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ABSRACT

Bridges are indispensable components of the infrastructure of modern society, and their
assessiment via techniques of structural dynamics is assuming greater importance. The static
and dvnamic behaviors of the Aswan-Canal cable-stayed bridge are investigated through a
three-dimensional finile-element niodel. These investigations were carried out under normal
stage and under assumed cracking stage. Different load cases are used for the siatic analysis.
The seismic response analyses have been conducied from the delormed equilibrium

configuration due 1o bridge own-weight. Two earthquake records are used in the analvsis.
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Each earthquake record was input in the bridge longitudinal. lateral. and vertical directions
simultaneously. The resulls show that the bridge statical system has dominant influence on
the bridge vibrations and that the bridge deflection should be monitored carefully. Also. there
is a sirong coupling in the three orthogonal directions within most modes of vibrations.
Results include stalic and dynamic characteristics, time-history and frequency —demain

responses.

INTRODUCTION
Since cables instead of interval piers support cable-stayed bridges, they are mwuch more
flexible than conventional continucus bridges, especially for long-span bridges. In view of
the characteristics of the structural supperting conditions, bridge decks and pylons are
subjected to strong axial forces (compression forces) arising from cable reactions. These axial
forces cause geometric nonlinearity. In addition to the axial forces. some of the most
important factors on the analysis of cable-stayed bridges are the cable nonlinearity due to its
own sag, the interaction between the cables and the bridge deck, and the interaction between
the cables and the pylons. A common approach to account for the sagging of inclined cables
is to consider an equivalent straight modulus of elasticity, Gimsing [1].
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where, E. = equivalent elastic modulus of inclined cables, E = tangent modulus of clasticity
for the cable, Lo =horizontal projected length of the cable, v = weight per unit volume of the
cable, and ¢ = cable tensile stress. The above equation gives the instantaneous tangential
value of the equivalent elastic modulus that the cable tensile stress reaches. Cable
arrangement can be in a single plane or double plane systems. For complete and

comprehensive review of cable stayed bridges the reader is referred to Gimsing [1].

The objective of this study is to obtain a comprchensive understanding of the static and
dynamnic characteristics (for the normal and assumed cracking stages) of a recently completed
long-span cable-stayed bridge over the Nile in Aswan. Egypt. 1| kins north of Aswan dam.
The loads considered for the static analysis are the dead and live loads and for dvnamic
analysis are the seismic loads. The finite-element method is utilized in order to carry out this

studv. A three-dimensional dynamic finite-element model is first construcled for the bridge.
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The bridge model is allowed to deform under its own weight Lo its static equilibrium befure

calculating any responses, static or dynamic,

DESCRIPTION OF ASWAN CABLE-STAYED BRIDGE

The target cable-stayed bridge links the east and west of the river Nile near Aswan Citv.
playing an important role in transportation. The bridge consists of a continuous concrete deck.
two hollow box-shaped towers. and one-plane semi-fan type of cables. Fig. 1 shows a
schematic representation of the bridge. The bridge deck extends continuously from pier 3 at
the West Side to pier 10 at the East Side, stretching an overall length of 500 m. The main
span is 250 m and there are two equal side spans of 125 m each, linking the approach bridges
at the East-side and the West-side, respectively; the side spans are provided with auxiliary
supports P6 and P9. The bridge deck rises 13 m above the waterline. OQutlines of the main
bridge elements are described below, Labib and Bakhoum [2].

Bridge Deck

The bridge deck is a prestressed segmenltal concrete deck of a single cell trapezoidal box-
girder with (wo inclined webs, 42 cm in thickness. The box-girder segment has a total height
of 3.3m. 3.9m in length, and a 24.3 m in width. This large width could [ead to a local
buckling due to force interaction between the deck and cables, especially to those stay forces
from [09H!5-cable stay. Also, lhe single plane arrangement, for the cables, requires a hollow
box main girder with considerable torsional rigidity in order 1o keep the change of cross-
section  deformation due lo eccentric live load within allowable limits.  For the
aforementioned reasons. the top slab (22cm  in thickness) was stiffened with double
longitudinal girders in the central part of Lhe box-girder. Also the top slab was prestressed
transversally by 4F15S tendons. The bottom slab (20 cm in thickness) was transversely
stiffencd by 30cm deep cross-beam,

Stav Cables

A single vertical plane of 56 cables along the middle longitudinal axis of the superstruclure is
focated in a single vertical strip. The stays are composed of 73 to 109 HI5 strands surrounded
by an HDPE tube (high-density polyvethyvlene sheath). Each strand is 15.7 mm in diameter
containing 7 wires. Strands are galvanized. waxed. and individually HDPE sheathed. The
breaking load per wire is 265 KN. The anchorage spacing of stays on the deck is 7.812 m

{i.e. every 1wo sezments).
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Tower and Pier

There are two lowers (west and east) and six piers. The tower is a prestressed concrele
structure. fixed to the deek and has a box girder shape with outer dimensions 3mX6m and
[mX3m inner dimensions. The lower height is 55m from the deck level. The slays are
anchored (o the tower on a vertical range of about 30m. Looped posi-tensioning tendons
perform the transfer of the stay forces to the tower. The pier shaft (piers 7 &8). of pyramidal
shape, is a muassive reinforced concrete structure (24X25m at bottom). Each pier is founded
on 88 piles of diameter 1.i0m. Piers 3,6,9,and14 are reinforced concrete box-seclions.
Bearings

Two lines of elastomeric bearings (8 bearings per line) are placed on top of each pier shaft
(7& 8) to support the bridge deck. The bearing size is 1000X1000X160 mm. The laminated
bearing is composed of a succession of steel reinforcing plates (thickness: 4mm) and
elastomeric layers (thickness: [6mm). Two PTFE, 600X600X60 mm, bearings are placed on
piers 5,6,9,and 10 to permit longitudinal movements and to limit horizontal deflections.
Bridge statical system

Generally, in the case of single-box main-bridge system, the lowers are fixed to the
superstructure {rigidly connected to the deck), whicl is the present case under study. Towers
and the bridee deck are considered Lo be as one structural unit, since towers are fixed (o the
deck.  Therefore, the bridge statical system is composed of two separate structural units; 1)
towers and deck, 2} piers. The [irst unit is resled on rubber bearings, which is fixed to the
pier. This statical syslem is completely different than that of the Suez-Canal cable-stayed
bridee. Where, the steel deck is rested on pylons (tower and pier are one structural unit} cross
beams by means of rubber bearings and the other supporis, near the approach bridge, are
rollers.

Finite Element Model

The bridge is discretized as a three-dimensional {inite-element model. which includes three
types of elements: frame. sheil, and cable. First, the bridge deck has been modeled as shell
elements. Next, towers have been modeled as three-dimensional frame elements. Each node
of both shell and frame elements incorporates six degrees of freedomn, i.e., translation in the
X. Y. and Z directions as well as rotation about the three directions. Last. the siaved cables
have been modeled as tension-only elements. Therefore. if the cable element is subjected to
compressive forces, the cable stiffness will be taken as zero. In order to effectively model the

struclure, material properties are assumed as follows. For concrete, the modulus of elasticity
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£ is 30 GPa; Poisson’s ratio v is 0.25. and (he mass density s 23.2 kN/m’. For steel. the
modulus of elasticity E is 200 GPa: Poisson’s ratio » is 0.3; and the mass density is 78.6
KN/, The material behavior is lingarly elastic and the moduli of elasticity £ in tension and
compression are equal.  The damping ratio was assumed conslant and equal to 3%. which is
the common percentage of damping in this class of bridges. The wvertical and horizomal
stiffness of the bearings are calculaled according to the following formulas:
L _AE, _AG

S=—. E,=~6GkS’, K, = . K,
de L, L,

(2

where § = Shape factor, L, = bearing’s length. ¢ = rubber layer thickness, £, = apparent
modulus of elasticity corrected to account for rubber compressibility, G = shear modulus. k=
rubber compression modulus, K;-= bearing’s vertical stiffness, and A= rubber layers cross
sectional area Ky = bearing’s horizontal stiffhess. The damping coefficient ratio for bearing
was taken 10%. The connection between the deck and piers 7 and 8 are modeled by rigid link
in the vertical and horizontal directions in order to allow for the deck to move freelv in the
longitudinal direction and rotate freely about the transverse axes of the deck. The connections
between the deck and piers 5,6.9 and 10 are modeled by swing rigid links in order to restraint
the relative movement between the deck and the piers in the vertical direction. The calculated
bearing’s stiffness’ (equation 2) are substituted for the links stiffness. A numerical analysis is

carried out based on the tangent stiftness methed and modal superposition.

STATIC ANALYSIS

Different standard bridge loading-patterns are adopted in the analysis. The loading patterns
considered are illustrated in Fig. 1. [t should be mentioned that, bridge cwn-weight is
considered in all patterns (tive load considered = 4kN/m?). Fig. 2 shows a schemalic
representation for the stalic deflection due to the bridge own-weight and prestressing forces.
The siatic deflection under own weight was found to be 49 ¢m at the center of the main span.
The maximum deck deflection values at the center of the main span for all loading cases are
shown in Fig.3. [t is obvious that the maximum contribution comes from the bridge ovwn-
weight and that the maximum deck deflection occurs due to load case [. It is worth
mentioning that for load cases 3 and 5 the deck deflection is less than that of the bridge own-
weight only. This is due to he fact that the loading for these two cases 1s on the side span
onlv. [Fig. 4 shows the variations of cables, for the west tower. tension force due to different

load cases. [t is shown that cables tension decreases to a very small value near the lower.
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which is the usual paitern for these types of structures. In cable stayed bridges when no
auxiliary support (piers 6&9) in the side span exist, cables tension have decreasing values
near the tower and an increasing values away from the lower to a maximum value (so called
V shape around the tower. Abou-Rayan and Seleemah [3}]). In our case. the existence of
auxiliary support, pier 6. repeats the aforementioned pattern. the first one around pier 6 and
the second one around the main support pier 7. [t should be mentioned that the paliern is not
symmetric around the tower since there is no auxiliary support at the main span. Based on
Fig. 4, it can be concluded that: 1) the bridge own-weight contributes to about 80% of the
total tension force. 2) the least tension force occurred due Lo load case 5, and (3) the

maximum cablcs tension force occurred due to load case 1.

Cables with different locations are inclined at different angles to the tower and the axial
cables tension forces are transformed from the vertical components of the cable reaction to the
tower inducing compression forces on the tower. Distribution of compression forces on the
west tower is shown in Fig. 5. The maximum compression force occurred due to toad case [,
since it is the maximum case for the cables tension force. The compression forces accumulate
to its maximum value of 280 MN. It is seen that the accumulation rate is linear up to a tower
height of 30 m (from top to bottom), where after that the rate decreases suddenly since the
last two cables (601, 602) have very small tension forces; thus, their contribution to the
accumulated compression force is very small.  Also, from height 25m and below the
compression forces become constant (cable 601 connected to the tower at 25m height). Fig. 6
shows the distribution of shear forces (the horizontal component of the cable tensile force) on
the west tower. The maximum shear forces, 14 MN, occur at 50m and 32m heights due to
load case 1, whereas the minimum shear is due to load case 4, wiere no loading at the side
span. The shear force changes sign at the tower-cable connection, cable 609, at a height of
42m; this cable is connected from the other end to the deck at pier 6, at joint 207. The shear
force is constant from the deck level up to a tower height of 25m. since there are no cables
connected at this range. The west and east towers deformations are shown in Fig. 7. The
maximum value of side-sway displacement is approximately 14cm at the top of the tower,
For all load cases the side-sway displacement 1s to the right for the west tower and to the left
for the east tower, since the bridge own-weight contribution overcomes any load case {this is

true only for the static loads).
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From the previous resuils it is clear that the bridge own-weight has the greatest contribution
for all straining actions.  Also. the full span loading is quit enough for the preliminary

analysis.

DYNAMIC ANALYSIS

In recent investigations [4-7] concerning the dynamic analysis of cable-stayed bridges. it was
assumed that only one earthquake component shacks the bridge at the supporting points.
Therefore, there is an urgent need for more comprehensive investigations of seismic analysis
of cable-stayed bridges taking into account a three-directional ground shaking excilations
simultanecusly. To evaluate the different dynamic characteristics of the bridge. two different
earthquake records, Elecentro and Taft with three components for each, are considered
separately. Analysis was carried out in both time and frequency domains. It should be noted
that all analyzes started from the deformed equilibrium configuration due to bridge own-
weight. Since there is a tremendous amount of results, only key response results will be
considered.

Equation of Motion
The dynamic equation of motion of three-dimensional vibration of Lhe bridge when subjected

to seismic excitations at all supports can be written as, Clough and Penzien [8]:

MV, 4 MV +CV,+C,V +KV,+ K, ¥, =0 (3)

where M. C, and K = the mass, dampiny, and tangent stiffness matrices of non-active dearees
of freedom of the bridge; M,. C,, and K = the mass, damping, and tangent stiffness matrices
of the aclive degrees of freedom of the bridge {corresponding to the point of ground motion
apphcalions, supports); ¥, =lotal nodal displacement; and ¥, = displacement resulting directly

from the support motions. Equation (3) can be written in a partition form as. Bake and

Loodno [9):

My M [5] LG C [V, L[ K AN @
My M (Co CallVe) 1Ko Ku iiV 0

where, the subscript g designates the degrees of {reedom corresponding to the points of
application factive) and directions of ground motion: and the subscript b destgnates ail other
structural degrees of freedom of the bridge. Thus, the matrices My, Cpe . and Kpg are the
rectangular mass, damping, and stiffness matrices, respectively, which represent the coupling

between the structure nodes not connected to the ground (non-active) and the support
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displacements due to ground motion. The total nodal displacement may be decomposed into

quasi-static displacement and vibrational displacement. "t he solution of equation (4) can be

Vh ! Sn‘n . L i -
(oo

I u=l

wrilten as:

where Sp; is the /th quasi-static function that results from unit displacement in the ith degree
of freedom at the supporling peint; /1), i=1,2,...., { =the input displacement ground motions
to the supporling points of the bridge in the three orthogonal direetions; 8 = vector of which

the ith element is equal (o unity, with all its other elements being zero; {g,} = the nth free

vibration mode shape of the bridge with all support-point displacement constrained;
gu(t) = the nth generalized coordinate; and p = the number of mode shapes used in the modal
analysis.

Dynamic Characteristics of the Free Vibration of the Bridge

Unlike the classical suspension bridges, vibrations of cable-stayed bridges cannot be
categorized as vertical, lateral, and longitudinal. The response of this type of bridge to
earthquake excitations has special features due to the complicated interaction of the three-
dimensional input motions with the whole structure, Bruno and Leonardi [10]. Fig. 8 shows
the lowest 12 mode shapes only. Periods, frequencies, and mode shape types are tabulated in
Table 1.  As seen from the figure, mode shapes can be categorized into three types, towers-,
deck-, and coupled-modes. Towers-modes (lowest mode shapes), which, have very low
frequencies (long periods) are dominated by towers swaying in lateral direction {Y). The first
mode is for the towers swaying in phase while the second one is for the towers swaying out-
of-phase. The deck modes are dominated by tbe lateral sway in the horizontal plan. The third
mode is close to half sine wave and the fourth one is antisymmetrical {one sine wave). The
rest of the modes are coupled with vertical vibrations of the deck and torsional vibration of
the towers and deck. From the aforementioned mode shapes it ¢lear that the bridge statical
system has a dominant effect on the bridge vibrations. When tower are and pier constitute one
structural element, pylon. as in the case for the Suez-Canal cable-stayed bridge where roller
supports exist. lowest mode shapes are for the deck in the longitudinal direction. see Abou-
Rayan [11].

Dynamic Characteristics of the Seismic Induced Vibration of the Bridge

Peak accelerations of the scismic excitations used in the dynamic analysis. are given in Table

-

3. Fig. 9 illustrates some of the calculated displacement time histories. By examining these
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fieures. it can be seen that the excitations can have a significant elfect on the response
displacement al the flexible parts (towers) of the structure, especially for the flexible
directions (compare joints 79.207. and 233 in Y-direction with all other directions). Since the
responses due 1o Taft records are small compared 1o other responses due to Elcentro record.
all respenses were normalized for the sake of comparison between responses {1.e., responses
magnitudes were caleulated from the bridge equiltibrium ceonfiguration). For joint 207 the
displacement in the vertical direction, Z-direction, is minimurmn, almost zero. This behavior is
normal since joint 207 is a supporl joint (connected to pier 6). For joint 79. the side-sway
motion of the tower is in the lateral direction, Y-direction. This is in agreement witl mode
shapes of the struclure, modes 1 and 2. The following tower response characteristics are
evident from the figures:

1- The molion is partially restrained in the X-direction because of the cables (i.e.. the lowest
displacements time histories are in the tongitudinal-direction).

2- The tower stiffness, in the y-direction, is less than the deck stiffness and the motion has
very low frequency. 0.076 Hz.

3- Time history response pattem for the lateral direction, joint 79. is completely different
from any other response pattern previously discussed. 1t is clear from the figure. that the
amplitude rale change (zero-crossing rate) is slower than all other patterns, i.e.. the period
is lengthened. This means that the time history response is close to a semi periodic molion
with longer period in that direction.

4- This response paltern is a consequence of the structure statical system concerning the
tower, deck, and pier connections (it was shown that the difference between the period of

the first two modes and the other modes is targe, see table 1),

The Spectral acceleralion for joints 79. 207, and 233 due to both earthquakes are shown in

Fiz.10. The following response characleristics are evident from the Figure:

- There is a multi-modal contribution to each response quantity. These contributions are
more pronounced in the high frequency (small-period) range of the response.

3- The high occurrence possibilities of low frequency modes (long periods), in general, for
any structure are for the first modes. 1. 2, 3, and 4. At these period ranges (3-13 seconds)
the spectral accelerations have zero wvalues. In other words. the bridge responses are far

away from any resonance phenomena to occur.
Y
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3- Generally, the wind forces have high frequencies. Accordingly. no threat to the tower
stability is expecled. Since the dominant mode shapes have low frequencies (long
periods).

4- For joint 79 the spectral acceleration of the laleral motion is very small. whereas the
maximum peak occurs for the vertical direction, which has the smallest time-history

response.

Some selected member-forces time histories are calculated and plotted 1o give a representative
picture of the models' response to seismic excitation, Fig. 11. Cables axial forces are defined
in the [ocal coordinates of the specific cable. It is evident from examining these plots that the
seismic excitations have an extremely strong influence on the magnitude as well asthe
frequency content of the responses. It is obvious that cables on the left and on the right of the
tower can be classified into (hree groups in terms of axial force magnitude (quantitatively).
The first four cables from the top constitute the first group with high tensile forces. The next
five cables constitute the second group with relatively medium tensile forces. The rest of the
cables (not shown, six cables on the left and right of the tower) have small tensile force
magnitude reaching a very small value for the nearest cable to the tower. In other word, cables

tenston force is directly proportional to the distance from the tower.

Fig. 12 shows the base-shear time history under both inputs for all directions. Despite the fact
that the horizontal components for both records are higher than the vertical ones, the energy
output in the vertical direction is higher than the other directions. Thus, the earthquake record
with largest peak acceleration magnilude does not necessarily induce the greatest maximum

response. Clearly higher mode contributions are observed in the X-direction only.

BRIDGE BEHAVIOR UNDER CRACKING STAGE
Occasionally structures are subjected to over loads beyond the point of cracking “hair cracks”.
One of the factors that could lead to this cracking stage is an earthquake. Therelore. the
bridge main characteristics were investigated for slatic load and seismic forces {(Elceiitro)
assuming hair cracks exist. While there is a tremendous amount of results. only main response
results will be discussed here. These are:

a) Static deflection due to load case I,

by Towers displacements due to load case I,
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c) Mode shapes

d) Speciral acceleration tor joiat 79,
The aforementioned investigation was carried out the same as before. excepl that when
computing the stiffness coefficients for equation (4) I (effective moment of inertia for
computation of deflection) was substitwied for I, (moment of inerlia of gross concrete

section). Equation (4-62) from Egyptian Code [12] was used to compute L

The maximum deck deflection was found to be 59 cm, see case-1C, at the center of the main
span. corresponding 1o 53.47 cm for normal stage. This increase in the deck deflection leads
to increase in towers side-sway displacement by about 4cm at the top, see figure 7 case-lc.
Despite the fact that the bridge deck and towers are subjected to strong axial compression
forces. these deflection increases could lead to an overall instability for the structure. Also

this could lead to damage in the cables connections either to the tower or the deck.

It 15 clear from table 2, that the bridge natural modes were not afTected much by the assumed
cracked state. Natural periods for this case are longer by about 0.6 Sec. and mode shapes
characteristics are the same. This behavior is excepted since the main factors affecting these
mode shapes are the bridge statical system and the rubber bearings, isclation sysiem. By
examining Fig. 10(a), it is clear that the peak of the spectral acceleration for joint 79 for the
cracked stat, 79-Zc is lower than the corresponding one, 79-Z. This is in agreement with
mode shapes results for the cracked state (natural periods are longer especially for the tower

modes).

AS seen the cracking stage analysis shows thal the deflection Increased than expected. This
deflection could increase with time. which leads to undesired consequences. and to an overall

stiffness decrease for the bridge.

CONCLUSIONS AND RECOMMENDATIONS
The static and dvnamic characteristics of Aswan Cable-Stayed Bridge are investigated.
through finite efement analysis. Based on this investigation, the following conclusions and

recommendations can be made:
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I- From the static analysis it is clear that the bridge own weight contribution to the response
represents about 80% of the total response. Maximum straining actions are due to {ull span
loading; in other word, the lull span loading is quil enough for the pretiminary analysis.

2- The bridge stalical system has a significant ctlect on the overall bridge behavior.
Therefore. for this type of bridges an investigation concerning the tower-deck connection
should be conducted (i.e., tower fixed to the deek and tower {ixed 1o the pylon).

3- For this three-dimensional structure, there is strong coupling in the three orthogonal
directions within most modes of vibration. Therefore, a two-dimensional dynamic
assessment is not adequate for this type of structures.

4~ The assumed case of hair cracks existence did not affect the main bridge characteristics
except for the increased deflection in the deck and towers. . This deflection could increase
with fime, which leads to undesired consequences, and to an overall stiffness decrease for
the bridge. Therefore, it is strongly recommended that the bridge deflections (deck and
towers) must be monitored continuously so that, any deflection increase than expected
could be an alarm or hair cracks existence. Also, overall bridge stability should be
thoroughly investigated under this assumption. Based on these results, it is believed that
the hair cracking stage was not considered in the original bridge analysis.

5- It would have been better if the main span was 400m instead of 250, which is considered
small compared 1o the existing concrete cable-stayed bridges (existing bridges reached
more than 400m for main span). This would have given clear navigation stream (Nile
River width at the bridge site is about 400m) and have also eliminated the cost of

constructing the cofferdams for piers 7 and 8.

Although this study has predicted that the bridge is safe against wind forces. it is
recommended to investigate the bridge characteristics under high wind speed. Also, The use
of stochastic methods for dynamic analysis (random vibrations) to predicl the earthquake-
response of such bridge is recommended. This can allow for studying the effects of suppont-
cxcitation, cross-correlation, and modal cross-correfation on the bridee responses. The effect
of soil-structure interaction, and local soil conditions at the site of the bridge on 1he dynamic

characteristics and earthquake-responses of the bridge should be investigated.
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Table 1: Summary of Mode Shapes

Frequency Period Nature of Mode Shape
Mode
(Hz) (Sec.) Tower Deck Remarks

1 0.076 13064 LT | -eee- Tower

2 0.078 12693 LT [ --eeo modes |

3 0.282 3544 | - LT Deck [

4 0.324 3.079 | eee- A L modes

5 0.537 [.862 LT V-T

g (O)fé?)% L.671 L. v |
_1.249 LT-T LT-T

g 0.809 1235 [T T Cagpled

9 0.859 1163 L-T V-L modes

10 1.29] 0.774 L-T V-L

L 1.449 0.761 I-LT T-LT

12 1312 0,690 L-T Loy

Table 2: Summary of Mode Shapes under cracking-stage

Frequency Period Nature of Mode Shape
Mode |
{Hz) (Sec.) Tower Deck Remarks
l 0.073 13.64 £r e Tower
2 0.075 13,203 LT |- modes
3 0.255 3924 | -mmm- LT __| Deck
4 0,287 3479 | ---n- LT mades
] 0,462 2.162 LT V-1
g 0.552 1.810 L v
0,746 1.340 LT-T LT-T
3 0.778 1285 [T T Coupled
9 0,798 1.253 L-T V-L mades
| 10 [.144 0.874 L-T Ve[
11 1.175 0.85] T-LT T-LT
(| 12 1315 0.760 L-T [-V

Where. V= Vertical, L = Longitudinal, LT = Lateral. and T = Torsional.
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Table 3: Seismic Ground Motion Records
Seismic ELCENTRO-1940 TAFT-1952
Records California, USA Cincinnati, USA
Component | SOOE | NOOW | Vert. | N21E | S69E | Vert.
Peak Acc.,g | 0.348 | 0.214 | 0.21 | 0.156 | 0.179 | 0.103
LL. CaseS /Al Lanes
1
|
3

sk i

7%6m

ig. 2: Schematic representation of the static deflection due to the bridge own weight.
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Fig 8: Lowest 12 Mode Shapes
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