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SI CONVERSION FACTORS
Metric (Sl) to English System of Measurement
To Convert From To Multiply By
ACCELERATION
m/s? ft/s? 3.281
AREA
m?2 ft2 10.764
ENERGY
Joule (J) ft-lbs 0.7376
FORCE
Newton (N) Ibs 0.2248
LENGTH
m ft 3.281
m in 39.37
cm in 0.3937
mm in 0.03937
MASS
kg 1bm 2.205
PRESSURE OR STRESS
kPa psi 0.1450
VELOCITY
km/h mph 0.6214
m/s ft/s 3.281
km/h ft/s 0.9113
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1. Introduction
1.1. Problem

The California Department of Transportation (Caltrans) is constantly faced with Right-of-Way issues and
other limitations that make it impossible to mount standard bridge rails to the top of bridge decks. The
Caltrans Division of Engineering Services (DES) and the Highway Safety Features New Products Committee
(HSFNPC), a committee comprised of representatives from several Divisions within Caltrans, recognizes
that crash testing of a side mounted bridge rail that meets American Association of State Highway and
Transportation Officials’ (AASHTO) Manual for Assessing Safety Hardware (MASH) 20091 Test Level 4 rated
guidelines is a high priority.

1.2. Objective

The objective of this research project is to design and test a side mounted bridge rail that will meet the
evaluation criteria of MASH 2009 Test level 4 (TL-4) for longitudinal barriers. TL-4 consists of three crash
tests as follows:

1. A 2,420 Ibs. (1,100 kg) small car impacting the test article at 62 mph (100 km/h) and an angle of
25° (MASH 2009 Test No. 4-10).

2. A5,000 Ibs. (2,270 kg) pickup truck impacting the test article at 62 mph (100 km/h) and an angle
of 25° (MASH 2009 Test No. 4-11).

3. A 22,000 Ibs. (10,000 kg) single-unit truck impacting the test article at 56 mph (90 km/h) and an
angle of 15° (MASH 2009 Test No. 4-12).

1.3. Background

Caltrans has several side mounted bridge rails in their inventory but none of the barriers had been crash
tested under either the current MASH 2009 guidelines or previous NCHRP Report 350 guidelines. (See
“Side Mounted Bridge Rail” Preliminary Investigation?).

1.4. Literature Search

Several locations? were searched for crash test information on side mounted bridge rails. No similar
products were found that had been tested to MASH 2009 TL-4. There are two products that were tested
to the previously accepted guidelines, the National Cooperative Highway Research Program (NCHRP)
Report 350 at TL-4 and also accepted by FHWA®**, They were designed and tested by the University of
Nebraska-Lincoln, Midwest Roadside Safety Facility. Although these products were tested to NCHRP
Report 350 guidelines, they were only designed for use on transverse, glue-laminated timber bridge decks.
These products were found acceptable by FHWA under NCHRP Report 350 TL-4 guidelines but have not
been tested under MASH 2009.

1.5. Scope

Three full-scale crash tests were performed and evaluated in accordance with MASH 2009 TL-4 guidelines.
The primary purpose of the testing was to determine if the barrier would successfully contain and safely
redirect the test vehicles while meeting vehicle occupant safety guidelines. A secondary purpose of the
testing was to determine the level of maintenance required after a major impact.
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2. Technical Discussion
2.1. Barrier Design
The design criteria for the CA ST-70SM Side Mounted Bridge Rail are as follows:

1. Must meet MASH 2009 Test Level 4
2. Minimize damage to bridge deck

2.2. Test Conditions
2.2.1.Test Facilities

Crash testing was conducted at the Caltrans Dynamic Test Facility in West Sacramento, California. The
test area is a large, flat, asphalt concrete surface. At the time of testing, there were no obstructions
nearby.

2.2.2.Construction

The California ST-70SM Side Mounted Bridge Rail was constructed at the Caltrans Dynamic Test Facility.
The barrier was constructed in two stages; Stage 1 was the placement of the anchor block foundation
then the bridge deck overhang, Stage 2 was the installation of the bridge rail. The anchor block consisted
of a 10’-0” x 4’-6” x 76’-0” (3.0 m x 1.4 m x 23.2 m) reinforced concrete block and is designed to support
the bridge deck overhang and act as a resistance mass to help reduce motion during testing. See Section
10 for detail drawings.
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Figure 2-4. Anchor Block Rebar

There were eight bridge rail posts. The two outer posts were mounted directly to the deck without any
springs. The six inner posts had double stacked disc springs installed on each anchor bolt (5 pairs of disc
springs per rail post). The disc springs on the bridge rail were designed to reduce the effective stiffness
of the post, allowing the rails to distribute more of the load to adjacent posts. This should decrease
damage to posts, anchor bolts, and bridge deck. Also, under high enough loads, the disc springs are
designed to undergo plastic deformation prior to yielding of the anchor bolts, providing some additional
overload protection for the anchor bolts and deck overhang. The deck overhang is designed to yield prior
to deck rebar yielding. See Table 8-25 in Appendix 8.5 for disc spring information. See Figure 2-5 for a
typical rail post.
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Figure 2-5. CA ST-70SM Side Mounted Bridge Rail Typical

Bridge rail posts 3, 4, and 5 had strain gages installed on their anchor rods prior to installation and concrete
deck pour. See FHWA/ CA17-2557 Supplement report for strain gage and string pot results. (Strain gage
and string pot measurements are not within the scope of 1ISO 17025 A2LA Accreditation of the RSRG Lab)
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Figure 2-7. Anchor Block and Bridge Deck Rebar
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Figure 2-8. Rebar Configuration at Rail Post Location

Figure 2-9. Pouring Anchor Block Concrete
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Figure 2-10. Surface Finishing on Anchor Block

Figure 2-11. Anchor Rod Installation
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Figure 2-12. Anchor Rod Placement in Deck Overhang

The deck overhang was poured separate from the anchor block to make removal of the deck easier for
future research projects.

Figure 2-13. Concrete Deck Overhang Pour
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Figure 2-14. Concrete Deck Overhang Finish

Figure 2-15. Installation of CA ST-70SM Side Mounted Bridge Rail Posts
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Figure 2-16. Installation of CA ST-70SM Side Mounted Bridge Rails

The completed test article was 76 feet (23.2 m) long with a bridge rail nominal height of 42 inches (1.07
m). Rails were placed in cutouts in the posts and held in place with %” stud bolts. For the stud bolts
welded on the railing it was determined that “bolt stud welds” were needed instead of the originally
specified “full penetration butt weld”. During construction the shims shown in the construction plans
could not be installed on the lower three rails once the rails were installed. The Caltrans Translab Machine
Shop modified the shims for the test barrier installation. Also, the railing washers were undersized and
could slip into the post slots, no longer supporting the nut. The 6 inner posts were held in place with 5
anchor bolts per post. Two stacked disc springs were installed on each anchor bolt, on the outside of the
barrier post. The discs were retained with a flat washer and nut torqued to provide 10,000 lbs. (4536 kg)
of preload. For this research project, thread locking compound was not used to secure the nuts of the
test article. The discs allow the barrier to have some controlled deflection, reducing the peak load on the
rail and providing some energy dampening during impact. The reduced peak load provides a lower
maximum stress on the top anchor bolts and a slightly lower peak deceleration of the impacting vehicle.
Barrier (test article) construction was completed December 2014. See Appendix 8.4 for bridge rail anchor
bolt/nut torque information.

2.2.3.Test Vehicles

The test vehicles complied with MASH 2009 tests 4-10, 4-11, and 4-12 requirements. The vehicles were a
2007 Dodge Ram 1500 ST, a 2008 Kia Rio, and a 2005 Freightliner M2. The MASH 2009 2270P, 1100C, and
10000S tests for the CA ST-70SM Side Mounted Bridge Rail were assigned test identification numbers
110MASH3P15-01, 110MASH4C15-02, and 110MASH4S16-03, respectively. All vehicles were in good
condition and free of any major body damage. The vehicles were not missing any structural parts nor
were they modified in any way other than described in this report. All the standard equipment for each
vehicle was present. The inertial mass of the pickup truck, small car, and van truck were 5,030 lbs. (2,282
kg), 2,465 Ibs. (1,118 kg), and 21,887 lbs. (9,928 kg), respectively. The vehicles were within the
recommended limits of MASH 2009 vehicle mass requirements.
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2.2.3.1. Test Vehicle 2270P: 2007 Dodge Ram 1500ST (Test 110MASH3P15-01)

To achieve the desired impact speed, the pickup truck was self-powered. A speed control device was
installed in the Dodge Ram which limited the acceleration of the vehicle once the target impact speed was
achieved. The steering was accomplished by means of a guidance rail anchored to the ground and a guide
arm connecting the vehicle wheel hub to the guidance rail. Remote braking was possible at any time
during the test via radio control. The vehicle was released from the guidance rail a short distance before
impact. The pickup truck ignition was turned off via an engine kill switch that activated just before impact.
Photos of the test vehicle are shown in Figure 2-17 to Figure 2-19. See Appendix 8.1 for more information
on test 110MASH3P15-01 vehicle instrumentation.

Figure 2-17. 110MASH3P15-01 Dodge Ram 1500 (Side)

Figure 2-18. 110MASH3P15-01 Dodge Ram 1500 (Front Right)
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Figure 2-19. 110MASH3P15-01 Dodge Ram 1500 (Relative to Barrier)

2.2.3.2. Test Vehicle 1100C 2008 Kia Rio (Test 110MASH4C15-02)

To achieve the desired impact speed for the small car, the vehicle was towed. A speed control device was
installed in the tow vehicle, which limited the acceleration of the vehicle once the target impact speed
was reached. The steering was accomplished by means of a guidance rail anchored to the ground and a
guide arm connecting the vehicle wheel hub to the guidance rail. Remote braking was possible at any
time during the test via radio control. The vehicle was released from the guidance rail a short distance
before impact. Photos of the test vehicle are shown in Figure 2-20 to Figure 2-22. See Appendix 8.2 for
more information on test 110MASH4C15-02 vehicle instrumentation.

Figure 2-20. 110MASH4C15-02 Kia Rio (Side)
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Figure 2-21. 110MASH4C15-02 Kia Rio (Front Right)

Figure 2-22. 110MASH4C15-02 Kia Rio (Relative to Barrier)

2.2.3.3. Test Vehicle 10000S: 2005 Freightliner M2 (Test 110MASH4516-03)

To achieve the desired impact speed within the allowable physical distance, the van truck was self-
powered and pushed with a 2001 Ford F350 regular cab dually. The Ford F350 assisted in the acceleration
of the van truck for the first 900 ft. (274 m). The vehicle’s target speed was accomplished by
reprogramming the electronic control module and setting the speed governor in the vehicle to MASH
2009’s recommended impact speed of 56 mph (90 km/h) for Test 4-12. The steering was accomplished
by means of a guidance rail anchored to the ground and a guide arm connecting the vehicle wheel hub to
the guidance rail. Remote braking was possible at any time during the test via radio control. The vehicle
was released from the guidance rail a short distance before impact. The van truck ignition was turned off
via an engine kill switch that activated just before impact. Photos of the test vehicle are shown in Figure

14



May 9, 2018
California Department of Transportation
Report No. FHWA/CA17-2557

2-23 to Figure 2-25. See Appendix 8.3 for more information on test 110MASH4S16-03 vehicle

instrumentation.

Figure 2-23. 110MASH4S16-03 Freightliner M2 (Side)

Figure 2-24. 110MASH4S16-03 Freightliner M2 (Front Right)
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Figure 2-25. 110MASH4S16-03 Freightliner M2 (Relative to Barrier)

2.2.4.Data Acquisition System

The tests were visually documented through the use of still cameras, video cameras, and high-definition
high-speed digital video cameras. The impact phase of the crash test was recorded with five high-
definition high-speed digital video cameras, a normal-speed DVC format video camera, several small
action style cameras and digital SLR cameras. The test vehicle and barrier were photographed before and
after impact with the DVC format camera and a digital SLR camera.

DataBrick Ill Transient data recorders (TDR), manufactured by GMH Engineering, were used to record
accelerations and rotational rate changes during the test. The digital data was downloaded to a laptop
computer and analyzed with Texas Transportation Institute’s Test Risk Assessment Program (TRAP). A
DADISP workbook was used to create the necessary TRAP input files.

Figure 2-26. Dodge Ram 1500 Vehicle Instrumentation
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Figure 2-28. Freightliner M2 Vehicle Instrumentation

Two sets of orthogonal accelerometers were mounted at the center of gravity for vehicles of tests
110MASH3P15-01 and 110MASH4C16-02 (as per MASH 2009 specifications). Rate gyro transducers
(angular rate sensors) were also placed at the center of gravity of the test vehicles to measure roll, pitch,
and yaw rates. The data was analyzed in TRAP to determine the occupant impact velocities, ridedown
accelerations, and maximum vehicle rotation.

Additional instrumentation was installed on the barrier around the proximity of the impact location to
record displacements of the bridge rail. Strain gages were also installed on the anchor rods of posts 3, 4,
and 5. Information on the measurements for all three tests can be found in the supplement report
(FHWA/ CA17-2557 Supplement). (Strain gage and string pot measurements are not within the scope of
ISO 17025 A2LA Accreditation of the RSRG Lab)
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3. Crash Test Matrix and Results

The first test on the CA ST-70SM Side Mounted Bridge Rail is MASH 2009 Test 4-11. It consists of a 5000
Ibs. (2270 kg) 2007 Dodge Ram 1500 pickup truck with target impact conditions of 62 mph (100 km/h) at
an angle of 25°. The second test is MASH 2009 Test 4-10. It consists of a 2420 |bs. (1100 kg) 2008 Kia Rio
with target impact conditions of 62 mph (100 km/h) at an angle of 25°. The final test is MASH 2009 Test
4-12 and consists of a 22,000 Ibs. (10,000 kg) single-unit van body truck with target impact conditions of
56 mph (90 km/h) at an angle of 15°. The test numbers for the three tests are 110MASH3P15-01,
110MASH4C15-02, and 110MASH4S16-03, respectively. The following table shows the test matrix for the
CA ST-70SM Side Mounted Bridge Rail.

Table 3-1. CA ST-70SM Side Mount Bridge Rail Test Matrix

RSRG Test Number T“:sﬁsl\ll-lui?l?:,r Impact Speed Impact Angle
110MASH3P15-01 4-11 62 mph (100 km/h) 25°
110MASH4C15-02 4-10 62 mph (100 km/h) 25°
110MASH4516-03 4-12 56 mph (90 km/h) 15°

3.1. Test 110MASH3P15-01 Impact Description and Results

The 2270P vehicle impacted the barrier at 61.5 mph (98.9kph) and at an angle of 25.0 degrees. The impact
point was 66 inches (1.7 m) upstream from the center of post 4. It was estimated that this point of impact
would provide the greatest load on post 4 based on the location of the vehicle frame and observations
from previous similar testing and computer simulations. The impact severity was 113.6 kip-ft (154 kJ).
The barrier contained and redirected the 2270P vehicle in a controlled manner and the vehicle exited the
barrier within the MASH exit box criteria. There was no indication of any pocketing of the vehicle or
snagging of the vehicle on the bridge rail. The Occupant Risk factors, Occupant Impact Velocities (OIV)
and Occupant Ridedown Accelerations (ORA) were within the MASH criteria limits. The OIVx= 13.45 ft/s
(4.1 m/s) is below the preferred limit of 30 ft/s (9.1 m/s). The OIV,= 26.9 ft/s (8.2 m/s) is close to the
preferred limit but is well below the maximum of 40 ft/s (12.2 m/s). The ORA.= -2.6 G is below the
preferred limit of 15.0 G and the ORA,=-16.9 G is below the maximum of 20.49 G.

3.1.1. Test 110MASH3P15-01 Barrier Damage

The point of impact was 66 inches (1.7 m) upstream from the center of post 4. There was minimal damage
to the barrier. The vehicle bumper first made contact at the impact point upstream of rail post 4 (see
Figure 3-2). The red contact marks on the bridge rail were from the front right tire. The green contact
marks on the bridge rail were from the rear right tire. Based on video analysis and markings on the barrier,
the vehicle stayed in contact with the bridge rail for 14 feet (4.3 m). The vehicle did not snag or pocket.
The three upper disc spring sets on post 4 went into plastic deformation during impact, thus requiring
replacement for future testing. String potentiometers (pots) were mounted on posts 3, 4, and 5 to
measure deflection. Both dynamic and static displacements were measured from the rear middle of the
top rail. See Table 3-2 for maximum dynamic and static displacements. Strain gages were installed on the
all anchor rods for posts 3, 4, and 5 to indicate stress levels during testing. See FHWA/ CA17-2557
Supplement report for strain gage and string pot results. (Strain gage and string pot measurements are
not within the scope of ISO 17025 A2LA Accreditation of the RSRG Lab)
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Figure 3-1. Point of Impact 66 inches (1.7 m) Upstream of Post 4

Table 3-2. Maximum Dynamic and Static Displacements (110MASH3P15-01)"

Post 3 Post 4 Post 5
Maximum Dynamic Displacement 0.92in (23.4 mm) 1.62in (41.0 mm) 0.38in (9.6 mm)
Static Displacement 0.05in (1.3 mm) 0.18in (4.6 mm) 0.03in (0.7 mm)

* Not within the scope of ISO 17025 A2LA Accreditation of the RSRG Lab

4

Figure 3-2. Vehicle Impact Tire Marks (Red — Front Right Tire, Green — Rear Right Tire)
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Figure 3-3. Upstream Impact View

Figure 3-4. Downstream Impact View
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Figure 3-6. Disc Spring Installed
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Figure 3-7. Posts 3, 4, and 5 String Pot Setup

Figure 3-8. String Pot Installed on Upper Post

3.1.2. Test 110MASH3P15-01 Vehicle Damage

The front right corner of the test vehicle sustained most of the damage from the impact with the side
mounted bridge rail. The bumper, headlight, hood, doors, and front and rear fenders were severely
damaged. The right front tire ruptured upon impact with the bridge rail. Both airbags deployed in the
vehicle. The right front and rear doors were wedged in and still attached but could not be opened. The
impact with the bridge rail left indentations along the pickup truck’s side relative to where it was in contact
with the rails during impact. The windshield cracked but did not separate or enter the occupant
compartment. The maximum amount of passenger compartment deformation was 1.2 inches (31 mm),
which occurred at the roof of the vehicle. The maximum amount of deformation for the floorboard and
dashboard were 0.7 inches (18 mm) and 0.7 inches (18 mm), respectively. These values are below the
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maximum MASH 2009 limits. See Appendix 8.1.6 for complete interior deformation measurements for
test 110MASH3P15-01.

Figure 3-9. 110MASH3P15-01 Dodge Ram 1500 Damage (Side)

Figure 3-10. 110MASH3P15-01 Dodge Ram 1500 Damage (Rear)
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Figure 3-11. 110MASH3P15-01 Dodge Ram 1500 Damage (Front)

Figure 3-12. 110MASH3P15-01 Dodge Ram 1500 Airbags Deploy
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Figure 3-13. 110MASH3P15-01 Dodge Ram 1500 Damage (Truck Bed)

The vehicle sustained damage from a secondary impact with a construction barrier (k-rail) that was set
about 270 feet (82 m) downstream of the target impact point to protect a high-speed video camera. The
vehicle remote braking system was applied several vehicle lengths after leaving the bridge rail but the
brake did not stop the vehicle before it hit the K-Rail. The impact with the K-Rail occurred on the front
left (drivers side) of the vehicle causing the bumper to fold under with the vehicle coming to rest on the
K-Rail. Even though the left side of the vehicle was damaged during the secondary impact, it did not cause
difficulty analyzing the damage from the primary impact with the bridge rail. The interior deformations
were still within acceptable limits.

Figure 3-14. Trajectory Towards K-Rail
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Figure 3-15. Secondary Impact on K-Rail

Figure 3-16. Vehicle Resting Location
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3.1.3. Test 110MASH3P15-01 Summary Sheet

0.280 sec 0.350 sec 0.420 sec 0.490 sec

| 2758’ (8407 m

[ Io— 76" (2316 m>
17.5" (533 m Barrier Contact 14’ (427 m) i 26.3' (8.02 m
l Exit Angle 8435 |, ., 1, P

> o W |

2503° Entry Angle
RF Tire Marks

Exit Box

16.7' (509 m

TestAgency California, Department of
Transportation
Test Number_ . 110MASH3P15-01 Post-impact Trajectory
Date. .. .. _.8/26/2015 e  Vehicle Stability____ __Satisfactory
Test Article_ __CAST-70SM Side Mounted Bridge Rail . Stopping Distance. 276 ft (84.1 m) downstream
TotalLength_ . ... 76t (23.2m) 17.5 ft (5.3 m) laterally behind
Key Elements — Barrier Vehicle Snagging None
. Description____ ... Side Mounted Bridge Rail Vehicle Pocketing. None
. Length. 120 in (3048 mm) O.C. Posts Occupant Impact Velocity
. Base Width____ . . ... 18 in (457 mm) . Longitudinal 13.45 ft/s (4.1 m/s)
. Height . ... 42in (1067 mm) . Lateral ] 26.90 ft/s (8.2 m/s)
Test Vehicle Occupant Ridedown Deceleration (10 msec avg.)
. Type/Designation___ | 2270P . Longitudinal______ -2.6G
. Make and Model .. 2007 Dodge Ram 1500 Quad Cab . Lateral - -169G
Pickup THIV ] 30.5 ft/s (9.3 m/s)
. Curb. 4867 Ib (2208 kg) PHD 16.9G
. TestInertial 5030 Ib (2282 kg) Test Article Damage___ | Minor (3 spring sets to be replaced
. Gross Static.___ ... 5038 Ib (2285 kg) Post 4)
Impact Conditions Test Article Deflections*
e Speed ... 61.5 mph (98.9 kph) e PermanentSet | 0.2iin (5 mm)
. Angle. . 25.0 deg . Dynamic______ ... 1.6in (41 mm)
e  Location/Orientation________ 66 in (1.7 m) upstream of post 4 e  WorkingWidth_____ . __ 20.25in (514 mm)
e ImpactSeverity 113.6 kip-ft (154.0 kJ) Vehicle Damage .. ... Moderate
Exit Conditions . VDS, . 01-FR-3, 03-RP-3
e Speed 53.0 mph (85.3 kph) o CDC._. 01-RFEK3, 03-RDEK1
o Angle_ . 8.1deg e  Maximum Deformation_____1.2in (31 mm) roof deformation

*String potentiometer measurements are not within the scope of ISO 17025 A2LA Accreditation of the RSRG Lab
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3.2. Test 110MASH4C15-02 Impact Description and Results

The 1100C vehicle impacted the barrier at 64.7 mph (104.1kph) and at an angle of 25.0 degrees. The
impact point was 66 inches (1.7 m) upstream from the center of post 4. An impact at this location would
help indicate possible vehicle wheel snagging on post 4. The impact speed of 64.7 mph (104.1 kph) is 0.7
mph (0.1 kph) above MASH 2009 maximum desired value. Although the speed was over the maximum
desired value, it was consider acceptable because the impact severity and ride down decelerations were
within acceptable limits. The impact severity was calculated to be 61.6 kip-ft (83.5 kl). The barrier
contained and redirected the 1100C vehicle in a controlled manner and the vehicle exited the barrier
within the MASH exit box criteria. There was no indication of any pocketing of the vehicle or snagging of
the vehicle on the bridge rail. The Occupant Risk factors, OIV and ORA were within the MASH criteria
limits. The OIVx=17.4 ft/s (5.3 m/s) is below the preferred limit of 30 ft/s (9.1 m/s). The OIV,=36.4 ft/s
(11.1 m/s) is below the maximum of 40 ft/s (12.2 m/s). The ORAx= 3.9 G is below the preferred limit of
15.0 G and the ORA,=-13.4 G is also below the preferred limit.

3.2.1. Test 110MASH4C15-02 Barrier Damage

The point of impact was 66 inches (1.7 m) upstream from the center of post 4. There was no damage to
the barrier. The vehicle bumper first made contact at the impact point upstream of rail post 4 (see Figure
3-18). The red contact marks on the bridge rail were from the front right tire. The green contact marks
on the bridge rail were from the rear right tire. The vehicle stayed in contact with the bridge rail for 10.6
feet (3.2 m). The vehicle did not snag or pocket. There were no permanent deflections on the disc springs.
String pots were mounted on posts 3, 4, and 5 to measure deflection. Both dynamic and static
displacements were measured from the rear middle of the top rail. See Table 3-3 for maximum dynamic
and static displacements. Strain gages were installed on the all anchor rods for posts 3, 4, and 5. See
FHWA/ CA17-2557 Supplement for strain gage and string pot results. (Strain gage and string pot
measurements are not within the scope of ISO 17025 A2LA Accreditation of the RSRG Lab)

Figure 3-17. Target Point of Impact 66 inches (1.7 m) Upstream of Post 4
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Table 3-3. Maximum Dynamic and Static Displacements (110MASH4C15-02)"

Post 3 Post 4 Post 5
Maximum Dynamic Displacement NA (Damaged) 0.93in (23.5 mm) 0.11in (2.7 mm)
Static Displacement 0.01in (0.3 mm) 0.03in (0.8 mm) 0.00in (0.1 mm)

* Not within the scope of ISO 17025 A2LA Accreditation of the RSRG Lab

-

Figure 3-18. Vehicle Impact Tire Marks (Red — Front Right Tire, Green — Rear Right Tire)

Figure 3-19. Upstream Impact View
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Figure 3-21. CA ST-70SM Side Mounted Bridge Rail after 1100C Vehicle
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Figure 3-22. Disc Spring Installation
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Figure 3-23. Posts 3 and 4 String Pot Mount Supports
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Figure 3-24. String Pot Installed on Base of Post

3.2.2. Test 110MASH4C15-02 Vehicle Damage

The front right corner and passenger side of the test vehicle sustained most of the damage from the
impact with the side mounted bridge rail. The whole passenger side of the vehicle made contact with the
side mounted bridge rail. The passenger headlight was completely torn off the vehicle. The bumper,
hood, doors, and front and rear fenders were severely damaged. The airbags did not deploy because the
vehicle was towed and the vehicle’s battery had been removed. The right front and rear doors were
damaged and could not be opened. The impact with the bridge rail left depressions along the vehicle’s
side relative to where it contacted the rails during impact. The windshield cracked but did not separate
or enter the occupant compartment. The maximum amount of passenger compartment deformation was
2.0inches (52 mm), which occurred at the floorboard. The maximum amount of deformation for the roof
and dashboard are 0.4 inches (10 mm) and 0.3 inches (8 mm), respectively. These values are below the
maximum MASH 2009 limits. See Appendix 8.2.6 for complete interior deformation measurements for
test 110MASH4C15-02.
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Figure 3-25. 110MASH4C15-02 Kia Rio Damage (Side)

Figure 3-26. 110MASH4CP15-02 Kia Rio Damage (Rear)
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Figure 3-28. 110MASH4C15-02 Kia Rio Interior Post Test
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Figure 3-30. Trajectory After Impact
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Figure 3-31. Vehicle in Yaw

Figure 3-32. Vehicle Resting Location
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0.120 sec 0.180 sec

0.240 sec 0.300 sec 0.360 sec 0.420 sec
| 207.8" (6334 m
76' (2316 m)
l Barrier Contactl0.6’ (323 m i 27.3" (832 m
L Exit Angle 7.2° - & i |

3.2’ 0.98 m

_______________________________ California, Department of
Transportation

_.110MASH4C15-02

 11/18/2015

CA ST-70SM Side Mounted Bridge Rail

76 ft(23.2m)

Side Mounted Bridge Rail

. Length. . 120in (3048 mm) O.C. Posts
. Base Width_____ . 18in (457 mm)
. Height 42 in (1067 mm)
Test Vehicle
. Type/Designation. 1100C
. Make and Model 2008 Kia Rio

. Curb

. TestlInertial____ ...

. Gross Static.___ .
Impact Conditions

. Speed

. Angle. .

. Location/Orientation

. Impact Severity
Exit Conditions

. Speed

. Angle

2435 |b (1104 kg)
2465 Ib (1118 kg)
2642 Ib (1199 kg)

64.7 mph (104.1 kph)

25.0 deg

66 in (1676 mm) upstream of post 4
61.6 kip-ft (83.5 ki)

59.2 mph (95.3 kph)
7.2 deg

\% ;”ﬁ_
T RF Tire Marks PR
/R =

25.0° Entry Angle

\& 328" (10 m 4 [b‘a' 457 ™ /
Post-impact Trajectory

. Vehicle Stability !
. Stopping Distance

Exit Box

Satisfactory

208 ft (63.3m) downstream
3.2 ft (1 m) laterally behind
Vehicle Snagging_ None

Vehicle Pocketing None
Occupant Impact Velocity

. Longitudinal

17.4 ft/s (5.3 m/s)

. Lateral 36.4 ft/s (11.1 m/s)
Occupant Ridedown Deceleration (10 msec avg.)

. Longitudinal_____ . 3.9G

. Lateral -13.4G
THIV 40.4 ft/s (12.3 m/s)
PHD. 134G
Test Article Damage. | NONE

Test Article Deflections*
. PermanentSet |
. Dynamic____ |
. Working Width
Vehicle Damage

. VDS

0.03in (0.8 mm)
0.93in (23.5mm)
19in (483 mm)
__________________________ Moderate

01-FR-3, 03-RP-2
01-RFEK2, 03-RDEK1
2.1in (52 mm) floorboard
deformation

*String potentiometer measurements are not within the scope of ISO 17025 A2LA Accreditation of the RSRG Lab
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3.3. Test 110MASH4S16-03 Impact Description and Results

The target point of impact for test 110MASH4S16-03 was determined from Table 2-7 of MASH 2009, which
was 60 inches (1.5 m) upstream from the center of post 3. This point would apply maximum loading to
post 3. The vehicle impacted the barrier at 56.3 mph (90.6 kph) at an angle of 15.8°. The impact severity
was 171.9 kip-ft (233.1 kJ).

Figure 3-33. Point of Impact 60 inches (1.5 m) Upstream of Post 3

3.3.1. Test 110MASH4S16-03 Barrier Damage

The single-unit truck first made contact with the barrier at the impact point, 60 inches (1.5 m) upstream
of post 3. The green marks on the barrier were from the front right tire. The red marks were from the
rear right tire. The rear of the vehicle made contact with the barrier upstream of post 2. The vehicle
stayed in contact with the bridge rail for 65.6 feet (20 m). This measurement was from where the rear of
the vehicle made contact with the rail and all along the entire length of the rail downstream. The vehicle
did not snag or pocket.

Most of the damage to the barrier was on the rails. The studs from the front right tire gouged the two
inner rails and left longitudinal dents between posts 2 and 4. The nuts for the three upper disc springs
from posts 2 and 3 were loose after contact, which meant that those upper disc spring sets went into
plastic deformation. A piece of concrete spalled right below post 3.
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Figure 3-35. 110MASH4S16-03 Approximate Size of Spalled Concrete from Post 3

String pots were mounted on posts 3, 4, and 5 to measure deflection. Both dynamic and static
displacements were measured from the rear middle of the top rail. See Table 3-4. for maximum dynamic
and static displacements. Strain gages were installed on all the anchor rods for posts 3, 4, and 5. Neither
string pots nor strain gages were installed on post 2 as the target impact location was originally planned
for farther downstream. The target impact point was ultimately moved to upstream of post 3 to address
the concern over inadequate barrier length for vehicle interaction after impact. Also, originally loading
on post 2 was not expected to be as high as post 3. However, since the upper disc springs on post 2 went
into plastic deformation the loading on post 2 was high. See FHWA/ CA17-2557 Supplement for strain
gage and string pot results. (Strain gage and string pot measurements are not within the scope of ISO
17025 A2LA Accreditation of the RSRG Lab)
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Table 3-4. Maximum Dynamic and Static Displacements (110MASH4S16-03)"

Post 3 Post 4 Post 5
NA (channel
Estimated at ~2.4 in malfunction)

Maximum Dynamic Displacement 0.71in (17.9 mm)

(61 mm) Estimated at less
than 0.1 in
NA (channel
Static Displacement 0.58in (14.7 mm) | 0.02in (0.6 mm) malfunction)

Estimated at less
than 0.1 in

* Not within the scope of ISO 17025 A2LA Accreditation of the RSRG Lab

Figure 3-37. 110MASH4S16-03 Upstream Impact View
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Figure 3-39. 110MASH4S16-03 Traveling Downstream

41



May 9, 2018
California Department of Transportation
Report No. FHWA/CA17-2557

R
Figure 3-40. 110MASH4S16-03 Impact with Fence

3.3.2. Test 110MASH4516-03 Vehicle Damage

The front right fender and right side of test vehicle sustained most of the damage from the impact with
the side mounted bridge rail. Still camera images and high-speed videos showed the test vehicle’s hood
release broke and the hood partially opened. The front right wheel detached and folded under the
vehicle. The front axle was also broken during impact. It disconnected from the vehicle with the exception
of the hydraulic steering lines, which dragged the axle underneath the front of the vehicle. The front right
headlight broke and right side of the bumper folded into the engine compartment. The right fuel tank
was also damaged from contact with the barrier. The right passenger door was damaged but it was able
to be opened.

The 10000S test vehicle sustained damage from a secondary impact with a fence that was installed
downstream of the vehicles presumed exit path. The fence was placed there to help slow the test vehicle
down. Even though the fence caused some damage during the secondary impact, it did not cause difficulty
analyzing the damage from the primary impact with the bridge rail.
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Figure 3-42. 110MASH4S16-03 Leaking Fluids from Engine Bay

The vehicle remote braking system was applied several vehicle lengths after leaving the bridge rail but the
brake did not stop the vehicle before the vehicle hit the fence. The fence used four 3/8” (10 mm) steel
cables stacked at approximately one foot (0.3 m) apart horizontally. The impact with the fence caused
some damage to the front end of the test vehicle. The fence rode over the vehicle’s hood and into the
windshield. Although the windshield was still intact, the cable broke the windshield and bent the A-pillars.
The fence was connected to the four steel cables, which were connected to two Caltrans Type 60k
portable concrete barriers (one on each side). The fence did help slow the vehicle down. The vehicle
came to rest on a berm at the north end of the test facility.
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Figure 3-44. 110MASH4S16-03 Front Right Fender
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Figure 3-46. 110MASH4S16-03 Fence into Windshield
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Figure 3-48. 110MASH4S16-03 Windshield Damage
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Figure 3-49. 110MASH4S16-03 Cab View Damage

Figure 3-50. 110MASH4S16-03 Rear View

The box did not disconnect from the frame. The ballasts did shift a few inches toward the impact side but
did not disconnect. The box also had a permanent lean towards the impact side after impact.
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Figure 3-51. 110MASH4S16-03 Permanent Box Leaning to Impact Side
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Figure 3-52. 110MASH4S16-03 Vehicle Resting Location on Berm

Figure 3-53. 110MASH4S16-03 Ballasts Shifted to Passenger Side
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Figure 3-54. 110MASH4S16-03 Alternate View of Ballast After Impact
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3.3.3. Test 110MASH4S516-03 Summary Sheet

0.000 sec (Overhead 1) 0.070 sec (Overhead 1)

0.280 sec (Overhead 2) 0.350 sec (Overhead 2) 0.490 sec (Overhead 2) 1.158 sec (Overhead 2)

60K y

275.8' (84.06 m>
76’ (2316 m>
Chain Link Fence [ Barrier Contoct 65.6' (20 m> —
| 17.9° 5S m
0° Exit Angle o POI —\| i

Mrwry Angle
RF Tire Marks 37.6' (8.41 m)
J \ Exit Box
69.1' (2106 m> ! 5t 20 !
Test Agency. o California, Department of
Transportation Post-impact Trajectory
Test Number. . 110MASH4516-03 . Vehicle Stability . Satisfactory
Date . el 8/31/2016 e Stopping Distance__________ 275.8 ft (84.1 m) downstream
TestArticle_____ CA ST-70SM Side Mounted Bridge Rail 69.1 ft (21.1 m) laterally in front
Totallength_ ____ . ... 76 ft (23.2 m) Vehicle Snagging.____ None
Key Elements — Barrier Vehicle Pocketing. None
. Description____ ... Side Mounted Bridge Rail Occupant Impact Velocity
. Length_ . 120 in (3048 mm) O.C. Posts . Longitudinal_____ | N/A
e BaseWidth . 18 in (457.2 mm) e lateral N/A
. Height . ... 42in (1066.8 mm) Occupant Ridedown Deceleration (10 msec avg.)
Test Vehicle . Longitudinal | N/A
e  Type/Designation. . 10000s . Lateral | N/A
e  Makeand Model _ . 2005 Freightliner M2 THIV. ] N/A
. Curb 14,786 |b (6707 kg) PHD N/A
. TestInertial 21,887 Ib (9928 kg) Test Article Damage_ | Moderate (6 spring sets damage at
. Gross Static.___ . 21,887 Ib (9928 kg) Posts 2 & 3)
Impact Conditions Test Article Deflections*
. Speed 56.3 mph (90.6 kph) . PermanentSet | 0.6 in (15 mm)
. Angle 15.8 deg . Dynamic________ _2.4in (61 mm)
e Location/Orientation | 60in (1.5 m) upstream of post 3 e Working Width___ ..23in (584 mm)
e ImpactSeverity . 171.9 kip-ft (233.1 kJ) Vehicle Damage___ ..Moderate
Exit Conditions . VDS ] 01-FR-4, 03-RP-03
e Speed 53.4 mph (85.9 kph) o CDC.__ 01-RFEKS, 03-RDEK1
° Angle 0.00 deg . Maximum Deformation_____ N/A

*String potentiometer measurements are not within the scope of ISO 17025 A2LA Accreditation of the RSRG Lab
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4. Discussion of Test Results
4.1. General Evaluation Methods

MASH 2009 recommends that crash test performance be assessed according to three evaluation factors:
(1) structural adequacy, (2) occupant risk, and (3) post-impact vehicular response.

The structural adequacy and occupant risk associated with the side mounted bridge rail were evaluated
using evaluation criteria found in Tables 2.2 and 5.1 of MASH 2009. The post-impact vehicular response
was evaluated using section 5.4 of MASH 2009.

4.2. Structural Adequacy

The structural adequacy of the side mounted bridge rail was acceptable for all three tests. The three
upper disc spring sets from posts 2, 3 and 4 of the bridge rail went into plastic deformation during the
2270P and 10000S impacts and required replacement. Other than replacing the top disc springs sets on
the posts, the CA ST-70SM Side Mounted Bridge Rail was functional. The anchor rods were tested after
the bridge rail was demolished. The anchor rods all passed tensile testing with the rods breaking within
or above the tensile strength specifications of 125 to 150 ksi. See Appendix 9 for Post-Impact Anchor Rod

Testing.

Refer to Table 4-1, 4-2 and Table 4-3 for the assessment summaries of the safety evaluation criteria for
the CA ST-70SM Side Mounted Bridge Rail.

4.3. Occupant Risk

The occupant risk values for the 2270P and 1100C vehicles were acceptable according to MASH criteria.
The OIV and ORA values are not included in the testing of the 10000S vehicle. The occupant compartment
was not significantly compromised in any of the three tests. The yaw, pitch, and roll of the vehicles were
within acceptable limits for all three tests.

Refer to Table 4-1, 4-2 and Table 4-3 for the assessment summaries of the safety evaluation criteria for
the CA ST-70SM Side Mounted Bridge Rail.

4.4. Vehicle Trajectory

The vehicle trajectories were acceptable for all three tests. The exit trajectories were within the required
exit box. The yaw, pitch, and roll of the vehicles were below the maximums allowed in the MASH

guidelines.

Final Intersection of Wheel Track
with Initial Traffic Face of Barrier —Vehicle Wheel Track

I Exit Box
Initial Traffic Face of Barrier

Figure 4-1. Exit Box for Longitudinal Barriers
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Refer to Table 4-1, 4-2 and Table 4-3 for the assessment summaries of the safety evaluation criteria for
the CA ST-70SM Side Mounted Bridge Rail.
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Table 4-1. 110MASH3P15-01 Assessment Summary

Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test article should contain and redirect the vehicle; the The vehicle was
vehicle should not penetrate, underride, or override the contained and PASS
installation, although controlled lateral deflection of the redirected smoothly.
test article is acceptable.
Occupant Risk
D. Detached elements, fragments, or other debris from the
test artlc!e should not penetrate or show potential for. The bridge rail did not
penetrating the occupant compartment, or personnel in
detach any elements,
a work zone. PASS
fragments, and/or other
. . . . debris
Deformations of, or intrusions into, the occupant
compartment should not exceed limits set forth in
Section 5.3 and Appendix E (MASH 2009).
Occupant RI.Sk . . . The vehicle remained
F. The vehicle should remain upright during and after . .
. . . upright during and after PASS
collision. The maximum roll and pitch angles are not to .
the collision.
exceed 75 degrees.
Occupant Risk
H. Occupant Impact Velocities (OIV) (see Appendix A, Longitudinal OIV. =
Section A5.3 (MASH 2009) for calculation procedure) ongitudina X
. o 13.45 ft/s (4.1 m/s)
should satisfy the following limits: PASS
Occupant Impact Velocity Limits, ft/s (m/s)
; Lateral OIVy =
Component Preferred Maximum 26.9 ft/s (8.2 m/s)
Longitudinal 30 ft/s 40 ft/s ' '
and Lateral (9.1 m/s) (12.2 m/s)
Occupant Risk
I.  The occupant ridedown acceleration (see Appendix A, Longitudinal ORA. =
Section A5.3 (MASH 2009) for calculation procedure) ongitudina *=
. IS -2.6G
should satisfy the following limits: PASS
Occupant Ridedown Acceleration Limits (G)
- Lateral ORAy =
Component Preferred Maximum 169G
Longitudinal 150G 20.49 G
and Lateral
Vehicle Trajectory
It is preferable that the vehicle be smoothly redirected, and
this is typically indicated when the vehicle leaves the barrier
within the "exit box". The concept of the exit box is defined
by the initial traffic face of the barrier and a line parallel to
the initial traffic face of the barrier, at a distance A plus the A=16.7ft(5.1m) PASS
width of the vehicle plus 16 percent of the length of the B=32.8ft (10m)
vehicle, starting at the final intersection (break) of the wheel
track with the initial traffic face of the barrier for a distance
of B. All wheel tracks of the vehicle should not cross the
parallel line within the distance B.
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Table 4-2. 110MASH4C15-02 Assessment Summary

Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test article should contain and redirect the vehicle; the The vehicle was
vehicle should not penetrate, underride, or override the contained and PASS
installation, although controlled lateral deflection of the redirected smoothly.
test article is acceptable.
Occupant Risk
D. Detached elements, fragments, or other debris from the
test artlc!e should not penetrate or show potential for. The bridge rail did not
penetrating the occupant compartment, or personnel in
detach any elements,
a work zone. PASS
fragments, and/or other
. . . . debris
Deformations of, or intrusions into, the occupant
compartment should not exceed limits set forth in
Section 5.3 and Appendix E (MASH 2009).
Occupant RI.Sk . . . The vehicle remained
F. The vehicle should remain upright during and after . .
. . . upright during and after PASS
collision. The maximum roll and pitch angles are not to .
the collision.
exceed 75 degrees.
Occupant Risk
H. Occupant Impact Velocities (OIV) (see Appendix A, Longitudinal OIV. =
Section A5.3 (MASH 2009) for calculation procedure) f;i';u mSa3 x=
should satisfy the following limits: 4 ft/s (5.3 m/s) PASS
Occupant Impact Velocity Limits, ft/s (m/s)
; Lateral OIVy =
Component Preferred Maximum 36.4 ft/s (11.1 m/s)
Longitudinal 30 ft/s 40 ft/s ' '
and Lateral (9.1 m/s) (12.2 m/s)
Occupant Risk
I.  The occupant ridedown acceleration (see Appendix A, Longitudinal ORA. =
Section A5.3 (MASH 2009) for calculation procedure) ongitudina T
. S 39G
should satisfy the following limits: PASS
Occupant Ridedown Acceleration Limits (G)
- Lateral ORAy =
Component Preferred Maximum 134G
Longitudinal 150G 20.49 G
and Lateral
Vehicle Trajectory
It is preferable that the vehicle be smoothly redirected, and
this is typically indicated when the vehicle leaves the barrier
within the "exit box". The concept of the exit box is defined
by the initial traffic face of the barrier and a line parallel to
the initial traffic face of the barrier, at a distance A plus the A=15.0ft (4.6 m) PASS
width of the vehicle plus 16 percent of the length of the B=32.8ft (10m)
vehicle, starting at the final intersection (break) of the wheel
track with the initial traffic face of the barrier for a distance
of B. All wheel tracks of the vehicle should not cross the
parallel line within the distance B.
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Table 4-3. 110MASH4S16-03 Assessment Summary

Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test article should contain and redirect the vehicle; the The vehicle was
vehicle should not penetrate, underride, or override the contained and PASS
installation, although controlled lateral deflection of the redirected smoothly.
test article is acceptable.
Occupant Risk
D. Detached elements, fragments, or other debris from the
test artlc!e should not penetrate or show potential for. The bridge rail did not
penetrating the occupant compartment, or personnel in
2 work zone. detach any elements, PASS
fragments, and/or other
. . . . debris
Deformations of, or intrusions into, the occupant
compartment should not exceed limits set forth in
Section 5.3 and Appendix E (MASH 2009).
Occupant Risk The vehicle remained
G. Itis preferable, although not essential, that the vehicle upright during and after PASS
remain upright during and after collision. the collision.
Vehicle Trajectory
It is preferable that the vehicle be smoothly redirected, and
this is typically indicated when the vehicle leaves the barrier
within the "exit box". The concept of the exit box is defined
by the initial traffic face of the barrier and a line parallel to
the initial traffic face of the barrier, at a distance A plus the A=276ft(8.4m) PASS
width of the vehicle plus 16 percent of the length of the B =65.6 ft (20 m)
vehicle, starting at the final intersection (break) of the wheel
track with the initial traffic face of the barrier for a distance
of B. All wheel tracks of the vehicle should not cross the
parallel line within the distance B.
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5. Conclusion

Based on the physical crash testing involved in this project, the following conclusions can be drawn:

1.

The California ST-70SM Side Mounted Bridge Rail can successfully contain and redirect a MASH
2009 2270P pickup truck impacting at 62 mph (100 km/h) and 25°.

The California ST-70SM Side Mounted Bridge Rail can successfully contain and redirect a MASH
2009 1100C small car impacting at 62 mph (100 km/h) and 25°.

The California ST-70SM Side Mounted Bridge Rail can successfully contain and redirect a MASH
2009 10000S single-unit van body truck impacting at 56 mph (90 km/h) and 15°.

Impact damage to the California ST-70SM Side Mounted Bridge Rail would require inspection of
the disc springs and replacement, if necessary. Other than the disc spring replacements, rail
damage was primarily cosmetic.

The California ST-70SM Side Mounted Bridge Rail meets the criteria set in the American
Association of State Highway and Transportation Officials’ Manual for Assessing Safety Hardware
2009 as a Test Level 4 longitudinal barrier.

6. Recommendations

During the assembly of the CA ST-70SM Side Mounted Bridge Rail to the deck, the contractor ran into
tolerance problems. The following are recommendations from Caltrans’ Division of Structure Policy and
Innovation and the Division of Research, Innovation and System Information:

1.

The vertical opening in the post for the tube railing must be 0.16 inches (4 mm) larger than the
height of the steel tube railing ASTM A500 railing has a mill tolerance of +0.12 inches (+3 mm),
thus there can be issues with the rails fitting into the posts.

Size the slotted holes to 1-1/4” x 1-9/16” to accommodate the diameter of the stud bolt weld.
This will reduce interference between the stud weld and slotted hole reducing the need for
shims.

The diameter of the railing washers should be increased to provide better support for the

nut. The updated plans in this report specify “oversized washers”.

Redesign shims so that they can be installed after rails are mounted onto the posts. One concept
considered was a shim that could slide in from the side instead of from the top. Also, the size of
the shim opening needs to be large enough to clear stud weld. Note that shims are needed only
if there is a gap between the rail and post opening after installation and may not be

needed. Future project details may not include shims.

7. Implementation

Caltrans’ Division of Structure Policy and Innovation will be responsible for the preparation of Standard
Plans (if required) and specifications for the California ST-70SM Side Mounted Bridge Rail, with technical
support from the Division of Research, Innovation and System Information.
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8. Appendix
8.1. Test 110MASH3P15-01 Vehicle Setup

8.1.1. Test Vehicle Equipment

The vehicle used for this test is a 2007 Dodge Ram 1500 ST. The gas tank was disconnected from the fuel
supply line and drained. A 12L safety gas tank was installed in the truck bed and connected to the fuel
supply line. The stock fuel tank had gaseous CO; added in order to purge the gas vapors and eliminate
oxygen.

Figure 8-1. Ballast Added to Increase CG Height

One pair of 12-volt wet cell batteries was mounted in the pickup truck. The batteries powered the GMH
DataBrick Il transient data recorders. A 12-volt deep-cycle gel cell battery powers the Electronic Control
Box.

Figure 8-2. Instrumentation Board Mounting Location
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A 4800 kPA CO; system, actuated by a solenoid valve, controlled remote braking after the impact and
emergency braking if necessary. Part of this system included a pneumatic ram, which was attached to the
brake pedal. The operating pressure for the ram was adjusted through a pressure regulator during a series
of trial runs prior to the actual test. Adjustments were made to ensure the shortest stopping distance
without locking up the wheels. When activated, the brakes could be applied in less than 100 milliseconds.

Skl

Figure 8-3. Brake Receiver

An accelerator switch was located on the rear fender of the vehicle. The switch opens an electronic
solenoid that releases compressed CO, from a reservoir into a pneumatic ram, which was attached to the
accelerator pedal. The CO, pressure for the accelerator ram was regulated to the same pressure as the
remote braking system with a valve to adjust CO; flow rate.

Figure 8-4. Brake and Gas Pedal Actuators
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A speed control device was connected in-line with the ignition module signal to the coil. It was used to
regulate the speed of the test vehicle based on the signal from the vehicle transmission speed sensor.
This device was tuned prior to the test by conducting a series of trial runs through a speed trap comprised
of two tape switches (set at a specific distance apart) and a digital timer. A microswitch was mounted
below the front bumper and connected to the ignition system. A trip plate on the ground near the impact
point triggers the switch when the truck passed over it removing power to the engine coil.

Figure 8-5. Speed Control Box Mounted to Dashboard

8.1.2. Test Vehicle Guidance System

A rail guidance system directed the vehicle into the barrier. The guidance rail, anchored at 12.5 ft (3.8 m)
intervals along its length was use to guide a mechanical arm, which was attached to the front left wheel
of each of the vehicles. A plate and lever were used to trigger the release pin on the guidance arm, thereby
releasing the vehicle from the guidance system before impact.

Figure 8-6. Rail Guidance Hub

60



May 9, 2018
California Department of Transportation
Report No. FHWA/CA17-2557

Figure 8-7. Rail Guidance System with 2270P Attached

8.1.3. Photo - Instrumentation

Several high-speed video cameras recorded the impact during the test. The high-speed video frame rates
were set to 500 frames per second. The types of cameras and their locations are shown in Figure 8-8 and
Table 8-1. The origin of the coordinates is at the intended point of impact.
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Figure 8-8. High-Speed Video Camera Locations
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Table 8-1. 110MASH3P15-01 Camera Types and Location Coordinates

Lens Coordinates
Camera Camera Camera Lens Serial
Location Make/Model | Serial No. No X y z
Vision 1.4 ft 47f | 29.9ft
V4 Resesarch 13235 14 mm | 210927 0 1.11 m) (-1 43 m) | (9 1'2 m)
Miro 110 ’ ' )
Vision
V5 Resesarch 13234 14 mm | 217706 (—_2283 :r:) (16'8(; f;) (:(;2 ::)
Miro 110 ' ) )
Olympus -11.9 ft -71.3 ft 3.9 ft
V3 iSpeed 3 1400012 1 35mm | 173792 | 3 e m) | (2274 m) | (118 m)
Olympus 96.0 ft 0.9 ft 2.9 ft
Vi iSpeed 3 1400022 1 35mm | 259936 | 956 m) | (027m) | (0.87m)
Olympus -279.8 ft 3.9 ft 4.0 ft
V2 iSpeed 3 1400014 | 85mm | 420398 | oc 5o m) | (119m) | (1.22m)

The following are the pretest procedures that were required to enable video data reduction to be
performed using the Research’s video analysis software (Phantom Camera Control):

1. Butterfly targets were attached to the top and sides of the test vehicle. The targets were located
on the vehicle at intervals of 19.7 inches (500 mm) and 39.4 inches (1000 mm). The targets
established scale factors.

2. Flashbulbs, mounted on the test vehicle, were electronically triggered to establish initial vehicle-
to-barrier contact and the time of the application of the vehicle brakes.

3. High-speed digital video cameras were all time-coded through the use of a portable computer and
were triggered as the test vehicle passed over a tape switch located on the vehicle path upstream
of impact.

8.1.4.Electronic Instrumentation and Data

Transducer data were recorded on two separate GMH Engineering, DataBrick, Model lll, digital transient
data recorders (TDRs) that were mounted on the test vehicle. These transducers included two sets of
accelerometers and two sets of angular rate sensors at the center of gravity. The TDR data were reduced
using a desktop personal computer running DADiSP 2002 version 6.0 NI NK B14 (pre-processing) and TRAP
version 2.3.10 (post-processing). Accelerometer and angular rate sensor specifications are shown in Table
8-2.
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Table 8-2. Accelerometer and Angular Rate Sensor Specifications

Type Manufacturer Model Serial # Location Range Orientation
Measurement Primary
Accelerometer - 64CM32 MS13366 CG +200g s
Specialties Longitudinal
Accelerometer Measu.ren.”nent 64CM32 MS13328 GC +200g Primary Lateral
Specialties
Measurement Primary
Accelerometer - 64CM32 MS13358 CG +200g .
Specialties Vertical
Accelerometer | Vieasurement 64CM32 MS13364 G +200g Secondary
Specialties Longitudinal
Accelerometer | Vieasurement 64CM32 MS13361 cG +200g Secondary
Specialties Lateral
Accelerometer | Vieasurement 64CM32 MS13329 cG +200g Secondary
Specialties Vertical
Angular Rate Data Acquisition ARS- ° .
ARS401 C + P Roll
Sensors Systems 1500(1000HZ) 54018 G +1500°/s | Primary Ro
Angular Rate Data Acquisition ARS- ° . .
+
Sensors systems 1500(1000H2) ARS4217 CG +1500°/s | Primary Pitch
Angular Rate Data Acquisition ARS- ° .
Sensors Systems 1500(1000Hz) | "RS3348 G +1500°/s | Primary Yaw
Angular Rate Data Acquisition ARS- °
+
Sensors Systems 1500(1000HZ) ARS3355 CG +1500°/s | Secondary Roll
Angular Rate Data Acquisition ARS- o Secondary
+
Sensors Systems 1500(1000HZ) ARS3336 6 +1500°/s Pitch
Angular Rate Data Acquisition ARS- °
Sensors Systems 1500(1000H2) ARS4019 CG +1500°/s | Secondary Yaw

A rigid stand with three retro-reflective 90° polarizing tape strips was placed on the ground near the test
article and alongside the path of the test vehicle. The strips were spaced at carefully measured intervals
of 39.4 inches (1000 mm). The test vehicle had an onboard optical sensor that produced sequential
impulses or “event blips” as the vehicle passed the reflective tape strips. The event blips were recorded
concurrently with the accelerometer signals on the TDR, serving as “event markers”. The impact velocity
of the vehicle could be determined from these sensor impulses, the data record time, and the known
distance between the tape strips. A pressure sensitive tape switch on the front bumper of the vehicle
closed at the instant of impact and triggered two events: 1) an “event marker” was added to the recorded
data, and 2) a flashbulb mounted on the top of the vehicle was activated. One set of pressure activated
tape switches, connected to a speed trap, were placed 13.1 ft (4 m) apart just upstream of the test article
specifically to establish the impact speed of the test vehicle. The layout of the pressure sensitive tape
switches and reflective tape is shown in Figure 8-9.
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Engine Cut-Off Switch —»{]

o
—> I 3
o
=
“
o
e
o
©
L
£
Rigid frame with 3
retro-reflective strips at
1.0mO.C.
Speed Trap “B” at 4.0 m O.C.
—> I

Figure 8-9. Speed Trap Tape Layout
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8.1.5. Vehicle Measurements

Table 8-3. Exterior Vehicle Measurements

Date: 8/24/2015 Test Number: 110MASH3P15-01 Model: Dodge Ram
Make: 1500 VIN: 1D7HA18N475105053
Tire Size: P245/70R17 Year: 2007 Odometer: 183719
Tire Inflation Pressure: 35psi Tape Measure Used: Tape 1
*(All Measurements Refer to Impacting Side) Vehicle Geometry - mm (inches)
1971 (77.6) b 1913 (75.3)
r G e ‘T c 5780 (227.6) d 1210 (47.6)
e 3572 (140.6) f 996 (39.2)
E & "l g T 7118 (28 h 1482  (58.3)
1 N— J i 385 (15.2) i 680 (26.8)
k 526 (20.7) | 745 (29.3)
Tost nertial C.M m 1732  (68.2) n 1715  (67.5)
Jvo Clamater - i o 1125  (443) p 125 (4.9)
" d q 755 (29.7) r 467 (18.4)
s 387 (15.2) t 1920 (75.6)
OI : LE 3 - Y Wheel Center Height Front: 361 (14.2)
l i \\ J-' ~ O M l‘ Wheel Center Height Rear: 363 (14.3)
f Wheel Well Clearance (F) 143 (5.6)
h Wheel Well Clearance (R) 220 (8.7)
e T Frame Height (F): 455 (17.9)
|V Wen . V W Frame Height (R): 643 (253)
- Engine Type: v8
Engine Size: 47L
Mass Distribution - kg (Ibs) Transmission Type:
Automatic or Manual: Automatic
FWD or RWD or 4WD: RWD
Left Front: 665.5 (1467.2) Scale: red Right Front: 626.25 (1380.6) Scale: blue
Left Rear: 45315 (999) Scale: yellow Right Rear:  462.35 (1019.3) Scale: green
Weights
kg (Ibs) Curb Test Inertial Gross Static
Weone 129175 (2847.8) 12975 (2860.4) 12989 (2863.5)
W,, 9155 (20183) 9841 (2169.5) 986.25 (2174.3)
Wigen 2207.5 (4866.6) 22816 (5030) 2285.15 (5037.8)
GVWR Ratings - kg (Ibs) Dummy Data
Front: 1679 (3701.5) Type: N/A
Back: 1770 (3902.1) Mass: N/A
Total: 3040 (6701.9) Seat Position: N/A

Note any damage prior to test: A number of quarter sized small dents are on the front bumper.
The tire were changed to replace aluminum rims. Copied from test 430MASH3P13-04-L.
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Table 8-4. CG Calculation: Curb Weight
CG Calculation Worksheet #1: Curb Weight

Make: 1500 Test Number: 110MASH3P15-01
Model: Dodge Ram Date: 8/24/2015
Year: 2007 Temperature: N/A

VIN: 1D7HA18N475105053

Fuel in Tank: 10 gal

Fuel Removed:

none W
Staff: Ali Z. |‘

Chris C.
Vue H
Wi W2 | KA
W1 = Left Front (LF) = 665.5 kg H
Scale Used: red CcG A
W2 = Right Front (RF) = 626.25 kg
Scale Used: blue
E
W3 = Left Rear (LR) = 453.15 kg X
Scale Used: yellow
W4 = Right Rear (RR) = 462.35 kg "L
Scale Used: green
.
Total Weight: W3 Wy
Wtotal (measured) = 2207.5 kg R ™| |«
Wtotal (calculated) = 2207.25 kg !{ )|
N

Distance between front wheels:

M = 1732 mm

W =W + Wy + W, + W,

Distance between rear wheels:

N = 1715 mm

H (W 3 + W 4 )E

Distance from front to rear wheels: - W Toml

E= 3572 mm ota

Distance from front wheels back to CG:

H= 1482 mm R = W, —w M + W, -~ W,)N

2 W Total

Distance from vehicle centerline to CG:
R= -12 mm

If R is negative the CG is left of center, if R is positive the CG is right of center

Curb Weight Conditions: (vehicle condition, items removed, items added, environmental conditions, etc.)
Copied from test 430MASH3P13-04-L. No spare Tire.
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Table 8-5. CG Calculation: Test Inertial Weight
CG Calculation Worksheet #2: Test Inertial Weight

Wstotal (calculated) = 2281.60 kg |4

Make: 1500 Test Number: 110MASH3P15-01
Model: Dodge Ram Date: 8/24/2015
Year: 2007 Temperature: N/A
VIN: 1D7HA18N475105053
Fuel in Tank: 0 gal M
Fuel Removed: 10 gal
Staff: Ali Z.

Chris C.

Vue H

Wi 4 W2 | KA
W1 = Left Front (LF) = 652.65 kg H
Scale Used: red gaG A
W2 = Right Front (RF) = 644.85 kg
Scale Used: blue
E
W3 = Left Rear (LR) = 486.3 kg Y| Fuel
Scale Used: yellow Tank
W4 = Right Rear (RR) = 497.8 kg r
Scale Used: green
y
Total Weight: W3 Wy 4_
Wtotal (measured) = 2281.3 kg R —>| <

Distance between front wheels:

M= 1732

Distance between rear wheels:

N = 1715

Distance from front to rear wheels:

E= 3572

m WT()taIZVI/l+VI/2+VI/3+VV:l

o L, e w
W Total

mm

Distance from front wheels back to CG:

H= 1541

(Wz — WI)M + (W4
2WTota1

W N

mm

Distance from vehicle centerline to CG:

R=1

mm

If R is negative the CG is left of center, if R is positive the CG is right of center

Test Inertial Weight Conditions: (vehicle condition, items removed, items added, environmental conditions, etc.)
Copied from test 430MASH3P13-04-L. With all equipment and ballast.
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Table 8-6. CG Calculation: Gross Static Weight
CG Calculation Worksheet #3: Gross Static Weight

Make: 1500
Model: Dodge Ram
Year: 2007
VIN: 1D7HA18N475105053
Fuel in Tank: none
Fuel Removed: none
Staff: Ali Z.
Chris C.
Vue H
W1 = Left Front (LF) = 660.6 kg
Scale Used: red
W2 = Right Front (RF) = 638.3 kg
Scale Used: blue
W3 = Left Rear (LR) = 491.3 kg
Scale Used: yellow
W4 = Right Rear (RR) = 494.95 kg
Scale Used: green
Total Weight:
Wtotal (measured) = 2285.3 kg
Wtotal (calculated) = 2285.15 kg
Distance between front wheels:
M = 1732 mm
Distance between rear wheels:
N = 1715 mm
Distance from front to rear wheels:
E= 3572 mm

Distance from front wheels back to CG:

H= 1542

mm

Distance from vehicle centerline to CG:

R= -7

mm

Test Number: 110MASH3P15-01

Date: 8/24/2015
Temperature: N/A
M
[ g
Wi 4 W2 | A
H
CcG A

D
A\ %4

J_ Fuel

Tank

W, wy| Y
R—>| |<

VI/I’otal:VI/l+VI/2+W5+VV4
H w ., + w,)E
W toa
W, -w M + W, - W,)N

2 W Total

If R is negative the CG is left of center, if R is positive the CG is right of center

Gross Static Weight Conditions: (vehicle condition, items removed, items added, environmental conditions, etc.)
Copied from test 430MASH3P13-04-L. Final vehicle weight with all equipment and ballast. No spare tire.
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Table 8-7. CG Calculation: Vertical CG Weight
CG Calculation Worksheet #4: Vertical CG Weight

Make: 1500 Test Number: 110MASH3P15-01
Model: Dodge Ram Date: 8/27/2015
Year: 2007 Temperature: N/A
VIN: 1D7HA18N475105053
Fuel in Tank: none M
Fuel Removed: none W
Staff: Ali Z. |‘
Chris C.
Vue H
Wi 4 W2l X A
W1 = Left Front (LF) = 655.3 ke H
Scale Used: red €§ A
W2 = Right Front (RF) = 640 kg
Scale Used: blue
E
WS3 = Left Rear (LR) = 494.35 kg Y| Fue
Scale Used: yellow Tank
W4 = Right Rear (RR) = 499.25 ke ’f
Scale Used: green
y
Total Weight: W3 Wy S A
Wtotal (measured) = 2288.35 kg R—™>| |«
Wtotal (calculated) = 2288.90 kg !{ )|

Distance between front wheels:

M = 1732 mm
Wroia =W + Wy + W + W,
Distance between rear wheels:
N = 1715 mm g - w ., + w ,)E
W Total

Distance from front to rear wheels:
E= 3572 mm

(Wz — WI)M + (W4 _ W3)N
2WTota1

Distance from front wheels back to CG:
H= 1551 mm

Distance from vehicle centerline to CG:
R= -4 mm

If R is negative the CG is left of center, if R is positive the CG is right of center

Gross Static Weight Conditions: (vehicle condition, items removed, items added, environmental conditions, etc.)
Copied from test 430MASH3P13-04-L. Vehicle has equipment installed for vertical CG measurement.
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Table 8-8. Vehicle CG Measurements
Vehicle Center of Gravity Measurements

Project Title: Compliance Crash Testing of Side Mounted Bridge Rail

Vehicle Test Number: 110MASH3P15-01 Model: Ram 1500
Make: Dodge Year: 2007
VIN: 1D7HA18N475105053

Vehicle Weights (Test Inertail):

Left Front Tire: 660.6 kg Right Front Tire: 638.3 kg Front Axle: 1298.9 kg
Left Rear Tire: 491.3 kg Right Rear tire: 495.0 kg Rear Axle: 986.3 kg
Ballast and Location: 55.55 kg added to front of the truck bed Total: 2285.2 kg

Vehicle Wheel Base Measurements:

Vehicle length from center of front tires to center of back tires: 3572.0 mm
Vehicle width from center of left front tire to center of right front tire: 1732.0 mm
Vehicle width from center of left rear tire to center of right rear tire: 1715.0 mm

Center of Gravity:

X: 1541.6 mm  Center of front tire to CG.
Y: -7.1 mm  The CG will be left if negative and right if positive of vehicle's center line.
Z: 711.8 mm  CG location above ground level
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Table 8-9. Pretest and Post-test Interior Floorboard Deformation Measurements

Vehicle Type 2270P Test Number 110MASH3P15-01

Make Dodge Model Ram

Year 2007 Color White

VIN # 1D7HA18N475105053

Floorboard Measurements - Dimensions in mm (inches)

) Pre-Impact Post-Impact Diference

Point X v Z X v Z BX AV aZ

[ F20 1650 (65) | 800 (31.5) | 324(12.8) | 1652(65) | 788(31) | 332(13.1 2(01) | -12(-05 8(0.3
F21 1650 (65 673 (26.5 320 (12.6 1649 (64.9) | 658(25.9) | 324(12.8 -1(0) -15 (-0.6 4(0.2
F22 1650 (65 546 (21.5 321 (12.6) 1643 (64.7 533 (21) 318(12.5 -7 (-0.3) -13 (-0.5 -3 (-0.1)
F23 1650 (65 419 (16.5 321(12.6) 1633 (64.5 404 (15.9) | 310(12.2 -11(-0.4) | -15(-0.6 -11 (-0.4)
F24 1777 (70 800 (31.5 326 (12.8 1772 (65.8 785 (30.9 334(13.1 -5(-0.2) -15 (-0.6 8(0.3
F25 1777 (70 673 (26.5 323 (12.7 1776 (65.9 657 (25.9 327 (12.9 -1(0) -16 (-0.6 4(0.2
F26 1777 (70 546 (21.5 323 (12.7 1776 (69.9 530 (20.9 320(12.6 -1(0) -16 (-0.6 -3 (-0.1)
F27 1777 (70 419 (16.5 321 (12.6 1771(69.7) | 401 (15.8 311(12.2 -6 (-0.2) -18 (-0.7 -10 (-0.4)
F28 1904 (75 800 (31.5 328 (12.9 1900 (74.8 786 (30.9 334 (13.1 -4(-0.2) -14 (-0.6 6(0.2
F29 1904 (75 673 (26.5 325(12.8 1903 (74.9 658 (25.9 327 (12.9 -1(0) -15 (-0.6 2 (0.1
F30 1904 (75) | 546 (21.5) | 325(12.8) | 1898(74.7) | 533(21) | 320(12.6) | -6(-0.2) | -13(-0.5) | -5(-0.2)
F31 2020 (79.5) | 800(31.5 280 (11) 2017 (79.4 786(30.9) | 281(11.1 -3(-0.1 -14 (-0.6 1(0)
F32 2027 (79.8) | 673(26.5) | 275(10.8 2024 (79.7 661 (26) 275(10.8 -3(-0.1 -12 (-0.5 0(0)
F33 2027 (79.8 560 (22) 275 (10.8 2022 (79.6 549 (21.6 267 (10.5 -5(-0.2 -11(-0.4 -8 (-0.3)
F34 2147 (84.5) | 637 (25.1) 215 (8.5) 2147 (84.5 622 (24.5 215 (8.5) 0(0) -15(-0.6 0(0)

\ Dashboard /

Door\

F30 F29 F28

F26

F33 F32 F31

F25

F24
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Table 8-10. Pretest and Post-test Interior Dashboard and Roof Deformation Measurements

Vehicle Type 2270pP Test Number 110MASH3P15-01
Make Dodge Model Ram
Year 2007 Color White
VIN # 1D7HA18N475105053
Dashboard Measurements - Dimensions in mm (inches)
] Pre-Impact Post-Impact Ditterence
P X Y z X Y z AX AY Az
D3 1765 (69.5) | 100 (3.9) | -537 (-21.1) | 1758 (69.2)| 90 (3.5) |-549 (-21.6)] -7(-0.3) | -10(-0.4) | -12 (-0.5)
D4 1790 (70.5) | 546 (21.5)| -465 (-18.3) | 1777 (70) | 537 (21.1) |-471 (-18.5)] -13 (-0.5) | -9 (-0.4) | -6(-0.2)
D5 1798 (70.8) | 800 (31.5)| -442 (-17.4) | 1780 (70.1)| 792 (31.2) [-452 (-17.8)] -18 (-0.7) | -8 (-0.3) | -10(-0.4)
Roof Measurements - Dimensions in mm (inches)
] Pre-Impact Post-Impact Difference
. X Y z X Y z AX AY Az
RS 1450 (57.1) | 419 (16.5)| -919 (-36.2) | 1434 (56.5) | 423 (16.7) |-931 (-36.7)] -16 (-0.6) | 4(0.2) | -12(-0.5)
R6 1450 (57.1) | 546 (21.5)| -900 (-35.4) | 1434 (56.5) | 551 (21.7) |-920 (—36.2|| -16 (-0.6) | 5(0.2) | -20(-0.8)
R7 1450 (57.1)| 673 (26.5)| -890(-35) J1419(55.9)| 681 (26.8) [-916 (-36.1)] -31(-1.2) | 8(0.3) -26 (-1)
RS 1450 (57.1) [ 800 (31.5)] -810 (-31.9) | 1432 (56.4) | 810 (31.9) [-831 (-32.7)] -18(-0.7) | 10(0.4) | -21(-0.8)
D3 D4 DS

\ Dashboard RS R6 R7 Rs/

Door \ - . /— Door
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8.1.7. Data Plots

The data plots are shown in Figure 8-10 through Figure 8-15 include the accelerometer and angular rate
sensor records from the test vehicle in test 110MASH3P15-01. They also show the velocity and
displacement curves for the longitudinal and lateral components. These plots are required to calculate
the occupant impact velocity (OIV) defined in MASH 2009. All data were analyzed using TRAP.
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X Acceleration at CG

Test Number: 110MASH3P15-01

Test Article: Side-Mounted Bridge Rail
Test Vehicle: 2007 Dodge RAM 1500
Inertial Mass: 2285 kg

Gross Mass: 2285 kg

Impact Speed: 61.5 mph

Impact Angle: 25 degrees

0.2 0.4 0.6 0.8 1.0 1.2 1.4
Time (sec)

— Time of OIV (0.0926 sec) —— SAE Class 60 Filter ‘

Figure 8-10. 110MASH3P15-01 X (Longitudinal) Acceleration at CG vs Time
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Y Acceleration at CG

10
5— [y
g 0 /\ | VVA\\/\/VVI\VA/\/\VI\A/\V \/'AVA/\A"\'\/JA/\\ JVAVNAV V,A/\WMVAAVAVW S
.S WU ‘\/\//\/ W
5§
[
3
< -104 Test Number: 110MASH3P15-01
i Test Article: Side-Mounted Bridge Rail
oy Test Vehicle: 2007 Dodge RAM 1500
T 157 Inertial Mass: 2285 kg
- Gross Mass: 2285 kg
Impact Speed: 61.5 mph
-20- Impact Angle: 25 degrees
‘25 T T T T T T T T T
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Time (sec)
— Time of OIV (0.0926 sec) —— SAE Class 60 Filter

Figure 8-11. 110MASH3P15-01 Y (Lateral) Acceleration at CG vs Time
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Z Acceleration at CG
15

107

" L N(\MM W\f\ l M e A S A B A

d R VVUVVW VVVVVW VWMNVUUUVVV"“ A A et

m Test Number: 110MASH3P15-01

Test Article: Side-Mounted Bridge Rail
Test Vehicle: 2007 Dodge RAM 1500
-107 Inertial Mass: 2285 kg

Gross Mass: 2285 kg

Impact Speed: 61.5 mph

-15- Impact Angle: 25 degrees
'20 T T T T T T T
0.2 0.4 0.6 0.8 1.0 1.2 1.4
Time (sec)

— SAE Class 60 Filter

Figure 8-12. 110MASH3P15-01 Z (Vertical) Acceleration at CG vs Time
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Roll, Pitch and Yaw Rates

1500

Test Number: 110MASH3P15-01

Test Atrticle: Side-Mounted Bridge Rail
10007 Test Vehicle: 2007 Dodge RAM 1500
Inertial Mass: 2285 kg

Gross Mass: 2285 kg

Impact Speed: 61.5 mph

Impact Angle: 25 degrees

S M A ivic oY Y VACY. SN G SRR

e LA A SO e

FLTUVE 4 et e g g e

-1000 , 1 . T . . . : :
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Time (sec)

— Roll — Pitch — Yaw

Figure 8-13. 110MASH3P15-01 Roll, Pitch, and Yaw Rates vs Time
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Roll, Pitch and Yaw Angles

10
DM/P&Q‘\ e ——— e —
T T——
-101
Test Number: 110MASH3P15-01
Test Article: Side-Mounted Bridge Rail
Test Vehicle: 2007 Dodge RAM 1500
201 Inertial Mass: 2285 kg
Gross Mass: 2285 kg
Impact Speed: 61.5 mph
Impact Angle: 25 degrees
_30_
——\\
\ //
-40 . ' . . , ; . . r
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Time (sec)
— Roll  — Pitch — Yaw

Figure 8-14. 110MASH3P15-01 Roll, Pitch, and Yaw Angles vs Time
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ASI

20

1.57

1.01

0.51

AS|

Test Number: 110MASH3P15-01

Test Article: Side-Mounted Bridge Rail
Test Vehicle: 2007 Dodge RAM 1500
Inertial Mass: 2285 kg
Gross Mass: 2285 kg
Impact Speed: 61.5 mph
Impact Angle: 25 degrees

0.2 0.3 0.4 0.5
Time (sec)

0.6

0.7 0.8 0.9

Figure 8-15. 110MASH3P15-01 Vehicle Acceleration Severity Index (ASI) vs Time
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8.2. Test 110MASH4C15-02 Vehicle Setup
8.2.1. Test Vehicle Equipment

The vehicle used for this test was a 2008 Kia Rio. Since the vehicle was towed and not self-powered, the
fuel in the gas tank was pumped out and gaseous CO, added in order to purge the fuel vapors and
eliminate oxygen. One pair of 12-volt wet cell batteries were mounted in the vehicle. The batteries
powered the GMH DataBrick transient data recorders. A 12-volt deep-cycle gel cell battery powers the
Electronic Control Box.

Figure 8-17. Backseat Removed
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A 4800 kPA CO, system, actuated by a solenoid valve, controlled remote braking after the impact and
emergency braking if necessary. Part of this system was a pneumatic ram which was attached to the
brake pedal. The operating pressure for the ram was adjusted through a pressure regulator during a series
of trial runs prior to the actual test. Adjustments were made to ensure the shortest stopping distance
without locking up the wheels. When activated, the brakes could be applied in less than 100 milliseconds.

Figure 8-19. Brake Pedal Actuator

A speed control device was connected in-line with the ignition module signal to the coil on the tow vehicle.
It was use to regulate the speed based on the signal from the vehicle transmission speed sensor. This
device was calibrated prior to the test by conducting a series of trial runs through a speed trap comprised
of two tape switches (set at a specific distance apart) and a digital timer.
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8.2.2. Test Vehicle Guidance System

A rail guidance system directed the vehicle into the barrier. The guidance rail, anchored at 12.5 ft (3.8 m)
intervals along its length was use to guide a mechanical arm, which was attached to the front left wheel
of the vehicle. A plate and lever were used to trigger the release pin on the guidance arm, thereby
releasing the vehicle from the guidance system before impact.

Figure 8-20. Rail Guidance Hub

Figure 8-21. Rail Guidance System
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Several high-speed video cameras recorded the impact during the test. The high-speed video frame rates
were set to 500 frames per second. The types of cameras and their locations are shown in Figure 8-22 and
Table 8-11. The origin of the coordinates is at the intended point of impact.

SMBR
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+ Y
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I
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I
I
=
I
I
I
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7~

INTENDED POINT

OF IMPACT

Figure 8-22. High-Speed Video Camera Locations

Entry Angle

~/

Table 8-11. 110MASH3P15-01 Camera Types and Location Coordinates

Lens Coordinates
Camera Camera Camera Lens serial
Location Make/Model | Serial No. No X v z
Vision
V4 Resesarch 13235 14 mm | 210927 (03'92]:;) (__1431) (;913 ::‘)
Miro 110 ’ ' )
Vision
V5 Resesarch 13234 14 mm | 217706 ('_261543) (_'16}'315'(;) ( ;91'3 :)
Miro 110 ) ’ )
Olympus -4.2 ft -69.9 ft 3.9 ft
v3 iSpeed 3 1400012 | 35mm | 173792 1 4 59y | (2129 m) | (1.17 m)
Olympus 111.0 ft 0.6 ft 2.9 ft
vi iSpeed 3 1400022 | 35mm | 259936 | 3393m) | (0.15m) | (0.87m)
Olympus -303.8 ft 0.3ft 5.1ft
v2 iSpeed 3 1400014 | 85mm | 420398 | o5 sem) | (0.08m) | (1.56m)

The following are the pretest procedures that were required to enable video data reduction to be
performed using the Research’s video analysis software (Phantom Camera Control):

1. Butterfly targets were attached to the top and sides of the test vehicle. The targets were located
on the vehicle at intervals of 19.7 inches (500 mm) and 39.4 inches (1000 mm). The targets
established scale factors.

2. Flashbulbs, mounted on the test vehicle, were electronically triggered to establish initial vehicle-

to-barrier contact and the time of the application of the vehicle brakes.

3. High-speed digital video cameras were all time-coded through the use of a portable computer and
were triggered as the test vehicle passed over a tape switch located on the vehicle path upstream
of impact.
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8.2.4. Electronic Instrumentation and Data

Transducer data were recorded on two separate GMH Engineering, Data Brick, Model Ill, digital transient
data recorders (TDRs) that were mounted on the test vehicle. These transducers included two sets of
accelerometers and two sets of angular rate sensors at the center of gravity. The TDR data were reduced
using a desktop personal computer running DADiSP 2002 version 6.0 NI NK B14 (pre-processing) and TRAP
version 2.3.10 (post-processing). Accelerometer and angular rate sensor specifications are shown in Table
8-12.

Table 8-12. Accelerometer and Angular Rate Sensor Specifications

Type Manufacturer Model Serial # | Location | Range | Orientation
Measurement Primary
Accelerometer . 64CM32 MS13366 CG +200 L
Specialties Longitudinal
Measurement Primary
Accelerometer o 64CM32 MS13328 GC +200
Specialties Lateral
Measurement Primary
Accelerometer L 64CM32 MS13358 CG +200 )
Specialties Vertical
Measurement Secondary
Accelerometer L 64CM32 MS13364 CG +200 .
Specialties Longitudinal
M t S d
Accelerometer | © ool emeNt e cM32 | Ms13361 | CG +200 | >eeondany
Specialties Lateral
Measurement Secondary
Accelerometer . 64CM32 MS13329 CG +200 :
Specialties Vertical
Angular Rate Data ARS
Acquisiti ) ARS4018 CG +1500 | Pri Roll
Sensors cquisttion 1 4 550(1000H2) rimary 1o
Systems
Data
Angular Rat ARS- Pri
NEUIAr Rate 1 acquisition ARS4217 |  CG £1500 rimary
Sensors 1500(1000HZ) Pitch
Systems
Data
Angular Rate . ARS- ,
Acquisition ARS3348 CG 11500 | Primary Yaw
Sensors 1500(1000HZ)
Systems
Angular Rate Data ARS Secondar
& Acquisition ARS3355 CG +1500 y
Sensors 1500(1000H2Z) Roll
Systems
Angular Rate Data ARS Secondary
Acquisiti ARS3336 CG +1500
Sensors cquisttion 1 4 550(1000H2) Pitch
Systems
Angular Rate Data ARS Secondar
& Acquisition ARS4019 |  CG £1500 y
Sensors 1500(1000HZ) Yaw
Systems

A rigid stand with three retro-reflective 90° polarizing tape strips was placed on the ground near the test
article and alongside the path of the test vehicle. The strips were spaced at carefully measured intervals
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of 39.4 inches (1000 mm). The test vehicle had an onboard optical sensor that produced sequential
impulses or “event blips” as the vehicle passed the reflective tape strips. The event blips were recorded
concurrently with the accelerometer signals on the TDR, serving as “event markers”. The impact velocity
of the vehicle could be determined from these sensor impulses, the data record time, and the known
distance between the tape strips. A pressure sensitive tape switch on the front bumper of the vehicle
closed at the instant of impact and triggered two events: 1) an “event marker” was added to the recorded
data, and 2) a flashbulb mounted on the top of the vehicle was activated. One set of pressure activated
tape switches, connected to a speed trap, were placed 13.1 ft (4 m) apart just upstream of the test article
specifically to establish the impact speed of the test vehicle. The layout for all of the pressure sensitive
tape switches and reflective tape is shown in Figure 8-23.

Engine Cut-Off Switch —» ]

K]
—> I 3
o
=
L
o
e
o
©
L
£
Rigid frame with 3
retro-reflective strips at
1.0mO.C.
Speed Trap “B” at 4.0 m O.C.
—> I

Figure 8-23. Speed Trap Tape Layout
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Table 8-13. Exterior Vehicle Measurements

Date: Oct. 6, 2015 Test Number: 110MASH4C15-02 Model: Rio
Make: Kia VIN: KNADE123386322346

Tire Size: P185/65R14 Year: 2008 Odometer: 116422
Tire Inflation Pressure: 32 psi Tape Measure Used: Tape #1

*(All Measurements Refer to Impacting Side)

Vehicle Geometry - mm (inches)

a 1671 (65.8) b 1436 (56.5)
i ( 4246 (167.2) d 922 (36.3)
T3 e 2497  (983) f 826 (32.5)
o |n| <} ' n/a n/a h 97209 (38.3)
i 179 (7) i 685 (27)
=== k 281  (11.1) | _ 615 (24.2)
m 1470 (57.9) n 1443 (56.8)
o 693 (27.3) p 109 (4.3)
P =3 -, T q 575 (22.6) r 388 (15.3)
il [' [“”‘,ﬁ . ) s 297  (11.7) t 1680  (66.1)
T - (J‘ " Wheel Center Height Front: 268 (10.6)
: | 4T B R e ? | Wheel Center Height Rear: 282 (11.1)
s T Wheel Well Clearance (F) 123 (4.8)
P - Wheel Well Clearance (R) 144 (5.7)
o Frame Height (F): 165 (6.5)
Frame Height (R): 175 (6.9)
Engine Type: 4 gylinder
Engine Size: 16L
Transmission Type:
Automatic or Manual: manual
FWD or RWD or 4WD: FWD
Mass Distribution
Left Front: 33% Scale: red Right Front: 30% Scale: green
Left Rear: 19% Scale: yellow Right Rear: 19% Scale: blue
Weights
kg (Ibs) Curb Test Inertial Gross Static
Wi 6939 (1529.8) 682.7 (1505.1) 723.3 (1594.6)
W 4105 (904.9) 4352 (959.4) 475.2 (1047.6)
W, 11044 (243456) 11179 (24645) 11985 (2642.2)
GVWR Ratings Dummy Data
Front: 867 kg 1918 |bs Type: 50th hybrid Il Test Dummy
Back: 850 kg 1874 lbs Mass: 171 Ibs (78 kg)
Total: 1650 kg 3638 lbs Seat Position: Passenger side
Note any damage prior to test: No damage.
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Table 8-14. CG Calculation: Curb Weight

CG Calculation Worksheet #1: Curb Weight

Make: Kia
Model: Rio
Year: 2008
VIN: KNADE123386322346
Fuel in Tank: 25% tank
Fuel Removed: none
Staff: Jean V.
Chris C.
Ali Z.
David W.
W1 = Left Front (LF) = 363.2 kg
Scale Used: red
W2 = Right Front (RF) = 330.7 kg
Scale Used: green
W3 = Left Rear (LR) = 198.45 kg
Scale Used: yellow
W4 = Right Rear (RR) = 212 kg
Scale Used: blue
Total Weight:
Wtotal (measured) = 1104.45 kg
Wtotal (calculated) = 1104.35 kg
Distance between front wheels:
M = 1470 mm
Distance between rear wheels:
N = 1443 mm
Distance from front to rear wheels:
E= 2497 mm

Distance from front wheels back to CG:
H= 928.05 mm

Distance from vehicle centerline to CG:
= -12.78 mm

R =

Test Number: 110MASH4C15-02

Date: Oct. 6, 2015
Temperature: 73°F
M
[ g
Wi W2 I A
H
CG A

P n N
€U

Fuel
Tank

\V3 \V4 ______!1__
R—>| < U
>

Wi = Wi + W, + W, + W,

otal —

_ W, s )E
- WTotal

H

(Wz _ WI)M + (W4 _ W3)N
2WTOml

If R is negative the CG is left of center, if R is positive the CG is right of center

Curb Weight Conditions: (vehicle condition, items removed, items added, environmental conditions, etc.)

As received: spare tire included
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Table 8-15. CG Calculation: Test Inertial Weight

CG Calculation Worksheet #2: Test Inertial Weight

Make: Kia Test Number: 110MASH4C15-02
Model: Rio Date: Oct. 22, 2015
Year: 2008 Temperature: 73°F
VIN: KNADE123386322346
Fuel in Tank: 25% M
Fuel Removed: No fuel removed 4
Staff: Jean V. |‘
Chris C.
David W.
Vue H. Wi W | kA&
W1 = Left Front (LF) = 360.6 ke H
Scale Used: red ga(; A
W2 = Right Front (RF) = 322.1 kg
Scale Used: green
E
W3 = Left Rear (LR) = 212.95 kg Fuel
Scale Used: yellow Tank
W4 = Right Rear (RR) = 222.25 kg r
Scale Used: blue
y
Total Weight: W3 Wy S
Wtotal (measured) = 1118.25 kg R —)| <
Wtotal (calculated) = 1117.9 kg !{ )|
N

Distance between front wheels:

M = 1470 mm —

Wrota = Wi + Wy + W + W,

Distance between rear wheels:

N = 1443 mm o w ., + w,)E

W Total

Distance from front to rear wheels:

E= 2497 mm

R (W2_W1)M +(W4_W3)N

Distance from front wheels back to CG: - W

H= 972.09 mm Toua

Distance from vehicle centerline to CG:
R= -19.31 mm

If R is negative the CG is left of center, if R is positive the CG is right of center

Test Inertial Weight Conditions: (vehicle condition, items removed, items added, environmental conditions, etc.)

Note: Spare tire, rear seats, carpet, trunk carpet, and rear plastic panel removed. Fuel tank was % full,
guide hub installed on front left wheel, and all instrumentation installed in vehicle.
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Table 8-16. CG Calculation: Gross Static Weight

CG Calculation Worksheet #3: Gross Static Weight

Make: Kia
Model: Rio
Year: 2008
VIN: KNADE123386322346
Fuel in Tank: 25%
Fuel Removed: No fuel removed
Staff: Jean V.
Chris C.
David W.
Vue H.
W1 = Left Front (LF) = 371.1 kg
Scale Used: red
W2 = Right Front (RF) = 352.2 kg
Scale Used: green
W3 = Left Rear (LR) = 224.9 kg
Scale Used: yellow
W4 = Right Rear (RR) = 250.3 kg
Scale Used: blue
Total Weight:
Wtotal (measured) = 1198.5 kg
Wtotal (calculated) = 1198.5 kg
Distance between front wheels:
M = 1470 mm
Distance between rear wheels:
N = 1443 mm
Distance from front to rear wheels:
E= 2497 mm

Distance from front wheels back to CG:
H = 990.05 mm

Distance from vehicle centerline to CG:
R= 3.70 mm

Test Number: 110MASH4C15-02
Date: Oct. 22, 2015
Temperature: 73°F

g

[
Wy Wy Y Y

®)
a

Pan
U

Fuel
Tank

W, Wy | Y
R—>| |«

W

otal —

W+ W, + W, + W,

W, +w.,)JE
W rotal

(Wz - WI)M + (W4 W3)N

2 W Total

If R is negative the CG is left of center, if R is positive the CG is right of center

Gross Static Weight Conditions: (vehicle condition, items removed, items added, environmental conditions, etc.)

Dummy added.
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Table 8-17. Pretest and Post-test Interior Floorboard Deformation Measurements

Vehicle Type 1100C Test Number 110MASH4C15-02
Make Kia Model Rio
Year 2008 Color Black
VIN # KNADE123386322346
Floorboard Measurements - Dimensions in mm (inches)
Point Pre-Impact Fost-lmpact Difference
X Y Z X Y. Z AX AY AZ
F1 850 (33.5) J§ 400(15.7) § -181(-7.1) § 852(33.5) | 400(15.7) § -183(-7.2) 2(0.1) 0(0) -2(-0.1)
F2 850(33.5) § 550(21.7) | -183(-7.2) 838 (33) 547 (21.5) | -194 (-7.6) -12 (-0.5) -3(-0.1) -11 (-0.4)
F3 850(33.5) | 700(27.6) § -184(-7.2) | 840(33.1) | 695(27.4) | -192(-7.6) | -10(-0.4) -5 (-0.2) -8 (-0.3)
F4 850(33.5) | 800(31.5) | -183(-7.2) | 846(33.3) | 792(31.2) | -190(-7.5) -4 (-0.2) -8 (-0.3) -7(-0.3)
F5 1000 (39.4) § 400 (15.7) -204 (-8) J 1000 (39.4) § 409 (16.1) § -191(-7.5) 0(0) 9(0.4) 13 (0.5)
F6 1000 (39.4) | 550(21.7) | -184(-7.2) | 988(38.9) | 539(21.2) | -190(-7.5) | -12(-0.5) -11(-0.4) -6 (-0.2)
F7 1000 (39.4) | 700(27.6) | -192(-7.6) | 993 (39.1) | 688(27.1) § -196(-7.7) -7(-0.3) -12 (-0.5) -4(-0.2)
F8 1000 (39.4) | 800 (31.5) | -197(-7.8) | 996(39.2) | 791(31.1) | -199(-7.8) -4(-0.2) -9 (-0.4) -2(-0.1)
F9 1150 (45.3) | 400(15.7) | -196(-7.7) J 1138 (44.8) | 402 (15.8) | -144(-5.7) -12 (-0.5) 2(0.1) 52 (2)
F10 1150 (45.3) | 550(21.7) | -184(-7.2) § 1139 (44.8) 534 (21) -186 (-7.3) | -11(-0.4) -16 (-0.6) -2(-0.1)
F11 1150 (45.3) ] 700(27.6) | -191(-7.5) § 1145(45.1) | 691(27.2) | -196 (-7.7) -5(-0.2) -9 (-0.4) -5(-0.2)
F12 1150 (45.3) | 800(31.5) | -191(-7.5) J 1150(45.3) | 786 (30.9) | -190(-7.5) 0(0) -14 (-0.6) 1(0)
F13 1300 (51.2) § 550(21.7) -179(-7) J 1290 (50.8) § 516(20.3) § -175(-6.9) | -10(-0.4) -34 (-1.3) 4(0.2)
F14 1300 (51.2) | 700(27.6) | -181(-7.1) 1295 (51) 678 (26.7) -179 (-7) -5(-0.2) -22 (-0.9) 2(0.1)
F15 1300 (51.2) § 800 (31.5) § -180(-7.1) § 1300 (51.2) § 780(30.7) -178 (-7) 0(0) -20(-0.8) 2(0.1)
F16 1450 (57.1) | 550(21.7) || -105(-4.1) | 1430 (56.3) | 523 (20.6) -90 (-3.5) -20(-0.8) -27 (-1.1) 15 (0.6)
F17 1450 (57.1) | 700 (27.6) -85(-3.3) | 1415(55.7) | 675 (26.6) -72 (-2.8) -35(-1.4) -25 (-1) 13 (0.5)
\ Dashgclaard oD b /

Door \

90

/ Door
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Table 8-18. Pretest and Post-test Interior Dashboard and Roof Deformation Measurements

Vehicle Type 1100C Test Number 110MASH4C15-02

Make Kia Model Rio

Year 2008 Color Black

VIN # KNADE123386322346

Dashboard Measurements - Dimensions in mm (inches)

Point Pre-Impact Post-Impact Difference
X Y Z X Y 4 AX AY AZ

D1 1076 (42.4) | 200(7.9) | 532(20.9) | 1084 (42.7) | 196(7.7) | 534 (21) 8(0.3) -4 (-0.2) 2(0.1)
D2 1047 (41.2) | 400(15.7) | 532(20.9) § 1052 (41.4) | 395(15.6) | 530(20.9) 5(0.2) -5(-0.2) -2(-0.1)
D3 1115(43.9) | 550(21.7) | 532 (20.9) 1118 (44) 546 (21.5) 533 (21) 3(0.1) -4 (-0.2) 1(0)
D4 1118 (44) 700 (27.6) | 519 (20.4) 1118 (44) 695 (27.4) | 526 (20.7) 0(0) -5(-0.2) 7(0.3)
DS 1106 (43.5) | 800(31.5) | 515(20.3) J 1105 (43.5) | 797 (31.4) | 523 (20.6) -1(0) -3(-0.1) 8(0.3)

Roof Measurements - Dimensions in mm (inches

Point Pre-Impact Fost-lmpact Difference
X Y Z X Y 7 4 AX AY AZ
R1 730(28.7) § 400(15.7) § 921(36.3) | 738(29.1) § 400(15.7) § 925 (36.4) 8(0.3) 0(0) 4(0.2)
R2 730(28.7) | 550(21.7) § 911(35.9) § 739(29.1) § 551(21.7) | 912 (35.9) 9(0.4) 1(0) 1(0)
R3 730(28.7) § 700(27.6) § 891(35.1) § 740(29.1) § 703(27.7) | 895(35.2) 10(0.4) 3(0.1) 4(0.2)
R4 467 (184 550(21.7) | 979 (38.5) | 470(18.5) | 553(21.8) | 979 (38.5) 3(0.1) 3(0.1) 0(0)
RS 475 (18.7 700 (27.6) | 900 (35.4) | 481 (18.9) 710 (28) 901 (35.5) 6(0.2) 10(0.4) 1(0)

e e 5
\ Dashgéard o - . DS/

Door \ / Door
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8.2.7.Data Plots

The data plots are shown in Figure 8-24 through Figure 8-29 include the accelerometer and angular rate
sensor records from the test vehicle in test 110MASH4C15-02. They also show the velocity and
displacement curves for the longitudinal and lateral components. These plots are required to calculate
the occupant impact velocity (OIV) defined in MASH 2009. All data were analyzed using TRAP.
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Test Number: 110MASH4C15-02

Test Article: Side-Mounted Bridge Rail

Test Vehicle: 2008 Kia Rio
Inertial Mass: 1117.9 kg
Gross Mass: 1193.5 kg
Impact Speed: 64.7 mph
Impact Angle: 25 degrees
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Figure 8-24. 110MASH4C15-02 X (Longitudinal) Acceleration at CG vs Time
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Y Acceleration at CG
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Figure 8-25. 110MASH4C15-02 Y (Lateral) Acceleration at CG vs Time
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Vertical Acceleration (G)
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Figure 8-26. 110MASH4C15-02 Z (Vertical) Acceleration at CG vs Time
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Roll, Pitch and Yaw Rates
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Figure 8-27. 110MASH4C15-02 Roll, Pitch, and Yaw Rates vs Time
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ASI

3.0

2.57

Test Number: 110MASH4C15-02
Test Atrticle: Side-Mounted Bridge Rail
20 Test Vehicle: 2008 Kia Rio

Inertial Mass: 1117.9 kg

Gross Mass: 1193.5 kg

Impact Speed: 64.7 mph

1.5 Impact Angle: 25 degrees
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Figure 8-29. 110MASH4C15-02 Vehicle Acceleration Severity Index (ASI) vs Time
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8.3. Test 110MASH4S16-03 Vehicle Setup
8.3.1. Test Vehicle Equipment

The vehicle used for this test is a 2005 Freightliner M2. The vehicle had two diesel fuel tanks, one on each
side. The impact (passenger) side fuel tank was disconnected, drained, and purged with CO; gas to
eliminate fuel vapors and oxygen. Fuel in the driver’s side tank remained and was used to supply fuel to
the engine during the test. In addition to being self-powered, the vehicle was also pushed with a 2001
Ford F350 Super Duty truck because the allowable runway length was not sufficient for the self-powered
vehicle to reach the desired test speed.

Figure 8-30. 110MASH4S16-03 F350 Push Vehicle and the 10000S Test Vehicle

One pair of a 12-volt wet cell batteries were mounted in the vehicle on the instrumentation board. The
batteries powered the GMH DataBrick transient data recorders. A 12-volt deep-cycle gel cell battery
powered the Electronic Control Box. A 4800 kPA CO; system, actuated by a solenoid valve, controlled
remote braking after the impact and emergency braking if necessary. Part of this system was a pneumatic
ram which was attached to the brake pedal. The operating pressure for the ram was adjusted through a
pressure regulator during a series of trail runs prior to the actual test. Adjustments were made to ensure
the shortest stopping distance without locking up the wheels. When activated, the brakes could be
applied in less than 100 milliseconds.

An accelerator switch was located on the rear left of the vehicles cargo box. The switch opens an
electronic solenoid that releases compressed CO, from a reservoir into a pneumatic ram, which was
attached to the accelerator pedal. The CO; pressure for the accelerator ram was regulated to the same
pressure as the remote braking system with a valve to adjust CO; flow rate. Speed control was
accomplished by Holt of California in West Sacramento, California; Caterpillar engine service center. The
service center reprogramed the speed governor to not exceed the target speed of 56 mph.

Three 5 feet by 5 feet by 2 inch (1.5 m by 1.5 m by 51 mm) steel plates were used as ballast. Each plate
weighed approximately 2000 Ibs (907 kg). They were mounted uniformly across the length and width of
the cargo bed using 8 threaded rods through the bed to c-channel brackets under the bed. The ballast
center of gravity height was at 64 inches (1626 mm).
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Figure 8-32. 110MASH4S16-03 Vehicle Ballast Mounted in with C-Channels Sections
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Figure 8-33. 110MASH4S16-03 Vehicle Ballast CG Height (Red Laser at 64 inches)

The rear of the van body had a lift gate which was welded to the frame, thus shear plates were only
mounted toward the front of the cargo box. Two shear plates, one on each side of the frame were
mounted 48 inches (1219 mm) from the front of the cargo box to the middle of the plates. The shear
plates are 20” x 4” x 3/8” (508 mm x 102 mm x 10 mm) HRLC steel plates, cut at 45° angles on each end
and were mounted with 4-5/8” (117 mm) grade 8 bolts. All reinforcements were installed in accordance
with the guidelines in Ford’s 2005 Body Builder Layout Book.

Figure 8-34. 110MASH4S16-03 Shear Plates
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Figure 8-37. 110 MASH4S16-01 Brake and Gas Pedal Actuators
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8.3.2. Test Vehicle Guidance System

The same rail guidance system as previous tests was used to direct the vehicle into the barrier. The
guidance rail, anchored at 12.5 ft (3.8 m) intervals along its length was used to guide a mechanical arm,
which was attached to the front left wheel of the vehicle. A plate and lever were used to trigger the
release pin on the guidance arm, thereby releasing the vehicle from the guidance system before impact.

Figure 8-39. 110MASH4S16-03 Rail Guidance System with 10000S Disengaged
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8.3.3. Photo — Instrumentation

Several high-speed video cameras recorded the impact during the test. The high-speed video frame rates
were set to 500 frames per second. The types of cameras and their locations are shown in Figure 8-40
and Table 8-19. 110MASH4S16-03 Camera Types and Location Coordinates. The origin of the coordinates
is at the intended point of impact.

SMBR —, + Y

Vi Entry Angle

= INTENDED POINTRS
OF IMPACT B

Figure 8-40. High-Speed Video Camera Locations

Table 8-19. 110MASH4S16-03 Camera Types and Location Coordinates

Camera Lens Coordinates
Camera Camera Serial Lens Serial
Location Make/Model No. No. X v z
Vision
V4 Resesarch 13235 14 mm 210927 élfr:‘t) (_27';:) (39047:3
Miro 110 ) ) )
Vision
V5 Resesarch 13234 14 mm | 217706 ('iléGrit) (_'g '(7) :rt]) (fg Z :;)
Miro 110 ) ) )
Olympus -9.2 ft -90.6 ft
V3 Speed 3 1400012 | 20mm | 217706 (28m) | (-27.6m) N/A
Olympus 97.0 ft 1.3 ft
V1 Speed 3 1400022 | 35mm | 259936 (296 m) 0.4 m) N/A
Olympus 28-200 @ -345.8 ft -5.5 ft
V2 iSpeed 3 1400014 200 mm 402495 (-105.4m) | (-1.7 m) N/A

The following are the pretest procedures that were required to enable video data reduction to be
performed using the Vision Research’s video analysis software (Phantom Camera Control):

1. Butterfly targets were attached to the top and sides of the test vehicle. The targets were located
on the vehicle at intervals of 19.7 inches (500 mm) and 39.4 inches (1000 mm). The targets
established scale factors.

2. Flashbulbs, mounted on the test vehicle, were electronically triggered to establish initial vehicle-
to-barrier contact and the time of the application of the vehicle brakes.

High-speed digital video cameras were all time-coded through the use of a portable computer and were
triggered as the test vehicle passed over a tape switch located on the vehicle path upstream of impact.
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8.3.4. Electronic Instrumentation and Data

Transducer data were recorded on two separate GMH Engineering, Data Brick, Model Ill, digital transient
data recorders (TDRs) that were mounted on the test vehicle. These transducers included two sets of
accelerometers and two sets of angular rate sensors. One set of sensors was located in the cab of the
vehicle 104.6 inches (2658 mm) in front and 0.9 inches (24 mm) to the right of the vehicle’s center of
gravity (CG). The other set of sensors was in the cargo bed of the vehicle located 64.3 inches (1634 mm)
in front and 0.9 inches (24 mm) to the right of the vehicle’s CG. The TDR data were reduced using a
desktop personal computer running DADISP 2002 version 6.0 NI NK B14 (pre-processing) and TRAP version
2.3.10 (post-processing). Accelerometer and angular rate sensor specifications are shown in Table 8-21.

The following table indicates where on the single-unit truck the sensors were mounted:

Table 8-20. 110MASH4S16-03 Sensor Locations

Sensor Mount
Location from CG X v z
2658 mm 24 mm
Truck Cab (104.6 inches) (0.9 inches) N/A
In Front of CG Right of CG
1634 mm 24 mm
Cargo Box (64.3 inches) (0.9 inches) N/A
In Front of CG Right of CG
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Table 8-21. Accelerometer and Angular Rate Sensor Specifications

Location Type Manufacturer Model Serial # Range | Orientation
Measurement o
Accelerometer . 64CM32 MS13366 | +200g | Longitudinal
Specialties
Measurement
Accelerometer o 64CM32 MS13328 | +200g Lateral
Specialties
Measurement
Accelerometer . 64CM32 MS13358 | +200g Vertical
Specialties
Data
Truck Angular Rate ARS-
Acquisition ARS4018 | + ° Roll
Cab Sensors . 1500(1000HZ) 1500%/s
Systems
Dat
AngularRate |\ u?s?cion ARS- ARS4217 | +1500°/ Pitch
Sensors g 1500(1000H2) . >
Systems
Data
AngularRate | - isition ARS- ARS3348 | +1500°/ Yaw
Sensors a 1500(1000HZ) * i
Systems
Measurement o
Accelerometer . 64CM32 MS13364 | +200g | Longitudinal
Specialties
Measurement
Accelerometer . 64CM32 MS13361 | +200g Lateral
Specialties
Measurement .
Accelerometer . 64CM32 MS13329 | £200g Vertical
Specialties
Dat
Cargo AngularRate |\ u?s?cion ARS- ARS3355 | +1500°/ Roll
Box Sensors . 1500(1000H2) . >
Systems
Data
AngularRate | - isition ARS- ARS3336 | +1500°/ Pitch
Sensors a 1500(1000HZ) * i
Systems
Data
AngularRate | isition ARS- ARS4019 | +1500°/ Yaw
Sensors a 1500(1000H2) 8 ;
Systems

A rigid stand with three retro-reflective 90° polarizing tape strips was placed on the ground near the test
article and alongside the path of the test vehicle. The strips were spaced at carefully measured intervals

of 39.4 inches (1000 mm). The test vehicle had an onboard optical sensor that produced sequential
impulses or “event blips” as the vehicle passed the reflective tape strips. The event blips were recorded

concurrently with the accelerometer signals on the TDR, serving as “event markers”. The impact velocity
of the vehicle could be determined from these sensor impulses, the data record time, and the known
distance between the tape strips. A pressure sensitive tape switch on the front bumper of the vehicle
closed at the instant of impact and triggered two events: 1) an “event marker” was added to the recorded
data, and 2) a flashbulb mounted on the top of the vehicle was activated. One set of pressure activated
tape switches, connected to a speed trap, were placed 13.1 ft (4 m) apart just upstream of the test article
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specifically to establish the impact speed of the test vehicle. The layout for all of the pressure sensitive

tape switches and reflective tape is shown in Figure 8-41.

Speed Trap “B” at 4.0 m O.C.

Engine Cut-Off Switch —» ]

Direction of Travel

Rigid frame with 3
retro-reflective strips at
1.0mO.C.

Figure 8-41. Speed Trap Tape Layout
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8.3.5. 2005 Freightliner M2 Vehicle Measurements

Table 8-22. Exterior Vehicle Measurement

Date: 6/29/2016 Test Number: 110MASH4516-03 Model: Freightliner
Tire Size Front: 11R225 Odometer: 196523 Make: Business Class M2
Tire Size Rear: 11R225 VIN: 1FVACWDC35HU87193 Year: 2004
Tire Inflation Pressure: Tape Measure Used: #1884 CLE: DRISI 1502
t c
n u W v
]
7 N\ b 9
1 - | U —
(¢}
[ + s i Q =) I
m
m f L
a -1 s © d
Vehicle Geometry - mm (inches) Tape Measure Used: #l1&#4
a) 2333 (91.9) j) 755 (29.7) s) 870 (34.3)
b) 3818 (150.3) k) 529 (20.8) 1) 2436 (95.9)
c) 9972 (392.6) ) 1284 (50.6) u) 2698 (106.2)
d) 2961 (116.6) m) 2070 (81.5) v) 6960 (274)
e) 5966 (234.9) n) 1800 (70.9) w) 65 (2.6)
f) 1044 (41.1) o) 1335 (52.6) x) 2483 (97.8)
g) (0) p) 14 (0.6) y) 850 (33.5)
h) 3436 (135.3) q) 1025 (40.4) z) 1318 (51.9)
i) 390 (15.4) r) 590 (23.2) aa) 1844 (72.6)
Weights - kg (Ibs) Wheel Center
Curb Test Inertial Gross Static Height Front: -~ .
Weont axes 2844 (6269.8) 3239 (7140.7) 3239 (7140.7) Wheel Center 525 (20.7)
Wirear axet 3863 (8516.3) 6689 (14746.5) 6689  (14746.5) Height Rear: .
Wioma 6707 (14786.2) 9928  (21887.1) 9928 (21887.1) Wheel Well 170 6.7
Clearance (FR): 6.7)
Wheel Well
Clearance (RR): 10 (67)
Ballast: 31425 (6927.9) Scale: blue Engine Type: C7, Diesel
Engine Size: L6, 7.2L
Transmission Type:
Automatic
RWD
Mass Distribution
Left Front 1618 (3567) Scale: green Right Front 1621 (3573.6) Scale: red
Left Rear 3474 (7658.7) Scale: blue Right Rear 3215 (7087.7) Scale: yellow

Note any damage prior to test:

Roll-up door has minor damage on low left side. Cargo box has damage on top passenger side

corner. Dent on top back or cargo bed.
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Table 8-23. 2005 Freightliner M2 CG Calculation: Curb Weight
CG Calculation Worksheet #1: Curb Weight

Make: Freightliner
Model: Business Class M@
Year: 2004
VIN: 1FVACWDC35HU87193
Fuel in Tank: 1/4 tank
Fuel Removed: none
Staff: C Caldwell
J Williams

W1 = Left Front (LF) = 1352 kg
Scale Used: red
W2 =Right Front (RF) = 1492 kg
Scale Used: blue
W3 = Left Rear (LR) = 1962 kg
Scale Used: yellow
W4 =Right Rear (RR) = 1901 kg
Scale Used: green
Total Weight:

Wtotal (measured) = 6707 kg

Wtotal (calculated) = 6707 kg

Distance between front wheels:
M = 2070 mm

Distance between rear wheels:
N = 1844 mm

Distance from front to rear wheels:
E= 5966 mm

Distance from front wheels back to CG:
H= 3436 mm

Distance from vehicle centerline to CG:
R= 13 mm

Test Number: 110MASH4S516-03

Date: 6/29/2016
Temperature: 85 °F
A
H
CG ,
H ——L
E
Fuel
Tank
,« |
W3 Wy Y
R—)‘ <
2 >
WTotal :VK +VVZ +VV3 +VV:¥
H — (W 3 + W 4 )E
W Total

— (Wz _WI)M + (W4 _W3)N

2 W Total

If R is negative the CG is left of center, if R is positive the CG is right of center

Gross Static Weight Conditions: (vehicle condition, items removed, items added, environmental conditions, etc.)

As purchased, no additions. Used new 40,000 Capacity Roadrunner Scales.
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Table 8-24. 2005 Freightliner M2 CG Calculation: Test Inertial Weight (same as Gross Static Weight)
CG Calculation Worksheet #2: Test Inertial Weight

Make: Freightliner Test Number: 110MASHA4S16-03
Model: Business Class M2 Date: 8/26/2016
Year: 2004 Temperature:
VIN: 1FVACWDC35HU87193
Fuel in Tank: 1/8th of a tank M
Fuel Removed: none
Staff: John W.
Chris C.
Wil 4 W2l A A
W1 = Left Front (LF) = 1618 kg H
Scale Used: green g}c '
W2 =Right Front (RF) = 1621 kg
Scale Used: red
E
W3 = Left Rear (LR) = 3474 kg Y| Fuel
Scale Used: blue Tank
W4 = Right Rear (RR) = 3215 kg ,f
Scale Used: yellow
‘V
Total Weight: W3 Wy
Wtotal (measured) = 9929 kg R—)| <
Wtotal (calculated) = 9928 kg !{ )‘

Distance between front wheels:

M = 2070 mm _
Wrowa = Wi + Wy + W + W,
Distance between rear wheels:
N= 1844 mm H - W, +w,)E
W Total
Distance from front to rear wheels:
E= 5966 mm
R = (Wz — WI)M + (W4 — Ws)N
Distance from front wheels back to CG: -
2 W Total
H= 4019.6 mm

Distance from vehicle centerline to CG:
R= -23.7 mm

If R is negative the CG is left of center, if R is positive the CG is right of center

Test Inertial Weight Conditions: (vehicle condition, items removed, items added, environmental conditions, etc.)
All equipmentinstalled and ballastinstalled.
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8.4. Anchor Bolt/Nut Torque Tension Testing

The Division of Engineering Services requested that a 10-kip pre load be established on each anchor bolt
that connects the side-mounted post to the deck. It was decided that a click adjustable torque wrench
would be used to set the torque on each of the anchor bolts. A Skidmore-Wilhelm? bolt tension machine
(Model: ML, SN: 9682) was utilized to establish the requisite torque associated with a 10-kip load.

Testing was performed with the Skidmore-Wilhelm bolt tension machine clamped to a steel table. An
anchor bolt, two disk springs, and two nuts were sampled from side-mount bridge rail hardware and
placed in the tension machine as shown in the pictures below. Other than the blue coating, no additional
lubrication was used during the torqueing. The adjustment dial on the torque wrench was increased until
the applied torque corresponded with a 10,000 |b reading on the Skidmore Wilhelm gage. The
corresponding torque required to reach the 10,000 Ib load was 158 ft-lbs. Both the procedure and the
results were repeated using a second nut.

Figure 8-42. Skidmore-Wilhelm Bolt Tension Machine

1The Skidmore-Wilhelm bolt tension machine was verified in the Caltrans Structural Materials Lab using a
Calibrated Instron 67kip Universal Tensile/Compression test machine.
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Figure 8-44. Disc Spring View

The Skidmore-Wilhelm bolt tension machine was verified in the Caltrans Structural Materials Lab using a
Calibrated Instron 67kip Universal Tensile/Compression test machine. Compression in the Instron
machine was brought to three levels (5k, 10k, 15k) and reading was verified in the tension machine dial.
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Table 8-25. Disc Spring Design Information

ROLEX SPRI NG Conical Disc Spring Design
Predicted Load and Stress by Deflection
ENGINEERING DESIGN ANALYSIS Engineering Load Design Analysis
Date  14-Jan-15
Customer Name |CALIFORNIA DOT Deflection| Height Load Stresses
Cust. Part No.  |BRIDGE RAIL SFRING in in in S1 Comp. | S2 Tension Tension
Contact Name DAVID WHITESEL inches inches pounds psi psi psi
Customer Phone Ext. _0.0000 | 0.6250 | 0.0 0 0 [
Customer Fax 0.0191 0.6059 6880.1 141,615 13,185 54,140
0.0382 0.5868 13034.2 279,262 22,400 106,500 | |
0.0573 0.5677 18500.6 412938 27,64¢ 157,079
Supplier Part No. | 0.0765 0.5485 | 23317.4 | 542,646 28,923 205,877 |Y
Prepared by Ext. 0.0956 | 0.5294 | 27523.0 | 668,385 26,231 252,895 M
Material Type (6150 Spring Steel 0.1147 0.5103 311554 | 790,154 19,569 298,132 |M
Load Type Pounds 0..338 0.4912 34252.9 907,954 8,935 341,588 |M
Parts in Series 1 inParallel] 1 0..529 0.4721 36853.8 | 1,021,785 [C| 5,661 383,263 _|M
Total # of parts 1 Appl. Type| Dyramic 0.1720 0.4530 | 38996.1 | 1131646 |C| 24,231 423,158 |M
INCH NM 0.1911 | 0.4339 | 40718.2 [1,237,538 C| 46,769 461,272 M
Outside Dia. 4,984 126.6 0.2102 0.4148 42058.2 | 1,339,461 |C| 73,277 497,605 |M
Inside Dia. 1.507 333 0.2294 0.3956 | 43054.3 | 1,437,415 [C| 103,754 532,158 [M
Thickness 0.2430 632 0.248 03755 | 437448 | 1,531,400 [C| 138,200 564,930 [M
Overall Height 0.6250 15,88 0.267 03574 | 44167.8 | 1,621,415 [C| 176,615 595921 |M
Bearing Flat OD 0.000 0.00 0.2867 | 0.3333 | 44361.6 [1,707,461 C| 219,000 |Y 625,132 M
Bearing Flat ID | 0.000 0.00 0.3 03192 | 443644 | 1,789,538 |C| 265354 |M 561 |M
Radius 0.042 107 0.3243 03001 | 442143 | 1867,646 |[C| 315677 M| 678,210 |M
Pc. weight Ibs. 1.2535 Newtons| 5.562 0.3440 0.2810 | 43945.6 | 1,941,784 [C| 369,969 |M[ 702,079 |M
0.3632 0.2618 | 43608.4 | 2,011,954 [C[ 428,230 [M[ 724,167 |M
OD @ Flat 124.43 0.3823 | 0.2427 | 43229.1 [ 2,078,154 C| 490,461 |M| 744,474 |M
ID @ Flat [ 1510 | Max stress yield Is identified “M", Design Max with "Y~ Compression yleld with "C".
A Theoretical Calculations ~ Yields
Poisson| ___ 0.30] Maximum (M) h[__0.376
Spring Rate [(113,086 | Ibs/inch  E Modulus| 22,700,000 Design Margin (Y) h/t|_1510 |
| Using | Target | Load |S1Comp.| [ S2Tension | S3 Tension |
Deflection ||
o Tssues 1 /07 p g
Load is in_Pounds <> Deflection is in_Inches
R OE R R XX EE XX EEEEE xnterna|u’.°n|y L E T
Load Vs. Deflection Diagram
soone T I ===c==c=! ==
1 - 1 I e —=
45000
pu— } -
= = -
—— - ~ =
35000 = = =
30000 +—— = - - Z=
3 4
20000 —~
v 4 —e—d
15000 - -
e —
ll - — -
10000 —|
Il o
5000 L
=7 : |
0.0000 0.0282 0.076¢ 0.1147 01588 gon 8911 0.2294 0.2676 0.308 0.3440 0.3823
Engineering Load Design Analysis
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8.6. Finite Element Modeling
8.6.1.0bjective

The purpose of this document is to record the RSRG Lab’s experience with finite element modeling and
analysis. Finite element (FE) analysis was performed using Livermore Software Technology Corporation’s
(LSTC) LS-Dyna, which is a commercial finite element program commonly used for crashworthiness
analysis. The purpose of the modeling was to build finite element models that would represent their real
world counterparts.

8.6.2.Barrier Models

A number of models were developed to represent different elements of the Side Mounted Bridge Rail
research project. All the models were processed with LS-Dyna. All of the models were designed to
simulate American Association of State Highway and Transportation Officials (AASHTO) Manual for
Assessing Safety Hardware (MASH) required testing of longitudinal barriers to Test Level 4. The CA ST-
70SM Side Mount Bridge Rail is 42 inches (1.07 m) high and consists of four steel beams. The top and
bottom rails are 8 inch (203 mm) by 3 inch (76 mm) steel tubes and the middle two rails are 8 inch (203
mm) by 4 inch (102 mm) steel tubes. Each post is mounted to the side of a bridge deck with five anchor
bolts. On each of the anchor bolts are two disc springs that reduce the effective stiffness of the post,
allowing the rails to distribute more of the load to adjacent posts and lessening damage to the bridge deck
during an impact. An oversight was made in the model regarding the application of a 10,000 Ib¢ (44,500
N) preload to all of the anchor bolts. This preload was applied to the actual test article by torqueing all
the bolts to 158 ft-Ibs (214 N-m). The barrier models did not have this preload applied to the bolts.

8.6.2.1. Disc Springs

In order to understand the affects that the two disc springs per bolt have on the bridge rail system, four
spring models where built. All models had the springs between two plates. The bottom plate was
constrained so that there was no translation or rotation in any direction. The top plate was allowed to
move in the z-direction only, to apply a load to the springs. Two of the models consisted of a single spring
and two of the models consisted of two springs stacked on top of each other, see Figure 8-47 and Figure
8-48. The single spring models had a load that started at zero and was ramped up 5,000 |bs/sec (2,270
kg/sec) until a maximum load of 50,000 Ibf (222,400 N) was reached. The stacked springs models had a
load that started at zero and was ramped up 10,000 lbs/sec (4,540 kg/sec) until a maximum load of
100,000 Ibf (444,800 N) was reached. All of the material properties of the spring model where based on
the properties on AlSI 6150 spring steel. AISI 6150 spring steel has a yield strength around 105 ksi (720
MPa). One single spring model and one stacked spring model have material definitions that include the
105 ksi (720 MPa) yield strength. The other single spring model and stacked spring model have material
definition that match the yield strength that was given in the Rolex Spring’s Conical Disc Spring Design
Analysis. The yield strength provided by Rolex Spring was 200 ksi (1,380 MPa).
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Figure 8-47. Single Disc Spring Model

Figure 8-48. Double Disc Spring Model

8.6.2.2. SMBR Shell Model with Springs

Only the anchor bolts, anchor bolt washers, and disc springs were solid elements in the CA ST-70SM Shell

Model with Springs.

Figure 8-49. SMBR Shell Model With Springs

8.6.2.3. SMBR Solid Model with Springs

All elements in the CA ST-70SM Solid Model with Springs simulation are solid elements.
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("

Figure 8-50. SMBR Solid Model With Springs

8.6.2.4. CA ST-70SM Solid Model without Springs

The CA ST-70SM Solid Model without Springs is the same as the CA ST-70SM Solid Model with Springs
model except that the disc springs have been removed. There was a possibility that the CA ST-70SM Side
Mount Bridge Rail system would be tested without the disc springs on the anchor bolts. It was ultimately
decided that this testing was not needed. Although testing was not conducted on the CA ST-70SM without
springs, simulations of this testing were performed and the results are included in the summaries below.

Figure 8-51. SMBR Solid Model Without Springs

8.6.3.Vehicle Models

All vehicle models were provide by the National Crash Analysis Center’s (NCAC) Finite Element Model
Archive webpage, http://www.ncac.gwu.edu/vml/models.html. This section will list which models were
used and how they were modified.

8.6.3.1. 2270P Truck

The truck model used for any MASH 2270P truck test simulations was the 2270-kg 2007 Chevy Silverado
version 2 that was posted February 27, 2009. The only change to the vehicle model was to increase the
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velocity of the vehicle model to match the required speed for a MASH Test Level 4 longitudinal barrier
test. For this test the 2270P truck will impact the barrier at a speed of 62.2 mph (100 km/h) at an angle
of 25 degrees.

Figure 8-52. 2270P Truck

8.6.3.2. 1100C Car

The car model used for any MASH 1100C car test simulations was the 1100-kg 2010 Toyota Yaris that was
posted November 17, 2014. The only change to the vehicle model was to increase the velocity of the
vehicle model to match the required speed for a MASH Test Level 4 test. For this test the 1100C car will
impact the barrier at a speed of 62.2 mph (100 km/h) at an angle of 25 degrees.

Figure 8-53. 1100C Car

8.6.3.3. 10000S Single-Unit Van Truck

The single-unit van truck model used for any MASH 10000S single-unit van truck test simulations was the
Ford Single Unit Truck that was posted November 3, 2008. This model is of a 1996 Ford 18,000 lbs (8,150
kg) van body truck which was designed to meet the properties of the NCHRP Report 350 8000S single-unit
van truck. The NCAC website did not have a MASH 10000S model when this report was written.
Therefore, the Ford Single Unit Truck was modified in the following ways. The shape of the ballast in the
bed of the truck was changed so that the ballast’s center of gravity was 63 inches (1,600 mm) above the
ground. The density of the ballast was increased so that the total mass of the truck was 22,050 lbs (10,000
kg). The wheelbase and overall length of the truck were not changed. Therefore, the wheelbase is short
29.5 inches (750 mm) and the overall length is short 51.2 inches (1,300 mm) of the properties given in
MASH for a 10000S truck. The velocity of vehicle model was increased to match the required speed for a
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MASH Test Level 4 test. For this test the 10000S truck will impact the barrier at a speed of 56 mph (90
km/h) at an angle of 15 degrees.

Figure 8-54. 10000S Single-Unit Van Truck

8.6.4.Comparing Modeling Data to Real World Data
8.6.4.1. Disc Springs

On February 11, 2015 a test of the disc springs for the CA ST-70SM Side Mounted Bridge Rail project was
conducted. The purpose of the testing was to compare the displacement versus load curves for a single
disc spring and for a stack of two disc springs with the displacement versus load curve provided by the
manufacturer, Rolex Spring. Since these results were available the results of the simulations were
included in the overall analysis of the disc springs.

Figure 8-55. Spring Testing etup

Figure 8-57 shows the load versus displacement curves for the single disc springs tests, simulations, and
the data provided by Rolex Spring. Test 1 and Test 2 are the results of testing two springs independently.
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Each spring was placed in a materials testing machine that applied a load and measured the deflection.
The machine applied the load in 2,000 Ibf (8,900 N) increments until it reached 30,000 Ibf (133,500 N).
After 30,000 Ibf (133500 N) the applied load was increased to 5,000 Ibf (22,200 N) increments. Both tested
springs have similar curves, deflected about 0.16 inches (4 mm) before flattening, and had a maximum
load between 28,000 Ibf (124,600 N) and 30,000 Ibf (133,500 N). Test 1 and Test 2 springs had about 67%
of the maximum load provided by the Rolex Spring design data. Both of the simulation models had similar
curves to the Rolex Spring design data but reached their maximums at lower loads. For the single spring
simulation where the spring material had the yield strength defined as 105 ksi (720 MPa) the spring
reached its maximum load around 29,000 Ibf (129,000 N) and deflection of about 0.10 inches (3 mm)
before flattening. The 105 ksi (720 MPa) single spring simulation had about 67% the maximum load of
the Rolex Spring design data. The single spring simulation with the yield strength of 200 ksi (1,380 MPa)
reached its maximum load around 35,000 Ibf (155,700 N) and deflection of about 0.15 inches (4 mm)
before flattening. The 200 ksi (1,380 MPa) single spring simulation had about 78% the maximum load of
the Rolex Spring design data.

Figure 8-56. Springs for Test 1 and Test 2
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All Single Spring Tests and Rolex Data

50,000.00

45,000.00

40,000.00

35,000.00

30,000.00 /

25,000.00 f_

20,000.00 //////

15,000.00 // / ——Rolex Single Spring Data
—Test1

Load (Lbs)

10,000.00 Test 2 -
// ——Simulation Single Spring 200 ksi
5,000.00 —— Simulation Single Spring 105 ksi
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

Deflection (Inch)

Figure 8-57. Graph of All Single Disc Spring Tests and Models

Figure 8-59 shows the load versus displacement curves for the double disc springs test, simulations, and
modified Rolex Spring design data. The Rolex Spring design data was modified by doubling the load over
the same deflection to represent two disc springs stacked on top of each other. Test 3 is the result of
testing two springs stacked on top of each other. The two springs were placed in a materials testing
machine that applied a load and measured the deflection. The machine applied the load in 2,000 Ibf
(8,900 N) increments until it reached 30,000 Ibf (133,500 N). After 30,000 Ibf (133,500 N) the applied load
was increased to 5,000 Ibf (22,200 N) increments. Test 3 deflected about 0.23 inches (6 mm) before
flattening, and had a maximum load around 60,000 Ibf (267,000 N). Test 3 had about 69% of the maximum
load provided by the modified Rolex Spring design data. The double spring simulation with the yield
strength of 105 ksi (720 MPa) reached its maximum load around 42,000 Ibf (187,000 N) and deflection of
about 0.13 inches (3 mm) before flattening. The 105 ksi (720 MPa) single spring simulation had about
48% the maximum load of the modified Rolex Spring design data. The double spring simulation with the
yield strength of 200 ksi (1,380 MPa) reached its maximum load around 52,000 Ibf (231,300 N) and
deflection of about 0.17 inches (4 mm) before flattening. The 200 ksi (1,380 MPa) single spring simulation
had about 60% the maximum load of the modified Rolex Spring design data.
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Figure 8-58. Spring for Test 3
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Figure 8-59. Graph of All Double Disc Spring Tests and Models
8.6.4.2. 2270P Truck

This section compares the FE modeling to the full scale crash testing of the CA ST-70SM Side Mounted
Bridge Rail and a 2270P truck. Section 8.6.4.2.1 compares the movement of the test article between the
FE models and the full scale test. Section 8.6.4.2.2 compares the analyzed data from the FE models and
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the full scale test. Section 8.6.4.2.3 is a visual comparison of the FE modeling and the full scale test. Table
8-26 shows the differences between the vehicle used in testing and the vehicle model used in the finite
element modeling.

Table 8-26. Center of Gravity for 2270P Truck Test Vehicle and LS-Dyna Finite Element Model

Vehicle Type X* Yx* z Mass Wheel Base

60.7 inches 0.0 inches 28.0 inches 5028 Ibs 140.6 inches

Test 110MASH3P15-01 2007 Dodge Ram 1500 (1541 mm) (1 mm) (712 mm) (2281 kg) (3572 mm)
. . 65.7 inches -0.4 inches 28.6 inches 5004 Ibs 144.1 inches

2270P Vehicle Models 2007 Chevrolet Silverado (1670 mm) (-11 mm) (726 mm) (2270 kg) (3660 mm)

* Behind centerline of front tire
** Negative means CG is on the driver side of the vehicle’s centerline

8.6.4.2.1. Test Article Movement

When comparing the full scale test to the two FE models of the Bridge Rail with springs, only the solid
model of the barrier has similar test article movement. Movement in the full scale test article was
measured by string potentiometers. The top rail had a dynamic deflection of 1.62 inches (41 mm) and a
static displacement of 0.18 inches (5 mm). The top of the test article in the Shell Model with Springs
simulation had a dynamic deflection of 0.5 inches (13 mm) and a static deflection of 0.04 inches (1 mm).
The barrier in the shell model’s reaction was very stiff, even stiffer than the test article in the Solid Model
without Springs Truck model.

The top of the test article in the Solid Model with Springs simulation had a dynamic displacement of 2.3
inches (59 mm) and the static displacement was not measured because the test article was still moving
when the simulation was stopped.

Although the CA ST-70SM SMBR system without the disc springs was not tested, the results of the FE
model without the springs is included in Table 8-27. The top of the barrier in the Solid Model without
Springs Truck simulation had a dynamic displacement of 0.63 inches (16 mm) and a static displacement of
0.08 inches (2 mm). These results appear reasonable since the system is more rigid without the disc
springs on the anchor bolts.

Table 8-27. Test Article Movement Comparison Full Scale and FE Model Results for 2270P with Disc
Springs

Maximum Test Article
Movement

Test 110MASH3P15-01

Shell Model with Springs
Truck

Solid Model with Springs
Truck

Solid Model without
Springs Truck

Top Rail Dynamic
Deflection

1.62 inches (41 mm)

0.5 inches (12 mm)

2.3 inches (59 mm)

0.63 inches (16 mm)

Top Rail Static
Displacement

0.18 inches (5 mm)

0.04 inches (1 mm)

Barrier Still Moving
When Simulation was
Stopped

0.16 inches (4 mm)
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8.6.4.2.2. TRAP Data Comparison

The accelerometer and angular rate sensor data gathered during the full scale test and the FE modeling
were processed with Test Risk Assessment Program (TRAP) and an SAE class 180 filter. See Table 8-28 for
all of the TRAP results including the results of the Solid Model without Springs Truck simulation.

When Test 110MASH3P15-01 is compared to the results of the Shell Model with Springs Truck simulation
the majority of the test data differs from the simulation. The TRAP results for the simulation tend to be
higher than the test results. While the crash test was within the MASH evaluation criteria the simulation
would have been considered a failure due to the Lateral Ridedown Acceleration being 25.7 G which is
higher than the maximum of 20.49 G allowed in MASH.

When comparing the results of Test 110MASH3P15-01 to the Solid Model with Springs Truck simulation
the majority of the test data differs slightly from the simulation data. The simulation TRAP results still
tend to be higher than the test results but of the data is within the evaluation criteria provided by MASH.

Although the CA ST-70SM Side Mounted Bridge Rail system was not tested without the disc springs on the
anchor bolts, the CA ST-70SM SMBR simulation Solid Model without Springs Truck can still be compared
to Test 110MASH3P15-01. Most of the results are similar but the longitudinal and lateral accelerations
were much higher in the simulation. The Lateral Ridedown Acceleration was 21.7 G which is higher than
the maximum allowed in MASH and would be considered a failure. However the simulation results are
high compared to testing.
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Table 8-28. TRAP Results Data Comparison for Full Scale and FE Models for 2270P Truck (Absolute

Values)
Data Results MASH Criteria Test 110MASH3P15- SheII.ModeI with Solld.ModeI with Solid Model without
01 Springs Truck Springs Truck Springs Truck
Longitudinal Preferred =9.1 m/s
Occupant !mpact Max = 12.2 m/s 4.1m/s 2.6m/s 3.5m/s 3.5m/s
Velocity
Lc';? dgel';u:vlvnnal Preferred =15.0 G
Acceleration Max =20.49 G 266G 936G 456 106G
10 msec Average
Preferred =9.1 m/s
Lateral Occupant
Impact Velocity Max=12.2 m/s 8.2m/s 8.9m/s 8.6 m/s 6.3 m/s
Lateral Ridedown Preferred = 15.0 G
Acceleration Max = 20.49 G 169G 257G 19.7G 217G
10 msec Average
PHD n/a 16.9G 259G 19.8G 21.7G
ASI n/a 1.88 2.05 1.9 1.89
Max Roll <75 Degrees 6.8 degrees 19.7 degrees 20.5 degrees 17.1 degrees
Max Pitch <75 Degrees 2.3 degrees 4.9 degrees 4.4 degrees 5.7 degrees
Max Yaw n/a 38.3 degrees 38.7 degrees 35.0 degrees 42.7 degrees
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Figure 8-60. Graph of Roll Angles for Full Scale and FE Model TRAP Results for 2270P Truck
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Figure 8-61. Graph of Pitch Angles for Full Scale and FE Model TRAP Results for 2270P Truck
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Figure 8-62. Graph of Yaw Angles for Full Scale and FE Model TRAP Results for 2270P Truck
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Figure 8-63. Graph of Roll Rates for Full Scale and FE Model TRAP Results for 2270P Truck

Crash Test and FE Models Pitch Rates

1500
—— 110MASH3P15-01 Test Data
—— FE Shell Model with Springs
1000
——FE Solid Model with Springs
FE Solid Model Without Springs
500 [
| Jﬂ ' | )
’1 'ﬂ“ *‘ ("W‘ W,"“”’" 1 W
l | S e
!' i M
-500
-1000
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Time (sec)

Figure 8-64. Graph of Pitch Rates for Full Scale and FE Model TRAP Results for 2270P Truck
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Crash Test and FE Models Yaw Rates
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Figure 8-65. Graph of Yaw Rates for Full Scale and FE Model TRAP Results for 2270P Truck
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Figure 8-66. Graph of Longitudinal Accelerations for Full Scale and FE Model TRAP Results for 2270P
Truck
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Crash Test and FE Models Y Accelerations with a SAE Class 60 Filter
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Figure 8-67. Graph of Lateral Accelerations for Full Scale and FE Model TRAP Results for 2270P Truck
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Figure 8-68. Graph of Vertical Accelerations for Full Scale and FE Model TRAP Results for 2270P Truck
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Crash Test and FE Models X Velocity with a SAE Class 60 Filter
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Figure 8-69. Graph of Longitudinal Velocities for Full Scale and FE Model TRAP Results for 2270P Truck
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Figure 8-70. Graph of Lateral Velocities for Full Scale and FE Model TRAP Results for 2270P Truck
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8.6.4.2.3. Visual Comparison

Figure 8-71 shows a comparison of the full scale test and the FE model simulations for the 2270P truck.
The images of the full scale test were flipped for the purposes of a visual comparison, impact was on the
passenger side. In all the simulations and the actual test the vehicle and barrier appear to interact
similarly. All of the vehicles remain upright and have similar exit trajectories.
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Figure 8-71. Visual Comparison of Actual Crash Test and Simulations for 2270P Truck
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8.6.4.3. 1100C Car

This section compares the FE modeling to the full scale crash testing of the CA ST-70SM Side Mounted
Bridge Rail and an 1100C car. Section 8.6.4.3.1 compares the movement of the test article between the
FE models and the full scale test. Section 8.6.4.3.2 compares the analyzed data from the FE models and
the full scale test. Section 8.6.4.3.3 is a visual comparison of the FE modeling and the full scale test. Table
8-29 shows the differences between the vehicle used in testing and the vehicle model used in the finite
element modeling.

It was deemed unnecessary to continue to run simulations with the CA ST-70SM SMBR Shell Model with
springs. The primary reason for this was the stiffness of the test article.

Table 8-29. Center of Gravity for 1100C Car Test Vehicle and LS-Dyna Finite Element Model

Vehicle Type X* y** z Mass Wheel Base
I 972 mm -19 mm 1118 kg 2497 mm
110MASHAC15-02 2008 Kia Rio (38.3 inches) (0.8 Inches) N/A (2465 Ibs) (98.3 inches)
. . 1035 mm -4 mm 1100 kg 2538 mm
1100C Vehicle Models 2010 Toyota Yaris (40.7 inches) (0.2 Inches) N/A (2425 Ibs) (99.9 inches)

* Behind centerline of front tire
** Negative means CG is on the driver side of the centerline

8.6.4.3.1. Test Article Movement

Both the full scale test and the FE model of the CA ST-70SM SMBR with springs have similar test article
movement. Movement in the full scale test article was measured by string potentiometers. The top rail
had a dynamic deflection of 0.93 inches (24 mm) and a static displacement of 0.03 inches (1 mm). The
top of the test article in the Solid Model with Springs simulation had a dynamic deflection of 1.33 inches
(34 mm) and a static deflection of 0.10 inches (2.5 mm) See Table 8-30 for a tabulated comparison.

Although the CA ST-70SM SMBR system without the disc springs was not tested, the results of the FE
model without the springs is included in Table 8-30. The top of the barrier in the Solid Model without
Springs 1100C Car simulation had a dynamic displacement of 0.33 inches (8 mm) and a static displacement
of 0.09 inches (2 mm). These results appear reasonable since the system is more rigid without the disc
springs on the anchor bolts.

Table 8-30. Test Article Movement Comparison Full Scale and FE Model Results for 1100C

Maximum Test Article Movement | Test 110MASH4C15-02 | Solid Model with Springs 1100C Car Solid Model Wltizl:t Springs 1100C
Top Rail Dynamic Deflection 0.93 inches (24 mm) 1.33 inches (34 mm) 0.33 inches (8 mm)
Top Rail Static Displacement 0.03 inches (1 mm) 0.10 inches (3 mm) 0.09 inches (2 mm)

8.6.4.3.2. TRAP Data Comparison

The accelerometer and angular rate sensor data gathered during the full scale test and the FE modeling
were processed with Test Risk Assessment Program (TRAP) and an SAE class 180 filter. When the data
from the full scale test is compared to the FE models the majority of the results are similar. Only the
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Lateral Ridedown Acceleration and the PHD were different; about 1.5 times higher than the full scale test.
The Lateral Ridedown Acceleration in the simulation exceeds the maximum allowed by MASH, therefore
the simulation resulted in a failure. See Table 8-31 for all of the TRAP results.

Included in Table 8-31 are the results of the Solid Model without Springs 1100C Car simulation. The
majority of the results are similar to the full scale test except for the Lateral Ridedown Acceleration. The
simulation would fail due to the Lateral Ridedown Acceleration of 23.4 G exceeding the MASH criteria of
20.49 G.

Table 8-31. TRAP Data Comparison for Full Scale and FE Model TRAP Results for 1100C (Absolute

Values)
. . . Solid Model without
Data Results MASH Criteria Test 110MASHac15-02 | >°Nid Model with Springs Springs
1100C Car
1100C Car
- Preferred =9.1 m/s
Longitudinal Occupant
Impact Velocity Max =12.2 m/s 5.3 m/s 4.6m/s 4.7m/s
Longitudinal Ridedown Preferred =15.0 G
Acceleration Max = 20.49 G 39G 3.6G 59G
10 msec Average
Preferred =9.1 m/s
Lateral Occupant Impact
Velocity Max = 12.2 m/s 11.1m/s 9.7 m/s 8.7m/s
Lateral Ridedown Preferred =15.0 G
Acceleration Max = 20.49 G 13.4G 21.0G 23.4G
10 msec Average
PHD n/a 134G 21.1G 235G
AS| n/a 2.92 2.46 2.27
Max Roll <75 Degrees 6.0 degrees 5.7 degrees 6.5 degrees
Max Pitch <75 Degrees 3.2 degrees 2.3 degrees 2.7 degrees
Max Yaw n/a 42.7 degrees 40.9 degrees 45.3 degrees
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Figure 8-72. Graph of Roll Angles for Full Scale and FE Model TRAP Results for 1100C Car
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Figure 8-73. Graph of Pitch Angles for Full Scale and FE Model TRAP Results for 1100C Car
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Figure 8-74. Graph of Yaw Angles for Full Scale and FE Model TRAP Results for 1100C Car

Crash Test and FE Models Roll Rates

2000
—— 110MASH4C15-02 Test Data

———FE Solid Model with Springs
FE Solid Model Without Springs

1500

1000

500 k
"“. l’ ’
et

-500 I

-1000

o

T"‘* i

-1500
-2000
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Time (sec)

Figure 8-75. Graph of Roll Rates for Full Scale and FE Model TRAP Results for 1100C Car
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Figure 8-76. Graph of Pitch Rates for Full Scale and FE Model TRAP Results for 1100C Car
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Figure 8-77. Graph of Yaw Rates for Full Scale and FE Model TRAP Results for 1100C Car
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Crash Test and FE Models X Accelerations with a SAE Class 60
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Figure 8-78. Graph of Longitudinal Accelerations for Full Scale and FE Model TRAP Results for 1100C Car
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Figure 8-79. Graph of Lateral Accelerations for Full Scale and FE Model TRAP Results for 1100C Car
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Figure 8-80. Graph of Vertical Accelerations for Full Scale and FE Model TRAP Results for 1100C Car
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Figure 8-81. Graph of Longitudinal Velocity for Full Scale and FE Model TRAP Results for 1100C Car
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Crash Test and FE Models Y Velocity with a SAE Class 60 Filter
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Figure 8-82. Graph of Lateral Velocity for Full Scale and FE Model TRAP Results for 1100C Car

8.6.4.3.3. Visual Comparison

Figure 8-83 shows a comparison of the full scale test and the FE model simulation for the 1100C car. The
images of the full scale test were flipped for the purposes of a visual comparison, impact was on the
passenger side. In the simulations and the actual test the vehicle and barrier appear to interact similarly.
The vehicles remain upright and have similar exit trajectories.
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110MASH4C15-02 Full Scale Solid Model with Springs Small Solid Model without Springs
Test (Images are flipped) Car Small Car

0.48 sec

Figure 8-83. Visual Comparison of Actual Crash Test and Simulations for 1100C Small Car
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8.6.4.4. 10000S Single-Unit Van Truck

This section compares the FE modeling to the full scale crash testing of the CA ST-70SM Side Mounted
Bridge Rail and a 10000S Single-Unit Van Truck. Section 8.6.4.4.1 compares the movement of the test
article between the FE models and the full scale test. Section 8.6.4.4.2 is a visual comparison of the FE
modeling and the full scale test.

Table 8-32. Center of Gravity for 10000S Single Unit Truck Test Vehicle and LS-Dyna Finite Element Model

Vehicle Type X* Y** z Mass Wheel Base
. . 4019 mm -24mm 9929 kg 5966 mm
110MASHA4516-03 2005 Freightliner M2 (158.2 inches) (©09inches) | VA | (21890 Ibs) (234.9 inches)
. 3206 mm -9 mm 10000 kg 5300 mm
100005 Vehicle Model 1996 Ford F800 (126.2 inches) (©4inches) | A | (22046 Ibs) (208.7 inches)

* Behind centerline of front tire
** Negative means CG is on the driver side of the centerline

8.6.4.4.1. Test Article Movement

Both the full scale test and the FE model of the CA ST-70SM SMBR with springs have similar test article
movement. Movement in the full scale test article was measured by string potentiometers. The top rail
had a dynamic deflection of 2.4 inches (61 mm) and a static displacement of 0.6 inches (15 mm). The top
of the test article in the Solid Model with Springs simulation had a dynamic deflection of 2.6 inches (66
mm). The vehicle was still in contact with the barrier when the simulation was stopped so the static
displacement was not measured. See Table 8-33 for a tabulated comparison.

Although the CA ST-70SM SMBR system without the disc springs was not tested, the results of the FE
model without the springs is included in Table 8-33. The top of the barrier in the Solid Model without
Springs 10000S Truck simulation had a dynamic displacement of 1.1 inches (28 mm). The vehicle was still
in contact with the barrier when the simulation was stopped so the static displacement was not measured.
These results appear reasonable since the system is more rigid without the disc springs on the anchor
bolts.

Table 8-33. Test Article Movement Comparison Full Scale and FE Model Results for 10000S

Maximum Test Article Movement

Test 110MASH4S516-03

Solid Model with Springs

10000S Single Unit Truck

Solid Model without Springs

10000S Single Unit Truck

Top Rail Dynamic Deflection

2.4 inches (61 mm)

2.6 inches (66 mm)

1.1 inches (28 mm)

Top Rail Static Displacement

0.6 inches (15 mm)

Vehicle still in contact with the
barrier when the simulation was
stopped.

Vehicle still in contact with the
barrier when the simulation was
stopped.

8.6.4.4.2.

Figure 8-84 shows a comparison of the full scale test and the FE model simulation that included springs

Visual Comparison

for the 10000S Van Body Truck. In the simulation and the actual test the vehicle and barrier appear to

interact similarly. The vehicles remain upright and have similar exit trajectories.
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The simulations, which were completed prior to the actual crash test, showed an issue with the front end
of the vehicle. In the simulation, the axle separated from the vehicle resulting in erratic behavior.
However, the actual crash test confirmed what the simulation depicted; the axle did break away from the
front of the vehicle. Therefore the simulation was more accurate than initially thought. The erratic
behavior might be due to the tires being the only elements of the front axle assembly that was defined to
have contact with the ground. The rest of the elements would just pass through the ground which might
have caused some of the erratic behavior.
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Full Scale Test

Solid Model with Springs Single
Unit Truck

Solid Model without Springs
Single Unit Truck

0.34 sec
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. Solid Model with Springs Single Solid Model without Springs
Full Scale Test Continued ] ] ) ) ]
Unit Truck Continued Single Unit Truck Continued

0.84 sec

Figure 8-84. Visual Comparison of Actual Crash Test and Simulations for 10000S Single Unit Truck
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8.6.5.Conclusions
8.6.5.1. Test Article Movement

Solid models had similar movement compared to the actual test.
Movement in the solid models without spring seemed reasonable even though the actual system
was not tested without springs.

8.6.5.2. TRAP Data Comparison

The truck and car simulation velocities were similar to the related crash test.

The truck model accelerations were higher compared to the actual test in the shell model of the
test barrier.

The truck model accelerations were similar compared to the actual test in the solid model of the
test barrier.

The truck models had higher roll values, 3x actual.

The car model’s longitudinal accelerations were similar to the actual test and the lateral
accelerations were higher than the actual test, predicting a failure pre MASH 2009 criteria.

All other angles were similar to actual test in the truck and car simulations.

8.6.5.3. Visual Comparison

All of the models had similar interactions with the test article.

8.6.5.4. Overall

The CA ST-70SM Side Mounted Bridge Rail solid model with springs appeared to act in a way that
represented its real world counterpart.

The truck model interacted in a similar way as the actual test with slightly higher accelerations.
The car model interacted in a similar way as the actual test with the exception of the Lateral
Ridedown Acceleration.

The van body truck model interacted in a similar way as the actual test.

Any future simulations of the CA ST-70SM Side Mounted Bridge Rail should use the CA ST-70SM
SMBR Solid Model with Springs.
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9. Post-Impact Anchor Rod Testing

During the demolition of the CA ST-70SM barrier, the upper anchor rods from posts 2, 3, and 4 were
carefully removed to be tensile tested. All of these rods had strain gages installed. Table 9-1 includes the
specimen gage length and tensile strength of the rods. All of the anchor rods tested were within the
expected range of 125-150 ksi with the exception of rod 2 from post 2 and rod 1 from post 4, which
exceeded the range. The anchor rods from posts 3 and 4 fractured at the strain gage location (milled flat
for gage installation).

Table 9-1. CA ST-70SM Anchor Rod Tensile Test Data

CA ST-70SM Anchor Rod Tensile Test Data
Post 2 Date of Test Specimen Gage Length (in) Tensile Strength (psi)
Rod 1 10/12/2017 24.0 140,257
Rod 2 10/12/2017 24.0 170,025
Rod 3 9/29/2017 26.0 140,637
Post 3
Rod 1 10/12/2017 24.0 138,492
Rod 2 10/12/2017 24.0 137,519
Rod 3 10/12/2017 24.0 136,330
Post 4
Rod 1 10/12/2017 24.0 174,372
Rod 2 10/12/2017 24.0 136,210
Rod 3 10/12/2017 24.0 138,687
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Figure 9-1. Post 2, Anchor Rod 1 Tensile Test Data
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Figure 9-2. Post 2, Anchor Rod 2 Tensile Test Data
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9:05:44 AM 9/29/2017

Figure 9-3. Post 2, Anchor Rod 3 Tensile Test Data
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Figure 9-4. Post 3, Anchor Rod 1 Tensile Test Data
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PCS9W7DHQ442668535 10:11:57 AM 10/12/2017
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Figure 9-5. Post 3, Anchor Rod 2 Tensile Test Data
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Figure 9-6. Post 3, Anchor Rod 3 Tensile Test Data
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10:34:20 AM 10/12/2017
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Figure 9-7. Post 4, Anchor Rod 1 Tensile Test Data
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Figure 9-8. Post 4, Anchor Rod 2 Tensile Test Data
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PC59W7DHQ442668539 10:55:09 AM 10/12/2017
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Figure 9-9. Post 4, Anchor Rod 3 Tensile Test Data
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Figure 9-10. Post 2, Anchor Rods 1,2, & 3
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sT-70 SM Anchor Rod  Post 3 Rod3

ST-70 SM Anchor Rod  Post 3 Rod 1

Figure 9-11. Post 3, Anchor Rods 1,2, & 3
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Figure 9-12. Post 4, Anchor Rods 1,2, & 3
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10. Detail Drawings and Materials Data

The following details in Figure 10-1 to Figure 10-4 are for the tested barrier only.
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Figure 10-2. CA ST-70SM Side Mounted Bridge Rail (Details Page 1)
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Figure 10-3. CA ST-70SM Side Mounted Bridge Rail (Details Page 2)
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Figure 10-4. CA ST-70SM Side Mounted Bridge Rail (Details Page 3)
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) vStructural Materials Testing Laboratory Test Report ¢ Page 1 of 1
State of California
Department of Transportation ) *
Structural Materials Testing Laboratory

5900 Folsom Boulevard, Sacramento, CA 95819 '

| ' “TEST REPORT 1

rof: ASTM F1554, AB63, A1563/F2328, TM03. Bolt Heat #62286X; Nut Lot
#17075-M50465. Bridge Rail Components for Crash Test Unit.

Remarks
TESTING CERT # 2364.01
Sample No: S\-14-1016
Date Sampled: 10/20/14 Date Rec'd: 10/20/14 Date Reported: 10/27/14
" Lot No: N/A TL-101/SIC No: C619430

Contract/Permit No: Stock .
Material: 1.25" F1554 Grade 105 HDG Threaded Rods w/ HDG Nuts,
Manufacturer: Universal Industrial / Unytite
Sampler: Ali Zalekian o

Results: [SAMPLES SUBMITTED COMPLY WITH MATERIAL SPECIFICATIONS,

_ Note: Results relate only to the items tested

She Lo s b S b
pooe e

§ . Y 13

) http://onramp.dot.ca.gov/hq/cso/mcts/structurc_matcrials/smtl/tcstdam.php?Samp]cNo=l 102712014
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APPROVED FOR USE BY SMTL -
QUALITY MANAGER

PRy

SM Number

/Y100 |

Lot Number

/A

Date Received

/6/28 1%

Contract Number

(066006 7CY M

TL-0101 Number

C L1743

Date Tested

/2/23/04

Lab Technician

—

2N
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22°

7

Page Lof __/

BOLTS: F/ sS4t

Gpade. [0S

HD6—
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/22

L /<

Heat / Mfg. Lot No,

A4 A6S %
AT

Product Markings

A1o'

\

Size

7 Ve

Pitch Diameter

" Bolt Length

PEVIE

Ring Gage Go/No-Go

OL/LO

Zinc Coating Thick.

5 .0%¢

N

Hardness: Rc/Rb |,

=

11
% V1A

Spacing

Lut
LA

g.06 \ Wedge Tensile
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-NUTS: #54 %

V2%
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m

/{2
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u

e S
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Size ||

oH
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4.75

g.13 4. 76

&-6o

N

Hardness: Rc/Rb
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RN

Nut Proof Load

HEISY | P72\

\\.

WASHER: W

Sample-No:

7
V=2
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Product Markings

I

Zinc Coating Thick.

Hardness:  Rc/Rb
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Structural Materials Testing Laboratory Test Report s Page 1 of 1
State of California
Department of Transportation &
Structural Materials Testing Laboratory

5900 Folsom Boulevard, Sacramento, CA 95819

TEST REPORT

ref: ASTM AB00, A123, TMO6. 8"x 4"x .313" Tube F2 Heat #7?7; 8"x 3"x .313"

TESTING CERT # 236401 g
Sample No: SM-14-1017 &
Date Sampled: 10/20/14 Date Rec'd: 10/20/14 Date Reported: 10/20/14 !
= . Lot No: N/A TL-101/ SIC No: CB519431 ”
Contract/Permit No: Stock . :
Material: SR"ax“4'x 313" & 8"'x.3"x .313" A500 HDG Steel Rectangle Tubing For Bridge
Manufacturer: Universal Industrial / Atlas Tube
Sampler: Ali Zalekian
Results: ISAMPLES SUBMITTED COMPLY WITH MATERIAL SPECIFICATIONS. 1

Note: Results relate only to the items tested

i
B e § g |
=h gg é%é § E £ e
A : & .‘ '.: d : g b it ] i ﬁ O:: : . ‘. : :
2 ‘g‘é'ﬁ B - A% ag ;55 {efet % 3 7

HER- .

|;
B e
\\ 2 et Ty TR SRR
I .
=
2

. http://fonramp.dot.ca.gov/hg/esc/mets/structure_materials/smtl/testdata.php?SampleNo=1... 10/29/2014I
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STRUCTURAL MATERIALS TESTING LABORATORY ‘FAPPR 0
FORM TM-3 (REV. 07/11) APPROVED FOR USE BY.SMTL .

. ‘dwv\urv MANAG;; -
FASTENER ASSEMBLY WORKSHEET | b d7aty

v

w.SM Number | /Zy- /0/‘7 Lot Number /I// 4 Date Received | /. 0/ ;9/4/'
Contraet Nuwmbet oo 70s0/| TIAOI0N Number |0 ¢ G431 | DueTesed o ) e
Lab Technician | "y 7 Test Temperature.| °77) . Page _- of

BOLTS: :
7:) @1 M

Sample No. | £ £ 2
Flcat / Mfg, Lot No.

Product Markings
Size

Pitch Diameter

Bolt Length

Ring Gage Go/No-Go .
Zinc Coating Thick. [ 28 2 489
Hardness: Rc/Rb| '
Spacing

Wedge Tensile

NUTS:

Sample No. : : i

Mfg. Lot No. i - ' . I
Product Markings ' :
Size

Plug Gage Go/No-Go
Zinc Coating Thick.
Hardness: Rc/Rb
Spacing : :

Nut Proof Load _ : : . :

WASHER:

Sample No.

Mfg. Lot No,
Product Markings
Zinc Coating Thick.
Hardness: Rc/Rb
Spacing
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CamblinSteel | ...

ROCKLIN, CA 95765
SERVICE,INC. SINCE 1954 i b

CONTRACTOR'S LICENSE NO. 218839 FAX (916) 408-6999

MILL CERTIFICATE OF COMPLIANCE

SUBJECT PROJECT: /\77/26 SE 20 foay Pl JoB# /233

In accordance with the Specifications and requirements for the above referenced subject

project, we do hereby certify to the best of our knowledge, that any and all reinforcing

steel shipped corresponds to the Mill Certifications that accompany this load.

ITEM(S) SHIPPED: /o By M RELEASE: f’
AUTHORIZED REPRESENTATIVE: QQC*AM_ DATE:_ /0 /30// <

SIZE MILL HEAT NO. GRADE WEIGHT

& (wnC Yoottty el "0 | 2525
Hezs o2
(o YO | o | S35

=
& (v UL | fzeots 203
8

Con C YU | Azeee | /TP

WE CERTIFY THAT ALL MANUFACTURING PROCESSES FOR TOTAL WEIGHT Z
THE MATERIALS OCCURRED IN THE UNITED STATES. /4/ 7 Z

172



May 9, 2018

California Department of Transportation

Report No. FHWA/CA17-2557

140 L ebzd
L0°G0:00 ¥102/S0/60

* SHYVINTY
“§S3004d IHL NI NOLLVYNINVINGD AENJHIW 1O HIVdIH ATEM ON HLIM “V¥SN 3HL NI GIHALOVINNYIN GNY GILT3N %001 ‘A3 TN ATINS ST TVIHILVW SIHL
ediNpE9  (oM3aw) | yibueng afisusl
19°001 L 1se1 ybusng spsus |
ediNOLS  HIew) | 3so3 ibuallg PISIA
I46'EL L Is91 yibuang pRIA
%LV'0 90LV b3 uogrey
%Ll¥l00. N
. 9%L000 IV
%Ll0'c us
%0000 499
%0000 A
%C20'0 oW
%ZL'0 IN
%LL'0 1D
NiOZ1'0 dep “xeypy UoReuUN0}aq Jeqay %eE'0 nJg
NI9Z0'0  ybisH “Bay uoneuwuojeq seqey %6L°0 18
pessed L 3s8] pueg %620°C S
NICOS'L  Jej2welq] 153 pusg %eLlo0 d
NIg 1 35831 1nb ebes uonebuorg %8L°L UM
%91 | iseiuonebuopy %S0 O
snjEA  opsuBoRIRYY 8njeA opsueoeRIRyD snjeA  osnsusidRiey)

173

205815269L6 | O 2081526918 | O
V3 0LL:LV3H/ S3d AHATG COELYP98LlE | L ooeLv¥o9ie | L ¥1L02/0€/80 :31va L3Il
€1 000°GS80€ ‘LVIH / ST AEATA 20P1-99496 SN Z0P1-99/56 Sn ¥102/0€/80 :31va T10H
‘N/d LSNJ VO uipjeod | d VO upeoy | g {09) 0T+ °peID ¥1-90LV 3AVUD
el i#0d 1SN0 BAy geuubu gL LY | | SAy euulduy G/ Ly | 1 90LY
£L59£8¥%CL #7108 H : [+] «0,08 (P#} WINEL HvE3d *NOLLO3S
B6GEBZELS phIeARg Juj dIAIRG JBRlS UhquR) | § ouj dJIRS [OR1g UqURY | S Z9L6E0V"ON LVIH
1ebeuepy soueinssy ANRND
ZV [5315 N — $32}95 ggIer .

l& \\\ LLLB-TLEOES 00£6-Z1258 ZV VSaW

{lea saidod [BUORIPPE 104 "G NNYINYED '3 vviLt

uopesyosds apeif papiodas sy3 01 WIOJLIOS PUB 3)RIN20JE 21k 140434 1S31 TN Q31411430 VYNOZIYV 133.1S OND

218y pajuasaid s}nsal 191 aif} 12yl AlpIed Ageley 9pp



May 9, 2018

California Department of Transportation

Report No. FHWA/CA17-2557

1 30 | eBed
60:L¥ L1 ¥1L0OZ/60/60

F SHHVINTY
"$S3008d 3HL NI NOLLVNINY.LNOD AHNOY3N HO HIVdIY G13M ON HUM "vSN FHL NI G38SNLOVANNYIA NV Q31730 %O0CL ‘A3 1IN ATIN S} TVILILYIN STHL
BJNEY9  (omew) | pbusig spsusy
ISg°e6 1 3se3 y3buang ojisue)
BdINLOS  W3awy L 3se) yBuang poiA
13922 | 1sa)ypbuang peig
%LP'0  90LY b3 uoqien
%0L10'0 N
%1000 IV
%0100 us
%0000 GO
%L00°0 A
%9L0C Ol
%80°0 IN
NivZL'0  deD “xejy uopeunojeq ieqoy %60°0 10
NIBE0'0  YbleH "Bay uopeunoyaq regoy %920 no
NiOLY'0  pedg "By uonewioyeq feqoy %6L'0 IS
passed | )sa] puag %L200 S
NISZg'L Ie1=2we|q 3sa9] pusg %0L00 d
Nig 1 31s91 357 aben uocnebuoly %8L'L Ul
%Sl L 3s31 uoebuory %820 D
on[eA  SnsualoRIeyD snjep opsueloRIEyD snjep  opsuscereyn
2051526916 | O Z0SLG269L6 | O
Y3 8L :1V3H [/ $3d AHATA 00ELYPa3Le | L 00ELVP¥e9l6 | L Y102/80/60 :31va 113N
g1 000°9506% *LYIH/ S87 AHAA 20¥1-99L596 Sn Zovl-G9L56 SN ¥1L02/80/60 :31vd T10H
‘N/d 1SNO VO ulpoog | 4 v uipsoy | (09) 0T 9peID ¥L-90LV 3AVHD
3N 1#0d LSND Ay neULULY) G2 LY | | eAy peuudul) G/ LYy | 1 90.LV
€E9Y8Y0L 1#108 H [¢] +0.09 (S#) WYL Yva3H :NOILD3IS
00¥82E L8 :FABAIRG U 9dJAleg [RRlg Uljque] | § ouj 9opJIsg 9318 uque] | § 6€€6E0Y"ON 1VIH
Jafieuepy soueinssy Ayjenp
2V 3918 DD - 43255 GgIRT
/.w\ \m\u\\wu LLL8-TLE-088 00.6-21Z398 ZV vsa
1129 soKd0D [euOBIpPE J04 “0d NNYIWH3D "3 il L
uogesoads apelb psypiode: ay3 0} WIOICD PUB 51RINIOE 912 140434 1831 THW aFd11430 VNOZIHY 13318 OND

818y pajuaseld syNsai 359 oy JeY; Ajie0 Aqalay apn

174



May 9, 2018

California Department of Transportation

Report No. FHWA/CA17-2557

130 1 <Beg

£1:99°T1 $102/L2/80

“SYYYIARY

“§830084: -ZHL 2_ ZO_P<Z_§¢._.200 ASADHIN HO-HIVATY Q13M ONHLIM "YSN SHL NLGTUALOVANNYIONY (2113 %001 ‘a3 T ATIN SI TViugivin- m_m._.

BPLS  [oMgew) | wbueng opsudy,
#4765 L 1s9ypBuaig spsus )
BdNE0S ey | 3sey yiSuens pEik
gTL LISt wpbuong peIA
_ %8¥D  90Lv b3uogey
o N
~
s
90
o
N
n
s
4
13863 n_ﬁw ‘aB&! uuﬁmco_m upy
1. uwaw =o=moaom 9
eijep, Sysperoeieyy: shjen oisudyireyy. ‘DpspeyRRYD
o 2091526818 |0
V3 80 LYIAH T SOd AUATA C0S96ERE0Z | & OOUELHHIILE |-L. aLvaIEn
-§1:000°89L9€5LY3H / ST1 AHATQ' 9080iL5ESE ST ‘2OYi-89LE6 SN 10Z/70/80 ALYQ TION |
IN/d.1SND- ¢35 oisepory | g v uiboclt |'g {09} 0z¥ oPesD ¥1-002Y 3GVED
YLOTLZBONEN. I 20d LSAD: PHWOPOTO0E | | anyemusy s ip| 3 " gorv
:0800£0L 108 o ) H | ) (0| 0,09 {94 WINGL HYSIHINGIEDIS
VErEZE s g Bidexe) 6isepopi NdY | S| oup sowiss jeISUNqWED |8 B6Y8E05ON LV3H |

.coﬂmcmﬁmnw mﬁﬂm panodarsy)- 3 UL0UCD pUR AJBINIDE.BIB
240y peiueseld S}NSES 1581 oY 55 Aynaeo-Agaiay ey

180 saidoo pudgippe. .:..E

ING4aY LT TN ez i=HE e

P T
dumn)

W
o

175



May 9, 2018

California Department of Transportation

Report No. FHWA/CA17-2557

1 40 L ebed
LZ:Ly:80 ¥10T/ZT/60

* SHHVYINTY
“§83004d JHL NI zoF«.z:zd._.zou AHNOYIN HO YIVdIY O13M ON HLIM ‘VSN JHL NI GIHNLOVANNYIN ANV GI1EW %001 “GITIN ATIN S| TVISSLVYIA SIHL
ediNzeg  (dmswy) | yibueng spsusy
1832°G6 | 1591 Y3Buang spsus ]
B4INOLS  WIsw) | 1s91 (pbueng piA
IS36°SL L 189} yzbueng peix
%LP'0 90LV b3 uoqie)
%SPLO'0 N
%L000 IV
%ZL00 us
%00C°C 97
%2000 A
%CED'0  OW
%YL'0  IN
NIgS1'0  deg xejy uopeunosq feqay %EL'0 10
NI8S0°0  UBIsH ‘Bay uopeuuoeq leqey %6E0 ng
Ni¥99'0  loeds *Bay uogeunojeq reqey %020 IS
pessed | 1sa] pusg %SC00 S
NIOOO'¥  4930we|q 158 puag %6000 d
Nig 1 3se) (357 abep uopebuog %8l Ul
%YL L 3se)uonebuoly %820 2
SN[2A  opsus3d_IEy) eneA  opsusloelzys snRA  SpsusioRiEy)
2051526916 | O 2081526916 | O
Vv3 992 :1V3H / SOd AYAIQ 00SL¥¥99L6 | L 00€LYP99L6 | L Y102/22/60:31va L AN
97 000°'9L9Z¥ :LV3H / S97 AYA1Q 20¥1-G9.56 SN 20¥1-59/56 Sn ¥L02/22/60 :31Ya 110
N/d LSND VO ulpeoy | d Y3 upjood | g (09) 0Z¥ 2PRID $1-90LV :3QVHD
¥L-8L-6 el 1#0d 1SN0 SAY QRUUDW) G LY | ] SAY RRUUDU) SLLY | T 0LV
06088Y0L :#109 H O | 0.09(8#) WINGZ HVEIY :NOILD3S
ZLYLYELR i#Aieneq ouj sojeg [991S uyquey |- g ouj 99jAleg [oo1s Ulque] | § 19/6€0%"ON LV3H

rabeuepy souemssy B__.msd

; @W%mw

uoneaymads spelf paliodas sy} 01 WLOUOD pUB J1RINIJR 2le
Sley pajussed synsaz 158} sy3 Je1fy AJlis0 Aqalay opy

LLLB-ZLE-06€8 .
122 sa1doo jeuonippe 104

140434 1831 THWN QIHILH30

002621258 ZV VSl s
Q4 NNVINE3D ‘3 biLL -
. iEEE

YNOZIYY 15318 OO A

Xz

176



May 9, 2018
California Department of Transportation
Report No. FHWA/CA17-2557

JOB NUMBER RELEASE NUMBER REQ. DELIVERY DATE PAGE
Camblin Steel Services : 14233 1 1 of 1
4175 Cincinnatti Ave A ‘ TOENANE g
Prone: (G16)644.1300 FAX: (9164086999 TYPE ST-70 RAIL HRT
/" TUSTOMER BY
o C.G. GREEN CONST. RH
MATERIAL TYPE / REFERENCE DRAWING ID DESCRIPTION
Rebar, Grade ﬁ'7‘06, Black RED R-1 Rail Foundation Slab
Itm Qt}’/"/Size Length Mark Shape Lbs A B (6 D E F/R G H J K (6} BC
T 64| 8 1102 | BAT0 7 1909 500 | 1022 | 500 F10
\ ; 64. 1909.
[ 2 20| 6 10-04 6A5 25 310 006 | 3101 | 006 | 301 | 108 3101 0-01 P16
| 3 153 6 12-10 2948 0
4 77 6 8-02 945 0
250. 4203.
5 9] 5 18-10 5A4 S9 766 | 007 | 401 | 905 | 401 0-07 L05
6 384 5 2-08 5A9 17 1069 0-10 1-002 0-10 HO6
423. 1835.
7 20| 4 4-06 4A8 25 ) 006 | 011 | 006 | 011 | 108 011 001 P09
8 90 4 30-00 1804 0
9 45 4 22-00 661 0
155. 2525,
Miscellaneous Items
[Docz2s 11/2x 2 x 2 1/2" COMBINATION DOBIES - 20 Pcs 0 Lbs
DOP3 3X3X3" PLAIN DOBIES 2 80 Pcs 0 Lbs
[ DoW3 3X3X3" WIRED DOBIES 7 80 Pcs 0 Lbs

Total Weight: 10,472 Lbs

Longest Length: 30-00

WEIGHT SUMMARY

[ TOTAL N | [ STRAIGHT | LIGHT BENDING I HEAVY BENDING I
sz | [mews [peces J[ s | [ mews | [Peces ] [ s | | mews | peces || s LITEMS—II peces || s I
Rebar, Grade A706, Black

4 3 155 2525 2 135 2465 1 20 60 0 0 0
5 2 423 1835 0 0 0 1 39 766 1 384 1069
6 3 250 4203 2 230 3893 1 20 310 0 0 0
8 1 64 1909 0 0 0 0 0 0 1 64 1909
9 892 10472 4 365 6358 3 79 1136 2 448 2978
MISCELLANEOUS PRODUCT SUMMARY
DOC2.5 11/2x2x21/2" COMBINATION DOBIES 20 Pcs 0 Lbs
DOP3 3X3X3" PLAIN DOBIES 80 Pcs 0 Lbs
DOW3 3X3X3" WIRED DOBIES 80 Pcs 0 Lbs
Sub-Total 0 Lbs
Total Weight: 10,472 Lbs
Longest Length: 30-00
v13.01.4018 (T) (CSS)©2014 ~@Sa  UNAUTHORIZED REPRODUCTION PROHIBITED CUSTOMER COPY Tuesday, October 28, 2014 2:53 PM
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