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Safety Impact Assessment
at the Program
and System Level

Jake Kononov, Ph.D., P.E.
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In Order to Manage Safety Effectively,
We Need to be Able to Measure it

Sil

How much Safety can we Expect?
How Many Crashes are too Many?

How much Safety for how much Money
can we Obtain?

What is Normal and what is Abnormal?
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How To Measure Safety?

Accident Rate is

the Most Common

Measure of Safety

#Acc x 1,000,000

Rate =
AADT x 365 x Length

Let's Examine Its Application...

Italy 2012

Year #Acc AADT Rate
1988 13 2,900 21
1989 2,900 179
1990 3,050 - 201
: 3,400 3.19

1991
Average Rate = 2.28

=

After Gambling
#Acc AADT Rate
30 10,618 1.33

Average Rate = 1.24




Before Gambling
Average Rate = 2.28

Highway Alignment and Typical Cross- |
Section have not Changed

After Gambling
Average Rate = 1.24

ttaly 2012

: r the Introduction of Gambling,
the f Accident Involving
Alcohol increased 500%.

—

Is Drinking and Driving in Concert
with Gambling Good for Safety?

Probably not, but if Accident Rates
are Used as a Measuring Device
One Would have to Conclude that

it is. ‘
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Between 1990 and 2004
AADT Increased from to
Total Accident Rate Increased by
Injury and Fatal Rate Increased by

Clearly the Rate is Changing with
AADT

In Order to Understand how the Crash
Rate is Changing, We need to
Develop a Relationship between
Safety and Traffic Exposure

Sil

This Relationship is Reflected by,
Safety Performance Function
(SPF)




Calibration of Safety
Performance Functions
in Rural'and Urban
Environments

Jake Kononov, Ph.D.; P.E.
Bryan K. Allery, P.E.

Dataset Preparation

Italy 2012
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Accidents and Freenay e
Segments Included in the Dotaset G
incluged Olin Segment Lengtn »= 2 Mies) Incluged
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interchange Related Interchange Related
Accidents Excluded Accidents Excluded

Rural Mountainous
2-Lane Highway
LOSS/SPF Graph
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Accidents on Mainiine Included
Ramps and Crossroad Excluded
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Urban 6-Lane Freeway
SPF Graph

ttaly 2012
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Urban 6-Lane Freeway

Each Paint Represents _
AccidenF Frequency for
a Segment of Roadway

for a:SingIe Year
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T T
Fita Curve tothe Data

Using Neyral NetworkslGLM
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California 6-Lane Freeway

100,000
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Texas 8-Lane Freeway

200,000
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COBL (Tota) _» APVPY (Tota)

High Speed

Low Density

60,000

100000 120000 140,000 160000 180,000
AnoT
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Simulation

Snagit video Capture
Capue statizics
Captured franes:
Drcppedranes:
e e
[— oseconds
Capure enath 0Seconds
Capture ropects
Frame sze (pbeks): 576636 High Speed
Frame rate:
Colrs:
Conpressien
Record s

High Density

Press Prnt Screen o stop video capture

taly 2012
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T = -
—{ sub-crtioa zone — L= Super-riea zome |—

d =16 pimil
v=70mph

0,000 100000 120000 140000 160,000 180,000 200000
AnoT

Sigmoid Or Dose-Response Curve
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A

Changes in the Crash Rate within Colorado 6-lane SPF for all Crashes

APMPY (Total)

10000 0000 30000 40000 5000 E0000 T00G 8000 000 100060 10000 120000 10000 40000 150000 160000 170,000 180000 190000 210000
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COBL (Tota) = APMPY (Toial)
LOS D and

1LOS D and E}

.
Super-Critical Densit]

100,000 120,000 140,000 160000 180,000
AsoT
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LOS D and EF—

1LOS D and E}

160000
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Functional Form of Colorado’s 6-Lane and California
8-Lane Urban Freeway SPFs

* Generalized Linear Modeling (GLM) Power
Function

* GLM Sigmoid and Neural Network (NN)
Sigmoid

taly 2012
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GLM Power Function
(CO 6 Lane Injury & Fatality)

= APMPY (INJ+FAT)

150,000

ttaly 2012

GLM Power Function
(CO 6 Lane Injury & Fatality)

=——CO6Lane-GLM = APMPY (INJ+FAT)

Cumulative Residual

100,000 150,000
AADT
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GLM Power Function — CURE Plot
(CO 6 Lane Injury & Fatality)

CO6 Lane-GLM (Inj& Fat)

——cumulative residual —— 20
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Neural Network Sigmoid Function
(CO 6 Lane Injury & Fatality)

= APMPY (INJ+FAT)

100,000 150,000
AADT
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Neural Network Sigmoid Function
(CO 6 Lane Injury & Fatality)

——CO6L-SPF = APMPY (INJ+FAT)

Cumulative Residual

100,000 150,000
AADT
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Neural Network Sigmoid Function
(CO 6 Lane Injury & Fatality)

CO6 Lane-SPF (Inj & Fat)

——cumresfi —2ofi
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GLM vs. Sigmoid
(CO 6 Lane Injury & Fatality)

—CO6Lane-GLM * APMPY (INJ+FAT)

—COBL-SPF APMPY (INJ+FAT)

0om o00m
arDT

AT

COB Lane-GLM (i & Fat) COB Lane -SPF (I & Fat)

CumulstiveResdual
Cumulative Residust

ARoT

e 29 20
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GLM Power Function
(CO 6 Lane Total)

* APMPY (Total)

150,000 200,000
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GLM Power Function
(CO 6 Lane Total)

——CO6Lane-GLM = _APMPY (Total)

150,000

taly 2012




Cumulative Residual

GLM Power Function — CURE Plot
(CO 6 Lane Total)

\ 100,000

W
\' 200,000

——cumulative residual ——20
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Neural Network Sigmoid Function
(CO 6 Total)

= APMPY (Total)

150,000
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Neural Network Sigmoid Function
(CO 6 Total)

——CO6L-SPF = APMPY (Total)

100,000 150,000
AADT

taly 2012
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Neural Network Sigmoid Function
(CO 6 Lane Total)

50,000 1 150, 200,000

Cumulative Residual

B

AADT
——ocumres tot ——20tot -20 tot
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GLM vs. Sigmoid
(CO 6 Lane Total)

[ —COBL-SPF APMPY (Total)

m

1»%3 2000

aoT 0T

—cumulatvoresidusl —20
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GLM Power Function
(CA 8 Lane Injury & Fatality)

100,000 150,000 200,000 250,000 300,000
AADT
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GLM Power Function
(CA 8 Lane Injury & Fatality)

gt

50,000 100,000 150,000 200,000 250,000
AADT
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GLM Power Function — CURE Plot
(CA 8 Lane Injury & Fatality)
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Neural Network Sigmoid Function
(CA 8 Lane Injury & Fatality)

300,000
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Neural Network Sigmoid Function
(CA 8 Lane Injury & Fatality)

50,000 100,000 150,000 200,000 250,000
AADT
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Neural Network Sigmoid Function
(CA 8 Lane Injury & Fatality)

AADT

——cumulative residual —20 -20
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GLM vs. Sigmoid
(CA 8 Lane Injury & Fatality)

Cumulative Residual

taly 2012
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Cumulative Residual

GLM Power Function
(CA 8 Lane Total)

100,000 150,000 200,000
AADT
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GLM Power Function
(CA 8 Lane Total)

150,000 200,000
AADT

Italy 2012

250,000

GLM Power Function — CURE Plot

(CA 8 Lane Total)

AADT

— cumulative residual ——

taly 2012
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Cumulative Residual

Neural Network Sigmoid Function
(CA 8 Lane Total)

100,000 150,000 200,000 250,000
AADT
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Neural Network Sigmoid Function
(CA 8 Lane Total)

100,000 150,000 200,000 250,000
AADT
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Neural Network Sigmoid Function
(CA 8 Lane Total)

——cumres tot ——20tot -20 tot

taly 2012
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GLM vs. Sigmoid
(CA 8 Lane Total)

Relationship Between the

Number of Lanes and Safety

Jake Kononov, P.E. Ph.D.
Bryan K. Allery, P.E.

Italy 2012

Urban Freeways
e Comparison for Ttal Accidents|

22



Urban Freeways
‘Comparisonfo Total Aciderts

ttaly 2012

Urban Freeways
Lane Comparison fr Tota Acdidants|

T T T
1The Vplume Dopbled,
But the (-\ccio‘ient Freqyency Trieled

| G /

123 Actidents
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I

I

|

|
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,
Number of Lanes B

and Conflict Points

4-Lane Freeway
(2 Potential Conflicts)

6-Lane Freeway
(7 Potential Conflicts)

8-Lane Freeway
(16 Potential Conflicts)

taly 2012
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As the Number of Lanes Increases,

the Degree of Freedom for Things

to go Wrong also Increases

Italy 2012

C =fn=nn— 1}+ 3)' 1}4—3?(5 3)’

C, = f(n)=n(n— 1)+ 3,(3 3)|

G =2+71-9

24



SPFs for Intersections

Jake Kononov, Ph.D.; P.E.
Bryan K. Allery, P.E.

Italy 2012

26 Year Old Male
164 Lbs

Blood Pressure
[J Systolic
[&f Diastolic

Does he have High Blood Pressure?

taly 2012
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43 Year Old Male
264 Lbs

Blood Pressure
iy Systolic
)] Diastolic

Does he have High Blood Pressure?

ttaly 2012

Does anyone here have Training in
Internal Medicine or Cardiology?

6-Lane -
ignalized

Fully Actuated
Mast Arm Signal Layout
' ~zLighted ;

taly 2012
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4 Year Crash History
PDO = 67
INJ =37

9.25 (gnj + Fat) Per Year

otal)

ttaly 2012

The Safety Performance Function of an
Intersection can be viewed Mathematically as
a 3-Dimensional Response Surface, where:

# Crashes/Year = f ( ADT yainiines ADT sige Road)

Italy 2012
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LOSS Analysis

Jake Kononov, P.E. Ph.D.
Bryan K. Allery, P.E.

il

Level of Service of Safety (LOSS)
on Every Segment is Described
from the Perspective of Both
Frequency and Severity

G

LOSS-I

180000 1000

Italy 2012
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Urban 6-Lane Freeway

Why is Level of Service of Safety (LOSS)
Concept Needed?

* Qualitatively and Quantitatively Describe the
Degree of Safety or Un-Safety of a Roadway
Segment

» Communicate the Magnitude of Safety
Problem of a Roadway Segment to Other
Professionals or Elected Officials

kil |
Why is Level of Service of Safety (LOSS)
Concept Needed?

 Bring Perception of Roadway Safety in Line
with Reality of Safety Performance Reflecting
a Specific Facility

29



itV |
Why is Level of Service of Safety (LOSS
Concept Needed?
* Provide a Frame of Reference for Decision
Making on Non-Safety Motivated Projects
(Resurfacing or Reconstruction)

kxdll
Why is Level of Service of Safety (LOSS
Concept Needed?
* Provide a Frame of Reference from a Safety

Perspective for Planning Corridor
Improvements

Correcting for
Regression to the Mean Bias
Using Empirical Bayes Method

Jake Kononov, P.E. Ph.D.
Bryan K. Allery, P.E.

30



m!‘ Regression to the Mean Phenomenon L%
2

The best guess about the future is usually obtained by
computing the average of past events.

In road safety (as well as other disciplines) the
precision of this estimate however can be improved
upon by correcting it for the Regression To the:Mean
(RTM) bias.

RTM phenomenon reflects the tendency of random
events such as vehicle crashes to move toward the
average over time.

m!‘ Regression to the Mean Phenomenon L ¥

The RTM bias has been long recognized , and is now
effectively addressed by using the Empirical Bayes
(EB) method.

The EB method increases the precision of the
estimation and corrects for the RTM bias.

Italy 2012

Regression to the Mean Phenomenon

10 Year Average
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AccidentsMiefYear
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Regression to the Mean Phenomenon

[ Lower Limit —Total — UpperLimit_o Obsered o Expected |

o R

4000 5000 6,000 7.000 8000
A%DT
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Regression to the Mean Phenomenon

[—LowerLimit —Total — UpperLimit_e _Observed €B) © Ewected |

— T

400

el BB Corrected

2,000 3000 8000
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System Level Planning and

Program Development
(SPF Based)

Jake Kononov, P.E. Ph.D.
Bryan K. Allery, P.E.
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01/01/04] 12/31/08] 1.420 1188

O1/01/04[ 12/51108] 4578 7,089

O1/01/04| 12/51/08] 4.280 2879

[802 O1/01/04[ 12/51108] 3.145 2353
O1/07/04| 12/51/08] 596 0885

7 [01/01/04| 12751108 T:662 962
O1I0T/04| 12/51/08] 2.134 2275

O1/0T/04| 12/51/08] 2,538 860
O1I0T/04| 12/5108] 2.954 2251
O1/07/04] 12751108 3478 2362
01/01/04] 12/31/08]2.470 2126
01/01/04] 12/31/08] 1,866 1,406
01/01/04] 12/31/08] 4,292 2761
O1/01/04] 12/51108] 502 0727
52 01/01/04] 12/31/08] 564 0674
01/01/04] 12/31/08] 564 758
01/01/04] 12/31/08] 564 010
01/01/04] 12/31/08] 1370 037

22,04 2625 | 01/01/0a| 12/51/06] T.306 0958
01/01/04] 12/31/08] 2,086 1.495
01/01/04] 12/31/08] 4,492 5342
01/01/04] 12/31/08] 4492 3072

01/01/04] 12751708 1.500° 1333

01/01/04] 12/31/08 1.220 T.307
01/01/04] 12/31/08] 1,442 1322

01/01/04] 12/31/08] 1,880 1880 267300 63%] VES [33AMP 54375795
01/01/04] 12/31/08] 3,382 2.407 034 191.38%] [34A MP 11.76-12.64
—

APPLICATION OF METHODOLOGY

System Level Planning and Program
Development

Corridor Level Planning (EA/EIS)
Project Level Decision Support Analysis
Supporting Research Papers and Information

Italy 2012

Research Papers by Kononov and Allery
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Level of Service of Safety (LOSS)
and
Pattern Recognition Analysis

Example #1
Colorado State Highway.285

Jake Kononov, P.E. Ph.D.
Bryan K. Allery, P.E.

SH285D LOSS and
Pattern Recognition
Analysis

34



Step Il
LOSS Analysis

ttaly 2012

[ Lot ok —Tatal — Upper Lnk_o_osarom]

Italy 2012

Step lll
Select Diagnostic Menu

35



LOSS/SPF Graph

Rural Mountainous 2-Lane Highway/|

APMPY

Italy 2012

Rural Mountainous 2-Lane Highway|

LOSS/SPF Graph

i
sfety Performance

-_—

2000 e 18200

Rural Mountainous 2-Lane Highway|

LOSS/SPF Graph

Accident Type % Accident Type %

‘Accident Type %

Severiy % Severiy %

Severiy %

Accident Location % Accident Locaton %

Accident Locaton %

Road Condion %

Road Condiion %

Drecton of Travel % Directon of Travel %

Directon of Travel %

Lighiing Condiion % Lightng Gonditon %

Lightng Gonditon %

Vericle Type % Vehice Type %

Vehice Type %

Humen Factors %

Humen Factors %

Italy 2012
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PDO
N

FAT

Persons Injured

Persons Killed

Single Vehicle Accidents

Two Vehicle Accidents.

Three or more Vehicle Accident
Unknown Number of Vehicles
On Road

Off Road Left

Off Road Right

Off Road at Tee

Off Road in Median

Unknown Road Location
Overturning

Other Non Collision

School Age

Al Other Pedestrians
Broadside

Head On

Rear End

Sideswipe (Same Direction)
Sideswipe (Opposite Direction)
Approach Turn

Overtaking Tumn

Parked Motor Vel

Bicycle I Fixed Objects

Motorized Bicycle .45% Total Other Objects

Domestic Animal .64% Daylight

Wild Animal .28% Dawn or Dusk

Light or Utility Pole .40% Dark -Lighted

Traffic Signal Pole .21% Dark -Unlighted

sign 48% Unknown Lighting

Bridge Rail No Adverse Weather

Guard Rail .93% Rain

Median Barrier .13% Snow o Sleet or Hail

Bridge Abutment )

Column or Pier .01% Dust

Culvert or Headwall .96% Wind

Embankment Unknown Weather

Curb .06% Dry Road

Delineator Post .87% Wet Road

Fence Muddy Road

Tree .98% Snowy Road

Large Boulder .44% Icy Road

Rocks in Roadway Slushy Road

Barricade .28% Foreign Material Road

Wall or Building .74% With Road Treatment,

Crash Cushion Dry with Icy Road Treatment
Wet with Icy Road Treatment

Other Fixed Object .03% Snowy with lcy Road Treatment

Involving Other Object Icy with lcy Road Treatment

Road Maintenance Equipment .05% Slushy with oy Road Treatment

Railway Vehicle 0.06% Unknown Accident Type 3.63% Unknown Road Condition

ttaly 2012

Test
-ty 17 Hydroxyprogesterone (Men)
17 Hydroxyprogesterone (Women) Follicular phase
25-hydroxyvitamin D (25(0H)D)

Acetoacetate

BLOOD TEST REFERENCE RANGE CHART pla

Reference Range (conventional units*) X
0.06-3.0 mglL.

0.2-1.0mglL

880 ngimL

<3 mg/dL.

Acidity (pH)
Alcohol
Ammonia
Amylase
Ascorbic Acid
Bicarbonate
Bilirubin

Blood Volume 8.5

Calcium

7.35-745
0 mg/dL (more than 0.1 mg/dL normally indicates intoxication) (ethanol)
15 - 50 g of nitrogen/dL

53123 unitsiL

04-1.5 mgldL

18 - 23 mE/L (carbon dioxide content)

Direct: up to 0.4 mg/dL.

Total: up to 1.0 mg/dL

-9.1% of total body weight
8.2- 10.6 mg/oL (normally slightly higher in children)

Carbon Dioxide Pressure
Carbon Monoxide

CD4 Cell Count
Ceruloplasmin

Chioride

35- 45 mm Hg
Less than 6% of total hemoglobin
500 - 1500 cells/pL

15- 60 mg/dL.

98- 106 mEq/L

Complete Blood Cell Count (CBC)

Copper
Creatine Kinase (CK or CPK)

Creatine Kinase Isoenzymes
Creatinine

Electrolytes

Erythrocyte Sedimentation Rate (ESR or Sed-Rate)

Glucose

Tests include: hemoglobin, hematocrit, mean corpuscular hemoglobin, mean corpuscular
hemoglobin concentration, mean corpuscular volume, platelet count, white Blood cell
count.

Total: 70 - 150 pg/dL
Male: 38 - 174 units/L
Female: 96 - 140 units/L.

5% MB or less
06-1.2 mgldL.
Testincludes: calcium, chioride, magnesium, potassium, sodium

Male: 1- 13 mm/hr
Female: 1 - 20 mm/hr

Tested after fasting: 70 - 110 mg/dL.

s - BLOOD TEST REFERENCE RANGE CHART ’{é
‘ Test Reference Range (conventional units*) 14
p- 4 Hematocrit Male: 45 - 62%
Female: 37 - 48%
Hemogiobin

Iron
Iron-binding Capacity
Lactate (lactic acid)

Lactic Dehydrogenase

Male: 13 - 18 gm/dL.
Female: 12 - 16 gmidL.

60 - 160 ug/dL (normally higher in males)
250 - 460 pg/dL.

Venous: 4.5 - 19.8 mg/dL

Arterial: 4.5 - 14.4 mgldL.

50150 units/L

Triglycerides 10 - 29 years 53 - 104 mg/dL

Lipids:

Liver Function Tests

Magnesium
Mean Corpuscular Hemoglobin (MCH)

Mean Corpuscular Hemoglobin Concentration
(MCHC)

Mean Corpuscular Volume (MCV)
Osmolaiity

Oxygen Pressure

Oxygen Saturation (arterial)
Phosphatase, Prostatic

30 -39 years 55- 115 mg/dL
40 - 49 years 66 - 139 mg/dL
50 - 59 years 75 - 163 mg/dL
60 - 69 years 78 - 158 mg/dL

> 70 years 83 - 141 mg/dL

Tests include bilirubin (total), phosphatase (alkaline), protein (total and albumin),
I d aspartate), TT).

1.9-27 mEqiL
27 -32 pgicell
32 - 36% hemoglobin/cell

76-100 cu pm
280 - 206 mOsm/kg water

83- 100 mm Hg

96 - 100%

0-3 units/dL (Bodansky units) (acid)
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BLOOD TEST REFERENCE RANGE CHART

Phosphatase
Phosphorus

Platelet Count

Potassium

Prostate-Specific Antigen (PSA)

Total
Albumin

Reference Range (conventional units)
50 - 160 units/L (normally higher in infants and adolescents) (alkaline)
3.0-4.5 mg/dL (inorganic)

150,000 - 350,000/mL

35-54mEqL

0- 4 ngim_ (lkely higher with age)

6.0-8.4 gmidL
35-5.0 gmidL.

Globulin
Prothrombin (PTT)
Pyruvic Acid

23-35gmidl
25-41sec
03-0.9 mg/dl.

Red Blood Cell Count (RBC)

Sodium

Thyroid-Stimulating Hormone (TSH)
Transaminase:

Alanine (ALT)

Aspartate (AST)

Urea Nitrogen (BUN)

Ratio

4.2-6.9 million/uLicu mm
133- 146 mEQ/L
0.5- 6.0 p units/mL

1-21 unitsiL
7-27 unitsiL

7-18 mgidL
5-35

Uric Acid

Vitamin A

Male 2.1 to 8.5 mg/dL (likely higher with age)
Female | 2.0t0 7.0 mg/dL (iikely higher with age)
30-65 pgiol.

WEC (leukocyte count and white Blood cell count)
White Blood Cell Count (WBC)

43108 x 10°/mm’
4,300 - 10,800 cells/yL/cu mm

ttaly 2012

Step IV

Pattern Recognition Analysis
(91 Diagnostic Norms w/3 AADT Ranges)

Red = Wind Pattern

Italy 2012

Blue = Icy Pattern

Italy 2012
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6300 19300 18500 6600 15700 19900 63,00 19000 19100 192.0 19300 140 195,00 19600 17 00 16800 1A 20000 20100 2020 20300
Miport )

Operational Considerations

Italy 2012

\
%RDING TO THE AASHTO POLICY ON GEOMETRIC
DESIGN

SHOULDERS ARE AN IMPORTANT ELEMENT OF A
HIGHWAY DESIGN SYSTEM

WELL-DESIGNED AND MAINTAINED SHOULDERS ARE
ESSENTIAL FOR SAFE TRAFFIC OPERATION

THE USABLE PAVED WIDTH OF RIGHT SHOULDER ON
FREEWAYS SHOULD BE AT LEAST 10FT il

taly 2012
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Italy 2012

taly 2012
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Eﬁ!‘ Hard Shoulder Running

+ Relationship between Mobility (LOS, Density,
Speed, Travel Time etc. ) and Number of Lanes is
well understood at Present

* In contrast with Mobility, the Relationship between
Congestion and Safety is not, especially when Hard
Shoulder Running (HSR) is concerned

Eﬁ!‘ Hard Shoulder Running & j

» The survey suggests that 89% of motorists feel safer
on Freeways compared to other roads because full
shoulder width is available

» Over 50% of drivers questioned in England said they
would not feel confident driving on the motorway

without shoulders

Italy 2012

Fundamental Relationship Between
Freeway Speed and Flow from HCM

EXHIBIT 23-3. SPEED-FLOW CURVES AND LOS FOR BASIC FREEWAY SEGMENTS

Fres-Flow Speed| EFS =75 i Lz —
12

7

3

=
=1

@

a

Average Passenger-Car Speed (mi/h)

1200 1600 2000
Flow Rate (pc/h/In)
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Eﬁx‘ Fundamental Relationship Between
Freeway Speed and Flow from HCM
US6 - WO Federal - Westbound

! ! ! J
1200 1600 2000 2400
LaneVolume

ttaly 2012

Fundamental Relationship Between
Freeway Speed and Flow from HCM

EXHIBIT 23-3. SCﬁ S1 =70 mph FORBASIC {5 S, = 68 mph
=600 pc/h/in V, = 1750 pc/h/in

= —

A
14502

70

T
60 +—AS = 3

50

a
3

®
8

f\”@“‘;\\\g . AS = 3%
?z%g%;:“’\]\g - AV & Adensity = 190% ||
= Ry <R,
I f

1200 1600 2000

Flow Rate (pc/h/In)

~
3

£
3
g
&
Q
&
g
&
P
g
2
2
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Eﬁ!‘ Simulation

Snagt Video Capture

Captured framas:
Drogpped frames:
Fle see:

oo length:
Capturslength:

GoptrePropentes
High Speed o ) : High Speed
Cokaes: ;
Low Den e igh Density

Press Pt Scresnto stop video captixe

Cem ]

Italy 2012




Lane Volume
BB REEEEGEE

FreewayCrash Rates by Time of Day
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|I-70 From Georgetown to Twin Tunnels

Weekend Winter Eastbound
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I-70 From Georgetown to Twin Tunnels

Weekend Summer Eastbound
|-70 - All Day Summer (EB Flow)
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Regime 1 Regime 2

Regime 1 is characterized by low to moderate density and high speeds, where drivers
are becoming more focused on the driving task and are still able to compensate for
increasing density. This increased focus on the driving task may possibly explain the
fact that during Regime-1 the crash rate remains stable despite increase in density.

Regime 2 is characterized by high densities without notable speed reduction where
many more near misses become crashes, thus a sharp rise in crash rate.
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Study in England shows that personal injury
accidents have reduced by 55.7% since hard
shoulder running was introduced.
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! BR
Deployment of Hard Shoulder Running on Freeways

HSR deployment consists of gantries, loops in
pavement, VMS boards and cameras

Formalized incident management plan
Intensified presence of courtesy patrol
Construct pull-outs at strategic locations
Public education campaign

Lower speed limit during peak periods
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Eﬁ!‘ Expected Safety, Mobility and Environmental
Benefits from Hard Shoulder Running on
4-Lane Freeways

Significant travel time reduction in the 30-50% range
during congested periods due to lower density
Travel time savings due to fewer incidents

Improved Travel Time Reliability

Significant crash reduction in the 50% range during
peak periods
Air quality improvements:

= Due to shorter travel times

= Less idling in traffic

= More efficient vehicle use at free-flow rather than stop and

go traffic.
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