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ad simplified equi . spri
\CT: A ssmp equivalent spring model representing the dynamic stiffness of a highway bridge

B o m is developed for use in seismi :
Iw- syste €1Smic response studies. [t is based on linear elastic two-dimensional

-

‘Prior to the 1971 San Fernando earthquake most
 geismic damage to highway bridges was associated
 with foundation failures caused by soil liquefaction,
excessive settlement or slope instability. The San
ernand earthquake showed however, that signi-

nt damage could also result from the dynamic
iour of the bridge superstructure and its inter-
with the earth abutments at either end of the
» deck. The importance of a dynamic analysis
ch includes allowance for the abutment response 1s

~ recognized by current seismic design guidelines for
ridges (AASHTO 1983, ATC-6 1981), although little
informatic is provided as to exactly how this may be
counted for in a seismic bridge analysis and few
studies have been done to estimate an equivalent
stiffness for abutment boundary elements. Douglas
- and Reid (1982) conducted an experiment on a full
~ scale bridge to determine the bridge dyna mic
- propertie 5 and they concluded that simple boundary
s springs were adequate 0 approximate the
oil-structure interaction effect. Douglas and Norris
- 11984) studied a procedure to estimate the foundation
~ Gnmam ¢ stiffness of the pile foundations using geo-
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_+rain analyses of typical bridge abut '
#in s ot sversegdirecti?:ZLzmSS_ §ect1ons. 'I:he model consists of two massless translational
ngs one Spring wran one in the vertical direction. The springs are then incorporated

conditions in a finite element model of the Meloland Road Overpass bridge. Dynamic bridge

i 0 w muted from Fhe finite element model show good qualitati _ ‘ -
i e on the bridge during the 1979 Imperial Valley ear thqgakel_ ive agreement with strong-motion records

directions and are applied to the Meloland Road
Overpass (MRO) bridge in Southern California.

ABUTMENT MODEL

In most highway bridges the earth fill which forms the
approach to the bridge is much longer than either the
height or the width of the abutment, and the approach
slope is usually quite small. Therefore, 1t seems
reasonable to represent the 3-D abutment fill with a 2-
D plane strain model as shown in Figure 1-a. The
development of this model to predict an equivalent
dynamic abutment stiffness is described 1n the
following paragraphs and its application in the
dynamic analysis of a two-span highway bridge is
‘Tlustrated. In this development it is assumed that:
(1) the inclined faces of the abutment wedge are flat

Free Vibration Analysis

shear beam is con-
ight and top width
Figure 1-a, with

Initially, a simplified uniform
sidered (Figure 1-b) having a he
equal to that of the wedge 1D
fundamental frequency

K

= weight daas,.ity.

- odulus,
G = shear m Y e g
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A program to compute oA PP cdag
t wedge (Figure 1-a/,
of the abutmen g B

d.o.f per
3.node triangular plane S e 1'":,3‘5 (2
node), with the finite element grid S

This program was then used i

which frequencies of the uni g
finite element wedge were computed for variou

heights, widths and side slo;)es‘. From this studyi'l the
following empirical relationship between the shear

beam and wedge frequencies was established:

2 = 1722 AW, @)

n

where, f, = frequency of the abutment wedge,
H = height of the wedge, W = top width of the wedge,
and fg, = frequency of the corresponding uniform
shear beam from Eq. (1). The above equation was
found to be generally applicable for all heights and
u{idths, but there is a slight variation for different
side-slopes. However, the variation within the
practical range of earth fill side-slopes of 1:1 to 1:3 was
found to be small ( <10%), and the relationship in

FIGURE 2.

the top of abutment wedge as show in Figure 3.,

3-b, respectively. The top deflection stiﬂ‘npq; b g
obtained using the relationship, Kp = F’“!_\-ﬁ ﬁ !
Fr is the top applied load and Ay is the Fewlr
deflection. The abutment wedge, being a plmzl
model, is assumed to be a unit section of .
abutment soil mass. The unit stiffnesses are.

o 2SG
t  en(1 + 2SH/W)

g0 I8
¥  ¢én(1 + 2SHW)

where, ki = transverse stiffness per unit length along
the abutment, k, = vertical stiffness per unit lengt
along the abutment; H, W and S are the height,wid!
and side slope, respectively, of the abutment weds
and G and E are the shear and elastic modulus o
abutment soil. Separate springs are developed for
transverse and vertical directions only, as responses”
these directions are usually the major contributor®’
lgl:‘ied;::_rau earthquake response of typical high""
. The static stiffnesses developed above are ake! L:
de Vahfes for equivalent springs describing ab'* mEI;i
ynamic stiffness These stiffnesses are the{1 i the
E::da ted as boundar y conditions for the analy Sls;ent
itiﬂ‘za Buperstr}.lcture_ To obtain the total aiutment
fill ise:?’ ltl?e stiffness of a unit slice of the an:wing‘
wail Tou tiplied by the length of the abutme]tiph’iné
e use the wingwall length as the mu tqiné0
TYRAL. S8 Phy Sically reasonable, since the soil co™
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FIGURE 3. EQUIVALENT SPRINGS.

within the vicinity of the wingwalls is likely to have
the greatest influence on the abutment stiffness. This
is especially true for the transverse spring, but even
for the vertical spring, the wingwall length should
represent the influence length reasonably well.

The same top stiffnesses, Kt = F1/Ar,for the abut-
ment wedges, were computed using the finite element
grid shown in Figure 2 to examine the practical
suitability of Eqgs. (3) and (4). Several computations of
K for different combinations of G, H, W and S were
done and it was found that for both transverse and
vertical springs, the theoretical values (Egs. (3) and
(4)) and finite element values were similar. Thus, for
the subsequent analyses of the abutment models, the
theoretical stiffnesses in Egs. (3) and (4) are used as
their computation is straightforward.

In summary, the proposed abutment model consists
of replacing the abutment soil fill with massless
transverse and vertical boundary springs, the
stiffnesses of which can be established using unit
values from Egs. (3) and (4), multiplied by the length
of the wingwall. The wedge shaped cross-section of the
s0il abutment at the ends of bridge is used for the

abutment dimensions in Eqgs. (3) and (4).

MELOLAND ROAD OVERPASS (MRO)

The general applicability and usefulness ot? the ab'ut-
ment model developed above is used examined using

e seismic response of the Meloland Road Overpass.
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The MR( ), located in

5 1 ill = IL' I :
Califmats ¢ ne Imperial Valley in Southern

> 4 moder ' . . :
COMprised o ern reinforced concrete bridge
=l 01 two continous |

monolithic abuyt _SNECk SRAED. AN
- S ebutments and a central single col
e bridge w S SRR

; as instrume ot
(Figure 4) mented with 26 acecelerometers

Imperia] le};lc-h were triggered during the 1979

earthquakfrihe availfability of the measured
> response of the abutm ' |
superstructure make this e

MRO - Soil Parameters

Results of test borings indicate that the soil at the

Pfﬂ}?.()ssﬂ;e 1s mostly clay with traces of silt and sand,
e Standard Penetration Test (SPT) resistance

megsured_approximately 46 blows/m (14 blows/ft)
Using this information Scott and Levine (19865
suggest tltlat the soil is probably a medium to stiff clay
.51rllce no information is avalable on the abutment ﬁll‘
1t 18 assumed to have the same soil properties as thé
soil b_elow the bridge. For a medium to stiff clay, an
elgstlc modulus of E = 20 MN/m2 (400 kips/ft2), 'and
Poisson’s ratio of v = 0.30, are assumed. It is felt that
these values provide a reasonable description of soils
a!: the MRO site. The following abutment wedge
dimensions (see Figure 1-a) are used for the MRO soil
mass: height, H = 7.3 m; top width, W = 14.6 m; and
side-slope, S = 2. These dimensions were taken from
the structural drawings of the MRO bridge (Caltrans,
1969). An estimated soil weight density of y = 15.7
kN/m3, G = 7.7 MN/m2 [G =E/2(1++)], and v = 0.3,

gives a shear wave velocity for the abutment soil of
67 m/sec.

MRO - Comparing Frequencies

Using the estimated soil parameters and the above
abutment dimensions; a fundamental transverse fre-
quency of f = 2.83 Hz [Eq (2)] was calculated for the
MRO bridge abutment (using a uniform shear beam
frequency of f = 2.29 Hz [Eq (1)] as the value for fgp).
This frequency is compared to observed response of the
MRO bridge, as deduced from an analysis of‘ the
recorded abutment earthquake motion using a single
input-single output system identification rpethodology
(SYSID) developed by Beck (1978). In this approach
the recorded free field acceleration (Ch. 24 on
Figure 4) was taken as input and the abutment
motions (Ch. 26 and Ch. 11) were used as outputs _for
the system identification. The system 1dent1ﬁc§t10r}
‘ndicated a change in frequencies: over the*dgr‘atm}l 0
the earthquake, however during the m1t1al4${w
seconds of response, an abutment frequency of *----2.1l tz
was observed, which corresponds reasonably well 0

the computed 2.83 Hz values.
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parameters stated earljer unit stij
4 : stiffne
ki = 28 MN/m2 [Eq. (3)] and k, = 73 MN/m?2 ?Eeqs.ﬁ(:)sf

Figure 5, results ;
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RESULTS AND DISCUSSION _ g,
MRO BRIDGE SPONgg

A finite element model was developed ¢

g i . UE e 1
bridge, incorporating the calculateq aby & My
nesses as boundary spring elements ,t themw tif
deck. The bridge deck and the colypmy ,.. "
with 3-D beam elements; 8 elements alo;e el
and 1 along the column (Figure 8). Each ngdge PE
translate and rotate in all three axes eXce f;,_w
bridge deck end nodes where trar;slﬁt.ignuiif
direction (longitudinal) is restrained The colum:'ﬂ“
1s supported by a pile foundation and, for the L
of this study, it is felt that reasonable foupd&
stiffnesses can be obtained by assuming oaly v
tional degrees of freedom at the base Two rma
springs (rocking stiffnesses) are placed at the colun:
base with numerical values calculated usin
techniques of Poulos and Davis (1980) _

Results of a free vibration analyses of the fini:
element bridge model are compared with two othe
analyses of the recorded earthquake motions. The
?.nalysis 1S a single input-single output syster
identification (SYSID; Beck,1978) where the recorie
mc:tion at freefield (Ch. 24) was taken as input “‘
bridge deck (Ch.5, Ch. 7 or Ch.9) as output "
second analysis used for comparison was a M
tnput-multiple output system identification LWP
ID), taken from a report on the MRO strong n“
records by Werner et al. (1985). Frequencies 224"
shapes for two of cases are compared in Table ..

.The first three frequencies determined ﬁ'omr
bridge finite element model are quite close “1
;!‘om Werner et al. A fundamental frequen:;eﬁ
Bmtz'“ Hz using SYSID is also similar t0 th;‘]’d he
Both the finite element model (F.EM) -’

MODE-ID Procedure identified the fundam‘-‘“?ge. The

8 & symmetric transverse vibration of the b

Second mode was identified by the F.E.M. 54"
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FIGURE 6.
TABLE |
MODE FREQUENCIES AND SHAPES
First Second Third
nis § 5
MODEL Transverse Vertical vVertical
K This study )
i_,'##—rh‘-j 2R e A Ay T
f{ _T--._____‘_..a-* '-...'I..-"" -
f =257 1 = 3.28 HZ f = 455 HzZ
— o Sl |
MODE-ID | System Deck Deck
k werner et at )} Transverse Transverse Vertical
L g L e t{-r‘"""-._ ...r""*"'\.r"““"‘*;
£ =255 HZ f & 327 nZ f =457 HZ

vertical mode but the MODE-ID

procedure identified it as a deck tranverse mode. The
¢ vertical mode

FEM’s third mode 1s a symmetri

where small translations at deck ends are observed.
The third mode of the MODE-ID s golely a deck
vertical mode. Although the frequencies are identical,
reasons for the discrepancy in mode have not
been identified at the present time.

The close agreement between the fundamental
mode shapes and frequencies of the finite element
model and the observed data represents 2 significant
and encouraging step in the development of a sim-

plified procedure for modelling the
abutments for seismic dynamic analy
thﬂt seem to exist for higher modes
limitations of the capability of the simplifie
represent a complicated goil-structure gystem.

antisymmetric

atiffness of bridge
sig. Differences

may be due to
d model to

3D BEAM MODEL OF THE MRO BRIDGE.

Research work is continuing to investigate these

problems.

CONCLUSIONS AND RECOMMENDATIONS

The resglts of this study indicate promising develop-
ments in finding simple equivalent models for

approximating the dynamic stiffness of highway
tems. The proposed model for

iffness, based on an analysis of the

dynamic response of typical abutment systems

appears 1o produce reasonably good agreement with
system :dentification analysis of the measured earth-
e Meloland Road Overpass bridge.

quake response of th
ents and additions 1o the model

Several improvem
may be considered for the future, including develop-

nent of simplified nethods to include masses and
rotational sp | For the MRO abut-

rings in the model.
ments, short time windows (4 sec ‘ntervals) of the
earthquake record showed some leng

thening of the
period of the abutment system oce

urred during the
ion. but the stiffness seemed t» be restored after

might warrant inves
As pointed out earlier,
tainties in the analysis 1
perties (i.e., G). For the
developments it would be highly
shear wave velocity measure

a few selected bridge abutments.

to reduce uncertainties in the s
agsist in the development and improv

abutment models.
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