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Material Testing Laboratory

of the State of Brandenburg -
Instructed to perform material
testing for the state Berlin

Examination Report

MNo. 1.1/00/3669
2 coples
Clent TOP STORY Filmproduktion GmbH
Mrs. Jutta Rabe
August-Bebel-Stralle 26-53
14482 Potsdam
Contents Material examination of a part of the starboard front bulkhead

of the ferry “Estonia” in order to prove mechanically caused
structure deformations additional examinations as to order
1.3/00/3664,

Instructions receivedRef, 19.09.2000

Instruction entry 19.09.2000
Material received 01.09.2000
Material delivered by clent
Material cut off by -%-

Time period of examination  10.10.2000 to 26.10.2000

1. Contents of Instructions
The supplied part of the starboard front bulkhead of the ferry “Estonia” was -

according to agreement - examined to prove siructural changes caused by
detonation and to verify the results of order no. 1.3/00/3664. The following

examinations were performead:
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« Scanning electron microscope (SEM) examination
« Metallographical examinations
s Micro hardness process measurements

« Examination report

2, Statements Conceming the Objects io be Examined
2.1 Object to be examined

The triangular stee] sample of the slarboard front bulkhead has according fo
clients two sides (cathedes) which are fracture edges and one side
(hypotenuse) which was flame-cut during cutting off of the sample. The fracture
edges and the parts of the surfaces are corroded. The area marked side 1
shows besides red paint remains also partly broken parts of the white top layer.
This side is according to clients the outside of the bulkhead. The area marked
side 2 is, besides the mentioned corroded parts, exciusively covered by a layer
of paint initially white. (Pictures to be found in examination report 1.3/00/3664 )
The two fracture edges of the steel sample were marked side 3 and side 4
(sample plan see page 9). The fracture edges are slanted. At side 3 the slope
points to the outside, at side 4 to the inside of the bulkhead.

For the additional examinations within the range of this order, a specimen, viz.
3022 from order 1.32/00/3664 was used. Four specimens for cross micro-
sections and longitudinal micro-sections have been taken out of this part
sample.

The part samples marked No. 1 and No. 2 on the specimen plan have besn
handed over to clients for their further disposal and have not been the subject of
the examination by the MPA, The part samples marked 3, 6, 9 and 10 have
been the subject of order 1.3/00/3664. The part samples Nos. 4, 5, 7 and 8 are
the subject of these examinations.
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2.2 Preparations of Specimen

After the drawing up of a sample plan macroscopic overview photos were made
(see examination report 1.3/00/3664).

The complete sample pian is show on picture 1 and Tabie 1.

In order to carry out the additional examinations 4 specimens each were micra
cut out in longitudinal and in transverse direction for the metaliographic
examination and furthermore, embedded, freated and structured. The
metallographically treated micro sections were used for the micro-hardening
development measurements. For SEM examinations the metallographically
treated surface of specimen GO 22 from the order 1.3/00/3664 was applied.
The micro section was goldized prior to the examination.

Table 1: Distribution of samples/specinens with markings.

Run. | Mark of Mark of specimen Type of Remarks
MNc. - specimen by MPA specimen
Cliant :
Part sample | Specimen E
. [j o8
1 3 " 1.3/00/3664 | micro section SEM tapography
. GOz
2 | 4 1.1/00/3668 | micro section paraliel | siruciure side 3,
GO11 | o fraciure edge fracture edge
3 4 1.1/00/3668 | micro secton frans- struciure side 3,
GO 12 verse to fracture edge | fracture edge
4 4 1.1/00/3668 | at micro section micro-harcening
i HWMV 012 [ GO A2 process
5 | 5 1.1/00F23660 | micro section parallel | structure, side 3,
GO 21 o fracture edge fracture adge
6 5 1.1/00/3668 | micro sechion trans- | structure, side 3,
GO 22 verss to fracture edge | fracture edge
7 5 11/00/3660 | al micro sechon 022 | micro-hardering
HMV 022 process
8 | 7 1.1/00V3569 | micro section parallel | structure, side 4,
GO N to fracture ecge Iﬁ-.r:h.lmemn
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9 1.1/00/3560 | micio section trans- | structure, side 4,
GO 32 | verse to fracuwre edge | fracture edge
10  1.1/00v3659 | &t micro section micro-hardenieg
HMVO32 |Goaz process
1" 1.1/00/3869 | micro section parallel | structure, side 4,
GO 41 to fracture edge fracture edge
BEF 1.1/0073660 | micro section rans- | structure, side 4,
G042  |verse to fracture edge | fracture edge
13 1.1/00/3669 | at micro section GO | micro-hardening
Hum a2 42 process

3. Examination carried out and Resulis
3.1 SEM Examinations
Examination technique

Topographic and analytic examinations of a
metailographically treated surface

SEM digital scanning microscope DSM 940 A of
Messrs. CARL ZEI1SS OBERKOCHEN with EDX set of

Examination installation

Messrs. LING/OXFORD INSTRUMENTS LTD.
During the examination of specimen GO 22 of order 1.3/00/3664 (picture 32)
lines became visible, which allowed the assumption that these could be internal
cracks.
It has thus been the aim of the topographic examination to prove internal cracks
in this specimen and to demonstrate the changes of the perlite grain.
Examination results
The metallographically treated surface was examined intensively for possible
micro cracks. The suspicion of internal cracks could not be confirmed. In orcer
to support the light microscopic evaluation of the changes of the perlite grains
due to detonation SEM piclure were made from some perlite grains which are
shown on pictures 2to 7,
Beside the areas with still distinct lamellar structure of the cementite lameltas
(pictures 2 and 3) there are areas with severely deformed lamellas (picture 4
and 5) respectively with destroyed lamellas (pictures 4 to 7). The typical
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rounded grain form of perlite is most extensively changed respectively does no
more exist

The results correlate with the metallographic examinations of specimen GO 22
of order 1.3/00/3684. These plastic deformations in the micro area do indicate
an extreme striking strain, as eccurs in a detonation.

3.2 Structure Examination
3.21 Metallographic examination

Examination technique  : Metallographic preparation, eiching technique
and light microscope
Examination installation : Automatic polishing set TF 250 JEan WRTZ,
stereo-microscope CZ JENa GMEH,
Camera uplight microscope Neophat 32 CZ JEna
GmEH,
Picture analysis system Imtron 2000 Messrs.
IMTRONIK GMBEH
Examination Results:
In order to verify the results obtained from order 1.3/00/3664 specimen were
taken from the fracture area near the site where specimen 1.3/00/3664 GO22
was laken, which clearly showed distinct influence of force. These new

specimens were taken from side 3 and side 4 for in total 4 transverse and
longitudinal micro sections.

The longitudinal micre sections are running through the fracture edge while the
micro cross-sections are located 0.5 mm away from the fraciure edge.

The metallographic examination of specimen 1.1/00/3669 GO11 and
1.1/00/3669 GO12 {picture 1, sample cut no. 4) show a fine, recrystallined,
slightly lamellar ferrite, perlite structure with manganese sulphide slag and
secondary cementite precipitations along the grain edges (pictures 8-11). The
structure mainly consists of ferrite. Inside the perdite grain changes of the
cementite lamellars are visible. The striped lameliar structure is clearly
disturbed (pictures 9, 11). On examining specimen 1.1/00/366% GO21 and
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1.1/00/3669 G022 (picture 1, sample cut 5) changes were recognizec which
indicate higher strain.

The systematic arrangement of the structural parts is changed (pictures 12-17).
Inside the ferrite grain sliding planes and shear bands are visible (pictures 18,
17).

These changes can also be seen on specimen 1.1/00/3669 GO31 and
1.1/00/3669 G032 (picture 1, cut sample no. 7), 1.1/00/3689 GO41 and
1.1/00/3669 G042 (picture 1, cut sample no. B - pictures 18-26). The disturbed
lamellar arrangement of the perlite grains, as well as the existence of sliding
planes and parallel shear bands, lead to the conclusion that there must have
been stronger mechanical strain at a very high deformation velecity, which is
typical for detonations (pictures 18, 21, 22, 24, 26).

3.3.2 Micro hardness measurement

Examination technigue  : Metallographic treatment, micro-hardening
measurement
Examination installation : Micro-hardening examination set, computer

controlled HMV2000, SHMADZU
Examination Results:
The hardness measurements were performad at the metaliographic lengitudinal
micro sections from the fracture edge to the core of the specimens 1.1/00/3668
G012, 1.1/00/3869 G022, 1.1/00/3669 GO32 and 1.1/00/3668 GO4Z.
For a better recording of the hardness in the edge-near area the micro-
hardness measurements were carried out by HV 0.05 (small indentation
diaganal). In the immediate vicinity of the fracture surface the measure point 1
is always situated. The measured distance was always 0.5 mm.
The results of the measurements are shown in tables 2, 3, 4 and 5 (pages 22-
25).
The hardness values of steel St 37-2, which was used for comparison
purposes, was found to be in the range of HV 105 to HV 145 after the change of
the tensile strength Rm into Vickers HV.
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The lowest hardness values of the examined specimens, which were measured
at the areas farthest away from the fracture edge, were found to be HV 328 to
HV 384. They show a clear increase of hardness and thus a substantial
hardening of the matenal even 7.5 mm distant from the fracture edge (change
of displacement density).

The variations of the hardness values (table 2-5) are due to the small force
(small indentation diagonal} on the recording of small structure areas, which
differ from each other by their hardness (soft ferrite, hard periite).

4. Summary of Results
In order to verify the results obtained by order 1.3/00/3664, additional

spacimens were taken from the fracture area near the distinctly strained
specimen 1.3/00/3864 G022 from the part of the starboard front bulkhead.

The metallographic examinations revealed a fine, recrystallined, slightly lamellar
fermte, periite structure with manganese sulphide slag and secondary cementite
precipitations along the grain edges. The main part of the structure is ferrite.
inside the perlite grain changes of the cementite lamellars are visible. The
striped lamellar build-up is distinctly disturbed. In 3 out of 4 of the metallo-
graphically examined specimens the systematic arrangement of the structure
paris is changed.

Inside the perlite grain sliding planes and shear bands are recognizable.

The disturbed lamelar build-up of the perlite grain as well as the presence of
sliding planes and shear bands permit to conclude a heavier strain at very high
deformation velocities.

The topographic examination by means of the scanning electronic microscope
{SEM) show in the perite grain in addition to areas with still distinct lamellar
structure of the cementite lamellars, areas in which the lamellars are heavily
deformed respectively destroyed. The typical rounded grain shape of the perlite
has been changed beyond recognition. The metallographically treated surface
was examined intensively for possible micro cracks. The suspicion of internal
cracks was not confirmed.
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The hardness values obtained during micro hardness measurements have been
compared with the hardness values of steel St 37-2. In accordance with the
established change of the tensile strength Rm of the steel St 37-2 the hardness
values should be in the range of HV 105 — HV 145, The lowest hardness value
of the examined specimen is HV 328, This indicates a strong hardening.

5. Summary of Both Examination Results a nclusions

(orders 1.3/00/3664 and 1.1/00/3669)

On consideration of all the examinations carfied out the highest strains
recognisable by the change of the structural parts in the above explained way,
has been determined at specimen 1.3/00/3664 GO22.

All the other micro-sections do support these results.

They do not, however, show the strong changes as e.g. the wavy change of the
structure in the areas near the fracture and the destruchon of the initial structure
arrangement

The plastic changes in the micro area, indicating an extremely strong shock
effect, such as occurs during detonations, are recognisable in all specimens.

A general characteristic for a detonation is the destruction of the shell type
build-up of the perlite. In the pictures made by SEM it is apparent that the
cementite of the perlite did not coaguiate, which would have indicated the
influence of heat alone, but the lamellar structure was changed beyond
recognition by mechanical strain. Internal cracks which are also characteristic of
shocks from sirain by detonations could not be proved by the topographic
examinations performed.

Also the increase of hardness indicates a hardening of the material which also
appears during detonations.

The resuits obtained do allow the conclusion that the positions most affected by
the detonation was in another area of the damaged material.
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In the following all the examination results are gutlined again, which, according
to our experience, do occur when there has been a detonation:
. the appearance of parallel shear bands {(Neumann bands)
- changes respectively destruction of the cementite lamellas in the perlite
- hardness increase
plastic deformation in the micro area (wavy arrangement of the structure
parts)
The characteristics, determined during the examinations, which are consistent
with the effects of a detonation, allow the conclusion, that the deformation
velocity in the material must also have been in the detonation range. It is not
possible to state the actual speed because it depends on a number of unknown
influence factors, as e.g. the extent of transmission losses. Its lower limit in the
case of a detonation should be about 1000 m/sec.

Berlin, 24.11.2000

Signed by
Dr. Ing. H. Nega Dipl. Ing. H. Mettel



Untersuchungsbaricht MPA 1.1/00/3869

MPA, Auftrag 1.3/00/3654
MPA, Auftrag 1.1/00/3669

Nr.: 1, Nr.: 2, Ubergabe an den .ﬁﬁlﬁraggebex
9 Mr.: 10,

Mr.o 3, Mrg, Mr.
Mr: 4, Mr.o 5, Nro7, Nr: 8,

ﬁ.ufte'i'lung der Proben:

Bild 1 Probenplan, ca, 1:1,

Sake 9 von 25 Selen
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Bild2 REM-Aufnahme der metallc- Bild3 REM-Aufnahme der metallo-
graphisch bearbeiteten Flache - graphisch bearbeiteten Flache -
Perlitkom Perlitkorn; Detail von Bild 2

Bild4 REM-Aufnahme der metallo- Bild5 REM-Aufnahme der metallo-
graphisch bearbeiteten Flache - graphisch bearbeiteten Flache —
Peritkorner Peritkérmer; Detail von Bild 4

Seile 10 wan 25 Selien
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Bild6 REM-Aufnahme der metalle- Bild 7  REM-Aufnahme der metallo-
graphisch bearbeiteten Flache - graphisch bearbeiteten Flache -
Perlitkdrmer Perlitktyimer gerissan

Baile 11 von 25 Saien
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Bild & Probe 1.1/00/3669 G011
Probenplan Nr.; 4

Bild Probe 1.1/00/3869 GD11
Ausschnitt aus Bild B

Saie 17 von M Senen
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Bild 10 Proba 1,1/00/3568 G012
Frobanplan Nr.: 4

Bild 11 Probe 1.1/00/36869 G012
Ausschnitt aus Bild 10

Seta 13 wpn 25 Satan
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Bild 12 Probe 1.1/00/3668 G021
Probenplan Nr.: 5

Bild 13 Probe 1.1/00/38559 G021
Ausschnitt aus Bild 12

Seite 14 won 25 Seitan
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Bild 14 Probe 1.1 /00/3669 G022
Probenplan Nr.: &

Bild 15 Probe 1150003669 G022
Ausschnitt aus Bild 14

Salle 15 wain 2% Saitan
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Bild 16 Probe 1.1/00/3669 G022
Ausschnift aus Bild 14
= Gleitebenan

Bild 17 Probe 1.1 MO0/3669 G022
Ausschnitt aus Bild 14
—= Secherbander

Sefle 16 von 25 Seilen
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Bild 18 Probe 1.1/00/3669 G031
Frobenplan Nr; 7

Eild 14 Probe 1.1/00/3669 G031
Auzgchnift sus Bild 18

Befe 17 von X5 SElen
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Bild 20 Probe 1.1/00/3669 G032
Probenplan Mr.; 7

> =

o —
L=

P - - s
A e

10 pim

. % &
- = =N
Lro 5

& S R

&
.|-| l-l
L
: .
=5

Bild 21 Probe 1.1/00/36685 G032
Ausschnitt aus Bild 20

= Gleitebenen

Seiba 18 won 25 Salan
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Bild 22 Probe 1.1/000 3668 G052
Ausschnitt aus Bild 20
Scharbander

Saie 18 von 25 Sanen
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Bild 23 Probe 1.1/00/3669 G041
Probenplan Mr.; 8

Bild 24 Praba 1.1/00/3568 G041
Ausschnitt aus Bild 23

Salte 30 von 28 Seilen
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N

Probe 1.1/00/3669 G042

Probenplan Nr.. 8

Bild 25

Probe 1.1/00/3668 G042

Ausschnitt aus Bild 26
== Gletebenan

Bild 26

Saibe 21 von 25 Seiten
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Materialprifungsamt
des Landes Brandenburg
Vickershartepriifung 1
nachEM 1520 88071 |
| Prigfir Dipl. Ing. (FH} H. Mettel |
TOP STORY Fil i
Auftragoeber : GmI:IIT produkdion Prifmaschine: Shimadzu HMW-2000
Aufirag . 1.1/00/3683 ~ Prafbereich: HV0.05
Datum : _ 26.10.2000 ] [Werkstofi: 5t
Probe / Schiiff | Mittelwert|  Min. Max., | S-abw
3880 GO12 | 445 354 563 44
r. x[mm] y[mm] | dijpm] | d2{pm] HW
1 0,00 | 0.0 138 | 135 496
2 050 | 000 | 144 | 143 | 450
3 100 | 000 | 137 | 165 | 434
4 1,50 0,00 14,7 14,1 445
5 200 | 000 | 137 | 143 | arz |
B 250 0.00 14,8 14,0 445
7 300 | 000 | 137 | 148 | 455
2 350 | 000 | 141 | 143 | 481
5 4,00 0,00 14,8 152 | 419
10 450 0 co 124 13,3 BG3
11 5,00 0,00 141 14,3 451
12 5,50 0,00 15,1 14,8 415
13 60D | 000 | 156 | 155 | 384
14 650 | 000 | 151 | 143 | 429 |
15 7,00 000 | 151 15.5 387
18 7,50 0,00 15,8 5.3 358

Tabelle 2 : Mikrohdrteprifung

Eeite 22 won 25 Seflen
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Materialpriifungsamt
des Landes Srandanburg
Vickershareprifung
nash EM 150 BE0T-1 RE . i
Prifer: Dipi. Ing. {FH) H. Mettel |
Auftraggeber ; Toe ETGH;;:ELHFMUHIW Prifmaschine: Shimadzu HMV-2000
Aufrag 100689 | Prifbereich:_ HVOD5
Datum : 26.10.2000 | |WWerkstoff: _ 8t
Probe / Schliff Mittehwert]  Min. Ma, S-abw.
3655 G022 443 341 528 45
Mr. xmm] | yimm] | di[pm] | d2[pm] Hv
1 0,00 0,00 14,1 13,5 490
2 0,50 0,00 14,4 13,5 478
] 1,00 0,00 14,4 15,3 419
4 1,50 0,00 16,3 16,7 3417
5 2,00 0,00 14,9 14,3 434
& 2,50 0,00 151 13,3 461
7 3.00 0,00 138 152 439
B 3.50 0,00 15,6 14.0 424
) 4,00 0.00 14,6 15,3 416
10 4.50 0,00 15,1 15,5 397
11 5.00 0,00 13,4 13,5 515
12 5,50 0,00 14,8 14,1 450
13 600 | 0,00 14,9 153 405
14 6,50 0.00 13,1 13.5 528
15 7.00 0,00 14,6 14,1 450
16 7,50 0,00 13,4 15,8 434

Tabelle 3; Mikrchariepnifung

Sefle I3 van 25 Seiben
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Taballe 4. Mikroharnsprifung

Sgbe 24 von 26 Seftan

Materalprifungsamt
des Landes Brandenburg
ickershartepriifung
redzh B 150 385071 e
Prifer: __Dipl. Ing. {FH) H. Mestel |
‘Aufiraggeber ; ToP ETGH;“_IFS: L Prifmaschire: Shimadzy HMWV-2000
Auftrag 1.1/00/3669 Prifbereich: V005 |
Datum : 26.10.2000 | Werkstoff; i =
Probe [ Schiiff Mittelwerlf Min e S-abnw
565 G032 417 328 502 50
Mr. x[mim] yimm] | difpm] | d2[pm] HW
1 000 | 000 134 | 1338 502
2 0.50 0.00 14,2 13 8 a72
3 1,00 0,00 14,2 14,8 435
4 150 0.00 14.2 135 4B4
5 2,00 0.00 4.7 14,8 424
6 2,50 0,00 13.2 14,1 455
7 3,00 0.00 14.4 16,4 352
] 3,50 0,00 14,6 15,7 405
3 4,00 0,00 15.4 14,1 424
10 4,50 0.00 15.3 15,8 364
11 5,00 0,00 15,8 15,2 382
12 550 0,00 15.4 15,7 364
13 8,00 0.00 15.4 15,5 368
14 8,50 0.00 15.9 58 387
15 7,00 0,00 15,3 15,7 368
I 7.50 0.00 175 16,2 328
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Untarsuchungsbericht MPA 1.1/00/3689

Materialprifungsamt
des Landes Brandenburg
Vickershértepriifung \
| meach EM 150 35071 i
T Prifer; Dipl. Ing. (FH) H. Mattel |
meggeha ToR st mﬁmm Prifmaschine: Shimadzu HMV-2000
Auftrag 1.1/00/36539 | Prisfbereich: HV 0.05
|Datum 26.10.2000 | Werkstoit: St
Probe / Schiiff | [ Mittelwert|  Min, Max, | S-abw.
seocmz | | 442 355 545 &0
Hr, sfmm] | y{mm] | difpm] | d2[pm] HY
1 DO0_| 000 | 128 155 | 548
2 0,50 0,00 14,2 135 484
3 1,00 0,00 14,2 14,0 466
4 1,50 0,00 14,7 14,1 445
5 2,00 0,00 14,7 13,8 455
B 2,50 0,00 14.2 13,6 478
7 3,00 0,00 136 14,5 472
B 3,50 0,00 149 15.0 415
g 4,00 0,00 13.4 14.6 472
10 4,50 0,00 3.9 14.8 450
11 5.00 0,00 159 16.4 358
12 5,50 0,00 13,4 123 53|
13 5,00 0,00 5.1 15,0 410
14 B.50 0,00 15,8 164 360
15 7,00 0,00 159 16,0 363
18 7.50 0,00 16,3 5.8 380

Tabelle & Mikrohdreprifung

Seile 25 von 23 Seilen




