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Highway Safety Barrier Installation Training
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» Be on time

» Participate

» Restrict sidebar conversations
» Turn off cellphones
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Objectives of Course

This 1 %2 - day course will help you to:

> Evaluate if a traffic barrier MAY be the best treatment to
use at a specific site.

» Understand the principles of good barrier system design

» ldentify installations that may not adequately shield all the
significant hazards or secondary hazards.

» Recognize good installations and common errors for
barriers and terminals and know how to avoid them.

» Understand when damaged barrier and/or terminal may no
longer be functional.
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Session 1:

Roadside Safety Problem, Clear Zone and
Warrants for Barrier
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Session 1 Learning Outcomes

At the end of this session, you will be able to:

» Describe the primary Roadside Safety
Concerns in North Carolina.

» |dentify the need for training.
» Define clear zone and barrier warrants.
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Need for Training

Potential consequences of poorly
Designed/Installed barrier systems
include:

» Systems may not function as
designed.

» Crash severities may be increased.
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Must have a strong connection between systems
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Examples of improper installation of systems:

Fatal Flaw
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Examples of improper installation of systems:
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Clear Zone: A Definition

Clear Zone

A
A 4

Traveled Way Shoulder

The unobstructed, traversable area provided beyond the edge of
the through traveled way for the recovery of errant vehicles. The
clear zone includes shoulders, bike lanes, and auxiliary lanes,

except those auxiliary lanes that function like through lanes.
Ref: AASHTO Roadside Design Guide, 4t Edition, Glossary
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As Wide as Practical




Clear Zone Factors

» Slope Type and Steepness
» Design Speed

» Traffic Volume

» Horizontal Curvature

| Iﬁ;i %.
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NCDOT Design Clear Zone Table

. . Foreslopes Backslopes
Design Design
1V:6H 1V:5H to 1V:5H to 1V:6H or
Speed ADT 1V:3H 1V:3H
or flatter 1V:4H 1V:4H flatter
40 mph UNDER 750 7-10 7-10 ok 7-10 7-10 7-10
or less 750-1500 10-12 12-14 ok 10-12 10-12 10-12
1500-6000 12-14 14-16 o 12-14 12-14 12-14
OVER 6000 14-16 16-18 *x 14-16 14-16 14-16
45-50 mph UNDER 750 10-12 12-14 ok 8-10 8-10 10-12
750-1500 14-16 16-20 ok 10-12 12-14 14-16
1500-6000 16-18 20-26 ok 12-14 14-16 16-18
OVER 6000 20-22 24-28 ok 14-16 18-20 20-22
55 mph UNDER 750 12-14 14-18 *x 8-10 10-12 10-12
750-1500 16-18 20-24 ok 10-12 14-16 16-18
1500-6000 20-22 24-30 *k 14-16 16-18 20-22
OVER 6000 22-24* 26-32" ok 16-18 20-22 22-24
60 mph UNDER 750 16-18 20-24 o 10-12 12-14 14-16
750-1500 20-24 26-32° ok 12-14 16-18 20-22
1500-6000 26-30 32-40" ok 14-18 18-22 24-26
OVER 6000 30-32" 36-44" *k 20-22 24-26 26-28
65-70 mph UNDER 750 18-20 20-26 o 10-12 14-16 14-16
750-1500 24-26 28-36" ok 12-16 18-20 20-22
1500-6000 28-32° 34-42" ok 16-20 22-24 26-28
OVER 6000 30-34" 38-46" ok 22-24 26-30 28-30

* Clear zone distances can be limited to 30 feet unless in a high accident rate areas
Ref: Roadway Design Manual, Part |. Clear Zone Distances, 1-4N -
Session1 =
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Order of Preference

. Remove hazard
. Redesign hazard (make traversable)
. Relocate hazard (move away from traffic)

B~ W N -

. Reduce Impact Severity ( use breakaway
design)

5. SHIELD hazard

6. Delineate hazard so motorist can avoid
Ref: AASHTO Roadside Design Guide, 4" Edition — Pg. 1-4
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Barriers Must Be
Less of a Hazard
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Potential Hazards

» Bridge Piers / Abutments / Railing
Ends

» Drainage Structures / Ditches
» Sign and Luminaire Supports
» Permanent Bodies of Water
» Steep Embankments

| ;'[_;ﬁ a.,
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Review Learning Outcomes

» Describe the primary Roadside Safety
Concerns in North Carolina.

» ldentify the need for training.
» Define clear zone and barrier warrants.
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North Carolina Department of Transportation

Highway Safety Barrier Installation Training

Session 2:

Testing Requirements and
Performance Characteristics
of Common Barrier Systems

- Session2 21




Session 2 Learning Outcomes

At the end of this session, you will be able to:

>

Understand how barriers are tested for
crashworthiness

ldentify common barrier systems
Explain how these barrier systems function

Define the key components of a transition
design
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Crash Testing Guidelines

» |In 1993, crash testing and evaluation criteria were
published as NCHRP Report 350

» In 2009, the Manual for Assessing Safety Hardware
(MASH) was published by AASHTO. It was used by
FHWA as the testing standard for all new products

» |n 2016, an update to MASH was adopted and a
timetable for implementation of new installations
complying with this edition was signed between
FHWA and AASHTO

Session 2.
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MASH Implementation Timeline

(AASHTO/FHWA Joint MASH Implementation Agreement Issued January 7, 2016) -

14
N i1
< 10 years >
< 9% years a
« 7-years > 2 years —> g
N
2009 2016 Dec 31, 2017 =
g
=)
=

Dec 31, 2018

MASH
Published

MASH 2016
Published

* W-Beam Barriers
* Cast-in-place Concrete Barriers

+** MOVED TO DEC. 31, 2019
X SOME MOVED TO DEC. 31, 2019

December
31, 2019

All Other Terminals
Transitions

All Other Barriers/Portable
Bridge Rails

Sign Supports

Other Breakaway Hardware

W-Beam Terminals
* Tangent
** Flared

+* Median

X Crash Cushions
+* Cable Barriers
+* Cable Terminals

2-4



MASH Test Conditions

Selection of a performance level is based on
speed and traffic mix.

» TL-1, TL-2, and TL-3: crash tests with small
car and pickup truck with a 25" impact angle
at 31, 44, and 62 mph, respectively.

2,420 Ibs. 5,000 Ibs.
1100C 2270P

~ Session 2.
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» TL-4: TL-3 + 15" impact angle, 56 mph Single-Unit Truck
» TL-56: TL-3 + 15" impact angle, 50 mph Tractor-Van Trailer
» TL-6: TL-3 + 15" impact angle, 50 mph Tractor-Tank Trailer

80,000 Ibs. 80,000 Ibs.
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» Rigid Systems
» Semi-Rigid Systems
» Flexible Systems

» Median Barrier Systems




Barrier Systems: Rigid Barriers

Rigid Barrier Systems have little (between 0 to 1
ft.) deflection under the TL-3 pickup impact. They
are generally anchored by some acceptable
means.

Examples include:
* New Jersey Safety Shape Concrete Barrier
= F-shape Concrete Barrier
» Single or Slope Concrete Barrier
= Vertical Wall

Session 2.
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minimizes Deflection

Considered TL-5

For use when conditions
warrant (typical urban,
high truck volume

SECTION X-X ROADWAY STANDARD DRAWING FOR =18  grate oF
NORTH CAROLINA
TYPE - .I. DOUBLE FACED CONCRETE BARRIER DEPT. OF TRANSPORTATION
TYPE T, T1 AND T2 DIVISION OF HIGHWAYS
RALEIGH, N.C.




Note — No national criteria for when to use TL-4, 5, or 6
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Barrier Systems: Semi-Rigid-

Semi-Rigid Barrier Systems have
deflections of a few feet (between 2to 5
ft.) under the TL-3 pickup impact.

Typically consist of beam and post
elements.

TERMINOLOGY: Call it 31" (shows 2°-17
to bolt on standards)
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» W-Beam Steel Guardrail — 350 Guardrail (29”)
» 12" wide W-beam rail section (12-gauge thickness).

» Posts are spaced at 6'-3" centers, and the nominal rail
height is 27" — 30"

» Rail splice at the post.

» Steel posts: W6 x 8.5/9.0 x 6°-0" long.
* Blocks: 6" x 8" wood or plastic.




i

Y Welcome ﬁ;.y 5
To




i W B
T
o TEs
r L PR
o i

R

Failed Test!!!




Guardrail with

SeeeeRE W S

S T
i o
Welcome RS

- “[’: To %*"‘a‘n

CAROLINA

i NORTH

"




Barrier Sy

i [ el .
py
' g L
et
L. o
.n Y C
-
,
4 ¥

» 31” (shown in standards as 2’-17)

31" Height to Top of Rall
Rail Splice mid-span.

Post spacing 6°-3”
Steel posts, W6 x 8.5/9.0 x 6’
Offset Block: 8" recycled plastic or composite







e — A

Welcome
To

CAROL




SEE NOTE 'A’
SEE NOTE 'A'

GROUND LINE

d QUARNRATI BNAGT




Barrier Systems: Flexible Barriers

Flexible Barrier Systems typically have
relatively large deflections

Examples of Flexible Barriers include:

* Weak post W-beam No longer in standards
_ To be removed from
* Low tension cable  standards when MASH

+ High tension cable 2'@"@"€
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Advantages of cable systems
iInclude:

 Low initial cost

 Lower deceleration forces

« Effective vehicle
containment and redirection

 |nstallation conditions
flexibility

«  SNOW




Barrier Systems: Flexible Barriers

» High Tensioned Cable Barrier
» Five different proprietary designs available
= Each requires a unique proprietary terminal
= Somewhat reduced deflections

» Generally easier maintenance
= Can retain effectiveness after most impacts

~ Session 2.
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* Brifen
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« CASS (Trinity Steel) *

* Nucor

» Gibraltar *
Currently, NO system has passed all MASH 2016 testing
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Barriers in the Median

» Used to separate opposing traffic on a divided highway or to
separate through traffic from local traffic.

» Many barriers approved for roadside applications can be
modified for use in the median.

» Width of the median is an
Important consideration.

> Also must consider the
dynamic deflection of the
barrier to avoid intrusion into
opposing traffic.

» There are terminals designed
specifically to shield the ends
of median barriers.

- Session2
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Advantage of high
tension cable is it may
remain effective after
iImpact.
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Transmon

» When a softer (more flexible) barrier precedes a stiffer

barrier, a gradual stiffening must occur between the two
systems.

» An effective transition must provide the following:

- Adequate connection
(TENSION continuity)

- Adequate length to
gradually increase
stiffness.
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Transition Sections

Successfully crash-tested transitions include
the following essential elements (in addition
to a structural connection):

 Additional and/or Larger Posts
* Nested rail (w-beam or Thrie-beam)

» Curbs (only as crash-tested transition
unit), Rub Rails, and/or Flared Parapet
Wall to Prevent Snagging

Session 2.
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I TRANSITION

31" W-BEAM GUARDRAIL
(SEE NOTE NO. 8)
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SEE CONNECTOR

BOLT DETAIL - TRANSITION oy 31" W-BEAM GCGUARDRAIL
(SEE NOTE NO. 8)
CONCRETE BARRIER 5-0a"  _ 3-1p 31" | 3-15" 6'-3" |

BRIDGE PARAPET OR
CONNECTOR ]
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If the concrete parapet
or portion of a
combination rail is less
than the transition
height (317), a steel
plate may be applicable
to adjust the height.
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Review Learning Outcomes

» Understand how barriers are tested for
crashworthiness

» |dentify common barrier systems
» Explain how these barrier systems function

» Define the key components of a transition
design

Session 2.
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North Carolina Department of Transportation

Highway Safety Barrier Installation Training

Session 3:

Testing Requirements and
Performance Characteristics
of End Treatments and

Impact Attenuators
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Session 3 Learning Outcomes

At the end of this session, you will be able to:

>

>

Understand how end treatments and impact
attenuators are tested for crashworthiness

|dentify common end treatments and impact
attenuators

Understand how these systems function

Choose the appropriate system for a specific
site

- Session3




Guardrail End Treatments

A barrier end treatment must serve two

functions:

» Provide the necessary

ENSION of the

guardrail system for downstream impacts

» Be crashworthy when impacted end-on.
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Guardrail End Treatments

Types of End Treatments
» Buried-in-Cut (Detall, not in Standards)

= Tangent terminals — terminal is parallel to
the roadway or has a straight flare with a
“slight” offset; all are Energy-absorbing

* Flared terminals — terminal is placed on a
flare to the roadway typically 3’ or 4°; both
non-energy- and energy-absorbing

~Session3
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Buried in Cut End Treatment

» Key design considerations:

For slopes steeper than 10:1, keep the height of the w-beam rail
constant relative to the roadway grade until the barrier crosses the
ditch flow line (but a max height of 477)

Use a flare rate, either 13:1 or appropriate for the design speed,

Add a w-beam rubrail when the distance between the bottom of the
w-beam rail and the ground exceeds ~197,

Use an anchor of steel posts capable of developing the full tensile
strength of the w-beam rail and buried 1’ below ground
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BIC Considerations = 10:1
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CAT-1 - Cable Anchor Terminal — non-crashworthy
device to develop Tension where there is no
opportunity for end-on impacts

(AT-1 - Anchor Terminal — no cable)

GREA - Guardrail End Anchor - crashworthy Pre-
MASH devices

GREU - Guardrail End Unit - crashworthy MASH
approved devices




FINAL POSITION
OF VEHICLE IMPACT

4.3 i i i i B il EI% g " 8 " .

Energy Absorbing Terminal
(vehicle is brought to a controlled stop in a short distance)

_NIE= 4_[:%] e (0 deg.) IMPACT

FINAL POSITION =
OF VEHICLE | | A=

Non-Energy Absorbing Terminal
Controlled Buckling Terminal
(vehicle may travel hundreds of feet before stopping)
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Historically used, most
recently the SRT and FLEAT
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Flared End Treat nent: t: En

» | MFLEAT MASH Version of FLEAT (MASH 16)
= Curls the rail (by kinking) tightly towards the roadway.
= Steel post system; BLON at 4th Post
= TL-3 at 39’ 77 straight flared length. 3-ft. offset.
= Cable-anchored, compression system

BLON - Beginning
Length of Need

Ref: FHWA Eligibility Letter CC-143 dated 04/10/19
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Flared En d_Ire@_’t;f'f _____

» MASH SRT (Slotted Rail Terminal)

= \W-Beam rails on a straight line and horizontal

slots In raill
- Offset -4’; 31" Height

- 37°-6" long, BLON at
Post 4

- Cable-anchored system
Not currently on APL

Ref: FHWA Eligibility Letter CC-140 dated 12/19/17
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Because of the non-energy absorption, no
hazard should exist within 150’
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Flared End Treatments on
Flared Standard Run

The flare of the end treatment is measured from a
line parallel to the ROADWAY:

For Energy Absorbing (MFLEAT) which has a 13:1 flare,
there may need to be a “kink” either toward or away from
the roadway, depending on the flare of the standard
guardrail

For the SRT MASH, the offsets are measured from a
line parallel to the roadwaly.

NCDOT guidance is to provide 25’ of parallel guardrail in
advance of any end treatment requiring a kink.

- Session3




Flare of standard
guardrail is 13:1

Flare # 13 25 ft 1— Flare of standard
4,
1= g guardrail is not 13:1
— < MFLEAT

he— T B o —




Flared End Trea a S
- -—-;- TN A""b‘i-

SRT MASH Offset measured from

parallel to the roadway
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Flared End Treatment Selection

» The contractor may choose any system on the
Approved Product List meeting the design
requirements

— One is energy absorbing (currently MFLEAT)
— One could be non-energy absorbing (SRT)

What is important is to understand how the system
works —a FLARED system should only be allowed if
criteria have been met (LON and grading)

~Session3
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Tangent End Trea ent: Enerc
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» MSKT MASH Version of SKT (MASH 16)
» Kinks Guardrail when hit head-on or at a shallow angle
= Steel post system; BLON at 3 Post
TL-3 at 47’ long; attachment to 31" Guardrail
Cable-anchored system, Compression system

6. FROVIDE A MINIMUM OF 12'-8" OF 31" W-BEAM CGUARDRAIL
BETWEEM THE GUARDRAIL TERMIMAL AND A GUARDREAIL
TRANSITIDN.






Tangent End Tre - erg

.‘-’s = .

> Soft Stop (MASH 16)

- Impact head slides along panels, crushing them
vertically, absorbing the energy of the vehicle in
shallow angle impacts — works in tension

- TL-3 at 51" long; BLON at 16’-6"; 31" only

6. FROVIDE A MINIMUM OF 12'-8" OF 31" W-BEAM CGUARDRAIL
BETWEEN THE GUARDRAIL TERMIMAL AND A GUARDRAIL

TRANSITION,







e = 2 N e ]







b

Tangent End Treatment:

e

) ==

> MAX-Tension (MASH 16)

- The MAX system utilizes tensioned cables,
telescoping panels, and a cutting tooth to absorb the
kinetic energy and safely contain or redirect impacting
— works primarily in tension

- TL-3 at 50’ long; BLON at 9’-4 '%”; 31” only

Also on APL under a different category — End Treatments

6. FROVIDE A MINIMUM OF 12'-8" OF 31" W-BEAM CGUARDRAIL
BETWEEM THE GUARDRAIL TERMIMAL AND A GUARDREAIL
TRANSITION,







Tangent End Treatments
on Flared Standard Run

The offset of the end treatment is measured from a
line parallel to the ROADWAY:

If the standard flare is 25:1 or flatter, the end treatment
may be placed on the standard flare line extended

If the standard flare is sharper than 25:1, a kink in
the run must be provided so the end treatment is no
sharper than 25:1

NCDOT guidance is to provide 25’ of parallel guardrail in
advance of any end treatment requiring a kink.

- Session3




=

R

~ Schematic

Tangent End Treatnﬁnt "‘-_5 St

«"vl-!
>05
| m m_u m_m Standard Run Flare
- = of 25:1 or flatter
Guardrail End Treatmen

225

<25 — Standard Run Flare
— 25 ft 1
W IS sharper than 25:1
— - — End Treatment

—— T -
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INSTALLATION

—~——— = = =

MUST HAVE
MANUFACTURER’S SHOP
DRAWINGS AND
INSTALLATION MANUAL TO
INSTALL / INSPECT ANY OF
THE PROPRIETARY END
TREATMENTS
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End Treatment Grading

» Special grading requirements for guardrail end
treatments:

= Flat terrain (10:1 or flatter) is required in
ADVANCE of all end treatments so that
vehicles are relatively stable on approach

= Flat grading must extend behind post 1
(ADJACENT) so vehicle is stable at impact
and stub height criteria is satisfied

Ref: FHWA Memorandum, Roadside Safety Hardware, May 26, 2015 with attachment and
Ref: AASHTO Roadside Design Guide, 4t Edition, Section 8.3.3,
~Session3.
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4” MAX, HT_

RDG Figure 4.1

Ref: AASHTO Roadside Design Guide, 4t Edition — Figure 4.1
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End Treatment Grading Requirements

 Runout Distance Grading - refers to the area into
which a vehicle may travel after impacting a terminal
ahead of its length-of-need point.

— The lateral runout distance directly behind a terminal
ideally should be at least as wide as the roadside clear
distance immediately upstream of terminal.

— The minimum recovery obstacle-free area behind and
beyond a terminal should be approximately 75 ft. long.

Ref: AASHTO Roadside Design Guide, 4t Edition, Section 8.3.3,

~Session3
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D < > - '
2@ | Adjacent Area
<N< Run-Out Area (5 ft. preferred)
T Q (4:1 or flatter)
(2 ft.) _
\ I
t 10:1 or flatter Advance Area
N N ] (10:1 or flatter)
< Guardrail >“End Treatment

a — Extend out to clear zone when practical; if not, it should be at least as wide
as area upstream of the end treatment.

b — LON Required; when LON cannot be provided due to site conditions, a
minimum of 75' from post 1 may be acceptable
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Must have this full grading if a
flared end treatment is used
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LENGTH OF NEED 28'-0" MIN,
PAY LIMITS GUARDRAIL END UNIT TYPE TL-3 or TL-2 ! 25'-0"
50:1 TAPER

LEDGE OF LANE LZ' OR 4' PAVED SHOULDER J
10" PAVED SHOULDER

4mm TRAFFIC

Need special Borrow bid item for 3R projects
Need Special Provision for Density
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ROADWAY STANDARD DRAWING FOR
GUARDRAIL PLACEMENT

L0"298

L1 40 9 139HS

LENGTH OF NEED 28'-0" MIN,
PAY LIMITS GUARDRAIL END UNIT TYPE TL-3 or TL-2 3:9} 25'-0"

50:1 TAPER | ‘

LEDGE OF LANE L2' OR 4' PAVED SHOULDER —I

10° PAVED SHOULDER
4mm TRAFFIC
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Non-Energy Absorbing End Treatments will not shield
objects directly behind and within End Treatment limits




A
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Even Energy Absorbing End Treatment will not shield
objects directly behind and within End Treatment limits




EXISTING END TREATMENTS
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Tangent Guardrail End Treatment
Energy Absorbing

» SKT 350 (Sequential Kinking Terminal)(NCHRP 350)
» Kinks panels when hit head-on or at a shallow angle
» Wood or Steel post system (many options)
= TL-3 at 50’ long; BLON at 3" Post
= Cable-anchored, Compression system

Ref: FHWA Eligibility Letter CC-88 dated 3/8/05

- Session3




Tangent Guardrail End Treatment
Energy Absorbing

» ET Plus (Guardrail Extruder
Terminal)(NCHRP 350)

= Flattens the rail element when hit
head-on

» \Weakened wood or steel posts
(several options available)

» 50’ long; attaches to either height
w-beam system

= BLON at 3 Post

» Cable-anchored, compression

system
Ref: FHWA Eligibility Letter CC-12Q dated 3/15/10

- Session3
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» Breakaway Cable Terminal (BCT) NCHRP 230

W-Beam rail with a parabolic
curve and 4-ft offset.

No impact head or ground
strut between the two end
posts.

Only two breakaway posts. For

Rail bolted to all posts. 'dengfljlcl:;tion




Failed Test! Resulted in spearing
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> MAX-Tension Median (MASH 16)

- The MAX system utilizes tensioned cables,
telescoping panels, and a cutting tooth to absorb the
kinetic energy and safely contain or redirect impacting
— works primarily in tension

- TL-3 at ~50’ long; BLON at Post 3 (~13’-4"); 31" only







Crash test with blunt end:
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Crash test with ramped end:
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Impact Att

FINAL POSITION

OF VEHICLE
Impact
riciD osJECT|| TI|| X LN/ XX|| XX || XX X 17
HARD SECTION SOFT NOSE
Soft nose to bring a small car to a controlled stop
FINAL POSITION
OF VEHICLE
Impact

RIGID oBJECT|( [ OIOIIIIIII ==

HARD SECTION SOFT NOSE

Harder back section to bring a pick-up truck to a controlled stop

Welcome
To




Impact Attenuator, Sacrificial - Water Filled

> Water-filled Barriers
Absorb M (MASH) / Sled(MASH) / ACZ 350 / TRITON CET

» |ndividual crash cushion designs vary by manufacturer,
but they all function in a similar manner.

» Vehicles impacting the nose at an angle will not be
redirected.

= No appreciable re-directive capability under most impact
conditions.

= Typically used in work zones to shield temporary concrete
barrier.

- Session3
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Absorb M (MASH)

Sled (MASH
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Impact Attenuator, Sacrificial — Sand Barrel

Non-Redirective and Gating

* Individual barrel designs vary in shape by
manufacturer, but they all function the same

» Arrays of sand barrels may be designed to shield
any shape hazard

* Impacting vehicles will not be redirected.

» Since no re-directive capability, the corner of the
hazard must be reasonably shielded.

~Session3
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» Sand Barrels:

Energite TrafFix Big Sandy (MASH)

Not Normally Used

CrashGard
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NCDOT Impact Attenuator Selection

“For median width less than or equal
to 40’ use NON-GATING IAU’s. For
median width greater than 40’ may

use GATING or NON-GATING IAU’s”

- Session3




Impact Attenuators, Non-Gating

Non-gating as follows:

Contains and redirects vehicles impacting along
the sides of the device essentially its entire length

Contains vehicles impacting the nose either head-
on or at a 15° angle.

Approved for TL-2 (350) & TL-3 systems.

Designed to shield a point hazard; either attached
or stand alone.

- Session3




MASH

NCHRP 350 - Allowed if Conditions Mandate
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Impact Attenuators, Non-Gating

» TAU-M (MASH) and TAU IIR Systems (NCHRP 350)

Can be attached directly to a W-beam or Thrie-beam median
barrier as well as to a concrete safety shape.

Designed to attach to a median barrier.
Common set of parts for 36” to 102" widths in 6” increments (350)

Consists of Thrie-beam panels, expendable or self-restoring (R)
absorbing cartridges, steel diaphragms and two cables at the
bottom to provide redirection.
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» SCI Smart Cushion (MASH)
= Variable Reaction Force
= Re-usable with minimal component replacement

= Needs repair before next hit
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Impact Attenuators, Lif

> QuadGuard Elite (MASH)

= Uses High Density
Polyethylene cylinders to
absorb energy

= Essentially for use in
locations where a high
number of hits is
anticipated.

REF: FHWA Eligibility Letter CC-57E dated 12/18/15







Review Learning Outcomes

>

Understand how end treatments and impact
attenuators are tested for crashworthiness

ldentify common end treatments and impact
attenuators

Understand how these systems function
Choose the appropriate system for a
specific site

~Session3
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North Carolina Department of Transportation

Highway Safety Barrier Installation Training

Session 4:
Guardrail Design, Length of
Need, and Site-specific
Installation Considerations

w SGS‘SIO” 4 i 4-1
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Session 4 Learning Outcomes

At the end of this session, you will be able to:

Understand the design principles affecting an
optimal barrier installation

Apply a field procedure to check Length of Need

Be familiar with special designs to address site-
specific installation considerations

- Session4
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Place AS FAR AWAY
as Possible

without affecting function




Barrier Desi
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Deflection

Slope in Front of Barrier
Guardrail and Curb

Soil Backing for Fill Locations
Flare Rate
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Deflection Di

— B o A 2

GUARDRATL APPROACH
TREATMENT AS REQUIRED

FOR CUT OR FILL. ol L
3'-6" MIN.

5'-8" DESIRABLE

| el
POST SPACING 6'-3" WHEN OFFSET _-I L- \/

DISTANCE FROM FACE OF OBSTRUCTION
TO FACE OF GUARDRAIL IS 5'-6" OR
GREATER. SEE NOTE.

NOTE: WHEN OFFSET DISTANCE FROM FACE OF OBSTRUCTION TO FACE OF
GUARDRAIL IS BETWEEN 3'-6" AND 5'-6", BEGIN 3'-11%" POST
SPACING AT A POINT 25' BEFORE REACHING™THE UBSTRUCTION
AND CARRY THROUGHOUT I1S LENGIH. IF THE OFFSET IS LES

THAN 3'-6" USE CONCRETE BARRIER..

S
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Quarter Po
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Successfully tested to MASH

Deflection distance = 19”; therefore offset from
face of rail is 3’

Must start stiffening at 50° before hard point:
25’ of half (3'- 1 2") post guardrail; 25’ of
guarter post guardralil




Principle 2:

o BTyt == P

Any barrier may be placed anywhere on a
10R:1V or flatter slpe

T
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Guardrail on Slopes

» Any barrier may be placed anywhere on a
10H:1V or flatter slope.

» Cable barrier may be placed on slopes of

6
P

1:1V or flatter, but restrictions apply when
aced in a swale. Special HTCB designs

are available for placement on 4:1 slopes.
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IMPLIED —
FLAT

VARIABLE . _ I 3'

10' PAVED | VARIABLE _, &’{_
SHOULDER <\
GUARDRAIL POST HOLE
/(SEE NOTE)
REACE RSE
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Slope in Fr n

» Cable barrier may be placed anywhere on a 10:1
or flatter slope.

» Cable barrier may be placed on slopes of 6:1, but
not in the area from 1 ft. to 8 ft. from the ditch
bottom.

(NCHRP Report 711)
Ref: AASHTO ROADSIDE DESIGN GUIDE 4th EDITION 6.6. 1 1 Pg 6 18
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MASH 2016 requires testing with a mid-sized vehicle
because of this problem (NC experience)

CABLE SHOULD NOT BE PLACED BETWEEN 1’
AND 8 BEYOND THE BOTTOM OF ADITCH
Ref. AASHTO ROADSIDE DESIGN GUIDE, 4" EDITION - 6.6.1.1, Pg. 6-18




Barrier in .

R 3
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Which Side of the Median Should
the Cable Barrier be Placed?

Welcome
To

NORTH CAROLINA §

NOST MILTARY  Fhikns




NOQRTH CAROLINA

1 WillARY

T S A P

s pae




NORTH CAROLIN/

G S A T




BERM

{ FACE OF GUARDRAIL IS
4g|/ ) FLUSH WITH FACE OF CURB
)

L \ ROADWAY
o

/— GUARDRAIL END UNIT TERMINAL

e

12'

(3]
S
G £
@ /0y
IV .
2!_1 n

0? 1 ROADWAY
A\
e
SECTION C-C

82 ROADWAY STANDARD DRAWING FOR muon'?TAgEngfm

R H CAROLINA
N[ GUARDRAIL PLACEMENT DEPT. OF TRANSPORTATION
<k GUARDRAIL TREATMENT AT CURB AND GUTTER DIVISION OF HIGHWAYS
s RALEIGH, N.C.

Ref: NCDOT Standard Drawings, 862.01 Sht. 11
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Successfully tested to MASH placed 6” behind a

6" high curb at TL-3

S ]
27"[686]
32"[813]
6"[152]
P
5"[152] ‘/ 13 f !
+ 7
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MASH Tested — TL-2
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CURRENTLY UNDER STUDY —
DO NOT BURY BEARING PLATE

LINA &8




; End .re\

- -

GUARDRAIL END UNIT TYPE TL-3 or TL-2 (50:1 TAPER)

1 FT. OFFSET FROM
FACE OF GUARDRAIL @ TERMINAL

2'-6" CURB|AND GUTTER 1

ROADWAY L
ARDRAIL AT FACE OF CURB

GUARDRAIL END
UNIT TERMINAL 1-0"

_ Benu Careful with Breakaway
-~ ‘_ Cable Anchorage
&\/ Lz"‘ ROADWAY Terminals — Don't let

Bearing Plate be buried

SECTION C-C
Ref: NCDOT Standard Drawings, 862.01 Sht. 11
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Principle 4: Soil Backing For Fill Locations
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Soll Backing Recommendation

4—2’

Historical Guidance

/ Hinge Point

. Slope can be as steep awh 2-ft. backing in strong soil
with 6 ft. posts.

2. Backing can be less than 2 ft. with 2:1 slope in strong soil
with 7 ft. posts. NCHRP 350 requires half post spacing —
ONLY applies to 29" system

—

Ref: AASHTO Roadside Design Guide, 4t Edition — Figure 5.33, Pg. 5-41
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VARIABLE | 3

10" paven | vartaste N4
SHOULDER |

GUARDRAIL POST HOLE
(SEE NOTE)

CONCRETE

SHOULDER] cpg_op
EMULSTON /

-
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oil Back

-

VAR, SHOULDER WIDTH

VAR, GRASS

o e &

SHOULDER

X3

8” Block

HLONI

CONTRACT STANDARDS

AND DEVELOPMENT UNIT
Oftice §19.707.8850 FAX 91526004119

\
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7' GUARDRAIL
POST

-
~
v
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w
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bemreces s e e m e

ORIGINAL BYL L. ssplosce  DATE|_saas
WODIFIED 8Y Lo fcolrgen  DATE) __rep, 1pge
' DATE;

CHECKED 8Y;
JFILE SPEC,)




 Soil Backing

= : NN Ay, ik 5 -

SEE TYPICAL SECTIONS

H1ON31 vefix3

CONTRACT STANDARDS

AND DEVELOPMENT UNIT
0ffice 919-707-6950  FAX 919-250-4119

8' GUARDRAIL
POST

ORIGINAL BY: S TrrT—
RODIFIED BY o DAt T
CREOIED BY | — ATE
FILE SPEC. :mr ———




31" with

5 -
i SN

31" with face of rail at slope break point of
2:1 slope
Posts

8 lon¢ sted

* Not recommended with Wood posts at
this time

 6'-3" post spacing

Blocks

8" block tested

 Not recommended without blocks at this
time




Working Width — 55.2”
Eligibility Letter B-261
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Flare Rate

Flared barriers are those that are not parallel to the
edge of the traveled way. They are used to:

» Locate end treatments farther from the roadway.
» Lessen driver reaction to a roadside obstacle.
» Reduce total length of rail needed.

» Reduce nuisance hits.

» When tying to a bridge rail from a farther offset
(in advance of transition)

~Session4
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Rigid Barrier = Semi -Rigid Barrier
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Possibly Excessive Flare and
Slope Steeper than 10:1




Tangent End Treatments on
Flared Standard Run - Repeat

The offset of the end treatment is measured from a
line parallel to the ROADWAY:

If the standard flare is 25:1 or flatter, the end treatment
may be placed on the standard flare line extended

If the standard flare is sharper than 25:1, a kink in
the run must be provided so the end treatment is no
sharper than 25:1

NCDOT guidance is to provide 25’ of parallel guardrail in
advance of any end treatment requiring a kink.
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Length of Need (LON) Definition
AASHTO

The length of effective barrier
needed IN ADVANCE OF the

hazard to intercept and redirect an
encroaching venhicle.
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HAZARD e

\ 4

R

Edge of Traveled Way © = Angle of Departure (Unknown)

R = Runout Length
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AANNrec

Ref: AASHTO Roadside Design Guide, 4t Edition, Figure 5.39, Pg. 5-49
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Length of Need - AASHTO

» Calculating the length of need (X) for
straight or nearly straight sections of
roadway:

* For flared guardrail installations:

La + (b/a) (L1) — L2
(b/a) + (LA/LR)
* For parallel guardrall installations:

X =

X = La— L2
La/Lr
Ref: AASHTO Roadside Design Guide, 4th qujtion, Equation 5-1 and 5-2, Pg 5-51
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Quick Field Check of LON

1. Stand on roadway edgeline opposite the upstream edge of the
hazard.

2. Beginning at the upstream face of hazard, walk upstream
along the edge of traveled way a distance 300’ (High Speed,
200’ Low)

3. From this position, sight to the upstream, back edge of hazard
(limit to 30’ offset)

4. End treatment of barrier should lie near (£ 20’) the line of sight.
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Beginning of BIG
hole

POOR LON
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Length of Need — Adequa
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- ' EDGE OF LANE " GRAL-3S0
F LENGTH NEED ON THE APPROACH SIDE OF
}HEO;UMDMII. gl A FILL SLOPE WARRANT FOR ANY :
CLASSIFICATION OF ROADWAY These are quite short
(MPH) n | e - - compared to AASHTO
“L (FT) 150 | 125' | w0 | 75

DETAIL 3 - 2C

W NORTH CAROLINA
RATIONS  ROST WILHARY FRIEABLY §
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Guardrail Placement in Special Situations

» Turnout Conflict (Side Access)

* Long Span (Omitted Post{s})

» Gaps between runs of barrier

» Extra Blocks

» Leaveouts (Blockouts) for Posts in
Structural Pavement

» Guardrail Post in Rock

~ Session4.
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hort Radius at Intersecting roadways
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Ref: NCDOT Standard
862.01, Sht 8
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Ref: NCDOT Standard
862.01, Sht9
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Check with maintenance, ROW, etc
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Again, be sure there are no conditions that would preclude closure
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Extra Blocks — National Guidance

» Two block-outs (up to 16" deep) may
be used at any time, for any number
of posts.

» Three block-outs may be used at one
or two posts in a section of guardrail.

Ref: AASHTO Roadside Design Guide — 3 Edition, Section 5.4.1.6

~Session4
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Ref: AASHTO Roadside Design Guide — 4t Edition, Figure 5-52




Cose 1 Cose 2

Flan View Steel 2o0mm 9
Posts 21 8”
Either hole conFiguration &30 HImm

530mm

nr_\:elptnhln

Flan View Wood z2z0mm 3”

Posts 2 1 2”

Elther hala mnr‘lwmﬂnn

acceptable ssomm SEIIm i

Mates For ocwerlying soll Maotes Far owerlying soil

depths (&) ranging from depths (&) ranging fram
0 te 450 mm, the 4680 to the embedment
depth of required depth of th pest, depth
driling (B) = equal to ot required drilling (8}
610 rrm. is equal to either 305

mrm or the desjred
embedment depth minus
the depth of =sil which

ever is less.

>18”
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862-3 CONSTRUCTION METHODS

Where rock interferes with the proper mstallation of the post, excavate a shaft i the rock at
least 9 mches wide, parallel to the roadway, by 23 inches long, perpendicular to the roadway
and 24 inches deep. Place the post agamst the roadside edge of the shaft and fill i behund the
post with Class VT select matertal, up to the top elevatton of the rock. Fill the remainder of
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Review Learning Outcomes

» Understand the design principles affecting
an optimal barrier installation

* Apply a field procedure to check Length of
Need

* Be familiar with special designs to address
site-specific installation considerations

~Session4
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Session 5:
Installation/Common
Errors of System
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Session 5 Learning Outc
T S e . ,

= i

At the end of this session, you will be able to:

» Describe key components of barrier systems

» |ldentify common installation errors




Barrier Cor

—— 3 ——

X & .-';_‘ ?

REF: AASHTO Roadside Design Guide, 4t Edition, Figure 5-4




Key Compone

1. Standard Run of Barrier

2. Transition to a Stiffer System
3. End Treatment

4. Impact Attenuator
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a. Barrier Design Principles
b. Height Measurement

c. Tension Continuity

d. Other Considerations

e. Barriers in Work Zones
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Deflection

Slope in Front of Barrier

Barriers and Curbs

¢ NORTH o3
o %N § 3
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3 &
0 &
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Soil Backing
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b. Height M Asur
» Concrete Barrier Standards

 Roadside & Median Barrier - 32" Jersey shape
from Finished Grade (46" for Type T)




b. Height Meas

= - BT

» High Tension Cable Barrier
 Dependent on Manufactured System




b. Height M

» High Tension Cable Barrier

« |f the agency uses foundations, insure top is at proper
height. This will effect the height of the cable.

Unacceptable Unacceptable




* The installation requirements are specific to
the manufacturer. Referral to the

manufacturer’s installation manual is
essential.

* The next slide shows an example of a

installation checklist from a manufacturer’s
manual.




INSTALLATION CHECKLISTS
Cable Checklist

O Is there anything in front of the cable barrier that might cause a vehicle
g to vault the barrier or make the barrier ineffective? Items to look for

_ include vegetation, rough ground, debris, or hard packed snow. These

items should be removed if present.

O Has the roadside grading been completed correctly?
O Is there enough clearance between the barrier and the hazard for the

expected barris pendent upon post

Is the cable barrier the correct height?
Cable heights measured to the middle of the cable are as follows:
Top Middle Bottom
Median & Roadside 29.5in 25.5in 21.5in
[750 mm] [650 mm] [545 mm)]

O Are the cables prope

O Are there irregular curves or joints where an errant vehicle might snag?
Is there evidence of corrosion or damage to the cable? The cable should
be scheduled for repair if either of these circumstances exist.

O Check to see that nuts are installed on the special locking hook bolts.

Post Checklist

Is there sufficient soil behind the posts to prevent them from being pushed

out when the barrier is hit? Eroded or disturbed soil should be replaced and

recompacted.

O Is the post spacing correct?

O Is there evidence of corrosion or damage to the posts? The posts should
be replaced if either of these circumstances exist.

MU DR 2 Hgh Teson Catie Semer Syzem
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Old Guardrail - Height Measurement

For slopes 10:1 or flatter, the height is measured from
the ground directly beneath the rail

For slopes steeper than 10:1 but . 4 "
no steeper than 6:1, and within 2 ﬂ
feet of the breakpoint, the height

Is measured from the shoulder - o] | o

slope extended as shown
Only for the 27 3/4” Guardrail

EXTENDED T




31" W-Beam

e 's.-ﬁr p——

> 31 ? W'Beam 123" SEE NOTE ‘A’

/GUARDRATIL

Remember: our terminology is T =

e
L%

referring to TOP of Rail R
SEE_NOTE 'B’

Ground slope is 10:1 or
FLATTER

Tolerance = ?
+ 17, by practice

ROADWAY STANDARD DRAWING FOR T-18]  gTATE OF
GUARDRAIL INSTALLATION NORTH CAROLINA

DEPT. OF TRANSPORTATION
o~ Weloe ""' :
: V'
* ¥'ap Nllln:i‘m RIE’II?RIIEJ-LNA

DIVISION OF HIGHWAYS

c0"298

B 40 § 13JHS

RALEIGH, N.C.




Rail too high Rail too low
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PAY LIMITS

NTING HEIGHT FOR GUARDRAIL
25'«0" GUARDRAIL MOUNTING MELGMT TRANSITION EXISTING 1.11" GURAD

8'.3" L, dale” 3ale" e , . a1l | 8l 6's3" . dale” 6'«3"
=

===

2t 1e11"

| et
' muootain
 infapuleratal

ml

ELEVATION VIEW

NOTE: IF EXTSTING GUARDRALL 15 LOER THAN 1's11", USE AN ADDITLOWAL 126" LONG SECTION OF GUARDRALL
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» Concrete Barrier

— Continuous reinforcement and/or anchored to/in the
pavement, and for PCB, the connection pin and loops

» W-Beam

— Splices with 8 bolts tying panels together, and some
type of end anchor or structural tie to a rigid
object/bridge rail (transition)

» High Tension Cable

— Proprietary systems typically use a type of turn buckle
between successive cables and end terminal anchors.

Welcome K
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c. Tension Coil

B L T

Cast In Place Concrete Barrier

Precast Concrete Barrier

Horizontal bars maintain Missing connection pin

continuity for cast in NO TENSION
place barrier

Welcome Hasie
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c. Tension Col
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> W-Beam
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— 8 bolts tying panels together

— structural connection to a rigid barrier with 4 (min) thru
bolts




_—

» Thrie Beam Connection

— 5 bolts required for a structural
connection to a rigid barrier
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c. Tension (

e - . 2 s

No
Missing Structural
bolts connection
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Temporary B
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e AN e 7| Traffic
mast TR i Management

STA. 15+50 -L- BEGIN AlSmSn? Plan
STA. 17-
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MELEL 7

FARESC Ok SOOI STAMLEZATION = IS0 5Y
APPHONIMATE QUANTITIES DNLY UNCLASSIIED EXCAVATION
FINE CRADNNG CLEARING AN GRS BIRNG, AND RESKIVAL OF ENISTING
PAVIMENT WILL B PALD FOB AT THE LUVE SUM FREACK PO “GRATIRG
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BEG. STA.

APPR.
END

"TRAIL.
END

TYPE
1]

ANCHORS *

TEMP GRAU
350

13+02.94

-L- 13+02.94 17477
-L- 19+84.06 23+09.96
-L- 19+84.06 22+84 46

fuy Py -

16+00.00

14+44.15

15+87.50

ST D | |

UBTOTAL:

-

Need to re-establish tension in any altered guardrail — include in plan sheets

% Placement of GRAU (GREU) must abide by standard application criteria
(Deflection and LON)




» Lapping

For one-way traffic, all guardrail panels should
be lapped in the direction of traffic with the
upstream panel lapping the downstream panel
including terminal elements and end sections.
(Some exceptions, i.e. CAT)

For two-way traffic always mount guardrail
going with adjacent traffic, meaning rail laps will
be opposite on each side of the road.

Structural Anchor Standards reference “LAP”




o

—_—

Correctly Lapped
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d. Other Con

B

Typically NO WASHERS

Unless called for in the plans
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Valley delineators could impede the bolt head
pulling thru rail
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d. O’_cher Co

Drilling of holes into the rail FOR THE RAIL TO
POST CONNECTION is not recommended.

Better to bolt block to
post, no rail
attachment, for one or
two consecutive posts.




d. Other Co

Cutting a slot, hole or a rail section with a torch is
NOT PERMISSIBLE

Using a torch on the
rail element may
compromise the
strength of the rail.

Tests results have
shown this becomes
a weak point in the
rail and can cause
ripping and rupturing.




e. Barriers i

—
“ R RN~

Barrier should be in GOOD condition
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e. Barriers in \

~ - NP - i

Flare rate appears to be too excessive here
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Old 29” Guardrail Standard
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w beam (10 gauge)

N\

12’ — 6” Nested Thrie-Beam Paneli_l
FAT LTI S

6'- 3" Asymmetrlcal transition to

e 1

TanE\BEAM GUARDRAIL 'NESTED' . WTR|SECTION )
| 4o (ONE RAIL INSIDE ANOTHER) |
e ‘_r:_“l 1 2\N3 4 5 6 E
- Structural | SRR —— s
| Connection i .

FINISH GRADE |

CONCRETE BACKWALL &

Curb B

) | ii| 4 spaces @ 3-1 %"

Posts 1 thru 6
Wood: 6" x 8" x 7’

\8.. 5 spaces @1’-6%4”

ROACH SLAB | “SER

ELEVATION

GRADE

IATC Ul

NORTH CAROLINA
:PT. OF TRANSPORTATION
DIVISION OF HIGHWAYS
RALEIGH, N.C.

ROADWAY DETAIL DRAWING FOR

STRUCTURE ANCHOR UNITS
GUARDRAIL ANCHOR UNIT, TYPE III

FOR ATTACHMENT TO RAIL ON BRIDGE

|SHEET 1 OF 7

862D03
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Transitio
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Structural Connection
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Special

Barrier

o

Approach Roadway
or

or use

Specla!l Anchor (a5 shown)

Begin Standard Wood or Steel
Past Guardrall Section

»

CRT posts at g-.

Mafn Higtway

Begln Standard Wood or Steel

\ Special Anchor

ee Fig. 3A and 3B,

e
also see nofe 5

(RE-3[2 of 6-3=12"-6"]73)
(F-3LIG"1-76) —

Slape = 15:——
or flatter

Post Guardrall Sectlon
or
Guardrall Transltlon-to Bridge Rall

Area Behind Guardrall fo be
Maintalned Free of Flxed Objects

-

3/ Dia. hole—
Cenfered In post

6" x 8 x 60 CRT wood
posf (P-II-79: modIfied as

shown and preservative
freated after driiling)

SECTION A-A

— (F-13-73)

No. of CRT | Requlred Area Free
Radlus Pasts Flxed Obfects W
L w
&-6" 5 25 x 1%
it e d 6 30 x 15
256" g 40 x 206
350" I 500 x 20
34* Dia. tole

& x 8 x I'-2"Wood block

(P-1-79)

(F-3(181-76)—

(P-11-79)

NOTES »

1. Desfgnations provided In parendhasls
referance standord alemonts datalled In

‘A Gulde fo Standordized Barrlar
Rall Hordware” 1979, AASHTO-AGC-ART BA
Jolnt Cooparattve Committes.
2 :admhwsga used on the 2%° buffon ?
Sﬂa {F-. cornnect)
the r. hfhmm L
Tarminal (CAT) posts,

3, The rall Is pot bolted fo the CRT past
of the canter of the nose as shown.

4. The curved guordrall section shaif be
shop Danf.

5. The Speclal Anchor has il boen tesled os
a crashworily end treatment for approaching
traffic on the [nfersecting rooaway.
Tharafors, Its use shall ba limited fo
drivewoys ar socvice roodways paralieding
drainoga facliftias,

Secure block from
rotfation with
10d galvanized nall

(F-13-73)

[
Figure |
CURVED GUARDRAIL
DETAIL
SECTON B-B (8-6" radius)

.
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Manufacturers Manuals
Post types
Panel requirements
Grading

B

Other Common Errors
D

reakaway Cable Anchorage

elineation




3. End Treatment

O NN . i s

Although the Buried-in-Cut (BIC) is the preferred (and
best) end treatment, it can be constructed incorrectly
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3. End Treatme

"'-:._ l' _’ P

foe
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%

B i
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The point where the BIC crosses the toe
of the backslope must be far enough
upstream of the hazard.

cle

RY R




3. End Tr

ey

ea :

—_—

RULE #1:
Follow

manufacturers
iInstructions
and standard
plans.




3. End Treatment

a. Manufacturers Manuals

Must follow manufacturer’s installation instructions and State
standards.

These are all readily available online

' |
Example of installation manuals

\\‘ we ;:_ =it 71 i, S ; . - ‘\::\TE
L St 5SS F > &




TAKE ADVANTAGE OF
MANUFACTURER TRAINING
FOR DETAILED INSTRUCTION
ON INSTALLING ANY OF THE

PROPRIETARY END
TREATMENTS

Welcome -
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Additional Resourc

« Manufacturers website — online training, installation
manuals, etc.

 Maine DOT’s Guardrail Inspection Series videos
http://www.dot.state.mn.us/design/roadsidesafety/links.html

FLEAT and SRT videos are also available

r= - 30 o : i s
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3. End Treat

b. Post Types

Each manufacturer may have several different
types of post, even for the same system - both
currently approved and previously used.

Must consult with the installation manual of the
specific model being worked with for proper
post type.

Only one generic special post for terminals —

the CRT post with large holes to weaken it. Controlled
Release Terminal

(CRT) Post




c. Panel Types

Each system may have one or more
different rail panels.

Must consult with the installation manual of
the specific system for proper panel type




c. Panel Types
SRT Rail with a FLEAT impact head

NOQRTH CAROLINA
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3. End Treatr

d. Grading

Check grading compliance
with Standard Drawing (or
plan details).

I S . TR

Check grading material for
proper density. (Material
must be compacted so it
won't erode.)




EXCELLENT GRADING!!

Welcome §
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EXCELLENT GRADING??? What about BAD stub height?
Would have been easily made excellent
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=

+ s T T
= “
[angent Terminal G

a— i ‘:;‘%-7 —

s | . T =
LENGTH _OF NEED 28'-0" MIN,
PAY LIMITS GUARDRAIL END UNIT TYPE TL-3 or TL-2 '1-3'.' 25'-0"

50:1 TAPER

Z‘EDGE OF LANE L2 OR 4 PAVED SHOULDER J
10" PAVED SHOULDER

4mm TRAFFIC

Need special Borrow bid item for 3R projects

Need Special Provision for Density




3. End Trea

—_—

§ . = R 2

d. Grading

Improper
Grading

A common error with all end treatment types.

NORTH CAROLINA
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d. Grading Telltales of poor grading

 Soil tubes/foundation
posts installed too high

 Soil plate showing

o Strut too high

(Also bearing plate misaligned)

Common Error applies to both energy absorbing
and non energy absorbing terminals

T e - oo - g g
- Welcome [ f'-',-" ‘ oG e : M \';.‘7-.‘::'7'
= _ Jis s Ll
i LRI Tr g g —
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Substandard Grading — DOCUMENT :
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3. End Treatn

e. Breakaway Cable Anchorage (BCA) Assembly

Bearing Plate & Strut
« Should be in up position and secured to post.
« Strut secured at posts required locations.

Secure bearing plate

1
I

Strut secured at breakaway posts 1 & 2

E - R -7 et o X
-~ Welcome [RWSEEN . =~ O oriSanies 3



3. End Treatr

p—

ol o ~ R T N

e. Breakaway Cable Anchorage Assembly

Missing Bearing Plate
Wrong Bearing Plate

Welcome ﬁ‘f)
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e. Breakaway Cable
Anchorage Assembly

Buried and
upside down
bearing plate —
won’t release




e. Breakaway Cable Anchorage Assembly

Upside down
bearing plate —
may not release

To
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e. Breakaway Cable Anchorage Assembly

Most systems require an anchor bracket and anchor cable.
* Anchor block must release from rail if system has impact head
* Non-energy absorbing system does not have to release from rail.

Energy absorbing Non-energy absorbing




e. Breakaway Cable Anchorage Assembly

= Check the type and combination of breakaway posts against
the State standards and the manufacturer’s instructions.

= Not all posts in all terminals use a block-out.

= Check to see that the correct cable anchor bracket is used
and it is properly attached to the rail.

/

Wrong anchor bracket g Anchor bracket not attached
FR ~ . Welcome (SRS e R T

'
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JORTH CAROLINA

7 G T

i ) = X
oo W
e Tt



e. Breakaway Cable Anchorage Assembly
Anchor Cable
= Should be taut, lift up 17 or less
= Tightened by holding cable at bottom, not allowing

cable twist.




f. Other Common Errors

Terminals with an impact
head: the end of the first
W-beam rail section
should be pushed against
the throat area of the
Impact head so the end of
the rail cannot be seen.

FATAL FLAW




f. Other Common Errors

Post Installe
Backwards

To
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3. End Treatm

= e 2 G

f. Other Common Errors

End treatments
with an impact
head should be
parallel* with the
top of the rail.

* For Softstop see manufacturers manual
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f. Other Common Errors

Energy Absorbing
(compression based)

Terminals MUST be installed
on a straight line

Manufacturers of
Tension-based systems
also require straight line




f. Other Common Errors
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f. Other Common Errors (video

Welcome
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f. Other Common Errors

FLEAT head on SRT
rail - HORRIBLE

NORTH CAROLINA
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3. End reaW

o B L T

f. Other Common Errors

Whether construction or maintenance, never would have
THREE slotted rails.
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3. End Treatment =
“F- - Y » A i -_" 3 _‘-.‘ .

f. Other Common Errors

V\G"’d

Improper installation of slot guard,
Installed on upstream side of slot -
should be on downstream side.

To
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3. End Treatment =
- _, 1Tl .

- - NN S

f. Other Common Errors

It's easy to tell if it's wrong —
the slot guards must be on the
same end of the slots for the
first (can’t get it wrong) and
second rail panels




f. Other Common Errors

Cable does
NOT go
through slot
guard.

Welcome




f. Other Common Errors

Unrestrained
bearing plate
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f. Other Common Errors

Bolt only impact head to post #1, NOT rail panel.
« Wood Post — Lag Screws (screwed in only)
« Steel Post — Hex Bolts

Refer to manufacturer’s installation instructions.

e




3. End

f. Other Common Errors

NO rail to post
connection at post 1
of systems with
impact heads.

Note the
WRONG rail for
this terminal.
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f. Other Common Errors

DO NOT place any
washers or delineators
on the face of a guardrail
terminal unless
specifically called for or
allowed in manufacturer’s
Installation instructions




3. End Treatr

. = R e 2

f. Other Common Errors

Improper bolt @ post 2

Refer to manufacturer’s installation in

B NORTH CAROLINA : B
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f. Other Common Errors

No rail-to-post
bolt at Post 1

No bearing plate




f. Other Common Errors

Nuts on the
bracket should be
on the roadside




f. Other Common Errors

Excessive flare on a end treatment.
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f. Other Common Errors

Improper Applicion — Hzrd iin trminl Ienth

-




3. End reatt

~ - NN S

f. Other Common Errors

BIG HOLE

Improper Application — no runout for a non-energy
absorbing terminal...LON (as well as grading)
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f. Other Common Errors

Improper Application — Terminals should have 7’ separation
(and the S|gn shouull be beyond the termlnal system) |




g. Delineation




. Impact

“ R BN~

a. Manufacturers Manuals
b. Grading
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4. Impact At

a. Manufacturers Manuals

Must follow manufacturer’s installation instructions
and State standards.

e —

These are all readily available online

T
Welcome Wi




a. Manufacturers Manuals

Construct concrete

pad if called for per

manufacturer’s
requirements or
state standards.

Clean out drilled
holes WELL!!
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4. Impact At

|APPENDIX E2 - TEST LEVEL Iil FOUNDATION |

Cross Slope at Top Surface not to Exceed 1 in 10
Foundation must be a Level Plane

* + * + = Wide Hazards and Transitions may require
the foundation to be longer. See Transition Drawings.

SPECIFICATIONS

Emdedment requirsmenis:
€ reinicrosd

Al reinfocing steel - straight &4 ASTIEASE

E" asphak over & of

& ron-renfoeced concrale pad wih anchor embedmant of § 1/2°
3" esohak over I° concrete with enchor embedment of 16 12
subhase

& saphak with anchor embadmant of 16 172"

The contractor shall fumish a certfication for materid irstalied to the lallowing
6" reinforced concrete (PCC) sampling par ASTN C31-84, testing per ASTM
& nonarfomed cancre (FCC) sampiing per ASTM C31-84, testng per ASTM 384
T asphalt over " concrete - Type 5P 12.5 Level C or higher
€ asphall over 6" of conpacted subbase - same as above
& asphall (2C) . Type SP 125 Traftc Level C or higher

0w 1238

"FTJI [nﬂl
13 1312 1312
2]

P3| (343

0.
13

| |=— 4tz
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Level 3 System
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4. Impact Atte
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a. Manufacturers Manuals

« Anchor bolts are required to secure the system to concrete
pad. Number of bolts and length of bolts vary with systems.

« Bolts are typically required to be epoxied into concrete pad.

* Bolts may have a torque value.
Cutting bolt prohibited

Full bolt depth required

Must follow manufacturer S mstallatlon mstructlons

Vhlcome "
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4. Impact Atten

a. Manufacturers Manuals

« Backup varies among systems.
* May be connected to a barrier or may be a stand alone

Must follow manufacturer s mstallatlon mstructlons
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4. Impact Attenuator.

a. Manufacturers Manuals

« When system is placed in a bidirectional application a
transition is required to prevent back side snagging

Acceptable Unacceptable

Must follow manufacturer S mstallatlon mstructlons

- —:. 2 > it
Welcome e e

& - C‘OO/ 3
‘z: N ‘ D o I H N RTH CAROLLNA
?%4 Q\\rf/ :’:‘; .";"fu i <>
G —,u\*"qc .—u" /



@
o
- AT gy

4. Impact Atte

i §

a. Manufacturers Manuals
« Place appropriate delineation on front of system

Must follow manufacturer’s installation instructions and state guidance
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4. Impact Attenuato

b. Grading

Grading should be so an errant vehicle impacts the
system in a stabled condition — same as end treatments

Suspect
Grading

Must follow manufacturer’s installation instructions.




4. Impact At .,

EX: results of improper torque values applied to fender panels.

Must follow manufacturer’s installation instructions.




Review Lear

Tolieam T

» Describe key components of barrier systems

» |dentify common installation errors
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Session 6:
Maintenance of Systems
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Session 6 Learning

At the end of this session, you will be able to:

» Recognize how damaged barrier MAY BE
assessed for maintenance response.

» Understand when a damaged barrier end
treatment MAY no longer function.

» Effectively delineate/treatment of damaged
hardware prior to repair.




Introduction

— S P R

» Barriers should be routinely observed.

» Barrier may need to be repaired after crashes or
long term exposure.
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Available for purchase Available online
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STATE OF NORTH CAROLINA
DEPARTMENT OF TRANSPORTATION

ISR EANT IR DIVISION OF HIGHWAYS ) SR
PO. BOX 25201, RALEIGH, N.C. 27611-5201 ECRETARY

December 15, 1993

MEMORANDUM TO: Division Engineers

FROM: C. A. Gardner, Jr., P.E. ¢S\
Deputy Chief Engineer - Construction & Maintenance

SUBJECT: Guardrail/Attenuator Maintenance Policy
Attached for your immediate implementation is the maintenance policy for

repairing or replacing accident damaged guardrail and attenuators on the State
Highway System. Please insure that all your personnel are made aware of the

policy.

This replaces all existing policies for guardrail repairs and maintenance.
Revision to the Interstate Maintenance Manual will be sent in the near future.

If additional information is needed, please advise.

CAG/bj

NORTH CAROLINA
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RESPONSE TO NOTIFICATION OF DAMAGE

Attenuator or guardrail damaged by accident is to be
scheduled for repair/replacement as soon as possible after
the condition is known. If the damaged area is determined
by the engineer to present a traffic hazard by nature of the
damage itself, or by exposing traffic to some previously
protected situation, the area will be properly marked by
barricade, warning lights, cones, truck mounted attenuator,
efc., as appropriate until such time as repair has been
completed.

ber 1993




RESPONSE TO NOTIFICATION OF DAMAGE (cont’d)

Examples would be straight pieces of rail exposed by
the destruction of an anchor unit, bridge abutment
exposed, sign post protection rail destroyed, or areas
where rail has been damaged so badly it has to be
removed. If there is any question as to the need for
delineating such hazards, then the areas should be
properly marked.

REF: NCDOT GUARDRAIL/ATTENUATOR MAINTENANCE POLICY. December 1993




2015 House Bill 97

§ 136-18.05. Establishment of "DOT Report'" Program.

problem. Excluding putﬂnles, which shall be rep'aired within two business
days of the date the report 1s received, the Department of Transportation shall

properly address (1) safety-related citizen reports no later than 10 business

days after the date the report 15 received and (11) non-safety-related citizen
reports no later than 15 business days after the date the report 1s recerved. The
Department shall determine, in its discretion, whether a citizen report is
safety-related or non-safety-related. The Department shall transmut




Spear —worse than no tension —
must be treated (drop rail) immediately- Severe
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Spear —worse than no tension —




Added end section still leaves blunt end
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Delineate damaged areas while evaluating
damage. Make repairs as soon as practical.
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For Cable barrier, removal of damaged posts will
eliminate a spearing obstacle for opposing traffic.




For HTC Barrier, Keep the Cable Intact

Alternatives to cutting the cable include:
* Removing the vehicle by towing it in the opposite direction
from which it hit the system.

* Loosening the cables at the turnbuckles.
 Release the cables at the anchor.

« Cutting the turnbuckle (preferred method to cutting the
cable). The adjacent posts on either side of the turnbuckle
need to be removed. Be sure that all personnel are clear
of the cable and always cut the center of the turnbuckle,
between two undamaged posts away from the impact

area.




Evaluate the Site

2 iy Py - e

DECISION TO REPAIR/REPLACE OR ELIMINATE
GUARDRAIL

Consideration should be given to eliminating the need for
the rail by flattening the slope and/or eliminating the hazard.
The warrants in the Roadway Design Manual and the
drawings in the Roadway Standard Drawings Manual should
be used in this determination. The department that eliminates
the hazard is responsible for coordinating the removal of the
guardrail by the county road maintenance personnel.

REF: NCDOT GUARDRAIL/ATTENUATOR MAINTENANCE POLICY. December 1993




Evaluate the Site Ll i e
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5.2 — Repair or Eliminate

Before repairing the guardrail,

consider if it can be eliminated. If

the slope can be flattened or the

hazard relocated, the barrier is

not necessary. ;
If the roadside obstacle is no ’
longer there, the guardrail is itself '
a hazard and should be removed !

REF NCDOT GUARDRAIL INSTALLATION AND/OR REPAIR PROCEDURE TRAINING MANUAL Aprll 2000
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Determine Exten‘\tﬂilama;ge:

Safety-related
DEFINITELY

SAFETY-RELATED
??77?7?

When guardrail has been hit, determine the extent or severity of damage. If
the damage is minor or so slight that it will function to shield the hazard,
schedule the repair with other work. If the damage is severe, schedule it for
repair as soon as possible. Until then, clear debris from the road and
shoulder, then set out barrels or barricades to warn motorists.

REF NCDOT GUARDRAIL INSTALLATION AND/OR REPAIR PROCEDURE TRAINING MANUAL Aprll 2000
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Severely Damaged

 Rail beam has been severed

« Beam is crushed more than 18” out of line or
 Three or more posts have been broken

Severe damaged needs
to be repaired as soon
as possible

REF: NCDOT GUARDRAIL INSTALLATION AND/OR REPAIR PROCEDURE TRAINING MANUAL. April 2000




Guardrail — Damag

Moderate Damaged. Repair later if the guardrail
will still function properly.

Minor Damage is aesthetic. Repairs may not be
needed at all.

Supervisor needs to make decision — is moderate
“safety-related” or not; this was intent of NCHRP 656

REF: NCDOT GUARDRAIL INSTALLATION AND/OR REPAIR PROCEDURE TRAINING MANUAL. April 2000
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How much deflection (~ 11”) — Per TM = moderate
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Bends within compressive terminal may cause unwanted buckling
— little energy absorption — Safety-related
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Post separatlon - Severe or moderate’?
If height is too low (?”), penetration is likely - Severe
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No tension contiqqity — Severe
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Tension discontinuity (half strength and stress
concentrator) Severe




Severely Damaged

* Any cable is broken or pulled loose from the anchor or

« Cable is sagging to the point that it would not function
properly when hit or

* Four or more posts have been knocked down.

Severe damaged needs
to be repaired as soon
as possible

REF: NCDOT GUARDRAIL INSTALLATION AND/OR REPAIR PROCEDURE TRAINING MANUAL. April 2000
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Cable Rail ™ .
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Severe or moderate?

No effective barrier —
But likelihood of impact??




End Treatments — Dam:

Severely Damaged

* One or more broken posts

« Rall that has been torn loose or
 Damaged cable assembly.

Severe damaged needs
to be repaired as soon
as possible

REF: NCDOT GUARDRAIL INSTALLATION AND/OR REPAIR PROCEDURE TRAINING MANUAL. April 2000




End Treatments

This could act like a spear if not repaired expeditiously - Severe

You need to have the manufacturer’s installation manual to repair these
systems.

Welcome
To
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End Treatm

» Check for nuisance hits on end
treatment to be sure post #1 is
not damaged.

» Even with claims of “reusability”
— use best judgment and closely
examine all salvageable parts.

» Impact Heads may be re-usable
based on state policy and
manufacturers recommendations
(generally say no).




Sheared end post -No tension e S atr e
- capability — Per TM - Severe - —==== = : ___'__
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No tension capability and possible spear — Severe

Non-Energy Absorbing Terminal WRONG here — no Runout
Don’t know why memorial is here




SRT first rail only — not as tested. Light pole nearby may also
be a problem. Severity - 7?77
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Impact head not paré-lllel' -
Doubt Severe; Just POOR workmanship es




Cable disconnected - No tension capability —
Per TM - Severe
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Foundation tubes too high — Severity depends on
how excessive the height is




Existing head is off post — Moderate or Severe ?7?

When repairing a wood Post 1 holding an impact
head, drill pilot holes per Installation Manual




Bearing plate misaligned
Moderate

Buried plate may not release
Severe
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Missing bearing plate and cable - No tension capability — (Also the

head should be parallel to top of rail) — Per TM - Severe
[

\ .—-d\,- »
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Rail not engaged with head
Severe




No tension, impact head damaged - Severe
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Some reserve capacity — Moderate or Severe???
Have manufacturers Installatlon Manual available.
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This is a blunt end until repaired - Severe
Have manufacturers Installatlon Manual avallable

Welcome



Impact. Atten
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Ensure all mounting hardware is correct
and Repaired per Installation Manual

Welcome




Typical Universal TAU Cartridges

Typical QuadGuard Cartridges

Place proper cartridges in the correct system & in the proper order
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Place sand container in the correct position with the correct
amount of sand.
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Replace In-Kind vs. Uhpgfade{

.

REPLACEMENT/REPAIR OF GUARDRAIL COMPONENTS

A. Rail (Steel}

The accident damaged section of rail shall be replaced/repaired to the
current design standard as practical. It should be noted when only a
portion of a rail system is damaged, consideration should be given to
replacing the remaining undamaged length to current standards.
However, when the undamaged length of remaining rail is less than 100
feet, the entire rail system shall be replaced to current design
standards.

For pre-31" guardrail, the repaired guardrail should be to the lates
29" standard, especially related to height.

REF: NCDOT GUARDRAIL/ATTENUATOR MAINTENANCE POLICY. December 1993
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Replace In-Kind vs. Upgrade

A short section of weak post rail should be
replaced by standard blocked out W-beam rail

Damaged sections of rail must be repaired to the current
design standard as practical. For example, if an old weak
post guardrail system that is shielding a hazard has been
hit, the damaged section should be replaced by the
standard blocked out W-beam system. Note that a 50°
transition will be needed from the old weak post rail to the
new strong post rail to minimize pocketing effects.

REF: NCDOT GUARDRAIL INSTALLATION AND/OR REPAIR PROCEDURE TRAINING MANUAL. April 2000 p 25




Replace In-Ki

REPLACEMENT/REPAIR OF GUARDRAIL COMPONENTS

B. Rail (Cable)

The damaged section of cable rail shall be replaced/repaired to the
current design standard.

It should be noted that periodic inspections of the cable tension is
required to insure its proper function. Additionally, large vegetation shall
not be allowed to grow within 15 feet of the cable as the system is
designed to deflect 15 feet under impact.

REF: NCDOT GUARDRAIL/ATTENUATOR MAINTENANCE POLICY. December 1993

wucome it
JI RTH CARQLINA
3 Lh

e IIIIIIS NOST MIITARY FASLY




REPLACEMENT/REPAIR OF GUARDRAIL COMPONENTS

C. Terminal End Section

The accident damaged end section shall be replaced/repaired to the current
design standard except as follows:

Exceptions:

 When only the guardrail end section (buffer or terminal end design) has
been damaged (bent), with no post damage, it may be repaired with like
kind.

 When adequate shoulder width cannot be obtained economically to
meet the current design standard contact Roadway Design for an
alternate design.

REF: NCDOT GUARDRAIL/ATTENUATOR MAINTENANCE POLICY. December 1993
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Replace In-Kind vs. Upgrade




Replace In-Kir

REPLACEMENT/REPAIR OF GUARDRAIL COMPONENTS

D. Structure Anchor Unit

The accident damaged guardrail attached to a structure (ex: bridge,
concrete barrier, etc.) shall be replaced/repaired in accordance with
current design standard. If field conditions prevent the use of standard
design and it is structurally sound to attach to the structure, assistance in
the design of an acceptable replacement and/or repair is available through
the Road Maintenance Unit as needed.

REF: NCDOT GUARDRAIL/ATTENUATOR MAINTENANCE POLICY. December 1993
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Replace In-Ki

AITENUATORS

Damaged or malfunctioning attenuators shall be
replaced/repaired to the current design standard.

Attenuators should be inventoried by type and location
and maintained on a regular schedule (every 6 months)
to insure proper function.

REF: NCDOT GUARDRAIL/ATTENUATOR MAINTENANCE POLICY. December 1993
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Median Barrier Inspection/Maintenance

» Requires weekly inspection by each NCDOT
highway division.

= All non-functioning section of median barrier
identified and marked.

= Appropriate contractor notified of damaged section
within 24 hours.

» Repair work to begin “as soon as reasonably
possible”




Inspect Repairs SiA e

Inspection once the repairs are completed, as well as
periodic inspection.

6.3 — Maintenance Tips
« Before repairing guardrail, consider eliminating it.

* When barrier must be repaired, check the design.
« Keep large vegetation away from the guardrail.
« Watch for material buildup under and in front of the rail.

* Loosen cable turnbuckle in cooler weather, and tighten in
warmer weather. ?77? —to Spec

REF NCDOT GUARDRAIL INSTALLATION AND/OR REAIR PROCEDURE TRAINING MANUAL April 2000P




Review Lear ng C

» Recognize how damaged barrier MAY BE
assessed for maintenance response.

» Understand when a damaged barrier end
treatment MAY no longer function.

» Effectively delineate/treatment of damaged
hardware prior to repair.
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