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ANALYSIS OF FRANCIS SCOTT KEY BRIDGE (BALTIMORE)
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Abstract: This article describes and analyses aesthetisigl and construction of the Francis Scott key
bridge in Baltimore such as aesthetics and stratamalysis. The Francis Scott Key Bridge in Battisn
carry the 1695 route of the US, the bridge is adteel girder with reinforced concreted deck agst on
reinforced concrete piers. The longest span oftiidge which is 366m is constructed as a continuous
arch truss and the entire deck is constructed ssesal plate girder deck.
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Figure 1: Photo of Francis Scott Key Bridge over Patascoperil]

1 General Background information

There are 2 Francis Scott Key bridges in the
United States of America. The first one is locaied
Washington; the more recent one is located in
Baltimore in Maryland. Both Bridges are called Faian
Scott Key Bridges, name after the author of star
spangled banner, Francis Scott Key. In this arliélm
going to analyses the one located in Baltimore ctvhi
alternative known as the Outer Harbor Bridge. [9]

In 1969, Maryland transportation Authority

proposed a scheme for the crossing of the Patascope

River which can also provide access from road MD-10
to MD-151 and vice verse. Initially, they proposed
build a tunnel, but when the bid received in 19%d a
the cost to build this tunnel is too high which is
estimated at 100million US dollars. There are 100
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million US dollars for the initial budget, but withe
tunnel proposal over this amount. The best altar@at
was to build four lanes of high level bridges, in
addition, the maintenance and the operation cokt wi
be lower than that of a tunnel and the authoritsidkd

to build the bridge by the alternative design.
Furthermore, the Baltimore harbor and Fort McHenry
have hazardous material that need to be transported
across the Patascope River, and this bridge wsb al
provide this service. [9]

The Francis Scott Bridge has a total length of
2632m, with the middle span is the largest which is
366m, on the either side of this 366m span theee ar
two 220 meter deck of smaller span. The longest par
span is constructed as continuous arch truss wdiich
that time was the longest span continuous trussaf
type construction. Most of the deck in the 366nmsjsa
suspended plate girder design. In addition, theee6a



spans of 91m connect to the east side form the
continuous east of the bridge and 3 same spanalf de
on the Westside. They are designed to reduce the
construction cost; each of the traffic lanes is6&16
wide and with no shoulder constructed. [10]

The total construction cost of this bridge is 60.2
million US dollars which is 10 million over thanah
predicated by the consultant engineer. The construc
started in 1972, and completed at 1977. Recently in
2001, Maryland Authority completed an 89.5 million
project to replace the existing northern approasmfa
2 lanes viaduct with an up to standard four lane
motorway approach. [9]

2 Aesthetics

There are no universal formulas to determine
whether a bridge is beautiful or ugly. However,t#ri
Leonhardt believed in 10 areas of a bridge shoeld b
considered. In addition, | will use the 10 rule} §3 a
guide line to analysis the bridge.

2.1 Fulfillment of function

The function of this bridge can be accessed from
far away so that to have a complete view of thddwi
The Francis Scott key bridge is designed to be view
from elevation most of the time. The bridge has
revealed a clear function from the structural fobut
at the middle of the bridge which is the longestrspf
the bridge is misleading. From a distance away, you
cannot see cables suspended from the arch trukse to
deck of the bridge. The size of the trusses begsgl in
the middle section is smaller than trusses beimgams
either size of the arch trusses. The locationsusfses
used in the bridge have revealed where the critical
spans is, and clearly shown they provide the stabil
that the bridge needed at these sections.

igure 2: View of Francis Scott Key Bridge from East
Approach. [2]

2.2 Proportion of the bridge

In this section, a bridge should have a good
balance, for example, between the area of masshand
area of voids, depth and span. In my view, thisd®i
has reasonable good proportion on the above factors
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However, because of the massive span at someqfarts
the bridge, the depth of the truss seems a litlieod
proportion. The truss is a bit bulky compare todkek,

but these have made the deck a lot thinker visualg
proportions of piers supporting the bridge areiief
proportion, the spacing between them decrease from
the middle of the arch truss to the ends of thddari

At the middle is 366m, on either side is 220m span
then a series of 92m span connect back to land. The
piers are not over bulky but still made a statenmamt
the structural form of the bridge. [10]

2.3 Order of the bridge

The order of this bridge is achieved by the
consistent spacing of the trusses in the middl¢éicec
of the bridge, further more the equal spacing & th
suspended cables in the arch section does give trde
the bridge. In addition, the deck is only has a ézlges
which is acceptable. However, the whole FrancisttSco
Key Bridge has some unnecessarily stark changes in
the depth, which take slight out of the order of th
bridge achieve away. Lastly, the truss sectioreiord
would be upset if you are viewing from elevatiordan
head on. It is because when you look at diagond| to
the trusses create too many edges and confusion.

2.4 Refinements of the bridges

After looking at the bridge at different angle and
distance, the complex trusses in the middle of the
bridge will look much unorganized at certain angle.
However, the benefit of this complex truss design i
that it will give you a stunning view when you dgiv
through the bridge. In addition, from the location
where this bridge positioned, there are only a dages
that this bridge will be viewed at these angles,
therefore it is acceptable. Piers spacing wereedased
from the middle of the bridge to the end, this will
prevent optical illusion become the piers will hew
wider apart
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Figure 3: View from vehicles travel through the bridge.
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2.5 Integration into the environment

The design of the bridge fit into the environment
very well, with the unique design of the steel arch
Between the Baltimore harbor and Fort McHenry,
important chemical need to be delivered and thidgler
has clearly fulfill this duty. The height of thigithge
and the span has reflected the needs of ships gomin
through beneath the bridge.

2.6 Surface Texture

In this bridge, it is very clear that the different
texture of materials used present very well. The
concrete deck and the piers have a matt finish¢hwis
a more rough texture compare with the steel truss
which has a very smooth texture by the matt firitsh
produce a crisp appearance.

2.7 Color

In this bridge, there is no external use of coibr;
has been design to expose the natural color of the
materials. The steel trusses has a slightly lightdor
compare with cables suspend from the trusses. This
create the illusion of the bridge deck is spanranigt
further apart from what it can span. In additione t
lighter color of the trusses will also allow thegses to
be the stunning feature of the bridge.

2.8 Character

The character of this bridge is complex due to the
complex trusses and the structural form of it. Doie
the dark color being used in the suspend cablérsat
sight the bridge do not give us of how it works.
However, when you go through the bridge, you can se
those cables and give you a clearer how the bridge
functions.

The second important character of the bridge is, it
gives road travelers indication where to enter laade.

In addition, road travelers can see from far awag a
on plan, it is straight and will not affect roaduelers.

2.9 Complexity

The most obvious feature of the bridge is thelstee
trusses, which gives complexity to the bridge. Tikis
not a usual simple bridge when compare with other
steel bridge. However, it is always for the desigtoe
find a balance between the complexity and simplidit
would not say the Francis Scott Key bridge achibie
fulfil as being the alternative of a tunnel desagm the
suspended bridge being proposed in the 1960s.
However, being the second alternative, it creates a
certain amount of complexity that is needed in this
bridge.
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Figure 4: View from land [4]

10 Nature

Being a cost saving and second alternative to the
original design, incorporate the nature into thsigie
seen from me it is not the primary constrains & th
design of the bridge. | feel that some aspect dafhoe
area can be improved in large extent.

2.11 Summary of Aesthetics

To summaries the aesthetics of the Francis Scott
Bridge is that it might not satisfied all 10 rulesFritz
Leonhardt [7] but nevertheless it is a beautifidge in
my view. In addition, a bridge that achieve allries
of Fritz Leonhardt is not necessary is a beaukifidge,
but a bridge that infringe the 10 rules of Fritz
Leonhardt will not generally been an aesthetically
pleasant bridge.

3 Loading

In this section, by applying BS5400 [12] | am
going to assess the bridge under the major loaghwh
is shown as follows:
Dead Load — The super structure part of the britige
are resting on piers or abutments. Include concrete
deck, steel girder and trusses about the deck.
Super — imposed dead load — Additional dead load on
the bridge, include wearing surface, water pipe and
finish on the deck surface.
Live traffic load — HA and HB traffic loading on ¢h
deck. Wind load — A load depend on the wind speed
and direction. This can be longitudinal or transeeto
the bridge and we need to find the worst to use to
assess this bridge.



Temperature load — Taking into account both effecti
temperature and temperature difference to the tefifec
the super structure of the bridge.

Both the serviceability and ultimate limit state
must be checked during the design process.

4 Load Combinations

There are 5 load combination need to consider for

both SLA and ULS:

1) Dead Load + Superimposed dead load + HA
load

2) -Dead Load + Superimposed dead load + HA
load + Wind load + erection load.

3) -Dead Load + Superimposed dead load + HA
load + Temperature load + erection load.

4) - Dead Load + Superimposed dead load +
secondary live load + associated primary live
load.

5) -Dead load + Superimposed load + live traffic
load + friction at the support. [7]

4.1 Load factor

Any load used in the calculation need to be further
factor by 2 factors which ardl and f3. f3 would be
1.1 [12] for ULS concrete bridge with elastic arsidy
The table below has showed the factor this bridge.

Clause Load Limit state fl
number
5.1 Dead: Steel ULS 1.05
SLS 1.0
5.2 Dead: ULS 1.15
concrete SLS 1.0
5.3 Wwind: ULS 1.1
during SLS 1.0
erection
54 Temperature ULS 1.3
SLS 1.0
6.2 HA alone ULS 1.5 (Casel)
1.25(Cther)
SLS 1.2 (Case 1
1.0 (Other)
6.3 HA with ULS 1.3 (Casel)
HB, or HB SLS 1.1 (Other)
alone 1.1(Case 1)
1.0 (Other)

Table 1: Table of flcombination factor [7]

4.2 Live traffic load

HA loading

This bridge has 4 national lanes, the loading
condition are shown below to find out the worstecas
The HA loading will be behave as a UDL, and a knife
edge load (KEL) will be place as well. We are gdiog
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place HA loading onto 2 lanes of the 4 lanes. Tihero

2 lanes we would have 1/3 of the HA loadings and
KEL loading onto it. [7]

The HA loading can be work out using the equation
below:

With the span between 2 piers at the continuoiss tis
366m long [10], therefore load acting on singleelas
9.1KN/m.

HB loading

An HB loading represent an abnormal truck load
on the bridge for a vehicles that is long, wide a&ady
heavy object. This loading is very important tosthi
bridge because at the start of the proposal fas thi
bridge is to carry hazard chemical in quantity frim
factory to the harbor. Each unit of one axle of titumk
is carrying 10 KN which each wheel is carrying 2\aK
For a full HB loading is a 45units, therefore eadieel
is carrying 112.5KN nominally, below are 3 possible
arrangement of a full HA and HB loading. [12]
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Figure 5: 1% Combination of live traffic load [12]
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Figure 6: 2" combination of live traffic load [12]
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Figure 7: 3 Combination of live traffic load [12]



5 Temperature effect

The Francis Scott Key Bridge with the
temperature fluctuation there will be massive sBai
being loaded to the bridge.

There are 2 temperature effects that the bridge wil
experience, first is the overall temperature insecar
decrease, which is known as effective temperaiihe.
second effect is the variation in temperature betwe
the top and bottom of the deck which is the
temperature difference. For the continuous trusdes
the bridge, because of the nature of the constmcti
the cable are likely to inject a bending momenthie
deck so should be investigate. [7]

For the calculation, the thermal expansion for
concrete and steel is 12 x 4@C [7]. Then use the
following formal to work out the strain due to the
temperature difference.

[12]
From Fig.8, the concrete assumed is 300mm depth
with 8 1m depth | beam support and at the top ef th
deck assumed is +16 above datum and the bottom

side is assumed °& below datum. The result is shown
below:

Strain
Compressive stain at top =

Tensile strain at soffit
Strain at interface

Stress

Stress of concrete at the top
Stress of concrete at interface
Stress in steel at interface

Stress in steel at soffit

Force
Fc — "# $5%
Fs ——I & %

Total forces in compression are 24MN.
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Figure 8: Temperature affect of deck
6 Wind load

Francis Scott Key Bridge has a totally length of
2632 meter and it is spanning across the Patascope
river. The wind loading longitudinal and transverse
will have an enormous impact to such a long bridige.
addition, this bridge is located 56m about seal)dkis
will encourage wind load to be bigger than at lower
down. [10]

In BS5400[12], which | am using for this
calculation, this bridge should be design to a y2ér
return value, which is at height up to 10m above
ground and up to 300m above sea level. The follgwin
equation from BS allows us to calculate the maximum
wind gust. [7]

‘() *

V is the mean hourly speed; from the nearest
location assumed to be 24mph, which is the highest
value instead from the average. This will allow the
bridge to be safe even the highest load act onamdl
S2 value from table in BS5400 are 1.48 and 1.34 [12
Slvalue is 1.0 because giving the shape of thegérid
does not any funneling.
Thereforetr -."/0 "1& "/ "21 $"3. .

Since the total span is over 2000m, the horizontal
wind load are very important to the bridge desigg,
used the equation below to calculate the wind load
which give us the load at the centroid of the péthe
bridge under consideration.

(12]

4; 67 89 [12]

Where g=0.613y, and q is known as the
dynamic pressure head.; As known as the solid
horizontal projected area in’mand G is the drag
coefficient. G can be calculated by b/d ratio and from
BS5400. The Francis Scott Key bridge centre span is
arch truss, from Fig 9, | can assume wind load from
vertical and horizontal would penetrated to mosthef
deck even with there are the truss shielding thek de
from wind. In addition, being a solid parapet, wanc
calculate the drag coefficient using the below rodth
[12]
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From BS5400 using graph, the coefficient of drag

is 1.25 [12].
45 24 01%

The other direction of wind load is longitudinal
wind load, this need to consider as well, becausarn
be a downward force or uplift and we can deternaginat
it by the following equation.

4) 67 8]12]

Where ¢ is the dynamic pressure heaglisAthe
plan area and Qs the coefficient of loft. Therefore,P
is:

4) 28# "# #22
In addition to horizontal and vertical wind loador
BS5400 there are 2 more long case should be canside
for any design of bridge. They arggP which is
longitudinally wind hitting the bridge and Pwhich is
longitudinally wind hitting the traffic and,Hs the sum

of the 2. With this bridge satisfied 5.3.4.1 in B8Bb
part 2, the follow formula can be applied. [12]

Asc | $DEF H [12]

Than we get PLS as 186KN.

Ass | DEF cH [12]

The value of B comes out as 371KN.

From the result, it shown on this bridge the uplift
is as equal important as the downward force. In
addition, there are 5 combinations that need tsiden
finding out the worst case:

-P, alone;

-P; in combination with +/- P

-P_ alone;

-0.5R in combination with P+/- 0.5R. [12]

7 Structure design

After have worked out all different loads act on
the bridge, and try with the different combinations
specified above to find out that load combination 3
base on the assumptions made through calculat®ons i
the worst. | am going to perform a structural assly
on parts of the bridge.

I have chosen the longest span of this bridge
which is 366m and this part has represented tha mos
complex structure in this bridge [10]. The loadhpat
diagram below has represented how load transfen fro
the deck to the pier and to the foundation.
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Figure 9: 366m span of the 2 main piers [4]

Due to the long span of this section of the bridge,
a continuous truss suspended design is used fer thi
span. When there are loads act on this section, the
suspended cables linking between the truss and the
deck will prevent the deck bend in sagging. Thedes
on top of the deck is in an arch shape is becanse a
arch in structural is a lot stronger then beam and
column form. In addition, in this case, for aesthet
reason, an arches design will be more suitable. The
arches will transfer loads back into the bearingshe
piers then into the foundation. Steel sections
connecting between front truss and the back truasses
to provide stability and torsion resistant to theicture.

The deck of this bridge is composed of steel girder
for construction and on top of the section it is a
reinforced concrete deck. The cross section of the
bridge is below.

| 15.8m |

1 1

Concrete
deck
Flat stee

Steel |

beam
6m

Figure 10: Transverse cross section of bridge



From the photo above, there are 36 cables on
either side of the bridge between the 2 piers. Spgan
between the 2 piers is 366m [10]. Therefore assume
each length between each cable is 10m. Another
assumption is that both sets of cables take equal
amount of deck surface i.e. divide the surface @to
lanes each. The maximum sagging moment is shown
below with the arrangement of load and is giverihzy
formula wf/8.

Figure 11: Maximum sagging moment arrangement

Then we need to work out the force the truss is
taking from each cable. The principle of analyzig
truss arch is to treat it as a cable with forcengcon
the top side. This is the same as in this situati@how,
we have find out the reaction on the end of thestes.

. . JK LMM
Vertical reactior— $SNO
. . JK QRR
Horizontal reactiors-  —=——GsT1%

Lastly, the thrust line of the force need to stay i
the shape of the arches to ensure the designdsasalf
this determinate the thickness of the arch.

Truss analysis

At the connection between the cable and the truss,
the force from the cable is act as a point load dhé
truss, and | assume all the connections of thes tisis
pin and analyses it as the following.

Cable:

T~

Figure 12: Truss analysis

Using simple force analysis, the force in eacheabl

U V3WVXYZ[XV\IYA _F HJ'axvzVv\]Y~
bZVVA c]YA 2#aYd\V
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Deflection

For any structure, deflection is necessary to
calculate out. In this bridge, the deflection at th
continuous span truss part is not a critical parta
others. It is because every 4m there are goingeto b
cables suspended from the truss to the deck toosupp
the load on the deck. All the cables are in tensind
these cables can reduce the deflection from a deck
slightly. However, determinate the maximum
deflection from the deck would be using formuladvel
and assume there cables are not support the dedk at
and the deck is pin connections.

JK
h — —
1)

Parapet design

In the Francis Scott Bridge, the parapet design of
the bridge is a solid design. Parapet detail deggn
needed because vehicles traveling along the bridge,
accident would happen and parapet on either sitleeof
bridge need to able to resist the impact load and
prevent vehicles fall down to the sea. The desigh®
parapet, assumed a 45 tones trunk traveling at29m/
which is the 5 m/s above the speed limit on thidd®
to be safe of the design and design for over speed
vehicles. In addition, the speed of the vehiclesloing
to the parapet is 10% of the original speed, whsh
3m/s, and the calculation would examine the dafiect
of the parapet, accounting to the British standdrd,
must not excess 450mm.

U k+
b [z =YZ
2 3
m [ YZ
U /"3m
U /" 1D/l 23.
U "2D// no3.
b /1D 27 §YZ
vy Gt
p
CoL A
/1D 2Z 3 5 Z
zZ I
u/" 2D/
U "2Dfg ,qvr\vaz-] 144mm



Figure 13: Geology map of Maryland [5]

8 Foundation type and geology

From Fig 14, the geology of the site has indicated
that the site under piers of our bridge has a méxtd
sand, clay, and silt stone. In addition, from [Bis a
bore hole report from the nearby area, which | mxEsu
the geology condition is similar within the area of
Maryland. It also showed the same with the map with
mixture of sand, mud stone, silt and clay. In dddit
these grades are poor as well. This geology o$itee
is very weak, once a large load act on it, a bridge
would have this effect, than the sea bed will settl
Furthermore, the time that for it to settle to daia
amount only can be estimate therefore the most
suitable foundation of this site would be using
construction method mention above, which is
cofferdam construction to provide a dry condition f
worker to work with. A pile foundation with conceet
flat slab on it then can be constructing. The giesif
pile should resist the require bearing stress, gk
stress, shear stress and axial compression force.

9 Construction process

The construction of the Francis Scott Key Bridge
is never easy. At that time the continuous trussgie
of this bridge is of the longest span in the Statdégre
are 11 piers supporting the bridge and all of threm
constructed in reinforced concrete. The deck supgor
by the continuous truss and is mostly steel platteg
with cantilever and suspended design merged togethe
when they were erected.

The construction of this bridge began in 1970, and
open to traffic in 23 March, 1977[10]. The foundati
of the bridge was divided in 2 major contracts. The
substructure contract involved building all the
reinforced concrete vertical piers for the bridffem
the foundation up to the top of the piers, Balf Qamy
and Savin Brothers, Inc with a fee of 19 million US
dollars [9]. There is no information about the ded&
the construction of the sub structure of the bridge
believe that a reinforced concrete foundation aiedsp
it would be constructed on site. A steel sheet pile
cofferdam will be constructed for each pier and
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foundation. Water is pumped out so that workens c
work in a dry condition. Bracing and support were
installed inside the cofferdam to strengthen itdafety
reason. Then foundation are constructed first, reigo
platform would set up around the area and consthact
vertical piers by normal construction for reinfadce
concrete. Placement steel bars and formwork for
concrete and transport concrete by ships to poar ov
onsite. During the construction of the piers, thkas
been a plagued of fault concrete work as well &s th
death of a construction worker which when a shéft o
steel rod collapsed [10]. The cause of this prokketn
be believed of poor construction control and tleiadl
to the delay of the construction time.

The super structure contract involved building all
the span of the bridge across the top of the jpieilsin
the substructure. The successful contractor is
Pittsburgh — Des Moines steel co. and the consact
is 20 million US dollars [9]. After all piers being
erected, the suspended construction including the
continuous steel trusses commenced. The main steel
trusses with 366m are prefabricated and transgorts
the site by heavy lift floating and travel derridlesam
to erect the truss [9]. The steel trusses are Iprietted
in 4 majors part, which the arch truss would cardtr
in 2 parts, and the regularly trusses on the et of
the arch truss. By using barges floated all thespar
the site, setting up crag on the ships to liftsdhehes
to the bridge and using workers to connect thegsiec
together.

Figure 14: Construction example of erecting arch truss

[6]



There are 6 smaller span deck on the east side
of the bridge and 3 more similar size deck on thet e
side of the bridge [10]. These smaller span deeksgo
there are to entirely just hoist to the main spanta
reduce the construction costs and are build on fill
(causeway) connected the bridge to the mainland. Th
deck of this bridge has 4 lanes in total with 2ekan
going in opposite direction [10]. Each lane is 3r66
wide and with no shoulders, in the middle of thigldpe
there is a 1.2 m barrier to separate the 2 dinestinf
travel [10].

The bottom 2 sides of the deck are designed by
flat steel plate girder design. There are no expans
joints for steel work [11]. However, if the tempene
of the deck are in massive difference between ape t
side and the bottom side, there presume would be
movement joint to prevent the contraction and egpan
ion in the concrete. In addition to that, the begron
top of the piers would absorb all the vibrationcfor
from the expansion and transfer to the foundation.

For the rest of the bridge, the span between each
pier is from the range of 60 to 91m [10]. Which the
deck is designed to be constructed using reinforced
concrete, there are 2 construction method can iog us
relative to the span and material chosen. Firshatet
could be precast the reinforced concrete deck in
segments in factory than transfer it by heavy lift
floating and is being travel by derricks team. Udsin
method construct similar to that the steel truss te
steel plate deck, which lift the approach partmpiers.

However, the second approach to construct which
| think is more suitable would be incremental
launching [7]. This construction method enable ais t
construct all the segments on site, this will lowiee
cost of the construction, since transportation éost
1.5Km concrete can be very expansive. A simple
construction sequence diagram is showed below.

Figure 15: Detail construction [7]

Figure 16: Long Section of Construction [7]
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Figure 17: Construction Sequence [7]

9.1 Construction description

Since the design of this bridge is not the primary
chosen for the area because of the budget the clen
afford. Therefore using incremental launching carab
cheaper option. This method has a few advantaggs th
can lower the cost down of this construction. Teme
no false work in the construction, and for the cete
deck, there are only one set of formwork neededeih
pushing out the deck of the bridge, camber can be
easily obtained by formwork control, typically +3%
limited. In addition, there are no heavy weightitss
equipment are required. Lastly, the most imporiant
that the spans constructed are of good quality ussca
the construction sequence can be closely monit¢réd.

However, there are some disadvantages that need
to be consider avoid failure and extent the lifaetiof
the bridge. The first restrain is this construction
requires constant deck depth and for aesthetioneas
This can be a potential problem, but from discussio
from the above section, | do not think this afféut
aesthetic of the bridge. Moreover, the span to hdept
ratio of an incremental launching bridge cannotessc
1:15. More important is wind loading acting at the
lateral direction of the bridge, because there ds n
support at that direction. In addition, in plan athe
elevation bridge must be either straight or cortbtan
curved. During the construction there must be a
significant amount of space at one end of the leritig
allow onsite construction being take place. For the
Francis Scott Key Bridge, both ends would provige t
space required. At the middle, which is the cordgimsu
truss part of the deck is using different constact
method, and we need to launch the rest of the deck
from 3 directions. [7]

For structure purpose, every pieces of the concrete
deck of this bridge need to be designed to rehist t
maximum hogging and sagging moment. [7]

At the end of the construction, the construction
time of this project is 15 months behind the sciedu
and 10 million US dollars over budget [10].



10 Natural Frequency

Vibration effect on a bridge is extremely
important, at both high and low frequency. When
frequency greater than 75 Hz, this might not caase
failure to the bridge, but it will cause unpleaseffect
to driver or worker for service. However, generdtly
a bridge with a nature frequency over 5 Hz can be
considered to be adequate. More critical is when th
bridge is lower than 5 Hz. When the frequency igdo
than 5 Hz, acceleration of vehicles at any parthef

bridge need to limit to st, u . In addition, to
find f,, we can use the equation below which is known
as the Rayleigh Ritz method to calculated out. This
equation is using the dead load of the structurihvh
includes the super imposed dead load as well to
calculate out and assumed a fix-fix connection with
=1. [7]

t, v K siK

Modulus of E= 30GN/m2
Elasticity of Concrete, E
Second moment of | = 3240nf
area, |
()? 22.3733
Length of span, | 180m
Weight per unit 120
length
Fo 7.72HZ

Table 2: Natural frequency of bridge

11 Durability and maintenance

In 2008 last weekend of March, production work
being carried out on the road surface. The MCI-2018
was apply to this surface, since the bridge hachamy
design to carry hazard chemical from the harbah¢o
factory[9], over the past years, split of chemioato
the road deck will cause erosion to the concretiace.
MCI -2018 is a 100% silence sealer which also donta
Cortec’s patented migrating corrosion inhibitor.isTh
spray will migrate to the embedded steel reinforeem
and form a productive layer that migrates to the
corrosion process. [13]

With the recent collapse of the Interstate 35W
bridge in Minnesota , with the Francis Scott Keilpe
which sharing the same design principle with Irtetes
35W bridge in Minnesota, therefore a inspection of
annually become a question of is it enough. However
the Francis Scott key bridge had receive excellent
rating from the federal, therefore the safety oé th
bridge can be assume is meeting the requirement, bu
further investigation is being carrying out. [15]
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Figure 19: Continuous truss under repair [15]
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