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PREFACE

This guide was. prepared through a cooperative effort’invo?ving the
quk Force fof Traffic Barrier Systems of the AASHTO Operating Subcom-
mittee on Design, the Federal Highway Administration, and the Texas
Tranéportation Institute of Texas A&M'University. The Tésk Force served
as an advisory group to the FHWA contract manager and to the researchers.
Members of the Task Force and other members of é technital advisory com—
mittee are 1isted at the end of the'preface.

' The guide presents the results of a synthesis of cdrrent information
‘on the various eléménts of traffic barrier systems, iﬁé]ﬁding warrants,
"~ structural and stfength characteristics, maintenance characteristics,
5e1ection critérﬁa and placement data. Criteria on tﬁese elements -are
summarized for each of thé four basic barrier types, namély, roadside
barriers (heretoforé_commonly referred to as guardrai]S);'median bérriers,
bridgelfails and crash cushions. A chapter oh a cost-effective selection
procedure is included, primarily to provide the highway'engineerrwith an
alternate approach to the more-conventidnal means of establishing barrier
need and a bérrfer selection if warranted. |

The information is presented in two volumes. Volume I contains essen-
tial guidelines relevant to the diffefent desfgh e]emeﬁté_of_each barrier
system. Voiume Ii is a techhica] appendix containing éuﬁport data to
supplement the basic guidelines. | | |

References haye genefaT]y been Timited in the guide'tp preserve a
#]ear, strqightfbrﬁard presentation. Citations are given if further

| study by the reader will enhance the guide1ines or if a complete summary



of the referenced work'coﬁfd'not be presénfed in the guide. A compiete

| bib]iOgrapﬁy on the subject of traffic barriers is iﬁcjuded in Volume II.
It must be noted that the criteria contaihed hereiﬁ will undoubtediy

be refined éndramended_in the future. The designer is therefore ocbli-

gated to remain-current on new concepts and critéria and_to obtain the

latest revision to this and other pertinent documents._
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GLOSSARY

'Area of Concern - An object or roads1de condition that warrants the
sh1e1d1ng of a traff1c barrier.

Barrzer Warrant - A criterion that identifies an area of concern which
should be shielded by a traffic barrier. The criterion may be a
function of re?ativé.safety, economics, eté.;'or a combination of
factors. | |

Bridge Rail - A jongitudinaT barrier whose primary function is to
prevént an’érrant vehicTe from going oVer theVSide of the bridge
strUCfure | _'

CZear Distance - Minimum lateral distance from the edge of the traveled
'way needed by a driver of an errant vehicle to e1ther rega1n control
and beg1q a return to the roadway or to siow the vehicle to a safe
speed. ~Unshielded rigid objects and certain'other hazards should
not be permitted in the area between the edge of the traveled way
and the cTeér distance. |

' Crash Cushéon - A barrier whose primary function is to decelerate an
'errant vehicle to a safe speed dr to stop it. Examples are the
sand filled plastic barrels, steel drums, etc.

| Crash@orfhy Barrier - One that can be impacted by a vehicle at or below
the anticipated operating speed of the'roadway with Tow probabiiity
of serious injury to the vehicle's occupants.

Experimental Barrier - One thét has pérformed Satisf&ctori1y in full-scale

crash teSts and promises satisfactory in-service performance.
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Impact Angle - For a longitudihal barrier, it is the angle between a
tangent to the face of the barrier énd a tangent to ﬁhe vehicle's
path at impa¢t} For a crash custhn, it is the ahg]e between fhe
axis of_syﬁmefry of the crash cushion and a tangent.to thervéhicle's
path'at impaét. _ _

| Length of Need - Total length of a longitudinal barrier; measured with

respect-to.centérline of roadway needed to shield an area of cdncern,
Longitudinal Barrigr - A barrier whose primary function is to redirect
an erfant véhitle away from a roadside or median.hazard. The three
types of Tongftﬁdiha] barriers are roadside barriers, median barriers,
and bridge ra1Ts | |
Median Barrier - A 1ong1tud1na1 barrier used to prevent an errant vehicle

B from cross1ng the port1on of a d1v1ded h1ghway separat1ng the

trave1ed ways for traffic in opposite directions. '

-Operatzonaz Barrier - One that has performed sat1sfactor11y in full-scale

| crash tests and has demonstrated sat1sfactory in-service performance.

Research and Development Barrier - One that is in the development stage

| and has had insufficient full- sca?e tests and in- serv1ce performance
to be ciass1f1ed otherwise. |

Roadside Barrier - A Tongitudinal barrier used to shield hazards between

_the edge of the traveled way and the clear distahce.' It may also
be used fo.shier hazards in extensive areas between the roédways
of a diQided highway. It May occasiona?]y‘be used.to protect
pedestrians or "bystanders" froﬁ‘vehicu1ar-traffi¢;

Boadway - The portion of a highway, including shoulders, for vehicular use.
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Shy Distdnqe - Distance from the edge of the travel way beyond which
a roadside object will not be perceived as an.immediate hazard by
the.typféél driver, to the extent that he will qhaﬁge his vehicle's
 p]a¢émeht or speed. | . | .. | |
Traffic Barrier - A device used to shié1d a.hazard that is lécated on
- the roadside or in the median, or a device used to pfevent crossover
médiéﬂ_accidents. As defined herein, there are four classes of

traffic barriers, namely, roadside barriers, median barriers, bridge

rails, and crash cushions.

Traveled Way - The portion of the roadway for the movement of vehicles,

exclusive of shoulders and auxiliary lanes.

viii



'ACKNOWLEDGEMENTS

The authors sincerely appreciate the excellent cooperation and
contribution of the Task Force hembers who served a$ an Advisory Group
to the researchers and the FHWA. Task Force membefs are'listéd at the
| end of the Prefacé. Spec1a1 thanks go to the chairman Naver]y BthtTe
_and to the secretary, J1m Hatton. Jim was very he]pful 1in prov1d1ng
advice and information throughout the study.

The cooperat1on and assistance provided by John watson dr., FHWA
contract manager, was 1nva1uab]e to the researchers.

~ During the cb__urse of this stu.dy, -the authors had the‘opp.ortunity
to meet a number of state highway officials who willingly provided valu-
able information ahd constructive ideas on traffic barriers. These
fnc]uded Dave Squifes and Chuck Barndt, North Carolina Department of
Transportation; Bill Burnett, Joe Allison and Ted Koch, New York State
Department of Tfanqurtation; Bernard Lookatch and Roh Cook, State of
Wisconsin Depaftmént of Transporation; Duward Vernon, Paul Chuvarsky.,
and Malcom Harrison, State of Colorado Department of Highways; Eric
Nordlin, Ed Tye, Roger Stoughton, J. R. Stoker, Ernie Holt, and Philip
Hale, State of Ca]ifbrnia Department of Transportation; and John Panak,
Billy Rogers, Haron Cooner, Dave Hustace, and John Nixon, Texas Depart—
ment of Highways'and Public Transportation. The authors are especially
indebted to“Ed-Tye, Efic Nordlin and Roger_Stoughtqn'Fok'their informa-
tion and ideas throughout the study. |

~ The authors appreciate the information and cooperation'of Maurice

Bronstad and Jarvis Michie of the Southwest Research Institute. Researchers

ix



| at the Calspan Corporation were.é}SO"he1pfu1. The reports and sugges-
tions of‘qu Rei11y of the NCHRP and Johh Viner of the FHWA were very
helpful. A. R. Cowan, representing AASHTO Subcommittee on Design, was
most cooperative. The consultatioh and advice of our TTI colleagues,
Ted Hirﬁ@h, Bob Olson, and Gene Marquis were a1§o TnvaluableQ

Many qtheES'contributed to this effort both directly and indirectly

~ to whom the authors are most grateful.



VOLUME I
TABLE OF CONTENTS

PREFACE . ... .ierriennennennns R R R T T T i

© TECHNICAL ADVISORY COMMITTEE ........ B B

GLOSSARY ........ e e e e Vi

ACKNOWLEDGEMENTS +vvverennnnn. e e, L ix

LIST OF FIGURES . .vriirniirinirnenrennncnns heeana feeenaaaeanan XV

LIST OF TABLES +.vven.... e e . xx

I.  INTRODUCTION .......eoneunnnnnunnnns S s 1

A, BacKkground .....i.iieiiii i iraeraeaaa IEEERRERS 1

B. Purpose of Guide ......iiiiiiiiiriinnrnrerons } ........ 1

C. Application of Guide .............cocon.. R 3

D. Format of GUIAE ...uvvriirrnnesiernneneeenncananonens 4

II.  EVALUATION CRITERIA ..vvniinrvrnnrnnennennennn. R

' A. MWarrants .......... eeesenas S 6
B. Structural and Safety Characteristics .......vvevvnnn.

C. Maintenance Characteristics .....ovviiiiiiivinennnonn. 14

ITI. ROADSIDE BARRIERS ......ccviveunn. e e enan e rreenan 15

A. Warrants .............. S 15

1. Embankments ........... e eeeans e rreeissrnenes 16

2. Roadside Obstacles .....vveevreeveveenvronornnnons 19

3. Bridge Rail Ends, Transitions, and End Treatments, 25

4. Bystanders, Pedestrians and Cyclists ............. 28

5. Preferred Ditch Cross Sections ................... 29

6. Steep Grades ..........i.ieiiiiiiiiiiiiiiiiiaaa., 33

_ 7. Example Problems ......... b beeetasivesiaseraaen 33

B. Structural and Safety Characteristics .........i...... 41

1. -Standard Sections of Roadside Barriers ........... 45

2. Transitions ................ T P 54

. 3. End Treatment ......coiiiiiiiiiiiiiiann. EEEERE T, - 63

C. Maintenance Characteristics ........ e elenaaes 66

D. Selection Guidelines ..........ccivevivinnnnnn enaaea 71‘



IV.

MEDIAN BARRIERS
n

F.
BRIDGE RAILS

MmO O W >

Placement Recommendations
1. Uniform Clearance and Distance Between Barrier and

------------------------------

HazZard .ottt it et ta e e e
2. Probability of Impact .....oveeunn. e,
3. Terrain EFfectS voveevivessieeaneneeaneenenenennennn
4, Flare Rate and Léngth of Need ...cviaan... e
5. Stow Moving Vehicles .........cooiiiiiiiiiiiininne,
Upgfading Substandard Systems ......cceeiiiiiiiiinenenaan

‘1. Guidelines
2. Example Problem

L T I I L L B R A I e A A N IR )

--------------------------------------

--------------------------------------------

Warrants ..uoveseeecercnennnenennnn e
i.  Standard Section ..... '

2. Transitions

3. End Treatment
Structural and Safety Characteristics .................. :

------------------------------

-----------------------------------------

--------------------------------------

1. ~Standard Sections of Median Barriers .........c......

2. Transitions

3.‘ End Treatment

--------------------------------------

Maintenance Characteristics ...virrvvrreeeennnsscnrnnens
Selection Guidelines .....
Placement Recommendations

-1.'_Térra1h Effects

2. Flare Rate

R R I I R I R R I A A A N 2R I R A ]

------------------------------

------------------------------------

------------------------------------------

Uhgrading Substandard Systems .......ciiiiieiiinnnannann

-----------------------------------------------

Warrants .......ccoivirinencnneaas D .
Structural and Safety Characteristics .......cccevinnns,
Maintenance Characteristics ....veeiiiiiniiienionannnns

Se1ection Guidelines .....

PTacement Recommendations

--------------------------------

Upgrading Substandard Systems ......... e eseaaeae e

1. Guidelines

-----------

------------------------------

2.. Suggested Upgrading Designs ............. e eeaea

xit

74

75
77
78
81
89
91
91
94

100
100
104
104
105
105
119
122
128
131
134
135
142

144

147
147
151
159
160
163
164
164
167



VI. CRASH CUSHIONS .................. e e e 169

A. Narrants'.......;.,.., ......... et e, 169
B. Structural and Safety Characteristics ................. 172
1. Steel Drums (C1) ........... e ieiiieii.. 180

2. Hi-Dro Cell Sandwich (C2) ...ovivvivnniiiniiinnnnn. 183

3. Sand Filled Plastic Barrels (C3 and C4) ........... 186

4. Hi-Dri Cell Sandwich (C5) .... N EEERER 191

5. Hi-Dro Cell Cluster (C6) ....... it ve.. 193

_ 6. Summary ......... Cereeeaens e e e e e 194
C. Maintenance CharacteriStics ....eveevevveeensns e 196
1. Collision Maintenance ........ e 199

2. Regular Maintenance .................... e 199

3. Material Storage ........ . e 200

D. Site Considerations ............coiiiiiiiiiiivaiiaiann, 201
1. 'New Roadways ......... e e -}

2. Existing Roadways ........ et ereaan. e N reaa 203
Selection Guidelines ......... e PP 206
Placement Recommendations ........... _..,Q .............. 209

VII. A COST EFFECTIVE SELECTION PROCEDURE .............itvvaelon. 213
A. Introduction ............. N 213
‘B. Development, Assumptions and Limitations .............. 214
€. Applications e e neeea e reemieerecesasassanias 217
1. Example 1 - Roadside Slopes ............... aaeeaes 232

2. Example 2 - Bridge Piers .....cevcvenunnen e 241

3. Example 3 - Elevated Gore Abutment ................ 252
REFERENCES ......cviivvvnnes e et e iae e ereeans 256

%711



VOLUME 11
© TABLE OF CONTENTS

S
I 4 A
LIST OF & L
LIST OF TABLES . .+ entnseeernsnnnnnsanennnnnrioreeeannns
APPENDICES...... e teeceeaeeanaaae e eseaean e e -
- A. F1e1d Data on Barrier Systems...,...;;., ..... e
B. Exper1menta] Barrier Systems...............oviinin
C. Crash Test Data for Barrier Systems.................
D. Design Guides for Crash Cushions....... e,
E. Supporting Data for Cost-Effective Se]ect1on

Procedure. c ittt i i it i e e,
F. Aqtomob11e Trajectory Data for Slopes and Curbs.....

G. Method for Estimating Impact Loads on Longitudinal
Barriers..... ..o
He  BibTiography.....coevvueieeeiiiiiiiiiiis i,

References........cvvveuunnn. b eenaraeenan e

xiv

LY

..

LY



Figure No.
III-A-l.
III-A-2.
| I[I1-A-3.
- I1I-A-4.
 I1I-A-5.
III-A-6.

111-A-7.
I11-A-8.

- III-A-9.

111-B-1.
111-B-2.
1TI-E-1.

ITI-E-2.
ITI-E-3.

111-E-4,
I1I-E-5.
I1I-E-6.

VOLUME I
LIST OF FIGURES

Title
Warrants for Fiil Section Embankments ..... ';.; .....
D1mens1ona1 Data for Optimum Round1ng (11)eeunnns.

Clear Distance Criterion for Roadside Obstacles ...
Summary. of Roadside Barrier Warrants...... ',;; .....

Bridge Approach Barrier Criteria............ ', .....

Preferred Ditch Sections for:

(a) Vee Ditch; or

(b) Round Ditch, Bottom Width <8 ft.; or
(c) Trapezoidal Ditch, Bottom Width <4 ft.;
(d) Rounded Trapezo1da1 Ditch, Bottom W1dth

<4 ft C ot et eeterra et era sttt e

Preferred Ditch Sections for:
(a) Trapezoidal Ditch, Bottom W1dth 4 ft. to.
8 ft.; or

(b) Round Ditch, Bottom w1dth 8 ft. to 122ft. .

Preférred Ditch Sections for:
(a) Trapezoidal Ditch, Width >8 ft.; or
(b) Round Ditch, w1dth >12 ft.; or

(c) Rounded Trapezoidal Ditch, Width >4 ft ; .....

I1lustrative Example for Roadside Barrier

Harrants. ... ... v iiiiiiieiiiiiii i aeareaes
Definition of Roadside Barrier Elements..... e

A Suggested W-Beam to Parapet Connection..........

Barrier-to-Hazard Distance for Roadside

Protection. ...ttt e

Roadside Slope Definition........coieiiiinirenrnnn.

Roadside Barrier Location on Typical Barn'Tob

Sect1on....., .....................................
Approach Barrier Layout'Variab1es................;
Approach Barrier Layout for Opposing Traffic......

Suggested Roadside STopes for Approach Barriers....

XV

30

31

32

34
43
61

76
80

82
83
38
90



-Figure No.

III-F-1.
111-F-2.
T11-F-3.

IV-A-1.
IV-A-2.
IV-B-1.

IV-E-1.
IV-E-2.

'iV-E~3.
IV-g-4.
V-A-1.
V-A-2.
V-A-3.

V-F-1.

Title | o " Page

Inspection Procedure for Ex15t1ng Roads1de :

S =) o1 S P 92
'Example of Substandard Des1gn and Layout of
APPYOACH Barrier. e ot ot e ettt 96
‘Suggested Design and Layout fer.Exampie
s = | S A 98
Definition of Median Barrier Elements............. 101
. Median Barrier Warrants..... veeeenn e, 102
Suggested Emergency Opening Design for Sem1- _
- Rigid or Rigid Systems.............. e 127
Definitions of Median Sections......... },' ......... 137
.- Suggested Orientation of MBS Shape. on: Super- '
elevated Section......ooeiiiiiiiiniiny e ... 140
Example of Median Barrier Placement at Super-
 elevated Section..... ..ol 141
- Suggested Layout for theldang of R1g1d Object
T Median. oot i it it et e 143
Model for Predicting Percentage of Bridge Rail
End Impacts.......... e T PP 149
- Percentage End Impacts vs. Bridge Length for
5° and L = 96 inches............ eeciierennes 150
| Percentage End Impacts vs. Bridge Length for
8 = 10° and Lo = 96 inches............. SEREEEEEAS 150
' _Inspectaon Procedure for Existing Br1dge Rails.... 165

V-F-2.
VI-B-1.
VI-B-2.

VI-D-1.
VI-E-1.

_P0551b1e Retrof1t Concepts for Bridge Rails (88).. 168
'_I1]ustrat1on of Side Impacts in Transition Zone... 182

Suggested Layout for Last Three Exterior Modules
An an-Inertial Barrier...ieoeeeeiinrinnenennans .. 187

Reserve Area for Gores ......... e e 202

‘Examples of Possible Crash Cushion App11cat1on to

the Roadside or in the Median......... [ ... 211

xvi



Figure No.

VII-C-1.
VII-C-2,

VII-C-3.

VII-C-4.
VII-C-5.
VII-C-6.
VII-C-7.
VII-C-8.
VII-C-9.
VII-C-10.

Title
Encroachment frequency...... PRI i

Collision Frequency Nomograph Lengths from -

0-200 Feet...vvivvvnn.. P P 4 P

C0111s10n Frequency Nomograph Lengths from

200~ 2000 Feet...... T A eeeeaanaad
Examp1e Nomograph......oveeiinrreeroverssoncnnns }.

Lateral Displacement Distribution.................

Average Occupant Injury and Vehicle Damage_Costs..
Roadéide Slope Geomefry....;....; ....... reeeaeens
Cost Comparison Curves........ i,
Bridge Pier Hazard........coiviunennnennsn v ebeenes

Elevated Gore Abutment. ...t iirenniennonsanes

xvii



Figure No.

D-1.
D-2.
D-3.
D-4.
D-5.

- F-1.
F-2.
F-3.

F-5.

. F-6.

F-7.

F-9.

F-10.

F-11.

F-12.
F-13.

VOLUME 11
LIST OF FIGURES

.Title Page

Avai1ébTe Area for Crash Cushions............... ... D-5
_.A Solution to Steel Drum Example Prob]em ........... D-10

Nomograph for Design of Inertial Barr1er ........... D-18

A Solution to Inertia Barrier Example Problem...... D-24
- Deceleration Chart for Hi-Dro Cell Cluster Design

(100) e s i eeirr it eecaee s SEREETEETRRRTY D-26
. N0rma1 Bumber Position of Full-Size Car............ F-9

Bumper Position at Impact............; ..... e F-10
'Normal Bumper Position -- Full Size Car Relative

to Hydraulic Crash Cushion.......... et e e e F-11

Normal Bumper Position -- Full Size Car Relative

to Steel . Drum Crash Cushion............. eeraan, .. F-12

Nofma1 Bumper Position -- Full Size Car Relative

"to 400 Pound Sand Module............. e eerer e F-13

* Normal Bumper Position -- Full Size Car Relative
to 2100 Pound Module................ e beeeeseaeens F-14

Bumper Position at Impact - Hydraulic Crash
Cushion.....coueiiiii ittt e F-15

Bumper Position at Impéct - Steel Drum Crash :
B 017 4 4 1o ) 1 1 P F-16

'VBumper-Position at Impact - 400 Pound Sand Module.. F-17

Bumper Position at Impact - 2100 Pound Sand

Module...ovoveennieniiss i eresaaeanas aeeeaans F-18
Design Parameters for Vehicle Encroachments on
‘Embankments. ... .. i i et F-19
._Pafameters for Superelevated Cases.............. ... F-20

Design Parameters for Vehicle Encroachments on
Sloped Medians....coveee i ininiiiiesnensnnncenennns F-21

Xviii



Figure No.

F-14.

F-15.

Title
Design Parameters for Vehicle Encroachments
on Curbs....... s e tisseevsesenturataraas e
Curb Geometry...veer i ininnnrnnnecssvansssoancnnns

Xix



Table No.

11-B-1.
11-8-2.

I11-A-1.

ITI-A-2.

I1I-B-1.
II1-B-2.
I11-B-3.
. 111-B-4.
- III-C-1.

CII1-C-2.
I11-D-1.

111-E-1.

ITI-F-1.

IV-B-1.

1V-B-2.
IV-B-3.

IV-B-4.

1V-B-5.
v-C-1.
1V-D-1.
V-B-1.
V-B-2.

VOLUME 1
LIST OF TABLES

Title

Dynam1c Performance Cr1ter1a for Traff1c

B = = T o

Recommended Crash Tests to Evaluate Impact

“Performance of Traffic Barriers............ocno.. .o

Warrants for Nontraversable Hazards....;.. .........

Warrants for Fixed Objects..... e ferereneaas

. Operational Roadside Barrier Systems...,'.T ........ .

-'Roadside Barrier Déta Summary...... ...,.;;.........;
-Oberational-Roadside-Barrier Transition Sections..
" Operational Roadside Barrier End Treatments........

. Maintenance Factors Inf]uenc1ng Roads1de Barr1er

T =T o2 o o TR e ieeesaaanae

Collision Repair Data for Roads1de Barr1ers ........

_Selection Criteria for Roadside Barriers...........

Design Parameters for Roadside Barrier Layout......

Structural Inadequacies of Roadside Barriers .......

'3_0perat1ona1 Median Barrier Systems.................

Median Barrier Data SUMMAry.......eeveevensneencnns

Yariations in the Continuous Concrete Median
Barrier Design (MB5) .. v.iveeirnenreernnnnreeennnnns

Suggested Median Barriers as Related to Median
o U

. Operational Median Barrier End Treatments..........

Collision Repair Data for Median Barriers...... ..

Selection Criteria for Median Barriers........... -

Operational Bridge Rail Systems..... '.,,. ...........

~ ‘Bridge Rail Craﬁh Data Summary.....ceeeeevevneennen

XX

10



Table No.

V-D-1.
V-F-1.
VI;B-l.
VI-B-2.
VI-B-3.

VI-B-4.
VI-C-1.

VI-D-1.

VII-C-1.
VII-C-2.
VII-C-3.
VII-C-4.

‘Title
Se]ectfon Considerations for Bridge Rails........
Conformance Checks for Bridgé Rails..... ceieaaaan
Operational Crash Cushion SYStems......... eeeaas

Crash Cushion Crash Data Summary.; ....... v eenesn

Center of Gravity Data for Inert1a1 System
Modules.....coiimeniieiiiiiii i e e

* Summary of Structural and Safety Character1st1cs
of Crash Cush1ons ............... e Ceesesaaees

Ma1ntenance Characteristics of Operational Crash
Cushions........covvnneninin eeersiaeensareesyas .

‘Reserve Area for GOres.......ccevvvieriiinnennsns

Severity Index and Accident Cost.......... e
Values of KT“". ......................... i veaees
Values of K

xxi



~Table No.
.A-l.
A-2.
A-3.
B-1.

- B-2.
B-3.
B-4.
B-5.
B-6.
B-7.
B-8.
B-9.
B-10.
c-1.

C-3.
C-4.

C-6.
D-1.

D-2.
D-3.

VOLUME 11
LIST OF TABLES

Title o o ~ Page

Fié]d Data on Roadside Barriers........ e A-3
Field Data on Median Barriers..... e, A-4
Field Data on Crash Cushions...; ...... ;.7;.; ........ A-6
_E#perimentaT Roadside Barrier SyStems...;; ....... ... B-3
Researchlénd Deve]opmenthoadside Bérrief Sysiems... B-5
Experimental Médian Bafrier Systems..... ;......;.... B-7
Research and Deve]opmenf Median Barrier‘Systems ..... B-9
Experimental Bridge Rail Systems..........cevvuivnunnn B-11
Research and Development Bridge Rail Systems........ - B-13
Experimental Crash Cushion Systems...,..,; .......... B~15
Research and Development Crash Cushion Systems...... B-18
- Experimental Transition Sections.......... e B-22
Research and Development Transition Sections........ B-23
Roadside Barrier Crash Test Data................. .. C-3
Median Barrier Crash Test Data.......ieo..eeeeeeen.. Cc-5
Bridge Rail Crash Test Data........... e, -9
Crash Cushion Crash TeSt DAt .......ee.eeneeneenns. c-11
_Traﬁsition_Crash Test Data........ feeiemaneeeasaans €-15
~ End Treatment Crash Test Data......... reareeraieaes c-17

-Summary'of Static and Dynamic Crush Strengths for

Various Steel Drum Configurations Recommended for

=T 1R D-4

Calculations for Steel Drum Example...... '.; ......... D-9

Design Data Table for Hi-Dro Cell Sandwich Cushion
(199_) ............................ S D-13



xXiiid

Table No. Title Page
 D-4. Calculations for Inertia Barrier Example..........o.... D-19
E-1. Obstacle Inventory COOES..........eeeveeseennns. deeeee. E-3

E-2. Severity INdiCeS..........eoerisnnriane s E-6
F-1. Dimensional Data for Optimum Shoulder-Side
Roundings Tangent to Shoulder at 8 Ft. From o
0 (5 1) O eea.a F-24
F-2. Bumper Trajectory Data for 60 mph Embankment -
Encroachments -- Negligible Shoulder to Embankment
Rounding -- No Traveled Way Superelevation......... ceve F-25
F-3. Bumper Trajectory Data for 60 mph Embankment
Encroachments -- ShouTlder to Embankment Rounding --
No Traveled Way Superelevation.......covvnrvenniacnanas F-26
F-4. Bumper Trajectory Data for Embankment Encroachments
-- Superelevated Traveled Way........ Ceveescesesnenssas =27
F-5. Bumper Trajectory Data -- Raised Stope Medians......... F-28
F-6. Bumper Trajectory Data -- Raised Slope Medians......... | F-29
F-7. Bumper Trajectory Data -- Raised Slope Medians...... ... F=30
F-8. Bumper Trajectory Data -- Raised Siope'Medians .......... F-31
F-9. Bumper Trajectory Data -- . 9-Inch Type A Curb..,,; ....... F-32
F~10. Bumper Trajectory Data - 8-Inch Type A Curb -- Full
' Size Car. .. ittt e i e eeeans F-33
F-11. Bumper Trajectory Data - 6-Inch Type A Curb............ F-34
F-12. Bumper TraJectory Data - 6-Inch Type € Curb -- Full
R < - N eeeeana F-35
F-13. Bumper Trajectory Data - 6-Inch Type E Curb -- Full
N = 01 T e rseaas F-36
F-14. Bumper Trajectory Data 6-Inch type G.Curb ............. F-37
F-15. Bumper Tkajectory Data - 4-Inch Type H Curb -- Full
: Size Car.eeen i e eteiaaes F-38
F-16. Bumper Trajectory Data - 13-Inch Type X Curb -- Full
Size Car..cieriienenasncanesracnnnsnnns eearesereneanan F-39
G-1. Estimates of Longitudinal Barrier Loads........;,.;.... G-4



I. 'INTRODUCTION
I-A. Background

An extensﬁve effort has been made in recent years to improve high-
‘way safety. To accompiish this, a major emphasis.has been placed on
~ the elimination of hazardous roadside conditions and on the improvement
of traffic bérriers to shield those hazards that_;an not be eliminated.
Numerous studies have been made at the national, state, and local Tevel.
~These studfes have focused on a wide range of traffic barrier subjects,
“including wéfrants,'1mpact'performance, and economics. |

Highway Research Board Special Repbrt 81 (5), published in 1964,
National Cooperative Highway Research Progfam (NCHRP} Report 36 {6),
pub1ished in 1967, and NCHRP Report 54 (2), published in 1968, contained
state-of—thé-practice information on traffic barriers. NCHRP Report 118

(1), published in 1971, updated and superseded previous NCHRP reports.
I-B. Purpose of Guide

‘Since the publication of NCHRP.Report 118 (1), additional research
has been dohe_in the traffié barrier area and additional inservice
experiencé has been gained on existing traffic barrier systems. The
purpose of:tkis document is to summarize the current state of knowledge
and to pﬁesent specific design guidelines for highway traffic barriers.
The guidelinés establish the conditions which warraht barrier protection,
the type of barriers available, their strength, safety, and maintenance
ékaracteriétiés, selection pfoeedures, and how the barrier should be

installed-diﬁensionally or geometrically.
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Also presented in the guide is a cost-effective selection procedure.
This procedure is presented as an alternate to the more conventional
se]ection_procédures. In the conventional procedurés, bafrier need is
usually hased on an evaluation of the relative hazard of the barrier
versus the hazard of the unprotected obstacle. The barrier is warranted
if the obstacle is more hazardous to the motorist than the barrier jt-
“self. In the cost-effective procedure, need is based on an evaluation
of the costs associated with thé barrier versus the costs associated with
_ the unprotected obstacle. Initial cosfs, maintenance costs, and accident
costs are included in the evaluation. In addition to establjshing need,
the.procedure can also be used to compare the cost-effectiveness of
various barrier systems.

‘For the purpose of this guide aill traffic barriefs are_c]assified
as one of two basic types, name1y, longitudinal barriers and crash
cushions. LongitudinaT barriers function primarily by redirecting errant
vehicles. Crash cushions function primarily by dece1erating errant vehicles
to-a stop. Roadside barriers (guardrail, etc.), median barriers, and
bridge rails afe the three types of longitudinal barriefs, Each of these
types performs a particular function as does the crash cushion and these
functions are delineated in this guide.

It has been éaid that a traffic barrier is like life insurance -
it is good to have as long as it is not needed. _A]tho__ugh this is an
overstatement, it cannot be overemphasized that a traffic barrier is
'it§e1f a hazard.. Every effort should be made in thé design stage to
eliminate the'need for traffic barriers. Existing roadways shouid be

upgraded when feasible to eIiminaté hazardous conditions that require
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barrier protection. A traffic barrier should be installed discrimi-

‘nately and only when it is .unfeasible to remove the hazardous condition.
I-C. Application of Guide

.The contents of this document are intended as guideiines for those
fesponsib]e-for the design, installation, and maintenance of traffic
barriérs. It witl have applications primari]y.to.high speed facilities
since the vast majority of studies to date have cdnterned such facilities.
‘However, all available criteria relevant to'1oﬁ sPeed, low volume road-

- wWays are ihc]ﬂded. In this regard, the chapter on cost-effectiveness
can be used to evaluate the effects of traffic conditions on traffic
barrier needs. |

. The gufde:wi11 have appfications to'bofh new and existing roadways.
-Consideration shou]d be ngen to the app1iqation'df the principles and
criteria.presented in the guide for new constructibn. A survey of exist-
ing faci]itfes shoqu be made and substandard condifiqns should be
identified with reference to the guide.  Unnecessary barriers should be
removed, substandard barriers should be upgraded or-replaced with
acceptable systems, improperly located barriers should be relocated, and,
if warrantéd, barriers should be installed to shie1d.hazardous conditions
which cannot be removed. it is recognized that 1imited‘budgets may pre-
clude the full implementation of these guidelines. In those cases, a
priority system éhou]d be established to insﬁre that cost-effective
alternatives are employed.
| The guide relates priméri1y_t0“the protéctive aspects of traffic
barriers. :These guidelines must be considered together with social,
environmental, and eéonomic factors.
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Due to the complex nature of the subject matter, much- of the criteria
contained in this guide is by necessity based on subjectiﬁe data. In
some areas, only general suggestions and recommendations can be made. It

~can therefore not be ovéremphasized that appzicaiioﬁ of.these gui&elines
must be made in conjunction with sound evaluation of the facts and.en-

gineering judgment to effect the proper solution.
I-D. Format of Guide

The main body of the guide 15 contained . in Chabters II,tthugh VI.
Chapter 1I summérizes criteria used in the evaluation of the different
barrier types;. Chapters III through VI contain criteria relevant to the
four barrier types, réspective1y. Each of these chaptérs”is, to the
extent possible, autonomous. For example, Chapter IV cbntains guidelines
for mediaﬁ.barfier warrants, the structural and safetyfcharacteristics
of operational médian barriers, maintenance characteristics, a selection
procedure, p1acemént recommendations, and suggested procedures for up-
grading substandard median barrier systems. To avoid repetition and a
voluminous documenf; reference is sometimes made to other parts of the
guide if common criteria exists between different barrier types.

Separation-of the guide subjects by barrier type is not meant tp
imply that each type can be independently designed, selected, and installed.
A systems or inteérated_qpprdach should be used.to inéure'compatibility
of design of eaéh of - the barrier elements. For examp]e?-the-se]ection
of a bridge rail should be based in part on the type of roadside approach
barrier to be used. ‘The impact performance of the transition betwéen the

two systems depends heavily on the compatibility of the two rail systems.
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éupporti_ﬁg data and design procedures are given in the Appendix. A
bibiiography of trafﬁc barrier literature, indexed by year and barrier
type, is a]So'presented in the Appendix. | o |

“Underlined numbers in paf‘enthesis refer to r_éferences Tisted in
Appendix‘I. 'ﬁote that a list of Peférences.ié iﬁcluded in both volumes

“of the.Guidelines.



il. EVALUATION CRITERIA

Various factors may affect the'determiﬁation of barrier need and,
if warranted, thé‘barrier best suited.for'the given conditions. Safety
requiréments, economic constraints, environmental constraints, and in
some cases traffic control constraints are all factors the designer must
usually confront.' This guide addresses primarily the-safety requirements
and the economic constraints.

It is the pukpose of this chapter to summarize critéria used in the

guide to evaluate the different elements in design.

II-A. Warrants

A survey of various state practiceé‘showed that barrier warrants are
usually based on_én evaluation of the relative hazard of the barrier
versus the unshielded hazard. In some cases, warrants ére a]so‘based on
the probability of run-off-the-road accidents and economic factors.

To the éxtent possible, warrants presented in this'g&ide'aré based on
objective criteriaf. A1l of the warrants are based on the premise that
a traffic barrier should be installed only if it reduces the severity
éf potential accidents. It is important to note that the probability or
frequency of accidehts will not in general affect the severity of potential
accidents. As has been stated (18), "If it is judged that a guardrail
installation is not necessary at a partiﬁular ehbankment (that is, the
guardrail is a greater hazard than the embankment)...., such a decision
remains valid whether one or one thbusand thic]es run off the road at

that point." _
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Warrants may also be established by the cost-effective procedure
presented jn Chapter VII. Through this procedure, factors such as design
speed and'traffic volume can be'eva1uated in re]atfon to barrier need.
Costs associated with the barrier {(installation, maintenance, and acci-
dent costs) are compared with costs associated with the unshielded
hazard. Typ1ca11y, the cost-effective procedure can be used to evaluate
three opt1ons: (1) remove or reduce the hazard so that it no longer needs
to be shielded, (2) install a barrier, or. (3) leave the hazard unshielded.
The third'option'wou1d normally be cost'effectiﬁe only on low volume
end/or Tow speed facilities, where the probabi]ity of accidents is jow.
The procedure also ‘allows one to eva1uate the cost effectiveness of any
..number of barr1ers that could be used to sh1e1d the hazard.

As new and add1tjona1 data become ava11ab1e on accidents involving
traffic berriers, the relative hazard of barriers versus unshfe1ded
hazards and ether_factors, the warrants presented herein should be
updated. .EaCh agency using this guide is encouraged to record and
document Such_information and to make it available to the public. Such
deta will also greatly enhance the applicability ef the cost-effectiveness
techn1que of Chapter VII. |

A]though the warrants cover a wide range of roads1de cond1t1ons,
special cases or cond1t1ons will arise for which there is no clear choice.
| - Such cases must be evaluated on an 1nd1v1dua1 bas1s and, in the final

ana]ys1s, must usually be solved by engineering judgment.



II-B.  Structural and Safety Characteristics

A traffic barrier serves dual and often conf11cting ro]es It‘must
be capable of red1rect1ng and/or conta1n1ng an errant veh1c1e without
1mpos1ng unto]erab1e cond1t10ns on the vehicle occupants. It should be
able to do this for a kange'of veﬁic]e sizes and wéighfs, fmpact speeds,
“and impact ang1eé. Comprbmises are sometimes necessary to achieve a
balance between the structural and safety requirements.

To promote uniform testing'and evaluation criteria for traffic barriers
and other highway appurtenances, NCHRP Report 153 (ﬂ).was published. The
recommended criteria and test procedures bresented in the report are
directed to the sfructural and safety.performance of these appurtances.

Table II-B;1 summarizes the evaluation criteria as it relates to the
different barrier types (4). As Shown.in theetable; thefe'are three
appraisal factors used in the evaluation, namely'(I) stfucturaT adequacy,
(II) impact severity, and (III) vehicle trajectory hezerd;

The mest comP]ex'and controversial item in the evaluation criferia
concerns maximum vehicle acceleratione. While most agree that vehicle
eccejeratiOns and impact‘severity are fe]éfed, there'ie no concensus of
opinion as to just how they are related. waevef, until more definitive
eriterie are established, the suggested:acceleration yaTees should be
cons1dered the best ava11ab1e guidelines. B |

Fu]] sca]e crash tests are the suggested means for evaluating the
structural and safety performance crater1a of Table II-B-1. Shown in
Table 1I-B-2 are the crash tests suggested to evaluate the different

barrier types, taken from NCHRP Report 153." Each test is designed to



TabTe I[I-B-1. Dynamic Per‘form'ance Cm’teriar for Traffic Barjriers

Dynamic Performance
Factors

Evaluation Criteria

Appilicable Criteria

Longitudinal Barriers

Standard Sections

. and Transitions

Terminals

Crash
Cushions

I. Structural
Adequacy

The test article shall redirect
the vehicte; hence, the vehicle
shall not peretrate or vault over
the instaflation.

XXX

The test article shall not pocket
or snag the vehicle causing abrupt
deceleraticn or spinout or shall
not cause the vehicle to rollover.
The vehicle shall remain upright
during and after impact although
moderate roll and pitching is ac-
ceptable. There shatl be no lpose .
elements, fragments or other debris
that could penetrate the passenger
compartment or present undue hazard
to other traffic,

Xxx

XXX

XXX

Acceptable test article performance
may be by redirection, containment,
or contrglled penetration by the
vehicle,

XXX

XXX

The terminal shall develop tensile
and/or flexural strength of the
standard section.

XXX

I1. Impact
Severity

Where test article functions by re-
directing vehicle, maximum vehicle
accelerations (50 msec avg) measured
near the center of mass should be
less that the following values:

Maximum Yehicle Accelerations (g's)
Lat., Long. Total Remarks

3 5 6 Preferred
5 10 12 Acceptable

These rigid body accelerations apply
to jmpact tests at 15 deg. or less.

XXX

XXX

XXX

For direct-on impacts of test article,
where vehicle is decelerated to a stop
and where lateral accelerations are
minimum, the maximum average permis-
sible vehicle deceleration is 12 g as
calculated from vehicle impact speed
and passenger compartment stepping
distance.

XXX

XxX

IIT, VYehicle
Trajectory
Hazard

After impact, the vehicle trajectory
and final stopping position shall in-
trude a minimum distance into adjacent
traffic lanes.

XXX

X

XXX

Vehicle trajectory behind the terminal
is acceptable.

XXX




Table 1I-B-2. Recommended Crash Tests to Evaluate
- Impact Performance of Traffic Barriers

Test Vehicle | Impact Conditions

b:Z degrees;

“From centertine of highway.

d

From Tine of symmetry'of device.

Vehicle f
Barrier Type Weight @ Speed Angle b} Rinetic Energy -Impact Point
. b mph (deg.) 1000 ft-1b
1. -Longitudinal Barrier
A. Standard Section
Test 1 4500 60 25¢ 540 = 40 For post and beaw system,
’ midway between posts.
Test 2 2250 60 15° 270 £ 20 Same as Test 1.
B. Transition
Test 1 4500 60 26° 540 + 40 15 ft upstream of second
system.
C. Terminal ) '
Test 1 4500 60 ot 540 * 40 Center of nose device.
Test 2 4500 C 60 25° 540 + 40 At beginning of standard
section.
Test 3 2250 30 -t 68t 9 Center nose of device.
Test 4 2250 60 15°¢ 270 = 20 Midway between nose and
’ beginning of standard
section.
I1. Crash Cushions
Test 1 4500 60 Od 540 + 40 Center nose of device.
Test 2 2250 60° ¢d 270 £ 20 Center nose of device.
Test 3 4500 60 EOd 540 £ 40 Alongside, midlength.
Test 4 4500 60 10-15d 540 * 40 0-3 ft offset from center of
nose of the device.
" Notes:
3,200 1b.

®for devices that produce fairly constant or slowly varying vehicle deceleration; an additional test at
30 mph (13.4 m/s) or less is recommended for staged devices, those devices that pruduée a sequence of
individual vehicle deceleration pulses {i.e., "lumpy” device) and/or those devices comprised of massive

components that are displaced during dynamic performance.

o f

Paint on barrier where initial vehicle contact is made.

:Metric Conversions: 1 1b. = 0.454 kg; 1 meh = 1,67 km/h; 1 ft=Tb = 3,356 J; 1 ft = 0.305 m.
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evaluate either the structural adequacy of the barrier or its impact
severity énd_vahicle trajectory hazard. Generally, the structural
adequacy of é longitudinaf barrier is determined by impacting it with
a 4500 1b (2040 kg) automobile at a 25 degree angle. The impacf severity
and vehicle tkajéctory hazard of é 1qngitudina1 baffier js determined
- by impacting it with a 2250 1b (1020 kg) ahtomobi}e at a 15 degree angle.
Test‘l;énd 2 for crash cushions are designed to-demonstrate the

energy-abééfbing capabilities of the cushion for both large and smali
cars, Tesﬁ 3 is designed to evaluate the redirectioh_capabilities of the
: cushion wheh'impacted from the side. Test 4 evafﬁates the cushion for

: unsymmetficiimpacfs. DetaiTed_commentary on thé'basis of each test in
Tab]e 11-B-2 fs presented in NCHRP Report 153, together with suggested
testing facflity practices, data acquisition systems, and data.redﬁction
techniques.f | | |
| Barrief éystems chosen for inclusion in the'guide are c]éssified

as either operational, experimental, oOr research and' development (R & D)
defined herein as follows. An operational system is one that has-per-
formed safisfactori]y in full scale crash tests and has demonstrated
satisfactory in-service performance. It must be noted that there is

no widely éccépted evaluation criteria whereby ”safisfactory in-service
'pérfqrmancé"lcan be determined. In general, howeQer, satisfactory
performance can be established by docqmented evidénce that the barrier

is functioning as intended by the evaluation criteria presented herein.
An émperimeﬁtal system.is one that has performed satisfactori1y in full-

scale crash tests and promises satisfactory in-service performance.
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AN R & D system is one that is in the déVe1opmeni stage and has had
insufficient full-scale crash testing and in-service.performdnce'to be
classified otherwise. |
| Omission of a barrier system does wot necessarily imply that the
system is non-operational. There are numerous traffic barrier systems
on the roadways that have not been subjected to fu]f—écale crash tests.
However, it was not within the scope of this effort to evaluate and
determine the status of these systems. |

To the extént that pertinent information was évaiiable the barrier
systems giveh in this guide were evaluated in terms of the NCHRP.Report
'153'criteria.'.H0wever, prior to its publication in 1974, there were no
unified test'procedures for evaluating traffic barriefs. As a consequence
barriers have been tested at a wide range of impact conditions. Many
'1ongftud1na1 baffiers have never been subjected to a 15 degree crash test.
There have been.considerable variations in the type and size of the test
vehic]es used, the type and location of photographic-and electronic
instrumentation used during the tests, and the manner.in:which the test
data was reduced and evaluated. |

Evaluation forms for the longitudinal barriers and.the crash cushions
have been designed fp pfesent_the impact performance of each barrier in
'tgrms of the Suggésted crfteria (e.qg., see Table III¥B~1_and Table IV-B-1).
The impact conditions shown on the fbnws are those which most nearly
represent the recommended test conditions. Although the data shown is
indicative of the genera?lperformance of eadh bafrié?, discretioﬁ must be
used when éompdfing the performance of the dffférent.syStems due to the

differences in impact eonditions described above.
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Although crash testing is definite1y the recommended way to evaluate
the impact performance of a traffic barrier, it'may'be necessary in
certain instances to uselother means. Scale model tésfs, pendulum tests,
and'computeh aided math.models are often uséd_in the conceptual and
design'stagé,”and occasioha11y are used as the means of final eVa1Uation.
Qf coursé;'there is no substitute for the app]icétion bf basic éngineering
principles throughout the design and test phases.

If a barrier must be designed and instalied Without evajuation'by
full scale tests, the design should adhere to the criteria outlined in
Table IIfB-iﬂ A method of estimating impact 1oéds on a longitudinal
barrier is presented in the Appendix G of this.gﬁide Methods are also
presented in the Appendix D to aid the h1ghway eng1neer in designing
.certa1n types of crash cushions. |

It should be noted that most traffic barrieré have been designed for
automobiles Weighing approximaté]y 4500 1b (2040‘kg) or less. Although
the vehicle bopu]ation is composed predominant]y'of automobiles, there
is a need, in some cases, for barriers which can contain and/or redirect
large trucks and heavy vehicles. Testing of prdtofype bridge rails to
accomplish thfs is already underway. The Federa] Highway Administration
is sponsoring studies in this area, aimed at the.deve1opment of design
criteria:and-the development of bridge rails, median bérriers, and road-
:éide barriers to restrain heavy vehicles. The highway engineer shdu]d
remain cognizant of research in this area, and, if conditions warrant,

consider the installation of such barriers.
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- I1-C. Maintenance Characteristics

Maintenance is an important factor to consider when selecting a
.traffic barrier. Repair requirements in terms of manpower, material
- and equipment for_typfca] collisions, the future avai]ébi11ty of parts
and the norflal maintenance requirements are items to_conﬁider. Another
important consfdération is the time maintenance crews must be exposed
to dangerous traffic conditions to repair thé barrier. .Repairs can
also disrupt the traffic flow which increases the poténtia1 for accidents.
A'very'limiﬁed amount of objecti&e criteria exiSts.from which to
evaluate thé'ﬁaintenance characteristics of current traffic barriers.
As a consequeﬁce, the maintenance Quide]ines presented herein are;_
for the most part, general in nature. If the barrier system under
consideration is being used by other agencies, the designer should con-
sult with these agencies to detérmine their in-service experience.
Agencies are enéouraged to record and document maintenance experience
with traffie bqrf-iers and to publish the data. Such data would be very
beneficial to eﬁeryone‘responsible for the selection of efficient and cost-

effective bgrrier systems.
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" I1I. ROADSIDE BARRIERS

£ roadside bdrfier'is a longitudinal systém used to shield
vehicles from hazards in the roadside. It may also be used to shiel&
hazards other than opposing traffic in extensive afeas between divided
highways. It may oceasionally be used to protect pedestridns ana.
”bystdnders" from vehicular traffic.'.lf is the.purpose.bf this chapter
to de11neéte criteria pertinent to the various e]emenfs 6f7design,
inc?uding warrants, structural and safety characteristics of operationai
systems, maintenance characteristics of operational systéms, a selec-
tion procedufe, placement'recommehdatidns, and.gufdelines for_uﬁgrading

substandard installations.
II11-A. Warrants

Highwéy hazards that may warrant shielding by a roadSide_barrier

can be placed in one of two basic categories: embankmeﬁts and roadside
obstacles. Pedestrians or "innocent bystanders" may also warrant pro-
tection from vehicular traffic. Thé highway features contaiﬁed in each
~of these categories are discussed in the following sections.

| It.is noted that these warrants apply primari]y to roadways designed
for vehic]e-speeds of approximately 50 mph {80.5 k/h} or greater. For
roadways with design speeds less than 50 mph or roadways with very low
volumes, the designer may consider amending these warrants. Such changes
should be based on a careful evaluation of the existing conditions, and,
_preferab]y on documented critéria toisupport the changes. In this

regard, the procedure presented in Chapter VII.cah be used to éva]uate
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barrier needs as related to traffic conditions. This procedure is
included as an alternate or optional approach to the establishment

of barrier need.
. III-A-1. Embankments

Height and slope of the embankment are the basic factors in
‘determining barrier need for arf111 section {an embankment that slopes
downward). warfanting criterié fbf.f111 sections are shown in Figuré
ITI-A-1, 'The'critéria are based on studies of the relative severity of
encroachments on embankments versus impacts ﬁith roadside barriers
(8, 9, 10). Embankments with slope and height combinations below the
curve do not warkant protection. Obstacles on the slope may, however,
warrant protectioﬁ. The criterfa in Section III-A-2 should be uséd in
such cases. Embankments with slope and height combinations above the
curve warrant prbtection. | | _

Recent studies (11) have shown that rounding at the shoulder and
~ the toe of an embankment can significantly reduce its hazard potential.
Rounded s1opeé redﬁcé the chances of an erraht vehicle becoming airborne,
thereby reducing the hazard of the.encroachment and affording the driver
“more control over the vehicle. Figure III-A-2 illustrates the rounding
geometry at the shoulder ahd it éontains "optimum" rounding dimensions.

Optimum rounding is arbitrarily defined .as the minimum radius a standard
éutomobi1e can negotiate without losing tire contact. It is dependent
on the encroachment speed and angle, as well as the vehicle itself.

- The 25 degree values shown in Figure T11-A-2 are.consfdéred desirable

and the 15 degree va1ues are considered acceptable.
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20.

| SHOULDER SLOPE

SHOULDER SLOPE
TANGENT POINT

B=INTERSECTION OF
SHOULDER AND SIDE
SLOPES
Cr SIDE SLOPE TANGENT
POINT _
Dz CENTER OF ROUNDING
CIRCLE
D METRIC CONVERSIONS:
Ift. = 0.305m
Imph = IL6lkm/h
SIDE ROUNDING LATERAL DISTANCE FROM '} ELEVATION OF
SLOPE {2R) RADIUS EOP TO POINT~FT POINT C
RATIO FT FT. A l B | c I b FT BELOW EOP
DEPARTURE @ 60 MPH & 25 DEG.
10:1 4% 81.8 8o | 100 120 | 39 0.7
6:1 9.4_*. _81.8 ‘8.0 12.7 174 3.9 14
4:1 16.0 81.8 8.0 160 [ 238 | 39 27
31 22.4 81.8 8.0 19.2 | 298 | 3.9 a5
2:1 343 81.8 8.0 252 | 405 | 3.9 8.9
DEPARTURE @ 60 MPH & 15 DEG.
10:1 2.0% 40.9 8.0 901{ 100 | 60 0.5
6:1 4. 7% 40.9 8.0 10.4 12.7 6.0 0.9
41 2.0 40.9 8.0 120 ] 159 | 60 1.6
31 11.2 40.9 8.0 +13.6 18.9 6.0 2.5
2:1 17.2° 40.9 8.0 . .16.6 24._3 6.0 4.7

*INDICATES ROUNDING IS LARGER THAN REQUIRED FOR OPTIMUM.

Figure III-A-2, Dimensional Data for Optimum Rounding (11)
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‘Rounding at thé.toe of the sTope is also esséntia] to minimize the
hazard at the side slope to ground Tine hinge. Rounding values at the
toe should equal those at the shoquér. Although unfounded slopes of
"~ 3:1 and flatter need not be shie]ded;'every efféft should be made to
round any slope as much as practical. The added safety beﬁefits of

sTope rounding will be ample justification.

I1I-A-2. 'Roadside Qbstacles

Roadside.obstacTeS are further classified as nontraversable
hazards and fixed objecfs._ These highway hazards]actount for over thirty
percent of a11 highway fatalities each year. Removal of these obstacles
 should be'thé first alternative comsidered. If it is not feasib]e or
possib]e'to kemove the'hazard,.then & bérrier should be considered.
However, d bafrier'éhould'be instalied oﬁZy if it £s clear that the barrier
offérs the Zeast hazard potential. | -

Barrier warrants for roadside obstacles are a function of the
nature of the obstacle and its distance from the edge of the traveled
way. Figure III—A-B shows a suggested criterion_fbr determining the
elear disiance on fill and cut sections. Clear distance is defined as
the minimuﬁ_fateral distance measured with respect to the edge of the
traveled way needed by the driver of an'errant_vehiéle to either
regain control and begin a return to the roadway or to slow the vehicle
to.a safe speed. The criterion in Figure III-A-3 is based on run-off-
the road accident studies (7, 16) and research studies (10, 12, 144).
It must be noted that the criterion is based on operating speeds of

approximately 60 mph (96.54 km/h). For operating speeds below 60 mph,
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sma]1er clear disténces wou]d be permiSsib]e. Hoﬁeyer, engineerihg
judgment hust be used in such cases due to an absence of objective
criteria. Also, no appreciable slope rounding was used in the studies.
Round1ng w111 also reduce the clear distance requ1red
Th1s.prqcedure.for use of Figure ITI-A-3 is as follows:
(é) First 10cate_the point on the figufé_whose coordinates
are the distante:from the'trave]ed:wéy to the obstacle
in ﬁuéstion (horizontal axis) and the slope of the |
| embénkment (verticaf axiS); |
(b} If fhis point liés below the Tine then protection is not
warranted. If it 1ies above the curve then protection
may be warranted, depending bn fhe nature of the ohstacie.
It is recognized that the suggested clear di$tance criterion:
represents a significant change in previous guidelines. Strict adherence
to this crﬁterion May be impractical in many situations due to limited
rightéof;way or other restricted conditions it does, however, repfesent
the present state of know]edge and it underlines the fact that f?at
unobstructed roads1des are h1gh1y des1rab1e - |
Typ1ca} nontraversable hazards and appropriate'barrier warrants are
‘shown in Tabie 1I1-A-1. Barrier need for rough rock cuts and large
bou1ders js a matter of Jjudgment by the highway engineer. Any non-
fraversab]e hazard that wabrantsrshieidihg by a barrier should be
removed..  If thfs is not practical, a barrier should be provided,
Another common hazarq on_non-freéway facilities is a driveway or

roadway or crossover which abuts a main roadway. If the main roadway
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Table III-A-1. Warrants for Nontraversabie-Hazards

Nontraversable Hazard Within Clear . Traffic Barrier Required
Distance as Determined By - T
Figure III-A-3 . : - Yes No
Rough rock cuts | o { X
Large boulders ' . | X
| Streams or permanent bodies of water : _
Tess than 2 ft. in depth X
Streams or permanent bodies of water | |
more than 2 ft. in depth X
Shoulder drop-bff with slope steeper
than 1:1 and
a) Height greafer than 2 ft. : X

b) Height less than 2 ft. | X

1pA11 roadside obstacles within the clear distance should be removed
. if possible, otherwise provide barrier protection.

Metric Conversions

1-ft. =0.3048 m-
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is in a fill section or has adjoining ditches of considerable depth,
the.dr‘ivev.r.a'y_w.ﬂ] of necessity also be on a fill. A cu"Ive_rt is often
necessary under the driveway. However, a roadside barrfer would not
hdrma1]y.be Qéed'to shield. the driveway due tb'thé restrictions it
-woutd 1mposelon'the sight distance of users of.the driveway. Barrier

" ends a1so.pose special problems. It <s therefbré highly desirable that
the slope of the driveway embankment be as flat as :possi'ble, preferably
10:1 of flatter, to miﬁimize the hazard ?otentia_l to motorists on the
main roadway. SZopiﬁg iﬁlet' and Outlét_cu_lpert:- gfates_ mZZZ also
veduce the hazard of open culverts.

Typical fixed objects and the appropriate warranting criteria are
given in Table III-A-2. Current AASHTO Speéificétiohs {15) state that
sétisfactory dynamic performanée_for breakaway supports. is indicated
~ when "the maximum change in momentum for a standard 2250 1b (1020 kg)
vehicle, or its equivalent, striking a breakaway sﬁpport at speeds from
20 mph (32.km/h) to 60 mph (97 km/h) does not exceed 1100 1b-sec
(4893 N-sec), but desirably does not exceed 750 1b-sec (3336 N-sec).”
As used by AASHTO (1§j, the term breakaway support ... "refers to ail
types of signs, luminaire and traffic signé] supports that are designed
to be safely displaced under vehicle impacts, wﬁether the release
mechanism is a s1ip plane, plastic hinges, fracture elements or a
combination of these.” While this criterion is objective, the ab11ity
of a given suppoft to satisfy the criterion is_not easily determined
other than by full-scale tests. 'If:ana1ytica1 evaluation methods are
used, they should include a consideration of.the_mass of the struc-
tgre, ité sfiffnesé properties, the fai]ure_mechanism of the support,
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Table III-A-2. Warrants for Fixed Objects

‘Fixed Objects Within Clear '_ | Traffic Barrier Required
. Distance as Determined by - - - : -
Figure ITI-A-3 : _ Yes- _ | No

Sign, traffic signal, and luminaire
supports
a) Breakaway or y1e1d1n§ design
with Tinear impulse: -
1) Tess than 1,100 1b-sec 3 _ X
2} greater than 1,100 Tb-sec {
b) Concrete base extending 6 in.
or more above ground
Fixed sign bridge supports
Bridge piers and abutments at
underpasses
Retaining walls and culverts
Trees with diameter greater than
6 in.
Wood po1es or posts with area greater
than 50 in.2 X

>

- e b

e

1Breakaway or y1e1d1ng des1gn is desirable- regardless of distance
from traveled. way. _ . _

2See discussion in text.
3A judgement decision (see discussion in text).
Metric Conversions:

1 Tb-sec.= 4.45 N-sec -
1in = 0.0254 m
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and the vehicle's characteristics. While the momehtum criterion on
breakaway.supports'represénts the best available guidelines, its
application to barrief warrants should be tempered with discretion.
It is conceivéb}e that a support that exceeds:the.llod 1b-sec (4893
N-sec) momentum criterion may still not be as hazardous as a roadside
barrier. Untif more definitive data are available, barrier need for
such suppbrts muét'be based on engineering judgment. Also, installa-
“tion of a roadside barrier greaf1y increases the target area for an
errant vehicié, reduces the lateral clearance, and_poses special problems
at its endér‘ Such factors can bé evaTuated by the.cost—effectivé pro-
cedure presented in Chapter VII.

Fixed objects'within the élear distance as determined by Figure
"I11I-A-3 that warrant barrier protection by Table I11-A-2 ‘should be
‘removed. If removal is not practical or feasible, a barrier should be
provided. _

Figure II1I-A-4 outlines the procedure to follow to determine
roadside barrier needs for fill and cut sections and roadside obstacles.
The procedure should be followed for each roadside hazard until barrier

need is established.

IT1-A-3. Bridge Rail Ends, Trahsitions,-and End Treatments

Most'bridge fai1 approach barrier systems are some type of road-
" side barrier. Figure IiI-A~5 summarizes the warrants for'an approach
- barrier to a bridge. This criteria is again based on 30 ft (9.14 m)

clear distance requirement for fixed hazards since the.pnprotected end

of a bridge rail is considered a fixed object hazard. For twin
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FIGURE III-A-4. Summary of Roadside Barrier Warrants
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bridges, the tength of the approach rail on the Median side of each
bridge should bé of sufficient length to prevent an ervant vehicle
from impacting the’bfidge'rai] end of.thé other bridge. lLengths of
need and flare rates for approach barriérs are given'in'Section.III—E.

- If an appfoach.barrier is warfanted based on Figure 11I-A-5, an
adequate transition section betweeh_the approach barrier and the
‘bridge rail is warranted. If_theuend'of the-approach'barrier ter-
minates within the clear distance, a.crashworthy end treatment is also
- warranted,

In general, @ transition section .is war*fanted when there is a

significant ch_ﬁznge_ in the lateral strength or lateral stiffness of
a roadside barrier. A erashorthy end treatment of a roadside barrier

18 warranted when the barrier terminates within the clear distance.
I1I-A-4. Bystanders, Pedestrians, and Cyclists

An area of concern to highway officials is what has been termed
the "innocent bystander" problem. In most such cases,.the conven-
tional cr?teria‘pkesented in the previous sections cannot be used to
establish barrier needs.1 For example, a major street, highway, or
_freeway ma& adjoin,a.échoo1 yard, but the boundaries are beyond the
¢1ear distanbe;_ Conventional criteria would not require that a barrier
be instaTted._ However, if there is any reasonable probability of an
errant vehicle encroaching on the school yard, a barrier would be
warhanted. If possible, the barrier could be placed near the school
boundary to minimize the hazard to the motorist. _Referencé:should
be made to Section TII-E for 1ater§1 placement criteria. Special

consideration should also be given to businesses and/or residences
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which are near the right of way.

Pedestrians ahd cyclists are another area-of concern to'highway
engineers. The most desirable solution to this problem is to physi-
ta11y separéte them from vehicular traffic. Sinﬁe this solution is not
always practical,_aTternate means of protecting them is sometimes neces-
sary. e . | _

As in the case of bystander:warrants, there is no objective
criteria to draw on for pedestrian and cyclist barrier warranté. On low
speed streéts,_a barrier curb will usually suffice to protect pedestrians
and cjc]ists frbm vehicular traffic. However, at speeds in excess of
30 to 40 mph (48.3 to 64.4 km/h), a vehicle will mount the curb for
refative]y fﬁat.approach éng]es. Hence, when sidewalks or bicycle |
paths are near the traVe1ed way of high speed facilities, somé prbvision
should be made for the safety of the pédestkians-énd thé cyciisﬁs.

If necessary, one of the roadside barriers presented in Section I11-B
should be installed. Proper consideration should be.givén to the def]ec;

tion characteristics of the barrier in the lateral placement of the barrier.

III-A-5. Preferred Ditch Cross Sections

A1thoﬁgh specific warrants for barrier protettion of ditches do not
~exist, the designer should recognize.their_pofentia]_hazard.:'Ditches
near the traveled way can be a significant.hézard_if'their cross section
cannot be:eaSily traVersed by an errant vehicle.

Figures III—A56; I1I-A-7, and_III—AeS present preferable front

slopes and back slopes for various ditch configurations (gﬂg). Ditch
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sections which fall 9n thé shaded regionkof each of the figures are
considered to have a tolerable croés section. 3To]érab1e implies that
the occUpﬁnts of an errant'vehiCTe traversihg_the_ditch would not
-]1ke1y exberienge serious injuries. Ditch sections which fall outside
the shaded region are considered undesirable. If feasible, problem |
ditch sections'may_be'flattehed and/or rounded or internal.drainage

systems may be added.

11I-A-6. Steep Grades

 Heavy vehic]eé occasionally lose their brakes when going down'
- long steep grades. Reference should be made to Secfion VI-A for a

discussion of this problem and possible solution.

I1I-A-7. Example Problems

This section presents i]lustratﬁyé problems for determining barrier
need at roadside hazards. Figure IIT-A-d shows.common roadside features
'that might warrant roadside barrier protectioﬁ; Figure IT1-A-4 is used
at each stafion or hazard in cohjunction with the other appropriate
figures and tables preéented_previous]y in this éhapter. Note that a
shoulder.width-of 12 feet (3.66 m) is assumed at each section in deter-

~mining the clear distance.
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Section A-A:

' East Side of Roadway:

1) Fill section.

2)_“Slopé“nbt_stéeper than 3:1. g

3)- Ciear distance criteria: For roadside hazards not located
on the slope, a "weighted" average approach'may be used to
determine the average s1§pe'of the section from the edge of
the shoulder to the roadside obstacle. - For sections flatter

~than or equal to 10:1, a s1ppe of 10:1 should be used.

Average slope of ‘the clear distance

:'(bl/al)AVE = (SO_ft.) (0.333%0+f£4o ft.) (0.1)

0.230

0.230 and clear distance

it

- Enter Figure'IiI-A-S'with (by/ay)
| =102 ft. (31.1 m)
4) Barrier not warranted.
‘West Side of Roadway: -~

1) Cut section traversable.

u

2) Ehtér.Figure 111-A-3 with (by/a,) = 0.5 and clear distance
= 37 ft. (11.3 m)

' 3) Barrier not warranted.

Section B-B:
East Side of Roadway:
1) Fill section.

'2) Slope is steeper than 3:1.
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3) Enter Figure III-A-1 with fill height = 10 ft. (3.05 m)
| and (b;/a;) = 0.667. Barrier is warranted.
_Solutidn: Filatten slope and/or remove or cover boulders. If
_this is not feasible, provide barrier.
west_Side 6f Roadway:
1) Cut section traversable.
2) Barrier not warranted.
.(Nofé: _Baak gslopes greater than approximately 2:1 in cut sections

should be avoided if possible.) -~

Section C-C:
East Side of Roadway:
1) Fill section.
2). STope is not steeper than 3:1.
3) ‘Enter Figure III-A-3 with (b,/a;) = 0.167 and clear distance
= 42 ft. (12.8 m). Further'cheék of obstacle 15 needed.
4) Check Table III-A-1 for permanent body of water with 6 ft.
depth. Barrier is warranted. ' |
Solution: Provide barrier protection.
West Side of Roadway:
| 1). Fill section.
2} .Slope is not steeper than 3:1.
~ 3) . Enter Figure III-A-3 with (b;/a;) = 0.2 and clear distance
T - 62 ft. (18.9 m). Intersection of two points falls
in region bordering further_rpadside'obstacle check
and barrief unwarranted, | |

Solution: Barrier not warranted unless frequency of accidents

is high. 37



Section D-D:
_ East.Side of'RQadway:'
| 1) Fi11 or flat section.
| 2) 'S}oﬁe is not stéeper-than_3:1. |
3) 'Entef Figure III-A-3 with (by/a;) = 0.1 and clear distance
| =22 ft._(6.7'm). Further check of obstacle needed.
4) Check Table II1I-A-2 for sign supports. |
5) Assuming breakaway design of support does;not cause momen-
tum change greater than 1100 1b-sec (4893 Nesec) barrier
not:warranted. |
(Note: Move sign support outside 30 ft. clear distance if feasible.)
West Sidé of Roadway: .
.1) Cut section. _ _
2} Slope is not steeper than 2:1.
3) Nb roadside obstacles to‘be.checked. :

- 4) Barrier not warranted,'

Section E-E:
:East-Side of'RoadWay:
1) Fill section.

2} Average slope of fill section

(55 ft.) (0.25) + (20 ft.) (0.333)

(bi/a;)
"2 ave GRS |

= 0.30

.Average sTope is less than.3§1;_
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3) Average slope of c]éar distance

+

(br/a1) pye = (15 ft. ) (0. 25)9; gio ft.) (0.333)

(60 ££.) (0L . 9173

H

._ Ehter Figure ITI-A-3 with (b;/a;) = 0.173 and clear distance
= 107 ft. (32.6 m). No further check of rough rock
cut needed. | |

4} Barrier not warranted.

_ Nest Sfde of Roadway:

Cﬁt section not traversable. However, barrier would probably

not be warranted if back slope surface is smooth and does not

“cause vehicle to pocket and/or overturn. -

Section F-F:
East Side of Roadway:
| 1) Flat section.
,2) Slope not steeper than 3:1.
3) Enter Figure IIT-A-3 with (b1/a1) = 0.1 and clear distance
| = 33 ft. (10.1 m).
4) Barrier not warranted by standard criteria, however, a
- playground near a high speed féci1ﬁty may need to be shieided.
Need must be based on.judgment. The . driveway present§ spécial
~problems. Reference should be made to the discussion in

Section I11-A-2.
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~ West Side of Roadway:

1) Fill Section -

2) Slope not steeper than 3:1.'1 | | _

3) Enter Figure ITI-A-3 with (by/a,) = 0.167 and clear dis-
tance = 42 ft. (12.8 m). Further'check of obstacle

: needed. |
4) Check Table I11-A-1 for drop-off of 3 ft. (0.91 m) at bottom
of slope. Barrier warranted. |

Sotution: Fill in drop-off and taper to spre of 6:1 or

flatter. | |

Secti"on G-G:
- East Side of Rdédway:‘“

i)- By_bridge approach barrier critéria in Figure III—A-S; an
approach barrier systém is warranted. An appropriate tran-
sition section and end_tfeatment shou]d.a1so be provided
with the approach rail. (See Section III-E-4 for discussion.)

West Side pf'Roadway:
1) Again, by bridge approach barrier criteria in Figure III-A-5,
an approach'barrier system is warranted._ An appropriate
: tranéition section and end-tfeatmént should also be provided
.;_with the approach rail system. Note that at Station 8, bridge
approach barrier with apprdpriate transition section and end
treatment would also be warranted on the east and west
side of the roadway, although this is not considered in

this example. (See Seétion_iIIfE-4 fok_discussion.)
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Section H-H:
East Side of Roadway:
1) Fill section.
2} Slope is steeper than 3:1. -
3) Enter Figure III-A-1 with (bl/a1) = 0.5 and fi11 height
| = 3 ft. (0.91 m). Height and slope of:fill section
does not warrant protection. |
4) No roadside obstacle on or near fill section.
5) Barrier protection not warranted. :
West Side of Roadway:
1) _Fill section.
2) Slope is steeper than 3:1.
3) Slope is 2:1 and height is approximately 40 ft. (12.2 m).
| By Figure III-A-1, barrier is warranfed. It shou]d be
. noted, however, that the slope has optihum rounding (sée
discussion in Section III-A-1 and Figure 1II-A-2). Under
 50me circumstances, such as low volume roadways or roadways
' .-with operating speeds below 60 mph (96.5 km/h) or favorable
-accident records, the highway engineer may choose not to

. provide a barrier for such a cross-section.

IIT-B. Structural and Safety Characteristics

"It is the purpose of this section to present operational roadside
barrier systems and to point out desirable structural and safety charac-

teristics.  The section 1is subdivided according to standard sections of
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roadside barriers, transitions, and end treatments for roadside barriers.
Figure I11-B-1 is an examp]e to illustrate these three roadside barrier
elements. In this example, the Tength of need is composed of a standard
section and a transition. For embankment shielding, the Tength of need
wou]d-on]y consist of the standard section. ‘Length of need criteria is
discussed in a subsequent section.

Structural and safety Characteristics of operational systems within
each of these three roadside barrier elements are presented on standard
forms (e.g., Table ITI-B-1). Information on each form cohsists of the
fo]}owing:  |
| (a) A sketeh of the barrier and its basic dimensions.

(b) A system designation, used for convenience in referring to the

_ barrier, consistent with stahdardized barrier notation.(gg;_gg).
(¢) Barvier description - This section contains a description of
the main structural eleménts of the as-tested barrier and
post spacing. Prior to selection of a particuldr barrier
~ system, the designer should obtain full details of the system
through the references given on the'fbfm. Also, some of the
| systems have been standardised, in terms of hdrdware, and this
should be considered in the selection process. Identification
Of.the standardized Systems are given in the fol1ow1ng:sub~
sections. | _ |
If.has been shown that small variations in desijgns or in
construction_detai]s;cah have adverse effects on the impact
performance 6f barriérs. -Thus, the design details should
eorrespond to the as-tegted details unless adequate Justifica-
tion emiéts'fbr éhanging the désfgn. |
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LENGTH OF NEED |  (BRIDGE RAIL) | 'LENGTH OF NEED
Downstream _ ' _ S Upstream
‘(Jerminal | Standard Sect | Transitio o ' ransition | Standard Sect. | Terminagk
or - _ - _ - or
|End L R - | End
Treat- - . - _ - Treat-
ment _ S _ ~ iment
“= 8 BB RRRRgRAL lgngenpaeBRB s

( DIRECTION of
TRAVEL (adjacent frafflc)

DIRECTION of
? TRAVEL (opposing frafflc)

Figure III-B-1. Definition of Roadside Barrier Elements



{d)

(e)

(f)

Impact performance - The contents of this part of the form are

designed to allow the éva1uation of each system in terms of the
recommended evaluation criteria discussed in Seétion I1-B.
However, befbré.comparing the impact pérfbrmdnce éf the systems,
reference should be-madé to the discussion iﬁ'Section II-B
concerning the.absence of uniform test conditions.

In many cases, the barrier was subjected to a series of

crash tests. Appendix C contains a summary of all crash tests

- performed on each of the systems.

It is also to be emphasized that these crash tests were
conducted under ideal conditions. The vehicle approached on
gﬁleVe] surface, the posts were embedded in a firm to stiff
soil, attention was given fo erection details and the ends of
the installation were anchored properly. To the extent possible,
the designer should evaluate the conditions under which the
barrier will be installed in the field, i.e., typieal soil
eonditions, the ea:peftise required of the personnel who must
install and maintain the barrier; an& the sensitivity of the
barrier to.structural detail vaviations.

Baryier damage - A brief description of the barrier parts
damageﬁ dufing the test is given. These parts would have to
be either repaired or replaced. Supplemental data in this
area is given in Section III-C. |

Reféﬁences - The reference_shown in the form contains the
reported test data. ‘However, Appendix,C_Shou]d be reviewed

for other reported tests which may have been performed on the
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system. These references should be consulted for further
struétura] details and for more in-depth reports on the crash
tests. | | o

(9) Field performance data - Documented field data that describes
their in-service'performance ﬁs avaiTab]e on some of the

barriers. The designer is encouraged to review these and

aﬁy other field data during the selection process.

(h) Remarks - General comments are given régarding the barrier's

“design and/ov impact performance.

I11-B-1. Standard Sections of Roadside Barriers

Table III-B-1 presents a'summary of the structural and safety
characteristics of current operational roadside barriers. . Tab1e I111-B-2
contains a summary of the impact performance data on each of the opera-
tional systems. Before comparfng the impact performance of the systems,
referencershou1d be made to the limitations of test methods discussed in
Section II-B. Appendix B contains.a summary of rqadside barriers which
'appear'promising but which do not have sufficient'in—service use to be
classified operational.

Although it is difficult to classify or categorize the performance
of roadside -barriers, they are usually denoﬁed as either a flexible or a
éemi-rigid system. Flexible systems undergo considerable dynamic deflec-
tion upon ihpéct ahd aré generally more forgiving than the semi-vrigid
systems since.they impose lower impact forces on the vehicle.

In selecting a roadside.barrier, close attenfion must be given
to its'def1ection characteristics. If the barrier can be placed a

considerable distance from the hazard or hazards being protected, a
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‘Table III-B-1.

Operational Roadside Barrier Systems

F3s8"
g
Metric Conversions
22l L wervelplens 2”3
| ft. = 0.305m
| In. = 28.4 nim
I mphe 1.6l km/he P
116, = 0.454kg 5-3"
SYSTEM Gl G2
Cable Guardrail "W Beam (Stee) Weak Post). .. ..J)
BARRIER DESCRIPTION
POST SPACING 16" o 12' 6" Nominal
POST TYPE . 53x5.7 steel : S3x5.7 steel
BEAM TYPE Three 3/4" diameter steel cables Steel "W section, 12 GA.
OFFSET BRACKETS @ | -—-_- D
MOUNTINGS 5/16" diameter steel hook bolts 5/16" diameter steeil bolt
FOOTINGS - L"x8"%24" steel plate welded to L"x8"x24" steel plate welded to
post N . post -
’ IMPACT IMPACT IMPACT IMPACT
- IMPACT PERFORMANGE ANGLE =15° ANGLE = 25° ANGLE = 5° ANGLE = 27 .8°
IMPAGT CONDITIONS : .
Speed (mph} . NO TEST | 4.0 57.0 59.2
Vehicle Weight {Ib.) ) 3500 3500 . 4051
BARRIER :
Dynamic Deflection {(ft. - 11.0 = 0 . 7.30
. . | :
VEHICLE ACCLERATIONS (G o} .
Lateral . UNAY UNAY . 3.80
Letditudingl UNAY © UNAY R 3.10
Tatal o 6,10 1.00° UNAY
VEHICLE TRAJECTORY
Exit Angle (deg.) 15 . 1 9
Roll Angle (deg. ) UNAY 1] =20
Piteh Angle (deg.) UNAY a =10
& posts 12' of "W" UNAY
L d d ti d
BARRIER DAMAGE anage . ;?‘,50222 an
REFERENCES 17 17 18

FIELD PERFORMANCE DATAZ

YES

REMARKS

Smooth redirection. System re-
quires large recovery area due
to large dynamic deflectidn.
Limited crash test data.

In 27.8° test, vehicle was air-
borne for 50', however, smooth
redirection and overall good bar-
rier performance. Fairly large
dynamic deflections.

UNAY — unavall able

tbt)rnilllun':om}l average uniess otherwise noted
24 ovel labl¢, see summary In Appendix A

3Thr'ough studies (137) subsequent to the tests reported here, the State of lew York has concluded that the

W-bean performs better at a height of 33 inches.
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Table I11-B-1. Operational Roadside Barrier Systems (Continued)

i
Metric_Conversions a7 ...._..J ) e
{ft. = 0.308m e o
| in. = 254 mm " ' g
I mph = 1.6 km/hr b T {
| b = 0.a84%g : . SR S i
" ol
o R e
— e AL |
SYSTEM 83 G4 (1)
Box Beam Blocked-Qut “"W" Beam (Wood Post)
BARRIER DESCRIPTION ’
POST SPACING 6' 4 673"
POST TYPE SIxE.7 steel ’ g"x8" Douglas Fir
BEAM TYPE 6"x6"x0, 180" stee? tube Steel "W" secticn, 12 GA,
OFFSET BRACKETS L5"x3%"%%" steel angle, 44" tong 8"x87x14" Douglas Fir Block
MOUNTINGS 3/8" dia. steel bolt{beam to angle) 5/8" diameter carriage bolts
FOOTINGS 1"x8"%x24" steel piate welded to Rone
post © -
MPACT IMPACT IMPACT IMPACT
IMPACT PERFORMANCE ANGLE =157 ANGLE #26° ANGLE # 15° ANGLE » 22.2°
{MPACT CONDITIONS :
Speed (mph}- ] NO TEST 57.7 KO TEST 80,1
- Vahicle Weight {I'S) 4031 . 4123
. BARRIER ' '
Dynamic Deftaction {ft.} . 4.80 . . 2.80
' VEHICLE ACCLERATIONS (G's] | : R :
Loteral E 5.80 6.10
.Longitudinal : 2.80 3,00
Total - ) URAY . UNAY
VEHICLE TRAJECTORY
Exit Angle (deg.)- n 0.00 : . 15
Rotl Angle (deg.) UNAY UNAY
Pitch Angle. {deg.) UNAY : UNAY
BARRER DAMAGE ' UNAY _ URAY
REFERENCES . S 18 Y 18
FIELD PERFORMANGE DATA® : YES ' ves?
Excellent redirection, vehicle Smooth redirection. Southern
. came to rest parallel ta the yeliow pine is acceptable al-
REMARKS rail. . - ternate-to DougMas Fir. See -
’ GA(2W} system for smaliler post
size.
- UNAY —~ unavailabie
l50“'|H|Iu(:l:rn:l average unhu otherwise noted
2” avai fable; see ammary in Appcndlx A
[)ata for 6-inch block-out.
4Thruugh studies {137) suhsequent to the tests repurted here. the State of New York has cunc'luded that the
box beam performs better ata height of 30 inches.




~ Table I111-B-1. Operational Roadside Barrier Systems {Continued)

Blocked-Qut "W" Beam {Wood Post)

r r!

[ TTEY d E
Metric Conversions — 27" ) 27" ¢
1ft. =0305m . 50"
I In. * 254 mm 5'- 4"
1 mph= |.6l km/hr TRRR NN e TR TR
I ib. = 0,454 kg

.1 — ;

|
" SYSTEM Ga{ 24} 64(15}

8locked-Jut. "W" Beam (Steel Post)

BARRIER DESCR#PTION

POST SPACING 6 3" 6' 3"
POST TYPE 6" x 8" Douglas Fir W6xB.5 steel pest
SEAM TYPE Steel “W" section, 12 GA Steel "W" section, 12 GA 4
OFFSET BRACKETS 6" x 8" x 14" Douglas Fir Block W6x8.5x1' 2" long steel block
MOUNTINGS 5/8" diameter carriage bolts 5/8" diameter bolt :
FOOTINGS Mone Hone . .
IMPACT IMPACT IMPACT IMPACT 50
IMPACT PERFORMANCE ANGLE= 15 ANGLE = 24° ANGLE = 15 ANGLE 753 1)
IMPACT CONDITIONS
Speed (mph) NG TEST 68.0 NO TEST 66.0 {56.8)
Vehicle Weight (ib.} : 4960 4960 {3813}
BARRIER : 3
Dynomic Deflaction {ft.} 2.33 2.60 (4.05)
i
VEHICLE ACCLERATIONS (G's)
Lateral . 7.0 6.85 {6,50)
" Longitudinat 5.8 3.78 (3.90)
Total UNAY UNAY (UNAV)
VEHICLE TRAJECTORY
Exit Angla (deg.} 14 16 8}
Rell Angle {deg. )} =15 0 fURAY)
Pitch Angle (deg.) UNAY 0 {UnAY)
25' of "W" 25' of "W
- BARRIER DAMAGE section and section and
4 posts 3 posts
REFERENCES 19 19, (18)

FIELD PERFORMANCE DATAZ

ND

YES

REMARKS

System is similar to G4{1W} except
for smaller posts and block-out
size. System performed well,

See text for explapation of da'f-
feregces in data shown for 257 and
28,47 tests, Smooth redirection,

UNAY — unavailable

3

4Max€mum permanent 'def]ection

Tests show that a "W" section back-up plate, 1 ft.
rail elements at intermediate posts [non-splice posts).

’ﬁomilllaecond average unless otherwise noted
tf avai lablie, ses summary In Appendix

in length, must be placed behind
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Table III-B-1. Operational Roadside Barrier Systems (Continued)

"c" PosST B
BLOCK 4_
/-i ;i’ ™
Mstric Conversione 3"
: I
P ft. = 0.305m 27"
1 in. = 25.4 mm "
Eomph = 1.6 km/hr .
I b, = 0.484Kg - j FETTIT T oy e
I | I
' 84(25} e
SYSTEM g e Blocked-Out "Thrie Beam”
Blocked-Out "W Beam {Steel “C" Posts) - {(5tee] Post
BARRIER DESCRIPTION
POST SPACING g' 3 BT 3"
POST TYPE 4 1/3"x5 578"x3/16" "C" steel post- WexB.5 steel
BEAM TYPE Steel "W" section, 12 GA ' 3 Thrie Beam, steel
OFFSET BRACKETS 4 173" x5 5/8"x3/16" "C" steel post W6x8.5 and M14x17.2, steel
MOUNTINGS 5/8" diameter bolt . 2 9/8" diameter steel boits
FOOTINGS None UNAY
' o IMPACT IMPACT IMPACT . IMPACT -
WPACT PERFORMANGE ANGLE = 15° ANGLE = 25° ANGLE = 157 anNGLE = 25°
IMPACT CONDITIONS :
Speed (mph) NG TEST 5%.0 59.1 . 56.4
Vehicle Weight {ib.) 4323 4500, 4000
BARRIER
Dynamic Deflection (ft.) 2.90 0.58 ' 1.50
VEHICLE ACCLERATIONS(G's] -
Lateral 6.80 2.10 : 7.90
Longitudinal 3.70 2.90 3.90
Total UNAY UNAY - UNAY
VEHICLE TRAJECTORY ) .
Exit Angle (deg.} UNAV Less than 10 5
Roll Angle (dag.) less than 10 0 0
Pitch Angle (deg.} . 0 0 o
25' of "W" 12' 8" of 12' &" pf
: section and thrie beam and thrie beam
BARRIER DAMAGE ' & posts 4 posts and 4 posts
REFERENCES 20 21 21
FIELD PERFORMANCE DATAZ NO - ho
Smooth redirection but with scrﬁe- Smooth rer_!irec&ion. Wo6xE. 5 block
: what high exit angles (greater than out used in 15" test and Mldx17.2
REMARKS 10”). Posts can be cold formed from § =~ block-out was used in 257 test.
steel sheets. Both systems performed well.
UNAY —unaveileble
15(>r|1ll lisecond overage unless otherwise noted
il\' avoi lgble, see summory in Appendix :
Test show that a "W" section back-up plate, 1 ft. in length, must be placed behind
© rail elements at intermediate posts (ron-splice posts). :
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- Table II1-B-2. Roadside Barrier Data Summary

: - | Accelerations at 15° (G's)? Acte?erations at 25° (G's)? Is
: Maximum DBynamic - — Barrier Hardware
System Deflectiqn (ft.)1 | Lateral | Longitudinal | Total Lateral | Longitudinal | Total rlStandardized?s
Flexible Systems | | : |
61 1.0 No Test | No Test No Test | UNAV UNAV | 6.1 | Yes
G2 7.3 UNAV UNAY 1.0 3.8 3.1 UNAY Yes
Semi-Rigid Systems . )
G3 4.8 No Test | No Test No Test | 5.8 2.8 UNAY Yes
ca(m) 2.8 No Test | No Test No Test | 6.1 3.0 UNAV | Yes
Ga(2w)| 2,34 | 1 No Test | No Test INo Test | 7.0 6.8 UNAY | 7955.
G4({1S) 4.1 No Test | No Test No Test | 6.9 3.8 UNAY | ¥ess
G4(25) 2.9 No Test | No Test No Test | 6.8 3.7__ UNAY Yes®
69 0.6 4.1 2.9 . |uwav 7.9 3.9 | UNAV Yes®
UNAV - Unavailable | Metric Conversion: 1 ft. = 0.305 m.
LBased dn 25° fmpact. 5T0 be included in a revised edition of references 22 and 23.

-250 millisecond average,

3See reference 22, 23,

4Maximum permanent deflection.




flexible barrier can.be used. Conversely, semi-rigid barriers are
necessary if the barrier-to-hazard distance is small. However, short
intermittent sections of .two different types of roa.d_side barriers are
 not fecémmenaed. Such 1n§ta11ation§'preseht prob]ems at their terminals
and at pbints where the two systems join (transition). n general,
short intermittent sectiowns. of any z;oadside barrier are undesirable.
Gaps of'Ze.s_s than 200 feet between barrier installations are to be
avoided. |

| Based on the test results shown in Table IIIQB—Z,_systems Gl and
GZ are considered flexible barriers. In these systems, the resistance
to impact is due in most part to the tensile forces developed in the
-cable (G1) or the W-beam (G2). The cable and the rail tear away from
the support postS'upon impact, the posts thus offerihg negligible resis-
tance in the impact zone but are essential to.contb01 lateral deflection.
Splices_aré designed to carry the full téhsi1e sfréngth of the cable
(G1) or the rail (G2).
| Systems G3 through 69 are considered semi-rigid barriers. In the
G3 system, the resistance is achieved through the rail's combined
flexure and tensile stiffness. The posts near the point of impact are
- designed to break or tear away, thereby distributing the impact force
by beam action to adjacent posts.  Systems G4(1W) through G9 resist impact
through the cbmbined tensile and flexural stiffness of the rail and the
 bending fesistance of the posts. Note that the rail is b]ocked.out from
the posts in fhese systems to minimize vehicle §naggfng and to reduce the
tendency for the vehicle to vault over the barrier. Block-outs are

suggested for a "strong post" roadside barrier system.
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Note that the rail heights range from 27 inches (0.69 m) to 32
inches {0.81 m), with 27 inches (0.69 m) as the most common hefght.
Current roadside barrier heights have been established as a_resuTt of
many years of.reseérch'and fié]d evaluations. Visibility or the ability
to see over:fhe'barfier.was one of the more imPOrtant.féctors in early
_barrier height.considerations. A minimum height of approximately 27

inches (0.69 m) is a necessary, but not sufficient, condition to insure
'pfoper barrier impact performance; The_barrier must also be designed so
that upon impact the rail remains essentially at its original mouhting
height.' Note also that the post spacing.for strong post systems, G&4(1W)
.-through G9> is 6.25 feet (1.91 m). Tests have shown'that this spacing
- is needed for this type of system to minimize vehicle snagging or pocketing.

The degree to which the operational systems satisfy the recommended
étructura] and safety criteria of Section II-B varies. A1l are considered
to be'structurally adequate, although some obviously deflect more than
otheré. A1 do not satisfy the impact severity criteria, i.e., the
- maximum vehic]é acceleration crfteria. However, the acceleration
criteria is tenUous_and currently under review. Nonetheless, barriers
- which minimize.impact_forces should receive strong consideration. The
barriers can only be evaluated in subjective terms.with regard to the
- post crash vehit]e trajectory hazard since there are little object{ve
- ¢riteria. A vehicle rebounded!batk into the traffic lanes may present
~a hazard to other drivers.. Idéa]ly, a thic1e should rédirect parallel
to the barrier. | | | -

Two means of measuring'postlimpacf vehié]e trajectory are the exit
angle after impaﬁt and rebound distance (distance from.thé original

roadside barrier 1ine to the maximum outermost point which the vehicle
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travels during the post impact trajectory). Current vehicle trajectory
hazard criteria stétes: "after impact, the vehicle trajectory and final
stopping position sha11‘intrude a minimum distanée into adjacent traffic
lanes."” The “minimum distance" suggested in the aboye standards-fs a
matter of judgment left to the design éngineer. No maximum exit angle
has been established since the rebound distance is considered a more

- meaningful trajectory parameter. Howeﬁer,'since 1ittle data is available
for rebouﬁd distance, exit angle is normaily used as the {ndicator of
tréjéctory hazard. An exit angle of 10° or 1ess may be considered a
non-hazardbus post impact trajectory.

It is important to note that the performance of a roadside barrier
is sensitive to a variety of conditions. The results of tests by two
different agencies on system GA(1S) are a good example. For the 25° impact,
fwo sets of'datd are shown in Table III-B-1 for this system. In one test,
a 4960 1b (2250 kg) vehicle struck the system at 66 mph {106.3 km/hr) and
| caused a maximum dynamic deflection of 2.60 ft (0.79 m). In'the other
test a 3813 1b (1729 kg) vehicle struck the system at 56.8 mph (91.4 km/hr)
and caused a maximum dynamic deflection of 4.05'ft:(1.23 m). Thus, for
the same barrier system impacted essentially at thé same angle, the
smaller, slower vehicle caused a much larger deflection than the heavier,
faster vehicle. Differences in the response are atfributed to three im-

: portant parameters: the type of Soi], the length of installation and
the end treatment. The barrier.system with the smaller defiection was

| considerably shorter, its-ends had a positive anchorage system, and it
was located in a much stiffer soi],'thus creating a much $tiffer overall
sysfem. Barriers installed in soft or yielding soil may require deeper
embedment of the posts and/or closer post spacing. |
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Another example of barrier sensitivity to details again concerns
the'G4(IS) system. Note that a back-up plate is required between the
rail and.intermediate posts_(nonwsplice posts). Hithouf this plate,

: craéh.tests showed that the rail would tear and fail at the intermediate
.bosts, and the impact pérformance was théréfore-unacceptab]e. Studies
have been conducted to determine the sensitivity of roadside barriers
 to parameters such as rail tension, sof] properties, and ﬁost strength
and the reader is encouraged to review the results (18).

An effort has been made to standardize hardwafe for widely used
traffic barriers (22, 23). Standardization is beneficial in terms of
: écohomy, improved availability of parts, readily available details and
specifications, réduced repair time, and reduced inventory of replacement
parts because'of interchangeability of parts. 'Roédside'barriers which
have been standardized are so noted in the last column of Table III-B-2.

The referenced standardized documents continue to be revised periodically

-and the designer should obtain the latest publications.
IIi-B-Z. Transitions

Transitioh.settions are necessary to provide continuity of protection
when two different roadside barriers join, when a roadéide barrier joins
another barrier system (such as a bridge rail), or when a roadside barrier
is_attached.tora.rigid object (such as a bridge pier). The most common
use of transitidn occurs between approach roadside barriers and bridge
rail ends or bridge abutments. B | |

Shown in Table iII—B—3‘are transition sections that are considered
~ operational. Transifion systems that are not considered operationa1 but

that have shown promising crash test results are presented in Appendix B.
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Table III-B-3. Operational Roadside Barrier Transition Sections

16%70" Rough D.%
W) Roodalde et
o Gthc:rrlar Posi (3eaxB™4'Lg) Wall Abutment,
Brigge rall Etc.

Po3t Spacing: -
oc.

F-1kg" ctoc
' TRAFFIC
Metric Conversions
| £t. £ 0.305m ELAN
1 in. = 254 mm . ] - -
1 mph= 1.6l km/hr - . 5T F7m ST
1ib. = 0454 kg : 1 . . > L
: 8'x 8" 545% B7X8" 545X
12" 0. g lﬂlgﬂ::i g
Block ——
"y B" 3+ 19°% 0" RoughX ¥-g"
8'x8" R ) 2
5‘—4'D‘ED;SQ'X_E 5 oyt ﬂ
T T Typleal post spacing < o
SECTION A-A ORI SECTION B-B

SYSTEM

T .
G4(1W) Approach Rail to Concrete Parapet

POST SPACING - as shown on sketch; POST TYPE -.8"x8" and 10"x10”
Douglas Fir; BEAM TYPE - steel "W" section, 12 GA.; OFFSET BRACK-
BARRIER DESCRIPTION ETS - 8"x8" Douglas Fir biock; MOUMTINGS - 17 diameter steel bolt;
FOOTINGS - none.

IMPACT PERFORMANCE IMPACT ANGLE = 153° {MPACT ANGLE= 280

IMPACT CONDITIONS

Speed (mph) ND TEST 58.8
Vehicle Weight{ib) 4297
BARRIER
Dynamic Deflection (ft.) - - UNAY
o 4
VEHICLE ACCELERATIONS (G's) .
Laterol 15.0
Longitudinal ’ 8.8
Total N
UNAY
VEHICLE TRAJECTORY
Exit Angfe (deg.) UnAY
_Roll angle (deg.) | UNAY
Pitch Angle (deg.) UNAY
BARRIER DAMAGE UNAY
REFERENCES 1 ) 18
FIELD PERFORMANCE DATAZ . . NO

: Severs vehicie damage. System that was tested had no flare,
REMARKS

UNAV — unavailable

150 millisacond average unless otherwiss noted

2” avaiiable, see summary in Appandix A
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Table IITI-B-3. Operational Roadside Barr1er Transition Sections
S (Continued)

e 98'-6" Maasured along frort toce of rulllnu Existing roiling, .
a3 10-0"= 300" gt

10 [ lgo" Al { /na Bridge Rail
= REELE

e @WL

7 AT
Existing Type
railiag parapet wall

i
=
4

SYSTEM

- A ’ {Californio Type 9]
. |Matric Cenvarsions o ELEVATION
11t = 0.305m e 240"
1 in. = 25.4 mm TE\\ % ‘/:Eﬂi;::m_fe_;iail
I mph= 1.6 km/hr r ]
I Ib. * 0.454k i
2 -0t Traffic PLAN J
6w 25 - 0"
: - 230
.Iu_sn L
- : ) 34-0\
SECTION A-A “
von Ts"
LR g
T2

Tubular Approach Rail to BRZ Bridge Rail

BARRIER DESCRIPTION

POST SPACING - 10'10"; POST TYPE - W6x25, steel; BEAM TYPE -
'TS6"x2"x0.25" steel tubingy OFFSET BRACKETS - none; MOUNTINGS -
“two 3/4" diameter steel studs; FOOTINGS - 18" d*sameter, 36"
concrete.

IMPACT PERFORMANCE

- IMPACT ANGLE =15° IMPACT ANGLE = 26°

IMPACT CONDITIONS
Speed {mph}
Vehicle we Ight by

BARRIER
Dynamic Deflection {ft.)

Lateral
Longitudinal
Totol

VEHICLE TRAJECTORY-
Exit. Angle (deg.)
Rell Angie {deg.}
Pitch Angle {deg.)

1
VEHICLE ACCELERATIONS (G's)

NG TEST 60.0
4540

0.23

UNAY
UNAY
UNAY -

13
=5
=0

BARRIER ‘DAMAGE

3 rail sections and 1 post

REFERENCES *

24

FIELD PERFORMANCE D.AT.A2

NO

REMARKS

Smeoth redirection. Vehicle damage moderate with substantial
sheeil metal deformation.

UNAY —unavalable

‘50 millisecond average unless otharwise noted
21t available, see summary In Appendix A
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Table III-B-3. Operat1ona1 Roadside Barr1er Transition Sections
(Continued)

v ——
POST SPACING
®s_g"

P
TRAFFIC - FACE OF BRIDGE
&-g"__ PLAN RAIL
r*ﬁ*s 6" SPLICE
r ,_1,_r-n 4. g"__—~BAR
Metric Convarsions 11 o——BH3

e T
| O

I f1. = 0.308m -t .
i End 10 End

: ':;h: ?!'Gfr:/hr . REINE PADDLE;;;;/O I'-;ﬁ;‘dn;,_gfck—l

1 1p, = 0.454Kkg ELEVATION

3'-0"

E ! Py
cone, DECK TO BE o 1"
HEAVILY REINF—..  ~ lren . M

SEGTION 8-B
T3 )
SYSTEM GE3 Approach Rail to 8RS Bridgs Rail
POST SPACING - as shown on sketch; POST TYPE - BY"x7i" H section
aluminum; BEAM TYPE - twe standard aluminum extrusions; OFFSET
SARRIER DESCRIPTION BRACKETS - none; MOUNTINGS - standard hardware; FOOTINGS - none.

IMPACT PERFORMANCE IMPACT ANGLE =15° IMPACT ANGLE=23"°
IMPACT CONDITIONS
Speed {mph) N0 TEST 58.0
Vehicle We.ghr (1b.) 3565
BARRIER
Dynamic Deflection (ft.} 1.4
. A
VEHICLE ACCELERATIONS (G's) .
Laterol . 7.8
_ Longitudinol 6.6
Total R . UNAY
VEHICLE TRAJECTORY
Exit Angla {deg)} . 20
Rell Angle {deg.) e UNAY
Pitch Angle (deg.) UNAY
BARRIER DAMAGE : : 2 sections of rail and 3 posts
REFERENCES Y 25
2 HO
FIELD PERFORMANCE DATA

Some vehicle snaggmg First post of bridge rail was taken out
REMARKS by impact.

UNAV — unavailable
150 mill1 sacond overage unless otherwise noted
2lf available, ses summaory in Appendix A
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Table I111-B-3. Operational
{Continued)

Roadside Barrier Transition Sections

Metric Corversions

{1 1t. = 0.30%m
| in. = 254 mm
i mph*= 1.6f km/hr
1 1b, = 0.454 kg

" /.

—

e

A

PN N I e

ELEVATION

34"

o

"

T
i
iR

P e

SECTION A SECT!ON B

SYSTEM

T4
G3 Appreach Rail to BR3 Bridge Rail

BARRIER DESCRIPTION |

POST SPACING - 4'0"; POST TYPE - 53 x 5.7 steel for approach rail,
fabricated steel for bridge vail; BEAM TYPE « 6" x 6" x 0.1B8" steel
tebing for appreach vail, TS 5" x 3" x 4" steel feor bridge rail;
OFFSET BRACKETS - L5" » 3%" x 4" steel angle; MOUNTINGS - %" and

|5/16" diameter bolts; FOOTINGS - &" x B" x 24" steel plate welded to

post.

IMPACT PERFORMANCE

IMPACT ANGLE = |5° IMPACT _ANGLE = 25°

IMPACT CONDITIONS
Speed (mph}

Vehicle Waight (1b)

BARRIER

Dynomic Deflection {ft.)

A
VEHICLE ACCELERATIONS (Gw)

Lateral
Longirudinal
Total

VERICLE TRAJECTORY
Exit Angle {deg)
Rolt Angle {deg)
Pitch Angle (deg.)

RO TEST 24.0
3550

4.6

UNAY
UNAY
9.4

2
less than 10
0

BARRIER -DAMAGE .’

5 posts damaged

REFERENCES

17

2

FIELD PERFORMANCE DATA

NQ

REMARKS

It is recommended that the curb not be used in this design.

UNAY — unovalioble
120 millisecond avgrage unfess ctherwise notad

zlf available, see summary in Appendix €
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Supporting crash test data for.all transition sections is contained in
.Tab]e C-5 of Appendix C. | |

Several ¢omments are'nécéssary with regard to the transitions
shoWn. | ‘. - |

(1) The T1 system is adaptable to other roadside barrier

transition prob]emsﬂ' See examﬁ]e in Section II-F-2.
(2) While the T2 transition itself is consfdéred operational,
| means other than that shown should be sought to terminate
the approach rail. -
{3) The operational status of the T3 system should be "qualified"
"in that the GE3 approach barrier (described in Appendix B} is
an experimental system. |
It.can be seen that more research, déVe]opment,_and testing of transition
sections is neéded. .The problem is compounded by the existente of a
large number Of bridge raj] types. Due to the lack of a wide range of
operational transition sections, the highway engineer must often design
and install transition sections without the benefit of crash tests. In
" .sych cases, the engineer shqu]d follow closely the guidelines presented
‘herein. -

Impact performance requirements of roadside transitions are
essentially the same as those for the standard section of a roadside
barrier. Special emphasis must be placed on the'avoidance of designs
which may cduse vehicle snagging or excessive deflection of the tran-

- sition. Such actions can lead to impact with the bfidge end or other un-
a;ceptabie resu]ts. Structural details of special importance are as

follows:
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(a)

(b)

The approach rail-to-bridge rail splice should develop the
full tensile and flexure strength of the approach rail.

The approach rail-to<bridge rail or bridge parapet connection

‘should be flared or sloped so that an errant vehicle from the

opposing lane (of a twoéway bridge) will not snag on the

connection. In this regard, the standardized terminal con-

‘nector (22), sometimes referred to as the "Michigan end shoe",

s suggested for attaching approach W-beam rail to bridge

parapéts and to structurally compatible bridge rails. An

example of the use of the terminal connector is shown in the

- TR2 system, Appendix B, Table B-10. Another effective rail-to-

parapet connection can be achieved by providing a recessed

area in the parapet wall to receive the rail. This is i1lus-

- trated in Figure III-B-2. Other potential connections and

(c)

transitions are shown in the Tast part of NCHRP 129 (39).
Continuity can also be achieved'by continuing the approach rail
through the structure.

Strong post systems must be used on transitions to rigid bridge

- rails or parapets or rigid objects. Such systems must be
" blocked-out to prevent vehicle snagging on the posts. However,

 b1ock—0uts alone may not be sufficient to prevent snagging

at the section just upstream of the rigid bridge rail or
parapet. A rub rail may be desirable in some designs using

the Standatd W-beam or box beam. Rub rails are especially

. needed when the approach rail is terminated_in a recessed area

of the parapet. The rub rail should also be terminated in
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METRIC CONVERSION
Iff. = 0.305m

'PARAPET or , o
RETAINING WALL—_ - /7 _RUB RAIL

is
¥
p
|
\
I\
Al
T
Ay

ELEVATION SEC. a-a

Figure I1I-B-2. A Suggested 'Y-Beam to Parapet Connection



the recessed area as illustrated in Figure 111-B-2. The curved
end of the parapet or retaining wall is desirable to further
mfnimize-the'possibi1ity of vehicle snagging. The designer
is also encouraged to investigate the potentia1 use of the
thrie béam system (G9) for transition sections. Tests have
shbwn that the thrie beam performs well as a transition rail
(see TR4, Appendix B, Table B-10). Although there is no opera-
tional end treatment for the G9 system, solution to fhis Timi-
- tation appears near. | | |

(d) The length of the transition should be such that significant
chénges in the Tateral stiffness do not occur within a short
distance. It s suggested that the transition length be
approximately 25 feet (7.6 m) at a minimum.

(e} The stiffness of the transition_shou1d.jncrease smoothly and
continuously from the weaker to thé stronger system. This is
usually éccomplished by decreasing the post spacing and/or
‘decreasing the post spacing and 1ncreasihg the post size.

{f) The f?are rate and 1aterﬁ1 p]acemeﬁt of a transition should
adhere to the guidelines presenfed in Section II1-E.

- Design. loads for roadside barriers are difficult to determine due
to the number and complexity of variables involved. anethe1ess, the
engineer 1S sometimés faced.with the problem of.designing,a barrier
e1ement suéh as a transition section. NCHRP Report 115.(1§) summarized
available 10ng1£udina1 barriér computer programs and ané]ytical-procedures
used to investigate vehicle impacts, and presented an evaluation of each.
The reader is encouraged to investigate these and bther appropriate
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analytical models for possible appTication. As an aid in the design,
a prqceduré for estimating the impaét Toads on a Tongitudinal barrier
is presented in Appeﬁdix G. Although this procedure.over—simp1ifies
the actual vehicle-barrier interaction, it provides reasonable results
and it is éaSy to use. In the absence of more ac@urate means, this

praocedure can be used.

I111-B-3. End Treatment

“An untreated end of a roadside barrier 1s_éxtreme1y hazardous if
impacted, sihbé the beam of the system tends to penetrate the passenger
Compartment and will generally stop the vehicle abruptiy. A4 crashworthy
end treatment 18 thér*efore' recommended if the barvier terminates within
the "clear distance”. As shown in Figure III-B-1, both an upstream
terminal and.a downstream terminal must be considered. The clear distance
_fof the upstkeam terminal is dependent on the adjacent traffic and the
clear distanée for the downstream terminal is depéndent on the opposing
traffic. However, for most divided highways a crashworthy terminal for
the downstréam end would not be warranted. Reference should be made to
Section III-E-4 for a further discussion of this subject.
| To-be crashworthy, the end treatment should not spear, vault,
or r01j the vehicle for head-on or "nose" impacts. Vehicle accelera-
tions should not exceed the recommended Timits. For impacts between
the end and the standafd.section, the end treatment should have the
same redirectional characteristics as the standard roadside barrier,
which means that the end must bé properly anchored. The end treatment
must be capable of developing the fuZZ.tensiZe streﬁgtk of the standdrd
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Table III-B-4.

Operational Roadside Barrier End Treatments

Metric Conversions

| 1t. = 0.308m
I in. = 2%4 mm
| mph= 1.6 kin/hr
| 1b. = 0.4%4 kg

24" DIA. CONC, FQOTINGS

---BACK OF RAIL FOR STRAIGHT SECTION

. S

6 SPACES 6™-3" = 37-6" PARABOLA _

PLAN
/%as_l\gvsooo END
{ ™y gl1tTYe Gaw
Eo o FEE - 3 : 1 .
¢ . o !I
! T T
h !

L

ELEVATION

SYSTEM

GETI .
Breakaway Cable Terminal
(Yood Post)

BARRIER DESCRIPTION

TYPICAL POST - 8“x8" Douglas Fir; TERMINAL POSTS - 8"x8" Deuglas Fir
with 2 3/8" diameter hole through neutral axis; ANCHORAGE - Cable
assenbly (sce sketch); ‘FOOTING - 24" diameter, 36" deep concrete for
terminal posts, other posts require none; BEAM TYPE - steel "W" sec-
tion, 12 GA.; OFFSET BRACKETS - 8"x8" Douglas Fir block; MOUNTING -
5/8" -diameter steel bolt. - :

IMP;QCT PERFORMANCE HEAD ON'IMPACT SIDE IMPACT
IMPACT CONDITIONS
Spead (mph) 60.7 62.0
Angle (deg.} o} 27 .
Vehicle Weight (1b. } 3800 -3200
BARRIER . . 3
Deeelerotion Distance (f1) UNAY 3.3
. 1
VEMICLE ACCELERATIONS (G's) .
Lateral 1.5 3.4
Longétudinal 9.2 7.2
Total URAY UnAY
VEHICLE TRAJECTORY :
Exit Angle (deg) Behind rail =30
Roll -Angle (deg.) unay =
Piteh Angle (deg.) UNAY =0
BARﬁIER DAMAGE ig;tgf W' sectien and -2 end 20° of “W" section and 3 posts
REFERENCES 25 26
FIELD PERFORMANCE DATA® N0

REMARKS

This system was tested with the G4{1W) system. Details of end posts,
anchorage and footings are critical. Tests indicate that flare sec-
tions operate better than tangent sections. Although not documented
by crash tests, it could be adapted for use with the G4(2W) system.

UNAV — unavailoble

180 millisecond average unjess otherwise noted
2If avattable, see summory in Appandix A

3Max1‘mum dynamic deflection
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Table III-B-4, Operational

Roadside Barrier End Treatments (Continued)

Metric Conversions

. £ 0.305m

Ib. = 0.454kg

"2 'sPa.@e'-3" @4 -2" 2@6-3"

T _»24" DIA. CONCRETE FOOTINGS

- . . o _’.::*‘-:i =3 . _i.,ﬂ't__i—__._
© ~BACK OF RAIL FOR STRAIGHT SECTION S
37-6" =PARABOLA J
PLAN
_-TS 6x6x0.1876" END POSTS

i)

ELEVATION

SYSTEM

GETZ
Breakaway Cable Terminal
(Steal Post})

BARRIER DESCRIPTION

TYPICAL POST - W6xB.5 steel; TERMINAL POSTS - TS6"x6"x0.1875" steel
breakaway design; ANCHORAGE - Cable assembly {see sketch)s FOUTING -
24" diameter, 36" deep concrete for terminal posts, other require
none; GEAM TYPE - steel "W" saction, 12 GA,; OFFSET BRACKETS -
W6xB8.5 steel; MOUNTING - 5/8" diameter steel bolt.

IMPACT PERFORMANCE HEAD ON IMPACT SIDE IMPACT
IMPACT CONDITIONS
Spasd (mph) 62.0 58.0
Angle (deg.) o - 24
Vehicle Weight {ib.} 4423 4202
BARRIER . 3
Deceleralion Distance (f1.} UNAY ’ =4.0
i
VEHICLE ACCELERATIONS {G's) i . :
‘Lateral 2.4 . 5.6
Longitudinal 9.0 8.2 |
© Totat UNAY . UNAY
VEHICLE TRAJECTORY
Exit Angle {deg.) - Behind rail . =30
Rofl Angle {deg.) =0 N
Pitch Angla {(deg.) =0 - -+
i 25' of "W" sectian, 2 end posts 25' of "W" section and 5 WGx8.5
BARRIER DAMAGE and 2 W6x8.5 posts: posts
REFERENCES 27 27
iy 2
FIELD PERFORMANCE DATA NO

REMARKS

This system was tested with the G4 (15) system. Details of end posts,
anchorage system and footings are critical. Tests fndicate that
flare sections operate better than tangent sections. Although not
dogumented by crash tests, it could be adapted for use with the
G4(?23) and the G2 systems.

UNAV — unovailable

80 mlilisecond overoge un|ess otherwise noted

21¢ avallable, see summary in Appandix A

3J“Eax'in'tum dynamic deflecticn
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ratl element, whether a crdshworthy end treatment is warranted or not.
.Shown in Tab1e_III—Bﬂ4 are the fwd operationa]Iend treatments.
Both systems areréimilar with the exception of the type of support post
and the breakaway mechanism; rAs'indicéted on ﬁhe form, the GET1 system
is designed for terminating the G4(1N).road§ide barrﬁer but it could be
adapted for use with the G4{2W) system. Simitarly, the GET2 system is
designed for the G4(1S) and G4(2S) systems but it could be adapted for
use with the GZ.;ystem. In both of these systems, the "Tength of need"
{see Section IIi4E) can be considered to begin at the third post from
”the end. It'shOU1d_be noted that at the time of this writing further
refinements and modifications are being made to the GET1 and GETZ systems.
The readér should contact the NCHRP for information on these developments.
Table C-6 in Appendix C contains a summary of all.brash test data‘avail_
able for end treatments. Although not shown, an.inertia type crash
cushion (see Section VI-B) could also be used to shield an untreated
barrier end. |
If possible, terminating and anchorfng the roadside barrier in a
backslope provides an excellent end treatment. In'sdch cases, the
approach rail should not violate the placement recommendations made in

‘Sections IT11-B-3 and I11-B-4.
III-C. Maintenance Characteristics

Table I;I—C—l'contains_a number of maintenance factors which should
be considered before selecting a roadside barrier system. The factors
are grouped in one of four categories: coiiision maintenance, routine
maintenance, environmental conditions, and material énd_storage require-

ments. 66



‘_ TABLE III-C-1. Maintenance Factors Influencing
o C Roadside Barrier Selection

CATEGORY.

CONSIBERATIONS

A. Co]1ision'Maintehance

Routine Maintenance

Environmental Conditions

. Material and Storage

Requirements

Typical crew size

Typital man-hours
to repair (exposure)

Typical barrier damage
Special equipment

Ability of rail to be
repaired or straightened

Salvage value

tevel of working know-

ledge

Cleaning and painting
Mowing and clearing
vegetation

Snow or sand drifting
Snow or sand removal

Weathering or corrosion
due to environment or

'_chemical effects

Dependence on a number
of parts

Availability of parts

Storage'faciiities re-
quired
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Collision maintenance concerns the activities required as a
result of vehie1e_impacts...SUCh activities should play an important
role in the selection of a barrier system since the majority of
maintenance coets are usually due to c011isfon repairé.'

The number of impacts that will occur over any given length of
barrier wili depend on a number of factors, SUCH-as traffic volume, road-
way alignment, distance barrier is off traveled way, efc.. Chapter VII
describes a method by which an estimate of the.number of 1mbacts can

be made. 1t may be assumed, however, that the number of jmpacts ie
independent of the barrier selected,. provided the lateral placement is
the same.for_a11 systems considered. This assumption implies that deli-
neation by a roadside barrier has neg]igible effect on impact frequehcya
something which has yet to be substantiated.

The extent of barrier damage for given Thpact_cenditions will
depend on the strength of the barrier. Where ava11ab1e, the tables in
Sectjon B of this chapter give the barrier damage as a result of a crash
test for spec{fic'impact conditions., To supplement these data, a gress
survey waé made:of‘severa1 states to determine typical coliision repair
values experienced. .Table I11-C-2 summarizes the available field data.
It shou]d be remembered that these are average vatlues needed to repair
a damaged section and not average values based on all hits. Many hits
are only brushes_and cause no abprec{aBTe barrier damage.

| Iﬁformatiqn in Table I11-C-2 was taken from both urban and rural
areds. However, the data did not permit a differentiation between the
twa. It is speeHTated that the majority of the.impaeté'with rqedside
barriers occur in urban'areas_where traffic densjties'are high. More.
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69

 Table I11-C-2.

Collision Repair Data for Roadside Barfiers,l

Typical Average
Typical Material Repaired or Replaced Refurbishment Time
System Crew Size Rail (ft.) Posts (Man-Hours/Foot of Rail)
G1-Cable Guardrail UNAV 112 8 0.30
G2-W-Beam on Steel .

Weak Posts UNAY _ 45__ 4 0.33
G3-Box Beam 5-6 32 5 0.92
G4(1W)~ Blocked OQut

W-Beam on Wood :

Posts 4 35 4 0.35

64(1S)-Blocked Out |
W-Beam on Steel _ :
Posts - 3-4 .38 ~4-5 0.32

'No data available for G4(2W), 64(25), and G9 systems.




manpower is usually needed‘for traffic control purposés'in urban areas
than rural areas. In this regard, the hazard to both tﬁe motorists and
the crew during repairs should be a major concern. Operat{ng speeds
for the roadways are unknown but it is probable that the data came
primarily from high speed facilities. |

| Another impprtant consideration in collision maintenance fs the
ability of the rail element, and possibly the post, to be straightened
or repaired. Savings may be realized if the rail can bénstraightened.
For example, one state reports that it straightens w—beﬁm for less than
10 percent of its original cost. In some cases, the rail will be damaged
beyond repair. In such cases, the salvage value of the rail is an im-
portant consideration.

The degree of expertise or the_leve1 of working knowledge of the
system by the.repair crew shéu]d be considered. Some systems require
greater attention to details than others. A proven system installed or
maintained impropérly_can be of 1ittle value. l

Two items of consideration are listed under the routine maintenance
category. In most cases, however, there would not be appreciab1e differences
in these maintenance tasks for the operational systems.

Environmentai factors may be important to consider in the selection
process. Barriers with considerable frohtage area may contribute to
drifting of snow and sand. Snow plow opérators should be cautioned against
running the blade next to the face of roadside barriers. Experience has
shown that this will tear the rail, loosen mounting hardwaré and Toosen
posts. Snow loads piled on fop of.the barrier may also cause damage as
the snow settles and consolidates. | |
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Befofe selecting a barrier system, én effort should be made to
determine the future avai]abi]ity_of the materials needed and their
§torage requiremehts.' The need for the sthking of.spare parts'inCPeases
as a function 0f the number of parté in the barrier. In this régard,
strong consideration should be given to use of Barrier systems whose
hardware has been standardized (22, gg). Reference éhould be made to

Section III-B-1 for further information about standardization.
III-D. Sé}ection Guidelines

Once ft'has been detgrmined that a barrier system is warranted,
a selection must be made. Although the process is complicated by the
number of variables and the Tack of objective criteria, there are guide-
Tines which should be followed. In'genéral; the most desirable system is
Qne'that offers the best protection at the 1east'cd$t, and is consistent
‘with the given constraints. Table III—D-i preSénts'eight jtems which
should be considered before a selection is made. Although these items
are not neéesSari1y 1i§ted in order of importancé, the deflection, strength,
and safety réduirements should never be compromised.

Section B of this chapter discusses the def?ection, strength, and
safety aspects of roadside barriers. It élso presents the deflection,
strength, and safety characteristics of the operational roadside barriers.

Maintenance factors which should influence barrier selection are
discusséd-in.Section C of this chapter. ‘Available maintenance data on
_'the operational systems are a1éo preséhted there. A'specié]'point of
interest.fn maintenance concerns the availability of replacement parts.
Recent shortages in some Barrier hardware has pointed to the need for
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Table III-D-1. Selection Criteria For Roadside Barriers

CITEM

'CONSIDERATIONS

A. Deflection

B. Strength and Safety

C. Maintenance

D. Compatibi]ify
E. Costs

F. Field Expefience

G. Aesthetics-

H. Promising New Designs

.  Spaéé-avai1abIe behind barrier
" must be adequate to permit

dynamic deflection of barriers.

System should contain and re-

‘direct vehicle at design condi-
- tions. ‘

System should be least hazard- |
ous availablie, consistent

with costs and other consid-

erations.
Collision maintenance.
Routine maintenance.
Environmental conditiqns.

Can system be transitioned to
other barrier systems?

Can system be terminated prop-

erly?

Initial costs.

Maintenance costs.

Accident costs to motorist.

. Documented evidence of barrier's

performance in the field.

Barrier should have a pleasing
appearance.

It may be desirable to install
new systems on an experimental
basis.
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advance p1anhing and alternate hardware. Before seTecting a system,
material suppliers should give some assurance of future availability.
Reference should be made to the discussion of standardization in Section
 III-B-1. o |

Compatibility is a very important item that should be considered
in the se]ection.process. Two major deficiencies of many roadside_
barriers are the absence of crashworthy transitions to ofher barriers
(usually bridge rails}, and the absence of crashworfhy end or terminal
treatmeﬁts._'Section B of this chapter addresses'thése problems and
presents the operational transitions and terminal designs.

Initial costs and future maintenance costs in particular should be
carefully evaTuatedf_ As a general rule, the initial cost of a system
1ncreases'aé a rigidity or strength increases but the maintenance costs
usualiy decrease with increased strength. Also, thé degree of hazard
the barrier poses to the motorist may increase és the ﬁigidity increases.
Consideration should be given to the costs incurred by tﬂé motorist as a
result of cd]lision with the barrier. Both damage costs to the vehicle
and'fnjufy costs to the occupants need to be evaluated for a typical
co1Tision.' The decision may ultimately involve the question of what
level of protection the state or agency is abTe to provide. The pfo—
cedure presented in Chapter VII should provide a means with which to
approach_fhjs question.

Item F in Table III-D-1 concerns field experience. There is no
substitute for documented proof of a barrier’s field performance. In
this regard, the impact performénce data for each operational system as
presented in Section B of this chapter indicates the availability of

field data. If none exists, the state or states which developed ahd/or
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implemented the system should be contacted for data and their views and
1comments;

witﬁ.regard;to_aesthetics, the barrier.should haﬁe.a_p]easing
 appearance. In scenic areas, it may be_appropfiate to select a barrier
which allows the motorist the largest field of view pbsSib]e. Howeyer,
under no circumstances should aesthetics justify a compromise-in the
crashworthinesé_of the selection. |

Many of the experimental systems included in Aﬁpendix B.exhibit
" excellent impact performance chafacteristics. The designer should give
serious consideration to the 1nsta]1ation of some of thése barriers, at
Teast on an experimental basis. The performance of the barrier should
be monitored'and'if proven satisfactory it may be installed on a perma-

nent basis.
IIT-E. Placement Recomméndations

Major factors to cbnsider in the 1a£era1 placement qf a roadside

- barrier are:

(1) uniform clearance and distance between barrier and hazard
being sf_ﬁe1ded; | |

(2) effects of terrain between edge of traveled way and the
barrier on the errant vehicle's trajectory;

(3) probability of impact with barrier as a function of its
distance off the traveled way;

(4) flare rate and Tength of need of transitions and approach

'3.béfriers§ and | | |
(5) slow moving vehicles on. the shoulder of the roadway.

74



A discussion of each of these factors and the available criteria

related thereto follows.

I11-E-1. Uniform Clearance and Distance Between Barrier and Hazard
| A high1y desirable characteristic of any roadway is that it have

‘shoulders of constant width, whether it is in a cut, fil1, or on a
structure. :Uniform clearance to bridge rai]s'oerafapets, fétaining
walis, abutments, and roadside barriers is also desirable, éspecially

in urban.areas where there is a preponderance of such elementé; Such

an a1ignment'of these elements enhances highway safety by reducing driver
vreaction and cﬁncerns for those objects and by reducing the probabi]ity
of vehicle sﬁagging. However, care must be exercised to insure proper
transition designs where the roadside barrier connects with one of these
other features, Care must also be exercised to 1h5ure_a proper barrier-
to-hazard distance, as discussed in subsequent parégraphs.

| Where:a roadside barrier. is neéded to shield an isolated hazard,
adherence t(').'.the uniform clearance criteria is not essential. It is
more 1mportaht'in such cases that the barriér be located as far from

the traveled way as conditions permit (see Section 1II—E—2). However,
gaps less .thcm approximately 200 feet (61 m) between barﬁer installa~-

. tions are t& be avoided. Iﬁ such cases, the barkier should be continued
-~ at a constant distance from the traveled way until all hazards are
shielded.

The amount a barrier ﬁil] deflect upon impaét-is a critical factor
in its placenent, especially if the hazard being shielded is a rigid
object. Figure III-E-1 111ustfates the two basic types of roadsidé

. 75



Barrier -to-Hazard Distance -

(a) Rigid Object Protection

METRIC CONVERSION:
Ift = 0.3205m ' '

‘21t Minimum
Desirable

(b) Embankment Protection

FIGURE III'-E--I Barrier -to-Hazard -'Dista-nce' for
Roadside Protection |



configurations of concern. If the hazard being shielded is a rigid
object, the barrier-to-hazard distance should be sufficient to avoid
snagging by the vehicle on the rigid object. If thé'hazard is a drop
off or a éteep embankment, the barrier—touhazard distance should be
sufficient to prevént the wheels from dro@ping and. thus causing the
~ vehicle to roll excessively. However, Timited test results (17)
~indicate that the barrier-to-hazard distance for embankments is not as
critical as it is for rigid objects. A 2 ft (O,Gl.m) minimum distance
is desirable as shown in Figure I1I-E-1 (b). This minimum distance is
also needed to insure adequate lateral soil resistance.for the posts
during fmpact. |

Deflection characteristics for the operational roadside systems.are
given in Section B of this chapter and in Appehdix-B for fhe experimental
systems. ‘The barrier-to-hazard distance for rigid objects should not
be less than the dynamic deflection of the barrier for impact by a full-
eize automobile at iﬁpact conditions of appromimately 25 ﬁegrees and
SOn@h(Q&SIWﬂwL- |
| in somé'cases, the available space between the barrier and the
hazard may.hot be adequate. In such cases, the barrier should be
stiffened in the area of the hazard. This will inQo]ve a transition
section, usually flared. The designer should refer to Section III-B-2
for structural design criteria and fo Section ITI-E-4 for flare rate

criteria.

ITI-E-2. Probability of Impact
Az a general rule, a roadside barrier should be placed as far
from the traveled way as conditions permit. As such, the probability
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‘of “impact will be minimized. However, the lateral placement should
~not violate the'fequirements of Sections III-E-1, TI1I-E-3, &nd III-E-4

of this chapter.

1IT1-E-3. Terrain'EffECts :

Terrain conditions between the traveled way and the barrier can
have significént'effects-on’the:barrier{s'ﬁmpact-performance. Curbs
and sloped roadsides are.two prominent features which deserve special
attention. A vehicle which traverses one of these féatufes_prior to
impact may go‘overithe barrier-or:submarine-under?the barf1er or snag
on its supportipostsa Research studies :have provided considerable
insight regarding the dynamic behavior of an automobile upon traversing
a curb or a siope. Automdbiie orientation {(translation and angular
 posifion) as a_function-of.distanée-offgthe traveled waj[is now known
for a number of curbs and slopes fbr-various:encroachment conditions
~ (speed ‘and angle pf.veh1c1e)..‘Thus,rthe dmpact position of a car relative
to a given barrier, placed at a -given lateral distance from the traveled
way, is.now‘known for a variety of conditions. Background data, upon
which;the-criteria in this sectioniareébased,raré préSénted and discussed
in Appendﬁx}F; | | |

ngr§§_-‘ln,genera1, it has been found -that curbs offer no safety

'benefits onrhigh-speéd roadways from the étandpoint.of'vehic1e.behavior
following impact. It is therefore suggested that a curb, either used
alone or when placed in fromt of a roadside_barrief, not be used'fbr
purposes of redirecting errant behicles. Although curbs my improve
delineation and drainage, it is suggested that other methods can be used

to achieve these functions.
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If speéia1 conditions require the use of a curb and if a roadside
barrier is to be placed behind the curb, the reéder should refer to the
data in Appendix F for 1étera1 p]écement guidelines. As a general rule,
if the barbier Facé is within approxfmateiy 9 inches (0.23 m) of the
curb's face, a vehicle, traveling at apﬁroximateTy 60 mph (96.5 km/hr),
will ﬁot 1ike1y vault the barrier. However, if theltop of the rail is
approximately 27 inches (0.69 m) above the top of the curb, impacts
with the réi] can be expected to occur at lower than norma1.impact
heights. 'This will occur since the vehicle will not undergo appreciable
1ifting before contact with the barrier occurs. In effect, the height
of the rail exceeds its normal mounting height by the height of the curb.
For such mountings, a rub rail should be.placed between 15 to 20 inchés
(0.38 to 0.51 m) above thé top of the curb.

| §_T_c_)p§_s_ - As a general rile, :c.z.roadsicfe barrier should not be
Iplaced on f:_he‘ embankment if the angle o, in F_igure ITI-E-2, is greater
than approximately 6 degrees. For non-supere1evéted sections and a
shoulder slope of 20:1, o of.approximate1y 6 degrees is equivalent to
a 10:1 embankment slope. |

Al1 of the rdadside barrier systems presented in this quide were
designed and tested for level terrain conditions only. If placed on
‘sTopes stéeﬁer than 1051, studies have shown that for certain encroach-
ment conditions, an errant vehiclé could go over the present roadside
_ barriers ok impact them at an undésirable position.

In some ‘special cases, it may be desirable to place the barrier
on a slope steeper than 10:1. For example, where large fills are

required, "barn top" or "barn roof" sections are sometimes provided,
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as shown in Figure III-E-3. As a general rule, a barrier may be placed
on a 6:1 or flatter slope provided it is more than 12 feet (3.66 m) from
the shouZder_-' hinge point. | | -

|  As'discusSed in Section III-A-1, slope rounding enhances the ability
of a driVer.fo maintain control of én errant vehicje and it reduces the
potential for the vehicle to become airborne. When the shoulder-to-embank-
ment hinge has "optimum" rounding, as defined in Figure III-A-2, it may
be desirable to place the barrier on the embankment, provided the slope

is no steeper . than 6:1.

111-E-4. _F]ahe Rate and Length of Need

Figure III-E-4 illustrates the variables of interest in the layout
of an approacﬁ barrier to shield an grea of concern. Length of need is
equaT to the Tength of the area of toncern‘para11e1 to the roadway, plus
the Tength of the approach barrier on the upstream éide (and downétream
side 1f'needed). | :
| Ends of roadside barriers should be flared where possibie. The
function of'the flare is.threefold: (1) to Tocate the barrier and
its terminal as far from the traveled way as is féasib]e, (2) to re-
direct an érrant vehicle without serious injuries to the occupants, and
(3) to minimize a driver's reaction to a hazard near the traveled way.
With regard to the latter function, it has beén shown (3) that an object
(or barrier) which appears close to the traveled way may cause a driver
to shift laterally, slow down, or both. Such reactions are undesirable.
The flare ﬁhbu]d therefore be'such'that a driver does not perceive the

- barrier as a hazard.
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If the flare rate is too steep, functions 2 and 3 may not be
sat1sf1ed and 1f it is too f1at functions 1 and 3 may not be satisfied.
A compromise must therefore be made . | _ |

Table I1I- E 1 conta1ns the suggested runout Tength (L )s f]are
rate (a:b), and shy Tine offset (LS) as a.funct1on of ADT and design
speed. Shy Tine offset is defined as a distance béy?nd'which.a road-
'_side object will not be perceived by a driverf(ggg).j-ln other words,

a driver will ﬁotfheact_to an object beyond the shy line offset. If
poss'rlble_,.. the roa&side bafrfée_r .sh.o'u_ld be pZa’éad ':beyonld.'the. _shy- line

- offset. Valyes in Table III+E-1‘were'determined frpm.an evaluation of

| previous stﬁdies (;§3 §, 513'l§§) and ehgineefiﬁg jngmeht,

o For roadways with opératfng speeds of approximately 60 mph

(96.5 km/h), g1eér.distance (Lc)'can bé_deterhined frdm_Figure 111-E-3.
C1ear distance criteriaifor roadways with lower operéting.spee@s have
not béen éStab]ished. aIn'the abseﬁqe qumore.objéctive QQta,-the c]ear
' distances.gjven in Figure I11I-E~3 may be reduced propbrtipna}jy to

the reduction_in.the_runout length given in Table III-E-1, i,e;, reduc-
tions below a design speed of 60 mph.(96J5.km/h). ‘For examp]e,.the
required clear distance for a 6:1 slope on a 40 mph (64 4. km/h) fac111ty

“with an ADT of 5000 would be computed as fo]]ows

L (at-40 mph) L, (at 40 mph)

LC (atlﬁﬂ mph) 'Lk (ﬁ%fﬁo‘mph)t

where : - -
50 ft (15.2 m), from Figure III-A-3;

L¢(at 60 mph)

I

Lplat 40 mph) = 220 £t (67.1 m), from Table III-E-1; and
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Table III-E-1. Design Parameteré for Roadside Barrier Layout

Traffic Volume (ADT)
Over 6000 | 2000-6000 800-2000 Under 800

Operating Runout ~ Runout Runout Runout o
Speed Length Length Length Length Shy Line . Flare
{mph) LR(ft) LR(ft) LR(ft) LR(ft) Offset (ft) Rate {a:b)

70 480 440 400 360 10.0 25:1

60 400 360 330 300 8.0 20:1

50 320 290 260 240 6.5 16:1
40 240 220 200 180 5.0 14:1

Metric Conversions:

1ft=20.305m
1 mph = 1.61 km/h




Lp(at 60 mph) = 360 ft (109.7 m), from Table ITI-E-1.

Thus

LC'(at 40 mph)
S 220

50 360

or : :
LC (at 40 mph) = 30.6 ft (9.3:m).

To détermine.the‘position'(see Figure TII-E-4)} of the end of need,

“the following equations apply:

_. LH +(‘-‘2‘) (Ll) ~ (Lz) | ._ o -(iI'iI'I-E.._l_)

X._
@)+ (1)
a R
i L p—
Y = LH - H - (11I-E-2)
where,
LH = distance from edge of traveled way, commonly referred to és

edge of pavement (EOP), to the Tateral :extent of the hazard. :Note ‘that

Ly should never exceed the 5c1ear'§istance”"(LC);

: _g- = slope of flare (see Figure LII-E-4);
'L1 = length of tangent section of barrier upstream from hazard.

When the approach barrier connects with a bridge parapet or bridge
rail, a tangent section, consisting-of a transition section, ¥s commonly

used; | 36



'LZ = distance from EOP to tangent section of:barrier; and
LR'= runout length (see Figure I1I-E-4). |
Note that”fhe.distance (L3—L2) should. satisfy the criteria of Section
I11-E-1. | | E

Coordinates X and Y will locate the end of need for the approach
barrier, however, fo terminate the Earrier' properlg,' some type of
crashworthy end treaiment should be used. If the end treatment permits
the vehic]é tb penefrate (such as the ET1 or ETéldesign described in
'SeCtiQn III;B-S), the end treatment should eXtehd upstream from the,point
defined by X and Y. A vehicle should be redireéted for contacts down-
stream of thézpoint defined by X and Y. If the appkoach barrier is in
a cut sectioﬁ; it is desirable to terminate the barrier by anchoring it
in the back siope. | |

A parabolic Tayout of the fTared section may also be used. If so,
the maximuﬁ s]bpe of the curve should not exceed the suggested slopes
{fiare rates).given in Table III-E-1.

| It is noted that the f1ére rate of the end freatment or terminal

is permitted to exceed the suggested flare rates provided such rateé are
essentiai for proper impact performance (as is the case for the ET1 and
ET2 systems). | |

'Figdre’Ille—S ilTustrates the layout variabies of an approach
barrier for opposing traffic. The length of néed and the end of the
barrier are determined by use of Equations III-E-1 and III-E-2, together
with the suggested values in Table ITI-E-1. However, note that all of
the lateral dimensions are with respect to the edge of the traveled way

of the opposing traffic. If there is a two-way divided roadway, the
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edge of the traveled way for the opposing traffic would be the EOP on
the median side. There are three ranges of LC which deserve special
attention for_an approach barrier for opposing traffic:
(1) L
(2) L

<l. 2L In this case use L,, = LC'

H H
In this case, no approach barrier is needed

3
2

C

< LC

< L3

- {i.e., X =0), but a crashworthy terminal is'suggésted.

(3) Lo st, In this case, no approach bafrier is needed and no
créshworthy términaT is needed. |

The lateral placement of the approach raiT’shou]d also satisfy the
criteria on embankment siopes in Section III-E-3. If the existing slope
is greater than 10:1, it is Suggested that fi11 be provided to flatten
the slope to a 10:1, as i11ustrated in part'A of Figure III-E—G.. An
acceptab1e_alternative is to flatten the slope of the flare so that the
embankment slope criteria is not violated, as illustrated in part B of
Figure IIIQE-G. Note that in the Tatter a]ternative,.a slightly 1onger
length of approach barrier would be ﬁeeded. In some cases, it may be .

necessary to have no flare at all on the approach barrier.

III-E-5. Slow Moving Vehicles

In some areas, there is a signif{cant number of slow moving vehicles,
primarily farm machinery, that travel on the shouider of the roadway.
In these areas, consideration should be given to placing the barrier at
a lateral distance that will allow slow moving vehicles to travel on the
shoulder without obstructing the normal trqffic, prqvidéd the placement

does not compromise the impact performance of the barrier.
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ITI-F. Upgrading'Substandard Systems
ITI1-F-1. Guidelines

Some existing roadside barriers are not necessary while others are
substandard and will not meet.suggested performance 1eVe1s. Substan-
dard barriers usually fall into 6ne of two categofies, namely, those
that have structural inadequacies and those that afe improperly located.

Figuré 11I-F-1 presents an inspection procedure designed to identi-
fy unnecessary or substandard barriers. It is suggésted that this inspec-
tion be conducted on a regularly scheduled basis. Personnel performing
this inspection should stay abreast of current traffic barrier standards
and guidelines as well as promising new res'edrch. findings.

With regard to item 3, the criteria presented in Section I1I-B
should be used where possibie to evaluate existing Systems. 0f course,
there is no substitute for field data or accident records to evaluate
the performance of a system. If a barrier system is judged substandard,
it is suggested that the barrier either be modified to conform to an
operational system, or be replaced by an operational system. It is
recognized that this action is not é]ways feasible and other remedial
action must be taken. Table TI1I-F-1 1ists common structural inadequacies
that occuf.and the suggested remedial action. If the upgraded system
does not conform to an operational system, crash tests are suggested to
verify the design, especially if substantial.use of the system is planned.

The criteria given in Section III-E should be used to evaluate thé
adequacy of the lateral placement of existing barriers. If the barrier

is placed on an embankment, in a depressed median etc., it may not
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Figure III-F-1.

Inspection Procedure for:

Existing Roadside Barriers

No

Is barrier warranted?

7| Remove barrier

Yes

Can hazard be reduced

Yes

or eliminated so that
barrier is no longer
needed?

No

Eliminate or reduce
hazard and remove
barrier

No

Does barrier meet
strength and safety
standards?

Take corrective action*

Y

Yes

No

Does the lateral place-
ment of the barrier meet
suggested criteria?

Take corrective action®

Yes

No |

Is rail height proper
distance above ground?

Take corrective action*

|

Yes =

Are posts firmly em-
bedded?

No

Restore embedment

Y

Yes ¢+

Are rails firmly

No

attaqhed'to-posts?

Tighten attachments

Yes [®

A
[ End of check |

*x
See text for discussion
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Table II1I-F-1. Structural Inadequacies of Roadside Barriers

INADEQUACY

REMEDIAL ACTION

Transition Section

‘No rail continuity

"Post too weak
*Post spacing too large

*No block out or rub rail

Terminal

"Nonconforming end treatment

Longitudinal Section

"Post spacing too large -

‘No block out or rub rail
for strong post systems

"Too close to rigid object

‘Attach to adjoining system to provide axial and

flexure strength. May need new rail.

“Increase post size or build up existing post.
"Reduce post spacing to prevent pocketing or snagging

of vehicle. _

“Install block out and/or rub rail to prevent snagging

by tires.

"Flare and anchor end of barrier in back slope if possibie.
"Install crashworthy end treatment, such as ET] system

described in Section III-B-3,

"Post spacing for W-beam rail should not be greéter’thén
‘approximately 6'3" (1.9 m) for high speed facilities.

“Install block out and/or rub rail to prevent snagging by

tires. Use of Thrie Beam {see G6 system described in
Section III~B-7 will eliminate need for rub.rail.

"Move barrier to proper distance, or stiffen section

near rigid object,




function properly. If improperly Tocated, correctiﬁe measures should
be considered. if necessary, the barrier can be moved near the shoulder's
edge or returned to a position in which the apprqach terrain to the
barrier is no steepér than the criteria suggest. Aﬁothér possible solu-
tion would be to provide i1l material to the Tateral distance desired
-"and p]éce the barrier on the fill. Steep flare rates for approach and
transition sections should be flattened to conform tolthe suggested
criteria. | _ |
With regard to item 5 of Figure III-F-1, the rail height of an

operational system should be approximately equal to the original design
height of the syétem. In ahy case, it is suggested that the barrier be
approximately 27 inches (0.69 m) above the ground or greater.

| In some cases, the effective rail height will be decreased due to
an accumulation of dirt, pavement overiays, etc. Of course, dirt should
be removed if feasible to return the barrier to its correct height. If
necessary and if the length and strength of the post and foundation per-
mits, the rail can be raised an appropriate amount. If not, it may be
necessary to install taller posts with added strength_ahd deeper embed-
ment to accommodate the increased rail height.

Items 6 and 7 of Figure III-F-1 can be accomplished by maintenance

personnel,

IT1-F-2. Example Problem

The following example will i1lustrate how the guidelines in Section

F can be applied to upgrade an installation.
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traffic, Equations
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Due to the limited

the barrier must b

re III-F-2 shows a roadéide béfrier instaliation in

h the design is substandard and the layout does not
the suggested criteria. The design speed is 60 mph
5 k/h) and the ADT is 5,000. The problems with this

allation aré as follows:

Flare rate too steep.

No end treatment for exposed rail.

Barrier not structurally adequafe since it is not

anchoréd and it is too.close'to the pier for the posf
spacing.

No protection for the opposfng traffic.

pgrade this installation accordihg to the criteria and

guidélines contained herein.

rom Table III-E-1,

1]

360 ft (109.7 m)

1]

8.0 ft (2.4 m);

20:1
nd df need for the approach barrier for the "adjacent"
III-E-1 and III-E-2 are used with the fOT]owing va]ueé
ITI-A-3 and III-E-4):

30 ft (9.1 m);

15 ft (4.6 m);

0.0 {no tangent section); and

=.11.3 ft (3.4 m).

space between the edge of the shoulder and the pier,

e stiffened in the area of the pier. The dynamic
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deflection of the GA(1W) system is 2.8 feet (0.85 m). Thus, the W-beam
rail will bé attached to the pier but blocked ouf by-an 8 ‘inch (0.2 m)
by 8 inch (0.2 m) wood block. From Equations ITI-E-1 and III-E-2,

X = 40.4 ft (12.3 m), and -

Y = 13.3 ft (4.1 m).
To determine the end of need fqr the approach barrier for the "opposing"

traffic, Equations III-E-1 and III-E-2 are used with the following values

(refer to Figures III-A-3 and III-E-4):

Le = 30 ft (9.1 m)
L= 27 ft (8.2 m)

L, = 0.0 ft; and

L, = 23.3 ft (7.1 m).

Note that an'approach rail for the opposing traffjc is needed since LH

is Tess than LC.' Thus,

X =29.6 ft (9.0 m) and

Y

24.8 ft (7.6 m).

The suggésfed design'and Tayout is shown in Figure I1I-F-3. Note
that a T1 transition is suggested for the area near the pier and a G4(1W)
system foﬁ the remainder of the.barrier. Also note that an ET1 end
treatment is suggested to terminate both ends of the barriers or some
crashworthy énd treatment. As an alternate end treatmeﬁt, the barrier
cdu1d be extended, at the given flare rate, to the back slope and anchored
there. This would require considerably more barrier but 1t would eliminate
the possibiiity of an end impact with the barrier.. If anchored 1nlthe

back slope, the guidelines of Section I11-B-3 should be_fo]?owed.
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It'fs emphasized that the suggested design shown in this example
is not unique. There are other designs which would serve the intended
purpose. However, proven systems should be used_as'was done in this

"example to upgrade substandard systems where possible.
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"IV, MEDIAN BARRIERS

A median barvier is a angi_tudjinal system used to prevent an
errant vehicle from crossing tke portion‘of a divided kighway sepgratiﬁg .
the traveled ways for traffic in opposite directi_ons. 1t is the purpose -
of this chapter to delineate the criteria pertinent to the various
elements of median barrier design, including warrants, struttural and
safety characteristics of operational systems,'maintenance characteristics
of operational systems, selection guidelines, placement recommendations,
and guidelines for upgrading substandard installations. Figufe 1v-A-1
illustrates the three basic median barrier elements, namely, the

standard section, the transition section and the end treatment.
Iv-A. MWarrants

‘IV-A-1. Standard Section

Figure IV-Aeé presents the suggested warrants for median barriers
on high speed, controlled access roadways which have ré]ativeTy flat,
unobstructed medians. This criteria is based on an evaluation of medﬁan
 crossover accidents (28), research studies {29), and on the cémbined
judgment of the Task Force which assisted in the preparation of this
- guide (30). o |
| As indicated in Figure 1V-A-2, median barriers are warranted for
combinations of average daily traffic (ADT) and median widths that fall
within the dotted area. At Tow ADT's, the probability of a vehicle
crossing the median is relatively low. Thus, for ADT's less than 20,000 .

and median widths within the optional area of the figure, a
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bafrier is warranted only if there has been a history of high rate of
across-the-median accidents. For new roadways, an estimate of the
potential for crossover accidents should be made for median widths
.falling within the optioha] areas. Likewise for kelatively wide medians,
:the probabi]ity of a vehicle crossing the medians is also relatively

Tow. Thus, for median'widths greater than 30 ft (9.1 m) and within
the optiona} area of the figure, a barrier may or may not be warranted,
depending_oh the across;the-mediah accident history. Medians that are
Wider than'SO ft (15.24.cm) do not warrant a barfier Qn]ess there is an
adverse hi§t0ry of across-the-median accidents. It should be noted that
after a wﬁrranted median barrier is installed, accident severity will
decrease, however, accident frequency will generally increase since the
' space avaiiab]e for return-to-the-road maneuversrjs decreased.

. Special consideration should be given to barrfer needs for medians
.separating trave]ed ways at different e1evations; The ability of an
érraht driver leaving the higher elevated roadway to return to the road
- or to stop diminishes as the d{fferéhce'in elevation 1ncréases. Thus,
the poténtial for cross-over, head-on accidents increases. For such
sections, it.is suggested that the clear distance criterion given in
 Figure III-A—3 be used as a guideline for establishing barrﬁer need.

Careful consideration should be given to the installation of median
-barriers oh multilane expressways or cther roadways with partial control
of access. Problems are created at each intersection or median cross-
over since.the median barriek must be terminated at these points. An
evaluation of the_number of crossovers, accident history, a]ighment, |
sight dfstance; déﬁigh speéa, tfaffiﬁ volume, and median width should be

made prior to non-freeway installations.
103



IV-A-2. Transition

'Median:barrier transition sections are warranted when it becomes
necessary to.connedt med{an_barriers of differing lateral stiffness.
in general, a médiﬁn barrief_transition_section is needed when there is
a significant change in the.TateraT stfength.of_the bafrier. Another.
exampTé is mediah'barrieré which must.a1so.shie1d fixed'objeéts in a
narrow median. In such cases, the median barrier 1s.usual1y flared so
that it encompasses the rigid object  (for éxamp]e, see TR5 system, Table

B-10, Appendix B). |

| Rigid objects in wide medians which separate the traveled ways
for traffic in‘bpposite direction require special atteﬁtion, i.e.,
medians of éufficient width which do not warrant a_contihubus median
“barrier. If the hazard warranfs shielding for travel in one direction
oh]y, the criteria of Chaptér ITT applies. .If sh1e1ding is warrantéd
~ for both directions of travel, the placement recommendations of Section

IV-E should be followed.

IV-A-3. End Treatment

An untreated median barrjer ferminal is essentially a fixed-object
hazard to the motoris_t\_;:_l' Tﬁ.';'érr"'éfor‘e, for freeways, a crashworthy end
treatment zs warranted if the median barrier is terminated within the
elear distance. | -

Emergency median Qpenings in median barriers are to be_minimized
“to avoid the end_tréatmeﬁt prob1em._ Highway engineers_shou1d work closely
with law enforcement officials and other emergéﬁcy vehic]e officials in
this regard. Emergency openingé should néver be jnsté11ed for maintenance

purposes. _ 104



IV-B. Structural and Safety Characteristics

This.seétion presents operatidna1 median bafrier systems and
points out‘their desirable structural and safety characteristics. It
is subdivided according to standard sections of median barriers, tran-
sitions, and end treatmenté.

Structural and safety characteristics of opefational systems-within
~each of tﬁese three median barrier elements arelprésented on standard forms
(e.g., see Table IV-B-1). The information.consists of a sketch, a system
désignatibn, barrier description, impact performance, barrier damage,
references, field performance datd, and remarks. Reference should be
made to the introduction.of Séction III-B for a discussion of each of
these items. It is noted that the evaluation critéﬁia for a median
barrier is essentially the same as that for a roadéide barrier, since both

are longitudinal barriers whose functions are similar.

IV-B-1. Standard Sections of Median Barriers

Tabjé IV-B-1 presents a summary of the structural and safety
charécteristfts of current operational med%an barriers. Table IV-B-2
_.cbntains a summary of the impact performance data on each of the opera-
tional systems. Unfortunately, aéce1erat10n data are unavailable for
several of the.systems. Most of these systems were developed and tested
_ prior to the éstablishmént of the standard_test procedures. Appendix B
contains a'summary of median barriers which appear promising but which do

not have sufficient in-service use to be classified operational.
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Table IV-B-1.

Operational Median Barrier Systems:

Metric_Conversions |
1 . = 0.305m
tin. ¢ 28.4 mm
I mph = 1.6} km/hr
1 Ib. * 0.4%4kg "
SYSTEM MB1 i M2 ’
Cable "W" Section (Stéel Weak Post}
BARRIER DESCRIPTION ’ )
POST SPACING 80" 12t 8"
POST TYPE H2-%"x&,1" 53x5.7
BEAM TYPE Two 3/4" diameter steel cables Two steel "W" sections
OFFSET BRACKETS | =----- None
MOUNTINGS - B diameter steel "U" bolt 5/16" balts
FOOTINGS Varied B"xl3"x24" steel plate welded to
post
: AMPACT IMPACT IMPACT IMPACT
IMPACT PERFORMANCE ANGLE = 157 ANGLE # 25° ANGLE =15° " ANGLE #25°
IMPACT CONDITIONS . L
Speed {mph) HO TEST 87.0 NG TEST 56,0
Vehicle Weight (ib. } 4300 3680
BARRIER
Dynaméc Defiection (ft.) 17.0 7.00
VEHICLE ACCLERATIONS(G'!J‘
Ltoteral . UNAY UNAY
Longitudinal . UNAY URAY
Total UNAY UNAY
VEHICLE TRAJECTORY
Exit Angle {dag.} UNAY UnaY
Roll Angle {deg.) UNAY UNAY
Pitch Angile {deg.} UNAY UNAY
BARRIEER DAMAGE UNAY Unay
REFERENCES 138 1
FIELD PERFORMANGE DATAS YES YES

REMARKS

Barrier suitable for wide fiat
mwedians.

System suitable for wide wedians.

UNAV ~-unavail abl&

5o mini aecond dverage. uniess otherwlse noted

2

If aval lable, see aummary in’ Appendix 4
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Table IV-B-1. "Operational Median Barrier Systems (Continued)

. . .
3] 563 .
Metric Conversions ! : 1[ 3 30 ‘
i 7¢
| ft. = 0.305m L } . ! I
{ in. = 25.4 mm . . - 2 | l
| mph= 1.61 km/hr R & i
P I, = 0.454kg ol e I
i " .
24 e
| . | i
SYSTEM =~ MB3 MBau
Box Beam Blocked-Out "W" Beam {Wood Posts}
BARRIER DESCRIPTION
POST SPACING o ’ 6' 3" .
POST TYPE $3:5.7 8"x8" Dougtas Fir
BEAM TYPE 8"x6"x4" steel tube Two “W" section, two C6x£.2 rubrails
OFFSET BRACKETS Yone . Two 8"x8%%14" Douglas Fir Blocks "
MOUNTINGS Steel paddles 5/8" diameter bolts
FOOTINGS . 8% x24" steel plate welded to FNone
post
IMPACT IMPACT IMPACT IMPACT
IMPACT PERFGRMANCE ANGLE =10° ANGLE =25" ANGLE = 15" ANGLE = 25"
IMPACT CONDITIONS
Speed {mph) 49,0 56.0 © o WO TEST 69.0
venicle Weaight {ib.) 4540 3500 . 4570
BARRIER
Cynamic Deflection (ft.} 0,75 5.50 =2.00
|
VEHICLE ACCLERATIONS (G's)
Loteral UNAY UNAY UHAY
Longitudinal UNAY : UNAY UNAY
Total UNAY 5.30 UNAY
VEHICLE TRAJECTORY
Exit Angle (deg.} 3 9 15
Rolf Angle (deg.) 0 =5 UKAY
Pitch Angle (deg. } 0 =5 UKAY
3 posts only. 30" of steel
BARRIER DAMAGE . tube beam arnd UNAY
10 posts.
REFERENCES 14 17 ¥ 140
FIELD PERFORMANCE DATAZ ’ YES YES
System suitable for wide medians, Southern yellow pine is accept-
. able alternate for Douglas Fir,
REMARKS A "W" beam centered at 10" above
grade is an acceptable alternate
rubrail. :
UNAV — unavailable
i50 miltisecond average uniess otherwise noted
_Elf avai labte, sea summary in Appandix A
6" x B" post acceptable alternate based an G4{?W) test results.
Y6 x B" x 14" block acceptable based on G4(2W) test results,
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~Table IV-B-1. Operational Median Barrier Systems {Continued)

Metric Conversions

0.305m
254 mm
1261 km/hr
0:458 kg

1 ft.
tin.
| mph
I .1b.

Boanowon

AN

M
£

VAV

- [ g

“(Footing & Reinforcing Vories)

SYSTEM

MB4S
Blocked-0ut "W* Beam (Steel Posts)

MBS
Concrete Median Barriar

- BARRIER DESCRIPTION

POST SPACING 6' 3" Continugusly poured, reinforced,
POST TYPE WEX8.5 ¢ slopad face, concrete section.
BEAM TYPE Tuo stee] "W" sections Barrier can be anchored by dowels
OFFSET! BRACKETS Two WGX8.6" or an asphalt key. See text for
'MOUNTINGS 5/8" diameter steel bolts further details of various
FOQTINGS None configurations tested.
IMPACT “IMPACT IMPACT IMPACT
IMPACT PERFORMANCE ANGLE= 15¢ ANGLE = 25° ANGLE* 15° ANGLE = ;50
IMPACT CONDITIONS
Spaed (mph) 57.0 NO TEST £0.7 62.4
Vehicle -Weight {Ib.} 3500 4210 4000
- BARRIER
Dynamic Deflaction (f1.} 1.50 0.00 0.00
i
VEHICLE ACCLERATIONS (G o}
Laterol UNAY .00 2.00
Lengitudinal UNAY 5.00 7.00
Total . 5.70 UNAY URAY
VEHICLE TRAJECTORY X
Exit Angle (deg} ] 1.5
Relf-Angle {deg.) 0 =25 =135
Pitch Angle (deq.) 0 =10 =20
25" of it ,
section and one .- None
BARRIER DAMAGE 2 posts.
REFERENCES 17 : o 3

FIELD PERFORMANGE DATA®

YES

YES

REMARKS

" Jcome critical.

Geod redirection for impact angles
of 15° or less. At larger ijmpact B
angles vehicle roll and pitch may .bg-~
Recommended use on
narrow medians, retaining walls, rock
cuts, etc. Several modified versions

UNAV —unavailabie

".':Omil lisecond average .unless ctherwise noted
T :avol {abie,: see summory In Appendix
143" x 5 578" x 3/16" “C" steel post acceptable based on G4{2S) test results.

"4 1/3" x 5 5/8" x 3/16" "C" steel blackout acceptable based on G4{2S) test results.
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Table IV-B-1. Operational Median Barrier Systems (Continued)

Metric Conversians

[ ft. =0.30C5m

I in. = 25.4 mm

| mph= 1.8 km/hr
i Ib. = 0.484kg

T
i
27"
63"
o
.

1
7| [T 2t
o, 4..I

SYSTEM

Mp 7 My
Al Atuminy i 2]
BARRIER DESCRIPTION .

POST SPACING 6' 3". . 2 oa

POST TYPE Aluminum I or steal 53x5.7 2" 1 section aluminun

BEAM TYPE Aluminum extrusions 545" x7%" . H section aluminum

OFFSET BRACKETS None Four standard aluminum extrusions

MOUNTINGS Steel or aluminun paddles None .

FOOTINGS 8"x3/16"x24" steel or aluminum Standard Hardware

plate Hone
IMPACT IMPACT HPACT IMPACT
IMPACT PERFORMANCE ANGLE =15° ANGLE =26.6" ANGLE £7" ANGLE =25

IMPACT CONDITIONS
Speed (mph) 53.0 62.7 51.0 56.0
Vehicle Weight (Ih.) 4900 4057 4000 . 4000

BARRIER : :

Cynamic Deflection (€t.) 1.50 7.20 UNAY UNAY
) . ’

VEHICLE ACCLERATIONS (G's) ' 3
tataral UNAY 4.10 4.70 4.03
Longitudinal UNAY 3,70 1.00 . 9.0
Teta? UNAY UNAY UNAY UNAY

VEHICLE TRASECTORY
Exit Angle (deg.) UNAY LNAY 4 =0
Roll Angle {degq.) UNAY UNAY UNAY UNAY
Pitch Angle {deg.} UNAY UNAY UNAY . UNAY

BARRIER DAMAGE UNAY LRAY UNAY : UNAY
REFERENCES 1 1 1 1

F|ELD PERFORMANCE DATA2

N0

NO

REMARKS

UNAY — unavaiiable
1 X

&0 miliisecond average unless otherwise noted

2” oval lable, see summary in Appondix A
From mechanical peak-g accelerometer
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Table IV-B-1.

Operational

Median Barrier Systems (Continued)

»
124
— 7"
Metric _Conversions P
. "
| #. = 0.308m [ 28
| in. = 25.4 mm 3 Fitler |
I mph= 1.6] km/hr x4"Long Z
I th. = 0.454kg. |- i {
u"
MB 9 - MB 10
SYSTEM' Blocked-Out Thrie Beam Metal Beam Guard Fence
(Steel Post) {Stee] "Breskaway" Post)
BARRIER DESCRIPTION
POST SPACING g 3" 6' 3¢
POST TYPE - W6x8.5 4ex8.5 steel
BEAM-TYPE- Two Thrie Beams Two steel “W" sections
OFFSET BRACKETS 16x8.5 . None
MOUNTINGS. 5/8" diameter steel bolts 5/8" diameter bojt
FGOTINGS: UNAY 7"x11"x5/8" steel plate
IMPACT IMPACT IMPACT IMPACT
IMPACT PERFORMANCE, ANGLE = 17% ANGLE = 26° ANGLE=14.7° | . ANGLE "25°
(MPACT CONDITIONS
Speed {mph) . 54.1 66.1 63.4 57.3
Vehicle Weight (1b.) 2200 4500 4200 3640
BARRIER
Dynamic Deflection {ft.) 0.33 317 1.00 1.50
. [
VEHICLE ACCLERATIONS (G's)
LO'E(M 5.30 5.30 6.30 URAY
Longitudingl 2,00 6.60 4.30 10.0
Tetal UNAY UNAY UNAY UNAY
VEMICLE . TRAJECTORY _
Exit Angls (deg.) =2.0 less than 10 3.8 15.7
Roll Angle- {deg;) ] Q ] less than 10
Pitch Angle (deg.} 0 o} 0 less than 10
BARRIER DAMAGE " None ©25' of thrie E0' of "W". 50' of “W“
. beam and -3 section and 3 section and
posts. posts 3 posts.
REFERENCES: 21 21 32 k1|
FIELD PERFORMANCE DATA2 NG [y]
. Good redirection. Some wheel
Provides smooth redirection. Rub- snagging occurred in 25° test,
rail not needed. Chance of but was not severe. Fillet weld
REMARKS vehicle snagying on post is mini- at base 15 3/8" weld along cut-

mal,

side edge of flange only.

This

is critical. for shearing at low

imgact energies

UNAV — undavaitable
1

50mil Hisecond overage unless otherwise noted

2lf avai lable,. see summary in Appendix A
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Table IV-B-2. - Median Barrier Data Summary

1Based on 25° impact unless otherwise noted.

250 millisecond average unless otherwise noted.
eference 22, 23.
“Based on 15° jmpact data.

3See r

Speak

6To be included in a revised edition of references 22, 23.

acceleration.

' 2 3
| Accelerations at 15° (G's) Accelerations at 25° (G's) - Is :
_ Maximum Dynamic; — . . - ; Barrier Hardware

System Deflection (ft.)} Latera1 Longitudinal| Total | Lateral | Longitudinal| Total| Standardized?3

Flexible Systems

MB1 17.0 No Test| No Test No Test| UNAV UNAY UNAY Yes

MB2 7.0 No Test| No Test No Test | UNAV UNAV. UNAY Yes

Sémi-Rigid Systems
- MB3 5.5 UNAY UNAV UNAV UNAY UNAY 5.3 Yes

MBAW =2,0 No Test | No Test ‘No Test| UNAV UNAY UNAV | Yes

MB4S 1.54 UNAV UNAY 5.7 | 7.1 ~ 7.6 UNAV Yes

MB7 7.2 UNAY UNAY UNAV . 4.1 3.7 UNAY Yes

MBS UNAY 0.7 1.0 UNAY 4,05 9.0° UNAY Yes:

MB9 3.2 5.3 2.0 UNAV 6.3 6.6 UNAV Yes®

MB10O 1.5 6.3 4.3 UNAY UNAV 10.0 UNAY No

Rigid System |

wes | 0.0 6.0 |50 wAv | 9.0 7.0 UNAV Yes

UNAV - Unavailable - Metric Conversion: 1 ft = 0.305 m.




V'Althoughfiﬁ'iS“difficu1t to classify or categorize the performance
'ofamedﬁan barfiens, they are usually denoted as one of three fypes:
fZexine,;semé;éiéid,-or rigid. "Flexible systems”undergb:considerabie
denamic'def?ection-upon'impact and-are generally more forgiving fhan

ﬁhe semi-rigid~or-£he rfgid systemé since they impose lower impact forces
'on;the-vehicle;'

*Based'on“the'test results shown in Table IV-B-2, systems MB1 and
~M82'are'consideréd.to-be flexible barriers.  In these systems, the resis-
~“tance to-impact~1sfdue in-most part to the tensile force:developed‘in

'the'cableffMBl)*or7the W-beam (MB2).. The cable and ‘the fdi] tear .away

' from'the'éuppoft:pqsts‘upon-1mpact; the posts thus Offer{ng neg]igibIe
_.resistance in:the “impact zone. However, posts outside the impact . zone
_ provide'resistance'essentiai'to control the defTectioh to'an acceptable
- Hmit. Sp]ices]ﬁre‘desjgned to carry the full tensile stréngth of the
- 'cable (MB1) or the rail {MB2). _

‘Systems“MB3 ‘through MB4S and systems MB7 through MB10 are considered
semi-rigid barriers. In theaMBB and the MB7 systems, the resistance is
'achieved'through the rail's combined flexure and tensi]e‘stiffness. The
‘posts near theﬁpbint of impact ére designed to break or tear-away,
“thereby-distributiﬁg the jmpact force by beam action to adjacent posts.
The remaining:semi-rigid systems resist impact through the combined tensile
.rand‘flexural-stiffness of the rail and the bending resistance of the:posts.
| In:the*MBlO‘system,rthe posts are designed to breakaway at;the base at a
relatively 10w=imp§tt_f0rce, about 5,000 pounds (22,240'N). Note that the
crail s b1onkedﬂout from the support post in the.ﬁstrohg post" systems,

- with ‘the exception of the MBS‘and-MBIO‘systems, Block-outs “in these
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systems minimize the potential for vehicle snagging on the posts and
reduce the tendency for the vehicle to vault over the rail. Additional
protection‘against snagging is provided in the MB4W by the rub rail.

| The MB5 system or the Concrete Median Barrier {CMB) is the only
operétional rigid median barrier. However, variations in the footing and
reinforcing of the MB5 have been tested and broven adequate. These
variations are summarized in Table IV-B-3. A contfhuous]y poured, post
tensioned MBS system has also been tested but has not received sufficient
in-service experiénce to be classified as operational (see MBE2 system,
Table B-3, Appendix B).

A considerable amount of interest has been shown in precast seg-
ments for the MBS system, and some crash tests have been performed.
Reference should be made to systems MBE1 and MBE3, Table B-3, Appendix B,
for promising precast barriers._ As of this writing, these systems have
not received ample in-service experiénce to be classified as operafiona].
To date, there has been no general agreement as to the minimum lengths
permitted in precast segments, the connection details, the anchorage
”details, and the amount of reinforcing needed for handling and/or impact
‘performance.

It fs also to be noted that current research (57) indicates that
the 1mpactrperformance of the MB5 system can be improved by slight
f‘chahges to its shape. Referénce should be madezto the MBE4 system
(known as Configuration F), Tabie B-3, Appendix B, for the suggested new
shape. The MBS shape 1is shown on.the drawing as a dotted 11ne. The

reader should keep abreast of these and other median barrier developments.
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Table IV-B-3. Variations in the Cbntinuobs Concrete
Median Barrier Design (MB5).

Length of Description Description
Barrier Barrier ) - of -~ of _
Configuration | Tested(ft.) Reinforced? Reinforcing Footing Reference |
A 150 ' Yes’ 8 - #5 continuous, . | System placed on grade.
grade 60, reinforc- 1 in. layer of hot mix 3]
ing bars. asphalt placed at base '
of barrier to provide.
lateral restraint.
B 160 (poured No None Base of system (unre-
in 20 ft. inforced concrete) is 14
segments) _ extended 10 in. below
grade. '
C 97 Yes 1 - #4, continuous, System 1is placed on
reinforcing bar. Ad- .| grade over existing '33

ditional reinforcing | Towered cable bar-

'1is provided by 3/4 in.| rier. Footing of
diameter cable from existing barrier pro-
existing Towered ca- | vides lateral restraint.
“{ble barrier.

Note: 1 ft. = 0.305ms 1 in. = 25.4 mm




Note that the rail heights range from 27 inches (0.69 m) to 33
“inches (0.84 m). A minimum height of approximately 27 inches (0.69 m)

is a necessary, but not sgfficient, condition to insure proper barrier
impact performance. The barrier must also be designed so that upon im-
'pact:the rail remains essentially at its original mounting height. Note
also that the post spacing for "strong post" systems is 6.25 feet (1.91 m)
with the exception of the MB8 system. Tests have shown that this spacing
is needed for this type of system to minimize vehicle snagging or pocket-
ing. |

| Current fesearch indicates that the most desirable height of the
MB5 system_is:32 inches (0.81 m). This height has been reached after
carefully evaluating factors such as vehicle redirecfion, sight distance,
- structural stabiTity of the barrier, and the psychological effect of
barrier height on driver reaction. Unless sufficient justification exists,
variations in this height are to be avoided.

The degree to which the operational systems satisfy the recommended
structural and safety criteria of Section II-B varies. All are considered
to be structurally adequate, although some obviously deflect more than
others. -A]though all do not satisfy the impact séverity criteria, the
acceleration criteria is tenuous and currently under review. Nonetheless,
median barriers which minimize impact forces should receive strong con-
sideration. With regard to the thic]e-trajectory hazard, it is desirable
that the vehicle be redirected parallel to the barrier. An exit angle

of 10° or less may be considered a non-hazardous post impact trajectory.
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The designer should be aware of the impact perfdrmance sensiti-
vity of median barriers to a number of conditions. These include soil
conditions, Tength of iﬁsta11ation, type of end anchohage and rail
tension, post spécjng and post size. Some of these pafameters Have
been investigated and the reader is encOuraged.to review the results
(18). o o

An effort ‘has been made to standardize hardwar‘e. for widely used
traffic:barriers_(gg} 23). Standardization.is beneficial in terms of
- economy, improved availability of parts, readily available details and
specifications, reduced repair time, and reduced inventory of replace-
‘ment parts becéuse of interchangeability of parts. Median barriers
which have been standardized are so noted in the last column of Table
IV-B-2. The referenced standardized documents continue to be revised
 peri0dica11y and the designer should obtain the 1atest pub1ications.

Shown in Table IV-B-4 are the types of median barriers recom-

" mended for the given median widths. The primary consideration 1p
-establishing these guidelines was safety, both to the motorist andrthe
maintenance persdnnel who must repair damaged barriers. Each'barrier
type.exhibits characteristics which make it more desirable for a given
median condition than the others. These characteristfcs are as fo]lows;

Rigid Systems - The MB5 system (often referred to as the CMB) is
the only operational rigid barrier. It does not deflect upon impact and
: jt therefore dissipates a negligible amoﬁnt of the thicTe’s iﬁpact |
energy. ‘At shallow impact angles, whiéh is characteristic of impact in
narrow medians, the MBS system will redirect the vehicle with 1ittle

or no damage to the vehicle. At higher impact angles, major damage to
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Table IV-B~4. Suggested Median Barriers}
as Related to Median Width

Median- Width - Suggested Barrier

Up to 18 feet Rigid or Semi-Rigid®

18 to 30 feet Rigid, Semi-Rigid, or
FiexibTeB

30 to 50 feet Semi-Rigid or Flexible

1If warranted by Figure IV-A-2.

ZSemi—rigid system with dynamic deflection greater
“than one-half of median width not acceptable.

3MB1 system not acceptable.

Metric Conversion: 1 ft = 0.3048 m
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the vehicle can be expected, together with the probability of occupant
injuries. It has been shown that the MB5 system can'safe1y redirect a
tractor-trailer truck at a moderate impact speed and impact_angle'(gg).
On impact,.this.barrierfsuffers 1ittle or no damage and hence requires
littie maintenance. This has an added benefit as traffic is not dis-
rupted: by exteﬁsive maintenance operations and the maintenance forces
are not exposed: to the hazard of Targe volumes of relatively hjgh—spéed
traffic. |

Semi~Rig£d_Systems - Some of these systems are practically rigid
while others are quite flexible. Each system, however, will dissipate
some of the 1mpéct energy through yielding of the rail and post elements
and the soil in some cases. For this reasbn, the semi-figjd systems are
more forgiving,fhan the MB5 system and thus reduce the probability of
injury, at least for the high speed-high angle impact. Most of the
semi-rigid barrier systems can sustain minor impacts without requiring
immediate and extensive restoration work. As noted in Téb1e IV-B-&, a
semi-rigid system with a dynamic deflection greater than one-half of the
median width (assuming barrier in the middle of the median) is not’
acceptable.

Flexible Systems - The filexible barrier is more "forgiving" than
the other typeé of barriers. However, its deflection characteristics
are such that it can only be used in relatively wide medians. It func-
tions primarily by containing rather than redirecting the vehicle. Even
minor impacts.ﬁsually require some restoration work. 7- _

It is important t6 point out that the height of the cable in fhe

MBl system is critical. "If its height is above'approximate1y 28 inches
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(0.72 m),'sma11 cars submarine under it. If its height is less than
approximately 27 -inches {0.69 m), large cars can vault over it. The
MBI should %herefbre not be used in -medians with significant terrain

irregularities.
IV-B-2. Transitions

| ~Median barrier transition sections are needed between adjoining
median barriers of significant differences in lateral stiffness, between
a median'bérrier and another type of barrier, such as a bridge rail, or
when a median barrier must be stiffened to shield fixed objects in the
median such as a cohtinuous illumination system. Reference should be
made to Figure IY-A-1 for examples of median barrier transitions.

Unfoftunate}y, there are no operational median barrier transition
sections to report. A system (TR5) has been developed and tested
- for transitfoning the MB10 system around luminaire poles in the median,
and is described in Table B-10, Appendix B. It is Tikely this system
will become operational in the near future.’

Until operational median barrier transitions are developed, the
engineer.may have to design and install transition sections without the
benefit of.crash test evaluations. In such cases, the design guidelines
_ presented hérein should be followed c1ose]y. |

‘Impact performance requirements of median barrier transitions are
essentfa11y the same as those for the standard median barrier section.
Specia1 emphasis must be placed on the avoidance of designs which may
cause vehicle snagging or excessive deflection of the transition.

Structural details of special importance are as follows.
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(a)

(b)

(c)

A1l rail splices should be capable of developing the full

tensile and flexure strength of the weaker rail. Examples

are the MB1 to the MB4W, or the MB4W to the MBS,
A flared or sloped connection should be used when it can

snag an errant vehicle. With reference to Figure IV«A-l,

" such a connection would be needed on the north side of the

semi-rigid-to-rigid transition. In this regafd, the stan-

dardized terminal connector (22) (sometimes referred to as the
"Michigan end shoe") is suggested for attaching approach W-beam
rail to the MBS sysfem or parapets, and to structurally com-
patible rails. An example of the use of the terminal connector
is shown in the TR2 system, Appendix B, Table B-10. Another
effective rail-to-parapet connection can be achieved by, pro-
'viding'a recessed area in the parapet wall to receive the rail.

This is illustrated in Figure I11-B-2. Other potential con-

nections and transitions are shown in the last part of NCHRP

129 (39).

Strong post median barrier systems must be used on transitions

-to the MB5 system or to bridge rails or parapéts or rigid ob-

jects. Such systems should be blocked out to prevent vehicle

- shagging on the posts. However, block-outs alone may not be

sufficient to prevent snagging at the section just upstream
of_the rigid system or obstacle. A.rub rail may be desirable
in some_designs using the standard W-beam or box beam (see rub
rai]:oh MB4w system). .Rub rails are especially needed when
the approach rail is terminated in a recessed area of the

parapet. The rub rail should also be terminated in the
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(d)

(e)

(f)'__

recessed area as illustrated in Figure III-B-2. The
"designer is also encouraged to jnvestigate the potential
‘use of the thrie-beam system (MB9) for transition sections,

" Tests have shown that the thrie beam performs well as a

transition rail (see TR4, Appendix B, Table B-10).
The length of the transition should be such that significant

Changés in the Tateral stiffness do not occur within a short

.distance. It is suggested that the transitioh length be at

a minimum approximately 25 feet.

The stiffness of the transition should increase smoothly and

'éohtinuouSTy from the weaker to the stronger system. This

is usually accompl ished by decreasing the post spacing and/or

deéréasing the post spacing and 1ncreasing the post size.
The flare rate of the transition should adhere to the gquide-

lines presented ih Section IV-B.

The engineer is sometimes faced with the problem of designing a

.barrier element such as a transition section. NCHRP Report 115 (18)
summarized available Tongitudinal barrier computer programs and analyti-
- cal procedUres used to investigate a barrier's impact performance, and
- presented an evaluation of each. The reader is_enéburaged to investigate
theSé and other computer programs for possible impTementation. A pro-
cedure for estimating the impact Toads on a Tongitudinal barrier is
presented in Appendix G. ~Although this procédure over-simplifies the
actual vehfc]e-barrier interaction, it provides reasonable results and
it is easy to use. In the absence of more accurate méans, this procedure

can be used.
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IV-B-3. End Treatment

~ An untreated end of a median barrier is extremely hazardous. Im-
.pact with the untreated end of a metal beém'type system may result in
thé-beam penetrating the passenger compartment as we]ilas-an abrupt stop.
 Impact with the untreated end of the MB5 system will result in unto}erab]e
~ impact forces.. A-crashworthy'end_treatment_for a medijan barrier is
essential if the barrier is terminated within the clear distance of
travellfrom either direction. |
.‘ To be‘crashﬁorthy, the end treatment should notrspear, vault, or
ro11 the vehicle for head-on or "nose" impacts. Véhicle accelerations
should not exCeed:the recommended Timits. For impacts between the end
and the. standard section, the end treatment should have the same redirec-
tiona1 characteristics as the standard median barrier which means.that
fhe end must be properly anchored. The end treatment r&ust thus be capable
of developing the full tensile strength of the standard rail element,
whether a crashwo.r*thy end treatment is warranted or not.

Shown in Table IV-B-5 are the three operational median barrier end
treatments. The MBET1 was tested with the MB4W system but could probably
be adapted to any of the systems using the W-beam. With éome.modifications
it could a]so be adapted to the MB5 system. The remarks of the MBETZ
system discuss. its adaptability to other systemé. The MBET3 system is
idea}ly-suitedgfor the MBS system, as well as the MBS system.

If adequate space is available at the median_barrier terminal, a
graSh cushion can also serve as an effective end treatmenf. Reference

should be made to Chapter VI for crash cushion details.
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Table IV-B-5. Operational Mediah;Barrier

End Treatments

Metric_Convers ioas

t. = C.305m
n..= 254 mm

mph = 1.8l xm/hr

I f
i
1
1

e o 2 Spoces @ 0ST SPACING
b 7:-0 58" g o OIS 2 G 5
TERMINAL ANCHOR |6-3"= |26 @6
POST § CABLES . . | i

VU A
3/16"¢ 30" STEEL £. MB4W SYSTEM
3/716" x 12" STEEL R. -~ .

: PL AN
: MICHIGAN
END SHOE

22 GA. 5% GAL.
STEEL BARREL

Ib. = O.454 kg O "
- 2 [

"8 o Pl
P 30| ——
o .
25" :_ 3-0

Lyt

DIA. (S TYP
MBETT
SYSTEM

Median Barrier Breakaway Cable Termipal
{Wood Fost)

.BARRIER DESCRIPTION

TYPICAL POST - 8"x8" Douglas Fir; TERMINAL POST - 6"x8" Southern
Pine with 2 3/8" diameter hole drilled through neutral axis; ANCHOR.
AGE - Cable assembly (see sketch); FOOTING - 24" diameter, 30" deep
cencrete for terminal posts, other posts require none; TYPICAL RAIL -
steel "W" section, 12 GA,; TERMINAL ‘RAIL - 3/16"%30" steel plate;
OFFSET BRACKETS - 6"x8" Southern Pine block.

IMPACT PERFORMANCE HEAD ON IMPACT SIDE IMPACT
IMPACT CONDITIONS
. Speed (mph) 64.8 NO TEST
Angle (deg) 1.2
Vehicle Weight (ib.} 3900
BARRIER
Deceleration Distance [fi.) 22.0
- 1
VEHICLE ACCE|.ERATIONS (G's)
© Lateral 5.0
Longitudinal il.6
Totat UNAY
VEHICLE TRAJECTORY
Exit Angle (deg) Behind rail
Roll Angle (deg.) =
Pitch Angle {deg.) =0
Entire terminal rail and 4 ter~
BARRIER DAMAGE minal posts
REFERENCES 27 3

FIELD PERFORMANGE DATA>

1]

REMARKS

System was tested with MBAW system. Details of the end posts, anchor-
age and footings are critical. E

UNAV - unavailoble

1ag mil | isecond dverage unless otherwise noted
2lf avaiiable, see summary in Appandlx 3
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Table IV-B-5.

Operational Median Barrier
End Treatments (Continued)

‘Wetric ‘Convaraions

« on oo 2 Spaces ;
o 70 5.6 5 ‘r@‘ POST_ SPACING o
TERMINAL™ 4 anchoR | 8-3"y 2le' €6-3
POSTS ¢ GABLE i i \ 7
BEHE |
= e : } =
3/16" x 30" STEEL R, | :

MB4S SYSTEM

3/16" x 12" STEEL 2.

{111 = 0305m. . PLAN
|imn s Lot e STEEL BARREL 30'm, 12'R 10 GA. MICHIGAN
o{1 1b. ™ 0.454Kkg i 4 END\SHOE . .
3
2 L
2-
i
TN ;.‘\‘ou
13
i
MBET2 Co
- SYSTEM ¥edian Barrjer Breakaway Cahle Terminmal
{Stael Past)
TYPICAL POST - W6x8.5 steel; TERMINAL POST - T$6"x8"x(.1875" steel

‘BARRIER. DESCRIPTION

breakaway design; ANCHORAGE - Cable assembly (see sketch); FOCTING -
24" diameter, 30" deep concrete for terminal posts. other posts
require none; TYPICAL RAIL - steel "W" section, 12 BA.; TERMINAL
RAIL - 3/16"x30" steel plate; OFFSET BRACKETS -~ &"x6" stee! blocks.

“IMPACT PERFORMANCE HEAD ON IMPACT SIDE IMPACT
IMPACT :CONDITIONS :
Spend {mph} 58 ’ .62
Angle (deg) 0 25
Vehicle-Waight (b.} 4500 4500
BARRIER ’ 4
Daceleration Distance {f1) =25 5.3
v d
VEHICLE ACCELERATIONS (G8)
Lateral 3.0 6.5
. Longitudinol 9.7 6.0
Total UNAY UNAY
VEHICLE TRAJECTORY
Exit-Angla (deg) noapS =0
Roll -Angle {deg.} UNAV =10
Pitch sAngle-(deg.) w15 =20
BARRIER DAMAGE Entire terminal rail and 5 ter- 12' of terminal rail and 20' of
minal.posts typical rail, 4 -terminal posts
and 4 typical posts
‘REFERENCES &7 ' Lz
FIELD PERFORMANGE DATAZ MG

"REMARKS

This system was tested with the MB4S system. Other docymented tests
have been conducted with the MB3 and MB4AS systems but with the ter-
minal posts. {TS6"x6"x0.1875" and W6x8.5} welded to a base plate at
grade. See Appendix C. Atthough not documented by crash tests,this
system could alse be adapted for use with the MB2 and MBS systems.

UNAV —unavallgble

' ?'50 millisacond dverage unisus etherwite noted
Zif -available,’ see summary in Appendix A

*40AP - not -applicable
Anaxinum dynamic deflection
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Table IV-B-5. Operational Mediah Barrier
End Treatments (Continued).

i ‘ 243"
& : 3 @ q
P y—
N5
| =1
Matric Gonvaruions. )
(1) RDRI CARTRIDGE PLAN
1 ft. = 0.305m (2) o1aPRAGNHS
I in. = 25.4 mm .
| mph e §.61.kmhr (3) THRIE BEAM PANELS
1 ib. = 0.454 kg (3) noSE WRAR :
- 2-g" /:_i) (?
2-o" « SLOTTED HOLES
AN
— T - oo 13 1 T i [ Y [T T
& S SR ey gy . e A N et
= eI
s sl
G} - @
ELEVATION
SYSTEM MBET3

Hi-dri cell cartridges used in conjunction with telescoping steel
thrie beam fender panels.

BARRIER DESCRIPTION

IMPACT PERFORMANCE HEAD ON IMPACT SICE IMPACT
IMPACT CONDITIONS
Speed {mph) 62.0 . 83.0
Angle (deg.! li] 20
Vehicle Weight (Ib.) Pontiac Sedan 1968 Buick LeSabre
BARRIER
Deceleration Distance {1t} UNAY : UNAY
) i
VEHICLE ACCELERATIONS (G's}
Lateral UNAY . g.03
Longitudinal 15.03 5 03
Totat UNAY UNAY
VEHICLE TRAJECTORY :
£xit Angle (deg) UKAY B
Roll Angle (deg.) less than 10 o
Pitch Angle (deg.) less than 10 0
) Hi-dri cell cartridges destroyed.
BARRIER DAMAGE Thrie beam not damaged. None
REFERENCES ' 3 k7
FIELD PERFORMANCE DATA® Mo
Vehicle vawed 48° in head-on test. Slight barrier damage reported
REMARKS . : in all tests.

UNAV — unavoiloble
150 mil1 is0cond avarage un|ess otherwise noted
[t availgble, se¢ summuary in Appendix A

3 Peak acceleration
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‘Emergeﬁcy.openings in median barriers are to be avoided if.possible.
fwhen*necessary,,the openingmshou1d be designed so as not to require a
crashzattenuatingsend treatment; I1f the median is of sufficienteWidth; a
desiganimi1ar‘togthat shown in Figure IV-B-1 is suggéSted-forfsemi-
rigid.and rigid*syStems;' the that | o

¥w~=J2a +d Sin 8 - (1v-B-1)
As -an example, assume

2 ft (0.61 m),

Lan=
wde=-8"ft (2.4 m), and
=§ =25 degrees

‘Thus - o
W=7.4 ft (2.3 m)

Or,-if:anxopéningéafAB feet (2.4 m) is of sufficient Width,‘such;a design
will suffice for:median widths in excess of 7.4 ft (2,3 m). It is:desirable
that o be as large.as possible, but it 1s-éssential that it bé-no Tess than
25 degrees. -A-gate could be placed across the opening if problems arise
‘with unauthorizedﬂcrossings. Careful consideration must be given to the
terminal design ‘to-insure proper ancﬁorage for the semi-rigid systems.
The terminaT.must;also be capab]é of redirecting impacts at or near the
end of the terminal. The flare rate of the terminalléettion should- adhere
to criteria given inHSeﬁtion ITI-E-4, |

~Other designs have been used for~emergency openings. These;hgve
included W-beam barriers with quick release bolts and-hufs, load binder
tab1e“release;mechanisms for the cable barrier and a steef.p]atedfgate
'fortthewMBSHSystgmhwhich has the barrier's shape when Cioéed-and;Opeﬁngy
rOTITng:the.platés:down'flush with the pavement. These'systems,*however,

haVe:not'been~EVa1uated.by érash tests.
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* © must be = 25 degrees.

**The flare rate of the terminal section should not exceed the flare roies

suggesied in Section IL-E-~4 (Table IL—-E~1).

Figure IV-B-1. Suggested Emergency Opening Design for Semi-Rigid or Rigid Systems



IV-C. Maintenance Characteristics

Section III-C contains a discussion of the maintenance factors to
consider.before selecting a roadside barrier. Those factors are esseh-
tially the same ones that should be considered before‘séiecting a median
barrier. The re@der should therefore refer to Sectiom ITI-C and Table
III-C-1. There are, however, some differences in maintenance consider-
ations between the fwo types of barriers and these are discussed below.

The extent of median barrier damage for a given set of impact'
conditions will depend on the strength of the barrier. Where available,
the tables in Section B of this chapter give the barrier damage as a
result of a crash test for specific impact conditioné.ﬁ To supplement
these data, a gross survey was made of severa1 states to determine typ-
ical collision rebafr values experienced in the fie1d.-'Tab1e IV-¢-1
summarizes the available field data. It should be remembered that these
are average vaTue$ needed to repair a damaged section and not average
values based on all hits. Many hits are only brushes and cause no |
appreciable barrier damage. |
| ~ Information in Table IV-C-1 was taken from bothfurban and rural
‘areas. However,'thé data did not permit a differentiation between the
two. It is speculated that the majority of the impacts with road-
side barriers oécur in urban areas whefe traffic densities are high.
More manpower is'usua11y needed for traffi; control purposes in urban
areas than rural areas. In this_kegard, the hazard fo both the motorists
and the crew dUPing repairs shouid be a major concern."Operating.speeds
for_the roadways-are unknown but it is probab1é that the data came pri-
marily from high speed facilities. o

128



Table IV-C-1. Collision Repair Data for Median Barriers.

6l

Typical Material .t o :
: Typical Repaired or Replaced ~ Average Refurbishment Time

System Crew Size Rail (ft.) Posts (Man-Hours/Foot of Rail)
MB1-Cable Barrier® o 3-4 75 8 - 0.10
MBI-Cable Barrier” 34 75 8 o 0.13
MB1-Cable Barrier® 3-4 . 75 8 0.055
MB1-Cable Barrierd 3-4 75 - 0.083
MB2-W-Beam on Steel

Weak Posts 3-4 53 4-5 0.32
MB3-Box Beam UNAV _ 36 4 0.61
MB4W-Blocked Out

W~Beam on Wood : : : : ~ - - o

Posts - : 4-5 25 : -4 : - 0.36

8ost in asphalt, with giare screen Metric Conversion: 1 ft = 0.305m

bPost in PCC, with glare screen

Post in asphalt, without glare screen
dPost in PCC, without glare screen
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Tab]e’IVQC—l. Collision Repair Data for Median Barriers. (Continued) .

eSummer conditions (data from a north-centra? area)
f-b'.h'nter conditions (data from a north central area)

_ Typical Matefia] o _ o :

S Typical __Repaired or Replaced “Average Refurbishment Time
| ~System Crew Size Rail (ft.) ] Posts (Man-Hours/Foot of Rail)
| MBQS-Biocked Out

W-Beam on Steel _

Posts 4-5 57 4-5 0.36
MB5-Concrete Median _ - Not

Barriers 4-5 UNAY Applicable 3.50
MB?-AIu@inum Strong _

Beam 4 66 it 0.48
MB7-Aluminum Strong | |

Beam' 4-6 66 11 0.73
MB8-ATuminum Balanced R

Beam : B i L --NO DATA AVAILABLE--+-r=-—mmsmcmmmmnc e
MB9-Blocked. Out - '_ B

Thrie Beam e P NO DATA AVAILABLE~w==w-mmmmecic e e

{ MB10-W-Beam on Steel _ o

. Breakaway Posts 5-7 56 2 0.59

Metric Conversion: 1 ft = 0.305 m




It musi.be noted that the relatively high refurbishhent time for
the MB5 syStem can_be misTeading. Although the typical length of barrier
repaired.was unavailable, it is widely known that the MBS system requires
far Tess maintenance than any other ]ongitudﬁnai barrier..

o With kegard to environmental factors, questions have arisen about
‘the potential of snow drifting on the MBS system‘and the MB6 system, due
to their Targe'fronta1 area. At this time, there is no documented
evidence that these barriers cause any more drifting than other barriers.
However, an effort should be made to determine if such a prqb]em exists

before insta11ing these barriers on roadways with high snowfalls.
IV-D. Selection Guidelines

Once it has been determined that a median barrier is warranted, a
selection mgst be made. Although the process fs complicated by the
number of variables and the lack of objective criteria, there are guide-
Tines which should be followed. Iﬁ general, the most desirable system
is one that offers the best protection at the least cost and s consis-
tent with the given constraints. Table IV-DQl presents nine items which
should be considered before a selection is made.

The firét'item in the se]ection process is to determine the type
of median barrier recommended for the given median width. This is done
by ﬂse'of Table IV-B-4. Then a selection must be made.from'fhe avail-
ab1e barriers within,the type recommended, i.e., rigid, semi-rigid, or
flexible. In this regard, the designer must’giVe.careful consideration
to thé deflection chafacteristics as we11:as the Safety aspects of the
available bafriers. Detai1ed discussions of these characteristics are

given in'Seétion B. 131



Tab]e.IV-D-;; Setection Criteria for Median'Barriers

Ttem |

Consideration

Median Width and
Deflection

. Strength and Safety

Maintenance

Compatibility

Costs

Field EXperience

. Resthetics

Promising New Design

. Cr1ter1a in Table IV B-4 should
be used.

Dynamic deflection of barrier
should not be greater than one-
half of median width.

Cable barrier should be placed
on flat medians.

‘System should contain and redirect
-vehicle at design conditions.

System should be least hazardous
available, consistent with costs
and other considerations.
Collision maintenance.

Routine maintenance.

Environmental conditions.

‘Can system be transitioned to

other barrier systems?

Can system be term1nated pro-
per]y? _

. -Initial costs.
-Maintenance costs.

Accident costs to motorists.

Documented evidence of barrier's
performance in the field.

Barr1er should have p]eas1ng
appearance.

. It may be desirable to install new §

systems on an experimental basis.
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Maintenance factors which should influence median barrier selec-
tion are discussed in Section C of this chapter. Available maintenance'
data on the.operationaT systems are also presentedlthere. A special
point of fnterést in maintenance concerns the availability of replacement
parts, as well as their interchangeability and aéceptable alternates.
Reéent shortages in some barrier hardware has pointed to the.need for
advance planning and alternate hardware. Before_ééTecting a system
météria1'supp1iers should give some assurance of future availability.
.Reference shqu1d be made to the discussioh of standardization in Section
1v-B-1.

Compatibility is a very important item that should be considered
in the selection process. Two major'deficiencies of many median barriers
are the abseﬁée of crashworthy transitions and fhe absence of crash-
worthy end or terminal treatments. In selecting a median barrief, strong
consideratioﬁ should be_giveh.to its adaptabi]ity_to operational transi-
tions and end'tréatments. Sections IV-B-2 and IV-B-3 address these
_ pr6b1ems and'present the operational transitions and end treatments.

Initial costs and future maintenance costs of each candidate median
‘barrier should be carefully éva1uated. As.a general rule, the initial
cost of a system increases as the rigidity or strength increases, but
. the mainténance costs usually decrease with increased strength. Consid-
erafion should also be given to the costs incurred by the motorist_as a
result of collision with.the barrier. Both damage costs to tﬁe vehicle
and'injury costs to the occdpants need to be evaluated for a.typical
collision. The decision may Q]timate1y invo]vé the question of what

level of protection the state or agency is able to provide. The procedure

133



presented in Chapter VII should provide a means With which to aﬁproach
“this question{

| Item F in Table IV-D-1 concerns the field experience. There is no
‘_substitute for documented evidence of a barrier's field performance. In
'th1$ regard, the'evéluation forms for each operatibna1 systém, presented
“in Section B of this chapter, indicate the availability of field data.
If none exists, the state or agency which developed and.iﬁplemented the
system should be cdntécted for'data and their views and comments.

With regard to aesthetics, the barrier should have a pleasing
appearance. Howevef, under no circumstances should aesthetics juétify
a compromise in the crashworthiness of the selection.

Many of the'experimentaT systems 1nc]uded in Appendix B exhibit
excellent impact performance characteristics. The designer should give
serious consideration to the installation of some of the barriers, at
Jeast on an experimental basis. The performance of the barrier should
_be monitored, and if provén satisfactory, it may be installed on a

permanent basis.
-IV-E. Placement Recommendations

Major factors to consider in the lateral p1acemént of a median
barrier are the effects of the terrain between the edge'of the traveled
- way and the barrier on'the errant vehicle's trajectory, and the.flare
ﬁate of transition sections., Another factor bf concern is rigid 6bjects
in the median, |

A discussion of these'faqtors and the available criteria related

thereto follows.
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IV-E-1. Terrain Fffects

Terrain'COnditions between the trave]éd'way and the barrier can
have significant effects on the barrier's impact‘pefformance. Curbs and
's1oped medians (including superelevated sections) are two prominent
.features which deserve special attention. A vehicle which traverses one
of these features prior to impact may go over the barrier or submarine
under the bafrier or snag on its support posts. Research studies have
provided considerable 1nsigﬁt regarding the dynamic behavior of an auto-
mobile upon traversing these features. Automobile orientation (trahs~
tation and angular position) as a function of distance off the travéied
way is now known for a number of curbs and slopes_for various encroach-
ment conditions {speed and angle of vehicle). Thus, the impact position -
-of a car ré]afive tb a given barrier, placed at a given lateral distance
- from the fréve]ed way, 1S now known for a variety.of conditions. Back-
ground data, upon which the criteria in this section are based, are pre-
sented and discussed in Appendix F. |

ggggg.-'In general, it has been found that curbs offer no safety
benefits on high-speed roadways from the standpoint of vehicle behavior
following impact. It i{s therefore suggested that-:a curb, either when
used alone or when placed in front of a median barrier, nqt be u_.éed for
purposes of.redirecting errant vehicles. Although curbs may improve .
delineation and drainége,'it is suggested that other methods can be used
to achieve these functions.

If special conditions require the use of a curb and if a median

barrier is to be placed behind the curb, the reader should refer to the
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data in Appendix F for Tateral placement guidelines. As a general rule,
if the barrier face is within_approximate1y'9 inches (0.23 m) of the
curb's face, a'vehicle, traveling at approximately 60 mph (96.5 km/hr},
wil] not 1iké1y vault the barrfer. However, if the top of the.rail is
approximately 27 inches (0.69 m) or higher above the top of the curb,
impacts with the rail can be expected to occur at Tower than normal |
impact heights. This will occur since the vehicle will not undergo ap-
.preciab1e 11fting'before contact with the barrier occurs. In effect,

' the-hejght~of¢the rail exceeds its normal mounting heighf by the height
of the curb. For such mountings, a'ru5 rail should be placed between
15 to 20 inches (O.QSito 0.51 m) above the top of the curb.

.S1oped Medians. - The most desirable median is one that is relatively

flat (slopes less than 10:1) and free of rigid objects. If warranted,
the barrier can.then be plaéed at the center of the median.. When these
épnditjons cannot be met, placement guidelines are_necessary.

Figure IV-E-1 shows three basic median sections for which p1acemeﬁt
Quideiines are hresented. In each.section, it is assumed that a median
”.barrier is warr@nted by the criterta in Section IV-A. Section I app}ies
‘to depressed meﬁians or medians with a ditch section. Section II applies
to stepped medians or medians that separate travel ways with significant
differences in elevation, and Section III applies to raised medians, or
median berms; The criteria assumes that no appreciable §1ope rounding
‘exists. As discussed in Section III-A-1 slope rounding affords the driver
‘more control of an errant vehicle since it reduces thé potential for the
 vehic1e to becone aifborne,' It is therefore desirable'that sharp breaks

or hinges in median slopes be rounded.
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SECT!J)N I

SECTION I

Definitions of Median Sections

Figure IV-E-1.
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Section I - The sTopes and the ditch section should first be checked
by the criteria'in.section IIT-A to determine if a roadside barrier.is
warranted. If b0th s]obes require protection, a roadéi&e barrier should
_ be placed near the shoulder on each side of the median ("b" and "d"). If
only one s]ope_fequires protection, e.g.,'S3, a median_bdrrier should be
placed at "d". In this situation, a rigid or semi-rigid barrier is sug-
gested, and a rub rail should be installed on the ditéh side of the bar-
rier.

o If neither slope requires prdtection but aS, or Asa.is greatér.than
approximately 6 dégrees, a medﬁan barrier should be placed on the side
with the Targer AS. For example, if

AS, = 12°, and

b

the barrier would be placed at "b". A rigid or semi-rigid system is
suggested iﬁ thjs situation._

If ASb and'ASd-are both Tess than approximately 6 degrees, a
median barrier should be p1aced'at or near the center of the median (at
"c"}. Any typé of median barrier can be used, provided its dynamic
deflection is not greater than W/2.

Sécti@n Ir - If ASb is greater than approximaté]y'ﬁ degrees, a
median barrier.should be placed at "b"f If the slope is not traversable
' (rough rock cut, etc.) a roadside barrier should be placed at "b" and
"d".. It is not unusual for this section to have a retaining wall at "d".
If so, it is suggesfed that the base of the wall be contoured to the

exterior shape of the MB5 system.
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If Asb is Tess than approximately 6 degrees, a median barrier
| should be placed at or near the cénter.of the median.

| Section IIT - Placement criteria for'medién barriers on this
'éross-section are not clearly defined. Researchrhas shown that such a
cross-section, if high enough and wide enough, can itself redirect
vehicles (see MBR? system, Table B-4, Appendix B).-

As a general rule, if the cross-section itseT% is inadeqguate for
redirecting errant vehicles, i.e., the sTopes'are relatively flat, a |
semi-rigid median barriér should be placed at the apex of the crdsé-
section.

If theié]opes are not traversable (rough rock cut, etc.), a road-
side barrier should be placed at "b" and "d". If'retaining walls are
used at "b" and "d", it is recommeﬁded that the base of the wall be
contoured to the exterior shape of the MBS system._'Guide1ines for the
orientation of the MB5 shape on superelevated sections is as shown in
Figure IV-E-2. |

When a.median barrier is warranted, it is desirable that the same
. barrier be used throughout the length of need, and that the barrier be
'p1aced'in the middle of a flat median. However, it may be necessary to
-deviate from this policy in some cases. For exampie,'the median in
Section I of”Figure IV-E-1 may require a barrier on both sides of the
median. if a median barrier is warranted upstream and downstream from
the'section, it is suggested that the median barrier be "split" so that
continuity is maintained. This is i1]u§trated in Figure IV-E-3. Most
- of the.operational median barriers can be split this way, especially the
W-beam types and the MBS system. It involves a transition on both ends
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and a compatib]e‘operational roadside barrier at the sdpere1evated section.
It is noted that although a rigid roadside barrier similar to the MB5
system has not been fested, such a System'Wiii onioUsTy'perform the same
as the MB5 as long as it is structurally adequate. In other words, the
impact performancé of the MB5 shape has been clearly established.

A layout similar to that of Figure IV-E-3 is also Suggested where
depressed medians require barriers on both sides of the median, or at the

approach to a divided structure.
IV-E-2. Flare Rate

When it becomes necessary to flare a median barrier, such as at a
rigid object in a median, divided structures, etc., the flare rate
should not significantly increase the hazard potential of the barrier.

The f]afe rates given in Table III-E-1 for roadside barriers apply to
median barriers also. Reference should be made to Figure iII-E—4 for
parameter definitions.

Another special layout problem-concerns medians wh05e widths are
such that a median barrier 1srnot warranted but that have a rigid object
which warrants shielding. Typical examples are bridge piers and anlover-
head Sign support structure. If shielding is necessary for one direction
of travel Qn]y, or if the object is in a depressed median and shiering
- from either or both directions of travel is necessary, the criteria of
Chapter III should be used. If shielding for both directions of.travel
is necessary and.if the median is flat (side slopes less than approximately
6 degrees), two means of protectfon are suggested. In the first case, the
designer should investigate the possible use of crash éushions_to shield
the object (see Section VI-F). The second suggestion is illustrated in
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Figure IV-E-4., If semi-rigid systems are used, the barrier-to-hazard

- distance should be greater than the dynamic deflection of the barrier
(see Table I11-B-1). . If the MBS shape is used, the barrier can be
placed adjacent tolthe bazard, as shown in .Figure IV—E-4,. However, the
MB5 system shauid be used with discretion if the distance from the EQP

to the barrier is gréatér than approximately 15 feet (4.6 m).
IV-F., Upgrading Substandard Systems

Some existing median barriers are not necessafy while others are
substandard and will not_méet suggested performance levels, Substandard
'barriers‘usua]]y fall into one of two categqries, namely, those that
have structural inadéquacies and those that are improperly 1oéated.

~ Figure III-F-1 of Chapter III presénts an inspection procedufé
designed to identify unnecessary or subsﬁandard roadside barriers; The
same inspection procedﬁre should be followed for median barriers, and
it 18 suggested that it be conducted on a regularly scheduled basis.
Personnel performing this inspection should stay abreast of current
trqffic barrier standards and guidelines, as well as.proﬁisiﬂg new
reéearch findings. | |

With regard to item 3 of Figure III-F-1, the criteria'presenfed in
Section IV-B should be used where possible to evaluate existing systems.
Of course, there is no'substitute for field data or accident records to
evaluate the performance of a system. If a barrier system is judged
substandard, it 7,3 suggested that the ba:r'?'ier* etther be fﬁbdﬂfied fo
eonform té an-qperationqz system, or be replaced bylan bperatﬁonal sys-

tem. It is recognized that this action is not always feasible and other
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- remedial action must be taken. Table III-F-1 of Chapter IIT 1ists
common étructura] inadequacies that occur and the suggested remedial
action. If the upgraded system does not conform to an operational
system, crésh tests are suggested to verify the design, especially
if substantial use of the system 1s.pTanned. -

The criteria given in Section. IV-E should be used to evaluate the
| adequacy of the Tateral placement of eXisting'barriers. If the barrier
is placed in a depressed median or a median with surface irregularities,
it may not fuﬁction properly. If improperly 10catéd,'corrective measures
should be considered. If necessary, the barrier can be moved near the
shoquer's.édge, or returned to a positibn in whiéh the approach terrain
to the barrier is no steeper than the criteria suggest. Another possibie
solution would be to extend the shoulder to the ]étera] distance desired,
and place the barrier on the shoulder. Steep flare ratés for approach
and transitiqn sections should be flattened to conform to the suggestéd
ériteria. | _

With regard to item 5 of Fiqure III-Ffl, the rail height of an
operational system should be approximately equai to,thE'origina1 design
"height of the system. In any case, it is suggested that the barrier be
approximately 27 inches (0.69 m) above the ground or greater. The cable
in-the MB1 system should not be Tess than 27 inches (0.69 m) and not
greater than approximately'ZB inches (0.71 m). -

. In some cases, the effective rai]‘height w111 be decreased due to
an atcumu1ation of dift,_pavement overlays, etc. Of course, dirt should

be removed if feasible to return the barrier to its correct height.
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If necessary.and ﬁf-thé Tength and strength of the poSt and-foundation
~permits, the rail can be réised én appropriate amount. If not, it may
be.neéessary to install taller posts with added strengfh_and deeper
embedmenf to achmmodate'the increased rail height. |

Items 6 and 7 of Figure III-F-1 can be accomplished by maintenance

personnel,
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V. BRIDGE RAILS

A bridge rail is a longitudinal barrier whose primary function
is to prevent an errant vehicle from going over the side of the bridge
structure; Metaf rails and concrefe parapets are the most common types
of bridge rails. It is the purpose of this chapter to delineate the
criteria pertinent to the various elements of bridge rail design,
inc]uding warrants, structural and safety'characteristics of operational
| systems, maintenance_characteristics_of operatfbné]-systems, selection
| guidelines. p1acement recommendatibns, and guide]inés for upgrading sub-
'standard instalilations. | | o

Information in this chapter is intended as supplemewt and not as
a replacement to existing AASHTO design criteria and specifications for

highway bridges, including bridge rails (86, 87).

V-A. Warranﬁs
| Current criteria suggest that bridge rails should be instalied on

a11 bridge'st}uctures. However, the view is now hé1d by some highway
engineers that this'criteria is too restrictive and in some cases has
| resu]ted_in.the unnecessary use of bridge rails. .A bossib]e example of
“this w0u1d bé their use on a short structure that spans a shallow stream

or drainage area on a low volume rural roadway. Many such structures do

not have an approach roadside'barrier to shield the bridge rail end. It

is Tikely that the exposed end of the rigid bridgé réi1 is more hazardous
fo the mofbrist than would be the stream or drainage area. Judgment must
”therefdré be used to determine if the overall Hazard of the bridge rail

and the approach roadside barrier necessary to shield the bridge rail
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end is less hazardous than the roadside condition beihg shielded. Warrants
for barriers to shield culverts can be established from the criteria in
~ Section ITI-A. .if_-warrant-_ed, a roadside barrier will probably suffic-e- for |
shie%d%ng:cul%eft«ﬂpenings.

| IQWhen the‘bridge also serves~pedestrians and/or cyclists, a barrier
| to.shiéld them from thé traveled way may be warranted. In addition, a
pedestrian rail at the bridge's edge may also be warranfed. If necessary,
a “"fence" should be placed on the side of the bridge to prevent pedestrians
from throwing hazardous objects on a roadway below. The need forfpedes- |
.trian-andlor:cyciist:railing should be predicated on an evaluatien of
.the density and operating speed of the vehicles and the number ﬂf;pedés—
trians and/or cyclists using the bridge.

Expoged bridge rail ends or parvapet walls arve to be avoided. In
_most:designs,;an;approach roadside barrier with a smooth-transitipn to
 the-berge:b&nrier is warraﬁted. Chapter III contains warrants for ap-
proach barriers, operational transitions and roadside barrier end treat-
'mehts-and*blaceMent recommendations.

| 'Reports:of-accidents_in which vehicles collided wiph barriers on
-and néaribridges-were examined, and'factors causing thé accidents were
studied (36). Ht:wés reported'(gﬁ) that “from 1967.to 1969,.Ca]ifonnia
.and Texas=expebiénced a notablé'debrease -- from 52 to 13 percent and
57 toﬂ25;perceni;'respectively -- in theuproportion-of'sing1e-vehicle
accidents -occurring at the ends of bridge rails or parapets. This
;DFObeTycﬁef1ECtSfthe gmphasis p]aced.on smooth tfansitions." -

Figure V-A-1 is included to further illustrate fhe néed-for-Shie}d-
'ing-aébrﬁdge maiiiehd. It can be shownkthat of a11:posSible.impacts‘with the
‘bridge rail forﬁaiyehiCIe 1éaving the trave]éd way ét an angle'a,'ﬁhe

;probability, P, .of impacting the end of the rail is given by
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Lc = effective width of car
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zone in which vehicle would impact end of bridge rdii.
" Zg =zone in which vehicle would impact side of bridge rail.

'Z; =zone of all vehicle impacts with bridge rail,

Figure V- A—I Model for Predlchng Percentage
of Brldge anl End lmpacts

149



- PERCENTAGE OF END IMPACTS (%)

100}

b (4] o
Q o Q
— -+

N
o

. | 1} 1

0O 50 100 150 200 250 300 900 950 000
BRIDGE - LENGTH (ft)  Note: I'ft.=0.305m

thure Y-A-2. Percentage End Impacts vs. Bridge
Length Fore- 5° And L.=96in.

" PERCENTAGE OF END IMPACTS (%)

n
=

6 50 100 150 200 250 300’ 900 950 . |050
g BRIDGE LENGTH (ft) Note: Ift. =0.305m

Flgure ¥ -A-3. Percentage End Impactsvs. Brldge
Length For © = 10° And Le =96.in.

150



2L x 100% (V-A-1)
Sin o + 2L

P =
Ly

Figures-V—AaZ and V-A-3 éhow th{s pfobabi]ity as a function of bridge
length for encroachment angles of 5 degrees and 10 degrees. Most
errant vehicles leave the traveled way at angles less than about 13
degrees, The effective width of the vehicle of 92 inches'(2.3 m) is
assumed to represent an automobile in a partial skid.

Consider, for example, 10 degree encroachments for a_bridge length
of 100 feet (30.5 my. It is predicted that of all impacts with the rail,
approximate1y:50 percent would impact the bridge end if no approach rail

ware used.

ﬁ-B.T Structural and Safety.Characteristics

This.section presents operational bridge rail systems and points
out desirab1e structural and safety Characteristics.

Strucfural and safety characteristics of dperatidna] bridge rail
systems aré pfesented in Table V-B-1. The informatjon on each barrijer
consists of a sketch, a system designation, barrier description, impact
_performance, barrier damage, references, field performance data, and
.remar‘ks. Réfer’ence should be made to the introduction of Section IIT-B
for a discussion of each of these items. All of these barriers, with
the exception of the BRI system have been crash tested. The BRI is
~considered operational since its.shape has been evaluated through crash
tésts (sahe'face as MB5), and its strength satisfies the AASHTO specifi-
cations (gg, 87). Note that the BR4 system was designéd for use on
“secondary roadWays With maximum bridge width§ of 32 feet (9.75 m).
Appendix B contains a summary of bridge rails which appear.promising but
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Table V-B-1. Operational Bridge Rail Systems

. 8"
rog
12"
Matric Conversions s}
| ft. = 0.308m )
| in. =~ 28%.4mm " | . 23
! mph= .61 kmshr| "
I ib = 0.484ky. ‘o it
1.6 )
I3
VARIES
. |
SYSTEM' BR1 BR2
BARRIER DESCRIFTION: .
POST SPACING Continuously poured, reinferced, o' o
POST TYPE sloped face concrete section, Fabricated steel plates
BEAM TYPE Shape of system similar to MBS TS 6"x2"xk" tubing {steel)
OFFSET BRACKETS {Chapter IV¥). Barrier anchored None ’
MOUNTINGS to bridge deck with appropriate Twe 3/4" diameter steel bolts
FOQTINGS reinforcing steel, Concrete parapet .
) IMPACT IMPACT IMPACT IMPACT
IMPACT PERFORMANCE ANGLE =15° ANGLE = 25° ANGLE = 15° ANGLE # 26°
IMPACT CONDITIONS
Speed (mph) NO TEST NO TEST NO TEST 57.0
Vahicle Waight (1b.) {See remarks [See remarks 4540
below) beTow} .
BARRIER 3
Dynamic Deflection {ft.} g.92
VEHICLE ACCLERATIONS (G's}
Lateral . . UNAY -
Longitudinal UNAY
Totoi UNAY
VEMICLE TRAJECTORY
Exit Angle: (deg.) &
Roll Angle (deq.) 0
Pitch Angie (deg.) =5
20" of rail
- section and 1
post.- Somg
BARRIER DAMAGE concrete
’ spalling on
parapet at
© posts.
REFERENCES F y y 24

FIELD PERFORMANCE DATAS

NG

KO

| REMARKS.

:Safety aspects of barrier shape have
‘been evaluated by full scale crash
Struc-

tests (see MB5, Chapter IV).

Some vehicle snagging on posts.
Vehicle damage relatively

Severe.

tural adequacy has not been evaluated }-

by ‘crash tests (see more discussion
in text). :

UNAV == unavailakle

'50 millisecend average uniess otherwlse noted
4~ aval lable, ses-summary in Appendix A

3Permanen!: set in barrier
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Table V-B-1. Operational Bridge Rail SyStemS (Continued)

Metric. Convarsions
| ft, =0.305m.
I in. = 25.4 mm
I mph = |.61 km/hr
| Ib. = 0.454kg
I -0" MIN
SYSTEM BR3 BRa
BARRIER DESCRIFTION 5
POST SPACING g' 9" 6' 3"
POST TYPE Fabricated steel WF6x25 steel
BEAM TYPE Two TS 5"x3%xy" steel Two TS 3."x35"x0.25" {Steel)
OFFSET BRACKETS None None :
MOUNTINGS UNAY ©3/4" digmeter steel stud bolts
FOOTINGS Bridge deck Bridge deck
IMPACT IMPACT IMPACT IMPACT
IMPACT PERFORMANCE ANGLE = 15° ANGLE = 25° ANGLE =12° ANGLE = 25"
IMPACT CONDITIONS ’ .o
Speed {mph} NO TEST 55.0 64.0 NO TEST
Vehicle Weight (lb.) 3500 4550
BARRIER
Dynami¢ Deflection (£t.} 0 0.21.
W
YEHICLE ACCLERATIONS (G 5} .
Loteral UNAY 9.0
Longitudinal UNAY 4.7
Totel 12.3 UNAY
YEHICLE TRAJECTORY
Exit Angle {deg.) 1 3
Reli Angle (deg.} =0 5
Pitch Angle {deg.) =0 o
BARRIER DAMAGE Slight. 15! of rafl
section and
3 posts.
REFERENCES * 17 34

FIELD PERFORMANCE DATAZ

HO

NO

REMARKS

Tested with 10" curb. Curb

severely damaged the steering.
Subsequent studies have shown
that curb should not be used.

This bridge rail was designed
for use on secondary highways
with maximum bridge widths of
32 ft.

UNAV = unavdilable

150m||||u¢:or|rl qverage unjoss otherwlse noted
If avoi lable, see summdry in Appendix A

Test rasulis indicate 8' (" post spacing is optimum athough as-tested systems used 6' 3° and §° 41, '

spacing.
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Table V-B-1. Operational Bridge Rajl Systems (Continued)

| ‘Metric Conversions:

58.0
1956 Plymouth -

— ™y
f1#. c0305m 5"
| 4-in. = 25,4 mm IZB
I mph = 1.6] kmshr
I b, ='0.454 kg -
12k,
1
SR ]
I3 "
SYSTEM BR5
BARRIER DESCRIPTION
‘POST SPACING 6' 6"
POST TYPE Fabricated aluminum
BEAM TYPE Two aluminum extrusions
OFFSET BRACKETS None
MOUNTINGS UNAY
FOOTINGS Bridge deck
TMPACT IMPACT IMPACT IMPACT
IMPACT PERFORMANCE ANGLE=15° ANGLE =27° ANGLE = ANGLE *
‘EMPACT CONDITIONS
Speed (mph) HO TEST

Vehicle Weight (b )
‘BARRIER .
Dynermic Deflection (fFt.) 1.4
VEHICLE AGCLERATIONS (6's) '
Lataral UNAY
Langitudinal UNAY
Tetal UNAY
VERICLE TRAJECTORY
Exit Angle (deq.) e
Rol! Angle. (deq.} UNAY
Pitch Angle (deg.) UNAY
‘BARRIER DAMAGE URAY.
REFERENCES 1

FIELD PERFORMANCE DATA

NO

REMARKS -

This system is similar to many
state standards.

‘UNAV —unavaiiabie

'50 milH second avercge unless otherwise noted
1f avaligble, se® summary in Appendix A
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which do not have sufficient in-service use to be é]assified operational.

Table V-B-2 presents a summary of the impact performance data on
each of the_operationa1 systems. 'Unfortunafely, acceleration data was
unavailable for severé] of the systems. Most of these systems were
developed and tested prior to the establishment of standard test pro-
cedures. |

Evaluation criteria for the impact performance of a bridge rail
are given in Table II-B-1 (TQngitudihaI barrier)}. Recommended crash
tests to evaluate bridge rails, and other longitudinal barriers, are
given in Table II-B—Z.

Om{séion of an existing bridge rai1'systeh is not meant to imply
that the system is non-operational. Many bridge rails have been designed
and insta11ed which meet AASHTO bridge specifications (86, 87). It was
decided, however, that only those bridge raf]s that have been evaluated
through Cfash tests would be considered for inclusion in the guide.
Inclusion of.aT] bridge rail designs which meet the AASHTO bridge speci-
fications was beyond the scope of this guide. AZtkbugh ﬁot required,
it 18 desirable that new bridée rail designs (as well as other new traffic
- barrier systems) be evaluated by crash tests. |
The degree to which the operational systems satisfy the recommended
- structural and safety criteria of Section II-B varies. All are considered
to be structura]]y adequate. .Aithough all do not satisfy the impact
severity criteria, the acceleration criteria is tenuous and currently
uhder review. Nonetheless, barriers which minimize impact forces should
.' receive étrong eonside'ration; With regard to the vehicle tr‘ajector‘y_

hézard, it is desirable that the vehic1e.be redirected parailel to the
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Table V-E42;'

Bridge Rail Crash

Data-Summary

Accelerations at 15° (G's)2 Accelerations at 25° (G‘s)2 Is
Maximum-Dynamic] — — Barrier Hardwage
System | Deflection (ft.) Lateral|longitudinal Total | Lateral Longitudinaﬂ Total | Standardized?

BR1* | No Test No Test| No Test |No Test |No Test| No Test [No Test| No
BR 0.42° No Test| No Test |No Test [ UNAV UNAV  [UNAV Yes
BR3 =0.00 No Test| - No Test |No Test | UNAV CUNAY 12,3 Yes
BRY. 0.21° 9.0 4.7 UNAV [ No Test | No Test [No Test No
BR5 1.40 No Test No Test |{No Test UNAV UNAV Yes

UNAV

UNAV - Unavailable.

1-Based on-25°'impact unless otherwise noted.

2 50 millisecohd average unless otherwise noted.

3 See reference 22 23.

4 Although no tests have been conducted on this system, barr1er and vehicle performance wou1d be
similar to MBS (Chapter IV}.

5 Permanent set in barrier.

6 Based on 12° impact.

Note:

1 ft. = 0.305m




barrier. An exit angle of 10° or 1ess may be considered a non-hazardous
ﬁost impact trajectory.

| Noté thét the rail heights range from 27 inches (0.69 m) to 34
fnches (0;84 m). Barrier heights have been éétab}ished as a result of
many years of reéearch and field evaluations. Visibility or the ability
to see ovér the barrier was one of the more importént factors in early
barrier ﬁéight consideratfon. A minimum height of approximately 27 inches
(0.69 m) is a necéésary, but not sufficient, condition to insure proper
barrier impact performance. | |

Current research indicates that the most desifab]e height of the

BRI system is 32 inches (0.81 m). This height has been reached after
carefuily'éva1uating factors such as.vehicle redirection, sight distance,
ahd tﬁe psychological effect of barrier height on driver reaction.
Unless sufficient justification exists, variatibns in this height ére to
be avoided.

A 10 dnch (0.25 m) curb is shown in front of the BR3 barrier,
éihcé this was the as-tested configuration of the barrier. However, as
d‘fscuséed in Sect‘fon V-E, curbs in front of barriers are to be avoided
- where possiblé. |

The designer should be aware of the impact performance'sensitivity
of bridge raiis to a number of fact@rs. These fnc]ude post spacing,
rail height, post size, rail fension, and end ancherage. Some of these
parameters have been investigated and the reader 7s encouraged to review
the resu1ts.(1§). |

An effort has been made to standardize hardware for widely used
traffic'bérriers (gg)fggj. Standardization is Beneficia] in terms of

S 157 |



economy, improved availability of parts, readily available details
.and'specificatidns, reduced repair time, and'reduced inventory of
replacement barts because of intercﬁangeabi]ity of parts.“ Bridge rails
which have been standardized are so noted in the 1ast.column:0f Table
V-B-2. The'feferenced standardized docuﬁénté continue to be fevised
periodically aﬁd_the designer should obtain the latest pub]icatibhs.

Where a pedestrian.rai] is to be provided in addition to the
traffic bridge rai1,:refefence should bé made to the AASHTO specifi-
cations (86, 87) for its design requirements. Placement guidelines
for traffic and pedestrian rails are discussed in Section V-E.

Current design critefia for bridge rails, as well as other tfaffic
barriers, re]atés'primari]y to éfandard size automobiles. However, it
may be desirable in certain sjtuationé to install bridge”ra11s‘whj¢h
can contain and rediréct heavy vehicles, Quch.as large bﬁsses and trucks.
Bridge structures which_span roadways or which are near businesses
should be given céreful evaIuafion, especiai]y if the bridge carries
significaht heavy vehic1e.traffic. With regard.to heavy vehicle contain-
ment, the BRE3 system shown in Table B-5, Appendix B, 15 a very'pfomising
~ barrier. Crash tests have shown that it can safely contain and rédirect
both aufomobi1es and.heavy vehicles. The BRl; although not desigped‘
specifically fof heévy vehicles, offers promise in this area also.

On the othér hand, there is an awareness that the structural require-
.ments presented herein for bridge;rai1s; and other longitudinal barriers,
may be too stringent on certain roadways. For\exampTé, bridges‘in
recreational areas such as_sfaté:and federai barks often cafry 10& traf-
fiCIVO1umes at’great]y reduced'speéds. It seems reasonab1e that.such

bridge rails need not be designed to the specifications for high speed-'
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ﬁigh volume foadWayS; Once again, however, the Tack of objective
_criteﬁia precludes the presentation of specific guidelines. The
.engﬁneer.must'once again rely on his best judgment. An NCHRP study.is
planned which w111 focus on the need and design of traffic barriers for
rqadways with Tower Tevels of sefvice; The desigher should stay abreast

- of developments in this area. .
V-C. Maintenance Characteristics

Section III—C'éontains‘a discussion of the maintenance factors
to consider before selecting a roadside barrier. Those factors are
eSsentia11y the same ones that should be_consideredfbefore selecting a
bridge rail. The reader should. therefore refer to Section III-C :
aﬁd Table’_III—C—_l.

The extent of bridge rajl damage for a given éet of impact
conditions ﬁiTT depend on the strength and shape of the barrier. Where
.available, Table V-B-1 gives the barrier damage~a§ a result of a crash
test for the épefqtiona] barriers. Efforts to éupplement-the crash test
damage data,with field data were unsuccessful. The Targe number of
different br{dge rai]rtypes'in use within each'state_mékes it difficult
to determine typical damage data for a specific'brfdge'rai11design.
Poteht1a1'damage to the bridge deck as a result of vehicle impacts should
 a1so be evaluated in selecting a bridge rail system.

An environmental factor to consider in barrier selection is its
potential for creating snow drifts. At this time, there is no evidénce
that a particuTar barrier. causes hore drifting than other barriers.

However, an.effort should-be made to determine .if such a problem exists
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before installing a barrier on roadways with high snowfalls. Also,
the barrier should not impede the flow of rainfall from the traveled

way.
V-0. Selection Guidelines

' Table V-D-1 presents eight items which should be considered in
selecting a bridge rai1. Although these items are not necessarily
Tisted in order_bf-importance, the strength and safety requirements should
never be compromiséd. | |

Section B of this chapter discusses the desirab1g strength and

safety aspects of a bridge rail. It also presents the deflection, strength,
and safety characteristics of operational br{dge rails. If the bridge rail
is to be placed between traffic and pedeétrians, it shouid not deflect or
'permit vehicle structure protrusions into the sidewa]k.érea.
| - Maintenance factors which should influence barrier selection are
discussed in Section C of this éhapter. Available maintenance data on
the operational systems are also discussed there. A spec1a1.point of
interest in maintenance concerns the availability of replacement parts,
Recent shortages in some barrier hardware has pointed to the need for
advance planning and alternate hardware. Before_se?ecting a system,
materiai suppTiers should give éome assurance of future.avai1abi11ty.
Reference should be made to the discussion of standardization in Section
V-B. |
| Compatib11ity is a very important item that shou]d be considered in
the selection process. A major deficiency of many bridge rail systems is
the absence of a crashworthy transition section to the roadside barrier.
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- Table V-D-1. Selection Considerations for Bridge Rails

ITEM ' : CONSIDERATIONS

.Stfength and Safety 1. System should cohtain and
1 - redirect vehicles at design
at design conditions.

2. Deflection should not exceed
specified amount.

. . Compatibility . : 1. Can system be transitioned to
: other barrier systems?

. Maintenance . D 1. Collision maintenance.

o 2. Routine maintenance.

3. Environmental conditions.
Costs | | 1. Initial costs, -

| | 2. Maintenance costs.

3. Accideﬁt costs to motoriét.

Field Experience 1 Dbcumentéd evidence of barrier's
' ' performance in the field.

Aesthetics: _ _ 1. Barrier should have a pleasing
' S appearance.

Promising New Désigns 1. It'may be desirable to install
: - new systems on an experimental

basis.

161




Incompatibility of bridge rails with approach roadside barriers is
attributed in large part to the.proliferation of bridge rail types.
Highway engineers should strive to Standardize‘bridge rail designs |
.:with an eye't@wamd'compatib1e'approéch rait-to-bridge designs. Section
II1-B addresses thése problems and presents the operatjonal transitions
and terminal designs. | |

Imitié1 costs and future maintenance costs in particular shoqu
be carefully evaluated. As a general rute, the initial éost of a system
increases:as the rigidity or strength increases, but the mafntenance
,costSzusua]iy decrease with increased strength. Consideration should be
‘given to the costs incurred by the motorist as a result of coliision with
the barrier. Both damage costs to the vehicle and injury costs to the
occuhants need to be evaiuated for a typical collision. The decision
may ultimately involve the question of what Tevel of prbtectioh tﬁerstate
or agency is able to provide. The procedure presented in Chapter VII
should provide a means with which to.approach this question.

Item £ in Table V-D-1 concerns field experience. There is no. sub-
stitute for documented proof of a barrier's field performance. In this
regard, the impact performance data for each operatioﬁai system, pre-
-sénted in'Seciion B of this ¢hapter, indicates the availability of field
- data. If none exists, the state or states which developed and impiemented
the system éhouid be contacted for data and their views and comﬁents.

With regard to aesthetics, the barrier shdu1d have a pleasing
appearance. In scenic areas, it may be appropriate to select a barrier
which allows the motorist the largest field of view possible. However,
aesthetic considerations should not be used to justify a compromise in
the crashworthiness of the selection.
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Many of the experimental systems included in Appendix B exhibit
excellent impact performance characteristics. The designer should give
serious consideration to the installation 6f some of these barriers, at
1eést on an experimentai basis. Thé performance of the barrief.sh0u1d be
| monitored, and if proven satisfactory,‘it hay besiﬁsta11ed on a permanent

basis.

V-E.' Placement Recommendations

_ A désirab]e feature of a bridge structure:is that it provide a
full continuous shoulder so that the uniform clearance to roadside ele-
henté 1s_majn£ained (see discussion in Section III—E—l).' It is also
desirable that the bridge rail be placed beyond the shy distance (see
discussion in Section III-E-4).
If poséibTe, curbs in front of the bridge rail and other barriers
| : are to be avoided (see discussion in Section IIi—E—B). For speeds less
| than 40 mph (§4.4 km/hr), a barrier curb provideé marginal protection for
: pedestrians. if used for this purpose, it is desirable that the sidewalk
be offset from the curb as far as feasible to minimize the possibility
of pedestrian accidents. |
B If pedestrian protection is warranted, consideration should be
.given to placing the bridge rail between the traffic and the sidewalk.
A hand rail (and_protectivé fénce if neceséary) would be needed at the
outer edge of the sidewalk. It is desirable thét the sfdewa1k.not compro-
.mise thé ﬁniform clearance concept discussed previbus1y. To avoid such
a compromise, it may be possible to canti]ever the_sidéwa1k off the edge
6f the bhidge deck. |
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V-F. fUpgwad%ngfsubstahdard Systems

It:haS‘beeh estimated that 67 percent of all bridge rails do not
~conform to curreht:safety performance standards and énother 25 percent
are considered mérginal (gg). Obviously, a major effort is needed to

upgrade a large number of bridge rails.
¥-F~1. Guidelines

Figure V-F-1 presents an inspection proqedure designed to identify
substandard ‘bridge vrail installations. It is suggested that this inspec-
tion be conducted on a regularly Schedu]éd basis. Personnel performing
this ingpection should stay abreast of - current traffie- barrier standards
'.cmd guuiehnes ‘as well as promising new research findings. |

With regard to 1tem 1, current AASHTO spec1f1cat1ons (86, 87) and
the guidelines presented here1n should be used to -evaluate the structura1
aduquacy-and=safety aspects of bridge rails. Of course, there is no
'subsfituteffor;fier data or accident records to evaluate the performance
- of a system. If a Ear-rwier installation is substandard; it is suggested
that the barrier either be Imodified to conform to an opera-_t.ﬁlonal ‘gystem,
‘or be replaced by an operational system. Suggested methods of upérading
are'discussed‘fater in this sectfon. If neither of these actions is
feasﬁble,‘the designer should insure that the upgraded system conforms
to ‘the afonémentioned standards and guide1ines Crash tests are recom-
mended for the f1na1 evaluation of such a system, espec1a11y if sub-
stant1a1 use .of the system is planned.

Table ¥-F-1 Tists elements of brjdgé rail design which should be
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Figure V-F=1.

1. Does barrier meet
strength and safety
standards?

Inspection Procedure for
Fxisting Bridge Rails

No

Take corrective action*

Yes -~

barrier?

2. Is barrier transi-
tioned properly to
approach roadside

No

Take corrective action*

¥

:Yes -

3. Are posts firmly

anchored to deck?

No

o

Restore anchorage

s

Yes,

e}

4. Are rails firmly
attached to posts?

No

Tighten attachments

" Yes

Ehd of check

* See text for discussion
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Table V-F-1. Conformance Checks for Bridge Rails

Item . Appropriate Criteria
1. Conformance with AASHTO Applicable AASHTO Paragraph
Bridge Specifications Number ' ‘
A. Geometry.
1. Curb 7
(a) Width 1.1.81
(b} Height 1.1.8!
2. Rail Position
(a) Top Rail 1.1.9A?
(b) Spacing . 1.1.9A2

B. Railihngeatures

1. Continuity of Face : 1.1.9A2
2. Post Set Back | 1.1.9A7
3. Structural Continuity 1.1.9A2
4. Anchorage . 1.1.9A2
5. Joints | | ©1.1.9A2

C. Mechanical Properties
1. Materials

2a) Rail 1.1.9A2
b) Post 1.1.9A2
(¢) Parapet 1.1.9A2
2. Stresses
© (a) Rail 1.1.9A2
(b) Post 1.1.9A2
(c) Parapet 1.1.9A2
(d) .Anchor Bolts 1.1.9A2
II. General Impact Performance®
A. Structural Adequacy ' Item I, Table II-B~1
B. Impact Severity S| Item II, Table IT-B-1
C. Vehicle Trajectory Hazard Item III, Table II-B-1

 1See reference 86.
2See reference 87.

3Unless crash test or accident data available, this must be evaluated
subjectively.
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checked for conformance to specifications and guidelines. Nqneonjbrmance
with the strength (stress) reéuirements of the rail and post was found
to be a prime reasén many bridge rails arve substandard (88). It was
also found:(§§) that many bridge rails are marginal or nonconforming
with respect to the evaluation criteria given in Table IT-B-1.

Another area whfch demands close attention is the bridge rail ends.
‘Appropriate criteria for approach barriers and transitions sections is

given in Sections 11I-B-2 and II1-E-4.

V-F-2. Suggested Upgrading Designs

A recent study (88) developed conceptual modifications to upgrade

- certain types of bridge rails. Three concepts were formulated: (a)

a collapsing ring bridge rail system, (b) a concrete safety shape, and
(c) a thrie beam offset from backup structure with deforming cylinders.
These concepts are illustrated in Figure V-F-2. It must be emphasized
that these are only concepts, whose details and impact evaluation are

to be determined.

| A variation of the thrie beam system has been developed and tested,
for possib1é use in upgrading concrete baluster bridge rails (62) (BRR4
system in Table B-6 of Appendix B). The desigﬁer should keep abreast of

these and other efforts to upgrade barrier systems.
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Retrofit
~(a) Collapsing ring/box concept

(b) Concrete safety shape concapt

Exisﬂnq _ Re trofff

(c) Thrie beam concept

Figure V-F-2. Possible Retrofit Concepts for Bridge Rails (88)
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VI. CRASH CUSHIONS

Cragh cushions are protective systems which prebent érrant vehicles
From impacting hazards by either smoothly decelerating the vehicle to a |
stop when hit head-on, or by redirecting it away from the hazard for
glancing impacts., These barriers are used to sﬁield rigid objects or
hazsardous conditions that carnnot be removed, relocated, or made breakaway.
Before the deve1opment of crash cushions, many of these objects could not
.be shielded at all, and others could only be partially shielded by road-
_'side barriers. The ke]ative]y low cost and potenfiaTiy high safety payoff
offered by crash cushions justifies national emphasis on their installa-
tion.

Thié chapter delineates critéria pertinent to the various elements
-of design, including warrants, structural and safety characteristics of
0perat10na1.systems,'maintenance characteristics of_operationa1 systems,
 se]ect10n guidelines and placement and site considerations. It is noted
that the Fedéfa1 Highway Administration has published a report to assist
.the designer choose the best type of cushion‘fof the:particu1ar location
under consideration (13). It also presents crash cushion design procedures.
. The reader is encouraged to supplement the contents of this chapter with

the FHWA document.
VI-A. MWarrants

Crash cushions have proven to be a cost-effective and safe means
of shielding rigid objects. Their use is therefore warranted to shield

rigid objecfs'within the clear distance that cannot'be removed or shielded
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by more cost-effective means. Studies indicate that.crash‘cushions
are considerabﬂy'mﬁre cost effective than cqnveﬁtiona1-10ngitudina}
barriers in many instances (see example in Section VII-C-3). Chapter
' VII presents an alternate procedure that can be used to determine crash
cushion warrants. It provides the designer with a means with which to
evaluate.the effectiveness of various types of barrier:protection 1h
terms of initial costs, maintenance costs, and accident costs to the
motorist. Speéific_po1ities-have been established by the FHWA concern-
ing crash cushion need and installation on Federal-Aid construction
(40, 97).
| The most common application of a crash cushion ig in the ramp exit
gore wherein practical design for the site calls for a bridge rail end
in the gore. IWhereisite conditions permit, a crash cushion should also
be considered,as_an alternate to a roadside barrier for shielding rigid
. objects such as bridge piers, overhead sign supports, abutments; and
retaining wa11.ehds. Crash cushions may alsc be used to shield roadside
and median bafrier terminals. Examples and placement recommendations are
given in Section VI-F. |

Since 1imited resources may preclude the shie1ding of all rigid
'objects, a priority system should be established for'crash.cushion
installation. In the absence of a more definitive procedure, the follow-
ing equation may be used to establish priority: |

{1 + NOA) x ADT x S

RF = 10,000
where
‘RFE = ranking factor;
NOA = number of accidents at the site over a given period
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of time (the same period shouid be used for all sites);

ADT = average daily volume of traffic; and

S = operating speed of roddway.

Locations with the.higher ranking number are éonsidered the most hazard-
ous and shoﬁld be the first to receive érash cuShidh protection. If othey
pkocedureé are used, they should a1Ways‘inc1ﬁde a consideration of each
site's accident.history.

Long Stéep downgrades present a unique type of problem with regard
to traffic barriers. Loss of brakes on a vehicle on such a grade quickly
produces a hazardous condition to its driver and to other motorists.
Where such problems exist, special considerafioﬁ should be given to the
~installation of a roadside decelerating device. An experimental device
which shows'considerab1e prbmise‘is the gravel bed attenuator (CR4)

Shown in Table B-8, Appendix B. Some states have installed similar sys-
tems and the-results are very enéouraging. |

Another special condition for which crash cushions are warranted
concerns the protection of maintenance personnel, and the motorist,
“during maintenance operations. It has been shown that a portable crash
cushion can 5é.used effectively to provide this type of protection (98).
'Fukthef_studies have been made to establish recommended design configu-
rations (22); Also, a portable "truck mounted attenuator" 1is being
developed and marketed commercially (100). | |

A crash cushion or a vehicle arrestihg device May also be warranted
' at the end 0f.a dead-end street or beyond a "T" intersection. Need

~should be based on an evaluation of the probability and consequence of

an errant driver going beyond the intersection.
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VI-B. Structural and Safety Characteristics

This section presents the operationa1_cra5h cushions and summarizes
| desirable Structural and safety pharacteristids of a crash cushion. Also
' dfscussed'are the different craSh cushion design concepts..

Shown in Teble VI-B-1 are the operational crash cushions. Informa-
tion on each system consists of a sketch, a system desfgﬁation,_barrier
description, impact performance, barrier damage, references, field perfor-
mance data and remarks. Reference should be mmc_le to the introduction of
Section ITT-B for a discussion of each of these items.. ‘_I't. is noted that
the particular'configurations shown in each sketch represent the as-tested
configurations and are not necessari]y typica1 insta11ations Each system
can be designed for ‘a wide range of performance requ1rements

| Table VI-B-2 summar1zes the impact performance data of the six
operational systems. Although the values in Table VI-B-2 are indicative
of the general p_e_r*f'ormanee of each barriez', discretion must be used in
comparing each system based on these data. First, as e-an_ be seen in
Table VI-B-1, fhe impact conditions were not consistent. This prob]em
éhou]d be remedied in the fuyture due to the publication of standard test
brocedures (4). Seeond]y, the as-tested designs woqu not all necessarily
be used for the same site conditions. Design and functional characteris-
tics will be d1scussed in subsequent paragraphs

| As indicated in Table VI-B- 2, none of the crash cush1ons have been
standard1zed. A1so note that all of the operat:onal crash cush1ons.are
patented with the exception of the steel drum system. |

Reeommended structural and safety criteria for crash cushiene is
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Tabie VI-B-1.

Operational Crash Cushion Systems

TRAFFIC FLOW

+ FTEEL BRIMS WECDID DOtk

L

L KON (3 IREA CHUAMS WITH
QLS (T
TWa 3M"CABLLS

omcne 18 GG, PR
itusn
Metric Conversions TEST @
0
P ft. = 0.305m »m r;m i 1606 Cokunerio’ o TERETT
¢ Aol | S T VN
Iin. = 25.4 mm hehtrry e Pt
i mph= [.61 kmshr 500 stts?.!wuws
= . o
§ Ib.' = C.4B4 kg K B e ygpy os TRAFFIC FLOW
-
. ABGITIDNAL ROw OF ORLMS
USER N MFAD N TEST #ed' BLrwoon
SUPPGAT POST 6A 8.5 WEDIMECTIONAL -,
cm: AncHOR / ' e
N i P
% } : . 1 Pl T
i1 “'_r x‘u,-w:l,.xl;.L:-;
-4z crmmg | s SUBFGIET 51D
i SMOOTH &R0 SURFECE [CONLIETE OH M. 17 aSPaLt |
SYSTEM €1

Steel Drums

BARRIER DESCRIPTION

55 gallon tight head drum arranged in modular clusters. fendor
panels or "fish scales” fastened to sides Tor side impact redirec-
tion. 3/4" cable used to secure drums for side impects. "U" bolt
chairs used to ensure uniform sliding of drums.

IMPACT PERFORMANCE HEAD ON IMPACT SIDE IMPACT
IMPACT CONDITIONS
Spead {mph} 55.8 C ' 56.7
Angle 0 : - 20
Vehicie Weight (Ib. ) 1790 ’ 4150
BARRIER '
" Dynomic Deflection (ft.) 11.3 o 1,25
VEHICLE ACCELERATIONS (@' a)
Lateral UNAY 4.0
Longitudinal 9.23 3.9%
Total UNAY . ) . UNAY
VEHICLE TRAJECTORY
E£xit Angla (deg.) NOAP =20
Roll Angle (deg.) 0 =10
Pitch Angle (deg.} 0 . =5
. Most of cushion damaged. Moderate barrier damage
BARRIER DAMAGE )
REFERENCES 42 ' Az
FIELD PERFORMANCE DATA® VES

REMARKS

Good performance at head-on and side -impacts. Recent accident
surveys indicate that elimination of the fender panels may be
desirable {see text}.

UNAV — unavailable

150 mitlisecond average unless otherwise notad

2

3averaged over 0,257 sec.
"Averaged over 0.27 sec.

It available, see summary in Appendix
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Table VI-B-1. Operational Crash Cushlion'Systems (Continued)

. TR_.,.AFFIC E gl I-l.- : £ BACK -UP
Metric Conversions i ok bEE R : STRUCTURE
b4, = 0.305m R S
| in. e 254 mm
| mphe |61 kmshr
I Ih. = 0.45% kg PLAN
e Tl
I T ey

ELEVATION

N cz
SYSTEM Hi-Dro Cell Sandwich
6" diameter, 42" long polyvinyl chioride piastic cells filled
with water. Fender panels (fish scales) are provided for re-
BARRIER DESCRIPTION direction.
IMPACT éERFORMANCE HEAD ON IMPACT SIDE IMPACT
IMPACT CONDITIONS . . ; o
Spead (mph} 61.8 E 57.0
Angle (deg) 0 T oo a0
Vehiclia Weight {Ib. ) 4690 ; . 4760
BARRIER _
Daceleraiion Distonce (i) 18.0 UNAY
. 1
VEHICLE ACCELERATIONS (G's) .
Latearal UNAY 5.2
Longitudingl 9.8 8.4
Total UNAY UNAY
VEHICLE TRAJECTORY
Exit Angla {deg.) NOAP tess than 10
Roll Angte {deq.) 0 0 -
Pitch Angle {deg} less than 19 : 0
- BARRIER DAMAGE Slight permanent damage Several fender panels and &
: cells
REFERENCES 43 43
FIELD. PERFORMANCE DATAZ . YES

i d- ide § .
REMARKS Barrier performs well for head-on and side impacts

UNAY — unaovaoitable | NOAP - not applicable

150 millisecond average uniass otherwise noted

2If avalfable, ses summary in Appendix A
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Table VI-B-1.

Operational Crash Cushion Systems (Continued)

iMetric Conversions

| 1. = 0.30%m
I in. = 25.4 mm
| mphe |.61 kmshr

Bock-up
Structure

I 1b, * 0.484%g
QBOTTDM |:||5l:j
ON SOFT GROUND ONLY
GONTAINER DETAIL
SYSTEM t3 .

Fitch Inertial Barrie

BARRIER DESCRIPTION

Specially manufactured plastic containers (36" in diameter and
height) filled with sand, Standard weights are 200, 400, 700,
1400 and 2100 1b. VYolume and density of sand may vary.

IMPACT PERFORMANGE HEAD ON IMPACT SIDE IMPACT
IMPACT CONDITIONS o
Speed (mph) £9.0 . 57.0
Angle {deg! 0 . 15
Vehicle Weight (lb.) 1940 . 4770
BARRIER '
Deceleration Distance {F1) 18.0 - UNAY
4 :
VEHICLE ACCELERATIONS (Gs)
Lateral UNAY UNAY
Longitudinal 8.7 : 7.9
Total LINAY UNAY
VEHICLE TRAJECTORY '
Exit Angle (deg.} NOAP . Mo redirection
Rolt Angle (deg.} o . a
Pitch Angle (deg.) 15 ) =10
BARRIER DAMAGE 14 of 17 barvels either damaged 15 of 17 barrels were either
or destroyed. . damaged or destroyed
REFERENCES Mo : 44
FIELD PERFORMANCE DATA” YES

REMARKS

Good performance for head-on and side impact tests.
Mo redirection capabilities with this type of barrier.

UNAVY -~ unovailable , NOAP - not applicable

150 milli second averoge unjess otharwise noted
2“ avallable. see summary in Appendix A
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Table VI-B-1, Oberationa1 Crash Cushion Systems (Continued)

Metric Conversions

1 1. = &.305m
| in, = 23.4 mm
| mph = 1,61 km/hr
I Ib, = 0.454 kg

CONTAINER DETAIL

FBACK-UP
F|STRUCTURE

SYSTEM

c4

Energite Inertizi Barrier

BARRIER DESCRIPTION

Specially manufactured plastic contairers Tilled with sand,

Standard size of container is 36" diameter top, 32"
Standard weights of modules are 200,

base and 35 3/4" height.
400,700 and 1400 ib.

diameter

: SIBE IMPACT

IMPACT PERFORMANCE HEAD ON IMPACT

IMPACT CONDITIONS
Speed-(mph) 56.4 893
Angle {deg) 0 10
Vehicla Waight {Ib.) 4450 - 4830

BARRIER
Deceleration Distance (f.} 35.0 45.0

.1

VEHICLE ACCELERATIONS (Gs) 3
Lateral UNAY 6.03
tongitudinal 3,33 8.0
Totat UNAY Unay

VEHICLE TRAJECTORY
Exit Angle (deg.) NOAP

Roll Angle (deg.)
Piteh Angle (deg.)

less than 10
less than 1¢

Mo redirection
0

0

BARRIER DAMAGE

All barrels were damaged exten-
sively

All barrels were damaged exten-
sively

REFERENCES

45

45

FIELD PERFORMANCE DATAE

HO

REMARKS

Good parformance for head-on and side impact tests,
No redirection capabilities with this type of barrier.

UNAV — unavailable , H0OAP - not applicable
1f:uO millisecond average unlase ctharwies noted

2li‘ availabla, see summary in Appandix A
3Acce]erat1‘on calculated from stopping distance
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Table VI-B-1.

Operational

Crash Cushion Systems (Continued)

Metric Conversiong =T
I t1. £ 0,305m
1 in. = 254 mm ) %
I mph = .61 kmshr ; \
| Ib. = 0.454 kg W : :
IMPACT :
@ ; i ” s ot i ey
ELEVATIGN

— LEGEKD=

| HELICELL CARTRIGGE 4 FENDER PANELS 7 SECONDARY CABLES

2 DIAPHRAMS (CARTRIDGE) 5 RESTRAINING CABLES B SUIDE STRAPS

3 DIAPHRAMS (UKIT) 6 PULL OUT CABLES 9 BELTING
SYSTEM

o]
Hi-Dri Cell Sandwich

BARRIER DESCRIPTION

Heli-cell cartridges are arranged in a cluster along with fender
panels (fish scales) to provide capabilities for head-on and

side fmpacts.

IMPACT PERFORMANCE HEAD ON IMPACT SIDE IMPACT
IMPACT CONDITIONS
Spead (mph} 85-0 Sgﬂ
Angle (deg) 4
Vehicte Weight {1b. )} 3700 . 4000
BARRIER )
Deceleration Distance {ft} 14.% UHAY
1
VEHICLE ACCELERATIONS (Gs) 3
Laterct URAY 4.55
Longitudinat 7.23 4.0
Tetal UNAY UNAY
VEHICLE TRAJECTORY
Exit Angle {¢eg.) NOAP 9
Rolt Angle (deg.} 0 UNAY
Pitch Angle {(deg.) URAY UNAY
BARRIER: DAMAGE UNAY UNAY
REFERENCES 46 a7

FIELD PERFORMANCE D.ATA2

YES

REMARKS

Barrier performs well for nead-on and side impacts.

UNAV — unovailobte , NOAP - not applicable
150 millisecond average uniess otherwise notad

2

if .ovailable, see summary in Appendix A

3Accelr;'ratian calcutated from stopping distance
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Table VI-B-1. Operational Crash Cushion Systems

(Continued)

Metric Convarsionss

tft. = O.308m

! in. = 254 mm |

11 mphe 1.61 kméhr
e O0884kg |

BACK- UP
STRUCTURE

SYSTEM

C6 .
Hi-Dro Cell Cluster

BARRIER DESCRIPTION

6" diameter, 42" long poiyvinyl chloride plastic cells arranged
in a cluster and filled with water.

IMPACT PERFORMANCE

SIDE IMPACT

HEAD ON IMPACT
IMPACT CONDITIONS
Spesd {mph) NO TEST NO TEST
Angle (deg)

Vehicle Weight (ib.}

EAREIQIER
‘Deceleration Ditance {11}

VERICLE ACCELERATIONS (6'0)1
Laterat
Longitudinal
Total

VEHICLE TRAJECTORY
Exit Angle {(deg.)
Roil Angle {(deg.)
Pitch Angls {deg.)

BARRIER DAMAGE

REFERENCES

FIELD PERFORMANGE Dl’tT.l\2

YES

REMARKS

This system is considered operational for speeds less than 45 mph
based on tests of the C2 system. It should be used at hazards
with limited space available for barrier protection and low vehicle

speeds. .

UNAV — unavaitabie

i50 milltaetond average un|ess otherwise notad

2

it avallable. see summary in Abpnndix A
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Table VI-B-2. Crasﬁ Cushion Crash Data Summary

6/t

Accelerations 2 Accelerations 9.3
for Head-On Impacts (G's) for Side Impacts (G's)“® Is
Deceleration , T ) : Barrier Hardware
System { Distance (ft.) Lateral|Longitudinal| Total Lateral Longitudinall Total | Standardized?

o | s UNAV 9.2% 10 lunay | 4.0 3.9 Junav No
c2 18.0 UNAV 9.8 onav | 5.27 8.4’ |uNAv No*
c3 19.0 UNAY 8780 jumnav | unav 7.8 lunav No
4 35.0 UNAV 3.3 uNAY | 6.0° 8.0°  |unav No%
c5 14.5 UNAV 7.2° UNAV | 4.5° £.0°  lunaAv No%
c6° No Test No Test| No Test [No Test|No Test| No Test [No Test No4

UNAV - Unavailable.

Based on head-on impact.
50 mitlisecond average unless otherwise noted.

Based on 20° impact unless otherwise noted.

‘Patented or proprietory system.

Average acce]erat1on ca]cu1ated from stopp1ng d1stance
Averaqed over 0.27 sec.

Based on 9° impact.

Based on 15° impact.

W 0~ G W N e

‘Although no tests have been conducted on this system, it is cons1dered 0perat1ona1 {(for speeds under
. 45 mph) based on-the tests of the €2 system.

10 Test conducted with small car.

Note: 1 ft. = 0.305 m



given in Table II-B-1. The degree to which the operational systems

satisfy these criteria 1s_discussed below.

VI-B-1. Steel Drums (Ci)

'This system, soﬁetimes referred to as thé "Texés Barrels", dis-
sipates the kinetic energy of the impacting vehicle primarily through
the plastic deformation or crushing of the steel drums. .The cushion
is designed so that the resultant force at the vehi;}e-barrier inter-
face is applied at a height approximately equal to the vertical position
of the center of'gravity of a standard'size vehicle. The drums are
restrained vertically and laterally by stee]l cables, but are free to move
to the rear dufing impact. A rigid back-up structure_(usua]]y thé rigid
bbject.being shielded) is necessary at the rear of the cushion. The drums
‘are either bolted or welded together; As a consequeﬁce, there are no-
loose elements, fragments or other debris following an impact. It is
desirable that the cushion be placed on a level concreté or asphalt pad
to facilitate free movement of the U-bolt support chairs during impact.

The cushion is composed of 55 gallon, 20 gauge stée] tight-head

drums. Each dhum.has an 8 inch (0.2 m) diameter hole centered in the
top and bottom. A "softer nose" can be achieved by placing drums with
12 ~ 3 inch (0.08 m) diameter ho1es.around the periphery of the top and
bottom, at tﬁe_front of the cushion (as shown in Table VI-B-1)., The
soft nose cushion produceS'a smaller initial dece}eratingfforce than would
be obtaihéd_in a cushion with 8 inch {0.20 m) diameter hole 1eading drums.
while'thé soff.hose fs desirable, acceptable performénce can be achieved

without it.
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The decelerating force produced by the steel drum cushion is depen-
dent primarily on the amount of crush or deformation of the cushion and |
is independent of the rate of crush. Barrier inertia forces are negli-
gible. Thé tength of the cushion and the number and orientation of the
drums needed is a functidn of the range'oflkinetic energy to be dissipated.
Usually, the barrier is designed to safely stop both small vehicles, 2250 1b,
(1021 kg) and large vehicles, 4500 1b, (2043 kg) at a given design speed.
Once the kinetic energy ranges have been established, the design is
achieved through an iterative process. The two majbr con;traints are that
“the barrier must dissipate the energy within a given stopping distance
and it must do so without producing excessive decelerations. As a conse-
quence, design of the front portion'of the barrier is usually dictated
by the small vehicle requirements, énd the design of the remainder of the
barrier is usually dictated by the large vehicle requirements. The Cl
system can be designed to meet the recommended dynamic performance criteria
.'with regard to direct-on impacts (see item II-B of Table 1I-B-1) for a
wide range of design conditions. Further design aids for the steel drum
system are-given in Appendix D and iﬁ an FHWA publication (13).

The sfee] drum system is one of three operational systems designed
to redivect a vehicle if hit from the side, i.e.,.for side impacts it
functions essent1a11y as a longitudinal barrier. In the Cl system, this
is achieved-through plywood "fish scales™ or fender panels attached to
the side of the barrier. This is illustrated in Figure VI-B-1. Impact
in the "transition zone" can result in an impact with the fixed object
if redirection panels are not provided.

Although the cbncept of redirection for crash cushions is sound,
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FIXED OBJECT
AXiS of ! OBy

SYMMETRY

(a) POTE?TIOI impact with fixed object wnhout redirection
panels

CRASH CUSHION FIXED OBJECT

AXIS of
"SYMM.

Hard, Stiff and Smooth
Panels or Cladding

(b) Redirection with side paneis.

Figure VI-B-1. ITlustration of Side Impacts in Transition Zone
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- the cost-effectiveness of redirection panels is currently being reviewed
(99). Statistics from the referenced report indicate that transition
zone impacts, with the steel drum system without side panels, may not be
of sufficient frequency to warrant the added cost of the panels. Con-
c1usions; however, cannot be drawn at this writinj as to the Cost—effec-
tiveness of side paneis on the stée] drum system. _Regardless, it is
- probable that their use W111 be warranted for certain conditions, fof
example, where alignment increases the potential for side impacfs or where
there is a record 6f side impact accidents. The designer should stay
_ abreasi of future developments in this area. |

In summary, the steel drum crash cushion éan'be designed to satisfy all
of the recommended dynamic performance criteria, as Tisted in Table II-B-1,

for a wide range of design conditions.

VI-B-2. Hi-Dro Cell Sandwich {C2)

| This system dissipates the kinet{c energy_bf the impacting vehicle
by the discharge of water from plastic f111éd tubes through orifices in
the tubes,;ahd by the transfer of momentum (movemeht.of the water mass).
It is a patented device and 1is manufactured and distributed by Energy
Absorption Systems, Inc. (100). Standard installations, detailed design
'guides and fhstaT]ation procedures are avaijlable ffom the manufacturer.
The interested .designezﬂ should consult with the manufacturer to determine
availability of designs and insure proper selection and installation.

The cushion is designed so that the resultant force at the vehicle-

- barrier iﬁterface is applied at a height approximately equai to the

vertical position of the center of gravity of a standard size vehicle.
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It is composed of 6 inch (0.15 m) diameter, 42 inch (1.07-m) polyvinyl
plastic cells fi1ied with water. These cells are‘arranged in clusters
or bays to make-up-the cushion for a given set of design conditions. A
"rigfd'back—&p Structure (usua11y-the rigid object being_shié]ded)_is
necessary at the rear of the cushion. The ce11s'are festrafned vertf—
cally and 1aterai1y-by steel cables, but are freé to move to the rear

"~ during impact. _As a consequence, there are no loose eTeﬁents, fragments
or other debris‘f011owing an impact. However, water bh”the roadway may
- increase the potential for accidents by reducing the skid.resistance of
'the pavement, especially if it freezes. It ié desirabTe that the cushion
be placed dh a Tevel concrete or asphalt pad to facilitate its movement
during impact. | .

The decelerating force produced by'therhi--dr'o cell system is
dependent on the depth of vehicle penetration and'on tﬁe-rate of deform-
ation of the cells, i.e., the force is QeTocity dependent. Upon:head-on
impact the nose cluster is directly contacted. As the vehicle penetrates
the crash cushidn,.the nose cluster cartridges are compressed. There
are no diaphramé in the nose cluster therefore all of the force of the
vehicle is located at the bumper; this makes the nose.ciuster reaction
'reTative]y.SOft.' |

As the vehicTé penetrates further into the cushion it exerts force
on the first bay of cartridges which contains diaphrams that.distribute

~the FOrce over all of the cartridges uniformly thereby causing the crash
cushion system to resist the force of the impacting vehicle. Further
penetration activates the_remaining bays of cartridges which bring the
vehicle to a stop. '. | .
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Energy dissipation with this crash cushion syétem is a'complex
interaction of_events since several things are happening at varying rates
during the impact. The ihree most predominant things to consider are:

.1. _F1u1d is being forced up through orifices at varying pressure,

2. ‘The mass of the cushion is being moved at varying velocities

and accelerations.

3. The mass of the system changes'as it is compressed because of

the loss of fluid.
Some energy'is a]so'dissipated as the cushion slides along the supporting
surfaée and‘aé the different ﬁarts of the system are deformed.

Because of this complex reaction of an impacted hi-dro cell system,
a Simp]ifiéd design procedure is not available. This system has been
extensively tested and a mathematical model has been deve]oﬁed enabling
the manufacturer to develop standard bay arrangements which will Suit
‘most typical crash cushion requirements.

The hi-dro cell system is one of three operational systems designed
to redirect a vehicle if hit from the side i.e., for side impacts it
functions eséentiaiiy as a longitudinal barrier. Redirection is achieved
through fender panels attached to the side of the barrier. This is
illustrated in Figure VI-B-1. Impact in the ”trénsifion zone" can result
in an impact With the fixed object if redirection panels are not provided.

| ~In summary, the hi-dro cell sandwich cushion can be designed to
satisfy all of the recommended dynamic performance:cfiteria, as listed

in Table II-B-1, for a wide range of design conditions.
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V1-B-3. Sand Filled Plastic Barrels (C3 and C4)

These systems dissipate the kinetic energy of the'impacting
vehicle by a.transfer of the vehicle's momentum to the mass of the
cushion. Both systems consist of an array of plastic containers |
fi]1ed.with varying weights of sand. The C3 system is patented and
is manufactured and distributed by FIBCO, Inc. .(1_0_1_). The C4 system
is also patented and is manufactured and distributed. by Energy Absorp-
tion Systems, Inc. (100). Although the two systems differ in the
- container details, both function essentially the same.. Standard instal-
lation layout details, design guides, and installation procedures are
available from the manufacturers. The interested desigﬁer should con-
._s_ult with the mc_zﬁufaetur'er’ to deter?ﬁine avatlability of designs and to
insure proper selection and installation. | _

These cushions are designed so that the resu]tanf.force at the
vehicie-barrier interface is app]ied.at a height approximately equal
to the vertical position of the center of gravity of a standard size
vehicle.. Note that a back-up device is not required for either system
since the force'thét the vehicle exerts on the crash cushion units is
not transmitted through the cushion. Also note that neither crash
~cushion system is designed to redirect vehicles upon side-on impacts.
Careful consideration must therefore be given to the placement of the
units in the transition zone between the barrier and the fixed object.
Figure VI-B-2 shows a suggested Tayout for the last three exterior
modules in an 1néft1a1 barrier. While this layout will not accomodate
all side impacts at the recommended acceleration levels, it is consi-

dered an acceptable compromise for many sites.
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Shielded Hazard

12min.

METRIC CONVERSION:
“1ft = 0.305m

3
=
. Direction of Traffic .

Figure VI-B-2. Suggested Layout for Last Three Exterior Modules
_ in an Internal Barrier.
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Both of these systems generate debris'upon impatt} consisting of
sand and remnants of the plastic barrels. As such, there is a poten-
tial daﬁger to other motorists. If the cushion is on a structure, the

debris may fall into traffic lanes beiow. However, at tbis writing,
there is no documented evidence that these characteristics are a signi-
ficant 1iability to inertial barriers. :

Design of an inertial barrier system is relatively simple and
straightforward. By use of the law of conservation of momentum, the
barrier is designed to incrementa]ly'réduce the vehicie‘s impact velo-
| city from module to module (or from a row of modules to the succeeding
row of modules}. To obtain a constant change in velocity, or a constant
decelerating force, as the vehicle impacts each successive container,

the containers must increase in weight as they get c]osér,to the hazard.

Theoretically, the vehicle cannot be stopped completely by this
principle. Practically, it is usually adeguate to design this type of
crash cushion to reduce the vehicle spéed to 10 mph after the final
container is impacted. At this point, the remaining vehicle kinetic
energy is dissipatéd by friction in the sand as the-vehicie "bultdozes"
into the final containers. Design aids and examples of their application
are given in Appendix D. The designer should also refer to an FHWA
pgb]ication (13) for design procedures and examples.

Standard ‘sizes and weights of available modules for each of .the
systems are given in the "barrier description" on Table VI-B-1. Sand
heights and center of gravity d#ta of modules for both systems is gfven

in Table VI-B-3. Note that the height of the center of gravity of the
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Table VI-B-3. Center of Gravity‘Data_for Inertial System Modules

681

. FITCH INERTIAL SYSTEM ENERGITE INERTIAL SYSTEM
Module Height of Center Wine Glass Height of Center
Weight |Core Height | Sand Depth of Gravity - Core* Sand Depth of Gravity

(1b) (in.) {in.) (in.) (in.) _(in.)
200 20.5 3.5 22.5 A 28.0 24.0
400 20.5 7.0 24.5 A 31.5 1 26.0
700 16.5 12.0 23.0 B 32.5 24.5
1400 n.5 24.0° 24,0 C 36.0 22.0
2100 0 26.0 18.0 NOT AVAILABLE
* _
‘Energite designations
METRIC CONVERSIONS: 1 in. = 0.0254 m -

-1 1b

0.454 kg




2100 1b (953 kg) module 55'18 jnches (0.46 mj above the-ground, a

height which is lower than the center of gravity of most standard size
automobiles. It i§ p]éced at the rear of the array to completely ;top

the slowed vehicle before it impacts the rigid object. Head-on tests

at 60 mph (96.5 km/h) have shown that the 2100 1b (953 kg) module.can per-
form this function effectively. However, its impact pehfdrmance during
transition zone br sha1low angle side impacts is. questionable due to its
relatively low center of gravity. The 2100 1b (953 kg) module should
therefore be used with discretion_and if space permits, consideration

- should be given -to the use of a smaller module.

The width of the back row of moduies should always bé greater than
the width of the fixed object. This.wi11 soften the impacts of those
vehic]es striking the rear portion of the barrier atrén éng?e and pro-
vide some'dece]eratiOn prior to striking the fixednobject, The barrier
modules should be set back from the traffic Tanes to minimize the number
of casual vehicular contacts with the barrier and the amount of debris
thrown into the traveled way when an impact does QCCUP; Also, space
should be left behind the last row of modules so the sénd'and debriS will
not be confined and pfoduce a ramping effect on the vehicle. It is
suggested that.this_spéce be one foot (0.3 m) to two feet (0.6 m).

When fixed objects are more than 6 feet (1.8 m) wide, extra longi-
tudinal rows of modules may be added to the barrier. The first few
modules in éach,of these rows should be no more than 3 feet (0.9 ﬁ)
apart (clear dimehsion) in the lateral direction. Then impacting ve-
hicles, most of which have a width of about 6 feet (1.8 m), will displace
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: approximate1y the same mass of sand whether they hit one longitudinal
| row of modules head-on or carry away one-half of each row on either

side.'-Depending on available space, modules may be separated by any
~distance in'thé Tongitudinal direction._'Extra distance may lower the
~ deceleration rates.

The standard containers have been sized to -hold the standard
weights basedjon sand density of 100 Tb/cu ft. A significant varia-
fion in sénd density actually used could have some effect on the per-
formance.of.the crash cushion.

Care must be exercised in selecting the modules in an inertial
system so that the small car will not be subjected to undesirabie
decelerating forces. For example, a 2000 pound (908 kg) vehicle im-
pacting a 400 pound (182 kg) module at 60 mph (96.5 km/hr) will be slowed
to 50 mph (80?5 km/hr) with a 12.2 g deceleration. Whenever stopping
distance peﬁnits, it 18 suggested that 200 .poz;and (91 kg) modules be
used on the nose of inertial barriers exposed to high speed itraffic.

In summary, the inertial barriers (systems C3 and C4) can be
_ designed tb'satisfy the recommended dynamic performance criteria, as
listed in Table II-B-1, for a wide range of design conditions. Although
“debris is broduced upon impact for both systems, it is not considered
- a significant Timitation. Neither of the two systems is designed to

redirect if impacted from the side.

VI-B-4. Hi-Dri Cell Sandwich (C5)

This system dissipates the kinetic enérgy of the impacting vehicle

through the crush of the 1ightwe1ght concrete components and
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through the.transfer of mbmentum‘(movement of cushion.maSS).. It is a
patented‘device,‘mahufactufed and distributed by Energy Absorption
Systems,. Inc. (100). Standard 1nsta11ations;'detéiled désign guides,
and installation procedures are avaiiable from the manufacturer. e
interested designer should consult with fhe marufacturer to determivie
avatlability of designs, appropriate selections, and" installation
procedures.

The ‘cushion is designed so that the resultant force at the vehi-
| cle-barrier interface is applied at a.height approximateiy equal to the
vertical position of the cehter of gravity of a standard size vehicle.
The-enérgy absorbing e]emehts of this system are /7 inch (0.18 m) dia-
meter cylindrical cells made of Tightweight concrete. The cell has a
hole in its center and steel wirelwound around the Qutside. Each cell
is wrapped with a weatherproof coverihg to keep watef Qut and to prevent
pieces of concrete from being scattered about during impact.

The hi-dri cells are installed in bays very similar to the hi-dro
cell bays as dispuésed in Section VI-B-2. Side panels, diaphragms, cables,
and some of the hardware are the same as used in the hi—drb cell sandwich
crash cushion. This cushion is one of three operational systems designed
to rédire¢t a vehicle if hit from the side. Redirection is achieved
through the fender panels attached to the side of the barrier. This is
illustrated in Figure VI-B-1. It also generates minimal debris upon
impact. A rigid back-up structure {usuaily the rigid object being shielded)
1s required at the rear of the cushioh; | |

Upon: impact, the 1ightwe1ght concrete cells crush. - The‘vojd in
the center of the cell fills with concrete pieces as the cetll ié com- .

pressed. Then the concrete is forced outward between thé steel wires.
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This action converts the kinetic energy of the impacting vehicle into
work, Simﬂ]taneous]y, other actions are taking place that absorb the
KE of the 1mpacting vehicle. .These are: o

.1.. The mass of the crash cushion is being moved.

2. The crash cushibn parts are being dragged along the pavement

o surface. | |

.3. The parts of the crash cushion are being physically deformed.

Becauﬁe of the complex reaction of an impécted hi-dri cell sandwich
crash cushion, a simplified rational design proéedure does not appear
to be feasible. .This system has been extensively tested and a mathe-
matical model.has been devéiopéd enabling the manufacturer to develop
| standard:bay'akrangements which will suit most typical crash cushion
'fequirements. | | | |

In summary, the hi-dri cell sandwich system can be designed to
satisfy the recommendea impact performance criteria, as listed in Table

[1-B-1, for a wide range of design conditions.

¥I-B-5. Hi-Dro Cell Cluster (C6)

: This system fuﬁctions atong the same brinciple as the hi-dro

cell sandwich cushioh discussed in Section VI-B-2. It is also a
patented device and is manufactured and distributed by Energy Absorption,
Inc. (100). Standard installations, detailed design guides, and install-
~ation procedures are available from the manufacturer. The interested
destigner shbuld conéult-the marufacturer to determine availability of
designs, ap?ropfiate selections, and installation procedures.

| - Tte application is limited to roadways with design speeds of 45 mph
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.(?2.4 km/hr) or Zeés.- It can be used whére there are space limitations
 and it can be arranged in’ various patterns to fit the bbject to be
protected. Tyﬁica? applications are to shield gore wa11§, bridge abut-
'hents, traffit contro]'devices, to11 booths, etc. |
| A batk—up structurelis required at the rear of the cushion. It

has minimal redirection capabilities when impacted frbm the side. There
~1s no debris, with exception of water, produced upon imbact.

| Design aids for this system are relatively straightfbrward and
easy to use. Theée éfds are included in Appendix D. -
| In summéry, the hi-dfd cell cluster system cah be désigned to
shield various:rigid objects when the design speeds are 45 mph (72.4 km/hr)
or less. It has no redirection capabilities. Negligible debris is

-produced upon impact.

VI-B-6. Summar!'

A1l of the operational crash cushions, with the:exception of the
hi-dro cell c?uster, can be designed to satisfy the recommended impact
performance criteria of Table II-B-1 for a wide range of design conditions.
The hi-dro celtl ciuster cushion is Timited to roadwayé with a design
speed of 45 mph (72.4 km/hr) or Tess. Table VI-B-4 sdmmarizes the struc-
fura] and safety cﬁaracteristics of the 6perationa] systems.

A]though not mentioned in the preceding_discussion,-the vehicle
itself will deforﬁ and diésipate some of the kinetic energy. However,
each'cushfon-ﬁhbﬁ]d be designed to dissipate thé vehicle's tbta] kinetic

energy._'Any vehicle crush that oécurs will then be an added safety fac-
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Table VI-B—4.'.Summary

of Structural and Safety Characteristics of Crash Cushions

Steel |Hi-Dro Fitch Energite Hi-Dri Hi-Dro Cell
: Drums | Ce11 Sandwich | Inertial ] Inertial | Cell Sandwich|Cluster
Item (C1) (c2) (C3) (c4) (c5) (c6)
T . vl 1 n 1 vacl vac?
Tolerable accelerations? Yes Yes Yes Yes - Yes Yes
Redirection capabilities? Yes Yes No " No Yes No
Back¥up structure'required?_ Yes Yes No No Yes Yes
Debris produced upon impact? | No No> Yes Yes No No3
'Anchorage required? Yes Yes No No Yes Yes

3Except water.

_]For any reasonable design speed.

“ %For a speed of 45 mph (72.4k/h) or Tess .

Water on the roadway can ‘increase

the potential for accidents by reducing skid

- resistance of pavement, especially if it freezes.




Finally, there are several promising crash cushion systems which
~at present are notmconsidered operational. Reference shou]d be made to
Table B-7 and B-8'of'Appendix B for'a.summary of these systems. Three of
these systems need further diécussioﬁ. First, the CE3 systém of Table B?7
has been installed on an experimental basis to prevent'an_errant vehicle
from entering the qpening between twin structures and at a ferry landing.
It also has potential for use at the end of a dead-end Street or beyond
a "T" intersection. Second, the CR1 system of Table B-8 has performed'.
very well in crash tests and has the potential for reuse without signi-
ficant repairs after each hit. Third, the CR3 system of Table B-8 offérs
promise as a crash cushion that is compatible with the standard w-béam
roadside or median barrier. | |

It is 1ikely that some of these experimental systems will become
opérationa] in the near future. The designer may wish tp.insta11.one of
these systems on a trial basis. If so, the system shouid be monitored for

its in-service performance.

VI-C. Maintenance Characteristics

Sincé all of the operational systems can be designed to meet the
recommended 1mpact.performance criteria for a wide range of design
conditions, the maintenance characteristics of the bakriefs can and should
play a very important role in the selection process. To aid the designer,
an attempt has been'made to summérize.the pertinent maintenance character-
istics of each crash cushion. The data is presented in Table VI-C-1.

The data in the table was obtained from state maintenance records where

available. However, as can'bé seen, éome of the data is based on
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s,

- Table VI-C-1.

Maintenance Charac

teristics'of Operational Crash

Cushions :
Maintenanca Steel Barrel Hy-Dro Fitch Energite Hy-Dri
Requirement Cushion Cushion Barrier System Cell
Coliision Maintenance
A. Menpower and Equipment
1. Crew Size 6 men 6 men 5 men UNAY UNAY
2. Expertise required welding hardware very little very little UNAY
training
3. Special eguipment flat-bed truck, water truck, toader, loader, . URAV
welding equipment maintenance maintenance truck maintenance trick
truck, pick-up .
B. Collision aftermath
1. Immediate removal of
scattered debris, water, 1
anti-freeze needed? no yes, anti-freeze yes, sand and yes, sand and no
. 5 plastic plastic
2. Immediate problem created? no yes . yes, debris yes, debris no
3. Lane closure necessary? yes, to repair yes, to repair yes, clean and yes, ciean and yes, to
: repair. repair repair
C. Restoration 3 3
1. - Overall difficulty above average average average average average
2. Any salvageable hardware? yes usually very littie very littie usually
3. Energy absorption umit :
reusable? . usually not usually no no usyally
D. Considerable maintenance due
to- the nuisance hit? no no yes yes no
E. Disposal of debris a probTem? yes no YES yes yes
F.. Average expocsure time per hit
(man-hours) 34 13 10 UNAV UNAY

lcertain types of anti-freeze

only if “oi1 slick"™ develaps from anti-freeze or water freezes

3"average", assuming most of hardware reusable
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Table VI-C-1.

Cushions (Continued)

Ma1ntenance Characteristics of Operat1ona1 Crash

Maintenance

Steel Barrel

Fitch

Hy-Bri

Hy-Dro Energite
Requirement Cushion Cushion Barrier System Cetl
1I. Regylar Maintenance
A. General condition checks
1. Cushion in position? no ho yes yes. no
2. Vandalism damage? no yes yes yes no
3. Hardware and cab]es
intact? . yes yes no no yes
4. Nuisance hit? yes yes yes yes ‘yes
5. MWater level and anti-
freeze quantity ade- no yes no no no
quate?
B. Painting, cleaning, and
other treatments to assure
adequate appearance/perfor- :
mance needed? yes, paint and yes, paint and yes, clean yes, clean yes, paint
: ¢lean ¢lean and clean
C. Weathering/corrosion pro-
blem due to envircnmental/ i :
chemical effects? yes, salt corrosion yes yes yes UNAY
méy be a problem
TtI. Material Storage and/or
Availability Reguirements
A. Dry sand stock pile neces- .
sary? no _ no yes. yes no
B. Modules/barrels for replace-
ment? yes, 55 galion ~yes, cells enough yes, Energite yes, vermicu-

yes, Fitch Moduies

drums to replace damaged Modules "1ite cell replace-
. ment

C. Water supply and anti-freezed no yes no no -na
D. Hardware and connections-for : . .

assembly? yes, yes ng no yes
E. Paint and/or aesthetic

coverings for appearance/

performance? if desired if desired if desired if desired if desired




subjective evaluations. Figures given in the table are based on average
values of several agencies, and should be used as "indicators" or "ball-
park" estimations. The three major categories given in the table are

discussedgbelow.'

VIfc—l. “ColTision Maintenance

Special consideration should be given to this phase of crash
-cushion maintenance since it will require the most effort and expendi-
ture. Careful evaluation of items I-A, I-C, and I-F are suégested since
these items have a large influence on the maintenance costs. The latter
item is also significant in terms of the hazard the maintenance crew is
subjected to while repairing the barrier and the disruption of normal
traffic flow.

When é particu]ar_site has a relatively high frequency of accidents,
consideration should be given to the installation of a reusable crash
cushion. Hardware in the hi-dro cell (€2) and the hi-dri cell (C5)
“sandwich systems is reusable for many impact conditions (head-on impacts
by automobiles traveling at 60 mph (96.5 km/hr)or less). Of course,
water must be added to the C2 system and the damaged cartridges must be
replaced in the C5 system. A cushion with redfrection panels may be
' appropriéte for sites with a high frequency of brush hits (or nuisance

hits), or where the potential for such hits exists.

VI-C—Z. Regular Maintenance

In general, the operational systems require relatively little regu-

lar or routine maintenance. However, periodic maintenance checks should
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be perfbrmed_to-accom?lish the appropriate checks outliﬁed in II-A.
Several instances of vandalism have been reported wfth the sand inertial
barriers, It is more prevalent where pedestrians have access to the
roadside. =Item II-A-5 is a particularly critical item for the hi-dro
systems. For minor impécts, the hi-dro cell c1usfer system and the nose
“of the hi-dro ce}f sandwich system can return to its original position
and thus appear outwardly that it had not been hit. However, with each
- impact, water cah be lost, thereby diminishing its crash-attenuating
capabilities fof the next hit. Checks are alsc needed to determine if

- Teaks or evaporation has occurred. Damages to any of the systems which
diminish their'driginal erash attenuating capabilities should be repatred
- immediately.

VSome cracking problems have occurred in the pasf.with polyethyiene
plastic.containers used in the sand inertial systems. These problems have
been attributed in part to the effects of actinic radiation, vibrations
(when placed on a structure), salt if mixed with the sand, and to earlier
design problems with the container. The manufacturer reports that these

problems have been solved through improved designs.

VI-C-3. Material Storage

It will be necessary to store a certain amouﬁt of_hardware and
Supp]ies for each of the operational systems. The pdint to be emphasized
is that a sufficient stockpile of parts must be mainﬁained to avoid delays
in restoring a damaged barrier. Availability Of'parts ahd de]ivefy times
should be considered before selecting a system.

200



In summary, the criteria in Table VI—C-l_shou]d be used as guide-
lines in evaluating the maintenance characteristics of the operational
crashncushions. However, the designer is urged to seek out supplemental
dqta_from'agenciésausing'the different erash cushions. There.is no

substitute for documented evidence of a barrier's in-service performance.
VI-D. Site Considerations

VI-D-1. New Roadways

It hés been recommended that space be reserved on all new construc-
‘tion for potential crash cushion insta11ations (40). These recommendations
are.presenfed in Table VI-D-1. Under the "minimum" column, the "restricted
'conditions“ represent the absolute minimums and should only be considered
where there are extremely tight geometric controls. The ﬁunrestricted
‘cbnditions" represent the minimum for all projects except for those sites
where it can be shown.that the increased cost for accomodating these
dimensions, as opposed to those for restricted conditions, will be un-
reasonable. The "preferred" values should be considered optimum. There
is no intention to imply that if space is provided in accordance with
these dimensions that the space wi11 be fully occupied by a crash cushion
device. The reason for proposing these dihensions is so that if experience
HshoWs that devices should be designed for leater ranges of vehicle
weights and/or for Tower deceleration forces there will be space available
for installation of such devices in the future. .In the meantime, the un-
occupied reserve crash cushioh space will provide valuable additional
recovery area.
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Crash Cushion reserve orea*

202

Trr_affic—_—"——-_l"'_. _ : | 12(min.} Face of rail or parapet—y
. Shouider —— _ _ ,
' ' N End of rail or equivaient fixed object
— . Shouider—1 ok e ]
Traffic —— -y 2 {min.) I
- *No curbs, raised pavement, L
or prows to be buiit or : -
remain in the area
surrounding or occupied
by the crash cushion.
| Dimensions for Crash Cushion Reserve Area
_(Feet)
De51ggn5peed | | M i mum
Mainline Restricted Unrestricted
(m.p.h.) Conditions |  Conditions Preferred
| Nl LF N L | F Nf LI|F
30 6| 82 8 | 11| 3 | 121174
50 : 6 |17 | 2 8 25 3 12133 | 4
70 6 |282 |- -84 | 3 | 12|55 |4
80 6 {35 |2 8 {5 | 3 12170 | 4

- Table VI-D-1. Reserve Area for Gores



It is suggested that considerations be given, at the design stage
of new projects, to the use of.crash cushions at other locations also.
These wou]d'be hazardous sites that cdu]d not be avoided in the project.
Examples are bridge piers, overfiead sign supports, and other non-avoidable
rigid dbjects. These sites could be designed to faciTitate the instal-

lation of a crash cushion.

VI-D-2. Existing Roadways

The selection of a crash cushion for some existing roadways may
be dictated by site conditions. The fdi]oWing factors éhou1d be considered
in the.sélection.

Dimensions of obdfect or hazard to be shielded - The width of the
‘object or hazard is an important factof. While the C1, C2, and C5 crash
cushions can be designed for a range of object widths, they are not

hormaT]y used to shield relatively wide objects. The Cl is usually
limited to.wfdths of approximaiely 12 feet (3.7 m) and the C2 and C5
systems are usually limited to widths of approkimately 7.5 feet (2.3 m).
Inertial barkfers are hore-adaptable to the wider objects.

Stm.tctural detai_ls of object to be shielded - Systems €1, C2, C5,
and C6 require a back-up structure that is capab1é of withstanding the
impact forces. If the object being shielded is structura]1y inadequate,
.provisions will have to be made to support or restrain the barrier during
impact if these systems are used. Site preparations on existing struc-
tures can_bé extensive. _Tﬁis usually involves removing a concrete gore
nose. In some'instances, bridge rai]ing ends are revised.and a concrete

wall or backstop is built. A backstop or secondaty barrier is suggested
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for inérti&l crash cushions where the vehicle cou?d penetrate_the
cushion.and,piuﬂge.dowh a stope. | : -

| Space auem’l’ab?i:e, for erash cushion - Two dfimeﬁsiohs_ must be con-
“sidered with-regafd to the available space. These are the length ("L"

in Figure VI;D-I) over which the barrier can Eé placed, and the distance
on either side of the barrier to the hazard ("F" in FigUre VI-D-1).

While the length is important in the design of each barrier, all of the
operationat systems (excluding C6) will perform in a similar manner for

a given Tengiheaf“insta]1ation if designed properiy, at least for reason-
able vehiéle.speeds and weights.

As shown in Figure VI-B-2, the suggested m1n1mum distance "F" for
“inertial crash tushions is 2.5 feet (0.8 m). Where this cannot be ac-
complished, a cushion with redirectional capabilities should be strong1y
considered. Care must be exer;ised, however, with the fendering systems
to insure that a structuraily adequate transition is used between the
;ushion and the object it shields. Snag points are not acceptable. If
the cushion requires special anchorége, it wi]] have to'bé provided in
the available space. |

Physicdl,conditians of the available space - The following site
conditions should be considered: |

1. 'fhe-presence of a curb Which.cou1d affect the performance of

the crash cushion; | | |

2. the éxfsting surface mater1a1 énd condition thereof;

3. the ]ongitudiﬁﬁ] and transverse slope of the crash cushion

area; | _ |

4. exﬁected low temperaiure since several of the systems are

sensitiye to below freézing temperatures;
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5. high wind and/or ébnormal vibration conditions; and
6. the existence of construction or expansion joints in the
érash cushion area. |
Referencé-shoUTd be made to Section VI-F for more diséussion of items 1
and 3. With regard to item 2, it is desirable that all of the systems
be placed on a concrete or asphalt surface, but it is essential for
the steel drums, hi-dro cell sandwich,'and the hi-dri ce11'séndwi¢h. This
permits the systems to slide back with uniform reéponse during an impact.
In the case of the inertial crash cushions, the paved surface provides
uniform support for the modules., In addition, it provides a surface
on which.the_pattern and weights of the modules can be marked. This
helps maintenance forces in sﬁbsequent restorations after impacts. The
_foI]owing-cémments are offered with regard to items 4 and 55
| é.' If the hi-dro cell sandwich or cluster crash cushion is pro-
 sted fof a location thét ié'subject.to prolonged freezing °
temperatures, an.anti—freeze treatment will be necessary for
- the water.
b. .Plowed snow might infiltrate an array of sand filled barreis
‘but have less effect on barriers with the side fender paneis.
The effects of:fa111ng, drifting, or blowing snow can be mini-
mized with a cover of.some type of f}exible hateria1. of
. Cdurse, snow éhou]d.be comp1été1y E]eared away from all crash
cuéhions. | | |
:_c._ When the hi-dro cell sandwich or c1u$fér crash cushfonlis in-
stalled where extremely hot-weéther is prevalent, extra consi-
deration of water loss due to evaporation is needed. A thin
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Tayer,ofrmineral oil on top of the.water will provide
added protection against evaporatidﬁ\]oss.

d. Sand filled barrels may be less déSirab}e in high wind areas
Eecause.barrier débris can.bé scattered, i.e., barrel pieces,
core pieces, énd sand. |

_with regard to item 6, special design accomodations may be necessary for

those systems that.require'anchorage.
. VI-E. ‘Selection Guidelines

The number and complexity of factors which entér thé selection
.process for crash cushions preclude the development of a simple selection
procedure. As has been alluded to in the preVious sectioné, each opera-
tional system haéiits own unique physical.and functional chafacteristiés.
| Ih some cases, one crash cushion will stand but as the'most appropriate,
while in other cases two or more crash cushions may be'éonsidered essen-
tially equal in performance. Listed as discussed below are factdrs which
should be evaluated before making a selection. It is suggested that these
factors be evaluated in the order given, although they are not necessarily
]istéd in order-o? importance.

. It is asSUmed, at this point, that a crash cushion is warranted

and that a selection must be made. As an ajd to the guide1ines presented
in this section, the designer should also consider the application of

the cost-effective selection procedure presented in Chépter VII.

o 1. Site considerations - The first item to evaluate is the site
conditions. Factors to evaluate inctude dimension of dbject_being

shielded, structural characteristics of object being shielded, available
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space for cushion, and physical .condition of site. Reference should be
made to Section VI-D for a discussion of all the faétors related thereto.
In many cases, the site conditions will establish the typé of barrier
needed. | |
2. .Si’mctural and safety éhafacteristics of candidate systems -
If more than one system can be used, the designer should carefully
evaluate the structural and safety characteristics of each candidate
system. These include factors such as 1mpabt décelerations, redirection
¢apabi1ities, anchorage requirements, debris produced by impact, and
.back—up structure requirements. It-is desirable.tﬁat the most crashworthy
system be installed. Reference should be made to.Section VI-B for a dis-
cussion QF the structural énd safety characteristics of the operational
syétéms. Tabie A-3 of Appendix A summarizes crash cushion accident data.
| 3. Maintenance char*aéter'istics and aesthetic appeal - Not too
infrequent]y the most appropriate barrier will still not be evident after
evaluating items 1 and 2 above. The maintenance characteristics of each
barrier may therefore play an important role in the selection. Section
VI-C identifies the pertinent facts_and prdvides guidelines to aid in
eva1uating-thé maintenance and aesthetic charactériStics of the operational
systems.

- 4. Costs - Limited cost data has indicated that some crash cuéhions
" are more éXpensive than others. This variation in cost can readily be
" seen in the components which go to make up the systems -and the installa-
tion effort'required. The designer should, if other design factors for
‘the site under considératfon have not indicated the one best crash cushion,

employ engineering economics so as to arrive at the least expensive system
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over the estimated Tife of the system; The economic factors to be consi-
dered are intial cost, maintenance coSts,_vehic?e damage and occupant
injury costs, time vaiue of money, life of the system, and salvage value.
| The procedure described in Chapter VII can be used to evaluate these
factors. | | R |

The initial cost indications shown below are based on a very
few instailations. Each State should determine‘loca1'cqsts for each
of the approved'systems. Limited initial ahd maintenénce cost data

~are given in Table A-3 of Appendix A.

Low ~ Moderate High
Initial Initial Initial
System _ Costs Costs ' Costs
Cl - Steel Drums S | 4
C2 - Hi-Dro Cell Sandwich | - Y
€3 - Fitch Inertial ' v
C4 - Energite Inertial Ty
C5 - Hi-Dri Cell Sandwich : | o _ W
C6 - Hi-Dro Cell Cluster | Y

Reference should be made to Section VI-C and Table VIfC—l to.aid-in
~estimating maintenance costs and salvage vatues. All of.the approved
. systems will produce damage to.impacting vehicles whether;hit an the
nose or on the side. Experience does not indicate that one system is
better than the other in this respect. Naturally, the Highev the impact_
. speed-the higher the degree of damage._ Field experience has-showh;that
- most vehicles which impact crash cushions are driven away.
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VI-F. Placement Recommendations .

It muét'be recognized that all of the crash cushions were designed
“and tested for relatively Tevel terrain conditions; Adverse and unac-
beptab1e performance can be expected if the barrier is placed on or behind
c.er'tain .terra'i'n conditions. It <s highly des%lr'able that the crash cushion
be placed on a relatively flat surface (5 percent slope or less preferrable)
and that there Ee no appurtenances bewteen the traveled way and the barrier.
Two prdminent roadside features which the designer must often con-
ténd with are curbs and slopes. Tests and computer simulations have shown
that botﬁ of these'features can cause an errant vehicle to rise above the
terrain and.beCOme airborne and reach undesirable roll and pitch angles.
For new'prOjects, curbs should not be built where crash cushions are to
be installed. Existing curbs where cushions are to be installed should
- be removed if feasible, in particular those that are higher than approx-
imately 4 inches (0.1 m). |
| For roadside or median installations, it is desirable that the
shoulder be extended to provide a relatively flat éppraoch area to the
.cushion. A more detailed discussion of the effects of curbs and slopes
on barrier performance is given in Section III-E-3. Also, Appendix F
contains a summary of vehicle trajectory data for_vafious slopes and curb
sizes and types. | |
Unanchored crash cushions (C3 and C4); when placed on elevated
gores, may walk or crack due to vibration of the structure. However,
at this writing there is no clear pattern of such occurrences. Manufac-
turers should assure the adequacy of their design in this regard.
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Hazardous gore areas have received the greatest attention with
regard to crash cushion installations. It cannof be_fefuted that
these areas have a higher potential for serious accidents thaﬁ any other
area of similar size along the roadway. Treatment of these areas should
be given top priority. It now appears, however, that other areaé; which
heretofore had been shielded by conventional roadside barriers, can best
be shielded, cost effectively, by crash cushions. Reference should be
made to Exaﬁple 2 of Section VII-C for an illustration of this. |

Figuré Vle—l shows examples of median and roadside hazards which
can be shielded either totally or partially by crash cushions. The
approach. areas should be fIa£ and have.no appurtenahces between the
traveled way and'the cushion. If these conditions do not exist and can-
not be_provided, a roadside barrier placed near the shoulder is the:
- recommended system. Selection of the barrier angle, o, should be bésed
on the probable impact angle of eﬁcroaching vehicles. Impact angles
will be depéndent jn most part on operating speeds, roadway alignment,
and Tateral distance from the traveled way to the cushion. For most
roadside conditions, an angle of approximately 10 degrees or less 1is
suggested. |

| A1l of the.cperatfona] crash cushions can probably be adapted to
shield rigid objects such as those shown in Figure VI-E-1. However, with
‘the possible exception of the median barrier end treatments (see Table
IV-B-5), the inertial barriers are more easily adapted to shield rigid
objects than others. First, they do not require a backkﬁp structure.
Secondly, if expoéed, the rear part of a non-inertial barrjer system may

itself be a significant hazard. Such problems would arise for median
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installations. It is likely, however; that the non-inertial systems

'cou]d_be-adapted by careful désfgn of transition and attachment details.
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.VII. A COST?EFFECTIVE-SELECTION PROCEDURE

yIi-A. ‘Introduction

Co]lisiqns involving vehicles with roadside.objects represent a
prob]ém inhereht'to any existing highway facility. Consequently, road-
side safety imbrovement programs have evo]ﬁed td provide guidance in |
eliminating those problem locations where attention is vitally needed.
For fhe most part, these prdgrams share the following policy base.

1. Obstacles which may be removed should be eliminated.

2. Obstacles which may not be removed shou]d_be relocated

laterally or in a more protected.1ocatian;

3. Obstacles which may not be moved should be reduced in impact
severity. Breakaway devices and flattened side s?opes_offer
such an impquement. | |

4. Obstacles which may not be otherwise treated should be shielded

by attenuation or deflection devices..
While the above mentioned'points of design sunmarize the available alter-
natives, the questions of “where, when or how" are often Teft unanswered.
Limited funds is also a factor most agencies face. The designer is thus
confronted with the problem of sé1ecting those a]ternafives which offer
‘the greatest return in terms of safety benefits.

The purpose of this cost-effective selection procedure is to pro-
vide a technﬁque for comparing alternate solutions to prob]em.1ocations.
Present va1ue of the total cost of each alternative fs computed over a
giveh.periad of time, taking into consideration initial costs, mainten-

ance costs, and accident costs. Accident costs incurred by the motorist,
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including vehicle damage and peréona1 injufy, afe cohsidered together
with accfdent'costs incurred by the highway department or'agency.
Selection of the alternative with the least total cost would normaiiy
be made. | | |

‘With regérd fo traffic barriers, the cost-effective procedure can
“be used to evaluate three alternatives: |

‘1) remove or reduce hazard so that shie]dihg is unnecessary;
2) “install a_barrier;'or -
3) ;do;nﬁthing,'i.e., Teave hazérd unshie]ded;

“The “third option would normally be cost effective only on low
-volume -and/or Tow gpeed facilities, or where the probability of accidents
s Tow. .wfth regard to item 2, the procedure allows one to evaluate any
" number “of :barriers that can be used td shield the hazard. Each location

‘and its alternatives should be approached on an individual basis.  Through
- this method the effects of averagé daily traffic, offéét of barrfer or
hazard, size of barrier orfhazard, and the relative severity of the barrier
or the hazard can be evaluated.

_ The procedure presénted'herein will allow one to objectively
establish priofitiés for the optibns at a given site. “ATthoﬁgh hot pre-
sented, the procedure’can be extended to establish priorities for a road-

way system, either‘on a local, regional or statewide basis. Such a

procedure-can be found in the literature (102, 103, 141).
.VII-B. ‘Development, Assumptions and Limitations

“Although certain assumptions-were essential to the development of

the-cost-effeCtive‘procedure,'it reflects a rational approximation based
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on existing technology. Generally, the formulation of the procedure
_paral]els closely other cost-effective selection technigues (102, 103,
;ﬁ;). The procedure is structured around an accident prediction tech-
nique used to estimate the frequency at which a'roadside pbject or hazard
will be struck over a given period of time. For an in-depth discussion
of the basis for the procedure, its assumptions and Timitations, the
reader may refer to the citations given above. Specific limitations and
assumptions are Tisted and discussed below.
Generality ahd flexibility have been preserved in the procedure
- presented herein. This allows the user to incoroorate new data as it
becomes available and to make suojective adjustments as deemed necessary.
| Limitetions which exist in the procedure relate primarily to the
data needed to implement it. In this regard, the following observations
are made: |
1.  Encroachment frequency - Frequency of accidents with road-
side objects is closely related to the nature and frequency
of vehicle encroachments from the traveled way. Encroach-
ment data presented herein is based on observations conducted
on relatively flat medions along tangent sections of multi-
. lane facilities (18). Studies are needed to determine the
effects of vertical and horizontal alignment, roadway width
~ and number of Tanes, operating speed, and other variab]es
'on the encroachment frequency. Recent studies with regard
to encroachments on secondary roadways has increased the

state of knowledge in this area (142).
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Encroachment spééd - Encroachment speed is not considered
directly in the model. IndirectTy, effects of encrbachment
speed can bé aCcounted for by.adJUSting_the antfcipated
relative sevehity of the impact wifh the rbadside object or
hazard. .Also, the speed of an errant vehicle will generally
diminish with lateral movement on the roadside, i.e;, the
driver will usually be stopping the vehicle, or it will be

- slowed due to skidding. Again, the effects of such spéed
reductions can be accounted for by adjustments in the rela-
t}ve severity of the object as a_functionrpf its offset
distance. However, there is no data-to'indi¢ate how speed
andnlatera] movement of an errant vehicle are related.

" Roadside slopes or ditches wou]d.also be a factor in such

é reTationéhip, as discussed below. - Suggested_séverity
ratings for roadside objects are included hérein. These
a?ply to high speed facilities and ave based on assumed
impacts.at high speeds, approximately 60 mph (96.5 km/hr).
Roadside slopes - Recent studies have shown that the ability
to return an erraht vehfc]e to the traveled_way atter en-
croaching on an embankment decreases as the slope of the
embankment increases. Results of these studies are reflected
in the "clear distance" criteria Suggésted in Figﬁre III-A-3.
However, at this time, there is no field or accident data

to describe the statistical distribution of the lateral

_ movement of errant vehicles on embankménts. Data used to

develop the cost-effective procedure are based on observations
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_ of encroachments on relatively flat mediaﬁs (16).
4. Directional split - It is assumed that the directional
| split is 50/50 with respect to average daily traffic.
Whenever alternate data is available, it may be used as input at the
discretion of the designer. By providing this option to the user, the

~ model assumes a general format as opposed to being strictly dependent on

existing technology relative to the current state of the art.
VII-C. Applications

Implementation of the cost-effective procedure primarily involves
the determination of several input values. The computations are simple
and require only basic mathematics. It should be noted that during the
course of the text, the word "obstacle' is used quite frequently. In
this contéxt, the term is meant to apply to either a hazard or improvement,
whichever thé case may be. The fo]Towing steps summarize the procedure
to be followed in the cost-effective ahalysis.

1. From existing or proposed geometry determine the following:

‘A = lateral placement of the roadside obstacle from EQP (feet),
'L = horizontal length of the roadside obstacle (feet), and
W ='width_of the roadside obstacle (feet).

2. From volume counts or estimates, determine the average daily
traffic; ADT {vehicles per day). This value should répresent
thé two-way volume flow.

3; Determine the encroachment frequency, Ef (vehicle encroachments
per mile per year), from Figure VII-C-1. Figure VII-C-1 was
obtainéd from data discussed previously (16). Other available
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data or adjustments of the above may be used at the discretion
of the designer. This latitude offers an option to the user
:and:helps to preserve the genéra1ity of the model.
Determiné the éo]1ision frequency, Cf.(accidents per year},
froh the apﬁropriaternomographs given 1ﬁ'Figures VII-C-2 and
VYII-C-3 (dependent on obstacle length). The nomographs combine
| the over-all geometfy with a given encroachment frequency to
yield the collision frequency. Collision frequency, Cf,.is the
predicted number of times a giﬁen obstacle will be impacted by
an errant vehic?e'per-year. The nomographs ére used in the
following manner.
~.a. Locate and mark the encroachment frequenty, Ef, on
vertical axis (:) .
~b. On horizontal axis (:) 10cate the tlateral placement,
| A, and cdnstruct a vertical reference Tine the full
. height of the graph.
~C. Locate and mark the point where the Tateral placement
reference 1ine intersects the width, W, curve in con;
sideration.
d. Project a line to the right from the point determined
in (c) to vertical axis (:) and mark the point of
intersection.
eﬁ_ Locate and mark the point where the lateral placement
reference 1ine intersects the length, L, curve in con-

sideration.
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. Project a lTine to the left from the point determined

in (e} to the vertical axis and mark the pm‘nt.of

intersection. |

Lay a straight—edgeuacrosé the points marked bn (:)

and o and construct a line to intersect vertical -

axis e . Mark the point of interslection.

From the point determined in (g) construct a Tine to

- vertical axis (:) keeping approximately parallel to

guidelines. Mark the point of intersection.

..'Lay a straight-edge across the marked points-on
vertical axes.(:) and (:) and constkuct.a 11ne con-

.hecting the two. Read the collision frequency, Ces

where the line interseéts the collision frequency axis.

An example demonstrating the application of one of the nomo-

graphs is given in Figure VII-C-4, 1t may be necessary to

adjust the collision frequency in locations where the geometry

and traffic conditions are critical. Off-ramh gore areas repre-

sent such a situation, and an upward adjustment factor of 3 has

been suggested (102). Mathematically, the Co11ision frequency

is given in the expression below.

~ 10,560 [L P LY 2 A] +3L.4 - P Y >A+ 3]

W
N 5.14_2 PIY>A+ 6+-——g-‘1~—5~—1—~]J
J=1
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where%

the variables A, L, W and E. are as previously defined
and, | _

Y = the Tateral displacement, 1in feet, of the encroaching
vehicle, measured from the edge of the travé1ed way to the
longitudinal face of the roadside obstacle; |
P [Y>...]= probability of a vehicle lateral displacement
"greater than some value. These probabilities may be taken
from Figure VII-C-5 (102); and

J = the number of obstacle-width increments used in the
édmmation.

This equation may be implemented direcf]y into the cost
analysis or used as a double-check for the collision frequency
| nomographs. |
Assign a severity index to the obstacle of concern. It is
suggested that the index be chosen on a scale of 0 to 10 accord-
ing to the criteria given in Table VII-C-1 (103). For example,
if it is estimated that an impact with the'obstac1e will result
in injuries or a fata]ity_GO percent of the time, select an
iﬁdex of 7. Corresponding to the index is an estimated accident
cost, which includes those costs associated with vehicle damage
.and occupant injuries and/or fatalities. Figure VII-C-6 is a
graphic representation of accident cost versus severity index.
Discretion is advised in assigning severity indices and the
designer is encouraged to exhaust all avéi]ab1e'objective data

before resorting to judgment., A set of indices for a number of
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Table VII-C-1. Severity Index and Accident Cost

Total

Séverity. % PDO | % Injury % Fatal ‘Accident
- Index Accidents* Accidents Accidents - Cost

0 100 0 0 $ 700

1 85 15 0 2,095

2 70 30 0 3,490

3 55 45 0 4,885

4 40 - 59 - 1. . 8,180

5 30 65 5 16,710

6 20 68 12 30,940

7 10 60 30 ' 66,070

8 0 40 60 124,000

9 0 - 21 79 . 160,000

10 0 5 95 180,000

*PDO refers to those accidents where property damage only is involved.'
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SEVERITY INDEX

D
ACCIDENT COST FOR
SEVERITY SHOWN-T
ASSUMPTIONS
SEVERITY % PD % INJURY 9% FATAL ACC.
INDEX ACC. ACC. ACC. COST
4 a4Q 59 | 8180
5 30 65 5 16,710 _J
& 20 68 2 30,940
7 {0 60 30 66,070
8 o] 40 60 124,000
9 ) 21 79 160,000
10 Q 5 95 190,000
BASED ON '
$ 200,000 per Fatality
i © 10,000 per injury Accident
200 per PDC Accident
2 49 6 8 18]

Figure VII-C-6. Average Occupant Injury and Vehicle Damage Costs
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10.
'11.

12.

roadside obstacles has been developed (103), see Tables E-1
and E-2 of Appendix E, and may be used for guidelines in the

absence of more definitive data.

Determine the intial cost of the obstacle, C;. If it is

“already in place, its initial cost may be assumed to equal zero.

For example, if a group of median bridge piers had been in exis-

- tence for ten years, then the initial cost of a no improvement

alternative would be taken to be zero. On the other hand,
improvements to such a hazard would require initia1 éxpenditureé
which should be so designated.

Determine. the average damage cost to the obstacle per accident,

Cy (present dollars).

‘Determine the average maintenance cost per year, CM,'associated

with the upkeep of the obstacle (present dollars).
Determine the average occupant injury and vehicle damage cost

per accident, COVD’ which would be expected as‘a resﬂ}t of a

collision (present dollars). Table VII-C-1 or Figure VII-C-6

may be used to determine COVD in the absenée_bf more definitive
data. |
Determine the useful life, T, of the obstacle {years).

Determine the economic present worth factors, kT.and KJ, for

‘the useful 1ife, T, and a current interest rate from Tabies

VII-C-2 and VII-C-3.
Estimate the expected salvage value of the obstacle, CS, at the

end of its useful T1ife (future dollars).
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USEFUL

T

TNTEREST RATE I {PERCENT)
ALIFE T -

I YEARS) c.0 1.0 2.0 3.0 4,0 5.0 6.0 7.0 8.0 2.0 10.0
1.9 1,000 0.990 0,980 0.971 4 0.962 0.952 0.943 0.935 0.926 0.917 0.909
2.0 2.000 1.970 1.941 1.913 1.886 1.859 1.833 1.808 1.783 1.759 1.736
3.0 3.000 2.341 2.884% 2.829 2.7T75 2.T23 2.6173 2.624 2.577 2.531 2.487
4.0 4,000 3.902 3.808 3,717 3.430 3.546 3.465 3.387 3.312 3.240 3.170
5.0 5.000 4,853 4,713 4,580 Ge452 4.329 4.212 4,100 3.993 3,890 3.791 "
6.0 6.000 5.795 5.601 S5.41T7 5.242 5.076 4,917 4,767 4.623 4,486 44365
7.0 T.000 bH.T728 G472 6.230 6.002 5.786 5.582 5.389 5.2086 5.033 4.868
8.0 8.000 T.651 T.325 T.020 6.73% b6.463 6.210 5.971 S.T4? 5.535 5.335
9.0 9.000 §.565 B,162 7.786 7.435 T.108 5.802 6.515 6.247 '5.995 5.7549

10.0 10.000 9,471 B.982 8.530 8.111 T.722 T.360 T.024 L. 710 6418 6.145
11.0 11.000 ; 10.367 9.787 9.253 8.760 8.3086 T.887 7499 7139 54805 6.49%
120 12.000 [ 11.254 ) 10.575 9.954 9.385 B.B03 B384 T.943 T.536 T.161 6.814
13.0 13,000 | 12,133 [ 11.348 | 10.635 9.986 3.393 8.853 8.358 T304 7.487 T.103
14,0 14.00G 1 13,003 12.106 | 11.296 1 10.563 9,899 9,295 8.745 8,244 T.786 T.367
15.0 15.000 13.864 12.849_!11.938 1t.118 10.380 F.712 9.108 8.559 B.061 T.606
16.0 16.000 {34,717 i 13.577 ilz.sex 11.652 | LO.B38 [i0.106 Tl 7 8.851 8,313 7.824%
17,3 }7.00C | 15.5461 14.297 13.166 12.16¢6 11.274 | 10,477 g.763 9.122 B,.544: B.022
18.0 18.080 i16,39? 14.%92 13.753 12.659 11.689 10.828 10.059 9.372 B8.756 B.201
19.0 19.000 ) 1¥.225 15.678 1 14.324 | 13,134 | §2.08% | 11.158 | 10,336 G. 604 8.950 8.36%
20.0 20,0060 [ 18,094 | 16.35L § 14,877 13.590 | 12.462 |[11.47C | 10.594% 3.818 3.129 B.514
21,0 21.000 ¢ 18.858 | L7.01% | 15.415 ) 14,0291 12,821 1l1.76% | 10.836 | 10.017 3.292 8. 649
22,0 22,000 1 19.659 17,658 15.937 14.451 13.163 |12.042 11.061 10.201 . 442 B.772
23.0 23.9000 | 20.454 | 18.292 | 16,4%3 § 14.85T | 13.488 J12.303 | 11.272 | 10,371 ;9,580 #.883
24.0 24,000 ) 21.242 F8.914 { 16,935 15,247 | 13.799 {12.550 | 11.469 | 10,529 9.707 8.98%
25.0 25.000 3 22,022 £19.523 | 17.413 | 15,622 | 14.094% |12.783 | 11.654 | 10.675 3.823 B.07T
26.0 26,000 1 22.794 | 20,121 17.877 | 15.983 ] 14.375 | 13,003 | 11.826 | 10.819 F.929 9.161
27.0 27.000 | 23.5%8 | 20. 706 18.327 16.330 14.643 | 13,210 11.987 10.935 10.027 9.237
28,0 28.000 | 24,315 | 21.281 | 18,764 | 16.663 | 14.898 |13.406 ] 12.137 | 11.051 [10.116 9.307
29,0 29.000'] 25.064 | 21.84%4% § 19,188 | 16.984 | 15.141 13.591 } i2.278 /11.158 | 19.198 9,370
0.0 30.900 | 25.8067] 22,396 [ 19.600 ] 17,292 { 15.372 | 13.765 | 12.409 [ 11.258 | 10.2T74 | 9.427
Table VII-C-2. Values of K




0ee

USEFUL

INTEREST RATE T (PERCENT)

LIFE T
(YEARS) | 0.0 1.0 2.0 3.0 a.0 5.0 6.0 7.0 8.0 9.0 10.0
1.0 1.0000 | 0.9901 | 0.9804 | 0.9709 | 0.9615 {-0.9524 | 0.5434 | 0.9346 | 0.925% | 0.9174 | 0.9091
z.90 1.0000 | ©.9803 | 0.9612 | 0.9426 | 0.9246 | 0.9070 | 0.8900 ; '0.8734 ; 0.89573 | 1.8417 | C.8264
3.0 3.0000 | ©0.9706 } 0.9423 | 0.9151 | 0.8890 | 0.8638 | 0.8396 [ 0.8163 | ¢.7938 [ 0.7722 | 0:7513
4.0 1.0000 | ©6.9510 t 0.9238 | 0.8885 | 0.gs4g | 0.8227 | 0.7921 | 0.7629 | 0.7350 | 0.7084 | 0.6830
5.0 1 cog0 | 0.9515 | 0,9057 | 0.8626 | 0.8219 | 0.7835 | 6.7473. 1 0.7130 | ¢.6806 | 0.6499 | D.6209
6.0 1.0000 | 0.9420 | 0.8880 | 0.8375 | 0.7903 | 0.7462 | 0.7050 | 0.6663 { 0.6302 | 0.5063 | 0.5645
7.0 1.0000 | 0.9327 | 0.8706 | 0.8131 | 0.75%9 | 0.7107 | 0.6651 | 0.5227 | 0.5835 j 0.5470 | 0.5732
8.0 1.0000 | 0.9235 | 0.8535 | 0.7894 | 0.7307 | 0.5768 | 0.6274 | 0.5820 | 0.5303 | 0.5019 | 0.4665
5.0 1.0000 | 0.9143 | 0.8358 | 0.7664 | 0.7026 | 0.6446 | 0.5919 | 6.5439 | 0.5002 | 0.4604 [ 0.424
10.0 10000 | 0.9053 | 0.8203 ] 0.7441 | 0.6756 | 0.6139 | 0.5584 | 0.5083 | 0.4632 | 0.4224 | 0.3855
11.0 1.0000 | 0.8963 | 0.8043 | 0.7224 | 06.6496 | 0.5847 | 0.5268 | 0.4751 | 0.428% | 0.3875 | £.3505
12.0 Too00 | 0.8874 | 0.7885 | o0.7014 | o0.6246 | 0.5568 | 0.4970 | 0.4440 | 0.3971 [ 0.3555 | 0.3186
13.0 1.0000- | 0.8787 | 0.7730 | 0.6830 | 0.6006 | 0.5303 | 0.4688 [ 0.4150 ] 0.3677 { 0.3262 | 0.2897
14.0 1.0000 | 0.8700 | 0.757%¢ | 0.6611 | 0.5775 | 0.5051 | 0.4423 | 0.3878 [ 0.3405 | 0.29%2 | 0.2633
15.0 Yoooo | 0.8633 | 0.7430 | 6.6419 | 9.5553 | 0.4810 | 0.4173 | 0.3624 | 0.3152 | 0.2745 ) 0.23%4
16.0 1.0000 | 0.8528 | 0.7284 | 0,6232 | 0.5339°] 0.4581 | 0.3936 | 0.3387 | 0.2919 | 0.2519 | 0.2176
17.0 1ococ | ©0.8446 | 0.7142 | 0.6050 | 0.5134 | 0.4363 | 0.3714 | 0.3166 | 0.2703 { £.2311 | 0.1978
18.0 10000 | 0.8360 | 0.7002 | 0.5874 | 0.4936 | 0.4155 | 0.3503 | 0.2959 | G.2s502 | 0.2120 | 0.1799
19.0 1.oo00 | 0.8277 | 0.6864 | 0.5703 | 0.4746 | 0.3957 | 0.3305 | 0.2765 | 0.2317 | 0.19¢5 | 0.16354
20.0 1 0oco | 0.8195 | 0.6730 | 0.5537 | 0.4564 | 0.3769 | 0.3118 | 0.2584 | 0.2145 | 0.1784 | 0.1486
21.0 1.0000 | ©.8114 | 0.6598 | 0.5375 | 0.4338 { 0.3589 | 0.2942 | 0.2415 ; 0.1387 | 0.1637 | 0.1351
2.0 1ocon | 0.8034 | 0.6468 | 0.5219 | 0.4220 { 0.3418 | 0.2775 | 0.2257 | 0.1839 | 0.1502 | 0.1228
23.0 1.0000 | 0.7954 | 0.6342 | 0.5067 | 0.4057 | 0.3256 | 0.2618 | 0.2109 ; 0.1703 | 0.1378 | 0.1117
'24.0 10000 | 0.7876 | 0.6217 | 0.4919 | 0.3307 | 0.3101 | 0.2470 { 0.1971 | 0.1577 | 0.1264 | 0.1015
25.0 1.0000 | ©.7798 | 0.6095 | 0.4776 | 0.3751 | 0.2953 | 0.2330 | 0.1842 | 0.1460 | 0.1160 | 0.0923
26.0 10000 | 0.7720 | 0.5976 | 0.4637 | 0.3607 | 0.2812 | 0.2198 | 0.1722 | 0.1352 | C.1064 | 0.0839
27.0 10000 | 0.7644 | 0.5859 | 0.4502 | 0.3468 | 0.2678 | 0.2074 | 0.1609 [ 0.1252 | 0.0976 |-0.0763
8.0 1.0000 | 0.7568 | 0.5744 | 0.4371 | 0.3335 [ 0.255] | 0.1956 [ 0.1504 | 0.1155 | 0.0895 | 0.0693
29.0 f-1.0000 .| 0.7493 | 0.5631 | 0.4243 | 0.3207 | 0.2520 | 0.1846 | 0.1406 ] 0.1073 | 0.0822 | 0.0630
30.0 1.0000 | 0.7819 | 0.5521 | ©.4320°) 0.3083 | 0.2314 | 0.1741 } 0.1314 |} 0.0994 | 0.0754 -} '0.0573
Table VII-C-3. Values of K




13. Calculate the tota] present worth cost, C from the following

T:
equat1on:

Cop (C)(Kp) - Cg (Ky)

_'Qr, to determine those costs which are directly incurred by the
highway department (or implementing agency) use the equation
below:

Crp = €; * Cp (CH KD + €y (k) - Cg (K))

These fota]_present worth costs represent an estimated value related

. to some appurtenance/barrier. Any number of locations or alternatives

may be evaiuated-by utilizing this method, and é priority listing may be
estab}ished."This weighting scheme provides some insight as to where the

greatest beturn in safety may be realized.

Summary of Variab1e Definitions
A = lateral placement of the roadside obstacle from EOP (feet)
L = horizontal length of the roadside obstacle (feet)

W = width of the roadside obstacle (feet)

I=

a

i
i

average daily traffic (vehicles per day, two-way)
Ef = encroachment frequency (encroachménfs per mile per year)

Cf = collision frequency (accidents per year)

[ %2 NN
—d
il

- severity index
C, = initial cost of the obstacle (present d011ars)

C~ = average damage cost per accident incurred to the obstacle
(present dollars)

C,, = average maintenance cost per year for the obstacle (present _
do]]ars)
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C = average occupant injury and vehicle damage cost per
accident (present dollars) .

C. = estimated salvage value of the obstacle .(future dollars)

S
CT = total present worth cost associated with the obstacle
CTD = total present worth direct cost assqciated with the obstacle

T = useful life of the obstacle {years)

KT,KJ = economic factors for some current interest rate
VII-C-1. Example 1 - Roadside Slopes

In the first example, it is desired that criteria be established to
indicate when it {s cost-effective, in terms of ADT and sideslope, to
shield an embankment. "It is assumed that an operating speed of approxi-
mately 60 mph (96.5 km/hr) éxists. The general geometry of the roadside
is illustrated in Figure VII-C-7. For purposes of analysis, both the
average daily traffic, ADT, and the roadsfde siope will be considered as
variables. Vaiués'assigned to the other variables are assumed ﬁo‘faZZ
within a reasonable expected range. The following analysis will consider
| shielding with a roadside barrier first and thén fhe alternative of no

shielding.
Roads_ide Barrier

Before this alternative can be considered in the cost-effectiveness
procedure, the f]ared end-treatment geometry should be established by
implementing the barrier flare criteria set forth in'Séction I1I-E. By
making these calculations, the flared séctiqns were found to exhibit the
following general.geometry: _ |

1. the average offset equals 15.115 ft'(4;6 m),

2. the horizontal length of the flared sections equals 255.73 ft (78.0m),
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3. and the total rail length needed equals 256.53 ft (78.24 m).
These 1engths represent the total length of need of the flared section
plus a breakaway cable terminal treatment. |

In continQ?ng, the roadside barrier cost-effectivéness analysis
“now involves twofindépendent geometries - one being that characteristic
of the f1afed rail.sectioné, and the other being that characteristic of
the roadside barrier proper. Consequently, the total barrier cost will
_be the sum of tﬁe costs determined in both calculations (see tﬁe following
procedure). During the cost determination,.it should.be kept in mind
that the steps given below follow the format preuzously outl@ned

flared End Treatment

1. A=15. 115 ft or approximately 15 ft (4.6 m)
| = 255.73 ft or approximately 256 ft (78.0 m)
W=1ft (.305m) (rail width) -

2. ADT ='10,000 (assumed)
.3. E =‘5.5- |
4; C. = 0.13
5. Code 06-01-1-1; SI = 3.7
| 6. C, = $13.00 (assumed) per:foot at 256.53 ft (78.24 m) or approx-
imately 257 ft (78.39'm)

C, = $3,341
7. CD = §$225 . |
8. Coy = $1.50 per foot per year (assumed) at 257 ft (78.39 m); Cy = $386
9, C = $7,192 at SI = 3.7

10. T = 15 years
K

11. = 8.559

T

} at an assumed interest rate of 8%
. K 0 3152 :
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12. Cg = $3.00 per foot (assumed) at 257 ft. (78.39 m) Ce = $771

13. C, = $3,341 + §225 (0.13)(8.559) + $386 (8.559)
+$7,192 (0.13)(8.559) - $771 (0.3152)
C; = $14,654.43 |
CTb = $3,341 + $225 (0.13)(8.559) + $386 (8.559)
- §771 (0.3152)
Crp = $6,652.11

Barrier Proper

1. A=10ft (3.05m) L =1,000ft (305m}) W=1ft (.31 m)
2. ADT = 10,000
3. Ef = 5,5

il

4. Cf 0.50

5. Code 06-01-3-2; SI = 3.3 survey

6. C

= $13.00 per foot (assumed) at 1000_ft3(305 m); C; = $13,000
7. Cpy = $225 {assumed) o
8. CMZ; $1.50 per foot per year (assumed) at 1000 ft (305 m);.CM = $1,500
9. Coyp = $5.874 at SI = 3.3

10. T = 15.years

12

11.'_KT = 8.559
‘ at an assumed interest rate of 8%
KJ = (0.3152 ' '
CS = $3.00 per foot (assumed) at 1,000 ft (305 m); CS = $3,000
13. CT.; $13,000 + $225 (0.50)(8.559) + $1,500 (8.559)
+ $5,874 (0.50)(8.559) - $3,000 (0.3152)
- C+ = $50,993.57
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Cpp = $13,000 + $225 (0.50)(8.559) + $1,500 (8.559)
- $3,000 (0.3152)
Cpp = $25,855.79 |
Total Cp = $50,993.57 + $14,654.43 = $65,648.00
Total Cpp = $25,855.79 + $6,652.11 = $32,507.90

These two total costs represent values associated with an average daily

traffic equa]ihg 10,000 vehicles per day. The above steps are repeated

for.higher va1Ues of ADT until enough déta points are_determined to plot
CT versus ADT. .U1timately, the total barrier values as a function of

average daily traffic will be used in the alternative comparison.

Unprotected Slopes

Another alternative which should be considéred‘inVo]ves no shielding
at all. This a]terhative requires no direct expénditures éince it is
assumed that the pk0b1em involves existing roadwéys. Consequent1y, only
the tota} costs (to include oc§upant and vehicle damage) can significantly
indicate the benefits/disbenefits associated with no shielding of the
embankment. | |

For'purposes.of analysis, four slopes have been considered as.
variables in addition to the average daily traffic contro1. These
slopes and their respective severities are as follows:

1. (3.5:1) slope - severity index equals 3.5;

2. (3:1) slope - severity index equals 4.0,
3. (2.5;1) slope - severity index equals 4.5, aﬁd |

4, (2:1) slope - severity index equals 5.0
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Although the slope severities are not specifically identified in the
hazard inventory fnformatibn, a severity index is listed for a positive
slope. Assuming that this positive slope represents an average situation
~and that a 4}1 slope is approximately average, theﬁ the severity index
of a 4:1 slope would be found td‘equa] 3.0. Furthermore, since the
severity index of the roadside barrier is gréater'than that of the 4:1
slope, then fn no way can the barrier be more costféffective. By taking
the average siope as a base, the severities of the other gradients were
estimated,.and océupant and vehicle damage costs were assigned. The
~initial, damage, maintenance, and salvage costs were all taken to be zero:
since it is assumed that the existing geomefry reﬁuires no direct expen-
ditures.. By choosing the average daily traffiC'aQain to equal 10,000 ve-
hicles per day and considering a 3.5:1 slope, thé costs may be determined
by the fo]]dwing steps. ‘
1. A . 10 ft (3.05m) L = 1,000 ft (305 m} W =30 ft (9.15 m)
2. ADT = 10,000 |

3. E.=5.5
4. Cg = 0.51

5. SI = 3.5

6. C; = $0
7 Ty = $0

8. Cy = $0

9. ¢ = $6,533 at SI = 3.5

ovD
10. T = 15 years
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8.559

1. Ky =
at an assumed interest rate of 8%
Ky = 0.3152) - | -
12. ¢ = $0 | - o
13. C; = $0 + $0 (0.51)(8.559) + $0 (8.559) + $6,533 (0.51)
~ (8.559) - $0 (0.3152)
C; = $28,517.13
Crp = $ + $0 (0.51)(8.559) + $0 (8.559) - $0.(0.3152)
Crp = %0

Total costs for the four slopes and varying volumes are calculated in a
similar manner to provide the basis of comparison for the no protection:

~alternative.

Con;?par"ilson
The various situations can best be compared byipldtting curves of
total present cost versus averége daily traffic. Such a éef of curves
is shown in Figure VII-C-8. By interpreting the data thé following con-
clusions may be drawn: |
1. Unprotected slopes of 3:1 and f]atier are more cost-effective
than the barrier for an average daily traffic up to and in
excess of 50,000 vehicles per day, 1.e., the barrier is not
- warranted;
2. the 2.5:1's1bpe, unprotected, becomes less cost-effective than
the barrier for an average daily tfaffic eqqa? to or above 15,000
vehicles per day; and | _ |
3. the 2:1 siope, unprotected, becomes 1e$s-cost-effect1ve than the
barrier for an average daily traffic equal to or above 7,500

vehicles per day.
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‘This analysis serves to provide some insight as to where roadside barrier

protection of slopes may or may not be more cost—effective ' Genera] design

guidelines or policies may be established and more 1mportant1y Justified

~in terms of the highest returns in safety

General Comments

1.

The analysis, as presented in this problem, involves only those

. costs éssociated with one side of the highway féci1ity. If the

same conditions exist on the opposite side, then the total costs

for both sides would be double those previously determined.

. The average daily traffic should represent the two-way volume

flow since the volume sp]it'is built into the analysis procedure.

' This;adjustment is effected by the collision frequency nomographs.

The useful life of a roadside slope is taken to be 15 years,

which is obviously not the real case. However, it is necessary

~-to consider an equal time span for each alternative in order to

make the comparison legitimate.
This example illustrates how the procedure can be used to deter-

mine the cost-effectiveness of two basic options, i.e., barrier

shielding versus no shielding of slopes, for a given location.

_Although- not considered here, the next desirable step may be to

establish a priority or ranking system Tor reducing hazards within
a given roadway system. The objective would be to make improve-
ments that offer the greatest return in ter@s.of safety. The
fo]]owihg formula may be used for determining-a ranking factor,

R:
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Ty - T
R = L
C
TQI
where :
' CT = total cost associated with the unshielded

H hazard over the period T;

CT = total cost associated with the improvement over
I  the period T; and

| CTD = total cost to the highway department or agency

I associated with the improvement.

Improvements should be made to those hazards having the highest value
R first. Note that if the numeratér 18 negative, the improvement would
not be cost—efféctive. In example 1, the ranking factor for placing a
roadside barrier to shield the 2:1 slope for an ADT of 10,000 would be

Cbmputed as follows:

o -
]

T $72,000 (Slope) (From Figure VII-C-8)
H Z
Cp = $65,648 (Barrier) (From Figure VII-C-8)
I
'CTD = $32,507 (From previous calculations)
{ . '
- thus _
| p = 72,000 - 65,648
32,507
or -
R=0.2

VII-C-2. Example 2 - Bridge Piers

Figure VII-C-9 shows a typical bridge pier hazard. Three alterna-

“tives will be considered in the cost analysis as follows:
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no protection of the bridge piers;
protection of the bridge piers with a roadside barrier rail; and

protection of the bridge piers with a combination roadside

~ barrier rail and crash cushion system.

Subsequent. to the cost calculations, a comparison of the three operations

will be made based on a present worth basis, and the most cost-effective

design will be identified. Note that the steps in the analysis correspond

to those described in the introduction of Section VIi—C. .

No Protection

1.

10.

11.

12.
13.

‘A =23.5 ft (7.17 m) or approximately 23 ft (7.02 m); L = 32 ft

(9.76 m) and W = 3 ft (.92 m)

. ADT = 75,000 (assumed}

Ef = 31.0

C, = 0.091

f
Code 11-01; SI = 9.3

C; = $0 (since the piers are existing)

L= $0 {assumed)

CM'= $0 (assumed)

c D'= $169,340 at SI = 9.3

OV,
T = 20 years
_KT-=‘9.818 _ T
_ : at an assumed interest rate of 8%
; KlJ = (0.2145 : '
C. = $0 + $0 (0.091)(9.818) + $0 {9.818) + $169,340 (0.091)

(9.818) - $0 (0.2145)
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Gy = $151, 295

CTD.= $0 + $0 (0.091)(9.818) + $0 (9.818) - $0 (0.2145)

Crp = $0 _' | |
.or gonsidering collisions with both ends of the bridgg pier hazard,

¢ = $302,590 and Cip = $0 _..

These figures represent the present costs associated with no pro-
tection to the_rdadway hazard. The total cost, as would be expected,
is quite subétantial due to the sevefity associated wffh 1mpac£ing.a
fixed bridge pier, while the total direct cost is zerb since no improve-
menfs are involved. Although the existing'geometry may n0t offer the

best aiternative,. it must be calculated for use as a basis in comparison.
Roadside Barrier

Before the cost analysis can be implemented for this option, speci-
fic attention needs to be directed toward identifying the barrier flare
geometry. From the barrier flare criteria outlined in Section III-C,
the placement values to be used in the cost procedure.were determined to
be the following:

| 1. the avérage offset for thg flared sections éﬁda} 16.52 ft
~ {5.04 m), o
2. the horizontal length of the barrier flare equals 150.94 ft
(46.04 m), and o
3. the total Tength of need for the barrier flare equals 152.20 ft
(46.42 m). |
In.determiniﬁg the total costs associated with_roadside barrier protection,
twb separate calculations.wi11 be made -- one considering collisions with
the barrier flare and the other involving impacts to the barrier proper.
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The sum of'these two costs will represent the total value -associated

with the roadside barrier alternative. Note that coste for one direc-

tion of trqvei-are computed, then doubled, to obtain costs for both

directions of travel. It is assumed that a crashworthy end-treatment

is used at the upstfeam terminal.

Barr1er Flare

16.52 ft (5.04 m} or approx1mate1y 16 ft (4.88 m),

1. A'=
._ L = 150.94 ft (46.04 m) qr approximately 151 ft (46.01 m), and
W=l ft (31w .
2. ADT = 75,000
3. E.=31.0
4. Cf = (.41
-5._-Code 06-01-1-3 . SI = 3.6
6. = $13.00 per foot (assumed) at 152, 20 ft (52.37 m) or
_approx1mate1y 153 ft (46.67 m), thus
€y = $1,989
7. Cy = $225 {assumed) e
8.:.CMi= $1.50 per foot per year (assumed) at 153 ft (46.67 m);
Gy = $230 |
9. Coyp = $6-862 at SI = 3.6
10. T = 20 years
1. K = 9.818 .
B at an assumed interest rate of 8%
| KJ = (.2145 |
12. C¢ = §1.50 per foot (assumed) at 153 ft (46.67 m) Cg = $230
13. Cp = $1,989 + $225 (0.41)(9.818) + $230 (9.818)

+ $6,862 (0.41)(9.818) - $230 (0.2145)
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Cr = $32,726
Cyp = $1,989 + $225 (0.41)(9.818) + $230 (9.818)

~= $230 (0.2145)

Crp f $5,1G4

Barrier Proper

1.

® N G W

10.
11.

i2.
13.

A =13.5 ft (4.12 m); L = 32 ft (9.76 m)§ and W =1 ft (.31 m)

ADT = 75,000
Ep = 31.0
Cp = 0.15

. Code 06-01-3-2  SI = 3.3

= $13.00 per foot (assumed) at 32 ft (4. 12m) thus,
$225 (assumed)

= $48
D= $5,874 at SI = 3.3

9.818

: }at an assumed interest rate of,S%
0.2145 '

it

c
c
C
T =20 years
K
K
C
C

$415 + $225 (0.15)(9.818) + $48 (9.818)
+ $5,874 (0.15)(9.818) - $48 (0.2145)
C; = $9,859

Crp = $416 + $225 (0.15)(9.818) + $48 (9.818)
- $48 (0.2145) |
Crp = $1,208
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The total barrier costs may now be found by totaling the values for
the flare and the barrier proper. Furthermore, the total amounts con-
sidering shié]ding'for both sides may be attained by doubling the costs
associated with co]lisfons from one side. ' |
Therefore, for protection-to one end:
. TotaTCT = $32,726 + $9,859 = $42,585
Total Crp - ¢5,108 + $1,208 = $6,312
and’ for protection to both ends:
~ Total C; = $85,170
‘Total C

1p = $12.624

Roadside Barrier/Crash Cushion System

The third a]ternative considered in the bfidge pier analysis will
be.an integrated crash cushion - Tongitudinal barrier system. The crash
cushion will be utilized as an end treatment to shield the end piers and
the ends.of-the roadside barrier. The roadside barrier is placed along
the 32 foot length (9.8 m) to shield the interior pier. Costs for each
of the subsystems may be determined given their‘respective geometries,

and a total present worth may be fixed.

Crash Cushion - End Treatment
1. A=21ft (6.4m L=25ft (7.6m) W=28f*t(2.4m
2. ADT = 75,000 {assumed) |

3.

™
i

31.0
4, C.=0.12

5. Code 15-00-0-0  SI = 1.0
6. C; = $5,000 (assumed)

~J
L]
1]

$1.,000 (assumed)
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8. €, = $150 (assumed)
9. FOVD =_$2,095 at SI =_1.0
10. T = 20 years
1. KT = 9,818
i an assumed interest rate of 8%
KJ = 0.2145%
12. .CS = 0.0
13. CT = $5,000 + $1,000 (0 12)(9 818) + $150 (9 818)
+ $2 095 (0.12)(9.818)
= $10,119
: T = $5, 000 + $1,000 (0 12)(9.818) + $150 (9. 818)

= $7 651

Roads ide Barrier

1. A=21ft (6.4m) L=32Fft(9.8m) W=1rft (0.305m)
2. ADT = 75,000

3 Ef = 31.0
4. C.=0.10
5. Code 06-01-3-3 SI = 3.3
C; = $13.00 per foot (assumed) at 32 ft (9 8 m); thus CI = $416
7. G = $225 (assumed) '
8. 'C = $1.50 per foot per year (assumed) at 32 ft (9 8 m); thus,
Cy = $48
9 COV = $5 874 at SI = 3.3
10. T =20 years
11. K, = 9.818
at an assumed interest rate of 8%
KJ = 0.2145 oo
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12. €. = $1.50 per foot (assumed) at 32 ft (9.8 m); thus, Ce= $48
13. C; = $416 + $225 (0.10)(9.818) + $48 (9.818) '
+ $5,874 (0.10)(9.818) - $48 (0.2145)
Cp = $6,865
Cyp = $416 + $225 (0.10)(9.818) + $48 (9.818)
- $48 (0.2145)
Crp = $1,098

Considering both the costs for the'attenuator and the longitudinal barrier,
the tota1'system present worth values may be computed as follows:
For brotection to one end:
._ Total CT = $10,119 + $6,865 = $16,984
Total Cpp = $7,651 + $1,098 = §8,749
.and for shielding for both sides: |

Total CT'= 2($16,984) = $33,968 Total CTD = 2($8,749) = $17,498

Comparison

Table VII-C-4 summarizes the results of.this example. By collect-
ively reviewing the three proposed alternatives, §evera] observations
and conclusions may be oat]ined based on relative costs.

1.. Hhile the no shielding alternative requires no direct expen-
ditures, it does repfesent a very éubstantiaT total cost in
terms of accident Tosses.

2. 'The.koadéide barrier option is more cost-effective than the
unshielded hazard. o

3. The roadside barrier/crash cushion syStem is approximately 3.0

times more cost-effective than the roadSide barrier alternative.
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Table VII-C-4. Example and Comparison

_ Direct ~ Total
_ Cost, Crpy Cost, C; ~ Ranking
OPTION _ ' ($) ($) Factor, R!
1. No Shielding N 0 | 151,208 -
2. Sh1e1d1ng by Roadside | N _ _
Barrier 12,624 - 85,170 5.2
3. Shielding by Crash Cush1on/ _ | :
Roads1de Barrier 17,498 ' 33,968 6.7

06¢

1See item 4 in summary of Section VII-C-1 for definition.




However, it does require a somewhat higher direct expenditure.
4, The ranking factor indicates that of the two improvements,
 the crash cushion/rdadside barrier combanation would: provide
the.greatest return per dollar sﬁent. |
These”findings, bésed on relative costs,.provide the means for
justifying a decision regarding whether or hot shieldihg is neéessary
and which alternative is most desfrab]e. Obviously, the roadside barrier/
crash cushion system offers the best choice for the given conditions;
however, it should not be construed that this analysis in itself justi-
fies a certaih.improvement because of the fact that other 1ocaﬁions may
be:even more cfitical. Whatever the case, the most ;ost-effective design

with regards to this problem is the roadside barrier/crash cushion system.
General Comments

1. Practically speaking, the main interest in comparing alterna-
tives two and three is to objectively decide whether the shorter,
more expensive and less severe crash cushion would/would not

| enjoy_an advantage over the longer, lower cost and higher
severity barrier rail.

2. The main purpose of this example is to demonstrate the use
of fhe cost—effectivéness approach in weighing several alterna-
tive solutions for one prqb]em location. bther roadside hazard
tocations may be evaluated in a similar manner to organize a

compTete facility inventory and a set of ranking factors.
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- VII-C-3. Example 3 - Elevated Gore Abutment

In this example, an elevated gore.abutment has_beeﬁ chosen for
_ana1§51§, and both costs for the hazérd.and an improvemeﬁt wii]lbe
'determined;.“By referencihg the Iayéut shown in Figure VII-C-10. thdse
1hputs necessary for the calculations may be obtained; and the procedure
may be initfated,.'Also. higher than normal encroachments that are com-
mon to such a Jocation will be considered in the analysis, and adjust-
-ments will be made accordingly. Furthermore, the eVajuétioh wi}1'con—
“sider only coT1ision§ with the exposed gore and the'cfashrcushion,
..whichever the case may be. Also the equation for Cf w{Tl be appltied

in lieu of the nomographs to demonstrate its use.

-Existing Hazard

1. A=19Ft (5.8m); L =1 ft (.305m); and W = 4 Ft (1.2 m)

2. ADT = 80,000

3. Eg =335

4. C. by using equation may be determined as below:

Y 11 ,[1 (0.730) + 31.4 (0.617) +

5.14 (0.455 + 0.405 + 0.360 + o.325i}'_

C, = .0809 and by applying an adjustment factor of 3.0

f

- for higher than normal encroachments (assumed),
Ce (adjusted) = 3 (0.089) = 0.267

5. Code 12-06-0-0 SI = 9.3

6. Cy = $o__
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10.
11.

12.
13.

Cp = $0 (assumed)

Cy = $0 (assumed)

CQVD =.$169,412 at SI = 9.3

T'='15‘years

Ky = 8.061 } at an assumed intérest rate of 8%
KJ'= 0.2745

Cs = $0

Cr = $0 + $0 (0.267)(8.061) + $0 (8.061) + $169,412

(0.267)(8.061) - $0 (0.2745) -

'CT =-$364,623 .

Crp = %0

- Crash Cushion Improvement

1.

W™

A=17 ft (5.2m); L =25 ft (7.6 m); and W = 8 ft (2.4 m)

ADT = 80,000

Ee = 33.5

Cf by using the equation may be determined as below:

Co= =332 |25 (0.790) + 31.4 (0.695) + 5.14 (0.550 + 0.505
f 10,560 : ’ : : : ;

-+ 0.455 + 0.405 + 0.360 + 0.320 + 0.290 + 0.260)
0.183 and by applying an adjustment'factOr of 3.0 for

oy
H

higher than normal encroachments {assumed)
Cf (adjusted) = 3 (0.183) = 0.549 _
Code 15-00-0-0 SI = 1.0
CI = $5,000 (assumed)
Cy = $1,000 (assumed)
Cy = $200 (assumed)

Coyp = $25095 at SI = 1.0
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10. T = 15 years

11. Ky = 8.061
_ at an assumed interest rate of 8%
Ky = 0.2745

12. Lg = $0 (assumed) _

_13.':CT = $5,000 + $1,000 (0.549)(8.061) + $200 (8.061)

|+ $2,095 (0.549)(8.061) |
CT-= $20,309

IQTD = $5,000 + $1,000 (0.549)(8.061) + $200 (8.061)
o = S1L038 |

By éomparing the total costs related to each OF the two situations,
it may be Séén that from a safety standpoint the advantage obviously lies
with the improvement alternative. The.ranking factor for this site would
~ be 31.2 which.further points out the benefits, in ﬁerms of increased safety,
that can be realized by installing a crash cushion at such a zone.

In those Tocations where the traffic-geometric relationships become
critical, the collision frequency may 5e adjusted upward at the discretion
of the designer. A factor of 3.0 Has been proposed for gore areas, and
this seems to be a tegitimate numher; however, in:1ocations where the |
variab?es are not so critica1, possibly a Tower féctor would be appropriate.
The decisﬁon bn such an adjustment would rely strictly on the user's

kn0w1edge of the field and his engineering judgment.
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