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ABSTRACT
A three-year research program on
"Development of Menshin Design of Highway

Bridges™ was made from April 1989 to March 1992.
Concentrated efforts were pald to develop energy
dissipating devices and falling-off prevention
devices for ©bridges. An appropriate design
method of  highway bridges with energy
dissipating devices and favorable application of
the menshin design to highway bridges were
studied. Final accomplishment of the three-year
research was complled in the form of "Manual for
Menshin Design of Highway Bridges” in March
1992, Thls paper outlines the Manuals.

KEY WORDS
Menshin Design, Hlghway Bridge, Jolnt Research
Program, Manual for Menshln Design

1. INTRODUCTION

A three-year Joint Research Program between
the Public Works Research Institute and 26
groups consisting of 28 private flrms on
"Bevelopment of Menshin Deslgn of Highway
Bridges” was made from April 1989 to March 1992,
This program intended to develop a rational
selsmic design method of highway brldges with
energy dissipating devices. The highway bridges
with span length from 20 m to 100 m were
considered as the major target for this Joint
Research Program.

As wIll be discussed later, "menshin" means
"reduction of response” [n Japanese. Although
the menshin design s close with the
base-lsolation, natural perlod of bridge 1s not
foreibly elongated In the menshln design, because
there are varlous restrictlons for Increasing the
natural perlod. Instead of elongating the natural
perfod, emphasis {s placed In the menshin design
for increasing energy dissipatlng capabillity and
distribution of lateral force to as many
substructures as possible for decreasing lateral
force for design of substructures.

As shown In Table 1, concentrated efforts
were paid to 1) development of menshin (energy
dlssipating) devices for highway bridges, 2)
development of falllng-off preventlon devices
and expansion jolnts approprlate for the menshin
bridges, 3) development of rational and slmple
menshin design method and 4) favorabie
appllcation of menshin design to hlghway brldges.

In the research project, four high damping
rubber bearings, 2 sliding frletion dampers, a
steel damper, a roller menshin bearing a link
bearing and a viscous damper were newly

developed for bridges (refer to Flg. 1). The
menshin devices for highway bridges have to be
more compact and more weather-proof than the
base-Isolation devices for bulldings since the
menshin devices are Installed at narrow and
exposed crest of bridge columns.

The knock-off mechanism at an abutment to
ease the lmpact force Induced by the collision
between the deck and the abutment (refer to
Photo 1), and a finger type expanslon joint
(refer to Photo 2) which Is distinguished from
regular finger jolnts by the transverse movement
as well as the longitudinal movement were alse
developed.

in the research project, a slmple but
rational menshin design method was developed. A
series of shaking table tests were made to study
the response of menshin bridges, and to provide
realistic data of the seismic response of menshin
bridges (refer to Phote 3). Analysis of strong
motion records measured at 3 menshin bridge was
also made.

From the study to Investigate the favorable
application of menshln design, it was found that
the menshin deslign is effective for constructing
super-multi-span continuous bridge with total
deck length over 1 km Appllication of the menshin
design for selsmic retrofit of exiting bridges and
deck connectlon for makipng existing simply
supported glrder bridges contlnuous was also
studled (refer to Photo 4).

The reports of the project were complled and
published by the Publlc Works Research Institute
in the form of the Joint Research Report. As well
as these reports. as the finzl accomplishment of
the three-year research program, the Manual for
Menshin Deslgn of Highway Bridges was compiled.

This paper bpresents the outline of the
Manual.

2. SCOPES AND CONTENTS OF THE MANUAL

The Manual presents the seismic design method
of hlghway bridges including design details when
"the Structures Expecting Reductlon of Inertia
Forece”, which Is specified In the "Part V Selsmlc
Deslgn™ of the T"Specifications of Design of
Highway Bridges”, ls adopted Appllcation of the

1) Head of Earthguake Englneering Divisien,
Earthquake Dilsaster Prevention Department,
Public Works Research Institute, Minlstry of
Constructlon

2) Assistant Manager of Planning Division,
Bureau, Ministry of Construction Proper

3) Technical Research Divlslon, Kantoh Reglonal
Constructlon Bureau, Minlstry of Construction
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menshin deslgn to selsmic strengthening of
substructures and connectlon of adjacent decks
for making existing simply supported glrder
bridges continuous is also presented.

It should be noted that although the
description of the Manual is glven in the format
of the specifications, it merely represents the
accomplishments of the three-year research
program, and 1t 1s not the mandate specifications.

The table of contents of the Manual Is as
follows:

1, General
1.1 Scope of Application
1.2 Definition of Terms
2. Basic Principle of Menshin Design
3. Menshin Design
3.1 General
3.2 Lateral Force Coefficlent for Selsmic
Coefficient Method
3.3 Lateral Force Coefficlent and Equivalent
L.ateral Force Coefficlent for Bearing
Capacity Method
3.4 Characterlstics value for Menshin Devices
3.5 Computation of Natural Period of Bridge
3.6 Computation of Modal Damplng Ratio of
Bridges
4. Design of Menshln Devices
4.1 Basic Principle for Design of Menshin
Devices
4.2 Design of Laminated Rubber Bearings
4.3 Design of Lead Rubber Bearings
4.4 Design of High Damping Rubber Bearings
4.5 Design of Steel Dampers
4.6 Deslgn of Friction Dampers
4.7 Deslgn of Viscous Dampers
4.8 Design of Roller Dampers
5 Dynanlc Response Analysis
5.1 General
5.2 Dynamlc Response Analysls Method
5.3 Analytlical Models
5.4 Deslgn Seismic Forces
5.5 Check of Safety
6. Deslgn Detalls
6.1 General
6.2 Gap between Structures
8.3 Fallilng-off Preventicon Devices
6.4 Knock-off Devices
6.5 Detalls of Expanslon Joints
7. Approving Tests of Menshin Devices
7.1 General

7.2 Approving Tests for Conflrming
Requirements for Dynanmlc Loads
7.3 Approving Tests for Confirming

Requirements for Statle Loads
B. Seismlc Retrofit of Existing Brldges with Use
of Menshin Deslgn
9. Application of Menshln Design for Making
Ex!sting Simply Supported Girder Brldges
Continuous

Appendices
1 Procedure of Menshin Design
2. Menshin Devices for lighway Bridges

(]

. References for Dynamic Response Analysis

4. Expansion Jolnts and Falling-off Prevention
Devices for Highway Bridges

S. Design Example of Prestressed Concrete

Bridges
6. Deslgn Examples of Steel Girder Bridges
7. Deslgn Examples of Super-multi-span

Contlnuous Bridges

8. Design Examples for Selsmlc Retrofit

8. Deslgn Examples for Making Existing Simply
Supported Glrders Continuous

10. Standard  Acceleration Ground Motions
Recommended for Dynamic Response Analysls

3. BASIC PRINCIPLE OF MENSHIN DESIGN

Whether the menshin deslgn should be adopted
or not has to be decided based on the advantages
of Increasing energy dilsslpating capabllity from
not only selsmle safety but functlon at normal
time.

In general, menshin deslgn can be adopted
with advantage for the followlng conditions:

1) bridges on stiff and stable solls

2) bridges with stiff substructures with short

natural perlod

1t is recommended that the natural period of the
bridge designed by the menshin design 1s at least
1.5 times longer than that of the bridge without
menshin devlces. Such elongation of the natural
period of the menshin bridge makes the coupling
vibration so small that the deformation of the
bridge be concentrated at the menshin devices.

The most Important decision of the menshin
design Is how much increase of the natural perlod
be made. In Japan solls are gemerally very weak
at the bridge constructlon sites. Significant
earthquakes with magnltude over 8, which produce
lang perfod ground motions, occur at shorter
recurrence period than other countries. Taking
account such evidences Into account, the design
selsmic force level Is take very high for design
of highway bridges In Japan in comparison with
the seismic force level adopted in U.5.A.. New
Zealand and Italy. The natural period at which
the deslgn acceleration decrease with Increasing
the natural perlod Is taken !longer, le., 11
second for type I solls (stiff slte), 1.3 second
for type I solls (medlum site) and 1.5 second for
type I solls (soft solls). Therefore, the
advantage for reduclng deck response can be
realized only by elongating the natural perlod
longer than 1.1 ~1.5 second.

llowever elongation of the natural perlod
brings the Increase of the deck response
displacement, and this requires the adoption of
jolnts with long legs. This 1s. however, a cruclal
requirements dlfficult to adopt, In particular,
for overcrossing In city area because [T causes
nolse and vibration pellutlon, which is the most
serious concern In city area. Furthermore it wlll
have the dlsadvantage for malntenance because
replacement of the damaged expanslion joint due
to trafflc load as well as the pavement adjacent



to the joint has to be frequently made.

Based on these reasons, it {s not adopted to
forcibly elongate the natural period in order to
decrease the deck response acceleration. It is
therefore more appropriate to adopt the concept
of base Isolation not for elongating the natural
pericd but for Increasing energy dissipating
capability. Distribution of the ilnertla force to
as many substructures as possible, which is the
practice adopted In Japan for long time, Is also
significantly advantageous.

Therefore basic principle recommended for
introducing the base lsolatlon to highway bridges
in Japan Is as follows @

1) Distribute the Inertfa force to many
substructures so intentlonally that the
Inertia force be distributed equally by
selecting the spring stiffness of the
isolators. Simultaneously, reduce deck
response by Increasing energy dissipating
capabllity by means of damper.

2) Do not forclble elongate the natural perilod,
but select the natural period so that the
resonance of the bridge with solls be

avolded.
Such design criterla 1s no more the
"isolation”™ of the ™base". Therefore it s

proposed to call the deslgn concept as "menshin”.
The “"menshin” means "reduction of selsnic
response” in Japanese.

In menshin design, bridges can be deslgned by
following the standard static deslgn methed
(statle frame analysls). More preclse approve of
the selsmic safety can be made by the dynamic
response analysis, if required. In such analyses,
the menshin devices (Isclators and dampers) are
idealized by as a set of equlvalent linear
springs. Equivalent stiffness and the equlvalent
damping ratio of the isolator and damper are the
major parameters used in the analyses. In the
static frame analysls, natural period of the
bridge can be computed for each seilsmic design
structural unit as :

T=201y38& (1)
Sfwi- 1112
o= IWI‘UI (2)
where

T : natural period (sec)

w1 : dead welght (tf/m) of the selsmlc
deslign structural unit (super
structure and substructure above the
ground surface assumed In selsmic
design) at point "I"

u; : lateral dlsplacement (m) developed In
the selsmic deslgn structural unit at
polnt "1" when subjected to w. in the
directlon considered In design

Damplng ratlo of the bridpes {s computed as

EKBI'UBEE'CHE
no= ZKBI'USFE'CE (3)

-

- . hei R heut he& -H”
¢ nix o Kei Krus Krd,
=1 Koa: , _Ks; Ksi-H®
€= Ket Krui Krb
where

h : Modal damping ratic of bridge
h s: : Danping ratio of i-th damper
h »¢ : Damping ratio of {-th pler/abutment
hrus ¢ Damplng ratio of i-th foundation
assoclated with translational
movement
h 8 : :Damplng ratie of I-th foundation
assoclated with rotation
Kri1: Equlvalent stiffness of i-th
pler/abutment
Krus : Translational stiffness of I-th
foundation
Rotational
foundation
it @y : Design displacement of {~th menshin
devlice
H : Helght from the bottom of pler to the
gravity center of deck
Eq.(3) glve the approximate estimation cf the
damping ratlo of bridge assuming that translation
and rotation of the foundation are developed
only by the lnertia force of the deck. When the
effect of the Inertia Tforce of plers and
abutments for evaluating the translation and
rotation of the foundation can not be
disregarded, it {s appropriate to compute the
modal damping ratio as

Ke8: stiffness of I-th

n
Sé -hi-Ki
=1
h = 6T K. 8. {4)
where
¢35 : Mode vector of jJ-th structural
component for I-th mode
h; : Damping ratlo of j-th structural
component
K1 ¢ Stiffness matrix of J-th structural
component :

é1:7 : Mode vector of bridge for 1-th mode
K : Stiffness matrix of bridge
Table 2 shows the damping ratle recommended
for structural components for Eqs.(3) and (4).

4. DESIGN FORCE FOR MENSOTN DESIGN

In menshin deslgn, the wmenshin devices are
designed by the Selsmic Coefficlent Method and
the Bearing Capaclty Method. In both method, the
lateral force {s statically applied to the bridge,
and the selsmlc safety Is examined based on the
allowable stress design approach in the Selsmic
Coefficient Method and bearing capacity basls
consldering ductlllty !n the Bearing Capacity
Method. Brldges are designed by the Selsmic



Coefficient Method, and then the ductility Iis
checked for reinforced concrete plers by the
Bearing Capacity Method.

In the Seismic Coefficlent Method, the design
lateral force coefficlent k n Is glven as

Kn=Cz Ce-Ct CT-Ce-Kna2{.l
where
cr-cez0.8 {5}
where
k n : Lateral force coeffliclent

¢ =z : Modiflcation factor for zone (refer to
Fig. 2)

¢ o : Modlficatlon factor for ground condition

(refer to Table 3)

¢ :: Modification factor for Importance
(refer to Table 4)
¢ +: Modification factor for structural

response (refer to Table 5)

¢ = : Modificatlion factor for energy
dissipation capablility (refer to Table
6)

K no : Standard design horizontal selsmic
coefficient (= 0.2)

Those factors excluding ¢ = are the ones
specified In the Speclfications of Design of
Highway Brldges. The modificatlon coefficlent ce
takes a velue as shown in Table & depending on
the first modal damping ratio of the bridge
Reduction of the design lateral force as large as
20 % is proposed in the Manual.

In the Bearing Capacity Method, the lateral
force coefflclent k no and the equivalent lateral
forece coefficlent k ne are glven as

K ho
.= ——— z=0.
Kn TR 0.3 {8)
Kne=c¢cz'Ci"¢cr-Ce*' K neo {7

where
k ne : Equivalent lateral force coefficlent
for Bearing Capacity Method
k no : Lateral force coefficient for Bearing
Capacfty Method
¢ = : Modificatlen factor for zone {refer to
Fig. 2)
¢ : Modlfication factor for Importance
{(refer to Table 4)
¢ = : Modification factor for structural
response {refer to Table 7)
¢ £ * Modification factor for
dissipation capablility
k noo : Standard lateral force coefflelent
for Bear|ng Capaclity Method (=1.0)
I @ Allowable ductllity factor of
reinforced concrete plers
The modificatlon factors excluding c e are
the ones speclfied in the Specifications of Deslgn
of Highway Brldges. The medifieation factor ee
depends on the modal damping ratio of the

energy

bridge, and takes a value of Table 8 Reduction
of the deslign force as large as 30 % is proposed.

5. DESIGN OF MENSHIN DEVICES

5.1 Characteristics Value of Menshin Devices

In the menshin design, the displacement
assumed In deslgn for the devices u e (design
displacement of menshin device), the egulvalent
stiffness Ky and the equivalent damping ratio h
2 of the menshln device are the key factors. They
are evaluated as:

(1) Deslgn Displacement of Menshin Device

The design displacement of menshin device is

evaluated as

Kh-Wu

ug= —————— (&. C. Method) (8)
K=s
ua= —Ere Wy 5 o Method) (s)
Ks
where
u e : Deslgn displacement (m) of menshin
devlce

K n : Lateral force coefficlent by Eq.(5) for
Selsmic Coefficient Method

K ne: Lateral force coefficlent by Egq.{6) for
Bearing Capaclty Method

K e : Equlvalent stlffness (tf/m) of menshin
device

Wu : Welght of superstructure (th)
supported by the menshin device

(2) Equlvalent Stiffness and Equlvalent Damping
Ratlo

The equlvalent stiffness and the equlvalent
damping ratlo of menshin device are evaluated
from the hysteresis loops as

Fluse)— F(~-u=ze)

= 10
Ke 2uee (10)
AW
= —— 11
hs 2z W an
where
K= : Equivalent stiffness (tf/m) of menshin
device
ne : Equivalent damplng ratio of menshin
device

usge Effective deslgn displacement {m) of
menshin device, and s glven as
Use=Cg‘'UB (12)
us : Design displacement (m) of menshin
device
¢ s : ModIflcation coefficlent for evaluating
the effective design dlsplacement (=0.7)
F(u): Lateral force required to produce u
for the menshln device
W : Straln energy Induced In menshin device
assoclated with ¢ se displacement (refer
to Fig. 3}
AW : Energy dlssipated In menshin device per



cycle (refer to Fig. 3)

5.2 Requirements for Dynamic Load,

{1} Menshin devices have to be designed and
fabricated so that their equivalent stiffness Ks
and equivalent damping ratlc he be within %20
% of the design values. The equivalent stiffness
K e and equivalent damping ratio h e for this
requirement have to be evaluated by Egs. (10) and
{11), and they shall be the ones averaged overKse
and h s from 4th to 10th loadlng hysteresis
among 10 cyclic loading reversals with harmonle
displacement of ¢ ge. Thls Is because deck
acceleration and displacement are within
tolerable range when the scatter of equivalent
stiffness and the equivalent damplng ratio are
within + 20 % of the design values. However, the
devices which produce unstable hysteretic
behavior should not be adopted.

(2} Menshin devices have to be stable agalnst 50
cycles of harmonic leoading with displacement of
u s. The number of 50 was determined from the
fact that number of load reversals developed
during a major earthquake may be about 30. About
50 ¥ tolerance was Included {n 50,

(3) Deck should return to the rest position even
after It was subjected to a large earthquake.
Therefore the residual displacement developed in
menshin devices after smoothly releasing from
the deformed displacement of us by Eq. (9) has
to satisfy

ver=0.1l us (13}
where

u vr : Resldual displacement (cm)

um

Design displacement{cm) of menshin
device by Eq. (9)

(4) The equivalent stiffness and the equlvalent
damping ratic of menshin devices have to be
stable agalnst the change of load conditlion at
normal time, change of natural environment such
as the temperature change and cyclic loading
developed by an earthquake., Stabllity has to be
exanlined against the following requirements:

1) cyelic loading due to elongation and
shrinkage of deck due to the temperature
change and the active load

2} effect of loading hysteresls

3) varlation of vertlcal loading

4} effect of loading rate

5) effect of pre-deformation due to creep and
shrinkage

6) dlrection of exciratlon

7) change of the equivalent stiffness and the
equlvalent damplng ratio depending on the
temperature change

5.3 _Requlrements for Statlc Load

(1) Materlals and mechanism of menshln devices
have to glve credlt to long term use, They have
to be stable agalnst cyclic elongatlon and

shrinkage of deck due to temperature change.

(2) Menshin devices have to be stable agalnst
local shear stralin. Check of the local shear
strain has to be made in accordance of "3.8 Design
of Rubber Bearings™ of the "Design Guidelines of
Bearlngs”.

{3) For rubber-type menshin devices, the creep of
rubber In vertlcal direction due to dead weight
of superstructure shall not exceed 5 % of total
thickness of the rubber.

(4) The equivalent stiffness of menshin device at
-10°C normalized by the equlvalent stiffness at 40
*C shall not exceed 1.5. Because the temperatures
of ~10°C and 40'C Is for moderate climate area, at
cold area they have to be declded based on the
approprilate site condition.

{5) Menshin devices have to have appropriate
initial stiffness so that harmful displacement of
deck due to non-selsmic lateral force such as
wind effects be avolded.

6. APPROVING TESTS OF MENSHIN DEVICES

6.1 General

Because the menshin device Is one of the the
Important structural components of menshin
bridges, thelr requirements have to be well
approved by the tests. There are various types
of menshln devices for use of bridges. Based on
the mechanism for producing the energy
dissipation, the devices may be classified into
three groups as

(a) displacement dependent type.
(b) friction force type, and
{c) veloclty dependent (viscous) type.

The approving tests for the menshin devices
are presented In the Manual for each of the three
types.

6.2 Approving Tests for Dynamic Loads

For approving the requirements for dynamic
loads presented in 5.2, the following approving
tests are provided In the Manual.

{1} Approving test for confirming the equlvalent
stiffness and the equivalent damping ratio
(2) Approving test for conflrming stableness
agalnst 50 cycles harmonic load reversals with u
B displacement
{3) Approving test {for
displacement requirement
(4) Approving tests for confirmlng stableness
against varlation of load conditlen at normal
time, change of natural environment such as the
temperature change and cyclic loading developed
by an earthguake. These tests ineclude :

(a) Stableness against Cyclic Load Reversals

Some menshin devices have the dependence of
the equivalent stiffness and the equlvalent
damplng ratlo on number of cyclle loading.
Because considerable change of thesc parameters
during an earthquake produces bridge response
slghificantly different from the one assumed In

confirming residual



design, it is not desirable.
(b) Stableness agalnst Load Hysteresls
In some menshin devices, the equlvalent
stiffness and the eguivalent damping ratlo
depend on the past experience, In particular, the
largest deformation ever experlenced. Such
dependence of Ke and hs on the hysteresis ever
experlienced is significant, it produces different
bridge response durlng an earthquake. Therefore,
effect of load hysteresis has to be examlned.
(c) Stableness agalnst Change of Compression
Forece
Compression force applied to the menshin
device due to dead welght of superstructure may
change associated with the error fnvolved in
construction stage and settlement of
substructure. If the menshin device shows
slgnificantly different stiffness and damping
properties due to such change of compression
force, 1t brings different structural response .
Therefore, stableness of the equlvalent stiffness
and the equivalent damping ratio of menshin
devices have to be checked.
{d) Stableness against Change of Loading Rate
Because loading rate to the menshin devices
is not the same during exclitation, dependence of
the equlvalent stiffness and the equivalent
damping ratloc on the loadlng rate has to be
examined.
{e) Stableness agalnst Pre-deformation
Menshin devices often start to deform from
the displacement drifted to the rest polnt. This
is actually developed if an earthgquake occurs
when the menshin devices deform due to the deck
elongation assoclated with temperature change
and shrinkage of concrete. Because the
equivalent stiffness and the equlvalent damping
ratic depend on the amount of such
pre-deformation, their propertles have to be
checked.
(f) Stableness agalnst Temperature Change
Menshin device have to be stable agalnst
dally and yearly change of temperature.

6.3 Approving Tests Tor Static Loads

For approving the requlrements for statle
loads presented In 5-3, the following tests are
required.

(1) Approving test for confirming durabllity and
stableness against cyclic loading assoclated with
the dally and yearly elongation and shrinkage of
deck.

(2) Test for evaluating the stiffness of menshin
devices subjected to extremely low-rate
deformation such as the one encountered due to
yearly temperature change and concrete creep.
The stiffness of the menshin device during such
low-rate deformatieon Is qulite Important In static
deslgn for computlng the lateral force developed
in substructures due to the temperature change
and shrinkage of concrete.

(3} Approving test for confirming the dependence
of the equivalent stiffness of menshln device on

temperature.

6.4 Two examples of the Approving Test

Approving test methods presented In 6.2 and
6.3 are precisely described in the Manual for
each of the displacement dependent type devices,
frictlon force type devices and the velocity
dependent type devices. As the example of such
approving tests, the test method for confirming
stableness against cyclic loading and the test
method for confirming the effect of loadlng rate
are brlefly described for the displacement
dependent type devices in the following.
(1) approving Test for Confirming Stableness
agalnst Cyclic Loads

At the room temperature of 20°C apply 10
cycles of harmonic lateral lecad to the menshin
device with loading displacement of u e computed
by Eq. (9) or smallier and with the frequency of
0.3 Hz. The vertical load equivalent to the design
dead load shall be simultaneously applied. The
equlvalent stiffness and the eguivalent damping
ratio from the test have to satisfy Egs. {(14) and
(1s).

| Kes-Keml =03 (j=1.2.3)
Rxow Keam £0.1 (J=4,5 - 10) (14)
- A hes;-heml =03 (}<1.2.3)
Rae= h 2 0.1 (4=4.5-- 10y 1%
where,

Rxec ! Yarlation ratie of equivalent stiffness
Rno ! Varlation ratio of equivalent damping

ratio
Kar : Equivalent stiffness at j-th load
reversal(tf/m)

K sm : Averaged equivalent stiffness by Eq. (18)

h sy : Equivalent damping ratio at I-th lead
reversal

ham ! Averaged damplng ratio by Eg. (17)

1 i0

Kaw= ——— Z Ku (18)
7 j=1
1 10

hem= —— X he; {(17)
7 J=1

Being dlfferent with Eqs. (10) and (ll), the
equlvalent stiffness and the equivalent damplng
ratio for the approving tests are deflned as

F{ug)— F(-uan)

Ke= 70 o (18)
AW
he = 2 W (19
where
Ks * Equivalent stiffness (tf/m} of menshin
device



h s : Equivalent danping ratlo of menshin
device
us : Design
device
F{u): Lateral force (tf)
produce u displacement
menshin device
W : Strain energy (tfm) induced in menshin
device associated with u s displacement
{refer to Fig. 4)
AW : energy dissipated In menshin device per
cycle (refer to Fig. 4)
(2) Approving Test for Confirming the Stableness
against Loadlng Rate
AT the temperature of 20°C apply 10 cycles of
harmonic load with the displacement equlivalent
to either 100 % of the total thickness of rubber
or + 15 cm. Freguency of the load reversal shall
be 0.1 Hz, 0.5 Hz and 10 Hz. The equlvalent
stiffness and the equivalent damping ratio have
to satisfy Egs. (20) and (21).

displacement (m) of menshin

required to
for the

‘K m
Rupm KEmzKemil 00 00 (o)
K am:
‘h m
Rne= 1__!"&‘_’_,__5__11. £ 0.2 {j=L2) (21)
h am:
where,

Rkr : Varlation ratio of equivalent stiffness
R nr : Varlation ratlo of equlvalent damping
ratio
Kemi, Kem2, Kswmz: Equivalent stiffness by
Eq. {16) at frequency of
0.5 Hz, 0.1 Hz and 1.0 Hz,
respectively
h smi, b Bmz, h om= : Equivalent damplng ratlo
by Eq. (17) at frequency of
0.5 Hz, 0.1 Hz and 1.0 Hz,
respectively

7. CONCLUDING REMARKS

Excluding speclaliy long-span bridges, It is
not easily adopted for highwey bridges to reduce
the lateral force by forclbly elongating the
natural period, because selsmic force level Is
very high even at long natural perled, and
because the increase of deck response
displacement brings wvarlous problems such as
environmental pollution. Therefore the menshin
design, which places emphasis not on the
forcible elongation of the natural perlod but on
the Increase of energy dlssipating capabllity and
distribution of lnertia force of superstructure
to as many substructures as possible, s
proposed. By the menshin deslgn. it ls proposed
to decrease the lateral force as large as 20 % for
the Seismic Coefficient Method and 30 % for the
Bearing Capacity Method
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Table 2 Damping Ratio Recommended for Structural Components

Structural Components Steel Concrete
Superstructures 0.02~0.03 0.03~0.05
Menshin Device Damping Ratio by Eq.(11)

Pier/Columns 0.03~0.05 J 0.05~0.1
Footing 0.1~0.3

Tabie 3 Modification Factor for Ground Condition ¢ o

Ground Group 1 If ITI

¢, 0.8 1.0 1.2

Table 4 Modification Factor for Importance c

Group C Definition

Bridges on expressway (limited access highways),
1st  class 1.0 general nauonal road and principal prefecturad
road. Important bridges on general prefectural
road and municipal road.

2nd class 0.8 QOther than the above

Table 5 Modification Factor for Structural Response c

Ground Group Structural  Response  Coefficient ¢
T < 0.1 01STL11] 1leT
Group 1 ¢, = 269TZLO0| ¢ = 125 |c = 133T%
T < 0.2 02E£TS13| 13<T
Group 11| ¢ = 215782100 | ¢, = 125 [c = 149T%
T < 0.34 034 STS15 15<T
Groop 1L 4 ¢ o 18072100 | o = 125 | = LG4T




Table 6 Modification Factor for Energy Dissipation Capability ce

Dampling Ratio h Modification Factor ce

h < 0.1 1.0

hz 01 0.9

Table T Modification factor for Structursal Response cr

Ground Group Structural Response  Coefficient ¢
T, < 14 14 < T
Group 1 M= = n

¢ = 07 G = 0876Ty

Teq < 0.18 0.18 £Tg<16 16 < Ty
Group 1L | ¢ = 151 TgP207 | ¢, = 085 | = LIET,

<

Group I Tgq < 0.29 0-295T5q- 20 20 < TEQ

G = LSITg? 207 | o = 1.0 [ = L59T, %

Table 8 Modification Factor for Energy Dissipating Capability

Damping Ratio h Modification Factor ce

h<0.1 1.0
0.1 £ h< 0.12 0.9
0.12< h<0.15 0.8

0.152 h 0.7




Fig. 1 Menshin Devices Developed
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Fig. 2 Modification Factor for Zone c =z
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Fig. 3 Definition of Equivalent Stiffness and Equivalent Damping
Ratio of Menshin Device for Design of Menshin Device
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