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1 INTRODUCTION
1.1 Background

The National Highway Traffic SafetyAdministration (NHTSA) estimatedthat
approximately 4,30(pedestriarfatalities occured in the United States in 201a]. Leaf and
Preusser estimated that only 5 percent of pedestrians would die when struck by a vehicle
traveling at 20 miles per hoor less, while fatality rates of 40, 80, and nearly 100 percent would
occur for vehicles striking pedestrians at 30, 40 and 50 mph or reepectively 2]. Pedestrian
fatalities may be related tdransportation designs as well as human beha\igfrs Many
pedestriarvehicle eventsare caused by motorists and pedestrians not unddnstp and/or
obeying lawsandsafe behaviors p&ining to driving and walkingd].

Risk of pedestrianinjury is highest whercrossing the street. Mangtersections have
designatedcrosswalk areas for pedest#ato safely cross the street, amese marked areas
inform drivers to bemindful of pedestrian traffic However, pedestriangnay choose a more
direct pathor be distracted and enter the roadway in-manked aread?edestrian railare often
placed adjacent to roadways to protect pedestrians from hazardous drop offs or dangerous
excursions into the roadway. Examples such aregsas shown inFigure 1, include (1)
sidewalks over culverts where a pedestrian mdy be necessary to separate pedestrians from
hazardous drop offs dR) busy streets where median fences may be used to pkatestrians
from crossing in noftesignated crossing locatiorie some cases where pedestrian rails are
installed to prevent mestrians form entering areas adjacent to right of, \@ayshown irFigure
2, the pedstrian rail may also prevemedestrianmaneuver options likeseaping an errant

vehicle. Thus, pedestrian rail design and placement should be carefully considered.
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Although numerous pedestrian rallsve been designed, their performance has never
been evaluated during vehicular impastents The Wisconsin Department of Transpoxati
provided some examples of vehicle impacts on pedestrian rails are shbigare3. Pedestrian
rails that have not been evaluated to vehicle impadety performance standards may be
hazardous to the passengers of errant vehicles due to disengaged components penetrating the
windshield or occupant compartment, excessive vehicle decelerations, or vehicle instability and
rollover.

1.2 Objective

The objetive of this research project was to desigimashworthy pedestrian raiatwill
protect pedestrian from hazards while not posingn undue safety risk to motoristad
pedestrians The new pedestrian rail must meet the design standards associatethevith
Americans with Disabilities ActADA) [5] andthe pedestrian rail standards contained in the
American Association of State Highway and Transportation OffiqlAlkSHTO) Load and
Resistance Factor Design (LRFD) Bridge Design Spetifins[6]. In addition, the pedestrian
rail was evaluated according to the Test Level 2-P)Lsafety performance criteria for
longitudinal channelizers published the AASHTO Manual for Assessing Safety Hardware
(MASH) [7].

1.3 Scope

The research objective was achieved through the completion of several tasks. First, a
surveywas conducted of the Midwest States Pooled Fund Program members to identify the most
common locations and circumstances in which a crashworthy pedestrian rail would be warranted.
Next, areview was conductedof existing pedest@n rail and fence designsom State

Departnents of Tansportation (DOT) and product manufacturerd?otential fabrication
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materials, such as aluminurggel, wood,and polymerswere investigatedDesign concepts

were configured, and the preferred concepts were selected for festhkeration. Bogie tests

were conducted on the selected design concepts to evaluate their performance behavior. Two
full-scale vehicle crash tests were performed in accordance with the MASH ifpact
conditions for longitudinal channelizers. The test ltsswere analyzed, evaluated, and

documented. Finally, conclusions and recommendations were made that pertain to the safety

performance of the new pedestrian rail system.
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Figure2. Pedestrian Rail Limiting Pedestrian Maneuver Options
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N R 3

Figure3. Vehicle Impactsvith Pedestrian Rasl

5
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2 LITERATURE REVIEW

2.1 Standards

The prototypedesignconcepts consideredithin this researctproject must meet three
standardsand guidelineso satisfy the objectives stated earlier. The pedestrian rail must be ADA
compliantand meet AASHTCQLRFD Bridge Design Specification@hich ensurs that the rail
will be accessible for use by all people well assafelyfunction as dongitudinalchannelizer
Additional pedestrian rail design criteriacluded the International Building Code (IBC3] and
Occupational Safety and Health Administration (OSHR&rt 19109]. The AASHTO LRFD
Bridge Design Specificationgere used for the rail loading requirements, as they varied between
the standardsThe final desigrconceptwould be evaluated according tile MASH Test Level 2
sakty performance criterifor longitudinal channelizelf¥].

2.1.1Americans with Disabilities Act Design Criteria

A pedestrian rail must be accessible to all people, including those with disabilities. The
2010ADA Standarddor Accessible Desigsets forth handrail criteridb]. The handrail needs to
be continuous along the full length of the walkway and not be obstructed on the top or sides. The
handrail top gripping surface should &eninimum of34 in. (864 mmjanda maximum of38 in.
(965 mm)vertically above the walking surfac€here should be aimmum of 1% in. (38 mm)
separationbetween theback surfaceof the handrail and ay adjacent surfaceThe handralil
gripping surfacefor a circular cross sectioshal have minimum and maximumoutside
diametes of 1% in. (32mm) and 2 in. (51 mm)respectivelyNon-circular cross sections shall
haveminimum and maximunperimetes of 4 in. (1® mm) and 6% in. (39 mm), respectively,
with the diagonalcross sectiorlengh no greater than 2% in. (57 mmylaximum diagonal
dimensions for a nowircular cross section are shown kigure 4. If fittings are used, the

handrail shall not rotate within them/hena vertical or horizontal force of 250 Ib (112 N)is
6
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applied on any point othe handraijl fasteners, mounting devices, or supporting structaines
allowable stresses shall not beceeded

4-6%4 perimeter
100-160

Figure4. ADA Non-Circular Cross SectioBimensions

2.1.2AASHTO LRFD Bridge Design Specifications

The AASHTO LRFD Bridge Design Specificationslso providedrequirements fothe
design of gpedestrian rai]6]. Pedestrian raheight should b@a minimum of42 in. (1,067mm)
above the walkwayA clear spacing shadlpply to the lower 27 in. (6&&m) ofthe railingwhere
a 6in. (152mm) diameter sphere cannot pass thought the rail elenfdmslear spacing in the
upper section of the railingbove 27 in(686 mm) shall not allowan 8in. (203mm) diameter
sphereto pass throughthe rail elementsChainlink or metal fabric fenceshould not have
openings larger than 2 in. (51 mm).

Longitudinal railing elementsust withstand ainiform live load of 50 Ib/ft (730 N/
simultaneouslyapplied both transversely and verticalfjong witha concentrated livéoad of
200 Ib (890N) applied at any point and in any direction the longitudinal elemerds shown in
Figure5. The sts are subjected to a concentrated live,l®ad defined in Equationl. The
concentrated live loa®. . shall be applied transversely at the center of gravity of the upper

horizontal elementor arailing mounted tallethan 5 ft (15 m),P.. shall be applied at a point 5

7
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ft (1.5 m) above the walkwayChain link or metal fabric fencghallbe deggned for a distributed

live wind load of 15 Ibft? (718 N/m?) applied perpendicular to the entire mesh surface.

50 Ib/ft

50 Ib/ft

Figure5. AASHTO Loading CriterigVertical 208Ib Point Load Shown)

0 ¢CTMTU T (1)
Where: P = Post Point Live Load (Ib)
L= Post Spacing (ft)

2.1.3International Building Code

The 2012 IBC[8] also contains handrail design critesanilar to the ADA code. The
handrailshall be continuous along the full length of the walkway and noblstructed on the
top or side. The handrail top gripping surface shoulé Ipeinimum of34 in. (864 mm) ana
maximum of38 in. (965 mm) vertically above the walking surface. There should be a minimum
separation ofl%z in. (38 mm) between thmcksurfaceof thehandrail and apadjacent surface.
Handrail grippingsurface with circular cross sections shall have minimum and maximum
outside diameter of 14n. and 2 in. 82 mm and 51 mm), respectivel\Non-circular cross
sections shall haveinimum and maximunsurface perimetsrof 4 in.and 6% in. 102 mm and

159 mm), respectivelywith the cross section dimsion of at least 1 in. (25 mm) boo greater
8
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than 2¥4 in. (57 mm)Edges shall have a minimum radius of 0.01 in. (0.25 mm). If fittings are
used the handrail shall not rotate within them. Handrails should be designed toardisisar

load of 50 Ib/ft (730 N/m). Handrails should also be designed to resist a concentrated load of 200
Ib (890 N)applied in any direction at any point along the. tioppermediate rails, balusters, and
panel fillers should be designed to resist a eatrated load of 50 Ib (222 N).

2.1.40ccupational Safety & Health Administration (OSHA)

Handrail design criteria is also containedPart 19101 Occupational Safety & Health
Administration Regulations (Standard29 CFR)[9]. A standard railing shall consist of a top
rail, intermediate rail, and postend shall have a verticdleight of 42 in. (1,067 mm), as
measured betweetihe uppersurface of top rail to thground The top rail shall be smooth
throughout the length of the railinBipe railings, posts, and top and intermediate railings shall
be at least 1¥2 i38 mm)nominal diameter with posts spaced nairenthan 8 ft (2.4 m) on
center The complete struate shall be capable of withstanding 200 Ib (890adsy applied in
any direction at any point on the top rail.

2.1.5AASHTO MASH Longitudinal Channelizers

Longitudinal channelizers aietended tgprovide clear visual indication d@he intended
vehicle path through a construction zofikey are not intended to contain and redirect impacting
vehicles The vehicle is allowed to traverse through and behind the sy3tens, the impact
performancecriterion for longitudinal channelizers different fromthose used folongitudinal
barriers.For MASH TL-2 longitudinal channelizerswo full-scale crash testae recommended
test designation nd2-90 with an 1100C vehicle anést designatiomo. 291 with a 2270P
vehicle[7]. The impact conditions for each test vehicle are a speed of 44 mph (70 km/h) and a
critical impact angle betweebh and 25 degrees that maximittee risk of vehicle rollover and

excessive vehicle decelerations.
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2.2 Existing Pedestrian RailDesigns

Four categorie®f pedestrian rails were considerétl) concreteeombinationbarriers (2)
plastic fences(3) wood fencesand (49 metal rails Concrete arriers are the most costly and are
often used in combination with a metal rail or chain link fence to accommodate pedestrian safety
in high-speed facilitiesMetal rails are typically fabricated with aluminum or steel for strength
and ease of constructioWood fences arased foreconomic reasongurrent polymer fences
are fabricated withpolyvinyl chloride (PVC) high density polyethylene (HDPE#aNnd fber-
reinforced polymers (FRHpr aesthetics and corrosion resistandest combination concrete
barriers and pedestrian rail designs have been crash tested according to safety performance
criteria. However, plastic, wood, and metal fences and rails historically have not been crash
tested.The most prominent designs are categorized in the following secHamvever, his is
not an all-inclusivelist of pedestrian raiflesigns

2.2.1Concrete Combination Traffic and Pedestrian Rail Designs

The Minnesotaombinationbridge rail is an example of a traffic and bicycle combination
bridge rail that has been developmtd successfully cradlsted[10]. This systenmsuccessfully
met all Test Level 3 (TE3) safety performanceriteria of National Cooperative Highway
Research Program (NCHRP) Report No. 3%%commended Procedures for the Safety
Performance Evaluation of Highway Featufdd]. This bridge railutilized a 3D-in. (810-mm)
high New Jersey safety shaparrier with steel panels formed from tubular steel and posts, and
square vertical spindle bolted to the baadte vertical face of the concrete barrier. The steel rail
extended2 2 | i n. (572 mm) above the Jersey barrie
(1,381 mm).This bridge rail is a longitudinal barrier that contains and redireunisacting

vehiclesas well as preventsedestriaa from crossing at nedesignated crosyy locations but

10
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is more expensive and requrenore installation timethan a pedestriaonly rail channelizer

The Minnesota combinatiorridge railis shown inFigure®6.

TLCTITTTTRE LTI

il

Figure6. Minnesota Combination Traffic and Pedestrian Bafdé}

11
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2.2.2Plastic Fence Designs

Plastic fence designsreate separation between two areas and are typieddhcated
using HDPE, FRP, or PVC. Many HDPE designs webservedfor use inlarge animal
containment. FR designs were commonly used sefety handradl PVC fences commonly
serne as boundaries on personal properties.

HDPE fencesare durable and virtually maintenanfree and stain resistant. HDPE is
more resistant to shattering and splittatgow temperatures than common polymers. HDPE has
very low material strength. Thease ofHDPE posts are commonly supported with a wood or
metal insert. Examples of existing HDPE fences are shoWwigure7 [12-14].

FRP is a composite material made of a polymer reinforced with fibers, usually glass.
FRPs also have a low weigkb-strength ratio. FRP handrail systems are corressistant,
giving them a long lifespan with little maintenance. UV inhibitors are added to the resin during
fabrication, along with a syhetic surfacing veil, providingrotectiondrom UV weathering. For
these reasons, FRP handrails are often used in extreme climate locations or facilities with highly
corrosive chemicals. Most FRP rail systems are yellow for safety reasons but also can be
fabricated in any color. Dynarail and SAFRA asshown inFigure 8, are two of many FRP
handrail 15-17].

PVC fencing is commonly found as decorative barriers to divide personal property. A
PVC fence design offers virtually no maintenance with ultraviolet inhibitors in thd ton
prevent it from changing color and material properties. PVC material may become brittle under
low temperatures. PVC can come in a wide range of cdlatswhen heated, material strength
properties decline. For this reason, PVC fences are usualtg wehreflect the sun. The PVC
posts are commonly supported with a wood or metal insert. Examples of PVC fencing are shown

in Figure9[18-2Q].
12
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Figure7. Examples of Existing HDPE Fendd®-14]

13
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Figure8. Examples of Existing FRP Handrail Systems-17]

14
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2.2.3Existing Wood Fence Designs

Wood fences are generally used éparate personal propefty acting asoundary lines
and tocontain large animals. Nemneated wood can beighly susceptible to decay, rotting, and
bug deterioration. For this reasanpst wood fences requiggreservative treatment as well as
continuousmaintenance and repair. Wood material properti&s vary significantly, so the
strength of eacliencesystem may varyWood fences historically have not been crash tested,
and the post and rail components may be penetrate the windshield or occupantncentipar
when impacted by errant vehicles in some cases, as showigure 3. Examples of wood
fencing are shown iRigurel10[21-24].

2.2.4Metal Barrier Designs

The New Southern Wales Roads and Traffic Authority (RTA) developed two steel
pedestrian rail concepts, the RTA Designed Pedestrian Fence and the Modified Welded Steel
Mesh Fencing25]. The RTA Designed Pedestrian Fenas shown ifFigure11, wascomposed
of customized steel posts and two rails connected with steel balustersallibiedsgave the
barrier an antclimb design.Although he fencewas designed taollapseduring impact to
minimize damage on individual elementvidence of crash f¢é8ng was not providedThe
staggered layout of the balusters permits visibility on both sidés.pedestrian fencgesign is
preferred by the RTA

The Modified Welded Steel Meshs shown irFigure12, wasdesigred todeform safely
uponvehicleimpact although no evidence of crash testing was provittediffered from the
Pedestrian Fenda that itwasmore difficult to see through at acute angles. Near the baifom
the fencewas a longitudinal 0.4in. (10mm) diameter galvanized steel cable treat through

each panel and post. The cablastied and clamped at the end posts. To prevent the bottom

16
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from openingsignificantly when impacted, the bottom of the panelas secured with two
heavygauge split links

Based on a 1988 study in the téa Kingdom, pedestrian raifdaced near the roadway
diminish the ability for pedestrians and vehicles to see oneéha@nf@6]. This fact is most
prominent whenthe pedestrian is a child whzannot see over theil. Although the use of
pedestrian rails has shown to effectively improve road safety, the lack of visibility has been
shown to be detrimental to road safety, especially for children. For this rézdbg, Baldwin
LTD created a steel, pedestrdanly rail called the VISIFLEX pdestrian guardrail, which was a
more visible rail for pedestrians and motoris?§]] The VISIFLEX pedestrian guardrail, as
shown inFigure13, was composed with only three componénssandard panels with balusters,
stub posts, and an end bar. All components were fabricated with galvanized steel. The balusters
were placed atraangle and spaced appropriately for optimum visibility. The simple design
allows for easy installation and repair of the VISIFLEX system.

The lowa DOT designeda welded handrail aa pedestriamail, as shown irFigure 14
[28]. The degin consisted of two 24h. (64mm) diameter steel pipails. The top rail w45
in. (1,143 mm) above the walkwagndthe second rail was 24 in. (6&im) above the walkway.
The 2%in. (64mm) diameter steel pipe posts were welded to the rail elements andianx8Y2
¥Yrin. x 8%2in. (216mm x 19mm x 216mm) steel plate at the baséthe post. The steel plate
was attached witholr e -in. (16mm) diameter steettud concrete anchoyswvhich fixed the
pedestrian rail system to the ground

The Washington State DOdesigneda 42-in. (1,067#mm) tall aluminum handrailas
shown in Figured5and16[29]. Two horizontal 2%n. (64mm) diametehorizontal rails were
spliced at the posts and were 4 in. (102 mm) and 42 in. (1,067almone the walkway. Posts

were 2% in. (64nm) in diameter and spaced at 7 ft (2r). The lower pipe surfac&as4 in.
17
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(102 mm) above the waikay surface. Eleven-ih. (25mm) diameter balder pipes spanned

vertically between the railsy each panel section.

18
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(1-24]

Figure10. Examples of Existing Wood Fenc]
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Figurel2. RTA Modified Steel Mesh25|
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Figurel3. VISIFLEX PedestriatGuardrail[27]
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PROVIDE THO &

NOTE :

END POST PLATES, RAIL POST PLATES
AND SHIMS SHALL BE GALVANIZED
AFTER FABRICATION, IN ACCORDANCE

WITH THE REQUIREMENTS OF ASTM A-123.

84

BACK FACE
EDGE OF »f

SHM |

POST SHIM DETAIL

" GALVANIZED

STEEL SHIMS FOR EACH POST,
USE AS REQUIRED.

2 84 x3x 0"-81->

¢ _DRAIN HOLE IN"|
81x] R BELOW STEEL(]

PIPE RAIL POST

[g*¢_DRAIN HOLE |

N
8ix3 R BELOW STEEL‘—/

PIPE RAIL POST

B}

END POST PLATE DETAILS

(4 REQUIRED )

g

- —
; S

RAIL POST PLATE DETAILS

8 POST SPACES @ 7'-103 = 63'-0 (POST SPACING FOR WALL SECTION 5 ) B 5,
i ]
i i
256'-0 (5-WALL SECTIONS 2, 2-WALL SECTIONS I, I-WALL SECTION 3 & I-WALL SECTION 4 )
6 | 12 POST SPACES @ 7'-10§ = 94'-10} 16 POST SPACES e 8'-0 = 128-0 4 POST SPACES @ 8-0f = 32-1} '8 :9:ILEP;EC'¥?D,§£R|ﬁw-rﬁl'l'sgsfﬁrg’,?r‘gs &2’
i § RAIL SPLICE ) ! WALL SECTION 4
i € END POS Vo< i ¢ END L
r Fost € Tj('m") SEE DETAIL ! Posr‘_"i
J E ] Mo H
\ 1 E I 3 JOINT OPENING '
f " 1 ’ N STEEL RATC .
L R=I"-0 24"¢ STANDARD | bk JITNGSTRRRATY S X 23*¢ STANDARD R=1"-0-+ i
! STEEL PIPE RAIL l RAIL i
ﬁ l X
[¢ [ 1 X )
i 1¢ DRAIN
[ToP OF WALL . SEE DESIGN SHEET 4 FOR Toror YALL LES (TYP)
CAP ELEV., SEE RAIL SPLICE LOCATIONS. CAP ELEV., SEE
_CONSTRUCTION DESIGN SHEET 4 CONSTRUCTION . DESIGN SHEET 4 _CONSTRUCTION
JOINT A = JOINT i JOINT
Pl P t T
24"¢ STANDARD
: 5 TPE RAIL
] |
t t
PART ELEVATION OF STEEL PIPE RAILING 2'4 STANDARD)
<& PosT LOOKING AT FRONT FACE OF WALL STEEL PIPE
. = = RAIL SPLICE
0)
& = -
1'-04

STEEL PIPE RAILING NOTES :

THE STEEL PIPE RAILING IS TO BE BID ON A LINEAL FOOT BASIS MEASURED

END TO END OF RAIL. THE PRICE BID FOR "STEEL PIPE PEDESTRIAN HAND RAILING"
SHALL BE FULL COMPENSATION FOR FURNISHING ALL MATERIAL, INCLUDING ANCHOR
BOLTS AND SHIMS AND ALL OF THE EQUIPMENT AND LABOR REQUIRED TO ERECT
THE RAIL IN ACCORDANCE WITH THESE PLANS AND SPECIFICATIONS.

THE MATERIAL FOR TUBE RAILS, POSTS AND SPLICE TUBES SHALL BE STANDARD
STEEL PIPE MEETING THE REQUIREMENTS OF ASTM A-53, TYPE E OR S, GRADE B.
BASE PLATES AND SHIMS SHALL MEET THE REQUIREMENTS OF ASTM A-36.
PANELS AND END SECTIONS SHALL BE GALVANIZED, AFTER FABRICATION, IN
ACCORDANCE WITH THE REQUIREMENTS OF ASTM A-123.

ENDS OF RAIL SECTIONS ARE TO BE SAWED OR MILLED. ALL CUT ENDS ARE TO
BE TRUE, SMOOTH AND FREE OF BURRS OR RAGGED EDGES.

NO PAINTING WILL BE REQUIRED.
THE STUD CONCRETE ANCHORS SHALL BE GALVANIZED AND HAVE A MINIMUM
PULL OUT STRENGTH OF 8000 POUNDS BASED ON 4000 PS| CONCRETE.

RAIL SPLICES TO BE LOCATED AT 32°-0+. SEE DESIGN SHEET 4 FOR
ADDITIONAL INFORMATION.

SHOP SPLICES SHALL BE GROUND FLUSH.

ESTIMATED STEEL PIPE RAIL QUANTITIES
ITEM ) UNITS AMOUNT

STEEL PIPE PEDESTRIAN HAND RAILING -/ LINFT. 318.0

DESIGN FOR

352'-0 x VARIABLE HEIGHT
REINFORCED CONCRETE RETAINING WALL
STEEL PIPE RAIL DETAILS

STATION :3604+00.00 (B REGIN WALL )
STATION : 3607452.00 (B END WALL )

LINN COUNTY

IOWA DEPARTMENT OF TRANSPORTATION - HIGHWAY DIVISION
DESIGN SHEET No, |7 _OF |7 FILE No. 30066 DESIGN N0, 109

NOVEMBER, 2008

DESIGN TEAM KBK/SPM/RAR

29-0CT-2008 14:54

rrysavy

Figurel4. lowa DOT Steel Pipe RdiR2§|

LINN COUNTY I PROJECT NUMBER NHSX-030-7 (143 )--3H-57

| steet nuveer v.i7
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* T. OPENING
END OF APPROACH FOR BRI v APPROACH SLAB BRIDGE
END OF CONC. ON RETAIN
POS ¢ PosT
C- et 7 70 | POST (TYP
PA. @ 64" = 55 (2%0
f
' /
Y I f —F
— i | [l
| -
2% NOMI N
PIPE CAP ( 3
L I - 1
)i
vl
= g 2 T I ¢ e N =oEg
DUMMY NT (TYPICAL AT X
EACH RAIL POST LOCATION, ELEVATION
1 NG, AND PIPE RAILNG SPLICES, SHALL BE BENT T( HORIZONTAL
F CURVATURE 15 LESS THAN 200 FEET
2 ® APPE:
N AND IN AN
E SPECI
3 . AND PIPE PA
FOP A PERICD 10 E. VUTES ACILITATE
FORMING OF BENDING HORIZ
4. CUTTING L BE TRUE
C
o PART MATERIAL 7. ALl MINUM PARTS BE GIVEN A (CLEA® 0P BRONZE)™ ANODIC COATING
3 SPECIFICATION OF AT LEAST 0.000€ ES THICK AND SEALED 70O MEET THE REGUIREMENTS OF
=1 @ ) WITH A UNIFOPM FINISH.
: 8 UATELY
3 Fipes
3 IPES
s
BAR ASTM B 221-6006-TS
S & 2 STAIN!
5

TANDARDS\BF Ralls

eaFall_Alumin IMAN

o | state | rep aoerol M. | | o

JOB NO.

Desgnedty
Checked By
Detaled By

Bridge Projects gy
Preiim. A By
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STRUCTURES
OFFICE

STANDARD RAILINGS

PEDESTRIAN RAILING
DETAILS 1 OF 2
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Figurel5. Washington DOT Standard Railing (Sheet 1 di22)

STTZE-E0dHION Hoday 4SHMA

aroz ‘sthrenuer



G¢

- £}

DETAIL /A
.

¢ RAILING & BALUSTE!

SECTION /B
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SECTION /B
=/

IPTION 22

EXPANDED POLYSTYZ
N M
-~
% i
_EING
— @
e
T L
v‘ ‘
|
1€ V. STEEL L -
£ L WITH
EF N.
%
SECTION { E }
| SECTION .
5 3 Bricge Dezgn Engr [V NDAR - Ralle i¥, . ZMAN |
0 [Superveer T | orave |_re aneror . | | e
O ] BT&SE - STANDARD RAILINGS
: = Washington State
> u| Crrr— BN STRUCTURES 77’ T
N O ity OFFICE PEDESTRIAN RAILING
s e R M DETAILS 2 OF 2

Figure16. Washington DOT Standard Railing (Sheet 2 di22)
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The Texas DOT pedestrian ratbnsistedof six horizontal rails, as shown Figure 17
[30]. The top railwasa 3in. (76 mm) standard sel pipe and the lower five rangere2-in. (51
mm) standard stegipe Postswere5 in. (127 mm) wide andpaced at a maximum of 10 ft (3.1
m) apart. Theninimumrail heightwas42 in. (1,067mm) above the walkway.

The Ultratec Cable Railing Systemssal varying cable diameters and frame
constructons to accommodate for variouses, onef which was pedestrian rai[31]. Cables
couldbe alignechorizontally or vertically across the frame, as showirigure18 andFigure19.
The cables werespaced 3 in. (76hm) from each other artiad toeach support a 460 (1,779
N) tension minimum. Support rail braces should be platedrenimum spacingof 42 in. (1,067
mm). If the cables are not tensioned prbpehe end postsay bend due thigh cable tension.

An aluminum pedestriaronly rail was designed by the Florida Department of
TransportationfFDOT), to meetthe AASHTO and ADA load and dimension requiremeats
shown inFigure 20 throughFigure27 [32-33]. The rail consistedf structural tubes, pipes, and
bars made o&luminumalloy 6061-T6. The end hoop sections of the rail were fabricated with
alloy 6063T5 for better formability Two 2-in. x 2-in. X ¥#in. (51-mm x 5kmm x 6mm) square
tubes were used at each post locatgeparated by 5% in. (146 mnTjotal post spacing was
specified as 5 ft 8 in. (1.7 m).The top horizontal meber was a Sadule 10 2%4n. nominal
pipe size73-mm x 3mm) round tube. The bottom and intermediate horizontal members were 2
in. X 2-in. X ¥#in. (5I:-mm x 5tmm x 6mm) square tubes. Five infill panel options were
specified including %n. (19mm) diameter round banickets The pcketsspamedbetween the
intermediateand bottom longitudinalails. This rail also specifiedn ADA-compliant handrail

attachment.
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Figurel7. Texas DOT Handrajl30]

Frame must support minimum of 400 Ibs. tension per cable

N

Max. 42" ———

7\ Approximately 3" clear W
Support ublu m opening between cables.
1 42" (See Enginering Data section)

Figurel8. Horizontal Cable Fram&1]

27



Januaryl8, 2016
MwRSF Report NoTRP-03-321-15

28



6¢

3D VIEW OF RAILING WITH TYPE 1 - PICKET INFILL PANEL
(42" Height shown, 54" Height Similar)

NOTES

DESIGN LOADS, GEOMETRY AND APPLICABILITY:
See the Instructions for Design Standards for the design loads, geometry and applicability requirements.

GENERAL:
Adequate foundation support shall be provided for anchorage and stability against overturning. See Index No. 861
for special requirements and modifications for use on bridges. The railing shown on these drawings requires a
handrail for ramps steeper than a 5% grade to conform with the requirements of the Americans with Disabilities
Act (ADA).

RAILS, PANELS AND POSTS:
Structural Extrusions, Tube, Pipe and Bar shall be in accordance with Table 1 and ASTM B221 or ASTM B429. Top,
bottom and intermediate rail corner bends with maximum 4'-0" post spacing, may be Alloy 6063-T6. Perforated
panels (Type 5) shall be Alloy 3003-H14. Posts shall be fabricated and installed plumb, + 1" tolerance when
measured at 3'-6" above the foundation. Pickets and vertical panel elements shall be fabricated parallel to the
posts, except that Type 2, 3 & 5 panel infills may be fabricated parallel to the longitudinal grade. Corners and changes in
tangential longitudinal alignment shall be made continuous with a 9" bend radius or terminate at adjoining sections
with mitered end sections when handrails are not required. For changes in tangential longitudinal alignment greater
than 45°, posts shall be positioned at a maximum distance of 2'-0" each side of the corner and shall not be located
at the corner apex. For curved longitudinal alignments the top and bottom rails and handrails shall be shop bent to
match the alignment radius.

BASE PLATES AND RAIL CAPS:
Base Plates and Post Cap plates shall be in accordance with ASTM B209, Alloy 6061-T6.

SHIM PLATES:
Shim Plates shall be aluminum in accordance with ASTM B209, Alloy 6061 or 6063. Shim plates shall be
used for foundation height adjustments greater than 4" and localized irregularities greater than %'
Field trim shim plates when necessary to match the contours of the foundation. Beveled shim
plates may be used in lieu of trimmed flat shim plates shown. Stacked shim plates must be bonded
together with adhesive bonding material and limited to a maximum total thickness of %", unless
longer anchor bolts are provided for the exposed thread length.

Anchor bolts shall be in accordance with ASTM F1554 Grade 36. Headless anchor bolts for Adhesive
Anchors shall be threaded full length. Cutting of reinforcing steel is permitted for drilled hole installation.
Expansion Anchors are not permitted. All anchor bolts shall have single self-locking hex nuts. Tack

welding of the nut to the anchor bolt may be used in lieu of self-locking nuts. All nuts shall be in
accordance with ASTM A563 or ASTM A194. Flat Washers shall be in accordance with ASTM F436 and

Piate Washers (for long slotted holes only), shall be in accordance with ASTM A36 or ASTM A709 Grade 36.
After the nuts have been snug tightened, the anchor bolt threads shall be distorted to prevent removal of
the nuts. Distorted threads and tack welds shall be coated with a galvanizing compound in accordance with

RESILIENT AND NEOPRENE PADS:
Resilient and Neoprene pads shall be in accordance with Specification Section 932 except that testing
of the finished pads shall not be required. Neoprene pads shall be durometer hardness 60 to 80.

All welded joints are to be ground smooth. Expansion joints shall be spaced at a maximum 35-0". Field splices

rd960ch

TOP CAP RAIL INNER
SPLICE SLEEVE

ALTERNATE TOP RAIL SECTION

ALTERNATIVE BOTTOM &
INTERMEDIATE RAIL SECTION
FOR TYPE 3, 4 & 5 RAILINGS

similar to the expansion joint detail may be approved by the Engineer to facilitate handling, but top rail must
b i across a minimum of two posts.

All welding shall be in accordance with the American Welding Society Structural Welding Code (Aluminum)
ANSI/AWS D1.2 (current edition). Filler metal shall be either ER5183, ER5356 or ER5556. Nondestructive
testing of welds is not required. Filler metal for plug welds and bend splices may be ER4043.

The aluminum railing shall be mill finish unless otherwise noted in the Contract Documents. All nuts, boits
and washers shall be hot-dip galvanized in accordance with Specification Section 962.

Complete details addressing project specific geometry (line & grade) showing post and expansion joint
locations, post and panel type, anchor bolt installation “Case" or lengths, must be submitted by the
Contractor for the Engineer's approval prior to fabrication of the railing. Shop drawings shall be in
accordance with the Specifications.

PAYMENT:
Railing shall be paid for per linear foot (Item No. 515-2-abb). Payment will be plan quantity measured as
the length along the center line of the top rail, and includes rails, posts, pickets, panels, rail splice assembly,
base plates, anchor bolts, nuts, washers, resilient or neoprene pads and all incidental materials and labor
required to complete installation of the ralling.

TABLE 1 - RAILING MEMBERS
4 OUTSIDE WALL ANCHOR BOLTS:
MEMBER ALLOY DESIGNATION THICKNESS
Posts 6061-T6 RT 2x2x.250 2.00" x 2.00" 0.250"
214" NPS (Sch. 10) 2.875" 0.120"
Top Rail 6061-T6
P Ra 7 Round Top Cap Rail 3.000" 0.125"
2}4" NPS (Sch. 10) 2.875" 0.120"
End H 6063-T5
nd Hoops 3.00 0D x 0.125 Wall 3.000" 0.125"
2.50 0D x 0.125 Wall 2.500" 0.125" ificati
Top Rail Joint/Splice Sl 6063-T5 the Specifications.
op Rail Joint/Splice Sleeves Top Cap Rail Inner Sleeve 2.800" .
Intermediate & Bottom Rail 6061-T6 RT 2x2x.250 2.00" x 2.00" 0.250"™
Int. & Bottom Rail Post Connection Sleeve 6063-T5 1.50 0D x 0.125 Wall 1.500" 0.125" JOINTS:
Handrail Joint/Splice Sleeves 6063-T5 1" NPS (Sch. 40) 1.315* 0.133"
Handrails 6061-T6 14" NPS (Sch. 40) 1.900" 0.145"
Handrail Support Bar 6061-T6 %' 9 Round Bar 0.750" N/A WEZDING:
Pickets (Type 1 Infill Panel) 6061-T6 %" @ Round Bar 0.750" N/A
Infill Panel Members (Types 2 - 5) 6063-T5 Varies (See Detalls) Varies Varies
COATINGS:
TABLE 1 NOTES:
(1) Alloy 6061-T6 or 6063-T52 & T6 may be substituted for Alloy 6063-T5. %
(2) 0.188" wall thickness permitted for rails with post spacings less than 5-9". % (| % SHOP DRAWINGS:
S

3
z
h 3" ROUND TOP CAP RAIL
g
3
LAST 2| DESCRIPTION:
Revision |3
01/01/12 &

FDOT DESIGN STANDARDS
2013

INDEX | SHEET
ALUMINUM PEDESTRIAN/BICYCLE RAILING 8‘22 r;o.

Figure20. FDOT Aluminum PedestriarOnly Rail (Sheet 1 of §32-33
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P

ost Spacing , 15" |

5'-8" (Max.) ~ Type “B" Post Only

54" Special Height
| Bicycle Railing (SHBR)

g Post - |

(Tye] | I

Ground Line h

5'-8" (Max.) ~ Type "A" Post or

| 42" Pedestrian/Bicycle

Minimum from free end of concrete

(See Geometry Notes,
Sheet 1)

Joint * L

. Mexpansion Jjoints (Typ.}

Mmr Construction L
Jolnt Offset

¢ Post 7'-3" (Max.) ~ Type "B" Post ] Railing (PBR) |
End Hoop ' Top Rail ¢ Post Ry . . .
| ‘ Rail Expansion Joint (Typ.) ’S"f'" Pane] Type Varles,
see Detail 8", Sheet 4 ' ee Data Table in Plans "
i Post (Typ.} ) (Pickets Shown) ~ 7HE Typ)
= [ £ = X I 7 %, Top of i ;
o g Intermediate Rajl
Sg g o Ry \f / i
| 3 Max.| 3 =
33| &2 AT IEANAARAZN HE
Sel @ 3 | M See Detail “A", ) Il_Equai Clear Openings at Posts 1 E
ag| g ) | Sheet 4 T 2" Min. ~ 53] Max. (Typ.) T s
yal & | RN k]
n ?‘\ T 1 L
Y j ' AR ; J Foundation 3 [/ T T } """"" " V_Groove or |
Top of Sidewaik Bottom & Intermediate Rail Expansion 3" Clear Opening |6
or Bikeway.

A Rall expansion jolnts to be Jocated In panels above
ELEVATION
{Showing Outside Face of Railing with Type “A" Posts)

TYPICAL RAILING DETAILS & RAILINGS ON GRADES 0% TO 5%

NOTES:
* Keyed construction joints in Index No. 6011 Gravity
Wall are not considered to be expansion joints.

(Type 1 - Picket Railing Shown, Other Types Similar)

structure expansion joints * (35-0" maximum spacing).

0" Min. ~ 1" Max.
¢ Post —;_1 Gap
5 "

.
LS

€ Post

Note: Non-continuous corners are permitted
when handrails are not required.

EXPANDED ELEVATION AT CORNERS

—=DETAIL FOR NON-CONTINUQUS —

Handrail required for ramps {Handrail
continuous at landings between runs)

Handraill ~ 1%" NPS Sch. 40

RAILING AT CORNERS

€ Post See Plans for
16" 15 continuation or
Horizontal handrail Min. termination limits

rdg60rh

11:38:10 A

6/28/2012

Bottom Landing

Ramp

ELEVATION

extension at landing
€ Post See "Typical Railing Details" ™~
Post_Spacing 5'-8" (Max.) ~ Type "B" Post Only . (SHBR} for post, rail & picket or - ——
Typ) 5-8" (Max.) ~ Type "A" Post or [ (PBR) infill panel details A
See Plans for | 7'-3" (Max.) ~ Type "B" Post .
continuation or
" Post

termination limits i r-6 |- pes

of ralling Min.
z
Sol @
28 3
3 32
Sl 2

g u|® 5!
SEME
b £ Sidewalk
e [T

s ?{: 30'-0" Max. for Sfopes > 6.25%
g = 40'-0" Max. for Slopes = 6.25% 5-0" Min.
S Ramp Top Landin,
30'-0" Max. for Slopes > 6.25% 5-0" Min. P 9
-0 Min. 40'-0" Max. for Slopes s 6.25% Intermediate Landing RAMP REQUIREMENTS LANDING REQUIREMENTS

For slopes greater than 5%:
Max. ramp slope = 8.33%

Max. landing slope = 2%
Max. landing cross-siope = 2%

Max. ramp cross-slope = 2.0%

(Showing Inside Face of Railing with Type "A" Posts)

RAILINGS ON GRADES STEEPER THAN 5%
(Type 1 - Picket Railing Shown, Other Types Similar)

LAST
REVISION

01/01/11

DESCRIPTION:

REVISION

FDOT DESIGN STANDARDS
2013

ALUMINUM PEDESTRIAN/BICYCLE RAILIN

INDEX SHEET
NO. NO.
862 | 2

Figure21l. FDOT Aluminum PedestriarOnly Rail (Sheet 2 of §32-33

STTZE-C0dHION Hoday 4SHMN

groz ‘gtiurenuer



T€

7'-3" (Max.) ~ Pedestrian/Bicycle Railing _|

Varies ~ Equal spacing j,.r

¢ Post

| |
|_r€ Rost 1'-6" Min. Handrail

T 5-0" Max. on Steps
¢ Post

Extension
See 'Typical Railing Delails", “A"—‘

Sheet 2 for post, rail ) o

& picket detalls\ ED)

~

|

Handrall termination
(Typ.) See Detail "L"

——— -

Concrete sidewalk to extend 6" min. behind € railing

RAILING CONTINUATION BEYOND STEPS OR STAIRS
(Bottom shown, Top similar)

DETAIL "L" - PLAN VIEW
HANDRAIL TERMINATION

/ Rail Termination (End Cap)

" Min. Handrail

Qtenslan

Equal to one
‘!read length

ra960ch
3-6"

11:38:12 A

6/28/2012

~~See Index No. 521
or Contract Plans
for Step Details

Varies ~ Equal spacing
5'-0" Max. on Sleps

See Index No. 521
or Contract Plans
for Step Details

Equal to one ! /

tread length

-

Top Rail
cap He' B Top
Rail Cap
Round over
Post corners Yg"

(Typ.)

VIEW J-J

Aluminum Handrail required for three
or more steps (Handrail and cheekwalls
continuous at fandings)

Handrails ~ 1%" NPS {Sch. 40) pipe
Equal to one
tread length

Handrail Continuous

See “Typical Railing Details", Al Landing

Sheet 2 for post, rail
& picket details: R 6"

Typ.)
[T

. 0

cheekwall

5 0" Min.
Length Of Landing

‘9" (Min.) Wide cheekwall
both sides

6'-0" Max. for one run of steps

~\ Not considered an

expansion joint
for railing fabrication (Typ.)

6-0"
Bottom Landing

ELEVATION
(At-Grade Steps shown,
Elevated Stairs similar)

RAILINGS ON STEPS & STAIRS

DETAIL "J" - ELEVATION VIEW
TOP RAIL TERMINATION

RAIL TERMINATION DETAILS

2-10"

Leveling Channel
(Typ.) see Detail,

Sheet 4
I'-6" Min.
Handrail
Extension

Rail Termination (End Cap) or
Splice when rail continues on
(shown dotted)

gul rail sleeve to match inside
Bottom - face of post or weld rail
Rail (Typ.) v directly to post ¢ pogt __l L5
DETAIL "K” - ELEVATION VIEW =\ 16" /|0 Min.
BOTTOM RAIL CONNECTION ':g’“‘ Min. T 1" Ma;

=

Ll

i 37%" Max. permitted for

first panel at top of stairs

tength of Landing 5' Mig,
Top Landing

9 (Min.) Wide cheekwall
both sides
See Index No. 521

or Contract Plans
for Step Details

Top Rail termination
see Detail "J*

Equal to one
tread width

Bottom Rail
termination,
see Detail "K"

ALTERNATE END TREATMENT

LAST
REVISION

01/01/12

REVISION

DESCRIPTION:

FDOT DESIGN STANDARDS ik | fSHEEr
2013 ALUMINUM PEDESTRIAN/BICYCLE RAILING 8 6'2 3 ’

Figure22. FDOT Aluminum PedestriarOnly Rail (Sheet 3 of §32-33
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Figure23. FDOT Aluminum PedestriarOnly Rail (Sheet 4 of §32-33
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