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1 INTRODUCTION  

1.1 Background 

Bridge rails are commonly used to shield errant vehicles from falling into a hazard being 

spanned by the bridge. To shield the ends of the bridge railings and to provide guardrail runout 

length upstream from the bridge hazard, crashworthy guardrail systems with transitions and end 

terminals are frequently utilized. The minimum length of guardrail required to shield a hazard is 

determined using length-of-need (LON) formulas found the American Association of State 

Highway and Transportation Officials (AASHTOôs) Roadside Design Guide [1]. In some 

instances, the location of a bridge is very close to an intersection, such that the secondary or 

intersecting roadway is within the guardrail LON.  

Short-radius guardrail systems were designed to prevent errant vehicles from interacting 

with the bridge hazard, as well as to provide a stiffness transition to a stiff bridge rail. To date, no 

systems have yet passed the Test Level 3 (TL-3) impact criteria identified in either the National 

Cooperative Highway Research Program (NCHRP) Report No. 350 [2] or the American 

Association of Highway Transportation Officials (AASHTO) Manual for Assessing Safety 

Hardware (MASH) [3]. Most short radius systems were tested in accordance with NCHRP 

Report No. 230 [4]. The Yuma County short-radius system was first tested in accordance with 

the AASHTO Guide Specifications for Bridge Railings [5], and was later approved for use with 

NCHRP Report No. 350 TL-2 impact conditions [6]. 

Although short-radius guardrails have been recommended for use with radii up to 30 ft 

(9.1 m) in the FHWA Technical Advisory T5040.32 [7], the performance of systems with radii 

larger than 10 ft (3.0 m) is not well-documented. Systems with radii larger than previously tested 

may not be as stiff as systems with smaller radii. Increased flexibility during impact may disrupt 

beneficial bumper-to-rail engagement and culminate in vaulting override or underride. At very 
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large radii, the guardrail stiffness may initially increase as the rail tensile forces become 

increasingly tangential. 

Wisconsin DOT commissioned a study to evaluate currently-accepted designs of short-

radius guardrail systems with larger radii of curvature using computer simulation. Because crash 

testing was beyond the scope of this project, no federal approval of the designs will be pursued. 

It was believed that the research would provide guidance for safe intersection speed and radius 

combinations and suggest potential improvements in the design of current short-radius guardrail 

systems when used on large radius intersections.  

1.2 Research Objectives 

The research objective of this project was to evaluate modifications to the design of an 

approved short-radius guardrail systems with larger radii of curvature, determine the 

performance limits of the systems, and evaluate the limiting travel speeds on roadways for which 

the simulated short-radius guardrail could still perform adequately. 

1.3 Project Outline 

A series of tasks were conducted to complete the research objectives: 

1. Evaluate existing short-radius guardrail designs which received approval from FHWA; 

2. Develop and validate baseline models of short-radius guardrail systems using crash test 

results; 

3. Modify the validated short radius design with larger radii and different rail heights; 

4. Determine the maximum speeds at which the larger-radius designs were still determined 

to be crashworthy; and 

5. Provide an approximate percentage of crashes which could be contained by various 

radius and hardware configurations. 
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2 LITERATURE REVIEW  

Several short-radius systems were successfully tested according to criteria presented in 

NCHRP Report No. 230 [4]. The tested systems typically consisted of W-beam guardrail with 

radii between 8 and 10 ft (2.4 and 3.0 m) mounted on rectangular or circular Controlled Release 

Terminal (CRT) posts with 42-in. (1,067-mm) embedment depths and anchorages. Criteria 

presented in NCHRP Report 230 required a minimum of four crash tests conducted at 60 mph 

(97 km/h):  

1) 4,500-lb (2,041-kg) sedan at 0 degrees, centerline aligned with stiff bridge rail; 

2) 4,500-lb (2,041-kg) sedan at 25 degrees, at the critical impact point (CIP) near the 

transition; 

3) 4,500-lb (2,041-kg) sedan at 25 degrees, centerline aligned with midpoint of radius; 

and 

4) 1,900-lb (862-kg) small car at 20 degrees, centerline aligned with midpoint of radius. 

The Yuma County short-radius guardrail system was tested in accordance with the 

AASHTO Guide Specifications [5] Performance Level 1 (PL-1) impact conditions. A total of six 

tests conducted at 45 mph (72 km/h) were required:  

1) 1,984-lb (900-kg) small car at 20 degrees, at the CIP near the transition; 

2) 5,401-lb (2,450-kg)  pickup truck at 20 degrees, at the CIP near the transition; 

3) 1,984-lb (900-kg) small car at 20 degrees, centerline aligned with midpoint of radius; 

4) 5,401-lb (2,450-kg) pickup truck at 20 degrees, centerline aligned with midpoint of 

radius; 

5) 1,984-lb (900-kg) small car at 0 degrees, centerline aligned with stiff bridge rail; and 

6) 5,401-lb (2,450-kg) pickup truck at 0 degrees, centerline aligned with stiff bridge rail. 
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No short-radius systems have been successfully crash tested according to NCHRP Report 

No. 350 [2] or MASH [3] TL-3 impact conditions. Seven tests were required according to 

NCHRP Report No. 350 crash test conditions. NCHRP Report No. 350 impact conditions are 

discussed in literature [8-9].  

A summary of previously-tested short-radius systems are shown in Tables 1 through 5. 

Bullnose systems, which share many similar features as short-radius systems, are summarized in 

Tables 7 through 13. 

2.1 Historical W -Beam Short Radius Systems 

2.1.1 Systems Tested to NCHRP Report No. 230 

Two W-beam short-radius systems which were successfully tested according to NCHRP 

Report 230 criteria included the Washington [10] and Texas Transportation Institute (TTI) [11] 

designs. Each design consisted of curved W-beam guardrail mounted on wooden breakaway 

posts connected to a downstream anchorage and rigid or semi-rigid bridge railing.  

The final design of the Washington short-radius design is shown in Figure 1. The system 

consisted of a curved W-beam end termination, 25 ft (7.6 m) of W-beam including a Breakaway 

Cable Terminal (BCT) end anchorage system with two cable anchors: one attached to each BCT 

post. The cables were spliced together near the ground line. The guardrail radius was 8-ft 6-in. 

(2,591-mm), and 25 ft (7.6 m) of W-beam guardrail was used to transition to a rigid bridge rail. 

The system was configured such that the barrier adjacent to the secondary roadway was installed 

parallel with the road, whereas the primary side of the system had a 10:1 flare upstream of the 

bridge rail. Posts installed at the transition were 6 in. x 8 in. x 72 in. (152 mm x 203 mm x 1,829 

mm) rectangular timber posts, and posts installed on the radius and secondary side of the system 

were 6 in. x 8 in. x 72 in. (152 mm x 203 mm x 1,829 mm) rectangular CRT posts. One CRT 

post on the primary roadway side and all six transition posts utilized 6 in. x 8 in. x 14 ¼ in. (152  
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Table 1. Summary of Short Radius Guardrail Systems 

 

Test 

No.

Reference 

No.

Secondary Road 

Anchorage

Secondary Side 

Rail
Radius Primary Side Rail

Post Details

A

Post Details

B

Post Details

C

Post Details

D

Post Details

E

Post Details

F

Post Details

G
NOTES

WA-1

Buffer end section 

(curved, flattened W-

beam piece) with BCT 

cable anchor and 1 

BCT post

12-ft 6-in. parallel 

to road, 12-gauge 

W-beam

8-ft 6-in. radius, 

12.5-ft Long, 12-

gauge W-beam

25 ft with 10:1 

flare, 12-gauge W-

beam

BCT post in concrete 

footer with BCT cable 

anchor

Post No. 1 (Secondary 

Side)

6-in. x 8-in. x 7 ft long 

timber post

Post No. 2, 6-ft 3-in. from 

Post No. 1

4-in. x 6-in. x 7-ft long 

timber post

Post No. 3, 6-ft 3-in. from 

Post No. 2 (start of 

radius)

4-in. x 6-in. x 7-ft long 

timber post

Post No. 4, 6-ft 3-in. from 

Post No. 3 (center of 

radius)

BCT post in concrete 

footer with BCT cable 

anchor

Post No. 5, 6-ft 3-in. from 

Post No. 4 (end of radius)

Est. 6-in. x 8-in. x 7-ft 

long timber post (unk) 

with 6-in. x 8-in. 

blockouts

Post Nos. 6-8, 3-ft 1.5-in. 

spacing, 6-ft 3-in. from 

Post No. 5

10-in. x 10-in. x 7-ft 

long timber posts with 8-

in. x 8-in. x 14-in. 

blockouts

Post Nos. 9-11, 3-ft 1.5-

in. spacing, 3-ft 6-in. 

from Post No. 8

W-beam End Shoe 

Attachment to Concrete 

Bridge Rail

1:2  Slope at Center of 

Posts

WA-1M

Buffer end section 

(curved, flattened W-

beam piece) with BCT 

cable anchor and 1 

BCT post

Same as WA-1 Same as WA-1 Same as WA-1

BCT post in concrete 

footer with BCT cable 

anchor

Post No. 1 (Secondary 

Side)

6-in. x 8-in. x 7 ft long 

timber post with pipe 

substituted for post-to-rail 

attachment

Post No. 2, 6-ft 3-in. from 

Post No. 1

4-in. x 6-in. x 7-ft long 

timber breakaway post

Post No. 3, 6-ft 3-in. from 

Post No. 2 (start of 

radius)

4-in. x 6-in. x 7-ft long 

timber breakaway post

Post No. 4, 6-ft 3-in. from 

Post No. 3 (center of 

radius)

BCT post in concrete 

footer

Post No. 5, 6-ft 3-in. from 

Post No. 4 (end of radius)

Same as WA-1 Same as WA-1

Same as WA-1, pipe post-

to-rail attachment used at 

secondary side BCT 

anchor

WA-2M Same as WA-1M Same as WA-1M
Same as WA-

1M
Same as WA-1M Same as WA-1M Same as WA-1M

4-in. x 6-in. x 7-ft long 

timber breakaway post

Post Nos. 3-5, 6-ft 3-in. 

from Post No. 2 (start of 

radius)

4-in. x 6-in. x 7-ft long 

timber breakaway post

Post No. 6, 6-ft 3-in. from 

Post No. 3 (center of 

radius)

BCT post in concrete 

footer

Post No. 7, 6-ft 3-in. from 

Post No. 6 (end of radius)

Est. 6-in. x 8-in. x 7-ft 

long timber post (unk) 

with 6-in. x 8-in. 

blockouts

Post Nos. 8-10, 3-ft 1.5-

in. spacing, 6-ft 3-in. from 

Post No. 7

10-in. x 10-in. x 7-ft 

long timber posts with 8-

in. x 8-in. x 14-in. 

blockouts

Post Nos. 11-13, 3-ft 

1.5-in. spacing, 3-ft 6-in. 

from Post No. 10

Added 12-ft 6-in. W-beam 

and two additional 

breakaway posts to 

secondary side of system

WA-3M

Buffer end section 

(curved, flattened W-

beam piece) with 2 

BCT cable anchors 

and 2 BCT posts

Same as WA-2M
Same as WA-

2M
Same as WA-2M Same as WA-2M

BCT post in soil 

foundation tube with BCT 

cable anchor attached to 

foundation tube

Post No. 2, 6-ft 3-in. from 

Post No. 1

Same as WA-2M Same as WA-2M Same as WA-2M Same as WA-2M Same as WA-2M

Second post converted to 

BCT post with addl cable 

anchor attached to 

foundation tube, spliced to 

first cable

WA-4M

WA-5M

1263-1
25-ft Long turndown 

anchor

25-ft parallel to 

road, 12-gauge W-

beam

25-ft with 14-ft 3-

in. radius, 25-ft 

long (90-deg 

bend)

9-ft 4.5-in. straight 

W-beam, 12-ft 6-

in. tubular W-beam 

transition, 12-gauge 

W-beam

7-in. diameter timber 

posts

Post nos. 1-2, 6-ft 3-in. 

spacing (secondary side)

7-in. diameter CRT posts

Post nos. 3-4, 6-ft 3-in. 

spacing

BCT post with cable 

anchor

Post no. 5 (start of radius)

7-in. diameter CRT posts

Post nos. 6-7, 6-ft 3-in. 

spacing (along radius)

BCT post with cable 

anchor

Post no. 8 (end of curve)

7-in. diameter timber 

posts

Post nos. 9-10, 6-ft 3-in. 

from post no. 8, with 3-ft 

1.5-in. spacing

7-in. diameter timber 

posts (attached to 

bridge rail)

Post Nos. 11-14, 3-ft 

1.5-in. from Post No. 

10, 1-ft 6.75-in. Spacing

Tubular W-beam transition 

to stiff bridge rail (safety 

shape concrete barrier)

1263-2 Same as 1263-1 Same as 1263-1Same as 1263-1 Same as 1263-1 Same as 1263-1

Same as 1263-1

except anchorage depth 

was increased from 38 to 

44 in.

Same as 1263-1

Same as 1263-1

except anchorage depth 

was increased from 38 to 

44 in.

7-in. diameter CRT posts

Post no. 8, 6-ft 3-in. 

spacing (end of radius)

Same as 1263-1 Same as 1263-1
Post no. 8 converted from 

BCT to CRT post

1263-3
Same as 1263-2 with 

nested W-beam

Same as 1263-2 

with nested W-

beam

Same as 1263-2 

with nested W-

beam

Same as 1263-2 

with nested W-

beam

Same as 1263-2 Same as 1263-2 Same as 1263-2 Same as 1263-2 Same as 1263-2 Same as 1263-2 Same as 1263-2 Rail nested throughout

1263-4

1263-5

1263-6

Same as 1263-5, 

except that post no. 2 

converted to 7-in. 

diameter CRT

Same as 1263-5Same as 1263-5 Same as 1263-5

7-in. diameter timber post

Post nos. 1

7-in. diameter CRT posts

Post nos. 2-4, 6-ft 3-in. 

spacing

Same as 1263-5 Same as 1263-5 Same as 1263-5 Same as 1263-5 Same as 1263-5

Post no. 2 converted to 7-

in. diameter CRT

System shown in Figures 2 

through 7

11

10

Same as 1263-3

Same as WA-3MSame as WA-3M Same as WA-3M
Same as WA-

3M
Same as WA-3M Same as WA-3M Same as WA-3M

Bolt removed from post 

no. 6; final system design 

shown in Figure 1

Same as WA-3M Same as WA-3M

Same as WA-3M with 

post-to-rail attachment 

removed

Same as WA-3M

Same as 1263-3 Same as 1263-3

Same as 1263-3, 

except radius 

increased to 16 

ft

Same as 1263-3 Same as 1263-3

Radius increased to cause 

splices to occur at post 

locations

Same as 1263-3 Same as 1263-3 Same as 1263-3 Same as 1263-3 Same as 1263-3
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Table 2. Summary of Short-Radius Guardrail Systems Full-Scale Crash Testing 

 

Test 

No.

Reference 

No.
Vehicle

Impact 

Conditions
Impact Location

Rail Height

(in.)
Result

WA-1

1978 Plymouth 

sedan

4,520 lb

60.0 mph 

and 0 deg

Centerline of vehicle with 

center point of radius
27 Failed - vehicle vaulted system

WA-1M

1978 Honda small 

car 

1,903 lb 

60.8 mph 

and 23.7 deg
Angled hit into guardrail 27

Conditionally Failed - longitudinal 

ȹV exceeded limits

WA-2M
1977 Dodge sedan

4,789 lb 

60.6 mph 

and 13.4 deg
Angled hit into guardrail 27

Failed - all posts on secondary side 

fractured

WA-3M
1978 Dodge sedan

4,640 lb 

58.9 mph 

and 16.6 deg
Angled hit into guardrail 27

Failed - W-beam fractured during 

impact

WA-4M
1978 Dodge sedan

4,650 lb 

58.8 mph 

and 14.6 deg
Angled hit into guardrail 27

Passed (despite yaw, back tires 

overriding system)

WA-5M
4,640 lb 1978 

Plymouth sedan

59.0 mph 

and 1.1 deg

Centerline of vehicle aligned 

with center point of radius
27 Passed

1263-1

1987 Yugo GV 

small car

1,970 lb 

58.4 mph 

and 20.5 deg
Center point of radius ~27.1

Failed - High occupant 

accelerations, overrode system

1263-2

1987 Yugo GV 

small car

1,970 lb 

59.0 mph 

and 20.4 deg
Center point of radius ~27.1

Failed - splice rupture, car 

penetrated system

1263-3

1987 Yugo GV 

small car

1,970 lb 

60.2 mph 

and 20.7 deg
Center point of radius ~27.1 Passed

1263-4

1982 Cadillac 

sedan

4,500 lb 

57.1 mph 

and 24.7 deg

75 in. from end of concrete 

barrier
~27.1 Passed

1263-5

1985 Cadillac 

coupe sedan

4,500 lb 

58.5 mph 

and 26.8 deg

Centerline of vehicle with 

center point of radius
~27.1 Failed - underride and roof crush

1263-6

1983 Cadillac 

coupe

4,500 lb

58.3 mph 

and 2.0 deg

Centerline of vehicle aligned 

with bridge rail
~27.1 Passed

10

11
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Table 3. Summary of Short Radius Guardrail Systems (cont) 

 
 

Test 

No.

Reference 

No.

Secondary Road 

Anchorage

Secondary Side 

Rail
Radius Primary Side Rail

Post Details

A

Post Details

B

Post Details

C

Post Details

D

Post Details

E

Post Details

F

Post Details

G
NOTES

YC-1

YC-2

YC-3

YC-4

YC-5

YC-6

YC-7

1442-1

1442-2

1442-3

1442-4

1442-5

W-beam turndown 

anchor

12-ft 6-in. W-

beam to thrie 

beam transition 

piece, 12-ft 6-in. 

10-gauge thrie 

beam

25-ft. thrie beam 

forming 16-ft 

radius, 10-gauge

12-ft 6-in. thrie 

beam and 6-ft 3-in. 

nested thrie beam 

transition, 10-gauge

7-in. diameter wood post

Post no. 1 (at turndown 

anchor)

7-in. diameter CRT posts

Post nos. 2-8, 6-ft 3-in. 

spacing, located 6-ft 3-in. 

from post no. 1

7-in. diameter timber 

posts

Post nos. 9-10, 3-ft 1.5-in. 

spacing, located 6-ft 3-in. 

from post no. 8

7-in. diameter timber 

posts

Post nos. 11-13, 1-ft 6.75-

in. spacing, located 3-ft 

1.5-in. from post no. 8

N/A

BCT end terminal with 

two wood posts in 

foundation tubes, two 

BCT cables

Two BCT cables were 

spliced together at 

upstream anchor; one 

attached to BCT bearing 

plate at post no. 1, the 

other was attached to the 

foundation tube at post no. 

2

N/AN/A

10-in. x 10-in. timber 

posts with timber 

blockouts

Post nos. 9-11, 1-ft 6.75-

in. spacing, located 1-ft 

6.75-in. from post no. 8

8-in. x 8-in. timber post 

with timber blockout

Post no. 8, located 3-ft 

1.5-in. from post no. 7

6-in. x 8-in. timber posts 

with 6-in. x 8-in. x 14.25-

in. timber blockouts

Post nos. 6-7, 3-ft 1.5-in. 

spacing, located 3-ft 1.5-

in. from post no. 5

6-in. x 8-in. CRT posts

Post nos. 3-5, 6-ft 3-in. 

post spacing (all on 

radius)

Offset post nos. A&B, 

not attached to rail 

(behind radius)

BCT posts in soil 

foundation tubes, BCT 

cable attached to rail and 

post no. 1, BCT cable 

spliced to first cable, 

attached to post no. 2

Post nos. 1-2, 6-ft 3-in. 

post spacing

8-ft radius, 12-ft 

6-in. long W-

beam, 12-gauge, 

90-degree bend

12-ft 6-in. straight 

W-beam 

(includes anchor) 

with 10:1 flare, 12-

gauge W-beam 

18-ft 9-in. straight 

W-beam with 10:1 

flare, 12-gauge W-

beam

8

6

6-in. x 8-in. timber posts 

with 6-in. x 8-in. x 14.25-

in. timber blockouts

Post nos. 8-9, 3-ft 1.5-in. 

spacing, located 3-ft 1.5-

in. from post no. 5

8-in. x 8-in. timber post 

with timber blockout

Post no. 10, located 3-ft 

1.5-in. from post no. 7

10-in. x 10-in. timber 

posts with timber 

blockouts

Post nos. 11-13, 1-ft 6.75-

in. spacing, located 1-ft 

6.75-in. from post no. 8

Same as YC-1 through 

YC-3

25-ft straight W-

beam (includes 

anchor) with 10:1 

flare, 12-gauge 

W-beam 

Same as YC-1 

through YC-3

Same as YC-1 

through YC-3

Same as YC-1 through 

YC-3

Same as 1442-1 

and 1442-2

Same as 1442-1 and 1442-

2

N/A

Secondary roadway side 

lengthened to increase 

anchorage capacity

System shown in Figure 8

N/A N/A

Similar to first TTI system 

tested, using thrie beam in 

lieu of nested W-beam

6-in. x 8-in. CRT posts

Post nos. 3-4, 6-ft 3-in. 

post spacing

6-in. x 8-in. CRT posts

Post nos. 5-7, 6-ft 3-in. 

post spacing (all on 

radius)

Offset post nos. A&B, 

not attached to rail 

Same as 1442-1 and 

1442-2

Post-to-rail attachments 

removed from posts on 

radius

System shown in Figures 9 

through 14

Same as 1442-1 and 1442-

2, except that post-to-rail 

bolts removed from 

several posts on radius

Same as 1442-1 and 1442-

2

Same as 1442-1 and 1442-

2

Same as 1442-1 and 1442-

2

Same as 1442-1 and 1442-

2

Same as 1442-1 and 

1442-2

Same as 1442-1 

and 1442-2

Same as 1442-1 

and 1442-2



March 31, 2014  

MwRSF Report No. TRP-03-296-14 

8 

Table 4. Summary of Short-Radius Guardrail Systems Full-Scale Crash Testing 

 

Test 

No.

Reference 

No.
Vehicle

Impact 

Conditions
Impact Location

Rail Height

(in.)
Result

YC-1

1982 Chevrolet 

pickup

5,376 lb 

45 mph and 

1.4 deg

Centerline of vehicle with 

tangent line to bridge rail
27 Passed

YC-2
Volkswagen Rabbit

1,978 lb 

50.3 mph 

and 0.7 deg

Centerline of vehicle with 

tangent line to bridge rail
27 Passed

YC-3
Chevrolet pickup

5,380 lb 

44.8 mph 

and 19.7 deg

Centerline of vehicle aligned 

with radius
27

Failed - rail released from BCT 

post

YC-4
Chevrolet pickup

5,381 lb 

44.9 mph 

and 20.1 deg

Centerline of vehicle aligned 

with radius
27 Passed

YC-5
Volkswagen Rabbit

1,980 lb 

44.2 mph 

and 20 deg

Centerline of vehicle with 

center of 2nd freestanding 

CRT

27 Passed

YC-6
Volkswagen Rabbit

1,980 lb 

51.1 mph 

and 19.4 deg
13 ft upstream of bridge end 27 Passed

YC-7

1982 Chevrolet 

pickup

5,424 lb 

45.2 mph 

and 20.7 deg
12 ft upstream of bridge end 27 Passed

1442-1

1986 Chevrolet 

2500 

4,409 lb

60.9 mph 

and 26.0 deg 

3.5 posts upstream from 

concrete barrier

31.625

(thrie beam)
Passed

1442-2

1985 Chevrolet 

pickup

4,409 lb

63.0 mph 

and 25.6 deg

Centerline of vehicle with 

center post of radius

31.625

(thrie beam)

Overrode system - rail formed 

ramp

1442-3
1988 Ford F250

4,409 lb 

63.0 mph 

and 24.6 deg

Centerline of vehicle with 

center post of radius

31.625

(thrie beam)

Overrode system - rail formed 

ramp

1442-4

1988 Chevrolet 

Sprint

1,978 lb 

60.1 mph 

and 19.1 deg

Centerline of vehicle with 

center post of radius

31.625

(thrie beam)

Marginal pass - rail crushed 

windshield

1442-5

1984 Lincoln Town 

Car

4,500 lb 

60.4 mph 

and 24.5 deg

Centerline of vehicle with 

center post of radius

31.625

(thrie beam)

Limited pass - rail released from 

terminal

8

6
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Table 5. Summary of Short Radius Guardrail Systems (cont) 

 
 

Test 

No.

Reference 

No.

Secondary Road 

Anchorage

Secondary Side 

Rail
Radius Primary Side Rail

Post Details

A

Post Details

B

Post Details

C

Post Details

D

Post Details

E

Post Details

F

Post Details

G
NOTES

SR-1
FLEAT end terminal 

(secondary road side)

25-ft straight W-

beam, 6-ft 3-in. 

straight W-beam-

to-thrie transition, 

12-ft 6-in. straight 

thrie beam, 12-

gauge

7-ft 10-in. radius, 

12-ft 6-in. long, 

90-degree bend 

slotted thrie 

beam, 12-gauge, 

reinforced with 

nose cable & 

button swages

12-ft 6-in. straight 

slotted, 12-gauge 

thrie beam, 12-ft 6-

in. straight, 12-

gauge thrie beam, 

12-ft 6-in. thrie 

beam 10-gauge 

transition to stiff 

bridge rail

FLEAT end anchorage

8-in. x 6-in. CRT posts 

with blockouts

Post nos. 1-2, 6-ft 3-in. 

spacing

6-in. x 8-in. thrie beam 

CRT post with two 6-in. x 

8-in. blockouts (one 

tapered)

Post no. 3, located 6-ft 3-

in. from post no. 2

5.5-in. x 7.5-in. thrie BCT 

posts in 6-ft soil 

foundation tube

Post nos. 4-5 (start and 

end of radius) with 

secondary and primary 

side cable anchors, 

located 6-ft 3-in. from 

post no. 3

6-in. x 8-in. thrie beam 

CRT posts with two 6-in. 

x 8-in. blockouts (one 

tapered)

Post nos. 6-9, 3-ft 1.5-in. 

spacing, located 3-ft 1.5-

in. from post no. 5

6-in. x 8-in. thrie beam 

CRT posts with one 6-in. 

x 8-in. blockout

Post nos. 10-13, 3-ft 1.5-

in. spacing, located 3-ft 

1.5-in. from post no. 9

6-in. x 8-in. thrie beam 

CRT posts with two 6-

in. x 8-in. blockouts 

(one tapered)

Post nos. 14-17, 1-ft 

6.75-in. spacing, located 

3-ft 1.5-in. from post 

no. 5

2:1 slope break point 

(SBP) at center of post

Shown in Figure 15

SR-2

SR-3

SR-4
FLEAT end terminal 

(secondary road side)

25-ft straight W-

beam, 6-ft 3-in. 

straight W-beam-

to-thrie transition, 

12-ft 6-in. straight 

thrie beam, 12-

gauge

8-ft 11Ȩ-in. 

radius, 12-ft 6-in. 

long, 90-degree 

bend slotted thrie 

beam, 12-gauge, 

reinforced with 

nose cable & 

button swages

37-ft 6-in. slotted 

thrie beam in a 

parabolic flare, 12-

gauge, and 12-ft 6-

in. thrie beam, 10-

gauge transition to 

stiff bridge rail

Non-proprietary W-beam 

end terminal system (5.5-

in. x 7.5-in. BCT posts in 

soil foundation tubes with 

cable anchor)

Post nos. 10S-11S, 6-ft 3-

in. spacing

8-in. x 6-in. CRT posts 

with blockouts

Post nos. 7S-9S, 6-ft 3-in. 

spacing, located 6-ft 3-in. 

from post no. 2

8-in. x 6-in. CRT posts 

with blockouts

Post nos. 7S-9S, 6-ft 3-in. 

spacing, located 6-ft 3-in. 

from post no. 10S

Post no. 6S, 3-ft 1.5-in. 

from post no. 7S

8-in. x 6-in. CRT posts 

with double blockouts 

(one tapered)

Post nos. 3S-5S, 6-ft 3-in. 

spacing, located 6-ft 3-in. 

from post no. 6S

5.5-in. x 7.5-in. thrie BCT 

posts in soil foundation 

tubes

Post nos. 1P, 1S-2S (start 

and end of radius) with 

secondary and primary 

side cable anchors, 

located 3-ft 1.5-in. from 

post no. 3S

6-in. x 8-in. thrie beam 

CRT posts with two 6-in. 

x 8-in. blockouts (one 

tapered)

Post nos. 2P-13P, 1-ft 

6.75-in. spacing, located 1-

ft 6.75-in. from post no. 

1P

6-in. x 8-in. thrie beam 

CRT posts with two 6-

in. x 8-in. blockouts 

(one tapered)

Post nos. 2P-13P, 1-ft 

6.75-in. spacing, located 

1-ft 6.75-in. from post 

no. 1P

Parabolic flare added to 

primary side of system

SR-5

SR-6

SR-7

SR-8

13

14

9, 12 Same as SR-1

Same as SR-4

Same as SR-6

Same as SR-1 Same as SR-1 Same as SR-1 Same as SR-1

8-in. x 6-in. CRT posts 

with blockouts

Post nos. 1, 1.5, 2, 2.5, 3-

ft 1.5-in. spacing

Same as SR-1

Same as SR-4

Same as SR-1 Same as SR-1 Same as SR-1 Same as SR-1

Slope eliminated and post 

spacing between post nos. 

1 and 3 halved

In test no. SR-5: external 

cable anchor added to 

front of system; in test no. 

SR-6, external anchor was 

modified such that it was 

entirely within the system 

(no external trigger in front 

of system)

Same as SR-6 Same as SR-6 Same as SR-6 Same as SR-6 Same as SR-6 Same as SR-6 Same as SR-6

5.5-in. x 7.5-in. thrie BCT 

post (post nos. 2S) and 

BSR posts (post nos. 1P 

and 1S) in soil foundation 

tubes with secondary and 

primary side cable 

anchors, located 3-ft 1.5-

in. from post no. 3S

Same as SR-6 Same as SR-6

Post nos. 1S, 1P converted 

to BSR posts (shown in 

Figures 16 through 34); (2) 

plate washers added to 

post nos. 1S-2S and 1P-

4P; (3) thrie beam slot 

tabs reduced from 2 in. 

wide to 1 in.

Same as SR-4 Same as SR-4 Same as SR-4 Same as SR-4 Same as SR-4Same as SR-4 Same as SR-4 Same as SR-4 Same as SR-4
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Table 6. Summary of Short-Radius Guardrail Systems Full-Scale Crash Testing 

 

Test 

No.

Reference 

No.
Vehicle

Impact 

Conditions
Impact Location

Rail Height

(in.)
Result

SR-1

1995 Ford F-250 

pickup

4,473 lb 

61.5 mph 

and 19.0 deg

Centerline of pickup with 

centerpoint of radius

31.625

(thrie beam)
Failed - rollover on top of system

SR-2

1994 Chevrolet 

C2500 pickup

4,440 lb 

64.7 mph 

and 16.1 deg

Centerline of pickup with 

centerpoint of radius

31.625

(thrie beam)
Failed - rollover on top of system

SR-3
Ford F250 pickup

4,489 lb 

63.9 mph 

and 0.9 deg

Centerline of pickup with 

centerline of primary-side 

post no. 1

31.625

(thrie beam)
Failed - rollover on top of system

SR-4

1999 Chevrolet 

C2500 pickup

4,420 lb 

66.0 mph 

and 1.8 deg

Centerline of pickup with 

centerline of primary-side 

post no. 1

33.625

(thrie beam)
Failed - tear in floorboard

SR-5

1997 Ford F250 

pickup

4,411 lb 

63.3 mph 

and 0.9 deg

Centerline of pickup with 

centerline of primary-side 

post no. 1

31

(thrie beam)
Passed

SR-6

1996 Geo Metro 

small car

1,969 lb 

 61.8 mph 

and 0.8 deg

Right front quarter point of 

vehicle with centerline of 

nose

31

(thrie beam)

Failed - windshield crushed by rail 

and hood

SR-7

2002 Dodge Ram 

pickup

4,989 lb 

62.3 mph 

and 18.1 deg

Centerline of pickup with 

centerpoint of radius

31

(thrie beam)
Failed - rollover at end of event

SR-8

2002 Dodge Ram 

pickup

5,000 lb 

62.8 mph 

and 17.9 deg

Centerline of pickup with 

centerpoint of radius

31

(thrie beam)

Failed - vehicle overrode rail at 

end of impact sequence

14

9, 12

13
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Table 7. Summary of Tested Bullnose Guardrail Systems 

 
 

Test 

No.

Reference 

No.
Anchorages Rail Configuration

System 

Dimensions

Post Details

A

Post Details

B

Post Details

C

Post Details

D

Post Details

E

Post Details

F
NOTES

B1

B2

271

W-beam end anchorages with 

cable anchors at nose and ends 

of system

Nose: 12-ft 6-in., 4.3-ft radius W-beam (90-degree 

bend)

Front and back sides: Two 12-ft 6-in., straight W-

beams

8.6-ft Wide

29.3-ft Long 

(half-length)

6-in. x 6-in. Douglas Fir 

timber post in concrete 

footing at center of nose

Post no. 1

6-in. x 6-in. Douglas Fir 

timber post with cable 

anchor

Post no. 2, located 6-ft 3-

in. from post no. 1

8-in. x 6-in. timber posts 

with 6-in. x 8-in. 

blockouts

Post nos. 3-4, 6-ft 3-in. 

spacing, located 6-ft 3-in. 

from post no. 2

8-in. x 6-in. timber post 

with 6-in. x 8-in. blockout 

and cable anchor

Post no. 5-6, 6-ft 3-in. 

spacing, located 6-ft 3-in. 

from post no. 4

N/A N/A Symmetrical system

275

W-beam breakaway cable 

anchors at nose, W-beam end 

anchorages with cable anchors at 

ends of system with swaged 

fittings

Nose: 12-ft 6-in., 4.6-ft radius W-beam with two rail 

strengthening cables

Transition: 12-ft 6-in. rail with 10-degree bend

Front and back sides: Two 12-ft 6-in., straight W-

beams

8.6-ft Wide

42.1-ft Long 

(half-length)

Same as test no. 271

6-in. x 6-in. Douglas Fir 

timber post with 

breakaway cable anchor

Post no. 2, located 6-ft 3-

in. from post no. 1

8-in. x 6-in. timber posts 

with 6-in. x 8-in. 

blockouts

Post nos. 3-6, 6-ft 3-in. 

spacing, located 6-ft 3-in. 

from post no. 2

8-in. x 6-in. timber post 

with 6-in. x 8-in. blockout 

and cable anchor

Post no. 7-8, 6-ft 3-in. 

spacing, located 6-ft 3-in. 

from post no. 6

N/A N/A
Series of design changes 

made after each test

277

W-beam breakaway cable 

anchors at nose, two-directional 

W-beam end anchorages with 

cable anchors at ends of system 

with swaged fittings

Same as test no. 275
Same as test no. 

275
Same as test no. 275 Same as test no. 275

8-in. x 8-in. timber posts 

with 8-in. x 8-in. 

blockouts

Post nos. 3-6, 6-ft 3-in. 

spacing, located 6-ft 3-in. 

from post no. 2

Same as test no. 275 N/A N/A

Nine 3 ft diameter inertial 

barrels used in center of 

system

Steel angles used to 

support rail at each post on 

the system

278 Same as test no. 277

Same as test no. 277, except that steel brackets were 

used to retain buttons at ends of nose strengthening 

cables

Same as test no. 

277

6-in. x 4-in. Douglas Fir 

timber post in concrete 

footing at center of nose

Post no. 1

6-in. x 6-in. Douglas Fir 

timber post in concrete 

footing with breakaway 

cable anchor

Post no. 2, located 6-ft 3-

in. from post no. 1

8-in. x 8-in. timber posts 

with 8-in. x 8-in. 

blockouts and additional 

breakaway hole drilled

Post nos. 3-6, 6-ft 3-in. 

spacing, located 6-ft 3-in. 

from post no. 2

Same as test no. 277 N/A N/A

Sand barrels were 

eliminated

Concrete footings resized 

to 24-in. diameter

1

Two-cable breakaway anchor 

attached to one post with double 

blockouts on both sides of post at 

front of system and one 

breakaway cable anchor on each 

side at post no. 2

Nose: Buffer head attachment on first post

Flattened rail: 25-ft W-beam flattened and bent at every 

post through post no. 5

Straight rail: 12-ft 6-in. straight rail to center of system

Approx 37.5 ft 

long

5.5-in. x 7.5-in. BCT post 

with 1-in. slit, two 

blockouts on each of front 

and back sides, and two 

cable anchors (one to 

each side)

Post no. 1

5.5-in. x 7.5-in. BCT post 

with cable anchor 

(attaches to rail 

downstream of post no. 3) 

and slit

Post no. 2, located 6-ft 3-

in. from post no. 1

6-in. x 8-in. CRT posts 

with 6-in. x 8-in. 

blockouts placed in 

concrete foundations and 

slit

Post nos. 3-4, 6-ft 3-in. 

spacing, located 6-ft 3-in. 

from post no. 2

6-in. x 8-in. timber posts

Post no. 5, located 6-ft 3-

in. from post no. 4

N/A N/A

Symmetrical system

Bent and flattened rail 

sections that came to a 

point at "nose"

2
One breakaway cable anchor on 

each side at post no. 2

Similar to test no. 1, but geometry of bends and rail 

flattening modified

Approx 37.5 ft 

long

Same as test no. 1, except 

cable anchors were 

removed

Same as test no. 1, except 

slit in post no. 2 was 

modified

Same as test no. 1, except 

slits in post nos. 3-4 were 

modified

Same as test no. 1 N/A N/A
Minor tweaks to geometry 

and post reactions

2A Same as test no. 2
Similar to test no. 2, but geometry of bends and rail 

flattening modified

Approx 37.5 ft 

long
Same as test no. 2

Same as test no. 2, except 

slit in post no. 2 was 

modified

6-in. x 8-in. CRT post 

with 6-in. x 8-in. blockout 

placed in concrete 

foundations and slit

Post no. 3, located 6-ft 3-

in. from post no. 2

6-in. x 8-in. CRT posts 

with 6-in. x 8-in. 

blockouts and slit

Post no. 4, located 6-ft 3-

in. from post no. 3

6-in. x 8-in. timber posts

Post no. 5, located 6-ft 3-

in. from post no. 4

N/A
Minor tweaks to geometry 

and post reactions

4 Same as test no. 2
Similar to test no. 2A, but geometry of bends and rail 

flattening modified

Approx 37.5 ft 

long

Same as test no. 1, except 

cable anchors were 

removed

Same as test no. 1, except 

slit in post no. 2 was 

modified

Same as test no. 1, except 

slits in post nos. 3-4 were 

modified

Same as test no. 1 N/A N/A
Minor tweaks to geometry 

and post reactions

15

16

17

Concrete fill behind posts 

to simulate frozen soil 

conditions

Asymmetrical system

N/A N/A N/A N/A

W-beam end anchorages with 

BCT cables adjacent to bridge 

piers, front and back sides of 

system

Back side: Two 12-ft 6-in., straight W-beam (to 

anchor)

Nose:  12-ft 6-in., 5-ft radius asymmetrical nose

Transition: Two 12-ft 6-in., 40-ft radius W-beam 

transitioning to straight guardrail

Front side: 12-ft 6-in., straight W-beam (to anchor)

16 ft Wide

30-ft Long (half-

length)

6-in. x 8-in. timber posts 

with 6-in. x 8-in. 

blockouts, placed in holes 

backfilled with lean 

concrete; 5 posts on back 

side, 7 posts on front side

N/A
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Table 8. Summary of Short-Radius Guardrail Systems Full-Scale Crash Testing 

 

Test 

No.

Reference 

No.
Vehicle

Impact 

Conditions
Impact Location

Rail Height

(in.)
Result

B1
1971 Chevrolet Vega small car

2,290 lb

 61.5 mph and 0 

deg

Centerline of vehicle with 

furthest extent of system
Passed

B2
1969 Chrysler sedan

4,500 lb

 62.3 mph and 0 

deg

Centerline of vehicle with 

furthest extent of system
Passed

271
1968 Dodge Polara sedan

4,780 lb
 41 mph and 0 deg

Centerline of vehicle aligned 

with centerline of system
27

Failure - rail rupture permitted vehicle 

penetration

275
1970 Mercury Monterey sedan

4,960 lb
 63 mph and 0 deg

Centerline of vehicle aligned 

with centerline of system
27

Failure - vehicle struck feature behind 

rail

277
1970 Mercury Monterey sedan

4,960 lb
 59 mph and 0 deg

Centerline of vehicle aligned 

with centerline of system
27 Passed

278
1970 Mercury Monterey sedan

4,960 lb
 64 mph and 10 deg

Centerline of vehicle aligned 

with center of posts on traffic-

side flare

27
Failure - rail formed ramp and vehicle 

vaulted rail

1
Small car

2,400 lb

 29.1 mph and 0 

deg

Centerline of vehicle aligned 

with centerline of system
27 Passed

2
Sedan

4,520 lb

 62.7 mph and 0 

deg

Centerline of vehicle aligned 

with centerline of system
27

Deflection was greater than desired, 

but passed

2A
Sedan

4,540 lb

 62.7 mph and 0 

deg

Centerline of vehicle aligned 

with centerline of system
27 Passed

4
1976 Gran Fury sedan

4,500 lb

 57.4 mph and 24 

deg

At cable anchor rail connection 

attached to post no. 2
27 Marginal - excessive deflection

15 27

16

17
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Table 9. Summary of Tested Bullnose Guardrail Systems (cont) 

 
 

Test 

No.

Reference 

No.
Anchorages Rail Configuration

System 

Dimensions

Post Details

A

Post Details

B

Post Details

C

Post Details

D

Post Details

E

Post Details

F
NOTES

BN-1

Anchor from post no. 1 to 

primary side of system (not 

secondary side), cable 

anchorages on both ends of 

straight rail

Nose: 12-ft 6-in., 12-gauge thrie beam with 5-ft radius

Transition: 12-ft 6-in., 12-gauge thrie beam with 25-ft 

radius and 30-in. rail height

Straight rail: 37-ft 6-in., 12-gauge thrie beams with 34-

in. height at post no. 6

Approx 10 ft 

wide, 45 ft long

5.5-in. x 7.5-in. BCT post 

located at center of nose 

with anchor to primary 

side of system

Post no. 1

6-in. x 8-in. CRT post

Post no. 2, located 6-ft 3-

in. from post no. 1

6-in. x 8-in. CRT post 

with 6-in. x 8-in. blockout

Post no. 3, located 6-ft 3-

in. from post no. 2

6-in. x 8-in. CRT post 

with 6-in. x 8-in. x 14-in. 

steel blockout

Post no. 4, located 6-ft 3-

in. from post no. 3

6-in. x 8-in. timber post 

with 6-in. x 8-in. x 14-in. 

steel blockouts

Post nos. 5-10, spaced 6-

ft 3-in. on center, located 

6-ft 3-in. from post no. 4

N/A

Symmetrical except that 

cable anchor at post no. 1 

only attached to primary 

(upstream, or front) end of 

system and not secondary 

(downstream, or back 

side) of system, ditch 

located in front of system

BN-2

Similar to test no. BN-1, except 

that the anchorage on post no. 1 

was removed

Similar to test no. BN-1, except that steel plates were 

welded to thrie beam at post locations to force bends to 

occur there, and the nose was flattened at post no. 1

Same as BN-1

Similar to test no. BN-1, 

except cable anchor was 

removed

Similar to test no. BN-1, 

except that the rail height 

was lowered to 27 in.

Same as test no. BN-1 Same as test no. BN-1 Same as test no. BN-1 N/A

Rail height lowered at post 

no. 2, primary-side cable 

anchor removed from post 

no. 1, and brackets welded 

to rail near posts to force 

rail to bend at post 

locations

BN-3 Same as test no. BN-2

Similar to test no. BN-2, except that welded plates 

adjacent to post nos. 1 and 2 (both sides) were 

removed to prevent stress concentrations

Same as BN-2 Same as test no. BN-2 Same as test no. BN-2 Same as test no. BN-2 Same as test no. BN-2 Same as test no. BN-2 N/A

Welded plates removed 

from rail near post nos. 1 

and 2 (both sides)

BN-4

Anchor from post no. 2 on 

primary side to rail upstream of 

post no. 3, cable anchorages on 

both ends of straight rail

Same as test no. BN-3 Same as BN-3

5.5-in. x 7.5-in. BCT post 

rotated and attached to 

the rail through the weak 

axis

Post no. 1

5.5-in. x 7.5-in. BCT post 

with cable attachment to 

rail upstream of post no. 3 

and blockout added to 

downstream face 

(primary side only)

Post no. 2, located 6-ft 3-

in. from post no. 1

Same as BN-3 Same as BN-3 Same as BN-3 N/A

Post no. 1 rotated such 

that impact would engage 

bending through weak 

axis, post no. 2 modified to 

fracture more quickly but 

anchor rail until fracture

BN-5

Anchor from post no. 2 to rail 

upstream of post no. 3 on both 

sides, cable anchorages on both 

ends of straight rail

Same as test no. BN-4 Same as BN-4 Same as BN-4

5.5-in. x 7.5-in. BCT post 

with cable attachment to 

rail upstream of post no. 3 

and blockout added to 

downstream face (both 

sides)

Post no. 2, located 6-ft 3-

in. from post no. 1

Same as BN-4 Same as BN-4 Same as BN-4 N/A

Similar to test no. BN-4, 

except that system 

became completely 

symmetrical

BN-6

Same as test no. BN-5, except 

excess length of BCT threaded 

rod cut off to prevent punching 

shear rupture in rail

Similar to test no. BN-5, except that the post bolt slots 

at post no. 3 were eliminated
Same as BN-5 Same as BN-5 Same as BN-5 Same as BN-5 Same as BN-5 Same as BN-5 N/A

Post bolt slots at post no. 3 

eliminated and ends of 

BCT rail attachment 

threaded rod cut off, due 

to rail ruptures

BN-7

BN-8

BN-9

BN-10

Anchor cable brackets attached 

to rail due to cable anchor at post 

no. 2 eliminated

Similar to test nos. BN-7 through BN-9, except that 

cable clamps were substituted for the cable anchor 

bracket for the cable anchors attached to post no. 2 

(both sides)

Same as BN-7 

through BN-9

Same as BN-7 through 

BN-9

Same as BN-7 through 

BN-9

Same as BN-7 through 

BN-9

Same as BN-7 through 

BN-9

Same as BN-7 through 

BN-9
N/A

Anchor cable brackets 

attached to rail due to 

cable anchor at post no. 2 

eliminated and substituted 

for cable clamps 

18

Rail height increased to 29 

in. at post no. 2 and steel 

blockouts were used on 

post nos. 1-3 (both sides)

Same as BN-6 Same as BN-6 N/A
Similar to test no. BN-6, except rail height was 

increased to 29 in. at post no. 2 (both sides)
Same as test no. BN-6 Same as BN-6

Same as test no. BN-6, 

except that steel 

blockouts were used to 

space the rail from the 

post

Same as test no. BN-6, 

except that steel 

blockouts were used to 

space the rail from the 

post (both sides)

Same as test no. BN-6, 

except that steel 

blockouts were used to 

space the rail from the 

post (both sides)



March 31, 2014  

MwRSF Report No. TRP-03-296-14 

14 

Table 10. Summary of Short-Radius Guardrail Systems Full-Scale Crash Testing 

 

Test 

No.

Reference 

No.
Vehicle

Impact 

Conditions
Impact Location

Rail Height

(in.)
Result

BN-1
Sedan

4,635 lb
 60 mph and 0 deg

Centerline of vehicle aligned 

with centerline of system 

(NCHRP Report 230 test 41/50)

30 (post 2)

34 (post 6)
Failed - vehicle underrode barrier

BN-2
Sedan

4,333 lb

 59.1 mph and 4.7 

deg

Centerline of vehicle aligned 

with centerline of system 

(NCHRP Report 230 test 41/50)

27 (post 2)

34 (post 6)
Passed

BN-3
Small car

1,940 lb

 56.9 mph and 0 

deg

Centerline of vehicle aligned 

with centerline of system 

(NCHRP Report 230 test 52/45)

27 (post 2)

34 (post 6)
Failed - excessive decelerations

BN-4
Small car

1,990 lb

 61.0 mph and -4.0 

deg

Centerline of vehicle aligned 

with centerline of system 

(NCHRP Report 230 test 52/45)

27 (post 2)

34 (post 6)
Marginal - excessive decelerations

BN-5
Sedan

4,675 lb

 58.47 mph and -

0.5 deg

Centerline of vehicle aligned 

with centerline of system 

(NCHRP Report 230 test 41/50)

27 (post 2)

34 (post 6)
Passed

BN-6
Sedan

4,870 lb

 59.5 mph and 18.7 

deg

Critical impact point (NCHRP 

Report 230 test 54)

27 (post 2)

34 (post 6)

Marginal - vehicle came to rest on top 

of system

BN-7
Sedan

4,665 lb

 59.9 mph and 0.5 

deg

Centerline of vehicle aligned 

with centerline of system 

(NCHRP Report 230 test 41/50)

29 (post 2)

34 (post 6)
Passed

BN-8
Sedan

4,695 lb

 61.4 mph and 19.0 

deg

Critical impact point (NCHRP 

Report 230 test 54)

29 (post 2)

34 (post 6)
Passed

BN-9
Sedan

4,680 lb

 59.9 mph and 15.5 

deg

Critical impact point (NCHRP 

Report 230 test 54)

29 (post 2)

34 (post 6)
Failed - rail ruptured

BN-10
Sedan

4,640 lb

 59.9 mph and 15.0 

deg

Critical impact point (NCHRP 

Report 230 test 54)

29 (post 2)

34 (post 6)
Passed

18
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Table 11. Summary of Tested Bullnose Guardrail Systems (cont) 

 
 

Test 

No.

Reference 

No.
Anchorages Rail Configuration

System 

Dimensions

Post Details

A

Post Details

B

Post Details

C

Post Details

D

Post Details

E

Post Details

F
NOTES

BN-11

BN-12

BN-13

BN-14
Same as test nos. BN11 through 

BN13

Same as test nos. BN-11 through BN-13, except 

rectangular washers were added to post nos. 2 and 3 to 

retain posts with rail (both sides)

Same as test 

nos. BN-11 

through BN-13

Same as test nos. BN-11 

through BN-13

Same as test nos. BN-11 

through BN-13

Same as test nos. BN-11 

through BN-13

Same as test nos. BN-11 

through BN-13

Same as test nos. BN-11 

through BN-13

Same as test nos. BN-11 

through BN-13

Rectangular washers 

added to post nos. 2 and 3 

to retain posts on rail and 

reduce launching

BN-15 Same as test no. BN-14 Same as test no. BN-14
Same as test no. 

BN-14

Same as test no. BN-14, 

except blockout removed

Same as test no. BN-14, 

except blockout removed 

(both sides)

Same as test no. BN-14Same as test no. BN-14Same as test no. BN-14Same as test no. BN-14

Blockouts removed from 

post nos. 1 and 2 (both 

sides)

BN-16 Same as test no. BN-15
Similar to test no. BN-15, except nose piece thickened 

to 10-gauge and slotted to catch small car bumper

Same as test no. 

BN-15
Same as test no. BN-15Same as test no. BN-15Same as test no. BN-15Same as test no. BN-15Same as test no. BN-15Same as test no. BN-15Final symmetrical system

17

Post nos. 9-10 were removed and 

replaced with rigid concrete 

backup to simulate bridge pier 

(both sides)

Same as test no. BN-10
Same as test no. 

BN-10
Same as test no. BN-10Same as test no. BN-10Same as test no. BN-10Same as test no. BN-10

6-in. x 8-in. timber post 

with 6-in. x 8-in. x 14-in. 

steel blockouts

Post nos. 5-8, spaced 6-ft 

3-in. on center, located 6-

ft 3-in. from post no. 4

Rigid concrete backup 

structure

Substituted for post nos. 9-

10, 6-ft 3-in. attachment 

spacing, located 6-ft 3-in. 

from post no. 8

Rigid concrete backup 

structure added to simulate 

real-world bridge pier 

attachments
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Table 12. Summary of Short-Radius Guardrail Systems Full-Scale Crash Testing 

 

Test 

No.

Reference 

No.
Vehicle

Impact 

Conditions
Impact Location

Rail Height

(in.)
Result

BN-11
Sedan

4,305 lb

 59.9 mph and 16.2 

deg

Critical impact point (NCHRP 

Report 230 test 54)

29 (post 2)

34 (post 6)

Vehicle came to rest on top of rail - 

passed

BN-12
Pickup truck

5,400 lb

 55 mph and 0.1 

deg

Centerline of vehicle aligned 

with centerline of system 

(NCHRP Report 230 test 41/50)

29 (post 2)

34 (post 6)
Passed

BN-13
Small car

1,820 lb
 59.4 mph and 

Centerline of vehicle aligned 

with centerline of system 

(NCHRP Report 230 test 52/45)

29 (post 2)

34 (post 6)
Failed - excessive decelerations

BN-14
Small car

1,800 lb

 58.7 mph and 2.7 

deg

Centerline of vehicle aligned 

with centerline of system 

(NCHRP Report 230 test 52/45)

29 (post 2)

34 (post 6)

Failed - underride caused rail to crush 

windshield (due to vehicle bouncing in 

approach ditch)

BN-15
Small car

1,935 lb
 58.7 mph and 

Centerline of vehicle aligned 

with centerline of system 

(NCHRP Report 230 test 52/45)

29 (post 2)

34 (post 6)

Failed - underride caused rail to crush 

windshield

BN-16
Small car

1,935 lb
 60.2 mph and 

Centerline of vehicle aligned 

with centerline of system 

(NCHRP Report 230 test 52/45)

29 (post 2)

34 (post 6)
Despite windshield crush, passed

17
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Table 13. Summary of Tested Bullnose Guardrail Systems (cont) 

 
 

Test 

No.

Reference 

No.
Anchorages Rail Configuration

System 

Dimensions

Post Details

A

Post Details

B

Post Details

C

Post Details

D

Post Details

E

Post Details

F
NOTES

MBN-1

Cable anchorage used at post no. 

2 and cable end anchor used at 

end of system (symmetrical, both 

sides)

Nose: 12-ft 6-in. long, 62 3/16-in. radius, slotted thrie 

beam

Transition: 12-ft 6-in. long, 34-ft 1.5-in. radius slotted 

thrie beam

Straight Rail: 37-ft 6-in. thrie beam

14-ft 10-in. 

wide, 53-ft long

5.5-in. x 7.5-in. BCT post 

at end of radius

Post no. 1

5.5-in. x 7.5-in. BCT post 

with cable anchor and 

angled ground strut to 

post no. 1

Post no. 2, located 6-ft 3-

in. from post no. 1

6-in. x 8-in. timber posts 

with rectangular blockouts

Post nos. 3-9, 6-ft 3-in. 

spacing, located 6-ft 3-in. 

from post no. 3

BCT end anchorage with 

ground strut

Post nos. 10-11, located 6-

ft 3-in. from post no. 9

N/A N/A

Similar to BN-14 system, 

except ditch in front of 

system eliminated, post no. 

1 shifted away from 

center of nose, and 

symmetrical construction

MBN-2 Same as test no. MBN-1

Similar to test no. MBN-1, except slot tabs in transition 

thrie beam were reduced, and slots were added to first 

of straight rail segments

Same as test no. 

MBN-1
Same as test no. MBN-1Same as test no. MBN-1

5.5-in. x 7.5-in. BCT post 

with thrie beam blockout

Post no. 3, located 6-ft 3-

in. from post no. 2

6-in. x 8-in. CRT post 

with thrie beam blockout

Post no. 4, located 6-ft 3-

in. from post no. 3

6-in. x 8-in. timber posts 

with rectangular thrie 

beam blockouts

Post nos. 5-9, 6-ft 3-in. 

spacing, located 6-ft 3-in. 

from post no. 4

BCT end anchorage with 

ground strut

Post nos. 10-11, located 6-

ft 3-in. from post no. 9

Post nos. 3 and 4 were 

converted to breakaway 

posts (both sides)

MBN-3 Same as test no. MBN-2 Same as test no. MBN-2
Same as test no. 

MBN-2
Same as test no. MBN-2

Similar to test no. MBN-

2, except blockouts were 

reduced to 14.25-in. long

Similar to test no. MBN-

2, except blockouts were 

reduced to 14.25-in. long

6-in. x 8-in. CRT posts 

with 14.25-in. tall 

blockouts

Post nos. 4-5, 6-ft 3-in. 

spacing, located 6-ft 3-in. 

from post no. 3

6-in. x 8-in. timber posts 

with 14.25-in. tall 

blockouts

Post nos. 6-9, 6-ft 3-in. 

spacing, located 6-ft 3-in. 

from post no. 5

Same as MBN-2

Blockout sizes reduced for 

post nos. 2-9, and post no. 

5 converted to CRT

MBN-4 Same as test no. MBN-3

Same as test no. MBN-3, except that steel cables were 

added to middle and top corrugations of thrie beam at 

nose

Same as test no. 

MBN-3
Same as test no. MBN-3Same as test no. MBN-3Same as test no. MBN-3Same as test no. MBN-3Same as test no. MBN-3Same as test no. MBN-3

Steel cables added to nose 

to reduce rail rupture 

potential

MBN-5

MBN-6

MBN-7
Same as test no. MBN-5 and 

MBN-6
Same as test no. MBN-5 and MBN-6

Same as test no. 

MBN-5 and 

MBN-6

Same as test no. MBN-5 

and MBN-6, except 

standard BCT foundation 

tubes used

6-in. x 8-in. CRT post 

with cable anchor and 

angled ground strut to 

post no. 1

Post no. 2, located 6-ft 3-

in. from post no. 1

6-in. x 8-in. CRT posts 

with 14.25-in. tall 

blockouts

Post nos. 3 through 6, 3-ft 

1.5-in. spacing, located 3-

ft 1.5-in. from post no. 2

6-in. x 8-in. CRT post 

with 14.25-in. tall blockout

Post no. 7, located 6-ft 3-

in. from post no. 6

6-in. x 8-in. timber posts 

with 14.25-in. tall 

blockouts

Post nos. 8-11, 6-ft 3-in. 

spacing, located 6-ft 3-in. 

from post no. 7

BCT end anchorage with 

ground strut

Post nos. 12-13, located 6-

ft 3-in. from post no. 11

Two additional CRT posts 

added to give additional 

strength

MBN-8

MBN-9

USPBN-

1
22,23

Cable anchorage used at post no. 

2 and cable end anchor used at 

end of system (symmetrical, both 

sides)

Nose: 12-ft 6-in. long, 62 3/16-in. radius, slotted thrie 

beam with reinforcing cables and swaged cable buttons

Transition: 12-ft 6-in. long, 34-ft 1.5-in. radius slotted 

thrie beam

Straight Rail: 37-ft 6-in. thrie beam

14-ft 10-in. 

wide, 53-ft long

5.5-in. x 7.5-in. BCT post 

in 90-in. deep foundation 

tube at end of radius

Post no. 1

5.5-in. x 7.5-in. BCT post 

in 70-in. soil foundation 

tube with cable anchor

Post no. 2, located 3-ft 

1.5-in. from post no. 1

Universal Breakaway 

Steel Posts with 14.25-in. 

tall blockouts (one 

straight, one tapered)

Post nos. 3 through 7, 3-ft 

1.5-in. spacing, located 3-

ft 1.5-in. from post no. 2

Universal Breakaway 

Steel Post with 14.25-in. 

tall blockouts (one 

straight, one tapered)

Post no. 8, located 6-ft 3-

in. from post no. 7

W6x9 posts with 6-in. x 8-

in. x 14.25-in. straight 

blockouts

Post nos. 9-12, spaced 6-

ft 3-in., located 6-ft 3-in. 

from post no. 8

BCT end anchorage with 

ground strut

Post nos. 13-14, located 6-

ft 3-in. from post no. 12

Similar to MBN-9 using 

Universal Breakaway 

Steel Posts developed at 

MwRSF

USPBN-

2
24 Same as USPBN-1 Same as USPBN-1

Same as 

USPBN-1
Same as USPBN-1 Same as USPBN-1

Similar to USPBN-1, 

except MwRSF's 

modified Universal 

Breakaway Steel Post 

substituted for the original

Similar to USPBN-1, 

except MwRSF's 

modified Universal 

Breakaway Steel Post 

substituted for the original

Same as USPBN-1 Same as USPBN-1

Similar to USPBN-2 using 

modified Universal 

Breakaway Steel Posts 

developed at MwRSF

Approved according to 

NCHRP Report No. 350

19

20

21

Similar to test no. MBN-7, except 

that the groundline strut between 

post nos. 1 and 2 was eliminated 

(both sides)

Same as test no. MBN-7
Same as test no. 

MBN-7
Same as test no. MBN-7

Same as test no. MBN-4
Same as test no. 

MBN-4
Same as test no. MBN-4Same as test no. MBN-4Same as test no. MBN-4Same as test no. MBN-4Same as test no. MBN-4Same as test no. MBN-4

Same design, but new 

series of tests & new 

report

Same as test no. MBN-4

Final system details, 

approved according to 

NCHRP Report No. 350 

criteria

5.5-in. x 7.5-in. BCT post 

with cable anchor

Post no. 2, located 3-ft 

1.5-in. from post no. 1

6-in. x 8-in. CRT posts 

with 14.25-in. tall 

blockouts (one straight, 

one tapered)

Post nos. 3 through 7, 3-ft 

1.5-in. spacing, located 3-

6-in. x 8-in. CRT post 

with 14.25-in. tall 

blockouts (one straight, 

one tapered)

Post no. 8, located 6-ft 3-

in. from post no. 7

6-in. x 8-in. timber posts 

with 14.25-in. tall 

blockouts

Post nos. 9-12, 6-ft 3-in. 

spacing, located 6-ft 3-in. 

from post no. 8

BCT end anchorage with 

ground strut

Post nos. 13-14, located 6-

ft 3-in. from post no. 12
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Table 14. Summary of Short-Radius Guardrail Systems Full-Scale Crash Testing 

 

Test 

No.

Reference 

No.
Vehicle

Impact 

Conditions
Impact Location

Rail Height

(in.)
Result

MBN-1
1989 Ford F250 pickup

4,404 lb

 63.0 mph and 0.1 

deg

Centerline of vehicle aligned 

with centerline of system

31.625

(thrie beam)

Failure - rail rupture permitted vehicle 

penetration

MBN-2
1988 Ford Festiva small car

1,953 lb

 64.2 mph and -3.4 

deg

1/4-point offset of vehicle with 

centerline of system

31.625

(thrie beam)
Passed

MBN-3
1990 Chevrolet C2500 pickup

4,384 lb

 62.2 mph and -1.1 

deg

Centerline of vehicle aligned 

with centerline of system

31.625

(thrie beam)

Failure - rail rupture permitted vehicle 

penetration

MBN-4
1991 Chevrolet C2500 pickup

4,431 lb

 64.3 mph and 0.58 

deg

Centerline of vehicle aligned 

with centerline of system

31.625

(thrie beam)
Passed

MBN-5
1993 Chevrolet C2500 pickup

4,493 lb

 64.0 mph and 13.4 

deg

Centerline of vehicle aligned 

with center point of nose

31.625

(thrie beam)
Passed

MBN-6
1991 Chevrolet C2500 pickup

4,477 lb

 63.1 mph and 20.4 

deg
CIP along length of thrie beam

31.625

(thrie beam)

Failure - rail formed ramp, vehicle 

vaulted

MBN-7
1992 Chevrolet C2500 pickup

4,488 lb

 62.1 mph and 24.9 

deg
CIP along length of thrie beam

31.625

(thrie beam)

Failure - rail formed ramp, vehicle 

vaulted

MBN-8
1992 GMC 2500 pickup

4,482 lb

 62.0 mph and 21.5 

deg
CIP along length of thrie beam

31.625

(thrie beam)
Passed

MBN-9
1990 Ford Festiva small car

1,993 lb

 65.2 mph and 15.7 

deg

Centerline of vehicle aligned 

with center point of nose

31.625

(thrie beam)
Passed

USPBN-

1
22,23

2000 GMC 2500 pickup

4,474 lb

 63.2 mph and 22.6 

deg

Centerline of truck aligned with 

center of post no. 3

31.625

(thrie beam)

Failure - rail formed ramp, vehicle 

vaulted

USPBN-

2
24

GMC 2500 pickup

4,564 lb

 62.9 mph and 21.7 

deg

Centerline of truck aligned with 

center of post no. 3

31.625

(thrie beam)
Passed

21

19

20
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Figure 1. Washington W-Beam Short Radius Design [10] 

mm x 203 mm x 362 mm) timber blockouts. The final design was determined to pass all crash 

test criteria according to NCHRP Report No. 230. 
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The TTI W-beam short radius system utilized round timber posts instead of rectangular 

posts, and anchored the W-beam on the secondary roadway with a W-beam turndown anchor 

[11]. The TTI system is shown in Figures 2 through 7. The W-beam guardrail was nested 

throughout the radius section. The transition utilized tubular, nested rail with an additional rail 

mounted backwards against the post. A cable anchor was attached to the rail downstream of the 

radius to develop tension in the transition region. 

The TTI W-beam system was tested and evaluated according to NCHRP Report 230 

evaluation criteria. The system performed acceptably during each crash test, with one exception. 

After the 4,500-lb (2,041-kg) sedan impacted the curved rail at 15 degrees and 90% of the 

vehicleôs energy was dissipated, the rail disengaged from the bumper and rose up the vehicleôs 

front end, crushing the windshield. Although this performance was determined to be 

unacceptable, researchers postulated that since this impact type was both infrequent and 

relatively severe, the system would perform acceptably in the majority of impacts. Thus, the 

system was recommended for use in locations with intersecting roadways. 

2.1.2 System Tested to AASHTO Guidance Specifications 

The Yuma County system [6] was designed specifically for one oblique intersection, with 

a 5.5-degree system flare. The successfully-tested final system details are shown in Figure 8. 

Researchers identified five different critical impact locations with associated impact angles to 

assess system performance. Light truck impacts were used to assess structural adequacy and 

pocketing near the transition and when impacted tangentially to the bridge rail, in addition to an 

angled impact on the nose. Small car impacts were used to evaluate the tendency to underride 

when impacting tangentially to the bridge rail and at an angle to the nose. 

The preliminary design of the Yuma County system performed acceptably according to 

AASHTO PL-1 criteria in all but one test, in which both of the secondary-side anchorage BCT  
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Figure 2. TTI W-Beam Short Radius Design [11] 
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Figure 3. CRT Post and Cable Anchor Details, TTI W-Beam Short Radius System [11] 
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Figure 4. Turndown Rail Details, TTI W-Beam Short Radius System [11] 
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Figure 5. Transition Details, TTI W-Beam Short Radius System [11] 
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Figure 6. Curved Rail Bend Details, TTI W-Beam Short Radius System [11] 

 
Figure 7. Downstream Curved Rail Bend Details, TTI W-Beam Short Radius System [11] 
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Figure 8. Yuma County Short-Radius Guardrail System Final Design Details [6, 27] 

posts fractured and the spliced two-cable BCT anchor released, allowing the vehicle to encroach 

behind the barrier system. Researchers lengthened the secondary side of the system to increase 

anchoring capacity, and the system was determined to be successful. 

2.2 Short Radius Systems Tested to NCHRP Report No. 350 and MASH 

No short radius systems have yet been approved according to the TL-3 crash test 

conditions required in NCHRP Report No. 350 or MASH. The majority of NCHRP Report No. 

350 and MASH-compliant tests on short-radius system were conducted at either TTI or the 

Midwest Roadside Safety Facility (MwRSF). 

Two cables to 

develop upstream 

and downstream 

tension at post 

nos. 1 and 2 
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2.2.1 TTI Short -Radius Project 

Researchers at TTI designed a thrie beam alternative to the TTI W-beam short-radius 

system successfully tested according to NCHRP Report No. 230 [8]. Final design details are 

shown in Figures 9 through 14. Researchers observed that the bending section of a nested 12-

gauge (2.6-mm) W-beam section was approximately equivalent to the bending strength of a 10-

gauge (3.3-mm) thrie beam section. Due to the broader capture area of the thrie beam, the higher 

top mounting height and lower bottom corrugation height, and ease of construction relative to the 

nested W-beam guardrails particularly at splice locations, researchers postulated that the thrie 

beam should perform approximately as well as the W-beam system. 

Initially, the design was tested according to the TL-3 impact conditions criteria presented 

in NCHRP Report No. 350. The first crash test, consisting of a 2000P vehicle impacting the 

system at 60.9 mph (98.0 km/h) and 26 degrees near the transition, was determined to be 

successful. The remaining two tests conducted with a 2000P vehicle into the curved nose of the 

system were both determined to be failures, due to override and vaulting. Researchers concluded 

that the system would require extensive modification to be considered crashworthy according 

NCHRP Report No. 350.  

Testing commenced with the 1,800-lb (816-kg) small car and 4,500-lb (2,041-kg) sedan 

with angled hits into the center of the curved radius in compliance with NCHRP Report No. 230. 

The two tests passed with marginal performance due to the release of the rail from the upstream 

turned-down anchor in the sedan test and underride of the small car. The marginal performance 

of the system was unexpected, because the increased top mounting height of 31 in. (787 mm) 

also resulted in a lower bottom mounting height of 13 in. (330 mm), so underride was not 

expected. 
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Figure 9. Final Thrie Beam Short Radius Design, TTI Thrie Beam Short Radius System [8] 
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Figure 10. Transition to Rigid Bridge Rail Details, TTI Thrie Beam Short Radius System [8] 
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Figure 11. Standard and CRT Post Details, TTI Thrie Beam Short Radius System [8] 
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Figure 12. Rail-to-Post Connection Details, TTI Thrie Beam Short Radius System [8] 
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Figure 13. Turned-Down Anchor Details, TTI Thrie Beam Short Radius System [8] 

 
Figure 14. Curved Nose Thrie Beam Section, TTI Thrie Beam Short Radius System [8] 
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2.2.2 MwRSF Short-Radius Project 

The Midwest Roadside Safety Facility (MwRSF) also attempted to develop a 

crashworthy system according to the TL-3 test criteria presented in NCHRP Report No. 350 [9, 

12-13], as shown in Figure 15, and subsequently tested the system to the criteria presented in 

MASH [14]. The final design tested in compliance with MASH is shown in Figures 16 through 

34. The short radius system was based on previous research on the NCHRP Report No. 350 

tested thrie beam bullnose system and was constructed using curved thrie beam. Rectangular 

CRT posts were used to support the rail on both the primary and secondary sides of the roadway. 

The curved nose piece initially had a 7 ft ï 9¾ in. (2,381 mm) radius, which was later 

changed to 8 ft ï 11Ȩ in. (2,727 mm) when a parabolic flare was added to the system. Early tests 

utilized sloped terrain behind the system to replicate real-world conditions with roadside slopes, 

but the slopes were removed due to the increased risk of vaulting and artificial increase in 

instability due to interaction with the back side of the sloped cutout during testing. 

A total of six tests were conducted in compliance with NCHRP Report No. 350 TL-3 test 

criteria [9, 12-13], and two tests were conducted in compliance with MASH TL-3 test criteria 

[14]. Impact conditions for each test are described in Tables 11 and 13. Only one test was 

determined to be successful, which consisted of a 2000P pickup truck impacting the system with 

the centerline of the truck aligned with a tangent line to the bridge rail. The remaining tests, 

primarily consisting of angled impacts with 2000P, 820C, and 2270P vehicles into the center of 

the nose, failed due to vaulting, rollover, or underride.  

Researchers concluded that while the system performed very well overall despite the 

failure to comply with the evaluation criteria, it would likely be acceptable according to TL-2 

impact conditions. However, the system was excessively large on the primary and secondary 

road sides and undesirable for a lower performance level, and no further testing was conducted. 
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Figure 15. Preliminary Thrie Beam Short Radius Design, MwRSF Short Radius System [12, 9] 
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Figure 16. Final Thrie Beam Short Radius Design, MwRSF Short Radius Design [14] 
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Figure 17. Primary Side Post Layout, MwRSF Short Radius Design [14] 
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Figure 18. Secondary Side Post Layout, MwRSF Short Radius Design [14] 
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Figure 19. Primary Side Cable Anchorage Details, MwRSF Short Radius Design [14] 
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Figure 20. Secondary Side Cable Anchorage Details, MwRSF Short Radius Design [14] 
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Figure 21. Cable Anchorage Component Details, MwRSF Short Radius Design [14] 
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Figure 22. Tension Cable and Anchor Plate Used in Curved Nose Piece, MwRSF Short Radius Design [14]  
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Figure 23. Post Naming Conventions and Rail Heights, MwRSF Short Radius Design [14] 
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Figure 24. Foundation Tube Details, MwRSF Short Radius Design [14] 
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Figure 25. MGS BCT and MGS CRT Post Details, MwRSF Short Radius Design [14] 
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Figure 26. BSR and Thrie Beam Post Details, MwRSF Short Radius Design [14] 
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Figure 27. Post Details, MwRSF Short Radius Design [14] 
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Figure 28. Stiff Bridge Rail Details, MwRSF Short Radius Design [14] 
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Figure 29. Stiff Bridge Rail Post Details, MwRSF Short Radius Design [14] 
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Figure 30. Rail Slot Details, MwRSF Short Radius Design [14]  
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Figure 31. Rail Slot Details, MwRSF Short Radius Design [14] 
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Figure 32. Thrie Beam Bend Details, MwRSF Short Radius Design [14] 
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Figure 33. Thrie Beam Bend Details, MwRSF Short Radius Design [14] 




















































































































































































































































































































































































































