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Introduction 
 
A bridge at 14400 South over Utah Canal in Bluffdale, Utah has suffered significant damage due 
to corroding steel reinforcement within the bridge superstructure. A BYU capstone team was asked 
to analyze the current capacity of the bridge, estimate its remaining lifespan, propose options for 
rehabilitation or replacement, and provide possible funding sources for each recommended 
method.  
 
Site visits were performed in October 2018 and January, February, and March 2019 to gather 
various pieces of data and to monitor the bridge over time. As part of the site visits and data 
gathering, a 3-dimensional model of this bridge was built using photogrammetric software. This 
model is available at http://prismweb.groups.et.byu.net/gallery2/ and may be used by the city of 
Bluffdale for any purpose.  
 
We would like to recognize the great contributions made by Dr. Kevin Franke (team mentor), Dr. 
Fernando Fonseca (concrete analysis), Dr. Christine Isom (bridge loading and design), Dr. Jim 
Nelson (economic analysis), and Drs. Wayne Lee and Rollin Hotchkiss (capstone project 
coordinators) throughout the course of this project. We also recognize the contributions made by 
many third-party contractors who were willing to provide cost estimates for rehabilitation or 
replacement options.  
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Abstract 
This project focused on a bridge constructed from prestressed double-tee beams, built and installed 
in 1986. The bridge has suffered heavy concrete damage on two girders and moderate damage on 
several others. Exposed rebar and prestressing strand are the primary concerns for the strength of 
this structure.   
 
Data gathered from visual inspections was analyzed and compared to the original bridge design. 
Discrepancies were found between the original design specifications and the as-built condition, 
which likely had a large role in the early deterioration of this structure. Methods prescribed by the 
American Association of State Highway and Transportation Officials (AASHTO) and the Precast 
Concrete Institute (PCI) were used to analyze the current strength of the structure. Reports from 
the Utah Department of Transportation (UDOT) were used to form a time history of the bridge 
deterioration and to estimate the remaining life of the structure before terminal service condition 
is reached.  
 
An economic analysis of two temporary repair options and two full bridge replacement options 
was performed. Because the damage to the bridge in question was likely amplified by both water 
seepage and thermal effects, a new type of bridge was proposed. This new bridge, made from 
precast concrete arches, will largely reduce the seepage and expansion problems found to be 
prevalent in the existing structure. This structure is more expensive than a bridge replacement of 
the same type, but its extended life expectancy makes it the most cost-efficient option. Advantages 
and disadvantages of each option are set forth in the economic analysis section.  
 
Funding sources (apart from dedicated city funds) at both the local and state level are available. 
Several options at each level are presented in the funding sources section. Many of these sources 
are designed to aid cities in promotion of intermodal transportation. If this bridge were part of a 
larger project, repair and replacement funding would be readily available. All options, regardless 
of their tie to intermodal transportation, are set forth and analyzed.   
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Preface to Structural Analysis 
 
This analysis encompasses several design and analysis techniques put forth by the American 
Association of State Highway and Transportation Officials (AASHTO) and the Precast Concrete 
Institute (PCI). The bridge beams in question have structural damage at the mid-span point, the 
critical area for bending moment stresses. The maximum shear stresses occur at the edge of the 
bridge. Because the edges of the bridge beams do not have major concrete section loss, nor has the 
prestressing steel been severely compromised in these locations, we have made the assumption 
that the bridge has its original design capacity for shear strength.  
 
All analysis calculations focus on bending moment capacity due to the loss of prestressing strand 
and concrete sections. Various calculation methods were used to check the values included in this 
report; some methods of analysis were not included to maintain simplicity.  
 
AASHTO bridge design specification section 4.6 allows for the use of static analysis in 
determining the strength of a structure. This analysis uses a simple statics method with appropriate 
fatigue limit factors. Because the loading patterns of this bridge are extremely simple, with two 
design lanes and a current weight restriction of 26,000lbs GVW, the basic bridge design falls 
outside standard AASHTO bridge loading specifications. Using a simple static analysis, together 
with dynamic loading factors prescribed in the bridge design specification, this analysis gives an 
approximation of the current state of the structure.  
 
Steel and concrete deterioration are ongoing processes and cannot be accurately predicted. 
Corrosion of steel still embedded in concrete poses a special challenge for analysis, and the state 
of such reinforcement cannot be determined without a full impedance scan or other corrosion 
analysis of the structure. Such tests are costly and may not yield results with enough precision to 
be an economical option. Given the very small scale of the bridge and the challenges presented 
with connecting testing equipment to steel encased within the concrete, we do not recommend 
such scans or tests be done.  
 
All structural calculations used to determine loading, capacity, and future projections will be 
presented. These calculations are estimations of the current structure condition but cannot be 
construed as precise and accurate figures. A large amount of variability exists based on unknown 
parameters. This evaluation uses conservative estimations, which are clearly explained hereafter.   
 
Brigham Young University and the members of the capstone team representing the university are 
not liable for any consequences due to structural deficiencies. This report has not been stamped by 
a licensed engineer and only provides estimations and recommendations. Any failure of the 
structure before it is repaired or replaced is the sole liability of Bluffdale City and the Utah 
Department of Transportation (UDOT).  
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Demand Analysis 
Lane Distribution 
Lane distribution requirements were calculated based on equations from the 2012 AASHTO LRFD 
Bridge Design Specification Handbook. The distribution factor specifies how much of a design 
lane load is applied to each beam.  
 
The bridge being examined consists of 12 beams: 2 on each side supporting a sidewalk that are 
raised 6” above the other beams, 8 interior beams supporting the roadway. Interior beam analysis 
was used for the beam in question. The end beams are only supporting pedestrian loads and do not 
show any signs of significant deterioration; thus, the interior beam loading distribution factors 
were used in the analysis.  
 
Analysis 
Table 4.6.2.2.2b-1 contains the distribution factor calculations for the interior beams. The double-
tee section aligns with section i shown in Table 4.6.2.2.1-1 and is a valid shape for AASHTO 
bridge distribution calculations.  
 
The bridge beams are anchored together with 3 small steel plates on each side. Beneath the bridge, 
rust stains are visible where some of the connecting plates are located. Because these stains are 
visible, we know that the plates are degrading. They can still be assumed to prevent relative vertical 
displacement at the interface of the beams (no evidence that the beams have differential 
displacement is visible) but cannot be assumed to be strong enough to make the entire bridge deck 
act as a single unit.  
 
The distribution factor was calculated with the following equations:  
 

𝐷𝑖𝑠𝑡. 𝐹𝑎𝑐𝑡𝑜𝑟 = ,
-

 where S = beam spacing, 60” 
 

𝐶 = 𝐾 01
2
3 ≤ 𝐾 where K = 2.0 (Table 4.6.2.2.2b-1, conservative values for 

preliminary design) 
 
 W = roadway width, 40 ft 
 L = clear span length, 24 ft 
 
 

𝐶 = (2.0)
40𝑓𝑡
24𝑓𝑡 ≤ 2.0 

 
Using C = 2.0: 
 
 𝐷 = 11.5 − 𝑁𝐿 + 1.4𝑁𝐿(1 − 0.2𝐶)A where NL = number of lanes, 3 

 
𝐷 = 10.01	𝑓𝑡 
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Total Distribution Factor:  
 
 𝐷𝑖𝑠𝑡. 𝐹𝑎𝑐𝑡𝑜𝑟 = ,

-
= CDE

FG.GFDE
= 0.499	»	0.5 

 
This bridge will only carry two lanes of traffic; however, due to the road width of approximately 
40 feet, the bridge must be designed for three lanes of traffic.  
 
The distribution factor applies to the live load due to the design axle load and the uniform 
distributed load across the road surface. Dead loads due to the wearing surface and the beam weight 
are not subject to the distribution factor.  
 

Bending Moment Analysis 
Dead Load Moment 
The weight of each beam was calculated as a distributed dead load based on the original cross 
section. Though some concrete has chipped off the bottom, it is conservative to use the original 
cross-sectional area of the beam for the calculations.  

 
𝐴 = 𝑏K ∗ 𝑡K + 2M𝑏D ∗ ℎDO 

 
 Where bw = 60 in. (59.5” concrete plus 0.5” of filler grout) 
  tw = 6 in. 
  bf = 6.5 in. 
  hf = 10 in.  
 
 𝐴 = 60 ∗ 6 + 2(6.5 ∗ 10) = 487	𝑖𝑛A 
 
Assuming a concrete weight of 0.145kcf for a 1-foot length of beam: 
 
 𝑤 = 487𝑖𝑛A ∗ FAUV

FDE
∗ G.FWCXYD
(Z[\]^_

`

ab` )
 

 
 𝑤 = 0.4904𝑘𝑖𝑝/𝑓𝑡 
 
Total moment on the beam due to self-weight: 
 

 𝑀-g =
Kh\

i
=

j.kljkm
ab ∗(AWDE)\

i
= 35.31𝑘-𝑓𝑡 

 
 
Wearing Surface Moment:  
 
 𝑤p = 60𝑖𝑛 ∗ 6𝑖𝑛 ∗ FAUV

DE
∗ G.FWCXYD
(Z[\]^_

`

ab` )
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 𝑤p = 0.3625	𝑘/𝑓𝑡 
 

 𝑀-1 =
j.`q\rm

ab ∗AWDE\

i
= 26.1𝑘-𝑓𝑡 

 
Live Load Moment 
The bridge was originally designed for HS-20 loading, which consists of an 8 kip point load from 
the front axle of the design truck and a 32 kip point load from the back axle.  
 
In addition to the point load from the axle, the design lane must be designed for a 0.64 kip/ft 
distributed live load.  
 
Because the bridge is only 24 ft long and the spacing between the front and rear axle of a design 
truck is 14 ft, the front axle will no longer be on the bridge when the rear axle reaches the middle. 
The rear axle causes a larger moment at the center than the two axles combined at any point on the 
bridge. Only a single point load is used in the live load moment calculation because the front axle 
is not on the structure at the point of maximum moment.  
 
 𝑃𝐿 = 32𝑘 
 
 𝑀t2 =

t2
W
= 	 uAX∗AWDE

W
 

 
 𝑀t2 = 192𝑘-𝑓𝑡 
 
The distributed live load may be calculated in the same manner as the dead loads, with a 0.64k/ft 
distributed load.  
 
 𝑀-2 = 46.1𝑘-𝑓𝑡 
 
Impact Factors and Limit States 
Several limit states must be calculated to ensure safe operation of the bridge. All load combinations 
are taken from the AASHTO bridge design manual, section 3.4.1. Following is a list of applicable 
limit states and their purposes:  
 

Service 1:  Load combination for normal operational use, with 55mph wind and 
nominal loads. This load combination is applicable.  

Service 3:  Load combination to control cracks within prestressed concrete members.  
Strength 1:  Load combination for normal vehicular use without wind.  
Strength 4:  Load combination for high dead load to live load force effect ratios. This 

is not applicable to this bridge, as the main concern is live load rather than 
dead load.  

Fatigue:  Fatigue and fracture load combination.  
 

No extreme event load combinations were calculated. All other combinations are non-applicable 
for the scope of this project.  
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Table 1 summarizes the maximum bending moments produced by each load combination.  
 
 

Table 1: HS-20 Limit States 

 
 

 

Shear Analysis  
Shear stresses have not been considered in this design.  
 
Maximum shear stresses are experienced at each end of the bridge. The concrete at each end of the 
beams has suffered very minimal damage so it can be assumed that the bridge still has the original 
design shear capacity. The primary concern with cracked concrete and exposed reinforcement at 
the center of the bridge is bending moment capacity, not shear capacity.  
 
  

Load Max. Moment
DC 35.3 k-ft
DW 26.1 k-ft
LL 238.1 k-ft
IM (Live) 0.33
IM (Fatigue) 0.15
Distribution Factor 0.500 lanes/beam
Service 1 219.7 k-ft
Service 3 188.1 k-ft
Strength 1 360.3 k-ft
Fatigue 123.2 k-ft

Notes

Limit States

1. Limit States are given in LRFD Table 3.6.2.1-1
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Shear and Bending Moment Diagrams 
 
 

 
Figure 1: HS-20 Shear Diagram 

 
Figure 2: HS-20 Moment Diagram 

 

Load Limits 
Currently, 14400 South has a weight limit of 26,000lb, posted near the intersection at Redwood 
Road. This vehicular load limit reduces the demand on the bridge significantly. Rather than a 32k 
axle load, the rear axle load on a 26,000lb truck is roughly 22kips. The following tables and 
diagrams show the calculated demands on the bridge based on the current weight restriction.  
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Table 2: 26,000lb Loading Limit States 

 
 
 
 

 
Figure 3: 26,000lb Loading Shear Diagram 

Load Max. Moment
DC 35.3 k-ft
DW 26.1 k-ft
LL 178.1 k-ft
IM (Live) 0.33
IM (Fatigue) 0.15
Distribution Factor 0.500 lanes/beam
Service 1 179.8 k-ft
Service 3 156.1 k-ft
Strength 1 290.5 k-ft
Fatigue 92.2 k-ft

Limit States

Notes
1. Limit States are given in LRFD Table 3.6.2.1-1
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Figure 4: 26,000lb Loading Moment Diagrams 
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Strength Analysis 
 

Cross Sectional Properties 
Table 3 summarizes the cross-sectional properties of the bridge as originally designed. These 
measurements were used to determine the prestress losses associated with precast construction.  
 

Table 3: Original Cross-Sectional Properties 

 
 
 

Prestress Concrete Analysis 
Prestress Losses 
Prestress Losses were calculated in accordance with the Federal Highway Administration (FHA) 
Prestressed Concrete Girder Superstructure Design handbook.  
 
 
Prestress Losses are calculated with the following equation: 
 
 ∆𝑓wx = 	∆𝑓wy, +	∆𝑓wgz +	∆𝑓wzA 
 
  
Stresses in tendons prior to transfer: 
 
 𝑓wE +	∆𝑓wy, = 0.75𝑓w{ 
 = 202.5𝑘𝑠𝑖 
 
Elastic Shortening: 
 

Flange Width bf 59.5 in
Flange Thickness tf 6 in
Web Width bw 6.5 in
Web Height hw 10 in
Total Area Ag 487 in2

Moment of inertia I 8253 in4

Centroid Location (from top) y 5.14 in
Section Modulus S 1607 in3

Prestress Strand Area Aps 1.53 in2

Tension Reinforcement Area As 0.20 in2

Compression Reinforcement Area As' 1.96 in2

Original Cross-Sectional Properties
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 ∆𝑓wy, = 	
|}~D}�bM����\(|�)O����|�

|}~M����\(|�O)�
������^

�}

 

 
 Where  e = eccentricity at midspan, 9.42” 
  fpbt = stress prior to transfer, 202.5ksi 
  Mg = self-weight moment, 35.3 k-ft 
  Eci = concrete modulus of elasticity, 4031ksi 
  Ep = prestressed strand modulus of elasticity, 29000ksi 
 
 ∆𝑓wy, = 21.97𝑘𝑠𝑖 
 
Note: eccentricity was calculated according to the original bridge plans with all (5) prestressing 
strands in a group at the bottom of each leg. Based on site observations, the strands were not 
installed in this pattern. However, for the purposes of this analysis, the original design was 
considered apart from site observations.  
 
Prestressing stress at transfer: 
 
 𝑓wE = 𝑆𝑡𝑟𝑒𝑠𝑠	𝑝𝑟𝑖𝑜𝑟	𝑡𝑜	𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 −	∆𝑓wy, 
 
  = 180.53𝑘𝑠𝑖 
 
Prestressing force at transfer: 
 
  𝑃E = 	𝑓wE𝐴wp 
 
  = 	276.2𝑘𝑖𝑝 
 
Shrinkage Losses 
 
 ∆𝑓w,z = (17.0 − 0.15𝐻)𝑘𝑠𝑖 
 
 Where H = average annual relative humidity, assumed to be 0.55 
 
 ∆𝑓w,z = 8.75𝑘𝑖𝑝 
 
Creep Losses 
 
 ∆𝑓wgz = 12.0𝑓Y�w − 7.0∆𝑓Y�w 
 
 Where fcgp = concrete stress at the center of gravity of the prestressing steel, 4.09ksi 
   fcdp = change in concrete stress due to permanent loads 
 
 ∆𝑓wgz = 30.75𝑘𝑠𝑖 
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Relaxation Losses 
 
 ∆𝑓wzA = 20.0 − 0.4∆𝑓wy, − 0.2M∆𝑓w,z +	∆𝑓wgzO𝑘𝑠𝑖 
 
   = 	3.312𝑘𝑠𝑖 

Under the assumption that the strand is low-relaxation strand, the relaxation loss may be 
reduced by 70%.  This will result in a relaxation loss of 0.99ksi.  

 
 
 Total Loss Calculations 
 
 ∆𝑓wx = 	∆𝑓wy, +	∆𝑓w,z + ∆𝑓wgz + ∆𝑓wzA 
 
  = 62.47𝑘𝑠𝑖 
 
 
 𝑓w���� = 0.8𝑓w� = 0.8(243𝑘𝑠𝑖) = 194.4𝑘𝑠𝑖 
 
 
 𝑓w� = 0.75𝑓w{ −	∆𝑓wx 
 
  = 140.03𝑘𝑠𝑖 < 194.4𝑘𝑠𝑖 
 
 
The stress loss calculated here is greater than half of the yield strength of the strand. However, 
with the analysis modified to incorporate the current cross-sectional properties of the beam and 
assumed layout of the prestressing strand, the losses in the strand are different. Table 4 and Table 
5 show the results from the original analysis and the current section analysis, respectively.  
 
When the prestressed losses exceed half the yield strength of the strand, the beam can be designed 
as a simply reinforced concrete double-tee beam. Because the bridge beams under investigation 
currently fit the criteria for design as a simply reinforced beam (strand stress is less than 135ksi), 
the analysis presented hereafter follows standard reinforced concrete principles rather than 
prestressed concrete.  
 
Note: The current section eccentricity was calculated as if the prestressed strands were stacked on 
top of each other. The centroid of the concrete beam is currently 4.58 inches from the top of the 
beam. The centroid of the reinforcement was calculated by subtracting the strand edge distance 
(1.5 inches) and, assuming the strands are in contact with each other in a vertical pattern, the 
distance from the edge of the first strand to the center of the third strand (1.25 inches) from the 
original beam depth of 16 inches. This results in an eccentricity of 8.67 inches.  
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Table 4: Original Prestress Loss 

 
 

Ultimate Stress fpu 270.0 ksi

Initial Tendon Stress fpbt 202.5 ksi

Prestress Area Aps 1.53 in
2

Self-Weight Moment Mg 35.3 k-ft

Moment of Inertia Ig 8253.0 in
4

Eccentricity e 9.42 in

Total Cross-Sectional Area Ag 487 in
2

Modulus of Elasticity Ec 4031 ksi

Es 29000 ksi

Elastic Shortening Loss ΔfpES 21.97 ksi

Stress Prior to Transfer fpt 180.53 ksi

Prestress Force at Transfer Pt 276.2 kip

Average Humidity H 55%

Shrinkage Loss ΔfpSR 8.75 ksi

Concrete Stress Δfcgp 3.053 ksi

Center of Gravity Change Δfcdp 0.841 ksi

Creep Loss ΔfpCR 30.75 ksi

Relaxation Loss ΔfpR2 3.312 ksi

Low Relaxation Loss 0.99 ksi

Max fpe fpe 194.40 ksi

Total Loss ΔfpT 62.47 ksi

fpe fpe 140.03 ksi

Prestress Losses - Original Design
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Table 5: Current Section Prestress Loss 

 
 

Beam Design (PCI) 
Because the prestress losses are less than 0.5fpu, the stress in each strand is determined by strain 
compatibility methods. The following calculations are based on the current bridge condition, with 
tensile and compressive reinforcement determined from the original design drawings and site 
observations.  
 
 𝐶𝜔w{ = 𝐶 �|}~D}�

��}D�Y
� +	 �

�}
(𝜔 − 𝜔�) 

 
 𝜔 = |~D�

��D�Y
   where As = 0 in2 (tensile reinforcement is not providing strength) 

 
 𝜔� = |~�D�

���D�Y
  where  A’s = 3.73 in2 (10 #4 bars, 4 #6 bars) 

Ultimate Stress fpu 270.0 ksi

Initial Tendon Stress fpbt 202.5 ksi

Prestress Area Aps 1.53 in
2

Self-Weight Moment Mg 0.0 k-ft

Moment of Inertia Ig 8253.0 in
4

Eccentricity e 8.67 in

Total Cross-Sectional Area Ag 487 in
2

Modulus of Elasticity Ec 4031 ksi

Es 29000 ksi

Elastic Shortening Loss ΔfpES 22.16 ksi

Stress Prior to Transfer fpt 180.34 ksi

Prestress Force at Transfer Pt 275.9 kip

Average Humidity H 55%

Shrinkage Loss ΔfpSR 8.75 ksi

Concrete Stress Δfcgp 3.080 ksi

Center of Gravity Change Δfcdp 0.000 ksi

Creep Loss ΔfpCR 36.96 ksi

Relaxation Loss ΔfpR2 1.995 ksi

Low Relaxation Loss 0.00 ksi

Max fpe fpe 194.40 ksi

Total Loss ΔfpT 67.87 ksi

fpe fpe 134.63 ksi

Prestress Losses - Current Section
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      d’ = 3 inches (rebar locations estimated from structural drawings) 
     b = 59.5 inches (width of beam flange) 
     f’c = 4.5ksi 
 
 𝜔 = 0 
 𝜔� =	0.2801 
 
For bridges…… C = 1.06 
 
 𝐶𝜔w{ = 1.06 0 F.CuUV\(A�GXpU)

C�.CUV(FuUV)(W.CXpU)
3 + GUV

FuUV
(0 − 0.2801) 

 
 
 𝐶𝜔w{ =	0.0925 
 
Note: d was taken as 0 inches because there is no longer any remaining tensile rebar.  
 
If d was assumed to be 14 inches as originally designed, with tensile reinforcement equal to 0.39 
in2, the 𝜔 value would increase to 0.02514, and the value of 𝐶𝜔w{ would be taken as 0. Because 
the higher 𝐶𝜔w{ value is conservative in concrete design, d was taken as 0 inches.  
 
From Figure 4.12.3 in the PCI handbook with 𝐶𝜔w{ = 0.136, 
 
 𝜀 = 0.022 
 𝑓wp = 267𝑘𝑠𝑖 
 
Area of compression: 
 
 𝑎 = 	 |}~�	|~D��	|~

�D��

G.iC(D�Y)�
 

 
 𝑎 = 0.812	𝑖𝑛 
 
Check for tension-controlled design: 
 
 𝑐 = 	 �

 Z
	where	𝛽F = 0.825 

 
 𝑐 = 0.984 
 
 
 Y

�b
= G.�iWUV

FWUV
= 0.0703 

 
Because Y

�b
 is less than 0.375, the ∅ factor may be taken as 0.9. 
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Since the compression zone depth (a) is less than the flange depth, the moment may be 
calculated with no further modifications 
 
 𝑀V = 	𝐴wp𝑓wp 0𝑑w −

�
A
3 +	𝐴p𝑓� 0𝑑 −

�
A
3 +	𝐴p� 𝑓�� 0

�
A
− 𝑑�3 

 
Using the values previously calculated: 
 
 𝑀V = 	4340	𝑘-𝑖𝑛 
       = 	361.7	𝑘-𝑓𝑡 
 
 ∅𝑀V = 325.5	𝑘-𝑓𝑡 
 
This value for the moment-resisting capacity of the beam reflects the total loss of the tensile rebar 
reinforcement, but no loss of prestressing force. This calculation gives a base capacity of the bridge 
before any strand rusting has occurred.  
 
Estimates of the original strength and current strength are given in Tables 6-7 below. See the 
Comments on Analysis section below for explanations of assumptions made in this analysis.  
 

      Table 7: Original Design Capacity 

  
 

Prestressing Strand Strength fps 267 ksi
Effective Stress in Steel fse 134 ksi
Number of Strands N 10
Prestress Area Aps 1.53 in2

Tensile Steel Area As 0.393 in2

Tensile Steel Strength fy 60 ksi
Concrete Strength f'c 4.5 ksi
Width b 59.5 in
Compression Reinforcing A's 3.73 in2

Compression Steel Strength f'y 60 ksi
Centroid of Comp. Reinforcing d' 4 in
Stress Block Depth a 0.915 in
Stress Block Area Acomp 54.45 in2

Prestressing Steel Centroid dp 13.00 in
Depth to Extreme Tension dt 14.00 in
Factor ! 0.825
Extreme Comp. to Neutral c 1.109 in

c/dt 0.0792 < 0.375
� 0.9

Nominal Moment Mn 4650.2 k-in
387.5 k-ft

Design Moment �Mn 348.8 k-ft

2. Original cross section calculations do not incorporate any steel or 
concrete section loss due to corrosion

Precast Concrete Beam Capacity Analysis - Original Design

Notes
1. All calculations were performed according to ACI 318-95 
specifications

3. A centroid depth of 12" was assumed for the prestressing strand. 
The five strands in each leg are likely stacked vertically, not in a 
horizontal group.

Prestressing Strand Strength fps 267 ksi
Effective Stress in Steel fse 134 ksi
Number of Strands N 8
Prestress Area Aps 1.224 in2

Tensile Steel Area As 0.00 in2

Tensile Steel Strength fy 60 ksi
Concrete Strength f'c 4.5 ksi
Width b 59.5 in

Compression Reinforcing A's 3.73 in2

Compression Steel Strength f'y 60 ksi
Centroid of Comp. Reinforcing d' 4 in
Stress Block Depth a 0.453 in

Stress Block Area Acomp 26.93 in2

Prestressing Steel Centroid dp 13.00 in
Depth to Extreme Tension dt 14.00 in
Factor ! 0.825
Extreme Comp. to Neutral c 0.549 in

c/dt 0.0392 < 0.375
� 0.9

Nominal Moment Mn 3330.0 k-in
277.5 k-ft

Moment Capacity �Mn 249.7 k-ft

Notes
1. All calculations were done as per ACI 318-95 requirements
2. Current cross-section capacity analysis incorporates the loss of one 
pre-stressing strand per girder, including a change in centroid location.

Precast Concrete Beam Capacity Analysis - Current Section

Table 6: Current Capacity 
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Comments on Analysis 
The calculated beam capacity shown above (325.5 k-ft) is well below the original design 
requirement for the HS-20 Strength 1 loading requirement (361.7 k-ft). In the calculations 
presented, the depth from the top of the beam to the centroid of the prestressing strand was assumed 
to be 13 inches. The reasons for this assumption are demonstrated in Figures 5-7 below.   
 
 

 

  

 

 

 
 

 
The most probable strand layout (shown in Figure 7) was used in the design calculations. This 
layout is not detailed in the structural drawings, so distances between strands were assumed. 
Because we can clearly see that there are not three exposed strands, we must be conservative and 
assume that the strands were placed in a vertical pattern instead of a grouped pattern. The bottom 
strand has a clear cover of 1.5 inches from the bottom of the beam to the edge of the strand, verified 
from site visits. Assuming that all the strands touch each other, the centroid of the 5-strand system 
is located 2.75 inches from the bottom of the beam, producing a dp value of 13.25 inches. If the 
bottom strand is removed entirely, the centroid of the 4-strand system is located exactly 3 inches 
from the bottom of the beam. This dp value of 13 inches was used in all beam capacity calculations.  
 
The original plans show the strands stacked 2” apart from each other at the ends of the beams but 
grouped together in the middle. It is very likely that the strands were placed correctly on the ends 
but stacked vertically in the middle to make construction easier.  
 
All modifications to the assumed strand layout are conservative estimates and may not actually 
reflect the construction of the beams. The exact construction cannot be determined without rebar 
imaging tests performed by other professional organizations. Without these tests, the conservative 
assumptions made in this analysis will give a general idea of the beam condition and strength but 
will not yield exact values.  
 
 

Figure 6: Known Design Figure 7: Probable Strand 
Layout 

Figure 5: Original Strand Design 
(3-2 Layout) 
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Strength Projections 
 
Figure 8 shows the calculated bridge strength as a function of the prestressing strand area 
remaining, combined with the code requirements. This graph shows that the bridge strength was 
never sufficient to satisfy the HS-20 Strength 1 load combination. If the strand were arranged 
according to the original design, as shown in Figure 5, the strength would be above the code 
requirement. However, with the modification to the design, with the strand layout likely following 
the pattern shown in Figure 7, the maximum strength never reaches the uppermost requirement.  
 
 

 
Figure 8: Strength vs Steel Area 

 
It is estimated that the amount of prestressed strand remaining is roughly 75%. This estimate is 
rooted in the assumption that one strand is completely lost from one leg of each beam. To simplify 
calculations and remove unbalanced forces within the concrete due to torsional effects, we must 
assume that both legs of the double-tee are balanced. Thus, with the loss of one strand,  
 
See the Photo Summary section of this report for further explanation of the origins of this estimate. 
As the steel continues to corrode, the strength will go down.  
 
The bridge is currently estimated to have a strength of 210k-ft. This is sufficient to carry the 
26,000lb gross vehicle weight requirement currently placed on the road. However, as the steel 
continues to corrode, the strength will rapidly decrease and will no longer be sufficient.  
 
Figure 9 shows an estimate of the rate of steel corrosion with time. There is no way to precisely 
determine the current rate of steel corrosion; however, the area lost due to corrosion is an 
exponential function of time. Each labeled year refers to December of the given year, the time of 
the biennial UDOT inspection. This chart roughly matches our previous estimate of 75% percent 
section remaining at the end of 2018.   
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Figure 9: Estimated Steel Corrosion Timeline 

 
To account for the exponential loss of steel section area, Figure 8 and Figure 9 may be combined 
to produce a more accurate estimation of the bridge strength. Figure 10 shows the resulting strength 
approximation with time. This approximation is based only on estimations gathered from site visits 
and may not reflect the actual strength curve for the bridge.  
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Figure 10: Adjusted Strength Approximation 

 
At the end of the 2018-2019 winter, the bridge has an estimated capacity of 210k-ft. The rate of 
corrosion is likely lower during the dry summer months than the winter and spring months due to 
the decreased presence of water and road salts; however, corrosion will continue to occur.  
 
It is anticipated that in the spring of 2020, the bridge beams will no longer have the required 
capacity to support traffic loads. Replacement of the deteriorating beams must be done as soon as 
possible so as to avoid structural failure.  
 
Cracking on the bottom of the bridge beams was first reported in December 2011. At this point, 
only the rebar at the bottom of the bridge was likely corroding. Once the cracking occurred, more 
water and deicing salt was able to enter the concrete. When the rebar was first noted as exposed in 
2013, the concrete cover remaining over the prestressing strand was likely at a very minimal level. 
However, with the passage of time, the concrete has continued to spall, and the prestressing strand 
has continued to rust. Because rust is highly expansive, rusting causes increased cracking; 
increased cracking allows more water and road salt to penetrate through the concrete and contact 
the steel; increased water and salt amplifies the rate of rusting. Once this spiral of degradation 
begins, it is very difficult to stop it. It may have been possible many years ago to combat the 
corrosion, but it has progressed to a point where it is impossible to stop it. Replacement of the 
damaged beams is mandatory.  
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Photo Summary 
 
The purpose of this section is to provide images showing the current condition of the bridge and 
progression of deterioration over the duration of the investigation. 
 
The team took four sets of photographs of the bridge on the following dates: 19 October 2018, 25 
January 2019, 22 February 2019, & 5 March 2019. This section also includes pictures from the 14 
December 2017 UDOT Inspection Report for comparison; the full report can be found in the 
Appendix. 
 
Unfortunately, the photos in the UDOT inspection report and those taken in October 2018 and 
February 2019 were not intended to be used in a detailed comparison. Despite this, these photos 
still clearly show the rapidly progressing deterioration occurring within a relatively short time 
frame. 

Center-Span Cracking 
 

 
Figure 11: UDOT Report Photos, 14 December 2017 

 
 



 

 

 
 

24 

A comparison between Figure 12 and Figure 13 shows that additional corrosion has taken place 
during the winter. The rebar on girder 9, the beam in the foreground, has sagged significantly more. 
This sagging indicates active degradation of the bond between the steel and the concrete, and 
similar  Comparing Figure 12 and Figure 14, it is clear to see that a large piece of concrete has 
fallen off the left side of the beam. Concrete will continue to crack off as time progresses, exposing 
more rebar to the atmosphere. Once the steel is exposed, the rate of corrosion is intensified.  
 
Concrete cracking off is a major concern for the future strength of the bridge. The concrete protects 
the reinforcing steel form corrosion; once the concrete cracks off, there is nothing left to protect 
the steel. As shown in the strength analysis section, corroding steel causes a major decrease in 
strength.  
 

 
Figure 12: Corrosion on Girders 8 & 9, October 2018 

 
Figure 13: Corrosion on Girders 8 & 9, January 2019 
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Figure 14: Close-Up of Corrosion, January 2019 

Figure 13 also clearly shows a line of discoloration in the concrete. All the concrete near the 
spalling is dark in color, while the concrete above is lighter. This is likely caused by efflorescence, 
water seeping through the concrete and carrying away minerals. This is cause for concern because 
it is evidence that water is actively penetrating the concrete, especially surrounding the spalled 
region. With the water line coinciding well with the location of the prestressing strand, it is very 
likely that all the strands have an active and sufficient supply of water. The steel is at high risk of 
corrosion within the beam because of this penetration.  
 
Figure 15 shows a large crack developing in the beam. This piece of concrete is likely to detach 
completely from the beam in a very short time and expose more reinforcing steel. This crack is 
approximately 18 inches long—if it were to fall, it would expose a significant amount of 
prestressing steel and rebar.  
 
 

 
Figure 15: Large Developing Crack, January 2019 
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According to the December 2011 UDOT inspection report, these girders that now exhibit severe 
spalling showed only longitudinal cracking; thus, the six-feet of complete delamination and 
spalling of concrete occurred within a 6-year time period.  
 
The concrete continues to spall at a very fast rate; we observed 4-6 inches of additional spalling of 
Girders 8 & 9 within just the time frame of our project (5 months). These girders are expected to 
lose a significant portion of concrete within the next few months.  
 

Cracking Near Abutments 
In addition to the significant deterioration of Girders 8 and 9, other girders show signs of cracking 
at the ends of the beams. The figures below show examples of this cracking, almost all of which 
show evidence of rust staining.   
 

 

Figure 16: UDOT Inspection Report Cracking, 14 December 2017 

 

 
Figure 17: Girder 6 Cracking Near Mid-Span, January 2019 
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Figure 18: Girders 6 & 7 Cracking and Delamination, January 2019 

 

 
Figure 19: Other Cracking and Delamination, January 2019 
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Figure 20: Girders 10 & 11 Cracking, March 2019 

 
The cracking in the pictures above are expected to produce significant problems in the near future. 
According to the UDOT inspection report, the deterioration shown in girders 8 & 9 began as 
middle longitudinal cracking in 2011, similar to the current cracks shown in girder 11 in Figure 16 
and girder 6 in Figure 17Figure 17: Girder 6 Cracking Near Mid-Span, January 2019. Additionally, 
Figures 18 and 19 show the same longitudinal cracking at the ends of the girders. While the type 
of failure may not be exactly the same, we can assume that these cracks will develop in a similar 
manner and time frame as girders 8 & 9. This indicates that girders 6, 7, 10 & 11 are expected to 
have a similar deterioration as girders 8 & 9 within approximately 5 years. 
 
Figure 21 shows a major concern for the future structural integrity of the bridge. The two photos 
shown are of opposite sides of the same beam flange. This crack on each side is approximately 3” 
from the base of the beam. These cracks are very concerning because of their proximity to the 
prestressing steel strands.  
 
In the Comments on Analysis section, probable layouts for the prestressing strand were presented. 
If the strand is constructed in a vertical pattern as was assumed, this crack located 3” from the 
bottom of the beam approximately aligns with the location of the second and third prestressing 
strands from the bottom. If it is constructed as drawn in the original plans, the crack is located at 
the top of all 5 strands. In either case, a crack on both sides of the beam indicates that water and 
oxygen may be readily penetrating through the concrete to reach multiple steel members.  
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Figure 21: Primary Crack Concern, January 2019 

 
The cracks seen in these photos occur at multiple points along the beam. The wide range of 
locations affected by such cracking necessitate the use of conservative assumptions regarding the 
corrosion of the prestressing strand within the concrete. It is highly unlikely that, given the 
frequency and size of these cracks, that the reinforcement contained in the concrete has been 
unaffected up to this point in time.  
 
The structural analysis calculations assume that this reinforcing steel has begun to corrode. On 
each double-tee beam, only one leg exhibits such cracking and exposed reinforcement. However, 
in the analysis, we must assume that each leg has an equal balance of strength. With the bottom 
strand considered to be entirely lost, 1/5 of the steel in one of the legs, the overall strength of the 
beam must be assumed to be 4/5, or 80%. If additional corrosion has occurred, the percentage 
decreases further. Our estimate is that roughly 70-75% of the original cross-section of the strand 
is remaining.  
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Rehabilitation Options and Economic Analysis 
 

Introduction 
Four solutions are proposed in this report. The advantages, disadvantages and cost estimates of 
each solution are discussed below. This report does not contain a comprehensive list of all available 
solutions—only the most viable options are presented. These options include short-term solutions 
to the problem and long-term solutions. The methods used for calculating the Value of Time (VOT) 
costs are presented in Appendix A: Economic Analysis References  
 
All figures presented for the cost per year of service were calculated including the cost of VOT. 
Because the time of bridge users is extremely valuable, it is important to consider the time of 
bridge closure in every option.  
 
Some communication has taken place with consulting firms and contractors outside of Brigham 
Young University. Any proposals or solutions received from these companies are presented in the 
appendices of this report.  
 
The cost associated with each solution is only an estimation of the total cost— actual costs will 
vary between now and the time an option is selected. Rough bid proposals were received from 
several companies for various phases of bridge replacement. These bids are not legally binding 
and must be re-evaluated by the providing companies. Any selected method of repair or 
replacement should be thoroughly inspected and approved by the city engineers.  
 

Solution 1: Leave the bridge as-is 

Due to the rapid deterioration of the concrete and strands in beams 8 and 9, the bridge is anticipated 
to reach its terminal service condition (TSC) in approximately one year. At that time, rehabilitation 
or replacement will be required. TSC is not synonymous with a catastrophic failure; rather, it is 
the point where engineering practice and highway bridge code necessitates the decommission of 
the structure. The bridge is not likely to collapse within one year, but it must be replaced or repaired 
when it reaches its TSC.    
 
This option is not considered to be a viable option for the future of the bridge. It is included in this 
report as a temporary solution rather than a long-term solution.  
 

Solution 2: Repair the damaged concrete and apply Tyfo 

Fyfe Engineering manufactures an epoxy resin polymer called Tyfo. This product has been proven 
to increase the durability and strength of concrete that has suffered damage, especially on the 
bottom of bridge decks. This product can be applied to the surface of the concrete as a replacement 
for the reinforcing strength that has been lost. Engineers at Fyfe Engineering create a specific 
design for each structure. This is not a general-use product that is readily available for use—it is a 
highly specialized product meant specifically for situations like this.  
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Advantages 
Using Tyfo is the cheapest temporary option available, and the bridge will only need to be closed 
for one day while it is applied. Using Tyfo will also restore some strength that has been lost due 
to corrosion of the reinforcing strands. It will add durability to the concrete and may extend the 
life of beams 8 & 9 for a few more years until additional funding for a full bridge replacement can 
be acquired.  
 
Disadvantages 
The application of the Tyfo epoxy resin will not prevent water from penetrating the concrete. 
Rather, it is a temporary solution that will simply prolong the amount of time before TSC is 
reached. Each beam will continue to corrode, and the rate of corrosion may even increase due to 
the halo effect of repaired concrete. This is a large downfall of repairing the concrete to add Tyfo.  
 
The halo effect is the phenomena that occurs when reinforcing steel in the concrete surrounding a 
concrete patch experiences a rapid rate of corrosion immediately after the patch is installed. In the 
case of this bridge, the concrete that has already fallen from the beams will be repaired, covering 
the currently exposed reinforcement. This seems like a good practice at first glance, but we expect 
that once the patch is installed, the steel immediately surrounding the concrete patch will corrode 
very quickly, causing concrete on either side of the patch to crack and fall at an accelerated rate. 
The halo effect can be very dangerous and may harm the beams more than it helps them. If the 
concrete is repaired, a sacrificial zinc anode must be installed with it to prevent the bridge from 
additional damage. This anode must be maintained and replaced periodically throughout the 
remaining life of the bridge.     
 
The exact strength gain provided by the application of Tyfo is unknown. A licensed engineer will 
analyze the bridge and estimate the exact strength gain and life span of the bridge after application. 
Our email conversations with Fyfe engineering did not allude to an accurate estimate of the exact 
strength gain or durability provided by such repairs. With the benefit of such a repair very much 
unknown, it may not be wise to pursue this route.  
 
Cost 
The cost for repairing the beams with Tyfo is estimated to be $18,000 - $22,000. Closing the bridge 
for one day will add a VOT cost of about $7,000. Therefore, the total cost will range from $25,000 
- $29,000. 
Given an estimated five years of remaining service life after applying Tyfo, the cost per year of 
service is between $5,000 and $6,000 including the VOT cost. If money was borrowed at an 
interest rate of 6% over a 30-year loan term, the yearly payments would be roughly $1,500/year 
for 30 years. 
 

Solution 3: Replace beams 8 and 9 

Beams 8 & 9, the two beams that have been severely damaged, may be replaced without replacing 
the entire bridge—this is one advantage of a double-tee bridge. The new beams would be designed 
to be identical to the existing beams so replacement will be as smooth as possible.  
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Advantages 
This solution is a great temporary solution because the new beams will have the full strength the 
bridge was originally designed for. It would only require a portion of the roadway to be replaced 
rather than the entire bridge. It may also be possible to replace the beams without entirely closing 
the roadway, depending on the beam location.  
 
This has a relatively low cost for a temporary solution. Replacing only the most critically-damaged 
beams will not negate the need for a full bridge replacement in the near future, but it will prolong 
the life of the bridge until additional funding can be obtained. It will also increase the life of the 
bridge for approximately 5 years, which will provide adequate time for a full bridge replacement 
to be designed and obtained.  
 
Disadvantages 
The bridge would still need to be closed for several days in order to replace the beams. The road 
surface would need to be removed prior to beam replacement and reconstructed once the beams 
are in place. Due to the unknown condition of the decks and steel connections between beams, 
installing the new beams may require difficult construction retrofits. It may take as little as 2-3 
days to replace the beams if all goes well, but it could take 2 weeks if there are problems with the 
beam or connection designs.  
 
Replacing only the two beams with the largest degree of damage is a very temporary solution. 
Most of the other beams that make up this structure are currently exhibiting moderate corrosion 
near the abutment walls. These beams are not yet near the terminal service condition like beams 8 
and 9, but it is estimated that they could reach a similar point of deterioration within the next 5 
years. Replacing two beams would be a temporary solution that would last until the corrosion in 
the other beams reaches a critical level. At the time when the full bridge is replaced, the two new 
beams would be scrapped with the rest of the bridge.  
 
Cost 
Forterra Engineering estimated a total cost of $78 per square foot of deck area for the new beams. 
The total cost of the new beams is:  
 

$78 ∗ 240	𝑓𝑡A ≈ $19,000 
 

In addition, tearing out the road prior to placing the beams and replacing the asphalt after can be 
estimated to cost $150,000 (This is determined from W. W. Clyde’s cost estimate of replacing the 
bridge; see Appendix B: W.W. Clyde Construction Proposal).The estimated time required to 
complete the project is approximately one week, making the VOT cost around $52,000. The total 
cost of replacing beams 8 and 9 is estimated as:  
 

$19,000 + $150,000 + $52,000 = $221,000 
 
With an estimated five years of life added to the bridge for replacing beams 8 and 9, the yearly 
cost of this option over that time is roughly $44,000. If a loan were obtained to pay for such a 
repair, annual payments over 30 years would be approximately $12,000.  
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Solution 4: Full double-tee bridge replacement 

Rather than simply replace beams 8 and 9, which would not solve the underlying problem of 
corrosion occurring in all of the beams, it may be worthwhile to replace the bridge entirely with 
one of a similar design. 
 
Advantages 
A full bridge replacement will solve the problem of corrosion occurring in all the beams. Since 
this bridge will have the same design as the current bridge, a service life of 30 years is anticipated 
for the new bridge. It is possible that, through use of sacrificial anodes or other corrosion 
prevention measures, the new bridge design may last 50-75 years. In this case, a full replacement 
with the same type of bridge currently in place would be a very cost-effective option.  
 
Disadvantages 
A full replacement has a much higher up-front cost than a temporary repair solution. It is estimated 
to take one week to remove the current bridge, one to two weeks to place the abutments and beams, 
and an additional week to reconstruct the roadway. In total, this replacement may require 3-4 
weeks of road closure to remove the existing structure, pour concrete abutment walls, replace the 
bridge superstructure, and pave the roadway above the bridge.  
 
Cost 
At $78 per square foot of deck area, and given a total area of the bridge of 1,440 ft2, the total cost 
of the new beams is: 

$78 ∗ 1,440	𝑓𝑡A ≈ $113,000 
 
The cost of construction for this bridge replacement has been estimated from the construction 
proposal given by WW Clyde for the Contech bridge replacement. Though the two bridge designs 
are very different, this will provide a general idea of how expensive the bridge will be. Given a 
total installation cost of $390,000 and a VOT cost of $208,000 (based on the maximum four weeks 
of closure), the total cost of the bridge replacement is: 
 

$113,000 + $390,000 + $208,000 = $711,000 
 
This solution is estimated to provide 30-50 years of service life, similar to the life of the current 
bridge. The cost per year of operation for this bridge will range from $14,000 to $24,000. With a 
6% loan over the course of 30 years, the yearly payments will be approximately $37,000.  
 
Alternative to Solution 4: Replace Beams 8 and 9 Now, Full Bridge Replacement in 5 Years 
 
If sufficient funding cannot be obtained immediately, an alternative solution may be to replace 
beams 8 and 9 now, then replace the bridge entirely in five years. Replacing the beams costs 
$221,000 (see Solution 2) and replacing the bridge in five years is estimated to cost $785,000, 
assuming that inflation is 2% each year. Therefore, the total cost of this option is:  
 

$785,000 + $221,000 ≈ $1,000,000 
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The cost per year of this option is between $18,000 and $29,000, with yearly payments of $57,000 
at 6% interest.  
 

Solution 5: Contech bridge replacement 

Contech has provided a design and cost estimate for a new bridge using the ConSpan B-series 
design (design and estimated included in Appendix C: Contech Bridge Proposal). The design is 
significantly different from that of the current bridge and is suitable for use over the canal. 
 
The ConSpan bridge utilizes arched concrete beams similar to a large concrete culvert. Soil is 
backfilled over the arches, and the roadway is constructed on the compacted soil. The arched 
concrete bridge was designed specifically for short-span applications like we have in this location.   
 
Advantages 
This option is highly recommended because it solves the underlying problem in which water is 
seeping through cracks in the concrete and corroding the steel reinforcement. Most of the strength 
in the bridge comes from the concrete rather than the steel, so any corrosion that will occur in the 
future is not likely to push the bridge to terminal service condition before its design life has been 
met.  Given that no other solutions fully remove the potential for steel corrosion, even though they 
cost less, the future costs of other solutions will likely be greater as the beams continue to be 
damaged by water and salt corroding the steel.  
 
Thermodynamic effects likely played a role in the deterioration of this bridge. Concrete expands 
and contracts with changes in temperature—the expansion and contraction occur in the direction 
of the largest dimension. Most bridges are longer than they are wide, so temperature changes cause 
the bridge to get longer or shorter as they expand or contract. Joints are provided at each end of 
the bridge to allow for this expansion; this is one large reason for the break in the driving surface 
between any bridge and the roadway leading up to it. The bridge being analyzed is 60 feet wide 
and only 24 feet long, so the expansion and contraction forces tend to make the bridge wider and 
narrower instead of shorter and longer. This can cause major distress to the asphalt pavement at 
the surface. When the beams are subjected to lateral loads, they will also experience unnatural 
stresses and may corrode more quickly. Thermal cracking was observed in the asphalt pavement 
before the roadway was rebuilt in the fall of 2018, so this is a large and active problem.  
 
The Contech ConSpan bridge is designed for applications where the bridge is wider than it is long. 
Because the roadway sits on a bed of soil rather than directly on the concrete, it will not suffer the 
thermal cracking that has been noted previously. This will reduce the amount of water seeping 
through the roadway and contacting the concrete beneath.  
 
The total cost for this bridge is slightly above that of the double-tee bridge, but because it largely 
eliminates the issues of thermal cracking and water contacting reinforcing steel, its design life is 
expected to be significantly longer than the double-tee bridge with less maintenance.  
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Disadvantages 
This bridge replacement is more expensive than the double-tee replacement option. If adequate 
funding is unavailable, other options may need to be considered.  
 
Like Solution 4, the Contech bridge replacement is estimated to require three to four weeks of 
bridge closure. This contributes a significant VOT cost to the construction project.  
 
Cost 
The bid proposal showing the cost estimates for the delivered materials and installation of the 
bridge can be found in Appendix B: W.W. Clyde Construction Proposal and Appendix C: Contech 
Bridge Proposal. The cost of materials is estimated to be $132,000 and the cost of installation is 
estimated to be $390,000. Given a maximum of four weeks of bridge closure, the VOT cost will 
be approximately $208,000. The total cost for the bridge replacement is estimated to be:  
 

$132,000 + $390,000 + $208,000 = $730,000 
 
The cost per year of this option is roughly $10,000, with yearly payments of $38,000 at 6% interest.  
 

Summary 
 
Table 8 provides a summary of the costs, remaining service life, and whether each solution is short-
term or long-term. The cost per year of service was determined by dividing the total interest-free 
cost of each option by its expected service life. If money is borrowed and payments are made with 
an annual interest rate rather than paying for the bridge with one lump sum, the values shown in 
these tables will not exactly match the cost per year of service.  
 

Table 8: Summary of Solutions 

 

Assigning a categorical weight to each option allows us to calculate a desirability score for each 
solution, with the highest score signifying the best choice. Table 9 assigns scores based on service 
life being the most important criteria, and Table 10 assigns scores with cost being the most 
important The “leave as-is” solution was left out as it is not considered a viable option. 
 

Leave As-is None None 1 year Short-term

Repair Concrete & Apply Tyfo $25,000 - $29,000 $5,000 - $6,000 5 years Short-term

Replace Beams 8 & 9  $221,000 $44,000 5 years Short-term

Double Tee Replacement $711,000 $14,000 - $24,000 30-50 years Long-term

Replace Beams 8 & 9 Now, Double 
Tee Bridge Replacement in 5 years

$1,000,000 $18,000 - $29,000 35-55 years Long-term

Contech Replacement $730,000 $10,000 75 years Long-term

Solution Total Cost Cost Per Year of 
Service

Life 
Expectancy

Short-Term or Long-
Term Solution
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Table 9: Life-Focused Weighted Scores 

 
 

Table 10: Cost-Focused Weighted Scores 

 
 
When considering service life as the most important factor, the Contech replacement is the best 
option. When cost is the most important factor, both repairing the concrete with Tyfo and the 
Contech replacement received high scores. We recommend the Contech bridge replacement 
because this solution will provide a long service life and minimal maintenance costs during that 
time; other solutions, despite having a lower cost, may result in higher and more frequent 
maintenance costs, in addition to a shorter service life. If sufficient funding cannot be acquired 
within the year, we recommend either replacing beams 8 and 9 even though the Tyfo had a higher 
short-term score. Due to the complications associated with the halo effect and the uncertainty of 
the strength of Tyfo, we recommend beam replacement rather than repair. A bridge replacement 
can then be done in five years when sufficient funds can be obtained.  
 
 
  

Solution
Cost Per 
Year (1)

Life 
Expectancy (3)

Short-term or 
Long-term? (1)

Weighted 
Scores

Repair Concrete & Apply Tyfo 5 1 0 8

Replace Beams 8 & 9 1 1 0 4

Double-Tee Bridge 
Replacement

3 2 1 11

Repair Now, Replace Later 2 3 1 13

Contech Replacement 4 4 1 18

Solution
Cost Per 
Year (3)

Life 
Expectancy (2)

Short-term or 
Long-term? (1)

Weighted 
Scores

Repair Concrete & Apply Tyfo 5 1 0 17

Replace Beams 8 & 9 1 1 0 5

Double-Tee Bridge 
Replacement

3 2 1 14

Repair Now, Replace Later 2 3 1 13

Contech Replacement 4 4 1 21
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Funding Sources 
 
This section provides several recommended funding sources that could be used to fund a bridge 
replacement or rehabilitation. This report does not provide comprehensive information about each 
funding source; the names, timelines, and goals/activities of each funding source are listed below 
in various tables. The information provided, however, should be sufficient in allowing the City to 
determine eligibility and enough context to begin preparing appropriate applications. 
The Team faced several challenges while identifying possible funding sources. Few sources 
specifically address a bridge replacement, and those that do often have requirements that are not 
met by the Bluffdale bridge. Therefore, some of the bridge funding sources are contingent upon 
incorporation the bridge rehabilitation into a larger development plan. 
 
According to the Draft Phased 2019-2050 Regional Transportation Plan, the area around the 
bridge is poised for several development projects in the near future (see “In-Progress”). This 
includes adding bicycle/pedestrian facilities on 14400 South in Phase 1 (2019-2030) and creating 
the Bluffdale Transit Connector as part of Phase 3 (2041-2050). These projects could easily 
incorporate a bridge rehabilitation, greatly expanding the pool of funding available. Other projects 
not explicitly stated in the Regional Transportation Plan may also provide viable methods to 
incorporate the cost of a bridge repair. 

Local Sources 
Table 11 summarizes the possible local funding sources to cover the costs of a bridge replacement 
or rehabilitation. All these sources can be accessed through the Wasatch Front Regional Council 
(WFRC); see the Appendix for links to more information found online. 
 

Table 11: Summary of Possible Local Funding Sources 

 
Source: http://wfrc.org/ 
 
Surface Transportation Program 
As listed on the WFRC website, the Surface Transportation Program (STP) provides funding for 
“federal-aid highways and bridges, transit capital improvements and projects, and active 
transportation projects” (see “Surface”). This is the only project where funding for bridge 

NAME ELIGIBLE ACTIVITIES/GOALS TIMELINE

Surface Transportation 
Program

Bridge replacement; intersection improvements; projects that 
reduce traffic (e.g. transit capital improvements/active 
transportation

Open Oct, 
current 
cycle for 2025

Transportation 
Alternatives Program

Construction of on/off-road trails for pedestrians, bicyclists, and 
other safety-related infrastructure that will provide safe routes for 
non-drivers). Includes Safe Routes to School infrastructure 
projects. 

Open Oct, 
current 
cycle for 2025

Transportation and Land 
Use Connection 

Help communities implement changes to reduce traffic on roads 
and enable more people to easily walk, bike, and use transit. 

Open Oct
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replacement is explicitly listed. In addition to bridge replacement, funding can be used for the 
following: 

• Constructing new streets or widening, improving, or reconstructing existing streets 
classified as Federal Aid Eligible (FAE) freeways, highways, arterials, or collectors;  

• Intersection improvements;  
• Projects which reduce traffic demand, such as transit capital improvements and active 

transportation.  

As STP funding encompasses many different infrastructure projects, it may be more difficult to 
receive funding solely for bridge replacement or repair. While not strictly necessary, it may be 
beneficially to incorporation the cost of bridge replacement/repair into a larger infrastructure 
development. 
 
Unfortunately, the next earliest application cycle for STP provides funding for construction in 
2025. Given the current condition of the bridge and the expected point of failure, this funding 
source may not be able to meet the urgent funds needed for bridge rehabilitation. Application forms 
and instructions can be found on the STP website (see “Surface”). 
 
Transportation Alternatives Program 
Transportation Alternatives Program (TAP) provides funding for construction and planning of 
bicycle and pedestrian facilities. Eligible projects include the construction, planning, and design 
of the following: 

• On-road and off-road trail facilities for pedestrians, bicyclists, and other non-motorized 
forms of transportation (sidewalks, bicycle infrastructure, pedestrian and bicycle signals, 
traffic calming techniques, lighting, etc.) 

• Other safety-related infrastructure that will provide safe routes for non-drivers, and in an 
effort to achieve compliance with the Americans with Disabilities Act of 1990 

• Safe Routes to School infrastructure projects (see “Transportation Alternatives Program”). 

Unlike STP, the next funding cycle for TAP provides funds for 2021. Thus, it is possible for the 
City to receive the required funding for this project in the near future. Note that bridge 
replacement/repair is not explicitly listed as an eligible project. It may be possible, however, for a 
bridge replacement to be interpreted as necessary “safety-related infrastructure” for safe bicycle 
and pedestrian routes, making this funding source a viable way to receive the necessary funds. For 
example, a bridge replacement could be a part of project to create safer school routes for Summit 
Academy Elementary. Application forms and instructions can be found on the TAP website (see 
“Surface”). 
 
Transportation and Land Use Connection 
The Transportation and Land Use Connection (TLC) program is a partnership between the 
Wasatch Front Regional Council (WFRC), Salt Lake County, Utah Department of Transportation 
(UDOT), and Utah Transit Authority (UTA), with the goal to “implement changes to the built 
environment that reduce traffic on roads and enable more people to easily walk, bike, and use 
transit” (see “Transportation and Land Use”).  
The conditions to obtain funding through this source is similar to TAP above; it may be possible 
to obtain funding only if the bridge replacement is incorporated into a larger development plan. 
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The application process can be found on the website (see “Transportation and Land Use”). One 
difficulty of TLC is the amount of funding typically awarded. According to the Salt Lake County 
Website, the average funding awarded is around $80,000. This is insufficient for the needs of a 
bridge replacement/rehabilitation and merits some consideration when determining the viability of 
TLC. 

Federal Sources 
In addition to local funding sources, several federal funding sources may be available for a bridge 
rehabilitation. Once again, these sources do not explicitly state bridge rehabilitation as an eligible 
project; it may be possible, however, to incorporate the cost of bridge revetments into a larger 
project. Table 12 below shows a brief overview of the different options found. 
The application for these federal grants can be found on grants.gov. 
 

Table 12: Summary of Possible Federal Funding Sources 

 
 
Better Utilizing Investments to Leverage Development 
The Better Utilizing Investments to Leverage Development (BUILD) Transportation program 
(previously known as TIGER grants) are given to projects that will have a significant local or 
regional impact (see “BUILD”). Eligible projects are listed below: 

• Road or bridge projects eligible under title 23, United States Code; 
• Public transportation projects eligible under chapter 53 of title 49, United States Code; 
• Passenger and freight rail transportation projects; 
• Port infrastructure investments (including inland port infrastructure and land ports of 

entry); and 
• Intermodal projects (see “BUILD”) 

According to the BUILD website, funding from previous years have been used to “repair bridges 
or improve infrastructure to a state of good repair.” While the scope of the bridge repair may not 
be the same, this appears to be a viable federal funding source. The application cycle occurs on an 
annual basis. 
 
Infrastructure for Rebuilding America 
The goal of Infrastructure for Rebuilding America (INFRA) grants is to provide funding for 
projects addressing “critical issues facing our nation’s highways and bridges” (See 
“Infrastructure”). Recently the focus has changed to promote innovation in the process of building 
such projects. These projects are eligible for INFRA grants: 

• a highway freight project carried out on the National Highway Freight Network (23 U.S.C. 
167) 

NAME CRITERIA TIMELINE

Better Utilizing Investments to Leverage
 Development (BUILD)

Safety, State of Good Repair, Economic Competitiveness, 
Environmental Protection, Qualityof Life, Innovation, 
Partnership

Open Jun, 
Close Jul

Infrastructure for Rebuilding 
America (INFRA)

Improve Safety, Generate National/Regional Economic 
Benefits, Reduce Highway Congestion/Bottlenecks, 
Improve Connectivity

Open Jan, 
Closes Mar
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• a highway or bridge project carried out on the National Highway System (NHS) including 
projects that add capacity on the Interstate System to improve mobility or projects in a 
national scenic area 

• a railway-highway grade crossing or grade separation project; or 
• a freight project that is: 

1. an intermodal or rail project, or 
2. within the boundaries of a public or private freight rail, water (including ports), or 

intermodal facility, is a surface transportation infrastructure project necessary to 
facilitate direct intermodal interchange, transfer, or access into or out of the facility, 
and will significantly improve freight movement on the National Highway Freight 
Network.  For these projects Federal funds can only support project elements that 
provide public benefits 

Based on the eligibility requirements of this grant, INFRA grants may be more difficult than the 
other grants mentioned in receiving funding for the Bluffdale bridge. However, it may be possible 
to incorporate the bridge revetment into other freight and rail projects that the City may be 
currently pursuing. 
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Appendix A: Economic Analysis References 
 

VOT Costs 
Value of time (VOT) costs, or the cost incurred to drivers due to detours during construction, 
were estimated assuming an Individual Hourly Cost (IHC) of $18/hr. per passenger (not per 
vehicle) and a Truck Hourly Cost (THC) of $54/hr. per truck (This estimate comes from the 
Texas Transportation Institute). The average number of passengers per vehicle is about 1.6, 
according to the Office of Energy Efficiency & Renewable Energy; therefore, the IHC can be 
multiplied by 1.6 to get $29/vehicle. The expected detour for solutions requiring bridge closure is 
shown in the image below with a red line, while the normal route is shown with a green line. 
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Using Google Maps, it was determined that the detour would add about 5 extra minutes of driving 
time. Therefore, the total costs for each passenger vehicle and commercial truck are: 
 

5	𝑚𝑖𝑛 ∗ ¬
$29

60	𝑚𝑖𝑛	 = $2.41/𝑣𝑒ℎ𝑖𝑐𝑙𝑒	 

5	𝑚𝑖𝑛 ∗ ¬
$54

60	𝑚𝑖𝑛	 = $4.50/𝑡𝑟𝑢𝑐𝑘 

 
The Annual Daily Traffic (ADT) for 14400 S for the year 2010 was 2715 cars/day and is expected 
to be 3390 cars/day in the year 2030, with the percent of trucks at 1.0% (This was obtained from 
the 2017 UDOT inspection report of the bridge). Interpolating gives an ADT for 2019 of 3019 
cars/day and 30 trucks/day. Therefore, the total cost per day is 
 

(3019 ∗ $2.41) + (30 ∗ $4.50) = $7411/𝑑𝑎𝑦 
 
So, to find the total VOT cost for n days of bridge closure,  
 

𝑉𝑂𝑇	𝑐𝑜𝑠𝑡 = $7411/𝑑𝑎𝑦	 ∗ 𝑛	𝑑𝑎𝑦𝑠 
 

Yearly Payments 

For each option, yearly payments were estimated based on the estimated total cost and an estimate 
interest rate of 6%. The payment (PMT) function was used in Excel, and the value for number of 
periods (NPER) corresponds to the estimated service life associated with each solution. The 
estimated total cost corresponds to the present value (PV) used in the PMT function. 
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Appendix B: W.W. Clyde Construction Proposal 
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Appendix C: Contech Bridge Proposal 
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Appendix D: Funding Sources Cited 
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Appendix E: Original Bridge Drawings (Applicable Sheeets) 
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Appendix F: 2017 UDOT Bridge Condition Report (Applicable Pages) 
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