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GUARDRAIL FASTENERS

Bolts Nuts & Washers  used in guardrail applications are sold under Construction and Materials
specification 606.  Within 606 are the references to the materials specifications 710.06.  This material
specification is a reference to AASHTO M180.  The vast majority of fasteners will need to meet AASHTO
M180.

Material Spec AASHTO M180

While the guardrail will meet Type II Class A, the specifications for the bolts and nuts are called out in
specific sections of the M180 specification.  The major difference for bolts, nuts and even washers is the
majority of the requirements are not in M180 but listed in other ASTM specifications referenced by the
AASHTO specification

Sections of AASHTO have been repeated below as example.

“Unless otherwise specified, bolts and nuts for Types I, II, and III beams shall conform to or exceed the
requirements of ASTM A 307 and shall be coated in accordance with M180, section 9.4"

“All connections or splices shall be formed with oval shoulder button headed bolts to minimize projections
on the road side of the guardrail Splice and post bolts and nuts shall conform to one of the configurations
shown in Figure 3 or Figure 4.  Either of the alternate configurations may be furnished.”

(Figure 3 and 4 refer to AASHTO.  The figures have been reproduced below to give you an understanding
what they describe)
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The values for “L” and “T” depend on the length of the bolt.  Below is the current table for

 “L” length of bolt = DISTANCE FROM UNDER THE HEAD TO THE END OF THE BOLT

“T” minimum thread length of the bolt = LENGTH OF THREADS ON THE BOLT SHANK 

Bolt Length “L” 1 1/4 1 3/8 2 8 10 18 24

Thread Length “T” 1 1 1/8 1 3/4 4 4 4 4

While the table covers most of the standard sizes there may be specials from time to time.  

DIMENSIONAL CHECKS

Bolt, nuts and washers should have a random check performed to see they meet the dimensional
requirements of the specifications.  This typically means checking

Length
Thread Length
Diameter
Bolt threads
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Bolt length and required minimum thread length can be measured with a ruler.  Diameter can also be
checked with a ruler

Bolt Threads should be spot checked to make sure the 11 threads per inch required for a 5/8" diameter
guardrail bolt is what you received.



3.4

Thread Length
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Bolts (and Nuts) also have chemical requirements to be checked.Unlike guardrail beams that have no
chemistry requirements, bolts and nuts do.

Chemical Composition
Chemical requirements for guardrail bolts (and most bolts other than high strength bolts) are listed in ASTM
A307.   Grade A and B bolts and studs shall have a heat analysis conforming to the requirements specified
in the table below and  based on the steel producer’s heat analysis.

Table 1
Heat Analysis Product Analysis

Carbon, Max 0.29 0.33

Manganese, Max 0.90 0.93

Phosphorus, Max 0.04 0.041

Sulfur, Max

                 Grade A 0.15
A

                 Grade B 0.05 0.051

bolts and studs are customarily furnished from stock, in which case individual heats of steel cannot be
identified.  

chemical analyses shall be performed in accordance with Test Methods, Practices, and Terminology A
751.

Hardness & Proof Load Bolts A307

Hardness and proof load are measurement of the mechanical properties of the Bolts.  
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Generally bolts are tested for strength by proofloading.  The table below (out of ASTM A307) shows the
required proofloads for many A307 bolts.

The proofload table above shows many different size bolts.  The boxed area for a 5/8" diameter by 11
threads per inch bolt, the typical guardrail bolt.  All A307 bolts are based on a minimum tensile strength
of 60,000 psi.  The formula at the bottom of the above table allows you to calculate the proofload if you
know the diameter, the number of threads per inch and the minimum allowable ultimate tensile stress.
(60,000 psi)  

As a general rule: Minimum Allowable Stress X Cross section Area of bolt = Proofload



3.7

Bolt Markings

Grades A and B Bolts and Studs:

Bolt heads and one end of studs shall be marked with a unique identifier by the manufacturer to
identify the manufacturer or private label distributor, as appropriate.  Additional marking required
by the manufacturer for his own use shall be at the option of the manufacturer.

 In addition to the requirements of 13.1, all bolt heads, one end of studs 3/8 in. and larger, and
whenever feasible studs less than 3/8 in. shall be marked with a grade marking as follows.

Grade Marking

A 307A

B 307B

Product Marking

All markings shall be located on the tip of the bolt head or stud end and shall be raised or depressed at the
option of the manufacturer.

What haven’t we covered?  Galvanized coating requirements.  We will cover this later into this fastener
section.
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Nuts

Guardrail nuts (and most nuts) conform to the requirements of ASTM A563.  This specification covers
various types of nuts but guardrail nuts only need to meet the lowest grade of nut in this specification.

Dimensional requirements for nuts.  Guardrail nuts are Heavy Hex nuts but are unique in they have
offsets on one or both faces 
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Other size nuts should meet the Dimensional requirements of the table below:
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Chemical Requirements Nuts A563

Chemical Composition: There are various grades of nuts.  Generally the O, A, B, C, D is all that you
need

Grades O, A, B, C, D, and DH shall conform to the chemical composition specified in Table below.

5a Chemical Requirements for Grades O,A,B,C,D, and DH Nuts:

Composition %

Grade of          Analysis               Carbon                    Manganese               Phosphorus            Sulfur
   Nut                                                                               max                            max                   max

O, A, B, C.          heat                   0.55 max                        ...                             0.12                    0.15A

                         product                0.58 max                        ...                             0.13B                    ...

DC                       heat                   0.55 max                        0.30                         0.04                     0.05
                         product                0.58 max                        0.27                        0.048                   0.058

DHC                     heat                  0.20-0.55                        0.60                        0.04                     0.05
                         product                0.18-0.58                        0.57                        0.048                   0.058

A For Grades O,A, and B a sulfur content of 0.23% max is acceptable with purchaser approval.
B Acid bessemer steel only.
C For Grades D. and DH a sulfur content of 0.05-0.15% is acceptable provided the manganese

is 1.35%mm

There are other chemical requirements for other nuts.  Those are also listed in ASTM A563.  The above
is an example of the information and would generally cover the guardrail and other nuts used normally with
ASTM A307 bolts.

Hardness & Proof Load for Nuts A563

Just like bolts nuts have Hardness and Proofload requirements.

The table on the next page has both the Hardness and minimum required stress for proofload.  Nuts do not
have a proofload table but the required proofload is established exactly the same way.  The minimum
ultimate stress is multiplied by the area of the bolt.  The nut has to withstand the same load or better.

A second table similar to the hardness and ultimate stress table gives the areas for calculating proofload.
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Nut markings

Nuts made to the requirements of Grades O, A, and B are not required to be marked unless individual
marking is specified in the inquiry and order.  When individual marking is required, the mark shall be the
grade letter symbol on one face of the nut.

Heavy hex nuts made to the requirements of Grade C (Note 4) shall be marked on one face with three
circumferential marks 120O Apart.
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Nuts made to the requirements of Grade D shall be marked with the grade symbol, D (Note 4) on one
face.

Marks may be raised or depressed at the option of the manufacturer.  However, if marking are located on
the bearing surface, they shall be depressed.

Grade and manufacturer’s or private label distributor’s identification shall be separate and distinct.  The two
identifications shall preferably be in different locations and, when on the same level, shall be separated by
at least two spaces.
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Washers

Discussed earlier washers used for guardrail bolts are rectangular.  Other washers generally are round and
have dimensions matching the table below.
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Fastener Coating 

Bolts and Nuts:

Bolts and nuts shall be hot-dip zinc coated in accordance with the requirements of M 232, Class C or
mechanically zinc coated in accordance with M 298, Class 50, Type 1.

Washers:

Washers shall be hot-dip zinc coated in accordance with the requirements of M232.

AASHTO M232 is equal to ASTM A153.  AASHTO M298 is equal to ASTM B695

Weight of Zinc Coating for Various Classes of material
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Coating Thickness Grade 

The table below converts grade (ASTM B695) into mils or oz/sq ft.

Coating Grade mils oz/ft2 um g/m 2

35 1.4 0.8 35 245

45 1.8 1.0 45 320

50 2.0 1.2 50 355

55 2.2 1.3 55 390

60 2.4 1.4 60 425

65 2.6 1.5 65 460

75 3.0 1.7 75 530

80 3.1 1.9 80 565

85 3.3 2.0 85 600

100 3.9 2.3 100 705

Take (5) Readings with a magnetic thickness gauge; average these readings; and divide by 1.7 mils.  Take
(3) samples of (5) readings for average.
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Typical galvanizing check example for a NUT.  

1 spot requires 5 readings and an average

3 spots and an average are also required

Bolt

Spot Reading 1 Reading 2 Reading 3 Reading 4 Reading 5 Average
(mils)

Average
Oz/sq ft

#1 2.4 3.1 4.5 3.8 4.0 3.6 2.1

#2 2.6 2.3 3.2 2.7 3.5 2.9 1.7

#3 3.0 3.4 3.0 2.9 3.0 3.1 1.8

Final Average 1.9
The specification requires 1.25 Oz/sq ft minimum
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Certification Acceptance 

1. Bolts: Require

Chemistry 

Hardness

Proof Load

Coating Check

Example 1

First warning on the possible acceptability of any specification is a certificate of compliance probably means
no test data.  For this example it isn’t totally true.  They have chemical data.   But:

No Hardness

No proof load

No galvanizing statement or check 

Assuming you have checked the dimensions and markings this material doesn’t meet until you get a private
laboratory to test the for the above data.  REMEMBER YOU SHOULD HAVE ORDERED
MATERIALS TO THE AASHTO OR ASTM SPECIFICATION.  THEREFORE FOR ANY
MANUFACTURER TO STATE IT MEETS THAT SPECIFICATION THERE SHOULD BE
TEST DATA TO SUPPORT THAT STATEMENT.

Example 2 is a good example of certified test data except for galvanizing.  If the galvanizing is done by the
certified supplier and recorded (along with a spot check of dimensions) the material would be okay.

Chemistry Okay

Hardness Okay

Proof Load Okay

galvanized check - perform in house record test values 

Spot check dimensions
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Example No. 1
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Example No 2
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Nut Certifications Require

Chemistry

Hardness

Proof Load

Coating

Example 3
If you see a word certificate of COMPLIANCE you are probably in trouble.  This is an example.

3.1 Chemistry=Okay

3.2 Hardness=None

3.3 Proof Load=None

3.4 Galvanized Coating - lists a specification but no minimum coating thickness Need to Test

Example 4

4.1 Chemistry=Okay

4.2 Hardness=Okay

4.3 Proof Load=16,950/.226=75,000 psi > 68,000 (the specification requirement)

4.4 Coating=Okay
Spec Acceptable
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Example 3
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Example 4 Page 1
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Example 4 Page 2
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Washers 

Need Coating

No coating listed on below certification - need to test coating for Spec.

Example 5
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OTHER FASTENER COMPONENTS

Often there are other fasteners, standard A307 bolts, nuts etc. required to meeting standard drawing
requirements

ODOT standard end treatments require proof loads.  Typically ODOT has both cable type and 1 inch rod
types.

Refer to the standard drawing for requirements but generally it is 40,000 proof load.  

The other items requiring checking are 

Dimensional

Galvanizing
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As example the above brace rod would need to meet the 40,000 lb proof load.  This could be done by
testing or by using the certified test data for ultimate strength; calculating the threaded area and multiplying
one times the other to come up with a proof load.  The nuts should meet ASTM A563 (standard nuts) and
the plate washer should meet dimensional.

All should have galvanized coating thickness checks.  If sent out to a galvanizer they should be able to give
you their quality control readings as documentation.
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The below certification is for the 40,000 proof load cable required in a standard drawings
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This certification also includes the galvanizing coating thickness on the individual wires.  What is missing is
the galvanizing check on the threaded ends.

PROOF OF DOMESTIC ORIGIN.

THIS HAS BEEN COVERED IN PREVIOUS PARTS OF THIS TRAINING BUT THE STATE
LAW AND FEDERAL LAW REQUIRE SOMEONE TO DOCUMENT PROOF OF
DOMESTIC ORIGIN.

AT TIMES IT IS AS MUCH OF A PAIN TO US AS IT IS TO YOU BUT 

ONE, IT HELPS PARTIALLY PROTECT YOUR JOB 

and

TWO, IF YOUR SUPPLIER IS GIVING YOU A LOT OF HEAT ABOUT IT IS IT POSSIBLE
THAT THE PROBLEM IS IT IS FOREIGN STEEL.

MAKE SURE YOU HAVE IT COVERED.


