DE 42 (Seven Hickories Road) & DE 15 (Brenford Road)/Seeneytown Road HSM Analysis
Kent County, Delaware
Chapter 10: Predictive Method for Rural Two-Lane, Two-Way Roads
Site Conditions

Approach Functional Classification AADT (veh/day)

DE 42/Seven Hickories Road Rural Major Collector 7,711

DE 15/Brenford Road Rural Major Collector 2,171

Seeneytown Road Rural Local 1,688

Intersection Skew: 90°

Left Turn Lanes: SB Brenford Road
Right Turn Lanes: None

Lighting: SW and SE quadrants
Analysis Year: 2012

Predictive Model for Intersections (Equation 10-3):

Nyredicted,int = NspF int X C; X (CMF1; X CMFy; X CMF3; X CMFy;)

Safety Performance Function for Four-Leg, Stop-Controlled Intersections (Equation 10-9):

Ngppast = exp[—8.56 + 0.60 X ln(AADTmaj) +0.61 X In(AADT ;)]
NOTE: Since side streets have two different AADT volumes, use the greater value.

NSPF,4ST = exp[—8 56 + 0.60 % ln(7, 711) +0.61 X ln(Z, 171)]
Ngppasr = 4.47 crashes/year

Inclusion of Crash Madification Factors (CMFs):

Skew (Base Condition = 90°):
CMF; = exp(0.0054 X skew)
CMFli =1.00

Left Turn Lanes (Base Condition = None)

NOTE: Left turn lanes on side street approaches have no effect on the CMF, therefore it can be

disregarded.
CMF,; =1.00

Right Turn Lanes (Base Condition = None)
CMF3i = 1 00
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DE 42 (Seven Hickories Road) & DE 15 (Brenford Road)/Seeneytown Road HSM Analysis
Kent County, Delaware

Lighting (Base Condition = None)

CMF4i =1-0.38x% DPni

CMF,; =1-0.38%x0.244 (Table 10-15)
CMF4 =0.91

Inclusion of Calibration Factor (C;):
C;=1.00

NOTE: DelDOT is in the process of formulating local calibration factors. Until a formal set of calibration
factors has been issued by the Department, the value of C; is assumed to be 1.00.

Inclusion in Predictive Model:

Nopregicted,int = 4-47 X 1.00 X (1.00 x 1.00 x 1.00 X 0.91)

Npredicted,int = 4. 06 crashes/year
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DE 42 (Seven Hickories Road) & DE 15 (Brenford Road)/Seeneytown Road HSM Analysis
Kent County, Delaware

Safety Performance Function for Four-Leg, Signalized Intersections (Equation 10-10):

Nsprasc = €xp[—5.13 + 0.60 X [n(AADTpg;) + 0.20 X [n(AADT ;)]
NOTE: Since side streets have two different AADT volumes, use the greater value.
Ngpras¢ = exp[—5.13 4+ 0.60 x In(7,711) + 0.20 x In(2,171)]

Nsprasec = 5.91 crashes/year

Inclusion of Crash Modification Factors (CMFs):

Skew (Base Condition = 90°):

CMFq; = exp(0.0054 x skew)
CMFli =1.00

Left Turn Lanes (Base Condition = None)
NOTE: Left turn lanes on side street approaches have no effect on the CMF, therefore it can be
disregarded.

CMFZi = 100

Right Turn Lanes (Base Condition = None)
CMF3i = 100

Lighting (Base Condition = None)

CMF4_i =1—-0.38 % pni
CMF4;=1-0.38x0.286 (Table 10-15)
CMF4i == 089

Inclusion of Calibration Factor (C;):
C; =1.00

Inclusion in Predictive Model:

Npredictedint = 447 X 1.00 X (1.00 X 1.00 x 1.00 X 0.89)

Nyredicted,int = 5-26 crashes/year
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DE 42 (Seven Hickories Road) & DE 15 {Brenford Road)/Seeneytown Road
Kent County, Delaware

Predicted Crash Type Distribution Comparison for All Severities (Table 10-6):

HSM Analysis

Stop-Controlled Signalized
All Severities
N =4.06 N =5.26

Collision Type % # Crashes % # Crashes
" Animal 1.0% 0.04 0.2% 0.01
2 Bicycle | 0.1% 0.00 0.1% 0.01
S Pedestrian | 0.1% 0.00 0.1% 0.01
3 Overturn | 0.5% 0.02 0.3% 0.02
§ Run Off Road | 12.2% 0.50 6.4% 0.34
) Other | 0.8% 0.03 0.5% 0.03
5 Total Single Vehicle |/ 2o, (60 7.6% 0.40

Crashes

o Angle | 43.1% 1.75 27.4% 1.44
% Head On | 4.0% 0.16 5.4% 0.28
o Rear End | 24.2% 0.98 42.6% 2.24
E Sideswipe | 10.1% 041 11.8% 0.62
g Other | 3.9% 0.16 5.2% 0.27
E Total Multi-Vehicle | oo 200 346 | 92.4% 486
= Crashes

Total Crashes 100.0% 4.06 100.0% 5.26
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DE 42 (Seven Hickories Road) & DE 15 (Brenford Road)/Seeneytown Road HSM Analysis
Kent County, Delaware

Chapter 14: Crash Modification Factors (CMFs) for Intersections

Crash Summary, 1/1/2012 to 12/31/2012 (0.1-mile along all legs of intersection)
7 Crashes

5 Property Damage Only
2 Personal Injury
0 Fatality

3 Angle

2 Rear End

1 Left Turn

1 Other (Single Vehicle Crash)

Treatment #1: Convert Four-Leg Stop-Controlled Intersection to Four-Leg Signalized Intersection

Table 14-7: Rural Four-Leg

Predicted
# Crashes  # Crashes
Crash Type | CMF (2012) per Year

Right Angle | 0.23 3 0.7
Left Turn 0.4 1 0.4
Rear End 1.58 2 3.2
All Types 0.56 7 3.9

By using the CMF method for this specific treatment, we can conclude that this intersection will
experience approximately 4 crashes per year.

Treatment #2: Convert Four-Leg Stop-Controlled Intersection to Four-Leg, All-Way Stop Intersection

Table 14-5: Rural, Assume all MUTCD warrants met

Predicted
# Crashes  # Crashes
Crash Type | CMF (2012) per Year

All Types 0.52 7 3.6

By using the CMF method for this specific treatment, we can conclude that this intersection will
experience approximately 4 crashes per year.
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DE 42 (Seven Hickories Road) & DE 15 (Brenford Road)/Seeneytown Road

Kent County, Delaware

Treatment #3: Convert Four-Leg Stop-Controlled Intersection to Modern Roundabout

Table 14-4: Rural, Assume One-Lane

Predicted

# Crashes # Crashes

Crash Type | CMF (2012) per Year
All Types 0.29 7 2.0

HSM Analysis

By using the CMF method for this specific treatment, we can conclude that this intersection will
experience approximately 2 crashes per year.
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DE 42 (Seven Hickories Road) & DE 15 (Brenford Road)/Seeneytown Road HSM Analysis
Kent County, Delaware

Crash Rates for Historical Countermeasures

At the intersection of DE 42 (Seven Hickories Road) & DE 15 (Brenford Road)/Seeneytown Road, two
historical crash countermeasures have been implemented:

e Lighting on the southeast and southwest quadrants was installed on 1/5/2009.
e Solar-Powered, Flashing Red Beacons were installed on both STOP signs in the northbound and

southbound directions on 11/8/2010.

#Yearsin  # Crashes Crash Rate

Base Condition Countermeasure Study Period Study in Study (crashes per
Period Period year)
No Treatment Install Lighting 1/5/2006 - 1/5/2009 3.00 8 2.67
Lighting Install Flashing Beacons  1/6/2009 - 11/8/2010 1.84 8 4.35
Flashing Beacons Present 11/9/2010 - 7/19/2013 2.70 16 5.93
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Chapter 12: Predictive Method for Urban and Suburban Arterials

Site Conditions
Approach Functional Classification AADT (veh/day)
South Broad Street Urban Arterial 7,842
East Green Street Urban Local 2,000
West Green Street Urban Local 2,000
» Stop-controlled on side streets
» Intersection Skew: 90°
> Left Turn Lanes: All approaches
» Right Turn Lanes: All approaches
» Lighting: All quadrants
» Analysis Year: 2012
» 2 Bus Stops within 1,000 ft of intersection
> No Schools within 1,000 ft of intersection
» No Alcohol Sales Establishments within 1,000 ft of intersection
» Pedestrian Volume (PedVol): 40 Peds/day
» Maximum # of lanes for pedestrian crossing (Nines): 6

Determine the predicted number of crashes at the existing stop-controlled intersection and a proposed
signalized intersection.



Chapter 12 HSM Analysis
Predictive Method for Urban and Suburban Arterials

**Determine the predicted number of crashes at the existing stop-controlled intersection.

Safety Performance Function for Multi-Vehicle Crashes at Four-Leg, Stop-Controlled Intersections

Npimvast = expla+ b X In(AADTp4j) + ¢ X IN(AADT 1p,)] (Equation 12-21)
NOTE: If side streets have two different AADT volumes, use the greater value.
Use Table 12-10 to find SPF coefficients for 4ST.

Npimvast = €xp[—8.90 + 0.82 x In(7,842) + 0.25 X In(2,000)]
Npimvast = 1.42 crashes/year

If desired, find the number of multi-vehicle crashes based on severity level: Fatal/injury (FI) and Property
Damage Only (PDO). Use Equation 12-21 with appropriate crash severity coefficients from Table 12-10.

Fatal/Injury Crashes
N;,imv(F,)AST = exp[—-11.13 + 0.93 x In(7,842) + 0.28 x In(2,000)]

Ni,,-m,,(p,)AST = 0.51 crashes/year

Property Damage Only Crashes
N;,imv(PDo)AST =exp[—8.74+0.77 x In(7,842) + 0.23 % In(2,000)]

N;)imy(ppo)A,ST = 0.91 crashes/year

Therefore, in order to assure that Npimv(rnast and N pimyppo),asT SUM tO N pimv(total) 4ST »

Nbismo(FD) .
Npimv(rn,ast = Npimv(otal) asT X (N, N (Equation 12-22)
bimv(FI) bimv(PDO)

0.51
Npimvrnast = 1.42 X (m)

Npimprnast = 0.51 crashes/year
And thus,
Npimv(Pp0),asT = Nbimv(total)asT — Npimv(Fn)asT (Equation 12-23)

Npimv(ppo)ast = 1.42 — 0.51
Npimvppoyast = 0.91 crashes/year
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Chapter 12 HSM Analysis
Predictive Method for Urban and Suburban Arterials

Safety Performance Function for Single-Vehicle Crashes at Four-Leg, Stop-Controlled Intersections

Npisvast = expla+ b X In(AADT 45) + € X In(AADT )] (Equation 12-24)
NOTE: If side streets have two different AADT volumes, use the greater value.
Use Table 12-12 to find SPF coefficients for 4ST.

Npispast = exp[—5.33 + 0.33 x In(7,842) + 0.12 x In(2,000)]
Npispast = 0.23 crashes/year

Add results from both crash type totals.

Nspr,int = Npimv,ast + Npisvast (Equation 12-7)
NSPF,int =1.42+0.23
Ngsppint = 1.65 crashes/year

If desired, find the number of single-vehicle crashes based on severity level: Fatal/Injury (FI) and
Property Damage Only (PDO). Use Equation 12-24 with appropriate crash severity coefficients from
Table 12-12.

Fatal/Injury Crashes
**NOTE: No models are available for Fatal/Injury crashes for 4ST. Instead, use:

Npisvrnast = Npisvcrotaty X (Fpisv) (Equation 12-27)
Where

fpisy = Proportion of fatal & injury crashes for combined sites = 0.28 for 48T

Therefore,

Npisvrnast = 0.23 X (0.28)
Niisvenasr = 0.06 crashes/year

Property Damage Only Crashes
N;,isv(PDO)AST = exp[—7.04 + 0.36 x In(7,842) + 0.25 x In(2,000)]

Nhyisvppoyast = 0.16 crashes/year

Therefore, in order to assure that Nbisv(p,)AST and Npisp(ppo)asT SUM to N pisv(total) 4ST /
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Chapter 12 HSM Analysis
Predictive Method for Urban and Suburban Arterials

Ny,
bisv(FI) ) (Equation 12-25)

Npisvrn,ast = Npisv(totan asT X ( ;
LepdFD: Esv(total), Nbisoen*Nbisvpo)

0.06
Npisvrnast = 0.23 X (m)

Npisurnast = 0.07 crashes/year

And thus,

Npisvpp0),ast = Nbisv(tota asT — Nbisv(Fr) 45T (Equation 12-23)
Npisvppoyast = 0.23 — 0.07

Npisvppoyast = 0.16 crashes/year

Inclusion of Intersection Crash Modification Factors (CMFs):

Intersection Left Turn Lanes (Table 12-24)
NOTE: Left turn lanes on side street approaches have no effect on the CMF for stop-controlled
intersections, therefore these two approaches can be disregarded.

CMFli = 0 53

Intersection Left-Turn Phasing (Table 12-25)
Note: This CMF is only applicable to signalized intersections. For unsignalized intersections, use 1.00.

CMFZi = 100

Intersection Right Turn Lanes (Table 12-26)
NOTE: Right turn lanes on side street approaches have no effect on the CMF for stop-controlled
intersections, therefore these two approaches can be disregarded.

CMF3; = 0.74

Right Turn on Red
Note: This CMF is only applicable to signalized intersections. For unsignalized intersections, use 1.00.

CMF,; = 1.00

Lighting (Table 12-27)

CMF5;=1-0.38Xp,,; (Equation 12-36)
CMFs; =1 —0.38 x (0.229)
CMFs; = 0.91
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Chapter 12 HSM Analysis
Predictive Method for Urban and Suburban Arterials

Red-Light Cameras
Note: This CMF is only applicable to signalized intersections. For unsignalized intersections, use 1.00.

CMF&' — 100

**There are no pedestrian-vehicle CMFs for intersection type 4ST. To determine pedestrian and bicycle
crash rates for 4ST, use the following:

Npi = NSPF,int X (CMFll X ... X CMF61) (Equation 12-6)
Np; = (1.65) x (0.53) x (1.00) x (0.74) x (1.00) x (0.91) x (1.00)

Np; = 0.59 crashes/year

Npedi = Nbi X (fpedi) (Equation 12-30)

Use Table 12-16 to determine fp¢q;

Npeqi = 0.59 % (0.022)
Ny,eqi = 0.01 crashes/year

Npikei = Npedai X (fpikei) (Equation 12-31)

Use Table 12-17 to determine fp;rei

Npikei = 0.01 x (0 018)
Npikei = 0.00 crashes/year

Inclusion of Calibration Factor C; :
C;=1.00

NOTE: DelDOT is in the process of formulating local calibration factors. Until a formal set of calibration
factors has been issued by the Department, the value of C; is assumed to be 1.00.

Inclusion in Predictive Model:

Npredicted,int =C; X (Np; + Npedi + Npikei) (Equation 12-5)
Npredicted,int =1.00 X (0 59 +0.01 4+ 0. 00)

Nyredicted,int = 0.60 crashes/year
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Chapter 12 HSM Analysis
Predictive Method for Urban and Suburban Arterials

**Determine the predicted number of crashes at the intersection, should a signal be installed.

Safety Performance Function for Multi-Vehicle Crashes at Four-Leg, Signalized Intersections

Npimvase = €xpla+ b x In(AADT pyj) + € X In(AADT )] (Equation 12-21)
NOTE: If side streets have two different AADT volumes, use the greater value.

Use Table 12-10 to find SPF coefficients for 4SG.

Npimvas¢ = €xp[—10.99 + 1.07 x In(7,842) + 0.23 X In(2,000)]

Npimvasc = 1.42 crashes/year

If desired, find the number of multi-vehicle crashes based on severity level: Fatal/Injury (FI) and Property
Damage Only (PDO). Use Equation 12-21 with appropriate crash severity coefficients from Table 12-10.
Fatal/Injury Crashes

NhimvFnase = €Xp[—13.14 + 1.18 x In(7,842) + 0.22 X In(2,000)]
Nbimv(Fnas = 0-44 crashes/year

Property Damage Only Crashes
Npimvpp0oyasc = €xp[—11.02 +1.02 X In(7,842) + 0.24 x In(2,000)]

Nyimpppoyasec = 0-98 crashes/year

Therefore, in order to assure that Nbimv(FI)ASG and Npimv(PD0),456 SUM 1O Npimy(total) 456 »

Ny
bimv(FI) ) (Equation 12-22)

Npimv(rnas6 = Npimv(total 4sa><(
imv(FD); imv(total), N;;imv(n)"'N;;imv(PDo)

0.44
Npimvrnase = 1.42 X (m)

Npimv(Fnas¢ = 0.44 crashes/year

And thus,

Npimv(pD0),45¢ = Nbimv(total),4s6 — Nbimv(FD,as6 (Equation 12-23)
Npimv(ppoyas¢ = 1.42 — 0.44

Npimvppo)asc = 0.98 crashes/year
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Chapter 12 HSM Analysis
Predictive Method for Urban and Suburban Arterials

Safety Performance Function for Single-Vehicle Crashes at Four-Leg, Signalized Intersections

Npisvasc = expla+ b x ln(AADTma]-) + ¢ X In(AADT ,,;,,)] (Equation 12-24)
NOTE: If side streets have two different AADT volumes, use the greater value.
Use Table 12-12 to find SPF coefficients for 4SG.

Npisyas¢ = exp[—10.21 4 0.68 x In(7,842) + 0.27 X [n(2,000)]
Npispas¢ = 0.13 crashes/year

Add results from both crash types.

Nsprint = Npimv,ase + Npisvase (Equation 12-7)
NSPF,int =1.42 + 0.13

Nsprine = 1.55 crashes/year

if desired, find the number of single-vehicle crashes based on severity level: Fatal/Injury (FI) and
Property Damage Only (PDO). Use Equation 12-24 with appropriate crash severity coefficients from
Table 12-12.

Fatal/Injury Crashes
Nyisvrnase = €xp[—9.25 + 0.43 X In(7,842) + 0.29 X [n(2,000)]

Nyisvrnase = 0-04 crashes/year

Property Damage Only Crashes
N;;isv(PDO)ASG = exp[—11.34 + 0.78 X In(7,842) + 0.25 X In(2,000)]

Nyisv(ppoyasc = 0-09 crashes/year

Therefore, in order to assure that Np;sp,r1) 456 and Npisp(pp0),4s6 SUM 10 Npisi(totar) 456 »

Ni;
bisv(FI) ) (Equation 12-25)

Npisv(rnas¢ = Nbpisv(total 4sa><(
isv(FD. isv(total), N;risv(Fl)'i'N;zisv(PDO)

0.04
Npisyrnase = 0.13 X (m)

Npisurnas¢ = 0.04 crashes/year

And thus,

Npisvpp0),456 = Nbisv(tota),456¢ — Nbisv(F),456 (Equation 12-23)
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Chapter 12 HSM Analysis
Predictive Method for Urban and Suburban Arterials

Npisuppoyase = 0.13 — 0.04
Npisuppo)asc = 0.09 crashes/year

Inclusion of Intersection Crash Modification Factors (CMFs):

Intersection Left Turn Lanes (Table 12-24)

CMFy; = 0.66

Intersection Left-Turn Phasing (Table 12-25)
Note: Protected/Permissive left-turn phasing is assumed for this intersection.

CMFy; = 0.99

Intersection Right Turn Lanes (Table 12-26)

CMng = 085

Right Turn on Red
Note: Assume right turns on red are permitted on all approaches.

CMF,; = 1.00

Lighting (Table 12-27)

CMFs; =1—-0.38Xp,; (Equation 12-36)
CMFg5;=1—-0.38 x(0.235)
CMFSi =0.91

Red-Light Cameras
Note: Assume no red-light cameras will be in use at this intersection.

CMFg; = 1.00

Therefore,
Ny = NSPF,int X (CMF]J X ... X CMFGl) (Equation 12-6)

Ny =1.55%(0.66x0.99 X0.85%x1.00 % 0.91 % 1.00)
Np; = 0.78 crashes/year
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Chapter 12 HSM Analysis
Predictive Method for Urban and Suburban Arterials

Inclusion of Pedestrian Crash Modification Factors (CMFs):

Bus Stops (Table 12-28)

CMFy, =2.78

Schools (Table 12-29)

CMF3, = 1.00

Alcohol Sales Establishments (Table 12-30)

CMFs, = 1.00

To determine pedestrian and bicycle crash rates for 4SG, use the following:

Npedi = Npedbase X CMFlp X CMFZp X CMng (Equation 12-28)

Where: (Equation 12-29, Table 12-14)

AADT
Nyedpase = €xp(@+ b X IN(AADT 1)) + ¢ X In| ———— | + d X In(PedVol) + e X Nygpes
AADT

’

00
)+045xh@®+004x®)

Nyedbase = €xp(—9.53 + 0.40 X In(9,842) + 0.26 X In (7 842

Nyedpase = 0.01 crashes/year

Therefore,

Nyeqi = 0.01 X (2.78) X (1.00) x (1.00)

Nyeq; = 0.04 crashes/year

And therefore,

Npikei = Npi X fpikei (Equation 12-31)
Use Table 12-17 to determine fpikei

Npikei = 0.78 x (0.015)
Npirei = 0.01 crashes/year
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Chapter 12 HSM Analysis
Predictive Method for Urban and Suburban Arterials

Inclusion of Calibration Factor C; :
C;=1.00

NOTE: DelDOT is in the process of formulating local calibration factors. Until a formal set of calibration
factors has been issued by the Department, the value of C; is assumed to be 1.00.

Inclusion in Predictive Model:

Npredicted,int = Ci X (Npi + Npeai + Npikei) (Equation 12-5)
Nyredicted,int = 1.00 X (0.78 + 0.04 + 0.01)

Nopredicted,int = 0.83 crashes/year

Final Results:
Npredicted,intA-ST = 0.60 crashes/year
Npredicted,int,4SG = 0.83 crashes/year
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