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. Session 6 Learning O mes

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

» Define the Length of Need and apply the
design principles for an optimal installation

» Calculate the LON and understand the
various factors

» Modify guardrail for special situations
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. Design Options in Order (ﬁﬁeren‘c‘e

Remove the obstruction
Make the obstruction traversable

Relocate obstruction beyond the clear zone

W nh e

Reduce impact severity by using an appropriate breakaway
system

5. SHIELD the obstruction with a longitudinal barrier or crash
cushion (only if obstruction cannot be removed, relocated,
or redesigned)

6. Delineate obstruction (only if all above options are not
appropriate.)
Ref: NDDOT DESIGN MANUAL, Appendjx 111-14-B, Revised Jan 26, 2016 —

U.3. UEParment of Iransporanon B
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 Length of Need (LON)Definition

The length of effective barrier
needed IN ADVANCE OF the area
of concern to intercept and redirect
an encroaching vehicle.
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ROADSIDE

NDDOT follow:
NDDOT Design Manual
(Chp. lll, Section 13, App. A,

and B),
A1[HIB < NDDOT Standard Drawings
GUIDE (D-764), and
. AASHTO Roadside Design

Guide, 2011

Leng
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OBSTACLE ( e

th of Nee*d
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Edge of Traveled Way © = Angle of Departure (Unknown)
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Lg = Runout Length
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Table 5-10(b). Suggested Runout Lengths for Barrier Design (U.S. Customary Units)
Design Runout Length (L;) Given Traffic Volume (ADT) (ft)

Speed Over 5,000 to 1,000 to Under
(mph) 10,000 10,000 5,000 1,000
80 470 430 380 330
70 360 330 290 250
60 300 250 210 200
50 230 190 160 150
40 160 130 110 100
30 110 90 80 70

Ref: AASHTO ROADSIDE DESIGN GUIDE, 4" EDITION — TABLE 5.10, Pg. 5-50
US- Depariment of Transportation & R S 5 T W —
: Vicez g —— P
" Federal Highway (fEEd Session6 .-
@ Administration ~ .

Design Speed Runout Length (L;) Given Traffic Volume (ADT) (ft)
(mph)  Gyer6,000 2,000 to 6,000 800t02,000  Under 800
75 520 485 430 395
70 475 445 395 360
65 450 425 370 345
60 425 400 345 330
55 360 345 315 280
50 330 300 260 245
45 260 245 215 200
40 230 200 180 165
30 165 165 150 140
Ref: NDDOT Design Manual, Section 1ll-13, Pg 188, October 2007
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AREA OF lg

USE
CRASHWORTHY
TERMINAL
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» 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 guardrail installations:
X = La—L2
La/Lr

Ref: AASHTO Roadside Design Guide, 4th Edition, Equation 5-1 and 5-2, Pg 5-51

X =

US Department of Transportafion
Federal Hi hway
(4 Adm|n|stra ion
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CLEAR DISTANCE LINE FOR OPPOSING TRAFFIC \

Ltr

AREA OF
CONCERN
(OBSTACLE)

USE
CRASHWORTHY
TERMINAL

Le

ya EDGE OF THROUGH TRAVELED WAY L Lﬁ

2
L <71 ADJACENT TRAFFIC

OPPOSING TRAFFIC >

Ref: AASHTO Roadside Design Guide, 4th Edition, Figure 5.42, Pg. 5-54
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, Ste IO,§, Intersect the Hyf

X = Length of Need
(LON) of Barrier

.

A\

L Length of Need
A (LON) point

Q)

US. Department of Transportation

Federal Highway
@ Administration

Length of Need (LON):Fie

R

Identify upstream face of obstruction

Identify back of obstruction —(if the obstruction extends a
significant distance away from the travel way — such as a
river — limit the back of obstacle to the clear zone)

Beginning at the upstream face of obstruction, pace
upstream along edgeline appropriate runout length

From this position, sight to the upstream, back edge of
obstruction (or clear zone)

If the proposed (or actual) guardrail installation crosses that
line of sight to the back of the obstruction (or clear zone),
then the area is adequately covered.

artment of Transportation

Federal Hi%hway
@7 Administration
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Ref: AASHTO Roadside Design Guide, 4th Edition, Figure 5.48.
Notto Scale

ND: Guardrail to be installed on the outside of curves sharper than
1 Degree 15 minutes (R < 4583.66’) will require a graphical design
procedure Design Manual 111-13.10

U $. Department of Transportation
Federal Hi hway
@ Adminish rc: ion
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Length of Need on the Qutside of a
- ~_Horizontal Curv D

NDDOT Design Manual Chapter Il Section 13.10

The ND procedure is largely equivalent to the procedure discussed in the
AASHTO Roadside Design.

» The fundamental difference is that, when using the ND method some
limited flaring of the guardrail is achieved relative to the roadway
curvature.

* The use of a shallow flare for the guardrail results in a decrease in

guardrail length of need, decreased snow accumulation and fewer
nuisance hits.

* The flaring provided by this method shall be limited to provide an
anticipated vehicle impact angle with the guardrail of no more than 10
degrees. Most often, an impact angle ranging between 7 and 8 degrees
has been used by NDDOT.

* This angle is determined most easily by simple graphical means.
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SHOULDER

———— — — — — — —— — — — — — —— —

SHOULDER

SHOULDER
SHOULDER

e i ~ 1Al

Place as far from traffic

as practical
(without affecting performance)
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Participant Notebook Page 6-13



FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 6: Length of Need and Special Considerations

US Department of Tronspoﬁohn
Federol Hi hwoy (e
UAdmlmstra ion & S

-

Guardrail Placement in Sp SCi Al

» Short Radius at Intersectlng roadways
* Long Span Guardrail

* Omitted Posts

» Extra Blockouts

* Postin Rock

* Leaveout in Mowing Pads

* Height Transition — G4 to MGS

U> Department of Transportafion
Federal Highway
© Adminisation B
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Guardrail Placement atﬁg"ééﬁg;hé‘
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. Guardrail Placement at;lntersections

« Some designers eliminate this non-crashworthy
aspect by using an offset energy-absorbing
terminal (if there is room) along the main
highway with a run of barrier upstream of the
access point based on the LON. Although
crashworthy, there is still some risk of a vehicle
gating through or passing behind it to enter the
area of concern.

P fece Hghwoy e
At el

Administration
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~ Guardrail Placement at/iitersections

» Wherever possible, approaches should be
relocated rather than providing breaks in the
guardrail installation.

* On low-volume, low-speed roadways a curved rail
may be placed as shown on Standard Drawing D-
764-13. The speeds on the main roadway shall be
55 mph or less and the 750 ADT or less.

« Some alternate designs are illustrated in the
following slides.

Ref. Design Manual Ill- 13.09.01.

() Federal Highway

@ Administration
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1 =—PQOST DETAIL M

Roadside Safety ™~ END TERMINAL DETAIL (SEE NOTE)
Pooled Fund

H 2-=-POST DETAIL N
™~ GUARD RAIL DETAIL L
POST DETAL D

Repart No. 4#05168-10
Repord Date: Awgust 2010

EVALUATION OF EXISTING T-INTERSECTION
GUARDRAIL SYSTEMS FOR EQUIVALENCY WITH
NCHRP REPORT 350 TL-2 TEST CONDITIONS

by

Akram ¥, Abu-Ordeh
Assoxiste Resvarch Scieniit

~—SECONDARY ROAD——

Kang Mi Kim
Pust Doctors| Rescarch Associate

wd

Do esn
Research Engineer e
Conract No.: Td541-A1 UARD RAIL DETAIL K
Test No.: 405160-10

Sponsorcd by
Roadside Safety Research Program Pooled Fund Study

TEXAS TRANSPORTATION INSTITUTE PROVING GROUND

e e —— [ —— OBJECT MARKER ASSEMBLY
Toa ey S P
il ot NCHRP REPORT 350

TL-2 OR HIGHER
COMPLIANT

Colage St T TS o T T

{4 BRIDGE RAL

POST
I i B L P G
Accepted at NCHRP B T i o] Ve o\ i e
Report 350 at TL-2 e s sers o 25 ' Kt

=—PRIMARY ROAD—
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100 Test Installation

2

Post Numbers

U 3. Department of Transportation

Federal Hi hwoy
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[ S

Ref: FHWA Eligibility Letter

U Depariment ol Tansporiaion T

(‘ Federal Hig?hway S
B op—

@ Adminishration

For 27 34” Guardrail

« 3 weakened posts on
each side of span

* Double blockouts
* Nested rall

For 31" (MGS) Guardrail
* Nested rail not necessary

US. Department of Transportation

Federal Highway | Eseell  fomesi
'y o e

[
|-

Administration = i
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Removed one post — nothing else done

US Department of Transportation i
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US. Department of Transportation

Federal Highway
'UAdmmls'rra?lon

» 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.

No crash tests to date
Ref: AASHTO Roadside Design Guide — 3" Edition, Section 5.4.1.6

US Department of Transportation

Federal Highway
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< 200, Consider Connecting Runs

U.S. Department of Transportation
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Plan “iew Steel zoomm
Posts
Either hole conliguration S30mm.

203mm —
aczeptabla
Plan View Wood 2somm 3”
Posts 2 1 2”
Either hale eonfgration
acceptabls 8omm S8omm 305mm.
Notes Far overlying soll MNotes Far overlying soil
depths (&) ranging fram depths (&) rdnging from
0 1o 460 mm, the 460 to the embedment
depth of required depth of th post, depth
drilling {B) ‘& equal to ot required drilling (B}
G610 . is equal 1o either 305
mm ar the desired
EI bl L B 64B embedment depth minus
- the depth of soil which
Igibility Letter the depth o

U.S. Department of Transportation
Federal Highway
@7 Administration
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B
;
Lesave O
[Square or Round)
1°3" .
7 . Wil as
Meaded
=P Cerfer Post
in Lesive Out ™ | 1

W-Baamn —

[ —

Stesl Post Detail

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

LEGENDARY
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 Height Transition — G4fo MGS

FHWA recommendation:

You should transition from a 27-3/4 inch tall barrier or
terminal to a 31-inch tall barrier over the span of two
12-foot, 6-inch pieces of w-beam rail. When replacing
or repairing long portions of a damaged rail the new rail
should be installed at the proper design height,
transitioning down to the existing rail over the length of
two 12 foot, six inch, pieces of rail at either end.

( Federal Highway
@ Administration
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Design speed:
| ! \ i
N 1 _ el , lage 70 mph
? 1 it ?[ . ADT: 13,000
| ; Side slope:
| ; \ | 10H:1V Left
' 7" BH:1V Right
== 9
hw/—“ | 4 24 10 |‘
DETERMINE TREATMENTS FOR NB TRAFFIC

US Department of Transportation
Federol Hi hway Baine
UAdmlmsira jon  [e—

el

N4 | Determine Design
iy T Clear Zone

The Clear Zone is a look up
value from AASHTO Roadside

' | Design Guide — Table 3.1
| /—SIGN BRIDGE
L i
| I Design speed: 70 mph
- 7 ADT: 13,000

Side slope: 10:1 left, 6:1 right

U 3. Department of Transportafion
Federql Hi hway Baie
o Admxmstro on  [e—
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De5|gn Clear Zone  Table:

At e v

Design Besi Foreslopes Backslopes

Speed 1V:6H

ADT 1Vi5H to 1V:4H 1Vi3H 1V:3H 1V:5H to 1V:4H | 1V:6H or flatter

(mph) or flatter

<40 UNDER 750¢ 7-10 7-10 b 7-10 7-10 7-10
750-1500 10-12 12-14 b 10-12 10-12 10-12
1500-6000 12-14 14-16 b 12-14 12-14 12-14
OVER 6000 14-16 16-18 b 14-16 14-16 14-16

45-50 UNDER 750¢ 10-12 12-14 b 8-10 8-10 10-12
750-1500 14-16 16-20 b 10-12 12-14 14-16
1500-6000 16-18 20-26 b 12-14 14-16 16-18
OVER 6000 20-22 24-28 b 14-16 18-20 20-22

55 UNDER 750¢ 12-14 14-18 b 8-10 10-12 10-12
750-1500 16-18 20-24 b 10-12 14-16 16-18
1500-6000 20-22 24-30 b 14-16 16-18 20-22
OVER 6000 22-24 26-32° b T 20-22 22-24

60 UNDER 750¢ 16-18 20-24 b L — 34 f 12-14 14-16
750-1500 20-24 26-32° b c - . 16-18 20-22
1500-6000 26-30 32-40° b PO, 18-22 24-26
OVER 6000 30-32° 36-44° b 20-22 24-26 26-28

65-70¢ UNDER 750¢ 18-20 20-26 b 10-12 14-16 14-16
750-1500 24-26 28-36" b 12-16 18-20 20-22
1500.6000. 34.423. b. 16.20. 22.24. 26.2.
OVER 6000 30-34° 38-46° b 22-24 26-30 28-30

U\ Department of Transportation

Federol Hl%hwoy

@ Adminisraion ~ §

= [pre— > _ o]
Clea ;errh
n--u'l A - s s o _“
DeS| n . Foreslo es Backslo es
' S es d Design p p i
(rEph) ADT** | FLAT | 1V:6H | 1V:5H | 1V:4H |1V:3H [1V:3H |1V:4H [1V:5H | 1V:6H | FLAT
<40 UNDER 750 | 7-10 7-10 7-10 7-10 - 7-10 7-10 7-10 7-10 7-10
750-1500 10 12 12 14 - 12-14 | 12-14 | 12-14 12-14 12-14
1500-6000 12 14 14 16 - 14-16 | 14-16 | 14-16 14-16 14-16
OVER 6000 14 16 16 18 > 16-18 | 16-18 | 16-18 16-18 16-18
45-50 | UNDER 750 10 12 12 14 - 8-10 8 10 10 12
750-1500 14 16 16 20 - 10-12 12 14 14 15
1500-6000 16 18 20 26 * 12-14 14 16 16 18
OVER 6000 20 22 24 28 > 14-16 18 20 20 22
55 UNDER 750 12 14 14 18 - 810 | 10-12 | 10-12 10-12 10-12
750-1500 16 18 20 24 - 10-12 14 16 16 18
1500-6000 20 22 24 30 > 14-16 16 18 20 22
OVER 6000 22 24 26 32% - 16-18 20 22 22 24
60 UNDER 750 16 18 20 24 - 10-12 12 14 14 16
750-1500 20 24 26 32* - 12-14 16 18 20 22
1500-6000 26 30 32% 40* > 14-18 18 22 24 26
OVER 6000 30 32% 36* 44* o 20-22 24 26 26 28
65-75 | UNDER 750 18 20 20 26 - 10-12 | 14-16 | 14-16 14-16 14-16
750-1500 24 26 28 36* * 2-16 18 20 20 22
1500-6000 32% 34% |_4? = 34 f1L -20 22 24 26 28
OVER 6000 0 34* \38* ** 22-24 26 30 28 30
Ref: NDDOT DESIGN MANUAL, Append| 11-14-B, Revnsed Jan 26, 2016
( @ Federal Highway 'S
S L
@ Adminisraion B
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\' L Identify ALL the
2 tot ] E obstacles

‘J : ‘ | - NOT SHIELDED

Sign supports — both
sides

U< Department of Transportation

' Federal Hi hway e
VAdmmlsira jon [t

~ Right Side Su

g il e A N S AN

» 36’ from travelway
* Design clear zone 34’
» Consequences of a crash

Options
Do nothing

Place barrier at shoulder
Place barrier down 6:1 slope
Use impact attenuator

Hwnh e

U< Depariment of Transportation
Federol Hi hway
( 4 Admlmstra ion B
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AREAOF ta
CONCERN
(OBSTACLE)

Le SEE
FIGURE
842 SHY
L, l| UINE
[ [
f i | Tts

U 3. Department of Transportation

Federal Highway
'UAdmtmstra |on B

U 3. Department of Transportation
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= - . S —— T
== Design Spe I e
i Look ”,E’. IIE. Mﬂklamf =

RN

Table 5-10(b). Suggested Runout Lengths for Barrier Design (U.S. Customary Units)
Design Runout Length (L) Given Traffic Volume (ADT) (ft)

Speed [ gver |  5,000to0 1,000 to Under
(mph) 10,000 10,000 5,000 1,000
80 470 430 380 330

[ 70 360 330 290 250 |
60 300 250 210 200
50 230 L.= 360 ft. 160 150
40 160 130 110 100
30 110 90 80 70

/

Ref: AASHTO ROADSIDE DESIGN GUIDE, 4" EDITION - TABLE 5.10, Pg. 5-50

epartment of Transportation

( Federol Highway
@7 Administration

]
L Runout Lengths NDDﬁ? -
Design Speed Runout Length (L;) Given Traffic Volume (ADT) (ft)
(mph) Over 6,000 | 2,000 to 6,000 800t02,000  Under 800
75 520 485 430 395
[ 70 475 445 395 360 ]
65 450 425 370 345
60 425 400 345 330
55 360 345 315 280
50 330 300 260 245
45 260 LFZ?F5475 ft 215 200
40 230 200 180 165
30 165 165 150 140
Ref: NDDOT Design Manual, Section 1ll-13, Pg 188, October 2007

u< partment of Transportafion
Federol Hi hwoy 1¥
UAdmmlstro ion B8
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. —
ntersect the:

X = Length of Need

N (LON) of Barrier

L Length of Need
A (LON) point

U.S. Department of Transportation
" Federal Highway

@ Adminishalion _ psmee——

Determine L, — distance to
- the backside of obstacle(s)

For the back of the sign
""" support: L, =22’

US. Depariment of Transportation
" Federal Hi?hwoy

@ Administration
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N T ; ‘ L, — Guardrail offset from edge of
5.]- = R : R o travel lane.

The goal is to maximize L, , but
: ‘ normal placement is 2’ beyond the
, l __—===shoulder

Since it is a 10H:1V slope, this is
acceptable

4 24 410

Therefore L, is (4 +2) 6

U.S. Department of Transportation
' Federal H|c};hwoy
@ Administration

N | L=22ft L,=6ft Ly=360ft

20 ; L 36 _ Using the formula X =
. X= L-L,
\ LA/LR

= 22-6
22/360

25’ *is provided by the end flared terminal

(* Depends on terminal type.)

Therefore 262 — 25 = 237’ of standard barrier

5 T is required

~ Using 12.5 ft. panels, no of panels needed
=237/12.5 = 18.9 panels; use 19; 237.5’ of LF
of Guardrail

s An End anchor needs to be added

US Department o!Tn . e

' Federal Hi hway
UAdmlmsfro ion B
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Calculate X —-Using N

— - e v

N | L=22ft L=6ft L =475ft
20 : L - Using the formula X =
BRALSE :
| X La/Lg
} =_22-6
{ 22/475
o B 345 ft. |
- 25’ is provided by the end flared terminal
(* Depends on terminal type.)
B Therefore 345 — 25 = 320’ of standard barrier

Ve is required

Using 12.5 ft. panels, no of panels needed
=320/12.5 = 25.6 panels; use 26; 325’ of LF
of Guardrail

W= An End anchor needs to be added

Federal Hi hwoy m Ses -
VAdmlmstra%on B Spe—— T

]
"

_ Find L2 Maxmzmgﬁ”jf: o

oty v

\ ‘ LA = 22' and LR = 360'

% N . ‘ v same as previous

Z ( tot { | - L, — Guardrail offset from edge of
\ ‘ travel lane.
\
l

\ The goal is to maximize L,

I

Since the slope is 10H:1V, the
guardrail can be placed anywhere

L, - Using a conservative Deflection
working width of 5/, L, at the
supportis (20— 5) = 15’

US epartment of Transportation
Federol Hi hwoy (el
VAdmlmstra ion [
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NT o Ly=22ft L,=15ft Ly=360ft

t 4 t X= Li-L,

. 1 T T P Using the formula X =

| LA/LR

} = 22-15
! 22/360

| = 115 ft.

'
I Pl

Therefore 147’ of barrier —a
obstacle — was eliminated (and

~saved) by moving the barrier from
a 6’ offset to 15’,besides the fewer
hits (and repair) benefit

|

us Depariment of ransportafion R
D Fecieral Hi hway LT

VAdmlmstro ion s

NT | L,=22ft L,=15ft L, =25ft Ly=360ft b/a=1/15

t ot - W= Lat(b/a) (L)L

7 (bfa) + (La/La)
. 22 +(1/15)25 —15
| = 1/15+22/360

48 1 Co L ) Using the formula X =
‘ \ /— SIGN BRIDGE = 5?.8’

4 ~ "%—___ Therefore, even more benefit can
be obtained by Flaring the barrier
as well.
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 6: Length of Need and Special Considerations
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At the end of this session, you will be able to:

» Define the Length of Need and apply the
design principles for an optimal installation

» Calculate the LON and understand the
various factors

» Modify guardrail for special situations
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