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Summary

Archeological finds all over Scandinavia support the ides & knife was a common implement. Viking Age graves nedwgygs include a knife,
positioned as if it were worn on or suspended from the beltla®dd's location in the Baltic Sea made it a major tradingeemozens of knife
artifacts have been found in the grave fields of Gotlandh Wighly decorated sheaths. These knife sheaths were thieaitisn for this project.

My primary source is a collection of photographs of many &uadlic knives and sheaths dating to the Viking Age. The krébege similar
characteristics. A sheath covers the entire length of tlife kand a loop in the handle to enables the knife to be withdra he sheath consists of
leather cut to fit around the knife, held together with brstsset, often decorated, that was riveted in place. The siegat often forms a protective
end cap. Additional sheets of metal are sometimes usedfmree the top of the sheath, and other bits of metal area@atong the edge to hold
everything together. One or more iron rings attach the $htea chain or strap suspended from the belt.

I cut the wood for the handle from some scrap | had in the shpptdhased the knife blade and brass sheet, and made trefromtcopper wire. |
used steel nails and wire to make the tools and rings | neédsed both hand tools and power tools for various parts optbgct.
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There were many steps to this project. | carved a wooden bamdi attached it to the blade. Then, | designed the shedtthecleather and metal,
decorated the metal, and riveted the sheath together. fais@d the iron rings, forged a spade bit to drill the handtej made chasing tools to
decorate the sheet by forging and grinding them.

This was the second sheath and handle of this type that | hade nand | was able to use my experience from the first atteanpake this one
faster and with a better result.

Historical Documentation

There are many archaeological finds of knives in the Vikiragld. In the Norse culture, a knife was an everyday objedt¢ha be found in the
graves of both men and women (Carlsson 6). The knife was lyqlated near the belt area of the body (Carlsson 7).

Gy 222 A, from Thna, Helba parish, Godand, Swedan

This drawing shows the position of the
knife in one such grave (Carlsson).

Note the decorative belt separator near
the knife and comb. Such a piece of
hardware, integrated as it is into the belt
must have been the attachment point fol
something the man carried at all times. *
The sturdiness of the separator further
suggests that the attached object had a
of weight to it. This object could have
been a purse or a knife sheath, or both.

The apparent distance between the knife
and the belt suggests that the knife was
suspended below the belt, from a strap or
chain.

Knife Handles

Usually, only the metal parts of a knife survive hundredsedng. This knife is from a female grave at Ihre in Gotland [&an). All that remains
are the blade, tang, and remnants of silver wire wrappedeatitid of the handle nearest the blade.
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A closer look at the same wire wrapping shows that the silver
appears to be wrapped very carefully, one coil next to the las

The ends of the coil, visible in the upper left part of this gea
show the end tucked under the coil. Archers use a speciafténot
secure the ends of the string when wrapping a serving. Thgstr
is left as a loop under the coils and, when wrapping is coraplet
the free end goes under this loop and the loop is then putibd ti
between the two ends, binding the string under the nowetiggd
coils. In making this project, | learned that this knot, with
modifications, would work for wire wrapping.

In some cases, the blade is better preserved. An examplewndielow (Carlsson), where it is possible to see the blathepe clearly. The back of
the blade has a slightly curved shape.

On rare occasions, some of the wood survived. One such egdroph a female grave is shown below, from several angledg§ar).
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This view of the back of the handle also
includes the bronze sheath, where the leather
has been reconstructed to show how the bronze
plates would have originally looked.

This view of the handle, as well as the bronze
sheath components, clearly shows that it is not
round but has an oval cross-section.

Knife handles tended to be about 10 cm long,
regardless of the size of the blade. Men tended
to have larger knives than women.

Sheaths

The sheaths have a similar problem as the blades -- only thed paats tend to survive. The drawing below (Carlsson) shthe basic parts of a
Gotlandic sheath. The sheath is long

T T Moen saraby 103 o enough to cover not only the
blade, but the handle. This
requires an iron ring in the
handle to help remove the
blade (Carlsson 9), though
such aring is not seen on
the artifacts previously
pictured. The dimensions
shown here are typical of a
woman's knife. The man's
knives had similar size
handles but the blades
varied in length from 10 to
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40 cm (Carlsson 7). The sheath is covered with thin bronzetsheften decorated. These bronze sheets stiffen theeleatiotect the end, reinforce
the sheath opening, and provide attachment points for tigs from which the sheath hangs. Rivets hold it all togetisually placed all along the
edge where the leather folds meet. The exact cut of the breimzets varies from one sheath to another.

One example of a sheath still in position around the knifdn@as here from a female grave
(Carlsson). This sheath has a tip
protector, two reinforcing sheets that
wrap around the stress points of the
sheath (the hilt and pommel positions

of the knife), and side plates that join the other sheetdbegalong the length of the handle. Note also that, in thésmple, the tang projects from
the back of the handle. If this knife had a ring, it was propatttached here but has rusted away. Note also the largenbatehe middle of the side
plates, where a ring or chain attached, to suspend the koife the belt.
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Another view of the same knife shows the
oval shape of the handle. It is clear that the
bronze sheets are very thin, and the side
plates were folded over the reinforcing
sheets prior to riveting.

Enife biado

Pari of the
ahaath

The thickness of the sheath where the side
— Knkfis tang plates join suggests that a somewhat thick
leather was used in making the sheath, or
that a welt (extra strip of leather) was laid
in the seam. A welt would prevent the
blade's edge from catching when the knife
was inserted into the sheath.

Some decoration, in the form of "step
pattern” cut-outs, can be seen along the
inside edge of the side plates. There are
also some simple chased lines visible along
the edges of the plates. The decoration is
very simple on this example.

A better view of the thickness of the metal, and the distaretevéen the side plates, is shown in this picture of a sheatminstill riveted together,
from a female grave (Carlsson).
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The side plates are somewhat less than 1 mm thick, and tfendésbetween them is about 4 mm. This thickness is about em8dhicknesses of 7
oz leather, which supports the possibility that a welt wasetl between the edges of the leather.

&
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Decoration

Sometimes the decoration was more
complex than the simple lines in the
example above. This close-up of a
bronze end cap (Carlsson) shows a
pattern made by rows of marks made
by a technique called chasing. It further
shows that the artist planned the
locations of the rivet holes, as the
decoration goes around them. It would,
in fact, be easier to perform the chasing
and drill the rivet holes before
assembling the sheath.

Decoration lines

Another example of complex decoration is shown in the sidéegbelow (Carlsson). Below the hole for the suspensionisireg'step pattern” cut-
out. Decorating the surface of the side plate are rows afgritar punches with 3 raised dots in each. This could be datheaviriangular punch

with 3 holes, a tool which would have been difficult to makeslalso possible, though unlikely, that the triangle wasghed with the chasing
technique using a triangular punch and then the 3 dots werehea from the back side using the repousse’ techniquehBartifact, it appears that
the craftsman applied the decoration with no thought as &ravthe rivets would go, because some of the rivet holesgthecdecoration. Finally,
the edges of the step patterns have thin slits cut paraltbetedge. These cuts extend beyond the corner, doubtlessoamade by the craftsman.
These cuts make it clear that the step pattern was cut wittvasd, furthermore, that the vertical cuts in each step waterbafore the horizontal
cuts. This side plate also shows the large hole for the sggperning that was sometimes used to attach the knife to theAmwith other examples,
this hole is located near the middle of the side plate.
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Punch decoration in the form of triangels with three small dots in each

The techniques for making these decorations included sg\iiimg, chasing and, perhaps, repousse’. While theramargritten sources from Viking
Age Scandinavia to explain how the Norse did these arts, svodi later time periods can fill the gaps in our knowledglee Technology of
metalworking is believed to have changed little during thieldie Ages. The main advances during that time were in theofiskemicals for parting,
assaying, and pigments (Agricola 354), so it is likely thastrother tools and techniques from later periods could péepto the Viking Age.

Theophilus, a 1@-century monk, described how to make files (93) and chasimgpes (92) by forging, grinding, and case-hardening i&dn 94,
95). He describes shaping sheet metal with shears (155)isd@lescribes chasing and repousse’, where sheet metatesdpn a yielding surface
and struck with a punch to produce indentations (156-157¢ophilus describes how to make and use chaser’s pitch13@p-a mix of pitch, wax,
and powdered tile. Leather on a smooth anvil works as welljgh leather cannot hold the work steady as pitch does. ldedakscribes hammering
metal into sheet metal (150, 156), a labor-intensive potest | was unwilling to attempt for this project.

At the Danish National Museum, | saw an assortment of torlggsphammers, chisels, files, gravers, and other toaisuiere likely to have been
used in carpentry but some of which could also be used in metking. The museum display did not provide any informatiarto where these
tools were found, but the display was in the Viking Age wingled museum. The Mastermyr find, from Sweden, also has sitoitds (Arwidsson
12-17).

Finishing the metalwork consists of shaping, smoothing, @alishing. There were many abrasives available in pedbdsen by their availability
and effectiveness on the material being worked. Theoptissribes the process of shaping with a flat hone (102) bsdladstone (189). He
describes a variety of files (93) and wire brushes (86) fapstg and smoothing harder metals such as brass and broezeddribes smoothing as
done with a piece of oak covered in ground charcoal (102)yer$and and cloth (152). He describes polishing with a cloteied in chalk (102) or
powdered clay tiles and water (128), or saliva-moistenedkestollowed by ear wax (115). Biringuccio describes shgia done with files,
smoothing with cane dipped in powdered pumice (366) or saddater (390), and polishing using tripoli powder (366, 304 a wheel of copper
or lead covered with powdered gems (122), emery (123), @& (B72).

Bronze or Brass?

The sheath artifacts pictured above are described as beidg of bronze. My theory, however, is that the metal usedi@khife sheaths from
Gotland was probably brass, rather than bronze.

Copper alloys are classified by the proportion of lead,aim zinc they contain. High levels of tin create bronze, vhigh levels of zinc create
brass, with gunmetal in between. After lying in the grounddenturies, these alloys all tarnish and become coatedgnétn copper oxide. The
differences between them are no longer apparent withoafudaanalysis.

| asked the author, Professor Carlsson, about this, ancgtezighat he was not certain what alloy was used for the shddéhreferred me to a
metallurgist, whose article clarified that copper allogifacts from Sweden and Denmark were predominantly bragdynonze (Séderberg).
Analysis of crucibles from Coppergate, another Norse sitefthe same time period, have shown that craftsmen tendesktahatever alloy they
had, but brass was much more common than bronze (Bayley, 89 ®xperiments with hammering bronze into sheet have shbainit would be
extremely labor-intensive, because bronze is much hahndertirass and requires more frequent annealing. For thesens, | believe the artifacts
were made of brass rather than bronze.

Materials and Process

To modify the knife and create the sheath, | used elements tie artifacts shown above.

Knife Handle

I cut the wood for the handle from some scrap wood | had in tlog shshaped the handle using a drawknife, knife, and saratpapthat order. In
period the smoothing function would have been done by scsapat my limited ironworking skill precludes making a soea for multiple-radius

curved scrapers that the handle would require. When thelbaras done, | drilled it as deep as my drill bits would allovy. d&scillating the drill bit
and scraping with a tiny chisel, | was able to widen the opgtiraccept the tang, which tapered from the blade down todhenel.
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The modern drill bits were not long enough to reach throughehngth of the handle, so | used a long steel nail to make andpibd forged the end
into a rough spoon shape, then ground it until the edges viamp sThis created a spoon bit long enough to reach throwgletiyth of the handle. It
worked remarkably well, penetrating nearly as fast as a mmodell bit, though it required frequent removal of the sawticompared to the modern
twist drill bits which remove the dust automatically.

| purchased the knife blade. The blade | purchased had amegytang, and | needed a way to anchor the ring to the handlelesided to run the
tang all the way through the handle and drill it for the ringnhealed the tang, forged the end of the tang flat, and dlleole for the ring. |
finished the blade by giving it a light coating of wax to prcité from fingerprints.

I heated the tang again, and heat-set it into the drilled leaf#cause the wood was well cured and dry, the heat settisgit tight, so | melted
some pine resin onto the tang and then put the handle backwapped steel wire around a mandrel and sawed through theadoim the handle
ring, which | put into the hole | had drilled in the back of treng.

To finish the handle, | used beeswax. | had previously rulthedeeswax into the wood, but this time | tried somethinfedéit. | rubbed the wax
into the wood, then used an oil lamp to slightly melt the wast pnough that it turned shiny. This caused the wax to sdakhe surface of the
wood and deepen its color. | polished it smooth with a linentciBeeswax protects the wood from both moisture and dsyreasl would have been
available to a Norse craftsman. It has the added advantage/tten you hold the knife for a minute, the wax softens sljgiid sticks to your hand,
improving your grip on the handle. The disadvantages ofkind of finish are that it must be rewaxed periodically, anldas a tendency to pick up
dirt and dust. | also decided to wrap the handle with wireagbise it seems to have been a common handle decoration anthiehadterials handy.

Wrapping the wire was the most challenging part of makinddfiée handle. As mentioned in the documentation above, regrthwas that the
artists used something similar to the knot used by archessapping string servings. After some experimentationstdiered a similar technique
that is effective and gives a result much like the artifalctsed 24-guage nickel wire left over from a previous prajdlitkel has an appearance
similar to silver, resists tarnish better, but is much haedel thus more difficult to use.

Begin with a 24-guage (0.5 mm) wire about double arms' lerigliimp the knife blade in a vise with the handle out, prefgrnging off the edge
of the workbench for easy access.

First, make a loop with the end of the wire as MAKE A LOOP WITH FREE END
shown to the right. The loop should be a gentle

curve, 2 or 3 inches from one end of the wire. It
should lie along the handle, pointed away from
the blade. Wrapping away from the blade make
it easier to wrap and to keep the wire tight.

LOMNG WIRE

Start wrapping the wire away from the free end FREE END
Every 2 or 3 turns, pull the long end tight while [ = _

you snug the wrappings tight against each othe |-
with your fingernails, so each wrap lies next to
the previous wrap. When pulling the wraps tigh [~
slide them away from the blade because the |
taper gets larger in that direction, tightening the |,
wraps.

When you get near the end of the loop, or your
long wire is getting short, slide the end through [
the loop (over then under) as shown to the righ |-
You must resist the temptation to get "one mort
wrap." You need the two ends to be long enouc|
to grab securely, with pliers or by twisting them -
onto small dowels. Pull the long end down
firmly, and at the same time grab the free end
(the one with the loop) and pull it very tightly.
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The loop will slide under the wire wrappings, PULL
pulling the long end with it, as shown to the 2 .
et
- —
il

right. This tightens the wrappings as it pulls the [ =
ends underneath. The free end (upper wire int/f|=— _
diagram) will most likely break off. Youcan |- o
then cut the long end (lower wire in the diagran |
close to where it comes out from under the
wrappings and tuck it back under. After

wrapping the wire, | polished thd%Bcoat of

beeswax. This completed the knife handle. The wrapped watesithe handle more attractive and easier to grip firmly.
Sheath

I purchased the brass sheet used to make the sheath, beaisg my own sheet metal would add dozens of hours to the girdjased brass
instead of bronze because it is more easily available intshaed because | think it was probably the actual matered as discussed previously.
The artifact photos show that the original bronze sheet wagthin, so | used the thinnest brass | could find.

The leather was left over from another project. | made thetsifrom 10-guage copper wire. | used forging, grinding, eesk-hardening to make the
chasing tools from steel nails.

| began by tracing the knife's profile onto some card stduk,dame approximate thickness as the brass. | cut this taegdfd around the knife, and
carefully cut it down until | had a reasonable fit. | then tdchis pattern onto leather and repeated the proces:yddide leather around the knife
and trimming until I had the fit | wanted. | then pinned thethes in place.

I measured the leather with the knife inside, to determieediimensions of the sheet metal pieces, and cut more caditmtast the fit. | also made
an end cap from cardboard. | decided on 3/4 inch as the badth wf the reinforcing bands, because it gave the correctesefiscale compared to
the original artifacts. Because this was my second knifecided to make it more complicated by using a tapered shapkdaide plates and to
have them extend all the way to the end cap as was done in stifaetessheaths. After checking these measurements, | stveesheet metal into
the 4 main parts needed: side plates (one long piece), 2reinf bands, and the end cap (roughly crescent-shaped).

The next step was to anneal the metal prior to chasing it. Mypegent did not allow me to anneal the entire sheet of metaljgh that would have
made cutting it easier, so | had to anneal after sawing outéttal. | heated the sheet metal pieces to red-hot and alltveea to cool. This softened
the metal a great deal, as the process of rolling it into shiethie factory had work-hardened it. | then dropped the nietabickling bath to clean
away the copper oxide on the surface. For a pickling solutiosed vinegar with some of the water evaporated off, whsamiich safer (though less
effective) than the acids used in period.

As a chasing pattern, | used a simple row of triangles. | ushihgpiece of leather on the anvil as a chasing surface. Tasmy second attempt at
chasing, and the results are much better than with my firée lameath. Since the reinforcing bands are reversiblet theubest-decorated parts to
the right side of the sheath, where they are visible when tiife ks worn. 1 also chased my signature rune into the left qikhte.

Next, | had to form the metal to shape. Bending the end caphleabigigest challenge. To solve it, | cut some scrap wood h#same shape as the
sheath end and used that as a form over which | bent the metadliiy the other parts to shape was easy with square-jars plibe side plate and
end cap required a second annealing, and subsequent giakliget the shapes correct. When the metal was ready fambabse polished it with a
linen wheel and black rouge, which gives similar resultserdgd methods, but in a fraction of the time. The processliéstof rouge in the chased
areas, highlighting the decoration. Finally, as a purelylera convenience, | put a coat of car wax on the brass to slewatimishing process.

I assembled the sheath, with the knife still in it, markeddhi# holes with a center punch, and drilled the rivet holest each rivet, | drilled one
hole, sank the rivet, realigned the leather, and repeatedrtcess for the next rivet. When one piece of brass was tioraed to the next. This
procedure takes longer, but I have found it works better @pkag everything aligned properly and correcting any riestsammediately. The
exception was the side plates and reinforcing bands, wtadhdbe done all at once. This was the most challenging péneaissembly phase. My
experience with rivets was, to this point, limited to makéggnbs and repairing my armor. Unlike antler, wood, and sthelbrass showed hammer
marks for every time | missed the rivet, though the resulteevbetter than on my first sheath. | decided the marks werevadh polishing out, since
any attempt at polishing risked staining the leather.

The exact means for suspending the sheath from the belt @e®tfrom my research. It may have varied. | decided to usearring, which |
could document, attached to a simple loop on the belt. As thighartifacts, | located the ring so the knife hangs at a pigaangle. | heated a steel
rod until it glowed a dull orange, wrapped it around a mandrnetl sawed through it to form the suspension ring. Then, &durass strip, drilled it,
folded it, and riveted the leather loop in place, giving itadftwist so it would hang from a belt without twisting the ki | decided not to decorate
the brass on the suspension loop, since it is barely notieeedxt to the sheath, so it shows its original non-anneatedacquered color.

Conclusion
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The handle and sheath took 15 hours to make. This is signtfindhat the first handle and sheath took 21 hours, dedpétgteater complexity and
decoration of the second one. Clearly, | learned a lot matkiadirst sheath, which directly reflected in making thisgrgn
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