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SI* (MODERN METRIC) CONVERSION FACTORS  
APPROXIMATE CONVERSIONS TO SI UNITS  

Symbol When You Know Multiply By  To Find Symbol 

LENGTH  
in. Inches 25.4 millimeters  mm 

ft Feet 0.305 meters  m 

yd yards  0.914 meters  m 

mi miles  1.61 kilometers km 

AREA 
in2 square inches 645.2 square millimeters mm2 

ft2 square feet  0.093 square meters  m2 

yd2 square yard  0.836 square meters  m2 

ac acres  0.405 hectares  ha 

mi2 square miles  2.59 square kilometers  km2 

VOLUME  
fl oz fluid ounces 29.57 milliliters  mL 

gal gallons  3.785 liters  L 

ft3 cubic feet 0.028 cubic meters m3 

yd3 cubic yards 0.765 cubic meters m3 

NOTE: volumes greater than 1,000 L shall be shown in m3 
MASS 

oz Ounces 28.35 grams  g 

lb Pounds 0.454 kilograms kg 

T short ton (2,000 lb) 0.907 megagrams (or ñmetric tonò) Mg (or "t")  

TEMPERATURE (exact degrees) 

°F  Fahrenheit  
5(F-32)/9 

or (F-32)/1.8 
Celsius  °C  

ILLUMINATION  
fc foot-candles  10.76 lux lx 

fl  foot-Lamberts 3.426 candela per square meter cd/m2 

FORCE & PRESSURE or STRESS 
lbf poundforce  4.45 newtons  N 

lbf/in2 poundforce per square inch 6.89 kilopascals  kPa 

APPROXIMATE CONVERSIONS FROM SI UNITS  
Symbol When You Know Multiply By  To Find Symbol 

LENGTH  
mm millimeters  0.039 inches in. 

m meters  3.28 feet ft 

m meters  1.09 yards  yd 

km Kilometers 0.621 miles  mi 

AREA 
mm2 square millimeters 0.0016 square inches in2 

m2 square meters  10.764 square feet  ft2 

m2 square meters  1.195 square yard  yd2 

ha hectares  2.47 acres  ac 

km2 square kilometers  0.386 square miles  mi2 

VOLUME  
mL milliliter   0.034 fluid ounces fl oz 

L liters  0.264 gallons  gal 

m3 cubic meters 35.314 cubic feet ft3 

m3 cubic meters 1.307 cubic yards yd3 

MASS 
g grams  0.035 ounces oz 

kg Kilograms 2.202 pounds lb 

Mg (or "t")  megagrams (or ñmetric tonò) 1.103 short ton (2,000 lb) T 

TEMPERATURE (exact degrees) 
°C  Celsius  1.8C+32 Fahrenheit  °F  

ILLUMINATION  
lx Lux 0.0929 foot-candles  fc 

cd/m2 candela per square meter  0.2919 foot-Lamberts fl  

FORCE & PRESSURE or STRESS 
N newtons  0.225 poundforce  lbf 

kPa kilopascals  0.145 poundforce per square inch lbf/in2 

*SI is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM E380. 
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1 INTRODUCTION  

1.1 Background 

The Hawaii Department of Transportation (HDOT) utilizes a buried-in-backslope (BIB) 

guardrail end terminal referred to as the Modified Type A-1 flared BIB guardrail end terminal. 

The Hawaii buried-in-backslope (HBIB) system consists of a guardrail end terminal anchored into 

a reinforced concrete block that is inset into a roadside cut slope, continues with a flared, strong-

post, W-beam guardrail system with a rubrail through a section of sloped roadside terrain, and then 

continues with a strong-post, W-beam guardrail system along the roadway shoulder. However, the 

crashworthiness of this system under current impact safety standards has not been fully 

demonstrated. A previous report examining the crashworthiness of the system found the initial 

system design insufficient, and modifications were made, which were sufficient for MASH TL-3 

impact standards upon further testing [1]. In this report, the modified system from the prior report 

was further investigated under MASH TL-3 impact conditions. This report documents the full-

scale crash testing conducted to evaluate the safety performance of the modified Type A-1 flare 

system with the American Association of State Highway and Transportation (AASHTO) Manual 

for Assessing Safety Hardware (MASH) [2].  

Initially, HDOT provided four system configurations that varied the location of the end 

anchorage block. The four configurations were built-up options. Option 1 consisted of the least 

offset from the roadway and utilized a single flare rate, terminating in an anchor block. The flare 

rate of Option 1 was dependent on the design speed of the roadway. Option 2 utilized the same 

flared configuration as Option 1, but added an additional 7.4:1 flare rate before terminating the 

system. Options 3 and 4 added additional, steepening flare rates to the upstream end of the previous 

options. Of the four options, HDOT indicated that Option 1 was the most common (estimated 

75%) and Option 2 was the second most common (20-25%). Few, if any, actual installations used 

Options 3 and 4. Thus, while Options 3 and 4 may be more severe, they may not be used in practice. 

Thus, the most severe configuration that is used in practice was Option 2. The system plans 

provided by HDOT are shown in Figures 1 through 3. 

Although the Option 1 configuration was more common and was likely less severe for 

impacting vehicles in standard travel directions, the single-flare configuration was likely more 

severe for reverse-direction configurations. Dual-flare systems utilize a larger secondary flare, and 

the effective impact angle when departing the roadway decreases as the secondary flare rate 

increases. The single-flare configuration had a larger effective impact angle. Reverse-direction 

impacts may occur if the HBIB system is used in a trailing-end configuration or when the upstream 

end of the guardrail may be exposed to impacts from vehicles traveling in the opposite travel 

direction.  

This system was crash-tested in test no. HBIB-1, which resulted in the system failing to 

meet Test Level 3 (TL-3) impact standards. The system failed the crash test due to excessive 

Occupant Ridedown Accelerations (ORA) and excessive deformation of vehicle components. The 

high ORA values were likely the result of snagging/pocketing from when the vehicle underrode 

the rubrail and snagged on the post flanges. The excessive deformation of the vehicleôs A-pillar 

resulted from contact with the guardrail. Both issues could be resolved by lowering the height of 

the guardrail.  
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1.2 Objective 

The objective of this research was to conduct full-scale crash testing of the HDOT buried-

in-backslope system in the reverse direction according to TL-3 of MASH impact safety standards.  

1.3 Scope 

The research objective was performed through the completion of several tasks. An earlier 

report [1] discussed initial tasks, which involved a comprehensive literature review of the existing 

BIB roadside safety features, a crash test which did not meet MASH TL-3 requirements, design 

revisions to improve constructability and standardization, and four subsequently successful crash 

tests. System plans were developed using CAD, and a ditch with a 6:1 foreslope and 2:1 backslope 

was constructed to model a HDOT roadside ditch. The system was constructed and subjected to 

three full -scale crash tests in accordance with MASH test designation no. 3-37 with the small car 

and pickup truck in the reverse direction. The full-scale vehicle crash test results were analyzed, 

evaluated, and documented. Conclusions and recommendations were then made pertaining to the 

safety performance of the HBIB guardrail, rubrail, and end anchorage. 
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Figure 1. HDOT Standard Plans - HBIB Modified Type A-1 Flare, Sheet 1 
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Figure 2. HDOT Standard Plans - HBIB Modified Type A-1 Flare, Sheet 2 



 

 

D
e

c
e

m
b
e

r 1
6, 2

0
25

 

M
w

R
S

F
 R

e
p

o
rt N

o
. TR

P
-0

3-4
9

6
b-2

5
 

5
 

 

Figure 3. HDOT Standard Plans - HBIB Modified Type A-1 Flare, Sheet 3 
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA  

2.1 Test Requirements 

End terminals, such as the HDOT BIB system, must satisfy impact safety standards to be 

declared eligible for federal reimbursement by the Federal Highway Administration (FHWA) for 

use on the National Highway System. For new hardware, these safety standards are the guidelines 

and procedures published in MASH. According to TL-3 of MASH, end terminals systems must be 

subjected to ten full-scale vehicle crash tests, as summarized in Table 1. 

Table 1. MASH TL-3 Crash Test Conditions for Non-Gating End Terminals 

Test 

Article 

Test 

Designation 

No. 

Test 

Vehicle 

Vehicle 

Weight 

lb  

Impact Conditions 
Evaluation 

Criteria 1 Speed 

mph 

Angle 

deg. 

Non-

Gating 

End 

Terminal 

3-30 1100C 2,420 62 0 A,D,F,H,I 

3-31 2270P 5,000 62 0 A,D,F,H,I 

3-32 1100C 2,420 62 5-15 A,D,F,H,I 

3-33 2270P 5,000 62 5-15 A,D,F,H,I 

3-34 1100C 2,420 62 15 A,D,F,H,I 

3-35 2270P 5,000 62 25 A,D,F,H,I 

3-36 2270P 5,000 62 25 A,D,F,H,I 

3-37a 2270P 5,000 62 25 A,D,F,H,I 

3-37b 1100C 2,420 62 25 A,D,F,H,I 

3-38 1500A 3,300 62 0 A,D,F,H,I 
1 Evaluation criteria explained in Table 2 

Ten full -scale crash tests are required to evaluate the HDOT BIB system, consisting of test 

designation nos. 3-32, 3-33, 3-34, 3-35, 3-37a and 3-37b in the standard direction of travel and test 

designation nos. 3-37a and 3-37b run in the reverse travel direction. Since the 0-degree impact 

angle was not practical for this installation, test designation nos. 3-30, 3-31, and 3-38 were not 

considered. Additionally, test designation nos. 3-36 is recommended for terminals directly 

attached to the stiff barrier, which was not applicable for this system. It should be noted that the 

test matrix detailed herein represents the researchersô best engineering judgement with respect to 

the MASH safety requirements and their internal evaluation of critical tests necessary to evaluate 

the crashworthiness of the guardrail transition system. However, these opinions may change in the 

future due to the development of new knowledge (crash testing, real-world performance, etc.) or 

changes to the evaluation criteria. Thus, any tests within the evaluation matrix deemed non-critical 

may eventually need to be evaluated based on additional knowledge gained over time or revisions 

to the MASH criteria. 
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2.2 Evaluation Criteria  

Evaluation criteria for full-scale vehicle crash testing are based on three appraisal areas: 

(1) structural adequacy; (2) occupant risk; and (3) vehicle trajectory after collision. Criteria for 

structural adequacy are intended to evaluate the ability of the longitudinal barrier to contain and 

redirect impacting vehicles. In addition, controlled lateral deflection of the test article is 

acceptable. Occupant risk evaluates the degree of hazard to occupants in the impacting vehicle. 

Post-impact vehicle trajectory is a measure of the potential of the vehicle to result in a secondary 

collision with other vehicles and/or fixed objects, thereby increasing the risk of injury to the 

occupants of the impacting vehicle and/or other vehicles. These evaluation criteria are summarized 

in Table 2 and defined in greater detail in MASH. The full-scale vehicle crash tests documented 

herein were conducted and reported in accordance with the procedures provided in MASH. 

Table 2. MASH Evaluation Criteria for Non-Gating End Terminals 

Structural 

Adequacy 

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

to a controlled stop; the vehicle should not penetrate, underride, or 

override the installation although controlled lateral deflection of the 

test article is acceptable. 

Occupant 

Risk 

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

should not penetrate or show potential for penetrating the occupant 

compartment, or present an undue hazard to other traffic, pedestrians, 

or personnel in a work zone. Deformations of, or intrusions into, the 

occupant compartment should not exceed limits set forth in Section 

5.2.2 and Appendix E of MASH. 

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

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

H. Occupant Impact Velocity (OIV) (see Appendix A, Section A5.2.2 of 

MASH for calculation procedure) should satisfy the following limits: 

 Occupant Impact Velocity Limits 

Component Preferred Maximum 

Longitudinal and Lateral 30 ft/s 40 ft/s 

I. The Occupant Ridedown Acceleration (ORA) (see Appendix A, 

Section A5.2.2 of MASH for calculation procedure) should satisfy the 

following limits: 

 Occupant Ridedown Acceleration Limits  

Component Preferred Maximum 

Longitudinal and Lateral 15.0 gôs 20.49 gôs 

 

In addition to the standard occupant risk measures, the Post-Impact Head Deceleration 

(PHD), the Theoretical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI) 

were determined and reported. Additional discussion on PHD, THIV and ASI is provided in 

MASH. 
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2.3 Soil Strength Requirements 

In accordance with MASH, foundation soil strength must be verified before any full-scale 

crash testing can occur. During the installation of a soil dependent system, W6x16 posts are 

installed near the impact region using the same installation procedures as the system itself. Prior 

to full-scale testing, a dynamic impact test must be conducted to verify a minimum dynamic soil 

resistance of 7.5 kips at post deflections between 5 and 20 in. measured at a height of 25 in. If 

dynamic testing near the system is not desired, MASH permits a static test to be conducted instead 

and compared against the results of a previously established baseline test. In this situation, the soil 

must provide a resistance of at least 90 percent of the static baseline test at deflections of 5, 10, 

and 15 in. Further details can be found in Appendix B of MASH.  
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3 CRITICAL IMPACT POINT  

3.1 Impact Conditions 

Based on the most reliable data obtained from the reconstruction of passenger vehicle 

crashes on high-speed roadways [3-4], it was determined that an impact speed of 62 mph and an 

impact angle of 25 degrees closely represent the 85th percentile of real-world impact conditions 

for passenger vehicles. Additionally, recognizing that larger trucks have reduced cornering 

characteristics, the impact angle was 25 degrees. As a result, a comprehensive series of full-scale 

crash tests, encompassing scenarios with a 62-mph impact speed and impact angles of both 25 and 

15 degrees, have been identified as essential to evaluate the crashworthiness of HDOTôs BIB 

system. 

The process of choosing the impact location in most full-scale crash tests is a key point to 

replicating critical conditions that are most likely to result in test failure. For end terminals and 

longitudinal barriers, the CIPs are selected to maximize the loading at specific areas such as rail 

splices, transition regions, and posts. These selections take into account the potential for wheel 

snag, vehicle pocketing, and rail rupture, which are significant factors of system failure. 

The choice of CIPs may also be influenced by the system's height, which can affect the 

potential for vehicle override. It is essential to highlight that, in the case of post-and-beam type 

end terminals, the CIPs are specifically chosen to represent the point at which the system is 

expected to transition from gating to re-directive behavior. This transition point is a crucial aspect 

of assessing the performance of these safety systems.  

The severity of an impact is normally measured in terms of impact severity factor (ISF) for 

tests involving vehicle redirection. The other factor is kinetic energy (KE) for crash tests involving 

end-on impact or breakaway devices. Basically, ISF is a suitable indicator of the magnitude of 

loading on the barrier systems, which is defined as:  

ὍὛὊ
ρ

ς
 ὓὠίὭὲ   

(3-1)  

where, ὍὛὊ is the impact severity (kJ). ὓ, ὠ, and   are vehicle mass (kg), impact speed 

(m/s), and impact angle (degrees), respectively. The KE parameter is defined as: 

ὑὉ
ρ

ς
 ὓὠ  

(3-2)  

where, ὑὉ is the kinetic energy (kJ or kips-ft). Note that for the head-on or end-on crash 

tests such as end terminals, the ὑὉ can be a better indicator of the impact severity. For full-scale 

crash tests, ISF values for tests involving vehicular redirection and KE values for high-speed crash 

tests, including end-on impacts, should be no more than 8 percent below the target values. Note 

that the ISF and KE values are calculated based upon the vehicleôs inertia mass, excluding the 

mass of the surrogate occupant.  

MASH Section 5.3 provides guidance for addressing geometric features. As the system 

tested in current research efforts included a ditch in front of the guardrail system for all of the 

evaluated impacts, criteria provided in MASH  are outlined below and were addressed accordingly: 
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(a) The vehicle should remain upright during and after collision. The maximum roll and 

pitch angles are not to exceed 75 degrees. 

(b) Compute average accelerations in the longitudinal and lateral directions for each 

consecutive 50-ms period for the duration of the event. 

 

(c) If the average longitudinal or lateral acceleration computed in Step b exceeds 2 gôs 
during any 50-ms period, calculate the OIV and RA values at the beginning of the 

period over which the average acceleration was computed, and evaluate the results 

according to Criteria H and I of Table 5-l B. 

3.2 Critical Impact Point Location  

Critical impact points (CIPs) are locations on the system where an impacting vehicle may 

experience localized critical behaviors. CIP examples include transitions of barrier stiffness, shape, 

or height, or where changes in the stiffness of the system could contribute to pocketing in the rail, 

high lateral or longitudinal accelerations, and snag on system components. Changes in the stiffness 

of a system may lead to localized pocketing or potential for a stiff component or a wheel of an 

impacting vehicle to snag and experience large forces. As a result, CIPs represent the locations on 

a barrier system that could maximize the risk of test failure. 

MASH allows the selection of CIPs to be estimated analytically or determined using 

computer simulation programs such as BARRIER VII and LS-DYNA. The analytical procedure 

described in MASH estimates CIPs based on barrier stiffness parameters associated with posts, 

rail, and foundations. Parameters include post dynamic yield force per unit length of barrier, Ὂ, 

and the effective plastic moment of all barrier rail elements, ὓ .  

The post strength is calculated by the weaker of the two parameters: soil resistive forces 

and the plastic bending strength of the guardrail posts. The post strength per unit length of system, 

Ὂ, is determined by:  

Ὂ
Ὂ

Ὓ
 

(3-3)  

In which Ὓ is the post spacing on the system and Ὂ represents the dynamic yield force of 

a single post. The value for Ὂ is given by weaker of two calculations: the post plastic bending 

strength and the total soil force acting on the post at the height of the rail Ὂ. The soil contribution 

to posts depends on post size and embedment depth. Many scenarios involve posts with varying 

embedment depths, such as posts installed in ditches or on slopes. For these scenarios, the 

estimated contribution of soil force is provided in MASH using a baseline scenario of a W6x9 steel 

post embedded 40 in. in MASH strong soil: 

Ὂ Ὂ
Ὀ

Ὀ
 

(3-4)  

in which Ὂ and Ὂ denote soil dynamic yield force at the alternative embedment depth and 

soil dynamic yield force extracted from MASH table A-3, respectively. Likewise, the embedment 

depths of Ὀ and Ὀ correspond to the embedment depth of the post contribution being estimated 
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and the nominal embedment depth of 40 in., using data provided in MASH table A-3. It should be 

noted that the values of Ὂ can be determined by the bogie testing, which is usually conducted 

before a full-scale crash test.  

The effective plastic moment of a multiple rail system is the sum of the plastic moment of 

the highest beam and the plastic moments of lower beams reduced by a ratio of the heights of the 

highest and lowest rail elements:  

ὓ ὓ ὓ
Ὄ

Ὄ
 

(3-5)  

Where ὓ  and ὓ  are, respectively, the plastic moment of highest rail element above 

ground or deck, and the plastic moment of a lower barrier rail element. Ὄ and Ὄ  represent height 

of a lower rail element and height of the highest rail element, respectively. It is worth mentioning 

that for the systems in which rails are constructed by nested W- or thrie-beam, the ὓ of system 

components should be multiplied by appropriate scale factors (e.g., 2.0) to represent the total 

effective plastic moment capacity.  

After calculating the values for Ὂ and ὓ , the location of the CIP can be defined using the 

figures provided in MASH. The location of the CIP is defined by the distance x from the length-

of-need portion of post-and-beam type barrier system. The x distance is shown in Figures 4 and a 

summary of recommended CIP offsets from critical barrier features provided in MASH is shown 

in Figures 5 through 8.  

 

Figure 4. CIP Distance and Test Conditions, Test Level 3, Test Designation Nos. 3-37 
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Figure 5. Critical Impact Point Selection for MASH Test Designation 3-37 low MP [2] 

 

Figure 6. Critical Impact Point Selection for MASH Test Designation 3-37 high MP [2] 
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Figure 7. Critical Impact Point Selection for MASH Test Designation 3-37 low MP [2] 

 

Figure 8. Critical Impact Point Selection for MASH Test Designation 3-37 high MP [2] 
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3.3 CIP Selection for HBIB System 

A detailed calculation of different CIPs identified for the HBIB system are reported in 

Appendix B. A total of four CIPs were prioritized for the standard traffic direction, and four CIPs 

were identified for the reverse-direction impacts. The CIPs are summarized in Table 3 and denoted 

by ñX.ò The final locations of the impact points are shown in Figures 35 through 38 (Chapter 5). 

Posts used in the HBIB system were common W6x8.5 steel posts. The average force per 

unit length at different locations in the HBIB system was calculated using post spacings that varied 

from 6 ft ï 3 in. (full post spacing) to 18¾ in. (quarter post spacing), with a post plastic section 

modulus of 6.3 in.3 and an estimated yield stress of 36 ksi. A dynamic magnification factor of 1.5 

was used to estimate dynamic rate effects on post stiffness. The stiffness of a single W-beam rail 

for standard MGS was 8 kip-ft. Splice locations, the point at which two W-beams are lapped 

together, were treated as double the stiffness of the standard W-beam rail (e.g., 16 kip-ft).  

Likewise, nested W-beam was also treated as two W-beam rails, and the nested splice of the W-

beam was treated as four separate W-beam rails with a net stiffness of 32 kip-ft. The upstream 

anchor block was assumed to be rigid (i.e., have infinite stiffness).  

Table 3. CIP Calculation and Locations for Different System Sections 

 Section 1* Section 2 Section 3 Section 4 Section 5 Section 6 

Fp (kips) 9.34 3.99 3.99 2.00 1.98 1.98 

Fs' (kips) 14.88 12.48 12.48 12.48 12.40 12.40 

Mp (kip.ft)  25.30 26.40 13.20 13.20 12.10 8.00 

X (ft)  

3-10 
4.20 6.64 8.29 8.29 8.27 8.18 

X (ft)  

3-11 
7.00 8.91 10.69 11.81 11.89 11.89 

*All the sections are shown in Figure 9. See the following description for each section:  

Section 1: post nos. 1 through 4 - system has nested rails and rubrails and quarter post spacing (18.8 in.) 

Section 2:  post nos. 4 through 6 - system has nested rails and rubrails and half post spacing (37½ in.) 

Section 3: from post nos. 6 through 10 - system has both upper rail and rubrail at half post spacing (37 ½ 

in.) 

Section 4: from post nos. 10 through 23 - system has upper rail and rubrail using full post spacing at Highest 

Height over Ditch (75 in.) 

Section 5: from post nos. 23 through 29 - system has upper rail and rubrail using full post spacing (75 in.) 

Section 6: from post nos. 29 through 40 - system is consistent with standard, tangent MGS with full post 

spacing (75 in.)
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The following concerns and parameters were considered during the detection of the CIPs 

to evaluate downstream performance of the system using MASH Figures 2-8 and 2-11:  

¶ Maximum clearance between the lower corrugation of the rubrail and the terrain 

(maximum risk of underride) near the center of the V-ditch; 

¶ Maximized potential for the small car to underride the system using results of 15- 

and 25-degree trajectories into V-ditches described by Mongiardini [5]; 

¶ Maximized potential for the pickup truck to override the system using results of 25-

degree trajectories into V-ditches described by Mongiardini; and   

¶ The system transition from the first flare (13:1) into second flare (7.4:1), which 

occurred at post no. 10.  

This report addresses the reverse-direction testing of the HBIB system. Using the 

guidelines provided above, two primary reference points were selected for reverse-direction 

impact. The first was the downstream end of the rubrail which was attached to the back side of 

post no. 29. The reverse-direction impacts toward the rubrail used a modified, reduced-strength 

CIP estimate for standard MGS spacing to accommodate the bend in the W-beam and loss of 

moment capacity across the ñkneeò.  

The second reverse-direction impact reference point was selected as the reinforced concrete 

anchor block in the system. During evaluation of the standard-direction impacts, the anchor block 

was weakly reinforced with respect to the ditch soil using W-section steel posts on the upstream 

and back faces. Despite these post reinforcements, the anchor block experienced significant 

longitudinal movement during test nos. HBIB-3 and HBIB-5. For reverse-direction tests, a more 

robust ground anchorage system was developed by placing a reinforced concrete shaft below the 

anchor block to a depth of 10 ft. This condition was believed to simulate a completely rigid anchor 

and would be the most severe for reverse-direction impacts.  

Nonetheless, the anchor block was installed on a flare. To account for the reduced impact 

angle, the research team used a ratio of the effective impact angle in the reverse direction divided 

by the nominal MASH impact angle of 25 degrees, and multiplied that factor by the calculated 

value for ñXò for both the 2270P and 1100C using Table 3 and MASH Figures 2-8 and 2-11.  
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Figure 9.  System Sections Based on System Stiffness and Post Spacing
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4 TEST CONDITIONS  

4.1 Test Facility 

The Outdoor Test Site is located at the Lincoln Air Park on the northwest side of the 

Lincoln Municipal Airport and is approximately 5 miles northwest of the University of Nebraska-

Lincoln. 

4.2 Vehicle Tow and Guidance System 

A reverse-cable, tow system with a 1:2 mechanical advantage was used to propel the test 

vehicle. The distance traveled and the speed of the tow vehicle were one-half that of the test 

vehicle. The test vehicle was released from the tow cable before impact with the barrier system. A 

digital speedometer on the tow vehicle increased the accuracy of the test vehicle impact speed. 

A vehicle guidance system developed by Hinch [6] was used to steer the test vehicle. A 

guide flag, attached to the left-front wheel and the guide cable, was sheared off before impact with 

the barrier system. The Ȩ-in. diameter guide cable was tensioned to approximately 3,500 lb and 

supported both laterally and vertically every 100 ft by hinged stanchions. The hinged stanchions 

stood upright while holding up the guide cable, but as the vehicle was towed down the line, the 

guide flag struck and knocked each stanchion to the ground.  

4.3 Test Vehicles 

For test no. HBIB-6, a 2018 Ram 1500 crew cab pickup truck was used as the test vehicle. 

The curb, test inertial, and gross static vehicle weights were 5,304 lb, 5,061 lb, and 5,222 lb, 

respectively. The test vehicle is shown in Figures 10 and 11, and vehicle dimensions are shown in 

Figure 12. Note, the impact side of the vehicle, or the passengerôs side, is referred to as the 

vehicleôs right side throughout this report. The non-impact side, or driverôs side, is referred to as 

the vehicleôs left side. 

For test no. HBIB-7, a 2018 Kia Rio was used as the test vehicle. The curb, test inertial, 

and gross static vehicle weights were 2,467 lb, 2,419 lb, and 2,577 lb, respectively. The test vehicle 

is shown in Figures 13 and 14, and vehicle dimensions are shown in Figure 15. 

For test no. HBIB-8, a 2018 Ram 1500 crew cab pickup truck was used as the test vehicle. 

The curb, test inertial, and gross static vehicle weights were 5,126 lb, 5,000 lb, and 5,162 lb, 

respectively. The test vehicle is shown in Figures 16 and 17, and vehicle dimensions are shown in 

Figure 18. 

For test no. HBIB-10, a 2019 Hyundai Accent was used as the test vehicle. The curb, test 

inertial, and gross static vehicle weights were 2,517 lb, 2,421 lb, and 2,585 lb, respectively. The 

test vehicle is shown in Figures 19 and 20, and vehicle dimensions are shown in Figure 21. 

For test no. HBIB-9, a 2018 Ram 1500 crew cab pickup truck was used as the test vehicle. 

The curb, test inertial, and gross static vehicle weights were 4,983 lb, 5,000 lb, and 4,997 lb, 

respectively. The test vehicle is shown in Figures 22 and 23, and vehicle dimensions are shown in 

Figure 24. 
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Figure 10. Test Vehicle Photographs, Test No. HBIB-6
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Figure 11. Test Vehicle Interior Floorboards and Undercarriage, Test No. HBIB-6 
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Figure 12. Vehicle Dimensions, Test No. HBIB-6 

Test Name: VIN No:

Model Year: Make: Model:

Tire Size: Tire Inflation Pressure: Odometer:

Vehicle Geometry - in. (mm)
Target Ranges listed below

A: 78 5/16 1989 11/80 B: 74 9/16 1893 71/80

C: 229 3/8 5826 1/8 D: 42 3/4 1085 17/20

E: 140 5/8 3571 7/8 F: 46 1168 2/5

G: 28 7/16 722 5/16 H: 60 1/8 1527 7/40

I: 13 330 1/5 J: 25 635

K: 20 3/4 527 1/20 L: 29 7/16 747 57/80

M: 67 1/4 1708 3/20 N: 67 5/8 1717 27/40

O: 44 1/4 1123 19/20 P: 4 1/4 107 19/20

Q: 30 7/8 784 9/40 R: 18 3/8 466 29/40

S: 14 7/8 377 33/40 T: 79 3/16 2011 29/80

U (impact width): 36 1/4 920 3/4

Gross Static LF 1463 (664) RF 1532 (695) 15 1/4 387 7/20

LR 1118 (507) RR 1109 (503) 15 3/8 390 21/40

34 11/16 881 1/16

Weights 

lb (kg) 37 15/16 963 49/80

W-front 2950 (1338) 2898 (1315) 2995 (1359) 18 1/4 463 11/20

W-rear 2354 (1068) 2163 (981) 2227 (1010) 25 7/8 657 9/40

W-total 5304 (2406) 5061 (2296) 5222 (2369) Engine Type:

Engine Size:

Transmission Type:

Front Type: Drive Type:

Rear Mass: Cab Style:

Total Seat Position: Bed Length:

Wheel Well 

Clearance (Front):

Wheel Well 

Clearance (Rear):

Bottom Frame 

Height (Front):

Mass Distribution - lb (kg)

67±1.5 (1700±38) 67±1.5 (1700±38)

Test Inertial Gross Static

63±4 (1575±100)

43±4 (1100±75)

148±12 (3760±300)

min: 28 (710)

Wheel Center

 Height (Front):

Wheel Center 

Height (Rear):

HBIB-6

40 psi

78±2 (1950±50)

237±13 (6020±325)

2018 RAM

265/70/R17

3C6RR6KT6JG186123

1500

Unknown

39±3 (1000±75)

67"

Minor Hail damage prevelent on hood and roof of vehicle. Numerous dents on upper portion of 

tailgate near handle. Dent along upper part of bed on passenger side, along with deep scratch above 

rear passenger side wheel-well. Dent above rear passenger side door handle. Note any damage prior to test:

RWD3700

3900

Passenger/Front Right6800

Hybrid II

160 lb

Automatic

Curb

Gasoline

5.7L V8

Crew Cab

GVWR Ratings - lb Surrogate Occupant Data

5000±110 (2270±50) 5165±110 (2343±50)

Bottom Frame 

Height (Rear):
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Figure 13. Test Vehicle Photographs, Test No. HBIB-7 
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Figure 14. Test Vehicle Interior Floorboards and Undercarriage, Test No. HBIB-7 
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Figure 15. Vehicle Dimensions, Test No. HBIB-7 

 

 

Test Name: VIN No:

Model Year: Make: Model:

Tire Size: Tire Inflation Pressure: Odometer:

Vehicle Geometry - in. (mm)
Target Ranges listed below

A: 67 11/16 (1719) B: 57 1/8 (1451)

C: 172 3/8 (4378) D: 32 7/16 (824)

E: 101 11/16 (2583) F: 38 1/4 (972)

G: 21 15/16 (557) H: 38 3/8 (975)

I: 8 (203) J: 25 1/4 (641)

K: 12 1/4 (311) L: 26 3/16 (665)

M: 59 13/16 (1519) N: 60 1/8 (1527)

O: 31 5/16 (795) P: 5 3/8 (137)

Q: 23 3/4 (603) R: 16 5/16 (414)

S: 8 1/8 (206) T: 67 7/8 (1724)

U (impact width): 33 1/8 (841)

Gross Static LF 804 (365) RF 779 (353) 29 1/8 (740)

LR 483 (219) RR 511 (232) 11 7/16 (291)

11 5/8 (295)

Weights 

lb (kg) 26 1/16 (662)

W-front 1558 (707) 1506 (683) 1583 (718) 26 1/8 (664)

W-rear 909 (412) 913 (414) 994 (451) 16 1/2 (419)

W-total 2467 (1119) 2419 (1097) 2577 (1169) 15 3/4 (400)

Engine Type:

Engine Size:

Front Type: Transmission Type:

Rear Mass: Drive Type:

Total Seat Position:

Small dent in lower rear section of the right front door.  Scrape in RR rocker panel.Note any damage prior to test:

FWD

1940

1852

Right passenger3616

Hybrid II

161 lb

Automatic

HBIB-7

33 psi

65±3 (1650±75)

169±8 (4300±200)

2018 Kia

185/65/R15

3KPA24AB2JE079301

Rio

141243

35±4 (900±100)

GVWR Ratings lb Surrogate Occupant Data

2420±55 (1100±25) 2585±55 (1175±50)

Test Inertial Gross Static

Gasoline

1.6L 4 cyl

Wheel Center

 Height (Front):

Wheel Center 

Height (Rear):

Wheel Well 

Clearance (Front):

Wheel Well 

Clearance (Rear):

Bottom Frame 

Height (Front):

Bottom Frame 

Height (Rear):

59±2 (1498±50) 59±2 (1425±50)

39±4 (990±100)

Curb

Mass Distribution - lb (kg)

Top of radiator core 

support:

28±4 (711±100)

98±5 (2500±125)
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Figure 16. Test Vehicle Photographs, Test No. HBIB-8 
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Figure 17. Test Vehicle Interior Floorboards and Undercarriage, Test No. HBIB-8 
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Figure 18. Vehicle Dimensions, Test No. HBIB-8 

Test Name: VIN No:

Model Year: Make: Model:

Tire Size: Tire Inflation Pressure: Odometer:

Vehicle Geometry - in. (mm)
Target Ranges listed below

A: 77 1955 4/5 B: 74 5/8 1895 19/40

C: 229 1/8 5819 31/40 D: 40 5/8 1031 7/8

E: 140 3/8 3565 21/40 F: 48 1/8 1222 3/8

G: 28 1/8 714 3/8 H: 59 9/16 1512 71/80

I: 13 330 1/5 J: 24 1/4 615 19/20

K: 20 1/2 520 7/10 L: 29 1/2 749 3/10

M: 67 3/4 1720 17/20 N: 67 7/8 1724 1/40

O: 44 1/4 1123 19/20 P: 3 76 1/5

Q: 31 787 2/5 R: 18 1/2 469 9/10

S: 14 355 3/5 T: 77 1955 4/5

U (impact width): 36 3/4 933 9/20

Gross Static LF 1467 (665) RF 1508 (684) 15 381

LR 1101 (499) RR 1086 (493) 15 381

34 3/8 873 1/8

Weights 

lb (kg) 37 3/4 958 17/20

W-front 2957 (1341) 2879 (1306) 2975 (1349) 17 7/8 454 1/40

W-rear 2169 (984) 2121 (962) 2187 (992) 25 7/8 657 9/40

W-total 5126 (2325) 5000 (2268) 5162 (2341) Engine Type:

Engine Size:

Transmission Type:

Front Type: Drive Type:

Rear Mass: Cab Style:

Total Seat Position: Bed Length:

Automatic

Curb

Gasoline

5.7L

Quad Cab

GVWR Ratings - lb Surrogate Occupant Data

5000±110 (2270±50) 5165±110 (2343±50)

Bottom Frame 

Height (Rear):

76"

Right side box dent around rear wheel openingNote any damage prior to test:

RWD3700

3900

Right front6900

Hybrid II

162 lb

HBIB-8

40 psi

78±2 (1950±50)

237±13 (6020±325)

2018 Ram

265/70 R17

1C6RR6GT7JS173589

1500 Hemi

171503

39±3 (1000±75)

Wheel Well 

Clearance (Front):

Wheel Well 

Clearance (Rear):

Bottom Frame 

Height (Front):

Mass Distribution - lb (kg)

67±1.5 (1700±38) 67±1.5 (1700±38)

Test Inertial Gross Static

63±4 (1575±100)

43±4 (1100±75)

148±12 (3760±300)

min: 28 (710)

Wheel Center

 Height (Front):

Wheel Center 

Height (Rear):
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Figure 19. Test Vehicle Photographs, Test No. HBIB-10
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Figure 20. Test Vehicle Interior Floorboards and Undercarriage, Test No. HBIB-10 
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Figure 21. Vehicle Dimensions, Test No. HBIB-10  

Test Name: VIN No:

Model Year: Make: Model:

Tire Size: Tire Inflation Pressure: Odometer:

Vehicle Geometry - in. (mm)
Target Ranges listed below

A: 67 1/4 (1708) B: 56 5/8 (1438)

C: 172 3/8 (4378) D: 32 7/8 (835)

E: 101 1/2 (2578) F: 38 (965)

G: 21 7/8 (556) H: 38 3/8 (975)

I: 8 (203) J: 24 1/2 (622)

K: 11 1/2 (292) L: 25 1/4 (641)

M: 59 7/8 (1521) N: 60 (1524)

O: 29 1/2 (749) P: 1 1/4 (32)
28±4 (711±100) Top of Rad. Core

Q: 24 1/4 (616) R: 16 1/4 (413)

S: 10 5/8 (270) T: 66 3/4 (1695)  

U (impact width): 31 13/16 (808)

Gross Static LF 795 (361) RF 788 (357)

LR 496 (225) RR 506 (230) 11 3/8 (289)

11 1/2 (292)

Weights 

lb (kg) 25 5/8 (651)

W-front 1550 (703) 1506 (683) 1583 (718) 25 1/2 (648)

W-rear 967 (439) 915 (415) 1002 (454) 16 1/4 (413)

W-total 2517 (1142) 2421 (1098) 2585 (1173) 15 3/4 (400)

Engine Type:

Engine Size:

Front Type: Transmission Type:

Rear Mass: Drive Type:

Total Seat Position:

59±2 (1498±50) 59±2 (1425±50)

39±4 (990±100)

Curb

Mass Distribution - lb (kg)

98±5 (2500±125)

Gasoline

41.6L

Wheel Center

 Height (Front):

Wheel Center 

Height (Rear):

Wheel Well 

Clearance (Front):

Wheel Well 

Clearance (Rear):

Bottom Frame 

Height (Front):

Bottom Frame 

Height (Rear):

GVWR Ratings lb Surrogate Occupant Data

2420±55 (1100±25) 2585±55 (1175±50)

Test Inertial Gross Static

HBIB-10

33 psi

65±3 (1650±75)

169±8 (4300±200)

2019 Hyundai

185/65 R15

3KPC24A34KE056878

Accent Sedan

150536

35±4 (900±100)

Note any damage prior to test:

FWD

1940

1852

164357

Hybrid II

161 lb

Automatic
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Figure 22. Test Vehicle Photographs, Test No.  HBIB-9
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Figure 23. Test Vehicle Interior Floorboards and Undercarriage, Test No. HBIB-9



December 16, 2025 

MwRSF Report No. TRP-03-496b-25 

 

32 

 

Figure 24. Vehicle Dimensions, Test No. HBIB-9 








































































































































































































































































































































































































































































































































































































































































































































