Fundamentals of Beginner
Blacksmithing: Scrap Steel Anwvil
Fabrication and Introductory Tong
Forging

Introduction to Scrap-Based Blacksmithing and
Thermomechanical Processing

The practice of blacksmithing represents the fundamental manipulation of ferrous metals
through localized thermal application and applied kinetic energy. For the beginning practitioner,
the initial barrier to entry often lies in the procurement of high-mass tooling, specifically the
anvil, and the specialized gripping implements required to handle incandescent steel safely. The
historical and contemporary solution to this mechanical barrier is the intelligent repurposing of
industrial scrap steel.

The structural integrity, metallurgical composition, and geometric configuration of heavy
industrial scrap—such as decommissioned railroad track segments and discarded forklift
tines—present ideal candidates for ad-hoc anvil fabrication. However, the successful
transformation of these raw materials into highly functional forging equipment requires a
rigorous understanding of metallurgical phase transformations, acoustic physics, and abrasive
material removal techniques. Furthermore, the synthesis of the blacksmith's foundational skills
culminates in the forging of their own tongs—a rite of passage that codifies the principles of
isolating mass, directional drawing out, and mechanical fastening.

This comprehensive analysis details the metallurgical profiles of common high-mass scrap
steels, the exact physical and mechanical steps required to fabricate a highly efficient starter
anvil, the procedural sequence for forging a beginner's pair of tongs, and the critical
occupational safety frameworks that govern the traditional and modern forge.

Part I: Metallurgical Characterization of Scavenged
High-Mass Steels

The selection of scrap steel for an anvil cannot be arbitrary. An anvil must possess sufficient
surface hardness to resist plastic deformation under repeated hammer strikes, while
simultaneously maintaining immense internal toughness to prevent catastrophic brittle
fracture. Two of the most ubiquitous and legally obtainable heavy scrap items are railroad
tracks and forklift tines, both of which present distinct metallurgical profiles that must be
understood prior to fabrication.

The Metallurgy of Railroad Rail Steel

A pervasive misconception in amateur blacksmithing circles is that railroad track is universally
equivalent to simple AISI 1084 high-carbon steel’. While the nominal carbon content may be



similar, railroad rail is a highly engineered, purpose-built material governed by strict
international standards such as the American Railway Engineering and Maintenance-of-Way
Association (AREMA), the European UIC900A, and the Chinese U71Mn’.

Modern rail steel is typically a high-carbon, high-manganese hypoeutectoid or eutectoid alloy.
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The typical chemical composition consists of and o

1.20% Manganese (Mn), with highly controlled limits on impurities’'.

Element Typical Range Metallurgical Function in
Rail Steel

Carbon (C) 0.50% — Provides primary hardness
and wear resistance; forms
cementite in the pearlite
matrix.

Manganese (Mn) 0.70% — Lowers the eutectoid point,
refines pearlite interlamellar
spacing, and massively
improves deep
hardenability and impact
toughness.

Silicon (Si) 0.10% — Acts as a deoxidizer during
smelting; provides
solid-solution
strengthening to the ferrite
phase.

Phosphorus (P) < Strictly limited impurity;
excess causes
cold-shortness (brittleness
at ambient temperatures).

Sulfur (S) < Strictly limited impurity;
excess causes
hot-shortness (cracking
during high-temperature
forging).

The high carbon content allows the rail head to resist the extreme contact stress of steel train



wheels, while the manganese ensures the steel maintains high impact toughness and fatigue
resistance to withstand cyclic loading'. Unlike many tool steels that rely on a heat-treated
martensitic crystalline structure for hardness, standard railroad track derives its immense
durability from a highly refined pearlitic microstructure’. Pearlite is a two-phase, lamellar
(layered) structure composed of alternating microscopic bands of ductile ferrite (alpha-iron)

and hard, brittle cementite (iron carbide, Fe3c )°.

The defining mechanical characteristic of pearlitic rail steel is its exceptional capacity for
in-service work hardening'. As heavy train wheels—or a blacksmith's hammer—strike the
surface, the localized plastic deformation causes the dislocation density within the crystalline
lattice to increase exponentially. This strain-hardening phenomenon means that an older, used
piece of railroad track will possess a significantly harder running surface than a brand-new,
unlaid segment, with field measurements showing surface hardness increasing from a baseline
of 370 HVO.1 up to 550 HVO.1 simply through service wear®.

The Metallurgy of Forklift Tines (42CrMo4 / AlSI 4140)

Forklift tines represent massive, homogenous blocks of high-grade alloy steel, engineered to
withstand immense cantilevered loads without yielding or fracturing. The dominant alloy used
globally for this application is AISI 4140, or its European structural equivalent, 42CrMo4
(Material Number 1.7225)%.

The designation 42CrMo4 is derived directly from the DIN EN 10027-1 nomenclature system'®.

In this system, the "42" indicates an average carbon content of 0.42% (multiplied by a factor
of 100 for naming purposes)'. The "Cr" and "Mo" indicate the primary alloying elements of

chromium and molybdenum'?. The "4" indicates a chromium content of approximately 1.0%
(multiplied by a factor of 4)".
Property / Element 42CrMo4 (Forklift Tine) C45/1045 (Medium

Carbon Reference)

Carbon (C) 0.38% — 0.42% —
Chromium (Cr) 0.90% — None
Molybdenum (Mo) 0.15% — None
Yield Strength ~ 600 — ~

Tensile Strength 700 — 570 —



Typical Hardness 28 — 15 —

Unlike the pearlitic rail steel, 42CrMo4 is a quenched and tempered (Q+T) martensitic steel. It
possesses superior tensile strength and a highly uniform hardness across deep cross-sections
due to the immense hardenability provided by the chromium and molybdenum'?. When
scavenging a forklift tine, the blacksmith is acquiring a block of steel that already possesses an
ideal metallurgical state—tough, highly resistant to impact, and boasting a hardness of
approximately 28 to 35 HRC (Hardness Rockwell C) depending on its tempering history'. This
balance of hardness and toughness makes it an ideal candidate for an anvil, as it will resist
denting without the risk of brittle chipping along the edges.

Part Il: The Physics of Forging and Anvil Efficiency

An anvil is not merely a passive, hard surface; it is an active mechanical participant in the
forging process. The efficiency of a blacksmith's labor is entirely dictated by the anvil's ability to
resist the kinetic energy of the hammer blow and reflect that energy back into the plastic
deformation of the hot steel workpiece'.

The Mass Ratio and Kinetic Energy Transfer
The physics of manual forging are governed by the conservation of momentum and the

transfer of kinetic energy. The kinetic energy (E) delivered by the hammer is calculated using
the standard formula:

Where m is the mass of the hammer and v is the velocity at the moment of impact.

When the hammer strikes the hot workpiece resting on the anvil, the ideal outcome is for the
kinetic energy to be absorbed entirely by the plastic yielding of the hot steel. However, if the
anvil lacks sufficient mass, a significant portion of the kinetic energy will be lost to accelerating
the anvil itself downward (due to the conservation of momentum) rather than moving the
workpiece'. The anvil will absorb the blow and physically move, wasting the smith's effort.

To counteract this, empirical engineering standards dictate that the mass of the anvil must
dwarf the mass of the hammer. A minimum anvil-to-hammer mass ratio of 20:1 is required for
acceptable mechanical efficiency, while a ratio of 40:1 or greater is considered optimal for

professional forging'®. Therefore, a blacksmith wielding a standard 1.5 kg (3'3 lo

hammer requires an anvil mass of at least 30 kg (66 lbs), with 60 kg (132
preferable to ensure a "dead blow" where energy is efficiently reflected?°.
Furthermore, it is not merely the total mass of the object that matters, but the mass located
directly beneath the vertical vector of the hammer blow—referred to as the columnar mass?.

) forging

lbs) being highly



Orienting the Railroad Track Anvil

The most consequential decision a beginner must make when fabricating an anvil from a
segment of railroad track is its spatial orientation: horizontal or vertical.

Horizontal Mounting (The Suboptimal Approach): Laying the track flat (with the head facing
up and the wide flange bolted down to a bench) superficially mimics the shape of a traditional
London-pattern anvil. However, this orientation is mechanically inferior for forging®. A typical
foot-long segment of rail mounted horizontally places only the thin vertical web of the track
directly under the hammer. When struck, this web acts identically to a leaf spring; it flexes
microscopically under the load. This elastic deformation absorbs the kinetic energy of the
hammer, resulting in poor rebound, rapid physical fatigue for the smith, and highly inefficient
metal movement?®. Additionally, the top of a heavily used rail is typically crowned (convex),
which severely reduces the contact patch and causes hot steel to slip sideways under the
hammer?®,

Vertical Mounting (The Optimal Approach): The vastly superior geometric configuration is to
mount the rail segment vertically, standing it upright on its factory-cut transverse end®?. While
this provides a much smaller working face (roughly the cross-section of the rail head and web),
it completely alters the mechanical dynamics. Vertical mounting aligns the entire mass of the

steel segment directly under the hammer blow as a solid column??. A 40 -centimeter vertical
segment of heavy rail places an unbroken column of solid steel against the earth, completely
eliminating web flex and maximizing the efficiency of energy transfer into the workpiece'®.

If the rail segment is sufficiently long, the smith can bury the lower half of the vertical column
directly into the ground or a deep bucket filled with concrete. This not only provides immense
stability but essentially couples the mass of the anvil to the mass of the earth, artificially
increasing the effective mass ratio and providing exceptional rebound?®.

Part lll: Mechanical Fabrication of the Scrap Anvil

To increase the utility of the repurposed steel, the raw block must undergo abrasive shaping.
This involves the fabrication of a horn (if required) and the critical process of edge radiusing to
prevent metallurgical failure of the tools forged upon it.

Abrasive Shaping and Horn Fabrication

If a horizontal track orientation is chosen despite its flaws (or if utilizing a massive block like a
forklift tine), the smith may wish to fabricate a horn (bick) for drawing out material and turning
tight scrolls. On a railroad track, this is achieved by cutting away the web and flange at one end,
leaving an overhanging section of the rail head®.

This process relies on abrasive material removal utilizing a heavy-duty angle grinder (typically
180mm to 230mm) fitted with high-quality cutoff wheels?. The procedure is as follows:

1. The steelis secured firmly. The optimal height is slightly below the pelvis, allowing the
operator to look down upon the cutting line and brace their elbows against their torso for
maximum stability?’.

2. A thin, highly visible scribe line is marked. The cut should be made adjacent to this line,
rather than directly on it, to ensure dimensional accuracy?”’.



3. The angle grinder is started and allowed to rest its weight against the cut; forced
downward pressure is strictly avoided. Forcing the wheel drops its RPM, drastically
increasing friction and the likelihood of a violent, dangerous kickback or catastrophic
wheel shatter?’. The operator must "feel" the grinder; if it begins to jump or stutter,
pressure must be immediately relieved?’.

4. By employing a continuous, rhythmic "sawing" motion, a straight cut can drop an 8mm
thick slice from the rail in under ten minutes using a premium 2mm thick cutoff wheel®.

5. Once the rough step is cut out, aggressive flap discs (36 to 60 grit) are used to grind the
overhanging rail head into a smooth, tapered cone to serve as the horn?®.

Radiusing the Edges: Mitigating Stress Risers

Whether utilizing a forklift tine or a rail segment, the sharp 90 -degree factory edges of the
steel block must be addressed prior to forging®. If a piece of incandescent steel is hammered

over a perfectly sharp 90 -degree anvil edge, the anvil will forge a microscopic, sharp internal
corner into the workpiece?.

In metallurgy and mechanical engineering, a sharp internal corner acts as a severe stress
riser—a geometrical focal point where applied forces are exponentially concentrated”. As the
smith continues to bend, draw, or twist the workpiece, the stresses concentrate aggressively at
this sharp notch, leading to rapid crack propagation and eventual brittle fracture®”.
Furthermore, striking hot metal over a sharp edge can cause the outer layer of metal to fold
over itself without welding, creating a dangerous internal shear plane known as a "cold shut"%’.
To prevent the induction of stress risers and cold shuts, the smith must use a flap disc or
dedicated grinding wheel to apply a smooth radius along the working edges of the anvil”’. Best
practice involves creating variable radii along the length of the anvil: leaving a very tight radius (

1/ 16 -inch) near the heel for crisp shouldering and precise ninety-degree bends, transitioning
to a softer, more forgiving radius (1/4 -inch to 3/8
aggressive drawing out and fullering operations™.

Hardfacing and Surface Repair of Alloy Steels

If the surface of a salvaged 42CrMo4 forklift tine is deeply gouged, the smith may attempt to
restore the face through welding. However, welding high-carbon or medium-carbon alloys like
42CrMo4 introduces severe risks of heat-affected zone (HAZ) cracking due to rapid localized
martensite formation'.

To successfully repair or hardface a 42CrMo4 anvil:

-inch) toward the center of the anvil for

o] o]

1. The entire steel block must be preheated uniformly to between 200°C and 300°C t
slow the cooling rate of the weld pool and prevent brittle phase transformations in the
HAZ".

2. Aductile "buttering" layer is highly recommended. This is typically applied using an E7018
low-hydrogen Shielded Metal Arc Welding (SMAW) electrode™®. This ductile layer acts as
a mechanical shock absorber between the rigid base metal and the extreme hardness of

(0}



the final surface.

3. The final working face is then built up using specialized hardfacing electrodes, such as E
DUR 600%. When deposited over a properly prepared and preheated 42CrMo4 base, an
E DUR 600 electrode will yield a highly wear-resistant surface approaching 55 to 59 HRC,
providing an exceptional striking surface for the anvil®.

Acoustic Dampening: The Impedance Mismatch Interface
When a hammer strikes an anvil, the kinetic energy not consumed by deforming the hot steel
transfers directly into the elastic mass of the anvil body*’. This energy excites the natural
resonant frequencies of the steel, resulting in extreme, high-frequency acoustic vibrations—the
characteristic deafening "ring" of an anvil*2. This ringing is not only a severe occupational hazard
capable of causing cumulative hearing loss, but it also represents mechanical inefficiency*.
To silence the anvil, its mass must be mechanically coupled to the mass of the earth via an anvil
stand (typically a massive hardwood log or a fabricated steel tripod)“2. However, microscopic
surface irregularities between the uneven bottom of the rough scrap steel and the top of the
wooden stand prevent perfect mechanical coupling, allowing the steel to vibrate freely against
the wood*%.
The optimal modern solution is the application of a thick, continuous bed of 100% pure silicone
caulk between the anvil and the stand™.
1. A heavy, continuous bead of silicone is applied across the top surface of the wooden log.
2. The anvilis carefully lowered into the wet silicone bed.
3. The anvil is aggressively bolted or strapped down with heavy steel bands or forged
staples while the silicone cures under pressure®.
From an acoustical physics perspective, the cured silicone acts as a highly efficient elastomeric
vibration dampener®. It fills every microscopic void, providing absolute, unbroken surface
— pc
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contact. The silicone possesses an acoustic impedance ( , Where P is the density of

the material and ¢ is the speed of sound within it) that differs vastly from both the high-density
steel and the cellular structure of the wood™.

When the high-frequency vibrational waves attempt to propagate from the steel into the
elastomeric silicone, this severe acoustic impedance mismatch, coupled with the high internal
damping coefficient of the polymer, absorbs and dissipates the acoustic energy as trace
amounts of thermal energy”*. This perfectly attenuates the high-frequency ringing,
transforming the ear-piercing scream of the steel into a dull, highly efficient thud*%. Wrapping
heavy iron chains tightly around the narrow waist of the anvil can further reduce transverse
vibrations through simple frictional mass damping*.

Part IV: Foundational Forging Techniques: Fabricating
Blacksmithing Tongs

With the combustion core (the forge) and the primary kinetic reflecting surface (the anvil)
established, the blacksmith requires the mechanical means to safely manipulate incandescent



steel. Standard hardware tools or slip-joint pliers are dangerously inadequate; their short
handles conduct heat rapidly to the user's hands, and their generalized jaws cannot securely
lock onto heavy stock®’.

The forging of a pair of tongs is the ultimate pedagogical exercise for the beginner. It demands
the synthesis and mastery of mass isolation, tapering, shouldering, hole punching, and
riveting—forming the foundational grammar of the craft*.

Typology of Tongs and Stock Selection

Tongs are categorized by their jaw geometry, which must precisely match the stock being held.
Using incorrect tongs results in a loose, precarious grip, posing a severe safety hazard as a
poorly held, glowing billet can easily be ejected at high velocity from a misplaced, off-center
hammer blow®’.

Tong Type Jaw Geometry Intended Application

Flat Jaw Flat, parallel inner surfaces. Designed exclusively for
holding flat bar stock
securely.

Bolt Jaw Curved or V-notched jaw Grips square and round
that arches over a swollen stock firmly, bypassing
center. widened heads (like a bolt).

V-Bit Deep V-shaped grooves Provides four points of
running parallel to the jaw contact for absolute
length. security on square and

round rod.

Wolf Jaw Undulating, multi-toothed, Highly versatile for irregular
self-adjusting profile. shapes, but lacks the

absolute locking security of
dedicated V-bit tongs.

For the absolute beginner, flat jaw tongs are the most accessible to forge. The optimal starting

material is two lengths of 1/2 -inch square or round mild steel bar stock, approximately 16
inches long, or alternatively, a pair of high-carbon railroad spikes*’. Mild steel is highly preferred
for initial attempts due to its wide forging temperature range, lack of air-hardening properties,
and ease of plastic deformation?’.

The Forging Sequence: The Rule of 90 Degrees

A pair of tongs consists of two identical halves that are mirrored during assembly. The
architecture of each half consists of three distinct physical zones: the jaw (nib), the boss (the



central hinge plate), and the rein (the long handle). The transition between these zones is

achieved through a technique known as "setting down," which systematically isolates the
48

mass™.

Step 1: The First Set-Down (Forming the Jaw)

1.

2.

The end of the bar is brought to a bright yellow forging heat (approximately 1100°C ).

1.0, 1.5

The bar is laid horizontally across the anvil face so that approximately ="~ to inches
of the hot metal protrudes over the far edge of the anvil®°.

The smith strikes the metal with half-face hammer blows—striking so that half the
hammer face hits the steel, and the other half passes harmlessly into the empty air
beyond the anvil edge®'.

This creates a distinct, sharp shoulder (the set-down), reducing the thickness of the

protruding jaw section to approximately 1/4 -inch thick while leaving the parent bar fully
intact®.

Step 2: The Second Set-Down (Forming the Boss)
This is the critical step that defines the functional geometry of the tongs.

1.
2.

The steel is pulled back toward the operator, resting on the near edge of the anvil.

The smith rotates the bar exactly 90 degrees counter-clockwise (if right-handed)®°. The
newly formed jaw should now be pointing vertically up or down, hanging entirely off the
near edge.

1, 1.5

Leaving an untouched section of about ™ to inches of full-thickness material to act
as the boss, the smith performs a second half-face set down just behind this boss

50
zone™".

This step isolates the thick, square boss between the flattened jaw and the rest of the

parent bar. Crucially, the transition from the jaw to the boss must be slightly
radiused—striking a sharp internal corner here will create a severe stress riser, inevitably
causing the tongs to snap at the hinge during heavy use™®.

Step 3: The Third Set-Down (Drawing the Reins)

1.

The bar is rotated another 90 degrees counter-clockwise. The initial jaw is now pointing

horizontally to the right (parallel to the anvil edge)®.

A third set-down is performed directly behind the boss. This defines the start of the

rein®°.

The long remaining section of the bar is drawn out (tapered) over the horn or the

radiused edge of the anvil. Drawing out over the radiused edge is highly efficient, as the
curve acts as a continuous fuller, aggressively displacing metal linearly rather than

flattening it outward®. The reins should taper gradually from the thick boss down to a
comfortable, springy thickness at the hand.

The entire sequence is then repeated identically on the second piece of steel®®. The "rule of 90
degrees" ensures that both halves possess the correct asymmetrical offset, allowing the jaws
to align perfectly parallel when the flat bosses are laid against one another.



Punching and Riveting the Pivot

The two halves must be joined mechanically at the boss. While the hole for the rivet can
technically be drilled with modern machinery, traditional hot punching is metallurgically
superior.

1. The boss is heated to a bright yellow.

2. Atapered tool steel punch is driven through the exact center of the boss over the
pritchel hole (the small round hole) of the anvil.

3. Punching, unlike drilling, does not sever the continuous grain flow of the steel; instead, it
aggressively displaces and compresses the grain lines around the circumference of the
hole, maintaining the structural integrity of the highly stressed hinge area®. The thermal
"suck-down" effect of the punch will naturally thin the boss slightly, which is why it must

be left initially thick (at least 3/8 -inch) during the set-down phase®'.
To assemble the tongs:

1. A 1/4 -inch or 3/8
cold halves®.

2. The protruding tail of the rivet is heated to a localized red heat using an oxy-acetylene
torch, or the entire boss assembly is heated carefully in the forge fire.

-inch mild steel rivet is inserted through the aligned holes of both

3. Therivet is backed by the solid anvil face, and the hot tail is peened over with aggressive
hammer blows, swelling the shaft to completely fill the punched holes and mushrooming
the head to lock the assembly®®.

4. |Initially, the hot riveting process will cause the tongs to seize completely solid. To free the

joint, the entire boss section is brought back to a dull red heat. The smith grips the cold
reins and aggressively opens and closes the jaws repeatedly while the metal is hot. The
microscopic wear at temperature establishes perfectly mated bearing surfaces, resulting
in a joint with zero lateral play but frictionless rotational movement®.

5. Finally, the jaws are heated and hammered closed directly around the specific piece of
stock they are intended to hold, custom-molding the grip for absolute, unwavering
security”’.

Part V: Thermomechanical Processing and Heat
Treatment

Forging relies entirely on the thermal plasticity of steel, but the extreme heat cycles required
for shaping severely degrade the internal crystalline structure of the metal®. Once the
mechanical shaping of the tongs (or any forged tool) is complete, the steel must undergo
precise thermomechanical processing to restore its mechanical properties®”.

Normalizing and Grain Refinement
1000°C

When steel is heated to high forging temperatures (frequently exceeding ), the
microscopic crystalline grains within the metal grow massively in size®*. A large, coarse grain
structure equates directly to extreme brittleness and poor impact toughness®®. Furthermore,



uneven hammering induces massive internal stress differentials across the complex geometry
of the tool®.
To repair this damage, the tongs must be normalized. Normalization is a thermal cycling
process that forces the steel to recrystallize, wiping out the massive forging grains and
annihilating the stored strain energy®.

1. The steel is heated slowly and evenly until it reaches the point of decalescence. At

724°C

approximately (depending heavily on carbon content), the steel undergoes a
fundamental atomic phase shift from a body-centered cubic (bcc) ferrite/pearlite
structure to a face-centered cubic (fcc) structure known as austenite®. During this
atomic rearrangement, the steel absorbs thermal energy without increasing in physical
temperature, casting a visible, moving shadow across the glowing metal
(decalescence)”’.

2. Once fully austenitized (slightly above the critical, non-magnetic temperature), the steel
is removed from the forge and allowed to cool exclusively in still, ambient air until it
returns to room temperature (or turns completely black)®.

3. Asit cools, it undergoes recalescence, transforming back to pearlite and nucleating
entirely new, vastly smaller grains®.

4. This thermal cycle is typically repeated three times, at slightly descending peak
temperatures, to iteratively refine the grain structure to a highly desirable microscopic
level®.

Tongs, typically fabricated from mild steel, do not require further heat treatment; normalization
leaves them tough, resilient, and ready for a lifetime of service®.

Quenching and Tempering High-Alloy Scrap (42CrMo4)

If the blacksmith is fabricating struck tooling (such as hardy cut-offs, punches, or small bench
anvils) from the scavenged 42CrMo4 forklift tines, normalization must be followed by a
rigorous quenching and tempering protocol .

o
The Quench: To achieve high hardness, the 42CrMo4 steel is austenitized between 840°C
870°C s : :
and . It must then be rapidly cooled (quenched) to bypass the formation of soft
pearlite and force the carbon to remain trapped in a highly strained, supersaturated
body-centered tetragonal (bct) crystal lattice known as martensite'™.
Crucially, the chosen quench medium dictates the cooling rate and the severity of thermal
shock. Due to the high hardenability provided by the chromium and molybdenum in 42CrMo4,
water quenching is excessively severe'. The volumetric expansion of martensite coupled with
the drastic thermal gradient of a water quench generates transient microscopic tensile
stresses exceeding 800 MPa at the junctions of the martensitic laths®*. This massive internal
stress easily exceeds the yield strength of the material, resulting in catastrophic quench
cracking'®. Therefore, 42CrMo4 and similar high-alloy steels must be quenched exclusively in
engineered quenching oils. Oil provides a slower, controlled cooling curve that minimizes
internal stress while still achieving full martensitic transformation (yielding an as-quenched



hardness of approximately 50-55 HRC)"™.

The Temper: As-quenched martensite is glass-hard and totally unsuitable for kinetic impact'®.
If struck, it will shatter like glass. The steel must be immediately tempered—reheated to a
sub-critical temperature to allow some trapped carbon to precipitate out, relieving internal
stress and restoring necessary ductility™.

540°C

For 42CrMo4 tooling subjected to impact, a tempering temperature between and

680°C 650°C

is required’. A higher temper at will drop the hardness to a highly resilient
28-32 HRC, maximizing the material's impact toughness (absorbing over 35 Joules of impact
energy via ISO-V notch testing) and rendering it virtually indestructible under the hammer'.

Part VI: Occupational Health and Safety Protocols in
the Forge

The manipulation of incandescent steel introduces acute industrial hazards. Adherence to
occupational safety standards—such as those outlined by the German Social Accident
Insurance (DGUV) and the Employer's Liability Insurance Association for the Energy, Textile,
Electrical, and Media Products Sectors (BG ETEM)—is mandatory to mitigate catastrophic
injury®’.

Inhalation and Chemical Hazards

Zinc Fume Fever: Under no circumstances should the blacksmith heat, cut, or forge galvanized
steel (such as hardware store plumbing pipe or plated brackets). Galvanized steel is coated in a

400°C

sacrificial layer of zinc. At temperatures exceeding , the zinc rapidly vaporizes and
oxidizes upon contact with ambient air to form zinc oxide particulates’. Inhalation of these
sub-micron fumes causes acute zinc fume fever—a severe toxic reaction characterized by
violent chills, nausea, a metallic taste, and high fever manifesting 4 to 10 hours after exposure’.
If a salvaged scrap piece is suspected of being plated, it must be completely avoided or
chemically stripped in a cold acid bath prior to any thermal exposure.

Carbon Monoxide and Atmospheric Toxins: Solid-fuel forges burning coal or charcoal rely on
deep, oxygen-starved fuel beds to create a reducing atmosphere®. The chemical byproduct of

this incomplete combustion is carbon monoxide ( )*. CQOis an invisible, odorless gas that

aggressively binds to hemoglobin, causing rapid asphyxiation. The operation of any solid-fuel
or gas forge in an enclosed space is an extreme, lethal hazard. Workspaces must feature active,
high-volume cross-ventilation or purpose-built industrial extraction hoods®’.

Respirable Crystalline Silica: The fabrication of traditional refractory linings utilizing clay,
high-silica sand, or grog (crushed firebrick) introduces the risk of aerosolizing respirable
crystalline silica’”®. Prolonged inhalation of silica dust causes silicosis and is classified as a severe
carcinogen. All mixing of dry refractory powders must be done as a "wet-work" process to bind
the dust, and N95 or P100 particulate respirators must be worn during preparation”®.
Combustible Dust Explosions: The accumulation of fine metal dust or coal dust presents a



severe explosion hazard. Under the STOP principle (Substitution, Technical, Organizational,
Personal) recommended for minimizing explosive risks, work areas must be regularly cleared of
fine particulates, and dry sweeping must be replaced with wet-wiping or industrial vacuuming
to prevent aerosolizing explosive dust clouds’".

Tool Safety, Heat Stress, and Kinetic Hazards
Heat Stress and Ergonomics: Forging adjacent to a radiant heat source frequently elevates

(o]

the ambient working temperature above 35°C , classifying the forge as a high-heat
workplace (Hitzearbeitsplatz) under DGUV Information 213-0027% The human body requires
approximately 14 days to fully acclimatize to these conditions’. Without acclimatization, the
risk of heat exhaustion and life-threatening heat stroke increases exponentially’?. Operators
must increase fluid intake well beyond the standard 2.5 liters per day and immediately cease
work if symptoms of headache, nausea, or dizziness manifest’.

Kinetic Hazards and Acoustic Trauma: DGUV Information 209-001 strictly dictates the
maintenance and proper application of hand tools in metalworking environments”>.

1. Mushroomed Tooling: Hammer faces, punches, and chisels must be routinely dressed
to remove "mushrooming“—the localized flaring of metal at the striking end. Struck
mushroomed metal can violently spall, ejecting shrapnel at bullet velocities”™.

2. Structural Integrity: The use of files or hardened rasps as makeshift struck tools is
strictly prohibited. High-carbon tools that have not been tempered appropriately for
impact will shatter explosively when struck by a hammer”.

3. Tongs: Tongs must grip the workpiece with absolute, redundant security”’. Using
incorrect jaw profiles, or substituting slip-joint pliers, guarantees that the workpiece will
eventually slip under the kinetic impact of the hammer, launching glowing steel across
the workspace®.

4. Acoustic Trauma: The ringing of an undampened anvil routinely exceeds the 85 dB(A)
threshold mandated for hearing protection’®. In addition to the mechanical dampening of
the anvil utilizing silicone, operators must employ personal protective equipment (PPE)
such as earmuffs or custom-molded earplugs to prevent irreversible noise-induced
hearing loss”°.

Conclusion

The successful transition into the craft of blacksmithing is defined not by the purchase of
pristine, expensive tooling, but by the intelligent, metallurgically sound adaptation of industrial
scrap. By acknowledging the complex pearlitic microstructure of AREMA-grade railroad track
and the deep-hardening Q+T mechanics of 42CrMo4 forklift tines, the novice can fabricate a
massive, highly efficient starter anvil. Modifying this geometry to place columnar mass directly
under the hammer, radiusing the edges to eliminate stress risers, and utilizing the acoustic
impedance properties of silicone caulk to deaden vibration ensures maximum kinetic transfer
and absolute occupational safety.

Furthermore, the sequential fabrication of the blacksmith's first pair of tongs—mastering the



90

-degree set-down, the isolation of the boss, and the structural superiority of the

hot-punched rivet hole—provides the mechanical literacy required to forge all subsequent
tooling. Coupled with a rigorous adherence to proper thermomechanical normalizing protocols
and an uncompromising respect for respiratory, acoustic, and kinetic safety guidelines, the
beginner establishes a foundation of metallurgical competence capable of enduring a lifetime
at the anvil.
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