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Right Hand Fork is a tributary canyon whose stream enters the Logan River nine miles
east of the mouth of Logan Canyon near Logan, Utah. The access bridge to a popular
recreational area, the Hobbit Caves, was damaged in 2011 by flooding. We propose
that a new bridge be designed and constructed for the Forest Service to replace the
current structure to ensure public safety and minimize environmental impact. We plan to
use a longer bridge span that will situate the abutments higher on the stream bank and
reduce possible water damage during flood events. Bridge costs will be minimized and
will meet required construction and aesthetic standards required by the Forest Service.

The current bridge is a 15-foot timber span placed on existing earth footings. High runoff
discharges in 2011 caused the northern earth abutment to shear and settle due to
scour. The bridge span now sags at approximately 20°. While still usable, the bridge’s
structural integrity has been compromised, and the footing will presumably continue to
settle until the bridge fails. Figure 1 shows the extent of the damage done to the bridge.

We have completed a topographical survey and hydrological report to determine the
best location for the structure to prevent future water damage. We performed structural
analysis and design for a safe and cost-effective replacement pedestrian bridge. We
independently prepared a steel bridge and a timber bridge design. The preferred
alternative for structural materials is a 40-ft timber glulam girder span and Gabion
foundations. We propose that construction will begin as early as fall 2015. We also
propose biannual inspections beginning once construction is complete to ensure proper
maintenance and a 50-year life as required by the Forest Service.
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* Complete a topographic survey of Right Hand Fork near the Hobbit Caves
recreation area.

* Perform a hydrological study of the Right Hand Fork stream.

* Select a reasonable location for a new pedestrian bridge.

* Determine the most suitable and economic material.

e Perform structural analysis using RISA-2D.

* Complete bridge design using LRFD

o Steel alternative designed according to the American Institute of
Steel Construction Manual

o Wood alternative designed according to National Design Standard
by the American Wood Council

* Produce bridge drawings and specifications using AutoCAD.

* Collaborate with the Forest Service to ensure the bridge will not disrupt the
local ecosystem (unable to complete due to Forest Service noncompliance
with the Stream Spanners Group).

* Conform to all Forest Service design and construction standards.

e Atftend National Environmental Policy Act (NEPA) meetings for project
approval (unable to complete).

i ics

The first step of the design process was to complete a topographic survey of the
existing site. We borrowed a Topcon total station from Utah State University's
Department of Civil and Environmental Engineering. We performed two surveys to
collect cross section data for the stream and the location of the existing bridge. We
collected five soil samples from the surrounding area to get an estimate of the soil type
in Right Hand Fork (See Table 7 in Appendix II-A). Using the “Feel Method” (Appendix
lI-A) we were able to determine the possible soil type for the five samples.

The next step was to conduct a hydrological study of Right Hand Fork to determine the
peak runoff for a design storm. In order to determine the peak runoff we needed to
gather some watershed characteristic data and determine a design storm. We used the
USGS Streamstats website to delineate the watershed for Right Hand Fork and
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determine the area, average slope, and catchment length (See Table 1). Using ArcGIS
we determined the land cover type percentages for the entire watershed (See Table. 5
in Appendix lI-A). Using this information and Table 9-2 from Part 630 in the National
Engineering Handbook, we made assumptions for the SCS curve numbers for the
watershed to describe the precipitation losses during a design storm. We used a
weighted curve number to calculate some parameters for a Clark unit hydrograph such
as potential maximum retention, lag time, and time of concentration. Table 2 shows the
different possible weighted curve numbers and the associated parameters for the Clark
unit hydrograph.

Basin Characteristics
Area 25.2imi"2
Average Slope 34.21%
Catchment Length 8| mi 42240|ft

Watershed Variables
Possible Curve Numbers: 56 75 66 61
Potential Max Retention,S (hr): 7.86 3.33 5.15 6.39
Time Lag tL (hr): 2.08 1.26 1.61 1.83
Time of Concentration tc (hr): 3.47 2.10 2.69 3.05

With all this information, a model was created in HEC-HMS to simulate the peak runoff
of the watershed for a design storm. We used precipitation frequency data from the
National Weather Service’'s website to simulate a 100-year 12-hour frequency storm
(See Appendix lI-A). Assuming a weighted curve number of 66, the resulting peak flow
was approximately 710 cfs (See Figure 4).

12




Subbasin “RHF" Results for Run "RHF 100yr 12hr"

800
7001
6001
500+
400
3001 AN
2001
1001 I

0 . T .
12:00 00:00 12:00 0000 120

24Aug2014 25Aug2014 26Aug2014
Legend (Compute Tme: 15Nov2014, 17:14:27)

un:RHF 100yr 12hr Element. RHF Result:Precipitation
un:RHF 100yr 12hr Element RHF Result:Precipitation Loss
—— Run:RHF 100yr 12hr Element: RHF Result Outflow
——- Run:RHF 100yr 12hr Element: RHF Result Basefiow

Flow (cfs)

We next determined the flood plain resulting from a peak flow of 710 cfs. We created a
model in HEC-RAS to simulate the peak flow in the streambed. For this model, we ran a
steady state simulation. An unsteady state simulation may be more accurate for this

project, but due to the lack of experience this was not feasible. The resulting flood plain
can be seen in Figure 5.






Logan River were also compared to the USGS gaging station (10109000) located on
the Logan River to check accuracy. We found that Right Hand Fork was approximately
9.7% of the flow of Logan River (Table 3). This was well within our estimated peak flow
of 710 cfs.

Logan River USGS Gage Right Hand Fork o
; : : . % of Logan
Date Discharge Station Discharge Discharge River
cfs cfs cfs

1/16/2015 65.7 92.0 8.08 12.3%
2/5/2015 135.623 113.000 12.14 9.0%
3/26/2015 119.377 115.000 9.37 7.8%
Average: 9.7%

The best location for the new bridge was determined to be approximately 25 feet
upstream from the current bridge location. This will ensure that the bridge will be above
the 100-year flood plain and will minimize added environmental impacts. Figure 6 on the
following page shows the position of the proposed bridge.






With these loads determined, we used LRFD loading combinations to find maximum
bending moments and shear to identify the approximate member sizes required for the

span used in design. Shear and moment diagrams and tabulated shear and moment
diagrams are located in Appendix I (D).

Table 4 contains the tabulated shear and moment values the structure must be
designed to resist.

Timber alternative
40-ft span
Rxn Max
Rxn Left Right Shear Max Moment Abs Max Shear 293
(kips) (kips) (kips) (kip-ft) (kip)
Casel 27.8 27.8 27.8 277.8 Abs Max Moment 293.8
Case 2 19.3 25 25 2243 (kip-ft)
Case 3 29.3 27.8 29.3 278.6
Case 4 28.6 283 28.6 293.8
Case 5 20.1 25.8 25.8 238.8
Steel alternative
40-ft span
B o] Rxn Max
Rxn Left Right Shear Max Moment Abs Max Shear 34.8
(kips) (kips) (kips) (kip-ft) (kip)

Case 1 33.2 33.2 33.2 332.2 Abs Max Moment 348.2
Case 2 24.3 30.2 30.2 275.4 (kip-ft)
Case 3 34.8 333 34.8 333
Case 4 34 34 34 348.2
Case 5 25.1 31 31 290.1

The Forest Service typically constructs pedestrian bridges with timber or steel. Timber is
generally the preferred material, since wood costs less than steel and a wooden
aesthetic better matches the natural surroundings. Glu-lam bridges are also easier to
construct in remote areas since the members weigh less and do not require onsite
welding. Glu-lam bridges are limited to a 50-ft maximum span, but this was not a
concern for the design project since the span is 40 ft.
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We independently prepared a steel bridge alternative and a wood bridge alternative and
compared the resulting costs.

Steel Design
Refer to construction drawings in Appendix V.

We used the American Institute of Steel Construction (AISC) Manual as a guide for our
design guideline for the steel bridge. We first completed the girder design by selecting
an adequate member to resist the required moment from Table 3-10 in the AISC
Manual. We then verified the adequacy of the shear capacity using the AISC
Specification Chapter G equations. Finally, we checked deflections to satisfy
serviceability limit states. According to AASHTO regulation for pedestrian bridges, the
maximum deflection due to live loads cannot exceed L/360 where L is the span length
(Dead + live load limit states are not required for pedestrian bridges). After iterating
through several sections, we determined two W14x61 girders are adequate for the
bridge with a single brace at the mid-span (See Appendix V(E.ii)).

Next, we designed the handrails. According to Forest Service guidelines, a pedestrian-
only use bridge must have a 42-inch high handrail, which must also be able to withstand
a 200 Ib lateral point load and support a distributed load of 50 Ib/ft along the entire
length of the structure. The handrail must also have a vertical bar spacing of no more
than 19 inches. We designed a vertical handrail support post every 4 feet and a vertical
spacing of 15 inches for horizontal members. The bars are to be A36 steel, 1" diameter,
and 0.25" thickness. Since the loading is perpendicular to the welding axis Chapter J of
the AISC Specification allows a 50% increase in capacity. We checked tensile capacity
of the base material and the strength of weld and determine a V4" fillet weld is adequate
(See Appendix V(E.ii).

ing surface shall consist of a 2" metal deck with 2" of concrete for a 4”
equivalent depth slab. The slab will be longitudinally flanked by two L5x3x1/4” angles to
contain the concrete when poured.

We accounted for axial thermal expansion of the steel girders by designing elastomeric
pads to support the girder at one end. We used a 50-durometer Elastomeric Isolator
system by Kinetics Noise Control. First, we determined the extent of thermal
expansion/contraction expected from temperature variation, which we calculated using
the coefficient of thermal expansion of steel. With a maximum temperature differential of
80°F from room temperature, we calculated a deflection of 0.257 in. Using two %4 thick
elastomeric pads separated by a steel shim allows for 0.3 in of lateral movement. We
next checked the allowable vertical bearing pressure on the pads. To avoid exceeding
the allowable pressure, we specified that each girder must bear on an A36 steel plate of

18







exceed L/360 (Dead + live load limit states are not required for pedestrian bridges).
Finally, we checked for allowable bearing stress of the girders at the support. We
determined that two 5-1/8x34-1/2” F2.4-1.8E glu-lam girders are adequate from the
bridge (See Appendix V(Ei)).

Next, we designed the timber handrails from rough sawn lumber. We used the same
lateral loading as specified in the steel design: a point load of 200 Ib or a distributed
load of 50 Ib/ft. We used the same spacing as the steel bridge: vertical posts at 4’ on
center, horizontal posts at 15" on center. The design considerations were similar to the
girder design; we adjusted tabulated allowable bending and shear stresses (NDS
Supplement Table 4A) for usage conditions and compared the resulting shear and
moment capacities to the design shear and moments. We determined 4”x6” rough
sawn posts connected normal to the weak axis are adequate (See Appendix V(Ei)).

The deck is to consist of 3’-6” long 4”x8” rough sawn members attached directly to
the glu-lam girders perpendicular to the length of span with 4" gaps between each
member.

The handrail and decking connections support negligible load compared to the capacity
of the fasteners we designed, so we did not perform detailed calculations for the bolts
and wood screws. Each vertical handrail post is connected to the girder with two %4”-16”
long bolts separate from the girder by a 2"x6” block. The horizontal handrail
components and the decking members are attached with #10x4” wood screws or
#10x6" wood screws depending on the width of the side member.

Cost Analysis

The total material cost of the steel alternative (excluding foundations, earthwork, and
construction costs) is $9,420.64. The wood alternative was less expensive at $7,173.05.

Foundation Design
Refer to construction drawings in Appendix V.

We next designed the foundation for the bridge. The soil had to be analyzed to find the
allowable soil bearing pressure. We were unable to perform a triaxial shear test to
determine soil strength, but we assumed a sandy soil with a friction angle of 35° and no
cohesion, according to local soil conditions. We performed a bearing capacity analysis
using the “Bearing Capacity of Foundations on Top of a Slope” method described in 4.6
of Principles of Foundation Engineering (Seventh Edition) by Braja Das. We used this
technique since the pads will sit near the top of the river banks.

We found the bearing capacity of the soil using a method for continuous foundations on
top of a slope to be 2,960 psf for the critical side (side opposite the road). The
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dimensions of the footing are 9 ft by 3 ft, which we approximate as continuous.
Continuous footings can only displace loads in the perpendicular direction, but a square
or rectangular footing can displace loads in all directions and therefore would have more
capacity than a continuous footing. This makes the analysis of a 9 ft by 3 ft rectangular
pad conservative and acceptable. We used conservative soil properties described
above to find a bearing capacity. We used the buoyant unit weight of the soil to simulate
the water table at the base of the foundation which occurs during flooding. With these
conservative assumptions, we obtained an acceptable ultimate bearing pressure factor
of safety of 2.2, comparing the soil’s bearing capacity to pressure due to the maximum
footing reaction from loading the bridge (See Appendix V(F)). We plan to use a standard
Gabion foundation which uses a steel wire cage filled with stone cobbles. A 12"x12"
concrete sill beam will sit on top of each foundation pad, and the girders will bear on
and connect to the concrete sill. This inexpensive and easy-to-construct alternative will
cost $950 for both foundation pads.

We also designed an earth approach structure for the bridge to satisfy ABA accessibility
standards. The bridge must be wheel chair assessable, with no approach slope
exceeding 12:1. The required slope on the roadway side of the bridge is 42’, which is
too long for a straight slope, so we designed a 90° bend in the earthworks to provide the
needed ramp length. The soil must be well compacted, and natural grass will be
permitted to grow on the side slopes to reduce erosion. We estimate that 39 yd*3 of
earth fill will be needed to construct the ramp, costing approximately $2,100.

We selected a timber alternative for the bridge at Right Hand Fork for three primary
reasons.

1. Cost — The timber alternative costs $7,173.05, which is significantly less than the
steel alternative cost at $9,420.64.

2. Ease of construction — The timber bridge will be easier to construct since the
materials are lighter weight and easier to move to semi-inaccessible locations.
Wood does not require any difficult onsite welding or a waiting time for concrete
to cure.

3. Aesthetics — The natural finish of a timber bridge better matches the natural
aesthetic desired by the Forest Service in remote locations.

The costs of the individual components are listed below. A more detailed cost estimate
is located in Appendix V(B).
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Timber structure S 7,173.05
Gabion foundations S 950.00
Farth fill S 2,100.00

iotal S 10,223.05

E sironmental (

The Right Hand Fork stream contains a pure strain of Bonneville cutthroat trout, a native
species of Northern Utah. In past years, fishermen introduced alien species of brown
trout that out-compete the Bonneville cutthroat. Forest Service ecologists recognized
the need to protect native fisheries and constructed a small weir to block other aquatic
species from the Right Hand Fork watershed. Shallow water flows over the weir's crest,
with a five-foot elevation drop downstream. The structure is located approximately 100
yards from the Hobbit Caves, making the shallow crest an easy crossing for
recreationalists. Climbers and campers began placing wooden pallets across the weir’s
crest after the bridge was damaged. Ron Vance, Forest Service natural resource
manager, is concerned that these foreign objects could harm aquatic life, particularly the
Bonneville cutthroat. A new pedestrian bridge would eliminate the need to place
obstructions in the stream.

We found that the proposed location of the new bridge would have the least amount of
impact on the ecology of the river. Since the new bridge is near the location of the
current bridge, only a limited amount of riparian vegetation would need to be removed.
Also, the construction of new trails would not be required. The impact on the
environment would be minimal compared to other alternatives.

L P fwd

aesthetically and environmentally acceptable, but contact has been limited. Ron Vance,
our primary contact with the Logan Ranger District, has not returned any of our emails
since the beginning of fall semester 2014. Due to limited contact, NEPA meetings could
not be attended.

We attempted to collaborate with the Forest Service to ensure the design is

We also attempted to consult with Forest Service engineers Jason Day, PE, SE, and
Oscar Mena, EIT. Mr. Day and Mr. Mena have expressed that they lack the time to
continue to work with us further on the project, due to their current work load. Mark
Anderson, SE, PE, a structural engineer at Steel Concepts, which is located in Ogden,
agreed to be our new professional mentor. The project was completed despite the lack
of help from the Forest Service.
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The Right Hand Fork trail bridge will be built due to the failure of the previous bridge.
We are using appropriate LRFD and AASHTO design codes to design a more
sustainable structure than the current bridge. All design work and surveys will be
subject to evaluations. The evaluations include:

* Purchase of proper materials to guarantee that the new bridge can withstand
weather conditions.

* Maximum recorded flow rates of the Right Hand Fork creek to determine the
height of the bridge span above the river.

* Appropriate location to provide easy access to the public and protection to the
ecosystem. It is essential that the bridge be visible from the parking area so
recreationalists can see it.

* Annual maintenance requirements for normal wear and tear.

Evaluations of the bridge design will be made by our team and the Forest Service. The
bridge will have a 50-year design life.

According the Internal Revenue System (IRS), the “standard mileage rates for the use
of a car” shall be reimbursed at 56 cents per mile driven for business purposes.
Therefore, the total travel reimbursement is currently $100.80 (See Appendix 13.4). All
equipment used for the project has been rented for free.

Right Hand Fork is a beautiful Forest Service area near Logan Canyon that draws
crowds to recreational sites. The Hobbit Caves are a recreational site in Right Hand
Fork, accessible by a pedestrian bridge, but flooding in 2011 damaged the bridge's
abutments. Recreationalists now stack wooden pallets in the creek as an alternative
access to the visibly damaged structure. We propose to construct a new bridge with a
50-year service life.

Right Hand Fork is home to the Bonneville cutthroat trout, which is on the Utah
Sensitive Species list. Forest Service ecologists feel that it is important to protect the
trout by reducing foreign objects (pallets, etc.) in the stream.
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The proposed trail bridge project will greatly benefit the public using the area and the
local wildlife. The structure will be safer than the current damaged bridge and provide
wheelchair accessibility. A new bridge will also promote a positive image of the Forest
Service, compared to the sagging bridge that currently spans the creek.
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Point precipitation frequency estimates (inches)
NOAA Atlas 14 Volume 1 Version 5
Data type: Precipitation depth
Time series type: Partial duration
Project area: Southwest

Location name: Logan, Utah, US*
Station Name: -

Latitude: 41.7804°

Longitude: -111.6357°

Elevation: 5316 ft*

* source: Google Maps

PRECIPITATION FREQUENCY ESTIMATES

by duration for AR!: 1 2 5 10 25 50 1nn 200
5-min: 0.12 0.15 0.2 0.26 0.34 0.41 0.59
10-min: 0.18 0.23 031 0.39 0.51 0.62 0.9
15-min: 0.22 0.28 0.39 0.48 0.63 0.77 1.11
30-min: 0.3 038 052 0.65 0.85 1.03 1.49
60-min: 0.37 0.47 0.65 0.8 1.05 1.28 1.85
2-hr: 0.48 0.61 0.8 0.97 1.24 1.49 2.12
3-hr: 057 072 091 1.09 1.36 1.61 2.22
6-hr: 08 099 122 1.43 1.73 1.99 2.6
12-hr: 1.07 132 161 1.87 2.25 2.55 3.22
24-hr: 143 1.76 2.15 2.47 2.93 33 4.08
2-day: 1.7 21 255 294 3.48 3.91 4.37 4.84
3-day: 19 234 285 3.28 39 4.39 49 5.44
4-day: 209 258 316 3.65 4.33 4.87 5.44 6.04
7-day: 261 323 396 457 5.43 6.1 6.81 7.55
10-day: 299 37 454 522 6.15 6.87 7.62 8.39
20-day: 4 495 598 6.79 7.86 8.66 9.47 10.27
30-day: 489 6.04 7.27 8.25 9.55 10.54 11.53 12.51
45-day: 6.17 7.6 9.06 10.2 11.69 12.79 13.89 14.96
60-day: 7.28 8.97 10.62 11.87 13.45 14.6 15.71 16.79

Date/time (GMT): Thu Sep 11 00:01:20 2014
pyRunTime: 0.0587310791016

-2













24-Aug-14 | 20:30 0.06 0.04 0.02 521.6 40 561.6
24-Aug-14 | 21:00 0.06 0.03 0.02 599.2 40 639.2
24-Aug-14 | 21:30 0.06 0.04 0.02 629.9 40 669.9
24-Aug-14 | 22:00 0.06 0.03 0.02 645.2 40 685.2
24-Aug-14 | 22:30 0.05 0.03 0.02 656.3 40 696.3
24-Aug-14 | 23:00 0.05 0.03 0.02 664.5 40 704.5
24-Aug-14 | 23:30 0.05 0.03 0.02 670.2 40 710.2
25-Aug-14 | 0:00 0.04 0.02 0.02 673 40 713

25-Aug-14 | 0:30 0 0 0 669.3 40 709.3
25-Aug-14 | 1:00 0 0 0 654.5 40 694.5
25-Aug-14 | 1:30 0 0 0 626.2 40 666.2
25-Aug-14 | 2:.00 0 0 0 585.6 40 625.6
25-Aug-14 | 2:30 0 0 0 537.4 40 577.4
25-Aug-14 | 3:00 0 0 0 488.4 40 528.4
25-Aug-14 | 3:30 0 0 0 4431 40 483.1
25-Aug-14 | 4:00 0 0 0 4021 40 4421
25-Aug-14 | 4:30 0 0 0 364.9 40 404.9
25-Aug-14 | 5:00 0 0 0 3311 40 3711
25-Aug-14 | 5:30 0 0 0 300.4 40 340.4
25-Aug-14 | 6:00 0 0 0 2726 40 3126
25-Aug-14 | 6:30 0 0 0 2474 40 287.4
25-Aug-14 | 7:00 0 0 0 2245 40 264.5
25-Aug-14 | 7:30 0 0 0 203.7 40 243.7
25-Aug-14 | 8:00 0 0 0 184.8 40 2248
25-Aug-14 | 8:30 0 0 0 167.7 40 207.7
25-Aug-14 | 9:00 0 0 0 152.¢c 40 1922
25-Aug-14 | 9:30 0 0 0 138.1 40 178.1
25-Aug-14 | 10:00 0 0 0 125.3 40 165.3
25-Aug-14 | 10:30 0 0 0 1134 40 153.7
25-Aug-14 | 11:00 0 0 0 103.2 40 143.2
25-Aug-14 | 11:30 0 0 0 93.6 40 133.6
25-Aug-14 | 12:00 0 0 0 85 40 125

-6




Elevaton ()

Legend

FQANM ur
TR
- -

G- ~d

Bai ~ ota

Right Hand Fork Plan Steady Flow 10:30.2014
Le sl J
c c
€224 * e " !
/.
-
€322 N
- —_— R - - — - — ;_"
£23201
£218
£3184
31
£212 y v y y v y y
e 10 2C 3¢ 40 SC 60

Station (ft

7C

-7





















Reach River Sta|Profile |Q Total |Min Ch EI|W.S. Elev|Crit W.S.|E.G. Elev|E.G. Slope | Vel Chnl|Fiow Area|Top Width|Froude # Chl
(cfs) (t) (ft) (ft) (ft) (ft/ft) | (ft/s) (sq ft) (ft)
Stream Centerline | 1126.61 | 100yr| 900 | 5313.1 | 5320.08 5320.76 | 0.008686 | 7.05 139.46 34.4 0.49
Strear~ ~~nterline | 1080.25 | 100yr| 900 | 5312.85 | 5319.69 5320.39 | 0.007416 | 7.35 141.39 30.82 0.51
Stream centerline | 1076.68 | 100yr| 900 | 5312.96 | 5319.39 5320.33 ] 0.010527| 8.51 122.99 28.02 0.6
Stream Centerline | 1057.28 | 100yr| 900 | 5311.85 | 5318.87 5320.08| 0.012485 | 9.51 109.02 21.47 0.65
Stream Centerline | 1047.41 | 100yr| 900 | 5309.58 | 5317.34 | 5317.34 | 5319.76 | 0.036135 | 13.26 76.75 18.04 0.88
Stream Centerline | 1002.94 | 100yr | 900 | 5310.3 | 5316.07 | 5315.83 | 5317.58 | 0.022008 | 10.9 94,71 25.93 0.83
Logan River
Date 1/16/2015
Time in 1:40 Time out 2:05
Velocity
Distance (ft) Depth (ft) (ft/sec) Cell Dis As a %
0.0 0.00 0.00 0.00 0.00 0.00
4.2 0.00 0.00 2.60 0.00 0.00
5.2 0.40 0.21 1.90 0.16 0.24
8.0 0.57 1.40 2.90 2.31 3.52
11.0 0.81 1.05 3.00 2.55 3.88
14.0 0.51 0.08 3.00 0.12 0.19
17.0 0.83 0.45 3.00 1.12 1.71
20.0 1.10 0.66 3.00 218 3.32
23.0 1.00 1.30 3.15 4.10 6.23
26.3 1.20 2.20 2.75 7.26 11.05
285 1.05 2.39 2.25 5.65 8.60
30.8 1.33 1.51 2.75 552 8.41
34.0 0.68 3.19 2.60 5.64 8.59
36.0 0.78 3.46 2.00 5.40 8.22
38.0 0.83 222 2.00 3.69 5.61
40.0 1.05 0.05 2.00 0.1 0.16
42.0 1.10 1.81 2.50 4.98 7.58
45.0 0.84 463 3.00 11.67 17.76
48.0 1.02 0.19 3.00 0.58 0.89
51.0 0.50 0.92 3.00 1.38 210
54.0 0.52 0.82 3.00 1.28 1.95
57.0 0.20 0.02 2.05 0.01 0.01
58.1 0.00 0.00 1.50 0.00 0.00
60.0 0.00 0.00 0.00 0.00 0.00
Measured Dis 65.7 cfs
USGS Dis 92 cfs
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Logan River

Date 2/5/2015
Time in 4:50 Time out 5:20
Velocity
Distance (ft) Depth (ft) (ft/sec) Cell Dis Asa %

3.3 0 0

4.2 0.59 0.23 0.95 0.129 0.20
52 0.59 0.29 1.90 0.325 0.49
8 0.79 1.42 2.90 3.253 495
11 1.05 2.21 3.00 6.962 10.60
14 0.20 1.38 3.00 0.828 1.26
17 1.00 0.54 3.00 1.620 2.47
20 1.22 0.95 3.00 3.477 5.29
23 1.17 1.88 3.15 6.929 10.55

26.3 1.68 2.73 2.75 12.613 19.20

28.5 1.30 4.19 2.25 12.256 18.66

30.8 1.50 2.86 2.75 11.798 17.96
34 0.93 3.69 2.60 8.922 13.58
36 1.33 3.88 2.00 10.321 15.71
38 1.13 263 2.00 5.944 9.05
40 0.77 4.31 2.00 6.637 10.10
42 1.41 2.17 2.50 7.649 11.64
45 1.25 4.99 3.00 18.713 28.49
48 1.30 1.65 3.00 6.435 9.80
51 0.80 0.57 3.00 1.368 2.08
54 0.99 3.04 3.00 9.029 13.74
57 0.50 0.37 2.25 0.416 0.63

58.5 0.00 0.00 1.50 0.000 0.00
60 0.00 0.00 0.00 0.000 0.00

Measured Dis 135.623 cfs
USGS Dis 113 cfs
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Right Hand
Fork

Date 1/15/2015
Time in 5:28 Time out 5:40
Velocity
Distance (ft) Depth (ft) (ft/sec) Cell Dis As a%
0.0 0.00 0.00 0.00 0.00 0.00
1.2 0.00 0.00 0.80 0.00 0.00
1.6 0.15 0.46 0.80 0.06 0.68
2.8 0.53 1.40 1.20 0.89 11.02
4.0 0.68 1.73 1.20 1.41 17.47
52 0.53 1.13 1.10 0.66 8.15
6.2 0.34 1.56 0.90 0.48 5.91
7.0 0.59 2.28 0.75 1.01 12.49
7.7 0.58 2.23 0.75 0.97 12.01
8.5 0.61 1.65 1.00 1.01 12.46
9.7 0.50 1.79 1.15 1.03 12.74
10.8 0.39 1.26 1.05 0.52 6.39
11.8 0.22 0.22 1.15 0.06 0.69
13.1 0.00 0.00 1.60 0.00 0.00
15.0 0.00 0.00 0.00 0.00 0.00
Measured Dis 8.1 cfs
Right Hand
Fork
Date 2/5/2015
Time in 5:38 Time out 5:57
Velocity
Distance (ft) Depth (ft) (ft/sec) Cell Dis As a %
0
1.2 0.00 0.00 0.80 0.000 0.00
1.6 0.32 0.85 0.80 0.218 2.69
2.8 0.70 2.19 1.20 1.840 22.77
4 0.90 2.24 1.20 2.419 29.94
52 0.70 1.81 1.10 1.394 17.25
6.2 0.47 2.46 0.90 1.041 12.88
7 0.70 1.62 0.75 0.851 10.53
7.7 0.70 2.00 0.75 1.050 13.00
8.5 0.66 1.76 1.00 1.162 14.38
9.7 0.60 1.86 1.15 1.283 15.88
10.8 0.51 1.11 1.05 0.594 7.36
11.8 0.37 0.64 1.15 0.272 3.37
13.1 0.10 0.24 0.80 0.019 0.24
124 0.00 0.00 nag 0.000 0.00
14 0.00 0.00 | u.uy 0.000 0.00
Measured Dis 12.142 cfs
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S

Screws 132 Screws @ 4 S 12.15 perS0 3 36.45
Screws 2: 248 screws @ 6 S 17.75 per50 6 S 106.50
$
Angle 6x6x3/8 @ 8 1.75 per lb 64 S 112.00
$ $
Anchor Bolts: 6@ 2 6.00 per piece NA 96.00
$
7,173.05
General Costs:
Item: Pricing: Cost:
$
Concrete Sill: 1x1x4.5 $100 peryd”3 0.167 33.33
$
Earth Fill: $150 delivery S50 peryd”3 39 2,100.00
$
Gabion Found: $100 per Cage S50 peryd”3 6 1,050.00
$
3,183.33

Total for Each Option:

S

Steel: 12,603.98
S

Wood: 10,356.38

Given: 58% of watershed has a curve number of 57, 14% of watershed has a curve

number of 73, and 28% of the watershed has a curve number of 81.

CN

100%

_58%*57+14r%*73+28%*81_66
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Bearing Capacity of Foundations on Top of a Slope

Tn wme instanecs, shailow foundarions need 1o ke constucted on top of a slope. In
Firure 4 14, the height of the slope 1« K and the skwpe makes an angic 8 with the hort
zontal The edge of the foundation 1s lecated at a distance b from the wop of tac sope.
At ulumate koad. ¢, the failure surface welb be as shown in the ngure

Meverhof {1957) Jeveloped the tallowmg theoretical relation for tie ultirraie wear
My wapadity tor comtinunas foundaticny.

4, N, BN <17
Pot puiely granula sol. ¢ 0. thus,
Ya '\yB,\,_‘ [CIELY!

Apgair, for srely Lobcsive sodl @ = 0 the urdraine 4 condizion] nenee
q. — N (= )

where Jndrained cobemon

1 th 5
o Ii"

“ L —_— ’

i - e

Figure 4.14 Shalies foundat.cn on p of o <ope
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* Our professional mentor, Mark Anderson, is an S.E. and a P.E. We added S.E. to
his titles throughout the document.

* In the problem statement, we more appropriately stated the beginning of the
construction period “as soon as late summer 2015,” rather than our previous
statement of “will be constructed beginning in late summer 2015.”

* We included the values of the bearing capacity (7500 psf) of the soil in the
“Foundation Design” section.

* Under “Evaluation,” we explicitly stated that we are using LRFD and AASHTO
standards for the new structure.

AF

The current condition of the pedestrian bridge at Right Hand Fork poses risks to
pedestrian users. Stream crossings with pallets are also dangerous. The requirements
placed on the new bridge will promote safe crossings. The location of the new bridge
will be surveyed to provide easy access to the general public. It will be built with
materials designed to withstand designated AASHTO LRFD loadings and various
adverse weather conditions. The bridge will be built at a suitable height above the river
to prevent abutment erosion. The structure will also be accessible to offer safe crossing
for individuals with physical disabilities. During the construction phase, all workers will
follow Occupational Safety and Health Administration (OSHA) standards. This will
ensure a safe work environment that will help avoid accidents.

C C

The Right Hand Fork pedestrian bridge is a relatively small structure with a braced, two
girder design. Access to the northern side of the stream is unobstructed, since the bank
is adjacent to the dirt road. Machine access to the southern bank will prove more
difficult since the stream banks are quite steep. Therefore, a Gabion foundation design
is suitable for this location since it can easily be installed without the use of heavy
machine equipment. Each glu-lam girder weighs approximately 1750 Ibs, which is
reasonable for a crew of ten workers to place across the stream. Therefore, no crane
will be needed. The rest of the timber materials are quite easy to manipulate and move
with one or two workers. A dump truck will be required to haul the earth fill, but the crew
will be able to place and compact the fill with shovels and a compactor onsite.
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Construction should not take longer than two weeks, nor require more than five to ten
workers.

Protection of native plant and animal life in Right Hand Fork is the primary
environmental constraint. Also, protection of water quality and stability were considered
in the design. Construction will not require heavy equipment that could harm the
ecosystem. We considered multiple locations for the bridge to ensure the protection of
native wildlife while meeting accessibility requirements. The proposed location will not
destroy any trees, and approximately 1,500 ft* of grassy slope will be removed to allow
for the foundations and the earth approach structure. The bridge will allow the public to
cross the stream without disturbing the Bonneville cutthroat trout's habitat.

Accessibility is the primary social constraint. In order to meet this constraint, the bridge
design meets ABA accessibility standards. This mandates that the bridge must have a
minimum 3-ft width, and the proposed design has a 3.5-ft width. Also, the bridge must
be wheelchair accessible, and approach ramps must not exceed a slope of 1:12, which
we designed in the earth approach structure. Therefore, the bridge meets ABA
requirements.

£

The foundation design of the structure is resistant to scour since we placed the
abutments higher on the stream bank. The bridge has a standard 50-year service life
that will not likely be damaged during future flooding events since the design provides 3
feet of clearance above the 100-yr 12-hr storm water level. The bridge will be
constructed out of timber to meet these constraints. A hydrological study provided the
necessary knowledge of the required height of the bridge span.

Software Name Version Manufacturer

HEC-HMS 4.0 US Army Corps of Engineers
AutoCAD Civil 3D 19.1 Autodesk, Inc.

SMathStudio 0.97.5346
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Excel 15.0 Microsoft

MATLAB 8.1 MathWorks, Inc.

RISA-2D 12 RISA Technologies, LLC

HEC-RAS 4.1 US Army Corps of Engineers

ArcGIS 10.2 ESRI
Organization Number Name
American Society of Civil 7-10 Minimum Design Loads for
Engineers, ASCE Buildings and Other Structures
American Association of State | 6™ Edition, Bridge Design Specifications
Highway and Transportation 2013
Officials, AASHTO
American Institute of Steel 14" Steel Construction Manual
Construction
National Design Specification 2012 Wood Design Manual
Natural Resources Part 630 National Engineering
Conservation Service Handbook
Organization Number Name
Architectural Barriers Act, ABA | 401 Accessible Routes
Forest Service Trail 7.4 Technical Provisions
Accessibility Guidelines,
FSTAG
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other group member. Next, these results will be reviewed by our professional mentor
and faculty advisor.

ATY F "
Ensuring a quality product is the result of the previously mentioned four points of

Conduct of Project Management. If these regulations are kept, we will be confident that
our bridge design for Right Hand Fork will be effective and economically feasible.
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