
Introduction  
 

 

J.E.I. Metallurgical, Inc., Dallas, Texas, was requested  

to examine and evaluate a failed, split rim wheel from a garden crate wagon. 

The subject failed tire and split rim and are shown in Photograph A (C016). 

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photograph A  Overall view of failed split rim and tire received for non - destructive 
examination .  
 

 
 
 
 

The subject split rims and tire/tube were visually inspected and 

photographed.  

 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Executive Summary  
 

 

Based on the work accomplished to date, to a reasonable degree of 

engineering probability, the following conclusions and opinions:  

1)  As a result of the garden crate wagon incident and failure, the 

 subject garden crate wagon split rim wheel has been grossly and 

 permanently deformed.  

 

 
 
 
 
 



2)  
 
 
 
 
 
 
 
3)  
 
 
 
 
 
 
 
4)  
 

 
 
 
 
 
 
 
 
 
5)  
 

 
 
 
 
 
 
 
 
 
6)  
 
 
 
 
 
 
 
 
 
 
 
 
7)  

This deformation of the split rim wheel caused a curvature and 

deformation of the formerly flat contact or faying surfaces between 

the two split rims.  

This deformation renders unreliable any hardness or strength 

determination made on the subject split rim without destructive  

testing.  

 

Comparison of metallographic microstructure, microhardness and 

tensile test results from an exemplar split rim wheel provided 

insight into the hardness and tensile strength of the  

original split rim when manufactured. 
 
 
 
 
 
 

 
 
 
 

The microstructure and microhardness of the exemplar split rim  
 

 
wheel and the subject split rim wheel were similar. However,  
 

 
variations in microstructure correlated with variations in  
 

 
microhardness and tensile strength.  
 

 
By comparison with exemplar split rim tensile test results and  
 

 
the microhardness of each of the metallographic samples, it  
 

 
was determined that the yield and tensile strength of the subject  
 

 
split rim sheet metal was approximately 45,000 and 60,000 psi,  
 

 
respectively.  
 

 
The safety factor of the subject split rim assembly could be  
 

 
 



increased by increasing the thickness of the sheet steel from  
 

 
which the split rim is fabricated. Doubling the split rim metal  
 

 
thickness should double the punching shear strength thereby  
 

 
dramatically reducing the probability of an accident of this type.  
 

 

8)  Fabrication and production drawings for the subject split rim 

were not produced. This lack of drawings precludes making any 

firm statements about material thickness changes in the 

production/manufacturing process. Alternatively, since the only 

area needing further strengthening is around the split rim bolt 

holes a "five star reinforcement or doubler plate" could be installed 

during original fabrication to the outside split rim half of the wheel.  

 

 
9)  
 
 
 
 
 
 
 
 
 
 
 
 
10)  

 

 
A five star doubler plate is already in use in the present split rim  
 

 
wheel design on the inside half of the split rim. Thus, this  
 

 
addition would only require fabricating the outer split rim in the  
 

 
same manner as is being presently used to fabricate the inner  
 

 
split rim.  
 

 
Microhardness test results from the exemplar split rim wheel  
 

 
revealed that the star doubler plate was APPRECIABLY  

 
 
 
 
 



 

 
 
 
 
 
11)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
12)  
 
 
 
 
13)  
 

 
 
 
 
 
 
 
 
 
14)  
 
 
 
 
15)  

stronger than the steel sheet used to fabricate/manufacture  
 

 
either of the exemplar spit rims.  
 

 
The finite element analysis (FEA) indicated that at an inflation  
 

 
pressure of 30 psi, the local stress around the bolt holes  
 

 
exceeded the yield strength of the metal from which the split  
 

 
rims were fabricated. Therefore, the design and fabrication of  
 

 
the subject outer split rim carried ABSOLUTELY no design  
 

 
safety factor.  
 

 
The incorporation of the star doubler plate into the outer split  
 

 
rim design would strengthen the area around the bolt holes.  
 

 
The Finite Element Analysis indicated incorporation of a star  
 

 
doubler plate moved the highest stress, the most probable area  
 

 
of failure, from around the bolt holes to beyond the rounded end  
 

 
of the star doubler plate into the body of the split rim.  
 

 
Moving the area of failure away from the bolt holes precluded  
 

 
the type failure that resulted in the subject accident.  
 

 
Moving the area of probable failure to the split rim beyond the  

 

 

end of the "star doubler plate", changed the failure mode from  
 

 

"punching shear" to circumferential cracking and progressive  
 

 
failure of the split rim.  
 

 
 



16)  If the subject rim, with a star doubler plate in place, were to  
 

 

crack, no violent, unexpected "explosion" or rupture of the split  
 

 
rim wheel would occur. 
 

 

 
17)          Cracking of the split rim as explained above would give a  

 

 
user warning (by visibly seeing a crack in the split rim) before  
 

 
that crack (or cracking) would have grown circumferentially  
 

 
prior to final separation.  

 

 
18)          The subject split rim wheel is defectively designed and  

 

 
manufactured.  



 
 
 

Visual Examination  
 

 
 

Subject Split Rims  
 

 

Visual examination of the subject failed split rim wheel revealed  

numerous important facts. The split rim type wheels are manufactured by  

bolting together both halves of the wheel, thus the term split rim.  

A side profile schematic view of a split rim, similar in size to the  

subject split rim is shown in Photograph B. The red arrows denote the  

sharp fillet corners which display paint cracking.  

 
 
 
 
 
 
 
 
 
 



 
Photograph B Overall profile schematic view of split rim. Red arrows denote sharp 

fillet corner where paint cracking was noted.  
 
 
 

The two split rims, shown in Photograph B are bolted together with  

five, 7/16 inch hexagonal head, 5/8 inch long bolts. The outer split rim is



being defined as the split rim facing the public and/or user. The inner split  

rim contains a hub and faces the garden wagon. The flat, faying or contact  

surfaces of each split rim mate together when the two split rim halves are  

bolted together.  

A profile view of the flat face is shown in Photograph C (C020).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photograph C Overall profile view of exemplar split rim. The flat face of the split 

rim, which closely contacts the mating surface, when the split rims are bolted 

together, is noted.  

 
 
 
 
 
 
 
 
 



The inside surface of the inner split rim is shown in Photograph D  
 

 
(A012).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photograph D Inside surface of "inner" half of the subject split rim wheel 
assembly. The star shaped doubler plate is denoted with a white arrow. Black arrows 
denote a fillet at the transition to the rim body.  
 
 
 

Several features are evident in Photograph D. The center profile of the 

split rim is manufactured to be flat. A small sharp fillet transition from the flat 

surface to the rim body which faces the inner tube is clearly denoted with black 

arrows in Photograph D. This fillet is denoted with red arrows in Photograph 

B. The fillet in Photograph D is observed to have a network of cracks around



the entire fillet circumference. These paint cracks are the result of overstress 

and plastic deformation of the fillet. In the inside surface of the inside split rim 

the tips of the star doubler plate are observed to extend outward beyond and 

encompass the hexagonal attachment bolt holes. The point cracks around the 

circumference, are "Fingerprint" evidence that this split rim fillet has 

experienced very high tensile stress. It should be noted that the fillet paint 

cracks are separate and distinct individual paint cracks. It will also be noted 

that these paint cracks are more concentrated at the "tips" of the star doubler 

plate and near the rounded star points and that they have a curvature 

somewhat conforming to the shape (between star points) of the star doubler 

plate. The five hexagonal nuts are used to tighten the bolts attaching the two 

split rim halves together.  

 

 

 

 

 

 

 

 

 

 

 



The outside surface of the "outer" split rim is shown in Photograph E  

 
(A016).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photograph E Overall view of the outside surface of the failed subject outer split rim .  
 
 
 

The amount of circumferential paint cracking shown in Photograph E  

is clearly more than was present on the inner split rim in Photograph D at  

the same fillet location. Therefore, the stresses experienced by the split  

rim shown in Photograph E were greater than those at similar locations in  

the split rim shown in Photograph D.  

The bolt holes in the outer split rim shown in Photograph E have been  

clearly extruded (shaped) by the hexagonal heads of the attachment bolts.  

 



The magnitude and severity of deformation around each of the bolt holes is 

clearly demonstrated by the paint cracking around each bolt hole. Paint  

cracking is also noted in Photograph E at about the 11 o'clock position,  

where this split rim flange struck something during the subject accident. A  

close-up view of the upper right extruded bolt hole and upper fillet paint  

cracking is shown in Photograph F (A016c).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photograph F Enlargement of the upper right corner of the 
subject split rim shown in Photograph E.  
 

 
 
 
 
 



A profile view of the outer half split rim is shown in Photograph G  

(C022a).  The outer exemplar rim is also displayed for comparative 

purposes.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photograph G  Profile view of subject and exemplar split rims. The bulged (outwardly 
deformed ) surface of the subject is in clear contrast to the flat surface of the new exemplar split 
rim .  
 
 
 

The bulging and permanent/plastic deformation of the subject outer split 

rim is clearly evident and in stark contrast to the flat surface in the new 

exemplar split rim shown to the right in Photograph G.  

 

 

 

 

 



A close-up view of the "hexagonalized" reshaped bolt hole  

(subsequently denoted "A") is shown in Photograph H (B001).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photograph H Close - up view of "hexagonalized" bolt hole. White circle of the same 
(approximate ) diameter as the original bolt hole has been super imposed for 
comparative purposes.  
 

 
 

The reader should note and be aware that this hexagonal hole was  

originally circular. For comparative purposes a white circle has been  

superimposed in Photograph H to facilitate visualization of the relative size  

of the original bolt hole to that of the "hexagonalized" hole.  

 
 
 
 
 



A low angle perspective view of the same hole is shown in  
 

 
Photograph I (B006).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photograph I Low angle perspective view o f the bolt hole  
subsequently designated "A" in the subject failed outer split rim.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



A profile view of the extruded bolt hole (subsequently marked "C" is)  

shown in Photograph J (B024).  

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photograph J Profile of one of the five "hexagonalized" bolt holes 
observed in the failed outer split rim. The massive amount of localized deformation is 
clearly evident.  
 

 

 

 
 

Preliminary Lab Testing Discussion  
 

 

The subject split rim was manufactured from very thin, 0.060 inch  

thick, sheet steel. The subject split rim sections were formed by "deep 

drawing"(forming which requires large amounts of deformation) of sheet  



steel into the shape required to form a wheel rim after bolting together the  

two separate sides of the "split rim" wheel.  

The hardness of steel is and can be directly related to the strength of  

that steel. The hardness of the steel is often measured by non-destructive  

testing as a quality control technique in order to avoid destructive testing of  

a steel product. The measurement of hardness allows an indirect but  

accurate determination of the approximate tensile strength of the steel.  

However, because of the thinness and deformation of steel sheet in the  

subject split rims, the surface hardness is very difficult to measure. Thus,  

the preferred method for determining the strength of thin sheet steel,  

especially after deep drawing and deformation, is to cut and to fabricate a  

flat tensile test specimen (in this instance a sub-sized flat tensile specimen)  

from non-deformed steel in the subject item. This tensile test specimen is  

then placed into a testing machine and a tensile (or pulling) load is applied  

until it breaks into two pieces. The amount of pulling load or force required  

to break the test specimen can then be used to determine the tensile  

strength of the steel. However, this is a destructive test method and since  

no destructive testing was permitted (during the early stages of this  

investigation) on the subject split rim, tensile testing was not conducted.  

 



Rockwell "B" and Rockwell "T" superficial hardness testing was  

attempted at various locations on the subject split rim. However, the  

hardness readings obtained were broadly scattered and were unreliable.  

An exemplar split rim wheel, of similar physical appearance, had  

been acquired and an attempt was made to determine the Rockwell "T"  

superficial hardness of the steel in that exemplar split rim wheel. Those  

results indicated that the Rockwell 30T superficial hardness was  

approximately 55.  This hardness value is below the Rockwell 30T  

superficial hardness of 70 which is the minimum specified hardness that  

can be reliably converted to a tensile strength from superficial hardness  

measurements.  Thus, this low 30T superficial hardness value of 55  

(indicating softness of the steel) precluded a direct conversion of superficial  

hardness to tensile strength, i.e., below a certain level of superficial  

hardness, the direct correlation between hardness and strength is  

unreliable. Therefore, the only way in which the tensile strength of the  

subject split rim steel could be approximated was through comparative  

microhardness and tensile testing of the exemplar split rim.  



A profile view of the subject split rim shown previously in Photograph  

H is reproduced again in Photograph K (C022a).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Photograph K Comparison of subject and exemplar split rims.  
Deformation of the flat face of the subject split rim on left is noted.  
 
 
 

As can be seen in Photograph K, the failure of the split rim has  

Greatly deformed the originally flat split rim shape. When plastically/permanently 

deformed, the steel in the split rim undergoes a change in mechanical 

strength properties. This change in the mechanical strength of steel is called 

"work hardening" The "work hardening" process changes (increases) the 

strength (and hardness) characteristics of the steel. Thus, if the hardness or 

microhardness is measured on deformed steel, an elevated (untrue, due to 

work hardening) value of the hardness and/or tensile strength will be 

obtained. The amount of elevation in tensile strength will be dependent on the 



degree of work hardening.  

The only accurate tensile strength that can be obtained will be from an 

un-deformed exemplar wheel.  

It MAY be possible to cut a section from the subject split rim at the 

inside axle bearing hole, which does not appear to be deformed, to create a 

sample which could be used for microhardness testing. Thus, a comparative 

analysis could be conducted and a "close" approximation of  the true tensile 

strength of the subject split rim could be obtained.  

A close-up view of the subject split rim with a proposed "pie" 

metallographic section has been marked and is shown in Photograph L  

(A016). However, cutting/removal of this pie section from the subject split rim 

would be considered "destructive testing". 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

Photograph L Overall view of one half of the subject split rim.  

Proposed "pie" section is to be cut from the subject split rim in the 

manner noted.  
 
 
 

Permission was granted for limited destructive testing  

of the subject split rim. An un-deformed "pie" section was cut, mounted,  

and polished for microhardness testing and microstructural evaluation.  

The microhardness values obtained from the subject split rim were then  

compared to a similar section cut from the "alternate" (wheel from the same  

garden wagon) and the exemplar split rim. By conducting this series of  

tests, some of which were destructive, it was possible to determine or at  

least closely infer the strength of the original subject split rim steel.  

 

 
 

 



Laboratory Testing  
 

 

Destructive laboratory testing was conducted. For ease of  

identification the following test samples notations were assigned to the split  

rims to be tested:  

S -Subject Split Rim  

A -Alternate Split Rim (rim from the same utility wagon)  

N -Exemplar Split Rim  

Permission was granted to proceed unilaterally with limited  

destructive testing of the subject and alternate split rims. A small "pie"  

section from the subject split rim (denoted "S"), was marked for cutting  

mounting, microhardness testing, etching and metallographic evaluation.  

The marked section is shown in Photograph M (E005). 



Photograph M Overall view of outer segment of subject split rim. Triangular "pie" 
section which was marked for sectioning, mounting, polishing, microhardness 
evaluation, etching  and metallographic examination.  
 

 
 

The "left rear" split rim (denoted "A") from the subject utility wagon  
 

 
was also marked for metallographic sectioning and is shown in Photograph  
 

 
N (E007).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Photograph N Overall view of outer segment of "alternate"(left 

rear) split rim triangular "pie" section which was marked for sectioning and 

metallographic examination.  
 
 
 

For comparison purposes, an exemplar utility wagon wheel (denoted  

"N") was acquired. This exemplar outer split rim (without hub) was also  

marked for metallographic sectioning and microhardness testing. The half  

of the split rim marked for cutting for metallography is shown in Photograph  

O (E012). Rectangular sections, marked NT1 and NT2 were marked to be  

rough cut and removed for the machining into tensile test specimens.  

 

 

 
 
 



Photograph O Overall view of outer segment of exemplar ( N ) sp it rim. A "pie" 
section was marked for sectioning, mounting, polishing, microhardness testing 
and metallography. The rectangular sections marked N T 1 a n d N T 2 were marked for 
tensile test specimen preparation.  
 
 
 

The companion exemplar inner split rim hub section, which has the  
 

 

"star shaped doubler plate" reinforcement, was also marked for  
 

 
metallography.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 



An overall view of the sample marked for metallography is shown in  
 

 
Photograph P (E014).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photograph P Overall  view of inside (hub side ) of exemplar split rim . Area 
marked for metallographic and microhardness specimen removal is marked 
"ND" Arrow points to "star doublerò plate". 
 
 
 

The exemplar split rim (without hub) was marked for sample removal,  

metallography and hardness testing. An overall view of the split rim after  

metallographic sample removal and machining of the tensile test (dog  

bone) samples is shown in Photograph Q (E033). The rectangular section  

 



marked NT1 and NT2 in Photograph O were removed and were machined  

into subsized "dog bone" tensile test specimens.  

The machined tensile test specimens (dry bone specimen) are shown  

in Photograph Q.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photograph Q Overall view of sub-sized "dog bone" tensile test 

specimens cut from the exemplar split rim .  
 

 
 
 

Microstructural Results  
 

 

The microstructure of each metallographic sample was examined and  

the microstructure (internal structure of the metal) was photographically 



recorded. The microstructure of the "S" "A" and "N" split rim metallographic   

samples consisted of ferrite (white/light grains) and very small amounts of  

pearlite (dark laminar areas). The microstructure for the "S" and "A"  

metallographic samples at a magnification of 500x is shown in Photographs  

R (G001) and S (G002), respectively.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photograph R Photomicrograph of the core microstructure at the center of the wall of  

the metallographic sample cut from the subject "S" split rim (mag 500x) 

Etchant: Nital. 

 
 
 
 
 
 
 
 
 

 



Photograph S Photomicrograph of the core microstructure at the center of  the wall of 
the metallographic sample cut from the alternate "A" split rim (mag 500x) 
Etchant: Nital. 
 
 

The microstructure observed for the exemplar split rim is shown in  

Photograph T (G003) (mag 500x). Again, the microstructure consisted of a  

mixture of ferrite and pearlite. However, the microstructure in Photograph  

T shows more dark pearlite and thus contains more carbon than the subject  

and alternate split rim microstructures shown in Photographs R and S.  

Thus, based on microstructure, it would be expected that the strength of  



the steel represented by the microstructure in Photograph T would be  

greater than the steel shown in Photographs R and S.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photograph T Photomicrograph of the core microstructure of the center of the wall of 
the metallographic sample cut from the exemplar "E" split rim (mag 500x) 
Etchant: Nital. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



The microstructure observed for the exemplar split rim star doubler  

plate is shown in Photograph U (G005).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photograph U Photomicrograph of the core microstructure at the center of the wall of the 
metallographic sample cut from the exemplar "E" star doubler plate. ( mag 500x) 
Etchant: Nital.  
 

 

The microstructure consisted of mixture of ferrite and pearlite. However, the 

microstructure of the star shaped doubler plate contained relatively larger 

amounts of pearlite as a result of having a higher carbon content and possibly 

additional alloying elements.  

 

 
 
 



Microhardness  
 

 
Microhardness testing and microhardness measurements were made  
 

 
on each sample. The Knoop microhardness values recorded are tabulated  
 

 
in Table 1.  
 

 
 

SAMPLE  
DESCRIPTOR  
 
 
 

Subject  
Outer  

(S)  
 

 
 
 

Alternate  
Outer  

(A)  
 

 
 
 

Exemplar  
Outer  

(N)  
 
 
 

Exemplar  
Inner  
(N)  
 
 
 

Doubler  
Inner  
(N)  

 
 

KNOOP  
MICROHARDNESS  
(Testing Location)  
 
 

Middle  
 

 
Quarter thickness  

(¼ t)  
 
 

Middle  
 
 

Quarter thickness  
(¼ t)  
 
 

Middle  
 

 
Quarter Thickness  

(¼ t)  
 

 
Middle  

 
Quarter thickness  

(¼ t)  
 
 

Middle  
 
 

Quarter thickness  
(¼ t)  

 
 

KHN 
( #)  
 

 

139 
130  

131 

148  

148  

141  

123  

119  

118  

147 

126  

130  

165  

169  

157  

155  

151 

165  

130  

127  

133  

125  

125  

253 

224  

221  

234  

238  

236  

 

 
 
KHN  

(AVG)  
 

 
 

133  
 

 
 
145  
 

 
 
120  
 

 
 
134  
 

 
 
164  
 

 
 
157  
 
 
128  
 
 
128  
 

 
 
229  
 

 
 
236  

 

 
Table 1 Table of Knoop microhardness values for the subject,  
alternate and  exemplar split rim segments.  

 



As can be seen in Table 1, the Knoop Microhardness values for  

subject "S" and alternate "A" (presumably from the same manufacturer)  

vary from KHN 120-145 and average KHNavg 131. This Knoop  

microhardness corresponds to a tensile strength of 56-57 Ksi.  

The exemplar split rim microhardness values present an interesting  

contrast to the subject (described above). The "inner" split rim has a Knoop  

microhardness, KHNavg 128, in the same Knoop hardness range with the  

"outer" split rim microhardness of the subject and alternate "outer" split  

rims.  However, the "outer" exemplar split rim, that split rim that was  

positionally in the same location as the subject failed outer split rim, had a  

much higher Knoop microhardness, KHNavg 160. A KHN 160 corresponds  

to a tensile strength of 70 Ksi. Obviously, this tensile strength is 10 Ksi (or  

16.7%) more than the tensile strength of the subject outer split rim.  

The exemplar star doubler plate exhibited even higher KHN results.  

The KHNavg 232.5 was much higher in hardness and strength than any of  

the subject, alternate or exemplar split rims. This KHN corresponds to a  

tensile strength of 101 Ksi.  

It appears as if the exemplar split rim manufacturer intentionally  

increased the steel tensile strength in the "outer" split rim. However, they 

apparently reduced the inner split rim tensile strength to about the same as  



the subject (and alternate) outer split rim, but strengthened the design by  

adding the much stronger star doubler plate. Thus, the exemplar split rim  

designers acknowledged the importance of the star doubler plate to  

increase the overall strength of the split rim while using the lower strength  

56 Ksi sheet steel to fabricate a deep drawn inner split rim.  

The two tensile specimens cut from the exemplar split rim are shown  

in Photograph V (E033).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photograph V Overall view of location where tensile test specimens were 
extracted. The machined tensile test specimens are shown in the locations from 
where they originated.  
 



The two tensile test specimens were tested in a Satec 120 HVL tensile 

test machine. The tensile test machine was calibrated on  

June 1, 2009. The results obtained are recorded in Table 2.  

 

 
 

Yield Load  Ultimate  Yield  Tensile  
Sample  (lb)  Load (lb)  Strength  Strength  

(ksi)  (psi)  
 

 
T en # 1  528  701  46.3  61.5  
 

 
 
Ten #2  511  707  44.8  62.0  
 

 
 

Table 2 Table of results from tensile test on the exemplar split rim.  
 
 
 

The tensile test results indicate that the outer exemplar split rim with  
 

 
an average KHN 160 had a tensile strength, as determined by actual  
 

 
tensile testing, of 62 Ksi.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Finite Element Analysis  
 

 
 
 
 

The split rim was modeled for finite element analysis (FEA). Finite  

element analysis is a sophisticated computer based mathematical  

representation of the stress achieved at various levels of load application.  

The dimensions of the split rim and doubler plate were scaled from  

photographs. The three scaled models used to  

derive the finite element model are shown in Figures 1, 2 and 3.  

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Figure 1 Scaled surface model of 1/5 segment of split rim wheel and tire.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


