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1. PURPOSE. | To consolidate information on end freatments that
are cdrrentlyconsidered acceptable for use with w-beam and
thrie-beam guardrails and to provide guidance(on appropriate
usés for each of them.

2.4 BACKGROUND

a{ High-speed crashes into guardrailf terminals are usually
more severe than those dn which the face of the barrier
is struck by errant motorists.  Therefore, designers must
be aware of the operational characteristics of the
numerous terminals{available and select a terminal that
is most appropriate for a given location. An ideal
terminal will nét spear, vault, or roll a vehiclgin an
end-on hit, may allow controlled penetration in some
cases, and will provide smooth redirection whén struck on
the side within its design length of need. JOccipant
deceleration leévels must remain below specified limits in
all cag@s. The specific tests and evaludtion criteria
currently used to develop guardrail terminalsyare found
in the NCHRP Report 230, "Recommended Procedures for the
Safety Performance Evaluation of Highway Appurtenances."
It should be noted that work is nearing, completion on
NCHRP Report 350, "Recommended Procedures for the Safety
Performance Evaluation of Highway Features," a document
which will replace NCHRP Repo¥t, 230 and which will 11ke1y
provide guidance for testing and évaluating terminals in
the future.

b. General information onlguardrail terminals is contained
in Chapter 5 of the 1989 AASHTO "Roadside Design Guide."
More specific informationyen the Breakaway Cable Terminal
(BCT) and the Eccentric Loader Terminal (ELT) has been
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previously issued in FHWA Technical Advisories

T 5040.23, Corrugated Sheet Steel (W-Beam) Guardrail,
dated March 13, 1984; T 5040.25, W-Beam Guardrail End
Treatments, dated January 7 ; and T 5040.25, Chg 1,
W-Beam Guardrail End Trea ted December 15, 1987,
Additionally, a FHWA mem t to all Regional
Administrators on Mar provided information on
the Modified Eccentr inal (MELT).
Information on propri inals has been distributed
to the field via copies A acceptance letters to
various manufac S. ept as noted below,
information conta this Technical Advisory
supplements documents.

3. SUMMARY

a. Termin am and thrie-beam gua

essent of every barrier insta
nst which the full tensi
developed for downstream hi

n past, only a few termi re available for
tion by a designer. T 1 non-proprietary
nals, mostly of a bre , and several
proprietary products are 1 or use. | 0
1“;;;'!

. Paragraph 4 contains in n on the evolution and

considered suitable fo
eel guardrails (w-beam and
thrie-beam) .

General - a terminals can be categori n-
proprie or proprietary as defined in gr 4b
and 4c/ and demonstrate crashworthy/perf ce
throug ll=scale testing before they, c ed in the
field. tests are typically errain
and on installations having an obs -free runout
area behind and beyond the termin nout area is,
of course, essential for terminals racture and
permit penetration behind the e ating terminals).
Unless these conditions are r approximated in
the field, actual terminal e may be degraded.
For the terminals listed timal performance can
be expected only when the gr is such that an errant
vehicle can strike the i with all wheels on the

ground and with little o e-crash roll angle.

r
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Normally, this will regquire that the flat slope between
the barrier and the roadway be continued at least 1.5 m
(5 feet) behind the terminal to accommodate off-center
impacts. For gating termi relatively clear runout
path is also needed. The istance required will
depending on the s ed of the vehicle and
ts impact angle. -free rectangular area
extending a minimum 5 feet) beyond the
1) and 6.1 m (20 feet)
behind the rail is sug . However, a runout area of
that size will n 2ces ily accommodate all impacts
that might occ

ry Terminals - terminals in
’ ] erally unpatented or c
of royalties to a ma

. Included in this 1i
breakaway cable termin
anchored in a cut slope.
lows:

a) The turned-down w- 1 was developed
to eliminate speari rail into the
passenger compa t pacting vehicles and
was a signifi x ent over earlier full
height, stand-up.en However, both field

experience ent full-scale crash

testing vehicle rollover is likely

with th ls under high speed i

conditio initial tests on the

do i were run on a rigid des
the firmly mounted to the
heig with a second, shorter

etimes installed between the
£ st, creating an unyield
near end-on hits). Modif
anchor, which eliminat
ts and weakened the attac
full-height post and sewv

developed in an attempt t

problem. Two prima ere used to

weaken the connectio smaller diameter

post bolts in the fir ral posts, or a

design in which m railing was nested

against w-beam /bac ates bolted to the
first few post d held in place with malleable

the first
ent ones, were
me the rollover
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(b)

(d)

(e)

steel-strap clips over the rail and back up
plates.

ons are considered an
er rigid design, full
major shortcomings.
nals absorbed very

the impacting vehicle to
tances beyond or on top of
nd, although rollover was
1022~-kg (2250-pound) cars on
in, the roll angle of several
latively high, making rollover

y in high speed impa the

the area beyond a guar
steeply sloped and i one

Although these modi
improvement over
scale testing rewv

e modified designs passed (1800~
) vehicle tests.
n the Controlled Releasing 1 (CRT); a
urned-down design that stil sidered

acceptable for use, pe y marginally
with an 818-kg (1800~ d . When this test
vehicle was offset nches) toward the
road in a 97 kp/h ( d-on crash, it

overturned on a when offset the same
distance away ad, it travelled on to
of the rail ap imately 38 m (125 feet) bef
stopping a significant underbody

&

r the steel posts.

negative characterist
rminals remain their po
ers, and for trapping

top of the rail and lead
elded hazards or launchi =
located beyond and in b of ith

al. The potential for th c
rence may be reduced s laring
terminal away from the _ro .
Based on observed crash te erformance and
reported field exper FHWA has

prohibited the use o -down w-beam
terminals within the ed clear zone on
high-speed, hig oads and has defined
such roads as erating speeds of

80 kp/h (50 mp ve and with traffic
volumes in exce ,000 vehicles per day.

wi
nd
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The ADT value should be considered a general
guideline and may be adjusted as appropriate for
local conditions, but the continued use of
turned-downs under igh speed condition is
discouraged. terminals remain
ailing ends of traffic
ays and in other

, high speed accidents are
ed facilities where the

ibition on turned-down nals

n extended to use with t
tems, not because of d d
worthiness, but rather be atives
e turned-down end have sh-

d for use with weak-post ystens.

The Breakaway Cable ) was developed
to eliminate the v / over problem
inherent with a t anchor. The BCT is
a full-height, ed m terminal with an
integral cable/anchorage. The two end posts ar
designed to fr hen struck head-on,
allowing a e penetration behind the
barrier. eam hits, tension in the
rail el ansferred to the base

end post
is
204

-pound) vehicles at 97
0 d 1022-kg (2250-pound)
km (40 mph), the BCT funct
When'it was later tested under
30 with an 818-kg (1800-po
/h (60 mph), it proved in end-on
acts. Another concern
performance with BCT's
with the specified 1219~
flare. Several inst
compartment intrusio -beam rail have
been reported, ma occurred on
improperly flar
result of side
A third concer
to site conditi

into the terminal end.
CT performance is related
ince the BCT is designed
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to allow controlled penetration, the area
immediately beyond the terminal should be
traversable to minimize the likelihood of
vehicle rollover a liminate subsequent
fixed object impa

Thus, to atta
the BCT must
1219-mm (4-f
advance of and
must be ent
clear At

performance possible,
ed with the correct

olic flare, the area in
iately beyond the terminal
flat, and a reasonably

e run-out area must be

ver, even under these conditions

(b)

." The use of diaphragms
n (specified in the oric
till used by some highwa
reduce the likelihood of speari

Several State highway age the BCT in

conjunction with str
systems. While mos
152-mm (8-inch by 6-
breakaway posts

st w-beam
nal, 203-mm by
ers for the two

e steel tube slip-
base post design fr Research Results
Digest 84. crash test with an 818-kg
(1800~-poun econd post did not relea
properly w-beam rail hinged at the post

passenger compartment V

an 818-kg (1800-pound) ca
nly 64 km/h (40 mph) wa
.5 feet) and experienc
high decelerations. A
u
i ent, and
an either
et in

better, have no torque
sier to install and repai
slip-base posts or ti

(d)
development of the E
Modified Eccentric L
unless additional pos
deceleration le
car following d, end-on hit are

230 maximum values

steel.
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(e) Because of the large number of BCT's that have
been installed and current awareness of their
limitations, several research efforts have been
directed at modifi s to existing BCT's.
Weakening posts 5 by drilling holes
through the 152 h) dimension resulted
in acceptable ns in two full-scale
tests of th ost system, but the kinked
w-beam rail etrated or significantly
deformed the er compartment in both

cases. ad nal testing is done, the

resul distributed as they become

ava the meantime, State highway

a

b

remain aware of the h created
BCT location and/or i on and
ility that an acceptab ation
ma perform satisfactorily t

ist strikes the end in e rail
nt, as sometimes happe driver

oadside encroachment. current
vehicle designs are su e impacts into
the BCT may result i
compartment intrus s
true in general of height stand-up

ed field experience and 0
t results, the Eccentr
eveloped to improve th
the original BCT and s
e small car end-on imp F
changes distinguish the
rom the original BCT:

se inside a vertical s on

st bolts at posts 2 th
ened wood posts at posts
the addition of a steel een posts 1
and 2.

(b) The first of these m
piece, has three esse

1 For end-on ac ether with the
corrugated el pipe, it spreads the
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resisting load of the w-beam rail element
over a larger area of the impacting vehicle
and prevents the end of the rail element from

2 first post breaks and
>r cable before any
d can develop in the w-beam
3 moment at the end of the w-beam,

e force needed to ove its
trength, thus facilitat red

g.

econd change was the eli n the
to-post bolts, which re column
ength of the w-beam, allowi o bow away
rom the posts and to fori hing utside the
car's path in an end-o wing safe
penetration behind

The third major des e was the weakening
of posts 3 thro A arlier tests, both
with the origi BCThand with the Eccentric
with the third and
ted in high deceleratio
llover. To minimize this
ndard wood posts were aced
es drilled at and belo

pacings are reduced fr
od post BCT layout. The
logkout on the second post £
ature near the end of ra
er reducing the w-beam col strength.
(e) final change from the
addition of a steel stru
2 at the groundline. The
post bolts in the te
anchor cable in down

ties the first two po
increased cable

T is the

g posts 1 and
of rail-to-
more load on the
s, and the strut
ether to resist the

(£) PFailure to fol t recommended details of the
Eccentric Loade ay result in unsatisfac-
tory field perfo ce. It is particularly (
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important that the grading around and in front
of the terminal be essentially level. A maximum
15:1 cross—-slope is recommended; a slope steeper
than 10:1 should notibe permitted. Like the
original BCT, thegEccentric Loader BCT is
designed to be penetrated. Therefore, the area
behind the rail must bé reasonably traversable
and obstaclesfree. A minimum run-out path of
22.5 m (75 feet) is  recommended.

(g) The Eccehtric Loader BCT was tested in two
configurations: a 1219-mm (4-foot) parabolic
flaré, and a 457-mm (1.5-foot) flare for use at
sites swhere 'a full flare could not bel@ttained.
However, «the latter design performefli marginally
When hit end-on by both the 818-kg (1800=pound)
and 2045-kg (4500-pound) cars, dmparting a high
roll angle to both vehicles on level terrain.

adifl ) Although
the Eccentric Loader successfully passed the NCHRP
230 acceptance tests and is demonstrably softer in
énd-on hits than the BCT, At has not been widely
used. In an attempt to gimplify its design and to
increase its use in the field,/the Eccentric Loader
was tested with a stafidard BCT end section with bolt-
in 2.67-mm (0.105-inch or2-gage) thick base metal,
steel diaphragms. Except for the nose section and
its attachment t©)the rail end, the MELT is identical
to the Eccentric Loader BCT. Two tests were run on a
MELT with a 1219 mm (4-foot) parabolic flare. /These
were the 818-kg (1800-pound) end-on test and,the
2045-kg (4500-pound) length-of-need test. Based on
the results of,these tests and the earlief Ec€entric
Loader acceptance test series, the MELT is consddered
operdtional. Since the MELT was not té@Sted with a
457-mm (1 5-foot) flare and the Ecceftric_lkoader BCT
with that offset was marginal, the MELT should only
be used'with the standard 1219-mm’ (4-foot) parabolic

(4)

flare.
(5) W-Beam Guardrail Anchored in a Backslope. Where

a roadway is in a cut sectien, it is sometimes
possible to carry the end of a W-beam guardrail away
from the roadway directly int®o the backslope.
Anchoring a guardraildefnd in a backslope eliminates
the spearing potential, provides necessary anchorage
for the w-beam rail, and blocks access to the area
immediately behind the barrier if appropriate design
and installation principles are followed.
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(a) One of the important principles to consider is
the need to design an anchor that is capable of
developing the tensile strength of the w-beam so
the rail will remair pbbon for redirecting

the anchor used

should be capab G oping at least

222.3 kN (50 A is the approximate
strength of dard BCT cable anchor. 1In
practice, a -mm (2-foot) wide by
910-mm (3 by 610-mm (2-foot) deep

proven adequate. It should
of 152 mm (6 inches) into the
ssen the possibility that the
be exposed by erosion ag an

The flare rate for str
should not exceed th
Table 5-5 of the 19
Guide until the gua
foreslope/backs
it can be flar
to the backslo

oadside Design
sses the

pt. At that point,
y as 8:1 to extend it
e roadway has signifi-

e flare rate, the heigh
the barrier may need to be
al performance.
3
ly

design shown on Attac
Advisory T 5040.25, d
986, did not perform sat

(e) P

ed with a 2045-kg (4500 d at
(60 mph) and a 25 degre ep angle
rom the roadway and is no long onsidered

table. The decreasing i (with
pect to the roadway grade
approach slope allowed t
strike the top of the rail
the vehicle to penetr
overturn. To achiev
foreslope in front of

tore, allowing
rrier and

ory results, the
rdrail should be

nearly level. er second test confirmed

that a 10:1 ma can be used provided

the height of ba er remains constant

relative to the y grade until it crosses

the ditch bottomn. n this second test, the (

10
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addition of a w-beam rub rail was necessary
because the opening beneath the primary rail
exceeded approximately 457 mm (18 inches). This
design was success tested with a 2045-kg
(4500-pound) car /h (60 mph) and a

25 degree depa . A constant 13:1
flare rate wa is successful test.

This design required 41.8 m (137 feet) of
w-beam rail vafice of the length of need to
reach the an in the backslope. Two addit
ional W onducted where the only

signi ge was the use of a steeper

fla t the backslope. For these tests,
.5~foot) parabolic flare e end
feet) beyond the lenc
installed. Both test
ng the need for a flat te for

a
3 . -
s
co g
igh speed, high angle impact
ird test was run on an on with a

9-m (62.5-foot) parabo
backslope but without
constant height abov
resulted in an ins
gradually as it fol
slope. A 2045-
rail at 97 km/

departure angl
design may

grade. This
at sloped down
10:1 shoulder

nd) car hitting the
h) and a 15 degree
directed. This reduced
ate where impact

Yy to be less than 97 km/h
a departure angle of

As ition zone will often e
betw standard ditch cross-sec

tter foreslope in front of th
he _xresulting approach slope at
it (parallel to traffic) sho
20:1 relative to the r
s approach treatment i
drainage, a grated drop i
may be required to carry
guardrail. 1If so, t
grated opening and b th the ground.

the

Depending on th
vehicle may ride up lope some distance
before redirec begins. Thus, it is possible
for a vehicle aves the roadway in
advance of the t nal to go around or over it.

11
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If penetration is not acceptable, a longer run
of barrier may be needed to create a recovery
area between the terminal and the shielded

hazard.

c. Proprietary Termipals -
generally patented and
manufacture or distr

in this category are
e licensed for
rough one source.

(1) As indicated in 23 5.411, products in this
category ar igib or Federal funding provided:
sed through competitive bidding
suitable unpatented prog 8 ;

(a) the
w

(b) t. ghway agency certifies acific
pro is essential. for synchr

xisting highway facilities, equally
le alternate exists;

proprietary product is tal as an
experimental feature f ose of
in-service evaluatio

(d) such usage has been

by FHWA's Division
Administrator a

n e public interest.
al

opriet terminals
beam/thrie-beam guardra
ent Terminal (SENTRE); the
ng Terminal (CAT); the

T-2000. A discussion

Currently, the prin
appropriate for
are the safet
Crash~Cushio
BRAKEMASTER;
follows: ’

(a) S

ENTRE is manufactured b er

sorption Systems, Inc., of ic .

linois, and is designe lation on
e end of a w-beam or guardrail.
The SENTRE unit consi
telescoping thrie-beam
to steel wide f1l
sand containers a
ing cable. A tens

se posts, plus
d-level redirect-
e is required to

anchor the ail at the point of
connection = . Detailed
design, con ct and maintenance
information lable from the

manufacturer.

12
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2 The SENTRE can be installed parallel to
the roadway or with a 1219-mm (4-foot
offset). Although a relatively flat slope
behind the term s preferred, a test with
a 1.5:1 fores successful. The

redirecting nts end-on impacting
vehicles £ the hard point at the
beginnin rdrail by guiding the
vehicles cable behind the rail.
The sand c rs on the end posts

o

dis te s f the crash energy in the
s s sand barrel crash cushions do.
slip-base devices, bolt torque is

or proper impact perfon e and

facturer's specification

a
ef d for construction and_mé ance.
The CAT is manufactured and buted by

Syro Steel Company, Gi¥ard, . It has
evolved from the ea le Attenuating
Terminal (VAT) an ation
Attenuating Te called CAT). The
latest version o is the only one
currently pr replaces both the VAT
and the ear It may be used both

as a terminal for w-be

a
s of slotted 3.43-mm ( 5=
e) thick base metal, a
105-inch or 12-gage) th
~beam rails that telesco
\ de
r .

o dissipate crash ener
the unit redirects vehi same
r as standard w-beam gu It is
gned for parallel installation and, like
1 terminals, functions o on terrain
that allows a vehicle e with
little or no roll ind iled design,
construction and maint formation is
available from th er.

(c) BRAKEMASTER - the B is manufactured
by Energy Abso Systems, Inc., of Chicago,
Illinois and i ntended for use as a crash
cushion and as e al for w-beam guardrail.

This terminal c primarily of an anchor

13
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assembly, a cable/brake assembly, and w-beam
panels. It redirects vehicles during side
impacts and telescop , end-on hits, with the
cable/brake assemb ing much of the crash
energy. Detail ion on design,
installation a ce is available from
the manufact

(d) ET=2000 - the is manufactured by Syro
rard, Ohio and is designed to
a w-beam guardrail. The
chored in a manner similar to the
away cable terminal (BC :

de-impacting vehicles.

ing vehicle. It is inte

e end of a w-beam installatio no flare.
etailed information can from the
manufacturer. As with 1ls, where
penetration behind an o e barrier can be
expected, a travers e needed to aid

post-crash vehicle s and to prevent

zards. 0
multi-lane divided
ties, the downstream or

affic barrier does not have to
tructurally adequate a age

ne rail in tension when
iling end. Some highwa
en 15 m (approximately )
teded to shield the hazard

nstall an anchor. This i not
because it adds unnecess r the
de /which is not likely to perf properly if
creasing accident costs ts and

installation and repair costs
agencies. In addition, to cr
anchor, rectangular washers sho sed with the
post bolts in this last 1
practice that has been di
In locations where a barri annot be hit head-
on, the best termina use is normally the simplest
and least expensive t -down terminal anchored
in concrete or a ca deadman anchorage system meet
these two requiremen ere space permits, a

for several years.

14
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downstream terminal should be installed with a slight
flare to reduce the potential for snagging on the
anchor system. However,gflare rates sharper than
approximately 8:1 should be avoided to minimize
barrier deflection and to decrease the likelihood of
pocketing a vehicle(which strikes the rail near the
departure end.

5. RECOMMENDATIONS

a.

State highway. agencies)should be encouraged to review
existing poldcies for selecting guardrail terminals,
including propfietary devices, and to revisegthem as
needed to ensure/consistent use of the most cost
effective) termifal in each instance. States should also
develdp and_implement a continuing accident review
process tolmonitor field performance of existing
bafriers, terminals, and other roadside/features.

FHWA field offices should continue to monitor State

highway agencies' adherence to, current(policy regarding

the use of turned-down termindls. Turned-down

terminals used with weak-post wébeam systems must be
designed insofar as practical ®o preclude high-speed
vehicles from being launched inté hazards behind the
terminal or from being/captured and guided on top of the
rail to fixed-object hazard& or steep slopes. Normally,
this will require sdgnificantly longer or flared
guardrail installations and/or flared terminals.

State highway agencies currently using the BCT should

be aware of 4dts limitations and encouraged to_mMmonitor
their installations closely to determine if theylare
performing satisfactorily. If not, changes“infthe
State'sgterninal selection, design, constructien or
maintenance procedures may be warrantedd These agencies
should alsé keep appraised of potential modifications to
existing BCTs that could significantdy improve their
performance and to ensure that new BCT)installations
fully meet the recommendations cofitained,in this
Technical Advisory.

NCHRP Report 350, which is to bewpublished in early
1993, will define three test levels for end treatments
and crash cushions. Allgend treatments previously
discussed are expected/to fall into one of these three
levels. If NCHRP 350 is subsequently adopted by the

15
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FHWA, State highway agencies reviewing their policies
may elect to incorporate the variable test level concept
into their terminal select ocedures.

od
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