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Chapterl. Introduction

On February 19, 2014 Sam Ellis @Bd/an Burlingameanade a presentatida the CE163 Steel
Design clasat San Jose State Universifihey informed the students the subject ad multi
disciplinary project that the Mechanical Engineering Departmenirwatsed with a feasibility
study of a solar powereglevated Automated Transit Network system (ATof)urban public
transportation Structural designssistance was requested from 8teel Design class and an
invitation tothe next ATNgroup meeting wasffered

The ATN groupi Spar t an issacgnglamerateyad SISU facultigsigners, urban
planners, and stients of various disciplines as listedhe Appendix.Theacademidisciplines
representeth the groupare:businessgcomputer engineeringnechanicaéngineering, and now
civil engineering. These disciplinegeredividedinto several teamaithin the group

guide way design
station design

control systemslesign
bogie degin

cabin design

solar power design
human centered design
administrative

=4 =4 =4 -8 _48_9_°5_2°

The report author, structural civil engineer student (SCE&}cepted theequestedtructural
design role Thecivil engineeringole included construction managementfadsricaton and
assembly othefull scaleguide wayprototype The prototypemodel was displayed at the Maker
Faire event atie San Mateo Convention Center May 17, 20TAoughthe SCESparticipated

in many aspects of the projeptimary responsibilities inctied:

1 toprovide technical assistance to ME team for design of full scale exhinitedévated
guide way

1 toreviewthestructural design aneivaluate theonstructability othe proposedull scale
exhibit of an elevateduide way

i toprovidetechnical epertise and assistance in the fabrication and construction of an
elevatedguide way

1 toassistin the assembly and disassemblytied finalfull scaleelevatedyuide way
exhibit

This report documentke contributionof one structural engineering studemb the
developmenand buildng of the Spartan Superwdyll-scaleprototypemodel In Chapter 3the
schematic phasaf the fullscale model developmeistdescribed with reference itatial
geometric and materighanges Then in Chapters 4 through, the design deslopment phase is
described; thguideway system is modeled, load cases establishedstaunctural analysis
preseted Finally, in Chapter 7¢onstructiordocumentation of the elevated guide visgiven
which culmnates in delivery tote Makerfaireeventsite A time line is given in Table 1.



Table 1 Author's Project Time Line

Task Date (2014)

Aut hor6s first attendance of week 2/26
Weekly meeting 3/5
Weekly meeting 3/19
Received first schematce pr esent ati on of MEOGSs 3/19
Suggested reducing weight of column assemblies 3/19
Began technical drawings (initial draft) 3/24
Analyzed strength of plywood box beamlumn 3/24
Weekly group meeting 3/26
Suggested constructing each cofuassembly as orsteelunit 3/26
Completed technical drawings (initial draft) 3/28
Weekly group meeting 4/2
Suggested using construction adhesive for all connections of timber guide \ 4/2
Suggested using continuous 2 x 4 for guide way beam terfstod ¢ 4/2
Transported wood construction materials from Santa Cruz to San Jose a/7
First meeting with Pat Joice (CE Techniciaopcerning steel fabrication a/7
Weekly group meeting 4/9
Began assistance with timber guide way beam construction 4/12
Finished assistance with timber guide way beam construction 4/13
Weekly group meeting 4/16
Assigned to build exhibit entrance gate 4/16
Verified steel delivery 4/21
Weekly group meeting 4/23
Cut angles on ends of twelve steel diagonal braces 4/26
Beganassistance with constructing steel support structures 4/28
Weekly group meeting 4/30
Positioned column on base plate and support arms (weld preparation) 4/30
Completed assistance with constructing steel support structures 5/3
Assisted transporting stecolumns from SJSU to building site 5/3
Assisted with connection of timber beam to steel supports 5/3
Suggested eye bolt on guide way to facilitate lifting method 5/3
Weekly group meeting 5/7
Transported materials for entrance gate 5/10
Completed rhibit entrance gate 5/10
Weekly group meeting 5/14
Installed eye bolt in guide way 5/15
Assisted with disassembly, loading, and transporting guide way from San J 5/15
San Mateo

Assisted with exhibit assembly at San Mateo Convention Center 5/16
Assisted with disassembly, loading, and transporting guide way from San M 5/18

back to San Jose




Chapter 2. Literature Review

Both globalandlocal stability must beaddressed ifirst-orderelastic analysisAccording to

System Stability Design Ragements (2005)globali L at er al st abi l ity shall
lateral load resisting systems .,[and]the overturningeffects ofdrift and the destabilizing

influence ofgravity loadsshallbo e ¢ o n s i d el6.E2d)0Localls, Indvidlual structural
componentnd connectiostrengthsnust resist internal forces inducedIbgd effect
Consequentlystructural stability depends sgstem geometrystructuralcomponenstrength

and connectiostrength

Structural design requires thartan approximations be made to idealindividual components
andtheir connections.First, the geometry o structure is assumehd design loads established
Then the load patis determinedand traced throughn idealized force body diagramtbk
strudure Resulting brces instructural componentsanthenbe calculatedusing theory of
structuralanalysig(Hibbeler, 2012)Finally, nominalinternaldemandstressesanbedetermined
usingfundamental mechanicé materials(Hibbeler, 2011)

Structuralcomponents must be proportioned such litead inducedstressesireless than or

equal toallowable design stresses. The American Society of Civil Engineers aaws

met hods fAfor proportioning el emghoutthesdbf upaut eo
(SEIASCE 7, 2.): Load Resistance Factor Design (LREFB)d Allowable StresDesign

(ASD). Since 2005, allowable stress design ét@mmonlybeen referred to as allowable strength

design (Geschwindner, 18).

Allowable strength cesignwas usedo calculate adequa®yf structural components and

connections of the guide way structutebad combinatiosare calculated accardy to ASCE 7

Section 2.4, and thmost unfavorabléactoredload combinations compared to thallowable
strength(or resisance)of specific component limit state#\llowable strengtican befi o bt ai ne d
by using the properaenbination of allowable stressid the corresponding section property, such

as area or elastic section moda(Seschwindner, 18)Allowable stressearedocumented

according to specific type a@bnstructiormaterialand limit state

Timber constructiomises avariety of woodspecies angroducts. Structural members can be
composed of dimensional boards, timbers, or manufactured products such as plyatected
strand board (OSB)Nominaldesignstresses for timber plywoodmaterialsare availablen
theNational Design Specification for Wood Construction, American Forest and Paper
AssociationAFPA) andthe Plywood Design Specification, APFe Engneered Wood
AssociationThe guide way beam was constructed from plywood and dimensional boards.
Conservative design strendtir the guide way beamvas assumed usirige allowable stresses
of DouglasFir Larch No. 2, given below in Tabl2.



Table 2 Allowable Stresses for Douglas-ir Larch No. 2

Tension Shear | Compression Compressior| Modulus of
Bending Parallel Parallel | Perpendiculai Parallel Elasticty (psi)
(Fb) To Grain | To Grain To Grain To Grain :
(Ft) (Fv) (Fd) (Fc) (E) (E min)
900 psi 575 psi 180 psi 625 psi 1350 psi | 1,600,000 580,000

Steel construction uses a variety of shapes, grades, andS@amalstrengths of steel are
definedby theAmerican Standards and Testing of Materials (MyTDesign specificationfor
common steehpplicationsare given in thélanual of Steel Construction, American Institute of
Steel ConstructiofAISC). Design strengthfor theguide waycolumns verecalcukted using
tabulated propertigfor HSS4x4%4 and material propees of ASTM A-500 Grade BDesign
strengtls for all flat platesteelcompments verecalculated usingomponent geometry and
material properties AASTM A572 Grade 50. These are steel stteagnd shapes available
from a local steel suppliePOM Steel Service Supply, IhcThe properties for guide way steel
componats are listed below in Tab& The least moment of inertia and smallest radius of
gyration was calculated using cross se@lgoperties of the nominal aréa the flat plate

components.

Table 3 Guide Way Steel Properties

Steel Nominal| Moment | Radius of Fy min. Fu
Component | SteelType | Area | of Inertia| gyration | Yield Stress| Tensile Stress
P (in?) (inu (in) (ksi) (ksi)
HsSax4xvs |ASTMAS00 | 347 1 780 1.52 42 58
Grade B
5/ 160 x |ASTMA-572
Flat Plate Grade 50 0.94 0.670 0.089 50 65
1/ 40 x §ASTMA-572
Flat Plate Grade 50 4.00 0.010 0.072 50 65

Designloads ar&commonly divided into two categoriegertical gravityforcesand lateraforces
These forces can be traced through a load patteistructure.Generally, aalysis is performed

on an idealized structure or structural elemenfit h a t [
i n201tl,83¢ Thisanetleod grdvidea niplifiedHi b b el er

system

t hat i

es

es I n a

pl ane

approach for modeling specific structural elements that are part of a larger structure.

Forcesnduced bygrawty or wind loads areestablished using different methodologyertical
gravity loadsanduced by self weight came approximatedising variousveights of materials.
The weight of the guide way beam was estimated using tabulated falpdsvood and wod
studs (ASCE7, 399 he weight of steel components was estimatgdg tabulated values
obtained from the steel manufacturer (PDM Steel Service Suppliers, Ti@ assumedveights
of materialdor the guide way systeare given below in Tablé.

and



Talde 4 Tabulated Weights of Materials

Material Weight
Plywood (per 1/8n. thickness) 0.4 psf
Wood Studs, 2 x 4, unplastered 4.0 psf
HSS 4 X 4 X Ya 12.21 plf
5/ 160 x 30 Flat FK 3.191plf
1/ 4060 x 80 FIl at Pl 6.806plf

Wind load can be established using fundamentals of physics. According to Walker (2008),
Awhen there is a relative velocity between a
drag force t hat o plpooamadysis, thihideag foreelisat i ve mo

considered a lateral Wind.force which can be approximated with the drag force equation (Walker,
122):

0 -6"® (EQ 1)

Where:
D= Drag Force
C=  Drag coefficient
"= Airdensity
A= Total Effective Area

0 = Air Velocity

Fundamental mechanics of materiases structural models that examittee internal effects of
stress and strain in a solid (Hibakler20lb3.t i s sub

Several types of stresses can develop udiierent loading conditions. Load applied parallel to
the length of a beam generally results in axial stiesisl stress can be describad

w7 (EQ2
Where:

= axial stress

F= applied load .
A= o €0l QWO 't € QWG



In general, shear and bending stresses develop when a load is applied perpendicular to the length

of a beam Maximum bending stresses can be calculated for specific components at their
extreme extera fibers using the flexure formula (Hibbel2011,287):

(EQ3)

rL\) v
” "O
Where:

o

U = nor mal stress i n the member
M = resultant internal moment

¢ = perpendicular distance from neutral axis to extreme fiber

| = moment of inertia of cross sectiabout neutal axis

Averageshear stressf a structural elememtan be calculatedsing the shear formula (Hibbeler,
2011,363):

o= (EQ4)
Where:

t= internalshear stress
V = internal resultant shear forc@etermined from method of sections and equati
of equilibrium
Q= @ where A0 is the area abovassdhe bel

distancedb et ween the neutr al axis and centroi

| = moment of inertia of cross section about neutral axis
t= width of cross section whellds measured

Theaccuracy of thélexure and shear formulagpenmls on certaincriteria The flexure formula

determines Athe normal stress in a sta aight

with respecto anaxis,and the momentis appligde r pendi cul ar t o t hi
287). Derivation ofthe shear formula is based on the flexure formdlaerefore, the same
criteria must be met when using the shear formula.

Certain components of the guide way system do not me#ieituge or shear formula criteria.
Specifically, he guide way beam is aitt-up member that does not have a symmaitigooss
section about any axandis not composed of Romogenous isotropic material. Therefore, the
bending and shear formulas are used émlyough approximationof demand stresses in order
to makedesigq judgments andecisions regardingonstruction othe guide waygystem

10



Chapter 3. Schematic Phase
3.1 Overview

T h e a yartitipatioh begawith attendnce ofweekly Spartan Superwayeetingson
February 26, 2014. At this datee schemati phase of thelevated guide way desigvas
progressing andrpject duration was limitedEighty days remained untihe product delivery
deadline. A detailed projet log is given in the Appendix

Initially, the guide way team proposdide schematishown below in Figure 1. This design
included asupporting suctureusinga box columrdesign. For aesthetics, theigporting
columns were designed as four pieces ok 164 inch flat plate steeThese plates were to be
welded together to form a teadt tall column. Support arm plate®uld be welded to the top of
thesteelcolumrs, and a 16 foot lonbuilt-up timber beam would be mounteddasteel back
plate

Figure 1 White Board Sketch of Elevated Guide Way hitial Design
(Wicklow, 2014).

Design of thestructural systemsvolvedfrom this pointwith SCESandSpartan Sup&ray Team
collaboration Thoughtechnical assistanaeas providedsee calculation sheets in Appendix
and structural desigreviewedby the SCESthe guide way team was responsibletfafinal
design of theguide wayand all necessaidesign decisions.

11



3.2 Composite Timber Guide Way

Timber guide wayeamdesign information was limiteduring the schematic phase of the
project. An irregular plywood box beassupported by & x 4 frame was proposed by the
Spartan Superway Team. Théimg surface of the guide way woubg capped with steel
channel. Geometric cross section assumptions were madeebgdsistingCESin accord with
the previous design illustration (Figure Ifhese were drawn and presented to the guide way
team. Thetechnical validityof these drawingwasverified by the guide way teadfter several
iterations

Rigidity of the composite timber guide way waddressed The assisting SCE§fuestionedhe
rigidity of thecomposite timber guide way beas designedGapswould existbetweenhie
numerous 2x4 rib blocking jointand plywood connections. These gapght allowexcessive
internalmovemenivhen the composite timber beam is load=isingexcessive beam
deflection. The SCES suggested using constructibesve at all connections and to fill all
gaps. This suggestion was implemented in construction of the composite timber guide way.

3.3 Steel Support Assemblies

Reducingthe weightof the steelstructurewasa concern. The nitial columnassemblydesgn
weight was substantié58 Ibs each) The column assemblies would tificult to transport to
the Makes Faireevent SCESanalysis of plywood box columns proved that plywaddimilar
cross sectiomvould not have sufficient s¢ngth to resist degn forces; specifically at
connections.After a week of correspondence with Bpartan Superwagam the final clumn
design was established. As Dr. Furnhaalsuggested e columns would be constructesing
HSS4x4x /4 steel tube.

Designof steel celumn assemblies continuedhe initial schematic design of the supporting
columns included a hinged connectetrthe base (see Figure Z)he sonetube shown in Figure
2 was provided to satisfy initial aesthetic desidime hinged jointlesign was foutked on the
premise that a hinged base would facilitassportation of thassemblyandallow it to be
easily tipped up Though this desigresolvedransportatiorand setup concerns; fabricating
steel componentsould be difficultand time consuming

|
| /!’rg/q (a Thic e 1 [7
e Wdhf L%
2 | 2 K’OL[/;«;,,% ; 0
— ] = A/r‘ <7 s Lo - N / Gz
A ﬁ@L—‘ ~~~~~ £ e
THY WL D=0
70 Bty i Thee Bt Coumi 0 BE-TITED VP Pl harcpwrsty,

et race A S BDAT S
Figure 2 Schematic Phase Column to Base Hinge Connection (Furman 20:

12



After the column cross section had been change& @teScalculationsconfirmedthat each
suppoting column assembly wouldow weighapproximatel\260 poundslt was expected that
four people could maneuver the assen(®%/pounds per persojhe SCESsuggested
constructing each steel column assembly as ongthog, avoiding theomplexityand

fabrication timeassociated witla hinged joint. This suggestion became part of the final design
OnMarch 25 2014 the guide way design team had condutlateach column assemblyowld
beconstructed as a single unit.

Communicatingdrtherpreliminarydesigncalculationgequiredimprovedillustrations;
therefoe,the SCESomposed a set of drawings based upigiire lillustrationand the free
body dagram sketchegsrovided by the guide wagamMarch 24, 2014seeAppendiy.
Drawing SetMarch 28 2014wasusedduringthe projecto convey informationo the welding
technicianfor a desigrbuild strategy.The drawings evolved during thperiodof theproject At
project completion, the drawingsceived final editingind became the detailsdop drawings
found inthe Appendix The guide waydam presented their drawingsthe SCESnuch later in
the design phasépril 21, 2014. Theguide way eamdrawings arelsopresented in the
Appendix

3.4 Exhibit Assembly

Connecting the@mposite timber gide waybeamto support columnduring assemblyas
identified as a challenge early in the schematic phAseethodwas requiredo lift the
estimated34 poundtimberguideway 10 feet to thesteelsupporting back plase Several

options were identifiedBoth steel and timber lifting structures were proposed. Each would
provide an elevated location to mount a win€lonstruction time oé lifting structure was
constrained by the impending project delivery datkerefore, another alternative was required.
Fortunately, a fork lift was found available at the work space and destis@goithe proposed
lifting structure suggestion was abandoned.

Securinglifting straps totheguide way presented difficulties duritfiginitial fit-up of the
assembly. The irregular shape of the guide prayentedeliable lifting strap attachmenthe
assistingSCESproposed lifting alternative. An eyebolt mouried at the center of guide way
masscould provide an atchment for a chain with-Book. The guide way could then be lifted

in a secure and controllable manngnre Spartan Superway Team was concerned that the guide
way structure was insufficient to resigting forces induced by one eymlt. The SCES

calculated thathe guide way structure could resist lifting forces with a reasonable factor of
safety. Supporting calculations are given in the Appendix.

13



Chapter 4. Development of Analytical Model
4.1 Prototype Design

A final design was reached after several weeks of collaboration among the SCES and Spartan
Superway Teams (see Figure 3nefull scale exhibitprototypeconsists of twadenticalsteel
columnassemblies and builtup compoge timberguide waybeam The timber beam section
provides a 16 foot long elevated path for the transit vehaihn Thesteelsupport structure
suspends the timber beam at a heiglaigity-six inches Steel back plates connectttoe

timber guiderdi32 inches from the guideayends.A 1 0 8 &panremainsbetween the two
support arms

In addition to the vehicleabin andyuide way, solar panelseasupported by the stelumn
assemblies. The solarray has a width of three fegpars the entire lengthof the guide way,

and isfixed at a 30 degree andi®m horizontal An aluminum frame supports the solar panels
and connects to thtep of thesteel columns

16' e
3
i 10'-8" | 32" g 7
30°

Aluminum Solar /
Solar Panel Array Panel Frame
[1 [ .
e
36" Composite Timber Beam Guide Wa 2%
p y
Vehicle Vehicle 10' Steel Column
86" Cabin Cabin
\ Steel Column Assembly /

‘— 36" “‘1 i— 60" ;-‘

Front View Side View

Figure 3 Full Scale Exhibit Guide Way Model
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The steebupportstructure consisbf two identicalweldedassembliesshovn below in Figure 4
Eachassemblyconsists of four primary components: the base péaigportcolumn, support
arms, and back plate. The basateprovides vertical and lateral stability for the columns. Steel
braces extend at angles from the outerrpostions of the bagglate to thecolumn. Thesteel
bracegrovide lateral stahty for the guide way systemThesteelcolumn extends ten feet from
the base plate to tlemlar array mountTwo support arms exter8 inches from the rear of the
columnto the back plateThe back plate connecthe steel support aswo the timber guidevay
beam

1
w
N

—

Back Plate -

Support Arm - B 10"

Support Column
Support Braces ~._ ‘

Base Plate —

Figure 4 Welded Steel Support ucture Assembly

Thetimber guide waypeamshown in Figure % acompositesystem.The beam is composed of
plywood sheets, wood boards, stedddadkets, and nailsA frame work of 2x4 ribgrovides the
core structure Steel angles are screwed and gl(beth sideshat allorthogonal joints of the 2x4
ribs. A 2x4 tension chord runs thmttomlength of the beam and secures the bottom end of the
rib componentsHorizontalblocking is placed between the 2x4 rddengthetwo uppercorner
lengths The blocking serves as baitcompressionhord and plywood backingThis frame

work is sandwiched by a % ingfuedplywood shell. The vehicle guide raik fastened to the
core structure witleonstruction adhesive asteel bolts.
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3/4" CDX Plywood ..
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1/2" A307 Hex Bolts (typ)

Steel Backplate — ..

10 ga. Steel Cap. —.

1" x 7" D.F. #2 Guide Rail. —

Guide Rail to Guideway Connection —.

3/8" A307 Hex Bots 16" O.C..
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T 6x6 14ga. L-Bracket (each side) "

T~ 2x4 D.F. #2 Framing @ 16" 0.C. -
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= Fild
3'
e

- Tension Chord

Figure 5 Plywood Timber Guide Way Beam Cross Section
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4.2 Structural Model

Several assumptions were made during the design develophssebf the guide way system

GeneralAssumptions:
1 Material behavior is linear edéic
1 Cross sections are prismatic
1 Cross sections behave as homogernsatsopicmaterial
1 Plane cross sections remain plane after deformation
1 Material warping does not occur after deformation
Composite Timber Beam:
1 FramingTimber is Douglas Fir No. 2
1 Plywood edge nailingid0d common nai |l s at
1 Alljoints are rigid connections

Steel Column Assemblies:
1 Column g¢eel iSASTM A-500 Gr. B
1 Plate steel is ASTM 572 Gr. 50
1 Welding electrode is E70
1 Base plates provide resistance to rotation and translatio

Connections:
1 Bolts are grade A30R
M1 All welds are ¥ inch fillet

60 O. C.
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4.3 Gravity Load

Gravity loaddemandsesisted byspecific structuratomponents wereverified by the SCES
Figure6 showscomponent positiamandlocations ofcenterof mass. Componentescriptions
item numbersandweightsare given in Tablé.

]
o I
11'-3 ‘ ‘
8|_10|l ‘
7_10 @ ‘[ 6"10” ‘
1 4
L4 4 S BN
| !
2l | 1'_5" | 2»__71|7~3_A,2|_5u L
ltem Numbers and Positions Center of Mass

Figure 6 Component Positions and Locations of Center of Mass

Table 5 Component Descriptions andWeights

Number of | Item Weight Total Weight

Item Item ID ltems (Ib) (Ib)
Bogey 1 2 250 500
Guide way 2 1 634 634
Support Arm 3 4 20 80
Solar 4 1 200 200
Column 5 2 122 244
45° Brace 6 8 7 56
Base Plate 7 2 119 238
30° Brace 8 4 17 68
Vehicle Cabin 9 1 150 150

Total Assembly Weight | 2170 Ib
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4.4 Lateral Load

Analysis of longitidinal overturning due to lateral fosoeas evaluated qualitativelfrhe weight

of each column assembly opposes the overturning moment in the longitudinal direction. The
vehicle cabin will remairssentiallystationary during the exhilodin andthe effecive area

subjected to wind force is relatively small; therefore, longitudinal lateral forces are assumed to
beminimal. Analysis of the transverse direction of loading was conducted in a more quantitative
manner.

Wind forceswereanalyzedby the SCESising theassumed distribution shovim Figure 7

below. Wind load igesisted bywo effective areaghe guide way/vehicle cabin (Afl), and solar
panel (Af2). The two resultingind loadforces(Fwl and Fw2are modeled at the ceaoid of

their respectie areas. The total wind force leehconsidereds a single point loa@dwr) acting
horizontally on the structurdMaximum wind load is considered at the wind velocity required to
overturn the structureGlobal structural stability limits the extenttthe induced wind force.

o ey e e o | Fw2

&}

i i 3 Fwr

A Fw1

s
f— 48" —
5

Wind Load Effective Areas Wind Load Forces Resultant Wind Force

Figure 7 Assumed Effective Areas and Resudint Wind Force

Chapter 5 Analysis Results
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5.1 Structure Overturning

Structure overturningouldoccurif the wind load generatesdamandnomentgreater than the

structue OoserturningresistanceSincethesr uct ur e 6 s oneimchexgentrcf mass |
toward the frontthe structure is wre likely to tip forward tharrearward However,both

forward and rearward overturningasanalyed Thestructuralsystem is in equilibriunfior

overturningwhen the morants are equal, or when:

0 0
Where:

0 =resistive moment due to mass
0 = overturning moment induced by wind

FromFigure8, the statementor forward overturningan be written:
0 CpRMm @8 O O pwRBNOTGLE | 1£GIAME
2 R p—
Likewise,for rearward over turninga similar statemerman be written as:
) CPRNMO B 0 "OpmRENOTBHET | Qi PEE QQi
e mo »8 eV

Therefore, the calculatedverturning capacity of the structuesh.24kip-ft. forwardand 5.61

kip-ft rearward Using Equation 1 he calculatednminimum wind speed (before tippinggsuls

in forward air velocityo,, = 50 mph. This indicates that@inimum50 mph wind would

generate a resultant 588 pounds of lateral force at a height of 107 inches, and cause potential
forwardoverturning of the structure.

31“ 29"
Figure 8 Overturning Analysis Model
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5.2 Guide Way

Internal forces associated with sgecstructural elements can be determined once vertical and
horizontal loading has been established and support conditions idealized. Induced internal forces
depend on the location and orientation of loading with respect to a structural element Planar
loading can result in axial, transveraadlongitudinal internal forces.

For analysis, the composite timber guide way is modeled as a continuous beam with continuity
over both supports as shownFigure 9. Quantitative values of estimated weights faas

panels, bogie, and cabin were receifred respective group managerSelfweight of the

guide way was determined by t8B€ES while providing technical assance to the guide way

team. Estimated slf weightof the composite guide way beam was base documented
minimumweights of materialSASCE 7) which resulted in a uniformly distributéolad of 39.6

Ib/ft.

The vehicle cabin is a simulated passenger car that is suspended from iego bbg bomps
are steel mechanisms that geiile vehicle abin along the guide way path. Theight of
vehicle cabin antivo boges resuls in two point loads (F1 and F2) on the guide wahe
combined guide way, bags, and vehicle cabin loading resultstio gravity loadgR1 and R2)
acting at theexteriorend of each support arassemblyThe solar arrayesultsin point loads at
the top of thecolumnssince it is not directly attached to the guide way

Shear and moment diagramere calculated according to guide way loadiigernal guide
way $earforces were determined using method of sectiand equations of equilibriumA
maximum shear forcef 536 Ibwas found to occuat each suppof/1 and V2) Internal
bendingmomentforces in the guide way wededucedas the sum of areas given in the shear
diagram.A maximum bending momeuwf 1.68 kipft wascalculatedat the center of the guide
way span(M1).
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Moment Diagram

Figure 9 Geometry and Loading of Composite Timber Guide Way Beam, Shear

Diagram, and Moment Diagram
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5.3 Steel Support Assemblies

The steel support assemblies are modeled as braced catudiog for structural analysias
shown inFigure 10 The support argiand columrare assumed torm a rigid bent. Pin
connections are assumed betweerctiaposite timbeguide way beam and support &m
Pinnedconnections are assumatall diagonalbrae connectionsGravity load of cabin, bogies,
and guide way is motkxl as a single force resultant for column stress anal$ei§ weightof
thesteel componentsasattained fronmarufacturer specifications (PDM).

Demand stresses were calculated atiogrtoallowable strength desigoad combinations.

Column shear forces were determined using method of sections and equations of equilibrium. A
maximum shear force of 2.84 kip was found to occur in the column section below the diagonal
brace (V4).Internal bending moment demand forces in the columns were deduced as the sum of
areas given in the shear diagram. A maximum bending maheemndf 7.3 kipft was

calculatedat a height of 31 inches at the diagonal brace connection (M4).

Several smalleanalyticalmodels were developed to calculate internal demand forces on

individual structuralcomponents These models are described and illustratetierfollowing
chapter.
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Chapter 6 Stress Analysis
6.1 Overview

Several iterative modelsere required for the structural analydiging design developmeat

the guide way exhihitSince the project was a prototype done under time constraints, structural
analysis was done on componeonidy for assumed critical limit stateS§ime constraints did not
allow a detailed evaluation of evestructural force aspect.oad combinations were assumed
according to allowable strength design specificat{@&/ASCE7, Section 2.4nd fundmental
mechanics of materialwere used to calculagpecificdemand stresseResultingcritical

demand stresses were verified to be less thaAS$iespecifiedallowable internal capacity

stresgs Efficiency of the designs expressed as a demand/capacity ratio.

6.2 Composite Timber Guide Way Beam

Two load combinations were assumed to apply to the timber guide wawy loea combination
1 (dead load alone), and load combination 2 (dead load + wind lwad)mplification factors
apply to load combinationall timberstrengthadjustment factorare assumed to be equal to
one;except the load duration factor. For load combination 1 the load duration fac@raad.
for load combination 2 the load duration factor is 1.6 (Breyer et al).4AN&imumdemand
shar stresslue to gravity loads assumed to occur at therizontalneutral axis of thbeam
cross sectioms shown in Figure 11Maximumdemand stresses duetendingareevaluatecht
thetensile and compressiextremefibers of the composite beam hd calculated values for the
stress analysis of the timber guiday beam way is shown in Table Gample calculations are
given in the Appendix.

Similarly, the lateral wind load induced stresses are evaluated relative to the vertical neutral axis
of the beam cross sectiddowever, only the lower half of the guide way beam is considered.

This is due to the fact that the vehicle cabin is suspended from the bottom rail of the guide way.
Wind load generated from the vehicle cabin is assumed tibcat the bottonportionof the

guide way as two point loads located at each ldggige rail attachment

3"

13.86"
Horizontal ' Vertical
LS Nuetral Axis Neutral Axis
Lateral il
Al Wind Force
1 !
- - 218"
6"
Gravity Load Wind Load
Stress Analysis Neutral Axis Stress Analysis Neutral Axis

Figure 11 Horizontal and Vertical Neutral Axis o5



Table 6 Composite Timber Guide Way Stress Analysis

Loz Service Level Load Critical
Capacity | Combination Combination
Stress . . Demand D/C
Parameter (psi) CEpREiy (psi) Bemand Ratio
F (psi) (psi)
O O Dead | Wind Q Q Combo| Value
Shear Stress 180 162 288 12.5 2.2 12.5 14.7 1 0.08
Bending 575 518 | 920 | 864 | 736 | 864 | 82.2 2 0.09
(tension)
Bending

900 810 | 1440 | 13.8 | 114.7| 13.8 | 128.5 2 0.08

(Compression

\Load combination 1 is (dead load alon&) 1@
Load combination 2 is (1 x dead load + 1 x wind lpad) p&

The guide way is connected to the back plates usinmgt | 0 bah tonrectien fThe shear

force R1 and R2 (Fig. 83 assumed to be evenly distributed throtighbolts atachrespective
connection Torquefrom the guide way, vehicle cabin, and bogies indubending momeran

the back plates'he torque inducescouple with amaximumtensionforce (T =5871b) assumed

to bedistributed tahe toptwo boltswhich in turn induces compressive forces between the inside
of the guideway and bolt washers. Crushing of the plywgoite wayis analyzed at this
locationusing the areaf the twol 0 w @ de &ppendix).The calculated values for the

stress analysis of the timber guide way beam to steel back plate are given in THixe 7.
distance from edge of bolt hole to edge of back plate is greater than two boledgame

therefore, shear teaut will not control(Geschwindner, 369)

SR |
A W1 4
(317 Ib)

Back Plate

Ol\vtia

¥ o ¢ °
X . PO W2 =
S (650 Ib) —

1

Guide Way/Back Plate Force Body Diagram
Bolt Connections

Figure 12 Guide Way to Back Plate Connectiol 26



Table 7 Guide Way to Back PlateBolt ConnectionsStress Analysis

Strength No. of Item Total
Parameter s ltems | Capacity | Capacity DEEE e
i?g)Te”S'O” i 0 ABBGt| 2 4.42 8.84 0616 | 0.07
(Bk?g)Shear i 0 ARBGt| 10 2.65 26.5 0642 | 0@
3(?;})893“”9 i 0 ABBGt| 10 8.70 174 0.642 | 0.003
Load Service Load Critical
Stress Capacity | Combination Level Combination D/C
Parameter (psi) Capacity\ Demand Demand Ratio
0 (psi) (psi) (psi)
O O Dead | Wind Q "Q | Combo| Value
Plywood
Crushing 625 563 | 1000 | 488 | 12.2 | 488 | 500.2 1 0.87
(psi)

Vertical and lateral loadsre assumed toear on the guideragls shown in Figure 13he
vertical gravity load of cabin and bogies (650 Ib) bears on the top of the guiBecahtricity of
gravity load induces a lateral force (176 Ib) on the bottom of the guiddiad gravity and
lateral loads are equally divad into point loadd feet apart; the distance betwemmtersof

boges. This load combination is transferred from the guiderail to the guide way through a glued
and bolted connectionThe connection is glued with constr.
spaced at 14 inches on cent@hefaying surfacs of theglued connectiomareneglected for

bolt stress analysis.
7] ‘ ) ’1’4"

Guide Way

Guide Rail - 650 Ib

A307-N Bolts at 14" O.C.

176 Ib Glued and Bolted Connection

\ Faying Surfaces

Guide Way Beam Cross Section Guide Rail to Guide Way Connection

and Assumed Forces

Figure 13 Guide Rail to Guide Way Bolted Connection 7



Table 8 Guiderail to Guide Way Bolt ConnectionsStress Analysis

PStrength Item Capacity | Demand | D/C
arameter

Tensbn (Kip) I 0 A-Bl Bolt 1.10 0.088 0.08
Shear (kip) I 0 A-Bl Bolt 0.66 0.325 049
Plywood I 0 Wash 563 474 084
Crushing(psi) D.F. #2 Plywood '

6.3 Steel Support Column Assemblies

The HSS4x4x1/4 steel columns resist axial, shear, and befodaggas shown in Figure 10

Axial compressivestresses are induced by gravity load of cabin, bogies, guide way, and solar
panelsShear stresses are induced by the wind; Ibadever, the associated shear stigss
assumed to be minimal relativettee shear limit state of the columiBendingstressesire

induced bythe wind force anthetorque produced by the support armisie bending demand is
calculated at the extreme fiber of the column cross section. Bending capacity is corasdered
the elastigyield stress of ASTM A72 Gr. 50 steel. Calculatedlues forthe column analysis

are given in Tabl®. Supporting calculatiosare given in the Appendix.

Beamcolumn analysis was not addressed for two reasons: one, bending demand is significantly
lower than bending capacity; and two, time constraints limitedepéh of analysis.

Table 9 Column Bending and Yielding Analysis Values

PSatrr:rrr]thr Capacity Demand D/C
Yielding (kip) 101 1.23 0.01
Buckling (kip) 55.5 1.23 0.02
Bending ksi) 29.9 22.6 0.75
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The diagonal braces were modeled as pin connectedBasis. principles of structural analysis
indicatethatthediagonal braces resist 2.3 kip of compressive force; 1.15 kip Ehaeteffective
length d eachdiagonal brace is reduced to 19.5 inches by placement &fZax 1/8 steel tube
web stiffeneishown in Figure 14Since the stiffener is not continuous through the entire length
of the bracesthe braces are analyzesingtwo different scenariosaseone, as a solid doubled
brace running the full lengtiesisting the full 2.3 kipandcasetwo, as a single brace thi19.5

inch effective length resisting half the induced load (1.15 Kglculated values for the

diagonal brae analysis are givein Table 10

2.3 kip
| T
| i ] A
57" 18" . 57 e
195 b [ | ) "
ATA 4x2x% Tubing / |
23kip - 3Xx%g Steel Diagonal Braces -

Figure 14 Diagonal Braces Analytical Model

Table 10 Diagonal Braces Analysis Values

Diagonal Braces Capacity (kip) Demand (kip) D/C
Yielding 28.1 2.30 0.08
Buckling Case 1 2.78 2.0 0.83
Buckling Case 2 3.01 1.15 0.38

Welds
Brace to Bae Plate 44 1.15 0.03
Brace to Column 34 1.15 0.03
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Thehorizontalsupport armsesist the vertical gravity force of the guide way, bogies, and vehicle
cabin. A lateral wind load is also resistgdthe support arm; however, thénd load is assumed

to induceminimal axial force. There ar@vo support arms per column assembly; one welded to
each side of the column. For analysis, verticedeinduced stresses from the bogies, vehicle
cabin, and half the guide way is assumed to be equally divideddretive two support arms of
one column.The combined weights are modeled as a resultant vertical(fdd6& Ib)as shown

in Figure 15. This model is also used to determine demand on support arm to weldmn
connectiongF1 and F2) Calculated value®f the support arm analysis are given in Table 11.

_{

967 Ib

Support Arms

2

F2 @

Figure 15 Support Arms Analytical Model

Table 11 Support Arms Analysis Values

Strength Parameter Capacity Demand D/C

Bending(ksi) 22.9 13.8 0.60
Weld Location

Support Arm to Columishear(kip) 29.6 5.04 0.17

Support Armto Back Plate&Shear(kip) 59.2 0.967 0.2
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The back plate that connects the timber guide way to the steel support structure is subjected to a
combination of forces. Gravity load from the guide waggies, and vehicle cabmtransferred

through the back pla&@nd bolt connectionas a shear force. The dominant force is assumed to

be brque on the back platkatis produced from the eccentricity of the guide waygies and

vehicle cabin.Theload applied to theack plaeé to support arms connectioneiscentric tdhe

plane of the weldVector nechanicavas employed to calculateaximum demand otihe weld

at the extreme fiber on a force per length basis. This value was comparedaiculeed

longitudinal strength ofveld. Calculated values for theeld analysis are given in Table12.

Supporting calculations are given in the Appendixrther analysis is required to verify

accuracy of this method.

@l 7"

U 317 Ib

650 Ib

-Back Plate

- Support Arms

- 14" Fillet Weld

Figure 16 Back Plate Analysis Model

Table 12 Back Plate Analysis Values

Weld Strength Parameter Capacity Demand D/C
In-PlaneShear(kip) 59.2 0.967 0.02
Combined Shear and Torsi@kip/in.) 3.71 0.47 0.13
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Chapter 7 Full-Scale Model Construction
7.1 Guide Way Construction

Acquisition of building materials for the composite timber guide veayireda group effort

The guide way team was responsible for initial acquisition of compositettiguiide way

building materials. These materials warestlydonated by the Santa Cruz location Big Creek
Lumber CompanyHowever, before construction could begin the donated building materials at
the Santa Cruz Big Creek Lumber Co. required deliverggdSan Jose building sitBig Creek
Lumber Co. offers transportation tbfeir building materals for a fee.As atime andcost saving
measure the author volunteered to supply transportiidhe building materialsAdditional
materials were needediithg guide way construction. These were purctias® transported by
the author and theost was later reimbursed.

Fabrication and construction of the composite timber guide way proceeded efficiently.
Assemblyof the timber guide way structure begaprih12, 2014 at 1555 Soutfi'Btreet The
composite timber guide way was completed the following degetailed work log is given in
the Appendix.

The assisting SCEfovided technical expertise asdveralkonstruction tools The guide way
team waglivided and delegated separate tasks. Plyvseoctionsand 2 x 4 pieces were cut
simultaneously using parts listwhich hadbeenprepared the previous dafnother guide way
team member began assembling the 2 x 4 ribs once a few pieces wérkedatxication and
constructiorof the composite beam proceeded smoothly. By the end &ifshdayof guide

way constructiorthe 2 x 4 structural ribs were completed and installation of the plywood shell
had begunKigures 10 and 1).

Theguide way team kder andauthorcontinued construction the following day and completed
the compositéimberbeam.Only attachment of thioge guide rail remained for completion of
the timber assembly.

Figure 17 Guide Way Construction 1 Figure 18 Guide Way Construction 2
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7.2 Steel Support Construction

Scheduling fabgation and construction time for steel column assemblies was difficult.
Conflicting schedules and lack of access to steel machine tools delayed construction progress.
Final design details were established during construddersonal correspondence witatP

Joice, (the welding technician) began AiR014. The two steel column assemblies were
completed May, 2014.

During this time period, actuateelfabricationand assemblwas intermittent. The design of the
steel support assembliegolvedand costruction related obstacles were overcong/ery
opportunity was exhausted to insure that the steel column constrptignessed in a timely
manner A detailed construction time estimate and actual work log is givdreidppendix.

Twenty-four and a halhoursof work wasestimate for steel fabrication and weldiraf each
column assemblyThe project log denotés8.5 work hours involvedor construction of both
steel column assemblieé ctualfabrication and weldingme of steel column asserids was
underestimate by 16% This miscalculationvas partly due to unfamiliarity with steel
fabrication and construction. Positioning components for weldiok longer than expected and
standby time was not considered.

The 8x1/4 inch flat plate coponentsand HSS4x4x1/4 square tulvere cut to size by PDM

Steel Supply Angles remained tbe cut at the ends tietwelve 3x5/16diagonalbrace pieces.
Acquisition of use to the urevsity machine shop was delayed and the guide way team did not
have tle means to cut angles in stediefeforethe SCES/olunteeredor the task

Cutting angles into the brace pieces was time
consuming.Mitered angles were cut on the
steelplate stoclkatt h e a oatpéantyshops
usinghistoolsand labor.A 10 inch netal
cutting blade was fitted to a compoumiter
saw. The length and emaahgles were marked
on each of the 18teel platesThen in
sucession, each end was clamped to the miter
saw tableand cut. The compound miter saw
was not fit to cut a 60 degreegd@ of six inch
length.Clamping was necessary to improve
cutting accuracy and to perfonmaquired cuts.

Construction proceeded at a ihpaceafterthe
above transportation aridbrication delays were
overcome Assemblyof supportcolumrs began
with the base plate componeniBhe 8x1/4 inch
steel baseomponents and the 3x5/16 inch
brace components are@wvn inFigurel3. A

four inch grinding wheel was used to prepare
steel surfaces for weldingContaminants were

Figure 19 Base Plate Components
for Steel Column Assembly
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ground from the steel surface atjalhts prior to welding.

Weldingof steel componentsok place at the SISU Engineering Building in room. 123t

Joice is shown welding a base plate connegtidfigure14. This illustration also shows Cormac
Wicklow in the background. Cormac iglting holesin the back plate componeiatr the timber
guide wayto steelsupportstructurebolt connections A drill press was purchased specifically
for drilling these holes.

Meeting design tolerances during construction of the column structuretifiadt due to the

size and weight of the componentSpecial accommodations wenade to inste the column

was square to thease plate before welding. Ttap of the terfoot steelcolumrs were clamped

to a steel beam at ceiling levéhis providedhe necessaryalility to make fine adjustmest

before welding. The flat plate base exhibited flexible characteristics. Special attention assured
proper geometry of assembly at points of weld

Theguideway team, CE techni@n, andassisting suctural civil engineering studenbnstructed
the two column assembli@s approximately two daysFinally, the wo welded column
assemblies were completed M2y2014(shown in Figure %) andtransported to the™Street
worksite thefollowing day.

Figure 20 Beginning of Steel Column Figure 21 Completed Steel Support
Construction. Pat Joice is shown Column Assemblies. Daniel Conroy
welding base plate and Cormac and Author are shown standing in
Wicklow is shown drilling holes in background (Wicklow).

back plate.
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7.3 Assembly

Initial fit-up of the gideway tothe support structures occurred May 3, 2014 duriigaturday
workshop. A neighboring company to the workspdéenberwood) supplied their forklift for

the lifting procedure. Térguideway was connected to the support columns without incident. The
bogey, cabin, and solar teamsanbad 17 days (until the MakEaire) to finalize and carect

their componentsThe following are six illustrations show placement of the final companent

Figure 22 Initial Guide Way to Support igure 2'3 Iitial Bolting of Guide Way to
Columns Connection (Furman). Support Columns.

Figure 24 Completed Guide Way System. 35
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Figure 25 Initial Bogie into Guide Way Figure 26 Bogie and Guide Way Side
Placement View

Figure 27 Completed Personal Rapid Transit (PRT) Protoype 36



7.4 Makers Faire

Transportation of the ATN model exhibit occurrBloursday, Mayl 5, 2014. The guidewvay
assembly was loaded ont&aSU owned flabed truck andransported tohe San Mateo
Convention CenterA few ATN team members artle authousedpersonaklehicles to
transport other various exhibit items.

Reassembly of the fulicaleprototypeoccurred with use of a forklifirovided by personnel

from the San Mateo Convention Cent&he forklift was ued to facilitate attachment of the
guide way to the support columns, slide bogies into the guide way, and install the solar array
above the guide way. Lifting and attaching the vehicle cabin was done manually.

Figure 28 Guideway Delivery at San Figure 29 Bogie Installation at San
Mateo Convention Center and Several Mateo Convention Center.
Spartan Superway Team Participants.

Work began orthe remaining portion of the exhibitter thefull scale prototype had been
assembledFigures 31 and 32)The exhibit entry structure and Spartan Superway banner was
raised(Figure 30) On following day (Friday, May 163partan Superway members-gpta

1/17" scale PRT model, a Scale modePRT model, posters, and various informative
literature. The exhibit was complete for the Makers Faire Event.
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Figure 31 Prsoal Rapid Transit (PRT)Exhibit at San Mateo Convention Center
Convention Center(front view)



Figure 32Personal Rapid Transit (PRT) Exhibit at San Mateo Convention
Center (rear view)




Chapter 8. Deformation

Structural deformatiowas measured using genetalpentry tod: level, straight edge, string
line, etc. These tools provided accuré@yne sixteenth inch. Measurements were taken before
and after application of service loadsateral wnd load was simulated lgyclic loadingapplied
manually.

Perpendicular anahgitudinal cyclic lateral loading was applied to the support columns at a
height of six feet. Force was applied approximately in time with the structures ffisgquency
in each orthogonal directiorEven though longitudinal lateral service loads werglected
during design developmengrigitudinal lateral structural stability was teségdhe end of the
guide way.

Steel

1 Lateral deflection at the top of the steel columns was negligible upon application of
constantvorking load. A four foot carpgner 6 s | evel was empl oyed f
deflection of the steel columns. The bubbles in the carpenters indicated that columns
were plumb before and after application of load

1 The66.40 inch long braces exhibitedignificanthorizontal deformation abotheir
weak axis. Deformation occurred rrsgan upon rapid change of loading conditions
(cyclic loadingperpendicular antbngitudinal tothe guide way). This deformation was
considered acceptable by the guide way team because the defonvetaimost
unobservable.

1 The support arms exhibited lateral deflection during system testing. Cyclic loading wa
applied by hand longitudinad the guide way. The resulting cyclic horizontal translation
of the support arms was approximately 0.5 inches from crésiugh and was visibly
observable at the guideay side of the support armd.ateral translation of the
supporting columns was not observable.

1 Vertical translation of the support column basessnot observable; however, sound was
generated at the baske/groundnterfaceduring cyclic testingforce applied to guide
way). The soundvas assumed to indicatecking of the column support bases

Timber
1 Horizontal deflection of the guide way duecimnstanivorking load was not observed.
1 Lateraldeflection of the guide way due twnstaniworking load orcyclic wind load was
not observed.
1 Twist deflection ofthe guide way due to working load was nbterved.

Connections
1 The bolt and weld connections wetisudly inspected. No deformation was observed.
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Chapter 9. Conclusions and Recommendations
9.1 Conclusions

Development and construction of the fstlaleprototypemodel ofanelevated transportation
systembenefits several interests. First, the project orgdrsaedents from diverse discipés.

Each student brought their own perspective which ultimately motivated evodidtibe project

to a final design.These students learned valuable team working skills and enjoyed the
satisfaction of accompligiig a goal which could not be achieviedlividually. The project
demonstrated the speed at which a small group can accomplish a large goal. Only four months
were requiredor a portion ofthe Spartan Superway Tedamdesign and build the fuicale

personal rapid transit exhilptototype.

Secondthe full-scale modelvas andcan be used to educate the publice model serves as a
show piece that draws attention. To date, the model has been showcased at two events: the
Makers Faire at the San Mateo Convention Center (May 17, 2014hehdersolar Conference
at the Moscone Convention CenieiSan Francisc@uly 8to July 10 2014). Thecuriosityof
peopleat both eventsias provokedby the size and peculiarity of the fidtale exhibit model.
Interested people approached the mad@tonder Generally, thisnitiatedan informative
conversation with an ATN project representative.

Most conversations led to the conclusion that something must be done to make public
transportation a sustainable systdine American Society of Civil kgineers 2013 Report Card

for Americabds I nfrastructure gaMASCE)YAads a (D)
solution to bring the grade up may justolve automated transportation systefarsonal rapid

transit could utilize the benefits ddil; derive its own solar energy, while decriegsuse and

deterioration otonventional asphalt roadways

Automated transportation networks could compéeteinfinished transportation network. Main
arteral transportatiometworkshave beempartially compleed with systems such as Cal Train.
Transportation gins are in place witlight rail and othesystemsrovided byorganizations such
as theSanta Clara Valley Transportation Authority (VTAublic transportation could be made
more efficient with the capary functionthatautomated transportation netwokksd personal
rapid transportation systernsuld provide.

9.2 Recommendations for Future Work

Modeling of column support conditiomgasbased on the assumption thia base plates provide
sufficientresistance tootation andateral translation. Rotation of column base connection could
occur given sufficient lateral wind speed (50 mph). Any alteration to the existing structure could
change the stability of the prototype.

Significant guide way traslation was observed when cyclic force was applied longitudinally to

theend of theguide way.This implies that rigidity of the horizontal support arms may not be
sufficient to resist braking or other forces applied axially to the guide way. Contirteptiost
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should be given to the support arm segment of the prototype should future exhibits include a
moving cabin.

Composite timber guide way stresses were analyzed using a simplified rBedehd order
effects were neglected. The stresses inducestbyndary effects may be significant in a guide
way of greater length. Therefore, secondary effects should be analyzedfwmrationaguide
way system.

Mid-span twist of the guide way du®eccentric loading was relatively smalltire full -scale
prototypeof an elevated guiderail. dwvever,this may not be the cageasystem designed for
larger spansr loads. Two methods can be employed to counterspaah twist. Oneherigid
frame connection between guide way and cabin can be constusatgé modified geometry.
That geomet would locatethe mass centroid dhevehicle cabin and bogie in line with the
center oftheguide way. Two, bogie mounted flywheels can be employathular momentum
could be used to counter tterqueinduced by theccentric loading.
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Appendix (Spartan Superway 2014 Personnel)

Mineta Transportation Institute (MTI)
Automated Transit Networks (ATN): A Review of the State of the Industry and Prospects for the Future, Project Number:; 1227

Principle Investigator:
Dr. Burford Furman, Ph.ORE, Professor, SJSU Department of Engineering

Team Members

Ron Swenson, President, International Institute of Sustainable Transportation
Sam Ellis, Program Director, International Institute of Sustainable Transportation
Lawrence Fabian, Director, Tra2b

Grant Kleinman, Sales Engineer, Trane Corp.

Peter Muller, President, PRT Consultanting, Inc.

Student Assistance
Christian Jorgenson, Student Research Assistant, San Jose State University
Cynthialee, Student Research Assisteban Jose State Univeysi

Guideway Design Team » . . .
Cormac Wicklow, BSME Additional Support (SJSU Civil Engineering Dept.)

Daniel Conroy, BSME

Dr. Kurt McMullin PH.D., PE, Professor,
Station Design SJSU Department of Engineering

Cormac Wicklow, BSME . » . . o
Pat Joice, SU Civil Engineering Technician

Controls System

Corey Osterman, BSME CEStudent Assistance
Elizabeth Poche, Computer Engineering KelthA- McKenna BSCE
Marjo Mallari, Computer Engineering Eugenia TaBSCE
Eriberto Velazquez, Computer Enginegrin
Trent Smith, Computer Engineering Sponsors _ _ _ _
Randall Morioka, BSME INIST, International Institute of Sustainable Transportation
Man Ho, BSME Be_zamways
Microsot
Bogie Design Big Creek Lumber and Building Materials
Max Goldberg, BSME PDM Steel Service Centers, Inc.
Paolo Mercado, BSME Atra, Advanced Transit Association
David Lohtak, BSME Swenson Solar _
Carlos Guerrero,BSME Barry Swenson Builder
Coast Aluminum and Architectural
Cabin Design Genentech
Ken Ho, BSME

Solar Power Design
Francisco Martinez, BSME
Henry Tran, BSME

Tim Santiago, BSME
Jaston Rivera, BSME

Human Centered Design
Maria BlumSullivan, SJSU Alumni

Business Plan
Laisz Lam, SJSU College of Business

Other
Pete Christiansen
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Appendi x (Authoros Project Log)

02/26/14 First participation in weekly group meetifithr)
1 Met with several team members:

o Principal Investigator Dr. Burford Furman, Ph.D., PE, Professor, Department of
Mechanical Engineering

o Sam Ellis, Program Director, International Institute of Sustainable Transportation

1 People of Interest:

o Lawrence Fabn, Director, Trans.21

o Grant Kleinman, Sales Engineer, Trane Corp.

o Peter Muller, President, PRT Consulting, Inc.

9 Discussed overview of ATN system concepts:

o Fully automated 6 person vehicles

o Elevated guide way

0 Mostly nonstop, origin to destination senec

9 Additional Research:

o International Institute of Sustainable Transportation (INIST) is an organization that
establishes partnerships to promote sustainable transportation systems. See web site
for more info:https://www.inist.org/About.aspx

o Trans.21 is an informative clearinghouse on worldwide developments in automated
1JIS2LX S Y20SNAR o0!taavy LlzofAaKSa oBe2yiKte
web site for more infohttp://faculty.washington.edu/jbs/itrans/trans21.htm

0 PRT Consulting, Inc. monitors and participates in the implementation of Personal Rapid
Transit around the world. Web sitgtp://www.prtconsulting.com/news.html provides
information data base.

03/05/14 Participated in weekly group meeting (1hr)
1 Met with additional team members:
o Ron Swenson, President, International Institute of Sustainable Transportation
o Chridian Jorgenson, Student Research Assistant, San Jose State University
0 Cynthia Lee, Student Research Assistant, San Jose State University
o Cormak Wicklow, Guide Way Team Leader
9 Discussed with Cormak Wicklow tools that | have available to facilitate guideamatruction
9 Discussed with Sam Ellis wliiectional vs. biirectional guide way system
0 Bidirectional guide way advantages
A Supports higher volume of traffic in high flow corridors
0 Bidirectional guide way disadvantages
A Requires more space for guide yeorridor (side by side vs. stacked vehicle
path)
A Higher cost for railway corridor
o0 Conclusion: Detailed investigation of probable traffic density in specific regions would
be required to justify either alternative. A cost/benefit analysis would deterrttiee
proper guide way system for a specific corridor. That analysis should also consider the
integration of the specific corridor into the system as a whole.
0 Additional Research:
A Wikipediahttp://en.wikipedia.org/wiki/Personal_rapid_transit
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03/12/14 Weekly group meeting cancelled
1 Met with Ron Swenson and Sam Ellis
o Discussed my possible participation in guide way rail design
1 Additional Research
0 Spartan Supevay http://www.engr.sjsu.edu/smssv/

03/19/14 Weekly group meeting (1hr)
9 Discussed full scale exhibit guideway with Cormac Wicklow (see illustration below)

o / 2fdzYyad okmcé &GSSt wmykt mySYwmna G$Ed Dy R LALIS N
LI N} £ £ St 61 aS YSY0oSNI SEGSYRa pHéE D DdzA RSNI A€
in sections and connected in field; components are: (2) columns with base plates, upper
horizontal supports, and guiderail. Estiradtpod weight (including bogey)= 500
pounds.

0 Because the pod weight is only 500 pounds, | suggested to Dr Furman, Alex (), and
Cormac Wicklow, that the columns could be built out ofywbod instead of steel. This
would reduce the construction cost anghiten the structure, making transportation
easier.This was met with neutral response, probably because time has been spent
designing and calculating steel columns. Also, the structure must be built in 58 days. Re
designing columns could extend projecigpletion past the dead line.

1 Met with Dr. Kurt McMullin after group meeting

o Discussed my participation as construction management of full scale guide way model
for Maker Faire exhibit, transportation logistics of guiderail to exhibit and back , and
construction of exhibit guide way and supports.

o Plywood columns were discussed. One advantage of steel columns is that their weight
will help stabilize the guide rails against the dynamic load of the moving pod car.

0 Assigned to constructing a time line fiie construction of the guide rails and support
structure.
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0 The guide way team leader is under the impression that only the CE Technician Pat
Joice and | will be working on construction.
I Additional Research
0 Welding anl fabrication timeshttp://www.esabna.com/EUWeb/AWTC/Lesson9 _3.htm
0 Sustainable Mobility System Silicon Valley (SMSSV)
o Personal Rapid Transit (PRT)

03/24/14 (3hrs)
1 Researched strength ofypl/ood for use on column construction, calculations, determined
strength of plywood bosbeam construction for supporting columns would not be sufficient to
support demand load.

The complete set of welding symbols is given in a standard published by the American National
Standards Institute and the American Welding Society
1 Weld Symbols tutoridhttp://www.structuralsteeldetailer.us/weld _symbols.html
03/26/14 Email correspondence with Pl and guiderail team leader, sketch guiderail transportation
alternatives (3hrs)
03/28/14 Email correspondence with Pl and guiderail team leader, sketch guiderail transportation
alternatives (3hrs)
03/29/14 Begin CAD drawings for support structure (4 hrs)
03/30/14 Continue CAD drawings for support structure, research and edit contact info (8hrs)
04/02/14
Questions for 04/02/2014 Group Meeting:
1. Base lengths in direction parallel to guidiéshould be increased to resist overturning moment
induced by acceleration/deceleration of bogie and cabin.
2. Also, a torsion moment on the guiderail system will be induced by acceleration/deceleration of
bogie and cabin.
3. What are the specifications of thguiderail, bogie, and cabin (dimensions & weight)?(back plate
bolt hole pattern)?
4. The vertical distance between the back plate and end of the base stem is 10 inches. How much
further does the guiderail put the center of mass of cabin and bogie?
5. Can | agess Share Point. How do | get on any information sharing lists?
52 O0NIOS ¢StRa ySSR (2 0S O2y(Aywdadt R2 GG YSR
end; same question for support arm welds.
7. What is the ground surface where the structure wilbjperation?

o

04/07/14 Meeting with Dr. McMullin and CE ATN student research assistants. Discussed expectations as
student researchers (action items). Meeting focused on guide way system design methodology.
04/09/14

1 Delivered wood guide beam materialskiailding site. Drive from Big Creek Lumber in Santa

Cruz over Highway 17 to San Jose construction site (3 hrs)

Meeting with Dr. McMullin and CE Technician Pat Joice to discuss steel support construction. Possible
instability of the structure due to latei forces was recognized. Pat Joice brought to our attention that
welding of the base plate will induce unwanted stress into the steel plate. This will result in curvature of
the finished base assembly. After meeting | figured solution that will makestféct work to add
stability to the structure. The convex shape of the finished base
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91 will be face down. This will provide 3 point bearing of the base and reduce chance of rocking.
Pat Joice provided options for cuttisteel material to proper size and shapes using university
shop machines. (Due to tavailability this never happened).

1 Attended ATN group meeting. Conveyed information from earlier construction meeting to
guide way team leader.

04/12/14 (8 hrs)

1 Attended group meeting at building site 9:00am to 3:30 pm. Worked with guide way team,
provided tools, construction expertise in wood building technique, and 8hrs labor. Constructed
rib framing and started installation of plywood shell. Started rib blocking

04/14/14 (4.5 hrs)

1 Met with Cormac at building site 10:00am to 2:30. Finished construction of wood guide way
(everything but guiderail). Amberwood is shaping guiderail (dimensions and dado to receive
metal cap). Tested strength of beam applying force to beanmpendicular to length; no
RSTF2NNIGA2Y 614 20aSNWSRd ¢SaiSR G2NBRA2YyFf &dN
block under on corner of the beam. This lifted one edge of the beam along its length. The other
O2NYSNJ 6F& tATOISRA IAXINRESY I 1GSTi @A &0y 3 ¢RSTF2NYI G
Then approximately 190 pounds was placed at opposing corners. This resulted in approximately
1 more inch of twist along the 16 foot length of the beam. Cormac and | are optimistic that the
forces we aplied are far higher than the design load and working stresses; Therefore, working
deflections are assumed to be tolerable.

1 1 suggested method for lifting guide rail: steel brackets at center of mass where forklift forks
could slide in and lift. Also ndeeye bolt for alternative cable lifting.

1 Met with Kurt 4:30 for CE298 meeting. Discussed present state of project. Static based
calculations show stable structure, but details (such as the many wood connections) cannot be
modeled accurately) Stability efructure as a whole is still a concern. The timeline for the
project does not allow detailed analysis of the structure that would cover every aspect that
could lead to instability. Test prototype must be built for analysis. Steel fabrication discussed.

04/16/14 (1 hr)

1 Group Meeting present status and time line of project discussed. Dr. Furman requested that |
design and build entrance banner stand 12 feet wide and 14 feet tall using base stand he will
provide.

04/21/14 (1 hr)

1 Met Cormac at campus Dam. Verified steel delivery from PDM. Began bureaucratic process
to attain door code for ME machine shop. Not likely code will be attained in time to stay on
construction schedule.

04/23/14 (1 hr)

1 Group Meeting present status and time line of projectdssed. Guide way team has not
acquired door code for machine shop. Need pieces cut by Monday so that steel construction can
begin and schedule can be met.

04/26/14 (8 hrs)

1 Picked up steel pieces at campus, cutting and grinding blade at home depotjtestdel braces

to size and shape at my carpentry shop.
04/28/14 (8 hrs)
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1 Monday worked from 8:30 to 4:30 at the Engineering Building with Pat, Cormac, and Daniel.
Constructed one of the steel guide way columns, drillel boles in back plate, prepped pieces
for second column section (grinding locations for welds).

04/30/14 (2.5 hrs)

9 Pat could not attend scheduled workshop. | positioned column on base plate and positioned
support arms so they are ready to weltl.5 hrs).

1 Group Meeting: Layout of exhibit at Maker faire and exhibit component transportation
discussed. Also, means of transporting column assemblies from SJSU cantpBttee
worksite on Saturday (May 3) discussed (access to engindauitding inner courtyard and
use of university vehicle).

05/03/14 (8 hrs)
1 Group workshop at building site
0 transported steel column assemblies from SJSU campus to building site
0 connected timber guide way to steel column assemblies
o fabricated guide rail
o attached guide rail to guide way
05/07/14 (1hr)
1 Group Meeting
o Discussed agenda for next Saturday workshop
A Bogies have been placed on guiderail
A Paint guide rail
A Hang cabin from bogies
A Build entrance gate for Maker Faire space
05/10/14 (6hrs)

1 Materials rin with Sam Ellis and Ron Swensen. Built entrance gate. Loaned various tools to ATN

groups.
05/15/14 8hrs

9 Disassemble exhibit at workspace, load on trucks, transport () miles to San Mateo Convention

Center. Then reassembled exhibit.
05/18/14 (6 hrs)

9 Disasembled guide way assembly, loaded up, and transported back to SJ workspace. Helped

transport some of the 1/12 scale model to SJ workspace and entrance gate.

Addendum

06/12/14 (2 hrs)
1 Group meeting
o Discussed preparation tasks for Julyehibit at Moscone Convention Center.
A Assigned to build cover for ¥ of guide way. Cover will give better
representation of actual guideay and provide space for donor advertising
A Assigned to build crates for 1/fZcale plexglass component transportation.
06/14/14 (5 hrs)
 Built 2 crates for transportation of 1/12scale plexjlass components.
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06/21/14 (4hrs)
9 Disassembled partition walls at workspace, reconfigured, and prepared for Moscone Event.
06/28/14 (4hrs)
f Repaired broken swivel wheels onfallOl £t S GSKAOE S OlFIoAy o0. NEIyYyQa
9 Attached solar panels to aluminum frame which connects to guide way.
07/01/14 (2 hrs)
9 Transported 3three solar panels from Santa Cruz to San Jose workspace
9 Transported my 14 ft ladder from my shop to San Jose workspace
07/07/14 (8 hrs)
1 Assisted with setip of fullscale elevated transportation module exhibit at Moscone @orion
Center in San Francisco.
§ Assisted with setip of 1/12" scale elevated transportation module exhibit at Moscone
Convention Center in San Francisco.
1 General assistance with exhibit agb
07/08/14 (8 hrs)
1 ATN Spartan Superway representative at IB@ar Event at Moscone Convention Cerme$an
Francisco.
07/10/14 (8hrs)
9 Breakdown exhibit at Moscone Convention Center in San Francisco.
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