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On-going Projects

=  Engineering Support Services and Recommendations for Roadside Safety
Issues/Problems for Member States

= MASH TL3 T-Intersection (Short Radius) System Design Variations
= MASH Testing of W-beam Guardrail in Concrete Mow-Strip

= Testing of Midwest Guardrail Systems with Reduced Post Spacing for MASH
Compliance

= Testing and Evaluation of MGS System w/ Critical Flare at MASH TL3 Conditions
=  Thrie/W-Beam/Tubular Barrier Gap Rail for MASH TL-3

= Placement of Guardrail on Slopes Phase IV: MASH TL-3 Testing of Guardrail on
1:1 Slope

=  Accommodating Inlets with Transitions (TL-3)
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Engineering Support Services and
Recommendations for Roadside Safety
Issues/Problems for Member States

TTI Researcher: William Williams
Technical Representative: James Danila (MassDOT)
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Engineering Support Services and Recommendations for
Roadside Safety Issues/Problems for Member States

* Problem

— There is a need for an assessment of roadside safety
barrier systems and hardware without necessarily
performing full-scale crash testing.

— The objective of this research is to provide engineering
support services and recommendations for those roadside
safety barrier hardware and barrier systems that are
prioritized/requested by pooled fund member states

= Texas AGM > .
= Transportation /A Roadside Safety
/‘ Institute -Zﬂfed Fund



Engineering Support Services and Recommendations for
Roadside Safety Issues/Problems for Member States

e Work Plan

— Task 1 — Gathering of Information

* Prioritize projects/needs from pooled states
e Conduct literature review and review past crash testing
e Collaborate with other testing houses on
— Task 2 — Evaluation and Assessment
* Perform engineering calculations as necessary
e Use resent research, NCHRP 22-07, recent MASH crash testing
* Provide assessment of the barrier/hardware system
— Use FHWA Eligibility Form Approach

— Provide justification why certain crash tests do not need to be
performed

— ... or provide justification that warrants crash testing
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Engineering Support Services and Recommendations for
Roadside Safety Issues/Problems for Member States

e Current Priority Work List:

1.) MGS median barrier (TL-3) — 12” Blockouts or no blockouts? Further
clarification needed.

2.) Does 32” F-shape CIP barrier Meet MASHTL-3? — Currently working on this
task. We have this near complete and MASH compliant.

3.) 18’9” Thrie Beam Transition (TL-3) — Currently working on this task. We
have collected information from MwRSF and others.

4.) Using a transition from guardrail to concrete shape different than crash
tested — Vertical to sloped faced connection (?)

5.) Michigan temporary concrete barrier limited deflection — Further definition
on barrier design needed

6.) Concrete shape transitions (transitioning from different shapes) — currently
gathering information on this task.
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MASH TL3 T-Intersection (Short Radius)
System Design Variations

TTI Researcher: Akram Abu-Odeh
Technical Representative: Christopher Lindsey (TxDOT)
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E T-intersection Design Variations

e Use design elements from successful studies
(TxDOT, TL-3 and TL-2)
— Keep small foot print short radius with 3TO1 ditch
— Goal for MASH TL-3

— Use drums instead of barrels (still 700 |b
sand/unit).

— Account for secondary roadway.
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TXDOT TL-3 System

- Test Installation

i@ . 7001k d Barrels _.
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e MASH TL-3
e All thrie-beam rail, Nose 8 ft 4 in radius
e Six 700 |Ib sand barrels
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TxDOT TL-3 System (cont’d)

Isometric View

Barrel Details

e Secondary driveway
e Rotating driveway anchor
e Five feet platform before the sloped ditch (3:1)
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TxDOT TL-3 System (cont’d)
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TXDOT TL-2 System
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Test Installation Elayation Miew
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Roadside Safety and
Physical Security Division -

= Texas ASM |
Transportation :
Institute Proving Ground
Project 469138 3-4 16' Radius Guardrail with 3:1 Slope  2017-08-14
GES Scale1:100 Sheet 1of 13  Test Installation

Guardrail bend is 80°. Ditch profile follows Guardrail

1a. All bolts are A307 unless otherwise indicated.

MASH TL-2

All thrie-beam rail on primary and then transition
to W-beam on secondary roadway

T:\1-ProjectFiles\489137-TXDOT-TL- 2-ShertRadius-Akram\d69137-34469138-3-3\Drafting, 469138-3-3\469138 Drawing
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E TxDOT TL-2 System (cont’d)

e Nose 16 ft radius
 Three feet of platform then sloped ditch (3:1)
e Terminal on secondary roadway
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E Pool Fund System

e MASH TL-3

e 8-ft 4-in nose radius
e Sand drums
 Three-foot platform
e Secondary roadway

 Thrie-beam on primary roadway becoming w-
beam on secondary roadway using an
asymmetric transition rail element
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! Pool Fund System (cont’d)




E Pool Fund System (cont’d)




Pool Fund System (cont’d)
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E Upcoming Activities

e Simulating different ditch conditions
— 3TO1 ditch (underway)
— 2TO1 ditch if feasible
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MASH Testing of W-beam Guardrail in
Concrete Mow-Strip

TTI Researcher: Nauman Sheikh
Technical Representative: Michael Elle (MNDOT)
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E Guardrail in Concrete Mow-Strip

Objective:

Determine MASH TL-3 compliance of the W-
beam guardrail installed in concrete mow-strip

Scope:

— Steel post guardrail
e Test 3-10 and Test 3-11

— Wood post guardrail
e Test 3-10 and Test 3-11
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Test Installation (Steel Post):

4-space W-beam Guardrail

/ RWMO4a
/ Timber Blockout, for W-section Post
[ PDB-01b
31”ﬁ ]
10" Guardrail Bolt
s o FBB03
[
] 72" Wide-Flange Guardrail Post
55 PWEQ1
v B +—Concrete, TXDOT Class D (2000 psi)
i B Reinforced with WWF W3xW3
Ou o _ — /
2 NN\ SN
P -
s ————— "\ Congcrete, TxDOT Class D (2000 psi)
Grout Reinforced with WWF W3xW3
(see 1a)
Y Section A-A
40" — Scale 1 : 20
= 42 - Typin LON
e =
;g;fs%ﬁg{m" Roadside Safety
Institute Pooled Fund

/‘- _}_'exas Aﬁ”{»
rans, ation
R aiichte

Project 608551 3-4
Drawn By GES

- 18" -

l
19"
, s ‘
/ / ( J
L[ Jo o i
9 ) y 3
f cou | Detail B
' \ (see 1a) Scale 1:20

Rail splices midspan between Posts

1a. Grout is one part Type 1A cement, 14
parts sand, and 5 parts water, by volume.

Roadside Safety and
Physical Security Division -
Proving Ground
Mow Strip

Scale1:250 Sheet 1of 1 Test Installation

2017-08-14

Guardrail in Concrete Mow-Strip

T:\-ProjectFiles\608551- Pooled Fund Mow Strip - Sheikh\Drafting, 608551¥608551 3-4 Drawing




Guardrail in Concrete Mow-Strip

Test Installation (Steel Post):

181’-3” installation
length (including
terminals)

100’ concrete mow-
strip in the center
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Test Installation (Wood Post):

4-space W-beam Guardrail 19" —
/ RWMO4a
/ W-beam Blockout, for Wood Post
[ PDB-01a
31" T p
|| e —18" Guardrail Bolt ) A
FBB04 1
6 Timber Guardail Post 19"
¥ PDEO02 ’ .
' ) .
Concrete, TxDOT Class D (2000 psi) / 7
- 7" / Reinforced with VWWF W3x\W3
f _Jo o Fi
o DA | » '
R S\ NN d | NPT
J ‘ / (see 1a) Scale 1:20
8" — |-t \ Concrete, TxDOT Class D (2000 psi) Rail splices midspan between Posts.
—Grout Reinforced with WWWF W3xW3
(see 1a) 1a. Grout is one part Type 1A cement, 14
parts sand, and 5 parts water, by volume.

/“‘ Texas A&M Roadside Safety and

. Transportation Physical Security Division -
¥ Section A-A o | fnsﬁn’;)gg Proving Ground
4l ericl = Project 608551 1-2 Mow Stri 2017-08-14
5 Typ in LON roject - ow Strip -08-
e 42 - Drawn By GES  Scale1:250 Sheet 10f1  Test Installation
7 '[exas ASM Roadside Safety
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Guardrail in Concrete Mow-Strip

T:\-ProjectFiles\608551- Pooled Fund Mow Strip - Sheikh\Drafting, 6085511608551 1-2 Drawing




Guardrail in Concrete Mow-Strip

Test Installation (Wood Post):

Same installation and mow strip length
as steel

Low-strength grout properties

* Specified as: 1 part Type 1A cement,
14 parts sand, and 5 parts water, by
volume

e Achieves maximum strength
approximately ranging from 120 psi
to 200 psi
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E Guardrail in Concrete Mow-Strip

Steel Post (Test 3-10):




Guardrail in Concrete Mow-Strip

Steel Post (Test 3-11):




Guardrail in Concrete Mow-Strip

Results (Steel Post

Max. deflection - e MASH 3-10
3-10: 27.4 dynamic / 17.0 perm.
3-11: 50.8 dynamic / 21.0 perm.

Both tests passed MASH




Guardrail in Concrete Mow-Strip

Wood Post (Test 3-10):




Guardrail in Concrete Mow-Strip

Wood Post (Test 3-11):
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Guardrail in Concrete Mow-Strip

Results (Wood Post)

Max. deflection:
3-10: 27.4 dynamic / 17.0 perm.

Test 3-10 passed but 3-11 failed
MASH




Guardrail in Concrete Mow-Strip

e Conclusion

— The steel post system successfully passed MASH

— The wood post system failed to pass MASH due to
failure with pickup truck test

— Current Status:

e Additional Test 3-11 with wood post system is
scheduled with reduced post embedment depth of 36
inches

— Reducing post embedment may prevent sudden failure of
wood posts, which may lead to a successful design
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Testing of Midwest Guardrail Systems
with Reduced Post Spacing for MASH
Compliance

TTI Researcher: James Kovar
Technical Representative: Joe Hall (WVDOT)
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E Research Need

e Joint implementation agreement between
AASHTO and FHWA requiring the use of MASH
compliant hardware

e Reduced post spacing guardrail systems used
when lower deflections are required

e Pooled Fund prioritized this project in the last
meeting
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E Research Plan

 Three systems
— Quarter Post Spacing (18 3/4-inches)
— Half Post Spacing (37 1/2-inches)

— Transition between Full (75-inches) and Quarter
Post Spacing

e Otherwise, typical MGS system with 31-inch
tall w-beam guardrail and W6x9 posts
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Research Plan

* Four Tests
— Quarter Post Spacing with 3-10
— Quarter Post Spacing with 3-11
— Half Post Spacing with 3-11

e 3-11 viewed as critical test because snagging and
occupant risk danger is much higher with quarter post
spacing 3-10 test

— Transition between Full and Quarter Post Spacing with 3-21

e 3-21 viewed as critical test because snagging and
occupant risk danger is much higher with quarter post
spacing 3-20 test
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E Research Status

e First Installation is constructed (will be
repaired after each test)

e Expecting all four tests to be completed by
end of October

 Expecting report to be issued January 2019
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=

Testing and Evaluation of the MGS
System with Critical Flare at MASH Test
Level 3 Conditions

TTI Researcher: Chiara S. Dobrovolny
Technical Representative: Jeff Jeffers (AKDOT)
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MASH TL-3 Testing of the MGS w/ Critical Flare

* Previous Work Performed

— MWwRSF evaluated MGS flare rate of 13:1, 7:1 and 5:1 according to
NCHRP Report 350 TL-3.

e |ssue
— Test and Evaluate the MGS with critical flare rate at MASH TL-3 conditions.

e Solution and Work Proposed

— Use engineering analysis and computer simulation to select critical flare
rate for full-scale crash tests.
— Conduct full-scale crash tests according to MASH TL-3 criteria.
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Impact Severity

Testing and Evaluation of the MGS System with Critical Flare at
MASH Test Level 3 Conditions

Difference

|
Test Vehicle Test Velocity mpa.c :
Objective | Type Criteria (mph) Severity
(kips-ft)

small NCHRP350 20 62 27

St | MASH 25 62 56

MGS pickup NCHRP350 25 62 101

Truck MASH 25 62 115

small NCHRP 350 24.4 62 40

Car MASH 29.4 62 75

13:1 Flare
pickup NCHRP350 29.4 62 137
Truck MASH 29.4 62 155
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Impact Severity

Test Vehicle

Objective | Type

Test
Criteria

Velocity
(mph)

Impact
Severity

Testing and Evaluation of the MGS System with Critical Flare at
MASH Test Level 3 Conditions

Difference

Small
Car
7:1 Flare
Pickup
Truck

Small
Car
5:1 Flare
Pickup
Truck

NCHRP 350
MASH
NCHRP 350
MASH
NCHRP 350
MASH

NCHRP 350
MASH

adside Safety

= Texas A&M R
< Transportation o
/‘ lnstitg?e (

Pooled Fund

28.13
33.13
33.13
33.13
31.31
36.31

36.31
36.31

62
62
62
62
62
62

62
62

(kips-ft)

52
93
169
192
63
109

199
225

80%

14%

74%

14%




MASH TL-3 Testing of the MGS w/ Critical Flare

FE model validation (on-going)
— Straight MGS system model with soil
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MASH TL-3 Testing of the MGS w/ Critical Flare

FE model validation (3-11)

— Compare with MwRSF Update to NCHRP 350 crash tests
T=0.00s T=0.20s T=0.57s T=0.70s
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MASH TL-3 Testing of the MGS w/ Critical Flare

FE model of selected flared MGS (3-11)

1:7 flare rate

1:5 flare rate
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MASH TL-3 Testing of the MGS w/ Critical Flare

e Current Status

— Calibrate the FE models based on real crash tests

— Determining the impact point for small car and pickup truck tests

— Conducting simulations according to MASH test 3-11 and 3-10
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Thrie/W-Beam/Tubular Barrier
Gap Rail for MASH TL-3

TTI Researcher: William Williams
Technical Representative: Mike Elle (MNDOT)
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Thrie/W-Beam/Tubular Barrier Gap Rail for
MASH TL-3

* Problem

— Sometimes manholes and other features in the
alignment of barriers

— Need to provide 8-foot maximum wide gap to
access manhole/features

— Need to provide structural barrier that is
removable for access

— Removable barrier needs to meet crash
requirements of MASH TL-3
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Thrie/W-Beam/Tubular Barrier Gap Rail for
MASH TL-3

e Work Plan
— Task 1 — Engineering Analyses & Detailing

e Option 1 - W-beams with brace frames
e Option 2 — Steel Tubes with Slotted Plates

— Task 2 — Construction & Drafting
— Task 3 — Perform Full Scale Crash Test

e Perform Mash Test 3-10 (1100C, 25 degs., 100km/hr.)
e Perform Mash Test 3-11 (2270P, 25 degs., 100 km/hr.)
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5.

Details of the Minnesota Barrier to use
the Design
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Option 1 — W-Beams with Brace Frames

Installation r- 96" >

i

B N = E
L._ [~ L -
[_“-H‘H_‘____ s} s} o o _ﬁ
“H"‘-\_q____—_ = - = - _H_‘__.-—'
Plan View Boit. 5/8 x 2* hex A307 1-1/4 Guardrail Bolt—,
Baffle— [ POl 56 X 2 hex A2 FBBO1 "
Ay ' see 1b
A — T ] !:_____.—- S . — X = —
S E::E Y - B - 1 —®
o @ __::___;@_____ﬁ—_—::: ——— ) H L5} = & o
iy~ . e, Y S——————— = (=]
e 1o "—J_"-_“_“_:ITH_;I]_“_L__::I::E —©
__4 i
'y —— g . — gp—p— P —| R ———. o =y
o ST e bbb '. & "5 e
o @ = - — =] o (7 —— e ——— = S——— — @ o
QL“ﬂ 4 =:—:-n:—___':_'_':_'_':_'_':_____________,'.__n____n____n_ ——-"J@J
) [ | /.
“——“-“.'“—-“-." ------------ d . 12 ga. W-beam, 9'-4-1/2" span—" S
B7 Threaded Rod,— modified _ ]
@7/8" x 5 3/4" | (x 2 nested, 4 total each side) Elevation View

with SAE Hardened Washer
and Heavy Hex Nut - See 1a

1a. Secure with Hilti HIT-RE 500 V3 epoxy according to
manufacturer's instructions, with 4-1/2" embedment.

1b. Recessed Guardrail Nut on all 5/8 Bolts. USS Flat
Washer under the head on all 5/8 hex bolts securing Rails
to Baffles (Bolt head and Washer on traffic side).

& e = Texas ASM Roadside Safety and
S S S < Transportation Physical Security Division -
Section A-A LSS Al institute Proving Ground

Project #510461 Barrier Gap 2018-09-13

Drawn by GES | Scale 1:20 Sheet 1 of 3 Installation

W-beam Terminal Connector \
RWEOD2b
Typ x 2 each end




ft— 10-1/2"

Option 1 — W-Beams with Brace

Frames

Baffle

All A572 grade 50 matenal

-
- el 1-1/2" 0 B -
A = PO
= " [ [ N A
o R N
6-7ign ¥
0 [ { \ %
- .
. \
I."' | I-. .'.II Y 15"
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i / \ 1 Y
— “— 34" x 1" slot i =i 2612
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) ~ 14
Section B-B B -
- 22" =
Elevation View
et 14" - \
| /" 60.0°
______ F=——= .I".
1
| Y
I

Top Cross Piece
60.0° cut each end typical all three Cross Pieces

T —

o

Drawn by GES

Institute
Project #610461 Barmrier Gap

Top Cross Piece ' \
L3x3x1/4x11

Middle Cross Piece—"| '.
L3x3x1/4x 16"

Left Side Piece
L3x3x1/4x30"

Bottom Cross Piece
L3x3x1/4x19"

| !
Right Side Piece L
L3x3x1/4x30"
Typ Isometric View
Texas A&M Roadside Safety and
Transportation

Physical Security Division -
Proving Ground

2018-09-13
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Option 2 — Steel Tubes with Slotted Plates
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Option 2 — Steel Tubes with Slotted Plates
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Placement of Guardrail on Slopes Phase
IV: MASH TL-3 Testing of Guardrail on
1:1 Slope

TTI Researcher: Akram Abu-Odeh
Technical Representative: Joe H. Hall (WVDOT)
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E MASH TL-3 Guardrail on 1:1 Slope

A new guardrail design to be evaluated under
MASH TL-3 test conditions

e 31-inch w-beam system.

e Splices are in between posts with standard
post spacing.

e O-ft posts are installed on the slope so the face
of the guardrail aligned with the slope break.
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MASH TL-3 Guardrail on 1:1 Slope
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MASH TL-3 Guardrail on 1:1 Slope
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MASH TL-3 Guardrail on 1:1 Slope

MASH Test 3-10
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MASH TL-3 Guardrail on 1:1 Slope
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MASH TL-3 Guardrail on 1:1 Slope
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MASH TL-3 Guardrail on 1:1 Slope
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MASH TL-3 Guardrail on 1:1 Slope
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MASH TL-3 Guardrail on 1:1 Slope
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E MASH TL-3 Guardrail on 1:1 Slope

* |t is assessed that the rail edge engaged with a
sharp interior edge behind the fender

 The rail system seems to be stiffer than
desired

e Two recommended ways for reducing the rail
stiffness
— Shortening rail embedment

— Using weaker posts
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MASH TL-3 Guardrail on 1:1 Slope

e Using weak post system seems to be more
practical

— Easier and consistent in terms of installation (S3 x
5.7), especially given the mountainous rock
formations

— Less embedment depth
— Reduced soil dependency
— Closer the slope break
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Bent Plate Backup—,
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MASH TL-3 Guardrail on 1:1 Slope
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Test Installation

MASH TL-3 Guardrail on 1:1 Slope
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MASH TL-3 Guardrail on 1:1 Slope

e [tems left to complete the project
— Request time extension
— LS-DYNA analysis with pickup truck

— Request additional funds to test the truck and
potential the small car

— The testing could be in an extension to the current
project or a new testing project for the weak post
system
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Accommodating Inlets with Transitions
(TL-3)

TTI Researcher: Akram Abu-Odeh
Technical Representative: Derwood C. Sheppard, (FDOT)
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Accommodating Inlets with Transitions

 Develop a transition design to be evaluated under
MASH TL-3 test conditions

 Hydraulic inlets configurations to be accommodated
in the design

* Proposal being prepared for the following research
activities.
— Polling State DOT’s with these inlets configurations
— Perform nonlinear finite element analyses

— Perform MASH TL 3 transition test for the 2270P test
vehicle
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