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ABSTRACT 

 

Recent full-scale crash tests of the weak-post W-beam guardrail system have resulted in 

unsatisfactory collision performance as evaluated by the National Cooperative Highway 

Research Program (NCHRP) Report 350. Since acceptable crash test performance is 

required in order to use a guardrail on a Federal-Aid Highway in the United States, the 

poor performance of the weak-post W-beam guardrail is a significant problem to those 

states that use it. The goal of this project was to improve the impact performance of the 

weak-post W-beam guardrail system so that it satisfies the requirements of NCHRP 

Report 350 at test level three. 
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1 INTRODUCTION  

 

Full-scale crash tests have demonstrated that the weak-post W-beam guiderail system 

does not meet current safety standards for use on Federally-funded highways.(3) (11)  

The  unsatisfactory performance of the system has been attributed to the problems with 

the post-rail connections, splice failure, inadequate anchorage of the system, and the 

mounting height of the W-beam on the posts. 

 

The posts in the weak-post W-beam system are only intended to hold the W-beam in 

position until a vehicle impacts it. The rail should be mounted high enough to ensure that 

the first rail-vehicle contact happens at the bumper and fender of the vehicle. During 

impact the rail should release from the posts and remain in contact with the impacting 

vehicle until the vehicle has been redirected away from the system. In some cases, 

however, the W-beam does not separate from the posts and is pulled to the ground during 

impact allowing the vehicle to override the guiderail and penetrate behind the system. In 

other cases failure has occurred when the W-beam ruptures at a splice location where 

individual sections of W-beam are joined together.  
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2 LITERATURE REVIEW  
 

2.1  THE SYSTEM 

 

As shown in figure 1, the current weak-post W-beam guiderail system (G2-system) is 

connected to the post with an 8-mm diameter bolt and a square washer under the bolt 

head. The bolt is tightened with a nut that clamps the post, rail and washer together. The 

rail is 2.67 mm thick, and its center is mounted 610 mm above the ground. An additional 

14-mm diameter bolt with nut is located below the rail to support the rail under snow 

loading. The posts are spaced 3810 mm apart. The splice connections between each rail 

section consist of eight 16-mm diameter bolts and the splices are located at every post. 

The 8-mm diameter post-rail connection bolt is supposed to fail at an early stage of an 

impact to prevent the rail from being pulled down with the post and effectively reducing 

the height of the guardrail.(2) 

 

The AASHTO-AGC-ARTBA Highway Barrier Hardware Guide includes drawings of the 

G2-system (designated SGR02a in the Hardware Guide as shown in figure 1), the 2-space 

W-beam guardrail and material specifications for guardrail steel.(7)  

 

2.2   USAGE 

Ray and McGinnis describe the history, geographical distribution, geometry and 

performance of the G2-system.(2) The weak-post W-beam guardrail system shown in 

figure 1 is used in the eastern part of the United States in particular. New York, 
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Pennsylvania and Connecticut use this system. Weak-wood post W-beam guardrails were 

once common in mid-western states like Ohio and Minnesota, and they are still used in 

Ontario, Canada. Systems similar to the weak-post W-beam guardrail are used in the 

United Kingdom and other European countries.  

 

2.3    Crash Test Requirement 

Ross, Sicking and Zimmer present recommended procedures for safety evaluation of 

highway features in the National Cooperative Highway Research Program (NCHRP) 

Report 350.(12) The authors specify impact conditions and evaluation criteria for full-

scale crash tests of longitudinal barriers. Two different tests are required for a barrier to 

pass in order to meet test level 3 conditions. Test designation 3-10 conditions involves an 

820-kg passenger car impacting the Length of Need (LON) at the Critical Impact Point 

(CIP) at a speed of 100 km/h and an angle of 20 degrees. Test designation 3-11 

conditions involves a 2000-kg pickup truck impacting the LON at 100 km/h and an angle 

of 25 degrees. 

 

New guidelines for full-scale crash testing of highway longitudinal barriers were issued 

by the Federal Highway Administration (FHWA) in 1993.(11) These requirements are 

specified in the National Cooperative Highway Research Program (NCHRP) Report 350.  

Since May 16, 1994, all newly developed barrier systems have had to meet the 

requirements of NCHRP Report 350 before they could be installed on federally-funded 

highways, whereas, older barrier systems that had previously passed NCHRP Report 230 
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requirements were temporarily exempt from this new testing requirement.   However, 

effective October 1, 1998, all new installations of barriers on federally funded highways 

(including all existing and newly developed systems) must satisfy the requirements of 

NCHRP Report 350. 

 

The safety evaluation of a barrier according to NCHRP Report 350 is performed on the 

basis of three factors. Structural Adequacy, Occupant Risk and Vehicle Trajectory.(12) 

The weak-post W-beam guardrail system performed acceptably in previous full-scale 

crash tests at test level 2 but failed to meet all test level 3 conditions.(3) (11) The barrier 

passed test designation 3-10 but failed test designation 3-11.(2)   In some tests the vehicle 

penetrated the barrier and in others the vehicle overrode the barrier. The G2-system 

mainly failed because it did not meet the Report 350 Structural Adequacy evaluation 

criterion which states that the ñtest article should contain and redirect the vehicle; the 

vehicle should not penetrate, underride, or override the installation although controlled 

lateral deflection of the test article is acceptable.ò(12)  

 

The objective of this project was to improve the impact performance of the weak-post W-

beam guardrail system so that it satisfies test level three requirements of NCHRP Report 

350. Since the weak-post W-beam system already passed test designation 3-10 the task of 

this project was to improve the current weak-post W-beam system so that it satisfies the 

requirements of test designation 3-11. 
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Figure 1: Weak-post W-beam guardrail system. (7) 

Specific issues related to the performance of the weak-post W-beam system were: 

Preventing ruptures at splice connections, 

Developing a more reliable post-rail connection, 

Reducing the chance of rail ruptures, and 

Preventing vehicles from vaulting over the guardrail. 

 

This goal was pursued using a variety of techniques including structural design, 

laboratory experiments, finite element analyses and full-scale crash tests. 

 

 

 

Formatted:  Bullets and Numbering
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2.3    Crash Test Requirement 

Ross, Sicking and Zimmer present recommended procedures for safety evaluation of 

highway features in the National Cooperative Highway Research Program (NCHRP) 

Report 350.(12) The authors specify impact conditions and evaluation criteria for full-

scale crash tests of longitudinal barriers. Two different tests are required for a barrier to 

pass in order to meet test level 3 conditions. Test designation 3-10 conditions involves an 

820-kg passenger car impacting the Length of Need (LON) at the Critical Impact Point 

(CIP) at a speed of 100 km/h and an angle of 20 degrees. Test designation 3-11 

conditions involves a 2000-kg pickup truck impacting the LON at 100 km/h and an angle 

of 25 degrees. 

 

2.4    Full-scale crash tests  

Results from full-scale crash tests with the weak-post W-beam system and other systems 

essential for this research are presented in this section of the literature review. The tests 

are divided in two different groups dependent of the nature of the particular failure. The 

first group contains crash tests where the barrier failed to meet the test requirements 

because the vehicle overrode the barrier, and the second group contains crash tests where 

the barrier failed to meet the requirements because the vehicle penetrated the barrier. 

 

The weak-post W-beam guardrail system performed acceptably in previous full-scale 

crash tests at test level 2 but failed to meet all test level 3 conditions.(3) (11) The barrier 
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passed test designation 3-10 but failed test designation 3-11.(2)   In some tests the vehicle 

penetrated the barrier and in others the vehicle overrode the barrier. The G2-system 

mainly failed because it did not meet the Report 350 Structural Adequacy evaluation 

criterion which states that the ñtest article should contain and redirect the vehicle; the 

vehicle should not penetrate, underride, or override the installation although controlled 

lateral deflection of the test article is acceptable.ò(12)  

 

The objective of this project was to improve the impact performance of the weak-post W-

beam guardrail system so that it satisfies test level three requirements of NCHRP Report 

350. Since the weak-post W-beam system already passed test designation 3-10 the task of 

this project was to improve the current weak-post W-beam system so that it satisfies the 

requirements of test designation 3-11. 

 

Specific issues related to the performance of the weak-post W-beam system were: 

 Preventing ruptures at splice connections, 

 Developing a more reliable post-rail connection, 

 Reducing the chance of rail ruptures, and 

 Preventing vehicles from vaulting over the guardrail. 

 

 

Vehicle override failures  

Bronstad and Burket describe five full-scale crash tests performed in 1968 for the Ohio 

Department of Highways with a timber weak-post W-beam system.(1) This system used 

timber posts instead of steel, and the purpose of these tests was to determine if the system 
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met the then-current crash test requirements. Post size, notching of existing strong timber 

posts and post-to-rail attachment were the variables. The W-beam guiderail used in the 

timber weak-post system was the same as used in the steel weak-post system. The post-

rail connection in test ODH-1 was composed of a 7.94-mm diameter bolt with front and 

rear washers and a nut behind the post. The vehicle, a full-size 2000-kg four-door sedan, 

impacted the system at a speed of 110 km/h and an impact angle of 25 degrees. The 

connection was supposed to fail by shearing the bolt, but instead the bolt and rear washer 

were pulled through the post. The authors conclude that: ñAlthough the vehicle was 

redirected, loss of rail height and lack of sufficient post strength allowed it to straddle the 

rail. This contributed to multiple rolloveré Rail separation from the posts, which 

occurred only at the posts in the immediate impact area, was due to forcing the bolt and 

rear washer through the post material.ò(1)  

 

One reason for the poor behavior of the system was that the guardrail was not released 

from the posts quickly enough but followed the posts to the ground allowing the vehicle 

to straddle the guardrail. Pulling the bolt and washer through the post required  

more time and displacement than shearing the bolt. The problem with the post-rail 

connection was solved using a steel insert pipe in the wooden material and a thinner 6.35-

mm diameter bolt instead of the former 7.94-mm diameter bolt. The steel insert pipe was 

inserted to ñprovide a shearing surface similar to that provided by the steel flange of the 

G2 standard post.ò(1) This way the bolt was sheared off instead off pulled through. 

Despite these improvements, the timber weak-post guardrail post-rail connection was 
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found unreliable in the field and quickly became obsolete.(2) This system has now almost 

totally disappeared from highways in the U.S.  

 

 



 10 

Mak and Alberson present a full-scale crash test (TTI 7147-21) with a G2-system 

performed in 1993 by Texas Transportation Institute.(3) This test was performed at 

NCHRP Report 350 test level three conditions (i.e., a 2000-kg pickup truck impacting the 

guardrail system at the impact speed of 100 km/h and 25 degrees. The authors stated that: 

ñ The left front, left rear and right front tires of the vehicle overrode the guardrail and 

exited only when the end of the guardrail installation was reached. It is evident from 

reviewing the high-speed video that, had there been a longer run of guardrail, the vehicle 

would likely have vaulted over the guardrail completelyé The impact performance of 

the G2 guardrail system was therefore considered unsatisfactoryé.ò(3)   

 

What is happening here is that the vehicle straddled the guardrail as can be seen in figure 

2 to 5. The authors explain that ñas the vehicle was being redirected, the W-beam rail 

element dropped and began to dig into the ground at 0.732 second. At 0.768 second, the 

left front tire began to mount the guardrail and was on top of the rail by 0.895 second.ò(3) 

The maximum deflection before failure was 2.4 m. The pictures of the collision show that 

the rail starts to drop just a little bit, which at this large deflection is enough to let the rail 

come in contact with the front right wheel and the vehicle starts to climb the rail.  
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Figure 2: Cash sequence at time  0.3 

sec (TTI 7147-21). 

Figure 3: Cash sequence at time  0.5 

sec (TTI 7147-21). 

 

Figure 4: Cash sequence at time  0.6 

sec (TTI 7147-21). 

 

Figure 5: Cash sequence at time  0.8 sec 

(TTI 7147-21). 
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Vehicle penetration failures  

Kilareski, El-Gindy, St. John and Peacheux report the results of three full-scale crash 

tests with the G2-system performed in 1998 by Pennsylvania Transportation Institute.(11) 

These tests were at NCHRP Report 350 test level three conditions (i.e., a 2000-kg pickup 

truck, 100 km/h, 25 degrees).   The first two tests did not conform to test level three since 

the impact speed was lower than the required 100 km/h. The third test, however, did 
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conform to test level three conditions. The test vehicle impacted the system between post 

5 and 6. The rail ruptured at the splice at post 7 and the vehicle penetrated the barrier. 

The authors conclude that: òThe system performance, however, was poor with a rail 

splice rupture occurring at the splice on post #7. The rupture occurred approximately 

0.228 s after impact and occurred when the right front corner of the test vehicle was 

between post 8 and 9.ò(11) The maximum deflection was 1.5 m just before panel rupture.   

 

Ross, Bligh and Menges report the results of a full-scale crash-test (TTI 472480-7) with a 

modified strong-steel post W-beam system (G4(1S)-system) performed by Texas 

Transportation Institute.(15) The system was modified with routed wood blockouts 

instead of the standard W150X12.6 steel blockouts. The test was performed with a 4X4 

2300-kg Pickup Truck at the impact speed of 110 km/h and the impact angle was 20 

degrees. This was not a standard NCHRP Report 350 test. The vehicle impacted the 

installation 0.7 m upstream of post 17.  The rail ruptured at the splice at post 19. The 

authors describe the impact scenario as:  ñAt 0.104 s, the left front tire snagged on post 

18, and at 0.106 s, post 20 moved. The left front tire separated from the vehicle at 0.126 

s, and at 0.154 s, the vehicle reached post 19. By 0.158 s, post 21 moved, and by 0.176 s, 

the rail tore from the top of the rail in a downward direction at post 19é At 0.213 s, the 

rail separated from post 19 and the vehicle was travelling at 86.6 km/h at an angle of 5.9 

degrees. At 0.216, the rail ruptured.ò(15) The maximum dynamic deflection before the 

rail tore was 0.68 m. The vehicle climbed the rail but remained upright during and after 

the collision.  
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Buth, Zimmer and Menges present a full-scale crash test (TTI 405421-2) with a modified 

G4(1S)-system.(16) Stronger W150X17.9 steel block-outs were used instead of the 

standard W150X12.6. The test was performed at NCHRP Report 350 test designation 3-

11 conditions. The vehicle impacted the installation 672 mm upstream of post 17. The 

authors describe the impact scenario as: ñThe vehicle began to redirect at 0.065s, the left 

front tire contacted post 18 at 0.087 s, and the tire began to turn toward the guardrail. By 

0.192 s, the W-beam rail element ruptured near the splice at post 19 as the vehicle was at 

a 14.30 degree angle to the rail. The maximum deflection of the rail element before 

rupture occurred was 1.00 m.ò(16) The vehicle penetrated the barrier and rolled over 

behind the guardrail. The failed guardrail element is shown in figure 6. A ñstrength 

analyses (ASTM A370) were performed on three specimens taken from the torn rail 

segment near the tear. Yield strength was 436 Mpa, tensile strength 514 MPa, and the 

percent elongation in 51-mm gauge length was 25 percent.ò(16) The rail tension was 

obtained at three locations, between post 15 and 16, between post 18 and 19 and between 

post 22 and 23, from strain gauge bridges. The tension in the rail between post 18 and 19 

was about 130 KN when the splice failure occurred. Worth mentioning is that the post-

rail connection bolt tension was measured at post 17 and 18 and the splice displacement 

was measured at post 15, 19 and 23. The splice displacement was measured with splice 

displacement transducers. The splice displacement at post 19 was about 50 mm at 

maximum and 35 mm when the splice failure occurred. 
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Figure 6: Ruptured rail element at splice in TTI Test 405421-2. (16) 
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Mak, Bligh and Menges report the results of four full-scale crash tests conducted with 

four different vehicles, a Ford Taurus, Chevrolet Lumina, Plymouth Neon and a Dodge 

Caravan.(17) A modified G4(1S)-system was used in these tests. The installation was 

modified with timber blockouts instead of the standard W150X12.6 steel blockouts. The 

crash test with the Chevrolet Lumina (TTI 472580-2) resulted in a splice failure at post 

15. The 1500-kg vehicle impacted the rail 0.84 m upstream of post 14 with an impact 

speed of 98.4 km/h and an impact angle of 25.0 degrees and contacted post 14 at 0.041 

sec. This was not a standard NCHRP test. The authors explain that ñthe vehicle began to 

redirect at 0.043 s and post 16 moved at 0.080 s.  At 0.112 s, a tear appeared at the lower 

edge of the W-beam rail at post 15 and, at 0.115 s, the vehicle contacted post 15é. The 

W-beam rail element ruptured at 0.122 s.ò(17) The vehicle penetrated the guardrail and 

ended up on its roof behind the guardrail installation.  

 

Research was performed to determine the cause of the splice failure. Fifteen laboratory 

tests were conducted using coupons cut from the ruptured rail element to determine if the 

material met the AASHTO M180 specifications (i.e. 482 MPa in tensile strength). The 

results in Table 1 show that the tensile strength was just above the specifications in all 
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cases but one. The zink coated rail coupons of the W-beam material tested in the 

independent laboratory was just below the specification. The authors concluded ñthere 

are significant differences in terms of tensile strength and percent elongation between the 

Trinity Laboratory testing results and the mill certificate. When compared to the testing 

results from the independent testing laboratory, the differences are even more striking. 

There are no apparent reason for such discrepancies and the differences are too large to 

be random variation.ò(17)  

 Average Yield 

Strength (MPa) 

Average Tensile 

Strength (MPa) 

%Elongation 

Independent Laboratory    

 Zinc coated rail 416 476 25 

 Non zinc coated rail 415 486 23 

Trinity Industries 453 572 23 

Mill Certificate 445 529 31 

Table 1: Laboratory test results for AASHTO M180 guardrail steel.(17) 

 

The authors also stated that: òit is believed that the properties of the rail element did not 

materially contribute to the rail rupture.ò(17) 

 

The investigators continued with the effort to determine what caused the splice failure by 

looking at the test data. They claimed that: ñThe rail element was not subjected to 

excessive deflection or general pocketing at the splice. The upstream anchor was barely 

disturbed, indicating that there was not excessive tensile load on the rail prior to 

ruptureé However, it is clear from the two high-speed cameras located behind the rail 

that, shortly after impact, a hard point on the vehicle (apparently the frame horn) began to 

flatten the lower corrugation of the rail and continued with the flattening as the vehicle 
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proceeded down the guardrail. A localized pocket was formed at the splice post, which 

led to a tear on the lower edge of the rail element and the eventual rupture of the 

rail.ò(17) They also conclude that ñit is unclear why or how that happened, or if this is 

unique or repeatable, or what can be done to alleviate this problem.ò(17) 

 

Mak, Bligh and Menges report the results of three crash tests conducted on the MELT-2 

terminal.(18) In one of the crash tests (TTI 405541-4) performed at NCHRP Report 350 

test designation 3-34, which involves an 820-kg passenger car impacting the CIP at a 

speed of 100 km/h and an angle of 15 degrees, the W-beam ruptured at a splice. The 

vehicle impacted the MELT-2 terminal at post 2. The vehicle began to redirect at 0.035 s. 

The right corner of the vehicle reached post 3 at 0.074 s. The authors explain that ñat 

0.091 s, the rail element began to tear at the lower bolt hole of the splice at post 3. The 

maximum dynamic deflection of the rail element just prior to the tear was 0.53 m.  The 

rail element began to deform around post 4 at 0.116 s and then buckled at post 4 at 0.121 

s.  By 0.122 s, the rail element was completely ruptured at the post 3 splice.ò(18) The 

vehicle penetrated the rail.  

 

Mak and Menges report the results of four full-scale crash tests performed with a Mini-

MELT terminal for use with the G2-system.(19) The purpose of this crash test was to 

evaluate the adequacy and strength of the transition from the weak-post W-beam system 

to the strong-post Mini-Melt terminal. The second test (TTI 471470-23) was performed at 

NCHRP Report 230 Test Designation S31 conditions (2000-kg passenger car, impact 
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speed 100 km/h and impact angle 25 degrees). The vehicle impacted the guardrail 

terminal 4.6 m upstream of the last wooden post of the terminal (post 5). The numbering 

in this test was different from the standard. The upstream end-post of the terminal was 

numbered 12 and the second post from the upstream end was numbered 11 and so forth. 

The vehicle contacted post 3 at 0.055 s, post 4 at 0.147 s and ñat 0.148 s after impact, the 

W-beam rail element ruptured at the splice at post 5 (last wood post of the terminal 

section).ñ(19) The maximum dynamic deflection before rupture was 0.3 m. The ruptured 

W-beam element is shown in figure 7.  
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Figure 7: Ruptured rail element at splice in TTI Test 471470-23. (19) 

 

The major conclusion from these full-scale crash tests is that the weak-post W-beam 

guardrail system does not meet the NCHRP Report 350 test level three criteria. The G2-

system cannot contain and redirect an impacting 2000-kg pickup truck in a safe and 

stable way as required by NCHRP Report 350 test designation 3-11. Sometimes the 

guardrail ruptures and the vehicle penetrates the barrier and sometimes the guardrail 

drops and the vehicle overrides the barrier.(3) (11) A review of videos of prior full-scale 

crash tests showed that one cause of the guardrail dropping and allowing the vehicle to 

override the barrier was the inconsistent failure of the post-rail connection. An 

investigation of the post-rail connection is performed in this research.    

 

Another conclusion is that barriers occasionally rupture at the splices in full-scale crash 

tests with barrier systems other than the G2-system. Splice failures have been observed in 

tests with the strong-post W-beam system, the MELT Terminal and the Mini-MELT 
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Terminal. (15) (16) (17) (18) (19) Essentially all W-beam barriers use the same type of 

eight-bolt splice connection to connect the W-beam sections, and all such systems 

experience splice failures occasionally. An investigation was performed in this research 

to explore the performance of the splice in detail and to suggest modifications to 

guardrail systems that uses this connection that would prevent the rail from rupturing at 

the splice.    

 

2.1 Finite element modeling 

Finite element analysis is a good tool to simulate impacts. Laboratory tests and crash tests 

are often time consuming and expensive to carry out. Thus, iIt is thus often useful to 

perform a simulated test before performing a physical test. This way weak spots in a 

structure can be identified at an early stage of the development process, saving money 

and time. The finite element program LS-DYNA is an ñexplicit three dimensional finite 

element code for analyzing the large deformation dynamic response of inelastic solids 

and structuresò and was used for the simulations in this project.(8) LS-DYNA has been 

used with good results in crash-test simulations for years.    

 

Plaxico, Patzner and Ray describe techniques they used in developing a finite element 

model of the guardrail post-soil interaction.(4) The interaction was modeled using springs 

between post and soil below grade. The model was compared with a pendulum test of a 

strong-post and the simulated results corresponded well to test data. These modeling 

techniques were used in the research described in this report.  
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Wright and Ray describe techniques for modeling steel materials in LS-DYNA for 

guardrail materials.(5) Quasi static laboratory tension tests were performed on AASHTO 

M-180 guardrail steel coupons and compared with finite element solutions of the same 

test. LS-DYNA material parameters were optimized to achieve the best correlation 

between laboratory tests and FE-tests. Two different LS-DYNA material models were 

used for modeling guardrail steel, the kinematic/isotropic elastic-plastic material model 

(Type 3) and the rate-dependent tabular isotropic elastic-plastic material model (Type 

24).(5) There were two different sets of properties for material model Type 3, one bi-

linear set covering elongations up to 11 percent and one elastic-perfectly plastic set 

covering elongations from 11 percent up to failure, which happens at about 25 percent 

elongation. Both sets of properties are accurate as long as they are used in the appropriate 

range of elongations. The authors came to the conclusion that  ñmaterial Types 3 and 24 

are not adequate for modeling strain rate effects for AASHTO M-180 guardrailò and they 

did therefore not include strain-rate effects in the models.(5) 
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3 PERFORMANCE OF GUARDRAIL SPLICES  
 

 

3.1 Introduction  

Weak-post W-beam guardrail sections are connected together with eight 16-mm 

diameters bolts and nuts. The splices are located at every post in the G2-system (figure 

1). One problem that has been observed in the field and in full-scale crash tests with the is 

that the W-beam rail sometimes ruptures at the splice allowing the vehicle to penetrate 

the barrier.(11)  

 

This problem is not unique to the weak-post W-beam system. Occasionally the rail 

ruptures at the splice in strong-post W-beam systems, guardrail terminals and guardrail-

bridge rail transitions.(15) (16) (17) (18) (19) The configuration of the splice connection 

is the same in all these systems although the location of the connections varies in each 

system. 

 

In this chapter, reasons for rail rupture and ways to mifigate this problem will be 

discussed. A combination of laboratory tests and finite element simulations were used to 

explore the performance of splices in the weak-post W-beam system.  A finite element 

model of the splice connection was developed.  

 

First, a series of uniaxial tensile laboratory tests were performed to explore the response 

of the splice connection to uniaxial loadings and to collect data for evaluation of a finite 

element model of the connection. The model of the splice was used to explore the 
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performance of the connection. The results from this simulation were used to explain why 

W-beam rails sometimes rupture at the splices. The theory was compared with the results 

from previous full-scale crash tests for validation.   

 

3.2 Laboratory uniaxial tensile tests 

A series of quasi-static laboratory uniaxial tensile tests of the W-beam rail splice was 

performed using a Tinius-Olsen 1780-kN (400,000-lbs) load test machine. The purpose 

of the uniaxial tensile test was to examine the uniaxial failure mechanism and ultimate 

strength of the splice and to collect data for validation of a finite element model of the 

splice. 

 

Special grips to hold the ends of the rails were designed and fabricated. These grips had 

to be able to withstand larger loads than the bolted splice connection and the rail cross-

section. Each grip consisted of three steel hemispherical bars welded to a plate that was 

designed to fit in the grips of the load tester. Twenty-one 12.7-mm diameter A307 bolts 

were used to attach the rail to each grip fixture. Long plate washers were used between 

nuts and rail to increase the friction. Figures 8 and 9 show the test setup and the grips.  

 

Three uniaxial tensile tests were performed with this setup. The first test was interrupted 

since the bolts used for the grips failed at around 390 kN. Originally, 9.5-mm diameter 

bolts and small round washers were used to attach the rail to the grips. The grips were 

improved by using stronger 12.7-mm diameter bolts and long plate washers between nuts 
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and rail. The tensile tests were conducted with the modified grips and completed 

successfully.  The failure mechanism and maximum pulling force were consistent for the 

three tests.  

 

 

 

 

 

 

 

 

 

Figure 8: Uniaxial tensile test setup. 
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When the splice was loaded axially, the splice bolts rotated and bent the edges of the 

splice holes (figure 10). The sharp edge of the bolt head and nut tore the material around 

the holes on both layers of rail (figure 11). Finally, the bolts started to tear through the 

rail material around the holes and were pulled through the holes allowing the splice to be 

pulled apart completely. At the end of all three tests one of the outer splice bolts tore the 

guardrail material completely. The results from the uniaxial tension tests are summarized 

in Table 2.  The splice failed at approximately the same displacement and force in all 

three tests. The force-displacement curves differed somewhat, (see figure 12) because the 

Figure 9: Test grips. 
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connection is sensitive to how the two layers of W-beam are lined up relative to each 

other.  The splice holes are actually slots and the force direction response will be affected 

by where in the slot the bolt is positioned. 

 

The highest tension measured in the rail upstream of the impact point in a full-scale crash 

test of a weak-post guardrail system is usually below 300 kN.(9) Thus, what is happening 

at 400 kN in a uniaxial laboratory test is, probably not what happens in a real impact. The 

laboratory test is not a good representation of a real splice failure, but the force-

displacement curves for the tests are valuable for calibrating the finite element model of 

the connection.  
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Figure 10: Failed splice connection. 
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Test Failure Mechanism Max. Pulling 

Force (kN) 

Displacement at max 

force (mm) 

991222_01* Splice bolts pulled through 

splice holes  

438 NA  

000117_01 Splice bolts pulled through 

splice holes 

408 22.86 

000322_01 Splice bolts pulled through 

splice holes 

409 24.13 

*Interrupted and continued after redesigning the test fixture. Displacement data lost 

when test interrupted. 

Table 2: Uniaxial tension test results for a W-beam splice.     

 

 

Figure 11: Guardrail damage caused by bolt-head and nut tearing material. 
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It is difficult to perform a laboratory test that replicates closely the loadings on the splice 

in a full-scale crash test since the loadings and deformations are very complex. Instead, a 

finite element model of the splice was developed and evaluated. The model was later 

used in a sub-model consisting of a weak-post and the rail section with the splice 

centered on the post. Using the sub-model, the performance of the splice in a full-scale 

crash test could be simulated and studied in detail. 
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Figure 12: Uniaxial tension test force-displacement graphs. 




