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I did not make this project for any specific A&S tourney. | neditibecause | wanted an authentic Gotlandic-style Norde kHiowever, | burned my
fingers a few times in the process of forging some of the taaliron rings that were necessary to the project, so | dddhu it fit the parameters
of "things made with heat" for the Tourney of Ymir 2004.

Summary

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

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

| cut the wood for the handle from a pear tree in my back yardrtipased the knife blade and brass sheet, and made thefroratsopper wire. |
used steel nails and wire to make the tools and rings | neédsed both hand tools and power tools for various parts optbgct.

There were many steps to this project. | purchased a knifteldad modified it by grinding and acid-etching, to more elpsnatch the Gotlandic
blades' appearance. | carved a wooden handle and attadbetétblade. Then, | designed the sheath, cut the leathematal, decorated the metal,
and riveted the sheath. | also formed the iron rings, forgegaale bit to drill the handle, and made chasing tools to @¢etine sheet by forging and
grinding them.

I learned many things making this sheath. | did not let thedwoare long enough before using it, causing the sap to botl duping the heat-setting
process. | learned some basic forging to make the requiasgl. tcexperimented with rudimentary acid-etching. | depeld a wire-wrapping
technique. | ran into a problem when | discovered, afterrabtiag the sheath, that the brass sheet was coated in la@qneecorrecting this taught
me several things. Finally, | learned to decorate sheetlmsitag the chasing technique.

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 waslyglated near the belt area of the body (Carlsson 7).

This drawing shows the position of the knife in one such g(&aglsson). i

Note the decorative belt separator near the knife and comh 8 piece of hardware, integrated as it is into the beltf image ¥ "= foforme

been the attachment point for something the man carried ttnals. The sturdiness of the separator further suggeatshb f -"’ ﬁ" TS
N\ -—

attached object had a bit of weight to it. This object couldehbeen a purse or a knife sheath, or both.

ff =
=

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

Knife Handles

Usually, only the metal parts of a knife survive hundredsesdng. This knife is from a female grave at lhre in Gotland [&an). All that remains
are the blade, tang, and remnants of silver wire wrappedeatrtid of the handle nearest the blade.

B Siteer wirm
- Targ

A closer look at the same wire wrapping shows that the silgeears to be wrapped very carefully, one coil next to the last
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The ends of the coil, visible in the upper left part of this gaashow the end tucked under the coil. Archers use a spewatdksecure
the ends of the string when wrapping a serving. The stringftsab a loop under the coils and, when wrapping is comple¢efree end
goes under this loop and the loop is then pulled tight betwleetwo ends, binding the string under the now-tightenels$ cloi making

this project, | learned that this knot, with modificatiomsuld 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).

e e n

This view of the back of the handle also includes the broneaith where the leather has been reconstructed to show kow th
bronze plates would have originally looked.

This view of the handle, as well as the bronze sheath compsnaaarly shows that it is not round but has an oval crostiese

Knife handles tended to be about 10 cm long, regardless dcfileeof 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

~ j enough to cover not only the blade, but the handle. This reguin iron ring in the handle to help remove the blade
Se— i1 (Carlsson 9), though such a ring is not seen on the artifaetgqusly pictured. The dimensions shown here are typital o
w1 [ woman's knife. The man's knives had similar size handlethieublades varied in length from 10 to

40 cm (Carlsson 7). The sheath is covered with thin bronzetsheften decorated. These bronze sheets stiffen theeleattotect the end, reinforce
the sheath opening, and provide attachment points for tigs from which the sheath hangs. Rivets hold it all togetisrally placed all along the
edge where the leather folds meet. The exact cut of the brsimzets varies from one sheath to another.

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

of the knife), and side plates that join the other sheetshagalong the length of the handle. Note also that, in thismple, the tang projects from

the back of the handle. If this knife had a ring, it was propaittached 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.

Another view of the same knife shows the oval shape of thelpaitds clear that the bronze sheets are very thin, and the si
plates were folded over the reinforcing sheets prior totiige

. The thickness of the sheath where the side plates join stgjhed a somewhat thick leather was used in making the sharath
that a welt (extra strip of leather) was laid in the seam. Atweluld prevent the blade's edge from catching when the kwéfe
inserted into the sheath.

Some decoration, in the form of "step pattern” cut-outs,lmmseen along the inside edge of the side plates. There arscuse
simple chased lines visible along the edges of the platesd€boration is very simple on this example.

A better view of the thickness of the metal, and the distareteséen the side plates, is shown in this picture of a sheatmistill 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.

Decoration

Sometimes the decoration was more complex than the sinmge iih the example above. This close-up of a bronze end cap
(Carlsson) shows a pattern made by rows of marks made by aitgehcalled chasing. It further shows that the artist péahn
the locations of the rivet holes, as the decoration goesrthem. It would, in fact, be easier to perform the chasirddxil

== the rivet holes before assembling the sheath.

Another example of complex decoration is shown in the sidéegdbelow (Carlsson). Below the hole for the suspensionisirg'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 makaslalso possible, though unlikely, that the triangle wasghed with the chasing
technique using a triangular punch and then the 3 dots wearehmal from the back side using the repousse' techniquehiBartifact, it appears that
the craftsman applied the decoration with no thought as &ravthe rivets would go, because some of the rivet holesetbecdecoration. 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 ssgpenng that was sometimes used to attach the knife to theAmwith other examples,
this hole is located near the middle of the side plate.

Parch daceratian in His o of TuAnges sith mres waal dais in sach

The techniques for making these decorations included ggWiiimg, chasing and, perhaps, repousse’. While ther@aargritten sources from Viking
Age Scandinavia to explain how the Norse did these arts, sviodin later time periods can fill the gaps in our knowledgee Technology of
metalworking is believed to have changed little during thieldfe Ages. The main advances during that time were in thefiskemicals 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 iédn 94,
95). He describes shaping sheet metal with shears (155)isdelescribes chasing and repousse’, where sheet metatesdpn a yielding surface
and struck with a punch to produce indentations (156-157¢0philus describes how to make and use chaser’s pitch13@0-a mix of pitch, wax,
and a mineral powder such as powdered tile. Leather on a Braagtl works as well, though it fails to hold the work steacdsh can do. He also
describes hammering metal into sheet metal (150, 156)ca-latensive process that | was unwilling to attempt fosthioject.

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

Finishing the metalwork consists of shaping, smoothing, @olishing. There were many abrasives available in pedbdsen by their availability
and effectiveness on the material being worked. Theophissribes 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 broazieddribes smoothing as
done with a piece of oak covered in ground charcoal (102)er $and and cloth (152). He describes polishing with a cloteied in chalk (102) or
powdered clay tiles and water (128), or saliva-moistenadkstollowed by ear wax (115). Biringuccio describes shgia done with files,
smoothing with cane dipped in powdered pumice (366) or saddhater (390), and polishing using tripoli powder (366, 304 a wheel of copper
or lead covered with powdered gems (122), emery (123), @& (Bi72).

Bronze or Brass?

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

Copper alloys are classified by the proportion of lead,dimj 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.
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| asked Professor Carlsson (the author of the source foe teact photos) about this, and he stated that he was rtaircevhat alloy was used for
the sheaths. He referred me to a metallurgist, whose aditdéied that copper alloy artifacts from Sweden and Derkmeere predominantly brass,
not bronze (S6derberg). Analysis of crucibles from Copatrganother Norse site from the same time period, have stimtoraftsmen tended to
use whatever alloy they had, but brass was much more comraarbtionze (Bayley, 807). My experiments with hammering beointo sheet have
shown that it would be extremely labor-intensive, because#® is much harder than brass and requires more frequeeatmy. For these reasons,
| 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 a pear tree in my back yardehtsealed the cut ends with wax to allow it to cure slowly amdmize cracking
until it was time to use. Pear wood is fairly hard, light in@glwith a barely visible grain. The handle came from a knbtnch, so it has some
interesting grain patterns.

| shaped the handle using an axe, chisels, drawknife, katifé sandpaper, in that order. In period the smoothing fandtperformed with
sandpaper would have been done by scrapers, but my limaeddarking skill precludes making a scraper for multiplelites curved surfaces that
the handle would require. When the handle was done, | diillas deep as my drill bits would allow. By oscillating theldbit and scraping with a
tiny chisel, | was able to widen the opening to accept the,tathgch was thin and tapered from the blade down to the end.

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 throgletiyth 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. It was made in Sweden from patigiarbon steel and its profile is similar to the Viking Agevies, but the back was
too angular and the blade too polished to be really authefitie blade | purchased had a very long tang, and | needed aveaighor the ring to the
handle, so | decided to run the tang all the way through thellleaand drill it for the ring. | annealed the tang, forged tine ef the tang flat, and
drilled a hole for the ring. To make the blade more authehticound the back into a smooth profile. Then, | drew a pattarithe surface with a
block of wax and soaked the blade in vinegar. The wax restbtedcid, and the result was an acid-etched blade that résepditern welding, at
least from a distance. | finished the blade by giving it atigbating of wax to protect it from casual handling.

| heated the tip of the tang red hot and pounded it flat, théledra hole for the ring. | heated the tang again, and hetit-seo the drilled handle. |
wrapped steel wire around a mandrel and sawed through thieadorm the handle ring, which I set into the hole | had ddllie the back of the tang.

To finish the handle, | applied 3 coats of beeswax. For eaah t@igorously rubbed beeswax into the wood, then polishechooth with a linen

cloth. Beeswax protects the wood from both moisture andesrynand would have been available to a Norse craftsmars thhadded advantage
that when you hold the knife for a minute, the wax softenshéljgand sticks to your hand, improving your grip on the handlhe disadvantages of
this kind of finish are that it must be rewaxed periodicadlgd it has a tendency to pick up dirt and dust. | also decideddp the handle with wire,
because it seems to have been a common handle decoratiohahthie materials handy. | applied and polished the firsta?scof wax, and rubbed

the 39 coat on, prior to wrapping the wire.

Wrapping the wire was the most challenging part of makingdfiée 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 shown to the righé loop should be a gentle curve,
or 3 inches from one end of the wire. It should lie along thedheypointed away from the blade. [

MAKE A LOOP WITH FREE END
Wrapping away from the blade makes it easier to wrap and tp #eewire tight. S s —

LONG WIRE v
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Start wrapping the wire away from the free end. Every 2 or Bgupull the long end tight while you FREE END

snug the wrappings tight against each other with your fingiés, so each wrap lies next to the 4
previous wrap. When pulling the wraps tight, slide them afwam the blade because the taper ge |
larger in that direction, tightening the wraps.

When you get near the end of the loop, or your long wire is ggtshort, slide the end through the
loop (over then under) as shown to the right. You must relsestémptation to get "one more wrap. [
You need the two ends to be long enough to grab securely, Vigspr by twisting them onto small |~
dowels. Pull the long end down firmly, and at the same tim® gna free end (the one with the loof |=

and pull it very tightly. =

The loop will slide under the wire wrappings, pulling the ¢oend with it, as shown to the right. Thi
tightens the wrappings as it pulls the ends underneath. fBleeshd (upper wire in the diagram) will [
most likely break off. You can then cut the long end (lowerenit the diagram) close to where it |~
comes out from under the wrappings and tuck it back undeerAftapping the wire, | polished the [=—

39 coat of

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

| purchased the brass sheet used to make the sheath, becddasg 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 weagthin, 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.

I began by tracing the knife's profile onto some card stdu,9ame approximate thickness as the brass. | cut this tdedfd around the knife, and
carefully cut it down until | had a reasonable fit. | then tdcahis pattern onto leather and repeated the processyddiae leather around the knife
and trimming until | had the fit | wanted. | then pinned thethea in place.

I measured the leather, with the knife inside, to deterntiieedimensions of the sheet metal pieces, and cut more caddtwozst the fit. | arbitrarily
decided on 1 inch as the basic width of the side plates antbreing plates, because it gave the correct sense of scalpared to the original
artifacts. | also decided on a simple rectangular shapeetsitte plates for this, my first knife sheath. | also made ahoap from cardboard. After
checking these measurements, | cut the sheet metal intortte@rbparts needed: side plates (one long piece), 2 reimiptzands, the end cap
(roughly crescent-shaped), and 2 small rectangular hokters.

The next step should have been to decorate the metal usichésing technique. In my enthusiasm, unfortunately, | bemend cap, side plates,
and one of the reinforcing bands to shape before | realized Inot yet decorated them or drilled the rivet holes. Benttiegend cap was the biggest
challenge. To solve it, | cut some scrap wood into the sampesha the sheath end and used that as a form over which | bemetaé Bending the
other parts to shape was easy with square-jaw pliers. Ghasiald have been easier while the metal sheet was flat.

As a chasing pattern, | used a simple row of triangles. Thecapt wooden form became the yielding surface on which lethttee decoration for
the end cap. A rectangular strip of wood served the same peroo the side plates. For the pieces that | had not yet beeed a thin strip of
leather on the anvil as a chasing surface. This was my fitsirgt at chasing, and | had problems with the tool wantindjpafdl failed to hold it
straight or hit it squarely with the hammer. This was mostlg tb my inexperience, because the brass sheet was toodhically good results, and
because | had not annealed the brass. Since all the pieagstétve end cap are reversible, | put the best-decoratesitpatte right side of the
sheath, where they are visible when the knife is worn. | alstsed my signature rune into the left side.

I assembled the sheath, with the knife still in it, markeddhi# holes with a center punch, and drilled the rivet holégnerally, | drilled one hole,
sank the rivet, realigned the leather, and drilled and eid¢he next hole. When one piece of brass was done, | moved tettt. This procedure
takes longer, but I have found it works better in keeping ytémg aligned properly. The exception was the side platesrainforcing bands, which
had to be done all at once. This was the most challenging ptre@ssembly phase. My experience with rivets was, to thiist plimited to making
combs and repairing my armor. Unlike antler, wood, and steelbrass showed hammer marks for every time | missed tee-fivhad no idea my

http:/lwww.willadsenfamily.org/sca/danr_as/knifeesith/knife-sheath.htm 06/04/2006 11:23:16 AM



Viking Age Gotlandic Knife Sheath Page 7

aim was that bad. To remove these, | used some polishing e/fwekite, black, blue, and pink) in my drill press. In perititey could have removed
such marks to the same level of detail using sticks or clgtipeli in abrasives as previously discussed, but | wanted/eorsgself a dozen hours of
work.

Polishing away the hammer marks revealed a problem -- ttesistzeet had been lacquered, so the polished areas shdrtertttign the non-
polished areas. | had to disassemble the entire sheath amd\ay the lacquer, which also annealed the brass, makingdh easier to work with. |
then used a vinegar solution to pickle the brass back to itmalocolor. | tried an experiment where | copper-flashedttess in the pickle. This
gave it the exact color of bronze, but | decided it would bevglmerable to tarnish, so | polished the brass with the bhegnk polishing wheels
back to its yellow color. Finally, | reassembled the sheaith vivets and polished out the hammer marks, taking caréond&émage or discolor the
leather. This added a couple of hours to the project time aaslawaluable lesson. In the future | will anneal any brasstdhat | use before
working with it, which will burn off the lacquer and make itfter.

The exact means for suspending the sheath from the belt @ewtfrom 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 near the middle of the sildégs so the knife hangs at
a pleasing angle. | heated a steel rod until it glowed a dalhge, wrapped it around a mandrel, and sawed through ittottoe suspension ring.
Then, | cut a brass strip, drilled it, folded it, and rivetbd teather loop in place, giving it a half twist so it would lg&nom a belt without twisting
the knife. | decided not to decorate the brass on the suspeluip.

Conclusion

It took 4 hours to make the knife handle, 1 hour to modify treediel, and 4 hours to finish the handle, plus an hour to makertdweyg and wrap the
wire. The sheath took 1 hour to measure and cut the leather ko measure and cut the brass, 3 hours to chase the bremgs3o drill and rivet
it all together, and an hour to polish it. | do not include timeet to disassemble the sheath, remove the lacquer, réipalisl reassemble it. Making
and attaching the suspension ring took another hour, falahdb21 hours.

For my next knife sheath, | plan to do several things diffdgeBy annealing the sheet metal, | will have an easier tinoekimg with the metals and
be able to experiment with more advanced decoration. Aimrgetiie copper wire will make riveting easier. The pear brawdl be further cured

with less sap to boil out and stain the wood. | will have to fanaiay to protect the brass after annealing, since removakdiicquer makes the brass
very vulnerable to fingerprints during decoration and agdg.
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