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v' Apply the concept of the clear zone to improve road safety.

v' Identify practical strategies and safety treatments that
minimize the likelihood of serious injuries when a driver
does run off the road.

v’ Learn the technical aspects in select, design and locate
safety barriers and other elements on a highway.

v' Inspect safety barriers to evaluate installation, operational
condition and recognize unsafe conditions.
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It is iImportant to establish a program of safety evaluation to:
 Iidentify risks (safety issues) and
« evaluate the effectiveness of alternatives or improvements.



While the causes of crashes are usually complex and involve

several factors, they can be considered in four separate
categories:

* Actions by the driver or operator,
* Mechanical condition of the vehicle,
e Geometric characteristics of the roadway, and

 Physical or climatic environment in which the vehicle
operates. I
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e SAFETEA-LU: The Safe Accountable, Flexible, Efficient
Transportation Equity Act: A Legacy for Users
legislation of 2005

* New “Core” Highway Safety Improvement Program
SAFETEA-LU Doubles TEA-21 Safety Apportionment

* Requires that each state develop a Strategic Highway
Safety Plan (SHSP).

 Purpose: to achieve a significant reduction in traffic
fatalities and serious injuries on public roads




* On December 4, 2015, President Obama signed into law "FAST Act“

* The FAST Act authorizes S305 billion over fiscal years 2016 through
2020 for the:

 Department's highway,

* highway and motor vehicle safety,

* public transportation,

 motor carrier safety,

 hazardous materials safety,

* rail, and

* research, technology and statistics programs.




FAST Act continues the HSIP as a main Federal-aid program
and the requirement for States to develop, implement,
evaluate and update an SHSP that identifies and analyzes

highway safety problems and opportunities on all public roads.
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Each state is required to
have a SHSP, which includes
engineering, management,
education, enforcement,
and emergency service
elements of highway safety
as key factors in evaluating
highway safety projects.
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Performance Measure

Base Number
(2013)

Objective

(2018)

Total fatalities 344 < 300
5-year moving average of total fatalities 355 318
S5-year moving average of total serious injuries 6,091 5,456
5-year moving average of fatality rate 1.93 1.85
5-year moving average of serious injury rate 33.02 31.70

The overall objective and public policy
adopted by the commonwealth of Puerto
Rico is to achieve about 13% annual

reduction in the number of fatalities and
serious injuries in the highways of Puerto
Rico over the next five years.

In Puerto Rico, the number of fatalities
associated with roadway departure
represents approximately 25% of the total
fatalities caused by traffic crashes.
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Table 10: Roadway Departure Goals, Performance Measures, Objectives, and Strategies

Roadway Departure

Strategic Goal Reduce fatalities involving roadway departure

Performance Measures S-year moving average of fatalities involving roadway departure

Reduce fatalities involving roadway departure using 5-year movin
Objective (Performance Goal) = y dep g o>y g

average from 134 to 124 within the next 5 years

Strategies

1. Integrate and coordinate targeted enforcement and prevention initiatives being implemented
by various law enforcement agencies.

2. Promote and support activities for targeted enforcement in corridors with a high incidence of
run-off-road crashes.

3. Improve enforcement for vehicle maintenance and inspection violations, including support for
law enforcement training activities.

4. Promote driver education about risky behaviors leading to run-off-road crashes.

5. Implement engineering measures to remove and/or shield fixed-objects located within
roadside clear recovery area in accordance with current standards.

6. Promote the revision of roadside safety engineering policies and standards.

7. Educate transportation professionals on new and innovative roadway departure
countermeasures.




STRATEGIC PLAN
FOR IMPROVING
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°ln 2008, 23.1 % of the fatal crashes were single-vehicle,
run-off-the-road crashes.

e These statistics mean that the roadside environment comes
into play in a very significant percentage of fatal and
serious-injury crashes.
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Cuardrail end: 1%

Traffic sign support: 2%
Wall: 2%

Building: 2%
Fence: EBE
Bnidge pier: 2%
Culvert: 3%

Tree: 47%

f

Embankment: 3%

Ditch: 3%

Traffic barrier: 3%

Utility pole: 13%
Source: Insurance Institute for Highway safety




Driver fatigue

Driver distractions or inattention

Excessive speed

Driving under the influence of drugs or alcohol
Crash avoidance

Adverse roadway conditions, such as ice, show, or
rain

Vehicle failure i&% Y y
Poor visibility i&z




. Remove the obstacle
. Redesign the obstacle

. Relocate the obstacle

. Reduce impact severity
. Shield the obstacle

. Delineate the obstacle

o 0B~ WN -

The designer of the road is in charge of
providing the safest possible installation with
the restrictions provided.
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HIGHWAY | Al T
and ROADSIDE
OPERATIONS | DESIGN
G?‘L?E GUIDE

44 Edition 2011

1989

1967; 1974 : ..
Its main focus are safety treatments that can minimize the

chance of serious injury when a driver off the road.




. Introduction

. Benefits and
Economics

. Topography and
Drainage

. Sign, Poles and Trees
. Roadside Barriers
. Median Barriers

10.
11.
12.

Bridges

End Treatments
Work Zones

Urban Environments
Mailboxes

Roadside Safety on
Low-Volume Roads
and Streets
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Roadside design might be defined as the design of
the area outside the traveled way.
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1. Clear Zones:

Unobstructed, traversable area provided outside the edge of
the traveled way for the recovery of errant vehicles. Includes:

shoulders auxiliary lanes

Fabiola Buitraago G. Ph.D.




2. Lateral Offsets: necessary distance to obstructions outside
the edge of the traveled way.

In urban environments for arterials, a lateral offset to
vertical obstructions is needed to accommodate
motorists operating on the highway.
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Obstructions like:

* signs,

 utility poles,

* luminaire supports,

* fire hydrants, etc.
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*| ateral offset to obstructions helps to:

* Avoid opposing impacts on vehicle lane position and
invasions into opposing or adjacent lanes;

* Improve driveway and horizontal sight distances;

 Reduce the travel lane invasions from occasional parked
and immobilized vehicles;

* Improve travel lane capacity; and

* Minimize contact between obstructions and vehicle

mirrors, car doors, and trucks that extend the edge when
turning.




A roadside object is considered potentially hazardous when
one or more of the following events occur:

e passenger compartment is penetrated by some external object
* vehicle becomes unstable, snags, vaults or rolls over
e objects more than 4 inches above the terrain surface can cause

snageging:

e Curb

neight of more than 4 inches can cause vau

ting (jumping)
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ROADSIDE GEOMETRY AND
DRAINAGE FEATURES
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1. Foreslope (fill slope)

2. Backslope (cut slope)
3. Transverse slope

4. Drainage Structures
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In roadside design, two major elements should be controlled by the designer:
roadside slopes and rigid obstacles




Dyitch

Original Sideslope Shoulder Centerline SRhoulder bottom Ovrieinal
ground (foreslope) l Lane l Lane l l Fnresluge I I l Backslope I ground
- - . -

Lane width

slope S:1 shuylder __I ‘
width Ditch bottom

width (variable)

clear zone width
(to obstacle or
nontraversable slope)

Roadway width

SOURCE: Safety Effectiveness of Highway Design Features, Volume III, U.S. DOT, FHWA
Washington, D.C., November 1992.
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1. Recoverable
2. Non-Recoverable
3. Critical
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(Traversable)

e 1V:4H or flatter

Car driver who invade on recoverable foreslope can
generally stop their vehicles or slow them enough to return
the roadway safety.




(Traversable)

* Foreslopes between 1V:3H

* |[s traversable, but from which most vehicles will be unable to
stop or return to the roadway easily

* Vehicles in such slope typically can be expected to reach the
bottom




(Not Traversable)

* Foreslopes steeper than 1V:3H

*If > 1V:3H, begins closer to the through traveled way, a
barrier might be warranted

&3




Crash Reduction (%)

Sideslope in Before Condition

Sideslope in After Condition

3:1
2:1
3:1 0
4:1 -
9:1 -
6:1 —

4:1
10

5:1
15
14

7:10r

6:1 Flatter
21 27
19 26
12 19
14
8
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*When a highway is located in a cut section, the
backslope may be traversable depending upon its
relative smoothness and the presence of fixed
obstacles.

*Traversable

*1V:3H or flatter
*Free of obstacles




* Minimum slope for high speed: 1V:6H or flatter
* Desirable: 1V:10H
* Transverse slope steeper than 1V:6H may be considered for

urban areas or for low speed facilities.

Creado por cruces, medianas,
paseos, calzadas o) caminos
secundarios de interseccion.

Estas comunmente
estan limitadas por
las restricciones del
ancho y problemas de
mantenimiento de los
extremos coOnicos y
largos de alcantarilla.
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*A drainage channel is an open channel usually
paralleling the roadway.

*The primary function of drainage channels is to
collect surface runoff from the roadway and areas
that drain to the right-of-way and transport the
accumulated runoff to acceptable outlet points.
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* Eliminate non-essential drainage structures

* Design or modify drainage structures so they are traversable or
oresent a minimal hazard to an errant vehicle

*|f a major drainage feature cannot effectively be redesign or
relocated, it should be shielded by a suitable traffic barrier if it is in
a vulnerable location
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The headwall is sticking up almost
a foot in a relatively flat
recoverable area. It can snag a
vehicle and bring it to an abrupt
stop or cause it to overturn.

A non-traversable drainage ditch
such as this is a safety hazard
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Safety Treatment for Parallel Drainage Pipe
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Drainage channels must be
designed, constructed and
maintained considering the
effects they will have on the
environment.
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*Determined by:
* design speed,
 traffic volume and

* side slopes

Clear Zone

e HK

Lane
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EXAMPLE #1

6H:1V FORESLOPE
(FILL SLOPE)

60 mph
5000 vpd

Clear Zone
Distance

curves
(AASHTO RDG)

Figure 3.1 (RDG)
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EXAMPLE #1
6H:1vV FORESLOPE

(FILL SLOPE)
60 mph
5000 vpd
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U.S. Customary Units

g‘ﬂﬂ“ i Foreslopes Backslopes
peed ADT 1V:6H 1V:SH to . . 1V:SH to 1W:6H
(mph) or fatter 1V:aH TV:3H TV:3H 1V:4H or fatber
UMNDER 750¢ 7=10 7=10 & ¥-10 r-10 ¥-10
=40 TE0-1500 1bh-12 12=14 o 10-12 10-12 10-12
15006000 1214 14186 b 12-14 12-14 12.14
OVER G000 14-16 16-18 & 14-16 14-16 14-16
LIMDER 7&50r 1bh-12 12-14 » 85-10 8-10 10-12
4550 TE0=1500 14-16 16=20 o 10-12 12-14 14-186
1 SO0 G0 16=18 20=286 & 12=14 14=16 16=18
OVER 6000 20-22 24-28 - 14-1& 18-20 20-22
UMDER 750F 12-14 14-18 & 210 10-12 10-12
55 TE0=1500 1&6=18 20=-24 o 10-12 14-1& 16-18
1 S00—G000 20-22 24-30 - 14-1& 118 22
OVER G000 22-24 2632+ & 16-18 20-22 22-24
LIMDER 750r 16=18 20-24 - 10-12 12-14 1d4-16
&0 TES0-1500 20-24 26-32¢ o 12-14 1618 H-22
1 Si0—BOHH0 26-30 32408 & 14-18 18-22 2426
OVER 600D I3 e [ o 20=-22 242G H5=28
UMDER 750F 18-20 20-26 o 10-12 14-16 14-16
&5_70¢ 7501500 24=-26 28=-35° o 12=-16 18=20 20=22
1 S0 2532 344 - 1&e-20 22-24 265-28
OVER 00D 34 38—aE o 22-24 26-30 ZB-30
Motes:

a) When a site-specific investigation indicates a high probability of continuing crashes or when such occurrences are indicated by crash history.
the designer may provide clear-zone distances greater than the clear rone shown in Table 3-1. Clear zones may be limited to 30 ft for practicality

and to provide a consistent roadway template if previous experience with similar projects or designs indicates satisfactory pearformance.

** Since recovery is less likely on the unshielded, transversable 1V:3H slopes, fixed objects

should not be present in the vicinity of the toe of these slopes.
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*Based on a history of crashes and inadequate
superelevation, the designer may decide to modify the
curvature CZ for circular curves.

*This setting applies only to the outside of the curve.

Fabiola Buitraago G. Ph.D.



Table 3-2. Horizontal Curve Adjustment Factor

Design Specd km/h [mph]
Radius, m [ft]
&0 [&0] 70 [45] 80 [S0] 90 [55] 100 [65] 110 [FO]
900 [2,950] 1.1 1.1 1.1 1.2 1.2 1.2
FOO [2,3007] 1.1 1.1 1.2 1.2 1.2 1.3
s00 [1,970] 11 1.2 1.2 1.2 1.3 1.4
500 [1,5640] 11 1.2 1.2 1.3 1.3 1.4
450 [1,.475] 1.2 1.2 1.3 1.3 1.4 1.5
00 [1,315] 1.2 1.2 1.3 1.3 1.4 —@
350 [1,150] 1.2 1.2 1.3 1.4 1.5 5“ (
300 [2985] 1.2 1.3 1.4 1.5 1.5 ‘ é
250 [820] 1.3 1.3 1.4 15 _ c‘ e —_
200 [860] 1.3 1.4 1.5 f— e& ;iﬁ N
150 [495] 1.4 1.5 — — eaeabde . _
100 [330] 1.5 — — _ * o_ _
CZ_ = (LJ*(K_) —
where:
Mote: The clear-zone correction
CZ_ = Clear zone on outside of curvature, meters [feet] factor is applied to the
L = Clear zone distance, meters [fest] [see Table 3-1) outside of curves only.

K_.. = Curve correction factor

Curves flatter than 900-m
[2,950-Tt] radius do not require
an adjusted clear zone.
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*The "Clear Zone" is a minimum lateral distance that
allows for the determination of the necessity for a
safety barrier.

*The area should be safe for any driver who loses
control of the vehicle and veers off the road.

*|n the interest of safety, the area should be traversable
(objects that could be impacted should not be present)
and should have a slope of 1V: 4H or flatter.

*|f the lateral area does not meet the requirements
then a safety barrier should be installed.
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Determine the Clear Zone for a road with a design speed of 50 mph, ADT of 4800
vpd, and a backslope of 1V: 7H.

Table 3.1

Vp = 50 mph

Design Foreslopes Backslopes
Speed DA 1V:6H 1V:5H t 1V:5H t 1V:6H
ADT s :5H to S ’ :5H to s
(mph) or flatter 1V:4H 1V:3H 1V:3H 1V:4H or flatter
UNDER 750° 7-10 7-10 ’ 7-10 7-10 7-10
<40 750-1500 10-12 12-14 2 1012 1012 1012
T 1500-6000 12-14 14-16 ’ 12-14 12-14 12-14
OVER 6000 14-16 16-18 ‘ 14-16 14-16 14-16
UNDER 750° 10-12 12-14 o 8-10 8-10 10-12
45-50 750-1500 14-16 16-20 » 10-12 12-14 14-16
1500-6000 16-18 20.26 ’ 12-14 14-16 16-18
OVER 6000 20-22 24.28 ’ 1416 18-20 20-.22
UNDER 780° 12-14 14-18 ' 8-10 10-12 10-12
55 750-1500 16-18 20-24 ’ 10-12 1416 16-18
1500-6000 20-22 24-30 o 14-16 16-18 20-22
OVER 6000 22-24 26-32 » 16-18 20-.22 22-24
UNDER 750° 16-18 2024 ’ 10-12 12-14 14-16
60 750-1500 20-24 26-32* ’ 12-14 16-18 20-22
1500-6000 26-30 32400 e 14-.18 18-22 24.26
OVER 6000 30-32 36-44° o 20.22 24.26 26-28
UNDER 750 18-20 20-26 4 10-12 14-16 14-16
65-707 750-1500 24.26 28-.36° » 12-16 18-20 2022
1500-6000 28-32 3442 ’ 16-20 22-24 26-28
OVER 6000 30-34* 38-46° ’ 22-24 26-30 28-30
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ADT = 4800 vpd,
Backslope 1V:7H

ADT = 480(

Ba cl<s lope
i\
Design - Foreslopes Backslopes v
Speed ADT 1V:6H 1V:5H to 5 7 1V:SH to 1V:6H
(mph) or flatter 1V:4H 1V:3H 1V:3H 1V:4H or flatter
UNDER 750° 7-10 7-10 ’ 7-10 7-10 7-10
<40 750-1500 10-12 12-14 o 1012 1012 1012
x3 1500-6000 12-14 14-16 » 12-14 12-14 12-14
OVER 6000 14-16 16-18 » 14-16 14-16 14-16
UNDER 750" 10-12 12-14 o 8-10 8-10 10-12
750-1500 14-16 16-20 o 10-12 12-14 14-16
) Vpd 1500-6000 16-18 20-26 ’ 12-14 14-16 18 |e—— (-7
OVER 6000 20-22 24-28 o 14-16 18-20 20-22 min
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Analisis:

* El Valor requerido para CZ_. es de 16 a 18 pies,
dentro de este rango, se selecciona el valor minimo
para carreteras mas seguras con menor incidencia
de choques. El valor maximo se utiliza para vias de
rodajes en las cuales haya un historial mayor de
choques o donde exista algun obstaculo.

* Eljuicioingenieril es importante.




* Given ADT = 4,000 vpd, Design Speed=60mph, and the following
roadside geometry:

Culvert headwall

/,/

- Ditch

Traveled way Shoulder

Foreslope

S ft 20 fi

B - .

NOT TO SCALE

e |s the culvert headwall a roadside hazard?
e |t is located within the clear zone?




*El area de recuperacion es menor que la recomendada 28
ft versus 32 a 40 pies,

*Si la pared de la alcantarilla es mas alta de 4 pulgadas y es la
unica obstruccion en el “foreslope”, podria ser removida y
modificada a una pendiente de 1V:5H.

*Si el “foreslope” es rugoso y la pared no significa una
obstruccion al conductor, se podria considerar no hacer
nada.

* Habria que estudiar el historial de accidentes para ver la
naturaleza y extension de los choques vy sitios que necesiten
especial tratamiento.




* Given ADT =300 v/d, Design Speed = 40 mph,
and the following roadside geometry:

Traveled way Shoulder Foreslope

>t 4 ft

! 1
- h:r-ul >
1

i

NOTTO SCALE

* |s the tree a roadside hazard?
e It is located within the clear zone?




LS. Customary Units

Desi Foreslopes Backslopes
Spead Design 1V:6H 1V:5H to 1V:5H to 1V:6H
ADT - : . . = -
(mph) or flattar 1V:4H 1V:3H 1V:3H 1V:4H or flatter
UNDER 750F 7-10 710 o T-10 7-10 7-10
o 750-1500 10-12 12-14 . 10-12 10-12 10-12
1500-6000 12-14 1416 s 12-14 12-14 12-14
OVER 6000 14-16 16-18 e 14-16 14-16 14-16
UNDER 750¢ 10-12 12-14 s 810 810 10-12
4550 TE0-150D0 14-16 168-20 e 10-12 12-14 14-16
1 S00=6000 16=18 20=26 o 12=14 14=16 16=18
OVER 6000 20-22 24-28 = 14-16 18-20 20-22
LUINDER 750F 12=-14 14=-18 o 8-10 10-=-12 10-12
- 750-1500 16-18 20-24 s 10-12 14-16 16-18
1S00—6000 20-22 24-30 - 14-16 16-18 20-22
OVER 8000 22-24 2832 o 18-18 2022 22-249
UNDER 750¢ 16-18 20-24 s 10-12 12-14 14-16
- 750_1500 20-24 26 32¢ s 1214 1618 2022
1 S0 0=E6000 26=30 32— o 14=18 18=22 o
OVER 6000 D32 54 = 20-22 24-26 26-28
LINDER 750F 1820 2026 & 10-12 14-16 14-16
65_70¢ TE0=1500 2426 28-36* o 12=16 18-20 232
1S00—G0D00 28-3 3442 - 1620 22-24 2628
OVER 6000 30347 38 48* o 22-24 26-30 2830
Motes:

a) When a site-specific investigation indicates a high probability of continuing crashes or when such occurrences are indicated by crash history,
the designer may provide clear-zone distances greater than the clear zone shown in Table 3-1. Clear zones may be limited to 30 ft for practicality

and to provide a consistent roadway template if previous experience with similar projects or designs indicates satisfactory performance.
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e La distancia del arbol a |la carretera es de 6 pies. Debido a que
la distancia minima requerida es 7 pies, se concluye que no
cumple con el CZ. El arbol esta dentro del CZ.

* Estudiar el historial de choques y utilizar el juicio ingenieril
para determinar si se debe remover el arbol.

* Si hay una fila de arboles y el historial de choques y es
significativo, seria apropiado proteger la fila de arboles con
una barrera o removerlos.

e Si los demas arboles estan lejos de la carretera (15 pies por
ejemplo) este arbol solo representa una obstruccion
significativa y deberia ser removido.




* Given ADT = 7,000 vpd, Design Speed=60 mph, and the following
roadside geometry:

Traveled wa

Foreslopes

. i i s
: | : ? :
NOT TO SCALE 17 1t - 13 it > ' >

* |s the clear zone provided adequate?
* What distance is needed for the 1:8 foreslope?




Required Clear-Zone Distance
— (based on recoverable slops)
Through Mon-recoverable
Fraveied Way Shoulder Recoverable Slope Slope
=t L e R B 7 T T T T 7
1V:4H or Flaiter Slope 1 Slopes Between
{1V:6H or Flatter Dasirabla) A 1V:3H & 1V:4H
7
Ty |
OO \

o

slope.

The Clear Runout area is additional clear-zone space that is needed
because a portion of the Required Clear Zone (shade area) fall on a non-
recoverable slope. The width of the Clear Runout Area is equal to that
portion of the Clear Zone Distance that is located on non-recoverable

R

=i

Clear Runout
Area”

=

1V:6H or Flatter
Slope Dasirable
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Use Figure 3.6 of the Road AASHTO Design Guide (RDG) to
determine whether the design of a channel with

backslope 1: 5 and foreslope 1: 6 is safe.
Solution:

The point is within

the graph area.

Therefore, the design

is safe.

BACKSLOPE = V,/H,

THROUGH TRAYELED WAY

(®] LOP!
1
+
x
B i O == >
e 5 E
rederred Channed .
Cross Saction \N 16 %
§ 1 e g
T 2
_— — ‘\ = 1o
o3 a4 os

(FLAT) O y
FORESLOPE =V /H,

“This chart is applcabis 10 all Ves dtches, rounded channels with a bofom width less than 2.4 m (B 1]
and uop‘zo'dﬂldnmvmbeuomwmhsshn 12mian

IGURE 2.6 Preferred cress sections for channels with abrupt slope changes
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-
ROADSIDE FEATURES

Sign, Signal, and Luminaire
Supports, Utility Poles, Trees

Fabiola Buitrago G. Ph.D.



1. Remove the obstacle

2. Redesign the obstacle
3. Relocate the obstacle

4. Reduce impact severity

5. Shield the obstacle
6. Delineate the obstacle

_)

Support

Fabiola Buitraago G. Ph.D.




* Breakaway Support: designed to yield, fracture,
or separate when impacted by a vehlcle

* Types of release mechanism:
* slip plane,
* plastic hinge,
* fracture element, or
* A combination of them.

http://www.sddc.army.mil




The criteria used to determine if a support is considered

breakaway are found in the:

AASHD

Structural Supports
for Highway Signs,
Luminaires, and Traffic
Signals.

=

g —
‘»‘?' 2

e o 1
A e 24 ‘ U= 3. 6
& . T7) i “pld
i s | I

- e ——
ey o ey -

e e Y Sixth Edition 2013

Manual for
Assessing

SBfBlY R
Hardware

NCHRP 350 Report and
MASH criteria require

that a breakaway
support perform in a
predictable manner

when struck head-on by
an 2420 |Ib and/or 5000
Ib vehicle, or its
equivalent, at speed
from 19 mph to 62 mph.
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* Sign, luminaire, and other supports should be:
e structurally adequate to support the device mounted

on them
e structurally adequate to resist ice and wind loads

e MUTCD states that if located in the clear zone — it
should be shielded or breakaway

Fabiola Buitraago G. Ph.D.



*Sign, luminaire, and other supports :

* Should not be placed where they are going to get
damaged, such as ditches (erosion)

 |fis not needed, remove it

* |f needed, place it where is less likely to be hit

* Place it behind a barrier or on an existing structure
* [f not, make it breakaway




*Sign, luminaire, and other supports :
* Should avoid placing in areas with high concentrations of

pedestrians.

* Supports placed on a foreslope of 1:6 or flatter are
acceptable.

* Maximum stub height: 10 cm (4 in.)

Stub of Breakaway Support
; [ 100 mm [4 in.] Max.

g 1500 mm [5 1y \/

_ Figure 4-1. Breakaway Support Stub Height Measurements
Fabiola Buitraago G. Ph.D.




Sign, luminaire, and other supports:

e |f electrical:
e Must have electrical disconnects to reduce the risk of

fire and electrical hazards

* |t should

disconnect as close to the pole base as possible

* Designed to be impacted at bumper height

e Not locatec

in places near ditches, on steep slopes

where a vehicle can airborne at the time of impact

* Type of soi

can also affect the mechanism some

support might be sensitive to foundation movement

Fabiola Buitraago G. Ph.D.



 Roadway signs can be divided into three
main categories:
* Overhead signs
* Large roadside signs
* Small roadside signs

Fabiola Buitraago G. Ph.D.



* They are fixed (not breakaway)

 Should be located behind barriers or mounted on
structures

e If located within the clear zone: shlelded with a

crashworthy barrier

Fabiola Buitraago G. Ph.D.
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Grandover Pkwy

Source:www.interstate-guide.com



* Greater than 5 m? (50 ft?) in area

* Typically have two or more
breakaway support posts

* Hinge at least 2 m (7 ft) over the
ground

* No supplementary signs below
the hinge

* The breakaway mechanism
should be fracture or slip base-

type




Base releases
and hinge activates

Vehicle passes
undemeath sign
Vehicle force ————mm——




Slotted Fuse Plate Design Perforated Fuse Plate Design

Fabiola Buitraago G. Ph.D.



 Defined as those having a sign panel

area not greater than 5 m?
Supported by one or more

50 ft2).

00StS

Mechanisms are either base,
bending, fracture, or slip- base
design

Fabiola Buitraago G. Ph.D.
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*Either breakaway or fixed

*Breakaway can be:
 frangible base
*slip base

* frangible coupler

Fabiola Buitraago G. Ph.D.



* When impacted, should fall near the path of the
vehicle

 The mast should rotate so it points away from the
roadway when resting on the ground

* Heights should not exceed 18.5 m (60 ft)

Fabiola Buitraago G. Ph.D.



* |Include structures for post mounted traffic signals,
structures with cantilevered arms, overhead
mounted traffic signals, and span wire mounted

traffic signals.

e The support post should be placed as far away
from the roadway as practicable

Fabiola Buitraago G. Ph.D.



e Whenever possible, should be located sufficiently far
away from the roadway.

* They do not become obstructions for the motorist, yet
are still readily accessible to and usable by emergency
personnel.

* Any portion of the hydrant not designed to breakaway
should be within 4 in. of the ground.




Treat specific A2 Relocate poles further away or to less vulnerable location

poles in high- A3 Use breakaway poles

crash and high- |A4Shield drivers from poles

risk locations AS Improve drivers' abilities to see poles

A6 Apply traffic calming techniques to reduce speeds

Prevent placing
B |[polesin high-risk
locations

Treat poles to C1 Place utilities underground

C |minimize ROR C2 Relocate poles further away or to less vulnerable location
crashes C3 Decrease the number of poles

B1 Develop, revise, and implement policies to prevent
placing or replacing poles within the recovery area




Prevent trees from growing in hazardous
locations.

A1 Develop, revise, and implement planting guidelines to prevent
placing trees in hazardous location.

A2 Develop mowing and vegetation control guidelines.

Eliminate the hazardous condition and/or
reduce the severity of the crash.

B1 Remove trees in hazardous locations.

B2 Shield motorists from striking trees.

B3 Modify roadside clear zone in the vicinity of trees.

B4 Delineate trees in hazardous locations.

Fabiola Buitraago G. Ph.D.



QUESTIONS?




SAFETY BARRIERS

Fabiola Buitrag G. Ph.D.



Roadside Barriers

Median Barriers

. ==

_Bridge Railings

Fabiola Buitraago G. Ph.D.



* A roadside barrier is a longitudinal barrier used to shield
motorists from natural or man-made obstacles located
along either side of a traveled way.

|t also may be used to protect bystanders, pedestrians,
and cyclists from vehicular traffic under special
conditions.

Fabiola Buitraago G. Ph.D.



*|Installed in medians of divided highways to prevent
errant vehicles from entering the opposing roadway
of traffic and help to reduce head-on-collisions.

*Designed to be struck from either side.

Fabiola Buitraago G. Ph.D.



*Bridge railings differ from other
barriers because they are physica

ongitudinal roadside
ly connected to the

bridge structure, and are not usual
when struck by a vehicle.

vy designed to deflect

*Bridge railings are very important components of
roadway safety systems and play an important role in

preventing and mitigating crashes.

 Since the primary purpose of a bridge railing is to prevent
penetration, it must be strong enough to redirect an

impacting vehicle.

Fabiola Buitraago G. Ph.D.



* Provide a shield / prevent vehicle penetration to the hazard
area

* Redirect the vehicle after the impact occurs

* Reduce the severity of the potential impact if not exist
barrier

* Protect from:
e Deep embankment
* Atreeorpole
* Abridge
 Abridge column
* Vehicles in the other direction




e LENGTH OF NEED -l
OR END SECTION SITION
TREATMENT

BRIDGE RAIL -— LENGTH OF NEED —m

TRAN-
SITION

A 3

“oHBAARRRE R pe

OR END
TREATMENT

2 1

npanppARRBHSS

EDGE OF THROUGH _/

TRAVELED WAY

Terminal
Standard section
Transition section
Bridge Railing

-hle-l

. DIRECTION OF
TRAVEL (ADJACENT TRAFFIC)
-— DIRECTION OF

TRAVEL (OPPOSING TRAFFIC)
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AASHTO, (MASH)
Manual for Assessing Safety
Hardware

1993

Standards for Testing
Crashes with Barriers

NCHRP 350, Recommended
Procedures for the Safety
Performance Evaluation of
Highway Features

Manual for
Assessing
oafety ::94
Hardware

Bl ']

2009

The purpose of this report
is to present criteria for
crash tests of permanent
and temporary features
for highway safety and

evaluation criteria
recommended for
evaluating the test
results.
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* Describes:

* the vehicles to be used in testing,
* the test conditions, and
* the equipment that will be used in testing the hardware

* Testing criteria are hardware-specific that require multiple
tests under different impact conditions

* Six levels of testing (TL1 to TL6)

* Levels 1, 2, and 3: applicable for both permanent and temporary
barriers used in work zones for car and pickup trucks

 Levels 4, 5, and 6: intended for permanent barriers and
considers truck vehicles




Test Level Selection Criteria

TL-1 Work zones with low posted speed, and low volume local streets

TL-2 Work zones, and most local and collector roads with low posted
speeds and a low number of heavy vehicles expected

TL-3 High speed arterials with low mixtures of heavy wvehicles and
with favorable site conditions

TL-4 High speed highways, freeways, expressways, and Interstate
highways with a mixture of trucks and heavy vehicles

TL-5 Same locations as TL-4 where a significant percent of the ADT is
made of large trucks or where there are unfavorable site
conditions

TL-G Same locations as TL-4 where a significant percent of the ADT is
made of tanker trucks, and unfavorable site conditions exist

Fabiola Buitraago G. Ph.D.



* Small car mass of 1,800 Ib increased to 2,420 |b

* Pickup truck mass of 4,400 |b increased to 5,000 Ib
* Quadcab truck: higher bumper height and center of
gravity

*Single unit truck unit mass of 18,000 Ib to 22,000 |b
Minimum center of gravity height of 28 inches

Fabiola Buitraago G. Ph.D.



 Structural acceptability of the tested feature:

* Occupant risk
* VVehicle trajectory after impact

Fabiola Buitraago G. Ph.D.



* Depending on its proposed function, the feature:

* Should contain and redirect the vehicle, or bring the vehicle to a
controlled stop

* Should not allow the vehicle to penetrate, underride, or override the
installation,

* Should operate in a expectable manner by breaking away, fracturing,
or yielding

* Redirection, controlled penetration, or controlled stopping

Fabiola Buitraago G. Ph.D.



*Should not intrude into adjacent traffic Lanes

*Vehicle should remain upright during and after
collision (not essential for TL3-6 trucks)

*Exit angle should be less than 60% of the impact
angle

Fabiola Buitraago G. Ph.D.



* Crashworthiness is currently accepted if either of
the following conditions are met:

A barrier system has met all of the evaluation criteria
listed in MASH or NCHRP Report 350 for each of the
required crash tests, or

e A barrier system has been evaluated and found
acceptable as a result of an operating performance

evaluation




QUESTIONS?

Fabiola Buitrago G. Ph.D.



DESIGN AND LOCATION
OF SAFETY BARRIERS

Fabiola Buitrago G. Ph.D.



e Barrier warrants are based on the premise that a traffic barrier
should be installed only if it reduces the severity of potential
crashes.

* A barrier may be appropriate if:

* There is a reasonable probability of a vehicle leaving the road at that
location, and

* The cumulative consequences of those departures significantly
outweigh the cumulative consequences of impacts with the barrier

-, - = Bl

Fabiola Buitraago G. Ph.D.



Barrier
Warrants %

FILL SECTIOH HEXIHT [f]

mmmmmmmm Comparative Barrier Consideration for Embankmeants (U5, Custemary Units] /715!




Obstacle Guidelines

Bridge piers, abutments, and railing ends Shielding generally needed.

Boulders Judgment decision based on nature of fixed object and likelihood of impact.
Culverts, pipes, headwalls Judgment decision based on size, shape and location of obstacle.
Foreslopes and backslopes (smooth) Shielding not generally needed.

Foreslopes and backslopes (rough) Judgment decision based on likelihood of impact.

Ditches (parallel) Refer to Figures 3-6 and 3-7.

Ditches (transverse) Shielding generally needed if likelihood of head-on impact is high.
Embankment Judgment decision based on fill height and slope (see Figure 5-1).

Retaining walls Judgment decision based on relative smoothness of wall and

anticipated maximum angle of impact.

Signfluminaire supports® Shielding generally needed for non-breakaway supports.

Traffic signal supports® Isolated traffic signals within clear zone on high-speed rural facilities may need shielding.
Trees Judgment decision based on site-specific circumstances.

Liility poles Shielding may be needed on a case-by-case basis.

Permanent bodies of water Judgment decision based on location and depth of water and likelihood of encroachment.




Distance that traveled a lateral
barrier after an impact.
(NCHRP 350)
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Barriers are divided into three groups, based on the
amount they deflect when struck by a vehicle and the
mechanism the barrier uses to resist the impact

forces:

* Flexible barriers
* Semi-Rigid Barriers
* Rigid Barriers




Post Spacing (in.) Beam Description Maximum Deflection
(in) — Field Test

75 Single W-Beam 29.7
38 Single W-Beam 23.5
75 Double W-Beam 35.5
38 Double W-Beam 19.6
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e Include cable barriers and weak post corrugated guide rail

systems.

* These are referred to as flexible barriers because they will
deflect 4.6 ft to 11 ft when struck by a typical passenger car
or light truck.

* Impact energy is dissipated through tension in the rail
elements, deformation of the rail elements, posts, soil and
vehicle bodywork, and friction between the rail and vehicle.

Fabiola Buitraago G. Ph.D.



System

Test Level

FHWA
Acceptance Letter

FLEXIBLE SYSTEMS

VW-Beam {(Weak Post) 2 B-64
Three-5Strand Cable (Weak Post) 3 B-64
High-Tension Cable Barriers Jand 4 Various
Maodified W-Beam (Weak Post) 3 B-64
Ironwood Aesthetic Barnier 3 B-56G, 56-A, and 56-B

Fabiola Buitraago G. Ph.D.
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e Include:
* box beam guide rail,
* heavy post blocked out corrugated guide rail and

 thrie-beam guide rail (Thrie-beam is similar to corrugated rail, but it
has three ridges instead of two)

*They deflect 3 to 6 feet more than rigid barriers, but less
than flexible barriers.

* Box beam systems also extent
the impact force over a
number of posts due to the
stiffness of the steel tube.
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FIGURE B.db Blocked-out W-bsam {strong post) [U.S. custormany unita]
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System Test Level Ac upLH:: Letter
SEMI-RIGID SYSTEMS
Steel Post with Steel Blockout 2 E-64
Box Beam (Weak Post) 3 B-64
Steel or Wood Post with Wood or Plastic BElockout 3 B-64
NU-GUARD by NMucor Marion 3 B-162
Trinty T-31 and Trinity Guardrail System 3 B-140
Gregory (GMS) 3 B-150
Midwest Guardrail System (MGS) 3 B-133
Blocked-out Thne-Beam (Strong Post) 3 B-64
Merritt Parkway Aesthetic Guardrail 3 B-38
Steel-Backed Timber Guardrail 2 and 3 B-64-D
Modified Thrie-Beam (Strong Post) 4 B-64
Trinity T-39 Mon-Blocked-Out Thrie Beam 4 B-148

Fabiola Buitraago G. Ph.D.



* Usually constructed of reinforced concrete.

*A permanent concrete barrier will only deflect a
negligible amount when struck by a vehicle.

* The shape of a concrete barrier is designed to redirect a
vehicle into a path parallel to the barrier.

*Impact energy is dissipated through redirection and
deformation of the vehicle itself. New Jersey barriers and
F-shape also lift the vehicle as the tires ride up on the
angled lower section.




FHWA

System Test Level Acceptance Letter

RIGID SYSTEMS (Concrete and Masonry)

Stone Masonry Wall/Precast Masonry Wall 3 B-64-D
New Jersey Safety-Shape Barrier
= 810 mm [32 in.] tall 4 B-64

= 1070 mm [42 in.] tall

F—Shape Barrier

= 810 mm [32 in.] 4 B-64
= 1070 mm [42 1n.]
B-64

Vertical Concrete Barrier

« 810 mm [32 in.] 4 B-64
= 1070 42 in.
mm [ in.] B-64

Single Slope Barrier

= 810 mm [32in.] a B-17, B-45
= 1070 mm [42 In.]

Mote 1

Ontario Tall Wall Median Barrier 5 B-19




300 mm

e

)

D &

D o

1070 mm
(42")
(o D
255 mm I
(10" 50 mm
(2")
_75 mm
(3")

820 mm I
(32 1/4")
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1. Performance: the barrier has to contain and redirect the

design vehicle

2. Deflection: should not exceed the distance of deflection
available

3. Site Conditions: side slope and distance from the roadway

4. Compatibility: Compatible with terminal and able to
transition to other systems (example: bridge raillings)

5. Cost: higher performance, higher cost of barrier




6. Maintenance:

a)
b)

C)

d)

Routine: Minimum

After a collision: flexible and semi-rigid require more
maintenance

Storage: a greater variety of systems, more inventory will
required

Simplicity: simple designs, lower cost, ease of repair or
replacement

7. Aesthetics: sometimes it is an important consideration.

8. Experience in field: monitoring existing systems to identify

problems that can be solved with other barrier systems.




1. Impact velocity

2. Penetration angle of the
vehicle

3. Vehicle of design

4. Maximum deflection of the
barrier

5. Costs

w

Selection Factors Design Variables

1.

Distance of the object from
the roadway, ("Lateral
offset")

"Shy Line"
Terrain side slopes

Divergence angle ("flare
rate")

Required length ("length of
need")

Fabiola Buitrago G. Ph.D.



e Barrier is considered flared when it is not parallel to the edge
of the roadway

* Flare is normally used to locate the barrier terminal farther
from the roadway

* Pros

- Locate the barrier farther from the roadway
* Minimize driver’s reaction to an obstacle
e Reduce total length of rail needed

- Cons

 The greater the flare rate, the higher the approach angle, the
higher the severity

* Vehicle can be redirected back to roadway




« The flared barrier is normally used to:
« locate the terminal further barrier of the roadway
« to minimize the reaction of the driver to an obstacle near the road
« to provide a transition from the barrier an obstacle near the road
as a rail bridge
« to reduce the total required length of the barrier
« The use of a flared barrier also provides a space for auxiliary driving
errant motorist can recover.

Fabiola Buitraago G. Ph.D.



* The distance beyond which a driver will not react to an
object near the roadway.

« Some rigid objects such as safety barriers, if they
are very close to the pavement, tend to intimidate
the drivers causing them to slow down or change
lanes. This can result in a loss of capacity for
concern high-speed roads.

« It is prefer to install the barrier beyond the "Shy
Line".

« It depends on the site conditions




Design Speed

Flare Rate for
Barrier Inside
Shy Line

Flare Rate for Barrier at
or Beyond Shy Line

km/h [mph] A B
110 [70] 30:1 20:1 15:1
100 [60] 26:1 18:1 14:1
an [65] 24:1 16:1 12:1
a0 [50] 21:1 14:1 11:1
70 [45] 18:1 12:1 10:1
&0 [40] 16:1 10:1 a8:1
50 [30] 13:1 8:1 7:1

Motes:

A = Suggested maximum flare rate for rigid barrier system.
B = Suggested maximum flare rate for semi-rigid barrier system.

The MGS has been tested in accordance with NCHRP Report 350 TL-3 at 5:1 flare.

Flatter flare rates for the MGS installations also are acceptable. The MGS should be installed using the flare
rates shown or flatter for semi-rigid barriers beyond the shy line when installed in rock formations.

Fabiola Buitraago G. Ph.D.
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* Lateral Extent of the Area of Concern LA: distance from the edge of

the traveled way to the far side of the fixed object or to the outside
edge of the clear zone of an embankment or a fixed object that
extends beyond the clear zone.

* Runout Len

oth LR: distance from the object being shielded to the

location w
(assumed).

nere the vehicle departs from the traveled way

* Tangent length from the Area of Concern L1: selected by the
designer (zero if no flare)




Table 5-10(b). Suggested Runout Lengths for Barrier Design (U.S. Customary Units)

Runout Length (L;) Given Traffic Volume (ADT) (ft)

Design Over 10,000 5,000 to 10,000 1,000 to 5,000 Under 1,000

Speed (mph) veh/day veh/day veh/day veh/day
a0 470 430 380 330
F0 360 330 290 250
60 300 250 210 200
50 230 190 160 150
40 160 130 110 100
30 110 a0 80 F0

Fabiola Buitraago G. Ph.D.



* The distance beyond which a driver will not react to an object
near the roadway.

Table 5-7. Suggested Shy-Line Offset (L.) Values

Design Speed Shy-Line Offset (L.)
km/h [mph] m [ft]
130 [80] 3.7 [12]
120 [75] 3.2 [10]
110 [70] 2.8 [9]
100 [60] 2.4 [B]
a0 [656] 2.2 [7]
80 [50] 2.0 [6.5]
70 [45] 1.7 [6]
60 [40] 1.4 [5]
&0 [-30] 1.1 [4]

Fabiola Buitraago G. Ph.D.



~— Clear Zone Line

=

O 0 o ©o 0o o

L3-| ' {"Shy Line

12 Edge of Traveled Way — | L

If a semi-rigid railing is connected to a rigid barrier, the tangent length should be at least
as long as the transition section to reduce the possibility of pocketing at the transition and
to increase the likelihood of a smooth redirection if the guardrail is struck immediately

adjacent to the rigid barrier.




*|t is necessary to provide continuity of protection when
two different types of barriers are joined (semi-rigid and
rigid example), the two must be tied, or when a roadside
barrier is attached to a rigid object (i.e., concrete barrier
or bridge railings).

*The transition length should be such that significant
changes in the lateral strength not occur in a short
distance.

*The transition length should be about 12 times the
difference between the dynamic deflection barriers.




With Flare Rate

bla+(L,) /(L)

AREAQF

Without Flare Rate

LA_L2

T (L)/(Ly)

COMCERN
(OBSTACLE)

LSE

CRASHWORTHY
TERMINAL

SHY
LINE

EDGE OF THROUGH TRAVELED WAY —/"’/

TRAFFIC
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END OF
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NEED

SHY
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EDGE OF THROUGH TRAVELED WAY — \_/f TRAFFIC

The lateral offset (Y): Distance from the edge of the traveled way to the
beginning of the length-of-need




* Design the roadside semi-rigid barrier installation for a
bridge approach

Given:

ADT = 6,200 vpd

Speed = 70 mph

Embankment slopes = 1V:6H (right);
Shoulder = 10 ft (right);

L, (Assumed) = 43.75 ft




Clear Zone Distance L. (RDG Table 3.1)
Lateral Area of Concern L,

Suggested Runout Length L. (RDG Table 5.10)
Tangent Length from the Area of Concern L,
Shy Line L, (RDG Table 5.5)

_ateral Offset L,

~lare rate (RDG Table 5.7)

_ength of need X

_ateral OffsetY

O 0 N O U s W e

Fabiola Buitraago G. Ph.D.



DESIGN DESIGN FORESLOPES BACKSLOPES
SPEED ADT IV AT 1% 5H TO 1% :3H 1% 3H 1 WS H TO 1V 6H
of flatter 1 W:-4H 1V :4H or Flatter
40 mph UNDER 750} 7T — 10} 7 - 10 *4 710 7 — 1l 7 — 10}
or TH — 150N I — 12 12 — 14 =3 10— 12 10— 12 1y — 12
I less L 500 — GO0 17— 14 14— 16 =9 12 — 14 12 — 14 12 — 14 I
OVER 6001) 14 — 16 16— 18 =3 14 — 16 14 — 16 14 — 16
45-50 UNDER 750 1 — 12 12 — 14 =3 85— 10 5 — 1 1y — 12
mph T3 — 1500 12— 14 16 — 20} =9 10— 12 12 — 14 14— 16
L 500 — GO 16— 18 20— 26 *4 12 — 14 14 — 16 16— 18
OVER 6000 1% — 20} 24 - 28 =3 14 — 16 1% — 2| 20— 22
35 mph UNDER 750} 12— 14 14 — 18 *4 B — 1 [ — 12 10— 12
TE— 150K Ih— 18 M- 24 .9 10— 12 14— 16 165 — 18
LS00 — GO0 M) — 22 24 - 30 =3 14 — 14 16— 1% 20— 22
OVER 6001) 2T 24 M — 32 # *4 16 — 18 )y — 22 22 24
S0 mph UNDCR 750) 16 — 18 20— 24 .o 10 — 12 12 — 14 14— 16
TH — 150H] M — 24 25-32 = =9 12 — 14 16— 1% 20— 22
L 500 — GO 2h — 3 32— 40 = *4 14 — 1% 1§ — 22 24— 26
OVER 640{)) 3} — 32 * 36— 44 = =3 20 — 22 24 — 26 26 — 28
UNDER 750 1% — 20}
TH0 — 1300 24— 26
LS00 — GO0 2% 32 *
OVER &001) 3 — 34 *

U5, Customary Units]|

¥ Where a site specific investigation indicates a high probability of continning crashes, or such occurrences are indicated by crash
history, the designer may provide clear-zone distances greater than the clear-zone shown in Table 3.1, Clear zones may be limited o
M) tt tor pracricality and to provide a consistent roadway template it previous experience with similar projects or designs indicates
satistfactory performance.

1. Clear Zone Distance Lc = 30 ft = Lateral area of concern L,

Fabiola Buitraago G. Ph.D.



Runout Length (L) Given Traffic Volume (ADT) (ft)

Design Over 10,000 5,000 to 10,000 1,000 to 5,000 Under 1,000

Speed (mph) veh/day veh/day veh/day veh/day
a0 470 430 380 330
F0O 360 330 290 250
60 300 250 210 200
&0 230 190 160 150
40 160 130 110 100
30 110 90 80 F0

Fabiola Buitraago G. Ph.D.



Table 5-7. Suggested Shy-Line Offset (L) Values

Design Speed Shy-Line Offset (L.)
km/h [mph] m [ft]
130 [E80] 3.7 [12]
120 [75] 3.2 [10]
110 [70] 2.8 [9]
100 [60] 2.4 [8]
a0 [55] 2.2 [7]
80 [50] 2.0 [6.5]
f0 [45] 1.7 [6]
60 [40] 1.4 [5]
50 [30] 1.1 [4]

Fabiola Buitraago G. Ph.D.



Flare Rate for Flare Rate for Barrier at

S E e or Beyond Shy Line

Barrier Inside

km/h [Imph] Shy Line A B
110 [70] 30:1 20:1 15:1
100 [60] 26:1 18:1 14:1
an [E5] 24:1 16:1 12:1
a0 [50] 21:1 14:1 11:1
70 [45] 18:1 12:1 10:1
60 [40] 16:1 10:1 &8:1
50 [30] 13:1 a8:1 71
Motes:

A = Suggested maximum flare rate for rigid barrier system.

B = Suggested maximum flare rate for semi-rigid barrier system.

The MGS has been tested in accordance with NCHRP Report 350 TL-3 at 5:1 flare.

Flatter flare rates for the MGS installations also are acceptable. The MGS should be installed using the flare
rates shown or flatter for semi-rigid barriers beyond the shy line when installed in rock fermations.




* Clear Zone Distance L. = 30 ft (RDG Table 3.1)

* Lateral Area of Concern L, = L. = 30 ft (selected)

* Suggested Runout Length L; = 330 ft (RDG Table 5.10)
* Transition L, =43.75 ft

* Barrier offset, L, = 10 ft (shoulder = 10 ft)

* Shy Line L= 9.0 ft (RDG Table 5.5)

Parallel Installation

4
| | Flared Installation
3.0 m [10"] Shoulder 1

- Ly =101 m [330] —

Fabiola Buitraago G. Ph.D.



With Flare Rate

v_Li+Glad)-L,
bla+(L,)/(Ly)

X

30+ (1/45)4375—-10 22,92
- (1}}’15) + (3'3;‘33‘]) - 0.158

— 145.4 ft

Fabiola Buitraago G. Ph.D.



L,

Y=L,
R

X

30
Y =30 — == 145.54 = 16.8 ft

Fabiola Buitraago G. Ph.D.



Flared Installation Parallel Installation
L-=9.0m [307] ~ | b 3.0 m [10'] Shoulder J
=w_‘_‘_._|_|_‘_‘_._d&: : : :. : :. llllllllllllll - J—

Bridge "~ L,=3.0 m[10.0]

= Traffic

Ly =101 m [330]

* For the right-shoulder installation, the designer can measure 330 ft back from the

bridge rail end and 30 ft laterally from the same point.

* The hypotenuse of this triangle approximates a vehicle’s runout path. To shield the
bridge end and the river to the edge of the clear zone, the barrier installation should
intersect this line. Based on the variables selected, a barrier length of 145.4 ft is

needed.

* |f a parallel installation was utilized, the length of need would be 220 ft.

Fabiola Buitraago G. Ph.D.




Approach Guardrail Length of Meed

Approach quardrail must be of sufficient length and located correctly to
shield the errant motorist from entering into any of the harzardous area
at a bridge approach. Remember: on undivided
highways the opposite roadside may also
require consideration of the length and

laCation of the bridge rail.

R T R e R e S e

gt = T
S R L e e

R e T vy W T Ly ST N TR
------------

NN\ B3
= — %
EXIXL SSFFY ' [
Fotentially Hazardous Areas ; E t
Information on determining where to locale the bridge approach guardrails 1:‘ f
and how long they should be is provided in the *Roadside Design Guide.” % {

H Ref. FHWA Improving Highway Safety at Bridges on Local Roads and Streets

P e, e ——



* A traffic barrier should be set as far as practical from the traveled

way. This practice minimizes the likelihood that the barrier will be
hit by providing a motorist with the maximum amount of
traversable, unobstructed recovery area.

* It is critical that a vehicle makes contact with most types of barriers
with its center-of-gravity at or near its normal position. This reduces
the tendency for a vehicle to wedge under or go over the barrier.

* The slopes between a barrier installation and the roadway should
be 1V:10H or flatter, or the barrier should be far enough from the
road that a vehicle is on the ground with its suspension system
neither compressed nor extended at the time of contact.




Fabiola Buitraago G. Ph.D.



QUESTIONS?




TERMINAL BARRIERS
AND
CRASH CUSHIONS

Fabiola Buitrago G. Ph.D.



“Fish Tail” = No treatment

Source: www.crashforensics.com




N www.WreckedExotics.com

WWW. crashforensics.com

Fabiola Buitraago G. Ph.D.
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_ Source: http://www.youtube.com/watch?v=aSbfY6yJjSA
Fabiola Buitraago G. Ph.D.


http://www.youtube.com/watch?v=aSbfY6yJjSA

* Minimize injury to vehicle occupants in the event of a crash
into the end of the guardrail

* Crashworthy terminals MUST be used on the National Highway
System

 Recommended for use on all public roads

Fabiola Buitraago G. Ph.D.



Crashworthiness is assumed if an end treatment
has met all of the evaluation criteria set forth in
either MASH or NCHRP Report 350 for each of

the specified crash tests.

Fabiola Buitraago G. Ph.D.



* Gradually decelerates vehicle to a stop or redirects
it when impacting end-on

e Safely redirecting vehicle that impacts side of
device, at mid-length and near the nose

* Test levels w/ 1.8k car and 4.4k pick-up

* TL-1:30m
* TL-2:45m
* TL-3:60m

D
D

D

N
L

N

Fabiola Buitraago G. Ph.D.



*Considerations in selecting an appropriate terminal
for a given flexible or semi-rigid barrier installation:

* Compatibility of the terminal with the barrier system;

* Performance characteristics of the terminal
* energy-absorption potential,
e configuration (tangent vs. flared), and
* |ocation of the length-of-need point

* Site-grading considerations.




All flexible and semi-rigid barriers have to be
terminated with an anchoring system at both
ends.

CASS™ Cable Terminal (CCT)

Three-Strand Cable Terminal

Anchors at each end of the barrier serve as
bases for transferring these tension forces to
the ground.




LR

]
2
»
2
A
)
"
-

Flared Energy-Absorbing Terminal

Fabiola Buitraago G. Ph.D.




FHWA

Terminal TE!FI.II'_?FEI Acceptance DeSs?s::l‘:‘.l';nn Manufacturer
Letter 9
Three-Strand 3 CC-63 SECO1 Generic
Cable Terminal
Trnimity Highway Products, LLC (CASS),
3 CC-76 SECO7Va and Nucor Steel Marion, Inc.
(NU-CABLE)
CC-86
3 CC-864A SECO7b Brifen USA, Inc.
CC-86B
Terminals for cC.02
High-Tension Cable 3 ~ Mot posted Gibraltar Cable Barrier Systems, L.
) CC-92A
Barriers
3 CC-98 SECO/c Barrier Systems, Inc.
CC-83 Gregory Industries, Inc.
3 CC-93A Not posted (SAFENCE)

Fabiola Buitraago G. Ph.D.



FHWA

Acceptance
Letter

MCHRP Report
350 Test Level

System Reference

Terminal Designation Section

Wyoming Box-Beam End Terminal . CiC-60 SEBO3 Trinity Highway
(VWY-BET™) CC-604A SEBO4 Median Froducts, LLC

Bursting Energy Absorbing Terminal ) CC-69 SEBOS
(BEAT™) and (BEAT-MT™) CC-6894 SEBO6 Median

Road Systems, Inc.

LS SEs

Wyoming Box-Beam End Terminal (WY-BET™
Fabiola Buitraago G. Ph.D.

-e




Non-Energy-Absorbing Terminals

Energy-Absorbing

Fabiola Buitraago G. Ph.D.



Have the ability to stop head-on vehicles in relatively
short distances, in about 50 feet.

Fabiola Buitraago G. Ph.D.



* Allow an un-braked vehicle to travel over 250 feet behind
and parallel to the rail.

*\Vehicle speed is not significantly reduced.

Fabiola Buitraago G. Ph.D.



* Non- flared terminals may be installed with a 1-ft to 2-ft offset from

the line of barrier proper (over the entire terminal length) to
minimize nuisance hits

P ™

* Flared terminals generally require 4-ft offset although some designs
have been successfully tested with offsets less than 3 ft. Because
the flared terminal is located further from the traveled way, head-
on impacts are less likely




* Gating: terminals that are designed to break away, pivot

or hinge, and that allow a vehicle to pass through when
impacted at an angle to the end, or at a point upstream
of the beginning length - of-need of the safety barrier
system.

* Non-Gating: terminals that are designed to re-direct and
absorb part of the energy of an impacting vehicle at any
point along the terminal without allowing it to pass
behind the safety barrier system.




Gating Temminal

If an errant vehicle can pass
through a terminal beyond the nose
and into an area behind the system
it is classed as a “gating” terminal.

These terminals are not suitable for
use where there is a high potential
that an errant vehicle may travel

through the end treatment and into
a hazard or into opposing traffic
lanes.

Fabiola Buitraago G. Ph.D.



Non-gating Tierminal

* Non-Gating terminals do not allow vehicles to pass through the leading
section of the terminal.

* They either capture vehicles when they are impacted directly on the end, or
redirect them along the travelled way when they are impacted at any point on

er.




* All flexible and semi-rigid barriers need to be terminated
with an anchor system at both ends.

* Anchorages at each end of the barrier serve as foundations
to transfer these tension forces to the ground.

*If the barrier end treatment is not required to be
crashworthy (e.g., a trailing end on a one-way roadway or
an end located outside of the clear zone), a lower-cost
anchorage system may be used.




* Helps to develop the full tensile strength of the W beam
rail element when hit along its side
* Typically occurs at the third pole
* Allows the vehicle to be contained and redirected

Fabiola Buitraago G. Ph.D.



Departamento de Transportacion y Obras Publicas

Autoridad de Carreteras y Transportacion @
Directoria de Infraestructura )

M - — ——

DIRECTRIZ DE DISENO 408
Uso de Terminales Propietarios en el “National Highway System”

La Administracién Federal de Carreteras (FHWA, por sus siglas en inglés) y el
Departamento de Transportacion y Obras Publicas (DTOP) a traves de la
Autoridad de Carreteras y Transportacion han decidido utilizar tres (3) terminales
propietarios para barreras de seguridad en el Sistema Nacional de Carreteras

(NHS por sus siglas en inglés).

Los sistemas y su aplicacion son como se describen a continuacion:

1. FLEAT™ 350 (Flared Energy Absorbing Terminal) para instalacion tipo
“Flared” dentro de la Zona Libre (segun definida en el “Roadside Design

Guide”).

2 SKT™ 350 (Sequential Kinking Terminal) para instalacion tipo tangente
dentro de la zona libre (segtn definida en el “Roadside Design Guide”).

3  QuadGuard® Elite™ a usarse como “Crash Cushion” en condiciones de
trafico en ambos lados, como es en una mediana, en un “Gore Area” o en

una Plaza de Peaje entre otras.

Fabiola Buitraago G. Ph.D.




1
2
___ 3.
4

La instalacién de estos sistemas de terminales propietarios esta limitada a
condiciones en el NHS donde no es posible:

Remover el obstaculo
Redisefiar el obstaculo para que sea segura
Relocalizar el obstacula

Reducir la severidad de los impactos utilizando sistemas “breakaway”

(quebradizos)
Hacer “flattening” (allanamiento) en las pendientes para eliminar

necesidad de barreras
Instalar atenuadores de impacto

Instalar bermas en tierra

Alcanzar la distancia de zona libre por lo tanto no se puede instalar el
Terminal tipo MB segun definido en los Planos Modelo o no se puede

relocalizar el obstaculo fuera de esta zona.

E| disefiador seguira todos los principios de las Directrices de Disefio asi como los
contenidos en la version mas reciente del “Roadside Design Guide”.

Esta directriz tiene vigencia inmediatamente.

A
: g M S E Al oS

Jo . Hermandez Borges Fecha
Direetor Ejecutivo Auxiliar para

. Infraestructura

Fabiola Buitraago G. Ph.D.



CRASH CUSHIONS




Sand-filled plastic barrels, sometimes called inertial crash cushions
or inertial barriers, often are used in both temporary and
permanent installations to shield the ends of longitudinal barriers
or other fixed objects

www.ct.gov WWW.Viewgoods.com



http://www.ct.gov/
http://www.viewgoods.com/

* Gradually decelerates vehicle to a stop, in a relatively

short distance

* Shield fixed objects on either side of roadway

* Shield end of median barrier or fixed object on gore area
* Protection of highway work zones

* Absorb impact energy at a controlled rate

* Kinetic energy

e Transfer of momentum

www.ct.gov



http://www.ct.gov/

Commonly are applied at an exit ramp gore on an elevated or
depressed structure in which a bridge rail end or a pier
merits shielding

Frequently used to shield the ends of median barriers

Fabiola Buitraago G. Ph.D.



* Inert system, the initial velocity is zero
* Plastic barrels filled with sand

* Dissipate the kinetic energy of a vehicle by transferring
momentum (impulse)

* The vehicle speed decreases with each row of barrels impact as
a result of conservation of momentum

FILL 70 ToFP

FILL T3 7 FILL T 0e
TR Tos

2100 LES LEDD LES o0 LES

FA e T
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* Momentum:

* Quantity expressing the motion of a body and its resistance
to reduce the velocity.

* |t is the product of its mass and its velocity.

e Conservation of Momentum:

* For a collision between two objects in an isolated system,
the total momentum of the two objects before the collision
equals the momentum after the collision.

* The momentum that lost the first object is the momentum
that wins the second object.




* Impact Attenuators: device used to reduce the damage done to
structures, vehicles and drivers during a collision.

* "Bulldozer effect": Each barrel has a fraction of velocity reduction
every time is impacted.

Fabiola Buitraago G. Ph.D.



* Assumptions

* The barrels with sand transfer the kinetic energy of
the vehicle under the following assumptions:

1. Head-on collision

2. The vehicle speed is constant

3. The arrangements are inert modules
4. The vehicle will going design speed

Fabiola Buitraago G. Ph.D.



OBSTACLE

7

%

OBRSTACLE

?

7%

EERR

W = IMITIAL SFEED

==]

BEFORE IMPACT

() & ® ®

My ASSUMES VEHICLE SPEED W

AFTER IMPACT

MOMENTUM OF VEHIGLE
AMD 151 MASS IMPACTED = M,V

M, -V,

MIOMAEMTUR OF WEHICLE
AND 181 MASS IMPAGTED = (Wh+M, 1V,

(M, +M )V,

MOMENTUM BEFORE IMPACT = MOMENTUM AFTER IMPACT

Final speed about 10 mph

Fabiola Buitraago G. Ph.D.



M, -V,=M,+M,)V,

vV — M, -V,

Il

M, +M

M., = mass of vehicle, kg or pounds

V_ = original impact velocity, m/s or ft/s

M, = mass of sand, kg or pounds, in first barrel
V, = velocity, m/s or ft/s, after first impact

M, = mass of sand in the nth container

Fabiola Buitraago G. Ph.D.



Where:
a = deceleration rate

D = deceleration distance (diameter)

G = deceleration force
g = aceleracion gravitacional (32.2 ft/s* 0 9.81 m/s?)

t = time of event




*Each barrel has a particular weight
geometric arrangement.

* The most common weights are:
*90 kgs [200 Ibs]
* 180 kgs [400 |bs]
* 320 kgs [700 Ibs]
* 640 kgs [1400 |bs]
* 960 kgs [2100 lbs]

to design the

Fabiola Buitraago G. Ph.D.
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* The first row always has a single barrel.
* The last row may have up to five barrels, but in most cases four.

* At high speeds a barrel of 200 pounds can be used, while for low
speeds a 400 pound barrel can be used.

 Most arrangements end with one 400 pound barrels.

. jl'heh recommended spacing between barrels is between 6-12
inches.

* They must be ona 10H : 1V slope.

* The barrels are designed to support the weight of the sand and
resist climate change.

* For very cold weather, the moisture content of the sand must be
controlled to prevent freezing of the sand.




* The arrangement of barrels is designed as a result of "trial and

* The specific weight of the sand used is 99-101 pcf

* The minimum distance between the last barrel and the stationary
object must be at least one foot.

 Neither system is desighed to redirect vehicles during side impacts.

* The barrels should be established as far from the road to minimize
interference with other vehicles.

* If space is available, more rows of modules can be placed at the
corners to attenuate angle impacts.

* The space that must be provided after the last row should be
sufficient to not produce the ramp effect.




FHWA

Terminal Test Level Acceptance Manufacturer
Letter

Fitch Universal Barrel 3 CC-28 Energy Absorption
Systems, Inc.

ENERGITE 1l 3 CC-29 Energy Absorption
Systems, Inc.

Big Sandy 3 CC-52, 52A and 52B TrafFix Devices, Inc.
CrashGard 3 cc-a7 Flastic Safety

Systems, Inc.

Fabiola Buitraago G. Ph.D.




QUESTIONS?
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WORK ZONES

Fabiola Buitrago G. Ph.D.



* |Influences drivers’ perception of risk
* Provides information on potential hazards
* Minimizes aggressive behavior wiz1-1a
* Assists in navigation

* Engineering concerns for work zones
* Primary focus: Safe and efficient movement of
vehicles through work zone
* Relatively less emphasis on safety of construction
workers

W20

Wa2D-Ta




*Rigid Barriers
* Provide separation between

* Opposing traffic lanes Concrete barrier
* Traffic lanes and work area separating traffic
* Cause damage to motorists if struck lanes and work area

Baiid 4

Concrete barrier
separating opposing
traffic

Fabiola Buitraago G. Ph.D.
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* Flexible barriers (channelizing devices)

— Provide nominal protection for workers

Concrete barriers to
separate work area

L)
— i

e 8-

-

Flexible barrier separating 408 B e
traffic lanes and work area Channelizing devices

for delineation




* Recognized as the national standard

* Enforcement agencies often adopt it by
reference

*Provides  guidance, options and
supporting materials

e To assist professionals in making
decisions regarding the use of traffic
control on streets and highways

Fabiola Buitraago G. Ph.D.



Manual on Uniform
Traffic Control Devices

Primary function of Temporary
Traffic Control:

“To provide for reasonably safe and
efficient movement of road users through
or around temporary traffic control zones . |
while reasonably protecting workers, | ™ exrance
responders to traffic incidents, and |
equipment”

Estandard: Enunciado mandatorio o que prohibe una practica (SHALL or MUST)
Guidance: Enunciado que recomienda una practica (SHOULD)
Option: No implica recomendacion o requerimiento (MAY)




(TTC) devices include

Signs
* Signals
 Markings

e (QOther devices

Used to regulate, warn, or guide road
users

e e T

.........

Fabiola Buitraago G. Ph.D.



e Each TTC zone is different

* Many variables affect the needs of each zone:
* Location of work
* Duration of work
* Highway type
* Geometrics

 Vertical and horizontal alignment, intersections, interchanges,
etc.

* Road user volumes
* Road vehicle mix (buses, trucks, and cars) and road user speeds




* Main factor in determining the number and types of devices
used in TTC zones

*As per the MUTCD, five categories of work duration are
defined:

Long-term stationary
Intermediate-term stationary
Short-term stationary

Short duration

Mobile

L wh e




Standard
1. Long-term: stationary work that occupies a location more
than 3 days

2. Intermediate term: stationary work that occupies a location
more than one dayliecht period up to 3 days, or nighttime
work lasting more than 1 hour

3. Short-term: stationary daytime work that occupies a location
for more than 1 hour within a single daylight period

4. Short duration: work that occupies a location up to 1 hour
5. Mobile: work that moves intermittently or continuously




Traffic incidents can be divided into three general classes

of duration, each of which has unique traffic control
characteristics and needs:

* Major: expected duration of more than 2 hours
* Intermediate: expected duration of 30 minutes to 2 hours
* Minor: expected duration under 30 minutes

Fabiola Buitraago G. Ph.D.



Components of

Temporary Traffic
Control Zones

* Advanced Warning Area

* Transition Area

* Activity Area
* Work space
* Traffic space
* Buffer space

e Termination Area

Traffic Space
allows traffic to
pass through ™
the activity
area

Buffer Space
(Lateral) -1
provides

protection from
traffic and
workers

Work Space

/

Work zone

(Source: MUTCD 2009)

*

Downstream Taper Termination Area:

lets traffic resume

Buffer space normal operations
(longitudinal) ¥

Work space is set
aside for workers,
equipment, and

material storage o
Activity Area: where

* work takes place

Buffer Space (longitudinal)
provides protection for
traffic and workers

¥

Transition Area:
moves traffic out of its
normal path

l

‘ Shoulder Taper T

Advance Warning Area:
tells traffic what to
expect ahead

wlla h 4
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