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PROJECT INFORMATION 

04-0G8404 
SFOBB Emergency Eye Bar Repair 

INTRODUCTION 
This report is a summary of the failure analysis that was performed by Larry McKnight 
Laboratory Inc. and the results of additional chemical and mechanical testing that was done at the 
Department’s Structural Materials Laboratory in Sacramento. These tests were done to assist in 
determining the most probable cause of failure of the eye bar from the East Span of the San 
Francisco Oakland Bay Bridge (SFOBB). This report also includes a summary of the failure 
analysis of the high strength rod material used for the initial emergency repair. 

BACKGROUND 
The Department contracted with McKnight Laboratory Inc. to conduct a failure analysis of an eye 
bar failure on the SFOBB East Span (See Figures 1 and 2 below for location). For the analysis, 
the failure analyst first visited the bridge site and inspected the cracked eye bar, and then portions 
of the eye bar and both fracture faces were removed for close up visual evaluation, 
microstructure analysis, chemical analyses, and mechanical testing. In addition, the fracture face 
and the paint films on the surface of the eye bar underwent Energy Dispersive X-ray analyses to 
evaluate possible cause(s) of the crack initiation. The Department’s Structural Materials 
Laboratory also conducted additional mechanical and chemical testing to determine properties of 
the original eye bar material and the high strength rod material that was used for the initial 
emergency repair. 

McKnight Laboratory evaluated specimens of the failed eye bar and the failed high strength rod 
from the first emergency repair. The reports for all the testing conducted by McKnight are listed 
in Appendix E and F. 

2 




    

 

 
  

  
                 

 

 
        

 
    
                

                   
               

                 
                  

Office of Structural Materials 


Figure 1: San Francisco-Oakland Bay Bridge East Span. Circled area is location of failed eye bar. 

Figure 2: Eye bar showing failure location 

EYE BAR MANUFACTURING PROCEDURE 
From analysis of original plans and specifications and a report published at the time the bridge 
was built (See end of Appendix E1), the Department believes that the eye bar is a single piece of 
steel. Testing and analysis by McKnight Laboratories and the Department confirmed that there is 
no forged or welded joint between the eye bar shank and head. The evidence gathered during 
failure analysis indicates that the eye bar was formed from a single piece of steel, the heads likely 
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formed with a die press procedure. There is no evidence to indicate that the eye was a) forged, b) 
wrapped and then welded, or c) formed independent of the shank and then welded to the shank. 

The chemistry of the eye bar shank is almost the same as the chemistry of the head. From a 
metallurgical perspective, the slight variations in element analysis are within expected parameters 
for different locations on a single piece of steel (See Appendix A and B for chemistry test 
reports). Similarly, etching of the material from both sides of the fracture, did not show 
indication of any change in grain structure, grain orientation, or color in the material from either 
side of the failure plane. Microstructure analysis did not reveal any evidence of forging flow 
lines. While it is possible that tempering may have obliterated grain flow lines, there is no 
evidence to support this. 

Based on the direction of small inclusions in the microstructure of the eye bar material, 
McKnight Laboratories determined that the grain direction at the failure location is perpendicular 
to the failure plane. This grain direction is noted to be parallel to the long axis of the eye bar 
shank. Based on the evidence, it is concluded that this element was produced from a single piece 
of steel and left in the as-formed condition, with no evidence of surface grinding or blending at 
any of the edges or interfaces. Additionally, there is no evidence to suggest that any forming 
flaws or defects are associated with the fracture. 

Material testing performed by McKnight Laboratories and the Department’s Structural Materials 
Laboratory indicates that the steel meets or exceeds the mechanical properties originally specified 
for the eye bars. Material tests included chemical analysis of the steel; tensile testing to 
determine yield strength (Fy), ultimate (tensile) strength (Fu), and elongation; hardness; and 
macro- and microstructural- analysis of the material. 

EYE BAR FAILURE ANALYSIS 
The failure analysis indicates that the fracture initiated at the outer edge of the eye bar, and then 
propagated inward to the center pin location. See the following three photographs for a close up 
view of the fracture location. 
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Figure 3: Failure initiation location is circled above and highlighted in following figures. 

Note lack of deformation 

and flatness of surface 

Ductile 

failure 

Figure 4: Close-up of the outer edge of the fracture 
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Figure 5: Close up of fracture showing radial ridges pointing to location of crack initiation 

On the edge of the eye bar where the fracture initiated, the manufacturing process left a concave 
surface configuration that resulted in sharp corners at the top and bottom edge of the eye bar. 
Figure 6 is a microsection of the edge of the eye bar. Notice the concave surface on the left side 
of the picture and the arrow pointing to the fracture initiation location. This sharp corner created 
a point of stress concentration from which the fatigue crack initiated. 
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Figure 6: Microsection made below fracture surface. Arrow points to fracture initiation location. 

Figure 7 below also shows the layout of the fractured surfaces with the yellow arrow pointing to 
the outside edge of the eye bar and the fracture initiation location. 

Figure 7: Upper and lower portion of fractured eye bar. Fracture origin at arrow location. 

Figure 8 below shows the outer edge of the facture face with a white arrow pointing to the fatigue 
fracture origin. After partial cleaning, there remained a thumbnail area emanating from this 
corner indicative of fatigue fracture. 
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Figure 8: Mating fracture faces at the outer edge of the eye bar. Fracture origin at arrow location. 

Other areas of the fracture displayed heavy oxidation and traces of dimple rupture from tensile 
over load. No evidence of either intragranular fracture or cleavage-type fracture mode appeared 
at any locations on the fracture plane. 

Analysis of the fracture face showed no evidence of paint on the plane of fracture. This indicates 
that the fracture did not exist at the time the eye bar was originally painted. 

Energy Dispersive X-ray analyses of the oxidized plane of fracture revealed primarily iron and 
oxygen and some chlorine associated with the oxidation process of the fracture face. There was 
no evidence of foreign material, abnormal inclusions, or defects in the eye bar associated with the 
plane of fracture. Cross sectional analysis did not discover any material defects, such as 
stringers, inclusions or laminations. 

EYE BAR MICROSTRUCTURAL ANALYSES 
The microsections prepared by McKnight Laboratories at the locations shown in Figure 9 as No. 
1 to 5, were examined for microstructure and hardness. 
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Figure 9: Cut locations to remove micros. 

The microstructure near the top outer edge of the fracture (corresponding to the arrow location in 
Figure 6) is shown in the below Figure 10. The microstructure consists of a highly tempered 
martensitic type structure. 

Figure 10: Microstructure near top corner of sample #1 in Figure 6. 500x Etched. 

Inward toward the center from this area the core microstructure consisted of martensitic grains 
surrounded by ferrite. This is illustrated in Figure 11 below. 
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Figure 11: Core microstructure of sample #1 in Figure 10. 500x Etched. 

McKnight Laboratories conducted microhardness testing along the top outside edge of the eye 
bar and from the fracture origin location into the core. The hardness near the outer edges of the 
eye bar is 20 to 23 on the Rockwell C Hardness Scale (RC), or 97 to 100 on the Rockwell B 
Hardness Scale (RB); hardness decreases to 94 RB at the core of the eye bar. There were no 
indications of any hard brittle martensitic zones either at the surface or in the center sections of 
the cross sections. 

In the cross sectional analysis near the fracture, there did not appear to be any material defects, 
such as stringers, inclusions or laminations. 

The chemical analyses of the eye bar are consistent with the medium carbon steel required in the 
specifications for this bridge. These chemical analyses demonstrated conformance to 
requirements specified by the manufacturer. 

The results of the tensile tests conducted by the Department’s Structural Materials Laboratory on 
the shank material are reported in the addendum and are summarized here and listed in Appendix 
C: 

Test Fy (ksi) Fu (ksi) 
Longitudinal, Reduced Specimens 
Average of 2 tests 

61.9841 95.350 

Longitudinal, Full-size Specimens 
Average of 2 tests 

66.6302 93.885 

Transverse, Reduced Specimens 
Average of 2 tests 

58.1371 93.055 

1 0.2% Offset Method 
2 “Halt of the force” method; no extensometer available for this specimen size 
Note: Percent elongation for all the specimens between 20.6% and 26.1%. 
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These properties meet or exceed the manufacturer’s required specifications. 

The Department also conducted Charpy V-Notch testing on specimens removed from the shaft 
section of the eye bar (Appendix C). The average test results are below currently required values 
for ASTM A 709 Structural Steel Plates for Bridges (15 ft-lb at 40 F). However, these values are 
typical of materials that were produced at the time the bridge was fabricated. It is notable that 
Charpy V-Notch testing only became widely used in bridge specifications after the Silver Bridge 
Failure on Hwy 35 in 1967. 

FAILURE ANALYSIS OF FIRST EMERGENCY REPAIR ROD 
When the crack in the eye bar was discovered, an emergency repair was put in place using high 
strength steel rods as part of a saddle apparatus. On October 27, 2009, the repair failed when one 
of the high strength rods fractured. 

The fracture analyses of the failed rod revealed a fatigue thumbnail crack at one location on the 
perimeter of the cross section of the bar (See figure below). The remaining portion of the cross 
section of the fracture face showed a complete cleavage type fracture which is indicative of a 
brittle fracture over-load. The fact that there was one single fatigue thumbnail present on the 
fracture face indicates that the bar experienced severe unilateral bending stress. This indicates 
that either the bar was bent during installation or was bearing some place against the blocks or 
fixture to put this particular bar in bending. As a result of the unilateral bending stress and 
vibration on the bridge, the combination of these two factors caused the fatigue crack just below 
the radius of the rib on the bar where it interfaced with the fastener or nut in the assembly. 

Figure 12: Fracture surface of failed support rod. 

Examination of the microstructure of the rod at the fracture origin revealed no indication of any 
metallurgical defects associated with the plane of fracture or the fracture origin. Furthermore, 
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mechanical and chemical test of the high strength rod material showed that the material meets all 
the minimum requirements for ASTM A722, which is the governing specification for the bar. 
See Appendix F for the McKnight Laboratory reports. 

Additional testing on the rod was conducted by the Department to determine how a loss of cross 
section affected the tensile strength of the high strength rod. For this test two rods were notched 
to simulate the fatigue crack on the surface of the bar. Then, these two bars and one un-notched 
bar were pulled to failure in tension (See Appendix D for the test reports). The fracture face 
from the notched bars and the un-notched bar were placed in a Scanning Electron Microscope 
(SEM) (See Appendix F2). 

CONCLUSIONS 
The failure analysis of the eye bar revealed that the rolling and shaping of the bar left a point of 
stress concentration at the eye bar edge along the interface of the shank to the head. As a result, 
after 70 years of cyclic live loads, a fatigue crack initiated at this location, leading to a loss of 
cross section. The loss of cross section exceeded the material’s ability to carry the imposed load, 
leading to full cross sectional failure. 

The failure analysis of the high strength bar used on the first emergency repair indicates that the 
failure was caused by a fatigue crack that resulted from unilateral bending stress and vibration on 
the bridge. 

Aaron Franklin, P.E. 
Structural Materials Representative 
Office of Structural Materials 

APPENDICES: 
A: Structural Materials Laboratory Test Layout –of the Eye Bar Specimens 
B: Chemistry Test Reports of the Eye Bar Head and Shank Specimens Shown in Appendix A 
C: Mechanical Properties of the Eye Bar’s Shank Specimens Shown in Appendix A 
D: Mechanical Test Reports on Notched and Un-Notched High Strength Rods used for initial 
emergency repair 
E: McKnight Laboratory Reports on Eye Bar 
F: McKnight Laboratory Reports on Failed High Strength Rod from the Emergency Repair 
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APPENDIX A: Structural Materials Laboratory Test Layout –of the Eye Bar Specimens  
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APPENDIX B: Chemistry Test Reports of the Eye Bar Head and Shank Specimens Shown 

in Appendix A. 
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APPENDIX C: Mechanical Properties of the Eye Bar’s Shank Specimens Shown in 

Appendix A. 

1) Tensile specimens. 
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APPENDIX C continued 

2) Charpy-V-Notched specimens cut transversal and longitudinal to the eye bar 

longitudinal axis. 
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APPENDIX D: Mechanical Test Reports on Notched and Un-Notched High Strength Rods 

used for initial emergency repair 
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APPENDIX E: McKnight Laboratory Reports on Eye Bar 

1) Failure Analyses of Eye Bar SFOBB East Span 

2) Mechanical Testing on Specimens from the Fractured Eye Bar SFOBB East Span 
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APPENDIX F: McKnight Laboratory Reports on Failed High Strength Rod from the 

Emergency Repair 

1) Failure Analyses Saddle Bar for the East Span 

2) Analysis of Saddle Bar Support East Span Notched and Un-Notched Tensile Tests 

19  




























































































































































































































































 
 

 

 
 

                                   

 
 
 
 
 
 
 
 

 

 
 
 
 
 

 

 
 
 
 
 
 

 
 
 
 
 
 

 

 

 
 

 

  

  
 

 

 

 

 

 

 

 

 
 

        

MCKNIGHT LABORATORY INC.
	

MECHANICAL TESTING ON SPECIMENS FROM THE 

FRACTURED EYEBAR SFOBB EAST SPAN 


Mactec Project: 5016050429-05.401 


Report No. MEC091010 


Prepared for: 


CALTRANS 


February 16, 2010 


Prepared by: 


McKNIGHT LABORATORY, INC. 


Larry E. McKnight, P.E. 

Principal Consulting Engineer 


Fracture Mechanics · Stress Corrosion · Failure Analysis · (714) 895-4465 



  
 

 

 
 

                                   

 
 
 
 
 
 
 

 

 
 

 

 

 

 

 

 

 

 
 
 

  

  

  

 

  

  

  

  

        

MCKNIGHT LABORATORY INC. Mactec - 2 -

TABLE OF CONTENTS 

Pages 

• PROCEDURE……………………………………………………………………...3-5 


• SUMMARY OF TEST RESULTS………………………………………………..6-8 


• FIGURES………………………………………………………………………… 9-15 


• RESULTS 

o TENSILE TESTING…………………………………………………… 16-20 


o CHEMICAL ANALYSIS……………………………………………… 21-23 


o FRACTURE TOUGHNESS TESTING………………………………. 24-30 


o DYNAMIC MODULUS TESTING…………………………………… 31-33 


Fracture Mechanics · Stress Corrosion · Failure Analysis · (714) 895-4465 



  
 

 

 
 

                                   

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

          

MCKNIGHT LABORATORY INC. Mactec - 3 -

PROCEDURE 


Fracture Mechanics · Stress Corrosion · Failure Analysis · (714) 895-4465
	



  
 

 

 
 

                                   

 

 
 

 

 
 

 

 

 

 

 

     

   
 

 

  

  

 

 

 

 

 

  

        

MCKNIGHT LABORATORY INC. Mactec - 4 -

February 16, 2010 

CALTRANS McKNIGHT LABORATORY, INC. 
Division of Maintenance Report No. MEC091010 
111 Grand Avenue, Room 10-400 
Oakland, CA 94623 

SUBJECT: MECHANICAL TESTING ON SPECIMENS FROM THE 

FRACTURED EYEBAR SFOBB EAST SPAN 


Mactec Project: 5016050429-05.401 


PROCEDURE 

Larger segments of the eyebar were submitted to the laboratory for mechanical 

testing. Figure 1 illustrates the additional segments that were submitted and illustrates the 

layout of the locations of the test specimens. Segment 1 identifies the head section of the 

eyebar and segment 2 identifies the shank area of the eyebar. The nominal dimensions are 

shown in the photograph. The previous samples that were submitted for failure analysis 

are shown in the bottom center area as illustrated in the photograph. These specimens 

contain the original fracture of the eyebar that was analyzed and reported on January 6, 

2010. 

The layout of test specimens are identified on the segments 1 and 2. The block of 

specimens identified as F on segment 1 and segment 2 represent the section that was 

removed for possible fatigue testing. However no fatigue testing has been conducted at 

this time. The other specimens that are identified relate to the longitudinal tensile 

specimen in the head area of segment 1 and segment 2 and the fracture toughness test 

specimens prepared from the head and the shank in the longitudinal and transverse 

Fracture Mechanics · Stress Corrosion · Failure Analysis · (714) 895-4465 
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direction with the direction of the notch indicated on the specimens identified as K. The 

specimen identifications shown as G on the two segments represent the specimens that 

were removed for dynamic modulus testing. The two tensile specimens identified in the 

photograph were cut and removed from the one-quarter thickness location of the eyebar. 

In other words, the tensile specimen was located at a distance half way between the 

surface and the core of the eyebar. After the tensile tests were performed at these two 

locations the end of the tensile bar from the head area, segment 1, and an end of one of 

the tensile specimens from segment 2 in the shank were chemically analyzed. Figures 2 

and 3 illustrate the tensile specimens prepared from the head and the shank area of the 

eyebar. Figure 4 illustrates the four fracture toughness specimens prepared prior to 

testing. Figures 5 and 6 illustrate the appearance of the fracture toughness specimens 

taken from the head segment of the eyebar after testing. These represent the 1-LT and 1-

TL fracture toughness specimens from the head. Figures 7 and 8 illustrate the appearance 

of the fracture toughness specimens from the shank segment of the eyebar. These 

represent the 2-LT and 2-TL fracture toughness specimens. Figure 9 illustrates the 

appearance of the dynamic modulus specimens taken from the head portion of the eyebar. 

Two specimens were prepared in the longitudinal direction and two specimens in the 

transverse direction. One specimen was prepared at the top surface of the eyebar and the 

second was taken at the core of the eyebar in each direction. Figure 10 illustrates the two 

dynamic modulus specimens prepared from the shank area. One specimen was prepared 

in the transverse direction and one in the longitudinal direction. These particular 

specimens were made with the full thickness of the shank. The results of all of the testing 

are shown in the following enclosed lab reports. 
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SUMMARY OF TEST RESULTS 

The tensile results conform to the bridge specification requirement. In addition, 

the chemical analysis is also consistent with and conforms to the original bridge 

specification for the eyebar. Since the chemistry of the tensile specimen prepared from 

the head segment is virtually identical to the chemical analysis of the tensile specimen 

taken from the shank it’s apparent that the shank and the head of the eyebar were made 

from the same steel. This indicates that the eyebar and shank were essentially one piece 

of the same steel as manufactured.  

The results of the dynamic modulus tests show that the elastic modulus on the 

specimens taken from the head segment of the eyebar varied from 30.26 to 30.94; the 

modulus of rigidity varied from 11.81 to 12.07; the Poissons ratio varied from 0.266 to 

0.289. For the eyebar shank segment 2 the elastic modulus varied from 29.97 to 30.25; 

the modulus of rigidity varied from 11.84 to 11.93; the Poissons ratio varied from 0.255 

to 0.269. Based on these readings there was no significant variations in the dynamic 

modulus properties between the head and the shank area of the eyebar.  

The results of the facture toughness testing on the four specimens showed that a 

number of the parameters on the validity checks for the determination of KIC value were 

valid, however there were some invalid parameters on each of the specimens. In essence 

the true KIC value cannot be reported due to the fact that the maximum specimen 

thickness that could be obtained from the eyebar was not large enough to produce a valid 

KIC. In the validity note at the bottom of the report there is a quotation from ASTME-

399-09 which says, “Variation in the value KIC can be expected within the allowable 

range of specimen proportions, A/W and W/B. KIC may also be expected to rise with 

Fracture Mechanics · Stress Corrosion · Failure Analysis · (714) 895-4465 
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increasing ligament size. This indicates that if a thicker ligament could have been 

available a valid KIC could have been determined. The value KQ may be considered to be 

an approximation of KIC. 
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Fig 1 
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Fig 2 


Fig 3 
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Fig 4 


Fig 5 


Fracture Mechanics · Stress Corrosion · Failure Analysis · (714) 895-4465
	



   
 

 

 
 

                                   

 

 

 

 

 

          

MCKNIGHT LABORATORY INC. Mactec - 13 -

Fig 6 


Fig 7 
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Fig 8 


Fig 9 
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Fig 10 
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Material Testing and Non-Destructive Testing 

Contact: Larry McKnight 
Photometrics Inc. 15062 Bolsa Chica 
15801 GRAHAM STREET Huntington Beach, CA 92649 

HUNTINGTON BEACH, CA 92649 	 Telephone :(714) 892-1961 
Telefax :(714) 892-8159 
Website :www.storksmti.com 

Date: 2/8/2010 P.O. No.: 5749 W/O No.: PHO001-02-04-65032-1 
TEST CERTIFICATE 

Description: Segment # 1 - Head 

CHEMICAL ANALYSIS 
Element Result % 
C = 0.31 
Mn = 0.64 
P = 0.012 
S = 0.022 
Si = 0.15 
Cr = 0.03 
Ni = 0.02 
Mo < 0.01 
Cu = 0.27 
Fe = Balance 

Chemical Analysis Performed by Optical Emission per SOP 2.02, Revision 10 

Carbon and Sulfur by Combustion per SOP 7.00, Revision 5 


FOR INFORMATION ONLY 

IMPORTANT NOTE REGARDING U.S. EXPORT LAWS: 

Stork Materials Technology does not have on file an End Use Certificate from your company for the P.O./Part Number(s) or Program identified on this report. 
Therefore, we consider you to be the end user of any technical data and or services provided by Stork in connection with this order and fully responsible for 
compliance with the applicable export laws of the United States including the International Traffic in Arms Regulations and Export Administration Regulations. 

Respectfully submitted 

The information contained in this certification represents only the material submitted and is certified only for the quantities tested. Reproduction 
except in full is reserved pending written approval. The recording of false, fictitious, or fraudulent statements or entries on the certificate may be 
punishable as a felony under federal law. All testing was performed in a mercury free environment. A2LA accreditation No. 0093-01 and 0093-02 
Stork Materials Testing and Inspection is an operating unit of Stork materials Technology B.V., Amsterdam, The Netherlands, which is a member of the Stork group 
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Website :www.storksmti.com 

Date: 2/8/2010 P.O. No.: 5749 W/O No.: PHO001-02-04-65032-2 
TEST CERTIFICATE 

Description: Segment # 2 - Shank 

CHEMICAL ANALYSIS 
Element Result % 
C = 0.34 
Mn = 0.66 
P = 0.013 
S = 0.024 
Si = 0.15 
Cr = 0.03 
Ni = 0.02 
Mo < 0.01 
Cu = 0.27 
Fe = Balance 

Chemical Analysis Performed by Optical Emission per SOP 2.02, Revision 10 

Carbon and Sulfur by Combustion per SOP 7.00, Revision 5 


FOR INFORMATION ONLY 

IMPORTANT NOTE REGARDING U.S. EXPORT LAWS: 

Stork Materials Technology does not have on file an End Use Certificate from your company for the P.O./Part Number(s) or Program identified on this report. 
Therefore, we consider you to be the end user of any technical data and or services provided by Stork in connection with this order and fully responsible for 
compliance with the applicable export laws of the United States including the International Traffic in Arms Regulations and Export Administration Regulations. 

Respectfully submitted 

The information contained in this certification represents only the material submitted and is certified only for the quantities tested. Reproduction except in full 
is reserved pending written approval. The recording of false, fictitious, or fraudulent statements or entries on the certificate may be punishable as a felony 
under federal law. All testing was performed in a mercury free environment. A2LA accreditation No. 0093-01 and 0093-02 
Stork Materials Testing and Inspection is an operating unit of Stork materials Technology B.V., Amsterdam, The Netherlands, which is a member of the Stork group 
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RH Gassner, CNJ 
2324 Camon Escondido 
Fullerton, CA 92833 

MCK325 
Eyebar - Head Segment - 1 

Surface Flexure 
Core Flexure 
Core Flexure 

Surface Flexure 
Surface Flexure Transverse 

Core Flexure Transverse 
Core Flexure Transverse 

Surface Flexure Transverse 
Surface Flexure Longitudinal 

Core Flexure Longitudinal 
Core Felxure Longitudinal 

Surface Flexure Longitudinal 

MCK800 
Eyebar - Shank Segment - 2 

Full Section Longitudinal 
Full Section Longitudinal 
Full Section Longitudinal 
Full Section Transverse 
Full Section Transverse 
Full Section Transverse 

SAMPLE ID E 
(msi) 

596 402F 30.44 
596 403F 30.70 
596 404F 30.94 
596 405F 30.90 

596 405FT 30.30 
596 404FT 30.58 
596 403FT 30.39 
596 402FT 30.47 
596 405L 30.42 
596 404L 30.58 
596 403L 30.39 
596 402L 30.26 

SAMPLE ID E 
(msi) 

596 408 29.98 
596 408 29.97 
596 408 30.09 
596 409 30.05 
596 409 30.01 
596 409 30.25 

G 
(msi) 

11.81 
11.98 
12.02 
12.07 
12.02 
12.02 
11.98 
11.81 
12.02 
12.02 
11.98 
11.81 

G 
(msi) 

11.93 
11.93 
11.93 
11.84 
11.95 
11.95 

POISSONS LENGTH DIM2 DIM3 MASS DENSITY FLEX TORS 
RATIO (mils) (mils) (mils) (gms) (lbs/cu in) (hz) (hz) 

0.289 3259 125.8 1000.3 52.6 0.283 2469 4731 
0.281 3253 125.6 1000.8 52.6 0.284 2481 4758 
0.287 3258 124.8 1000.3 52.3 0.283 2468 4732 
0.280 3250 125.8 999.6 52.6 0.284 2497 4790 
0.261 3255 999.6 125.8 52.3 0.282 15590 4790 
0.273 3258 1000 124.8 52.3 0.283 15580 4732 
0.268 3253 1001 125.6 52.6 0.284 15580 4758 
0.290 3259 1000 125.8 52.6 0.283 15540 4731 
0.266 3255 999.6 125.8 52.3 0.282 31230 4790 
0.272 3258 1000 124.8 52.3 0.283 31190 4732 
0.268 3253 1001 125.6 52.6 0.284 31130 4758 
0.281 3259 1000 125.8 52.6 0.283 31060 4731 

POISSONS LENGTH DIM2 DIM3 MASS DENSITY FLEX TORS 
RATIO (mils) (mils) (mils) (gms) (lbs/cu in) (hz) (hz) 

0.257 7967 988.4 1694.3 1719 0.284 3072 6426 
0.256 7967 1694 988.4 1719 0.284 4853 6426 
0.261 7967 988.4 1694.3 1719 0.284 12670 6426 
0.269 7961 986.9 1694.7 1719 0.285 3072 6395 
0.255 7961 1695 986.9 1719 0.285 4859 6426 
0.265 7961 986.9 1694.7 1719 0.285 12700 6426 

E - Elastic Modulus 

G - Rigidity Modulus 

Poisson Ration - Ratio of transverse to longitudinal strain in a material under tension 
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February 9, 2010 

CALTRANS McKNIGHT LABORATORY, INC. 
SMI Toll Bridges Report No. MEC091110 
111 Grand Avenue, Room 10-400 
Oakland, CA 94623 

SUBJECT: ANALYSIS OF SADDLE BAR SUPPORT EAST SPAN 

NOTCHED AND UN-NOTCHED TENSILE TESTS
	

PROCEDURE 

One piece of a saddle bar was tensile tested at CALTRANS and a second notched 

bar was tested at CALTRANS. The results of the tensile test were provided by Rosme 

Aguilar. After the tests were performed a sample of the fracture face from the notched bar 

and the sample of the un-notched bar were submitted to the laboratory for examination. 

The two fractures were photographed in the as received condition and then the fracture 

mode on the two bars was determined and photographs taken to document the fracture 

mode. 
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RESULTS 

The appearance of the un-notched fracture face is shown in figure 1 and fracture 

face of the notched bar is shown in figure 2. The two fractures were placed in the 

Scanning Electron Microscope (SEM) and fracture mode determined. Figures 3, 4 and 5 

illustrate the fracture mode in the un-notched bar and figures 6, 7, and 8 illustrate the 

fracture mode in the notched bar. In both cases the fracture mode was found to be 

cleavage as documented in SEM photographs. These results are exactly comparable to 

the overload portion of the fracture on the saddle bar that had the fatigue crack in it and 

which had broken on the bridge. 
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Fig 1 


Fig 2 


Fracture Mechanics · Stress Corrosion · Failure Analysis · (714) 895-4465
	



   
 

 

 
 

                                   

 
 

 

 
 

 

 
 
 

 

 

          

MCKNIGHT LABORATORY INC. Mactec - 5 -

Fig 3 


Fig 4 
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Fig 5 


Fig 6 
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Fig 7 


Fig 8 
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