
CATEGORY: SPALLING

TYPE: SUB-SURFACE INITIATION - MATERIAL QUALITY RELATED
(DEEP SEATED DEFECT “DSD”, FISH EYE)

CHARACTERISTICS

Sub-surface initiated spalling resulting from poor material quality can be identified by the 
presence of a concentric fatigue pattern (fish eye) on the fracture face. The fatiguing can be seen 
initiating from a single point with fatigue arrest marks (beach marks) emanating in an oval 
pattern away from the initiation site. The fatigue arrest lines are only associated with the deep 
seated material indication (“DSD”) and not with any other sources (eg. “wreck” paths). This
fatigue pattern should not be confused with surface initiated fatiguing (see Spalling - Surface
Initiation) which appears as a fatigue “wreck” path.

EXAMPLES

EXAMPLE 1
Typical fracture face of a subsurface fatigue spall initiating from a material defect. Small arrow 
highlights the initiation site as a small material defect. Large arrow highlights a fatigue arrest 
mark (stage 1). Instantaneous brittle fracture flow lines can also be seen emanating from the outer
fatigue arrest mark (stage 2).



MECHANISM

During solidification, it is possible for an irregularity to become “entrapped” within the ingot. 
This irregularity can be anything from refractory, slag, localized segregation, porosity etc. These 
irregularities can then act as stress concentration factors when the roll is put into service. 

Spalling resulting from a sub-surface material defect occurs in two distinct stages:

Stage 1 - When the localized stress induced during rolling at these irregularities exceeds 
the fatigue strength (but not the tensile strength) of the material, fatigue cracks 
initiate and propagate away from the initiation site. The fatigue arrest marks 
propagate in all directions away from the initiation site usually within a single 
plane of propagation.

Stage 2 - The strength of the surrounding material is reduced to such a degree that 
spalling occurs. This final stage of fracture is instantaneous and brittle in nature 
and can be noted by fibrous fracture flow lines originating from the outer fatigue
mark on the fracture face.

PREVENTION

Spalling resulting from a sub-surface defect can be prevented by the following:

• Identification and control of critical melting variables by the roll manufacturer to 
reduce the possibility of an irregularity existing in the ingot after solidification.

• Changing from electric arc furnace vacuum degassed material to ESR (Electroslag 
Remelt) material for high productivity mill applications. The ESR process reduces the 
probability for an irregularity to exist in the material after solidification.

• Ultrasonic inspection techniques using a straight beam transducer on every roll after 
completion of the grinding operation. If accurate inspection records on every roll are 
maintained, rolls with sub-surface indications which are initiating fatigue can be 
identified and removed from service before they spall.



FURTHER EXAMPLES OF “DSD” SPALLS

EXAMPLE 2
Fracture face of a fatigue spall that originated from a subsurface material defect. Arrow highlights 
the location of the fatigue initiation site.

EXAMPLE 3
Close-up view of a typical fracture face of a fatigue spall that originated from a subsurface 
material defect. Arrow highlights the fatigue initiation site.


