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Session 5:
Installation/Common
Errors of Systems

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

» Describe key components of barrier systems

> Identify common installation errors
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Figure 5-4. Definition of Roadside Barriers
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[ REF: AASHTO Roadside Design Guide, 4t Edition, Fig

Standard Run of Barrier
Transition to a Stiffer System
Terminal
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Barrier Design Principles
Height Measurement
Tension Continuity
Other Considerations
Work Zone Barriers

® Q00D

' Federol HI%hWOY
@ Administratfion

Participant Notebook Page 5-3



FAST Act Guardrail Safety Training — Highway Barrier Installation, Inspection and Maintenance Training

Session 5: Installation/Common Errors of System

» Concrete Barrier
Single Face or Median Barrier - 32"
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» High Tension Cable Barrier

» Typically dictated by manufacturer; meet manufacturer &
agency standard

Many different
configurations
— even within a
single
manufacture’s
systems
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» High Tension Cable Barrier

» Since MDT requires foundations, insure top is at proper
height. This will effect the height of the cable.

Unacceptable . Unacceptable
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Rail too low

Rail too high

PN cic oy I

A chrintedondt
ACMINISIanon

» Concrete Barrier

— Continuous reinforcement and/or anchored to/in the
pavement

» High Tension Cable

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

> 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)
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MUST MAINTAIN TENSION IN
BARRIER SYSTEM

Fedefal H| hwoy
Admrmsfra

» W-Beam
— Left: 8 bolts tying panels together
— Right: structural connection to a rigid barrier

'VAdmrmsfro on
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No
Structural
connection

» 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) SPLICE LAP DETAIL

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

£, Deporiment of Tmnsparoton
" Federal Highway
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WASHERS
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Use of delineators
under rail to post bolts
is discouraged as it can
inhibit bolt pull through

Current MDT standard
EXCELLENT

PVecea mg%%

@7 Administration

Manufacturers of working
head terminals generally
prohibit delineators within
their systems
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of Tmnsparioto

' Fedefo!rngghwoy
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Drilling of holes into the rail for post bolt is NOT
generally recommended

OPTION — Bolt only block to post, NOT through rail.
Probably OK for two posts, maybe even three.

’ Federdl Hi hwcy
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Cutting a slot, hole or a rail section with atorch 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

n

Federal Highway
Adminisiration

Barrier should be in GOOD condition
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' Federal ay
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» When a softer (more flexible) barrier precedes a stiffer
barrier, a gradual stiffening must occur between the two
systems to prevent pocketing.

» An effective transition must provide the following:
= Adequate connection
(TENSION continuity)
= Adequate length to
gradually increase
stiffness.
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D Non
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Manufacturers Manuals

Post types

Panel requirements
Breakaway Cable Anchorage
Grading

Other Considerations
Delineation

N
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Although the Buried-in-backslope (BIB) is the
preferred (and best) terminal, it can be

" Federol Hi hwoy

constructed incorrectly

@7 Administration

The point where the BIB crosses the toe
,/"' of the backslope must be far enough
o1 -"_’_".'; ~  upstream of the hazard.
ST Bl Top ra|I must capture vehicle

’ Federcl H|"hwoy
@7 Administration
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RULE #1:
Follow
manufacturers
instructions
and standard
plans.

" Fe eral Hi

1al % ay
@ Administration

a. Manufacturers Manuals

Must follow manufacturer’s installation instructions and State
standards.

Asswrisy v S

MSKT mass Tengent Terminat
S B17 MON [ Madeesl Eumnboad St |

AOAD SYSTENS, TN,

These are all readily available online
mimieae | |

b [ 4 e
Example of installation manuals

Federal Hi%hwoy;
Administration
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m

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

PROPRIETARY END

TREATMENTS

INSTALLING THE RAIL PANEL TO THE POST WITHOUT OFFSET
BLOCK AT POST 2

Complete the following steps to attach the rail panel to the post without
offset block at Post 2:

Step

Actions

1. | Select the Option A, Option B, or Option C to install the rail
panel without offset block at Post 2:

Option
A
For
Wood
Post

1.

Insert a */;” (16 mm) diameter x 107 (255 mm)
HGR Post Bolt (PN-3500G) through the rail and
the wood post at location 2.

Place a ®;" (16 mm) Round Washer (PN-
3300G) under a %/ (16 mm) HGR Nut (PN-
3340G) on the inserted bolt. Tighten the bolts.
(There is no torque requirement for these bolts)

Option
B
For
SYTPp™

. Inserta ;" (16 mm) diameter x 17" (31 mm)

HGR Blot (PMN-2360G) through the rail panel and
the hole in the SYTP™.

Mote: For SYTP stubs, use the hole in the
SYTP™ that will place the rail at the correct
height. (If there are two (2) sets of holes in the
SYTP™ stub for attaching the rail )

Place a SIE. (16 rrrn} Round Washer (PN-3300G)
urn'iera .I'” : A0G) on

e Post

l 0 NOT bolt the rail panel to the HBA™ post a
location 2.

WARMNING: Do NOT belt the rail to the
HBA™ post at location 2. Failure to follow
this warning could result in serious injury or
death in the event of a collision.

" Federoi“ Hl

Admmlsho ion Ty
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e%é'dém! Hi

Adminisho%

Project=: Inzpaction parformad by

Tha §"x 6" end tubs zaction iz the special 1/8° thidmess tube az zupplisd by the
manufactursr with the comers cut at the approach end whers the impact head iz placsd.
Eoth the Readside BEAT termins] and Median BEAT-MT terminal have at laast ons |
180" long 6"x 6" x 3/16" standard tube saction joining with the spacial 120" long and
tuba saction.

Tha end tube saction iz boltad to the standard tuba saction with the spacidl rail tis splica.
Tha height of the §"x §" box beam tubing iz in accordancs with the plans:
—Roadside BEAT 1ail height = 2’4"

—Aledian BEAT-MT 22l haight = 2'4"

Tha §"x 6" box beam tebing iz attached to r=il support bracksts with proper handwans:
—Roadside BEAT post bolt = 3/16" x 7 %" hax bolt

—Mledian BEAT-MT post belt = 516" x 7 %" hax bolt

Thea rail support bracksts are sttachad to posts with propsr hardwears:

—Roadside BEAT postz =1 & =1 support brackst boltz = 44"x 2 hax bolt

~Median BEAT-MT posts =2 through =5 support bracket bolts = % x 1 44" hax bolt
—Aedian BEAT-MT post 51 support beacket bolt = 44"x 27 hew bolt

The uppar and lower sactions of post =1 a2 propatly connected with 2 5/8"x B° hax bolt.
Tha 3" waak posts have the ol plats positionad the zams dirsction az the rail.
—Foadside BEAT has 2 3" waak post at post location =1 plus at least thres mogs 3 weak
posts zpaced at &-0° within the standsrd downstrasm §%x 6 box beam barrier
-Aledian BEAT-MT has 2 3" wesk post at post locations =2 through =5,

Ths impact head iz proparly insertad into the end tobe saction with the large trisngulsr
guszst plates facing down. The bottom of the impact head iz apponx 12 shove ground.
Tha post brasker iz instslled on the propar side of post 51 and stebilized with two bolts,
Tha 8" x B bearing plats at post 1 i comractly positionad with the 5° dimenszion up & tha
3" dimsnzion down. The anchor cabls is taut and correctly instsllad,

ThaMedian BEAT-MT has 2 tather cable properly attached to rastrzin ths impact head,

If tha posts wars gugsred, be sure the backfill materis] sround the posts iz compactsd.

Additional notes:

5-41
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Although nicely epa‘rated from the guardrail, ‘
the exposed cable terminal will render the =~
cable system meffectlve |f damaged

eporiment ol Irmnsparoton

' Federol Hr hwcy
VAdmmlsho

The cable anchor is nlcely
hidden from potential impacts

' Federo i
@7 Administrati ton

Participant Notebook Page 5-23



FAST Act Guardrail Safety Training — Highway Barrier Installation, Inspection and Maintenance Training

Session 5: Installation/Common Errors of System

b. Post Types ]

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

Must consult with the installation manual of the O
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

eFederclchon

Administration

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

e@e}i Highwoy

Adminigiration
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d. Grading

Check grading compliance with Detailed
Drawing (or plan details). Manufacturers
generally do not specify grading requirements.

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

C——F——=

e iy

HAZARD

'\ Federal Hig

@ Administration
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L Deportment of nnpadaton

Federal Highway
'VAdmmisn

d. Grading

Improper
Grading

A common error with all terminal types.

L Deportmert of mnpaoton
Fedefol Hi hwoy
Admmistro
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d. Grading

Improperly
Compacted
Grading

£ Deportmer of Inngparoton
" Federal Highway

@® Administration
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d. Grading Telltales of poor grading

* Soil tubes/foundation
posts installed too high

» Soil plates exposed

« Strut too high

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

e. Breakaway Cable Anchorage Assembly
» Transfers tensile load for downstream side impact.
* Post #1 must separate on end-on impacts

- Anchor Bracket

: Beakaway e
Posts

e e —

St

Bearing Plate

_‘ ® Must follow manufacturer’s installation instructions.
Federal Highway "R .. ‘ , !ﬂ-
VAdmimsho%ion ::w Ses =g
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e. Breakaway Cable Anchorage Assembly
Breakaway Post #1

* Proprietary steel posts.

» Must separate on end-on impacts

)

Federal Highwoy
Adminisiration

e. Breakaway Cable Anchorage Assembly
Bearing Plate & Strut
* Plate should be in up position and secured to post.
» Strut secured at posts required locations.

57

3”

Strut secured at breakaway post

"F;zérol Highwoy '”"T@; . ” 7

( 4 Adminisfro?ion
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e. Breakaway Cable Anchorage Assembly

Mis-aligned plate -
most common error

edeml Fh hwcy
L 4 Admlmsho ion

e. Breakaway Cable Anchorage Assembly

Mis-aligned plate —
most common error

edelul Hi cy
L 4 Admlmsho ion
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Attempt to prevent
rotation — small ears

Federal Highway
Adminitiration

R

e. Breakaway Cable Anchorage Assembly

Attempt to prevent
rotation — small ears
unsuccessful

'VAdministro?ion :
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—

SERIOUS
Do not bury
bearing plate —
won't release

" %;eg:ercl ngihwo‘y

@7 Administration

e. Breakaway Cable Anchorage Assembly
Bearing Plate — Non-standard plate (hole in center)
g e

ehe}}é&}i@ﬁ\éﬁ

Adminisiration
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e. Breakaway Cable Anchorage Assembly
Most systems require an anchor bracket and anchor cable.
» Anchor bracket must release from rail if system has impact head
* Non-energy absorbing system does not have to release from rail.

" Feavol rhgh\« oy

-«:m nisiration

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.

' Federol H| hwoy
(4 Admlnlsfrc ion
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e. Breakaway Cable Anchorage Assembly
Anchor Cable
= Should be taut, lift up 1” or less (at installation)

» Tightened by holding cable at bottom, not allowing
cable twist.

" LFéaero i wg;;

@7 Administrafion
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f. Breakaway Cable Anchorage Assembly

7 Y,

(\ Federal Highway

@7 Administration

f. Breakaway Cable Anchorage Assembly

Same applies to
box beam

Fe ‘olr

e Administra 'onCJy
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f. Other Common Errors

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

Federal

’V Adminishcﬁionoy

f. Other Common Errors

Energy Absorbing
(compression based)
Terminals MUST be installed
on a straight line

' Fe
@ Administr

G?ionoy
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f. Other Common Errors

Energy Absorbing
(compression
based) Terminals
MUST be installed
on a straight line

Great Job

" Federol Hi hwdf

@7 Administration

f. Other Common Errors |

'SKT mpact Head ET Plus Rail & A i
; Anchor Bracket ~

) Federal Highwoy

@ Adminisiration
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f. Other Common Errors DISASTEROUS
| FOR HEAD-ON

' Federol Hi hwoy
=4 Admmlsho ion

f. Other Common Errors

' Fed hwoy
@ Administration
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f. Other Common Errors — How serious is this??7??7?

P e o

@ Adminisration

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

facturer’s installation instructions.
GNIAN ¥
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f. Other Common Errors

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

o

1al % y
Administration

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

" Fédé?oi H@me/
Adminisiration
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Nts on the
bracket should be

e ?é&erol Higihwg;

Adminisiration

f. Other Common Errors

Excessive flare or
offset on a terminal

Only 1’ per
Detailed Drawings

der ghway
@7 Administration
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Improper Appllcatlon - no deflectlon and within terminal

NPAAon

’ Federol H| hwoy
VAdmmxsfr

mproper Application —no runout for a non- energy
absorblng termlnal (as weII as gradlng)

(..-m

' Federal H hwoy
VAdmlmstr
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f. Other Common Errors

——
Improper Appllcatlon — Terminals should have 7’ separation

(and the sign should be beyond the termlnal system)

V Admmlsh

e. Delineation

oV 10i=
See hMote 21
m:::'-" Yellow — r_u:u r 1
m’!;%.!‘; o s e I
3
| : 43
Atdix %o "z“ A l
Teu-Nay M;-
A uEway BoADwAY
T, s e 5 o
e g |-m- B 5 O Ll
GARCRL BN TERING et

Follow State standard

of lmngparoton

Féée}c;] Highway
VAdmmlsho ion
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a. Manufacturers Manuals
b. Grading

’ Federol H1 hwoy
& Admmlshc ion

a. Manufacturers Manuals

Examples:
Neither on
MDT QPL

' Federoi H|%Jhwoy
@7 Administration

Must follow manufacturer’s installation instructions
and State standards.

8

SC00M AND S2ilMaw
BENTEN A INSTALIATISN Manus

: e e
& -

-———
————

SIULT SCEINC JUUVILTIONS
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a. Manufacturers Manuals

Construct concrete | g e

Famaren vt bu ¢ Lvs Pare.

pad if called for per
manufacturer’s
requirements or
state standards.

Clean out drilled
holes WELL

0 e g

a. Manufacturers Manuals
* Anchorage 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
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a.

" Féaero

I
@7 Administration

Manufacturers Manuals

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

Ex: Concrete Backup

gihwoy

Manufacturers Manuals

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

y
(4 Administro?ion
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a. Manufacturers Manuals
* Place appropriate delineation on front of system

Must follow state standards and manufacturer’s installation instructions
and state guidance

' Federol H1 hwoy
& Admmlsho ion

b. Grading
Grading should be so an errant vehicle impacts the
system in a stable condition — same as terminals

Suspect
Grading

‘. oi rhghm

Adminisiration

@
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Ex: results of improper torque values applied to fender panels.

i Al 2 . rb = f{'f,‘
- Y y .=
: /

(‘ Fédeml H| hway

@ Administration

» Describe key components of barrier systems

» ldentify common installation errors

' Federa I;woy
@ Adminisiration
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