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WHEN DID DECORATION EVER TAKE PRECEDENCE
OVER FUNCTIONAL EFFICIENCY?

Abstract: Decoration was an important part of the value of armour, especially for the costly suits of plate. But decoration seldom
reduced the effectiveness of armour, as the 16" century armour “alla antica” was made of the best steel available, and gilded

Innsbruck garnitures were entirely functional.
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Even when armour was a prestige product, dec-
oration almost never took priority, as analysis of
surviving armour can show. Greek and Roman
bronze armour was not metallurgically inferior
to contemporary iron armour. The complete har-
ness of plate armour did not appear in 15t century
Lombardy until the problems of making steel plate
in quantity had been solved. The armours of the
Negroli family, and their contemporaries offered
their princely wearers entirely functional steel pro-
tection. Only the mass production of plate infantry
armoutr, especially during the 30 Years War, did
entail some sacrifice of decoration.

The earliest European body armour was made
of bronze (Molloy 2012, 273-294). Bronze armour
was every bit as effective as iron armour, but vastly
more expensive, since both copper and tin ores
were scarce. But it does lend itself to fire-gilding
more easily than iron, because iron does not form
an amalgam.

Iron armour becomes far more common than
bronze because iron ores are plentiful and easily
reduced at ~ 800°C by heating with charcoal. But
the iron formed is not melted while the particles
of reduced iron are sintered together by liquid
slag formed from the non-metallic parts of the ore.

It will go on to absorb more carbon on prolonged
heating and form “steel” in parts of the bloom. But
the diffusion of solid carbon in solid iron is slow,
and so the bloom remains heterogenous. Smiths
were well aware that some parts of the bloom were
different to others, they were harder and could
be made even harder than bronze by quenching.
These parts were “steel” (containing perhaps 0.5%
to 0.8% C), which fetched a much higher price.
In Medieval England, the difference was three
or four times (Thorold Rogers 1866-1882, passim).
Controlling the production of this very desirable
material was difficult, however. One alternative
to building a bigger furnace might simply to have
lots of small bloomeries, as were to be found in
the Holy Cross Mountains of south-central Poland
(Pleiner 2000, 46-73). Another alternative is to build
a bigger furnace.

But if one simply builds the furnace bigger, it
will run at a higher temperature, and the absorp-
tion of carbon by iron will be faster, and this will
lower the solidus temperature, at which some of
the alloy starts to liquefy. Unfortunately, as this is
happening the operating temperature is rising, so
that unless the procedure can be stopped in time,
the product is the eutectic, cast iron (m.pt. 1147°C)
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containing 2% or more carbon. Cast iron was
known to the Romans, who discarded it as being
unforgeable. But cast iron was made again in 12
century Sweden, and there decarburised to make
“osmonds” (Buchwald, 2005, 337). Cast iron-pro-
ducing “blast furnaces” are found in 14" century
France, where their (decarburised) products have
been identified in cathedral reinforcements (Dis-
ser et al. 2014, 315-333), and they became common
by the 15% century. Their products would have to
have been decarburised to make a forgeable iron,
and this process probably became widespread as
the source material of munition armour by the 16"
century, if not earlier, although more analysis of
munition armour needs to be carried out.

Much Early Medieval arms and armour had to
be fabricated from only the small pieces of steel that
were then available. A helmet might be made out of
several pieces of steel riveted together, rather than
the structurally preferable one-piece bowl (Williams
2004, 645-651). Steel edges are frequently to be found
welded to iron bodies for tools and weapons as late
as the 16" century (Wilson, Hildred 2011, 758), while
some (high-status) medieval swords were made
of numerous (perhaps three to six) pieces of steel
welded together (Kosta, Hosek 2014).

But harnesses of full plate armour needed large
plates of steel. Bloomery iron is brittle because
of its high slag content. Prolonged forging may
redistribute the slag, and improve the mechanical
properties somewhat, but it can only be removed
by melting the iron (as in the crucible steel process
of Asia).

Bloomery steel is harder, but tougher, because
the slag content is lower (since the fayalite inclu-
sions are reduced to silica by carbon). Making steel
plate in quantity seems to have been pioneered
in Lombardy, the home of capitalism. Workshops
like the Missaglia owned their own mines and
furnaces, so they controlled their raw materials.
Exactly how they controlled the products of their
furnaces remained, of course, a closely guarded
trade secret. When Biringuccio asked Brescian
steelmakers how they operated, they fed him
a complete fantasy. They claimed that a bloom of
iron was soaked in a bath of liquid cast iron for
hours until it formed steel (which it is very unlikely
to do). However, he also mentioned that they
added crushed marble. The only plausible reason
for do this is that calcium oxide from the marble
will displace iron from the slag, thus improving
the efficiency of a finery, which is what they were
operating, but keeping private (Biringuccio 1540;
see Williams 2003b, 143-151).

Milanese armour of the 15 century is notable
for its plain, functional shapes. It does not seem to
have been decorated by gilding before around 1510

(Williams 2003a, 215). The Italian masters had gen-
erally hardened their armours by slack-quenching
(giving a mixture of martensite and pearlite), so that
any subsequent fire-gilding overtempered the steel,
and the customer could not have his armour both
hardened and gilded. By contrast, the best South
German masters seem to have been able to combine
the tempering with the fire gilding, following a full
quench, since their microstructures consist only of
tempered martensite (Williams 2003a, 361).

For whatever reasons seemed important, most
customers chose the latter, gilding over harden-
ing. The “armour for parade” which was offered
by the workshops of the Negroli and Modrone
to nobleman who wished to dress up as Alexan-
der, or appear as a sea-serpent was made of steel,
usually of medium carbon content (0.5%-0.8% C),
and would have offered protection in battle, if the
wearer actually chose to enter a battlefield, against
everything but firearms (Fig. 1: 1-2).

By the late the 16'" century, decoration takes
precedence, and the metal of most Italian armour
deteriorates; Pompeo della Cesa seeks to have been
the last Italian armour to employ medium-carbon
steel. Field armours seem to have been made for
a different clientele in 16" century Italy, and sought
to increase defence simply by increasing thickness
(Williams et al. 2006, passim).

Germany developed later as a center of armour
production. The best armour of all was that made
in Innsbruck, which was reliant upon the bloomery
steel of Styria. Again, the precise details of the
furnace operations, although illustrated, remain
slightly obscured (Kurzel-Runtscheiner 1949;
Kostler 1986, 28-31). These furnaces supplied
the craftsmen of the Imperial workshop at Inns-
bruck who had been imported from Augsburg, in
the late 15 century, since they had mastered the
heat-treatment of steel. An armour probably made
by Lorenz Helmschmied for Maximilian (Chur-
burg 66) had an average hardness of 525 VPH.
Later the craftsmen of Landshut, Nurnberg, and
even Greenwich were also able to produce armours
of hardened steel for their wealthiest customers
(Williams 2003a, 451).

Tournaments
An interesting application of hardening techniques
is to be found in some of the tournament armours
of the Emperor Maximilian. Most tournament ar-
mours, since they were intended to be worn for
arelatively short period of time, were simply made
more protective by being made thicker (Williams
et al. 2012, 139-184).

Experimental jousting (Williams et al. 2016,
1-17) carried out by a team involving this author,
showed that the impact of a lance upon a breast-
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Fig. 1. Negroli helmet (1) & microstructure mostly of pearl-
ite (2) (magnify x 140 @ 12 cm) (1 - courtesy Kunsthistorisches
museum, Vienna; 2 - photomicrograph A. Williams)

Ryc. 1. Hetm Negroliego (1) i jego mikrostruktura (w wiekszo-
$ci perlit) (2) (powiekszenie x 140 @ 12 cm) (1 - dzigki uprzejmo-
$ci Kunsthistorisches museum, Wiederi; 2 — mikrofot. A. Williams)

plate delivered an impact energy of some 250 ],
compared with that of an average crossbow bolt
in battle of some 100 ] Reinforcements would have
been needed even to an armour “proof against
the crossbow” to withstand the impact of lance
in a tournament, especially if one jouster missed
his target, because then the kinetic energy of both
horses would be included in the impact. How-
ever, the “joust of war” (“scharfrennen”), which
a offered considerable prospect of being unhorsed,
was a particular favourite of Maximilian. Being
unhorsed while wearing a particularly heavy ar
mour, was much less attractive, and Maximilian
encouraged his armourers to make his armours
better, which seems to have resulted in “rennzeug”
made (unusually) of hardened steel (Fig. 2) (Wil-
liams et al. 2012, passim).

Mastering the techniques of hardening steel
enabled armour to be shaped before hardening,

Fig. 2. Rennzeug RVI (1) & microstructure (2) tempered mar-
tensite and ferrite (scale bar = 15 microns). Photo and photomi-
crograph A. Williams

Ryc. 2. Zbroja turniejowa RVI: (1) i jej mikrostruktura (2) -
hartowany martenzyt i ferryt (skala = 15 mikronéw). Fot.
i mikrofot. A. Williams

unlike the very hard steel of some Indian armour
(wootz) which could only be shaped when as hard
as possible. Such armours could also be decorated
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Fig. 3. One of “Adler” breastplate. Kunsthistorisches museum,
Vienna. Photo A. Williams

Ryc. 3. Jeden z napiersnikow od garnituru ,,Adler”. Kunsthis-
torisches museum, Wieden. Fot. A. Williams

by fire-gilding. However, this seems to have
been accompanied by some reduction in hard-
ness. Ungilded Innsbruck armours were made of
hardened steel, frequently of hardness 300-500
VPH, such as the boy’s armour made by Hans
Prunner for Philip the Fair (Vienna A.9) with an
average of 450 VPH, the armour made by Konrad
Seusenhofer for Archbishop of Salzburg (Vienna,
A.244) 468 VPH, or that made for King Ferdinand
by Michael Witz (127.044) of 400 VPH (Williams
2003a, 451-519).

The generously gilded “Adlergarnitur” (“Eagle
Garniture”) (Fig. 3) shows a slightly less hard steel.
This was a set of five armours for the battlefield
and tournaments made by Jorg Seusenhofer in
1546-1547 for The Archduke Ferdinand of Tyrol,
and which cost 400 guilders for the armourers
and another 265 for the gold (Eaves 2014; quoting
Gamber 1955, 45). This extra breastplate A638v
was catalogued by Ortwin Gamber as being for
the “frei-turnier” (tournament) (Gamber, Beau-
fort-Spontin 1990, 90-92). A sample taken from
inside consists of uniform tempered martensite,
with no visible ferrite or pearlite and very little
slag. This is a medium-carbon steel that has been
hardened by fully quenching and then tempering.
This sample was too small for microhardness test-

2 The bevor is Royal Armouries IIL.865.

Fig. 4. “Adler” breastplate microstructure (scale bar = 10 mi-
crons). Photomicrographs A. Williams

Ryc. 4. Mikrostruktura napiersnika od garnituru ,Adler”
(skala = 10 mikronéw). Mikrofot. A. Williams

ing but surface hardness (Krautkramer Sonodur)
testing gave an average of 350 VPH (Fig. 4) (Wil-
liams 2017, 53). Its average thickness was around
5 mm.

This breastplate had been described in 1547 as
proof against a half-hagbut shot (Eaves 2014, 51) and
its metallurgy suggests that for a breastplate of
this thickness and hardness this would have been
an accurate description. Although firearms were
not usually employed in tournaments, it would
have been a useful battlefield protection.

Most other parts of the garniture seem to have
been made out of steel which had undergone
some form of hardening, as was the case for the
high-quality products of the Imperial Workshop at
Innsbruck throughout the 16" century (Williams
2003a, 522).

An incomplete bevor in the Royal Armouries
demonstrates how this might have been done.
The bevor was forged into shape, with the heral-
dic decoration shaped into parts of the plate, then
hardened by quenching and a slight tempering,
before firegilding, which completed the temper-
ing? (ibid., 810).

Munition armour

Refining cast iron could enable the manufacture
of very cheap armour, generally for the infantry.
Some of this was incredibly cheap. For example,
in 1540 King Henry VIII bought, as well as guns
and gunpowder, armours for 3900 men at Cologne,
although it seems unlikely to have been armour
of high quality, since one batch of 1200 cost £ 454
(around 37 p each) and the other 2700 cost £ 630
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(around 24 p each) (Letters & Papers 1900, 390-391,
No. 712). Even allowing for a very simple construc-
tion, these infantry armours must have been made
of very cheap iron.?

Graz was a crucial stronghold in the defence of
Central Europe against the Turks. It was a consid-
erable center of iron production, and indeed, still
contains the largest armoury in the world. Nev-
ertheless, during a panic about Turkish invasion,
armour was bought in from outside. A shortage
of landsknecht armours, led to large numbers of
infantry armour to be bought from Niirnberg in
1578/9 and Augsburg in 1599. Despite the trans-
port costs from the other side of Germany. These
were priced about 6.5 fl. An average horse cost
some 30 Florins (or 1 fl 60 Kreuzen) and an ox
some 15 fl. A light armour made in Graz between
1578 and 1630 cost between 7% and 8 fl, while an
infantry armour between 1579 and 1630 some 7 f1.

The plate would cost 1Y2 f], the rest being the cost
of manufacture. A load (sdm) of 140 kg plate cost
10-12 fl. A horsemans armour might cost 35 {1, or
as much as 150 fl (prices are from Krenn 1970).

It is noteworthy that while four Graz armours
from this period were analysed and all found to
be steel of around 0.5%-0.6% C, a Niirnberg infan-
try breastplate, from the same arsenal, was simply
iron (Williams 1997).

This leads to the conclusion that this latter was
a product of the blast furnace and finery. This
possibility may help to explain the frequent pro-
hibitions in the Niirnberg archives against armour
being imported from elsewhere to have a fraud-
ulent city mark applied (Reitzenstein 1990, pas-
sim). A different method of making the iron could
explain the cheapness of such armour, and hence
its low cost even after transportation to Graz. More
analytical research is needed here.
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KIEDY DEKORACJA ZBROI ZACZEt.A DOMINOWAC

Rozw6j pelnych zbroi ptytowych uzalezniony byt
od mozliwosci masowej produkcji blach stalo-
wych, co nastapilo w XV w. w Lombardii. Metody
wytwarzania tej stali pozostawaly jednak $Sciéle
strzezong tajemnica rzemie$lnicza.

Uzytkownicy wysokiej jakosci zbroi czesto
preferowali ich dekorowanie za pomoca ztoce-
nia. Nalezy jednak zauwazy¢, ze proces zlocenia
ogniowego z uzyciem amalgamatu rteci mogt
prowadzi¢ do obnizenia twardosci stali. Jedynie
najlepsi platnerze z terenu potudniowych Nie-
miec potrafili - jak sie wydaje - skutecznie faczyé
wlasciwa obrébke cieplna stali z technika zlocenia
ogniowego. W przypadku zbroi wloskich, gdzie
zlocenie stalo sie szczegdlnie popularne, odby-
walo sie to najprawdopodobniej kosztem procesu
hartowania.

Zbroje turniejowe opieraly sie zazwyczaj na
ochronie zapewnianej przez znaczng grubosc¢
metalu, poniewaz byly noszone jedynie przez

NAD JEJ FUNKCJA OCHRONNA?

Streszczenie

krotki czas. W przypadku turniejéw, ktérych
celem bylo zrzucenie przeciwnika z siodta (,unhor-
sing jousts”) rozwiazanie to okazywalo sie jednak
niewystarczajace, co wymuszalo stosowanie har-
towanej stali. Stynny garnitur ,, Adler” (,Garnitur
Orta”), obejmujacy zbroje bojowe i turniejowe, za-
wiera kirys przeznaczony do turniejéw, wykonany
réwniez z hartowanej stali.

Réwnoczesnie rozwijano metody produkcji
bardzo tanich zelaznych blach przeznaczonych
na zbroje wojskowe typu ,munition armour”. Na
przykiad osrodek produkcji zbroi w Grazu impor-
towal uzbrojenie, formalnie pochodzace z Norym-
bergi, po znacznie nizszych kosztach. Metody te
opieraly sie prawdopodobnie na procesie odwe-
glania stali odlewanej, prowadzacym do uzyska-
nia materiatu nadajacego sie do dalszej obrébki
platnerskie;j.
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