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 PREFACE -

1guide specifications have been developed to provide an alternative
—- waidge railing design procedures contained in the fourteenth edition

' of the AASHTO Standard Specifications for Highway Bridges. RBecause it

is likely that these guide specifications will become the basis for revisions
to the standard specifications, article numbers corresponding to compara-
ble articles in the standard specifications have been used in the guide
specifications, except that a letter “G™ prefix has been added.

Two concepts underlie these guide specifications. The first is that bridge
railing designs should be crash tested to confirm that they will meet the
requirements of a specified railing performance level. The second is that
bridge railing performarnce needs differ greatly from site to site over our

- highway network and that railing designs, and costs, should match site

needs (the multiple performance levels concept).

Three bridge railing performance levels and associated crash tests and
performance requirements are given in these guide specifications, along
with guidance for determining the appropriate railing performance level for
a given bridge site. Appendix A to the guide specifications provides guide-
lines for the structural and geometric design of railings that are likely to
meet desired performance level crash test requirements. (Appendix A is
intended for guidance only. Provisions therein are not requirements to be
imposed beyond the requirements of the guide specifications.) Appendix B
discusses the theory, data, and assumptions upon which the guide specifica-
tions are based, along with the potential impact of the specifications.

These guide specifications are applicable to ralings for new bridges and
for bridges being rehabilitated to the extenmt that railing replacement is
obviously appropriate. They are not applicable to determining the adequacy
of existing railings, when existing railings should be strengthened or re-
placed, or the method or level of strengthening appropriate for wpgrading
a substandard existing raiting. Such determinations require special study,
the outcomte of which will depend on site specific factors such as the condi-
tion of the existing railing, its performance record (at the site and else-
where), traffic volume and mix, costs to effect various levels of upgrade,
expected time to major rehabilitation or replacement of the bridge, etc. In
general, because constraction and maintenance costs of the do-nothing
option are usually very low or zero, it will be rare that replacement -or
upgrading of an in-place railing that does not have a recognized poor
performance record under its site specific conditions will be justified. Or -
stated another way, it may be appropriate to do nothing with an effective
existing railing with a performance level significantly below that which
would be indicated by these guide specifications because the cost to im-
prove the railing would not be justified by the improvement in safety
achievable.

vi
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SPECIFICATIONS

G2.1 GENERAL
G2.1.1* Notations

A = Distance from front of vehiclé to its center of
gravity, ft. (Table GZ 7.1.3A)

As= Area of Flange, in? (Article G3.7.4.3)

B = Width of vehicle, ft. (Table G2.7.1.3A)

b = Flange width, in. (Article G2.7.4.3)

D =clear unsupported distance between flange
components, in. (Article G2.7.4.3)

d = depth of W or I section, in. (Article G2.7.4.3)

F, = allowable axial stress, psi (Article G2.7.4.3)

F, = allowable bending stress, psi (Article G2.7.4.2)

F, = allowable shear stress, psi (Article G2.7.4.2)

F, = minimum yield stress, psi (Article G2.7.4.2)

‘f, = axial compression stress, psi (Article G2.7.4.3)
H,; = Height of vehicle center of gra\nty, in, (Table
G2.7.1.3A)

K. = Traffic Adjustment = Factor for Curvature
(Article G2.7.1.3, Figure (G2.7.1.3A, and
Table G2.7.1.3B) :

K, = Traffic Adjustment Factor for Grade, (Amcle
- G2.7.1.3, Figure. GZ.? 1.3A, and Table
G2.7.1.3B)

K, = Traffic Adjustment Factor for deck he1ght and
under-structure conditions (Article G2.7.1.3,
Figure G2.7.1.3B, and Table G2 7.1 3B)

"L = post spacing (Figuré-G2.7.4) -

- R = Ratio of weight assumed to be ac_tmg on tractor

unit to total vehicle weight (Table G2.7.1.3A)
t = web thickness, in. (Article G2.7.4.3) .

'V = Impact speed, mph (Table G2.7.1.3A) .

Vy= Speed of vehicle when it becomes paraliel to
railing, mph (Table G2.7.1.3A).

W= Gross weight of -vehicle, Kips (Tablc
G2.7.1.3A) - o

w=pedestrian or - bicycle .loading . (Articles
G2.7.2.2, G2.7.3.2, and Figure G2.7.4)

8= Impact angle, deg. {Table G2.7.1.3A)
p = Effective coefficient of friction between railing
and impacting vehicle (Table G2.7.1.3A)

G2.2.5 Curbs and Sidewalks -
The face of the curb is defined as the vertical or

sloping surface on the roadway side of the curb.
Horizontal measurements of roadway curbs are from

* See preface for explanation of article numbering.

the bottom of the face or, in the case of stepped back
curbs, from the bottom of the lower face. A sidewalk
or a brush curb located on the highway traffic side of
a bridge railing shall be considered an intégral part
of the railing and shall be subject to the ‘crash test
requirements of Article G2.7.1.1.3. The width of a
brush curb shall not exceed 9 inches, desirably,
should not exceed 6 inches. When curb and gutter
sections are used on the roadway approach, at either
or both ends of the bridge, the curb height on the
bridge shall preferably equal, but may exceed, the
curb height on the roadway approach. Changes in
curb height shall be uniformly transitioned over a
distance equal to or greater than 20 times the change
in height. Where no curbs are used on the roadway
approaches, the height of the bridge curb above the
roadway shall be not less than 6 inches, and préfer-
ably not more than 8 inches.

Raised sidewalks on bridges usually should not be
used where the approach roadway is not curbed.
However, when staged construction, a change in
roadway cross section from one end of the bridge to
the other, or some other condition requires a raised
sidewalk on a bridge with no connecting approach
curb, a transition section of sidewalk with a length at
least 20 times the height of the sidewalk curb on the
bridge shalil be provided to ramp the bridge sidewalk
to the level of the approach surface.

For recommendations on sidewalk widths see
AASHTO A Policy on Geometric Design of ngh-
ways and Streets.

Where sidewalks are used for pedestrian traffic on
urban expressways they shail be separated from the
bridge roadway by the use of a traffic railing or com-
bination railing as discussed in Article G2.7.

In those cases where a New Jersey type parapet or
other railing or a curb is constructed on a bridge,
particularly in urban areas that have curbs and gut-
ters Jeading to a bridge, the same width between
curbs on the approach roadway will be maintained
across the bridge structure. A parapet or other rail-
ing installed at or near the curb line shal} have its
ends properly flared, sloped, or shielded,

G2.7 RAILINGS

Railings shall be provided alongr the edges' of
structures for protection of traffic and pedestrians: A

pedestrian walkway may be separated from an adja-

cent roadway by a traffic railing or combination rail-
ing, with a pedestrian railing along the edge of the
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structure, except on urban expressways where a pe-
destrian walkway, if provided, shall be separated
from the adjacent roadway by a traffic railing or com-
bination railing,

62.7.1 Traffic Railings and Combination Railings
G2 7.1.1 General

G2 7111 Although the pnmary purpose of
traffic railings is to contain vebicles using the struc-
ture, consideration should also be given to (a} pro-
tection of the occupants of a vehicle in collision with
the railing, (b) protection of other vehicles near the

collision, (c) protection of persons and property on’

roadways or other areas underncath the structure,
{dYrailing cost-effectiveness, and {e) appearance and
freedom of view from passing vehicles. '

G2.7.1.1.2 The approach end of a parapet or
railing shall have an appropriate crashworthy
configuration or be shielded by a crashworthy traffic
barrier. Traffic barriers on bridge approaches must
be properly transitioned to traffic railings on bridges.
Bridge-end drainage control should be an integral
-part of the barrier transition design.
- (2.7.1.1.3 - To ensure safe performance, traffic
railings, ‘combination railings (traffic railings com-
bined with pedestrian railings or bicycle railings),
and barrier transitions shall be crash tested and eval-
nated in accordance with the crash test procedures
given in the National Cooperative Highway Research
Program Report 230, Recommended Procedures for
“the Safety Performance Evaluation of Highway Ap-
purtenances, except as otherwise directed in Article
G2.7.1.3 of these specifications. In addition, combi-
nation railings are to meet the loading requirements
for bicycle railings given in Article G2.7.2.2 or for
pedestrian railings given in Article G2.7.3.2, as‘ap-
pmpnate

‘A combination raﬂmg may be crash tested and
certified for use with a raised sidewalk having unique
dimensions. However, a combination railing crash
tested with a flush roadway approach surface and
with a sidewalk conforming to the dimensions given
in Figure G2.7.1.1.3 may be considered as accept-
able for use with sidewalks having widths 3.5 feet or
greater and heights up to 8 inches, provided the crash
test results meet the requirements given in Table
G2.7.1.3A under “Crash Test Evaluation Criteria.”

G2.7.1.1.4 Variations in traffic volume, speed,
vehicle mix, roadway alignment, under-structure ac-
tivities and conditions, and other factors combine to
produce a vast variation in traffic railing perform-

.

v
Face of Railing ——-—-QV
4
.
L
C e hal .
{H T
ﬂ:l%grade(max) b

FIGUREAGZJ.I.,I.S Standard Raised Sidewalk for
Use in Combination Rallmg
Testmg

ance needs from one site:to another. The perform-
ance requirements for traffic railings and the criteria
for their selection are given in Article G2.7.1.3.

'G2.7.12 Geometry

-G2.7.1.2.1-- Acceptability of trafﬁc rﬂllmg and

combination - railing geometry shall be verified
through crash testing. However, the minimum height
of a traffic railing, measored at its roadway face,
from'the top of the roadway or from the top of an
anticipated future overlay shall not be less than 27
inches. = .
G2.7.1.2.2 Whena trafflc railing is located be-
tween the roadway and a sidewalk or bikeway, the
minimum height of the railing above the surface of
the sidewalk or bikeway shall be 24 inches and the
railing should have a smooth surface to avoid snag
points for pedestrians or cyclists. When a-greater
height of railing above a sidewalk or bikeway surface
is desired to improve comfort or safety of pedestrians
or cyclists with a potential of falling over the railings
and onto the roadway, the railing may be a traffic
railing or 2 modified combination railing giving a
selected height othcr than required by Article
G2.7.1.2.3.

G2.7.1.2.3 The minimum geometnc require-
ments for combination railings,: beyond -those re-
quired to meet crash. test requirements and the
requirements of Article G2.7.1.2.1, shall be those
required for bicycle railings or pedestrian railings, as
appropriate. {(See Articles G2.7.2 and G2.7.3.)

G2.7.1.3 Performance Levels and Selection
Procedures

G2.7.1.3.1 Railing performance levels are de-
scribed by crash test requirements. Table G2.7.1.3A
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TABLE G2.7.1.3A Bridge Railing Performance Levels and Crash Test Criteria

TEST SPEEDS-—mph'?
TEST VEHYCLE DESCRIPTIONS AND IMPACT ANGLES
Medium
Small Pickup Single-Unit Van-Type
Automobile Truck Truck Tractor-Trailer*

: W=18Kips W=54Kips W=180Kips  W=50.0 Kips
PERFORMANCE LEVELS  , _ 54101 A=8501 A=128%02 A=125=05

1

B=355% B=6.5 B=75 B=8.0
He=20"x1" Hy=27"21" H,=49"+1" H, = See Note 4
=20 deg. 8=20 deg. 0 =15 deg. R=0.61+0.01
8=15 deg.
PL-1 50 45
PL-2 60 60 50
PL-3 60 60 50
CRASH TEST . : - '
EVALUATION Required a,b,c,d g a bh,c,d a,b,c a, b, ¢
"CRITERIA*  Desirable’ e, f,h e,f,g,h d,e,f,h d,e, f.h
Notes:

Except as noted, all full-scale tests shall be conducted and reported in accordance with the requirements in

NCHRP Report No. 230. In addition, the maximum loads that can be transmitted from the bridge railing

- to the bridge deck are to be determined from static force measurements or ultimate strength analysis and
reported.

. Permissible tolerances on the test speeds and angles are as follows:

Speed ~—1.0 mph +2.5 mph
Angle —1.0deg. +2.5 deg.

“Tests that indicate acceptable railing performance but that exceed the al]owabic upper tolerances will be
accepted.
. Criteria for evaluating bridge railing crash test results are as follows:
“.a: ‘The test article shall contain the vehicle; neither the vehicle nor its cargo shall penetrate or go over the
installation. Controlled lateral deflection of the test article is acceptable.

- b. Detached elements, fragments, or other debris from the test article shall not penetrate or show potential

~ “for penetrating the passenger compartment or present undue hazard to other traffic.
c. Integrity of the passenger compartment must be maintained with no intrusion and essentially no defor-
" mation.

. d. The vehicle shall remain upright during and after colhslon
. e. The test article shall smoothly redirect the vehicle. A redircetion is deemed smooth if the rear of the

* vehicle or, in the case of a combination vehicle, the rear of the tractor or trailer does not yaw more than
S degrees away from the railing from time of impact until the vehicle separates from the railing.
f. The smoothness of the vehicle-railing interaction is further assessed by the effective coefficient of friction,
- - ‘

" Assessment
0-0.25 Good
0.26-0.35 Fair .
>0.35 Marginal

where p. = (cos8 — V,/V)/sin@
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TABLE G2.7.1.3A. (Continued,) Bridge Railing Performance Levels and Crash Test Criteria

g. The impact velocity of a hypothetical front-seat passenger against the vehicle interior, calculated from

vehicle accelerations and 2.0-ft. longitudinal and. 1.0-ft. lateral diplacements, shall be less than:

- Occupant Impact Velocity-fps
Longitudinal  Lateral
30 25

" and the vehicle highest 10-ms average accelerations subsequent to the instant of hypothetical passenger
* impact should be less than:

‘Occupant Ridedown Acceleration—g's
Longitudinal  Lateral '
15 ) 15

h. Vehicle exit angle from the barrier shall not be more than 12 degrees. Within 100 ft. plus the length of

the test vehicle from the point of initial impact with the railing, the railing side of the vehicle shall move
no more than 20-ft. {rom the line of the traffic face of the railing. The brakes shall not be applied until
the vehicle has traveled at least 100-ft. plus the length of the test vehicle from the point of initial impact.

4. Values A and R are estimated values describing the test vehicle and its loading. Values of A and R are

described in the figure below and calculated as follows:

A S50 ———4 ‘Min. Load =205 Kips ~ A=L,+~aet WiLa + L)
: W+ W, +W,
‘ Y Li=30"+1" ' :
. . ) W=W1+W2+W3‘+W4+Ws
e = total vehicle weight.
W, W, W; W Ws
‘ 4, 5’ Approx. (Rear most setting. )

L H, (Load) = 92" Approx.
— Hg (Trailer & Load) =79"x+ 1"
—H,, (Tractor, Trailer, & Load) =64"+ 2"

5. Test articles that do not meet the desirable evaluation criteria shall have their performance evaluated by a
. designated authority that will decide whether the test article is likely to meet its intended use requirements.

- Tists bridge railing performance levels and associated

crash tests to be used in developing and qualifying
railings.

G2.7.1.3.2 Unless a more exact method is used,
Table G2.7.1.3B shall be used to estimate the appro-
priate performance level for a bridge railing. Values
given in Table G2.7.1.3B are for bridges on tangent,
ifevel roadways, with deck surfaces approximately
35 feet above the under structure ground or water
surface, and with low occupancy land use or shallow
water under the structure. The traffic volume to be
used to determine the appropriate performance level
for a bridge railing is to be based on the estimated
construction-year average daily traffic, provided this
traffic incluedes that which will be contributed by any

soon to be completed parts of the highway network
or land development. For bridges carrying other than
tangent, icvel roadways or with heights or under-
structure conditions that differ from those upon
which Table G2.7.1.3B is based, the traffic volume
used to determine an appropriate bridge railing per-
formance level shall be the estimated construction-
year traffic volume adjusted by correction factors
given in Figures G2.7.1.3A and G2.7.1.3B.

Railing performance selection guidance in Table
G2.7.1.3A assummes relatively free flowing traffic. To
account for the effect traffic congestion has on traffic
speeds, and thus the frequency of design level im-
pacts on a railing, for sites with a design speed of
50 mph or greater and a construction-year ADT

;/w‘.\
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See Notes at the end of the Table.
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TABLE G2.7.1.3B  Bridge Railing Performance Level Selection Table
. .
Adjusted ADT Ranges for Bridge Railing Performance Levels (10° vpd)
Site Characteristics ‘ , Highway Type
Divided (or Undivided | Undivided with 4 Lanes

BRIDGE L_with 5 or more Lgnes) or Less One Way

DESIGN |PERCENT| RAIL |PERFORMANCE LEVEL { PERFORMANCE LEVEL | PERFOPMANCE LEVEL
SPEED | TRUCKS | OFFSET | PL-1 PL-2 - PL-3 L PL-1 PL-2 PL-3 PL-1 PL-2 ‘PL-3

e ———— e A et e |

30 0 0-3 [0t 1510 to = 0 to 1443 0 = 0to 755 to o

30 0 3- 7 0 to 2832 w0 = 0 to 2652 to o 0 to 1416 to =

30 -0 7-12 0to w gto = ¢t 3161 to

30 | 0 >12 Dt = Do = Jto o .

30 5 0-3 0to 366t 0w 40w = 0 to 283 t0 3571 to =

30 5" 3-7 0 to 904 to o 0to 746 t0 = 0 to 452 t0

30 5 7-12 10 to 1483 to  w 0 to 1289 to Dt 742'tc w

0 - 5 =12 0 to 3160 to 0to 2779 to 0 to 1580 to =
30 10 6- 3 G to 239 to 179.8 to w|0 to 193 to 1479 to =0 to 12.0 to 899 to =
30 10 3-7 0 to 36.5 to 2583 to «|0 to 288 to 2287 to = |0 to 183 to 1292 to =
30 10 7-12 0 to 559 1 4044 to [0 to 465 to I64.6 to = (0 to 28.0 to 202.2 to =
30 10 >12 0 to 100.7 to o 0Oto 846t o 0 to 504 to 417.1 to =
20 15 0- 3 0 to 151 to 1029 to |0 to 121 to 845 t0o (0 to 7.6 t0 513 t0o =
30 15 3-7 0to 228 1o 146.6 t0 = |0 to 179 to 1292 to = {0 to 114 to 733 to =
30 15 7-12 |0 to 344 to 2285 to |0 to 283 to 2053 to = |0 t0o 7.2 to 1143 t0o
30 15 >12 |10 to 59.9 to 472.0 to =0 to 499 to 466.5 to = |0 to 30.0 to 2360 to =
30 20 0- 3 0to 11.1 to 72.0 to (0 to BB to 59.1 to ={0 te 56 to 360 to =
30 20 3-7 0Oto 166 to 1024 to w|0 to 13.0 to 900 to (0 to 83 to 512 10 w
30 20 7-12 0 to 24.9 to 159.2 to «|0 to 204 to 1429 to {0 to 125 to 79.6 to = |
30. 20 >12 0 to 426 to 3291 to = |0 to 354 to 3252 to |0 to 21.3 to 1646 to =
30 25 0- 3 Dto 87t 554 to=|0to 692 to 454 to »|0 to 44 to 277 to
30 25 3-7 0 to 131 to 786 to =10 to. 102 to 691 to =0 to0 6.6 to 393 to =
30 25 T-12 0 to 195 to 1222 to «w(0 to 159 to 1096 to =|0 to 9.8 t0 611 to =
- 30 25 >12 0 to 331 to 252.:6 to =)0 to~ 27.4 1o 249.6 to |0 to 166 to 1263 10 =
30 30 0= 3 Gto 72 to 450 to @|0 to 57 to 369 to =i0 to 36 to 225 to w
30 30 3- 7 Dto 108 to 638 to «|0to B4 to 561t x|0to 54 w0 319 to
30 30 7-12 0to 160 to 991 to =|0 to 131 to 888 to =0 to 8.0 to 49.6 to =
30 30 >12 0 to 27.0 to 205.0 to =i0 to 224 to 202.5 t0 =0 to 13.5 to 102.5 to «
30 35 - 0—3 Qto 61 to 379 to |0 to 48 to 311 to =0 to 3.1 tc 19.0 to =
30 '35 3- 7 Oto 92 to 53.7to w|0to 7.1 to 472 1to «|0 to 46 to 269 to =
30 35 7-12 0to 136 to B34 to |0 to 111 to 747 to |0 to 68 to 417 to
3 ] 35 >12 10to 228 to 1725 w0 «(0 to 18.9 to 1704 to = (0 to 114 to 863 to =.
30 40 0- 3 0Oto 53t 32B8to={0to 42 t0 268 to =0t 27 to 164 to =
30 40 37 0 to 80 to 464 to =|Q to 62 to 407 to |0 to 4.0 to 232 to »
30 40 7-12 Dic 118t RO tooo(Qto 96 w0 645 t0 » 0w 59 to 360 to w
30 - 40 >12 0D to 198 to 148.9 to [0 to 163 to 1471 to »|0 to 99 to 745 to0 =
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TABLE G2.7.1.3B (Continued) -Bridge Railing Performance Level Selection Table

Adjusted ADT Ranges for Bridge Railing Performance Levels (10° vpd)

" Site Characteristics L Highway Type . .
: Divided (or Undivided 1 ‘Undivided with 4 Lanes
. BRIDGE with 5 ot more Lanes) ' or Less. One Way

- {DESIGN |PERCENT| RAIL [PERFORMANCE LEVEL | PERFORMANCE LEVEL | PERFORMANCE LEVEL
1 SPEED | TRUCKS | OFFSET | PL-1 "PL-2 PL-3 PL-1 PL-2 PL-3 PL-1 Pi-2 PL-3

40 .0 0-3 Wto VOt = Gw 144t = Qw 95t =
40 0 3-7 [0Dtw 2481t o Cto 190t = 0to 24w = :

40 0 7-12 Dto 331t = 0 to 272 to. e 0to 166 to w

0 1 0 <12 Dto 593 t0 o O to 51110 = 0to 297 to =
- 40 5 0-3 [0to 140 to 2807 to [0 to 104 to 2024 to ©{0 to 7.0 to 1404 to =
40 ‘5 3-7 [0to 180 to 3351 to |0 to 134 to 253.8 to «={0 to 9.0 to 167.6 to =
40 ‘5 7-12 |0 to 244 to 452.0 to = |0 to - 19.2 to 3667 to =|0 to 122 to 2260 to =
40 5 >12 Jto WS5t0 = 0to 321t o= 0 to 198 to 362.7 to =
40 10 0- 3 Oto, 98 1t0 797 to =m0 to 7.1 to 556 1o o|0 to 49 to 399 to »
. 40 10 3-7 [0to 127 t0 898 t0 |0 tc 92 to 686 to »|0 to 64.t0 449 to
. 40 - 10 7-12 J0 to 169 to 1324 to = |0 to 12.8 to 1023 to w|0 te 85 to 66.2 to o
40 10 - >12 0 to 258 to 1836 to 2|0 o 201 to 1572 to |0 to 129 to 918 to o
40 15 0- 3 0 to 75 tc 464 to 10 to 54 to 32210 0 to 38 to 23210 w
40 i5 3-7 Dte 9810 519 to wjDtor 70 t0o 396 to x|0 to 4.9 to 260 to =
- 40 15 7-12 0 to 129 to 776 to w|0to 96 to 594 to |0 to 65 t0 388 t0 »
4 15 >12 0 to 19.1 to .105.1 to «|0 to 14.6 to 836 to »!0 to 9.6 10 352.6 to =
40 " 20 6- 3 0 to 61 to 328 t0o w|0to 44 to 27t >{0to 31 to 164 o =
0 20 3-7 0 to BOto 365to=|0to 5.6 tw 2729t «{0te 40 to 183 to =
40 20 - 7-12 0toc 104 to 549 to =0 to 7.7 to 419 to (0 to. 52 to 275 to o
40 .20 >12 0to 152 to 736 to |0 0 115 to 62.7 10 |0 to 7.6 to 368 to «
40 25 0-3 J0to. 51t 253toxdto 36t 175t 2|0 to 26 to 127 to =
40 . 25. 3-7 0to 67t 281 to »!0to 47 w0 21510 |0 to 34 to 141 to =
40 25 7-12 |0 to 88 to 424 to =)0 to 64 to 323 to »|0 fo 44 w 212 to =
40 25 >»12 0 to 126 to 567 to @0 to 95 to 482 1t0 = |0 to 63 to 284 to »
40 30 . 0-3 W0 to 441toc 206w =|0tc 31 to 42to o0 to 22 to 103 to @
40 30 3-7 0 to 58 0 229 to w»i0 to 41 te 175to =|{0 to 2.9 to 11.5 to =
40 . 30 7-12 [0to 75 to 346 to w0 to 55tc 263tox|0to 38-to 173 to
40 30 >12 |0 to 108 to 46.1 to =({0 to 8.0 10 391 to »|0 to 54 to 231 to ®
40 35 0-3 [0to 39 174 to {0 to 28 to 120 to «|0 to 20 t0o 87 to
40 3s 3~7 0te 51t 193w ®{0to 36tc 710w 0w 261t 97t =
.40 35 7-12 [0 to 66 to. 292 to w(0 to 48 to 222 to =|0 to 3.3 to 146 to =
A0 | 35 >12 0D to 94 to 388t 2{fto 7Dt 329to = 0to 47 10 194 to =
40 40 0-3 Do 35t 150t =/0toc 25t W4tox0to 18t 75t
40 40 3- 7 0 to 46 to 167 to 2|0 to 3240 127 w0 «0to 23 to 84 to »
40 40 7-12 0 to 5% tc 253 to =|[0to 42 to 192 t0o @0t 30 to 127 to =
40 40 - >12 JG to 84 to 335 to (0 to 62 w0 284 to x| to 42 to 168 to »

See Notes at the end of the Table,
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TABLE G2.7.1.3B (Continwed)  Bridge Railing Performance Level Selection Table

' Adjusted ADT Ranges for Bridge Railing Performance Levels (10° vpd)
' Site Characteristics ' »Highway Type o e
‘ Divided (or Undivided Undivided with 4 Lanes
. . BRIDGE with 5 or more Lanes) or Less. I One Way
|DESIGN |PERCENT| RAIL [PERFORMANCE LEVEL | PERFORMANCE LEVEL | PERFORMANCE LEVEL
SPEED | TRUCKS | OFFSET | PL-1 PL-2 PL-3 PL-1  PL2 PL-3 PL-1 ~ PL2  PL3
50 0 0- 3 0 toc 62t o 0t 42t oo gto 31t w
50 o 3-7 Piw 72t = 0to S50t o 0te 3610 w
30 0 7-12 D to 9% i = 0to 73t o Ot 30t «
50 g <12 0t 1301w o 0to 96to o 10t 65 to =
50 5 0-3 Dt 55t 162210 «|0to 3.7 to 1070 to «|0 to 2.8 to 8l1to =
50 5 3~ 7 0D to 63 to 1886 to |0 to 44 to 1341 to /0 to 3.2 to %3 1o «
50 3 7-12 0to 84 1to2473 10 »|0 to 6.1 to 1719 to =|0 to 42 to 1237 to =
- >12 |0 to 11.2 to 3147 to © 0 to 82 to 2454 to =|0 to ..5.6 1o 1574 to »
50 [ 10 0-3 |0to 47 to 500 to @0 to 32 to 320 t0 «|0 to 2.4 to 250 to = |
50 10 - 3-7 [0to 54t 614 to=|0to 37 to 418t =(0to 2.7 to 307 to =
50 10 7-12 0tc 72tc 70600t 51to 493t =|0to 3.6t 353t
56 10 >12 |0 t0o 96 to 885 t0o o0 to 69 to 678 to @0 t0 4.8 to 443 to w
500 15 0-3 [Dto 41t 296 to »(0'tc 28 to 188to=0to 21t 148 to =
50 15 3-7 Gto 4810 367 to =0 tc 33 to 248 to »|0to 24 to 184 to =
S0 15 7-12 0 to 63to 412 w0 »|0 0 44 to 288 to »{0to 32 10 206 to .
- 50 15 >12 0w B4to S515tow{0te 59to 3%4toe00to 4210 258 to =
50 20 0-3 [Dto 37t 210to w|0to 25 to 13310 w|0 to” 1.9 to 105 to =,
50 20 3-7 |0to 43t 261tox0to 29 to 176t w0to 2210 131t
50 20 7-12 B to 56 to 291 to=|0to 3910 203 to ®dto 28 to 146 to
- 50 20. C>12 W0t 7.5 to 363 to ©({0to 52 to 277 0o »|0to 38 to 182't0 »
50 1 25 0-3 [0to 331t 163ttt 22t 103tox{0 17t B82tow=
50 - 25 3-7 0w 39t 203toew0tc 26 to 137t <0t 2.0 to 102 to
50 - 25 7-12 0to 50to 25t 20 to 35t 157t w0t 25t 113 to «
. 50 25 >12 (0w . 6710 281t x|0w 47 to 214 to.w|0 to- I4:to 14l to
50 30 0-3 (0w 31t 133tox|0to 20tc 8B4 tow0te 16to 67 tow
50 30 “3-7 [Dto 35t 16G65toex0to 24to 1liwoew/fte 18 to 83tow
50 30 7-12 0 to 45 to 183 to »|0 0o 3.1 to 1281t x/0to 23 to 92 to =
50. 30 C>12 0to 61to 229 t0 o0 to .42 o 174 to »|0 0o 3.1 fo 115 to =
50 35 0-3 Joto. 281 N2twx(0tw 19t 71t =0t 14tc 350tox
50 335 37 0to 32t M40fox0to 22t 94t =0t 16t 70t «
50 35 7-12 [0 to 42t 155to =0 to 29 t0 W08to=|0to 21to 78t =
50 ‘35 >12 [Dto 56to 193to={0to 38 to 147t =/0te. 2B to 9.7 to
50 40 D-3 [Pt 26w 97tox=|0to 17t 61to=0to. LI to 49 to ®
50 40 3-7 Wit 30t 122t x|0to 20to 82w =0t 15to 61t
50 40 7-12 Dto 38t 134toe|0te 26t 93 towx0tc 19 to 67 tox
50 40 >2 [0t 52t 167t |0t 35t 127t 0t 26t 84 x|

See Notes at the end of the Table.
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TABLE G2.7.1.3B (Continued) Bridge Railing Perfo

B T

rmavice Level Selection Table

Adjusted ADT Ranges for Bridge Railing Performance Levels (10° vpd)

See Notes at the end of the Table.

Site Characteristics._ ‘ Highway Type
R Divided (or Undivided Undivided with 4 Lanes |

) BRIDGE With 5 or more Lanes) ’ or Less One Way
DESIGN PERCENT RAIL {PERFORMANCE LEVEL | PERFORMANCE LEVEL|{ PERFORMANCE LEVEL
SPEED | TRUCKS | OFFSET | PL-1 PL-2 PL:3 | PL-1 . PL-2 PL-3 PL-1 PL-2 PL-3

| 60 0 0-3 0t 32t . 0t 20ty Oto 16t =

60 0 37 0 to 36t 0to 23t 0Dto ‘18t

a0 0 7-12 0 to 44t 0t 29 t0 o Oto 22t =

60 0 <12 Ww 55t = 0o 35t Qtw 28t = |
60 - 5 - 0~ 3 0 to - 3.0 t0-1073 to @i} to- 1.9 to 703 to {0 10 1.5 to 537 to w
60 5 3-7 0O to 33t 126310 {0 to 21 to 88 to ={0tc 17 o 632 to =
60 5 7-12 G-to 4.1 to 1584 to |0 t0 2.7 to 1056 to. =0 to 2.1 t0o 792 to
60 5 >12 0w 5.0 to 203.8 to |0 to 3.3 to 1382 to ={0 to 2.5 to 1019 to «
60 10 0~3 0to 281t 396t =|0to 18 to 250¢ »0to 141t 198 to o
60 10 3- 7 0to 31t 475t |0t 20 to 293 to »|0 to 1.6 to 23.8B to «
60 10 7-12 0w 39t 531 to=|0to 25 t0o 3370 /0w 20 te 266 to =
6 10 >12 0D to 47 to 676 to o0 to 3.1 to 441 1o «|0 o 2.4 to 338 t0 «
60 15 0-3 J0to 27t 243 t0 |0 to 17t 152tow(0to 14 to 12210 &
60 15 3-7 0to 291t 293 to>{0to 19t 178t )0 toc 1.5 t0 147 to w
60 15 7-12 0 to 37t 319t |0 tc 24 tc 200 to i@ to 19 to 160 to =
6 15 >12 0o 45 to 405 10 )0 to 29 to 262 to =|0-to 23 to 203 to »
60 20 0-3 0to 25t 175t0 «{0to 16 to 109to={0to 13 to B8 tow
60 20 3-7 10 to 28 to 211 to {0 to 18 to: 128 to »j0 to 14 to 106 to =
60 - 20 7-12 D to 35tc 228t ;0 te 22t M3toxfio 18 to 114 o =
60 20 >12 0to 42 to 289 to »o|{Q to 2.8 to 187 to wl0 to 2.1 to 145 to =
- 60 25 .} 0-3 0to 24t 137t0o®{@to 15t B85w=0t 121t 6t
60 25 . 3- 7 .40 to 26 t0o 165 to @[0 w0 1.7 to 100 to.x»|0 to 13 w 83 to w
60 25 7-12 Bt 33t 177t =|0t0 21 10 111t =0t 17t 8%t =
60 25 >12 0 to_ 40 to 225 t0 %0 to 2.6 to 145 to =010, 2.0 to 113 to =
60 30 0-3 1to 23t 112t0=[0tc 14t 70t =|0to 12t 56t
60 30 3-7 -0t 25t 136t =[0to 16toc 82tox0te 13 ¢to 68towx
60 - 30 F=12 0to 32 to MS5toe|0to 20t 90 toxCFw 16t 73 to0x
60 0 >12 0t 38t 84tow({0to 25t 19tox={lto 19 tc 92t =
60 35 0-3 [Vt 22t 95tow(0te 14tc S59towmfGto 1.1 to 48 1to =
60 35 3- 7 0to 24to 11510 ©i0 t0 15 to 62 toxf0tc 121t 358 tow
60 35 7-12 . D.tos 30t 123 to =0 to 1.9 to. - 7T to x|l to 15 t0 62 t0 =
60 35 >12 0 to 36 to 156 to =}Q to 24 to WO toe~j0to 18 to 78 10 =
60 40 | 0-3 0t 21t 8Itow(0t 131w S5ltoxldto 11 to 421t =
60 40 3-7 0Dte 23 to 100 to w0 to 14 to 60 to o0t 12 t0 501t =
60 40 7-12 O to 29 to W6t =0t 19t 66towl0to 15t 5310w
60 40 >12 0 to 35t 135tox{0to 23t B7Twowto 18 tg 6.8 toe
: . = ‘

OO RS
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TABLE G2.7.1.3B (Continued) Pridge Railing Performance Level Selection Table
Adjusted ADT Ranges for Bridge Railing Performance Levels (10° vpd)
Site Characteristics Highway Type
i Divided (or Undivided | Undivided with 4 Lanes
BRIDGE with 5 or more Lancs) or Less One Way
DESIGN |PERCENT| RAIL |PERFORMANCE LEVEL | PERFORMANCE LEVEL | PERFORMANCE LEVEL
SPEED | TRUCKS | OFFSET | PL-1 PL-2 PL-3 PL-1 PL-2 PL-3 PL-1 PL-2 PL-3 -
et P s, ] e P, i N o et | P et e et P,
70 0 0- 3 0 to 2210 1914 to |0 to 1.3 to 165.0 to =0 to 1.1 to 957 to e
70 0 3- 7 0 to 24 to 3791 to »{0 to 1.5 to 301.5 t0 «J0 to 1.2 to 189.6 to =
70 ] 7-12 0 to 2810 = 0to 17 two 402.4 to =|0 to 14 to 2564 1o =
0 0 >12 0to 32t = Qw 20t w 0Ote 16t =
70 5 0-3 M0t 21t 631 i} to 1.3 to 422 to »(0 to 1.1 to 316 to =
70 5 3-7 0 to 23 to 80.0 w|{Dto 1.4 to 516 to =0 to 12 to 400 to «
70 5 7-12 0 to 2.7 to 9.4 oD to 16 to 640 to (0 10 14 to 432 to o=
70 5 >12 0to 31w 1276 wilto 19w 8§40 to =0 to 16 o 63.8 to =
70 10 -3 0 to 20 t0 321 20 0o 1.2 to 200 to (0 o 1.0 to 161 to =
70 10 3- 7 O to 23 to 383 |0 to 14 to 229 to 20 to 12 to 193 to =
70 10 7-12 |0 to 26 to 422 to =|0to 16 to 267 to ®{0 tc 13 to 211 to =
70 10 >12 0to 30t S3.0'to w0t 18 to 331 to w0t 15t 265 to w
T 15 '-\0— 3 0to 201t 215 @i to 1.2 to 131 to |0 tc 1.0 to 108 to =
70 15 3- 7 0 to 2 to 253 @l to 1.3 tc MTto«[0to 11 to 127 to =
70 15 7-12 0 to to 27.0 il to 16 to 169 to »{D to 1.3 to, 135 to =
70 15 >12. 10 to to 335 »|Bto 18 to 206 t©0 =|0 to 135t 168 to «
70 20 0-3 10 to to 162t0«|0to 121t 97t x0t 10 to. 81 10 =
70 20 . 3-7 |0 to to 18.9 @0 to 13 to WB8towto 1L1lto 95t
70 20 7-12 10 1o to 199t 0w 15t 123to =0 tc 13 to 100 to o
70 20 | >12 0 to to 244 to-w|0 to 1.8 to 150 to =0 to 1.5 to 122 to =
70 25 0~ 3 |0 to to 13.0 to »{0to 1.1 0 78to»0te 10 to. 65 to®
70 37 13-7 |6 to to 151 w|0to 13 to 86towf0to 10 0o 76 to e
70 25 1 7-12 10 to to 157 wifto 15t 97tox 0t 13t 79 tow
70 25 >12 10 to o 19.2 wlfto 17 to 118 t0o x0to 1.4 to 9.6 to = |
i) 30 0~ 3 0 to to 10.8 wl0tao 1.1 to 641t«=0to 09 tc 54 0
70 30 3- 7 0 to to 125 w0 to 1.2tc 71ltoe00toc 10t 63 to=
70 30 7-12 0 to o 13.0 w{0to 15t 801w =0t 12t 65 to
70 30 >12 0 to to 159 |0 tw 1710 97tox0to 14to B8O to =
70 35 0- 3 0 to to 93 w|0to 1.1t 355t =0t 09 to 47t =
70 35 3- 7 0 to to 10.7 ol to 1.2 to 61 to ®|0to 1.0 tc 54 to ™
70 35 7-12 0 to to 11.1 w{0to 1.5to 68 ¢te=Dt 12t 56t
70 35 >12 0 to to 13.5 ®»iGto 17to B82tox0tc 14t 68t
70 40 0- 3 0 to to 8.1 @{Pto 10toc 4Bt 09 to 41 to =
70 40 3-7 10 to to 9.4 o0 to 1.2t 353tow0to 10t 47 to =
70 40 T-12 0 to to 9.6 |0 to 14 to 59 to =0t 12 to 48 to =
70 40 >12 0 to to 118 wiQto 1.6t 71ltoew0to 14 to 59 o

See Notes at the end of the Table.
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Notes for use of this Table:
Adjusted ADT =X, -K; - K; - (estimated construction-year ADT)
To selec‘t bridge railing performance level:
Calculate adjusted ADT by multiplying construction-year ADT (total for highway) by adjustment factors Ko,
K, and K, from Figures G2.7.1.3A and G2.7.1.3B. (The estimated construction-year ADT may be limited to
10,000 vehicles per day per lane for design speeds of 50 mph or greater, where the actual estimate exceeds that
amount.)

‘Lecate line in table that describes site conditions {design speed, percent trucks, and bndge raﬂmg offset from
traveled way).

Move across to coluran describing type of highway upon which bridge is located.
Locate adjusted ADT values in table that bracket the calculated adjusted ADT for bridge site.

At top of column within which the calculated adjusted ADT is bracketed read the bridge railing performance
level.

—




-
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SPECIFICATIONS.

1i

[y~

Traffic Adjustment Factor, K,

(Down Grade)

P

(Up Grade)

i , e -

-7 -6 -5 -4 -3 -2 -1 0 1 2 3

. GRADE IN DIRECTION OF TRAFFIC
(Percent)

4

Traffic Adjustment Factor, K,

(Railing on Outside of Curve)

i A "

4 5 6

Railing

(Railing on inside of Curve)

M iy

-7 —-6-5 -4 -3 -2 -1 @ 1 2 3
CURVATURE {Degree}

4 5 6

P

FIGURE G2.7.1.3A Grade Traffic Adjustment Factor (K,) and Curvature Traffic Adjustment
Factor (K.) to be Applied to Estimated Construction-Year Average Daily Traffic ’
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greater than 10,000 vehicles per day per lane (vpdpl),
the construction-year ADT value used in selecting a
bridge railing performance level may be limited to
10,000 vpdpl.

G2.7.2 Bicycle Railing

G2.7.2.1 General

G2.7.2.1.1 Bicycle railings shall be used on
bridges specifically designed to carry bicycle traffic,
and on bridges where specific protection of bicyclists
is deemed necessary.

G2.7.2.1.2 Railing components shall be de-
signed with consideration to safety, appearance, and
freedom of view,

(2.7.2.1.3 Materials for bicycle railing may be
concrete, metal, timber, plastic, fiber reinforced
plastic, or a combination thereof.

G2.7.2.2 Geometry and-Loads

G2.7.2.2.1 The minimum height of a railing
used to protect a bicyelist shall be 54 inches, meas-
ured from the top of the surface on which the bicycie
rides to the top of the top rail.

G2.7.22.2 Within a band bordered by the

riding surface and a line 54 inches above it, horizon-

tal elements of the railing assembly shall have a max-
imum clear spacing of 15 inches. Vertical elements of
the railing assembly shall have a maximum clear’

spacing of 8 inches. If a railing assembly employs

both horizontal and vertical clements, the spacing -

requirements shall apply to one or the other, but not
to both. Chain link fence is exempt from the rail
spacing requirements listed above. In general, rails
should project beyond the face of posts and/or pick-
ets. Smooth rubrails should be attached to the rail-
ings at a height of 42 inches.

G2.7.2.2.3 The minimwn design loadings for bi-
cycle railing shall be w =50 pounds per tinear foot
transversely and vertically, acting simultaneousty on
each rail.

G2.7.2.2.4 Design loads for rails located more
than 54 inches above the riding surface shall be deter-
mined by the designer.

(G2.7.2.2.5 Posts shall be designed for a trans-
verse load of wL (where L is the post spacing) acting
at the center of gravity of the upper rail, but at a
height not greater than 54 inches.

G2.7.2.2.6 Refer to Figure G2.7.4 for more in-
formation concerning the application of loads.

G2.7.3 Pedestrian Railing
G2.7.3.1 General

G2,7.3.1.1 Railing components shall be de-
signed with consideration to safety, appearance, and
freedom of view.

G2.7.3.1.2 Matenals for pedestrian railings may
be concrete, metal, timber, plastic, fiber reinforced
plastic, or a combination thereof.

G2.7.3.2 Gebmetry and Loads

(G2,7.3.2.1 The minimum height of a pedestrian
railing shall be 3 feet 6 inches measured from the top
of the walkway to the top of the upper rail member.

(2.7.3.2.2 Within a band bordered by the walk-
way surface and 2 line 42 inches above it, horizontal
elements of the railing assembly shall have a max-
imum clear spacing of 15 inches. Vertical elements of
the railing assembly shall have a maximum clear

- spacing of 8 inches. If a railing assembly employs

both horizontal and vertical elements, the spacing
reqairements shall apply to one or the other, but not
to both. Chain link fence is exempt from the rail
spacing requirements listed above. In general, rails
should project beyond the face of posts and/or
pickets.

G2.7.3.2.3 The minimum design loading for pe-
destrian railing shall be w =50 pounds per linear
foot, transversely and vertically, acting simulta-
neously on each longitudinal member. Rail members
located more than 5 feet 0 inches above the walkway
are excluded from these requirements.

G2.7.3.2.4 Posts shall be designed for a trans-
verse load of wL (where L is the post spacing) acting
at the center of gravity of the upper rail or, for high
rails, at 5 feet 0 inches maximum above the walkway.

(2.7.3.2.5 Refer to Figure G2.7.4 for more in-

* formation concerning the application of loads.

G2.7.4 Structural Specifications and Guidelines
for Bicycle and Pedestrian Railings

(G2.7.4.1 Bicycle and Pedestrian Railings shall
be designed by the elastic method to the allowable
stresses for the appropriate material.

For aluminum alloys the design stresses given in
the Specifications for Aluminum Structures Fifth
Edition, December 1986, published by the Alumi-
num Association, Inc., for “Bridge and Similar Type
Structures” for alloys 6061-T6 (Table A.6), 6351-T5
(Table A.6), and 6063-T6 (Table A _.8) shall apply,




GUIDE SPECIFICATIONS FOR BRIDGE RAILINGS

1. Loadings on left are applied to rails.

2. Loads on right are applied to posts,
3. The shapes of rail members are illustrative only. Any material or combination of matenals listed in Arncle

G2.7 may be used in any configuration.

NOMENCLATURE:
" w = Pedestrian or bicycle loading per unit length of rail

- L =Post spacing

14
\ : lW w : Iw
— S, wL wlL _.‘ o
T T——W 0 T——-w wL
E : E E w.
B W E W E
B £ | £
gE w t =E Wi =E
j’_ 1 1 ‘ / i — Walkway surface
(To be used on the outer edge of a sidewalk when highway traffic is separated from
pedestrian traffic by a traffic railing.) :
PEDESTRIAN RAILING
X ¥ w
R W o WL Wer oy W
Rubrail top 7 V;f O ! viv O ]
3 Y. .. .
g 4 W = E E
E ' E E Y
1 El D E M g
o g iR E E
ol w . v —= o
] T = L)
/ _l_j ‘l- — Bikeway surface
" (To be used on the outer edge of a bikeway when highway traffic is separated from bicycle
traffic by a traffic railing.)
, BICYCLE RAILING
NOTE: : C
If screening or solid face is presemed number of rails may be reduced; wind loads must be added if solid face
is utilized. S
NOTES:

FIGURE G2.7.4 Pedestrian Railing, Bicycle Railing
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and for cast aluminum alloys the design stresses given

for alloys A444.0-T4 (Table A.9), A356.0-T61
(Table A.9) and A356.0-T6 (Table A.9) shall apply.

For fabrication and welding of aluminum railing

see Article 11.5 of the AASHTO Standard Specifica-

tions for Highway Bridges.
G2.7.4.2 The allowable unit stresses for steel

shall be as given in Article 10.32 of the AASHTO -

Standard Specifications for Hzghway Bridges, except
as modified below.

For steels not generally covered by the “Standard'

Specifications,” but having a guaranteed Yyield
strength, F,, the allowable unit stress, shall be de-
rived by applying the general formulas as given in the
**Standard Specifications” under “Unit Stresses” ex-
cept as indicated below.

The allowable unit stress for shear shall be
F, =0.33F,.

. Round or oval steel tubes may be proportioned
using an allowable bending stress, F,, = 0.66F,, pro-
vided the R/t ratio (radlus/thlckness) is less than or
equal to 40,

Square and rectangular steel tubes and stee] W
and I sections in bending with tension and com-
pression on extreme fibers of laterally supported
compact sections having an axis of symmetry in the

plane of loading may be designed for an aliowable .

stress F, = 0.60F,.
G2.7.4.3 The requirements for a compact sec-
tion are as foliows

(a) The width to th.tckness ratio of projecting ele-
ments of the compression flange of W and 1 sections
shall not exceed

b_1600
=

(b) The width to thickness ratio of the compression
flange of square or rectangular tubes shall not exceed

(2-1)

b 6000 g
CS VR 2

(c) The D/t ratio of webs shall not exceed

D_ 13000 -
TSR (2:3)

{d) If subject to combined axial force and bending,
the D/t ratio of webs shall not exceed

fa
13,300[1 - 1.43(—13,:)]

=< 2-4
t = (@4
but need not be less than
D 7000
e S 2-5

(e) The distance between lateral supports in inches of
W or 1 sections shall not exeeed

2400b
= 2-6
VF, @9
or
20,000,000 A,
=TaE, @7

G3.24 DISTRIBUTION OF LOADS AND
DESIGN OF CONCRETE SLABS

G3.24.5 Cantilever Slabs
G3.24.5.2 Railing Loads on Bridge Decks

Railing loads applied to the bridge deck slab shall be
based on the ultimate strength of the railing used
{See Note 1 in Table G2.7.1.3A). Loads shall be
applied and the deck designed in a manner to assure
the ultimate strength of the slab will exceed that
required to resist the maximum bending, shear, and

_punching loads that can be transmitted through the

bridge railing, along with simultaneously applied
wheel loads.
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APPENDIX A
BRIDGE RAILING DESIGN GUIDELINES

INTRODUCTION

Ultimately, the goal of a bridge railing designer
should be to reduce death and injury to the occu-
pants of errant vehicles and to protect lives and prop-
erty on, adjacent to, or below a bridge. The best way
of ensuring that a railing will meet the functionat
needs of a site is to subject it to pertinent crash tests
and evaluate the results against performance criteria
that will indicate the railing’s suitability. This is the
objective of the test requirements, evaluation cri-
teria, and railing performance lgvel selection proce-
dures given in the Guide Specifications for Bridge
Railings to which this appendix is attached. How-
ever, crash testing is expensive and, as a resuit, can
not be extensive enough to reveal all possible prob-
lems with'a railing.

Fortunately, there has been encugh railing testing
and analysis to allow some confidence in designing
railings to meet given performance criteria. The de-
sign guidelines that follow provide guidance for the
design of railings for the three performance levels
given in-the guide specifications, pius two optional
levels. One optional level is offered for consideration
where truck volumes and highway alignment combine
to produce site conditions the designer believe justify
a performance level greater than a PL-3. The other
optional level is offered as a virtually unbreachable
railing for those locations where policy decisions are
made that such a railing is to be installed.

These guidelines are intended as a basis for the de-
sign of prototype railings that are to be crash tested
and for.the design of one-of-a-kind railings where
the cost of a crash test program may not be justified.
It is also hoped they will keep designers from un-
wittingly reducing the effectiveness of crash-proven
railing designs when making inevitable alterations to
meet unique field conditions.

The guidelines are for relatively rigid railings.
(Flexible railings offer some potential advantages
over rigid railings, particularly by reducing loads
on vehicles and railings. However, they are more
complex to design and have had little acceptance to
date.) At all performance levels the guidelines are
intended to guard against bumper, wheel, and hood
snagging for automobiles and to provide stable post-
impact trajectories for antomobiles, light tracks, and
passenger vans. Large trucks and buses receive in-
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creasing attention in the guidelines with increasing
performance level. The large van-type semi-trailer
truck is a vehicle of significant concemn at the P1.-2
level and of major concern at the PL-3 level and
optional PL4 levels. Other vehicles are also con-
sidered important but the prevalence and accident
record of the van-type semi-trailer truck justifies
special attention; designing for it ensures good per-
formance with most other large vehicles. At the op-
tional PL-4T level additional attention is given to the
containment and stable redirection of tank trucks.

RAILING GEOMETRY

Figure Al shows four conceptual railing layouts
for the optional PL-4T performance level. Railing
dimensions are given in Table Al for the optional
PL-4T and all other performance levels. Note that
Figure Al also becomes applicable to the other per-
formance levels by assuming that railing elements
that are not dimensioned in Table Al do not exist.

The traffic face of all railings should be smooth
and continuous. The clearance from the face-of-rail
to the face-of-post or other potential snag point in a
railing system must be great encugh to preclude con-
tact by substantial vehicle parts that might penetrate
an opening in the railing. The railing configurations
and dimensions suggested in Figure A1 and Table Al
are intended to block any of the typical snag of-
fenders such as automobile bumpers, wheels, and
hoods and semi-trailer floors. However, because of
the great variety of vehicles on our highways, a min-
imum clearance of 10 inches is suggested with the
railing configurations shown and is recommended as
an absolute minimum for any railing configuration
where snagging is an obvious possibility.

At locations where the transition from an open-
face railing to a closed-face railing or a parapet cre-
ates a snag potential, the closed-face railing should
be flared and overlapped by the open-face railing.
The flare should be no more abrupt than 3.5 longi-

‘tudinal to 1 Iateral and should begin a minimum of

10 inches back of the traffic face of the open-face
railing. __

Post spacings in beam-and-post railings should not
exceed 10 feet (see section on railing loads for dis-
cussion.)
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TABLE Al Bridge Railing Design Information
Bridge Railing Loads and Load Distribution and Location
Quantity. Raiting Performance Level
Pesignations “PLL PL-2 FL-3 Optimal PL-4 Optimal PL-4T
X § Fuwn 30 Kips 80 Kips 140 Kips 200 Kips 200 Kips
N g-;-': = Fow, +9 Kips w24 Ki +42 Kips 260 Kips *+60 Kips
ERE: E +12 Kips {(down) 15 Kips (down) +18 Xips {down) +18 Kips (down) +18 KRips (down}
Oy ~4 Kips (ap) ~5 Kips (up) ~6 Kips {up) ~6 Kips (up) - =6 Kips {up)
g
t, 8 Fm — - —_ 240 Kips 200 Kips
2§ & Fu -~ — — =60 Kips *50 Kips
§j 2 g . _ — —18 Kips {dowa) +18 Kips (down)
o é i ~6 Kips (up)- '—6 Kips (up)
& 2 P — — - - 200 Kips
.; _§ E Fn . _ — — +50 Kips
;:,:3 = g - _ _ _ +18 Kips (down)
S 8 ~6 Kips (up)
85 u 28" 327 36 36"
2 b 12 14" 16° 1w 18"
g ¢ — — — 12 12
-1 —~ — - & &
3§ - - - - - e
SE f - - - - 8
- gk bow 16" thra (H-6" 17 thra (H-T7) 18" thru (H-8") 19 tl;r;: (Flew 9 19 u;::x Hgu ")
b -, = ’ — — L "
3 § a T - - - 74" (min) 84" (max)
.. H 27" (min) 32° (min) 42" {win) 547 (min) 78" {min)
E_H. 10° (max) 10° (max) 10° (max) 10" {max) - 10" {max)
E£2 Haw 27” (min) 32" (smin) 42" (min} 32" 10 42" 32" to 42"
. g'g Hows - 12* {min) 12" {min) 12* (min) 12 (min) 127 (min)
S § " = - 54" (min) 547 (min)
EF Hem — — _ £" (min) 6" (min)
37 H , — - - —_ 78 (min)

Sce Figure Al for ocation of dimensions and forces. - -
* Each set of Group Loads to be applied separately.

RAILING LOADS

- Tabie Al and Figure Al combine to give magni-

. tude, distribution, and vertical locations of railing
design loads. The horizontal loads {(Fgwy, Fiy, and
Fyy) shown in Figure Al are assumed to be uniformly
distributed over the load areas {(ab, ¢d, and ef, re-
spectively). The loads within each of the loading

groups in Table Al are to be applied simultancously.
However, only one group of loadings is to be applied
at a time. Where a load area bears on 2 single longi-
tudinal rail element that has a vertical dimension less
than the related load area, the entire load should be
assumed to be uniformly distributed over the hori-
zontal projection -of the rail element on the related
load area. Where a load area bears on more than one
longitudinal rail element, the load to be assigned to
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an individual element is the total load on the load
area times the ratio of the vertical dimension of the
horizontal projection of the rail element on the load
area to the sum of the vertical dimensions of all the
horizontal projections of tail élements mtersectmg
the load area.

Note that Table Al indicates. that load Fown I8 tO
be applied over a range ‘of heights. Loads on posts
are assumed 10 be transmitted through the longi-
tudinai rail elements. Longitudinal and vertical loads

are to be applied at the traffic faces of the longi-
tudinal rail elements. Longitudinal loads are to be

distributed to no more than three posts.

The loading pafterns and values presented in
Figure Al and Table Al are based on estimates of
forces required to effectively resist the initial im-
pact by a tracking, single-unit design vehicle or, in
the case of a tractor trailer combination, the initial
impact by the tractor and subsequently by the
trailer and the rear wheels of the tractor. For large
single-unit vehicles such as buses there may be a
“tatl-slap” force that is much higher than the indi-
cated design forces. However, this force will be
distributed over a considerable length of railing.
The assumption is made that a railing designed
to carry the relatively concentrated loads pre-
sented in Figure Al and Table Al will perform
adequately even though the total tail-slap loads,
. which will be distributed over a considerable
~length of railing, may be much higher than the
loads given in the table. This assumption is based
--on an assumption that the post spacing in beam-
and-post railings will be short enough to ensure
several posts will resist. the tail-slap. The 10-foot
maximuin post spacmg requlrcment suggested in
the section on railing geometry is intended to en-
sure ‘this. :

ANALYSIS

The performance level selection procedares in the
guide specifications are premised upon an assump-
tion that a railing will be near its uliimate strength

- when subjected to the maximum containment condi-

tion anticipated under the railing’s nominal per-
formance level. Thus, for economy, balance, and
consistency of design, railing analysis and design
should, desirably, be based on ultimate strength ap-

- proaches. Advanced texts on structural design pro-

vide guidance on these approaches. Dr. T.J. Hirsch
of the Texas Transportation Institute, in an August
1978 report titled “Analyrical Evaluation of Texas
Bridge Rails to Contain Buses and Trucks,” demon-
strated two sach approaches throegh the application
of plastic analysis to metal bridge railings and yield-
line theory to reinforced concrete railings. (Dr.
Hirsch’s report numbered FHWATX78-230-2 is
available from the Nationa! Technical Information
Service, Springfield, Virginia 22161.)

CONTINUITY AND DECK DESIGN

Within reasonable economic limits, a bridge rail-
ing should provide moment, shear, and tensile ‘con-
tinuity throughout its length. Providing these fea-
tures will require designing end anchorages and
continuity transfer splices and expansion devices for
rails of beam-and-post railings and continuity trans-
fer devices for open joints in concrete parapets: Tt is
suggested that continuity devices provide the fuil mo-
ment and shear capacity of the elements they connect
and, for metal rails, at least 50 percent of the tensile
strength of the gross cross section of the rail.

‘For maintenance pirposés, it is highly desirable
that bridge decks, raziling attachments to bndge

-decks,-and bridge railings be designed so that impact

damage t0 & railing doés not cairy into the bridge
deck or .other bridge elements. Special. attention
should be given to the forces deck mounted posts can
transmit to a deck and to cast-in anchor boits. Posts
transmit large concentrated loads near the edge of
the deck, making it essential to check all the poten-
tial bending and shear failure modes.a post loaded to
its ultimate strength can induce in a deck. Similarly,
it is essential to check to see'that the bond develop-
ment length requirements for the reinforcing steel
are met.
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APPENDIX B

DEVELOPMENT OF PERFORMANCE LEVELS AND PERFORMANCE
LEVEL SELECTION PROCEDURES FOR BRIDGE RAILINGS

INTRODUCTION

Benefit-cost analysis and engineering judgement
were combined to produce the performance levels
and selection procedures presented in the guide spec-
Hfications to which this appendix is attached. In the
early development efforts many more performance
levels were anticipated than the three finally included
in the guide specifications. In fact, in the early efforts
a nearly infinite number of performance levels was
used for analysis purposes and then several discrete
performance levels selected on the basis of what were
thought to be rather sizable steps in railing strength
{performance requirements) and estimated numbers
of sites where a performance level would be appli-
cable. While this approach had the advantage of the-
oretically better matching railing designs and costs to
needs, and came close to assuring that most reason-
ably designed railings would fit well in some per-
formance Ievel niche, it présented practical problems
from the standpoint of railing design development
and qualification and in managing the application of
many performance levels. Thus, the decision was
made to recommend only three performance
levels, with the understanding that there may be sites
where consideration should be given to railings su-
perior to those included in the guide specifications,

Engineering judgement was also brought to bear
on the question of what the performance levels
should be. There was a very strong consensus among
the bridge engincers of the couniry that well de-
signed railings meeting the requirements of the 1989
AASHTO Standard Specifications for Highway
Bridges, and of carlier editions of those specifica-
tions with similar requirements, were suitable for
most rural arterial highways. The railing most often
cited in this regard was the New Jersey concrete
parapet. Thus, there was a conscious effort made to
match the middle performance level (PL-2) to the
performance limit of the New Jersey concrete para-
pet. The lowest performance level (PL-1) was set
after cousidering both the conditions under which it
would be applicable and the practical limitations on
further reduction in the cost of a realistically de-
signed railing. The top performance level (PL-3) re-
quirements given in the guide specifications were
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chosen, in part, because some highway agencies
looking for traffic barriers with performance levels
beyond those assured by the 1989 specifications had
employed barriers with performance characteristics
similar to those expected from guide-specifications
PL-3 railings. Also, analysis suggested that PL-3 rail-
ings would be appropriate for a significant number of
sites and would give acceptable service for all but the
most extraordinary of sites. Additionally, its require-
ments are likely to be met by railings with heights
that are visually acceptable to the public.

Once the railing performance levels were estab-
lished, they were used as input to a computer-based
benefit-cost analysis program (BCAP) to develop the
railing performance level selection tables presented
in the guide specifications. The following is a brief
discussion of that program and how it was used to
develop the selection tables.

BCAP

BCAP is a general purpose roadside feature ana-
lysis program. For a given set of roadway and road-
side conditions it estitnates roadside encroachments,
the consequences of those encroachments, and the
cost of the consequences and, when more than one
set of conditions is input, compares the relative bene-
fits and costs associated with each set of conditions to
produce incrémental benefit-cost ratios showing the
relative merits of instituting (or maintaining) one set
of conditions as opposed to another.

ENCROACHMENT FREQUENCY

BCAP will accept a user supplied encroachment
frequency. However, it contains a defanit value of
0.0005 encroachments (to one side of road)/mile/
yearfvpd, which is what was used in developing the
guide specifications. This value was selected as the
most likely after a study of several conflicting data
sources. Note that this rate applies to one roadway
edge and to traffic in one direction. Thus, for an
undivided two-way highway, the total encroachment
rate to one side of the roadway will be greater by the
contribution from opposing traffic. Figures B1, B2,
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and B3, respectively, illustrate encroachments for
two-way undivided, two-way divided, and one-way
“highways. (In both BCAP and the guide specifica-
tions, the user enters with construction vear ADT for
the entire highway and then identifies the type of

highway.)

ENCROACHMENT FREQUENCY
ADJUSTMENTS

BCAP adjusts the encroachment frequency for
the grade and curvature of the highway. Figure B4

illustrates these adjustment factors. In the guide

i

(Down Grade)

'y
*

Traffic Adjustment Factor, K,

(Up Grade)

o -

L

(Railing on Outside of Curve)
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GRADE IN DIRECTION OF TRAFFIC
{Percent)

Traffic Adjustment Factor, K,

(Railing on Inside of Curve)

o e 'y b

5 6 7

Railing

de re

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4

CURVATURE (Degree)

s 6 7

FIGURE B4 Encroachment adjustment factors.
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specifications, the user applies these adjustments to
the ADT before entering the performance level se-
lection tables.

. In order to account for the effect of traffic growth
and to allow for the comparison of different life
roadside treatments, BCAP has the user input the
construction-year traffic volume (ADT), project life,
and annual traffic growth rate. A 2% default growth
rate is in the program. This value was used in pre-
paring the selection tables in the guide specifications,
along with a 30-vear project life.

NOTE: Construction-year ADT is the estimated
traffic when a project is opened, assuming this esti-
mate includes the contribution from any soon to be
opened highways or traffic generators. To convert
design-year ADT to construction-year ADT for input
into BCAP use the following formuia,

Des. yr. ADT
(1 + growth rate)"

_ where n = number of years between construc-
’ tion year and design year.

Const. year ADT =

If it is necessary to calculate the construction-year
ADT for use in the performance level selection pro-
cedure in the guide specifications or if the 2% growth
rate implicit in the tables is not acceptable, a 30-year
after the consiruction-year ADT should be estimated
using the growth rate considered appropriate for the
site and this value divided by 1.81 (which is 1.02 to

the 30th power) to obtain the construction-year ADT.
(Any error introduced in the selection procedure
through this approximation is considered to be within
the accuracy of the procedure.)

THE ENCROACHMENT 4

The encroachment model investigates encroach-
ments by 13 vehicle types, each leaving the highway
at 10 speeds and at up to 12 angles for each speed.
Thus, up to 1560 encroachment conditions are inves-
tigated to estimate the probable accident cost associ-

j ated with a given set of highway conditions and road-

; side conditions. This estimated cost is the sum of the

\ severities, in dolars, associated with all the vehicle,
speed, and angle path combinations muitiplied by
the associated probabilities of their occurrences.

VEHICLES AND TRAFFIC MIX

The 13 vehicles are divided into four vehicle classi-
fications—auntomobiles {4 sizes), pickups and vans (3
sizes), medium trucks (3 sizes), and combination
trucks (3 sizes). In the order cited, Table BI lists
characteristics of these vehicles and the percentage
of each vehicle size within a vehicle classification.

Early efforts to identify appropriate traffic mixes
for analysis purposes focused on highway functional
classifications, but functional classifications proved

TARLE Bl Vehicle Descriptions

CG Percent

Yehicle Weight Width Length Height in
Vehicle Types Number (b (£t} {ft) (in) Class

Automobiles 1 2,000 5.5 13.5 19.0 17
‘ 2 2,700 6.0 15.0 20.0 31
3 3,635 6.5 18.0 21.0 30
4 4,500 6.5 i8.0 215 22
Vans and Pickups 5 4,000 5.5 15.0 27.0 29
' 6 5,500 6.5 165 30.0 39
7 7,000 7.5 18.0 36.0 32
Single-Unit Trucks 8 8,000 1.5 18.0 43.0 34
9 17,500 8.0 30.0 53.0 38
10 30,000 8.0 35.0 63.0 23
Combination Trucks 11 30,000 8.0 55.0 52.0 33
12 50,000 8.0 55.0 63.0 33
13 75,000 8.0 55.0 78.0 34
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YEHICLE MIX
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FIGURE B5 Vchicle mix based on percent trucks.

to be unreliable predictors of traffic mix. However,
“wh - large number of abserved mixes were arrayed
on the basis of the nominal percent trucks (medium
plus heavy trucks), which is the information most
highway designers will have regarding the vehicle
mix for a highway, a very strong correlation with the
other vehicle classifications appeared. Figure BS
shows the relationships adopted for BCAP. The di-
vision between automobiles and vans and pickups
was the least certain in the data studied. However,
because of the similarity between the two vehicle
classifications, the effect of any errors in distribution
will probably be smail.

ENCROACHMENT SPEEDS

“Wehicles can and do leave the traveled way at a
variety of speeds. All the available data on encroach-
ment speed and angle combinations come from re-

ported accidents, which represent a very small por-
tion of total encroachments, and the information on
the reported encroachments is often unreliable. A
decision was made to develop rational speed-angle

" relationships for use in BCAP. When the effects of

the postulated relationships were tested against the
limited available data, the correlation was very good.

Figure B6 shows the basic assumptions made re-
garding encroachment speed. The reference speed
(RS} shown in the figure is assumed equal to 0.9
times the highway design speed. It was further as-
sumed that the maximum encroachment speed would
be 15 mph greater than the reference speed, that the
probability of encroaching at any speed from 5 mph
below to 5 mph above the reference speed would be
the same, and that the probability of any encroach-
ment speed above or below the 10 mph band cen-
tered at RS would decrease linearly as the maximum
speed was approached on the high side and as O mph
was approached on the low side. To obtain discrete
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FIGURE B6 Probability density function for encroachment speed.

probabilities and speeds to use in BCAP, the proba-
bility density function (PDF) curve shown in the top
half of Figure B6 was divided into 10 cells as shown.

(Note that, because of the cell definitions used, RS
can not be less than 25 mph, or the design speed less
than 27.8 mph, without cell 1 being associated with a
negative speed. Therefore, BCAP should never be
used with a design speed below.27.8 mph.}

The area under the probability density curve is 1
and the area of a cell is the probability an encroach-
ment will be at a speed within the limits of the cell.
In BCAP the probability of an encroachment occur-
ring at a speed within the limits of a cell is assigned
to the central speed of the cell for every cell except
cell 1, where the probability is assigned to a speed
equal to 2/3 the width of the cell.

; P
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ENCROACHMENT ANGLE

For a vehicle starting from going straight ahead on
a tangent traveled way, the maximum angle it can
Jeave the traveled way without skidding or upsetting
is dependent upon the offset of the vehicle from the
edge of the traveled way, the speed of the vehicle, the
coefficient of friction between its tires and the pave-
ment, the stability of the vehicle, and the minimum
turning radius of the vehicle. In BCAP the effect of
a vehicle’s turning radius is not checked because it is
assumed it would only come into play at low speeds
and smalier offsets than are likely to be relevant. On
the other hand, while vehicle stability is not a factor
in controlling the maximum exit angle for auto-
mobiles, it can be a significant factor for high-center-
of-gravity trucks. Table B2 shows the friction coeffi-
cicnts associated with static stabilities of each BCAP
vehicle based on its width and center of gravity
height. On the advice of experts in truck handling,
values significantly less than the static stability values
were used in determining the departure angles used
in developing the selection table in the guide speci-
fications. Note that, since the selection tables were
developed, small changes have been made in the co-
efficients in BCAP. The values currently in BCAP,
and those used to develop the selection table, are

both shown in Table B2. The difference between the
two sets of available friction coefficients is small,
with the set used in developing the selection table
giving slightly more conservative results. In develop-
ing the coefficients it was assumed the coefficient of
friction between tires and pavement could not exceed
0.80 and, as stated before, expert advice was used in
setting coefficients for the large vebicles. (After the
bridge railing selection tables were completed it was
observed that the values used for the larger vehicles
were approximately their static stability coefficients
less (.30, Because this rule reduced anomalies seen
in the predicted behavior of some vehicles, it was
adopted for use in BCAP. However, the change was
not considered to have sufficient effect to require
recalculating the values in the selection table.)

The way the available coetficient of friction is uti-
lized in BCAP is as follows:

¢ On the basis of limited available data, maximum
encroachment angle is set at 36 degrees.

® Yor cach vehicle, the probability of an encroach-
ment occurring is assumed to be greatest at
0 degrees and decreases linearly to zero at
36 degrees, as shown in the upper half of
Figure B7, unless the vehicle, because of its
speed, offsct, and available friction coefficient,
can not achieve a 36-degree encroachment

TABLE B2
Friction Coefficients for Each Vehicle

Maximum Available Friction

Bridge Present
Vehicle Weight o Static Rail BCAP
Numnber (Ib) Type of Vehicle Stability Study Model
1 2,000 Passenger Car 1.74 0.8 0.80
2 2,750 Passenger Car 1.80 0.8 0.80
3 3,635 Passenger Car .1.86 08 0.80
4 4,500 Passenger Car 1.81 0.8 0.80
5 4,000 Light SU Truck 1.22 0.8 0.80
6 5,500 Light SU Truck 1.30 0.8 0.80
7 7,000 Light SU Truck 1.25 - 08 0.80
8 8,000 Heavy SU Truck 1.05 0.7 0.75
9 17,500 Heavy SU Truck 0.91 0.6 0.61
10 30,000 Heavy SU Truck o 0.5 0.41
1n 30,000 Combination Truck 092 0.6 0.62
12 50,000 Combination Truck 0.76 0.5 0.46
13 75,000 Combination Truck 0.62 0.4 0.32‘
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FIGURE B7 PDF for encroachment angle.

angle, in which case the probability density
function curve for the vehicle is adjusted. (Fig-
ure B8 shows the method for calculating the
maximum encroachment angle. The offset used
in the selection table development was 18 {eet.)

¢ The 36-degree wide probability function curve
is divided into 12 three-degree-wide cells. The
central angle of a cell is the angle used in esti-
mating the consequence of encroachments at
angles within the cell. The probability of occur-
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EDGE OF PAVEMENT
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/— CG

Y

OFFSET

R.=Vi/gi, = S, /(1 ~cos 8,)

8. =cos (1 — Sogfn/V3)

= Maximum encroachiment angle

V. = Encroachment speed = [nitial speed of vehicle
S, = Vehicle offset from edge of pavement

f,, = Maximum available friction coefficient
R, = Minimum radius of curvature

g = Acceleration of gravity

FIGURE B8 Encroachment angle model.
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rence assigned to a central encroachment angle
is the probability of all the angles within its cell,
which is equal to the area of the cell.

® When the maximom achievable angle, based on
vehicle and speed, isless than 33-degrees, BCAP
searches for which of the three-degree cells
below the 12th cell the maximum achievable
angle falls and the probability density function
curve is adjusted by eliminating ait the higher
angle cells and distributing their area to the re-
maining cells as illustrated in the example in
the lower half of Figure B7. The slope of the ad-
justed PDF curve is assumed to be the same as
that of the unadjusted curve and, since the area
added above the line of the unadjusted curve
equals the area eliminated to the right of the cell
within which the maximum estimated encroach-
ment angle falls, the area of the adjusted PDF
curve remains 1. Note that when the maximum
encroachment angle for a vehicle is limited be-
cause of the encroachment speed, the number of
encroachment angles investigated in BCAP for
the vehicle at the limiting speed is reduced by
the number of cells eliminated.

ENCROACHMENT TRAJECTORY

For each of the 13 vehicles at each of the 10
- encroachment speeds at each of the achievable
encroachment angles (12 if not limited by encroach-
ment speed), BCAP estimates an encroachment tra-
jectory. The assumption is made that the maximum
potential lateral extent of an encroachment, begin-
ning with a given encroachment speed and angle, will
be defined by a vehicle traveling in a straight line and
- subjected to a constant deceleration beginning when
the vehicle leaves the traveled way (crosses the edge
of pavement). This is illustrated in Figure BY. In de-
veloping the selection tables in the guide specifica-
tions a deceleration rate of 13 ft/sec’ was used, which
is the equivalent of a braking coefficient of friction of
0.404.

Obviously, the trajectory wsed to set the maxi-
mum lateral extent of encroachment is just one of a
limitless number of trajectories a vehicle might take
after leaving the traveled way at a given speed and
angle. To account for vehicles that will not reach the
estimated maximum encroachment limit because of
steering and braking differing from that used to esti-
mate the maximum encroachment limit, an assump-
tion is made that the probability of a vehicle’s going
laterally further from the edge of pavement than a

given distance (Y )} on the straight line trajectory is
given by the formula;

(Ya)

P(Y>Y)=.5+.5 cosm ==+ 1ad. for Yy<¥Y,
(Ya)

=0 for Yd>Ym

Where: Y = lateral extent of encroachment

Y m = maximum estimated lateral
extent of encroachment

Y, = lateral distance from edge of
pavement.

a rad. = 18(F

In BCAP, an encroaching vehicle is treated as
maintaining its initial encroachment angle through-
out its trajectory. On the other hand its speed is
assumed to diminish under the influence of the same
deceleration rate used to estimate the maximum
extent of encroachment,

Figure B10 shows the estimated lateral extent of
encroachments for highways of various design speeds
carrying 20% trucks. The curves in Figure B10 are
based on the assumptions in BCAP, which, except
for the revisions in available friction cited in the dis-
cussion on encroachment angle, are the same as
those used in developing the selection tables in the
guide specifications, The curves compare favorably
with the limited field data available.

Figure B1l shows the estimated maximum and
average speeds for encroaching vehicles at lateral
extents of encroachment for a highway with a 60 mph
design speed. Figure B12 shows the estimated aver-
age vehicle speeds at lateral extents of encroachment
for various highway desipn speeds. Limited field data
suggest that these estimated average values are rea-
sonable. (Note that these curves would be smoother
and would have stightly different shapes if they were
based on a larger number of, and thus narrower,
speed and angle cells.)

ACCIDENT COSTS

From the BCAP wvehicle characteristics, the
BCAP encroachment model speed and encroach-
ment angie estimates, input data on the strength and
height characteristics of a bridge railing, and input on

a railing’s offset from the traveled way; BCAP pre- -

dicts whether a vehicle will contact a given railing
and, if it does, whether it will be redirected, pene-
trate the railing {break through or rollover the rail-
ing), or roll over on the roadway side of the railing.
BCAP, using builf-in crash models and input acci-
dent cost information, estimates the accident cost

Py
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SPEED , -
v, MAXIMUM TRAJECTORY LENGTH L, = L,
L= V2/2a '

WHERE:. V, = ENCROACHMENT SPEED
. a = DECELERATION RATE

MAXIMUM LATERAL EXTENT OF ENCROACHMENT

Ym = Ly, sin 0,

FIGUREB!D Geomepry for computing lateral extegit of encroachment.




GUIDE SPECIFICATIONS FOR BRIDGE RAILINGS

PROBABILITY

20

SPEED (MPH)- -

LATERAL EXTENT OF ENCROACHMENT
SPEED 30, 40, 50, 80 AND 70 mph

,?ﬂ—

' ﬁﬂjl

50—

[ 20 PR

LATERAL ENCROACHMENT DISTANCE (FEET)

AUTOMOBILES  56%
" VANS-PICKUPS  24%
" SINGLE UNITS 4%
COMBINATIONS  16%
, , -r ¥
20 4 & o 100 120
o LATERAL OFFSET (FEET)
FIGURE B10 Lateral extent of encroachment.
70 T
LT 60 ad
. MAXIMUM '
50 7 )
" AVERAGE
40
30—J
201
R 10.—
Y - — - T T . T 1 ——y T g )
¢ 20 .40 60 80 100 - 120

FIGURE B1i Predicted maximum and average vehicle speeds related to lateral

encroachment distance (Design Speed = 60 mph)




AT

APPENDIX B o N 39

S0

() -

20 o

—r— o w

AVERAGE SPEED (MPH) -

11—

70 mph—DESIGN SPEED

a T T T 7 -
Q 20 4"

PR EEEEE R R SR

T T T T T

h() 80 100 120
LATERAL DFFSET (FEET)

FIGURE B12 . lmp;_act speed_ as a function of lateral offset.

associated with each vehicle speed and angle combi- '

nation assumed possible for a given design speed.
Then, given the roadway type, construction-year traf-
fic volume, percent trucks, traffic growth rate, capi-
tal recovery rate, project life, and the length and cost
of the railing, BCAP, applying all the various proba-
bilities of occurrences, can estimate the annualized
and present worth accident costs assoctated with a
specific railing.
Basic to this step is the estabhshment of cost-
accident severity relationships. In developing the se-

fection tables in the guide specifications, and as de- -

fault values in BCAP, six accident classifications and
associated costs were assumed. They are as follows:

Property Damage O.nlyL (level 1) - $500
Property Damage Only (fevel 2)  $2,500
Slight Personal Injury . $3,000
Moderate Personal Injury $10,000
Severe Personal Injury | $110,000
Fatality ; ., $500,000

These accident classifications” are ‘combined in
BCAP to produce accident severity indices as illus-
trated in Figure B13. Table B3 ‘shows the vehitle

accident costs that result from combining the acci--,
dent seventy asswmptions thh accldent class:flcanon

costs. Figure Bl4 graphically shows the resulting
severity index (SI)-cost relationship.

For the three railing contact conditions considered
in developing the selection tables in the guide
specifications, SI's were assumed to be the following:

" @ For redirection the SI was estimated to be
finearly correlated to the lateral acceleration of
the center of gravity of the vehicle as predlcted
by the formula:

G = (Vsin8)¥2g[(Asin8)—0.5B(1-Cos ) + D]

Where Gy, = Average Acceleration (g's).

g =32.174 ft/sec? .

D = Barrier Deflection (it). Assumed
to be O for bridge railings.

A = Distance from vehicle front end to
center of mass (ft).

B = Vehicle Width {ft).

8 = Impact Angle (degrees).

The Gy, — SI relationship was set by assuming
.that . -

SI=33at4g's
SI==4.5at 10 g’s
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TABLE B3
Severity Indices

Severity Index

Accident Type 0 0.5 i 2
No Damage 100.0% 0.0% 0.0% 0.0%
PDO1 0.0% 100.0% 66.7% 0.0%
PDO2 0.0% 0.0% 23.7% 71.0%
Slight Injury 0.0% 0.0% - 1.3% 22.0%
Moderate Injury 0.0% 0.0% 2.3% . T0%
Severe Injury 0.0% 0.0% 0.0% 0.0%
Fatality ‘ 0.0% 0.0% 0.0% 0.0%
Accident Cost 30 $500 $1,375 - $3,135
Severity Index
Accident Type | ‘3 4 5 . 6
No Damagé 0.0% 0.0% Co00% 0.0%
PDO1 0., 0% . 0.0% 0.0% 0.0%
PDO2 43.0% 30.0% 15.0% 7.0%
Slight Injary 34.0% 30.0% 2.0% 16.0%
Moderate Injury 21.0% 32.0% 45.0% 39.0%
Severe Injury 1.0% 5.0% 10.0% 20.0%
Fatality 1.0% 3.0% 8.0% 18.0%
Accident Cost - $10,295 $25,350 $56,535 . $116,555
Severity Index
Accident Type 7 8 ' 9 10
No Damage - 0.0% 0.0% 0.0%. 0.0%
PDO1 0.0% 0.0% 0.0% 0.0%
PD0O2 2.0% 0.0% 0.0% | 0.0%
Slight Injury 10.0% 4.0% 0.0% 0.0%
Moderate Injury 28.0% 19.0% 7.0% 0.0%
Severe Injury 30.0% 27.0% 18.0% 6.0%
Fatality 30.0% 50.0% 75.0% 100.0%
Accident Cost $186,150 $281,720 $395,500 $500,000
® For penetration the assumption was made that heights of fall or under structure activities that
there would be little activity on the ground near differ from those anticipated in setting the pene-
a bridge and that the height of fall from a bridge tration SI at 7.0.
would be 35 feet and, for that height of fall, ® For rollover on the roadside of the railing the
- o assumption was made that severity would be lin-
81=7.0. early correlated to the impact speed. The rela-

Figure G2.7.1.3B in the guide specifications tionship was sct by assuming

contains curves that can be used to estimate a : SI=4.0 at 30 mph
traffic adjustment factor to compensate for S1=15.3 at 60 mph
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To estimate the repair cost for a railing impact the

assumption was made that if the ultimate contain- -

"ment strength of the railing was exceeded the cost
would be the equivalent of the initial construction
cost of 80 feet of railing. A railing’s strength is nom-
inally defined by its performance level. Thus, the
minimam ultimate strength is that required to con-
tain the most severe impact prescribed for the rail-
-ing’s performance Jevel. In order to compare the
effects different impacts might have on a railing, a
vehicle impact index (1,) equal to G, times the ve-
hicle’s weight was used. (For combination trucks
only the portion of the total vehicle weight acting on
‘the tractor is considered. See footnote 4 of the Tabie

“G2.7.1.3A of the guide specifications.) Since at some.

Jevel of impact there is likely to be no raiting repair
cost, an assumption was made that there would be no
cost for an 1, equal or less than 75 percent of the I,
associated with the containment limit of the railing.
‘The repair cost is assumed to vary linearly from 0 at
an I, equal 0.75 of that associated with the per-
formance limit of the railing to 80 feet at an I, equal
to the performance limit of the railing.’

BENEFIT COST ANALYSIS

The railing costs per foot used in development of

‘the selection tables are as follows:

PL1 $28.80
PL-2  $43.62
PL-3  $68.96

Of course, actual railing costs might vary consid- .

‘erably from these. However, if discrete performance
levels and manageable selection procedures were to
be prepared, it seemed essential to establish fixed
rajling costs. The costs used are believed to be ap-
- proximately the minimam achievable. (The apparent
precision of the costs result from a railing strength-
height-cost relationship prepared in order to com-

pare several possible performance -level definitions

and numbers of performance levels. It is not in-
tended to imply certainty of the estimate.)

To obtain the ADT breaks given in the selection
table for a next higher performance level railing,
runs were made for each combination of design
speed, percent trucks, railing offset range, and rail-
ing performance level for both divided and undivided
highways. The actual offset distance used to repre-
sent the various offset ranges were as follows:

Distance
Range Investigated
() {ft)
0-3 : 1
. 37 _ : 4
7-12 o 8
>12 ' 12

Al the runs were made using a fixed ADT to obtain
annualized accident, construction, and repair costs
for cach set of condittons and the incremental
benefit-cost ratios calculated -between the various

_performance levels subject to the same design speed,

percent trucks, railing offset, and highway type com-
bination. These data were then processed to deter-
mine the construction-year traffic volume at which
the incremental benefit-cost ratio between a railing
of a given performance level and the next lower per-
formance level became 4. This volume is the recom-

" mended threshold volume for using the given per-

formance level railing as opposed to the next lower
pgrfonnance level railing. Note that the volumes

~ given under the one-way highway type were obtained
by simply dividing the volumes for the dmded

highway type by 2.
Figure B15 shows, for one set of hlghway condi-

_tions, the incremental benefit-cost ratio-traffic val-

ume relationship for the three performance level rail-
ings defined in the guide specifications. Thé highway
conditions are that the highway is divided, it has a

50 mph design speed, and the railing offset is in the

range of 7 to 12 feet. For an undivided two lane
highway, about two-thirds the traffic volume shown
in the figure will produce the same incremental
benefit-cost ratios. Because a.decision has been
made that railings will be required on ali bridges, the
curves comparing the three performance level rait-
ings to no railing in the figure are of interest pri-

- marily because they show.that, for assumptions used

to produce the selection table in the guide specifica-
tion, any of the railings will pay for its self (yield a
B/C ratio greater than 1 when compated to having no
railing) at relatively low traffic volumes. Where the
curves comparing a PL-2 railing with a PL-] railing
and a PL-3 railing with a PL-2 railing cross the incre-
mental B/C ratio equals 4 line are where the guide-
specifications-recommended breaks in performance

. Ievel usage occur. As stated earlier, the B/C ratio of

4 was selected to yield a usage that fit a rather sub-
stantial consensus of what constitutes a responsible
railing selection practice. One might also infer from
Figure B15 that by selecting a B/C ratio of 4 as a
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break. pomt there is not a great fikelihood that any

.errors’in the assumptions made m developmg the
selection table will result in wasteful expenditures on
_railings through use of the selection procedures.

CLOSING '~ = = ==

The intended result of the railing performance
levels and sclection procedures in the guide specifica-
tions is an improved maich between site needs and
the performance capabilities (and costs) of railings
provided. Under the guide specifications, the PL-1

‘Tailings will be superior to the railings on most exist-
ing low volume bridges and the PL-1 railings are also
expected to be less expensive then railings designed

to the 1989 AASHTO Standard Specifications for

Htghway Brtdges The PL-2 railing is beheved to be

equivalent to the better railings designéd to the re-

quirements of the 1989 specifications, which have
performed well under ‘most conditions. The PL-3
railings will fill a recognized need for railings
“superior to those required under the 1989 spcélﬁca-

“tions. Therefore, a reasonable expectation is ‘also -
that application of the guide speclﬁcanons will lead
to an improvement -in:safety, with no increase in .

overall railing costs and probably at a sawngs in
overall costs,

Note: The railing requirements of the 1989 specifi- -

cations are the same as those of the 1983 specifica-

" tions and ‘similar in all the Standard Specifications

for Highway Bridges following issuance of the 1964

~ Interim Specifications.
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COMMENTARIES

CG225

This article recognizes that a raised sidewalk or a
brush curb will have an influence on the capability of
a railing to contain and redirect an errant vehicle and
it requires that railings to be used with brush curbs or
sidewalks be crash tested along with them. Even
though crash testing of a railing with a brush curb is
intended to prove the crashworthiness of the railing-
brush curb combination, a maximum brush curb
width limitation of 9 inches is set in the belief that
that width would not have a significant adverse effect
on a railing’s performance under impact conditiens
not investigated in qualification crash tests. The de-
sirable maxirnum width of 6 inches is suggested in the
belief it is sufficient to produce any benefits obtain-
able from brush curbs and would have even less po-
tential for adverse effect on a railing’s performance
than would a wider curb. Of particular concern is the
potential for the brush curb to produce a ramping
effect that might allow a vehicle to climb over a rail-
ing or a tripping effect that would increase the likehi-
hood for high-bodied vehicles to roll over a railing.
The latter effect comes from the low location of the
force exerted by a brush curb on an impacting vehicle
as the rear of the vebhicle slides (slaps) into a curbed
railing face.

The geometric requirements set forth for side-
walks in this article are intended to be compatible
with those in the AASHTO A Policy on Geometric
Design of Highways and Streets, which has an implied
recommendation that the minimum width of side-
walk be 4 feet. This recommendation is not voided
by the recognition of a 3.5-foot width sidewalk in
Article G2.7.1.1.3. Instead, the intention is to estab-
lish the limits in sidewalk configurations over which
the results of a series of qualification crash tests are
likely to be applicable.

Coincidentally, a 3.5-foot wide sidewalk would
allow two people to pass with only moderate body
twisting and crowding to the outer edges of the side-
walk. Thus, such a width might be acceptable where
a bridge is being rehabilitated, where there is a very
low expected pedeéstrian traffic volume, and where
providing a greater width would require an otherwise
unceded major revision of the substructure or main
members of the superstructure.

47

CG27113

The guide specifications contain no mstructmns
on the structural analysis of traffic: ratlmgs or the
traffic portions of combination ranlmgs Instead; ac-
ceptability of a traffic railing is to be determined
through crash testing. However, the expense of crash

_ testing makes a cut-and-iry approach to desxgn im-

practical and precludes exhaustive testing of a railing

_system. Thus, guidance is needed for the structural

and geometric design of a railing system. Appendix
A, based on design and crash test experience, ¢on-
tains such guidance and provides insights that can be
used in extrapolating the results of limited crash tests
to the greater range of vehicles and lmpacts a rallmg
will see in service.. . :

CG27.1.3

Note that the crash test matrix given. in Table
G2.7.1.3A brackets the lower end of the vehicle
weight spectrum with an 1800-pound automobile and
a 5400-pound pickup truck. Consideration was given
10 including a 3400-pound automobile, which rep-
resents a large segment of the vehicle population.

Nevertheless, testing with this vehicle was omitted in

the belief that testing with the other vehicles would
be suficient to avoid problems with the 3400-pound
automobile. If there is reason to suspect that this is
not true for a proposed design, testing with th)s ve-
hicle might be considered. Wheel, bumper, or hood
snagging are the problems most hkciy to be missed
by the small automobile-pickup truck test. combma—
tion. On the other hand, there is such a ranger in.
vehicle configurations that a problem with some
3400-pound cars might not be revealed by a particu-
Jar 3400-pound vehicle chosen for a test, Probably
the best way to avoid uncertainty about a rallmgs
performance with various types of automobiles is to
examine the physical features of many vehicles and
use only designs that are not likely to be sensitive to
variations in vehicle configurations. - '

A similar caution is appropriate for the- desngn of
railings to be used with sidewalks. Here, changing
the impact angle, curb height, or sidewalk width-will
likety change the point-at which an 1mpactmg vc!nclc
will contact the rallmg It rs beheved that the requwe—
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ments set forth for testing railings to be used with
sidewalks’ will reveal any vaulting problems. How-
ever, they may not be sufficient to reveal all potential
snagging, so here again, the designer would be welt
advised to use a railing design that is not likely o be
sensitive to variations in vehicle configuration or ve-
hicle trajectory. Because the most cost effective rail-
ing design is likely to be one that is near its uitimate
strength at its nominal performance limit, the de-
signer should give particular attention to details such
as rail splices, expansion joints, post and parapet
“attachments to the deck, and structural and geo-
metric tramsitions, keeping in mind that relatively
large deflections are to be expected at a railing’s
performance limit. All rail and parapet joints should
provide shear and flexural continuity and, with rare
exceptions, tensile continuity. One of these excep-
tions might be where very large superstructure ex-
pansion must be accommodated. Here special details
should be developed.

CG27.122

The primary function of a railing separation be-
tween highway traffic and a walkway or bikeway is
the protection of pedestrians or cyclists from highway
traffic. An adequate traffic railing will meet this re-
quirement. However, the back side of a traffic railing
‘used for such a separation must be compatible with
the passage of pedestrians and cyclists. The require-
ment for a minimum 24-inch railing height and
smooth surface on the walkway or bikeway side of a
‘separator is believed to be sufficient for nearly alf
pedestrian needs and to prevent pedal snagging for
cyclists. However, it is conceivable that some cyclists

might lose their balance and fall over such a low

railing. Thus, a designer should consider the ex-
pected volume of bike traffic, the closeness of high-
| way traffic to the separator, highway sight distance
needs, etc., and decide if a higher railing is appropri-
ate. Since the risk associated with falling over a sep-
arator will usually be much less than that of falling off
a bridge, this article aljows the designer to select a
railing height lower than required for pedestrian or
bicycle railings. Assuming a separator is not needed
10 prevent pedestrians or cyclists from trespassing on
the highway, the only place a height greater than the
minimum 24 inches is likely to coniribute to safety is
where the risk to cyclists is significant. Here, a railing
height much below 42 inches would probably not
.offer much improvement in safety, but a height of
42 inches would place the top of the railing where it
could be easily grasped by a falling cyclist. Thus, a

42-inch railing height on the bikeway side of a sepa-
rator is likely to be sufficient under nearly all condi-
tions.

CG2713 - o

The performance levels and selection procedures
given in these guide specifications are based on con-
sideration of the probabilities a bridge railing will be
subjected to given impact conditions, the conse-
quence of those impacts, given that various per-
formance level railings are in place, and the cost of
providing the various performance leve] railings. The
objective is to match bridge railing performance
level, and therefore cost, to site needs. Information
on the development of the performance level selec-
tion procedures is given in Appendix B.

C G 27131

The term “construction-year average daily traffic”
(ADT) used in the performance level selection pro-
cedures described in this article applies to the esti-
mated ADT that will be on a bridge in the year it is
opened to traffic. However, the assumption is made
that if this exceeds 10,000 vehicles per day per lane,
traffic congestion will be such that traffic speeds will
be resiricted for a small part of the day when the
highway is opened to traffic and any further increase
in traffic will increase the portion of the day speed
is restricted because of congestion. It is further as-
sumed that as the traffic increases the increase in
off-peak, free flow traffic will be offset by traffic
running at reduced speeds in the peak pericds, thus,
preventing an increase in design level impacts to a
railing. This assumption is only considered valid
where the design impacts are based on design speeds
of 50 mph or greater.

Note that the performance level selection proce-
duze is very sensitive to design speed. (Design speed
in these guide specifications is intended to have the
same meaning as it does elsewhere in highway de-
sipn). The design speeds in Table G2.7.1.3B assume
the average speed under unrestricted, low volume
flow conditions will be approximately 90 percent of
the design speed.

There may be conditions where the free flow, off-
peak speeds will differ significantly from those usu-
ally associated with a pormal highway design speed.
1n some locations, the nominal design speed may be
low, yet the roadway surface and alignment may have
no limiting effect on speed. At locations where the
highway design speed is not likely to be indicative of

T
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higher off-peak bighway speeds, a railing design

- speed higher than the nominal highway design speed

definitely should be used.

In other locations, the round-the-clock traffic vol-
umes and the highway setting may keep off-peak
speeds from reaching those usually associated with

the nominal highway design speed. When this oc-
curs, a railing design-speed lower than the highway
design speed may be appropriate. The choice of the
railing design speed should be based on a careful
study of site conditions.




