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1 INTRODUCTION

1.1 Background

In 201Q Midwest Roadsid&afety Facility(MwRSHF researchers successfully developed
and crash tested smplified, upstreanstiffness transition foconnecting31-in. (787-mm) tall
Midwest Guardrail SystemMGYS) to existing, thrie beam approach guardrail transition systems
[1-2]. The approach guardrail transitioconsisted ofstandard 1yauge (2.66nm thick) W
beam guardrailan asymmetrical 1@auge (3.42Znm thick) Wtbeam o© thrie beam transition
element,standard 1auge (2.66nm thick) thrie beam guardrail, antested 1yauge(2.66
mm thick) thrie beam guardrailThe approach guardrail transitiowassupported bytwo post
types - W6x8.5 (W152x12.6) steedections andN6x15 (W152x22.3) steedections- using
various spacingCrash testing wasuccessfullyperformed in accordance withe Test Level 3
(TL-3) impact safety standards published in the American Association and State Highway
Officials (AASHTOs)Manual for Assessing Safety Hardw#&ASH) [3].

However, this barrier system was not evaluated with a lower concretelTtigrtaddition
of a curb may negatively affect the performance of the system in a number of ways. For
example, a curb may cause vehicle instabilities and/or rollovers duringatsoiis in this
stiffnesssensitive region. Additionally, small car front ends may become wedged between the
curb and the bottom of the ¥g-thrie transition segmenthich canlead to excessive snagging.
Therefore, the performance of the MGS stiffnessditeon installed with curb needed to be
evaluated through fulicale testing.
1.2 Objective

The objective of the research project wagvaluate the safety performanafethe MGS

stiffness transition to thrie beam approach transitions configured with a ¢owerete curb. The
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safety performance evaluatiomas conducted according to the 93 impact safety standards
published in MASH.
1.3 Scope

The research objective was achieved through the letioip of several tasks. Firsdn
actualtest installatiorwas consucted forthe MGS stiffness transitiorattached taa stiff thrie
beam approach guardrail transitioncluding a lowe#-in. (102-mm) concretecurb. Next, tree
full-scale vehicle crash tests were perfornmecaccordance witiTL-3 impact conditions of
MASH. The testresults were analyzed, evaluated, and documemiedlly, conclusions and
recommendations were made that pertain to the safety performance of the stiffness transition

betweerthe MGS and a crashworthirie beam approach guardrail transition system
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA
2.1 TestRequirements
Longitudinal barriers, such as guardrail transitions, must satisfy impact safety standards
in order b be accepted by the Federal Highway Administration (FHWA) for use on the National
Highway System (NHS). For new hardware, these safety standards consist of the guidelines and
procedures published in MASH. According to-Blof MASH, longitudinal barrier stems must
be subjected to two fulicale vehicle crash tests. The two-Rdhle crash tests are noted below:
1. Test Designation No.-30 consists of a 2,42 (1,108kg) passenger car impacting
the system at a nominal speed and angle of 62 mph (100 km/h) and 25 degrees,
respectively.
2. Test Designation No.-31 consists of a 5,00 (2,268kg) pickup truck impacting
the system at a nomihapeed and angle of 62 mph (100 km/h) and 25 degrees,

respectively.

The test conditions of T8 longitudinal barriers are summarizedTiable 1.

Table 1. MASH TL-3 CrashTest Conditions

Test Impact Conditions _
Test Desianation Test Speed Angl Evaluation
Article 9 Vehicle ngle Criteria®
No. mph | km/h | (deg)
Longitudinal 3-20 1100C 62 100 25 A,D,F,H,I
Barrier 3-21 2270P 62 100 25 A,D,F.H,lI

! Evaluation criteria explained ifable2.
2.2 Evaluation Criteria

Evaluation criteria for fulscale vehicle crash testing are based on three appraisal areas:
(1) structural adequacy; (2) occupant risk; and (3) vehicle trajectory after collision. Criteria for
structural adequacy are intended to evaluate the abilityeo§tiardrail to contain and redirect
impacting vehicles. In addition, controlled lateral deflection of the test article is acceptable.

Occupant risk evaluates the degree of hazard to occupants in the impacting vehiglap&acist

3
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vehicle trajectory is a nasure of the potential of the vehicle to result in a secondary collision
with other vehicles and/or fixed objects, thereby increasing the risk of injury to the occupants of
the impacting vehicle and/or other vehicles. These evaluation criteria are suethiafiable2

and defined in greater detail in MASH. The {fstlale vehicle crash test was conducted and
reported in accordance with the procedures provided in MASH.

In addition to the standard occupant risk measures, thel®oatt Head Deceleration
(PHD), the Theoretical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI)
were determined and reported on the test summary sheet. Additional disars§lbiD, THIV
and ASl is provided in MASH.

2.3 Soll Strength Requirements

In accordance with Chapter 3 and Appendix B of MASH, foundation soil strength must
be verified before any fulicale crash testing can occur. During the installation of a soil
dependentsystem, additional W6x16 (W152x23.8) posts are to be installed near the impact
region utilizing the same installation proceduassused fothe system itself. Prior to fuicale
testing, a dynamic impact test must be conducted to verify a minimum dysaihriesistance of
7.5 kips (33.4 kN) at post deflections between 5 and 20 in. (127 and 508&am®asured at a
height of 25 in. (635 mm). If dynamic testing near the system is not desired, MASH permits a
static test to be conducted insteddnd compeed aganst the results of a previousdstablished
baseline test. In this situation, the soil must provide a resistance of at least 90% of the static
baseline test at deflections of 5, 10, and 15 in. (127, 254, and 381 mm). Further details can be

found inAppendix B of MASH
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Table2. MASH EvaluationCriteria for Longitudinal Barrier

Structural
Adequacy

A.

Test article should contain and redirect the vehicle or bring
vehicle to a controlled stop; the vehicle should not penet
underride, or override the installation although controlled laf
deflection of the test article is acceptable.

Occupant
Risk

Detached elements, fragments or other debris from the test :
should not penetrate or show potential for penetrating the occ
compartment, or present an undue hazard to other tr
pedestrians, or personnel in a work zone. Deformationsoio
intrusions into, the occupant compartment should not exceed
set forth in Section 5.3 and Appendix E of MASH.

The vehicle should remain upright during and after collision.
maximum roll and pitch angles are not to exceed 75 degrees.

Occupant Impact Velocity (OIV) (see Appendix A, Section A5.3
MASH for calculation procedure) should satisfy the follow
limits:

Occupant Impact Velocity Limits

Component Preferred Maximum
- 30 ft/s 40 ft/s
Longitudinal and Lateral (9.1 m/s) (12.2 mis)

The Occupant Ridedown Acceleration (ORA) (see Appendi
Section A5.3 of MASH for calculation procedure) should satisfyj
following limits:

Occupant Ridedown Acceleration Limits

Component Preferred Maximum

Longitudinal and_ateral 15.0 ¢ 20. 49
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3 TEST CONDITIONS

3.1 Test Facility

The testing facility is located at the Lincoln Air Park on the northwest side of the Lincoln
Municipal Airport and is appramately 5 miles (8.0 km) northwest of the University of
Nebraskalincoln.
3.2Vehicle Tow and Guidance System

A reverse cable tow system with a 1:2 mechanical advantage was used to propel the test
vehicle. The distance traveled and theesp of the tow vehicle were ohelf that of the test
vehicle. The test vehicle was released from the tow cable before impact with the barrier system.
A digital speedometer on the tow vehicle increased the accuracy of the test vehicle impact speed.

A vehide guidance system developed by HindhWas used to steer the test vehicle. A
guide flag, attachetb theright-front wheel and the guide cable, was sheared efbrie impact
withthe bar r i er -in.yl&mne) ciametérigede able was tensioned to approximately
3,500 Ib (15.6 kN) and supported both laterally and vertically every 100 ft (30.5 m) by hinged
stanchions. The hinged stanchions stood upright wiolding up the guide cable, but as the
vehicle was towed down the line, the guide flag struck and knocked each stanchion to the
ground.
3.3 Test Vehicles

For test noOMWTC-1, a 2007 Kia Rio was used as the test vehicle. The curb, test inertial,
and gross static vehicle weights were 2,468 Ib (1,119 kg), 2,457 Ib (1,114 kg), and 2,623 Ib
(1,190 kg), respectively. The test vehicle is showhigurel, and vehicle dimensions are shown
in Figure2.

For test noOMWTC-2, a 2007 Kia Rio was used as the test vehicle. The curb, test inertial,

and gross static vehicle weights were 2,390 Ib (1,084 kg), 2,410 Ib (1,093 kg), and 2,575 Ib
6
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(1,168 kg) respectively. The test vehicle is showrFigure3, and vehicle dimensions are shown
in Figure4.

For test no. MWTE3, a 2006 Dodge Ratb00 Quad Calwas used as the test vehicle.
The curb, test inertial, and gross static vehicle weights wéB23b (2329 kg), 4969 Ib (2254
kg), and 5135 Ib (2329 kg), respectivelyThe test vehicle is shown iRigure5, and vehicle
dimensions are shown Figure6.

The longitudinal component of theenter of gravity ¢.g.) was determined using the
measured axle weightsThe Suspension Methodb][ was used to determine the vertical
component of the c.g. for the pickup truck. Timsthod is based on the principle that the c.g. of
any freely suspended body is in the vertical plane through the point of suspension. The vehicle
was suspended successively in three positions, and the respective planes containing the c.g. were
establishedThe intersection of these planes pinpointed the final c.g. location for the test inertial
condition. Thevertical component of the c.g. for the 1100C vehigkes estimated based on
historical c.g. height measurements. The location of the final c.g.wanshadrigures?, 4, and6.

Data used to calculate the location of the c.g. and ballast information are shppemdix A

Square, blackand whitecheckered targets were placed on the vehicle for reference to be
viewed from the higfspeed digital video cameras and aid in the video analysis, as shown in
Figures7 through9. Round, checkered targets were placed on the centgaaty on the left
side door, the righside door, and the roof of the vehicle. The remaining targets were located so
that they could be viewed from the higheed cameras and used as reference points for video

analysis.
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e E=1

Figrel. Test hicle, Test NMWTC-1
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Date: 8/10/2012 Test Number: MWTC-1 Model: 1100C
Make: Kia Rio Sedan Vehicle LD.#: KNADE123576216804
Tire Size: 185/65 R14 Year: 2007 Odometer: 146260

Tire Inflation Pressure:
*(All Measurements Refer to Impacting Side)

Vehicle Geometry -- in. (mm)

a 611/4 (1556) b 58 (1473)
c 167 (4242) d 3512  (902)
e 9812 (2502 f 33 (838)
g 19 (483) h 36 (912)
i 9 229) i 212 &R
kK 13 (330) 1 25 (635)

m 573/4  (1467) n 5738 (1457)

o 2778  (708) p 4 (102)
q 23 (584) r 1514 (387)
s 113/4  (298) t 62 1575)

‘Wheel Center Height Front 10 3/4 273)

‘Wheel Center Height Rear 11 1/8 (283)

‘Wheel Well Clearance (F) 251/8 (638)

Mass Distribution 1b (kg) Wheel Well Clearance (R) 247/8  (632)
Gross Static LF 846 (384) RF 800 (363) Frame Height (F) 61/4  (159)
LR 490 (222) RR 487 (221) Frame Height (R) 153/4  (400)
Engine Type 4cyl. Gas
Weights
Ib (kg) Curb Test Inertial Gross Static Engine Size 1.6L
(W-front 1594 (723) 1561 (708) 1646 (747) Transmition Type:
'W-rear 874  (396) 896 (406) 977  (443) anual
W-total 2468  (1119) 2457 (1114) 2623 (1190) RWD  4WD
GVWR Ratings Dummy Data
Front 1918 Type: Hybrid 1
Rear 1874 Mass: 166 1bs.
Total 3638 Seat Position: Driver
Note any damage prior to test: none

Figure2. Vehicle Dimensions, Test NMWTC-1
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Figure3. Test Vehicle, Test N0MWTC-2

10
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Date: 11/30/2012 Test Number: MWTC-2 Model: 1100C/Rio
Make: Kia Vehicle I.D.#: KNADE123476250877
Tire Size: 185/65 R14 Year: 2007 Odometer: 92220
Tire Inflation Pressure: 32psi
*(All Measurements Refer to Impacting Side)
R _ Vehicle Geometry -- in. (mm)
] a_62 (1575) b 571/4 (1454)
o lm| = Ve%de a1t c 166 1/2 (4229) d 37 (940)
e 9812 (2502) f 31 (787)
- g 18 (457) h 38 (965)
- B i 9 (229) j_221/2 (572)
k' 121/2  (318) | 25 (635)
m 571/4 (1454) n 57 1/4 (1454)
0 _273/4 (705) p 4 (102)
q 23 (584) r 153/8 (391)
N s 111/2  (292) t 631/4 (1607)
Wheel Center Height Front 10 3/4 (273)
< \"/front = Wheel Center Height Rear 11 1/4 (286)
Wheel Well Clearance (F 25 (635)
Mass Distribution b (kg) Wheel Well Clearance (R 25 (635)
Gross Static  LF 800 (363) RF 767 (348) Frame Height (F) 6 1/8  (156)
LR 505 (229) RR 503 (228) Frame Height (R) 157/8 (403)
Engine Type 4 cyl gas
Weights
Ib (kg) 'Curb Te'st Inertial Grpss Static Engine Size 1.6L
W-front , 1503 (682) i 1483 (673) ' 1567 (711) Transmition Type:
W-rear 887  (402) 927 (420) _ 1008 (457) Automa@
W-total 2390 (1084) 2410 (1093) 2575 (1168) RWD 4WD
GVWR Ratings Dummy Data
Front 1918 Type: Hybrid 1
Rear 1874 Mass: 170 Ibs.
Total 3638 Seat Position Driver
Note any damage prior to test: None

Figure4. Vehicle Dimensions, Test NMWTC-2

11
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Date: 5/16/2013 Test Number: MWTC-3 Model: 2270P
Make: Dodge Ram 1500 QC Vehicle 1.D.#: 1D7HA18N96J103433
Tire Size: 265/70 R17 Year: 2006 Odometer: 164687
Tire Inflation Pressure: 35psi
*(All Measurements Refer to Impacting Side)
I (— — x Vehicle Geometry -- in. (mm)
t wheel wheel o a 781/4 (1988) b 743/4 (1899)
Track Track
| c 2271/2 (5779) d 47 1/4 (1200)
(I S e 14012 (3569) f 393/4 (1010)
Test Inertial CM. g 281/2 (723) h 62 (1576)
q 1€ D1 i 151/4 (387) i 27 (686)
( P vHeeL D8 kK 20 (508) | 28112 (724)
—p L4
j m 685/8 (1743) n 671/2 (1715)
b
M ) N o 451/2 (1156) p 4 (102)
L @ Q)
Lk s ] g 31 (787) r 181/4 (464)
f

s 151/2  (394) t 751/2 (1918)

Wheel Center Height Front 14 3/4 (375)

Wheel Center Height Rear 14 3/4 (375
vwrenr‘ \'“'.Frcnv g #
c Wheel Well Clearance (F. 351/2 (902)

Mass Distribution b (kg) Wheel Well Clearance (R, 37 3/4 (959)

Gross Static LF 1476  (670) RF 1401 (635) Frame Height (F) 18 1/2 (470)
LR 1122 (509) RR 1136 (515) Frame Height (R) 24 3/4 (629)
Engine Type 8 cyl.
Weights
Ib (kg) Curb Test Inertial Gross Static Engine Size 4.7 Liter
W-front 2854 (1295) 2774 (1258) 2877 (1305) Transmition Type:
W-rear 2280 (1034) 2195 (996) 2258 (1024) CAutomatic _Manual
W-total 5134 (2329) 4969 (2254) 5135 (2329) FWD 4WD
GVWR Ratings Dummy Data
Front 3700 Type: Hybrid Il
Rear 3900 Mass: 166 lbs
Total 6700 Seat Position Driver
Note any damage prior to test: Lower, right side dent in box quarter panel

Figure6. Vehicle Dimensions, Test NMWTC-3
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¢

G vehicle
B C D
M
J
TEST #: MWTC-1
TARGET GEOMETRY-- in. (mm)

A 321/4 (819) E 421/8 | 19 (483)

B 25 (635) F 365/8 J 291/4 (743)

Cc 43 (1092) G 357/8 K 29 (737)

D 8 (203) H 981/2 L 443/8 (1127)

M 525/8 (1337)

Figure7. Target Geometry, Test NBMIWTC-1
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G

vehicle
B C D
M
J
TEST #: MWTC-2
TARGET GEOMETRY-- in. (mm)

A 357/8 (911) E 39 18 (457)

B 253/8 (645) F 363/4 28 7/8 (733)

C 44 (1118) G 38 29 (737)

D 81/2 (216) H 981/2 44 1/4 (1124)

53 (1346)

Figure8. Target Geometry, Test NBIWTC-2
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==wnl
| C |
| E

1

" Y

=/

TEST #: MWTC-3

TARGET GEOMETRY-- in. (mm)

A 75 (1905) E 64 (1626) | 40 (1016)
B 102 (2591) F 41 (1041) J 28172 (724)
c 41 (1041) G 62 (1575) K 42 (1067)
D 64 (1626) H 783/4 (2000) L 611/4 (1556)

Figure9. Target Geontey, Test NOMWTC-3
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The front wleels of the test vehicles were aligned to vehicle standards except-the toe
value was adjusted to zeso that the vehicles would track properly along the guide cable. A 5B
flash bulb was mount ed odashtardevasifiredgbly & pressurd @pe o f
switch mounted at the impact corner of the bumper. The flash bulb was fired upon initial impact
with the test article to create a visual indicator of the precise time of impact on thepbigh
videos. A remoteontrdled brake system was installed in the test vehicle so the vehicle could be
brought safely to a stop after the test.

3.4 Simulated Occupant

For test NoSMWTC-1, MWTC-2, andMWTC-3, a Hybrid 1l 5¢"-Percentile, Adult Male
Dummy, equipped with clothing and footweasas placed in the leftont seat of the test vehicle
with the seat belt fastened. The dummy, which had a final weight of 170 Ib (77 kg), was
represented by model no. 572, serial no. 451, and was manufactured by Android Systems of
Carson, California. Asscommended by MASH, the dummy was not included in calculating the
c.g location.

3.5 Data Acquisition Systems

3.5.1Accelerometers

Threeenvironmentakhock and vibration sensor/recorder systemere used to measure
the accelerations in the longitudinal, lateral, amdtical directionsAll of the accelerometers
were mounted near the center of gravity of the test vehicles. The electronic accelerometer data
obtained in dynamic testing was filtered using the SAE Class 60 and the SAE Class 180
Butterworth filter confornng to the SAE J211/1 specificatiorgy.[

The first accelerometer system was a -avm piezoresistive accelerometeystem
manufactured by Endevco of San Juan €&agno, California. Three accelerometers were used to

measure each of the longitudinal, lateral, and vertical accelerations indeperdentbample
17
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rate of 10,000 Hz. The accelerometers were configured and controlled using a system developed
and manufactred by Diversified Technical Systems, Inc. (DTS) of Seal Beach, California. More
specifically, data was collected using a DTS Sensor Input Module (SIM), Model TISA%3

16M. The SIM was configured with 16 MB SRAM and 8 sensor input channels with 250 kB
SRAM/channel. The SIM was mounted on a TDAR3 module rack. The module rack was
configured with isolated power/event/communications, 10BaseT Ethernet and RS232
communication, and an internal backup battery. Both the SIM and module rack were
crashworthy. Thé DTS TDAS Control 06 computer software p
Excel worksheet were used to analyze and plot the accelerometer data.

The second accelerometer system, SLICE 6DX, was a modular data acquisition system
manufactured by Diversified Tknical Systems, Inc. (DTS) of Seal Beach, California. The
acceleration sensors were mounted inside the body of the custom built SLICE 6DX event data
recorder and recorded data at 10,000 Hz to the onboard microprocessor. The SLICE 6DX was
configured with 7”GBofnonrv ol at i |l e fl ash memory, a range of
Hz, and a 1,650 Hz (CFC 1000) aatl i asi ng filter. The ASLI CEW
programs and a customized Microsoft Excel worksheet were used to analyze and plot the
acceleometer data.

The third system, Model EDR, was a triaxial piezoresistive accelerometer system
manufactured by IST of Okemos, Michigan. The EBRas configured with 256 kB of RAM, a
range of N200 gbés, a sampl e-passdfitereT hoef 3D y2n0aOMakkz ,
(DM-1 ) computer software program and a customized Microsoft Excel worksheet were used to

analyze and plot the accelerometer data.
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3.5.2Rate Transducers

An angle rate sensor, the ARS00, with a rangef 1,500 degrees/sec in each of the
three directions (roll, pitch, and yaw) was used to measure the rates of rotation of the test
vehicles. The angular rate sensor was mounted on an aluminum block inside the test vehicle near
the center of gravity and recorded data at 10,000 Hz to the SIMralihelata measurements
were then downl oaded, converted to the proper
TDAS Control 6 computer software program and a
used to analyze and plot the angular rate seraar d

A second angle rate sensor system, the SLICE MICRO Triax ARS, with a range of 1,500
degrees/sec in each of the three directions (roll, pitch, and yaw) was used to measure the rates of
rotation of the test vehicles. The angulateraensors were mounted inside the body of the
custom built SLICE 6DX event data recorder and recorded data at 10,000 Hz to the onboard
microprocessor. The raw data measurements were then downloaded, converted to the proper
Euler angles for analysis, and pt t e d . The ASLI CEWareo comput e
customized Microsoft Excel worksheet were used to analyze and plot the angular rate sensor
data.

3.5.3Retro-reflective Optic Speed Trap

The retrereflective optic speed trap was used to determine the speed of the bogie vehicle
beforeimpact. Three retroeflectivetargets spaced at approximatelyg-in. (457-mm) intervals
were applied to the side of the bogie vehicle which reflects the belghto#Vhen the emitted
beam of light was returned to the Emitter/Receiver, a signal was sent to the Optic Control Box,
which in turn sent a signal to the data computer as well as activated the External LHDReox.
computerecorded the signals and thené each occurred. The speed was then calculated using

the spacing between thetro-reflective targetand the time between the signalgD lights and
19
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high-speed digital video analysis are only used as a backup in the event that vehicle speeds
cannot be eétermined from the electronic data.

3.5.4Digital Photography

Two AOS VITcam highspeed digital video cameratiree AOS XPRI highspeed
digital video cameras, four JVC digital video cameras, amelCanondigital video cameras
were utilized to film test nodMWTC-1 andMWTC-2. For test noMWTC-3, two AOS VITcam
high-speed digital videeameras, three AOS-RRI highspeed digital video cameras, four JVC
digital video cameraspne Canon digital video camerand two GoPro Hero 3 digital video
cameras were use@amera details;amera operating speedisns information, ané schematic
of the camera locatiornrelative to the system astiown inFigures10throughl2.

The high-speed videos were analyzed usimgageExpress MotionPlus and RedLake
MotionScope software programs. Actual camera speed and camera divergence factors were
considered in the analysis of the higjreedvideos. A Nikon D50 digitaktill camera was also

used to document prand postest couwlitions for all tests.
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TZ

24°~10" [7.6 m] -==]

| e 34'—9" [10.6 m]

46°—0" [14.3 m]

ERHEAD HEIGHT: 62" 10"
S #2

80'—2" [24.4 m]

A0S #5
T §2

317'-8" [96.8 m]

No. Type O?f?;ﬁlgsglsse%t?ed Lens Lens Setting
3 2 AOS Vitcam CTM 500 Cosmicar 12.5 mm Fixed -
Q5 3 AOS Vitcam CTM 500 Sigma 2470 35
2 5 5 AOS X-PRI Gigabit 500 Canon 17102 102
.‘fj’ - 6 AOS X-PRIGigabit 500 Fujinon 50 mm Fixed -
7 AOS X-PRI Gigabit 500 Sigma 50 mm Fixed -
° 1 JVCi GZ-MC500 (Everio) 29.97
9 2 JVCi GZ-MG27u (Everio) 29.97
> 3 JVCi GZ-MG27u (Everio) 29.97
8 4 JVCi GZ-MG27u (Everio) 29.97
2| 1 Canon ZR90 29.97
2 Canon ZR10 29.97

Figure10. Camera Locations, Speeds, and Lens Settings, TeSsWd C-1
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¢c

AOS #7
8, JVC 43

le——34" [10.4 m]——-]
37'-6" [11.4 m]
29° [8.8 m] OVERHEAD
HEIGHT: 62'—10"
AOS #6 ) AOS #5
JVC #1 JVC #2
82'—10" [25.2 m] 282" [86.0 m] /\/
No. Type O%?;?;'lessep;ed Lens Lens Setting
3 2 AOS Vitcam CTM 500 Cosmicar 12.5 mm Fixed -
Lol 3 AQOS Vitcam CTM 500 Sigma 2470 35
2 % 5 AOS X-PRI Gigabit 500 Canon 17102 102
2 > 1 s AOS X-PRI Gigabit 500 Fujinon 50 mm Fixed -
7 AOS X-PRI Gigabit 500 Sigma 50 mm Fixed -
° 1 JVCi GZ-MC500 (Everio) 29.97
g 2 JVCi GZ-MG27u (Everio) 29.97
> 3 JVCIi GZ-MG27u (Everio) 29.97
8 4 JVCi GZ-MG27u (Everio) 29.97
= I Canon ZR90 29.97
2 Canon ZR10 29.97

Figurell Camera LocationsSpeeds, and Lens Settings, Test M@/ TC-2
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ee

AOS #1
AOS #6
WNC #3

ONBOARD:

GoPro #2
AOS 7',23 e 38" [11.9 m]
"J}/C #1 53 [16.1 m]
le—29" [8.8 m]—=]
OVERHEAD
HEIGHT: 63'—1"
25' [7.6 m] ADS §2
DV#1
iGoPro #1
A0S #5 1 | $ oo gpuen e » x
NC #4 22.0 »
\i/‘/"//
101" [30.8 m] 275’ [83.8 m] /L |
No. Type O%?;?;'gsglsse%?ed Lens Lens Setting
3 2 AOS Vitcam CTM 500 Cosmicar 12.5 mm Fixed -
Lol 3 AQOS Vitcam CTM 500 Nikon 28 mm Fixed -
25| 5 AOS X-PRI Gigabit 500 Fujinon 50 mm Fixed -
.‘fj’ - 6 AOS X-PRI Gigabit 500 Sigma Macro 50 mm Fixe -
7 AOS X-PRI Gigabit 500 Canon 17 102 mm 102
1 JVCi GZ-MC500 (Everio) 29.97
S 2 JVCi GZ-MG27u (Everio) 29.97
.'g 3 JVCi GZ-MG27u (Everio) 29.97
= 4 JVCi1 GZ-MG27u (Everio) 29.97
S 1 Canon ZR90 29.97
o 1 GoPro Hero 3 120
2 GoPro Hero 3 120

Figurel2. Camera Locations, Speeds, and Lens Settings, Te8sWd C-3
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4 DESIGN DETAILS

The &.5 ft (26.7-m) long test installatiowas constructed farse intest noMWTC-1, as
shown inFigure 13, which consisted of five majostructural components: (1) a-#26-in. (3.8
m) long thrie beam and channel bridge railing system; (2) 126ftin. (3.8 m)of nested 12
gauge(2.66 mm thick)thrie beam guardrail; (3 ft 1 3 in. (1.9m) of standard 1jauge (2.66
mm thick) thrie beamguardrail; (4) a &t - 3-in. (1.9m) long, asymmetrical 2@auge (3.42Znm
thick) W-beam to thrie beam transition element; and (5) 50 ft (15.2 m) of standayaufj2
(2.66mm thick) W-beam rail attached to a simulated anchorage dekiteails had a toprail
height of 31 in. (787 mm)Lap-splice connections between the rail sections were configured to
reduce vehicle snag at the spiicdesign details are shown in Figurd8 through 40.
Photographs of the test installation are shawRigures41 through44. Material specifications,
mill certifications, and certificates of conformity for the system materials are smofppendix
B.

The guardrail components were supportedtivp BCT timber posts, 16 steel guardrail
posts, and three steel bridge posts. Post nos. 1 etk BCT postplaced in 6ft (1.8-m) long
steel foundation tubes to anchor the syst@wst nos. 3 through 15 were galvanized ASTM A36
W6x8.5 (W152x12.6) steel sections measuring 6 ft (1.8 m) long. Post nos. 16 through 18 were
galvanized ASTM A36 W6x15 (W15%22.3) steel sections measuring 7 ft (2.1 m) |ohige
steel posts were placed at various spacings, as showigune 13, in a compacted crushed
limestone material &t met AASHTO Grade Boil specificationsas recommended MASH.
Bridge post nos. 19 through 21 were galvanized ASTM A36 W6x20 (W152x29.8) steel sections
measuring 28 in. (752 mm) long.The thriebeam channel bridge railing system was rigidly

attached to t he concrete tar mac | ocat ed
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W6x8.5 [Wih52x12.6]
Steel Posts 72

BCT posts in 6’ [1829 1828 long wi
long (galvanized) foundation x12"x14 1/4
tubes, ground line strut, 152x305x362]
and BCT cable anchor lockouts

W6x8.5 [W152x']2.64

Steel Posts 72" [1829]
long with 6'x12"x19
152x305x483] Timber
lockouts

ELEVATION\VIEW

Note: (1) Curb extends from midspan of post nos. 18
an

19 to midspan of post nos. 4 and 5

W6x15 [W152x22.:§]
Steel Posts 84" [2134]
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" & 18.75 R d by *RS051= /7
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[SHEET:
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MGS Approach Transition

with Standard Posts and f&s
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4/14/2014
DRAWN BY-
System Layout Jo/CWe/
S|
DWG. NAME. [SCALE: 1:110 |REV. BY:
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Figurel3. System LayouytTestNo. MWTC-1
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Figurel4. Downstream End System Layodiest NoOMWTC-1
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Figurel5. Cap Rail Hardwar®etails, TestNo.

MWTC-1
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Figurel6. Post Nos. 18 through 21 Details with Rdiest NoOMWTC-1
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Figure24. Post Nos. 3 through5 Details Test NOMWTC-1
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Figure30. Ground Strut and Anchor Bracket Detail@st NOMWTC-1
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