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1 INTRODUCTION 

There are many situations where driveways or secondary roadways intersect a high speed 

roadway near a bridge. In this situation, an approach guardrail is required to protect motorists from 

the hazards associated with the end of the bridge rail and the area under the bridge. Unfortunately, 

the intersecting street or highway is often too close to the bridge to provide adequate approach 

guardrail runout. 

A common safety treatment for this type of situation, called a short-radius guardrail, involves 

a curved section of guardrail placed around the corner of the intersecting roadway with tangent 

sections on each end that parallel the respective roadways. The tangent sections of guardrail along 

the primary roadway are generally attached to an approach guardrail transition attached to a bridge 

rail, whil"e the sections along the secondary roadway are generally attached to a guardrail end 

terminal. A short-radius guardrail system is intended to perform in a similar manner to a bullnose 

median barrier or crash cushion. For example, when a high angle impact occurs in the curved portion 

of the system, the vehicle is to be captured and brought to a controlled stop. In addition, the system 

must still be capable of redirecting impacting vehicles along the tangent sections of the guardrail 

installation. 

Currently, several states have short-radius guardrail designs in their standard plans that may 

be capable of meeting the NCHRP Report No. 230 ill safety requirements that were set forth in 

1981. However, it is not believed that these designs will prove capable of meeting the current 

NCHRP Report No.350 (~criteria. Recently, the Midwest States Regional Pooled Fund States have 

contracted with the Midwest Roadside Safety Facility (MwRSF) to investigate the feasibility and 

concept development of a new short-radius guardrail design. This report describes the initial effort 



to develop this new short-radius guardrail design. 

1.1 Objective and Project Plan 

The objective of this research study was to perform the preliminary analysis and design of 

a new short-radius guardrail system capable of meeting the Test Level 3 (TL-3) impact conditions 

ofNCHRP Report No. 350 criteria. However, the research was only to include the development of 

a design concept and not the fabrication and subsequent testing. 

The research into the development of a new short-radius design, described herein, consisted 

of six parts: (1) a literature search; (2) a design space analysis; (3) construction of an appropriate 

NCHRP Report No. 350 test matrix in order to validate the design; (4) development and selection 

of a potential short-radius design; (5) computer simulation using LS-DYNA of the most promising 

design concept; and (6) selection of a final design along with recommendations and suggestions for 

future work. 

The first portion of the work consisted of a comprehensive literature search on all available 

research and testing of short-radius designs, as well as collecting the existing short-radius standards 

for each of the pooled fund states. The second phase was an analysis of the short-radius design space 

limits and other design considerations based on the data gained from the literature search as well as 

existing texts on roadway design and geometries. This task would include determination of the 

limits, extent, and possibilities of the allowable design space. Additional design factors that were 

relevant to possible short radius designs were also included. Third, NCHRP Report No. 350 testing 

guidelines would be applied to determine the proper test matrix for acceptance of any new short

radius system. Development ofthe short-radius design concept followed, and a potential design for 

the new short-radius system was chosen. Subsequently, computer simulation of the design concept 
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using LS-DYNA was used to investigate the feasibility of the new design. The simulation was 

analyzed to detennine possible problems and suggest possible improvements to the design. A final 

design concept was then chosen based on all of the infonnation collected in the previous phases of 

the project. 
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2 BACKGROUND AND PREVIOUS RESEARCH 

The first phase of the research consisted of an extensive literature search into existing 

information and testing of short-radius guardrail systems. This included collecting all available test 

data for short-radius designs, as well as compiling a list of state standards for short-radius designs 

from the Midwest pooled fund states. 

2.1 Previous Short-Radius Guardrail Testing 

Ideally, in a head-on impact with a short-radius guardrail, the front bumper of the vehicle is 

captured by the rail, minimizing the chance for the vehicle to travel over or under the system. After 

impact, the rail should wrap around the front of the vehicle, forming a "cradle" to hold the vehicle 

as it travels into the system. The force produced by the deformation of the rail and breaking of the 

posts decelerates the vehicle to a controlled stop. For an oblique impact along the side of the system, 

the barrier should redirect the vehicle similarly to that of a normal guardrail system. 

Several studies have been conducted on short-radius guardrail systems in the past. Details 

of these studies and designs are located in Appendix A. The Southwest Research Institute (SwRI) 

has conducted two studies in an effort to evaluate the performance ofW-beam short-radius guardrail 

systems. The first study consisted of six NCHRP Report No. 23Q crash tests conducted on a 2,590-

mm radius design used by the State of Washington (3,4). Several modifications were made on the 

system throughout the testing program. As a result, a system was developed to contain both a 2,000-

kg sedan and an 820-kg small car, although the performance was marginal. It should be noted that 

during the course of the testing, SwRi found that a tangent guardrail length of7 ,620 mm or more was 

necessary to develop sufficient tensile capacity in the rail when impacted in the radius region. 

A second study, performed for Yuma County, Arizona, resulted in the development of a 
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short-radius guardrail system with an 8-ft radius and designed for low volume roads (~). This system 

was tested according to the test matrix for Performance Levell (PL-I) of the 1989 AASHTO Bridge 

Specifications (§). These criteria specify a 72.5-km/h impact with a 2,450-kg ballasted pickup and 

an 80.5-km/h impact with an 820-kg small car. The system was successfully tested at this lower 

service level. 

A 1992 study was conducted by the Texas Transportation Institute (TTl) to design a W -beam 

short-radius guardrail treatment to meet NCHRP Report No. 230 criteria (1). The newly developed 

system used a 4,875-mm radius ofnested-W-beam which was supported by five 1,980-mm long 

CRT posts. A series of six tests was performed with modifications being made throughout the testing 

to improve its safety performance. The design proved capable of passing the small car criteria but 

did not meet the 2,000-kg. sedan criteria set forth under NCHRP Report No. 230. After the sixth 

test, TTl concluded that the system was a possible interim solution for use as an NCHRP 230 

accepted short-radius guardrail system. 

In 1994, TTl attempted to improve upon the previous design by developing a short-radius 

thrie beam guardrail system which would satisfy the criteria found in NCHRP Report No. 350 Qi). 

Initial testing of the system showed that it was not capable of containing a 2,000-kg pickup truck 

when subjected to an oblique impact into the curved portion of the rail. After considering the effort 

and resources required to redesign the system to accommodate a pickup impact, the scope of the 

project was redefined to develop the thrie-beam system according to NCHRP Report No. 230 

criteria. The study consisted of five full-scale crash tests, with one system modification consisting 

of the removal of several post bolts in the curved section. In the small car test, the rail failed to 

capture the front bumper, allowing the vehicle to underride the system. The vehicle was brought to 
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a stop when the rail snagged on the front A-pillars of the small car. During the 2,000-kg car impact 

into the curved section, the vehicle was nearly stopped when the end anchorage system failed. It was 

determined that the failure was a result of using bolts which were smaller than the specified size. The 

investigators concluded that the failure would not have occurred ifthe specified bolts had been used. 

Though these test results were not ideal, the system was judged to meet NCHRP Report No. 230 

criteria. 

Tables summarizing the full-scale vehicle crash tests, test summary pages of short-radius 

systems, and system drawings are presented in Appendix A. 

Additionally, the Federal Highway Administration (FHWA) published a technical advisory 

with regards to curved W -beam guardrail installations at intersecting roadways (2). This document 

discussed the need for short-radius guardrail systems and reviewed the short-radius testing that had 

been done to date. It went on to suggest recommendations for the installation of short-radius 

guardrail systems including design drawings, capture area criteria based on radius size, slopes, and 

other important installation guidelines. The design drawings recommended by the FHW A in the 

advisory are located in Appendix B of this report. 

The short-radius guardrail testing performed to date shows that there are two main problems 

with the current designs. The first of these is the inability to absorb the energy of a vehicle impacting 

on the curved portion of the rail. With the very limited amount of space which is available in this 

type of system, it is very difficult to design a system which will be 'soft' enough to stop a small 

vehicle with acceptable deceleration levels, but stiff enough to stop a large vehicle in the available 

distance. The second problem is, that in order to contain vehicles which impact along the curved 

portion of the system, the rail must be capable of capturing a wide variety of frontal geometries in 

6 



various impact scenarios. Once the vehicle is captured, the posts in the system must break free 

without excessive rotation so that ramping of the test vehicle is not initiated. It should be noted that 

it is equally important that the short-radius system be designed to prevent underride of the guardrail 

by the impacting vehicle as well . 

2.2 Current State Standards 

In addition to the crash test data collected, the roadside hardware standards containing details 

for short-radius guardrail systems from all of the pooled fund states were collected. The purpose of 

collecting these standards was to gain an understanding of what types of designs the state 

departments of transportation are currently using in intersecting roadway situations. It also served 

as an aid in determining proper design space limitations further into the project. The state standards 

for short-radius systems for the Midwest State's Regional Pooled Fund states are provided in 

Appendix C. 
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3 DESIGN SPACE ANALYSIS 

After the literature search and collection of the state standards was complete, a design space 

analysis was performed to determine the geometric limits for the short-radius design. This analysis 

included examination of the following: (I) possible nose section radii; (2) tangential side lengths; 

(3) the capture area; (4) intersecting road angles; and (5) end connections. Some additional design 

criteria relevant to short-radius guardrail design were also considered. These areas of analysis will 

be discussed in the following sections. 

3.1 Possible Radius Sizes 

The first component considered in the design space analysis was the size of the radius used 

in the short-radius guardrail. With regards to the performance of the design, a smaller radius size will 

result in a stiffer curved section, while larger radii will tend to decrease the stiffuess of the curved 

section. The size of the radius will also be partially dependent on the geometry of the intersecting 

roads and the available space for the short radius guardrail system. 

As discussed in Section 2.1, the smallest radius tested in the past was 2440 mm, which 

corresponded to the Yuma County study conducted by SwRi (~) . For this project, the design was 

only tested under the PL-I safety performance criteria. The smallest radius tested according to the 

NCHRP 230 criteria was 2,590 mm, which corresponded to the Washington State short-radius 

design that was also tested by SwRi (1.1). It is noted that this radius size performed acceptably under 

the given test conditions. The largest radius tested was 10,670 mm, which corresponded to a 

Washington State design that was tested by SwRi (1.1) However, this guardrail test was conducted 

at reduced speed and angle and does not give a good indication of the performance of large radii 

under more severe impacts. Subsequently, TTl tested 4,875-mm short radius systems using both W-
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beam and thrie beam configurations under NCHRP Report No. 230 test conditions (Lli). TTl found 

that the 4,875-mm radius was a viable option for both beam types. Although it was not a short-radius 

system, a bullnose guardrail system with a curved nose section was successfully tested according to 

NCHRP Report No. 350 safety criteria (J 0-12). This system used a 3,8 JO-mm long nose section 

curved to form a I ,580-mm radius. 

Based on the previous research, the use of smaller radii seems to demonstrate more promise 

for short radius designs. No one has successfully tested any short-radius system radii larger than 

4,875-mm to either the NCHRP 230 or 350 criteria. The use of smaller radii also creates a stiffer 

curved section and allows for easier adaptation of a short-radius design to a variety of intersecting 

road geometries. 

3.2 Tangential Side Lengths 

Another important consideration in the design space analysis of a new short-radius guardrail 

design was the lengths of the tangent guardrail sections adjacent to the curved portion of the 

guardrail. In investigating the side lengths, it was important to consider the various end connections 

used in the field (i.e., end terminals), the need for approach guardrail transition sections, and 

development of sufficient anchorage for the curved portion of the guardrail during impact. 

SwRI concluded during their testing of the Washington State short-radius design QA) that 

at least 7,620 mm of tangential guardrail was needed to develop an effective stroke for the curved 

section during impact. Originally, the short-radius tested in that study had only 3,810 mm of 

guardrail installed tangent, including the transition to the bridge rail, but this configuration did not 

provide sufficient anchorage. The final design tested by SwRI used 7,620 mm of tangent guardrail 

in conjunction with an additional cable anchorage system. 
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FHWA's technical advisory on short-radius guardrails (2) also recommends a minimum of 

7,620-mm of guardrail installed tangent between the curved section and the end of the approach 

guardrail transition or guardrail end terminal for all short-radius systems. It should be noted that this 

length should be considered an absolute minimum and will likely be greater due to other design 

considerations. For example, consider a side that terminates with an approach guardrail transition 

attached to a bridge rail. The degree of stiffness ofNCHRP 350 accepted transition designs is much 

greater than the stiffness of the adjacent curved section. Therefore, a much more gradual change in 

stiffness may be required to transition between these two regions, potentially resulting in additional 

intermediate sections of guardrail. 

A similar increase in the 7,620-mm minimum tangent length is possible when the system 

terminates using a guardrail end terminal. High-speed, NCHRP 350 accepted guardrail end 

terminals, such as the BEST or SKT designs, require more than 7,620 mm of guardrail for proper 

installation. Additionally, the possible use ofthrie beam guardrail in the curved section will create 

a need for an added transition section to W -beam before the end terminal can be applied. These 

factors will increase the tangent guardrail length adjacent to the radius well beyond the 7,620-mm 

minimum specified by the FHW A. 

Based on these observations, the researchers believe that any NCHRP 350 short-radius design 

will have a minimum tangential guardrail length well over 7,620 mm. Although it may be possible 

that the 7,620 mm minimum may be achieved in some cases with proper anchorage, it is likely that 

tangential lengths may be closer to 11 ,430-mm. 

3.3 Capture Area 

The capture area required for the safe containment of an impacting vehicle in a short-radius 
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guardrail design consists of an area clear of obstacles and obstructions directly behind the curved 

section of the design. Examination of this design space included the consideration for the size of the 

area and the surrounding ground slopes. 

The FHW A technical advisory (2) recommended capture area sizes based on the radius of 

the curved section. Figure I shows the recommended capture areas specified by the FHWA. These 

areas were determined by the FHW A through analysis of previous testing and research. The capture 

areas should be kept free of any obstacles or obstructions that may pose a hazard to impacting 

vehicles. It should be noted that the areas given consider only containment of the impacting vehicle. 

In addition, they do not account for flying debris from the guardrail system upon impact with the 

vehicle. Several of the past tests of short-radius guardrails demonstrated that debris from the impact 

may pose a hazard far outside these recommended capture areas, and this potential safety hazard 

should be considered in design. 

The FHW A advisory also provides slope guidelines for the area surrounding the guardrail 

installation. A slope of no greater than 15: I is specified in front of the curved section of the guardrail 

in order to prevent override or underride of the guardrail beam. Embankment slopes of2: I or flatter 

are specified for the capture area behind the guardrail. The 2: I slope represents the steepest slope 

tested according to NCHRP 230 in conjunction with a short-radius design (3.4). However, it should 

be noted that little testing has been performed on guardrail systems adjacent to slopes in accordance 

with the NCHRP Report No. 350 criteria. Due to this lack of testing experience, it is believed that 

the use of flatter slopes in the short-radius design would improve the capture and controlled 

deceleration of the impacting vehicle. The use of steep slopes behind a short-radius guardrail system 

may adversely affect the performance of the system by increasing the potential for override of the 
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guardrail. 

The FHW A also specifies a minimwn of 610 mm of nearly horizontal fill behind the 

guardrail posts in the system before a much steeper embankment slope may begin. The amount of 

soil left behind the posts will in a large part determine how the posts react during impact as well as 

the magnitude of the post-soil forces generated. The 61 O-mm guideline recommended by the FHWA 

potentially may not be sufficient to produce the desired post behavior in the case of a short-radius 

design, which is also dependent on the post type and the embedment depth. Therefore, an increase 

in the horizontal fill behind the posts may be necessary. 

3.4 Intersecting Roadway Angles 

Consideration of roadway geometry and the angle between the intersecting roads also was 

warranted in the conceptual design of the new short-radius system as it relates to the design space 

analysis. The upper and lower limits of the intersecting road angles provide limitations to the size 

and radius of the curved section of guardrail and determines the geometry of the tangent lengths 

adjacent to the radius. 

Currently, no testing has been conducted on short-radius designs with intersecting roadway 

angles other than 90 degrees. Guidelines and handbooks for roadway design show that intersecting 

road angles vary from 180 degrees (a "U" turn) to as low as a 30 degree turn angle (ll). These angles 

are defined as the turning angles of the vehicle and not an actual angle of the intersecting roadways. 

The extremes of these limits may not be applicable for short-radius guardrail systems and instead 

may be better served by other designs. For example, a very sharp turning intersection will likely be 

better protected by a bullnose-type guardrail system, while a shallow angle intersection may only 

require a curved section of standard guardrail. 
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Investigation of the state standards found that only one state had a short radius guardrail 

installation on an intersecting roadway with an angle other than 90 degrees. Iowa Department of 

Transportation has a standard for a short-radius guardrail where the angle between the intersecting 

roadways is 60 degrees. 

Based on the collected data, it is difficult to determine exact limits for roadway angles for 

a short-radius design. Test data and current state standards yield intersecting roadway angles in the 

range of 60 degrees to 90 degrees. It is noted that roadway design does allow for angles outside of 

this range. However, any application of short-radius designs with intersecting angles much greater 

than 90 degrees or much below 60 degrees will require engineering judgement to determine if the 

intersection may be better served by another type of protection. In any case, NCHRP 350 crash 

testing of such a design will likely be performed on a system with a 90-degree intersection angle as 

it seems to be the most prevalent. 

3.5 End Connections 

The end connections used on a new short-radius design will be critical in order to achieve 

an acceptable safety performance of the system. These end connections will likely consist of either 

guardrail end terminals, approach guardrail transitions, or a continuation of W -beam or thrie beam 

guardrail along the intersecting roadway. 

All of the current testing of short-radius guardrails has been conducted with either tumed

down end terminals or some form of the Breakaway Cable Terminal (BCT) end terminal. None of 

the previously tested short-radius guardrail systems have been tested with NCHRP 350 approved end 

terminals although it is not believed that the tensile capacity in the anchor systems will be a problem. 

The list of approved NCHRP 350 guardrail end terminals that could be used in conjunction with the 

14 



new short-radius guardrail design is quite large. Consequently, the choice of end terminal may affect 

the tangent length due to the various design lengths of the newer end terminals. In any event, the 

selection of the end terminal should be based on what is best suited to the individual installation. It 

should be noted, however, that the end terminal chosen will need some form of a cable anchor in 

order to develop rail tension when impacted on the curved portion of the guardrail. 

For situations where the short-radius tangent section terminates into a bridge rail, connection 

situation, an approved NCHRP 350 approach guardrail transition should be placed between the 

short-radius guardrail and the bridge rail. Again, this will likely affect the tangent length of the 

design depending on the length of guardrail needed to provide a gradual change in stiffness as well 

as provide a transition between the various guardrail shapes. 

Finally, there exists the possibility that the short-radius guardrail will simply continue with 

conventional guardrail sections installed tangent to the roadway. 

3.6 Miscellaneous Design Considerations 

For the design space analysis, several other design considerations were deemed relevant to 

the development of a new short-radius guardrail. Some of these considerations have an effect on the 

design space and have been touched on previously, while others are simply pertinent information to 

be used in the design. 

One of the most important considerations was the choice of guardrail beam type to be used 

in the new design. Both thrie beam and W -beam short-radius designs have been tested previously, 

but neither type of rail has been used with complete success. W -beam guardrail is very common and 

would be easy to implement; however, it did not demonstrate sufficient strength or capture properties 

in previous testing. The 312-mm depth of section in W -beam guardrail provides less section for 
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capture of the vehicle and less material for strength. Nesting of the W-beam could be used to 

increase its strength, but its vehicle capture ability would not be improved. Thrie beam provides both 

increased vehicle capture capabilities and strength, but past testing also showed the potential for 

vehicle override and underride. Recent testing according to NCHRP 350 criteria by the MwRSF of 

a bullnose median barrier design (10-12) showed thatthe potential exists for a curved section ofthrie 

beam guardrail to be used in short-radius guardrail applications. Although curved thrie beam may 

prove to be overly stiff, horizontal rail slots could be cut into the guardrail valleys. This technique 

was used previously in the bullnose system. These rail slots weaken the rail as well as aid in the 

capture of impacting vehicles. Based on the above discussion, thrie beam guardrail seems the most 

advantageous rail type for use in the design of a new short-radius system. 

Another important consideration in the design of a short-radius guardrail is the post selection 

and layout. All of the previously tested short~radius designs used breakaway CRT posts without 

blockouts and spaced 1,905-mm on centers throughout the curved section of the guardrail. CRT 

posts were used since they typically break upon impact, thus reducing the potential for vehicle 

vaulting. TTl researchers determined that it was necessary to use 1,980-mm long CRT posts with 

I, 118-mm embedment to achieve the proper soil-post behavior (J.) . It is also important to note that 

the post to guardrail connection in all of the final designs consisted of a single bolt with no plate 

washer. Eliminating the washer allows the post to separate from the guardrail during impact instead 

of pulling it downward after the posts fracture. For the short-radius design, some of the posts 

adjacent to the curved section may need to be weakened as well. Weakening additional posts should 

provide for a softer system, allow more deformation of the guardrail, reduce the loading of the 

guardrail, and reduce the potential for rail rupture. Finally, the remaining posts in the system will 
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depend on the system requirements for the end terminals and transitions used. 

A final consideration in the development of a new short-radius guardrail system was the use 

of steel cables to reinforce the nose section of the design. Previous experience with the bullnose 

system showed that a slotted thrie beam guardrail may rupture in the event of an impact and allow 

vehicles to penetrate through the system (10-12). It was found that the use of a pair of steel cables 

set in the valleys of the nose section of guardrail could prevent this behavior. Based on this previous 

experience, the researchers believed that a similar set of reinforcing cables should be applied to the 

short radius design. These cables would serve to capture the impacting vehicles in the event of 

guardrail tearing and failure. 
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4 NCHRP 350 TESTING AND EVALUATION CRITERIA 

4.1 Test Requirements 

Due to the nature of potential impacts into the curved section of a short-radius guardrail 

system, it was believed necessary to classifY it as either a terminal or crash cushion for the purpose 

of determining the appropriate NCHRP Report No. 350 crash tests and evaluation criteria. A short-

radius guardrail should be defined as a non-gating device and must fulfill the requirements for non-

gating terminals. A non-gating device is one designed to contain and redirect a vehicle when 

impacted downstream from the end of the device. According to NCHRP Report No. 350, non-gating 

end terminals and crash cushions must be subjected to eight full-scale vehicle crash tests, five using 

a 2000-kg pickup truck and three using an 820-kg small car. The required 2000-kg pickup truck 

crash tests for a Test Level 3 (TL-3) device are: 

(I) Test 3-31, a 100 km/h impact at a nominal angle of 0 degrees on the tip of the barrier 
nose, 

(2) Test 3-33, a 100 kmIh impact at a nominal angle of 15 degrees on the tip of the 
barrier nose, 

(3) Test 3-37, a 100 km/h impact at a nominal angle of 20 degrees on the beginning of 
the LON (Length-of-Need), 

(4) Test 3-38, a 100 km/h impact at a nominal angle of20 degrees on the Criticallmpact 
Point (CIP), and 

(5) Test 3-39, a 1 00km/h reverse direction impact at an angle of20 degrees one half of 
the LON from the end of the terminal. 

The required 820-kg small car crash tests for a TL-3 device are: 

(1) Test 3-30, a 100 km/h impact at a nominal angle of 0 degrees on the tip of the barrier 
nose with a V.-point offset, 

(2) Test 3-32, a 100 km/h impact at a nominal angle of 15 degrees on the tip of the 
barrier nose, and 

(3) Test 3-36, a 100 km/h impact at a nominal impact angle of 15 degrees on the 
beginning of the LON. 

A diagram showing the impact location for the eight crash tests is shown in Figure 2. 
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The critical impact point mentioned above is defined for non-gating terminals as the point 

along the installation where it is unknown whether the guardrail will capture the impacting vehicle 

or redirect it. 

4.2 Evaluation Criteria 

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

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

adequacy are intended to evaluate the ability of the terminal to contain, redirect, or allow controlled 

vehicle penetration in a predictable manner. Occupant risk evaluates the degree of hazard to 

occupants in the impacting vehicle. Vehicle trajectory after collision is a measure of the potential for 

the post-impact trajectory of the vehicle to cause subsequent multi-vehicle accidents, thereby 

subjecting occupants of other vehicles to undue hazard or to subject the occupants of the impacting 

vehicle to secondary collisions with other fixed objects. These three evaluation criteria are defined 

in Table 1. 

19 



Teat 3- Jl 

Beginning l.O.N. 

Direction or main traffic flow 

C.I.P. of Terminol)/2 

,,>II 
/ 1;.~\ 

// -=-----'--

///// Direction of 

Figure 2. Proposed Full-Scale Crash Tests For Short-Radius Guardrail Evaluation 

20 



Table I. NCHRP Report 350 Evaluation Criteria for 2000P Pickup Truck and 820C Small Car Tests 

Evaluation Evaluation Criteria Applicable 
Factors Tests 

D. Test article should contain and redirect the vehicle; the vehicle should not penetrate, underridc, 3-37 

or override the instal lation although controlled lateral deflection of the test article is acceptable. 3-38 

Structural 3-30 
Adequacy 3-31 

C. Acceptable test article performance may be by redirection, controlled penetration, or controlled 3-32 
stopping of the vehicle. 3-33 

3-39 

D. Detached elements, fragments or other debris from the test article should not penetrate or show 
potential for penetrating the occupant compartment, or present an undue hazard to other traffic, ALL 
pedestrians, or personnel in a work zone. Deformations of, or intrusions into, the occupant 
comoartment that could cause serious iniuries should not be permitted. 

F. The vehicle should remain upright during and after collision although moderate roll, pitching, ALL 
and yawing are acceptable. 

H. Occupant impact velocities should satisfy the following: 3-30 
3-31 Occupant Occupant Impact Velocity Limits (m/s) 3-32 Risk Component Preferred Maximum 
3-33 Longitudinal and 9 12 3-36 

Lateral 

L Occupant ridedown accelerations should satisfy the following: 3-30 
3-31 Occupant Ridedown Acceleration Limits (G's) 3-32 

Component Preferred Maximum 3-33 
Longitudinal and 15 20 

3-36 
Lateral 

K. After collision it is preferable that the vehicle's trajectory not intrude into adjacent traffic lanes. ALL 

3-37 
L. The occupant impact velocity in the longitudinal direction should not exceed 12 mlsec and the 3-38 

occupant ridedown acceleration in the longitudinal direction should not exceed 20 G's. 3-39 

3-36 
Vehicle 

The exit angle from the test article preferably should be less than 60 percent of the test impact 3-37 
Trajectory M. 3-38 

angle, measured at the time the vehicle lost contact with the device. 3-39 

3-30 
3-31 

N. Vehicle trajectory behind the test article is acceptable. 
3-32 
3-33 
3-39 
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5 DEVELOPMENT OF INITIAL DESIGN CONCEPT 

5.1 Design Parameters 

The initial design of the short-radius ~ystem began with discussion of the design parameters 

that would govern the design of the new system. This discussion focused on the information gained 

in the literature search and design space analysis conducted previously. Experience gained by the 

researchers during the development of the bullnose median barrier system at the MwRSF (10-12) 

was also applied. 

The basic geometric details of the new design were the first parameters discussed in the 

development of the design concept. The layout of the system was chosen to accommodate a 90-

degree angle between intersecting roadways. This system would terminate into a bridge rail along 

the primary road, while the section of the system along the secondary road would terminate into a 

TL-2 guardrail end terminal. This basic layout was chosen because it provided the most common 

intersection geometry. An approach guardrail transition and bridge rail were positioned along the 

primary road because it was believed to provide the worst case scenario (i.e., greatest potential for 

pocketing and! or snagging). 

Next, it was desired that the length of the tangent sections adjacent to the radius of the 

guardrail be kept to a minimum for several reasons. First, if the system was successfully tested with 

the minimum length of the tangent section, then it is reasonable to assume that longer lengths would 

also be acceptable and not require additional crash testing. Second, a system with shorter sides is 

much simpler to adapt to field situations with lower material and installation labor costs. Therefore, 

the short-radius guardrail was designed to minimize the length along both roadways. 

Finally, several features were also chosen for implementation into the new short-radius 
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guardrail system based on their successful use in the bullnose median barrier mentioned previously. 

Due to some of the inherent similarities between these two designs, it seemed prudent to consider 

those features for use in the development of the bullnose for this effort. Thrie beam guardrail was 

chosen for the design of the new system based on its increased strength and improved capture 

abilities. The incorporation of slots in the valleys of several sections of thrie beam guardrail was 

made to improve the ability of the guardrail to capture incoming vehicles and to allow the guardrail 

to deform without creating large kinks. The nose cables used on the bullnose system were also 

included in the short-radius design to contain the impacting vehicle in the event of guardrail rupture, 

as was observed in the testing of the bullnose median barrier. Finally, the use of double, chamfered 

blockouts was desired on several posts in the system. Testing of the bullnose barrier had shown that 

the double, chamfered blockouts reduced wheel snag on the posts and improved the capture of the 

vehicle's front end by the guardrail. 

5.2 Nose Section Design 

After reviewing the Midwest Regional Pooled Fund member states' standards and the 

previously tested short-radius systems, a 2,426-mm radius design was selected for use in the current 

study. The small radius reduced the overall size of the system and allowed for easier application of 

the design into a variety of intersections. The nose section was formed using one 381 O-mm long, 

curved section of thrie beam guardrail. The curve radius was sized based on the constraint that the 

nose bend would form a 90 degree angle between the leg ends. 

The front-end section of the short-radius system was designed without a post at the centerline 

of the nose, since the end post typically rotates backwards after impact, often creating a potential for 

the vehicle to vault over the rail. It was determined that a nose section without the centerline post 
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would have sufficient structural strength to maintain the shape of the rail without rail sagging while 

also reducing the vaulting hazard. 

5.3 Barrier Design Details 

The layout of the initial design concept for the short-radius guardrail system is shown in 

Figures 3 through 5. For the short-radius system, the nose section consists of a 2,426-mm radius nose 

section bent to form a 90-degree arc with two tangential sides. The primary roadway side is 11,430-

mm long, while the side along the secondary roadway is 13,335-mm long. After post no. 9P on the 

primary roadway side of the system, a 3,810-mm long approach guardrail transition system is used 

to adapt the short-radius system to a safety-shape concrete bridge rail. Details on the approach 

guardrail transition can be found in previous publications by MwRSF (14.15). Actual installations 

of the short-radius guardrail system could use any NCHRP Report No. 350 approved approach 

transition. On the secondary roadway, a 7,620-mm long Test Level 2 (TL-2) FLEAT end terminal 

was attached at post no. 4S in order to terminate that side of the system. Details on the FLEATcan 

be found in the Transportation Research Record No. 1690 (lQ). A TL-2 end terminal was chosen for 

the design based on expectations oflower speeds along the secondary roadway and the desire to 

the length ofthe side of the system to a minimum. In the following sections, barrier details are given 

for the remaining the short-radius system, excluding these end connections. 

The system was configured with twenty-four wood posts with fifteen posts positioned along 

the primary roadway and nine posts along the secondary roadway. Starting from the radius, the first 

post on each side of the system was a l40-mm wide by 190.5-mm deep by 1830-mm long 

Breakaway Cable Terminal (BCT) post set in 2440-mm long foundation tubes. Post no. 1 on each 

side of the barrier used a single 150-mm wide by 200-mm deep by 360-mm long thrie blockout that 
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Figure 3. Short-Radius Design Concept 
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was chamfered at a 25-degree angle from the middle of the front face of the blockout to the bottom. 

Post nos. 2P through 5P along the primary roadway and post no. 2S along the secondary roadway 

were 1980-mm long CRT posts. Each of these posts included double 150-mm wide by 200-mm deep 

by 360-mm long thrie blockouts to space the rail away from the post. The front blockouts on the 

double blockout posts were chamfered in a similar manner to that used with post no. 1. Post nos. 6P 

through 9P along the primary roadway and post no. 3S along the secondary roadway were standard 

150-mm wide by 200-mm deep by 1,980-mm long wood posts. Each of these posts included a 150-

mm wide by 200-mm deep by 360-mm long thrie blockout to space the rail away from the post. Post 

spacing for all of the posts up to post no. 9P along the primary roadway is 952.5 mm. Post spacing 

for all post up to post no. 4S along the secondary roadway was 1,905 mm. The top mounting height 

of the rail' was 804 mm, as measured from the ground surface. Post nos. 2P through 9P along the 

primary roadway and post nos. 2S through 4Salong the secondary roadway had a soil embedment 

depth of 1,153 mm. Details of these posts are shown in Figure 6a through Figure 6b. 

A cable anchor system was attached between the thrie beam and post no. 1 on each side of 

the system in order to develop the tensile strength of the thrie beam guardrail downstream from the 

nose section. With the intermediate posts used in this design, it was necessary to mount the cable 

anchor bracket to the backside of the bottom valley of the thrie beam in order to eliminate cable 

clearance issues with the blockout located at post no. 2P. Details of the anchor system are shown in 

Figure 7. 

Four guardrail sections used in the short-radius system consisted of 12-gauge steel thrie 

beam. The 3,81 O-mm long sections were spliced together using a standard, bolted lap splice on each 

interior end. The first three rail sections were cut with slots in the valleys. The nose section of the 
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rail (rail section no. I) consisted of a 3,81 O-rrun long beam bent into a 2,426-rrun radius. The nose 

section was cut with slots in the valleys to aid in vehicle capture, as shown in Figure 8. There were 

six primary 700-mm long slots centered about the midspan of the rail, three in each valley. The 

primary slots were divided from one another by 25-mm wide slot tabs. Eight additional smaller 230-

mm long slots, four on each end of the rail section, were also cut with a 50-mm wide slot tab 

between them. All slots were 25-mm wide. The second rail section on each side was straight section 

of thrie beam guardrail. These sections were cut with a different pattern of slots, as shown in Figure 

9. The slot pattern for this section used on each side consisted of two sets of six 300-mm long slots 

centered between post slots. The slots were separated by 250-mm wide slot tabs, which provided 

three slots per valley between posts. The remaining section ofthrie beam guardrail along the primary 

roadway was not slotted. 

A 12-gauge thrie beam to W-beam transition section was placed between post nos. 3S and 

4S along the secondary roadway. The transition section was necessary in order to end the guardrail 

with an approved W-beam guardrail end terminal, such as the FLEAT. 

A set of steel retention cables were attached to the back of the nose section to contain 

impacting vehicles in the event of rail rupture. A 4.3 8-m long by 15 .9-mm diameter cable was added 

behind the top and middle humps of the nose section of thrie beam rail. A 7 x 19 cable was chosen 

such that one of the two cables was capable of containing the impacting vehicle. It is noted that the 

steel cables were only placed behind rail section no. I. Since it was believed that the rail sections 

beyond the nose section would remain active and intact throughout the impact event, the use of 

longer cable lengths was not deemed necessary. The cables were attached to the guardrail using three 

6.35-mm diameter V-bolts per cable to fix the cables behind the top and middle humps of the thrie 
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beam. The ends of each cable were fitted with "Cold Tuff' buttons and clamped between fonned 

steel plates located at the guardrail splice at post no. I on each side. The "Cold Tuff' buttons are 

swaged-grip button ferrules. As such, any similarly sized swaged-grip button ferrule could be 

substituted into the design. The cable plate and the cable detail are shown in Figure 10, while the 

assembly details are shown in Figure 7. 
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6 COMPUTER SIMULATION 

6.1 Simulation Objective 

Following the development of the initial design concept, the next phase consisted of a 

nonlinear finite element simulation of the design using LS-DYNA (11). The objective of the 

simulation effort was to evaluate the feasibility of the new design prior to any full-scale testing. It 

was believed that simulation of the short-radius design would aid in the identification offlaws in the 

design. 

The initial simulation of the new short-radius design was set up to according to the NCHRP 

Report No. 350 test 3-33 specifications. Test 3-33 consists of a 2,000-kg pickup truck impact on the 

nose of the system at a speed of 100 kmIh and at an angle of 15 degrees from the primary roadway. 

The decision to simulate test 3-33 was based on the researcher's previous experience with the 

simulation of the bullnose barrier design (10-12). The test 3-33 impact condition was highly similar 

to the impacts simulated in the development of the bullnose barrier. Therefore, it was believed that 

the experience gained from the previous research study would significantly reduce the time 

commitment necessary for creating a reliable short-radius system model. 

Due to the complex nature of the simulation of the short-radius design, a series of models 

with increasing sophistication were developed. The use of these incremental models allowed 

simulation errors to be identified and corrected in a sequential manner rather than having to sort 

many problems out of a large, full-system model. A total of three models were developed in the 

process of simulating the short-radius design concept under the test 3-33 impact requirements: (I) 

a model ofthe first three guardrail sections and the nose cable; (2) a model of the first three guardrail 

sections with the posts and cable anchors; and (3) a final model with six fully modeled guardrail 

37 



sections. Each of these models is discussed in greater detail in the following sections. 

All of the simulation models were impacted with the UNL C2500 truck model. 

6.2 Model with Three Guardrail Sections 

The initial model developed for the simulation of the short-radius design concept was a 

model of three guardrail sections, as shown in Figure 11 . This model included the nose section of 

guardrail and the first tangent section on each side of the nose. The splices between the sections were 

modeled by simply doubling the thickness in the splice area. No posts were included in the model 

at this time. 

Slots were added to the valleys of the thrie beam guardrail by simply deleting elements in the 

appropriate locations. Tearing of the slot tabs was a critical behavior deemed necessary to 

incorporate into the simulation of the short-radius system as it provides the mechanism for the humps 

of the thrie beam to separate and more effectively capture the front of the impacting vehicle. Thus, 

the slot tabs in the nose section of guardrail in the model were defined as a separate material in order 

to facilitate tearing of the tabs. Material properties for the tabs were developed previously through 

component testing during Phase II of the bullnose project ill). 

In addition to the guardrail, the nose cables located behind the top two humps of rail section 

no. 1 were included in the model. The nose cable model was comprised of many discrete beam cable 

elements. For simulation purposes, the U-boltcable attachments were modeled as spotwelds that tied 

the cable to the guardrail at several locations, and the cables were modeled with an elastic material 

model. 

Simulation of the three guardrail section model yielded good results with only one major 

simulation problem. The deformation of the thrie beam guardrail was reasonable and no contact 
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problems were observed between the guardrail and the pickup truck. However, the problem with 

the simulation was found in the contact between the nose cable elements and the other parts in the 

model. The cable contact was flawed as the cable was able to pass through both the nose section of 

the guardrail as well as the bumper and radiator sections of the pickup truck, as shown in Figure 12. 

Originally, surface to surface contact was used to define the contact for the cable. However, it was 

later detennined that this contact type was not sufficient to handle the interaction between the 

discrete cable beam elements and the shell elements. The problem was corrected by switching the 

contact definition between the components to an automatic single surface contact. This modification 

vastly improved the contact, as shown in Figure 13. 

6.3 Model with Three Guardrail Sections and Posts 

After the successful simulation of the first three guardrail sections, a more complex 

simulation effort of the short-radius design concept was attempted. The new simulation model added 

all of the posts and the cable anchor assemblies to the first three guardrail sections, as shown in 

Figure 14. The guardrail and nose cable components used in the model were identical to those used 

in the previous model. 

Three types of posts were added to the model: (1) Breakaway Cable Tenninal (BCT) posts; 

(2) CRT posts; and (3) standard timber thrie beam posts. All of the posts were modeled using a 

plastic, kinematic material model with appropriate wood properties. The hole section of the BCT and 

CRT posts used a separate material which incorporated a set failure pressure to erode the elements 

and allow the posts to break away. A tube of completely constrained, rigid shell elements was used 

to model the soil foundation tubes used in conjunction with the BCT posts. Simulation of the 

interaction between the remaining posts and the soil was accomplished using pairs of nonlinear 
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springs to replicate the dynamic post-soil behavior. 

The blockouts used between the guardrails and the posts were created from the same wood 

material as the posts. Double blockouts used on some of the posts were modeled as a single piece 

for simplicity. The connections between the blockout, the guardrail, and the posts were modeled 

using spot welds with failure. This method allowed the blockouts to break away from the posts and 

guardrail which is obser'Ved to occur in actual guardrail impacts. 

The cable anchor assembly used in the model of the first three guardrail sections and posts 

consisted of a cable, a cable box, and a cable anchor. The cable box and anchor were modeled with 

rigid elements, while the cable connecting the two was a discrete beam cable element similar to those 

used for the nose cable. 

Simulation of this more complex model of the short radius system yielded promising results, 

as shown in Figure 15. Rail capture of the impacting pickUp truck looked very good as the top two 

corrugations of the thrie beam wrapped snugly around the vehicle's front bumper and grill. Aside 

from the guardrail, the other newly added components used in the model such as the posts, cable, 

and cable anchors functioned properly as well. Fracture of the breakaway posts was observed as 

expected, and the cable anchor and blockouts performed without error. No contact failures or other 

modeling issues were observed with the added components. 

While the model of three guardrail sections with posts performed well, some potential 

simulation problems were identified. A first problem consisted of a contact issue between the 

radiator of the pickup truck and the thrie beam guardrail, as shown in Figure 16. As the guardrail 

deformed, the edge of the one of the corrugations of guardrail passed through the edge of the radiator 

mesh and snagged in it. As the simulation continued, the snagged guardrail mesh pulled the radiator 
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with it, causing unrealistic interaction and defonnation of the system components. However, the 

problem was attributed to the artificially high stiffness of the partial model. This model rigidly 

constrained the guardrail on both ends of the short-radius system. This may have stiffened the 

system' s response and pushed the guardrail into the radiator more severely than a simulation with 

less stiff end conditions. Therefore, it was not deemed necessary to fix the problem unless it showed 

up again in the simulation of the next generation of the model. 

During the review of the simulation results of this model of the short-radius system, a major 

difference in the behavior of the guardrail was identified between the current model and the 

simulation and testing results from the bullnose median barrier (10-12). It was noticed that in 

previous full-scale testing of the bullnose barrier, the front tires of the pickup truck always rolled 

over the lowest corrugation of the nose section of thrie beam shortly after impact. Due to the 

similarity in the design of the nose section of the short-radius design, it seemed reasonable that a 

similar behavior would be observed in the short-radius simulation. However, simulation of the 

current model did not result in rollover of the lower thrie corrugation by the front tires, as shown in 

Figure 17. 

A couple of potential causes for the lack of rail rollover by the front tires were considered. 

First, it may seem plausible that the rollover of the bottom corrugation of guardrail by the front tires 

may not occur due to the differences the geometry of the short-radius and bullnose designs. Second, 

the vehicle impact orientation with the short-radius nose section is much different than that used 

during the testing of the bullnose system. A third possible reason for the lack of rollover was that 

the contact definitions used in the short-radius guardrail model may not be sophisticated enough at 

this stage ofthe study. Finally, it was possible that the guardrail and truck contacts used in the model 
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were not applied correctly, and that the behavior might improve if the contacts between them were 

redefined. Based on the difficulty with the cable contact that was mentioned previously and the lack 

of any observable contact errors, it seemed unnecessary to change the contacts at this time. 

Without full-scale testing of the short-radius system, it is not possible to ascertain with 

confidence whether or not the front tires will roll over the lower corrugation of the thrie beam 

guardrail, or determine if it is a valid and necessary behavior to predict. Therefore, it was decided 

to refrain from further investigation of the discrepancy until such time that the true behavior is 

revealed through full-scale crash testing. 

6.4 Short-Radius Model with Six Guardrail Sections 

The final computer simulation model of the short-radius design concept contained six 

sections of guardrail, as shown in Figure 18. The added sections of guardrail resulted in a system 

length of 7620 mm being modeled on each side of the nose section. A total of thirteen posts were 

included in the model. The cable anchor assembly and the nose cable were carried over from the 

previous models. Two new features were also added to the model for this simulation. First, a W

beam to thrie beam transition section was added between post nos. 3S and 4S along the secondary 

roadway. After this transition section, the remaining guardrail consisted of standard W -beam. 

Second, nonlinear springs were attached to each end of the guardrail in order to terminate it and 

provide tensile capacity, thus approximating the response of the additional guardrail from longer 

installations. It is noted that the ends of the guardrail were also constrained from moving 

perpendicular to their respective roadways. 

The six guardrail section model of the short-radius system achieved the full complexity 

desired for the simulation ofNCHRP Report No. 350 test 3-33 impact condition. The researchers 
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believe that the extent the system was modeled provided a reasonably acceptable indication of the 

short-radius concept's safety performance, both with respect to vehicle capture and occupant risk 

potential. 

Simulation of the six guardrail section model was very successful. The correction of 

modeling flaws in the previous models resulted in no major modeling errors in this model. This final 

model was used to simulate NCHRP Report No. 350 test 3-33 for analysis purposes. 

6.5 NCHRP 350 Test 3-33 Simulation Results 

Simulation ofNCHRP Report No. 350 test 3-33 was performed using the UNL C2500 truck 

model to impact the center of the nose of the six guardrail section model of the short-radius system 

at a speed of 100 km/h and at an angle of 15 degrees from the primary roadway. The model was run 

for 340 msec on a SOl 02000 workstation using two CPU's. The total CPU time needed to run the 

simulation was approximately 165 hours. 

Plots of the simulation results of test 3-33 are shown in an overhead view and a view behind 

the system in Figures 19 and 20 respectively. The results looked very promising. The simulation 

began with the C2500 truck impacting the nose of the system. After impact, the slot tabs in the nose 

section tore and the guardrail flattened out and captured the front of the truck. The top and middle 

corrugations ofthrie beam captured the grill and the bumper, respectively, as shown in Figure 21. 

Cable contact remained stable and there were no signs of override or vaulting of the guardrail. As 

the truck continued into the barrier, the bumper of the truck impacted and broke post no. I P along 

the primary roadway at approximately 70 msec into the simulation. Post no. I S along the secondary 

roadway was broken almost simultaneously when the guardrail wrapped around it. The guardrail 

along the primary side buckled and kinked as the truck proceeded farther into the system. However, 
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no large kinks were formed due to the weakening of the guardrail by the slots. 

At approximately 130 msec, the front bumper of the pickup truck impacted post no. 2P along 

the primary roadway, causing it to break. By the time the pickup had reached post no. 2P, the 

guardrail had wrapped firmly around the entire front of the pickup truck. Significant tearing of the 

guardrail was observed; however, it did not tear completely through or become slack as the impact 

continued. The unimpaired portions of the guardrail retained enough tension to remain upright, 

which aided in the continued capture of the vehicle. 

After the pickup truck had fractured post no. 2P, the pickup truck began to yaw clockwise. 

The yawing of the truck was caused by both vehicle interaction with the short-radius system and the 

impact conditions. As the pickup truck moved past post no. 2P along the primary roadway, the 

guardrail upstream of post no. 2P wrapped around the left-front comer of the pickup. The wrapping 

of the guardrail formed a kink at post no. 2P that impacted the truck near the left-front tire. The 

deformed guardrail and kink along the primary roadway were pushed into the side of the vehicle at 

approximately 175 msec, as shown in Figure 22. The combination of the kink and the wrapping of 

the rail around the left-front comer of the vehicle caused the pickup truck to pivot clockwise around 

that left-front comer due to the unbalanced force applied to that region. The yawing of the pickup 

truck subsequently caused the body of the truck to roll to the left as it proceeded farther into the 

system. Both of the wheels on the right side of the vehicle lifted off of the ground slightly due to the 

roll motion. However, neither the roll nor the yaw of the truck were particularly violent, and the 

capture and the stability of the pickup truck never seemed to be compromised. 

By the end of the simulation or at 340 msec, the front of the pickup truck was even with post 

no. 4P along the primary roadway. The procession of the truck into the system had fractured post 
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nos. IP through 3P along the primary roadway and post nos. I S and 2S along the secondary roadway. 

The yawing of the truck continued, and the truck was positioned at a 50 to 55-degree angle with 

respect to the roadway at the end of the simulation. Capture of the pickup truck remained adequate, 

and no major instability was observed in the trajectory of the pickup truck. The damage observed on 

the truck was minor and occurred mainly to the front fenders, the bumper, and the grill. The velocity 

of the pickup truck at the end of the simulation run was approximately 15.3 mls (55.1 kmIh), as 

shown in Figure 23 . 

Simulation ofNCHRP Report No. 350 test 3-33 was stopped after 340 msec with no contact 

errors or other major modeling problems. The simulation was stopped because it was believed that 

reasonable results had been obtained for the modeling ofthe test 3-33 impact condition. Continuing 

the simulation for extended times beyond 340 msec would have been time consuming and 

unnecessary with regards to achieving the goals of this project. 

57 



SHORT-RADIUS· 5 RAILS + POSTS - TEST 3-33 UNL REDUCED TRUCK 
28 

~ 
~ 

26 

24 

Node Ids 

--A-41055 

j -c: .. 
'5 20 

i 

~N 
\. 

~ 
""" , 

22 

18 

~ • III 

~ 
16 

14 I I 

o 50 100 150 200 250 300 

Time 

Figure 23. Pickup Truck Velocity, Simulation of Test 3-33 

58 



7 ANALYSIS OF SIMULATION RESULTS 

Following the successful completion of the simulation of the short-radius design concept, the 

researchers believed that it was necessary to disseminate the preliminary results regarding its 

potential safety performance. It should be noted that a majority of the simulation and analysis 

focused on the modeling of the test 3-33 impact condition, since it was believed to be one of the 

critical tests. However, there remains uncertainty with the simulation results as they could not be 

verified or compared with any existing test data. As a result, the analysis was concluded based on 

the simulation performance alone. 

Based on the results of the simulation of the short-radius design under the NCHRP Report 

No. 350 test 3-33 impact conditions, the initial performance of the new concept looked very 

promising. Vehicle capture provided by the system was very good initially and continued to be 

consistent throughout the impact. Upon impact, the top two corrugations ofthe thrie beam guardrail 

in the nose section were flattened, and wrapped around the grill and front bumper throughout the 

simulation. The guardrail did not rupture completely across the section as was observed in three of 

the tests of the bullnose median barrier 00-12). There were also no indications for the potential for 

the vehicle to override or underride the system. 

The deformation of the guardrail as the pickup truck impacted the system performed as 

desired. The slots in the first three sections of guardrail weakened the rail and prevented the 

formation of any large kinks or buckles in the guardrail. No sections of guardrail were observed to 

buckle and impact the occupant compartment in any way. 

The short-radius system displayed the ability to contain and safely decelerate the impacting 

vehicle in a controlled manner. Containment of the pickup truck was consistent for the duration of 
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the simulation, and no significant instabilities in the vehicle's trajectory were observed. Although 

moderate yaw and roll motions of the truck were seen during the simulation, the yaw and roll 

motions were not believed excessive and did not pose a serious threat to the stability of the pickup 

truck. The deceleration of the pickup truck also appeared to be smooth and controlled. 

Damage to the impacting pickup truck and the risk posed to the vehicle occupant were not 

severe. Pickup truck damage was constrained to the front of the vehicle and was relatively minor. 

It should be noted that damage estimation using the deformed truck model should be considered a 

rough estimate at best due to modeling concessions made in the truck model to make it run more 

efficiently. Therefore, analysis of the vehicle damage was restricted to identification of damaged 

areas with no evaluation of the extent or severity of the damage. Crushing of the bumper and the grill 

and local buckling of the front fenders were the regions of maximum observed damage. 

One area of possible concern in the simulation of the test 3-33 impact condition was the 

interaction between the wheel of the pickup truck and the soil tube, as shown in Figure 24. The left

front tire of the pickUp truck rolled over the soil foundation tube as well as the debris of fractured 

post no. 1 P along the primary roadway at approximately 100 msec into the simulation. Past 

experience has revealed that the interaction between the tire and the foundation tubes has the 

potential to push the wheel upward and cause it to climb the guardrail. This could lead to vaUlting 

or override of the guardrail by the pickup truck, although it was not observed in the simulation. Since 

vehicle capture has occurred by the time the wheel rolled over the tube and post debris, it is unlikely 

that the wheel will be pushed up the guardrail. 

Based on the analysis of the results of the simulation of the short-radius system, it is believed 

that the short-radius design is capable of meeting the NCHRP Report No. 350 safety requirements 
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for the test 3-33 impact condition. These results indicate that the short-radius system has the ability 

to safely capture and contain the impacting vehicle. It also suggests that the design has the potential 

to meet other impact conditions from the required NCHRP Report No. 350 compliance test matrix. 
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8 SUMMARY AND CONCLUSIONS 

A new short-radius guardrail system for use in the protection of intersecting roadways was 

developed to meet current federal impact safety standards. The creation of the new short-radius 

system included only the development of the design concept, but no fabrication or testing of the 

design. The new design concept was developed through a thorough research effort. The first part of 

the design concept consisted of the research into short-radius design and the many factors that would 

need to be addressed for in the design of a new system. Initially, an extensive literature search was 

done to collect all of the existing test data on short-radius systems as well as the current state 

standards. A total of four sets of test data, seven state standards, and an FHW A technical advisory 

were collected. Then a design space analysis was completed which used the collected data to gain 

insight into the necessary design criteria and constraints. This analysis included examination of 

radius size, tangential side lengths, capture area, intersecting roadway angles, end connections, and 

other relevant design considerations. Thirdly, a NCHRP Report No. 350 test matrix for short-radius 

systems was created to map out the necessary compliance tests for validation of a new system. The 

test matrix included five 2,000-kg pickup truck tests and three 820-kg small car tests. 

As these phases of the project where completed, a cOlJ1prehensive picture of the design 

parameters for the new short-radius design were mapped out and a design concept was developed. 

The short-radius design concept was developed around a slotted thrie beam nose section with a 

2,426-mm radius. The new design consisted of a tangent section that terminated into a bridge 

transition along the primary roadway and into a TL-2 FLEAT end terminal along the secondary 

roadway. Breakaway posts as well as the post spacing used in the design were chosen to provide the 

system with the ability to capture vehicle impacts on or near the nose of the system while redirecting 
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vehicle impacts along the tangential sides. 

Computer simulation of the design concept was conducted using LS-DYNA to help 

determine the feasibility of the new design and to suggest areas for improvement in the design. A 

model of the first six guardrail sections of the short-radius design was constructed beginning with 

a simple model of the guardrail alone and progressing with increasing complexity until the final 

model was achieved. The use of incremental models to develop the full system model allowed for 

the correction of modeling flaws as complexity was added and increased the confidence in the final 

model. 

The refined model of the short-radius system was used to simulate full-scale crash tests of 

NCHRP Report No. 350 test 3-33. Simulation of test 3-33 yielded a great deal of information about 

the short-radius design. The system proved capable of capturing and containing the impacting pickup 

truck in a controlled manner. The results of the simulation suggested that the short-radius design 

concept was capable of passing NCHRP Report No. 350 test 3-33. 

Based on the analysis of the simulation results and the other collected research, it is believed 

that the newly developed short-radius design concept shows a great deal of potential for meeting 

NCHRP Report No. 350 safety requirements. The results of simulation of the new design suggest 

that the design is capable of meeting one or more of the federal compliance tests. Further 

development of this design through full-scale testing and simulation seems warranted. 
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9 RECOMMENDATIONS 

A new design concept for a short-radius guardrail system for the protection of intersecting 

roadways was developed through a thorough process of background research, design concept 

development, and computer simulation modeling. The results of this research suggest that there is 

significant potential for the further development of the short-radius guardrail design. Simulation of 

test 3-33 suggests that the design may be capable of passing at least one of the compliance tests 

without modification. Thus, it is suggested that the research collected herein be further developed 

through a combination of full-scale compliance testing and computer simulation with the goal being 

to develop of a NCHRP Report No. 350 short-radius system to meet TL-3. 

During the concept development phase of the short-radius guardrail system, an effort was 

made to simplify the overall design. The design presented previously in this report required the use 

of several different post and blockout combinations along with some additional hardware specific 

to the short-radius system. While most of the complexity was necessary due to the unique 

requirements of a short-radius guardrail, it was believed that some changes could be made to 

simplify the design. These design modifications consist of the following: (I) replacing post nos. 6P 

through 9P as well as post no. 3S with thrie beam CRT posts; (2) using a solid blockout at post nos. 

2P through 9P and 2S through 3S instead of two separate, unique pieces; and (3) removing the 

single, chamfered blockouts at post nos. IP and IS. As a result of these changes, all of the posts in 

the system would consist of CRT posts except post nos. I P and I S. It would also make for fewer post 

blockouts required in the system, as well as making them be of one size and type. Drawings 

detailing the simplified short-radius design are provided in Appendix D. 
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APPENDIX A - DETAILS OF SHORT-RADIUS SYSTEM TESTING 
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Table A-I. SwRI 1988 Short-Radius Study (3...1) . 

Test Test Impact System Configuration Test Results 
No. Vehicle Specification 

WA-I 4500 Ib 60 mph @ shallow -8.5 It radius curved section of w- -leaning of posts caused 
car angle with centerl ine beam guardrail the launching and rollover 

of vehicle of the test vehicle 
approximately -test failed 
aligned with center of 
bridge rail. 

WA-IM 1800 lb. 60 mph @ 25 degree -same configuration as W A-I -longitudinal change in 
car angle into curved with changes to posts and beam velocity surpassed the 

section of guardrail. anchorage design values outlined in 
-breakaway posts in the curved NCHRP Report No. 230 
section - test marginally passed 

WA-2M 4500 lb. 60 mph @ 15 degree -additional 12.5 It of rail was -all posts on the secondary 
car angle into curved added to the secondary road end road end of the system 

section of guardrail. of the system fractured, allowing vehicle 
to completely penetrate. 
-test failed 

WA-3M 4500 lb. 60 mph @ 15 degree -additional end anchorage -beam failed upon impact 
car angle into curved incorporated at secondary due to snagging of a bolt 

section of guardrail roadway end of the system head. 
-test failed 

WA-4M 4500 lb. 60 mph @ 15 degree -bolt where rail tear occurred in -considerable vehicle yaw, 
car angle into curved the previous test was omitted but system remained 

section of guardrail stable. 
-test passed 

WA-5M 4500 lb. 60 mph @ shallow same configuration as WA-4M -smooth redirection, 
car angle with centerline system performance was 

of vehicle successful 
approximately -test passed 
aligned with center of 
bridge rail. 
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o 
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Old not exit 
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Not Avail. 
Not Avall. 
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Failed (E) 
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VA-1M VA-2M VA-3M 

----- ... ---------.... ---- Modified De.iID ----_ .... ----------------

1978 Honda· 

1903 

60.8 
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Vot AvaIl . 

Not AvaU . 
153 
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RaU fractured 
Rail fractured 
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Old not estt -9.6 

Old not edt 41.6 
Old not exit 40 . 0 

-5 .3/-8.3 -2.3 / -5.5 
-1.3/-5.4 2.714.1 

16 .7118. 1 16.2/18.0 
6.3/6.5 -7.7/-10.5 

-10.5 -7 . 6 
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Table A-2. Summary of Yuma County Short-Radius Guardrail Testing (,2). 

Test No. Test Impact Systcm Configuration Test Results 
Vehicle Specifications 

YC-I 5400 lb. 45.0 mph @ 1.4 - 12 gauge w-beam vehic le redirected with no 
pickup degrees to the -8 ft radius curved section with an s igns of instability, 

roadway -18 ft straight section along accelerometer data was 
-centerline of test primary roadway within NCHRP 230 limits 
vehicle aligned with - 12.5 ft straight section along -test passed 
bridge rail secondary roadway 

-2 independent posts beh ind the 
curved section 

YC-2 1800 lb. 50.3 mph @ -0.7 same configuration as above -redirection was smooth 
car degrees to the vehicle sustained on ly 

roadway -centerline of minor damage 
test vehicle aligned -test passed 
with the bridge ra il 

YC-3 5400 lb. 44.8 mph into the same configuration as YC-I and -the anchoring system 
pickup curved section @ 19.7 YC-2 failed, allowing the system 

degrees to the to release 
roadway -test failed 

YC-4 5400 lb. 44.9 mph into the same configuration as previous -tcst passed 
pickup curved section @ 20.1 with an additional 12.5 ft of 

degrees to the guardrail length along the 
roadway secondary roadway 

YC-5 1800 lb. 44.2 mph into the same configuration as YC-4 -vehicle was contained 
car curved section @ 20.0 with acceptab le va lues for 

degrees to the occupant r isk 
roadway -test passed 

YC-6 1800 lb. 51.1 mph into same configuration as YC-4 -lateral change in velocity 
car transition section @ exceeded the range 

19.4 degrees to the specified in NCHRP 230 
roadway -test marginally passed 

YC-7 5400 lb. 45.2 mph into same configuration as YC-4 -no observed wheel snag or 
pickup transition section @ pocketing 

20.7 degrees to the -accelerometer data fell 
roadway within limits outlined in 

NCHRP 230 
-test passed 
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SUMMARY OF RESULTS 

Test No YC-l YC-2 YC-3 YC-4 YC-S YC.,. YC-7 

Test Parameters tor Pl1 Semca S.OOlbiO degl.Smph 1800lblO degiSOmph S400lbl20degl4Smph 5400Ib/20deg/.Smph 1800lbl20deg/SOmph 1800lb/20degiSOmph 5400lb120deg/4Smph 

Test Vehicle 1982 Chevrolet PIU 1982 V. W. Rabbit 1984 Ford pJU 1984 Ford PIU 1982 V. W. Rabbit 1982 V. W. Rabbit 1984 Ford PtU 

Gross Vehide Weight · (Jbl 5376 1978 5380 5381 1980 1980 5424 

Impaa Speed (film) - [mphj .5 50 .3 44 .8 44 .9 414 .2 51.1 45 .2 

Impact Angle· {deoreesJ ". 0.7 19 .7 20 . 1 20.0 19 .4 20 .7 

Ex;t Angl. (film) - [deg .... j 18. 8 -12. 4 Did Nor E.xit Did Not Exit Did Not Exit -7 .6 -15 .4 

Ex;t Speed (fflm)-(mphj 32.8 44 .4 Did No[ Exit Did NOIExl[ Did Not Exit 34.2 32 .S ...., 
00 

Maximum 50 msec Avg Ac:caf 
(tilmtacx::eletaTlelBr) 
LongifIJdinal • {g's) -'V-3.3 -1 .81-3.3 -6 .31-4.2 -4.01-4.4 -4 .6/ -7.9 -5.81-7.6 -4.2/-3.9 
later.tl-(g·sj ·2.1/·3.6 .-6 .11-6.4 -4 .412.87 3.314 .1 1.812.6 -7.41-12.3 ·5 .0/-5.8 

Occupant Risk. NCHRP Report 230 
(filmlacc:eieranelet) 
• V long, . [Ips) (30) 12.0114.4 5.9/9.4 19 .1/14 .S 20.7/20 . 1 24 .9/27 .8 19.116.8 6.5/2.2 
• Vial. -(lpsj(20) 11.an.8 14.6116 .0 -9 .51-8.3 -14.6H 1.0 -8.21-7.3 20.5122.7 1 B.9/ 18 .7 

Ridedown Accelerations, (g's) 
(a:cel) 
Long;OJdinaI (15) -2.7 -0 .7 -6 .5 -5.S - 10.5 -0 .1 -2 .8 
l.ater.tI (15) -7 .1 -4.7 4 -2.9 3.3 -S .8 -8 .9 

NCHRP Repon EwluaDon 
SUU","aI Ad_ (A, 0) Passed Passed Failed Passed Passed Passed. Passed 
0c0Jpant Risk ( E ) Passed Passed Passed Passed Passed Marginal, lax vel. ::>20rps Passed 
Vehide T.ajeao.y ( H,I J Passed Passed Passed Passed Passed Passed Passed 

. Numbers in parentheses are rea:mmended in NCHRP Report 230. 

Figure A-4. Summary of Yuma County Short-Radius Guardrail Testing W 



~ ____________ ''''.FT 

-- -( - - )( -.; 

,/ 

/ T I 

~'anl J 
) '- -- aJtIOOER.I.A. C L VEiI}C,2 el. - f-

Il 11 II IO~~~t1 ~ ~ 7 

',,0 ., 

IO.O·Ff 
,.0 

IMPACfCCJrmmONSOF'TESTYCl 
J c • S4OO-LB PIClWP 

• Q.JVEHlCli WGNED W/a, BRJ.DGE RAU. 
• I).DECi 
• 4~·MP" 

, C 

1 ~ 

Figure A-S. Summary ofYurna County Short-Radius Guardrail Test YC-J (2.) 



00 
o 

-
75 ' 

175' ------+-------------------------------------------~ 

.. .. .. .. . 

..0 

IMPACT CONDITIONS 01' = YC-2 
• ISOO-LB MINI CAR 
• O-DEG 
• 50-MPH 
· a. OF VEIlICLE ALIGNED W/CL BRlDGERAIL 

Figure A-6_ Summary of Yuma County Short-Radius Guardrail Test YC-2 Q) 



00 

64' 

2 ' 

--, 
1, ;1,; 1l-____ .. ____ .1l 11 )~ 

'.. -.---.---• .;::;:",-:.:~..::.:=...-_-=--::.. __ -=::,= :~;:.:.:!:': a 

27' ----

IMPAcr CONOmONS OFlEST YC.) 
·5400·LB PICKUP 
·20·0EG 
• 45-MPH 
• 12·FT FROM EOP 

Figure A-7. Summary ofYurna County Short-Radius Guardrail Test YC-3 (2) 

~ __ L-__ ~~~~~ ____________ ~~ __ __ 

, 



00 
IV 

IMPAcr CONDmONS OF TEST YC-4 
• 5400-LB PICKUP 
'20-DEG 
• 45-MPH 
• 12-FT FROM EOP 

Figure A-S. Summary of Yuma County Short-Radius Guardrail Test YC-4 m 

U' ---"-1 

10 DEC 



00 
w 

" .. Il 

IMPACT CONDmONS OF .TEST YC-5 
• 1800-LB MINI CAR 
·20-DEO 
• 50-MPH 
• 12-FT FROM EOP 

~--12"--" 

-T-------EOP -----1--- -
_ 2' ___________ _ _______ ... __ _ __ 

11 IG, \ 

" " " :! 
" " " /I 

" " " , . . . , , , , , . , , , , , , , , 
i I, , , 
\" 
\\ •• , . .. 

, ' •• , . 
•• . . 
" . , 

U' 

"'- ....... 

"-:::::~~::::::::::=:::. 

Figure A-9. Summary ofYurna County Short-Radius Guardrail Test YC-5 (2) 

~-'\ 
10 DEG 



I 

-
UL---1~~~~lJ~---------~~~--~ __ ~----l'O'~'------------------------------------~ --'0' -

1 
--

_--13'---~ 

lMPAcr CONDITIONS OF TEST YC~ 
• lS00-LB MINI CAR 
·20-DEG 
• 50-MPH 
• BETWEEN POST S & 9 

Figure A-lO. Summary of Yuma County Short-Radius Guardrail Test YC-6 (~) 

.9 



00 
V> 

1--#'-----+T---------llj'-f=1fl::::""=:;s~:;;;;~:;_----1 

" .. " 

1---11'--..., 

IMPAcr CONDmONS OF TEST YC-7 
• 5400-LB ' PICKUP 
'20-DEG 
·45-MPH 
• BETWEEN POST 8 & 9 

Figure A-II. Summary of Yuma County Short-Radius Guardrail Test YC-7 Q) 

.9 

.:' 



Table A-3. Summary of TTl's W-beam Short-Radius Study (1) . 

Test No. Test Impact System Configuration Test Results 
Vehicle Specifications 

1263-1 1800 lb. 58.4 mph into 14'-3" radius W-beam section -Posts did not fracture as 
small car the midpoint of supported by 7" diameter CRT intended causing high impact 

curved section posts at a height of2 1.5" forces and occupant 
@ 20.5 degrees inches, remaining posts are decelerations. 
to primary standard 7" diameter wood, -test railed 
roadway anchored by turndown. 

1263-2 1800 lb. 59.0 mph into Downstream BCT anchor was -W-beam fractured at thre rail 
small car the midpoint of removed and CRT posts were splice causing uncontro lled 

curved section lengthened to 6'-6". penetration of the vehicle. 
@ 20.4 degrees -test railed 
to primary 
roadway 

1263-3 1800 lb. 60.2 mph into W-beam was nested in the -Vehicle was borught to a stop 
small car the midpoint of curved sections. in approximately 14'. 

curved section -test passed 
@ 20.7 degrees 
to primary 
roadway 

1263-4 4500 lb. 57. 1 mph into Radius was enlarged to 16'-0" -Vehic le was redirected with 
sedan the CIP of the radius. minimal wheel snag. 

transition section -test passed 
@ 24.7 degrees 
to primary 
roadway 

1263-5 4500 lb. 58.5 mph into Same a previous test. - Guardrai l overrode the ITont 
sedan the midpoint of of the veh icle. Excessive 

curved section occupant compartment damge 
@ 26.8 degrees and uncontrolled vehicle 
to primary penetration resu lted. 
roadway -test railed 

1263-6 4500 lb. 58.3 mph into Additional CRT post added -The vehicle was smooth ly 
sedan the curved upstream of the curved section redi rected. 

section @ 2.0 of guardrail. -test passed 
degrees to 
primary roadway 
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NESTED W-BEAM 
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Figure A-12i. TTl W-beam Short Radius Design (1) 
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Test No. 1263· 1 . 1.263-2 1263-3 1263-4 1263·5 1263-6 

Test Vehicle 1987 Yugo 1987 Yugo 1987 Yugo 1982 Cadillac 1982 Cadillac 1982 Cadillac 

Gross Vehicle Weight. lb. 1970 1970 1968 4500 4500 4500 

Impact Speed, mph 58.4 59.0 60.2 57 .1 58.5 58 .3 

Impact Angle, deg 20.5 20.4 20.0 24 .7 26.8 2.0 

Exit Angle. deg Did Not Exit Did Not Exit Did Not exit 9 Did Not Exit 16.6 

Exit Speed, mph Did Not Exit Did Not Exit Did Not Exit 42.2 Did Not Exit 52.8 

Max. 50 msec Avg Accel 
Longitudinal - g's -16;3 -9.9 -13.2 -,9 .1 -5.6 -2.4 
Lateral - g's 5.0 2.2 3 .4 10.5 2.1 -4.8 

Occupant Impact Velocity 
Longitudinal - fps 41.7 27.4 34.3 27.6 20.3 10.7 
Lateral - fps 10.7 4.2 7.9 25.4 -6.2 15.4 

Ridedown Acceleration 
Longitudinal : g' s -12.8 -10.5 -8.9 -4.8 -7.5 -, .6 
Lateral - g ' s 2.5 0.8 -3 .5 -7.7 2.3 -5.6 

NCHRP Report 230 Evaluation 
Failed/ / ,Structural Adequacy (A,D) Passed Passed Passed Failed Passed 

Occupant Risk IE) .Failed/' Passed / '40>Long. l>.V>30 30>Lat. l>.V>20 Passed Passed 
Vehicle Trajectory , (H,I) Passed Failed Passed Passed Failed V Passed 

Figure A-l3. Sununary of IT! W-bearn Short Radius Design Guardrail Testing (1) 



Test 'No~ •• ~ • . • 
'Date • • • . • • • 
T~t Installation 

, 1263-1 
• 07/29/92 
• Short-Radius 

'Guardrail Treatment 
100 ft (30 m) 
9.7 ft (3.0 m) 
6.0 ft (1.8 m) 
,1987 Yugo GV 

Installation Length • 
'Max. Dynami c Movement 
:Max.. Penn. 'Movement 
T-ert -Veh; cl e... .. .
Vehicle Weight 

Test Inertia •• ' •.. 1,800 lb (817 kg) 
G~oss Static ~ • '. _ .' 1 1970 1b (894 kg) 

Vehlcle Damage ' Classlf1cat1on 
TAD ' •• '" . ' •••• :L2FD6-
1CDC. ~ • • • • • '- . '" • l.2FDEW3 

,Maximum_'Veh:lcle 'Crush •• 15.5 in (39.4 em) 

Impact -Speed •• ~ •• 58.4 miJh (94.0 km/h) 
Impact An91 e. . - . • • 20. 5 deg 
Speed at Parallel •• N/A 
,Exit Speed ••••• Vehicle landed on rail. 
Exit Trajectory ••• N/A - _ 
Vehicle Accelerations at center-of-gravity 

(Max. 0.050-sec Average) , 
Longi tudi na 1. • . ' • -16. 3 9 
Lateral _ .•• _.- . 5.0 9 

Occupant Impact Velocity at true c.g,. 
Longitudinal. _. • .41.8 ft/ s (12.7 lD/S) 
Lateral ••• _ •• 10.7 ft/s C3.3m/s) 

Occupant Ridedown Accelerations 
Longitudinal • ~ .-12.8 9 
Lateral. •••• .-. 2.5 9 

Figure A-14_ Summary ofm W-beam Short Radius Guardrail Test 1263-1 (1) 
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Test ·No. · .••••• 
Date . . " .. . . .. .. 
Test Installation 

· 1263-2 
• 08/07/92 

• • Short-Radi us 
Guardrail Treatment 
100 fi (30 m) 
Rail separated 
Rail separated 
~87 Yugo ·GV 

Installation Length 
Max. Dynamic ·Movement 
Max. Perm. Movement 
Test ·Vehi cl e .' • 
Vehicle Weight 

Test Inertia •••. • 1,800 lb (817 kg) 
. Gross Static . •••.• 1 1970 lb (894 kg) 
Vehicle Damage Classificat10n 

TAD ••••••• " 12FDS· 
CDC • _ • • l.~ ': ; _ :.- 12FDEW3. 

Maximum Vehicle 'Crush; • 12.0 in (30.5 cm) 

Impact Speed. • • 59.0 mi/h (94.9 km/h) 
Impact Angle •••. .• 20.4 deg 
Speed at Parallel . • .. N/A 
Exit Speed • . . . . 3.5.8 mi /h (57.6 km/h) 
Exit Trajectory • • • exited ·behind the rail 
Vehlcle Accelerations ·at center-af-gravity 

(Max. 0 . 050-sec Average) 
Longitudi·nal. ...• -9.9 g 
Lateral • • . • .• 2 .. 2 g 

Occupant Impact Velocity at true c.g. . 
Longitudinal • .•• .. 27.4 fi/s (8.4 .m/s) 
Lateral. • • •.• 4 .• 2 ft/s (1.3 m/s) 

Occupant Ridedown Accelerations 
Longitudinal ••. ~10.5 9 
Lateral • • _ . •• 0.8 ·g 

Figure A-IS . Summary ofTII W-beam Short Radius Guardrail Test 1263-2 (1) 
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'Test No ••••••• 
Date •• ' . • • •• 

• • n63-3 
08/n/92 

Test Installation • Short-Radius 
Guardrail Tr~tment 

Installation Length • _ 100 ft (30 m) 
Max. Dynamic Movement • 14.1 ft '(4.3 m) 
Max. Perm. Movement •• 12.5 ft (3,.8 m) 
~est Vehicle • • • 1987 rugo GV 
Vehl.c1eWeight ' 
~est :ri,,;rti.a, . • • • '. 1,800 lb 
Gross Static , • 1,970 lb 

Vehicle Damage Classi.fication 
~ ~ _ _ _ _ _ • _ ~ +2FD6 

CDC •• _ • • • • • • 12FCEW4 
l!aximum Vehicle crush. • 21.0 in 

(817 kg) 
(894 kg) 

(53.3 cm) 

Impact Speed. • • 60.2 mi/h (96.9 km/h) 
, Impact Angle. ," • 20.7 deg 
Speed at ~arallel. N/A 

,Exit Speed • N/A 
Exit Trajectory • • • N/A 
Vehicle Accelerat'ions at center-of-gravity 

(Max. O.OsO-sec Average) 
Longitudinal •• ~ • -13.2 9 
Lateral. • • • •• 3.4 9 

Occupant Impact Velocity ' at true e.g. 
Longitudinal. • •• 34.3 ft/s '(10.5 m/!J) 
Lateral , •••• , 7.9 ft/s (2.4 ,m/s) 

Occupant Ridedown ACCelerations 
Longitudinal •• _ -B.9 g 
Lateral •••••• -3.5 9 

Figure A-16. Summary ofITI W-beam Short Radius Guardrail Test 1263-3 (1) 



o 
IV 

Test No. ~ • • _ 1263-4 
Date _ _ _ _ _ _ • • 08/27/92 
'Test Installation Short-Radius 

Guardrail 'Treatment 
':Installation Lengt:h 100 ft (30 m) 
Hax. Dynamic liovement '. Not Obtained 
Hax. Perm. Movement • _ 2.0 in (5.1 em) , 
Test Vehicle. ___ ' 1982 Cadillac Sedan 
'Vehicle Weight " '. 

Test Inert1.a. • • • • 4,500 l.b (:2,,041 kg) 
Gross ,Static •• 4,500 1b (2,014 kg) 

Vehicle Damage Classi£ication. ' 
TAD _ •• _ ••••• 11FL7 11LDl 
,CDC •• _ • • • • • • l1FLEltS l1LDESl 

Haximum Vehicle crush •• 13.0 in ,(33.0 em) 

Impact Speed- •• _ • 57_1 mi/h (,91.9 lan/h) 
Impact .Angle. _ _ 24.7 deg 
Speed .at 'Parallel • 44.9 mi/h '(72,.2 lan/h) 

'Exit Speed _ •••• 42.2 mi/h (67.9 km/h) 
Exit Trajectory •• ' _ 9.0 deg 
Vehicle Accelerations at center-of-gravity 

(Hax. 0_05D-sec 'Average) , ' 
Longitudinal. • • • -9 .• 1 9 
'Lateral. _ •• _ • 10.5 9 
Occupant Impact Velocity at true c.g. 
Longitudinal ••• ' ,_ :27.6 fi} .. '.,(8.4 ,mls) 
Lateral __ • ~ • _ 25.4 fi/s :(7.7 m/s) 
Occupant Ridedown Accelerations 
Longit~ctinal • -4.8 9 
Lateral •••••• -7.7 9 

Figure A-l7. Summary of TIl W-beam Short Radius Guardrail Test 1263-4 (J) 



Test ·No. _ •••• • i"263-S' 
Date ••••••• 
Test Installation 

08/2S/92 
Short-Radl:us 
Guardrail ~eatment 

Installation Length •• 1.00 eft (30 'm) 
Max. Dynamic .Movement • 28.3 ft . (8.-6 .m) 
Max. Penn. .Movement •• 2S. 4 ft -.(7. 7 11\) 
Test Vehlcle • • • • 1982 Cactillac -Coupe 
Vehicle Weight 

Test lnerj:ia • • •• 4, SOO 1b 
Gross Static. 4,SOO ~b 

Vehicle Damage Classification 
TAD •• .• • • • • • • 22FD7 
CDC ••• • • • • • • 12FCAW7 

Maximum Vehicle Crush • .• J.5.0 in 

(2,041 kg) 
(2,041 :k .g) 

(38.1 em) 

Impact Speed. . . •• S8.S mi/h (94.1. km/h) 
Impact Ang~~.. • . ' . • 26.8 deg 
.Speed at :Paral:lel N/A 
Exit Speed .36.6 mi/h (58.9 km/h) 
Exit Trajectory • • .• 'Under the Guardrail 
Vehicle Accelerations' at center-of-gravity 

. (Max~ O.OsO-·sec Average) 
Longitudinal • .••• -5.6 g 
Lateral ._ • • • 2.1 g 
Occupant Impact 'Velocity at true c.g. 
Longit~dinal •• ' •• 20.3 ft/s (6.2 m/s) 
Lateral ••••• . ' -6.2 ft/s (-1.9 m/s.l 

Occupant Ridedown' Accelerations 
Longitudinal ••• ' -7.6 9 
Lateral • • • • •• 2,3 9 

Figure A-IS. Summary ofm W-beam Short Radius Guardrail Test 1263-5 (]) 



Test 110. _ _ _ • • • 
Date •• .:;., _ . ;. __ • 

•• J.263-6 

Test Instal1ation 

Insta1la~on LeDgth 
Max. 1>ynaml.c Movement 
Max. Perm. Movement 
Test Vehicle • • 
Vehicle Wel.ght 

08./31/92 . 
short-Radius . 
Guardrai1 Treatment 
100 £t (30 m)' . 

• licit Obtained 
• 2 iIi (5_~ em) 

• • 1983 Caclill.ac COupe 

Test :Inert·ia . ••••• 4,:s00 l.b (,2,04:1 kg) 
Gross Stat1c .• _ • 4,500 lb (2,04:1 kg) 

Vehicle Damaga ·Classi£i.cation 
TAD _. '_ ._ ';;.' ~ • • .• • 10LD2 
CDC .. ..;;:~_ . .. ~ • • • • 10LFEW2 

MaximuIIl Veh:i:cle ·crush. _ ~.O :in 122.9 em) 

Impact Speecl_ . ' . _ 58.3 :mi./h '(93.8 :lan/h) 
Impact Angle. _. _ ,2_0 deg 
Speed at 'Para1lel 53.7 mi/h (86.4 km/h) 
;Exit Speed 52.8 mi/h (84.9 km/h) 
Exit Trajectory .• __ 16.6 deg 
Vehicle Accelerations at center-of-gravity 

(Max. 0.050-sec Average) 
Loogitucllna1. • . ' _ -'2.4 9 
Lateral. _ ' •• _ ~ -4.8 9 
Occupant Impact Velocity at true c.g. 
Longitucli.na1- _ •• 10.7 ft/s .(3.311.1111) . 
Lateral __ •••• :15.4 ft/s (4.7 m/s) 

Occupant Ridedown Accelerat'ions 
Longitucli.nal • -1.'6 9 
'Lateral • _ . •••• -5.6 9 

Figure A·19. Summary orm W-beam Short Radius Guardrail Test 1263-6 (]) 



Table A-4. Summary of TTl's Thrie beam Short-Radius Study (JI). 

Test No. Test Impact System Configuration Test Results 
Vehicle Specifications 

1442- 1 4409 lb. ';' 60.9 mph into 16 ft radius thrie-beam section -substantial deformation of 
ton pickup transition section supported by 7" diameter CRT occupant compartment, this 

@ 26.0 degrees posts at a height of 3 I inches, was judged to not be critical, 
to the primary remaining posts are standard 7" and the test was considered a 
roadway diameter wood, anchored by success. 

turndown. -test passed 

1442-2 4409 lb. Y. 63.0 mph into same as 1442-1 test -top edge of ra il rotated 
ton pickup the midpoint of configuration downward allowing the vehic le 

curved section to override the system 
@ 25.6 degrees -test railed 
to primary 
roadway 

1442-3 4409 lb. Y. 63.0 mph into same configuration as previous -top edge of rail rotated 
ton pickup midpoint of tests with several post bolts downward allowing the vehicle 

curved section removed in the curved section to override the system 
@ 24.6 degrees in an attempt to keep the ra il -test railed 
to primary /Tom being pulled down. 
roadway 

1442-4 1808 lb. car 60.1 mph into same as previous test -rail began to override the 
midpoint of vehicle before snagging on roof 
curved section supports, no penetration into 
@ 19. 1 degrees occupant compartment 
to primary -test passed 
roadway 

1442-5 4500 lb. car 60.4 mph into same as previous test -the rail captured the veh icle, 
midpoint of but the turndown anchor fa iled 
curved section allowing the rail to "swing" 
@ 24.5 degrees away from the vehicle. 
to primary -it was determ ined that the 
roadway bolts insta lled at the turndown 

were smaller than spec ified. 
-the test was j udged to be 
successful due to acceptable 
performance prior to anchorage 
fa ilure 
-test passed 

105 
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General Information 
Test Agency 
Test No. . . . .. .. . . 
Date .. .... .. .• . . 

Test Article 
Tvpe ....... . .. . . 
Name or Manufacturer 
Installation Length 'Iml 
Size and/or dimension 

and material of key 
elements .. .. ... . 

Soil Type and Condition 
Test Vehicle 

Type . ... . ... . .. . 
Designation ... ... . 
Model . . •. . •• . .. . 
Mass (kg) Curb 

Test Inertial 
Dummy .. 
Gross Static. 

Texas Transportation Institute 
414424-1 
07/27/94 

Short Radius Guardrail 
TxDOT 
4.8 m (16.0 It) Radius 

Thriebeam Guardrail 
17.B em 17.0 inJ Round Posts 
Strong soil. Dry 

Production 
2000P 
, 986 Chevrolet Pickup 
2036 (4488 Ib) 
2000 (4409 Ib) 

2000 (4409 Ib) 

Impact Conditions 
Speed (kmlh) . . . . ....•. . 
.Angle Ideg) .... ..... • .. 

Exit Conditions 
'speed (kmlh) ... .... • •.. 
Angle (deg) . .. ... . .... . 

Occupant Risk Values ' 
ImpaCt Veloctty Im/sl 

x-direction ....... ' .. . . . 
y-direction . .... .... . . 

THIV (optional) ..••...••• 
Ridedown Accelerations (g'sl 

x-direction .. ..... . • .. 
v-direction . . ....... .. . 

PHD (optional) ...••..••.• 
ASI (optional) . •.•. ..... .• 
Max. O.050~sec Average (g'sl 

x.-direction ..... ... .. . 
y-direction 
z-direction 

Figure A-21. Summary of TTl W-beam Short Radius Guardrail Test 1442-1 ® 

FINAL REST 

98.1 (60.9 milh) 
26.0 

66.8 (41.5 milh) 
2.5 

7.3 (24. 1 ftlsl 
8 .0 (26.2 ftls) 

-7.1 
11.7 

10.0 
10.6 

- , 2.5 (Roar Pan a.nu 

. Test Anicle Deflections (ml 
Dynamic ....... .. ..... . '. 
Permanem .. _ .. ....... _. 

Vehicle Damage 
Exterior -

VDS . . . ... ..•. .. • 
CDC .....• ..•. .. 

Interior 
DCDI 

Maximum Exterior 
Vehicle Crush Imml .. 

Max. Occ. Compan. 
Deformation (mml 

Post-Impact Behavior 
Max. Roll Angle (degl 
Max. Pitch Angle Ideg) 
Max. Yaw Angle tdeg) 

Unavailable 
0.09 (0.29 It) 

Fl-6 
11FlEW5 

LF0115100 

705 (27.8 inl 

95 (3.78 in) 

-18.8 
5.8 
21.3 



0.000 s 0.161 S 0.301 s 

"... ...... -----57.6 m----~--' · 14.6 m 

1--. 

General Information 

Test Agency 

2~ 

Test No. . . . .. . . .. ;' 
Date ..... ... .• . .-

Test Article 
Type . .. .... •... . 
Name or Manufacturer 
Installation Length 1m) 
Size andlor dimension 

and material of key 
elements ....... . 

Soil Type and Condition . 

Test Vehicle 
Type ....... . .. . . 
Designation :: ... .. . 
Model ... •.. ..... 
Mass (kg) Curb 

Test Inenial 
Dummy .. 
Gross Static 

Texas Transportation Institute 
414424-2 
07/29/94' 

Shan Radius Guardrail 
TxDOT 
4.8 m (16.0 ft) Radius 

Thriebeam Guardrail 
17.8 cm (7 .0 in) Round Posts 
Strong soil , Dry 

Production 
2000P 
1985 Chevrolet Pickup 
2094 (4616 Ib) 
2000 (4409 )b) 

2000 (4409 Ib) 

Impact Condrtj"on~ 
Speed (klnlhl' •. _ . . .. ... . .. .. 
Angle. (deg) . . ...... .. .. . 

Exit Conditions·"'\. 
Speed (klnlh) .. .... .... . 
Angle'. (deg) .. . . .. . . . .. . . 

Occupant- Risk Values 
Impact Velocity (m/sl 

x-direction' . : ... ... . .. . 
y-direction ' •. ..... . . .. 

:rHIV (optional) •. . ..... . .. 
Ridedowl) Accelerations {g'sl 

x-direction . .. . . ... ' . . . 
y-direction . .... ...... . 

PHD (optional) ... . . . . .. . 
ASI (optional) . . . . . : . .. .. . 
Max. 0.050-sec Average (g'sl 

x-direction ... . . .. . . . . 
y..<Jirection 
z..(jirection 

Figure A-22. Summary ofTII W-beam Short Radius Guardrail Test 1442-2 (ID 

I 

101 .4 (63.0 milh) · 
25 .6 

75.9 (47 .2 milh) 
23.5 

5.2 (17.2 ftls) 
0 .8 (2.6 ftls) 

-10.4 
5.6 

-6.0 
-3.9 
-4.3 

0 .452 s 

Test Article Deflections (m) 
Dynamic . . . . ~A " •• ,: : :: 

Permanent . . . .. . ', . . 

Vehicle Damage 
Exterior-

VDS • .•.• •• : C-• .. 
CDC .... .... .. . . 

Interior 
oeDi 

Maximum Exterior 
Vehicle Crush (mm) _. 

Max. Dcc. Compart. 
Deformation Imml 

Post-Impact Behavior 
Max. Roll Angle (deg) 
Max. Pitch Angle (deg) 
Max. Yaw Angle Ideg) 

. '3.05 (10.0 It) 

2.84 (9.3 ft) 

FO-2 
12FOEW1 

ASOOOOOOO 

280 (11 .Oinl 

a 

29. 1 
7.3 

-12.6 



a.-wlnfamudion 
Tost Agoncy •. .••• ';. 
Tost No" ••.•••••• _. 
Data ••• • ••••••••• T __ 

Typo . •.•••...•••• 
N ....... ·_ 
~n length 1m. 
Size JrJdIor dimenoion 

ond_.'key 
Mi_ItS' . ..... ; .. 

Soil Typo ond Condition •• 
TostV_. . 

Typo ..•• ... ••... . 
D I: aaliiM ..•.... .. - .. .. .... .... . 
_Ikg! Cub .•.• 

Tost_ 
Dwnny • • 
GrussStdc 

• 

i""'-o;;o-----31.7 m----~-· -I . ·18.3 m 

TexaaT, ....... lation ._ 
414424-3 
08116194 . 

Short _ Guanfnul 

TxDOT 
4.8 m 116.0 Itt RadJuo 

Thri_ GuardraIl 
17.8 em (7.0 lnI Round Posts 
Strong soil, Dry 

. 
Praduction 
2000P 
1988 Ford F250 Piclwp 
205914539 Ii' 
2000 (4409 Ii' 
2000 14409 Ii' 

Impact Col __ 

Speed (tmIh) ... .... : .... . 
Angle (degI . .... . ..... . 

Exit'.Condition& 
Speed Ikm/hI •• • ••• •.•••• 
AngIeIdeg) ....... ..... . . 

Occupant.Ri&t ValueS . 
Impact· Velocity Imi •• 

x-dlniction ............ . 
'.y- .. . ....... .. 
THIV (.ptionaIJ . ....... .. 
IIldIIdowri AcceIoo.If .... (g:s1 

x_ction .. .......... . 
y4nJctlon ....... ... . 

PHD (optional) ... ....... . 
ASI'I.ptionoQ ........... . 
Max. 0.050.-: A_ (g's' x_ .. .. ...... . 

y-dDc!Ion ........ . . . 
Z.:c&rec:tiDh ••••• .• •••• 

101.4 (63.0 miIh/ 
2·U 

79.3 (49.3 miIh, 
22.9 

6.0 116.5 ltIe. 
1.0 13.3 ItIs. 

-11.17 
-9.58 

-6.7 
-4.3 
·2.9 

Figure A·23. Summary ofrn W-beam Short Radius Guardrail Test 1442·3 <ID 

Test.ArticIe De_no 1m' 
Dynamic •.••• ~-- ... 
""""-rt ..: ........ 

Vehicle Damage 
Exterior 

vas .... ..... ....... . 
CDC . . .. ......... . 

Interior 
OCDI .......... .. 

Maximum Exterior 
Vehicle Cruoh Imm' :. 
M8X.O=~ 

Deformation Imm. .. •. 

. Post-lmpact IIeIuovior 
Max. RoD Angle (dog' •• 
Max. PItch Angle (degl ' 
Max. Yaw Angle (dog) 

3:27 110.7 Itt 
2.90 (9.5 Itt 

ASOOOOOOO 

15.7 
-9.8 
-4.3 



0 .000 s 0.102 s 

.2~ 

General Information 
Test Agency 
Test No. . ...... .. _ 
Date ............ . 

Test Article 
Type ....... . ... . 
Name or Manufacturer 
Installation length 1m) 
Size and/or dimension 

and material of key 
elements . ,': ..... 

Soil Type and Condition ' . 

Test Vehicle 
Type ... ...... .. . 
Designation ...... . 

Model . . . ... . .. . " 
Mass (kg) Curb 

Test Inertial 
Dummy .. 
Gross Static 

Texas Transportation Institute 
414424-4 
08126194 

Short Radius Guardrail 
TxDOT 
4 .8 m (16.0 tt) Radius 

Thrieb~am Guardrail 
, 7.8 em 17.0 in) Round Posts 
Strong soil, Dry 

Production 
820C 
1988 Chevrolet Sprint 
720 (1587 Ib) 
820 (1808 Ib) 
771170lbl 
897 (1978 Ib) 

FINAL REST 

Impact Conditions 
. . .. Speed ·(kmlh) .... . • .•.... 

.. Angle Idegl ...•..• . •... 
Exit Conditions 

Speed Ikmlhl ..... ... .. . 
Angle Idegl .... . ....... . 

Occupant Risk Values 
Impact Velocity (m/s) 

x-direction . . ......... . 

y-direction .......... . 
THIV (optional) . .. _ . ', ... . 

Ridedown Accelerations la' 51 
x-direction . .. . . ..... . 
y-direction .......... . 

PHD (optional) .. ...... . . 

ASI (optional) . " ...... . .. . " 
Max. O.050-sec Average (g's) 

x-direction 
y-direction 
z-direction 

Figure A-24. Summary of TIl W-beam Short Radius Guardrail Test 1442-400 

0.203 s 

96.7 (60.1 milh) 
19.1 

Vehicle Contained 
NIA 

10.6 (34.7 ftlsi 
2.4 (7.8 ttlsl 

-8.59 
·3.02 

·14.0 
·2.2 
-4.3 

0 .305 s 

Test Article Deflections (m) 
Dynamic : ...... .. .. . 
Permanent " • ....... .. 

Vehicle Dpmage 
Exterior 

vas .... . ...... . . 
CDC . ..• •....... 

Interior 
OCDI" 

Maximum EXterior 
Vehicle Crush (mm) ~. 

Max. Dcc. Compart. 
Deformation tmml 

PosNmpact Behavior 
Max. Roll Angle (deg) 
Max. Pitch Angle (dog) 
Max. Vaw. Angle (dogl 

3.22 11 0.6 tt) 
2.90 19.5 ttl 

FD·3 
llFaEW4 

AS10ll000 

570 122.4 inl 

8613.4 inl 

4.5 
-4.6 
-7.2 



0.000 s 

General Information 
Test Agency .. ~ : ",_ . . 

Test No . . ....... "' . 
Date .. ~ ........ . 

Test Article 
Type • .•.•. ••... •• 
Name or Manufacturer 
Installation Length 1m) 
Size and/or dimension 

and material of key 
elements .. .. . .... ' " 

Soil Type and Condition . 
Test Vehicle 

Type ..... " . ... . . . 
Designation . . " .. . . . 
Model . ... . .... . . 
Mass Ikg) Curb 

Test Inertial 
Dummy .. 
Gross Static 

0.223 s 

1- 12
.5 tt-J-;j;pl I 

I 6.5 m 

Texas Transportation Institute 
414424-5 
08/29/94 

Short Radius Guardrail 
TxDOT 
4.8 m 116.0 ft) Radius 

Thriebeam Guardrail 
17.8 em 17.0 in) Round Posts 
Strong soil, Dry 

Production 
Full Size Automobile 
1984 lincoln Town Car 
182014012Ib) 
2041 14500 Ib) 

2041 14500 Ib) 

Impact Conditions 
Speed Ikmlh) •. • . .• ...... • . 
Angle Ideg) ' ..... . . , : . .. _ ..• 

Exit Conditions 
Speed (kmlh) ....•..... .. , 
Angle (deg) ...... . .... . 

Occupant Risk Values 
Impact Velocity (m/s) 

x-direction .' .. _ . .. . . . .. . 
. y-direction .~: ... : . .. .. . . 

THIV loptional) ......... . 
Ridedown Accelerations (g 'sl 

x-direction ...... . " . . . . 
y-direction . "., ",.,, ",' 

PHD loptional) .• • . ' •. ' .' .. 
ASI loptional) ........ . . : 
Max, Oo050-sec Average (g's) 

x-direction 0'.'. 0 , 0 0 , , 

y-direction ".,",., •. 
z-direction 0 • • • • • ••••• 

Figure A-25. Summary of TTl W-beam Short Radius Guardrail Test 1442-5 CID 

0.447 s 

97.2 160.4 milh). 
24.5 

Vehicle Contained 
N/A 

6.1 120.0 ft/s) 
2.5 (8.0 ft/s) 

-5.24 
-2.75 

-7.2 
-2.5 
·2.3 

0.670 s 

Test Article Deflections 1m) 
Dynamic "~ ..• . . .. " . . " 
Permanent ... ::.." . . 0 • 

Vehicle: Damage 
Exterior 

VDS ••.••.• . • ••.. 
· CDC . .. .......... . 

Interior 
OCDI 

Maximum Exterior 
Vehicle Crush Imm) .. 

Max. Dcc. Compan. 
Deformation (mml 

Po~·lmpact Behavior 
Max. Roll Angle Ideg) 
Max. Prt:ch Angle Ideg) 
Max. Yaw Angle (deg) 

At Post 8 
13.2 (43.2 It) 

11.3137.2 ft) 

FO-2 
l1FDEW 3 

ASOOOOOOC 

460 118.1 in) 

o 

12.04 
-2.95 
19.07 



APPENDIX B - DETAILS OF FHW A TECHNICAL ADVISORY DRAWINGS 

119 



'" o 
1 
1 

MaIn HIghNay 

BegIn Standard Wood or Steel 
Post Guardrail SectIon 

~J----.. +------- or 
GuardraIl T ransltTon to BrIdge Ralf 

'-----Area 8etind Guardrail to be 
~,A.A./~C W MaIntaIned Free of . FIxed · Objects 

L 

SpecIal AnchJr 
See FIg_.3A and 3B, 

also see note 5 

R'ndlus No. of CRT RequIred Area Free 
v . Posts of FIxed Objects 

8'-5" .5 
. 17'-(J' 6 
~'-fj" 8 
35'-(J' II 

~. Dla. frJIe 

L W 
25' xIS' 

30' xiS' 
4(J' ,x '20' 

50' x .20' 

6' x 8" x / -ZWood block 
(P-I/-79) 

-.c: .... u _. __ ". 

IKJrES , 

L ~gntII/«a .~ In _-$ 
" .. eta sIotdtlrrI...,..;s dtJIa/led In 
'A GuIde Jt/ SI_dlzril HlgII«1f Barrier 
,Roll 10_",' Sf9. AASHr(HGC-NfTBA 
JddC , .... eo-.ttr_ 

.J! .... ___ .... "..~ •. _ 

- - IF-:Il .. '-''::f!!Ji ""","""ng flit ,111".:_ CoomIIIoit ng 
T_ntIIlCtfTl ,.,.,. 

.I. T,. ·rG/I,. 1IIl·_ ID '", CRrpost 
/II flit _d _ ..... as _ 

~ .TIa __ <trlll/_ .shall be 

.,.",~: . 

5. rla5p«llll _ ./r1s !!!! _ _ riI os 
" ... '4:SIMItIt_tr_ (or _oacting 
""""" 4II." __ ng ", .... ",. 
TIW/II_ ·~ ... _1.04111.1"1.' 

.~s ... .,wOf .CIUII:tota,s ,ptII''''#flllng. 
dr~'f_·. 

:1-
,I 

(RE-3[2 at 6'-S"IZ-fj"]-73J 
(F-3f1[f]c76J (F-13-73) (F-3[IB" J-76) - ....... 

Secure block from 
rotatlon with 
IOd ga/vani7f'ff nnll 

·1 
I .. 
1 
1 
1 

Slope· 15:1 . Z-(J' 
or floffer . 1 

3'!i"Dla_ hole 101 ,.. 
Centered/11n post .. ; 

(-;~ 
6" x 8" x ·6'-(J' CRT wood t! 
post (P-1I-79; roodlfled as 
slrJwn and .preservatlve 
tr.eofed afterdrllllngJ 

SECTION .,A-A 

~-I r -13-7 JJ 

(P-I/-79) 

F~~. :I . 

CLINED -'GtIARDRAl. . 

DETAI. • SECTION .B-S 111"-.6" -rodiUlil 
" ; ; . 

~--------------------------------------------~~----~ 
Figure 8-1. FHW A Technical Advisory Drawings for Short Radius Guardrail Designs (2) 



N 

I 

A A 

' f 
1 .. 
'f 
1 
'f 
'~ 

.f 

lIaln HlghNU( BegIn Standard Wood or ;teel 
Post Guardrail SectIon 

--. ., 
B or IIClTES • 

PC 

..... t-:iiA~-r. GuardraIl Translflon to BrIdge Rail 

"alnraln area approxImately 50 feet long 
I7t 20 f.eel wIde free of flxed objects 

35' Rodlus 

~" Dla. frJ/e 

L DasI~_ fIfIII*d In ,. .tlwJs ,.., ... _d __ led In 

"A _10 _dlzed H/vIMIY Borrlor __ I'119.~-ART8A 

JddC 5 II'" CMiIma 
2, ... _ .... _..,,,.,,. _ 

_ _ IF·X .. ,.reH6J_"'1 
"" rdIlO ". ~ ,.,.,.,. 
T .. _trRrl ... 

.l. TIra _ _ droll __ be --. 4.. TIra SpCaI _ _ gt __ as 

"t:t'~ IlllIretII_fer _-"'1 
'trllf1c III "" _~"'1 rtJDdwtlf_ 
T_"... • • __ be·/I11111td to 

t/rtfwoje. - ~~ 1#_1"'1 __ .{tId""... 

S. Detolls fer ......, _droll rod1l II tr-<;-. 
I r. ond 2S'of; trI ItrJuded willi FlflUre I, 

,(RE-3f2 at 6'-J~'I2'-6'Y73) 

(F -3f1Cfl-76) 

6" x tr X r·t? Wood bloct 
(P-II-79) 

Secure bloct from 
rototlon with 

SpecIal AncIrJr 
1See FIg. 3A and 3B.) 
I also see nate 4 / 

Slope • 15:1 
or flatter 

3'h" Dla.rofe 101 :r
Centered In po.st~ ~ 

6" x 8' x 6'-{],CRT Wood~ G ~ 
post (P-/l-79: modIfied as 
sfr1Nn and preservatlve 
treated after ,drilling) 

SECTION irA 

(F-13-73) IOd golvonlZed nail 

SECTION 80B 

(F-/j-7J) 

FIOl'"e 2 

~VED GUARIlRAl. 
DETAIL 

135' rodlual 

"'\C ... rrcDI lit .1t'r"T .. ,... __ •• _. . .. - ... -
Figure 8 -2, FHWA Technical Advisory Drawings for Short Radius Guardrail Designs (2.) 



See Detal/ B 

6'-3' 
to nextpast 

Wood ---,. 
break(N(ay 
post 
(See Flg.3B) 

~'Dla. X 9'-(J' cable with one 
swaged end (See Nate 4) 

,-

(RE-8-79J 

---~ 

(F-8-76) 
(F-12-73) 

PU/i 

6'-3' 

Detail B 

(F-3[2'J-76) 
See Note 2 

Two (F-/O[8'J.79) wIth 
. 2 washers (F-/J-7J) each 

or 
...,.,.....,..<Wc"dc~ _ Connect/on opl/on 

for .solI plate and steel 
tube connectlon POSTS 

ELEVR"IOII 
ftC' _ ,..#'O~_._. _____ ......... . 

II" ~,.... .-.n _ -al\ 

(RE-7[3(J']-79) 
(Adjust to fTt) IIf1rES • 

Z/z'xZ!z'xI!4"xB' 
Galvan/zed structural 
tube---/ 

~ DISIgnt1Ilcns rradtMtI In ptJrtdtasls 
rwlrntr:XJ " _ _ • _t.I In 
·A GuI<* to _dlUd Hlg/tIIaf BatTI .. 
Il0l1 ". ..... S19. AASHTo-JGC·ARrBA 
.we J"'" .... 

Tack weld zh'xZh'x';'" 
Steel plate with I ~t6' Dla. 
IrJ/e to tubular steel 

See Detail A 

~. Cable clips (6) 

-Bearing plate 
.fSee Fig. J8) 

~.....,.._ Steel tube 
(See Fig. 38) 

(F -IO[J(J' J-79) with 

--"'--r Dla. nut 
J. _ sIrJIIad_ ... ". r,qp_s" ASTII 

A Jt1l ond _ .. ". rfGJ/~ ., ASTII 
Dla. x 4" stud A 5IilGrCldo 'A tJf' _ .0tId 01 gdttonIUdln 

ttreoded full ___ ASrIl A III 

length 

DD"NL B 

%'x4"xl'-O" 
Steel plate 

~~~~F 14 /Jr. -:-'"7"1'. 14 
~ r--/(J' OD. Sctedule 40 

'1f--t-' galvanized steel pipe 

~. Dia. tole 

2 washers (F-/J-73) each DUAiL A 
FIQUt"e 3A 

CURVED GUARDRAIL 
SPECiAl ANCHOR 

DET.u..s 
POST A 

Figure 8-3. FHW A Technical Advisory Drawings for Short Radius Guardrail Designs (2) 



IV 
w 

~' Dla. 
toles 

~ 

o --:---------i;r 
- 21{,'Dlo. 

~lL'" 
%. 010. 
toles 

SOL PLATE 

~'Steel plate 

J' 'l:.-
~. 010. 
lrJIes 

J" 

---

'\ 

J" o' 

1 1 .... , 
~ 

! ' ! 
I- 1 

~,*".-------- ~N .- -
~[ -

116' 
I 

B'x 6'x 
Structura 
tubIng 

1 1 

, 

l1J 
STEEL TUBE (POST N 

~ 

Secure- bearIng plate from 
rotatiOn with two 
JOd galvanIzed nails 

_ !u...... -.n 

IKJTES I 

I. r:1rr _ IJrctawj /1fII$I _ t. S4S 
n_ ,."". _ grodo '" J2IJO ptSI 
__ t. grGdt _ or -"ftot/ ~ 

II ~ ".raj <r ~ wHen Is 
c.1tf1ed lit lilt Bt1rn af _. _'ean 
___ ~ 10 grGdt"" 
~_ /t __ .f1I __ 

hWIi.; lit GD"'dr:n:a with AASHTO 

~"'1I1ll 
2. AII .... __ p/GI8s _I 

__ III". "_6 '" ASTII A J6 
__ luling '" ASTII A 5al 
WfIJdJ,. 1IcJI __ '" arred r,.,.r~s 
'" Ita _rim -.,., Sa:ltJIy Slrudural 
_"II CGdt NtSvMS DIJ. ~/Stru:lurai 
__ t. g.w.dmd In oa:xrlklnao wll1l 

ASTII A-/Zl; .. pllllCling. drilling. Ql/rtng. 
or -,. will t.,.,-. "',.,. galwldzlng. 

J. _ -8 I. (_/~ (rom Post A I¥ oddlflt} 
". ___ tlrudVrai /tOr (See FItp'o .JA 

0IIdl Al Wen ".,..,.Zlng. 

I 'l;6' 010. 
IrJJe 

ll'-- 116 'X r X 8" 5tet:! plate 
~ tack welded to 7B' steel plate 

B£JRJNG PLATE 

Flore JB 

CURVED CUARDRAL 
SPECIAl. ANCHOR 

DETALS 

Figure B-4. FHWA Technical Advisory Drawings for Short Radius Guardrail Designs (2) 



tv .... 

.,. 

IIaIn HfghNay -lIaxfm.Jm 50 MPH 

Z SpOres D 3' -IYZ' - 6'-j" 
8egfn ~tandard 

3--+~;-+---- Guardrail Transltfon to Bridge Ralf 

SptICI"'_ 

TNs SfSI- I. ,,._ ftY ..... In ",. I'WY spoclflc 
_Ian aI I_secrlng r~ dlrl!C1ty 
odJaanI ID d ' 0/lIIOI lor dlrl (edure futWltIJ 

1~~~~~&; Area beNnd guardrail to be maintained f ((!e of 
, fixed obJects 

ptlTaJI<I 10 IIrJ IIIIntr ."",.oacIII_ requires 
Q. brldfJl! Oft tt1lI train rOtldway. 
TNs $lJsIeIf sIDJkJ r.. u5ed wlBn I. "'edIOf' 
rates are requ/red.olld on JOIIrsptJlll/ (SO MPH 
lIItu.Jm.JItJJ mala rODdwnys.. 

I 
I 

t-
I 
I 
I 
a
I ' 
I 
I 

Special AncI'rJr Nole: If no specialoflCfrJr is used. use 
See FIg. 3A and 3B. 

also see note 5 
two (P-I/-191 blocked-oul wood posts 
:;Ixlced at the standard 6'-j" spocing_ 

f.,' Dla_ hJ/e 
(RE-3fZ at 6'-j"-12'-5"]-73)-

Slope - !5:f 
or flatter . ;..-

Jlh"Dlo_hJe 101! 
Centered In post I . - . -

w ... ~~~ ~ 

oX 8' x 6'-{],CRT wood ~ K1 ~ 
{XJSf (P-If-79:roodlfled as ~ 
slrJNn and preservaffve 
treated after drIlling) 

SECTION A-A 

oX 8' x r-2'Wood block 
(P-If-79) 

(F-ll-7l) (F-3f18'H6) 

(P-I/-791 

Figure B-S. FHWA Technical Advisory Drawings for Short Radius Guardrail Designs (2) 

- ~ .... 

L lliIIII@i ..... f1I'OII*d In ,... ........ $ "" ____ "'led In 

'A _ ... _dlled ~ Barrlor _ __ Bf1I. MSHrOoNiC-NrrBA 
JtJld C :III • C ,. 

z. ... --.. __ an".~·_ 
__ IF-JC.·requl,.tJ·?61Oll<fltlldtng 

"'''''10". 0 --19 T_ICRTl,.n. 

.x n._ ~_an strsII ,. .. ---c. n. SptICI", _ 1m !!Ii _ Ia/ed as 
• Q ", .-I "..-.1 (OT fJDIIToact1rq 
".~ ... ". _adfng ~_ 
~_Jts __ "I1_/o 
4rlt:a43 ar .we:. rtJIIdwtar$ parol1d1tV 
."'_ fad."....."" I ... __ I'WY 
... tralnc,,*-

Secure block (ram 
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r DRIVE AND SIDE ROAD 601-9 
1-----____ ------1 I G U A R 0 R A I L . 0 PEN IN G S REFERF6~~~ 7 SECTION 

Typ. T Anohor .... "emb Iy 

lIormal 
off.et 

~'-e' of1o.t I<=--I---.!Flored end aeatlon ~r 
CR- Iot end of radiue. 

Drive 
Approach 

Type T Anchor A88emb I y 

Edgl of Pavement 

DRIVE GUARDRAIL OPENING 

SIDE ROAD 

Typo T 
Anchor---'>.-I 

...... mbl)' 

-Hormol offset 

Sid. Rood 
Approaoh 

CIWmIUL IlADIJS 

!S' Oft ovot : 

Edge of Pavement ~ 

GUARDRAIL. OPENING 

sIde Rood 
Approach 

CUMDftAI. ftADLIS 

.15' Oft OV!ft 

SIDE ROAD GUARDRAIL OP[NING WHERE 
GUARDRAIL EXTENDS ALONG SIDE ROAD 

V) 

• U 

~ • See Figure 201-4 for Side Road guardrail offset treatment. ti: 
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Bridge Limite 

** 
Figure 601-9 for treatment beyond approach 

12.5' Drive Or' 

Side Rpad 
Approach 

Type T Anchor assembly 

Bridge Terminal Assembly 

L 
U 
o +-o .-
L .S 
0.-, 
a. « 
Edg~ of Povem~nt 

~REFERRED MINIMUM APPROACH TREATMENT 
~--------------------------~ 

Type 5 Guardrail 

Bridge limits 

See Figure 601-9 

Drive or 
Side Rood 
Approach 

L 
U o f-
a E L ._ 
0..-, 
0.. 
« 
Edge of Pavement 

Bridge Terminal Assembly 
gj 

ABSOLUTE MINIMUM APPROACH TREATMENT] 
lilt Minimum Guardrail radius is 5' 

"' .. IB'-9' for Type I and Type 3 Bridge Terminal Assembly, 
12'-6' for Type 2 and Type 4 Bridge Terminal Assemblies 
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Moln Highway NOTES: 
I. 

aegln Standard Wood 
sQoc InQ Post Cuardrail Section 

~. ~.=;:...;..;.:;-"*--- or ,0 " Z 
, Cuardroll transition . to 'Brldge Roil (25' Minimum) • 

The .. all Is not bolted to the CRT 
post at tl'leClnter- of tl'le S' 
radius nose Or"I~ 

No wasners are used on the foe:&. 
of the .. all under tl'le Va' butTon 

, 
p.. , 

Area Behind CUOr-droil to be 
Maintained "ee of_ FIxed Objects 3. 

head Dolts cOMectlng the .. all to 
The ConTrolled Releasing Te .. mlnal 
ISUJ posts. 

The curved QUordroil sections 
shall be shop bent. 

W : W Beam Post 
C = CRT Post 
B : Breakaway POST 

~. The" Beam Special Ancha.. l'Ias 
QQ! been tested as 0 croshworthy 
end treatment for appr-oachlno 
'traffic an the Intersectlno roadwaYa 
The .... fo .. e. Its use 51'1011 be limited to 
driveways or servlco roadways 
paroUelino dralno08 foclll'tfes. 

W Beam 
Special Anchor Radius 

, 
No. of CRT -!,!o. and Length Required Area Free 
Posts 01\ Curved Roils of Fixed Objects 

I ,: : l • YI 

'f~ o 12.5" 25'. IS' 

('0 25' 30' xiS' 

LAPP ING PROCEDURE 1---=2:...~·_+-__ 9 __ +-__ ---=~ __ +-_--=:....:...::.. __ ~ 
(8' Radius Shown) II 

I Q 25' 8;,,1 " 12-5" ~O' x 20' 

"la- x 9'1z" Button Head 
801 l' with wasne" and 
Recess Nut --__ 

Slope = IS:, 
0" flatte .. 
(Typ.) 

32' 

y.- 010. Hole 

;,. 
• 

3'/z" Oio. hole .... --:--!kll-t-_4 
Center-ed in post 

2 Q 2~' 50' x 20' 

-l1umber of rolls is based 
on Q 90· Intersaetlon 

o/a' x IS' Button Head-
8011' ,'1'i1'li wQsher and 
Recess Nut 

6' x S" x 6' -0" wood post modified 
as .snown and presel""vQ1'lve treated 
after drllllnQ 

SECTION A-A 
(CRT Post) 

SECTION 8-8 
(W Beam Pos1"1 

Figure C-7a. South Dakota Short-Radius Guardrail Details 



w 
U> 

C"l 0 
c ,.., 
::0 " < l>f./l ,.., :0 ..... 
0 ..... l> 
:0; 

3: ..... m,.., 
Z 
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(TI 
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:oC 
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0 z:I: 
c:: VlO 
Vl "l> 

0"" ..... :00 ,..., .......... 
::0 l>l> 
;:: ..... 
Z · 0 
l> Z .-

¥ .. - 010. X 9" -0· cable with one 
$waoed end ISee Nate 3) 

Modified Special End St>oe 
I See Plate No.630.09 ) 

," 

... ~ .. 
',ft" ~" 

~"X I'/,t" Buttori Head Bolt 
ISpllce Boltl 'wl tt> Rectangular 
Plate Washer on fl""'ont faca . and 
I Y.t Round Washer under. nUT .. " ':,. 

\ . , . :., 
SPECIAL ANCHOR : PLAN 

)0· Dlametar Terminal Section -
12 Gage I Adjust to fit I 

Z- BU1:ton Head 
with no washer 
I See Note l I 

2'1,' x 2'1,' x '/ .. ' x S' 
Galvanized struct ural 
tube-----, 

~ 
' ......... 1'010. nut 

Bolt ,- Jam nut 

Tack weld 2'1,' x 2';'- x'/' 1.- Dia x 4- stud 
Steel plate with IY'I,--Oia.. threaded full 
hole 1'0 steel tube length 

t-:o!",.:-:>-,"==r------'--- '" -'"-----"----1 to next post 
.-~--'/~' x 1'1," Hex Bolt NOTES: DETAIL A 

Wood 
Breakaway 
Post 

2"'-'0-+16" 

r+-~A 

and nut w/ washers 
on front' "foce "- total 

~ 1·1 I 

DETAil 'B 

I .. ATTach W Beam 1'0 steel pipe w''th %- x 
2- button head bolT with no woshar"' .. No 
connection to post Is required. 

2. Post B is fabricated trom Post A by 
adding the gclvanized structural tube 
(See Detoil A ) before golvonizino. , 

3. "WIre rope sholl conform 'to the 
requirements of . AASHTO t.j 30 and st>all 
be~J'. Inc h preformed. 6X19. wire strand 
core~ or Independent wire rope core. 
QOlvalJ,zed. rloht reQulor lay • 
manufactured of improved plow steel 
witt'L 0 lminlmum breaking strength 

-;~~~~~r:===~~=:,=9==="""""""""~~~~~~~r<::::~~~~')~~ ' 0+/42:S00 pounds. ¥s" x 4- x 12" Breakaway Post Steel Plate 
A AiL,..>C 

CaDle A~~~'~~,~-.) 3" of 41 
I Snug 1 Plote 

'---'la- x 10- Hex Bolt'.--<; 
wQshers and 

~"x S" Hex Bol1"s-' 

" ... 

2 washers and I nu't Bach lo,ca'frcin 1'.- Dia. Mle 

POST B POST A 
ISee NOTe 2) 

SPECIAL ' ANCHOR ELEVATION 

10" 0.0. Schedule 40 
Qalvanized pipe 

DETAIL B 

Figure C-7b, South Dakota Short-Radius Guardrail Details 
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5'/z' x 7'1z' Wood Breakaway 
Post 

Stoel Tube 

• I 5tlz" p' 

TwO IOd Qolvoniz'ed nails 

(

SPQced 4-C TO C cente~ed 
on post. 

Steel 

5/a- lit I'h" H,~ Head Bolt and 
NUT wi'tn 11'., Steet W03f1ers 
on front faclt - 8 required 

2' • 

fII.· 'Ia" R. Bear; Ing T ube,~· ..or--,.,=, 
. ~.P.la·ta 

Af+- Z" Pipe Sleeve 
. ···· IZ.J7S· O.D.l 

WOOd Breakaway ~=!:::;(flf::t 
5'1Z'x7'12" ~ 
POST . '') ~ 

;;. 

~~~;::;~-- 1'/,,' HOI~I~~~~CJ 
34.a~ 

'>.",11-- 0.1875" Yo" BOlt--~"~ 
J..EEc-I" Steel Washer 

(.., .' .- 'j'r{ . Soil 
.~::. Plate 

'4-+---¥~" olci. Hole 
Thru ·· Tube and Post 

DETAIL C 1,/0 

, _--1'--1 T ull.e " 
r Thickness Hole 

o 

DETAIl' D Neut r 01--":>'-"1 ,. Axis 

I'/;~ 

'Y. "R 1'," R • . 

W Beam 
Cucr-draU 

, 
I· '. ANCHOR BRACKET DETAILS 

1',," min. thickness 

Standard SWQQed 
Connec"tlon for r. COb'e 

;,:, ;, 
V + 'j '\. ,;:. 
\ "I 

~ 
-

I ., 
S4S 

Plate RECTANGULAR PLATE WA"SHER 
Nut For I" Stud 

Stud 

Nut 

.. S teet Washer 

3M1rI . -s: 
111,," . I -+ll'/o! 
010. ~ 

N ... r. ala. Holes 
i%" Olo. Hole* 

SECTION A-A All holes centered on 
respectIve sides 

(END PLATE REMOVED) END PLATE WOOD BREAKAWAY POST 

Stud Threaded (:,;:1'" Coble to be Swoge Connected 

Entlro LOn;;gi!t~h.lIlim~rJ~~=f:~ I.'..:':'. III .- II - · ]1iI II liIilll! 
L" .. -Dio. Galvanized Cable 

Standard Swaged. Fitting And Stud CABLE ASSEMBLY 

Figure C-7c. South Dakota Short-Radius Guard,rail Details 
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BEARING PLATE OET ..tILS 

GENERAL NOTES: 

oL 

Y. 010. Hales 

J~o Y.- 010. 
Holes 

(, , 
. I in ,. 

I 
9° ° , j 

2',0° 

SOIL PLATE 
BOx6°xO.l B75° 

ST.EEL TUBE 

I. The wood breakaway POST st}all be S4S timber with a stress grade of.. 1200 psi and shall be grade marked or 
certified by Q recoQnized association or oQ'ency which is certified by the Boord of Review. Amerfcon Lumber 
Standard Committee. to grade"':...the soecies. It shall receive Q oreser-votive treatment in accordance with AASHTO 
designation !! IJJ. 

2. Bolts shall conform to the r-squii-ements of ASTM A 301 and nuts to the requirements of ASTM A 563. Grade A 
or bette,... and be galvanized in o"c;cordance with ASTU A 153. 

J. All angles. channels, and plates shall 'conform to the requirements of AST!! AJ6 and structural tubln9 to AST!! 
A 500. Welding sholl meet the curren-t ... reQuirements of the Amer;lcon WeldIng Society StrucTur"'ol welding Code 
ANSI/A~S 01.1. All STr"'uctUf"'OI steel shQIf.~~e golvanlzed In acco"idonce with ASTM A" 23. No punchino .. drilling .. cuttlna 
or"' welding will be permitted after ool"onlzlno. 

4. The Curved W Beam Radius Terminal Is moqe up of the followlnQ bid Items: 

I. W Beam Guardrail Curved Clas~ A - Controlled Releasln9 Posts. 
2. W Beam' Guardrail Strai<;lht Class A - Controlled ReleaslnQ Posts. 
3. W Beam GUQrdraU Spedal Anchor"'':. 

5, The Bid Item W Beam Guardrail Special Anchor: Is to Include all materlaUrfcludlng the 12'-6° lenath of roll and 
with the exception of the fIrst post (CRT!, 

<.. 
S 

? 

'" '" ... 
Figure C-7d. South Dakota Short-Radius Guardrail Details 
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Figure D-1. Simplified Short-Radius Guardrail System 



Solely Shaped Concrete 
Wall •/ transition 

2380 mm inner radius 
2426 mm center-line 

radius J 
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·~ ... >(>.;::: 
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i.:~:l'<:- o"' 
~ .F ,_ 

L _J_ -L 
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Iowa Wood Post Transition stiffened thrie roil slotted thrie, roil #2 4>'~ <f 
3810 mm section thrie beom 3810 mm section thrie beam 3810 mm section thrie beom ' 
1 0 gouge or nested 12 gouge 12 gouge 12 gouge, slotted 

nose cable anchor plate 
(backside of splice) 

thrie CRT post 
•/ 406x152x360 mm 

tapered blockS 

thrie BCT post in 2440 mm foun<k1ti<>n-l 
tube 

Figure D-2. TL-4 Side View, Simplified Short-Radius Guardrail System 
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-t, 
~"a ?o 

.A "'"» ;,> ... 
0~~~ .... 

. ~'t, ~ ... 

2380 mm inner rodius 
2426 mm center- line 

rod ius 

?t? ~/ 

0?::-:,;., ~ I 
~-&~ 

;-,""a-"> slotted thrie, roil 12 
3810 mm section lhrie beom !II • 

12 90U9e, slotted 1905 mm section 
W-beom to thrie 

nose coble onchor plote lronsition. 12 90uge 
of splice) 

CRT post w/ 
406x152x360 topered block 

CRT post w/ 
406x 152x360 topered block 

thrie 8CT post in 2440 mm foundolion 
tube 

Figure D-3. TL-2 Side View, Simplified Short-Radius Guardrail System 
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TL- 2 FLEAT End Terminol _J 
7620 mm, roil ond posts os required 

for terminol 

6S 7S as 9S 



Nose Reinforcing Coble Post 
1 P, 1 S 

Post 
2P 

Post 
3P, 25 

r---------, 

Nose Cable Anchor Plate 

Cable Anchor Assembly 

1------- 1200 ------l 

Nose Reinforcing Cable 
Cable Anchor Plate 

Swaged Coble Button 

Figure D-4. Cable Assembly Detail, Simplified Short-Radius Guardrail System 

Standard Cable 
Anchor Bracket 



-

Short-Radius Design Concept 
Post Details 

~ 0 

2390 

l 
Thrie Beam BCT Post 

w/ 2440mm Foundation Tube 
Posts lP,lS 

Figure D-5. Post Assembly Detail, Simplified Short-Radius Guardrail System 

1153 

L 
Thrie Beam CRT Post 

1980mm long 
w/ 406x1 52x360 

T opered Block 
Posts 2P,2S,3P,4P,SP 



f-203-l f-152 f-190-j 

827 

Thrie Beam CRT Posts 

Figure D-6. Post Detail, Simplified Short-Radius Guardrail System 
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Roil Section 1 ("Nose" Section) 
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.. .. .. .. 
0 .. .. .. 
0 0 \ .. 0 
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I 

liiO 

Roil Section 1 ("Nose" Section) 

Note: All units ore in mm unless specifed otherwise 

Figure D-7. Rail Section No. 1, Simplified Short-Radius Guardrail System 
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Roil Section 2 

I 
• - - -- . • .. . - . -- • - . 

\_ __ 
\_.,...... ... ti.AD_ ..... 

I 

Roil Section 2 

Note: All units ore in mm unless specified otherwise 

Figure D-8. Rail Section No. 2, Simplified Short-Radius Guardrail System 



73.025 mm 

4.39 m Cable Length 

1· 4.24 m ·1 

~ II 7 :::="Cold Tuff" :utton, S-409 =::: 

Size No. 12 SB 73.025 mm 
Stock No. 1 040395 

73.025 mm 

for 15.875 mm dia (7 X 19) w1re rope 

Figure D-9. Cable Detail, Simplified Short-Radius Guardrail System 
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Steel Plate, A306 
320mm x 150mm x Smm 

Figure D-10. Cable Plate Detail, Simplified Short-Radius Guardrail System 
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