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Soil-Structure Interaction on Multispan Continuous Bridge

Influence reciproque du sol et de viaducs autoroutiers

Wechselwirkung von Baugrund und Tragstruktur bei mehrfeldrigen Autobahnbrücken

JUNMISE MICHO UCHIDA
Nihon Doro Kodan
Osaka, Japan

SUMMARY
The highway construction office of Nihon Doro Kodan is trying to adopt multispan continuous via-
ducts with 10 to 20 spans. This type of bridge has a problem of soil-structure interaction. The problem
was solved by analyzing many trial cases; it confirmed the propriety of the design method by a long
term Observation on actual behavior of a 10 span continuous bridge constructed 4 years ago.

RESUME
Le bureau des autoroutes Nihon Doro Kodan a un programme des construction de viaducs autoroutiers
par tranches continues de 10 ä 20 travees; ce programme est en cours d'execution. Ce type de viaduc
presente un probleme d'interaction sol-structure. Le probleme a ete resolu par l'analyse de nombreux
cas et la methode d'etude justifiee par des mesures ä long terme effectuees sur un viaduc de 10 travees
continues qui avait ete construit 4 ans auparavant.

ZUSAMMENFASSUNG
Das Autobahnbüro Nihon Doro Kodan begann mit der Praxis, Autobahnbrücken mehrfeldrig, nämlich
10- oder 20-feldrig durchlaufend zu bauen. Bei diesen Brücken stellt sich das Problem des Zusammenwirkens

von Baugrund und Tragstruktur. Mit dem Problem wurden die Autoren durch systematische
Untersuchungen fertig und bestätigten die Richtigkeit der Entwurfsmethode durch langjährige Messungen

an einer vor 4 Jahren ausgeführten, 10-feldrigen durchlaufenden Stahlbetonbrücke.



CO

i

CU

CO

QJ

1

00

Ij
1

rH

|

con¬

CO

CO

1

4H

cu

cu

1

ra

X
¦H

4-1

1

Ij
3
Tl

3
0J

-rl

CO

rH

¦rl
MJ

1

AJ

01

ra

-O

CO

P.

X
CO

60

1

3

4J

4-J

MH

3

3

3

o
CU

•H

>
M

O

U
¦rl

U

•H

T)

CO

rl

o

>,

rl
tu

tu

iH

o

4J

4-1

Tl

3
•H

-3

ij

3
O

3

cp

O

AJ

CJ

60

cn

0)

O

AJ

3
o
0

QJ

3
0)

o

tu

u
X
P.X

X

o

o

TJ

3

•rl

•H

i
3

o
MH

co

O

60

CJ

CJ

3
co

3
sz

O

CO

X
01

tiH
3
o
P-

JJ

MH

o

01

AJ

4J

rl
CU

CN

ra

cfl

CO

|j
•H

cu

|_l

ra

cfl

MJ

o
P,

CU

CJ

Z*

TJ

3
x
•H

QJ

o

0)

M

3

oo

3
3

MH

AJ

T>

Ij

•H

o
oo

3
o
O

CO

X
B

B

ca

ex

CJ

"movable

hinged

¦rl

cfl

u
CJ

X
H
EG

01

3
•H

0)

01

O

¦rl

3
CO

00

0)

CJ

0)

MH

3

CH

TJ

O

3

O

o
MH

•r-l

cu

CU

u

o
B

•-,

>•

cfl

U

4J

3

O

X
Tl

U

X
X
Tl

CO

•H

3

CO

AJ

Tl

o

3
-H

•H

IH

4-1

JZoo

aj

33
^^
3

X
3•rl

H3
X4-1

tuH

a
CUrH

3
4-J

0

CO3
X

CO

3•H

COX
B

0)H

3¦rl

AJ

0)

OX
AJ

AJ

tu

3
01TJ

AJ3
0)X
•H>J

3O

MJ

3QJ

ri3

oo

>>.

3

OJ

X
in

•H

00

¦rl
CN

O

CU

CO

cu

X
•H

CO

AJ

O

CO

3

o
CO

01

3

Ij

00

rt
X
oo

O

H

rl

•H

cfl

cn

o
CU

-H

rl
TJ

CU

U
rH

W

3•rH

ont

00•rl
xsu

4-J3•H
equ

em,

ra0)
mor

pro

CU00
thi

3

nux

X

uou

COQJ

CO

oAJ

CO

X
00

Ti

Tl•H

0)

3AJ

0)CO

3•H

0),—|

3ra

•HCO

3tu

o
x

01MH

AJCJ

tu

QJAj

Xcn

>

rl

m

ra

B

3

CO

CJ

CO

CU

H

CJ

0)

T)

ri

0)

0)

3
4J

tu

ra

TJ

p,

3
P.

u
ra

o

ra

IJ

o
PH

cfl

4-1

O

rl
X
CO

Tl

3

4-1

C*

ZZ

3

cfl

X
o
0)

TJ

Ij
CO

3
X
3
CO

o
Tl
X
ra

¦H

rl

1-4

3
0)

3
co

a

ra

ti3
l-lMH

3,cfl

¦U

tu

3.X

u3

3,
MH

AJ

0)S

COcu

CU>
•HH
MHO

0)Z*

3O

r

¦HAJ

01u
AJ

AJ

•HP,

QJU

x
rttu

UAJ

AJ

rHo
aCO

CO

0)

0)

p,CO

3

„

01AJ

rHO

Ij
60¦H

o
Ol

o

3
ra

r")

cn

rl
O
Ol

Tl

4-1

MH

00

o
S

¦H

X

cfl

CJ

3

CJ

MJ

cu

¦H

CO

u
CO

MJ

3

01

X
>
•H

u
TJ

3
c
>,
Cfl

to

ra

4J

TJ

•H

o
CN

cd

CO

O

3
CJ

o
4J

3
AJ

3CO

i
n

O

3•H

O

3
two

equ

3
O

O

3
3
-H
per

O

•H
the

60

AJ

raX
ult

the

oye

•H

•H
all

01T)

•H

-

Ol

0)

CU

60

P.

CO

ra

tu•rH

3
r>

B

O

003
•ri>
CUJt

a
•H3
CUX
CJcu

CJ3
CO3
oo•H

CO

a

CJ

3
Tl

U
CO

Tl¦rl

3

0)

„

r-J

CO

rl
rH

ra

3
>,
4J

•H

ra

cu

<u

X
¦H

o
CO

¦H

P.

i

3

0)

00

Ol

u
3

3
CZ

CU

rl
•H

CO

B

0)

rH

X
QJ

3
MH

rl
TJ

•H

3
x

CO>
cflIj
TJ0
O•H

3ra

o
30)

MHo
013
rHX
COto

0)00

oo

4Jcn

33
CUTJ

U

CO

«

cflP.

JtCO

¦Hcn

rHX
uo

cn

•H

QJ

4-J

X
CO

3Q

uZI

CO

X
AJ

0)u
CO

60O

P.B

AJ

cnrl
CO3
O

O.

-rlU

¦H

H

0)

«
4-1

S
rH

CO

O

cu

TJ

3
¦rl
•H

O

O

CO

3
0)

•ri

•H

3
aj

OJ

s
AJ

01

MH

3
3
ra

AJ

01

oo

3

01

QJ

X

tn

CO•H

3CU

o
cfl

JZ

CO

COQJ

cuCJ

cuX
rl3.
rH

rlIj
•H>
TJ

4-13
CUX
•H>

CN

r
(1

•rlAJ

tj-
T>

X

COCO

013
Ol

OO

3
XAJ

ra

ü3
H3

o
3O

AJCJ

X
rH

Ol

3•H

oCJ

CO•H

o.P-s.

rlO
MH

!>>

•

00

IH

o
4J

ra

rH

ra

4-1

J^X

¦rl
MH

o
4-1

CO

O

rH

ALI

0)

o
o
CJ

•H

0)

u
AJ

3
CJ

3
CJ

QJ

X

u

H
B

O

t«

rH
3

•

tn

oogth

C¦rl

oö
orp

•H

MH0urf

CUIj
CO

M
MHO

UTl

O

CJ

beh

4J

r
41

3S

ear

XAJ

a¦H

>s.•H
for

3rt
tn

O.

4J

MHo
XH

bst

ruc

tio

CJCO

str

3CO
mod

TlrH

ide

MHO

AJIH

CO•H

«
cu

>-.

p.

3
jjo

0)

CU

3
n

O

u

cn

-h

3

3
u
cu

3

CO

cfl

cn

rl
3
cd

cu

rH

#.

3

tn

r-l

3

3
AJ

ra

o
X
cu

3

CO

«

X
rH

rS

CU

rU

tu

¦t
O

00

CO

01

3
01

tu

CO

O

3.

>
rH

,1="

CN

o
CO

AJ

O

o
¦ri

3
O

¦
tn

CO

3
AJ

3

Ij
cfl

O

3
Tl

4J

rl
AJ

M

rH

CO

X
ü
TJ

CO

CU

CO

co

o
CJ

cj

CO

cu

•H

AJ

01

CO

•H

aj

cn

•rl

0)

X
3
3
CO

3

X

o
rH

rH

tu

Cc

3

rl
¦rl

¦ri

¦rl
cn

O

X
4J

CJ

3

3

•H

3

O

oö

Cfl

O

MH

B

rH

OJ

AJ

4J

cu

3
•H

•H

AJ

X
tfl

o
3
•H

3

o.
cn

X

-H

3
<U

53

ri
U

3

3,
•u

3

ra

ra

o

H

0
CO

s_-

•rl

0)

ra

E

o
tn

3
IH

ra

0)

X
CO

AJ

Tl

O

00

0
O

¦H

O

-H

OJ

ra

4J

JZ,

JZ,

ra

M

¦H

TJ

3

3
CO

CU

rH

PC

Pu

3

Ol

rH

¦H

B

B

H

AJ

3

3

3

3

3

3

3
X
CO

U

X

3
p.
CU

3

3.

3

3
O

3
CU

tu

rH

ri
3

MJ

TJ

H

cfl

cn

0)

cn

ij
ü

OJ

O

cu

CO

u

o
O

00

tn

Tl

P.
AJ

IH

3
CO

3

PH

ra

CO

3.

0
Tl
CO

4J

4J

CO

X
B

O

o

oo

CO

C0

rl
o
3
MH

X
O

J*

4J

Ij
•H

•H

0)

01

o
0

0)

3
CO

3

cu

MJ

0
O

AJ

ra

CO

CO

X
AJ

CO

3
X
CO

3

rl

MH

XI

cu

3
QJ

4J

TJ

TJ

Tl

U

•rl

0)

•rl

rH

00

-H

CU

CJ

n
AJ

01

u
ra

01

O

H

3
O

O

CO

JZ

0
00

p.

3
CU

Ij
a

3

s
U

cfl

3
P.T)

CO

MJ

0J

H

ra

•a

Tl
¦H

•H

MH

TJ

4-1

¦H

cfl

CU

cfl

3
O

4-J

AJ

Cfl

o
CO

AJ

•H

MJ

CO

O

rl
cn

3

T)

3

AJ

MH

rH

AJ

CU

CO

4-1

H

CJ

•rl
MH

CJ

CJ

3
CJ

01

3
3
Tl

>s

o
CU

O

-rl

H

00

0)

3

CO

CO

O

•rl

ra

3

4J

ra

3.O

CO

Tl

3

ra

orH

CO

ri
4-1

O

O

XI
3TJ

SZ

ra

H
us

spans

and

II

ture

interac

if an

advan

a

basic

con

of

structure

ehavior

obta

measurement

idge

constru

of

superstru

ra

cu

X
the

horizo

ers in
desig

ber of
hinge

X

3

01

MJ

he

stiffness

ced.

Theref
'oundation

superstruc

n

designin

tions
obtain

OMH

iloyed

for

soil
found

al

behavior

OCO

TJ

00

3
-H

3
CO

O

01

4H

umber

of sj
force

if

ers

caused

d
Viaduc

us

bridge

shrinkaj

on of
stii

and
soil

:ion

•ties

of

MH

TJ

rH

QJ

I

A

*H

JZ

O

AJ

1

Cfl

(-

ndar

rH

MH

u

•AJ

H

COAJ

t-i<

s
QJ

wQJ

o

CU

AJ

¦H

-H

o

1

o
CU

10

X

rJ

3

o
CO

O

•H

B

•H

0
•H

AJ

3
rH

¦H

«

3
0)

CJ

0)

X
CJ

P.X

>

3

33

7/t

i

3u
HX
CUX
cu

TJ

X

0)CJ

01

33
AJ3

3
O.

33
P.

3
AJO

CO

TJ3
¦rlO

0)X
u01

rH0

rl3
CUMJ

3

rH

AJ

•H3
OIj
AJ

IHo

j

cfl

MH

CU

o
OOTl

•HAJ3

//
l

1

4-Jcn

4JCOI
XSS

¦rlUCJ

>>aj

ra

cu

co

3
-H

3

4-1

Mj

O

Wai•zi

for

X4-1

¦HAJ3
ozx

O•rlCO

TlCU

CU

00

X
the

o¦riAJ

33MH

to0)^i
•H01

COMJ

AJHowev

COr-H

AJO3
MJ01

O

01T)o
•33CO

COXtj
P.tu

MH

-ri
O

rlP.

CO

-H

CU

rl
OO

rH

rH¦ri

o3,
CO0)

CO¦rl

O

3

ra

a
3

H

cfl

COra

OCJ

o
rlCU

3
aj

•H

o
CO•H

ra

0)

X
O

cn0)

COCJ

UAJ

CO

sJH

S

01

0)B

X4J

IJ

///

O

Tl

P.
JZ)

o

TJ

JZ

|j
vH

33

•H

X
O.X

C

AJ

rl

X
o
>s,

60

•ri

Cfl

•ri

o

rH

U

•H

Ol

4-1

XIra

inMH

i

i

60

cnMH
mes

UCU

4J00

tU

tU

4-1

•Ö

sU

ß

STR

ert

dge

pan

MHO

Cfl¦H

•H

MHo
tu

COQJ

CO>

0CO

H
AJ

AJ¦rl
TJ•H

>s

X3
AJCJ

cn

ura

3AJ

cfl
nee

>
U

B

¦'

«
-rl

JZ

3

/

¦ri

u

TJ

rH

01

rH

H

>>

rl
CO

ra

PH

CJ

60

o

TJ

rH

o

/

1

&J

o

o

p.

3

60

U

o

3
•H

cn

CO

CJ

01

CO

CJ

•H

X
rH

cfl

u

O

AJ

3
3
¦rl

01

CT

H

rl
CO

ra

TJ

i

B

CJ0)

rap.
•H3
CO

3

CU

O

3
60CO

tuO

¦H

rlX
•HAJ

3O

0J

u
ra

0)

QJ

UO

H3
CO

3O

rlO

X¦rl
rH

rHra

3ra

0)

0)AJ

w

CJ3
Iju
•HH
cn

X
01

H

/i/

IH

u

Tl

Ol

3
AJ

CU4-1

II

\

curH

X
CO

60¦H

o
rn

ra

3

P.
CO

Cd

0)CJ

tn

rH3
¦HAJ

UO
•2

"-1

B

o
MJ

AJcfl

•H

¦Haj
MH

X0)

CO3

3Tl

rl3
3•H

rlAJ

cn

3QJ

tu

O

1

1

X
tO

a

ra

tu

CO

loi

\

X
cu

¦rl

CO

Tl
CO

CO

rl

Z

3

3
a

CO

MH

3
3
ri
U

CO

CO

H
rH

O

•ri

Ol

AJ

w

CO

0)

cn

60

AJ

-H

o

H

rl
•rl

\°i

r

==i

\

o
O0X

tu

O

ra

ri

•H

o

U

QJ

3
-rl

CO

01

QJ

TJ

CO

MH

•H

>

00

o
Ij

3)

X
QJ

3

3

C/3

O3
CO3

°\
i

Oll

I

\

IHP.
TJ•H

H
Tl

rl
B

O

4-1

O

rH

tu

rJH

CO

33
co

AJ3

rl0J

Ol

tu

3
!¦

OU

33
AJ3

0J

AJ3
•HT)

Tl•H

3H

•H01

NFL

<!

H

rlp.
•rlrl
AJ

H

£

3
-H

o

o

oy

u

3
3
rl

H

•rl

3
CU

X
X
X
O

0)

O

O

O

X
0)

3
u
AJ

X

MJ

01

P.

OJ

o

M

CJ

ü

CO

X

•H

¦h
mh

ra

-a-

O

4J

•H

CJ

H
AJ

4-1

N

AJ

MJ

MH

N

AJ

>
•H

X
CO

AJ

M

O

u
tfl

tn

tn



J. MISE - M. UCHIDA 1115

conventional one. Steel and concrete used for the superstructure and
substructure are considered to be homogeneous and the mechanical properties can
be found easily and accurately by testing their speeimens. Moreover, their
moduli of elasticity remain almost constant under the ordinal loading condition.
On the contrary, the values obtained for the mechanical behaviors of soil do not
always have a good accuracy for design although they are estimated by testing or
surveying. Moreover, test results of soils sampled from different Sites usually
differ each other even if they belong to a similar tyep of soil. In addition,
the load-deformation relation of soil is usually non-linear even if under the
ordinal loading condition. Therefore, in actuality, Performance of non-linear
calculation is required to evaluate the soil behavior. However, it could be

practical to design such a structure with selected upper and lower boundary
values of soil properties, considering that the reliability of data for soil
is uncertain.

FEATURE OF A STATICALLY INDETERMINATE STRUCTURE

MHHHHHHHHHM

[ffifflffil
piers exceeding limiting
value

H H H M

l I I I

Fig. 3 Structure Model

In case of a highly indeterminate structure
such as multispan continuous bridge with many
hinged piers, the entire bridge still remains
stable due to stress redistribution even if
the loading capacity of some part of piers or
foundations exceeds their limiting values.
This feature is quite unique comparing to the
case of conventional bridges with only one or
two piers hinged. Therefore, it is not
always appropriate to adopt design values used
in conventional bridges, such as displacement
or uplift of pile foundation, as the limiting
values in this type of structure.

If the deformation of the pier near the end
of the bridge exceeds its limiting value due to temperature Variation or earthquake,

the soil of the foundation may be considered to be yielded in design.
However, it is difficult to find the real yield point of the soil and the real
behavior of the yielded soil, so that one of the realistic design of the bridge
in the case above mentioned may be done by considering two types of structure
modeis (Fig.3). In the first model, the pier is considered still to resist the
horizontal force assuming the soil foundation to behave elastically in spite of
its yielding. In the second model, the pier is assumed not to resist any
horizontal force in the longitudinal direction. The safety of the structure is
considered to be guaranteed if the safety of the two distinet modeis is obtained.

OBSERVED BEHAVIORS OF AN ACTUAL BRIDGE

A multispan continuous reinforced coerete slab bridge with 10 spans was
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Fig. 4 General View of 10 Span Continuous Bridge
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constructed in 1976 at Kanazawa in Japan (Fig. 4). Hinged bearings are installed
on top of all piers but both ends of the bridge where movable bearings are

installed. Concrete piles cast in site with 1.0 meters in diameter are used for
the foundation of piers.

As above mentioned, influences of temperature Variation and shrinkage of slab
concrete become an important factor for design of multispan continuous bridges.
A long term field measurement of actual behavior of the bridge has been carried
out for the purpose of finding the influences mentioned above and also confirm-
ing the effects of soil behavior. The measurements were done successfully.
Fig. 5. to Fig. 10 are the part of the results.

Fig. 5 shows temperature Variation of the slab concrete two years after
placing.

Fig. 6 shows movements of both ends of the bridge in two years.
Fig. 7 shows the amount of shrinkage of the slab concrete estimated from

elongation of the slab.
Fig. 8 shows the relation between elongation of the slab and strain of the

second pier from the bridge end.
Fig. 9 shows the relation between elongation of the slab and strain of the

pile of the second pier from the bridge end.
Fig. 10 shows temperature Variation of the slab concrete a day.

Concluding results obtained from the long term field measurements of the
structure are as follows:

1. The temperature Variation of the slab concrete depends nearly on that of the
atmosphere. The minimum temperature of the slab concrete was 0 °C and the
maximum was 35 °C (Fig. 5).
Although the ränge of temperature Variation taken in the design was 10 °C up
and down from the average temperature, it would have been more rational to
take the ränge as 15 °C.

2. The coefficient of thermal expansion of the slab concrete calculated from the
measured relation between the temperature Variation and the elongation at the
end of the slab was 0.9xl0_5l/°C, while it was assumed to be 1.0xlO-5l/°C in
the design.

3. Temperature difference between the top and bottom of the slab reached up to
10 °C during summer due mainly to direct sunshine (Fig. 5).
Stress caused in the slab by this temperature difference is quite large and

is not always negligible.
4. Shrinkage of the slab concrete calculated from the measured value of elongation

or strain of the slab was found to be approximately 8x10" within the
age of one year and it remained almost undeveloped since then (Fig. 7).
This value corresponds to temperature Variation of -8 °C, although it was
assumed to be -15 °C in the design.

5. Behavior of the piers and foundations caused by the elongation of the slab
due to temperature Variation or shrinkage was almost linear elastic (Fig. 8,
Fig. 9). This result seems to give a guarantee the assumption that the soil
foundation may be represented as a linear elastic spring. In addition, over
all stiffness of the substructure including the soil foundation obtained
from the measurement was found to agree reasonably with that used in the
design.
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CONCLUDING REMARKS

Multispan continuous bridges can be designed in Japan by taking the preferable
behavior of soil foundation into account. Adoption of this type of bridges

enabled expansion joints to lessen and also proved to be economical as a whole.
In addition, installation of many hinged piers could increase the load bearing
capacity against earthquake.

Multispan continuous bridge would be very suitable structure as an expressway
bridge in Japan which is often forced to be constructed on the very soft

ground and yet must be taken the effect of earthquake into account.
Nihon Doro Kodan has established a design manual for multispan continuous

bridge using various theoretical approaches and results obtained from a long
term field measurement. We would like to apply this type of bridge more to
future highway construction.
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