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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.

EXISTING AC PAVEMENT

# X 8-2"@12 # @6

i | 7 m CLEEEL S —_———— r_:._“_.._.._1, i
[ L} . _

— — i — — -] . .- ot t-
o S L = .
o
J
L -

i)

#4 @ 18 Mox
#5 @ 24
3'-g" 10°-0"

STAGE 1
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Figure 2-2. Stage 2 Installation of Bridge Rail
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Figure 2-3. Forming the Anchor Block
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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
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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 th