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SEM/EDS and Optical Microscopy 

 

 The collapse of the -- attic ladder that caused injury to Mrs. Doe, when she started to 
climb up to their storage area, resulted from a failure of the cast hinge that connects the lower 
right hand section to the center section of the folding ladder. Rupture of the hinge caused the 
lower section of the ladder to break free of the central section throwing Mrs. Doe to the floor.  
Scanning Electron and Optical Microscope examination of the fractured pieces of cast hinge 
indicate that the fracture initiated at the hole in the tab portion of the casting and propagated to 
the main body of the piece.  Stress corrosion cracking of the casting appears to be responsible 
although casting defects may also have played a role for this catastrophic failure of the ladder 
during normal use.  Dispersive X-Ray Spectroscopy (EDS) showed that the hinge was made of a 
cast 5 % Al-Zinc alloy.  

               
  This report contains the results of our examination of the failed -- ladder from the home of Jane and 

John Doe. The -- S000010 foot 300lb attic ladder was unfastened from its mounts by John Doe 
under observation by R. Fisher and C. Brown on Feb. 20, 2008 at 3 PM. 

 

 
Fig. 1: Cast hinge assembly removed from the side rails, 

Lab/Cor Sample ID Client Sample ID Description 

080263-01 -- S2210 
Intact ladder assembly removed from 
attic. 
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 top half (left and below) and fractured  bottom half (right and above), 
Installation 
 
The -- S2210, as installed in the garage at the Doe’s home, connecting to the loft above is shown 
in fig. 2. Of note in Fig. 2 is the elliptical fitness trainer that was in that position when Ms. Doe 
fell from the ladder. She twisted off counter-clockwise to the right around the ladder and landed 
on the elliptical trainer striking her knee. 
 

   
 
Fig 2: S0000as installed in Doe home  Fig.3: Model label 
 
Also of note is the model information label depicted in figure 3. The ladder is marketed for 10 
foot ceilings and so was within specification here. Additionally, the weight limit of 300lbs 
exceeds that of Ms. Doe, who was not carrying anything when the ladder broke. 
 
The upper and lower hinge castings are shown in place on the intact, left side, of the ladder in the 
pulled down, ready to climb, position in Fig. 4. The ladder unfolds as seen in figure 5 below, 
with the final, lowest section folding outwards. This hinge does not have a locking mechanism 
like the other hinges, so one cannot be sure that the ladder is fully unfolded before use. A 
diagram of forces on the hinge can be found later in this report in figure 16. 
 
The diagram of the right-hand rail and hinge in Fig. 5 also indicates the overall placement and 
design of the hinge that was removed from the ladder assembly for the purpose of examination. 
Each half of the hinge was held in place by three riveted bolts which were each drilled out in 
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turn. The hinge itself was held together by another, larger gauge riveted bolt (see figure 15 for 
cross-sectional diagram) which was carefully cut off.  
 

 
 

Fig. 4: Photograph of left ladder hinge units in place in the ladder rungs. 
 

 
 

Fig. 5: Diagram of ladder operation and identification of inspected hinge 
 
Crack Initiation Site 
 
The crack that lead to complete fracture of the hinge tab and caused the ladder to fail originated 
in the hole for the pin that transferred load from the lower section to the upper section of the 
folding ladder.  This is shown in the optical micrograph in Fig. 6.  The micro-crack grew to the 
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left, broke out the surface and spread upwards resulting in complete separation from the main 
body of the casting. 

 
 

Fig. 6: Broken off hinge tab showing crack and 2.15% elongation of the hole. 
 
Elongation of the hinge hole 
 
The hole in the broken-off hinge tab was found to be slightly elliptical on the outer side of the 
tab as seen in Fig. 6 corresponding to 2.15 % elongation. The distortion of the hole is much more 
pronounced on the inside as shown below in Fig. 7. Note that the elongated direction is 
perpendicular to the crack in Fig. 7. This corresponds to an 11.9% vertical stretch. 
 

 
 

Fig. 7: Broken off hinge tab-inside surface.  
11.9% measured elongation. 
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Scanning electron microscope (SEM) images of several short cracks as seen in Fig. 7 are 
suggestive of intra-granular stress corrosion cracking.  
 

 
 

Fig. 8: Scanning Electron micrograph of short crack on hinge tab shown in Fig.7. 
 

 
 

Fig. 9: Close-up of short crack on hinge tab shown in Fig.8. 
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Energy dispersive x-ray spectroscopy 
 
To determine the elemental composition of the hinge, scrapings were taken from one of the 
sections and examined using energy dispersive x-ray spectroscopy (EDS). The results (below) 
indicate that the hinge is made from a cast zinc-aluminum alloy of 95.11% zinc, 4.89% 
aluminum.  
 
The tensile strength of similar alloys is on the order of 35 kpsi. 
 

 
 

Fig. 10: EDS Spectrum of a shaving of the hinge 
 
 
 
 

Element  Atoms%  Compound   Weight%  Error(±)     N orm% 
 

Al        11.08        Al      4.89      0.09      4.89 
Zn        88.92        Zn     95.11      3.08     9 5.11 

 
<Total>  100.00              100.00              10 0.00 

 
 

Examination of Fracture Surfaces 
 
The fracture surface exhibits some features suggesting defects in the casting. The optical 
micrographs in Fig. 10 showing matching surfaces of the main fracture show an inhomogeneous 
micro-structural feature that may have initiated a secondary fracture. The composition and other 
characteristics of this structure have not been determined. 
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Fig. 11: Optical micrographs of matching fracture surfaces on the tab.  
A secondary fracture may have initiated here. 

 
Scanning electron microscopy revealed the presence of micro-cracks and small voids in the cast 
alloy as illustrated in the figures below.  

 

 
 

Fig. 12 SEM image of micro-cracks below the main fracture surface. 
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Fig. 13: SEM image of spherical gas bubbles in the cast micro-structure. 
 

 
 

Fig. 14: Close-up of interior surface of a spherical gas bubble. 
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Static forces 
 
Consideration of the direction of elongation of the hinge hole allows us to assess the direction of 
movement when the ladder broke. We note from figure 7 that the elongation of the bore occurred 
in the direction perpendicular to the non-sheared-off crack across the hinge tab. Hence, we can 
surmise that the forces acting upon the ladder as seen in figure 16 below were likely the cause of 
the failure. The component of the force perpendicular to the opened ladder causes the left side of 
the hinge in the figure below to compress while the right side (the actual pivot point) feels an 
opposite force in effect pulling the hinge tab apart at the bore. The crack pictured in figure 16 
running across the bore then propagated in a direction very nearly perpendicular to this great 
pulling force on the hinge tab. 

 
 

Fig. 16: Diagram of forces acting on hinge. Cracks in tab are shown, also. 
 
Opinion 
 
The probable cause of this failure was inter-granular stress corrosion cracking on the inner 
surface of the bore. The marine atmosphere may have aggravated the rate of corrosion. The 
initial crack grew outwards from the bore until reached a critical length leading to abrupt and 
catastrophic failure with the hinged join shearing off completely. 
 
Other accounts of S0000failure 
 
Internet research into the reported failures of -- model S0000attic ladders yielded a considerable 
number of recent cases in which the lowest ladder hinge broke as in Doe ladder. Below is a 
summary of notable findings from this web link:  
 



 

 

810 NW  45 t h  S t reet  •  Seatt le ,  W ashington 98107 
Phone: (206) 508-1470  •  E-mail:  mail@labcormaterials.com 

10 

http://counsel.net/chatboards/products_liability/topic370/1.09.06.07.26.11.html 
 
The vast majority of the complaints specifically cite the left-hand hinge as being the first (or 
only) to break, unlike in this case where the right hinge was the failure point. This can likely be 
attributed to the way in which most right-handed persons scale ladders: right foot first, then left. 
Hence, all body weight is placed on the ladder only with the placement of the second (left in this 
example) foot. In the case of Ms. Doe, she placed her left foot on the ladder first, and then her 
right, causing her ladder to break on the right-hand side. 
 
Also notable is one complainant who alleges to have a surveillance video of someone breaking 
the hinge of one of these S0000ladders. They claim that you can clearly see that both ladder feet 
were on the floor at the time of the break. The video could not able be located on line but 
perhaps directly contacting this person would produce it. 
 
No references to actual lawsuits were found, perhaps due to the fact that almost all reported 
failures occurred at the lower hinge (as in this case) and hence the people involved fell no more 
than 2 feet (most less, as the second step is approximately 18 inches from the ground). 
 
Further work 
 
Mr. and Mrs. Doe have received a replacement ladder. The hinge on this ladder should be 
examined to check for any changes in the hinge design or material used for the casting. 
 
In order determine the specific nature and location of the metallurgical flaw that caused the 
ladder to collapse it will be necessary to section the hinge piece to examine the crack surface 
more directly by SEM. We would need approval by -- to do this procedure as it would alter the 
condition of the fractured casting. It is also desirable to mount and polish a cross-section of the 
casting to determine the exact composition of the alloy and examine the microstructure.  
Microanalysis of the fractured section in the SEM suggests that some areas are low in Al content. 
However accurate analysis requires a smooth polished surface which was not possible.  
 
Determination of the tensile strength and fracture toughness of the casting and detailed stress 
analysis by Finite Element Analysis (FEA) is needed to determine if the alloy used for the 
casting and the hinge design provided a sufficient factor of safety.   
 
 
R. M. Fisher PhD C. K. Brown 
Chief Scientist Laboratory Supervisor  
 
Additional photographs and optical and scanning electron micrographs are on file. 
 


