Project Number: TEK207

Design of Sackett Har
A Major Qualifying Project Report:
Submitted to the Facultgf theWorcestePolytechniclnstitute
in partial fulfillment of the requirements for the

Degree of Bachelor of Science

by

Adam Duczyski M\M\« \ \)H,,,, ol

Chri st ophe_rfLa,C{g/Zé‘r\
Natalie Velazquez ;ZLZ‘L/Z’V/‘C ,////%/

Date: February 29, 2008

Approved:

Professor Tahar El Korchi, Major Advisor



A~
n

& SackettHarbo Bridge

ABSTRACT

In this projectseveral woodridge design options wepgoposedas future replacementer
SakettHarbo Bridge in Petersham, Massachusetts forTthestees of Reservation (T.O.R).
Theproposedeplacements satisfy bridge codes and standards, cost under $25,000 for materials
and supplies, and will be constructed using volunteers; thereforgrectability issues were

also taken into consideration during design.
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EXECUTIVE SUMMARY

The design of Sackett Harboros Bridge was
Trustees of Reservations. Each design was to address the causes ohftiki@irrent bridge
so that the new bridg&ould be safe for travel and last a number of yeargerthan the current
bridge  The designs explored in this report included a simple span, trusssjasigcovered

bridge optioss.

The trusses were dgsiedwith and without the use @f steel beam along the center of
the decking The use of a steel beamasprovided as an optioto give the bridge greater
supportand rigidity, as well as tieduce member sizes throughout the brjdgech would

allow for greder constructabilittandminimizedcosts.

Two trusses were then chosen based upon the aesthetics of the design, the cost,
constructability, and ability toonvertto a covered bridge. The trusses chosen included the
Pratt truss and the Flat trussBased on these two options, the design was narrowed down to a
final recommendati on. The Flat truss would s

bridge criteria, including the allotted budget.

Testing of the final recommendation wtagn perfomedin order to visualiz¢he effects
of cyclic fatigue, maximum loads before failure, and any constructability issues which may have
been overlooked in the conceptual design. This testing gave valuable knowledge and

confirmation that the Flat truss wag@od choice and would remain our final recommendation.



A
N
& SackettHarbo Bridge

ACKNOWLEDGMENTS

MQP Advisor, Professor Tahar El Korchi

Lab Manager, Donald Pellegrino

Lab Manager, Dean J Daigneault

Trustees of Reservations Advisor, Walker Korby

Trustees of Reservations



A
N
& SackettHarbo Bridge

TABLE OF CONTENTS

Y 0111 = T TP OPUPPPORTRPPPN 2
EXECULIVE SUMMIALY... . eteeeieeieeeeieiei ettt e et e e e e e et s s st e et eeeeeeeaeeeasaaasss e e taeeeeeaeaaaeeesassassesteaneeeaeeeaaaesssanannsnnnnnes 3
ot Lo =T Lo [ 1T € RSP 4
T 1o o 18 Lot 1 o] o AU PP PPPPPP PP 9
2 FTod (o | (o101 oo H OO P OTPPT T PP PP PPTPPP 11
DESIGN OPINS OVEIVIEW. ....ittiieeeittiee e ettt e ettt e e ettt e e e s st b eee e e e e st b e e e e e s ek bb e e e e e aabbeeeeeeabbeeeeeaasbaeeeesanbreneeeeaan 12
Option 1: Simple SPan BEAM GESIGN.........uiii ittt e e s e b e e s s snb b e e e s esbeeeeeeneee 13
[0 1= Tod (] o R PEURR 13
(o LYot N o IS0 o] o o] gl = T=T T 4L PR 14
Ry W11 £ o] e (=2 To | T @] o] 1 o] o 4 PRSP 14
TPUSS DESIGN OVEIVIEW. ....iiuttiieeeiiiete e e e ettt e e ekttt e e e e et et e e e e e aab et e e e sk b et e e e e bbb e e e e e amb b et e e e aaebe e e e e asabbeeeesansbeeeeeennree 15
TrusS DECKING LUMDEE:.......oiii et e et e e e s bbb e e e s st reeeeeeae 15
[ o = o LT PP PPT PP 15
TrUSS DESION L: FIAE TIUSS ..ttt e et e e e ettt e e e e e e e e e s e s e bbb be et e e e e aeeeeesaannnbnnnbeneeeas 16
FOICE ANd SIrESS ANAIYSIS:. ... eeeeiiiieeeiie ittt ettt e e e et e e s bbbt et e et e e e e e e s e e s bbb beereeaeaaaeaeaaeas 16
TruSS DeSIgN 2: MANSANT TIUSS. .. .eeitieieieiiiiiitttette ettt e e e e e e et e et e et e e e e e e s s e s aa bbb te e et e e aaaaeeeesaaaannbebseeeeaaaaeasanns 19
FOrCe and SIrESS ANAIYSIS:. ... .ueeiiiiiiiiiie ittt e st e e s et e e e et e e e s ennbn e e e e s nereas 19
TrUSS DESIGN 31 PIALE TIUSS. . .eteieiiittieee ittt iee e e e sttt e e ettt e e e sttt e e ee e s sabbe e e e s s bbbt e e e et bbb eeeesaabbeeeeeaabbneeeessnbaeeeaeeane 22
FOrCe and SIrESS ANAIYSIS:. ... .ueeiii ittt e bt e e s et e e e et e e e e enbbn e e e e e nereas 22
Truss Design 4: Flat Truss With Steel BEaM.........ooiiiiiiiiiiiee et 24
FOICE AN HESS BNAIYSIS: .. .eiiiiiiiiiii ettt e et e e st e e s s b e e e e e s s bb e e e e e s aabre e e e s sbreeeeeenaans 24
Truss Design 5: Pratt Truss With Steel BEAIM ..........eeiiiiiiiiii e 27
fOrCE AaNd SIrESS ANAIYSIS: .. . ei ittt ettt e e e e e e e e e e s e e e e e eeeesssaaan s narrareereeaeeeeeeaannannrnes 27
Truss Design 6: Covered Flat TRUBR Steel BEAML...........oo i e e 29

5



A
N
& SackettHarboo Bridge

fOrCE aNd SIrESS ANAIYSIS:......cii ittt ee e e e e e e e e s s e e e e e eeee e s s s aa et e e rraeaeeeeeeaannnnnnnes 29
Truss Design 7: Covered Pratt Truss with Steel Beam..........coouviiiiiiiiiii e 32
fOrCE AN SIIESS ANAIYSIS:....eei ittt e et e et e e e s e bbb e e e e e s st b e e e e e s aabe e e e e s sbrneeeeeeaaes 32
(%o ] el =Tt (o] I B LoT ] o TP PP PP P PP PPPPRPPPPRPR 34
Roof Design Option 1: RIAQE BEAMN...........uuiiiiiiiiiieee ettt e e e et e e e s s e e e e e e e e e s s s saannraareeeeaaeeeesannnns 36
[ 1= T | PSR 36
[ 7 o - Lo L PO PP PR PPRR PPN 36
S L0V A o - Lo P PO PP P PPP PR 36
L= T g [l I o T To [PPSO PP OPPPPR PRI 37
LUV To B o= Lo L PP PP P PP PPPTRPPPPPRPN 38
[ T= o [ @fo] 191 o] 1T L1 [0] o 130T O PP PPPPRR 39
[ Vi I L= [ | SRR 39
L0 o= = T= = T o SRS SRRS 40
Constructability 1ISSUES aNd SOIULIONS . .......uuiiiiiiiie et e e e e ee e s sabneeeeeaad 41
L= 1A L] oJo T v= 1o ] o KO PP RP T PTPPRP 41
1070] 0111 {0 [ox 7= 1 o] 1Y T PR UPRT PR 42
CPBW SIZB.... ettt ettt ettt e e e ettt e e e ook ket e e e oMb b et e e e e e bbbt e e e e eR b b et e e e e b b et e e e e e b be e e e e et ae e e e e anbree s 43
finAliZed COSt ANAIYSIS.....uueiiiiieie e a e e e e e e aaaaaeeeeeersssrnersnnsnnnn s seneneaenenenennen )
Material COSt ANAIYSIS. .. ittt e e e e e e e e e e et et et et eeeeeaeae et e e s e s e e e e aeaaeaeaaaaeeneararara 45
TruSS COSES: NO STEEI DEAML.....cii ittt e et e e e e s nnnnnee e A6
trUSS COSES: WIth SEEEI DEAM......iiiiiiiii e s a7
Wooden truss: with steel beam and rO0f...........ooi i 49
[\ foTo L=T I =T qTo fo =T L= o o SRR 51
TPl = To (U ol o AT PP T PUPPPP PRI 51
070 o153 i B e To] o \Y/=]1 g o e (o] (oo Y AP PU PR PPTPPRP 53



A
N
& SackettHarboo Bridge

Y [ To ] LT I TS 1= PSRRI 55
LOBA REUUCTION. ...ttt ettt ettt e e ettt e e e ekt e e e ek b e e et e e e aab b et e e e aab b et e e e e nbr e e e e e e annbeeeeeannnes 55
Computer Simulations of JOINt AefIEAUE..............ceiiiiiiiiie e 57
ACTUAI JOINT DETIECHIONS. .....eeee ettt e e e ekt e e e st e e e e e e st b e e e e e abbr e e e e e anbrneeeeeaaes 69

analysis of Computer simulation versus Actual Deflections............cccveeeieeeiii e 72

Fully Assembled Model Bridge: TruCk [0ad TESt.......uuuiiiiiieiiii i e st e e e e eeeaee s 77
F RS 1o IS = Lod T Vo RO PSSSRRPY &
1T 27T T R P PO PP OUPPPPRPPPPPPOOY ¢ -
Computer analysis of bending and defleCtion............coooiiiiiiiii e U B

Fully Assembled Model Bridge: Actual Deflection during Truck Load testing...........cccceeevvriveeeenniiieeeeninne, 80
S 0= 11 o3l (=13 1] o PP 81

= L F= 1)V EsR o | ] = o =3 1] o PP 81
L8 Y/ox Tl (=21 11 o PP 84
ANAIYSIS OF CYCIC TOSHIMG. ....eeeiiiiitiiii ettt e st e e st e e s e ebb e e e e e anbbeeee e e nnrees 84
TESEEO FAUIUIE. ...ttt e e e e st e e e e e bt e e e e bbbt e e e e s nbbe e e e e anbbeeeeeannees 85
analysis Of TESHNG TO FaAIUIE..........eiiii e s e bbb e e 85

Model Bridge TeStiNG CONCIUSIONS........coiiiiiiiiii ittt ettt st e e s ba b e e e s abbb e e e e anbneeeas 88

RECOMMENUALIONS. ...ttt e et e e e st et e e s s e et e e e s b et e e e s sar e et e e s smne e e e e e s snrnneeenans 89

2N o] o= o [To = 91
Al: Design option 1 Simple Span CalCUIBRION............ooeviiiiiiieceee e e as 91
A2: Covered Bridge Design CalCUlatioNS..........coouiiiiiiiiiiiiiiee ettt sbeeee e 110
NG T 1Y o To I o =T L S PRI 116
A4: AAShLO Live 10ad regUIALIANS ........veiieiiiiiiee et et e st e e e e nbe e e e e neee 119
A5: Truss Decking Dead load CalCUlatiQIIS..........ooiiiiiiiiieieiii e 122
A6: AllowableStress Calculations in truSS MEMREIS.........oiiiiiiiiie e 124



A
N
& SackettHarboo Bridge

A = T= T 0 o [T o T SRR 125
F N @fo] g LT (o] o e [=2S] (o T T TP P P PPPPPPRP 126
A9: Allowable force and stress calculations in model bridge............coooviiiiiiii e 129
A10: Applied Load locations for model Bridge. .........c.uviiieiiiieee et 130
Al11: Connection Design in Model Bridge..........cooi i e e 131
Ao SR 11 (=T PO TP PP UPPTPPRPRPRI 132



A
N
& SackettHarboo Bridge

INTRODUCTION

The Trustees of Reservations is a4poofit organization formed over one hundnezhrs
ago which relies upon the kindness of others to provide its services to the public through time
and monetary donations. Their mission staten
Reservations preserves, for public use and enjoyment, properégseaptional scenic, historic,
and ecological valwue in Massachusetts. o The
hundred thousand people determined to protect the nature of Massachusetts as well as those who
would like the community to be able to shar¢he experience and joy they feel while using
these properties. The Trustees of Reservations currently has ninety six locations making up
over twenty five thousand acres of lush natural real estate. With future climate changes and
development of thetate, these locations will continue to grow in popularity among the

communities and will need further care from generous donators and volunteers.

The Trustees of Reservations location focused upon in this project is the Swift River
Reservation. This piecof property is currently heavily used for activities such as: hiking
(seven miles of trails), seasonal hunting, bird watching, dog walking, fishing, horseback riding,

mountain biking and the propertiesd scenic Vi

The East Branch of the Swift Riviinks all three tracts of the Swift River Reservation.
The Nichewaug Tract includes extensive rocky ledges, a moist ravine, open fields, a
beaverdammed swamp, vernal pools, riverside habitat, and forest edges along wooded roads.
These habitats supportamy small mammals, reptiles, amphibians, fish, insects, and birds. In
the late eighteenth century, much of the Reservation was cleared for farms that conducted
smalkscale agriculture, subsistence livestock grazing, and wood fuel collection. In the
nineteenth century population growth and new local industries placed a greater demand on the
area's natural resources. The forest was largely cut, sparing trees only on steep, rocky hillsides,
ledges, and in wetlands. Several reclaimed fields in the Slali @ity recreate the open
setting around the Avery Williams farmstead as it may have appeared around 1890. After farm
abandonment in the early twentieth century, the forest returned only to be decimated by a major
hurricane in 1938. Today most of the Bestion's white pine and mixed hardwood forest date
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to this hurricane and its associated cleanup

(http://lwww.thetrustees.org/pages/367 swift river reservatiof.cfm

The Swift River Reservation includes a fourteen foot wide timber bridge along one of its
many trails spanning a length of twenty feet from abutment to abutment over the Swift River.
Although the bridge is fairly new, the adjacent terrain provides no system for directing rain water
away from the abutments of the bridge, and within the past gesinkhole has caused the bridge
to fail by weakening one of its abutments. In order to alleviate further erosion problems, the
Trustees of Reservations are currently working to place water bars (diagonally placed
longitudinal trenches filled with laging and gravel which will be positioned in multiple rows to
allow the water to flow away from the abutments and into the river) along the hill towards the

sinkhole.

The path to be used for transporting materials to and from the site has a limited amount
vehicle access including a gate which is locked for all vehicles except members of the Trustees
of Reservations. Along the path there are minor overhead limitations, although, much of the
brush has been cleared away. The vehicles that are ablerndlig path, and are available for
transportation of materials, include a doa tri-axle dump truck as well as a half ton pickup
truck. There is also a small backhoe which can be brought down the path via trailer, as well as
a tractor which will be usefr construction. Electricity on site will have to be provided by

small generators.

10
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BACKGROUND

Three beams currently support the bridge (below its decking) and rest directly on the
stone abutments. Due to instability, one of the center beams leasifiad the river. The new
bridge designs span about forty feet long, which allow for the support of the load to be placed
upon solid ground (past the failing abutment and sinkhole), as long as soil conditions meet the
required specifications for suchaat. If the ground behind the sinkhole does not meet the
specifications required, the sink hole must be repaired and some method of water runoff support

should be added. The picture below shows the current bridge conditions.

EFIGURE 1: PICTURETBIE EXTSNG SACKETT HARBBRRDGE

In order to ensure the safety of the crew and the environment during construction, it is
recommended that a collection of permits from the town of Petersham be attained. The existing
bridge will have to be deconstructed usingackhoe to remove all debris, which will be taken
off site by means of a one ton dump truck and an F350 pickup truck. The volunteer labor force
will have use of limited power supply sources such as generators. The limitations made by the
Trustees of Reervations will save on labor costs but may, however, cause a longer construction

time schedule.

11
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DESIGN PTIONSOVERVIEW

The bridges dsigned include one simple spamd several truss options, which are able to
safely support the weight of a pickup truciddrailer, as well as pedestrians and horseback
riders. Trusses were designed at a height
covered bridge and are 12 to 14 feet wide to allow for medium sizedipitkicksto travel
comfortably across. Structural analysis was computed by hand as well as through the usage of

structural programs such as RISA2D, Civil3D, MDsolids, and Revit.

12
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OPTION 1SIMPLESPANBEAM DESIGN

AASHTO requires an 85psf pedestriare load be used along with a truckeiload.
The truck and trailer live loadesigned for watakenfrom the FHWA Type F vehicles
classification scheme andlccated in class 3. Becausdruck does natsuallydrive perfectly
straight a wandering effect must be taken into account. Wais done by designing for the
truck as if it was centered on the bridge and designing as if the truck was sloi$idtoone
side of the bridge. A load duration factor of ten yeanss also designddr, as well agdight

vehicle traffictraveling at espeed of five to ten miles per hour.

The bridge is located in a deciduous forest in western Massachusetts so thveasood
designed with a moisture content above 19% and withbde ofSelect buglas FirLarch
The bridgehasa width of fourteen feeand alength equal to forty feebut only twentyeight feet
of the span is unsupported; therefore, the bridge was designed with a total span eéigenty
feet, rather than forty. Values for dead load were obtained from valtles 2005 NDS

supplement

DECKING

Live Load Case #1 takes into account a truckaeaing to the left by placing op®int
load1.75 feet frontheedge of the bridge and the other pdo#d8.75 feet awaylocatedover a
support beam. After comparing the calculdtedding stessedo the allowable stresses, found
in the 2005 NDS supplemerx12Select DFL deckingwas chosen Thissize decking was
found to have soower bending stress than the allowalsie deflectiorwas then calculated.

Once the calculated deflectisrascompared to the allowable deflection fof@l2it was
concluded that 4x12 decking was sufficient.

Forlive load case #2hetruckis located irthe center of the bridge. The same

procedure was followed here and it was found that 4x12algitlwork for this live load.

The final live load case, case #®&sa pedestrian load required by AASHTO of 85 psf.
This analysis was done by first analyzing the fomeshe bridgeandcalculatingthe reaction

13
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forces. Size4x12 deckingpassed all load cases fieflection andvill be used for the simple

span design.
DECKING SUPPORT BEAM

In thedesign procedurtar the support beams, the dead load was calculated first, using
NDS values, followed bywo live load caseghe truck live loadandthe required pedesn live

load.

The trucklive loadhas four pointoad forcesof 1500 poundgach spaced at O feet, 12
feet, 26 feet and 28 feet. For the live load case of the truck and, tteeléending, sheaand
deflectionwereall less than the allowabielues for eachshowing that five 6x18 members are
sufficient under the truck live load case, however, when considering the pedestrian live load,
values for deflection did not pass, thus, more beams were added as it seme@écticalto
addadditional 6xB beamsatherthan increaséheirsize. Theabove procedure was
recalculatedisingeight 6x18 Ndl DL support beamswvhich then passadhderdeflection.

Thedecking calculationthenhadto berecalculatedas they wer@reviouslydoneusing
five support beams instead of eight. It can be assutmatdf the decking workedith only
five supports that it wilundoubtedlywork with eight Calculations were redone in order to

verify this assumption.

RESULTS FOR DESI®NION 1

Design Optiorl resultedin eight6x18 Nol Douglas Fitarch beamsgach forty feet
long. Located o top of these, angderpendicular to their directiowill be 40-4x12 Rlect
Douglas FirLarch decking membersach fourteen feet long.

14
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TRUSS DESIGWERVIEW

TRUSS DECKING LUBWRB

In designing the decking for the truss it is crucial to pick a size luthbers able to
withstand loads when simply supported, tesdecking will be attached to thmttom chord of
each truss. In order to find the allowable deflection of eachldeg memberwe used the
deflection equation whicgaveusanallowable deflection of.7 inches.

LIVE LOAD

The weight of the truckeraxlewas 6000 poundsvhich for decking, was divided by
two to give the weight each truss supported according toktddry area, androduced a point
load at each wheel of 3000 pounds$:or all trusses testethe live load of the truclwas placed
in multiple locations across the beam to account for wandering of the truck while driving
When computed witkhedead lod of the deckinga taal deflection of.60 inches was

calculated whenusilgo x 80 decki ng member s.

The weight of the uniform pedestrian lo&b psf.was found using AASHTO
regulations and was applied across the entire length of the d€tKkifget). The pedestrian

load caused a worstise scenario in the loads eacljoint of the bottom chord of the truss.

15
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TRUSS DESIGN FLAT TRUSS

The first truss designed was a flat truss. This tdessgn has members forming a
bottom andop chord (whicharecompletely flat along the entire length of the truss), vertical
columns connecting the top and bottom chords, and diagwraberdetweerthe top and
bottom chords. This truss style will allow our group to be able to place a roof over the bridge

which would resbn top of the trussat the request of the Trustees of Reservations.

Designing the bridge at a height of 8 feet lBoallow for the ability ofvehicle,
pedestrianand equestrian modes of transportatiotragel over the bridgeith nodifficulties if
a roof is chosen to be added. The truss will transmit the applied live and dead loads through
tension and compression of its members. In order to find the maxathowable stresses in
tensionandcompression, wood adjustment factorsBauglas Fir Larclwere used according to
the 2005 NDS codes The totakllowablecompression stress in the truss wakulated to be
455 psi.  The totadllowabletension stress in the truss weadculated a810 psi.

FORCE AND STRESSIAMAS:

Using theMDsolids software, we were able to compute the forces in each member as
well as stresses in compression and tensiore résults for the total log®L+LL) per jointof
the flat truss design equaled 2927.5 Ib§he size thapassed all bending and corapsion tests
wer e hanbeBswhich produced the following regsl The figure and table below show the

analysis computed using MDsolids software.

16
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FIGURE 2: FLAT TRBSRCE ANALYSIS

17

F6bc= 45 5pmwlatedcFc= 346 psi ; >  Simulatedrt= 386 pst
i% (Y?S (¢ ?825(C° 7826 (C3. ?825(( 318 75 (. 391 25 ( )
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A Ox 0.0
2.927.510.0
%TABLE 1: FLAT TRUFSIRCE AND STRESSLAISAS

Member (4x8) Force (Ibs) Area (irf) Stress (psi)

AB -8,782.500 25.380 -346.000
BD -4,391.300 25.380 -173.000
DF -7,318.800 25.380 -288.400
FH -8,782.500 25.380 -346.000
HJ -8,782.500 25.380 -346.000
JL -8,782.500 25.380 -346.000
LN -7,318.800 25.380 -288.400

810
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NP -4,391.300 25.380 -173.000

MO 0.000 25.380 0.000

IK 7,318.800 25.380 288.400

EG 7,318.800 25.380 288.400

AC 0.000 25.380 0.000

CD -5,855.000 25.380 -230.700

EF -2,927.500 25.380 -115.300

GH 0.000 25.380 0.000

1J 0.000 25.380 0.000

KL -2,927.500 25.380 -115.300

MN -5,855.000 25.380 -230.700
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TRUSS DESIGNMANSARD TRUSS

The next truss that our groupsigned was a Mansard truss. This style of truss has
membersvhich complete flat bottom and top chord (made upsof sectionseachfour feet
long), vertical columnsupportinghe topchord and diagonal columns connecting the top and
bottom chords. His truss style will allow our group to be able to place a roof over the bridge

which will reston top of the trussat the request of the Trustees of Reservations.

Each side of the trussd six vertical columns 8 fekeing, seven diagonal colum@sfed
in length,and twelve horizontal members 4 f@etength (five for the top chord and seven for
the bottom chord). The Mansard Truss was designed at a height of 8 feet for the same reasons
as the Flat truss. The total allowable compression stress mftituss was 455 psi. The total

allowable tension stress in the truss was 810 psi.
FORCE AND STRESSIAM$AS:

Using the MDsolids software, the forces in each member were computed, as well as the
stresses in compression and tensiohhe results for the tat load per joindf the flat truss
design equaled9® Ibs. This load is applied to every joint of the bottom chord of the truss.
The 40x40 and 4sappddtdihe ferces ia all ofehimeambedwerefore a large
size was chosen. The smalleze within the calculated allowable stresses for tension and
compression waé 0 x, @hich produced the following results. The figure and table below

show the force and stress analysis using MDsolids.

19



A
N
& SackettHarboo Bridge

EFIGURE 3: MANSARDUBS FORCE ANALYSIS

Mansard Truss Design

B E G I K M
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ETABIE 2: MANSARD TRUSREE AND STRESS AISAS

Member (4x8) Force (Ibs) Area (irf) Stress (psi)

AB 4,352.30 25.38 171.50
BD 4,352.30 25.38 171.50
DF 7,253.90 25.38 285.80
FH 8,704.70 25.38 343.00
HJ 7,253.90 25.38 285.80
JL 4,352.30 25.38 171.50

20
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MN -9,732.10 25.38 -383.50

JM 6,488.10 25.38 255.60

HK 3,244.00 25.38 127.80

KM -7,253.90 25.38 -285.80

FG 0.00 25.38 0.00

DE -2,901.60 25.38 -114.30

AC -9,732.10 25.38 -383.50

EG -8,704.70 25.38 -343.00

CD 6,488.10 25.38 255.60
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TRUSS DESIGN PRAT TRUSS

The Pratt truss had a total of 13 members, all 4x8 Douglas Fir No.1 visually graded
timber members at densities of 50pcf. An unsupported span of 28 feet was chosen in order to
accommodate for the failing existing abutments. Lumber was choselessexpensive

alternative to steel as well as for its more rustic and aesthetic value in a wooded environment.

FORCE AND STRESSIAMAS:

Using the MDsolids software, the forces in each member were computed, as well as the
stresses in compression andsien. The total load placed on each joint was 4554.23 Ibs. With
these values known, we calculated and compare
compression (Féc), and tension (FO6t) based on
Bending stres tests in the bottom chord yielded8 inches. When comparing the values
calculated to allowable, it was concluded that 4x8 members would be sufficient as well as easily
accessible from lumber companies. The figure and table below show analysisusesglts
MDsolids.

FIGURE 4: PRATT TRF®RCE ANALYSIS

Foc= 455SinugtedcFc= 357 psi; > SimulatedbtE 235 ®i1 0 p s

c E G
7.969 9 (C) 7.969 9 (C)

9.077 27 (C) 3.025 76 (T) 3.025 76 (T} 9.077 27 (C)
4654 23 (T) 4,654 23 (T)

H
5.977.43 (T )= Hx 0.0

\

5.977.43 (T) =g 977 .43 (T)
F

4564 23557 /4,554,23

4,564 235 5657
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ETABLE 3: PRATT TRBOSKRCE AND STRESSLAISAS

23

Member (4x8) Force (Ibs) Area (irf) Stress (psi)

AB 5,977.40 25.38 235.50
BD 5,977.40 25.38 235.50
DF 5,977.40 25.38 235.50
FH 5,977.40 25.38 235.50
CE -7,969.90 25.38 -314.00
AC -9,077.30 25.38 -357.70
BC 4,554.20 25.38 179.40
EG -7,969.90 25.38 -314.00
FG 4,544.20 25.38 179.40
GH -9,077.30 25.38 -357.70
DG 3025.8 25.38 119.2
CD 3025.8 25.38 119.2
DE 0 25.38 0
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TRUSS DESIGN FLATTRUSSWITH STEEL BEAM

The Flat truss with steel beam option was essentially the same design as the uncovered
flat truss in Truss Design 1, except that a steel beam was placgdize center of the bridge in
order to provide additional support for the trusses, as well as reduce the decking size. Members
are stil IThesteetbeamdisxa&my-eight foot long, W12 x 50-beam

FORCE AND STRESSIAMAS:

Using the MDsals software, the forces in each member were computed, as well as the
stresses in compression and tensionhe fiesults for the total log®L+LL) per jointof the flat
truss with steel beam design equaled 1313.45 Ibs, which was much less than the difiedvere
truss design without a steel beam. The decking size was also able to be reduced from 6x8

members to 4x8 members. The figure and table below show analysis using MDsolids.

EFIGURE 5. FLAT TRWETH STEEL BEAM FERBIALYSIS
F6éc= 45 5pmwlatedcFc= 321 psi ; > SimulatedFt= 358 psi= 8 10

1 970.17 (isz (:35 (3.940.35 (3, 940 35 ( 283 62 ( 970 17 ( )

4.405.45 (2.936.95 (1.468.48 (1) 0.0 1.468,48 (2.936,96 (4.405.45 (T)
3,940.35 (uz 626.9 (1. ‘a13.as (Choo(T) |00 (T)1 313.45 (2 626.9 ((1)940.35 (C)

1.313.45:1,313. 45§ 1.313.45 1,313.45¢ 1.313.45¥ 1,313.45% 1,313.45¢ 1.313.45:.8
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ETABLE 4: FLAT TRWBSH STEEL BEAM FERBID STRESS ANARYSI

25

Member (4x8) Force (Ibs) Area (irf) Stress (psi)
AB -3,940.35 12.25 -321.7
BD -1,970.18 12.25 -160.8
DF -3,283.63 12.25 -268.1
FH -3,940.35 12.25 -321.7
HJ -3,940.35 12.25 -321.7
JL -3,940.35 12.25 -321.7
LN -3,283.63 12.25 -268.1
NP -1,970.18 12.25 -160.8
OP -3,940.35 12.25 -321.7
MO 0 12.25 0
KM 1,970.18 12.25 160.8
IK 3,283.63 12.25 268.1
Gl 3,940.35 12.25 321.7
EG 3,283.63 12.25 268.1
CE 1,970.18 12.25 160.8
AC 0 12.25 0
BC 4,405.45 12.25 359.6
CD -2,626.90 12.25 -214.4
DE 2,936.96 12.25 239.8
EF -1,313.45 12.25 -107.2
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GH 0 12.25 0

1J 0 12.25 0

KL -1,313.45 12.25 -107.2

MN -2,626.90 12.25 -214.4




A
N
& SackettHarboo Bridge

TRUSS DESIGN PRATTTRUSSVITH STEEL BEAM

The Pratt truss with steel beam design is the same as Truss Design 4 except that a steel
beam was desigdealong the center of the bridge to provide additional support to the trusses as
well as reduce the decking size. Members are still 4x8 Douglas Fir No.1 visually graded timber
at densities of 50pcf with an unsupported span of 28 fédie steel beam istaventy-eight foot
long, W12 x 504beam

FORCE AND STRESSIAMAS:

Using the MDsolids software, the forces in each member were computed, as well as the
stresses in compression and tension. The total load placed on each joint was 1956 Ibs, which
was, againmuch less than the original design without a steel beam. The figure and table below

show results for analysis using MDsolids.

EFIGURE 6: PRATT TRWETH STEEL BEAMREEG ANALYSIS
F6c= 455Sinukted Fc= 318 psi; Fot = 8% 0Sinmulatedrt=209.6 psi

C E G
8,428.0 (C) 8,428.0 (C)

3,898.61 (C) 1,299.64 (T) 1,299.54 (T) 8,898.61 (C)
1,956.0 (T) 0.0 1,956.0 (T)

2,667.26 (T) 2,667.25 (T)
B

2,667.25 (T) 2,667.26 (T)
D F

,1 ,956.0

1,956.0 1,956.00.0
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ETABLE 5: PRATT TRWS®BH STEEL BEAM FERGID STRESS ANARYSI
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Member (4x8) Force (Ibs) Area (irf) Stress (psi)
AB 2567.25 12.25 209.6
BD 2567.25 12.25 209.6
DF 2567.25 12.25 209.6
FH 2567.25 12.25 209.6
CE -3,423.00 12.25 -279.4
AC -3,898.61 12.25 -318.3
BC 1,956.00 12.25 159.7
EG -3,423.00 12.25 -279.4
FG 1,956.00 12.25 159.7
GH -3,898.61 12.25 -318.3
DG 1,299.54 12.25 106.1
CD 1,299.54 12.25 106.1
DE 0.00 12.25 0
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TRUSS DESIGN COVERED FLARUSSWITH STEEL BEAM

The Covered Flat truss with steel beam option was essentially the same design as the
uncovered flat truss in Truss Design 5, except that a roof was placed on top of the trusses,
covering the entire bridge at a span of 28 feet. Members are still 4x8 DBughis 1 visually
graded timber at densities of 50pcf with an unsupported span of 28 Tdet.steel beam is a
twenty-eight foot long, W12 x 50-beam

FORCE AND STRESSIAMAS:

Using the MDsolids software, the forces in each member were computed| as thel
stresses in compression and tensionhe fiesults for the total log®L+LL) per jointof the flat
truss with steel beam design equaled 1406 | bs

The figure and table below show results for force aresstanalysis using MDsolids.

éFIGURE:?COVERED FLAT TRWSSH STEEL BEAM FERBIALY SIS
F6c= 4% 5pnslated Fc= 403 psi; Fot = 8% 0Sinulatedrt= 384 psi

1.,505.0 1.,5050 15050 1.,5050 15050 15050 15050 15050

B D F H ¢ i-.] iL N P
.8365.0 (CY.275.0 (C#,.730.0 ((F,730.0 (C&%,730.0 (C¥.275.0 (CF£.365.0 (

9,760.44 (6,506 .96 (3,253.48 (1) 0.0 3,253 48 (6,506_96 (9,760.44 (T)
L} 13 Ll L ] ¥
10,236.0 ((7,325.0 (C4,415.0 (C1,505.0 (C1,505.0 ((4,415.0 ((7.8325.0 (¢:)),.235.0 (C)

1.405.04801.405.0 ¥ 1.405.0¥% 1.4050¥ 1,405 0% 1.405.0¥ 1.405.0¥ 1.405.0i40.0
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ETABLE 6: COVEREDTFIRUSS WITH STEEANM FORCE AND STRE$SLYSIS

Member (4x8) Force (Ibs) Area (iff) Stress (psi)

AB -10,235.00 25.38 -403.3
BD -4,365.00 25.38 172
DF -7,275.00 25.38 -286.6
FH -8,730.00 25.38 -344
HJ -8,730.00 25.38 -344
JL -8,730.00 25.38 -344
LN -7,275.00 25.38 -286.6
NP -4,365.00 25.38 -172
OoP -10,235.00 25.38 -403.3
MO 0 25.38 0
KM 4,365.00 25.38 172
IK 7,275.00 25.38 286.6
Gl 8,730.00 25.38 344
EG 7,275.00 25.38 286.6
G 4,365.00 25.38 172
AC 0 25.38 0
BC 9,760.44 25.38 384.6
CD -7,325.00 25.38 -288.6
DE 6,506.96 25.38 256.4
EF -4,415.00 25.38 -174

30



-
Y4
e

31

SackettHarbo® Bridge

GH -1505 25.38 -59.3

1J -1505 25.38 -59.3

KL -4,415.00 25.38 -174

MN -7,325.00 25.38 -288.6
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TRUSS DESIGN COVERED PRATRUSSVITH STEEL BEAM

The Covered Pratt truss with steel beam design is the same as Truss Design 6 except that

a roof was designed along the 28 foot span of bridge. Members are still 4x8 Douglas Fir No.1
visually graded timber at densities of 50 pcT.hesteel beam is a ®nty-eight foot long,
W12x50 l-beam

FORCE AND STRESSIAMNAS:

Using the MDsolids software, the forces in each member were computed, as well as the
stresses in compression and tension. The total load placed on each joint was 214i6Hbs, w
was, again, a bit more than the uncovered Pratt with steel beam design. The figure and table
below show results for force and stress analysis using MDsolids.

FIGURE:8COVERED PRATT TRUSTH STEEL BEAMREEG ANALYSIS

F6c= 455Sinukted Fc823 psi; Fo6t = 8% OSinulatédrt= 213 psi
2,007.0 2,007.0 2,007.0
C E G
Y 7.215.25 (C) 7.215.25 (C) V
8.217.77 (O) 2,739.26 (T) 2,739.26 (T) 8,217.77 (C)
2.116.0 (T) 2.007.0 (C) 2,116.0 (T)
A H
5,411.44 (T)—1—5,411.44 (T) 5,411.44 (T) £,411.44 (T) }Hx 0.0
f B D F
2,116.00.5 \/2,1 16.0 \/2.116.0 \/2,1 16.0 \/2.116.0!0.5
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ETABLE 7: COVERED PRARUSS WITH STBEAM FORCE AND STREBALYSIS

Member (4x8) Force (Ibs) Area (irf) Stress (psi)

AB 5,411.44 25.38 213.2
BD 5,411.44 25.38 213.2
DF 5,411.44 25.38 213.2
FH 5,411.44 25.38 213.2
CE -7,215.25 25.38 -284.3
AC -8,217.77 25.38 -323.8
BC 2,116.00 25.38 83.4
EG -7,215.25 25.38 -284.3
FG 2,116.00 25.38 83.4
GH -8,217.77 25.38 -323.8
DG 2739.26 25.38 107.9
CD 2739.26 25.38 107.9
DE -2007 25.38 -79.1
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CONNECTION DESIGN:

Thedesignchosen for the connections waslouble shear connection, metal to
woodto metaj using4 bolts. The connection is an external connection, which means the two
metal plates will be on the outside of the wooden members. Thgnddkws for the steel
plates to be centered in the joint and fully support the connection by the bolts.

The diagranbelowshows the worst case connection in both the Pratt Truss design and
the Flat Truss design. The design values which were useguataeht factors were moisture
content, grouping of bolts, temperature conditions, and size of the members being used. The
members were | aid out in order to maxi mize
memberswhichallowsfor adequate spéng betweerbolts. This connection opticasoallows

for an ease of constructability and functional structural design.

EFIGURE:%ONNECTION DESISNJOINT N10
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Thedianet er of t he akesbBown iBluke ondhe diagram. 2 bhey are

spaceda# cand2 6 from every outer surface of wood ed

in any connection of the truss is 11,000 pouedsh bolt should be able to support 2,750
pounds. The size okachconnect on pl at e, s hown b ehlthckmesgsn
of. 250.
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ROOF DESIGN OPTIONRIDGE BEAM

DESIGN:

In order to lengthen the life aftimberbridge it is important to keep the decking
members as dry as possilleorder toaccomplishthis, a covered bridge option was designed.
Thereare twomethodsby which this can be done; using trusses spaced evenly throughout the

span, or using a ridge beam to support the rafters.

For the design of tHe breiadnge woddmbzazx 4@ ae dl
for a span of 28 feet. Theaf will be fourteen feet wide and five feet high which results in a
rise over run of approximately 8.6 inches. Also used in the design was half inch plywood and
guarter inch asphalt shingles, which will add to the dead load.

LIVE LOAD:

The live load dagn requirements are from ASCE section 4.9 in table dnd state that
the roof live load should fall between 12 and 20psf. When calculating the roof live |dhd, L
equation used is;E 20RR,. The variables Rand R rely on the tributary area aride rise of
the roof, respectively. Rs equal to 1 as long as the tributary area of the rafters is less than
200fE.  In this case the tributary area is the length of the rafters, 8.6ft, multiplied by the spacing
of the rafters, which are 16dhesO.C. This results in an area of approximately 12 square feet.
Rz, which varies with the slope of the roof, is equal t.0%F. F in this case is the rise, in
inches, per foot of run of the roshich equals 8.6 in/ft for this case. ThereforgiRequalo

.77 which in turn gives a roof live load of approximately 20.5psf.
SNOW LOAD:

The ASCE equation for the calculation of snow loads requires tka7R.C:IPg, with a
restriction that P20I because the ground snow load for this area is equal to\Bbjosf is
greater than 20psf (IBC Table 1608.2). For this type of structure occupancy categsy 1 w
chosen from IBC Table 1604 thereforethe Importance factor is equal to .8. mrdables

1608.3.1 and 1608.3.2 tkaow exposure factor,.Candtherma factor, G, are found to be equal
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to 1. After carrying out these calculations it was found thatZ8psf which is greater than 20l
which equals 16psthereforea final factor, G can be calculated to determine the snow load.

Cis called the roo$lope factor ath takes into account the likebod that the snow will slide off

of the roof. Gis equal to 1 for roof slopes that are less than 30 degrees or 7in/ft according to
ASCE 7. For roofs with a slope between 30 and 70 degdie®ar interpkation is used to

find the roof slope factor. For this case, with a slope of 35.5 degrees, a roof slope factor of 1.18

was found, which is multiplied by: B equal the total snow load of approximately 33psf.
SEISMIC LOADS

In order to design a structuadl possible loads must lm@mputedn order to determine
which combination results in the highest load on the structuree ofthe more important force
combinatiors that must be considered is seismic and wind. In order to determine which should

be usedvhen designing the structure both must be calculated to see which is higher.

The first step in calculating the seismic load is to determine the approximate pgriod, T
in the structure. According to IBC Section 1617.4 the following formula can beased t
determine a buildings period;:aCh,*. From ASCE 7 Table 9.5.5.3.2, the exponent dependent
of structure type, X, is equal to .75 for all structures other than what is listed, therefore x=.75.
The adjustment,hwhich is the height of the highest Iéwabove the base, is equal to 13ft for
this structure. The coefficient dependent on structure type,equal to .02 for all structures
other than what is listed, therefore=@2. Plugging these numbers into the equation that is
provided by the IBC thperiod is determined to be .137 seconds. With occupancy category |l
and site class C it is determined from Figures 1615(1) and 1615(2) that the short spectral
response and the one second spectral responsge=dtBdsand $=.086g respectively. Tables
1615.1.2(1) and 1615.1.2(2) are then used to determine the values of the site coeffj@edts F
Fa. From Here it is necessary to determine if the period of the structure falls on the spectral
acceleration plateau. This is done by determinigghiich is he period of vibration of the

soils.

37



A
N
& SackettHarboo Bridge

In order to determineskhe short design spectral responssg, 8nd the one second
design spectral responsgy Smust be determined. These two coefficients are determined using
equations given by the IBC, which &gs = 2/3(Sus)=-29 and

Sp1=2/3(S41)=.097g. From hereskan be calculated by dividing§y Sswhich results in
Ts=.487 seconds>¥.137 seconds, therefore the period is on the plateaugvdlBSdefine the

seismic design force.

Fromhere the force from the seismic force can be calculated asgE=%sD, there are
no vertical forces and therefore E=Q In this equation p is a factor that represents

redundancy and reliability ande@ the horizontal seismic force component.  Téwundancy

and reliability factor, p2 - , the area, A, for both designs is equal to 392 square feet.

20
s A
The element to story shear ratio igad Which for this structure is equal to 1 because there are no
interior walls, therefore p=.99.According to the IBC p must be greater than 1 and less than 1.5

therefore p=1.

The final step is to determine the weight of the structure and multiply it by the
redundancy and reliability factor. For both trusses the dead load and 20% of the snow load
should be included in the total weight of the structure. For the Flat Truss the total dead load is
equal to 64plf, for the Pratt the total dead load is equal to 34plf. A snow load of approximately
924plf was previously calculated. The total seismicdpk; for the Flat Truss is 250plf and for
the Pratt Truss it is 220plf. Converting this to pounds per square foot and multiplying it by a
factor of .7 brings the Flat Truss to 11.7psf and the Pratt Truss to 10.3psf. Both of the forces
are much lower thathe wind forces previously calculated as 24.2psf for the Flat and 13.7psf for

the Pratt Truss therefore wind forces will govern the load combination.
WIND LOADS:

Wind loads for the roof needto be calculated in order to determine if the overturning
momentwasgreater than the resisting moment. In order to debigmafters and ridge beam,
the maximum wind load is necessaBC section 109.1.1 gives the basic formula of, Ps =

38



A
N
& SackettHarboo Bridge

& Ps30 The adjustment factor foondinGable!l di ng hei g
1609.6.2.1(4)using ExposureB t i s deter mined that oa=1. The
found in Table 1604.5 and for Category 1 it is equal to .The basic wind speed for this area

can dso be foundfrom Figure 1609 in Appendix @nd s determined to be 100mph.

For the design of the roofing system there are no sheer walls to consider, so only zones B
and DH will be used in this design. Table 1609.2.1(1) is used to find the simplified design
wind pressures for the specified zonessthwill then be multiplied by the adjustment factors
discussed above in order to determine the actual wind pressures. In order to find the maximum
pressure created by the wind forces it is necessary to calculate the high pressure zone which is
found at he end of the shear wall. This distance is determined from the lesser of eithar; .4h
or .1b. Where heanis the average of the height of the ridge and the height of the shear walls,
and b is the least width. From this calculation itis found treattth i gh pr essur e zon
wide from the edge of the shear wall in. The maximum pressure exerted by the wind is
determined by summing the forces on the wivatd side of the building and the te@ard side,
because there is a high pressure zone ther&eavilvo forces on each side. The maximum
wind force was determined to be 10.5psf and is located in the high pressure zone on the

wind-ward side of the bridge.
LOAD COMBINATIONS:

In order to design the necessary elements it must be determined whicinabonbof the
loads creates the highest force. The load combinations that were used can be found in IBC
section 1605.3.1 which allows all transient loads to be multiplied by .75. The load combination
that gave th highest force was D+(Lr or She deadoad plus either the roof live load or the
snow load. Seeing as the snow load is larger than the rooldiad, it was used in this load

combination. The final uniform load that is applied to the roof system is equal to 37.4psf.
RAFTER DESIGN:

Forte roof raft er -ldbeanswene usedxaddoverdlspdcedllEinches
on center. The bending and shear stresses on these beams are less than the allowable shear

39



A
N
& SackettHarboo Bridge

stresses required when using ASD design requirements. The total deflection was -e28ial
which is significantly less than tlalowable-.43in deflectiontherefore2 x 4 6 beams can b
used for rafters.

RIDGE BEAM:

For the ridge beam design Nol DFwill be used and for the Flat truss there will be a
span of 28ft. The uniform lokthat is applied to the total length of this beam is equal to 262
Ibs/ft which would require a reaction force of approximately 3,700 Ibs at each end of the roof.
The first beam size t hdwhiohtikdin bendeagwitwem aciba 6 x 1 8
bending stress of 1100psi which is greater than the allowable bending stress of 880psi. The
shear stress in the beam was fine but the actual deflection was just barely less than the allowable
deflection of-.933in.

The ridge beam for the Pratt trusdNol DFL but has a span of ftdvhich should allow
for a smaller beam to be used. The uniform load applied to the length of the beam is the same
as the Flat truss but because the span is smaller the reaction forces are only 2,600 Ibs instead of
3,700bs. The firstbeam sizethaave t r i ed wa s-L, ahicBwotk&forthése 1 DF
conditions and has adequate shear and bending forces. The deflection of this beam would be
about-.345in which is significantly less than the allowablé67in.

As shown in the calculations donan order to support a roof system with a ridge beam
and rafters a large ridge beam would be necessary. This areaigproblemsconcerning
constructability andast restraints. It would be vedjfficult and expensive to l@te,purchase,
and transport a beam of that size to the site. Along with these problentise reaction forces
necessary to support adm of that size;drause of all of these issues it was decided that a roof

designusinga ridge beam is not feasitd@d other options should be looked into.
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CONSTRUCTABILITYUESAND SOLUTIONS

The construction process of the bridge for Sackett Harbor can be broken down into three

problem areas: transportation, construction and crew size.
TRANSPORTATION

The transprtation problems involved with the construction of a bridge in the Town of
Petersham, MAncludes dimited availability of access road to the proposed site of the
replacement bridge. The road presented for use is narrow andlgadlaw access to a st
oneton dump truck. The distance of this road is estimetdstone milelong and the

condition of the patis very uneven in spots.

One solution to this problem is to open up the area of travel for the path by controlling
the overgrowth of vegetan on either side of the roadway. This process can be completed
within 3 a three man teaatan estimatedime ofthree eght hour work days, based upon the

crew clearing onghird of a mile or 3500 square feebn both sides of the path ay.

After this task is completed it is possible to save time and cost by being able to transport
prefabricated sections of the bridge to the site. By using tools and assembling parts of the
bridge at a site with proper facilities it would save time on produdtidieams, roof trusses and
decking. Bringng precutsections that aneady for complete assembly would allow for a faster

completion of the bridge.

Another problem related to transportation of materials would be the ability to maneuver a
twenty eight ot long steel beamveighing fifty pounds per linear fodrom thepathto the site
and across the river. By using the available F350 pickup truck and steel cables, the beam can
be dragged along the path to the proposed site for use. Once, tmesigam can be attached

from across the rivarsingthe same truck and cables.
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CONSTRUCTABILITY

The construction problems associated with the building of a timber bridge in a location
without electrical poweras well adimited site accessanprove to lave many challenges.
One major concern is the lack of availability to electricity while on siféhe electricity can be
brought to the site using generatond)ich ae provided by the organization. The problem with
using these generatorsywever is thatthey run on gas and the cost of fuel will be added to the

construction cost.

Another concermluringon-site construction would be the attachment of a railing to the
bridge. This problem can be easily solved by attaching three levels of pressuretwedigd
four inch dimension lumber, using screws into the existing truss vertical memtfers feet on

center.

The connection of the deckiradso revealed tew challenges The solution to the
decking problemwould be to attach seven piecesdofl2inch, pressure treated lumber to the
bottom chords of each trusslietween joints. This process will allow for the decking to lay

upon these membkewith the attachment of screws

Covering the bridge algarovidesunique problems needto be plannedni advance to
make thebuilding process run more smoothlyThe lifting of the roof sections onto the roof will
be completed by using a small tractor with a backhoe attachment which will allow for proper
clearance and placing of sectiond he connection ahe roof toeachtruss will be done using

screws going through the roof trussgéswn, andnto the top of the trusses of the bridge.

The final limitation with on site construction will be the assembly of prefabricated
sectionf the jointsin each trgs  The connection plates should be drilled to fit each unique
joint beforehand. The steel connection platestieanbe cut down to fit thevood members of
the joint giving it a more appealing look. Once all of the prefabricated sections are,dhesite
assembly othe full trusses can take place and the fully assembled trusses can then be placed

across the river.
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CREW SIZE

The crew size for building the bridge is limited thyg number of volunteers and the cost
of contractors. The Trustees of Re&tions would likenostof the workto be dondy
volunteer laborers; however, a lack of construcérperience wouldnost result in longer

project duration.

The final issue with the creis theavailability of tools to be provided. The Trustees of
Reservations hava limited availability taools and will either need for volunteers to brthgir
own orbe forced to buy new tools to expedite the processsiteconstruction. The power
tools which will be needed on site will include a small compoesand ratchet set, hand drills

and hand saws for minor adjustments.

The constructability problenduringthe construction of a bridge can be minimized
throughproper plannin@ndoffsitefabrication. Using aoffsite location to prefabricate
sectionf the bridge will save time and money for the Trustees of Organizatidie
preconstruction location willsoneed to be adequatdargeenough to holdhevolunteers
pre-assemblingections of the bridgas well asll of the material to bprefabricated. The
location should also be close to the site, in ord@rowideease of transportation atesstime
wasted hauling materials to the site. By solving most of the problems before construction

begins a smootheand more time effectiveonstructim proces€an be obtained.
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FINALIZED COST ANALY

Below is a summary of all cost analysis. Further explanation and breakdown of the
costs can be found in the following sections.

TABLE 11: OVERALLSTS PER TRUSS STEEL BEAM

Flat Truss $7,000
Mansard Truss $6,162
Pratt Truss $3,503

ETABLE 12: OVERALLSCOS PER TRUSS WITHER BBW

TOTAL COST
Flat Truss $5,978
Pratt Truss $3,685

ETABLE 17: OVERALLVEBED TRUSS WITHERTEEAM COSTS

TOTAL COST
Flat Truss $10,017.00
Pratt Truss $6,243.57
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MATERIAL COST ANAISYS

Several design optionsereselected for completion ofa8kettHarbo6 bridge design.
The final designs consist tiree main styles of bridge construction materials: an all wood truss
design, a woodetruss design with an additional steel beam under the middle of the detiang
acoveredwooden truss design withsteel beam.

Each trussises one-quarter inch thick connection plates to holdmbers together at
thejoints. All of the members &ach connection would have foonequarter inctdiameter,
bolts going through one mefalate, the wood member, and another metal plate on the back side.
All connections will be made usingashers and nuts.

The platesnustbe drilled and cudlown fromthepreor der ed 24 dx 360 i n o
properly fit each join{this can be done during preconstruction to save timéhe following
table | abeled AWood Truss Design Materials Co
needed for eacbf thethree prgiously mentioned designs.Each material list is accompanied

by a unit price and total cost of the required items.

The different designs required a variety of products as well as different sized materials
for each design Each cost analysifor the deigin options of the bridge dwot include labor
estimates, as the work wile completed by volunteers.
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TRUSS COSTS: NO STEHEAM

There were threuss types within the wooden truss desighs Flat Truss, Mansard

Truss and the Pratt Truss. All dlie trusses would be made oudaB inch membersvith 6x8

inchdecking members Total costs are shown below.

ETABLE 8: TRUSS ANECKBIING COSTS

Truss Design

Truss Members ( 4 0 x 80 x Decki ng Member s Total Cost$

Quantity Units Cost/Unit$ Quantity Units  Cost/Unit $

Flat Truss 44 EA 47.00
Mansard Truss 38 EA 47.00
Pratt Truss 26 EA 47.00

42 EA 60.00 $4,794
42 EA 60.00 $4,306
42 EA 60.00 $2,520

TABLE 9: CONNECTIBOLTS COSTS

TABLE 10: CONNECTIRIMTE COSTS

%0 Connection Bolts Total Cost Connection Plates Total Cost
Quantity Units  Cost/Unit $ Quantity Units  Cost/Unit

Flat Truss 120 EA 15.00 $1,800 Flat Truss 32 EA $12.70 $407

Mansard 100 EA 15.00 $1,500 Mansard 28 EA $12.70 $356

Truss Truss

Pratt Truss 52 EA 15.00 $780 Pratt Truss 16 EA $12.70 $203

TABLE 11: OVERALLSCS PER TRUSS

TOTAL COST

Flat Truss $7,000
Mansard Truss $6,162
Pratt Truss $3,503
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TRUSS COSTS: WITEEHTBEAM

There were two designs for wooden trusses with the addition oélebstam: the Flat
Truss and the Pratt Truss. The wooden members of the trusses would be madabuichf

memberswith 4x8 inch decking membersand awenty eight feet long W12 x Sieell-beam

The following tabls explainthe number of materiatseeeded for each of three previously
mentioned designs.Each material list is accompanied by a unit price and total cost of the

required items. The total cost of each dessgghown in Bble 12

%TABLE I20VERALL COSTS PERESS WITH STEELNBEA

TOTAL COST

Flat Truss $5,978

Pratt Truss $3,685
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Truss Design Truss Members Truss Members Decking Members Bolts Plates Total Cost
(4 0 x140pox (40 x869 x 40x80%140 $5,978
Quantity Units Cost/Unit$ Quantity Units Cost/Unit$ Quantity Units$ Cost/Unit$ Quantity Cost Quantity  Cost
Flat Truss 14 EA 7.00 30 EA 7.00 42 EA 47.00 150 15.00 32 13.00 $4,948
Steel Beam 1 EA 1,030 $1,030
W12x50,
ETABLE I3FLAT TRUSS WITHEBST BEAM COST
Truss Design Truss Members Truss Members Decking Members Bolts Plates Total Cost
(40 x12® x (40 x869 x 4x80%x140 $3,685
Quantity Units Cost/Unit$ Quantity Units Cost/Unit$ Quantity Units$ Cost/Unit$ Quantity Cost Quantity  Cost
Pratt Truss 8 EA 10.00 9 EA 7.00 42 EA 47.00 22 15.00 16 13.00 $2,655
Steel Beam 1 EA 1,030 $1,030
W12x50,

ETABLE I4PRATT TRUSS WITHESL BEAM COST

48



A~
n

& SackettHarbob Bridge

WOODEN TRUSS: WITHEEL BEAM AND ROOF

There were two designs for wooden trusses with the addition of a steel beam and a roof:
the Flat Truss and the PrattiBs. The wooden members of the trusses would be made out of
4x8inch membersvith 4x8 inch decking members araltwenty eight feet long W12 x Seel
I-beam

The roof design for the Pratt Truss only allows for half of the span of the boidige
cowered, while thd-lat truss is a complete coverage of the span. The Mansard Truss design

wasnot includedas itwould beextremelysimilar to a Flat Truss design

Eachroof will be made up afussesnadeof 2x4 inch lumberwhichwill support the
plywood and cedar shingles of the roof. The following tabbgplainthe number of materials
needed for each of three previously mentioned desigaach material list is accompanied by a

unit price and total cost of the required items.
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ETABLE 15: TRUSS ANBECKING COSTS WITHEBITBEAM

Truss Design Truss Members Decking Members

4"x8"x16' 4"x8"x16'

Quantity Units Cost/Unit  Quantity Units Cost/Unit Total Cost

Flat Truss 30 EA $46.56 42 EA $46.56  $3,352.32
Pratt Truss 13 EA $46.56 42 EA $46.56  $2,560.80
Steel Beam W12x50 by 28' Long 1 EA $1,030.00 $1,030.00

TABLE 16: ROOF COSTS

Roof Supplies Roof Truss 2"x4"x12'

TABLE 17: CONNECTIOQSTS

Quantity  Units Cost/Unit  Total Cost Connection Bolts Quantity Units Cost/Unit Total Cost

Flat Truss 21 EA 3471 99891 Flat Truss 480  EA $5.55 $2,664.00

Pratt Truss 12 23 Sl S Pratt Truss 208  EA $5.55 $1,154.40

Plyw 4"x4'x8' . . . .
ywood 3/ 8 Connection Plates  Quantity Units Cost/Unit  Total Cost

Quantity Units  Cost/Unit Total Cost Flat Truss 3 EA $12.70 $406.40

Flat Truss 16 EA $34.00  $544.00 Pratt Truss 16 EA $12.70 $203.20

Pratt Truss 8 EA $34.00 $272.00

ETABLE 17: OVERALLVEBED TRUSS WITH

Red Cedar Shingles 25sqft :
: STEEL BEAM COSTS

Quantity  Units Cost/Unit  Total Cost

TOTAL COST
Flat Truss 19 EA $99.45 $1,921.37

Flat Truss $10,017.00
Pratt Truss 10 EA $99.45 $966.65

Pratt Truss $6,243.57
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MODEL BRIDGE DESIGN

A model bridge was built to test theaximum load capacity of the bridge and dsiee
how much load it would take to reach the maximum deflection limit of .5 inches in order to
validate computer simulations. Another reason the model was built was to be able to test it and
gain an understanding of cyclic fatigue response, which dyhigiportant to understand when
designing a bridge, as well as to come across any constructability issues that may have been

overlooked during the design process.

The Flat truss with a steel beam design was chosenwastiie most practical and cost
efficient design presented. wasthe most aesthetically pleasing, dratl the ability to carry a
roof, which makes it the best design overall. It was also chosen in order to fully understand
composite systems in bridges. Its dimensions, however,liveted to the size of the Instron
ServeHydraulic Testing Machine which was a maximum of 30 inches wide by about six feet

long.
SIZE REDUCTION

The first step othe geometric scalingrocessvas tomeasurghe dimensions of the
Instron ServeHydraulic Testing Machine. Thesedimensions forcedsto use a widthess than

thirty two inches and maximumspan of six feet.

The originaldimensionf the Flat Trussverefourteen feewide and spanedtwenty
eight feetong.  From this ageometric scaling af/6" was chosen in order to fit within the
dimensions of thénstron ServeHydraulic Testing Machine The new spamwasfifty six inches
long, by twenty eight inchesvide usinglx2inch members for the truss addcking of the model
bridge, ashe full scale bridge had member and decking size&8finches

The connection design of the model is able to withstand the proposed applied loads

similar tothe waythe steel platewill hold the applied loadsn the full scale bridge. The
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connection platesn the full scale bridgezeremade of steel amadlereone quarter inch thick.
To simulate thisn the model bridgeghe connection plataseremade of two layers of one
guarter inchthick plywood supported by one, og@arter inch bolt going through eaclkember

andthe plywood connection plates

For thescale reductionf the steel beanthe deflection of the full size steel beam
(W12x50) was calculated using MDsolids under the full size bridge loesigiting in a
deflection of.65 inches. During thiérst static testing, the smallest sizbdam available was
used. Its dimensions werdop flange 2.67 inches, flange thickne®k inches, thickness of the
web .32 inches, and height of bed@rf6 inches. We understood that this was an overdesign,

butdid deflection testing to verify this.

A comparable deflection under the scaled model bridge loads was then found using
MDsolids. It was found that a 1x2.2%chwood member would deflect at a comparable value
to that of the full size steel beam. The graused a 1xihchwood member during all other

testing to allow for a factor of safety.

The load applied by the truck for the full size bridges therbrokendownby applyinga
load through each axlevith a maximum of three axles on the bridge at ame.t The total
load for each axle on the full scale bridgas calculated to b&x thousand pounds The

t r uc k dos theemodekebsdgavere reduced bthe same 1/Bgeometric scale as the model

The spacing of a full size F3fickuptruck from font axle to rear axieas132inches.
At the reduced scalingh¢ spacing of thpickuptruck from front axle to rear axigastwenty
two inches. It was then necessary to reducedpacingofte f ul | si ze i ckup t

from wheel to wheelresuting in awidth decrease of 68 inches to 11 inches
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CONSTRUCTION METH@DGY

Building the model bridge provided a visual representation of design problems through
the construction processAutoCad drawings of exact measurements and angles were made
prior to the construction phase of the projeathe hopes thahese drawingsould allowfor a
smoother fit of members into joint and a faster pace of construction do to known exact

measurementsome problems, however, still arose.

One example was theethod used to drill connection plates in order to ensure that the
holes lined up with all of the members of the trus§he plywood plates had a tendency to move
when stacked upon each othso all four plates were tap&mhether to reduce sliding which

providedfor easiedrilling and less mistakes

Attaching the decking to the bottom of the trusales causedhinor problens. The
solution was to use planks of one inch by four inch wood broken down to fill in the gaps
in-between the bottom of the jas of each truss. Using screws, the planks were attached to the
truss and the decking could be laid than screwed into the plaikglengthof the decking
thenhadto be slightly shortened do to anexpectednterference by thiength of the bolts
making it impossibility to fit the bridge into thstron ServeHydraulic Testing Machine The
decking was cut down by four inches armild therfit into the machine. This change

increases the load bearing capacity of the decking for the model bridge.

The spacing on the decking could have taken a significant amount of time to lay out by
measuring each section over and over by one quarter inch. Howgwusing extra one quarter
inch boltsas spacers whilleying out the deckinghe bridge deck had dectly even spacing.

A jig was placed on top of the bridge, centered in the middle of the bridge from back to
front as well as left to right in order to ensure the worst case loading scenario. The jig was
made using solid steel rectangular axles aatep] all which rested on four small blocks. The
four small blocks were the only pieces to directly contract the top of the bridge decking. Two
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of the blocks were roller ends and two were pinned ends. At this point the machine could be

lowered to apply point load and testing could begin, which meant construction was completed.

54



A
N
& SackettHarbob Bridge

SINGLE TRUSS TEST

EFIGURE 10: PICTURESNGLE TRUSS

LOAD REDUCTION

In order to ensure that the construction of the truss system was adequate to hold the entire
appled load of the model bridge a deflection test was performed on one model truss. The
picture below | abeled fAiModel Truss Labeled Jo
with numbered joints. The load was applied to Joint N9 which was glisdaive Joint N10
which was the joinwith the highest number of membeérseach connection The location of
Joint N10 was one of two closest joints to the direct middle of the truss. For these reasons the
applied load downward should be placed throdgint N9. The load applied at Joint N9 will

range from zero pounds to four hundred poumdsfty pound increments.

The load was chosen by reducing the applied load of a pedestrian load based upon

tributary area, and the roof load which would be &gpbn top of the truss on the fully scaled
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designed bridge. In order to apply the lolmdvnward anavenly to Joint N9, a metal block
with sides was fabricated by a laboratory technician.

In order to record the deflection present in the bridge a nuaflalswere used. The
dialsusedwerecalled magnetic dial calipers which can record deflection to a precision of .001
inches. Below is a picture of one of thels@lsand as you can see there medand that
records deflectiom increments ofl inches and another that records deflectiariacrements
of .001 inches. The larger hand is the one that records deflections of less than .1 inches, so
every time it rotates around the gauge once a deflection of .1 inches is recorded. A total of four
dials were used during the static testgth two of them being placed underneath the decking at
two of the four points were the load was applied. One of the dihlewas placed at a
distance of 1/3 the bridge length which is located at joint N6. Thediabwas placed at the
joint that had the most members connected to it which was labeled joint N10.

EFIGURE 11: PICTUREAOMAGNETIC DIALLOPER

The best way toneasure deflection diie trussvhen loads were appliatdas tomeasure
deflectionat muliple joints. Dials wereassembled below Joint N10 and Joint N6.  dliads
were setup so that when the joint moved downward the sensor on the gauge would provide a
reading for the students to record after each applied load. In¥tnen ServeHydraulic Testing

Machinewould be applying the loaals well as recordintipe deflection at the point of loading.

56



A~
n

& SackettHarbob Bridge

Computer simulation was completed prior to testing to gain knowledge of how the truss
should ultimately deflect. The analysis was completed using tiggon RISA2D. The
member sizes chosen for the simulation were two inches by two inches, which were the smallest
available in the program using Southern Pine lumber. The design of the model bridge uses one

inch by two inch lumber and Eastern White Pinalber.

The loads must be increakia this simulation to accommodate for these changes. The
loads would be factored using sectional area ratio of the model bridge one inch by two inch
members to the computer simulated two inch by two inch members. oddepplied for the
computer simulation would be twice as much as the testing for the model bridge, which may

have minor changes in the received data.
COMPUTER SIMULATIODFSJIOINT DEFLECTIONS

Figure 9 shows how all joints in the Flat Truss were labeldthis figure should be

referred to when each joint is mentioned in order to visualize where dials and loads were placed.

FIGURE1I2.ABELED JOINTSRRDAT TRUSS

bl N4 N& NG N10 N12 N14 #1b

The data showheloware the computer simulatisof the model truss being tested and
the loa being applied downward through the Joint Labeled N0O9. The load was in¢eesased
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eachtableshows until the deféction point finally exceeded idiches. Once the deflection
failure point was notified all testing should end. The data shows thatifisectin handle up to
thirty seven hundred pounds applied through Joint NO9 before failure. Therefdtdl, $hee

truss should be able to withstand a load of 22,200 pounds without failure.

The computer simulatioshown in Table 18 and Figure 9, shtheloadsto beapplied
duringthe model truss testing. The load was applied through Joint NO9. The computer
software provided solutions for deflection of all the joints of the truss. The limitation for design
of deflection for the truss at any locationsnd@ inches.  Since the applied load for the
appropriate loading shows that the truss is fully able to support the load and be safe for use. For
the maximunoadapplied, eight hundred pounds, the deflection of Joint N10 was ity .

incheswhich waswell under the design requirements.

ETABLE 18COMPUTER DEFLEGIH@T JOINT N10

Computer Simulation (RISA2D) Deflection at Joint N10

Force in Deflection Y(-)
2x2 Southern Pine [Pounds] [Inches]
0 0
100 0.016
200 0.031
300 0.047
400 0.063
500 0.079
600 0.094
700 0.11
800 0.126
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FIGURE 13: COMPUTERFLECTIONS AT JONNIO

Computer Simulation Truss Force Applied at Joint NO9 vs. Deflection at Joint N10
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The computer simulatioshown in Table 19 and Figure 10, shitne loadgo beapplied
during the model truss testing The Iad was applied through Joint NO6The computer
software provided solutions for deflection of all the joints of the truss. The limitation for design
of deflection for the truss at any location was .7 inches. Since the applied load for the
appropriate loading shows that the truss is fully able to suppmolbaid and be safe for use. For
the maximum applied, eight hundred pounds, the deflection of Joint NO6 was only .069 inches
well under the design requirements. The deflection at Joint NO6 should be less than the

deflection at Joint N10, which was thenef@cceptable.

ETABLE 19COMPUTER DEFLEGIH@T JOINT NO6

Computer Simulation (RISA2D) Deflections at Joint NO6

Force in Deflection Y (-)
2x2 Southern Pine [Pounds] [Inches]
0 0
100 0.009
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FIGURE 14: COMPUTERFLECTIONS AT JONNG

Computer Simulation Truss Force Applied at Joint NO9 vs. Deflection at Joint NO6

0.080

0.070

0.060

/

0.050

/

/

0.040 /
0.030

Deflection Downward (Inches)

//

0.020 /
0.010

0.000

o] 100 200 300

400

500

600

Force Applied Downward to Truss (Pounds)

700

The data showbhelowarethe computer simulati@of the model truss being tested and

the load being applied downward through the Joint Labeled NOf load was increased as

each chart showatil the deflection point finally exceeded .7 inche®nce the deflection

failure point was notified all testing should en@he data shows that the truss can handle up to

thirty seven hundred pounds applied through Joint NO9 before faillinereforethe model

truss should never be tested to withstand a load over thirty seven hundred pounds at Joint NO9.
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ETABLE 20COMPUTER SIMULANIOF ENTIRE TRUSBNJ@EFLECTIONS

61

Load Applied through Joint N9

100 Pounds 200 Pounds

Joint X (in) Y (in) Rotation Joint X (in) Y (in) Rotation
Label (in) Label (in)

N1 0 0 | -3.50E-05 | N1 0 0 -7.00E-05
N2 0.002 -0.001 | -2.80E-05 | N2 0.005 -0.002 -5.60E-05
N3 0.002 -0.006 | -3.77E-05 | N3 0.004 -0.011 -7.55E-05
N4 0 -0.004 | -3.66E-05 | N4 0 -0.009 -7.32E-05
N5 0.002 -0.01 | -3.04E-05 | N5 0.003 -0.02 -6.08E-05
N6 0 -0.009 | -3.31E-05 | N6 -0.001 -0.017 -6.62E-05
N7 0 -0.014 | -4.25E-05 | N7 0.001 -0.027 -8.50E-05
N8 0 -0.013 | -3.16E-05 | N8 0 -0.025 -6.32E-05
N9 0 -0.019 5.50E-06 | N9 -0.001 -0.037 1.10E-05
N10 0 -0.016 6.47E-06 | N10 0 -0.031 1.29E-05
N11 -0.002 -0.013 5.36E-05 | N11 -0.003 -0.025 1.07E-04
N12 0 -0.011 4.46E-05 | N12 0 -0.022 8.93E-05
N13 -0.003 -0.007 4.41E-05 | N13 -0.005 -0.014 8.81E-05
N14 0 -0.006 4.54E-05 | N14 0 -0.011 9.08E-05
N15 -0.003 -0.002 3.60E-05 | N15 -0.006 -0.003 7.19E-05
N16 0 0 4.45E-05 | N16 0 0 8.89E-05
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%TABLE 21: COMPUTERMBLATION OF ENTIRRUSS JOINT DEFLEOIH

300 Pounds

Joint Label X (in) Y (in) Rotation (in)

N1 0 0 -1.05E-04

N2 0.007 -0.00 -8.41E-05
4

N3 0.007 -0.01 -1.13E-04
7

N4 -0.001 -0.01 -1.10E-04
3

N5 0.005 -0.03 -9.12E-05

N6 -0.002 -0.02 -9.94E-05
6

N7 0.002 -0.04 -1.28E-04
1

N8 -0.001 -0.03 -9.48E-05
8

N9 -0.002 -0.05 1.65E-05
6

N10 0 -0.04 1.94E-05
7

N11 -0.005 -0.03 1.61E-04

400 Pounds

Joint Label X (in) Y (in) Rotation (in)

N1 0 0 -1.40E-04

N2 0.01 -0.00 -1.12E-04
5

N3 0.009 -0.02 -1.51E-04
2

N4 -0.002 -0.01 -1.46E-04
7

N5 0.006 -0.03 -1.22E-04
9

N6 -0.002 -0.03 -1.33E-04
5

N7 0.003 -0.05 -1.70E-04
5

N8 -0.002 -0.05 -1.26E-04

N9 -0.002 -0.07 2.20E-05
4

N10 0 -0.06 2.59E-05
3

N11 -0.007 -0.05 2.15E-04
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N12

N13

N14

N15

N16

0.001

-0.008

0.001

-0.009

8

-0.03

-0.02

-0.01

-0.00

1.34E-04

1.32E-04

1.36E-04

1.08E-04

1.33E-04

N12

N13

N14

N15

N16

0.002

-0.01

0.002

-0.012

-0.04

-0.02

-0.02

-0.00

1.79E-04

1.76E-04

1.82E-04

1.44E-04

1.78E-04
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500 Pounds 600 Pounds

Joint Label X (in) Y (in) Rotation (in) Joint Label X (in) Y(in) Rotation (in)
N1 0 0 -1.75E-04 N1 0 0 -2.10E-04
N2 0.012 -0.006 -1.40E-04 N2 0.015 -0.007 -1.68E-04
N3 0.011 -0.028 -1.89E-04 N3 0.013 -0.033 -2.27E-04
N4 -0.002 -0.022 -1.83E-04 N4 -0.003 -0.026 -2.20E-04
N5 0.008 -0.049 -1.52E-04 N5 0.009 -0.059 -1.82E-04
N6 -0.003 -0.043 -1.66E-04 N6 -0.003 -0.052 -1.99E-04
N7 0.003 -0.069 -2.13E-04 N7 0.004 -0.082 -2.55E-04
N8 -0.002 -0.063 -1.58E-04 N8 -0.002 -0.075 -1.90E-04
N9 -0.003 -0.093 2.75E-05 N9 -0.003 -0.111 3.30E-05
N10 0 -0.079 3.24E-05 N10 0 -0.094 3.88E-05
N11 -0.009 -0.063 2.68E-04 N11 -0.01 -0.075 3.22E-04
N12 0.002 -0.055 2.23E-04 N12 0.003 -0.066 2.68E-04
N13 -0.013 -0.036 2.20E-04 N13 -0.015 -0.043 2.64E-04
N14 0.002 -0.028 2.27E-04 N14 0.003 -0.033 2.72E-04
N15 -0.015 -0.008 1.80E-04 N15 -0.018 -0.01 2.16E-04
N16 0 0 2.22E-04 N16 0 0 2.67E-04

64



A~
n

& SackettHarbob Bridge

700 Pounds 800 Pounds
Joint Label X (in) Y (in) Rotation Joint Label X (in) Y (in) Rotation
(in) (in)

N1 0 0 -2.45E-04 N1 0 0 -2.80E-04
N2 0.017 -0.008 -1.96E-04 N2 0.02 -0.01 -2.24E-04
N3 0.015 -0.039 -2.64E-04 N3 0.017 -0.045 -3.02E-04
N4 -0.003 -0.031 -2.56E-04 N4 -0.003 -0.035 -2.93E-04
N5 0.011 -0.069 -2.13E-04 N5 0.013 -0.079 -2.43E-04
N6 -0.004 -0.06 -2.32E-04 N6 -0.004 -0.069 -2.65E-04
N7 0.005 -0.096 -2.98E-04 N7 0.005 -0.11 -3.40E-04
N8 -0.003 -0.088 -2.21E-04 N8 -0.003 -0.1 -2.53E-04
N9 -0.004 -0.13 3.85E-05 N9 -0.004 -0.148 4.40E-05
N10 0 -0.11 4.53E-05 N10 0 -0.126 5.18E-05
N11 -0.012 -0.088 3.75E-04 N11 -0.014 -0.1 4.29E-04
N12 0.003 -0.076 3.13E-04 N12 0.004 -0.087 3.57E-04
N13 -0.018 -0.05 3.09E-04 N13 -0.02 -0.057 3.53E-04
N14 0.003 -0.039 3.18E-04 N14 0.003 -0.044 3.63E-04
N15 -0.021 -0.011 2.52E-04 N15 -0.024 -0.013 2.88E-04
N16 0 0 3.11E-04 N16 0 0 3.56E-04
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900 Pounds
Joint X (in)
Label

N1 0
N2 0.022
N3 0.02
N4 -0.004
N5 0.014
N6 -0.005
N7 0.006
N8 -0.004
N9 -0.005
N10 0
N11 -0.016
N12 0.004
N13 -0.023
N14 0.004
N15 -0.027
N16 0

Y (in)

-0.011

-0.05

-0.039

-0.089

-0.078

-0.124

-0.113

-0.167

-0.141

-0.113

-0.098

-0.065

-0.05

-0.015

Rotation

(in)

-3.15E-04

-2.52E-04

-3.40E-04

-3.29E-04

-2.74E-04

-2.98E-04

-3.83E-04

-2.84E-04

4.95E-05

5.82E-05

4.83E-04

4.02E-04

3.97E-04

4.08E-04

3.24E-04

4.00E-04

1000 Pounds

Joint Label

N1

N2

N3

N4

N5

N6

N7

N8

N9

N10

N11

N12

N13

N14

N15

N16

X (in)

0.025

0.022

-0.004

0.016

-0.006

0.007

-0.004

-0.005

-0.017

0.005

-0.026

0.004

-0.03

Y (in)

-0.012

-0.056

-0.044

-0.098

-0.086

-0.137

-0.125

-0.185

-0.157

-0.125

-0.109

-0.072

-0.056

-0.016

Rotation

(in)

-3.50E-04

-2.80E-04

-3.77E-04

-3.66E-04

-3.04E-04

-3.31E-04

-4.25E-04

-3.16E-04

5.50E-05

6.47E-05

5.36E-04

4.46E-04

4.41E-04

4.54E-04

3.60E-04

4.45E-04
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2000 Pounds

3000 Pounds

Joint Label

N1

N2

N3

N4

N5

N6

N7

N8

N9

N10

N11

N12

N13

N14

N15

N16

X (in)

0.05

0.044

-0.009

0.032

-0.011

0.013

-0.008

-0.011

0.002

-0.035

0.009

-0.051

0.009

-0.059

Y (in)

-0.024

-0.111

-0.087

-0.197

-0.173

-0.274

-0.25

-0.37

-0.314

-0.251

-0.219

-0.143

-0.111

-0.032

Rotation

(in)

-7.00E-04

-5.60E-04

-7.55E-04

-7.32E-04

-6.08E-04

-6.62E-04

-8.50E-04

-6.32E-04

1.10E-04

1.29E-04

1.07E-03

8.93E-04

8.81E-04

9.08E-04

7.19E-04

8.89E-04

Joint Label

N1

N2

N3

N4

N5

N6

N7

N8

N9

N10

N11

N12

N13

N14

N15

N16

X (in)

0.075

0.066

-0.013

0.047

-0.017

0.02

-0.012

-0.016

0.003

-0.052

0.014

-0.077

0.013

-0.089

Y (in)

0

-0.036

-0.167

-0.131

-0.295

-0.259

-0.412

-0.375

-0.556

-0.471

-0.376

-0.328

-0.215

-0.167

-0.048

Rotation

(in)

-1.05E-03

-8.41E-04

-1.13E-03

-1.10E-03

-9.12E-04

-9.94E-04

-1.28E-03

-9.48E-04

1.65E-04

1.94E-04

1.61E-03

1.34E-03

1.32E-03

1.36E-03

1.08E-03

1.33E-03
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3700 Pounds

Joint Label

N1

N2

N3

N4

N5

N6

N7

N8

N9

N10

N11

N12

N13

N14

X (in)

0.092

0.081

-0.016

0.059

-0.021

0.025

-0.014

-0.02

0.003

-0.065

0.017

-0.094

0.016

Y (in)

0

-0.045

-0.206

-0.161

-0.364

-0.319

-0.508

-0.463

-0.685

-0.581

-0.464

-0.404

-0.265

-0.206

Rotation

(in)

-1.30E-03

-1.04E-03

-1.40E-03

-1.35E-03

-1.12E-03

-1.23E-03

-1.57E-03

-1.17E-03

2.04E-04

2.39E-04

1.98E-03

1.65E-03

1.63E-03

1.68E-03

FAILURE POINT Deflection of

Truss over .7 Inches

3800 Pounds

Joint Label

N1

N2

N3

N4

N5

N6

N7

N8

N9

N10

N11

N12

N13

N14

X (in)

0.095

0.083

-0.016

0.06

-0.021

0.026

-0.015

-0.02

0.003

-0.066

0.018

-0.097

0.016

Y (in)

0

-0.046

-0.212

-0.166

-0.374

-0.328

-0.521

-0.476

-0.704

-0.597

-0.476

-0.415

-0.272

-0.211

Rotation

(in)

-1.33E-03

-1.07E-03

-1.43E-03

-1.39E-03

-1.16E-03

-1.26E-03

-1.62E-03

-1.20E-03

2.09E-04

2.46E-04

2.04E-03

1.70E-03

1.68E-03

1.72E-03
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ACTUAL JOINT DEFLEQS

The datébelowshows that there are only minor deflections, .08 inches as a maximum
deflection with the full load of four hundred puds applied. The limitation for design of
deflection for the truss at any location was .7 inches. Since the applied load for the appropriate
loading shows that the truss is fully able to support the load and be safe for use. Since the worst
case scenariwould be deformation of the truss at Joint N10 the truss will not exceed a higher

level of deflection from .127 inches.

ETABLE 22: ACTUAL DEETIONS AT JOINDN1 FIGURE ISACTUAL DEFLECTIONS

AT JOINT N10
Gauge Readings Joint N 10
Truss Force Applied at Joint N09 vs. Deflection at Joint N10
Force Y (-) Deflection (-) 0.140
[Pounds] [Inches]
0.120 /
0 0

0.100
50 0.006 5 /
0.080
0.060 /
0040 /
200 0.031 /
0.020

100 0.011

Deflection Downward (Inches)

150 0.02

250 0.04
0.000 T T T T T T T T
0 50 100 150 200 250 300 350 400 450
300 0.067 Force Applied Downward on Truss (Pounds)
350 0.092
400 0.127
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The datébelowalsoshows that there are only minor deflections, .08 inches as a
maximum deflection with the full load of four hured pounds applied. The limitation for
design of deflection for the truss at any location was .7 inches. Since the applied load for the
appropriate loading shows that the truss is fully able to support the load and be safe for use.
Joint NO6 is not thevorst case scenario of the truss for deflection base upon its location and the
number of members combining at this joint. Therefore, the deflection should be less than that
of Joint N10. The results confirm: Deflection at Joint N10 = .127 inches anecbefl at Joint
NO6 = .08 inches.

TABLE 23ACTUAL DEFLECTI@NSOINT
NO6

Gauge Readings Joint N 06

Truss Force Applied at Joint NO9 vs. Deflection of Joint NO6

0.090

Force Y (-) [Pounds] Deflection (-) [Inches]

0.080

0.070 /
50 0.006 £ oo
5 0.050
100 0.01 : /
p 0.040

150 0.016 3 00 /
0.020

200 0.024 /
0.010

0 0

)

d (Inch

Downw:

flecti

Dy

250 0.03 0.000
0 50 100 150 200 250 300 350 400 450
Force Applied Downward On Truss (Pounds)
300 0.043
350 0.061 FIGURE 1I6ACTWL DEFLECTIONS AINJO
. NO6
400 0.08 ‘
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The machine used for testing the model truss provided an applied load value and a
deflection value. The applied load is based upon what the calculated design |dads.
deflection value is taken from the applied load atipsection and however much the machine
deflects on the truss to apply the designed loads the machine produces a value at that impact
point. This deflection style is very similar to the deflection checked by the joint directly
underneath the impact zodeint N10, however the deflection measure at the impact point will be
greater because it if for the entire truss moving downward not just one Jdwetmaximum
deflection at the maximum load is .168 inches still under the .7 inch deflection desigamemui

therefore the truss in testing is acceptable.

ETABLE 24: ACTUAL DEETIONS AT

; EFIGURE 17: MACHINEADING AARPPLIED
. APPLIED LOAD IMPASHCTION :

LOAD IMPACT SECTION

Machine Reading at Joint N10

Machine Reading at Joint N10 for Force vs. Deflection

Reading at Force Deflection Combined 01800

01600 /

[Pounds] [Inches]

01400
0 0 /
8 0.1200

ard (Inches)

50 0.006

% 0.1000

E
100 0.014 £ oo //
150 0.0267 F

0.0600
00400 /
200 0.0421 /

0.0200

250 0.0567
0.0000 T T T T T T T T
0 50 100 150 200 250 300 350 400 450
300 0.0892 Force Applied Downward (Pounds)
350 0.1237
400 0.1683
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|ANALYSISF COMPUTER SIMULANIVERSUS ACTUAL IIEFTIONS
The resultdbelowcomparehe data collected by the model truss testing and the computer
simulation testing. The data is very similar since there are so many minor imperfections
between the two models. The final loading point is actually only .001 inches of for deflection
at Joint N10, which proves that the theories and methods used for deditgsting were
extremely accurate. The reagbe model bridge testing is below the actually deflection is
because with the connection of the joints in construction are not going to be exactly perfect as

they are in the computer simulation.

ETABLE 25ACTUAL DEFLECTIONSIERCOMPUTER SIMUDATAT JOINT N10

Gauge Readings Joint N 10 Computer Simulation (RISA2D) N10

Force Y (-) Deflection (-) Reading at Force Deflection Y(-) [Inches]

[Pounds] [Inches] 2x2 Southern Pine [Pounds]
0 0 0 0
50 0.006 100 0.016
100 0.011 200 0.031
150 0.02 300 0.047
200 0.031 400 0.063
250 0.04 500 0.079
300 0.067 600 0.094
350 0.092 700 0.11
400 0.127 800 0.126
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%FIGURE 18: ACTUALFDECTION VERSUS COMIR SIMULATION AINT N10

Computer Simulation of Load/Deflection vs. Results of Model Bridge Analysis
(Load Applied at Joint N0O9, Deflection at Joint N10)

0.140

0.120 /

0.100 /./ /-/
0.080
—e— Computer Simulation
—#— Model Bridge Results
0.060

0.040

~ /

0.000

Deflection Downward (Inches)

[¢] 50 100 150 200 250 300 350 400 450
Force Applied Downward On Truss (Pounds)

The resultdbelow comparghe data collected by the model truss testing and the computer
simulation testing. The data is very similar since there are so many minor imperfections
between the two models. The final loading point is actually only .011 inches of for deflection
at Joint NO6which proves that the theories and methods used for design and westngery
accurate. The reastime model bridge testing is below the actually deflection is because with
the connection of the joints in construction are not going to be exactgcped they are in the
computer simulation.

ETABLE 26ACTUAL DEFLECTMIERSUS COMPUTER SIMUON AT JOINT NO6

Gauge Readings Joint N 06 Computer Simulation (RISA2D) N06
Force Y (-) [ Deflection (-) Reading at Force Deflection Y (-)
Pounds] [Inches] 2x2 Southern Pine [Inches]
[Pounds]
0 0 0 0
50 0.006 100 0.009
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100

150

200

250

300

350

400

0.01

0.016

0.024

0.03

0.043

0.061

0.08

200

300

400

500

600

700

800

0.017

0.026

0.035

0.043

0.052

0.06

0.069

EFIGJRE 19: ACTUAL DEFTEON VERSUS CQMER SIMULATION AJNNT NO6

0.090

0.080

0.070

0.060

0.050

0.040

Deflection Downward (Inches)

0.030

0.020

0.010

0.000

Computer Simulation of Load/Deflection vs. Results of Model Bridge Analysis
(Load Applied at Joint NO9, Deflection at Joint NO6)

—e— Computer Simulation
—®— Model Truss Results

50

Force Applied Downward On Truss (Pounds)

300

The resultdbelowcomparehe data collected by the model truss gauge read results and

the machine read results.

between the two models.

The data is very similar since there are so many minor imperfections

The final loadpant is actually only .011 inches of for deflection

at Joint NO6, which proves that the theories and methods used for design and testing were
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accurate. The reastime model bridge gauge read results are below the actually machine read

results is becaugbhe machine read results take into account the impact zone of the applied load

and the deflection of that area, where as the gauge read results take only into account Joint N10

ETABLE 27ACTUAL DEFLECTMERSUS INGSTROM TEGTMACHINE AT JOINTO

Gauge Readings Joint N 10

Machine Reading at Joint N10

Force Y (-)

[Pounds]

0

50

100

150

200

250

300

350

400

Deflection (-)

[Inches]

0

0.006

0.011

0.02

0.031

0.04

0.067

0.092

0.127

Reading at Force

[Pounds]

50

100

150

200

250

300

350

400

Deflection Combined

[Inches]

0.006

0.014

0.0267

0.0421

0.0567

0.0892

0.1237

0.1683
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FIGURE 20: ACTUALFRDECTION VERSUS M3V TESTING MACHINEEJOINT N10
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Deflection Downward (Inches)

0.180

0.160

0.140

0.120

0.100

0.080

0.060

0.040

0.020

0.000

50

Gauge Read at Joint N10 vs. Machine Read Deflection At Impact Zone

100

150 200 250 300
Applied Load Downward (Pounds)

350

400

450

—e&— Gauge Read Deflection
—=— Machine Read Deflection
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FULLY ASSEMBLED MQMEBRIDGE: TRUCK LONEST

AXELS AND SPACING

A maximumof three ax¢s will be on the bridge at any given time, assuming augck
truck is towing a trailer. For the model bridge (1/6 the size of the actual bridge), it was not
possible to test for three axles; instead, we chose to create@ofatifoad on the deckingi
order to simulate the four wheels of a truck. The load at each point was determined by taking
the total load of a pickip truck, adding it to that of a full trailer, and scaling the load down by
six to match the scaling of the bridge. The total load than placed on a framing system
created to simulate the scaled truck size, which we designed with the help of our lab technician.

The size of the truck,wdshyza2long Adetaiframei x t
made of supestrut (30Ibs.) was usddr the static testing, but was insufficient to withstand the
loads required to test for failure. A new frame, made up of solid steel blocks, was then
assembled. This frameweighed approximately 100 pounds amak placed along the center of
the bridge bth horizontally as well as longitudinally in order to test the area of the bridge that

would deflect the greatest amount.

EFIGURE 21: PICTUREAPPLIED LOAD APRABS
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STEEL BEAM

We began byesting the model with a smaibkeam. After very minimaleflections
during testing, it was decided that the beam was still too large. Any results gathered from this
testing were not realistic in what the fsltale bridge would be able to tolerate because the beam
gave too much strength to the modekurther &planation can be found in the Actual

Deflection During Truck Load Testing: Static Testing section below.

Testing resumed by using a 10x2beamEaByt ern P
using a less rigid and less strarenterdecking support, refis were closer to how the fedicale
bridge would act under similar | oaitdwouldstil Even i
beless adequate than a full scaleglam which is what is in the full scale.@lults show that it

would be sufficientn carrying the necessary loads.
COMPUTER ANALYSISBENDINGAND DEFLECTION

After using MDSolids, a structural analysis program, we computed the expected amount
of deflection in the unbraced length of decking, due to the truck load. Because thezars a b
in the center of the 14 foot long decking members, the unbraced length is 7 feet. The maximum

deflection was .48 inches, which is less than the calculated allowable deflection of the member.
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' FIGURE 22: MDSOLIBSALYSIS OF DECKINEELECTION
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FULLY ASSEMBLED MQMEBRIDGEACTUAL DEFLECTIONRDNGTRUCK LOADESTING

The tests that were run included a static test, a cyclic test, and a test to failure. The
static test was used to find the maximum load that will be used in the cyclic testdetro
find this value the bridge was loaded at intervals until a deflection of a half inch was recorded.
The approximate value that will create a half inch of deflection is 2,000 pounds. This is the
load that was used for the fatigue test. This giges us an idea of what the maximum loading

will be when the bridge fails.

In order to record the deflection present in the bridge a numhkalefvere used. The
gauges that were used are called magnetic dial calipers which can record deflecpicetisian
of .001 inches. Below is a picture of one of théiségsand as you can see there is one hand that
records deflections up to .1 inches and another that records deflections of .1 inches. The larger
hand is the one that records deflections sf nan .1 inches, so every time it rotates around the
dial once a deflection of .1 inches is recorded. A total of fi@iswere used during the static
tests, with two of them being placed underneath the decking at two of the four points were the
load was applied. One of the othdinlswas placed at a distance of 1/3 the bridge length which
is located at joint N6. The findial was placed at the joint that had the most members
connected to it which was labeled joint N10.

EFIGURE 23: PICTUREHFSMAGIETIC DIAL CALIPERS
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STATIC TESTING

At first a steel beam was used for the center support of the bridge, as shown above, and a
static test was run.  For this test a load was placed on the bridge and then removed after the
deflection was recorded. Thisa&done twice for all of the loads placed on the bridge besides
the last load of 4,000 pounds which was only applied onbe fix this problem the steel beam
was replaced by a 1x2 inch wooden beam, shown at the beginning of this section, which was
thoughtto create a more realistic test and stronger steel sections were selected to distribute the
load as shown above. This time during the static test the load was gradually increased through
each test with the first test starting at zero and gradually siageto approximately 500 pounds.
There were a total of five tests with the final load for each test increasing by about 500 pounds

each time, this was done until a deflection of a half of an inch was reached.

VANALYSISFSTATIC TESTING
As seen in théigurebelow, the first load that was applied was approximately 1,000

pounds which resulted in about .121 inches of deflection. From here the loads were increased
by approximately 1,000 pounds until 3,500 pounds was put on the bridge creating a deffection
approximately a quarter of an inch. As shown in the graph below more deflection was recorded
with a load of 3,500 pounds than with a load of 4,000 pounds. A possible reason for this is that
the metal barsmade of super strut materigthat were usetb distribute the load could only

withstand about 4,000 pounds. This means that as the load approached 4,000 pounds the metal
sections started to deform which reduced the bridges overall deflection. At this point in the test
it was apparent that with tisteel beam in place the bridge was much too rigid which created an

unrealistic test
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%FIGURE 24 STATIGTERESULTS USINGEETBEAM

Bridge Test 1 - With Steel Beam

0.26

0.25002
024 //////4_5\\\\\\
022 N
0.21348
0.19995
020 A
5
c
2 018
g
8
5
[}
016 0.15114
014
0.12 24
0.12099
0.10
500 1000 1500 2000 2500 3000 3500 4000

Force (Ibs)

Table 28 and Figure 2&elow, whichwerecreated using the data from the second static
test, proves that the loadiegmpared to the deflection is a linear relationship. From this test it
was found that a load of approximately 2,000 pounds will create a deflection of more than a half

of an inch and therefore will be used as the load in the fatigue test.

ETABLE 28ALL EFLECTIONS RECORDERING STATIC TESTINSING STEEL BEAM

Deflection

Load (Ibs) Truss (main connection) Front Decking Rear Decking Truss (1/3 joint)

500 .026 .083 .099 .041
1000 .089 .096 .215 .090
1500 .196 .225 .387 .168
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1700 .237 422 450 .202

2000 .303 .526 .560 .260

FIGURE 25: ALL DEETEONS RECORDED DIGRITATIC TESTINGNESSTEEL BEAM

Bridge Test 2 - With 1x2 Wooden Beam

—e—Test 1-500 Ibs —#—Test 2 - 1000 Ibs —&— Test 3 - 1500 Ibs —®—Test 4 - 1700 Ilbs —®—Test 5 - 2000 lbs

0.7

0.6

0.5

Deflection (in)
o
IS

°
w

0.2

0.1

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Force (Ibs)
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CYCLIC TESTING

By running a cyclic test a simulation of traffic is created on the bridge which will test the
bridges ability to withstand a repetitive cyclic load. In order to determine whether or not the
repetitive loading affected the bridge all the bolts were tightened to a certain torsional force,
using a torque wrench, before the loading was applied. Tiantbe bridge had been through
the cyclic loading the bolts were checked again to see which if any of them had loosened during
the test. Some of the bolts when tested before the loads were applied spun in their holes. This
is not a problem structurallit; only reduces the number of bolts that are able to be tested before
after the load is applied. This is irrelevant because; of the bolts that did not spin when checked
before the test none of them were loosened by the repetitive testing. This shdts iinaige
was sufficiently rigid which reduced the amount of vibration in the bridge that could loosen a

bolt and create a localized failure.

ANALYSIOF CYCLIC TESTING

Figure 22belowshows,as more and more cycles were applied to the bridge the
deflecton gradually increased. This is because of the fatigue the bridge is experiencing from
having a load constantly applied to it that is cyclic in nature, like traffic. Even though the
deflection increased as the cycles increased the deflection was werved mches which is what
was reached during the static test. Also by running 100,000 cycles the load that is created is
larger than what is expected to be applied to the actual bridge. The fatigue test that was run on
this bridge used a load of 2,0p6unds and ran 100,000 cycles at two cycles per second. The
graph above was created starting at the one hundredth cycle which was done because the
machine takes about 100 cycles to reach the testing load. Instead of using every single cycle
that was ruron the bridge, which would be too much data to analyze in a reasonable amount of
time, cycles were taken in increments of 100 until cycle 1,000 was reached from there

increments of a 1,000 were used until cycle 10,000 was reached and from here increments o
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10,000 were used. This creates a manageable data table to plot the load versus the deflection as

seen above.

FIGURE 26: CYCLIGTE
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TEST TO FAILURE

The final aspect of the bridge left to test is the failure point of the bridge. This was done

by loadng the bridge in increments of 500 pounds until the bridge failed.

VANALYSISF TESTING TO FAIEUR
As seen by th&gure below, the maximum load before failure was approximately 3,200
pounds. The failure that occurred was considered a local failure thieedecking connected
to the truss as shown in the picture below. The graph seen below shows the deflection plotted

versus the applied load which follows an approximately linear model until the bridge reaches
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about a half of an inch of deflection, whishthe maximum deflection allowed by code. This
means that the bridge will elastically deform up until about a half an inch of deflection or
approximately 2,000 pounds of load. After this point a permanent deflection will occur along

with a possible failre.

FIGURE 27: TEST TKILRE
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FIGURE28: PICTURBSFAILURE AFTER THGT
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MODEL BRIDGE TESTIBIGNCLUSIONS

The model bridge ultimately held 3,200 pounds before there was a shear
failure. This failure occurred in the wooden blocks usedttach the decking to the bottom of
the truss. This element of the bridge was not a part of the design, but rather, a solution found

during the constructability phase.

The failure applied load for the truss was not fully met because the shear fadunedc
at a value less than thirty seven hundred pourtithe shear failure did not occur the truss

theoretically should have been able to support a higher load before failure.

The decking should have also been able to withstand a higher applieinoadhere

was no permanent deformation after the failure occuriBoe one by two inch wooden beam

used in place of the steel beam did not fail ultimately at a load of 3200 pounds however; after the

test was completed the beam showed permanent defomudtihree sixteenth of an inchlhe

beam supporting the decking therefore would be most likely to fail before the decking or the

trusses, however because of the shear failure of the attached decking mechanism; these theories

could not be confirmed.

The model bridge was designed to support one thousand pounds based upon reduced

loads, therefore the building and testing of the model bridge was extremely successful because it

withstood a load of three times that amount before failure occurféeé. buildng process also
allowed the students to gain knowledge of the constructability issues that the volunteer builders
would be facing during actual construction of the full scale bridge.
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RECOMMENDATIONS

Thereplacement fothe existing bridge at Sackett Harbwas fully designed by a team
of three students for their major qualifying projethe students from Worcester Polytechnic

Institute designed the bridge in order to fulfill the needs of the Trustees of Reservations.

After a midway meeting betweenretlstudents and the Trustees of Restaons, all of the
designs were reviewed and t@esgn options were selectedThe bridge designhselected
included the Flat Truss withsaeel beam andttached rogfand the uncovered Pratt Truss with

steel beam

The dimensions of thelat Trussbridge designncludea span of twenty eight foot, a
width of fourteen feet and a height, including roof, of thirteen féégte bridge consisted of two
trusses, decking, a steel beanderthe mddle of the decking, and a romfade up of trusses to

be supportethy the twotrussef the bridge

The dimensions of thratt Trussridge designncludea span of twenty eight foot, a
width of fourteen feet and a heigtitthe trusses of eight feetThe bridge cosisted of two
trusses, decking aradsteel bearmanderthe middle of the decking

In order to try to keep the rustic look of the area, the entire bridge design would be made
of wood; except for the connection plates at the trusses joints and the steelllb@suld
benefit the environmently using a local timber suppliso thattrucks used for transportation of

materials aréimited while also supporting local business suppliers.

The ease of constrtion of the two design optiomsffer significantly. The number of
truss members required for the Pratt Truss design is less than half of the number required by the
Flat Truss design. The reduction in the number of members allows for less construction of
joints which are time consuming.The sizeof the lumber usedlsomatters because of the ease
of manewerability of the memberas well as thease of fitting the members into desired joint

connections. The size of the truss members in the Pratt Truss design are four inches by four
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inches, whereas the size of the truss members in the Flat Truss design are four inches by eight

inches.

The Flat Truss desigalsohas the roof element which will provide a more complicated
construction phase of the project. The roof design includes construction of smakles for
supports and placing large sheets of plywood using a backhoe on top of the bridge. Although
the design of the Flat Truss is more difficult for construction than the Pratt Truss; both design

options are manageable for the Trustees of Resengatid complete.

%TABLE 29: CONSTRUBILATY COMPARISON

Flat Truss Pratt Truss
Number of Joints 32 16
Number of Truss Members 60 26
Number of Roof Truss Members 35 0
Number of Sheets of Plywood 18 0

The best use for the replacement design wbaldsingeitherthe Flat Truss with a full
roof desigror the Pratt Truss designThe total cost of thElat Trussbridge replacement would
be ten housand seventeen dollaisd the total cost of theratt Trusdridge replacement would
bethree thousandsihundred eighty five dollars. The material estimgtede comes in under
the allotted early estimated budget provided by the owner for twenty five thousand ddllaes.
construction will be preformed by volunteers and the allotted remaining budgbewilbre than
adequate for minor needs such as gas for vehicles and generators @xllsifethe designgoals
of the major qualifying projeavere mefor the design requirements of the Trustees of

Reservations.
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APPENDIES

Al: DESIGN OPTIONSIMPLESPAN CALCULATIONS
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