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SAMMENDRAG

I forbindelse med etablering av ny E18 i senketunnel under Bjorvika har Norsk Sjofartsmuseum (na Norsk
Maritimt Museum) gjennomfort et av museets storste og mest komplekse arkeologiske prosjekt noensinne. Den
nye Bjorvikatunnelen er 1100 meter lang, fra Ekebergtunnelen i ost til Festningstunnelen i vest. 675 meter er
bygget som senketunnel under dagens sjobunn, i en groft ned til 22 meters dybde. Tunnelen gir gjennom, og
under, tidligere utfylte sjpomréider i bide ost og vest. Den krysser begge havnebassengene i Bjorvika, og ligger
under selve Akerselva og utstikkerne pa begge sider av denne.

Arbeidet har vart gjennomfort som en overviking av anleggsarbeidet. Hovedregelen er at undersokelsesplikten
etter kulturminneloven § 9 skal vaere oppfylt for planvedtak, det vil si reguleringsplan eller bebyggelsesplan som
utarbeides pa bakgrunn av kommune(del)plan). Men i situasjoner hvor det ikke er mulig 4 gjennomfore slike
undersokelser pi en faglig forsvatlig mite forut for planen kan Riksantikvaren/Miljoverndepartementet tillate
at undersokelsesplikten utsettes til gjennomforingen av tiltaket. En slik tillatelse ble gitt i planprosessen og Sen-
ketunnelprosjektet ble etablert som et overvakingsprosjekt.

Delrapport 4 (av 5) er en presentasjon og tolkning av 13 batfunn, i tillegg til 27 koordinatfestede losfunn av
batdeler av ulikt omfang og karakter. Funnene er gjort i entreprise Sorenga og Sjodelen. Funnene i entreprise
Sjodelen fordeler seg over delomridene Bispevika, Paulsenkaia, Bjorvikautstikkeren og Bjorvika. Funnene dat-
eres fra forste halvdel av 1600-tallet til ca 1900, med en hovedvekt pd 1800-tallsbéter. De fleste av batfunnene
ble dokumentert digitalt i 3D ved NSM i etterkant av undersokelsen. Kun Serenga 7 er konservert, mens restet-
ende batmateriale er kassert etter gjennomfort dokumentasjon.

Ovrige delrapporter fra prosjektet er Delrapport 1, Administrativ rapport, bakgrunn og problemstillinger; Del-
rapport 2, Gjennomforing av undersokelsen og Delrapport 3, Presentasjon av massematerialet og Delrapport
5, Konserveringen av Sorenga 7.










































































































































































































































































































































































































































































































































































































Barry Spradbrow

Vedlegg til rapport: Hydrostatiske beregninger for Sgrenga 7

Hydrostatics: forsgk2011mars2.ofe

Date: 11.03.2011 Time: 00:32:33

Position Center of Gravity Specific Weight

Sink: 0,700 m X:4,597 m 1026,500000 kg/m”3

Trim: 0,000 deg Y: 0,000 m

Heel: 0,000 deg Z:0,610 m

Displacement Waterplane Wetted Surface

Volume: 6,956 m”"3 W.P. Area: 16,474 m”"2 W.S. Area: 23,465 m”"2
Displ't: 7140,30 kg LCF (%WL): 51,59 %

LCB (%WL): 50,44 %

Center of W.S. Area

Center of Flotation X: 4,565 m
Center of Buoyancy X: 4,694 m Y: 0,000m
X: 4597 m Y: 0,000m Z: 0,306 m
Y: 0,000m Z: 0,700 m
Z: 0,450m
Dimensions Initial Stability Transverse Longitudinal
WL Length: 8,423 m Moment of Inertia 7,91 mM4 59,90 m*4
WL Fwd X: 0,348 m Metacentric Height 8,452 m
WL Aft X: 8,771 m R.M. per degree 121,73 kg-m 1053,25 kg-m
WL Beam: 2,918 m
Draft: 0,705 m
Coefficients Critical Points Height
Waterplane: 0,670
Prismatic: 0,608
Block: 0,401

Midsection: 0,661
Disp/L: 332,60
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Stability Curve

Displ't=7140,30 kg XCG=4,597m YCG=0,000m ZCG=0,610m
Specific Weight = 1026,500000 kg/m”3  Trim: Free
11.03.2011 00:35:42
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Hydrostatics: forsgk2011mars85.ofe
Made by MSURF from model FORSgK20 10-Mar-2011 10:15:10

Date: 10.03.2011 Time: 10:39:45

Position Center of Gravity Specific Weight

Sink: 0,750 m X: 4,609 m 1026,500000 kg/m”3

Trim: 0,000 deg Y: 0,000 m

Heel: 0,000 deg Z:0,650 m

Displacement Waterplane Wetted Surface

Volume: 7,799 m”"3 W.P. Area: 17,186 m"2 W.S. Area: 24,815 m"2
Displ't: 8006,02 kg LCF (%WL): 51,51 %

LCB (%WL): 50,42 %

Center of W.S. Area

Center of Flotation X: 4,568 m
Center of Buoyancy X: 4701m Y: 0,000m
X: 4,609m Y: 0,000m Z: 0,328m
Y: 0,000m Z: 0,750 m
Z: 0,479m
Dimensions Initial Stability Transverse Longitudinal
WL Length: 8,491 m Moment of Inertia 8,89 m*4 63,18 m*4
WL Fwd X: 0,328 m Metacentric Height 7,930 m
WL Aft X: 8,819 m R.M. per degree 135,37 kg-m 1108,02 kg-m
WL Beam: 2,961 m
Draft: 0,755 m
Coefficients Critical Points Height
Waterplane: 0,684
Prismatic: 0,610
Block: 0,411

Midsection: 0,673
Disp/L: 364,00




Stability Curve

Displ't =8006,02 kg XCG=4,609m YCG=0,000m ZCG=0,600m
Specific Weight = 1026,500000 kg/m”3  Trim: Free
11.03.2011 00:31:21
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The Analysis of Tars and Caulks of the Sgrenga 7 and the Barcode 6 Boat
An executive summary submitted to the Norwegian Maritime Museum
Laura White

Samples of waterproofing materials from the Sgrenga 7 boat and the Barcode 6 boat have
been generously provided for analysis to complete the M.Sc. dissertation of the analyst at the
University of Bradford. The Sgnrenga 7 has been dendrochronologically dated to approximately
1665 BC and the Barcode 6 was dendrochronologically dated to 1565. Well-preserved samples of
waterproofing material, including external tarring and internal caulking, survived for both of these
boats.

The goal of the chemical analysis was to determine the chemical nature of the tars and
caulks used by ancient boatbuilders, determine whether or not the amorphous materials used in
caulking differed from those used in tarring, and to determine if those used in these late- or post-
medieval boat was similar to some used in an earlier boat of a similar design.

Samples from the caulking and tarring from the Sgrenga 7 boat and the Barcode 6 boat
were collected, bagged, and recorded at the time of excavation. The full methodology used in the
preparation and analysis of these samples can be found in the attached dissertation, but they are
briefly described in the following flow chart:

Figure 1. Methodological flowchart for action taken for the preparation of samples for GC-MS
analysis.




The chromatograms resulting from this analysis show a predominance of tricyclic
diterpenoid pine tar components. This is in keeping with the expectations of the material,
considering their Scandinavian origins and the time period in which they were in use. Though there
are varying proportions of chemical signatures, the four that have the most ubiquitous presence
are retene, 1,2,3,4-tetrahydroretene, 8-isopropyl-1,3-dimethyl phenanthrene, and norabietatriene.
These components, all resulting from the heating of pine resins, are indicative of tar manufacture.
Additionaﬂy, methyl esters originally appearing in several samples (not as a result of methylation by
derivatisation prior to analysis) are indicative that these materials were destructively distilled from
wood, rather than generated from the heating of bled resins. '

Though generally similar, particularly concerning the primary components, tar samples from
the Barcode boat show substantially more survival of pine tar components than does caulking
material. This is particularly significant since several of the original resinous (non-heated)
compounds such as abietic acid, and some of the minimally defunctionalized components such as
dehydroabietane and dehydroabietic acid appear to be present in this tar, but less so in caulking
materials. Highly defunctionalized components such as retene and 8-isopropyl-1,3-phenanthrene
are still present, giving credence to the theory that these samples had undergone high amounts of
heating.

Compounds associated with Barcode caulk, appear to be highly defunctionalized, and thus
have gone high heating, like their tar counterparts. An absence of the original pine resin
components such as abietic acid and pimaric acid may indicate variation in sampling, but more
likely indicate that the product contained no unaltered bled resin.

Methyl esters (though generated by derivatization with diazomethane in other samples
analysed here), are present also in samples derivatized with BSTFA, are indicators that these tars
were generated from the destructive distillation of resinous wood rather than from the heating of
bled resins.

Of all of the boats in this study, the Sgrenga boat has the best agreement between the
components of the tar and the components of the caulk, lending credence to the idea that they
were possibly fitted at the same time. Excellent preservation of the amorphous organics in these
samples has meant that a large variety of products have survived, despite the fact that these
samples appeared, upon visual analysis, to be quite disaggregated and ill-preserved.

Again, and as with the other boats, the pine tar components of Sgrenga are highly heated,
defunctionalized and aromaticized. The presence of methyl esters in the BSTFA derivatized portion
of this tar indicates that it is, like the other boats, the product of the destructive distillation of pine
wood rather than of the heating of bled resin.




Though there was good consistency to be seen in the data derived from samples by GC-MS
analysis: most prominently, there was a preponderance of highly altered and highly aromaticised
components. This indicates a high level of degradation or thermal alteration, but does not impede
the identification of the tars. This indicates that the tars used for waterproofing these ships were
extremely altered by heat; either by being held at high temperatures for an extremely long time or
by being generated under a much higher temperature. From a practical perspective it is likely that it
would have been useful to maintain caulks at such a temperature that they become a low viscous
liquid and are therefore easy to work with and spread. It is unlikely that this level of aromatization
would have occurred resulting from degradation in the burial environment, both bécause the
analysis across most of my samples were so similar, and because previously reported components
show remarkable similarity even from very disparate burial conditions.

A. Norabietatriene

B.1,2,3,4-tetrahydroretene

C.Retene

; D. 8-Isopropyl-1,3-dimethylphenanthrene

z E. Dehydroabietic acid, TMS 5

F. Abietic Acid, TMS |

? G. Methyl dehydroabietate g

g H. Pimaric Acid TMS
J. Methyl Abietate |

K. Methyl pimaran-18-oate
L. Dehydroabietic acid
M. 1,7-dimethylphenanthrene

N. Methyl 6-dehydrodehydroabietate & Barcode Caulk

O. Tetrahydroabietic acid Barcode Tar

P. Sulphur

Figure 2. Comparison of the frequency of occurrence of pine tar components and sulfur in Barcode
ship products.
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