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1 INTRODUCTION
1.1 Problem Statement

LS-DYNA® finite element analysis is now a well-established numerical modeling tool
used for development and evaluation of roadside safety features. Although LS-DYNA has been
used often and successfully by roadside safety researchers and engineers, there still remain
several limitations for its use that are solely based on the inability to focus on basic modeling.

Original funding for developing basic LS-DYNA modeling techniques was provided by
FHWA throughout the Centers of Excellence. After that funding had been eliminated, the Pooled
Fund Program member states began providing a limited amount of annual funding to continue
such efforts. That funding was provided in Years 17 thru 22 (2006-2011). Due to project
priorities, MWRSF researchers were unable to devote enough man-power to expend all of those
resources in a timely fashion, and thus, the annual funding was temporarily halted. At this time,
the referenced funds are nearing depletion.

1.2 Objective

The objective of this research effort was to advance roadside safety simulation techniques
and procedures which would ultimately be used to improve safety hardware design. Funding was
used to address specific modeling needs shared by many safety programs.

1.3 Scope

This report documents many of the things accomplished with LS-DYNA during the
project period, including (1) MwRSF projects that used LS-DYNA since 2004, (2) vehicle
modeling, (3) MGS modeling, (4) soil modeling, and (5) friction modeling. It is to give the
reader an indication of the many advances and usages MwRSF has made over the past 10 years
in nonlinear finite element simulation.

For two primary reasons, it is not possible to distinguish which items discussed in this
report were accomplished specifically with this project funding. First, solving LS-DYNA
problems and improving LS-DYNA techniques are often done in lock-step with one or more
other MWRSF projects. And, second, a majority of the funding allocated was during summer
periods to cover a portion of Dr. Reid’s summer salary; his salary during the Fall, Winter and
Spring are covered by the Mechanical & Materials Engineering Department. Because Dr. Reid
worked with LS-DYNA throughout the year, every year, as well as working on other pooled
fund specific projects, distinguishing exactly what was done during what portion of the year is
not possible, and thus it is not possible to distinguish exactly what was achieved by this project.
However, it is safe to say that a significant portion of the LS-DYNA work described in this
report would not have been possible without the LS-DYNA supplement project provided by the
pooled fund.
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Special Note from author J.D. Reid:

This report is different than most all other MWRSF reports. Each chapter is basically
stand alone, with many chapters being presented in a different format and style than the reader is
used to. It is not important that everyone understand everything within each chapter. Computer
simulation is part science and part art; that idea flows into how this report was organized and
written. The overall story being told is how MwRSF has made effective use (or not) of LS-
DYNA simulation over the past 10 years.
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2 LS-DYNA USAGE SINCE 2004

Although project funding did not start until 20086, it is appropriate to start with LS-DYNA
usage since 2004 because in that year the following paper was published documenting significant
LS-DYNA work at MWRSF prior to then:

J.D. Reid, “LS-DYNA Simulation Influence on Roadside Hardware,” Transportation
Research Record 1890, TRB, National Research Council, Washington, D.C., November
2004, pp. 34-41.

Table 1 lists the projects completed by MwWRSF since 2004 that have used LS-DYNA in
some capacity. Similarly, Table 2 lists the Theses and Dissertations of the MwRSF graduate
students who have used LS-DYNA in some capacity in their work. Often, there is a direct
correlation between a Master’s Thesis and an MwRSF project. But many MwRSF projects do
not have corresponding Master’s Thesis.
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3 PROJECT EXAMPLES SINCE 2004

Since LS-DYNA is a graphical tool, this section contains simulation results of 12 selected

projects from Tables 1 and 2, and where appropriate, comparison to physical testing. For each
project and for easy reference, the report number is listed at the top of each page and the report
title is used for the corresponding figure caption. Additionally, the list of those 12 selected
projects is as follows:

9.

Investigating the Use of a New Universal Breakaway Steel Post — TRP-03-218-09
Development of a Low-Cost, Energy-Absorbing Bridge Rail — TRP-03-226-10
Development of Advanced Finite Element Material Models for Cable Barrier Wire Rope — TRP-03-233-10

Feasibility Analysis and Concept Development of a Crash Cushion Diaphragm Structure for High-Speed
Race Tracks — TRP-03-261-11

Test Matrices for Evaluating Cable Median Barriers Placed in V-Ditches — TRP-03-265-12
Improved Models of Cable-to-Post Attachments Cable Barriers for High-Tension — TRP-03-267-12

Development and Recommendations for a Non-Proprietary, High-Tension, Cable End Terminal System —
TRP-03-268-12

Determination of the Maximum MGS Mounting Height — Phase Il Detailed Analysis with LS-DYNA —
TRP-03-274-12

Zone of Intrusion for Permanent 9.1-Degree Single-Slope Concrete Barriers — TRP-03-292-13

10. Development of a Retrofit, Low-Deflection, Temporary Concrete Barrier System — TRP-03-295-14

11. Increase Span Length for the MGS Long-Span Guardrail System — TRP-03-310-14

12. Front Suspension and Tire Modeling for Use in Culvert Grate Impact Simulation — D.A. Boesch Thesis
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From MwRSF Research Report No. TRP-03-218-09

D e

UNIVERSAL BREAKAWAY STEEL POST
Tiene = 0

IMPACT

z
YA x

Figure 137. Rigid Cylinder Impact

UNIVERSAL BREAKAWAY STEEL POST
Time= 80001

oy

Figure 139. Rigid Cylinder Impact Results ) ) .. ENE=R. ) )
Figure 149. Time Sequential Photographs — Diagonal Axis Impact

Figure 1. Investigating the Use of a New Universal Breakaway Steel Post
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From MwRSF Research Report No. TRP-03-226-10

)

Figure 58. Physical and Simulated Models, Test No. MGSBRB-5

Figure 65. Simulation and Physical Test Results, Test No. MGSBRB-5

Figure 2. Development of a Low-Cost, Energy-Absorbing Bridge Rail

12
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From MwRSF Research Report No. TRP-03-233-10

T m— e @]

*

0.000 sec

Figure 213 (cont). Sequential Photographs, Test
and Simulation, Test No. CS-1_Simulation

i

0.050 sec 0.050 sec

'

0.100 sec
Figure 213 (cont). Sequential Photographs, Test 0.110 sec
and Simulation, Test No. CS-1_Test Figure 183. Sequential Photographs, Test and Simulation, Test No.

DBC 4

Figure 3. Development of Advanced Finite Element Material Models for Cable Barrier Wire
Rope
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From MwRSF Research Report No. TRP-03-261-11

Figure 167. 8 Degrees — Deformation Angle of Design 19

Figure 192. Impact-Side Guide Rail and Bracket at t= 9 msec

Figure 4. Feasibility Analysis and Concept Development of a Crash Cushion Diaphragm
Structure for High-Speed Race Tracks
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From MwRSF Research Report No. TRP-03-265-12

Override (fmm slope)
1100C

- %‘“%“ Oveme(backslope)

2270P

Max. Height 396" 39.1% 36.3 28.44

Location x. Height  28.6" 21" 324"
fromSBP 12.0°(2D) 120 (BD) 1y 12.0°{80)  12.0' (ED) o

50 fromssP  24.0° 214 3.0 2400 240

{fromBSBP)  (0.0) (2.6) {c.9) (0.0) (03)

a0 -
30 -
20
= 10
=
§ 0
‘®
= o]
—820C
—1100C
—1500C
——2000P
—2270P
0 4 24
Distance from SBP (ft) L )
Underride (bad( slope)
1100C 2270P
ey M s % % ﬂ
SBP = Slope Break Point
8D = Bottom of Ditch Min. Height 67"
BSBP = Back Slope Break Point Locath
(Highlighted flelds Indicate caritical vehicle for the spedfic condition) fromSBP 176’ 17.3 17.3 18.2 19.1'
{fromBD) (5.6') (5.3 (5.3") (6.2) (7.1)

Figure 2. Trajectories of Critical Bumper Nodes of Five Passenger Vehicles — 4H1V V-Ditch, 24 ft Wide

Figure 5. Test Matrices for Evaluating Cable Median Barriers Placed in V-Ditches
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From MwRSF Research Report No. TRP-03-267-12

(@) ' (b)

’y

Figure 30. Comparison of Component Test with Solid Element and Beam Element Models

Figure 6. Improved Models of Cable-to-Post Attachments Cable Barriers for High-Tension
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From MwRSF Research Report No. TRP-03-268-12

- &
Figure 36. Slip Base Post Assembly and Finite

- |
Figure 34. Cable Anchor Bracket and Finite Element
Element Model

Figure 24. Cable Interaction with Slip Base
Post No.1

0ms 10 ms 18 ms

Figure 62. Cable Release Event Comparison. Test No. HTCT-1 vs. Simulation

Figure 7. Development and Recommendations for a Non-Proprietary, High-Tension, Cable End
Terminal System
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From MwRSF Research Report No. TRP-03-274-12

o
Figure 18. (a) Actual End Anchorage and (b) Finite Element Model

Figure 19. (a) Actual Overall System and (b) Simulation Model

Figure 8. Determination of the Maximum MGS Mounting Height — Phase Il Detailed Analysis
with LS-DYNA
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From MwRSF Research Report No. TRP-03-292-13

Figure 66. Suspension Damage for the Model with
Full Suspension Failure

| 0.208 sec 0.34€ ¢ 0,535 sec

Distance from Froat of Barvier
to Top Freat Carmer
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Figure 67. Working Width Measurements

448w 38 ms

Figure 80. Dummy, Seat, Seatbelt, and Vehicle
Simulation

Figure 9. Zone of Intrusion for Permanent 9.1-Degree Single-Slope Concrete Barriers
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From MwRSF Research Report No. TRP-03-295-14
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Figure 140. Barrier Segment Connection Designs, Figure 155. Simulation Model of System, Test No.
Test No. RDTCB-2 RDTCB-2

Figure 10. Development of a Retrofit, Low-Deflection, Temporary Concrete Barrier System
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From MwRSF Research Report No. TRP-03-310-14

Figure 31. LS-DYNA Baseline Models Pocketing Angle Comparisons LSC-1

Figure 11. Increase Span Length for the MGS Long-Span Guardrail System
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From D.A. Boesch Master’s Thesis

Figure 2. C2500 Main Suspension
Components

Figure 73. Old Suspension Layout Figure 74. New Suspension Layout

Figure 187. Steering System Placement : = ) :
Current Model (Left) and New Model Figure 221. Deformation of Tire as it Figure 221. Deformation of Tire as it
(Right) Impacts a Bump Impacts a Bump

Figure 12. Front Suspension and Tire Modeling for Use in Culvert Grate Impact Simulation
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4 VEHICLE MODELING
4.1 Implementing a Model for usage by MwRSF

When a vehicle model is obtained for usage by MwRSF, it goes through a rigorous
inspection and organization process before it is used on a project. This process usually involves
communicating with the source to discuss the model and to modify the model to be more
responsive and stable in MwRSF applications. The integration steps are broken down into four
major categories, called Models (capital M). Each Model category usually has multiple sub-
models of the vehicle within that category.

Model 1 — original model

Model 2 — split model into multiple include files

Model 3 — change units

Model 4 — position and make ready for roadside hardware imp

During the vehicle model integration process many simple model checks are made by
simulating controlled cases; including (1) run the model as is [it is not uncommon for the original
model obtained to have troubles successfully completing on our computers using our version of
LS-DYNA], (2) simulate the NCAP test [35 mph frontal impact in a fixed, rigid wall], (3) insure
there is a ground below the tires and gravity is defined in the model, and then run a gravity check
[simulate the model for 2000 ms while the vehicle does nothing but settles down on the ground],
(4) run the model for an extended period of time while it simply rolls straight ahead at 100 km/h,
and (5) while rolling at 30 mph apply a controlled force to the front steering knuckle in order to
evaluate the steering capabilities, including removing the force and checking that the vehicle
returns to a straight path. Each of these simulation cases may or may not be run for each Model
category. It all depends on the vehicle on hand, the target project for the vehicle, and the amount
of time available for thoroughness.

1. Model 1 - original model

The original model is investigated to get acquainted with it and to see what details it
has or does not have. Slightly modified versions of the original model would include
modifying control parameters (*CONTROL_xxx dyna commands) as well as some
parameters within specific keywords, and setting values to MwWRSF recommended values.
Sometimes when a vehicle model goes unstable during a simulation, the original model needs
to be re-investigated to see if the trouble is related to the base model or with the modified
version(s) that are developed and improved (hopefully) over time.

2. Model 2 — split model into multiple include files

The actual LS-DYNA model is often referred to as the dyna deck. When a vehicle
model is obtained, it is usually in one large undocumented dyna deck file. Model 2 breaks the
dyna deck into multiple files, called include files, in order to isolate the major functions
within the dyna deck. For example, Version 3 of the reduced Silverado model is divided into
the following files:
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silverado-v3r.k
silverado-v3r-accelerometers-dummies-misc.k
silverado-v3r-connections.k
silverado-v3r-contacts.k
silverado-v3r-control.k
silverado-v3r-elements.k
silverado-v3r-gravity-and-ground.k
silverado-v3r-init-stress-beam.k
silverado-v3r-init-vel.k
silverado-v3r-nodes.k
silverado-v3r-parts.k
silverado-v3r-wheels-tires.k

File silverado-control.k controls the model; it sets global control parameters, request
specific outputs, and includes silverado-v3.k. If this vehicle is used to simulate an impact
event, say the MGS, then the control file will also include the mgs model along with any
special handling required to control the simulation. For example, renumbering the nodes and
elements of the vehicle may be required to prevent the vehicle and mgs from having the same
numbering schemes, which is not allowed. Another common example is to use the control
file to reposition the vehicle for different impact conditions.

The included file silverado-v3.k is actually the master file for the entire silverado
model. It is pretty much stand-alone and can be used without the silverado-control.k file for
various reasons (for example, like being included directly by another model). File silverado-
v3.k main purpose is to include all of the other files listed above. Sometimes it is used to
override parameters or outputs set in the control file.

During this Model 2 development phase a lot is learned about the model and how it is
put together. The various dyna decks are also documented for better reference. When a
model needs to be modified, it is often much easier and quicker to work with the include
files. Models 3 and 4, described next, will continue to use include files. Sometimes during
those phases, some of the include files from Model 2 are broken-up into even more detailed
include files.

Model 3 — change units

LS-DYNA has no units, it is up to the analyst to use consistent units. Both NCAC and
GMU use units of ton, mm, s, N, MPa, N-mm; while MwWRSF uses units of kg, mm, ms, kN,
GPa, kN-mm for LS-DYNA models. Thus, a conversion of units is required. There are
multiple ways to do this conversion. Unfortunately, it has been found that various versions of
LS-DYNA have limitations on their automatic unit conversion transformation capabilities.
This requires special handling and review to ensure all units are converted properly.
Typically, the author converts one file at a time (the include files from Model 2). Depending
on the include file breakdown, several of those files do not need conversion.

Changing units will change the results from the simulation. This is a complex issue and
not easily explained, and complete details are beyond the scope of this document. As an
example, the Dodge Neon is simulated impacting a fixed wall head-on at 35 mph; this is
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referred to as the NCAP test. The simulation is done twice, first with the original units of
mm, s and tons, and second after the units have been changed to mm, ms and kg.

The deformations after the impacts are shown in Figure 13. The difference in the crush
is practically unobservable. However, the accelerations of the C.G. and the forces on the
barrier due to the impacting Neon are different, as shown in Figures 14 and 15. Examining
the velocity curves, as shown in Figure 16, the differences in the accelerations are
inconsequential in regard to their effect on the velocity. It is common in LS-DYNA
simulation studies to say that results are the same, but different.

Figure 13. NCAP Simulation: mm, s and tons units versus mm, ms and kg units

NCAP - Neon Model (NCAC V7d)
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Figure 14. Neon NCAP — Accelerations
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NCAP - Neon Model (NCAC V7d)
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Figure 15. Neon NCAP — Barrier Forces
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Figure 16. Neon NCAP — Velocities

4. Model 4 — position and make ready for roadside hardware impact

At this point in the implementation process, the vehicle model is ready for usage, but it
still requires some manipulation and variations. Three factors are discussed here: (1)
orientation and position, (2) tires and wheels, and (3) vehicle mesh. In practice, there are
special cases that arise based on specific project requirements and vehicles being used for
that project. Detailing the special cases is beyond the scope of this report.

(1) Orientation and Position: Since most impact conditions are at 100 km/h and 25-
degrees, a baseline vehicle will be set-up at these conditions at a standard location in space.
That way, those developing roadside hardware know where to place their model. Changing
the initial velocity of the vehicle is rather simple so variations on that are placed within the
control file, all but the active speed are commented out. If a simple translation of the vehicle
is needed prior to simulation that can be easily accomplished in the control file. If a different
initial orientation (i.e., rotation) is required, that is often better done separately, creating a
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different version of the model. Typically, there might be three orientations, heading in the x-
direction, at a 25-degree angle for the standard impact, and at 155-degree angle for the
reverse direction impact condition.

(2) Tires and Wheels: Initial tires from NCAC are almost always extremely stiff, far
beyond anything seen in physical testing. However, these tires are very stable under many
impact conditions. UNL has developed a variation on that model which significantly softens
the tires. The switch is done by swapping out the dyna keyword commands associated with
the tire pressurization airbags with a significantly different method. In practice, once set-up,
to change tire models it is simply a matter of changing the tire include file name in the
vehicle model. The softer tire, while more accurate, is prone to be more unstable than the
stiff tire. Why? Because the softer the tire, the more it can deform, which can lead to
reaching its limit of deformation and cause numerical instability. In real life, a tire could de-
bead or rupture in such situations. The tire models do not have those capabilities.

A third tire model, referred to as the UNL detailed tire model, was developed by Dustin
Boesch for his Master’s Thesis for the ¢2500 pick-up truck model. This tire model takes into
account the actual complexities of a real tire. It’s deformation behavior matches physical
testing very well. It also does not have the capability to de-bead or rupture, so is even more
prone to instabilities at high deformations. This tire model is specific to wheel and tire type
of the actual vehicle being modeled and thus, must be developed for each desired tire/wheel
combination. A very time consuming task (often months). Swapping between the simpler tire
models and this detailed tire model requires several modifications to the include files that
make up the vehicle model. This model is required for accurate riding over curbs, or rocks,
or any debris that results in significant tire compression.

(3) Vehicle Mesh: It is not uncommon for portions of a vehicle model to need re-
meshing. This is usually due to unforeseen large deformations or snagging of a relatively
coarse mesh compared to its deformation pattern. The re-meshing is done on a case-by-case
basis and may or may not make its way back to updating the baseline vehicle model. A
localized re-meshing, used to solve a particular numerical problem to help a particular
project, may or may not be a good idea for the overall effectiveness of a vehicle model.
Meshing is still part art, and often requires re-working surrounding components as well as the
connections made to the portion being re-meshed.

In summary, trying to organize and keep clean all the various versions of a vehicle
model can be cumbersome, to say the least. It a project needs, say a 2270p pick-up truck
model, it’s not so trivial — which orientation, which tires and wheels, does it need a
specialized meshed version, etc. — all need to be determined and made available in a timely
manner.

4.2 Chevy 2500 Pickup — 2000 kg (2000p)

By the time this project started, the ¢2500 pick-up model was well established within

MwRSF. Various models including coarse mesh model and detailed mesh model were in use,
with the many variations of tires, orientation, and so forth. As the NCHRP 350 official vehicle,
the ¢2500 was used on a majority of the simulation projects for many years, and is still in use
today. With MASH, this ¢2500 is no longer the official pick-up truck used in most projects, so it
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more or less is treated as a bogie vehicle for its relative simplicity, robustness and computational
efficiency. This model requires some maintenance on a case-by-case basis, but does not utilize
project funding to do so.

4.3 Chevy Geo Metro — 820 kg (820c)

The original Geo Metro model, representing the NCHRP 350 small car vehicle, was
released by NCAC in January 1999. Many versions and variations were developed by several
groups between 1999 and 2011. The family tree structure of the variations is quite diverse.
MwRSF investigated many of the Geo models it had direct access to. In 2007, Marco Anghileri,
from Politecnico di Milano, Italy, provided MwRSF with its modified version. This model is
referred to as iGeo (the i standing for Italy). MwWRSF implemented the iGeo following the
procedure described earlier. The iGeo became MwRSF’s go-to small car model; including a
surrogate 1100 kg model by adding mass at strategic locations. This model requires some
maintenance on a case-by-case basis, but does not utilize project funding to do so.

4.4 Dodge Neon — 1317 kg (1500 kg and 1100 kg)

Version 5 of the Dodge Neon was obtained from NCAC in November 2004. That version
was used for experimental purposes. Version 7 was obtained in January 2006 and prepared for
MwRSF usage. Primarily, mass was added to it to make it a 1500 kg vehicle in order to simulate
a mid-size vehicle. One such application was for a project with Cyprus, investigating their
guardrail systems. Version 7d was obtained in June 2009 and prepared for MWRSF usage. Mass
was modified to make this version a surrogate 1100 kg vehicle, the new MASH small car
vehicle. It has been used on several MWRSF projects. The Neon has proven to be a little unstable
at times but has not been required in projects often enough to make a concentrated effort beyond
the basic implementation process in order to significantly improve its shortcomings. MwRSF
does not crash test with Dodge Neon’s.

Figure 17. Dodge Neon Model
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4.5 Chevy Silverado Pickup — 2270 kg (2270p)

Version 1 of the Silverado model was obtained from NCAC in October 2008. It was
prepared for MWRSF usage with two variations; one with the original NCAC tires and one with
the reduced MwWRSF tires. Version 1 was used for simulating impact with the MGS and with the
MGS-on-Curb. This model was short lived.

Version 2 of the Silverado was obtained from NCAC in February 2009 and prepared for
MwRSF usage. This version had significant updates and was deemed a better model than
Version 1. This model was the workhorse 2270p model for several years and is still in use. It is
considered a little less accurate than Version 3, but much more stable. One significant difference
between Version 2 and Version 3 models is that Version 2 does not have steering capabilities.
This model was used to successfully calibrate the MGS model with the NCHRP Verification and
Validation procedures. Version 2 has many variations dealing with connection and mesh
problems as they showed up on individual projects.

Version 3 and Version 3-reduced of the Silverado were obtained from NCAC in March
2012 and prepared for MWRSF usage. These versions had significant updates and were deemed
better models than Version 2. Version 3-reduced is a much smaller model than the other
versions, and thus is relatively CPU inexpensive. Version 3-reduced is currently by far the most
common model used for MWRSF projects. Both versions have many variations. For example,
Version 3-reduced (silverado-v3r) has a variation that includes the detailed tire models
developed by MwWRSF.

Version 2 Version 3 Version 3-reduced

Figure 18. Three Versions of the Silverado Model

4.6 Toyota Yaris — 1100 kg (1100c)

Version vlm of the Yaris was obtained from NCAC in December 2011. After an initial
investigation of the model, a brief review was sent to NCAC discussing observations. In order to
provide a better understanding for the vehicle model integration process discussed previously, a
copy of that review follows.
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January 12, 2012
Dhafer, Steve and Ken,

I've been exercising the Toyota Yans these past few weeks and thought I'd pass along these
notes. The model locks reall".- nice and it is evident that a lot of effort was spent by a lotof

people.
My first simulations are basic checks:

1. Fam as-iz — make no changes to the model. This was the NCAP nm provided in the files.

2. Change some *CONTROL#DATABASE to my liking/standards. Fe-run model to make
sure I get the same answer.

3. Pam a gravity check Comment out barrier and imitial velocity.

4. Hawve vehicle rolling on ground for 2 sec zt 100 lan'h.

5. Provide steering force to steering bomckle while vehicle is rolling on ground at 20 mph.
(Sumilar to what Marco did for the Geo Metro work they did in Italy and presented at
various TRB mestings.)

Simulation 1 — “as-is™

The mode] ran to completion. Acceleration traces looked to match the report fairly closely.
Fagid wall forees were slightly off, but essentially the same. Deformations looked the same.
Energy balance had troubles. Repmt had constant Total Energy, my run did not, as shown in
Figure 1. Part 2000138 (35_framefrontl) had a large jump mn LE. at the same time the Total
E.nerg'_a- had a large jump. This part was already crushed at the point of the energy jump, =0 I am
not sure what 13 cansing the jump. It sort of bothers me that such a thing can happen.

TOYOTA YARIS MODEL - MCAP (NCAC VOL)

0.z
Lagand
B A mEtsUE 2000138
— B gistat: LE.
0.15% | __n. L glstat; Total
o
+*
W og.1
=
:
i
0.0% |
W .
o }
006 0LOB 0.1
Time
Figure 1. Energy Balance
Faris Review — S0 Reid — Jovmery 13, 2011 1

Yaris Review to NCAC - Page 1
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Simulation  — “gravity check”
It was observed several parts were either not connected or loosely connected, causing them to
shift. The not connected parts dropped considerably during the gravity only run.

Loosely Connected — see Figure 2
2000003  2_bumperplastic

Not Connected — see Figure 3
2000013 155_railrighbrkt
2000075  405_shockfrontbrkt2R
2000374 534 _shockfrontbrkt2L
2000402 601 _batterybrktS

There may be other parts that need improved connections. I did not do a complete review.

“M Sreviy Sedte (MCAC YOI

Figure 2. Loosely Connected Bumper Fascia

(o]

Yaris Review —J.D. Reid— January 12, 2013

Yaris Review to NCAC - Page 2
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Figure 3. Parts Not Connected — Sequence Showing Parts Dropping from Vehicle

The model does not settle on the ground very well. I would expect 1 or 2 sigmficant bounces
only (as occurs on other models) but the ground forces, as shown in Figure 4, clearly show the
vehicle does not settle very well. This may significantly affect steening/coming behavior. This
may be caused by several items associated with the tires/suspension components.

25 +

Hormal Force (E+3)

k2
=

=
L]

=
=

.5 1

Timae

1100¢ Toyota Yaris - Gravity Settle (NCAC WO1)

Rigid Wall
| Walll

1.5 2

Figure 4. Ground Forces for Gravity Check — Vehicle Dioes Not Settle

Faris Review —J 1) Reid — Jomary 12, 2001

Yaris Review to NCAC - Page 3
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Simulation 5 — “steering™

Steerng, although possible, seemed to have problems. After several vanations I ended creating
a mode] that (1) basically held the main vehicle in place by using a lot of randomly placed
Boundary SPC’s; but none on the front tire/suspension/steening parts, and (2) applled loading to
the steenng kmuckle at the location where the steening arm 1z attached to 1t. This scenario
1z0lates just the steering mechanics.

The steering gear should be stationary (1e. attached to the vehicle structure), but it moves a lot
du.nng the steening manewver. This 1s part 2000515 — 640 _steenngmechmaim. This can be seen
m the attached movie: movie 000-steennz-top wmy Only the tire/suspension/'steening 1s shown
m the mowie, the rest of the parts are tuned off.

I alzo think the strut does not behave properly. See movie 001-steering-angle wmv but also
Figure 5. I don’t kmow for sure what 15 wrong, but it appears the top mount is more of a revolute
joint rather than a spherical type jomt; as such the shaft on the strut bends unrealistically. Strut
motion 15 difficult, for sure, but it should stay in-line durning steering.

A Vet Vvt - Whriy [SCAL YEA1 A Pershs Terts - Wheriy (AL YE1
= B - RE

Figure 5. Unrealistic strut deformation
I

Faris Review — S0 Reid — Sy 13, 2003 4

Yaris Review to NCAC - Page 4
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Finally the loading to cause steermg appears to be extremely high. I started out with 1,000 N just
25 in the Geo Metro steering example but got almost no motion at all. I eventually switch to a
controllad wall motion and ended with the forces shown in Figure 6. Ths techmque provides the
zctual forces required to cause steering. Not the value at lower angles is around 15,000 N and
then ramps up considerably as the angle mereases. I don't believe a steering force of 15,000 M 12
realistic.

1100¢ Toyota Yaris - Steering (WCAC VOl1)
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Time
Figure 6. Force Required to Cause Steermg
Faris Review —J 0 Reid — Jonary 13, 2011 5

Yaris Review to NCAC - Page 5
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Version v2g of the Yaris was obtained from NCAC on March 29, 2012 and prepared for
MwRSF usage. This version addressed, among other things, the issues raised in the January 12
review. However, the model size grew from 770 parts with 975,000 elements up to 920 parts
with 1,515,000 elements. Seriously taxing our ability to understand all the details within the
model and our computer resources to handle such a large model. Note that in addition to the
vehicle model, one must also have a roadside hardware model to go along with it; further
increasing the overall size of the project model.

4.6.1 Difficulties in Simulating the Yaris

Many difficulties arose when trying to get the Yaris to work well with the MGS model. A
partial listing of some of the difficulties follows, this work was done in 2012. These items are not
in any particular order since they weren't solved in a linear fashion. The comments are a direct
copy from the dyna decks, and thus left in somewhat poor English grammar.

*KHRxXXK tires

Different results were obtained when using the NCAC tire model
and the UNL tire model.

The UNL tire model is more physically correct way to model the tire.

The UNL tire model would sometimes go unstable due to excessive crush.
By changing the sidewall E to 0.3 (from 0.03) the model became much
more stable. Of course, the tire stiffness goes up - it was already
more stiff than physical testing results we have of other tires.

*Axxk  pumper (fascia - plastic)

Front bumper gave lots of troubles. It is attached to the structure
using spotwelds (sw) in some locations, and NRB's in others. The sw
did NOT have failure defined. Thus, the bumper elements at the sw
would sometimes stretch a great deal, and causing the model to bomb.
So, failure was added to the sw. Seemed to work but then, in some
cases, the bumper would again go unstable, but at the NRB connections.

Failure criteria was then added to the entire bumper, similar to
Mario's work with the iGeo and MGS.

Now the bumper basically falls apart during impact.

***xx*% multiple contacts vs single contact approach

Initially I tried the approach of (1) auto ss for the yaris,
(2) contacts for the MGS, and (3) auto s2s between yaris & MGS.
Lots of penetrations, sometimes eventually causing abort.
Several patches to this approach were attempted.

Then, I tried adding as much as possible of the mgs parts to the
yaris auto ss and getting rid of as many contacts as possible
because of this approach. This worked really, really well
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(in general)
*x*x*x*x  goft = 0, 1 does not work for the Yaris model

**x%**  edge penetrations

In some simulations a part of the yaris would slice into the

edge of a flange. Even though soft=2 was being used, that
edge-to-edge penetration was not picked up and the simulations
eventually went unstable. Attempts to add extra edge penetration
contacts were unsuccessful. I don't believe I ever really fixed
this problem; just other changes made it go away for the specific
simulation cases I ran.

**x%%* gscale factor (sfs)

Sometimes the simulation would blow up using the default sfs = 1.
Sometimes with it set to sfs=0.5 it would work.

- example of not working: force too low and door snagged on rail
Sometimes with it set to sfs=0.75 it would work.

- example of not working: force too high,

causing rail bolt hole area to blow-up

I could not find a value that would always work in the various

cases I was trying. This remains a case dependent parameter.

Interesting note. Ray Julin showed some very significant differences
in results when varying sfs in his Thesis (e.g., Figure 26). That
was for i1Geo-MGS simulations.

**x**  reverse direction

Once the std direction of yaris-mgs simulation was working,
I switched direction of the Yaris to match full-scale testing.
Contact troubles again arose. Primarily the sfs variation quandry.

**x*%** rail height

Simulating various rail height MGS models, resulted in different
troubles - each to be addressed individually.

4.6.2 Yaris Model 2015 Update

Versions C_v1l and D_v2j of the Yaris were obtained from GMU on August 2015.
Version C_vl1l is the coarse mesh version of the model, and D_v2j is the detailed version. D_v2j
is the descendant of the v2g model of 2012. Upon initial review of D_v2j it was determined that
the steering capability was deactivated. Initial investigation into making the steering functional,
revealed that that process may require quite a bit of effort. Thus, D_v2j was set aside for the time
being.
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Because of its reduced size (378,672 elements) a considerable amount of computer power
could be saved if the reduced (coarse mesh) model was used. Thus, C_v1l was prepared for
MwRSF usage. After completing the integration process, the Yaris C_v1l was simulated
impacting the MGS at 100 km/h and 25 degrees. The impact corner of the Yaris underwent
severe damage and the model went unstable. The last state before going unstable is shown in
Figure 19. The deformation in the simulation did not compare well to physical testing of this
same system. For now, this model has also been set aside.

The 2012 version v2g remains MwRSF’s main 1100c vehicle model. MwRSF has three
versions of this model (1) original NCAC simple stiff tire model, (2) MwRSF simplified softer
tire model, and (3) MwRSF detailed tire model. Switching between the simplified tire models is
rather simple. Constructing the detailed tire model for the Yaris tire size took several months of
effort.

Figure 19. 2015 Yaris reduced model

37



April 6, 2017
MWRSF Report No. TRP-03-357-17

4.7 Ford F800 Single Unit Truck — 8000 kg and 10000 kg

The history of the single unit truck (SUT), a model of the Ford F800, is not entirely clear.
In the early 2000’s NCAC released a few versions for the simulation community. At some point,
Battelle received funding from FHWA to make an improved version while at the same time
documenting the model details in an easy to use web site, still accessible in Aug. 2016:

http://thyme.ornl.gov/FHWA/F800WebPage/description/

MwRSF was active in investigating and using the various SUT models between 2005 and
2008, primarily focusing on Battelle’s versions (see Figure 20). The SUT models were used for
some concrete barrier projects and for investigating proposed updates to the vehicle for MASH.

b e du

Figure 20. SUT Version 5 Model from Battelle
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4.8 MWRSF Bogies

MwRSF has a suite of vehicles used for bogie testing, to simulate such testing MwWRSF
also maintains a suite of bogie models; these are shown in Figures 21 and 22. Portions of these
bogie models were developed with project funding. Currently, these models are up-to-date and
do not require any significant modifications. The usage of the models consists of (1) orientating
the vehicle in the desired direction, (2) updating the mass to what is used in the actual bogie test,
(3) changing the impactor head (if required), and (4) changing the height of the impactor.

Figure 21. MWRSF Bogies
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Figure 22. MwWRSF Bogie Models
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Sometimes a very simplified vehicle model can be used to investigate the basic behavior
of a roadside design. For example, a solid element bogie model with foam material model can be
made to crush with reasonable force loads compared to a vehicle (see Figure 23). The front end
of a vehicle is usually made to crush and absorb the energy of an impact, while the back end is
more structurally rigid, protecting the occupant from deforming parts. That phenomenon is
captured in the simple model with two different nonlinear crushing material properties.

Figure 23. Solid Element Foam Bogie

4.9 Component and Subsystem Models

In order to investigate and improve various portions of a model, it is common to create
component and subsystem models to aid in that process. As a single example, when the
Silverado suspension system needed to be investigated to determine and improve its various
characteristics, the subsystem model depicted in Figure 24 was developed. With this isolated
subsystem the springs, shocks, deformability, joint stiffnesses, steering, and fracturing of
connections could all be examined much easier and in greater detail than just using the entire
vehicle model.

Figure 24. Silverado Front Suspension Subsystem
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5 MGS MODELING

Since 2006 the Midwest Guardrail System (MGS) has been the foundation for many
subsequent projects, including the MGS with approach slopes, curbs, maximum height,
minimum effective length, downstream anchorage requirements, transition to concrete barriers,
and long-span. Overtime, improvement or refinement to the MGS LS-DYNA model has been
required in order to continually improve MwRSF design and analysis capabilities. One such
example is the modeling of the anchorage, as shown in Figure 25. Some of the projects using the
MGS would use the simple anchor model when the anchorage was determined to be relatively
non-influential during an impact event, saving significant cpu time. Other projects would use the
most detailed version available because the anchorage behavior plays a significant role in the
overall system behavior.

Other aspects of the MGS model also have multiple versions and techniques deployed,
including the post-in-soil models, the rail-to-post connections, and the splices. All of these have
required multiple investigations to improve their usefulness. As an example, a post-in-soil
modeling effort is described in Section 6.

Many of the modeling details of the MGS are not as detailed or as accurate as ultimately

desired for predicting system behavior. Although great strides have been made, much more
remains in this area.
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Figure 25. Various Modeling Approaches for MGS End Anchor - 2011
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6 SOIL MODELING

For the most part, W-beam and thrie-beam guardrail systems are installed in soil
foundations. The interaction of the guardrail posts and soil is a critical factor in how a guardrail
system behaves under impact conditions. In order to simulate that behavior with LS-DYNA, the
post-in-soil behavior must be modeled. Over the past 23 years there have been many techniques
developed to model the soil. Throughout 2014 and the first half of 2015, an attempt was made to
gather the most promising soil modeling techniques and document those in a PowerPoint
presentation, and generate actual LS-DYNA models that used those techniques. This work was
to be shared by all those interested.

As a result of that work, during the Finite Element Modeling & Crash Simulation Forum
held during the 2015 TRB AFB(20) Summer Meeting in Chicago, IL, J.D. Reid led a two-hour
discussion on soil modeling. The following pages contain a copy of the PowerPoint slides used
to lead that discussion. The dyna decks (i.e., LS-DYNA models) used to generate much of the
presentation are available.

The presentation outline was as follows:
Phase | — Modeling Posts in Soil: Best Practices
Phase Il — Soil Modeling
Part 1 — single element study
Part 2 — three standardized bogie cases
Part 3 — application: MGS upstream anchor
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Soil Modeling
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Figure 26. Soil Modeling: Phase I, slides 1 — 6
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Figure 27. Soil Modeling: Phase I, slides 7 — 12
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Figure 28. Soil Modeling: Phase I, slides 13 — 18
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Figure 29. Soil Modeling: Phase I, slides 19 — 25
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Figure 30. Soil Modeling: Phase I, slides 26 — 31
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Figure 31. Soil Modeling: Phase I, slides 32 — 38
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Figure 32. Soil Modeling: Phase I, slides 39 — 45
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Figure 33. Soil Modeling: Phase I, slides 46 — 50
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Figure 34. Soil Modeling: Phase Il, Part 1, slides 1 — 6
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Figure 35. Soil Modeling: Phase I, Part 1, slides 8 —13
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Soil Modeling

Phase Il - Part 2

J.D. Reid

Midwest Roadside Safety Facility
University of Nebraska-Lincoln

Finite Element Modeling & Crash Simulation Forum
Chicago, IL
July 16, 2015

Im- Afidwest Roadside Satety Facily

Introduction

* Phase |: Short Term
= A Library of LS-Dyna Techniques

* Phase II: Intermediate Term
= Modeling Paosts in Seil

* Long Term
= Soil Material Characterization

I-w Milchwe st Rogdside Safefy Facity
Introduction
= Part 1 —single element study

* Part 2 — three standardized bogie cases
* Wood post (NCAC)
= Sigma steel post (Chalmers)
= W69 in pre-stressed soil (TTI)
= Part 3 — application
= MGS upstream anchor

-w Mdidwest Roadsice Satety Faciy

Introduction

* ltaly’s technique (not material) abandoned

*CONSTRAINED _LAGRANGE_IN_SOLID
would not work for mpp v371 r7.1.1 or r8.0.0

I-w Midwest Roadside Safery Fachty
Introduction

* No LPM
= i.e, no discrete spring methods

* No advanced techniques
= EFG, SPH, discrete element method

* Lagrangian solid elements
= element formulation 1 (constant stress)

= required for large deformations
= live with high hourglass energies

-w ANoWest Roadsioe Sawty Faciiy

Common to all bogie examples

* Soll elements are organized into two parts
* NCAC soil with scale 0.4 used

* Cross sections are defined through the
post just below impact and just above
ground level
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Figure 36. Soil Modeling: Phase |1, Part 2, slides 1 — 6
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Figure 37. Soil Modeling: Phase 11, Part 2, slides 7 — 12
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Figure 38. Soil Modeling: Phase 11, Part 2, slides 13 — 18
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Figure 39. Soil Modeling: Phase 11, Part 2, slides 19 — 24
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Figure 40. Soil Modeling: Phase Il, Part 2, slides 25 — 30
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Figure 41. Soil Modeling: Phase I, Part 2, slides 31 — 36
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Figure 42. Soil Modeling: Phase I, Part 3, slides 1 — 7
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Figure 43. Soil Modeling: Phase 11, Part 3, slides 8 — 13
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s

All Cases - including LPM

Uowest Roadside Safety Facity

—

All Cases - including LPM

Aowest Roagside Satety Facly

Mdwest Roaaside Safety Facity

Green - tti
Purple - chalmers

Blue — Ipm (unl)
Red - ncac

AMowesr Rooaside Safty Facity

Green - tti
Purple - chalmers

Blue — Ipm (unl)
Red - ncac

AMidwest Roadside Safety Facity

s el

Green - tti
Purple - chalmers

Blue — Ipm {unl)
Red - ncac

Afdwest Roaaside Safety Faclty

Ui i

MGS - u.s. anchor soil study

Figure 44. Soil Modeling: Phase II, Part 3, slides 14 — 19
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7 FRICTION MODELING

Modeling friction realistically has proven to be a very difficult phenomenon to capture;
whether it’s for a vehicle bumper rubbing against a w-beam rail, a bolt sliding along a slot, a tire
riding up a concrete barrier, or some other common interaction between two parts during an
impact event.

During the Highway & Vehicle Safety Finite Element Modeling & Crash Simulation
Forum held during the 2016 TRB Annual Meeting in Washington, D.C., J.D. Reid led a two-
hour discussion on friction modeling. The following pages contain a copy of the PowerPoint
slides used to lead that discussion. Information for the discussion came from many years of
investigating various frictional effects.

As a result of these studies, it is highly recommended that simulation studies of roadside
hardware include some sort of bracketing technique to determine the range of behavior one
might expect from varying friction over a wide range of values.
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A Sticky Situation

Friction
1D, Reid, Jamary 14, 2016

Mitwest Rosdsis Sty Facity

Friction Study

*LS-Dyna
*97117.1.1
*mpp, 128 cpu’s

Mifwest Roacside Safty Facifty

Wood Post MGS

Midwest Roadside Safery Facily Vs |

Introduction

*What is the friction coefficient between the
truck and the w-beam guardrail?

Alidwest Roadcide Safety Facilty 4

Friction Values: 0.1, 0.3, 0.5

Midwest Roadside Safery Facily movie | &

This page blank

Alidwest Roadcide Safety Facilty &

Figure 45. Friction Modeling: slides 1 — 6
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Contacts

*Contacts
= many contact types and vanations
= 45+ contact parameters
* smp & mpp computers
Past to Part Contacts Self Contact * What's presented herein are typical. common
contacts with default parameters.
*Detailed results may vary, but the overall
behavior and conclusions would be the same
for most contact conditions.

Part to Part & Self Contacts ' Migwest Rosdside Satety Fackty .
Fundamental Level Contact
* Some node penetrates some surface and a *Normal interface spring between penetrating
contact force is developed node and contact surface
*N=F;=kx

* uses a finite contact stiffness (k) and thus some
penetration (x) occurs between surfaces in contact

Benetsvind *For a solid element
Surface Ey J iy am;’
. - x'!smemnnunukmuu: k:
_ penstrating EEEmE v
=
Fy=pN
Migwest Roadsios Safety Faalty v Midwest Roadside Safety Fackty 0
4 Cases — mesh variation Prescribed Displacement Loading
R P D ) P P O ) Bk Pooaass Sown a6 e Sute figd pesi) .
i
! as
:
‘ At
i\ﬂlf
m‘m 2 Aw".'l . .
AMiowest Roagsioe Safety Facilty n Migwe st Roadside Safety Facty 12

Figure 46. Friction Modeling: slides 7 — 12
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Forces increase with refined meshes

o e 50 0o 58 LT B8 i pissmi |

o

i

‘Coniec Mormal Force [1H] [£+31
&
£ -

Is that expected?
*For a cube with side length L :

ks
v

N x=(aKL)x

*If element size decreases. then N would
decrease for the same penetration, x.

forces at that node due to equal and opposite
forces at surrounding nodes on the other
surface (two-way and single surface contacts).

Midwest Roadside Safety Facilly Adldwe st Ricad'side Safety Facity 14
Is that expected?
* But that 1s for an individual node.
* And that does not take into account contact
center node 3 B e e e o B .

*Ugh. My brain hurts. Please avoid formulas. i-
= Sorry, that 1s the easy one, we must discuss a . !
few more formulas. But not just yet. e
Comer node £1
Iidwest Roadsids Safety Faclly 1= AMkiwe st Roadside Safty Fachity L
Block Center Node #5 This page blank
{'IW:
i~
-
1
L]
Midwest Roadside Safety Facilly m Adldwe st Ricad'side Safety Facity (L]

Figure 47. Friction Modeling: slides 13 — 18
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» If the mesh of which a node belongs to is refined, then
the nodal contact force will go up.

* [f the mesh of which a node contacts is refined, then
the nodal contact force will go down.

* When meshes of parts in contact are refined, then the
overall contact forces tend to go up, but individual
nodal forces tend to go down.

* There are many vanations of these statements and the
behavior of comer. edge and center nodes have a role,
mmecluding non-impacted nodes on overlapping
elements.

fitwest Rosdsios Safety SFaciy

e T N BB
\ | W T
i 1 1- i 1
f—— i \
] i b1
Ly 7
e ! ———

Midwest Roacsie Safty Facity

Once the cows come home...

*It is safe to say that the normal contact forces
between parts is mesh dependent.

* And since the friction ship force is directly
proportional to the normal force, F.= p-N

* Then we can conchude that the frictional forces

are also mesh dependent.

Midwest Rioadside Safefy Facilly

What is the correct friction value?

*If the frictional forces are mesh dependent, then
the correct friction coefficient cannot be the
coefficient value between two materials
published 1n various books.

Adidwe st Rcad'side Safety Facity

This page blank

Midwest Rioadside Safefy Facilly =

This page blank

Adidwe st Rcad'side Safety Facity

Figure 48. Friction Modeling: slides 19 — 24
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Bolted Joints with Friction

(L

Migwest Roadsioe Safety Facity =

Friction — Slip Forces

Adlgwest Roadside Safety Facky »

* Frictional slip force (F,;) is applied to slave nodes.
Fe=u-N
* Instantaneous friction coefficient (u):

=g+ (= ) el
= Velocity dependent.
= Static (41 and dynamic () friction assigned by user
= Decay factor (dc) determines rate of fnction transition.

Instantaneous Friction Coefficient

=g+ (1t — o) 3l
L WS

S eSS -
| bl LT el D]
Shrdaaay « ot
1 Rl L T Y 5
- ! PO B
% B0 s PTR DR bk b4 7% | RO

" el vewaay, v
Rate at which friction coeff goes from u, to u, is dependent upon dc.
|

Friction Verification Model

Aigwest Roadside Safety Fackty =

* Washer sliding on flat plate
* 10 kN nommal force, p,=0.2, n;=0.1. de=1.0
* Parameters: element size, element formulation. shp velocity

Friction Verification Results
F.=w'N N=10kN =02 p,=01 dc=10

.}/
H
2
‘v
R mr..u‘-'m D
Slip force is dependent upon the relative velocity b the 2 parts.
L

Friction Verification Conclusions

Migwezt Roadside Safety Facty =

* Element size cntical for contact stability & accurate
slip force

* Hourglass problems required fully integrated elements
*F.=u-N - venified for solid elements
H= g+ (1 — ) el

* Decay coefficient (dc) illustrated
* Velocity dependence illustrated

Figure 49. Friction Modeling: slides 25 — 30
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Wood Post MGS

Migwest Roadsioe Safety Faclty | videoz 31

Introduction

*What is the friction coefficient between the
truck and the w-beam guardrail?

AMigw=st Roadside Safety Faclty =

Friction Values: 0.1, 0.3, 0.5

movie 5

Friction Values: 0.1, 0.3, 0.5

oy W, W,

Ese = Enormat + Eshear

=[Fydx+[F_vdt

* Energy associated with the normal forces in a
contact is elastic and thus, recoverable when a
node is pushed away from the master segment.

* Energy associated with the shear forces is non-
recoverable and thus. energy is dissipated.

Migwest Roadsige Safety Facity 3

Hidwest Roadzide Safety Facity Migwest Roadside Satety Fackty “movies | 4
Contact Energy Contact Energy
* Sliding Interface Energy * Unless parts are sandwiched together. E,,

should

energy)
= negative sliding energy indicates contacts are
probably not working correctly

around zero (relative to internal

«If friction is prevalent. then contact energy
should be positive
* caution: If shiding energy is small. but some is
expected, then there might be a problem with the
contact (oy running the model with zero friction)

* Frictional energy (E.,,,) dissipation for each
contact available in SLEOUT

Midwest Roadside Safety Fackty »

Figure 50. Friction Modeling: slides 31 — 36
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Friction Values: 0.1, 0.3, 0.5

Migwest Roaasioe Safety Facwy | movie |37 A = g | movies | =

Friction Values: 0.1, 0.3, 0.5 Friction Values: 0.1, 0.3, 0.5

b =

Myowest Roadsioe Safety Facily » AMowest Roacside Safety Fackty «

Vehicle Velocity Vehicle Yaw

1 1T5R 21 Shvet P UGS 237y Bhmenes e TR P Poss 033 - 1O Svwraen
1 1 1 T T Fucscn
s« AS1
—
“l )
1 Pt &
i
o

"l S|

0. Lot Sarkoely owvn|
CA LMD DI - T

e e |
by ) £ o BN - "
T e
A: friction = 0.1
B: friction=0.3
C: friction=0.5
Afawest Roagsioe Safety Facilty 4 AMigwezt Roadside Safety Fackty <«

Figure 51. Friction Modeling: slides 37 — 42
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Texas SS Concrete Barrier

B Y S R e

tire = 0.1, body = 0.0
tire = (1.1, body =10.1
tire = 0.0, body = 0.8
tire = (1.8, body = 0.0
tire = (1.8, body = 0.8

Miidwest Roadside Safety Facly mowie |4

Texas S5 Concrete Barrier

ot Mg W e v 10 bl a2 T

Midwest Roadsioe Safety Facifty

Texas SS Concrete Barrier

T Mg W + e 43 - 10 T 5 T

Migwest Roadside Safety Faci 4

Texas SS Concrete Barrier

T Mg W 0 43 - 15 T 4 Ty

tire = 0.1, body =100
tire = 0.1, bady=10.1
tire = 0.0, body = 0.8
tire = 0.8, body =100
tire = 0.8, body = 0.8

MWt Roadsie Safey Faciy =

This page blank

Migwest Roadside Safety Faci &

This page blank

MWt Roadsie Safey Faciy =

Figure 52. Friction Modeling: slides 43 — 48
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Rigid Surfaces

* Used to simmulate rigid, simple shaped barriers
= Frontal wall
=Pole
= Ground

* Referred to as ngidwalls or stonewalls

* Different contact treatment
= Nodes are prevented from penetrating a surface

idwest Roadside Safely Facly =

Stick condition = Interface friction

Fif= uN 1 = Coulorb fction coefficient
0=L=1
0 = frictionless sliding
1 =no sliding (special case)

Adidwe st Roadside Saiety Facility 5

30 MPH Frontal Wall Impact

wall friction = 0.6

Iiiwest Roadside Safety Faclly | maovie | 1 Aikiwe st Roacside Safiety Fackity mavie |5
This page blank
iidwest Roadsids Safety Faclly movie | 5 Mddwe st Roadside Sty Facility -

Figure 53. Friction Modeling: slides 49 — 54
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Top 10 Energy Absorbing Parts

MRSt Roadnios Satety Sacy monie | 32

Energy
g o e
=
e
I " L ==
1 L
H [ o =
i w- I
4 E A
y" M-
- L .
" o T
T
Top 10 Energy Absorbing Parts Emergy Balance
AT ST Roaoiside Sty Faciry =

Reduced wall friction
wall friction = 0.08

Top 10 Energy Absorbing Parts

wall friction = 0.6 wall friction = 0.08

Midwest Ricadzide Safery Faclly m-res- L Adidwe =t Rcad'side Safery Facky MOVES | 58
Top 10 Energy Absorbing Parts This page blank
wall friction = 0.6
wall friction = 0.08
= Adidwe s Road'sioe Safefy Facily i

Figure 54. Friction Modeling: slides 55 — 60
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Wall Forces and C.G. Velocity C.G. Acceleration

==
Pt
Pt
P
L
e

-2
i -
r
#
e
4
TP
(
-
S
"%
£
{

A: wall friction = 0.6 A: wall friction = 0.6
B: wall friction = 0.08 B: wall friction = 0.08
LiVwesT RoadTios Safery Faciy &l AR Roacsioe Saiery Facine )
C.G. Acceleration Observations from other values
30 mph ivanial e - TIT0D Serado A - *Friction 0, 0.05, 0.08
_:';w * Column buckling
il ! | T2 winea *» rwiore, nodout similar
E *Friction 0.09 — transition region
EBE * Model blows up
i »Friction 0.1
- * Axial collapse
,%__n " » rwiore and nodout similar to lower values
$ | *Friction 0.2 and higher (< 1.0)
A | B * Axial collapse
b e » rwiore and nodont significant variations
Midwest Rioadside Safefy Facilly & Aidwest Roadside Sadfefy Facity L]
Roadside Safety Applications This page blank

* How is this related?
= Tire — Ground Friction

* Similarly to contact friction, variations in
rigidwall friction coefficient can result in
significantly different vehicle behavior during a
roadside impact simulation.

* The current relatively crude tire models and
ground models prevent. .. ah, but we digress

Midwest Rioadside Safefy Facilly & Aidwest Roadside Sadfefy Facity L]

Figure 55. Friction Modeling: slides 61 — 66

75



April 6, 2017
MWRSF Report No. TRP-03-357-17

40” F-Shape

* Two more examples with regular contact friction
* Yaris — F-shape concrete barmier
= C2500 — 3-cable guardrail system

Migwest Rooasioe Safety Facilty L Migwest Roadside Safety Fackty b

Friction Values: 0.0, 0.2, 0.5, 0.8 Friction Values: 0.0 and 0.8

e —
| movies w0 Midwest Rosdside Safety Fackty mowie |

Friction Values: 0.0 and 0.8 This page blank

Migwest Roagsioe Safety Facilty n Migwest Roadside Safety Fackty "

Figure 56. Friction Modeling: slides 67 — 72
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Friction Values: 0.0, 0.2, 0.5, 0.8

mosie | TF

LNowRST Roadsios Safeny Facty

Friction Values: 0.0, 0.2, 0.5, 0.8

AWt Roadsie Sty Faciy

Physics or Cartoon?

*Is the correct friction coefficient the one that
gives the best correlation?

* Are friction values test set-up and test day
dependent?

Other Component Interactions

*tire — ground

*tire — post

*internal vehicle components
*rail — blockout

* Can you trust design changes: .
 wio physical testing b]ockout_— post
" wio doing a friction study * post — soil
*post bolt — rail slot
st Roadside Safeny Faclly ™ Adiwest Ricadiside Salery Faclity
My thoughts... My thoughts...
*Friction is mesh size dependent *Run models with no friction

* Physical coefficients of friction are generally
way too high for typical LS-Dyna simulations

*n=005t001
"H=Hy

= range of variations using the Instantaneous Friction

Coefficient

* high frequency content in explicit integration

* hourglassing

" suagging

Ilidwest Roadside Safety Facly ™

*Monitor contact energy

* Justification for higher friction values: very
small element size with dozens of elements in
confact at the same time

*Components within a confined area

* friction generally not much of a concern
* too high a value can cause blow-up

Atgwest Roadside Sty Facllity

Figure 57. Friction Modeling: slides 73 — 78
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8 MASS SCALING, CONTACTS, ELEMENT FORMULATIONS
8.1 Background

Finite element models contain basic things like nodes, elements, and material properties.
But they also contain more abstract, mathematically based concepts like mass scaling, contacts
and element formulations. These concepts involve dozens of various parameters that influence
how a model behaves. For example, contacts are defined between parts that interact with each
other. There are 64 types of contacts available within LS-DYNA. For a specific contact, there are
over 45 parameters that can be set by the analyst. Fortunately, the default values are most often
the most desirable. However, performing parameters studies to understand which parameters are
critical or most useful to modify under various circumstances are often required. Developing
base knowledge from such parameter studies was often the outcome from the work of this
project.

8.2 ASME 2009 paper

Throughout the project period (2006-2016), many attempts were made to publish and
present the techniques and procedures that were developed. One such publication and
presentation was for the 2009 ASME International Mechanical Engineering Congress and
Exposition (similar to the TRB annual meeting in Washington D.C. but for Mechanical
Engineering). The paper reference being:

J.D. Reid, “Investigating Mass Scaling in Vehicle Crashworthiness,” Track 19-4:
Crashworthiness in Transportation Systems, Proceedings of IMECEQ9, ASME, Paper
IMECE2009-12410, Orlando, FL, November 2009.

To give the reader a flavor of the ASME paper, as well as a flavor of the types of things
investigated with project funding, a copy of the abstract is as follows:

Mass scaling is a technique used in explicit nonlinear finite element analysis that adds
mass to relatively small elements in order to increase the time step, and thus, decrease the
overall cpu requirements of a simulation. With multi-million element vehicle crash models
becoming common, the likelihood of several very small, time step controlling elements is
high. Mass scaling can provide great benefits in these cases. However, there is very little
information on the actual usage and possible effects of mass scaling for vehicle
crashworthiness in the literature. Inherit to explicit FEA is the well-known high frequency
content in accelerations. Thus, even very small addition of mass will result in different
acceleration traces. Because of that, various techniques are needed to determine if the mass
scaled results are the same, or at least similar enough, as the non-mass scaled results. Two
applications are investigated; a crush tube and an NCAP test of a Chevy Silverado. The
latter model size approaches one million elements.

78



April 6, 2017
MWRSF Report No. TRP-03-357-17

9 SUMMARY AND CONCLUSIONS

The Pooled Fund Program member states provided funding for LS-DYNA modeling
enhancements in Years 17 thru 22 (2006-2011), with a project period of 2006-2016. That
funding has been effectively utilized to advance the current state-of-the-art for computer
simulation and has provided the following benefits for the entire industry:

1. Improved roadside safety hardware.

2. Reduced development time and cost.

3. Improved understanding of the behavior of roadside safety features, especially for
impacts outside of normal crash test conditions.

Improved LS-DYNA modeling techniques and procedures.

Improved confidence in modeling.

ok~
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