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STAFF REPORT 

 

To:   County Council 

  Tom Fisher, County Manager 

From:   Engineering Division & Derrick Radke, PE – Public Works Director 

Date:  February 21, 2019 

Subject: Kilby Road Design - Peer Review - Final Report 

 

As directed, Summit County entered into a Services Agreement with RB&G Engineering to 

analyze the design and as-constructed condition of the Kilby Road Project. The full report is 

attached for your review. 

 

Executive Summary/Conclusion 

During the design process, the Council heard from constituents that Kilby Road was a raceway 

and they did not feel safe driving the road or walking along the adjacent pathway. In addition, 

there have been general comments about roadway design in the community that 

accommodating bicycle riders into future designs would be beneficial to encouraging 

alternative forms of transportation. Speeds well in excess of posted limits were confirmed by 

numerous traffic count/speed studies over the years.  

 

Staff presented a design option to the Council intended to slow traffic but increase capacity to 

account for the added traffic intended to use the Ecker Hill Park and Ride, as well as including 

bike lanes for alternative transportation use. The design presented to the Council included left 

and right turn pockets, and short acceleration lanes which created a curvilinear alignment. The 

design also added bike lanes along both sides of Kilby Road from the Fresh Market to the Ecker 

Middle School. 

 

The Peer review found that the Bike Lanes were designed and constructed according to 

AASHTO Standards and were generally 5 feet in width (centerline of paint lines to edge of 

pavement), but in no case were they less than 4 feet which is the minimum design standard. 

 

The Peer review also found three places where curve alignments by design and in construction, 

designated by roadway striping, should be improved.   In all cases, except one, the alignment 

difference between using the standard, and the design was minimal (3 to 8 Inches). There is 

one curvilinear taper where the designer just missed adding the curve to the alignment making 
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the alignment miss standard by about 2 feet. These design and striping flaws will be corrected 

as soon as weather conditions will allow in order to bring the project within AASHTO standards.   

 

The as-constructed survey of Kilby Road found sufficient pavement was already added to the 

project to allow for the road to be re-painted so AASHTO Standards will be met. 

 

Last, the review found walkway ramps that need to be improved in order to comply with the 

latest Americans with Disabilities Act standards.  These will be improved during the 2019 

construction season. Analysis Summary  

 

As with any major construction project, and one that is trying to accomplish many varied goals, 

this project has items that could be and will be improved.  We will make the suggested 

improvements as soon as weather allows during this upcoming construction season.  The peer 

review of the design and the analysis of the as-built conditions have revealed the areas where 

the project will be improved. 

 

The project uses lane shifts to provide turning lanes at the intersections along Kilby road, the 

lane shifts were also used to provide a curvilinear alignment to introduce traffic calming to this 

segment of Kilby Road.  Typically, road designers use a linear taper to provide lane shifts for 

additional lanes.  Linear tappers were used to provide the lane shifts along the east bound lanes 

to provide the right turning pockets.  Curvilinear reverse curves were used to provide the lane 

shifts along the west bound lanes to create the left turning lanes and the desired traffic calming 

effect. 

 

The peer review found that the tappers on the east bound lanes complied with the standard 

except at the east Engen loop intersection and at the private drive into the Elk Meadows 

apartments.  The design of the west bound lane median used a 150-foot radius to transition the 

ends of the tapper, which is less than the allowed minimum radii.  Because the taper angles are 

relatively flat the deviations from the actual surveyed white shoulder line and the AASHTO 

Standard radii are relatively minor except between the two ends of Engen Loop.  A larger 

mistake was made in the CAD drawing on one of the curves on the median between the ends of 

Engen Loop causing a larger discrepancy between the paint lines and the alignment.    

 

Another item the as-constructed survey found was two existing ADA ramps are not in 

compliance and should have been replaced as part of the project.  
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Work Required to Comply with AASHTO Standards 

 

There is minimal work required to bring the project within compliance: 

1. Restripe the east bound tappers for the right hand turn lanes at the East Engen Loop 

intersection and driveway into the Elk Meadows apartments.  (The proper tapper can 

be achieved by narrowing the turn lane to 10 feet and shortening the storage length to 

25 feet.)    

2. The west bound travel lane would also need to be restriped where it is outside the 

existing shoulder (white) line using the alignment with the standard minimum radii.    

3. Replace the ADA ramps at the Pinebrook Blvd intersection and the Elk Meadows 

apartment driveway.  

 

The review recommends some additional work on the right hand turn lanes to improve 

operational performance.  These recommendations are as follows: 

1. Narrow the right hand turn lanes to 10 feet  

2. Shorten the storage lengths to 25 feet.   

3. Use a 6 inch solid white line for the beginning of the tapper and then a skipped line for 

the final 25 feet of the tapper.  (better visual cue) 

4. Move the “Sharrow” symbols to be relocated at 4 feet from the lip of curb. 

5. Paint the shared bike lane and right hand turn lane green. 

6. Eliminate the shared lane downstream of the intersections, the suggestion is to create 6 

foot wide bike lane which tappers down to the 5 foot bike lane.  This lane would need to 

remain wider for the bus stops that are in these locations but they could be painted to 

remove the appearance of an acceleration lane and ensure all tappers are within the 

compliance. 

 

The below illustration shows the restriping suggestions for the right turn lanes. 
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In restriping the west bound lanes to match the compliant alignment a few areas of the bike 

lane will be narrowed to less than 5 feet, but greater than 4 feet.  AASHTO Guide for Bicycle 

Facilities states that for roadways with no adjacent vertical curb, guardrail, or no on street 

parking, the minimum width of a bicycle lane is 4 feet. Note, measurements are to the center of 

the painted lines. 

 
 

 

 
        5 ft   Travel Lanes        4 ft 

        Min.           Min.  

 

In the areas that the bike lane would be less than 5 feet, it will not be reduced below 4 foot and 

the length would be for distances less than 50 feet.  The restriping will only reduce the bike lane 

in two stretches of the roadway.  In five other areas the the shoulder line will be pushed 

beyond the existing shoulder and they are where a buffer has been created between the bike 

lane and the travel lane. 

 

 

Cc: File (c:\users\dradke\documents\mydocs\public works\projects 2016\ecker\cc-peer review analysis 2-07-19.docx) 
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MEMO 
To: Mr. Tom Fisher, County Manager 

60 N. Main 
P.O. Box 128 
Coalville, UT 84017 
tfisher@summitcounty.org 
 
Mr. Derrick Radke, P.E.,Public Works Director 
Summit County  
1755 S. Hoytsville Road 
Coalville, UT 84017 
dradke@summitcounty.org 
 

From: Scott Hendricks, P.E.  Project Manager, RB&G Engineering, Inc. 
Subject: Kilby Road Design - Peer Review Technical Memo 

Kilby Road, Ecker Middle School to Fresh Market, in Summit County, Utah 
Date: January 7, 2019 

 
At the request of Summit County, RB&G Engineering has performed a peer review of the design 
and as constructed conditions of the Kilby Road improvements between Ecker Middle School 
and Fresh Market.  The purpose of this peer review is to identify any elements not meeting 
current AASHTO1,2  and MUTCD3 standards in the plans or construction, and provide 
recommendations for any deficiencies found.   
 
PREVIOUS CONDITIONS 
Prior to the project improvements, Kilby Road consisted of a relatively straight two-lane, two-
way roadway with 11 foot travel lanes and 2 foot shoulders.  Prior to construction, the posted 
speed from Pinebrook Blvd to the Fire Station (about 13+00) was 35 mph and 25 mph from 
13+00 to beginning of the project east of the roundabout, with a minimum centerline curve 
radius of approximately 675 feet; which accommodates design speeds up to 35 mph4.  A paved 
side trail that varies in width from 8 feet to 10 feet exists along the southern side of Kilby Road.  
The primary goals of the project were to construct a park and ride facility, reduce excessive 
speeds on Kilby Road through traffic calming by introducing a curvilinear alignment, and 
increase capacity by reducing delays from turning vehicles.  Modifications to achieve these goals 
also provided an opportunity to construct bike lanes.  It is anticipated that casual and less 
experienced cyclists will continue to use the side trail, while experienced and more confident 
cyclists may elect to use the new bike lanes on the roadway.

                                                 
1 A Policy on the Geometric Design of Highways and Streets 6th Edition (2011) 
2 Guide for the Development of Bicycle Facilities 4th Edition (2012) 
3 2009 Utah Manual of Uniform Traffic Control Devices 
4 2 percent normal crown, AASHTO Table 3-13b 

mailto:tfisher@summitcounty.org
mailto:dradke@summitcounty.org
msmith
Scott Stamp
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PROJECT PLAN IMPROVEMENTS 
The project plan typical section for this segment consists of a two-lane, two-way roadway with 
11 foot travel lanes and 5 foot bike lanes / shoulder.  As shown on Figure 1, the center median 
varies in width from 1 foot 8 inches to 14 feet depending on location.  From Sta. 6+00 to Sta. 
13+00 the median is striped only.  Westerly from Sta. 13+00 the median is raised concrete, 
except through the intersections.  The roadway project centerline alignment through the corridor 
satisfies the requirements for the 30 mph posted speed.  The desired curvilinear alignment is 
achieved by having the thru lanes shift at the intersections via tapers to accommodate eastbound 
right turn lanes, and westbound left turn lanes.  Tapers to shift eastbound thru lane traffic 6 feet 
left to develop right turn lanes require a taper length of 90 feet5 for the 30 mph design speed.  
Eastbound tapers for right turn lanes meet minimum standards for this design speed, except at 
Engen Lane, and at the private driveway at Sta. 17+00, where only 70 feet and 81 feet, 
respectively, are provided.  Tapers to shift westbound traffic 3.9 to 14 feet right to develop left 
turn lanes require taper lengths that vary from 58.5 feet for the minimum 3.9 foot offset to 210 
feet for the maximum5 14 foot offset.  Only about 43 to 109 feet of taper length is provided as 
shown in Table 1.    
 

TABLE 1 - KILBY ROAD – WESTBOUND SHIFTING TAPERS 
APPX. 

LOCATION 
OFFSET  

(ft.) 
REQ’D TAPER  

(ft.)  
PLAN TAPER  

(ft.) 
Sta. 15+00 14 210 103 
Sta. 18+00 12.9 194 93 
Sta. 20+00 9.9 149 80 
Sta. 23+00 13 195 109 
Sta. 27+00 10.1 152 84 
Sta. 29+00 13.8 207 80 
Sta. 31+00 9 135 75 
Sta. 32+00 13.2 198 109 
Sta. 35+00 7.8 117  75 
Sta. 37+00 13.2 198 108 
Sta. 41+00 10.6 159 92 
Sta. 43+00 3.9 59 43 

 
Transitions to develop the auxiliary lanes could also be laid out or defined using reverse curves 
instead of shift tapers. Reverse curves would require minimum radii of 333 feet for curves to the 
left, and 279 feet for curves to the right (in the direction of travel)6.  Generally the median curb 
uses a 150 foot radius to transition the ends of the taper.  It is noted that because the taper angles 
are relatively flat, and the associated curve lengths are short, the deviation between curves 
meeting the required radius and the curves shown on the plans is less than a foot, except between 
the two ends of Engen Lane, and at the private driveway at Sta. 17+00.  At these locations the 
transitions are more rapid due to limited distance between accesses, and the maximum offset 
differential is about 2 foot 10 inches for a short distance. 
 
Turn lane storage length requirements are determined by the owner / agency, and are primarily 
based on achieving the needed capacity for the desired Level of Service.  For both left and right 

                                                 
5 L = (WS2 / 60), where W is the width of the shift offset (ft), and S is the speed (mph) 
6 2 percent normal crown, AASHTO Table 3-13b 
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turn lanes on this type of facility (low expected turning volumes), AASHTO recommends a 
minimum storage length that is long enough to accommodate 1 passenger car and 1 truck7.  Both 
Left and Right turn storage lane lengths were generally found to be about 50 feet, which should 
accommodate two to three passenger vehicles7.  Although, at both ends of Engen Loop, storage 
lengths for left turning vehicles are only about 25 feet, which would accommodate only one to 
two vehicles.  However, it is noted along this predominantly residential segment of Kilby Road, 
it is not expected that there are many left or right turning trucks, so the provided storage lengths 
are reasonably consistent with described minimums.  
 
The signing, striping, and pavement messages related to turning gap (dashed lines) lengths, bike 
lane symbols, and “sharrow” messages for the bike lanes appear to meet the requirements for on 
road facilities contained in Chapter 4 of the AASHTO Guide for the Development of Bicycle 
Facilities. 
 
AS CONSTRUCTED CONDITIONS 
Lane widths, striping, and median islands appear to be in general conformance with what is 
shown on the plans.  It doesn’t appear that dimensions or other layout information for the 
channelizing islands, striping, etc. are contained in the plans, so it is assumed the contractor laid 
them out using a model generated from the CAD files.  It is noted that the westbound leading 
ends of the median islands on the downstream side of the intersections were constructed with a 
radius as shown on the PDF plans, instead of a flat end as contained in the CAD files provided 
for this review.  This is desirable, and will better accommodate vehicles turning left onto Kilby 
Road from the side streets.  It is also noted that at the east end of Engen Loop the raised median 
island is about 25 feet shorter than shown on the plans, and the remainder extending northward is 
only striped. 
 
An As-Constructed survey was performed from Pinebrook Road to the Pinebrook Fire Station 
driveway to verify the pavement edge limits, striping, and the median island curb layout.  In 
general, it appears the As-Constructed improvements are in reasonable agreement with the 
design, with the exception of some areas of additional westbound asphalt width that was 
intentionally added beyond original plan limits.  It is understood a determination to place the 
additional asphalt was made during construction to smooth some curves. 
  
The existing (prior to the project) pedestrian access ramps at Pinebrook Blvd., and the private 
driveway at Sta. 17+00 are not ADA compliant8, with running slopes in excess of 12H:1V (8 
percent), and cross slopes in excess of 48H:1V (2 percent).  Measured cross slopes were up to 
5.1 percent, and measured running slopes were up to 14.8 percent.  The newly constructed ramps 
were found to be compliant; however, at some locations the asphalt pavement patch in the 
roadway in front of the new ramp was placed poorly so that the transition from the pedestrian 
ramp to the roadway is not smooth. 
 
FINDINGS AND CONCLUSIONS 
The pedestrian access ramps at Pinebrook Blvd., and the private driveway at Sta. 17+00 are not 
ADA compliant and should be replaced.   

                                                 
7 AASHTO 9-127 “Storage Length” 
8 2010 ADA Standards for Accessible Design, Section 406, and United States Access Board – Public Rights of Way 
(PROWAG) Chapter 3 R304 
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Prior to this project Kilby Road was relatively straight, and being adjacent to I-80, with only a 
few T-intersections for connecting streets, likely invited speeds much higher than the previously 
posted 25 and 35 mph speed limit.  This project added bike lanes, raised medians, and introduced 
curves / lane shifts that likely have resulted in some traffic calming, particularly as motorists 
adjust to the new configuration. 
 
As discussed in the Project Plan Improvements section above, lane shifts in the westbound 
direction, and lane shifts in the eastbound direction at Engen Loop, and the private driveway at 
Sta. 17+00 do not meet AASHTO Standards or MUTCD requirements for shifting tapers for a 30 
mph design speed.  The deficient taper lengths range from 38 percent to 74 percent of the 
required lengths.   A literature review suggests that some states may have adopted the work zone 
lane shift taper length equation L =  ½(WS2/60) for permanent shifting taper applications.  
However, the current (2009) Utah MUTCD does not.  It is noted 8:1 tapers 
(longitudinal:transverse) for roadways with speeds up to 30 mph as discussed in AASHTO are 
for departing (widening away from traffic) tapers, and are not applicable to shifting tapers. 
 
Although the dotted (skip line) gap and tangent solid line separating the thru lane from the shared 
bike / right turn lanes satisfy the minimum lengths recommended by AASHTO, the operational 
performance may be challenging, and at best is unusual.  Thru traffic is being pushed left by the 
widening for the bike / shared right turn lane, which has the effect of reducing speed. However, 
this is uncommon, and thus is also unexpected with the roadway alignment overall generally 
straight. Because the dotted line marking the taper begins at the start of taper, it provides only a 
weak visual cue for vehicles to move left.  This is particularly bad at Engen Loop and south of 
Pinebrook Blvd. because taper lengths at those locations are shorter, so the taper is more abrupt.  
There are various mitigation options discussed in the recommendations section below that could 
improve the operational performance of this layout.   
 
It is observed because none of the intersections within the study area are stop controlled on Kilby 
Road, there is no need for the shared lane to simultaneously accommodate both a bike and a 
vehicle (side by side).  A right-turning vehicle entering the shared lane should be yielding to the 
cyclist, so that the cyclist has the full lane width, and could continue straight through the 
intersection without necessarily needing to shift left together with through traffic.  This 
recognition provides an opportunity to mitigate the current shifting challenge / hazard posed to 
cyclists by not imposing as wide a shift, or potentially not requiring a bicyclist shift to the left at 
all through adjusted lane / pavement markings. 
 
The As-Constructed survey shows there are many locations where sufficient asphalt width exists 
in the westbound direction that the westbound travel lane and bike lane could be re-striped to 
meet minimum curve radii.  Six areas would require additional asphalt width to provide the 
desired 5 foot bike lane width, as shown in the table below.  This is reduced from 11 areas that 
would have required additional asphalt width had some widening not already been done.  The 
current needed additional pavement could be somewhat further reduced if portions requiring less 
than 1 foot of additional width are eliminated to avoid narrow slivers.  Eliminating the narrow 
sliver widening would require acceptance of slightly more narrow bike lanes (less than 5 feet but 
greater than 4 feet) for short zones.  AASHTO allows 4 ft minimum width bicycle lanes on 
roadways with no adjacent vertical curb and no on-street parking.  For roadways where the bike 
lane is immediately adjacent to a curb, guardrails, or other vertical surface, the minimum bike 
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lane width is 5 ft, measured from the face of a curb or vertical surface.  There are no conditions 
along westbound Kilby Road that would require 5 foot bike lanes per AASHTO.  This would 
avoid the need for pavement widening except at Pinebrook Road (Sta. 20+60 to 21+90) and 
Engen Loop (Sta. 31+00 to 32+50). 
  

Location Length Length with > 
1 ft. Widening 

Additional  
Width Needed 

Appx. Area. 

Sta. 15+50 to 16+90 140 ft. 0 ft. 0 to 0.6 ft. 50 sq. ft. 
Sta. 20+60 to 21+90 130 ft. 18 ft. 0 to 1.1 ft. 85 sq. ft. 
Sta. 27+75 to 28+90 115 ft. 0 ft. 0 ft. to 0.4 ft. 40 sq. ft. 
Sta. 31+00 to 32+50 150 ft. 32 ft. 0 ft. to 1.2 ft. 80 sq. ft. 
Sta. 35+40 to 36+90 150 ft. 0 ft. 0 ft. to 0.3 ft. 30 sq. ft. 
Sta. 41+25 to 41+90 65 ft. 0 ft. 0 ft. to 0.5 ft. 16 sq. ft. 
  
RECOMMENDATIONS 
The most extensive solution to address the noted deficiencies is to modify the raised medians, 
pavement width, and / or striping to meet either the minimum taper length or minimum required 
radius; and allow the eastbound bike lanes travel path to remain tangent by moving the curb and 
gutter southwesterly enough to accommodate the shared lane (if desired to retain the right turn 
lane).  It is recognized this runs somewhat counter to achieving a curvilinear alignment desired 
for traffic calming.  It is also noted widening to the southwest for right turn lanes was likely 
considered during design, and that doing so would require drainage modifications, realigning of 
the adjacent side trail, and acquiring additional right-of-way, which may have been beyond the 
scope and funding of the project. 
 
Recognizing the roadway and median are newly reconstructed, listed below are a few less 
invasive changes that could be made to improve operational performance, and bring the roadway 
into compliance with AASHTO requirements.  Figures 2 and 3 show sample applications of 
these options.  
 

1) Restripe the westbound left turn lanes, inside lane line and bike lane / shoulder lane using 
the minimum 279 foot (right) and 333 foot (left) radii.  This may require some additional 
pavement widening to preserve the desired 5 foot bike lane width, or accepting slightly 
less bike lane width as noted above.  This is in lieu of lengthening the taper by restriping, 
which would require adding substantially more pavement at the taper ends as needed to 
preserve lane width. (See Figure 2,    ) 

2) Although many of the eastbound tapers do minimally satisfy required tapered lengths, 
some do not.  The eastbound tapers can be brought into full compliance, and operational 
performance can be improved by reducing the shared right turn lane width to 10 feet, 
which is allowed by AASHTO.  This will reduce offset, and the corresponding required 
taper length to develop the widening for right turns by almost 17 percent, and reduce the 
taper departure angle (See Figure 2,    ). This configuration will also allow longer, 
AASHTO compliant tapers downstream of intersections to move thru traffic back over to 
the typical section lane location.  A curvilinear feel will still be maintained, but with 
smoother transitions.  It is recommended to implement this recommendation together 
with options No. 3 and No. 4 

E 

A 
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3) Use 6 inch wide striping for the bike lane / shoulder line.  Shorten the right lane storage 
length to as little as 25 feet, and the dotted gap to as little as 25 feet (50 foot minimum 
total)9.  This will allow the lane shift taper to be initiated with the maximum length of 
solid paint stripe providing a better visual cue to through traffic to move left. (See Figure 
2,    ).  Downstream of the intersection, do not provide a shared lane.  Instead, stripe a 6 
foot wide bike lane adjacent to the curb, that then transitions back to the typical 5 foot 
lane through the taper zone.  This will avoid the appearance that an acceleration lane is 
being provided where it is not necessary, and facilitate compliant downstream tapers.  
The recommended minimum length for an acceleration lane for a 30 mph roadway is 180 
ft10 (stop condition to 23 mph), which cannot be provided within the available tapers. 

4) As a better, and even stronger visual cue some or all of the shared bike / turn lane conflict 
area can be painted green as shown in the NACTO Urban Bikeway Design Guide.  (See 
Figure 2,    ,    ).  This would allow the cyclist to occupy the entire shared lane, without 
encouraging them to move left towards through traffic.  “Sharrow” symbols could be 
moved to be 4 feet off the right side lip of gutter to encourage cyclists to stay more right. 

5) The taper length required at Engen Loop could be achieved by reducing the shared right 
turn lane to 9 feet, resulting in only a 4 foot offset, having a corresponding 60 foot 
required taper length.  Reducing a right turn lane to less than 10 feet in width would 
normally be documented with a design exception explaining the reasons / engineering 
judgement for why it is being done.  Possible justification could include light turning 
movements into small developments, primarily small passenger cars using the lane, and 
availability of the gutter pan for the few larger vehicles. 

6) Alternately, the formally designated shared right turn lane could be eliminated, and the 
bike lane kept tangent against the curb at Engen Loop (east).  This would allow the thru 
lane striping to be kept tangent, and avoid the abrupt tapers.  If desired, excess width 
against the raised median could be converted to a painted median as shown in Figure 3.  
However, it is recognized that this action would straighten the eastbound curvilinear 
alignment through the segment, and therefore may not be as desirable as No. 4, along 
with reducing the width to 9 feet. 

7) Replace the pedestrian access ramps at Pinebrook Blvd. and at the private driveway at 
Sta. 17+00 (two at each location) with ramps meeting current ADA requirements. 

8) Adding the optional dotted right-side stripe for the bike lanes within the shared lane to 
enhance the visual cue to motorists, was considered (depicted in Figure 4-16 of the 
AASHTO Guide for the Development of Bicycle Facilities).  However, for this location, 
it is noted the right side line would encourage cyclists to stay in the 5 foot zone closest to 
thru traffic, which is less desirable than just proceeding straight through the intersection 
farther away from thru traffic.  So this could therefore have an overall more adverse 
effect.  Therefore, it is recommended to do No. 3 and No. 4 instead.   

9) Adding delineators between the thru lane and the shared bike / right turn lane at the 
intersections to better delineate the shift was considered.  However, it is recognized that 
doing so would result in additional ongoing maintenance, and would be problematic for 
snow plows.  Therefore it is not recommended to do this.  
 

 

                                                 
9 2009 Utah MUTCD Figure 9C-1 
10 AASHTO Table 10-3 
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Photo 1 – Looking southeast near Fresh Market 

Photo 3 – Looking southeast at western end of Engen Loop 

Photo 2 – Looking southeast at eastern end of Engen Loop 

Photo 4 – Looking southeast near Sta. 18+00 east of Pinebrook Blvd. 



 
 

Photo 6 – Looking southeast near west of Pinebrook Blvd. Photo 5 – Looking northwest near Sta. 18+00 east of Pinebrook Blvd. 

Photo 7 – Uneven tie-in in front of new ADA ramps (Engen Loop) Photo 8 – ADA Ramp Pinebrook Blvd. (not ADA compliant) 
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