Steel and Fencing Certification Training Manual

GENERAL STEEL MATERIALSUNDERSTANDING

A qudity control representative for a certified steel supplier generdly dedswith steel materids induding
different types of fencing. To perform materids eva uation the employee needs to understand basic sted
materials concepts.

The quality control representative, to evauate whether materias meet specification requirements needs

1.

2.

3.

4,

A basic understanding of the materidl.
Copies of the applicable specifications
Reading, writing and mathemetical skills

The authority to accept and regject materials delivered to a company no matter what the reason.

This training program does not attempt to provide the above knowledge, information and skills. This
training programisto give aquality control representative abasic understanding of the gpplicable materids,
the typical evaluation process, some basic concept guiddines.
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M aterials Definitions

Area

Brinndl Hardness
Carbon

depth

elongation

force

Gavanizing
hardness

length
Magnesum
Manganese
Phosphorus
Pl

Pressure

PS|

Rockwdl hardness
Slicon

Strain

Stress

ulfur
Tensle drength
width
Yidd

amessure of the size of asurface or region.

the relative hardness of amaterid as measured by the Brindll test

very common nonmetdlic dement having the symbol C

the perpendicular measurement downward from a surface

the stretching of amember by tensile stress, including plastic stretching.

any externd agent that causes a change in the motion of afree body, or that causes
dressin afixed body

azinc-coating that ressts corrosion.

the quaity or degree of being resstant to penetrationor wear. the quaity or degree
of being resstant to penetration or wear.

the longer or longest dimension of an object

aglvery dkdine-earth metalic dement having the symbol Mg
ahad, brittle, grayish metdlic e ement that has the symbol Mn
awidey occurring nonmetalic dement having the symbol P

for any circle, the congtant irrationd number that isthe ratio of the circumferenceto
the diameter; denoted by "pi", and gpproximately equal to 3.14159265

the force that is exerted per unit area

pounds per square inch.

aunit of metal hardness according to the Rockwell hardness test
anonmetalic dement having the symbol S

the manifestation of this change in an actua body; the deformation of a materia
under a stress; it may be elastic strain (deformation disappears when stress is
removed) or plastic strain (deformation is permanent)

a force exerted when one body or body part presses on, pulls on, pushes againg,
or tends to compress or twist another body or body part; especially : the intengty
of thismutua force commonly expressed in pounds per square inch

anonmetdlic dement having the symbol S
the maximum tensle stress (dretching) that amateria can withstand without failure
the horizontal measurement taken at right angles to the length

the stress point a which strain continuesto increase without any further application
of diress. the stress point at which strain continues to increase without any further
gpplication of stress

1.2



GENERAL BASIC MATERIALSCONCEPTS

Sted products are generdly physicdly tested to determine the following materids vaues
1. Yield Point

2. Ultimate Tengle

3. Elongation

4. Hardness

5. Chemicd

These physica properties of a steel define enough information for a designer to develop sructurd
requirements and for a materias engineer to assure the materials will perform as the designer expects.

Yield Point - Ultimate Tensile and Elongation
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This graph aboveisatypica STRESS - STRAIN curve for asted materid.
The graph above shows points A B and C. Al of these points are very close to each other and for this
ingruction will be defined asthe YIEL D POINT of thested. Theyield point of amaterid is the amount

of force (or stress) required to cause a materid to change from an dadtic (returning to its exact origind
shapeif theload isreleased) to a plastic (when the load is released the materid is permanently deformed)
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On the previous page' s graph thereisapoint D. This point is the highest vertical point on the graph and
isknown asthe ULTIMATE TENSILE. The highest stressthe materid reaches beforeit falls.

The horizontd line withthe arrow heads on the bottom of the graph measures the total anount of STRAIN
the steel saw urttil it broke. Strainis measured ininches of movement/per inch and becomes dimensionless.

ELONGATION is measured in percent of movement over a specific length. ELONGATION and
STRAIN are smilar measurements that can be cdculated from the same information.

Example: The ELONGATION of the sted was 22% in an 8 inch gage length.
8" x 229%/100 = 1.76" that the materia stretched in the 8"
STRAIN (inch/inch) = (1.76/8)/(8/8) = .22/1 = .22

If you compare the numbers the totd ELONGATION isaso thetotd STRAIN.

HARDNESS

Hardness is a measurement of wear or penetration resistance to force. For steel materidsit often can be
compared to brittleness of the sted. An extremely hard stedl will be very strong but will be brittle. The
yield point and the ultimate tensle may be very close together and the stedl will show very low drain.

CHEMICAL

Steel isproduced by a chemicd reaction of different materiads. Initssmplest formitiscombining Iron (FE)
and Carbon (C). Oxygen (O) and Limestone are other components that develop a basic are used to
develop abasic ged. Other chemicas are mixed into the basic stedl to change the overdl mechanical
properties of the sted during the manufacture.

The chemica make up of agted is another measure of the properties of the ted. An exampleis adding
chromium (Cr) and nickel (Ni) to stedl causes the stedl to be stainless and rust resistant.
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For the stedd's used in rebar and wire fabric the mgor controlled chemica components will be:

Carbon (C)
Manganese (Mn)
Phosphorus (P)
Sulfur (S
Slicon (S)

Test report measures are in percents and they are very smal (Carbon might be .20 or less)

GENERAL MECHANICAL CALCULATIONS

In the above generd discusson we have talked about yidd point, ultimate tengle and eongation.
Generdly yidd point and ultimate tensile are reported in PSI (pounds per square inch) or STRESS.

Stressis the force applied over a specific area

Example: A Force of 600 Ibsis gpplied to a 1/4" diameter rod what isthe STRESS in PS?
A = Area= ((.25) (.25)) (Pi = 3.1416))/4 = .049 in?

Stress = F/A = 600 1bg/.049 in? = 12223 Ps (Ibg/ir?)
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APPLICABLE SPECIFICATIONS

The Ohio Depatment of Transportation specifies in each project the Construction and Materias
Specifications for each project.

A qudlity control representative needs to not only be familiar with the specifications being used for each
specific project but to have the correct and up-to-date specification that applies. Generadly ODOT
materias specifications will be defined in one of four methods.

1. Nationd materids specifications - AASHTO (American Association of State Highway
Transportation and Officids and ASTM (American Society of Testing and Materids)

2. Specid plannote maerids requirements- Theseareproj ect specific requirementsthat the designer
has required for a project specific reason. These may be modifications to item (1) type
specifications are may be complete separate materias requirements.

3. ODOT standard drawings. - Some materids are only listed on standard drawings with specific
requirements

4, Proprietary product materials requirements - Project plans may require a specific manufacturer’s
product. The materids requirements now become that manufacturer’ s materid's specifications

Materias do not just include physica properties devel oped through tests but a so include Dimensiond and
Coating properties. A materiad that has the correct strength but is the wrong size is NO GOOD.

The vast mgority of materias for guardrail components will involve items 1 and 3.

Nationd specifications (1) can be purchased from AASHTO and ASTM.
AASHTO' shome pageis. http://mww.trangportation.org/aashto/home.nsf/FrontPage
ASTM’s home pageis: http://Aww.astm.org/

Copies cannot be provided by ODOT and you need to assure your firm knows what are the requirements
by having up-to-date specifications.

Standard Drawings can be purchased fromODOT by contacting the Office of Contracts. 614-466-3778
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READING, WRITING AND MATHEMATICAL SKILLS

While this traning manua shows examples of some mathematical kills to demonstrate acceptance
concepts, this manua will not assure any quaity control representative has the minimum skills necessary
to perform the duties required of the guardrail certification program.

None of the needed skills are above a high school education but the skills may need brushing up on.
Generd mathematics skillsinclude:

Cdculation of Areasfor rectangles and circles
Multiplication

Divison

Undergtanding percentages

Addition

Subtraction

oSk wpnE

Reading

1. Generd reading kills are required but reading a specification is an acquired skill through
experience. Terminology is different and understanding is built up by experience.

Writing

1 Standard high school leve writing skills will fulfill any program requirements.
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