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1 INTRODUCTION
1.1 Background

In recent years,he Midwest Roadside Safety Facility (MWRSF) waskedby the
Midwest States Regional Pooled Fund to develop apnoprietaryhigh-tension cable median
barrier. The desigrof the nonproprietary high-tension cable median barriexystem had
progressed through a series of crash tests that identified flaws in the system related to vehicle
capture during testing in aditch anddeformatonsof the occupant compartment during sedan
testing on level terrainlf3]. These concerns led the researchers to rguisiormanceof the
basic design elements of the barrier system.

Three design problems stood out that needed to be addressed to improve the system and
meet the new T3 test requirements for cable medianrierfound in theManual for Assessing
Safety HardwarédMASH). First, fullscale testing had shown that the current design of the cable
median barrier had difficultly capturing vehicles when the barrier was placed down the slope.
Full-scale test no. 4CMIB showed that impacting the system at a jost while airbornéended
to pull down the top cable and compromise vehicle capi?lreSecond,full-scale test no.
ACMBLT-1 indicated that the currertble barriesystemdesigncould cause Aoillar crushin
small cars and sedarss shownn Figurel [3]. Review of thefull-scaletest results suggested
that two factors contributing to the-gillar crush were théateral, orstrongaxis, strength of the
post and the release forces of thbledo post attachment. Finally, review of the behavior of the
cableto-post attachments in the current design found that the current attachment behavior was
not optimized. The attachments appeared to be too strong vertically to releasesafaijeand
effectively. With respect to thetrongaxis release loads, it was observed that strengaxis

release forces were naetifficient to yieldand displace the posts in the systimeffectively
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absorb energyThis behavior was believed to bmitical to maxmize energy dissipation and

control deflections.

LK

o

Figurel. A-pillar Damage. Test NelCMBLT-1

Based on this analysis, the researchers began an effort to redesign several of the system
componentsjncluding the cabléo-post attachments and the support pofedesign of the
cableto-post attachments was detailed in a previous reptrtThis report will detail the
redesign of the cadd barrier post itself.

The posts used in theon-proprietaryhigh-tension cable median barriserve to support
the cables at the appropriate height and dissipate a portion of the kinetic energy of the impact

vehicle through rotation and deformation at impact. The weakl stroneaxis capacities of
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these postand their interaction with the barrieables and the vehicle have a significant effect
on the performance of the barrier systdine current nofproprietary hightension cable median
barrier employe®&3x5.7 (S76x8.5) steel postaut it was believed that the stadesign could be
optimized toimprove barrier performancdhe primary goal of the new post sections was to
lower thelateral or strongaxis strength of the post. It was believed that a post with lower
strongaxis capacitywould result in lower forces imparted to thepMlar and reluced Apillar
damageLowering thelateralcapacity of the post would also allow for yieldiagd deflectiorof
the postat lower loads, which was hoped to improseergy absorption as compared to the
currentpost designin addition, éta analysis of cuent cable median barrgalso suggestethat
cable median barriers with lowstrongaxis post strengths have reduced tendencies for vehicle
rollover[5].
1.2 Objective

The objective of this research study wasl&velop a revised posection for thenon
proprietary higktension cable median barritrat improved the safety and functiari the post
by loweringstrongaxisforces
1.3 Scope

Redesign of theonproprietary higktension cable median barrigost was accomplished
through design, computer simulation, and component testing. The research effort began with an
analysis of potential post demns, folded plate sections, and available sheet metal materials for
use in the post design. Next, finite element computer simulation was used to evaluate the post
sections prior to developmeaot design prototypes. Finallgopmponent testing of prototygest

designs and additional computer simulations were conducted to select the optimum design
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2 DESIGN CRITERIA
The first step in the research effort to design an improved post farothproprietary
high-tension cable median barrietas to determine the design criteria for the new post section
with the goal of improving the performance of the barrier system. Several design criteria were
identified for the post:
1. Lateral ($rongaxis) capacity
a. As noted prewusly, one of the main criteria for the new post design was to
reduce thestrongaxis capacity of the post section in order to limit the loading
of the A-pillar by the cables and improve the energy dissipation of the system.
2. Longitudinal (weakaxis) capaciy
a. Thelongitudinalcapacity of the new post section was desired to have equal or
less strength than the curre88x5.7 (S76x8.5)post in order to reduce
potential vehicle instabilities or snag concerns with vehicles impacting the
posts during vehicle regiction.
3. Cable attachments
a. The new post section needed to have a geometry that allowed for mounting of
the cableto-post attachments developed previously, including the tabbed
bracket used for the lower three cables and the top cable attachment developed
in the previous study], as shown irrigure?2.
4. Reduced cost
a. It was desird to investigate the use of alternative shapes and post section
that could reduce the cost of the posts in the system.
With these criteria in mind, the researchers began the design and evaluation of potential

post sections, as detailed in the subseqciempter.
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3 DESIGN OF ALTERNATIVE POST SECTIONSiT ROUND 1

Development of the potential post sections for mtlogproprietary higktension cable
median barrierinvolved reviewing available sections, investigation of -standard sections
fabricated from sheet metal, and finite element aatexpsimulation of potential designs to
suggest preferred designs for component testing.
3.1 Standard Structural Steel Sections

Currently available structural steel sections were reviewed for ysetexstialalternative
sections. However, no existing struetusteel shapes were identified that met the design criteria.
Review of W and HP shape sections found that they were all heavier and haddigyaéand
longitudinalcapacities than the curre88x5.7 (S76x8.5post. Similarly, S and M shapes could
notbe identified that reduced thegeralcapacity of the post below the current section. C and MC
sectiors were investigated, and a limited humbeth&sesectionswere found with strengths in
the desired ranges$iowever, the geometry of the C and MC sautsi were nbconducive to
mounting of cabldgo-post attachments.-angles and T shapes were disregarded due to their lack
of symmetry. Thus, no existing structural steel sections were identified that could improve upon
the S3x5.7 (S76x8.5) post
3.2 Non-Standard/Fabricated Sections

The lack of existing steel sections that met the design criteria led the researchers to
consider alternative post sections that could be fabricated from folded or rolled sheet steel.
Fabrication of alternative sections from sh&teel posed several advantages. First, the geometry
and section properties of the post could be taildoeoheet the desireldteralandlongitudinal
capacities and facilitate the calttepost attachments. Second, the post sections could be
fabricated fron readily available sheet steel material using standard rolling and punching

methods to create the post geometry and the keyways and notch in the posts. Third, the posts
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could be designed to use less steel per linear foot thaB3ke7 (S76x8.5) posthus, it was
anticipated that the fabricated post sections would cost considerably less than the current post
design.

A wide range of sheet steel materials are available in terms of the steel grade and the
thickness or gauge. Review of potential steel ggddethe fabricated post section found that the
available grades of sheet steel could range fromsimangth carbon steels with a broad strength
specification and degree of variability to very higfhength sheet steels. The researchers chose a
hotrolled ASTM A1011 HSLAS Grade 50 sheet stéaml the post section that compromised
between these extremddotrolled ASTM A1011 HSLAS Grade 50sheet steel is a structural
steel sheet metal grade that provided consistent yield and ultimate strength val@sssithé
ASTM A992 specification used in structural steel W and S sections. In addition, the steel had
relatively good ductility in order to provide reliable energy absorption through post deformation.
Review of the available sheet metal gauges in tea speification found that the steel could
be obtained as thick as 7 gauge. Thicker gauge sheet was desired to provide sufficient structure
to prevent flange deformation under the loading of the embt®st attachments and to prevent
damage or bucklingf the post section if the post was driven when installed.

The researchers selected &l@aped folded post design for the initial investigation of alternative
post designs. A Ghaped post provided several bengfitghat it allowed easy attachment bét
cableto-post connections, the section could be easily tuned to meet the design criteria, and it
would be easy to fabricate due to the limited number of beRas.researchers chose two
prototype post sections to evaluate through component testingoas $n Figure 3. The G

shaped post crossections were designed to have the same depth as the e@Swhg7
(S76x8.5) postThe width of the post was lowered taluee thdateralor strongaxiscapacity of

the post section while still providing sufficient area for mounting of the dalppestattachment
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hardware. Two gauge thicknesses, 7 gauge and 10 gauge, were selected for the prototype posts in
order to evalua the reduced post capacity in both the strong and weak axes. Both post sections
significantly reduced the post strength and the weight per foot of the post.

In order to evaluate the post designs a series of component tests of the post were
conducted in @il and in rigid sleeves. The results of these tests are detailed in subsequent

chapters.



~—2 5/16"— ~ f'/d”T
| 1
o — —
[ /93
r,://\”
' ]
/ Gauge C—section Post
SEx%5. 7 ' A = 1023558 inZ
A = 1.6695 in2 Sx=0.91 in3
Sx="1.8686 s Sy= 0.5154 in3
Sy= 0.390 in3 = 231 H3

© Figure3. Comparison of Proposed$ection Posts an@3x5.7 (S76x8.5post

Sx=Strongaxis section modulus

Sy=Weakaxis sectiormodulus

e C—section Post

-1 5/8" |~
ﬂ%
S
10 Gau
A = 9822 in2
sx=(, 7187 in3
Sy= 0.4188 inJ3
= .148 A3

GT982-€0dHION Loday 4SHMA

sroz ‘L ke



May 7, 2015
MwRSF Report NoTRP-03-286-15

4 TEST CONDITIONS
4.1 Test Facility

The testing facility is located at the Lincoln Air Park on the northwest side of the Lincoln
Municipal Airport and is approximately 5 miles (8.0 km) northwest of the University of
Nebraskalincoln city campus
4.2 Equipment

Equipment and instrumentation utilized to collect and record data during the dynamic
bogie tests included a bogie, onboard accelerometers, pressure tape saitcipds, speed trap,
high-speed and standaspeed digital cameras, andtdl camera.

4.2.1 Bogie

A rigid-frame bogie was used impact the posts. A variabheight, detachable impact
head was used in the testing. The bogie head was constructad. 283 mm) diameter, ¥n.
(13mm) thick standardsteel pipe, with 3n. (19mm) neoprene belting wrapped around the
pipe to prevent local damage to the post from the impact. The impact head was bolted to the
bogie vehicle, creating a rigid frame with an impact height of 27 in. (686 mm). The bogie with
the impact head is shown kigure4. The weight of the bogie with the addition of the mountable
impact head and accelerometerexe approximately,870 Ib (848kQ).

A pickup truck with a reverseable tow system was used to propel the bogie to a target
impact speed of 20 mph (32 km/h). When the bogie approached the end of the guidance system,
it was released from the tow cable, allowing it to be-fadkng when it impacted the post. A
remote brking system was installed on the bggdowing it to be brought safely to rest after

the test.

10
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Frame Bogie and Guidance Track

Figur4. igid
4.2.2 Accelerometers

Three accelerometers were utilizad measure the acceleration in thHateral

longitudinal and vertical directions. However, only thveakaxis accelerations were processed

and reportedThe accelerometers were mounted on the bogie vehicle near its center of gravity

(c.9.).

The first accelerometer system, SLICE 6DMas amodular data acquisition system
manufactured byDiversified Technical Systems, Inc. (DT®j Seal Beach, California. The
acceleration sensors were mounted inside the body of the cbsitinsLICE 6DX event data
recorder and recorded data at 10,000 Hz éoahboard microprocessor. The SLICE 6DX was
configured with 7GBofnow ol at i |l e fl ash memory, a range
Hz, anda 1,650 Hz (CFC 1000) ardliasing fiter. The A ®AFIERBR computer
programand a customized Micsoft Excel worksheet were used to analyze and plot the
accelerometer datalhe DTSSLICE was used in test nos. CAKand CPK2, and CPZL

through CPZ3.

11
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The second accelerometer systeras a twearm piezoresistive accelerometgystem
manufactured by Endevco of San Juan Capistrano, California. Three accelerometers were used to
measure each of tHateral longitudinal and vertical accelerations independertlya sample
rate of 10,000 Hz. The accelerometers were configured¢@muolled using a system developed
and manufactured by DTS. More specifically, data was collected using a DTS Sensor Input
Module (SIM), Model TDASSSIM-16M. The SIM was configured with 16 MB SRAM and
eightsensor input channels with 250 kB SRAM/chaniibe SIM was mounted on a TDAS3
module rack. The module rack was configured with isolated power/event/communications,
10BaseT Ethernet and RS232 communicatiand an internal backup battery. Both the SIM and
modul e rack were cr as@Govotrrtdilya clfdirep uitDeTrS sToDFALSw a
customized Microsoft Excel worksheet were used to analyze and plot the accelerometer data.
The DTS wassed in test nos. 4CMBC through 4CMBEL16.

The third accelerometer, Model EDRB, was a triaxial piezoresistivaccelerometer
system developed bipstrumental Sensor Technologg () of Okemos, Michigan. The EDR
was configured with 256 kB of RAM, a range o
1,120Hz low-p a s s filter. Th4) GiDg o ablak erdgrard dftitaw a r
customized Microsoft Excel worksheet were used to analyze and plot the accelerometer data.
The EDR3 was used in all of the tests.

4.2.3 Pressure Tape Switches

Three pressure tape switches, spaced at approximatefty(3.6-m) intervals and piced
near the end of the bogie track, were used to determine the speed of the bogie befoferimpact
test nos. 4CMC-1 through 4CNBC-16. As theright-front tire of the bogie passed over each
tape switch, a strobe light was firegsknding an electronic timg signal to the data acquisition

system. The system recorded the signals and the time each occurred. The speed was then

12
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calculated using the spacing between the sensors and the time between the signals. Strobe lights
and highspeed digital video analysése used only as a backup in the event that vehicle speeds
cannot be determined from the electronic data.

4.2.4 Optic Speed Trap

Theretroreflective optic speed trap was used to determine the speed of the bogie vehicle
before impacin test nos. CPKL and CPK2, and CPZL through CPZ3. Three retroreflective
targets, spaced at approximateln4 (102mm) intervals, were applied to the sioethe bogie
vehicle whichbroke the beam of light. When the emitted beam of light was returned to the
Emitter/Receiver, aignal was sent to the Optic Control Box, which in turn sent a signal to the
data computer as well as activated the External LED box. The computer recorded the signals and
the time each occurred. The speed was then calculated using the spacing between the
retroreflective targets and the time between the signals. LED lights andgegld digital video
analysis are only used as a backup in the event that vehicle speeds cannot be determihed fro
electronic data.

4.2.5 Digital Photography

One AOS VITcam highspeed digital video camera and two JVC digital video cameras
were used to document each test. The AOS-bjged camera had a frame rate of 500 frames
per second and the JVC digital video cameras had frame rates of 29.97 frames per second. The
high-speed digal video camera and one digital video camera were plitedally from the
post, with a view perpendicul ar to the bogi e
camera was placed on the opposite side of the post with respect to the other twas.camer
Nikon D50 digital still camera was also usénl document preand posttest conditions foall

tests

13
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4.3 End of TestDetermination

When the impact head initially contactedthe test article the force exertedy the
surrogate test vehicle wasgectly perpendiculatdowever, a the post rotad, the surrogate test
vehicl eds or i entagherifroompergenddulapTaig imtrodooed twodsoufces of
error: (1) the contact force between the impact head and the post has a verticalesturapd
(2) the impact headlides upward along théest article Therefore only the initial portion of the
accelerometer traceay be used since variations in the data become significant as the system
rotates and the surrogate test vehicle overridesybheem.For this reason, the end of the test
needed to be defined.

Guidelines were established to define the-efatest time usinghe highspeeddigital
video of the crash test. The first occurrence aither of the following events was used to
determire the end of the test: (1) the test article fradum (2) the surrogate vehicle
overrides/loses contact with the test article.
4.4 Data Processing

The electronic accelerometer data obtained in dynamic testing was filtered using the SAE
Class 60 ButterwortHilter conforming to the SAE J211/1 specificatiorfy.[The pertinent
acceleration signal was extracted from the bulk of the data signals. The processed accelerati
data was then multiplied by the mass of the b
Law. Next, the acceleration trace was integrated to find the change in velocity versus time. Initial
velocity of the bogie, calculated from the pressure tapé&ch data, was then used to determine
t he bogi e vel oci ty, and t he calcul ated vel o
displacement, which is also the deflectafrthe post. Combining the previous results, a force vs.
deflection curve was plat for each test. Finally, integration of the force vs. deflection curve

provided the energy vs. deflection curve for each test.

14
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S DYNAMIC TESTING T C-SECTION POSTS

5.1 Scope

A series of dynamic component tests were conducted orCtaaction alternative cable
barrier post designs orderto comparetheir performance to th83x5.7 (S76x8.5) steel post
used in the previously tested version of the-paprietary hightension chle median barrier
system Sixteen dynamic component tests were conducteflded sheet metal-sectionposts
with two different gaugehicknessesAll posts were fabricated fromolirolled ASTM A1011
HSLAS Grade 50 sheet ste€he target impact speedag/20 mph (32 km/h) for all sixteen tests.
There were eight tests conductadthe posi@strong axis and eight tests conduabedthe posis
weak axis.From the sixteen testgight testswere conducted in soil and eight testgere
conducted in a sleeve. The dynamic component test matrix is shicabli@l. The test setup and
bent Csection post setup are shown in Figure$ through 7. Material specifications, ith
certificates, and certificates of conformity for the post materials used in all sixteen tests are
shown inAppendix A

A compacted, coarse, crushed limestomaterial, as recommended by MASH,[was
utilized for test nos4CMBC-1 throughdCMBC-8. Soil specifications are shownAppendix B
MASH adheres to the general philosophy that tedtingitudinalbarriers in stiff soil results in
higher impact and barrier loadagreased occupant risk valyesd increased propensity for ralil
rupture, pocketing, and snag. MASH has established a mmimostsoil resistance force
standard to ensure systems are installed in strong, stiff soil. Therefore, tegiCMBC-1
through4CMBC-8 utilized heavily compaet soil. Test nos4CMBC-9 through €MBC-16

were conducted in steelsleeve placed in concrete

15



May 7, 2015

MwRSF Report NoTRP-03-286-15

Tablel. Dynamic Post Testing MatrixXest Nos4CMBC-1 througtdCMBC-16

_ Post | Embedment Eggit

Test No. | Post Type| Gauge Ing?SCt Foﬁ_r;?jitlon Lei?].gth Dienp')th Velocity
(mm) (mm) (E&E)

4CMBC1 | L oo | 10 | Strong|  Sol (2?2%6) (1%2537) ég)
ACMBC-2 C_Sggttion 10 | Strong|  Soil (2?2%6) (1;1)267) (58)
4CMBG3 | oot | 10 | Weak |  Soi (2?2%6) (11)267) (52)
ACMBC4 | ¢ sotion| 10 | Weak | SOl | g | osn | (a2)
4CMBGS | oot | 7 |stong|  Soi @ ,92%6) (1,4(1)267) (2(2))
4CMBG6 | oot | 7 | stong|  Soi @ ,92%6) (11)267) (52)
ACMBC-7 c-gggttion 7 | Weak| Soil (2,92%6) (1,4(1)267) (2(2))
4CMBCS | oot | 7 | Weak | o (2,92%6) (1,%267) (2(2))
4CMBGO | oot | 10 | Strong| Sleeve (2,92%6) (1,%267) (22)
4CMBC10| oot | 10 | Stiong| Sleeve (2?2%6) (1"(1)267) (22)
4CMBC-11 C_gggttion 7 | Strong| Sleeve (2,92%6) (1?(1)%7) (22)
4CMBC-12 C_gggttion 7 | Strong| Sleeve (2,92%6) (1?(1)%7) (22)
4CMBC-13 C-ggcr:]ttion 10 Weak Sleeve (2?2%6) (1%2(37) ég)
4CMBC14| oot | 10 | Weak | Sleeve (2?2%6) (1,%267) (22)
4CMBC-15 C-gggttion 7 Weak Sleeve (2,92?36) (1,46)267) ég)
4CMBC-16 C-gggttion 7 Weak Sleeve (2,92?36) (1,46)267) ég)
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Augered_hole with
AASHTO M147—65 Grade B
compacted soil or
acceptable alternative

Note: (1) Drawing shows strong—axis test setu‘) only.
o

shall be rotated 90 degrees to its closed” face.

For weak axis, the post

Test Bogie |Embedment Depth| Load Height Impact Speed Impact
Quantity Post Type Ng‘ in. [mm 2 in. [mm mgh knf}h] A)p<is
2 10—Gauge C—Section Post 3 42 [1067] 27 [686] 20 [32.2] Strong
2 10—Gauge C—Section Post 3 42 [1067] 27 [686] 20 [32.2] Weak
2 7—Gauge C—Section Post 3 42 [1067] 27 [686] 20 [32.2] Strong
2 7—Gauge C—Section Post 3 42 [1067] 27 [686] 20 [32.2] Weak
= - = Iz .. ] | - &
N | | |
E==e L
2 P =
(1219] | Y AN - -
29
[686] )
42"
[1067]
3'-0" [914 Dion’]eter/ L

Cable Median Barrier
Bent C—Section

Midwest Roadside
Safety Facility

C—Section Soil Test

E: 1:40

DWG. NAME. L 3 H
4CMBC—1_R4 UNITS:  in.[mm]|RWB/RKF

Figure5. Test Setup, Test NodCMBC-1 through4CMBC-8

GT982-€0dHLON Hodoy 4SHMA

Sroz ‘L ke
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Note: (1)
(2)
(3)

Test Bogie |Embedment Depth| Load Height | Impact Speed Impact
Quantity Post Type Ng! in. [mm)] P in. [mrln mgh kn?/h] Agis
2 10—Gouge C—Section Post 3 42 [1067] 27 [686] 20 [32.2] Strong
2 10—Gouge C—Section Post 3 42 [1067] 27 [686] 20 [32.2) Weak
2 7—-Gauge C—Section Post 3 42 [1067] 27 [686] 20 [32.2] Strong
2 7—Gauge C—Section Post 3 42 [1067] 27 [686] 20 [32.2] Weak
438"
[1219]
45 1/2" 42"
[1156] [1067]
L} L

Drawing shows strong—axis test setuf only. For weck axis, the post
shall be rototed 90 degrees to its closed face.

A 3—in. (76—mm) spacer is placed at the bottom of the rigid sleeve to
raise the post to the correct height.

Shim material to fit. Pgsts must be_placed in holes with wood and steel
shims and made tight (i.e., no gaps).

Midwest Roadside
Safety Facility

Cable Median Barrier
Bent C—Section

C—Section Rigid Sleeve Test

DWG. NAME.
4CWBC-1_R4 : i [men] |RWB/RxF

Figure6. Test Setup, Test NodCMBC-9 througtdCMBC-16

GT982-€0dHLON Hodoy 4SHMA
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Item No. Qry. Description Material Specification
al B8 |3°1-5/8"7 Gauge [76x41x4.6], 90" [2286] Long Bent C—Section Post |Hot=Rolled ASIM ATOTT HSLAS
a2 B [3x1-5/8"x10 Gouge [76x41x3.4], 90" [2286] Long Bent C—Section Post |Hot~Rolled ASTM A10TT HSLAS
-
—-| |-—7 Gauge
1.5/8" R1/8"
(41] 4
|| )
2
(78]
Part a1
1r10 Gauge
20" Ele 1 J/a" .
[2286] [2288] (+1] REI{]B
N
-
[76] !
Part a2
[SHEET:
Cable Median Barrier ®ors
Bent C—Section e
11/4/2014
C—Section Post Detail -
e LJ P SEE— - . . —oecuon 0OS! etalis
Midwest Roadside /e
HH DWG. NAME. 1:18  [ReV. BY:
Part af Part a2 Safety Facility S ﬁ:htm]m,m

Figure7. C-SectionPost DetailsTest Nos. 4CMBEL through 4CMBE16

GT982-€0dHLON Hodoy 4SHMA

Sroz ‘L ke
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5.2 Dynamic Testing Results

The information desired from the bogie tests was the relationship between the applied
force and deflection of the post at the impact location. This data was then used to find the total
energy (the area under the force vs. deflection curve) dissipated dadhgest. The energy

curve was used to compute the average force at a specific deflegsitigrthe following formula:

0& Q1 Q0
0QQaI Qo QEé ¢

Although the acceleration data was applied to the impact location, the data came from the
c.g. of thebogie. Error was added to the data since the bogie was not perfectly rigid and
sustained vibrations. The bogie may have also rotated during impact, causing differences in
accelerations between the bogie center of mass and the bogie impact head. Whiiestless
may affect the data, the data was still valid. Filtering procedures were applied to the data to
smooth out vibrations, and thetations of the bogie durinthe tess were minor One useful
aspect of using accelerometer data was that it incluadigences of the post inertia on the
reaction force. This was important as the mass of the post would affect barrier performance as
well as test results.

Results of each test are discussed in the following secfltvesaccelerometer data for
each test waprocessed to obtain acceleration, velocity, and deflection curves, as well as force
vs. deflection and energy vs. deflection curvidee values described herein were calculated from
eitherthe DTS-SLICE or DTS data curvesndividual results for all accetometers used during
each test are provided Appendix C

5.2.1 Test No.4CMBC-1

During testno. 4CMBC-1, the bogie impacted thd0-gauge C-section steel post

embeddedn soil at a speed of 2@.mph 32.5 km/l). As a resultof the strongaxisimpact, the

20
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post bent backwardwisted and buckledapproximately6 in. (152 mm) above the grouiree.
The bogie overrode the post at a maxindefiectionof 14.4 in. (366 mm).

Force vs. deflection and energy vs. deflection curves created from the DTS accelerometer
data are shown ifrigure 8. The forces fluctuatetbelow 0.8 kips 3.6 kN) over the first few
inches of deflectionThe forces then escalated to a peak force of 1.8 kips (8.atk®\® in. 224
mm) of deflectionwith slight fluctuation.The post provided an averagesistiveforce of 1.0
kips (44 kN) through 10 in. (254 mm)f deflectionand 0.9 kips (4.0 kN) through 15 in. (381
mm) of deflection The averageesistiveforce was calculated through 15 in. (381 mm) for
comparison even though the maximum deflection was 14.4 in. (366 Tim@)energy lasorbed
by the post was 1R kip-in. (12 kJ) throudp 10 in. (254 mm) of deflectioand 136 kip-in. (1.5
kJ) through 15 in. (381 mm) of deflectidPretest and postest photographs are shownFigure

9. Time-sequential photographs are showirigure 10.

21
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4CMBC-1
3"x1.625" 10gauge CSection- Strong Axis- Soil (DTS- CFC 60 Extracted)
7 42
6 36
5 30
4 24
g 3 18 E
= o
< <
L% 2 L~ o g
L
I 2SN 6
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[ AN 0
1 6
2 -12
0 5 10 15 20 25 30
Deflection (in.)
—Force =Energy

Figure8. Force vs. Deflection and Energy vs. Deflection, Test4GMBC-1

o
B

1e

PreTest PostTest

Figure9. PreTest and PostestPhotographsTest No4CMBC-1
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MwRSF BBOGIE M
Reloale | b |l

Figurel0. Sequential Photographs, Test. MCMBC-1
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5.2.2 Test No.4CMBC-2

During testno. 4CMBC-2, the bogie impacted thd0-gauge C-section steel post
embedded in so#t a speed of 20.4hph 32.8 km/h). As a resultof the strong-axisimpact, the
post bent backwardwisted and buckledapproximately6 in. (152 mm) above the grouiree.
The bogie overrode the post at a maximdefiectionof 19.1in. (485mm).

Force vs. deflection and energy vs. deflection curves created from the DTS accelerometer
data are shown iRigure1l. The forcequickly rose to a peak force of 4.4 kips (19.6 k1.5
in. (38 mm) of deflectionThe post provided an averagesistiveforce of 1.8 kips 8.0 kN)
through 10 in. 254 mm)of deflectionand 1.4 kips (6.2 kN) through 15 in. (381 mmpf
deflection The energy absorbed by the post W@9Dkip-in. (2.0kJ) through 10n. (254 mm) of
deflectionand 2.0 kip-in. (2.4 kJ) through 15 in. (381 mm) of deflectioPretest andoosttest

photographs are shown kiigure12. Time-sequential photographs are showirigurel3.
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4CMBC-2
3"x1.625" 10gauge CSection- Strong Axis- Soil (DTS - CFC 60 Extracted)
7 42
6 36
5 30
4 I\ 24

Energy (kip-in.)

Force (kips)
N w
T ——
\\
\

'\ A |
A\ AA |

0 5 10 15 20 25 30

Deflection (in.)

‘ —F-orce —Energy‘

Figurell Force vs. Deflection and Energy vs. Deflection, Test4GMBC-2

v

PreTest - PostTest

Figurel2 PreTest and PostestPhotographsTest No4CMBC-2
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MwRSF BBOGIE 38

L

T RPN

MwRSF BEOGIE 38

0.090 sec

Figurel3. Sequential Photographs, Test MGMBC-2
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5.2.3 Test No.4CMBC-3

During testno. 4CMBC-3, the bogie impacted thd0-gauge C-section steel post
embedded in soiit a speed 020.2mph @2.5 km/l). As a resultof the weakaxis impact, the
post bent backwarand yielded approximatel® in. (51 mm) belowthe grounéine. The bogie
overrode the post at a maximuteflectionof 24.7in. (627 mm).

Force vs. deflection and energy vs. deflection curves created from the DTS accelerometer
data are shown iRigure14. The forceqquickly rose to a peak force of 3.7 kips (16.5 k2.0
in. (51 mm)of deflection.The post provided an averagesistiveforce of 10 kips (44 kN)
through 10 in. (254 mmbpf deflectionand 0.9kips (4.0 kN) through 15 in. (381 mmpf
deflection The energy absorbed by the post wa$ kip-in. (12 kJ) throudn 10 in. (254 mm) of
deflectionand 136 kip-in. (1.5 kJ) through 15 in. (381 mm) of deflecti®iretest and postest

photographs are shown Figure15. Time-sequential photographs are showirigurel16.
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4CMBC-3
3"x1.625" 10gauge CSection- Weak Axis- Soil (DTS- CFC60 Extractejl
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Figurel4. Force vs. Deflection and Energy. Deflection, Test NatiCMBC-3
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Figurel5. PreTest and PostestPhotographsTest No4CMBC-3
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5.2.4 Test No.4CMBC-4

During test no.4CMBC-4, the bogie impacted thd0-gauge C-section steel post
embedded in soiit a speed of 21 mph 34.0 km/h). As a resultof the weakaxis impact, the
post bent backard and yielded approximateBin. (51 mm) belowthe grountine. The bogie
overrode the post at a maximuteflectionof 22.1in. (561 mm).

Force vs. deflection and energy vs. deflection curves created from the DTS accelerometer
data are shown iRigure17. The forces quickly roseta peak force of 3.7 kips (16kBl) at 2.3
in. (58 mm)of deflection.The post provided an averagesistiveforce of 0.9 kips 4.0 kN)
throughboth 10 in. (254 mm) and 15 in. (381 mra) deflection The energy absorbed by the
post was8.6 kip-in. (1.0 kJ) through 10 in. (254 mm) of deflection andSLRip-in. (1.5 kJ)
through 15 in. (381 mm) of deflectioRretest and postest phdographs are shown Figure18.

Time-sequential photographs are showirigure19.
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4CMBC-4
3"x1.625" 10gauge CSection- Weak Axis- Soil (DTS- CFC 60 Extracted)
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Figurel7. Force vs. Deflection and Energy vs. Deflection, Test4GMBC-4
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Figurel8. PreTest and PostestPhotographsTest No4ACMBC-4
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Figurel19. Sequentl Photographs, Test NdCMBC-4
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5.2.5 Test No.4CMBC-5

During testno. 4CMBC-5, the bogie impacted theégaugeC-sectionsteelpostembedded
in soil ata speed ofl9.4 mph @31.2 km/l). As a resultof the strongaxis impact, the post bent
backward twisted andbuckledapproximately6 in. (152 mm) abovethe grountine. The bogie
overrode the post at a maximuteflectionof 18.7in. (475mm).

Force vs. deflection and energy vs. deflection curves created from the DTS accelerometer
data are shown iRigure20. The forcequickly rose to a peak force of 5.4 kips (24.0 k{iR.1
in. (53 mm)of deflection.The post provided an averagesistiveforce of 2.1 kips (9.3kN)
through 10 in. (254 mmpf deflectionand 1.8 kips 8.0 kN) through 15 in. (381 mmpf
deflection The energy absorbed by the post &8%$ kip-in. (2.3kJ) through 10 in. (254 mm) of
deflection and27.7 kip-in. (3.1 kJ) through 15 in. (381 mm) of deflectioretest and postest

photographs are skvn inFigure21. Time-sequential photographs are showirigure22.
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Figure20. Force vs. Deflection and Energy vs. Deflection, Test4GMBC-5
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Figure2l PreTest and PostestPhotographsTest No4CMBC-5
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5.2.6 Test No.4CMBC-6

During test no.4CMBC-6, the bogie impacted th&-gauge C-Section steel post
embedded in so#t a speed 020.4mph 32.8 km/h. As a resultof the strongaxis impact, the
post bent backwardyisted and buckledapproximately6 in. (152 mm) above the groutide.
The bogie overrode the post at a maximdefiectionof 19.3in. (490mm).

Force vs. deflection and energy vs. deflection curves created from the DTS accelerometer
data are shown iRigure23. The forcequickly rose to a peak force of 5.9 kips (26.2 kitip.2
in. (56 mm)of deflection.There was a secoady force pealof 4.8kips (2L.4kN) at7.7in. (196
mm) of deflectionThe post provided an averagsistiveforce of2.4kips (L0.7kN) through 10
in. (254 mm)of deflectionand 1.9 kips 8.5 kN) through 15 in. (381 mmdf deflection The
energy absorbed by the post viz#s3kip-in. (2.7 kJ) through 10 in. (254 mm) of deffion and
28.1kip-in. (3.2kJ) through 15 in. (381 mm) of deflectidPretest and postest photographs are

shown inFigure24. Time-sequential photographs are shmon Figure25.

36



May 7, 2015
MwRSF Report NoTRP-03-286-15

4CMBC-6
3"x1.625" #gauge CSection Strong Axis- Soil (DTS- CFC 60 Extracted )
7 42
6 36
5 /\ /_ 30
L

A

A .
I\ m
Ja

\
au u
:// av. \\ VA |

Force (kips)
Energy (kip-in.)

o
o

10 15 20 25 30

Deflection (in.)

‘ —Force —Energy‘

Figure23. Force vs. Deflection and Energy vs. Deflection, Test4GMBC-6
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Figure24. PreTest and PostestPhotographsTest No4CMBC-6
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5.2.7 TestNo.4CMBC-7

During test no.4CMBC-7, the bogie impacted th&-gauge C-Section steel post
embedded in soiit a speed 021.9 mph @5.2 km/). As a resultof the weakaxis impact, the
post bent backwardwisted and yieldednearthe grountine. The bogie overrode the post at a
maximumdeflectionof 24.0in. (610mm).

Force vs. deflection and energy vs. deflection curves created from the DTS accelerometer
data areshown inFigure26. The forceqquickly rose to a peak force of 4.7 kips (20.9 ki¥i).8
in. (46 mm)of deflection.The post provided an averagesistiveforce of 1.5 kips (6.7kN)
through 10 in. (254 mmpf deflectionand 1.4 kips (6.2 kN) through 15 in. (381 mmpf
deflection The energy absorbed by the post W& kip-in. (1.7 kJ) through 10 in. (254 mm) of
deflection and21.0 kip-in. (2.4 kJ) through 15 in. (381 mm) of deflectioPretest and postest

photographs are shown kigure 27. Time-sequential photographs are showirigure28.
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4CMBC-7
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Figure26. Force vs. Deflection and Energy vs. Deflection, Test4GMBC-7
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Figure 27. Pre Test and PostestPhotographsTest No4CMBC-7
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Figure28. Sequential Photographs, Test MGMBC-7
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