Guardrail Design

Instructor

Carlos Torres, P.E.
+ MDOT Crash Barrier Engineer (2004)

» Chairman — Barrier Advisory Committee
(2004)

+ Statewide specialist in all aspects of
roadside design and safety

Objectives

» Provide an overview of guardrail design
— Clear Zone Concept
— Roadside Topography and Its Effects on Guardrail
Design
— Overview of Guardrail Types and Related Features
— Methodology for Calculating Minimum Length of Need

— Recent changes pertaining to the use of
MASH-compliant guardrail and guardrail terminals




Objectives

» Provide an overview of guardrail design
— Guidelines and Standards Related to Guardrail
Design

» Michigan Road Design Manual — Chapter 7
http://mdotcf.state.mi.us/public/design/englishroadm
anual/

« MDOT Standard Plans and Special Details
http://mdotcf.state.mi.us/public/design/englishstanda
rdplans/

» 2011 AASHTO Roadside Design Guide
— Available for purchase through AASHTO website

4t Edition, 2011
AASHTO Roadside Design Guide

Objectives

» Solve example problems

— Type 2M Guardrail Approach Terminals
— Type MGS-8 Guardrail
—MDOT Guardrail Worksheet




What is MASH?

* MASH stands for Manual for Assessing

Safety Hardware
— AASHTO Publication

* MASH is the current standard for establishing
the crash worthiness of roadside safety
features

History of Crash Testing
Standards

. 1962: HRB 482
+ 1971: NCHRP 115

+ 1972: NCHRP 118

+ 1974: NCHRP 153

. 1978: TRC 191

+ 1981: NCHRP 230

- 1993: NCHRP 350

. 2009: MASH (2009)

. 2016: MASH 2016 (Update)

Why did MASH become a
hot topic in recent times?

End of the Road for NCHRP 350!!!

* NCHRP 350 and MASH 2009* compliant
devices will no longer be acceptable for
new installations beyond the sunset date
for each device category

* Only devices that require retesting under MASH 2016




NCHRP 350/MASH 2009
Sunset Dates

— December 31, 2017:
* Guardrail & Permanent Concrete Barriers
— June 30, 2018:
« Tangent, Single-Sided Guardrail Terminals("
— December 31, 2018:
+ Impact Attenuators
— December 31, 2019:

« Bridge rails, transitions, cable barriers & cable terminals("), flared guardrail
terminals®, double-sided guardrail terminals(®, temporary work zone
devices(, other longitudinal barriers, other terminals, sign supports, and
all other breakaway hardware

1) Revised per 8/6/18 FHWA Memorandum with subject line Change to the 12/31/18 Sunset
Date

2) Revised per 6/26/18 FHWA-AASHTO Clarification of June 2018 Sunset Date document
3) Temporary work zone devices manufactured before 12131/19 that were successfully

crash tested under NCHRP 350 or MASH 2009 may continue to be used throughout their
“normal service lives”
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Roadside Topography

ey
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Clear Zone Concept

* An area available for
use by an errant
vehicle

* This area should be
free of hazards

* If hazards exists

within this area, - e
appropriate action
should be taken
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Clear Zone Concept

* In the early 1970s, most state agencies
used 30 feet as the clear zone distance

— However, a 30-foot clear zone is not adequate
for certain applications

* In the late 1970s, AASHTO developed a
clear zone table, taking into consideration:
— Design Speed
— Traffic Volume (ADT)

— Roadside Geometry

13
MDOT Clear Zone Table
Section 7.01.11.C — Michigan Road Design Manual
14

Only difference between
MDOT and AASHTO CZ values

MDOT AASHTO
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Horizontal Curves

16

Horizontal Curves

e

17
Horizontal Curve Adjustments
CURVE CORRECTION FACTORS (Kcz)

Radius DESIGN SPEED (mph)

(ft) 40 45 50 55 60 85 70
2050 1.1 1.1 11 1.2 12 12 12
2300 1.1 1.1 12 1.2 12 12 13
1970 1.1 12 12 12 13 13 14
1640 1.1 1.2 12 1.3 13 13 14
1475 12 12 13 13 14 14 15
1315 12 1.2 13 1.3 14 14

1150 12 12 13 14 15 15

985 12 13 14 15 15 15

820 13 1.3 14 15

660 13 14 15

495 14 15

330 15

CZ.,= CZ+ACZ = K, xCZ
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Recoverable

(Traversable)

19

Non-Recoverable

(Traversable)

20

Critical

(Not Traversable) @

21




Traveled), Shouider
Way

Clear Runout Area

Clear Zone Distance |

Recoverable Slope ) Slope

Non-Recoverable

1:4 or Flatter
1:6 Desirable

14

Steeper than

22

Clear Runout Area

Clear Zone Distance

Clear Runout
Non-Recoverable
Traveled| Shoulder ;| Recoverable Slope Slope Area
Way 1:4 or Flatter Steeper than | 16 or Flatter
1:6 Desirable 14 Desirable
Em I
min
10

23

Adjusted Clear Zone

Adjusted Clear Zone

| Traveled| Shoulder | Recoverable Slope Non-RSei(;;\éerableC|ea£|z:"OUt
Way 4:1 or Flatter Steeper than | 6:1 or Flatter
6:1 Desirable 41 Desirable
Em I
X X
(10’ min)
\

24




Clear Zone for Auxiliary Lanes

MDOT Method

Section 7.01.11 of the Michigan Road
Design Manual
— Obtain clear zone value from the clear zone
table based on design speed and traffic
volume (ADT) of adjacent through lanes
— Resulting clear zone distance:
1) Should be measured from the outer edge of the
through lane, and;

2) Should not be less than 23 feet from the outer
edge of the auxiliary lane.

25

Clear Zone for Auxiliary Lane
MDOT Method

e Freeway —_—

- - —>
7 Ausiary Lane §

Clear Zone Value
from Table based 23 feet

on Freeway Design (minimum

Speed and ADT

Clear Zone Limit for Auxiliary Lane

26

Clear Zone for Freeway Ramps

MDOT Method

Preferred:

Clear Zone Based on Speed, Volume, and Horizontal
Curvature of Ramp at Selected Point

« Engineering Judgment must be used

Acceptable Alternative:
May also use Clear Zone of 30 feet if:

+ Traffic Volume and/or Speed at Selected Point are
unknown or not well established, or

+ Previous satisfactory experience with similar designs
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Transverse Slopes

* 1:10 or flatter desirable
« 1:6 or flatter for
high-speed roadways,
especially within clear
zone
May be considered a
hazard under certain
conditions

— steep transverse slopes

28

Grading Recommendations
for Transverse Slopes Facing
Oncoming Traffic at Bridge
Approach Berms

Standard Plan R-105-Series

 FUEG FREM BTY B B G By AL MY COTALCTIN
IsTises o BE IS B Ko UAES] (DY THEIH LI 10 e
e T b Bt R
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Is a 1:2 Longitudinal
Backslope A Hazard
If Located Within
The Clear Zone?

T 156 S0PE P PRIV TRUFFIC SHLLD B USET I AL KEW CORSTRTIBN
LTSS I BISTIG Pou T (D O b NCMEST FRECAAY TRCUEK LA 15 The
LE 0 120t iep Lo Sk P Tie GE0

31

A 1:2 backslope generally is not a hazard if:

+ Relatively Smooth, and;

« Obstacle Free, and;

« Foreslope between roadway and toe of backslope is traversable
(1:3 or flatter)

33
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Shielding Bodies of Water
RDM - 7.01.31

* Permanent water > 2’ in depth usually
require shielding if within the CZ

* May be necessary to shield for bodies of
water outside the CZ if there is potential
for entry

34

Bridge Columns and Foundations
in 70’ Medians

« At one time these were considered outside
the CZ

+ Shielding columns and foundation new
construction/ reconstruction should be
according to Standard Plan R-56 Series

« Standard Plan R-56 also covers medians
36'-70

35
Clear Zone Examples
;IE—"E 3 6&,:
T ‘szhfﬂj‘ksd JL!‘
36
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Clear Zone Example #1

Culvert

/ Headwall

Traveled Way Shoulder

Design ADT: 4,000 vpd 5
Design Speed: 60 mph

37

CLEAR ZONE DISTANCES

{IN FEET FROM EDGE OF DRI
FILL SLOPES
DESIGN| DESIGN [ 1 5
SPEED |  ADT o 12
e
undor 150 710 -
: ") I}“!; .
2.4 | 1.1 | -
a1 | 1618 | ~ | 11s | 1w.is
1012 12-14 -
4550 14-16 | 16-20 =
meh .18 | 0.2 | »
02| 22
undor 750 | 12-14 | 14-18 0-12
750-1500| 16-18 | 20284 | - 16-18

moh 15006000 | 20-22 | 24-% 0.2
2. | .2 2.
18-18 | 20-24 = 14-18
EENIEE S »-22
%-% | 2.2 4-2%
3037 | 3.4 2-28
18.20 | 2026 = 1416

-2 | ww |~ | 2w z
202 | war |~ [rwn] %-28
wu | waw | - | nom 28.30
= 5, o

. eveskgon OCHEY 3 hgh [rabaty of Connueg G
stony. the dessptes may provde et sone debmces greier

2onos may bo g %o 30 focl
lorsphite  provious experionce wih serds

practcaley and 1o provide 3
broes o e edbores

" Since rocovery s kess Bkl on o unsnieided, Iravraanis 173 iopes, fixed OBIS $houd Aot B
present i the vicasty of e loe of hese skopes,
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CLEAR FONE DISTANCES
(1N FEET FROM BDGE OF DRIVING LANE]

FILL s CUT SLOPE:

DESIGN| DESIGN ; 5
SPEED | ADT - s T

55 5 1a-16 | 16-20 | =

|
18 | 20.24
-2 | 2% -

0 || 2.2
0.3 | %44
1820 | 2026
265 -2 | ww | - 0.2
meh 23 | Mear |
w.u | was | | 2.0 | w.m

W00 KA 3 g prcbaba
ry. e dessgren may privde cheat 7ore ¢

sasstactory poriormance.

" Since rocovery s kess Bkl on o unsnieided, Iravraanis 173 iopes, fixed OBIS $houd Aot B
present i the vicasty of e loe of hese skopes,

39
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Clear Zone Example #1
CZ=32-40f1t |

8 ft 20 ft ‘

Culvert
Traveled Way Shoulder / Headwall

Design ADT: 4,000 5

Design Speed: 60 mph

40

Clear Zone Example #2

20 ft | 15 ft 16 ft

Traveled Way

1:10
7_'35

1:8
Design ADT: 5,000 vpd
Design Speed: 60 mph

41

CLEAR ZONE DISTANCES.
(N JEET FROM EDGE OF DRIVING LANE]
FILL SLOPES CUT SLOPES

DESIGN| DESIGN | 1.g 15
SPEED | ADT OR T0 E] 13
FLATTER| 14
wndor 750 | 7-10 [0 = [T
anmph [ 750 1500] 1012 | 2o | v | 10w
Loss [T500.6000| 12.14 | 1416 | ~ | 12.14 | #4.16 | 1.6
ovoreoo0 | M-16 | 1618 116 | 1618 | -1
undor 750 | 1012 | 1214 8.10 8-10 | 10.12
asso | 7501500 M-1e | 1820 012 | 1224 | uoe
mph 15006000 | 1618 | 20.26 12-14 | w18 | 16-18
ovorboon | .22 | 24.28 1416 | 1w.20 [ 2.2
under 750 | 12-14_ | 14-18 810 | 10.12 | 10-12
55 | mo-1500] 6w | 0.2 W12 | 14-16 | 16-18
mph 1500 6000 0.2 | 24 % 16 | 1618 | 202
overs000 | 22.24 | 26.2 1618 | 202 | 2.2
undor7s0 | 16-18 | 204 0-12 | 12-14 | u-18
6o | 7501500 20 24 | 26 32 1M | 1618 | 202
o000 [ 26 %] a2 a0 Mt | w2 | ux
over 00D | 3037~ | 3644 20.22 | 24.28 | 2698
under750 | 18 20 | 20 28 W1z | W18 | 1
w65 | 7501500 24 20 | 30 [ v | 1216 | 1w | 0m
men (1500 6000 [ 28-32 | as.42* | <+ | 1620 [ 2024 | 2.8
over & 224 | 202
T bty of cortima o

otewrences e idiited by e ity provide clear zone
than 30 fect as indicated. Clear zones may d 1o 30 feet for practcalty and o pro

ay template f proviows exporionce with simiar projocts of dosigns indicans
salstaclory perormance

Since recovery s loss kel on the unshickied, traversatie 1 slopes, fixed objoets should not be
present n the vty of he e of these siopes

42
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Clear Zone Example #2

CZ=30 ft |

I
20 ft | 15 ft | 16 ft

Traveled Way

Design ADT: 5,000
Design Speed: 60 mph

43

Clear Zone Example #2

CZ=30ft | I10ftI
[ I
20 ft | % ft | 16 ft
Traveled Way 110 ‘

Design ADT: 5,000
Design Speed: 60 mph

44

Clear Zone Example #2

New CZ = 20+15+10 = 45 ft |
|
20 ft | 15 ft | 16 ft
Traveled Way 1:10 ‘

Design ADT: 5,000
Design Speed: 60 mph

45
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Clear Zone Example #3

Traveled |

Design ADT: 1,400 vpd
Design Speed: 60 mph

46

CLEAR ZONE DISTANCES.
(N JEET FROM EDGE OF DRIVING LANE]
FILL SLOPES CUT S§oPES

DESIGN| DESIGN | 1:g 15 14 18
SPEEN:| ADT oR T0 :3 13 T0 OR
FLATTER| 14 15| FLATTER
wndor 750 | 7-10 [0 = 0| 7w | f-1
a0mph [ 750 1500] t0-12 | t2-1 | v | 10-12 | 1z-m | 12-m
Loss [T500.6000| 12.14 | 1416 | ~ | 12.14 | #4.16 | 1.6
ovore0o0 | M-t6 | de-18 | - | 116 | w18 | -1
undor 750 | 1012 | 1214 » | 810 [ 8-10 | 1012
asso | 7501500 M-1e | 1820 o2 2u]| ue
mph 15006000 | 1618 | 20.26 12-14 | w18 | 16-18
ovorboon | .22 | 24.28 1416 | 1w.20 [ 2.2
under 750 | 12-14_ | 14-18 810 | 10.12 | 10-12

55 | mo-1500] 6w | 0.2 W12 | 14-16 | 16-18
mph 1500 6000 0.2 | 24 % 16 | 1618 | 202
overs000 | 2224 | 2832 | - | 1618 | 0.2 | 2274
undor750 | 16-18 | 204 012 [ 12-14 ] 1-16
w750 1500 [0 24 | 26 32 12u | 1618 20
meh | 1500 6000 | 26 30 | 32 40 Mo | w2 | ux
over 6000 | 3037+ | 3644 20.22 | 24.28 | 2698
under750 | 18 20 | 20 28 1012 | 116 | 1 18
w65 | 7501500 24 20 | 30 [ v | 1216 | 1w | 0m
men (1500 6000 [ 28-32 | as.42* | <+ | 1620 [ 2024 | 2.8

6000 M | 203
W h

o contimng o
e clear 700 et

ar zone d 15 30 foet for practealty and 1o provide a
consistent readway template il provious experionce with simiar projocts of designs indicanes
salstaclory perormance

ery s loss Wely on the unshickied. traversable 1:3 slopes, fixed abjocts shauld not be
present n the vty of he e of these siopes
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Clear Zone Example #3
CZ=20-241t

2 ft
Traveled | 13 ft ) 16 ft

Way

* 2011 AASHTO RDG Method (e.g., Example 3-F)

> Use larger of the two clear zones

48




Clear Zone Example #4

Where should the clear zone for EB traffic be measured from?

Fixed
%‘Omm |

cz,? EOP

49

Clear Zone Example #4

Where should the clear zone for EB traffic be measured from?

Fixed

Object
Normal Practice ----3 % m
----- \ T sz EOP

50

51
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Design Options
in Order of Preference

» Remove Obstacle

» Relocate Obstacle

» Reduce Impact Severity
» Shield Obstacle

» Delineate Obstacle

52
Barrier Types
* Roadside _
Barriers =
* Median
Barriers :
- Bridge -
Railings N
53
Barrier Classifications
TYPE DEFLECTION
Flexible Over 5 Feet
Semi-Rigid 2 -5 Feet
Rigid 0 -1 Foot
54
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MDOT
Semi-Rigid Systems (Guardrail)

NCHRP 350 or Older Guardrail Systems
» Type A (Standard Plan R-60 Series)

+ Type B (Standard Plan R-60 Series)

+ Type BD (Standard Plan R-60 Series)

* Type C (old Standard Plan 11I-60 E)

* Type CD (old Standard Plan 111-60 E)

+ Type T (Standard Plan R-60 Series)

* Type TD (Standard Plan R-60 Series)

MASH-Compliant Guardrail Systems
* Type MGS-8 (Standard Plan R-60 Series)
+ Type MGS-8D (Standard Plan R-60 Series)

55

Type A Guardralil

Key Features

* No offset blocks

* 12’-6” post spacing
(typical)

» Typical top rail height is
28 inches

* Current use:
* Cul-de-sacs
« Parking lots

« Locations not exposed to
through traffic

56

Type B Guardrail

Key Features
*  W-beam guardrail with 8”
offset blocks
« Offset blocks are made of
wood or plastic
* 6'-3” post spacing (typical)
« Typical top rail height is 28
inches
« NOT PERMITTED FOR
CONSTRUCTING NEW
GUARDRAIL RUNS
« Current use:
* Repairing existing runs of
Type B guardrail

57
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Type BD Guardrail

Key Features

» Double-sided Type B
guardrail

* W-beam guardrail and
offset blocks on both
sides

+ Same post spacing and
guardrail height as Type
B

+ NOT PERMITTED FOR
CONSTRUCTING NEW
GUARDRAIL RUNS

+ Current use:

* Repairing existing runs of
Type BD guardrail

58

Type C Guardrail

Key Features

» Consists of two w-
beams

» Upper beam has offset
blocks

* Lower beam (rub rail)
has no offset blocks

+ 6'-3” post spacing
(typical)

+ Typical top rail height is S ’
32 inches NOT PERMITTED FOR

. CONSTRUCTING NEW

* Currentuse: GUARDRAIL RUNS

* Repairing existing runs of

Type C guardrail

59

Type CD Guardrail

Key Features
* Double-sided Type e
C guardrail .
» Same post spacing
and guardrail height
as Type C
» Current use:
* Repairing existing
runs of Type CD
guardrail NOT PERMITTED FOR

CONSTRUCTING NEW
GUARDRAIL RUNS

60
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Type T Guardrail

Key Features

* Thrie-beam guardrail
with 8” offset blocks

+ 6’-3" post spacing
(typical)

» Typical top rail height is
34 inches

* NOT PERMITTED FOR
CONSTRUCTING NEW
GUARDRAIL RUNS

+ Current use:
* Repairing existing runs of

Type T guardrail

61

Type TD Guardrail

Key Features

* Double-sided Type T
guardrail

» Same post spacing and
guardrail height as Type
7

+ NOT PERMITTED FOR
CONSTRUCTING NEW
GUARDRAIL RUNS

+ Current use:

* Repairing existing runs of
Type TD guardrail

62

Type MGS-8 Guardrail

Key Features
*  W-beam guardrail with 8”
offset blocks

« Offset blocks are made of
wood or plastic

+ 6'-3” post spacing (typical)

+ Typical top rail height is 31
inches

+ Beam element splice located
at midspan
MASH, TL-3 Compliant

+ Current use:

« Basic type for all
roadways; free access
roads, limited access
roads, and freeways

63
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Type MGS-8

31” Tall W-Beam Guardrail with 8” Offset Blocks (MGS-8)

Type MGS-8 Guardrail
US-23 Flex Route Project, University Region

66
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Type B
Post Length Requirements

220"
Measured From
Face of Post

Hinge Point

Specified in Standard Plan R-60-Series

67

Type B
Post Length Requirements

<2.0”
Measured From
Face of Post

Hinge Point

Specifi;d in Standard Plan R-60-Series

68

Type MGS-8
Post Length Requirements

>2.8"
Measured From
Face of Post

Hinge Point

Specified in Standard Plan R-60-Series

69
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Type MGS-8
Post Length Requirements

\ <2.8" ,
Measured From
Face of Post

9-0” Hinge Point

Specifi;d in Standard Plan R-60-Series

70

Type MGS-8D Guardrail

Key Features

* Double-sided Type MGS-8
guardrail

* Same post spacing and
guardrail height as
Type MGS-8

« Beam element splice located
at midspan

* MASH, TL-3 Compliant

+ Current use:

« Basic median guardrail
type for all roadways;
free access roads, limited
access roads, and
freeways

71

Type MGS-8 Guardrail Details & Revisions

+ MDOT Standard Plan (Special Detail) R-60-J
+ Type MGS-8 & MGS-8D Details
+ Transition Details from Type MGS-8 to Other Guardrail Types
+ Type MGS-8/8D to Type B/BD
+ Type MGS-8/8D to Type T/TD
+ Transition Details from Type MGS-8 to Guardrail Anchorages

+ Transition Details from Type MGS-8 to Type 1B and Type 2B Guardrail
Approach Terminals

+ Chapter 7 — Road Design Manual
+ Revisions Pertaining to Type MGS-8 Guardrail

+ Revised Guardrail Worksheet

72
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Barrier Location

Traveled Way ¢}
As Possible

73
Barrier Location
S—
Barrier to Hazard
Distance Is
Critical Element
74

MDOT
Guardrail Deflection Table

+ Guardrail deflections
are typical values o
« Deflection may vary: i | | omeon
+ Soil Type = - :
» Thawed/Frozen Ground
+ Length of installation
+ Impact Characteristics
* Treat deflections from
table as minimums
« If possible, consider
adding factor of safety
(e.g., 1) to guardrail
deflections listed in table

75
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Terrain Effects

76

MUST Take Certain
Precautions!!

77

MDOT Guidelines
Curb & Guardrail

Section 7.01.34 of the
RDM discusses curb &
guardrail

Use only Type D or
valley gutter when
design speed >50 mph
Follow offset and max
curb height
recommendations when
guardrail is placed away
from curb

78
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=
EDGE OF PAVED & GUARDRAIL
SHOULDER OR ] FLUSH WITH
TRAVELED LANE ;_I FACE OF CURB

GUARDRAIL HEIGHT

CURB & GUTTER

GUARDRAIL WHEN CURB IS ADJACENT TO
EDGE OF PAVED SHOULDER OR TRAVELED LANE
(DESIGN SPEED 50 mph OR LESS)

79

EDGE OF PAVED
SHOULDER OR
TRAVELED LANE

MEASURED
GUARDRAIL HEIGHT

## OFFSET

T
i
ﬁ
i
i
r
|

MDUNTABLE CURB & GUTTER
(TYPE D OR VALLEY GUTTER) —

## 2" WHEN CURB IS PLACED NEXT TO SHOULDER
10" WHEN CURB IS PLACED NEXT TO TRAVELED LANE

GUARDRAIL WHEN CURB IS ADJACENT TO
EDGE OF PAVED SHOULDER OR TRAVELED LANE
(DESIGN SPEED GREATER THAN 50 mph)

80

OFFSET AS FEOUIREE\__
8'-0" MIN. LESS THAN 45 mph
130" MIN. 45 mph OR GREATER

HT

45 mph OR GREATER

“ MAX. LESS THAN 45 mph
4" Max.
MEASURED
< GUARDRAIL HEI(

i
—f— y

&—— CURB & GUTTER

GUARDRAIL - CURB OFFSET
WHEN GUARDRAIL [S PLACED AWAY FROM CURB

81



Type D Curb & Gutter

MDOT S

tandard Plan R-30 Series

2'-6

e | —Ban war g€ LOCATED
\— gpoxy coaten

ABOVE OR BELOW THE
24 BAR LANE TIE

SEE NOTES WHEN PAVEMENT JOINT
15 SEALED WITH NEOPRENE

DTvENS 10k e
Al Al 1
CETAIL . wog mes | P8
b1 [ A5 SHOW( | 0.0788
02 - OuITIED | 0.0788
03 10" 45 SHOWM | 0.0826 D

82

i

Valley Gutter
MDOT Standard Plan R-33 Series

a'-0
2200 L, 20t
_— EPOXY COATED
=4 BAR (TYP.) )
{BD
|\ 4 -—d%
e e o
Jeis riel

]

o
[

LEVEL

LME'”E AND JOINT TO BE USED WHEN LANE TIE — 4
ADJACENT TO CONCRETE SHOULDER

CONCRETE VALLEY GUTTER

83

Looks OK?

84
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MDOT Standard Plan R-32-Series

s s
BRIDGE WPARCACH GITTER SECTICH e

CHON A T0n PAY LINGIH NEASURED
ALONG FLOW LI

TAFPROX. 651
HI06L o 10t 8 8°

]

HINGE POINT—,

~ BITI0N OF CuB & GUTTER
ELEVATION
BRIDGE AFPPROACH CURB & GUTTER, DETAIL 2

I
[
i
1

108 WHEX €R08% STCTION WHEN
APPRGACH GUTTER 15 USED APPRGACH GUTTER IS NOT USED

85

Looks OK?

No !!

Use Detail 1A Bridge Approach Curb & Gutter
(Std. Plan R-32 Series) when there is no guardrail

86

MDOT Standard Plan R-32-Series

L ~
WS ICN JCINT, E3 JOIN". AND PAVEMENT SEA” " BOTIDN CF CURE & GUTTER
USED WHEX JRIDCE. SLEEPER SLa3 15 USED ELEVATION

BRIDGE APPROACH CURB & GUTTER, DETAIL 1A
NOTE: FCR USS PRINGRILT WAEN CUARIARIL (S WOT WEEDED CN DEPAATING EAGS.
BUT CAK O USED M1TH GUARDRATL W-TN DRATWAGE COMDITIDNS ALLOW.

CROSS SICTION VHIN 0SS SECTION WHIN

2 e
DEPARTING GUTTER IS USED DEPARTING CUTTER IS NOT USED

S SEonon ik o
BRINGE aRFRIACK CUTTER SECTION 10"
ORI T A SAIIE SLELPR S 1S U
BRGE o g g
Lidch 0 1o
[ [WARTABLE TF & BRIOCE)
sLEzock s as 15 u5eD)
S04 00
FINGE POINT—
] | Vi
T

87

29



Guardrail on Slopes

* Optimum performance on 1:10 slopes or
flatter

* May be installed on slopes as steep as 1:6
under certain (site-specific) conditions:

» Consult with the Geometric Design Unit
(MDOT - TSMO Division)

89
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Type T Guardrail

TWIN PARALLEL GUARDRAIL RUNS

‘;usu »..a-» g %Em‘w— - lP st -

SECTION BB

MEDIANS 70" IN WIDTH

Standard Plan R-56-Series

92

Type T Guardrail

SHOULDER

116 O FUMTER _— :

Standard Plan R-56-Series

93
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Type MGS-8 Guardrail

TWIN PARALLEL GUARDRAIL RUNS USING GUARDRAIL TYPE MGS-8

SECTION C-C

MEDIANS 70' IN WIDTH
USING GUARDRAIL TYPE MGS-8

Standard Plan R-56-Series

94
Type MGS-8 Guardrail
SHOULDER
W
I
I
[
Standard Plan R-56-Series
95

MGS Long Span Details

96



aly puy gy ogws
S :

ELEVATION
GUARDRAIL LONG SPAN, DETAIL MGS-1

MDOT Standard Plan R-72-Series

97

Tt

ELEVATION
GUARDRAIL LONG SPAN, DETAIL MGS-2

MDOT Standard Plan R-72-Series

4
.

98

|
rt

R R

LI A B

ELEVATION
GUARDRAIL LONG SPAN. DETAIL MGS-3

MDOT Standard Plan R-72-Series

99
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Placing Guardrail in Rock
7.01.33.C

100

Guardrail Posts through
Paved Surfaces
7.01.33.D

Typical Hole Size: it -

* Round: 15” diameter || |Patching

+ Square: 15” x 15” | ! Material
‘i‘ (optional)

101

Additional Blockouts on
Guardrail Posts
7.01.33.E

Double Blockouts (up to 16” deep)

* Not permitted on terminals

* No limit to the number of posts in a guardrail
run that can have double blockouts

Multiple Blockouts (up to 36” deep)

* Not permitted on terminals

« Limited to one or two posts in a guardrail run
« May use up to four blockouts on one post

** MUST TAKE SLOPE BEHIND POST INTO
CONSIDERATION!!! **

102
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Guardrail Over Concrete
Box or Slab Culverts

ELEVATION SHOWING GUARDRAIL, TYPE MGS-8

MDOT Standard Plan R-73 Series

104

WA

GUARDRAIL OVER
BOX OR SLAB CULVERTS

S
s s

PREFERRED CONSTRUCTION METHOD

6'-3" POST SPACING 311" POST SPACING
GURDRAIL. TTPE VES-3 ouaR TIPE WS-8

ELEVATION SHOWING GUARDRAIL, TYPE MGS-8

105
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] |- — v x 8.5 w6 x 9
POST MAY BE FIELD
B PROPER HEICHT. FOR REPAIR

OF GALVANIZED SURFACES: SEE
STANDARD SPECIF ICATIONS

16" uIN.

—_— | ~— -‘
GALVANIZED WASHERS e ]
FOR LEVELING UNDER BASE PLA
BASE PLATE (TYP.) SEE )

4 OF 6
g J
F
14" DIA. H |
THROUGH CULVERT SLAB ——=)
Il
-3 T

WASHER PLA
SEE DETAL

T40F 6

17 DIA. ANCHOR BOLT

LENGTH AS REQUIRED

WITH WASHERS AND NUT (TYP.)

SEE DETAIL SHEET 4 OF 6
SECTION C - C

GUARDRAIL. TYPE MGS-8

PREFERRED CONSTRUCTION METHOD

106

1'-6" MIN.

E CKNESS. SEE "MATERIAL SOURCE GUIDE*
UNDER ADHESIVE SYSTEMS.

SECTION C - C

GUARDRAIL. TYPE MGS-8

ALTERNATE CONSTRUCTION METHOD

107

Barrier
End Treatments

108



Guardrail Terminals

» Gating

* Non-Gating

109

Example of Gating Guardrail Terminals

Beginning Length of Need Point (BLON)

Point where terminal is capable of redirecting a vehicle

110

Gating Terminal

111
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Gating Terminals

Section 7.01.25.E of RDM

+ The area behind and beyond the terminal
should be traversable and free of fixed objects

* A 20’ x 75’ (minimum) runout area beyond and
parallel to the terminal should be provided

112

113

MDOT
NCHRP 350 Compliant
Guardrail Approach Terminals

Type 1 (Flared) Approach Terminals
* SRT
* FLEAT

* Beginning Length of Need (BLON) starts 12’-6” from
nose

114

38



SRT (Slotted Rail Terminal)

115

FLEAT (Flared Energy
Absorbing Terminal)

116

MDOT
NCHRP 350 Compliant
Guardrail Approach Terminals

Type 2 (Parallel) Approach Terminals
- ET
+ SKT

* Beginning Length of Need (BLON) starts 12’-6” from
nose

117
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ET (Extruder Terminal)

118

119

SKT (Sequential Kinking
Terminal)

120
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121

MDOT
NCHRP 350 Compliant
Guardrail Approach Terminals

Type 3 (Double-Sided) Approach Terminals
» CAT (Standard Plan R-63 Series)
* FLEAT-MT (Standard Plan R-63 Series)

« All Type 3 Terminals are gating
* BLON varies — see MDOT Standard Plan R-63 Series

122

CAT (Crash Cushion
Attenuation Terminal)

123

41



FLEAT-MT (Median
Terminal)

124

MDOT
Guardrail Approach Terminals

Type 4 (Buried in Backslope)
* Non-proprietary
» Special Detail 24
» Non-gating Terminal

125

Buried in Backslope

126
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127

Soft-Stop
Ak ), l”;;’:l‘i—hﬂ i, %.]
V 1'-Yay'y
®| CDl ©| @! ®| @l |®| @
“l E ﬁ : '[E 15 lli 0 ﬁ 1) ﬁ - ﬁ | ) - ©

MDOT Standard Plan R-62-Series

128

MASH Compliant Guardrail
Terminals

‘Source: Road Systems

MSKT (Road Systems, Inc.)

129
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130

sy
Ggnigns), wrvSoacs T TP

(1) DL e ¥ WD

MDOT Standard Plan R-62-Series

131

. . . . El Safe
MAX-Tension (Lindsay Transportation Solutions) ours: Safe Teshnlegies e

132




Max-Tension

MDOT Standard Plan R-62-Series

133

Max-Tension Crash Test
Small Car (MASH, TL-3)

134

Max-Tension Crash Test
Pickup Truck (MASH, TL-3)

135




MDOT Standard Plan R-60-Series

CUMRDRAIL APPROACH

wEB 3" -ay HEIGHT TRANSITION TERMINAL TYPE 2%
12 FECTIVE 9" 4" EFFECTIVE 12 % EFFECTIVE
BEAN (LEMENT LENGTH _ BCAM ELCWNT LENGTM _ BEAW ELEMNT LewoTe |
STANDARD (12°%° M5, (9" 4’} STANDARD (12° %"
¥R AW ELEMENT BEAM ELEWENT WSEAM ELEVENT

ELEVATION SHOWING TRANSITION DETAIL FOR CONNECTING
GUARDRAIL, TYPE B TO
GUARDRAIL APPROACH TERMINAL TYPE 2M

136

MDOT Standard Plan R-60-Series

EXISTING GUARDRAIL APPROACH
__CUARDRAIL. TYPE T 28° 1'% HEIGHT TRANSITION. o, TERMINAL TYPE 24
&' -3"
EFFECTIVE 94" EFFECTIVE 12° 6" EFFECTIVE
LENGTH oo BEAM ELEMENT LEMGTH BEAM ELEVENT LENGTH
THRIE BEAM MCS (9" ~4'g") STANDARD (12°-6")
TRANSITION BEAM ELEVENT W-SEAN ELEMENT
o ’..’:‘““_l —— T T
5 B :l
£ T
€ EXISTING &' =3 TPIcAL € MCS POST CROUND LINE
CUMRDRATL POST POST SPACING

ELEVATION SHOWING TRANSITION DETAIL FOR CONNECTING
GUARDRAIL, TYPE T TO
GUARDRAIL APPROACH TERMINAL TYPE 2M

137

Guardrail Terminal
Action Plan

» Use MASH-compliant, tangent (Type 2)
guardrail approach terminals as an interim
measure for all new installations and upgrades
on projects let after June 30, 2018

« Until multiple suitable flared terminal becomes available

* Use of NCHRP 350 compliant flared terminals will be permitted
on a case-by-case basis

« Consult with the MDOT Geometric Design Unit, TSMO Division for
assistance

138
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May be difficult to install Type 2 (tangent) approach
terminal in this case

* Consult with MDOT Geometric Design Unit, TSMO
Division

139

Possible Solution
Type 2 (Tangent) Terminal Along Inside of Curve

e i3t
Paade

o 1wien
AL cvan

140

Guardrail Terminal

Action Plan

* Type 2M guardrail terminals will be specified by
frequently used special provision (FUSP) and
Standard Plan R-62-Series

« FUSP 12SP-807K-01
« Design Advisory 2018-01 (Update: MASH-Compliant
Terminals)
« Three terminals are approved for use (contractor’s choice per
the FUSP)
« MSKT
+ Soft-Stop
+ MAX-Tension
« Per the FUSP, manufacturers will be required to provide an
electronic copy of detailed drawings, installation manuals, and
maintenance manuals for each type of terminal being provided.

141
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Guardrail Terminal
Action Plan

» Continue using NCHRP 350 compliant,
currently-approved, double sided Type 3
terminals (Standard Plan R-63-Series) until
suitable MASH-compliant alternatives become
available, and are approved for use by MDOT.

142

Guardrail Terminal
Additions & Revisions

» Chapter 7 — Road Design Manual
* Type 2M Guardrail Approach Terminals
» Guardrail Worksheet
» Deduction Value Revisions

» Guardrail Approach Terminal Design Advisory

143

Can a Type 2 Terminal be
Attached to Flared Guardrail?

Guardrail Approach Terminal, Type 2M

Flared Guardrail

— P EOP

BRIDGE

Answer: YES

144
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Departing Terminals

* Detailed in MDOT Standard Plan R-66 Series

Important Note:

« Departing terminals may not be placed within
approaching traffic’s clear zone
* Not designed to withstand a head-on impact
» Comparable to blunt end

145

Departing Terminals

« Type B Departing Terminals
are used for terminating
Type B guardrail (i.e., W-
Beam Guardrail)

« Type T Departing Terminals
are used for terminating
Type T guardrail (i.e., Thrie-
Beam Guardrail)

« Terminal is not flared

« It has a semi-circular end
shoe

« Last post does not have an
offset block

« No ground strut

146

Departing Terminals

Type MGS Departing
Terminals are used for
terminating Type MGS-8
guardrail

Terminal is not flared

It has a semi-circular end
shoe

Last post does not have an
offset block

No ground strut

147
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Curved Guardrail

148

Curved Guardrail

Key Features:
. Used primarily when there is guardrail
at intersections (e.g., driveways, freeway
ramps, side streets, etc.).
. Guardrail can be terminated at the end
of the curve with either an approach terminal
or departing terminal.
. Guardrail may continue to run parallel
to intersecting roadway beyond curved
portion.

* MDOT Special Detail 21

149

Use Type B guardrail along curved
section when using Special Detail 21

TRUNK. 1N

GUARDRAIL ANCHORAGE, BRIDGZ
L TRE B

e S =
P * SE STOONRD PLAN A-60-SERIES FOR 7057 SPACING AND GORRDRATL LAYOUT
o ,.mwwﬂ‘ T0 TRANS 110N FROM GUARDRAIL. TYPE MGS-8 10 GUARDRAIL. YPE B

T L]

VIDTH EQUAL T0 GUARDRAIL

RADIUS SPECII 11D DN PLANS

50



Use CRT Posts Along Curved
Portion of Special Detail 21

il B
3 ]

1 F14
Ny b, e

B ok wars

CONTROLLED RELEASING TERMINAL POST
CCRT 3

151

Curved Guardrail

NOTE:

FOR DRIVEWAYS, IF R.0.W. ALLOWS, USE DEPARTING END TERMINAL.
(SEE STANDARD PLAN R-66-SERIES) IF R.0.W. 1S LIMITED SUCH
THAT A TYPICAL DEPARTING END TERMINAL CANNOT BE FIT IN. DRILL
8 HOLES IN THE CURVED BEAM GUARDRAIL TO ACCOMODATE AN ANCHOR
PLATE AND INSTALL A CABLE ANCHOR SIMILAR TO THAT OF THE
DEPARTING END TERMINAL ON STANDARD PLAN R-66-SERIES.  THIS
WILL BE PAID FOR AS GUARDRAIL. DEPARTING TERMINAL.

* Always use an approach terminal or departing terminal, as
appropriate, to terminate curved guardrail

« Never use a terminal end shoe by itself

+ Common mistake

152

Purpose of Cable Assembly

153
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Grading

1:10 slope or flatter at least 2'-0” feet behind face of guardrail posts
and tapering toward road at 1:8 flare rate in advance of terminal

Note, this applies to ALL guardrail approach terminals

154

Preferred Grading
In Vicinity of Terminal

SHOULDER

/ / N AVAVAYAVAYAYA
A KX A XX XX / / -
OO N

1:10 or flatter

155

High-Profile Curb
in Advance of
Guardrail Approach Terminal

* Transition from high
profile curb to Type
D or valley gutter in
advance of
approach terminal

+ Transition should
occur prior to 1:8
grading transition

156
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157

158

Flat Area with Low-Profile Curb
1:8 in Advance of Terminal

~ ——— 7 7
A
P “"*-ﬂ‘té

=1:10 or flatter with Low-Profile Curb / No Curb

159
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Guardrail Anchorages and
Transitions

160

Anchorages & Transitions

» Adequate Connection
* Block Outs as Specified

+ Adequate Length

« Gradually Increase Stiffness

161

Guardrail Strength Transition

* Typical transition from guardrail to concrete

» Must have gradual change in stiffness
* Avoid sudden and extreme changes in stiffness

162

54



163

MDOT Approved
Guardrail Transitions

» Guardrail Anchorage
Bridge Detail T-1

» Guardrail Anchorage
Bridge Detail T-2

+ Guardrail Anchorage
Bridge Detail T-3

Detailed in MDOT Standard Plan R-67 Series

164

MDOT Approved
Guardrail Transitions

» Guardrail Anchorage
Bridge Detail T-4

» Guardrail Anchorage
Bridge Detail T-5

+ Guardrail Anchorage
Bridge Detail T-6

Detailed in MDOT Standard Plan R-67 Series

165
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Detail T-1 (Sheet 1)

. CUARDRAIL ANCHORAGE. BRIDGE. DETAIL T-1 (SEE NOTES. SHEET T OF 7)

25'-0"

10° 705"
RO =) e

% 4
3'-6" 115" POST SPACING 3-1'3" POST SPACING POST SPACING

4 SPACES) (3 SPACES)

T T

I T [II’ T TT LM
= B G L W R A T ] 1 11
|

I 1]

THRIE BEAM TERMINAL CIM!EGZ'II:RL THRIE BEAM EXPANSIDN SECTION

BRIDGE BARRIER RAILING

166

Detail T-2 (Sheet 1)

GUARDRAIL ANCHORAGE. BRIDGE. DETAIL T-2 (SEE NOTESs SHEET 7 OF 7)

: 31¢=37

£ THRIE BEAM
101" TRANS[TION

1° 6%
3'-6" [15° POST SPACING __ 3"-1'5" POST SPACING 6'-3" PDST SPACING

14 SPACES) {3 SPACES) (2 SPACES)

o] |51
\ L THRIE BEAM TERMINAL I:Ellll'.l:l(lﬁL THRIE BEAM EXPANSION SECTION

BRIDGE BARRIER RAILING

167

Detail T-4 (Sheet 2)

GUARDRAIL ANCHORAGE. BRIDGE. DETAIL T-4
(SEE NOTES. SHEET 7 OF 71

18°-9"

THRIE BEAM
TRAKSITION
1'%

3'-6" 15" POST SPACING 3°-1'" POST_SPACING

| 14 SPACES) (3 SPACES)
J : [l 16.875 feet
T ] T |JI|‘ 1T |II T TT ili
o m 11 11 11 1l 1l 1
L I T —c\\___n
\ ‘LSFECIIL END SHOE

BRIDGE BARRIER RAILING. TYPE 5

168




Detail T-3 (Sheet 2)

l GUARDAAIL ANCHORAGE. BRIDGE. DETAIL T-3 (SEE NOTES. SHEET 7 OF T)
6]
376"
THRIE BEAM
TRANSITJON
11 THRIE BEAM
3'-6" 15" POST SPACING 3'-1'4" POST SPACING 6°=3" POST SPACING TRANS I TION
‘ s 14 SPACES) (3 SPACES) {2 SPACES)
i
(T 1T LI LI T T ry T
mn NN 1] H:HH 1l =i||| L
I e 4T i i1l i

k SPECIAL EMD SHOE

169

Detail T-1 (Sheet 3)

GUARDRAIL ANCHDRAGE. BRIDGE« DETAIL T-1 (SEE NOTES. SHEET T OF T)

3 25'-0"
l 7" -10% 6i=3% 126"
| 1%
36" 16" POST SPACING 3'-11" POST SPACING
MIN. A 14 SPACES) (4 SPACES)Y
l 20.083 feet
|

T T ll]ll' [l TT 1T IH‘
TR 1l 1
X = el [

e

L THRIE BEAM TERMINAL (SIIMECTILWL THRIE BEAM EXPANSION SECTION

BRIDGE BARRIER RAILING. TYPE 4

GUARDRAIL ANCHORAGE. BRIDGE. DETAJL T-5 (SEE NOTES. SHEET 7 OF T)
[
439"
s e
6%
16°| POST SPACING 3'= 114" POST SPACING 63" POST SPACING THRIE BEAM
WAX( (4 SPACES) (4 SPACES) (2 SPACES) TRANSITION
38.833 feet
I
LU e L [ LI L LLY T
4 i 1l U U Li Ll ﬂ”:lp_—_——-m
1 v | 1 1l Il
TERMINAL CMN[HCR\— THRIE BEAM EXPANSION SECTION
RIER AAILING. TYPE 4
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Detail T-6 (Sheet 4)

GUARDRAIL ANCHORAGE. BRIDGE. DETAIL T-6 (SEE NOTES. SHEET 7 OF 1)

376"
3 [ e S SEE APPROACH POST SPACING REQUIREMENTS CHART
\ 7 oo
1'-6* 3 -1s" PnS’T ;JEIPE 3" =1's" POST SPACING 6°-3" TYPICAL P
MIN. 4 0R 5 SPACES! (3 OR 4 SPACES) |
15
=i 29.375 feet (using min. # of spacings)
PIER = : . |
FILLLL T T IrTrirar T TT r T T
| !II H!}\ Ll by IP||I|I 1l Sl —I-Irl 1 III
T AR | B R 0 A 1 e | R

\ L FIRST POST

Detail T-5 (Sheet 4)

GUARDRAIL ANCHORAGE. BRIDGE. DETAIL T-5 (SEE NOTES. SHEET 7 OF T)

43'-9°

SEE APPROACH POST SPACING REQUIREMENTS CHART 6'-3" TYPICAL POST SPACING

1°-63,* |
157 _POST SPACING 3'- 1'5" POST SPACING THRIE BEAM

(4 OR 5 SPACES) (3 OR 4 SPACES) TRANSITION
35.625 feet (using min. # of spacings)

Ll

|
T

I
I

T T T 1T T TT T
[T ||| 1l 1] L ::f
5 I

|1 50 50 £ et

=1

MDOT Approved
Guardrail Transitions

+ Guardrail
Anchorage Bridge
Detail A-1

» Guardrail
Anchorage Bridge
Detail A-2

Detailed in MDOT Standard Plan B-22 and B-23 Series

174

58



MDOT Approved
Guardrail Transitions

+ Guardrail E‘E“ _L‘*&“ ——

Anchorage, Median ..g'&/

+ Used to connect e ' o
double-sided =3
guardrail to

concrete barrier

Detailed in MDOT Standard Plan R-71 Series

175

176

. BRDGE AAL . LENGTH OF NEED

STANDARD
TRANSITION 8ECTION

{1 UPSTREAM
TERMINA

OR END
TREA'

F BYSTEM

“&E__g_im LON. I8 HOT
o f. . | e AT BYBTEM

NOSE

< DIRECTION OF
ADJACENT TRAFFIC

- DRECTION OF
OFPOBING TRAFFIG

Figure 2.6.1 - Roadside barrier elements

2.6.1

177
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Guardrail Terminal Selection
One-Way Traffic

Guardrail Departing ,

Terminal, Type __ 3 Guardrail, Type __ Guardrail Approach

Terminal, Type __

178

Guardrail Terminal Selection
Two-Way Traffic
Guardrail Approach

Terminal, Type Guardrail, Type __ Guardrail Approach
' - Terminal, Type __

179

Guardrail Terminal Selection

Two-Way Traffic

Departing Terminal or Guardrail, Type Guardrail Approach
Approach Terminal - Terminal, Type __

180
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Runout Length

Edge of Pavement

Hazard
- © = Angle of Departure
‘Gg%_i*'_
(& .
| ) = = B
—
! Lg - Runout Length !
—
Traffic Volume (ADT) veh/day
Over 10,000 B oog:eor i 1000-5000 Under 1000
Design Speed Runout Length Runout Length Runout Length Runout Length
(mph) Lr (ft) Lr(ft) Lr(ft) Lr(ft)
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

+ RDM - Section 7.01.19

* Runout length is a function of design speed and traffic
volume

+ Interpolation is permitted for intermediate design speeds
* Example: DS =75 mph & ADT = 12,000: L, =415

182
Minimum
Length of Barrier Needed
RN Hazard \\“\\ Min. Length of Barrier Needed
e s (AASHTO Method)
\\\Q — s mm s = \_\. FFL\
D
— Lg
—_—
AASHTO Method: @ typically varies between 25° and 90°
183
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Minimum
Length of Barrier Needed

Min. Length of Barrier Needed
(MDOT Method)

MDOT Method: ® =90°

184

Design Factors _
~— Clear Zone Line

a

b[_—
OOOOOOM

Edge of Pavement (EOP) —

Note: Edge of Pavement (a.k.a. Edge of Metal)

185

CLEAR ZONE DISTANCES
[IN FEET FROM EDGE OF DRIVING LANE]

FILL SLOPES CUT SLOPES
DESIGN | DESIGN | 14 I 4 )
SPEED |  ADT oR 0 3 3 T oR
FLATTER | 14 15 | FLATTER
wder 750 | 7-10 7-10 - 7.0 | 7.0 | 7-w
40meh [ 750 1500 1012 | 1214 10w [ 12W | 12
tows 1500 0000 | w4 | m-16 " 1M | Ms | Me
ove0000 | 1416 | 1618 1416 | w18 [ 6.1
wndor 750 | 1012 | 1214 B 10 | 8w [ 1012
4550 | 750-1500| 1416 [ 1620 [ < [ w012 [ 0u [ e
1500 eooo [ 1818 | 20 28 Mo1e | 1818
o000 | 02 | H-m w2 | 02
wder750 | 12 14 | M 18 01z | 1012

55 | 750-1500] 1618 | 2024
meh 1500 e000| 0 22 | 24 30
ove 0000 | 224 | 26-3

wdor750 | 16-18 | 20-24 12-14 | 14-16
6o | 750-1500[ 20-24 [ 26-32 6-18 | 20-2
moh  11500-6000 | 26-30 | 32-40° 18-2 | 24-2%
over8000 | 3032 | 384" 4.2 | %2
wdor7so | 18-20 | 20-2 14-16 | 14-16
265 | 750-1500 | 24 -26 | 28-% 12-16 | 18-20 | 20-2
mph 1500 6000 [ 28.32° .47 - .20 | 2.2 26-28
over5000 | 30.34" | 3846 | < 2.24 | 2%.30 | 2.3

Whete 2 540 SpOCA_TesogaBon GKaes 3 high probabiiy of ConBnuing Crashes, or Su
occumences arc indicated by wrash histary, the desgnr may provide dear zone distances greator
than indicaled.  Clear zones may be bsted fo 30 feet for pracicaldy and 1o prove

Previous expenence Weh Smiar projects of designs mdicates

consistent roadway tempiate
e

s Bkcly on the unchicided, raversable 13 siopes, fxed objects should not be
present m the vicsty of he the of these siopes.

186




Design Factors _
~— Clear Zone Line

La(AASHTO)
Ly, (MDOT)
LC b|a7
O 0 0 0 © OM
EOP ™~
187
Design Factors _
~— Clear Zone Line
!
LC b|a7
] 0O 0 0 0 © OM
L,
j EOP ™~
188
Design Factors _
~— Clear Zone Line
;
LC b|a7
] 0O 0 0 0 © OM
L.
[t

189




Design Factors
~— Clear Zone Line
Ly
L a
c b[—
] O 0 0 0 0 0 O
L Shy Li
fll_ /~ Shy Line
| EOP —, [Ls
190
MDOT Shy Distance Table
Design Speed (mph) Shy Line Offset (Ls) (ft)
80 12
75 10
70 9
60 8
55 7
50 6.5
45 6
40 5
30 4
RDM - Section 7.01.18
191

Design Factors
/‘

Clear Zone Line

| Le
Ly
L¢e a
b —
] O O O O O O O
Lgll_ /~ Shy Line
[ EOP —. [Ls

192




MDOT
Runout Length Table

Traffic Volume (ADT) veh/day
Over
Qver 10,000 5,000-10,000 1000-5000 Under 1000
Design Speed Runout Length Runout Length Runout Length Runout Length
(mph) Lr(ft) Le(ft) Lr(ft) Le (ft)
80 470 430 380 330
70 360 330 290 250
60 300 250 210 200
50 230 180 160 150
40 160 130 110 100
30 110 90 80 70

RDM - Section 7.01.19

193

Design Factors

~— Clear Zone Line
| -
Ly Ly
Lc b 37

] O O O O O OIlO

L. Shy Line

[ -

| EOP —. [ Ls

* MDOT Guardrail Worksheet specifies L, must be 25’ min., but there are exceptions:
« Guardrail bridge anchorages

« Guardrail installations with a large offset between the hazard and the guardrail

194

Bridge Approach Rail

BRIDGE

* Use L, = Ly even when L; < 25’

195
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Design Factors _
~— Clear Zone Line
on BN
Ly — L
a
L¢c b —

] 0O 0 0 0 0 © M
ITJZ_ /~ Shy Line

| EOP —, [Ls

196

AASHTO RDG Table 5-9
Suggested Flare Rates (a:b)

*Suggested Maximum Flare Rate for Rigid Barrier Systems

**Suggested Maximum Flare Rate for Semi-Rigid Systems

197

Design Factors

.
d=1.8" FOR TYPE 1 TERMINALS
d=0 FOR TYPE 2 TERMINALS

Note: d and Z are not described in the AASHTO RDG

198
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Design Factors _
~— Clear Zone Line

I |_R
I X End of
“ e
L¢c b a

] O O O O O Olo
ITJ_ /_Shy Line 2

i EOP — [ 1 [Ls

N

199
DeS|g n FaCto,LsCIear Zone Line
} L,
[ X R End_of
! - Barrier
Lc [ T L /
© 0 0 o0 o olo
L[a T Vs Shy Line Y
e EQP —, s
bt Gl -+ d) 00+
L te)- = Ly - (LX)
200
Des|gn FaCto,quear Zone Line
1 L
[ X R End of
! - Barrier
; / Need
LC b |7 Q
[ © oo o o olo Qg
L[s T / Shyline |z Y
le EOP —, I H

{ (X - L,-25)(bla) + L, , Type 1 Terminals **
Z=

L, , Type 2 Terminals

** NOTE: Theoretical Z based on minimum length of need and Type 1B approach
terminal.

201
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Type 2 Terminal Attached to
Flared Guardrail
Guardrail Approach Terminal, Type 2M

Flared Guardrail

-
-
. -
. -
— - EOP
f— — -— J
BRIDGE

In this case, Z# L, !!

202
Calculating Zacryar
Guardrail, Type _ ?eurar\nrﬁvraal‘,l ?5;&.:0? "
. A
'
-
. e
rd
r=* | Zacrual EoP
-
Sta. B —
Zncrun = Lo + | (Stag - Stas) | x (bla)
203

Calculating Stations Aand B

Does Flaring Affect the Calculations?

L

L "
; SN
=y
[ a |
.
r——

Sta. A Sta. B —

—

Assume L = L’ for most guardrail applications
(unless dealing with extremely long flared sections)

204



Graphic Solution

Vehicular trajectory must intersect or be located in
advance of
beginning length of need (BLON) point

205
Horizontal Curve Solution
EOP o

* Vehicular trajectory is tangent to the
roadway EOP at location where vehicle
leaves the roadway (at location Py)

206
Length of Need — Approach End
Flared vs. Parallel
T FUNOUT LENGTH L, o __‘

LENGTM OF NEED FOR
S A RARED NSTALATON T MR
e, e
N z Pl S e

Figure 2.8.5 - Simplified representation of langth of need

Flaring the guardrail reduces the length of need (X)

207
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Length of Need — Departing End

Flared vs. Parallel

Flaring the guardrail reduces the length of need (X)

208

Grading Requirements

SHOULDER

=1:10 or flatter

» Grading requirements for flared installations may be
impractical or cost-prohibitive
» Decision to install flared or parallel guardrail run is site-specific

209

Calculating Length of Guardrail
Freestanding Guardrail Shielding Fixed Object & One-Way Traffic
Guardrail Departing

Terminall. Type __ Guardrail, Type __ ?eu:nrﬁv:‘,l #;);;oich :
X |
| BLON !
G M / g
f _4
—
_______
G*=X-M+H

210




M (Deduction Value)

MDOT Guardrail Worksheet

DEDUCTION TABLE
GUARDRAIL APPROACH TERMINAL
TYPE 1 TYPE 2
GUARDRAIL
. B
TYPE 8 25 31.5
GUARDRAIL ‘ )
bl 31.25 13.75
GUARDRAIL .
TYPE MGS-8%% L 343

For Type 2M terminals, use 34.3’ for the deduction value

211

Soft-Stop (Type 2M Terminal)

i Lowre o aecp 1| BLON H

Of the three MDOT-approved Type 2M terminals,

Soft-Stop has the smallest deduction value
» Use deduction value of 34.3’ whenever specifying a Type
2M terminal

212

Calculating Length of Guardrail

Freestanding Guardrail Shielding Fixed Object & One-Way Traffic

« H = fixed object width

* M = portion of approach terminal located within length of need
« Deduction values from guardrail worksheet

* G =guardrail quantity

G*=X-M-H
* Important Notes

> AIwaYs round up guardrail quantity based on whole number of guardrail
panels
» With a freestanding run consisting of Tépe 2M approach terminals,
Type MGS-8 guardrail, and/or Type MGS departing terminals, guardrail
quantity will be divisible by 12.5"
» When interconnecting NCHRP 350 and MASH-compliant guardrail
features, guardrail quantity might not be divisible by 12.5
< Examples: Type MGS-8 guardrail to Type B or Type T guardrail, or Type
MGS-8 guardrail to NCHRP 350-compliant anchorages
< Must take MGS (9'-4.5") beam elements and thrie-beam transition panels
into consideration when determining guardrail quantities

213
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MDOT Standard Plan R-60-Series

GUARDRAIL, TYPL B
GUARDRAIL. TYPE BD
R GUARDRAIL
APPROACA TERMINAL
1 OR 38

CUARDRAIL . TYPE MS-8 OR MGS-8D TYPE 18, 7B CR 3
3474\ HEIGHT TRANSITION
126" EFFECTIVE 9' 4" EFFECTIVE 12" 6" EFFECTIVE
BEAM ELEWENT LENGTH BEAM ELEMENT LENGTH BEAM ELEMENT LENGTH
STANDARD (12" 6") WS (974" STANDARD (12°-6")
W-BEAM ELEMENT —, BEAM ELEMENT — W-BEAM CLEMENT —.
| ) )
/ / /
T T 7 T 7 0 L4 | »
I [ I %
i
\ -
~ GROUND L (NE € MOS POST—"" | §*-3" TYPICAL EXISTING
POST SPACING GUARDRAIL POST

ELEVATION SHOWING TRANSITION DETAIL FOR CONNECTING
GUARDRAIL, TYPE MGS-8 OR MGS-8D TO
GUARDRAIL, TYPE B, GUARDRAIL, TYPE BD, OR
GUARDRAIL APPROACH TERMINAL TYPE 1B, 2B, OR 3B

Note: Transition is part of Guardrail, Type MGS-8 or MGS-8D

214

MDOT Standard Plan R-60-Series

GUARDRAIL. TYPE T
GUARDRAIL. TYPE TD
GUARDRA L ANCHORAGE. MEDIAN
CUARDRAIL ANCHORAGE. BRIDGE
CUARDRAIL. TYPE WCS-8 CR MGS-ED DETAIL Al Ti. T4, O T6

28'-1'4" KEIGHT TRANSITION

6=y
FFECTIVE
Lenerk |

CTIVE
LENGT

STANDARD (126"
W-BEAM ELEMENT

THRIE BEAM ~
TRANS|TION —, | ©7

& - T 7T 7 1E N
] Tl I |
- - ~.
= GROUND LINE € MGS POST 63" TYPICAL € EXISTING
POST SPACING GUARDRAIL POST

ELEVATION SHOWING TRANSITION DETAIL FOR CONNECTING
GUARDRAIL, TYPE MGS-8 OR MGS-8D TO
GUARDRAIL, TYPE T, GUARDRAIL, TYPE TD,
GUARDRAIL ANCHORAGE, MEDIAN,

GUARDRAIL ANCHORAGE, BRIDGE DETAIL Al, T, T4 OR T8

Note: Transition is part of Guardrail, Type MGS-8 or MGS-8D

215

MDOT Standard Plan R-60-Series

* EiFE
BEAM ELEMENT LE

124" EFFE
_BEAM ELEMENT LENGTH

STANDARD (12° %"
WSEAM ELEVENT

STANDARD (12°%°
¥R AW ELEMENT

e
o L - L .
;

k
o 63 TR € ¥ PoST CROLND L INE
L NG

10N DETAIL FOR CONNECTING

ELEVATION SHOWING TRANSI
GUARDRAIL, TYPE B TO
GUARDRAIL APPROACH TERMINAL TYPE 2M

Note: Transition is part of Guardrail Approach Terminal, Type 2M
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MDOT Standard Plan R-60-Series

AIL. TYPE T 28°-1'y" HELGHT TRANSITION

4'5") STANDARD (12°6")
EVENT N-SEAN ELEVENT

ELEVATION SHOWING TRANSITION DETAIL FOR CONNECTING
GUARDRAIL, TYPE T TO
GUARDRAIL APPROACH TERMINAL TYPE 2M

Note: Transition is part of Guardrail Approach Terminal, Type 2M

217

Calculating Length of Guardrail

Guardrail Anchored to Bridge Railing

! Guardrail Anchorage,

2 Guardrail Approach
i Type H

Guardrail, Type __ E
1 Terminal, Type __

Bridge T G M

Railing 1 }

218

Calculating Length of Guardrail

Guardrail Anchored to Bridge Railing

« T = transition length measured from edge of bridge
railing/barrier (if applicable)
+ Do not deduct overall transition length
Deduction lengths for T-1 through T-6 provided in earlier slides
* M = portion of approach terminal located within length of need
Deduction values from guardrail worksheet
* G =guardrail quantity

*  —
G"=X-M-T
* Important Notes
» Always round up guardrail quantity to the nearest whole number
of guardrail panels
» Must take MGS (9'-4.5”) beam elements and thrie-beam
transition panels into consideration when determining guardrail
quantities
% Guardrail quantity may not be divisible by 12.5" in certain cases

219
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Reflectors

+ MDOT Standard Plan R-60 Series describes
recommended reflector spacing

* Do not install reflectors on approach
terminals

Guardrail Length*
Ng = - +1
Reflector Spacing

Ng is always rounded up to nearest integer

* Total Guardrail Length, including anchorages, but excluding
approach terminals

220
Reflectors
* One-Way Roads:
+ Reflector quantity = Ng
* Two-Way Roads:
+ Reflector quantity = 2Ng
221

SEE NOTES BELOW —— GUARDRAIL f—ﬂ'EFL[CTm[Z[D
/ I SURFACE FACING
/ TRAFFIC
1] L L »
DIRECTION
<O TRarFIc
DIRECTION
<o marFic
13 2 1] 1}

L)
- GUARDRA[L
ONE-WAY TRAFFIC
SEE_NOTES BELOW —PLACE_GUARDRA]L REFLECTORS
GUARDRAIL—, ['—“‘““M_T [ IN OPPOSITE DIRECTIONS ON
\ | ADJACENT GUARDRAIL POSTS

L]
LI LI T

DIRECTION
<2 o TRAFFLC

DIRECTION
O TREFIC =

< ) < ) (Y
- GUARDRAIL
TWO-WAY TRAFFIC
PLACEMENT OF GUARDRAIL REFLECTORS

222



Common Design Problem

Driveway
— Hazard
@
N A—
I 1
Lr
223
Described in
Section 7.01.30.H of RDM
Driveway
— Hazard
@
N A—
I 1
Lr
224
— Driveway
Vehicular
Trajectory
LH 4

Ensure vehicular trajectory intersects curved or strong post
guardrail (excluding first 12.5 feet of approach terminal or
departing terminal)

225
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Driveway

Otherwise, consider continuing guardrail past
intersecting driveway until LON is satisfied

226

Driveway
Other Factors

+ Sight Distance
* Run Length

+ Right of Way

+ Multiple Drives

However, designers must take other factors into
consideration...design is site-specific!!

227
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229

Practice Example #1
» ADT: 4,500 vpd
» Design Speed: 60 mph
Ly=15ft H » Slope: 1:5, Fill
» Non-Freeway
» Flare guardrail where possible
» Letting Date: 5/1/19
Ly=14ft
l EOP —/~,
230
Practice Example #1
14 ft )
on Roadside
Traveled Way Sigzﬁjder Hazard
Design ADT: 4,500 vpd Shoulder
Design Speed: 60 mph Hinge Point

Non-Freeway

231
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CLEAR FONE DISTANCES
[N FEET FROM EDGE OF DRIVING LANE]
ILL SLYPES CUT SLOPES

DESIGN | DESIGN 16 16 14 16
SERD) DY OR TO 13 1:3 To OR

FLATTER| 14 1:5 | FLATTER)

under 750 | 7-10 7-10 . 7-10 7-10 7-10

40moh | 7501500 [ 1012 1214 £ 10.12 | 12.14 | 12.14
Lo [1500 o000 | 1214 16 - 1214 | 1418 | 118
over 5000 | 1416 1618 £ 14.16 | 16-18 | 1618

L 810 | 810 | 1012
= 012 | 2u| ue

wndor750 | 1012 | 12
4550 | T80-1500| 1416 [ 16

i
EY

meh |1500 eo0| 6 18 | ww | - | 2w | Mwe | we
E
12

over G000 0-2 24 - 18-20 20-2

under 750 12 14 " - 1012 1012

55 T50-1500 | 16-18 20-24 bl 10-12 "-16 16-18
meh 1500 @000 | 20 22 2430 bt 1416 1618 20 2
over 6000 26-32" had 16-18 20-2 22-24

ndor 750 224 | = | 1012 | 12w | w-16

60 750 - 1500 26-32" - 12-14 16-18 n-2
iy, | 1500 - 6000 240 | = | -1 | w2 | 4
over 6000 368 - 44" b 20-22 24-26 26 -28

ndor 150 x> | - 1418 | 1-16

265 | 750-1500 %0 | - 8.2 | 20.2
mph [1500- 6000 M4z | - wew | mes | 2.2
ower 6000 | 3034 35.46" - 2224 26-30 | 28-30

Whete 2 540 SpOCA_TesogaBon GKaes 3 high probabiiy of ConBnuing Crashes, or Su
‘occumences are indicated by crash history, the designer may provide chear zone distances greaier
than 30 feet a5 mdicated. Clear Zones. may be bmied fo 30 feet for practcaldy and fo prowde 3

o plate f Previous expenence Weh SmEsr prOeCts of desgns mdicates

sury pe

* Since rocovery s koss kel on the unshickled, Faversable 13 slopes, fxed objocts should not be

present m the vicsty of he the of these siopes.

232

Questions

» Which guardrail type should be used?
v Type MGS-8 (letting date is after 12/31/17)

» Which guardrail approach terminal type should be
used?

v' Guardrail Approach Terminal, Type 2M
> Letting date is after 6/30/18

» Which guardrail departing terminal type should be
used?

v’ Guardrail Departing Terminal, Type MGS

233

ROUTE
BEslevEs Br

IF STATIONING 15 %01 AVALLIBLE. LOCATE TO
N

s o concem] L
RakosirE it
[Feinr | {

E e
P == |

NTE: THE 1 TEMIN TLLUSTRATE

! Vad

For T i

e e -
zexn-am o,

Z =Ly e ey £ e

LAk 1515008 0 ESEN WAL
o' o8 St AT CupaeaT: sefir 1 0f 2
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235

'l
Traffg Volume (ADT) vehiday
Over
Over 10,000 5,000-10,000 1000-5000 Under 1000
Design Speed Runout Length | Runout Length | RunoutLength | Runout Length

{mph) Le (ft) La (ft) Laft) La (ft)

80 470 430 380 330

70 360 330 200 250
— &0 300 250 210 200
50 230 190 160 150

40 160 130 110 100

30 110 90 80 70

l

Design Speed (mph) Shy Line Offset (Ls) (ft)
80 12
75 10
70 9
—> 60 | 8 |
55 7
50 6.5
45 6
40 5
30 4

237
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Practice Example #1
f————Lg=250ft

Shy distance for 60 mph = 8 ft
Clear Zone = 40 feet

238

239
MDOT
. .
Guardrail Deflection Table
Guardrail S;‘::ﬁ:lg De;‘!ig'l"li'glfll';‘et .
Type T 1.6%" 12"
Type T 31" ¥ 1-8"
Type T 6-3" 20"
Type B 1-8%" 1-8"
Type B 3-1%" 20"
Type B 6-3" 30"
Type MGS-8 1% 25"
Type MGS-8 31%" 211"
Type MGS-8 6-3" Cae >
Type MGS-8 Adjacent to Curb 6-3" 41"
Type MGS-8 Near Shoulder Hinge Point ** 6-3" 41"
RDM - Section 7.01.20

240




241

AASHTO RDG Table 5-9
Suggested Flare Rates (a:b)

|

—_— =]

*Suggested Maximum Flare Rate for Rigid Barrier Systems
**Suggested Maximum Flare Rate for Semi-Rigid Systems

242

Practice Example #1
F————Lg=2501t

T
Ly= 15 ft
H .
0O 0 0 0o o OM

L3:14f_lTL2=8ﬁ

EOP ™,

—

—_—

243
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Practice Example #1
f—————— Lg=250 ft

Ly=151t
H H L, =25 ft—|
14

11—
OOOOOOM
141

L,=8ff
[P "

EOP ™,

—

—_—

244

Practice Example #1
fF————15=250ft

Ly=15ft o
H L, 257 1 “
O 0 O O © OM

14 1t
EOP —,

L,=8ft
[T

Ly + (b/a)(Ly) — (Lp + d)
(b/a) + (Ly/Lg)

245

Practice Example #1
fF————L.=250ft

— X=? -

I

Ly=151t H =25
e
o 10

O O O o o

1 ﬂJ_= 8 ft

[P EOP —,
_ Lat(la)L) - (L+d) 15+ (1/14)(25)=(8+0)
h (bla) + (Ly/Lg) - (1/14) + (15/250)

246



Practice Example #1
fF———L.=250ft

X=532ft

T
e H '—L1=257 14 BLON

X = 66.8 ft

247

Practice Example #1

11t
F——f—L.=2501t

I ——— X=532f
Ly =15 ft
H H —L,=25
1% BLON

248

Opposing Traffic

~— Clear Zone Line
Lg 1

End of Barrler\ ///
-~
-
P o o 0o o oo o

R
y .~

l EOP —,
—_Adjacent Traffic l

C_)pposing Traffic

12’ lanes
Lo =40

249




Practice Example #1

1t
Lg= 250 ft | |

End of X=7ft I
Barrier - . Ly=27 1t
Need 1=251t H

14

?I’I
M 0O 0 0O 0 0 O
26
ijOft\

EOP ™,

Ly + (b/a)(Ly) — (L, + d)
(b/) + (Li/lg)

250

Practice Example #1
1ft

Lg= 250 ft I |

End of X =7 ft I

Barrier - . Ly=271t
?I 1

M 0O 0 0O 0 0 O

EOP ™, \

L+ (bla)(L) — (L +d) 27 +(1/14)(25) - (20+0)

(bla) + (Ly/Lg) - (1/14) + (27/250)

251

Practice Example #1
1ft

Lg = 250 ft I |

End'Of X=3sot H Ly =27 ft
arrier _ "=
Nood L, =25 ft—

%I 1

% 0O 0 0O 0 0 O

EOP ™,

X=49.0ft

252
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Practice Example #1
11t

F—

BLON H BLON
M 60 o o o M
I XroTaL I

EOP —,
XroraL = 66.8 + 1 +49.0 = 116.8 ft —

253

Deduction Value
Type 2M Approach Terminal

MDOT Guardrail Worksheet

DEDUCTION TABLE 1
GUARDRAIL APPROACH TERMINAL
TYPE 1 TYPE:2

GUARDRAIL
TYPE B

25 31.5'

GUARDRAIL

31.25" '
TYPE 1 31.25 43.75

GUARDRAIL Tz
TYPE MGS-8%# ~_-

254

Practice Example #1

11t
—

BLON H BLON

% M
il G o

EOP ™,

Gpin = XroraL — 2M je—
Gnin = 116.8 —2(34.3)
Gin =48.2 ft

255
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Calculating Guardrail Quantity

Number of Guardrail Panels
* Type MGS-8 guardrail connected to Type 2M approach

terminals
« Guardrail quantity is divisible by 12.5 (i.e., whole number of
12.5 panels)
Ghi 48.2
= = =3.86 4 panels
12.5 12.5

Type MGS-8 Guardrail Length = (12.5)(4) = 50 ft

256

Reflectors
» Do not install reflectors on approach
terminals
50
Ne={——)+1=2 —2
50

Since this is a two-way road, number of reflectors is 2Ng:

Number of Reflectors = 2(2) = 4

257
Practice Example #2
m i ’ Bridge Railing, Type 4
(No Backwall Expansion Joints)
346+00 346+78 -«
___________ g
—_—
River N Bridge Railing, Type 4
(No Backwall Expansion Joints)
| 4 ! 12’ ! 12 ; 4' Y
G Design Data & Assumptions
H EOP | EOP H + Rural Two-Lane Road

« Design Speed = 55 mph

Assignment — NE & NW Quadrants Only * APT : 5*900 vpd
1. Identify all roadside hazards. * Riveris 6’ deep

3. If necessary, design guardrail and calculate

quantities using guardrail worksheet. + Flare guardrail where possible

* Letting Date: 5/1/19

2. Determine if guardrail is needed. « 1:5 Slope in advance of bridge ends

258
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NE Quadrant ( L‘ m
I-H = Lc
346+00 346+78 -«
—
River Hazards
1. River
2. Blunt End - Bridge
Railing
259

Determining Guardrail Components
Guardrail Anchored to Bridge Railing
| Guardrail Anchorage, | Guardrail, i Guardrail Approach
E Type ___ E Type ____ E Terminal, Type __
X
BLON
Bridge T ) G ) M
Ral“”h— ...... — e — . — |_ ..... _<
G*=X-M-T
260

Detail T-1 (Sheet 1 of R-67-Series)

GUARDRAIL ANCHORAGE. BRIDGE. DETAIL T-1 ISEE NOTES. SHEET T OF 7)

25°-0"

10° -11s"
o sl

g 63
_5'~5' (15" POST SPACING 3"-1'3" POST SPACING POST SPACING

14 SPACES) (3 SPACES!
} 23.125 feet

gfl:i[ SE g ey e
Y | el 1

\ L THRIE BEAM TERMINAL CI}N?EC'IIBL THRIE BEAM EXPANSIDN SECTION
BRIDGE BARRIER RAILING

261
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Determining Guardrail Components

Guardrail Anchored to Bridge Railing

Guardrail Approach |

| Guardrail Anchorage, | Guardrail, !
[ Type Tt | Type MGS-8 : Terminal, Type 2M
X BLON

Bridge T |-
Railing - -
[ -

_
G*=X-M-T
262
263
d=1.8" FOR TYPE_1 TERMINALS
b d= 0 FOR TYPE 2 TERM[NALS
g bat (G- Ly d) Ly-(Lg+d ) R
b Ly Ly 2 a
" L_,, T Z =L, (ror type 2 terminais |
5,000 vpd
LENGTH OF NEED T DESIEN 40T S
[ ENGTH L DESIGN SPEED 55 mph
GUARDRAIL TAPER RATE ‘”12_ APPROACH SLOPE 1 5
E.0.P, T FACE OF BARRER (DESIGNED) ... ....... i
CLEAR Z0NE AT 30 23.125' - uw,»
E.0.P, T0 ROADSIDE FEATURE (MEASURED! .. ........Ly = 4’ Lg = 7' SHY LINE { 7.01.18 1
EFFLCTIVE TURNED OUT DISTANGE OF ANCHORAGE ...d = O STATION AT & 3474011
LATERAL EXTENT OF ROADSIDE FEATURE (VEASUREDL. Ly = .30' STATION AT 8 _347+66.8
LATERAL OFFSET AT END OF FLARE...............Z = 9.47" ™"

264
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MDOT

Runout Length Table

** Must interpola

Traffic Volume (ADT) veh/day
Over
Qver 10,000 5,000-10,000 1000-5000 Under 1000
Design Speed Runout Length Runout Length Runout Length Runout Length
(mph) Lr(ft) Le(ft) Lr(ft) Le (ft)
80 470 430 380 330
70 360 330 290 250
60 300 250 : 210 ! 200
50 230 180 : 160 150
40 160 130 110 X\ 100
30 110 20 80\ 70
RDM - Section 7.01.19

te in this case to obtain Lg

d=1.8" FOR_TYPE_1 TEAMINALS
. d= 0'FOR TYPE 2 TERM[NALS
L' Y—P(L‘J A'L' d) L"-lL“dP b
X= 2 X= Z=(X-L,-25)(-)+1L,
b Ly e riare ) Ly S a
iy 74 (;' :yp:.':) T Z =L, (For Type ¥ Terminals |
) 11376 5,000 vpd
LENGTH OF NEED = h DESIEN ADT
RUNOUT LENGTH ( 1. Ly= T s _ oomph
ARDRAIL T b o112 APPROACH SLOPE 1:5
E.0.P, TO FACE OF BARR(ER (DESICMED) ...........Lg= 4_
CLEAR 70NE G Le=_30 L, =.23.125 um,»
E.0.P. T0 RSADSIOE FEATURE (MEASURED) ., Ly=4 Lyw= 7" SHY LINE { 701,18 1
EFFLCTIVE TURNED OUT DISTANGE OF ANCHORAGE ...d = O STATION AT & _347+01.1
LATERAL EXTENT OF ROADSIDE FEATURE (VEASUREDL . Ly = .30 STATION AT 8 _347+66 .8
LATERAL OFFSET AT END OF FLARE...............Z = 9.47" ™"

266
AASHTO RDG Table 5-9
Suggested Flare Rates (a:b)

1

*Suggested Maximum Flare Rate for Rigid Barrier Systems

**Suggested Maximum Flare Rate for Semi-Rigid Systems
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d=1.8" FOR_TYPE_1 TEAMINALS
d=0 FOR TYPE 2 TERM[NALS

b
Ly* (=)CL)-(Ly;+d) Lg=tLg+d)

x=—" 8 - : == " Z=(Xx-1,-25)(2). 1,

b Ly a

iy Z =L, (ror type 2 terminais |

‘ 5,000 vpd
T "1 TO——— sesion w01
RUNOUT LENGTH [ 7.01.19 DESIEN SPEED 555mph
1

GUARDRAIL TAPER RATE (R-5S9-SER(ES) . . APPROACH SLOPE

E.0.P FACE OF BARR(ER (DESIGNE

' L, =.23.125" -uw»

Ly= 7' SHY LINE { 701,18
STATION AT A _3474.01 }
STATION AT 3 —347+66.8

CLEAR ZONE ( Pl isiianninnn
E.0.P, TO ROADSIDE FEATURE (MEASUREDI ......

EFFECTIVE TURNED OUT DISTANCE OF ANCNORAGE .
LATERAL EXTENT OF ROADSIDE FEATURE (WEASURED
LATERAL OFFSET AT END OF FLARE.............

Used distance to face of bridge railing

268

d=1.8" FOR_TYPE_1 TEAMINALS
d= 0 FOR TYPE 2 TERM[NALS

o L.-r:b!rL,J-rL‘-d) Ly-(Lg-d) ; I-L,-ZSJ-’EJ-L,
b Ly a
:-L—. Z =L, (ror type 2 terminais |

5,000 vpd

1. S——— dESIGN DT

RUSOUT LENGTH [ T7.01.19 L DESIGN SPEED —55 mph

GUARDRAIL TAPER RATE (R-59-SER(ES) ........... % : APPROACH SLOPE 15

E.0.P, TO FACE OF BARR(ER (DESICMED) ...........Lg= 4—

LEAR 7ONE Lo=_30' L, =.23.125" -uw»

E.0.P. T ROADSIOE FEATURE (NEASURED! ..........Ly = 4 o= 7 SHY LINE { 7,01.18

EFFECTIVE TURNED OUT DISTANCE OF ANCHORAGE . _O STATION AT A _347+01 q

LATERAL EXTENT OF ROADSIDE FEATURE (MEASUREDL. L = 30" STATION AT @ _347+66.8

LATERAL OFFSET AT END OF FLARE ...............Z = 947"
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CLEAR FONE DISTANCES
[N FEET FROM EDGE OF DRIVING LANE]
FILL SLPES CUT SLOPES

DESIGN | DESIGN | 1 ) . Iy
SPEED | ADT oR To LETIENEEY T0 oRr

FLATIER | 14 15| FLATTER

wager 150 | 7-10 7-10 - 70 | 7-w

40moh [ 750 1500 | 1012 | 1214 | - | 1214 | 1210
tows 1500 0000 2w | w16 | = M1 | M1
ovec0000 | 1416 | 1818 | -~ 0.1 | 1618
wder750 | 10 12 | 12 14 | - 810 | 1012

4550 | 701500 1416 | 8 | - 2 u | U
1500 00| 1618 | 2w | - 16 | 181
oo | 2z | um | - x| wnn

wdor 750 | 12 14 | 1 18 | - 012 | 1012

55 | 7501500 1618 | w4 | - M-t | 1818
il (500 c000 | 0 2 | M W - 1618 | 202
ov6000 | 22 4 | 2 37 | - wz | mH
woor750 | 618 | 20-24 | - 12-14 | 1416

6o |70-150| -2 | 2632 | - IR
moh  11500-6000 | 26-30 | 32-40° =] B-2 | 24-2
ovarBO00 | 303 | 384 | - PR
wdoris | B0 | 2% | - 1416 | -1

265 | 750-1500] 24 .26 | .36 [ -~ w-20 | 20.2
mph [1300-6000 | 28.37 | 3.4z | - PEREES
| overoooo | 30-3¢ | 3846 | ~ | 2.2 | 2.3 | m.

Whete 2 540 SpOCAC_Tvesogabon GKaes 3 high probabiry of ConBnuing Crashes, or
‘occumences are indicated by crash history, the designer may provide chear zone distances greaier
than 30 feet a5 mdicated. Clear Zones. may be bmied fo 30 feet for practcaldy and fo prowde 3
consistent roadway lemplate f preous eXpenence WEh SImAN profects ndicates
iy peslorence:

" Since rocovery is less likcly on the unhicided, aversable 1:3 siopes, fxed objects shoukd not be
present n he wicsty of he the of these siofes.

270
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" FOR_TYPE_1 TERMINALS
b d'- 0 rm TYPE 2 TERW[NALS
Lys (ML) -(L+d
X=

L
E L Z =Ly cPor Type # torminats }
" 5,000 vpd
LENGTH OF NEED ..... DESIGN ADT —=5 h
RUNOUT LENGTH ( 7.01.19 DESICN SPEED 5 smp
1:

GUARDRAIL TAPER RATE (R-S9-SER(ES) . .
E.0.P, TO FACE OF RARR(ER (DESICNED) .

APPROACH SLOPE

CLEAR 20N L, =.23.125" -uw»

E FEATURE (v ) o= —7' SHY LINE { 701,18 )
EFFLCTIVE TURNED OUT DISTANGE OF ANCHORAGE ...d = O STATION AT & 3474011
LATERAL EXTENT OF ROADSIDE FEATURE (VEASUREDL. Ly = .30' STATION AT 8 _347+66.8
LATERML OFFSET AT END OF FLARE...............Z = 9.47'*"

Used distance to face of bridge railing

Z=(X-1,-25 (21,

271

d=1.8" FOR TYPE_1 TEAMINALS
d=0 FOR TYPE 2 TERM[NALS

b
Ly (=)L) -(Lly+d) Lg-(Lg+d)

x=—"_18 " = o= = Z=(x-1,-25)(2).1,

b Ly a

by 7 Z =L, (Por Type # Terminals |

‘ 5,000 vpd

LENGTH OF NEED ..... DESIGN ADT —=5 h
RUNOUT LENGTH [ 7.01.19 . DESICN SPEED 5 mp!
GUARDRAIL TAPER RATE (R-55-SERES) . . 1:5

APPROACH SLOPE
E.0.P. TO FACE OF BARRIER (DESICNED! ...
CLEAR 208E { 7,01,11 .
E.0.P. TO ROADSIDE FEATURE (MEASURE

L, =.23.125" -uw»
o= — 7' SHY LINE { 7,01,18 )

EFFECTIVE TURNED OUT NCE OF ANCHORAGE ...d = 0 STATION AT & 347401 1
LATERAL EXTENT OF ROADSIDE FEATURE (EASUREDL. L, = .30 STATION AT 8 _347+66 .8
LATERML OFFSET AT END OF FLARE...............Z = 9.47'*"

Using a Type 2M approach terminal, so d=0
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" FOR_TYPE_1_TEAMINALS
b d'- 0 rm TYPE 2 TERM[NALS
Ly (=)L) -(Lly+d) Lg- (L,
x=—"_18 " = X= i Z=(X-1,-25 (21,

b Ly e riare | Ly

= Z =L, (Por Type # Terminals |

e/ I,
11376 5,000 vpd

- DESIGN 40T —
DESIEN SPEED 55 mph
1.5

APPROACH SLOPE

LENGTH OF NEED .. ...
RUNOUT LENGTH ( 7.01.19

GUARDRAIL TAPER RATE (R-S9-SER(ES) . .

E.0.P. TO FACE OF BARR(ER (DESICNED) .

CLEAR 20 ( % L, =.23.125" -uw»

E.0.P. T ROADSIOE FEATURE (MEASURED) .......... Ly = 4’ Ly= 7' SHY LINE ¢ 701,18 )
EFFECTIVE TURNED OUT DISTANCE OF ANCHNORAGE d = -O STATION AT A _347.‘.01 1
ATERAL EXTENT OF ROADSIDE FEATURE IWEASUREDL. L, = 30" STATION AT 8 _347+66 8

LATERAL OFFSET AT END OF FLARE . vsinesnpe B m DT ™

Ly = L in this case, since the river is the
hazard and extends beyond the clear zone
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" FOR_TYPE 1 TERMINALS
d'- 0 I‘l‘ﬂ TYPE 2 TERW[NALS

APPROACH SLOPE

b
Ly* (<)L= (Ly+d) Ly-(Lg=d)

X= Lt z:rx-r.,-251:2:-.r._.

b, L .

e Z =L, Por Type 2 Terminain )

‘ 5,000 vpd

LENGTH OF NEED DESIGN 20T e h
RUNOUT LENSTH ( 7.0 —— DESIEN SPEED L
GUARDRAIL TAPER RATE (R-59-SER(ES) .. 15

E.0.P. TO FACE OF BARR(ER (DESICNED) .

CLEAR 20 ( 7,01,11 = 23125 uw.»

E.0.P. T ROADSIOE FEATURE (MEASURED) .......... Ly = 4’ Ly= 7' SHY LINE { 7,001,181
EFFLCTIVE TURNED OUT DISTANGE OF ANCHORAGE ...d = O STATION AT & 3474011
LATERAL EXTENT OF ROADSIDE FEATURE (MEASUREDL. L, = .30 STATION AT 8 _347+66.8
LATERML OFFSET AT END OF FLARE...............Z = 9.47'*"

L, <25’ in this case because L, = L;
(exception to L, = 25’ min. rule)
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Detail T-1 (Sheet 1 of R-67-Series)

. CUARDRAIL ANCHORAGE. BRIDGE. DETAIL T-1 (SEE NOTES. SHEET T OF 7)

25'-0"
e
107 -1's"
s i
3 -5 5%  POST SPACING 3°-1'" POST SPACING POST SPACING
14 SPACES) (3 SPACES)
23.125 feet
T

T T
MV ER W B (] 1 1] N

- t y

F LT (R O O T
) S
|

e i

\ k THRIE BEAM TERMINAL (:IM!EG:‘II:RL THRIE BEAM EXPANSIDN SECTION
BRIDGE BARRIER RAILING
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" FOR_TYPE_1 TERMINALS
d- 0 rm TYPE 2 TERMINALS

b
Lyt () (L )= (Ly+d) Ly~ (Lg+
b, Ly Ly

Z=(X-L,-25 ;:%:-L,

Z =L, (ror Type 2 terminats

a L L
- y 5,000 vpd
LENGTH OF NEED . DESIEN ADT — 55 h
RUNOUT LENGTH ( 1.0 DESIGN SPEED 1 smp

GUARDRAIL TAPER RATE (R-59-SER(ES) ....... APPROACH SLOPE

E.0.P, TO FACE OF BARR[ER (DESICNED)

L, =.23.125" +uw,»

CLEAR 70NE ( 7,01 -
E0.P. T0 ROADSIDE FEATURE (NEASURED) ..........Ly = .4’ Lyw 7" SHY LINE ¢ 7.01.18 1
EFFECTIVE TURNED OUT DISTANCE OF ANCHORAGE ,..d = STATION AT & _347+01.1
LATERAL EXTENT OF ROADSIDE FEATURE (MEASUREDL. L, = - 30 STATION AT 8 _347+66 .8
LATERAL OFFSET AT END OF FLARE ...............Z = 947 ™

L, < Lgin this case (i.e., guardrail within shy distance)
This is acceptable
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l

Design Speed (mph) Shy Line Offset (Ls) (ft)

80 12

75 10

70 9

60 8

—_— 55 | 7 |

50 6.5

45 6

40

30 4

277

d=1.8" FOR TYPE_1 TERMINALS
d= 0 FOR TYPE 2 TERM[NALS

CLEAR ZOME ( 7.01.11

EFFECTIVE TURNED OUT DISTANCE OF ANCHORAGE
LATERAL EXTENT OF ROADSIDE FEATURE (WEASURED

E.0.P, TO FACE OF BARR(ER (DESICMED) ...........L

E.0.P, TO ROADSIDE FEATURE (MEASURED! .. ...... .. Ly =
wd -_O STATION AT & __347+01 .1

LATERAL OFFSET AT END OF FLARE...............Z

L, =.23.125" -uw»

Lgw 7' SHY LINE { 7,01

Ly=.30 STATION AT 8 —347+66.8

1)

b
Ly (=)(L)-(Lly+d) Lyg=-tLy~d)
x=—"_18 " : X=—o" Z=(x-1,-25)(2).1,
b Ly e riare ) Ly S a
L (3 & -) —x Z =Ly (For type # Torminain )
a T, fonber/) Lo
K E e —— 5,000 vpd
X = DESICN AD S
RUNOUT LENGTH ( T7.01.19 . T L'l 1 DESICN SPEED 55 mph
GUARDRAIL TAPER RATE (R-S8-SERIES) ............2 = .”12_ APPROACH SLOPE 15

L, <25’ in this case because L, = L;
(exception to L, = 25’ min. rule)
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Length of Need (X)

30 + (%) x (23.125) — 4

(2)+ (=)

X= = 113.76'
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Minimum Guardrail Length

| Guardrail Anchorage, | Guardrail, i Guardrail Approach
i Type 1 | Type MGS-8 : Terminal, Type 2M
X=113.76' BLON

o310y o mn 343 L
mee | 23125 [T T
[ ... .

-
o mm o me

Gpin = 113.76’ — 34.3' — 23.125 = 56.34’

min

280

However, the MGS (9’-4.5”) beam element and thrie-beam
transition panel must be considered due to T-1 anchorage

GUARDRAIL. TYPE T
GUARDRAIL. TTPE TD

GUARDRAIL. TYPE MGS-8 OR MGS-ED DETAIL Al. Ti. T4, OR T6

28'-114" BEIGHT TRANSITION

STANDARD (12" 671

T -5 WGS 19" 417y THRIE BEAM oy
W-BEAM ELEMENT —, BEAM ELEMENT —,

TRANS| TION

" GROUND LINE € MGS POST " | §"-3° TYPICAL | =G EXISTING
| PoST SPACING | GUARDRAIL PoST

ELEVATION SHOWING TRANSITION DETAIL FOR CONNECTING
GUARDRAIL, TYPE MGS-8 OR MGS-8D TO
GUARDRALL, TYPE T, GUARDRAIL. TYPE TD,
GUARDRAIL ANCHORAGE, MEDIAN,

GUARDRAIL ANCHORAGE, BRIDGE DETAIL A1, Ti, T4 OR T8

281

56.34-9.375-6.25

L. # of 12.5' panels = ( s

)=3.26 = 4 panels
Type MGS-8 guardrail length = (12.5)(4) + 9.375 + 6.25

=65.625 feet
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Reflectors
# of reflectors = (W) +1=2.78 - roundupto3

*¥¥¥ But two-way roads require reflectors facing both sides ***
.". # of reflectors = 3 x 2 = 6 reflectors

283

Stations Aand B

Le
X
JREA OF CONCERN- L,
[ROADSIDE | ~CLEAR ZONE
\FEATURE) | ¢ DISTANCE LINE

ol
I

1
>, T ™

X TRAFFIC T EOP

284

Calculating Stations Aand B

Does Flaring Affect the Calculations?

Assume L = L’ for most guardrail applications
(unless dealing with extremely long installations)

285
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Stations
Station A = (346+478) + 23.125" = 347+01.1

Station B = (346+78) + 23.125 + 65.625" = 347+66.8

286

Calculating Z
Ziormuia = (113.76 - 23.125 - 34.3) x (=) + 4 = 8.6%'

Zotwal =L+ (DistanCEB_A) X (-E)

= 4 + (65.625) x (1—12) =9.47"

287
PAY [TENS
65.625 Ft = Guardrail, Type MGS-8
_1 . Ea Guardrail Anchorage, Bridge pet T-1
—Ft Bridge Railing, Thrie 8eom Retrofit
e Guordrail Approach Terminal, Type 2M
Ea Guaordrail Departing Terminal, Type
_6 - Ea Guardrail Reflector
Cyd Embonkment. LN
288
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NW Quadrant NE Quadrant

Ly=L,
_1_ 346+00 346+78 «—
—
River

Hazards
1. River
2. Blunt End — Bridge

Railing m
L,-r—buLJJ-tL,—dJ L.-‘;;-.L“;‘. T b

X= a — X= = Z=(X-L,-25 (<)L,
:‘T: (;r;{;’;.:::) L_: Z =Ly trer Trpe @ Terminels ¢

LENGTH OF NEED . .
RUNOUT LENGTH ( 1.01.1%
GUARDRAIL TAPER RATE (R-59-SERIES) ....
E.0.P. TO FACE OF BaRi DESICAED! ...
CLEAR ZOME € 7.00.10 ). uieuninnnnnns Ly -23 125' 5 MIN, )
E.0.P. T0 ROADSIDE FEATURE (MEASURED) Ly= 7" . SHY LINE ¢ 1.01.18
errecrive Tumes our mistance of ancromase ...d = 0 sramen at 4 345+76.9
LATERAL EXTENT OF ROADSIDE FEATUSE (MEASUREDL . Ly = 30 station aT 3 345+48.8

LaTERAL OFFSET AT END OF FLARE.. .z =6.34' (measured from EOP)**

18.34' (measured from CL)**
[NOTE: DISTANCE OF OBJECT FROM 2ACK OF BARRIER WUST se
GREATER THAN THE Max[wuw DEFLECT]ON ( 7.01.20

sesion s 99 mph
appioach stoee 125

T0 STANDARD PLAN R-53-SERIES AND DESICN WANUAL
SECTION 7,01.30 FOR GUARDRALL AT EMBANKMENTS SHEET 1

x =64.88"  seqien an __5000vpd

Ly = L ** Refer to Calculations and Notes

oF 2

290

Length of Need (X)

_ 304 (ﬁ) X (23.125) - 16

)+ ()

= 64.88'

2901
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Guardrail Length

Using a Guardrail Approach Terminal, Type 2M with
Guardrail, Type MGS-8 in this case

.. Min. Guardrail Length = 64.88" - 23.125" — 34.3" = 7.46’

292

However, in this case, the minimum length of Type MGS-8
between the T-1 anchorage and Type 2M approach terminal is
28'-1.5" due to the required height transition section; see
MDOT Standard Plan R-60-Series.

.". Type MGS-8 guardrail length = 28.125 feet

CUARDRAIL. TYPE MCS-4 OR MCS-80
281" WEICHT TRANSITION

63
12" 6" EFFECTIVE 9" 4" EFFECTIVE EFFECTIVE
BEAM ELEVENT LENGTM  ___ BEAM ELEWENT LENGTH __  LEXGTH |

Sk 4% wwir  lews
W-BEAM ELEMENT BEAM ELEMENT TRANSITION
i m—
:
GROUND LINE € G5 POST 6'=3" TYPICAL € EXISTING
| PosT sPACING | GUARDRAIL POST

293

Reflectors

# of reflectors = (%ﬁ“m) +1=2.02 - round up to 3
*¥* But two-way roads réquire reflectors facing both sides ***

.. # of reflectors = 3 x 2 = 6 reflectors

294
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PAY [TEMS
28.125¢1 w tucrdrann, rype MGS-8
1 _Es  Guordrail Anchorage, Bridge, Det T-1
— Bridge Railing. Thrie Becm Retrofit
_1 Eo Guordrail Approoch Terminel. Type 2M
Guordrail Deporting Terminal, Type
6 _te Guordrail Reflector

Cyd Embonkment. LN

295

Stations
Station A = (346+00) - 23.125" = 345+76.9

Station B = (346+00) - 23.125—28.125" = 345+48.8

296

Calculating Z

Ztormula = (64.88 = 23.125 - 34.3) x (%) + 16 = 16.62" (measured from cL|

" b
Zucws = Lo + (Distances.s) x (2)

=16 + (28.125) x (1—'2) = 18,34 (measured trom i

or

4 +(28.125) x (ﬁ) = 6.34" (messured from EOP

297
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Guardrail Design
Shielding Embankments

e

Guardrail at Embankments
MDOT Method

Parallel Guardrail Installations
» Section 7.01.30F of RDM

DIRECTION ~,
OF TRAFFIC v

HOULDER

HEIGHT OF FILL"
VEASURED FROM WHERE
OPE EEGINS TO

: TRANSITION FROM
NGTH OF NEED 1:3 70 1:2
IN ADVANCE OF 1:3

SLOPE TRANS [TION
1:3 OR FLATTER FROM 133 10 122

1:2
FILL SLOPE

299

Guardrail at Embankments
MDOT Method

GUARDRAIL AT EMBANKMENTS

Parallel Guardrail Installations FARALEL INSTALLATIONS)
- Section 7.01.30F of RDM e T vaRcr o
133 (ft) 13 (1)
| OVER TO 70 mph | 60 mph | 50 mph
| 3 10 147 21 100
10 12 197 171 122
12 14 235 205 153
14 16 260 238 179
w6 | 18 | 208 | 262 | 198
18 20 316 280 212
20 22 33 204 223
22 24 343 305 23
24 25 349 309 235

300
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Guardrail at Embankments
MDOT Method

Flared Guardrail Installations
« Section 7.01.30E of RDM
+ MDOT Standard Plan R-59 Series

301

SO TS [ TIm
133 SLOPE DR FLATIER, S5 WOTES FAON 1:3 70 152 112 FILL SLEP

SHOLLOER TRANSITION 100
g ——ele SHOULIER TRANSTTION 100" _{
GUIRIRAIL APPRIACH TERMINA

SEE SPECIFIC CUARDRAIL £ND NG STANDARD — -

T SIEU0R
=
=
SR
IE N o MASIED 13 FLAE PO
WETE SLOFE SE61NS 10 TRASITION
SEE SFECIFIC GUARDRATL DXDING STANDIRD | FROK 153 10 182 — |
TOR POST BER (SEE NOTES) - et
wr e
Lo O K
ADUAEE OF ¢ i
SLOT TUNSTION
113 SLOFE TR FLATT ans FAN 113 T0 12 112 FILL SutPE

o SEE CRART FOR THE X° MO THE K° DISTANCE.  (SHEET § OF 6)

BEAM GUARDRAIL AT EMBANKMENTS - TWO-WAY ROADWAYS

LIGEND
1110 SLOPE BETWEEN SHOLLDER LINE 80
g oF PESI

126 BN

302

Standard Plan R-59-E
X & K Values

GUARDRAIL AT EMBANKMENTS (FLARED INSTALLATIONS. b/a)

HEIGHT OF FILL 70 MPH 60 MPH 50 MPH
AT 1:3 SLOPE (FEET) | FLARE 1 : 15 FLARE 1 : 14 FLARE 1 : 11
QVER T0 X K X K X K
5 10 100 31,5 100 12.5] 100 0
10 12 100 37.5] 100 12.5] 100 0
12 14 100 371.5] 100 12.5] 100 0
14 16 13 24.5] 110 2.5] 100 0
16 18 155 -17.5] 149 -36.5] 101 -1
18 20 193 -55.5 182 -69.5 127 =21
20 22 223 -85.5 207 -94.5 148 -48
22 24 246 -108.5 221 -113.5 164 -64
24 25 256 | -118.5| 235 | -122.5] 1M1 =71
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——=b
q 2 Lo FLARE
. = POINT
LENGTH OF NEED IN
ADVANCE OF 1:3 SLOPE K

FOR POSITIVE “K” DISTANCES. BEGIN FLARE POINT BEYOND THE 1:3 SLOPE.

SHOULDER
a POINT—*] K
b

X
LENGTH OF NEED IN
ADVANCE OF 1:3 SLOPE

FOR NEGATIVE °K” DISTANCES. BEGIN FLARE POINT IN ADVANCE OF THE 1:3 SLOPE.

304

1 73 o B SEETION 12 Pl L%
(100" MIN.)
s i 1
’
curm ansono e -
Eriptirgert Mg PR U
3}/ AT
~ a¥a%a¥al L
| e
=
=

SHOULJER

SFF SPECIFIC GUARIRATL FNOING STANARD
FOR POST NMEER 1SEE MDTESE ~

100" TRANSTION
o RO SECTIon | sz P siee

150" MIN.

BEAM GUARDRAIL AT EMBANKMENTS - TWO-WAY ROADWAYS
(AR ROOF SLCPE)

305

T TR
113 SLPE (R FLATIER. S5 WOTES RO 113 1D 112

12 s
DI CrpTIG T
THE STAACMD LN Rg6-SMRTESS
woxmn Soris
e
=
$anme $ouue
wom
S FaLie
=
SN (RSO0 100
it =
Fann

b fLuE o

CWAAAIL DDDG STIADIED
WIE (%D MOESE

13 S (R FLATIER.

s s

aa SET CABT TR THE O AND THE X7 DISTACE.  ISHEET 6 OF 61

BEAM GUARDRAIL AT EMBANKMENTS - DUAL ROADWAYS
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LRI TERMINAL
<2 STANDIRD FLAN R-£5-5ERIES)

|, SHODER TRANSITION 100"y TRAVSITION T0 BARN 06F SSCTION___ 132 FILL SLCFE
T win.
T 7~
L/ i A e
1 SOATE s
=
S04 s
Ve
SONE S
=

¥ =
SCICER SR
A — e _

=/ hwwm
.

SEE SPECIFIC GU
FIR FOST bR

00" TUNSITION
D BafN R0CF SeCT I 132 FILL SLe

ADUL DB ST =
SEE WOTES) =]

1507wk,

BEAM GUARDRAIL AT EMBANKMENTS - DUAL ROADWAYS
24EN RO0F SLPE)
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Guardrail at Embankments
Calculation Method
(AASHTO RDG)
Steeper than Transition Constant
13 s 1:3t0 1:6 .6 16 Slope
I (N
1 |
o Lolo v
‘ =

L. is clear zone based on slope at Point V
(in this example, the slope would be a 1:6 Fill Slope)

308

Guardrail at Embankments
Calculation Method

Methodology
+ Step 1: Determine Lg

+ Step 2: Determine L,

* In this case, Ly=L,

309
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Guardrail at Embankments
Calculation Method

Methodology
» Step 3: Determine Layout and Terminal
« Flared or Parallel Guardrail
If flared:
« Determine flare rate (b/a)
» Determine location where flare begins
« Terminal Type:

* Type 1 (Flared) or Type 2 (Parallel) Terminal

310

Guardrail at Embankments
Calculation Method

Methodology

+ Step 4: Determine Guardrail Location (L,)

311
Guardrail at Embankments
Calculation Method
Methodology

» Step 5: Use appropriate formula to calculate
length of need (X) in advance of 1:3 point

312
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Guardrail at Embankments
Calculation Method

Methodology
+ Step 5: Use appropriate formula to calculate

length of need (X) in advance of 1:3 point

Type 1 Terminal and Flared Guardrail Run
Ly + (b/a)(Ly) — (Ly + d)
(b/a) + (Ly/Lg)

Type 2 Terminal and Parallel Guardrail Run

Lol
(Liv/Lg)
313
Practice Example #3
Continuaus 1:6 Sope m | Letting Date: 511/19 |
156 Fill Slope £ + 179437
13fisoper |10 ] 12 | 12 |0 1 178+84
(14 High) 0
1:2Fil SI
(22I'High?pe“ : = 176+50
13Fil SI
(19I'High?pe“ : + 171429
1:6 Fill Slope + 1 + 170472
b

Continuous 16 Slope

Design Data & Assumptions
* Rural Two-Lane Road
« Design Speed = 60 mph
EOP € Eop « ADT = 8,700 vpd
L 1 N « Parallel Installation (SB side; west side of road)
N « Approach End: Use Chapter 7 - RDM to design guardrail
« Departing End: Use Calculation Method to design guardrail

10,12 12 10

314

* Type MGS-8 guardrail will be used

e Type 2M guardrail approach terminals will be used

o L. =32 (1:6 slope at Sta. 168+79; 250’ (L) south of Sta. 171+29)

® Assume L, = 8.4’ (i.e., 10’-1.6’); requires use of 9’ posts

315
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9’ Posts
Required

316

Approach End (North End)

Refer to Subsection 7.01.30.F of Michigan Road Design Manual

* Fill Height = 14’ at 1:3 Point (Sta. 178+84); Speed = 60 mph

.. Length of Need in Advance of 1:3 = 205’

‘GUARDRAIL AT EMBANKMENTS
(PARALLEL INSTALLATIONS)

HEIGHT OF FILL  LENGTH JF NEED IN
AT ADVANCE OF

123 () 13
OVER | TO  70meh 60 mph |50 mpn
5 | 10 | 147 f21 | 100
10 12 197 m 122
———| 12 | 14 | 285 [205 | 18
4 | 16 | 269 238 | 179
1 | 18 | 208 262 | 198

18 20 316 280 212
22 33 294 223
24 343 305 231
25 340 309 235

BRI

317

Departing End (South End)

* Shoulder hinge point on west side of road is within
northbound (NB) traffic’s clear zone
o Use guardrail worksheet to calculate length of need

* Guardrail ending on south end is within NB traffic’s clear

zone
o Must use a crashworthy guardrail terminal (i.e., Type
2M guardrail approach terminal).

318
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su1{ Practice Example #3

€51 01 AR nn e

319

LENGTH OF NEED srerriassanntIe ey X -90 63. BESICN ADT _LBWI_M_
RUNOUT LENGTH € 1.01.18 ) ..., Ly =250 sesion spees 60 mph
GUARDRAIL TAPLR RATE (R-53-5 e 2 -0 appavac sose 1.6

E0.P. TO FACE OF BARRIER (DESIGNED! ........ Ly =204

E.0.P. To ROADSIOE FEATURE (MEASURED) . veiLygm 16 Lyw 8" . sHr UnE ( Lot1a s
EFFECTIVE TURNED OUT DISTANCE OF ANcHoRact ...d = 0 stanon ar 4 N/A

LATERAL EXTENT OF ROADSIDE FEATURE (EASURED) . Ly = 32 stanion ara 1704727

LATERAL OFFSET AT END OF FLARE o z =84'

320

Departing End

On two-lane, two-way roads, L,, Ly, and L
referenced from centerline on departing end

321
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Length of Need (X) — South End (Using Guardrail Worksheet)

X = pe —_‘_,2”'4 = 90.63’ (measured from 1:3 point; Sta. 171+29)
(z-.o)
322
Total Guardrail Length

Min. Length = (178+84) - (171+29) + 205 + 90.63 — 2(34.3)
=982.03’

982.03
125

# of panels = =78.56 - round up to 79 panels

.". Type MGS-8 Guardrail Length = (12.5)(79) = 987.5 feet

323

Reflectors
# of reflectors = (%} +1=20.75 - round up to 21

*** But two-way roads require reflectors facing both sides ***
.. # of reflectors = 21 x 2 = 42 reflectors

324
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Stations

e The difference between the minimum guardrail length and
the actual guardrail length = 987.5-982.03 = 5.47’

o The additional 5.47’ of guardrail will be placed on the
north (approach) end.

325

North (Approach) End
Station where approach terminal meets Type MGS-8
guardrail on the north (approach) end is:

Station B, = (178+84) + 205 + 5.47 — 34.3 = 180+60.2

Station A, = N/Ain this case

326

South (Departing) End
Station where approach terminal meets Type MGS-8

guardrail on the south (departing) end is:

Station B, = (171+29) - 90.63 + 34.3 = 170+72.7

Station A; = N/A in this case

327
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Check: Type MGS-8 Guardrail Length = Sta. B, = Sta. B,
987.5 feet = (180+60.2) — (170+72.7)

987.5 feet = 987.5 feet v/

328

Calculating Z
Z = 8.4’ (measured from EOP)

329

Type 2M Guardrail
Approach Terminal [ I
180+60.2--—---3 k- I
Type MGS-8 I
Guardrail I
I Quantities
1704727 -1 1 | 987.5Ft  Guardrail, Type MGS-8
2Ea Guardrail Approach Terminal, Type 2M
Type 2M Guardrail I 42 Ea Guardrail Reflector
Approach Terminal I T

330
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