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Project Location

e ElHatillois in Central Panama
e West of Panama City in the
Coclé Province
e Penonomé is the largest 0 *
surrounding city
e ElHatillois home to 27
permanent residents
e Mainly farmers or part time
laborers
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Problem Description

e The Rio Cabuya floods to nearly 18 feet
above its usual water level

e El Hatillo can be stranded for days several
times each year

e Access to neighboring communities is a
necessity

e Work, education, and supplies are all in

Caimital
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Site Location
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e Four sites were
surveyed while in
Panama

: ‘Caimital

e The chosen site was : : _

named DHH X Bridge Site i

e Best choice for freeboard,
material efficiency, and
proximity to existing paths

El Hatillo

Andrew
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Hydraulic Analysis

e ArcGIS
o Watershed characteristics
o Main channel
e Google Maps Pro
o Slope
e HEC-HMS
o Design Storm
o Flood hydrograph
o Estimate flow rates
e Manning Equation
o Determine max water height

Madison
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Digital Elevation Model (DEM)

e United States Geological

Survey (USGS)
o Earth Explorer

e DEM data over terrain base
map
e Red Star: GPS coordinates

for bridge site

o NO08.57754
o W-80.37422

Madison



Delineate Watershed

e Process DEM

o  Flowdirection
o  Flow accumulation
o  Watershed boundary

e Max elevation
o 2,290 ft
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Watershed Charactristics

e Delineate Watershed
o 6.99 mi?
o 67% forested
o 33% open
o RCN=74.728
m Based on soil type and BH
land usage

Contour interval = 65 ft

Madison
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Main Channel
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e Length
o 4.52miles

Tranguillas]

= [ dem_Clip
Value
- High : 698
-

Low : 84

Madison
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Watershed Slope
Google Maps Pro
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e DPoints on the high and low
areas across the watershed

e Elevation profile for each
path
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Watershed Slope Google Maps Pro

e Found slope for each cross
section
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Point ;—Pointy

e Calculated weighted average Percent slope =
for all 5 paths

* 100

Length of segment

Cross section |Elevation at hridge Elevation at peak|Distance from bridge|Point 2-Point 1 [Slope |Average |Welghted Average
1 358 1520 15889 1162 7% 6% 5.5%
2 358 1010 15206 652 4%
3 358 553 9293 195 2%
4 358 510 4540 152] 3%
5 358 8901 4118 543| 13%

Madison
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HEC-HMS Design Storm Model = Bﬁtjsgs

e NRCS Curve Number method

o Have I, = 0.2 * Soil Retention
m Length = 4.52 mi 1000
m Area =6.99 mi? R CN
n \():Vateri\llled lilope = 3.88% A (1000 — 9 * CN)®7
m Curve Number = 75.2 = 1900+ CNO7 + V¥
o Find Ia = Initial Abstraction
m Lagtime value = 143 minutes (2.3 hours) Li= Lag time

m Max Soil Retention = 3.28 inches
m Initial abstraction value = 0.66 inches

S = Max Soil Retention

Madison




HEC-HMS hydrologic simulation model

L HEC-HMS 4.0 [\ \home\ArcGIS\Senior Design\Senior_Design\Senior_Design.hms]
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Senior_Design

- |, Basin Models
- &) Bridge

- Watershed

| |18 Rio Ca...

[ 1 & |&=| Bridge site

1

|

|

|

= |, Meteorologic Models

| @ Control 1

| Precipitaﬁon-l

Method: Type 2
“Depth (IN) | 10.57

Met Name: Dec 7-8 Panama Storm Event

File Edit View Components Parameters Compute Results Tools Help

DSBS [N ¢ Q2 éseFP L

i) Basin Model [Bridge]

& | tone Selected—- ~Mone Selected—

2... Wigtershed

|-|Elridge zite

Rio Cahuya

Design'Senior_Design” at time 03Dec2017, 16:51:44,

MOTE 10008: Finished opening praject "Senior_Design” in directory "WYhamedir. mtu. eduthome\ArcGIS \Senior
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HEC-HMS hydrologic simulation model ™ [Dridges
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] Summary Results for Reservoir "Bridge site” | — | =l

Project: Senior_Design  Simulation Run: Run 2
Reseryvoir: Bridge site

Start of Run: 01Dec2013, 00:00 Basin Model: Bridge
End of Run:  03Dec2013, 00:00 Meteorologic Model:  Dec 7-8 Panama Storm Event
Compute Time: 12Dec2017, 16:356:22 Control Spedfications: Control 1

Volume Units: @ IN () ACFT

Computed Results
Peak Inflow: 7990.8 (CF5) Date/Time of Peak Inflow:  01Dec2013, 1400
Peak Discharge: 7390.8 (CFS) DateTime of Peak Discharge:01Dec2013, 14:00
Inflow Volume:  7.76 (IN) Peak Storage: [AC-FT)

Dizcharge Volume:7. 76 (IMN)

Madison
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Main Channel
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V-1 Graph for Reservoir "Bridge site” =
Reservoir "Bridge site” Results for Run "Run 2*

9,000

e Summary ]

o Peak flow 6.000

m 7990 CFS ga:nnu:

. & 3,0001
o Time of peak 2,000

1.000

m 14 hours 0

00:00 1 E:II]EI EIIIII{.IEI 1 EI[IEI oo
| 01Dec2013 | 020ec2013 |

Legend (Compute Time: 120ec2017, 16:36:22)

Fun;Fun 2 Element:Brdge site Result; Qutflow

——= RumRun 2 Element:Bridge site Result: Combined Flow

Madison
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Manning’s Equation = B?ESLS

C

2
Manings equation = Q = " xA=R3
n

P =

* ke

B =

*52 =295

1.49
045

Z 1 1
Manings equation = Q = * 7724 *9.28 2 x0.0052 = 0.0052z * 96711 = 7990 cfs

Cm = 1.49 for US Standard Units
A = Cross Sectional Area (ft?)

B . . _ A
R = hydraulic Radius = - (ft)

WP = Wetted Perimeter = Perimeter-width of channel (ft)

S = Slope = .005 ft/ft (or 0.5%)

n = Manning’s Coefficient = 0.045 for 49% cobble, and 51% brush and vegetation
[t

5

Q. = Discharge =7990

Max Depth = 17.3 ft

Madison



Bridge Design
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Suspension bridge
Two 280 ft galvanized steel cables
20ft tall towers

160ft deck span

Concrete anchors and foundation
Wooden deck with steel supports
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Bridge Design - Plan N
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Bridge Design - Profile

Main Elements

e Towers

e (Cables

e Deck/Walkway
[ ]

[ ]

Anchors
Foundation
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Bridge Design - Towers

e Designed with Bridges to e or -

. Hal 4
Prosperity standards o
e Tower Load: 101 kips i el
[5\ CONNECTOR PLATE
/_E \ SCALE; 1"=10"
7 g3 1963
‘ | 3"x3"x§" ANGLE .
H BACK TO BACK 25" HOLES FOR
__| ‘__ 2 @18 J i FPLATE T |7 #0' # ANCHOR BOLTS
8
- A
@6" 0.0, —_| i
@ T?LWESSROSS-BRACWG { \@ g
L3 ° i
‘ g-100" | 1 s |—
3 ANGLE
| o 6
-4 g — /E

hl TOWER CROSS-BRACING
@ , Ed

SCALE: 1" =1"




Bridge Design - Cables

e Main Span: 1%" diameter, 264 kip
breaking strength

e Suspender: 3" diameter, 15.1 kip
breaking strength

e Max Tension in cable 130 kips

PY FS Very hlgh for Suspender CableS 1%" Cable Ultimate Strength = 132 tons = 264,0001bs
due to cost indifference and ettt Siprety) (0= B

corrosion defense 5. Trorat 5.0
Number of 1§ Cables (N,.) = 264,0000b5 = 1.56

3
5" Suspender Cable Breaking Strength = 7.55 tons = 15,100lbs

15,100(b
Suspender Cable Factor of Safety = il 20.1>5.0

7501bs Ed



Bridge Design - Deck/Walkway

Dead Load: 13,200 Ibs

Live Load (90 psf): 43,200 Ibs
Wind Load (20 psf): 1,800 Ibs
2"x8"x8’ Pressure Treated Lumber
4’ chainlink fence

Designed for simple and easy
maintenance

4-0"TYP.

Lo

f— 30" TYP. —

3'" - -§

i

H
40" TYP. ———

1 DECK SUPPORTS
SCALE: 1"= 1:0"

Ed



Bridge Design - Anchors

e 22.5CY of concrete each

] ) (3) 3"x6" METAL PLATES
e Reinforced with #3 rebar I g
F'iF'E\

l
16" -

~
&

. CABLE CONNECTOR

e \1 j/' SCALE: 34" = 14"

@\ ANCHOR DETAIL
i TR e

I/ scaLE: s =rar

ANCHOR DETAIL
SCALE

LE 3" — 1
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Structural Analysis

Goal?

Minimize dimensions for
appropriate safety factors to
reduce costs of materials.




Structural Analysis - Anchors
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Free Body Diagram

Identify Forces Acting on Anchor

1. Tension
Tension from Cable from cable

—_—

2. Friction

3. Forces from Soil

4. Weight of Anchor

Rfriction Be”e
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Free Body Diagram

Identify Forces Acting on Anchor

1. Tension
1. Sliding Check (horizontal) from cable
a. Driving Forces Vertical
b. Resisting Forces Wei H/
2. Uplift Check (vertical) )
a. Driving Forces Horizontal

b. Resisting Forces

Rfriction Be”e
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Anchor Forces

1. Anchor Sliding Check Resisting Forces

Fy= =2
Driving Forces

Step 1: Identify Horizontal Forces

Driving Forces

Rs = Pyctive + Ty

B
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/
D
Ty
Resisting Forces
RR = Rf?'iction F RPassive Pactive |::> |
RPassive
Driving forces need to be smaller so no sliding occurs! Ryriction Belle



Anchor Forces

1. Anchor Sliding Check

Step 2: Sum Horizontal Driving Forces
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Rs = Pyctive + Ty

1
Pactive = E(Ka)(y)(hz)(w) = 13.3 kips

_ (1 —sin®)
@7 (1 +sing)

= 0.361

Working Load - L
8-Sag

Horizontal Tension (Ty) = = 77.6 kips

Padive i>

Where:
K,= active earth pressure coefficient
¥ = soil density = 115 Ib/ft*3

h = anchor height = 8 ft

w = anchor width = 10 ft

@ = angle of internal friction = 28 deg Be”e



\)

:‘,,,Better
ridges

Anchor Forces

1. Anchor Sliding Check

Step 2: Sum Horizontal Driving Forces

Rs = Pyctive + Ty

Rg = 13.3 Ibs + 77.6 kips T
Padive i>

Belle



Anchor Forces

1. Anchor Sliding Check

Step 3: Sum Horizontal Resisting Forces

\\

RR = Rfriction ¥+ RPassive
Rpriction = W * (Ty + Wsonr) = 36.3 kips

2
Rpassive = iKp}" (g h) w(H, — H;) = 230 kips

1 + sin(28°
o (28°)

—— =277
P 1-—sin(28°)

&=

R friction

RPasshre

B
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Anchor Forces

1. Anchor Sliding Check

Step 3: Sum Horizontal Resisting Forces

\)

RR = Rf?'iction = RPassive

Ry = 36.3 kips + 230 kips :

&=

R friction

RPasshre

B
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Anchor Forces

1. Anchor Sliding Check

Step 4: Verify Horizontal Forces

R, 266.3 kips
R 91 kips

-~ Acceptable

\\
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Padive i>

Belle
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Anchor Forces
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2. Anchor Uplift Check Resisting Forces

_ . . FS = =
Step 1: Identify Vertical Forces Driving Forces

—

Uplift from tension in cable

2. Friction

3. Weight of soil

4. Weight of anchor

R o riction@

Belle
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Anchor Forces

2. Anchor Uplift Check

Step 2: Sum Vertical Driving Forces

Tgs, = Vertical Driving Force < 38.8 kips

Belle
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Anchor Forces

2. Anchor Uplift Check

Step 3: Sum Vertical Resisting Forces

VR = Reriction + Wanchor + Wsour WSOil

= 36.3 kips + 51.3 kips + 17 kips =(104.6 kips

R\, WAnchor
friction

Belle



Anchor Forces

2. Anchor Uplift Check
Step 4: Verify Vertical Forces

. Vi _ 104.6 kips @
" Tgs, 38.8kips

~ Acceptable

\\

Resisting Forces
Fy= =2
Driving Forces

R o rictim@

B
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Foundation Calculations
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Foundation Calculations

Vertical Load
at Towers from
Cable

Confirm total forces acting
on soil do not exceed its
bearing capacity, q

Weight of

P = il Towers

A

q Weight of lj
SF=— =15 concrete

P

Bearing \
Capacity

Belle of Soail, q




Foundation Calculations

Working Vertical Load at Towers Fyy
Weight of towers

Weight of concrete for 6.5’ x 6.5’ foundation
W, :150%* 6.5 ft * 6.5 ft « 4 ft

Forces on soil F = W+ W; + Fuy

=193,9901bs
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Vertical Load
at Towers from
Cable

Weight of
Towers

Weight of lj

concrete

Bearing
Capacity
of Soail, q

Belle
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Foundation Calculations

Vertical Load
at Towers from
Cable

Design Area:

6.5 ft x 6.5ft = 42 ft"2

Weight of
Towers

F
P =i _
A Weight of l,
concrete
P F 94,000 lbs
A 47 ft2 Bearing
Capacity
of Soil, q Belle




Foundation Calculations

Compare bearing capacity of
soil to the pressure exerted by
the foundation onto the soil

Assume bearing capacity = 3,500 lbs/ft*3

3,50025
e
SF = =
2, 225ft2
~. Acceptable

\\
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Vertical Load
at Towers from
Cable

Weight of
Towers

Weight of l,

concrete

Bearing
Capacity
of Soail, q

Belle
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Structural Analysis

Summary

e Anchors-Buried M

o Dimensions
m 8x8x10 ——
m Safety factor of 2 for horizontal and
vertical components
o Assumptions
m Water table negligible

Foundation-Buried

o Dimensions

m 6.5x65x4

m Safety Factor of 1.5
o Assumptions

m Soil Properties



Cost Estimate

Using RS Means and MDOT
construction rates

Material costs estimated using
various suppliers across continental
US

Labor costs in Panama are expected
to be significantly less

Donated labor and materials would
greatly reduce cost

Item Material Cost
Clear and Grub

Excavation

Anchors 55,401.16
Tower Foundations $1,290.12
Towers 57,508.02
Cables $19,578.98
Walkway 57,488.74
Erosion Control $1,206.00
Superintendant

Misc Tools/Operations

\\

Labor Cost
£2,291.27
51,888.70

§12,569.77
$4,189.92
£1,224.15

$597.66
§4,317.02
$647.55
£5,000.00

:‘,,,Better
ridges

Equipment Total
S800.00 53,191.37
51,888.70
$21,970.93
§5,480.04
58,732.17
5200.00 §20,376.64
$11,805.76
§1,853.55
52,000.00
52,800.00 52,800.00

Totals $46,473.02

$36,826.14

$3,800.00 $87,099.16

Andrew



Cost Estimate Breakdown

Walkway:
Anchors:
Cables:
Towers:

Labor:

Equipment:

Total:

$8,000
$10,000
$20,000
$9,000
$39,000
$4,000
$90,000
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@® Walkway @ Anchors Cables @ Towers @ Labor @ Equipment

Andrew



Schedule

Start: End of wet season

End: During dry season (dry season is January-May)
40 day duration

Optimal schedule excluding major delays
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Task Dec31, 17 Jan7,"18 Jan 14,18 Jan 21,18 Jan 28,18 Feb4,"18 Feb 11,18
O Node + ToskMName v |Duration v [Stat - |Fnish | Predecessos v|( T (F (S S (M [T |W T|(F 5|5 M|T W T|F|(5|5 M T W|(T|F 5| S M T |W|(T| F 5 & M T W T F|5 5 M T WT| F[5 5 MT
A Mabilization 3 days Sat 12/30/17 Tue 1/2/18 1 [’b Mobilization
b Clearand GrubEastBank  2days Wed 1/3/18 Thu 1/4/18 1 I Clear and Grub East Bank
b Clear and Grub West Bank  2days Fri1/s/18 Sat1/6/18 2 ¥ Clear and Grub West Bank
b Excavate East Foundation  2days Fri1l/s/18  sat1/6/18 2 I qimvate East Foundation
A Excavate West Foundation 2 days Fri1f12/18 Sat1/13/18 6,3 [i E West Found:
A Excavate East Cable Anchor 3 days Mon 1/8/18 Thu 1/11/18 4 I I Excavate East Cable Anchor
| » Excavate West Cable Anchor 3 days. Mon 1/15/1F Wed 1/17/1§ 5 I Excavate West Cable Anchor
) Form and Pour East 3days Mon 1/8/18 Thu 1/11/18 4 1 I-{Form and Pour East Foundation
Foundation
) Form and Pour West Anchor 4 days Fri1f19/18 Tue 1/23/18 7 ‘orm and Pour West Anchor
5 Form and Pour West 3days Mon Wed 5 | gﬁ"m and Pour West Foundation
Foundation 1/15/18 1/17/18
) Assemble and Errect West |3 days Thu1/18/18 Sat1/20/18 10 1 1- Assemble and Errect West Tower
Tower
b, Form and Pour East Anchor 4 days Sat1/13/18 Wed 1/17/15 6 [+ I- Form and Rour East|/Anchor
A Assemble and Errect East 3 days Sat1/13/18 Tue1/16/18 8 +l TAssemble and Errect East Tower
Tower
b Set Cables 3days Wed 1/24/1¢ Fri 1/26/18  12,9,13,11 " [’_‘ﬁ&blﬁ
b Construct Deck Sdays Sat1/27/18 Thu2/1/18 14 Jﬂﬂiruﬁ Deck
A Install Fencing 2days Fri2f2/18 sat2/3f18 15

Demobilize 6days Mon 2/5/18 Sat2/10/18 16

tstall Fencing

Demobilize
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Conclusion

e ElHatillo Footbridge
o Better Bridges has designed a bridge with
sustainability and economic efficiency as a focus
o Easy repairs and maintenance are important design

factors
o The danger and inconvenience of wading through

the Cabuya River will be eliminated with the
construction of this bridge

e Team Experience
o iDesign provided great design
experience and cultural learning
opportunities

Andrew
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