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Background

ÅSunset date for MASH implementation for bridge rails and transitions is 
December 31, 2019.

ÅCurrently, New England DOTs are specifying steel bridge rails that were tested, or 
otherwise approved, under previous test standards (e.g., NCHRP Report 350 or 
AASHTO GSBR).

ÅThere are some NCHRP and pooled fund initiatives to evaluate bridge rail, but it is 
unknown if any of these systems will be included.

ÅFurther, a recent NCHRP 20-07/Task 395 study concluded that several existing 
NETC systems do not meet MASH ςόƛΦŜΦΣ ŎŀƴΩǘ ƴƻǘ ōŜ άƎǊŀƴŘŦŀǘƘŜǊŜŘέύΦ

ÅIt was of interest to determine if these existing systems meet the new crash 
testing standards of MASH, which involve higher impact severities for each of the 
required test cases; and, if not, what design changes are needed to meet those 
requirements.
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Objectives
ÅThe objectives were to use FEA (computer simulation) to evaluate 

the crash performance of various MassDOT and NETC bridge rail 
and Transition designs under MASH testing conditions and criteria.
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Research Approach

The basic approach for the study was to: 
ÅDevelop finite element models of existing 

hardware. 

ÅValidate the models using the procedures outlined 
in NCHRP Web Document 179 by comparing results 
to existing full-scale crash tests on the system. 

ÅUpdate models to include MASH vehicle types and 
impact conditions

ÅAnd then use FEA to simulate MASH TL4 tests and 
ŜǾŀƭǳŀǘŜ ǘƘŜ ǎȅǎǘŜƳΩǎ ǇŜǊŦƻǊƳŀƴŎŜΦ  
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ÅMASH specifies two (2) tests for assessing 
TL-3 performance and three (3) tests for 
assessing TL-4 crash performancefor bridge 
rails and transitions: 
ÅTest 3-10/3-20: Involves a 2425-lb passenger car 

(1100C vehicle) impacting the critical impact 
point at a nominal speed and angle of 62 mph 
and 25 degrees. Test optional for transitions.

ÅTest 3-11/3-21: Involves a 5,000-lb ½-ton quad-
cab pickup truck (2270P vehicle) impacting the 
critical impact point at a nominal speed and 
angle of 62 mphand 25 degrees. 

ÅTest 4-12/4-22: Involves a 22,000-lb single unit 
truck (SUT) (10,000S vehicle) impacting the 
critical impact point at a nominal speed and 
angle of 56 mphand 15 degrees.

MASH Test Level 3 and 4
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MassDOT 3-Bar Bridge Rail 
S3-TL4 

Two design options were evaluated: 
1. Curb-mounted option in which the bridge rail was 

mounted onto the top of an 8-inch tall concrete 
curb, and 

2. Sidewalk-mounted option in which the bridge rail 
was mounted onto the top of a 5-ft wide sidewalk 
with an 8-inch curb face. 
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S3-TL4 Bridge Rail FEA Model
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Bridge Rail FEA Model
ÅA 78-ft section of the S3-TL4 

bridge rail was developed

ÅPost spacing was set to 
maximum allowable

ÅIncluded two splice connections

78 ft

6.5 ft
(typ)

SpliceSplice



Model Validation with Previous Full-Scale Tests 

Final Report: http://www.roadsafellc.com/MADOT/S3-TL4/Final_Report/_FinalReport_MDOT-X129053P11_190429.pdf

ÅThe available full-scale test data for 
the validation task included tests 
performed according to NCHRP 
Report 350:
ÅSidewalk-Mounted:
ÅTest 404251-3 (Test 4-12): 8000-kg single 

unit truck (SUT) test on sidewalk-mounted 
system

ÅCurb-Mounted:
ÅTest 404251- 6 (Test 4-12): 8000-kg SUT test 

on curb-mounted system. 

http://www.roadsafellc.com/MADOT/S3-TL4/Final_Report/_FinalReport_MDOT-X129053P11_190429.pdf


MASH FEA Results for Curb-Mounted S3-TL4

Test 4-10

ÅImpact Speed = 62.1 mph

ÅImpact Angle = 25 degrees

ÅImpact Point = 3.6 ft upstream 
from critical Post

Test 4-11

ÅImpact Speed = 62.1 mph

ÅImpact Angle = 25 degrees

ÅImpact Point = 4.3 ft upstream 
from critical Post



Barrier Deflections 

Maximum dynamic displacement = 0.83 in Maximum dynamic deflection = 1.73 in

Test 4-10
(small car)

Test 4-11
(pickup)
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Conclusions for Overall Barrier Performance 
Evaluation Factors Evaluation Criteria Results

Structural 
Adequacy

A

Test article should contain and redirect the vehicle or 
bring the vehicle to a controlled stop; the vehicle 
should not penetrate, underride, or override the 
installation although controlled lateral deflection of 
the test article is acceptable.

Pass

Occupant Risk

D

Detached elements, fragments, or other debris from 
the test article should not penetrate or show potential 
for penetrating the occupant compartment, or 
present undue hazard to other traffic, pedestrians, or 
personnel in a work zone.  Deformations of, or 
intrusions into, to occupant compartment should not 
exceed limits set forth in Section 5.2.2 and Appendix 
E.

Pass

F
The vehicle should remain upright during and after 
collision.  The maximum roll and pitch angles are not 
to exceed 75 degrees.

Pass

H
The longitudinal and lateral occupant impact velocity 
(OIV) shall not exceed 40 ft/swith a preferred limit of 
30 ft/s 

Pass

I
The longitudinal and lateral occupant ridedown 
acceleration (ORA) shall not exceed 20.49 G, with a 
preferred limit of 15.0 G

Pass



Results for Curb-Mounted S3-TL4

Test 4-12 (Case 1)
ÅImpact Speed = 56 mph

ÅImpact Angle = 15 degrees

ÅImpact Point = 5.0 ft upstream from 
critical Post

ÅBed Height = птΦрέ(e.g., Ford F800)

ÅPost Yield = 51 ksi

Test 4-12 (Case 2)
ÅImpact Speed = 56 mph

ÅImpact Angle = 15 degrees

ÅImpact Point = 5.0 ft upstream 
from critical Post

ÅBed Height = рлέ(e.g., GMC)

ÅPost Yield = 51 ksi

Test 4-12 (Case 3)

ÅImpact Speed = 56 mph

ÅImpact Angle = 15 degrees

ÅImpact Point = 5.0 ft upstream from 
critical Post

Å.ŜŘ IŜƛƎƘǘ Ґ птΦрέ όŜΦƎΦΣ CƻǊŘ Cуллύ

ÅPost Yield = 60 ksi



Barrier Deflections 

Test 4-12
(Case 1)

Maximum dynamic deflection = 5 in (127 mm) Maximum dynamic deflection = 4.5 in (115mm)

Test 4-12
(Case 2)

Test 4-12
(Case 3)

Maximum dynamic deflection = 4.44 in (113 mm)



Case 3: 
- птΦрέ .ŜŘ
- 60 ksiPosts

Case 3: 
- птΦрέ .ŜŘ
- 60 ksiPosts

Curb-Mounted 
S3-TL4Test 4-12 
Simulation

ÅThe damage to the 

concrete was isolated to 

the front anchor bolts, 

with the possibility of 

cracks for the stronger 

post case.  

ÅThe higher strength post, 

which frequently occurs, 

increases the loading on 

the anchor bolts and 

welds. 

4 ksi Concrete
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Sidewalk-MountedTransition to Buttress
Test 4-22

Conclusions

22

Evaluation Factors Evaluation Criteria ςMASH Test 4-12 Results

Structural 
Adequacy

A

Test article should contain and redirect the 
vehicle or bring the vehicle to a controlled stop; 
the vehicle should not penetrate, underride, or 
override the installation although controlled 
lateral deflection of the test article is 
acceptable.

Pass

Occupant Risk

D

Detached elements, fragments, or other debris 
from the test article should not penetrate or 
show potential for penetrating the occupant 
compartment, or present undue hazard to other 
traffic, pedestrians, or personnel in a work zone.  
Deformations of, or intrusions into, to occupant 
compartment should not exceed limits set forth 
in Section 5.2.2 and Appendix E.

Pass

G
It is preferable, although not essential, that the 
vehicle remain upright during and after 
collision.

Pass
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MassDOT Transition

Two design options were evaluated: 
1. Curb-mounted option (no photo), and 

2. Sidewalk-mounted option with continuous 5-ft 
wide sidewalk with an 8-inch curb face integral 
with bridge section. 
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MassDOT Transition for the S3-TL4

ÅThe AGT system is used to transition from a 31-inch tall w-
beam guardrail to a 42-inch tall steel open-faced bridge rail.  

ÅThe focus of this evaluation was on the transition to the 
shaped buttress.

24

пнέ
омέ
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Basic Design
The AGT design includes four primary elements:

1) 10-gauge w-beam to thrie-beam transition with decreased post-

spacing, 

2) A two-layer, 12-gauge thrie-beam section with further decreased 

post spacing, 

3) 10-gauge terminal connector, and 

4) a shaped concrete buttress.  

25

Shaped Buttress (2 layers) 12 ga.thrie beam 
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MassDOT Transition
A key aspect of this design is the shaped 
buttress, which serves to transition from the 
thrie-beam rail to the bridge rail. 

ÅThe top surface on the leading end of the buttress 
gradually tapers from 31 inches tall at the thrie-beam end 
to 42 inches tall as it approaches the bridge rail.

ÅThe buttress also includes a double taper on the front 
face at the leading end to mitigate potential snag points 
for the vehicle during impacts.  

ÅA collapsible tube spacer block is placed between the 
thrie-beam and the tapered face. 

ÅThe location of the spacer block results in 31.2 inches of 
unsupported length of thrie-beam between the spacer 
block and the tangent section of the buttress.  

Vertical taper (1V:4H)

Face Taper 
(1L:4H)

Face Taper 
(1L:1H)

Collapsible
Tube

Bearing
Plate

муΦтрέмуΦтрέомΦнέ
unsupported 

length
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MassDOT Transition
ÅThis system was previously full-

scale crash tested at the Texas 
Transportation Institute (TTI) 
under NCHRP Report 350 for TL-
4, in which the system met all 
performance criteria. 

ÅThere have been no changes to 
ǘƘŜ ǎȅǎǘŜƳΩǎ ŘŜǎƛƎƴ.

ÅHowever, it was of interest to 
the MassDOTto determine if 
the system meets the strength 
and safety criteria of the current 
crash testing standards of MASH 
TL-4, which involve higher 
impact severities for each of the 
required test cases.

27

Test 401181-2
4/15/2005
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Test 4-20 Test 4-21 Test 4-22

Curb-Mounted 3.6 ft
4.3 ft

5.5 ft
5.5 ft

Sidewalk-Mounted 3.6 ft

4.3 ft

5.5 ft

5.5 ft

7.1 ft

5.5 ft

7.5 ft

10.0 ft

11.0 ft

Curb-Mounted - - -

Sidewalk-Mounted - 4.3 ft 5.0 ft

* Allowing tire deflation

Transition to Buttress

Critical Impact Points

AGT SystemImpact Direction

Bridge Rail to Buttress

Analysis Matrix

28

6.5 ft*



Sidewalk-MountedTransition to Buttress

Test 4-20

ÅImpact Speed = 62.1 mph

ÅImpact Angle = 25 degrees

ÅImpact Point = 3.6 ft upstream from 
tangent breakpoint of buttress

Test 4-21

ÅImpact Speed = 62.1 mph

ÅImpact Angle = 25 degrees

ÅImpact Point = 5.5 ft upstream 
tangent breakpoint of buttress

Sidewalk

3.6 ft

Sidewalk

5.5 ft



Sidewalk-MountedTransition to Buttress

Test 4-20

ÅImpact Speed = 62.1 mph

ÅImpact Angle = 25 degrees

ÅImpact Point = 3.6 ft upstream from 
tangent breakpoint of buttress

Test 4-21

ÅImpact Speed = 62.1 mph

ÅImpact Angle = 25 degrees

ÅImpact Point = 5.5 ft upstream 
tangent breakpoint of buttress
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Sidewalk-MountedTransition to Buttress

31

Test 4-20
(small car)

Test 4-21
(pickup)
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Occupant Impact Velocity Occupant RidedownAccelerations
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Sidewalk-MountedTransition to Buttress
Test 4-20 and Test 4-21

Evaluation Factors Evaluation Criteria Results

Structural 
Adequacy

A

Test article should contain and redirect the vehicle or bring the 
vehicle to a controlled stop; the vehicle should not penetrate, 
underride, or override the installation although controlled 
lateral deflection of the test article is acceptable.

Pass

Occupant Risk

D

Detached elements, fragments, or other debris from the test 
article should not penetrate or show potential for penetrating 
the occupant compartment, or present undue hazard to other 
traffic, pedestrians, or personnel in a work zone.  
Deformations of, or intrusions into, to occupant compartment 
should not exceed limits set forth in Section 5.2.2 and 
Appendix E.

Pass

F
The vehicle should remain upright during and after collision.  
The maximum roll and pitch angles are not to exceed 75 
degrees.

Pass

H
The longitudinal and lateral occupant impact velocity (OIV) 
shall not exceed 40 ft/s with a preferred limit of 30 ft/s 

Pass

I
The longitudinal and lateral occupant ridedown acceleration 
(ORA) shall not exceed 20.49 G, with a preferred limit of 15.0 
G

Pass

Conclusions
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Sidewalk-MountedTransition to Buttress
Test 4-22

ÅImpact Conditions
ÅMass = 22,046 lb
ÅImpact Speed = 56 mph
ÅImpact Angle = 15 degrees
ÅTarget Impact Point 

Å5.5 ft
Å7.5 ft
Å10 ft
Å11 ft

35

5.57 ft

6.6 ft

5.5 ft

7.5 ft

10 ft

11 ft
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Comparison

36

3.3 inches

5.3 inches

3.0 inches

Impact Point
Max Wheel 
Penetration

IP = 5.5 ft

IP = 7.5 ft

IP = 10.0 ft

5.9 inchesIP = 11.0 ft
Video not Shown
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Comparison

37

Impact Point
Max Wheel 
Penetration

5.9 inchesIP = 11.0 ft

3.3 inches

5.3 inches

3.0 inchesIP = 5.5 ft

IP = 7.5 ft

IP = 10.0 ft

Image not Shown
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Sidewalk-MountedTransition to Buttress
Test 4-22

Conclusions

OCI (negligible)

Max roll = 24 deg
Max pitch = 7  deg.

5ŜŦƭŜŎǘƛƻƴ Ґ фΦпέ
Min design strength for buttress

Fx > 72k

Fy > 105k

39

Evaluation Factors Evaluation Criteria ςMASH Test 4-12 Results

Structural 
Adequacy

A

Test article should contain and redirect the 
vehicle or bring the vehicle to a controlled stop; 
the vehicle should not penetrate, underride, or 
override the installation although controlled 
lateral deflection of the test article is 
acceptable.

Pass

Occupant Risk

D

Detached elements, fragments, or other debris 
from the test article should not penetrate or 
show potential for penetrating the occupant 
compartment, or present undue hazard to other 
traffic, pedestrians, or personnel in a work zone.  
Deformations of, or intrusions into, to occupant 
compartment should not exceed limits set forth 
in Section 5.2.2 and Appendix E.

Pass

G
It is preferable, although not essential, that the 
vehicle remain upright during and after 
collision.

Likely 
Pass

But possible that vehicle could 
roll onto its side

CIP = 11.0 ft
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NETC Bridge Rails 

Three design options were evaluated: 
1. NETC curb-mounted 2-Bar Rail (TL3) 

2. NETC curb-mounted 3-Bar Rail (TL4)

3. NETC sidewalk-mounted 4-Bar Rail (TL4) 

Slight variations in 
design details depending 

on State



NETC Bridge Rails
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