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SUMMARY OF RESULTS 

The chemical analyses and microstructures were 

normal for as-rolled semi-killed mild structural steel. 

Tho mechanical properties were in lino with the chemistry 

and microstructure, the tensile properties averaging 

35,700 psi yield and 61,500 psi ultimate strength, with 

38.7% elongation and 60.9% reduction or area. The CharPY 

V-notch transition  températures  were -10°F for the stream 

below the sheer strake, 7°F for the sheer stroke, and 19°F 

for the deck stringer plate. 

Scientific Officer, Physical Metallurgy Division, Mines Branch, 
Department of Mines and Technical Surveys, Ottawa, Canada. 
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INTRODUCTION 

• 	On January 2, 1958, Mr. Alan Cumyn, Director, Steamship Inspection 

Service, Board of Steamship Inspection,Dopartment of Tratspert, Ottawa, 

Ontario, submitted two samples of stool plates from the M. S. "EAGLESCLIFFE 

HALL" to the Physical Metallurgy Division of the Mines Branch, with a 

request (letter of that date, File No. 9562-6523) that a series of Charpy 

V-notch impact tests with a temperature range of 50°F to 0°F be carried out 

so as to obtain the notch brittle characteristics. Room temperature 

tensile tests, and chemical analyses were also requested. 

The following information ras  supplied with the samples: 

The M.S. "EAGLESCLIFFE HALL" suffered a structural failure 
when crossing Lake Ontario in ballast in stormy weather. The failure 
consisted of a crack on the port Side which would appear to have 
originated in a welded butt of the hatch girder stiffener located 
between No. 2 and No. 3 hatches and to have spread'to the adjacent 
hatch girder butt (welded) located four inches aft of the stiffener 
butt, thence across the deck stringer plate through a welded butt 
in tho riveted deck stringer angle, and  thon  down the full depth of 
the sheer strake, through the strake below the sheer strake, and 
halfway down the second stroke below the sheer strake, a total depth 
of about 10 ft.6 in. (see - Figure 1). 

Fig. 1.  - Sketch showing location and extent of crack. 



Fig. 2.  - Deck stringer plate. 

Examination showed that the welding of the deck stringer 
angle butt had penetrated the sheer strake, thus forming a continuous 
path through the deck stringer angle butt. At the time of the failure 
air temperature was 20°F and water temperature was 34°F. Samples of 
the deck stringer plate, sheer strake and strake below the sheer strake 
were forwarded for examination; these samples are shown in Figures 2 
and  3. 

Fig. 3.  - Port side shell plate. The 
portion above the weld is part 
of the sheer strake, and the 
portion below the weld is part 
of the strake below the sheer 
strake. 
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For ease of identification, letters were assigned to the various 

portions of plate as follows: 

TABLE 1 

Plate Identification 

Straka below the sheer strake - 	Plate "A" 

Sheer strake 	 Plate "B" 

Deck stringer plate 	 Plate "C" 

VISUAL EXAMINATION 

The chevron markings ueually associated with brittle fracture 

of mild steel were observed on the fracture surfaces of all three plates. 

A typical area is shown in Figure 4. 

(approx. X4) 

Fig. 4.  - Fracture surface of plate "C". Note obvious 
chevron markings. 
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The coarsonoos of the ,  chevron marking indicates that the fracture 

occurred at a temperature not far below the transition temperature of the 

plate. Tho plat° thicknoosog varied, plate 1!11," being 0.415  in., plate 

0.518 in. and plate "0" 0.607  in. thick. 

MDMICAL ANALYCIO 

Deillingo wore teen Along the tranovereo ggio of th o ?Woe in 

order te obten te reprcpcntativg g eamplg ao Poonblo fox' ghomlogl analYPloe 

It phpuld bp epreplatea that Ponolderablp eearegation iP poeoible in a largo 

plate, and, oinoo thp plate oAmplpe are emallp th o rooulte roportod bolow 

Aro Atriptly applicable tp the eampleo Puly ana gannet bo epneldeeed to bo 

truly repreeentativp pr the enli Pigo plee. 

0homidal  Analyng  

-- 	 . 	... 

Pproent
•Element 	Plato 	Plate 	Plate If Au , 	I,  
_- 	,„.-..- 	- 	 

Carbon 	0.14 	0.1C 	0.19 
Mang/mono 	0.54 	0.56 	0.55 
Silleon 	0.08 	0.03 	0.04 
Culphur 	0.059 	! 	04.048 
Phoophoruc 	0.054 	' 	ge 	0.01 

p.042 

09PPor 	0.09 	 0.09 
Nitrogen 	0.00 	0.00 7 	04007 
Mn/0 ratio 	5.66 	5.11 	2.79 	, 

0,1 
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PROPEUTIM 

Insufficient material was available to prepare full-thickness 

standard plate tensile samples. Round fensile bars of the maximum diameter 

possible for each plate  were  prepared. Tho diameters are shown in Table 3 

below. Full-size standard Charpy-V-notch bars were prepared, the notch 

being cut normal to the plate surface. Throe Charpy bars wore tested at 

each temperature, the average of the three being used as the representative 

value (shown in Table 4 below and used in the graph, Figure 5). Both tensile 

and Charpy bars were oriented in the longitudinal direction. 

T4P4P.: 
Tensile  Test  Results 

Strength &  in psi 	.% Elong. 	% Re-duo. 
Plate 	Diametere  in._. 	Yield 	Ultimate 	in  4 x (11m_41 Area  

A 	0.186 	34,400 	58,300 	41 1 3 	64. 0  

13 	0.312 	'38,000 	63,600 	 37.6 	59.3 

0. 	0.373 	34,800 	62,700 	 37.3 	59.3 

Charpy V-notch Test Results 

Temp. 	 Plate 	Plate 	Plate 

	

0F. 	 A 	 B  	C 

	

212 	- 	58 	ft-lb 	88 	ft-lb 	73 	ft-lb 

	

160 	- 	57 	" 	90 	n 	74 	u 

	

110 	- 	57 	II, 	83 	" 	62 	" 

	

73 	_ 	58 	tt 	'75 	" 	42 	ii 

	

50 	 54 	It 	55 	" 	30 	II 

	

32 	- 	a 	" 	38 	" 	21 	" 

	

0 	- 	22 	" 	11 	" 	8 	" 

	

-40 	... 	3 	" 	3 	" 	3 	" 



-10°F 

7°F 

19° F 

A 

Plate Transition Temp., 15 ft-lb. 

6 

TABLE 5 

Charpy V-notch Transition Temperature 

Fig. 5. - Charpy V-notch test results. 

DEEP ETCH 

Sections of all plates were deep etched in 1:1 HC1 and water at 

165°F. There was no evidence of piping or excessive segregation. 
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MICROEXAMINATION 

Sections of all plates were prepared for microexamination. 

Neither type nor quantity of non-metallic inclusions appeared abnormal for 

the grade of material. The microstructure of fine pearlite and ferrite 

was typical of as-rolled mild steel (Figure 6). 

(a) 	 (b) 
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Fig. 6.  - Typical microstructures, Plates A, 
(X100; etched in 2% nital). 

B and C.  
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DISCUSSION 

Tho chemical analysis of the plates is typical of semi-killed 

mild structural stool. The relatively low manganese contents indicate 

that they were probably not made to an improved notch toughness requirement. 

Microexamination revealed no abnormalities. The tensile properties appear 

normal in every respect. The 15 ft-lb transition temperatures fall in the 

range expected for the analyses and plate thicknesses. It is perhaps note-

worthy that plate A, with the highest manganese-to-icarbon ratio, had the 

lowest transition temperature despite'a somewhat coarser ferrite, grain size 

than plates B and C. 	 • 

It. seems reasonable to assume that the temperature of the  plate6 

at . the time of failure was the babo  as  the air temperature, . 	. 

15 ft-lb transition tomperaturc-of,plate C is esàentiely.the Same as the 

Service temperature; and the transition températures  of 'Plates.D and'A.are 

fairly well below  the. service  temperature. The fact that  th à crack pre-

pagated in a brittle.fashion through  plates  at a • emperature aboVe their. . 

15 ft-lb transition,is not unusual.  On  the contrary, it.is  well established. 

that it is  casier te propagate than to initiate a - crack. It would be 

anticipated that plates A, D and C, when loadedwithin the elastiq limit, 

could stop.a , running crack'at tàmporatures .  of 130P,.309F.and 35°F, 

. respectively. While the crack-ptopping . temperature of plate A is below the 

service failure tomperatUro, the 'actual lead is unknown and e 'furthormore, the 

uncertainty of testing is most probably not accurat,to . ± 7°F. 

ide 



CONCLUSIONS 

1. All three nlate samples examined were characteristic 

Of semi-killed mild structural .  stool. 

2. No defects or quality deficiencies were noted. 
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