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ABSTRACT

Growing cities within the United States have all faced the problem of traimgpgoods
and people from place to place efficiently. Historically, freeways hase Wwalened to meet the
needs of a growing population. Although widening freeways and local roads doesealleviat
traffic congestion, many drawbacks including pollution and road maintenanceatmmgenith
continual lane expansions. With air quality in the valley already extrgmoely and twenty-five
percent of youths developing asthma, dramatic increases in pollution could havatdeyas
effects on both the children and the elderly. However, due to recent developments around the
world, new, fast, efficient, and environmentally friendly transportation systams
accommodate Fresno’s ever-growing population.

An evaluation of three methods of transportation was conducted to determine the most
cost effective, safe, efficient, and reliable system that can be implemereesno. Alternative
solutions included the assessment of the Monorail rubber wheels, Monorail Maglev, and
Monorail Maglift. Through a ranking system that consisted of several inmponemes, the
monorail with rubber wheels was selected base on its high GPA and proven tradlaceoss
the world.

This new challenging project will require detailed analyses and paimmstructural,
geotechnical, and transportation engineering. However, through this new umgdeRedsno
will boast the latest in transportation technology, that will have the capabilitpve large
guantities of people in a fast pollution free manner.

Proposed is an initial route of a future interconnected monorail network connecting
Fresno together. The first phase will consist of a dual elevated 9-igilenaint along
Blackstone Avenue from downtown Fresno to north Fresno near the Woodward Park area. The
projects goal with the monorail is to reduce traffic congestion and air polluticesnd-and the
Central Valley.



TABLE OF CONTENTS

PROBLEM STATEMENT ....utittttiiititittttte ettt et e e e e e e e e e e e e e e e e e e s s s a b abbbbbeeeeeees 6
PROJECT REQUIREMENTS AND CONSTRAINTS ....uiiiiiiiiiiiiiiiiiiieieeee e e e e e e e e e e s e esssssnnenenneees 7
o 03725 o | S 8
[=Tol0] 0 o] 0 4] 0% | A0SR PPTPUPURPTRRP 9
POHLICAI/SOCIAL ...ttt et e e e e e e e e e e e e e e e e e e s s bbbbeeeees 9
POSSIBLE SOLUTIONS ....coiiiiiieeii ettt ettt e e e e e e e e e e e e e e e s s s s s s ssbsassassaeeeeeeeaaaaaaaeaeens 10
(V= To | L] (ol IS = o o R 10
NO BUIIA SOIULION ...t s e e e e e e e e e e e e e e e e eesenbnnna s 11
Alternative 1 (Monorail RUbber WHheEelS) ... 11
Seattle Center MonOorail HISTOIY........oooiiiiiiiiiiiiiee e 12
Alternative 2 (Maglev MONOTAIL)..........oeeeeieiiiie e e e e e e e e e e e 13
Alternative 3 (Maglift MONOI@I) ......cooiiiiiiei e e e e e e e e e e eeeeeeees 13
Alternatives Considered But DISMISSEA ..........uuuiiiiiiiiiiiiiiieeeeeeeeee e e e e 14
ANALYSIS AND EVALUATION OF POSSIBLE SOLUTIONS .......cooooiiiiiiiieeeeeeeeeeee 15
Lo L=T £ T o I ] T = = 15
SELECTED ALTERNATIVE FOR PROJECT: MONORAIL .....uutiiiiiiiiiiiiiiiieieeeeee e 17
Walt QN TraVEl TIMES. . .ueiiiiiiiiiiiiiie ettt et e e e e e e e e e e e e e e e s bbb bbb s e e e e e e e 19
DESIGN APPROACH. ... ettt ettt e sttt et e e e aaaaaaaeeeaaeeeeaaeasasnsnnsnsssnrenenes 21
Methods to Reduce Negative Visual IMPAaC ............uuuiiiiiiiiiiee e e e e 22
DESCRIPTION OF SOLUTION ....uuitiiiiiiiiiiiiiiiititetteaeeeeeeeeasesssssssssssssessssssseeeeeeeeesaaaeaaasaeasasannnns 22
LU o =LY YRR 23
B A .. et a e e e e e e e eaaas 25
(@] 01331 0 TP PPPPPPUPPPTPPPPRR 26
SEAtIONS DELAIIS ... e e et e ettt e e e e e e e e e e e e eeenarraanna 26
Station Structural DeTaAIS L........couiiiiiiiiiiiiii et 27
Structural Station DESIGN LL.... ..o 28
DISTRIBUTION OF TASKS ... eiitttttttttttitttie et e e ettt st r e e e e e e e e aeaaaeeaaaaasasaaaannes 29
I = Ta IS oo T4 =1 1 o] o RO PPPPPPPTRPRRR 30
Yo ]| K74 o0 g To F= 11 o] o PSP PPPPPPP 31
Environmental ENGINEEIING ......uuuuuiiiiiiee ettt e e e e e e e e e eeeas 32
[ 17 [ £0] o T [P 33
SCOPE OF WORK ...ttt ettt e e e e e e e e e e e e e e s e s s s s s aae bbbt be e e et e e eeeeeeaaaaaeaaaaaesessnnnnnns 33
Y 011 LU = | PP PPPPPPPUPPPTPRP 33
ENVIFONMENTAL.......coii ettt e e e e e e e e e e e e e e e eeeeesbennnnnnes 34
(€T=To)(=Tod o] o] or= 1 AT PP TTTPPPPPP 35
I = 1a IS oo T4 =1 1 o] o OO UUUPPPPUPPTPRPPRRR 35
ESTIMATED CAPITAL COST OF MONORAIL PROJECT .....oooiiiiiiiiiiiiiiieieieeeeeeeee e 36
Net Present Value of MONOrail PrOJECE..........cooviiiiiiiiiiie e eeeaeeees 37
EXPECTED TIME TO COMPLETION OF FINAL DESIGN......cccoiiiiiiiiiiiiiiieieieeeeeeeee e 39
N |5 USSP a7



LIST OF FIGURES

Figure 1 — Future traffic SIgnal lIgNtS ..........eiiii e 6
Figure 2 - Air pollution levels in California, CARB (2001-2003) ........ccuuvuremiiiiiieeeeeeeereeeeeeeenennnnns 7
Figure 3 - Possible solutions (AILEINALIVES) ........ i 10
Figure 4 - Monorail W/irubber WheEels ...........cooo i e e 12
Figure 5 - MagleVv MONOTAIl..........oooiiiiiie et e e e e e e e e eees 13
Figure 6 - Maglift MONOTAIl ...........uiiiii e e e e e e e e e e e e e e e eeereeennnnes 14
Figure 7 - Monorail ridership projections for Blackstone alignment ...............cccooeviiiiiiiiiiiiinnn. 16
Figure 8 - Bombardier (Disney configuration) 6-car rolling stocK.............cccceeeeiiiiiiiiiiiiiiiiieieiinn, 18
Figure 9 - M-VI showing D0Ogie and tir€ ..........cooeuiiiiuiiiiiieie e e e e e eeeeeeeeeanaes 19
Figure 10 - Position profilgppsition vs. time graph of monorAil...........ccccceeeieiiiiiiiiiiiieieiinn, 20
Figure 11 - Velocity profileelocity vs. time graph of monorgil.............cccoeeiviiiiiiiiiiiiiiiinn, 20
Figure 12 - ROmMan arCh deSIgN .........cooeeiiiiiiiiiiiie ettt e e e e e e e e e e e e e e e e e e eeaeaees 22
Figure 13 - GUIEWAY COMPAIISON....uuuuiiteeeeeeeeeieeeeeeetttttai e s e e e e e e e e e aeeeeeeesesbasnnaasaaeeeaaaaaeeeeensennes 24
Figure 14 - Possible guideway layout at interSECHIONS.............ovvvvviiiiiiiiiiiee e 24
Figure 15 - Freeway 41 overpass at Friant possible alternative..............cccccceeiiiiiiiiiiiiiiiiins 24
[T [0 =T KO I = 11 o I o] o7 o | (SR 27
Figure 17 - Possible station roof deSIgN............uuuiiiiiiii e 28
Figure 18 - Blackstone alignNmENnt .............euiiiiiiii e e e e e e e e e e e e e eeees 30
Figure 19 — Monorail Project capital cost diStribution ................uvuiiiiiiiiie e 37
Figure 20 - Net present value of Monorail ProjeCt........cccoeiiiiiii i 38
Figure 21 - Site location of Friant StAtiON ...........coooiiiiiiiiiiiiiii e 40
Figure 22 - Bombardier M-VI MONOTAIl ............uuuuiiiiiieiiee e e e e e e e e e e 40
LIST OF TABLES
Table 1 - Transit MOde eVAlUALIONS.........coooi it e e e e e e e e eeeeeaanees 14
Table 2 - Evaluation of alternatives table ... 16
Table 3 - Design task SCNEAUIE ...........uueeiiie e e e e e e e eeeeaeees 39
Table 4 — Monorail Project capital cost estimate breakdown ..............cccceeeiiiiieeeeiiiieeeee, 47
Table 5 — Estimated capital cost of Maglift and Maglev alternatives.............ccccoeeivveveviiiiiiiinnnnn. 48
Table 6 — ECONOMIC @NalySIS ata...........ccovviiiiiiiiiiiiiee e e e e e e e e e e e e s 49
Table 7 - Ads and Billboards @StMAatioN.............uuuuiiiiiiiii e 49
Table 8 — Annual operating and maintenance cost estimate (Low Estimate)...............cccceevvvvnnnns 50
Table 9 - Monorail performance ProfileS........ ... s 50



PROBLEM STATEMENT

In a perfect city, people and goods could be moved comfortably, quickly, and safely from
place to place. Transportations systems such as roads would be well maintditeda
enough to support a growing population. Traffic congestion and accidents would never be a
concern to drivers and health hazards from pollution would not exist. However, cities and
people are not perfect. The City of Fresno has developed increased conceihsorélatic
congestion and pollution.

The Central Valley's transportation system has begun showing early signs of
deterioration. As the population in Fresno increase, the current transportatiomssysgtenot
be able to accommodate the needs of the growing population. Studies have ranked Fresno
transportation system 33 out of 50 for sustainability and 46 out of 50 for public transportati
In order to sustain this increasing population, the Central Valley must aduzdssy/tissues of
improving the levels of service of roads and developing a much-needed public trdimgporta

system.

Figure 1 — Future traffic signal lights

Pollution in the Central Valley has become an increasing concern amatentss
Fresno’s increasing population could have devastating effects on the air.qlralityecent air
quality study conducted by the American Lung Association in 2004, Fresno, Califaasi

ranked in the top five of several categories listing the worst air pollutioretvbpolitan areas.
- - 6



Furthermore, Fresno ranking in ozone air pollution has dropped from being fourth inrthe yea
2000 to second in the year 2004.

Figure 2 - Air pollution levels in California, CARB (2001-2003)

The consequences of air pollution and poor transportations are becoming apparent
statewide. Researchers speculate that out of the 4.2 million people living with diswpse in
California, up to 35,000 will die prematurely as a result of the growing pollutiore(&am
Lung Association). According to the California Air resources Board, died#tydates alone
account for 70 percent of the cancer risk from toxic air contaminants. If Fresno ddeselop
a new transportation system to reduce the aforementioned risks, health pnoblémesease to

alarming new levels in the county.

PROJECT REQUIREMENTS AND CONSTRAINTS



Physical

There are many physical constraints including the climateeirsan Joaquin valley. The
valley floor is relatively flat surrounded by mountain rang@éée valleys climate is warm and
sunny. Periodically air pollutants become trapped by an invesyen, Iwhich consists of warm
air expanding above the valley and holds down the cool air at the valley floor. Tdrdatre in
the Fresno City area ranges between 80 and 140 feet below the ground surfagreuritheater
table is not expected to pose any problems for this project unlesksegegroundwater is
discovered during the field investigation. Flooding would be of conceranigrthe regions in
the flood zones near the San Joaquin River. Fortunately there aretimésuh Fresno County.
The closest fault lines are the San Andreas Fault and tha Siewada Fault. According to the
USGS seismic hazard map of California, the peak acceleratitim 20 probability of
exceedance in 50 years is only 18 to 30% g. The San Joaquin valleasdéormed by alluvial
deposits. Alluvial deposits are the depositing of soil by movingmatch as rivers and floods.
Typical soils in the Fresno area consist of loose to densesaiity and sand. Some Silt and clay
soil is also present in the Fresno area. The soil conditions ggending on location. Rock and
bedrock is typically not present anywhere near the ground surfdle valley. Many locations
in Fresno have soil with a hardpan layer in the upper 5 feet.

The appearance of the project is a factor especially foorzorail. A monorail must be
safe, clean and attractive to draw local residence and pedhaps to ride it. A route for the
monorail will need to be carefully selected. The alignmenhefroute may be limited to the
center of existing roads and sidewalks. Columns will need to bedolatche Median or along a
sidewalk. In some streets the Median is small in size. kBlane Avenue has a large median
except next the turning lanes, which is as small as 2 @t3rfe
width. Turning lanes pose a problem for the placement of
columns because they are right in the center area of the street.

Power lines cross Blackstone Ave. in a few locations
such as near the intersection of Spruce Ave. and more cross
Blackstone further south towards downtown Fresno. Traffic
lights will set the minimum height for the guideway. Oneaedtitight was located in the median.
Street lights are much taller than the traffic lights onckBdtone. It seems more reasonable to

move the street light to the sidewalk then to have the guideasissdrabove it. The Highway 41



overpass is between the location of the future Friant station and
Blackstone Ave. The guideway can either go above the 41

overpass or go around it.

Economical

For the economical constraints one of the biggest issues was sotifaading. Three
main sources of funding were found through federal and state grants. The figstisdtom the
United States Department of Transportation Urban Partnership, Wag$130 million dollars
in grant funding available specifically towards congestion reli€fie second is the Intelligent
Transportation Systems Operational Testing to Mitigate Coinge8TS-OTMC) that has $100
million dollars in grant funding available geared specificallyaodg metropolitan areas. Finally
third and the larges federal grant is the Safe, Accountableiblg¥Efficient, Transportation
Equity Act — A Legacy for Users or SAFETEA-LU, which has 35 tdo#lion dollars in grant
funding available geared in the direction of reduction in air polluti@haes stated previously air
pollution is a huge concern for the Central Valley. Other sourcksding could be corporate
investment, calling big name corporations like Microsoft, Apple, addb&; this funding could
be used toward the monorail and/or its two stations Friant and the Main Facility downtow

Another source of funding is the local tax creating a measurdidesure “C”, putting it
on a ballot and putting it in the hand of voters. Another source of fundmgorae from bond

revenues.

Political/Social

For the social and politician constraints there are severatatitfevays of dealing with
this issue. One could be contacting federal politicians; another could be gp&dkithe mayor
such as Mayor Alan Autry or contacting the city council. Thasejust a few of the many
different approaches that can be taken, like:

o Contact state legislators

o Obtain high profile spokesperson

- - 9
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Develop calendar to contact groups, etc., to make sure they are part of the solution
Act like a player

Post letters of support on website

Conduct a poll of voters to gauge support

But one that seems to be the most important would be working with goitynio gain public

support.

POSSIBLE SOLUTIONS

Alternatives for the project have been eliminated down to three monorails: ghi& Ma

monorail, the Maglev monorail, and the standard straddle-type Monorail with rubbeswheel

The maglift is a low speed version of the magnetic levitation systems, whiigatilev is a high

speed version. The monorail is not magnetically levitated and uses 100 hp eleargtmot

propel the vehicle (2 motors in a car with either of them capable of propellingrthsetf).

Figure 3 - Possible solutions (Alternatives)

Magnetic Levitation



The magnetic levitation monorails do not have wheels, instead they ride on a cushion of
air about 6-8 mm off the guideway that is electronically controlled to maiateonstant height
off the guideway at all times. Electromagnets on the guideway and trainrepleéor attract to
levitate the trains depending on the design. The train is then propelled by anothemelgcet
system that attracts or repels in the horizontal direction making the train areazed or
backwards depending on the polarity of the signal.

The maglev monorails are relatively new. The maglev concept is not new, butdde act
commercial products have only been around for less than a decade so they stilbaceptual
or development phase; they have yet to prove their toughness and durability to time.

The trains use linear electric motors for propulsion. Linear motors are tleeasaany
rotary, cylindrical motor commonly used everywhere. The difference betweeaamotor
and a rotary motor is that for the linear motor the stator and armature of tlyawmotar is cut
opened and laid out on a flat surface. Everything else works the same way. An @leant
is sent through one end of the stator and out the other end. While passing through the stator, an
electric field is generated by the internal coils attracting orlregeéhe charge on the armature
which then turns accordingly to the polarity. For the maglev case, the armaturetites but
it translates horizontally because either the stator or armatuxeds f

The benefit of magnetic levitation technology is that there is no wear and tear on the
structures and train. There are no tires to replace and the guideway does it w&aere is
no friction other than wind resistance for the maglev trains which enablesdhieach high

speeds at good efficiency. Thus, it has great potential in the near future.

No Build Solution

If nothing is done to support the future growing population of Fresnaeregtfreeway
and local road congestion will result. Pollution will also inseeto new highs causing adverse
effects on children and the elderly the most. Researchersssuggeout of 4.2 million people
in California with a lung disease 35,000 of them will die prematurdh addition, Fresno

County’s economy will suffer and the prosperous growth of the community will slow

Alternative 1 (Monorail Rubber Wheels)



Figure 4 - Monorail w/rubber wheels

For many years the conventional monorail has shown the world amadilte to
continual freeway expansion. In recent news the Bombardier moiotaak Vegas has had a
dramatic effect in reducing the number of cars on the road. Thesystem extending four
miles and has reduced an estimated 135 tons of carbon monoxide fratmibsphere, and
eliminated 4.4 million car trips each year. The trains travalmodest 50 mph with a round trip
time of 14 minutes. In 2006 the monorail system carried on average 32,8edges per day,
which totaled to around 11 million passengers per year. This moiwtaping to eventually
double the passenger per year to 20 million. The cost for typicbér wheeled monorail tracks
is around $40+ million dollars per mile.

Seattle Center Monorail History

The Seattle Center Monorail was built in 1962 for the Seattle World's Fair tr@ziims
began in April of 1961 by Alweg Rapid Transit Systems (no longer in existent, Boebardi
replaced it). The monorail opened to the public on March 24, 1962. At a cost of $3.5 million,
the trains carried more than eight million guests during the six months of theafsly paying
for itself. The full initial capital cost of the system was recovered andfihwas realized by
ALWEG before the end of the fair.

After the Fair, the monorail system was turned over to Century 21 Corporationcgtno c
Century 21 sold the system to the City of Seattle in 1965 for $600,000. Today, the trains carry
approximately 2.5 million riders every yéar.

The Seattle Center Monorail system uses 62 prestressed concrete pippotbthe two
beams which the monorails ride on. The trains can cover the 1 mile route at a top speed of 50

mph. The trains ride on 64 rubber pneumatic tires. The monorail runs on 700 volts D.C. power

! www.seattlemonorail.com/history/



obtained through contact rails on the inside of the beam. 16 load-carrying tires tajeof the
beam, and 48 guide tires grip the sides of the beam.

For maintenance, nearly all system components are still produced and suppdied by
original component manufacturers. All tires, drive-train components, anchgeare readily
available locally. The propulsion system is GE, just like common subway tramsYNIrk,
Chicago). The braking system is WABCO (Westinghouse Air Brake), and epenach like
trains. The gear boxes were manufactured by Rockwell and are still supportedtivéfshafts
and joints are Rockwell also, supplied by Drivelines Northwest in Seattle. Titagpthat all
maintenance and service can be done domestically for the traditional mowbielisvere a

major factor in the selection of the preferred alternative.

Alternative 2 (Maglev Monorail)

Figure 5 - Maglev monorail

The maglev monorail represents the newest mode of public transportation. One of the
most impressive characteristics of this transportation system is tloatt$t above the track and
travels at speeds in excess of 200 mph. Magnets along the track give the trailityte a
levitate giving passengers an extremely smooth ride. The maglev mondadiiritMudra is
expecting to shuttle roughly 98,000 passengers daily along an 8 mile track betweeredatabr S
and Aeon Jusco, in only 13 minutes. However, the cost of building and maintaining a maglev
monorail can be expensive. Although investments are expected to pay off in 1@yédaes f
Jalur Mudra track, cost for the maglev monorail is estimated at over $50+ milliansdodr

mile.

Alternative 3 (Maglift Monorail)



Figure 6 - Maglift monorail

A new hybrid system known as the maglift monorail is curremtlyhe design phase.
The system uses both magnets and wheels to guide and propeinhadrass the track. The
new maglift system is expected to operate at an impre88i#e efficiency and can carry 400
passengers in each trip. The maintenance cost of the sisteomsiderably lower then the
maglev, and the drag has been shown to be less than both the imovalenbnorail and the
maglev monorail system. In addition, the train can operateeats in excess of 200 mph and
cost the cheapest at only $21.9 + million dollars per mile. How#hisrsystem lacks a proven

track record and is still only in the design phase.

Alternatives Considered But Dismissed

Other transit modes were considered but were dismissed and they were thedbus rapi
transit and the elevated light rail systems. Their evaluations are siz@thiarthe following

table matrix in which the monorail alternative prevailed.

Table 1 - Transit mode evaluations



The bus alternative was not considered for further analysis because it osset
project goals. Buses get struck in traffic and are not clean; they burnluelbenefits of
elevated light rail (because non-elevated light rail would be impossible thFoegho) are
outweighed by its excessive ROW clearances and capital costs. Taeéhefee alternatives

were dismissed.

ANALYSIS AND EVALUATION OF POSSIBLE SOLUTIONS

A ridership estimate was done to give an idea of what the service level could be. The
ridership estimate applies to all the three alternatives since thely @i tgpe systems, an
estimate for one alternative would apply to any of them. In addition, any of theariemauld

follow the same route.

Ridership Estimate

Ridership for the rail alternatives were estimated using Fresno Areadsk@lackstone
Bus (Bus 30) projections. Bus 30 runs along Blackstone Avenue from downtown Fresno to the
Woodward Park area. The proposed monorail alignment runs the exact route. TheusfG®, B
is the best estimate possible to getting a range for the ridershiptsnednis never been such a
rail system in Fresno before.

In 2000 and 2001, Bus 30 annual boarding was 1.4 and 1.5 million, respectively, which
means that the boarding was increasing at 100,000 per year for those tio $ears there
were no other available data for other years, only those two years welferysegections.
Those two data points were plotted in spreadsheet software (Excel) and &dinddine was

generated.

2 FAX earnings report, 2000-2001



Figure 7 - Monorail ridership projections for Blackstone alignment

Table 2 - Evaluation of alternatives table

A typical grade system was used to evaluate the most qualified non-economic solution
out of the three possible alternatives. This system used a grade scale of A3400@-2.0, D-
1.0, and F=0.0. The grading scheme showed that the monorail maglift is the bestmlooige a
the listed alternatives. The monorail maglift was shown to have excelteessn safety, speed,
pollution, and reliability. However, because the monorail maglift does not have a piemlen t
record and is only in the design phase it was not chosen as the best alternativeealdssac

problem because both the monorail rubber wheel and the monorail maglev have equal GPA’s

-~ - 16



The deciding factor between the two alternatives came in the economic 0élys
alternatives. Monorail rubber wheels have a lower cost per mile to construct timeonbeil
maglev. Therefore, the monorail rubber wheel was chosen as the best aéerihg do
nothing or no built alternative was immediately dismissed because of its I8va&Ppoor

score in pollution.

SELECTED ALTERNATIVE FOR PROJECT: MONORAIL

The selected solution for the project was the standard Monorail with its progien tra
record and readily available domestic repair parts. The magnetidi@vii@onorails were not
selected because they have yet to prove their record; parts for them wouldralsdiety
difficult to get. The maglev parts and service would have to originate frommn €érenany for
the maglev and Japan for the maglift making any necessary repairs omthéala a long time.
Therefore, the project will be using the standard straddle-type Monoraitwiaber wheels made
by Bombardier, the M-VI, which is currently in operation in Las Vegas.

The Bombardier M-VI train uses a 750VDC primary power source. The power is
inverted into alternating current for the traction motors. Maximum opergiggpss 53 mph
(85 km/h) and nominal cruise speed is 45 mph (75 km/h). Acceleration rate is 2.2 mph/s (1.0
m/s). Normal braking rate is the same. The minimum horizontal turning radius is 175' (53.3m).
Maximum sustained gradient is 6%.

The empty weight of an M-VI monorail car is 19,000 Ibs (Bombardier speatimati
which means an empty 4-car train weighs 76,000 Ibs. A train can be coupled with up to 6 cars,
the configuration used by Disney theme parks. Cab cars are 40'5" (12.3m) long anediaterm
cars are 28'2" (8.6m). Inter car distance is 2' (.61m). Width is 8'4.5" (2.55m), arat inésght
is 6'10.75" (2.1m). The bottom skirt extends 3'6.75" (1.09m) from the top of the floor. The car
body is made of composite shells mostly carbon fiber or aluminum. Each car has, 4vwwmors
on each side. The trains are fully air conditioned. The trains are drivenesgthing is
automated with everything being carefully watched and surveyed at the camired at all times.
There are no seat belts. Each Mark VI car can carry 20 passengers séa@gassengers
standing.



Figure 8 - Bombardier (Disney configuration) 6-carrolling stock®

The load tires on the M-VI trains are 445/65R22.5 Michelin XTE2 46.6" diameter, 17.8"
wide truck tires, the same ones on a dump truck or cement mixer. The tires asnFitled to
reduce the possibility of fire. They also have run-flat capability. Theame expected to last
100,000 miles in normal operation. Maximum rated speed for the tires is 65 mph (105 km/h).

The load capacities of these tires are 12,800 pounds each at maximum inflation. There
are 12 load tires per 6 car train and two load tires per train. The tires withlddwet amount of
passengers allowed on board the monorail. The maximum passenger load onhen&25%600
Ibs/car. For a 6-car train with each car weighing 19,000 Ibs, the total trghtW€otal Live

Load (LL) = Empty train weight + Maximum passenger weight allowedlf@-ears) is

LL = 6(25,600 + 19,000) Ibs = 267,600 Ibs or 26.7K

The live load will be multiplied by a factor, usually 1.2, to get the factoreddae |

% monorails.org



Figure 9 - M-VI showing bogie and tire

Wait and Travel Times

Using the acceleration rate given by the manufacturer (2.5 mph/s) and knb&ving t
distances between the stations, the minimum arrival times between starensbiained. From
the main facility at downtown Fresno to the Manchester station is 4 miles anthom
Manchester station to the station near Woodward Park is 5 miles. With anacelef 2.5
mph/s and a cruise speed of 50 mph, the minimum travel time from the main facility to
Manchester station is about 5 minutes and for the other half of the trip, it takes aboute® minut
to travel the 5 miles to the Woodward station. A 1-minute wait time is assumeddenges
loading and unloading at the stations. A minimum total round trip time with a stophat eac
station back to the original start station is 25 minutes. However, because of thealslutis
time can be reduced by half to give 12.5 minutes. Therefore, the estimatéichevait a station

if the train has just left is 12.5 minutes until the next ride comes along.



Figure 10 - Position profile position vs. time graph of monorail

Figure 11 - Velocity profile (velocity vs. time graph of monorail

The actual curves for the performance curves will not have sharp edgesashown
but for estimation purposes, they are adequate. The actual times and datadifiénotuch.
The performance curves show the minimum time to travel from the mainyfagithe
Manchester station and the ride characteristics using the maximunratioeleate of 1 mfsor
25 mph/s. Because the monorails are driverless, the trains will be progtamma at the
listed acceleration so the estimated times are reasonable. Forexdmapelocity profile shows
that for the 4 mile distance traveled most of the ride time is spent cruisingpastant speed of
50 mph.



DESIGN APPROACH

Cost and environmental issues are major factors in controlling the planning ey des
of the project. The following guidelines will be followed so that the monorailowiitinue to
meet its expectations beyond the construction phase and years to come:

Maximize transportation service and ridership potential

Design to allow future expansion of the system

Minimize reduction of transportation capacity, including but not limited to, auto, truck or
freight, and bus capacity.

Minimize impacts (including acquisition) to adjacent businesses and/or privatetprope
while ensuring sufficient space to adequately mitigate impacts ane ersafe and
attractive street and pedestrian environment.

Maximize integration of stations with other transportation modes.

Maintain adequate distance from the monorail car to adjacent building faggetpr
Minimize impacts to major underground utilities.

Minimize dislocation or reduction of parking spaces.

Minimize dislocation or reduction of significant street trees and other majsdape
amenities.

Each station will include a kit of uniform design parts including ticket-machstaiss,
elevators, protective railings, wind protection, route map and system information,
appropriate signage, and lighting.

Design stations to allow users to see and understand the route to the platform from the
street level.

Signs should be clear, concise, and ADA compliant.

Design station platforms to have views to and from major destinations to redueedhe n
for signage and directional elements where feasible.

Identify cultural, historic, or modern characteristics of each neighborhosigjy in

stations.



Methods to Reduce Negative Visual Impact

Two methods to reduce negative visual impact proposed by the Austin monorail project
in Texas were to design Roman arches into the guideway beams and to spuageivaygwith
graffiti resistant paint or coating. These methods will be used to redudeseegsual impact

of the structures.

Figure 12 - Roman arch design

One alternative is to offer a $1,000 reward for anyone who turns in somebody responsible
for putting graffiti on any monorail structure or facility. If the persopoesible is convicted,
then the person who turned him or her in gets the reward without any questions. Tasiater
has great potential to succeed its goal of keeping graffiti off the mostnatures since it
allows anyone to turn anybody in.

DESCRIPTION OF SOLUTION

The proposed Blackstone alignment is part of a future network of routes conmdicting
parts of Fresno together. Blackstone alignment is only a first phase ofgbedesject idea
behind. Expansion of Blackstone alignment is highly encouraged for the future. Due to funding
constraints, the first phase will consists of 2 stations (one at Manchester @ahthe other
near Woodward Park), 1 main facility at downtown next to Amtrak station, and 9 mdeslof
elevated track along Blackstone Avenue (preferred placement of guidelayns is on the
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center island divider however if larger island width requirement is needed askdeill be used
also).

To minimize traffic delays and increase worker and public support during initia
construction, the first part of the monorail track will follow the Santa Fe lora the Amtrak
station up to where it meets Blackstone Ave and then follow Blackstone up north toitime stat
near Woodward Park. Doing so, allows a much faster rate of progress initatwat she entire
project does not get shut down by unpopular public support in the beginning for delaying
Blackstone traffic. This will reduce noise complaints because monorailsulilerwheels are
much quieter than freight locomotives. Any noise complaint will be for the frefghs first

and not the monorail.

Guideway

The guideway consists of the columns and beams. The minimum beam clealidnee wi
around 40 feet due to the tall traffic signal lights along the street. The ifudidigures show
possible guideway configurations and layouts along the alignment and shown with them is

elevated light rail guideway for informational purposes.




Figure 13 - Guideway comparison

Figure 14 - Possible guideway layout at intersectis

The reason for switching over to the sidewalk is that the island widths getnaall at
the left turn lane making it impossible to put a 4 feet column at the location. Dependime
impact, using the sidewalk throughout the entire route may be an option.

Figure 15 - Freeway 41 overpass at Friant possibldternative



One alternative for the freeway overpass was to go around the freewaythd&reeway
is not elevated further up north on freeway 41. This requires that the monorail guidegray e
into private property and would increase the original 9 mile length adding to tadyatestly
price tag. This alternative would require running along the island of Audubon which hgas ma
trees planted on it that would have to be cleared for the columns. This route would not be
mitigating since the 41 overpass would be much simpler, no private land acquisitiquinedge
and construction would also be much faster. This alternative does not avoid significant

environmental impact.

Beams

Blackstone alignment will travel on dual guideway beams supported by columns and
other structures. The guideways will also house other systems elemehtasshe electrical
transmission components needed to power the trains. Monorail guideway beams cangeel arr
horizontally or vertically. The height of the guideway from the ground will vadifferent
locations, depending on topography, the need to maintain consistent grades, and other factors
The minimum height would be based on clearance for vehicles in the roadway below and City
standards, which would range from approximately 18 to 22 feet, however actual height may be
35 feet or higher. Guideway height for bridges or other special structures woulcdtebaste
conditions and requirements. The dual-beam configuration has separate northbound and
southbound guideways for the entire 9-mile system.

Standard beam way size for the Bombardier monorails used in Disney theme R&rks is
(660 mm) wide by 48” (1.22 m) in the middle, and 80" (2.03 m) at the ends or columns. The
precast, prestressed girders are between 90 and 110 feet in length and hiave @htdr core
to keep the weights under 50 tons. Some of the girders have some combination of vertical and
horizontal curvature. The minimum curve radius is 250 ft (76.2 m). The dual beam guideways
are on 12 ft centers.

For design purposes, the standard manufacturer dimensions will be used first and then the
dimensions will be adjusted accordingly to codes, location conditions, and loadingswillThey
be good start off design values.



Columns

The guideway beams will be supported by columns and other support structures.
Columns can be located from 60 to 150 feet apart without requiring special strudtuees.
specific locations of these columns may be varied within this range becaadeoofsgismic
conditions; to minimize impacts on properties, utilities, or transportationties;lio
accommodate sightlines, sidewalk widths, or a streetscape’s architémtomaor to avoid being
placed in front of a loading dock, driveway, or building entrance. Special supports—such as
offset columns or bent structures—could be used to support the guideway beams whenrlong clea
spans, curves, or cantilevered support systems are required, such as wherethaygrudves or
passes diagonally across a street or intersection, or where a column lpusidre close to a
building.

The columns will range from about three to four feet in diameter for standardnsotam
12 feet in diameter for bridge and special structure supports, depending on the |csudhrieait
and soil conditions, the height of the guideway, the length of the span between coluntims; whe
the column is supporting a single beam or dual beams, and whether the beams anegositi

directly over the column or are supported with a special structure.

Stations Details



Figure 16 - Station concept

Station Structural Details 1

The station to be designed near Friant Road and Audubon Avenue wilstcohsivo
multistory steel frames that will house the various emplogpesating the station. Connecting
the two steel frames will be two steel beams that wileldhpassengers from poor weather
conditions. The pyramid shaped roof will consist of transparengfdses to allow the station to
be well lit and seem very spacious. The roof will enclose four nadnimacks that will be
connected together to allow passengers to board any mongaaidiless on what side the patron
is standing. In addition, two service lanes will be designedaifiyr monorail car to receive
maintenance or upgrades.

The two office buildings on either side of the monorail tracks will boasstaff of
roughly 105 workers. The upper levels will be reserved to the maimtapel headquarters,
which will be in direct communication with the other stations. Loleels will be reserved for
employees collecting tickets, handling maintenance, and various other opétasksa

To begin the structural design of the building, architecturalrsaties laying out the
height and dimensions of the building will be made. Following the a&pgdrtayout, loads and

various forces will be analyzed that will act upon the station. VEm®us loads that will be
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encountered include lateral, dead, and live loads. The analybiesef loads following building
code requirements will determine the specific members and iaiatenost suitable for the
structure. In addition, lateral forces such as wind and seismt¢sewell also play a part in the
overall design of the structure.

After the completion of the soil report and investigation the tygewfdation and layout
will be calculated and designed. Various foundations designs includitamgetar, square, and
continuous will be evaluated and selected based on the soil type b#reathucture. If soil
beneath the site is found to be extremely weak possible deep foundksigss including pile
driving may have to be implemented to withstand settlement or équef issues. Depicted

below are possible layouts of the station and arched roof.

Figure 17 - Possible station roof design

Structural Station Design Il

The station to be built on the southeast corner of Friant and Fresno will consisassd a gl
roof supported by steel cables connected to concrete columns. This type of station, gjommonl
known as an open-air station, will be well lit and seem very spacious. The aa#iihpleasing

station will also help encourage the public to make use of the monorail system ansbat¢he
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time protect travelers from poor weather conditions. The stations purpose wilhbese two
monorails that will collect passengers destined for downtown Fresno.

To begin the structural design of the building, architectural schematiog laut the
height and dimensions of the building will be made. Following the approved layout, loads and
various forces will be analyzed that will act upon the station. The various loads|k et
encountered include lateral, dead, and live loads. The analysis of these loads fdilalging
code requirements will determine the specific members and materialsuntaistesfor the
structure. In addition, lateral forces such as wind and seismic eventswitilay a part in the
overall design of the structure.

Special consideration and analysis will be performed on the glass roof. &gcifhe
glass segments will undergo an analysis using finite element to guatia@tglass can withstand
the stresses experienced with the various loading conditions. In addition, the ¢gygesdb be
chosen must be researched and properties evaluated. Several stations around theenwattl ha
great success with glass roofing. These stations include the Berlin Conreedithe Flintholm
Station. A good candidate for the manufacturing of the roof glass will be Sikawoo has
provided extensive research and studies about the material.

The type of foundation and layout will be calculated and designed after the compfet
the soil report investigation. Various foundations designs including rectangulae,sayur
continuous will be evaluated and selected based on the soil type beneath the stifusbilre
beneath the site is found to be extremely weak possible deep foundations designs induding pi

driving may have to be implemented to withstand settlement or liquefaction.issues

DISTRIBUTION OF TASKS

Chris Abela is the project leader and his emphasis will betctural analysisand
design Chris Abela will be designing the stations. Ze Xiong wiloabe doingstructural
analysisand design for the project. Ze Xiong will be designing the guidefiagms and
columns). James Lorenzo will be working on tieotechnicalfactors. John Santos will be
working on environmentalfactors. Amritpal Badhesha will be working dransportation
requirements. The tasks assigned to each person in their fiehdpbfasis are listed below and is

not all-inclusive



Transportation

The transportation portion of the Fresno Sky Train project willrbegfh a transportation
analysis. The transportation analysis will consist of a gemdrmphic analysis, which will
determine where with in the city of Fresno the population growthcesirang. A ridership
capacity analysis follows which will determine the currerd akFresno’s public transportation

system and determine the future demand that will need to be met.

Figure 18 - Blackstone alignment

Preliminary analysis show that the current ridership forRAX route 30 bus (running
along the proposed alignment) is 2.25 ~ 2.50 million people. The futurshiplés estimated to
be around 3.30 ~ 3.40 million in the year 2030. Then, a trip generatoraatiatt point analysis
will need to be determined, finding out where with in the City osRoethe public is going:
Fashion Fair Mall, River Park, or Downtown.

Next will be a rail alignment analysis, depending on theeotirneed and on the future
demand a rail alignment will need to be chosen. For the first ptieseroposed alignment
begins from downtown Fresno at the existing Amtrak station followiegcurrent Santa Fe rail

alignment until Blackstone Ave. then following Blackstone Ave. diyegtl north over or around
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state route 41 over crossing to the second Friant station. Ottpemalits will be considered,
also keeping in mind the right-of-way issues that may occur.

In addition installed capacity will also need to be determined, which rsutinéer of seats
per car, cars per train and trains per hour. For this, the extlalternative must be looked at,
which was the monorail with rubber wheels by Bombardier. Forsgesific monorail there is a
maximum seating for 34 passengers and standing room for 60 gassbringing the maximum
capacity per car to 94 passengers per car. Also with featsain, the total max capacity is 376
passengers and the number of trains per hour will still need totbamdleed. Along with
installed capacity there is potential capacity and demand whict beukss than or greater than
both the installed and potential capacity. Then finally move in tadihdiming, checking the
departure and the arrival timings, also rail frequency, whichrdetes the time in-between with
departing and arriving rails.

The final item that the transportation engineer will look d@hésdesign of the parking lot
or parking facility for both the Friant and Downtown stations. fOrgacross sections, and
determining the pavement thicknesses, such as surface coursassyub#rl base also to find the

pavement types.

Soils/Foundation

Once the route and station locations are selected a soilsigaties will be required to
find the geological soil conditions. A test boring should be locatad @ach column if the
columns are far apart. If the soil is uniform borings can bédurapart such as every other
column or more. Typically, borings are advanced by using a trumkntad drill rig. Soll
samples and blow counts will be obtained at each boring. Due to lae&oirces, borings may
be advanced using a hand auger. Soil samples will be takerhatheawme in soil strata. The
soil encountered will be classified using the Unified Soil §lfecmtion System. In-situ soil
densities will be taken by manual methods if possible. Drdleaft foundations or piles, are
expected to be used to support each of the columns of the monorailndiepen the soil, the
drilled shaft or pile foundations could have a depth of 20 to 50 feetthermground surface. For
additional point bearing capacity drilled shaft foundations could have a bell shamed.bott

The Friant station will be supported by either shallow or deep &dions. It is best not

to use both shallow and deep foundations for the same structure becasisaltve foundation
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will settle different than the deep foundation causing cracks dredt damage to the structure.
Since the guideway columns will be supported by a deep foundatieerisslogical for the
Friant station to be supported by deep foundations as well. Iibtyhave deep foundations
the Friant station and the guideway can be rigidly connectegeiled. The guideway and the
Friant station do not have to be rigidly connected. There coula bénch gap between the
Friant station and the guideway where passengers step fromdhedtation onto a platform of
the guideway to go into the monorail. If this is so, there woulddegid connections between
the guideway and the station and it would be possible to use a shallioglation for the station
if the loading and bearing capacity permits. From an economic pointiegf shallow
foundations are less expensive compared to deep foundations. If therstisiopen with large
loads on the columns deep foundations could be required.

The purpose of a deep foundation is to place the bottom of the foundasiareiy dense
soil or rock that can support the heavy loads from the structure .al#odeep foundation will
also help resist wind and seismic forces that act on thewstucDimensions of the foundation
will depend on the soil encountered and the bearing capacity and frictsisiance calculated
from the soil properties. Lab tests on the soil will be conductel@tiermine the soil properties.
Such lab test will include but not be limited to in-situ moisturd density, R-value stability,
consolidation settlement, direct shear strength, sulfate conteniclgoasize distribution,
permeability and compaction test. The soils report will inclike site location, description,
field exploration, boring logs laboratory testing, physiographic andcsaditions, foundation
design, bearing capacity, point bearing capacity and frictioraistance, predicted soil
settlement, liquefaction potential, site improvements, soil corrgsiffit and compaction, site

preparations, modulus of sub grade reaction.

Environmental Engineering

For the site, research will be done to determine if thefebavibny impacts to the
environment of any sort satisfying the California EnvironmentalliQuact. If any, an Initial
Study will be prepared mentioning the impacts of this project. En@spoint investigations will
be done to either mitigate the impacts or preparation of a Nedaéclaration if the project can
avoid any impacts or if impacts have been sited and there areysmWaitigating those impacts

then, by a Lead Agency, an Environmental Impact Report will nebé tone for this project.
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Due to the fact that the site is within a mile away frdra San Joaquin River checking and
following the procedures to the Endangered Species Act would need todéechior this project
if any species endangered are identified. Since some fundihgemprovided by the Federal
government following the National Environmental Policy Act is a must for the construction

itself, investigation for the relocation of existing utilities will be done.

Hydrologic

A site description of the location of the proposed project will k=led. Existing and
proposed hydrographs will need to be calculated. Preparing raméadbities, frequency factors
and runoff coefficients will be taken from the Weather BureanelaThis will help determine
storm drain sizes for the hub-station location and the rail itself for the monorail.

Existing conditions will need to be listed of all basins includedhia project, which
consist of pre-developed calculation time of concentration per bagitables of pre-developed
flows per basin. Developed conditions will need to be calculated sted lialso, along with a
map of the new area. If any, mention runoff results and wateityqualntensity-duration
frequency (IDF) report will be created that carries data fafathintensity (in./hr) for 2-yr, 5-yr,
10-yr, 25-yr, 50-yr, and 100-yr storm frequency and the Hydrograplci¥es. Finally, from
the IDF report, the design for storm pipes will be ready bygbist by using the manning pipe

calculator.

SCOPE OF WORK

The project scope of work for each branch of civil engineering is listed beladdition
to those previously listed. Each person will perform the tasks as listed in thgir fielsl. The
tasks listed were obtained from the US Army Corp of Engineers, ER 1110-2-1150 31 August
1999.

Structural



Identify all functional design requirements and technical design critertadcstructural
elements of the project. Include references, loads, load combinations, load fafétys, s
factors, and assumed or calculated uplift pressures.

Identify appropriate survey, hydrologic, hydraulic, and geotechnical dadeasgbe

basis for structural design.

Provide the technical basis for selection of type and configuration of main aod maj
appurtenant structures for all of the alternatives studied.

Describe site restrictions, probable construction techniques and sequencenaridrpl
dewatering and care of water.

Provide results of stability analyses to show application of stabiligriejtmethods of
analysis, and assumptions for each type of structural monolith. The analysiarguioim
all monoliths should be sufficient to reduce cost contingencies to an acceptable leve
Provide results of initial stress analysis to show application of strenggharmethods

of analysis, assumptions, and key dimensions of components of each major structural
system. The analysis summary for all structural elements should béestfftcreduce
cost contingencies to an acceptable level.

Provide results of initial seismic analysis to show application of seigiteci&, methods

of analysis, assumptions, and key dimensions of components of each major structural
system required too meet seismic requirements. The seismic analysiarguom
structural systems should be sufficient to determine if seismic loadinglsotite design
of the structures and should be sufficient to reduce cost contingencies to anbdecepta
level.

Summarize results of initial thermal stress analyses of massive monmweoliths.
Describe results of any other analyses, laboratory tests, or field tbits,were
necessary to evaluate unprecedented site conditions, operating environmenm)snat

load level.

Environmental

Use of environmentally renewable materials.

Design of positive environmental attributes into the project.

Inclusion of environmentally beneficial operations and management for thetprojec
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Beneficial uses of spoil or other project refuse during construction and operation.
Energy savings features of the design.

Maintenance of the ecological continuity in the project with the surroundingadea
within the region.

Consideration of indirect environmental costs and benefits.

Integration of environmental sensitivity into all aspects of the project.

Incorporation of environmental compliance measures into the project design.

Geotechnical

Develop, describe, and present sufficient geotechnical information to verifyojleetpr
plan, site selection, foundation design, selection of all structures, and costtestiThis
information shall include studies, methods, reasons for selection, and conclusions and
recommendations as follows:

Regional and site geology.

Selection of preliminary design parameters.

Earthquake studies which shall include regional and site earthquake historytuidiel,s
recommended preliminary design seismic motions or coefficients. lsati@ttion of
defensive design measures shall be presented.

Preliminary foundation design

Describe evaluation and selection of substructure alternatives based on eaodomy
performance.

Anticipated construction techniques, limitations, and problems.

Potential borrow sites and disposal sites.

Transportation

Describe the proposed permanent access roads and those for use during iconstruct
the project.
Describe suitability of temporary access roads for permanent use upon toamgie

construction.



Right of Way studies

Relocation of utilities

Airspace lease area - determine whether the proposed project is in ahragédand
values having potential for future airspace leases.

Transit related facilities, including passenger loading areas, gesdsnches and
shelters, and special traffic control devices, should be considered where appropriat
Signs

Traffic delay plans and road detour plans

Plan for Oversize loading access such as large trucks and cranes

ESTIMATED CAPITAL COST OF MONORAIL PROJECT

The total estimated capital cost of the monorail project for the proposed Blackstone
alignment is $592 million (FY 2007). The Seattle Monorail Project estimatesused to
estimate the capital cost. Items that were dependent on the length ofiheayuwere given a
cost per mile rate while items that were dependent on quantity were pricaduady.

For example, the guideway could not be given a single cost because its cost was
dependent on the length, so using Seattle’s estimated cost for its guidewayiding diby
Seattle’s proposed alignment length (14 miles), a cost per length of guidasaybtained.
Using that rate and discounting (5%) it to current dollars, the estimatesknd™s monorail
project was obtained by multiplying the rate by the alignment distanmodg9).

The main facility and stations were not given a rate per distance cossbédcay were
not dependent on the distance. Their costs should be the same regardless of the toute lengt
Therefore, their costs were taken directly from the Seattle Monoradd®egtimates and

discounted to current dollars only.



Figure 19 — Monorail Project capital cost distribution

It is very clear from the distribution that the guideway makes up almosgitftthlé capital
cost for the project. Therefore, the alignment or route must be chosen so that théhgath is
shortest possible if possible to reduce capital costs. The trains and tramssystke up 22% of

the total cost, the second most expensive category.

Net Present Value of Monorail Project



Figure 20 - Net present value of monorail project

The monorail project repays itself before its service life of 40 yea®0 year service
life is required by federal grants for transportation projects such as the htmbeaeligible for
funding consideration. In addition, federal funding requires that a project’s benesitexceed
its cost for funding consideration. The benefit to cost (B:C) ratio of the prejg@@32. The
internal rate of return (IRR) is 4.24%, and the net present value at year 40 idI&26 mi
Therefore, the project is cost effective and is a wise investmentleSeatiginal Alweg
monorail, built in 1962 and still in operation, is privately owned and operated. The monorail
company currently pays the City of Seattle over $1 million a year. Sgattiginal monorail

trains are the original trains from 1962 and they are still in operation.

The economic analysis values assumed or used to generate the NPV chart anacteconom

results:

Study period = 40 years

Discount rate = 4% Qaltrans standard rafe

Fare price (one-way ticket) = $6.00dreasing at $0.25 per 10 yar

Annual ridership (year 2010) = 3.5 million increasing at 100K per yeelu@es tourists
and pleasure riders — those who ride the monorail
for fun

Annual O&M cost = $10 millionl¢w estimatg
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Annual Ads and Billboards revenue = $10 millidow( estimatg
Indirect benefits = NOT Included

EXPECTED TIME TO COMPLETION OF FINAL DESIGN

A complete design with all necessary forms and documents can be completed and

furnished by December 2007. The table below shows the estimated completionagwh tdsk.

Table 3 - Design task schedule

DELIVERABLES

The monorail project will deliver the Bombardier M-VI train to Fresno resgdey 2010.
The M-VI is Bombardier’'s latest monorail. Bombardier has a lot experiartbe rail
technologies. Bombardier has trains currently operating in all the Disrmag fherks and the

recently completed in 2004 Las Vegas monorail additions.



Figure 21 - Site location of Friant station

Figure 22 - Bombardier M-VI monorail
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QUALIFICATIONS

Resumes of each associate have been attached to this proposal to show our credentials
This team has many members who have experience in engineering. Allt@ssloaie taken
courses in their design fields and are competent in their assigned tasks. stignguetoout the
project may be referred to any person on the monorail team. Their contacitidorma in the

following resumes.

The Monorail Committee

Central Valley Engineering

Chris Abela

Ze Xiong
James Lorenzo
John Santos

Amritpal Badhesha



EDUCATION :
California State University, Fresno Fresno, CA.
Bachelor of Science in Civil Engineeringxpected Graduation Date: Dec. 07

QUALIFICATIONS :
Familiar with Windows Proficient in Microsoft Office
Proficient in AutoCAD (2004)

WORK EXPERIENCE:

See’s Consulting and Testing Fresno, CA
Engineering Assistan006 — Present

Tasks includesoil investigations, field and lab compaction test, Keyway inspections,
Anchor bolt inspections, Phase 1 environmental site assessment, SiewssAnaly
Atterberg limits

California Regional Water Quality Control Board Fresno, CA
Student Assistan?005 — 2006

Tasks includeReview discharger monitoring reports, update SWIM/CIWQS
database

Jim Smith Construction Turlock, CA
Carpenter 2003 — 2004
Tasks includeFramed custom homes, interior & exterior trim

DW Mascroft Construction Stockton, CA
Framer, 2001 — 2003
Tasks includeFramed custom homes

TECH COURSES

Completed Foundation Design
Reinforced Concrete
Pavement Design

Currently Enrolled Steel Design,
Seismic Analysis of Building Structures,
Geotechnical Engineering Design

ACTIVITY

American Society of Civil Engineers

Currently a member

Alpha Phi Epsilon (Civil Engineering Honors Society)
Currently a member

Fellowship of Christian Students

Currently a member

Central
Valley
Engineering




EDUCATION :
California State University, Fresno Fresno, CA.
Bachelor of Science in Civil Engineeringxpected Graduation Date: Dec. 07

Master of Science in Civil Engineering: Jan. 2007 -
Present

Early entry into the Master’s program Expected Graduation Date:
Dec. 08

GPA: 3.66

Engineer-in-Training certificate # 126742

WORK EXPERIENCE:
URS Corp. May 2006 - Present
Jr. Civil Engineering Technician
Assisted with design of wellhead treatment units for industrial and
municipal applications.
Prepared environmental monitoring and remediation reports.

The Twining Laboratories Sept. 2004 - May 2006
Lead Soils Lab Technician
Performed various soil tests on a land development project
Supervised pile driving in deep foundation designs

Krazan and Associates Sept. 2003 - May 2004
Materials Technician
Perform and evaluate the breaking, curing, and labeling of concrete
cylinders
Assist in the recovery of soil samples behind a drill rig.

VOLUNTEER AND L EADERSHIP ACTIVITY :

American Society of Civil Engineers (ASCE) Student Chapter
Current Member

Tau Beta Pi Engineering Honors Society

Current Member

Alpha Phi Epsilon Civil Engineering Honors Society

Current Member, Officer position: Editor

AWARDS:
37 Place ASCE scholarship

QUALIFICATIONS :
Familiar with Windows Proficient in Microsoft Office
Proficient in AutoCAD (2004)

Central
Valley
Engineering




EDUCATION :

California State University, Fresno  Fresno, CA. Alg. 2002 — Present
Bachelor of Science in Civil Engineeringxpected Graduation Date: Dec. 07
ASCE American Society of Civil Engineers

RELEVANT COURSEWORK:

Structural Theory Reinforced Concrete
Traffic Operations Geotechnical Engineering
Pavement Analysis Foundation Design

WORK EXPERIENCE:

Caltrans Fresno, CA Oct. 2005 — Present

Student Assistant

Assist Engineers to perform project developmenksasuch as Computer Aided Drafting
(CAD) and delineation for project plans, designvdrgs, displays plots. Use mathematic
skills for calculations such as quantities and a&fiewms as well as prepare design drawings
including construction details, cross sections, aartical profiles.

Best Buy Fresno, CA Jun. 2004 — July 2005

Customer Service Representative

Assist customers with technical products such agpeters, printers, home theater systems etc.,
Responsible for complete sales of products up 0086 Update budget and sales databases.

California State University, Fresno  Fresno, CA Aug2003 — Dec. 2003

Field Surveying Laboratory Participant

Worked under Dr. Crossfield’s supervision to sueaylocal properties for dimensions,
evaluated segments.

California State University, Fresno  Fresno, CA. Ag. 2003 — May 2004
Set Design Assistant

Theater construction in a team of 5 people, exgosurset design, read and followed design
plan in creating sets for various theatrical uses.

VOLUNTEER AND L EADERSHIP ACTIVITY

Khalsa Phulvardi Sunday school Selma, CA July 2000 Present

Tabla Instructor; Activities Coordinator

Sikh Student Association Fresno, CA Jan. 2006 +ésent

Currently a member; former President; former Viae$tdent Central

Punjabi Society Fresno, CA Jan. 2007 — Present

Currently a member Va”ey )
Engineering

QUALIFICATIONS :

Certified in Computer Repair; Proficient in Micro Station

Proficient in AutoCAD (2007) Proficient in Microsoft Office

INTERESTS AND TALENTS:

Fluent in English and Punjabi
Learning Kendo — Japanese Martial Art




EDUCATION :
California State University, Fresno Fresno, CA.
Bachelor of Science in Civil Engineeringxpected Graduation Date: Dec. 07

COURSEWORK:

Steel Analysis Reinforced Concrete
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of product to assure customer satisfaction.
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ASCE American Society of Civil Engineers
Currently a member
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Familiar with Windows OS and DOS Java programming
All Microsoft Office Applications Fortran and C programming language
Visual Basic 2005 and Visual C++ PHP & ASP programming (web script)
HTML web page design and authoringPC hardware and software troubleshooting
Networking, (TCP/IP, OSI Model) Excellent AutoCAD skills (3-D rendering)
Server (Apache, IIS) Midas Civil 2006, STAADPR
MySQL (Structural Query Language) Multiframe 4D
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EDUCATION :
California State University, Fresno Fresno, CA.
Bachelor of Science in Civil Engineeringxpected Graduation Date: Dec. 07

COURSEWORK:
Steel Analysis Reinforced Concrete
Hydrology Environmental Engineering

WORK EXPERIENCE:
Lars Andersen & Assoc. May 2006 - Present
15 hrs/wk-Intern for Civil Engineering
Graded project sites for the required slopes
Profiled projects by section
Calculated cost estimate
Calculated and created hydrology reports
Butler Manufacturing Company Jun. 2005 - Sept. 2005
Jun. 2004 Oct. 2004

20 hrs/wk-Intern for Civil Engineering
Detailed drawings given from the Engineers
Manifested orders for classic buildings
Input building information without manifest
Checked and counted parts on parts list

VOLUNTEER AND L EADERSHIP ACTIVITY
ASCE American Society of Civil Engineers
Currently hold position as student chapter Treasure

QUALIFICATIONS :

Familiar with Windows OS

All Microsoft Office Applications
Cad Explorer

Skilled Auto Desktop 2004
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APPENDIX

Table 4 — Monorail Project capital cost estimate beakdown

Rates obtained from Seattle Monorail Project
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Table 5 — Estimated capital cost of Maglift and Matgv alternatives

MONORAIL
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Table 6 — Economic analysis data

A spreadsheet was created to specifically determirthe economic data for the project so that it woulde

easier to modify or change data without having toedo the calculations from start. This spreadshee&an be

furnished upon request.

Table 7 - Ads and Billboards estimation

WORKSHEET FOR ADVERTISEMENT REVENUE

Cost to put a Logo or Ad on 1 car = $100,000 per month
Number of cars in operation at all times = 12 cars
(6-car train and dual rails)
Logo (Ad) revenue = $1,200,000 month
Annual Logo (Ad) revenue = $14,400,000 vyear

MONORAIL
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Table 8 — Annual operating and maintenance cost @state (Low Estimate)

Table 9 - Monorail performance profiles

MONORAIL
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