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Fractography of Wires and its Application
to Accident Analysis

Masazumi Tanaga**
Taiji Konpo™*

Important informations about fracture are often left on the fracture surfaces. Fractography, or
fracture analysis mainly with electronmicroscope, therefore, has become an influential method studying
fracture mechanisms and analyzing fracture accidents. This technic, so far, has been used mostly for
slightly wrought (rolled or forged) materials, for example, those for airplane, ship and pressure
vessel structure and for various machine parts, but it has scarcely been for wire materials. Such
materials, however, are classified in one category, and characterized by excellent mechanical properties
and extremely elongated structure owing to severe drawing.

Therefore, it seems very important to analyze fractographically steel wires as a representative of
them, inorder to get more knowlage of fracture phenominan and data for acci‘dent analysis.

In this report, first, fractographic features of eutectoid steel wires are fundamentally investigated
using scanning electronmicroscope, as to tensile, torsion, impact bending and fatigue fracture modes.

All modes show basically similar fracture surface morphology of wires to usnal wronght steel. But
some differences that seems to characterize the material of this kinds are also found.

Eor example, elongated dimples in the shear lip often have parallel ridge fairly long, and river pat-
tern on cleavage facets is less clear, and striations are less frequent and definable.

Secondly, using the fractograpy as a main measure, the wire rope that had fractured and caused a
éerious accident is investigated precisely. In this cace, the above preliminary analysis was refered
to beneficially. The rope has been used as the lift wire of a derrick crane on a cargo ship. From the
precise analysis of failure state of the rope around the fractured portion and some tests to confirm its
strength, the following conclusions concerning to the cause of rope fracture were obtained ;

(1) Wires in rope fractured portion were subjected to marked one-side wear and fair fatigue
failure. Outlayer wires were worn so hard that most of them fractured and had no practical loading
capacity. Innerlayer wires were fairly worn too, and more than 21 of them had broken or had na

loading capacity.
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(2) The structure in which an end block of left guy tackle is not appropriate, and accelarated
wear and fatigue failure mentioned above. o

(3) Marked wear was caused because the rope had been rubbed with the side plate of block,
through unsuitable design of mast block and/or topping rope.

(4) Fatigue failure was accelarated by a number of microcracks previously formed in zink-plated
layer of wires, and also helped by rather small block diameter.

(5) The strength of the topping rope at fractured portion had been lowered to about 4 ton before
the accident, because of the failure described above.

(6) It is assumed that cargo collapsing during unloading operation, caused dynamic load
corresponding to 4 ton and broke down the rope.

At last, through experience on empirical and practical fracture analysis, the importance of them
are emphasized.
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Photo.3(a) Fracture surface of wire (torsion)
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Fig. 6 Estimation of connecting condition of the rope at its fractured portion
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Table | Estimation of connecting condition of

the rope at its fractured portion

Combination of strands

‘O DO—-OD—@O—O®D—ED—6

|

o> | emi cmj cm, cmi cm. cm
&S D 62.0 63.0 68.6 65.8 49.3 67.4
T2 ® 80.0 780 7.2 52.6 64.8 63.8
ZS @ 705 652 52.0 69.3 655 65.2
T @ 63.4 542 72.4 66.8 69.4 73.8
[ | i i l
SE ® 588 76.0 72.0 73.0 77.0 72.0
‘2| ® 627 57.0 63.4 63.5 54.0 44.4
Max.in ! | |
each com-| 80.0 78.0 *72.4 73.0 77.0 73.8
bination | | I

* This combination gives the minimum connecting
distance to be estimated.
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Openning surface crack (in the
innerlayer)
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Photo. |3 Fracture ends of innerlayers (Fatigue
cracks have initiated from the arrowed
surface areas)
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ERTAEMNT, NERROSIERSIVHREIABREE
WL 7o BEE L TERB RGO I EEbh
IR S YO B CEER R B TR
B 2EZHA L Too #HE% Table2(a), (h)1ITR7o
IOENDRD L, FEITHC VTR Ay FETE
B FEOFRCL#LTY, FUEERE, HOBITUHK
CHRBOMNC S B RERED bR o e B
W%ﬂ%@ﬁﬁbisﬁﬂﬂbf%%ﬂ@%%ﬁ%&

RO DT UM W REINRIEBRENEE R AL Ty
%o

B0 B e — THEWH R X ORI O 5

WTHR D iR 135 mm THERL BT 2 TR D B

Table 2(a) Tensile properties of wires (normal
portion)
v — FEEHHERL EEROFIER
(NS
A lﬂ’\u

! | Elongation
Tensile Tensile (/)

Wire st- | stress gauge gauge
number rength (kg/ lengthlength note
(kg) | mm?) =50 =200
| mim| M
o ! fract t
1 240 1727 — ) — c%l%l?rSng
y gauge int
2 229 164.7 | — 3.6  EAUEC Dom
3 238 1 171.2 | 9.0 | 5.65
4 229 1 164.7 | 5.6 |3.7
5 233 1167.6 | 7.8 4.4
Mean | 233.8 | 168.3 | 7.47 | 4.34

Table 2(b)

Tensile properties of wires (worn
part of innerlayer in fractured por-

tion}
T RS R P TR SRR D BERERT D 5 [ 3R 3,
}'.2/};01:83
o Mini- - |Residual ] o
Wire mum  sectional q;egflllfh Tfnsglie
number | diameter| ‘area S rk % (}i 17:11 0y
(mm) | (mm?) | (kg g/mm?*)
1 1.24 1.355 230 169.7
2 0.89 1.00 156 156.0
3 1.00 1.135 192 169.0
4 1.07 1.21 196 162.0
5 | 120 | 1.3 | 220 165. 4
Mean 1206  198.8 1644
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Table 3 Torsion test of innerlayers in fractured
portion {Shackle side)
Yoy 7 PRI O AR EHITOWT DR
D HEAE R

(& :marked, A\ :fair, X : weak or no

(BEY)  (ebEDL) (EL)
(gauge length=135 mm)
15 D Wiy
ESE - SN CiE Ay B CFE RO D
7 % Number of Hii
Wire torsions | Local Eccent-
number ' ito fracture torsion| Wear licity
(nf) |
> B 1 @ O O
~ 6 16 X — X
g7 2 ox = O
& §8 L% - A
1 11 A x AN
L2 L5 x X A
3 9.5 | X X O
® | 4 2.5 X X A
= 5 9 X X X
£ 8 4 Ja\ O O
@ 07 12 X X A
8 1.5 O O O
9 14 X X AN

(ny) HEDI FEWWHHOERD ny T EEME
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Photo. 1§ Appearance of tensile fractured
wire ropes
upper ; normal state specimen
lower ; artificially worn specimen
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Fig.7 Result of the tensile tests of wire rope (load-elongation diagram)
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Table 4 Residual sectional area of rope at the
fractured portion
BAEMTEROUE
—number— : fracture at wearing portion
|— : fracture from fatigue crack
(" : U-type bend

g5 l\n/ﬁ:;rll geiiligﬁzi g I\ginim?m geecstli(ci;;lzi
§ Z | diameter| area g Z é;znrlne) et area
(mm) (mm?) (mm?)
1]—1.22—| 1.345 1| 0.66—| 0.67
2|—1.07—| 1.24 2| 0.97—| 1.10
_ |8 116—| 1.30 | |3 J—| —
@ 4|—1.00—| 1.135 |@|4 [—| —
'g 5/—0.89—| 1.00 ‘g 5 1.14—| 1.28
5|6 108—| L22 |56 1.35—| 1.39
7|—1.0 —| 1.15 7| 1.25—| 1.36
8 —1.21—| 1.36 8 ) —
9 G — 9/ 0.98 1.11
1 — — 1 —| —
2|—0.72—| 0.77 2 (|
_|3|—100—| 113 | |3|—L04—| 1.18
@4—||—| — ©@l4—117—| 131
E 5/ 0.56—| 0.54 g 5 | —
£|6|—0.84—| 0.94 | 5|6/ —0.99—| 1.12
7 J—] — 7|—1.08—| 1.22
8 [—1" — 8 | —
9 — — 9|—0.85—| 0.94
1 ) —— 1 —| —
2 — — 2/—1.12—| 1.26
3| 0.94—| 1.06 | |3|—1.10—| l.24
®4] 1.15—| 129 |@4]l—1.15—| 1.20
el5| 1.24—| 1.34 |EB|5|—1.11—| 1.25
§ 6 — — § 6| —1.15—| 1.29
7 | — 7| 1.06—] 1.20
8 | — 8/—1.21—| 1.34
9 - — 9 | —
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Fractography of wires and its Application to Accident Analysis
by Masagzumi Tanaka and Taiji Kondo
Technieal Note of the Research Institute of Industrial Safety, RIIS-TN-78-3,1~13
{1979

First, fractographic features in varfous fracture modes are analyzed (fundamentally)
on steel wires which have excellent mechanical preperties through severe drawing.
Basle similarities and some differences in detail, compared with usual wrought steels,
are found, Secondly, a serfous accident caused by repe fracture, is invesigated,
using the fractography refered to the above result as a main measure. The severe
damage state of the rope (at fractured portion) and its causes are clarified, Moreover,
the residual rope strength on the accident are procisely estimated,





