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&1 ABSTRACT

In order to design an infrastructure of an elevated bridge,
first a target ductility factor ud and target natural period T,
for the infrastructure are set in connection with an assumed
earthquake motion. Subsequently, a yield seismic coefficient
for the target ductility factor u, and target natural period T,
is obtained from a yield seismic coefficient spectrum for the
assumed earthquake motion as a design seismic coefficient
K,,. On the other hand, a target yield rigidity K, correspond-
ing to the target natural period T, is obtained. Subsequently,
the design seismic coefficient K, is used to obtain a design
horizontal load bearing capacity H, and a displacement
corresponding to the design horizontal load bearing capacity
H, is obtained as a design yield displacement 3, from the
target yield rigidity K. Subsequently, the design horizontal
load bearing capacity H, is distributed into a horizontal
force H, to be borne by the RC rigid frame and a horizontal
force H,, to be borne by the damper-brace. Next, member
sections of the RC rigid frame and the damper-brace are set
so that the RC rigid frame and the damper-brace resist the
horizontal forces Hp, H,, with ultimate load bearing capaci-
ties and displacements corresponding to the horizontal
forces Hy, H,, equal the product of the design yield displace-
ment O, and target ductility factor s, that is, d .

6 Claims, 24 Drawing Sheets




U.S. Patent Jul. 30, 2002

Sheet 1 of 24 US 6,425,157 B1
(START )
~ 101

FIRST A TARGET DUCTILITY FACTOR Us AND TARGET NATURAL
PERIOD TqOF THE INFRASTRUCTURE 1 ARE SET IN
CONNECTION WITH AN ASSUMED EARTHQUAKE MOTION

A YIELD SEISMIC COEFFICIENT FOR THE TARGET
DUCTILITY FACTOR py AND TARGET NATURAL PERIOD Ty IS
OBTAINED FROM A YIELD SEISMIC COEFFICIENT SPECTRUM
FOR THE ASSUMED EARTHQUAKE MOTION AS A DESIGN
SEISMIC COEFFICIENT K,

y /103
A TARGET YIELD RIGIDITY Ks CORRESPONDING TO
THE TARGET NATURAL PERIOD Tq IS OBTAINED

Y /\/104
THE DESIGN SETISMIC COEFFICIENT K, IS USED TO OBTAIN A

DESIGN HORIZONTAL LOAD BEARING CAPACITY Hq AND A

DISPLACEMENT CORRESPONDING TO THE DESIGN HORIZONTAL

LOAD BEARING CAPACITY Hy IS OBTAINED AS A DESIGN YIELD
DISPLACEMENT 04 FROM THE TARGET YIELD RIGIDITY K4

L 4 /‘\/ 1 O 5
THE DESTGN HORIZONTAL LOAD BEARING CAPACITY Ha IS

DISTRIBUTED INTO A HORIZONTAL FORCE H BORNE BY THE RC
RIGID FRAME 2 AND A HORIZONTAL FORCE H, BORNE BY THE
DAMPER-BRACE 3

/~—106
MEMBER SECTIONS OF THE RC RIGID FRAME 2 AND THE
DAMPER-BRACE 3 ARE SET SO THAT THE RC RIGID FRAME 2
AND THE DAMPER-BRACE 3 RESIST THE HORIZONTAL FORCES
He, B WITH ULTIMATE LOAD BEARING CAPACITIES AND «——(B)
DISPLACEMENTS CORRESPONDING TO THE HORIZONTAL
FORCES H¢, Hs EQUAL THE PRODUCT OF THE DESIGN YIELD
DISPLACEMENT 04 AND TARGET DUCTILITY FACTOR Uy

1

(&) FIG.1




U.S. Patent Jul. 30, 2002 Sheet 2 of 24 US 6,425,157 Bl

(A)

l — 107
THE SET MEMBER SECTIONS OF THE RC RIGID FRAME 2 AND
THE DAMPER-BRACE 3 ARE USED TO GENERATE THE
STRUCTURE ANALYSIS MODEL OF THE INFRASTRUCTURE 1,
AND STATIC NONLINEAR ANALYSIS IS PERFORMED ON THE
STRUCTURE ANALYSIS MODEL

108
/\/

USING THE LOAD-DISPLACEMENT RELATION OBTAINED BY THE
STATIC NONLINEAR ANALYSIS, A RETAINING YIELD
RIGIDITY K;, RETAINING YIELD DISPLACEMENT 9,
RETAINING YIELD LOAD BEARING CAPACITY Hy AND

RETAINING MAXIMUM DISPLACEMENT 0, ARE EVALUATED FROM

THE BILINEAR CHARACTERISTIC

109
Y a
A RETAINING NATURAL PERIOD T OBTAINED FROM THE

RETAINING YIELD RIGIDITY K, IS USED TO OBTAIN A
NECESSARY DUCTILITY FACTOR u FOR THE RETAINING YIELD
LOAD BEARING CAPACITY H, FROM THE YIELD SEISMIC
COEFFICIENT SPECTRUM

' Y 110
A RESPONSE MAXIMUM DISPLACEMENT 9, IS OBTAINED BY
MULTIPLYING THE NECESSARY DUCTILITY FACTOR U BY THE
RETAINING YIELD DISPLACEMENT §,, THE RESPONSE MAXIMUM
DISPLACEMENT 8, IS COMPARED WITH THE RETAINING MAXIMUM
DISPLACEMENT 8,, MEMBER RESPONSE MAXIMUM
DISPLACEMENTS 6’.,.ax CORRESPONDING TO THE RESPONSE
MAXTMUM DISPLACEMENT .. ARE CALCULATED FOR EACH THE RC
RIGID FRAME 2 AND THE DAMPER-BRACE 3, THE MEMBER
RESPONSE MAXIMUM DISPLACEMENTS (3’m ARE COMPARED WITH
MEMBER RETAINING MAXIMUM DISPLACEMENTS 5’u
RESPECTIVELY, AND THE SET SECTIONS OF THE RC RIGID
FRAME 2 AND THE DAMPER-BRACE 3 ARE THEREBY CHECKED

(B)

FI1G.2




U.S. Patent Jul. 30, 2002 Sheet 3 of 24 US 6,425,157 Bl

N |

\ LSS S

il é Lo
NI ITTIT I AT AL L LA L L AL LA L L LY X W

]
-~ 5 3 J
} 3
4,
2
1V

e 9

) \g
T7R 7R ; // R

FIG.3



U.S. Patent Jul. 30, 2002 Sheet 4 of 24 US 6,425,157 Bl

YIELD SEISMIC COEFFICIENT SPECTRUM

YIELD SEISMIC COEFFICIENT

0.1 0.5 1 10
NATURAL PERIOD (sec)

FIG.4



U.S. Patent Jul. 30, 2002 Sheet 5 of 24 US 6,425,157 Bl

Hb

Hr

Y o

dd ud

FIG.5



U.S. Patent Jul. 30, 2002 Sheet 6 of 24 US 6,425,157 Bl

5y Omax ey =0




U.S. Patent Jul. 30, 2002 Sheet 7 of 24 US 6,425,157 Bl

10 \z
V7 NYZZ D v I/ BN/ N\

FIG.7



U.S. Patent Jul. 30, 2002 Sheet 8 of 24

US 6,425,157 Bl

(_(START )

/\,lll

THE TARGET DUCTILITY FACTOR ug AND TARGET NATURAL
PERIOD T4 OF THE INFRASTRUCTURE 1 ARE SET IN
ASSOCIATION WITH THE ASSUMED EARTHQUAKE MOTION

/\/112
THE ELASTIC RESPONSE SPECTRUM SEISMIC COEFFICTENT
CORRESPONDING TO THE TARGET NATURAIL PERIOD Tq IS
OBTAINED FROM THE ELASTIC RESPONSE SPECTRUM
CORRESPONDING TO THE ASSUMED EARTHQUAKE MOTION, AND
THE ELASTIC RESPONSE SPECTRUM SEISMIC COEFFICIENT
AND TARGE'I‘ DUCTILITY FACTOR Yy ARE APPLIED TO
NEWMARK S RULE OF CONSTANT POTENTIAL ENERGY TO
CALCULATE THE DESIGN SEISMIC COEFFICIENT Ky

Y ~_113
THE TARGET YIELD RIGIDITY Ks CORRESPONDING TO THE
TARGET NATURAL PERIOD T; IS OBTAINED

~—114
THE DESIGN SEISMIC COEFFICIENT K, IS USED TO OBTAIN A
DESIGN HORIZONTAL LOAD BEARING CAPACITY Hs AND A
DISPLACEMENT CORRESPONDING TO THE DESIGN HORIZONTAL
LOAD BEARING CAPACITY Hy; IS OBTAINED AS A DESIGN YIELD
DISPLACEMENT 0; FROM THE TARGET YIELD RIGIDITY Ky

THE DESIGN HORIZONTAL LOAD BEARING CAPACITY Ha IS

DISTRIBUTED INTO A HORIZONTAL FORCE H; BORNE BY THE RC
RIGID FRAME 2 AND A HORIZONTAIL FORCE H, BORNE BY THE
DAMPER-BRACE 3

r ~—116
MEMBER SECTIONS OF THE RC RIGID FRAME 2 AND THE
DAMPER-BRACE 3 ARE SET SO THAT THE RC RIGID FRAME 2
AND THE DAMPER-BRACE 3 RESIST THE HORIZONTAL FORCES
He, Ho WITH ULTIMATE LOAD BEARING CAPACITIES AND  |=—(D)
DISPLACEMENTS CORRESPONDING TO THE HORIZONTAL
FORCES H;, H» EQUAL THE PRODUCT OF THE DESIGN YIELD
DISPLACEMENT 93 AND TARGET DUCTILITY FACTOR iy

l

&, FIGS




U.S. Patent Jul. 30, 2002 Sheet 9 of 24 US 6,425,157 Bl

(C)

~— 117
THE SET MEMBER SECTIONS OF THE RC RIGID FRAME 2 AND
THE DAMPER-BRACE 3 ARE USED TO GENERATE THE
STRUCTURE ANALYSIS MODEL OF THE INFRASTRUCTURE 1,
AND STATIC NONLINEAR ANALYSIS IS PERFORMED ON THE
STRUCTURE ANALYSIS MODEL

118
A 4 /\/

USING THE LOAD-DISPLACEMENT RELATION OBTAINED BY THE
STATIC NONLINEAR ANALYSTS, A RETAINING YIELD
RIGIDITY K,, RETAINING YIELD DISPLACEMENT 9,,
RETAINING YIELD LOAD BEARING CAPACITY Hy AND

RETAINING MAXIMUM DISPLACEMENT 8, ARE EVALUATED FROM

THE BILINEAR CHARACTERISTIC

THE RETAINING NATURAL PERIOD T OBTAINED FROM THE
RETAINING YIELD RIGIDITY K, IS USED TO OBTAIN THE
ELASTIC RESPONSE SPECTRUM SEISMIC COEFFICIENT FROM
THE ELASTIC RESPONSE SPECTRUM, AND THE ELASTIC
RESPONSE SPECTRUM SEISMIC COEFFICIENT IS APPLIED
TOGETHER WITH THE RET?;INING YTELD LOAD BEARING
CAPACITY H, TO THE NEWMARK S RULE OF CONSTANT POTENTIAL
ENERGY TO OBTAIN THE NECESSARY DUCTILITY FACTOR u

‘ S~ 120
THE RESPONSE MAXIMUM DISPLACEMENT §,.. IS CALCULATED BY
MULTIPLYING THE NECESSARY DUCTILITY FACTOR u BY THE
RETAINING YIELD DISPLACEMENT d,, THE RESPONSE MAXIMUM
DISPLACEMENT 0,.x IS COMPARED WITH THE RETAINING
MAXIMUM DISPLACEMENT du, MEMBER RESPONSE MAXIMUM
DISPLACEMENTS 6’mx CORRESPONDING TO THE RESPONSE
MAXIMUM DISPLACEMENT d,., ARE CALCULATED FOR EACH THE RC
RIGID FRAME 2 AND THE DAMPER-BRACE 3, THE MEMBER
RESPONSE MAXTMUM DISPLACEMENTS 5’max ARE COMPARED WITH
THE RETAINING MAXTMUM DISPLACEMENTS 6’u
RESPECTIVELY, AND MEMBER SET SECTIONS OF THE RC RIGID
FRAME 2 AND THE DAMPER-BRACE 3 ARE THEREBY CHECKED

(D)

FIG.9




U.S. Patent Jul. 30, 2002 Sheet 10 of 24 US 6,425,157 Bl

ELASTIC RESPONSE SPECTRUM
SEISMIC COEFFICIENT

0.1

0.1 0.5 1 10
NATURAIL PERIOD (sec)

FIG.10



U.S. Patent Jul. 30, 2002 Sheet 11 of 24 US 6,425,157 Bl

(_START )
121
' /\/

THE TARGET DUCTILITY FACTOR Wy AND TARGET NATURAL
PERIOD T4 OF THE INFRASTRUCTURE 1 ARE SET IN
ASSOCIATION WITH THE ASSUMED EARTHQUAKE MOTION

122
/\—/

THE ELASTIC RESPONSE SPECTRUM SEISMIC COEFFICIENT
CORRESPONDING TO THE TARGET NATURAIL PERIOD T4 IS OBTAINED
FROM THE ELASTIC RESPONSE SPECTRUM CORRESPONDING TO THE

ASSUMED EARTHQUAKE MOTION, AND THE ELASTIC RESPONSE
SPECTRUM SEISMIC COEFFICIENT IS DIVIDED BY A RESPONSE
MODIFICATION FACTOR DETERMINED BY THE STRUCTURE TYPE TO
CALCULATE THE DESIGN SEISMIC COEFFICIENT Ky

1 123
THE TARGET YIELD RIGIDITY K; CORRESPONDING TO THE
TARGET NATURAL PERIOD T4 IS OBTAINED

THE DESIGN SEISMIC COEFFICIENT K, IS USED TO OBTAIN A

DESIGN HORIZONTAL LOAD BEARING CAPACITY HyAND A
DISPLACEMENT CORRESPONDING TO THE DESIGN HORIZONTAL
LOAD BEARING CAPACITY Hy IS OBTAINED AS A DESIGN YIELD

DISPLACEMENT 03 FROM THE TARGET YIELD RIGIDITY K4

THE DESIGN HORIZONTAL LOAD BEARING CAPACITY Ha IS
DISTRIBUTED INTO A HORIZONTAL FORCE Hf BORNE BY THE RC
RIGID FRAME 2 AND A HORIZONTAIL FORCE H, BORNE BY THE
DAMPER~-BRACE 3

2 /~—126
MEMBER SECTIONS OF THE RC RIGID FRAME 2 AND THE
DAMPER~BRACE 3 ARE SET SO THAT THE RC RIGID FRAME 2
AND THE DAMPER-~BRACE 3 RESIST THE HORIZONTAIL FORCES
He, BoWITH ULTIMATE LOAD BEARING CAPACITIES AND [«—(F)
DISPLACEMENTS CORRESPONDING TO THE HORIZONTAL
FORCES Ht, Ho EQUAL THE PRODUCT OF THE DESIGN YIELD
DISPLACEMENT 04 AND TARGET DUCTILITY FACTOR iy

(E) FIG.11



U.S. Patent Jul. 30, 2002 Sheet 12 of 24 US 6,425,157 Bl

(E)

l — 127
THE SET MEMBER SECTIONS OF THE RC RIGID FRAME 2 AND
THE DAMPER-BRACE 3 ARE USED TO GENERATE THE
STRUCTURE ANALYSIS MODEL OF THE INFRASTRUCTURE 1,
AND STATIC NONLINEAR ANALYSIS IS PERFORMED ON THE
STRUCTURE ANALYSIS MODEL

128
Y i

THE LOAD-DISPLACEMENT RELATION OBTAINED BY THE
STATIC NONLINEAR ANALYSIS IS REPLACED WITH THE
BILINEAR CHARACTERISTIC (SEE FIG. 6), AND A
RETAINING MAXIMUM DISPLACEMENT 9§, IS EVALUATED
FROM THE BILINEAR CHARACTERISTIC

Y S~ 129
DYNAMIC NONLINEAR ANALYSIS IS PERFORMED WITH RESPECT TO
THE ASSUMED EARTHQUAKE MOTION TO OBTAIN THE RESPONSE
MAXTMUM DISPLACEMENT 08,.x OF THE INFRASTRUCTURE

Y S~ 130
THE RESPONSE MAXIMUM DISPLACEMENT §,.. IS
COMPARED WITH THE RETAINING MAXIMUM
DISPLACEMENT 6u, MEMBER RESPONSE MAXIMUM
DISPLACEMENTS 6,max CORRESPONDING TO THE
RESPONSE MAXIMUM DISPLACEMENT 0, ARE
CALCULATED FOR EACH THE RC RIGID FRAME 2
AND THE DAMPER-BRACE 3, THE MEMBER
RESPONSE MAXIMUM DISPLACEMENTS 6’max ARE
COMPARED WITH MEMBER RETAINING MAXIMUM
DISPLACEMENTS &, RESPECTIVELY, AND THE SET
SECTIONS OF THE RC RIGID FRAME 2 AND THE
DAMPER-BRACE 3 ARE THEREBY CHECKED

(F)

FIG.12




U.S. Patent Jul. 30, 2002 Sheet 13 of 24 US 6,425,157 Bl

o T ¥ of T g 41
/ /
[
Gr i WG Gr _‘G
TR H U 4 .—~46 -_- \_/'wl,%]\vaw
~+—45 45
KO O

FIG.13A

FIG.13B FIG.13C



U.S. Patent Jul. 30, 2002 Sheet 14 of 24 US 6,425,157 Bl

X (SHEAR FAILURE)

# BENDING YIELD POINT

el

FIG.14



U.S. Patent Jul. 30, 2002 Sheet 15 of 24 US 6,425,157 Bl

FIRNTTRN 77T

52

IRV

//////// ///////////////AV////{////I, /.////Y/Af}’/\v%/ ///////////////////é
/ oo i %
% o o ) Z
Z B ; Z
Z . TR I — Z
Z { | I | ] 5
Z t ! Z
% ‘ o | Z
Z | T - 7
é [ I vou hee—m 1 é
é ) 0,5 i o] [ ] .
////’// /////4// e A A

FIG.15



U.S. Patent Jul. 30, 2002 Sheet 16 of 24 US 6,425,157 Bl

B

\;_

42\

ZIRTIRN — —| TIRTTR

FIG.16



U.S. Patent Jul. 30, 2002 Sheet 17 of 24 US 6,425,157 Bl

H) ¥SHEAR FATLURE Hy
’,;"i;ENDING YIELD POINT
7 BENDING YIELD POINT
> 0 » §
FIG.17A FIG.17B
H A

+RC RIGID FRAME+DAMPER-BRACE

»RC RIGID FRAME
»DAMPER-BRACE

>4

FIG.17C



U.S. Patent

Jul. 30, 2002 Sheet 18 of 24

7

&f

US 6,425,157 Bl

71

7T 4

61{

621

/71

/

/

FIG.18




U.S. Patent

Jul. 30, 2002 Sheet 19 of 24 US 6,425,157 Bl
81
83
.
8 4
L |

H__86 /

/

82

\ —/"8 2

-/ 85

777N T7RT7&N
T~—8 8 “T~—8 8
T™—87 T™—s87
O O

FIG.19




U.S. Patent Jul. 30, 2002 Sheet 20 of 24 US 6,425,157 Bl

' y

.

FIG.20



U.S. Patent Jul. 30, 2002 Sheet 21 of 24 US 6,425,157 Bl

77

78N

39 93 '/
s <
é\gl 91Jb 0 f »

¥o)

91 91
WZ Z

FIG.21



U.S. Patent

THE BURDEN OF THE RC RIGID FRAME Prc (kN)

Do
[}
o

150

100

1
o

el
o

Jul. 30, 2002

Sheet 22 of 24

US 6,425,157 Bl

......................

....................................................................

__________________________________________________________________________________________

_________________

LOAD-DISPLACEMENT CHARACTERISTIC
OF THE SIMPLE METHOD ACCORDING TO

THE EMBODIMENT

LOAD-DISPLACEMENT CHARACTERISTIC

OF RC RIGID FRAME

20

40 60
d (mm)

FIG.22

80 100



U.S. Patent Jul. 30, 2002 Sheet 23 of 24 US 6,425,157 Bl

jG
7
84
L
82\-_ _/—82
) a5 °

N[/
94
8 6 i N F Sog /
|
\ VZNVYZZ\N
88 — T~—8 8
8 7—"T T™—8 7

FIG.23



U.S. Patent Jul. 30, 2002 Sheet 24 of 24 US 6,425,157 Bl

9 3

92 Q2

FIG.24



US 6,425,157 B1

1

ELEVATED BRIDGE INFRASTRUCTURE
DESIGN METHOD

BACKGROUND OF THE INVENTION

The present invention relates to an elevated bridge, par-
ticularly to a railway elevated bridge infrastructure and the
design method thereof.

Moreover, the present invention relates to a seismic
reinforcement process for reinforcing a reinforced concrete
(RC) member in which shear failure precedes bending
failure against earthquakes.

Furthermore, the present invention relates to a seismic
frame structure requiring seismic properties and the design
method thereof, particularly to a seismic frame structure and
design method which are applied to the infrastructure of an
elevated bridge for use in roads, railways, and the like.

A bridge on which railways, and transport vehicles such
as cars run includes a bridge crossing rivers, straits, and the
like in a narrow sense, and also includes a so-called elevated
bridge continuously constructed in the streets. Such elevated
bridge is continuously constructed on the road, the railway,
or the space over the river from the viewpoint of efficient
land utilization, and the road or the railway under the
clevated bridge is three-dimensionally crossed, which also
contributes to the relief of traffic jams.

Additionally, such elevated bridge infrastructure is usu-
ally constructed as a rigid frame structure of a reinforced
concrete (RC) in many cases, but during design/
construction, of course, the soundness of the elevated bridge
itself during an earthquake, and also the safety of the
running transport vehicle have to be sufficiently studied.

Under the circumstances, the present applicants have
proposed an elevated bridge infrastructure in which a
damper-brace is disposed in the rigid frame of the reinforced
concrete, and it has been found that both the seismic
property and the running safety can be enhanced according
to the constitution.

However, no seismic design method has been established,
and the development of a design technique which can
efficiently and economically secure the seismic property and
running safety has been desired.

Moreover, different from the bending failure, the shear
failure of an RC member rapidly advances due to lack of
ductility, and brings a fatal damage to the structure in many
cases. Particularly, the shear failure of a pillar material
caused by the action of a seismic load causes large damage
to the structure in many cases, and for a short pillar which
has a small shear span ratio and onto which a large axial
force acts, and the like, the concrete of a pillar core part
bursts into destruction by the compound action of a large
axial direction stress and shear stress, and the pillar rapidly
loses its load bearing capacity.

Therefore, in the structure design, the shear failure has to
be avoided to the utmost, and for the current RC member in
which the shear failure possibly precedes bending failure,
seismic reinforcement is necessary, such as the winding of
carbon fibers around a periphery and the winding of steel
plates.

In this method, it is possible to enhance the shear load
bearing capacity of an RC member and prevent the shear
failure beforehand, but on the other hand, since the carbon
fiber has to be wound over the entire member length,
construction requires much time, and the method cannot
necessarily be optimum as the seismic reinforcement pro-
cess from an economical point of view.
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Moreover, the infrastructure of the elevated bridge in
which the damper-brace is disposed in the RC rigid frame is
expected in the future because the seismic property can be
enhanced as described above. However, when a steel frame
eccentric brace is disposed in the RC rigid frame and a
damper is interposed between the steel frame eccentric brace
and the RC rigid frame, and when the damper has a small
allowable deformation amount, such as a hysteresis shear
damper, the damper is first ruptured in a big earthquake, and
there has been a problem in that the ductility of the RC rigid
frame cannot sufficiently be utilized.

Furthermore, when the damper is ruptured with a rela-
tively small deformation, the load bearing capacity of the
damper or the RC rigid frame has to be increased, but in this
case, a foundation and a pile are naturally required to have
a load bearing capacity increase, and consequently, the
entire structure has a large section, which has caused a cost
problem.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide an elevated bridge infrastructure and the design
method thereof in which the seismic property and running
safety can more efficiently and economically be secured.

It is a further object of the present invention to provide a
seismic reinforcement process of an RC frame in which
shear failure can be prevented beforehand without requiring
much construction time.

It is another object of the present invention to provide a
seismic frame structure and the design method thereof which
can enhance the seismic property without providing a
damper or an RC rigid frame with a large section.

With the foregoing object in view, the present invention
provides a method for designing an elevated bridge infra-
structure that includes an RC rigid frame and a damper-brace
disposed in a structural plane. The method comprises the
steps of: setting a target ductility factor g, and a target
natural period T, for the infrastructure in an assumed
earthquake motion; obtaining a yield seismic coefficient
corresponding to the target ductility factor u, and the target
natural period T, from a yield seismic coefficient spectrum
corresponding to the assumed earthquake motion to provide
a design seismic coefficient K, and obtaining a target yield
rigidity K,; corresponding to the target natural period T;
using the design seismic coefficient K, to obtain a design
horizontal load bearing capacity H, and obtaining a dis-
placement corresponding to the design horizontal load bear-
ing capacity H, as a design yield displacement 3, from the
target yield rigidity K,; distributing the design horizontal
load bearing capacity H, to a horizontal force Hto be borne
by the RC rigid frame and a horizontal force H,, to be borne
by the damper-brace; and setting member sections of the RC
rigid frame and the damper-brace so that the RC rigid frame
and the damper-brace resist the horizontal forces Hy, H,, with
an ultimate load bearing capacity, and displacements corre-
sponding to the horizontal forces Hy, H, equal a product of
the design yield displacement d, and the target ductility
factor u,.

Here, by performing the steps until setting the member
sections of the RC rigid frame and the damper-brace as
described above, the section design of the elevated bridge
infrastructure is completed once, but subsequently the set
member sections may be checked.

The present invention also provides an elevated bridge
infrastructure comprising an RC rigid frame and a damper-
brace disposed in a structural plane, wherein member sec-



US 6,425,157 B1

3

tions of the RC rigid frame and the damper-brace are set by
setting a target ductility factor u, and a target national period
T, of the infrastructure in an assumed earthquake motion,
obtaining is a yield seismic coefficient corresponding to the
target ductility factor g, and the target natural period T ; from
a yield seismic coefficient spectrum corresponding to the
assumed earthquake motion to provide a design seismic
coefficient K,, obtaining a target yield rigidity K, corre-
sponding to the target natural period T,, using the seismic
coefficient K, to obtain a design horizontal load bearing
capacity H, obtaining a displacement corresponding to the
design horizontal load bearing capacity H, as a design yield
displacement &, from the target yield rigidity K, and
distributing the design horizontal load bearing capacity H,
to a horizontal force H, to be borne by the RC rigid frame
and a horizontal force H,, to be borne by the damper-brace,
so that the RC rigid frame and the damper-brace resist the
horizontal forces Hp H, with an ultimate load bearing
capacity and displacements corresponding to the horizontal
forces Hy, Hy, equal a product of the design yield displace-
ment d, and the target ductility factor u,.

Here, by performing the steps until setting the member
sections of the RC rigid frame and the damper-brace as
described above, the section design of the elevated bridge
infrastructure is completed once, but subsequently the set
member sections may be checked.

The present invention further provides a method for
designing an elevated bridge infrastructure that includes an
RC rigid frame and a damper-brace disposed in a structural
plane. The method comprises the steps of: setting a target
ductility factor u#, and a target natural period T, for the
infrastructure in an assumed earthquake motion; obtaining
an elastic response spectrum seismic coefficient correspond-
ing to the target natural period T, from an elastic response
spectrum corresponding to the assumed earthquake motion;
applying the elastic response spectrum seismic coefficient
and the target ductility factor u#, to Newmark’s rule of
constant potential energy to calculate a design seismic
coefficient K, and obtaining a target yield rigidity K,
corresponding to the target natural period T, using the
design seismic coefficient K, to obtain a design horizontal
load bearing capacity H; and obtaining a displacement
corresponding to the design horizontal load bearing capacity
H, as a design yield displacement §, from the target yield
rigidity K;; distributing the design horizontal load bearing
capacity H, to a horizontal force H, to be borne by the RC
rigid frame and a horizontal force H, to be borne by the
damper-brace; and setting member sections of the RC rigid
frame and the damper-brace so that the RC rigid frame and
the damper-brace resist the horizontal forces H, H,, with an
ultimate load bearing capacity, and displacements corre-
sponding to the horizontal forces Hy, H, equal a product of
the design yield displacement 8, and the target ductility
factor u,,.

Here, by performing the steps until setting the member
sections of the RC rigid frame and the damper-brace as
described above, the section design of the elevated bridge
infrastructure is completed once, but subsequently the set
member sections may be checked.

The present invention further provides an elevated bridge
infrastructure comprising an RC rigid frame and a damper-
brace disposed in a structural plane, wherein member sec-
tions of the RC rigid frame and the damper-brace are set by
setting a target ductility factor u, and a target natural period
T, of the infrastructure in an assumed earthquake motion,
obtaining an elastic response spectrum seismic coefficient
corresponding to the target natural period T, from an elastic
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response spectrum corresponding to the assumed earthquake
motion, applying the elastic response spectrum seismic
coefficient and the target ductility factor T, to Newmark’s
rule of constant potential energy to calculate a design
seismic coefficient K;,, obtaining a target yield rigidity K,
corresponding to the target natural period T, using the
design seismic coefficient K, to obtain a design horizontal
load bearing capacity H,, obtaining is a displacement cor-
responding to the design horizontal load bearing capacity H,
as a design yield displacement §, from the target yield
rigidity K, and distributing the design horizontal load
bearing capacity H, to a horizontal force H, to be borne by
the RC rigid frame and a horizontal force H,, to be borne by
the damper-brace, so that the RC rigid frame and the
damper-brace resist the horizontal forces H, H, with an
ultimate load bearing capacity and displacements corre-
sponding to the horizontal forces Hy, H,, equal a product of
the design yield displacement 3, and the target ductility
factor u,.

Here, by performing the steps until setting the member
sections of the RC rigid frame and the damper-brace as
described above, the section design of the elevated bridge
infrastructure is completed once, but subsequently the set
member sections may be checked.

The present invention further provides a method for
designing an elevated bridge infrastructure that includes an
RC rigid frame and a damper-brace disposed in a structure
plane. The method comprises the steps of: setting a target
ductility factor g, and a target natural period T, for the
infrastructure in an assumed earthquake motion; obtaining
an elastic response spectrum seismic coefficient correspond-
ing to the target natural period T, from an elastic response
spectrum corresponding to the assumed earthquake motion;
dividing the elastic response spectrum seismic coefficient by
a response modification factor determined by a structure
type to calculate a design seismic coefficient k,, and obtain-
ing a target yield rigidity K, corresponding to the target
natural period T; using the design seismic coefficient K, to
obtain a design horizontal load bearing capacity H, and
obtaining a displacement corresponding to the design hori-
zontal load bearing capacity H, as a design yield displace-
ment 8, from the target yield rigidity K distributing the
design horizontal load bearing capacity H, to a horizontal
force H to be borne by the RC rigid frame and a horizontal
force H, to be borne by the damper-brace; and setting
member sections of the RC rigid frame and the damper-
brace so that the RC rigid frame and the damper-brace resist
the horizontal forces Hy, H, with an ultimate load bearing
capacity, and displacements corresponding to the horizontal
forces H, H,, equal a product of the design yield displace-
ment 8, and the target ductility factor u,.

Here, by performing the steps until setting the member
sections of the RC rigid frame and the damper-brace as
described above, the section design of the elevated bridge
infrastructure is completed once, but subsequently the set
member sections may be checked.

The present invention further provides an elevated bridge
infrastructure comprising an RC rigid frame and a damper-
brace disposed in a structural plane, wherein member sec-
tions of the RC rigid frame and the damper-brace are set by
setting a target ductility factor s, and a target natural period
T, of the infrastructure in an assumed earthquake motion,
obtaining an elastic response spectrum seismic coefficient
corresponding to the target natural period T, from an elastic
response spectrum corresponding to the assumed earthquake
motion, dividing the elastic response spectrum seismic coef-
ficient by a response modification factor determined by a
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structure type to calculate a design seismic coefficient k,,
obtaining a target yield rigidity K, corresponding to the
target natural period T, using the design seismic coefficient
K, to obtain a design horizontal load bearing capacity H,,
obtaining a displacement corresponding to the design hori-
zontal load bearing capacity H, as a design yield displace-
ment d,, from the target yield rigidity K, and distributing the
design horizontal load bearing capacity H, to a horizontal
force H, to be borne by the RC rigid frame and a horizontal
force H, to be borne by the damper-brace, so that the RC
rigid frame and the damper-brace resist the horizontal forces
H, H, with an ultimate load bearing capacity and the
displacements corresponding to the horizontal forces H, H,,
equal a product of the design yield displacement 3, and the
target ductility factor u,.

Here, by performing the steps until setting the member
sections of the RC rigid frame and the damper-brace as
described above, the section design of the elevated bridge
infrastructure is completed once, but subsequently the set
member sections may be checked.

As the infrastructure of the elevated bridge, the infrastruc-
ture comprising the RC rigid frame and the damper-brace
disposed in the structural plane is considered. However, the
damper-brace mentioned herein means a structure including
a brace disposed in the structural plane of the RC rigid frame
and a hysteresis damper interposed between the brace and
the RC rigid frame, in the brace or between braces, and brace
shapes such as Y, X and K types and the hysteresis damper
types such as shear and bending types, are arbitrary.
Moreover, the constitution of the RC rigid frame is also
arbitrary, and for example, the presence/absence of a foun-
dation beam is not limiting.

Moreover, the present invention is mainly applied to a
railway elevated bridge, but its use is arbitrary, and a
highway elevated bridge is also included.

The present invention further provides a seismic rein-
forcement process of an RC frame comprising the steps of:
partially cutting a main reinforcement bar of an RC member
to shift failure property of the RC member from a shear
failure preceding type to a bending failure preceding type.

The present invention further provides a seismic rein-
forcement process of an RC frame comprising the steps of:
partially cutting a main reinforcement bar of an RC pillar
member constituting an RC rigid frame to shift failure
property of the RC member from a shear failure preceding
type to a bending failure preceding type; and attaching a
damper-brace mechanism in a plane of the RC rigid frame.

The present invention further provides a seismic frame
structure comprising: an RC rigid frame including a pair of
pillars vertically disposed in positions opposite to each other
and a beam extended between tops of the pillars; an inverse
V-shaped or V-shaped eccentric brace material disposed in a
structural plane of the RC rigid frame and having both ends
pin-connected to vicinities of middle positions of the pillars;
and a damper interposed between an upper end of the inverse
V-shaped eccentric brace material and the beam or between
a lower end of the V-shaped eccentric brace material and a
foundation beam for connecting leg parts of the pillars.

The present invention further provides a design method
for a seismic frame structure that includes an RC rigid frame
including a pair of pillars vertically disposed in positions
opposite to each other and a beam extended between tops of
the pillars, an inverse V-shaped eccentric brace material
disposed in a structural plane of the RC rigid frame and
having both ends pin-connected to vicinities of middle
positions of the pillars, and a damper interposed between an
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upper end of the inverse V-shaped eccentric brace material
and the beam. The method comprises the steps of:
modeling the seismic frame structure by disassembling
the seismic frame structure into two models, i.e. an RC
analysis model obtained by replacing a rigid joint of the
RC rigid frame with a rotational spring and a damper-
brace analysis model obtained by replacing the pillar
and the beam with a wvirtual rigid pillar and a virtual
rigid beam, pin-connecting the virtual rigid pillar to the
virtual rigid beam, and interposing the damper between
the virtual rigid beam and the upper end of the eccentric
brace material;
in design of an external force P to be exerted to the
seismic frame structure, obtaining a load P, of the
damper-brace analysis model from the following
equation,

Py=(hIRH,

in which h' denotes a height from a leg part of the virtual
rigid pillar to the virtual rigid beam, h' denotes a height from
a brace connecting position of the virtual rigid pillar to the
virtual rigid beam, and H,, denotes a damper load displace-
ment characteristic, and obtaining a load P,. of the RC
analysis model from the following equation,

P, =P-P,;

and
exerting P, to the damper-brace analysis model, exerting
P,. to the RC analysis model to perform individual
elasto-plastic analyses, and performing a section design
of the seismic frame structure.

The site to which the seismic framework structure accord-
ing the present invention is to be applied is arbitrary, and the
present invention may be applied, for example, to a building
seismic wall, or a bridge pier as the elevated bridge infra-
structure. Additionally, the elevated bridge conceptually
includes elevated bridges for railways, highways, and the
like, and needless to say, its use is arbitrary.

A steel frame brace material can mainly be employed as
the eccentric brace material.

For the damper, a hysteresis shear damper constituted
from an excessively soft steel, a slitted thin steel plate, or the
like is typically used, but a damper of any principle or
structure may be used as long as a damping is generated by
relative horizontal deformation and the sufficient deforma-
tion cannot be secured. A hysteresis bending damper, and the
like can also be employed.

‘When both ends of the eccentric brace material are pinned
to certain places of the pillars, “the vicinity of the middle
position” of the present invention means an appropriate
position between the pillar leg part and head part excluding
these parts, and is not limited to a pillar bisector point, and
the setting of (h'/h) is a matter of design.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present invention will become more apparent from the
following description taken in connection with the accom-
panying drawings, in which

FIG. 1 is a flowchart showing the design method of an
elevated bridge infrastructure in a first embodiment accord-
ing to the present invention;

FIG. 2 is similarly a flowchart showing the design method
of the elevated bridge infrastructure in the first embodiment;

FIG. 3 is a front view of the elevated bridge infrastructure
as seen from abridge axial direction according to the present
invention;
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FIG. 4 is a graph showing a yield secismic coefficient
spectrum,

FIG. 5 is a graph showing the horizontal force and
deformation performance of an RC rigid frame and a
damper-brace;

FIG. 6 is a graph showing a load-displacement relation-
ship obtained by a static nonlinear analysis;

FIG. 7 is a front view of the elevated bridge infrastructure
as seen from the bridge axial direction according to a
modified example;

FIG. 8 is a flowchart showing the design method of an
elevated bridge infrastructure in a second embodiment
according to the present invention;

FIG. 9 is similarly a flowchart showing the design method
of the elevated bridge infrastructure in the second embodi-
ment;

FIG. 10 is a graph showing an elastic response spectrum;

FIG. 11 is a flowchart showing the design method of an
elevated bridge infrastructure in a third embodiment accord-
ing to the present invention;

FIG. 12 is similarly a flowchart showing the design
method of the elevated bridge infrastructure in the third
embodiment;

FIG. 13A is a front view showing an elevated bridge
infrastructure to which a seismic reinforcement process of
an RC frame according to the present invention is applied;

FIG. 13B is a horizontal sectional view taken along line
G—G before the reinforcement;

FIG. 13C is similarly a horizontal sectional view along the
line G—G@G after the reinforcement;

FIG. 14 is a schematic view showing an effect of the
seismic reinforcement process of the RC frame according to
the present invention;

FIG. 15 is a sectional view showing another structure to
which the seismic reinforcement process of the RC frame of
the present invention is applied;

FIG. 16 is a front view showing an elevated bridge
infrastructure to which a seismic reinforcement process of
an RC frame according to the present invention is applied;

FIGS. 17A-17C are diagrams showing an effect of the
seismic reinforcement process of the RC frame according to
the present invention, wherein FIG. 17A shows a restoring
force characteristic in the RC rigid frame alone, FIG. 17B
shows the restoring force characteristic of the damper-brace
mechanism alone, and FIG. 17C shows the entire restoring
force characteristic;

FIG. 18 is a front view showing an another structure to
which the seismic reinforcement process of the RC frame of
the present invention is applied,

FIG. 19 is a front view of an elevated bridge infrastructure
as a seismic frame structure according to the present inven-
tion as seen from the bridge axial direction;

FIG. 20 is a schematic view showing an effect of the
elevated bridge infrastructure;

FIG. 21 is a schematic view showing a design method of
a seismic frame structure according to the present invention;

FIG. 22 is a graph showing a result obtained by verifying
the appropriateness of the seismic frame structure design
method according to the present invention;

FIG. 23 is a front view of a modified elevated bridge
infrastructure as the seismic frame structure as seen from the
bridge axial direction; and

FIG. 24 is a schematic diagram showing a modified
seismic frame structure design method.

10

15

20

25

30

35

40

45

50

55

60

65

8

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIGS. 1 and 2 are flowcharts showing the flow of the
design method of an elevated bridge infrastructure in a first
embodiment according to the present invention, and FIG. 3
is a front view of an elevated bridge infrastructure 1 as seen
from a bridge axial direction designed/constructed from
such design method.

As shown in FIG. 3, the infrastructure 1 of the elevated
bridge is constituted of a reinforced concrete rigid frame 2
hereinafter RC rigid frame 2 and a damper-brace 3 disposed
in a structural plane. The damper-brace 3 is provided with an
inverted V-shaped steel frame brace 4 disposed in the
structural plane of the reinforced concrete rigid frame 2, and
a hysteresis damper 5 connecting the top of the steel frame
brace 4 to the under surface of the middle of the beam of the
RC rigid frame 2. Moreover, a superstructure 7 constituted
of a bridge girder, and the like is extended above the
infrastructure 1, and the infrastructure 1 and superstructure
7 constitute a railway elevated bridge 8.

Additionally, when a required horizontal rigidity can be
secured by disposing the damper-brace 3, a foundation beam
10 for connecting footings 9, 9 formed on leg parts of the RC
rigid frame 2 may be omitted. The omission of the founda-
tion beam 10 can remarkably reduce the construction cost of
the infrastructure 1.

In order to design the infrastructure 1 of the elevated
bridge, as shown in the flowcharts of FIGS. 1 and 2, first a
target ductility factor i, and target natural period T, for the
infrastructure 1 are set in connection with an assumed
earthquake motion (step 101).

Specifically, the target values of the ductility factor and
natural period of the infrastructure 1 when the assumed
earthquake motion is received are set as the target ductility
factor u, and target natural period T, respectively.

Here, as the assumed earthquake motion, for example, a
huge earthquake which occurs substantially once in the use
period of the infrastructure 1 can be considered. Moreover,
the target ductility factor y, can be set to u=about 3.0, for
example, from the property of the damper-brace 3, and the
target natural period T, can be set to T =about 0.5 second,
for example, from the viewpoint of the railway running
safety. Additionally, as described above, the assumed earth-
quake motion described herein includes the influence of a
surface ground layer.

Subsequently, a yield seismic coefficient for the target
ductility factor y; and target natural period T, is obtained
from a yield seismic coefficient spectrum for the assumed
earthquake motion as a design seismic coefficient K, (step
102). FIG. 4 shows the yield seismic coefficient spectrum.

For the yield seismic coefficient spectrum, since the
maximum action horizontal force when the assumed earth-
quake motion is inputted to a vibration system having an
arbitrary yield load bearing capacity is calculated using a
ductility factor u=1, 2, 3 . . . as a parameter, and the
calculation result is divided by a weight in a dimensionless
manner and plotted as the yield seismic coefficient, by
associating the target ductility factor 1, and target natural
period T, with the ductility factor as the parameter of the
yield seismic coefficient spectrum and the natural period of
the abscissa, respectively, a value on the ordinate can be read
as the yield seismic coefficient. Specifically, referring to
FIG. 4, for example, the target ductility factor u, indicates 3
and the target natural period T, indicates 0.5 second in a
place shown by a circle mark of FIG. 4, the yield seismic
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coefficient is about 0.44, and the design seismic coefficient
K, therefore indicates 0.44.

On the other hand, a target yield rigidity K, corresponding
to the target natural period T, is obtained (step 103). The
target yield rigidity K, can be calculated from K,_2m/T)
*W/g (g; gravitational acceleration) using the effective
weight W of the infrastructure 1.

Subsequently, the design seismic coefficient K, is used to
obtain a design horizontal load bearing capacity H, and a
displacement corresponding to the design horizontal load
bearing capacity H, is obtained as a design yield displace-
ment 3, from the target yield rigidity K, (step 104). The
design horizontal load bearing capacity H; can be calculated
by multiplying the design seismic coefficient K, by the
effective weight W of the infrastructure 1, that is, as
H_=WK,. Moreover, the design yield displacement 3, is
calculated by dividing the design horizontal load bearing
capacity H, by the target yield rigidity K, that is, as
0,=H/K,.

Subsequently, the design horizontal load bearing capacity
H,, is distributed into a horizontal force H,to be borne by the
RC rigid frame 2 and a horizontal force H,, to be borne by
the damper-brace 3 (step 105). Here, the distribution may be
performed with an arbitrary ratio.

Next, member sections of the RC rigid frame 2 and the
damper-brace 3 are set so that the RC rigid frame 2 and the
damper-brace 3 resist the horizontal forces H, H, with
ultimate load bearing capacities and displacements corre-
sponding to the horizontal forces Hy, H,, equal the product of
the design yield displacement &, and target ductility factor
Uy that is, du, (step 106). FIG. 5 shows the correlation of
H, H, H,, d,, t,, and d,u,.

The setting of the member sections will concretely be
described with respect to the RC rigid frame 2. First, a pillar
section size is determined so that the design yield displace-
ment O, is generated when the horizontal force Hacts on the
RC rigid frame 2. Subsequently, the steel reinforcement
amount of shear reinforcement bars is determined so that the
deformation performance exceeds O u,. Moreover, in order
to determine the steel reinforcement amount (steel reinforce-
ment amount of main reinforcement bars) of the pillar of the
RC rigid frame 2, not a pillar bend yield load bearing
capacity, but a bend ultimate load bearing capacity is used.

On the other hand, for the damper-brace 3, the member
section may be set so that the damper-brace 3 resists the
horizontal force H, with the ultimate load bearing capacity
and the displacement corresponding to the force equals the
product of the design yield displacement &, and target
ductility factor u,, that is, O ;. Additionally, the hysteresis
damper 5 constituting the damper-brace 3 can be constituted,
for example, as a shear type damper formed of a low yield
point steel.

Subsequently, the set member sections of the RC rigid
frame 2 and the damper-brace 3 are used to generate the
structure analysis model of the infrastructure 1, and static
nonlinear analysis is performed on the structure analysis
model (step 107).

Subsequently, the load-displacement relationship of FIG.
6 obtained by the static nonlinear analysis is replaced with
a bilinear characteristic as shown in FIG. 6, and a retaining
yield rigidity K, retaining yield displacement 9,, retaining
yield load bearing capacity H, and retaining maximum
displacement §,, are evaluated from the bilinear character-
istic (step 108).

Subsequently, a retaining natural period T obtained from
the retaining yield rigidity K, is used to obtain a necessary
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ductility factor u for the retaining yield load bearing capacity
H,, from the yield seismic coefficient spectrum (step 109).
For the calculation of the necessary ductility factor g, the
spectrum curve satisfying the retaining natural period T and
retaining yield load bearing capacity H, is selected, and the
ductility factor of the spectrum curve may be used as the
necessary ductility factor u (see FIG. 4).

Subsequently, a response maximum displacement §,,,, is
obtained by multiplying the necessary ductility factor u by
the retaining yield displacement 8, the response maximum
displacement d,,, ,, is compared with the retaining maximum
displacement 3, member response maximum displacements
', corresponding to the response maximum displacement
d,,... are calculated for each of the RC rigid frame 2 and the
damper-brace 3, the member response maximum displace-
ments d',, . are compared with member retaining maximum
displacements &', respectively, and the set sections of the
RC rigid frame 2 and the damper-brace 3 are thereby
checked (step 110). Subsequently, when the condition
0,,,,:<0,,, 0',,,,..<0'",, is satisfied, the design is ended, and when
the condition is not satisfied, the design returns to the step
106 to perform the section calculation again, and then the
steps 106 to 110 are repeatedly performed until the above-
described condition is satisfied.

As described above, according to the elevated bridge
infrastructure 1 and design method of the present
embodiment, since the design horizontal load bearing capac-
ity H, is distributed as the horizontal forces Hy Hy, to the RC
rigid frame 2 and the damper-brace 3, for the setting of the
member sections of the RC rigid frame 2 and the damper-
brace 3, it is sufficient to individually perform the settings
for the distributed horizontal forces Hy, Hy, and it is possible
to easily perform the section design.

This is on the assumption that the resistance against the
horizontal force acting on the entire infrastructure 1 can be
represented as the overlapped ultimate load bearing capaci-
ties of the RC rigid frame 2 and the damper-brace 3, but in
the conventional seismic design of the constructed structure,
it is not recognized that such overlapping principle can be
applied to the elasto-plastic design of the mixed structure of
reinforced concrete and steel as it is. Such mixed structure
has not been originally present in the construction field, and
the method itself of the elasto-plastic design with respect to
the mixed structure has not been established in the present
situation.

However, in the present embodiment, by assuming that
the overlapping exists, distributing the entire horizontal
force to the RC rigid frame 2 and the damper-brace 3, and
individually performing the section settings, the set sections
become remarkably reasonable, and this has been confirmed
by the present applicants through many experiments and
simulation analyses.

Moreover, according to the elevated bridge infrastructure
1 and design method of the present embodiment, since the
member section calculation is performed on the basis of not
the yield load bearing capacity, but the ultimate load bearing
capacity, the economical section design can be realized
without repeating the member section calculation.

Specifically, when the section design is performed on the
basis of the yield load bearing capacity by considering the
matching property with the use of the yield seismic coeffi-
cient spectrum, an excessively safe result is produced, and
the section setting is obliged to be repeated many times in
order to obtain an economical result.

However, it has been confirmed through many experi-
ments and simulation analyses of the applicants that the set
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sections become remarkably reasonable as a result, by
assuming that the overlapping exists as described above,
distributing the entire horizontal force to the RC rigid frame
2 and the damper-brace 3, and performing each section
setting with the ultimate load bearing capacity. Moreover, in
most cases, it iS unnecessary to set the member section
again, and the check of the member section in the step 110
can clearly be performed once by calculating the member
section in accordance with the steps 101 to 106.

Therefore, according to the present embodiment, it is
possible to easily obtain the member sections of the RC rigid
frame 2 and the damper-brace 3 while sufficiently utilizing
the ductility without performing many repetitions, and it is
therefore possible to remarkably reduce the design cost and
construction cost of the elevated bridge infrastructure 1.

In the present embodiment, the set member sections are
checked in the steps 107 to 110, but by calculating the
member sections in the steps 101 to 106 as described above,
the check of the member sections in the step 110 can clearly
be performed only once in many cases. Therefore, such
check steps may be omitted as occasion demands. Even in
the constitution, the similar action/effect as described above
can be obtained with respect to the setting of the member
sections.

Moreover, in the present embodiment, the example of the
structural plane of the RC rigid frame crossing at right
angles to the bridge axis has been described, but needless to
say, the present invention can even be applied to the RC rigid
frame along the bridge axis and the damper-brace disposed
in the structural plane.

Furthermore, in the present embodiment, the railway
elevated bridge 8 constituted by the infrastructure 1 and
superstructure 2 has been described as the example, but the
combination of the elevated bridge infrastructure of the
present invention with the superstructure is arbitrary. The
superstructure 2 is not limited as shown in FIG. 3, and an
infrastructure 31 of a type (beam slab type) in which a beam
32 is used as a superstructure slab may be used as shown in
FIG. 7.

A second embodiment will next be described.
Additionally, substantially the same components as those of
the first embodiment are denoted with the same reference
numerals and the description thereof is omitted.

FIGS. 8 and 9 are flowcharts showing the flow of the
design method of the elevated bridge infrastructure accord-
ing to the second embodiment.

To design the elevated bridge infrastructure 1 according to
the design method of the elevated bridge infrastructure of
the second embodiment, as seen from the flowcharts of
FIGS. 8 and 9, first, the target ductility factor u, and target
natural period T, for the infrastructure 1 are set in associa-
tion with the assumed earthquake motion in the procedure
similar to that of the first embodiment (step 111).

Next, the elastic response spectrum seismic coefficient
corresponding to the target natural period T, is obtained
from the elastic response spectrum corresponding to the
assumed earthquake motion, and the elastic response spec-
trum seismic coefficient and target ductility factor pu, are
applied to Newmark’s rule of constant potential energy to
calculate the design seismic coefficient K, (step 112).
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Specifically,

elastic response spectrum seimic coefficient

Vouy —1

n =

FIG. 10 shows the elastic response spectrum.

For the elastic response spectrum, since the maximum
action horizontal force when the assumed earthquake motion
is inputted to an elastic vibration system having an arbitrary
rigidity is calculated, and the calculation result is divided by
the weight in a dimensionless manner and plotted as the
elastic response spectrum seismic coefficient, by associating
the target natural period T, with the natural period of the
abscissa, a value on the ordinate can be read as the elastic
response spectrum seismic coefficient. Specifically, referring
to FIG. 10, for example, since the target natural period T,
indicates 0.5 second in a place shown by a circle mark of
FIG. 10, the elastic response spectrum seismic coefficient
indicates about 0.44.

On the other hand, the target yield rigidity K, correspond-
ing to the target natural period T, is obtained (step 113). The
target yield rigidity K, can be calculated from K =(27/T)
*W/g (g; gravitational acceleration) using the effective
weight W of the infrastructure 1.

Thereafter, in the procedure similar to the procedure using
the yield seismic coefficient spectrum (steps 104 to 106), the
respective member sections of the RC rigid frame 2 and the
damper-brace 3 are set (steps 114 to 116).

Subsequently, the set member sections of the RC rigid
frame 2 and the damper-brace 3 are used to generate the
structure analysis model of the infrastructure 1, and the static
nonlinear analysis is performed on the structure analysis
model (step 117).

Subsequently, the load-displacement relationship
obtained by the static nonlinear analysis is replaced with the
bilinear characteristic (see FIG. 6), and a retaining yield
rigidity K, retaining yield displacement d,, retaining yield
load bearing capacity H, and retaining maximum displace-
ment §, are evaluated from the bilinear characteristic (step
118).

Subsequently, the retaining natural period T obtained
from the retaining yield rigidity K is used to obtain the
elastic response spectrum seismic coefficient from the elastic
response spectrum, and the elastic response spectrum seis-
mic coefficient is applied together with the retaining yield
load bearing capacity H, to Newmark’s rule of constant
potential energy to obtain the necessary ductility factor u
(step 119).

Specifically,

(elastic response spectrum seismic coefficient]2

retaining yield load bearing capacity H,
M =
2

Subsequently, the response maximum displacement 9,,,..
is calculated by multiplying the necessary ductility factor u
by the retaining yield displacement 8, the response maxi-
mum displacement 3, is compared with the retaining
maximum displacement §,, member response maximum
displacements &',,,. corresponding to the response maxi-
mum displacement §, , are calculated for each of the RC
rigid frame 2 and the damper-brace 3, the member response
maximum displacements d',,,. are compared with member
retaining maximum displacements ', respectively, and the
set sections of the RC rigid frame 2 and the damper-brace 3
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are thereby checked (step 120). Subsequently, when the
condition d,,, <d,, 8" <8 issatisfied, the design is ended,
and when the condition is not satisfied, the design returns to
the step 116 to perform the section calculation again, and
then the steps 116 to 120 are repeatedly performed until the
above-described condition is satisfied.

Since the effect of the second embodiment is substantially
similar to that of the first embodiment, the description
thereof is omitted.

A third embodiment will next be described. Additionally,
substantially the same components as those of the first and
second embodiments are denoted with the same reference
numerals and the description thereof is omitted.

FIGS. 11 and 12 are flowcharts showing the flow of the
design method of the elevated bridge infrastructure accord-
ing to the third embodiment.

To design the elevated bridge infrastructure 1 according to
the design method of the elevated bridge infrastructure of
the third embodiment, as seen from the flowcharts of FIGS.
11 and 12, first, the target ductility factor g, and target
natural period T, for the infrastructure 1 are set in associa-
tion with the assumed earthquake motion in the procedure
similar to that of the first embodiment (step 121).

Next, the elastic response spectrum seismic coefficient
corresponding to the target natural period T, is obtained
from the elastic response spectrum corresponding to the
assumed earthquake motion, and the elastic response spec-
trum seismic coefficient is divided by a response modifica-
tion factor determined by the structure type to calculate the
design seismic coefficient K,, (step 122).

The response modification factor can be set to 2 when the
elevated bridge infrastructure is, for example, a wall type
bridge pier, set to 3 for a one-pillar bridge pier, and set to 5
for a multi-pillar bridge pier.

On the other hand, the target yield rigidity K, correspond-
ing to the target natural period T, is obtained (step 123). The
target yield rigidity K, can be calculated from K _=(27/T)
*W/g (g; gravitational acceleration) using the effective
weight W of the infrastructure 1.

Thereafter, in the procedure similar to the procedure using
the yield seismic coefficient spectrum (steps 104 to 106), the
respective member sections of the RC rigid frame 2 and the
damper-brace 3 are set (steps 124 to 126).

Subsequently, the set member sections of the RC rigid
frame 2 and the damper-brace 3 are used to generate the
structure analysis model of the infrastructure 1, and the static
nonlinear analysis is performed on the structure analysis
model (step 127).

Subsequently, the load-displacement relationship
obtained by the static nonlinear analysis is replaced with the
bilinear characteristic (see FIG. 6), and a retaining maxi-
mum displacement d,, is evaluated from the bilinear char-
acteristic (step 128).

Subsequently, dynamic nonlinear analysis is performed
with respect to the assumed earthquake motion to obtain the
response maximum displacement d,, ,  of the infrastructure
(step 129). For the dynamic nonlinear analysis, for example,
the structure analysis model subjected to the static nonlinear

analysis can be used as it is.

Subsequently, the response maximum displacement d,, .
is compared with the retaining maximum displacement &,
member response maximum displacements 9',,,. corre-
sponding to the response maximum displacement §,,,, are
calculated for each of the RC rigid frame 2 and the damper-

brace 3, the member response maximum displacements §',, ..
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are compared with member retaining maximum displace-
ments d',, respectively, and the set sections of the RC rigid
frame 2 and the damper-brace 3 are thereby checked (step
130). Subsequently, when the condition §,,,,.<8,, 8',,,,..<d', is
satisfied, the design is ended, and when the condition is not
satisfied, the design returns to the step 126 to perform the
section calculation again, and then the steps 126 to 130 are
repeatedly performed until the above-described condition is
satisfied.

Since the effect of the third embodiment is substantially
similar to that of the first embodiment, the description
thereof is omitted.

The RC frame seismic reinforcement process according to
the present invention includes the steps of partially cutting
an RC member main reinforcement bar in an RC member,
and shifting the failure property of the RC member from a
shear failure preceding type to a bending failure preceding
type. FIG. 13 shows an elevated bridge infrastructure 41 to
which such a seismic reinforcement process is applied.

The elevated bridge infrastructure 41 as an RC frame
shown in FIG. 13 is provided with RC pillar members 42, 42
as RC members and an RC beam member 43 extended
between the head parts of the RC pillar members. The RC
pillar members 42, 42 are so-called shear failure preceding
type RC members in which, since the steel reinforcement
amount of a hoop reinforcement bar 47 (see FIG. 13B) as the
shear reinforcement bar is relatively smaller than the steel
reinforcement amount of a main reinforcement bar 48, the
shear strength is low, the shear failure occurs before the
bending failure occurs, and thus brittleness failure occurs.
Additionally, the RC pillar member 42 is vertically disposed
on a footing 46 disposed on the head part of a pile 45.

In the seismic reinforcement process of the RC frame, a
part of the main reinforcement bar 48 of the shear failure
preceding type RC pillar members 42, 42 is cut in the pillar
leg and head parts as shown in FIG. 13C. For example,
among twelve main reinforcement bars 48 before the seis-
mic reinforcement is performed as shown in the example of
FIG. 13, four reinforcement bars positioned in the directions
of 0°, 90°, 180°, 270° are cut, and the main reinforcement
bars are reduced to provide eight reinforcement bars in total.

For cutting, the height at which no hoop reinforcement 47
runs is selected, and the main reinforcement bar is cut
together with the covering concrete by a diamond cutter or
the like, and after cutting, the place in which the concrete is
cut is filled with cement milk or the like as occasion
demands, so that the rust prevention of the main reinforce-
ment bar 48 or the like is preferably performed.

When parts of the main reinforcement bar 48 are cut, the
bending yield point of each RC pillar member 42 lowers, the
shear yield point relatively rises accordingly, and the failure
property of the RC pillar member shifts from the shear
failure preceding type to the bending failure preceding type.
Moreover, for each RC pillar member 42, different from the
shear failure which exhibits the brittleness failure, the failure
property exhibits much ductility, and by repeating the bend-
ing deformation along the hysteresis curve shown in FIG.
14, energy is absorbed in the form of hysteresis attenuation
during an earthquake, before failure moderately occurs.

As described above, according to the seismic reinforce-
ment process of the RC frame of the present embodiment, by
cutting a part of the main reinforcement bar 48, the failure
property of the RC pillar member 42 can shift from the shear
failure preceding type to the bending failure preceding type.

Therefore, the RC pillar member 42 fulfills the hysteresis
attenuation by the bending deformation during the
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carthquake, and absorbs the vibration energy of the entire
RC rigid frame, so that the seismic properties of the RC
pillar member 42 and the entire RC rigid frame is enhanced.
Moreover, since it is sufficient only to cut the main rein-
forcement bar 48, the seismic reinforcement can be finished
in a short time.

Additionally, when the main reinforcement bar 48 is cut,
the bending yield point of the RC pillar member 42 accord-
ingly lowers, and the RC pillar member 42 accordingly
enters the region with a smaller earthquake load, but the
hysteresis attenuation is fulfilled by repeating the bending
deformation along the hysteresis curve as described above
even if the bending yield point is exceeded. As a result, the
seismic properties of the RC pillar member 42 and the entire
RC rigid frame can be enhanced.

In the present embodiment, the seismic reinforcement
process of the RC frame of the present invention is applied
in the plane crossing at right angles to the bridge axis in the
clevated bridge infrastructure, but needless to say, the
present invention can be applied in the plane parallel to the
bridge axis. Moreover, the plane to which the damper-brace
mechanism is to be attached is arbitrary, and the mechanism
may be attached in all the planes of the RC frame, or only
in some planes.

Moreover, in the present embodiment, the seismic rein-
forcement process of the RC frame of the present invention
is applied to the elevated bridge infrastructure 41, but the
applicable object is not limited to such structure, and the
present invention can also be applied to other constructed
structures and further to seismic walls in the architectural
field.

FIG. 15 shows that the seismic reinforcement is per-
formed on a middle pillar 53 of an underground structure 52
in which a subway 51 runs, and a part of the main rein-
forcement bar 48 of the pillar is cut in a pillar leg part 53 and
pillar head part 54.

Since the middle pillar 53 of the underground structure 52
has many main reinforcement bars and less shear reinforce-
ment bars, shear failure tends to precede bending failure, but
according to the seismic reinforcement process of the
present invention, similarly to the above-described
embodiments, it is possible to shift the type of failure to the
bending failure preceding type and enhance the seismic
property.

Moreover, in the present embodiment, four main rein-
forcement bars 48 in total are cut every 90° and cutting is
performed in both the pillar leg part and pillar head part, but
the number of reinforcement bars to be cut and angular
positions are arbitrary, and needless to say, the main rein-
forcement bars may be cut in either the pillar leg part or the
pillar head part as occasion demands.

The seismic reinforcement process of the RC frame of
another preferred embodiment according to the present
invention comprises the steps of: cutting a part of the main
reinforcement of the RC pillar member constituting the RC
rigid frame to shift the failure property of the RC member
from the shear failure preceding type to the bending failure
preceding type; and attaching the damper-brace mechanism
in the plane of the RC rigid frame. Such seismic reinforce-
ment process is applied to the elevated infrastructure 41
shown in FIG. 16.

In the seismic reinforcement process of the RC frame of
the present embodiment, the main reinforcement bars 48 of
the RC pillar members 42, 42 of the shear failure preceding
type are cut in a similar manner as shown FIGS. 13A-13C,
and a damper-brace mechanism 61 is attached in the plane
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of the RC rigid frame constituted of the RC pillar members
42, 42 and RC beam member 43 extended between the head
parts as shown in FIG. 16.

The damper-brace mechanism 61 is provided with an
inverse V-shaped brace 62 and a damper 63 attached
between the top of the brace and the RC beam member 43.
The damper causes an elasto-plastic deformation when the
relative displacement between the beam member 43 and the
brace 62 is forcibly added, and absorbs the energy of the RC
rigid frame during the earthquake by the hysteresis attenu-
ation to decrease the vibration. The damper 63 can be
constituted, for example, of a low yield point steel or
ordinary steel plate provided with a slit.

‘When parts of the main reinforcement bars 48 of the shear
failure preceding type RC pillar members 42, 42 as the
constituting elements of the RC rigid frame are cut with the
diamond cutter or the like, the bending yield point of each
RC pillar member 42 lowers, the shear yield point accord-
ingly rises relatively, and the failure property of the RC
pillar member shifts from the shear failure preceding type to
the bending failure preceding type. Moreover, for each RC
pillar member 42, different from the shear failure which
exhibits the brittle failure, by repeating the bending defor-
mation along the hysteresis curve, the energy is absorbed in
the form of hysteresis attenuation during the earthquake, and
the failure moderately occurs.

Moreover, since not only the RC rigid frame but also the
damper-brace mechanism 61 bear the horizontal force dur-
ing the earthquake, the member force generated in the RC
pillar members 42, 42 is accordingly reduced. Even at the
earthquake level at which the RC pillar members 42, 42
enter the elasto-plastic region without the damper-brace
mechanism 61, in the present embodiment, the RC pillar
member 42 elastically behaves without exceeding the bend-
ing yield point.

FIGS. 17A-17C show the change of the restoring force
characteristic of the elevated bridge infrastructure 41 by the
use of the seismic reinforcement process of the present
embodiment. FIG. 17A shows the restoring force character-
istic of the RC rigid frame when no reinforcement is
performed by a broken line and the restoring force charac-
teristic when the reinforcement is performed by a solid line,
and FIG. 17B shows the restoring force characteristic of the
damper-brace mechanism 61. Moreover, FIG. 17C shows
the entire overlapped restoring force characteristics.
Additionally, FIG. 17C also shows the restoring force char-
acteristics of the RC rigid frame alone and damper-brace
mechanism alone by way of precaution.

As seen from FIG. 17C, after the seismic reinforcement is
performed, the restoring force characteristic passes from an
origin 0 via a first point A to a second point B, and thereafter
only the deformation advances.

The situation during the earthquake will concretely be
described by referring to the restoring force characteristic.
First, in a small earthquake, the RC rigid frame including the
RC pillar members 42, 42 and damper-brace mechanism 61
is deformed in accordance with the borne horizontal forces
during the earthquake, but the deformation is restricted
within the elastic range (origin 0 to first point A), and no
damage is caused in the RC rigid frame or the damper-brace
mechanism 61.

Subsequently, in a medium-degree earthquake, the
damper 63 of the damper-brace mechanism 61 is deformed
beyond the yield point (first point A to second point B), but
in such situation, the damper 63 fulfills the hysteresis
attenuation and the vibration by the earthquake therefore
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converges quickly. Moreover, since the RC rigid frame
behaves in the elastic range, no damage is generated in the
RC pillar member 42, and the soundness of the entire
structure is completely maintained. Additionally, when the
damper 63 is largely damaged, needless to say, the damper
can be changed with a new one at any time.

Moreover, in a big earthquake, the RC pillar member 42
and the damper 63 of the damper-brace mechanism 61 are
largely deformed beyond the respective yield points (on and
after the second point B), but the RC pillar member 42 and
damper 63 fulfill a large hysteresis attenuation to absorb the
earthquake energy, and the RC pillar member 42 continu-
ously supports a perpendicular load even during the final
stage in which the damper 63 is ruptured, without causing
the brittleness failure, so that the collapse of the entire
structure can be avoided beforehand.

As described above, according to the seismic reinforce-
ment process of the RC frame of the present embodiment,
the failure property of the RC pillar member 42 can be
shifted from the shear failure preceding type to the bending
failure preceding type by cutting a part of the main rein-
forcement bar 48.

Therefore, the RC pillar member 42 fulfills the hysteresis
attenuation by the bending deformation during the earth-
quake to absorb the vibration energy of the entire RC rigid
frame, and the seismic properties of the RC pillar member
42 and the entire RC rigid frame are enhanced. Moreover,
since it is sufficient only to cut the main reinforcement bar
48, it is possible to finish the seismic reinforcement in a
remarkably short time.

Moreover, according to the seismic reinforcement process
of the RC frame of the present embodiment, by attaching the
damper-brace mechanism 61 in the plane of the RC rigid
frame, a decrease of the burden horizontal force of the RC
rigid frame because of the drop of the bending yield point of
the RC pillar member 42 can be loaded onto the damper-
brace mechanism 61 such that in a medium/small earthquake
the damage and deformation of the entire structure are
minimized, and in a big earthquake the energy during the
earthquake is absorbed by the hysteresis attenuation by the
deformation of the RC pillar member 42 and damper 63, and
the collapse of the entire structure can be prevented.

Particularly, according to the present embodiment, as seen
from the restoring force characteristic of FIGS. 17A-17C,
since the damper 63 of the damper-brace mechanism 61 is
allowed to yield prior to the RC pillar member 42, no
damage is generated in the RC rigid frame including the RC
pillar member 42 at least during a medium earthquake level
or less (range to the second folded point B), and the damaged
damper 63 may appropriately be changed, so that the sound-
ness of the structure can completely be maintained at such
an earthquake level.

As not particularly referred to in the present embodiment,
if the increase of the burden horizontal force by the damper-
brace mechanism 61 is allowed to become equal to the
decrease of the burden horizontal force of the RC rigid frame
with the cutting of the main reinforcement bars 48, the
horizontal load bearing capacity of the entire structure is
unchanged. Specifically, the size of the horizontal force
acting on the footing 46 of the RC pillar member 42 during
the earthquake is unchanged before and after the
reinforcement, and the reinforcement around the foundation
is unnecessary with the above-described seismic reinforce-
ment.

Moreover, in the present embodiment, the seismic rein-
forcement process of the RC frame of the present invention
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is applied to the elevated bridge infrastructure 41, but the
applicable object is not limited to such structure, and the
present invention can also be applied to not only other
constructed structures but also to seismic walls of the
architectural field.

FIG. 18 shows an example in which the seismic rein-
forcement is performed on the RC rigid frame provided with
RC pillar members 71, 71 and RC beam members 72, 72,
and part of the main reinforcement bars 48 of the pillar
members 71 are cut in a pillar leg part 74 and pillar head part
73. Additionally, since the effect of this modified example is
substantially similar to the effect of the above-described
embodiment, the description thereof is omitted here.

Moreover, in the present embodiment, the damper 63 of
the damper-brace mechanism 61 is allowed to yield prior to
the RC pillar members 42, 42, but the proportion of the main
reinforcement bars 48 to be cut, that is, the setting of the
horizontal load bearing capacity of the RC rigid frame is
arbitrary, and it is also arbitrary to design the damper-brace
mechanism 61 so that the decrease is compensated for, or to
design the damper-brace mechanism 61 regardless of the
decrease.

FIG. 19 is a front view of the elevated bridge infrastruc-
ture as the seismic frame structure according to the present
invention as seen from the bridge axial direction. As seen
from FIG. 19, an elevated bridge infrastructure 81 of the
present embodiment comprises: an RC rigid frame 84 con-
stituted of a pair of pillars 82, 82 vertically disposed
opposite to each other like a bridge pier and a beam 83
extended between tops of the pillars 82,82; an inverse
V-shaped eccentric brace material 85 which is disposed in
the structural plane of the RC rigid frame 84 and whose both
ends are pinned to the vicinities of the middle positions of
the pillars 82, 82; and a hysteresis shear damper 86 inter-
posed between the upper end of the inverse V-shaped
eccentric brace material 85 and the beam 83. Here, the pillar
82 is vertically disposed on a footing 88 disposed on a pile
87. Moreover, the eccentric brace material 85 can be formed,
for example, of a steel frame material.

The hysteresis shear damper 86 absorbs the vibration
energy during the earthquake by the hysteresis damping, and
quickly decreases the vibration of the elevated bridge in the
direction crossing at right angles to the bridge axis.

The hysteresis shear damper 86 may be constituted by
forming a large number of slits in an ordinary thin steel
plate, or may be formed of an excessively soft steel, and it
is preferable to dispose a reinforcing rigid rib and prevent a
local buckling as occasion demands. The hysteresis shear
damper 86 may be detachably attached between the eccen-
tric brace material 85 and the beam 83 so that the damper can
be changed during maintenance.

Both ends of the inverse V-shaped eccentric brace mate-
rial 85 are pinned, for example, in the vicinity of the bisector
point of the pillar 82.

The elevated bridge infrastructure 81 is constituted so that
plastic hinges are generated in the upper and lower ends of
the pillar 82 during a big earthquake. In this case, a curvature
of the pillar 82 is generated only in the upper and lower ends,
and each pillar 82 is substantially linearly inclined in a
middle position.

Moreover, since the hysteresis shear damper 86 is sub-
jected to forcible deformation from the linearly inclined
pillar 82, as shown in FIG. 20, the relative horizontal
deformation amount &, generated in the hysteresis shear
damper 86 is reduced to be lower than the entire horizontal
deformation amount 6 generated in the RC rigid frame 84 in
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accordance with the attachment height ratio of the end of the
eccentric brace material 85, that is, (h'/h) (h; height to the
beam 83 from the leg part of the pillar 82, h'; height to the
beam 83 from the brace connection position on the pillar
82), and (h'/h) d results.

Specifically, when the end of the eccentric brace material
85 is pinned right to the bisector point of the pillar 82, the
relative horizontal deformation amount J, generated in the
hysteresis shear damper 86 is substantially %2 of the hori-
zontal deformation amount & generated in the RC rigid
frame 84.

Therefore, in this case, the RC rigid frame 84 can be
deformed twice as much as the conventional amount, with-
out failure of the hysteresis shear damper 86, and the
ductility of the RC rigid frame 84 can sufficiently be utilized.

Additionally, since the eccentric brace material 85 is
pinned to the pillar 82, no bending moment is possibly
generated in the end of the eccentric brace material 85, so
that there is no possibility that the end is subjected to the
bending failure in the pin connection place.

Subsequently, in order to design the elevated bridge
infrastructure 81 as the seismic frame structure of the
present invention, first the elevated bridge infrastructure 81
is disassembled into two models, i.e. an RC analysis mode
89 and damper-brace analysis model 90 as shown in FIG. 21.
This is developed by considering that the entire system
mixed with the RC rigid frame 84 and damper-brace
(eccentric brace material 85 and hysteresis shear damper 86)
is not suitable for practical use, because the modeling is
intricate and difficult and the analysis time is lenghtened.

Here, the RC analysis model 89 is formed on condition
that the RC rigid frame 84 is plasticized in the upper and
lower ends of the pillar 82 and the pillar head and pillar leg
of the RC rigid frame are replaced with rotational springs 91
as shown in FIG. 21.

Additionally, the rotational spring 91 is a nonlinear spring
with respect to the displacement (rotational amount), has a
large rigidity corresponding to the rigid joint in a region with
a small rotational amount, that is, in an elastic region, but is
plasticized as the deformation advances, and has a small
rigidity in a large deformation region.

On the other hand, in the damper-brace analysis model 90,
the pillar 82 and beam 83 are replaced with a virtual rigid
pillar 92 and virtual rigid beam 93, pin connected to each
other, and the hysteresis shear damper 86 is interposed
between the virtual rigid beam 93 and the upper end of the
eccentric brace material 85.

Here, since the RC rigid frame 84 is plasticized at the
upper and lower ends of the pillar 82, the pillar 82 has a
curvature only at its upper and lower ends, and is linearly
inclined in the middle position. Therefore the deformed RC
rigid frame 84 forcibly deforms the hysteresis shear damper
86 according to the ratio for the position of the pillar 82
pinned to the eccentric brace material 85, that is, (h'/h) in the
above-described example, and as a result, the hysteresis
shear damper 86 causes a relative deformation of (h'/h) 8.

Therefore, there is a sufficient engineering appropriate-
ness to replace the pillar 82 and beam 83 with the virtual
rigid pillar 92 and virtual rigid beam 93, pin-connect the
pillar and beam to each other, and interpose the hysteresis
shear damper 86 between the virtual rigid beam 93 and the
upper end of the eccentric brace material 85.

After the modeling of the RC analysis model 89 and
damper-brace analysis model 90 ends in this manner, a
design external force P to be exerted to the elevated bridge
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infrastructure 81 is distributed to the RC analysis model 89
and damper-brace analysis model 90. Specifically, P, is
applied to the damper-brace analysis model 90, P, (P,.=P-
P ) is applied to the RC analysis model 89, the elasto-
plastic analyses are individually performed, subsequently
the section design is performed according to the analysis
results, and the entire performance of the elevated bridge
infrastructure 81 is evaluated as the overlapped analysis
results.

Here, when the load deformation characteristic of the
hysteresis shear damper 86 (load curve with respect to the
relative displacement amount d) is defined as H,, the forc-
ible relative deformation (h'/h) O enters the hysteresis
damper 86, and the load P, of the damper-brace analysis
model 90 is automatically determined from the forcible
deformation, and can be represented as (h'/h)H,,.

As seen from this equation, when (h'/h) is determined, the
load P, of the damper-brace analysis model 90 is uniquelly
determined by the damper load displacement characteristic
H,.

FIG. 22 is a graph showing a result obtained by verifying
the appropriateness of the designing by a so-called simple
method as described above. FIG. 22 shows a load displace-
ment curve in which the ordinate indicates the load acting on
the RC rigid frame and the abscissa indicates the generated
displacement, a solid line is drawn by setting (h'/h) to about
0.6, setting the load P, of the RC rigid frame to (P-0.6H,)
and plotting analysis results according to the above-
described simple method, and a dotted line is drawn by
taking out only the RC rigid frame and plotting the load
displacement relation.

As seen from FIG. 22, the true load displacement relation
(dotted line) of the RC rigid frame considerably satisfacto-
rily agrees with the load displacement relation obtained by
the above-described simple method, and it can be said that
the appropriateness of the simple method is sufficiently
verified.

As described above, according to the seismic frame
structure of the present embodiment, since both ends of the
eccentric brace material 85 are connected in the vicinities of
the middle positions of the pillars 82, the relative horizontal
deformation amount generated in the hysteresis shear
damper 86 is reduced to be smaller than the horizontal
deformation amount generated in the RC rigid frame 84 in
accordance with the ratio (h'/h) of the attachment heights of
the ends of the eccentric brace material 85. For example,
when the end is connected right to the bisector point of the
pillar, the amount is reduced to provide substantially half of
the horizontal deformation amount generated in the RC rigid
frame 84.

Therefore, it is possible to deform the RC rigid frame 84
by the deformation amount twice as large as the conven-
tional amount and sufficiently utilize the ductility, and in
cooperation with the vibration energy absorption action by
the hysteresis damping of the hysteresis shear damper 86, it
is possible to secure a sufficient resistance against a big
earthquake by a more reasonable section design without
requiring a large section design.

Moreover, according to the seismic frame structure of the
present embodiment, since the eccentric brace material 85 is
pinned to the pillars 82, there is no possibility that the
bending moment is generated in the ends of the eccentric
brace material 85, so that the bending failure of the ends of
the eccentric brace material in the pin connection places can
be prevented beforehand.

Furthermore, according to the seismic frame structure of
the present embodiment, since both ends of the inverse
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V-shaped eccentric brace material 85 are attached in the
vicinities of the middle height positions of a pair of pillars
82,82, alarge space can be secured under the eccentric brace
material 85.

Therefore, the space under the eccentric brace material 85
can be used as a space for laying a business route railroad,
and effective utilization is possible in other various manners.

Additionally, according to the seismic frame structure of
the present embodiment, since the inverse V-shaped eccen-
tric brace material 85 is disposed in the structural plane of
the RC rigid frame 84, the rigidity can sufficiently be secured
by the eccentric brace material 85 in the horizontal direction
crossing at right angles to the bridge axis without installing
any foundation beam.

Moreover, according to the design method of the seismic
frame structure of the present embodiment, although the
complicated structure model with the RC rigid frame 84 and
damper-brace (eccentric brace material 85 and hysteresis
shear damper 86) mixed therein is in the prior art, the RC
rigid frame 84 and the damper-brace can independently and
individually be analyzed in a similar manner, and a remark-
ably effective simple design method can be realized in
design business.

In the present embodiment, the eccentric brace material
85 has an inverse V-shape, but instead of this, as shown in
FIG. 23, a V-shaped eccentric brace material 95 may be
employed, and the lower end may be connected via the
hysteresis shear damper 86 to a foundation beam 94 for
connecting footings 88, 88 on which the pillars 82, 82 are
vertically disposed.

Even in this constitution, the effect of the seismic frame
structure is similar to the effect of the above-described
embodiments.

Moreover, for the design method, the design can be
performed using the procedure similar to the above-
described procedure. Specifically, first, the elevated bridge
infrastructure 81 as the seismic frame structure is disas-
sembled into two and modeled similarly to the RC analysis
model 89 and damper-brace analysis model 90 shown in
FIG. 21.

Here, the RC analysis model may be similar to the RC
analysis model 89 obtained by assuming that the RC rigid
frame 84 is plasticized at the upper and lower ends of the
pillar 82, and replacing the rigid joint (pillar head and pillar
leg) of the RC rigid frame with the rotational spring 91.

On the other hand, the damper-brace analysis model may
be considered and obtained by replacing the pillar 82 and
beam 83 with the virtual rigid pillar 92 and virtual rigid
beam 93, pinning the pillar and beam to each other, also
replacing the foundation beam 94 with a virtual rigid foun-
dation beam 96 as shown in FIG. 24, pinning the beam to the
leg part of the wvirtual rigid pillar 92, and interposing the
hysteresis shear damper 86 between the virtual rigid foun-
dation beam 96 and the upper end of the eccentric brace
material 95.

We claim:

1. Amethod of designing an elevated bridge infrastructure
including a reinforced concrete rigid frame and a damper-
brace disposed in a structural plane, said method compris-
ing:

setting a target ductility factor s, and a target natural

period T, for the infrastructure in an assumed earth-
quake motion;

obtaining a yield seismic coefficient corresponding to the

target ductility factor x4, and the target natural period T,
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from a yield seismic coefficient spectrum correspond-
ing to the assumed earthquake motion to provide a
design seismic coefficient K,, and obtaining a target
yield rigidity K, corresponding to the target natural
period T ;
using the design seismic coefficient K, to obtain a design
horizontal load bearing capacity H,, and obtaining a
displacement corresponding to the design horizontal
load bearing capacity H, as a design yield displacement
d, from the target yield rigidity K,

distributing the design horizontal load bearing capacity
H,, to a horizontal force H,to be borne by the reinforced
concrete rigid frame and a horizontal force H, to be
borne by the damper-brace; and

setting member sections of the reinforced concrete rigid

frame and the damper-brace so that the reinforced
concrete rigid frame and the damper-brace are to resist
the horizontal forces H, H, with an ultimate load
bearing capacity, and displacements corresponding to
the horizontal forces Hy H, equal a product of the
design yield displacement &, and the target ductility
factor u,,.

2. The method according to claim 1, further comprising:

using the set member sections of the reinforced concrete

rigid frame and the damper-brace to generate a struc-
ture analysis model of the infrastructure;

performing static nonlinear analysis on the structure

analysis model;

performing static nonlinear analysis on the structure

analysis model;

evaluating a retaining yield rigidity K,,, a retaining yield

displacement 8, a retaining yield load bearing capacity
H, and a retaining maximum displacement , from a
load-displacement relationship obtained by the static
nonlinear analysis;

using a retaining natural period T obtained from the

retaining yield rigidity K to obtain a necessary duc-
tility factor u corresponding to the retaining yield load
bearing capacity H, from the yield seismic coefficient
spectrum;

multiplying the necessary ductility factor u by the retain-

ing yield displacement 3, to obtain a response maxi-
mum displacement 3, ,.;

comparing the response maximum displacement 9,,,.

with the retaining maximum displacement § , calculat-
ing member response maximum displacements &',
corresponding to the response maximum displacement
d,,,.. for each of the reinforced concrete rigid frame and
the damper-brace, and comparing the member response
maximum displacements 8, . with member retaining
maximum displacements &', respectively, to check the
set member sections of the reinforced concrete rigid
frame and the damper-brace.

3. A method of designing an elevated bridge infrastructure
including a reinforced concrete rigid frame and a damper-
brace disposed in a structural plane, said method compris-
ing:

setting a target ductility factor w; and a target natural

period T, for the infrastructure in an assumed earth-
quake motion;

obtaining an elastic response spectrum seismic coefficient

corresponding to the target natural period T, from an
elastic response spectrum corresponding to the
assumed earthquake motion;

applying the elastic response spectrum seismic coefficient

and the target ductility factor ¢, to Newmark’s rule of
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constant potential energy to calculate a design seismic
coefficient K,, and obtaining a target yield rigidity K,
corresponding to the target natural period T

distributing the design horizontal load bearing capacity
H,, to a horizontal force H,to be borne by the reinforced
concrete rigid frame and a horizontal force H, to be
borne by the damper-brace; and

setting member sections of the reinforced concrete rigid
frame and the damper-brace so that the reinforced
concrete rigid frame and the damper-brace are to resist
the horizontal forces H, H, with an ultimate load
bearing capacity, and displacements corresponding to
the horizontal forces H, H, equal a product of the
design yield displacement d, and the target ductility
factor u,.

4. The method according to claim 3, further comprising;:

using the set member sections of the reinforced concrete
rigid frame and damper-brace to generate a structure
analysis model of the infrastructure;

performing static nonlinear analysis on the structure
analysis model;

evaluating a retaining yield rigidity K, a retaining yield
displacement 8, a retaining yield load bearing capacity
H, and a retaining maximum displacement 0, from a
load-displacement relationship obtained by the static
nonlinear analysis;

using a retaining natural period T obtained from the
retaining yield rigidity K, to obtain an clastic response
spectrum seismic coefficient from an elastic response
spectrum;

applying the elastic response spectrum seismic coefficient
together with the retaining yield load bearing capacity
H, to Newmark’s rule of constant potential energy to
obtain a necessary ductility factor g

multiplying the necessary ductility factor u# by the retain-
ing yield displacement d, to obtain a response maxi-
mum displacement § and

comparing the response maximum displacement 9,
with the retaining maximum displacement d,,, calculat-
ing member response maximum displacements ',
corresponding to the response maximum displacement
d,,.. for each of the reinforced concrete rigid frame and
the damper-brace, and comparing the member response
maximum displacements &', with member retaining
maximum displacements &', respectively, to check the
set member sections of the reinforced concrete rigid
frame and the damper-brace.

5. Amethod of designing an elevated bridge infrastructure
including a reinforced concrete rigid frame and a damper-
brace disposed in a structural plane, said method compris-
ing:
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setting a target ductility factor g, and a target natural
period T, for the infrastructure in an assumed earth-
quake motion;

obtaining an elastic response spectrum seismic coefficient
corresponding to the target natural period T, from an
elastic response spectrum corresponding to the
assumed earthquake motion;

dividing the elastic response spectrum seismic coefficient
by a response modification factor determined by a
structure type to calculate a design seismic coefficient
K,,, and obtaining a target yield rigidity K, correspond-
ing to the target natural period T;

using the design seismic coefficient K, to obtain a design
horizontal load bearing capacity H,, and obtaining a
displacement corresponding to the design horizontal
load bearing capacity H, as a design yield displacement
d, from the target yield rigidity K

distributing the design horizontal load bearing capacity
H, to a horizontal force H,to be borne by the reinforced
concrete rigid frame andf a horizontal force H, to be
borne by the damper-brace; and

setting member sections of the reinforced concrete rigid
frame and the damper-brace so that the reinforced
concrete rigid frame and the damper-brace are to resist
the horizontal forces Hy, H, with an ultimate load
bearing capacity, and displacements corresponding to
the horizontal forces H, H, equal a product of the
design yield displacement &, and the target ductility
factor u,,.

6. The method according to claim 5, further comprising:

using the set member sections of the reinforced concrete
rigid frame and the damper-brace to generate a struc-
ture analysis model of the infrastructure;

performing static nonlinear analysis on the structure
analysis model;

evaluating a retaining maximum displacement §, from a
load-displacement relationship obtained by the static
nonlinear analysis;

performing dynamic nonlinear analysis on the assumed
earthquake motion to obtain a response maximum
displacement 9, of the infrastructure; and

comparing the response maximum displacement 9,,,.
with the retaining maximum displacement 3,,, calculat-
ing member response maximum displacements ', .
corresponding to the response maximum displacement
d,,... for each of the reinforced concrete rigid frame and
the damper-brace, and comparing the member response
maximum displacements &', with member retaining
maximum displacements &', respectively, to check the
set member sections of the reinforced concrete rigid
frame and the damper-brace.

% * * & #*
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