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HIGHWAY
SAFETY
MANUAL

1st Edition = 2010

O  Methodology of the Highway Safety Manual

O  New way to guantitatively evaluate safety

O Old Way: Crash Rates

Total Crashes (5 yrs) x 1,000,000 miles
AADT x 365 days x 5 yrs x Segment Length (miles)

O Doesn’'t account for roadway geometric conditions

O New Way: “Data-Driven” Analysis:

O Uses roadway geometry, traffic volume, and
historical crash data to estimate predicted safety
performance of an existing or proposed roadway



HIGHWAY
SAFETY
MANUAL

1st Edition = 2010

O Predictive Method, General Form:;:

Predicted crash frequency =
SPF x (CMF1 x CMF2x ...)xC

O SPF - Safety Performance Function
O CMF - Crash Modification Factors
O C - Calibration Factor



O SPF, Safety Performance Function:

O Regression models created for different facility types: Rural two-lane

roads, multi-lane roads, urban/suburban arterials, freeways,

intersections, etc

O Developed for certain base conditions of that facility type

O  Example: Freeway Segment, Multi-Vehicle Crashes

N ot hnimes ™ L* x exp(a + b xIn[c x AADT; ])

O Where: O  Base conditions:
O L* = effective length of segment O Lane Width =12 ft
O  AADT= fraffic volume O Inside Shoulder Width = 6 ft
O q, b, c = coefficients specific to the O  Median with = 60 ft
ol bl O Length of Horizontal Curve =0 (not

@)

present)

Length of Median Barrier = 0 (not
present)

Length of Type B Weave Section =
0 (not present)

HIGHWAY
SAFETY
MANUAL

1st Edition = 2010




O CMF, Crash Modification Factors
O A factor or a function

O "Adjustment Factors”: Used to adjust SPF for any
difference between your study site’'s geometric
conditions and the base conditions for the SPF

O Example:
Lane Width, CMF, = exp (a x [WI-12], if WI < 13 ft
=b, if WI>= 13 ft

O C, Cdlibration Factor
O Calibrates the SPF for local conditions

O Pennsylvania is currently developing these

HIGHWAY
SAFETY
MANUAL

1st Edition = 2010




Key Part of the Methodology = Segmentation

Start a new segment wherever there is a change in any

base condition:

O

©O O O O

Number of Lanes

Cross-Section (Lane width, shoulder width, etfc)
Roadside Conditions

Alignment Change

Change in AADT

HSM contains guidance for how to segment

Segments can be of varying length

HSM analysis results are reported by segment

HIGHWAY
SAFETY
MANUAL

1st Edition = 2010




O Results: What does the HSM Analysis give us?

O Predicted Average Crash Frequency, N prepicrep - The number of
crashes that can be expected for our site when compared
with similar sites

O Expected Average Crash Frequency, N gypecren - the number of
crashes that can be expected for our site when compared
with similar sites and weighted for the observed crash history at
our site

O Potential for Safety Improvement, PSI = Expected - Predicted
O Does not mean that a facility is “safe” or “not safe”

O PSI > 0 = site experiences more crashes than predicted when
compared with similar sites

O PSI <0 = site experiences less crashes than predicted when
compared with similar sites

O Tool used to prioritize projects

HIGHWAY
SAFETY
MANUAL

1st Edition = 2010




Urban and Suburban Arterials - Segment Inputs

*Eniry ofthe values in BLUE are opional inputs for the calculalion of HSM-based crash medificalion faclors.

Segment. | Segment 3 |+ Segment ID: | Y Segment Ofisst I—“

— Geometnic and Trafic Data

Segment Type 3T ~|+  AADT (vehicles/day) 11800 +

Lengh of Segment (mies) 0152 Speed Limi (mph) e
PennDOT Tool s et D

Is there on-sireet parking? Im+
« Can be used for: e LR
 Rural Two-Lane Roads

* Rural Multilane Highways

« Urban/Suburban Arterials —— [ Pem I

r— Roadside and Other Data

* Intersections e
Ofiset io Roadside Fixed Objects* |T+
« Noft yet available for: Aww&mw [ NetPresen. ]
« Freeways & Ramps e |
« Roundabouts Mik-Vehicle Drveway-Relsed Crashes Muis-Vebicle Non-Drveway Crashes Sinole Vicle Crashes

[ & [ 2 | [

« Data Needed: o e
« Need Segments/Offsets
g / Resst Form | MNext Segment | Save & Contmue




FHWA ISATe

Can be Used for:

Freeway Segments
Ramp Segments
Ramp Terminal Intersections

Data Needed:

Segment Freeways Manually
Requires Cross Section Data
Curve Information

Enhanced Interchange Safety Analysis Tool

Pfﬂjeét déscriﬁtiun.:. Sample Data

Analyst: |Date: [12/9/2019 |Area type: |Urban

First year of analysis] 2013

Last year of analysis:| 2015

Freeway segments

Drata for each individual 5egmen1J :
| - |First year of crash data: | 2005 |Lastyear of crash data: | 2007

Ramp segments

b
| Drata for each individual 3egmen1j -
|First year of crash data: | 2005  |Lastyear of crash data: | 2007

i |

Ramp terminals

Data for each individual terminalj -
|First year of crash data: | 2005 |Lastyear of crash data: | 2007

1. Enter data in the Main, Input Freeway Segments. Input Ramp Segments, Input Ramp Terminals worksheets.
2. Click Perform Calculations button to start calculation process.

Perform Calculations | Print Results {optional) Print Site Summary (optional)

3. Review results in the Cutput Summary worksheet. Optionally, click the Print buttons to print the summary worksheets.
4. Optionally, detailed results can be reviewed in the Qutput Freeway Segments, Output Ramp Segments, Qutput Ramp

Terminals worksheets.




IJHSDM &

Interactive Highway Safety Design Model

IHSDM
« Can be used for: T
» Entire Project Network | |

* Freeways (No Need to Segment Manually) | |

* Rural, Suburban, Urban Environments | |

« Freeways, Ramps, C-D Roads | |

« Arterial, Local, Collector | |

« Ramp Terminals, Intersections | |

« Latest Update can analyze Roundabouts I DewinigChange. I
| |

| |

| |

| |

| |

Import Highway [ Intersection / Site Set...

Archive Project...

Mew Highway...

Mew Intersection...

Mew Ramp Terminal...

Mew Roundabout...

« Requires Detailed Data blew fie Seb.
« Cross sections, Alignments
« Additional Geometric Design Elements

Properties...

Attach File...

Show Mode Directory

Sort -

Delete...




Can be used for: Data Needed:
Hamp Rural Two- SRSl RAI- MRy Local & Segment/ MSIERY Cross Section Curve Alignments/ | Locations for
Freeways Ramps Terminal fone Ride Lane Suburban | Intersections CoBactor Rds CD Roads |Roundabouts Offssts Segment : Mitarstion ] Rsktias % e
Intersections Highways Arterials Freeways Chang

PennDOT Tool

v

v/

v

FHWA ISATe

IHSDM

AN

AN

v
v

v

v

v

AN
AR




O [IHSDM Crash Prediction
Module

O Existing, No Build, and
Build Conditions

O Freeway Segments &
Crossroad Ramp
Terminals

2 &

*Stylized view of data for reference anly




I @ Wertical Alignment

Usage:
Required for analysis: Design Consistency; Driverffehicle; Intersection Diagnostic Review; Policy
Review; Traffic Analysis

A Edit: 183 Build (v1)
File Edit Help

Select a module view: ——————— 1 ~ Horizontal Alignment
| Crash Prediction Data v |

This table contains data that define the horizontal alignment of the highway centerline. Horizontal alignment element types are Tangent, Curve (simple curve),
Spiral (between a Tangent and a Curve, or part of a Spiral-Spiral pair), and Deflection (horizontal deflection angle without horizontal curve).

B Crash Prediction Data
+ Horizontal Alignment|

" Vertical Alignment Type Start Loc. {Sta. ft) End Loc. (Sta. ft) Curve Radius (ft) | Direction of | Curve Side | Radius Deflection Add..

" Lane Curve of Road Position Angle (deg) |'=

+ Lane Offset E it

¥ Ramp Connection Tangent | 17+55.700| 32+08.100| | Both Roadbeds | | —

' Shoulder Section Curve 32+09.100/ 42+78.520| 5,702 58 Right [Both Roadbeds | o

W Cmndae, Tangent | 42+78.520, 48+18.110) | Both Roadbeds _

¥ fanual fuecageDaly Tea Boyre | 43413110 55+50.450 11,100.00 Left Both Roadbeds | |

¥ Median , Curve : 55450 450/ 92+39,820| 9.130.00 Right Both Roadbeds Validate. .
N ; Tangent | 52+39.820/ 129+00.000 Both Roadbeds

? '."'.'EEI'-.-'II'IQ Sarction Rt _iarsc 1 T e B Lol il ] R D W

" Median Barrier Help...

" Outside Barrier

® Clear Zone

® UserDefined CMF

#® Site-Specific Crash Data




© Data Organization
O Can Import Excel info IHSDM

O Import CAD if available
O Land XML Files

Element
Type

Ep
Deflectio

L)

Horizostal Aligement

Ead
Station

Begin
Station

Direction
of Curre
[Left or

Right]

Start
Station

End
Station

Side of

Road
[Lefr?
Right])

Priority

Tepe

Start
width
[Fx)

End
Width
Ft)

Start
Ftation

Ead
Station

Lame ODFfset

Side of
Road
[Leftd
Right])

Full
OFfset
[f)

Begin
Loc. Full
width

End Loc.
Fall
width

Rumble
Strips
LLLY)

Start
Station

End
Etation

Side of
Road

Should

er Side

[Imzide

Oat=id
£]

Shounlder Bection

End
Elope

Start
Slope

Start

wideh

End

width

Rumhble
Strips
[TIN]

Priority

Tangent 1T+55.70 § G2+09.10 175570 § 125+00.00 Thru 1T+55.70 § G2+14.15 1Te5570 § Gaedds [ 1Te55.70 § G2+14.05 Inside -4 -4
Curve G2e0300 ; 42+7552 | ST02.58 17+55.70 | 1253+00.00 Thru : : : G2eldAG | 4546833 Inside -4 -4
Tangent | 427852 | 43+151 1T+55.70 | G0+43.73 Fiight 30 Thru 11,00 1.00 4546555 | 123+00.00 Eiath 13.00 45+68.55 | 123+00.00 | 4546555 | 128+0000 ] Eoth Inside -4 -4 12 12 Faved He &0
Curvs 4341511 ECLE0L4E 1100 Left 064375 | 242252 Fright 30 Thru 11.00 12,00 = = = TT+EST0  21+424% | Right : Outside -4 -4 2 135 Pavad e &0
Curvs EELEQAE  3Z.5RE2 EAED) Fight 32422821 12940000 ] Right F0 Thru 200 (LR [ et e [ 2.424% | 3044355 | Right § Outsida -4 -4 155 155 Paved e &0
Tangent | 323352 1 123+00.00 1345115 | 12340000 1 Right 40 Thru 12,00 12.00 : ] ] : ] GOe43TF | F2+2252 1 Right | Outside -4 -4 135 0 Paved Ne &0
13451105 12340000 0  Right B Thru 12.00 12.00 S e e e C O USDERED T ZE.E2ES T Right | Oukside -4 -4 a 14 Paved Fa &
Hatez: ME Pamp B Gare Paint: 17+55.70 1745570 | 35+34.41 Left 40 Thru 1.00 1.00 SE+E2E5 | 10143174 | Right : Outside -4 -4 14 14 Paved Mo 4]
IE Ramp A Gore Point: 3045217 353441 | 3TeFAS Left 40 iAccelerstion; 1100 1.00 P L L L L S —— 10143174 § 1340000 ;  Right  Outside -4 -4 14 0 Paved Ne &0
ME C-0 Rd Gore Point: 32422852 4347551 | SE4BT5E Left A0 iAccelerstion: .00 .00 [ e S S R AT e | S 11340000 1290000 ] Right § Outside -4 -4 12 12 Paved o 1]
ME Famp C Gore Paint: 36+82.85 F5+62.15 § 123+00.00 Left 40 Thru 1200 1200 2 2 .. 2 2 T+55.70 § 23+32.43 Left Outside -4 -4 2 2 Paved e &0
E6 Famp O Gare Paint: 3743148 17+55.70 | S4+&0.00 Left 30 Thru .00 oo | R R e R e T 233249 | 305217 Lokt Outside -4 -4 2 15 Faved Mo 1)
36 C-0 Rd On-Ramp Gore Point: 5540858 GdeE0.00 § 3143212 Left 30 Thru 1,00 12.00 FOeRRAT | G1+67.54 Left Outside -4 -4 2 12 Paved Ha ]
36 C-0 OFf-ramp Split:  3§+62.15 FT+3212 § 123+00.00 Left 30 Thru 12.00 [EOON s B el e el e e FI+BTS0 | 35+34.41 Left Outside -4 -4 12 12 Paved Mo 1]
b C-0 Ramp Split: 113+00.00 1T+55.70 | 1253+00,00 Left 20 Thru 12.00 12.00 35e34.41 | GT+314E Left Outside -4 -4 H 14 Paved Mo &)
1745570 123+00.00 Left 10 Thru 12,00 1200 |EEEE e e e e s e STe314E | 4347551 Left Outside -4 -4 14 14 Paved Mo &0
= ; 45347551 § 50+15.34 Left Outside -4 -4 14 12 Paved Mo &
...................................................................... 50+1534 54‘5745 L':ft I:"'Itsidt -4 -4 12 12 PQ\'Qd ND E“:l
SSe055G | STe2d.54 Left Outgide -4 -4 ] 14 Paved Ho &0
...................................................................... ST+25.54 Fa+62.23 Left Outside -4 4 4 14 Faved He Go
FE22F | AGTESD Left Outzids -4 -4 14 0 Paved He &0
354575 | 128+00.00 Left Outzids -4 -4 12 12 Paved e &)




=] I-83 Build
B 1-83 Build (v1)
! [v1] 2050 Build Predicted (Crash P
! [v1] 2050 Mo Barriers {Crash Predi
B NB CD Road (v1)
B Ramp B 1)
B Ramp D 1)
B Ramp G w1)
B rRamp J v1)
— 2§ Ramp E (v1)
— 2 Ramp F v1)
B Ramp M w1)

19th Street B Ramp K (v1)
NB CD Road i

B Ramp L v1)

B Ramp N (1)

j Cameron 5t (v1)
— M) 17th street (v1)
B 19th Street (v1)

B Ramp C w1)

B Ramp A 1)
B sBCDRoad (v1)
== 17th St & Ramp K-IIM (v1)
== 19th St & Ramp LN (v1)
=k Cameron St & Ramps E/F (v1)

= Cameron St & Ramps G/ (v1)
Totylized view of data for reference only = f]! [-83

c &

17th Street
Ramp M

SB CD Road

Cameron St

+




Freeway

Segment Description

Section
o Benefit of IHSDM = segments study area
for you
1 F51-3 §-B3 NB Ramp B Gore Point to I-83 5B Ramp A Gore Point
- Q 2 F54-20 QI-B3 5B Ramp A Gore Point to 1-83 5B Ramp D Gore Point [End of 5B C-D Road)]
o Challenge = canresult in a lot of
3 F321-26 §-83 5B Ramp D Gore Point [End of 5B C-D Road] to I-83 NB Ramp C Gore Point
segments
4 F527 |§-B3 NB Ramp C Gore Point to I-B3 5B Ramp F Gore Point
S 1_ . . d 5 F528-36 §i-83 5B Ramp F Gore Point to 1-83 5B Ramp E Gore Point [SB C-D Road On-Ramp]
o Ome pOS _proceSS|ng reqUIre & F537 |-B3 5B Ramp E Gore Point [SB C-D Road On-Ramp] to 1-83 MB Ramp G Gore Point
TO mdncge reporhng Of reSUHS 7 FS3B-47 Qi-83 NB Ramp G Gore Point to |1-83 NB Ramp ] Gore Point
8 F548 Q-B3 NB Ramp | Gore Point to 1-B3 5B Ramp K Gore Point
Segment Start End Effective 9 F549-58 W-B3 SB Ramp K Gore Point to 1-83 NB Ramp L Gore Point
Number/Intersection| Location Location Length
Name/Cross Road (Sta. ﬂ:) (Staft) (I’I‘II) 10 F559-61 QI-83 NB Ramp L Gore Point to End of 3rd Lane NB
11 F562-69 §End of 3rd Lane MNB to 1-83 5B Ramp M Gore Point
2 17+55.700| 17+89.700 0.0064 - -
12 F&70-75 Qi-83 5B Ramp M Gore Point to 1-83 NB Ramp N Gore Point [SB C-D Road Off-Ramp]
2 17+89.700| 18+56.700 0.0127
3 18+56.700| 19+24.700 0.0129 13 F576-78 Qi-83 NB Ramp M Gore Point [SB C-D Road Off-Ramp] to Eastern Project Limit
4 19+24.700| 19+91.700 0.0127
5 19+91.700| 20+58.700 0.0127
6 20+58.700| 21+25.700 0.0127
7 240 Fanl 2449 430 [aWalatrle)




e Gore point locations
* Ramps and Crossroad locations

* Use to group together homogenous output
segments

* Baselines need to be exact, i.e. to the gore
points

* InRoads knowledge helpful

BN

e Data Compilation
* Program Troubleshooting
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