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Included within this report compilation are four individual reports covering testing performed on 
the ET Plus® End Terminal with 4-inch wide guide channel installed with a rail height of 27¾ 
inches.  Testing was conducted in accordance with NCHRP Report 350 at Southwest Research 
Institute in San Antonio, Texas. 

Table 0.1 provides a list of the tests described in this report in the order in which testing was 
performed; this is also the order in which the reports are found within this document.  Each 
individual report is bookmarked in the electronic file to facilitate review, and the electronic 
bookmarks are in numerical order by test identification. 

Table 0.1: Tests Conducted 
TEST ID REPORT 350 TEST TEST DATE TEST VEHICLE IMPACT Θ 
ET27-33 Test 3-33 12/10/2014 

2000P 
15° 

ET27-31 Test 3-31 12/16/2014 0° 
ET27-32 Test 3-32 12/17/2014 

820C 
15° 

ET27-30 Test 3-30 1/6/2015 0° 
 

A summary of the performance of the ET Plus End Terminal during the four tests performed in 
the ET27 test series is provided in Table 0.2.  As reflected in the table, the ET Plus End Terminal 
with 4-inch wide guide channel installed with a rail height of 27¾ inches meets NCHRP Report 
350 criteria for Tests 3-30, 3-31, 3-32 and 3-33. 
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Table 0.2: Summary of Test Evaluation Results (NCHRP Report 350 Evaluation Criteria) for ET27 Test Series 
Evaluation 

Factor 
Evaluation Criteria 

Test Results 
ET27-33 ET27-31 ET27-32 ET27-30 

Structural 
Adequacy 

C. Acceptable test article performance may be by 
redirection, controlled penetration, or controlled 
stopping of the vehicle. 

Pass Pass Pass 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. 

Pass Pass Pass Pass 

F. The vehicle should remain upright during and 
after collision although moderate roll, pitching and 
yawing are acceptable. 

Pass Pass Pass Pass 

H. Occupant Impact Velocities (OIV) limits: 
 Preferred = 9 m/s 
 Maximum = 12 m/s 

Pass Pass Pass Pass 

I. Occupant Ridedown Acceleration (ORA) limits: 
 Preferred = 15 g 
 Maximum = 20 g 

Pass Pass Pass Pass 

Vehicle 
Trajectory 

K. After collision it is preferable that the vehicle’s 
trajectory not intrude into adjacent traffic lanes. 

See Note1 See Note1 See Note1 See Note1,2 

N. Vehicle trajectory behind the test article is 
acceptable. 

Pass Pass Pass Pass 

Note1: As stated in Report 350, this criterion is preferable, but not required. 

Note2: The design of Test 3-30 of Report 350 will cause the test vehicle to spin-out on the traffic side of the installation when the vehicle is initially 
offset towards the traffic side. 
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Below is a table documenting the various changes recorded in this report.  Each issuance of the 
report is clearly marked with the revision number and date of issue. 

Table 0.1: Revision Table 
ISSUE EXPLANATION PAGE NUMBERS DATE EFFECTIVE 

1 Original report All 1/23/2015 
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1 INTRODUCTION 

The purpose of Crash Test ET27-33 was to evaluate the performance of the Trinity Highway 
Products ET Plus End Terminal with 4-inch wide guide channel installed with a rail height of 
27¾”.  To test the performance of this terminal, Test 3-33 was conducted according to National 
Cooperative Highway Research Program (NCHRP), Report 350.  The total system installation 
length for the test was nominally 47.6 m (156’-3”), including the 15.2 m (50 ft) ET Plus terminal 
length. 

Test 3-33 is intended primarily to evaluate occupant risk and vehicle trajectory criteria.  The test 
consists of a 2000 kg vehicle approaching the traffic side of the installation at a 15° angle to the 
roadway, and impacting the end terminal at 100 km/hr (62.1 mph).  The vehicle will impact at 
the vehicle's centerline. 

Crash Test ET27-33 was conducted on December 10, 2014, at the Crash Test Site at Southwest 
Research Institute (SwRI) by SwRI personnel.  This report presents information on the test 
parameters, a discussion of the test, and an assessment of the test results based on the criteria set 
forth in NCHRP Report 350. 
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2 TEST PARAMETERS 

Test Facility 
The full-scale crash testing was performed by Southwest Research Institute (SwRI), on the 
campus located at the following address: 

Southwest Research Institute 
6220 Culebra Road 
San Antonio, Texas  78238 

 

SwRI is ISO/IEC 17025 accredited by A2LA (American Association for Laboratory 
Accreditation) to perform this testing under Testing Laboratory Certificate #1110.02. 

Test Article – Design and Construction 
The full-scale crash test was performed on the ET Plus End Terminal which included the ET Plus 
extruder head with 4-inch wide guide channel and W beam guardrail installed with a rail height 
of 27¾”.  The ET Plus End Terminal installation tested uses standard AASHTO M180 Type 2, 
12-gauge, 12’-6” W beam guardrail panels mounted with the top of the rail 27¾ inches above the 
ground, two wooden breakaway posts in foundation sleeves without soil plates at Posts 1 and 2, 
and CRT posts at Posts 3 through 8. 

During installation, holes approximately 2' in diameter were drilled into the soil and then 
backfilled around the posts using "standard soil" as defined by NCHRP Report 350, Section 
2.2.1.1.  The base material was compacted in 15 cm (6 in) lifts, and was added until the surface 
was flush with the surrounding soil. 

The guardrail line posts are 6” x 8” wood posts with 6” x 8” wood blockouts.  The blockouts are 
toenailed, and the guardrail panels are mounted to the posts using 5/8” post bolts beginning 
with Post 2; the bolt for Post 2 is 10” long, and all other post bolts are 18” long.  The post 
spacing is 6’-3”, and each splice joint used eight (8) 5/8” x 1-1/4” splice bolts and nuts; the 
splice bolts have a nominal total length of 1-5/8” including the bolt head.  The installation uses 
3/4” x 10” bolts through the soil tube, post, and strut at Post 1 and Post 2.  An anchor cable is 
also installed at Post 1.  The installation has guardrail splices at each odd-numbered post starting 
with Post 3. 

The total system installation length for the test was nominally 156’-3” (47.6 m), including the 50 
ft (15.2 m) ET Plus terminal length, 81’-3” (24.8 m) of guardrail, and a 25’ (7.6 m) downstream 
terminal anchor section that included a turndown guardrail anchor spliced at Post 22 and 
mounted to a concrete footing.  Detailed drawings of the test article provided by Trinity Highway 
Products are provided in Appendix A. 

The ET Plus end terminal extruder head was one of eight production samples CalTrans 
(California DOT) pulled from their inventory for testing at SwRI.  The heads were inspected by 
CalTrans, FHWA, and Trinity Highway Products personnel at the CalTrans yard, and were 
stamped with identifiers “Kit #1” through “Kit #8”.  SwRI arranged for shipment of the heads to 
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the test site in San Antonio, and the heads remained in controlled storage until they were 
installed for testing.  The dimensions of the specific ET Plus end terminal extruder head used for 
Test ET27-33 are provided in Table 2.1 below; dimensions measured with a tape measure are 
listed in fractional inches, and dimensions measured with a digital caliper are listed as decimals.  
Copies of the datasheets reviewed by representatives from the FHWA, US DOT and various 
state Departments of Transportation (DOT) prior to testing are located in Appendix B. 

The performance goal for the ET Plus is to achieve controlled vehicle deceleration in compliance 
with NCHRP Report 350 criteria for post-impact vehicle trajectory and occupant risk.  Figure 2.1 
through Figure 2.18 present photographs of the guardrail installation. 
 

Table 2.1: Key ET Plus Head Dimensions 
Extruder Head Stamp ID 1 
Exit Gap 1.3260” 
Entrance Gap 4.7790” 
Guide Chute Exit Height 15” 
Guide Chute Entrance Height 14-1/2” 
Channel Width (see Figure 2.2) 4.0325” 

 

  
Figure 2.1: ET Plus Head Sample Identification Number 

 

 
Figure 2.2: Measurement of Channel Width of Head 
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Figure 2.3: Test Installation for ET Plus Test ET27-33 

 
 

 
Figure 2.4: ET Plus End Terminal 
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Figure 2.5: ET Plus Head Height Above Ground – Top 

 
 

 
Figure 2.6: ET Plus Head Height Above Ground – Bottom 
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Figure 2.7: Measurement of Guardrail Installation Height 

 
 

 
Figure 2.8: ET Plus Head and Anchor Cable Assembly 
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Figure 2.9: End Terminal Anchor Cable Mount – Post 1 

 
 

  
Figure 2.10: End Terminal Cable Anchor 
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Figure 2.11: First Guardrail Panel Splice Joint – Traffic Side (Splice Bolts Painted for Visibility 

in Video) 
 

 
Figure 2.12: First Guardrail Panel Splice Joint – Back Side (Nuts Painted for Visibility in Video) 
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Figure 2.13: ET Plus Head and Post 1 – Traffic Side 

 
 

 
Figure 2.14: ET Plus Head and Post 1 – Close-up 
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Figure 2.15: End Terminal Head with Posts 1 & 2 and Strut 

 
 

 
Figure 2.16: ET Plus Head Extruder Exit (see Appendix B for Dimensions) 
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Figure 2.17: Post 22 Immediately Preceding Downstream Turndown Anchor 

 
 

 
Figure 2.18: Downstream Turndown Anchor 
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Test Vehicle 
The test vehicle was a 1995 Chevrolet C2500 pickup truck, shown in Figure 2.19; the vehicle 
data sheet is provided in Appendix B.  Figure 2.20 and Figure 2.21 show the relationship 
between the height of the vehicle bumper and the end terminal.  Figure 2.22 shows the test 
vehicle positioned at the impact point of the end terminal, and Figure 2.23 shows an overhead 
view of the test vehicle positioned at the intended crash angle of 15° and at the vehicle’s 
centerline.  Figure 2.24 shows the ballast weight that was added to the vehicle, bolted to the bed 
of the pickup near the cab. 

The test inertial mass of the vehicle, including 100 kg (220.5 lbs) of added ballast weight, was 
1974 kg (4,352 lbs) as reflected in Table 4.2. 

 

 
Figure 2.19: Test Vehicle for Test ET27-33 
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Figure 2.20: Test Vehicle Bumper Height  
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Figure 2.21: Test Vehicle Bumper Relative to ET Plus Head 

 
 

 
Figure 2.22: Test Vehicle Impact Trajectory  
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Figure 2.23: Test Vehicle Impact Trajectory – Overhead View 

 
 

 
Figure 2.24: Test Vehicle Ballast 
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Test Vehicle Guidance 

The test vehicle was towed into the end terminal using two tow vehicles and a series of pulleys 
and sheaves.  A steel cable was attached to a quick-release pin under the front of the vehicle and 
was passed around a sheave and secured to the rear of the first tow vehicle.  The first tow vehicle 
was equipped with an adjustable ignition restrictor that attenuated the tow vehicle’s engine RPM 
when a pre-set speed was attained; this vehicle was connected with a steel cable to a second tow 
vehicle.  The test vehicle was guided by means of a taught steel cable attached to a sliding shoe 
which was attached to the front spindle of the test vehicle shown in Figure 2.25.  Just prior to 
impact, the sliding shoe and tow cable were stripped from the vehicle allowing the test vehicle to 
free wheel into the end terminal. 
 

 
Figure 2.25: Test Vehicle Steering Guidance Assembly 

 

Test Vehicle Data Acquisition 

The data acquisition consisted of recording the acceleration and angular velocities of the test 
vehicle.  The measurement of these two parameters allows SwRI engineers to perform an 
occupant risk evaluation.  The device used to record the vehicle acceleration and angular 
velocities was a six (6) degree-of-freedom Instrumented Sensor Technology Electronic Data 
Recorder, henceforth referred to as the EDR-4. 

The EDR-4 recorder unit is a compact package used for stand-alone recording of shock and 
vibration, and is able to record six channels of data.  The three acceleration channels were 
recorded from a built-in triaxial accelerometer used to record the test vehicle’s accelerations in 
three orthogonal directions (x, y, and z).  The three angular velocity channels were recorded from 
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built-in rate gyro transducers used to record the test vehicle’s angular velocities in three 
orthogonal directions (roll, pitch, and yaw). 

The data acquisition package was rigidly attached to the test vehicle.  A metal bracket was 
welded onto the test vehicle’s body.  This bracket was attached inside the passenger 
compartment of the vehicle, as close as possible to the vehicle’s center of gravity, without 
significantly modifying the vehicle’s interior components (i.e., center console, bench seats).  The 
data acquisition package was then bolted to the metal bracket as shown in Figure 2.26 and Figure 
2.27.  Because of the configuration of the EDR-4 as manufactured, the orientation of the data 
acquisition package within the vehicle matches the general axis designation given in Figure 4.6 
of NCHRP Report 350, but the signs for the Y and Z axes had to be reversed during post-test 
processing to comply with the NCHRP and TRAP sign convention. 

 

 
Figure 2.26: EDR Mounted in Test Vehicle for Test ET27-33 
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Figure 2.27: Close-up of EDR Mounted in Vehicle 

 

The sign convention used for data processing is as follows: 

Table 2.2: Sign Convention for Vehicle Motion 
X: Positive in the normal forward motion direction 
Y: Positive toward the right 
Z: Positive vertically downward 

ROLL: Positive using right hand rule about +X direction 
PITCH: Positive using right hand rule about +Y direction 
YAW: Positive using right hand rule about +Z direction 

 
The EDR-4 data recorder unit was configured with a sample rate of 2944 samples per second 
(per channel), and with a low pass filter setting of 300 Hz.  After the data had been downloaded 
from the data acquisition package, the data was processed using Test Risk Assessment Program 
(TRAP) Version 2.3.11, (Texas A&M Transportation Institute and Capsher Technology, Inc.).  
The TRAP program was designed to determine the effectiveness of a roadside safety feature by 
analyzing data from a vehicle crash test of the feature and calculating standardized occupant risk 
factors.  TRAP calculates occupant risk factors in accordance with the NCHRP Report 350 
guidelines. 
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Soil Conditions 
The soil complied with the NCHRP Report 350 “Standard Soil” as described in the Test Article – 
Design and Construction section of this report.  The day of testing, soil moisture content was 
measured by a certified environmental engineering firm.  The maximum moisture content 
measured was 7.7% measured 10’ from the installation.  There was no rainfall between when the 
moisture reading was taken and when the testing was conducted.  Detailed results of the soil 
testing and moisture content evaluation are provided in Appendix E. 

 

Calibrated Test Equipment 
Test equipment used to perform the tests and acquire data during this testing program is listed in 
the table below. 

Table 2.3: Equipment Used During Testing 

Description Manufacturer Model Asset No. Due Date1 

Data Recorder IST EDR-4-6DOF-200 S/N 40048 2/5/15 
Wheel Scales Longacre 72634 015238 11/5/15 

Measuring Tape Stanley 33-725 015324 11/7/15 
Caliper Starrett 721 020504 3/18/15 

Speed Trap DAQ NI USB-6008 S/N 14D4376 8/27/15 
1Unless otherwise specified, all equipment is calibrated or verified on an annual basis. 

 

Test Observers 
Representatives from the following organizations were among those present at the SwRI Crash 
Test Site and observed Test ET27-33 on December 10, 2014: 

 Federal Highway Administration (FHWA) 
 US DOT 
 CalTrans (California DOT) 
 Florida DOT 
 Virginia DOT 
 Texas DOT (AASHTO Representative) 

 
Observers from FHWA, US DOT and AASHTO were permitted to visually inspect and measure 
the ET Plus installation before and after the test.  All other observers were allowed to visually 
inspect the system the following day. 
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3 TEST CONDITIONS AND RESULTS 

Test Description 
The purpose of Test ET27-33 was to evaluate the performance of Trinity Highway Products ET 
Plus End Terminal with 4-inch wide guide channel installed with a rail height of 27¾”.  To test 
the performance of this terminal, Test 3-33 was conducted according to NCHRP Report 350. The 
test installation length for the test was 156’-3” (47.6 m), and the terminal length was 15.2 m (50 
ft). 

Test 3-33 is intended primarily to evaluate occupant risk and vehicle trajectory criteria.  The test 
consists of a 2000 kg vehicle approaching the traffic side of the installation at a 15° angle to the 
roadway, and impacting the end terminal at 100 km/hr (62.1 mph).  The vehicle will impact at 
the vehicle's centerline.  The test configuration is shown in Figure 3.1, which is from Figure 3.2 
of NCHRP Report 350. 

 
Figure 3.1: Impact Configuration [from Figure 3.2 of NCHRP Report 350] 

 

The weather on the day of the test was mostly sunny, with temperatures ranging from 51-68°F.  
The temperature at the time of the test was approximately 68°F.  The soil was dry as discussed in 
the Soil Conditions section of this report. 
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Impact Description/Vehicle Behavior 
Figure 3.2 is an overhead photograph showing the post-test condition and location of the test 
article and test vehicle.  Figure 3.3 through Figure 3.5 show that the test vehicle impacted the end 
terminal at a nominal 15° angle.  The impact velocity of the test as measured by SwRI's speed 
trap system and verified by high-speed film analysis was determined to be 103.3 km/hr (64.2 
mph).  As a result of the test, the ET Plus extruder head moved 5.8 m (19.1 ft) longitudinally 
(downstream) and 0.4 m (1.5 ft) laterally as measured from its as-installed position.  The total 
system deformation (i.e. longitudinal distance to closest point) measured after the impact was 
4.23 m (13.9 ft) from the initial point of contact. 

Immediately prior to the initial impact event, the steel rod used to support the steering cable 
mechanism on the test vehicle was knocked-off the vehicle as-designed.  As the rod spun through 
the air, it impacted the test vehicle and created a tear in the door skin at the lower rear area of the 
passenger side door; this damage was unrelated to the test article and will not be used to judge 
performance of the ET Plus. 

After the initial impact event, the ET Plus extruder head stroked along the guardrail, extruding 
approximately 3 feet of guardrail.  Before the guide channel entrance end of the head reached 
Post 2 the head began to rotate, following the angled path of the vehicle; this rotation caused a 
fold to form in the W beam at Post 2.  As the vehicle continued its angled trajectory, the channel 
guide portion of the ET Plus extruder head was pushed further downstream on the W beam over 
the fold that had formed at Post 2.  As the vehicle continued forward the head continued to 
rotate, allowing the vehicle to pass (or gate) through to the non-traffic side of the system.  The 
ET Plus extruder head ended up roughly parallel to the guardrail and facing in the downstream 
direction. 

As the vehicle passed by the gated ET Plus extruder head, the corner of the folded W beam 
scraped the driver’s side just past the front wheel well creating a tear approximately 9” long in 
the quarter panel and door surface; there was no intrusion or potential for intrusion of the test 
article into the occupant compartment based on the position of the guardrail relative to the 
vehicle trajectory when the damage occurred. 

During the impact event, the ET Plus extruder head directly contacted and sheared-off Posts 1 
and 2.  At the end of the ET Plus extruder head rotation, the head impacted Post 3, shearing it at 
the ground and dislodging the first splice from the post.  The impact pulled the guardrail panel 
off of Post 4, but the second splice remained attached at Post 5.  Though Posts 4 and 5 appeared 
undamaged, there was slight movement between the post and blockout at Posts 4 and 5 due to 
relative longitudinal motion of the guardrail panel.  All posts and blockouts downstream of Post 
5 appeared undamaged, and no appreciable movement of the downstream turndown anchor was 
observed.  Additionally, the anchor cable at Post 1 broke free of the installation and came to rest 
tangent to Post 7.  There was no penetration of the vehicle by the test article, and there was no 
deformation of the occupant compartment resulting from the test.  Debris thrown from the 
installation as a result of the impact included pieces of posts and blockouts from the first three 
posts; the majority of the debris fell to the non-traffic side of the guardrail.  There was no 
significant deformation of the 4” guide channels as a result of the impact, and they remained 
attached to the impact head. 
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As the vehicle continued to travel along the non-traffic side of the guardrail, the test vehicle 
brakes were remotely actuated in accordance with normal laboratory practice.  The vehicle 
torqued slightly to the left when the brakes were applied, and then hit a small soil berm causing 
the vehicle to hop and rendering the brakes ineffective.  The vehicle continued outside of the 
cleared runout area, finally coming to rest after impacting a tree nearly head-on; this secondary 
impact caused significant damage to the test vehicle that was unrelated to the test article and will 
not be used to judge performance of the ET Plus.  The vehicle was not operable after the test. 

The test vehicle experienced a maximum 50 millisecond moving average acceleration of -6.1g in 
the longitudinal direction, 2.3g in the lateral direction, and -2.7g in the vertical direction.  The 
impact velocities and ridedown accelerations were below the preferred limits and well below the 
maximum limits listed in NCHRP Report 350. 

 Occupant risk impact velocities were 4.5 m/s in the longitudinal direction, and -1.5 m/s in 
the lateral direction.   

 Occupant risk ridedown accelerations were -7.6g in the longitudinal direction, and 4.6g in 
the lateral direction.   

The following sections provide photographs of the post-impact condition of the test article as 
well as the vehicle.  Table 4.2 presents a summary of the onboard data, and plots of the 
accelerometer and angular velocity transducers are provided in Appendix D. 
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Figure 3.2: Post-Impact Condition of the Test Article and Vehicle 
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Impact Severity 
NCHRP Report 350 states that the recommended impact severity for Test Level 3, Test 3-33 is 
771.7 kJ, with a suggested tolerance of -60.4/+62.9 kJ.  The actual impact severity of test ET27-
33 was 813.0 kJ, a deviation of +41.3 kJ from the nominal impact severity recommended in 
NCHRP Report 350.  Note that for Test 3-33, Sin θ is set to 1 in accordance with Section 3.3.1 of 
Report 350. 

Impact Severity = ½·M·(V·Sin θ)2 

   = ½·M·V2 

   = 0.5·(1974 kg)·(28.7 m/s)2 

   = 813.0 kJ 

The equivalent impact speed of a 2000 kg vehicle impacting the end terminal at 15 degrees 
would be 102.6 km/hr (63.8 mph). 
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Time = 0.000 seconds (Impact) Time = 0.050 seconds Time = 0.100 seconds 
   

Time = 0.150 seconds Time = 0.200 seconds Time = 0.250 seconds 
   

Time = 0.300 seconds Time = 0.350 seconds Time = 0.400 seconds 
Figure 3.3: Sequential Photographs, as Viewed from Overhead 
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Time = 0.000 seconds (Impact) Time = 0.050 seconds Time = 0.100 seconds 
   

Time = 0.150 seconds Time = 0.200 seconds Time = 0.250 seconds 
   

Time = 0.300 seconds Time = 0.350 seconds Time = 0.400 seconds 
Figure 3.4: Sequential Photographs, as Viewed from Downstream 
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Time = 0.000 seconds (Impact) Time = 0.050 seconds Time = 0.100 seconds 
   

Time = 0.150 seconds Time = 0.200 seconds Time = 0.250 seconds 
   

Time = 0.300 seconds Time = 0.350 seconds Time = 0.400 seconds 
Figure 3.5: Sequential Photographs, as Viewed from Traffic Side of the End Terminal 
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End Terminal Damage 

  
Figure 3.6: Post Test – Overhead View 

 
 

  
Figure 3.7: Post Test – Overhead View Close-up 
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Figure 3.8: Post Test – Side View 
 
 

 
Figure 3.9: Post Test – Right Vehicle Track (Orange Paint) 
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Figure 3.10: Post Test – Debris Field on Non-Traffic Side 
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Figure 3.11: Post Test – Foundation Sleeve at Post 1 

 
 

 
Figure 3.12: Post Test – Foundation Sleeve at Post 2 
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Figure 3.13: Post Test – First Splice at Post 3 (Splice Bolts Painted for Visibility in Video) 

 
 

 
Figure 3.14: Post Test – Post 4 
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Figure 3.15: Post Test – View of Post 4 from Non-Traffic Side 

 
 

 
Figure 3.16: Post Test – Side View of Post 4 
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Figure 3.17: Post-Test – Traffic Side View of Splice at Post 5  

 
 

 
Figure 3.18: Post Test – Top View of Post 5 
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Figure 3.19: Post Test – Downstream View of Post 5 

 
 

 
Figure 3.20: Post Test – Gated Guardrail 
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Figure 3.21: Post Test – Gated Guardrail Extruder Head 

 
 

 
Figure 3.22: Post Test – First Splice at Post 3 from Non-Traffic Side 
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Figure 3.23: Post Test – Extruded W beam 

 
 

  
Figure 3.24: Post Test – Overhead View 
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Figure 3.25: Post Test – Gating Past Extruder Head 

 
 

 
Figure 3.26: Post Test – ET Plus Head Guide Chute Entrance 
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Figure 3.27: Post Test – Side View of Guide Chute Entrance 

 
 

 
Figure 3.28: Post Test – Extruded Tail of W beam 
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Figure 3.29: Post Test – Extruded W beam at Exit Chute 

 
 

  
Figure 3.30: Post Test – ET Plus Head Impact Plate 

 



SwRI Document Number 18.20887.03.100.FR1, Iss. 1 January 23, 2015 
 

 

ET27-33 
Test Conditions and Results – End Terminal 

Page 47 of 82

 

  
Figure 3.31: Post Test – ET Plus Head, Traffic Side 

 
 

   
Figure 3.32: Post Test – ET Plus Head Guide Chute Exit, Traffic Side 
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Figure 3.33: Post Test – ET Plus Head Guide Chute Entrance, Traffic Side 

 
 

  
Figure 3.34: Post Test – ET Plus Head, Non-Traffic Side 
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Figure 3.35: Post Test – ET Plus Head Guide Channel, Non-Traffic Side 

 
 

 
Figure 3.36: Post Test – ET Plus Head Guide Chute Entrance, Non-Traffic Side 
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Figure 3.37: Post-Test Location of Anchor Cable 

 
 

  
Figure 3.38: Post-Test Verification of Extruder Head 1 
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Vehicle Damage 
 
 

 
Figure 3.39: Approximate Point Vehicle Brakes Applied Post-Impact 
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Figure 3.40: Post-Impact Path of Right Tire (Orange Paint) 

 
 

 
Figure 3.41: Post-Test Location of Test Vehicle 
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Figure 3.42: Post-Impact Path of Test Vehicle 

 
 



SwRI Document Number 18.20887.03.100.FR1, Iss. 1 January 23, 2015 
 

 

ET27-33 
Test Conditions and Results - Vehicle 

Page 54 of 82

 

 
Figure 3.43: Test Vehicle Impacted Tree 

 
 

 
Figure 3.44: Front End of Vehicle Following ET Plus Impact 
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Figure 3.45: Left Side of Vehicle Following ET Plus Impact 

 
 
 

 
Figure 3.46: Left Side Damage (Note: Hood Damage/Bent Frame Due to Impact with Tree) 
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Figure 3.47: Left Side Damage – Close-up 

 
 
 

  
Figure 3.48: Left Side Damage Caused by W beam 
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Figure 3.49: Door Panel Intact Behind Tear in Door Skin 

 
 
 

 
Figure 3.50: Right Side of Vehicle Following ET Plus Impact 
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Figure 3.51: Damage to Passenger Door Caused by Steering Cable Rod 

 
 
 

  
Figure 3.52: Steering Cable Support Rod Creating Damage to Passenger Door Prior to Impact 

Event 
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Figure 3.53: Post-Test – Occupant Compartment 

 
 

 
Figure 3.54: Post-Test – Driver Side Floorboard 
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Figure 3.55: Post-Test – Passenger Side Floorboard 
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4 ASSESSMENT OF TEST RESULTS 

A comparison of the test results of Test ET27-33 against the evaluation criteria set forth in NCHRP Report 350 for Test 3-33 is provided 
in Table 4.1.  A summary of the test results is provided in Table 4.2. 

 
Table 4.1: Summary of Test Evaluation Results (NCHRP Report 350 Evaluation Criteria) for Test ET27-33 

Evaluation 
Factor 

Evaluation Criteria Crash Test Result Result 

Structural 
Adequacy 

C. Acceptable test article performance may be by 
redirection, controlled penetration, or controlled 
stopping of the vehicle. 

Vehicle was decelerated in a controlled 
manner and gated through the system in a 
controlled fashion. 

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. 

No penetration or potential penetration of 
the occupant compartment or undue hazard 
presented by test article debris.  See photos 
for post-test location of debris. 

Pass 

F. The vehicle should remain upright during and 
after collision although moderate roll, pitching and 
yawing are acceptable. 

Vehicle remained stable and upright during 
and after the collision. Pass 

H. Occupant Impact Velocities (OIV) limits: 
 Preferred = 9 m/s 
 Maximum = 12 m/s 

Occupant impact velocities: 
Longitudinal: 4.5 m/s 
Lateral: -1.5 m/s 

Pass 

I. Occupant Ridedown Acceleration (ORA) limits: 
 Preferred = 15 g 
 Maximum = 20 g 

Occupant Ridedown Accelerations: 
Longitudinal: -7.6 g 
Lateral: 4.6 g 

Pass 

Vehicle 
Trajectory 

K. After collision it is preferable that the vehicle’s 
trajectory not intrude into adjacent traffic lanes. 

See photos; vehicle path post-impact was 
on non-traffic side of the guardrail. 

See Note1 

N. Vehicle trajectory behind the test article is 
acceptable. 

See photos; vehicle path post-impact was 
on non-traffic side of the guardrail. 

Pass 

Note1: As stated in Report 350, this criterion is preferable, but not required. 
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Table 4.2: Summary of Test Results and Conditions for Test ET27-33 

 

 
General Information  Impact Conditions  Extruder Head Position from Start

Test Agency Southwest Research Institute  Speed (km/hr) 103.3  Longitudinal 5.8 m (19.1 ft) 
Test Number ET27-33  Angle (degrees) 14.9  Lateral 0.4 m (1.5 ft) 

Test Date 12/10/2015  Exit Conditions   Total System Deformation (Closest Point)
Test Category 3-33  Speed (km/hr) 81.0  Longitudinal 4.23 m (13.9 ft) 

Test Article  Angle (degrees) 20.7  Post Impact Vehicular Behavior
Type End Terminal    Max Vehicle Rotation (degrees) 

Terminal Length 15.24 m (50 ft)  Occupant Risk Values  Max. Roll 3.4 @ 0.3757 sec. 
Installation Length 47.6 m (156.25 ft)  Impact Velocity (m/s)  Max. Pitch -3.6 @ 0.8227 sec. 

Nom. Barrier Height 705 mm  (27.75 in)  x-direction 4.5  Max. Yaw 8.4 @ 0.7948 sec. 
Type of Primary Barrier W beam guardrail  y-direction -1.5  Max 50ms Moving Average Accelerations (g) 

Soil Stable, Dry - “Standard” Soil  Ridedown Accelerations (g)  x-direction -6.1 @ 0.2250-0.2750 sec. 
Test Vehicle  x-direction -7.6  y-direction 2.3 @ 0.3571-0.4071 sec. 

Type ¾ ton pickup truck  y-direction 4.6  z-direction -2.7 @ 0.2967-0.3467 sec. 
Designation 2000P  Target Conditions   

Model 1995 GMC C2500  Nominal Speed 100 km/hr (62.1 mph)   
Curb Mass (kg) 1874 as-received  Nominal Angle 0°   

Ballast Mass (kg) 100  Tolerances   
Test Inertial Mass (kg) 1974  Nominal Speed ±4 km/hr   

Dummy Mass (kg) 0  Nominal Angle ±1.5˚   
Gross Static Mass (kg) 1974    

 



SwRI Document Number 18.20887.03.100.FR1, Iss. 1 January 23, 2015 
 

 

ET27-33 
Conclusions 

Page 63 of 82

 

5 CONCLUSIONS 

The performance of the ET Plus during Test ET27-33 against Structural Adequacy, Occupant 
Risk, and Vehicle Trajectory criteria specified in NCHRP Report 350 was as-follows: 

Structural Adequacy 
 The vehicle was decelerated in a controlled manner and gated through the system in a 

controlled fashion. 
 
Occupant Risk 

 There was no penetration of the vehicle by the test article, and no deformation of the 
occupant compartment resulting from the test. 

 There was no undue hazard presented by test article debris outside of the immediate 
impact zone; the only debris thrown from the installation included pieces of posts and 
blockouts, the majority of which fell to the non-traffic side of the guardrail. 

 The vehicle remained upright during and following the impact.   
 The test article provided for controlled deceleration with impact velocity and 

ridedown acceleration values within allowable limits. 
 

Vehicle Trajectory 
 The vehicle was decelerated in a controlled manner, gated through the system in a 

controlled fashion, and came to a stop on the non-traffic side of the installation. 
 
Based on the information provided in this report, the ET Plus End Terminal with 4-inch wide 
guide channel installed with a rail height of 27¾” meets the Test Level 3, Test 3-33 criteria for 
NCHRP Report 350. 
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Appendix B: SwRI Data Sheets for Test ET27-33 
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Appendix C: Laboratory Statement 
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Appendix D: Test Data Plots 
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1 INTRODUCTION 

The purpose of Crash Test ET27-31 was to evaluate the performance of the Trinity Highway 
Products ET Plus End Terminal with 4-inch wide guide channel installed with a rail height of 
27¾”.  To test the performance of this terminal, Test 3-31 was conducted according to National 
Cooperative Highway Research Program (NCHRP), Report 350.  The total system installation 
length for the test was nominally 47.6 m (156’-3”), including the 15.2 m (50 ft) ET Plus terminal 
length. 

Test 3-31 is intended primarily to evaluate the capacity of the device to absorb the kinetic energy 
of the vehicle in a safe manner as judged by the occupant risk and vehicle trajectory criteria.  The 
test consists of a 2000 kg vehicle approaching parallel to the roadway (0 degree angle) and 
impacting the end terminal at 100 km/hr (62.1 mph) at the vehicle’s centerline. 

Crash Test ET27-31 was conducted on December 16, 2014, at the Crash Test Site at Southwest 
Research Institute (SwRI) by SwRI personnel.  This report presents information on the test 
parameters, a discussion of the test, and an assessment of the test results based on the criteria set 
forth in NCHRP Report 350. 
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2 TEST PARAMETERS 

Test Facility 
The full-scale crash testing was performed by Southwest Research Institute (SwRI), on the 
campus located at the following address: 

Southwest Research Institute 
6220 Culebra Road 
San Antonio, Texas  78238 

 

SwRI is ISO/IEC 17025 accredited by A2LA (American Association for Laboratory 
Accreditation) to perform this testing under Testing Laboratory Certificate #1110.02. 

Test Article – Design and Construction 
The full-scale crash test was performed on the ET Plus End Terminal which included the ET Plus 
extruder head with 4-inch wide guide channel and W-Beam guardrail installed with a rail height 
of 27¾”.  The ET Plus End Terminal installation tested uses standard AASHTO M180 Type 2, 
12-gauge, 12’-6” W-Beam guardrail panels mounted with the top of the rail 27¾ inches above 
the ground, two wooden breakaway posts in foundation sleeves without soil plates at Posts 1 and 
2, and CRT posts at Posts 3 through 8. 

During installation, holes approximately 2' in diameter were drilled into the soil and then 
backfilled around the posts using "standard soil" as defined by NCHRP Report 350, Section 
2.2.1.1.  The base material was compacted in 15 cm (6 in) lifts, and was added until the surface 
was flush with the surrounding soil. 

The guardrail line posts are 6” x 8” wood posts with 6” x 8” wood blockouts.  The blockouts are 
toenailed, and the guardrail panels are mounted to the posts using 5/8” post bolts beginning 
with Post 2; the bolt for Post 2 is 10” long, and all other post bolts are 18” long.  The post 
spacing is 6’-3”, and each splice joint used eight (8) 5/8” x 1-1/4” splice bolts and nuts; the 
splice bolts have a nominal total length of 1-5/8” including the bolt head.  The installation uses 
3/4” x 10” bolts through the soil tube, post, and strut at Post 1 and Post 2.  An anchor cable is 
also installed at Post 1.  The installation has guardrail splices at each odd-numbered post starting 
with Post 3. 

The total system installation length for the test was nominally 156’-3” (47.6 m), including the 50 
ft (15.2 m) ET Plus terminal length, 81’-3” (24.8 m) of guardrail, and a 25’ (7.6 m) downstream 
terminal anchor section that included a turndown guardrail anchor spliced at Post 22 and 
mounted to a concrete footing.  Detailed drawings of the test article provided by Trinity Highway 
Products are provided in Appendix A. 

The ET Plus end terminal extruder head was one of eight production samples CalTrans 
(California DOT) pulled from their inventory for testing at SwRI.  The heads were inspected by 
CalTrans, FHWA, and Trinity Highway Products personnel at the CalTrans yard, and were 
stamped with identifiers “Kit #1” through “Kit #8”.  SwRI arranged for shipment of the heads to 
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the test site in San Antonio, and the heads remained in controlled storage until they were 
installed for testing.  The dimensions of the specific ET Plus end terminal extruder head used for 
Test ET27-31 are provided in Table 2.1 below; dimensions measured with a tape measure are 
listed in fractional inches, and dimensions measured with a digital caliper are listed as decimals.  
Copies of the datasheets reviewed by representatives from the FHWA, US DOT and various 
state Departments of Transportation (DOT) prior to testing are located in Appendix B. 

The performance goal for the ET Plus is to achieve controlled vehicle deceleration in compliance 
with NCHRP Report 350 criteria for post-impact vehicle trajectory and occupant risk.  Figure 2.1 
through Figure 2.20 present photographs of the guardrail installation. 
 

Table 2.1: Key ET Plus Head Dimensions 
Extruder Head Stamp ID 2 
Exit Gap 1.0890” 
Entrance Gap 4.8090” 
Guide Chute Exit Height 14-15/16” 
Guide Chute Entrance Height 14-1/2” 
Channel Width (see Figure 2.2) 4.0350” 

 

  
Figure 2.1: ET Plus Head Sample Identification Number 

 

 
Figure 2.2: Measurement of Channel Width of Head 
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Figure 2.3: Test Installation for ET Plus Test ET27-31 

 
 

 
Figure 2.4: ET Plus End Terminal 

 



SwRI Document Number 18.20887.03.100.FR2, Iss. 1 January 23, 2015 
 

 

ET27-31 
Test Parameters 

Page 11 of 78

 

 
Figure 2.5: ET Plus Head Height Above Ground – Top 

 
 

 
Figure 2.6: ET Plus Head Height Above Ground – Bottom 
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Figure 2.7: Measurement of Guardrail Installation Height 

 
 

 
Figure 2.8: ET Plus Head and Anchor Cable Assembly 
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Figure 2.9: End Terminal Anchor Cable Mount – Post 1 

 
 

  
Figure 2.10: End Terminal Cable Anchor 

 



SwRI Document Number 18.20887.03.100.FR2, Iss. 1 January 23, 2015 
 

 

ET27-31 
Test Parameters 

Page 14 of 78

 

 
Figure 2.11: First Guardrail Panel Splice Joint – Traffic Side (Bolts Painted for Visibility in 

Video) 
 

 
Figure 2.12: First Guardrail Panel Splice Joint – Back Side (Nuts Painted for Visibility in Video) 
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Figure 2.13: Second Guardrail Panel Splice Joint – Traffic Side (Bolts Painted for Visibility in 

Video) 
 

 
Figure 2.14: Second Guardrail Panel Splice Joint – Back Side (Nuts Painted for Visibility in 

Video) 
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Figure 2.15: ET Plus Head and Post 1 – Traffic Side 

 
 

 
Figure 2.16: ET Plus Head and Post 1 – Back Side 
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Figure 2.17: End Terminal Head with Posts 1 & 2 and Strut 

 
 

 
Figure 2.18: ET Plus Head Extruder Exit (see Appendix B for Dimensions) 
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Figure 2.19: Post 22 Immediately Preceding Downstream Turndown Anchor 

 
 

 
Figure 2.20: Downstream Turndown Anchor 
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Test Vehicle 
The test vehicle was a 1994 Chevrolet C2500 pickup truck, shown in Figure 2.21; the vehicle 
data sheet is provided in Appendix B.  Figure 2.22 shows the relationship between the height of 
the vehicle bumper and the end terminal.  Figure 2.23 shows the test vehicle positioned at the 
impact point of the end terminal, and Figure 2.24 shows an overhead view of the test vehicle 
positioned at the intended crash angle of 0° and at the vehicle’s centerline.  Figure 2.25 shows 
the ballast weight that was added to the vehicle, bolted to the bed of the pickup near the cab. 

The test inertial mass of the vehicle, including 100 kg (220.5 lbs) of added ballast weight, was 
1998 kg (4,404 lbs) as reflected in Table 4.2. 

 

 
Figure 2.21: Test Vehicle for Test ET27-31 
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Figure 2.22: Test Vehicle Bumper Height  

 
 

 
Figure 2.23: Test Vehicle Impact Trajectory  
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Figure 2.24: Test Vehicle Impact Trajectory – Overhead View 

 
 

 
Figure 2.25: Test Vehicle Ballast 
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Test Vehicle Guidance 

The test vehicle was towed into the end terminal using two tow vehicles and a series of pulleys 
and sheaves.  A steel cable was attached to a quick-release pin under the front of the vehicle and 
was passed around a sheave and secured to the rear of the first tow vehicle.  The first tow vehicle 
was equipped with an adjustable ignition restrictor that attenuated the tow vehicle’s engine RPM 
when a pre-set speed was attained; this vehicle was connected with a steel cable to a second tow 
vehicle.  The test vehicle was guided by means of a taught steel cable attached to a sliding shoe 
which was attached to the front spindle of the test vehicle shown in Figure 2.26.  Just prior to 
impact, the sliding shoe and tow cable were stripped from the vehicle allowing the test vehicle to 
free wheel into the end terminal. 
 

 
Figure 2.26: Test Vehicle Steering Guidance Assembly 

 

Test Vehicle Data Acquisition 

The data acquisition consisted of recording the acceleration and angular velocities of the test 
vehicle.  The measurement of these two parameters allows SwRI engineers to perform an 
occupant risk evaluation.  The device used to record the vehicle acceleration and angular 
velocities was a six (6) degree-of-freedom Instrumented Sensor Technology Electronic Data 
Recorder, henceforth referred to as the EDR-4. 

The EDR-4 recorder unit is a compact package used for stand-alone recording of shock and 
vibration, and is able to record six channels of data.  The three acceleration channels were 
recorded from a built-in triaxial accelerometer used to record the test vehicle’s accelerations in 
three orthogonal directions (x, y, and z).  The three angular velocity channels were recorded from 
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built-in rate gyro transducers used to record the test vehicle’s angular velocities in three 
orthogonal directions (roll, pitch, and yaw). 

The data acquisition package was rigidly attached to the test vehicle.  A metal bracket was 
welded onto the test vehicle’s body.  This bracket was attached inside the passenger 
compartment of the vehicle, as close as possible to the vehicle’s center of gravity, without 
significantly modifying the vehicle’s interior components (i.e., center console, bench seats).  The 
data acquisition package was then bolted to the metal bracket as shown in Figure 2.27 and Figure 
2.28.  Because of the configuration of the EDR-4 as manufactured, the orientation of the data 
acquisition package within the vehicle matches the general axis designation given in Figure 4.6 
of NCHRP Report 350, but the signs for the Y and Z axes had to be reversed during post-test 
processing to comply with the NCHRP and TRAP sign convention. 

 

 
Figure 2.27: EDR Mounted in Test Vehicle for Test ET27-31 
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Figure 2.28: Close-up of EDR Mounted in Vehicle 

 

The sign convention used for data processing is as follows: 

Table 2.2: Sign Convention for Vehicle Motion 
X: Positive in the normal forward motion direction 
Y: Positive toward the right 
Z: Positive vertically downward 

ROLL: Positive using right hand rule about +X direction 
PITCH: Positive using right hand rule about +Y direction 
YAW: Positive using right hand rule about +Z direction 

 
The EDR-4 data recorder unit was configured with a sample rate of 2944 samples per second 
(per channel), and with a low pass filter setting of 300 Hz.  After the data had been downloaded 
from the data acquisition package, the data was processed using Test Risk Assessment Program 
(TRAP) Version 2.3.11, (Texas A&M Transportation Institute and Capsher Technology, Inc.).  
The TRAP program was designed to determine the effectiveness of a roadside safety feature by 
analyzing data from a vehicle crash test of the feature and calculating standardized occupant risk 
factors.  TRAP calculates occupant risk factors in accordance with the NCHRP Report 350 
guidelines. 
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Soil Conditions 
The soil complied with the NCHRP Report 350 “Standard Soil” as described in the Test Article – 
Design and Construction section of this report.  The day of testing, soil moisture content was 
measured by a certified environmental engineering firm.  The maximum moisture content 
measured was 7.3% behind both Post 2 and Post 4.  There was no rainfall between when the 
moisture reading was taken and when the testing was conducted.  Detailed results of the soil 
testing and moisture content evaluation are provided in Appendix E. 

 

Calibrated Test Equipment 
Test equipment used to perform the tests and acquire data during this testing program is listed in 
the table below. 

Table 2.3: Equipment Used During Testing 

Description Manufacturer Model Asset No. Due Date1 

Data Recorder IST EDR-4-6DOF-200 S/N 40048 2/5/15 
Wheel Scales Longacre 72634 015238 11/5/15 

Measuring Tape Stanley 33-725 015324 11/7/15 
Caliper Starrett 721 020504 3/18/15 

Speed Trap DAQ NI USB-6008 S/N 14D4376 8/27/15 
1Unless otherwise specified, all equipment is calibrated or verified on an annual basis. 

 

Test Observers 
Representatives from the following organizations were among those present at the SwRI Crash 
Test Site and observed Test ET27-31 on December 16, 2014: 

 Federal Highway Administration (FHWA) 
 Virginia DOT 
 Ohio DOT 
 New Hampshire DOT (AASHTO Representative) 

 
Observers from FHWA and AASHTO were permitted to visually inspect and measure the ET 
Plus installation before and after the test.  All other observers were allowed to visually inspect 
the ET Plus installation and the test vehicle following the test. 
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3 TEST CONDITIONS AND RESULTS 

Test Description 
The purpose of Test ET27-31 was to evaluate the performance of Trinity Highway Products ET 
Plus End Terminal with 4-inch wide guide channel installed with a rail height of 27¾”.  To test 
the performance of this terminal, Test 3-31 was conducted according to NCHRP Report 350. The 
test installation length for the test was 156’-3” (47.6 m), and the terminal length was 15.2 m (50 
ft). 

Test 3-31 is intended primarily to evaluate the capacity of the device to absorb the kinetic energy 
of the vehicle in a safe manner as judged by the occupant risk and vehicle trajectory criteria.  The 
test consists of a 2000 kg vehicle approaching parallel to the roadway (0 degree angle) and 
impacting the end terminal at 100 km/hr (62.1 mph) at the vehicle’s centerline.  The test 
configuration is shown in Figure 3.1, which is from Figure 3.2 of NCHRP Report 350. 

 
Figure 3.1: Impact Configuration [from Figure 3.2 of NCHRP Report 350] 

 

 

The weather on the day of the test was mostly sunny, with temperatures ranging from 46-65°F.  
The temperature at the time of the test was approximately 60°F.  The soil was dry as discussed in 
the Soil Conditions section of this report. 
 
  



SwRI Document Number 18.20887.03.100.FR2, Iss. 1 January 23, 2015 
 

 

ET27-31 
Test Conditions and Results 

Page 27 of 78

 

Impact Description/Vehicle Behavior 
Figure 3.2 is an overhead photograph showing the post-test condition and location of the test 
article and test vehicle.  Figure 3.3 through Figure 3.5, show that the test vehicle impacted the 
end terminal at a nominal 0° angle.  The impact velocity of the test as measured by SwRI's speed 
trap system and verified by high-speed film analysis was determined to be 97.5 km/hr (60.6 
mph).  As a result of the test, the ET Plus extruder head moved 11.4 m (37.4 ft) longitudinally 
(downstream) as measured from its as-installed position, which is also the total system 
deformation (i.e. longitudinal distance to closest point) measured after the impact from the initial 
point of contact. 

After the impact event, the ET Plus extruder head stroked along the guardrail, extruding 
approximately 37.4 feet of guardrail including the first splice at Post 3 and the second splice at 
Post 5.  The vehicle slowed and came to a stop when the channel entrance end of the head was at 
Post 7.  The vehicle remained in contact with the ET Plus extruder head until it came to rest.  The 
vehicle was not operable after the test. 

The ET Plus extruder head directly contacted and sheared Posts 1 through 6, and damaged Posts 
7 and 8 at the end of the stroke.  After the vehicle came to rest, Post 1 was on the ground behind 
the vehicle, Posts 2 and 3 were on the ground under the bed of the pickup, and Posts 4, 5 and 6 
were stacked under the front axle of the pickup, which lifted the vehicle slightly; the front tires 
were nearly 2 inches off the ground after the vehicle came to rest.  Post 7 appeared to be 
undamaged, but the blockout was twisted and slightly damaged due to impact with the tail end of 
the extruder head.  Posts 8 and 9 exhibited minor cracking following the test, and the Post 8 
blockout was twisted due to the relative motion of the attached guardrail panel.  All posts and 
blockouts downstream of Post 9 appeared undamaged, and no appreciable movement of the 
downstream turndown anchor was observed.  Additionally, the anchor cable at Post 1 broke free 
of the installation and came to rest near Post 8.  The extruded portion of the guardrail came to 
rest parallel to the installation on the non-traffic side, and the tail end of the coil was located 
between Posts 10 and 11.  There was no penetration of the vehicle by the test article, and there 
was no deformation of the occupant compartment resulting from the test.  The only debris 
thrown from the installation as a result of the impact included pieces of posts from the first four 
posts; the majority of the debris fell to the non-traffic side of the guardrail, and the only debris 
landing on the traffic side was a small piece of Post 3 that landed near Post 13.  There was no 
significant deformation of the 4” guide channels as a result of the impact, and they remained 
attached to the impact head. 

The test vehicle experienced a maximum 50 millisecond moving average acceleration of -7.2g in 
the longitudinal direction, 1.2g in the lateral direction, and 4.0g in the vertical direction.  The 
impact velocities and ridedown accelerations were below the preferred limits and well below the 
maximum limits listed in NCHRP Report 350.   

 Occupant risk impact velocities were 7.1 m/s in the longitudinal direction, and -0.3 m/s in 
the lateral direction.   

 Occupant risk ridedown accelerations were -9.2g in the longitudinal direction, and 5.0g in 
the lateral direction.   
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The following sections provide photographs of the post-impact condition of the test article as 
well as the vehicle.  Table 4.2 presents a summary of the onboard data, and plots of the 
accelerometer and angular velocity transducers are provided in Appendix D.   

 
Figure 3.2: Post-Impact Condition of the Test Article and Vehicle 

 
 

Impact Severity 
NCHRP Report 350 states that the recommended impact severity for Test Level 3, Test 3-31 is 
771.7 kJ, with a suggested tolerance of -60.4/+62.9 kJ.  The actual impact severity of test ET27-
31 was 733.7 kJ, a deviation of -38.0 kJ from the nominal impact severity recommended in 
NCHRP Report 350.  Note that for Test 3-31, Sin θ is set to 1 in accordance with Section 3.3.1 of 
Report 350. 

Impact Severity = ½·M·(V·Sin θ)2 

   = ½·M·V2 

   = 0.5·(1998 kg)·(27.1 m/s)2 

   = 733.7 kJ 

The equivalent impact speed of a 2000 kg vehicle impacting the end terminal at 0 degrees would 
be 97.5 km/hr (60.6 mph). 
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Time = 0.000 seconds (Impact) Time = 0.050 seconds Time = 0.100 seconds 
   

Time = 0.150 seconds Time = 0.200 seconds Time = 0.250 seconds 
   

Time = 0.300 seconds Time = 0.350 seconds Time = 0.400 seconds 
Figure 3.3: Sequential Photographs, as Viewed from Overhead 
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Time = 0.000 seconds (Impact) Time = 0.050 seconds Time = 0.100 seconds 
   

Time = 0.150 seconds Time = 0.200 seconds Time = 0.250 seconds 
   

Time = 0.300 seconds Time = 0.350 seconds Time = 0.400 seconds 
Figure 3.4: Sequential Photographs, as Viewed from Downstream 
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Time = 0.000 seconds (Impact) Time = 0.050 seconds Time = 0.100 seconds 
   

Time = 0.150 seconds Time = 0.200 seconds Time = 0.250 seconds 
   

Time = 0.300 seconds Time = 0.350 seconds Time = 0.400 seconds 
Figure 3.5: Sequential Photographs, as Viewed from Non Traffic Side of the End Terminal 
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End Terminal Damage 
 

 
Figure 3.6: Post-Impact Condition of the Test Article and Vehicle 

 
 

 
Figure 3.7: Post-Impact Condition of the Test Article and Vehicle 
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Figure 3.8: Post Test – Post 1 and 2 Foundation Sleeves and Strut 

 
 

 
Figure 3.9: Post Test – Post 1 Foundation Sleeve 
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Figure 3.10: Post Test – Post 2 Foundation Sleeve 

 
 

   
Figure 3.11: Post Test – Post 1 
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Figure 3.12: Post Test – Posts 2 and 3 Under Vehicle, Close-up 

 
 

 
Figure 3.13: Post Test – Posts 4, 5 and 6 Stacked Under Vehicle 
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Figure 3.14: Post Test – Post 8 Cracked, Blockout Twisted 

 
 

 
Figure 3.15: Post Test – Post 9 Cracked 
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Figure 3.16: Post Test – Back Side of Extruder Head 

 
 

 
Figure 3.17: Post Test – Side View 

 



SwRI Document Number 18.20887.03.100.FR2, Iss. 1 January 23, 2015 
 

 

ET27-31 
Test Conditions and Results – End Terminal 

Page 38 of 78

 

 
Figure 3.18: Post Test – Extruder Head at Post 7, Blockout Twisted 

 
 

 
Figure 3.19: Post Test – Extruder Head at Post 7 (Splice Bolts Painted for Visibility in Video) 
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Figure 3.20: Post Test – Extruder Head at Post 7, Top View 

 
 

 
Figure 3.21: Post Test – Extruded Guardrail 
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Figure 3.22: Post Test – Post 8 Blockout Twisted 

 
 

 
Figure 3.23: Post Test Location of Anchor Cable 
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Figure 3.24: Post Test – Extruded Guardrail 

 
 

 
Figure 3.25: Post Test – Extruded Guardrail Coil 
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Figure 3.26: Post Test – Extruded Guardrail Splice from Post 3, Splice Bolts 

 
 

 
Figure 3.27: Post Test – Extruded Guardrail Splice from Post 3, Splice Nuts 
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Figure 3.28: Post Test – Extruded Guardrail Splice from Post 5, Splice Bolts 

 
 

 
Figure 3.29: Post Test – Extruded Guardrail Splice from Post 5, Splice Nuts 
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Figure 3.30: Post Test – Line Posts 7 and 8 

 
 

 
Figure 3.31: Post Test – Line Posts 10 & 11 and Debris 
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Figure 3.32: Post Test – Line Post 13 and Traffic-Side Debris 

 
 

 
Figure 3.33: Post-Impact Test Article after Vehicle Removed 
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Figure 3.34: Post-Impact Test Article after Vehicle Removed – Traffic Side View 

 
 

 
Figure 3.35: Post-Impact Test Article after Vehicle Removed – Rear View 
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Figure 3.36: Post-Impact Test Article after Vehicle Removed – Non-Traffic Side View 

 
 

 
Figure 3.37: Post-Impact Test Article after Vehicle Removed –Guide Channel Entrance 
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Figure 3.38: Post Test Verification of Extruder Head 2 
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Vehicle Damage 

 
Figure 3.39: Test Vehicle Post-Test Location 

 
 

 
Figure 3.40: Post Test Vehicle – Overhead View 
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Figure 3.41: Post Test Vehicle – Front View 

 
 

 
Figure 3.42: Damaged Test Vehicle – Front View Close-up 
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Figure 3.43: Post Test Vehicle – Left Side 

 
 

 
Figure 3.44: Post Test Vehicle – Right Side 
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Figure 3.45: Post Test Vehicle – Front Hood 

 
 

 
Figure 3.46: Post Test Vehicle – Accumulated Posts Located Under the Vehicle 
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Figure 3.47: Post Test Vehicle – Accumulated Posts Located Under the Vehicle 

 
 

 
Figure 3.48: Post Test Vehicle – Accumulated Posts Lifted Vehicle 
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Figure 3.49: Post Test Vehicle – Front View after Removal from Guardrail 

 
 

 
Figure 3.50: Post Test Vehicle – Left Side after Removal from Guardrail 
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Figure 3.51: Post Test Vehicle – Right Side after Removal from Guardrail 

 
 

 
Figure 3.52: Post Test Vehicle – Occupant Compartment 
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Figure 3.53: Post Test Vehicle – Driver Side Floorboard 

 
 

 
Figure 3.54: Post Test Vehicle – Passenger Side Floorboard 
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4 ASSESSMENT OF TEST RESULTS 

A comparison of the test results of Test ET27-31 against the evaluation criteria set forth in NCHRP Report 350 for Test 3-31 is provided 
in Table 4.1.  A summary of the test results is provided in Table 4.2. 

 
Table 4.1: Summary of Test Evaluation Results (NCHRP Report 350 Evaluation Criteria) for Test ET27-31 

Evaluation 
Factor 

Evaluation Criteria Crash Test Result Result 

Structural 
Adequacy 

C. Acceptable test article performance may be by 
redirection, controlled penetration, or controlled 
stopping of the vehicle. 

Test article provided controlled 
deceleration and stopping of the vehicle. 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. 

No penetration or potential penetration of 
the occupant compartment or undue hazard 
presented by test article debris.  See photos 
for post-test location of debris. 

Pass 

F. The vehicle should remain upright during and 
after collision although moderate roll, pitching and 
yawing are acceptable. 

Vehicle remained stable and upright during 
and after the collision. Pass 

H. Occupant Impact Velocities (OIV) limits: 
 Preferred = 9 m/s 
 Maximum = 12 m/s 

Occupant impact velocities: 
Longitudinal: 7.1 m/s 
Lateral: -0.3 m/s 

Pass 

I. Occupant Ridedown Acceleration (ORA) limits: 
 Preferred = 15 g 
 Maximum = 20 g 

Occupant Ridedown Accelerations: 
Longitudinal: -9.2 g 
Lateral: 5.0 g 

Pass 

Vehicle 
Trajectory 

K. After collision it is preferable that the vehicle’s 
trajectory not intrude into adjacent traffic lanes. 

See photos; vehicle remained in contact 
with guardrail following impact. 

See Note1 

N. Vehicle trajectory behind the test article is 
acceptable. 

See photos; vehicle remained in contact 
with guardrail following impact. 

Pass 

Note1: As stated in Report 350, this criterion is preferable, but not required. 
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Table 4.2: Summary of Test Results and Conditions 

 

 
General Information  Impact Conditions  Extruder Head Position from Start

Test Agency Southwest Research Institute  Speed (km/hr) 97.5  Longitudinal 11.4 m (37.4 ft) 
Test Number ET27-31  Angle (degrees) 0.1  Lateral ~0 m 

Test Date 12/16/2015  Exit Conditions   Total System Deformation (Closest Point)
Test Category 3-31  Speed (km/hr) N/A  Longitudinal 11.4 m (37.4 ft) 

Test Article  Angle (degrees) N/A  Post Impact Vehicular Behavior
Type End Terminal    Max Vehicle Rotation (degrees) 

Terminal Length 15.24 m (50 ft)  Occupant Risk Values  Max. Roll -6.0 @ 1.2014 sec. 
Installation Length 47.6 m (156.25 ft)  Impact Velocity (m/s)  Max. Pitch -3.1 @ 0.7099 sec. 

Nom. Barrier Height 705 mm  (27.75 in)  x-direction 7.1  Max. Yaw -2.8 @ 1.4195 sec. 
Type of Primary Barrier W-beam guardrail  y-direction -0.3  Max 50ms Moving Average Accelerations (g) 

Soil Stable, Dry - “Standard” Soil  Ridedown Accelerations (g)  x-direction -7.2 @ 0.4346-0.4846 sec. 
Test Vehicle  x-direction -9.2  y-direction 1.2 @ 0.7131-0.7631 sec. 

Type Pickup truck  y-direction 5.0  z-direction 4.0 @ 0.9784-1.0284 sec. 
Designation 2000P  Target Conditions   

Model 1994 Chevrolet C2500  Nominal Speed 100 km/hr (62.1 mph)   
Curb Mass (kg) 1898 as received  Nominal Angle 0°   

Ballast Mass (kg) 100  Tolerances   
Test Inertial Mass (kg) 1998  Nominal Speed ±4 km/hr   

Dummy Mass (kg) N/A  Nominal Angle ±1.5˚   
Gross Static Mass (kg) 1998    
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5 CONCLUSIONS 

The performance of the ET Plus during Test ET27-31 against Structural Adequacy, Occupant 
Risk, and Vehicle Trajectory criteria specified in NCHRP Report 350 was as-follows: 

Structural Adequacy 
 The vehicle was decelerated and stopped in a controlled manner. 

 
Occupant Risk 

 There was no penetration of the vehicle by the test article, and no deformation of the 
occupant compartment resulting from the test.   

 There was no undue hazard presented by test article debris outside of the immediate 
impact zone; the only debris thrown from the installation included pieces of posts and 
blockouts, the majority of which fell to the non-traffic side of the guardrail. 

 The vehicle remained upright during and following the impact.   
 The test article provided for controlled deceleration with impact velocity and 

ridedown acceleration values within allowable limits. 
 

Vehicle Trajectory 
 The vehicle was smoothly decelerated and remained in contact with the guardrail 

until it came to rest. 
 
Based on the information provided in this report, the ET Plus End Terminal with 4-inch wide 
guide channel installed with a rail height of 27¾” meets the Test Level 3, Test 3-31 criteria for 
NCHRP Report 350. 
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Appendix B: SwRI Data Sheets for Test ET27-31 
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1 INTRODUCTION 

The purpose of Crash Test ET27-32 was to evaluate the performance of the Trinity Highway 
Products ET Plus End Terminal with 4-inch wide guide channel installed with a rail height of 
27¾”.  To test the performance of this terminal, Test 3-32 was conducted according to National 
Cooperative Highway Research Program (NCHRP), Report 350.  The total system installation 
length for the test was nominally 47.6 m (156’-3”), including the 15.2 m (50 ft) ET Plus terminal 
length. 

Test 3-32 is intended primarily to evaluate occupant risk and vehicle trajectory criteria.  The test 
consists of an 820 kg vehicle approaching the traffic side of the installation at a 15° angle to the 
roadway, and impacting the end terminal at 100 km/hr (62.1 mph).  The vehicle will impact at 
the vehicle’s centerline. 

Crash Test ET27-32 was conducted on December 17, 2014, at the Crash Test Site at Southwest 
Research Institute (SwRI) by SwRI personnel.  This report presents information on the test 
parameters, a discussion of the test, and an assessment of the test results based on the criteria set 
forth in NCHRP Report 350. 
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2 TEST PARAMETERS 

Test Facility 
The full-scale crash testing was performed by Southwest Research Institute (SwRI), on the 
campus located at the following address: 

Southwest Research Institute 
6220 Culebra Road 
San Antonio, Texas  78238 

 

SwRI is ISO/IEC 17025 accredited by A2LA (American Association for Laboratory 
Accreditation) to perform this testing under Testing Laboratory Certificate #1110.02. 

Test Article – Design and Construction 
The full-scale crash test was performed on the ET Plus End Terminal which included the ET Plus 
extruder head with 4-inch wide guide channel and W-Beam guardrail installed with a rail height 
of 27¾”.  The ET Plus End Terminal installation tested uses standard AASHTO M180 Type 2, 
12-gauge, 12’-6” W-Beam guardrail panels mounted with the top of the rail 27¾ inches above 
the ground, two wooden breakaway posts in foundation sleeves without soil plates at Posts 1 and 
2, and CRT posts at Posts 3 through 8. 

During installation, holes approximately 2' in diameter were drilled into the soil and then 
backfilled around the posts using "standard soil" as defined by NCHRP Report 350, Section 
2.2.1.1.  The base material was compacted in 15 cm (6 in) lifts, and was added until the surface 
was flush with the surrounding soil. 

The guardrail line posts are 6” x 8” wood posts with 6” x 8” wood blockouts.  The blockouts are 
toenailed, and the guardrail panels are mounted to the posts using 5/8” post bolts beginning 
with Post 2; the bolt for Post 2 is 10” long, and all other post bolts are 18” long.  The post 
spacing is 6’-3”, and each splice joint used eight (8) 5/8” x 1-1/4” splice bolts and nuts; the 
splice bolts have a nominal total length of 1-5/8” including the bolt head.  The installation uses 
3/4” x 10” bolts through the soil tube, post, and strut at Post 1 and Post 2.  An anchor cable is 
also installed at Post 1.  The installation has guardrail splices at each odd-numbered post starting 
with Post 3. 

The total system installation length for the test was nominally 156’-3” (47.6 m), including the 50 
ft (15.2 m) ET Plus terminal length, 81’-3” (24.8 m) of guardrail, and a 25’ (7.6 m) downstream 
terminal anchor section that included a turndown guardrail anchor spliced at Post 22 and 
mounted to a concrete footing.  Detailed drawings of the test article provided by Trinity Highway 
Products are provided in Appendix A. 

The ET Plus end terminal extruder head was one of eight production samples CalTrans 
(California DOT) pulled from their inventory for testing at SwRI.  The heads were inspected by 
CalTrans, FHWA, and Trinity Highway Products personnel at the CalTrans yard, and were 
stamped with identifiers “Kit #1” through “Kit #8”.  SwRI arranged for shipment of the heads to 
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the test site in San Antonio, and the heads remained in controlled storage until they were 
installed for testing.  The dimensions of the specific ET Plus end terminal extruder head used for 
Test ET27-32 are provided in Table 2.1 below; dimensions measured with a tape measure are 
listed in fractional inches, and dimensions measured with a digital caliper are listed as decimals.  
Copies of the datasheets reviewed by representatives from the FHWA, US DOT and various 
state Departments of Transportation (DOT) prior to testing are located in Appendix B. 

The performance goal for the ET Plus is to achieve controlled vehicle deceleration in compliance 
with NCHRP Report 350 criteria for post-impact vehicle trajectory and occupant risk.  Figure 2.1 
through Figure 2.18 present photographs of the guardrail installation. 
 

Table 2.1: Key ET Plus Head Dimensions 
Extruder Head Stamp ID 4 
Exit Gap 1.0475” 
Entrance Gap 4.7690” 
Guide Chute Exit Height 14-15/16” 
Guide Chute Entrance Height 14-1/2” 
Channel Width (see Figure 2.2) 4.0275” 

 

  
Figure 2.1: ET Plus Head Sample Identification Number 

 

 
Figure 2.2: Measurement of Channel Width of Head 
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Figure 2.3: Test Installation for ET Plus Test ET27-32 

 
 

 
Figure 2.4: ET Plus End Terminal 
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Figure 2.5: ET Plus Head Height Above Ground – Top 

 
 

 
Figure 2.6: ET Plus Head Height Above Ground – Bottom 
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Figure 2.7: Measurement of Guardrail Installation Height 

 
 

 
Figure 2.8: ET Plus Head and Anchor Cable Assembly 
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Figure 2.9: End Terminal Anchor Cable Mount – Post 1 

 
 

  
Figure 2.10: End Terminal Cable Anchor 

 



SwRI Document Number 18.20887.03.100.FR3, Iss. 1 January 23, 2015 
 

 

ET27-32 
Test Parameters 

Page 14 of 74

 

 
Figure 2.11: First Guardrail Panel Splice Joint – Traffic Side (Splice Bolts Painted for Visibility 

in Video) 
 

 
Figure 2.12: First Guardrail Panel Splice Joint – Back Side (Nuts Painted for Visibility in Video) 
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Figure 2.13: ET Plus Head and Post 1 – Traffic Side 

 
 

 
Figure 2.14: ET Plus Head and Post 1 – Non-Traffic Side 
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Figure 2.15: End Terminal Head with Posts 1 & 2 and Strut 

 
 

 
Figure 2.16: ET Plus Head Extruder Exit (see Appendix B for Dimensions) 
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Figure 2.17: Post 22 Immediately Preceding Downstream Turndown Anchor 

 
 

 
Figure 2.18: Downstream Turndown Anchor 
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Test Vehicle 
The test vehicle was a 1997 Geo Metro, shown in Figure 2.19; the vehicle data sheet is provided 
in Appendix B.  Figure 2.20 shows the relationship between the height of the vehicle bumper and 
the end terminal.  Figure 2.21 shows the test vehicle positioned at the impact point of the end 
terminal, and Figure 2.22 shows an overhead view of the test vehicle positioned at the intended 
crash angle of 15° and at the vehicle’s centerline. 

A 75 kg (165 lb) anthropometric dummy was utilized for this test, and was placed in the 
passenger seat as shown in Figure 2.23 to contribute to the vehicle’s post-impact instability as 
specified in NCHRP Report 350.  No additional ballast mass was added to the vehicle. 

The test inertial mass of the vehicle was 842 kg (1,856 lbs) as reflected in Table 4.2.  Note that 
the test inertial mass does not include the weight of the anthropometric dummy. 

 

 
Figure 2.19: Test Vehicle for Test ET27-32 
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Figure 2.20: Test Vehicle Bumper Height  

 
 

 
Figure 2.21: Test Vehicle Impact Trajectory 
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Figure 2.22: Test Vehicle Impact Trajectory – Overhead View 

 
 

 
Figure 2.23: Test Dummy Positioned in Passenger Seat 
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Test Vehicle Guidance 

The test vehicle was towed into the end terminal using a tow vehicle and a series of pulleys and 
sheaves.  A steel cable was attached to a quick-release pin under the front of the vehicle and was 
passed around a sheave and secured to the rear of a tow vehicle.  The tow vehicle was equipped 
with an adjustable ignition restrictor that attenuated the tow vehicle’s engine RPM when a pre-
set speed was attained.  The test vehicle was guided by means of a taught steel cable attached to 
a sliding shoe which was attached to the front spindle of the test vehicle shown in Figure 2.24.  
Just prior to impact, the sliding shoe and tow cable were stripped from the vehicle allowing the 
test vehicle to free wheel into the end terminal. 
 

 
Figure 2.24: Test Vehicle Steering Guidance Assembly 

 

Test Vehicle Data Acquisition 

The data acquisition consisted of recording the acceleration and angular velocities of the test 
vehicle.  The measurement of these two parameters allows SwRI engineers to perform an 
occupant risk evaluation.  The device used to record the vehicle acceleration and angular 
velocities was a six (6) degree-of-freedom Instrumented Sensor Technology Electronic Data 
Recorder, henceforth referred to as the EDR-4. 

The EDR-4 recorder unit is a compact package used for stand-alone recording of shock and 
vibration, and is able to record six channels of data.  The three acceleration channels were 
recorded from a built-in triaxial accelerometer used to record the test vehicle’s accelerations in 
three orthogonal directions (x, y, and z).  The three angular velocity channels were recorded from 
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built-in rate gyro transducers used to record the test vehicle’s angular velocities in three 
orthogonal directions (roll, pitch, and yaw). 

The data acquisition package was rigidly attached to the test vehicle.  A metal bracket was 
welded onto the test vehicle’s body.  This bracket was attached inside the passenger 
compartment of the vehicle, as close as possible to the vehicle’s center of gravity, without 
significantly modifying the vehicle’s interior components (i.e., center console, bench seats).  The 
data acquisition package was then bolted to the metal bracket as shown in Figure 2.25.  Because 
of the configuration of the EDR-4 as manufactured, the orientation of the data acquisition 
package within the vehicle matches the general axis designation given in Figure 4.6 of NCHRP 
Report 350, but the signs for the Y and Z axes had to be reversed during post-test processing to 
comply with the NCHRP and TRAP sign convention. 

 
Figure 2.25: EDR Mounted in Test Vehicle for Test ET27-32 

 

The sign convention used for data processing is as follows: 

Table 2.2: Sign Convention for Vehicle Motion 
X: Positive in the normal forward motion direction 
Y: Positive toward the right 
Z: Positive vertically downward 

ROLL: Positive using right hand rule about +X direction 
PITCH: Positive using right hand rule about +Y direction 
YAW: Positive using right hand rule about +Z direction 
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The EDR-4 data recorder unit was configured with a sample rate of 2944 samples per second 
(per channel), and with a low pass filter setting of 300 Hz.  After the data had been downloaded 
from the data acquisition package, the data was processed using Test Risk Assessment Program 
(TRAP) Version 2.3.11, (Texas A&M Transportation Institute and Capsher Technology, Inc.).  
The TRAP program was designed to determine the effectiveness of a roadside safety feature by 
analyzing data from a vehicle crash test of the feature and calculating standardized occupant risk 
factors.  TRAP calculates occupant risk factors in accordance with the NCHRP Report 350 
guidelines. 
 
 

Test Vehicle Onboard Cameras 

Two digital cameras were mounted to a rail such that one camera was behind the driver, and one 
camera was behind the passenger but aimed at the driver location.  A photograph of the camera 
locations is provided in Figure 2.26. 
 

 
Figure 2.26: Onboard Camera – Behind Driver 
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Soil Conditions 
The soil complied with the NCHRP Report 350 “Standard Soil” as described in the Test Article – 
Design and Construction section of this report.  The day of testing, soil moisture content was 
measured by a certified environmental engineering firm.  The maximum moisture content 
measured was 7.1% at a location behind Post 4.  There was minimal rainfall in the form of 
drizzle between when the moisture reading was taken and when the testing was conducted, 
mostly in the 20 minutes immediately preceding the test.  Detailed results of the soil testing and 
moisture content evaluation are provided in Appendix E. 

 

Calibrated Test Equipment 
Test equipment used to perform the tests and acquire data during this testing program is listed in 
the table below. 

Table 2.3: Equipment Used During Testing 

Description Manufacturer Model Asset No. Due Date1 

Data Recorder IST EDR-4-6DOF-200 S/N 40048 2/5/15 
Wheel Scales Longacre 72634 015238 11/5/15 

Measuring Tape Stanley 33-725 015324 11/7/15 
Caliper Starrett 721 020504 3/18/15 

Speed Trap DAQ NI USB-6008 S/N 14D4376 8/27/15 
1Unless otherwise specified, all equipment is calibrated or verified on an annual basis. 

 

Test Observers 
Representatives from the following organizations were among those present at the SwRI Crash 
Test Site and observed Test ET27-32 on December 17, 2014: 

 Federal Highway Administration (FHWA) 
 Virginia DOT 
 Ohio DOT 
 New Hampshire DOT (AASHTO Representative) 

 
Observers from FHWA and AASHTO were permitted to visually inspect and measure the ET 
Plus installation before and after the test.  All other observers were allowed to visually inspect 
the ET Plus installation and the test vehicle following the test. 
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3 TEST CONDITIONS AND RESULTS 

Test Description 
The purpose of Test ET27-32 was to evaluate the performance of Trinity Highway Products ET 
Plus End Terminal with 4-inch wide guide channel installed with a rail height of 27¾”.  To test 
the performance of this terminal, Test 3-32 was conducted according to NCHRP Report 350. The 
test installation length for the test was 156’-3” (47.6 m), and the terminal length was 15.2 m (50 
ft). 

Test 3-32 is intended primarily to evaluate occupant risk and vehicle trajectory criteria.  The test 
consists of an 820 kg vehicle approaching the traffic side of the installation at a 15° angle to the 
roadway, and impacting the end terminal at 100 km/hr (62.1 mph).  The vehicle will impact at 
the vehicle’s centerline.  The test configuration is shown in Figure 3.1, which is from Figure 3.2 
of NCHRP Report 350. 

  
Figure 3.1: Impact Configuration [from Figure 3.2 of NCHRP Report 350] 

 

The weather on the day of the test was mostly cloudy with some drizzle, with temperatures 
ranging from 48-59°F.  The temperature at the time of the test was approximately 51°F.  The soil 
was considered dry as discussed in the Soil Conditions section of this report. 
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Impact Description/Vehicle Behavior 
Figure 3.2 is an overhead photograph showing the post-test condition and location of the test 
article and test vehicle.  Figure 3.3 through Figure 3.5 show that the test vehicle impacted the end 
terminal at a nominal 15° angle.  The impact velocity of the test as measured by SwRI's speed 
trap system and verified by high-speed film analysis was determined to be 98.3 km/hr (61.1 
mph).  As a result of the test, the ET Plus extruder head moved 5.3 m (17.3 ft) longitudinally 
(downstream) and 1.1 m (3.5 ft) laterally as measured from its as-installed position.  The total 
system deformation (i.e. longitudinal distance to closest point) measured after the impact was 3.7 
m (12.3 ft) from the initial point of contact. 

After the initial impact event, the ET Plus extruder head stroked along the guardrail, extruding 
approximately 3 feet of guardrail.  Before the guide channel entrance end of the head reached 
Post 2 the head began to rotate, following the angled path of the vehicle; this rotation caused a 
fold to form in the W beam at Post 2.  As the vehicle continued its angled trajectory, the channel 
guide portion of the ET Plus extruder head was pushed further downstream on the W beam over 
the fold that had formed at Post 2.  As the vehicle continued forward the head continued to 
rotate, allowing the vehicle to pass (or gate) through to the non-traffic side of the system.  The 
ET Plus extruder head ended up roughly parallel to the guardrail and facing in the downstream 
direction. 

As the vehicle passed by the gated extruder head, the corner of the guide channel entrance 
scraped the driver’s side door creating a tear approximately 9” long in the door surface.  The tear 
affected the sheet metal but there was no damage caused to the interior door panel, and no 
intrusion or potential for intrusion of the test article into the occupant compartment based on the 
position of the extruder head relative to the vehicle trajectory. 

The ET Plus extruder head directly contacted and sheared-off Posts 1 and 2, and damaged Post 3 
at the end of the stroke.  The splice at Post 3 remained intact and connected to the post.  
Although Post 4 appeared undamaged, there was twisting of the Post 4 blockout due to relative 
longitudinal motion of the guardrail panel.  All posts and blockouts downstream of Post 4 
appeared undamaged, and no appreciable movement of the downstream turndown anchor was 
observed.  Additionally, the anchor cable at Post 1 broke free of the installation and came to rest 
near Post 4.  There was no penetration of the vehicle by the test article, and there was no 
deformation of the occupant compartment resulting from the test.  The only debris thrown from 
the installation as a result of the impact included pieces of posts and blockouts from the first two 
posts; the majority of the debris fell to the non-traffic side of the guardrail.  There was no 
significant deformation of the 4” guide channels as a result of the impact, and they remained 
attached to the impact head. 

As the vehicle continued to travel behind the guardrail, it began a counter-clockwise spin due to 
the gating motion and the asymmetrical mass due to the dummy positioned in the passenger seat.  
The vehicle came to rest past Post 17 facing towards the upstream direction of the guardrail and 
at an angle of approximately 45 degrees to the guardrail installation.  After the vehicle came to 
rest, the perpendicular distance between the guardrail and the closest part of the vehicle (front 
right corner) was approximately 2 feet.  The vehicle was not operable after the test. 
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The test vehicle experienced a maximum 50 millisecond moving average acceleration of -11.0g 
in the longitudinal direction, 3.5g in the lateral direction, and -4.9g in the vertical direction.  The 
impact velocities and ridedown accelerations were below the preferred limits and well below the 
maximum limits listed in NCHRP Report 350. 

 Occupant risk impact velocities were 8.5 m/s in the longitudinal direction, and -1.5 m/s in 
the lateral direction.   

 Occupant risk ridedown accelerations were -4.1g in the longitudinal direction, and 3.3g in 
the lateral direction.   

The following sections provide photographs of the post-impact condition of the test article as 
well as the vehicle.  Table 4.2 presents a summary of the onboard data, and plots of the 
accelerometer and angular velocity transducers are provided in Appendix D. 
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Figure 3.2: Post-Impact Condition of the Test Article and Vehicle 
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Impact Severity 
NCHRP Report 350 states that the recommended impact severity for Test Level 3, Test 3-32 is 
316.4 kJ, with a suggested tolerance of -24.8/+25.8 kJ.  The actual impact severity of test ET27-
32 was 313.8 kJ, a deviation of -2.6 kJ from the nominal impact severity recommended in 
NCHRP Report 350.  Note that for Test 3-32, Sin θ is set to 1 in accordance with Section 3.3.1 of 
Report 350. 

Impact Severity = ½·M·(V·Sin θ)2 

   = ½·M·V2 

   = 0.5·(842 kg)·(27.3 m/s)2 

   = 313.8 kJ 

The equivalent impact speed of an 820 kg vehicle impacting the end terminal at 15 degrees 
would be 99.6 km/hr (61.9 mph). 
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Time = 0.000 seconds (Impact) Time = 0.050 seconds Time = 0.100 seconds 
   

Time = 0.150 seconds Time = 0.200 seconds Time = 0.250 seconds 
   

Time = 0.300 seconds Time = 0.350 seconds Time = 0.400 seconds 
Figure 3.3: Sequential Photographs, as Viewed from Overhead 
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Time = 0.000 seconds (Impact) Time = 0.050 seconds Time = 0.100 seconds 
   

Time = 0.150 seconds Time = 0.200 seconds Time = 0.250 seconds 
   

Time = 0.300 seconds Time = 0.350 seconds Time = 0.400 seconds 
Figure 3.4: Sequential Photographs, as Viewed from Downstream 
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Time = 0.000 seconds (Impact) Time = 0.050 seconds Time = 0.100 seconds 
   

Time = 0.150 seconds Time = 0.200 seconds Time = 0.250 seconds 
   

Time = 0.300 seconds Time = 0.350 seconds Time = 0.400 seconds 
Figure 3.5: Sequential Photographs, as Viewed from Traffic Side of the End Terminal 

 



SwRI Document Number 18.20887.03.100.FR3, Iss. 1 January 23, 2015 
 

 

ET27-32 
Test Conditions and Results – End Terminal 

Page 33 of 74

 

End Terminal Damage 

  

Figure 3.6: Post-Impact Condition of the Test Article and Vehicle 
 
 

 
Figure 3.7: Post Test – Left Vehicle Track 
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Figure 3.8: Post Test – Foundation Sleeve at Post 1 

 
 

 
Figure 3.9: Post Test – Foundation Sleeve at Post 2 
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Figure 3.10: Post Test – Post 3 

 
 

 
Figure 3.11: Post Test – Post 4 
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Figure 3.12: Post Test – Post 5 

 
 

 
Figure 3.13: Post Test – Gated Guardrail, View from Traffic Side 
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Figure 3.14: Post Test – Gated Guardrail 

 
 

 
Figure 3.15: Post Test – Gated Guardrail 
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Figure 3.16: Post Test – Extruded Tail of W-Beam 

 
 

  
Figure 3.17: Post Test – Extruded Guardrail Tail 
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Figure 3.18: Post Test – Extruded Guardrail 

 
 

  
Figure 3.19: Post Test – Gating Between Posts 2 and 3 
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Figure 3.20: Post Test – Non-Traffic Side of Extruder Head 

 
 

 
Figure 3.21: Post Test – Top View of Extruder Head 
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Figure 3.22: Post Test – Gated Guardrail 
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Figure 3.23: Post Test – Debris Field on Non-Traffic Side 

 
 

   
Figure 3.24: Post Test – Debris on Traffic Side 
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Figure 3.25: Post Test – Final Vehicle Location past Post 17 

 
 

 
Figure 3.26: Post Test Location of Anchor Cable at Post 4 
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Figure 3.27: Post Test Terminal Extruder Head Impact Plate 

 
 

 
Figure 3.28: Post Test – Non-Traffic Side of Extruder Head 
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Figure 3.29: Post-Impact Debris Field 
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Figure 3.30: Post Test Verification of Extruder Head 4 
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Vehicle Damage 
 

 
Figure 3.31: Vehicle Post-Test Location 

 
 

 
Figure 3.32: Test Vehicle Path of Left Front Tire 
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Figure 3.33: Damaged Test Vehicle – Front View 

 
 

 
Figure 3.34: Damaged Test Vehicle – Front View Close-up 
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Figure 3.35: Damaged Test Vehicle – Left Side 

 
 

 
Figure 3.36: Damaged Test Vehicle – Right Side 
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Figure 3.37: Guide Channel at Driver Side Door During Test 

 
 

 
Figure 3.38: Damaged Test Vehicle – Tear in Door Skin 
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Figure 3.39: Damaged Test Vehicle – Door Panel Intact behind Exterior Tear 

 
 

 
Figure 3.40: Post-Test – Occupant Compartment 
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Figure 3.41: Post-Test – Driver Side Floorboard 

 
 

 
Figure 3.42: Post-Test – Passenger Side Floorboard 
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4 ASSESSMENT OF TEST RESULTS 

A comparison of the test results of Test ET27-32 against the evaluation criteria set forth in NCHRP Report 350 for Test 3-32 is provided 
in Table 4.1.  A summary of the test results is provided in Table 4.2. 

Table 4.1: Summary of Test Evaluation Results (NCHRP Report 350 Evaluation Criteria) for Test ET27-32 
Evaluation 

Factor 
Evaluation Criteria Crash Test Result Result 

Structural 
Adequacy 

C. Acceptable test article performance may be by 
redirection, controlled penetration, or controlled 
stopping of the vehicle. 

Vehicle was decelerated in a controlled 
manner and gated through the system in a 
controlled fashion. 

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. 

No penetration or potential penetration of 
the occupant compartment or undue hazard 
presented by test article debris.  See photos 
for post-test location of debris. 

Pass 

F. The vehicle should remain upright during and 
after collision although moderate roll, pitching and 
yawing are acceptable. 

Vehicle remained stable and upright during 
and after the collision. Pass 

H. Occupant Impact Velocities (OIV) limits: 
 Preferred = 9 m/s 
 Maximum = 12 m/s 

Occupant impact velocities: 
Longitudinal: 8.5 m/s 
Lateral: -1.5 m/s 

Pass 

I. Occupant Ridedown Acceleration (ORA) limits: 
 Preferred = 15 g 
 Maximum = 20 g 

Occupant Ridedown Accelerations: 
Longitudinal: -4.1 g 
Lateral: 3.3 g 

Pass 

Vehicle 
Trajectory 

K. After collision it is preferable that the vehicle’s 
trajectory not intrude into adjacent traffic lanes. 

See photos; vehicle path post-impact was 
on non-traffic side of the guardrail. 

See Note1 

N. Vehicle trajectory behind the test article is 
acceptable. 

See photos; vehicle path post-impact was 
on non-traffic side of the guardrail. 

Pass 

Note1: As stated in Report 350, this criterion is preferable, but not required. 
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Table 4.2: Summary of Test Results and Conditions for Test ET27-32 

 

 
General Information  Impact Conditions  Extruder Head Position from Start

Test Agency Southwest Research Institute  Speed (km/hr) 98.3  Longitudinal 5.3 m (17.3 ft) 
Test Number ET27-32  Angle (degrees) 15.2  Lateral 1.1 m (3.5 ft) 

Test Date 12/17/2014  Exit Conditions   Total System Deformation (Closest Point)
Test Category 3-32  Speed (km/hr) 58.3  Longitudinal 3.7 m (12.3 ft) 

Test Article  Angle (degrees) 0.6  Post Impact Vehicular Behavior
Type End Terminal    Max Vehicle Rotation (degrees) 

Terminal Length 15.24 m (50 ft)  Occupant Risk Values  Max. Roll 9.6 @ 0.7174 sec. 
Installation Length 47.6 m (156.25 ft)  Impact Velocity (m/s)  Max. Pitch -5.8 @ 0.4457 sec. 

Nom. Barrier Height 705 mm  (27.75 in)  x-direction 8.5  Max. Yaw -147.4 @ 3.6382 sec. 
Type of Primary Barrier W-beam guardrail  y-direction -1.5  Max 50ms Moving Average Accelerations (g) 

Soil Stable, Dry - “Standard” Soil  Ridedown Accelerations (g)  x-direction -11.0 @ 0.2461-0.2961 sec. 
Test Vehicle  x-direction -4.1  y-direction 3.5 @ 0.3018-0.3518 sec. 

Type Small car  y-direction 3.3  z-direction -4.9 @ 0.2705-0.3205 sec. 
Designation 820C  Target Conditions   

Model 1997 Geo Metro  Nominal Speed 100 km/hr (62.1 mph)   
Curb Mass (kg) 842 as received  Nominal Angle 15°   

Ballast Mass (kg) 0  Tolerances   
Test Inertial Mass (kg) 842  Nominal Speed ±4 km/hr   

Dummy Mass (kg) 75  Nominal Angle ±1.5˚   
Gross Static Mass (kg) 917    
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5 CONCLUSIONS 

The performance of the ET Plus during Test ET27-32 against Structural Adequacy, Occupant 
Risk, and Vehicle Trajectory criteria specified in NCHRP Report 350 was as-follows: 

Structural Adequacy 
 The vehicle was decelerated in a controlled manner and gated through the system in a 

controlled fashion. 
 
Occupant Risk 

 There was no penetration of the vehicle by the test article, and no deformation of the 
occupant compartment resulting from the test.   

 There was no undue hazard presented by test article debris outside of the immediate 
impact zone; the only debris thrown from the installation included pieces of posts and 
blockouts, the majority of which fell to the non-traffic side of the guardrail. 

 The vehicle remained upright during and following the impact.   
 The test article provided for controlled deceleration with impact velocity and 

ridedown acceleration values within allowable limits. 
 

Vehicle Trajectory 
 The vehicle was decelerated in a controlled manner, gated through the system in a 

controlled fashion, and came to a stop on the non-traffic side of the installation. 
 
Based on the information provided in this report, the ET Plus End Terminal with 4-inch wide 
guide channel installed with a rail height of 27¾” meets the Test Level 3, Test 3-32 criteria for 
NCHRP Report 350. 
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1 INTRODUCTION 

The purpose of Crash Test ET27-30 was to evaluate the performance of the Trinity Highway 
Products ET Plus End Terminal with 4-inch wide guide channel installed with a rail height of 
27¾”.  To test the performance of this terminal, Test 3-30 was conducted according to National 
Cooperative Highway Research Program (NCHRP), Report 350.  The total system installation 
length for the test was nominally 47.6 m (156’-3”), including the 15.2 m (50 ft) ET Plus terminal 
length. 

Test 3-30 is intended primarily to evaluate occupant risk and vehicle trajectory criteria.  The test 
consists of an 820 kg vehicle approaching parallel to the roadway (0 degree angle) and impacting 
the end terminal at 100 km/hr (62.1 mph).  The vehicle impacts the end terminal to the left or 
right of the vehicle’s centerline, with the offset being equal to a quarter of the vehicle’s width.  

Crash Test ET27-30 was conducted on January 6, 2015, at the Crash Test Site at Southwest 
Research Institute (SwRI) by SwRI personnel.  This report presents information on the test 
parameters, a discussion of the test, and an assessment of the test results based on the criteria set 
forth in NCHRP Report 350. 
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2 TEST PARAMETERS 

Test Facility 
The full-scale crash testing was performed by Southwest Research Institute (SwRI), on the 
campus located at the following address: 

Southwest Research Institute 
6220 Culebra Road 
San Antonio, Texas  78238 

 

SwRI is ISO/IEC 17025 accredited by A2LA (American Association for Laboratory 
Accreditation) to perform this testing under Testing Laboratory Certificate #1110.02. 

Test Article – Design and Construction 
The full-scale crash test was performed on the ET Plus End Terminal which included the ET Plus 
extruder head with 4-inch wide guide channel and W-Beam guardrail installed with a rail height 
of 27¾”.  The ET Plus End Terminal installation tested uses standard AASHTO M180 Type 2, 
12-gauge, 12’-6” W-Beam guardrail panels mounted with the top of the rail 27¾ inches above 
the ground, two wooden breakaway posts in foundation sleeves without soil plates at Posts 1 and 
2, and CRT posts at Posts 3 through 8. 

During installation, holes approximately 2' in diameter were drilled into the soil and then 
backfilled around the posts using "standard soil" as defined by NCHRP Report 350, Section 
2.2.1.1.  The base material was compacted in 15 cm (6 in) lifts, and was added until the surface 
was flush with the surrounding soil. 

The guardrail line posts are 6” x 8” wood posts with 6” x 8” wood blockouts.  The blockouts are 
toenailed, and the guardrail panels are mounted to the posts using 5/8” post bolts beginning 
with Post 2; the bolt for Post 2 is 10” long, and all other post bolts are 18” long.  The post 
spacing is 6’-3”, and each splice joint used eight (8) 5/8” x 1-1/4” splice bolts and nuts; the 
splice bolts have a nominal total length of 1-5/8” including the bolt head.  The installation uses 
3/4” x 10” bolts through the soil tube, post, and strut at Post 1 and Post 2.  An anchor cable is 
also installed at Post 1.  The installation has guardrail splices at each odd-numbered post starting 
with Post 3. 

The total system installation length for the test was nominally 156’-3” (47.6 m), including the 50 
ft (15.2 m) ET Plus terminal length, 81’-3” (24.8 m) of guardrail, and a 25’ (7.6 m) downstream 
terminal anchor section that included a turndown guardrail anchor spliced at Post 22 and 
mounted to a concrete footing.  Detailed drawings of the test article provided by Trinity Highway 
Products are provided in Appendix A. 

The ET Plus end terminal extruder head was one of eight production samples CalTrans 
(California DOT) pulled from their inventory for testing at SwRI.  The heads were inspected by 
CalTrans, FHWA, and Trinity Highway Products personnel at the CalTrans yard, and were 
stamped with identifiers “Kit #1” through “Kit #8”.  SwRI arranged for shipment of the heads to 
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the test site in San Antonio, and the heads remained in controlled storage until they were 
installed for testing.  The dimensions of the specific ET Plus end terminal extruder head used for 
Test ET27-30 are provided in Table 2.1 below; dimensions measured with a tape measure are 
listed in fractional inches, and dimensions measured with a digital caliper are listed as decimals.  
Copies of the datasheets reviewed by representatives from the FHWA, US DOT and various 
state Departments of Transportation (DOT) prior to testing are located in Appendix B. 

The performance goal for the ET Plus is to achieve controlled vehicle deceleration in compliance 
with NCHRP Report 350 criteria for post-impact vehicle trajectory and occupant risk.  Figure 2.1 
through Figure 2.18 present photographs of the guardrail installation. 
 

Table 2.1: Key ET Plus Head Dimensions 
Extruder Head Stamp ID 3 
Exit Gap 1.1395” 
Entrance Gap 4.7590” 
Guide Chute Exit Height 15-1/16” 
Guide Chute Entrance Height 14-1/2” 
Channel Width (see Figure 2.2) 4.0305” 

 

  
Figure 2.1: ET Plus Head Sample Identification Number 

 

 
Figure 2.2: Measurement of Channel Width of Head 
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Figure 2.3: Test Installation for ET Plus Test ET27-30 

 
 

 
Figure 2.4: ET Plus End Terminal 
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Figure 2.5: ET Plus Head Height Above Ground – Top 

 
 

 
Figure 2.6: ET Plus Head Height Above Ground – Bottom 
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Figure 2.7: Measurement of Guardrail Installation Height 

 
 

 
Figure 2.8: ET Plus Head and Anchor Cable Assembly 
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Figure 2.9: End Terminal Anchor Cable Mount – Post 1 

 
 

  
Figure 2.10: End Terminal Cable Anchor 
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Figure 2.11: First Guardrail Panel Splice Joint – Traffic Side (Splice Bolts Painted for Visibility 

in Video) 
 

 
Figure 2.12: First Guardrail Panel Splice Joint – Non-Traffic Side 
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Figure 2.13: ET Plus Head and Post 1 – Traffic Side 

 
 

 
Figure 2.14: ET Plus Head and Post 1 – Non-Traffic Side 
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Figure 2.15: End Terminal Head with Posts 1 & 2 and Strut 

 
 

 
Figure 2.16: ET Plus Head Extruder Exit (see Appendix B for Dimensions) 
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Figure 2.17: Post 22 Immediately Preceding Downstream Turndown Anchor 

 
 

 
Figure 2.18: Downstream Turndown Anchor 
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Test Vehicle 
The test vehicle was a 1999 Geo Metro, shown in Figure 2.19; the vehicle data sheet is provided 
in Appendix B.  Figure 2.20 shows the relationship between the height of the vehicle bumper and 
the end terminal.  Figure 2.21 shows the test vehicle positioned at the impact point of the end 
terminal, and Figure 2.22 shows an overhead view of the test vehicle positioned at the intended 
crash angle of 0° and an offset equal to a quarter of the vehicle width. 

A 75 kg (165 lbs) anthropometric dummy was utilized for this test, and was placed in the 
passenger seat as shown in Figure 2.23 to contribute to the vehicle’s post-impact instability as 
specified in NCHRP Report 350.  Ballast mass totaling 18.1 kg (40 lbs) was added to the vehicle, 
and was bolted to the passenger floorboard as shown in Figure 2.24. 

The test inertial mass of the vehicle, including the added ballast weight, was 796 kg (1,755 lbs) 
as reflected in Table 4.2.  Note that the test inertial mass does not include the weight of the 
anthropometric dummy. 

 

 
Figure 2.19: Test Vehicle for Test ET27-30 
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Figure 2.20: Test Vehicle Bumper Height  

 
 

 
Figure 2.21: Test Vehicle Impact Trajectory 
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Figure 2.22: Test Vehicle Impact Trajectory – Overhead View 

 
 

 
Figure 2.23: Test Dummy Positioned in Driver Seat 



SwRI Document Number 18.20887.03.100.FR4, Iss. 1 January 23, 2015 
 

 

ET27-30 
Test Parameters 

Page 21 of 72

 

 
Figure 2.24: Ballast Mass 
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Test Vehicle Guidance 

The test vehicle was towed into the end terminal using a tow vehicle and a series of pulleys and 
sheaves.  A steel cable was attached to a quick-release pin under the front of the vehicle and was 
passed around a sheave and secured to the rear of a tow vehicle.  The tow vehicle was equipped 
with an adjustable ignition restrictor that attenuated the tow vehicle’s engine RPM when a pre-
set speed was attained.  The test vehicle was guided by means of a taught steel cable attached to 
a sliding shoe which was attached to the front spindle of the test vehicle shown in Figure 2.25.  
Just prior to impact, the sliding shoe and tow cable were stripped from the vehicle allowing the 
test vehicle to free wheel into the end terminal. 
 

 
Figure 2.25: Test Vehicle Steering Guidance Assembly 

 

Test Vehicle Data Acquisition 

The data acquisition consisted of recording the acceleration and angular velocities of the test 
vehicle.  The measurement of these two parameters allows SwRI engineers to perform an 
occupant risk evaluation.  The device used to record the vehicle acceleration and angular 
velocities was a six (6) degree-of-freedom Instrumented Sensor Technology Electronic Data 
Recorder, henceforth referred to as the EDR-4. 

The EDR-4 recorder unit is a compact package used for stand-alone recording of shock and 
vibration, and is able to record six channels of data.  The three acceleration channels were 
recorded from a built-in triaxial accelerometer used to record the test vehicle’s accelerations in 
three orthogonal directions (x, y, and z).  The three angular velocity channels were recorded from 
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built-in rate gyro transducers used to record the test vehicle’s angular velocities in three 
orthogonal directions (roll, pitch, and yaw). 

The data acquisition package was rigidly attached to the test vehicle.  A metal bracket was 
welded onto the test vehicle’s body.  This bracket was attached inside the passenger 
compartment of the vehicle, as close as possible to the vehicle’s center of gravity, without 
significantly modifying the vehicle’s interior components (i.e., center console, bench seats).  The 
data acquisition package was then bolted to the metal bracket as shown in Figure 2.26 and Figure 
2.27.  Because of the configuration of the EDR-4 as manufactured, the orientation of the data 
acquisition package within the vehicle matches the general axis designation given in Figure 4.6 
of NCHRP Report 350, but the signs for the Y and Z axes had to be reversed during post-test 
processing to comply with the NCHRP and TRAP sign convention. 

 

 
Figure 2.26: EDR Mounted in Test Vehicle for Test ET27-30 
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Figure 2.27: Close-up of EDR Mounted in Vehicle 

 

The sign convention used for data processing is as follows: 

Table 2.2: Sign Convention for Vehicle Motion 
X: Positive in the normal forward motion direction 
Y: Positive toward the right 
Z: Positive vertically downward 

ROLL: Positive using right hand rule about +X direction 
PITCH: Positive using right hand rule about +Y direction 
YAW: Positive using right hand rule about +Z direction 

 
The EDR-4 data recorder unit was configured with a sample rate of 2944 samples per second 
(per channel), and with a low pass filter setting of 300 Hz.  After the data had been downloaded 
from the data acquisition package, the data was processed using Test Risk Assessment Program 
(TRAP) Version 2.3.11, (Texas A&M Transportation Institute and Capsher Technology, Inc.).  
The TRAP program was designed to determine the effectiveness of a roadside safety feature by 
analyzing data from a vehicle crash test of the feature and calculating standardized occupant risk 
factors.  TRAP calculates occupant risk factors in accordance with the NCHRP Report 350 
guidelines. 
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Soil Conditions 
The soil complied with the NCHRP Report 350 “Standard Soil” as described in the Test Article – 
Design and Construction section of this report.  The day prior to testing, soil moisture content 
was measured by a certified environmental engineering firm.  The maximum moisture content 
measured was 6.9% at a location behind Post 2.  There was no rainfall between when the 
moisture reading was taken and when the testing was conducted.  Detailed results of the soil 
testing and moisture content evaluation are provided in Appendix E. 

 

Calibrated Test Equipment 
Test equipment used to perform the tests and acquire data during this testing program is listed in 
the table below. 

Table 2.3: Equipment Used During Testing 

Description Manufacturer Model Asset No. Due Date1 

Data Recorder IST EDR-4-6DOF-200 S/N 40048 2/5/15 
Wheel Scales Longacre 72634 015238 11/5/15 

Measuring Tape Stanley 33-725 015324 11/7/15 
Caliper Starrett 721 020504 3/18/15 

Speed Trap DAQ NI USB-6008 S/N 14D4376 8/27/15 
1Unless otherwise specified, all equipment is calibrated or verified on an annual basis. 

 

Test Observers 
Representatives from the following organizations were among those present at the SwRI Crash 
Test Site and observed Test ET27-30 on January 6, 2015: 

 Federal Highway Administration (FHWA) 
 New Hampshire DOT (AASHTO Representative) 
 Virginia DOT 
 Texas DOT 

 
Observers from FHWA and AASHTO were permitted to visually inspect and measure the ET 
Plus installation before and after the test.  All other observers were allowed to visually inspect 
the ET Plus installation and the test vehicle following the test. 
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3 TEST CONDITIONS AND RESULTS 

Test Description 
The purpose of Test ET27-30 was to evaluate the performance of Trinity Highway Products ET 
Plus End Terminal with 4-inch wide guide channel installed with a rail height of 27¾”.  To test 
the performance of this terminal, Test 3-30 was conducted according to NCHRP Report 350. The 
test installation length for the test was 156’-3” (47.6 m), and the terminal length was 15.2 m (50 
ft). 

Test 3-30 is intended primarily to evaluate occupant risk and vehicle trajectory criteria.  The test 
consists of an 820 kg vehicle approaching parallel to the roadway (0 degree angle) and impacting 
the end terminal at 100 km/hr (62.1 mph).  The vehicle impacts the end terminal to the left or 
right of the vehicle’s centerline, with the offset being equal to a quarter of the vehicle’s width.  
NCHRP Report 350 states that the vehicle should be offset to the most critical side that will 
result in the greatest occupant risk during and following the impact, and that a surrogate 
passenger should be positioned in either the driver's seat or the passenger's seat, whichever 
position contributes most to the vehicle's post-impact instability.  For Test ET27-30, the vehicle 
was offset towards the traffic side, which maximizes the off-center forces caused by the vehicle 
striking off-set downstream posts; this creates a worst-case vehicle yawing condition to the 
traffic side of the system.  To further contribute to the vehicle’s post-impact instability, the 
restrained anthropometric dummy was positioned in the driver’s seat.  The test configuration is 
shown in Figure 3.1, which is from Figure 3.2 of NCHRP Report 350. 
 

 
Figure 3.1: Impact Configuration [from Figure 3.2 of NCHRP Report 350] 

 

The weather on the day of the test was mostly sunny, with temperatures ranging from 34-64°F.  
The temperature at the time of the test was approximately 52°F.  The soil was dry as discussed in 
the Soil Conditions section of this report. 
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Impact Description/Vehicle Behavior 
Figure 3.2 is an overhead photograph showing the post-test condition and location of the test 
article and test vehicle.  Figure 3.3 through Figure 3.5 show that the test vehicle impacted the end 
terminal at a nominal 0° angle.  The impact velocity of the test as measured by SwRI's speed trap 
system and verified by high-speed film analysis was determined to be 102.5 km/hr (63.7 mph).  
As a result of the test, the ET Plus extruder head moved 5.5 m (18.0 ft) longitudinally 
(downstream) and 0.7 m (2.2 ft) laterally as measured from its as-installed position.  The total 
system deformation (i.e. longitudinal distance to closest point) measured after the impact was 5.5 
m (18.0 ft) from the initial point of contact. 

After the impact event, the ET Plus extruder head stroked along the guardrail, extruding 
approximately 18 feet of guardrail including the first splice at Post 3.  When the guide channel 
entrance end of the head was nearly to Post 4, the guardrail began to bend, and the vehicle began 
a lateral clockwise spin due to the quarter-offset impact and asymmetrical mass due to the 
dummy positioned in the driver seat.  The front hood separated from the vehicle at the start of the 
spin and fell to the ground near where the ET Plus head stopped its stroke.  The front bumper 
cover became disconnected on the driver side and swung around during the spin, but remained 
attached at the passenger side.  Once the vehicle began to rotate, it spun nearly 180 degrees in a 
pivot about Post 4, and then reversed the spin slightly until it came to rest facing in the direction 
generally opposite of its pre-impact trajectory, and at an angle of approximately 45 degrees.  
After the vehicle came to rest, the perpendicular distance between the guardrail and the front left 
wheel was 119”, and the distance to the rear wheel was 175”.  The vehicle was not operable after 
the test. 

The ET Plus extruder head directly contacted and sheared-off Posts 1 through 3, and damaged 
Post 4 and the attached blockout at the end of the stroke.  Although Post 5 appeared undamaged, 
there was twisting and cracking of the Post 5 blockout due to relative longitudinal motion of the 
guardrail panel.  All posts and blockouts downstream of Post 5 appeared unaffected, and no 
appreciable movement of the downstream turndown anchor was observed.  Additionally, the 
anchor cable at Post 1 broke free of the installation and came to rest near Post 4.  The extruded 
portion of the guardrail came to rest parallel to the installation on the non-traffic side.  There was 
no penetration of the vehicle by the test article, and there was no deformation of the occupant 
compartment resulting from the test.  The only debris thrown from the installation as a result of 
the impact included pieces of posts and blockouts from the first three posts; the majority of the 
debris fell to the non-traffic side of the guardrail.  There was no significant deformation of the 4” 
guide channels as a result of the impact, and they remained attached to the impact head. 

The test vehicle experienced a maximum 50 millisecond moving average acceleration of -11.0g 
in the longitudinal direction, 2.6g in the lateral direction, and -2.7g in the vertical direction.  The 
impact velocities and ridedown accelerations were below the preferred limits and well below the 
maximum limits listed in NCHRP Report 350.   

 Occupant risk impact velocities were 7.5 m/s in the longitudinal direction, and 0.4 m/s in 
the lateral direction.   

 Occupant risk ridedown accelerations were -14.0g in the longitudinal direction, and 6.8g 
in the lateral direction.   
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The following sections provide photographs of the post-impact condition of the test article as 
well as the vehicle.  Table 4.2 presents a summary of the onboard data, and plots of the 
accelerometer and angular velocity transducers are provided in Appendix D. 

 
Figure 3.2: Post-Impact Condition of the Test Article and Vehicle 
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Impact Severity 
NCHRP Report 350 states that the recommended impact severity for Test Level 3, Test 3-30 is 
316.4 kJ, with a suggested tolerance of -24.8/+25.8 kJ.  The actual impact severity of test ET27-
30 was 323.3 kJ, a deviation of +6.9 kJ from the nominal impact severity recommended in 
NCHRP Report 350.  Note that for Test 3-30, Sin θ is set to 1 in accordance with Section 3.3.1 of 
Report 350. 

Impact Severity = ½·M·(V·Sin θ)2 

   = ½·M·V2 

   = 0.5·(796 kg)·(28.5 m/s)2 

   = 323.3 kJ 

The equivalent impact speed of an 820 kg vehicle impacting the end terminal at 0 degrees would 
be 101.1 km/hr (62.8 mph). 
 

 



SwRI Document Number 18.20887.03.100.FR4, Iss. 1 January 23, 2015 

 

ET27-30 
Test Conditions and Results 

Page 30 of 72
 

Time = 0.000 seconds (Impact) Time = 0.050 seconds Time = 0.100 seconds 
   

Time = 0.150 seconds Time = 0.200 seconds Time = 0.250 seconds 
   

Time = 0.300 seconds Time = 0.350 seconds Time = 0.400 seconds 
Figure 3.3: Sequential Photographs, as Viewed from Overhead 
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Time = 0.000 seconds (Impact) Time = 0.050 seconds Time = 0.100 seconds 
   

Time = 0.150 seconds Time = 0.200 seconds Time = 0.250 seconds 
   

Time = 0.300 seconds Time = 0.350 seconds Time = 0.400 seconds 
Figure 3.4: Sequential Photographs, as Viewed from Downstream 
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Time = 0.000 seconds (Impact) Time = 0.050 seconds Time = 0.100 seconds 
   

Time = 0.150 seconds Time = 0.200 seconds Time = 0.250 seconds 
   

Time = 0.300 seconds Time = 0.350 seconds Time = 0.400 seconds 
Figure 3.5: Sequential Photographs, as Viewed from Non Traffic Side of the End Terminal 
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End Terminal Damage 
 

 
Figure 3.6: Post Test – Side View of Extruder Head 
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Figure 3.7: Post Test – Foundation Sleeves at Posts 1 and 2 

 
 

 
Figure 3.8: Post Test – Foundation Sleeve at Post 1 
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Figure 3.9: Post Test – Foundation Sleeve at Post 2 

 
 

 
Figure 3.10: Post Test – Post 3 and Extruder Head 
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Figure 3.11: Post Test – End View of Extruder Head Impact Plate 

 
 

 
Figure 3.12: Post Test – Upstream View of Extruder Head 
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Figure 3.13: Post Test – Traffic Side View of Extruder Head  

 
 

 
Figure 3.14: Post Test – Side View of Extruder Head 
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Figure 3.15: Post Test – Downstream View 

 
 

 
Figure 3.16: Post Test – Non-Traffic Side of Post 4 
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Figure 3.17: Post Test – Extruded Guardrail at Extruder Head 

 
 

 
Figure 3.18: Post Test – Extruded Guardrail Splice 
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Figure 3.19: Post Test – Extruded Guardrail Splice 

 
 

 
Figure 3.20: Post Test – Extruded Guardrail Splice 
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Figure 3.21: Post Test – Upstream View of Post 4 

 
 

 
Figure 3.22: Post Test – Upstream of Posts 4, 5 and 6  
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Figure 3.23: Post Test – Extruded Guardrail Coil and Post Debris 

 
 

 
Figure 3.24: Post Test – Traffic Side View of Extruder Head 
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Figure 3.25: Post Test Location of Anchor Cable 

 
 

 
Figure 3.26: Post Test – Breakaway Posts 1 and 2 
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Figure 3.27: Extruder Head Post Test – Traffic Side 

 
 

 
Figure 3.28: Extruder Head Post Test – Non-Traffic Side 
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Figure 3.28: Post Test Verification of Extruder Head 3 
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Vehicle Damage 

 
Figure 3.29: Vehicle Post Test Location 

 

 
Figure 3.30: Test Vehicle Path of Left Front Tire (Orange Paint) 
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Figure 3.31: Damaged Test Vehicle – Front View 

 
 

 
Figure 3.32: Damaged Test Vehicle – Front View Close-up 
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Figure 3.33: Damaged Test Vehicle – Left Side 

 
 

 
Figure 3.34: Damaged Test Vehicle – Right Side 
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Figure 3.35: Damaged Test Vehicle – Front Hood 

 
 

 
Figure 3.36: Post-Test – Occupant Compartment 
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Figure 3.37: Post-Test – Driver Side Floorboard 

 
 

 
Figure 3.38: Post-Test – Passenger Side Floorboard 
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4 ASSESSMENT OF TEST RESULTS 

A comparison of the test results of Test ET27-30 against the evaluation criteria set forth in NCHRP Report 350 for Test 3-30 is provided 
in Table 4.1.  A summary of the test results is provided in Table 4.2. 

Table 4.1: Summary of Test Evaluation Results (NCHRP Report 350 Evaluation Criteria) for Test ET27-30 
Evaluation 

Factor 
Evaluation Criteria Crash Test Result Result 

Structural 
Adequacy 

C. Acceptable test article performance may be by 
redirection, controlled penetration, or controlled 
stopping of the vehicle. 

Vehicle was decelerated in a controlled 
manner. 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. 

No penetration or potential penetration of 
the occupant compartment or undue hazard 
presented by test article debris.  See photos 
for post-test location of debris. 

Pass 

F. The vehicle should remain upright during and 
after collision although moderate roll, pitching and 
yawing are acceptable. 

Vehicle remained stable and upright during 
and after the collision. Pass 

H. Occupant Impact Velocities (OIV) limits: 
 Preferred = 9 m/s 
 Maximum = 12 m/s 

Occupant impact velocities: 
Longitudinal: 7.5 m/s 
Lateral: 0.4 m/s 

Pass 

I. Occupant Ridedown Acceleration (ORA) limits: 
 Preferred = 15 g 
 Maximum = 20 g 

Occupant Ridedown Accelerations: 
Longitudinal: -14.0 g 
Lateral: 6.8 g 

Pass 

Vehicle 
Trajectory 

K. After collision it is preferable that the vehicle’s 
trajectory not intrude into adjacent traffic lanes. 

See photos; vehicle path post-impact was 
on traffic side of the guardrail. 

See Note1,2 

N. Vehicle trajectory behind the test article is 
acceptable. 

See photos; vehicle path post-impact was 
on traffic side of the guardrail. 

Pass 

Note1: As stated in Report 350, this criterion is preferable, but not required. 

Note2: The design of Test 3-30 of Report 350 will cause the test vehicle to spin-out on the traffic side of the installation when the vehicle is initially offset 
towards the traffic side. 
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Table 4.2: Summary of Test Results and Conditions for Test ET27-30 

 

 
General Information  Impact Conditions  Extruder Head Position from Start

Test Agency Southwest Research Institute  Speed (km/hr) 102.5  Longitudinal 5.5 m (18.0 ft) 
Test Number ET27-30  Angle (degrees) 0.1  Lateral 0.7 m (2.2 ft) 

Test Date 01/06/2015  Exit Conditions   Total System Deformation (Closest Point)
Test Category 3-30  Speed (km/hr) N/A  Longitudinal 5.5 m (18.0 ft) 

Test Article  Angle (degrees) N/A  Post Impact Vehicular Behavior
Type End Terminal    Max Vehicle Rotation (degrees) 

Terminal Length 15.24 m (50 ft)  Occupant Risk Values  Max. Roll -5.4 @ 0.8519 sec. 
Installation Length 47.6 m (156.25 ft)  Impact Velocity (m/s)  Max. Pitch -5.4 @ 0.6613 sec. 

Nom. Barrier Height 705 mm  (27.75 in)  x-direction 7.5  Max. Yaw 167.7 @ 1.8862 sec. 
Type of Primary Barrier W-beam guardrail  y-direction 0.4  Max 50ms Moving Average Accelerations (g) 

Soil Stable, Dry - “Standard” Soil  Ridedown Accelerations (g)  x-direction -11.0 @ 0.2155-0.2655 sec. 
Test Vehicle  x-direction -14.0  y-direction 2.6 @ 0.6489-0.6989 sec. 

Type Small car  y-direction 6.8  z-direction -2.7 @ 0.2444-0.2944 sec. 
Designation 820C  Target Conditions   

Model 1999 Chevrolet Metro  Nominal Speed 100 km/hr (62.1 mph)   
Curb Mass (kg) 778 as received  Nominal Angle 0°   

Ballast Mass (kg) 18  Tolerances   
Test Inertial Mass (kg) 796  Nominal Speed ±4 km/hr   

Dummy Mass (kg) 75  Nominal Angle ±1.5˚   
Gross Static Mass (kg) 871    
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5 CONCLUSIONS 

The performance of the ET Plus during Test ET27-30 against Structural Adequacy, Occupant 
Risk, and Vehicle Trajectory criteria specified in NCHRP Report 350 was as-follows: 

Structural Adequacy 
 The vehicle was decelerated in a controlled manner. 

 
Occupant Risk 

 There was no penetration of the vehicle by the test article, and no deformation of the 
occupant compartment resulting from the test.   

 There was no undue hazard presented by test article debris outside of the immediate 
impact zone; the only debris thrown from the installation included pieces of posts and 
blockouts, the majority of which fell to the non-traffic side of the guardrail. 

 The vehicle remained upright during and following the impact.   
 The test article provided for controlled deceleration with impact velocity and 

ridedown acceleration values within allowable limits. 
 

Vehicle Trajectory 
 The vehicle was decelerated in a controlled manner and came to a stop on the traffic 

side of the installation.   
 The vehicle was offset towards the traffic side of the installation as described in the 

Test Description section of this report; while this configuration was selected to 
maximize occupant risk as directed in NCHRP Report 350, it is widely recognized 
that vehicle trajectory and final resting position of the vehicle in Test 3-30 are prone 
to be in the adjacent travel lane. 

 
 
Based on the information provided in this report, the ET Plus End Terminal with 4-inch wide 
guide channel installed with a rail height of 27¾” meets the Test Level 3, Test 3-30 criteria for 
NCHRP Report 350. 
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Appendix A: Test Article Drawings 
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