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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: volumes greater than 1,000 L shall be shownin 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® cubic meters 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 &388TM
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1 INTRODUCTION

1.1 Background

Approach guardrail transitions (AGTs) are commonly used to safeguard rigid hazards,
including bridge railings and concrete parapets. A typical AGT is shovagure 1 [1]. AGT
installations provide a safe transition in lateral stiffness betweenrggdiguardrail and rigid
bridge rail installations. Oftenntersecting roadways or other roadside obstacles create space
constraints that limit the ability to install an AGT within the desired area. Thus, a need exists to
minimize the length of AGTs tangent to the roadway.

Figurel. AGT Installation 1]

Installing an AGTwith a flare away from the roadway would reduce the system length
along the primary roadway, as the guardrail would intercept the vehicle runout path closer to the
hazard, when compared to a tangent installation. Additionally, the flared AGT configuvatitth
result in a greater lateral offset between the guardrail and the traveled roadway. Thus, the flared
AGT configuration would move the hazard posed by impacts with the guardrail farther away from
the traveled road, and increase the area for the davegain control of the vehicle. As a result,
flared AGT installations would reduce both accident frequency and the overall installation
maintenance and material costs.

Previously, guidance for flaring the Midwest Guardrail System (MGS) away from the
roadway[2] had been established in accordance with NCHRP Report 350 Test Level3) (TL
criteria[3]. Due to the need to reduce guardrail length adjacent to the rigid parapet, initiating the
flare in the transition regiorather than the upstream M@&Smore desirable as it would provide a
greater reduction in barrier length along the primary road than flaring theam section of
guardrail at the upstream end of the transition. Unfortunately, minimal research @u@dkeiitrash
testing has been cduacted on flared AGTSs.

Several concernfor flaring AGTshave arisemlue toprevious flare rate studies. Flaring a
guardrail system away from the roadway increases the vehicle impact angle with the barrier
installation, which increases the chance for pocketing and wheel snag. The increased impact angle
also results in larger loadmparted to the barrier system, which could lead to component failure
or rail rupture. Thus, a need exists to evaluate and establish guidance for flaring AGT installations
under theAmerican Associatiom f St ate and Hi ghway and Transpo
Manual for Assessing Safety Hardw#kASH) safety performance criterfd].

The Midwest Pooled Fund Program sponsored the Phasearcleffort to identify the
critical flare rate for a thrdveam AGT, which would provide the greatest reduction in lenggth o

1
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need (LON) while maintaining acceptablariersafety performandé]. The computer simulation
study identifieda flare rate o5:1 (3.81 degrees from roadway) as the maximum critical flare rate
to pass MASHTL-3 safety performance criteriaS-DYNA simulations were also conducted to
identify downstream critical impact points (CIPs) for both the 2270P and 1100C test vehicles with
the 15:1 flared AGT.

The subsequent phases of the research effort included crash testing and evaluation of flared
AGT installationsto MASH TL-3 conditions. Test no. FLAGT was conducted in accordance
with MASH testdesignation na3-21 on an AGT with a 15:1 flare raté][ The AGT consisted of
nested, 1zxyauge thrie beam supported by W6x9 posts spaced at-ib83ntervals. The
downstream endfothe AGT was connected to a concrete parapet with the geometry of the
Standardized Transition ButtresH priented tangent to the roadwdy testno. FLAGT-1, the
pickup truck impacted the AGT 90 in. upstream of the buttress at speed of 63.2 mph and at an
angle of 25.4 degrees (29.2 degrees relative to the guardrail

Thevehiclewas contained and redirected by the flared AGT. Howenereasd impact
severity resulting from the flare caused excessive guardrail deflections and led to a large kink in
the nested thrie beam at the upstream end of the buttres22 T0Pvehiclesnagged on this kink
which resulted irexcessive occupanbmpartment deformations to the toe pan and wheel well, as
well as an excessive longitudinal acceleratiori 4 . 2 g0 s . Thuslfaled ®mst no.
satisfy the safety performance criteof MASH test designation n@-11 [6]. Subsequently, the
flared AGT needed to be modifiéad limit system deflections and create a crashworthy barrier.

1.2 Objective

The objective of the research study was to identify the critical flare rate for flaring AGTs
away from the primary roadway. Research focused on determining the maximum allowable flare
rate that could safely be applied toiBltall thriebeam AGTs without curbs below the guardrail.
Additionally, the standardized buttress was targeted for use atownstream end of the AGT
because it included chamfers intended to mitigate tire snag.

The objective of Phases Il through IVasto evaluate the safety performance of flared
AGTs in accordance with MASH TFB criteria. Test noFLAGT-2, documented herein, was
conducted with the 2270P pickup truck impacting the downstream end of the modified, flared AGT
to evaluate the potential for vehicle snag on the rigid buttress.

1.3 Scope

After the failure observed iest no. FLAGT1 on an AGT with a 15:1 flare rate, the project
was rescoped tmclude identifying and implementing system modifications that wodcease
the safety performancef the flared AGT The redesigned AGT was then retested to the same
impact conditions as the failed téBL AGT-1) to evaluate the barrier system modifications. Note,
the complete evaluation of the flared AGT required MABst designation no8:20 and 321 at
both the downstream end of the AGT t@kiate the snag on the buttress and the upstream end of
the AGT to evaluate pocketing, snag, and capture at thetfie transition section.
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2 FLARED AGT DESIGN MODIFICATIONS

The previous crash test on a flared AGT, test no. FLAGfRiled to satisfy MASH safety
performance criteria for two reasons: (1) the
l'imit of N2O0. 4 9n.igtdison intathedoe pad ref théroecudar cofpartment
exceeded the MASH limit of 9 in. After examining all available data for this test, it became evident
that both the excessive decelerations and excessive occupant compartment crush were the result
of the vehicle snagging on tiipstream end of the buttress and the large kink iguledrailthat
formedadjacent to the buttreshe large kink in the nested thrie beam was a damage characteristic
not observed in previous MASH testing of AGTs. Additionally, a large soil crack formed along
the front flange of the AGT postas shown irFigure2, which was not typical of previous AGT
crash testing.

Figure2. System Damagélest NOFLAGT-1

These unusual damage characteristics whgeresult of excessive guardrail deflections
within the downstream region of the AG3ystem deflections were expected to be higher than
previous MASH AGTs due to th&0 percent increase impact severity associated with th&:1
flare. However, the lateral deflections of the flared AGT in testFLAGT-1 were significantly
higher than predictedly the Phase | numerical simulatio® prevent vehicle snag, the system
deflectionsneededo be reduced.

It was noted thatie AGT posts did not plastically bend during the impatsteadthe soil
behind the posts shifted, opening the large soil crack along the front of thapdatiswing the

3
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poststo rotate back.nstalling larger and deeper embedded posts would result in more sail
resistance, increased lateral stiffness to the AGT, and reduced deflections during impact.
Therefore the 6.5-ft long W6x9 postin the nested thrie beam region of the AGT weygaced

with 7.5t long W6x15 posts, as shown kigure 3. Note, all other barrier components were
identical to the system configuration evaluated in test no. FL-AGicluding the 15:1 flare rate.

10-ga. 10-ga. Nested 12-ga
W-to-Thrie Thrie Beam Thrie Beam

E===
===
===
E===
==

BE=E===
|——F
===

6-ft W6x8.5 Posts

E
E
E
=
E

7.5-ft Wex15 Posts

Figure3. Modified AGT Posts, Test N6:.LAGT-2
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3 DESIGN DETAILS

Theflared AGTtest installatiorwas approximately 81 ft 6 in. long andconsistedf five

main componentgl) aconcrete buttres§?) a thriebeam AGT (3) standard MGS4) a guardrail
anchorage system, afis) aflared AGT connector plate. Desigetdils for test noOFLAGT-2 are
shown in Figured through31. Photographs of the test installation are showfignres32through

34. Material specifications, mill certifications, and certificates of conformity for the system
materials are shown iAppendix A Note, the test installation was identical to the one evaluated
previously in test no. FLAGL exceptthe posts supporting the nested thrie beaos(nos. 16
through 20)

The downstream end of the installation consisted of a concrete parapet with dimensions
matching those of the standardized concrete buttiés$he buttress was 84 in. long and 36 in.
tall. To prevent vehicle snag on the buttress above thelibam rail, the upstream end of the
buttress was 32 in. tall and incorporated ar24ong slope to bring the barrier height up to 36 in.
The upstreanend of the standardized buttress utilized a dual tapered design, or dual chamfer, as
shown inFigure13. The lower tire chamfer was 18 in. long by 4% in. wide by 14 in. tall and was
designed to reduce the propensity for wheel snag on the buttress. The upper chamfer measured 4
in. long by 3 in. wide and extended vertically 18 in. along the remaining héitje buttress. The
upper chamfer was designed to limit vehicle snag on the buttress, prevent the guardrail from
bending around a rigid corner, and to limit the unsupported span length of the rail upstream from
the buttress. The buttress was reinforcedh idtade 60 rebar, as detailed in Figutdghrough
17, and the vertical steel in the buttress was anchored to the tarmac using an epoxy adhesive, as
detailed inFigure14.

The AGT consisted of a 12ftsection of nested tg8auge thridbeam, a 64t section of
12-gauge thricbeam, a 6%t long 10gauge Wto-thrie transition section, and a 1&t/section of
nested 1yauge Wbeam guardrail. Upstream from the AGT was 37%: flafjauge Wbheam
guardrail, which included the MGS and a guardrail anchor. All guardrail sections were mounted
with a height of 31 in. to the top of the guardrail. Fmst.3 through 15 and werefélong W6x8.5
steel posts embedded 40 in. into the sollilevypostnaos. 16 through 20 were 7-f long W6x15
steel posts embedded 61 in. in the soil. Spacing between posts varied, asKigove b

The upstream stiffness transition, or thebdam to nested thrie beam transition, was
previously fultscale crash tested to MASH 93_[7]. Nested Wheam was placed adjacent to the
W-to-thrie transition segment to strengthen the AGT and prevent rupture of-HeahV, as was
previously done to strength the upstream stiffness transition installed behind 8] curb [

The upstream end of the guardrail installatipost nos. 1 and 2vere configured with a
trailing-end anchorage systerithe guardrail anchorage system was utilized to simulate the
strength of other crashworthy end terminals. The anchorage system consisted of timber posts,
foundation tubes, anchor cables, bearing plates, rail brackets, and channel struts, which closely
reembled the hardware used in the Modifetakaway Cable TerminaBCT) system and is
now part of a crashworthy, downstream trailing end ternjzab).

Finally, guardrail segments were installed with a 15:1 flare rate relative to the face of the
concrete buttress. An angled connector plate assembly was placed between tieathitierminal
connector and the buttress to connect the guardrail at a 15:1 flarasrategwn irFigure7 and

5
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detailed in Figure24 through26. The angled connector plate assembly was constructed with a
3/16-in. thick steel face plate and-wh thick steel gussets. The plate extended 2 in. laterally from
the trafficside face of the buttress and the downstream end of the plate tapered flush with the face
of the buttress via a 5:1 slope to mitigate snag imeterse direction. As shown igure28, the
10-gauge thriecoeam terminal connector had 4#a tall by Lin. wide splice slots oriented in the
vertical direction to improve constructability of the nested theam splice connectioR.i v-&. O
diameterASTM F3125 Grade 12theavy hex head bolts were used to connect the guardrail and
connector assembly to the buttress.
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Figurel6. Vertical Rebar DetailsTest NOFLAGT-2

GZOBEY-£0dYLON Hoday 4SHMIN

SdZZT Jequiedaq



0¢

58 3/16"

Bar e7

\+

171"

4 1/8

g

4 %/a"

1/2"
Bar e10

Bill of Bars
Bar No. | Qty. Size U t Length
e7 2 #4 80 1/4”
e8 4 #4 85 1/2"
e9 5 #4 80"
e10 1 #4 80 1/2"

Midwest Roadside
Safety Facility

Flared AGT
Buttress
Test Nos. FLAGT-2

Horizontal Rebar Details

DWG. NAME.
FLAGT-2_R7

SCALE: 1:12
UNITS: in.
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Figure23. BCT Anchor CableTest NOFLAGT-2
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Figure24. AGT Connector Assemb)ylest NOFLAGT-2
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Figure25. AGT Connector Face Plate Detail®est NOFLAGT-2
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