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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 several concrete bridge rails 

with aesthetic treatments.  However, the crashworthiness of these bridge railings under current 

impact safety standards has recently begun and is currently ongoing. To date, the HDOT 34- and 

42-in. Tall, Aesthetic Concrete Bridge Rails were successfully evaluated to MASH 2016 TL-3 

standards [1, 2]. This report documents full-scale crash tests conducted with the HDOT 34-in. Tall, 

Aesthetic Bridge Rail with Pedestrian Handrail and Sidewalk with aesthetic recessed rectangular 

panels added to its traffic-side and back-side surfaces, as well as with a back-side mounted 

pedestrian handrail. The standard plans of the HDOT 34-in. tall, Aesthetic Concrete Bridge Rail 

are shown in Figures 1 through 4. The recessed rectangular panels are 60 in. wide, 15 in. tall, and 

½ in. deep with an inclination angle of 30 degrees. The concrete bridge rail is anchored through 

the sidewalk and into a concrete bridge deck. End sections measuring 3 ft ï 6 in. long are used at 

the ends of the bridge rail adjacent to an end buttress structure.  However, only the length-of-need 

(LON) of the barrier was evaluated in this study. 

Several years ago, researchers at the Texas A&M Transportation Institute (TTI) published 

National Cooperative Highway Research Program (NCHRP) Report No. 554 [3], which developed 

design guidelines for aesthetic treatments for safety shape concrete roadway barriers using a series 

of Finite Element Modeling (FEM) simulations in conjunction with physical crash testing. The 

computer simulation effort examined the effect of asperity width and depth as well as the 

inclination angle of the asperity surface. A parametric FEM analysis was performed for asperity 

angles of 30, 45, and 90 degrees, as measured from the front face of the barrier, and the simulation 

outcomes were categorized as acceptable, marginal/unknown, and unacceptable. NCHRP Report 

No. 554 provided final design guidelines for safety-shape barriers based on simulation and crash 

testing results, as shown in Figure 5. 

NCHRP Report No. 554 also provided guidelines for single-sloped and vertical-face 

barriers that were developed by the California Department of Transportation (Caltrans) [4] in 2002 

and approved by the Federal Highway Administration (FHWA) in acceptance letter B-110. 

Caltrans conducted crash testing on single-sloped barriers with various architectural treatments in 

order to develop guidelines for evaluating crashworthiness of barriers with wide-ranging patterns 

and textures. Six recommendations for single-sloped or vertical-face barriers were developed after 

full -scale crash testing in accordance with NCHRP Report No. 350 Test Level 3 (TL-3) [5] criteria. 

As reported in NCHRP Report No. 554, the following types of surface treatment are permitted: 

1. Sandblasted textures with a maximum relief of 9.5 mm. 

2. Images or geometric patterns cut into the face of the barrier 25 mm or less and having 

45-degree or flatter chamfered or beveled edges to minimize vehicular sheet metal or 

wheel snagging. 

3. Textures or patterns of any shape and length inset into the face of the barrier up to 13 

mm deep and 25 mm wide. 
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4. Any pattern or texture with gradual undulation that has a maximum relief of 20 mm 

over a distance of 300 mm. 

5. Gaps, slots, grooves, or joints of any depth with a maximum width of 20 mm and a 

maximum surface differential across these features of 5 mm. 

6. Any pattern or texture with a maximum relief of 64 mm, if such a pattern begins 610 

mm or more above the base of the barrier and if all leading edges are rounded or sloped 

to minimize any vehicle snagging potential. 

After comparing the HDOT 34-in. tall, Aesthetic Concrete Bridge Rail to the NCHRP 

Report No. 554 design guidelines, the research team anticipated that the existing bridge rail profile 

would likely provide acceptable safety performance under current impact safety standards for 

passenger vehicles. However, full-scale crash testing was needed to evaluate the bridge rail to the 

safety performance criteria published in the American Association of State Highway and 

Transportation Officials (AASHTO) Manual for Assessing Safety Hardware, Second Edition 

(MASH 2016) [6].
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Figure 1. HDOT Standard Detail for the 34-in. Tall, Aesthetic Concrete Bridge Rail with Sidewalk  
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Figure 2. HDOT Standard Detail for Transition to the 34-in. Tall, Aesthetic Concrete Bridge Rail
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Figure 3. HDOT Standard Detail for the 34-in. Tall, Aesthetic Concrete Bridge Rail with Pedestrian Rail 
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Figure 4. HDOT Reinforcement Detail for the 34-in. Tall, Aesthetic Concrete Bridge Rail 
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Figure 5. Final Design Guidelines for Aesthetic Surface Treatments of Safety-Shape Concrete 

Barrier [3] 

1.2 Objective 

The research objective of this study included a safety performance evaluation of the LON 

of the HDOT 34-in. Tall, Aesthetic Bridge Rail with Pedestrian Handrail and Sidewalk. The 

system was tested and evaluated according to the TL-3 criteria found in MASH 2016.  

1.3 Scope 

The research objective was achieved through the completion of several tasks. Two full-

scale crash tests were conducted on the HDOT 34-in. tall, Aesthetic Concrete Bridge Rail with 

Pedestrian Handrail and Sidewalk according to MASH 2016 test designation nos. 3-10 and 3-11. 

Next, 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 

HDOT 34-in. tall, Aesthetic Concrete Bridge Rail with Pedestrian Handrail and Sidewalk system. 

A final report was published, which discussed the results and findings from two full-scale crash 

tests that were conducted on the HDOT 34-in. tall, Aesthetic Concrete Bridge Rail with Pedestrian 

Handrail and Sidewalk. 
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA  

2.1 Test Requirements 

Aesthetic concrete bridge rails must satisfy impact safety standards in order to be declared 

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

National Highway System (NHS). For new hardware, these safety standards consist of the 

guidelines and procedures published in MASH 2016 [6]. Note that there is no difference between 

MASH 2009 [7] and MASH 2016 [6] for longitudinal barriers, such as the system tested in this 

project, except that additional occupant compartment deformation measurements, photographs, 

and documentation are required by MASH 2016. According to TL-3 of MASH 2016, longitudinal 

barrier systems must be subjected to two full-scale vehicle crash tests, as summarized in Table 1.  

It should be noted that the test matrix detailed herein represents a practical worst-case 

condition with respect to the MASH 2016 safety requirements and a crashworthiness evaluation 

of the barrier system. According to MASH 2016, the HDOT 34-in. Tall, Aesthetic Concrete Bridge 

Rail with Pedestrian Handrail and Sidewalk should be evaluated at a location that evaluates the 

greatest propensity for vehicle snag as well as a location that maximizes structural loading of the 

bridge rail at a critical section. For the HDOT 34-in. tall, Aesthetic Concrete Bridge Rail with 

Pedestrian Handrail and Sidewalk, the critical impact point for both impact locations occur 

upstream from the expansion joint in the bridge rail. The HDOT 34-in. Tall, Aesthetic Concrete 

Bridge Rail with Pedestrian Handrail and Sidewalk has a transition from the recessed panel to the 

main face of the bridge rail 2¾ in. upstream from the expansion joint in the rail. Thus, impacting 

upstream from this point provides an evaluation of vehicle snag on both the recessed panel edge 

and the expansion joint. Additionally, the critical structural section in the rail occurs at the 

expansion joint because the bridge rail design does not reduce the transverse reinforcement near 

the expansion joint, and smooth dowel bars are used to transfer shear loading across the opening. 

As such, the critical impact point distances that are specified for test designation nos. 3-10 and 

3-11 for rigid barriers in Table 2.7 of MASH 2016 were applied upstream from the expansion 

joint. This selection was made to evaluate of vehicle snag and structural loading of the HDOT 34-

in. tall, Aesthetic Concrete Bridge Rail with Pedestrian Handrail and Sidewalk. 

Table 1. MASH 2016 TL-3 Crash Test Conditions for Longitudinal Barriers 

Test 

Article 

Test 

Designation 

No. 

Test 

Vehicle 

Vehicle 

Weight 

lb 

Impact Conditions 
Evaluation 

Criteria 1 
Speed 

mph 

Angle 

degrees 

Longitudinal 

Barrier 

3-10 1100C 2,420 62 25 A,D,F,H,I 

3-11 2270P 5,000 62 25 A,D,F,H,I 
1 Evaluation criteria explained in Table 2.  

The critical impact points for the 3-10 and 3-11 tests were also selected to maximize vehicle 

interaction with the downstream portion of the asperity. Handrail post positions were similarly 

selected to maximize vehicle interaction in the anticipated Zone of Intrusion, similar to other 

studies recently performed by MwRSF [8, 9]. However, the impact point with the parapet may 

occur downstream from the impact point on the sidewalk, because the sidewalk can apply a lateral 

change in momentum to the vehicle. Videos from previous tests completed with a sidewalk in front 
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of a rail system were evaluated to determine the change in trajectory. As such, this change in 

trajectory was used to select an initial impact point with the curb to maximize interactions with the 

downstream section of the exposed asperity and the pedestrian handrail support.   

Table 2. MASH 2016 Evaluation Criteria for Longitudinal Barriers  

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 2016. 

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

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

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

of MASH 2016 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 2016 for calculation procedure) should 

satisfy the following limits: 

 Occupant Ridedown Acceleration Limits  

Component Preferred Maximum 

Longitudinal and Lateral 15.0 gôs 20.49 gôs 

 

2.2 Evaluation Criteria  

Evaluation criteria for full-scale vehicle crash testing are based on three factors: (1) 

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

structural adequacy are intended to evaluate the ability of the bridge railing 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 2016. The full-scale vehicle crash test was conducted and 

reported in accordance with the procedures provided in MASH 2016. 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 2016.
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3 DESIGN DETAILS  

The barrier system test installation consisted of two 10-ft 11¾-in. long and three 21-ft 11½-

in. long concrete barrier segments with a pedestrian handrail and sidewalk, as shown in Figures 6 

through 22.  Photographs of the test installation are shown in Figures 23 and 24.  Architectural 

inserts were slightly misaligned at a form break in the lower left image of Figure 24, creating a 

visual jog, but the effect was only cosmetic and not structurally significant. Material specifications, 

mill certifications, and certificates of conformity for the system materials are shown in Appendix 

A.  

As noted previously, the HDOT 34-in. Tall, Aesthetic Concrete Bridge Rail with Pedestrian 

Handrail and Sidewalk was fabricated for evaluation of the LON of the bridge rail. Thus, no end 

sections of the rail were constructed. The rail was constructed in five segments that were separated 

by four expansion joints to allow for evaluation of the critical rail section at the expansion joints. 

The spacing between the expansion joints was limited to 22 ft, which was the smallest rail segment 

length between joints noted by HDOT. Larger rail segment lengths between expansion joints were 

considered less critical. The HDOT 34-in. tall, Aesthetic Concrete Bridge Rail with Pedestrian 

Handrail and Sidewalk was installed on the concrete tarmac at MwRSFôs Outdoor Test Site rather 

than on a simulated bridge deck and cantilevered overhang. Previous testing of a MASH 2016 

TL-4 bridge rail on similar 8-in. thick concrete bridge deck did not display significant deck damage 

[10]. This finding, along with historical results, indicated no potential for deck damage or 

deflection that would affect the test results of the HDOT 34-in. tall, Aesthetic Concrete Bridge 

Rail with Pedestrian Handrail and Sidewalk under MASH 2016 TL-3 impact conditions.  

The bridge rail was 41½ in. tall relative to the back-side tarmac, 34 in. tall relative to the 

sidewalk, and 10 in. wide at the top and the bottom surfaces. The traffic-side and back-side edges 

of the top surface had ¾-in. chamfers. Aesthetic recessed V-shaped horizontal bevel cuts ½ in. 

deep and ½ in. tall were located 7 in. below the top surface and 7 in. above the sidewalk surface 

on the traffic- and back-side faces. The main aesthetic features on this concrete bridge rail were 

60-in. wide x 15-in. tall x ½-in. deep recessed panels on both the traffic-side and back-side faces. 

The edges of the panels transitioned to the face of the rail using 2H:1V slope. The concrete mix 

for the bridge rail sections required a minimum 28-day compressive strength of 4,000 psi. Two 

concrete cylinder compression tests were conducted, with 18-day compressive strength results of 

4,410 psi and 4,270 psi. Steel reinforcement in the barrier consisted of ASTM A615 Grade 60 

rebar. Each concrete bridge rail segment consisted of eight no. 5 longitudinal bars (four per face) 

that were vertically spaced 9½ in. apart. Vertical stirrups were also provided using no. 5 rebar, 

which were spaced on 12-in. centers on the back-side face and on 6-in. centers on the traffic -side 

face. Vertical reinforcement bars were anchored through the sidewalk to an existing concrete 

tarmac on both the traffic-side and back-side faces to a depth of 8 in. and epoxied with Hilt i HIT 

RE-500 V3 in order to develop the full tensile strength of the bars.  The minimum bond strength 

of the epoxy adhesive was 1,560 psi after a two-day cure.  

The bridge rail system contained four expansion joints consisting of ½-in. gaps filled by 

expansion joint sealant. The expansion joint assembly consisted of three 24-in. long, no. 8 smooth 

rebar cast into the downstream side of the parapet, with PVC tubes and caps cast in the upstream 

side of the expansion joint. Vertical stirrups were spaced on 4-in. centers at the expansion joints.  
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The sidewalk was 82 in. wide including a 10-in. wide x 7½-in. tall flat surface beneath the 

bridge rail along with a downward slope of 1V:48H leading away from the bridge rail. Steel 

reinforcement in the sidewalk consisted of ASTM A615 Grade 60 rebar. There were seven 

longitudinal rebars spaced on 12-in. centers, while lateral rebars were spaced on 9-in. centers. 

Lateral rebars were embedded 9Ȩ in. into the bridge rail and 8 in. into the tarmac. 

The pedestrian rail consisted of a welded tube, post, and base plate assembly. The rail 

consisted of HSS3x3x¼ by 21-ft 11-in. long steel tubes, which were welded using a ¼-in. fillet 

weld all around to HSS2½x2½x¼ by 7-in. long tube posts. The spacing between posts was 66 in., 

and one post was installed 16½ in. downstream from the upstream end of each parapet. The tube 

posts were welded to 8-in. x 5-in. x ¾-in. thick, ASTM A36 steel base plates with a 3/16-in. fillet 

weld on both sides of the post. At the bottom of the post, a 2¼-in. x 2¼-in. x ¼-in. thick cap was 

welded to the bottom of the post with a ȧ-in. fillet weld all around. Two ¼-in. diameter, 

semicircular weep holes were located at the top of the post and one ½-in. diameter weep hole was 

located in each of the lower post caps to allow air to escape through the post during hot-dip 

galvanization. The splices consisted of HSS2x2x¼ by 7-in. long tube with 7-in. x 1½-in. x 3/16-in. 

thick shims inserted 2 in. into the downstream side of the pedestrian handrail tube and welded on 

all sides with a 3/16-in. fillet weld. As a result, approximately 1 in. of the splice tube assembly was 

exposed at the expansion joints and the remaining 4 in. of the splice tube assembly protruded into 

the adjacent pedestrian rail end.  

The pedestrian rail was fastened to the back side of the parapet with four ȩ-in. diameter, 

7Ȫ-in. long ASTM F1554-15 Grade 105 steel threaded rods located 4Ȫ and 7ȩ in. from the top 

surface of the barrier. The top of the pedestrian rail was located at 50 in. above the MwRSF tarmac, 

which simulated a bridge deck surface, or 8½ in. above the top surface of the barrier.  
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Figure 6. Test Installation Layout, Test Nos. HP34S-1 and HP34S-2
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Figure 7. Pedestrian Handrail Details, Test Nos. HP34S-1 and HP34S-2 
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Figure 8. Reinforcement Details, Test Nos. HP34S-1 and HP34S-2  
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Figure 9. Reinforcement Details, Test Nos. HP34S-1 and HP34S-2
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Figure 10. Expansion Joint Details, Test Nos. HP34S-1 and HP34S-2 



 

 

1
7 

A
u

g
u

s
t 2

6
, 2

0
2

2  

M
w

R
S

F
 R

e
p

o
rt N

o
. TR

P
-0

3-4
5

6-2
2
 

 

Figure 11. 10-ft 11¾-in. Concrete Parapet Details, Test Nos. HP34S-1 and HP34S-2
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Figure 12. 21-ft 11½-in. Concrete Parapet Details, Test Nos. HP34S-1 and HP34S-2  
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Figure 13. Sidewalk Details, Test Nos. HP34S-1 and HP34S-2  
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Figure 14. Sidewalk Reinforcement Details, Test Nos. HP34S-1 and HP34S-2
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Figure 15. Rebar Details, Test Nos. HP34S-1 and HP34S-2  
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Figure 16. Pedestrian Handrail Assembly, Test Nos. HP34S-1 and HP34S-2  
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Figure 17. Pedestrian Handrail Assembly Details, Test Nos. HP34S-1 and HP34S-2  
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Figure 18. Pedestrian Handrail Assembly Details, Test Nos. HP34S-1 and HP34S-2  
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Figure 19. Pedestrian Handrail Components, Test Nos. HP34S-1 and HP34S-2 
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Figure 20. Expansion Joint Components, Test Nos. HP34S-1 and HP34S-2 
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Figure 21. Connection Hardware, Test Nos. HP34S-1 and HP34S-2 
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Figure 22. Bill of Materials, Test Nos. HP34S-1 and HP34S-2 
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Figure 23. Test Installation Photographs, Test Nos. HP34S-1 and HP34S-2 
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Figure 24. Test Installation Photographs, Test Nos. HP34S-1 and HP34S-2 
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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 ensured the accuracy of the test vehicle impact speed. 

A vehicle guidance system developed by Hinch [11] was used to steer the test vehicle. A 

guide flag, attached to the right-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. HP34S-1, a 2016 Dodge Ram 1500 crew cab pickup truck was used as the test 

vehicle. The curb, test inertial, and gross static vehicle weights were 5,323 lb, 5,045 lb, and 5,208 

lb, respectively. The test vehicle is shown in Figures 25 and 26, and vehicle dimensions are shown 

in Figure 27. 

For test no. HP34S-2, a 2016 Hyundai Accent was used as the test vehicle. The curb, test 

inertial, and gross static vehicle weights were 2,461 lb, 2,413 lb, and 2,577 lb, respectively. The 

test vehicle is shown in Figures 28 and 29, and vehicle dimensions are shown in Figure 30. 

The longitudinal component of the center of gravity (c.g.) was determined for both vehicles 

using the measured axle weights. The Suspension Method [12] was used to determine the vertical 

component of the c.g. for the 2270P vehicle, used in test no. HP34S-1. This method is based on 

the principle that the c.g. of any freely suspended body is in the vertical plane through the point of 

suspension. The vehicle was suspended successively in three positions, and the respective planes 

containing the c.g. were established. The intersection of these planes pinpointed the final c.g. 

location for the test inertial condition. The vertical component of the c.g. for the 1100C vehicle 

used in test no. HP34S-2 was determined utilizing a procedure published by SAE [13]. The final 

c.g. locations for HP34S-1 and HP34S-2 test vehicles are shown in Figures 31 and 32, respectively. 

Ballast information and data used to calculate the location of the c.g. are shown in Appendix B. 

Square, black-and-white checkered targets were placed on the vehicles for reference, as 

shown in Figures 31 and 32, to serve as a reference in the high-speed digital video and aid in the 

video analysis. Round, checkered targets were placed at the c.g. on the left-side door, the right-

side door, and the roof of the vehicles. 
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Figure 25. Test Vehicle, Test No. HP34S-1 
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Figure 26. Test Vehicleôs Interior Floorboards and Undercarriage, Test No. HP34S-1 
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Figure 27. Vehicle Dimensions, Test No. HP34S-1 



August 26, 2022  

MwRSF Report No. TRP-03-456-22 

35 

 

 

 

Figure 28. Test Vehicle, Test No. HP34S-2 
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Figure 29. Test Vehicleôs Interior Floorboards and Undercarriage, Test No. HP34S-2 




































































































































































































































































































