
 

  
 TECHNICAL MEMORANDUM 

 
Date: August 26, 2011 
 
To: Jeannie Young, City of Redwood City 
 Claudia Olalla, City of Redwood City 
 
From: Robert Eckols, Fehr & Peers  
 Colin Burgett, Nelson\Nygaard 

Subject: Traffic Operations Analysis for Crosswalks at the Woodside Road (SR 84) & 
Middlefield Road Intersection  

SJ10-1195 

This memorandum summarizes the findings of a traffic operations analysis from the effects of 
installing crosswalks across Woodside Road at the intersection with Middlefield Road in Redwood 
City, California. The purpose of the analysis is to support the preparation of an encroachment permit 
to implement at-grade pedestrian crossings of both Middlefield and Woodside Roads. The 
intersection crosswalk improvements may be included in an upcoming roadway improvement project 
within the Middlefield Road Corridor.   

BACKGROUND 

The Hoover Area Community Mobility Plan completed in 2009 was funded by a Caltrans 
Environmental Justice Transportation Planning grant and the Redevelopment Agency of Redwood 
City (Agency). The mobility study identified Woodside Road as the most significant barrier to 
pedestrian travel within the Hoover Area.  The neighborhood includes many amenities that are 
accessible on foot – including the Hoover School (K-8), Boys and Girls Club, Library, Senior Center, 
Community Center, Costco and local stores.  However, pedestrians are currently prohibited from 
legally crossing Woodside Road at-grade within the neighborhood.  Instead, pedestrians must use a 
pedestrian bridge at Stambaugh Road, located one block east of the Woodside Road / Middlefield 
Road intersection.  Safety and convenience issues have been raised by the residents concerning the 
bridge since the bridge crossing includes segments that are not visible from the adjoining streets.  In 
addition, the current prohibition of pedestrian crossings at the Woodside Road / Middlefield Road 
intersection results in jaywalking at this location. 

Figure 1 provides an aerial view of the Middlefield Road corridor where it intersects Woodside Road, 
and shows the distance between marked crosswalks.    

On September 16, 2008, an initial meeting was held between the Agency and Caltrans staff 
concerning the installation of crosswalks on Woodside Road.  Fehr & Peers prepared a subsequent 
analysis of the traffic signal operations for four crosswalk options that were all designed to provide an 
at-grade crossing with minimal impact to the operations of Woodside Road. The results of the 
analysis were summarized in a technical memorandum dated April 2, 2009.  Caltrans provided 
comments on this report that included a request to consider additional alternatives. The most recent 
analysis was documented in a technical memorandum dated February 1, 2011.  Based on these two 
alternative analyses and a meeting with Caltrans staff on February 15, 2011, the Agency requested 
that Caltrans select a crosswalk design in order for the Agency and City of Redwood City to submit an 
encroachment permit. Caltrans staff recommended that the Agency use a standard intersection lane 
configuration and provide information on four crosswalk / signal phasing variations. Caltrans staff 
requested that the operations analyses be resubmitted using the standard intersection design with 
crosswalks on all four legs with no slip lanes for both split phase and protected left turns on the north / 
south approaches (Middlefield Road). 
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STUDY METHODOLOGY 

The Level of Service (LOS) calculations were made using the Synchro Version 7 software, which 
takes into account signal phasing and pedestrian timings. The technical analysis is based on 
intersection operations for both the AM and PM peak hour analysis time periods. Table 1 summarizes 
the intersection level of service definitions from the Highway Capacity Manual for LOS A, free flow 
conditions, through LOS F, where intersection operations break down.  

TABLE 1 
SIGNALIZED INTERSECTION LEVEL OF SERVICE DEFINITIONS 

USING AVERAGE CONTROL VEHICULAR DELAY 

Level of 
Service Description 

Average Control Delay 
Per Vehicle (Seconds) 

A Operations with very low delay occurring with favorable  
progression and/or short cycle lengths. 

≤ 10.0 

B 
 

Operations with low delay occurring with good progression 
 and/or short cycle lengths. 

10.1 to 20.0 

C 
 

Operations with average delays resulting from fair progression 
and/or longer cycle lengths. Individual cycle failures begin to 
appear. 

20.1 to 35.0 

D 
 

Operations with longer delays due to a combination of unfavorable 
progression, long cycle lengths, and high V/C ratios. Many vehicles 
stop and individual cycle failures are noticeable. 

35.1 to 55.0 

E 
 

Operations with high delay values indicating poor progression,  
long cycle lengths, and high V/C ratios. Individual cycle failures  
are frequent occurrences. 

55.1 to 80.0 

F Operations with delays unacceptable to most drivers occurring due 
to over-saturation, poor progression, or very long cycle lengths. 

> 80.0 

Source: Highway Capacity Manual, Transportation Research Board, 2000. 

 

Figure 2 shows the traffic and pedestrian volumes at the Woodside Road / Middlefield Road 
intersection, as well as the traffic signal phasing. The potential volume of pedestrians that would 
cross Woodside Road at street level during the AM and PM peak hours (if crosswalks were installed 
at the intersection with Middlefield Road) was estimated, based on counts of pedestrians crossing 
Woodside Road via the Stambaugh Pedestrian Bridge in April 2008. The pedestrian volumes used for 
the analysis include the pedestrians and bicyclists using the Stambaugh Pedestrian Bridge or 
counted as jaywalkers at the at-grade intersection. Figure 3 presents the existing configuration of the 
Woodside Road / Middlefield Road intersection.   

DESIGN / SIGNAL PHASING VARIATIONS 

The preferred crosswalk design would provide crosswalks on all four legs of the Woodside Road / 
Middlefield Road intersection. The existing “pork chop islands” would be removed on the northeast 
and northwest corners to eliminate potential pedestrian/vehicle conflicts for right-turning vehicles.  
The preferred design would also maintain the existing split phase operation on the Middlefield Road 
north / south approaches. The design variation would exclude the crosswalk on the west approach 
across Woodside Road.   The signal phasing variation would consider protected left turn phases on 
Middlefield Road rather than the existing split phase operation. Figures 4 through 7 show the design 
variations. Table 3 summarizes the differences in the crosswalk design variations. 



STOP STOP

STOP

STOP

STOP

PED PED

XING

CLEARCLEAR

XING

STOP

STOP

Spruce St.

Manzanita St.

Woodside Rd.

Buckeye St.

M
id

dl
ef

ie
ld

 R
d.

St
am

ba
ug

h 
St

.

Pedestrians prohibited from crossing
Woodside Road.  To reach the pedestrian

bridge, pedestrians must first cross
Middlefield Road.  Nearest marked

crosswalk is located 650 feet to
the southeast at Willow Street.

Pedestrians required
to use crosswalk at

Buckeye Street
98 (69)
1,211 (1,616)
168 (190)

152 (137)
1,535 (1,135)

535 (485)
77

 (9
8)

30
0 

(3
29

)
13

8 
(1

63
)

48
6 

(4
87

)
31

4 
(4

30
)

17
1 

(1
74

) S
ta

m
ba

ug
h 

S
tre

et
P

ed
es

tri
an

 B
rid

ge

Woodside Road

MOTOR VEHICLES

M
id

dl
ef

ie
ld

R
oa

d
M

id
dl

ef
ie

ld
R

oa
d

S
ta

m
ba

ug
h 

S
tre

et
P

ed
es

tri
an

 B
rid

ge

Woodside Road

53
 (7

0)

16
2 

(3
6)

PEDESTRIANS

1 (2)

0 (0)

M
id

dl
ef

ie
ld

R
oa

d

S
ta

m
ba

ug
h 

S
tre

et
P

ed
es

tri
an

 B
rid

ge

Woodside Road

5 
(6

)

11
 (1

0)

4 
(8

)

4 
(7

)

BICYCLES

EXISTING PEAK HOUR TRAFFIC VOLUMES

Pedestrians prohibited beyond this point.
To cross Woodside Road, pedestrians
must walk 430 feet to the Stambaugh

Street pedestrian bridge.

Switchbacks on both
sides of Woodside

Road add
approximately 400 feet
to pedestrian crossing

distance using the
pedestrian bridge.

To
Hoover School
(approximately
1,100 feet to

entrance)

Nearest marked crosswalk for
crossing Middlefield Road is
located two blocks south (at

Willow Street).

For pedestrians on the east side
of Middlefield Road, the walking
distance from Spruce Street to

Manzanita Street is approximately
1,150 feet (via the Stambaugh Street

pedestrian bridge), or 230 feet
(following a direct path that

requires an illegal crossing of
Woodside Road).

4 
(3

) *

*

1 (0) *
2

0 (0) *
2

2
2

2
2

4 4 4 4

2

333

11
1

4

3 
(6

) *

3

For pedestrians on the west side of Middlefield Road,
the walking distance from Spruce Street to

Manzanita Street is approximately 2,800 feet (via
the Stambaugh Street pedestrian bridge, with crossings

of Middlefield Road at Buckeye Street and Willon
Street crosswalks), or 260 feet (following a direct path
that requires an illegal crossing of Woodside Road).

1,150 feet

EXISTING PEAK HOUR VOLUMES AND SIGNAL PHASING
WOODSIDE AND MIDDLEFIELD ROAD INTERSECTION

August 2011
SJ10-1195

Hoover Area Community Mobility Study

LEGEND: Curb or Edge of Roadway

Striping

Signal Phasing

Curb-to-curb walking distance for prohibited crossing.
Amount of time needed for pedestrians to cross, based on walking speed of 3.5 feet per second.
Eastbound left-turn maximum is 13 seconds less than Westbound movement.
Westbound through movement is 13 seconds longer than eastbound movement (effective June 2004).

Indicates number of illegal
crossings by pedestrians
during the AM and PM
peak hours.

1

1

2

3

4

3

4

3

4

2

= 1st Phase

= 2nd Phase

= 3rd Phase

= 4th Phase

Maximum 
Green Time

20 sec.

54.5 sec.

20.5 sec.

25 sec.

Maximum Split
(Green+Yellow

+Red)

23 sec.

60 sec.

23.5 sec.

28.5 sec.

Pedestrian
Crossing
Distance

N/A

66 ft./107 ft.

120 ft.

103 ft.

Corresponding
Pedestrian
Movement

None

North & South Legs

West Leg

East Leg

Pedestrian
Crossing

Time

N/A

19 sec./31 sec.

35 sec.

30 sec.

XX (YY) = AM (PM)

TRAFFIC SIGNAL PHASES (PM PEAK HOUR)

Pedestrian Bridge

Sidewalk

      FIGURE 2

N

0 40 80 feet

2

1

3

4



.d
R dleifelddi

M

Woodside Rd.

Spruce St.

Manzanita St.

SJ10-1195\graphics\existing
August 2011

N

FIGURE 3

Hoover Area Community Mobility Study

EXISTING CONFIGURATION OF WOODSIDE/MIDDLEFIELD



.d
R dleifelddi

M

Woodside Rd.

Spruce St.

Manzanita St.

R = 30'
R = 30'

R = 30'

R = 30'

SJ10-1195\graphics\July_2011_revised_options
August 2011

N

FIGURE 4

Hoover Area Community Mobility Study

VARIATION 1: FOUR LEGS / SPLIT PHASE MIDDLEFIELD

LEGEND:

= Curb/Edge
of Sidewalk 

= Curb Ramp

= High Visibility
Crosswalk

WOODSIDE ROAD CROSSING

Pedestrian
crossing distance

100' 105'

W
es

t l
eg

Ea
st

 le
g

89'

64'



.d
R dleifelddi

M

Woodside Rd.

Spruce St.

Manzanita St.

R = 30'
R = 30'

R = 30'

R = 30'

SJ10-1195\graphics\July_2011_revised_options

N

FIGURE 5

Hoover Area Community Mobility Study

VARIATION 2: THREE LEGS / SPLIT PHASE MIDDLEFIELD
WOODSIDE ROAD CROSSING

Pedestrian
crossing distance

100' 105'

W
es

t l
eg

Ea
st

 le
g

89'

64'

LEGEND:

= Curb/Edge
of Sidewalk 

= Curb Ramp

= High Visibility
Crosswalk

August 2011



.d
R dleifelddi

M

Woodside Rd.

Spruce St.

Manzanita St.

R = 30'
R = 30'

R = 30'

R = 30'

SJ10-1195\graphics\July_2011_revised_options

N

FIGURE 6

Hoover Area Community Mobility Study

VARIATION 3: FOUR LEGS / PROTECTED LEFTS MIDDLEFIELD
WOODSIDE ROAD CROSSING

Pedestrian
crossing distance

100' 105'

W
es

t l
eg

Ea
st

 le
g

89'

64'

LEGEND:

= Curb/Edge
of Sidewalk 

= Curb Ramp

= High Visibility
Crosswalk

August 2011



.d
R dleifelddi

M

Woodside Rd.

Spruce St.

Manzanita St.

R = 30'
R = 30'

R = 30'

R = 30'

SJ10-1195\graphics\July_2011_revised_options

N

FIGURE 7

Hoover Area Community Mobility Study

VARIATION 4: THREE LEGS / PROTECTED LEFTS MIDDLEFIELD
WOODSIDE ROAD CROSSING

Pedestrian
crossing distance

100' 105'

W
es

t l
eg

Ea
st

 le
g

89'

64'

LEGEND:

= Curb/Edge
of Sidewalk 

= Curb Ramp

= High Visibility
Crosswalk

August 2011



Technical Memorandum: Woodside & Middlefield Road Crosswalk Analysis  
August 26, 2011 
Page 10 of 13 
 

Table 3 
 

Design / Signal Phasing Variations 
 Signal Phasing 

Crosswalk Locations N/S Split Phasing 
on Middlefield 

Protect Left-turns  
on Middlefield 

All Approaches (4) Variation 1 Variation 3 

North, South, & East (3) Variation 2 Variation 4 

Source: Fehr & Peers, 2011 

PEDESTRIAN SIGNAL DESIGN/TIMING REQUIREMENTS 

Each of the proposed design variations comply with the California Manual on Uniform Traffic Control 
Device (MUTCD) design standards effective January 2010. The most recent FHWA MUTCD has not 
been formally adopted by California yet, but each of the proposed options would comply with both 
documents.  The following signal design parameters were incorporated into the analysis to comply 
with both standards: 

• The proposed crosswalks across Woodside Road would be fully actuated.  
Pedestrian detectors, push-buttons or passive detection devices, would trigger the 
pedestrian signal intervals described below.  

• The proposed length of the Walk Interval across Woodside Road for the operations 
analysis was set to four seconds. While the MUTCD generally recommends provision 
of a seven-second Walk Interval, the MUTCD standards include an option to provide 
walk intervals as short as four seconds, in cases where seven seconds are not 
needed.  The primary purpose of the Walk Interval is to provide adequate time for 
pedestrians to leave the curb and begin crossing the street. The provision of a Walk 
Interval as short as four seconds would be adequate in this case, since the vast 
majority of pedestrians will have already arrived at the pedestrian detector, prior to 
the start of the Walk Interval.  In addition, the volume of pedestrians crossing in both 
directions (100-200 during peak hours) is not anticipated to be so large as to require 
provision of a longer Walk Interval.     

• The length of the Pedestrian Clearance Time shall be based on a walking speed of 
3.5 feet per second, measured from the curb to the far side of the roadway.  
Consistent with MUTCD standards, the Pedestrian Clearance Time may include each 
of the following intervals: 

o Pedestrian Change Interval (Flashing “Don’t Walk”) 

o Yellow Interval (when the pedestrian signal changes to solid “Don’t Walk) 

o All-red Interval (immediately following the yellow interval, before 
conflicting vehicle movements are given a green light) 

• The Combined Walk Interval and Pedestrian Clearance Time shall be based on a 
walking speed of 3.0 feet per second.  For this calculation, the crossing distance 
would be measured from the adjacent pedestrian detector to the far side of the street.   
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TRAFFIC ANALYSIS  

Volume counts were conducted in April 2008 of motor vehicles, bicyclists and pedestrians during the 
weekday AM (7:00-9:00) and PM (4:00 – 6:00) peak periods at the Woodside Road/Middlefield Road 
intersection and on the Stambaugh Street pedestrian bridge.  The peak hour volume was determined 
for each travel mode.   

Travel Mode for Trips Crossing Woodside Road 

Almost one out of seven residents in the surrounding neighborhood do not own motor vehicles, and 
must rely on walking, bicycling and public transportation for mobility (compared to one out of 14 in 
Redwood City) according to the US Census 2000.  In addition, over 800 students attend the nearby 
K-8 Hoover School located five blocks from the Woodside Road at Middlefield Intersection.   The 
majority of the students walk to school and need to cross Woodside Road.  The lack of safe and 
convenient access for these walkers and bicyclists hinder their ability to get to work, school, 
shopping, and essential services.    

Based on the volume counts described above, the volume of traffic crossing Woodside Road within 
the Hoover Area was determined.  Excluding vehicles entering or exiting the neighborhood via 
Woodside Road, the counts indicated that 614 vehicles crossed Woodside Road on Middlefield Road 
during the AM peak hour, while 759 vehicles crossed during the PM peak hour.  Pedestrians crossing 
Woodside Road via the Stambaugh Street pedestrian bridge during the same periods averaged 215 
during the AM peak hour and 106 during the PM peak hour.   In addition, field observations indicate 
that some pedestrians bypass the pedestrian bridge and take a more direct route by crossing illegally 
at the Woodside Road / Middlefield Road intersection. Seven pedestrians during the AM peak hour 
and nine pedestrians during the PM peak hour illegally crossed the intersection. Including those 
pedestrians, a total of 222 pedestrians cross Woodside Road during the AM peak hour, and 115 
pedestrians cross during the PM peak hour.   

As shown in Table 4 below, pedestrians represent 26% and 13% of AM and PM peak hour traffic 
crossing Woodside Road, respectively, while bicyclists represent 2% of traffic during the same 
periods.  

TABLE 4   TRAVEL MODE SPLIT FOR WOODSIDE CROSSING  
(NORTH/SOUTH THROUGH MOVEMENTS VIA MIDDLEFIELD AND STAMBAUGH) 

Intersection Control Peak 
Hour

Mode of Travel Mode Split 

Vehs1 Peds2  Bikes 1,2 Vehs Peds Bikes 

Woodside Road/ 
Middlefield Road 

Signal 

AM 
614 7 24    

Stambaugh Overcrossing   215      
Total  614 222 24 71.4% 25.8% 2.7% 

Woodside Road/ 
Middlefield Road 

Signal 

PM 
759 9 23    

Stambaugh Overcrossing   106      
Total   759 115 23 84.6% 12.8% 2.6% 
1  The information reported includes all northbound and southbound traffic only. 
2  Total pedestrians/bicycles crossing at the Stambaugh Street pedestrian bridge or jaywalking at the Woodside / 

Middlefield intersection.  
Source: Fehr & Peers, 2008. 
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Level of Service Comparison 

Table 5 provides a comparison of intersection LOS and vehicle delay for each variation, based on 
existing (year 2008) and cumulative (year 2020) traffic volumes. The highlighted cells in Table 5 
identify the design features that differ between each option as compared to one another. All four 
design variations provide crosswalks on three or four of the approaches, no crosswalks are provided 
under the existing conditions.  Vehicle queue length summaries are provided in Appendix A. The 
LOS calculation and signal phasing sheets are provided in the Appendix B. 
 

 

Table 5 
 

Level of Service Comparison for Design Variations 

Crosswalks (Leg) 

N
/S

 S
pl

it 
Ph

as
in

g Intersection Level of Service 
(Average Vehicle Delay in Sec) 

Condition 

N
or

th
 

So
ut

h 

Ea
st

 

W
es

t Existing
AM Peak 

Hour 

Existing 
PM Peak 

Hour 

Cumulative 
2020  

PM Peak Hour 

Existing -- -- -- -- Y D (44.4) D (54.9) F (94) 

Variation 1 3 3 3 3 Y  F (89.0) E (75.1) F (150) 

Variation 2 3 3 3  Y  E (60.9) E (70.5) F (89) 

Variation 3 3 3 3 3 N E (61.9) E (69.6) F (113) 

Variation 4 3 3 3 
 N D (51.8) D (54.5) F (82) 

 
Highlighted cells indicate differences between options.  There are currently no crosswalks at the intersection. 
Bold - LOS F is considered to represent “failing conditions”. 
1 - LOS comparison of existing conditions is based on traffic and pedestrian volume counts conducted in April 2008. 
2 - Cumulative volumes derived from Transportation Impact Analysis prepared for the Costco Draft EIR, 2020 Plus 

Project volumes, Kittelson & Associates, October 2006 (PM only). 
Source: Fehr & Peers, 2011 

 
 

FINDINGS 

Traffic Operations  

Based on the intersection operations analysis, Variations 1, 2, and 3 will degrade the existing 
intersection operations as compared to the intersection operations without crosswalks. Variation 1 will 
operate at LOS F during the morning peak hour and LOS E in the evening peak hour. Under Variation 
1 if the cycle length is increased from 125 seconds to 153 seconds, it is possible to achieve a LOS E 
operation under the existing traffic volumes during the AM peak hour. However, this change in cycle 
length would affect the signal coordination along Woodside Road.  Variations 2 and 3 will operate at 
LOS E during both the morning and evening peak hours.  Variation 4 operates at LOS D during both 
the morning and evening peak hours, which is similar to the existing conditions. Under the cumulative 
conditions the intersection will operate at LOS F under the existing configuration as well as all four 
design variations. Generally for vehicular operations, the variations with only three crosswalks 
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operate better than the variations with four crosswalks and the protected north-south left-turn phasing 
variations operate better than the north-south split phasing variations.  In terms of pedestrian mobility, 
the four-leg crosswalk designs provides the greatest level of access by minimizing the travel path to 
all locations by eliminating the need for out of way travel. 

Synchro Analysis Files 

The Synchro analysis files for these four design variations and three traffic scenarios are provided 
with this memorandum. It should be noted that the operations analysis focused on maintaining the 
current level of service of operation along the Woodside Road corridor for the Woodside approaches.  
If further optimization of the signal timings is desired, the effect that modifying the signal timings at 
this intersection would need to considered in terms of the overall effect on the operation of the 
corridor as a whole. 

Effect on Vehicle Queue Lengths  

While there is some increase in vehicle delay with the design variations, the queuing on the individual 
approaches did not increase substantially with the addition of the crosswalks to the intersection. The 
greatest increases in queuing occur with under Variation 1, which included four crosswalks and north-
south split phase operation. Under all three traffic volume scenarios studied (Existing AM, Existing 
PM, and Cumulative 2020 PM); Variation 1 generated longer queues on the Woodside Road 
approaches. The other three variations had small, or no, increases in queuing during the AM peak 
hour under the existing traffic volumes. Under the existing PM peak hour conditions, the queues on 
Woodside Road were about the same for Variations 1, 2, and 3; however, there was some increase in 
the queues on Middlefield Road.  It should be noted that this was in part by design in order to 
maintain the existing LOS and queuing on the Woodside Road approaches. 

Conclusion 

Design variations 3 and 4 have fewer effects on the intersection level of service and vehicle queuing 
as compared to Variations 1 and 2.   While Variation 4 has the least effect of all the design variations, 
it does not provide crosswalks on all four approaches because of the mobility needs of the residents 
in the area.  Since the City desires to provide crosswalks on all approaches, Variation 3, which 
provides four crosswalks with protected north-south left-turn phasing, would be the preferred design 
for the intersection.  
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TABLE A-1: QUEUE LENGTH COMPARISON – EXISTING AM PEAK HOUR VOLUMES 

 

Length of 95th Percentile Vehicle Queue in Feet 
(Through Movements unless noted below) 

Woodside Road Middlefield Road 

Eastbound Westbound  Northbound Southbound 

Baseline Conditions - No Crosswalks 
(existing intersection configuration) 

835 ft 553 ft 393 ft     (NB LT) 212 ft 

Variation 1A – Four Crosswalks with  
Split North-South Phasing  
(125 second cycle) 

1,001 ft 741 ft 323 ft     (NB LT) 201 ft 

Variation 1B – Four Crosswalks with  
Split North-South Phasing  
(153 second cycle) 

1,081 ft 794 ft 440 ft     (NB LT) 258 ft 

Variation 2 – Three Crosswalks with  
Split North-South Phasing 
(no west crosswalk) 

925 ft 678 ft 323 ft     (NB LT) 182 ft 

Variation 3 – Four Crosswalks with  
Protected North-South Phasing 
 

913 ft 678 ft 339 ft 185 ft 

Variation 4  – Three Crosswalks with  
Protected North-South Phasing 
(no west crosswalk) 

913 ft 678 ft 341 ft 201 ft 

Source: Fehr & Peers, 2011  
Existing volumes based on April 2008 counts. 

 

  



TABLE A-2: QUEUE LENGTH COMPARISON – EXISTING PM PEAK HOUR VOLUMES 

 

Length of 95th Percentile Vehicle Queue in Feet 
(Through Movements unless noted below) 

Woodside Road Middlefield Road 

Eastbound Westbound  Northbound Southbound 

Baseline Conditions - No Crosswalks 
(existing intersection configuration) 

532 ft 783 ft 527 ft     (NB LT) 224 ft 

Variation 1A – Four Crosswalks with  
Split North-South Phasing  
(125 second cycle) 

596 ft 1,086 ft 438 ft     (NB LT) 253 ft 

Variation 1B – Four Crosswalks with  
Split North-South Phasing  
(153 second cycle) 

666 ft 1,084 ft 529 ft     (NB LT) 294 ft 

Variation 2 – Three Crosswalks with  
Split North-South Phasing 
(no west crosswalk) 

532 ft 783 ft 438 ft     (NB LT) 415 ft 

Variation 3 – Four Crosswalks with  
Protected North-South Phasing 
 

532 ft 783 ft 611 ft 230 ft 

Variation 4  – Three Crosswalks with  
Protected North-South Phasing 
(no west crosswalk) 

532 ft 783 ft 611 ft 276 ft 

Source: Fehr & Peers, 2011  
Existing volumes based on April 2008 counts. 

 

  



TABLE A-3: QUEUE LENGTH COMPARISON – CUMULATIVE PM PEAK HOUR VOLUMES 

 

Length of 95th Percentile Vehicle Queue in Feet 
(Through Movements unless noted below) 

Woodside Road Middlefield Road 

Eastbound Westbound  Northbound Southbound 

Baseline Conditions - No Crosswalks 
(existing intersection configuration) 

1,115 ft 1,038 ft 693 ft     (NB LT) 257 ft 

Variation 1A – Four Crosswalks with  
Split North-South Phasing  
(125 second cycle) 

1,177 ft 1,231 ft 604 ft     (NB LT) 243 ft 

Variation 1B – Four Crosswalks with  
Split North-South Phasing  
(153 second cycle) 

1,340 ft 1,248 ft 717 ft     (NB LT) 282 ft 

Variation 2 – Three Crosswalks with  
Split North-South Phasing 
(no west crosswalk) 

1,115 ft 1,037 ft 604 ft     (NB LT) 396 ft 

Variation 3 – Four Crosswalks with  
Protected North-South Phasing 
 

1,115 ft 1,037 ft 713 ft 224 ft 

Variation 4  – Three Crosswalks with  
Protected North-South Phasing 
(no west crosswalk) 

1,115 ft 1,037 ft 713 ft 262 ft 

Source: Fehr & Peers, 2011  
 

 



 

 

APPENDIX B: 

SYNCHRO OUTPUTS FOR EACH OPTION  
(PHASINGS, TIMINGS & HCM REPORTS) 
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