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Abstract

This report is part of an extensive research project by the University of
Hawaii at Manoa Civil and Environmental Engineering and Ocean Resources
Engineering Departments to analyze the vulnerability of Hawaii’s coastal bridges
and ports to storm waves and tsunamis. The main focus of this report was the
structural evaluation of coastal bridges on the island of Oahu, where the bridge
capacities and potential demand during hurricanes and tsunami inundation were
compared for potentially at-risk bridges. In addition, a method was been developed
to facilitate the organization and archiving of survey data.

Of the 26 bridges surveyed, 11 bridges were selected based on the bridge
location, number of communities in proximity to the bridge, and the critical service
routes that the bridge provided. In addition, the bridges that were determined to be
the most exposed to wave forces were favored during the selection process. The
chosen bridges were: Kuliouou Stream Bridge, Kahaluu Stream Bridge, New South
Punaluu Bridge, Ukoa Pond Bridge, Old Makaha #3A Bridge, New Makaha #3A
Bridge, Maipalaoa Bridge, Moanalua Stream Bridge, Kalihi Stream Bridge, and the
Nimitz Highway at Aloha Tower Slip Cover #2 and Slip Cover #3.

As-built drawings provided by the Hawaii Department of Transportation
were used to calculate bridge weights, buoyancy forces, the lateral and vertical
connection capacities, and the negative bending strength of the bridges’ decks and
girders. As a preliminary check of the bridges vulnerability to failure, the capacities
of each bridge were then compared to estimated 100-year storm wave forces. From
this assessment, it was determined the estimated wave forces that will impact the
Kahaluu Bridge, Old Makaha #3A Bridge, and the Maipalaoa Bridge are greater than
the calculated bridge capacities and therefore all of these bridges are at risk of
failing during a 100-year storm event. If submerged by tsunami inundation, the
Ukoa Pond Bridge was determined to be at risk of failing due to buoyancy forces.
The Kuliouou Stream Bridge, the New Makaha #3A Bridge, the New South Punaluu
Bridge, the Moanalua Bridge, the Kalihi Bridge, and the Nimitz Highway Slip Covers
#2 and #3 are all determined to have sufficient factors of safety against wave loads
and are not at risk of becoming buoyant if submerged by tsunami inundation, which

indicates that these bridges will likely survive a 100-year storm event.
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1 Introduction

On March 11, 2011 a 9.0 magnitude earthquake generated a tsunami that struck
the east coast of Japan. At the time of writing, it is estimated that the tsunami has
caused over $300 billion in damages, which includes damages to more than 400,000
homes and other structures [1]. In December of 2004, a similarly powerful earthquake,
centered off the northeast coast of the Indonesian island of Sumatra caused a tsunami

that killed 167,000 people, injured in excess of 500,000 and left many more homeless
[2].

In 2005, Hurricane Katrina, a category 3 hurricane at landfall, hit southeast
Louisiana, Mississippi and Alabama, flooding eighty percent of New Orleans and
destroyed 100,000 homes [3]. Significant amounts of coastal infrastructure were

damaged by inundation from storm surge and increased wave heights.

The aforementioned natural disasters have made it evident that coastal
infrastructures are dangerously susceptible to damage by tsunamis and hurricane storm
surge and waves, if they have not been designed for the increased loads experienced
during such events. In particular, bridges and ports are lifelines and are of vital
importance to coastal communities. Ports provide an important means of shipping
goods to damaged areas. Also without bridges, the transport of goods to the
surrounding communities is hindered. Moreover, the destruction of bridges can cut

essential access to the injured that may need emergency medical aid.

The majority of Hawaii’s population resides near the coast due to its
mountainous topography. On the most populated island of Oahu, there are over 26
coastal bridges, some of which provide the only vehicle access route to remote
communities. Therefore a large hurricane or tsunami could have dire consequences for

Hawaii if coastal bridges fail.




1.1 Research Objectives

The objectives of this study were to provide a procedure that facilitates the
organization of survey data, determine the structural capacities of Oahu coastal bridges,
calculate the buoyancy force acting on each bridge during tsunami inundation, and
compare bridge capacities to storm wave loads calculated with established wave

estimation methods.

1.2 Overview

This report is part of an extensive research project by the University of Hawaii at
Manoa Civil and Environmental Engineering and Ocean Resources Engineering
Departments to analyze the vulnerability of Hawaii’s coastal bridges and ports to storm

surge and tsunamis. The main objectives of this project are

1) Survey the coastal bridges and commercial ports on the Islands of Oahu, Maui,

Kauai, Hawaii, and Molokai to identify their exposure to inundation;

2) Determine design flow parameters, such as water depth, and fluid loads for

at-risk facilities;

3) For bridges, evaluate the bridge designs for their resistance to the fluid loads,

and recommend potential retrofit as needed;

4) For ports, provide risk assessment of debris (ships and containers) based on

the fluid studies;

5) Document the methodology used so that it can be applied to other locations

in the future.




The main focus of this report is the structural evaluation of coastal bridges on
the island of Oahu, where the bridge capacities and potential demand during hurricanes
and tsunami inundation are compared for potentially at-risk bridges. In addition, a

method has been developed to organize survey data.

Eleven bridges around the island of Oahu have been surveyed and analyzed
through the course of this study. The main criteria for selection of the bridges were: the
bridge location, number of communities in proximity to the bridge, and the critical
service routes that the bridge provided. In addition, the bridges that were determined
to be the most exposed to wave forces were favored during the selection process. Based
on these criteria, the chosen bridges were: Kuliouou Stream Bridge, Kahaluu Stream
Bridge, New South Punaluu Bridge, Ukoa Pond Bridge, Old Makaha #3A Bridge, New
Makaha #3A Bridge, Maipalaoa (Maili Channel) Bridge, Moanalua Stream Bridge, Kalihi
Stream Bridge, Nimitz Highway at Aloha Tower Slip Cover #2 and Nimitz Highway at
Aloha Tower Slip Cover #3.

This study has utilized structural capacity computational methods developed by
the American Institute of Steel Construction [4], the Precast/Prestressed Concrete
Institute [5], and the American Concrete Institute [6]. The hydrodynamic wave forces
have been calculated using the methods developed by Douglass et al. [10], McPherson

[11], and AASHTO 2008 Guide Specifications for Bridges Vulnerable to Coastal Storms
[9].

Chapter 2 presents a review of available literature on storm and wave loads on
bridges and other coastal structures. Chapter 3 presents the organization and web-
based archival and documentation procedure for the survey data. To determine if a
particular bridge will survive a storm or tsunami inundation event, the lateral and
vertical connection capacities and the negative bending strength of the bridges’ decks
and girders are calculated in Chapter 4. The capacities of each bridge are then compared
against estimated storm wave forces calculated in Chapter 5. Chapter 6 presents,

conclusions drawn regarding the bridges’ survivability during a storm or tsunami event.




2 Literature Review

Existing literature on post-disaster surveys, reports regarding failure mechanisms
of coastal bridges and methods used to estimate wave loads on bridge structures have
been investigated. It was hoped that the information gathered from these reports
would aid in understanding the behavior of waves and how they affect coastal bridges.
In addition, reports analyzing the structural capacity of bridge structures during storm
events have been examined. The procedures, calculations, and checks developed in
these reports have been used as a guideline for this study, and have been applied to the
coastal bridges around the island of Oahu to estimate a bridge’s vulnerability to storm

and tsunami wave forces.

2.1 Robertson, et al. (2007): Coastal Bridge Performance during
Hurricane Katrina [7]

Robertson, et al. [7], in a post-disaster survey, investigated the performance of
bridges along the coast of the Gulf of Mexico during Hurricane Katrina. It was found that
the main causes of damage to coastal infrastructures were a result of inundation due to
storm surge and wave action. Inundation caused bridges to become submerged,
resulting in an upward hydrostatic buoyancy force. Wave action caused both a
hydrodynamic uplift and lateral load on the bridges. In the cases of the US90 Bridge over
Biloxi Bay and the US90 Bridge approaching Pass Christian, air filled the voids under the
bridge decks as the water levels rose. It was calculated that the volume of air decreased
slightly due to the water head acting on the trapped air. The trapped air caused a
greater volume of water to be displaced, increasing the hydrostatic uplift force

experienced during inundation.

Because it is a low seismic zone, the Louisiana bridges were not designed to

resist uplift forces and as a result did not have vertical restraints. In order to resist




lateral forces, many of the bridges relied on small connections and gravity load induced
friction. However, once the bridges were subject to storm surge and wave loading, the

bearing pads the bridges rested on provided little resistance to lateral movement.

The I-10 Onramp in Mobile, Alabama, was secured with steel angle restraints on
either side of each exterior girder. However, the connections failed due to failure of
anchor bolts, spalling of concrete around the anchor bolts, and poor construction. It was
observed that the piles supporting a cast-in-place damaged section suffered no visible

damage.

The only bridge reported to remain mostly intact was the Railroad Bridge over
Biloxi Bay. The bridge deck had a small width and closely spaced girders. The smaller
width of the bridge minimized the area on which wave loading could act, which reduced
the hydrodynamic uplift force. The closely spaced girders minimized the amount of air
trapped under the bridge, which reduced the hydrostatic uplift force. In addition, the

bridge was built with large concrete shear keys to prevent lateral movement.

Based on the post-disaster survey of Hurricane Katrina and the Indian Ocean
Tsunami, the authors recommended that low level bridges in danger of inundation
should be restrained against uplift and be outfitted with shear keys in order to resist
lateral forces. In addition, foundation pile designs must be reviewed in order to verify
the adequacy of the bridge foundation to resist the hydrodynamic and hydrostatic uplift

forces.

2.2 Hayes (2008): Assessing the Vulnerability of Delaware’s Coastal
Bridges to Hurricane Forces [8]
Hayes [8] analyzed the vulnerability of Delaware’s coastal bridges in accordance
with the American Association of State Highway and Transportation Officials (AASHTO)

Guide Specifications for Bridges Vulnerable to Coastal Storms [9]. Three Delaware




bridges were selected based on the bridge’s deck clearance above water, proximity to

the coastline, proximity to wave forming area, and bridge structure type.

The author performed a level | analysis on each of the three bridges. If the wave
heights were found to be high enough to impact the bridge, a more detailed analysis

would have been undertaken to calculate wave force magnitudes.

According to the AASHTO specifications [9], a level | analysis is the simplest and
most conservative method. The method requires wind speed, surge height, local wind
speed set-up, astronomical tides, water current speeds, bridge elevation, water depth at
bridge location and fetch angle/lengths. The majority of input data used in Hayes’

calculations were based on the 100-year storm criteria.

The author found that during a 100-year storm, storm waves did not impact any
of the bridge decks. The author made no significant recommendations. However, a
similar approach to the one observed in Hayes’ report may be taken to determine the
wave forces on Hawaii’s coastal bridges using the AASHTO Guide Specifications for

Bridges Vulnerable to Coastal Storms.

2.3 Douglass et al. (2006): Wave Forces on Bridge Decks [10]

Douglass et al. [10], in a report prepared for the U.S. Department of
Transportation, estimated the forces generated by storm waves and verified the
damage mechanisms of coastal bridges during storms, by utilizing a combination of
laboratory testing, post-storm bridge inspections, numerical models approximating

wave/surge conditions during storms and existing methods for estimating wave loads.

The authors found wave loads to be the main source of bridge failure. Depending
on the height of the waves and elevation of the bridge deck, the waves exhibited both
an uplift and lateral force. The horizontal and vertical force components of the waves
were enough to overcome the connections and self weight of the bridges. The repeated

wave impacts caused the bridge decks to progressively slide, “bump,” or even “hop”




across the piles of the bridge until the decks flipped or slid off. As a secondary effect, the
reduction of bridge self weight, due to buoyancy forces, was also found to be a

contributing factor to bridge failure.

To estimate the magnitude of force produced by a wave impacting a bridge
structure, Douglass assumed that wave forces are linearly proportional to the equivalent
hydrostatic pressure load that an unbroken wave would impart on a bridge if there were
air on the other side of the structure. The method requires the bridge deck cross
section, bridge deck elevation and estimates of storm surge elevation and wave heights.

The forces are given by

Fy = Cypa * Fy (2.3-1)
Fo=[1+4Cr % (N = D] * Cpopg * Fy (2.3-2)
Fy =y *(Az,) * A, (2.3-3)
Fy =y * (Azy) * Ay (2.3-4)
where

E, = vertical wave-induced load [lbs]

Fy, = horizontal wave-induced load [lbs]

F; = a “reference” vertical load [lbs]

Fy = a “reference” horizontal load [lbs]

Co—va = an empirical coefficient for the vertical “varying” load
(recommended value is c,.,5 = 1 for non conservative, 2 for
conservative design)

Ch-va = an empirical coefficient for the horizontal “varying” load

(recommended value is ch.ys = 1 for non conservative, 2 for

conservative design)




Az,

Nmax

ds

a reduction coefficient for reduced horizontal load on the internal

girders (recommended value is C,= 0.4)
the number of girders supporting the bridge span deck
unit weight of salt water [64 lb/ft3]

difference between the elevation of the crest of the maximum
wave and the elevation of the underside of the bridge deck

(magnitude of inundation) [ft]

the area of the bridge contributing to vertical uplift, i.e. the

projection of the bridge deck onto the horizontal plane [ft?]

difference between the elevation of the crest of the maximum

wave and the elevation of the centroid of A, [ft]

the area of the projection of the bridge deck onto the vertical

plane [ft’]

1.3H; (where the maximum wave above the storm surge elevation

can be no more than 0.8ds) [ft]
significant wave height [ft]

still water level (including storm surge) [ft]
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Figure 2-1: Douglass Wave Estimation Method Diagram [10]

According to Douglass, his method calculates wave forces at the most critical
condition, where the storm surge elevation is roughly near the bridge deck. The author
makes note that the developed method is not conservative and a factor of safety of “2”
should be used during calculations. However, the calculated wave forces continue to
increase as inundation levels increase, but in reality the forces should decrease after
some inundation depth. The method also makes the assumption that wave forces act

through the centroid of the bridge cross section, which may not always be the case.

As test cases, Douglass’ method was applied to the 1-10 on ramp near Mobile,
Alabama, during Hurricane Katrina, the 1-10 Bridge across Escambia Bay, Florida, during
Hurricane Ivan and the US 90 bridge spanning Biloxi Bay, Mississippi during Hurricane

Katrina [10].




The observed damage to the I-10 on ramp near Mobile, Alabama included
northward movement of the lowest five simply supported spans. Post-disaster surveys
indicated the failures to be caused by concrete breaking around bolt connections. The
estimated resistance provided by the bolt connections was calculated to range from 200
- 400 kips. Wave forces were then computed for the five displaced decks and an
additional non displaced deck. Based on Douglass’ equations, the displaced span having
the lowest elevation experienced a maximum wave force of approximately 980 kips and
the highest elevated displaced span experienced a maximum wave force of
approximately 400 kips. The calculated forces both exceeded the capacity of the bolt
connections, which corresponded to the observed displacement of the deck spans
during Hurricane Katrina. The non displaced deck was subjected to a load of
approximately 170 kips less than the maximum capacity of the bolt connections, which

corresponded to the non-failure documented in the post-disaster survey.

Similar correlations between Douglass’ methodology and post-survey
observations were found for both the I-10 Bridge across Escambia Bay and the US 90
bridge spanning Biloxi Bay. Therefore, Douglass’ method is a viable preliminary guide to
estimating storm surge wave forces on bridge decks that may be used to assist in the

design and analysis of coastal bridges.

2.4 McPherson (2008): Hurricane Induced Wave and Surge Forces on
Bridge Decks [11]

McPherson [11], in a report continuing Douglass’ [10] research, used a large 3
dimensional testing basin to determine the validity of existing wave estimation
methods. In the testing basin, McPherson varied wave conditions and water depths. The
associated wave forces on a 1:20 scale bridge model and flat plate model were then
measured. Subsequently, the recorded experimental wave forces were compared to
wave estimation methods. The methods analyzed included Kaplan et al. (1995), Bea et

al. (2001), McConnell et al. (2004), and Douglass et al. (2006).
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McPherson found that none of the analyzed methods was able to properly
estimate wave forces for all wave conditions. In addition, the author discovered that
McConnell [12] and Douglass [10] overestimated the wave forces for a still water level
at or above the bridge deck. However, overall, it was determined that Douglass’ method

resulted in the closest estimated wave forces when compared to the experimental data.

Using Douglass’s method as a template, McPherson developed an improved

method to estimate wave forces on a bridge structure. His method is as follows.

The vertical wave force is estimated by

Frotat = Fuyarostatic + Feriage + Fairentrapment (2.4-1)
Fuyarostatic = y6,A —F, (2.4-2)
Fgriage = YV0lgriage (2.4-3)
Fpirentrapment = (0 — 1)0.5Y864A. (2.4-4)

ifh < h_model,

FE, = -ydA (2.4-5)
and if h > h_model,

K, = %)/514 + V(h - hmodel)A (2.4-6)

The horizontal wave force is estimated by

FTotal = FHydrostatic_Front - FHydrostatic_Back (2-4'7)

if Nmax < hdeckr

FHydrostatic_Front = 0.5% (nmax +h— hgirders)HbridgeLbridgeV (2-4'8)
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and if Nmax > hdeck:

FHydrostatic_Front = 0.5 * [(nmax +h— hgirders) + (nmax - hdeck)]HbridgeLbridgey (2-4'9)

if SWL < hgirgers,

FHydrostatic_back =0

(2.4-10)

and if SWL > hgirgers,

— 2
FHydrostatic_back - O-S(h - hgirder) Lbridgey

In the above equations

unit weight of salt water [64 Ib/ft®]

distance from the top of the bridge deck to the top of the

cross sectional area of trapped air between girders [ft’]

height from the ground elevation to the top of the still

% =
0, =
wave [ft]
o¢ = height of the bridge girders [ft]
o) = height of wave overtopping the bridge deck [ft]
A = area of bridge impacted by vertical wave force [ft’]
Ag =
n = number of girders
h_model = distance from ground elevation to top of deck [ft]
h =
water level [ft]
Nmax = height of wave above the still water level [ft]

12
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hgirders = height from the ground elevation to the bottom of the
bridge girders [ft]

Hpriage = height of bridge impacted by lateral wave forces [ft]

= length of bridge impacted by lateral wave forces [ft]

Lbridge

SWL = still water level including storm surge [ft]

F

Buoyancy — Air Entrapment

Figure 2-2: McPherson Vertical Wave Estimation Method Diagram [11]
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Figure 2-3: McPherson Horizontal Wave Estimation Method Diagram [11]
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By including the upward buoyancy force and the downward force from
overtopping waves, the author was able to recreate the non-linear variation in the
vertical force observed in his experimental data. McPherson was also able to adjust
Douglass’ overestimation of the horizontal forces by including the opposing hydrostatic

force on the trailing edge of the bridge structure.

2.5 Boon-intra (2010): Development of a Guideline for Estimating
Tsunami Forces on Bridge Superstructures [13]

Boon-intra [13] synthesized relevant existing literature and numerical models to
develop a method that estimates tsunami impact forces on bridge superstructures.
Tsunami forces were formulated by combining equations used to calculate hydrostatic
and hydrodynamic water pressure on a structure. The developed equations are as

follows.
The horizontal tsunami force is estimated by

Fy=Fy+F;=[14+Crx(N—1)]*y * (Ahppay) * Ap + 0.5% Cy4 * p * b(Ah * u?) 10y (2.5-1)

in which
Fy = hydrostatic horizontal force [lbs]
F, = hydrodynamic horizontal force [Ibs]
C, = reduction coefficient for internal girder pressure (0.4
recommended value)
N = number of girders supporting deck
Cq = empirical drag coefficient (1.0 for deck-girder bridge type)
p = seawater mass density [sIug/ftS]
(AR * u?) gy = maximum flux momentum [ft*/sec’]

14



The vertical tsunami force is estimated by

Fy = 1 (Bhimax) +5 % p % U mas | * A, (2.5-2)
in which
U % max = adjusted horizontal wave velocity = 3.5 * Uy 10, [ft/sec]
Uy max = horizontal wave velocity [ft/sec]

His method was validated by comparing values computed using the above
equations to a finite element, two dimensional, compatible fluid dynamics model used

to estimate tsunami impacts on full scale bridges.

The author notes that the horizontal force equation may underestimate or
overestimate values because of the empirical coefficients, which are based on averaged
data. For small vertical forces, the vertical equation was found to overestimate the
potential tsunami force. The opposite was found for large vertical forces (i.e.
underestimation of forces for large values). In addition, the equations are limited to
deck-girder bridge types. The author recommends adding a factor of safety to

accommodate for any uncertain forces that may develop during a tsunami.

Nonetheless, overall good agreement was found between the peak forces
generated by the equations and the numerical model. Therefore, Boon-intra’s method is
a feasible simplified guide to estimating tsunami wave forces on bridge decks that may

be used to assist in the design and analysis of coastal bridges.

During numerical modeling, Boon-intra also observed bridge railings to be a
significant factor in the magnitude of horizontal tsunami wave forces experienced by a
bridge. The author found a 20% maximum increase in horizontal wave force for bridges
with rigid railings as opposed to bridges without. The increase in force was likely caused
by the cross sectional area the railings added to the bridges, which allowed a greater

area to be impacted by a tsunami wave.

15



2.6 Beaetal. (1999): Wave Forces on Decks of Offshore Platforms [14]
Bea et al. [14], in a report seeking to refine the criteria used to estimate wave
crest forces on lower decks of offshore platforms, analyzed the performance of oil
platforms in the Gulf of Mexico during hurricane wave loading. Upon reviewing
Hurricane Andrew, the authors found that wave crest impacts are isolated and an entire
deck is not completely inundated by long-crested waves. This observation was
reinforced by hurricane photographs, which depicted short-crested multidirectional
waves impacting decks. The performance of three platforms in South Pass during
Hurricane Camille and the failure of a UNOCAL platform during Hurricane Hilda provided

Bea with cases to verify his proposed wave-in-deck horizontal force guidelines.

The modification proposed by Bea to the American Petroleum Institute (API)
deck wave force guidelines was a culmination of laboratory data that measured wave
forces on decks, columns and vertical walls. The total force (Fiw) can be estimated with

the following equation

Foo, =F,+FE+F;+F + F; (2.6-1)
in which

Fey = total force
F, = vertical buoyancy force
F; = horizontal slamming force = 0.5 * p * Cg * A * u? (2.6-2)
F, = horizontal drag force = 05%xp*Cy*Ax*u? (2.6-3)
F, = vertical lift force = 0.5%xpxC; *Ax*u? (2.6-4)
F; = acceleration-dependent inertia force = p* C,, *xV xa (2.6-5)
Cs = slamming coefficient (range: it - 2m)
p = mass density of sea water [slugs/ft3]

16



vertical deck area subjected to wave crest [ft’]
horizontal fluid velocity of the wave crest [ft/sec]
inertia coefficient

volume of the deck inundated [ft’]

water acceleration [ft/sec?]

The effective slamming force equation is modified for impact durations (0.01 —

0.1 seconds) that are short in relation to the natural period of the decks. The effective

force can be calculated using the following equation

in which

F,

ta

Tn

F = F+F (2.6-6)

dynamic loading factor = 2x T x Q% (;_d)

n

0.5 (triangular loading) or% (half sine loading)

impact duration [sec]

natural period of deck [sec]

To verify his modifications to the APl procedure, Bea used the ULSLEA (ultimate

limit-state limit equilibrium analysis) computer program and data from four hurricanes

and eight platforms. The details of the computer program are not pertinent to this

report. However, the modified APl procedure was able to produce results that closely

match observed damage sustained by platforms during hurricanes. Previously, the API

method was conservative and predicted a structure would fail even if only minor

damage was documented.
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2.7 Robertson, etal. (2007): Lessons from Hurricane Katrina Storm
Surge on Bridges and Buildings [15]

Robertson et al. [15] presented a more in depth analysis of the failure
mechanisms of engineered structures during Hurricane Katrina. Again the main causes
of damage to coastal bridges were reported to be caused by hydrostatic uplift,
hydrodynamic uplift/lateral loading, debris impact, and scour. The damage to structures
during a hurricane and a tsunami has been found to be similar, making the methods

described in this report, to some extent, applicable to both natural disasters.

To estimate the forces experienced during a hurricane, Bea et al. [14] proposed
an equation that included the vertical buoyancy force, horizontal slamming force,
horizontal hydrodynamic force, vertical hydrodynamic uplift force, and acceleration-
dependent inertia force. However, from conclusions drawn from Douglass’ [10] report
on bridge performance and observations made in Robertson et al. [15], the equation can
be simplified to only include the horizontal hydrodynamic force, the vertical

hydrodynamic uplift force and buoyancy.

The hydrodynamic horizontal wave forces on the Louisiana bridges were
estimated to range from 2000 Ib/ft to 4500 Ib/ft. The vertical hydrodynamic wave forces
were calculated to range from 3500 Ib/ft to 10600 Ib/ft. The vertical hydrodynamic
forces on the majority of the bridges exceeded the bridge self weights by more than
30%. To withstand the hydrodynamic forces experienced during a hurricane, the authors
suggested that low level bridges at risk of storm surge inundation be restrained against

uplift and be provided with shear keys to resist lateral movements.

The vertical buoyancy force was reported to be a combination of the reduced
self weight of concrete and the increased volume of displaced water caused by trapped
air under the bridge decks. The volume of entrapped air was compressed due to
differences in water pressure heads when the bridge was complete submerged, which

reduced the air pocket slightly.
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The buoyancy force reduced the residual weight of the US 90 Bridge in Biloxi Bay
to 1.21 Ib/ft, a 98.7% reduction in self weight. In contrast, the Railroad Bridge over Biloxi
Bay was the only reported bridge to have more than 28% of its residual self weight. It
was also the only recorded bridge to survive Hurricane Katrina mostly intact. As a
mitigation measure, the authors suggested designing low lying bridges with bulkheads
that will allow air to escape from below bridge decks, reducing the volume of trapped

air.

Of notable significance are the failures of prestressed double tee floor systems
used in the construction of parking garages in the Biloxi Gulfport region. Some of the
garages were protected from wave action, but were still inundated by storm surge. The
double tee geometry lent itself to trapping a large volume of air, resulting in an uplift
force much greater than the submerged self weight of the double tee and concrete
topping slab. The uplift force caused negative bending to develop, causing compression
in the bottom of the tee and tension in the top. In addition, the pre-stressing in the
double tees caused an upward bend, normally used to negate the effects of gravity
loads. The combination of the buoyancy uplift force and the prestressing effect caused
the double tees to fail. To avoid the failure mechanism, it was recommended that
prestresssed double tee systems, flat slab, and other concrete systems be designed to
withstand the negative bending and shear caused by hydrodynamic and hydrostatic

forces.

2.8 Robertson et al.: Case Study of Concrete Bridge Subjected to
Hurricane Storm Surge and Wave Action [16]
Robertson et al. [16] performed an in depth structural analysis of an onramp to
the freeway in Mobile, Alabama. The onramp deck sections were secured with bolted
angle connections to the supporting bents. The connections failed during Hurricane

Katrina, which allowed the five lowest deck spans to move northward. The spans did not
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completely fall off their supports due to a wedging effect caused by the curved

geometry of the bridge.

Partial depth bridging was used to connect the bridge girders together, allowing
air pockets to form under the deck of the bridge. The volume of air was likely decreased
due to holes through the bridging elements. The two exterior girders of each span were
connected to a supporting bent by the 10.5 inch long, 6 inch x 8 inch x 1 inch thick
galvanized steel angle. The angles were secured to the concrete bents vertically using
1.125 inch diameter bolts on either side of the girders and horizontally into the bulb of

the girders using 0.875 inch diameter sleeve anchors.

Hurricane wave forces caused shear loads to develop in both the vertical and
horizontal bolts of the connections. The shear loads caused the surrounding concrete to
fail and spall off, which led to bolt pull outs, bolt bending and bolt rupture failures. A
few angle connections were crushed by displaced decks. Due to the misalignment of
bolt inserts, some connections were completely missing anchor bolts prior to hurricane
damage. Poor field modifications to some connections resulted in enlarged bolt holes,

allowing bolts to pull out without resistance.

The capacities of the observed failure mechanisms were then compared to
forces computed using the equations developed by Douglass et al. [10]. The hurricane’s
hydrodynamic lateral and vertical wave loads were estimated to be 183 kips and 388

kips, respectively.

Horizontal forces on each deck span were resisted by tension pull out of four
groups of two sleeve anchors, vertical concrete spalling of two groups of anchor bolts,
and vertical bending of two connections. The total horizontal resistance provided was
computed to be 217 kips, which is only 34 kips above the estimated horizontal hurricane
wave force. Therefore it was likely that repeated wave forces would cause progressive

damage to the connections, resulting in lateral movement of the decks.
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Vertical hydrodynamic wave forces on each deck span were resisted by the deck
self weight and eight pairs of sleeve anchors. The total vertical resistance provided was
calculated to be 400 kips. The vertical and horizontal resistances were only 3% and 19%
greater than their respective hurricane wave force counterparts; as a consequence

nearly no factor of safety was present to prevent failure.

During the event of complete submergence of a bridge, Douglass’ equations are
no longer valid. Instead, hydrostatic buoyancy forces became more significant. The
buoyancy force was computed by determining the volume of concrete and entrapped
air between the girders. This volume was then multiplied by the specific weight of sea
water (i.e. 64 Ib/ft’). The buoyancy value was then subtracted from the self weight of
the bridge deck resulting in the residual self weight. The residual self weight of a typical
I-10 bridge span was computed to be 22.3% of its original self weight. Thus, the authors

concluded that buoyancy alone would not have dislodged the bridge deck.

The authors concluded that the connections on the I-10 Freeway were not
adequate to resist the hydrodynamic lateral and vertical wave loads generated by
Hurricane Katrina. The authors provided connection revisions that could strengthen the

connections against the failure mechanism observed during their inspections.

2.9 Lehrman (2010): Laboratory Performance of Highway Bridge
Girder Anchorages under Hurricane Induced Wave Loading [17]
Lehrman [17] focused his research on the failure mechanism of connections used
to connect bridge superstructures to substructures. Full size AASHTO type Il prestressed
concrete girders were constructed and fitted with three different types of common
anchors. The anchors selected were threaded insert/clip bolt anchorage (CB), headed

stud anchorage (HS) and through bolt anchorage (TB).

The CB anchor fixed the bridge girder to a pile using an 8x6x1 inch steel angle.

The girder bulbs were prefabricated with 7/8 inch diameter, 3 inch long threaded
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inserts. A325 bolts were placed in the inserts through the vertical leg of the angle. The
A325 bolts were then secured with 7/8 inch cap screws. Vertically the angles were

secured to the pile using 1.25 inch diameter swedge bolts.

The HS anchor connected the girder of the bridge to a bearing plate by welding
four-5/8 inch diameter, 6 inch long anchor studs to the plate. Note the studs were
embedded in the bulb of the girder. The bearing plate was then secured to the pile using

two-1 inch diameter, 15 inch long A307 bolts.

The TB anchor utilized threaded inserts that ran through the entire bulb of the
girder. One inch diameter bolts were passed through the inserts and connected two
8x6x1 inch angles on either side of the girder. The angles were then connected vertically

to the pile using 1.25 inch diameter, 11 inch long swedge bolts.

To test the capacity of the anchors and to observe the failure mechanism of the
girders, the author loaded each of the specimens with an equivalent bridge deck weight
and attached actuators. To simulate vertical wave forces a vertical actuator was
attached to the girder. To simulate horizontal wave forces an actuator was attached to
the face of the girder. Each anchor type was tested with four loading patterns, which
were: vertical force only, horizontal force only, both vertical and horizontal forces, and

real-time dynamic loading of horizontal and vertical components.

During the testing, concrete spalling was a common occurrence. The spalling led
to the exposure of prestressing strands. Out of the three connection types, the author
noted that the HS had the most robust performance. In addition, the failure of the HS
connector was tied to the steel properties of the studs, making it easier to predict the

failure mechanism and load.

The TB connector failed at higher loads than the CB; however the TB connector
caused more damage to the concrete girder. In some tests, the TB caused the entire
bottom of the concrete girder to break off, exposing much of the prestressing. Both

anchor types experienced cracking throughout and strand slip.
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Through the study, the author found that if there is trapped air under a bridge
deck, then all three anchor types (HS, CB, and TB) do not have enough capacity to resist
wave loads estimated by the AASHTO Guide Specifications [9].
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3 Organization of Survey Data

3.1 Project Website

Bridges around the island of Oahu were surveyed to assess possible inundation
and potential damage. The surveys consisted of on-site inspections, review of
bathymetry, topography, and inundation studies for each of the bridge sites. To
document the site investigations, hundreds of photographs were taken. These pictures
depicted detailed bridge geometry, construction, and surrounding land and water
features. During the survey of Oahu, 26 bridges were examined. With the large amount
of information compiled, there was a need to organize the material and data into a

usable and easily accessible form. Ultimately, a web based solution was chosen.

Drupal, an open source management platform, was selected as the content
management system for the project website. All aspects of the project were uploaded
to the website in order to share information and progress with each of the project’s
members. To facilitate management of the project, it was organized into several
categories and divisions, which include: Overview, Description, Map of Oahu, Rapid

Visual Assessment, Computational Modeling, Literature Database and Team.

The ‘Overview’ serves as the homepage of the website and provides a summary
of the project (see Figure 3-1). Furthermore, the ‘Overview’ page introduces the user to
the layout of the website, where links are provided both at the top and on the left of
each page. The ‘Description’ page presents the project background, the project’s
relevance/significance to the state of Hawaii, project objectives, and information

regarding the documentation that has been developed during the project.
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My account Log out

Coastal Bridge and Port Vulnerability to Tsunami and Storm Surge

Description | Map Of Oahu | Rapid Visual Assessment | Computational Modeling | Literature Database

Main menu

Coastal Infrastructure Vulnerability to Tsunami
o¥etwaw and Storm Surge Inundation

Description
Map Of Oahu view || Edit
Rapid Visual 5 :
Assessment
Computational
Modeling
Literature Database
o Team

-

Navigation

» Add content

Research Project:

Surveys will be carried out on Hawail coastal bridges and commercial ports on the Islands of
Oahu, Maui, Kauai, Hawaii, and Molokai to identify their exposure to inundation and are being
evaluated for potential damage. Calculation methods are being developed to determine the wave
loads on coastal bridges during storms and tsunami impact.

Recommendations will be prepared based on these surveys and the calculations that will
be provided for potential retrofit of structures deemed inadequate. Remedial measures
will be suggested where these may reduce the effects of the inundation.

University of Hawaii at Manoa
Civil & Environmental Engineering
and
Ocean and Resources Engineering
Departments

Figure 3-1: Website Homepage
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The ‘Map of Oahu’ page was created to streamline the process of finding any
bridge at a specific location. This page consists of a large map with color coordinated
markers indicating the location of each of the surveyed bridges (see Figure 3-2). A green
marker represents a surveyed site with no additional studies planned. A yellow marker
indicates a surveyed site that will be structurally analyzed. A red marker indicates a
surveyed site that will be hydrodynamically modeled in addition to being structurally

evaluated.

When the cursor hovers over a marker, the name of the bridge is displayed (see
Figure 3-2). When clicked, the user is linked to a webpage containing survey pictures

and bridge information.
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The ‘Rapid Visual Assessment’ is the main organizational portion of the website,
and arranges the bridge webpages into a usable catalog. To organize the photographs
and information from the site inspections, a separate page was created for each of the
surveyed bridges. The front page of this section provides a list of each bridge according

to the date of survey (see Figure 3-3).

My accoumt  Log out

Coastal Bridge and Port Vulnerability to Tsunami and Storm Surge

Owntew | Description | MapOrOanu | Rapia Visual Assessment | Computstionai Modeling | Leersture Catatase | Team

Home

Atz e Rapid Visual Assessment of Bridges

& Cverview
a Description View || Eor
+ Map Of Ozhu
- Rapid Visual
Aszessmant
o Alawai Canal
Bridge
« Kulouou Stream
Bridge
« Maunalua Bridge
» Lihiwai Road Pta
« Kahaluu Stream
Bridge
« Kzhana Bridge
« North Punalun
Bridge
Kalanai Buidss Surveys of vital Hawsii coastal bridges and commercial ports have consistad of onsite
o Laiewai Bridge
Paumalu Bridge
« Waimea Bridge
a Ukoz Pond Bridge bridges a5 of Fall 2010. Tha dates of thess surveys can be Hund below along with links to
+ Lokoea Stream the photos taken during the site inspactions. Neighboring island sites will be assessad at 2
i later date.
« Anzhulo Uka River
Bridge
« Makshz am 5 ]
;x -S;m.ﬂ' Survey Date: Survey Date: Survey Date: Su.n—e? Date:
+ Kaupuni Stream 912412010 11/19/2010 12/01/2010 12/08/201
Bridge
o Mailili Bridge
Maipalsoz Bridge Kuliovos Stream

inspactions a3 well as reviewing bathymetry, topogrephy, and inundation studies Dr the

.

potential sites. Currently, surveys have b2en camied out and completed on Ozhu's coastal

Ala Wai Canal Bridge Kahalus Stresm Makaha Stream
Bridge Bridga =3A

..

I o id > g5g o
Ulehawa Bridge Belcge Moanatus Katihi )
. .\a_n;x-uns:m ) Brides Kahans Bridgs Ksupuni Straam
Bridge Maunaluz Bridge = Bridss
Kaeoneoio Bridge 5 =

Nimitz Herw North Punalvs
Moanalua Bridge Lihiwai Road 2mita Hwy Brides
=

Kalihi Bridge Pta Downtown foge
& Nimitz Huwy

Entering Nimitz Hwy Alohs

Dawntown =

Honalula Tower Lsiewsi Bridge Utshawa Bridge
» Nimitz Hwy at A

Aok Tower Bascule Bridge

B

Mailiili Bridge

Kalvanui Bridge Maipalaca Bridge

Psumalu Bridge Nanakuli Stream
» Bascule Bridge Bridze
« Computatianal Waimsa Bridge
Modaling Kzonzoio Bridge
« Literature Database Ukoa Pond Bridge
e Team
Lokosas Straam
Bridge
Navigation :
Anshulu Uka River
» Add content Brideze

Figure 3-3: Rapid Visual Assessment Front Page
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A list of the bridges is also provided in the left navigation bar (see Figure 3-3).
After clicking the ‘Rapid Visual Assessment’ link, the navigation menu is expanded,

revealing each of the bridge pages.

The bridges are organized geographically starting with the Alawai Canal Bridge,
which is located near the South East coast of Oahu. The bridges are then listed in a
counter clockwise order moving around the island. Organizing the bridges in

geographical order helps the user achieve a better sense of the bridge locations.

On each of the bridge webpages, a dedicated map is provided showing the
location of the site (see Figure 3-4). These dedicated maps were created to allow the
user to see the location of the bridge without having to navigate away from the current

page.
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Each page also contains the bridge name, survey date, information on further
studies, the bridge road location, and the bridge global coordinates. Ocean bathymetry
diagrams are also provided for the four sites that will be modeled hydrodynamically. As
seen in Figure 3-5, another navigation tool bar is provided (circled red), which allows the
user to see the bridge map location and navigate to the ‘Map of Oahu’ page. The user is
also given the option to move to the previous or next bridge, based on the counter
clockwise geographical ordering. Similar links are provided at the bottom of the page.
This feature allows the user to access the navigation tools without having to return to

the top of the page.

Home » Rapid Visual Assessment

Main menu . .
Ala Wai Canal Bridge
o Overview = ;
o Description View | Edit
o Map Of Oahu
v Rapid Visual Survey Date: 11/19/2010
Assessment
o Alawai Canal Futher Study: None
Bridge
* Kufiouou Stream Location: Rte. 92/Ala Moana Blvd.
Bridge

o Maunalua Bridge

» Lihiwai Road Pt.1

o Kahaluu Stream
Bridge

o Kahana Bridge

o North Punaluu
Bridge

Latitude: 21° 17' 15.99"N

Longitude: 157° 50' 24.90"W

<< Bascule Bridge To Map of Oahu Kuliouou Stream Bridge >>

o Kaluanui Bridge
Ala Wai Canal Bridge Map

Location

o Laiewai Bridge

o Paumalu Bridge

o Waimea Bridge

o Ukoa Pond Bridge *Click on the pictures below for a larger image

o Lokoea Stream
Bridge

o Anahulu Uka River
Bridge

o Makaha Stream
Bridge #3A

o Kaupuni Stream
Bridge

o Mailiili Bridge

o Maipalaoa Bridge

o Ulehawa Bridge

o Nanakuli Stream
Bridge

o Keoneoio Bridﬁe

Figure 3-5: Navigation Menu
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Thumbnail versions of the survey pictures are provided to reduce the loading
time of each page, while still displaying image previews. Each of the thumbnails can be
clicked to open a larger full resolution version of the photo (see Figure 3-6). All of the
pictures taken during the site inspections are displayed on each page. However, in order
to keep each webpage to a manageable size, additional pages were created if there

were more than 30 pictures for a particular site.

TOME > RapIe vIsoa

S Ala Wai Canal Bridge
o Overview
o Description View || Edit
o Map Of Oahu
- Rapid Visual Survey Date: 11/19/2010
Assessment
o Alawai Canal Futher Study: None

Bridge

o Kuliouou Stream
Bridge

o Maunalua Bridge

» Lihiwai Road Pt.1

o Kahaluu Stream

Location: Rte. 92/Ala Moana Blvd.
Latitude: 21° 17 15.99"N

Lonsitnde: 157° 50' 24 00"W.

Kuliouou Stream Bridge >>

o NimitzHwy at

Figure 3-6: Thumbnail Picture Example

During the surveys it was important to document the bridge’s surrounding,
structure, layout and notable features. Careful attention was paid to the bridge girder
seats, as in some situations the bridges were connected to the foundation at these
locations. If possible, the undersides of the bridges were photographed. This was done
to determine the possibility of air becoming trapped under the bridge during a rise in
water level. Bridge abutments, railings, and any bridge damage were also

photographed.
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Bridge surroundings were photographed to document water levels, ocean
proximity, coastal arrangement, and landscape. Some bridges spanned small rivers or
culverts and were a distance away from the coast. In these cases, photographs were
taken to record the terrain between the shoreline and these bridges. Any other objects

that may influence the bridges or water movements were also noted.

Maipalaoa Bridge

veu || e

Survey Date: 121082010

Futher Studies: Full Eydrodynamic and Structural Evaluation

Latitude 21°24 324N

Longitude: 158° 10'37.55"W

To Map of Ozhu Ulshawa Bridge >>

Mai

*Clickon the pictures below for a larger image

Figure 3-7: Survey Pictures
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The remaining pages, ‘Computational Modeling,” ‘Literature Database,” and
‘Team,’ provide additional information about the project. The ‘Computational Modeling’
page explains the approach taken and methods used to determine the wave loads on
coastal bridges during a natural disaster. The ‘Literature Database’ provides information
about ‘Mendeley,” a reference management application that the project uses to
exchange reference material between members. The ‘Team’ page lists the project group

members and their contact information.

A project timer is the last feature added to the website. At the bottom of each
page the number of days until the project’s completion is displayed. The timer
automatically updates every day, which serves as a reminder to the team of the amount

of time left in the project.

» Add content

Research Project:

Surveys will be carried out on Hawaii coastal bridges and commercial ports on the Islands of
Oahu, Maui, Kauai, Hawaii, and Molokai to identify their exposure to inundation and are being
evaluated for potential damage. Calculation methods are being developed to determine the wave

loads on coastal bridges during storms and tsunami impact.

Recommendations will be prepared based on these surveys and the calculations that will be
provided for potential retrofit of structures deemed inadequate. Remedial measures will be
suggested where these may reduce the effects of the inundation.

University of Hawaii at Manoa
Civil & Environmental Engineering
and

Ocean and Resources Engineering

Departments

Figure 3-8: Project Timer
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3.2 Organization of Survey Data General Procedure

The following is a generalized procedure that may be followed to organize data
for a survey project. This procedure is based on work done and lessons learned during
the course of this report. Note that this process will not cover all aspects of each and

every survey, but it does provide a preliminary guideline.

3.2.1 Pre-Survey

1) Identify the sites to be inspected.

2) Group the sites by geographical location.

3) Create a table with the following information to be filled in during the surveys:
a) Site Name
b) Survey Date
c) Time of Survey

= This is important when dealing with water tide levels.

d) Location

e) Additional Information as needed

3.2.2 During Survey
1) Designate one person to photograph sites.
= This is done so multiple copies of similar photos are not created.
= This will also ensure consistent picture labeling notation.
2) Photograph Structure:
a) Photograph entire front, back, left side, and right side of structure if
possible.
= |t may be beneficial to have a project member in each of the photos
in order to give a sense of scale (record height of the member in the
photo).
3) Photograph key locations:

a) Structural support system
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b) Connections
c) Visible damage
d) Any points of interest
= Example: For bridges, photograph underside of the bridge decks to
determine potential air pocket locations.
e) If the structure is to be structurally evaluated:
= Photograph any form of lateral resistance.
e Creep Blocks
e Connections
e Wing Walls
e Support tieins
e Natural landscape
e Etc.
= Photograph any form of vertical resistance.
e Connections
e Additional loads placed on the structure
e Support tieins
e F[Etc.
4) Photograph surrounding area:
a) Photograph the area to the north, south, east, and west.
b) Photograph intermediate directions as needed.
5) Photograph influential land marks:
a) Structures or vital buildings in close proximity.
b) Natural terrain that may inhibit water forces from impacting the site.
6) Record site data:
a) Measure as many dimensions of the structure as possible.
= |f construction drawings are not available, then it is suggested a

laser range finder be used to determine overall bridge dimensions.
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b) If water is in close proximity, measure water depths at various locations
along/around the site.
c¢) Measure the vertical distance from the still water level to the bottom of
the structure.
d) Record time of measurement.
e) Make note of the condition of the structure.
f) Make note of damaged areas.
= Spalling
= Cracked sections
g) Note any potential failure mechanism
= Broken connections
= |mproperly constructed areas
= Scouring of foundation
e Important for structures near the coast.
h) If the structure is to be structurally evaluated:
= Make note of all aspects of the structure that will increase its
resistance to lateral displacement, vertical displacement, and

overturning.

3.2.3 Post Survey Organization (creation of a project website)
1) Create a basic website structure by breaking the project into several sections.

a) Create a separate webpage for each of the following:
= Project Description
® Project Purpose
= Map of ‘Surveyed Area’
= Survey Data and Photographs

b) Upload the survey photos to the server hosting the website.

c) Create alink menu.

37



= Typically this is placed on the left hand side of each page. See Figure

3-1 for an example.

2) Create a separate webpage for each of the investigated sites.

a) Input the data of the site at the top of the page.

= Name of site
= Location (Global coordinates, area, road location)
= Date and time of survey

= Additional information recorded

b) Organize the photographs for the site.

d)

e)

f)

= Create thumbnails for each photo.

e Size the thumbnails appropriately. The thumbnails should not
be too small, as the intention is to provide a preview of each
picture.

= Place the photos in vertical columns.

e Keep the amount of photos per page to a maximum of 30 to
keep each page a manageable size.

e [f more photos exist, create additional webpages as needed.

Place each of the newly created webpages under the ‘Survey Data and
Photographs’ portion of the website.
Organize each of the webpages in geographical order.

= Choose a starting location.

= Organize the sites in either a counter clockwise or clockwise order.
Return to the webpages created for each surveyed location:

= Create a navigation menu at the top and bottom of each site

webpage (see Figure 3-5).

= Provide a link to the next site in the geographical ordering.

= Provide a link to the previous site in the geographical ordering.
Create maps:

* Find a map of the entire area containing all of the surveyed sites.
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e Place markers at each of the surveyed locations.
e Using an ‘image map,’ create a link at each of the markers.
Link the marker to the appropriate webpage (see Figure 3-2).
e Place the map in the Map of ‘Surveyed Area’ section of the
website.
= Create smaller maps for each of the surveyed sites.
e Create a marker at the surveyed location.
e Add a link to the map in the navigation menu of the
appropriate webpage (see Figure 3-5).
g) Check the website:
= Check that all links work and that they are linked to the correct
webpages.

= Check that all photos work.

3.3 Summary

The purpose of the Drupal website was to organize collected data, survey
information and photographs into a usable, organized form that allows members of the
project to easily access the information. This was accomplished by organizing webpages
of each site by geographical location. Links were provided to allow users to navigate
between each of the sites as if they were traveling around the island of Oahu in a
counterclockwise direction. Menus, navigational links, maps, and additional site
information are provided to create a functional, easy to use website. By generalizing the
process, the same methodology described in section 3.2, can be applied to other

surveys.
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4 Bridge Structural Analysis

4.1 Bridge Selection

Of the original 26 bridges surveyed, eleven were selected to be structurally
evaluated. The bridges selected were the Makaha #3A Bridge, the New Makaha #3A
Bridge, the Maipalaoa Bridge, the Kahaluu Bridge, the North Punaluu Bridge, Nimitz
Highway at Aloha Tower, the Kuliouou Stream Bridge, the Ukoa Pond Bridge, the New

South Punaluu Bridge, the Moanalua Bridge, and the Kalihi Bridge.

The main criteria for selection were: the bridge location, number of communities
in proximity to the bridge, and the critical service routes that the bridge provided. In
addition, the bridges that were determined to be the most exposed to wave forces were

favored during the selection process.

The New Makaha #3A Bridge and the New South Punaluu Bridge were selected
to determine the bridges’ vulnerability to storm and tsunami wave forces before the
bridges are built. The Moanalua Bridge and the Kalihi Bridge were selected to evaluate

bridge connections found during the site survey.
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4.2 Calculation of Buoyancy Force

4.2.1 Approach

During a tsunami or storm event, an abnormal rise in water level occurs. During a
storm event, water levels rise due to low pressure and water being pushed toward the
shore by strong winds. This phenomenon is known as “storm surge” [18]. Storm surge
and tsunami inundation can cause low lying areas to become inundated, which may
potentially submerge coastal bridges. If submerged, a bridge’s stabilizing self weight is
reduced due to an upward hydrostatic buoyancy force [10]. Buoyancy force is a function
of the volume of water displaced by the bridge and air trapped under the bridge deck.
The upward buoyancy force is determined from the total submerged volume multiplied

by the specific weight of sea water (64 Ibs/ ft?).

For all calculations, the bridges were assumed to be submerged to the top of the
bridge deck. The trapped air was assumed to fill the entire volume between the bridge
girders to the bottom of the lowest bridge diaphragm as shown in Figure 4-1. This worst
case scenario results in the largest buoyancy force possible, and is therefore a

conservative calculation when designing for failure.

Due to water pressure, the volume of entrapped air is compressed once the
bridge is submerged [15]. Based on hydrostatics and the ideal gas law, the volume of

compressed air can be computed from the following equations

P2=Pl1+hx (ﬁ) (4.2-1)
A2 = Pl}j‘;“ (4.2-2)
in which,
h = height from bottom of air pockets to water elevation [ft]
y = specific weight of water [64 Ibs/ ft’]
P1 = atmospheric pressure at the water surface [14.7 psi]
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P2 = pressure at the bottom of air pocket [psi]
Al = cross sectional area between the bridge girders (air pocket) [ft?]

A2 = compressed area of air pocket [ft?]

Still Water Lgel (including storm surge)

Bridge Deck
_Bridge Girders
C g

Bottom of Air Pockets

Ground Elevation

Fiqure 4-1: Air Pocket Diagram

The bridge and air pocket volumes were computed from as-built drawings

provided by the Hawaii Department of Transportation (HDOT).

To calculate the self-weight of each bridge, the volume of the bridge is multiplied
by the specific weight of reinforced concrete (150 Ibs/ft?). Any additional loads, such as
bridge railings and road pavement, are added to the reinforced concrete weight,

resulting in the total self-weight of the bridge superstructure.

If the buoyancy force is found to be greater than the self weight of the bridge
then the bridge is considered buoyant. However, assuming that air fills the entire void
under the bridge deck may not always be applicable. As water levels rise due to storm

surge it is highly possible that a quantity of air will escape from under the bridge deck.

Therefore, if it is found that a particular bridge becomes buoyant with an
assumed 100% air pocket, then a less conservative air volume of 50% is used [11]. The

buoyancy force acting on the bridge is recalculated with only half of the previous air

42



pocket. If the bridge is still determined to be buoyant with air filling 50% of the volume
under the bridge deck, then the bridge is deemed buoyant and therefore subject to

possible failure.

The results of the buoyancy force calculations for each bridge can be found in

the following section.

4.2.2 Buoyancy Force Calculation Results

The dimensions for each bridge are given in Table 4.2-1. Table4.2-2 summarizes
the calculated bridge superstructure volume, air volume, and submerged volume of
each bridge. Table 4.2-3 summarizes the computed buoyancy force acting on each
bridge with air filling 100% of the volume under the bridge. Table 4.2-4 summarizes the

recalculated buoyancy force with a less conservative 50% air pocket.
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Table 4.2-1: Bridge Dimensions
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Table4.2-2: Calculated Bridge Volumes

Bridge Volumes:

Bridge Volume

Air Pocket VVolume

Submerged Volume

(cubic ft) (cubic ft) (cubic ft)
Kuliouou Bridge: 4825.18 6950.69 11489.90
Kahaluu Stream Bridge: 23960.20 38322.20 60770.80
New South Punaluu Bridge: 14662.83 8804.49 22264.30
Ukoa Pond Bridge: 17828.70 35445.60 51665.10
New Makaha Stream #3A Bridge: 7745.12 0.00 7354.08
Old Makaha Stream #3A Bridge: 6933.77 2334.34 9002.97
Maipalaoa Bridge: 8694.72 12485.40 20621.30
Moanalua Bridge: 21900.94 22241.75 43362.10
Kalihi Bridge: 25790.98 13717.98 38816.90
Nimitz Hwy. Slip Cover #2: 13797.00 0.00 13473.00
Nimitz Hwy. Slip Cover #3: 14499.00 0.00 14067.00

*Note: Air pocket volumes are compressed values
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Buoyancy Force Results with 100% Air Volume

Table 4.2-3
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Recalculated Buoyancy Force Results with 50% Air Volume

Table 4.2-4
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4.2.3 Buoyancy Force Calculation: Analysis of Results

Column 3 (Residual Weight) of Table 4.2- is computed by subtracting the
Buoyancy Force (column 2) from the Self Weight (column 1). The residual weight
represents a critical measure of a bridge’s stability, where a negative value indicates
that the bridge is buoyant. Column 4 is the percentage of the Residual Weight (column
3) divided by the original Self Weight (column 1). Again, a negative value indicates that
the bridge has become buoyant and therefore further structural investigation is

required.

After completing the initial buoyancy force calculations, it was found that the
Kuliouou Stream Bridge, the Kahaluu Stream Bridge, the Ukoa Pond Bridge, and the Old
Makaha Stream #3A Bridge all become buoyant once submerged (see Table 4.2-3). The
air pocket volumes for each of these bridges were then halved. The buoyancy force
acting on each bridge was recalculated with the reduced air volume (Table 4.2-4). After
performing this less conservative calculation it was found that only the Old Makaha #3A
Bridge remains buoyant. Nonetheless, in every situation the stabilizing self weight of
each of these bridges is reduced due to buoyancy forces. The result is that much smaller

wave forces can displace these bridges if they become submerged.

The buoyancy of the Old Makaha Stream #3A Bridge reveals an expected
outcome, as the bridge is constructed mainly of Douglas fir wood. The Douglas fir wood
used in Hawaii has a low specific gravity of 0.5. This indicates that, regardless of the
amount of entrapped air under the bridge deck, the bridge will be buoyant once

submerged.

The Ukoa Pond Bridge’s relatively large buoyancy force is attributed to the
AASHTO Type Ill and Keehi Type IV girders used in the construction of the bridge deck.
The two types of girders have differing heights of 3.75 feet and 4.83 feet, respectively.
These tall girder heights allow large volumes of air to become trapped under the bridge

deck, which causes large buoyancy forces to develop.
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During Hurricane Katrina, the Railroad Bridge over Biloxi Bay had more than 28%
of its original self weight once submerged and as a consequence was table to survive
structurally intact [15]. If 28% Retained Weight is used as an initial benchmark for
survivability, then the Kuliouou Stream Bridge (26.6%) and the Kahaluu Bridge (27.59%)
are both susceptible to failure during storm or tsunami inundation, even though they

are not fully buoyant.

4.3 Overview of Subsequent Bridge Analysis Process

To determine if a particular bridge will survive a storm or tsunami inundation
event, the lateral and vertical connection capacity and the negative bending strength of
the bridge decks and girders are calculated in the remainder of this chapter. The
capacity of each bridge is then compared against estimated storm wave forces
calculated in Chapter 5. Chapter 6 presents, conclusions drawn regarding the bridges’

survivability during a storm or tsunami event.
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4.4 Bridge Resistances to Vertical and Horizontal Wave Loads

4.4.1 Approach

Waves impart both a lateral force (horizontal force) and upward force (vertical
force) on a bridge deck. These forces also produce an overturning moment. To estimate
the worst case scenario, the overturning moment is calculated at the far edge of the
bridge deck (i.e. opposite side of incoming waves). It is assumed that the bridge
foundation (bridge substructure) will remain intact during a storm event and that failure
will occur if the bridge deck (bridge superstructure) is displaced or severely damaged.
Further information on wave force estimation calculations can be found in Section 5 of

this report.

To determine the lateral and vertical capacities of each bridge, the plans
provided by the HDOT were examined for connections and any other sources of vertical
or lateral resistance. The strength of each structural component was calculated by
utilizing structural capacity computational methods developed by the American Institute
of Steel Construction [4], the Precast/Prestressed Concrete Institute [5] and the

American Concrete Institute [6].

If the resistance provided by the bridge self weight, friction, connections, wing
walls, or any other form of structural component, is greater than the estimated wave
forces and associated overturning moment, then it is concluded that the bridge will
survive the storm event. The results of the bridge capacity calculations for each bridge

are shown in the following sections.
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4.4.2 Kuliouou Stream Bridge Structural Analysis

The Kuliouou Stream Bridge is a simply supported single span bridge and is
approximately 50 feet long and 68.75 feet wide. The bridge is located on the south east
coast of Oahu and is part of the main route between Hawaii Kai and Honolulu. Figure
4-2 shows the map location of the bridge and Figure 4-3 shows a picture of the bridge
taken during the site survey. Figure 4-4, Figure 4-5 and Figure 4-6, show the
construction drawings, where east of the bridge is denoted as ‘Koko Head’ and west of

the bridge is indicated as ‘Diamond Head'.

The bridge deck is composed of three sections (Figure 4-4). The center portion
was constructed in 1936, and was poured integrally in place with the reinforced
concrete tee girders. To accommodate increasing traffic, the Kuliouou Stream Bridge
was widened in 1963 through the construction of the outermost sections. The widened
sections are composed of reinforced concrete decks attached to prestressed girders
using #5 and #4 stirrups. After constructing the widened sections, the three separate
bridge segments were connected using #4 reinforcing bars and epoxy. Throughout the
calculations of the Kuliouou Stream Bridge, it was assumed that the bridge deck

performed as an integrated single span.

The girders are supported at each of the abutments by reinforced concrete
shelves. At the Koko Head abutment each girder rests on a 9” x %” x 19” neoprene pad.
The neoprene pads provide a coefficient of friction of approximately 0.1, allowing the

bridge to expand and contract without developing cracks.
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Figure 4-3: Picture of Kuliouou Stream Bridge looking north
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4.4.2.1 Kuliouou Stream Bridge: Lateral Resistance

At the Diamond Head abutment, the girders are connected to the foundation
shelves using %” thick galvanized steel plates (see Figure 4-6). A plate is attached
directly to the bridge girder using two %” diameter x 6” long embedded steel studs. A
similar plate is attached to the abutment with another pair of %4” diameter x 6” long
steel studs. The two plates are welded together on both sides of the girder using 3/8” by

9” long fillet welds. There are a total of 8 bearing plates in total at the Diamond Head

abutment.
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Figure 4-6: Diamond Head abutment bearing plates (profile view)

Lateral resistance provided by the bearing plates is computed by determining
the stud shear strength, weld strength, base metal shear strength, stud block shear, and
weld block shear capacities. Concrete side break out was not considered because of
sufficient reinforcement in the area of the studs in both the girder and the abutment

(ACI 318-08 section RD 6.2.9). Results of the lateral resistance calculations are

summarized in Table 4.4-1.




Table 4.4-1: Bearing Plate Lateral Capacity

Capacity Calculation: Capacity (kips)
Stud Shear Strength (in abutment) 43.16
Stud Shear Strength (in girder) 48.82
Stud Block Shear 572.34
Weld Strength 200.44
Weld Block Shear 877.50
Base Metal Shear Strength 394.00

The results in Table 4.4-1 show that the overall capacity of the bearing plates is
dependent on the studs’ shear strength. The shear failure capacity of the two studs
embedded into the abutment is calculated to be 43.2 kips. In total, the 8 bearing plates

at the Diamond Head abutment provide 345 kips of lateral resistance.

At both abutments of the Kuliouou Stream Bridge, wing walls have been
constructed to restrain lateral movement. The wing walls at each abutment vary in
shape and length due to the offset of the bridge. Waves will only strike the south facing
or ocean side of the bridge. Therefore, only the North facing wing walls will provide
lateral resistance against displacement (see Figure 4-7). In the situation of drawdown
after a tsunami inundation, loads will be applied towards the coast. In this case, only the

South facing walls will provide lateral resistance
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Figure 4-7: Lateral Wave Load Direction (profile view)
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The lateral capacity of the wing walls is calculated by computing the failure
strength of two planes. The horizontal plane will most likely fail in shear, while the
vertical plane will fail due to flexure. The failure planes can be seen in Figure 4-8 and

Figure 4-9.

_—Bridge Deck
Wing Wall | Y[
h Wave Load Direction
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Horizontal Failure Plane —_ e |
T | |
Z <

Figure 4-8: Wing Wall Horizontal Failure Plane (profile view)

P / ~_ /Flexture Failure

Vertical Failure Plane

Koko Head Wing Wall

Diamond Head Wing Wall

NBridge Girder

Wave Load Direction

Figure 4-9: Wing Wall Vertical Failure Plane (plan view)
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The capacity of the horizontal plane is computed by determining the shear
strength of the concrete in the cross-sectional area of the plane. The capacity of the
vertical plane is determined by computing the moment capacity of the wing wall, as if it
were a cantilever beam. The moment capacity of the simulated cantilever beam is then
divided by the distance from the point where the girder will impact the wing wall to the
abutment. The sum of the shear and flexure capacities results in the total strength of

each of the wing walls. The results of these calculations are summarized in Table 4.4-2.

Table 4.4-2: Summary of Wing Wall Capacities

Wing Wall Capacity: Capacity (kips)
Koko Head Horizontal Plane (Shear) 31.55
Koko Head Vertical Plane (Flexure) 27.85
Koko Head Total Capacity 59.40
Diamond Head Horizontal Plane (Shear) 24.20
Diamond Head Vertical Plane (Flexure) 41.76
Diamond Head Total Capacity 65.96

As seen in Figure 4-4, the bridge deck is sloped toward the ocean to allow proper
drainage of water. This causes the bridge to creep downward over time. To counteract
the downward movement, 2 ‘creep blocks” were installed at the Koko Head abutment
(see Figure 4-10). As a secondary effect, the creep blocks also provide lateral resistance

to wave impact forces.
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Figure 4-10: Creep Block Diagram (profile view)

When the bridge deck is impacted, the wave loads are transferred to the bridge
girders, which ultimately transfers the load to the creep blocks. The creep blocks
provide lateral resistance through shear friction. These blocks were poured

monolithically with the bridge foundation and were reinforced with 6 - #4 stirrups.

However, the bridge girder web may fail in transverse flexure before the creep
blocks. A 45 degree line from the end of the creep block to the top of the beam web

represents the most likely concrete cracking plane (see Figure 4-11).
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Figure 4-11: Concrete Cracking Plane

For simplicity, the wave load is applied at the creep block where a failure is most
likely to occur (see Figure 4-12). Applying a lateral load causes the girder to bend at the
top of the beam web. The only reinforcement in the girders that provides flexural
resistance in this orientation is the #5 shear stirrups in the web. The web was analyzed
as a rectangular cantilever beam, with a width of 39.4 inches and a thickness of 6 inches.
The width of the cantilever beam is taken as the distance from the end of the girder to
the top of the cracking plane as seen in Figure 4-11. The cantilever beam thickness is

taken as the thickness of the girder web.
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Figure 4-12: Web Flexure Failure

The moment capacity of the beam web is then divided by the distance from the
centroid of the creep block to the top of the girder web (see Figure 4-12). The results of

the creep block calculations are summarized in Table 4.4-3.

Table 4.4-3: Creep Block Region Capacities

Capacity Calculation: Capacity (kips)
Creep Block Shear Friction 134.40
Girder Web Flexure 20.51

From Table 4.4-3, the total lateral resistance provided by a creep block, is limited
by the beam web flexural capacity. For both creep block regions the total lateral

resistance is 41.0 kips.

The total computed weight of the Kuliouou Stream Bridge is 724 kips. The
bridge’s self weight creates a vertical stabilizing force against the upward wave force
component. At the Koko Head abutment the bridge girders rest on neoprene pads.
Therefore only half of the bridge’s self weight provides a horizontal frictional force,
which was computed to be 36 kips. This frictional force provides an additional source of

lateral resistance against the horizontal force of impacting waves.
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4.4.2.2 Kuliouou Stream Bridge: Vertical Resistance

The vertical resistance provided by the bearing plates at the Diamond Head
Abutment is determined from the following calculations: the concrete breakout tension
strength, the stud pullout strength, the steel stud tension strength, and the flexural
capacity of the steel plates. The results of these calculations are summarized in Table

4.4-4.

Table 4.4-4: Bearing Plate Vertical Capacity

Capacity Calculation: Capacity (Kips)
Concrete Break Out in Tension (girder) 67.62
Concrete Break Out in Tension (abutment) 54.18
Pull Out Strength of Stud (girder) 169.65
Pull Out Strength of Stud (abutment) 84.82
Steel Strength of Stud in Tension 57.43
Steel Plate Flexure Capacity 178.75

After completion of the vertical capacity calculations, the abutment tensile
concrete breakout strength is found to be very close to the stud tensile strength. To be
conservative, the lower of these two values is taken as the maximum vertical capacity of
the bearing plates. Therefore, the vertical capacity of the bearing plates is controlled by
the concrete strength of the abutment. The 8 bearing plates at the Diamond Head

abutment are computed to provide a total of 433 kips of vertical resistance.
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4.4.2.3 Discussion of Kuliouou Stream Bridge

The Kuliouou Stream Bridge is only restrained vertically at the Diamond Head
abutment. If a vertical force impacts the bridge deck, the Koko Head side will lift,
causing a large moment to occur at the opposite side. The moment will likely cause the
bearing plates to fail. Therefore to be conservative, it is assumed that the bridge’s self

weight is the only source of vertical resistance.

Additionally, since the bearing plates are only at the Diamond Head abutment,
the Koko Head side will be free to rotate when impacted by a lateral force. The bridge
will continue to rotate until it contacts the Koko Head wing wall. Because of the
probable bridge rotation, the lateral resistance of the bridge is taken as a combination
of the Koko Head wing wall, girder web flexure capacity at creep blocks, Diamond Head

bearing plates, and the gravity load induced friction.

The resistance to an overturning moment was computed by multiplying the self
weight of the bridge by the distance from the centroid to the far end of the bridge (see
Figure 4-13).

~=+—Distance to far end of bridge =

Center of Gravity
@

e

Self Weight Moment

Figure 4-13: Stabilizing Moment Calculation Diagram

A summary of the estimated structural resistance of the Kuliouou Bridge is given

in Table 4.4-5.
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Table 4.4-5: Kuliouou Bridge Structural Resistance to Wave Loads

Bridge Resistance:

Capacity (Kips)

Bearing Plates 345.31
Koko Head Wing Wall 59.40
Girder Web Flexure 41.01
Friction 36.19
Total Lateral Resistance 481.91
Total Vertical Resistance (self weight) 723.78

Overturning Moment Resistance

24,879.9 Kip-ft
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4.4.3 Kahaluu Stream Bridge

The Kahaluu Stream Bridge is composed of three 106 ft long by 46 ft wide spans
connected by #9 and #6 reinforcement bars. The center portion of the bridge is
supported by two concrete pile caps spaced 106 ft apart. The bridge is located on the
eastern coast of Oahu and provides the main route from Kaneohe to the North Shore of
Oahu. Figure 4-14 shows the map location of the bridge. Figure 4-15 is a photo taken

during the site survey.

The bridge superstructure is composed of a reinforced concrete deck attached to
eight pre-stressed girders using #5 bent stirrups. Numerous reinforcements are used to
connect each of the spans to the adjacent deck thus creating an integrated uniform
span. Therefore for calculation purposes, it is assumed that the three bridge spans act as

a continuous section over the center supports.
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Figure 4-14: Kahaluu Bridge Map Location

64



4.4.3.1 Kahaluu Bridge: Lateral Resistance

At both abutments the girders are supported by Flurocarbon uni-ton bearing
pads (see Figure 4-16 and Figure 4-17). The bearing pad is a “pot bearing” type pad and
is comprised of a neoprene disk confined on all sides by a shallow steel ring. The top
plate is secured to the bottom of the girder using six %" diameter x 8” long steel Nelson
studs. The masonry plate is attached to the abutment using another set of six %"

diameter x 8” long steel Nelson studs.
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Figure 4-17: Flurocarbon Uni-Ton Bearing Pad (close up view)
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The steel ring around the neoprene pad confines lateral movement and transfers
the horizontal loads to the abutment and girders. The steel ring capacity, Nelson stud
shear capacity, steel plate block shear, weld capacity, and concrete breakout strength
were calculated to determine the lateral capacity of the bearing pads. The results of

these calculations are summarized in Table 4.4-6.

Table 4.4-6: Bearing Pad Lateral Capacity

Capacity Calculation: Capacity (kips)
Steel Ring Capacity 91.2
Stud Shear Strength (6 studs) 47.89
Steel Plate Block Shear 1067.1
Weld Capacity 178.2
Girder Combination Capacity 62.99
Abutment Combination Capacity 48.14

As seen in Figure 4-18, the most likely failure mechanism of the bearing pads is a
combination of concrete break out and stud shear. The capacity of this failure
mechanism is labeled as “Abutment Combination Capacity” and “Girder Combination
Capacity” in Table 4.4-6. However, this situation only applies to the two bearing pads on
the West side of the bridge (i.e. opposite side of wave impact). The west side bearing
pads have been constructed 8.5 inches away from the edge of the abutment, and are
therefore susceptible to concrete break out. In contrast, the interior bearing pads have
sufficient concrete to reduce the likelihood of concrete break out. Therefore the 14

remaining bearing pads will fail due to shearing of all six Nelson studs.

There are 16 total bearing pads on the Kahaluu Bridge. The resulting lateral

resistance provided by these bearing pads is computed to be 767 kips.
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Similar to the Kuliouou Stream Bridge, wing walls were constructed on the

Kahaluu Bridge to provide resistance against lateral movement. The same process

described in section 4.4.2 was undertaken to compute the capacity of the wing walls.

Again, the horizontal plane was computed to fail in shear, while the vertical plane was

calculated to fail in flexure. The wing walls at each abutment have the same geometry,

which results in the same computed capacities. The results of these calculations are

summarized in the following table.

Table 4.4-7: Kahaluu Bridge Wing Wall Capacity

Wing Wall Capacity Capacity (kips)
Horizontal Plane (Shear) 59.2
Vertical Plane (Flexure) 90.43
Total Capacity (per wing wall) 149.63

4.4.3.2 Kahaluu Bridge: Vertical Resistance

In the vertical direction, the steel piston of the Flurocarbon uni-ton bearing pad

is free to move vertically. Therefore the bearing pads do not provide any vertical

resistance to upward wave loads. The only source of vertical resistance comes from the
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bridge’s self weight, which was calculated to be 3,812 kips. The gravity induced lateral

frictional force resulting from the neoprene pad interface was computed to be 382 kips.

4.4.3.3 Discussion of Kahaluu Stream Bridge

The steel ring confining the piston of each bearing pad is only 0.5 inches high.
Therefore it is possible that the bridge will be lifted out of the bearing pads. To be
conservative, the lateral resistance provided by the bearing pads has been ignored. In
addition, once the bridge is lifted out of the bearing pads, the top steel plate is no longer
in contact with the neoprene pad. Instead, the top steel plate will rest on the concrete
abutment. This increases the coefficient of friction to 0.4 (i.e. steel to concrete

interface), resulting in an increased lateral frictional force.

The lateral resistance provided by the Kahaluu Bridge was taken as the sum of
the capacity of the wing walls and the gravity induced frictional force. In the vertical

direction, only the self weight of the bridge provides resistance.

A summary of the estimated structural resistance of the Kahaluu Bridge can be

found in Table 4.4-8.

Table 4.4-8: Kahaluu Bridge Structural Resistance to Wave Loads

Bridge Resistance Capacity (kips)
Wing Walls (2) 299.26
Friction 1,524.62
Total Lateral Resistance 1,823.9
Total Vertical Resistance (self weight) 3,811.5
Overturning Moment Resistance 87,665.7 Kip-ft
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4.4.4 Ukoa Pond Bridge

The Ukoa Pond Bridge is a four span simply supported bridge. The bridge is
located on the northern coast of Oahu and is sheltered from wave forces by thick brush.
Due to its location, the Ukoa Pond Bridge may not be exposed to wave forces, but may
become submerged by tsunami inundation. Therefore this bridge was structurally

evaluated only to determine its vulnerability to buoyancy.

*
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Figure 4-19: Ukoa Pond Bridge Map Location

From section 4.2.2, the bridge’s self weight and buoyancy force with a 100% air
pocket is computed to be 2,674 kips and 3,307 kips, respectively. This results in a
negative residual weight, indicating that the bridge is buoyant. The residual weight of
the Ukoa Pond Bridge is computed to be -632 kips. This relatively large buoyancy force
can be attributed to the large volume of air that may become trapped under the bridge
deck (see Figure 4-20). To determine if the bridge would fail due to buoyancy the bridge

plans were inspected for any sources of vertical resistance.
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Figure 4-20: Photograph of Underside of Bridge Deck

The only source of vertical resistance, in addition to the bridge’s self weight,
results from vertical hinge restrainers. At each abutment four vertical hinge restrainers
are embedded into both the bridge superstructure and substructure. The restrainers are
composed of 6 x 19 wire strands wound into a % inch continuous looped galvanized
cable (see Figure 4-21). The tensile breaking strength of the hinge restrainers is
estimated to be 46 kips. In total there are 8 vertical hinge restrainers securing each
bridge span to the foundation, which produces a total vertical capacity of 368 kips. The
sum of the self weight and the tensile capacity of the hinge restrainers is computed to
be 3,042 kips. However, the buoyancy force is still 264 kips greater than the total
vertical bridge capacity. This indicates that, if air fills the entire volume of voids under
the bridge, the resulting upward buoyancy force will break the hinge restrainers, and

will likely cause the bridge deck to float off of its supports.
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As water levels rise due to storm surge or a tsunami, it is possible that a quantity
of air will escape from beneath the bridge deck. For this reason, the buoyancy force
calculation is performed again with a non conservative air volume of 50%. The
recalculated buoyancy force is computed to be 2,275 kips, which is a 31.2% reduction
from the previous force. The resulting buoyancy force is 767 kips less than the total
vertical bridge capacity. Therefore, with the non conservative calculation, the bridge is
not buoyant and not at risk of failing. However, because the bridge is approximately
1,400 feet away from the shore, the rise in water elevation during a storm event will be
gradual. The slow rise in water will likely cause more air to become trapped under the
bridge deck. Therefore, an air volume of 50% may underestimate the volume of
entrapped air. For the buoyancy force to exceed the total vertical bridge capacity, a

minimum of 83.8% of the void volume under the bridge deck needs to be filled with air.
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Figure 4-21: Vertical Hinge Restrainer
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4.4.4.1 Discussion of Ukoa Pond Bridge

The main concern with the Ukoa Pond Bridge is its potential buoyancy. Even
though the bridge is sheltered from wave forces, storm surge or tsunami inundation
may cause the water levels to rise in the area of the bridge. If the bridge becomes

submerged, air will become trapped under the bridge deck, possibly making it buoyant.

The bridge will fail if 84% of the volume under the bridge deck is filled with air.
Under this condition, the upward buoyancy force is greater than the total vertical bridge
capacity. In addition, the vertical hinge restrainers will likely fail, which will allow water
current to displace the bridge. As a consequence, if air fills 84% or more of the volume
under the bridge deck during bridge submergence, then the Ukoa Pond Bridge may be

unusable after a storm or tsunami event.
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4.4.5 Old Makaha #3A Bridge

The Old Makaha #3A Bridge is a single span wood framed simply supported
bridge and is approximately 79 ft long and 33 ft wide. The bridge is located along the

western coast of Oahu on Farrington Highway (see Figure 4-22).
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Figure 4-23: Photograph of Old Makaha #3A Bridge Looking South East
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The majority of the bridge was constructed using Douglas fir wood. Douglas fir
wood in Hawaii has a typical specific gravity of 0.5. The underside of the bridge deck was
reinforced with twenty W10x22 steel girders. The steel girders were added to provide
additional structural capacity after existing 16 x 8 wood stringers developed horizontal

cracks.

Small “L” shaped concrete abutments were constructed at both ends of the
bridge. Each abutment is connected to the bridge deck using ten % inch diameter x 18
inch long bolts. The concrete abutments are 3 feet tall by 2.25 feet wide, and are not
secured to the ground (see Figure 4-24). The resistance to vertical displacement
provided by the abutments is taken as the weight of the concrete. The abutment weight

is added to the self weight of the bridge.
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Figure 4-24: Concrete Abutment

The center portion of the bridge deck is supported by two wooden bents, which
rest on concrete footings (Figure 4-25). The bottoms of the bents are connected to the
footings using four 7/8 inch diameter x 22 inch long drift bolts. The drift bolts provide

both lateral and vertical resistance.
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4.4.5.1 0Old Makaha #3A Bridge: Vertical Resistance

The vertical resistance is computed by finding the ultimate withdrawal load of
drift bolts in wood. The bolts are imbedded into the wood bents a depth of 6 inches. It
was determined that the maximum withdrawal capacity of each bolt is 8.7 kips. In total

there are 8 drift bolts, which results in a total vertical resistance of 69.3 kips.

4.4.5.2 0Old Makaha #3A Bridge: Lateral Resistance
The horizontal resistance is computed by determining the shear resistance
provided by the bolts. The lateral resistance is computed to be 1.8 kips per bolt. In total

the 8 bridge bolts provide 14.4 kips of lateral resistance.

Figure 4-25: Wooden Bent
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4.4.5.3 Discussion of Old Makaha #3A Bridge:

From Section 4.2.2 it was determined that the Old Makaha #3A Bridge is buoyant
once submerged. Upon recalculating the buoyancy force with a reduced air pocket
volume, the bridge was still found to be buoyant. This is an expected result as the
specific gravity of the wood used to construct the bridge is 0.5. The buoyancy force
exceeds the entire self weight of the bridge by 239 kips. The difference between the
buoyancy force and self weight is far greater than the 69.3 kips of vertical resistance
provided by the drift bolts. For this reason, once the bridge is submerged the drift bolts

will fail, making the Old Makaha #3A Bridge very susceptible to failure due to buoyancy.

If the bridge is not fully submerged then the bridge will be impacted by lateral
and vertical wave forces. In the horizontal direction the total resistance provided by the
bridge is taken as the total of the gravity induced frictional force plus the shear
resistance of the drift bolts. A coefficient of friction of 0.2 was used for the wood bent to
wood plank interface (see Figure 4-25). In the vertical direction the total resistance
provided by the bridge is taken as the sum of the bridge self weight plus the ultimate
withdrawal load of the drift bolts. The overturning moment resistance is computed by
multiplying the self weight of the bridge by half the bridge width. In addition, the
vertical resistances provided by the bolts are added to the moment capacity. A summary

of the calculations can be found in Table 4.4-9.

Table 4.4-9: Old Makaha #3A Bridge Structural Resistance to Wave Loads

Bridge Resistance: Capacity (kips)
Bolt Shear Capacity 14.41
Friction 55.97
Total Lateral Resistance 70.37
Self Weight 279.83
Withdrawal Load 69.30
Total Vertical Resistance 349.13
Overturning Moment Resistance 5,731.55 Kip-ft
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4.4.6 New Makaha #3A Bridge

The New Makaha #3A Bridge was designed to replace the bridge described in
section 4.4.5. The bridge deck will be constructed using 9 prestressed hollow core planks
that span the entire 70 ft length of the bridge. The planks are 4.83 ft wide by 2.33 ft
high and have two 16 inch diameter void holes as shown in Figure 4-26. A 5.5 inch thick
reinforced concrete topping will be secured to the top of the prestressed planks using
#4 and #5 stirrups (see Figure 4-26). Due to the geometry of the hollow core planks, air
will not become trapped under the bridge deck, reducing the buoyancy force acting on

the bridge structure if it becomes submerged.
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Figure 4-26: Hollow Core Plank Cross Section

The bridge deck will be attached to reinforced concrete abutments using two
layers of #6 bent reinforcement bars. These bars will be embedded into both the
concrete deck and the abutment. This provides both lateral and vertical resistance to
wave loads. Each abutment is heavily reinforced and will be connected directly to a
concrete foundation buried a few feet underground. For this reason, it is assumed that

wave forces will likely cause deck displacement before the abutments fail.
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Figure 4-27: Abutment Detail

The only source of lateral and vertical resistances is provided by the abutment to

bridge deck interface.

4.4.6.1 New Makaha #3A Bridge: Lateral Resistance

The abutment will provide horizontal resistance to wave loads through shear
friction. Over the width of the bridge deck, there are 420 - #6 bent reinforcement bars
connecting the deck to the two abutments. The resulting shear friction capacity for both

abutments is 8,870 kips.
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4.4.6.2 New Makaha #3A Bridge: Vertical Resistance

The vertical capacity is dependent on the tensile strength of the #6
reinforcement. The minimum force needed to break all of the reinforcement bars at
both abutments in tension was computed to be 16,630 kips; when added to the self
weight of the bridge deck, the total vertical resistance results in a value of 17,800 kips.
The overturning moment resistance provided by both the self weight and #6 rebars was

computed to be 416,640 kip-ft.

4.4.6.3 New Makaha #3A Bridge: Prestressed Deck Capacity

However, the hollow core planks may fail before they are displaced. The
prestressing in the hollow core planks are designed with an upward camber (negative
bending) normally used to negate the downward sag resulting from gravity loads. During
a storm event, upward wave loads adversely cause an additive effect to the prestressing
force, which increases the negative bending of the planks (see Figure 4-28). Due to
buoyancy forces, the self weight of the bridge will be reduced. This reduction in self
weight decreases the counteractive positive bending effect caused by dead loads. The
combination of the associated storm wave forces and prestressing effect may ultimately

cause the planks to fail in negative bending [15].
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Figure 4-28: Negative Bending
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Negative bending causes tensile stresses to develop in the top of the plank and

compressive stresses in the bottom. To compute these stresses the following equations

are commonly used [5]:

In which

f top

fo

Cp

= P &) _Mr ]

frop = 7 (1 = ) 5, (4.4-1)
= _Fe &b\ 4 Mr ]

fo = AC(1+ = )+Sb (4.4-2)

stress at the top fibers [psi]

stress at the bottom fibers [psi]

effective prestressing force after losses [lbs]

cross sectional area of concrete [in’]

distance from centroid of prestressing to centroid of the plank [in]

distance from top of plank to centroid (rectangular section = % h)

[in]

distance from bottom of plank to centroid (rectangular section =

% h) [in]

moment of inertia divided by the cross sectional area of concrete

[in”]
Total moment acting at the center of the plank span [Ib-in]
moment of inertia divided by c; [in’]

moment of inertia divided by ¢, [in®]
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The maximum permissible tensile stress is taken as:

fo=12xf;

The maximum permissible compressive stress is taken as:

fe=—085%*f

In which
fe = specified 28 day compressive strength of concrete [psi]

If the aforementioned stresses are exceeded, structural cracks will develop in the
concrete. With repeated wave impacts the cracks will widen, which will likely lead to
severe bridge damage. It should be noted that the hollow core planks are also
reinforced with non-prestressed steel. The reinforcing steel will aid in controlling the
size of the cracks and add to the bending resistance, but will not prevent cracks from

developing [5].

To determine the minimum wave load needed to cause deck failure, Equation
4.4-1 was set equal to f; and Equation 4.4-2 was set equal to f.. Tensile stresses were
taken as a positive value, and compressive stresses were taken as negative. Equation

4.4-1 and Equation 4.4-2 were then rearranged to solve for Mr.

To simplify calculations, individual planks were analyzed separately. A distributed
upward wave load was applied to the underside of the hollow core plank and the sum of

the dead loads was applied as a distributed downward load (see Figure 4-29).
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Figure 4-29: Distributed Loads Acting On Bridge Deck
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The maximum moment (M) at the center of the span was computed as a
function of the wave load. For distributed loads applied on the top and bottom of the

bridge deck, the resulting My is as follows:

Wiy, *L?

My = Mp — 5 (4.4-3)
in which
Mp = positive moment due to dead loads [lb-in]
wp = distributed dead load [Ibs/in]
L = length of bridge [in]
w, = distributed wave load [Ibs/in]

To determine the minimum wave load that will cause the stresses in the
concrete to exceed the permissible limits, the stress limit equations and the moment
equation were combined to solve for the wave loads. The following equations were

developed as a result of this process:

Wy, = Liz x [Mp + (S, * f,) — (S':f e) * (55— 1] (4.4-4: Tensile Limit)
Wee = L% * [Mp — (Sp * f.) — (%) *(1+ e:gb)] (4.4-5: Compression Limit)

The resulting We: and We. are in units of pounds per inch. The lower of the two
values controls the minimum wave load needed to cause failure. In other words,
Equation 4.4-4 and Equation 4.4-5 determine the negative bending capacity of a

prestressed concrete member.

To determine the negative bending capacity of the New Makaha #3A Bridge the

water elevation was taken at the bottom of the hollow core planks. In this situation the
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deck is not submerged and therefore buoyancy was not considered. Using Equation 4.4-
4, the wave load limit in tension is computed to be 149 lbs/inch per plank. Using
Equation 4.4-5, the wave load limit in compression is computed to be 480 Ibs/inch per
plank. The lower of the two computed values is chosen as the capacity of the hollow

core member.

It was found that in most cases the tensile limit (Equation 4.4-4) will control the
capacity of a prestressed member. This is a reasonable result, as concrete is weak in

tension while strong in compression.

To determine the capacity of the entire bridge deck, the 149 Ibs/inch per plank
capacity value is multiplied by the length of the bridge. This results in a value of 125 kips
per plank. The deck of the New Makaha #3A Bridge is composed of 9 prestressed hollow
core planks. Therefore, by combining the capacity of all 9 planks, the total negative

capacity of the entire bridge deck is computed to be 1,127 kips.

The negative bending capacity must also be determined when the bridge is
submerged. In this situation the bridge’s self weight is reduced. The buoyancy force
computed in Section 4.2.2 is subtracted from the dead loads. This results in a smaller
value of wp, effectively lowering the negative bending capacity of the deck. Using
Equation 4.4-4, the wave load limit in tension is computed to be 86 Ibs/inch per plank.
Using Equation 4.4-5, the wave load limit in compression is computed to be 383 Ibs/inch
per plank. Again, the lower of the two computed values is chosen as the capacity of the
hollow core member. The total negative bending capacity of the entire bridge deck

when submerged is 654 kips.

In the final analysis, the resulting negative bending capacity of the bridge deck is
far below the lateral and vertical resistance provided by the deck to abutment interface.
Therefore, the bridge deck will likely fail in negative bending before it is displaced from

the abutment supports.
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4.4.6.4 Discussion of New Makaha #3A Bridge
The New Makaha #3A Bridge deck is properly restrained in both the lateral and
vertical direction. However, it was found that the bridge deck will likely fail in negative

bending before it is displaced from its supports.

Once submerged, the tensile stress limit negative bending capacity of the deck is
reduced by 42% and the compressive stress limit negative bending capacity is reduced
by 20% (see Table 4.4-11). As a consequence, if the bridge becomes submerged the
bridge’s negative bending capacity is significantly reduced. This will allow much smaller

forces to damage or even fail the bridge deck.
A summary of the results from section 4.4.6 can be found in the following tables.

Table 4.4-10: New Makaha #3A Bridge Structural Resistance to Wave Loads

Bridge Resistance Capacity (kips)
Total Lateral Resistance (shear friction) 8,870.40
Self Weight 1,161.80
Tensile Strength of Rebar 16,632
Total Vertical Resistance 17,793.80
Overturning Moment Resistance 416,671.5 kip-ft

Table 4.4-11: New Makaha #3A Bridge Negative Bending Capacity

Deck Capacity Capacity (Kips)
Tensile Capacity 1,127.13
Compressive Capacity 3,625.89
Tensile Capacity (submerged) 653.572
Compressive Capacity (submerged) 2,898.44
Tensile % Loss once submerged 42.01%
Compressive % Loss once submerged 20.06%
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4.4.7 New South Punaluu Bridge

Originally, the existing North Punaluu Bridge was selected for structural
evaluation. However, since as-built plans were not available for analysis, the New South
Punaluu Bridge was chosen instead. Similar to the New Makaha #3A Bridge analyzed in
section 4.4.6, the New South Punaluu Bridge is yet to be built and is planned to replace

an existing bridge on the north east coast of Oahu.

The New South Punaluu Bridge will be constructed using 5 foot wide triple tee
prestressed members (Tridecks). The bridge deck will be composed of three spans, with
the center span being the longest. In total, the bridge will be 50 feet wide and 170 feet

long.

The bridge will be supported by two abutments and two concrete piers. Figure
4-30 shows a section of the heavily reinforced triple tees. The triple tee stems are 21

inches in height, allowing air to be trapped beneath the bridge deck.
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Figure 4-30: Typical Triple Tee (Trideck)

The bridge superstructure will be secured to the abutments using #10 reinforcing
bars, which will provide both lateral and vertical resistance against wave loads. The

bridge will also be restrained laterally by wing walls and a precast tub. It is not likely that
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the precast tub was designed for this purpose. However, being 2.5 feet wide and heavily

reinforced, the tub will provide some lateral resistance (see Figure 4-31: Precast Tub)
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Figure 4-31: Precast Tub

4.4.7.1 New South Punaluu Bridge: Negative Bending Capacity

Based on the results from section 4.4.6, it is concluded that the New South
Punaluu Bridge is much more likely to fail in negative bending than being displaced. In
addition, the triple tee girders are able to trap air, which will increase the upward

buoyancy force acting on the bridge superstructure if it becomes submerged.

Each of the bridge spans will be constructed using 10 Tridecks (Figure 4-32). The
center span is the most susceptible to failure, as it has the longest length. The longer
length will cause a greater upward moment to develop at the middle of the span.
Therefore, during calculations, only the center span is analyzed. If the center span fails,

then so does the entire bridge.
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Figure 4-32: New South Punaluu Bridge Layout

To determine the negative bending capacity of the New South Punaluu Bridge,
the procedure developed in Section 4.4.6 was followed. Each of the Tridecks was
analyzed separately, and recombined after completing the negative bending calculations
to determine the total deck capacity. The dead load of each Trideck includes the deck

self weight and the weight of an asphalt wearing surface.

When not submerged, the tensile capacity of the center span is reached when
the uplift load is 1,263 kips. In compression, the capacity of the deck is reached when
the uplift force is 3,777 kips. The resulting capacities indicate that the resultant of a
distributed upward wave force will have to be greater than or equal to 1,263 kips to

cause the stresses in the concrete to exceed the permissible values and fail the bridge.

Unlike the flat underside of the New Makaha #3A Bridge, the geometry of the
prestressed triple tee members, used in the construction of the New South Punaluu
Bridge, allows air pockets to form under the bridge deck. As a consequence a larger
buoyancy force results when the bridge becomes submerged. To compute the negative
bending capacity of the submerged case, an air pocket volume of 100% was assumed.

Assuming that air will fill the entire volume under the bridge deck may not be realistic;
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however, it will result in the greatest buoyancy force possible, and is therefore

conservative.

The resulting buoyancy force, caused by the total submerged volume, is
subtracted from the dead loads of the bridge. Again, Equation 4.4-4 and Equation 4.4-5
are used to compute the negative bending capacities. For tension failure, the capacity of
the center span is computed to be 813 kips. For compression failure, the capacity of the

deck is computed to be 3,327 kips.
The results of the calculations are listed in the following table.

Table 4.4-12: New South Punaluu Bridge Negative Bending Capacity

(Center Span)

Deck Capacity Capacity (kips)
Tensile Capacity 1,262.99
Compressive Capacity 3,777.11
Tensile Capacity (submerged) 812.81
Compressive Capacity (submerged) 3,326.98
Tensile % Loss once submerged 35.64%
Compressive % Loss once submerged 11.92%

89



4.4.7.2 Discussion of New South Punaluu Bridge

The New South Punaluu Bridge will be constructed using prestressed triple tee
members. When the upward force caused by the prestressing tendons is combined with
an upward wave load, the maximum stresses in the concrete may be exceeded. It was
found that a wave force resultant of 1,263 kips is needed to cause the tensile stress limit
at the top of the bridge deck to be exceeded. This will cause concrete cracks to develop.
With repeated wave impacts the cracks will continue to widen, which may ultimately

lead to failure of the bridge.

The New South Punaluu is constructed only 4.92 feet above the mean sea level.
As a result, during a storm event, submergence of the bridge deck is highly probable.
However, even with an assumed maximum air pocket volume, it was determined that

the bridge will not fail due to upward buoyancy forces alone.

Nonetheless, failure of similarly constructed parking garages in the Biloxi
Gulfport region was observed during a post disaster survey. The parking garages were
constructed using prestressed double tees. Some of the garages were protected from
wave action by surrounding structures, but were still inundated by storm surge. The
double tee geometry lent itself to trapping a large volume of air, which resulted in an
adverse uplift force much greater than the submerged self weight of the prestressed
members. The uplift force caused negative bending to develop. The combination of the
buoyancy uplift force and the prestressing effect caused the double tees to fail. To avoid
the failure mechanism, it is recommended that any prestresssed double tee systems,
flat slab, and other concrete systems be designed to withstand the negative bending

and shear caused by hydrodynamic and hydrostatic forces [15].
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4.4.8 Maipalaoa (Maili Channel) Bridge

The Maipalaoa Bridge is a simply supported bridge and has a north - south

orientation. The bridge is approximately 64 feet wide and 101 feet long. The bridge is

located along the south western coast of Oahu and provides the only regular access to

the Nanakuli region and Waianae communities (see Figure 4-33).
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Figure 4-33: Maipalaoa Bridge Map Location

The bridge superstructure is a two span girder supported deck that is 101 feet

long. It is supported at both ends by reinforced concrete abutments and at the center by

a reinforced concrete pier. The bridge deck is reinforced with #6 rebars and #4 stirrups

at the center pier. This center pier location serves as the transition zone between the

two sets of girders (see Figure 4-34).
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Figure 4-34: Maipalaoa Bridge Deck Span

The bridge superstructure is not secured to the foundation vertically or
horizontally. The only resistance to vertical wave loads is provided by the self weight of
the bridge. The resistance to lateral wave loads is provided by gravity induced friction

and creep blocks constructed at the abutments

Figure 4-35: Photograph of Maipalaoa Bridge Looking South East

4.4.8.1 Maipalaoa Bridge: Vertical Capacity
The Maipalaoa Bridge is a gravity type bridge, where the self weight is the only
source of vertical resistance to upward wave loads. The total self weight of the bridge is

calculated to be 1,407 kips.
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4.4.8.2 Maipalaoa Bridge: Lateral Capacity
The girders rest on neoprene pads at both abutments and at the center pier. The
neoprene pads provide a coefficient of friction of 0.1. The resulting gravity induced

lateral frictional resistance is computed to be 141 kips.

Similar to the Kuliouou Stream Bridge (section 4.4.2), creep blocks are
constructed at each of the Maipalaoa Bridge abutments to prevent the bridge from
moving laterally over time (see Figure 4-36). To determine the lateral capacity provided
by the creep blocks, the failure capacities of the creep blocks and the prestressed tee

girders were computed.

ﬁ Wave Load
Direction

Figure 4-36: Maipalaoa Bridge Creep Blocks

The creep blocks are reinforced with seven #5 U shape stirrups and were poured
monolithically with the bridge foundation. The main source of lateral capacity is
provided by shear friction. The resulting capacity for each of the creep blocks is
computed to be 243 kips. There are 4 creep blocks at each abutment, which results in a

total lateral capacity of 1,944 kips for the entire bridge.

Unlike the girders on the Kuliouou Stream Bridge; there are no obvious weak
planes on the prestressed tee girders. For this reason, a number of different calculations

were performed to determine the lateral capacity of the bridge girders.

To simplify calculations, the web of the girder is oriented horizontally and the
wave loads were applied directly at the creep block (see Figure 4-37). In this orientation,

it is possible to analyze the girder web as a prestressed/reinforced concrete slab.
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Wave Load Direction

Figure 4-37: Beam Web Horizontal Orientation

The first calculation assumes that the creep block will cause a punch out
failure in the prestressed beam web. According to the American Concrete Institute, the
critical failure area is determined by taking a distance d,/2 away from the edges of the
column, where d, is the distance from the centroid of the prestressing strands to the

tension surface of the web (see Figure 4-38). The punch out calculation resulted in a

failure capacity of 137 kips per girder.
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Figure 4-38: Beam Web Critical Failure Area

94



Because the prestressing will only provide structural support a set distance away
from the jacking zone (i.e. tendon stressing location), a similar, more conservative
calculation is performed, which determines the punch out failure of a concrete slab with
no additional reinforcement. The resulting punch out capacity is computed to be 66.9

kips.

The beam web capacity was also determined by summing the shear capacity of
two failure planes (see Figure 4-39). The strength of the horizontal failure plane is
determined by computing the shear capacity of the concrete in the cross sectional area
of the plane. This calculation results in a value 24.8 kips. To determine the shear
capacity of the vertical failure plane, the cross sectional area has to be analyzed as a
rectangular prestressed beam. The resulting shear capacity of the pseudo prestressed
beam is computed to be 21.7 kips. Due to the adjusted orientation of the beam web, the
#4 stirrups used to connect the prestressed tee girders to the bridge deck, act as shear
reinforcement. The total shear capacity provided by both planes and the #4 stirrups

results in a value of 51.8 kips per girder.

Wave Load Direction

_—7 Vertical Failure Plane

Horizontal Failure Plane - g

Figure 4-39: Failure Planes

However, after the vertical plane has sheared, it is possible that the horizontal
plane will fail in flexure (see Figure 4-40). Again, the cross sectional area of the
horizontal failure plane is analyzed as a rectangular prestressed beam. The resulting

flexure capacity is calculated to be 61.6 kips. The sum of the shear capacity of the
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vertical plane and the flexure capacity of the horizontal plane results in a value of 86.4

kips per girder.

Wave Load Direction

e .~ Vertical Shear Failure

Figure 4-40: Horizontal Plane Flexure Failure

The last calculation determines the flexure capacity at the top of the beam web.
The top of the beam web represents the maximum moment location. A 45 degree angle
line drawn from the end of the creep block to the top of the beam web represents the
most likely concrete cracking plane (see Figure 4-41). The resulting flexure length is
computed to be 48.5 inches from the end of the beam. Only the #4 stirrups attaching
the prestressed tee girders to the bridge deck provide lateral flexure resistance. The
resulting flexure capacity of the beam web is determined to be 15.3 kips per bridge

girder.

The abovementioned flexure capacity is lower than the other calculated
capacities. Therefore the capacity provided by the creep blocks is limited by the flexure
capacity of the girder webs. The total resulting capacity provided by all 8 creep block

regions is computed to be 123 kips.

A summary of the calculations performed to determine the capacity of the beam

web can be found in the Table 4.4-13.
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Table 4.4-13: Summary of Creep Block Region Calculations

Capacity Calculation Capacity (kips)
Creep Block Shear Friction 243.04
Beam Web Prestressed Slab Punch Out 137.3
Beam Web Non-reinforced Slab Punch Out 66.93
Beam Web Independent Failure Plane (shear-shear) 50.48
Beam Web Independent Failure Plane (shear-flexure) 86.35
Beam Web Flexure 15.34

18 in
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Figure 4-41: Beam Web Cracking Plane
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Beam Web

Wave Load Direction

Figure 4-42: Beam Web Flexure
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4.4.8.3 Discussion of Maipalaoa Bridge

The Maipalaoa Bridge is not secured to the center pier or abutments. The only
source of vertical capacity results from the 1,407 kips of self weight. The lateral capacity
provided by the creep blocks was determined to be limited by the transverse flexure

strength of the girder webs. This resulted in a total capacity of 123 kips.

From the structural analysis of this bridge, it was concluded that the Maipalaoa
Bridge is at risk of failing due to wave loads. The bridge has a limited amount of
structural components securing the bridge against lateral and vertical displacement.
What little resistances provided by the creep blocks and self weight can be overcome by

wave loads and buoyancy forces.

A summary of the lateral and vertical resistances of the Maipalaoa Bridge are

provided in Table 4.4-14.

Table 4.4-14: Maipalaoa Bridge Structural Resistance to Wave Loads

Bridge Resistance Capacity (Kips)
Total Vertical Resistance (self weight) 1,406.70
Beam Web Flexure Capacity 122.68
Gravity Induced Friction 140.67
Total Lateral Resistance 263.35
Overturning Moment Resistance 45,248.85 kip - ft
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4.4.9 Moanalua Bridge

The Moanalua Bridge is located in the southern region of Oahu and is sheltered
from direct ocean waves by Keehi Lagoon (see Figure 4-43). The bridge superstructure is
composed of eight independent reinforced concrete spans (Figure 4-44). Each bridge
span is evaluated as a separate structural element. Each span is approximately 64.33

feet wide and 27 feet long and simply supported on reinforced concrete pier caps.
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Figure 4-44: Bridge Spans
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Originally, the Moanalua Bridge was chosen to be structurally evaluated because
of connections found during the site survey. The connections shown in Figure 4-45
appear to connect the bridge deck to its foundation, which potentially could provide
lateral and vertical resistance to wave loads. However, upon further investigation and
review of the as-built plans, these connections could not be found. It is feasible that the
connections were added after the original construction of the bridge. Or possibly,
modifications were made to a water main support connection seen in Figure 4-46 and
Figure 4-47. Ultimately, the capacity of the connections could not be determined due to

lack of available information and updated drawings.

Figure 4-45: Moanalua Bridge Connections
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Figure 4-46: Water Main Support Connection Detail

| - )
{ A Wl Near side
ir / m.aié. ’

Y . )
Foswhk Gas Main

i'hﬁaafﬁfﬁgf Leve/

2 e e e e

1 Y i :.'I I'IL 1:
- |w'\_.“'.f g;r Pyt
Y A
B .-"-E.H-I&Ii-

Figure 4-47: Water Main Support Profile View
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4.4.9.1 Moanalua Bridge: Vertical Capacity

Of the eight deck spans, spans 2 and 7 are the most vulnerable to failure. Two - 1
inch diameter x 4 foot long steel dowels are used to connect each of the nine bridge
girders to a supporting pier cap (see Figure 4-48). However, on spans 2 and 7, these
dowels are only provided at one end. If the unrestrained side of the span lifts due to a
wave impact, a moment will be caused at the fixed end, which can fail the dowels.
Therefore, any resistance provided by the dowels is ignored for spans 2 and 7. As a
result the only source of vertical resistance to upward wave forces is provided by the
self weight of each span, which is computed to be 417 kips. The associated overturning

moment resistance resulting from the self weight is computed to be 13,421 kip — ft.

Spans 3, 4, 5, and 6 are restrained at both ends by eighteen - 1 inch diameter x 4
foot long steel dowels. In total, there are 36 dowels connecting each span to the
supporting pier caps. However, the pier caps themselves are not secured to the bridge
foundation piles. Instead, the concrete pier caps have been constructed with female
recesses, which allow the foundation piles to butt into the pier caps (see Figure 4-48).
With this type of construction, if the deck spans are displaced upward, then so will the
pier caps. Therefore additional resistance to vertical loads results from the self weight of
the pier caps, which is computed to be 79.2 kips. The total vertical resistance to wave
loads for spans 3, 4, 5, and 6 is the sum of the span self weight and the self weight of
two supporting pier caps. This results in a value of 576 kips per span. The associated
overturning moment resistance resulting from the total self weight is computed to be

18,520 kip — ft.
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Figure 4-48: Bridge Pier Cap Diagram

4.4.9.2 Moanalua Bridge: Lateral Capacity

For spans 2 and 7, the only source of lateral resistance to wave loads is provided
by gravity induced friction. Each of the girders is in contact with the pier caps, which
forms a concrete to concrete interface. This interface has a coefficient of friction of 0.8.

The resulting lateral capacity provided by friction is 334kips per span.

The steel dowels of spans 3, 4, 5, and 6 provide lateral resistance through shear
friction. The shear friction capacity is computed to be 1,593 kips. When this is added to
the gravity induced frictional resistance of each span, the total lateral resistance is

computed to be 1,926 kips.
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4.4.9.3 Discussion of Moanalua Bridge

The Moanalua Bridge is located in a harbor area (see Figure 4-49). This
sheltered location protects the bridge from direct storm ocean waves. However, during
a storm event, the still water level may raise enough to submerge low lying areas that
normally protect the region from wave action. Therefore, this will allow waves that

develop in the open ocean to impact the normally sheltered bridge locations.

Reinforced concrete pedestrian bridges are in the path of the waves for both the
Moanalua and Kalihi Bridges. The pedestrian bridges will provide some protection from
wave loads to a certain extent. However, if wave loads are large enough, these
pedestrian bridges will fail. Eventually the bridges may get pushed into the Moanalua
and Kalihi Brides. It should also be noted that additional debris from the harbor may
impact the bridge during a storm or tsunami event. The addition of wave and debris
impact forces can potentially cause massive damage to the Moanalua Bridge, the Kalihi

Bridge and the surrounding area.
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Figure 4-49: Moanalua Bridge Location
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The Moanalua Bridge, is composed of eight separate spans, of which spans 2 and
7 are the most likely to fail for reasons explained above. The only source of resistance
results from the self weight of the spans. In Section 4.2 the percent retained weight of
the Moanalua Bridge when submerged was computed to be 16.87% (Table 4.2-).
Ultimately, this reduction in self weight will allow much smaller wave forces to exceed
the resistance of the bridge. In addition, with repeated wave impacts, it is likely that the
deck spans will be displaced until removed completely from the pier cap supports [10].

If spans 2 and 7 fail, the entire Moanalua Bridge will be unusable.

A summary of the Moanalua Bridge structural calculations is provided in Table

4.4-15.

Table 4.4-15: Moanalua Bridge Structural Resistance to Wave Loads

Spans 2 & 7 Resistance Capacity (Kips)
Total Vertical Resistance (self weight) 417.27
Total Lateral Resistance (friction) 333.82
Overturning Moment Resistance 13,422 kip - ft
Spans 3, 4, 5, & 6 Resistance Capacity (kips)
Total Vertical Resistance (total self weight) 575.67
Total Lateral Resistance 1926.46
Overturning Moment Resistance 18,517 Kip - ft
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4.4.10 Kalihi Bridge

The Kalihi Bridge is also located in Keehi Lagoon, and is approximately 1,500 feet
east of the Moanalua Bridge. The bridge is composed of seven independent deck spans.
Each span is a reinforced concrete deck poured integrally with 13 tee girders and is 88.3
feet wide by 27 feet long. The spans are supported at both ends by reinforced concrete

pier caps. All seven spans are very similar in construction and geometry.

Similar to the Moanalua Bridge, the Kalihi Bridge is connected to the pier caps
using two - 1 inch diameter x 4 foot long steel dowels per girder. However, only three of
the 13 girders are connected to the pier caps (Figure 4-50). The dowels at the opposite
side of the wave load direction were likely installed to keep the bridge from sliding
laterally over time. If a large enough wave force impacts the underside of the bridge, its
unrestrained side will lift. As the bridge lifts, a moment will be caused at the opposite
edge of the bridge deck. The resulting moment will cause the dowels to yield or shear.
Therefore, similar to spans 2 and 7 of the Moanalua Bridge, any lateral and vertical

capacities provided by the dowels on the Kalihi Bridge are ignored.

Small, 4 inch high, unreinforced creep blocks were constructed at both
abutments and at piers 2, 4, and 5. However, with such a low profile, it is possible that
the bridge will be lifted over these creep blocks as the bridge is impacted by wave
forces. For this reason and to be conservative, the lateral capacity provided by the creep

blocks is ignored.

Therefore, the only resistance to vertical and lateral wave loads is provided by

the self weight of each bridge span.
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Figure 4-50: Kalihi Bridge Dowels

4.4.10.1 Kalihi Bridge: Vertical Resistance

Since the steel dowels are at a risk of failing when storm waves impact the
bridge, only the self weight of the Kalihi Bridge spans provides persistent vertical
resistance. The resulting self weight of a single span is 565 kips and the associated

overturning moment resistance is 24,950 kip-ft.

4.4.10.2 Kalihi Bridge: Lateral Resistance
The only source of lateral resistance to wave loads is provided by friction. The
girders rest directly on the pier caps, forming a concrete to concrete interface. The

resulting gravity induced friction resistance is 452 kips.

4.4.10.3 Discussion of Kalihi Bridge

The Kalihi Bridge’s primary source of resistance to lateral and vertical wave
forces is provided by the self weight of each span. From Section 4.2 the percent retained
weight of the Kalihi Bridge was computed to be 37.2% and is not at risk of being
buoyant. However, if the self weight is reduced to 37.2%, it will significantly diminish the
Kalihi Bridge’s only resistance to wave loads, making the bridge susceptible to failure.

Careful considerations must be made if the Kalihi Bridge becomes submerged.
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A summary of the computed capacities of each bridge span is provided in Table

4.4-16.

Table 4.4-16: Kalihi Bridge Structural Resistance to Wave Loads

Typical Span Resistance Capacity (kips)
Total Vertical Resistance (self weight) 565.09
Total Lateral Resistance (friction) 452.07
Overturning Moment Resistance 24,958.14 Kip-ft
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4.4.11 Nimitz Highway at Aloha Tower Slip Cover #2 and Slip Cover #3

Slip Cover #2 and Slip Cover #3 are located in the southern region of Oahu and
have a west-east orientation (see Figure 4-51). The slip covers are sheltered within a
small harbor area and are part of Nimitz Highway. Nimitz Highway is a high traffic
roadway that provides the main route from Honolulu International Airport, through
Honolulu’s business area, industrial area, and most of Honolulu Harbor. Slip Cover #2
and Slip Cover #3 are comprised of 10 and 12 separate spans respectively. For both slip
covers, the spans are not significantly attached to one another. Therefore the spans are

structurally analyzed individually.
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Figure 4-51: Nimitz Highway Slip Covers #2 & #3 Map Location

The slip covers are constructed of a reinforced concrete deck supported by
reinforced concrete pier caps. The deck is connected to the pier caps using % inch
diameter by 2 foot long dowels spaced through the entire length of the pier caps. The
concrete caps have been constructed with slots, which allow the foundation piles to rest

within the caps. However, the caps are not connected to the foundation piles.
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The pier caps run in a north south orientation (see Figure 4-52 and Figure 4-53);
that is, they run parallel to the wave direction. In addition, the geometry and
configuration of the slip covers decks allows air to escape from underneath when

inundated. This reduces the possibility of the slip covers becoming buoyant.

Figure 4-53: Nimitz Highway Slip Cover #3
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A sea wall prevents waves from passing completely under the decks of the slip
covers. As waves strike this sea wall, the wave heights will increase 2.0 to 2.3 times of
the original wave height (see Figure 4-54). Therefore, even if the waves are too low to
originally impact the bridge deck, the redirected wave will still cause an upward force on
the far edge of the slip covers. Because the slip covers are not restrained vertically, the
upward force of the redirected waves may cause the bridge deck to blow out, causing

failure.
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Figure 4-54: Wave Direction

44111 Nimitz Highway at Aloha Tower Slip Cover #2 and Slip Cover #3:
Vertical Resistance

Nimitz Highway at Aloha Tower Slip Covers #2 and #3 are both gravity type
structures, where the only source of vertical resistance is provided by self weight. The
self weight of each slip cover is the sum of the bridge deck, road way, side walk, and pier
caps. The self weight of each of the 10 spans of Slip Cover #2 is computed to be 206.5
kips. Similarly, the 12 spans of Slip Cover #3 are each computed to weigh 218 kips. The
average associated overturning moment due to the self weight of each span of Slip

Cover #2 and #3 are computed to be 12,390 kip-ft, and 7,450 kip-ft respectively.
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4.4.11.2 Nimitz Highway at Aloha Tower Slip Cover #2 and Slip Cover #3:
Horizontal Resistance

In the horizontal direction, each slip cover is restrained by existing sea walls and

roadways. This provides a large resistance to lateral wave loads. Therefore, the exact

lateral resistance of each slip cover was not calculated.

4.4.11.3 Discussion of Nimitz Highway at Aloha Tower

Slip covers #2 and #3 are both gravity type structures, where the only source of
vertical resistance is provided by the self weight of each bridge. Therefore the most
likely failure mechanism of these slip covers will be due to uplift. The energy of each
wave will be directed upward once the waves strike the sea wall. This will cause uplift
wave forces and pressures to develop. The only means for the pressure to be relieved is
for the slip covers to displace upward. With repeated wave impacts, the recurring uplift

loads could cause the bridge decks to fail.

This type of failure was observed during a post-disaster survey of Japan after the
Tohoku Tsunami of March 11, 2011. Many of the ports were constructed with access
panels, which were placed between pile supported structures and a landside sea wall.
When the tsunami impacted the port area the access panels acted as blow out panels.

This allowed pressures under the structure to dissipate [19].
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Figure 4-55: Photograph of failed access panels of port in Japan [19]

It is possible that the slip covers will behave in a similar fashion as the access
panels described above. However, in the situation of the Japan ports, the failure of the
panels relieved pressure and saved surrounding structures. If the slip covers blow out
and fail due to a similar build up in pressure, then the Nimitz Highway will be unusable

and cause major traffic disruptions.
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4.5 Bridge Superstructure Capacity

As wave loads impact a bridge, two possible modes of failure can occur. The first
type of failure is displacement of the bridge off of its foundation, which was previously
analyzed in Section 4.4. The second mode of failure is the destruction of the bridge
superstructure itself, which will primarily be caused by upward wave loads impacting
the bottom of the bridge deck. The upward wave load will cause negative bending to

occur in the deck and girders of the bridge.

The capacity of a bridge superstructure has been broken into three calculations.
The first calculation analyzes the bridge deck as a continuous one-way slab (Section
4.5.1). The second calculation computes the strength of the connection between the
deck and the bridge girders. The third calculation determines the negative bending

capacity of the bridge girders (Section 4.5.3).

If the estimated upward wave load is greater than any of the calculated bridge

capacities, then the bridge superstructure is at risk of failing.
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4.5.1 Bridge Deck Capacity

The main source of damage to bridge decks will result from upward wave loads.
Waves are assumed to impact the entire underside of the bridge, which will produce a
distributed force. If a distributed wave load is able to cause a negative moment greater
than the negative moment capacity of the deck, then the bridge will fail. Therefore, as
part of the structural evaluation, the negative moment capacity of each bridge is

computed.

The majority of the bridge decks are composed of reinforced concrete. The deck
span between the bridge girders is analyzed as a continuous one way slab. Table 4.5-1
and Table 4.5-2 summarize the dimensions and reinforcement used in the construction
of each bridge deck, respectively. The negative moment capacities can be found in Table

4.5-3.

The negative moment capacity is used to back calculate a distributed upward
load. However, in order for a negative moment to develop, the upward wave load must
be greater than the self weight of the bridge (see Figure 4-56). Therefore, the net
upward wave load that will cause a moment greater than the negative moment capacity
of the bridge deck, is the sum of the back calculated load plus the self weight of the deck

slab. The result of this calculation for each bridge is in column 4 of Table 4.5-3.
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Figure 4-56: Loads Acting on Bridge Decks
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Bridge Deck Dimensional Properties

Table 4.5-1
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4.5.2 Bridge Deck Capacity: Analysis of Results

It should be noted that during the calculation of the negative load capacities, the
bridge deck was assumed to be simply supported, where the maximum moment is
calculated by wL?/8, where ‘W’ is the distributed load and ‘L’ is the length of the bridge
deck. In reality, the bridges are fixed at both ends, where the moment at the center is
computed by wL?/24. As an effect, the true bridge deck capacities will be greater the

values given in Table 4.5-3. Therefore, the listed capacities are conservative.

Column 4 of Table 4.5-3 summarizes the resultant load necessary to exceed the
negative moment capacity of each bridge. Column 5 lists each bridge’s vertical
resistance to displacement by wave loads, which were calculated from previous
sections. Column 6 compares the negative load capacity (column 4) to the bridge
vertical resistance (column 5). If column 4 is found to be greater than column 5, then it
is more likely that the bridge will fail via displacement. If the opposite is true, then the
bridge deck is more likely to fail due to a wave load causing a negative moment greater

than its capacity.

From column 6 of Table 4.5-3, it is observed that in most cases, it is more likely a
bridge will be displaced before its deck fails. Most of the analyzed bridges are gravity
type structures, where the main source of vertical resistance is provided by the bridge
self weight. As described in Section 4.5.1, the negative load capacity is determined by
taking the sum of the self weight and the back calculated load. Therefore, if the self
weight is the only source of vertical resistance to wave loads, then the negative load
capacity will always be greater. Thus, the Kuliouou Bridge, the Kahaluu Bridge, the
Maipalaoa Bridge, the Kalihi Bridge, and Slip Covers #2 and #3 are more likely to be

displaced by vertical wave loads.

The Old Makaha #3A Bridge is determined to fail via deck failure before being
displaced. The bridge has additional vertical resistance supplementing the resistance
provided by the bridge self weight. This causes the vertical resistance of the bridge to be

greater than the negative load capacity. Thus, if an upward wave load is not large
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enough to displace the Old Makaha #3A Bridge, then the bridge deck may fail due to a

negative moment.

4.5.3 Bridge Negative Bending Capacity

The majority of the analyzed girders are comprised of prestressed concrete. The
upward force produced by the prestressed tendons is of concern when the self weight
of the bridge is reduced due to hydrostatic buoyancy forces. The combination of the
reduction in self weight, upward storm wave forces and prestressing effect may
ultimately cause the girders to fail in negative bending. If the girders fail, then so will the

entire bridge.

The negative bending capacity of a girder is calculated under two conditions. The
first case considered is when the bridge is not submerged and the full self weight of the
bridge is present. The second case is when the bridge is submerged to the top of the
deck. In the latter situation, buoyancy forces are included and a non-conservative 50%

air pocket volume is assumed.

To determine the negative bending capacities of the prestressed girders, the

same process developed in Section 4.4.6.3 is followed.

To determine the negative bending capacity of the reinforced concrete girders,
the negative moment capacity of each girder is calculated and then converted into an
equivalent distributed load. The self weight of the tributary area of each girder is then

added to the negative moment capacity load.

Table 4.5-4 summarizes the girder properties and Table 4.5-5 summarizes the

computed negative bending capacities.
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Girder Properties

Table 4.5-4

VN vN VN auou €T 0G°2€ 00S€ ‘€4 19n0D d1IS AmH Z1IWIN
VN VN vN auou 1T 00°09 00S€ :2# 18n0D dIS “AMH ZHWIN
VN VN VN auou €T 008 000€ :eBpug 1y1e
VN VN vN auou 6 008 000€ :abpLig enjeueo
TL'GE 62'29 00°089TT2 eIp ,2/T - 21 8T 00°0S 0009 (Bunsixs) :86pLig eoejedre
1L°GE 6229 00089112 eIp,.2/T - 21 A 00°05§ 0009 (Buuspim) :abplig eoefediey
18pa19 1] 8dAL OLHSYV
9797 96'60T 002959 elp ,.2/T 4 00°09 000V (¥ %@ ‘e 'z ueds) :8bpLig puod eoN
19pI9 Al 8dAL 1ysa)
6522 0T'TZT 00vE6.L eIp ,.2/T L 00°06 00SY (T ueds) :abplig puod eodn
90°'8T YSETT 00°0899GTT elp ,.2/T - O vz 00°90T 000V :abp1ig weans nnjeye
86'TT 81°GL 00°025.TE eIp 9T/L - ¥ 8 6£°8Y 000€ (Buuapim) :abprig nonornyy
(uqr) (uyan)
(pabawgns) (pabiawingsun) (sqy) ad SPUEAS SJapJ19 JO JaquinN W) (1sd)

peoT pesq [eoL

peoT pesq g0l

Buissansaid

ybus Jepa1o

0) 81840100

122



Girder Negative Bending Capacity

Table 4.5-5
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4.5.4 Bridge Negative Bending Capacity: Analysis of Results

Columns 1 and 2 of Table 4.5-5 list the tensile and compressive stress limit
negative bending capacities of each girder when not submerged. Columns 3 and 4 list
the tensile and compressive stress limit negative bending capacities when the bridge is
submerged. Lastly, columns 5 and 6 list the reduction in the negative bending capacities
once the bridge becomes submerged. Again it is observed that the tensile stress limit

capacity controls the overall negative bending capacity of each prestressed girder.

Through the analysis of the prestressed girders, it is determined that only the
AASHTO Type lll girder used to support the Ukoa Pond Bridge deck are vulnerable to
failure if the bridge is submerged. With a 50% air pocket, the buoyancy force is not large
enough to cause the bridge to become fully buoyant. However, the upward buoyancy
force is able to reduce the self weight of the bridge enough to cause the prestressing
term in Equation 4.4-4 to be greater than the sum of Mpand S;*f;. This causes a negative
capacity value of -1.07 kips, which indicates that the tensile stress limit will be exceeded
if the bridge is submerged. As a result, concrete cracks may begin to develop, which can
lead to failure of the girders. However, this type of failure will be resisted by the tension
reinforcement in the girders. Therefore, the bridge girders are at risk of failing, but are

by no means going to fail immediately under the aforementioned conditions.

As waves impact the underside of the bridge deck, only a portion of the entire
wave load will affect a single girder. Therefore, the percentage of the wave load applied
to each girder is taken as the tributary area of the girder divided by the plan view cross
sectional area of the bridge deck. This results in a distributed load. The resultant of the
distributed load is compared to the negative bending capacity of the girders. This

comparison is made in Chapter 6.
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4.5.5 Bridge Superstructure Capacity: Notes

The Kuliouou Bridge, the Kahaluu Bridge, the Ukoa Pond Bridge, and the
Maipalaoa Bridge prestressed girders are connected to the bridge decks using #4 and #5
stirrups. The stirrups are provided along the entire length of the girders. The stirrups
cause the bridge deck and girders to behave as a composite. It was determined that the
strength of the connection between the bridge deck and girders is not the limiting

capacity of the bridge superstructure.

The lateral capacities of the bridge superstructures were also considered.
However, it was found that the bridge decks will fail due to an upward wave load before
failing due to lateral forces. Therefore, the lateral calculations were not included in this

report.
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4.6 Summary of Structural Capacity Calculations

Table 4.6-1 summarizes the structural capacities calculated in Chapter 4.
Columns 1, 2, and 3 summarize the resistance to displacement of each bridge. Column 4
lists the negative moment capacity of the bridge decks. Column 5 lists the total negative

bending capacity of all girders for a particular bridge and is labeled as ‘Bridge Negative

Bending Capacity.’
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Summary of Structural Capacities

Table 4.6-1
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4.7 Limitation of Structural Capacity Calculations:

In the preceding structural analyses, the bridges were assumed to be horizontal.
In reality most of the bridge decks have a slight drainage slope. Due to this slope, a
small portion of the horizontal wave component will likely impact the top of the deck. If
this occurs, a downward force will develop on the bridge, which may counteract a

portion of the upward wave force.

Also, the increase in concrete strength due to concrete curing over time was not
considered. As concrete ages, the strength of the concrete will continuously increase.
For example, some bridges built in the 1940’s have concrete strengthened over an
approximately 70 year period. However, the capacity calculations completed in this
report uses the concrete strength listed on the as-built plans provided by the HDOT. If
considered, the calculated capacities will increase. The increase in concrete strength will

vary from bridge to bridge.

However, by not including the two abovementioned limitations, the resulting
calculations in Chapter 4 are conservative and therefore provide a lower bound for the
wave forces needed to cause deck failure, girder failure, or bridge superstructure

displacement.
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5 Wave Force Estimation

5.1 Determination of Still Water Level Including Storm Surge

The still water level including the storm surge for a 100-year storm were
determined from flood insurance studies conducted by the Federal Emergency
Management Agency (FEMA) on the island of Oahu [20]. The flood elevations
ascertained from the FEMA reports are known as the “base flood elevations,” which is
comprised of both the still water level, which includes the storm surge, and the wave
setup. The base flood elevations are measured from the ground elevation to the highest

point on the waves (see Figure 5-1).

In order to separate the still water level from the wave amplitude, the base flood
elevation values are used to back calculate the needed information. Based on the
AASHTO Guide Specifications [9], the wave height is determined by taking 65% of the
still water level (ds). Only 70% of the resulting wave height is above the still water level,

4

which is typically denoted as the “crest” of the wave (n). The remaining 30% is the
“trough” of the wave and is below the still water level (see Figure 5-1). Based on these
wave height characteristics, the following equations were developed to determine the

wave heights and still water level from the base flood elevations:

__ base flood elevation

ds = (1+.65%.70) (5.1-1)
n = base flood elevation — d; (5.1-2)
in which
ds = still water level (including storm surge)
n = wave amplitude above the storm surge depth

The FEMA data are summarized in Table 5.1-1. Table 5.1-2 compares the
elevations of each bridge to the calculated still water levels (SWL). If the SWL is greater
than the elevation of the top of the deck, then the bridge will be submerged during a

100-year storm event.
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Table 5.1-1: Data from FEMA Flood Insurance Study for a 100-year Storm

Base Flood Elevation ~ Still Water Level with ~ Wave heighF above surge boltztloer:w/ég:‘obnritgge Eleyation to top of
(ft) Storm Surge: (ft) elevation: (ft) deck (f) bridge deck (ft)

Kuliouou Bridge: 8.00 5.50 2.50 7.94 8.61
Kahaluu Stream Bridge: 16.00 11.00 5.01 15.25 15.75
New South Punaluu Bridge: 12.00 8.25 3.75 6.67 7.55
Ukoa Pond Bridge: No data* No data* No data* NA NA

New Makaha Stream #3A Bridge 13.00 8.93 4.06 10.59 11.05

Old Makaha Stream #3A Bridge: 13.00 8.93 4.06 12.74 13.24
Maipalaoa Bridge: 12.00 8.25 3.75 9.50 10.00
Moanalua Bridge: 10.00 6.87 313 8.33 9.00
Kalihi Bridge: 10.00 6.87 313 8.33 9.00
Nimitz Hwy. Slip Cover #2: 8.00 5.50 2.50 12.33 13.63
Nimitz Hwy. Slip Cover #3: 8.00 5.50 2.50 12.33 13.63
Table 5.1-2: Comparison of Still Water Level to Bridge Elevations

Still Water Level with  Elevation to bottom of  Elevation to top of bridge
Storm Surge: () bridge deck (ft) deck () Submerged?

Kuliouou Bridge: 5.50 7.94 8.61 No
Kahaluu Stream Bridge: 11.00 15.25 15.75 No
New South Punaluu Bridge: 8.25 6.67 7.55 Yes
Ukoa Pond Bridge: No Data* NA NA NA
New Makaha Stream #3A Bridge 8.93 10.59 11.05 No

Old Makaha Stream #3A Bridge: 8.93 12.74 13.24 No
Maipalaoa Bridge: 8.25 9.50 10.00 No
Moanalua Bridge: 6.87 8.33 9.00 No
Kalihi Bridge: 6.87 8.33 9.00 No
Nimitz Hwy. Slip Cover #2: 5.50 12.33 13.63 No
Nimitz Hwy. Slip Cover #3: 5.50 12.33 13.63 No

* Qutside of FEMA Flood Area
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It should be noted that the still water level during a 100-year storm is above the
deck of the New South Punaluu Bridge. Therefore, the methods used to estimate the
wave forces in the following sections are not directly applicable. It is likely that the wave

forces on the bridge deck will be smaller than the values calculated.

For the Nimitz Highway Slip Covers #2 and #3, a 4.33 foot clearance exists
between the bottoms of the bridge decks to the highest point of the storm waves,
indicating that storm waves will not directly impact the slip covers during a 100-year
storm. However, as waves impact the existing sea wall at the far edge of the slip covers,
the waves will be redirected upward. This will cause the wave heights to increase by 2.0
to 2.3 times of the original wave height, causing an upward force at the far edge of the
slip covers. The wave estimation methods used in this report are not applicable for this
situation and therefore, the estimated wave forces on the slip covers calculated in the

subsequent sections were determined to be zero.
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5.2 Douglass [10]

The Douglass’ wave estimation method was described in Chapter 2 and is as

follows:

The wave forces are given by

in which

Ch-va

E, :Cv—va*Fv*
Fh=[1+Cr*(N_1)]*Ch—va*F;;
Fv* :y*(AZU)*AU

Fp =y * (Bzy) x Ay

vertical wave-induced load
horizontal wave-induced load
a “reference” vertical load

a “reference” horizontal load

an empirical coefficient for the vertical “varying” load

(recommended value is c,.,o = 1 for non conservative, 2 for

conservative design)

an empirical coefficient for the horizontal “varying” load

(recommended value is ch.va = 1 for non conservative, 2 for

conservative design)

(2.3-1)
(2.3-2)
(2.3-3)

(2.3-4)

a reduction coefficient for reduced horizontal load on the internal

girders (recommended value is C,= 0.4)
the number of girders supporting the bridge span deck

unit weight of salt water (10.06 kN/m? or 64 Ib/ft’)
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Az, = difference between the elevation of the crest of the maximum
wave and the elevation of the underside of the bridge deck

(magnitude of inundation)

A, = the area of the bridge contributing to vertical uplift, i.e. the

projection of the bridge deck onto the horizontal plane

Az, = difference between the elevation of the crest of the maximum

wave and the elevation of the centroid of A,

Ap = the area of the projection of the bridge deck onto the vertical

plane

= ~ Maximum Wave Crest Elevation

—
-

Mudline Elevation \

Figure 5-2: Douglass Wave Estimation Method Diagram [10]

The necessary bridge dimensions needed for Douglass” method are summarized

in Table 5.2-1 and Table 5.2-2. The resulting wave forces are summarized in Table 5.2-3.
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Bridge Dimensions

Table 5.2-1
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Table 5.2-2: Bridge Dimensions Continued

Height of girders: (ft) Height of Deck: (ft) Height of Railing: (ft)
Kuliouou Bridge: 3.00 0.67 2.71
Kahaluu Stream Bridge: 4.50 0.50 2.13
New South Punaluu Bridge: 1.75 0.88 3.00
Ukoa Pond Bridge: 4.83 0.54 3.50
New Makaha Stream #3A Bridge 2.33 0.46 1.17
Old Makaha Stream #3A Bridge: 1.50 0.50 0.00
Maipalaoa Bridge: 3.00 0.50 2.00
Moanalua Bridge: (single span) 1.83 0.67 3.73
Kalihi Bridge: (single span) 1.83 0.67 3.73
(typical span)
Nimitz Hwy. Slip Cover #2: 2.50 1.29 1.67
Nimitz Hwy. Slip Cover #3: 2.50 1.29 1.67
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Table 5.2-3: Douglass Estimated Wave Forces

Vertical Wave Force

Horizontal Wave Force

Associated Overturning

(kips) (kips) Moment (kip-ft)
Kuliouou Bridge: 332.19 52.34 11585.83
Kahaluu Stream Bridge: 2808.58 929.86 67909.89
New South Punaluu Bridge: 1125.70 1277.59 31735.61
Ukoa Pond Bridge: NA NA NA
New Makaha Stream #3A Bridge 505.65 7.64 11855.76
Old Makaha Stream #3A Bridge: 43.07 41.41 749.38
Maipalaoa Bridge: 1036.20 682.12 35206.78
Moanalua Bridge: (single span) 185.28 17.42 6014.11
Kalihi Bridge: (single span) 254.40 24.06 11310.94
(typical span)

Nimitz Hwy. Slip Cover #2: 0.00 0.00 0.00
Nimitz Hwy. Slip Cover #3: 0.00 0.00 0.00

Douglass’s method assumes that the wave load components act through their

respective area centroids of the bridge superstructure (Figure 5-3). To estimate the

largest overturning moment produced by the horizontal and vertical wave forces, the

moment is computed at the far edge of the bridge superstructure. The results of this

calculation are summarized in column 3 of Table 5.2-3.
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— Vertical Centroid
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Figure 5-3: Douglass Method Resultant Force Locations

A limitation of Douglass’ method was observed during the calculation of the
wave forces. The equations used to compute the horizontal and vertical wave forces
each have a term that takes the difference between the centroid of the bridge and the
highest point on the wave. If the highest point on the wave crest is not above the

elevation of the centroid then a negative force will result from the equations.

To adjust for the negative forces in the horizontal direction, the height from the
still water level to the center elevation of the wave crest was taken as Az, as shown in

Figure 5-4.

To adjust for the negative forces in the vertical direction, the vertical area
centroid was taken at the mid elevation of the bridge girders. This elevation
corresponds to a 50% air pocket. This was done because the entrapped air will transfer
the force of the waves to the bottom of the bridge deck [11]. See Figure 5-4 for the

adjusted centroids.

The horizontal modification was only necessary for the Kuliouou Bridge. The

vertical modification was done for the Kuliouou Bridge and the Kahaluu Bridge.
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Figure 5-4: Adjusted Bridge Centroids for Douglass' Method
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5.3 McPherson [11]

McPherson’s wave estimation method was described in Chapter 2 and is as

follows:

To estimate the vertical wave force

The vertical wave force is estimated by

FTotal = FHydrostatic + FBridge + FAirEntrapment

if h < h_model,

and if h > h_model,

FHydrostatic - V6ZA - Fw
FBridge = VVOlBridge

FAirEntrapment =(n- 1)0-5)/66146

E, = - y6A + V(h - hmodel)A

2

The horizontal wave force is estimated by

if Nmax < hdeck:

FTotal = FHydrostatic_Front - FHydrostatic_Back

(2.4-1)

(2.4-1)

(2.4-2)

(2.4-3)

(2.4-4)

(2.4-5)

(2.4-6)

FHydrostatic_Front = 0.5 * (nmax +h— hgirders)HbridgeLbridgeV (2-4'7)

and if Nmax > hdeckr

FHydrostatic_Front = 0.5 * [(nmax +h— hgirders) + (nmax - hdeck)]HbridgeLbridgey (2-4'8)
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if SWL < hgirgers,

Fryarostatic_back = 0 (2.4-9)
and if SWL > hgirgers,
Fuyarostatic back = 0.5(h = hgiraer)*Loriage¥ (2.4-10)
In the above equations,
% = unit weight of salt water [64 Ib/ft?]
o, = distance from the top of the bridge deck to the top of the
wave [ft]
O¢ = height of the bridge girders [ft]
10) = height of wave overtopping the bridge deck [ft]
A = area of bridge impacted by vertical wave force [ft?]
Aq = cross sectional area of trapped air between girders [ft?]
n = number of girders
h_model = distance from ground elevation to top of deck [ft]
h = height from the ground elevation to the top of the still

water level [ft]
Nmax = height of wave above the still water level [ft]

hyirders = height from the ground elevation to the bottom of the

bridge girders [ft]

Hyriage = height of bridge impacted by lateral wave forces [ft]
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Lpriage length of bridge impacted by lateral wave forces [ft]

SWL still water level including storm surge [ft]

F

Hydrostatic

I Buoyancy -Bridge

F

Buoyancy — Air Entrapment

Figure 5-5: McPherson Vertical Wave Estimation Method Diagram [11]
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Figure 5-6: McPherson Horizontal Wave Estimation Method Diagram [11]

In McPherson’s method, the resultants of the wave forces are also assumed to
act through the area centroids of the bridge superstructure. Again, the associated
overturning moment was computed at the far edge of each bridge. The moment caused

by the horizontal and vertical wave forces are listed in column 3 of Table 5.3-1.
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Table 5.3-1: McPherson Wave Force Estimation

Vertical Wave Force

Horizontal Wave

Associated Overturning

(kips) Force (kips) Moment (kip-ft)
Kuliouou Bridge: 531.23 29.73 18355.91
Kahaluu Stream Bridge: 2876.79 380.03 67519.95
New South Punaluu Bridge: 1119.70 54.14 28144.71
Ukoa Pond Bridge: NA NA NA
New Makaha Stream #3A Bridge: 495.69 21.37 11649.65
Old Makaha Stream #3A Bridge: 518.46 8.88 8531.07
Maipalaoa Bridge: 1309.70 87.61 42369.57
Moanalua Bridge: (single span) 319.76 18.72 10343.86
Kalihi Bridge: (single span) 374.83 24.63 16631.87
(typical span)
Nimitz Hwy. Slip Cover #2: 0.00 0.00 0.00
Nimitz Hwy. Slip Cover #3: 0.00 0.00 0.00
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5.4 AASHTO [9]

To properly use the AASHTO Guide Specifications, a design wave must be
generated. To do so, Section 6.2.2.4 of the AASHTO guide is followed. To determine the
design wave: the 100-year storm wind speed, wave development fetch length, and

average water depth over the fetch length are needed.

The 100-year storm wind speed value is adjusted from a 50 year storm wind
speed. The 50 year storm wind speed is determined from the AASHTO specifications
figure 6.2.2.2-1b; for Hawaii the value is specified to be 105 miles per hour (154 ft/sec).
The wind speed is adjusted to a 100-year wind speed by multiplying the value by 1.07
[9]. It should be noted that the resulting 100-year wind speed is approximately equal to

the wind speed of a category 3 hurricane (112 mph).

The fetch length is determined using fundamental hind casting methods [21].

The following equations are used to compute the fetch length

0.21xW?2
H,, = g* (5.4-1: Significant Wave Height)

W, =071+ wt23 (5.4-2: Adjusted Wind Speed)

_ g*Hmo 3.281
F= w2 (2.56%x10~6)
A 0

(5.4-3: Fetch Length)

in which
g = gravity [ft/sec?]
w = wind speed for a 100-year storm [ft/sec]
w, = adjusted wind speed [ft/sec]
F = fetch length [ft]
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Using Equations 5.4-1, 5.4-2, and 5.4-3, the fetch length is computed to be 903
miles for each bridge location. For bridges that are sheltered in a harbored area, the
fetch length was originally taken as the length of the harbor [8]. However, upon further
analysis, the fetch lengths were increased to the computed 903 mile length. It was
determined that during a storm event, the water levels will rise enough to submerge
low lying areas that normally protect the region from wave action. Therefore, waves
that develop in the open ocean will be able to impact the normally sheltered bridge

locations.

To compute the average water depth over the fetch length Google Earth was
used. The water depths provided by Google Earth are sufficiently accurate for the
purposes of this report, where wave forces are needed in order to compare against the

structural capacities computed in Chapter 4.

Oahu is a unique land mass where the continental shelf is relatively close to the
island shores. After the continental shelf, the water depths increase rapidly. It was
found that if the water depths after the continental shelf drop-off are used,
unreasonably large waves are calculated. Therefore, the AASHTO method was adjusted
for Hawaii’s ocean terrain. Instead of averaging the water depth over the entire fetch
length, the distance from the continental shelf to the inland bridge location was used.

Eight water depths were taken within the adjusted length and averaged.

The resulting wave parameters for each bridge location are summarized in Table

5.4-1.
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Design Wave Parameters

Table 5.4-1
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The AASHTO Guide Specification computes two sets of wave forces. The first set
is the maximum quasi-static vertical force and associated forces and moments (AASHTO
Section 6.1.2.2). The second set of wave forces is the maximum horizontal wave force
and associated forces and moments (AASHTO Section 6.1.2.3). In each situation both
horizontal and vertical wave forces are generated. The maximum of two cases is taken
as the resulting wave forces. The AASHTO generated wave forces and associated

overturning moments are summarized in Table 5.4-2.

Table 5.4-2: AASHTO Estimated Wave Forces

Vertical Wave Force Horizontal Wave Force Maxd m.um Assouateq
. . Overturning Moment (kip-
(kips) (kips) )

Kuliouou Bridge: 288.66 27.61 15,296.27
Kahaluu Stream Bridge: 3737.39 647.40 112,176.33
New South Punaluu Bridge: 1054.21 75.47 14,407.44

Ukoa Pond Bridge: NA NA NA

New Makaha Stream #3A Bridge: 402.79 53.80 13,197.16

Old Makaha Stream #3A Bridge: 175.75 34.95 4,371.66
Maipalaoa Bridge: 1312.27 128.30 38,712.95
Moanalua Bridge: (single span) 129.35 20.59 3,348.62
Kalihi Bridge: (single span) 127.50 20.59 4,505.59

(typical span)
Nimitz Hwy. Slip Cover #2: 0.00 0.00 0.00
Nimitz Hwy. Slip Cover #3: 0.00 0.00 0.00
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6 Comparison of Bridge Structural Capacities to

Estimated Wave Forces

6.1 Comparison of Results

The computed structural capacities from Chapter 4 are compared to the
estimated wave forces from Chapter 5. If the structural capacities are found to be
greater than the estimated wave loads then it can be concluded that the bridge will
survive a 100-year storm event. The following tables are comparisons of the three wave

estimation methods and the respective structural capacities.

Table 6.1-1: Vertical Wave Force Comparison

Douglass Vertical ~ McPherson Vertical ~ AASHTO Vertical Vertical Bridge Bridge Deck
Force (kips) Force (kips) Force (kips) Capacity (kips) Capacity (kips)
Kuliouou Bridge: 332.19 531.23 288.66 1157.23 740.23
Kahaluu Stream Bridge: 2808.58 2876.79 3737.39 3811.55 3819.40
New South Punaluu Bridge: (span #2) 1125.70 1119.70 1054.21 NA 1262.99
Ukoa Pond Bridge: NA NA NA NA 2752.11
New Makaha Stream #3A Bridge: 505.65 495.69 402.79 NA 1127.13
Old Makaha Stream #3A Bridge: 43.07 518.46 175.75 349.13 303.37
Maipalaoa Bridge: 1036.20 1309.70 1312.27 1406.69 1449.29
Moanalua Bridge: (single span) 185.28 319.76 129.35 417.27 453.39
Kalihi Bridge: (single span) 254.40 374.83 127.50 565.087 619.13
(typical span)
Nimitz Hwy. Slip Cover #2: 0.00 0.00 0.00 206.95 221.01
Nimitz Hwy. Slip Cover #3: 0.00 0.00 0.00 181.67 245.26
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Table 6.1-2: Horizontal Wave Comparison

Douglass Horizontal McPherson Horizontal AASHTO Horizontal Horizontal Bridge
Force (kips) Force (kips) Force (kips) Capacity (kips)

Kuliouou Bridge: 52.34 29.73 27.61 518.10
Kahaluu Stream Bridge: 929.86 380.03 647.40 1823.88
New South Punaluu Bridge: (span #2) 1277.59 54.14 75.47 725.84
Ukoa Pond Bridge: NA NA NA NA

New Makaha Stream #3A Bridge: 7.64 21.37 53.80 9799.82
Old Makaha Stream #3A Bridge: 41.41 8.88 34.95 70.37
Maipalaoa Bridge: 682.12 87.61 128.30 263.35
Moanalua Bridge: (single span) 17.42 18.72 20.59 333.82
Kalihi Bridge: (single span) 24.06 24.63 20.59 452.07
Nimitz Hwy. Slip Cover #2: 0.00 0.00 0.00 1655.56
Nimitz Hwy. Slip Cover #3: 0.00 0.00 0.00 1744.02

Table 6.1-3: Overturning Moment Comparison

Douglass Ove.rturning Overm:r::zrls\;ljgment AASHTO ngrturning Overturn_i ng I\{Ioment
Moment (kip-ft) (Kip-f) Moment (kip-ft) Capacity (kip-ft)

Kuliouou Bridge: 11585.83 18355.91 15296.27 24879.90
Kahaluu Stream Bridge: 67909.89 67519.95 112176.33 87665.70
New South Punaluu Bridge: (span #2) 31735.61 28144.71 14407.44 NA

Ukoa Pond Bridge: NA NA NA NA

New Makaha Stream #3A Bridge: 11855.76 11649.65 13197.16 NA

Old Makaha Stream #3A Bridge: 749.38 8531.07 4371.66 5731.55
Maipalaoa Bridge: 35206.78 42369.57 38712.95 45248.85
Moanalua Bridge: (single span) 6014.11 10343.86 3348.62 13422.19
Kalihi Bridge: (single span) 11310.94 16631.87 4505.59 24958.14
Nimitz Hwy. Slip Cover #2: 0.00 0.00 0.00 12390.00
Nimitz Hwy. Slip Cover #3: 0.00 0.00 0.00 7448.30
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Table 6.1-4: Girder Negative Bending Capacity Comparison

Douglass Vertical ~ McPherson Vertical ~ AASHTO Vertical Glrd_e ' Negatl\{e
. . . Bending Capacity

Force (kips) Force (kips) Force (kips) (Kips)
Kuliouou Bridge: 27.68 44.27 24.06 63.49
Kahaluu Stream Bridge: 117.02 119.87 155.72 131.13
New South Punaluu Bridge: (span #2) NA NA NA NA
Ukoa Pond Bridge: NA NA NA NA
New Makaha Stream #3A Bridge: NA NA NA NA
Old Makaha Stream #3A Bridge: NA NA NA NA
Maipalaoa Bridge: 32.38 40.93 41.01 80.70
Moanalua Bridge: (single span) 20.59 35.53 14.37 68.43
Kalihi Bridge: (single span) 19.57 28.83 9.81 65.54

(typical span)

Nimitz Hwy. Slip Cover #2: 0.00 0.00 0.00 55.86
Nimitz Hwy. Slip Cover #3: 0.00 0.00 0.00 82.36

Table 6.1-4 compares the negative bending capacity of the bridge girders to the portion
of the vertical wave force that will impact the tributary area of a single girder. The total
wave magnitudes that were computed in Chapter 5 were divided by the area of the
bridge contributing to vertical uplift (i.e. the projection of the bridge deck onto the
horizontal plane). The resulting value was then multiplied by the area of the tributary
area of the girder. The calculated values are summarized in columns 1, 2, and 3 of Table

6-4.

The Old Makaha #3A Bridge is neglected from this calculation because the bridge
girders are composed of wooden planks. It is more likely that the bridge will be
displaced before the wooden girders fail due to a negative moment. The Ukoa Pond
Bridge girders were determined to fail once the bridge becomes submerged, and

therefore no further calculations were necessary for these girders.

Figures 6-1, 6-2, 6-3, 6-4, 6-5, and 6-6 are graphical representations of the values
found in Table 6.1-1, Table 6.1-2, and Table 6.1-3.
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6.2 Comparison of Bridge Structural Capacities to Estimated Wave
Forces: Discussion of Results

The maximum wave forces produced by the three wave estimation methods are
compared against the computed structural capacities as a preliminary check of the
bridge’s vulnerability to failure. However, if a wave estimation method is not fully
applicable or has been found to overestimate forces for the conditions of a particular
bridge, then the wave forces estimated by the method are ignored. The bridge’s
structural capacity must be greater than the vertical, horizontal and overturning
moment in order to survive a 100-year storm event. If a bridge does not meet these
criteria, then the bridge is at risk of failing during a storm event. If the bridge structural
capacities are above the estimated wave forces then a factor of safety is computed. The
purpose of the factor of safety is to illustrate the structural capacity of the bridge

superstructure beyond the expected wave loads.

It should be noted that McPherson’s research found that the Douglass method
increasingly over predicts the horizontal force as the water depth increases [11]. This
overestimation is observed in the Maipalaoa Bridge and the New South Punaluu Bridge,
where the base flood elevations are above the bridge decks. For this reason, the
horizontal forces generated from Douglass’ method for these particular bridges have

been ignored and were not included in Figure 6-3 and Figure 6-4.

In addition, each of the methods used to estimate the wave forces are not fully
applicable when the bridges are completely submerged. Each method computes
continuously increasing wave forces as water depths increase. In reality, the forces on
the bridges should reach a maximum limit, and then decrease as water levels continue
to rise. The New South Punaluu Bridge is the only locations where this condition is
relevant, as the storm surge elevation is above the deck of the bridge. Therefore, the
wave forces experienced by the bridge during a 100-year storm event will likely be

smaller in magnitude than those computed in this report.
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6.2.1 Bridge Negative Bending Capacity

It was determined that the upward wave force on the Kahaluu Bridge estimated
by AASHTO exceeds the negative bending capacity of the girders (see Table 6.1-4).
Therefore, the Kahaluu Bridge is at risk of failing due to negative bending of the bridge

girders.

The bridge girders of the remaining bridges have a great enough negative
bending capacity to resist the upward wave loads. Therefore, the girders of the Kuliouou
Stream Bridge, the Maipalaoa Bridge, the Moanalua Bridge, the Kalihi Bridge, and the

Nimitz Highway Slip Covers #2 and #3 will not fail during a 100-year storm event.

6.2.2 Kuliouou Stream Bridge

The Kuliouou Stream Bridge is determined to survive a 100-year storm event. In
the vertical direction, the factor of safety above the largest estimated wave force is
computed to be 2.18. The factor of safety against horizontal wave forces and the
associated overturning moments are 9.90 and 1.36, respectively. Even though the factor
of safety to overturning moment is low, it is not likely that the combination of the
horizontal and vertical wave loads will be great enough to completely flip the bridge

deck over.

Additionally, the bridge deck and girders are not at risk of failing. Nor is it likely

that the bridge will be buoyant if submerged by tsunami inundation.

6.2.3 Kahaluu Bridge

The Kahaluu Bridge is at risk of failing during a 100-year storm event. Recall from
Section 4.4.3, that the only source of vertical resistance to wave loads is provided by the
self weight of the bridge. As a result, the factor of safety against vertical wave loads is
computed to be 1.02. Therefore, with repeated wave impacts the bridge will be lifted

out of the pot type bearing pads. In addition, the overturning moment estimated by the
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AASHTO specifications is 28% above the overturning moment resistance of the bridge.
Ultimately the bridge may be flipped over by wave forces, making the bridge unusable

after a storm event.

The Kahaluu Bridge is also susceptible to negative bending failure. The upward
wave force estimated by AASHTO for the Kahaluu Bridge exceeds the negative bending
capacity of the girders. Therefore, the Kahaluu Bridge is also at risk of failing due to

negative bending of the bridge girders.

6.2.4 Ukoa Pond Bridge

The Ukoa Pond Bridge is at risk of failing if it is submerged by tsunami
inundation. It was found that the Ukoa Pond Bridge is located outside of the FEEMA
Flood Study. Therefore, if the bridge is submerged, it will be caused by a tsunami. Wave
forces were not estimated for the Ukoa Pond Bridge as it is sheltered from direct wave
impacts by thick brush. However, the bridge will likely fail due to buoyancy forces. It was
determined that the bridge will be fully buoyant if 84% of the volume under the bridge
is filled with air. If this condition is met, then the bridge will break the vertical hinge
restrainers connecting the bridge superstructure to its foundation. This will allow the
bridge to be displaced by current and wind loads, making the bridge unusable during a

storm event.

6.2.5 0ld Makaha #3A Bridge

The Old Makaha #3A Bridge is determined to fail during a 100-year storm event.
The vertical wave force and overturning moment estimated by McPherson’s method
were both computed to be greater than the bridge’s resistance. Therefore the bridge is

at risk of failing during a 100-year storm event.

In addition, the bridge is fully buoyant if submerged by tsunami inundation.
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6.2.6 New Makaha #3A Bridge
The New Makaha #3A Bridge is determined to survive a 100-year storm event.
Bridge displacement is not of concern, as the bridge superstructure is securely attached

to its reinforced concrete abutments.

The prestressed hollow core planks used in the construction of the bridge deck
were determined to have a high enough capacity to resist the estimated vertical wave
forces, and are therefore are not in danger of failing due to negative bending. It is
calculated that the bridge deck has a 2.23 factor of safety against the largest estimated
vertical wave force. Thus, it is likely that the New Makaha #3A Bridge will survive a 100-

year storm event.

Additionally, the New Makaha #3A Bridge will not be buoyant if submerged by

tsunami inundation.

6.2.7 New South Punaluu Bridge

The New South Punaluu Bridge is not at risk of failing during a 100-year storm
event. The safety factor against the maximum vertical wave load estimated by Douglass
method is calculated to be 1.12. Also, the New South Punaluu Bridge will not be buoyant

if submerged by storm surge or tsunami inundation.

It should be noted that the still water level during a 100-year storm is above the
deck of the bridge. Therefore, the methods used to estimate the wave forces are not
directly applicable. It is likely that the wave forces on the bridge deck will be smaller

than the values calculated in Chapter 5 of this report.

6.2.8 Maipalaoa Bridge
The Maipalaoa Bridge is at risk of failing during a 100-year storm event. The

factor of safety against vertical wave loads and the associated overturning moment are
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computed to be 1.07 and 1.07, respectively. The low factor of safety indicates that there
exists a high chance that repeated wave impacts will be able to exceed the bridge’s
resistance to wave loads. With no wing walls to stop lateral displacement, wave loads

will be able to progressively “bump” the bridge until it is displaced off of the abutments.

6.2.9 Moanalua Bridge
The Moanalua Bridge is determined to survive a 100-year storm event. The
factors of safety against vertical wave loads, horizontal wave loads and the associated

overturning moments are computed to be 1.30, 16.21, and 1.30 respectively.

The Moanalua Bridge is also not buoyant if it becomes submerged by tsunami

inundation.

6.2.10 Kalihi Bridge
The Kalihi Bridge is determined to survive a 100-year storm event. The factors of
safety against vertical wave loads, horizontal wave loads and the associated overturning

moments are computed to be 1.51, 18.36, and 1.50 respectively.

The Kalihi Bridge is also not buoyant if it becomes submerged by tsunami

inundation.

6.2.11 Nimitz Highway Slip Covers #2 and #3

Based on the data from the FEMA studies, the highest wave crest elevation
during a 100-year storm is 4.33 ft below the deck of the bridges. Therefore, based on
the analysis completed in this study, it is determined that the slip covers are sufficiently
high enough, such that waves will not directly impact the bridge decks. Thus the slip

covers are not in immediate danger of failing during a 100-year storm event.
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6.3 AASHTO Guide Specifications

The AASHTO Guide Specifications for Bridges Vulnerable to Coastal Storms is the
only method that is a specified guide used to estimate wave forces on bridge structures.
Therefore, if the wave forces generated by the AASHTO guide are compared to the
structural capacities, then only the Kahaluu Bridge will potentially fail due to an
overturning moment. The forces computed to impact the other bridges are below the
calculated structural capacities. Thus, based on the AASHTO guide, all of the analyzed
bridges, except the Kahaluu Bridge, are not at risk of failing during a 100-year storm

event.

The calculated factors of safety above the AASHTO wave forces are summarized
in Table 6.3-1. If any of the factors of safety are below 1.0, then the wave force

estimated by AASHTO exceeds the capacity of the bridge.
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Table 6.3-1: Bridge Factor of Safeties above AASHTO Wave Forces
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6.4 Summary of Bridges

Table 6.4-1 summarizes the wave estimation method that estimates the largest
wave force for a particular bridge. Table 6.4-2 summarizes the calculate factors of safety
for each bridge. The factors of safety were calculated by dividing the bridge’s capacity
by the largest estimated wave load. The cells in Table 6.4-2 highlighted in pink are
factors of safety that are less than one, which results if the bridge’s capacity less than

the estimated wave load. This indicates that the bridge is at risk of failing.

Table 6.4-3 summarizes each of the bridges and their vulnerability to failure
during a 100-year storm event or during tsunami inundation. Column 1 of Table 6.4-3
summarizes the potential failure of each bridge. Colum 2 provides notes on each bridge,
and if necessary gives a short description of the cause of the potential bridge failure.
Column 3 provides the vulnerability of the bridge. If the bridge is determined to survive
a 100-year storm event, then the vulnerability is listed as ‘OK.” If the wave loads are

greater than the estimated bridge capacities then the vulnerability is listed as ‘At Risk.’
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Table 6.4-1: Method Which Estimates the Largest Force
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Table 6.4-2: Calculated Factors of Safety
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Summary of Bridges

Table 6.4-3
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7 Conclusions/ Recommendations

Eleven bridges around the island of Oahu were structurally evaluated to
determine their vulnerability to failure when impacted by storm waves or when
submerged by tsunami inundation. As a preliminary check of the bridges vulnerability to
failure, the structural capacities of each bridge were compared to wave forces
generated by three different wave estimation methods. The storm waves were
computed based on a 100-year storm. Through the structural analyses it was
determined that the Kahaluu Bridge, Old Makaha #3A Bridge, and the Maipalaoa Bridge
are all at risk of failing during a 100-year storm event. If submerged by tsunami
inundation, the Ukoa Pond Bridge was determined to be at risk of failing due to

buoyancy and negative bending of the bridge girders.

The Kuliouou Stream Bridge, the New Makaha #3A Bridge, the New South
Punaluu Bridge, the Moanalua Bridge, the Kalihi Bridge, and the Nimitz Highway Slip
Covers #2 and #3 are all determined to have sufficient factors of safety against wave
loads and are not at risk of becoming buoyant if submerged by tsunami inundation,

which indicates that the bridges will likely survive a 100-year storm event.

Based on the results obtained, the following recommendations are made:

e Many of the analyzed bridges are gravity type structures, where the main
source of vertical and lateral resistance to wave loads is provided by the self
weight of the bridge. It is recommended that connection retrofits should be
added to secure the bridge girders to the bridge’s foundation and abutments.
If possible, thru bolts passing through the bulb of the girders should be used to
attach steel angle connections on either side of the girder. Stiffeners should be
added to the connections to prevent angle bending failure [16].

e Lehrman [17] performed extensive research on common anchors used in the
construction of coastal bridges. Lehrman found that the anchors did not have

sufficient strength to resist wave loads predicted by the AASHTO Guide
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specifications if there is entrapped air under the bridge deck. Therefore, it is
suggested that low lying bridges be designed with bulkheads that will allow air
to escape from below the bridge decks, which will reduce the volume of
trapped air [15]. This should be done in addition to providing proper
anchorage.

It was determined that buoyancy forces can significantly reduce the self weight
of a bridge superstructure, which in turn decreases the gravity induced
horizontal frictional resistance. For this reason, it is recommended that shear
keys be provided on low lying bridges to resist all anticipated lateral loads. The
contributing resistance provided by gravity induced friction should be ignored
when designing the shear keys [15].

It was determined that prestressed members are most likely to fail due to
negative bending. Thus, it is recommended that prestresssed systems be
designed to withstand the negative bending and shear caused by upward
hydrodynamic and hydrostatic forces [11]. Possible design modifications
include: increasing the strength of concrete or reducing the distance from the
centroid of the prestressing tendons to the centroid of cross sectional area of
the concrete.

If it is economically feasible and structurally possible, bridges should be raised
to an elevation that will result in a one foot minimal clearance above the
highest estimated storm wave crest elevation. If the bridge is sufficiently high,
then waves will not be able to impact the bridge.

If a full hydrodynamic study is not possible, then it is suggested that
McPherson’s [11] method be used to estimate wave forces on bridge
structures. When compared to the AASHTO Guide Specifications [9], both
methods produce similar wave loads for the majority of cases. The advantage

of McPherson’s method is that it requires less computational effort.
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Appendix A: Hand Calculations
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e b= (%) +tC%) = 3.0 0

o Pz 147 + W (Has)
= |4+ (3667 )( 6Yad)
Pz = 16,3296 ps:

% BC"’WGGV) Dﬁim‘ gmc’ New Gechion

o A, = PoAr - (143X¢.594)

fa 16,3246
A; =5.43595 447

I'AT = 5.q3¢?

© Between Abutwent ond Grivdev !
* A = PA - (47X 4e8D)
% 16.3296 '
A, = 132213 47

Ar = 1322647

0 PReluween Givders® (uc,,, Gachion) - Cveep Llock

° A= PiA = (42D(13125)
P, (16.324¢)

A, = \0.1336 £+

Ay = 0. 184 &7

© Behucen Givders Wewo Sechon) = wo creep block
Y S Y G (AL
P2 16.32%
Ay = g4 04

[ar = 11571 &7

o Behueen G;rc(g._,_s : (0'=3Ma| Sechton)
- A, =PA (472l 3s)

2% 16.3296
A, = 14,5794 &°
= 12
LEENTRIY
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J<~M130M0‘4 BWC{@C Shwechuvnd A-y,aIIVS;S Pq, 8

4 (Collecton of Dodn
0 Conerele ' (Yre = 160 Wt 3)

* New Section Givder ' : ° ] !:a'obmgwn', (Newo Sechon)
Aveo = 2,543 €47 Aveo= 8.396 €7
Awount = ¢ Anmount = 6
Loagth = 4¢.397 Levgyth = 1267
* New Section Deck' . D.m__ﬁ,!gg_w_, (ovigival Section
A = 17.94 £ Avec = 18.08 47
Awound =2, Amocint = 3
Leagth = 4¢.349° Length = .25
e Ra:limgi ¢ Owgiwa[ Se(,ﬁ‘oy,‘.
Aveo, = 1.6O4 (42 Avea = 37, 42647
Amount = 2 Awount = |
Lengith = 4%.39° LWO*“ = 4¢.39°
o A'lr VQC:.Ee&: (CDVV\PVC&SCA) (Xsmuab = ¢4 '%*?)
* Belucen Ovinivial and Ray Sechion' © Robueen Givdevs (Pw) Section) 'Cvf,er: blocle
Area = 5.3 €647 Arna= lo lg4 042
A’W'WV""V =2 AVMDM,M = 2
Longth = 48.39° Lenglh = 12.09¢ ¢
0 [etween Abutment and Givdew: e PBetween Givdens : (ew Seolﬂa'))'”ocwqa bock
Area = | 322647 Avte = 11.g3 €1*
Avmount =2 Amonat = 4 Amount = 2
Lowgth = 4¢-39° . Length = 4¢.39” Length = 36.243 6+

* Between Girdoe: (ovigival Sechon)
Arta = 19.68 L2
Amovnt = 3
Leugth = 4%.39°

w Bb(o,yavyc/y Celeulations !
A Sell Weight !
Selé Weight = Yec {8 (Mew Givden) +2Deck + 2(Rating) + Oignal Seckion§ (48:3)
—l-{é(Uw Dia)(125) + 3 (ovigial Dic ). Zg)} Yre
Oso)(45.32) | §(2-563) +@X)+ 2(Leo4) + 3742}
+ (teo)(;,vzg){e(z.zqé)-k 3318.09)]
723777 lbs]

"

L

[sw

a Buoyam-l Fovce! .
' Suubmerged Volume = Submeged Conwrete + An Pocked
=[(¢(2.563) + ()(17.94) +G7.42) + (2)(5.93¢)
+ 2(1.322) + 4(ne#) + 3(14.58)7(44.39)
+ 2(10.184) (12.098) + 2(N4HX3¢.293)

SY = ll4eq.a 843




= National “Brand 42-182 100 SHEETS

k(z(l’bbto% Bv(clgg Gruduval Ama';/sfs

. Buwzag% Calouletions ! cont,
A Buoy_anf |‘éﬂg,'

Buoyaw‘* Force = S¥ * Yow
o= (48 2.4%64)
| BF = 735351.34 Jbs |

A Residual Weighi:
Regidual \AfagH = 5\ - BF
= (222332 - 73535),34 )

Rw = - (15742 iLy

% Reuined Wepght = - 1.69
¥ M%Mﬁf
® Sl Weight = 723.8 kips
o BW/&M"’ Fovee = 735, 4 kiyps
@ Residual Weight = - 1].57 kips
© Y Retuived Weight = =\ €%

.BHJ&\@ s Buo/yem«}

A-9
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kl/( !{DM ou BV"Jch Deck Cagacgﬁ%

’l,c_k__éﬁpac_gz’ (Widened Seckion)

i $ 18" #4810 £ = 3000ps:
. ° * X! « (-}/ = fo, ocops:
8" .
[ ES—— P . ] S
T T g‘f@ 8"0.c. T Rot: 6 —#4
fe— N
‘ 4 3= 51"
0 Posibive &md]hg’l
oy As = ¢ (0.200= 12in* T Max Aég/@_%) A
= (.)(40) (65 - YY)
D a= Ay = (2)(40) Mhn = 203,142 kel = 2526 k-fe
085 &L o5 3)ED
= 0,369089 iy g Mn =09 (26.20) = 22, 74 k- Lt

) dzg~ 125 -(h)(o5)7 6.5im

@ & = , 0819 26/-_- 00 (a,}c)

o Negotive Bendiny
:1:\)‘ A = 3(6.20D)= 0,4 in?

) & =_As [7/ = {6.e0Y(40)
6.954°b  0.953Xs1)

Q= L lgdsada iy
1y d=9-15-(%)e3)7 ¢asin
W) & 76), (o.k)
° Nega{"’vt Sheav
o Ve = 24 \T(_: Ln«rc’
= 2. (1.0 (3000) 2 (51X 6:25)

Ve = 349123 lbs = 34.91F k:Ps

) Fve = 095(C4q3) = 26 18 kips

Mosibive Bendivg!
) v
Mn = 25, 24 k-£4
g Mn = 23724 "'%

EZ:) Hin = Asfy (d ‘%)
= (0.6)(40)(6.25 —~ 1842
Moy = )47 295 k- = |2, 3155 k-6

PMn = 0.9 (2.3155) = ll.og 39 lk-f}

] ,\/CZ‘“-H\,C BCVI(!»;V\_Q,'
M= 12,32 le-gh
F Mz 1l 0g ke

Negyohive Sheew;
VVI = 34“(2 )(-')75
¢ \/h = 24,14 k:Pg

A-10
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Ku ,-'0m0 BV;J%(L

l Dco(c Cepereity
7

A Deck Conprncity (Ex.‘sﬁ'vb Se.cHon)

.57

Mk 200 @ 1270.c.

:

o AL - \T\- 0 0 7 S
e o N\ . . . o
/ T

T s

Mk oor Bent Bue @ 1070.c,

gg”

o Poéiﬁur/ choengi
1 As= (0(e20)= 2.2int

) a-= Ae & - (a2)(40)
0.85 £ b o085 (3X83D

A= 2 BG2lSF in

L
\[ 2 \C/ =40, 000 ps'
/ -~ \Q(, = 3@0/35{
f Top: =2 -#3
\Mk 402 Bok: 11 = #4

L) Ma=Asty (d -9

Mv)':

= (2.2)(40X ¢.25 - 1392144
532.745 k~in = 44 3954 k-£F

BMy = 0.6 (44393 ) = 39.95¢ k-£)

d= g -15~-CE) = .25,

"y &= o376 2 Z/ =, ooi4 (0.8

o Nc‘gaﬁua B@,,d% '
) A = (3X 0. 11D = 0. 3202

Ty a= At o (740
0.95¢° b ogs (3Xgg)

A= 0,322 jn
LIT\) d =é.151;, .

) & za/ (o.k)

o ”egaﬁ‘ve, Sheov !
) \/c, = Z,JJ-Z;"LWCI

=z (l.o)(gooo)yz (Q%X(w

[oeidive. Bending:
Mn = 44 40 k-£1
I Mn = 39.96 k-€+
') Mn = /466/ (d’%>
= (0.77X46)(6.25 -+ 137264
Ma = [90.3%6 k-in = 15.86¢ k-¢}

BMn = 0,90 (15.%66) = 14.279 k-£+

N(*g;a’fv'% Bemdn'wq '

Mn = l%/&? k-£€4
ﬁMn = 14.2¢ ’F’Q’ .

25D

Ve= 60249.5 |bs = €0.2445 kips
WYV = A![{_;:g
S
= @YX o20)(40Y6.25)

10
Vs= o kips

L) Vo= o+, = 7024495 Eips

dvﬂ: 0,35 (70,24 15) < 52.68% ) !U,Ds

« .
Negetive Sheav:

Vi =20 25 kips
¢ Vi = 52,69 'GPSA

A-11
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KM IiOMDm Byidae
Y A

| Wing Wall Copacity
— T 7

Py

chd Abutmendt : (5ht 20)
w127 o

. N\‘

¥ Koko

. wy
}'-9 7

‘3/ = 4o, 000 51
& = 3,000;,5',

O Shear Hovizowa| Pl
#* Reipbocant will not provide

shear  restshavee.
) Vo= 240k bd
= 2(10) (1000)2 (123 24)

Ve

n

2194%.8 1bs

Iy Ve = 3hs4gg le:ps

l D Vi = 3|.55}c.'):s [
,"DV')ZW’ St\t‘av‘ Hame

O Vevheal Floxdng Cmgm/f\/"

#4 @ 0.,
A

Lo \ua@ €00 ¢
4
6"”

3 Note ! 0"'7 -bP vondore et
wiell Pmm’d{, \OICJL-‘MVAI

"9‘54%&0.-

5 A= EXE) = (Xo0) = Lot

1 H#de 1y

Vi
N

,ﬂ—i’i I {expansion Jetad)

A
|
-~
! L I ..%;
2 - o
L 3’~0”
¥
L
vz = e = T - - — - A~
\P%"'lonb‘{
Squ./ F‘cmc
A
Y
¥ Note: The wing wall  Lustl
fuil due o bottom sheaw
and  verlieal LEI‘ILI(M\?
Iy a=ds = (3:0)(#)
o085’ b  0,85(3)(54)
A= 02490487 in
T d=12-2-4(08) = 175m
T) & =.0826 22/ =, coldt (0.,
X)) M= As€7<“'%)
= (10)(40)(4.25 - *294)
Mun= 284 .19 k-in
A-12
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KM"louou vi%p_ \A/W(? \wall ngf,/ju

B Koke Hud Abubnent: cont

©  Vevial Flexdural COL,POWH;V’ Covit,

Dy Mn=2384.14 k~in

wy
\
e
e —
2 2.8 in
N
2 9 r
- R
¥ S —
& N
! o
e Ry
+— - - - 4 .
- Grivder \

M, = FRx 13,3

FrR = MuAzg = (g4 ""’”%3'3
FR=2%.¢462 kips

,"; Fr =22 85 ki)>s

¥ .

Flex {ava | th};ql./#y

0 Totul Cepauty! (Koko heud Wing Wall )

] Hov}zm\“?uf Sl’\faw = 3'. 65 ]‘PS

® Verheul Flexbwe =27.45 ki;;s

5

0 Total = 5%.3%5 kips

. Resecldand Gowe of

the gidew acts 135 in
aum/ Avm P'qwt of
#!C’;("VW/ Calaau'7

A-13
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kl/( hDuO(,«( ch{%

B Diamond Head Abudment: (sh¥ 30)

Girdonn

127 = 40,000 psi
#’é 3ooops;

© vaiww;z«l Shean P'é\ncf
Iy V=24 \)?:' bd
= 2 (1) (3600) % (12N 12+ 6.40625)
\e = 241496 Ibs

iy Ve = 24, 1956 (c-’}bs

,j> Va =24 .20 leips
Ho/izovt"ﬂ ’ Slqé’“" P"We

0 Vel Flextuw Cc"pac:-’-fy7

#4@1R"0.C

F— '
544

K Nole ! onf/ tfop veinbovement will
’l'vou.'d(, Plezdvivs| Cal)qu’b/

) M= 384 14 l-in
(same as koko head abudment)

l;l') FR = M/‘f.2
= ’ég“.l‘/q,z
Fr = 41,7542 kips

2 Fr=41.7% kips
F'C)L”Mfm’ Ccff)au‘b/

J Wing Mol capacity >3-37
~J [ /

” ‘%‘
Y

Sheav Phne

* Note! The most Hétl/ Lo iluie
will be dute do  hovzoutal
Shean and veheal IOEMJM\?

A-14
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KM ,"DMOL )3!/‘/(%/" \/\/in\(j \/l/a” C&(‘D&(//}L}’
® Diawiond Head Abubment ! coth

o To"’al Cﬂ&d;zf (Diawmon Hfacl \A/,'y;\r) wall)

® HDV‘?ZDVF}R, Sheav'—‘ 24 .20 k‘.’))S

® Vt’/‘ha.' F,CX'}'M"C = 4).%¢ k-’}vs

'@) Total = 65,61554 k"FS

a Bo‘“q W;V\‘J \Wedls

T otal Cmpaohl-/ = Koko + Dicwneand
= 59,395 -+ 65,9554
125,35 lc..’)as

I

TO"'H' CM,’M«(JJ}/

@ Toﬁl La'lﬁ/“, Ca\)oa(ﬂy = |25.25 ki))s ‘

V;HO Walls

A-15
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k uliouou B”ége | Bw'/’w& CMMM'W‘;/ | %

I I e Beo\v*w:\r Pud: (SLwLSD % 32)

S

B X T ey sheds

l
Ik

L AX Y% 17 =4 A" Boorivy ploe
Z YA N / g P
y - - ~ ~~1 1—%”

Y by

#ea bcms . . /t 3 #4 H
(3 speeces @&6”)
&
6 6
\

—%

on lzexhea H

¥ Nplo: The shuds in He \lcp and  botom
of He givder seat have ade‘bmlo
vern Lorement preven fno Contede Gi'lue
Farlue will ke dve
we'Jo, steel , or stud Guilue
(Acz 318-08 gechion RD6.2.9)

Shds: Fy = 4oksi
kel Fy = %0 ks
welds!  Assume E7p

(Bolsea on ycom oép'«ns)

i = 69 ksi

A-16
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Kullouou BN'JSC \ Bf&wiw\z/} Capmci;v [3.2

B Beadvg Ladeal Copeddy:
V) 7

O Stud Shewr Sheagth: (2 ~247 @D
£.7= oo )>4‘i Qivde.

8 = 2000 pst b Ho

Givdey !

‘E

3\?) Qn = 0.5 Asc \E’/_EZ = Rs Rp Ace Fu ) Rg = 0.5 (Juwo studs)
Rp =10
L) A= (A= 04413560, > Ry Rp Age. Fu
= (085)(10)(: 442X 65)
My B o= oz e = 24.408F kips £ 0.5 L E,
= (l‘flo)l‘e(é)y’ L Ga= 244087 ko
Fe = 4500 ket
V7)) For twe shuds:
W Qu= 0.5 AcVe B,
= 0.6 (. 4419¢)(6 (%oo})'/’ L=7 QRn=4¢,¢2 leps
Gn= 36,2965 kips Shds in gyivder
* For bottom:
Iy Ee =wi e
= (o) " (3) % I For hoo studs!

EC = 318l ay ,(si

— = Qv = 43164 kips
EE) Qn = 0.6 Asc A8 3 Stads i botowm conweede
05 (0.441786)(3 x3iglas)”
21.582 kips < Ry Rp Ag £y

- Qn = 21552 k:)as

i}

®n

* Sluds in boHom conute Contols:

Qm = 43, [e4 ,C‘]’S/beamﬂﬂ 4

8 beaviwgs at D-’c«momé ch' AMW/I'# On‘/

A-17
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a3

KM }"OMD(A Bﬂg’vq@ B@awl% Calpacj{}/

i/ BCMV‘\&\/ Lodial (’m’hat/bL‘/L: Cont.

O Weld Shugth:
Wweld 6/lé “

Ezo
187 Venghy doal

J\Z) ¢Ry) = ¢ <0v7¢>7 wr (0.6 Fax)}
= 0.3 5 (0707 () (016 (7))
PRn= g.35144 kpsia

v entre lemgth
B Rn = (2.35144)(18) = 150,326 kips

Rn=310(_7'435 \C-‘Ps )

¢ Base Medu] Sheav S}vmnﬂ’(‘*'tmg weld)
D PRa = minl .00t Fyt) ; 0.5 (0.t Fut)]

) lolos F),—l;) = Lolo.eX50)(h)
=25 kl'bs/,,

my 035 (06 Fut) z o075 (0.6)(e6 X(%a)
= 2/, 94 klpy.'.,, 5 Conhols

) @Rn=C(8) = 3942kips Chv entre lowth)

[ Re = 394 Jps)

¥ Note: Both le‘cs have He

Servne ‘H,.'ckm es5

Bc{SG M&w"h{ Shmv S'}‘*OVI@#L (A[op\,j WCIJS)

A-18
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Kali ouou I3 vidye,

B Beowing Ledeel Cayoudity !

O Bo)+ B)o(,l( sl\t’f&t"’-

[3can g C@t,baaq'/‘/ Pey. 4

I3 RV\=0.5FM Avor + Ul Fr Ant & 0~4F/Ar

2.1 ”
3 . Shad s Yy &
Sfeel! Fy =5p ke
? /4 o ks
o / q” Fa =65 ks
A v
’ ,;/ //: t=34
T T
1
]
123n

by + Uy P Ant

o) Ao = (X 4.5+2)(1.0) = 2.375in?

Iy Aro = (%{(16.5)-(n.a)(3/c4)](|,o)= 115313 in®

i) Ant = (%) [@s) - (A)(%)](10) = 3.0a336:.2

@ RV\ = 0.6 FMAH4/+ ke Fy Ant :
= o4 (65)(1. 5313) -F (||0)(;,9)(3.uq375)

Rn = 450,413 kips

ot F}A@V + Ubs RiAnt
0.6 (50)12.375) + Lo(65) (3.093)
572,344 leips Ccoutols)

IN NN

. Rn = 572.34‘ )1_;]35

0 Weld Block Shea:

Bott Blocl Shear Capac:.t/

) A@u = Anor = 0 o Ionaihn;lfnq,l we lde)

D AM# = 'bmum'ow ('g)

< (%)) = 135 in?

I\T’:_-) RV‘: l/[bs FMAmf

= (1.0 (¢5X125)

Rn = 23~ 5 Ic.'):s

B R = 8775 kips L

Weld Block Shece

A-19
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KMI:'OM/)M BV‘/J‘% Bewivig Copacry | Py.s
J 7 V4

¥ \orbical Resistne, !

O Concvele Break Out Stveryth o Anchor in Tersion: (ALI Sechon [8.2)

BoHo,_u Convede
'pcl = 3ooo ’751

N 30" N
24128
e Y AT
- ’/
% ~h
\:.a /// o o ——/ \
N | - 3
oo L 48 b
= / é N
\ 1 g,. g;zs// e
J— - 45" Li
/
Z ‘_7_2— .—— e /
},0e76” m

v
Bvﬂl’( 091+ A’Vt,\ \

5. 354 in
S ,
Legwe| 72° s (1) o Sin(7)
4 107 | 6g95 X
© 1359 X = 5.04359,

D Anc = (30X 2925 + 4+ 45) = a[(A).e9X527] = 450,46 in*
D Awo = b’ = (€)= 3242
j\.:p %&, v =lo (Mo+ losdad eccwa/m?m/(/)

L) Cong min = (4.54 2. 4ps) = 23]35m
b qu mh < L\Q@ (l:5) .
WD) New= Aoe 4 fy g 4 M
s le, {ep,
Yed,N = 0.3+ 0.3 Cormm Ao
16 het = (480%24)(1-0)(-1‘[3?5)(I.Zs)(l.o)x

= 0,7 +03 (Fars ) (3¢.¢392>
’V‘cd/u = 0.94375 Neb = 6%, 6]52 k:Ps

)

].25 (cest 1 anchos)

) %c V] -
/ , Y
‘ 1/ Neb =67 62 kips l
Ty Fpu= 1o ‘ Contre Break Quet Shenyth
Bo-HDm Coneek

= kc/J \)27 l\c@ -
= (24)010)(2o0) 72 (6)"°
No= 193156 lbs = 14,3146 ki

> FD" ﬁdo anchovs A'ZO
Nb= 32,6243 Jups




w$= National®Brand 42-182 100 SHEETS

Kaliouen Bv;JgL

Becving _Copacity Fﬁ' é
\J 7 7

By, cnl Rcar‘s'h'/lwd&: Cont

0 Conaede Break Out Shength of Avchor in Jamion | (Act Sechon, D.5.2)
° Givden !

‘ﬂc ‘= tooo )os—a

N

) Am; (8)(18) = %2 (5413 2.95) = 302. 3612
Iy Aveox 9 heet = 1(6)7= 3242

pLy) Yee,» = 1o

T Cozmin= 45 in £ heg = 1500) = 9in

%g: o_4+c>.3<"‘””71@€'~(-l-5))
= 0.7 +0.3 (4%)
Yed = . 85

3_*7) '/Mé, U = 125 (cast in amoLpovs)
My ¥ep,o =lo

M) Ny = Ked V57 het "*
= (@) (1) (s000) % (6"
Nb = 27322, 1 )i
Np= 27 3221 ](:‘PS = For dwo boly =54, ¢d42 lups

wh) N = (Fano) Yoo, Fed, o, Pep, Wy
= (P %%24)(10) (.55) (12)(10)(54.6442)
Newb = 54,1516 ks

?I..": Neb = 54, 1¢16 k:#ps,,,
Conerele Bwak Out SMUH’
G-ivden

¥ Mole ' +hic valae s ,ilcofy Lzylwv
c‘u\e% ‘H~(, reinfoucement
i the avto,

J.sa”

375"

2°{/

A-21
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kulfOuooLBy:d%g 7 Beawﬂg (,o‘Tpm:‘yf [y.7

® Veteal Ressdunce ! ont

o Pull 6t 5’%% o Anchy 1n Teuson! (ACE Sechion D.5.3)

| L5 in % eoh vakd

l

@ NPn = /}LC/P “P

) A\"L’) = (D05Y = L9630t
= For hwo studs = 3,534 jn?

:E'E) NP =€ Abr\:j @c’

* Givde!
Mp = 8 (3.5343(e000) = 169646 Jbs = 164,65 ki

* Bt
Np = 8(3.534)(3) = €4.$23 leps

'-TJZ) Assume  cvacked
7&(’[,) =l.0

® (Givdes s

Npm = 169, 65 kips

® PBotom!
. Np = 84.82 kips

A-22
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m% National ®Brand 42-182 100 SHEETS

] \/‘C,Hm) Rcs%s‘bﬂnc& Y Conmh,

O Slel §-|'vr,ﬂ(,\-n‘ of GWICLo?/r r’vwr Jension: (ACI Section D-‘S.l)
A:qmd’w = 3/4 v

#y= 40 ksi

Fa= 66 ki

) Mgy = 1 Asc,k} QA“'«
Ty Ac,v= (%X%Y‘ AL FYE

@ New = h Asc,,ro Luda
= () (441326 )(65)
Nsa = 57,4322 kips

F.

)JsA = 52,43 k;Ps
Tensile Capecity of shuds

O Glee) Plak, BCMJEH\(_/[L/F’&X'}MV‘VI Capé-c;jy:

F7= Soks: * Motk ! The Hop shel plate
Fa =65 ks; G s awe !y;eé a5 a
P/, L2 thin Simply supparkd
['Il él/ L
L——»(———J S w ecm,
y A = h./;: Y4
Lo 1
4 ¥
6.5

) M = BLCSTY =B ()

Mwax = 11125 Fr
) For both pledes:

) From bem Hheors Fr= X(893791) = [78.%5 kups
% . Fr=128.7s kips
P'W‘C F'ex-}uwo\' Ca’)qd7
W To bkt G4 (Both pheks

Tz 0.586078 in
W Y= b= (%) 9750
) M= 0T  FuT o (65X58)

M y 37S
M= 100547 k-in

@y Fr= Yins= o0 as A-23
Fa= 893761 kips
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Km‘iomOu Bﬂ%& , BﬂaVLV@_@*_}m"*;/ Df)‘c'
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o,et:/ Aﬁ"’ + Uig Fn Ant
0.6 (3eY1% 1533) + (LoX5¥)11.625)
Rn= 106% | ki P v Conbols

[}

2 R = 106F | kipe
Block Shee
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Kahaluy dega Bam»g CapL,n‘L'Lml Resis bunice Pa.3

A Weld Cﬂpgd#.’
o Ezo Filld werd: (Va” = %ie”)
) $Ru = L1392 D
2 1.342(4)
¢ Rn=5.56% Kips /i

) Weld is &7 long on 4
Sides!

¢R" = (6'66‘3ng4) = l?gl,?’é k,’"’s

: .Rvu x |32 kips

0 Rase Mednl Capacily

t’/z”
F‘/ = 36ksi
Fu = 6 ksi

D Yield Shunghh
PR = 0.6yt = 0k (36)( 1)
JRa» 1008 Vn

T) Raphue Swaghs
PRaz=p.4 5F. 6 =o45(58 )(/2)
¢RV1 Z 1308 1‘/‘7

m - y"t Id Cow"/ul.):' (Fbr 32")
PBRa= 10,8(3257 345, ¢ kips

B‘_&. = 345.¢ "’l’s"
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Kahaluiy Brngc BCa"""f) CapadyLL&blLRas%shme Pa.4
A Conuvle Capauty
© Bollk in Givde: ("o"" toooPst
26"
1 }
- 1 i
y <
* N q.Giw * Nole: The back vowr will
[2.Gin ,hg_'ii‘_}' Couse corwele beak ouk
I
N > o 2in Font vaws will mil w
Q ”
+ K4 Sheavr
m o o @ Wave
1 & T2 N\
b e 7 <o
(1.8)(&.5) P 1 75m
z )
=13.75:, R <
X /2 - i Jiv_ \ .

* Using At 915 o8 Appendi D¢ (Seckon D62

£} V‘bv = (A‘“/Avw) Yoo, U}t‘d/ v/, v %, v
n_',) C“' = 4.%in
) Ay, = (3425)(235) = 436688 in’

IT) Aveo = 4.5Ca,*
= 4,5(3.5)*
Aveo = 325. REin?

) Seehlon Pb.2.2:
Lo 2 het = G

J(»\"/av'n

WV = (}(%“)0'1\)'3:‘)/\ J& (C“I)I-S
= (3 ()7 ) (1) (coony (g5)"
VQ,: 1654216( [bs

s

@ Anchoe ave not loaded eamn{-v-lwly:
r}&& =lo

W) (i, 2125 < 156, =12.75

Yed = 0.3+ 03 Car
(l.sCa))

= 0% + o3 (12s)
1275

Yed = .qq4

t Break out

W Yoo =4

B) he =g <1SCap

yh/.(r = |.5C«.) %
ha

= (lz.-;%)yi

7‘;.,0' = 26244

E) Vcka = (43"%25.|)(l.o)(.‘l”ﬂ&)(qu Ix
‘ "1z ezaX 165429 )

Voe.g = 3903499 lbs
v Toful quau?'*
Vi = Veuy + 3(stud Shea)

= 39.040 + 3(2,992)
Vs 62,9859 kips

Vi = 62,990 kips |
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ko\l“""wl Bwlﬂc Bca'l”v‘j C&ga#-’ Lateal Resis fnee

Pg. S

A Conacle Capeeity:
0 Bolk i Ahubmat: £ = 4o00psi

9.5lw
N A
h 10in
AN
N 2.5in
‘o ) 4
- . Uin
2Lin ,,o v
N (o]
}) X.S5in
Z
/ A
/
L
) Cop= 85 ia

h=18(5.9)= 1296
@ Avc '—'(16Xn‘75) Z 33151,
) Aveo = 45042 = 326,125in?

@ f¢=’ncé =8in
Ja hd /z in

Vo= (3 (%Y V&) AVT ("’
= (3 (O (1)) (1034 000) %2(85)"C
Vi, = 135p7.2 Ibs

W Cap = 125 & 1650y 212,35

Fed = 414

th = ||2624‘4

g Vebo = (Av%v(,o) "ei, ‘F"d/ ,yc, ')‘h, Vb
= (3¥%25.25) (10X 4a4 X4 )Y(12e244X13507.2)
V¢,|=>3= 2494.7 [y

Ty Totul Ca,oaov"y’

Vi = Vcba + 3 (Shud Shear)
= 24.)94 ~+ 3(F, 9%2)
vh = 42. I4D°( k;')s

1V = 45,14 kfﬁ[‘
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kg he b Bﬁcl@,e , Bewv'h\c? Cu,bg@u Lockewut Resishoe]| P

B Sonmrony ¢
B Sidp Sheel Cm’)m,uy = 17.2 Kips
o N@Ison Studs = A3.ga2 kups (Sheaw Copecity
© Block Shea-(Sheel)= 10671 kips
© weld Ca,oc;u'ly = 17€.2 kips
® Conomete Givde Cc\,oau‘7 = 62,99 kips
© Convk Abutmant Capocily = 4814 k-',fs Clikely fniluve)
* Nok' Twe beartny pods ot G ond
will @il duec Jo conwet cbutmeh
The vevwiving 14 will #ail dee

o Nelson Studs,

“ Todal Resistuace = 2ag.04) +(14 Y47 512)

j i
R = 766. 77 kips|

I Beam,,\,7 chls <Lc.-|mf Rﬂ&'S')"Mw) ‘
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m& National *Brand 42-182 100 SHEETS

L Nggo\;ﬁvc Bg,_ad',qa (:gm:éﬂ

l I Pv‘ahgwf‘iéé'.
{e= tooo psi
\ / Aps = 4ox 153 = €uzin’

’ﬂpm = 23g 900 psi
e = (2300600)0.9)(612) = 1.156¢8x10% Ibs

T
1 45395 in
o Cevhoid:
s A= LI fs? cAgq=06.566 £4*
Y, = S0in Y4 = 1lin 7"2'__4_;_&
Ay = oas £yt " As = Lhaaa nt? T A
Y2 = 44in Ys = 4w J = 24,735 in
‘ A3 z 2,1 \['{2
V3= 2Fin Co = 24,335 in

Ce = 29. 265 iy

& = 20.1475 in

0 Mopment of Tnecda '
- II = %1 L‘,g = %1. (JOXS’)S'-' 863.2 in9
I, + Ad* = (453.3) + (1eoX(25.265)* = 102974 in

C T o bhPe (= 3bima
T,+ Ad?=z 36+ 19(11.2¢5)* = 6716, 52 in 4

© T, = Yabhds fa(e)(36) = 258) 3 in®
T, *Ad? = 3658L3 + (304X2,266)% = 35(40.9 in4

C Tyt febhts e isasind
Tq + Ad2 = (152.25) + (40.5)(13.935) = 782354 ;4

© To = Y bh? = Yp (26X V162,33 104
Iz Adt = (qu.‘53) 4(203120.-.)35)2= 96549 n

T, = (oza74) + (2)(¢916.52) + 3%ld0.9 + (2)(3€22.5¢) +9053¢.9
Ic = 260736 wm“ :
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KaLalqM, BWJ&C B@ﬂm N@{I‘la""vt &A«)A:’n&‘

Py.2
14

6 (/_lmsulﬁwg_/éoc' Cese *
© Geomedvir Prg';&/_’-)esi

Aoz 78202 in® . S& T 3904.2% in3
T, = 260%30 wn* Sb= 10540.9 m*4
Co = 29.2C5 /n L= 1272 in

Cov 2 24,735 n N= 24

rt: 330.406 in? $u = qz4.516 psi
€ = 20,1976 ;, \f‘; = ~5100 psi

P 2 Wscegxi0° Ibs

I) awp = sel€ weight -+ *:la/ofin\j

' (5.40)(150) + (54 X6 /25(50) + (5% YaX( 1 942)152)
1362.5 '9%:

wo = N3.69 B4,

D> Mp= oL = 329632 x10% Ip-in

B Tensile Livadt!
Ware = % [HD’FS(;@L-SJ/_ATG_{C'_:: "‘}

= Y [Mp -2n38x10°]

= 8w L(a.24632x10%) 2. 1138¢x10¢ ]
Wuwe = 103,089 "in
Fvr = 13]. l3k-’|=s (ensiond

L) Comptssion Limitt
Wure = 9 [Mp=~sué "S_L__P_c{ 1+ Ef_g'}]
L Ac r=
= 82 [Mo + 1. 45%ex107]
= %z;z‘ [ 22963 x 107+ 1.46%(xi07])
Wure = 185.721 y,,
Fur = 226,238 kips (compmsbn)

» E\u bm%gd Cese !

¥ fcume 0% ajw Pocked
) wp = 1362.5 =(.07375)(e) - 6.83(64) = 216.6¢ "4
AIp = 19,056 Yot
D MD= 365159 X104 lb-in

) Tewsile Limit:
Wary = %721 [3-5 xw"'Z.H‘!iGi'o‘j
=+% 608 'Y,
Fuwr= -4, 67| 'kips Gensiond o

FiIH) Co vapussion Limit
Were = Hogt(3.600°+ [ 45a36x107)
Wwe = 90.2367 "W,
For = 114.78 lczps ((O'V\Pussn‘on3
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kmlm’mf BHC’:\;L Beawn A/L\o}a'ﬁvc B&w&‘n\a)

B ggmvv\g9¢ of Resulds:

O] (/{V)SMLW!%QCI:
Teuwsilet Fur= 1313 ki'/:.s

Compmss;o-a: Fir= 236,238 kips

O Submoemed :
Tosle i Fuw= 16710 Lips

Compression: Fwrs 114.%8 <ips

O |loss .
'Tcnsf,c.= 312-62'/0
Cowmpressim=  §|,.4) %
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Ukeot Poml BWJ&(’ S+VML‘4’MVA' Aml/y,a;g Page |

Calculations '3/’ Dewiel Lean
B Ruoyoncy Caleu lntions:

2 Typical Givdor cocton i AASHTO Typo IT Givdewr (Spuns 2,3, 44)

« Sheet T3

A= G+ ) = 0. 7278 £4°
Ae = 2 LAY = 0,1400 01
As = (A4S + Yot ) = 1G07 042

pa= 2 LACHY )] = 03906 &7
A5 = (l-\- '%3)(%1) = [od94 &2

<
*Ar = ZA: = 559.5 0"

1]

rAT = 3,885 QJ:J» T)/Pc Il Givdes

A Typical Givder Gection ' Keeln; T‘/P"' N Gida C(spon 1)

¢ Sheeld T3
2"
41’4__'_ _ _._O_' _ i Az (YYD = o.ter e
” , (O 1@
3—\ s7e | / ‘ Az =2 [/2(%)(8'7%)] = 0.1823% ¢
3-1” e . Ks = (654X Hiz +34 V2 + ) = 2,0764 647

Ay = 2 LA (90 (A1 = 0. 40625 4°
Ag= (2 )NY) = Lataer

e Ar= FA; = 4AFFlon &7
=

[2

[ A = 4?%(%?] Type IV Givde

A-48




m National *Brand 42-182 100 SHEETS

(/(ko% PDV\J BVJA&@ s!‘v'uu*'uva’ Ana\;/sis Pao\c 2
& Deck Sectoni (spun 1)
* Nofc!
The deck is sloped with He
hbh rMW* ot He cordo
D glope is igmored Lo
’rl\e PMVPGSC& of 'H~e5¢ (‘a,((,{l&lhﬂh}

T;[E.'ml Sechon: Span |

L=q0t

i ! )

L%

;L T | — . + MJ - ]
L

* Deck:
AT= (23*%2 + 23+ %2)(6%)= 25,724 £47

LAr = 25,73 £4° | Deck Span |

L-ao¢t
* Raili .
l__l%
e—2 s A, = CHIER) = 047 07

g | |5 7" ‘ Az = (yﬂ)(z/""'%)” 4375647
A (%)( '%) T 0.3125 44°
0"
- A= (")) = o375 @1®

‘;—//Z///JV////Z 122 ¥

4
L onercke deck © A2 TAc = 329107647

(=1

19~ > =
N b e,

A-49
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(/”com Povpc] BV?clgc SJrVMCI—um’ Aml{ﬁ;s | Pa:\c 3

A Deck Sechon: (spans 2,2, 44)

* Nofe! The width of Hhe br.'Jac vavies % An aveae width il be
Bovn dloetment | do abutment 2 used v Spans 4,3, 4 4
Slopoe of widlh = ,po6247 /4y

kD) gEom /
e Widlh = (23 + Ya) + (coos247 )40 +36)
width= 24,3796 ¢4
* thickness @) = 6.75 in (ng) $2)

o Aven= (23+ Yo +24.339)(675L) T 2707290

A-= 27 07 &4° ! Deck S peny 2
L= 6oft

) Span 3
« width = (23+ Y2) + (005247 ) (a0 +60+20)
width = 24.¢qa404
¢ = (.75 n (sheet $2)

o Awa = (23,4 Y, + 24.6‘?44-%6'771) = 27,25¢+7

vAT = 2728 @{f’ Deck Span 3
L= o0&t

') Spon 4 '
» Width= (23 + %) + (. e05247)(10+60 + (o +36)
width= 25,0093 &
* b =675 n (shet s2)

o Are= (234 Yo + 25.0&13)(”%) = 23 429 8"

Ap = 27,43 47| Dedk Spand
L=60¢
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Ukoa Pond Bvia’z\@ Stvactuva) Aml/ys:s

B Concete Pigphragms:
4 Boam D1 (Keehi Type B Givder)
spt:m ]
gheet S2¢

”
! !l 7’_011 2o
1

; '

F25”

°

r 13.26" l?

\Lwr‘uin weall

4"

4 ' r
| Far T a0 Tq”L I“;_: !

cH v_e {A

”

H creep block

A, = (8YH) = z2oyz a®

Az 2 {ACYLY M) = ouigz3 64™ ()

Ay = (ﬂﬁz)(q%z) = 24 750a 8"

Ay = 2 { A0SR = 0. 4062567 (-
*Ar = A ALt A -Ay

= (2.083) - (. 1873)+-24.7561 - 0, 90625
Ar = 26.2517 ¢+°

| Ar =26, 25 uzl Aven T Conentte D.’APLWaom

I) Ava I
A= ()X Yo) = 2sar (>

A, = L{/z (’V-z)(%)F 0.5625 6% (-D
° A_T= AT“mI "A,"Az_
= (Slé:‘lSl?) -2.5 - 0.9625 -

A= 23,1892 £4°

l AT = 2319 €2 Avea T Concvele D‘.APIAMQM

™ Ao T

- A= () (%)= 01389 847
Ar= f (00 = o1 876
As= (VL) = A

ty = 1 ()(H) = o203t ()
As = (% W)= 0.22 p17

A A ALt A -Ay A
= (04430) - (o) +6.30) ~( 2094 22)
Ag =4, 4502 (4°

| Azt Actr]
Avea [
Aiv Pocke £
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b(koa Povvd Brlclgse Sheuctwal Anal)/s Is Page 5
¥ Convele Din phragms ¢ Cont, _
4 Beam A : (AASHTO Type W Givder)
¢ Sheet S24
#-0” ? -0” V6"
"
1L !
T g [24 ® 5 ?//
[T \ - h - — po— —t— — p— _\Q-
‘ ® ] carbnin wall
, 377 N 3
3lll |‘7 l kil
@
A / :@ B ;
‘ ClrceF block '
) Ava T

A= CROR) = 398 44°

Ay = 2 (AT )Y = oaa0cer®
Ay = CUXY) = 16, 59¢e°

Aa = 2 UACRICHNR = 03008 47

T) A T

A = (q%)(%) = 2,266+
A {(/2)(%)(%2)} =0.6025 {4*

~N

Ty Ay T
A = (X ) = o.a33s€t?

Arz Yo 4 XN4H) < 0.090% (5
Ay = (P4 )NV) = 2a0case®
Ao = o O 50) = 095362 (O
ps= (SR = 0aaiz e

© Ar = A - A, v Ay —Ax = a8220 47

[A. - 19.82 613 Avea T Comcvele
Di&P"\v‘aﬁw\

° AT = Aamz - A, _Az
19. 9229 - 2.75 - 6.5¢25
16.5lo4 €t °

TR

A

, AT= 16.5) e+z /(’HA I Conntte
D;q,:lnfaaw\

AT A AL +A3 Ay +As = 3,397 (47

| Ar=3.37 82| Aea T A
Pocket
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%_

(_/,l l(oa\ POM.LB "'JSC S“’Vutdurm( Amallysls Paf,g [A
8 Conevede Diophvagme: Cont,
4 ngw' B:

A I
¢ t8” i

e

|
\ V=) - — - - - - - '\‘:‘ ) ¥ D;a\lolr\raawx gocs b the

botlows of 4le givders

sl

— = 77_—‘%

J

Lpot of D.‘a,ol«mjm

Ar= 10.9229 + (4 () = 22.8365 6™

Ar = 22,84 647

‘ L_T 3" cg" I
¥
Rt of i 1
Diwphyagw

A, = 2¢.2673 + ("'%X ) = 29.4%3948*

|Ar = 29.47 &~ ]
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l/“Lou POV\A Bv?dﬁe

g“’VuuﬁAml Al'ml/!/sis Pa%m Z

R Concrtle D-‘Aplawsmgi Lovit
A BCQM D" eont,

Toted Aveew = 4 (Avea ) + 2 (As T )
= 4 (23.14) + 2(26.25)
Toked Area = 145.26 €+

Ar = 1453 4] Beswn D Diaphvagm
Thickness = 163

A RBeww, Al cont.

Totul Ave = 4 (Anall) + 2(Area T)
= 4(16.51) + 2.(14.82)
Tokl Ava = 105.68 &7

IAT = lo5.¢¢ 017 Beom A A e
- ' Thickness = | ¢+

2 Beuyn B Covh

TD"“I Prea = A (Avtu)
A (22.'84)
Totul Ava = 1372 04 01

[;T' = [37.04 é"}2] Becim 13 D-‘a}ohm@w
Thickuess = 1, 1ce# €F

A Bdam G Cont

Total Avea = 6 (Area)
= 6 (2947
Totkl Ava = 176. 82 647

'lAA‘r = [76.%2 ('#1’1 Bean & Dl‘otpl«:mgm
' Thicluwess = a6
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Ukoo Pond |3v1d3@ Stvuctival Amal/ys)s Pag\a g

B Av Pocked Colelutron:
4 AA SHTO Type I Givders (No Cv-ce’o Block Sechion )

| i #'-0”
T | )L * Note! Aw will 8l entive
g ¢s” s owven bedwten givdevs
N T
-Slll J i 7?/, .
! |
!\__. - - - - ] \
- i SR R
Il?/l ~
(LTI TET IR Pt ———

Ar= 19.8229 + (L)) = 23.8368 647
e
MFPW Qv

lA-r = 22.84 €+2l AAshTo Type T Givdew (No Creep Block)
Aiv Pocked

A Keehi Typc T Givdew: (Mo Creep Block Sechion)

% I
j | -
/ L
Ar = acas13 + (CI)(%) = 24.4739 84 °

e mmnd

uppe- avea

| Ay = 2947 87 Keeh Type T Givder (o creep Blck)
A-’r Pc)céd

A AAsHTO T;/'pa IT Givdey ((,vr,c,o Block Sechion)

IA T= 19.82 H zl AAskHTO T'y[Jc W Givde. Aiv Poclet

a Keek T/vpc IV Givdev: (Cme’o block Sechon) A-55

|A1- = 246.26 ¢ 1] Keek: T)IFC IV Gidew Air Tocket
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koo Pond deﬂe Struetunal Aml,vsis P age 4

4 Redycton of aivpocket:

o AASHTO Typc T Givdes:
& Notreep * h =(¢5h) T (¥ +3at Y)=4.325 4

B‘a@k;
¢ = 4.9 4 h(“Yas)
= |47 +(4.37s)("‘%44)
Py = 16 644 psi
- Az = Pa A" = (14-?)(22174')
P I .c44
A, = 20,1718 {4°
[ AT =20, '7‘ ""' TI Cow\,:;msscé A.‘v-
¥ Creep i * h=(¢H) + (Yt V) =3 297 84 @ Side Acn’ (From Py.5)
e h= 433540
* Pz 147+ (“Yaa) -
= 14.7 + (3,710 Yaa) T P2 T lecdd psi

P2 = 16.2852 psi
* A= PA - 4a3N4.€2)
A 163852
A, = 17 781¢ 847

L”fr = |17.3g & ’J Comprescd A

O Keehi Type W Grivdes!
4 No Creep » QW = <("€/’~) + (5/2 + 5%1) ¥ 54543 64
Block:

© Paz 143+ b (“Hu)
= 4.7 +(Gae)Yna)
e = 171269 ps'\

* Al PJ A - (iq.?h’l,"(?)
P. 171264
A, - 25,2956 6"

DT = 9.7“5.?:0‘?{;]@‘,”,,.«;5554 Are

@ Creop Blck!

o

L]

P, =142 + (&?‘127(“‘%“‘*) = 16.329¢ ps:

o A,z PA = (147X26.25)
P2 l¢.92a6 .
A, = 22,9283 &2

!‘IﬁAT 2 22.9% p—};l!‘CQprvcsst A

Az= P Ay = (472 X3.37)
Pz & 644
Az:‘ 2.9%6 €47

4 - =.aser]

Compressed Al

h= (6% + (So+ *) = A 34107 ¥ Side Ava ! (Bom Py. )

h=s54583 ¢t

P,=17 '25‘1’75:'

A, =P - GagXa.aed

P2 I7. !__)269‘1
A, = 3.?44\%24 (i

)“_Ar =2.42 Cfig
Compuessed Aiv




& National *Brand 42-182 100 SHEETS

Ukos FOV\A Bv.'zlge/ S+ro(o4umlAmal/usss Paf'/c o

'B«Amfax%hluhﬁméf

Speun | . Span 2 Spen 3 Spon 4 )
Keeh: Type ApshTo T}/po Aps HTO ‘!ype. AAsHTO Typc
W Givde T Ghiw It Grivder I Givdew <

o SB&\V, 1
4 Conurle!

¥, = {7 (Kee: Ginde) + (Deck) + 2 (Roiling )] (40) +Besm D Diaphresgn Y1)
= {:;(4,7—%).(. 25, 73 + z(z.zqz)}("to}-ﬂ- Qa=.26)(0)
IM Conevete

4 A, Pocket:
Yo = {6 (No Creep Block Avea) (10

= {6 (25.30} (1)

Vg = 136620043 Aw

© SEDM 2,
4 Conevele! ]
e, = {;L(A,qsmo) + Deck +1(Rq;hn3)} (e0) + (Bcam 6 Dia leagm>(n)

= i 7 (3.385) +27.0% + 2(3.242)§ (@) ¥ (76.¢2)(2)

‘;’Vysl = 4 Qo4 6 ﬁ_{fi Conercde

4 A, Pocked:
Vor = {6 (No Creep Block Ao § (601

= {4(20, )} (60) <~

(Ve = 72612819 Awv

A-57




m$= National *Brand 42-182 100 SHEETS

(/{'kao\ Pond BV:’J@@ Strackon | A‘Ma‘lybis Pace 1

B 13 ovaney Caladedions ' Cont,

(o] QEMV\ Y
& Covigvede !
Vsz{(ooi7 CAASHTD} + DeLk-i' 1(90’]"»49)_5 + B@(AM B Dia/;l'waam(’. léé?)
= ()] 2 (3.885) + (27.25) + 2(3212) ] + (137, 0401 1667)
Vsz = 302 62 €43
| ¥az = 20214 £4%] Comente
$ Aiv Eogkg-H‘, .
[ Wes = 2261, 2 £43] Air
O Spon 4
€ Conaie!

Vsq ={‘-?(AA5HTD) + Deck + 20?0..’)"»9)3(40) +(Bearn 13)(1.1667)
+ (Beama (V)
= {; (2.885) + 27,432 + 2(3,2q2)3((,o) + (137)(1667) H o5 68 (1)

Lisa = 393¢,\ é’+3| Comevele

€ Aiv Pocket:
Vag = {6 Q0o C\fdép)j (¢0)

= {¢ (zo.:?)} ()

Vs‘t = 72€).2 €43] Aiv-

A Sel€ \Weight (Yre = 150 "4 2)

0 Todl \lolume = 6064.4 + 4oodt.¢ + 38216 + 39738, )
TV 1762¢.7 #3

TV % ¥re
(2824, 7)C150)
Sl = 2, 67431 X10% |bs

s 13,42)[0«144' EQ@. (_Ysm.;a-kv = 64 '%3)

0 Totu| su‘ongGA \/ol“mé = (Voluwvd Conutde = Réﬂ’»’w ) -+ A,‘v Potleets
= (178287 = (R 98X270)) + 13662+ 3(32612)
TSY = 91¢65.1 (43

o Sel¢ \Ue.‘a‘ﬂ

(o] Buoyam# Fovee = TSW X b/sw
= (s16¢5.1)(64)

BF = 3,30657x10% s - A-58
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Ukoa Pond Bviclac, SeruchygLAwalvs;s Page 12

A Summary of Buoyaney Calculotions:
7 77

® Self Weight = 26743 Kips
® Buoyart Forte = 33066 kips
© Regidunl Weight = -632.3 kips "

0 % Retuined Weight = - 23,¢ e

. B W’Jaa s Bu.ggmrf*
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Pg~ |

= .25 "

(4,17
0 Positiue Bamd.'ng i

#.=3,760psi No.§: No, 10 ¥ Nole: Trewded as wingly veinforeed
@7 T 66,000ps As = 0.31n? Az LAFm? slal
b= 60w dy = 6,625 in dys L1%:n

E = 14}700,25;
D d= 6.5~ (1a5) - 2624 = 4.93795;,

Iy As= ¢ Nos
ENICED)
Ab': 214%;"1

L) as= Al = (4EX0)
6,45 &’b (o.85x3.36x¢0)
az 0. F#8in

) Cheek steel hag )/;(/Ueéi

Cen e P hes
¢ = 0.915

* &= (4%)5’“« <0182 26, ok

O Ne¢ ocoe ia' .
) d=65 -(I-G) -0'62%3 46675 in

ID AS: Gmolg + 2 No. lo
= ¢(0.2) + 2(129
As = 4.454°

o= Asgy = (@)
0856’ b £.85(375)(¢0)
o = 38 in

@Es Zﬁy ok

i) #=o0.40
¢M"7=¢As (d"/c)

= 0.90 (2.48)(60)(4.9375 - 2774)
FMn = (09, 12,2 k-in

pMn =S0.726 k-6 ] Fositive
Bo-adivb

o P =040

%Mn 2B Ay (d- %)
= o“to%"‘f)(éo)(‘*-“?e' "¥54)
BMn = 9449, 759 k-in

§¢_Mn= #9.15 k-£4] Negertioe
BCMCJ""J
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U koa Pond B,;Jsp D:o\: Ca’pau'\t/y

8 $oen 2, 3 44 Copuity: (Moment)
! {iadahd
Some reinboremept es ¢ pan |
D V=675

o PgsH'in lzmdiwgi

‘p¢/= 3, 750 Fs:
cy < 60,000 Ps;
b=¢o0mn

D d=67 =125~ °"’2% 25,1876 m

@ A's: 2,48 n?
“ = 0. 379 n

) ¢ =090

P Ma=gfAsly(d-%)
= 0140(223)({,0)(5, 18§35~ 2. 77%4)
¢Mn Zc42.612 k-in

lden= 53,55 |<‘C41 Pogiie Bevvdn'r@

© Negohve Bendivg *
hd \J
T) d=6.75-1.5~- 0% = 44375

IE) As = 4,4t
= 138 in

o) ¢ =09
Frn= BAsky (d-A)

= 0.90(4 (60X (44375 - 13842 )
Brn= 009,16 k- in :

% 1 = g4 16 k- €4 Negahive, Bonding
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Ukoor Poud. Bna’gc , Deok C’a,mvr#% Py.2

SL\MV éaiagdéz ! CSP“” ')

= 2(1.0)(3%50) 7 (60)(4.94)
Vo = 3630(.4 hs

P Ve = (0,95)(36301.4)
. = 27226.] [Le
‘ ¢Vc, = 2426 k.’)os 1

B Sho Cagm-#'- (Sfums 2,3 i4)

Ve =2 A Ve burd
e 2 (I.o)(3?50)% (60)(5.18735)
. = 32120.2 i

¢V,_ = (D.?s)(gngo.z)
2 28590 | lbs
P = 2¢.59 kips
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M koo Pand B'f"ésa ,V&rﬁc&l ,'Hv%r, Restyainess 1)

® Veoticql Hinae Restrive:
* (&heet 1)

A
(\ %l, Cortinpus ‘ao,aed ﬂa'v.

cable

(4) ot each abubment
Sceuves \on’éﬂc +o

///;> Creep block

D& dodal

4 ex19 wive ghand

Or Wit voP&

Brea qu s‘-vu,a% = 23 Jons

Tokal Sheaghy = ({{5(13) = 184 Jons = 349 kips

Vetical Resiskance = 36% k)Ps

(Vevtical Winge Restraines )

L] BMOZ“"%Z t

® Self Woight + Ve Hivge Restrainas = 267243 +36%

30423 kips

uon

. Bwoyam‘ Fovee = 3306.6 luips

e Gwa+ VHR) - BF = 30423 ~3306.:6
=-2¢4.3 kps XD
vid (L Be g

i Buoyom* Force > Viedcal Resistomce,
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\ B@m Ne‘g@}tvc Cﬁ'gg'l)d

(/”<06\. Pc:unal B%a Pg-)
B eeh: Type W (elvdpe Cspan 1)
-
\ Progﬁ'uai
e = 743 .4 kips
4’ = 4500 psi
@<z 20.496in
S Centraid:
A =0.663 42 © Ag = dotzs 817
Y\ T 56in Yy = lomn 7-’- JA )
A, =.1823 @42 < Agz Lyadqe? SAc
Y. = §3in Y5 = 4. Y= 25.3¢15in
Az = 2.07264 811
Y3= 3kn Jt=32.62 iy
Yo =25-38 1

O Mowment of inevhai
e I,=/ bh3= %1(14X4)3
I, = 1zgind
128 + (96,048 X=0.¢2)*
doi«l. } ind

I, +Ad?

1}

i

o T, = Yhe bhd = Yo (6.35X(D)°
T2 =6.5625 ind

T, + Ad? = (6.5029)4(13. 126c)2%.62)°
=10,019.4 n4

¢ Ty = Yo bh3e Yo (6.5X40)"
I, = 5272224
Ty + Ad *= (52723.9)+ (227X 5.62>°
=62167,2 in

* Ty = Jhe bhi= g (426X’
14 = 58.Sin?
Iy tAd* = 5454 (29.25)(1s.38)°
= (99742 ind

« Tse LL3=/1(24X9)3
Tsz 1ioq.33 ind
T5+Ac!‘

il

[}

¢, 14| n

2
No9.33 + (207,99 )Y(2128)

I, = q0igl,1+ @)(0019.¢)
+62A¢7.2
+ (2N(647 2. 42)
+ 444

I, = 292526 ind
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l/“(ou Poml Bvi{o}e Bcam Nef)cf{‘h/t Ca’}mu'tv

Fy. 2

B Keohi Type W Givder | (spon1)
o M&M

Ac = 637.744 in?

T, = 292626 in4
L = BR62 in

e = g04.984 ps:
\ec = ~3825 psi
Pez 793.4 kips

Gy = 25,38 In S¢ = 86€ 13,3
r:E 410.802 w2 Sb= 113l g in3
€ = 20.46 in N=32 givdas

L 2 (080 in

I) Wp s Sl Weight + Hopping + b weawivg Sucbree
= (4,276 X166) + (7 654)1s0) + 24()
wyp = M5816 b,
wp = 121696 '%,

D Hpy= Wb = |, 34655 %107 Ib-in

Iy Tewsile Limti Cunsubmened)
W = g 4+ Sely ~ySeRefledy
we _,:?(MD ¢ _/TZ—Z £ -1))

= (Mo + (gel13Xg0e.954) — (seLl.13X Fa3.4x 103)(10 ac (32.62) _'))

(Iosa) 649.5944

= (.85 711074 ) (Mp +#30%51)
Wy = 126. 109 'Y,
Fuw = 136. 193 kips (-&‘Ms.’on)

) Cowmpression Limid (unsubmenyed)

Ww, = ¢ NCEEHE SLP ec.b
E (Mo~ (55 2P (1+ 858))
%z (Mp + I.35043x»o*)
“Wwe = 213, F1% A,
Fu = 230.82 k:’:s Ccoyﬂpy\cﬁioy))

T When submened:
¥ Assume GOZo triv Pocke#

D euch zdwdw will ke bale
ot Yo aiv Packe* o eachy
S!L‘&
Wo = 145315 1% - ¢, 5;%7(64)- (1312960
wid: e4.914) W0
wp= s40lL e,

Crin Pock;-’-

D Mp=2¢2S62 lb-in

@ Tencile L;W,,-,» (Sm’oww«ycj) '@-)
Wery = (Moto?) (787552, 00 +F30851)
War= 10414 1%/,
For = 1 l'-247ki}x Gensian)

410, 502

veSsionn Ry Csmbm«ﬁd)

-(%go X #7558, po+ |- 350)
Wwe = 1%, 0237 '/

Fur = 105 866 Kips Coommpressron?
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(/”(Oo\ POH_LBV; A(a& ] ng_m_,\/%ghm B@Wd«'hb; 7 E@ .3
v v
¥ AAsuTo T,"!" I Guivder! (st 2,3 44)
l Propee
fe '=4000,ﬂsi
N Fe = 636.2 kips
S = l2om
O Contpid:
* A =0.3778 (42 ° Ay =.3904 {12
Y7 Alsivn Ya = 15in J=Y A
Az = 1406 47 « Ag= 106%4( TA,
)/z = 36.5in Js = 35, }7: 20.22 491
* A3 = lsoz e4? :
Y3 = 22.5in Yb = 20.295in

0 Mowent of Tnovhin !
[ - %z bhi3= %:<|6x7)3
T2 46%.3 ind

T,4Ad? = 497'34.(“1)(2!.22‘5)’ 509229 ;4

" Taz= fhebhd= he@sd e gt ind

I, tAd = 1139+ (lo.)23X16.225)% = 2676.33 ind

« Tyz S bh¥= o (=)= 1333800 ind

Yi = 24.%25n

Ty +Adz= (13228.0) +(212.008X2.225) = [8452.4 4

C Ty s Ah®s S (2975 87,9004

Tyt Ad? = A ¥4+ 2¢,1232(10.775) = 290.417in Y

CIgc Yo 3T fa(aUN T 6288330

T, +Ad? = 628,933 +(153,994X16,776)° = 43%62,2m4

I

T, = N147F#in¢

509278 + (2)(2¢7.33)+ 194524 +(2)(3%.417)

+43%¢,, 7
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Ukoo Pond Bn‘c{cje Maﬁuﬂ Bevding

B AASHTo T/\/Pa I Givdev: conh
o Geometdvic P-'OM%-'

Ac = 559.44m7 p(.,: 758 .94 psi
T, = 14437 in4 &= = 34o00psi
Ct 3 24,325 in Pe = 63¢,2 kips
Co = 20.295 in St = 4932253
rl 2 213,866 in? Sh 7 6812,84 in3

e{, * lL-ZD in

Lz %0 in

"

I) wp Sel¢ w@’@"\"' + JDPF"O ‘l'mmg S bree
(3.885)(180) + (#X(6-54 ) (150) + 24(F)
wp = 31,5 'Y

wy = logq,qss 1o/,

"

> MD’ 1/’0% =2 7.1263 %10 1h-in

@ Tws:lg l'mi‘}-i (MqSumeacJ)
Weop = { - SR -
wt _L?; [ Mo+ st {T:}(gé; .)]

3}

%’ [Mp + (-114334 x108)]

]

Warg g/wo‘ 70253 x106 = ), 14394 X106 ]
Wwg = 12,308 b4
Fw = 66.4617 kips (Hensiond

ﬂ\T) CQmpm&gggn Limmd: Cunsubm&ped)
Wewe = ¢ Mo —(sbfed-{SePel(;+ech

= Y= [Mp +3,629e3x104]

2 g/?;voz L 31253 X106 + 20273 x 10¢ )
Wure = 156,684 "I’An
Fw = Nl2.3)3 k:ps (c(am)pmssian)

pUp) When Gubmﬂgdf

Wi 713195~ (2.69663)(6d)~ 4.91(64) X 60% oy pocked

Wo = 192,453 'Y
wp = 161628 Y
D Mp= |.04735x106 lb-in

o e’ L-’m.’-l'i(sm'ovmgecl)
Wy = Yo [ Loagzsxio® ~1,14324x10¢6]
W = - 1487255 194,
Fur= -lo#l kips CBilure)

) Compression Lim: (submened)
Wwe = 84102 [ logzzsxio +3.02783x10¢)
Wwe =62.8886 'Y
Fur = 46,229y Jeips Ccom,awss-'on)
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{/”(00\ Pond BV;A\MIE,

m% National*Brand 42-182 100 SHEETS

Beam Ne@a:b‘m’._CaTm :,.'4/1/

L Gmmw«;v ot Resuld:

A Kecln T”a@ N'- |
© Unsubmegyed:
Tension: For = 136143 k.')>s
Compvrraslon: Fur = 230.82 kips

& Sy bmﬁeacg:
Tension:  Fur ™ ). 247 kipg
Com)anssioni Fw = l05.36s (Lr’ps

© lose once gubmened !
TJension : 1.3 4,
Comprssion: 54.13 %

& AAshTo Type I : (50% 4 pocket)

o Hnsubmw;td ;

Temsion; Fir= 66,4613 kips
Cowmprosioni Fur = 112,813 kips

o smbmgg,w:

Tension: Fuwr = -1.071 kips
Com)owssfm'. Fur= 4527498 Lips

O Locs:
Temsion: 101.61%
ch\r.)ﬂésfan5 54.13%
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0ld Makaha No.3A Bv:idae Shy uchvvar) Ana\lysss

Py .1

¥ Bloyancy Cel hons

2 Aty Polket Coleulations:
0 Plan View :(Sheet 2)

I g% 1% 1q-6" -

T r o

. () [ § l
N 0 (
\»
o~ ?
w
' - 3
N
d

£ i} 1

r LY

. -
fe s
19 -6"

¥ Nok' Theve pre g foda) 197-¢"x 13°- 725"
sections undew +he Makgba 3A B"AJC

o Aiv Pocked Volume':

* Tokd Avee = € (Apw)
g (206.7%1)
1654. 25 €42

n

Totkul Aven
° Dc)o% of Pocke‘@ = W”

o hir Pocked Volume = ("%2)(1654.25)
= 248,38 413

IrA?V Pocked = 24g!-3¢ (‘fgl

A Reduchion of Aiv Pocked:
¥ Nole! Slope of br.'clf)e 1§ 1gnoved

* h= () + (W) + (Vo) = 2opaet
e [anp} ——
Dreke ivder Depth  Asphalt

4.7 + h<‘4,44)
14.9 +(2.083)(HYaa)
P, = 16.¢25% psi

.
~U
1

R Y, = (l"‘-?)(l‘WLSS)
Pa (15.6259)
Vo = 233434 0°

op View

* A

¢ A = (149003 F22) 7 265281 67
beam = (’q+%2)(é/z) = 995 &

* A Void Awa = A - (7<A‘o461v")

= (2¢5.281) - 6€4.95)
Apy = 206381647

A-69
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Old Makaha No. 3A Bridge

Self Weight Calculations
94 31.2 Ibs/cubic ft (G = 0.5 of water - Value for Hawaii Douglas Fir [12% moisture])

Timber:

Member: No. Reg. Width (in) Height (in) Length (ft)  Volume (cubic ft) Total Volume Per Item (cubic ft)
Sill 3 12 12 34 34.00 102.00
Post 5 12 12 18 18.00 90.00
Cap 3 12 12 34 34.00 102.00
Solid Bridging 5 4 18 16 8.00 40.00
Solid Bridging 5 4 18 10 5.00 25.00
Stringers 48 6 18 20 15.00 720.00
Decking (Floor) 566 8 6 26 8.67 4905.33
Decking (Floor) 1 1 6 26 1.08 1.08
Wheel Guard 4 8 8 20 8.89 35.56
Deck Starter 2 6 6 26 6.50 13.00
Wheel Guard 4 10 12 20 16.67 66.67
Railing 8 4 3 20 4.44 35.56
Railing 8 3 8 20 3.33 26.67
Railing Post 13 8 8 12 5.33 69.33
Sidewalk Joist Block 1 8 14 8 6.22 622
Sidewalk Joist Block 1 12 14 12 14.00 14.00
Guard Rail 1 3 8 18 3.00 3.00
Guard Posts 2 12 12 10 10.00 20.00
Guard Rail 1 10 12 18 15.00 15.00
Guard Rail 1 4 8 18 4.00 4.00
Cross Bridging 14 2 4 16 0.89 12.44
Sidewalk Planking 30 2 8 16 1.78 53.33
Bracing 12 3 10 20 4.17 50.00
Corner Blocking 1 2 6 10 0.83 0.83
Splice Block 6 6 18 3 2.25 13.50
Splice Block 3 8 18 3 3.00 9.00
Sidewalk End Timber 1 8 8 8 3.56 3.56

A-70
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Railing Post Blocks 10 8 8 1.46 0.65 6.48
Wall Plate 4 3 8 16 2.67 10.67
Total Volume of Timber 645423 cubic ft
Total Weight of Timber 201372.02 Ibs
Steel Repair Beams:
Member: No. Reg. Cross Sectional Area (sq ft) Length (ff)  Volume (cubic f) Total Volume (cubic ft)
W10x22 20 0.045 20 0.901 18.03
Member: No. Reg. Nominal Weight (Ib/ft) Length (ft) Weight (ibs) Total Weight (Ibs)
W10x22 20 2 20 440 8800
Y o= 152 Ibs/cubic ft (specific weight of asphalt)
Asphalt:
Member: No. Req Width (ft) Thickness (in.) Length ()  Volume (cubic ft) Total Weight (Ibs)
Road Topping 1 32.875 1 78.83 215.97 3282751
Bridge Total: '
Member: Volume (f"3) Weight (Ibs)
Timber 6454.23 201372.02
Steel Repair Beams 18.03 8800
Aspbalt 21597 32827.51
Total 6688.23 242999.54

A-71
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Old Makaha No 2A Bv-’c‘sc Strachaval Am«l/sis Pgl"*

a gelf Wexeln* Caleulabions: Cont.

o AL)u‘LWI(,m-l' Conuvede ! (XR@-HCW‘CJ Contte = 150 '%#3)

—ﬂ\gf——l_@ [ ¥ Note:
el b
0 LAY —
y 1
~N
© | ,
| u'L ®© 12
¢ !
I
Rock F b — N
L |
1=
A, = (‘1/2)(1+ Il.?%z)= 2, 23438647
A, = (l*%z)(%z)'-' \.‘:‘:Urz
e A7 = A,+Az= 3"7"3433“2
o TO',‘OI SZQLAW'G:

° L5H3+L\= 32,875 (4’

° Voluwe = 2(Ar)<L\)
= 2 (37 3438X32.€75)
Volume = 245.535 @#4°

o Concrle Waight = ¥ *¥re
= (245.535 (150)
CW = 36%30.3 lbs

& Tokul Selé Weight :

¥4
© From PQ‘ 2

Selé Weight = Timber + Skeel+ Asphalt + Conuete
= 242499, 54 + 36%%0.3
Self Weight= 274820 fbs ‘

Theee are 10-Ya "6 x 18"
bolts on cach abufwent.

T4 is eshwakd tHeat
the Hickom keeping
the convete w place
is less Fhan the bolt

La’oac.'l—izs
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0id Malaha No, 32 Bridge Structural /fma(/vsis P@S

= National *Brand 42-182 100 SHEETS

4 Tobul selé Weight-
o From ,76'1, 344

[se1€ Weight = 279,53 kips |

A uoyant vee! (Ysemwaber = 64 ”9/44 3)
¥ Nole! Assume bvidge is submened 4o the
40]0 ot $he Acak

= BV-'ch Volume + Aiv Pocked + Asplalt + Concrcle Arxchment

= (B"J\?C - R“"h"’ﬁ - Sidewalk) + A Poclet -+ As};\nml—l + Conumele Mahwont
(6454.23 ~247,)1) + 233434 + 25,97 + 245.535

SV = 9002.97 &3

o gubmwgd Volume

]

o BMD)’QM Foree = $¥ X Ysw
= (acoz. 24X ¢4)

|BF = 576140 Ius |

A Residual \A/C,i\&}h"’ :

Residued Weight = SW - BF
= 2749830 fS?é'Ho
Rw = -2963¢60 Ibs |

L S(AWIWMW/\/ of Recylls!

° el Weight = 279.€ ks

® Buoyant force = 576, 2 kips

® Residaal Weight =-29¢.4 Leips
® % Retuined Weyht= ~106.0,

-~ BV!J IS “Uo awl
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Old Makaha No. 3A | Deele Ca,[)_gg(}li Py. 1

mi= National “Brand 42-182 100 SHEETS

B Deck Qgpm-s,;

¥ RBridge deck is wude 06 27 x 67 x26"-0" (564
Dou@ las Fir Woeod, with 12% woistu Conde,d

"= From Wood Desinn En{,)iwe&V‘/ny Hord beo k

Compregion (“L) to guin = Flo.0 S wheve ('L)’Pe"/’@"d"‘“‘l"“
Skw“/l?msiow (D 4o Grain = 350.0 R4y

O Mowment Co PmﬁTy‘ :

Ty {u= M/z ) FMn=0.90 (1%.56 k-£4)
2= bhL = Gen)()V FrMn = 106. Fou k-t}
2z = 1§72 n®
m) M= .L’b z Mowment Copricity @
4 [4
z (2o Wig72) M, = N¥.56 k-6
M = 1.42232x10° lb-in B Ma = 06,70 k-£F

M= 18,56 lk-¢4
D= k(%) W) BVo=0.75(436.8) = 32% 6 bips |
I) A= (26x12X6) = 1972 in?

Iy Fov vechrngulay Cross Sochon
D k=3

@ v: p{ (A/A)
= (’6503(1@'}2)(%)
V= 436800 1be = 436.4 lips

: Vy) = 4368 k."bs {
‘ ¢\/n = ’62'7’,(,'@;/)5
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o\d Hmkahri No.3A Br:égc, Dyt Bo”iglpaaﬁcs

Pg.)

L] VCV'ch‘ l?csis'L&mGOiCBolk " bﬂJf,o bevits)

SPec:{—ic, Gmuﬂ7 Dou@la’a‘ Fi = 0.5 Yur = 312 15/
D6 =os

o] l/{l+:m4¢ \A/FH')J,Vaw(AI Load: (Dyiet Bol4)
ds= ;Vg in
L=6in

) P=¢ 6006* DL
= ¢, 600 (o5 (%4 )(&)
P=gccas les /bol
) 4 Bols Per Bewt (8 bolds o)

P=g(R662.5)= 64200 Ibs

'S P =443 kips | Vedea| Resistance

B Lokl Resistnce! (bolk in bridge beuts)
¥ T asceumed that Hhe bt Lolts
\odnwe similar to wovd wails

) P= )<D%

= For Soktweod G =048~ 0.62
K=2,200

o p-kp*
z (2] 200)(%)A

P= 1860.67 lbs /I3ol+
L) Fo Eatw Bridge ®

P= S’(IKOO-(,?) = 14405.4 lbs

|P= 4.4 k-’ps Lodun| Resistance
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o B oY/ 9o
O MHollow Core Planks:

Pg-l

2= 06" dia void holeg

’;"
‘ ’D
/ )
— I ’: // -
Assumg Y “l’ - “ ‘
o b mlzo:uc
k ¥

4’ =107

Az (4+ lb'l>(z +4/’L) = .2978 {42

A= 2 [% ("’ 11)2] T 2,7925 (4?

¢« Ay = A, A= . 48525 €42

6’ Hb”ow Love F‘amk

. Ar = q(g4%535) = 76,3723 647

e

Ar = 7e3c7 €42 ]

Follows Cove Plaks
L=70¢
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New Makoha No.3A Bridae. Selé Weighd colulnhons | P2

A gt ngg“\*i Cont.
0 ﬁm}%a Deck:

47, 1667 £

I £.5in ®)

2/_4//T ®
o

Ay = (1,515625)2.333) = 3.634646 £+2
Ay = (0665 = 2L el ¢
Ay= A, = 2,934 £4*

Ar= A A, + Ay = 23 691 2

r’"" Ar = 28,69 ¢12 |
Deck Avca
LCM@“: =FoH

) S
~ :J__us" A < [l 0] @ +[(X(19)]
No Conerle 42 N2.5 in?= 0.7¢ 125 €4*

Aven,

¢ Rﬁi'ln@'.
A = (32.5)(32) = F20int = 542

o« fesk:
A=z (z+‘%z)(40/2) = A lée7 +*

¢ Owe st of Rm'iw§5 .
Amount ot Windows = (323) =21 ()
Almvmw" of Ron')llha = ZXI =2)
AV_"OUM* of Pasks = 1

AT = 21(5.00-) - (@D(78125) + 1[|6t?
Ar = 177604 EF

Volume of al e {ivien
My = (a2.7604YH) (10
Vo = 391 042 {43

% =304 077 |

Tb{’d \Iolume o@
RQ( ‘ inb
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New Makahﬂ No.3A Brlclec Golé \A/(’/lgh}_ CLaleulghoms J%-3

L] Bm;ggm;( Ca’wlaﬂoﬁi Comt,

A Self Werght:

O Contek Volume = [ Planks +deck J(L) + Ra:_IMj
= [ #6372 + ag.6a1 ] (70) + 34, 042
C¥ = 3746.12 63

O Selt Waght = C¥ x Xpe
= (#745.”)Y)150)
SW = | (37 x10¢ lbs = |161.77 kips

A ’3:40;(6«;*'1> Force

0 RBF= sY * Y
= (Subv»cvaéd Conercte + Aiv Pcckb"') Y‘V"
= (#354.0¢ +0)(64)
BF = 470661 lbs = 47066 kips

0 Residual Weight = €411 kips

L smmg‘y of Reculh!
® Scle Weight = 1619 laps
® Buoyant forvee = 47066 kips
0 Residul Weight = 641 11 eips
® Yo Rebined Woight = 59.49%

Bvidye is wot wjant
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New Mabl\« No.3A Bn'Jsa BHJS.& Ca'pam‘\/ Py |

W | bl Resslince;
% Lotal ressstopee will be me’&& b/v +he
ubu+m6wh, ag tee deek is Hed to M
abut ment lo)/ #-é Hook bavg .

, $.@ 4" 00,

)T : F—A Py =éo/0t;o Psi

M:O.g

P WS

c shice Lhihon cwrlncee

)\@/ [—— ﬁ’é@ X"O.L- [T
A , 7/,0',

) Bridg Widthz 40" -107 =562"

Ty 9635 7 70,15 *4 (Hook Bu)
gé% = 405 #*( (Bent Bar)
Tokl = 210 #¢
) Ave = 20 (4= 2.4 50"
W) Vo= Ao by
= (12.4)(c0X0.9)

Vo= 44352 kips

D For Both alurtwents
Vo= (aX443%.2)

Vo= 2370.4 fips

Lﬁdtval RCS‘»S“W’K&

A-79
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New Makaha No.2A Bvidae J BV'ch Ca’pau’*rv

Ps..z
&8 Vo, tea) Camﬁ#'n
¥ Not' The vesheal capau#'/ is assamed to le
J,o,owc!m}’ on ‘ﬂ/le ‘kms:le S‘fwmg)'la of
the #*o windovemundt,
The abotbwents v conbined with
#6 cvpee Hee on o 137X 127 grid
‘mc,vwe&‘ns He s'hcnf,lh of conunte
‘- #¢4 Renmbovcemett Hebg he
dele +o te ababinmt wil|
Conhol He capacily of tle
)W"Joc.
1 kck
¥ — &= 4000psi
‘ 'gy = o000
N T e
[ A =044 »?

I) Reinbowement Conforms o ASTM ALIS
D Grade 60
: ?= 60,000p5}
t

= 496,000 psi

From ASTM 515
#6 Bayet
Vield Stvenyth = 26,400 lbg
Tewcile Sheyth = 34, 600 i

) Ve Aiea] Cq,wubl = 210 (Twsll&)
= 210 (34.¢)
Vevtrca | C«r,z $316 Kips

2 For hoth abutwarts
Pa = (831L)(2) = 6632 kips

P = 16632 kips

VevHuJ RGSSS"!M«.
onu»‘chJ b abubment
te s, /

(fonsile chength)

Ampunt = 2|0/abu+mw+

A-80




New Malal, No. 34 B"égﬂ \ Dcolcccf,pacn'fy Fy-l

m$ National *Brand 42-182 100 SHEETS

L D&(/lc C‘a,gad# '

¥ Note: The nef)wfivu moment caused b/ wave loads, in
addition to Hhe upword  Camber of the
preshecsing e e Hhe hollow Cons o

*
0

¥ Nok! If the chresses iv He conctte exceed :
tp = 12 V& (Fowm PCT Handbook Sechon 31,2
= (l:\-o)(soao)y'-
{ = lo73.31psi
The \on’c‘go deck will Gl

: r &= gopo Psi
[ 4~ 107

-
.

ﬂl"" = 2P0, 000 psl
(52) & 'D Prestres Shunds
X J Aps = 01153 infohand
o -y | _ _ | g Pe = (325 lc:p%ss shunds
| ’ Shends ave ot haped
48 inze Uncoated —lowr velaxatron stvends

l R 167 die void holes

H.zin

~
( w5 o Ct Be=s%000VF 7 5,048 0¢ py

. A

Qo Coynp_ﬂlr, Geomedric Ibgwh‘gf (o] C,ovnpu& Mommig:

* Acgime vectangular gecHon ¥ Dmina stovm event assume vo |V loads
Ty Iy = Va2 bhd = s (sg)(’“‘)3
Ty = loglot in ¢ From Plane

Fuduve, wcavfm, wr(uc(, = 26 psf
T. = vt ) -
I Towks= v

= 7% (8)4 ¢ Fowone Blauk (sel € weight)
Towde = 321699 in? - wp = [(948)+ (44 %5 s/z)]( 150)= | 605. 19
HE') T = I’o -2Tnle : w=(26%(4 +l%))+ 1605 .0% =|325.9| l% 2 1428 1%"
_=|o(,|o|-z(32|6.‘m) HH, \H LLLL\L H Ll
= 99C63.4 in® ,;L 2
Fott = <40in

) Ac = (58X28) = lead jy?
Mmax = W'_L2 = l43$!8‘to)z
c =/z h=14in & 8
Mwmax = |, 26%55 X107 -

$ = ¥ = 72119, | i

2= T = (LaRS i
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New Mabeba  No.3A B.«:Jge Deck Calmoi#/v By.2

¥ Deck Ca pabf#: Con-h‘

O Wee Fore Tndyeed Mowent:
% Noke: The deck i3 Swall velabue fo
stoem Suge waves s the
Jperiod and wave lug’las inwease
Jaw’m Such events.
20 Assume Hhed He wene will

lbvv&u(, a ‘oaé on the

enhbive LriJUc.
& & * Nok! The fovee s omal/zcd -
T T 1 1 1T T3 T3 14
one plank Oh,/
Wy

Mwave = Wer L2

8

° Comgu& Shesces

) Ta v\eﬂahw bendlnj ¢ Top will be i fmsion 4 b=12Vie = + l0?3.3\P5; o
Bot will be i compuesion £ {£,z0.95 &= ~6%00 psi )

) \”*='.Pﬁ(;-u),u=£
Ac r? $ b

- (1326x163) - (@sX)Y . M - jo72.3)

(iea4) 63915 #li4.1
loosoy — M - 1073.3)
FNA-4
M = -4643%4

) M= Mmax - Wrfl = ~464379 lb-in
¢

- o (940)* = - 464379~ 126855 x I
8
Wwr = |41.0%2 “’/n

A dichibuded load of W1.09 Y4,
will hot Gl & SW@(G Pfank

> Each plank con weist?
For = (14909284 0) = 125237 |bs

FUV q P'an ks -
Fur = 4 (125239) = |. 12215 %10 ® bg

o= 173 b

Co‘padiy in Teusion
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New Meakobn No.34 Bw’éga \ Dcclf Ca,@ﬁuﬁv 4.3

"Nk cg,gggi)u Cont,

O Compube Sheses: cont,
W) fu= ’J?&(l-b.&)-@-ﬁb = f
Ac r? $

-(BKSX'DZ)( | -+ C‘"b'l(‘q)) + _M_b = ~t300
(tead) 6L33I5 Zl4.)

~acsags + el < ~csoo
M,= =2,9615x 167 Ib-in
@ Fov 'MU ’
Wewo mowment will be addibin 4o p-tsw‘wssig
My = Mmax ~ Warl?
€

» My = (1.26955x107 ) - wiwL* = —a,4cie5x 107
g
e W LY = -4.2302x107

4
we = (#4.2302x07)(9)
(s40)?
Wy = 474. 615 9%

lll A A.G‘(’hb(/(‘k&" 'qu o{ H29.615 ’%Vl
will nol Gl 4 single plank

D Eacn plenk  con vesid:
For = (470.615X 940) = 402826 |bs

For 9 P'&mks'. :
Fur = 4 (402976) = 3,6 2589x10° Ibs

For = 362‘3.84 kips

Copa a’*y in Compresion

~A-83
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New Makabha No.3A Bw’J%e ‘ Dok Qvgmm‘%

B Deck Copucity i Con

O Buoyent Fore Additon”
¥ Nole: T£ the L;w‘c)ac becowes Subme«beJ
the ¢el¢ weight will be reduced
D Assume beidse is Submersed o
dop of the deck.

1) wp = [(2.445) + (44 %:)(5%/2) ] (150 ~e4)

Mo = 420 Vet = 26.£853 Wha (el woght bov one plimk)

)

w2 (asx (44 '9) )/ 4wy = %6. 7361 1%/
[TTITIT]

}

A

N
>

o0l = %40 4,

Mmax = wr L? o (36.7361)(840)°
¢ 3
Mmax = 2.65012x10% |b-in

G

£t = '_!D_c_(n-ﬁ) - M= €
Ac r* 3
- (1325 x163) | - (é.qX-4) ____'_4_6 = lo#z.21

Croza) G1.3%s #N4:)

lvosi0g ~ My = 16733
#a.l

Mgz ~464329 lb-in

D Mowk _ Wl o -464379
¢

Wwl® 2 FKog2x108 +464379
&

Wew = 86,4513 1o/

) Fovee weaisted Ly q planks!
Fu =(9)(96 . 4513)(840) = 653572 Ibs

_Fur= 653.572 k:pg J

Capac-'ly " Tewsion

Lt

TTITTt

M

Mu = Wir L2
'
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New Makaha  Ne.3A Bridee Decle C&plu? Pey, 5

L )@( QZ&M\M" cont

o Bmo/atﬂ’r Fovee Addttion! Cont,

:\Zj to = '_E&(|+§_C>+ My = £
A e $

Mp = -2.9615x10 b-in (samwe as bebare)

D Mp= R 650lxwb - Wwl? o -2.46pe5x107

g

- Wl s ~3.3%5x107
g

wyr= 393,391 1%/,

> Tove Resished by 9 plemks
Fur =(0)(383.341 x $40) = 2.%4 gdax 106 Ibs

R

Fur= 2998 44 kips

capaoi‘y m Compression
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MW M&\Lotlgg No.2A Br/Jgr \ Dec‘( qup“dty" Deacdv'an Pq- 6
¥ Deck Ca.paaf%:

0 Dellechon: (cavsed by esHwiaded wae Joads)
* From plans  sht Sl

Camber {upward) = Camber at evection = ad (dekslab)
= 2-7‘( = 0164
Cambe (Upwav.l) 2 A 1%in

¢ To culeulate Mpwwé deblection due 4o
wavt foveee wuse!

3%4 B, Ie has been excecded
’ : " Tepgetive Wust be used

D dp=(58)+ (2g-42) = 2403 i
dek

Ty Sp= Aps = (o153 x53) _ 004792
bdp (593(2a3)

) Ee = 8% 000 Ve, = 57,000(80003'/‘
B, = S.0qg23x10% psi

EPS:':(‘K.S x10% ’>$|'

np= Eps - Q@g.5x108) = 5.5%017
E. 5.0a823 X100

:\?) T = P[P APS é’:z <| -1.6 \)HP/’P)
= (554017 )(5.100X22.3) *( 1 = 1.6 (567017 x . co4372) 7?)
Ter = 49085.4 in

D) No live load

Hazo

Ie = CMW Mﬁ\)3 If) + [l - (Hc%"‘)?’] Icw‘
Te= T = 490854 nd < Ty v

gw = S Wa zq % Mot The sechon is cracked as 6 =325 J_F;,,'

x

* Pellechion: Aim Sor Cind Ex.'sh"ﬁ Comber (7)) Tolu| (i
Buoyaut O w, = 141.090 'Yin gdo 3.962%% 2.15
H)vq’
Not Tncludd\ @ W = 479615 Who | 840 24244 a5
Buoyant ( © Wi = grdsis "y | 840 2. 23452 2.29
Fow-b {
Facluded @ W = 383,391 by | 840 9.9317¢ 2.2

6olz > Yoo (M6
14.63% > Yoo (NG)
4.530 ’A%@’ o)
f2.22 > %(w 6D

X AU Max [evmisible
Deklechm
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P)

New Makaha No.3A Buidse | Deck Capucty Po. %

] Su\vnmgy Q£ ngtﬁi

@ Unsubmeand Cae! (e vo buayawl fovie )

Fuw = 127,13 kips (lodal capachy) ¥ Wealk 1n demsion

Wer @ 144.08 l%n (P|ank dishibuled load capac"bf)

® waw&@éé Case 1 Ciie. bqoyan—l— B 'mclchJ)

Fur = 663.6% ki)Ds (ot qu)aoi‘"\/) * Weak in tsion

Wer = %b. 45 1n ( Plank dishibekd load mlm,y )

> Reduction in Capawb/ oince Submesed
Tension = 42.01%
Comptsso'ov\‘ 20:06%
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NCW S Pmna lmul Bf’d,‘ja 5+mchwa‘ A’Ma,/ye,:‘s %,‘

B Buoyuncy Coluwlations:

A Self We:gl«\+i

O Tirideck A

4 W% = 54,015 ,

Le
__ T

05" o

concrde deck

* | ® {P‘ ' fl%é-“f’dm

’e

5.35" 12
%h %"
Lovicrede
A= (596565 ag) = ngma) 42 ko =2 [CBYAY] = 17453 £ (-
Ao = (3225 N Y) = 2.72¢56 O°
As = <?;’%z)( W)z o.s0ssc 6t
h = 20K CAXD0) = om0
. A’T: AI+AL+3A3 —3A‘f-/4"5
= 964l + 39265, -+ 3 (Fos56) ~ 3(.0833) — . )7453
Ar = %2593 &+
JA.,, = S'{V,”;ts‘j ﬁlri Tvideek A Conencte
Aiv Pg‘ (ﬂil

Ar= (DY) + 09333
A= L diee? o

o

Av = 244 = 2833 41

l Ay = 2.¢3304° ] Teideck A Aiv Pocket
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New $. Panaluu Bn‘Agc, Shuckaal Awal/vsis ‘ Py.2

O Tvidek B ¢, 4D

4-11 %" = 5a.615"

—

G5 o
" conuete Deel
(6
4ok - ——— —_——
20"
i’
69"
Congnt
A= (90 C5) = 2. L) @
Av = (51250 ) () = Le56as (4
Ay 7 (5"2%1)(“/12) = |.o5324 (47
Ay = 2 [0 CR)CYD] = 014583 047 -)
s A—,—: A,+’A1+3A3"3AQ
= (2.6q) + (1.656) * 3(1.05%) = 3(.146)
Ar = F0%8404 &
/(‘T'= 7082 f5 Trideck B,c, D Conmdte
Aiv Pocked:

e = (XA + 2 LA ) CHD]
Anz 149583 47

Ar= 2 Aa = 3.79166 (4°

AT‘ = 3.342 {4° Trideck B, ¢, D A Podch
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New S, Pung lun B""Ayo Shractuwve] Ave [/l/:‘;r's

Po-3

A Solf Weight cont:

o} Pm;lmg’

g”

o —— I
o
el N | ® ‘
[ - -
‘o . 3"
1'-3” o w1 D D H T
[ U U
—— e = Ed = e = —r

®
3

K TLe AVU\ of 'H"(/ rq;'h:,? is ectimated
Lrom sheet 553
AT X105 )(ga) = o7 12
A5 (08X 80X fad) = .33y £4?
Ay T (2N 105 faa) = 0.5 ct*

Ar = Ay tAy HA; = 2588 £47
* Masing Volume * (haded aven)

V‘M = (e)(lz+3)(3) = 2203 = 0.4 147 £13

¢ Ra'-l-'wg Voluwe

¥r = (26¢3)(170) - (omc»)(10)

[MR= 400607 Pf”’]
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A AW’ Poclﬁ(‘;l‘:
[0} Be*wcem Tvld“k A E; B:

6.93%5 “
—Ai
—p—— __ 1} ®
6" © o
®
13.825 ,,
,1

Az (1)) = 159167 #°
Aow o (YK = opzaim 6
Ay = Ja (%*%)(%)’ Lo06q44 T
A= () (Th) = 2does 6

l.'
YAy = ZA = gar

| A7 = Ls¢z e’ |

O Beheon F:Jak; B,¢, 4D:

A= (rgas)@)(Jfa) + 2 CORIC )] = 20¢az29 2

‘_A,~=2- 169 l’ﬂl

A Copmpreesion of A Pocked:
0 For all Pockebs! (Assume submeqed 4o by of deck)
¢ h=25+65642 = 33.5in
[

AL Pavtornst
h=2.744
o PBo=p o+ h(eYad) o
= (143)+274(¢Ya)

Pa = 15.940% psi
. lid Py = M-%s,qq s 0,9221¢

Nﬂw S, Puwatuo( va'%«‘c Structuval A““£V$’5 Fﬂ"f

Befuecn Bc 4D
A= (2064 g2216)

[:7A = 2.00043 @+q

© Teideck A: 0 Tidek B D o Bdm:w Ad B
A = (2.833)(99221¢) A = GAnYetsnc) A =(1262)(92216)

> h-zeme | [5 A= saqesner] > A:lwiaser] A9l




New S, Punaluu B"‘A‘u"b Sucuval Am«'/\/s)s Py. 5

m= National *Brand 42-182 100 SHEETS

A Selt Weght: (Yre = 160t )

Conerete \/olumc = (Tvidec\c A+ 9 Tudeck B¢ D)(l?o) + 3 Railin
= (754 +(A)F.082))(190) + B) (40l .667)
C¥ = 1352%.5 £4°

AC Volume = (2/13(40)(5‘0) = 1123.33 £4°
Seld Weight = Y x¥pe + Ac x ¥

= (13s29.5(1c0) + (1133.33)(152)
lgc\\ﬁ Weight = 2. 33649 X l0¢ n,i]

A Buo\{mﬁ Fovce,'.

* AS%MWC, submb'occl 1o *bp D‘( cJec((

Sulom&@::c‘ Volume = Coneede = R"‘)fh\') + AL Pavement +Air Pocket
= (13524.5 — (2X40t662)+ (1133.33) + LR ¢28) + 4(3.495¢54)
+ (1. #745) + 8(2.0Y](170)
$3 = 22244.3 £43

Buo)/an# Fove = O x Yeo = (22264.3)(64)

LBF= l.4241x10¢ iLJ

4 Residug| Weiyh:

RwW= sW - BF
= (R.33%4ax166 — |.4244)x 10¢)

LRw = 9 12,0 76 Ibs]

Yo RC"‘U;MCJ \U&gh')’: 3a.0 ¥

8 SMMmqn{ Q@ &’:&AHS/

® el W&fjh.}, = 23%F0 ki})s
®© Bow)/aml Fouwe = 1424 .9 lc,'las
O Residual Weight = A12 feips

@ % Redwiped = 3.0 7%

o BV'A})F‘ is NoT Buoy aut
——
A-92
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Py

News South puma!um Bw’A@C ek Capzu?/

B Tridek A Deck Capuetty :

L
¥ Noke: T e ghesgee in the Compele exceed:

* L= 000 ps;

¢ pP% =3 1¥D/oaops:

* Pe = 23 Jops

= Spon 2

Shends are Mvped Low veluxation ehands
Ec = 5%, 000 Vg = 5.40244X106 ps;

‘/b = 19.99%m

£ = 1= \)_47’
=z Il(‘{ooo)‘/‘
v = N3g. 4z pst (Tesiond
o
4 c = 0854
= 0.85 (Y000)
CL = 3L 50 ,’>S1’ (C(st"_)vass.'on)
~ 'H‘G du.v(c wr il 4,;,,
P
é‘—— l _ i 4-1.625" R
)
v o Ve 127087
v ® | OL+4
¥ - - - =~ - I
Ny ® & @
|
L/ / — 1
assume H l—
4o be €35 m G &',
y\u,!—mﬂmha
k— F_-_>|
¢ %6,' 2

o Cowv'pak Geomedvic. on';:e\zh'es :
4 Moment of imectin:
L) Lowmpale Cente of gravity !

A, = (59.625)( 16.6)7= 924.18% (n?
J1 = 23361
Ay = (g35)(16)(3) = 420:n?
)/1 = ¢ '

o Ay = 204 ) = 25032707
Y3 = 20:5in

]

Ty e @ L, + AT
2
= (12503 + (a2 156)X( 12703 - 2. 76))
= 40754 i,

for © L, +Ad?
= (293¢ 60 + (1490)(12.947 -3 ¥
= 19%07.2 .4

)/(, = (924 lsg )(23.75) + (420)(8) ~(35.14Xz0.5)
N24.)5g + 420 — 251327

Vo= 18.947 in (bom botlom)

® I,z bhi= /1(61,4,25)(|s,$)3= 1¢50% ind

= XL bhi< Xz (9.75)(14)3 = 2980034

é
H
M

= Wavt= (D= 1 5e6a

|
WH

v @ : T, +Aad®
= (12.5664) + (12, 5664y (20,5 - 1% #7)
= 49.016 in4

¥ L= 0+60© -0
= 4N25.49 + GX 143%%2)
“&X 49, 018)
I = 9% 999 .9
Ac= 31.0¢ i A-03
Y& 5 12703 in §P= 27933 n?
Yo = 14.74%m  Sh= 526074 1>
P2 = 5. 06202
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M;m Sgw,-b Punalgg Bn’g’ég Dez,k C’apzo:ﬁv L:_f&z

= Tv.’ aci 1Y
o Compwkﬂom@ﬁzf
% Dw/.v@ storm event casume vo live loads

° Fm.m Plams-‘ Fdore wcwiwo suvloce = 15,:5-( = a4, )9 ”’/(-} ('ppy ane J&L)
* Deod load = (8.954)(160) = 14p1, 44 Y44

Totul Wy = 1625,6¢ 'You = 12313 'Y,

L= et = 7q2 ‘v

Mmax = ari? = (123.139X34D"

g g
Muex = 4.96865 x10¢ 16-in

° Moave induced mowvvend |
* Assume that wane will ’3’05’-4((, P J;s"'r.’lm»bcl
load on enhire (160‘( oé Lv.’dgc

Mwave = “Uw% = 78408 W

o Camm}:& Sheeses:
D In he@“""“’c 195""!‘"0: TDP will be jn dousion, & -(’{, = + 138.42psi
Bot wiil ke m Compresion < f =~ 650 psi

D A+b coner !
€. = K65-586= 12.79% in

2 - - &
m A Pe (1 ecty . Mrg 4
Ac r Sy
= "23%000 (). (|2.74=X!2-%3)) - M1 = 13%.42
{(13M.086) #5, 0529 774354
+5.0%8236x106 - My = §.97212x 106

My = ~3.79826x10¢
Mimax = 284og W = = 2,944 25x 106
Weor = Mway + 3,2¢825x10%
78409
Wer = 135,453 %4,

Ao Trideck A gan pesict: G dmsion)
For = 195.453 (342) (foos)
Fur= 138,959 k:,:s A-94
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New Soudh Pangluu Bwdge, Decle Capacity .3
S 7 Ve
B Todeek A Deck Capau‘{;y ! conrh,
o Cow\gwk Sheces! cont
T fo=cR (. ecb) + M o osspr
A, r* Sb
= (#8005 (1+ (]:(,,:;@(,«,74;)) + M = =650
( V314.06) 76,0629 526674

- 2362.66 + Mbar.34 = ~7e50

up Mmux = 22408 W = ~ 278992 x 107

1. 96545x10 ¢ ~ Fedog Why = ~2.3g9937 X107
Wwr = 442,945 %n

The +"‘&¢k can Vesist ! <"v1 COW)P\LSSIUM)

M= ~2.28%9%x 10"

Fur = (4$2,465)(792) = 28250 [bs

Fur =

= r:é%l; B,é c Dcdc C&m@.’

3%2.6]| kips

) 59, 625 in g : \['/=‘?(700Ps"
—_— I - . -@Pq = 270 ke,
6.6” A—L A * Pe = w03 kipg
LA e ] Vo = 12.8425 1,
@ @ ®

21"

Jo=1%. 6572in

425ia

0 Lompule Geowedric, onPquSf

I Comgu-lc Cot ! :
¢ A7 (59,625)(10.5) = 626, 083in?

y, = A6, As/h
¢ A, = (3)[(426)21)] =5%2. 7507
y—L = 10,510

A (626-0{,3)(26,11)4-(552.75)(10.5)
b26.063 + 682,75

Je =18, 6532,

Iy T,= Jabhiz J (59.025)10:9)°
I, = G}El.qg ]

@ Iz = %1 LL5= %2(%2‘5)(2])3
I’l s ?[3?.6‘1!?\*

) for © 1, +Ad?
(695145 + (626.063)( 12942 = 525
412449 int

1]

br @ I, + Ad?
= (#13%.49) + (l"l‘!,zs)(lus?z—ws}’
= 20064, | jnd

j\z’j Ic = + (.3’)@
= 413449 + (3)(20064.)
Lc = 102037 m*

Le = 102037 4
A= 120%.81 in?
Y = 12942g in
Xb = lg-és?’z n
rr oz g4 .40

5t = P29U9By ind
5L =54.69.04
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© Wy = (Rog2X160) 124,219 = 1257, 3¢ 154
wp =104 278 Y,

Mo = Wobk = (no«‘.‘-ne)(:qz%

MDD = 5.20543x106 |b-in

o Teusile ) imit:
) At cenden!
C, = 186572-6.13 = 13.92%2in

Iy Usiyy a}ua/-ians developed Jw,',,& s Hesig :

Wt = -
wt %(HD—F(Q,Q) (%Ate)(sg -))

=_% ((334643)“0‘) + (7346.08x 1138.42) ~ (2945.0% ¥ 3063 000) [ (13.5292X R gAY _ ,D

(792>*
Wyt = 15706 'Y,
Fw = 124, 94Q k-'Ps (dengiond

© Co wjpeeeion Livait!

v+ !

Wawe = K (Mp = (S &)= SePey )4 ect )y
L re

A

= 8 (g.alse3xiob _@m.oqx.mo) - (c469.04 % 703000)( 1+ (us.snzxw.em})
120%.¢)

—
2

G
Wee = 49¢4.525 Wia
Fuw = %774 kips CCow)o'tssion)

u ——v.'JeCk

T, = lo2o37n¢

ek Capacity:

Ac = 12088} 02
Yo = R.3428 in St= 7946.08 in3
Yo = 14,6592 3, Sb = 64€.04 in?
k= Qd.g4n int
Fe = 714 ooo Iys
€. = |]3.:5272 in

I) Mwex = .21645%10° Jb-in

D) Tensle Limit:
Wt =8 (Mp+(Eeé) - SLPe (_@g -I))
L Ac 2

= g [6.2543xlo‘+(ﬂqc,ohllzs.az) .-(;ams.o%)(:mow)(:a.szn(:z,a‘m)-,)]
2z

(742>
Wy, = 156. 504 Yin & Furs 124189 feips

l20%.8)

E4.4p

$4.4n
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m= National *Brand 42-182 100 SHEETS

¥ Tvidek D camdiy } covh

W) Cowmpression Liymide

W = .E.z [Mo -(ute) - S:‘l%,( 1+-2L8y]

= & { (%.21643x106) — (5469.04)(-7¢50) ~ (546t.04X FI4o0a)(, . 13.52?2(18-6572))3
Fa2)? Iz0y, %1 84.¢n

Wuwe = y;qz‘ (?.2 Isdzx10% + 2, 89494x107)

Wor = 473 992 Win

Fur *= 2375.402 kips Ccow'gvcgsion)

L §ubma@c¢! Coee '
¥ T4 is asseumed bridge 15 Submovcd‘l‘b
"b,o of e deck
Buo)/em} Fovte st e consi deed

© Tvideck A
L wyp = Dead loeds -~ Buoyout Tovee
= (124, 219) + (%, 956 x 160 ~ (8. 759 +2.612¢ Y64
Wh = FA% 464 'Y
Wy = 66.4%3 'Y,
D My = 6,21324 x10¢ [b-in

D W = 3 ( My + 3395250106 )
LZ
wwe = l14.203 %4,

Fur = 96.92 kips (demsion)

D Ww, = & (Mo +2-78%Fx107)
Lz
Wiy = 422 316 1%
Fur= 234.43 kips Ceommpression)

o Tudek Bdc:

) Wo=4¢3s9 'Y,
Mo = 2.79136x 108 Jy-in,

I) Wwy = & (MD + 4.16384x10%) D) W =_£’_<MD+2.QW§MX|O’)
L! LZ
Wy = 01388 154, Wure = 420. 106 'Y,
Fur= 80294 k:ps (evsiond Fw = 332.724 k-P‘& (wmpnsm'm)
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_Mw South Panaluu Bv/ch ‘ Deof: C’apaa‘;f F.c

o TVI

] GMbmgggé Caﬁgf Cownt.
ideee D

Ty Mp = 2.39126%106 b= Csome as bidek B 4¢)

I) Wwe = § (Mp+ 4o7a272x10%)
LZ
= g (33I6x10% +4 63922 X10%)
742°
Wwp = oo, 285 Yin
Fur = 7.5 kips (hension)

@ ww; = _g CHD+4:gq4qq‘Ylov)
L2
Ware = 417.534 1%
For = 3%0.718 k.’PSCCaMPvtssfon)

L} B gg Deckg&# Cspan#"l)

T&.,s.oh Fw =(OA+MOR+(Mc+COD
= 138454 + 12498 + (3)(24.9%) + (124.194)
Fur e 126 2.99 kips

COW)PNSMOV): Fer= 372727 1 ':;Ps

o 5ubm%cd Case '

Tension .  Fuw = ¥)2, g2 kips

Cowpression: Fur= 3326.1¥% k:ys

L} Qtdlaanaaf;: ol B%‘__,"l“% :
‘ © Mu_sg bmm H

Teusion: Foor = 12£2.99 Lips
Comyonssion! Fw= 32721 k:Fs

3] Subm&_ugoé
Tewsion:  Fur = $12.612 kips

Compwssion!  Fur® 3‘624"78’_}5,:5

o Loss one S‘mbm!fg)éc(n’
Tension = 35.64%
Cow.IarzgSlom = la2%
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M&t;lpalaaa 5+V¢’mm BI/:'JJ;(: S+V0{L'1'uwal Ahallyus ’oa\ja’
¥ 3uovancey Culealations: Coeadebions B/f Dewief Lo
77

8 Typical Givder Section' Preceet Tee Givder (Widemed Seckion)
LAk
* Sheet 5 of w:JCViiv:j

N SN B I SO e o I
3’ -q.95” \’{ Al . (I"'%X"Q/Z) = 0.8y ar
[ l.g” __® _ ] o ® __@___ i .
i e~ @ —
e A A.=(1+ "QZZ)(Z'%) = 0,234 C4°
2w [T T s
P x ® Ay = (YT = 0accza™
N )
™ ]
N L Ag = 2N Y= o a2
J
| Ao = (ot e+ )= 13l e
-
Aa = 2 {/1(113%)<%1)3 20,0599 647
6
o Ar=ZAc =g conr e’
=y
[—AT = 7’1.7.(,0 C«L:! Precast Tee Givden
(wklel/lc(! 9.'41@/:)
A Qg;cal Givdew Seckion: Prewast Tee Givder (Ex .‘sh& Secdion)
3 - 1.3
(6.376" ’! 14" Je lo- 375" A, = (us.sz% Xl%) = 6,175 0+
o 1 1 [5)
Po=Lael0 ¢ Shum
3" li /L Az :'( 1%2X2%1):. 0-24‘30(‘41
N L0 e o] k3
s 6 G AR
" he = 2[4 S A= 0,172 04

] A= (YuXztegp+%e) = Lacnar
g
he= 20/ (%)(%z)] 00625 p47

e Ar=z= é.Ag = 2.63542 647

=y

LAr=2.c4 6 JPrecact Tec Gider
(Ex.s%’uo Section)

A-99




m% National *Brand 42-182 100 SHEETS

Ma: palam Steown BW(Jge Struduval Aml/‘/s)s

Paqe 2
L%

A Deck Seckion!
% Node!
The deck is s'o’aeJ with He ln‘g\‘ P,,:w-}
ot e center
> S|oPe s (:jm.ycé & He
poar pors of Heese coleulntiors

. "
[ 53’ -2”

Fac = 162 14?
Yre = 1501987

|.5”Acﬁw‘;\«0
¥ iz T%W % alzzzz
=

T 6" Coneh

e A Pavewent:

Ap = 3+ 7R)("20)= 6. 6q7a44”

DAC = _C-'#o€421 AC Tavement

¢ Conceth:

= 36,4028¢4°

Ap= (L1 %1+ 24055 + Fal+2 + s+ ) D(%) + (54 /) ('%)

AT = 36.40 Hal. Coucvete (Deck)

Lett va:livg viot nclnded

A .R_ﬁ',% . (wi%e?eé Sec(-ion)

-

. ‘*:',i': - A= (Y)Y = o063 6f?
/ 17 -
y » A= (VD4 Ya) = Lo &®
\ ——-—l '11/
B Ay = 5 UD() = omies 2
|
" l ”
" ® :@' A N Ag = (S XM = o3z €8
I I 2
"o | I* As = Yo CRI(VR) = 0.29163 (1
l(; l Ag = (%z)(%‘l) = ol
£ A= A - a4 6

Cey

Ar

= 2.1 67| Reiiling

Wi dened Sechion
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ol {Doxlaoa Shyeam Bv:Jec Stractins Aml/vsis

A Coperete DaaPL, “‘Eﬂm"
* Wideved Section’

310
2. 676"
I 1 ¥ :
PR TR /
R 374, gy 16" %[’m—_—_—
[0}
21.5"
3 -2
b ” 2% T R T et
J,_\s . Bot of D?a}?hyaam -
3’/ 8/: I

A= BEIR(205) = R Fea72

Ao =2 [ (Y /)] = 0037931 012 (~)

Ay = 204 C¥20R)(2%4)] = 005150 62(-)
Ag= 2[4 ( "’/zx%z):)f o . m € (=)

AT = A, 'AZ ..,Az ‘/AZ{
= % 573375 €+

Ar= 2532 Cf’z{ Concutde D;ap\m/a[,/m
(Widened Sechion)

‘n\'.ckwc% = | g#

*  Exichna SecHon
*Gpaciw@ cewlr Yo centur = 4'-0"

Ay = (%f‘%)(m%) = 8. 194460

Ao 22 (% Xl)] = onur 4t
Ay =20 (Y) (46 ]2 L ocas o ()
g =204 G ()] = o2 o ()

° AT = A - A, -4y -A4
2 133032 £4°

it

‘ Ay = 1 9% eri] Congvele Di&\P]«m\c)m
CE)(;S’h'w& gec;‘iam)

TL'»(,I(HCSG ~ l@,L
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Mei Paloum e Rridge Struichava) Awd/ys:s Paga 4

A &jg Pocket Cgku‘a‘h‘ms:

e Widened Section: . 310"
e
f g
\\ ] l”@r—®- - = _@":@" /)
‘%’_%,é/’l #* Note! The botom of the
d-’m’okraovn s S inches
i’f © tbove He hotow of girdevs,
q;
~ 3 -2" N bet aiv will becowe Pepped
tvrder full JePH- of the
?.'.I._L._____@_tlid» ot Di_gpl\ggm_ L @“mlws. :
— —
A= GHUNEA) = 238492 42 Ag = YA = 1. 3144 @2
Ae= 2 LC9A)= 0.039931 67 ()
A= 20% (2'%%)(%)] = 059846 (47()
AQ = 2 C%z ( I%z)(%z)] = L at (‘)
c A= A- A A Ay Ay =2.89323 £4°
Az =_g. 8182 &%) Air (Wdoned Seckon)
° Exisl"-w; SecHon,
q"__oll
K
I\\—': .h-_}—_':l .' _;—/‘/uw ] ///I
\Z . ' ]
| 169725
LQ (0]
[
3/_ L“” N
¥ ) Bot of Diaphagm __
k=1 )
Avs GAYDCIA) = saqaaer As = 3+44Y ) = 13gga &°
Ao = 2L D] = ozt
As = z[/z(%)(%)}: P0625 B ()
Ay = 2 (e 01122 @7 (D
As= A=A -Ay - Ag + Ag = A.361%¢ €47 A-102

A= 9.362 é,l‘ Air (Ex;s'lw‘rg Section)
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Mai'Da lewwa Stveam B’;Jgé Stvuctuval Anal/vs(s Pafj@ S

A Reduckion in aiv rpoclcc"':
¥ Note ! T# is assumed Hiatk Fae boricke s Sub pesed
‘}'0 He '?o)? of decf,

O Widened Section!
e ho=(15h) + (%) +(3) = 3.425¢+
[ SN [ e~

AC Puwe Peck 0 bot of
G f}jcée‘i
o Ip= 149+ h ()
= 147 + (3.625)( “Haa)
Pa = )6.3)) )x.'
* A= P - (47X8.8932)

P 1620
A, = g.0147g 47

Ar = g.ols 4’(2:&71«4})%’5&&! A (Wideved Section)

0 Byichna Section:
o | = 3,625

* Pz 163lps
o A= PA L (143X9.3%2)

A 16,311
Ay > § 4328 7

LAz = 8,437 e Comprssed A (Bxishing Sechon)

& Co“ecﬁom of D&r‘z«'
O AL Pyvemedt: (Yac = 162 "er3)
Avea = §.F0¢+?
Awount = |

Lewgth = 100, 67 ¢4

o Couwele: (Yre = o l%!—”)

o

. e Givder Cu)ideweé)

Aven = 260647
Amount = F
Lewgth = 100,67 ¢+

© Tee Givde ' (Exishig)
At = 2. 64 6FF
Amou,t+= 9
Leugth = 100,67 ¢+

° Deck:
Am\ = 3L.408°
Lenga =o0.47 P}

Rai“w:} : (W{Jeme(l)
Avea, = 2.4 a’
Amount = |
Lf’/Wg'Ha = I&O.é?(#

° Diqugmm’- {Loidemed )
Aven = 7,57 €47

Avtout = 6 X5 =30
Levigth = ¢

¢ ] éimph@vam : (EX"S’}‘V&)

Avea= 7,97 €4°
Avtcount = 4% &= 45
L@V\g,”l"z' | &
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H&t‘- PQ lggg S'Hr&yv\ ’3 ridee SJ'vuchum{ Awmll/s»/'s‘ P{%Q 4
V) 7

A ollecho H
o Compressed Aiv Pocked ! (¥ seamsate = 64 %4 )
. Widgned :
Avea = €.015 £7
Amonnt = 6

Lewgw =\po.67 1}

e EX-’S"“’W’&’
Aveq= 8 433 047
Awiount = 9

Lemqu = oo 6% <

A Self Weight !
Sel¢ l/Jd\er-‘ = Conevde + AC Jowement
= (160 "4 [3@e+q(2-¢4)+ 364 +214] (jo0. 67) + (150 Ya2)(36)(F. 57)()
+ (150'%%) (45)(2.97)X) + (52 42X (6. 70 X oo, ¢7)
Sw = L4066 x108 b

A Bueyuut Fovce!
5(A'o\memged Volume = Aiv- Pockel + Comcvele \folume + AC Favewent Voluwe
= (8,015 )t Yoo.¢7) + (8.439()(100.67)
oo l(7)G.60) + 4G 4D + 364 = (YRX19) ] + (0 70)(100.¢7

(S
Rased cuvb

on G)(A'S‘llhvf) cochion

SV = 20623 043

Buoyah’f Fovee = Yorupoader x SY
(64)(20621.3)
L 3la76x10° |bs

I

F

u

A Q(Ammgvx{f

Tokl Weight = 14067 kips
Bmoyaml Fowe = 1319.5% 'IC:)"S

Res:dual Uja;f)H’: %6 .9 ki};s

% Weng Relwved = 6.18%

o B,y,'cl,(ép is NoT Buo/vawP
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O Pogitie Bon&ingi
L) As =(42)(0.20) =€.4in?

D az=Al = (e4)(40)
08566 (s ()(a4))
A= 0,414633 in

H!) d= (9'% - )i (0.8) = i

W) & = 0234 2 £y = 0014 (ok)

& Neg@-h'vc Bemlingi
) As = (1)(020) + (14)(0.60) = 10§ in?

B 6\:‘ A'sij = <|0’9!4o)
ogs &b 0.85 () 34)
A= 0.53953 in

m d=¢-1s - (led)= 4.3n

) &= 0172 5/ 2.0014 (0k)

(o} N%@Lig: SLQV:

V('_ =2 E’ LWJ
= CZ)(l.o)(sooo)y‘(314)(4.3)
Ve = 143403 lbs = 143,907 kips

-\¢ Ve = 0.75(147.90%) = 10,93 kips
N it Shcq./l

VC = ,47, ‘1 kv‘PS

ZVe = Ho.a kips

&1@; &’ao« S‘J‘V\tam Bn’J@g D&&,C Cct'pa(,,i\/ ] Pe'l
B ek Capauy i (Widened Section)
p chowat B4l #37
. JI 16 y Additonal eﬂ@r / o= s000ps:
T - - x'[. - 4 (’7 = 40,000 psi
o L - .
= N b= 26’ -27 = 3147
. j, . " : , P
1 Top' 14"
T%,, \#4@75”0,5, n -*4
Bot: 42- ¥4

) Mn = As‘y(d"%)
= (3'4)(40)(5-'4”%)

Munz 1609.5 k-in = 134, 125 k-£4

) @GMn = o.90 (134.)28) = 120. 713 k-€}

Posive Bemd/wgf
Mu= 134. 13 ¢+
PMn = RO.F| k- €}

¥) Mn= A$17 (a’ '%)
= (lo.g)(ac)(43~ '594)
Minzs [74]1.06 K-in= 145,088 k-

) @Mn = 0.90( 145.088) = 130 5¢ k- €+
Ncea(—fvc Bewdinef

Mn = M45.08¢ k-¢4

BMn = 130.5% k€L
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Ha? Dalotoa Sheam Bridag, l}ofc Coonedty Pﬁ'l
T v Ll /
% Deck Copueity: (ExIS'H\na Section)
Jw £’ = 3000 psi
T 1e” ¢ P
. - te)' = 40,000’,5:
55" b =38 -27 =45%;,,
J ve”
k] Top: ¥4@ 15" 0.c. (30)
Bot: ¥5@ R0, (3¢)
0 [Poeibve B&w&mé,i

T) As =38 (03D = 72gint

T 4= Al o (179(40)
085 &b 045 (3)(458)
A 2 . 4034549 in

WMy d=5s-10- 6354 =4 1g75in

?) gs = '0234’ d e/ =.00 |4 Co.k.)

o N, ] en

) Ag=30(0.20) = 6.0 in?

T a=h < (¢.0)(a0)
0856" b o095 (3)(4s%)

Q= 0.2654492/n
) d=55-15-(£)(05)=3,95m
@ CS > E/ (0-"9
o N%w"lvo SLCM«C
) Ve=2AJE bord
= 2 (1.0) (30000 (458)(2.35)

T> FV = 0250186 143) = 141107 ks

E'5) Mn""ﬂsﬁ«

| Ncga%’w Sheav: !
Ve = 188,14 Jeipe!
Bve = 1) 1) lups

(d-%4)
= (zeX40)(418%s - “‘°“*6%)
M, = e3¢} k-in= 166.50% k-t

& Max 090 (156.508) = 140, 957 k-€F

'Pos.”hvc Bending :
Mn = 15¢.50¢ k-t}
P Mn = |40.¢5% k-H |

b Mn=As\£7(d"yz)

= (‘,0)<4 D)(3'75 - 'ZD%)
Mn= ¢75,34 K-in = 72,945 k-¢L

FMn= 090 (F2.945) = 45, cs05 |-€4
i Nequﬁw, Bemdim‘o)i

My =722.95 k-(}

PMn=65.65k-£}
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Py 1

Ma:&\o«oa S'Htavn lzv':')%i CMD Block Cm!%c/v‘/w/

¥ Cvop Block Crpaciby
—

LIOM

AN

3-#5 M

L4

o] SLemr FV-'c‘,’iOVl Cm’pau*}/: (ACI I -0% ! Sec H.é.4)

Vi = Aot by p
) Ao = G)X#s M) +@)(¥s )
= (302D + (4X e 3N
Ave = 434 n?

1Y) Creep Block was pouved Wlomo';-H,\'.m“/
‘ s L4 s L40.0)

/4:|-4
oy Vo= Ay \5’7/4

= (434)(40,000)(1.4)
Vi = 243040 lbs

I@ Check:

'l' Thickwess = |2in

\C)/ = 49, o0O [2si

{'c' T 3, 000 psi

O 628 A = 0.2(z000)40X(1) = 288, ooo lbs > Vi (o)

@ (430 +06, 08 IAe = (480 +008(3000))40x2) = 345600 s > Vi (0. k)

® lbooA. = Veoo(dox12) = ZEGooo > Vu (0kD

V= 243640 lbs

Cvtcp Block Calpau‘ﬁ' :

Vi = 243,04 ips
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Ma-’IPQ\Lmu Steeaw Bridac Creep Block C&IJ:ML;;‘/ (Bean Web) | Pa2

¥ Peam Web Copacity *
: —

O Punch Out Falure
* The web ot the bewn s mﬂrl/zcé

a5 a Llat slab with pvcskssnb

creep Block
v }

2013” (Dishnce to Gt dlu}OLwM@m)

20,5

’,, 2.5y

O Aps __l_ JP =4 n

R ~ o P Shvonds Shessed do 252 kips
Design = 20,16 lespos (stess abdor losses)
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Ma?}bo\,aoa s‘l”mavvl Bridse CN@'D B,oolc Ca/pm# (B“W‘ Web) ] :ri.i’v

L ch., WGL CaPac:‘)‘/y'-
0 Punthout Failuwe' cont.

P"O;_:_g,g-kes:
Conuek: Preshessi ) 4
¢’ = 6ooops; Aps = 0.153 /b
pécl = 4eoops \e)mz =(206 ko) - 131765 psi
Lo = 045¢ 2 2300psi 0.153

'pglj =0. é‘\ct_: = 1400)>S:‘
& = r & = q2q.5p5

* Ve = <BP \)—F; + O-3Ec) bod + VP

kY ]3,3 = K5 d 4 &S For Covnen coluin
bo Xe =20

B,,= 20X4) 4 15
bo

I bo= (6t + %)) + (12t 4

= (g + ) + (2 + %6
L)D = ég'-n

Bp = (20)(‘%8 + 15 =2.676 < 2.5
D Pp = Ueve

m) P = Aps xp,,c = (,zxo.lss)(\’bméﬁ)
Pe = 241 92) 1bs
) = R . (awa) . 991478 ps
A (z0.5)9)

D Vo= (Bp V& +038 ) bed + Vp
X preshes isnot
Lavl;ccl 5 =0

1

<(2.¢?é)(éooo)‘/‘ 4‘0-3(?"11.’478))(69)(45 +o
1372495 Jbs

"

Ve

Vo = 1373 k-’,;s

P(Avwc'/\fng Sheaw !

Vi = 132.3kips

A-109




m% National *Brand 42-182 100 SHEETS

Mai,rxx{o\oa Stieem Br:aﬂa

Cmc’p Block Calggcn‘/v (Beam Web)

Py 4

L B \A/('/L) Capaciby :
O Shear Failuw of In&Pmdm+SM"FMd$7
dP = 4"-0
C4P/Z = 2y Horlzom-’ml Shean P,av‘c

*  Hovizond) Sheaw Plawe : ‘
* Note No Pvzs‘)‘vtss'wg ov S'l-ivvu,:s

Provide sheaw  vesistance

Vo= 24 ‘l@—c_ bwd
= 2 (1.0)(6000) 2 (3 Y(20)
Vo= 243287 Ibs = 24787 kips

* Verdin) Shear Pfcm_c?

Mild sdel:
. Ape = 6%0.053 = 0,918 in® 6,240 ks
: A= (4X8)= i1z in? A =o.zo

R O Aps "
g . T = fabh’= 6973

, ) ¢ =hh= iy

! { _

14in g = yc = 149.3 (03

r2= %A 2 533m 32

Mer= Sy (€A V& +&e - £y)
) Py=o (No dead foud) -

) Pe = (0.018X131765) = 1209¢0 1hs

my fe= -Pe e —;u= (12046
) te _A:<]+7'é/) ‘_.3_0."_0_)

12

fe = 1080 Poi

®) Mo = 566 & + Ge)
= (144.3Y %1% (6000)"% 4 1086 )
M = 230 622 lb-ipy

VOV‘HC[AI Shear Plcm(/

* Ve = 0.60A ‘jz:bw'c‘))*- Vi + V(M)

Musrex

D V=0

I Vi=a.0 Fg (Tmpactload 5 2.0)
Fr = ‘gwtc Lrom Lwuwg

Mqu = 12 (2,0 FR) = 24 T

) Ver = 0~éo/3\}?:' Lwap + Vi M)
My

= 0.0 (10)(6000) 72 (1)) + @30¢32)
12

Vei = 21822 Vos = 218 kipss
) Check:
LAV bordp = 2324, 1bs <V G8)

5.04 Vi bwé,o = 2168%.2 [bs <V (M6

= Ve =216%¢7 lb.s‘qurlla_ﬂ'} "-’)Ds
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M“" P&\‘(&Qm SHveom B»’*’{j}& CV%’P Black Capac:v‘f/ (Beown We'b)
B Beam Web C“P““f‘r/"
o Verheal Shear Plang t cont,
¢ Vew 2 GBS5AVE +03 4c) burdp +Vp

9 VP"'D
) -Zc = e = (120960")
Ac N2

-{’1 = logo )55:

]1\]’9 Vew = (3.5,1 % +0-3-?-1_)wa): -+ \/P
= (3.8 0.0)(6000Y* + 0.3 (lro)(14X4)

Vewr = 3373261 |bs

Vewr > vc;

>V, = = 21639 kr)as

4 S'Hv‘vups B
#4 shyvaps @ 6" o.c.

Vs = Avﬁx dp = (0.20)(4o.000)(a)
S 6

Vs

[

§333.8 lbs = S.sakaps

e TO"tcl Shes Ca')»(.ii/\[:

Vw=‘ Hovizonda) + V&r#cm]
(24, 237) + (21€y9) + 5,33
51,8093 kips

n

Vin

Va =51, ¢ kips

Web Sheaw Cc«'Pa u'i\/ i

Va=51.81 kips
Ivdef"/vlcl&m'» 'philv\vt, SM"{mces

Po.5
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Pa.¢

Ma\,pa lovos Stveam Bv-’aba CYZ’/&P Block Calpm/é/ (Beown Web)

B Roum Walo(ama-‘fvz-’
o In()c!ﬁ)&wdm‘}‘ Fa:lue, Surteaces:

¢ Veorbea] Plave }3&9\&,'.»6’. (F lexhuva] quau'h/)

Acsiime \OPL« =2320,000 Psi

L
i{inl O Aps ' = 6ooo psi

P ¥
14:n

) as Aps ﬁEs
0g5L" b

) Aps ﬁruO-%e[s’,,ﬁg_a +e (e -uw])
! e’ P

* For low - viloxahon shands * o= Aps o oftis
XP = 0.2g '°‘1P (@)
¢ Hoos £ £ 4 Sovo Fp = 016343
J3: = 085 ~0.05 {&’ —4000}
looo
B = o?s
w=o
w'=o0

5 = b (1~ T (5 )
= (220.)() -("'2%15)[0%3%3 ( 2%)])

fps = 195,642 ke;

@ a = APS ‘!/‘|P$ = (0.‘“8’)("75,642)
ogst b (95)(6)(14)
A= 2.5154p

Iy Mn =Aps @,:s (dp =94)
= (oa19)(195.642)( 4 - 295 %5)
Mn = 442,56 k-in
Mn = 4) 043k -4+

D Fowe Hom Creep block will act (6+ %) = Gin
Awo\/ Lowm Liilue suluce !

V= Ma | 4lo43
(5%2) (g//"‘)

V= 6],56 k:)as

@ To"ul caPacHLy = va-'zov14n| S'Lm—f + chf‘fta] Flex%m,
= 24,787 +61.5¢
Vn = 8¢3514 i s
va-'zon-ln' gl\fuv
V(‘,vHCM‘ F‘O\‘)‘A"C
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Block Ca caly (Beam Web)

Py. 7

s BC.',\W, \/\/Ob Ca‘pauy'.

O For Non'pves-'-nssaé S labe: (ACI 020
* Nok! Sine Pvtd'vtes'mg will onu:&, vinforcemet
a - distunce awa/ fow, e (,ch of Hhe

bum,/ the beam web i awa’/u,:! a8 a4

glab with vio pwss{mfainJ
2 Posgble co.)x.c:‘y

d}:: =4in
g P = au,
Am T~ T T T T | R
| t
12in I :
e
Gin  Win RQin

O ‘ \/c=<9~+ %)/H}Z: bo d
D p: Y
T) by = 2(2+2) + 2(c+2+2) =63,

) Ve =+ 4%4)A Vi bod
= (a44)(1.0)(6000) (68 X4)
Ve = 126414 lbs = 1R6.4)14 k:Ps

@ Ve={(o¢sdY 4 2] AVE bod

S COR
D Xg= 20 ‘(Covne«)
I ch(a_lla_“)/l Ve bod
= (zo @ +z><:,o>(aooo)'/z D)
68
Ve = éévtzs.z by = 66.9252 Ic:):s
@ Ve = 4/’ \)—G? bod
= 4(1.0)(6000) 2 (68x4)

Ve = 842761 by = 84.23¢ k:)bs

@ Contols

iVn = £6.93 kips

Nom)mss tessed Slub
Am. lysls Ca}mn"y
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M&\i PO\ qua

S+Vtam B“JT?L

Pa.8

B 3.

Cmep Block Calpacit/ (Beoa Web)

eb Capacity '

O Flexduve Co\’pau'%/\La¥ Top of Webk:

1Bin | 185

108"

' -
i 7
"o .

S
h‘-\‘/ ’
tr

L1

Flextn L”UH‘ 2 365in
=> & #* 4‘ S‘I’\'vvu,)ﬁ

in |
+
’ R
k- ) X Mok enly He 49]: will )7ruu.‘«l¢
‘ - Llecheal wsis favice
36.5in .
f = 6660 ps;

#)/ =‘lo/o¢70}>si

D A=6(2d=lzwn

o

@

w)

)

a= &é/ = (.2)(40)
08567 L 0850 )365)
a= 0,25745% in

d'= @-2=biy
po= 0.5 - 0.08{&,/-40@03
looo
)31 2 0,75 1[:,.: Lopo £ éc’ < 8’000,;5{
Es = 0494 2 5/-‘-':00] (o. k)
‘Hn = AS#)/ (d ‘%) .
= (12)(40)(6- ©2°%2)
Mn=281:81 K=-in
Povee will acd = 674145 = 24.5m away Gown Clexdwc
V= Mo o 29181
24.5 24.5

Va= L5002 |<.‘}35

-

l Vn = |].502 k.'Ps‘

Flexdun, Capqul'y a¥ Tép of Wel
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HQ;ED\IQDM Sheeom Bn'dcn‘, ] SMVMw‘a¥ | Pe‘o)

L Summa»;y of Result:

B Creep Block (Shen Foickion) = 243.04 kips

® Beowm Web Preshrssed 8lab Punchout Failue = 137 Bkips

® RBeown Web Tndependart Shear Suvcfuces = 60.42 kips

® Bewn Web Tindepewtdeat Shear = Flescka| Sutoces = 56,35 kips
® Beam Web (Nonpushessed) Sheor Bulue = 66,93 kips

<] Beam Web F"&th' Ca,oaciV7 = |].502 lc.')js Y Conholg

4_,73—’&' Capac."y B BV-'JDC, = §£<H.SOZ)= q2.016 I<J}:5 '

Cg "U"‘ml Cveclg B’OO{: S )
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) + vid Prestreseed Grivdes Megiﬁw Bemcl«w\l; P‘? i
® Negohve dinyg Copecity i
[ — Pvro Heo -
IS, Py #c,t 6000’><‘,i
. AP$= 12x.153 = 1936 ™
fe = 2licsokps
. - —t |- —%9 C e V& s e
» /ci’ras . b= gebE - 5100 ps;
RS0 21,863 vy
<X
—t
Bin
O Cowmpuie Geometic g ¢

* Centid : (See lmo)mm/ talewlutions €ov eves)
A = okl
Y, = %6.25 in

-

- A, = 0.2987 4° V= BAY 20862 v (fom kotom)
Ya = 34360 ZA;

- Ap =667 B
/2 =352%m

- Ay = o oh

)’q T 341667 in
= Ag= Lse6i it

)/5' = 16.F5in
- Ag = .as‘iqﬂ‘

Ye = 3251,

¢ Momes of ineche’
- IQP: I= %1 bh3 .
= Ji (4535)(25)
T: 67,5203 ju4
D L+ Ad = Sigpo3 + (ASISx 25N Min7 - 126)”
= 190%8. g %
T Cevde Rcdwvglg"
T= Y2 bh?
’%z (@)(30-5)3
T = g8 ¢
D T 4 Ag = s + (8xc0.5Yal, 03 15,25
= 29685.4 ;n % T, = lM085.6+295¢85.¢
- Rewowe hidugles’ - (=Y. 5714 )
Iw ’oh%é = (|(,XV%)= I + (7-)(4“10.07)
Z T +Ad2 = (qqa) + (EXe)X0)(230233) Iz 49461.5in%
= 74,9714 ¢ ‘
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= 5%, = 257V = 3. 15625 ind
D I+ Mte 2 1stas +(Ax267525X1p,c367) - 490,07 in¥
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Rz

B Neohioe Ben :

0 Geowehic Eropwmx
AL = 374.4 m*
I = 49469.%5wn4
Cy = H1362 St % 3497. 37 w3
Cy = 21,863 Sp = 22E2F ind
vz 132,13 in?
Ce=™ 9.3t3 in
Lzsod = toom

Wp Wy = (7"5”"0,7”"0)4‘ Self wtight
T T N W AN
v =(("%a)(‘lb.?yz) + R.60) 150 247 42 oty
Wh= 62.285 'Y, (unsabmeyed) ‘

J:Q T&ns:l& Livnid: (MuSu'omovgeJ)
Wort = 8 (404506 - SE (eqy )
L? A v

Mp = WD% = (2. 265X600)f = 2.90253x10¢ Ibein

D Wae = - ¢ (z.goz&leo"+ (494,37 424.516) - (34’1%34)(:”690)(4.3(,’( 4i13e7 _, ))

(boc)* 23 4.4 132,13
Wary = 134, 905 'Vr’w

D Fur= 80703 kipc Gonsile Limit)

) Compression Lipt! (unsubmered)
Ww, = 4§ (Mp-(Sp&) =/ 5bPe 2y

Wwe = 246.25 Yy

= Fur = 14235 k-'Ps (colmpbcssluy; Lwd)

) Temsile Limti (Submersed)
wiy ((FHN45790) + 260 X150 -64) = 429.622 '
wi= 3571 Wy

D Mp= L60¢16x10 -ty

D Wwe = 0793 el

D Fur = 64.9% ©P5 (enile Limit)
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‘ tigipg lwon Sheam vio'ga Pms«‘vegsd Givdew Neﬂah\m BQ/LAMJ ’3;.3

B Neadive Bendivg Capenity:

W) Compresion Limid: (sikbmened )
Wwe = R14.673 Y0y

D For = 1319 W ps Cconpression limit )

& Summav/\/ of Resalfs? (32 givdens)

O Ups :
Tensile i Fr 3 80.703 k.’,:s
Compwsslm: For = 14395 Kips

(o] Smbmﬁ@eJ “, :
T"Ans-"e.’ Fur = 643 l<v})5
Comprssion: Fur = 13L8 Kips

® Losy owee QMLM%cd

Tensile : 1496 %
Cam’wz%:oh‘, 10.80 %
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MOAvmlvtg Streom B AC"

Shmdﬁmt AV\“ ’,Vsis

. BMO/Vaw?/ Co\laulaﬁansi

7S

Seld \A/ang .

From Sheet |
I¥em Supevetiachive Roiling 4 Fog Post Tota | Toh( Weight
(¥= 45pc) Clags A Cononhe #4g.01 ¢y 2%.90 ¢/ Frecy | 3.04161x10° lbs
(zoq?é,&)
Reinf Siee | 190, €73 1he 5193 lbs ~NA- 156056 los
(X: {52 Pc@) § AC Pavewent 70,25 Tong
040, soo Jbs)
Total = 2.33816x10© Ibs
Selé Weght =3.338106 10 be
l 2 Slf \A/p;\.;l\-} = 233322 k.ﬁ'sz
A A Pocket Calcufation
0 Belyeen & H
7=
| |
-~ ¢
| :
22" @
1
RN R o
s |
72"

A = (7—2)(1’2)(%4¢> = &
Az =2 [/ 0/’/'2)(%2” = 0.25 {47

Ar = Ay = A, = 0.9 H*
Ar = 1035 47| Aiv Pocked Behveen Givdos
Amouw} =g
LOMSHq =215 ¢4
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Pg, Z

Moanalua  Shgam Beide St uctuml Amhll‘/sls

4 Ay Pocked Calcufation

o B@M DCOL and P;EV Coap Relnéouzemem«!»f

r 342 in

e —k
30 l'_(’//

A 2 2 LA (BoX*%542)] = 11 s6as ¢4
Ay = (14 5R) (462542 ) = 0, 578125 &°
Ay = (els)(Ae) =15 3950

° Ar = A HAL A3 = 225150 2

Ay = 27,52 042 \ Aiv Bedween Goivdews

4 Pe. C“P
Awoun-’* = |
LO/IO‘H'I = 215¢+

© Comprssion of Aiv Pocked !

e h=(2+%)+ 30+ = 33.625n=3.21575 &

c R= P, + L\z((’q )
= 143 + (-2 Had)
=6, 1306 ps

« Tot| An Pocket = (lo25) + 2752 = 13, 5(1¢ ¢4?

o Arm PLA - (an(i3500)

P2 (\6.1306)

A =103, 444 €12

Ay = 1034567 | Compused An Rcket
Al/woun')’ - ’
Leng th = 215 ¢4
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HO”\ho\'uw\ St veam Ruidac Shuctuval Awal/vsis I%.

4 Bupyant Fore! (Yoo = ¢4 Y43)
* Ascune the bridee 15 Submeyed o
Ho dop of the deck
o Sul:mecgecl Voluwe = Air Pocket + conuele T Ac
= (10245)(215) + 74g.01 (23) +(140565452)
SV = A336a. 1 &3

o Buoyant Fowe 2 433621 (64)
BF = 2.27513% 10 ¢ s

0 Regidual w@fgu = 2.339|6 X10% ~ 2.7F6|7 X 10
Rw = 56297 lbs

% Reduived = 16,3452%

A Summeny of Resulds

® selt Weight = 3338 kips
® Buo}/avq- Fovee = 2335 k:’PS
@ Residual Wugh# = 563.0 k(’>s

© % Re-‘uine/év: 6.9 %

Br.’éa,g‘ is NoT Euo;@u;{;
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MoanaIMLS""Wam Bv/c,gﬁo Dao‘c CO'!?&'L;?;‘/

Pyl

) De(,k Cg%c?&‘

A# Mk 400

137 = 4o, 600 psi

L= 3, 000 pi Celuss 4 ConeD

Top ! 3 #4 bove

Bol: 6 #5 by,

/
N T2~ ¥
o * . 0
g o .
« 7 [ . . A
v 2 ET 7
Mk soo@ 10" 0.c. Mk 501
@ R"o.4.
k |
D |
F2”

(o] Posihvc Bemilng',

) AS 2(5)(0.30: 1 653,2

B as= Asg = (I.Ss)g 40)
0966 (¢5) (Y32
A= 03372641 in

my d=¢-h6-/4(0425)= 61g75in
) & 0937 2 &) =, 00lq (oD

© Negahre Bending
\T.') AS = (3)(0,20) = 0.40 ;nl

Ly = As é, - !0-60)(403
o5t/ b 095 (37?2

A= 01306719 Iy
IE') d=¢-2-A)(.D=525mn

@ Es= . loq Zé/ =.0019 (o.kﬂ)

0 Neguhe Sheaw!
‘ D) Ve =24 ‘)?;_’ ber d
= (1) (oee) & (32)(5,95)
Ve = 453514 bs

o Ve = Av 1{)\/ d = 20304 0060)5:35)
S l2
VS = [18¢72.2 |be

@ \/m = \/c + Vez 57 234¢ l‘w'Ps

BV = 0,75 (672348) = 22,426 lq’os

-YJ M = AsFy (4 '%)
= CIS'G)("I'o)(é.Ig:}S- '33;%)
Man= 323,152 k-in = 3L oas |- £

%Nn =0,9(36a6) =22 9567 k-C4

Pas*—l«, Bﬂo’ldiw;ﬁ
,V(y; = 3loat k-€L
{éMV, = 2% 997 k-£f

L) Ma<Acly (4-%%D
= (0.603(40)(5:25 ~ WPELY
Mu = 126, 43] k- = 0364 ety

@ Ma= 10.2324 k.gy

‘ Ng_ﬁqh\@ Bemctmg: :
Mn = 1137 k&

”@a{m Shee !
Vi = 67,23 kips
s ¢er= 42, 13 kips
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Moomalum Sheom J3v-‘a[qe L&(‘L(/O" R@%"ZAWC@

Pe. |

9 | dual Resstance !

o Do wek:

* '\)0‘}0: 'I/ ¢ DOM’SL’/'O” loyya (Mk 804)

ave Only ):)vpdc(u! at #i)(&(l QBWMM#S/P;U’S

On\y' (Piews Mo 1,2, 4,5,46)

187

@7 = 4o, 000 psi

#L/ =3, 000’75:‘

J'; 12 / 5c,wmk> spans

_’_T_

0 She Frichon: (A‘I Seetion f1.6.4)

D Vn= A \[7/‘4
Ty Ave = () (o7a)= 158 in”

Iy Conwvte p’an against howdened
Conwnk (;D/chf wono /.'H..’m(l/‘)

M L4 4=14
1@ Vi = Aue '9 M
= (159) (40, c00)(1.4)

Vi = 88480 lbs = 8%.4% k:}>s

D Fpr s'molc g)':g;mf CSPMY) 3,4,5 gé)
A givdes D 18 Hoteel Sheow brichon

Vi = (8)(es.49) = 1542.64 Kips
O Gelf Weight: (Siugle Spew)
© 3W= (3,33816x 10°) (%) = 417270 Ibs

SW=z 47, 27 kips

© Told | gdeel Regiclunce t (Single span)
© slam 3,4,5 46 = 1926.4¢ |eps

AN e |

"I;/ Dowels

“ '”¢ ')ou)ClS "’"D” ’Dy\& 4"0”/0@

= F"" Sl’w@’& S}:mm" (SPhn 2 #7’)
! givdevs 2 9 Aoted Shewr Bachon

Vo = 796, %2 kips

' Convtl do conunle 2 M 0.8

= Foachon = 333,216 kips

P"D,PCV*HC} Ohe, gpan’
WidH, = 27 ¢4
Length = 642123

G gPﬂ\m 2%? = \3o.14 ,(l)>g (MOVL l.’l:cl/ o Cul @/5})
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Moawo\lua Shream [3vidge J Vevhcal  Registmee

. |

® \etionl Revebure!

o P Ca,n devﬂ'\"‘:
¥ Node! The dowels will secuve e bovidge doc ke
% $he pier Cap.
& The weight of Hhe pie- capp
will add  vehica! vesistenice
* See Sheel No.3 Mocmalua Bridy:

Piev Cap Dimievisions:

h=37
width= 2"~8"
Le,mblln = éé”

o V= (3a+Y)(e)= s2se?

i) W= ¥ x¥pe = (628)(150)
W=z 74200 lbs = 74.2 leipy

() TO“‘ZI‘ \/e,wthl RCS')S'}QWC@; (SPOIVB 3/ 4/ g/ éé)

VR= Gl \A/Mghl— + 2 (pie caps)
= G+ 22)+ (7492
e VR= 53567 kips

SMMMQ?(; (_Simole Spans 3,4,5, 515)

’ LOr‘M' Rc’s’,swlc«ﬂfé = VIZé,‘[é lcl):vs
Verhu| Resishunce = 695,67 kips
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km lfl\‘) Streom Bvi:#,fa I ety AvmiysL & l
B3 uo/Vam<}q Calcadetions
A Self h[wi.gh'l-f
Frow Sheed |
I"CM SU\EVS'\’V‘MG(’V\"L Ra: \;W%Lé E"ykl @‘l‘ TO#VI To-‘u I W(,."}‘L-)L
Class A Conarth 885,83 ¢y 2563 ¢y allee ¢y 3,.56%93F X100 lbs
(g2 145 pet) (24coq. 4 £4%)
Reing. Skel 148, paz \bs 4550 lbs -NA- 202643 los
) AC Pavermens ~NA- 9.8 dons
(¥= 152 pe) (1Fa¢o0 1bs)
AL Roll ~ A - 2.5 {ong
(¥=i52pet) (sov0 Jbs)

Sel€ Weight = 3.4556) X108 Jig

Self \/\/&ngﬂ' = 39455. 6 k'.)).s

A A s Poo{:&+ Calcu‘a'fv@ :

|

Todal = 3,945541% 106 lbs

M, w g

IE < 6L
12"

>

Ay = 200X )] = 0.25 €47

= (e%)H2) = 10 083

* Ar = A, -AL = 833804

’AT = 938 A Poolca Between Geivdeus

AMWV\“ = )2

Lm\gn, = 18884
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Kalihi Streom Bv:A@c Stvuctua Ahaﬁysis Po.2

A Aiv Pocket Caleulatons: cont.

(o] COMPVA:SS"-OV) of Asv Pocked:

% Asscime bvidéc, is SMEM%CJ"D Hhe fop of deck

» h=(20) + 1=3]1,= 25830

* Paz P+ k(él%‘*‘*)
= 147+ (2583)(“Yi44)
Py = 15.243] o5

¢ Az = P] A’ = (14'7‘)(‘1.83)
P2 - (i.8481)
Az g1 847

‘ A= a2 o° Compvcst Aiv

A

Buo!amL Forg ' (¥suw = 64 ’%1‘3)
b Subw&@cd Voluwe = Air+ Conwele + AC
= Ca020Y®)(ge) + (895.83 x27) + (171609s2)
s¥ = 282169 &3

o Bmo)/au/hl Fore = (39¢16.9)(64)
BF = 2. 48428 x16¢ lbg

o Residua) Weight = 32,9556 x10% - 2. 48428 x 0"
RW = |.47)32x10 Ibs

Yo Retuined = 37196 %
A Summary ob Results:
© Gelf Wejght = 3956 kips
e Buoym% Fore = 2484 kips
@ Residual Weight = 1471 kips
® Ys Rekived = 3% 2%

.BV"JM__ is NOT Ryoyant
YA 7
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ko\ ,; hi Stvecan Bw:Jcéc, Deolc Ca,pgcié/i [. )

B Degk Capauty '

W Mictoo

#/ = 40/ ooo ’35{

Iz" (; b= 3000 s

g | <= L
. . . . SNl BB Mk B0 @ 1270.¢,

%" Mk So0@10%.c,

i 66" 1
i« >l
O Rogidive B@mdmg'-
Ty Ag= LSSm? 0 H, = Asﬂ/(é-“/z)
= (158> (dod( 61975 - 33
I a= Asé}/ = (15546 Mun = 372.205 k-in = 30171 k-£}
0.%56"L .95 (3)(66)
A BERIY in PMn = 29 o4 k-dt
my d= 6 lg7sin g frve Bov.c‘viwg‘,
‘ Mun = 3oz k-4
oy & > 5/ oy L PBMn = 2792 lﬁ-H |
o N%Cf"ﬂ)ﬁ ktﬂdiwgl
D) As= 0.0 in® ¥ Ma= A (d- %)
= (0.60)(40)(5. 75 = 1T
I o= A—s& = (o0:€d(40) Mn= 126.289%-in = L3574 k-&
0856 &85 (3X66)
o= 426 m ¢MV\ = 10.22 12 - €}
Iy d= 5351y, A)&S.a{wc Bevydiv%)'.
n = “-36 lC"é}
W e 24 CHS  PMa= o2z koH
© Negohve Sheew
™ Vs 28 burd
= ()(10) (3000) % (4636 75)
Ve = 415720 s
{D vs = H383'3 Ik (wmc ob Moaha’u{\ Bn’,b,,)
ﬂD \/n = Vo + Vo= 53455, ¢ lbg = 53.4 6 lps | Ngldlvhvf— Slﬂmv;
Vi = 52.46ips A-127
¢Vn = 4Ho0q kips ¢Vn = 4o 04 kips
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Kalihi Stewm Bridhe Ladea] Resistoe /iforbiadl R,

Py |

Lateral Rgg\s**amoz"
* Note: Pievs =, 3,446 hae 3 Gindes Seccrcd
to the piee cas with douels
Thet ave 13 givdas 7 The dowels will

only proud  sowe lotoval vsictance
but mo UtwHeal weststance .
L> TL¢ Cont will 1H cacey, «
wionen]  at Hi F’)(&J end ﬂ//{w‘?
the dowels.

O owels

A

= 2~ |7 F dowrls 4’ Iuws
Mk go4d

- g"(,’av gchOw'
) Vo= Ag 14//‘4

D Avt = R0.72)= 158 n°

pLp) pa=ldd= )4
(contutie p[aa.d momo)/ﬂ»im/})

—.I:\J)» Vn= Avép‘//b

= (hsey(40)(14)
Vo= 24,48 kips

Fav‘ JYP;CAIGFaM
3 Givdes veshamed L)/ douels = 6 dotal

VV\ ‘= é (gg'qg)". ‘530,%8 k})‘7$
o Sels Welgln%l (Simg'c’/ SP(;",.>
SW= (3.455¢)x !0")/7 = 565087 Ibs = 56 5. 087F kips
K Girdes sit on 4 la/e/s of apy voobing pope
x0.5

Frichion = (665.08%) (0,5) = 29, 544 kips

© Total Ledun] Renstuvg + (pical Span)

© TLR = (530.88) +282.544 = 313,424 ks

4y = 4o, 000 Ppsi
'Q, T 3000 p;

ConghrucHon
Ve

0 int
4 i

— — =

—
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kam\i Stvenng Bng@ J Lo Ro&i?f&wc&,/\/wﬁmf Resistarace, Pey. 2

== National °Brand 42-182 100 SHEETS

B Vecbical Resigtance

¥ Dowels will vot provide addibonal

VevHea, ' Vﬁsfs&,maf,

Totnl Vbl Resistanee = selt \A/el@H = 565,087 Eips

w Smmmo%[: CT}/FI'LMI g:wale §Pqn>

Lol Resishre < 813. 424 kips
wihml RQSB"Z(V!CL = 545, 08F ’Li}a?
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Py.)

Hoanalua 4 Kalihi Bn’)gg [Reaim U@g‘fﬁw de:r\»/lf

90in N

/ *4 vehor !

\l‘

2w

¥ Negatm‘ [3%6&43 Cagagé{f

as A§é, - (0,8 X40)
0856'be €5 (3)(10)

Q= ISQ‘-}S‘\‘ )
Iy d= 2% in
]2, = 0.3¢

) £=.509 > 5,:-00/‘! (okd

 Ma= /456/ (d- 94>
‘ = (0.8X4a0>(2g -~ %)

Mn= 992.269 k-in

Mn= 9927¢9 lb-m

T Distibukd Load:

M= g
p
D ww = 681123 'Y,
Fur = 22.0654 kips

© ah i !
Wyr = 68. N23 7%10
Fuw = 22,03 kips

fe'= 2600 psi

# = 4o,000p;

As = 4 (023 0.y in*
L=27fL = 324/n
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NimhLz ijjﬂlu,‘m/l/: SL;P ¥ 2 Strugtuval A"ml,‘/5"6 | Pa. |

w¥= National °Brand a2-182 100 SHEETS

8 3 yovaney C
* Nole: Reinboremant: Nk gony = )2 Y Nké&&:%%

& st y\zc:;,ln : Nk 5005 = %4 Nk Fax = %Y

NE 8ap3= |7
Dco\c i = ¢

] -] |

1 Bent
Q Front Elevation (Sl'ued- 10)
pd —_—
?
'S
N

3

67 e

5364

i
|
!

le
l

A ] T 1T (1] ML % 1 13 ) 1 WA Y0 M T S . L ITIY mura) 7T T TTIT y I I I ST 0 0 PR 1 £ 5 2 nﬂﬁ

L WGDJL’V; Fechp

La!oa-’- Plan (SL\eeP 10)

0 Concvede ' (From sheet )

Volume Sm/aev'g‘h‘uv‘ur& and Ra;,ihg = 4"""‘ 12 = ) }lJ?' = '37‘(3 (’%3

0 Bc’,in@otrc',mg gig;l <Frovw Sheet I)

\A/ciﬂ“ = (Deck and me;"ﬂ) + (Rﬂihhg ond Reil Past)
= (66,36%) (2,520
\A/@':j)"" = 6888 bs

o Totul Sel€ Weight : (Yeororch = 145 '%44%)

Sel€ \A/e/:bH = Concrete + Sheel
= (13297)X145) + 6€3%%
sel \AJ@{JM = 2069463 lbs

Sel€ Weight = 206945 kips

A-131




= National ®Brand 42-182 100 SHEETS

Nipihs Hipuny: €85 %2 | Ghuschunl Auel <E

A A Pocket Colosdutions: (Sheet No. i
0 T\(Efcql (gg Bcinﬁmi@f :
wonden

st T g o
Deck | . @ 7]

Ex;sﬂ'v'nj Cea woall

T
‘[

Prosad 2 P KN X0 20 .. ' ?\! -/\)\
_
N 2t Caup Reinboyement
N
N -
Q/ LCVIO\"L VO\V"% A{
N
—_—
o Concvele Cap volume (Tndermediode Spmn) To Huvbor

Deck
Ko A0 X0 DO

-

- . 27 -6’
( 1
Width = 2"=10” ! [ Front View

_L'_ V- (1+t%2)(2+\c%2)(1+ 4/,) 2 20,0604 43
‘ 2°=l0"” I IV=20'07£+3I

* Noke! The bent Cops art solid beams Hhot
vutn lome,%(ucl;ma” axloms —Hac §’f)0 cover.
No air will become Hupped wunder the
lov.'c)ge,/ because Hhe Hond of Hhe SIIP
Covtr is open, Hhug M‘lowi"y un
av -"o esu«’ae» Geer Ajv Pocked =c)

A BMQ;LO(Z]-" Fovee (b’sm, woete, = 64 '%{?) .
© Submeryed Volume = submerged Conerde * alv pocket X Note: Assume the bridge

= 4499 40 le sulwwwgc:l 4
SY = 49q ey = 13473 &3 the dop of Yhe
deck.
= Buo/am')' Fovce:
BF = SV KXsuo

A Regidual Weight : (ouee slomenged )

Residual Weight = $w/ - BF
= 2064453 -%62272
lﬂw = |20 7/ %! Vbs]
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Fy.3

Nimitz H\'ﬁﬁwa;/ L Slip #2 Struetun | Avalys's
= MQLL@_EMB& |

© Self Weight = 2064. 5 kips

® Buoyont Fovee = 862.3 kips

& Residunt Weight = 1207.2 kips

o /s Rekeined Weight = 583 %

5 Brjd@c is NoT Buoyant
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Nk Higlzwﬂ;/i Slip ¥2 Decle C&}OMA&/

ey, )

8 Deck Co‘gou,#gxf

10)1 =40, 0oo pss ¥ Notc! Np. Spurs =10
£7= 3500 psi Max Length = 67 £4
Min Lewgph = 53 €+

14 -/7- ” d Mk 400 TOP

) 114’ - C*“ bavs)
] N
C o
o s o _ o 15~ %7 ¢ Mk500 2o+
AV ¥ (#5 b«"&)
e 127 ~-2% s« 206"
° [ositue B"V’d’ne’
D A = (15) (0.3 = 4,65 in? D Mn<s As@y(é -

) a =4 & = (4.65X(40)
0.%5 & 1, 0.g5 (3.5)206)
A= p,3035m

) d=4-2~ C’/z)(.szs) = 1.6¥375 i,

W) & = 0952 2 & = .oold (0.k)

o l\/egaﬁvc Bending

= (4e)(ao)( 16875 - - 3334 )
Mn = 2145.65 k-in = )2¢.% 1e- L4

PMn=049 (19¢8) = 160, 924 k-t4

Fos: fie l?w&;ng',
Mn= 12¢g -t

| ZMu = 1604 k-2

:ED AS = (l‘l’) (0,20)"'2'%’/”7' : Y\_) Mn = /tsfq (d _%)

@ @ = A}_.p/ = (2.5‘/2(40)
: 0854, L  0.$5(2.5)a0s)
A = 018275 n

Wy d=[4-2~ (/) (08)= (136
.'I‘T) €= 161 >£/ =, 0014 (0.1

o Ng@hm Shear!

Ve = 23 Je” bur d
= 2(10)(3500) /2 (206 Y(I.75)
Ve = 286347 Jbg = 286,397 leips

FVe= 075 (a50.39%) = 214 798 kupg

= (40X 1175~ - 1¥2324)
Mu= 130627 k-in = log. & le-tt

¢Mn =0.‘ID<]08’.3) = 99 |-+

Negedie Beadivy :

Mn = \og.g jc-€4
BMa = a2.q ¢

Néﬂghve Shege !

Vi = 2964 kips
PV =24 s | A-134
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N‘mi‘}‘z Hiqhwa}/ : SIJP #3

Deck C’apau’j‘/ Fy.2

B Bent Cap Copasty

16 Nk4oq @14 7oc.

/ .
[ ] IO -8 o ____l__:‘}'ﬂ

20in

3in

_—

34in

O Pesibue BMJMQ'-
Iy As = 4 (032) = 3.1 in?

Iy A= As€y - (3.16X40)
0.85{'b  (.g5)(3.5X(34)

A= |, 24963 in

m) d = 30 —4 —1L5= 245

™) £ = 0472 5/ =.00! (ok)

© Nega%‘ue Be««.d‘-ng'-
Iy As =4 (072) = 3,06 int
T) a= l.244(3 in

@ d=30-3= 2%n

) & 2 £7 (o.lc)

O - Sheart (Ne\rjm‘ivc)
) Ve 24V bwd
= 2 (1.0)(3560) " (34)(27)
Ve = 108619 lbs

T Vo= Av fbd

5
* g @ 14700

Vs = (0.20)(40, 000)(27)
14

1542¢.6 lhe

n

Vs

4 - l",(é Nk %01 Top #/ = 40,000 5i

4-1"g Nk go3 Bot f' = 3500psi
(*8 bosd

No. Beut Caps = 1

Mex Lews}h =76
Min ngwllo =536}

I Mw= AsL}/(c" %%
= (3.16)Cae) (245 = "244)
Mn=3017.62 K-in= 261,46 k-t+

BMin = 226337 k-4

POS'I“‘{\X/ BEMd;mg: v
w =251 49k

BMa = 226, 34k

3\7) Mw—'—' AS (cl —%)
= (3.16)(40)(27 - 1249/
MV]=3333-?Z k-iy) = g??_lg,cl k-(}—

B Ma= 250,037 k-CF

N(iv)a-Hu( B@wéivgt
n =227 g9 kG
P Mn = 250. o4 K

) V= Ve + Vs
= (108614 -+ 15428, 6).
Vn = 124064¢ lbs = |24.042 b");

@ Vn= 43,0353 kips
1 Sheow: (Vegm‘we)

Vi = 124 ,05kips

@ Vn = 93.04 Kips
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itz )'!'L\f;l\nw&ﬂ/ ZSF,M‘% Shuchunl Aml/ysis Pa.)

o

- Bug'zc(/mcg Calculudions
A Scl€ Weight:

PyisHny Sea wall

Lg\[ oul P’gn: CSL\G(A’ '3)
C Conurete,: (Fowm gheet 1)

Voluwe -‘—(Dcoki' me;ud) + (“Om"HonoL‘H‘/a $idk Ll ) + Ra.'liyvj
= (521) +(D)+ (19)
VDIM.WC = 537 ydz = )4/ 499 &3

e r\)ﬁ;h é‘ovcng %g!,

\I\/G(SH = (Deol*; mem&) + Rc«i!:nj
= 74,631 +3,037 .
Weight = 772668 Ibs

o Toful Selt Weight: (Yeonotke = 145 /e

SC'( \A/G/OL+ = Cov\cw;‘-{, + Skeel
= (M aq9)(45)+(7766%)
Selb \,Je/iaw = 21§ 0023 lbs

[Totnl Sel€ Weight = 2150.0 eips
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Nimite Hib\LWu/\/ . Sl,'!)ﬁ'3

Shewchavn] Ava (Iyﬁls

& [ ovont Porwe: (Yseawedw = 64 '%f’)
¥ Nok' No civ will e "'w\’)rcé undw the
bv,’éac deck ae He front (énan:)
the havba is open b v, a”aw:nj
wiv Jo escape

. A:V Poclwl’ =0

o g%\oIMCA/OCJ VO‘MW = SLALOWI%GJ Com(//f/k/ -+ A.‘r Pock(/"

= (521x2%) + 0
SY = |40c7 43

o Buo}mM Fovee
BF = QV x st
= (woczX(e4)
l}B,Ij"= 900 28§ @

& Residual Weight

Residunl Wa@u = SW - 3F
= 2180023 - 4060289
EBW = 1279735 lbs

@ SlAvv\mav/y ol Resultk:
® Sel€ wd3h4= 21%0.0 kips
® Buoyant Fowe = 400.3 kips
® Residual Weight = 1274.7 kips

© %, Redained Weight = 5.7 %

3 B\ridgg 15 NorT Bgoxam‘

¥ Note ! Assuume bw‘dae is 6‘4!04/"%@(6‘
1o the top of +he deck.
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Fmitz, hwsy ¢ Shp #3
va ;

L ecl H

\07/: 4o, coo psi
&= 3500 psi

54" @ Nk 422 Top
15 - 58" Nk si Bot

b=206m
L = |4§h
Coutr = Rin ("DP 4 Bo#)

Deck Calb_gat/ Pﬂ' |

* Not : No. Spans =12
Mo LongH, <41 ¢4
L.}, Leaghh = 32.6 £4
Min Length = 29 €1

© Pci;ihgc ]Bemcllmg’ (sawme as g):P #2)

) Ag =4.65in2
@ o= 0.303%5wv
my d = .68?5m

O Nca\}g'huc B(’Méiw:}!
D A= G8)(020)= 3,2

) Ma= 1783 k-t
@ Mn = coq k-6

‘ Posn%we Bevding, T
MV) = !7?)g k"g'
| M= 160 k-6
@ Mn = As (L/ <c} - a/z)

= (s)(a0)(1175 - 11589
Mn= 1348.a5 k=in= )i, § k-¢

nyn * Jod §69 k-€4

I a= Ag\C}[ - GX4o,000)
o9s§'L  0.85 (3500X 206)
& = .]95806in
my d= .76,

@ 65 >£)/ (Ok.)

0 Shean ! (Sowme s Slp#2)

‘SLdel
Vn=2¢6.4 \OPs
PVa=2148 kips

”cw«hw Bw?w&;
Mn = N6.821 |-€F
‘¢ Mn = 104. 469 Jc-¢+
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N m’--}"L}rHeLwa;/ ! 5”)0#'3 ‘ J ek Call)ao:j\/

® 3.1 Cap Ca‘pacﬂlyi

No. Bent Caps =13
Max Longhh = 41 ¢+
Tt Length = 32,5 f
Miv L@n@”} = 29 ¢}

¢ Pogitie B%;);ng:

Ma = 25). 44 k-&
BMn = 226,34 k- {4+

] U OI‘H @V\ch 4

Mn=29% g)4 k¢
;éMn = 250, 64 |e-£}

® Negative Sheew

Vn=124.05 kips
Bun = 93.04 faps
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Appendix B: Douglass Wave Estimation Method

Calculations




Kuliouou Bridge:

Method For Estimating Wave Forces on Bridge Superstructures

Douglass (2006)
Vertical Force Equation:
B =Cyopa* F
E =yx(Az,)+ 4,

Constant Coefficients:

Horizontal Force Equation:

Fp=[1+C+N—1]+*cppq*F

Fy =y~ (zp)* 4y

Cr 0.4
b4 64  Ib/cubic ft
Cy—va 1 Nonconserv.
Cy—va 2 Conserv.
Ch-va 1 Nonconserv.
Chpa 2 Conserv.
+ Vertical Force Calculations:
Bridge Deck Width =| 68.75 |ft Water Depth =
Bridge Deck Length =| 48.40 |ft Water surface to bot. of girder =
Height of girder =
Av= 3327.21 sqft Elevation to bot. of girder =

N = 12

girders Elevation to bot. of deck =

Storm Surge Depth + Wave Height =
Storm Surge Depth =

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height= 2.50

e Resulting Vertical Force:
Fv= 33219

Fv=664.38

ft (above storm surge elevation)

kips 166.09 tons

kips 332.19 tons

e Vertical Resistance: (from hand calculations)

« Sources of Vertical Resistance:

Self Weight =
Bearing Plates =

723777 |lbs 723.777 Kips

433453 |lbs 433.453 kips

« Total Vertical Resistance:
Rv= 1157.23 kips

e Comparison of Vertical Wave Force to Vertical Resistance:

Fv= 33219

Fv=664.38

+ Horizontal Force Calculations:

Railing Height =| 2.708
Deck Height =| 0.667
Girder Height = 3.000
Bridge Total Height = 6.375
Bridge Length =  48.396
Ah= 121.07

N = 12

3.94

1.00

3.00

4.94
7.94

8.00

5.50

(Conservative Value)

kips < Rv= 1157.23 Kips
kips < Rv= 1157.23 Kips

ft Water Depth=  3.94
ft Water surface to bot. of girder = 1.00
ft

ft Elevation to bot. of girder = 4.94
ft Elevation of centroid of Ah = 8.13
sq ft

girders

e Largest Unbroken Wave: (0.455*storm surge depth)

== =

(from NFIP Flood Hazard Assessment Tool)

(Non Conservative Value)

Bridge Condition:

O.K.

O.K.

B-1



Wave Height= 250 ft (above storm surge elevation)

o Resulting Horizontal Force:
Fh= 52.34 Kkips 26.17 tons

Fh= 104.68 Kkips 52.34 tons

e Horizontal Resistance: (from hand calculations)

« Sources of Horizontal Resistance:
Self Weight =| 723777 |lbs
Girder Seat Interface = Neoprene Pads
us =| 0.1
Frictional Resistance = 72377.7 Ibs

Bearing Plates =|W los

Beam Web Capacity = |m Ibs

Koko Head wing wall = |Wlbs
« Total Horizontal Resistance:

Rh= 51810 kips

e Comparison of Horizontal Wave Force to Horizontal Resistance:

Fh= 5234 kips < Rh= 51810 kips

Fh= 10468 kips < Rh= 51810 kips

Bridge Condition:

O.K.

O.K.
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Kahaluu Bridge:
Method For Estimating Wave Forces on Bridge Superstructures

Douglass (2006)

Vertical Force Equation: Horizontal Force Equation:
B =Cppa= K Fh:[l"'cr*(l’v_l)]*chfva*‘p;
B =y=*(4z,)~ A, F::Y*(Azh)*Ah

Constant Coefficients:

Cr 0.4
b4 64  Ib/cubic ft
Cy—va 1 Nonconserv.
Cy—va 2 Conserv.
Ch-va 1 Nonconserv.
Chva 2 Conserv.
+ Vertical Force Calculations:
Bridge Deck Width =| 46.00 |ft Water Depth=| 5.75 |ft
Bridge Deck Length =| 318.00 |ft Water surface to bot. of girder =|  5.00 |ft
Height of girder =|  4.50 |ft
Av = 14628.00 sq ft Elevation to bot. of girder = 10.75 ft
N= 8 girders Elevation to bot. of deck = 1525 ft
Storm Surge Depth + Wave Height = | 16.00 |ft (from NFIP Flood Hazard Assessment Tool)
Storm Surge Depth = | 11.00 |ft

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height= 5.00 ft (above storm surge elevation)

e Resulting Vertical Force:
Fv= 280858 kips 1404.29 tons (Non Conservative Value)

Fv= 5617.15 kips 2808.58 tons (Conservative Value)

e Vertical Resistance: (from hand calculations)

« Sources of Vertical Resistance:
Self Weight = | 3811550 |Ibs 3811.55 kips

« Total Vertical Resistance:
Rv= 381155 kips

e Comparison of Vertical Wave Force to Vertical Resistance:

Bridge Condition:
Fv=2808.58 Kkips < Rv= 3811.55 Kips O.K.
Fv= 5617.15 kips > Rv= 3811.55 Kips Failure

+ Horizontal Force Calculations:
Railing Height =|  2.125 |ft Water Depth= 575 ft
Deck Height =| 0.500 |ft Water surface to bot. of girder=  5.00 ft
Girder Height = 4.500 ft
Bridge Total Height = 7.125 ft Elevation to bot. of girder=  10.75 ft
Bridge Length = 318.000 ft Elevation of centroid of Ah= 1431 ft

Ah= 226575 sq ft
N= 8 girders

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height= 5.00 ft (above storm surge elevation)
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e Resulting Horizontal Force:
Fh=929.86 kips 464.93 tons

Fh= 1859.73 kips 929.86 tons

e Horizontal Resistance: (from hand calculations)
« Sources of Horizontal Resistance:

Self Weight =| 3811550 | Ibs
Girder Seat Interface = Steel to Concrete

us :| 0.4
Frictional Resistance = 1524620 Ibs
Wing Walls = [ 299260 |Ibs
« Total Horizontal Resistance:
Rh= 1823.88 kips
e Comparison of Horizontal Wave Force to Horizontal Resistance:

Fh=929.86 kips < Rh= 1823.88 Kips

Fh= 1859.73 kips > Rh= 1823.88 Kips

Bridge Condition:

O.K.

Failure



New South Punaluu Bridge: (Span #2)
Method For Estimating Wave Forces on Bridge Superstructures

Douglass (2006)

Vertical Force Equation: Horizontal Force Equation:
B =Cppa* Ky Fh:[l"’cr*(N*l)]*Chfua*F;
F;;:T*‘(sz)*Au F;:Y*(Azn)*An

Constant Coefficients:

G 0.4
¥ 64 Ib/cubic ft
Cy—va 1 Nonconserv.
Cy—va 2 Conserv.
Ch-va 1 Nonconserv.
Ch-va 2 Conserv.
+ Vertical Force Calculations:
Bridge Deck Width=| 50.00 |ft Water Depth=| 4.92 |ft
Bridge Deck Length=| 66.00 |ft Water surface to bot. of girder =|  0.00 |ft
Height of girder =|  1.75 |ft
Av = 3300.00 sqft Elevation to bot. of girder = 4.92  ft

N :girders Elevation to bot. of deck = 6.67  ft

Storm Surge Depth + Wave Height = | 12.00 |ft
Storm Surge Depth=| 8.25 |ft
e Largest Unbroken Wave: (0.455*storm surge depth)
Wave Height= 3.75 ft (above storm surge elevation)
e Resulting Vertical Force:
Fv= 1125.70 kips 562.85 tons (Non Conservative Value)

Fv= 2251.39 kips 1125.70 tons (Conservative Value)

e Vertical Resistance: (from hand calculations)

« Sources of Vertical Resistance:
Deck Capacity = | 1262990 |Ibs 1262.99 Kips

« Total Vertical Resistance:
Rv= 1262.99 kips

e Comparison of Vertical Wave Force to Vertical Resistance:

Bridge Condition:

Fv= 112570 kips < Rv= 1262.99 Kips O.K.

Fv= 2251.39 Kkips > Rv= 1262.99 Kips Failure

+ Horizontal Force Calculations:
Railing Height =| 3.000 |ft Water Depth= 492 ft
Deck Height=| 0.875 |ft Water surface to bot. of girder = 0.00 ft
Girder Height = 1.750 ft
Bridge Total Height =  5.625 ft Elevation to bot. of girder= 492 ft
Bridge Length = 66.000 ft Elevation of centroid of Ah= 7.73 ft

Ah= 37125 sqft
N= 30  girders

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height= 3.75 ft (above storm surge elevation)

(from NFIP Flood Hazard Assessment Tool)
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e Resulting Horizontal Force:
Fh= 127759 kips 638.79 tons

Fh= 2555.17 Kkips 1277.59 tons

e Horizontal Resistance: (from hand calculations)
« Sources of Horizontal Resistance:
Self Weight =| 907306 |lbs (for span #2)
Girder Seat Interface = Concrete to Concrete
us :| 0.8
Frictional Resistance = 725844.8 Ibs
« Total Horizontal Resistance:
Rh= 725.84 Kkips
e Comparison of Horizontal Wave Force to Horizontal Resistance:

Fh= 127759 kips > Rh= 72584 Kips

Fh= 2555.17 Kips > Rh= 72584 Kips

Bridge Condition:

Failure

Failure
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New Makaha No. 3A Bridge:
Method For Estimating Wave Forces on Bridge Superstructures

Douglass (2006)

Vertical Force Equation: Horizontal Force Equation:
B =Cppa= K Fn:[l'*'cr*(N_l)]*chfva*th
B =y=*(4z,)~ A, Fp;:'P’*(AZn)*An

Constant Coefficients:

Cr 0.4
b4 64  Ib/cubic ft
Cy—va 1 Nonconserv.
Cy—va 2 Conserv.
Ch-va 1 Nonconserv.
Ch-va 2 Conserv.
+ Vertical Force Calculations:
Bridge Deck Width =| 46.83 |ft Water Depth=|  1.00 |ft
Bridge Deck Length =| 70.00 |ft Water surface to bot. of girder=|  9.59 [ft
Height of girder=|  2.33 |ft
Av= 3278.33 sqft Elevation to bot. of girder=  10.59 ft
N= 1 girders Elevation to bot. of deck = 10.59 ft
Storm Surge Depth + Wave Height = |  13.00 |ft (from NFIP Flood Hazard Assessment Tool)
Storm Surge Depth = 8.93 |ft
e Largest Unbroken Wave: (0.455*storm surge depth)
Wave Height= 4.07 ft (above storm surge elevation)
e Resulting Vertical Force:
Fv= 50565 kips 252.83 tons (Non Conservative Value)
Fv=1011.30 kips 505.65 tons (Conservative Value)
e Vertical Resistance: (from hand calculations)
« Sources of Vertical Resistance:
Deck Capacity = | 1127130 |lbs 1127.13 kips
« Total Vertical Resistance:
Rv= 1127.13 Kips
e Comparison of Vertical Wave Force to Vertical Resistance:
Bridge Condition:
Fv= 50565 kips < Rv= 1127.13 kips O.K.
Fv= 101130 kips < Rv = 1127.13 kips O.K.
+ Horizontal Force Calculations:
Railing Height = 1.167 ft Water Depth= 1.00 ft
Deck Height= 0.458 ft Wiater surface to bot. of girder= 959  ft
Girder Height = 2.333  ft
Bridge Total Height = 3.958  ft Elevation to bot. of girder=  10.59 ft
Bridge Length =  70.000 ft Elevation of centroid of Ah= 12,57 ft

Ah=277.08 sqft
N= 1 girders

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height= 4.07 ft (above storm surge elevation)
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e Resulting Horizontal Force:
Fh= 7.64 kips 3.82 tons

Fh= 1528 kips 7.64  tons

e Horizontal Resistance: (from hand calculations)
« Sources of Horizontal Resistance:

Self Weight =| 1161770 |Ibs
Girder Seat Interface = Concrete to Concrete

us :| 0.8
Frictional Resistance = 929416 Ibs
Shear Friction = 8870400 |Ibs
« Total Horizontal Resistance:
Rh= 9799.82 kips
e Comparison of Horizontal Wave Force to Horizontal Resistance:

Fh= 764 kips < Rh= 9799.82 kips

Fh= 1528 kips < Rh= 9799.82 kips

Bridge Condition:

O.K.

O.K.

B-8



Old Makaha No. 3A Bridge:
Method For Estimating Wave Forces on Bridge Supers!

Douglass (2006)
Vertical Force Equation:
B =Cyopa* F
E =yx(Az,)+ 4,

Horizontal

Constant Coefficients:

tructures

| Force Equation:
Fp =[1 +Cr*(N_1)]*Ch—ua *Ft}:
F =7 (8z,)* 4,

Cr 0.4
b4 64  Ib/cubic ft
Cy—va 1 Nonconserv.
Cy—va 2 Conserv.
Ch-va 1 Nonconserv.
Chva 2 Conserv.
+ Vertical Force Calculations:
Bridge Deck Width =| 32.83 |ft Water Depth=|  4.00
Bridge Deck Length =| 78.83 |ft Water surface to bot. of girder =|  7.24
Height of girder =|  1.50
Av = 2588.36 sqft Elevation to bot. of girder = 11.24
N= 12 |girders Elevation to bot. of deck =  12.74
Storm Surge Depth + Wave Height = | 13.00
Storm Surge Depth = 8.93

e Largest Unbroken Wave: (0.455*storm

Wave Height= 4.07 ft

e Resulting Vertical Force:
Fv= 43.07 kips

Fv=86.14 kips

surge depth)

(above storm surge elevation)

e Vertical Resistance: (from hand calculations)

« Sources of Vertical Resistance:
Self Weight = | 279830
Drift Bolt Withdrawal Capacity =| 69300

« Total Vertical Resistance:
Rv=349.13

e Comparison of Vertical Wave Force to

Fv=43.07 Kkips
Fv=86.14 Kkips
+ Horizontal Force Calculations:

Railing Height =|  0.000 |ft
Deck Height=| 0.500 |ft
Girder Height = 1.500 ft
Bridge Total Height = 2.000 ft
Bridge Length = 78.833 ft

Ah= 15767 sqft

N= 12 girders

e Largest Unbroken Wave: (0.455*storm

21.54  tons (Non Conservative Value)
43.07 tons (Conservative Value)
Ibs 279.83 kips
Ibs 69.3  kips
kips
Vertical Resistance:
< Rv= 279.83 kips
< Rv= 279.83 kips
Water Depth=  4.00 ft
Water surface to bot. of girder =  7.24  ft
Elevation to bot. of girder = 11.24 ft
Elevation of centroid of Ah = 12.24 ft

surge depth)

== =

==

(from NFIP Flood Hazard Assessment Tool)

Bridge Condition:

O.K.

O.K.
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Wave Height= 4.07 ft (above storm surge elevation)

o Resulting Horizontal Force:
Fh= 4141 Kips 20.71 tons

Fh= 8282 kips 4141 tons

e Horizontal Resistance: (from hand calculations)
« Sources of Horizontal Resistance:
Self Weight =| 279830 |lbs
Girder Seat Interface = Wood to Wood (wet)
us =| 0.2
Frictional Resistance = 55966 Ibs
Drift Bolts Lateral Capacity =| 14405.4 |Ibs
« Total Horizontal Resistance:
Rh=70.37 Kips
e Comparison of Horizontal Wave Force to Horizontal Resistance:

Fh= 4141 Kkips < Rh=70.37

Fh= 8282 Kkips > Rh=70.37

kips

kips

Bridge Condition:

O.K.

Failure
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Maipalaoa Stream Bridge: (Maili Channel)
Method For Estimating Wave Forces on Bridge Superstructures

Douglass (2006)

Vertical Force Equation: Horizontal Force Equation:
B =Cppa= K Fn:[l"’cr*(N_l)]*cn—va*Ftr
E =y (Az,) + A, F;:Y*(Azh)*iqh

Constant Coefficients:

Cr 0.4
b4 64  Ib/cubic ft
Cy—va 1 Nonconserv.
Cy—va 2 Conserv.
Ch-va 1 Nonconserv.
Ch-va 2 Conserv.
+ Vertical Force Calculations:
Bridge Deck Width =| 64.33 |ft Water Depth=| 3.00 |ft
Bridge Deck Length =| 100.67 |ft Water surface to bot. of girder =|  3.50 |ft
Height of girder =|  3.00 |ft
Av = 6476.22 sqft Elevation to bot. of girder=  6.50 ft
N= 16 |girders Elevation to bot. of deck = 9.50 ft
Storm Surge Depth + Wave Height = | 12.00 |ft
Storm Surge Depth = 825 |ft
e Largest Unbroken Wave: (0.455*storm surge depth)
Wave Height= 3.75 ft (above storm surge elevation)
e Resulting Vertical Force:
Fv= 1036.20 kips 518.10 tons (Non Conservative Value)
Fv= 207239 kips 1036.20 tons (Conservative Value)
e Vertical Resistance: (from hand calculations)
« Sources of Vertical Resistance:
Self Weight = | 1406690 |lbs 1406.69 kips
« Total Vertical Resistance:
Rv=1406.69 Kips
e Comparison of Vertical Wave Force to Vertical Resistance:
Bridge Condition:
Fv= 1036.20 kips < Rv = 1406.69 Kkips O.K.
Fv= 207239 kips > Rv= 1406.69 Kips Failure

+ Horizontal Force Calculations:
Railing Height =|  2.000 |ft Water Depth= 3.00 ft
Deck Height =| 0.500 |ft Water surface to bot. of girder=  3.50  ft
Girder Height = 3.000 ft
Bridge Total Height =  5.500 ft Elevation to bot. of girder=  6.50  ft
Bridge Length = 100.667 ft Elevation of centroid of Ah= 9.25  ft

Ah= 55367 sqft
N= 16 girders

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height= 3.75 ft (above storm surge elevation)

(from NFIP Flood Hazard Assessment Tool)
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e Resulting Horizontal Force:
Fh= 68212 kips 341.06 tons

Fh= 1364.23 kips 682.12 tons

e Horizontal Resistance: (from hand calculations)
« Sources of Horizontal Resistance:

Self Weight =|_ 1406690 |Ibs

Girder Seat Interface = neoprene pad
us :| 0.1
Frictional Resistance = 140669 Ibs
Beam Web Flexural Capacity :| 92016 |lbs
« Total Horizontal Resistance:
Rh= 23269 Kkips
e Comparison of Horizontal Wave Force to Horizontal Resistance:

Fh= 682.12 kips > Rh=232.69 Kips

Fh= 1364.23 kips > Rh= 23269 Kips

Bridge Condition:

Failure

Failure
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Moanalua Stream Bridge: (Spans 3, 4,5 & 6) *Note: The calculations that follow are for one span only,
Method For Estimating Wave Forces on Bridge Superstructures therefore the bridge weight is divided by 8.

Douglass (2006)

Vertical Force Equation: Horizontal Force Equation:
B =Cyopa* F Fh:[l"'cr*(l’v_l)]*chfva*‘p;
E =y (Az,) + A, F::Y*(Azh)*iqh

Constant Coefficients:

Cr 0.4
b4 64  Ib/cubic ft
Cy—va 1 Nonconserv.
Cy—va 2 Conserv.
Ch-va 1 Nonconserv.
Chva 2 Conserv.
+ Vertical Force Calculations:
Bridge Deck Width =| 64.33 |ft Water Depth=| 2.50 |ft
Bridge Deck Length =| 27.00 |ft Water surface to bot. of girder =|  4.00 |ft
Height of girder =|  1.83 |ft
Av= 1737.00 sqft Elevation to bot. of girder=  6.50  ft
N= 9 girders Elevation to bot. of deck = 8.33  ft
Storm Surge Depth + Wave Height = | 10.00 |ft (from NFIP Flood Hazard Assessment Tool)
Storm Surge Depth = 6.87 |ft
e Largest Unbroken Wave: (0.455*storm surge depth)
Wave Height= 3.13 ft (above storm surge elevation)
e Resulting Vertical Force:
Fv=185.28 kips 92.64 tons (Non Conservative Value)

Fv=370.56 kips 185.28 tons (Conservative Value)

e Vertical Resistance: (from hand calculations)

« Sources of Vertical Resistance:
Self Weight = | 417270 |lbs 417.27 kips
Pier Cap Weight =| 158400 |Ibs

« Total Vertical Resistance:
Rv= 575.67 Kkips

e Comparison of Vertical Wave Force to Vertical Resistance:
Bridge Condition:
Fv= 185.28 Kkips < Rv= 575.67 Kips O.K.

Fv=370.56 kips < Rv= 575.67 Kips O.K.

+ Horizontal Force Calculations:
Railing Height =| 3.729 |ft Water Depth= 250 ft
Deck Height=| 0.667 |ft Water surface to bot. of girder = 4.00 ft
Girder Height = 1.833 ft
Bridge Total Height = 6.229 ft Elevation to bot. of girder= 650  ft
Bridge Length = 27.000 ft Elevation of centroid of Ah= 9.61 ft

Ah= 168.19 sqft

N= 9 girders

e Largest Unbroken Wave: (0.455*storm surge depth)
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Wave Height= 3.13 ft (above storm surge elevation)

o Resulting Horizontal Force:
Fh= 17.42 Kkips 8.71 tons

Fh= 34.85 Kkips 17.42  tons

e Horizontal Resistance: (from hand calculations)

« Sources of Horizontal Resistance:
Self Weight =| 417270 |lbs
Girder Seat Interface = concrete to concrete
us =| 0.8
Frictional Resistance = 333816 Ibs

Dowel Shear Friction =| 1592640 |Ibs
« Total Horizontal Resistance:

Rh= 1926.46 Kips

e Comparison of Horizontal Wave Force to Horizontal Resistance:

Bridge Condition:
Fh=17.42 Kips < Rh= 1926.46 kips O.K.
Fh= 3485 Kkips < Rh= 1926.46 Kkips O.K.

*Note: Spans 2 & 7 are the weakest, as they are only tied at one pier,

the other side of each span is on a concrete to concrete interface.

B-14



Kalihi Stream Bridge: (Typical Span) *Note: The calculations that follow are for one span only,
Method For Estimating Wave Forces on Bridge Superstructures therefore the bridge weight is divided by 7.

Douglass (2006)

Vertical Force Equation: Horizontal Force Equation:
B =Cppa= K Fh:[l"'cr*(l’v_l)]*chfva*‘p;
B =y=*(4z,)~ A, F::Y*(Azh)*Ah

Constant Coefficients:

Cr 0.4
b4 64  Ib/cubic ft
Cy—va 1 Nonconserv.
Cy—va 2 Conserv.
Ch-va 1 Nonconserv.
Ch-va 2 Conserv.
+ Vertical Force Calculations:
Bridge Deck Width =| 88.33 |ft Water Depth=| 2.50 |ft
Bridge Deck Length =| 27.00 |ft Water surface to bot. of girder =|  4.00 |ft
Height of girder =|  1.83 |ft
Av = 2385.00 sqft Elevation to bot. of girder=  6.50  ft
N= 13 |girders Elevation to bot. of deck = 8.33  ft
Storm Surge Depth + Wave Height = | 10.00 |ft
Storm Surge Depth = 6.87 |ft
e Largest Unbroken Wave: (0.455*storm surge depth)
Wave Height= 3.13 ft (above storm surge elevation)
e Resulting Vertical Force:
Fv= 25440 kips 127.20 tons (Non Conservative Value)
Fv=508.80 kips 254.40 tons (Conservative Value)
e Vertical Resistance: (from hand calculations)
« Sources of Vertical Resistance:
Self Weight = | 565087 |lbs 565.087 kips
« Total Vertical Resistance:
Rv = 565.087 Kips
e Comparison of Vertical Wave Force to Vertical Resistance:
Bridge Condition:
Fv=254.40 kips < Rv= 565.087 Kkips O.K.
Fv=508.80 kips < Rv= 565.087 Kips O.K.

+ Horizontal Force Calculations:
Railing Height =|  3.729 |ft Water Depth= 250 ft
Deck Height =| 0.667 |ft Water surface to bot. of girder=  4.00 ft
Girder Height = 1.833 ft
Bridge Total Height = 6.229 ft Elevation to bot. of girder=  6.50 ft
Bridge Length = 27.000 ft Elevation of centroid of Ah = 9.61 ft

Ah= 16819 sqft
N= 13 girders

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height= 3.13 ft (above storm surge elevation)

(from NFIP Flood Hazard Assessment Tool)
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e Resulting Horizontal Force:
Fh=24.06 kips 12.03 tons

Fh=48.12 kips 24.06 tons

e Horizontal Resistance: (from hand calculations)
« Sources of Horizontal Resistance:

Self Weight =|_565087 | Ibs

Girder Seat Interface = concrete to concrete
us :| 0.8
Frictional Resistance = 452069.6 Ibs
« Total Horizontal Resistance:
Rh=452.07 kips
e Comparison of Horizontal Wave Force to Horizontal Resistance:

Fh= 24.06 kips < Rh=452.07 Kips

Fh= 48.12 Kkips < Rh=452.07 Kips

Bridge Condition:

O.K.

O.K.
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Nimitz Highway at Aloha Tower Slip Cover #2:
Method For Estimating Wave Forces on Bridge Superstructures

Douglass (2006)
Vertical Force Equation:
B =cppa

E=y+(az;)« 4,

Horizontal Force Equation:
Fro=[14C=N-1)]*cppg=F
Fr=vr=(ds)=An

Constant Coefficients:

[ 0.4

¥ 64 Ib/cubic ft
€ruo 1 Nonconserv.
€ruo 2 Conserv.
Ch-va 1 Nonconserv.
Cn—va 2 Conserv.

+ Vertical Force Calculations:

Bridge Deck Width (1) = 67 Water Depth =|  5.33

Water surface to bot. of girder =|  4.50

ft
Bridge Deck Width (2) =| 53.00 |ft
Bridge Deck Length =| 178.41 |ft

Height of girder =|  2.50

Av = 10704.60 sq ft

N = girders

Elevation to bot. of girder = 9.83
Elevation to bot. of deck = 12.33

Storm Surge Depth + Wave Height = ft

Storm Surge Depth =
e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height= 250 ft (above storm surge elevation)

e Resulting Vertical Force:
Fv= 0.00 Kkips 0.00 tons

Fv= 0.00 Kkips 0.00 tons

o Vertical Resistance: (from hand calculations)

« Sources of Vertical Resistance:

Self Weight = | 2069453 |Ibs 2069.45 kips

« Total Vertical Resistance:
Rv= 2069.45 kips

e Comparison of Vertical Wave Force to Vertical Resistance:
Fv=0.00 Kkips < Rv= 2069.45 kips

Fv= 0.00 Kkips < Rv= 2069.45 kips

+ Horizontal Force Calculations:

Railing Height =| 1.667 |ft
Deck Height =| 1.292 |ft

Girder Height = 2.500 ft

Water Depth = 5.33
Water surface to bot. of girder = 4.50

Bridge Total Height=  5.458 ft
Bridge Length = 178.410 ft

Elevation to bot. of girder = 9.83
Elevation of centroid of Ah= 12.56

Ah= 97382 sqft
N= 11 girders
e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height= 250 ft (above storm surge elevation)

e Resulting Horizontal Force:
Fh=0.00 Kkips 0.00 tons

Fh=0.00 kips 0.00 tons

e Horizontal Resistance: (from hand calculations)

(Conservative Value)

==

(Non Conservative Value)

Bridge Condition:

O.K.

O.K.

(from NFIP Flood Hazard Assessment Tool)

Note: With 100 year flood data from the NFIP,
the waves will miss the bottom elevation of the bridge
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« Sources of Horizontal Resistance:

Self Weight =| 2069453 | Ibs
Girder Seat Interface = Concrete to Concrete

us
Frictional Resistance = 1655562 Ibs
« Total Horizontal Resistance:
Rh= 1655.56 kips
e Comparison of Horizontal Wave Force to Horizontal Resistance:
Fh=0.00 Kkips < Rh = 1655.56 kips

Fh=0.00 Kkips < Rh = 1655.56 kips

Bridge Condition:

O.K.

O.K.

Note: With 100 year flood data from the NFIP,
the waves will miss the bottom elevation of the bridge
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Nimitz Highway at Aloha Tower Slip Cover #3:
Method For Estimating Wave Forces on Bridge Superstructures

Douglass (2006)
Vertical Force Equation:
B =cppa

E=y+(az;)« 4,

Horizontal Force Equation:
Fro=[14C=N-1)]*cppg=F
Fr=vr=(ds)=An

Constant Coefficients:

[ 0.4

¥ 64 Ib/cubic ft
€ruo 1 Nonconserv.
€ruo 2 Conserv.
Ch-va 1 Nonconserv.
Cn—va 2 Conserv.

+ Vertical Force Calculations:

Bridge Deck Width (1) = 29 |ft Water Depth =|  5.33
Bridge Deck Width (2) =| 41.00 |ft Water surface to bot. of girder =|  4.50
Bridge Deck Width (3) =| 32.50 |ft Height of girder =|  2.50
Bridge Deck Length (1) =| 162.00 |ft
Bridge Deck Length (2) =| 78.00 |ft

Av= 8536.50 sqft

N girders

Storm Surge Depth + Wave Height =
Storm Surge Depth =

Elevation to bot. of girder = 9.83
Elevation to bot. of deck = 12.33

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height= 250 ft (above storm surge elevation)

e Resulting Vertical Force:
Fv=0.00 Kkips 0.00 tons

Fv=0.00 Kkips 0.00 tons

o Vertical Resistance: (from hand calculations)

« Sources of Vertical Resistance:

Self Weight = | 2180023 |Ibs

« Total Vertical Resistance:
Rv= 2180.02 kips

2180.02 kips

e Comparison of Vertical Wave Force to Vertical Resistance:
Fv= 0.00 Kkips < Rv= 2180.02 kips

Fv= 0.00 Kkips < Rv= 2180.02 kips

+ Horizontal Force Calculations:

Railing Height 1.667 |ft
Deck Height 1.292 |ft

Girder Height = 2.500 ft

Water Depth = 5.33
Water surface to bot. of girder = 4.50

Bridge Total Height =  5.458 ft
Bridge Length = 240.000 ft

Elevation to bot. of girder = 9.83
Elevation of centroid of Ah= 12.56

Ah= 1310.00 sq ft
N= 13 girders
e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height= 250 ft (above storm surge elevation)

e Resulting Horizontal Force:
Fh=0.00 Kkips 0.00 tons

Fh=0.00 kips 0.00 tons

(Conservative Value)

==

(Non Conservative Value)

Bridge Condition:

O.K.

O.K.

(from NFIP Flood Hazard Assessment Tool)

Note: With 100 year flood data from the NFIP,
the waves will miss the bottom elevation of the bridge
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e Horizontal Resistance: (from hand calculations)
« Sources of Horizontal Resistance:

Self Weight =| 2180023 | Ibs
Girder Seat Interface = Concrete to Concrete

us
Frictional Resistance = 1744018 Ibs
« Total Horizontal Resistance:
Rh= 1744.02 kips
e Comparison of Horizontal Wave Force to Horizontal Resistance:

Fh=0.00 Kkips < Rh= 1744.02 kips

Fh=0.00 kips < Rh= 1744.02 kips

Bridge Condition:

O.K.

O.K.

Note: With 100 year flood data from the NFIP,
the waves will miss the bottom elevation of the bridge
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Appendix C: McPherson Wave Estimation Method

Calculations




Kuliouou Bridge:
Method For Estimating Wave Forces on Bridge Superstructures

McPherson (2008)

Vertical Force Equation: Horizontal Force Equation:
O Frotai = Fuydrastazie T Faridge + Faprentrapmen: 0 Frotm = Fiydrostatic_rront + Fuydrostatic_sack
O Fuygrastatic = Y0z — Fy If Mmaz < Fnex
If i = homodel Fayarastatie pront = 05 % (Mmae ¥ 0~ fgerders Wireagel briagsV
1
E, =-yfA
w =3 ¥

If maz = Maoek

If h > homodel Fayirostasierrome = 05 % [(Maan + 8 = Tger gers ) F Uz — Patoci ) Hprrigol treage?

1

E, = 3 ¥EA +¥(h — Bypga)A
If SWL < Rginsare

Fayirostotic back = 0
O Fariage = Y¥0igriage

If SWL > Rgurars
0 Fatrgntrapment = (11 — 1)0.5¥ 0 Ag Fayarastarie bazie = W50 — Rgergar)® LirageV

Constant Coefficients:
¥ 64 Ib/cubic ft

+ Vertical Force Calculations:

Bridge Deck Width = ft Water Depth =[ 3.94 |t
Bridge Deck Length = ft Water surface to bot. of girder =|  1.00 |t
Area (A)= 3327.21 sqft Height of girder=|  3.00 |ft
Vol_bridge = cubic ft Deck Height =|  0.667 |ft
Vol_trapped air/2 = cubic ft Railing Height =|  2.708 |ft
n= girders Elevation to bot. of girder = 4.94  ft

Elevation to bot. of deck = 7.94 ft

Storm Surge Depth + Wave Height =
Storm Surge Depth =

(from NFIP Flood Hazard Assessment Tool)

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height = 2.50 ft (above storm surge elevation)

e Equation Values:

8z = -0.61 ft (Difference between top of deck and highest point on wave)
Fw = 0 Ibs
Fhydrostatic = 0 Ibs

Fbridge = 308811.52 Ibs
Fair_entrapment = 222422.08 Ibs
e Resulting Vertical Force:

Fv= 531.23  kips 265.62 tons

e Vertical Resistance: (from hand calculations)
« Sources of Vertical Resistance:
Self Weight = Ibs 723.78 kips
Bearing Plates 433453 |Ibs 433.45 kips
« Total Vertical Resistance:

Rv= 1157.23 Kips

e Comparison of Vertical Wave Force to Vertical Resistance:
Bridge Condition:
Fv= 531.23  kips < Rv= 1157.23 Kips O.K.

+ Horizontal Force Calculations:

Railing Height = 2.708 ft Water Depth=  3.94 ft
Deck Height = 0.667 ft Water surface to bot. of girder = 1.00  ft

Girder Height = 3.000 ft
Bridge Total Height = 6.375 ft Elevation to bot. of girder = 4.94  ft
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Bridge Length =  48.396  ft Elevation to bot. of deck = 7.94

Ah= 30852 sqft
N= 12 girders

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height = 2.50 ft (above storm surge elevation)

e Equation Values:

n_max = 2.50 ft (Wave height above storm surge elevation)
H_bridge = 6.38 ft
h= 5.50 ft (SWL)
h_girder = 4,94 ft
h_deck = 7.94 ft
F_hydrostatic_front = 30210.615 Ibs n_max < h_deck
F_hydrostatic_back =  482.686 Ibs SWL > h_girder
e Resulting Vertical Force:
Fh= 29.73 kips 14.86 tons

e Horizontal Resistance: (from hand calculations)

« Sources of Horizontal Resistance:
Self Weight = Ibs
Girder Seat Interface = Neoprene Pads
ps = 0
Frictional Resistance = 72377.7 Ibs

Bearing Plates =| 345312 |lbs

Beam Web Capacity = | 41010 |lbs

Koko Head wing wall = | 59400 |lbs

« Total Horizontal Resistance:
Rh= 51810 Kkips

e Comparison of Horizontal Wave Force to Horizontal Resistance:

Fh= 2973  kips < Rh= 51810 kips
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Kahaluu Bridge:

Method For Estimating Wave Forces on Bridge Superstructures

McPherson (2008)
Vertical Force Equation:

O Frotai = FH_v\drn.vrﬂﬂc T FEndgﬂ + FA(rEnfrﬂpmnnf

O Fuygrastatic = Y0z — Fy
If b = h_model

1
E, = -vda
W 21’

If b > homodel
1
E, = Eré‘)l + ¥R — Bypan ) A

O Fariage = Y¥0igriage
O Fatrgntrapmene = (1 — 1)0.5¥0gAg

Constant Coefficients:

¥ 64 Ib/cubic ft

+ Vertical Force Calculations:

Bridge Deck Width = ft
Bridge Deck Length = ft
Area (A) = 14628  sqft
Vol_bridge = cubic ft
Vol_trapped air/2 = cubic ft

n=[8 " girders

Horizontal Force Equation:
o Frotm = Faytrostatic_rromt + Faydrostatic_sask

If gz < Tock
Fuyivastarie pront = 0.5 * (Nmae + R — gerders JHbredgeL brudge

If M = Maork
Fuyarostatic_rront = 0.5 % [y + 1~ 'hg.fnier:} + (e — o)1 Hps rdgel bridge¥

If SWL < Rgsedare
Fayirostotic back = 0

If SWL > Mgpgers
Fayarastatic base = 0.5 — ﬁg(rdm—):f-br(dg.l‘

Water Depth=|  5.75 |ft

Water surface to bot. of girder =|  5.00 |ft
Height of girder =|  4.50 |ft

Deck Height =| 0.500 |ft

Railing Height =|  2.125 |ft

Elevation to bot. of girder=  10.75 ft
Elevation to bot. of deck = 1525 ft

Storm Surge Depth + Wave Height =
Storm Surge Depth =

(from NFIP Flood Hazard Assessment Tool)

| 1600 |ft
[ 1100 |ft

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height = 5.00 ft
e Equation Values:
8z = 0.25 ft
Fw= 117024 Ibs
Fhydrostatic= 117024  Ibs
Fbridge = 1533452.8 Ibs
Fair_entrapment = 1226310.4 Ibs

e Resulting Vertical Force:

Fv= 2876.79 kips

(above storm surge elevation)

(Difference between top of deck and highest point on wave)

1438.39 tons

e Vertical Resistance: (from hand calculations)

« Sources of Vertical Resistance:

Self Weight = | 3811550 |lbs

« Total Vertical Resistance:

3811.55 kips

Rv= 381155 Kips

e Comparison of Vertical Wave Force to Vertical Resistance:

Fv= 2876.79 kips
+ Horizontal Force Calculations:
Railing Height = 2.125 ft
Deck Height = 0.500 ft
Girder Height = 4.500 ft
Bridge Total Height = 7.125 ft
Bridge Length =  318.000 ft

Bridge Condition:
< Rv= 381155 kips O.K.
Water Depth=  5.75 ft
Water surface to bot. of girder=  5.00 ft
Elevation to bot. of girder = 10.75 ft
Elevation to bot. of deck = 1525 ft
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Ah= 226575 sqft
N= 8 girders

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height = 5.00 ft (above storm surge elevation)

e Equation Values:

n_max = 5.00 ft (Wave height above storm surge elevation)
H_bridge = 7.13 ft
h= 11.00  ft (SWL)
h_girder = 10.75 ft
h_deck = 15.25 ft
F_hydrostatic_front= 380646 Ibs n_max < h_deck
F_hydrostatic_back =  618.636 Ibs SWL > h_girder
e Resulting Vertical Force:
Fh=  380.03 kips 190.01 tons

e Horizontal Resistance: (from hand calculations)

« Sources of Horizontal Resistance:

Self Weight =| 3811550 |Ibs
Girder Seat Interface = Steel to Concrete

us =
Frictional Resistance = 1524620 Ibs

Wing Walls = | 299260 |lbs

« Total Horizontal Resistance:
Rh = 1823.88 kips

e Comparison of Horizontal Wave Force to Horizontal Resistance:

Fh= 380.03 kips < Rh = 1823.88 kips

Bridge Condition:

O.K.



New South Punaluu Bridge: (span #2)

Method For Estimating Wave Forces on Bridge Superstructures

McPherson (2008)
Vertical Force Equation:

Horizontal Force Equation:

O Frotai = FH_v\drn.vrﬂﬂc T FEndgﬂ + FA(rEnfrﬂpmnnf

O Fuygrastatic = Y0z — Fy

If b = h_model
1
E, = -ybA
" 21’

If > homodel
1
E.= Eré‘ﬂ + ¥k — by )4

O Fariage = YW 0igriage

O Fatrntrapmene = (1 — 1)0.5¥ g Az

Constant Coefficients:

¥ 64 Ib/cubic ft

+ Vertical Force Calculations:

Bridge Deck Width = 50.00 ft
Bridge Deck Length = 66.00 ft

Area (A) = 3300 sq ft
Vol_bridge =| 14662.83 |cubic ft
Vol_trapped air/2 =| 4402.245 |cubic ft

n=[730 " girders

If gz < Tock
Fuyivastarie pront = 0.5 * (Nmae + R — gerders JHbredgeL brudge

If M = Maork
Fuyarostatic_rront = 0.5 % [y + 1~ 'hg.fnier:} + (e — o)1 Hps rdgel bridge¥

If SWL < Rgsedars
Fayirostotic back = 0

If SWL > Bgepars

Water Depth =

Water surface to bot. of girder =
Height of girder =

Deck Height =

Railing Height =

Elevation to bot. of girder =
Elevation to bot. of deck =

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height = 3.75 ft
e Equation Values:
8z = 4.46 ft
Fw= 470448 Ibs
Fhydrostatic= 470448 Ibs
Fbridge = 938421.12 Ibs

Fair_entrapment = 281743.68 Ibs
e Resulting Vertical Force:

Fv= 1690.61 kips

(above storm surge elevation)

(Difference between top of deck and highest point on wave)

84531 tons

e Vertical Resistance: (from hand calculations)

« Sources of Vertical Resistance:

Deck Capacity = | 1262990 |Ibs

« Total Vertical Resistance:

1262.99 Kips

Rv= 1262.99 Kips

e Comparison of Vertical Wave Force to Vertical Resistance:

Fv= 1690.61 kips
+ Horizontal Force Calculations:
Railing Height = 3.000 ft
Deck Height = 0.875 ft
Girder Height = 1.750 ft
Bridge Total Height = 5.625 ft
Bridge Length=  66.000 ft

> Rv= 1262.99 Kips

Water Depth =
Water surface to bot. of girder =

Elevation to bot. of girder =
Elevation to bot. of deck =

4.92
0.00

4.92
6.67

4.92

0.00

7S

0.875

3.000

4.92
6.67

== e

==

Bridge Condition:
Failure

o Frotm = Fuytrostatic_rromt + Faydrostatic_sask

Fayarastatic base = 0.5 — ﬁg(rdm—):f-br(dg.l‘

(from NFIP Flood Hazard Assessment Tool)
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Ah= 37125 sqft
N= 30 girders

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height = 3.20 ft (above storm surge elevation)

e Equation Values:

n_max = 3.20 ft (Wave height above storm surge elevation)
H_bridge = 5.63 ft
h= 8.25 ft
h_girder = 4,92 ft
h_deck = 6.67 ft
F_hydrostatic_front = 77522.0214 lbs n_max < h_deck
F_hydrostatic_back = 23383.518 Ibs SWL > h_girder
e Resulting Vertical Force:
Fh= 54.14 kips 27.07 tons

e Horizontal Resistance: (from hand calculations)

« Sources of Horizontal Resistance:

Self Weight =| 907302 | Ibs

Girder Seat Interface = Concrete to Concrete
us =
Frictional Resistance = 725841.6 Ibs

Bearing Pads =| 766770 |lbs

« Total Horizontal Resistance:
Rh = 1492.61 kips

e Comparison of Horizontal Wave Force to Horizontal Resistance:

Fh= 5414  kips < Rh= 1492.61 kips

Bridge Condition:

O.K.
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New Makaha No.3A:

Method For Estimating Wave Forces on Bridge Superstructures

McPherson (2008)
Vertical Force Equation:

O Frotai = FH_v\drn.vrﬂﬂc T FEndgﬂ + FA(rEnfrﬂpmnnf

O Fuygrastatic = Y0z — Fy

If b = h_model
1
E, = -ybA
" 21’

If b > homodel
1
E, = Eré‘)l + ¥R — Bypan ) A

O Fariage = Y¥0igriage
O Fatrgntrapmene = (1 — 1)0.5¥0gAg

Constant Coefficients:

¥ 64 Ib/cubic ft

+ Vertical Force Calculations:

Bridge Deck Width = 46.83 ft
Bridge Deck Length = 70.00 ft

Area (A)= 327833 sqft
Vol_bridge =| 7745.12 |cubic ft
Vol_trapped air/2=| 0 |cubic ft

n=[ 1 girders

Horizontal Force Equation:
o Frotm = Faytrostatic_rromt + Faydrostatic_sask

If gz < Tock
Fuyivastarie pront = 0.5 * (Nmae + R — gerders JHbredgeL brudge

If M = Maork
Fuyarostatic_rront = 0.5 % [y + 1~ 'hg.fnier:} + (e — o)1 Hps rdgel bridge¥

If SWL < Rgsedare
Fayirostotic back = 0

If SWL > Mgpgers
Fayarastatic base = 0.5 — ﬁg(rdm—):f-br(dg.l‘

Water Depth=|  1.00 |ft

Water surface to bot. of girder =|  9.59 |ft
Height of girder=|  2.33 |ft

Deck Height =|  0.458 |ft

Railing Height =|  1.167 |ft

Elevation to bot. of girder= 1059 ft
Elevation to bot. of deck = 12.92 ft

Storm Surge Depth + Wave Height =
Storm Surge Depth =

(from NFIP Flood Hazard Assessment Tool)

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height = 4.07 ft
e Equation Values:
8z = -0.38 ft
Fw = 0 Ibs
Fhydrostatic = 0 Ibs
Fbridge = 495687.68 Ibs
Fair_entrapment = 0 Ibs

e Resulting Vertical Force:

Fv= 49569  kips

(above storm surge elevation)

(Difference between top of deck and highest point on wave)

247.84 tons

e Vertical Resistance: (from hand calculations)

« Sources of Vertical Resistance:

Deck Flexture Capacity = | 1127130 |lbs

« Total Vertical Resistance:

1127.13 Kips

Rv= 1127.13 Kips

e Comparison of Vertical Wave Force to Vertical Resistance:

Fv= 49569  kips
+ Horizontal Force Calculations:
Railing Height = 1.167 ft
Deck Height = 0.458 ft
Girder Height = 2.333 ft
Bridge Total Height = 3.958 ft
Bridge Length=  70.000 ft

Bridge Condition:
< Rv= 1127.13 kips O.K.
Water Depth= 1.00 ft
Water surface to bot. of girder=  9.59  ft
Elevation to bot. of girder = 10.59  ft
Elevation to bot. of deck = 12.92 ft
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Ah= 277.08 sqft
N= 1 girders

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height = 4.07 ft (above storm surge elevation)

e Equation Values:

n_max = 4.07 ft (Wave height above storm surge elevation)
H_bridge = 3.96 ft
h= 8.93 ft
h_girder = 10.59 ft
h_deck = 12.92 ft
F_hydrostatic_front = 21368.6667 Ibs n_max < h_deck
F_hydrostatic_back = 0.000 Ibs SWL < h_girder
e Resulting Vertical Force:
Fh= 21.37 kips 10.68 tons

e Horizontal Resistance: (from hand calculations)
« Sources of Horizontal Resistance:

Self Weight =| 1161770 |Ibs
Girder Seat Interface = Concrete to Concrete

us =
Frictional Resistance = 929416 Ibs
Shear Friction =| 8870400 |lbs
« Total Horizontal Resistance:
Rh = 9799.82 kips

e Comparison of Horizontal Wave Force to Horizontal Resistance:

Fh= 2137  kips < Rh= 9799.82 kips

Bridge Condition:

O.K.
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Old Makaha No.3A:

Method For Estimating Wave Forces on Bridge Superstructures

McPherson (2008)
Vertical Force Equation:

O Frotai = FH_v\drn.vrﬂﬂc T FEndgﬂ + FA(rEnfrﬂpmnnf

O Fuygrastatic = Y0z — Fy

If b = h_model
1
E, = -ybA
" 21’

If b > homodel
1
E, = Eré‘)l + ¥R — Bypan ) A

O Fariage = Y¥0igriage
O Fatrgntrapmene = (1 — 1)0.5¥0gAg

Constant Coefficients:

¥ 64 Ib/cubic ft

+ Vertical Force Calculations:

Bridge Deck Width = 32.83 ft
Bridge Deck Length = 78.83 ft

Area (A) = 2588.36 sqft
Vol_bridge =| 6933.77 |cubic ft
Vol_trapped air/2 =| 1167.17 |cubic ft

n=[ 12 lgirders

Horizontal Force Equation:
o Frotm = Faytrostatic_rromt + Faydrostatic_sask

If gz < Tock
Fuyivastarie pront = 0.5 * (Nmae + R — gerders JHbredgeL brudge

If M = Maork
Fuyarostatic_rront = 0.5 % [y + 1~ 'hg.fnier:} + (e — o)1 Hps rdgel bridge¥

If SWL < Rgsedare
Fayirostotic back = 0

If SWL > Mgpgers
Fayarastatic base = 0.5 — ﬁg(rdm—):f-br(dg.l‘

Water Depth=|  4.00 |ft

Water surface to bot. of girder =|  7.24 |ft
Height of girder=|  1.50 |ft

Deck Height =|  0.500 |ft

Railing Height =|  0.000 |ft

Elevation to bot. of girder = 11.24 ft
Elevation to bot. of deck = 12.74 ft

Storm Surge Depth + Wave Height =
Storm Surge Depth =

(from NFIP Flood Hazard Assessment Tool)

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height = 4.07 ft
e Equation Values:
8z = -0.24 ft
Fw = 0.00 Ibs
Fhydrostatic = 0.00 Ibs
Fbridge = 443761.28 Ibs
Fair_entrapment =  74698.88 Ibs
e Resulting Vertical Force:
Fv= 51846  kips

(above storm surge elevation)

(Difference between top of deck and highest point on wave)

259.23 tons

e Vertical Resistance: (from hand calculations)

« Sources of Vertical Resistance:
Self Weight =
Drift Bolt Withdrawal Capacity =

Rv=

« Total Vertical Resistance:

Ibs
Ibs

279.83 kips
69.3  Kkips

349.13 kips

e Comparison of Vertical Wave Force to Vertical Resistance:

Fv= 51846  kips
+ Horizontal Force Calculations:
Railing Height = 0.000 ft
Deck Height = 0.500 ft
Girder Height = 1.500 ft
Bridge Total Height = 2.000 ft

Bridge Condition:
> Rv=349.13 Kips Failure
Water Depth= 4.00 ft
Water surface to bot. of girder = 7.24  ft

Elevation to bot. of girder = 11.24 ft

C-9



Bridge Length=  78.833  ft Elevation to bot. of deck = 12.74 ft
Ah= 15767 sqft
N= 12 girders
e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height = 4.07 ft (above storm surge elevation)

e Equation Values:
n_max = 4.07

H_bridge = 2.000

ft (Wave height above storm surge elevation)
ft
h= 8.935  ft
ft
ft

h_girder= 11.240
h_deck= 12.740
F_hydrostatic_front = 8879.78667 Ibs n_max < h_deck

F_hydrostatic_back = 0.000 Ibs SWL < h_girder

e Resulting Vertical Force:

Fh= 8.88 kips 4.44  tons

e Horizontal Resistance: (from hand calculations)

« Sources of Horizontal Resistance:
Self Weight = Ibs
Girder Seat Interface = Wood to Wood (wet)
ps = 0
Frictional Resistance = 55966 Ibs

Drift Bolts Lateral Capacity =| 14405.4 |Ibs
« Total Horizontal Resistance:
Rh=70.37 Kips
e Comparison of Horizontal Wave Force to Horizontal Resistance:

Fh= 8.88 kips < Rh=70.37 Kips
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Maipalaoa Bridge: (Maili Channel)
Method For Estimating Wave Forces on Bridge Superstructures

McPherson (2008)

Vertical Force Equation: Horizontal Force Equation:
O Frotai = Fuyarasteree + Faridge + Facrentropment o Frotm = Fuydrostaric_rront + Friydrostatic_sask
O Fuygrastatic = Y0z — Fy If Mmaz < Fnex
If i = homodel Fayarastatie rront = 05 % (Mmae ¥ 0~ Agergers Wireagel bridgsV
1
E, =-yfA
W 2 ¥

If maz = Maoek
If b > homodel
1
By = v8A +y(h— hppum)A
2 If SWL < Bgpiare

Fayirostotic back = 0
O Fariage = Y¥0igriage

If SWL > Rgurars
0 Fatrgntrapment = (11 — 1)0.5¥ 0 Ag Fayarastarie bazie = 0500 — Hergar)® Lreage¥

Constant Coefficients:
¥ 64 Ib/cubic ft

+ Vertical Force Calculations:

Bridge Deck Width = ft Water Depth =[ 3.00 |t
Bridge Deck Length = ft Water surface to bot. of girder =| 350 |ft
Area (A) = 6476.22222 sq ft Height of girder=|  3.00 |ft
Vol_bridge = cubic ft Deck Height =| 0500 |ft
Vol_trapped air/2 = cubic ft Railing Height =|  2.000 |ft
n= girders Elevation to bot. of girder = 6.50  ft

Elevation to bot. of deck = 9.50  ft

Storm Surge Depth + Wave Height =
Storm Surge Depth =

(from NFIP Flood Hazard Assessment Tool)

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height = 3.75 ft (above storm surge elevation)

e Equation Values:

8z = 2.00 ft (Difference between top of deck and highest point on wave)

Fw = 414478.222 Ibs
Fhydrostatic = 414478.222 Ibs

Fbridge = 495687.68 Ibs
Fair_entrapment =  399532.8 Ibs
e Resulting Vertical Force:

Fv= 1309.70 kips 654.85 tons

e Vertical Resistance: (from hand calculations)

« Sources of Vertical Resistance:
Self Weight = | 1406690 | Ibs 1406.69 kips

« Total Vertical Resistance:

Rv = 1406.69 Kkips

e Comparison of Vertical Wave Force to Vertical Resistance:
Bridge Condition:
Fv= 1309.70 Kkips < Rv = 1406.69 kips O.K.

+ Horizontal Force Calculations:

Railing Height = 2.000 ft Water Depth= 3.00 ft
Deck Height = 0.500 ft Water surface to bot. of girder=  3.50  ft

Girder Height = 3.000 ft
Bridge Total Height = 5.500 ft Elevation to bot. of girder=  6.50 ft
Bridge Length =  100.667  ft Elevation to bot. of deck = 9.50  ft

Fuyarostatic_rront = 0.5 % [y + 1~ 'hg.fnier:} + (e — o)1 Hps rdgel bridge¥
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Ah= 55367 sqft
N= 16 girders

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height = 3.75 ft (above storm surge elevation)

e Equation Values:

n_max = 3.75 ft (Wave height above storm surge elevation)
H_bridge = 5.50 ft
h= 8.25 ft
h_girder = 6.50 ft
h_deck = 9.50 ft
F_hydrostatic_front = 97445.3333 lbs n_max < h_deck
F_hydrostatic_back = 9836.296 Ibs SWL > h_girder
e Resulting Vertical Force:
Fh= 87.61 kips 43.80 tons

e Horizontal Resistance: (from hand calculations)
« Sources of Horizontal Resistance:

Self Weight =| 1406690 | Ibs
Girder Seat Interface = neoprene pad

ps=[ 01 ]
Frictional Resistance = 140669 Ibs
Beam Web Flexural Capacity =| 92016 |lbs
« Total Horizontal Resistance:
Rh= 232,69 Kkips

e Comparison of Horizontal Wave Force to Horizontal Resistance:

Fh= 8761  kips < Rh= 232,69 kips

Bridge Condition:

O.K.
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Moanalua Stream Bridge: (Spans 3, 4, 5 & 6)
Method For Estimating Wave Forces on Bridge Superstructures

McPherson (2008)
Vertical Force Equation:

O Frotai = FH_v\drn.vrﬂﬂc T FEndgﬂ + FA(rEnfrﬂpmnnf

O Fuygrastatic = Y0z — Fy

If b = h_model
1
E, = -ybA
" 21’

If b > homodel
1
E, = Eré‘)l + ¥R — Bypan ) A

O Fariage = Y¥0igriage
O Fatrgntrapmene = (1 — 1)0.5¥0gAg

Constant Coefficients:

¥ 64 Ib/cubic ft

+ Vertical Force Calculations:

Bridge Deck Width = 64.33 ft
Bridge Deck Length = 27.00 ft

Area (A) = 1737 sq ft
Vol_bridge =| 2737.62 |cubic ft
Vol_trapped air/2 =| 1390.11 |cubic ft

n :|I|girders

Storm Surge Depth + Wave Height =

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height = 3.13 ft
e Equation Values:
8z = 1.00 ft
Fw= 55584 Ibs
Fhydrostatic = 55584  Ibs

Fbridge = 175207.537 Ibs
Fair_entrapment = 88967 Ibs
e Resulting Vertical Force:

Fv=

319.76  kips

e Vertical Resistance: (from hand calculations)
« Sources of Vertical Resistance:
Self Weight = Ibs
Pier Cap Weight 158400 |Ibs
« Total Vertical Resistance:
Rv= 575.67 Kips

*Note: The calculations that follow are for one span only,
therefore bridge volumes are divided by 8.

Horizontal Force Equation:
o Frotm = Faytrostatic_rromt + Faydrostatic_sask

If gz < Tock
Fuyivastarie pront = 0.5 * (Nmae + R — gerders JHbredgeL brudge

If maz = Maoek

Fuyarostatic_rront = 0.5 % [y + 1~ 'hg.fnier:} + (e — o)1 Hps rdgel bridge¥

If SWL < Rgsedare
Fayirostotic back = 0

If SWL > Mgpgers
Fayarastatic base = 0.5 — ﬁg(rdm—):f-br(dg.l‘

Water Depth=|  2.50 |ft

Water surface to bot. of girder =|  4.00 |ft
Height of girder=|  1.83 |ft

Deck Height =| 0.667 |ft

Railing Height =|  3.729 |ft

Elevation to bot. of girder= 6,50 ft
Elevation to bot. of deck = 8.33  ft

(from NFIP Flood Hazard Assessment Tool)

Storm Surge Depth =

(above storm surge elevation)

(Difference between top of deck and highest point on wave)

159.88 tons

417.27 kips
158.4  kips

e Comparison of Vertical Wave Force to Vertical Resistance:

Bridge Condition:
Fv= 319.76  kips < Rv= 575.67 Kips O.K.
+ Horizontal Force Calculations:
Railing Height = 3.729 ft Water Depth= 250 ft
Deck Height = 0.667 ft Water surface to bot. of girder = 4.00  ft
Girder Height = 1.833 ft
Bridge Total Height = 6.229 ft Elevation to bot. of girder=  6.50  ft
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Bridge Length=  27.000 ft Elevation to bot. of deck = 8.33

Ah= 16819 sqft
N= 9 girders

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height = 3.13 ft (above storm surge elevation)

e Equation Values:

n_max = 3.13 ft (Wave height above storm surge elevation)
H_bridge = 6.23 ft
h= 6.87 ft
h_girder = 6.50 ft
h_deck = 8.33 ft
F_hydrostatic_front = 18837 Ibs n_max < h_deck
F_hydrostatic_back =  120.112 Ibs SWL > h_girder
e Resulting Vertical Force:
Fh= 18.72 kips 9.36 tons

e Horizontal Resistance: (from hand calculations)
« Sources of Horizontal Resistance:

Self Weight =| 417270 |Ibs

Girder Seat Interface = concrete to concrete
us =
Frictional Resistance = 333816 Ibs
Dowel Shear Friction =| 1592640 |Ibs
« Total Horizontal Resistance:
Rh = 1926.46 kips

e Comparison of Horizontal Wave Force to Horizontal Resistance:

Fh= 1872  kips < Rh= 1926.46 kips

*Note: Spans 2 & 7 are the weakest, as they are only tied at one pier,
the other side of each span is on a concrete to concrete interface.
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Kalihi Stream Bridge: (Typical Span)
Method For Estimating Wave Forces on Bridge Superstructures

McPherson (2008)
Vertical Force Equation:

O Frotai = FH_v\drn.vrﬂﬂc T anu‘ge + FA(rEntrﬂprnnnt

O Fuygrastatic = Y0z — Fy

If b = h_model
1
E, = -ybA
" 21’

If b > homodel

1
Fy = 5¥8A+7(h— hynpuan )4

O Fariage = Y¥0igriage
0 Fatrgntrapmene = (0 — 110.5y8; A

Constant Coefficients:

¥ 64 Ib/cubic ft

+ Vertical Force Calculations:

Bridge Deck Width = ft
Bridge Deck Length = ft
Area (A) = 2385 sq ft
Vol_bridge = cubic ft
Vol_trapped air/2 = cubic ft

n=[ 18 |girders

Storm Surge Depth + Wave Height =

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height = 3.13 ft

e Equation Values:

8z = 1.00 ft
Fw= 76320 Ibs
Fhydrostatic = 76320  lbs

Fbridge = 235803.236 Ibs
Fair_entrapment = 62710.784 lbs
e Resulting Vertical Force:

Fv= 37483 kips

e Vertical Resistance: (from hand calculations)

« Sources of Vertical Resistance:
Self Weight = | 565087.1 | Ibs

« Total Vertical Resistance:
Rv= 565.09 Kips

*Note: The calculations that follow are for one span only,
therefore bridge volumes are divided by 7.

Horizontal Force Equation:
o Frotm = Faytrostatic_rromt + Faydrostatic_sask

If gz < Tock
Fuyivastarie pront = 0.5 * (Nmae + R — gerders JHbredgeL brudge

If M = Maork
Fuyarostatic_rront = 0.5 % [y + 1~ hgrrlier:} + (e — o)1 Hps rdgel bridge¥

If SWL < Rgsedare
Fayirostotic back = 0

If SWL > Mgpgers
Fayarastatic base = 0.5 — "?g(rm—):f-br(dg.l‘

Water Depth=|  2.50 |ft

Water surface to bot. of girder =|  4.00 |ft
Height of girder=|  1.83 |ft

Deck Height =| 0.667 |ft

Railing Height =|  3.729 |ft

Elevation to bot. of girder= 6,50 ft
Elevation to bot. of deck = 8.33  ft

(from NFIP Flood Hazard Assessment Tool)

Storm Surge Depth =

(above storm surge elevation)

(Difference between top of deck and highest point on wave)

187.42 tons

565.09 kips

e Comparison of Vertical Wave Force to Vertical Resistance:

Fv= 37483 kips <

+ Horizontal Force Calculations:

Railing Height = 3.729 ft
Deck Height = 0.667 ft

Girder Height = 1.833 ft
Bridge Total Height = 6.229 ft
Bridge Length=  27.000 ft

Bridge Condition:
Rv= 56509 Kkips O.K.

Water Depth= 250 ft

Water surface to bot. of girder = 4.00  ft

Elevation to bot. of girder=  6.50 ft
Elevation to bot. of deck = 8.33  ft
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Ah= 16819 sqft
N= 13 girders

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height = 4.225 ft (above storm surge elevation)

e Equation Values:

n_max = 4.23 ft (Wave height above storm surge elevation)
H_bridge = 6.23 ft
h= 6.87 ft
h_girder = 6.50 ft
h_deck = 8.33 ft
F_hydrostatic_front = 24745.6407 lbs n_max < h_deck
F_hydrostatic_back = 120.112 Ibs SWL > h_girder
e Resulting Vertical Force:
Fh= 24.63 kips 12.31 tons

e Horizontal Resistance: (from hand calculations)

« Sources of Horizontal Resistance:

Self Weight =| 565087.1 | Ibs
Girder Seat Interface = concrete to concrete

us =
Frictional Resistance = 452069.7 Ibs
« Total Horizontal Resistance:
Rh= 452,07 Kkips

e Comparison of Horizontal Wave Force to Horizontal Resistance:

Fh= 2463  kips < Rh= 45207 kips

Bridge Condition:

O.K.
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Nimitz Highway Slip Cover #2:
Method For Estimating Wave Forces on Bridge Superstructures

McPherson (2008)
Vertical Force Equation:

O Frotai = FH_v\drn.vrﬂﬂc T FEndgﬂ + FA(rEnfrﬂpmnnf

O Fuygrastatic = Y0z — Fy

If b = h_model
1
E, = -ybA
" 21’

If b > homodel
1
E, = Eré‘)l + ¥R — Bypan ) A

O Fariage = Y¥0igriage
O Fatrgntrapmene = (1 — 1)0.5¥0gAg

Constant Coefficients:

¥ 64 Ib/cubic ft

+ Vertical Force Calculations:

Bridge Deck Width (1) = 67 ft

Bridge Deck Width (2) = 53.00 ft

Bridge Deck Length =| 17841 |ft
Area (A)= 10704.6 sqft

Vol_bridge = 13797  |cubic ft
Vol_trapped air/2= 0 |cubic ft

n=[ 11 girders

Storm Surge Depth + Wave Height =

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height = 2.50 ft
e Equation Values:
8z = -5.63 ft
Fw = 0 Ibs
Fhydrostatic = 0 Ibs
Fbridge = 0 Ibs
Fair_entrapment = 0 Ibs

e Resulting Vertical Force:

Fv= 0.00 kips

e Vertical Resistance: (from hand calculations)

« Sources of Vertical Resistance:
Self Weight = | 2069453 | Ibs

« Total Vertical Resistance:
Rv = 2069.453 kips

0.00

Horizontal Force Equation:
o Frotm = Faytrostatic_rromt + Faydrostatic_sask

If gz < Tock
Fuyivastarie pront = 0.5 * (Nmae + R — gerders JHbredgeL brudge

If maz = Maoek

Fuyarostatic_rront = 0.5 % [y + 1~ 'hg.fnier:} + (e — o)1 Hps rdgel bridge¥

If SWL < Rgsedare
Fayirostotic back = 0

If SWL > Mgpgers
Fayarastatic base = 0.5 — ﬁg(rdm—):f-br(dg.l‘

Water Depth =[ 533 |t

Water surface to bot. of girder

Height of girder=| 2,50 |ft

Deck Height =| 1.292 |ft

Railing Height =|  1.667 |ft

Elevation to bot. of girder=  9.83  ft
Elevation to bot. of deck = 12.33 ft

(from NFIP Flood Hazard Assessment Tool)
Storm Surge Depth = ft

(above storm surge elevation)

(Difference between top of deck and highest point on wave)

(bridge is not submerged, water level is too low)

tons

2069.453 Kips

e Comparison of Vertical Wave Force to Vertical Resistance:

Bridge Condition:
Fv= 0.00 kips < Rv = 2069.453 Kips O.K.
+ Horizontal Force Calculations:
Railing Height = 1.667 ft Water Depth=  5.33 ft
Deck Height = 1.292 ft Water surface to bot. of girder= 450  ft
Girder Height = 2.500 ft
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Bridge Total Height = 5.458 ft Elevation to bot. of girder=  9.83  ft
Bridge Length =  178.410 ft Elevation to bot. of deck = 12.33 ft

Ah= 97382 sqft
N= 11 girders

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height = 2.50 ft (above storm surge elevation)

e Equation Values:

n_max = 2.50 ft (Wave height above storm surge elevation)
H_bridge = 5.46 ft
h= 8.00 ft
h_girder = 9.83 ft
h_deck = 12.33 ft
F_hydrostatic_front = 0 Ibs n_max < h_deck (bridge is not submerged)
F_hydrostatic_back = 0.000 Ibs SWL < h_girder
e Resulting Vertical Force:
Fh= 0.00 kips 0.00 tons

e Horizontal Resistance: (from hand calculations)

« Sources of Horizontal Resistance:

Self Weight =| 2069453 | Ibs
Girder Seat Interface = Concrete to Concrete

us =
Frictional Resistance = 1655562 Ibs

« Total Horizontal Resistance:
Rh = 1655.56 kips

e Comparison of Horizontal Wave Force to Horizontal Resistance:

Bridge Condition:

Fh= 0.00 kips < Rh = 1655.56 kips O.K.
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Nimitz Highway Slip Cover #3:

Method For Estimating Wave Forces on Bridge Superstructures

McPherson (2008)
Vertical Force Equation:

O Frotai = FH_v\drn.vrﬂﬂc T FEndgﬂ + FA(rEnfrﬂpmnnf

O Fuygrastatic = Y0z — Fy

If b = h_model
1
E, = -ybA
" 21’

If k> homodel
1
Fy = EYI-’M + ¥ — hgogm)d
O Fariage = Y¥0igriage
0 Fatrentrapmene = (11— 110.5¥ 0z 4
Constant Coefficients:

¥ 64 Ib/cubic ft

+ Vertical Force Calculations:

Bridge Deck Width (1) = 29 ft
Bridge Deck Width (2) = 41.00 ft
Bridge Deck Width (3) = 32.50 ft
Bridge Deck Length (1) =|  162.00 |ft
Bridge Deck Length (2) = 78.00 ft
Av= 85365 sqft

Vol_bridge = 14499  |cubic ft
Vol_trapped air/2= 0 |cubic ft

n=[18 " girders

Horizontal Force Equation:
o Frotm = Faytrostatic_rromt + Faydrostatic_sask

If Mgz < Pager

Fuyivastarie pront = 0.5 * (Nmae + R — gerders JHbredgeL brudge

If maz = Maoek

Fuyarostatic_rront = 0.5 % [y + 1~ 'hg.fnier:} + (e — o)1 Hps rdgel bridge¥

If SWL < Rgsedare
Fayirostotic back = 0

If SWL > Mgpgers
Fayarastatic base = 0.5 — ﬁg(rdm—):f-br(dg.l‘

Water Depth =[ 533 |t

Water surface to bot. of girder

Height of girder=|  2.50 |ft
Deck Height =| 1.292 |ft
Railing Height =|  1.667 |ft

Elevation to bot. of girder=  9.83  ft
Elevation to bot. of deck = 12.33 ft

Storm Surge Depth + Wave Height =
Storm Surge Depth =

e Largest Unbroken Wave: (0.455*storm surge depth)

Wave Height = 2.50 ft

e Equation Values:

(above storm surge elevation)

8z = -5.63 ft (Difference between top of deck and highest point on wave)
Fw = 0 Ibs
Fhydrostatic = 0 Ibs
Fbridge = 0 Ibs (bridge is not submerged, water level is too low)
Fair_entrapment = 0 Ibs

e Resulting Vertical Force:

Fv= 0.00 kips 0.00 tons

e Vertical Resistance: (from hand calculations)

« Sources of Vertical Resistance:
Self Weight = | 2069453 | Ibs

« Total Vertical Resistance:

2069.453 Kips

Rv = 2069.453 kips

e Comparison of Vertical Wave Force to Vertical Resistance:

Fv= 0.00 kips

+ Horizontal Force Calculations:

Railing Height = 1.667 ft
Deck Height = 1.292 ft

Girder Height = 2.500 ft
Bridge Total Height = 5.458 ft

Bridge Condition:
< Rv = 2069.453 kips O.K.

Water Depth=  5.33 ft

Water surface to bot. of girder= 450  ft

Elevation to bot. of girder = 9.83  ft

ft (from NFIP Flood Hazard Assessment Tool)
ft
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Bridge Length =  240.000 ft Elevation to bot. of deck = 12.33 ft

Ah= 1310.00 sqft
N= 13 girders

e Largest Unbroken Wave: (0.78*storm surge depth)

Wave Height = 6.39 ft (above storm surge elevation)

e Equation Values:

n_max = 6.39 ft (Wave height above storm surge elevation)
H_bridge = 5.46 ft
h= 8.00 ft
h_girder = 9.83 ft
h_deck = 12.33 ft
F_hydrostatic_front = 0 Ibs n_max < h_deck
F_hydrostatic_back = 0.000 Ibs SWL < h_girder
e Resulting Vertical Force:
Fh= 0.00 kips 0.00 tons

e Horizontal Resistance: (from hand calculations)

« Sources of Horizontal Resistance:

Self Weight =| 2180023 | Ibs
Girder Seat Interface = Concrete to Concrete
us =
Frictional Resistance = 1744018 Ibs

« Total Horizontal Resistance:
Rh= 1744.02 kips
e Comparison of Horizontal Wave Force to Horizontal Resistance:

Fh= 000  kips < Rh= 1744.02 kips

(bridge is not submerged)

Bridge Condition:

O.K.
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Appendix D: AASHTO Guide Specifications

Calculations
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