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Dear Jodi Thomas, Brian, Andy, and Steve:
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submitting the research costs associated with one FY2018 research project sponsored by the
Ohio Department of Transportation (ODOT). The project is entitled,
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RPFP-18-CORRAL-1: Development of an Optimized MASH TL-4 Kansas Corral Rail (FY2018)
Costs: $401,400

On behalf of Dr. Ronald K. Faller, Mr. Robert W. Bielenberg, Mr. Scott K. Rosenbaugh, Mr. Jim
Holloway, and Ms. Karla Lechtenberg of MwRSF, the Board of Regents of the University of
Nebraska-Lincoln is submitting one fixed-cost proposal in the amount of $401,400, as provided
in Attachment 1. The proposed project period begins October 1, 2017 and ends September 30,
2019. This application has been administratively approved on behalf of the Board of Regents by
the appropriate University of Nebraska officials. A copy of the proposal is provided in
Attachment A.

The scope of work for this research includes: (1) a literature review of previous MASH and
NCHRP 350 TL-4 open concrete bridge rails and collection of bridge deck details from
participating states; (2) design and analysis of potential modifications to the Kansas corral rail to
meet MASH TL-4 safety criteria, consider future pavement overlays, mitigate head slap
concerns, and limit structural damage to the bridge deck during impacts; (3) selection of a
preferred corral rail design by the participating states; (4) development of CAD details for the
bridge rail; (5) construction of test article at MWRSF’s outdoor testing facility; (6) conducting
three TL-4 full-scale vehicle crash tests into the revised corral rail according to test designation
nos. 4-10, 4-11, and 4-12 of AASHTO’s Manual for Assessing Safety Hardware (MASH); (7)
analysis and evaluation of crash test results along with determination of the zone of intrusion
(ZQl); (8) development of transitions from the corral rail to a standardized concrete end buttress;
(9) documentation and preparation of summary research report; (10) system removal, site
cleanup, and disposal of debris; and (11) submission of FHWA eligibility letter for the
successfully tested railing system and preparation of CAD details for the Task Force 13
Hardware Guide.

Note that MWRSF will be responsible for acquiring and fabricating the bridge rail and simulated
bridge deck and constructing the system at MWRSF’s outdoor testing facility. Mill certifications
and material specifications will be sought from the vendor’s of the construction materials and
barrier hardware. All full-scale vehicle crash tests will be performed, evaluated, documented,
and reported according to the TL-4 guidelines provided in MASH. The test will be conducted
according to MwRSF’s list of accredited testing services granted by the A2LA laboratory
accreditation body. The research cost includes a set of DVDs/CDs for their records and
dissemination which document the test results with digital crash movie files and digital
photographs. Fifteen (15) copies of each research and test report will be provided to the
sponsors. This research proposal is good for 30 days.

If this project is accepted and awarded, please notify the Office of Sponsored Programs in
writing with your decision. Questions regarding the technical aspects of this proposal should be
directed to Dr. Faller at (402) 472-6864. Administrative and/or fiscal questions should be
directed to Ms. Kate Carlin at (402) 472-3601.

Sincerely, Approved by,
Ronald K. Faller, Ph.D., P.E. Jeanne Wicks
Director & Research Associate Professor Director
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PROJECT TITLE:

RPFP-18-CORRAL-1: Development of an Optimized MASH TL-4 Kansas Corral Rail (Kansas, lowa,
South Dakota, and Virginia)

STATE'S PROBLEM STATEMENT:

Historically, rigid concrete bridge rails satisfying Test Level 4 (TL-4) criteria have been 32 in. tall. However,
with the adoption of MASH and an increase in both mass and impact speed for the single-unit truck, TL-4
tests on 32-in. tall sloped-face barriers have repeatedly resulted in the 10000S vehicle rolling over the
barrier. As such, bridge rails taller than 32 in. are now required to meet the MASH TL-4 criteria. Additionally,
designers will often further increase the height of a bridge rail in preparations of future roadway overlays.
Increasing a concrete bridge rail’'s height may lead to better containment of single-unit trucks, but it can
also lead to an increase in head slap incidence for occupants in passenger vehicles. Past research
regarding the geometry of rigid concrete barriers has also indicated that certain barrier shapes, such as
safety shapes, increase the propensity for vehicle climb, instability, and rollover. Thus, an optimized
geometric shape that considers vehicle stability, occupant head ejection, and pavement overlays is desired
for new TL-4 bridge rails.

Further, the effect of increased impact loads to TL-4 open concrete or corral railings has not been evaluated
with respect to MASH. The increased impact severity associated with MASH TL-4 criteria will increase
impact loads imparted to the deck and could lead to deck damage. Retrofitting stronger bridge rails onto
existing bridge decks not designed for these increased loads may lead to deck damage during severe
impacts.

Kansas Department of Transportation (KDOT) currently utilizes an NCHRP 350 TL-4 compliant 32-in. tall
open concrete corral rail on many of its bridges. The KDOT corral rail, or a similar variation, is also used to
some extent across over 22 states including, Nebraska, Illinois, Virginia, Indiana, lowa, Ohio, Minnesota,
Missouri, Texas, and Wisconsin. However, there are concerns with respect to KDOT's corral rail meeting
MASH TL-4 based on the rail height and load concerns noted previously. Therefore, a need exists to modify
and evaluate the KDOT open concrete corral rail to MASH TL-4 in order to increase safety, optimize the
design to control installation costs, and minimize damage to the bridge deck.

BACKGROUND:

During the years of NCHRP Report No. 350, rigid TL-4 barriers were typically designed and successfully
tested with a height of 32 in. With the adoption of MASH, the single-unit truck vehicle became 4,400 Ib.
heavier and the impact speed was increased from 50 mph to 56 mph. These increases in mass and impact
speed have resulted in the MASH single-unit truck rolling over the top of multiple 32-in. tall rigid, concrete
barriers. Studies at both MWRSF and TTI have indicated that the required height for a concrete barrier or
bridge rail to contain MASH single unit trucks is approximately 36 in.

Research has shown that the sloped face of safety-shape barriers contributes to increased vehicle
instability and rollover, especially with regard to small cars. These studies have shown that 8.5 percent of
safety shape barrier accidents result in rollover, and that safety shape median barriers pose over twice the
rollover rate of other median barriers. The increased rollover potential with these barrier shapes becomes
critical because rollover accidents double the risk of incapacitating and fatal injuries.

Vertical-face barriers have been shown to provide the largest reduction in vehicle rollover when compared
with safety shape barriers through both computer simulation and full-scale crash testing. A detailed study
of the safety of permanent concrete safety-shape barriers, completed in 1989, indicated that safety-shape
barriers were much more likely to cause impacting vehicles to rollover than other types of barrier. Further,
this study indicated that safety-shape barriers produced higher injury and fatality rates than any other barrier
system. Full-scale crash tests have been conducted on many different safety shape portable concrete
barrier systems. These crash tests clearly indicated significant vehicle climb when these barriers are struck
by light truck test vehicles. One full-scale test of a vertical shape portable barrier comprised of steel H-



sections demonstrated little to no propensity for the light truck vehicle to climb the barrier, thus indicating a
much lower propensity for causing vehicle rollover.

KDOT currently uses a vertical-shape, open concrete bridge rail or corral rail that was accepted under the
TL-4 impact safety standards published in NCHRP Report No. 350. Details of the current KDOT corral rail
system with and without curb are shown in Figures 1 through 5. KDOT desires for the corral rail to remain
available for use following MASH implementation. However, modifications of the test vehicles and impact
conditions in MASH will require that the design be analyzed, potentially modified and full-scale crash tested
based on several concerns. First, the TL-4 MASH test with the 1100C small car requires an impact at 62
mph and an angle of 25 degrees, while the previous NCHRP Report No. 350 small car test required an
impact angle of only 20 degrees. The increase in the small car impact angle may potentially increase vehicle
snag, vehicle instability, and occupant risk, especially with respect to the open concrete rail. Second, similar
wheel snag and instability concerns exist with respect to open concrete rails during impacts with the pickup
truck vehicle (2270P). Third, the mass of the pickup truck (2270P) and single-unit-truck (SUT) (10000S)
vehicles were increased in MASH to 5,000 Ib. and 22,000 Ib., respectively, and the impact speed for test
designation no. 4-12 with the SUT vehicle was increased from 49.7 mph to 56 mph. These changes in
vehicle mass and impact conditions have increased the impact loads imparted to roadside bridge rails.
Analysis of NCHRP Report No. 350 and MASH tests of rigid barrier systems have shown increases in
impact loading between 14 — 50 percent for the pickup truck vehicle and 11 — 54 percent for the SUT
vehicle. Finally, the increased speed and mass of the 10000S vehicle test in MASH has indicated a need
for increased rail height as compared to TL-4 bridge rails evaluated under NCHRP Report No. 350 due to
rollover of the bridge rail by the SUT. Currently, the minimum height of a rigid, concrete barrier evaluated
to MASH TL-4 with the 10000S vehicle has been suggested as 36 in. due to a successful crash test on a
single-slope parapet. Thus, the current KDOT bridge rail may need to consider increased rail height in order
to meet MASH TL-4.

Texas A&M Transportation Institute (TTI) has recently completed MASH testing of a 42-in. tall open
concrete bridge rail system, as shown in Figure 6. This system was successfully evaluated to TL-5, and it
was successfully tested with both the 2270P and 1100C passenger vehicles. While this open concrete
bridge rail has some similar features to the KDOT design, the TTI bridge rail differs significantly in that it
incorporated a 9-in. tall curb at the base, was 10 in. taller, and had different post and joint details. The
inclusion of the curb at the base of the rail may mitigate some of the wheel snag and vehicle stability
concerns posed by an open concrete bridge rail without a curb. However, the evaluation of the TTI open
concrete bridge rail system may provide valuable insight into potential modifications for the KDOT corral
rail.

In addition to potential modifications required to the bridge rail in order to meet MASH TL-4, KDOT desires
that the bridge rail consider 3 in. asphalt overlays while maintaining the safety performance of bridge rail.
The increase in bridge rail height required for overlay consideration may require some modification of
reinforcing steel and bridge rail anchorage. The current KDOT corral rail does not have considerations for
mitigation of occupant head ejection during passenger vehicle impacts. Previous concrete barriers and
bridge rail systems developed at MWRSF incorporated design geometries to prevent an occupant’'s head
from contacting the side of the barrier. Increasing the bridge rail height to accommodate pavement overlays
may require some alteration of the geometry at the top of the bridge rail to meet head ejection envelope
limitations.

Finally, the Midwest Pooled Fund has been developing a MASH TL-3 standardized concrete end buttress
for the attachment of thrie beam approach guardrail transitions. The objective of this buttress design was
to allow the attachment of any MASH TL-3 compliant thrie beam approach guardrail transition to a standard
parapet design that could accommodate approach guardrail transitions with or without curbs and various
post spacing and post configurations. This standardized concrete end buttress has recently completed
MASH TL-3 evaluation for both a standard 31-in. tall thrie beam approach guardrail transition and a 34-in.
tall thrie beam approach guardrail transition that allows for pavement overlays. It is desired that the MASH
TL-4 corral rail design be developed with appropriate transitions to interface with the standardized concrete
end buttress.



OBJECTIVE:

The objective of this research effort is to develop a MASH-compliant TL-4 open concrete, corral railing
based on the existing KDOT NCHRP 350 TL-4 32-in. tall corral rail. The railing will be designed for strength,
vehicle stability, and to minimize installation costs while accommodating pavement overlays. Efforts will
also be made to optimize load transfer into the deck, thereby minimizing the risk of damage to the bridge
deck. Details would be developed for both interior and end regions of the bridge rail, any necessary height
transitions, and configurations near expansion joints. Any developed vertical transitions will be compatible
with the standardized concrete end buttress research being conducted in Midwest Pooled Fund study
RPFP-15-AGT-1 and RPFP-17-AGT-3. Finally, full-scale crash testing will be conducted to evaluate the
corral rail shape, strength, load transfer to the deck, and the zone of intrusion (ZOIl) for the new bridge rail.

RESEARCH PLAN:

The development of the revised KDOT corral rail will begin with a review of previously-tested MASH and
NCHRP Report 350 open concrete bridge rails with a focus on structural reinforcement, connection to the
bridge deck, head ejection mitigation, and rail geometry. In addition, MWRSF will collect bridge deck details
from the participating states for consideration in the design process.

Following the literature review, the existing NDOR bridge rail will be analyzed to determine if the railing has
sufficient structural capacity in both the rail and the rail-to-deck connection to adequately contain the higher
impact loads associated with MASH TL-4. The researchers will also develop a revised rail geometry
considering minimum TL-4 height, pavement overlays, and head slap mitigation. If necessary, the research
team will implement structural improvements to the bridge rail to meet any potential deficiencies and
enhance the overall bridge rail design. The researchers will analyze and revise both interior sections and
end sections (expansion joints). The open concrete rail will be designed with consideration of a minimum
deck thickness. This deck thickness and reinforcement will be based upon the deck designs of the
participating states and agreed upon by the sponsors. Modifications to the bridge deck and post
reinforcement will be made during the design process to accommodate the MASH TL-4 impact loads and
mitigate deck damage.

Currently the corral rail design has versions with and without an integrated curb. The design and analysis
of the corral rail will focus on the version without the curb as it is believed this design is more critical in
terms of structural capacity, load transfer to the bridge deck, and vehicle snag on the bridge rail posts. If
evaluation of the bridge rail is successful without a curb, it is anticipated that versions of the corral rail with
the integrated curb would be acceptable.

CAD details of the proposed corral rail design will be submitted to the sponsoring states for review and
comments. Modifications to the design will be made in order to meet the needs of the sponsoring states.
Once a final design has been agreed upon, MWRSF will develop the necessary geometry and height
transitions for the corral rail to interface with the standardized concrete end buttress developed through the
Pooled Fund for the connection of approach guardrail transitions.

Following the analysis and design effort, the researchers will evaluate the revised corral rail to the MASH
criteria through full-scale crash testing. All testing will be conducted on the open concrete rail version of the
system. MASH 2016 requires three full-scale crash tests to evaluate longitudinal barriers to MASH TL-4.
Those tests are listed in Table 1.



Table 1. MASH TL-4 Test Matrix for the Revised Kansas Corral Rail

Test . Speed Angle .

No. Vehicle (mph) (deg) Impact Point Other Notes

4-10 1100C | 62 25 3.6 ft from post E;’f‘g'ﬁf‘ted at maximum  rail
411 | 2270P |62 25 4.3 ft from post E;’%'ﬁf‘ted at maximum rai
4-12 10000S | 56 15 4.3 ft from joint E;’%'ﬁf‘ted at minimum  rail

Test designation no. 4-10 with the 1100C vehicle will be required to evaluate occupant risk measures and
the potential for vehicle snag on the upstream end of posts. Test designation no. 4-11 is required to evaluate
concerns for increased bridge rail loading, potential vehicle snag at joints and posts, and instability. Test
designation no. 4-12 with the 10000S vehicle will evaluate the overall structural capacity of the bridge rail
and its ability to contain and redirect the SUT vehicle. Full evaluation of the corral rail design would likely
require multiple test versions of each test designation to evaluate design differences between the end and
interior sections of the bridge rail. However, it is believed that selection of a critical configuration for each
test can be combined with conservative design of the bridge rail to limit the number of required tests.

MwRSF is proposing three full-scale crash tests to evaluate the revised corral rail to MASH TL-4. MWRSF
will focus on the testing and evaluation of the corral rail with passenger vehicles at the maximum rail height
to evaluate the potential for vehicle snag on posts, vehicle stability, and occupant risk concerns. Thus, test
designation nos. 4-10 and 4-11 will be conducted on the interior section of the revised KDOT corral rail at
the maximum rail height. Evaluation of passenger vehicles at expansion joints or end sections would not
be required if the end sections employed similar post geometries and were designed to limit vehicle snag.
Previous anchored portable concrete barrier testing and a PL-2 open concrete rail testing suggests that 4-
in. wide gaps may be permissible. However, a more conservative approach may be to limit the gaps to 2
in. Cover plates or other shielding mechanisms could also be applied to alleviate snag concerns. The need
for passenger vehicle tests adjacent to the end sections may still need to be revisited based the
configuration of the final system design. It should also be noted that it may be worthy to consider evaluation
of the end section with passenger vehicles to build further confidence in the safety performance of the
system based on the recent switch to new vehicle types as part of the implementation of MASH and the
lack of experience and knowledge regarding the performance of the new vehicle types with certain types
of hardware. Additionally, it should be noted that any tests within the evaluation matrix deemed non-critical
may eventually need to be evaluated based on additional knowledge gained over time or additional FHWA
eligibility letter requirements.

One test designation no. 4-12 would be required evaluate the structural capacity of the bridge rail and the
ability of the bridge rail to contain the single unit truck. Test designation no. 4-12 will be conducted adjacent
to the weakest structural location in the bridge rail. This location may be at an expansion joint or other
suitable location dependent on the structural capacity of the bridge rail. Previous testing of TL-5 bridge rails
at MWRSF and TTI have focused on developing end sections that have the same strength and capacity as
interior regions. Thus, the bridge rails were evaluated through full-scale testing with the heavy truck vehicles
at the end section or a joint where it was anticipated that loading of the bridge rail and the deck would be
most critical. A similar approach is proposed here. If the design of the corral rail results in end sections that
are significantly higher capacity than the interior section, then full-scale crash test designation no. 4-12
would be conducted on an interior section of the bridge rail. Additionally, test designation no. 4-12 will be
conducted at the lowest height representing the 3-in. pavement overlay as the lower height is more critical
when attempting to capture and redirect the 10000S vehicle.

MwRSF will prepare CAD drawings of the revised KDOT corral rail and fabricate and install the bridge rail
system at the MWRSF's Outdoor Testing Facility. Accommodations will be made at the test facility for
evaluating the bridge rail at two effective heights, as noted previously. MWRSF will construct two systems
for the testing. A 125-ft long section of bridge rail will be installed for test designation 4-12. This bridge rail
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will be installed in a pit with a 60-ft long simulated bridge deck installed 3 in. below grade with a 3-in. deep
overlay to create the minimum effective height for the bridge rail. The use of the simulated bridge deck for
test designation no. 4-12 will allow for evaluation of bridge deck damage under the most critical loading
condition. Test designation nos. 4-10 and 4-11 will .be conducted on a 60-ft long section of bridge rail
installed at the maximum effective rail height on the concrete tarmac at the test facility. The full-scale crash
tests will be conducted, documented, and evaluated by MWRSF personnel in accordance with the MASH
TL-4 guidelines. The test will be conducted according to MWRSF's list of accredited testing services granted
by the A2LA laboratory accreditation body (A2LA Cert. No. 2937.01). Test data and videos will be analyzed
to estimate impact loads and the ZOI for the corral rail.

At the conclusion of the research effort, a summary report will be completed to document the analysis,
design revisions, testing, and evaluation of the MASH TL-4 KDOT corral rail as well as any
recommendations for implementation and bridge rail installation. MWRSF would also submit the bridge rail
system to FHWA for an eligibility letter and prepare corresponding Task Force 13 Hardware Guide
drawings.

Major Task List:

1. Project Planning and Correspondence
a. General project planning and documentation
b. Literature review of previous MASH and NCHRP 350 TL-4 open concrete bridge rails
c. Collect bridge deck details from participating states
d. Development of CAD details for design concepts, fabrication, testing, as well as
transitions to the standardized end buttress

2. Design and Analysis

a. Structural analysis of current KDOT Corral Rail capacity.

b. Determination of rail geometry considering minimum TL-4 height, pavement overlays,
and head slap mitigation

c. Modify existing KDOT NCHRP-350 TL-4 corral railing including interior sections, end
sections, expansion joints, and any necessary transitions

d. Design and modification of bridge deck and post reinforcement for chosen critical
bridge deck

e. Review and comment regarding proposed design by Kansas, lowa, South Dakota, and
Virginia

f. Development of transition to standardized concrete end buttress

3. Full-Scale Crash Testing
a. Construction of test article — Procurement of barrier hardware and assembly of barrier
system at MWRSF's Outdoor Testing Facility.
i. 125 ft of corral rail at minimum height with overlay and 60 ft of simulated bridge
deck installed in test pit
ii. 60 ft of corral rail installed on concrete tarmac at maximum height without
overlay
b. Conduct full-scale crash tests
i. MASH test designation no. 4-10
ii. MASH test designation no. 4-11
iii. MASH test designation no. 4-12
c. System removal - Removal and disposal of system components upon completion of
test matrix.
d. Data analysis
i. Transducer and video analysis for crash tests.
ii. Determination of ZOI

4. Reporting and Project Deliverables
a. Sponsor correspondence and update presentations



b. Compile summary report to document research effort, including literature review,
design, CAD details, crash testing, and recommendations for implementation and/or
further research

Report editing (internal and sponsor review)

Submit test results to FHWA for eligibility letter

Complete drawings and submittal to Task Force 13 Hardware Guide

Project closing (printing, dissemination, accounting)

=000

BENEFITS:

Successful development of the revised corral would provide states with a MASH TL-4 option when
constructing new bridges or upgrading existing bridges. The bridge rail will provide unique benefits in that
it will be optimized for vehicle containment and stability, load distribution into the deck, and cost while also
allowing for future roadway overlays.
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| rorar
000°-00" End_ta £0d_of Rail ‘“"‘ FroRT ‘ TEAR | T M st
. [karesns] Proj. Na. [veaR] o | o
Varies (70" Win. to 12" Wax.) Q0 Sections e (00" - GO-0"
A 8 o 1o o Bridgs No. Plate
. Y . . Typical Imferlor Secfion) {Sea Constrimion
3 4" 8 Sto. & £-2-8' Varies Max, Spg, I=3"(#3R8) Layout for Location)
+3RB Spa. with #7RI 2 o 44 *3A8 Spa. with 7R3,
and #7R3 W 1 R ——
i End of #6811 V5" coen 1) " ¢ 6 Spa. of -3~ 78" (*3R8 spacing) #3RIG (Typ)
#3R8 (Typ.) Typ.s = I
‘*ie +5R5 +4A7| ‘ | T #8RIL(EF | +3RE (Typ.) #BRIZ (EF) *ERI2 (EF)
+ 1
i 5
1-*7R2 L L [
7 i R
g 4
[ HHH i
| _ [ \ | |
o e i Y = I ] | LT I | I I I I | I
] T ool T 1 | cl T T | i BRIDGE NUMBER FLATE PLACEMENT DETAIL
-
4 L7 e __ % Vs* Dio. Holes
*7RI (NE2 &) 0 - #4018 +7R3 (NF) #3R9 (In Pairs) |6~ 40l @ & 2z - 402 551 y T
#4R4 (FF) = oirs. & +4R4 (FF) Typ.t IO Cirs. (Typ.) YT ypical interior Post! tLop 17 T - 9] e
e T : =Y
| HEa + Exiond the 12:3 taper {0 the fop Guardrait PARTIAL ELEVATION N ZOXX Il o =
of the approgch siab curb, Pay Longlh g1/ (Aiong Traffic Foce) 13 -‘:
::I e =t .
End of #4072 End of Roil 36 B = O O— OO o | = %
=l 5 s B
e |
O __Tratric Fose ) o Sy, e ) i g OO O O _[ )
23 3 2o 1B a0 14 8 praes . ; acs R 2 b . = d
i Tap of ¥7AI bar 3 *3R8  [Fop of #7F. ‘Biockout =, T ;ﬁ‘ -_U..| - ]
e N = " 1 (000) |
e e % il : i
e i Fitea % i R T = e 8 " +3RI0 yim I |
s .| #sRu Tle 8 ) J
o2 2| iTypd % z W 18 S Sl ToRN or Lug |1l 1 - %" Dla. Lugs & I
& S A Bril & 3 '§'q &n & et Toieg G trre. (Top & Bottom)
& &g "] *5R5 0 & 3|7t e ¥¥ Yeor Bridgs is Completed.
; VAT | #ac2 2 ¥ — '('402 BRIDGE NUMBER PLATE
= "‘ B +TRY 1 Required)
vard (I tSee Construstion Layout far Losation)
el | _ i X 5-#55p] = ki
B = =
£ \_Const, Jf. TYPICAL INTERIOR POST SECTION THRU POSTS
& - - X The hook may be confed
H P o prowide clearance
& and sor fit baiween
TZ reinforcing.
E SECTION A-A tDimensions ot traffic fate of rail.) ‘4 L7 -‘-ngmlc
5 ace
= i
[] [ I I
3 it 6T
5 s +3A8 (Typ.) k- S
s 0 7 - *7RI 2-+4R4 ¥p- o = L +3R9 +6r1 or
i | g o T & T ERIZ
EslE R i e L ey I T N
s eare J LT i =i i il 12 rac2
e HIRE NS i N ECT]
EgEE e ] e 1
= s T i en
SEE: R H
7
- e = Bz
SECTION ¢-C ol L
== X8O ‘ .
Bt TYPICAL SECTION BETWEEN POSTS 32K CORRALRAIL
TYFICAL SECTION BETWEEN POSTS

Figure 2. KDOT Open Concrete Corral Rail Details



000'-00" End jo End of Rail ‘srn: PrOEET o, ‘ P }»'"é'ﬁ
S Proj- No. YEAR o 0
Varles (7"-0" Min. fo 120" Max.) 00 Sections & 10/-0° - GO-0* [ravsas] rol. No [ vear] [
el B - 1o floiari
3| 8 S e £-2F Vorigs {Hax. Spa. = =3 (+3R8) €T ypical InterTor Section) LEGEND
+3R8 Spo. with #2RI 2% | 3 0 44" #3RE Spa. with #7TR3. WF = Near Face
‘ nd ¥R 3 = F@'ﬁhi‘%ﬁi FF - Far Face
EF = Each Face

E,,d"ff T ’&(sz‘::l; b 6 Spo. s -3 76 (w3R8) #3IRIG (Typ.)
¥D.
RE #5AR5 *4R7| | ‘ *ERIf (EF, | *3RE {Typ.) *ERIZ (EF) ‘ *ERIZ {EF)

~re| [T " ]

R ;
F Trrrs wr e & 3 - eascl
SR8 # .
1 ki i 2R3 W ‘ o Fach Post #3R9 {in Pairs)
W (Contared) (Typ.?
: e % V" Dic, Holes
] _ré o)
s R o
* Extend the /2:3 teper io the fop PARTIAL ELEVATION {Typical Irterior Post, B ; =
of he approdeh slab eurb. Taiong Trartic Face)
) i Guardrait
0 _, Traffic Face Pay Lengih . i) &
10 ettorn 7 #
End of Rail 3-8 5 E
s A | O Trafic % e
gy zor TP 1° @ totes . e /e s
™_*RE Blockouf B‘m T ez =Y
by : g : I
s | . |
ot ros f Rl e |MEL |1 'e- % Dio. Lugs & 3
onst, Jf, L#g R Sag T T =
Y iy 358 ool Cirs. (Tap & Bottomt
8 g & b - kX Year Bridge /s Compleled.
L < N 5 BRIDGE NUMBER PLATE
F " = 3| e t | Required)
= a2 = L3 pRca tSee Construction Layout for Location)
I 2 Bridge No. Plate
o) E (Ses Canstructian
£ Iz wane Layeut for Lodtion)
& Consiruction 2l=
s U A daint
& .0 0 0 O 0O
% G mmes e ——
2 B 0 | _Troffio Foge - e e
S
= 5 2% ELEVATION
12| = +3R8 —_— JYPICAL INTERIOR POST SECTION THRU POST
=1 §7% o ¥7RS bar (Dimensions ot traffic face of rail.) = =
8|3
g2
] > Yo
= a2 7
=,
& ggé & ¥ EnL 12 6 - +78r — 38 (Typ)
=& 8| s = ow )
HEE Bl L o Sy Py i
2Es o t B I 1  —
End of | F-4k" T | | FERII
Raif PLAN |
185" 32" KANSAS CORRAL RAIL
Blockou? J - $7R3 R C HAUNCHED SLAB (WIthout Curb)
SECTION C-C Prol. No
SECTION B-8 o —

Figure 3. KDOT Open Concrete Corral Rail Details



[ oraL
000'-00° End to End_of Rail ‘“"‘ FroRT ‘ TEAR | T M st
i [karesns] Proj. Na. [veaR] o | o
Varigs (7-0" Min. fo 120" ltax.) 00 Sections @ I0'-0" - 000"
Bridge Ne. Pigts
- 4 [0 _ il a7 v iSea Constrution
| B0 428 Varfes Mox. Spa, -3 (3R . (T ypical interior Section) Layoust for Lacation)
*308 Spa, wit ¥TRI| 2y | 3o 44 #3R8 spo. with #7R3,
and #7831 - 0 o
nd of +6R11 Ve cpen gt | & Spa. g i-3'= 76" (*3RE) *+3R1G (Typ.)
+3R8 (Typ) et
RG #5RS +4A7| | ‘ *sRILEF | +3RE Typ.) *ERIZ 1EF) #ERI2 1EF)
[ —
= = i
[-t7R2 &
g = e 3
e e ;
G : ¢ EEc=cEn| i
— a
al 1] g . % DRIDGE NUMBER PLATE PLACEMENT DETAIL
w7 | | i e
R A AL T Y P
*R3 (N8 +783 (hF) | 3-+4501 @ Eaoh [#3R8 iin Poire) [~ *4C & I~0'Cirs: Pl ol B A A Fﬁ i
g *4R4 (FF) & *4R4 (FF} ol (Cormers Tyt (Typ.) 2 wez a) {:
R 8 6 PARTAL ELEVATON | -0 | “tiap 7Y 70%¥ S
10" Cirs. Guardraif TAlang Traffic Fogm | 1¥pice! Interior Past ot | i
e t Extond the (2:3 taper 10 the fop Pay Cengi gz Y- 3
of ffre approach siab curb. O O - O O = U .
-6 End of #402 End of Rail 3-8 ' —| 1 ‘3, 5 R ks
L Ca S
(I oy Tratfc Fos . PG, Troftis Face ENCEE7 NN L0 Trdte v o 00.00 N
) 3 i a8l 0" |t Brioes o Lg 1 ' Ch - = 7 | Forcur
P mp ey S *IRE Top of 7R3 bar Dok o ! e j L R (OOO) s mll
. t E o
- T @ ®
Fra. ¥ 3 r (8 A 'K
£ . 'L\E g b [ | IR0 tug iR x| & % i tugs ® ¥
‘o = 7lg|s kS *3R8 | *EAI or Spacing Cirs. (Top & Battom)
B‘Q’ IS ) 5l 4 1" PERIZ —- XX Year Bridge is Complafed.
&j i‘\l kN : hﬁ . —] +3R9 BRIDGE NUMBER PLATE
- s S 1w Thn Pairs ) —_—
o ! b JL-‘| 1) A 1 Roquired) !
T ol J (See Constrution Layout for Losation)
= R ]
lConstruaﬁnn Q00 0
E‘ Jofnd CEE :\
& 2 TGO T
s ) ’ sl TYPICAL INTERIOR POST #4501
z SECTION B-8B e BES
£ ELEVATION ST THR ROt
2 SECTION 4-4 W o ;
- SECTION A-4 tDimensions ot raffic foos of rail g i B
&
= 1 4
3 : G
g | |= i
g | |2 # )
= g £ :.“ +3R6__| #RI1 or
E E_@ z & - 7RI Pl +378 (Typ.) oy ! ToRIZ
3CRE e I iz ! a5
ExfEE Y P U 1 i ol o
B e I S S SR Py T 1 I oLl
256 S ! |
o $ERI End -4 Construction B A E & 5 .6 KANAR IEFARTHENT OF TRANSETATION
‘ Rail PLAN Jonr act Br. No. Sta.
B 32° KANSAS CORRAL RAIL
3 - +rr3 B’f’wf' - C— R € HAUNCHED SLAB (WTth Curb)
SECTION C-C e~ T. 0 O O O O
TYPICAL SECTION BETWEEN POSTS 1ypigal SECTION BETWEEN POSTS

Figure 4. KDOT Open Concrete Corral Rail Details

10



Note: Depth of the cantilevered ‘mm il ‘m ﬁﬂm}"mé.ﬁ
fofe: o cantilever
Rounded Overiay sigh shall be increased by /z fo kavsa Proj. No. ¥R 0 | o
Edge maintain eever on pest ba
IRegenittess GENERAL NOTES
SLAB: The Designer shall make sure_fhat alf fayst's of reinforsing
*5Ri1 or ™ P will fit in the stab design thickness. The Designer shalf provide
Tl T for clearonce befween The skewed siab fransverse reinforcing and
o _ ihe autstanding leg of the post reinforcing. Siabs less than 1-0'In
# thickress require the siab tronsverse reirfarcing stesi fo hove @
B 3 hook as detailed on this sheet (See Alferpate We, 21 and placad af
g OVERLAY DETAIL BETWEEN POSTS ¥ a_maximum of (0" centers, or the use of 5-*55P! bars at sach post
El @ DT T & N ¢See Aliernate No. 13. Longifudinally Reinforced Slabs fess ihan
& WITHOUT CURB F—f—d o, = V' require 5-+5SB2 bars as detaiied. If X is less than 10
e = (See *4R4 bar af boftom oF fhis sheat) he +4R4 bar sholl extend
k=] ¥ =0 the plane of the boffom ironsverse remmrcfng.
5 \ S#55PY - The 'Dre,;verggegw‘ may want fo add rz; nm‘; sUCh 4 i
= s - onfractor may need fo ad fust the fonm uainat
§§ H Stap Width minus 4 kﬂoubfs avel ot reinfercing spacing under The rail.”
§ % post (With or The fop clearance mey vary from 2% to 3 due fo design
2 & 5 withouf overtay} eriteria, For this reason, Top cledrancs is nof Showh an the detais.
TYPICAL SECTION BETWEEN }-M.—J OVERUANG DETALS TRANSYERSE REINFORCED SLAB Alt raif reinfarcing shall be epoxy coated for primary routes,
= POSTS WTH CURB _——— unless nofed otherwise.
— A HOOKED SLAB BAR (Atternate No. 1)
UMT STRESSES
e st Concrefe (Grade 4.0IAE e = 4,000 p.s.i.
it ol 2% ci, IR 2% cl. o' . - - z-z Reinforcing Stes! tGrade 60)
% % % ‘ tEpory Coatad) fy = 60,000 p.s.i.
£ x ) LOADING : AASHTO Specifiotions LFD design for rebab work
N Q}mﬁg’,’eﬂ%ﬂw 1 #5310 H »IRIO C L 10 Kip Transverse (Outward)
and Zor Fit betwesn S d: 378 e X ws5p2 2,5 Kip Vertical Lood Us\e LRFD design criteria
+3R8 plcatisieio +3R8 6RI oF =] *ERI or 2.5 Kip Transverse tinward) e _corisfrictiol
7 \ - T remz — 6RIZ Leongth - +-6" Ti-4)
— 30" Past
¥l 4o ME i e wa e +3A9 o |
L3 = S ok |8 b7 Pairs ) [STab Bar T3 7T Fairs ) .
= T # Y T
[ |#7R3 |5me Bar R +7R3 S #5587 4 . ; ffn Pairs J
+4R4 + Lengin = 76" o !
[ e— o : s ROt P 11 [
o =0 et oroing
[_A— 1 \ Relnforcing
LONGITUDINAL REINFORCED SLAB & R.C.B.'S kY
SECTION WITH cuRB SECTION WITHOUT €URR . Tgﬁ S sessm TS| \\ "Pf"ﬁSBZ o
= This ail is to ussd malt or Corral Rafls lace of @ eafif 10 i
TRANSVERSE REINFORCED SLAB placed on RCB's with slohs lass than 1~ 07 fhick. = = & = betwean longitud
e o ronsverse ronsverse - reinforeing
tAlfernate No. 2} \ Tronsrorse.
Aare o Reinforcing Le;:ﬂS S_B; g REinforcing
E 6" g 9" & | *55P) or #5562
r T T T =
E
g Symm. about & past, e
5 b TIPE | 5 MAXIMUM SKEW ; @
2 information nofe for d
i d GUARDRAIL | © ANGLE (2°CL) Dot Tomr & Blotot TRANSYERSE REINFORCED SLAB LONGITUDINAL REINFORCED SLAB & R.C.B.S
2 o _ POST 205403 C.F./End Past tAlfernaie No. 1) (Less Than IO’ Thick)
- {——ERd of Roil Wosd (6'X6) 43 -0.0i2 C.Y./End Post
= Steel (WEx3) 27 Deigte this rote after plans
g Mot Guardrat et * are complefed. ELEVATION SHOWING SPl, SBI & SBZ BAR PLACEMENT
&| Ty g il £nd of Rait
8 w| Steel Guardroil Past !
5 8| Myp.) W6xs) Q | U PP Y Wovd Guardraif Post
% | '\ 1] j '| 'l j‘l | . . (E'X8) {Typ.)
B i3 [N .
He 1 T (A e e Lt
5 = i f N i ]
= i e 7, i i ﬂll'.l L3
£ 5 -
FEEE Typ.) | EW.S, , i ) | |
\
. \
ot pesia rs in ] rrutie o \ v e W
overhanging porfion of * Skew Anglo - I angia js greaer than shown, \ < 32 KANSAS CORRAL RAIL
rali {Typ. both ends) and post will have 16 hang over more e AUXILIARY DETAILS
SKETCH FOR SKEWED STRUCTURE

Figure 5. KDOT Open Concrete Corral Rail Details

11



Figure 6. TTI TL-5 Open Concrete Bridge Rail System
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Table 1. RPFP-18-CORRAL-1: Development of an Optimized MASH TL-4 Kansas Corral Rail (Kansas, lowa, South Dakota, and Virginia) — Budget

Fall - COnSmuChon, Crasn Tesing. and Remmval
em Project Flanning & Managament, Cllenl | STUciiral Analysls of Cument | She Preparabon, Aculng, Tes Mo 1 Remove Damaged Test No_ 2 Silz Preparalion, Acquire, Tesl MO 3 Prapare AASHTO TF13  |Total Cost (§)
Comespondence, Progress Updates, | Comal Ral, Detsrmination of Faoricate, & Install S0t | MASH Designation No.4-10 | Hardwars, Acquire, | MASH Designaton No.4-11 | Fabrcatz, & Instal 125 | MASH Deslgnation No. £-12
Literaturs Review, Pregare 3-0 CAD Fal . Designof | Reinforced Concrete Comadl | TL-4 Crash Test witout Faorcate, Inst#l | TL-4 Crash Testwithout Relrforoad Concrate Comal | L+ Crash Testwith Overiay
Detalls of Tested System, Document & Barmier, Dack, Conneclons, Rall Anchored to Concrate Overiay Components to Repar Z270P Pickup Truck & CIP Rall Anchored to Bridge Dack | 100005 Single-Unit Truck &
Archive MIl Certiications Exapasion Joints, and Height Tarmas 1100C Smail Car @ CIP System & System | 5.000 Ib- 62 mph- 25 degress | & Concrete Tamas & System CIF
Transitons 2425 Ib- 62 mph - 25 Femoval After Test Fiemoval Afler Test 22,045 Ib - 55 mph - 15 degress
degrass
o = [+ TR TEE 5] CeLE (51 (-3, 51 TEER C0ETE (3112, 68 [+ 1
[Labor Operaing Coss (1) 550,299 SIE510) 390570 $30.545] 54353 R 551,67 23,008
g Coes 50 50 10,851 Eil 516,575 30 520,765
|Cnerating 5 5500 5400 5340 5400 5400 51,110
Matenals § Supplles H 5200 31153 5500/ 52,300 50,527 5500
Trave E 50| A E 50 50
[SubiotE Costs 521,28 szs.slﬁ 333208 23077 57, @' 551,537 532,964 556,305
[Cnerhead Costs (10%) 52 121 51 33,321 54,308 5715 551 55255 B3
[Total Projec: Cosis 23,410] mg'_|1 £l 33652 $47,565] 7861 B 102,260 2w
Note (1) - Administrative [30or costs e calcuiated as 2 4% of direct costs.

Note (2] - The o6t estimats assumes that the MwRSF will purchase all matenals for e reinforced concrese beam & post bridge rall, and have them dellvered to MaRSFs Oudoor Tasting Faciity.
Mote (3] - MwRSF wil: acquire, fabricate, Install, and ramove Mie S0- long conerete beam & post bridge rall; dispose of debris; demcilsh systems; and restors testing sie.
Note (4) - Construction Materals and Equipment Usage, Manienance, Repalr, and Rental Costs for TesIng Program - 511,633 - Test 1
Concrete - Rall (50 long x 12 In. geap x 26 I, tall)
4.8 cu. yd plus 10% facior - 5.3 eu yd x 1250y yd = $653
Conerete - 5 Posis (36 In. wide x 10 In. deap x 12 In. tall)
D.5 cu. yd pius 10% tactor - 0.5 o yd & $125/w yd - §75
“Sleel Redmforcement for RallPosis- Estimans $1,500
Sieel Reinforcement/Dowels for Bamler-To-Tanmiac- Estimate 5300
Snipping - $1,000
Sieel Fomwork Rental, Wood Fomwork, Malis, Form Tles, Tamps, Blankets, Bracing, Suppors, and Stakes - 55,000
Comstruction Eguipment Usage, Malnenance, Repak, & Rental - §1.500
Epeoyy - $500
Miscallaneous Maberials, Healing Fuel, TentHeating Sinechure - §1,000
Mote (5) - Canstruetion Matenals and Equpment Usage, Maintenance, Remaval, Repalr, and Rental Costs for Testing Program - 5500 - Test 2
[Brioge Rall Materals, As Naedad - 500
Snipping - $100
Comstruction Eguipmeant Usage, Mainenance, Repak, & Ranial - 5100
Miscellaneous Materials - 100
Mote E) - MWRSF wil: acquire, fabricate, Install, and ramave M 1251 long conksess baam & post brioge rall and 50-1 long bridge deck: dispose of debris; demolish systems; and restors testng site,
Note (7) - Construction Matena's and Equpment Usage, Mairtenance, Repalr, and Rental Costs for Tesing Frogram - 325,427 - Test 3
Conerete - Eridge Deck (60 Tt long x 3 1 wide x & In. thick)
11.0 ew yd plus 10% Tactor - 13.1 eu. yd x $125ku. yd = 51,538
Concrete - Grade Baam (E0 1t long x 24 In. x 30 1.)
111 ew yd plus 10% factor - 12.2 cu. yd % 5125k, yd - 51.525
Conerete - Rall (125 Tt long x 12 In. daep ¥ 26 In. tal}
10.0 cu. yd plus 10% factor - 11.1 cu. yd x $125%u. yd = 51,388
‘Concrete - 12 Posts (36 In. wide x 10In. deep X 13N, tall)
1.2 cu. yd plus 10% facior - 1.3 cu. yd x S125kcu. yd = $153
Concrete Ovaray on Bridge Deck (507 long ¥ 8 7t wide x 3 In. thick)
4.5 cu. yd plus 10% facior - 4.9 cu. yd x 1250w yd = $613
Gleel Reinforcement for Erdge Deck- Estimate 52,400
Hiedl Redrforcement for RallPosis- Estimate 53,000
‘Hed Rednforcement Tor Grade B2am- Estimate §1,100
Gieel Reinforcement/Dowels for Bamler-To-Tammiac- Estimate 5500
‘Sedl Redrforcement/Dowels for Deck-To-Tamac- Estimate $300
MASH Strong Soll - $1,000
Shipping - $2,000
Stee! Fomwark Rentsl, Wood Formwork, Nals, Form Ties, Tamps, Blankats, Bracing, Supoors, and Stakes - 57,000
‘Construction Equipmeant Usage, Mainienance, Repalr, & Rental - $2,000
Speaty - $800
Miscallaneous Matarials, Haaling Fued, TenL’Heanng Structura -
Noie (B) - System Demolition, Remaoval, Disposal, and Restoration qu.lpmentUsage Malni=nance, Repalr, and Rental Cosis and Trash Fees for Test 3 - 52,500
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Table 2. RPFP-18-CORRAL-1: Development of an Optimized MASH TL-4 Kansas Corral Rail (Kansas, lowa, South Dakota, and Virginia) —
Gantt Chart

Task
No.

Task

Description

2017

2018

2019

QTR 4

QTR 1

QTR 2 [ QTR 3

QTR 4

QTR 1

QTR 2

QTR 3

Project Planning
and
Correspondence

General Project Planning and Documentation

Literature Review of TL-4 Open Concrete Bridge
Rails

Collection of Bridge Deck Details from Sponsors

Develop CAD Details for Concepts, Fabrication,
Testing, and Transitions

Design and
Analysis

Structural Analysis of Current Corral Rail

Determination of Rail Geometry

Modifications to Meet MASH TL-4 {Interior Sections,
End Sections, Expansion Joints, and Transitions)

Design and Modification of Bridge Deck and Post
Reinforcement

Sponsor Review of Proposed Design

Development of Transition to Standardized Concrete
End Buttress

Full-Scale Crash
Testing

Construction of MASH TL-4 Corral Rail

Full-scale Crash Test No. 4-10

Full-scale Crash Test No. 4-11

Full-scale Crash Test No. 4-12

Data and Video Analysis

System Removal and Disposal

Reporting and
Project
Deliverables

Sponsor Correspondence / Update Presentations

Research Report - First Draft

Report Editing (internal and sponsor)

FHWA Eligibility Letter

Task Force 13 Hardware Guide Drawings

Project Closing {printing, dissemination, accounting)
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Sponsored Programs
Attachments (1): Proposal and Budget

x.c. - Valerie Swartz, Business Manager
Robert Bielenberg, Research Engineer
Scott Rosenbaugh, Research Engineer
Karla Lechtenberg, Research Engineer
Jim Holloway, Research Associate Engineer and Test Site Manager
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