage Minor damage Slight damage, partially Applicable after repair
3 BERR BRBF BUAAR moderate damage —BBEETRERE
BEHA, H2+EHF
Moderate damage Slight damage Moderate damage of Moderate damage, partially Applicable after restoration or
4 W R & HR certain members quite serious damage strengthening
o R BT FEHR, HLUETERT | S AR mEETRERA
Quite serious damage Moderate damage | Quite serious damage of | Quite serious damage Needy of overhaul
5 Hﬁ&}‘miﬁ% *&ﬁ% certain members %&Piﬁ% %ﬁk&k%
AW LR EFHF

Table 3. Anticipated post-earthquake performances
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» Three-levels of performance objectives for seismic design
are “no damage under minor earthquakes, repairable under
moderate earthquakes, no collapse under severe earthquakes”
has been proposed.These include consideration for function,
economy and life safety under earthquake, which is scientificly
based;

Different performance objectives are allowed to be adopted
for different buildings, and performance-based aseismic
requirements are proposed for different members;

Additional performance-based aseismic requirements and
judgement requirements are proposed for out-of-codes high-
rise buildings.

Existing Problems
A few problems exist requiring further development. They are:

« Performance-based aseismic requirements of structural bearing
capacity are considered under elastic minor earthquake
action, with no distinction to different ductile structures. In
fact, dissipative capacity, which is closely related to ductile
deformation ability, is more suitable in judging the structural
aseismic capacity. For the structures of the same bearing
capacity, there is a positive correlation between dissipative
capacity and ductile deformation ability; that is to say, for
the structures with the same performance-based aseismic
requirement, the bearing capacity can be lower while the
ductile deformability is higher;

« Construction detail requirements are related to ductile
deformation ability.In the codes, the construction detail
requirements are highly correlated to seismic fortification
intensity and structure height;

o It relies mainly on bearing capacity but not the member
ductile deformation ability in defining the different seismic
performance levels of members.

Improvement Suggestions

Three-levels of performance objectives of seismic design shall

be adjusted and clarified as: ensuring “no damage under minor
earthquakes”by checking elastic deformation, ensuring “repairable
under moderate earthquakes”by checking bearing capacity

while determining the earthquake action with consideration to
ductile deformation ability of different structures, and determining
construction requirements according to structural ductile
deformability, ensuring “no collapse under severe earthquakes” by
checking elastic-plastic deformation.

The definition for different seismic performance levels of members
shall rely on ductile deformation ability aside from the bearing
capacity.

Appendix

Basic design parameters specified in the codes of seismic design
in China

In Code89, the seismic influence is characterized mainly by the seismic
intensity zoning of that time, and the characteristic period was brought
in to reflect the influence to the design response spectrum caused

by near and distant earthquakes. Since Code01, the basic design
acceleration of ground motion and the characteristic period were
brought in, see Table 4 and 5.
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Fortification Intensity 6 7 8 9
RRRGAE

Basic design acceleration of ground motion | 0.05g 0.10(0.15)g | 0.20(0.30)g | 0.40g
Wb A R

Table 4. Relationship between the intensity and basic design acceleration of ground
motion
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Checking requirements of member bearing capacity in codes of
seismic design in China

In Code10, the checking of seismic resistance of cross section shall be
made using the following design expression:

S<R!yp

8=16Se + VerSem + VeSew W VuSi

where:
Yq—aseismic capacity factor, less than 1.0;
R—design value of bearing capacity of the structural member.

S—design value of the combination of inner forces, which shall be
determined by the following equation:

y,—npartial factor of gravity load, which shall be taken as 1.2 in ordinary
conditions; when the effect of gravity load is favorable to the bearing
capacity of the member, such factor shall not greater than 1.0;

Ya Ve, —Partial factors for horizontal and vertical earthquake action
respectively, see Table 6;

y,—nPartial factor of wind load, which shall be taken as 1.4;
S—effects for representative value of gravity load;

S,,—effects for characteristic value of earthquake action in horizontal
direction;

S, ,—effects for characteristic value of earthquake action in vertical
direction;

S,,—effects for characteristic value of wind load;

,,—factor for combination value of wind load, which shall be taken as
0.0 for ordinary structures, and taken as 0.2 for tall building structures
that the wind load is the controlling load.

Seismic checking for deformation of codes of seismic design in
China

In Code10, elastic deformation checking and elastic-plastic
deformation checking shall be made, and the maximum elastic inter-
story drift shall comply with the following requirement:

Au <[0h, Du,<[0,]h

where:

Au —elastic inter-story drift caused by the characteristic value of the
frequent earthquake action;

Aup—elastic—plastic inter-story drift;

[6_]—Limit value of elastic-plastic relative inter-story drift, see Table 7;

Site-Class
Design Earthquake Group oA
FiH RS A
I, I, Il [ 1\
1st Group 0.20 0.25 035 045 0.65
-4
2nd Group 0.25 0.30 0.40 0.55 0.75
g4
3rd Group 0.30 0.35 0.45 0.65 0.90
H=4
Table 5. Characteristic period value (s)
F5. WIHHE A HIE ()
R o
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FPEREARBERITAREHN X BREEX
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fr) RBEEHRHE, NFETA:

Au <[01h, Au,<[6,]h

e
Au—% BT AR = A WA 2 A R 2 1 5
Au— 3l B 1A

6] —HH: B G HARM, THATRA;

[6j—H# BB AGHARE, THRATRA, MHAMRELESR

Rt AT SR RBRAER (EEbEYE)

Table 6. Partial factor of earthquake action

6. WRE 4 TAHK

Earthquake Action Material Type of Structure
@ Voo | Ve P 6] |16]

HEMER R HMAER
Only horizontal earthquake action 13 0.0 Frame 1/550 1/50
R FAF R ER AR ER

Reinforced
Only vertical earthquake action 0.0 13 Concrete Frame-wall, slab-column-wall, frame-core-tube 1/800 1/100
RitHE @b EER gﬁﬁ, AERBFLER-FRE. KRR, ER-B0H
Both horizontal and vertical earthquake action (horizontal 13 0.5 Wall, tube-in-tube 1/1000 1/120
predominant) WAERELAIN . R
Fo it AT SR B BER (KTHENE)

Steel Multi-story and tall structures 1/250 1/50
Both horizontal and vertical earthquake action (vertical predominant) 0.5 1.3 @ 4. BEMEH

Table 7. Limit value of relative inter-story drift

7. B A ARE
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[Gp]—limit value of elastic-plastic relative inter-story drift, which may
be taken in accordance with Table 7;

h—nheight of story.

Foundation Interaction

For reinforced concrete tall buildings using box-type or a relatively rigid
raft foundation or box-pile foundation for intensity 8 and 9 and with
site-class Il or IV, and the fundamental period of the structure is within
the scope of 1.2 to 1.5 times of the characteristic period of the site, if
the foundation interaction is to be considered, the horizontal shear
forces assumed for the rigid base may be reduced, and the story drift
may be calculated according to the reduced shear force.

Damping adopted in different editions of code (Table 8)

Nonstructural Systems

Gravity of nonstructural components and electromechanical
components permanently attached to structures shall be taken into
consideration in earthquake action calculations.

« Stiffness of members with a flexible connection can be
neglected. For rigid nonstructural components implanted
into the plane of lateral force resisting members, influence
of its stiffness shall be taken into consideration. Generally,
its earthquake resistant bearing capacity shall not be taken
into consideration unless specific construction measures are
adopted.

o For structural members which support nonstructural
components, the effect of earthquake action of the latter shall
be treated as an additional action.

Inspection Procedures

For general building structures, peer review shall be conducted by a
qualified drawing review firm after the design has been completed.
For out-of-codes high-rise buildings, peer review shall be conducted
by the Expert Committee, organized by local or national construction
department, according to the “Management Provisions for Seismic
design of Out-of-codes High-rise Building Structures”.

Concrete Masonry Steel Structure
Structure Structure
X Cre
BEELEN | kEH
Frequent | Height <50m 0.04
Earthquake 5 J# <50m
SERR 50m< Height <200m 0.03
Code10 50m<# & <200m
103 0.05 0.05
Height >200m 0.02
# J§ >200m
Rare Earthquake 0.05
FHERMR

Table 8. Damping adopted in Code10
*8. 104136 o 7t [ B W % /&

G4, LK EHNTO. 0B, TR B 10%;
h—HHEEER.
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