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ABSTRACT 

One of the major challenges in road safety is to design a guardrail system that provides an adequate level of safety. 

To provide an appropriate level of safety for an errant vehicle that hits the guardrail system, the safety barrier 

should be designed to absorb as much energy as possible through deformation of the soil and the guardrail system 

while maintaining the integrity of the system. Roadside geometries often call for guardrails to be placed close to 

rigid obstacles. In such cases, guardrail failure is not forgiving; therefore, this study attempts to use to explicit 

dynamics  to use improve guardrail systems so that they safely and successfully redirect vehicles.  Understanding the 

characteristics of a guardrail system allows better decisions concerning which systems are more effective in different 

locations to be made. The parametric study conducted in this study clearly reveals the effectiveness of the design 

factors on the performance of a guardrail system. 
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I.  INTRODUCTION 

Vehicle crashes are one of the leading causes of death worldwide. Annually, more than 1 million people die, and 20e50 

million are severely injured in crashes based on the Association for Safe International Road Travel (ASIRT, 2018). 

According to the U.S. National Highway Traffic Safety Administration (NHTSA, 2016), vehicle crashes ranked 7
th
 

overall regarding the years of life lost in 2012e2014. Over 37,000 fatalities and $ 230.6 billion crash cost are recorded 

annually in the U.S. A considerable proportion of roadside crashes are fatal, and injury crashes. According to Jalayer 

and Zhou (2016), in 2013, 62% of the U.S. fatal crashes were run-off-the-road (ROTR). Traffic barriers are 

traditionally known as one of the most popular countermeasures to reduce the crash severity of roadside.   

However, in 2008, traffic barriers were identified as the third most common cause of fixed-object fatalities after trees 

and the utility poles (AASHTO, 2011). This chapter discusses the methods of analysis that are used in this study, 

including modelling the G4(2W) guardrail system, performing the dynamic tests and validating the FEM model. 

Computer simulation is the most versatile approach for investigating a wide range of possible impact scenarios (e.g., 

vehicle type, guardrail type, and impact conditions). Experiments and finite element analysis (FEA) are two methods 

that were considered for use in this study  

II.  LITERATURE REVIEW 

Olegas Prentkovskis et al,
[1]

 in their work „A study of the deflections of metal road guardrail elements, 2009’ has 

discusses Statistical data on traffic accidents in 2008 in Lithuania. Metal guardrails, consisting of Σ-shape metal posts 

and a protective W-shape horizontal beam, are most popular. The authors examined the deformation processes of the 

elements of the above mentioned guardrail. They have also taken the account of elastic deformations, as well as the 

effect of soil on the buried post section of the guardrail. Based on the developed mathematical model of metal road 
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guardrail, the deflections of its elements caused by the impact of a vehicle moving at varying speed were determined. 

The obtained values of deflections of guardrail elements (a protective W-shape horizontal beam and a Σ-shape post) 

presented in paper do not exceed the admissible values (of beam deflections). The model developed may be modified to 

use it for the analysis of deformation processes of beam system‟s structures in transport infrastructure (e.g. light posts, 

traffic-lights and road signs). 

D.A.F. Bayton et al
 [2]

 in his work “Analysis of a safety barrier connection joint post-testing (Elsevier, 2007)” examine 

the effect of a full impact vehicle crash test on the joint material and the mechanical fasteners that form part of the 

safety barrier beam to beam connection joint The results show changes in the safety barrier beam material 

microstructure in the area of the slotted holes where the mechanical fasteners were subjected to shear loads due to 

tension forces in the safety barrier beam. Additional information is presented to demonstrate that changes in the 

material microstructure have not been caused by cold work deformation sustained in the manufacturing process. 

Further testing using different materials, different slot profiles and different diameter bolts would determine their 

contribution to joint performance. They may even enhance the barrier performance in terms of reducing joint slip and 

barrier deflection or indeed they may have little effect on overall system performance. 

M. Borovinsek et al 
[3]

 in their work “Simulation of crash tests for high containment levels of road safety barriers 

(Elsevier,2007)”  presents the results of computer simulations of road safety barrier behaviour under vehicle crash 

conditions for high containment levels as mandated by the European standard EN 1317. A very good agreement of 

simulation and real crash tests results was observed, which in turn justifies the use of computer simulations in the 

process of development and certification of road safety barriers. Despite the greater sensitivity of accelerations to not 

fully constrained experimental parameters, the results of the simulation and of the experiment differ inside acceptable 

±10% margin. However, using parametric computer simulations the best barrier design for predicted experiment 

parameters can be determined with reasonable accuracy. 

Omer F. Cansiz, et al 
[4]

 in their work “Crash test simulation of a modified thrie-beam high containment level 

guardrail under NCHRP Report 350 TL 4-12 conditions (Inderscience,2006)” describes details of a computer 

simulation study performed on a modified thrie-beam high containment level guardrail designated as SGR09b. A 

detailed finite element model of the SGR09b guardrail system has been developed and subjected to 8000 kg single unit 

truck impact under NCHRP Report TL4 conditions. Based on the crash test results, it was determined that the finite 

element models for both the SGR09b guardrail system and the 8000 kg single unit truck are fairly accurate and can be 

used with confidence in further computer-simulated virtual roadside safety research. Finally, it is recommended that as 

a future study, the crashworthiness of the SGR09b guardrail system should be evaluated under EN 1317 H4a or H4b 

standards which specify impact by a 30 000 kg truck. 

Wen Hu, et al 
[5]

 in their work „Median barrier crash severity: Some new insights (Elsevier, 2010)‟ they discusses the 

estimation of a nested logit model of median barrier crash severity using 5 years of data from rural divided highways in 

North Carolina. Vehicle, driver, roadway, and median cross-section design data were factors considered in the model. 

A unique aspect of the data used to estimate the model was the availability of median barrier placement and median 

cross-slope data, two elements not commonly included in roadway inventory data files. The estimation results indicate 

that collisions with a cable median barrier increase the probability of less-severe crash outcomes relative to collisions 

with a concrete or guardrail median barrier. Increasing the median barrier offset was associated with a lower probability 

of severe crash outcomes. The presence of a cable median barrier installed on foreslopes that were between 6H:1V and 

10H:1V were associated with an increase in severe crash probabilities when compared to cable median barrier 

installations on foreslopes that were 10H:1V or flatter. 

Gabriel Jiga et al 
[6]

 in their article “Study of Shock Attenuation for Impacted Safety Barriers.( Elsevier 2014 the 

authors propose and analyze the impact behavior of two new safety guardrail systems in order to raise the impact 

energy absorption. The tests were performed using as impact or a 1500 kg Chevrolet C1500 pick-up truck from the 

NCAC models library. the authors propose and analyse the impact behaviour of two new safety guardrail 

configurations in order to increase the impact energy absorption. In addition, this system should be designed as an 

enclosed complex attenuator hat would fit at the interface between guard rail and fixing post. Even that the lamellar and 

rubber damping elements system is mounted on a U profile with a lower flexural modulus, the structural integrity of the 
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guardrail is affected only, the vehicle being safely redirected on the roadway. The new proposed solution is very 

appropriate one, due to the vehicle yaw displacement rotational angle, avoiding large deformations of the vehicle 

structure and simultaneously a good redirection on the roadway. In future, new experimental tests will be performed in 

order to check the availability of the proposed solution. 

Jean-Louis Martin et al 
[7]

 in their work “Long-term analysis of the impact of longitudinal barriers on motorway 

safety (2013 Elsevier)”  assess the influence of longitudinal barriers located on the median strips and hard shoulders of 

toll motorways on crash severity in vehicles running off the roadway. The study was based on crashes involving injury 

and property damage only, recorded from 1996 to 2010 on a French toll motorway network of about 2000 km. A 

specific one-sided W-beam guardrail (“GS4”) appeared to be the best solution for cars, and even for LUVs and trucks. 

This does not affect the advisability of specific guardrails for bridges or of concrete barriers, when narrow working 

widths are required. In run-off onto median strips, a specific guardrail (“GS2”) appeared to be the most efficient, 

followed by the three other metal guardrails currently installed. Concrete barriers, however, are much more effective in 

preventing complete crossing of the median, which is uncommon and mainly involves trucks, but often with very 

serious consequences. certain aspects, such as the influence of vehicle design change (in terms of mass, geometry and 

passive safety systems), traffic conditions and speeds, were not studied here, and require further research. 

Detlef H.-J.F.Neuenhaus et al
[8]

 in their work “Using multibody-system modeling to make accurate predictions of 

vehicle impacts on road restraint systems (2012 Elsevier)” they classify and certify a vehicle restraint systems(VRS) to 

these levels,EN1317requires carrying out standardized full-scale impact tests ,causing substantial expenses. To reduce 

such costs, EN1317-part 5 explicitly allows replacing those full-scale impact tests. Due to the high requirements on 

reproducing the real impact tests by simulations ,the modeling of the VRS as well as of the vehicle demands for great 

accuracy and high skills. Already minor changes on the model of the VRS or vehicle may cause significant changes in 

results by computational simulations under certain limitations, in particular if a VRS is only subject to modifications. 

Myung-Hyun Noh  et al 
[9]

 in their article “Construction tolerance effects of reinforced posts on crash performances of 

an open-type guardrail system(2017 Elsevier)”  explains about accuracy of the simulation was verified using qualitative 

and quantitative comparisons with a full-scale crash experiment of trucks and cars. Subsequent simulation results 

present that the improved model performs much better in containing and redirecting the impacting vehicle in a stable 

manner. The numerical results for various parameters are verified by comparing different models with dynamic 

responses and passenger safety evaluations determined in the barrier from the crash simulation. For increased angles in 

the negative direction. The total stiffness of barrier system is affected very little by the small installation angle variation 

of the reinforcing plate. The maximum deflection of barriers for the rotation angle of − 15° approaches to the allowed 

value limit. the usage of the angle tolerance of more than 15° should be avoided for almost all conditions because of its 

undesirable dynamic response and passenger safety. 

John D. Reid et al 
[10]

 in their work “Impact performance of W-beam guardrail installed at various flare rates (2008 

Elsevier)”  investigated The potential to increase suggested flare rates for strong post, W-beam guardrail systems and 

thus reduce guardrail installation lengths. Computer simulation and five full-scale crash tests were completed to 

evaluate increased flare rates up to, and including, 5:1. Computer simulations indicated that conventional G4(1S) 

guardrail modified to incorporate a routed wood block could not successfully meet NCHRP Report 350 crash test 

criteria when installed at any steeper flare rates than the 15:1 recommended in the Roadside Design Guide. All tests 

conducted up to, and including on, a flare rate of 5:1 passed all NCHRP 350 safety performance evaluation 

requirements, including occupant risk measures that are not specifically required for Test 3–11 and including not 

redirecting any vehicles back into the roadway into adjacent traffic. Additionally, all tests had higher impact angles and 

speeds than those specified in NCHRP 350, resulting in even higher effective flare rates than intended. These tests 

indicate that the MGS is a very robust system when installed in a flared configuration. Implementing findings from this 

study should not only improve roadside safety, but also reduce guardrail construction and repair costs. 

Z. Ren et al 
[11]  

in their article “Computational and experimental crash analysis of the road safety barrier (2005 

Elsevier)” describes the computational analysis and experimental crash tests of a new road safety barrier. The purpose 

of this research was to develop and evaluate a full-scale computational model of the road safety barrier for use in crash 

simulations and to further compare the computational results with real crash test data. The impact severity and stiffness 
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of the new design have been evaluated with the dynamic nonlinear elasto-plastic analysis of the three-dimensional road 

safety barrier within the framework of the finite element method with LS-DYNA code. Comparison of computational 

and experimental results proved the correctness of the computational model. The tests have also shown that the new 

safety barrier assures controllable crash energy absorption which in turn increases the safety of vehicle occupants. From 

comparison of computational (Section 6) and experimental (Section 7) results it can be observed that the results 

compare very well in relation to the working width of the system (computed 1.2 m; measured 0.95 m) and contact 

length (computed 10.8 m; measured 12 m). The differences can be attributed to parameters used to describe material 

dynamic behaviour in computations, which were obviously underestimating the stiffness increase of the material under 

dynamic impact loading. ASI index for the tested system does not exceed the limiting value in any case. The highest 

values (computational 0.66; measured 0.63), are observed when the front wheel hits the first post. 

Sadok Sassi et al 
[12]

 in “Effect of crushable blockouts on a full-scale guardrail system(2016 IJC)”  discusses about the 

interaction of the vehicle with the guardrail system by adding more compliance to the guardrail system. A finite-

element baseline model of a guardrail system consisting of a light truck (2000 kg) travelling at 100 km/h and striking a 

guardrail was developed in accordance with the NCHRP Report 350 guidelines for Test Level 3 safety performance. In 

order for the guardrail system to absorb more energy and offer better stability to the vehicle, a rigid wooden blockout 

was replaced by a new crushable blockout design that was evaluated at the component level. The new blockout was 

formed by three crash cans and triggered at the corner, then was implemented in the full-scale model. The results of the 

analysis indicate that the both models satisfy the requirements of NCHRP Report 350 for the Test 3-11 conditions. In 

the first simulation, where the guardrail beams used an incompressible blockout, the vehicle was safely redirected after 

the impact. In the  second simulation, a crushable blockout was used to substitute the current rectangular wooden 

blockout. It consisted of longitudinal tubes sandwiched between two plates and triggered at the four faces. The 

simulation results clearly indicate that the vehicle was safely redirected, as in the baseline. 

Ala Tabiei et al 
[13]

 in their work “Roadmap for crashworthiness "finite element simulation of roadside safety 

structures (2000 Elsevier)” investigated to develop an accurate simulation of truck impacting a strong-post W-beam 

guardrail. Detailed methods for system simulation are proposed and three major issues which involve the use of springs 

to simulate component crashworthiness behavior is investigated. Rail to blockout bolt connection, soil-post dynamic 

interaction, and the effect of guardrail ends are modeled and simulated. Soil-post interaction is modeled using both 

Lagrangian and Eulerian meshes; results using the two methods are presented. The present paper provides a roadmap 

for simulation of highway safety structures. Three major issues are important when modeling the G4(1S) strong post 

guardrail for impact simulation. Rail to blockout bolt connection., Soil-post dynamic interaction.,. Effect of guardrail 

ends Approximating the stiffness of the unmodeled portions of the guardrail by a simple linear spring based on the 

reported equation is simplification. The model must account for the soil-post interaction.  Since position of the bolt in 

the slotted hole of the guardrail is random, two extreme cases are simulated and both must be used in the full model 

simulation to determine their effect on the total behavior. Both Lagrangian and Eulerian formulation is employed in the 

simulation of post-soil dynamic interaction. Theoretically these two methods should lead to the same results. However, 

there is some difference observed in the results, which is attributed to the mesh instability in the Lagrangian 

formulation. Eulerian mesh is more stable for soil simulation. All the above findings are incorporated in the full system 

model for crashworthiness simulation. 

Weijia Wu et al 
[14] 

in their work “A study of the interaction between a guardrail post and soil during quasi-static and 

dynamic loading(2006 Elsevier)” studies the interaction of gravel with a Sigma-post of a standard Swedish guardrail in 

experiments and numerical analysis. The aim was to measure the strength of the single post embedded in gravel and use 

the data to validate a computer model for the investigation of the soil–post interaction. A quasi-static and dynamic test 

series were designed and carried out. Two corridors were formed by the test data for the quasi-static and dynamic 

loading conditions, respectively. The interaction of gravel and post was investigated through experiments and computer 

simulations. In the experiments, the force applied directly to the post was measured to get the strength of the single 

Sigma-post anchored in gravel. Two corridors were formed from the measured data of the quasi-static and dynamic 

tests. When a test was repeated using an identical post, the measured resistance force showed some differences 

probably because the degree of compaction of gravel around the post was not exactly the same. According to the 

measurement data the dynamic resistance was about twice the quasi-static resistance. Both the passive confinement of 
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the soil and the strain rate effect of the steel resulted in this difference. The enhanced strength of the steel material 

during dynamic loading was the dominant reason that the dynamic resistance force was twice the quasi-static resistance 

force. In the computer simulations two material models in LS-DYNA were investigated and used to simulate the soil, 

respectively. The results of this study showed that the soil and concrete material model can effectively capture soil–post 

interaction under impact loading for approximately 280mm of post deflection, while the FHWA soil behaved overly 

stiff relative to the soils tested. The soil and concrete model can be used for the impact simulations of a full-scale 

guardrail system provided that the post deflection is kept within the bound of accuracy determined in this research. The 

input parameters of the soil and concrete material model were recommended to model roadside gravel. 

III.  CONCLUSION 

In this study by comparing the deflection of post and spacer, we found the max deflection of post with extra cut channel 

section spacer been more than conventional section. This specifies that the heavy vehicle will over roll the extra cut 

section, hence not suitable for heavy vehicle. Similarly the light vehicle impact with cut section  is within the limit of 

channel section . The guardrail post with cut c section spacer is more suitable for light vehicle. The guardrail post with 

c section spacer is more suitable for heavy vehicle. The thrie beam guardrails with cut section spacer can be placed in 

the city or urban place where few heavy vehicles are observed. The cut section spacer usage will optimize the cost by 

maintaining the same safety measures as per current guardrail system. The beam guardrail system can be utilize with 

channel section spacer in highways where heavy vehicles are observed more in numbers. 

 

REFERENCES 

 

[1] Shailesh S. Sengar, Vaibhav Raghav, Chadaram Srinivasu . Design & Fabrication of a Special Tool to Produce 

Square Hole. Procedia Materials Science 6 ( 2014 ) 1823 – 1836. pages 14 ,2014. 

 

[2] Michael J. Mossinghoff . Enumerating isodiametric and isoperimetric polygons. Journal of Combinatorial 

Theory, Series A 118 (2011) 1801–1815. Pages 15.2011. 

 

[3] Raviraj.D.Gohil, Manhar.S.Kagthara, Piyush.J.Mandaliya . Design of cam geometry for minimization of fillet 

radius effect in square hole drilling operation. Pages 10. International Journal of Advance Engineer ing and 

Research Development (IJAERD) Volume 1,Issue 5,May 2014, e-ISSN: 2348 – 4470 

 

[4]  Bangar Sunil Kisan, Prof. Mythili Sreeram. Modification of drilling tool to make   square  hole. Pages 3. 

IJFEAT. ISSN: 2321-8134. 

 

[5] Rahul D.Mankar, Dhananjay M.Titarmare and Amit S.Ghade. Design anf fabrication of square drilling 

machine by using special tool. Pages 6 , ISSN: 2456 – 2084.  

 

[6] Shahram Hosseini Ch., Ehsan Zamani, Seyed Matin Mortazavi . Analysis of square hole drilling mechanism 

using Oldham's non-coaxial couplings. pages 6. Bull. Env.Pharmacol. Life Sci., Vol 4 [Spl issue 1] 2015: 197-

202. 

 

[7]  R.D. Gohil, M.S. Kagthara. Review on Design of Cam Geometry for Minimization of Fillet Radius Effect in 

Square Hole Drilling Operations. Pages 3. International Journal for Research in Technological Studies| Vol. 1, 

Issue 5, April 2014 | ISSN (online): 2348-1439. 

 

[8]  Jim Foster, Tamas Szabo. Diameter graphs of polygons and the proof  of a conjecture of Graham. Pages 11 

Journal of Combinatorial Theory, Series A 114 (2007) 1515–1525. 

 

[9]  Scott G. Smith . Drilling Square Holes. Pages 5 Vol. 86, No. 7 • October 1993. 

 



 

http: // www.ijrtsm.com© International Journal of Recent Technology Science & Management 

14 

 

        
                                                                                                                                                                      ISSN : 2455-9679  
         [Shukla et al., 6(2), Feb 2021]                                                                                      Impact Factor : 3.805                                                                                 

[10] Giorgio Figliolini, Pierluigi Rea. Reuleaux Triangle and its Derived Mechanisms. Pages 11. Mechanism and 

Machine Theory, 44 (8), 1595–1606, (2009). 

 

[11] A. S. Besicovitch.,1963. Minimum area of a set of constant width, in Proceedings of Symposia in Pure 

athematics. Vol. 7, pp. 13-14, Convexity, Amer. Math. Soc., Providence, RI. 

 

[12] Advancing EDM through Fundamental Insight into the Process, pages 6 Annals of the CIRP, 54/2:599-622. 

 

[13] Barry Cox and Stan Wagon. Circle-Squaring. A Mechanical View.Pages 5 Kunieda, M., Lauwers, B., 

Rajurkar, K.P., Schumacher, B.M., 2005. Francis. 

 

[14] H. G. Eggleston.,1952. A proof of Blaschke‟s theorem on the Reuleaux Triangle, Pages 8 Quart. J. Math. 3 

296-297. 

 

[15] Rajurkar, K.P., Zhu, D., 1999. Improvement of Electrochemical Machining by Using orbital Electrode 

Movement,Pages 6 Annals of the CIRP, 48/1:139-142. 

 

[16] http://www.steelexpress.co.uk/engineeringsteel/EN9.html 

 

[17] R. Klotzler.,1975. Beweis einer vermutung uber n-orbitformen kleinsten inhalts, Pages 11 Z. Angew. Math. 

Mech. 55 557-570. 

 

[18] R. G. Sparber “makingsquare holes”Pages 6. version 4April 17, 2012 

 

[19] https://www.slideshare.net/Arahvinth/square-hole. 

 

[20] Roger j. morell February 21, 1978 “square hole drill” Pages 7 U.S.Patent 4074778 

 

[21] Watts Brothers Tool Works (1996)..How to Drill Square, Hexagon, Octagon, Pentagon Holes. Wilmerding, 

Penn. 

 

[22] A K Hajra Choudhury and Niranjana Roy(2010) review on “Drilling machines‟-Elements of workshop 

Technology vol 2,pp 227-255 

 

[23] Tong S.H., Yan J. and Yang D.C.H., " Design of deviation-function based  gerotors ", Mechanism and 

Machine Theory, 44 (8), 1595–1606 

 

[24] Zayas E.E., Cardona S. and Jordi L., "Analysis and synthesis of the displacement function of the follower in 

constant-breadth cam mechanisms ", Mechanism and Machine Theory, 44 (10), 1938 – 1949. 


