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Executive Summary 

This document reports the result of a crash test as follows: 

Test Type Full-scale crash test:  Vehicle impacting barrier 

What is Tested 
G4(1S) longitudinal barrier installed on a curved-superelevated 

road section 

Purpose/Objective 

Determine the safety performance of longitudinal barriers on 

curved-superelevated road sections at MASH Test Level-3 (TL 

3-11) 

Impacting 

Item/Vehicle 

Chevrolet Silverado 1500 (2270P) pickup trucks – Three test 

vehicles: Test 1604: 2315.0 kg (5103.7 lb), Test 1610: 2283.0 

kg (5033.2 lb), and Test 1615: 2268.5 kg (5001.2 lb): 3-2009 

Impact Speed  

& Conditions 

Release speed: 102 km/hr (63.5 mi/hr), impact angle: 25-deg, 

on curved-superelevated asphalt surface. 

Test Procedures 

& Standards 

Information 

ASSHTO Designation: Manual for Assessing Safety Hardware, 

MASH 2009 

Test Criteria MSAH Test Level-3 (3-11) Impact Condition/Rating 

Test Number FOIL Test No. 16004, 16010, 16015 

Test Date 
Test 16004: April 4th, 2016, Test 16010: June 15th, 2016, and 

Test 16015: August 8th, 2016 

Test Location 

Federal Outdoor Impact Laboratory (FOIL)  

Turner-Fairbank Highway Research Center 

Federal Highway Administration (FHWA) 

U.S. Department of Transportation 

6300 Georgetown Pike, McLean, VA 22101-2296 

Conducted by 

Center for Collision Safety and Analysis (CCSA) 

George Mason University 

4087 University Dr., Fairfax, VA 22030 

Report Authors 
Dhafer Marzougui, Christopher Story, Cing Dao (Steve) Kan, 

and Kenneth S. Opiela,  

Test Results 

Summary 
Test 16004: Pass, Test 16010: Fail, Test 16015: Pass  
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1 Introduction 

1.1 Background 

This project was undertaken to support National Cooperative Highway Research Program 

(NCHRP) Project 22-29A entitled “Evaluating the Performance of Longitudinal Barriers on 

Curved, Superelevated Roadway Sections (CSRS).”  Curves on high-speed roadways are usually 

superelevated (i.e., banked) to make it roadway easier for drivers to navigate the curve. 

Typically, standard longitudinal barriers are used (when needed) for CSRS situations, but very 

little research has been undertaken to evaluate the safety performance.  Since vehicle road 

departures on curves can occur at higher impact angles, vehicles can have different trajectories 

than on level surfaces, and barriers can be interfaced differently, there have been concerns about 

safety performance that have not been analyzed.  The concerns relate to a greater potential for 

occupant risk, or that curvature could increase the impact loading that could potentially exceed 

the structural capacity of a barrier and result in vehicle penetration or override of the barrier.  

The NCHRP project undertook hundreds of crash simulations to isolate the effects of the various 

features of CSRS for impact with typical longitudinal barriers.  These test are intended to provide 

validations for the simulations.  Test objectives, testing specifications, test results, and evaluation 

of the results for the tests were performed in accordance with the requirements of the Manual for 

Assessing Safety Hardware (MASH). 

1.2 Objective 

The objectives of this research are to evaluate the crash performance of standard longitudinal 

barriers installed on curved, superelevated, roadway sections (CSRS) to analyze the effects of the 

curvature and superelevation parameters and the barrier placement details used by the states on 

barrier safety performance.  For this effort, MASH Test 3-11 is used as the benchmark for safety 

performance.  The tests provide physical evidence on barrier performance that will be used 

qualitatively and quantitatively determine whether safety performance is acceptable.  The 

ultimate objective of the NCHRP research is to provide guidance for barrier design, selection, 

placement, and maintenance relative to CSRS geometrics and conditions to assure safety. 

1.3 Scope 

The specifications for these tests are documented in AASHTO’s, “Manual for Assessing Safety 

Hardware” that was adopted in 2009.  This standard is referred to as MASH (2009) or MASH 

hereafter in this report. 

 

The G4(1S) W-beam guardrail was selected as the longitudinal barrier that would be tested 

(other longitudinal barriers were also analyzed in the research).  The testing would be conducted 

on a surface representing a CSRS, unlike the level, tangent surfaces normally used for testing.  

The tests are conducted at the FOIL.  Tests are set-up and conducted for MASH Test Level 3 

with Test 3-11 impact conditions and criteria.  Three tests of W-beam barrier impacted with 

similar Chevrolet Silverado vehicles that weighed 2315 kg (5107 lb), 2283 kg (5033 lb), and 

2268 kg (5001 lb) were conducted.  The tests were set-up for the vehicle to be traveling at 62 

km/h (100 mph) at impact.  This required pre-testing to determine an appropriate launch speed 

prior to the inclined roadway section to impact at the desired speed.  The full-scale crash tests 

were conducted on April 4th, 2016, June 15th, 2016, and August 8th, 2016. 
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2 System Details 

2.1 Test Article and Installation Details 

Longitudinal barriers on curved superelevated roadways were initially evaluated using crash 

simulation software LS-DYNA [2] to analyze design and placement effect on safety 

performance.  The barriers that were tested were constructed with 55.2 m (181.3 ft) of G4(1S) 

W-beam guardrail with 2-Type-T anchor assembly end terminations set in 21A strong soil on the 

CSRS test bed. 

 

The CSRS test bed was an asphalt pad that was 12.2 m (140 ft) x 7.3 m (24 ft) with 4.9 m (16 ft) 

of roadway with a 6% superelevation and 254 m (833 ft) radius road curvature.  The test bed 

included a 2.4 m (8 ft) shoulder with a 2% decline from the roadway (Figure 1).  The guardrail in 

Tests 16004 and 16010 was set just beyond the 1.2 m (4 ft) representing the shoulder along the 

edge of the roadway. In Test 16015 the guardrail was set 2.4 m (8 ft) from the edge of the 

roadway on the shoulder. 

 

Since the roadway and shoulder areas were laid in a single asphalt paving operation, a process to 

replicate driving posts in the side slope was formulated.  It involved auguring 29 holes using a 

bobcat for each post location.  The holes were augured to be 0.9 m (3 ft) wide and 1.5 m (5 ft) 

deep.  Then each hole had AASHTO defined strong soil added to it in 152 mm (6 in) lifts and 

compacted to MASH specifications.  The individual guardrail posts were installed with a 

hydraulic hammer. 

 

The test article (shown in Figure 2) consisted of a G4(1S) W-beam guardrail with 25 standard 

steel posts and block outs with 2 Type-T anchor assembly end terminations (shown in Figure 3) 

for a total of 29 posts.  The spacing of each post was 1.9 m (6 ft 3 in) for a total length of 53.3 m 

(175 ft).  The height of the G4(1S) W-beam rail 737 mm (29 in).  The posts were embedded in 

VDOT (Virginia Department of Transportation) 21A soil, which conforms to the MASH 

standard for strong soil.   

 

Photos in Figure 4 (Test 16004), Figure 5 (Test 16010), and Figure 6 (Test 16015) show multiple 

views of the installed test articles.  The setup was identical for all three tests except for the lateral 

barrier placement. 

 

The design configuration of the CSRS test bed was developed by iterative computer simulation 

runs using finite element models of the barrier and impacting vehicle.  Models of the test vehicle 

had been developed by the CCSA Team under joint efforts between the FHWA and NHTSA. 

The model of the barrier was created by replicating the geometry of each component, defining 

the connection details, and inputting information to characterize the materials used in the barrier.  

The impact performance of the barrier was evaluated in impact simulations in which the forces 

and resulting outcomes (e.g., deformations, fracture, slippage) of each element was analyzed for 

each time step for the entire duration of the impact event (about 1 second).  The software used 

for these simulations allowed the output of various metrics to evaluate the barrier performance, 

including deformation, force levels, stress and strain, and dynamic measures (e.g., trajectory, 

yaw, pitch, and roll).  Based on the simulation results, performance envelopes were generated of 

longitudinal barriers on CSRS. 
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Figure 1: CSRS Test Bed used for Test 16004, 16010, and 16015 
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Figure 2: Drawing of G4(1S) Barrier Used for Tests 16004, 16010, and 16015 
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Figure 3: Drawing of End Termination user for Tests 16004, 16010, and 16015 
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Figure 4: Test Article and Construction for Test 16004 
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Figure 5: Test Article and Construction for Test 16010 
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Figure 6: Test Article and Construction for Test 16015 
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2.2 Test Article and Installation Details 

Standard guardrail, posts, block-out, and related barrier hardware was procured from commercial 

vendors responsible for certifying that they meet AASHTO standards.  Details of the different 

components of the system and their material specifications are included in the Appendixes of this 

test report. 

2.3 Soil Conditions 

Soil strength was determined by the specification required in MASH-2009 Chapter 3 and 

Appendix B that must be verified before the test is conducted.  Prior to the full-scale crash 

testing, dynamic pendulum and static pull testing was conducted in accordance to MASH 

recommendations to ensure that the soil used in the tests comply with the MASH criteria.  The 

tests consisted of impacting (dynamics) or pulling (static) a W6x15 post that is 1.8 m (6 ft) in 

length and embedded 101.6 cm (40 in) in standard strong soil.  The post was impact/pulled at a 

height of 635 mm (25 in) and the load was measured to verify the minimum soil resistance.  The 

minimum dynamic load required for post deflections between 125 mm (5 in) and 635 mm (25 in) 

is 33 kN (7.5 kips) force.  They soil type and compaction procedure was then used for all G4(1S) 

installation.  Static pull tests were conducted the day of the crash test and compared to the 

previously conducted static pull tests to ensure that it is of similar strength (higher than 90% the 

initial test).  These posts were compacted the same day as the test article installation and using 

the same soil material.  Soil compaction measurements are other details are included in the 

Appendixes of this test report. 

3 Test Requirements and Evaluation Criteria 

3.1 Crash Test Matrix 

Table 1 lists the three tests conducted on longitudinal barriers installed on CSRS.  The barrier in 

all three tests was a G4(1S) system with a top rail height of 737 mm (29 in).  Standard G4(1S) 

steel posts and blockouts were used for the barrier.  The spacing of each post was 1.9 m (6’3”) 

for a total length of 53.3m (175’).  All three tests were performed in accordance with the MASH 

Test 3-11 condition for longitudinal barriers, with a 2270P vehicle at an impact speed 100 km/hr 

(62 mph) and 25-deg angle. 

Table 1: Summary of Tests Concocted  

Test 

Number 

Test 

Designation  

Road 

Curvature 

Super-

Elevation 

Shoulder 

Width 
Impact Location 

16004 MASH 3-11 254 m (833 ft) 6% 1.2 m (4 ft) 
0.75 m (2.5 ft) upstream 

from post 11 

16010 MASH 3-11 254 m (833 ft) 6% 1.2 m (4 ft) 
0.3 m (1 ft) downstream 

from post 11 

16015 MASH 3-11 254 m (833 ft) 6% 2.4 m (8 ft) 
0.3 m (1 ft) downstream 

from post 11 

 

The road section profile used in the three tests was 12.2 m (140 ft) x 7.3 m (24 ft) x 4.9 m (16 ft) 

surface with a 254 m (833 ft) radius curvature and 6% superelevation.  The only difference 

between the tests is the barrier lateral placement (i.e. shoulder width) and the impact location.  A 

shoulder width of 1.2 m (4 ft) was used for the first two tests (Test 16004 and Test 16010) and a 
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shoulder width of 2.4 (8 ft) was used for the third test (Test 16015).  The impact location for test 

16004 was about 0.75 m (2.5 ft) upstream from post 11.  This was about 1 m (3.5 ft) off from the 

computed critical location in accordance to MASH and for this reason this test had to be 

repeated.  The impact location for the other two tests, Test 16010 and Test 16015, was close to 

the computed critical location, 0.3 m (1 ft) downstream from post 11. 

3.2 Evaluation Criteria 

The recommended evaluation criteria used followed the MASH 2009 criteria for longitudinal 

barriers at the Test Level 3 (TL3) impact condition.  The evaluations are comprised of three 

factors: (1) Structural Adequacy, (2) Occupant Risk, and (3) Post-impact Vehicular Response as 

outlined in Table 2. 

 

Table 2: MASH Evaluation Criteria [1]  

Structural 

Adequacy 

A. Test article should contain and redirect the vehicle or bring the vehicle to a 

controlled stop; the vehicle should not penetrate, underride, or override the 

installation although controlled lateral deflection of the test article is 

acceptable. 

Occupant 

Risk 

D. Detached elements, fragments or other debris from the test article should 

not penetrate or show potential for penetrating the occupant compartment, or 

present an undue hazard to other traffic, pedestrians, or personnel in a work 

zone. Deformations of, or intrusions into, the occupant compartment should 

not exceed limits set forth in Section 5.3 and Appendix E of MASH. 

F. The vehicle should remain upright during and after collision. The 

maximum roll and pitch angles are not to exceed 75 degrees. 

H. Occupant Impact Velocity (OIV) (see Appendix A, Section A5.3 of MASH 

for calculation procedure) should satisfy the following limits: 

 Occupant Impact Velocity Limits 

Component Preferred Maximum 
 

Longitudinal and Lateral 
30 ft./s 

(9.1 m/s) 

40 ft./s 

(12.2 m/s) 

I. The Occupant Ridedown Acceleration (see Appendix A, Section A5.3 of 

MASH for calculation procedure) should satisfy the following limits: 

 Occupant Ridedown Acceleration Limits (G) 

Component Preferred Maximum 

Longitudinal and Lateral 15.0 g’s 20.49 g’s 

Vehicle 

Trajectory 

For redirective devices the vehicle shall exit within the prescribed box. 
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4 Test Conditions 

4.1 Test Facility 

The Federal Outdoor Impact Laboratory (FOIL) is located at the Turner-Fairbank Highway 

Research Center of FHWA at McLean, Virginia. The FOIL is a full-scale outdoor crash test 

facility, primarily designed to test the impacts of vehicles with roadside safety hardware. It is 

also capable of testing various anti-ram security barriers and vehicle-to-vehicle impacts with the 

second vehicle stationary. The facility is also equipped with a impact pendulum for dynamic 

testing of materials, components, and sub-systems. 

 

Figure 7 shows an aerial view of the FOIL. The FOIL facility consists of six main areas: (1) 

propulsion system building, (2) test control center trailer, (3) vehicle preparation garage, (4) 

track, (5) runway, and (6) pendulum area.  Additionally, several storage trailers are located at 

different areas of the facility. 

 

 

Figure 7 : Overhead View of the FOIL Crash Test Facility 

4.2 Vehicle Tow and Guidance System 

The test vehicle is pulled into the barrier using the FOIL track rail towing system.  The towing 

system is a specially designed aluminum track rail for outdoor applications.  The vehicle 

propulsion system (Figure 8) is capable of accelerating test vehicles of various sizes and types up 

to speeds commonly found on U.S. highways. The FOIL propulsion system is powered 

hydraulically with a capacity of more than 10,000 N•m (13,560 lb•ft) of torque.  The vehicles are 

accelerated on a 67 m (220 ft) concrete runway with a 110 m (360 ft) runoff area.  Typical 

vehicle weights, and the corresponding maximum speed, include the following: 

 Passenger vehicles, including pickup trucks, weighing up to 2,000 kg (4,400 lb) can be 

accelerated up to speeds in excess of 100 km/h (62 mph).   

 Single-unit trucks (that is, non-articulated trucks larger than pickup trucks) weighing up 

to 8,000 kg (17,600 lb) can be accelerated up to speeds in excess of 80 km/h (50 mph). 
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Figure 8 : Vehicle Propulsion System 

The test vehicle is accelerated up to the desired speed using a cable driven tow trolley.  The tow 

trolley travels the length of the runway in a ground level track system.  A cable with sufficient 

slack to form a loop connects the test vehicle to the tow trolley.  The two ends of this cable 

terminate at the attachment to the test vehicle’s front axle near the tires; the center of cable loops 

over the front surface of the tow trolley.  Prior to the test vehicle’s collision into the test article, 

the test vehicle disengages from the tow trolley.  With the test vehicle disengaged, the vehicle 

rolls freely until it collides with the test article.  The propulsion system is computer controlled. 

4.3 Data Acquisition Systems and Sensors 

Data Acquisition System 

The TDAS PRO® digital data-acquisition system is used to record the analog accelerometer 

signals from accelerometers attached to the test vehicle.  The TDAS PRO® system is a self-

contained data system that supplies each sensor with a user-specified excitation voltage.  The 

signals from each sensor are digitally sampled at a user-specified sample rate, conditioned, and 

stored in the system’s memory for download to a computer.  The signals from the accelerometers 

are digitally sampled at 10,000 hertz (Hz) and pre-filtered with a low-pass hardware filter at 

3,000 Hz.  The TDAS PRO® system consist of TDAS PRO® racks, TDAS PRO® sensor input 

modules (SIM's), wireless interfaces, and the battery power source.  A sample rack with SIM’s 

and sample TDAS PRO system installation is shown in Figure 9. The data acquisition system is 

mounted on the test vehicle; it is a self-contained, capable of withstanding high shock loads, with 

power supplied by a battery located onboard. 

 

   

Figure 9 : FOIL Data Acquisition System 
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Sensors and Accelerometers 

Over 40 accelerometers are available at the FOIL.  These accelerometers are used to measure 

vehicle or barrier accelerations during the impact.  The most commonly used accelerometer at 

FOIL is the ENDEVCO Model 7265AM3, mounted on specially fabricated aluminum blocks 

(Figure 10). The ENDEVCO Model 7265AM3 is a low mass, undamped piezoresistive 

accelerometer designed with a miniature receptacle to allow for detachment of the cable 

assembly.  This accelerometer is designed specifically for the automotive crash testing industry 

and meets SAEJ211 specifications. 

 

       

Figure 10 : Typical Accelerometers and Mounting Blocks 

Tri-axial accelerometers are available for installation on test vehicles.  A tri-axial accelerometer 

measures the X, Y, & Z axis acceleration components.  Typically, accelerometers are installed on 

the vehicle’s center of gravity and on other locations of interest.  For example, in many truck 

tests, specifically for anti-ram barriers, another accelerometer may be installed on the 

instrumentation tray near the end of truck-bed.  Often, redundant accelerometers are placed at the 

same location in case the primary accelerometer fails during the impact.  Information about the 

accelerometer locations are included in the Appendixes of this report.  

 

The accelerometers generate a continuous analog signal.  This continuous signal is captured by 

the data acquisition system as a series of digital pulses.  The digital pulses (digital data) are 

acquired, or sampled, at a rate specified by the test personnel.  The magnitude, or amplitude, of 

each digital pulse acquired corresponds to magnitude of the analog signal at the time the signal is 

sampled.  These digital pulses are conditioned, or pre-filtered, and then stored in the solid state 

memory of the data acquisition system. 

 

Different types of load-cells are available at FOIL for measuring the impact force.  A typical 

load cell is shown in Figure 11. The capacity of these load cells vary from 10 to 1000 kN (2 to 

200 kips).  The load cells at FOIL are made by Interface.  Some of the characteristics of these 

load cells include: proprietary Interface temperature compensated strain gages, performance to 

0.04% accuracy, eccentric load compensated, low deflection, less than 0.0009% per °F (0.0015% 

per °C) temperatures effect on output, shunt calibration, barometric compensation, ability to 

measure tension and compression, and compact size. 

 

Two rate gyro models are available at FOIL for measuring vehicle rotational motion during the 

crash tests (the DTS 6DXPRO).  The newer 6DXPRO model, developed by Diversified 

Technical Systems, is the one more typically selected for the tests and is shown in Figure 12.  

This sensor features three linear accelerometers and three angular rate sensors conveniently 

packaged in a compact, high-shock enclosure for a 6 degree-of-freedom measurement system.  

This system is used with TDAS Pro data acquisition system.  The data measured is in deg/sec 

which is converted to angular displacements (in deg) by integrating the signal.  This gives the 

Roll (about x), Pitch (about y), and Yaw (about z) vehicle rotations.  The ARS 06 rate gyro has a 
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range of ± 11,500 degree/sec.  They require a 10 Volt excitation source.  The Temperature 

operation range is -20 to +50 ºC (-4 to +122 ºF). 

 

  
Figure 11: Sample Load Cell Figure 12: Sample Angular Rate Sensor 

 

String pots are available at foil for measuring displacements during impact.  They are also known 

as displacement transducers, draw wire transducers, string encoders, cable extension transducers, 

and yo-yo pots.  Most string pots at FOIL are made by the Space Age Control.  The most 

common model used at FOIL is the 162-3405 (Figure 13).  This model is noted for its small size, 

rugged performance, accuracy, flexible mounting, and easy installation.  Some of the features of 

this string pot include: all-environment operation, 42.5-inch (1080-mm) maximum travel, analog 

signal using precision conductive plastic/hybrid potentiometers, accutrak threaded drum for 

enhanced repeatability, bearing-mounted rotating components, direct-connect sensor-to-drum 

technology, zero backlash, and no torsion springs or clutches. 

 

Pressure sensitive tape switches are used at FOIL as triggers.  A typical pressure sensitive tape 

switch is shown in Figure 14.  Tape switches are contact switches actuated by an imposed load, 

such as contact by the test vehicle.  The switches are flexible and can be attached to curved 

surfaces, such as the bumper of a test vehicle, using tape.  When attached to the bumper of the 

test vehicle or the impact surface of the test article, the switches are used to sense the instant of 

vehicle contact as it collides into the test article.  At impact, two contacts inside the switch close 

sending a time zero signal to the various data acquisition systems and digital cameras to capture 

the pre and post collision data. This signal is also used to trigger other control functions 

associated with data capture. 

 

  
Figure 13: Sample String Pot Figure 14: Sample Tape Switch 

Speed Traps 

Two different speed measuring methods are used in full scale vehicle crash tests to measure pre-

impact speed.  The first velocity measurement system is a stand-alone unit.  The test vehicle is 

mounted with a speed wand.  The speed wand is positioned such that it passes through a laser 

speed trap just prior to impacting the test article.  The laser speed trap consists of two laser 

diodes mounted 0.5 m (1.6 ft) apart.  The laser beams are focused on phototransistor detectors 

that turn on when a laser beam is detected.  In the absence of light they turn off.  The pulse is 
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sent to a meter box where it is converted to velocity in both kilometers-per-hour and miles-per-

hour. 

 

The second speed trap consists of two sets of four pressure-actuated contact switches fastened to 

the runway in 0.5-m intervals.  Each switch is spaced 0.5 m (1.6 ft) apart.  One set of contact 

switches will be positioned just prior to releasing the vehicle from the tow system and the second 

set of contact switches will be positioned just prior to impacting the test article.  As the vehicle 

passes over the contact switches, electronic pulses will be recorded on an off-board data 

acquisition module.  The signal will then be analyzed to measure the pre-impact velocity.  The 

test vehicle speed can be determined from the fixed distance of travel, 0.5 m (1.6 ft), and the 

measured time between the two pulses. In addition, motion analysis will be conducted using the 

high speed digital movies after the test to estimate the pre-impact velocity. 

4.4 High Speed Digital Imaging 

High-resolution high-speed digital cameras, digital camcorders, and a digital still camera are 

available to film the tests.  The high-speed cameras are developed by “NAC Image Technology 

Corporation”.  They are capable of resolution of 1280x1024 and recording rates of up to 1000 

frames per second (fps).  Typical frame rate of 500 fps is used for the high-speed imaging.  In 

some tests, higher or lower rates are used depending on the need of the test.  The high-speed 

digital cameras are positioned to get overhead, left, right, rear and isometric views of the crash 

event.  Figure 15 shows one of NAC cameras.  Locations of the cameras and other information 

related to the high-speed recording is included in the Appendixes to this report.  

 
 

 

Figure 15 : Typical High Speed Digital Camera 

4.5 Test Data Collection and Compilation 

Test data is collected automatically by a computerized data acquisition system.  The computers 

for the data acquisition system and all other test control functions are located in the test control 

center trailer.  The data acquisition computer is connected wirelessly to the TDAS PRO digital 

data acquisition system which is installed on the test vehicle and/or test article. The data 

acquisition system is armed by the test operator just before the start of the test.  When the system 

is armed, the data recording begins and continues on a circular buffer.  Upon the impact of the 

test vehicle with the test article, a contact switch triggers the data acquisition system to set the 

time zero for the event (on the circular buffer).  From this point on, the TDAS PRO stores a pre-

specified amount of pre-impact and post-impact test data.  The detail requirements of the data 

acquisition are set up in the software prior to test (e.g., sampling frequency, pre and post-impact 

duration for the test data collection, filtering method, etc.).  The data acquisition system 

automatically collects the required test data and stores the data in a flash memory.  The test data 

is downloaded immediately after the test.  After each test, the test technician/operator compiles 

and copies the automatically generated data files for further review and reporting.  Test data is 

readily available after the test and can be plotted or viewed in various formats. 
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5 Crash Test 16004 

5.1 Test Designation and Impact Conditions 

This crash test was performed using specifications set forth in MASH for Test 3-11.  This test 

consisted of a 2009 Chevrolet Silverado 2270 kg (5000 lb) impacting a G4(1S) W-beam 

guardrail barrier with two type-T anchor assembly end terminations set on the CSRS Test Bed 

with the representation of a 1.2 m (4 ft) shoulder which had a 2% decline from the edge of the 

roadway.  The G4(1S) W-beam guardrail barrier was placed just beyond the edge of the shoulder 

(i.e., the point where the roadway and the shoulder meet).  The barrier was installed along the 

curvature of the roadway/shoulder.  The setup is shown in Figure 16.  The vehicle speed in this 

test was 62 km/h (100 mph).  Additional test details and sequential photos can be viewed in 

Appendix E.1 

5.2 Test Vehicle 

The vehicles used in the test was a 2009 Chevrolet Silverado pick-up truck that were equipped 

with eight-cylinder gasoline engines.  The pick-up trucks also had 4 full doors and were rear 

wheel drive (2WD).  Pictures of the vehicle are shown in Figure 17.  The exact curb mass of the 

vehicle in was 2308 kg (5088.3 lb) and its measured test inertial mass was 2315 kg (5107.3 lb).  

The height of the lower edge of the vehicle front bumper 54.2 cm (21.3 in); the upper edge of the 

front bumper was 66.3 cm (26.1 in) and the hood height was 114.2 cm (45 in).  Additional 

dimensions of the vehicle are given in the Appendix E.1 of this test report. 

5.3 Test Description 

The 2270P vehicle began impacting the G4(1S) W-beam guardrail barrier at post 11 as shown in 

the sequential overhead photos in Appendix E.1.  The impact was approximately 19.1m (62.5 ft) 

downstream from the beginning of the barrier installation and 34.3 m (112.5 ft) upstream from 

the end of the barrier installation.  When the barrier was impacted, some snagging occurred and 

the vehicle was redirected. 

5.4 Test Article and Component Damage 

There was significant damage to the impacted area of the G4(1S) W-beam guardrail barrier.  The 

damage to the barrier was contained between post 10 and post 16.  There was considerable 

flattening of the W-beam guardrail with tearing.  Also, there was significant twisting of the posts 

and broken blockouts.  The damage to the barrier is shown in Figure 18. 

5.5 Test Vehicle Damage 

The 2009 Chevrolet Silverado had significant damage.  The majority of the damage came on the 

right hand side of the vehicle due to being the impacted side.  There was major denting to the 

passenger side of the vehicle.  The front passenger side tire became detached during the impact 

and passenger rear tire was flat after impact.  The front and rear bumper had considerable 

damage to the passenger side but the driver’s side received minimal to no damage.  The tires on 

the driver’s side remained undamaged during the impact.  The vehicle damage is shown in 

Figure 19. 
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(a) (b) 

  

(c) (d) 

Figure 16 : Vehicle and Barrier Set-Up for Test 16004 

 

  

(a) (b) 

Figure 17 : Test Vehicle for Test 16004 
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(a) (b) 

  

(c) (d) 

Figure 18 : Damage to Test Article for Test 16004 

 

  

(a) (b) 

Figure 19 : Damage to Test Vehicle for Test 16004 
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5.6 Test Summary and MASH Evaluation Metrics 

Table 3 shows the MASH evaluation results for Test 16004.  The table indicates that the barrier 

meets all MASH criteria.  The vehicle was redirected although it experienced a high degree of 

yaw, pitch and roll, but came to rest on its wheels. 

 

Figure 20 provides a summary of Test 16004 that includes all pertinent information about the 

set-up and outcomes of the test.  It is noted that the test vehicle was within the mass tolerance 

range (+/-50kg) for testing requirements.  The impact speed and angle were also within tolerance 

limits.  Data from the tri-axial accelerometers and rate transducers mounted at the CG of the 

vehicle are graphed and included the Appendix E.1.  These show the filtered pulses recorded 

during the impact point that provide the basis for computing the various crash test metrics. 

 

Table 3: MASH Evaluation for Test 16004  

Structural 

Adequacy 

A. Test article should contain and redirect the vehicle or bring 

the vehicle to a controlled stop; the vehicle should not 

penetrate, underride, or override the installation although 

controlled lateral deflection of the test article is acceptable. 

Pass 

Occupant 

Risk 

D. Detached elements, fragments or other debris from the 

test article should not penetrate or show potential for 

penetrating the occupant compartment, or present an undue 

hazard to other traffic, pedestrians, or personnel in a work 

zone. Deformations of, or intrusions into, the occupant 

compartment should not exceed limits set forth in Section 

5.3 and Appendix E of MASH. 

Pass 

F. The vehicle should remain upright during and after 

collision. The maximum roll and pitch angles are not to 

exceed 75 degrees. 
Pass 

H. Occupant Impact Velocity (OIV) should satisfy the 

following limits: Pass 

 Occupant Impact Velocity Limits 

OIVx= 4.9 m/s 

OIVy= 4.5 m/s  

Componen

t 

Preferred Maximum 

Longitudinal 

and Lateral 
30 ft/s 

(9.1 m/s) 

40 ft/s 

(12.2 m/s) 

I. The Occupant Ridedown Acceleration should satisfy the 

following limits: Pass 

 Occupant Ridedown Acceleration Limits (G) 

ORAx= -7.5 g 

ORAy= -7.7 g 

Component Preferred Maximum 

Longitudinal 

and Lateral 15.0 g’s 20.49 g’s 

Vehicle 

Trajectory 

For redirective devices the vehicle shall exit within the 

prescribed box. Pass 

Overall 
 

Pass 
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Figure 20 : Summary Results for Test 16004 
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6 Crash Test 16010 

6.1 Test Designation and Impact Conditions 

This crash test was performed using specifications set forth in MASH for Test 3-11.  This test 

consisted of a 2009 Chevrolet Silverado 2270 kg (5000 lb) impacting a G4(1S) W-beam 

guardrail barrier with two type-T anchor assembly end terminations set on the CSRS Test Bed 

with the representation of a 1.2 m (4 ft) shoulder which had a 2% decline from the edge of the 

roadway.  The G4(1S) W-beam guardrail barrier was placed just beyond the edge of the shoulder 

(i.e., the point where the roadway and the shoulder meet).  The barrier was installed along the 

curvature of the roadway/shoulder.  The setup is shown in Figure 21.  The vehicle speed in this 

test was 62 km/h (100 mph).  Additional test details and sequential photos can be viewed in 

Appendix E.2 

6.2 Test Vehicle 

The vehicles used in the test was a 2009 Chevrolet Silverado pick-up truck that were equipped 

with eight-cylinder gasoline engines.  The pick-up trucks also had 4 full doors and were rear 

wheel drive (2WD).  Pictures of the vehicle are shown in Figure 22.  The exact curb mass of the 

vehicle in was 2313 kg (5099.3 lb) and its measured test inertial mass was 2283 kg (5033.2 lb).  

The height of the lower edge of the vehicle front bumper 55.9 cm (22 in); the upper edge of the 

front bumper was 68 cm (26.8 in) and the hood height was 114.1 cm (44.9 in).  Additional 

dimensions of the vehicle are given in the Appendix E.2 of this test report. 

6.3 Test Description 

The 2270P vehicle began impacting the G4(1S) W-beam guardrail barrier between post 11 and 

post 12 as shown in the sequential overhead photos in Appendix E.2.  The impact was 

approximately 20 m (65.6 ft) downstream from the beginning of the barrier installation and 33.4 

m (109.4 ft) upstream from the end of the barrier installation.  When the barrier was impacted it 

was flattened out and allowed for vehicle override. The vehicle came to rest on the opposite side 

of the barrier. 

6.4 Test Article and Component Damage 

There was significant damage to the impacted area of the G4(1S) W-beam guardrail barrier.  The 

damage to the barrier was contained between post 10 and post 16.  There was considerable 

flattening of the W-beam guardrail with tearing.  Also, there was significant twisting of the posts 

and broken blockouts.  The damage to the barrier is shown in Figure 23. 

6.5 Test Vehicle Damage 

The 2009 Chevrolet Silverado had significant damage.  During the initial impact the majority of 

the damage came on the right hand side of the vehicle due to being the impacted side.  As in the 

previous test the front passenger side tire became detached during the impact but the other 3 tires 

remained intact and were undamaged.  When the vehicle went to the opposite side of the barrier 

it rolled onto its roof causing damage to the roof.  The vehicle had significant damage the cab, 

suspension parts, truck bed, and broken windshield.  The vehicle damage is shown in Figure 24. 
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(a) (b) 

  

(c) (d) 

Figure 21 : Vehicle and Barrier Set-Up for Test 16010 

 

  

(a) (b) 

Figure 22 : Test Vehicle for Test 16010 
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(a) (b) 

  

(c) (d) 

Figure 23 : Damage to Test Article for Test 16010 

 

 

  

(a) (b) 

Figure 24 : Damage to Test Vehicle for Test 16010 
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6.6 Test Summary and MASH Evaluation Metrics 

Table 4 shows the MASH evaluation results for Test 16010.  The table indicates that the barrier 

does not meet MASH as the vehicle overrode the barrier and rolled over. 

 

Figure 25 provides a summary of Test 16010 that includes all pertinent information about the 

set-up and outcomes of the test.  It is noted that the test vehicle was within the mass tolerance 

range (+/-50kg) for testing requirements.  The impact speed and angle were also within tolerance 

limits.  Data from the tri-axial accelerometers and rate transducers mounted at the CG of the 

vehicle are graphed and included the Appendix E.2.  These show the filtered pulses recorded 

during the impact point that provide the basis for computing the various crash test metrics. 

 

Table 4: MASH Evaluation for Test 16010  

Structural 

Adequacy 

A. Test article should contain and redirect the vehicle or bring 

the vehicle to a controlled stop; the vehicle should not 

penetrate, underride, or override the installation although 

controlled lateral deflection of the test article is acceptable. 

Fail 

Occupant 

Risk 

D. Detached elements, fragments or other debris from the 

test article should not penetrate or show potential for 

penetrating the occupant compartment, or present an undue 

hazard to other traffic, pedestrians, or personnel in a work 

zone. Deformations of, or intrusions into, the occupant 

compartment should not exceed limits set forth in Section 

5.3 and Appendix E of MASH. 

Pass 

F. The vehicle should remain upright during and after 

collision. The maximum roll and pitch angles are not to 

exceed 75 degrees. 
Pass 

H. Occupant Impact Velocity (OIV) should satisfy the 

following limits: Pass 

 Occupant Impact Velocity Limits 

OIVx= 4.8 m/s 

OIVy= 3.8 m/s  

Componen

t 

Preferred Maximum 

Longitudinal 

and Lateral 
30 ft/s 

(9.1 m/s) 

40 ft/s 

(12.2 m/s) 

I. The Occupant Ridedown Acceleration should satisfy the 

following limits: Pass 

 Occupant Ridedown Acceleration Limits (G) 

ORAx= -6.1 g 

ORAy= -6.0 g 

Component Preferred Maximum 

Longitudinal 

and Lateral 15.0 g’s 20.49 g’s 

Vehicle 

Trajectory 

For redirective devices the vehicle shall exit within the 

prescribed box. Fail 

Overall 
 

Fail 
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Figure 25 : Summary Results for Test 16010 
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7 Crash Test 16015 

7.1 Test Designation and Impact Conditions 

This crash test was performed using specifications set forth in MASH for Test 3-11.  This test 

consisted of a 2009 Chevrolet Silverado 2270 kg (5000 lb) impacting a G4(1S) W-beam 

guardrail barrier with two type-T anchor assembly end terminations set on the CSRS Test Bed 

with the representation of a 2.4 m (8 ft) shoulder which had a 2% decline from the edge of the 

roadway.  The G4(1S) W-beam guardrail barrier was placed just beyond the edge of the shoulder 

(i.e., the point where the roadway and the shoulder meet).  The barrier was installed along the 

curvature of the roadway/shoulder.  The setup is shown in Figure 26.  The vehicle speed in this 

test was 62 km/h (100 mph).  Additional test details and sequential photos can be viewed in 

Appendix E.3. 

7.2 Test Vehicle 

The vehicles used in the test was a 2009 Chevrolet Silverado pick-up truck that were equipped 

with eight-cylinder gasoline engines.  The pick-up trucks also had 4 full doors and were rear 

wheel drive (2WD).  Pictures of the vehicle are shown in Figure 27.  The exact curb mass of the 

vehicle in was 2257 kg (4975.3 lb) and its measured test inertial mass was 2268.5 kg (5001.2 lb).  

The height of the lower edge of the vehicle front bumper 56.9 cm (22.4 in); the upper edge of the 

front bumper was 69 cm (27.7 in) and the hood height was 115.1 cm (45.3 in).  Additional 

dimensions of the vehicle are given in the Appendix E.3 of this test report. 

7.3 Test Description 

The 2270P vehicle began impacting the G4(1S) W-beam guardrail barrier between post 12 and 

post 13 as shown in the sequential overhead photos in Appendix E.3.  The impact was 

approximately 24.8 m (81.3 ft) downstream from the beginning of the barrier installation and 

28.6 m (93.7 ft) upstream from the end of the barrier installation.  When the vehicle impacted the 

barrier, the barrier crushed allowing the vehicle to redirect.  The vehicle came to rest upright on 

the impacted side of the barrier. 

7.4 Test Article and Component Damage 

There was significant damage to the impacted area of the G4(1S) W-beam guardrail barrier.  The 

damage to the barrier was contained between post 12 and post 18.  There was considerable 

flattening of the W-beam guardrail with tearing.  Also, there was significant twisting of the posts 

and broken blockouts.  The damage to the barrier is shown in Figure 28. 

7.5 Test Vehicle Damage 

The 2009 Chevrolet Silverado had significant damage.  The majority of the damage came on the 

right hand side of the vehicle due to being the impacted side.  There was major denting to the 

passenger side of the vehicle.  The front passenger side tire became detached during the impact 

due to broken suspension parts and passenger rear tire was flat after impact.  The front and rear 

bumper had considerable damage to the passenger side but the driver’s side received minimal 

damage.  The tires on the driver’s side remained undamaged during the impact.  The vehicle 

damage is shown in Figure 29. 
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(a) (b) 

  

(c) (d) 

Figure 26 : Vehicle and Barrier Set-Up for Test 16015 

 

 

  

(a) (b) 

Figure 27 : Test Vehicle for Test 16015 
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(a) (b) 

  

(c) (d) 

Figure 28 : Damage to Test Article for Test 16015 

 

  

(a) (b) 

Figure 29 : Damage to Test Vehicle for Test 16015 
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7.6 Test Summary and MASH Evaluation Metrics 

Table 5 shows the MASH evaluation results for Test 16015.  The table indicates that the barrier 

meets all MASH criteria.  The vehicle was redirected although it experienced a moderate degree 

of yaw, pitch and roll, but came to rest on its wheels. 

 

Figure 30 provides a summary of Test 16015 that includes all pertinent information about the 

set-up and outcomes of the test.  It is noted that the test vehicle was within the mass tolerance 

range (+/-50kg) for testing requirements.  The impact speed and angle were also within tolerance 

limits.  Data from the tri-axial accelerometers and rate transducers mounted at the CG of the 

vehicle are graphed and included the Appendix E.3.  These show the filtered pulses recorded 

during the impact point that provide the basis for computing the various crash test metrics. 

 

Table 5: MASH Evaluation for Test 16015 

Structural 

Adequacy 

A. Test article should contain and redirect the vehicle or bring 

the vehicle to a controlled stop; the vehicle should not 

penetrate, underride, or override the installation although 

controlled lateral deflection of the test article is acceptable. 

Pass 

Occupant 

Risk 

D. Detached elements, fragments or other debris from the 

test article should not penetrate or show potential for 

penetrating the occupant compartment, or present an undue 

hazard to other traffic, pedestrians, or personnel in a work 

zone. Deformations of, or intrusions into, the occupant 

compartment should not exceed limits set forth in Section 

5.3 and Appendix E of MASH. 

Pass 

F. The vehicle should remain upright during and after 

collision. The maximum roll and pitch angles are not to 

exceed 75 degrees. 
Pass 

H. Occupant Impact Velocity (OIV) should satisfy the 

following limits: Pass 

 Occupant Impact Velocity Limits 

OIVx= 4.7 m/s 

OIVy= 4.2 m/s  

Componen

t 

Preferred Maximum 

Longitudinal 

and Lateral 
30 ft/s 

(9.1 m/s) 

40 ft/s 

(12.2 m/s) 

I. The Occupant Ridedown Acceleration should satisfy the 

following limits: Pass 

 Occupant Ridedown Acceleration Limits (G) 

ORAx= -5.9 g 

ORAy= -6.7 g 

Component Preferred Maximum 

Longitudinal 

and Lateral 15.0 g’s 20.49 g’s 

Vehicle 

Trajectory 

For redirective devices the vehicle shall exit within the 

prescribed box. Pass 

Overall 
 

Pass 
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Figure 30 : Summary Results for Test 16015 
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8 Conclusions and Recommendations 

The three full-scale crash tests were conducted at the Federal Outdoor Impact Laboratory (FOIL) 

located at the Federal Highway Administration’s (FHWA) Turner-Fairbank Highway Research 

Center in McLean Virginia.  The tests were conducted according to MASH requirements for Test 

3-11 involving 2270P vehicles.  The evaluation criteria appropriate for longitudinal barriers were 

used as the performance benchmark.  An inclined surface was constructed to represent a CSRS 

section with the features of a 254 m (833 ft) radius curve with 6% superelevation.  An asphalt 

shoulder was installed with a 2-degree declination from the edge of the roadway.  The test bed 

was set-up to all barrier placements for shoulder widths of 4 and 8 ft.  The barrier was placed just 

at the edge of the shoulder.  An appropriate length of G4(1S) longitudinal barrier with end 

treatments was installed by a certified barrier contractor for each test.  The two shoulder widths 

required that the positioning of the posts consider the prescribed critical impact points 

determined to be the most critical.  The tests involved launching the vehicle at a speed that 

allowed it to be at the MASH impact speed when the barrier was reached after traversing the 

inclined roadway surface and the down sloping shoulder. 

 

These results reflected outcomes predicted in the simulations. The first test was expected to 

result in a failure due to excessive vehicle roll (and possibly vaulting).  In the first test, the 

vehicle did not impact the barrier at the expected critical impact point just beyond the post due to 

less “drift” than anticipated in traversing the inclined surface.  The vehicle followed the rail and 

was redirected because the early impact with the post kept the rail in an upright position allowing 

better capture of the vehicle.  The other two tests impacted the barrier at the computed critical 

location using the procedure included in MASH.  These two tests confirmed the simulations 

results where it was predicted that the vehicle would vault the barrier and not meet MASH with a 

1.22m (4 ft) shoulder and would get redirected and meet the MASH criteria with a 2.44 m (8 ft) 

shoulder (for the tested curvature, superelevation, and shoulder angle). 
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APPENDIX E.1 

Test 16004 Additional Information 

 

GENERAL  

TEST NO. 16004 

DATE 04/14/2016 

TIME 1:00 PM 

WEATHER Sunny 

TEST 

CONFIGURATION 

Chevrolet Silverado into Super Elevated Curved Roadway with G41S W-Beam 

Guardrail @ 4 feet from Peak 

SPEED (KM/H) 100 KM\H 

PURPOSE 

Evaluate the Performance of Longitudinal Barriers on Curved, Superelevated 

Roadway Sections 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

COMMENTS 

Release Point Speed Trap: Front Tire- 103.2km/h (63.7 mph) Rear Tire- 102.4 km/h (63.6 mph) 

Pre Impact Speed Trap: Front Tire-102.4 km/h (63.6 mph) Rear Tire-102.3 km/h (63.6 mph) 

 

 

 

 

 

 

 

       

 

 

Quality Manager Approval for release:      Date:   
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Test Vehicle Parameters for Test 16004 (1 of 2) 

 

Test No: 04/14/16

LF:

RF:

LR:

RR:

Vin No.:  

LF:

RF:

LR:

RR:

Mass (Kg) Mass (Kg)

1 5.0 25.5

2 4.5 16.5

3 8.5 5.5

4 19.0 6.0

5 12.5 1.0

6 24.0 26.0

7

8   

9   

10

11

12  

73.5 80.5

2308.0

73.5

2234.5

80.5

2315.0

2315.0 MASH Page #’s: 9-12, 80

X-Axis (from LF to LR): 155.3

Y-Axis (From LF to RF):

Z-Axis (From Ground):

Oil

85.1

Measured Test Inertial Mass =

Removed Total =

Stripped Vehicle Mass =

Added Mass =

Calculated Test Inertial Mass =

Data Wireless

Instrumentation Cage

  

490.5

447.5

663.5

676.0

Measured Test Inertial Mass (Kg)

Data Acquisition

509.0

Battery

Veh No:

Added

154.2

86.0

16004

Make:

Model:

Year:

466.5

White to Blue

Total Mass Removed (Kg) =

Center Seat

Spare Tire

Battery

Z-Axis (From Ground): 69.4

Items Removed

Date:

Chevrolet

Silverado 1500

2009

668.5

701.5

Measured Curb mass (Kg)

Y-Axis (From LF to RF):

Engine:

Color:

5.3

2GCEC13J1113609

X-Axis (from LF to LR):

Location of Vehicle CG (cm)

*All weights are in Kg

75.9

Location of  CG Accelerometer (cm)

Instrument Tray

Brake System

Transmission Fluid

Antifreeze

Total Mass Added (Kg) =

Measured Curb Mass =
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Test Vehicle Parameters for Test 16004 (1 of 2) 

 

 TEST NO.:  DATE:  217534

MAKE: MODEL:  YEAR:

VIN NO.: TIRE SIZE:

LF  RF

  LR  RR

Door Lower Edge Height (cm) 39.5

GEOMETRTY - (CM)

A 199.1 D 186.4 G 155.3 K 66.3 N 172.9 Q 47.0

B 97.0 E 117.0 H 69.4 L 14.2 O 171.0 S 74.4

C 366.0 F 580.0 J 114.2 M 54.2 P 76.5

 Wheel Center Heights (cm):  Front:  36.6 Rear:  36.4

Front:  16.4 Rear:  26.9

Front:  42.5 Rear:  64.7

WEIGHTS 

(kg)

GVWR 

Ratings Curb

Test 

Inertial

Gross 

Static

Wfront 1,656.0 1,370.0 1,339.5 1,339.5

Wrear 1,792.0 938.0 975.5 975.5

Wtotal 3,085.0 2,308.0 2,315.0 2,315.0

DUMMY DATA: Type:  NA Mass (kg):  NA Seat Position:  NA

DAMAGE TO VEHICLE PRIOR TO TEST:

663.5

509.0

P245/70R172GCEC13J191113609

TIRE INFLATION PRESSURE: 35

676.0

466.5

2009

16004 4/14/2016 ODOMETER:

Chevrolet Silverado 1500

MASS DISTRIBUTION (KG):

Performed by : Christopher R.Story MASH Page #'s: 80

 Frame Height (cm):  

 Wheel Well Clearance (cm):  

Dent on driver side of bed and roof

S
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Camera Configuration and Placement for Test 16004 
 

NO. CAMERA LENS 
LENS 

(MM) 

LENS 

(ZOOM 

RESOLUTION 

(PIXELS) 

SPEED 

(FPS) 
LOCATION 

1 K3 Nikon 24-85 85 1280 X 1024 500 Left Perp Close 

2 K3 Nikon 18-35 35 1280 X 1024 500 Left Perp  

3 K3R Nikon 50 50 1280 X 1024 500 Left Front Iso  

4 GX-1 Nikon 25-85 60 1280 X 1024 500 Right Perp 

5 GX-1 Nikon 85 85 1280 X 1024 500 Right Front Iso 

6 K3R Nikon 35-105 105 1280 X 1024 500 Left Rear Iso 

7 GX-1 Nikon 50 50 1280 X 1024 500 Right Rear Iso 

8 K3R Nikon 14 14 1280 X 1024 500 Overhead 

 

 

MASH Page #’s: 101 
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High Speed Camera Parameters for Test 16004 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 
 

 

*Overhead Camera place over impact point (0.0, 0.0 cm) _1164.3_cm high 
 

 

4 

6 

X (cm), Y (cm) 

8940.8, -1755.1 

7 

5 

X (cm), Y (cm) 

-2807.2, 929.6 

X-Axis 

Y-Axis 

2 

X (cm), Y (cm) 

0, -2575.6 

X (cm), Y (cm) 

0, 1816.1 

X (cm), Y (cm) 

3020.1, 1968.5 

1 

3 

X (cm), Y (cm) 

-355.4, -2575.6 
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Sequential Photographs for Test 16004 (Overhead View) 

   

             
 

             
 

             
 

                        

0.00 s 

 

0.09 s 

 

0.17 s 

 

0.26 s 

 

0.34 s 

 

0.43 s 

 

0.51 s 

 

0.60 s 
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Sequential Photographs for Test 16004 (Left Rear Iso View) 

 

             
 

             
 

             
 

             

0.00 s 

 

0.16 s 

 

0.31 s 

 

0.47 s 

 

0.63 s 

 

0.79 s 

 

0.94 s 

 

1.10 s 
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Sequential Photographs for Test 16004 (Right Front Iso View) 

 

             
 

             
 

             
 

             

0.00 s 

 

0.16 s 

 

0.31 s 

 

0.47 s 

 

0.63 s 

 

0.79 s 

 

0.94 s 

 

1.10 s 

 



E-41 

 

Sequential Photographs for Test 16004 (Right Rear Iso View) 
 

                               
 

                               
 

                               
 

                               
 

0.00 s 

 

0.09 s 

 

0.17 s 

 

0.26 s 

 

0.34 s 

 

0.43 s 

 

0.51 s 

 

0.60 s 
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Vehicle Accelerometer Locations and Data Axis for Test 16004 

 

CH. LOCATION 

X (cm) 

From frt. 

axle 

Y (cm) 

From lft 

frt. hub 

Z (cm) 

From 

ground 

SERIAL 

NO. 

Cal 

STATUS 

UNIT 

(Meas.) 
AXIS 

1 Center of Gravity 154.2 86.0 75.9 
6DX0013 

ACC1 
Calibrated Gs X 

2 Center of Gravity 154.2 86.0 75.9 
6DX0013 

ACC2 
Calibrated Gs Y 

3 Center of Gravity 154.2 86.0 75.9 
6DX0013 

ACC3 
Calibrated Gs Z 

4 Center of Gravity 154.2 86.0 75.9 
6DX0013 

ARS1 
Calibrated Deg\Sec ROLL 

5 Center of Gravity 154.2 86.0 75.9 
6DX0013 

ARS2 
Calibrated Deg\Sec PITCH 

6 Center of Gravity 154.2 86.0 75.9 
6DX0013 

ARS3 
Calibrated Deg\Sec YAW 

7 Center of Gravity Redundant 154.2 86.0 75.9 
6DX0014 

ACC1 
Calibrated Gs X 

8 Center of Gravity Redundant 154.2 86.0 75.9 
6DX0014 

ACC2 
Calibrated Gs Y 

9 Center of Gravity Redundant 154.2 86.0 75.9 
6DX0014 

ACC3 
Calibrated Gs Z 

10 Center of Gravity Redundant 154.2 86.0 75.9 
6DX0014 

ARS1 
Calibrated Deg\Sec ROLL 

11 Center of Gravity Redundant 154.2 86.0 75.9 
6DX0014 

ARS2 
Calibrated Deg\Sec PITCH 

12 Center of Gravity Redundant 154.2 86.0 75.9 
6DX0014 

ARS3 
Calibrated Deg\Sec YAW 

 

 
MASH Page #’s: 88, 89 

 

For each accelerometer, the X-axis is referenced from the center of the right front tire (X=0), the 

Y-axis from the centerline of the test vehicle (Y=0), and the Z-axis from ground level (Z=0).   
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Accelerations and Angular Rotations at CG for Test 16004 (1 of 2) 
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Acceleration and Angular Rotations at CG for Test 16004 (2 of 2) 
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Data and Results for Test 16004 

 

 General Information 

  Test Agency: FOIL 

  Test Number: 16004 

  Test Date:    04/14/2016 

  Test Article: G41S W-Beam Guardrail 

 Test Vehicle 

  Description:      2270P - Silverado 

  Test Inertial Mass:  2315 kg 

  Gross Static Mass:  3085 kg 

 Impact Conditions 

  Speed: 100.0  km/h 

  Angle: 25.0   degrees 

 Occupant Risk Factors 

  Impact Velocity (m/s)  at 0.1701 seconds  

   x-direction   4.9   

   y-direction   4.5   

  THIV (km/hr):  24.7    at 0.1721  seconds  

  THIV (m/s):  6.9     

 Ridedown Accelerations (g's) 

   x-direction   -7.5   (0.9691 -  0.9791 seconds) 

   y-direction   -7.7   (0.2571 -  0.2671 seconds) 

  PHD (g's):   10.1    (0.2536 -  0.2636 seconds) 

  ASI:      0.71    (0.2518 -  0.3018 seconds) 

 Max. 50msec Moving Avg. Accelerations (g's) 

  x-direction    -5.7   (0.9402 -  0.9902 seconds) 

  y-direction    -6.0   (0.2517 -  0.3017 seconds) 

  z-direction    -3.6   (0.9490 -  0.9990 seconds) 

 Max Roll, Pitch, and Yaw Angles (degrees) 

  Roll     -23.9  (0.9487 seconds) 

  Pitch     -36.5  (1.2232 seconds) 

  Yaw     25.4   (9.9888 seconds) 
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Target Locations for Test 16004 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

I K J 

D E F G C B A 

Geometry (cm) (Driver Side) 

A: 83.6 

 

 

 

  

B: 76.1 

C: 25.2 

D: 81.2   

E:  12.7  

F:  109.1  

G: 25.1 

H: 78.8  

I:  140.2 

J:  43.3 

K: 55.9  
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Vehicle Crush Measurements for Test 16004 

 

 TEST NO.:  DATE:  217534

MAKE: MODEL: YEAR:

VIN NO.:

GEOMETRTY - (CM) PRE-TEST POST-TEST

C1 78.0-21.4 C1 77.2-23.2

C2 31.2-22.6 C2 45.0-21.6

C3 24.2-22.3 C3 32.1-22.9

C4 22.6-24.8 C4 29.5-23.6

C5 24.8-23.6 C5 31.4-23.5

C6 31.7-21.5 C6 38.4-18.5

C7 77.4-22.6 C7 77.0-20.7

Front-Side

Christopher R. StoryPerformed by:

MASH Page #'s: 217

16004 4/14/2016 ODOMETER:

Chevrolet Silverado C1500 2009

2GCEC13J191113609

Front-Side
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Interior Crush Measurements for Test 16004 

 

Vehicle Interior Crush Measurements 
16004 

    Pretest       Post Test         

Point X Y Z   X Y Z   
DEL 

X 
DEL 

Y 
DEL 

Z 

1 167.5 35.9 0  167.2 36.9 0  .3 -1.0 0 

2 168.3 42.2 0  168.2 42.3 0  .1 -.1 0 

3 168.3 57.6 0.4  167.6 56.7 0.2  .7 .9 .2 

4 162.2 44.3 4.5  162.2 41.2 4.9  0 3.1 -.4 

5 162.1 53.8 4.6  161.8 48.5 5.6  -.7 5.3 -1.0 

6 162.2 58.8 4.5  161.9 56.5 5.5  .3 2.3 -1.0 

7 148.3 39.0 10.5  147.7 40.2 10.5  .6 -1.2 0 

8 147.7 59.2 10.4  147.6 56.1 10.4  .1 3.1 0 

9 148.2 63.1 10.3  147.0 63.2 9.9  1.2 -.1 .4 

10 137.5 66.2 10.4  137.1 62.5 9.8  .4 3.7 .6 

11 110.0 25.6 -104.8  110.0 25.4 -105.1  0 .2 .3 

12 109.3 28.2 -105.0  111.2 34.1 -104.9  -1.9 -5.9 -.1 

13 106.5 47.1 -105.1  107.0 54.0 -105.4  -.5 -6.9 .3 

14 99.1 18.3 -111.5  98.7 19.1 -111.4  .4 -.8 -.1 

15 96.4 30.8 -111.5  96.5 36.7 -111.5  -.1 -5.9 0 

16 94.2 43.0 -111.4  92.2 47.3 -111.3  2.0 -4.3 -.1 

17 81.4 17.7 -113.6  81.7 17.2 -113.5  -.3 .5 -.1 

18 79.1 26.4 -113.5  78.1 30.3 -113.7  1 -3.9 .2 

19 78.2 34.7 -113.1  77.5 39.7 -113.1  .7 -5.0 0 

20 62.8 26.1 -144.0  62.5 32.0 -144.4  .3 -5.9 .4 

21 127.3 31.9 -52.0  128.0 37.5 -52.7  -.7 -5.6 .7 

22 128.1 43.1 -54.1  129.7 43.9 -54.2  -1.6 -.8 .1 

23 129.3 55.4 -47.0  129.7 53.8 -49.7  -.4 1.6 2.7 

24 132.1 37.1 -33.4  131.7 37.2 -33.7  .4 -.1 .3 

25 132.5 61.0 -35.0  131.9 59.2 -34.4  -.6 1.8 -.6  
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APPENDIX E.2 

Test 16010 Additional Information 
 

GENERAL  

TEST NO. 16010 

DATE 06/15/2016 

TIME 1:00 PM 

WEATHER Cloudy 

TEST 

CONFIGURATION 

Chevrolet Silverado into Super Elevated Curved Roadway with G41S W-Beam 

Guardrail @ 4 Feet from peak 

SPEED (KM/H) 100 KM\H 

PURPOSE 

Evaluate the Performance of Longitudinal Barriers on Curved, Superelevated 

Roadway Sections 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

COMMENTS 

Release Point Speed Trap: Front Tire- 102.3 km/h (63.6 mph) Rear Tire- 102.1 km/h (63.5 mph) 

End of Track Speed Trap: Front Tire-103.1 km/h (64.0 mph) Rear Tire-102.8 km/h (63.9 mph) 

Laser Speed Trap: 63.9 km/h (102.9) 

 

 

 

 

 

 

 

Quality Manager Approval for release:      Date:   

 

 

 

Quality Manager Approval for release:      Date:   
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Test Vehicle Parameters for Test 16010 (1 of 2) 

 

Test No: 06/16/16

LF:

RF:

LR:

RR:

Vin No.:  

LF:

RF:

LR:

RR:

Mass (Kg) Mass (Kg)

1 4.0 25.5

2 3.0 16.5

3 8.0 5.5

4 17.0 6.0

5 12.0 1.0

6 30.0 26.0

7 4.5

8 32.0   

9   

10

11

12  

110.5 80.5

2313.0

110.5

2202.5

80.5

2283.0

2283.0 MASH Page #’s: 9-12, 80

*All weights are in Kg

82.8

Location of  CG Accelerometer (cm)

Instrument Tray

Brake System

Transmission Fluid

Antifreeze

Total Mass Added (Kg) =

Measured Curb Mass =

Y-Axis (From LF to RF):

Engine:

Color:

4.8

2GCEC13C891113639

X-Axis (from LF to LR):

Location of Vehicle CG (cm)

Date:

Chevrolet

Silverado 1500

2009

679.0

668.0

Measured Curb mass (Kg)

Total Mass Removed (Kg) =

Center Seat

Spare Tire

Battery

Z-Axis (From Ground): 68.8

Items Removed

Veh No:

Added

156.5

85.7

16010

Make:

Model:

Year:

488.5

White to Blue 477.5

488.5

659.0

647.0

Measured Test Inertial Mass (Kg)

Data Acquisition

488.5

Battery

Measured Test Inertial Mass =

Removed Total =

Stripped Vehicle Mass =

Added Mass =

Calculated Test Inertial Mass =

Data Wireless

Instrumentation Cage

  

Carpet Flooring

Gas

X-Axis (from LF to LR): 157.1

Y-Axis (From LF to RF):

Z-Axis (From Ground):

Oil

84.2
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Test Vehicle Parameters for Test 16010 (1 of 2) 

 

 TEST NO.:  DATE:  175210

MAKE: MODEL:  YEAR:

VIN NO.: TIRE SIZE:

LF  RF

  LR  RR

Door Lower Edge Height (cm) 39.9

GEOMETRTY - (CM)

A 190.5 D 185.4 G 156.5 K 68.0 N 172.5 Q 46.9

B 97.3 E 119.8 H 82.8 L 11.9 O 170.3 S 71.4

C 366.0 F 583.1 J 114.1 M 55.9 P 76.9

 Wheel Center Heights (cm):  Front:  36.2 Rear:  36.4

Front:  16.2 Rear:  25.4

Front:  43.0 60.8 64.7

WEIGHTS 

(kg)

GVWR 

Ratings Curb

Test 

Inertial

Gross 

Static

Wfront 1,656.0 1,347.0 1,306.0 1,306.0

Wrear 1,792.0 966.0 977.0 977.0

Wtotal 3,085.0 2,313.0 2,283.0 2,283.0

DUMMY DATA: Type:  NA Mass (kg):  NA Seat Position:  NA

DAMAGE TO VEHICLE PRIOR TO TEST:

Performed by : Christopher R.Story MASH Page #'s: 80

 Frame Height (cm):  

 Wheel Well Clearance (cm):  

No damage

488.5

2009

16010 6/15/2016 ODOMETER:

Chevrolet Silverado 1500

MASS DISTRIBUTION (KG): 659.0

488.5

P245/70R172GCEC13C891113639

TIRE INFLATION PRESSURE: 35

647.0

S
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Camera Configuration and Placement for Test 16010 
 

NO. CAMERA LENS 
LENS 

(MM) 

LENS 

(ZOOM 

RESOLUTION 

(PIXELS) 

SPEED 

(FPS) 
LOCATION 

1 K3 Nikon 24-85 85 1280 X 1024 500 Left Perp Close 

2 K3R Nikon 50 50 1280 X 1024 500 Left Front Iso  

3 GX-1 Nikon 25-85 60 1280 X 1024 500 Right Perp 

4 GX-1 Nikon 85 85 1280 X 1024 500 Right Front Iso 

5 GX-1 Nikon 50 50 1280 X 1024 500 Right Rear Iso 

6 K3R Nikon 14 14 1280 X 1024 500 Overhead 

 

 

MASH Page #’s: 101 
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High Speed Camera Parameters for Test 16010 

 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 
 

 

*Overhead Camera place over impact point (0.0, 0.0 cm) _1164.3_cm high 

 

MASH Page #’s: 101 

3 5 

4 

X (cm), Y (cm) 

-2807.2, 929.6 

X-Axis 

Y-Axis 

1 

X (cm), Y (cm) 

0, -2575.6 

X (cm), Y (cm) 

0, 1816.1 

X (cm), Y (cm) 

3020.1, 1968.5 

2 

X (cm), Y (cm) 

-355.4, -2575.6 
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Sequential Photographs for Test 16010 (Overhead View) 

 

             
 

             
 

             
 

                        
 

0.00 s 

 

0.09 s 

 

0.17 s 

 

0.26 s 

 

0.34 s 

 

0.43 s 

 

0.51 s 

 

0.60 s 
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Sequential Photographs for Test 16010 (Right Front Iso View) 

 

             
 

             
 

             
 

             

0.00 s 

 

0.34 s 

 

0.69 s 

 

1.03 s 

 

1.37 s 

 

1.71 s 

 

2.06 s 

 

2.40 s 
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Sequential Photographs for Test 16010 (Right Rear Iso View) 
 

                               
 

                               
 

                               
 

                               
 

0.00 s 

 

0.16 s 

 

0.31 s 

 

0.47 s 

 

0.63 s 

 

0.79 s 

 

0.94 s 

 

1.10 s 
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Sequential Photographs for Test 16010 (Right Front Iso View) 

 

             
 

             
 

             
 

             

 

0.00 s 

 

0.09 s 

 

0.17 s 

 

0.26 s 

 

0.34 s 

 

0.43 s 

 

0.51 s 

 

0.60 s 
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Vehicle Accelerometer Locations and Data Axis for Test 16010 

 

CH. LOCATION 

X (cm) 

From frt. 

axle 

Y (cm) 

From lft 

frt. hub 

Z (cm) 

From 

ground 

SERIAL 

NO. 

Cal 

STATUS 

UNIT 

(Meas.) 
AXIS 

1 Center of Gravity 156.5 85.7 82.8 
6DX0013 

ACC1 
Calibrated Gs X 

2 Center of Gravity 156.5 85.7 82.8 
6DX0013 

ACC2 
Calibrated Gs Y 

3 Center of Gravity 156.5 85.7 82.8 
6DX0013 

ACC3 
Calibrated Gs Z 

4 Center of Gravity 156.5 85.7 82.8 
6DX0013 

ARS1 
Calibrated Deg\Sec ROLL 

5 Center of Gravity 156.5 85.7 82.8 
6DX0013 

ARS2 
Calibrated Deg\Sec PITCH 

6 Center of Gravity 156.5 85.7 82.8 
6DX0013 

ARS3 
Calibrated Deg\Sec YAW 

7 Center of Gravity Redundant 156.5 85.7 82.8 
6DX0014 

ACC1 
Calibrated Gs X 

8 Center of Gravity Redundant 156.5 85.7 82.8 
6DX0014 

ACC2 
Calibrated Gs Y 

9 Center of Gravity Redundant 156.5 85.7 82.8 
6DX0014 

ACC3 
Calibrated Gs Z 

10 Center of Gravity Redundant 156.5 85.7 82.8 
6DX0014 

ARS1 
Calibrated Deg\Sec ROLL 

11 Center of Gravity Redundant 156.5 85.7 82.8 
6DX0014 

ARS2 
Calibrated Deg\Sec PITCH 

12 Center of Gravity Redundant 156.5 85.7 82.8 
6DX0014 

ARS3 
Calibrated Deg\Sec YAW 

 

 
MASH Page #’s: 88, 89 

 

For each accelerometer, the X-axis is referenced from the center of the right front tire (X=0), the 

Y-axis from the centerline of the test vehicle (Y=0), and the Z-axis from ground level (Z=0).   
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Accelerations and Angular Rotations at CG for Test 16010 (1 of 2) 
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Acceleration and Angular Rotations at CG for Test 16010 (2 of 2) 
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Data and Results for Test 16010 

 

 General Information 

  Test Agency: FOIL 

  Test Number: 16010 

  Test Date:    Times New Roman 

  Test Article: G41S W-Beam Guardrail 

 Test Vehicle 

  Description:      2270P - Silverado 

  Test Inertial Mass:  3085 kg 

  Gross Static Mass:  2283 kg 

 Impact Conditions 

  Speed: 100.0  km/h 

  Angle: 25.0   degrees 

 Occupant Risk Factors 

  Impact Velocity (m/s)  at 0.2100 seconds  

   x-direction   4.8   

   y-direction   3.8   

  THIV (km/hr):  22.7    at 0.2149  seconds  

  THIV (m/s):   6.3     

  Ridedown Accelerations (g's) 

   x-direction   -6.1   (0.2730 -  0.2830 seconds) 

   y-direction   -6.0   (0.2153 -  0.2253 seconds) 

  PHD (g's):   8.0     (0.2339 -  0.2439 seconds) 

  ASI:      0.56    (0.1288 -  0.1788 seconds) 

 Max. 50msec Moving Avg. Accelerations (g's) 

  x-direction    -5.1   (0.1249 -  0.1749 seconds) 

  y-direction    -3.7   (0.1952 -  0.2452 seconds) 

  z-direction    3.5    (3.5260 -  3.5760 seconds) 

 Max Roll, Pitch, and Yaw Angles (degrees) 

  Roll     -51.4  (2.3602 seconds) 

  Pitch     -50.0  (4.1601 seconds) 

  Yaw     -168.5  (3.8266 seconds)  
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Target Locations for Test 16010 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

I K J 

D E F G C B A 

Geometry (cm) (Driver Side) 

A: 83.6 

 

 

 

  

B: 76.1 

C: 25.2 

D: 81.2   

E:  12.7  

F:  109.1  

G: 25.1 

H: 78.8  

I:  140.2 

J:  43.3 

K: 55.9  
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Vehicle Crush Measurements for Test 16010 

 

 TEST NO.:  DATE:  175210

MAKE: MODEL: YEAR:

VIN NO.:

GEOMETRTY - (CM) PRE-TEST POST-TEST

C1 35.1-25.0 C1 30.5-23.1

C2 22.8-25.8 C2 20.3-23.1

C3 20.8-24.6 C3 18.7-24.4

C4 21.4-21.6 C4 19.9-20.9

C5 25.3-22.6 C5 24.3-19.4

C6 36.5-22.8 C6 36.0-22.6

Front-Side

Christopher R. StoryPerformed by:

MASH Page #'s: 217

16010 6/15/2016 ODOMETER:

Chevrolet Silverado C1500 2009

2GCEC13C891113639

Front-Side
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Interior Crush Measurements for Test 16010 

 

Vehicle Interior Crush Measurements 
16010 

    Pretest       Post Test         

Point X Y Z   X Y Z   
DEL 

X 
DEL 

Y 
DEL 

Z 

1 161.3 35.6 0  161.3 34.2 0  0 1.4 0 

2 161.2 43.1 0  161.1 41.7 0  .1 1.4 0 

3 161.0 55.2 0.3  160.9 54.3 -.2  .1 .9 .5 

4 155.4 36.3 3.8  155.1 36.2 3.8  .3 .1 0 

5 155.2 44.6 4.0  155.0 43.3 2.8  .2 1.3 1.2 

6 156.0 55.2 3.5  155.9 54.6 3.2  .1 .6 .3 

7 141.3 38.4 9.1  140.9 37.1 8.5  .4 1.3 .6 

8 141.7 51.6 9.1  141.2 50.6 8.9  .5 1.0 .2 

9 134.0 32.7 9.3  132.6 31.9 9.2  1.4 .8 .1 

10 125.1 57.7 9.6  123.5 57.5 9.3  1.6 .2 .3 

11 97.5 12.7 114.1  94.9 11.5 98.3  2.6 1.2 15.8 

12 98.4 23.8 114.8  94.7 22.2 99.4  3.7 1.6 15.4 

13 98.2 40.4 114.2  93.9 38.4 101.0  4.3 2.0 13.2 

14 90.0 11.7 119.9  87.9 10.4 104.8  2.1 1.3 15.2 

15 89.3 26.3 119.9  85.0 25.6 106.0  4.3 .7 13.9 

16 84.9 37.0 120.1  82.9 35.4 105.6  2.0 1.6 14.5 

17 75.4 9.8 121.4  73.4 9.2 108.1  2.0 .6 13.3 

18 70.9 18.3 122.5  68.7 17.8 109.8  2.2 .5 12.7 

19 67.0 25.5 123.5  65.0 22.7 110.8  2.0 3.2 13.7 

20 52.7 21.3 123.0  51.2 20.3 112.1  1.5 1.0 10.9 

21 120.2 23.4 56.8  119.8 22.8 51.4  .4 .6 5.2 

22 120.3 34.9 57.9  120.2 34.7 52.3  .1 .2 5.6 

23 120.8 47.5 64.1  120.6 47.1 52.6  .2 .4 11.5 
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APPENDIX E.3 

Test 16015 Additional Information 

 

 

GENERAL  

TEST NO. 16015 

DATE 08/18/2016 

TIME 1:00 PM 

WEATHER Sunny 

TEST 

CONFIGURATION 

Chevrolet Silverado into Super Elevated Curved Roadway with G41S W-Beam 

Guardrail @ 8 feet from peak 

SPEED (KM/H) 100 km/h 

PURPOSE 

Evaluate the Performance of Longitudinal Barriers on Curved, Superelevated 

Roadway Sections 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

COMMENTS 

Release Point Speed Trap: Front Tire-102.2 km/h (63.5 mph) Rear Tire-102.2 km/h (63.5 mph) 

End of Track Speed Trap: Front Tire-103.6 km/h (64.4 mph) Rear Tire-102.2 km/h (63.5 mph) 

 

 

 

 

 

 

 

        

 

 

 

Quality Manager Approval for release:      Date:   
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Test Vehicle Parameters for Test 16015 (1 of 2) 

 

Test No: 08/18/16

LF:

RF:

LR:

RR:

Vin No.:  

LF:

RF:

LR:

RR:

Mass (Kg) Mass (Kg)

1 5.0 25.5

2 3.0 16.0

3 6.5 5.5

4 17.0 5.5

5 12.5 0.5

6 14.5 26.0

7 9.0

8   

9   

10

11

12  

67.5 79.0

2257.0

67.5

2189.5

79.0

2268.5

2268.5 MASH Page #’s: 9-12, 80

X-Axis (from LF to LR): 154.9

Y-Axis (From LF to RF):

Z-Axis (From Ground):

Oil

85.7

Measured Test Inertial Mass =

Removed Total =

Stripped Vehicle Mass =

Added Mass =

Calculated Test Inertial Mass =

Data Wireless

Instrumentation Cage

  

Carpet Flooring

456.5

451.0

653.5

651.5

Measured Test Inertial Mass (Kg)

Data Acquisition

484.5

Battery

Veh No:

Added

154.8

85.9

16015

Make:

Model:

Year:

479.0

Gold to Blue

Center Seat

Gas

Battery

Z-Axis (From Ground): 68.6

Items Removed

Date:

Chevrolet

Silverado 1500

2009

668.0

681.5

Measured Curb mass (Kg)

Measured Curb Mass =

Y-Axis (From LF to RF):

Engine:

Color:

4.8   8 Cylinder

3GCEC13C49G118389

X-Axis (from LF to LR):

Location of Vehicle CG (cm)

Total Mass Removed (Kg) =

Performed by : Christopher R Story *All weights are in Kg

72.9

Location of  CG Accelerometer (cm)

Instrument Tray

Brake System

Transmission Fluid

Antifreeze

Total Mass Added (Kg) =
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Test Vehicle Parameters for Test 16015 (1 of 2) 

 TEST NO.:  DATE:  140949

MAKE: MODEL:  YEAR:

VIN NO.: TIRE SIZE:

LF  RF

  LR  RR

Door Lower Edge Height (cm) 42

GEOMETRTY - (CM)

A 199.4 D 185.1 G 154.8 K 69.0 N 172.5 Q 46.4

B 95.5 E 116.2 H 72.9 L 13.0 O 170.0 S 72.5

C 364.5 F 576.2 J 115.1 M 56.9 P 74.9

 Wheel Center Heights (cm):  Front:  35.1 Rear:  36.2

Front:  17.8 Rear:  23.3

Front:  44.8 Rear:  61.6

WEIGHTS 

(kg)

GVWR 

Ratings Curb

Test 

Inertial

Gross 

Static

Wfront 1,656.0 1,349.5 1,305.0 1,305.0

Wrear 1,792.0 907.5 963.5 963.5

Wtotal 3,085.0 2,257.0 2,268.5 2,268.5

DUMMY DATA: Type:  NA Mass (kg):  NA Seat Position:  NA

DAMAGE TO VEHICLE PRIOR TO TEST:

MASS DISTRIBUTION (KG): 653.5

484.5

Performed by : Christopher R.Story MASH Page #'s: 80

 Frame Height (cm):  

 Wheel Well Clearance (cm):  

Damage to left bed rails

2009

16015 8/18/2016 ODOMETER:

Chevrolet Silverado 1500

245/70R173GCEC13C49G118389

TIRE INFLATION PRESSURE: 35

651.5

479.0

S
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Camera Configuration and Placement for Test 16015 
 

NO. CAMERA LENS 
LENS 

(MM) 

LENS 

(ZOOM 

RESOLUTION 

(PIXELS) 

SPEED 

(FPS) 
LOCATION 

1 K3R Nikon 24-85 40 1280 X 1024 500 Left Perp  

2 K3 Nikon 50 50 1280 X 1024 500 Left Rear Iso  

3 GX-1 Nikon 25-85 60 1280 X 1024 500 Right Perp 

4 GX-1 Nikon 85 85 1280 X 1024 500 Right Front Iso 

5 GX-1 Nikon 50 50 1280 X 1024 500 Right Rear Iso 

6 K3R Nikon 14 14 1280 X 1024 500 Overhead 

 

 

MASH Page #’s: 101 
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High Speed Camera Parameters for Test 16015 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 
 

 

 

*Overhead Camera place over impact point (0.0, 0.0 cm) _1164.3_cm high 

 

MASH Page #’s: 101 

 

3 

2 

X (cm), Y (cm) 

8940.8, -1755.1 

5 

4 

X (cm), Y (cm) 

-2807.2, 929.6 

X-Axis 

Y-Axis 

X (cm), Y (cm) 

0, -2575.6 

X (cm), Y (cm) 

0, 1816.1 

X (cm), Y (cm) 

3020.1, 1968.5 

1 
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Sequential Photographs for Test 16015 (Overhead View) 

   

             
 

             
 

             
 

                        

 

0.00 s 

 

0.11 s 

 

0.22 s 

 

0.33 s 

 

0.43 s 

 

0.54 s 

 

0.65 s 

 

0.76 s 
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Sequential Photographs for Test 16015 (Left Rear Iso View) 

 

             
 

             
 

             
 

             
 

0.00 s 

 

0.16 s 

 

0.31 s 

 

0.47 s 

 

0.63 s 

 

0.79 s 

 

0.94 s 

 

1.10 s 
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Sequential Photographs for Test 16015 (Right Front Iso View) 

 

             
 

             
 

             
 

             

0.00 s 

 

0.16 s 

 

0.31 s 

 

0.47 s 

 

0.63 s 

 

0.79 s 

 

0.94 s 

 

1.10 s 
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Sequential Photographs for Test 16015 (Right Rear Iso View) 
 

                               
 

                               
 

                               
 

                               
 

0.00 s 

 

0.11 s 

 

0.22 s 

 

0.33 s 

 

0.43 s 

 

0.54 s 

 

0.65 s 

 

0.76 s 
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Vehicle Accelerometer Locations and Data Axis for Test 16015 

 
 

CH. LOCATION 

X (cm) 

From frt. 

axle 

Y (cm) 

From lft 

frt. hub 

Z (cm) 

From 

ground 

SERIAL 

NO. 

Cal 

STATUS 

UNIT 

(Meas.) 
AXIS 

1 Center of Gravity 154.9 85.7 68.6 
6DX0013 

ACC1 
Calibrated Gs X 

2 Center of Gravity 154.9 85.7 68.6 
6DX0013 

ACC2 
Calibrated Gs Y 

3 Center of Gravity 154.9 85.7 68.6 
6DX0013 

ACC3 
Calibrated Gs Z 

4 Center of Gravity 154.9 85.7 68.6 
6DX0013 

ARS1 
Calibrated Deg\Sec ROLL 

5 Center of Gravity 154.9 85.7 68.6 
6DX0013 

ARS2 
Calibrated Deg\Sec PITCH 

6 Center of Gravity 154.9 85.7 68.6 
6DX0013 

ARS3 
Calibrated Deg\Sec YAW 

7 Center of Gravity Redundant 154.9 80.0 68.6 
6DX0014 

ACC1 
Calibrated Gs X 

8 Center of Gravity Redundant 154.9 80.0 68.6 
6DX0014 

ACC2 
Calibrated Gs Y 

9 Center of Gravity Redundant 154.9 80.0 68.6 
6DX0014 

ACC3 
Calibrated Gs Z 

10 Center of Gravity Redundant 154.9 80.0 68.6 
6DX0014 

ARS1 
Calibrated Deg\Sec ROLL 

11 Center of Gravity Redundant 154.9 80.0 68.6 
6DX0014 

ARS2 
Calibrated Deg\Sec PITCH 

12 Center of Gravity Redundant 154.9 80.0 68.6 
6DX0014 

ARS3 
Calibrated Deg\Sec YAW 

 

 

 

MASH Page #’s: 88, 89 

 

For each accelerometer, the X-axis is referenced from the center of the right front tire (X=0), the 

Y-axis from the centerline of the test vehicle (Y=0), and the Z-axis from ground level (Z=0).   
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Accelerations and Angular Rotations at CG for Test 16015 (1 of 2) 
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Acceleration and Angular Rotations at CG for Test 16015 (2 of 2) 
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Data and Results for Test 16015 

 
 General Information 

  Test Agency: FOIL 

  Test Number: 16015 

  Test Date:    08/18/2016 

  Test Article: G41S W-Beam Guardrail 

 Test Vehicle 

  Description:      2270P - Silverado 

  Test Inertial Mass:  2268 kg 

  Gross Static Mass:  3085 kg 

 Impact Conditions 

  Speed: 100.0  km/h 

  Angle: 25.0   degrees 

 Occupant Risk Factors 

  Impact Velocity (m/s)  at 0.2728 seconds 

   x-direction   4.7   

   y-direction   4.2   

  THIV (km/hr):  24.3    at 0.2780  seconds 

  THIV (m/s):  6.8     

  Ridedown Accelerations (g's) 

   x-direction   -5.9   (0.3182 -  0.3282 seconds) 

   y-direction   -6.7   (0.2804 -  0.2904 seconds) 

  PHD (g's):  8.8     (0.2805 -  0.2905 seconds) 

  ASI:     0.60    (0.2014 -  0.2514 seconds) 

 Max. 50msec Moving Avg. Accelerations (g's) 

  x-direction    -4.9   (0.2012 -  0.2512 seconds) 

  y-direction    -5.1   (0.3687 -  0.4187 seconds) 

  z-direction    1.9    (0.5016 -  0.5516 seconds) 

 Max Roll, Pitch, and Yaw Angles (degrees) 

  Roll     -31.6  (0.9998 seconds) 

  Pitch     -34.5  (0.8023 seconds) 

  Yaw      51.3   (0.9998 seconds) 
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Target Locations for Test 16015 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

I K J 

D E F G C B A 

Geometry (cm) (Driver Side) 

A: 80.2 

 

 

 

  

B: 80.2 

C: 20.9 

D: 94.5 

E:  21.2  

F:  109.9  

G: 42.3 

H: 40.2 

I:  121.8 

J:  50.3 

K: 48.4  
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Vehicle Crush Measurements for Test 16015 

 

 TEST NO.:  DATE:  140949

MAKE: MODEL: YEAR:

VIN NO.:

GEOMETRTY - (CM) PRE-TEST POST-TEST

C1 37.0-30.2 C1 38.7-23.9

C2 32.0-30.4 C2 34.3-26.5

C3 29.2-31.5 C3 32.6-29.2

C4 32.3-27.9 C4 35.7-27.4

C5 38.4-25.6 C5 44.5-25.5

C6 48.3-29.1 C6 54.5-29.1

Front-Side

Christopher R. StoryPerformed by:

MASH Page #'s: 217

16015 8/18/2016 ODOMETER:

Chevrolet Silverado C1500 2009

3GCEC13C49G118389

Front-Side
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Interior Crush Measurements for Test 16015 

 

Vehicle Interior Crush Measurements 
16015 

    Pretest       Post Test         

Point X Y Z   X Y Z   
DEL 

X 
DEL 

Y 
DEL 

Z 

1 170.2 30.7 5.2  170.2 30.6 5.2  0.0 0.1 0.0 

2 170.0 46.6 5.1  170.0 46.4 5.1  0.0 0.2 0.0 

3 170.2 60.4 6.2  169.8 60.3 5.9  0.4 0.1 0.3 

4 163.6 33.4 9.3  163.3 33.2 9.3  0.3 0.2 0.0 

5 164.3 44.6 11.0  164.0 44.1 11.0  0.3 0.5 0.0 

6 163.4 60.4 11.2  163.3 60.3 11.2  0.1 0.1 0.0 

7 148.3 32.8 15.4  148.1 32.4 15.4  0.2 0.4 0.0 

8 148.3 47.9 15.7  147.9 47.7 15.6  0.4 0.2 0.1 

9 145.4 59.5 15.6  144.8 59.2 15.5  0.6 0.3 0.1 

10 131.4 66.7 16.4  130.7 66.4 16.3  0.7 0.3 0.1 

11 108.2 16.1 -108.4  108.1 16.1 -108.3  0.1 0.0 0.1 

12 108.9 28.9 -107.5  108.9 28.8 -107.5  0.0 0.1 0.0 

13 107.1 37.4 -107.2  107.0 37.4 -106.9  0.1 0.0 0.3 

14 92.3 15.9 -114.3  91.9 15.7 -114.2  0.4 0.2 0.1 

15 85.0 32.7 -114.0  84.6 32.4 -113.9  0.4 0.3 0.1 

16 79.8 44.5 -113.7  79.6 44.2 -113.5  0.2 0.3 0.2 

17 73.0 16.4 -115.4  72.3 16.4 -115.2  0.7 0.0 0.2 

18 66.6 29.1 -115.1  66.3 29.0 -115.0  0.3 0.1 0.1 

19 63.0 41.7 -114.7  62.7 41.7 -114.4  0.3 0.0 0.3 

20 56.2 22.0 -115.8  55.7 21.9 -115.5  0.5 0.1 0.3 

21 130.0 29.1 -50.4  129.7 29.0 -50.1  0.3 0.1 0.3 

22 130.8 52.7 -51.9  130.7 52.4 -51.6  0.1 0.3 0.3 

23 134.0 33.4 -35.6  133.6 33.2 -35.6  0.4 0.2 0.0 
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Appendix E.4 

Drawings for Test Article (1 of 7) 
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Drawings for Test Article (2 of 7) 

 

 



E-83 

 

Drawings for Test Article (3 of 7) 
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Drawings for Test Article (4 of 7) 
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Drawings for Test Article (5 of 7) 
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Drawings for Test Article (6 of 7) 
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Drawings for Test Article (7 of 7) 
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Appendix E.5 

Material Specification for Test Article (1 of 11) 
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Material Specification for Test Article (2 of 11) 
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Material Specification for Test Article (3 of 11) 

 
 

 



E-91 

 

Material Specification for Test Article (4 of 11) 
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Material Specification for Test Article (5 of 11) 
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Material Specification for Test Article (6 of 11) 
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Material Specification for Test Article (7 of 11) 
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Material Specification for Test Article (8 of 11) 
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Material Specification for Test Article (9 of 11) 
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Material Specification for Test Article (10 of 11) 
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21A Soil Material SIV Analysis for Test 16004 (11 of 11) 

 
 


