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APPROXIMATE CONVERSIONS TO SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
in. inches 25.4 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in? square inches 645.2 square millimeters mn?
ft2 square feet 0.093 square meters m?
yd? square yard 0.836 square meters m?
ac acres 0.405 hectares ha
mi? square miles 2.59 square kilometers km?
VOLUME
fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft® cubic feet 0.028 cubic meters m®
yd® cubic yards 0.765 cubic meters m®
NOTE: volumesgreater than 1,000 L shall be shown ih m
MASS
0z ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short ton (2,000 Ib) 0.907 megagrams (or A1 Mg(or"t"
TEMPERATURE (exact degrees)
R . 5(F32)/9 . o
F Fahrenheit or (F32)/1.8 Celsius C
ILLUMINATION
fc foot-candles 10.76 lux Ix
fl foot-Lamberts 3.426 candela per square meter cd/n?
FORCE & PRESSURE or STRESS
Ibf poundforce 4.45 newtons N
Ibf/in® poundforce per square inch 6.89 kilopascals kPa
APPROXIMATE CONVERSIONS FROM SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
mm millimeters 0.039 inches in.
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mmn? square millimeters 0.0016 square inches in?
m?2 square meters 10.764 square feet ft2
m?2 square meters 1.195 square yard yad?
ha hectares 2.47 acres ac
km? square kilometers 0.386 square miles mi?
VOLUME
mL milliliter 0.034 fluid ounces fl oz
L liters 0.264 gallons gal
m® cubicmeters 35.314 cubic feet ft3
m® cubic meters 1.307 cubic yards ya®
MASS
g grams 0.035 ounces oz
kg kilograms 2.202 pounds Ib
Mg (or "t") megagrams (or fl 1.103 short ton (2,000 Ib) T
TEMPERATURE (exact degrees)
°C Celsius 1.8C+32 Fahrenheit IE
ILLUMINATION
Ix lux 0.0929 foot-candles fc
cd/m? candela per square meter 0.2919 foot-Lamberts fl
FORCE & PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ibf/in®

*Sl is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of A&TM E3:
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1 INTRODUCTION
1.1 Background

The Hawaii Department of Transportation (HDOT) utilizes several concrete bridge rails
with aesthetic treatmentsdowever, the crashworthiness of these bridge railings under current
impact safety standards has recebtgun and is currently ongoing. TotelatheHDOT 34 and
42-in. Tall, Aesthetic Concrete Bridge Railvere successfullyevaluated to MASH 2016 B
standard$1l, 2]. This report documents fuficale crash testonductedvith theHDOT 34-in. Tall,
Aesthetic Bridge Rail withPedestriarHandrail and Sidewalwith aesthetic recessedctangular
panet added tats traffic-side and backside surfacs, as well as with a baetide mounted
pedestrian handrail' he standardplars of the HDOT 34in. tall, Aesthetic Concrete Bridgeai
areshown inFiguresl through4. The recessed rectangular pask60 in.wide, 15 in. tall, and
% in. deepwith aninclination angle o0 degreesThe concrete bridge rail is anchoréaough
the sidewalk and into @oncrete bridge declend sections measuring 3 f6 in. long are used at
the ends of the bridge rail adjacémian end buttress structurdowever, only the lengtbf-need
(LON) of the barrier was evaluated in this study.

Several years ago, researchers at the Texas A&M Transportation Institute (TTI) published
National Cooperative Highway Research Program (NCHEprt No. 5543], whichdeveloped
design guidelines for aesthetieatments fosafety shapeoncrete roadway barrieusing aseries
of Finite Element ModelingFEM) simulationsin conjunctionwith physical crash testind he
computer simulation effort examined the effect of aspeniigth and depth as well as the
inclination angle othe asperity surfaceA parametric FEM analys wasperformed for asperity
angks of 30, 45, and 90 degreas measured from the front face of the baraed the simulation
outcomes were categorized as acceptable, margikatlum, and unacceptable. NCHRg®rt
No. 554 provided final design guidelinés safetyshape barrierbased orsimulation and crash
testingresults, as shown iRigureb.

NCHRP Report No. 554 also provided guidelines for shstpped and verticebce
barriers that wer developed by the California Department of Transportation (Calt#ns)J002
and approved by the Federal Highway Administration (FHWA) in acceptance lett20.B
Caltrans conducted crash testing on sirslged barriers with various architectural treatments in
order to develop guidelines for evaluating crashworthiness of barriers withravigeg patterns
and textures. Six recommendations for sirgjtgoed owverticalface barriers were developed after
full-scale crash testing in accordance with NCHRP Repor@3b@ilest Level 3 (TE3)[5] criteria.

As reported in NCHRIReport No. 554, the following types afr§ace treatment are permitted:

1. Sandblasted textures with a maximum relief of 9.5 mm.

2. Images or geometric patterns cut into the face of the barrier 25 mm or less and having
45-degree or flatter chamfered or bevezifjes to minimize vehicular sheet metal or
wheel snagging.

3. Textures or patterns of any shape and length inset into the face of the barrier up to 13
mm deep and 25 mm wide.
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4. Any pattern or texture with gradual undulation that has a maximum relief of 20 mm
over a distance of 300 mm.

5. Gaps, slots, grooves, or joints of any depth with a maximum width of 20 mm and a
maximum surface differential across these features of 5 mm.

6. Any pattern or texture with a maximum relief of 64 mm, if such a pattern begins 610
mm ormore above the base of the barrier and if all leading edges are rounded or sloped
to minimize any vehicle snagging potential.

After comparing the HDOT 3#h. tall, Aesthetic Concrete BridgeaR to the NCHRP
Report No. 554 design guidelines, the research team atédithatheexisting bridge raiprofile
would likely provide acceptable safety performance under current impact safety standards for
passenger vehicles. However, fatlale crash testing was needed to evaluate the bridge rail to the
safety performancecriteria publishedin the American Association of State Highway and
TransportationOfficials (AASHTO) Manual for Assessing Safety Hardware, Second Edition
(MASH 2016)[6].



Fugn

FED 2043]
DIST NOL |

| =1scaL
YEiR

57aTE|

08| a7ate| FE E TOTAL
| & ; | oeers
[Crwmn [k |

2 L 3 a4

— -
. End Panel

2 :
Bridge End Parel |

250" Guardr:

-~ Ref, Guardraii Connection Ling

-7

Hawail MASH Transition -
Type 3 Thrie Beatn

__Transition Sidewalk from Yy"/ft
Slope at Bridge fo Flat at Ramp

-4 3-8
L 5o
) 34" Type D2 Transition
/2
PLAN
Scale: " = 10"
s

" Bridge Railing
Eront Face--- =

40" To 60" |
= l Note:
Slope Sidewsaik %”/f!*\
\ :
\

@9~

a1 to W varies with

| — T
Girder [ To Girder Face

506" THE—
“Selz” THE -

DECK SECTION AN
Scate: % = 10" sy

5-0" Recessed Panel i |

A (557 Wete ZFJ - :Te TR 4$ ! ‘ Poy Limits, Sce Shh. KB-2
o i [; 4 Places EF. | ; 8 See Detail Shi. KB-3 i L
s ——-————{
S - "
29 ; !
Recessed i t
ane i
(See Nofe 1 ¢

7 Praces EF. PO o I - N ——
¥
} Sidewalt - "

Railing Reinforcing
Not Shown For Clarity

DEPAR PORTATION

S0LID BRIBGE RAILIAG HITH RECESSED
RECTANGULAR AESTHETIC PAHEL ¢ SIDEWALK|

PLAN ¢ TYPICAL_ DECK SECTION
CRASH TESTING OF I;ARIGUS BRIDGE.

Projec! Ko STP-I50X92R

Stalte 45 hatnd
SHEET No.KB-1OF 4

Figurel. HDOT Standard Detail for the d4. Tall, Aesthetic Concrete Bridge Railth Sidewalk

229S7-€0dH 10N Hoday 4SHMIA

2202 ‘92ishbny



!-e— Ref. Guardrail Connection Line and € %" Anchor Bolt r&g%ﬂzan STATE FFRE& A:l% F:SE%L s:%s_'r STHDEIQ:LE
g -4 . 7l 14-8Y" HAWAL | HAW. | STP-I500092IR | 207 4 i0
12-1%" 26"
¥ §
= T 3 = 4 - -4 - =R < -
b o A r N 2T r
Al e + x T
R A f f
£33 E2% el G I 3
J < BRI i i i i J
How Endpast : Curb fo be in Line with Front Face of Mefal Guardrail
ront Face & Match Front Face of Endpost af Tapersd End
Bridge Railing Endpost = 3
DT
- i
| 250" Guardrail Type 3 Thrie Beam Fay Limits Balanca
[ 4] B See Hwy. Plan
: )
oze &
J il form |
Connector 1
745 A 4 L |
New Fg. Qutline g -5 ‘ |
F . i Face N ight F: !
rom exist. jersey face fo Straight Face i e . Q|L
oo ! i s ! g
ype 02" Endpast Curb fo be in Line with Front Face =
PLAN of Metal Guardrail and Transitioned
to Mafch Frent Face of Concrefe Endpost
Scale: 5 - 10"
A B CTN T PARTIAL PLAN
X s ey e Scale: %" = 1-0°
Type “D2" Transition
Bridge Railing Endpost 44" Transition 25-0" Guardrail Type 3 Thrie Beam Pay Limits Balance .
3-a" See Hwy. Plan
4 “Openings” Each Face =
. . 5-"6 Thru Holes for 57/ 2
Ed I 6 | T b Bate wh Cap L Ref. Guardrail Connection Line and &
. | Nut & Washer | 26" Tarm. 2-6"a Thru Holes for 2-5/8°6 x 14" Lg.
A | o Bolfs w/Cap PL, Nuf and Washer
See Tapered [nsef Detail | Top of New Conc. onnector
"Opening” E.F.| Endpost Upgrade & ¥ 7 ~— & Thrie Beam
9 i " . o TH !
/ \ Each Endpost| N\ R I
Y[ ] kY | - | | | €W Bm.
k}\ - e i ™ l‘_“; /
= = b - F— e i ‘
i i W\ i & Ty i i i3 i i &4]
T R L =L/ H H i £ ] ] | Fin, Grade 1 iy
| e — EEEEE === I el
[ e Bl P 110 et 4 Rl 1 i i ] : i
& T E an i 1 ' i | 1 i H
11 | S 3 G 1 G 1 G 11 Li] : Hl H i
! | \_ top of concrete deck 5 — -Led L yoint wogom Feit ‘ ;
e BN | 18"
] = i ; - .
s i 4spos. @ FA" - 126" §-3" Transition
. 3 Bl i T
il s s e
§ _|=:, | Pttt = 126" Double (nested) Rail Element DEPARTMENT OF TRANSPORTATION
INHEE I | = s orwadu
EHHiE i Linits of W6xI5 Post # WéxIZ Spacer 50010 BRIDGE RAILING WITH RECESSED
HEH HAE g TAD ACCTLETIN PANEIC |
ik . | AUG 2 RECTANGULAR AFSTHETIC PANFLS
nEl . UG 21 207 RELIATY =
el 8| E > .
I TAPERED INSET CRASH TESTING GF VARIGUS BRIOGE.
E Y ELEVATION GUARDRALS MND TRANSITIONS
o Seale: J* + 10" [ R
Scale; A3 Woied Date: Aug, 207

SHEET No.GB-20F 4 SHEETS

I ‘ . 4

Figure2. HDOT Standard Detail foFrarsition tothe 34in. Tall, Aesthetic Concrete Bridge Rall

Z29S7-£0dHION Hoday 4SUMIA

2202 ‘9zisnbny



~HSS 3" x 3 x I
(A500 Gr. B)

HSS 205" x 21" x U
AS00 6r. Bi—._

v

™) |
"'9'%7 ; Bl

~~— Stesi Plate or
Steel Plate af
End Post
See D
7

N ®

| Weld %" x 2U" x 2" Pi
at Botiom of Post o
Cover Hotlow Opening

RAIL ATTACHMENT DETAIL (TYPICAL)

weld Y x
206" x 206" PL
at Bottom of
Post to Cover
Hollow Opening

Scaie:

... Bridge Railing ___

Ed

34" Type 02 Trensitien

e
| Post
| (Ena)
E-0" Max.
Typical P

i ,—Top of Bridge Railing
/

HSS 2" x 2" x Y
(4560 Gr. B)

See Rail Attachment
Defait This Sheet —,

weld 26" x 2" x Yy
Plate al Eottom of Post
to Cover Holiow Opening—'

/

Steel Plaje -See

/
/
Detail This Sheet —

%8 Dritied Holes
for 5% x 70" Lg.
Threaded Reds w/
6" Embedment. Secure
w/ Epoxy Adhesive,
Nut and Washer —

PARTIAL

Scate: o

ELEVATION

— Lecate Splice Near Y Pis
Dces ol Nesd to te
Directly Over Bridge Rail
Expansion Joint
See Spiice Detail This Sheet

—HSS 3" x 3" x U
£ (AS00 Gr. A}

STEEL PLATE DETAIL
7=

- @ expansion joint in
T existing concrete raiting

—HSS 25" x 20" x Y
(AS00 Gr. B}

T
| 4 - Y8 Holes
| for %% Threaded Rods—
|
i
s i
i
-
i
Y 5
B Scal
&
' &
|
&
1 HSS 3 x 3" x W*
;| @ -] (AS00 Gr. B} N
S A
i
£} ® P
|
i
SECTION >
Scale: 37+ 10" Y

SPLICE DETAIL

Scale: 3 = I-0”

RANSPORTATION
YE BIVIEION

BIKE RAIL SECTION AYD DETAILS
CRASH TESTIRG OF VARIOUS BRIDGE
JARDRAJLS AND TRANSITIONS
{ Project No, STP-IS0X02IR

J  SHEETS

Figure3. HDOT Standard Detail for the dA. Tall, Aesthetic Concrete Bridge Railth Pedestrian Rail

Z29S7-£0dHION Hoday 4SUMIA

2202 ‘9zisnbny



prvtoi bt b ) e—

TraceD B

omamAL |sunvey pLoTTaD A

Figure4. HDOT ReinforcemenDetail for the 34in. Tall, Aesthetic Concrete Bridge

e faoncrasnlestrargr RECT AIGULAR g8

o

==

2)6"x2)b" PL Galv.
after Fabrication.
One (1) @ ea. AB.

PARTIAL ISOMETRIC VIEW et
Scale: Not to Scale ?bamfer
yp.
Ref. F.F. of New B
Conc. Endpost ———{ | * 1 e
5 : 32
€ Cap # Hol 0 Y s L9
i d c.i-pt;;:n Dfa.o%r_‘;;“‘ exist. # Fin. 69" M. = 2°C1, &
P
Nl s s
=| =~ T
P S Y < 2 1 ]
< 0
KT/ NERS N Flashing  ZC. -
! e 538 3 Compound 1 1
& P £ 4
FRONT VIEW | Saadin WA T —HSY
€ Cap PL g s ¥
¢ Hole ¥ Z = LRoefe S e " . ! q. | £q,
{ i I PO o 8 A gl
LI : “—“L_ I b vt e SR ZTR, T YRGS PO AT T RAT R
Lydmot Y 3 A >
i I_T KX g e |z
Beveled Cap PL— (- )
206" Typ.

SECT[ON( l )

CAP (BEARING) PLATE DETAIL

Ref. F.F. of New
Cone. £ndpost ———s|

Scale: &"

= -0

LS el
=

3-#6x9-0" Lg. Cont.
E.F. Hickey Bars
as Reqg'd.

% Cont.
Chamfer, Typ.

¢ 2-7/8"8 Thru Holes
for 2-5/8'Bx14" Lg.
Bolts w/Cap Plate
Nut and Washer

"6@9"x9-0" Lg. Cont.
EF 8-Total. Extend
Where Occurs

8| ¢ Thrie Bm.—l AR
. — )
F ol Y B
& § < 1l .-
) exist. ¢ Fin.
i Rdwy Grade .o
1 G T, O, R g
£ i 5
3y o
g8 Flashir ; //\ &
B S #506" lashing RN
& o Compound » ot
AN oo
3 s Foa <<< < S 4 s B, | q. [Eq
i s sl b s AN
i lie——t = -
3, 3 i i 3CL. 4 31,
N Ry
#s5e12" Cont. T$8— /T

L
4012 I
i F

3-10)6" -3

3L

90" Typical Footing

SECTION

Scale: %" = 10"

3CI.

#5@12* Cont. T#5 &
'4912"|]~—/ [
354 EF—f=t

3-10%"

3

9-0" Typical Footing

SECTION

Scale: %" » 10"

Ref. F.F. of New

Conc. Endpost gt

Q

3-#6x9-0" Lg. Cont.
E.F. Hickey Bars
Req'd.

Curb to be in Line with Front

Face of Metal Guardrail and

Transitioned to Match Front
Face of Concrete Endpost

%" Cont.

Chamfer, Typ.

€ Thrie Bm. W

¢ 2-7/8'8 Thru Holes
for 2-5/8"8xI4" Lg.

Bolts w/Cap Plate
Nut and Washer

2°Cl.

SECTION @
Scale: %" = I0"

#6@9"x3-0" Lg. Cont.
EF 8-Total. Extend
Where Occurs

TYPICAL SECTIONS - ENDPOST DETAILS

FED. ROAD| grarg| FED. AD | FISCAL | SHEET| TOTAL
DIST. NO, PROJ.NO. | YEAR | NO. |SHEETS
HAwAl | Haw. | STP-ISO0092R | 200 | 6 0

Ref. F.F. of New

3-76x9"-0" Lg. Cont.
16" EF. Hickey Bars
as Regd.
4 12"
Conc. Endpost ———={ | =—+ :

%" Cont.

é Thrie Bm.—l

-0,

i@

exist. ¢ Fin.

10,

Flashing
Compound

2Cl.

I Occurs

#4612

3l

E,..

4

_3°Cl.

#5@12" Cont. T#8 ‘
ue/?ﬂ~—/

3#4 EF.—
3-104"

3Cl.

i e

90" Typical Footing

SECTION
Scale: %" = I-0" %5@

Thrie Beam
Wéxi2

exist. ¢ Fin.
Rdwy Grade

2-%5 Cont.

WéxI5

SECTION

Scale: %" = I°0"

AUG 21 2017

Chamfer, Typ.

#609°x9-0" Lg.
Cont. EF. 8-Total.
Extend Where

DRAFT

¢ 5-1"8 Thru Holes
for 5-7/8'8x14" L.
Bolts w/Cap Plate
Nut and Washer

————— A AN o

Il

TATE OF MAWAL

s
DEPARTMENT OF TRANSPORTATION

SOLID BRIDGE RAILING WITH RECFSSED

ﬁEC TANGULAR

LAR AESTHETIC PANELS
TYPICAL ENDPOST_SECTIONS AND DETAILS

SHEET No.QB-40F 4

SHEETS

6

Rail

Z29S7-£0dHION Hoday 4SUMIA

2202 ‘9zisnbny



August26, 2022
MwRSF Report NoTRP-03-456-22

o LW 1 -
LS > 4 ~
| Troffic Side | ’ V.
= | e - L
W0 e /< & 7 =
- # ~
{ //
s o
4.5 = L ETey
, (_\_LC@* £l
S R :;5'_ :,g.*f\)'
/ &5 i
4.0 £ $4
0
&
ok -
25 - el
W &, & -
& 304 = <
b &
= i ;
=4 ra
[ =
B 25 = P —
a = 30
z
E 201— e - - _
g )
‘E 7
15 -
T A
’/
1.0 —
Vs
I )
S,
s a5
f"(’
i] T I T | T I T T T I T i'_-- T T T T __'--r"'\ I T T T T T T T T I T I
a 1 2 3 4 ] & ! 1 9 10 11 12 13 14 12 16 1/ 1B 1% 20 21 22 23 24

Asperity Width, ¥ (in)

Figure5. Final Design Guidelines for Aesthetic Surface Treatments of S&fetpe Concrete
Barrier[3]

1.2 Objective

Theresearclobjective of thisstudyincluded asafety performancevaluation othe LON
of the HDOT 34in. Tall, Aesthetic Bidge Rail with PedestriarHandrail andSidewalk. The
system wasested an@valuated according to tfié -3 criteriafound inMASH 2016

1.3 Scope

The research objective was achieved through the completion of several tasks. Two full
scale crash tests were conducted onHB®OT 34in. tall, Aesthetic Concret8ridge Railwith
PedestriaHandrail and Sidewalkccording to MASH 2016 test designation ne403and 311.

Next, the fullscale vehicle crash test results were analyzed, evaluated, and documented.
Conclusions and recommendations were then made pegdmithe safety performance of the
HDOT 34in. tall, Aesthetic Concrete Bridge Ravith Pedestriatdandrail and Sidewalkystem.

A final reportwas publishegwhichdiscusgedthe results and findgs fromtwo full-scale crash
teststhat wereconducted othe HDOT 34-in. tall, Aesthetic Concretergige Rail with Pedestrian
Handrail and Sidewalk
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA
2.1 TestRequirements

Aesthetic concrete bridgaits must satisfy impact safety standards in order to be declared
eligible for federal reimbursement by the Federal Highway Administration (FHWA) for use on the
National Highway System (NHS). For new hardware, theskety standards consist of the
guidelines and procedures published in MASH 2@l6Note that there is no difference between
MASH 2009[7] and MASH 20146] for longitudinal barrierssuch as the system tested in this
project, excepthat additional occupant compartment deformation measurements, photographs,
and documentation are required by MASH 204é&cording to TL-3 of MASH 2016, longitudinal
barrier systems must be subjected to twogallle vehicle crash tests, as summariz&dlvie 1.

It should be noted that the test matrix detailed herein repreagmtsctical worstase
conditionwith respect to the MASH 2016 safety requirementsaaishworthinessvaluation
of the barrier systemi\ccording to MASH 2016, thelDOT 34in. Tall, Aesthetic Concrete Bridge
Rail with PedestriarHandrail and Sidewalkhould be evaluated at a location that evaluates the
greatest propensity for vehicle snag as well as a location that maximizes structural loading of the
bridge rail at a critical section. For the HDOT-i84 tall, Aesthetic Concrete Bridge Railith
Pedegian Handrail and Sidewalkthe critical impact point for both impact locations occur
upstream from the expansion joint in the bridge rail. The HDOn3%all, Aesthetic Concrete
Bridge Railwith Pedestriatdandrail and Sidewalkas a transition from thecessed panel to the
main face of the bridge rail 2% in. upstream from the expansion joint in the rail. Thus, impacting
upstream from this point provides an evaluation of vehicle snag on both the recessed panel edge
and the expansion joint. Additionallyhe critical structural section in the raitcursat the
expansion joint because the bridge rail design does not reduce the transverse reinforcement near
the expansion joineind smooth dowel bars are used to transfer shear loading across the opening.
As such, the critical impact poimtistances that argpecifiedfor test designation 80 3-10 and
3-11 for rigid barries in Table 2.7 of MASH 2016 were applied upstream from the expansion
joint. This selection was made éwalude of vehicle snag and strural loading of the HDOT 34
in. tall, Aesthetic Concrete Bridge Ravith Pedestriardandrail and Sidewalk

Tablel. MASH 2016TL-3 Crash Test Conditions for Longitudinal Barriers

Test Test Test Vehicle Impact Conditions Evaluation
Article Designation Vehicle Weight Speed Angle Criteriat
No. Ib mph degees
Longitudinal 3-10 1100C 2,420 62 25 A,D,F.H.I
Barrier 3-11 2270P 5,000 62 25 A,D,F.H,I

! Evaluation criteria explained ifable2.

The critical impact poirgtfor the3-10 and 311 tests weralsoselected to maximize vehicle
interaction with the downstream portion of theperity. Handrail post positions were similarly
selected to maximize vehicle interaction in the anticipated Zone of Intrusion, similar to other
studies recently performed by MwRSE, P]. However, the impact point with the parapet may
occur downstream from the impact point on the sidewalk, because the sidewalk can apy a lat
change in momentum to the vehidledeos from previous tests completed with a sidewalk in front

8
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of a rail system were evaluated to determine the change in trajectory. As such, this change i
trajectory was used &elect annitial impact point withthe curbto maximize interactions with the
downstream section of the exposed asperity angeatiestriarhandrail support.

=)

Table2. MASH 2016 Evaluation Criterigor Longitudinal Barries

A. Testarticle should contain and redirect the vehicle or bring the
Structural vehicle to a controlled stop; the vehicle should not penetrate,
Adequacy underride, or override the installation although controlled lateral
deflection of the test article is acceptable.
D. Detached elements, fragments or other debris from the test artig

should not penetrate or show potential for penetrating the occuy
compartment, or present an undue hazard to other traffic,
pedestrians, or personnel in a work zone oreations of, or
intrusions into, the occupant compartment should not exceed lir]
set forth in Section 5.2.2 and Appendix E of MASH 2016.

F. The vehicle should remain upright during and after collision. Th¢
maximum roll and pitch angles are noetaceed 75 degrees.

H. Occupant Impact Velocity (OIV) (see Appendix A, Section A5.2|

Occupant of MASH 2016 for calculation procedure) should satisfy the

Risk following limits:

Occupant Impact Velocity Limits
Component Preferred Maximum
Longitudinal and Lateral 30 ft/s 40 ft/s
l. The Occupant Ridedowicceleration (ORA) (see Appendix A,
Section A5.2.2 of MASH 2016 for calculation procedure) should
satisfy the following limits:
Occupant Ridedown Acceleration Limits
Component Preferred Maximum
Longitudinal and Lateral 15. 0 ¢ 20. 49

2.2 Evaluation Criteria

Evaluation criteria for fulscale vehicle crash testing are based on three factors: (1)
structural adequacy, (2) occupamgk, and (3) vehicle trajectory after collision. Criteria for
strucural adequacy are intended to evaluate the ability dirildge railingto contain and redirect
impacting vehicles. In addition, controlled lateral deflection of the test article is acceptable.
Occupant risk evaluates the degree of hazard to occupahis impacting vehicle. Peghpact
vehicle trajectory is a measure of the potential of the vehicle to result in a secondary collision with
other vehicles and/or fixed objects, thereby increasing the risk of injury to the occupants of the
impacting vehicleand/or other vehicles. These evaluation criteria are summariZebla2 and
defined in greater detail in MASH 2016. The fatlale vehicle crash test was conducted an
reported in accordance with the procedures provided in MASH 20Zglidition to the standard
occupant risk measures, the Pmspact Head Deceleration (PHD), the Theoretical Head Impact
Velocity (THIV), and the Acceleration Severity Index (ASI) weatetermined and reported.
Additional discussion on PHD, THIV and ASI is provided in MASH 2016.
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3 DESIGN DETAILS

The barrier system test installation consistetivof10-ft 11%#in. long and thee21-ft 11%%
in. long concrete barrier segmemigh apedestriarhandrail and sidewalkas shown irfrigures 6
through22. Photographs othe test installation are shown kigures23 and24. Architectural
inserts were slightly misalignest a form breakn the lower left image oFigure 24, creating a
visual jog,butthe effectwvasonly cosmetic and not structurally significakiaterial specifications,
mill certifications, and certificates of conformity for the system matesig@shown irAppendix
A.

As noted previously, the HDOT d4. Tall, Aesthetic Concrete Bridge Raith Pedestrian
Handrail and Sidewallwas fabricated for evaltian of the LON of the bridge rail. Thus, no end
sections of the rail were constructed. The rail was constructed in five segna¢ntsreseparated
by four expansion joints to allow for evaluation of the critical rail section at the expansion joints.
Thespacing between the expansion joints was limited to 22 ft, which was the smallest rail segment
length between joints noted by HDOT. Larger rail segment lengths between expansion joints were
considered less critical. The HDOT -84 tall, Aesthetic Concret Bridge Railwith Pedestrian
Handrail and SidewalWwas installed on the concrete tarmac at Mw&8ritdoor Test Site rather
than on a simulated bridge deck asahtilevere overhang. Previous testing of a MASH 2016
TL-4 bridge rail on similar-&n. thickconcrete bridge deakd not display significardeck damage
[10]. This finding, along with historical resultédicated no potential for deck damage or
deflection that would affect theest resultof the HDOT 34in. tall, Aesthetic Concrete Bridge
Rail with Pedestriardandrail and Sidewalknder MASH 2016 TL3 impact conditions.

The bridge rail wagl1%2in. tall relative tothe backside tarmac34 in. tall relative to the
sidewalk,and 10in. wide at the top and the bott@urfacesThetraffic-side and backide edges
of thetop surfacehad ¥+in. chamfes. Aesthetic ecessed/-shaped horizontal bevel cu#s in.
deepand?~ in. tall were located in. belowthe topsurfaceand 7 in. above thesidewalk surface
on the traffic and backside facesThe mainaesthetideatures on this concrete bridgeail were
60-in. wide x 15in. tall x ¥2in. deeprecessed panels on bdtte trafficside and backide faces
The edges of the panels transitioned to the face of thasiat) 2H:1V slopeThe concrete mix
for the bridge rail sections required a minim@&day compressive strength of 4,000 psi. Two
concrete cylinder compression tests were conducted 1@&4ttay compressive strength resudts
4,410psi and 4,20 psi Steel reinforcemenn the barrierconsisted oASTM A615 Grade 60
rebar. Eacltoncretebridge rai segmentonsistedf eight no. 5 longitudinal baf$our per face)
that werevertically spaced¥2 in. apart Vertical stirrupswere also provided ugygno. 5 rebar,
which were spaced on 48. centers on the bagide face and on-#. centerson the tréfic-side
face Vertical reinforcement bareere anchoredhrough the sidewalko an existing concrete
tarmacon both thetraffic-side andackside faces to a deptbf 8 in. and epoxied witHlilti HIT
RE-500 V3in order todevelop the full tensile strength of the $amrhe minimum bond strength
of the epoxy adhesive was 1,560 psi aftew@day cure.

The bridge rail system containéalr expansion joirg consisting ob~in. gays filled by
expansion joint sealant. The exysion joint assembly consistedtlafee 24in. long, no. 8 smooth
rebarcast into the downstream side of the parapegh PVC tubes and caps castthe upstream
side of the expansion joirit.ertical stirrupsverespacedn 4in. centersat the expansiojoints.

10
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The sidewalk was 82 in. widecludinga 10in. widex 7%zin. tall flat surface beneath the
bridge railalong with a downwardslope of1V:48H leading away from the bridge ralbteel
reinforcement in the saivalk consisted of ASTM A615 Grade 60 rebd@here were seven
longitudinal rebas spaced on L. centerswhile lateral rebas were spaced on 4n. centers.

Lateral rebasweree mbedded 9E i n. into the bridge rail

The pedestriamail consisted of a welded tube, post, and halatee assembly. The rall
consiged of HSS3x3x¥by 21-ft 11-in. long steel tubesvhich were welded using a-#i. fillet
weld allaround to HSS2%2x2Y2xHy 7-in. long tube postsihe spacing between posts wésii.,
and one post was installed 16%2dlownstreanfrom theupstreanend of each parapékhe tube
posts were welded toi@. x 5in. X ¥#in. thick, ASTM A36 steel base plates with/a-in. fillet
weld on both sides of the postt the bottom of the post, a 2irh. x 2Y«in. X ¥#in. thick cap was
wel ded to the bott amfilled fveldtalh @oung.oTsvd Ynwdiaméter, a a
semicircular weep holes were located at the top oftsegnd one ¥#n. diameter weep holeas
located ineach ofthe lower post capto allow air to escape through the post during-dipt
galvanization. The diges consisted of HSS2x2xY4 byirY. long tube with 7in. x 1%zin. x 31e-in.
thick shims inserted . into the downstream side of thedestriarhandrail tube and welded on
all sides with &/16-in. fillet weld. As a result, approximately 1 in. of the splice tube assembly was
exposed at the expansion jaand the remaining 4 in. of the splice tulssembly protruded into
the adjacent pedestrian rail end.

~ The pedestrian rail was fast eneid dianeterf he ba
7 Gn.long ASTMF155415 Gr ade 105 steel threaded rods |
surface of the &rier. The top of the pedestrian rail was located at 50 in. above the MWRSF, tarmac
which simulated a bridge deck surface, or 8% in. above the top surface of the barrier.

11
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d2 | 16 [HSS 2 1/2"x2 1/2"x1/4", 13 3/4" Long ASTM AS500 Gr. B - Concrete Bridge Rail with

d3 | 2 |HSS 3x3'x1/4", 131 1/2" Long ASTM AS00 Gr. B = Sidewalk

d4 | 3 [HSS 3'x3'x1/4", 263 Long ASTM A500 Gr. B - Test Nos. HP345-1-2
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No. |ATY- Description Specification | Specification No. [QTY- Description Specification | Specification
— | 1 |Downstream End Rail Assembly - ASTM A123 — | 1 |Upstream End Rail Assembly = ASTM A123
d1 | 2 [8"x5"x3/4" Steel Plate ASTM A36 = d1 | 2 [8"x5"x3/4" Steel Plate ASTM A36 =
HSS 2 1/2°x2 1/2°x1/4, 13 HSS,2 1/2"x2 1/2"x1/4", 13 =
d2 | 2 3/4" Lon/g / / ASTM AS00 Gr. B - d2 [ 2 3/4" Long ASTM A500 Gr. B
d3 | 1 |HSS 3'x3'x1/47, 131 1/2° Long | ASTM A500 Gr. B = d3 | 1 [HSS 3"x3"x1/4", 131 1/2” Long|ASTM AS00 Gr. B =
d5 | 1 |HSS 2"x2"x1/4", 7" Long ASTM AS00 Gr. B = d6 | 2 |2 1/4"x2 1/4"x1/4" Steel Plate ASTM A36 -
d6 | 2 [2 1/4"x2 1/4"x1/4" Steel Plate ASTM A36 -
d8 | 4 [7"x1 1/2"x3/16" Shim ASTM A36 =
i— 268"
Splice Assembly
. Y
| 1l & lir€ ® Al
, 49" , 66" l 66" I 66" f-—16"—feef—5"
BACKSIDE VIEW Notes: (1) Handrail assemblies shall be galvanized according to
Midspan Rail Assembly ASTM A123 after all welding is complete.
(2) These Assemblies make up the handrail assembly on
l:\fg’ QTY. Description Material Specification S‘;T;gec?ftir::t?én sheet 11.
— | 3 |Midspan Rail Assembly - ASTM A123 Hawaii 34" Aesthetic
d4 | 1 |HSS 3'x3'x1/4", 263" Long ASTM A500 Gr. B = g%':‘:;gl'f Bridge Rail with
d1 4 |8"x5"x3/4" Steel Plate ASTM A36 - Test N HP34S—1—2
d2 | 4 |HSS 2 1/2°x2 1/2°x1/4", 13 3/4" Long | ASTM A500 Gr. B = ERk N0 =il= —
- = 0 = ‘ " Handrail Assembly Details
a6 | 4 |2 1/4"x2"1/4 x1/4” Steel Plate ASTM A36 Kidwest Bondside oL p/A
d5 1 |HSS 2"x2"x1/4", 7" Long ASTM AS500 Gr. B - Sofety FGCIllty OWG. NAME _BY:
d8 | 4 [7"x1 1/2"x3/16" Shim ASTM A36 = R bt

Figurel?. PedestriatdandrailAssemblyDetails TestNos.HP34S1 andHP34S2
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1;:: QTY. Description Material Specification Treatment Specification H%‘Eivéce:re
al — |Concrete* Min. f'c = 4,000 psi - -
b1 |264|#5 Rebar, 52 1/4" Total Unbent Length ASTM AB15 Gr. 60 Epoxy C°°‘°§9§ﬁ§m LIS [
b2 | 24 |[#5 Rebar, 38 7/8" Total Unbent Length ASTM AB15 Gr. 60 Epoxy °°°‘°§Q§Q§m A775 or -
b3 | 24 |#5 Rebar, 259 1/2” Total Length ASTM AB15 Gr. 60 Epoxy °°°‘°£g§§§m AZ75 or -
b4 | 16 |#5 Rebar, 127 3/4" Total Length ASTM AB15 Gr. 60 Epoxy °°°‘e§g§ﬁ§m AfISTor |
b5 | 7 |#4 Rebar, 1095 1/2" Total Length ASTM A615 Gr. 60 EP°"Y‘°°°‘°ISQ§2)STM A775 or|  _
b6 |122|#4 Rebar, 99 9/16” Unbent Length ASTM A615 Gr. 60 EP°"Y‘°°°te£g§§‘)STM A775 or -
c1 | 12 |#8 Smooth Rebar, 24 1/2” Long ASTM AB15 Gr. 60 Epoxy °°°‘°§g§§§m A77570r _
c2 12 |1 1/4" Dia. PVC Pipe Schedule 80 PVC Gr. 12454 - -
c3 |12 |1 1/4" Dia. PVC End Cap Schedule 80 PVC Gr. 12454 = =
c4 — |Epoxy Adhesive Hilti HIT RE-500 V3 - -
c5 — |Expansion Joint Filler AASHTO M33, M153, or M213 - —
cb — |Expansion Joint Sealant AASHTO M173, M282, M301, ASTM D3581, or ASTM D5893 - -
d1 | 16 |8"x5"x3/4" Steel Plate ASTM A36 = -
d2 |16 [HSS 2 1/2"x2 1/2"x1/4”, 13 3/4" Long ASTM A500 Gr. B = -
d3 | 2 [HSS 3"x3"x1/4", 131 1/2" Long ASTM AS00 Gr. B = -
d4 | 3 |HSS 3°x3"x1/4", 263" Long ASTM AS00 Gr. B = -
ds 4 [HSS 2"x2"x1/4", 7" Long ASTM AS00 Gr. B - -
d6 | 16 [2 1/4"x2 1/4"x1/4" Steel Plate ASTM A36 - -
d7 | 64 |5/8°—11 UNC, 7 7/8" Long Threaded Rod ASTM F1554—15 Gr. 105 ASTM F2329 -
d8 | 16 |7"x1 1/2"x3/16" Shim ASTM A36 B -
el | 64 |[5/8 =11 UNC Heavy Hex Nut ASTM A563—15 Grade DH ASTM F2329 FNX16b
e2 64 [5/8" Dia. Hardened Washer ASTM F436 ASTM F2329 FWC16b
* NE Mix 47BIS/1PF4000 HW was used for testing purposes

Hawaii 34" Aesthetic

Concrete Bridge Rail with

Sidewalk

Test Nos. HP34S—-1-2

n . Bill of Materials
Midwest Roadside
Safety Facility [™ %= FORE: Mo
HP34S_R3 UNITS: in.

Figure22. Bill of Materials TestNos.HP34S1 andHP34S2
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Figure23. Test Installation Photographs, Tékis.HP34S1 andHP34S2
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Figure24. Test Installation Photographs, Test Nd®34S1 andHP34S2
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4 TEST CONDITIONS
4.1 Test Facility

The Outdoor Test Site is located at the Lincoln Air Park on the northwest side of the
Lincoln Municipal Airport and is approximately 5 miles northwest of the University of Nebraska
Lincoln.

4.2 Vehicle Tow and Guidance System

A reversecable tow system with a 1:2 mechanical advantage was used to propel the test
vehicle. The distance traveled and the speed of the tow vehicle wetalbrikeat of the test
vehicle. The test vehicle was reled$eom the tow cable before impact with the barrier system. A
digital speedometer on the tow vehielesuredhe accuracy of the test vehicle impact speed.

A vehicle guidance system developed by HintH was used to steer the test vehicle. A
guide flag, attached to theght-front wheel and the guide cable, was sheared off before impact
wi th the bar rin diameterygsde eable wagtbnsion&d to agprately 3,500 Ib
and supported both laterally and vertically every 100 ft by hinged stanchions. The hinged
stanchions stood upright while holding up the guide cable, but as the vehicle was towed down the
line, the guide flag struck and knocked each stamcto the ground.

4.3 Test Vehicks

For test noHP34S1, a2016 Dodge Ram 150fewcabpickup truckwasused as the test
vehicle. The curb, test inertial, and gross static vehicle weights5a#@lb, 5,0451b, and5,208
Ib, respectivelyThe test vehle is shown in Figure35and26, and vehicle dimensions are shown
in Figure27.

For test noHP34S2, a2016 HyundaAccentwasused as the test vehicle. The curb, test
inertial, and gross static vehicle weightsre 2461 Ib, 2413 Ib, and 577 Ib,respectively. The
test vehicle is shown in Figus@8 and29, and vehicle dimensions are showrFigure30.

The longitudinal component of tleenter of gravity€.g) was determinetbr both vehicles
using the measured axle weighbe Suspension MethodZ] was used to determine the vertical
component of the c.g. for the 2270P vehicle, usdadst no.HP34S1. This method is based on
the principle that the c.g. of any freely suspended body is in the vertical plane through the point of
suspension. The vehicle was suspended successively in three positions, and the respegive pla
containing the c.g. were established. The intersection of these planes pinpointed the final c.g.
location for the test inertial condition. The vertical component of the c.g. for the 1100C vehicle
usedin test no.HP34S2 was determined utilizing a procedure published by SEFE [The final
c.g. locations foHP34S1 andHP34S2 test vehiclesire shown ifFigures3land32, respectively
Ballast information and data usedctlculate the location of the c.g. are showAppendix B

Square, blackandwhite checkered targets were placed on the vehicles for reference, as
shown in Figure81and32, to serve as a referencethe highspeed digital video and aid in the
video analysis. Round, checkered targets vpdaeed at the c.g. on the ledfide door, the right
side door, and the roof of the vehicles.

31



August26, 2022
MwRSF Report NoTRP-03-456-22

L AN

— HP34S1  —

Figure25. Test Vehicle, Test N¢1P34S1
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Test Name: HP34S5-1 VIN No: 1C6RR6LT8GS269861
Model Year: 2016 Make: Dodge Model: Ram 1500
Tire Size: p275 60/R20 Tire Inflation Pressure: 39 psi Odomet: 211869
Vehicle Geometry - in. (mm)
Target Ranges llsted below
. /- mes—o=
e P | — | oS el A 77 1955 4/5 B: 75 3/4 1924 1/20
7822 (1950450)
A L C: 229 1/4 582219/20 D: 41 1041 2/5
L 237413 (60202325) 3323 (1000475)
E: 140 1.2 3568 7/10 F: 47 3/4 121217120
== \ R i 148+12 (37502300)
i - G: 29 1/4 742 19/20 H: 59 11/16 1516 1/16
min: 26 (710) 5324 (15752100)
Test Inerbal CG
I 14 1/2 368 3/10 J: 25 5/8 650 7/8
i
L K: 21 12 546 110  L: 29 12 749 310
O
M: 68 5/8 1743 3/40 N: 68 1/4 1733 11/20
i = ]’ 6721.5 (1700238) 6741.5 (1700238)
+
c.'; s @ Kok O: 45 14 1149 7/20 P: 4 12 114 310
] 7 ! l 4324 (1100475)
H Q: 812 4i5 R: 21 12 546 1/10
—2D E F—
c S: 381 T: 77 _1/8 1958 39/40
U (impact width): 36 1/2 927 1/10
Mass Distribution - Ib (kg)
Wheel Center
Gross Static LF 1512 (686) RF 1491 (676) Height (Front): 15 1/2 393 7/10
Wheel Center
LR__ 1113 (505) RR__1092 (495) Height (Rear): 15 3/4 400 1/20
Wheel Well
Clearance (Front): 36 3/8 923 37/40
Weights Wheel Well
b (kg) Curb Test Inertial Gross Static Clearance (Rear): 39 990 3/5
Bottom Frame
W-front 2985 (1354) 2901 (1316) 3003 (1362) Height (Front): 19 1/2 495 3/10
Bottom Frame
W-rear 2338 (1060) 2144 (973) 2205 (1000) Height (Rear): 26 1/2 673 1/10
W-total 5323 (2414) 5045 (2288) 5208 (2362) Engine Type: Gasoline
5000110 (2270250) 51652110 (2343250)
Engine Size: 4.7L V8
GVWR Ratings - Ib Surrogate Occupant Data Transmission Type: Automatic
Front 3700 Type: Hybrid Il Drive Type: RWD
Rear 3900 Mass: 163 Ib Cab Style: Crew Cab
Total 6900 Seat Position: Drivers/Left Bed Length: 67"
Note any damage prior to test: Small dent/scrape on right rear door.

Figure27. Vehicle Dimensions, Test NbIP34S1
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Figure28. Test Vehicle, Test Nd1P34S2
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