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ABSTRACT 

Accidents with heavy vehicles, especially in underride crashes, be it rear, side or 

frontal, are responsible for thousands of deaths all over the world. In many cases, these 

tragedies are consequences of not having effective underride guards mounted to the 

rear, side and front of the heavy vehicles. Lack of effective underride guards brings less 

compatibility making heavy vehicles more aggressive on roads. Several designs have 

been designed for energy absorbing underride guards. A new underride guard is 

developed based on the mechanical principle of simple pliers tool was conceived by 

Louis Otto Faber Schmutzler, SAE BRAZIL 1995. This research work describes nature 

of underrides, the design and analysis of two new guards for rear and side, vehicle 

behavior at different speeds and prevention of passenger compartment intrusion. With 

the advance in computer simulations, full finite element validated vehicle models are 

being analyzed for different impact scenarios. The main purpose of building the 

simulation models is to reduce the real time tests which are associated with significant 

cost. 

In this thesis, two new guards for rear and side are modeled using MSC-Patran 

and the performance of the guard in preventing passenger compartment intrusion is 

analyzed using LS- Dyna. A zero passenger compartment intrusion is achieved with the 

employment of the newly designed underride guards for rear and side of the trucks. The 

newly designed guard models are validated using FMVSS 223/224 regulations. The 

results are in good correlation with the experimental data for rear and the passenger 

compartment intrusions are reduced in the case of rear and side underride. The 

performance of the guard is studied at 30, 40 and 50 miles per hour. 
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CHAPTER 1 

INTRODUCTION 

 

Everyday, many motor vehicle occupants are either killed or severely injured 

because of different crash situations such as front, rear and side and many more. Out of 

all these accidents, truck related accidents incur significantly more fatalities. In the year 

2004, Large Trucks account for 8% of all the fatal crashes [1]. The vehicles with gross 

vehicle weight ratio (GVWR) of more than 10,000 lbs will be considered as a truck. All 

these accidents are much more fatal because of mass difference between large truck 

and small vehicles such as passenger cars and the difference in stiffness of 

construction structures. Truck underride accidents represent most part of the truck 

related accidents. Every year, thousands of people killed or seriously injured in 

underride accidents throughout the world. Underride accidents are of different types; 

front, rear and side underrides. These underrides may be the result of vehicle mismatch 

and vehicle aggressivity. 

 Underride occurs when a small passenger vehicle strikes either front or rear or 

side of the larger vehicle with relatively higher mass and bigger in structure, the front 

hood part of smaller vehicle goes under the rear, front or side of the bigger vehicle. The 

small passenger car underrides the larger truck in the worst case, and the large truck’s 

high profiled structure can enter the passenger compartment of the smaller car and will 

collide with the occupants directly at their head and chest level. This is one of the most 

highly frequent events that happen in an underride crash environment [20]. This is 

called as “passenger compartment intrusion”, (PCI). It has been estimated that 
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excessive underride occurs in 30-40 % of all fatal accidents in which a passenger car 

crashes into the rear of the truck. In all truck related fatal crashes, 85% of cars had 

intrusion in frontal passenger compartment and 17% had intrusion till the back of the 

compartment [1].  

 

Figure1.1 Typical rear Underride Accident [12]. 

Figure 1.1 shows typical rear underride accident, where the car completely 

underrides the truck and the truck bed structure intrudes the passenger compartment 

intrusion by breaking the A-pillars and Windshield. In all these accidents, occupants of 

smaller passenger vehicles account for the most of deaths (94%) in large truck – 

passenger vehicle crashes, because the occupants of lighter vehicles experience 

greater forces than the occupants of heavier vehicles [2]. This is because, each vehicle 

has a change in velocity inversely proportional to the mass during the collisions 
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between vehicles. If the difference in the velocity of two colliding vehicles increases, 

then the probability and severity of the underride crashes will increase. Heavy vehicles 

kill the passengers of smaller vehicles due to differences in the height of their 

structures, resistances and the energy absorption capacity by the deformation. Large 

trucks are relatively unyielding and resistant to deformation [20]. Based on the Federal 

Highway Administration (FHWA)’s report, rear impact fatalities create economic losses 

exceeding $1.3 billion annually and injuries result in $8 billion lost each year (NHTSA, 

1997a) [3]. Figure 1.2 shows the number of people dying every year in all truck related 

crashes in USA from 1975 to 2005. This figure shows that occupants in passenger 

vehicle are more likely to die in the truck related accidents. The ratio of deaths of 

passenger car occupants to the deaths truck occupants is 3.5:1. Figure 1.2 shows the 

number of people dying in all truck related accidents, not only the underride accidents. 

Data is taken from Insurance Institute for Highway Safety (IIHS) [4]. 

 

Figure 1.2 Number of deaths involved in all large truck accidents over the years 
from 1975 to 2005 [4]. 
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Table 1.1 shows the occupant deaths in two-vehicle crashes involving large truck 

and passenger vehicles in the year 2005 in USA and it shows that ninety seven percent 

(2771 deaths) of passenger vehicle occupants are killed in two-vehicle crashes 

involving a passenger vehicle and large truck and only 3% (72 deaths)of large truck 

occupants are dying. Once again the data from Table 1.1 is from all the accidents in the 

year 2005 [4]. 

TABLE 1.1 OCCUPANT DEATHS IN TWO – VEHICLE CRASHES INVOLVING 
LARGE TRUCK AND PASSENGER VEHICLE, 2005 [4] 

 

Occupant Type Deaths % 

Passenger Vehicle Occupants 2771 97 

Large Vehicle Occupants 72 3 

All Occupant Deaths 2843 100 

 
 Table 1.2 shows deaths in large truck crashes and all crashes in USA in the year 

2005 and it showed that twelve percent (5027 deaths) of the vehicles crash deaths that 

occurred in 2005 are large trucks [4]. 

TABLE 1.2 DEATHS IN LARGE TRUCK CRASHES AND ALL CRASHES, 2005 [4]. 

Crash Type Deaths % 

Large Truck Crashes 5027 12 

Other Crashes 38,416 88 

All Crashes 43,443 100 

 
 Table 1.3 shows number of deaths in large truck crashes by truck type involved 

in the year 2005 in USA. The tractor-trailers account for 73 % (3694 deaths) of deaths 

and single unit trucks account for 27% (1,399) of deaths in truck related accidents [4]. 
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TABLE 1.3 DEATHS IN LARGE TRUCK CRASHES BY TRUCK TYPE INVOLVED, 
2005 [4] 

 
Truck Type Deaths % 

Tractor-trailer 3,694 73 
Single-Unit 1,399 27 

 
 The cars are designed to save the occupants in the event of crash, by using the 

passive safety devices such as air bags, seat belts and crushing of car frontal part. 

These passive safety devices work well in the regular impacts like frontal impact or rear 

impact. These passive safety devices give optimum crashworthiness performance when 

the car is tested by NHTSA in the 90 degrees barrier test. But, in the case of underride 

accidents, the loading of the car frontal part is different than the barrier test. In the case 

of underride, the load may not be applied to the members of the car that are designed 

for the optimum performance in the barrier test. In underride accidents, the cars loaded 

in the upper section which is much higher than the bumper of the car. This will cause 

the passenger compartment intrusion (PCI). In that case, the high profiled truck parts 

will directly contact the occupants of the passenger car and the passive safety devices 

may not work effectively.  So, these systems may fail in the case of underride crashes 

and are unable to protect the occupants [5]. 

 Thousands of lives can be saved all over the world if we can reduce the 

possibility of passenger compartment intrusion. Devastating accidents can happen even 

at low speeds which can lead to fatal injuries to the occupants to the passenger cars. 

Existing underride guard on the rear of the truck has some limitations in reducing the 

severity of the underride accidents and may be unable to prevent the passenger 

compartment intrusion (PCI).  There is some life threatening accidents due to the 
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limitations of the existing guard. The primary objective of the existing underride guard is 

to save the lives of the people at the time of the underride accidents. At higher speeds 

presently existing guard may act rigid and it may not be able to protect the car and its 

occupants. In fact, we don’t have any guard for the side of the truck here in USA, to 

save cars from being underride the truck. We don’t have a regulation for the side 

underride protection. In order to save the lives of people, we need to design effective 

underride guards for the rear and side of the truck. To achieve this task, there are 

several ways in designing energy absorbing underride guard. A new energy absorbing 

underride guard was developed in State University of Campinas, Brazil by L.O.F. 

Schmutzler by using the mechanical principle of simple pliers tool. The same principle is 

used in this study to design the energy absorbing underride guards for rear side truck. 

Two designs of underride guards for rear and side of the truck are created and attached 

to the truck and tested with a car by hitting the truck from rear and side at different 

speeds.   

1.1 Objective 

 The main aim of the study is to reduce the passenger compartment intrusion, and 

to stop the car from underriding the truck. To achieve this goal, two underride guards for 

rear and two underride guards for side are designed and tested for the strength and 

energy requirements according to FMVSS regulations. Then these guards are attached 

to rear and side of truck. A car is made to hit the truck from rear and side to test the 

effectiveness of these guards. The results obtained from these newly designed guards 

are compared with the existing guards results in the case of rear underride. The results 

from newly designed side underride guards are compared to the case with no guard. In 
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the case of rear underride the results for new guards are validated with the real time test 

results. In the case of side underride we don’t have any existing results to compare. So, 

we can just compare with the no guard case.  

1.2 Methodology 

  The methodology will be same as explained in objective. To achieve the goal of 

zero passenger compartment intrusion and to reduce the underride, two underride 

guards for rear and two underride guards for side are designed and tested for strength 

requirements according to Federal motor vehicle safety standard regulations. Then the 

newly designed underride guards are attached to rear and side of the truck. A car with 

different initial velocities is made to impact the truck from rear and side of the truck to 

check the effectiveness of these newly designed guards. In the case of rear underride, 

the results are validated with the real time testing results and the same results are 

compared with the results of existing guard. For the side underride, we don’t have any 

real time validation graphs. So the results of the side underride guard are compared 

with no guard results. All the results were plotted accordingly. There is an attempt to 

compare the passenger compartment intrusions in all the cases.  

1.3 Organization of Report 

 Chapter two has the literature review of background of underride guard 

regulations. First, we will discuss about the underride guards and their regulations here 

in USA. The steps of different stages of the rule making are discussed and then discuss 

about the existing regulations. Then discuss about the strength requirements, energy 

absorption requirements and configuration requirements according to these regulations.  

Then discuss about side underride guard and their regulations in USA and in European 
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nations. Then discuss about some of the drawbacks of existing regulations and 

common injuries that occur in underride accidents. Then discuss about different 

concepts for the design of underride guards. Then discuss about different software used 

in this study.  

Chapter three has design of new underride guard and development of crash 

model. First discuss about the pliers concept and designing and modeling of the guard 

by using this principle. Then discuss about different entities used in this study like 

element selection, material selection, contact definitions and hourglassing. Then 

discuss about the quasi static testing of existing guard and new pliers guard and their 

comparison. Then discuss about the different geometry models used in this study like 

car and truck. Then discuss the same in the case of side underride guard and quasi 

static testing of side underride guard and then discuss about attaching the guards for 

rear and side of the trucks.  

 Chapter four has the test methodology and technical aspects like wedge effect 

and ground clearance. Then discuss about initial conditions for testing the guards. 

Chapter five has results and discussions for rear underride guard. Here discuss about 

the damages to car and truck and then discuss about kinematic analysis of different 

guards. Then discuss about wedge effect and passenger compartment intrusion. Then 

discuss about kinematic response of car tunnel. 

 Chapter six has the test methodology, initial conditions and results for side 

underride guards. Then discuss about kinematic analysis, passenger compartment 

intrusion, and kinematic response of car tunnel. Chapter seven has conclusions and 

recommendations.  
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Underride Guards and Regulations in USA 

 The chronological order of brief history about regulations of underride guards in 

USA, from rule making proposal, response to the petitions for reconsideration, technical 

amendment, denial of petition to extend the effective date as stated by National 

Highway Traffic Safety Administration (NHTHA) is as follows. Most part of the following 

discussion was taken from NHTSA website and underride network website.  

 Over the years, NHTSA assessed FHWA regulation requirements and 

considered whether NHTSA should make a standard for heavy vehicles to have a rear 

underride protection guard. That consideration for new rear underride protection guard 

came up with requirements of ground clearance, guard strength as benefits of the new 

standard. The first and foremost Federal regulation which addressed the issue of heavy 

vehicle rear underride was issued in 1953 by Bureau of Motor Carriers of the Interstate 

Commerce Commission (Currently Office of Motor Carriers of the Federal Highway 

Administration, DOT).  This regulation (49CFR 393.86), requires semi trailers, trailers 

and heavy trucks should equip with rear end device to help prevent underride accidents 

(NHTSA, 1997a). This rule requires ground clearance should not be more than 760 mm 

when vehicle is empty. This rule also required that the device should locate not more 

than 610 mm forward of rear of the vehicle and it extends laterally to within 460 mm of 

each side. This regulation states that the guard substantially constructed and firmly 

attached. It must deflect 150 mm forward when subjected to a 20m/s2 (2 G) impact while 
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loaded. The requirements of this regulation are designed to protect the heavy vehicle, 

not the small colliding vehicle in the event of rear end impact [3].  

In the year 1967, NHTSA of U.S. Department of Transportation (DOT) issued an 

advanced notice of proposed rulemaking. This was issued by the then newly formed 

National Highway Safety Bureau (NHSB). In the year 1969, NHTSA issued notice of 

proposed rulemaking for a rear underride device of 18 inches height from ground. In 

that proposal NHTSA claimed that it can save 100 lives per year on average. This 

proposed regulation was required for all the trucks, trailers and semi trailers with Gross 

Vehicle Weight Ratio (GVWR) more than 10,000 lbs with a static testing of 75K of 

centric loading capability. But, no specific design came into picture [13]. 

 In the year 1970, NHTSA issued a second and revised notice of proposed 

rulemaking. The proposed guard still would be 18 inches height from the ground and 

covers most of the trucks, trailers and semi trailers which are more than 10,000 lbs 

GVWR. In this proposal, there was a small change in the static testing. The revised 

static testing was 50K lbs with a centric loading. But, still no specific design indicated. In 

the year 1971, NHTSA stopped rulemaking. Again in the year 1977, NHTSA reopened 

with a new advance notice of proposed rulemaking. This proposed rule indicated that 

tests confirmed the 18 inches high guard and its energy absorbing is preferable.  

In the year 1981, NHTSA issued proposed notice of rulemaking for a device with 

22 inches height from ground. It was still acknowledged that energy-absorbing is 

preferable. It covered for most of the trucks, trailers and semi trailers with more than 

10,000 lbs GVWR. The static test requirement is revised with a centric loading of 11240 

lbs and offset load of 22,480 lbs near horizontal beam / vertical strut intersection. At that 
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time the design was specified. This standard was issued after research and computer 

modeling studies indicated that it was feasible to manufacture light-weight guards that 

could prevent excessive underride and absorb crash energy. Guard energy absorption 

is important because overly rigid guards could result in passenger-compartment forces 

that would increase the risk of occupant injuries when compared to the absence of 

underride guards. 

 NHTSA at that time of proposal (1981) came to a conclusion that the newly 

proposed guard was superior to the 1953 FHWA regulation in three ways. First, NHTSA 

specified strength requirements for the guard (FHWA specified that the guard would be 

‘substantially constructed and firmly attached’). Second, the new standard proposed a 

guard configuration that permitted less clearance from ground which is 560 mm, with 

less longitudinal distance between the guard and the trailer rear extremity 305mm, and 

less lateral distance between the guard and the vehicle side extremities which is 100 

mm than those of FHWA regulation. Third, the proposed new standard specified the 

detailed procedure for testing the guards as they were installed on the trucks, for which 

they were intended by applying specified force at the selected positions of the guard. 

 In the year 1992, NHTSA issued supplemental notice of rulemaking which 

contains the requirements that were similar to the 1981 guard in terms of guard’s 

strength and configuration. This time, the guard height would be 22 inches from the 

ground and again acknowledges the superiority of the energy – absorbing guard. 

NHTSA admitted that the new design was only a modification of Interstate Commerce 

Commission’s guard from 1953 guard. In place of 1981 proposal of a single vehicle 

standard specifying the testing of guards on a completed vehicle, the 1992 standard 
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introduced two new sections: (a) an equipment standard providing the testing of guards 

on a test fixture, and (b) a vehicle standard requiring the installation of guards 

complying with the equipment standard. 

 The proposed rule now was an equipment-standard rather than vehicle-

standard. This rule covers half or less of trailers, semi trailers and all single unit trucks 

were exempted. This rule claimed that 9 to 19 lives could be saved each year, 776 to 

114 non-minor injuries could be prevented and 18 to 27 percent of Passenger 

Compartment Intrusion crashes could be prevented.   

On January 24, 1996, the National Highway Traffic Safety Administration 

(NHTSA) published a final rule promulgating two new Federal Motor Vehicle Safety 

Standards (FMVSS) for the rear impact guards (underride guards) on trailers and semi-

trailers (61 FR 2004). The first standard specifies performance requirements like 

strength and energy absorption for the underride guards. This standard also contains a 

configuration requirement that the horizontal cross member of the guard be at least 100 

mm (4inches) high at any point cross the guard width. This time, in January 1996, the 

final rule on truck underride protection specified an effective date of January 26, 1998 

for the implementation and a March 11, 1996 deadline for the reconsideration petitions 

on this rule [11]. 

2.2 FMVSS 223/224  

 NHTSA implemented two standards on 26th of January 1998 for the trucks 

manufactured on or after January 1998 to reduce number of deaths and severe injuries 

that occur when relatively small passenger vehicles collide with the rear of the trailers 

and semi-trailers. They were the Federal Motor Vehicle Safety Standards (FMVSS) 
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“Rear Impact Guards”, FMVSS 223, and “Rear Impact Protection”, FMVSS 224. FMVSS 

223 specifies the height, width, length, strength and energy requirements for the rear 

impact guards for trailers and semi-trailers. The FMVSS 224 specifies the requirements 

for the installation of rear impact guards on trailers and semi-trailers with a Gross 

Vehicle Weight Ratio (GVWR) of 4536 kgs (10000 lbs) and more that are manufactured 

on or after January 1998. But, this standard excludes pole trailers, pulpwood trailers, 

low chassis vehicles, special purpose vehicles (means a trailer or semi-trailer having 

work-performing equipment that, while the vehicle is in transit, resides in or moves 

through the area that could be occupied by the horizontal member of the rear underride 

guard), wheels back vehicles (means a trailer or semi-trailer whose rearmost axle is 

permanently fixed and is located such that the rearmost surface of tires of the size 

recommended by the vehicle manufacturer for the vehicle on that axle is not more than 

305mm forward of the transverse vertical plane tangent to the rear extremity of the 

vehicle) and temporary living quarters [9] [10]. 

2.2.1 FMVSS Standard No. 223 

 Rear Impact Guards - Rear Impact Guards for Trailers and Semi-trailers subject 

to FMVSS No. 224, Rear Impact Protection (Effective 1-26-98).This standard specifies 

requirements for rear impact guards for trailers and semi-trailers. The purpose of this 

standard is to reduce the number of deaths and serious injuries that occur when light 

duty vehicles collide with the rear end of trailers and semi-trailers [9]. 

2.2.2 FMVSS Standard No. 224 

 Rear Impact Protection - Trailers, Semi-trailers with a Gross Vehicle Weight 

Ratio of 4,536 kg (10,000 lbs) or more (Effective 1-26-98).This standard establishes 
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requirements for the installation of rear impact guards on trailers and semi-trailers with a 

gross vehicle weight rating (GVWR) of 4,536 kg (10,000 lbs.) or more. The purpose of 

this standard is to reduce the number of deaths and serious injuries occurring when light 

duty vehicles impact the rear of trailers and semi-trailers with a GVWR of 4,536 kg 

(10,000 lbs.) or more. This standard does not apply to pole trailers, pulpwood trailers, 

low chassis vehicles, special purpose vehicles, wheels back vehicles, or temporary 

living quarters as defined in 49 CFR 529.2 [10]. 

2.3 Evaluation and Placement of the Guard 

 The evaluation of the guard should be done according to the FMVSS Standard 

No. 223. The strength and energy absorbing requirements and the placement of the 

guard should be done according to the requirements specified in FMVSS Standard No. 

223 [8].  

2.3.1 Evaluation of Guard According to FMVSS Standard No. 223 

 Evaluating the guard according to this standard means to check the strength and 

energy absorbing requirements according to the standard and check whether the guard 

is withstanding the applied loads or not and to specify a test standard to do the  testing. 

The evaluation of a particular underride guard is done by performing a quasi-static tests 

and dynamic tests. However, dynamic test is performed to evaluate the final design. 

Due to cost involved in the dynamic testing, it is economical to use the quasi-static 

testing as it generates similar forces to those generated in a full scale crash test [8]. 

2.3.1.1 Strength Requirements According to FMVSS Standard No.223 

 According to the regulations issued in January 1998, the standard for strength 

requirements needs testing the guards by pushing with a 203mm by 203mm (8 inch by 
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8 inch) force plate with a thickness of 25mm, at specified points along the horizontal 

member of the guard. The test continues displacing the force plate at a constant rate of 

1.0 to 1.5 mm/sec (0.04 to 0.06 inches/sec) in forward direction which is same as 

having a constant displacement rate which is not less than 2cm and not more than 9cm 

per minute as specified by Office of Vehicle Safety Compliance (OVSC), as the guard is 

oriented on the trailer, until the guard resists a specified force, or until 125 mm (5 

inches) of displacement occurs. Figure 2.1 shows the test locations according to 

FMVSS Standard No. 223 to apply the loads. The force application plate will be placed 

at the locations specified below and displaced according the standard. 

 

Figure 2.1 Test locations according to the standard to apply the loads [8]. 
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 Table 2.1 shows the forces that need to be applied at the locations specified in 
the Figure 2.1 and the guard has to resist the specified loads. P1 point is at the 
extreme, P2 point is at the center and P3 point lies at a distance between 355 mm to 
635 mm. 
 

TABLE 2.1 GUARD STRENGTH LOAD APPLICATIONS [8] 
 

TEST LOCATION FORCE 

P1 50,000 N +0, -2500 N 

P2 50,000 N +0, -2500 N 

P3 100,000 N +0, -2500 N 

 
To pass the test, the guard has to resist the applied force within the first 125 mm 

(5 inches) of displacement [11]. 

2.3.1.2 Energy Absorption Requirements According to FMVSS Standard No. 223 

The standard’s test for energy absorption is conducted by applying a force in the 

same way as in the test for strength, but only at one specified test point. The force is 

recorded at least 10 times per 25 mm (1 inch) displacement until the 125 mm (5 inch) 

displacement is reached and the force plate is completely withdrawn from the guard. 

The guard energy absorption is calculated from a force vs. deflection graph plotted 

using recorded measurements. Only plastic deformation is counted toward meeting the 

required amount of energy absorption; as the elastic rebound of the guard is not 

counted [8][11]. 

 If the guard resists the applied load at the P3 location, then the guard will work 

perfectly in absorbing the applied loads at the different locations like P1 and P2. The 

force application at P3 location will satisfy the strength requirements test and energy 

absorption requirements test at the other locations. The force vs. displacement curve 
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will be used to determine if the guard met the guard strength and energy absorbing 

requirements. Figure 2.2 shows the typical force vs. displacement curve at P3 location 

and the area under the curve shows the energy absorbed by the guard tested with the 

application of 100 kN force. 

 

Figure 2.2 Force vs. deformation curve for the test location P3 and shows the energy 
absorbed by the guard [8] 

 
2.3.2 Configuration Requirements 

 The configuration requirements contain that the horizontal cross member of the 

guard should be placed at least 100 mm (4 inches) high at any point across the width of 

the guard. The standard also specifies the requirement for the location of the horizontal 

member of the guard relative to the rear end of the trailer or semi-trailer, including a 
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requirement that the rearmost surface of the member be located no more than 305mm 

(12 inches) forward of the trailer’s rear extremity. The following figure shows the 

configuration requirements for the underride guard as per the regulations FMVSS 

223/224 

               

Figure 2.3 Configuration requirements for the underride guard [12] 

But it has been identified that the car is already underride by the time it is in 

contact with the guard because of the distance 305 mm (MAX) provided between the 

guard and the rear of the truck. In order to prevent underride in the first instance this 

distance should be zero. The guard height 560 mm is not compatible with all classes of 

the cars. The low compatible vehicles will easily underride the truck due to high guard 
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clearance from ground. The guard distance from side extremity (100 mm) will not 

provide good resistance from offset collisions. 

2.4 Standard for the Side Underride Protection 

 There are no standard regulations for side underride protection in USA. The 

Highway Safety Research Institute (HSRI) roughly estimated that there would be 261 

rear-end underride car-into-truck fatal collisions per year, and 195 side underride car-

into-truck fatal collisions per year [6]. This report from HSRI shows that the side 

underride fatal accidents are almost half of the rear underride fatal crashes. This shows 

that the side underride accidents can be reduced with the side underride guard. Figure 

2.4 shows some examples of side underride accidents usually occur on roads. 

             

             

Figure 2.4 Examples of fatal side underride accidents [14] 
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2.4.1 Some Causes for the Side Underride Accidents 

 When a large truck trailer makes a lane change on a highway, an adjacent car 

may not be readily perceived by the truck driver, and the car can be trapped in the long 

open side of the trailer and crushed by the trailer’s rear wheels. In addition, the trailer’s 

side structures can crush into the car’s roof [6]. Other side underride accidents have 

occurred when a tractor trailer makes a turn at an intersection or pulls out onto the 

highway in front of oncoming traffic. Similar accidents occur at night, for example, when 

the headlights of the tractor creates glare to an oncoming driver and thereby 

camouflages the visual perception that the tractor’s long trailer is still diagonally 

straddling the road ahead [6].  

 The use of retro-reflective tape along the sides and rear of the trucks and trailers 

is extremely beneficial in enhancing their “conspicuity” or perception and identification at 

night and in inclement weather, so that motorists can see and understand the nature of 

the large truck danger ahead and thereby hopefully avoid the accident from occurring in 

the first place, or at least reduce the severity of any collision that might occur [6]. 

2.4.2 Side Underride Guards in Europe 

 In England and other European nations, the side underride protection guards 

were implemented in the early to mid-80’s. In fact, in some of the European nations, the 

rear underride guards were implemented in the mid to late 70’s. After 20 years the same 

counterparts were implemented in USA and still not providing enough protection for the 

passenger cars [6]. In Europe, they started the side underride guards to protect 

motorcyclists, bicyclists and pedestrians from being entrapped in the open side along 

the sides of the trucks and trailers. That guard was similar to the guard rail along the 
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highway. Such guards were also helpful in saving the cars to be entrapped in the sides 

of the trucks [6]. 

 

Fig 2.5 one of the examples of the side underride guard used in 
European countries [6]. 

 

 By considering all these factors for the side underride protection, if NHTSA 

consider making a regulation for side underride in addition to the FMVSS 223 and 224 

would save hundreds of the lives. In 1970’s NHTSA noted that they soon will consider 

the underride protection for sides of large vehicles. 

2.5 Some Drawbacks of Existing Regulations  

 There are some drawbacks in the NHTSA’s present regulation and they are listed 

below [5] [7]. 

 The regulation is applied to the trucks and semi-trailers that were manufactured 

on or after January 1998. It discards the requirement for a guard to the trailers 

that were made before 1998. 

 The regulation won’t apply for all the trucks. It excludes pole trailers, pulpwood 

trailers, low chassis vehicles, special purpose vehicles, wheel back vehicles and 
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temporary living quarters. In USA dump trucks virtually won’t have any rear guard 

to protect the passenger vehicles. 

 It won’t apply for the single unit trucks. According to IIHS 2005 report, the single 

unit trucks account for 27% of all truck fatal accidents. 

 High ground clearance of the guard’s horizontal member which is 560 mm from 

ground doesn’t protect smaller cars from being underride. 

 Ends of guard horizontal member are far from the side extremities of the truck. 

The ends of horizontal member of the guard are 100mm from side extremities of 

the truck. Due to this the guard may not work well in offset crashes. 

 The guard’s strength requirements are too weak and were derived from 30 mph. 

The difference in speed will increase the severity. A 40 mph crash is 1.8 times 

more severe than a 30 mph crash. The energy varies as the square of the 

velocity. The ratio is (40)2 over (30)2 or 1600/900=1.8 

 Does not provide the good resistance to the offset crashes. 

 Does not provide compatibility to all classes of the passenger vehicles. 

 Does not address the side underride protection which are almost 50% 

2.6 Common injuries in underride Accidents 

 When a car strikes the truck from rear or side, underride may occur in most of the 

cases. This may be the result of lack of efficient guard to prevent underride in the rear 

case and due to no guard for the side. In the case of underride, the high profiled and 

much stiffer truck bed may directly hit the occupants of small passenger cars at head 

and chest level by breaking the windshield. In the case of underride accidents, the 

passive safety devices like air bags, seat belts and the energy absorption capability of 
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the car by crushing may not work properly. The primary objective of the guard is to 

reduce the severity of the injuries or prevent them completely, but it is not performing 

the task sufficiently. The common injuries that will occur due to underride will be severe 

brain trauma, extensive facial fractures, and loss of one or both eyes. Over the years 

thousands of people were either killed or seriously injured in the truck underride 

accidents. All these accidents can be reduced by implementing effective underride 

guard.  

2.7 Different Designs for Underride Protection 

All the guard designs in USA are simple with two vertical struts and a horizontal 

member which is less strong in some cases to avoid the underride. These days there is 

necessity for the good strength for the horizontal member and the guard should run full 

width along the rear of the truck to avoid fatality. More vertical struts and diagonal 

braces can be added to help guard from bending and breaking.  Very few current 

designs are using the advanced energy absorbing techniques for the design. It’s also 

desirable that the guards should have low ground clearance in order to stop the car 

from being underride. Some of the possible design concepts for underride guards are 

discussed here [6]. 

2.7.1 New Pliers Concept 

  This guard is designed by Unicamp State University, in Campinas, Brazil. The 

guard will use the mechanical principle of the simple pliers tool. It consists of a hanging 

frame held by steel cables. The frame is attached to the truck chassis beam by means 

of welding of two articulations. When the car hits the guard, the bumper of the car hits 

the steel cables net. Then the steel cables deform as the car moves forward. As this 
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process is going on, the car’s frontal crush zone is fully utilized and absorb the collision 

forces [7].  

2.7.2 Belleville Spring Washer Concept 

 Belleville spring washers are thin-metal pie plates of convex and concave 

contours with varying compressive strength. These pie plates can be stacked in a 

chamber, so that the plates in the chamber will act as a movable piston. The energy will 

be absorbed progressively by selecting the strength and appropriate contours of pie 

plates. The higher speed crashes will engage stiffer and stronger pie plates. Heavier 

cars can be accommodated by varying the energy absorbing of differing pie plates in 

the piston [6]. 

2.7.3 Rigid Foam Filled Structures Concept  

 Tubular compartments containing high density rigid polyurethane foam showed 

that it has triple the bending and compressive strength when compared to other 

structures. These foam filled structures are light weight and low cost. This is an efficient 

technique to use for the underride guards for the rear and side of the trucks [6]. 

2.7.4 Recycled non – metallic synthetics 

 The recycled rubber from tires can be shredded, powdered and mixed with 

bonding materials to create moldable material. The molding of underride guard can be 

attached to the rear and side of the trucks. These will provide good resistance to the 

applied loads [6]. 

2.8 Description of Software Used in this Study 

 Due to increasing cost on conducting real-time crash simulations, CAE tools are 

very widely used in auto industry. As a result, automakers have reduced product 
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development cost and time while improving safety, comfort, and durability of the 

vehicles they produce. The predictive capability of CAE tools has progressed to the 

point where much of the design verification is now done using computer simulations 

rather than physical prototype testing. Tools used in this study are briefly explained 

below. 

Pre processing like modeling of guard, applying the boundary conditions and 

load application are done using MSC-PATRAN, analysis of the model is done using LS-

Dyna, attaching the guard to the truck was done using Easi Crash Dyna, and post-

processing was done using LS-PREPOST. 

2.8.1 MSC.PATRAN 

 MSC Patran is one of the versatile software that deals with design and finite 

element analysis of different parts.  MSC/Patran provides an integrated CAE 

environment for multi-disciplinary design analysis. With this analysis, one can use 

MSC/Patran to simulate product performance and manufacturing processes early in the 

design-to-manufacture process. MSC/Patran includes a world class pre and post 

processor with analysis modeling, analysis simulation and results evaluation 

capabilities. With menu driven graphical interface and online help, MSC/Patran 

represents the industry’s most advanced and easy-to-use pre and post processing 

simulation [15]. 

MSC/Patran provides direct access to geometry from the world’s leading CAD 

systems and data exchange standards. Using sophisticated geometry access tools, 

MSC/Patran addresses many of the traditional barriers to shared geometry including 

topological incompatibilities, solid body healing, mixed tolerances and others. Once 
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accessed, MSC/Patran provides a wealth of tools to manipulate geometry as well as for 

creating new geometry.  

Powerful yet flexible meshing is available in MSC/Patran, with capabilities that 

range from fully automatic solid meshing to detailed node and element editing. Loads 

and boundary conditions may vary and can be associated with the design geometry or 

with the analysis model. Extensive model verification techniques locate errors and 

further increase the efficiency of the analysis process. 

The powerful results visualization tools of MSC/Patran enable you to identify 

critical information, including minimums, maximums, trends and correlations. Iso-

surfaces and other advanced visualization tools help speed and improve results 

evaluation. The use of color, group and animation with high-speed data access allows 

you to interpret analysis data with new understanding. 

MSC/Patran also provides a customized interface for many analysis solvers 

through MSC’s unique preference capability. Preferences are available for 

MSC/Nastran, and other leading analysis solvers like LS-Dyna, Abaqus, etc. The 

MSC/Patran fully integrated product family includes analysis products available for 

structural analysis, advanced structural and thermal analysis, fatigue simulation, 

composite laminate modeling, analysis management and material selection. 

2.8.2 LS – DYNA 

LS-DYNA [17] is a general-purpose, explicit finite element program used to 

analyze the nonlinear dynamic response of three-dimensional inelastic structures. Its 

fully automated contact analysis capability and error-checking features have enabled 

users worldwide to solve successfully many complex crash and forming problems. An 
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explicit time integration scheme offers advantages over the implicit methods found in 

many FEA codes. A solution is advanced without forming a stiffness matrix (thus saving 

storage requirements). Complex geometries may be simulated with many elements that 

undergo large deformations. For a given time step, an explicit code requires fewer 

computations per time step than an implicit one. This advantage is especially dramatic 

in solid and shell structures. In extensive car crash, airbag and metal forming 

benchmark analyses, the explicit method has been shown to be faster, more accurate, 

and more versatile than implicit methods. 

LS-DYNA has over one hundred metallic and nonmetallic material models like 

Elastic, Elastoplastic, Elasto-viscoplastic, Foam models, Linear Viscoelastic, Glass 

Models, Composites, etc. The fully automated contact analysis capability in LS-DYNA is 

easy to use, robust, and validated. It uses constraint and penalty methods to satisfy 

contact conditions. These techniques have worked extremely well over the past twenty 

years in numerous applications such as full-car crashworthiness studies, 

systems/component analyses, and occupant safety analyses.  

Coupled thermo-mechanical contact can also be handled. Over twenty-five 

different contact options are available. These options primarily treat contact of 

deformable to deformable bodies, single surface contact in deformable bodies, and 

deformable body to rigid body contact. Multiple definitions of contact surfaces are also 

possible.  

A special option exists for treating contact between a rigid surface (usually 

defined as an analytical surface) and a deformable structure. One example is in metal 

forming, where the punch and die surface geometries can be input as IGES or VDA-
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surfaces which are assumed rigid. Another example is in occupant modeling, where the 

rigid-body occupant dummy (made up of geometric surfaces) contacts deformable 

structures such as airbags and instrument panels. 

Some of the prime application areas of LS-DYNA are as follows: 

 Crashworthiness simulations: automobiles, airplanes, trains, ships, etc 

 Occupant safety analyses: airbag/dummy interaction, seat belts, foam padding, etc 

 Bird strike 

 Metal forming: rolling, extrusion, forging, casting, spinning, ironing, superplastic 

forming, sheet metal stamping, profile rolling, deep drawing, hydroforming (including 

very large deformations), and multi-stage processes 

 Biomedical applications and many more. 

LS-DYNA runs on leading UNIX workstations, supercomputers, and MPP 

(massively parallel processing) machines. Computer resource requirements vary 

depending on problem size. Simulations with more than 1.200.000 elements have 

been run using 250 million words of memory and 3.5 GB of disk space. On 

supercomputers, the code is highly vectorized and takes advantage of multiple 

processors. 

2.8.3 EASi Crash Dyna 

EASi CRASH DYNA [18] is the first fully integrated simulation environment specially 

designed for crash engineering requiring large manipulation capability. It can directly 

read files in IGES, NASTRAN, PAM-CRASH, MADYMO and LSDYNA data. ECD has 

unique features, which enable the crash simulation more realistic and more accurate.  
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Crash model building features include, 

 Direct read-in of IGES, NASTRAN, LS-DYNA and MADYMO data. 

 Fully automatic meshing and automatic weld creation. 

 Rapid graphical assembly of system models. 

 Organization of model to mimic car design process hierarchy. 

 Coupling between FE and rigid body models using EASi-CRASH’s multi-window / 

multi-model / multi-application environment with visual verification. 

 Material database access and manipulation compatible with crash specific 

solvers. 

 Graphical creation, modification and deletion of contacts, materials. 

 Automatic detection and correction of initial penetration. 

 Minimum time step calculation and visualization. 

 FE-dummy and Rigid body dummy structuring, positioning and orientation. 

 EASi-CRASH is based on over 10 years of EASi's practical experience in crash 

simulation and is, therefore, tailored to the needs of the user. 

 It allows random access to both model and simulation results, which greatly 

enhances the model verification process. 

 Simultaneous animation, visualization and synchronized curve plotting make 

EASi-CRASH a high performance environment. 

Pre-Processing Features 

 Fully automatic meshing and automatic weld creation 

 Rapid graphical assembly of system models 

 FE-Dummy and Rigid body dummy structuring, positioning and orientation 
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 Material database access and manipulation 

 Graphical creation, modification and deletion of contacts, materials, constraints 

and I/O controls 

 Automatic detection and correction of initial penetration 

 Replacing the component from one model to another model 

Post-Processing Features 

 Highly optimized loading and animation of DYNA results for design 

 Superposition of results for design 

 User friendly and complete plotting for processing simulation and test data 

   comparisons 

 Quick access to stress energies and displacements without reloading the file 

 Dynamic inclusion/exclusion of parts during animation and visualization 

 Import and super-imposition of test results with simulation results 

 Synchronization between animation and plots, between simulation result file and 

test result file 

EASI-Plot Features 

 User friendly complete plotting tool for processing simulation and test data 

 Easy access to engineering functions 

 Plot file re-generation using template and session file 
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CHAPTER 3 

DESIGN OF NEW GUARD AND DEVELOPMENT OF CRASH MODEL 

3.1 New Conceptual Pliers Underride Guard 

 With the some drawbacks in the present design and regulations for the 

underride guard, there was a new design for the underride guard designed by the 

Brazilian engineers. The new conceptual pliers underride guard is based on the 

mechanical principle of a simple pliers tool [16]. This design was first conceived by Luis 

Otto Faber Schmutzler of State University of Campinas in Campinas, Brazil. Figure 3.1 

shows the principle behind the pliers underride guard and how it works in the event of 

car to truck collision. 

 

Figure 3.1 Principle behind the new pliers underride guard [7] 
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The new guard, designed according to this principle, consists of a steel hanging 

frame held by steel cables. The hanging frame is attached to the chassis beam by 

means of two articulations (means revolute joints). The guard frame can be moved 

upwards when it hits any ground obstacle because of the articulations. The articulations 

also give the ground clearance adjustment in the case of loading and unloading of the 

truck. In the case of accident between car and truck, the car bumper will first hits the 

steel cables net and make the cables displace in the opposite direction and make them 

bend. These bent cables will make the lower frame move in the upward direction. The 

car front part will be bitten by the lower frame and chassis beams. The compression of 

the car front part will use the car’s designed-in frontal crush zone to deform and absorb 

the impact energy. As this process going on, the car passengers will be benefited from 

frontal crush zone and unsafe underride. The front tires of the car will also hit the guard’ 

lower beam and provide additional ways of absorbing the energy generated from the 

impact. This facility is not available in the traditional underride protection guards. If the 

steel cables failed in the event of crash and fall to the ground, then it will create the 

ramping effect and it avoids the underride of the car [5] [7]. 

3.2 Finite Element Modeling of the New Pliers Guard 

 All the parts of the pliers guard are modeled using MSC/Patran, a CAE software 

deals with design and finite element analysis. MSC/Patran will act as pre-processor for 

the solver LS-Dyna by creating the key file for the analysis. The new guard has seven 

parts. They are Lower Beam, Cables, Top Beam, Left Circular Disc, Right Circular Disc, 

Left Rectangular Plate, Right Rectangular Plate as I call them. Out of which, both 

circular discs and rectangular plates are rigid bodies. The rigid bodies made it easy for 

 32



constraining them to the rear of the truck. The remaining parts lower beam, top beam 

and cables are made as piecewise linear plasticity bodies. These three parts will 

actually do the work to stop the underride of the car into truck and protect the occupants 

of the small passenger car.  

 

Side Discs 

Side Plates 

Top Beam 

Cables 
 

 

 

 

Figure 3.2 Exploded view of the new pliers u
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3.2.2 Element Selection for the Parts of the New Pliers Guard 

 The new guard model is designed with solid elements. The elements are chosen 

as 3D solid elements with an option of constant stress elements.  

3.2.3 Material Selection for the Parts of the New Pliers guard  

The material chosen for this study is SAE 1020 steel. Table 3.1 shows the 

materials types used in this study. All the parts are chosen to be solid elements. Mat 

Rigid card was chosen for two side plates and for two side discs. These two side plates 

and two side discs are of no use. As they will not come into contact directly with the car. 

Their main purpose is to attach the lower beam to the truck chassis beams and to 

create pliers action when the car strikes the truck. 

TABLE 3.1 ELEMENTS AND MATERIAL SELECTION FOR THE PARTS OF 
THE GUARD 

 

Part Element Material Type No. of 
Elements 

Two side 
plates Solid MAT_RIGID (MAT 20) 80 

Two side 
discs Solid MAT_RIGID (MAT 20) 116 

Lower 
beam Solid MAT_PIECEWISE_LINEAR_PLASTICITY 

(MAT 24) 2112 

Cables Solid MAT_PIECEWISE_LINEAR_PLASTICITY 
(MAT 24) 4224 

Top 
Beam Solid MAT_PIECEWISE_LINEAR_PLASTICITY 

(MAT 24) 1684 

 
Table 3.2 shows the properties of the material used for the parts of the guard 

used in this study. SAE 1020 steel is selected as the material for the parts of the guard. 

In the real time test, they used SAE 1020. That is the reason to choose this material for 

the study. 
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TABLE 3.2 MATERIAL PROPERTIES FOR THE SAE 1020 STEEL  
 

Material chosen SAE 1020 steel 
Density 7.87*10-9 N/mm3

Young’s Modulus 205 GPa 
Poisson’s ratio 0.3 
Yield strength 215 MPa 

 
3.2.4 Important LS-Dyna Cards Used in this Study 

 Table 3.3 shows the LS-Dyna cards used in this study and it also explains the 

purpose of each card used in this study. The detailed explanation of the cards is 

explained in the appendix. 

TABLE 3.3 LS – DYNA CARDS USED IN MODELING THE GUARD 

LS – Dyna Card Purpose 

*MAT_RIGID To specify the rigid parts 
*MAT_PIECEWISE_LINEAR_ 

PLASTICITY To specify the parts other than the rigid. 

*CONSTRAINED_GENERALISED_ 
WELD_SPOT To specify the welds between the parts 

*CONSTRAINED_JOINT_REVOLUTE To specify the revolute joint between side 
plate and side disc 

*CONSTRAINED_EXTRA_NODES_SET 
To specify the extra nodes set , those can 

be used in revolute joint creation and 
attaching a part to the other parts 

*BOUNDARY_SPC_SET To constrain the movement of the part in x, 
y, z directions  

*BOUNDARY_PRESCRIBED_MOTION To specify the motion in a prescribed 
direction 

*CONTACT_AUTOMATIC_ 
SURFACE_TO_SURFACE 

To specify the contacts between the 
surfaces 

*CONTACT_AUTOMATIC_ 
NODES_TO_SURFACE 

To specify the contacts between nodes of 
a part and surface of other part 

*HOURGLASS To specify appreciable hourglassing for 
the specified parts  

*DATABASE_HISTORY_NODE_SET To specify the nodes, those are to be in 
the outputs. 
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3.3 Contact Definitions 

 Two kinds of contacts are used in this study. They are specified below as 

CONTACT_AUTOMATIC_ SURFACE_TO_SURFACE which is used to define contacts 

between the car and the truck also the contact between the car and the ground; and the 

CONTACT_AUTOMATIC_NODES_TO_SURFACE which is used to create contacts 

between the parts of the guard and the car [17]. 

3.4 Hourglassing 

 Hourglass modes are non physical, zero-energy modes of deformation that 

produce zero strain and no stress. Hourglass modes occur only in under-integrated 

(single integration point) solid, shell, and thick shell elements. LS-Dyna has various 

algorithms for inhibiting hourglass modes. The default algorithm (type 1), while 

cheapest, is generally not the most effective algorithm. The same was used in the 

*SECTION_SOLID card. Initially there was some hourglassing seen. In order to control 

this HOURGLASS card is used for the steel cables and the lower beam and is 

referenced via HGID in the PART card. Equation 4 was chosen for the IHQ in the 

HOURGLASS card [17].  

3.5 Another Design of the New Pliers Guard with Horizontal Cables 

 One more design of the guard was made to compare with this guard and to 

choose the best guard between these two designs. This new design of the guard is 

made by adding two horizontal cables to the vertical cables and rest of everything in the 

previous guard is same. The only difference is like these horizontal cables are placed at 

a distance 185 mm from each other. The material for these two cable is piecewise linear 

plasticity and the material properties are same as explained before. The elements are 
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chosen to be solid elements with constant stress option. These cables are welded to the 

vertical cables by using the constrained generalized weld spot card.  Figure 3.3 shows 

the new guard with the horizontal cables and horizontal cables used to attach to the 

vertical cables. 

        

Figure 3.3 New design of the pliers guard with horizontal cables 

3.6 Reference and Units Used  

 The Cartesian co-ordinate system is used for modeling the new conceptual pliers 

guard for this crash analysis. The positioning all the entities were made with respect to 

the global co-ordinates with reference at [x y z] at [0 0 0]. Table 3.4 shows examples of 

sets of compatible units. The units showed in column (b) are used in this study. Length 

unit is millimeter, mass unit is ton and time unit is second. 

           TABLE 3.4 EXAMPLES OF SETS OF COMPATIBLE UNITS 

 (a) (b) (c) 
Length Unit Meter Millimeter Millimeter 
Time unit Second Second Millisecond 
Mass unit Kilogram Tonne Kilogram 
Force Unit Newton Newton kilo Newton 

Young’s modulus of steel 210E9 210E3 210 
Density of steel 7.85E3 7.85E-9 7.85E-6 

Yield stress of mild steel 200E6 200 0.200 
Acceleration due to gravity 9.81 9.81E3 9.81E-3 

Velocity equivalent to 30 mph 13.4 13.4E3 13.4 
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3.7 Quasi Static Testing of New Pliers Underride Guard and Comparison with Old       
      Guard 
 
 Static loads are applied on both the guards to see whether they are going to 

withstand the applied loads as specified in the FMVSS 223. Loads are applied on 

203x203 mm force plate and displace the force plate as specified in FMVSS 223 test 

and force vs. displacement curves were plotted and compared with old guard static test. 

Figure 3.4 shows the forces that are needed to apply on the guard according to different 

standards. 

 

Figure 3.4. Forces applied on the guard according to different standards 

  

Figure 3.5. Comparison of FMVSS 223 test on existing guard and new pliers guard  
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Figure 3.5 shows the comparison of FMVSS test on existing guard and the new 

pliers guard. In both the cases, the force plate is forced at P3 location. Force Vs 

Displacement curves are plotted with the results obtained from the quasi static test s of 

the guard.  

       

 Figure 3.6. Comparison of Load Vs Displacement curves for both guards 
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 Figure 3.6 shows almost the same profiles for both the guards. The old guard’s 

graph shows that it can absorb the 100 kN of force after 40 mm of displacement. The 

new pliers guard showed almost same profile and it reached the same 100 kN at the 

displacement of 50 mm and it is still can absorb the applied force as the test continues. 

The new guard absorbed the energy until 130 kN and still can absorb more energy. This 

shows that both guards passed the test of FMVSS 223. 

3.8 Geometry Model 

 To test the effectiveness of the pliers underride guard, the guard should be 

attached to the truck and this truck-guard assembly needs to impact with a car from rear 

or side. The validated LS-Dyna crash models of Ford single unit truck and the compact 

car Ford-Taurus are imported from the finite element model archive of the National 

Crash Analysis Center (NCAC) at George Washington University for the crash analysis. 
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The above mentioned models [19] are chosen due to the similarities such as class, test 

mass, height of the bumper from the ground, center of gravity, distance between the 

front bumper and the wind shield , properties of frontal crush zone , with the vehicles 

used in full scale crash tests. However, the results are not expected to closely match to 

the results obtained from the full scale crash test. 

3.9 Description of Finite Element Models Used  

 The truck used is a Ford single unit truck and the car is Ford Taurus. Even 

though the regulation does not apply for the single unit trucks, this truck was chosen 

due to lack of availability of finite element models of the trailers from NCAC. The 

following description tells about the finite element models that are used in the study. 

3.9.1 Ford Single Unit Truck Modified Model  

 The impacted vehicle here is the Ford single unit truck modified model. The FE 

model is imported from the FE model archive of the National Crash Analysis Center 

(NCAC) at George Washington University. The total mass of the truck is approximately 

8,000 kg. This shows that the truck specified here can be used for the study. The 

regulation tells that any truck with more than 10,000 lbs (4,536 kg) should equip with the 

rear underride guard. The used here is the 8,000 kg which is more than 4,536 kg. So, 

we can use this truck for our study. The choice of single unit truck is strictly because of 

lack of availability of other trailers or semi trailers or trucks. Even though the regulation 

does not apply for the single unit trucks, this truck is chosen for the study due to lack of 

availability. The model of the single unit truck consists of 147 parts, 24915 nodes, 

20109 shell elements, 1492 brick elements, 124 beam elements. Figure 3.7 shows the 

finite element model of the truck downloaded from NCAC. 

 40



 

Figure 3.7 Ford single unit truck with 8000 kg mass [19] 

The formulation of shell types is based on the Belytschko-Tsay shell theory. 

Table 3.5 shows the finite element data of the truck and it shows that the truck has 147 

parts, 24,915 nodes, 20,109 shell elements, 1,492 brick elements and 124 beam 

elements.  

TABLE 3.5 FORD SINGLE UNIT TRUCK MODIFIED FE MODEL SUMMARY[19] 

Number of Parts 147 
Number of Nodes 24915 

Number of Shell Elements 20109 
Number of Brick Elements 1492 
Number of Beam Elements 124 

 
This truck is chosen for three reasons. One of the reasons is that this truck has 

8000kg mass. FMVSS 224 states that the trucks with more than 4536 kg weight should 

have underride guards [10]. The second reason was that FMVSS rule does not apply for 

single unit trucks. This study showed that fatal can happen even with single unit trucks. 

The final reason is that NCAC does not have the FEM model for truck-trailer other than 

this Ford single unit truck. So, that leaves no option to choose. 
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The rear underride guard of the truck is built with two vertical members and one 

horizontal member as seen in the Figure 3.7. The horizontal member of the guard on 

the truck is at a height of 464 mm (18 inches) from the ground level. The side ends of 

the horizontal member are 432 mm (17 inches) from the sides of the trailer. Table 3.6 

shows the details of the rear underride guard on Ford single unit truck modified model. 

TABLE 3.6 SUMMARY OF THE FE MODEL TRUCK REAR UNDERRIDE 
GUARD [19] 

 
Height of rear underride guard from ground (mm) 463 

Width of the horizontal member (mm) 1577 
Length of vertical member (mm) 562 

 
3.9.2 Ford Taurus 

The vehicle FE model used is based on a 1991 Ford Taurus. EASi Engineering 

developed it for the National Highway Traffic Safety Administration (NHTSA). Figure 3.7 

shows the vehicle model of Ford Taurus. The frontal portion of the vehicle was modeled 

in greater detail while the center and rear portions were modeled with a coarse mesh or 

beam elements. Since the central and the rear portions of the vehicle do not undergo 

significant deformations in a frontal impact, modeling these parts with coarse mesh or 

beam elements does not effect the accuracy of the results as long as the overall mass 

distribution and inertia of the model are consistent with those of the actual vehicle.  

The vehicle model is subdivided into 123 parts. Each part represents a 

component in the vehicle. Out of the 123 parts, 104 parts are used with shell elements 

to model the sheet metal components, 18 parts are assigned beam elements to 

represent the steel bars in the vehicle along with some of the connections between the 

sheet metal components, and one part is modeled with brick elements to represent the 

radiator. Two types of shell elements are used in the model, quadrilateral and triangular. 
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The formulation for both shell types is based on the Belytschko-Tsay shell theory, which 

is the default shell formulation in LS-DYNA3D. The material model assigned to these 

shell elements is a general isotropic elastic-plastic material. Figure 3.8 shows the car 

model used in the study. 

 
Figure 3.8 Ford Taurus finite element model [19] 

 
The stress-strain relation for the isotropic elastic-plastic material is defined with 

eight stresses versus strain points. The beam elements used in the vehicle are based 

on Hughes-Liu beam formulation and use the isotropic elastic material model. The solid 

elements are assigned metallic honeycomb material type, and use the constant stress 

solid element formulation. The FE vehicle model components are connected to each 

other using the spot welds and rigid body constraint options in LS-DYNA3D. The 

contact and friction between the components are modeled with one single surface-

sliding interface also known as automatic contact for beam, shell and solid elements 

 43



with arbitrary segment orientation. Figure 3.8 shows the finite element model of a Ford 

Taurus, the under bonnet stiff structure being well defined which is necessary for this 

research. Table 3.7 shows the finite element and property summary of the car. The car 

has 123 parts, 26,741 nodes, 27,874 shell elements, 341 brick elements and 140 beam 

elements.  

TABLE 3.7 FINITE ELEMENT SUMMARY OF FORD TAURUS FE MODEL [19] 
 

Number of Parts 123 
Number of Nodes 26741 

Number of Shell Elements 27874 
Number of Brick Elements 341 
Number of Beam Elements 140 

 
 Table 3.8 shows the property summary of the ford Taurus model used in this 

study. Total mass of the car is 1,378 kg, center height of bumper from ground is 471 

mm, height of center of gravity of car is 552 mm, bumper to windshield horizontal 

distance is 1,076 mm, width of the car is 1,487 mm, length of the car is 4,510 mm, and 

height of the car is 1,404 mm.  

TABLE 3.8 PROPERTY SUMMARY OF FORD TAURUS MODEL [19]  
 

Property Ford Taurus 

Test Mass (kg) 1378 

Center height of bumper from ground (mm) 471 

Height of center of gravity (mm) 552 

Bumper – windshield horizontal distance 1076 

Width (mm) 1487 

Length (mm) 4510 

Height  (mm) 1404 
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3.9.3 Ground Plane  

               A 150000 X 10000 mm plane is built to represent the ground on which the car 

and truck were placed. Figure 3.9 shows the ground plane used in this study. The car 

and truck are placed on this ground and sliding contact is given between the ground and 

truck and between the car and the ground with some frictional values. 

 
Figure 3.9 Ground plane 

 
3.10 Attaching the Guard to the Truck 
 

 
 

Figure 3.10 Real time guard attached on to the truck [7] 
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Figure 3.11 New pliers guard attached to the truck in the simulation 

 
Figure 3.10 shows the guard attached to the truck in the real time testing and 

Figure 3.11 shows the pliers underride attached to the finite element truck used in this 

study. The attachment of the pliers underride guard to the truck is explained later. As 

discussed earlier, the new pliers guard has seven parts. All of them are solid elements 

with constant stress option. Out of them, two side plates and two side discs are the rigid 

bodies and lower beam, cables and top beam are the piecewise linear plastic materials. 

The two side plates (which are rectangular in shape) are attached to the truck chassis 

beam by using the *CONSTRAINED_EXTRA_NODES_SET card. By constraining the 

nodes of chassis beam to the rigid side plate makes the two plates behave as the single 

part. The nodes adjacent to side discs (side discs, which are circular in shape) on lower 

beam are attached to side discs. This makes the lower beam and side discs act as 

single part.  

The circular side discs are connected to rectangular side plates with the help of 

revolute joints by using *CONSTRAINED_JOINT_REVOLUTE card. This can be 

accomplished by creating the rigid nodes on the side plate and attaching them to the 
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side discs. So, finally these entire things make the lower beam attached to the chassis 

beam with the help of revolute joint. This fulfills the role of two side discs and two side 

plates.  

 The role of the revolute joint is to achieve the pliers action. The lower beam and 

cables are welded together by using the *CONSTRAINED_GENERALISED_WELD_ 

SPOT card. The cables were welded to the top beam by using the same generalized 

weld spot card. The top beam had two angular beams. These angular beams give the 

support to the pliers guard when the car hits guard. This option will let you transfer more 

impact loads to the chassis beam. This will buy more time for the occupants of the small 

passenger car and save their lives. The ends of the top beam’s angular beams are 

attached to the truck chassis beam with the help of welds.  

3.11 Side Underride Guard with Pliers Principle 

 The same type of pliers guard was implemented for the side of the truck to save 

the lives and to reduce the severe injuries. As explained earlier, there are no regulations 

for the implementation side impact underride guards in USA. So, the same mechanical 

principles of simple pliers tool is used in modeling the side underride protection guard. 

The pliers guard modeled for the side underride is same as the pliers guard that is used 

for the rear underride protection. The side guard actually has eight parts, only part that 

added is top rigid supporting beam when compared to rear underride pliers guard. The 

parts are two side discs, two side plates, lower beam, cables, top beam and top rigid 

supporting beam. All the parts of the side underride guard except circular parts are 

meshed with quad element shape, isomesh mesher and with quad 4 topology. The 
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circular parts of the guard are meshed with quad element shape, paver mesher and 

quad 4 topology. 

 All the elements of the guard are chosen as solid elements. These elements are 

3D solid elements with an option of constant stress elements. The material chosen for 

this guard is SAE 1020 steel. The material properties of this material are as follows, 

density (ρ) = 7.87E-09, Young’s modulus (E) =205 GPa, Poisson ratio = 0.3 and Yield 

stress = 215 MPa. Rigid material (*MAT_RIGID) is used for two side discs, two side 

plates, and top rigid supporting beam. Piecewise linear plasticity material (*MAT_ 

PIECEWISE_LINEAR_PLASTICITY) was used for lower beam, cables and top beam.   

 Welded joints are defined between the lower beam, cables and top beam, cables 

by using *CONSTRAINED_GENERALISED_WELD_SOPT card. Figure 3.12 shows the 

exploded view of the side underride protection guard. 

 

Top  
beam 

Cables 

Lower beam 

Top rigid supporting beam 
Side Plates Side Discs 

Figure 3.12 Exploded view of the Side underride protection guard 
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3.12 FMVSS strength test on the side underride guard 

   

Figure 3.13 FMVSS static testing of the side underride protection guard 

 Figure 3.13 shows the FMVSS 223 strength test on the pliers guard used for the 

side underride protection. As we don’t have any regulations for the side underride 

protection guards, same principles of rear underride strength test are used here for 

studying the strength and energy absorption requirements of the side underride guard. 

The force plate of 8 in. x 8 in. is displaced at P3 location and the Force Vs Displacement 

graph is plotted for the test. The guard passed the test and it withstands the applied 

force. 

3.13 Attaching the Side Underride Pliers Guard to the Truck 

 The attachment of the side pliers guard to the truck would be the same as that of 

the rear pliers guard. The only change in the design of the side underride guard is the 

side plates that are going to be attached to the truck main chassis beam at their upper 

section, not on the sides. To increase the area of the contact, the top surface of the side 

plate was made rectangular. This rectangular surface is attached to the chassis beam 
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with the help of the *CONSTRAINED_EXTRA_NODE_SET card. This makes the side 

plates and the chassis beams behave as a single part. 

 

 

 

 

Top supporting beam attached to truck bed 

Side plates attached to truck chassis beam 

Figure 3.14 Attaching of the side underride guard to the truck 

Figure 3.14 shows the attachment of the side underride pliers guard to the truck. 

The nodes on the lower beam angular flanges are attached to the side disc by using the 

same constrained extra node set card. The attachments of the lower beam nodes to the 

side disc make it behave as a single part. Then the two side discs of the guard are 

attached to the two side plates of the guard with the help of the revolute joints by using 

*CONSTRAINED_REVOLUTE_JOINT card. The final aim all these attachments and the 

revolute joint is to attach the lower beam parts to chassis beam. So, finally the lower 

beam is connected to the chassis beam with a revolute joint. The role of these two side 

plates and two side discs were to get the revolute action. The revolute joint can be 

created by creating two nodes on either side of the side plate and then attaching these 
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extra nodes to the side discs by using the constrained extra node set card. In Dyna, for 

the revolute joint, the two ends of the revolute axis should have the coincident nodes.  

So these two attached nodes will help in creating the revolute joint correctly. The 

revolute joint is used to get the pliers action when the car hits the truck.  

The top supporting beam is created to support the top beam and to attach the top 

beam to the truck bed. This top supporting beam is made rigid. So, the nodes of the top 

beam can be easily attached to the top supporting beam. In LS-Dyna, we can only 

attach the nodes of a non rigid body to a rigid body by using the constrained extra node 

set option. The rear nodes of the top beam are attached to the top supporting beam with 

the help of constrained extra node set card. The rear nodes of the top supporting beam 

are attached to the truck bed. The cables are welded to the lower beam with help of 

constrained generalized weld card and the same card is used to weld the cables to the 

top beam.  

The length of the truck main chassis beams is much more when compared to the 

width and height. The load taking capacity of these beams is more in the length 

direction than in other two directions. We are attaching the guard to the chassis beam in 

the width direction and the car is going to hit the guard cables, the chassis was weak in 

this direction and there may be a lot of bending in the chassis beams in that direction. 

The bending of the beam is observed in the simulation.  

The same LS-Dyna cards used in rear underride protection are going to be used 

in this study of side underride protection. The contacts are defined in between the parts 

of the guard and between the guard and truck. In the analysis, contacts are defined 

between the car, guard and truck. Hourglassing is defined for the parts of the guard. 
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3.14 Initial Conditions for the Side Underride Protection 

 The FE model of Ford single unit truck with newly attached side underride guard 

is positioned on the ground plane. Then the Ford Taurus car is placed on the side of the 

truck between the rear axle and cabin. The central point of the bumper is made impact 

with the central point of the horizontal member of the guard. 

 

 
Figure 3.15 Initial set up for the side underride guard  

 The initial velocity of the truck is zero. The initial velocity of the car was changed 

from 13411.2 mm/s (30 mph) to 22352.0 mm/s (50mph) for the parametric study 

purpose.  
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CHAPTER 4 

TEST METHODOLOGY AND TECHNICAL ASPECTES 
 
 

4.1 Test Methodology 

 The Brazilian conceptual pliers underride guard was first crash tested 

successfully on 14th April 1998. The test was conducted at the crash laboratory facility 

of General Motor do Brazil (Campo de Provas da Cruz Alta – Indaiatuba – Brazil) near 

the city of Indaiatuba, Sao Paulo state. The GM Vectra car with four Hybrid III dummies 

was used for the crash testing. The total weight of the car with four Hybrid III dummies 

was 1,490 kg. The car’s frontal suspension was lowered to simulate the emergency 

braking situation.The truck used for the study was a Mercedes – Benz LK 1217 with a 

total weight of 10,000 kg. The truck was in parking gear and the truck’s brakes were 

remaining engaged to simulate the truck in resting position [7].  

         

Figure 4.1 Test set up and initial conditions in real time testing 

 The car was driven by a system of steel cables and the impact speed was 

64km/h (~ 40 mph). The impact at the rear of the truck was occurred in 50% offset on 

the driver side, which means the car’s center line will impact the outer edge of the truck 

to test the ability of the guard in the offset impacts [7]. 
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4.2 Technical Aspects 

 As we know that, the passive safety devices like air bags, seat belts and energy 

absorption of car frontal part by crushing are supposed to save the occupants of small 

passenger vehicles. These passive safety devices may not work properly in the case 

underride impacts, because the truck had an aggressive profile when compared to 

passenger car and this high profiled truck rear bed parts will directly hit the car’s A-pillar 

and windshield. In some cases, the roof of the passenger car will get torn off and even 

may result the decapitation of the occupants. The well designed underride guards may 

save the lives of passengers and reduce the fatalities. The following sections will 

explain about some facts that usually happen with the existing underride guard. 

4.2.1 Wedge Effect 

 In most of the accidents, the truck with old underride guard, the car goes 

underneath the truck and tries to lift the truck. The car will act as wedge and goes 

underneath the truck and lift the tray. This will result in hitting the occupants of the car. 

The existing guard may not prevent these accidents. This effect will be worsened when 

the truck is with no load and this will cause the lifting of the unloaded truck or trailer. 

  

Figure 4.2 The reason for the wedge effect and how it happens [16] 
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 Figure 4.2 shows the principle behind the wedge and it also shows the reasons 

for the wedge effect to happen in the case of underride accidents. Figure 4.3 shows the 

theory behind the wedge effect in the case of underride accidents with existing guard 

and it also shows one of the examples of the wedge effect that happened in the real 

time accidents. The accident showed here was happened in Australia. 

   

Figure 4.3 Wedge effect in the real time accidents [16]. 

4.2.2 Ground Clearance 

 

Figure 4.4 Passenger compartment intrusion due to less ground clearance [16] 

 One way to avoid the underride would be maintaining the compatibility between 

the two impacting vehicles. This is due to the differences between ground clearance of 
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the truck guard’s horizontal member and height of the bumper of the car from the 

ground. Figure 4.4 shows one of the examples of the accidents that usually happen due 

to lack of proper ground clearance of the guard. The guard’s horizontal member will not 

give support at the time of the accident and the truck bed will directly hit the car’s 

windshield. Research on compatibility of the vehicles suggests that having the same 

compatibility of the guard and bumper, we may reduce the deaths and injuries that are 

occurring in the in the truck related underride accidents and we may use the passive 

safety devices to the fullest extent. 

4.3 Initial Conditions in the Finite Element Simulation and Test Methodology 

 The Finite Element model of Ford single unit truck is placed on the ground plane 

and sliding contact is specified between the truck tires and the ground. Then the Finite 

Element model of Ford Taurus car is placed on the ground plane and same sliding 

contact is specified between the car tires and the ground plane. Figure 4.5 shows the 

initial setup for the rear underride accident. The pliers guard is attached to the truck and 

the placement of the car is 50 % offset on the driver side. 

 

Figure 4.5 Initial setup of the car and truck for rear underride accident 
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 The simulation of the car impacting truck will be preformed as explained in the 

real time test. As explained in chapter 3, the impacting car is Ford Taurus and the truck 

is 8000 kg Ford single unit truck. The Finite Element summary and properties summary 

were explained in chapter 3. To correlate the results with the test results of real time, 

the speed of the car (1378 kg) is chosen to be 17881.6 mm/s (40 mph). The impact is 

50% offset on driver side, which means, the center line of the car is made to impact with 

the edge of the truck guard. The initial velocity of the truck is zero. The same conditions 

are used for the parametric study. The parametric study includes, changing the guards 

(one with the regular pliers guard and the other one was with the horizontal cables) and 

changing the speeds of the car from 13411.2 mm/s (30 mph) to 22352.0 mm/s (50 

mph). In all these simulations, initial velocity of the truck is 0. The passenger 

compartment intrusion (PCI) is studied for all these simulations. The same conditions 

were used for the new guard with the horizontal cables. The following results are 

obtained by writing the specified cards in LS-Dyna. The results are longitudinal 

displacements, longitudinal velocities and longitudinal, transverse and vertical 

accelerations of the car tunnel. The termination time for all these simulations is 0.2 

seconds. The node numbers are noted for the desired outputs. The same node 

numbers are made as set and this set number is specified in the database history card 

to get the desired output.  
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CHAPTER 5 

RESULTS AND DISCUSSIONS FOR REAR UNDERRIDE PROTECTION 
 
 

5.1 Description of Crash Analysis 

 The model is set up as mentioned in the test methodology. First we will analyze 

the new pliers underride guard and then change the guard with the new pliers underride 

guard with the horizontal cables. The results obtained from these two graphs are 

compared with the results of existing guard. In all the cases, the car’s initial velocity is 

changed from 13411.2 mm/s to 22352.0 mm/s (30 mph to 50 mph). The truck is 

stationary and the impact is 50 % offset. The velocity chosen for the validation purpose 

is 40 mph. Figure 5.1 shows the initial set up for the test of new pliers underride guard. 

The impact is 50% offset on the driver side. 

 

Figure 5.1 Initial set up for the test of the new guard with 50 % offset on the driver side 
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  Even though the FMVSS regulation does not apply for the single unit trucks, the 

8000 kg Ford single unit truck is used in this study. By seeing this study, one can judge 

the severity of the injuries that can happen to the trailers with the existing guard. The 

first part of the car to touch the guard is the bumper at the cables level. As the car 

moves forward, the steel cables net is going to be stretched. As the car still goes 

further, the guard’s horizontal beam which is called as main beam comes into contact 

with the lower part of the bumper. Then the crushing of the car’s frontal crush zone will 

begin. Most of the crushing was done with the help of lower beam, top beam and the 

main chassis beams of the truck. As this process is going on, most of the loads are 

transferred to the truck main beams and causing them to bend by biting the car front 

part.  

The car continues to deform until the car’s front tires came into contact with 

guard’s lower beam. Perfect pliers action can be observed with the car biting between 

lower beam and top beam, but that was not happen, the car was still deforming and 

making the top beam to come into contact with car engine. At this point, the front of the 

car was pressed against floor and the rear of the car is trying to be lifted up. The car’s 

frontal crush zone was fully utilized. The car is turned towards the impact point. The 

cables remain intact even after the impact and performed as expected.  

5.2 Damages 

 The following sections explain about the damages that are happened to the car 

and truck after the accident. These are observed after the accident and by considering 

the observations; there was no damage to the passenger compartment and the 

occupants in the passenger car were safe.  

 59



5.2.1 Car 

 The car’s frontal crush zone was fully utilized. 

 There was no displacement of the steering column and the accelerator pedal or 

brake pedal, there by there are no injuries to the lower extremities of the 

passengers. 

 The structural integrity of the passenger compartment was totally preserved. 

 There was no passenger compartment intrusion (PCI). 

 There was no potential damage to the driver and co-driver. 

 The windshield of the car was untouched. 

 The doors of the car on both driver side and co-driver side were closed before 

the impact and were easily able to open after the impact. 

 The driver and co-driver of the car were easily came out of the car after the 

impact 

5.2.2 Truck 

 Here are some of the damages that occurred to the truck during the impact of the 

car to the truck. 

 The guard structure was suffered with little bit of plastic deformation. 

 The rear suspension was damaged. 

 The chassis beams were bent down as they were the main load carriers. 

 The truck was displaced through some distance even though the brakes were 

engaged. 

 The car lifted the tray of the truck, but there was no underride observed in any of 

the simulations. 
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5.3 Kinematic Analysis 

 Figure 5.2 shows the comparison of testing in the real time and same test in the 

analysis. 

  

  

  

  
Figure 5.2 Comparison of kinematics of real time and simulation 
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5.3.1 Comparison of the Simulations of Different Guards with Different Speeds

Existing Guard 
30 mph                                      0.1 sec 30 mph                                       0.2 sec 

New Pliers Guard 
30 mph                                       0.1 sec 30 mph                                       0.2 sec 

  
New Pliers Guard with Horizontal Cables 

30 mph                                      0.1 sec 30 mph                                      0.2 sec 

 
 

Figure 5.3 comparison of Existing, New Pliers guard and new pliers guard with 
horizontal cables at the speed of 30 mph    

  
Figure 5.3 shows the comparison between the old guard, new pliers guard and 

new pliers guard at the speed of 30 mph. All the guards show the different profiles. The 

car went more distance in the case of the existing guard but no underride. 
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Existing Guard 
40 mph                                      0.1 sec 40 mph                                       0.2 sec 

 
New Pliers Guard 

40 mph                                       0.1 sec 40 mph                                       0.2 sec 

New Pliers Guard with Horizontal Cables 
40 mph                                      0.1 sec 40 mph                                      0.2 sec 

 
Figure 5.4 comparison of Existing, New Pliers guard and new pliers guard with 

horizontal cables at the speed of 40 mph    
 

 Figure 5.4 shows the simulations between old existing guard, new pliers guard 

and new pliers guard with horizontal cables at the speed of 40 mph. 
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Existing Guard 
50 mph                                      0.1 sec 50 mph                                       0.2 sec 

New Pliers Guard 
50 mph                                       0.1 sec 50 mph                                       0.2 sec 

New Pliers Guard with Horizontal Cables 
50 mph                                      0.1 sec 50 mph                                      0.2 sec 

 
Figure 5.5 comparison of Existing, New Pliers guard and new pliers guard with 

horizontal cables at the speed of 50 mph    
 
 Figure 5.5 shows the comparison of the simulations of old guard, new pliers 

guard and new pliers guard with horizontal cables at the speed of 50 mph.  
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 The observations from the above simulations are as follows. The two new guards 

(new pliers guard and new pliers guard with horizontal cables) are performed better 

than the old guard. In all the cases with old guard, other than 30 mph, the car underride 

the truck and the truck penetrated into the car. If the occupants are present in the car, 

then the truck bed will definitely hit the occupants directly by breaking the windshield. In 

the case of new pliers guards, the structural integrity of the passenger compartment is 

remained intact and is untouched. As the speed varied from 30 mph to 50 mph, the 

fatality rate was increased. As the speed increased the kinetic energy is going to 

increase. The kinetic energy is directly proportional to the square of the velocity. The 40 

mph is crash impact is 1.8 times severe than 30 mph. [402/302=1.8 or 1600/900=1.8] the 

50 mph crash impact is 1.56 times severe than 40 mph crash impact and 2.78 times 

severe than the 30 mph crash impact. (2500/1600=1.56, 2500/900=2.78) [6].  

 5.4 Wedge Effect Observation  

 The wedge effect was observed with the existing old guard at higher speeds. As 

discussed earlier, the wedge effect is more dangerous, the vehicle try to lift the truck 

and goes underneath the truck. Most of the times, the wedge effect was a result of high 

ground clearance of the horizontal member of the guard. Here in the case of the existing 

old guard, the observed wedge effect is the result of the high ground clearance of 

guard’s horizontal member. The same wedge effect is not observed with other two 

guards.  

5.5 Passenger Compartment Intrusion (PCI) 

 The following figures show the details of the passenger compartment intrusion in 

all the cases of different guards with different speeds varying from 30 mph to 50 mph. 
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View from rear View from co-driver’s side 
Existing Guard 

 
New Pliers Guard 

 
New Pliers Guard with Horizontal Cables 

  
 
Fig 5.6 Comparison of Passenger Compartment Intrusion between existing guard, new 

pliers guard and new pliers guard with horizontal cables at 0.2sec and at 30 mph 
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View from rear View from co-driver’s side 
Existing Guard 

New Pliers Guard 

New Pliers Guard with Horizontal Cables 

 
Fig 5.7 Comparison of Passenger Compartment Intrusion between existing guard, new 

pliers guard and new pliers guard with horizontal cables at 0.2sec and at 40 mph 
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View from rear View from co-driver’s side 
Existing Guard 

New Pliers Guard 

New Pliers Guard with Horizontal Cables 

 
Fig 5.8 Comparison of Passenger Compartment Intrusion between existing guard, new 

pliers guard and new pliers guard with horizontal cables at 0.2sec and at 50 mph 
 
 
 

 68



 By comparing above figures, the passenger compartment intrusion in the case of 

existing old guard is much more when compared that of the new pliers guard and new 

pliers guard with horizontal cables. It is negligible in the case of new guards when 

compared to the old guard. The passenger compartment is greatly effected in the case 

of the old guard at the speeds of 40 mph and 50 mph. In all the cases with new guards, 

it was observed that there was no potential threat to the occupants of the small 

passenger car and passenger compartment is remain intact. As there is no passenger 

compartment intrusion, the passive safety devices will work properly to save the lives of 

the occupants. The steering column is remained intact in the case of the new guards 

and the leg room at the driver’s side had little deformations and these are negligible 

when compared to the old guard.  

5.6 Kinematic Response of Car Tunnel  

 The necessary cards are written to get the desired results. The cards that are 

used in LS-Dyna to get the results are, *DATABASE_NODOUT, *DATABASE_ NOD 

FOR, *DATABASE_RBDOUT, *DATABASE_RCFORC, and the necessary nodes are 

made as set and this node set is specified in the *DATABASE_HISTORY_NODE_ SET 

card to get the results in the NODOUT card. All the results are taken and the graphs are 

fitted and compared to check the results between the guards. Later the results are 

tabulated to compare the performance of each guard. 

 The following results are plotted to compare the results with the real time testing. 

The longitudinal displacement, longitudinal velocity, longitudinal acceleration, transverse 

acceleration and vertical acceleration of the tunnel are plotted at different speeds and 

for the different guards. The results at 40 mph are compared with the test results of the 
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real time, because the real time test was conducted at the speed of 40 mph. The tunnel 

of the car is located between the driver and co-driver. In the real time testing conducted 

by the State University of Campinas (UNICAMP), Brazil, they have included four Hybrid 

iii dummies for the driver, co-driver and two rear passengers to get the injury 

parameters like head acceleration, pelvis acceleration and HIC values of the dummies.  

But in this study, our main aim is to check the effectiveness of the two new guards (new 

pliers guard and new pliers guard with horizontal cables) and to check the passenger 

compartment intrusions in all the cases with different velocities. Figure 5.9 shows the 

location of the car tunnel. 

Tunnel Between the 
driver and co-driver 

 

 

 

  

Fig 5.9 Location of Tunnel between driver and co-driver 

 The following figures shows the comparisons of the car tunnel longitudinal 

displacements, longitudinal velocities, longitudinal accelerations and then kinematic 
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response of the tunnel at 30mph, 40mph,50 mph and with old guard, new pliers guard 

and new pliers guard with horizontal cables. 

Existing Guard 
30 mph 

 
40 mph 

 
50 mph 

 
  

Figure 5.10 Tunnel longitudinal displacements of the old guard at 30, 40, 50 mph 
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New Pliers Guard 

Figure 5.11 Tunnel longitudinal displacemen s of the new pliers guard at 30, 40, 50 mph 

30 mph 

 
40 mph 

 
50 mph 

 
 
t
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New Pliers Guard wi  Horizontal Cables th
30 mph 

 
40 mph 

 
50 mph 

 
 

Figure 5.12 Tunnel longitudinal displacements of the new pliers  
with horizontal cables guard at 30, 40, 50 mph 
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Existing Guard 
30 mph 

 
40 mph 

 
50 mph 

 
 

Figure 5.13 Tunnel longitudinal velocities of the existing guard at 30, 40, 50 mph 
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New Pliers Guard 
30 mph 

at 30, 40, 50 mph 

 
40 mph 

 
50 mph 

 
 

Figure 5.14 Tunnel longitudinal velocities of the new pliers guard 
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New Pliers Guard with Horizontal Cables 
30 mph 

 
40 mph 

 
50 mph 

 
 

Figure 5.15 Tunnel longitudinal velocities of the new pliers guard 
With horizontal cables at 30, 40, 50 mph 
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Existing Guard 
30 mph 

 
40 mph 

 
50 mph 

 
 

Figure 5.16 Tunnel longitudinal accelerations of the existing guar
 

d at 30, 40, 50 mph 
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New Pliers Guard 

d at 30, 40, 50 mph 

30 mph 

 
40 mph 

 
50 mph 

 
 

Figure 5.17 Tunnel longitudinal accelerations of the new pliers guar
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New Pliers Guard wi  Horizontal Cables 

d  

 

th
30 mph 

 
40 mph 

 
50 mph 

 
 

Figure 5.18 Tunnel longitudinal accelerations of the new pliers guar
with horizontal cables at 30, 40, 50 mph 
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 By f the car 

increases, the displacement of the tunnel that was dragging towards the accident is 

ity. Higher the car initial velocity, higher is the 

nal accelerations are going to be increased. All the accelerations were recorded 

 observing the above results, it was shown that, as the initial velocity o

going to be increased. In the case of the existing guard, the total displacements of the 

tunnel are 2270 mm at 30mph, 2740 mm at 40 mph and 3310 mm at 50 mph. In the 

case of new pliers guard, the displacements are, 1660 mm at 30 mph, 2060 mm at 40 

mph and 2520 mm at 50 mph. The new pliers guard with horizontal cables had almost 

the same values as the new pliers guard. So the dragging distance was much higher in 

existing guard than the two new guards. 

 For the velocity, as the initial velocity of the car increases, at the end of the 

simulations, the car still has some veloc

end velocity at the end of the test. In case of the existing guard, for 13411.2 mm/s (30 

mph) speed the end velocity is approximately 6200 mm/s. For 17881.6 mm/s (40mph) 

the speed is 5030 mm/s and for the 22352.0 mm/s (50mph) speed the sending speed is 

6090 mm/s. For the new pliers guard, for 13411.2 mm/s speed, the ending speed is 537 

mm/s. For 17881.6 mm/s speed, the ending speed is 874 mm/s and for the 22352.0 

mm/s speed, the ending speed is 2520 mm/s. The new pliers guard with horizontal 

cables had almost same values or a bit higher than the new pliers guard. By observing 

this, one can conclude that, the higher the initial speed, the higher will be the closing 

speed.  

 For the acceleration, as the initial velocity of the car increases, the resultant 

longitudi

to be in the G’s. The following figures show the resultant accelerations for all three 

guards at all the speeds. 
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Existing Guard 
30 mph 

 
40 mph 

 
50 mph 

 
 

Figure 5.19 Tunnel Accelerations for Existing guard at 30, 40, 50 mph 
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New Pliers Guard 
30 mph 

 
40 mph 

 
50 mph 

 
 

Figure 5.20 Tunnel Accelerations for New pliers guard at 30, 40, 50 mph 
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New pliers guard with Horizontal Cables 
30 mph 

 
40 mph 

 
50 mph 

 
  

Figure 5.21 Tunnel Accelerations for New pliers guard  
with horizontal cables at 30, 40, 50 mph 
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 The above figures show that as the initial velocity of the car increases the 

resulting accelerations in all the three directions are going to be changed. All these 

three longitudinal acceleration, transverse acceleration and vertical acceleration are 

going to be increased as the initial velocity of the car is going to be increased.  The 

accelerations in the case of existing guard are much higher when compared to the 

accelerations of new pliers guard and new pliers guard with horizontal cables.    

 The following figures show the comparison for the displacements, velocities and 

accelerations for existing guard, new plie  guard with horizontal 

cables at 30, 40 and 50 mph. 

rs guard and new pliers

Comparison of tunnel longitudinal displacements for rear 
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mph. The blue line indicates displacement of existing guard, pink line indicates 

displacement of new pliers guard and green line indicates the displacement of the new 

Figure 5.22 Comparison of tunnel longitudinal displacements for three guards at 30 mph 

 Figure 5.22 shows the comparison of longitudinal displacements of the car tunnel 

for existing guard, new pliers guard and new pliers guard with horizontal cables at 30 
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pliers guard with horizontal cables. The distance traveled by the car tunnel is much 

more in the case of existing guard when compared to both the new guards. The end 

displacement in the case of existing guard is 2270 mm, 1660 mm in the case of new 

pliers guard and 1660 mm in the case of new pliers guard with horizontal cables. 

Comparison of tunnel longitudinal displacements for rear 
underride at 40 mph
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Figure 5.23 Comparison of tunnel longitudinal displacements for three guards at 40 mph 

Figure 5.23 shows the comparison of longitudinal displacements of the car tunnel 

for existing guard, new pliers guard and new pliers guard with horizontal cables at 40 

mph. The blue line indicates displacement of existing guard, pink line indicates 

displacement of new pliers guard and green line indicates the displacement of the new 

pliers guard with horizontal cables. The distance traveled by the car tunnel is much 

more in the case of existing guard when compared to both the new guards. The end 

displacement in the case of existing guard is 2740 mm, 2060 mm in the case of new 

pliers guard and 2030 mm in the case of new pliers guard with horizontal cables. 
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Comparison of tunnel longitudinal displacements for rear 
underride at 50 mph
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Figure 5.24 Comparison of tunnel longitudinal displacements for three guards at 50 mph 

Figure 5.24 shows the comparison of longitudinal displacements of the car tunnel 

for existing guard, new pliers guard and new pliers guard with horizontal cables at 50 

mph. The blue line indicates displacement of existing guard, pink line indicates 

displacement of new pliers guard and green line indicates the displacement of the new 

pliers guard with horizontal cables. The distance traveled by the car tunnel is much 

more in the case of existing guard when compared to both the new guards. The end 

displacement in the case of existing guard is 3310 mm, 2520 mm in the case of new 

pliers guard and 2520 mm in the case of new pliers guard with horizontal cables. 

 The following figures are the comparisons of the tunnel longitudinal velocities at 

the speeds of 30 mph, 40 mph and 40 mph for existing guard, new pliers guard and for 

the new pliers guard with horizontal cables. As the initial velocity of the car increases, 

the end velocity of the tunnel is also increased. 

 86



Comparison of tunnel longitudinal velocities for rear underride 
at 30 mph
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Figure 5.25 Comparison of tunnel longitudinal velocities for three guards at 30 mph 

Figure 5.25 shows the comparison of longitudinal velocities of the car tunnel for 

existing guard, new pliers guard and new pliers guard with horizontal cables at 30 mph. 

The blue line indicates velocity of existing guard, pink line indicates velocity of new 

pliers guard and green line indicates the velocity of the new pliers guard with horizontal 

cables. The end velocity of the car tunnel is much more in the case of existing guard 

when compared to both the new guards. The end velocity in the case of existing guard 

is 6200 mm/s, 537 mm/s in the case of new pliers guard and 392 mm/s in the case of 

new pliers guard with horizontal cables. 

Figure 5.26 shows the comparison of longitudinal velocities of the car tunnel for 

existing guard, new pliers guard and new pliers guard with horizontal cables at 40 mph. 

The blue line indicates velocity of existing guard, pink line indicates velocity of new 

pliers guard and green line indicates the velocity of the new pliers guard with horizontal 

cables. The end velocity of the car tunnel is much more in the case of existing guard 
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when compared to both the new guards. The end velocity in the case of existing guard 

is 5030 mm/s, 874 mm/s in the case of new pliers guard and 945 mm/s in the case of 

new pliers guard with horizontal cables. 
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Figure 5.26 Comparison of tunnel longitudinal velocities for three guards at 40 mph 

Figure 5.27 shows the comparison of longitudinal velocities of the car tunnel for 

existing guard, new pliers guard and new pliers guard with horizontal cables at 50 mph. 

The blue line indicates velocity of existing guard, pink line indicates velocity of new 

pliers guard and green line indicates the velocity of the new pliers guard with horizontal 

cables. The end velocity of the car tunnel is much more in the case of existing guard 

when compared to both the new guards. The end velocity in the case of existing guard 

is 6090 mm/s, 2380 mm/s in the case of new pliers guard and 2480 mm/s in the case of 

new pliers guard with horizontal cables. 
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Comparison of tunnel longitudinal velocities for rear underride 
at 50 mph
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Figure 5.27 Comparison of tunnel longitudinal velocities for three guards at 50 mph 

 The following figures are the comparisons of longitudinal accelerations of the car 

tunnel at 30, 40 and 50 mph for existing guard, new pliers guard and new pliers guard 

with horizontal cables. 
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Figure 5.28 Comparison of tunnel longitudinal accelerations for three guards at 30 mph 
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Figure 5.28 shows the comparison of longitudinal accelerations of the car tunnel 

for existing guard, new pliers guard and new pliers guard with horizontal cables at 30 

mph. The blue line indicates acceleration of existing guard, pink line indicates 

acceleration of new pliers guard and green line indicates the acceleration of the new 

pliers guard with horizontal cables. The peak value of acceleration of the car tunnel is 

much more in the case of existing guard when compared to both the new guards. The 

peak acceleration in the case of existing guard is -47.9 G’s, -32.6 G’s in the case of new 

pliers guard and -36.8 G’s in the case of new pliers guard with horizontal cables. 

Comparison of tunnel longitudinal accelerations for rear 
underride at 40 mph
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Figure 5.29 Comparison of tunnel longitudinal accelerations for three guards at 40 mph 

Figure 5.29 shows the comparison of longitudinal accelerations of the car tunnel 

for existing guard, new pliers guard and new pliers guard with horizontal cables at 40 

mph. The blue line indicates acceleration of existing guard, pink line indicates 

acceleration of new pliers guard and green line indicates the acceleration of the new 

pliers guard with horizontal cables. The peak value of acceleration of the car tunnel is 
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much more in the case of existing guard when compared to both the new guards. The 

peak acceleration in the case of existing guard is -49.6 G’s, -38.1 G’s in the case of new 

pliers guard and -35.2 G’s in the case of new pliers guard with horizontal cables. 

Comparison of tunnel longitudinal accelerations for rear 
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Figure 5.30 Comparison of tunnel longitudinal accelerations for three guards at 50 mph 

Figure 5.30 shows the comparison of longitudinal accelerations of the car tunnel 

for existing guard, new pliers guard and new pliers guard with horizontal cables at 50 

mph. The blue line indicates acceleration of existing guard, pink line indicates 

acceleration of new pliers guard and green line indicates the acceleration of the new 

p

much 

liers guard with horizontal cables. The peak value of acceleration of the car tunnel is 

more in the case of existing guard when compared to both the new guards. The 

peak acceleration in the case of existing guard is -68 G’s, -37.3 G’s in the case of new 

pliers guard and -38.8 G’s in the case of new pliers guard with horizontal cables. 

In all the cases as the initial velocity of the car increases, the end values are 

increased and in all these the new guards worked better than the existing guard.  
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The following figures show the comparison for the peak values of the car tunnel 

longitudinal displacements, velocities and accelerations.  

Displacements for Rear Underride at Different Speeds
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Figure 5.31 Comparison of tunnel longitudinal displacements 
 for three guards at 30, 40, 50 mph 

 Figure 5.31 shows the comparison of tunnel longitudinal displacements for 

existing guard, new pliers guard and new pliers guard with horizontal cables at 30mph, 

40mph and 50 mph. The displacement values traveled by car tunnel in the case of 

with horizontal cables. In the case of new pliers guard and new pliers guard with 

displacement for existing guard are 2270 mm at 30mph, 2740 mm at 40mph and 3310 

mm at 50 mph. The values for new pliers guard are 1660 mm at 30 mph, 2060 mm at 

40mph and 2520 mm at 50mph. The values

are 1660 mm at 30 mph, 2030 mm at 40mph and 2520 mm at 50mph. 

existing guard are much more when compared to new pliers guard and new pliers guard 

horizontal cables, the displacement values are almost same. The values of the 

 for new pliers guard with horizontal cables 
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Velocities for Rear underride at different speeds
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Figure 5.32 Comparison of tunnel longitudinal velocities 
 for three guards at 30, 40, 50 mph 

 Figure 5.32 shows the comparison of tunnel longitudinal velocities for existing 

guard, new pliers guard a cables at 30mph, 40mph 

ables at 30mph, 

nd new pliers guard with horizontal 

and 50 mph. The velocity values of car tunnel at the end time in the case of existing 

guard are much more when compared to new pliers guard and new pliers guard with 

horizontal cables. In the case of new pliers guard and new pliers guard with horizontal 

cables, the velocity values are almost same. The values of velocity for existing guard 

are 6200 mm/s at 30mph, 5030 mm/s at 40mph and 6090 mm/s at 50 mph. The values 

of velocity for new pliers guard are 537 mm/s at 30 mph, 874 mm/s at 40mph and 2380 

mm/s at 50mph. The values of velocity for new pliers guard with horizontal cables are 

392 mm/s at 30 mph, 945 mm/s at 40mph and 2480 mm/s at 50mph. 

Figure 5.33 shows the comparison of tunnel longitudinal accelerations for the 

existing guard, new pliers guard and new pliers guard with horizontal c
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40mph and 50 mph. The peak values of the accelerations in the case of existing guard 

are much more when compared to new pliers guard and new pliers guard with 

horizontal cables. In the case of new pliers guard and new pliers guard with horizontal 

cables, the peak acceleration values are almost same. The values of acceleration for 

existing guard are -47.9 G’s at 30mph, -49.6 G’s at 40mph and -68 G’s at 50 mph. The 

values of acceleration for new pliers guard are -32.6 G’s at 30 mph, -38.1 G’s at 40mph 

and -37.3 G’s at 50mph. The values of acceleration for new pliers guard with horizontal 

cables are -36.8 G’s at 30 mph, -35.2 G’s at 40mph and -38.8 G’s at 50mph. 

Accelerations for rear underride at different speeds

30
m

h-
Ex

is
ng

 G
u

3
m

ph
-

ew
 G

ua

30
m

p
-N

ew
H

or
iz

o

40
m

h-
Ex

is
ng

 G
U

p
ti

ar
d,

 

0
N

rd
, -

h
-

nt

p
ti

a

-4
7.

9

32
.6 6.
8 9.
6

al
, -

3

rd
, -

4

4
m

ph
-

ew
 G

ua

40
m

p
-N

ew
H

or
iz

o

50
ph

-E
x

tin
g 

G
u

5
m

ph
-

ew
 G

ua

50
m

p
-N

ew
H

or
iz

o

-80

-60

-50

-40

-20

Acceleration (G's)

0
N

h
-

nt

m
is

0
N

rd
, -

h
-

nt
al

, -
38

.8

-70

-30

-10

0

rd
, -

3

al
, -

3

ar
d,

8.
1

5.
2

 -6
8

37
.31

 

Figure 5.33 Comparison of tunnel longitudinal accelerations 

e existing guard. 

The d

 for three guards at 30, 40, 50 mph 

 By observing the above comparison figures, it showed that the new pliers guard 

and new pliers guard with horizontal cables are much better than th

isplacement, velocity and acceleration values for new guards are less when 

compared to those of existing guard. There is no passenger compartment intrusion in 
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the case of new guards and there is no underride of car into truck in the case of new 

guards. 

Table 5.1 shows different values for the three guards and at three different speeds.  

TABLE 5.1 COMPARISONS OF DIFFERENT GUARDS AT DIFFERENT SPEEDS 

30 mph 

mm/s) 

40 mph 

mm/s) 

50 mph 

mm/s) 
 (13411 (17881.6 (22352.0 

Existing Guard 
Displacement of tunnel at the end (mm) 2270 2740 3310 

Velocity of tunnel at the end (mm/s) 6200 5030 6090 
Maximum tunnel longitudinal acceleration (G) -47.9 -49.6 -68 
Maximum tunnel transverse acceleration (G) 45 -45 -60 

Maximum tunnel vertical acceleration (G) -32 -40 -52 
New Pliers Guard 

Displacement of tunnel at the end (mm) 1660 2060 2520 
Velocity of tunnel at the end (mm/s) 537 874 2380 

Maximum tunnel longitudinal acceleration (G) -32.6 -38.1 -37.3 
Maximum tunnel transverse acceleration (G) -26 -31 -25 

Maximum tunnel vertical acceleration (G) -31 20 25 
New Pliers Guard with Horizontal Cables 

Displacement of tunnel at the end (mm) 1660 2030 2520 
Velocity of tunnel at the end (mm/s) 392 945 2480 

Maximum tunnel longitudinal acceleration (G) -36.8 -35.2 -38.8 
Maximum tunnel transverse acceleration (G) -32 -80 -20 

Maximum tunnel vertical acceleration (G) 25 35 27 
                                              

 The above table tells the entire story that was related to the different guards at 

different speeds. The purpose of designing two guards (new pliers guard and new pliers 

guard with ho designs. But, 

both the guards performed almost equally when considered the tunnel longitudinal 

displacement, tunnel longitudinal velocity and tunnel longitudinal acceleration. When we 

consider the tunnel transverse acceleration, tunnel vertical acceleration, new pliers 

guard has little bit better values than the guard with the horizontal cables.  

 

rizontal cables) is to select best design between these two 
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CHAPTER 6 

TEST METHODOLOGY AND RESULTS FOR THE SIDE UNDERRIDE PROTECTION 

 The chapter will discuss about the initial conditions, test methodology and 

discussion about the results. First, we will go over the initial conditions for side 

underride protection test and then discuss about the assumptions made for the analysis.  

6.1 Initial Conditions and Test Me

 is placed on the ground plane and then the 

f he gro  plane on side of t ck 

be e car use  the Ford rus 

(wit  kg Ford e unit truck. The finite element 

 truc d in this  were e d 

in rd, which ans 

the center line of the car is made to impact with the center point of the horizontal 

the is zero same is 

etric stu was included with three impact 

 

is 0.2 seconds. To get the results, some node numbers at the specified locations are 

thodology 

The finite element model of truck 

inite element model of the car is placed on t und  the he tru

tween rear axle and the cabin. As explained earlier, th d is  Tau

h 0 1378 kg weight) and the truck is 800  singl

s dummary and the property summary of car an k e us  ystud x eplain

chapter 3. The impact choice is the head on collision on to the gua  me

member of the guard. The initial velocity of truck . The speed 

maintained throughout the study. The param dy 

scenarios (1. side impact with no guard case, 2. impact with guard with regular cables 

and 3. impact with the guard with horizontal cables) and at different speeds changing 

from 13411.2 mm/s (30mph) to 22352.0 mm/s (50mph). The passenger compartment 

intrusion is studied for all the cases.  

The results recorded for each simulation is the displacement, the velocity and the 

acceleration in the longitudinal direction at the car tunnel; accelerations in longitudinal, 

transverse and vertical directions at the car tunnel. The termination time for the analysis
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made as a set and this node set was ATABASE_HISTORY_NODE_SET 

output.  

6.2 Description of the Crash Analysis 

 The model set up is same as specified in the test methodology. First we will 

check the impact of the car into the truck with no guard case. Then we analyze the 

impact with new pliers guard and the new pliers guard with horizontal cables 

respectively. In all the cases, the initial velocity of the car is changed from 13411.2 

mm/s (30 mph) to 22352.0 mm/s (50 mph). The truck is stationary and the impact is 

head on collision onto the truck. Figure 6.1 shows the set up for the test methodology. 

 specified in *D

card. By specifying this, we can see the above mentioned results in the NODOUT 

 

Figure 6.1 Set up for the side underride protection test methodology 

 The first part of the car to touch the guard is the bumper of the car. The bumper 

hits the car at the cables level. This displaces the cables to move away from the car in 
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the direction of the car. As the car moves forward, the lower beam of the guard will be 

lifting up then this will make the main beam (lower beam) of the guard to come into 

contact with bumper. Then the front part of the car is crushed between the lower beam 

rocess is going on, most of the loads are 

e 

direction of the car.  

 While coming to the damages in the guarded impacts, the car’s frontal crush 

zone is crushed fully. No passenger compartment intrusion is observed with two guards. 

The passenger compartment is intact and the driver door can be opened easily. The 

windshield is not touched. While coming to the truck, the lower beam of the guard was 

suffered from the plastic deformation, the main chassis beam of the truck is damaged 

mostly because of most of the load is taken by these beams and the load is applied 

along the thickness side of the beam not along the length direction.  

6.3 Kinematic Analysis 

 The following figures show the kinematic analysis of the car with three impact

cases (im ew pliers 

and top beam of the guard. As this p

transferred to the main chassis beam of the truck. This makes the chassis beams to be 

bent extensively. The car deforms until the car’s frontal tires reaches the lower beam of 

the guard. Then the tires of the car were stopped by the lower beam of the guard, 

preventing any further movement towards the impact point. Pliers action is not observed 

in all the simulations. As the car is still moving forward, the top beam of the guard came 

into contact with engine. During this process, the truck moved some distance in th

 

pact with no guard, impact with new pliers guard and impact with n

guard with horizontal cables) and at three different speeds (30mph, 40mph and 50mph). 

There is no practical model available to compare the results. 
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Without guard 
0.1 sec 0.2 sec 

  
New pliers guard 

0.1 sec 0.2 sec 

  
New pliers guard with horizontal cables 

0.1 sec 0.2 sec 

  
 

pliers guard with horizontal cables at the speed of 30 mph 

k in the case of no guard. 

There is excessive bending of truck main chassis beam. 

Figure 6.2 Comparison of side underride without guard, with new pliers guard, with new 

 

 Figure 6.2 shows the comparison of the side underride protection for the 30 mph 

impact and for the three guards. The car goes under the truc
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Without guard 
0.1 sec 0.2 sec 

  
New pliers guard 

0.1 sec 0.2 sec 

  
New pliers guard with horizontal cables 

0.1 sec 0.2 sec 

  
 
Figure 6.3 Comparison of side underride without guard, with new pliers guard, with new 

pliers guard with horizontal cables at the speed of 40 mph 
 

 Figure 6.3 shows the comparison of the side underride protection for the 40 mph 

impact and for the three guards. The car goes under the truck in the case of no guard. 

There is excessive bending of truck main chassis beam. 
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Without guard 
0.1 sec 0.2 sec 

  
New pliers guard 

0.1 sec 0.2 sec 

  
New pliers guard with horizontal cables 

0.1 sec 0.2 sec 

  
 

Figure 6.4 Comparison of side underride without guard, with new pliers guard, with new 
pliers guard with horizontal cables at the speed of 50 mph 

 

 Figure 6.4 shows the comparison of the side underride protection for the 50 mph 

impact and for the three guards. The car goes under the truck in the case of no guard. 

There is excessive bending of truck main chassis beam. 
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The conclusion from the abov llows. As we discussed earlier, the 

side underrides represent almost half of the rear underrides in number and there are no 

regulations for the side underrides in USA. From the above Figures, one can observe 

that in the no guard case, the car went under the truck and the truck bed is hitting the A-

pillar and windshield of the car. Even at the low speeds (30mph) the truck bed is hitting 

the car. In the higher speed crashes, the crush of the car cabin (passenger 

compartment) is So, hig ult in hi h of passenger 

compartment. In the no guard case, the bumper and hood of the car are directly hitting 

the truck’s main chassis beam. Thus the main beam of the truck is bending extensively. 

As the initial velocity of the increases, the bending of the main beam also increases.  

In the case of guarded impacts, the structural integrity of the passenger 

compartment is remained intact and is untouched. As the speed varied from 30 mph to 

50 mph, the fatality ra  zone is fully utilized. 

The windshield of the car is not touched by any parts of the car. No passenger 

compartment intrusion is observed in all the cases of guarded impacts. No question of 

wedge effect arises here, as the car is directly hitting the main beam. 

6.4 Passenger Compartment Intrusion (PCI) 

 The following figures show the information about the passenger compartment 

intrusion in all the cases (without guard, with new pliers guard and new pliers guard with 

st a comparison for all the cases and are taken at the ending time of the simulation, 

e figures is as fo

so high. her speeds will res gher crus

te is also increased. The car’s frontal crush

horizontal cables) and at the speeds of 30 mph, 40mph and 50 mph. The figures are 

ju

which is 0.2 seconds. By comparing all the cases, the passenger compartment intrusion 

is more in the no guard case when compared that with guarded cases. 
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View from the rear View from the driver’s side 
Without Guard 

 
New pliers guard 

 
New pliers guard with horizontal cables 

 
 

Figure 6.5 Comparison of Passenger Compartment Intrusion between without guard, 
new pliers guard and new pliers guard with horizontal cables at 0.2sec and at 30 mph 

 

 The windshield and A-Pillar of the car are broken in the case of no guard and 

neither windshield nor passenger compartment is touched in the case of guarded 

impacts. So, this concludes no passenger compartment intrusion in the guarded case. 
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View from the rear e View from the driver’s sid
Without guard 

 
New pliers guard 

 
New pliers guard with horizontal cables 

 

new pliers guard and new pliers guard with horizontal cables at 0.2sec and at 40 mph 
Figure 6.6 Comparison of Passenger Compartment Intrusion between without guard, 

 

 The windshield and A-Pillar of the car are broken in the case of no guard and 

neither windshield nor passenger compartment is touched in the case of guarded 

impacts. So, this concludes no passenger compartment intrusion in the guarded case. 
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View for the rear View from the driver’s side 
Without guard 

  
New pliers guard 

  
New pliers guard with horizontal cables 

  
 

Figure 6.7 Comparison of Passenger Compartment Intrusion between without guard, 
new pliers guard and new pliers guard with horizontal cables at 0.2sec and at 50 mph 

 

 The windshield and A-Pillar of the car are broken in the case of no guard and 

neither windshield nor passenger compartment is touched in the case of guarded 

impacts. So, this concludes no passenger compartment intrusion in the guarded case. 
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By comparing the above figures, the passe in the 

case of no guard is much more when compared to that of the new pliers guard and new 

pliers guard with horizontal cables. The passenger compartment intrusion is negligible 

in the case of new guards when compared to the no guard case. The passenger 

compartment is greatly effected in the case of the no guard at the speeds of 40 mph 

and 50 mph. In all the cases with new guards, it is observed that there is no potential 

threat to the occupants of the sm  and passenger compartment is 

remain intact. As there is no passenger compartment intrusion, the passive safety 

devices will work properly to save the lives of the occupants. The steering column is 

remained intact in the case of the new guards and the leg room at the driver’s side had 

little deformations when compared to the case of no guard. The leg room on both driver 

and co-driver’s side has very minute deformations. These deformations are negligible 

when compared to the tering the passenger 

compartment. 

6.5 Kinematic Response of Car Tunnel 

 The necessary cards are written to get the results. As discussed earlier, the car 

tunnel is located between the driver and co-driver’s seats. The results recorded are the 

longitudinal displacement, the longitudinal velocity, the longitudinal acceleration, the 

a

 

nger compartment intrusion 

all passenger car

 truck bed hitting at the windshield and en

tr nsverse acceleration and the vertical acceleration for the tunnel of the car.   

The following figures show the longitudinal displacements, velocities and 

accelerations at the tunnel for 30 mph, 40 mph and 50 mph and for the without guard, 

new pliers guard and for the new pliers guard with horizontal cables.  
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Without guard 
30 mph 

 
40 mph 

 
50 mph 

 
 

Figure 6.8 Tunnel longitudinal displacements of the no guard at 30, 40, 50 mph 
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N  

 

 

 
 

Figu ph 

ew pliers guard
30 mph 

40 mph 

50 mph 

re 6.9 Tunnel longitudinal displacements of the new pliers guard at 30, 40, 50 m

 108



New pliers tal cables 

 
40 mph 

 

 
 

Figure 6.10 Tunnel longitudinal displacements of the new pliers guard  

guard with horizon
30 mph 

50 mph 

with horizontal cables at 30, 40, 50 mph 
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Without guard 
30 mph 

 
40 mph 

 
50 mph 

 
 

Fig  ure 6.11 Tunnel longitudinal velocities of the no guard at 30, 40, 50 mph
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N  

 

Figure 6.12 Tunnel longitudinal velocities f the new pliers guard at 30, 40, 50 mph 

ew Pliers Guard
30 mph 

 
40 mph 

 
50 mph 

 
 o
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New pliers tal cables 

 
 

Figure 6.13 Tunnel longitudinal velocities of the new pliers guard  
with horizontal cables at 30, 40, 50 mph 

 guard with horizon
30 mph 

 
40 mph 

 
50 mph 
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Without Guard 
30 mph 

 
40 mph 

 
50 mph 

 
 

Figure  mph 6.14 Tunnel longitudinal accelerations of the no guard at 30, 40, 50
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New pliers guard 

 
40 mph 

 

 

Figu ph 

30 mph  

50 mph 

 
re 6.15 Tunnel longitudinal accelerations of the new pliers guard at 30, 40, 50 m
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New pliers guard wi  horizontal cables 

 
40 mph 

 
50 mph 

 
 

Figure 6.16 Tunnel longitudinal accelerations of the new pliers guard  
with horizontal cables at 30, 40, 50 mph 

th
30 mph 
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By observing the above results, it is shown that, as the initial velocity of the car 

increases, the total displacement trave e car tunnel is also increased. In the 

case of the existing guard, the total displacements of the tunnel were 2140 mm at 

30mph, 2590 mm at 40 mph and 3130 mm at 50 mph. In the case of new pliers guard, 

the displacements were, 14690 mm at 30 mph, 1750 mm at 40 mph and 2130 mm at 50 

mph. The new pliers guard with horizontal cables had the values as 1530 for 30 mph, 

1830 for 40 mph and 2190 for 50mph. So the dragging distance was much higher in the 

case of no guard than the two new guards. 

 For the velocity, as the initial vel e car increases, the en ing velocity of 

the car is also increased. So, higher the car initial velocity, higher was the end velocity 

at the end of the test. In the case of no guard, for 13411.2 mm/s (30 mph) speed the 

end velocity is approximately 4730 mm/s. For 17881.6 mm/s (40mph) the speed is 4920 

mm/s and for the 22352.0 mm/s (50mph) speed the ending speed is 5260 mm/s. For 

the new pliers guard, for 13411.2 mm/s speed, the ending speed is 831 mm/s. For 

17881.6 mm/s speed, the ending speed is 1870 mm/s and for the 22352.0 mm/s speed, 

the ending speed is 2200 mm/s. The new pliers guard with horizontal cables had almost 

same values or a bit higher than the new pliers guard. By observing this, one can 

conclude that, the higher the initial speed, the higher will be the closing speed.  

 For the acceleration, as the initial velocity of the car increases, the resultant 

longitudinal accelerations were going to be increased. All the accelerations were 

recorded to be in the G’s. The following figure shows the resultant accelerations for all 

three guards at all the speeds.  

led by th

ocity of th d
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 All the results wi ut the simulations with 

no guard. In all the simulations, the termination time is selected as 0.2 seconds and this 

was same for all the simulations throughout the study. Now, for the without guard case, 

the distance was adjusted until the car hits the bed of the truck for this termination time. 

Even the initial position of the car was almost under the truck, still at the end of the 

termination time, the car hardly impacts the truck.  

The truck bed used in this study shows a bit high profile. If everything made 

correctly, the truck bed has the height that is reaching almost half of the A-pillar of the 

car. The distance from one end of the truck bed to the shaft (which transfers the load 

from engine to the differential) was lesser than the length of the car hood. Before the 

truck bed hits the windshield of the car, the car bumper is going to hit the shaft. Even if 

we increase the termination time and adjust all the parameters according to this time, 

we may not be going to get the perfect hitting of the truck bed to the car. That is the 

reason for not getting the accurate acceleration profile when compared to the other 

guarded car impacts. 

The following figures show the comparison for the displacements, velocities and 

accelerations for no guard, new pliers guard and new pliers guard with horizontal cables 

at 30, 40 and 50 mph. 

Figure 6.17 shows the comparison of longitudinal displacements of the car tunnel 

for no guard, new pliers guard and new pliers guard with horizontal cables at 30 mph. 

The blue line indicates displacement of no guard case, pink line indicates displacement 

of new pliers guard and green line indicates the displacement of the new pliers guard 

with horizontal cables. The distance traveled by the car tunnel is much more in the case 

ll be tabulated later, now we explain abo
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of no guard when compared to the new guards. The end displacement in the case of no 

guard is 2140 mm, 1460 mm in the case of new pliers guard and 1530 mm in the case 

of new pliers guard with horizontal cables. 

Comparison of tunnel longitudinal displacements for side 
underride at 30 mph
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Figure 6.17 Comparison of tunnel longitudinal displacements for the guards at 30 mph 

Figure 6.18 shows the comparison of longitudinal displacements of the car tunnel 

for no guard, new pliers guard and new pliers

of new pliers guard and green line indicates the displacement of the new pliers guard 

with horizontal cables. The distan

case of new pliers guard and new pliers guard with horizontal cables are almost same. 

But, in the case no guard it is much higher. 

 guard with horizontal cables at 40 mph. 

The blue line indicates displacement of no guard case, pink line indicates displacement 

ce traveled by the car tunnel is much more in the case 

of no guard when compared to the new guards. The end displacement in the case of no 

guard is 2590 mm, 1750 mm in the case of new pliers guard and 1740 mm in the case 

of new pliers guard with horizontal cables. The tunnel longitudinal displacements in the 
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Comparison of tunnel longitudinal displacements for side 
underride at 40 mph
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Figure 6.18 Comparison of tunnel longitudinal displacements for the guards at 40 mph 

Comparison of tunnel longitudinal displacements for side 
underride at 50 mph
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Figure 6.19 Comparison of tunnel longitudinal displacements for the guards at 50 mph 

Figure 6.19 shows the comparison of longitudinal displacements of the car tunnel 

for no guard, new pliers guard and new pliers guard with horizontal cables at 50 mph. 
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The blue line indicates displacement of no guard case, pink line indicates displacement 

of new pliers guard and green line indicates the displacement of the new pliers guard 

with horizontal cables. The distance traveled by the car tunnel is much more in the case 

of no guard when compared to the new guards. The end displacement in the case of no 

guard is 3130 mm, 2130 mm in the case of new pliers guard and 2190 mm in the case 

of new pliers guard with horizontal cables. The tunnel longitudinal displacements in the 

case of new pliers guard and new pliers guard with horizontal cables are almost same. 

But, in the case no guard it is much higher. 

Comparison of tunnel longitudinal velocities for side underride 
at 30 mph
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Figure 6.20 Comparison of tunnel longitudinal velocities for the guards at 30 mph 

Figure 6.20 shows the comparison of longitudinal velocities of the car tunnel for 

no guard, new pliers guard and new pliers guard with horizontal cables at 30 mph. The 

blue line indicates velocity of no guard case, pi  

guard and green line indicates

nk line indicates velocity of new pliers

 the velocity of the new pliers guard with horizontal 

cables. The end velocity of the car tunnel is much more in the case of no guard when 
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compared to the new guards. The end velocity in the case of no guard is 4730 mm/s, 

831 mm/s in the case of new pliers guard and 735 mm/s in the case of new pliers guard 

with horizontal cables. The tunnel longitudinal velocities in the case of new pliers guard 

and new pliers guard with horizontal cables are almost same. But, in the case no guard 

it is much higher. 

Comparison of tunnel longitudinal velocities for side underride 
at 40 mph
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Figure 6.21 Comparison of tunnel longitudinal velocities for the guards at 40 mph 

Figure 6.21 shows the comparison of longitudinal velocities of the car tunnel for 

no guard, new pliers guard and new pliers guard with horizontal cables at 40 mph. The 

blue rs 

guard 

 line indicates velocity of no guard case, pink line indicates velocity of new plie

and green line indicates the velocity of the new pliers guard with horizontal 

cables. The end velocity of the car tunnel is much more in the case of no guard when 

compared to the new guards. The end velocity in the case of no guard is 4920 mm/s, 

1870 mm/s in the case of new pliers guard and 1350 mm/s in the case of new pliers 

guard with horizontal cables. The tunnel longitudinal velocities in the case of new pliers 
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guard and new pliers guard with horizontal cables are almost same. But, in the case no 

guard it is much higher. 

Comparison of tunnel longitudinal velocities for side underride 
at 50 mph
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Figure 6.22 Comparison of tunnel longitudinal velocities for the guards at 50 mph 

Figure 6.22 shows the comparison of longitudinal velocities of the car tunnel for 

no guard, new pliers guard and new pliers guard with horizontal cables at 50 mph. The 

blue rs 

guard 

 line indicates velocity of no guard case, pink line indicates velocity of new plie

and green line indicates the velocity of the new pliers guard with horizontal 

cables. The end velocity of the car tunnel is much more in the case of no guard when 

compared to the new guards. The end velocity in the case of no guard is 2040 mm/s, 

1920 mm/s in the case of new pliers guard and 1940 mm/s in the case of new pliers 

guard with horizontal cables. The tunnel longitudinal velocities in the case of new pliers 

guard and new pliers guard with horizontal cables are almost same. But, in the case no 

guard it is a bit higher. 
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Comparison of tunnel longitudinal accelerations for side 
underride at 30 mph
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Figure 6.23 Comparison of tunnel longitudinal accelerations for the guards at 30 mph 

Figure 6.23 shows the comparison of longitudinal accelerations of the car tunnel 

for h. 

The bl

eak acceleration in the case of no guard is -39 G’s, -42.3 G’s in 

no guard, new pliers guard and new pliers guard with horizontal cables at 30 mp

ue line indicates acceleration of no guard case, pink line indicates acceleration of 

new pliers guard and green line indicates the acceleration of the new pliers guard with 

horizontal cables. The peak acceleration in the case of no guard is -34 G’s, -36.2 G’s in 

the case of new pliers guard and -37.6 G’s in the case of new pliers guard with 

horizontal cables.  

Figure 6.24 shows the comparison of longitudinal accelerations of the car tunnel 

for no guard, new pliers guard and new pliers guard with horizontal cables at 40 mph. 

The blue line indicates acceleration of no guard case, pink line indicates acceleration of 

new pliers guard and green line indicates the acceleration of the new pliers guard with 

horizontal cables. The p
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the case of new pliers guard and -48.3 G’s in the case of new pliers guard with 

horizontal cables.  

Comparison of tunnel longitudinal accelerations for side 
underride at 40 mph
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Figure 6.24 Comparison of tunnel longitudinal accelerations for the guards at 40 mph 

Figure 6.25 shows the comparison of longitudinal accelerations of the car tunnel 

for no guard, new pliers guard and new pliers guard with horizontal cables at 40 mph. 

The blue line indicates acceleration of no guard case, pink line indicates acceleration of 

new pliers guard and green line indicates the acceleration of the new pliers guard with 

horizontal cables. The peak acceleration in the case of no guard is -39.9 G’s, -48.1 G’s 

in the 

bed is directly hitting the passenger compartment and the car’s bumper part is not 

case of new pliers guard and -44.5 G’s in the case of new pliers guard with 

horizontal cables. 

The acceleration values in the case of no guard are much lower when compared 

to rear underride with the existing guard case. The possible reason may be the car’s 

frontal part is not involved in this side underride accident with no guard case. The truck 
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touched with any part until it hits the beam that transfers the motion from engine to the 

differential. So, it may be one of the reasons for lesser acceleration values.  

Comparison of tunnel longitudinal accelerations for side 
underride at 50 mph
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Figure 6.25 Comparison of tunnel longitudinal accelerations for the guards at 50 mph 

The following figures show the comparison for the peak values of the car tunnel 

longitudinal displacements, velocities and accelerations. 

Figure 6.26 shows the comparison of tunnel longitudinal displacements for no 

guard case, new pliers guard and new pliers guard with horizontal cables at 30mph, 

40mph and 50 mph. The displacement values traveled by car tunnel in the case of no 

guard are much more when compared to new pliers guard and new pliers guard with 

horizontal cables. In the case of new pliers guard and new pliers guard with horizontal 

cables, the displacement values are almost same. The values of the displacement for 

no guard case are 2140 mm at 30mph, 2590 mm at 40mph and 3130 mm at 50 mph. 

The values for new pliers guard are 1460 mm at 30 mph, 1750 mm at 40mph and 2130 
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mm at 50mph. The values for new pliers guard with horizontal cables are 1530 mm at 

30 mph, 1830 mm at 40mph and 2190 mm at 50mph. 

 

Displacements for Side Underride at Different Speeds
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Figure 6.26 Comparison of tunnel longitudinal displacements 
 for the guards at 30, 40, 50 mph 

Figure 6.27 shows the comparison of tunnel longitudinal velocities for no guard 

case, new pliers guard and new pliers guard with horizontal cables at 30mph, 40mph 

and 50 mph. The final velocities of the car tunnel in the case of no guard are much more 

when compared to new pliers guard and new pliers guard with horizontal cables. In the 

case of new pliers guard and new pliers guard with horizontal cables, the end velocity 

values are almost same. The values of the velocity for no guard case are 4730 mm/s at 

30mph, 4920 mm/s at 40mph and 5260 mm/s at 50 mph. The values for new pliers 

guard are 831 mm/s at 30 mph, 1870 mm/s at 40mph and 2200 mm/s at 50mph. The 
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values for new pliers guard with horizontal cables are 735 mm/s at 30 mph, 1350 mm/s 

at 40mph and 2030 mm/s at 50mph. 

Velocities for Side Underride at Different Speeds
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Figure 6.27 Comparison of tunnel longitudinal velocities 
 for the guards at 30, 40, 50 mph 

Figure 6.28 shows dinal accelerations for no 

guard 

mph, -48.3 G’s at 40mph and -44.5 G’s at 50mph. 

the comparison of tunnel longitu

case, new pliers guard and new pliers guard with horizontal cables at 30mph, 

40mph and 50 mph. The peak accelerations of the car tunnel in the case of no guard 

are not much more when compared to new pliers guard and new pliers guard with 

horizontal cables. In the case of new pliers guard and new pliers guard with horizontal 

cables, the end velocity values are not almost same. The values of the acceleration for 

no guard case are -39.9 G’s at 30mph, -39 G’s at 40mph and -39.9 G’s at 50 mph. The 

values for new pliers guard are -36.2 G’s at 30 mph, -42.3 G’s at 40mph and -48.1 G’s 

at 50mph. The values for new pliers guard with horizontal cables are -37.6 G’s at 30 
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Accelerations for Side Underride at Different Speeds
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Figure 6.28 Comparison of tunnel longitudinal accelerations 
 for the guards at 30, 40, 50 mph 

TABLE 6.1 COMPARISONS OF DIFFERENT GUARDS AT DIFFERENT SPEEDS 

 (13411 
40 mph 
(17881.6 

50 mph 
(22352.0 

30 mph 

mm/s) mm/s) mm/s) 
No Guard 

Displacement of tunnel at the end (mm) 2140 2590 3130 
Velocity of tunnel at the end (mm/s) 4730 4920 5260 

Maximum tunnel longitudinal acceleration (G) -34 -39 -39.9 
Maximum tunnel transverse acceleration (G) 22.2 25.1 28.9 

Maximum tunnel vertical acceleration (G) -32.8 -40.3 -44.8 
New Pliers Guard 

Displacement of tunnel at the end (mm) 1460 1750 2130 
Velocity of tunnel at the end (mm/s) 831 1870 2200 

Maximum tunnel longitudinal acceleration (G) -36.2 -42.3 -48.1 
Maximum tunnel transverse acceleration (G) -15.1 -13.8 -23.9 

Maximum tunnel vertical acceleration (G) 22.8 24 -35.2 
New Pliers Guard with Horizontal Cables 

Displacement of tunnel at the end (mm) 1530 1830 2190 
Velocity of tunnel at the end (mm/s) 735 1350 2030 

Maximum tunnel longitudinal acceleration (G) -37.6 -48.3 -44.5 
Maximum tunnel transverse acceleration (G) -15.2 21.3 -23 

Maximum tunnel vertical acceleration (G) 26.6 26.1 -34.6 
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 Table 6.1 shows the comparison of the tunnel longitudinal displacements, tunnel 

longitudinal velocities, tunnel longitudinal accelerations, tunnel transverse accelerations 

and tunnel vertical accelerations for the three guard cases and at the speeds of 30 mph, 

40 mph and 50 mph. The table shows the higher values for the displacements in the no 

guard case. This shows that the car travels more distance in the case of no guard when 

compared to new pliers guard and new pliers guard with horizontal cables. The higher 

values represent the underride of the car and as the car underrides, the truck bed will hit 

the passenger compartment of the car. 

 Table 6.1 shows the higher values for the end velocity of the car in the case of no 

guard case. This suggests that as there is no guard, the end velocity is much higher and 

it still has som nd values of 

the h 

lower when compared to the no guard case. This

prohibiting the further  of the car under the truck. In the guarded cases, the 

car will not travel much distance 

 or the no guard case. This phenomenon was 

e s for nnel lon alues are in 

the acceptable range. The tunne nel vertical velocities are in the 

acce

 

                     

e more move ulation. The ement even at the end of the sim

 velocity for the new pliers guard and new pliers guard with horizontal cables is muc

 is because the guard in this case is 

movement

at the end of the simulation. 

Table 6.1 shows not much values f

xplained before. The peak acceleration value the tu gitudinal v

l transverse and tun

ptable range. 
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CHAPTER 7 

CONCLUSIONS AND RECOMMENDATIONS 

 
 

7.1 Conclusions  

 The Federal Motor Vehicle Safety Standards (FMVSS) 223/ 224 for rear 

underride protection were discussed. Then the regulations for side underride protection 

guards and their use in other countries were discussed. Some of the drawbacks in 

currently existing regulations for rear underride protection were discussed and a list of 

possible solutions to overcome these drawbacks was discussed. Then the principle of 

pliers tool was explained and this principle was used to build two guards for the rear and 

two guards for the rear to achieve the main aim of the study. The main objective of the 

study was to minimize or reduce the passenger compartment intrusion. The tests on the 

existing guard showed that the guard was not able to prevent the passenger 

compartment intrusion. A test was conducted for the side underride protection by using 

no guard and this test showed that the truck bed may directly hit the car at the A-pillar 

level and hitting the occupants at the head level. 

 To fulfill the objective of the study, two underride guards for the rear underride 

protection and two underride protection guards were designed and their performances 

were compared. A quasi static test was performed on all the guards to test the strength 

and energy absorption capacity by withstanding the applied loads. All the constraints 

and boundary conditions used for the study were worked well. The welded joints to 

attach the parts of the guard to each other and the revolute joints for the pliers action 

were worked well.  
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Then the newly designed gu ched to the truck and a series of 

simulations were ru d the results were 

plotted. These tests included same initial c nditions for rear and side underride tests 

separately. The tests were conducted at different speeds of 30mph, 40mph and 50mph 

for both side and rear. For the rear 50% was used and for the side, the car hits the 

guard at the middle. In all the cases, it was shown that the employment of new guards 

reduced the passenger compartment intrusions and these new guards reduced the 

underride of the car. In all the cases with the new guards, the frontal crush zone was 

fully utilized. 

7.2 Recommendations 

ards were atta

n to study the effectiveness of each guard an

o

 Occupant injuries can be studied for all the cases used in this study by using 

MADYMO.  

 Design and analysis of the underride protection guards for the frontal scenarios 

can be studied. 

 Design for the weight reduction of the guard can be done. 

 The study can be done with moving trucks instead of stationary truck which is 

more realistic. 

 More energy absorbing models can be analyzed for the protection. 

 Use of composites for the guards can increase the energy absorbing capacity 
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