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PRDDUC-riON E~!GlNl~ERlNG 

ASlOI~ lJI~IVERSlTY 

THE ROD-SHAPED BLANKS 

I NTFWDUCT I ON 

A large number of iror1 strips and rods wer-e Fecovered 

+~-otn the site. Sirnilar iten1s have been found on othe!~ sites~ 

r1otably Helgo, Sweden (The Excavatio11s at t~elgo V:1~ 

I I A. Lur1cistrorn 197t3) ~ Tl1ey are 

lnterp!~eted as thE prir1rary rods and strjps of iron ar1d steel fr·om 

the bl .:::-~cksmi th rn.:~1nuf a c. tur-c-:d and The 

physi c:c_il cJr:·~)c r-- i pt~ ion c.~.rrd cl assificaticJrl of the CoppE·r·gcl.it_. 

is discLtssed by Ottaway elsewher-e. FifteE·n P>i amp l e::s 

one blank was totally s~ctj_oned to 

Ofl2 E•nci cut In s-oint::· CC).SE.'S both 

if or·:E' L-::'nLJ f-ii:_;_t:] i:JL:O!::O'rl i-•,IDI~J:!.?d,J 

Detailed 

Blan~( 10860 was a sqLtar·e sectior18d blank >'3.ppr o;< i rnatt::c] y 

It was sectionob to 

~ Ult~_i~i l \t.(_jj [J;:·l] 

.1 r; 

1 
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the unE-.>l.:.c_:hc::-d condl tion fr·orn thE' ~-liJ.g inclu;:;;.i U!lS-c 

condi t i U!'l 

dffJOL\J"Jt of 

free, 

tnicrostr-uclure was f~rrite 

pr·obabl y higher 

SOifiE' -- ' UT 

plus 

t-,'pic:al 

1 The slay lines i11dicated a rDLlllded or roll t?d-up 

c:'l. distinct line t-unning 

thr-ough l"he slag lines followed the san1e pattet-n~ The 

phase composition was as described above. 
Section 2 The bands run lengtt1ways along --L.he l. ongi tudi n<l.l 

s:.ectj Dn 5 of ~~J!iic::h tut'TiE::od tllt-ou.gh 180 degree~., indic:a.ting 

SE:>ction ._:. As. secl i c1n 1 

S<".?ction 4 ~1s sectiDn 2 

St?cti on to 

tht:> 1 ont;J i tud i n.r.:d d i rE·ct ion. 

f-leet i un 6a f4s sec_tion ;::i 

Sec-Lion 6b ~Ji t.h sorne bandi !l(.J 

s t t'- u.c "l ur t:> Dt 

The car-bon content and qu.::d i l\' of the met.2l 

r·L"Hld.i riE'L! C L!I"J·::c.t C.iJ It The 



TABLE I BLANK 10860 Hardness Results 

St:>cti on Ft::or· ,- j te F:.:.an d 

1\Jumbt:-r- H\..J uHV HV uHV 
c ·= w ~· 

1 1 43 142 168 1 68 

~. 201 1 LJ2 .,;_ 1b8 ] 0'' •'+ 

._) 140 1 72 210 194 

4 1::.3 1 t:-8 193 1 oc-
·~· 

·= 1 48 1 ::~o w 16::! 195 

6 162 i ~-- ' 
J, ..... Jb 1bS' 18t:, 

7 1 6~5 1 60 185 192 

t-:'1 t_~Jirl £.;tr·ip ([34rnrn long~ Bmm tJJ·-oi:ILj 5 ~-n1rr: thick) thc:l.t hD.d 

been flatten8d out to a plate at one er1d, wi1ich was the end 

secti C)!H?d ~ Tl'te unetchE·cl SE:>ctiDn '-::o.hot.-'Jed C't ] c.'l.r-(JE number- of ~-ir1~~le 

bands we~e al·ter-rtate layers of small and lar-g~ grained ferr·ite, 

uH\.i 
1 

201 20::::. 

" " 201 



Blank 8376 was a reci:allgula~ seci_ion 

The unetc:hed section showed slag lines 

single=' ~~nd multi pha~-E· sJ.c:u~ inc 1 usi c:.~ns ~ The l':'t c i": t-?d 

overall f~r·ri.tic: structure with so1ne sn1all 

Har·dr1ess valLles wer·e (I~V ) 
1 

ferrite - 148; p~ar·Iite -

Blanl:: E-JLJ 2-~ Cf" DSS-

The thin end showed a 

+ i br~ou·::;;. 'duc-tile' The section was ren1oved 

l'he ur1etched specimen sl1owed a clear1 mete;. I 

wit/1 ~ luw numbet- of si11gle phase slag if-IClLtsiorts, t-Jut l<'<'i th son1E 

c}{-::-ep pc•nett·-at:iDJl c)+ cor·rosiorl pr-obal::_lly i:."~.]Dng wr=·ld linL'~-~ Etchinq 

~-ho~·'JC·ci d nJec.liLI_fn car·bo11 steeJ "''·Ji-th c_:;_ pc::,:,:..r·] iiic ~;.tr·uc-Lur·c·~ l.Ju.i v,:i-Ln 

:::- rn i::J. 1 1 qr··e,,i ned 

" J-:,_r-cJe " 

F-'ec:<.r-11 tE:' 

l-i\) 

1 
210 

21 'i' 

.-.,·--:··:=> 
,;_ ~- / 

4 

uH'.,) 

''"- 1 ..:.:.. ,_} .... 

201 

1 s·o 

-- .-.,, 
·->~~ D 



Bla.nk 84 C:.9 is a flat bar witt1 a C.t 0~--=--

~:-1 a.g inc l u_::;;.i ons r t.::tchi nq -::.tr-uct.u.r e 

phcJ::.phDrus 

1 
uHv 18~2. and 203 ~ 

Blank 8794 is a square sectioned lor1g bar ( 211·Pi-6-~5mm) ~ 

The polis~~~d specin1~n sl1owed banded slag lir1es, ~.;,~hen etched thE· 

banding was betweer1 sn1all grair1ed bands and lar·ge or 

qr· ai nE::c! band'2:- i E:' the band may c.cJntai 1-1 

tht-ef::' or·· four· lC-1'-/t::rs of small graiils, Tllt:-?y ma':/ C\l::.so contain thin 

layer·~- o·f pr-o!JC£.bly l1igh phLl-:~;pl·ior·u~. Jr·o1·i~ There is a higher· num!JE·r-

of s1D.~J i!lclu::::-ion=. C\J-ld s.ome s.ma]l ar-·ei:'<S of pE;at-litE.> in tile srnal] 

" l c\( i;)i::'' (!I~ C:\1 r1:-;,. 

" 

" 

, __ , 

H\} 
l 

:'8:", 

14El 

uH\J 

?62 

146 

217 



Bl_(-'iNi< 8S'82 

Bl dnk is vh th an ,::ippi'o/j n;c·Le 

The sectJon 

incluslons and str-uctur~e sume 

The 

tlat-dness value CHV ) was 305. 
1 

BLA!\1~::: 1 Ot-.58 

Blank 10658 (52* 13* 12tnm) ~'-!B.!::. on{::: Df t ~·Jo e~-: Ecm_p l es of 

~-E'C t i oned ~ althougt1 its section was rDLlnded/sLlb-

In the unt.':'tciH:?ci condition the specimr::>n showed the 

slag ir1clusions some orier1tated as a result of the 

rounding of the bar·. Whe1·1 etct1ed the structure s~1owed a varying 

carbon distribution, ar; DVE'ra.ll ferr-itic str-ucture ~·.Jith a1eas. of 

Some areas of ferr-ite wer·e lar-ge grairjed ir1dicating a 

phosphorus/carbon VIi thin the rod. The 

Tablf:-:' 'v'l Blar1J~ 1.0658 ~la!·cjness Results 

uH' ... ) 
1 

Ferr1t~ piLlS F·e~r:lite 240 

224 240 

BLAhW: 10665 

blanl:. 10665 1s tht·:::- second r ounU b~it,.. \33*11mm di.a.nrE,ter) ~ 

1ile section showed sonr2 e·f +eel 

c:.·,-



indicating 

rour1ding of the bar. 

le"·B (HV ) • 
1 

crf 

Blank 10975 is a very long rectar1gular sectio11ed strip 

vJherr sectioned it contained a 1 a(-ge of 

i flCl u:::;.i CH1S .. Etching showed the str·ucture to be whlJlly ferTi tic 

\-'"Ji th 

V,Ji th 

slag 

~r,~et'"·e 

a higt1 phospl1orus content. Hardness values were CHV ) 
1 

224 

Blank 112(l8 was a very thin piec~ of wire 

a rectangular cross-sectiona It contair1ed a high number- of 

inclusions~ and on etching was ferritic. Har-dne<:::.s Vi..i.J. UE~S 

( fN ) 
1 

251 <:<.nd luHV) 237 and 

sectionetJ 

The 

Ufli':il :L(:;:•f""" cd ~nd show~d a variation or segreqation of inc:lus.iDns. 

pr:?.::~.~-1 :i te (plt.ts peal-lite) th.:::.."L ccni...:c.--1ined 

inclusions .. TiiE:: S-E-'C.Dnd ~-E'ct 1 on 

Lur-e:-· r t.:·::~.u.J "Lt..,..-cJ +run: UT 



TcdJle ~'I. 

" " 

HV 
1 

.--,r,~;> 

.LCI· ... .:O 

}201 

BLAI'.W: 11492 

uH'Y 

24-0 

215 

Blank 11492 C43*7*4mm> was of similar shape to 11352, 

havi r1c_;1 a J..-vor··l-: ed and unworked end. Both ends had rectangul er 

with the long axis of orle erld at right angles to 

tht.~ otht:~r .. It l!-J€:;S not clE·a~- ther··efor·e \.\1!-rich end was the ~">!ori-:E·d 

and botl1 were sectior1ed~ Both showed evidence of banding in 

the fc.H~m of slag l i nt.::os in the unt:.'tcht::~d condition .. VJhen etched the 

tJroad e11d had bands~ 

l ongi turJi llC~]] 'y'o All 

~-t.ructLn-e. 

Ferrite plus F'earlite 

" " 

def i nE-?d b " r 

the 

Lo1·1g St-.::·c:t ion 

HV 
j 

27/:: .. 

uHV 

260 

._:: •. _::,f::., 

8 

pearlite plus ferrite 
' 

but compi'"e~-sed~ 

str1p. The 

Cun1pressed Section 

H'-J uHV 
1 

~J3b 



Blank 11 ~J50 a hceavi l y flCt.t bc;.r 

The section contained few slag inclusions, hlhE·n 

t::>tched the structure was 1nedium grained ferrite. 

valLtes for the ferr-ite were 133 <HV) and 113 ar1d 146 (uHVl. 
1 

BLANK 11989 

Blank l1989 was a thin :=.quare SE·ctioned r-od (66*5*4mm). 

Tl-·le UI'JE·tch£-:-d ~;.pecimen shD~'·J£:?d a cleat- ~·Jeld line running thr-ough 

Etching s~Jowed the rod to comprise of a 

steel 8nd wrought ir·on r·od welded together. The steel half had a 

The hardnE:oss:. va.lues are shown in TablE.~ 

VI I. 

Table VII Blank 11989 Hardness Results 

Fer-r-itE-' Str·ip 
' 

Thf? 

into +our 

t )-i .1 t ci 1 '/ 

:::_,t E:''_:::_' 1 

HV u.HV 
1 

Ferrite 257 

686 

Ba.inite 4-01 

Ferrite plus Pearlite 

s:,ha.pt::od bld!lhs anc:-tJ.y-st-?d above can 

qr·oups on !:.:rasi s of their 

) . Fir·stly i...he l,•,wought 

9 

227 

920 

-<1-98 

..--,o---,. 

..::.. ,f / 

be dividE·U 

metalluroical 

1ron 

Etild 

·four·-thl y 



the all steel strips. The r·od shdped blank!:;- Lf1er,;-.:'fu1-·"c ~-'liD~·~ l-!1i? 




