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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.
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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.

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 61.984! 95.350
Average of 2 tests

Longitudinal, Full-size Specimens 66.630° 93.885
Average of 2 tests

Transverse, Reduced Specimens 58.137' 93.055
Average of 2 tests

'0.2% Offset Method

? “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%.

10
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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-1b 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,

11
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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.

o

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

12
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APPENDIX A: Structural Materials Laboratory Test Layout —of the Eye Bar Specimens

13
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APPENDIX B: Chemistry Test Reports of the Eye Bar Head and Shank Specimens Shown
in Appendix A.

14
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APPENDIX C: Mechanical Properties of the Eye Bar’s Shank Specimens Shown in
Appendix A.

1) Tensile specimens.

15
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APPENDIX C continued

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

16
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APPENDIX D: Mechanical Test Reports on Notched and Un-Notched High Strength Rods
used for initial emergency repair

17
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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

18



Office of Structural Materials

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
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January 6, 2010
CALTRANS McKNIGHT LABORATORY, INC.
Division of Maintenance Report No. MEC091010

111 Grand Avenue, Room 10-400
Qakland, CA 94623

SUBJECT: FAILURE ANALYSES OF EYE BAR SFOBB EAST SPAN
CALTRANS STATE WIDE DISTRICT

PROCEDURE

On 10/03/09 the writer visited Ken Brown and Rosme Aguilar from the
Department of transportation at the bridge site and inspected the location of the cracked
eye bar on the bridge. The site inspection was performed on 10/04/09 and photographs
were taken of the crack location. Subsequent to the initial visit a portion of the eye bar
was cut and one fracture face was submitted for fracture analyses. The part submitted
was photographed in the as received condition and than a cut was made below the plane
of fracture so that the fracture face could be further examined in the Scanning Electron
Microscope. At locations immediately back from the fracture location specimens were
cut and removed for microstructure analyses, chemical analyses, and tensile testing.

At a later date in November of 2009, a second section of the eye bar was cut and

removed to retrieve the mating fracture face. The mating fracture face was then

Fraeclure Mochanics . Stress Corrasion = Faifure Analysls - {318) 407-0785
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examined and photographed in the as received condition and matched up with the first
section of the fracture that had previously been submitted. Energy Dispersive X-ray
analyses were then conducted from the outside edge to the inside edge on the fracture
face before any cleaning was attempted. In addition to the fracture face, Energy
Dispersive X-ray analyses were also conducted of the paint films on the surface of the
eye bar.

Both of the mating fracture faces were severely oxidized and rubbed to the extend
that it was impossible to clearly identify the fracture origin and fracture mode.
Consequently, it was necessary to attempt to clean the oxide layer off of the plane of
fracture so that the fracture mode and origin could be determined. The segments from the
fracture face were cleaned repeatedly in a solution of water and a micro 90 solution
which is used to remove heavy oxide. Because of the degree of oxidation and corrosion
this took repeatedly cycles of ultrasonic and chemical cleaning and scrubbing of the plane
of fracture. After removal of much of the oxide layer the fracture face was than re-
examined in the Scanning Electron Microscope. Not all of the oxide was removed on the
entire fracture face as the rubbing damage and oxidation was so extensive,

After the fracture faces were photographed and analyzed in the Scanning Electron
Microscope the micro specimens prepared above the plane of fracture were examined for
microstructure and hardness and photographs taken to illustrate the microstructure at
different locations. In addition, a sample for chemical analyses was analyzed to

determine the chemical composition and three tensile specimens were

Fiagture Mochanian . Siress Corioslon . Fallure Anagipsln ® fa10) 407-0755



Mactec —3 —
m McKnight Laboratory Inc.

prepared and tested: One near the top surface, one at the center of the cross section, and
one near the bottom surface of the eye bar, and in a direction perpendicular to the plane
of fracture. These were tested for tensile strength and compared to the original
manufacturer’s specification for the eye bar. The copies of the specifications for the eye

bar are included on the addendum of this report.

Eracture Machanles . Sicess Correoslon . Fallure Analysls 2 {31G) 407:07585
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EXECUTIVE SUMMARY CONCLUSIONS

The fracture of the subject eye bar initiated at the outer edge of the eye bar and
propagated towards the center pin location. At the outside surface corner edge of the eye
bar coincident with the plane of fracture a fatigue fracture initiated and propagated from
this location up to the center pin location. The fracture face was extensively oxidized and
rubbed on the plane of fracture which made the identification of the fracture mode very
difficult due to the heavy oxide layer. In order to determine the fracture mode and
fracture origin using the Scanning Electron Microscope (SEM) it was necessary to
chemically and ultrasonically clean and remove as much of the oxide layer as possible.
The SEM analyses conducted on the plane of fracture confirmed that the fracture mode
was fatigue and that the fracture origin was at the top outside corner of the outer edge of
the eye bar. On the edge of the eye bar the surface had a concave configuration resulting
in sharp corners at the top and bottom edge of the eye bar. This sharp corner observed at
the bottom edge created a point of stress concentration from which the fatigue- crack
initiated.

Other than evidence of fatigue and some dm:lpie rupture from over load failure
there was no indication of mtergrauular corros:on, or cleavage fracture on any portions of
fracture plane.

The paint film on the surfaces of the eye bar consisted of a heavily leaded red
orénge paint on the surface c;rf the steel thai was subseque'ntly covéred with a gray colored
pamt which contained a s1gmﬁcant amount of aiummum wl'uch mdlcates ‘thls was an

aluminum filled paint. The ana'iyses of the fracture face did not show any evidence of

Fraclere Mochanics . Strass Corroslen . Fallure Analysis . (3tp) 467.-0755
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paint on the plane of fracture which indicates that the fracture did not exist at the time the
eye bar was original painted. |

Energy Dispersive X-ray analyses of I the oxidizéd planec of fracture revealeﬁ
primarily iron and oxygen and some chlorine associa::ted with the oﬁdﬁtion process of tiw
fracture face. There was no indication that there was any foreign material or abnormal
mclus;ons or defects in the eye bar assoc:ated thh the plane of fracturc |

The microstructure of the eye bar near the plane of &actm-e revealed that .1t was
quench and tempered steel consistent with the manufactunng process mdmated in the
specifications for the eye bar. Near the outer surface the structure was tempered
martensite and as one progress to the center of the cross section the microstructure
consisted of martensitic grains surrounded by ferrite. Microhardness surveys conducted
thru the section of the steel showed that the maximum hardness near the outer surfaces
was 20-23RC and near the core or center of the cross section the hardness was RB 84-90.
There was no indication of any hard brittle martensite zones at any of the locations thru
the cross section of the eye bar. Based on the direction of inclusions in the
microstructure the grain direction was idehtiﬁed as being basically perpendicular to the
plane of fracture and parallel with the long axes of the eye bar. |

| The chemic-al analyses of the eye bar showeti that the ﬁmmﬁa] was a medium
carbon steel with carbon content of approxxmatcly 33 and mangancse .65. ln addmon,
lhere was ev:dcnce of 30 copper in the composmon. The chemlstry was compared ) the
spemﬁcatmn for the eye bar and showed that the chemlcal analyses confonned to lhe

requu‘ements specified by lhc manufacturer.

Fragture Mechanics L Flress Covrosion . Fallure Analysls . (310) 4070755
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The results of the tensile tests conducted on the eye bar and in a direction
perpendicular to the plane of fracture revealed that near the surface the ultimate tensile
str;ngth was 97.5KSI to 98KSI and the yield strength was 64-64.5KSL. In the center of
the cross section the ultimate tensile strength was 85KSI alnd the yield strength 51KSI.
The percent elongation on the tensile specimen near the top and bottom surfaces was 23-
26% and at the center of the cross sectien 29% fhe reducnon of area near the top
surface and bottom surface was 61% and in the center of the cross section the reducuon
of area was 63%. These tensile properties conformed to the specifications requirement
provided by the manufacturer and indicated good ductility.

After this initial analyses was conducted larger portions of the eye bar were
submitted to the laboratory for additional mechanical testing. Fig. 106 in the report
shows the additional segments that were submitted to the laboratory and illustrate the lay
out of additional mechanical tests that are to be conducted. These tests include additional
tensile specimens which were identified as T in segments 1 and 2 of the bar and fracture
toughness specimens taking in two diﬂ'erent directions out of segments 1 and 2. In
addlt:on, there are specimens to be removed identified as “G” which are for dynanuc
modulus testing. These specimens are to be machined into ASTME 1876 specunen
cauﬁguratmn Two additional blocks are to be cut out for possible fatigue testing. These
were ndent:ﬁed as “F”’ on the surface of the segments 1 and 2. At tlus time the fatlgm:
testing coupons wlll be set aside for posmble testmg if re,qmred. At t}us point in tlme no

additional testing of the eye bar is bemg contemplam

Fracture Mechanlcs ‘ Sirasg Corroslon . Faifure Analysis - fa10) 407.0788
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RESULTS

Fig. 1 illustrates the appearance of the San Francisco-Oakland Bay bridge ecast
span with a circled area showing the location of the cracked eye bar. Fig. 2 illustrates the
cracked eye bar. Figs. 3 and 4 show additional views of the fracture location which
exhibited considerable oxida_tion and opn'asion along the plane of fracture and near the
center pin locatio.n Qhere me‘eye bar interfaces with the Icnld of the sleeve. Fié. 5 shows a
close up of the hti:avy oxidation at the end of the sleeve where it iﬁterfaces with the eye
bar and shows the corrosion attack and staining at this location. Fig. 6 illustrates the
width of the eye bar at a location above the fracture location which shows the
measurement of approximately 7%”. Fig. 7 illustrates the corner which was determined
later to be the fracture origin location at the outside edge of the fracture face. Fig. 8
illustrates the crack opening displacement at the outer edge which was approximately
1%42" at the time of the inspection in October 2009; Figs. 9 and 10 show additional views
of the heavy corrosion degradation between the end of the sleeve and the end of the
frﬁcture of the eye bar. At this location there was very heavy oxide scale on the plane of
fracture and a good portion of some of the heavy oxide on the plane of fracture actually
chipped and fell out at this location.

Fig. 11 illustrates the first segment of the fractured eye bar that_ was submitted to
the laboratory with the duct tape covering the pl_ane of fracture. Fig. 12 illﬁsuat?s a close
ul; of the ;xidation and pwferentiél wear on the surface of the eye bar where it inteffaceél

with the end of the sleeve. Figs. 13 and 14 illustrate the oxidation and wear on the

Fraclure Mechanics ' Stress Corroglon " Faflure Analysls - {410) 407-0788
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opposite side of this segment of the eye bar. F'gg, 15 illustrates the upper fracture portion
of the eye bar and shows the approximate length of the fracture face from the outside
edge to the inside edge which measures approximately 14”. Fig. 16 illustrates the
location of the cut that was made below the plane of fracture to remove the fracture face
on this segment of the eye bar. Fig. l'i' illustrates the thickness of the eyel bar. The
nominal thickness of the eye bg.p was measured and found to be 1.8"I and alx tﬁe extreme
inside diameter edge where it mated with .thci: pin the thickness was 1.57” due to
preferential wear. Figs. 18, 19 and 20 illustrate the specimens that were cut form the eye
bar. Micro sections were prepared at locations 1, 2 and 3 parallel with the plane of
fracture and additional microsections were prepared at locations 4 and 5 which were
perpendicular to the plane of fracture. In addition, a tensile coupon was removed at the
location labeled “Tensile” in Fig. 18 and fig. 20. At this location tensile specimens were
prepared near the top surface of the eye bar, at the center of the eye bar, and at the
obposite side of the eye bar. These were tested for tensile strength. In addition, a sample
was rcmoved for chemical analyses. Fig. 19 illustrates the location of micro SPBCImenS 1
and 5. The arrow in this particular photograph points to the corner OUIS-ldB edge where
subsequent fracture analyses determined was the fracture origin. Fig. 21 illustrates the
appearance of the fracture face before cleaning and Fig. 22 illustrates the api:éaranﬁ: of
the pamt chip samples that were removed from the surface of the eye bar The fracture
face was cut into four different segmants along the length shown in Fig. 23, then at

locations 1 thru 12 Energy Dispersive X-ray analyses were conducted of the oxidized

Frocture Machanies . Strass Corvosfon * Fallure Analysis . (210) d0r-0ras
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fracture face. These locations are shown in Figs. 23 thru 27 proceeding from the outer
edge towards the inside .edge. One can see the_ extensive amount of oxidation and
corrosion attack along the plane of fracture. In this condition it was impossible to
determine fracture mode. Fig. 28 illustrates the inside surface area of the eye bar where it
interfaced -with the pin. EDS analyses were ﬂso conducted of the oxide layer at this
location. Fig. 29 il]ustr&_tc-s the paint chip sarlnpl_es that were removed from the surface.
These were labeled as 14, 15 aﬁd ltf;. Flig. 30 illustrates an over all view -of the upper
portion of the fracture face and the lowér portion of the plane of fracture which was
submitted on November of 2009. The results of the Energy Dispersive X-ray analyses
conducted at locations 1 thru 12 on the oxidized plane of fracture are shown in spectra 1-
12, and analyses of the inside diameter surface of the eye bar where it interfaced with the
pin is illustrated in Spectrum No. 13. X-ray analyses of the paint chips are illustrated in
Spectrums 14, 15 and 16. Results of the X-ray analyses of the oxidiz;.d layer show
principally iron and oxygen with small trace amounts of other elements such as calciuxﬁ,
chlorine, silicon and in some cases carbon. There is also a small trace of sulfur and a very
small trace of lead which is attributed to the painlt on the surface of the bar. However,
there was no significant presence of lead on the oxidized plane of fracture which
indicates that the crack was not present at the time that the lead paint was applied. The
principal elements are iron and oxygen. Spectrum ﬁo. 14 illustrates- the analyses of the
red colored portion of the paint chip which was the ﬁrst layer of paint on the surface of
tllm ey;e bar. Fig. 15 illustrates the spectrum analyses of the s@nd coat of paint which

appears to contain a significant amount of aluminum, oxygen and carbon which is

Fractura Machanicas . Siress Corroslon - Fallure Analyals . {310) 407-0755
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obviously a different composition than the first layer which is principally lead. Speclrum-
16 shows the analyses on the surface shown in Fig. 29 which again is principally
aluminum, oxygen and carbon. The iroﬁ is attributed to the base metal. Based on the
overall analyses of the oxide lafer lhere was no indication of any significant deposits
such as high silicon oxides or a]u;ninum oxides type of internal inclusions within the base
metal. The @yms indicate that the principal elgﬁlems are oxides of iron which
developed in the moist coastal environment on the fracture face. |

Fig. 31 illustrates the opposite mde of the fracture location of the eye bar on the
side opposite shown in Fig. 30. Figs. 32 and 33 illustrate the appearance of the outer
edge of the eye bar and Fig. 34 illustrates the outer surface of the eye bar with the arrow
pointing to what was subsequently determined to be the fracture origin. Fig. 35 illustrates
the appearance of the fracture face. The section shown at the top in Fig. 35 was cut into
four segments and these were cleaned and then examined in the Scanning Eleétron
microscope to determine the fracture origin. Fig. 36 illustrates the outer edge with the
yellow arrow pointing to the fatigue fracture origin. At the outer edge of the eye bar,
even after partial cleaning, there is the appearance of a thumbnail area emanating from
this corner which is indicative of fatigue fracture. Figs. 37 and 38 showed additional
views of the two sides of the mating fractured face segments that were submitted. Fig. 39
and 40 illustrate the area of the eye bar where it intérfaces with the center pin of the
assembly. Figs. ;41 and 42 illustrate the segment of the fracture ﬁt the eye bar interface
location after clea;ni,-ng with the arrows pointing to the locatioﬁ of the plane of fracture

coincident with the pin location. Fig. 43 illustrates the mating fracture faces of the eye

Fragture Mechanics - Stresd Corroglon - Faflura Anmlyels . farn) 4670788
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bar at a location just outboard from the pin location, after cleaning of a portion of the
oxide layer. One can see in the pictures shown in Figs. 43 and 44 how the thickness of
the eye bar was reduced at the pin location due to extensive preferential wear, abrasion,
and corrosion between the sides of the eye bar where it interfaced with the sleeve. On the
segment shown in Fig. 44 transverse and longitudinal microsections were prepared thru
the heavy oxide chip on the plane of fracture and these examinedl for microstructure,
Results of these analyses are covered in the microsection portion of thé report.

Sketch A, illustrates the fracture face profile from the outer edge to the inside
diameter edge of the eye bar at the plane of fracture. Based on the SEM analyses the
fracture origin was identified at the arrow location illustrated on the sketch and a fatigue
crack ‘than progressed from this location towards the inside portion of the eye bar. On
one side there was a shear lip area of approximately 6™ as illustrated in the sketch and at a
different location at the bottom side there was an area of a shear lip approximately 8.5 in
length. The worn and oxidized area of the top and bottom edges the eye bar near the pin
location are illustrated to the left in the sketch which shows that the nominal thickness of
the eye bar was 1. 8” but at the location where the eye bar interfaced with the sleeve the

thickness had been reduced due to wear abrasion and oxidation to 1.57".

Fraelure Meehanics - Strass Corrosion . EFailure Anaiyasle - {318) 407-0754






Fig. 3 Location of cracked eye bar.

BN
Fig. 4 Cracked eye bar.



Fig. 5 Corrosion at sleeve location at end of crack.

Fig. 6 Eye bar above crack location.



Fig. 7 Fracture face outer edge.

Fig. 8 Crack opening displacement, outer edge.



Fig. 9 Fracture at sleeve location.

Fig. 10 Corrosion at pin location.









Fig. 15 Fracture face segment upper portion, opposite side.

Fig. 16 Cut location to remove fracture face.
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Fig. 17 Thickness of eye bar.

Fig. 18 Cut locations to remove micros, tensile, and chemistry samples.



Fig. 19 Location showing micro specimens 1 and 5.
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Fig. 20 Cut locations to remove micros, tensile, and chemistry samples.
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Fig. 21 Fracture face of eye bar, upper portion.
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Fig. 22 Paint chip samples from eye bar.
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Fig. 23 Fracture face of eye bar, upper portion. Arrows indicate
E.D.S analyses locations.

Fig. 24 E.D.S analyses locations.



Fig. 26 E.D.S analyses locations.



Fig. 27 E.D.S analyses locations.

Fig. 28 E.D.S analyses locations.
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Fig. 30 Overall photo of upper portion of fracture and lower portion of
fracture.



















































PMC3543D011

Fig. 31 Overall photo of upper portion of fracture and lower portion of
fracture. Opposite side.

PMC3543D012

Fig. 32 Outer edge of fracture.



Fig. 33 Outer edge of fracture. Opposite side.

Fig. 34 Outer edge of fracture. Arrow pointing to fracture origin.



PMC3543D015

Fig. 35 Mating fracture faces.

Fig. 36 Fracture face outer edge. Fracture origin at arrow location.
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PMC3543D018

Fig. 37 Upper and lower portion of fractured eye bar.

Fig. 38 Upper and lower portion of fractured eye bar, opposite side.



Fig. 39 Inside diameter surface of eye bar pin location.
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Fig. 40 Inside portion of fracture face, adjacent to pin location, after
cleaning of oxide layer.



Fig. 41 Inside diameter surface of eye bar pin location, caaning
of oxide layer.

BVEB5480022

Fig. 42 Inside diameter surface of eye bar pin location, after cleaning
of oxide layer.
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SCANNING ELECTRON MICROSCOPY FRACTURE ANALYSES

Fig. 45 illustrates the fracture origin area corner of the eye bar. Higher
magnifications photographs were taken at locations 6, 9, 4 and 1 as illustrated in Fig. 45.
Fig. 46 illustrates the appearance of the fracture origin corner. Figs. 47 and 48 illustrate
higher magnification views of the corner area. At this location the fracture face was
cleaned of the oxide layer but no fracture features could be determined due to the etching
effects of the removal of the oxide. There was however, evidence of significant rubbing
damage in this corner area. Fig. 48 illustrates a higher magnification view of location 8,
shown in Fig. 47. One can see that there is no evidence of intergranular or cleavage or
dimple rupture. The features shown are strictly of etching effects from the removal of the
oxide layer. Fig. 49 illustrates the appearance of the fracture at location 9 shown in Fig.
45 and Figs. 50, 51 and 52 show evidence of fatigue striations on the plane of fracture
and evidence of rubbing. The fine lines shown in Figs. 49, 50, 51 and 52 definitely
indicate fatigue crack propagation growth in this area. Fig. 51 illustrates the appearance
of the fracture at a Iocatidn approximately 3/8 of an inch from the corner area of the
fracture face. Fig. 52 .iJlustrates the appearance of evidence of fatigue at a location
approximately 1" diagonally from the corner area of the fracture, Fig. 53 and 54
illu.strate lthe appearance of the fracture at l-ocation 4 illustrated in Fig. 45. Even at this
a.rea. there is evidence of slight fatigue crack growth on the plane of fracture. Figs. 55 aud
56 illustrate the appearance of the fracture at arrow location 1 sﬁﬁwn lin Fig. 45 which

again indicates some evidence of fatigue.

Fraeturs Mechanics 4 Siregs Corrogion - Falipre Analysis - (310) 402.0758
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At this location there was no evidence of dimple rupture or intergranular fracture
or cleavage fracture associated with the plane of fracture. The rest of the fracture in
general area showed cither heavy oxide and corrosion deposits and or etching effects
from the cleaning of the oxide layer on the plane of fracture.

.The second segment of the plane of fracture shown to the left in Fig. 35 was also
placed in SEM after partial cleaﬁing of the oxidcl layer and this examined for fracture
mode. Fig. 57 illustrates alportioﬁ of the fracture face of this second segment, along the
edge where there was ev.idmce of cleaning of the oxide layer. At this location
examination revealed etching effects but no clear evidence of fatigue or intergranular
fracture or dimple rupture. Figs. 59 and 60 illustrates the appearance of the fracture in
the central zone of the second segment which again showed no evidence of' fatigue or
intergranular of cleavage type fracture. There was extensive amount of rubbing and etch
pitting in this area where the oxide had been cleaned. Figs. 61 and 62 illustrate the
appearance of a shear lip area on the outer edge and at this location there was evidence of
rubbing degradation and etch pitting from removal of oxide and slight evidence of dimple
rupture. Fig. 63 and 64 showed additional views of the surface of the fracture in the
second segment at the lefl hand edge which again shows evidence of edge pitting and
oxidation and rubbing but no evidence o-f fatigue damage, There was also no evidence of
intergranular, cleavage fracture or d;rmple rupture. In essence the clean areas where the
oxide layer had been removeﬁ in this segment just showed etch pitt;d resulting form the

removal of the oxide layer at random locations.

Fraglure Machanics - Strass Correslon . Falture Analysils . (310) 407-D755
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The fourth segment of the fracture face which is illustrated in Fig. 35 was also
placed in the SEM. Figs. 65 and 66 jllustrate the appearance of the fracture at the inside
diameter edge of the eye bar close to the pin location where the fracture surface was
relatively clean. This sl;ows evidence of etch pitting and small traces of oxide on the
plane of fracture. In the central portion of fracture segmeﬁt No. 4 there were heavy oxide
scale deposits which are illustrated in P:igs. 67, 68, 69 and 70. In these photographs there
was only slight evidence of dimple rupture and ténsile overload. There was no evidence
of fatigue, intergranular, fracture or cleavage.

Based on the overall analyses of the plane of fracture the results indicate that the
fracture origin definitely was at the outside corner edge of the eye bar and at the inboard
diagonally from this corner there was evidence of fatigue and inboard on the plane of
fracture. On other areas of the fracture there was heavy oxidation and traces of dimple
rupture from tensile over load. At none of the locations on the plane of fracture was r.heré

any evidence of intergranular fracture, or cleavage type fracture mode identified.

Fraelureo Meochanics * Stress Corraslen . Fallura Analysis - {a10) 402-0755






-PMCIBABS0Q7 500X

Fig. 47 S.E.M photo of eye bar fracture surface at fracture origln,
in fig. 46. 500X.

PMC3543S008x1,500X

Fig. 48 S.E.M photo of eye bar fracture surface at fracture origin, location
8 in fig. 47. 1,500X.
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Fig. 51 S.E.M photo of eye bar fracture surface at fracture origin,
in fig. 50. 3,000X

PMC35435012; 1,000X

kv

Fig. 52 S.EM poto of eye bar fracture surface at fracture origiﬁ.
in fig. 45. 1000X.



PMC35435S004; 1,500X
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Fig. 53 S.E.M photo of eye bar fracture surface at fracture origin, location
4 in fig. 45. 1,500X.

Fig. 54 S.E.M photo of eye bar fracture surface at fracture origin,
in fig. 53. 7,500X.



PMC35435002; 10X

2 mm

Fig. 55 S.E.M photo of eye bar fracture surface at fracture origin, location
1in fig. 45. 10X.

PMB3543S001; 3,000X

20 kV 10 um

Fig. 56 S.E.M photo of eye bar fracture surface at fracture origin, location
1 in fig. 55. 3,000X.
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MICROSTRUCTURE ANALYSES

The microsections prepared at the location indicated in Fig. 20 were examined for
microstructure and hardness. Fig. 71 illustrates the microsection prepared at location 1 in
Fig. 20. The outer edge of the eye bar at this location is shown to the left in the
photograph. The outer edge of the eye bar has a concave configuration as is illustrated in
Fig. 71. The arrow at the sharp corner at the top indicates where the fatigue fracture
initiated in the eye bar. The microstructure near the top outer edge is shown in Fig, 72
and 73, The microstructure consists of highly tempered martensitic type structure.
Inboard from this area the core microstructure consisted of martensitic grains surrounded
by ferrite. This is illustrated in Figs. 74 and 75. Fig. 76 illustrates the microsection
prepared at location 2 shown in Fig. 20. Fig. 77 illustrates the core microstructure of ﬂﬁs
specimen at 200X. Fig. 78 illustrates the microsection prepared at location 3 in Fig. 20.
The area to the right represents the surface that is against the pin in the assembly. Figs.
79 and 80 illustrate the appearance of the top surface near the pin location ﬁhich shows
evidence of extensive oxidation and pitting. Fig. 81 illustrates the microstructure and the
microsection prepared perpendicular to the plane of fracture at location 4 in Fig. 20.
Examination of this specimen in the unetched condition revealed longitudinal oriented
inclusions such as illustrated in Fig. 82. This identifies the principal roll direction or
grain flow direction of the bar which is perpendicular to the plane of fracture and parallel
to the long axes of thé eye bar. Fig, 83 illusu';:tes the microstructure near the top sufface

of this sample and which is tempered martensite and

Fractura Moechanlcs - Siross Corresion . Fallure Analyels . f310) 407-075%
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Fig. 84 illustrates the appearance of the longitudinal elongated inclusion in the core area
that exhibits a different microstructure. Fig. 85 illustrates the microstructure at the
location of the inclusion which shows martensitic grains surrounded by ferrite. Fig. 86
illustrates the microsection at location 5. Fig. 87 shows an elongated inclusion running
perpendicular to the plane of fracture in this section.

Fig. 88 illustrates the fracture face near the inboard side near the center pin
location in the assembly. At this location Ihelre was heavy oxide scale on the plane of
fracture which is illustrated in Fig. 88. A transverse microsection was prepared along the
line showing on the specimen. Fig. 89 and 90 illustrate the nature of the large oxide scale
at this location. Fig. 91 illustrates the cross section of the eye bar at this location and
Figs. 92 and 93 illustrate the heavy oxide development on the plane of fracture at this
location. Fig. 94 illustrates a cross section of the heavy oxide scale shown on the fracture
face at this location. The microstructure under this oxide layer is illustrated in Figs. 95
and 96 which show that the microstructure consists of martensite grains surrounded by
ferrite. There was no evidence of any decarburization layer associated with the plane of
fracture or the location of the heavy oxide scale on the specimen. This indicates that the
heavy oxidation was due to environmental corrosion after the fracture opened up and
does not indicate that there was a longitudinal oriented heavy oxide scale in the eye bar at
this location as manufactured.

Fig. 97 illustrates another section that was taken in the plane of the fracture ﬂu’u

the same oxide development and the sections removed are shown further in Fig. 98.

Fraptysrea Meshanfos - Siress Cortroslion . Faltdre Analysis . (210) 407-0758



Mactec — 17 -
m McKnight Laboratory Inc.

Figs. 99 and 100 illustrate the appearance of these microsections prepared in this
direction. Fig. 101 illustrates the microsection along the plane of fracture and again
shows no evidence of any decarburization layer or internal flaw below the oxide scale.
Fig. 102 illustrates the etched microstructure which shows martensitic grains surrounded
by ferrite. Figs. 103 and 104 show additional views of the microstructure which is
consistent with the rest of the cross section. Fig. 105 illustrates the cross section taken at
location B shown in Fig. 98 which again shows the plane of fracture and the oxidized
fracture surface at the top portion. |
Microhardness testing was conducted along the top outside edge of the eye bar on
micro specimen No. 1 and these results are shown in table 1. Table No. 2 shows the
hardness survey coming in from the fracture origin location and into the core. The
surface at the corner was slightly harder than the core microstructure. The hardness at the
corner was 20 to 23 RC and the core hardness was 94 RB. Microhardness was also
conducted along the top edge on micro specimen No. 2. This is shown in Table 3. The
ﬁﬁcrohardncss survey conducted from the top edge of micro specimen No. 3 is shown in
table 4. Table 5 illustrates the hardness conducted below the oxidized heavy scale
deposit on the microsection shown in Fig. 98. One can see from the microhardness data
that the hardness near the outer edges of the specimens are 20-23 RC and that proceeding
from the surface the hardness decreases down to a core hardness of 94 RB. There was no
indication of any hard brittle martensitic zones either at the surface or in the center

sections of the cross sections.

Fracture Machanics . Siress Carresion . Fallure Analysis - {31@) 407-07385
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The results of the chemical analyses of the eye bar conducted by Stork

Laboratories were as follows:

Carbon 0.33
Manganese 0.65
Phosphorus 0.013
Sulfur 0.029
Silicon 0.15
Chromium 0.04
Nickel 0.03
Molybdenum < 0.01
Copper 0.30
Iron BAL

Results of the tensile test conducted at the tensile location shown in Fig. 20

showed the following results: near the top the ultimate tensile strength was 97,500psi,

yield strength 64,000psi, elongation 23%, reduction of area 61%. At the center or core

location the tensile strength was 85,000psi, the yield strength was 51,000psi, elongation

29%, percent reduction of area 63%. On the bottom side the ultimate tensile strength was

98,00psi, yield strength 64,500psi, elongation 26% and reduction of area 61%.

The results of the chemical analyses and the tensile strength properties are in

conformance with the specifications for the eye bar as manufactured. (The specification

requirements are shown in the addendum).
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TABLE # 1

MICROHARDNESS MEASUREMENT

Job. No.: MEC091010 Date: 1/6/2010
Load: 500 gram Recorder:
Micro # 1 EYEBAR
Knoop Hardness
Microhardness | Converted From
|  Sample LD. Position (in) Filar Units (KHN) (KHN)
Top outside edge 0.002 353 229 95.5HRB
0.004 361 219 94.0HRB
0.006 334 255 21.0HRC
0.008 339 248 99.0HRB
0.010 348 235 97.0HRB
0.012 344 241 98.0HRB
0.015 346 238 97.5HRB
0.020 336 252 20.0HRC
0.025 336 252 20.0HRC
0.030 340 246 99.0HRB
0.040 336 252 20.0HRB
0.050 347 237 97.0HRB
0.070 357 224 95.0HRB
0.100 346 238 97.5HRB
0.150 347 237 97.0HRB
0.200 381 196 89.0HRB
0.300 353 229 95.5HRB
Core 361 219 94 OHRB

Fractura Machanics
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TABLE # 2

MICROHARDNESS MEASUREMENT

Job. No.: MEC091010 Date: 1/6/2009

Load: 500 gram Recorder:
Micro # 1
Knoop Hardness
Microhardness | Converted From
Sample L.D. Position (in) Fi.li_l{l’ Units (KHN) (KHN)

Fracture Origin 0.002 340 246 20.0HRC

0.004 331 260 22.0HRC

0.006 331 260 22.0HRC

0.008 328 265 23.0HRC

0.010 331 260 22.0HRC

0.012 328 265 23.0HRC

0.015 323 273 24 0HRC

0.020 320 278 25.0HRC

0.025 313 291 27.0HRC

0.030 324 271 24.0HRC

0.040 326 268 23.5HRC

0.050 329 263 22.5HRC

0.070 335 254 20.5HRC

0.100 338 249 20.0HRC

0.150 334 255 21.0HRC

0.200 338 249 20.0HRC

0.300 341 245 99.0HRB

Core 360 220 94.0HRB

Fracture Machanicse

Siress Corresion

Faiferse Analysis

(8i0) «@r-0755




TABLE #3
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MICROHARDNESS MEASUREMENT

Job. No.: MEC091010 Date: 1/6/2010

Load: 500 gram Recorder:
Micro # 2
Knoop Hardness
Microhardness | Converted From
Sample L.D. Position (in) Filar Units (KHN) (KHN)

Top Edge 0.002 341 245 99.0HRB

0.004 358 222 94.0HRB

0.006 337 251 20.0HRC

0.008 340 246 99.0HRB

0.010 336 252 20.0HRC

0.012 336 252 20.0HRC

0.015 336 252 20.0HRC

0.020 331 260 22.0HRC

0.030 335 254 21.0HRC

0.040 339 248 99.0HRB

0.050 335 254 21.0HRC

Core 372 206 91.0HRB

Fracture Mechanics - Stress Gerraslon L Faliure Anaiysis . fatad) 407-475§




TABLE # 4
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MICROHARDNESS MEASUREMENT

Job. No.: MEC091010 Date: 1/6/2010

Load: 500 gram Recorder:
Micro # 3
Knoop Hardness
Microhardness | Converted From
Sample L.D. Position (in) Filar Units (KHN) (KHN)

Top Edge 0.002 418 163 80.0HRB

0.004 333 257 21.0HRC

0.006 331 260 22.0HRC

0.008 321 276 24 SHRC

0.010 321 276 24 5SHRC

0.012 321 276 24 5HRC

0.015 329 263 22.0HRC

0.020 348 235 97.0HRB
Core 376 202 90.0HRB

Fraciure Mechanics . Strags Corroslon . Faiture Analysis . (¥fa) 407-67848
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MICROHARDNESS MEASUREMENT

Job. No.: MEC091010 Date: 1/6/2010
Load: 500 gram Recorder:
Micro # 3
Knoop Hardness
Microhardness | Converted From
Sample L.D. Position (in) Filar Units (KHN) (KHN)
Near Fracture | Light Color Area 379 198 89.5HRB
Surface 395 183 86.0HRB
382 195 89.0HRB
382 195 89.0HRB
Dark Color Area 389 188 87.0HRB
386 191 88.0HRB
389 188 87.0HRB
369 209 91.0HRB
Core 368 210 92.0HRB

Fractura Machanics . Straxs Corroslan * Fepllure Anslysis . {310) «07-0758
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Fig. 75 Core microstructure of mple #1in fig. 71. 500X Ethed.

Fig. 76 Microsection made below fracture surface at location 2 in fig. 20.
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Fig. 78 ﬁicmséction made below fracture surface at location 3 in fig. 20.



Fig. 79 Top surface of sample # 3 in fig. 78. 50X Etched.

Fig. 80 Top surface of sample # 3 in fig. 78. 50X. Etched.



Fig. 81 Microsection made perpindicular to fracture surface at location 4
in fig. 20.

Fig. 82 Elongated inclusion in microsection sample # 4. 100X
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Fig. 83 Microstructure near top surface of sample # 4, 200X. Etched.

Fig. 84 Microstructure of sample # 4 showing elongated inclusion. 100X.
Etched.
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Fig. 85 Microstructure of # 4 showing elongated inclusion. 200X.

Etched.

Fig. 86 Microsection made perpindicular to fracture surface at location 5

in fig. 20.
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Fig. 87 Hicrostructuro of sample # 5 zuox. Etched.

Fig. 88 Transverse cross-section made of eye bar near the center bin
location.



s
Fig. 89 Transverse cross-section made of eye bar near the center pin
location.

: -
Fig. 90 Scale on fracture surface of eye bar near the center pin location.



Fig. 91 Transverse cross-section made of eye bar near the center pin
location.

Fig. 92 Transverse cross-section made of eye bar near the center pin
location, showing fracture face and scale. 100X.









Fig. 97 Location where longitudinal microsections were made of eye
bar near the center pin location.

Fig. 98 Location where longitudinal microsections were made of eye
bar near the center pin location.



Fig. 99 Longitudinal microsections of eye bar near the center pin
location, in fig. 98.

Fig. 100 Longitudinal microsection of eye bar near the ceter pin
location, in fig. 98, location A.









Fig. 105 Longitudinal microsection of eye bar near the center pin
location, in fig. 98, location B.



Fig. 106 Test plan for mechanical properties from eye bar segments 1 and 2
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B. Materisl
STRUCTURAL ST=ZL

(1) Process., - All structural st2zl shall be made by the open
fncarth process.

() Grades. - Four grades of structural stesl will re uscd in
thc various parts of the superstructure and are designited on
the Contract Drawlnss as Nickcl Steel, Silicon Steel, Medium
carbon Steel and Mild Carbon Steel. Where the material 1s not
othgrwise specifically designated, Medium Carbon 3tecl shall be
uscd.

Two grades of rivet stesl will be uszd and arc deslg-
nated on the Contract Drawlngs as Manzanese Rivets and Carbon Riv-
c¢ts, Jhers not Othnerwise specifically designated, Carbon 3toel
111vets shall be used.

(3) Chemleal Analysis. - An analysis to determins the quantity of
Lilu rent clements in the stezl shall bz made by the manufac-
tursr from a test ingot taken during the pouring of each melt.

The drillings for thls purposc shall be taken at le¢ast one-half
(1/2) inch bilow the surfacz of th: test ingot. A cony of this
analysis, ceéertifizd to by the manufacturer's chlzf chemist, shall
bz furnished to the Inspector immedilately on the cemilstion of such
analysls. Thc varlous grades of stézl shall not contaln moré than
tiie Tollowlng percentacss of elements:

NickzT Silicon  Carbon Steel Mzhgancse
Ste=zl Steel Rivet
Medlum Rivet wiild Steel
Carbon . . . . . . 0.420 0.40 i i34 e i v B 0.40
MangZancse . 4 . . 1.00 . 6% 4 o § @ 1.40
5‘!.1 CC-H N . . . s 0.45‘ 4 ® ® ® w ® @& & & @ 0025
Wickél + . « o . . i
Phiosphorus
acid Process 0.06 0.06 0.06 0.04 0,06 0.04
Basic Procass 0.04 0.04 0.04 0.74 0.04 0.04
sulphur 0.03 0.05 0.05 0.045 0.05 0.05
* The percentage of silicon in silicon st::1 shall not be less

than 0.20.

** The percentage of nickel in nickel steal shall not be less
than 3.00,

Thé percentage of coppéer in all the above stecls shall not be
lzss than 0.20.

—5E



g4) heck Analyses. - Check analyees of the finished proGuct may
e made Oy the Engineer. The results ol such check analyses
shall not exceed fhe'raqmrementg SEtacii“led for phosphorus and
sulphur in the test inzot analysis by more than twen —fl?‘e.izﬁ)
per cent, ané for other elements the variation from the limits
apecified ehall net be more than iive (5) per cent.

{5) Discard, - A suificient discard shall be made from each ingot
to secure freedom froim pining and undue segregaticn.

U EJl"SiGjLTl_PLDEFL__TIfm. - Sopecimens cut from the finished mater-
ga{ shall show the rolloving Eﬁvsical properties:

=57






(7) jale = Tosts ¢rcm majerigl of a thickness or diam-
etar n excass of one and one~half {1—1 2) lnch'e chall show an
ultiate strength and {luld point egual fto the .l LJH secilied
for its grada and an elongation in two (2) inchus of 1 ,ﬂﬂ 000

LUNEs 81

(8) Fond Test for Aazlcs. - All :les shall withstand bei

opeL = whr t.st.d cold, to an.aggi 0 g. undred £ift l?§501
doswes, or elosed to aa angls of thlrhv ?30 degrees, #1thout
ruature.

(9) jggﬁjiﬁé%%_tgn = ALl steel shall be made especially for this
werk and s S subjoct to a systom of idontification approved

by thc Bnginecr and shall be han lcd by itsclf and isolatid in such
mannoer a8 to provent the possibility of its bbcominf mixed with
othor kinds of stcel, Tho Engincor may a prove_ the use of stock
mat.rial, for which cortificd copius o; mical and phy31cal tuEES

can b. firnished by the mamufactirer's chpmlst, for minor partis

(10) Uniiormity. - All stcol shall by of uniform qualit cach
class, 'If‘gﬁifl be straight, wlthouf buckles or %1nks yand free

from injurious scams, flaws, "oracks, cxecssive scalc and pitting ard
cthor dcfiets,

11) Mc umber, - Evury finighed pioce of stuel shall be distinct-
y_stamycd W thy mclt numbor, and stccl for pins shall have tho

m.lt nuab.r_ stamped on th unds. Rivet and lacln; stuel and

aivees of platus and shapes may b. shinpud in bundles scourcly

wircd together, with th. mclt hnab.r on a metal tag attachod.

Uniyorsal platcs and shap.s shall b hot staa ed. Shcared
platces shall b. stamped with stecl dies aftur layingz oun Painting
heat numburs will not bo allowed.

(12) - The croas—sectlnn or wﬁlﬁgt of a h nicce of
stocl s a no vary merc than tvo and onc- f gur ceont
from that specificd cxcopt in the casu of plai.s wluur
thirty-sixz 3oi inchus, for which allouanca vill be made in
accordance with the spocification of strugtural stecl for bridges
gf?tgg Awcrican Sociciy for Tustin: Hat.rials, scrial designation

Mill Inspcetion

(13)_Access. - Thu Engingor and his inspuctors shall have froe access,
at all timus, tc all parts of the works vhere matorial for this
Contract is 531 mapufacturcd, handlud or storod. Thu manufacturcr
shall oxtcnd to Thy Insocctor, ’free of cost, all r.asonablc facil-
~tics to satisfy hlu thit the material Is bling oroperly furnished

n accordance with thusc Spocifications.
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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.

Fracture Mechanics . Stress Corrosion *  Failure Analysis * (714) 895-4465
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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 Kjc value were
valid, however there were some invalid parameters on each of the specimens. In essence
the true Kjc 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 Kjc can be expected within the allowable

range of specimen proportions, A/W and W/B. Kjc 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 Kjc could have been determined. The value Kq may be considered to be

an approximation of Kjc.
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FIGURES
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Fig 1
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Fig 2

Fig 3

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



McKNIGHT LABORATORY INC. Mactec - 12 -

Fig 4

Fig 5
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Fig 6

Fig 7
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Fig 8

Fig 9
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Fig 10
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Customer: CALTRANS

5900 Folsom Road

Sacramento,

EXOVA b
10005 Freeman Avenue, Santa Fe Springs, CA. 90670
Tel: (562) 9246-1721 Fax: (562) 944-8389

PO/80: 696557 Lalb No: 493596

Date: 02/11/10

Material: STEEL P/N: Heat Number: NOT SUPPLIED
Specification: INFC ONLY Other: I BAR SEGMENTS
Seg #1 HEAD
Ref Jobi#: 1010, Misc,: OARLAND BRIDGE
RESUL EVIEW
TENSILE TEST ,c| STRESSED | STRESSED | TYS @ 0.2% OFF |[TENSILE STRENGTH ELONG (4D) RED. OF AREA
METALLURGY LOC/ORIENTATION | 0 F| 'pIM | AREA | 1Bs | KSI | LBS | KsI N | % |FIN.DIM.] %
A3 MARKED (T) RT| .491 D .1893 12111 64.0 | 18980 95.5 0.460| 23.0 | .320 D 57.5
Information Only 2.0G

This is not a certified test report.

Both X.%
PARTI CERTIFICATION.

MEM PAGE: 1 of

EXOVA submits this certificalion as the confidential property of our client. It shali not be reproduced except in full, without the written approval of

EXQVA, The recording of false, fictitious or f

eld atrengths determined by yield point.

Signed for and gafﬁ?;m!r of Exova

- >
£ o

é

on this o may be o hed as a felony under federal 1aw,

\.ﬁ%_andam, Operation Manager
EXOVA

P

é

Accredited

L wddcap

Materials Testing Laboratory
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Terstirnegg. Advisinng. Assurinc.

RT 60K 2 in (2R) 0.2% OFFSET

Test Number 51509
Report Number 19080

Test Date 1/21/2010 9:43:52 AM

Head Specimen ID 1
Original Gage (in) 2.0000
Diameter (inch) 0.4910
Modulus 31,823,730
0.2% Yield (Lbs) 12,111
Tensile (Lbs) 18,080
0.2% Yield (Psi) 64,000
Tensile (Psi) 95,500
Elongation (%) -100.0
RA. (%)
Final Gage (In) 0.0000
Final Diameter (in) 0.0000
.5% EUL (Ibs.) 11,943
Final Load (Lbs) -19
By: Date:

20000 1
18000 -
16000 -
14000 -
12000 -
10000 -

8000 -

6000 -

4000 -

Testing Machine SFM-60
Load Cell S/N (FM141-81), Units (Lbs ) 60000
Preload Value (Lbs ) 50
Crosshead Speed ( Inches / min ) or Rate 0.5
Extension or Position Measured by EZ-0.1-2 (5053)

2000 -+

Force (Lbs) vs Extension (% )

0.00

0.10

0.20 0.30 0.40 0.50

0.60

0.70

0.80

LAB NUMBER 493596

HEAT NUMBER N/S

OPERATOR RM

ITEM NUMBER 1

Template No 103
EXOVA, Inc

04-Feb-10




EXOVA ' l
10005 Freeman Avenue, Santa Fe Springs, CA. 90670
Tel: (562) 946-1721 Fax: (562) 944-838"

Customer: CALTRANS .
5900 Folgom Road PO/80: 696557 Lab No: 493546 Date: 02/11/10
Sacramento, CA

Material: STEEL P/N: Heat Number: NOT JSUPPLIED

Specification: INFO ONLY Other: I BAR SEGMENTS

Seg #2 SHANK
Ref Jobj#: MEC0S1G10, M .t GAK BRIDGE
TEST RESULTS PREVIEW
METALLURGY TENSILE TEST TEMP'E STRESSED | STRESSED | TYS @ 0.2% OFF |TENSILE STRENGTH ELONG (4D) RED. OF AREA
LOC/ORIENTATION DIM AREA LBS KSI LBS KSI IN % FIN. DIM, %o
AS MARKED (T} RT| .499 D .1856 10832 55.9 | 16875 86.8 ¢.55Q0| 27.5 | .307 D 62.2
Information Only 2.0G
1

This is not a certified test report.

Beth yield strengthe determined by yield point.

PARTI CERTIFICATION. Signed for and op8half of Exova TN .

_ S “ ' Accredited

MEM PAGE: 2 of . s : ,k‘

/ g a
EXOVA submlis this certification as the confidential property of our cileat. It shall not be reprotuced exaept in full, without the written appraval of Vicmr/ Landero, Operatian Manager Materials Tesr."ng Laboratory

EXOVA, Yhe recording of false, fictitious or fraudulent stlatemants or enfries on this d ¢ may be punished as a feleny under fedaral law. / EXOVA



RT 60K 2 in (2R) 0.2% OFFSET

Test Number 51510
Report Number 19081

Test Date 1/21/2010 10:01:35 AM

Specimen ID
Original Gage (in)
Diameter (inch)
Modulus

0.2% Yield (Lbs)
Tensile (Lbs)
0.2% Yield (Psi)
Tensile (Psi)
Elongation (%)
RA. (%)

Shank

Final Gage (In)
Final Diameter (in)
.5% EUL (Ibs.)

Final Load (Lbs)
By:

2
2.0000
0.4990

30,536,590
10,932
16,975
56,000
87,000

-100.0

0.0000
0.0000
10,042

-20
Date:

18000 -

16000 -

14000 -

12000 -

10000 -

8000 -

6000 -

4000 4

Testing Machine SFM-60
Load Cell S/N (FM141-81), Units (Lbs ) 60000
Preload Value (Lbs ) 50
Crosshead Speed (Inches / min)or Rate 0.5
Extension or Position Measured by EZ-0.1-2 (5053)

2000

Force (Lbs) vs Extension (% )

=]

-0.10 0.00

0.10

0.20 0.30 0.40 0.50

0.60

0.70

0.80

LAB NUMBER 493596

HEAT NUMBER N/S

OPERATOR RM

ITEM NUMBER

Template No 103
EXOVA, Inc

04-Feb-10
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CHEMISTRY
ANALYSIS
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STORIK® Stork Materials Testing & Inspection

Materials Technology

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

it
Fald L

Rose Saplan
Senior Technician

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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STORIK® Stork Materials Testing & Inspection

Materials Technology

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.: PHO001-02-04-65032-2
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

P
P I,

Rose Saplan
Senior Technician

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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Customer: CALTRANS

5900 Folsem Road
Sacramento, CA
STEEL

INFO ONLY

Materiai:
Specification:

Ref Job#
Misc.

MEC091010
OAKLAND BRIDGE

EXOVA

10005 Freeman Avenue, Santa Fe Springs, Califernia 90670
Teh (562) 946 1721 Fax: (562) 944-8389 www.excova.com

P.O.. 696557
Heat Number: Not Supplied
Heat Code:
Serial Number: | bar

Segment #1 Head

OV

Date: 2/11/2010
Lab Number: 493596001

Part Number:
Part Size:
| BAR SEGMENTS

CERTIFICATION OF FRACTURE TOUGHNESS TESTING PER ASTM E399-02

SUMMARY OF TEST RESULTS:

Configuration Code C{THL-T)

Test Temperature ('F) RT

Ka (ksi x sgrt{in}) 48.3

Kic {ksi x sqrt(in}) See Validity Note Below
0.0

Kic Min
SPECIMEN DESCRIPTION:
Description As Receivad
Product Form Test Piece
Specimen Typa Compact Specimen C(T}
Moteh Type Straight Through Notch

SPECIMEN DIMENSIONS:

B thickness (inches)  1.495
W width (inches)  3.G00
an notch (inches)  1.359
D holes dia. {inches)  0.749
2H height (inches) 3.603
PRECRACKING DATA
Precrack Temp. ('F) 73
Relative Humidity (%) 37
K{max) {pounds} 6,000
K{max) {cycles) 48,000
al {inches} 1.527
a2 {inches} 1.572
a3 {inches)  1.590
ad {inches}  1.591
ab {inchas} 1.529
FRACTURE DATA:
Pa {pounds) 11,850
Prax {(pounds) 13,350
Yield Strength  {ksi) 64.0
Modulus of E  (msi) 300
Strength Ratio 1.056

Fracture Appearance  13% Fraction Ohlique

VALIDITY CHECKS FOR THE DETERMINATION OF THE Kic VALUE:

Valid ASTM E 398 Section 7.3.21.  Average crack length (a)
shall be between 0.45Wand 0.55 W
Average Crack Length (a) 1.584
0.45 W 1.350
0.55 W 1.650
Valia ASTME 399 Section 8.2.3 (Requirement 1): The difference
between any two of the three crack length measuraments
(a2, ad, a4) shall not excead 10% of the average crack
length (a).
Maxirmum Difference 0.019
10% Average Crack Length 0.158
Valid ASTM E 399 Section 8.2.3 (Requirement 2): No part of the
crack front {Side |, Side U} shall be closer to the
machined starter notch than 2.5 % W or 0.050".
Side | Crack Front 0.168
Side |l Crack Front 0170
2.5% W 0.075
Valid ASTME 399 Section 8.2.3 (Reguirement 3): Neither surface
crack length (a1, a5) shall differ from the average langth
by more than 15%.
Surface Crack {a1) 1.527
Surface Crack (a5) 1.529
85% of Average Crack 1.347
115% of Average Crack 1.822
Valid ASTME 399 Section 8.2.3 (Requirement 4): The difference
batween the two surface measurements (at, as) shall not
aexceed 10 % of the average crack length (a).
Cifference of a1 & a5 0.002
10% of Average Crack 0.158
VALIDITY NOTE:

This test s NOT VALID per ASTM E-399,
ASTM E399 - 09, 5.1.1 Variation In the value of Klc can be expected within the atlowable range of spacimen proportions, a’'W and W/B. Klc
may also be expected to rise with Increasing ligament size.

Valld

Valid

Valid

Invalid

Invalid

Valid

Invaiid

ASTM E 399 Section 8.2.4: The plane of the crack shall be
parallel to both the specimen width and thickness direction
within 10° and there shall be no evidence of multiple

cracking.
Crack Plane to Width 0

Crack Plana to Thicknass 0
ASTM E 399 Section 83: Static testing foad rate (K rate)
shall be within ihe range from 30 to 150 ksi x sqrt(in) / min.
Loading rate (K rate) 85.6
ASTME 399 Sectlon 84! The Initial slope (linear portion) of
the loading curve shal} be between 0.7 and 1.5
Slope of Loading Curve 1.37

ASTM E 399 Section 9.1.3: The ratic of Pmax/P Q shall not
excaed 1.10
Pmax/PQ Ratio 1.127

ASTM E 399 Sectioh 9.1.4: Specimen ligament size (W-a)

shail be greater than 2. 5{(Ko/Y 5)~2
Specimen ligament (W-a} 1.416

2.5(KQS)2 1.425
ASTM E 298 Sectlon AB.J.2: Kmax/E shall not exceed 0.002
and Kmax must not exceed 80% of the Ka value.

Kmax/E 0.0008

Komax 24.5

60% Ka 29.0
ASTM E 399 Section A8.1.3: The maximum Kmax during
any stage must not exceed 80% of the KQ value.

Maximum Krmax 44.88

80% Ka 38.66

See Validity Note Above.
Partial Certification
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Customer;

CALTRANS

5900 Folsom Road
Sacramento, CA

Material:
Specification:

STEEL
INFO ONLY

Ref Job# MEC091010

Misc.

OAKLAND BRIDGE

EXOVA

10005 Freeman Avenue, Santa Fe Springs, California 90670
Tel: (562} 946 1721 Fax:({562)944-838% www.exova.com

P.O.: 696557
Heat Number: Not Supplied
Heat Code:
Serial Number: I bar

Segment #1 Head

Date: 2/11/2040
Lab Number; 493596-002

Part Number;
Part Size:
| BAR SEGMENTS

CERTIFICATION OF FRACTURE TOUGHNESS TESTING PER ASTM E398-09

SUMMARY OF TEST RESULTS:

Configuration Code
Test Temperature ('F)
Ka ({ksi x sqri(in))
Kic (ksi x sgri{in))
Kie Min

SPECIMEN DESCRIPTION:

Description
Product Form
Specimen Type
Notch Type

SPECIMEN DIMENSIONS:

B thickness {inches)
W width {inches)
an notch (inches)
D holes dia. (inches)
2H helght (inches)

PRECRACKING DATA

Precrack Temp. (F)
Relative Humidity (%)
K{max) {pounds)
K{max) (cycles)
al (inches)
a2 {inches}
a3 {inches)
ad (inches)
a5 {inches)
FRACTURE DATA;

Pa {pounds)
Prax {pounds)
Yield Strength  (ksi)
Modulus of E  (msi}
Strength Ratio
Fraclure Appearance

VALIDITY CHECKS FOR THE DETERMINATION OF THE Kic VALUE:

C{THT-1) Valid ASTM E 399 Sectlon 7.3.21:  Average crack length (a)
RT shall be between (.45 W and 0.55 W
70.4 Average Crack Length (a) $.621
See Validity Note Below 0.45 W 4.350
0.0 0,55 W 1.651
Valic ASTME 399 Section 8.2.3 (Requlrement 1): The difference
As Received between any two of the three crack length measurements
Test Plece (a2, a3, a4) shall not exceed 0% of the average crack
Compact Specimen C{T) tength (a).
Straight Throuah Notch Maximum Difference 0.035
10% Average Crack Length 0.162
1.496 Valid ASTM E 398 Section 8.2.3 (Requirement 2): No part of the
3 crack front (Side i, Side Ifj shall be cioser to the
0.751 machined starter notch than 2.5 % W or 0.050".
1603 Side | Grack Front 0.163
Side Il Crack Front 0.152
2.5% W 0.075
;;’ Valid ASTME 399 Section 8.2.3 (Requirement 3): Neither surface
6.000 ceack length (a1, a5) shall differ from the average length
55,000 by more than 15%.
1.524% Surface Crack (atl} 1.521
1.601 Surface Crack (a5} 1.510
1.636 85% of Average Crack 1.378
1.625 115% of Average Crack 1.864
1.510 Valid ASTME 399 Section 8.2.3 (Requirement 4): The difference
between the two surface measurements (at, a5) shall not
16,600 exceed 10 % of the average crack length ().
16,600 Difference of at & ab 0.011
64.0 10% of Average Crack 0.162
0.0 VALIDITY NOTE:
1..';87 This test s NOT VALID per ASTM E-399.

3% Fraction Ohtigue

Valid

Valid

Valld

Valid

Invalid

Valid

Valld

ASTM E 399 Section 8,2.4: The plane of the crack shall be
parallel to both the specimen width and thickness direction
within 10° and there shall be no evidence of multiple

cracking.
Crack Plane to Width 0

Crack Plane to Thicknass 0
ASTM E 399 Section 83: Static testing load rate (K rate)
shall be within the range from 30 to 150 ksi x sqrt(in) / min.
Loading rate (K rate) 89.0
ASTME 399 Section 8.4: The initial siope {linear portion) of
the loading curve shall be betwesn 0.7 and 1.5
Slope of Loading Curve 1.32

ASTM E 399 Section 8.1.% The ratio of Pmax/PQ shall not
exceed 1.10
Pmax/Pa Ratio 1.000

ASTM E 388 Section 9.1.4: Specimen ligament size (W-a)

shall be greater than 2. 5(Ko/YS)~z
Specimen ligameant (W-a) 1.380

2.5(KQYS)Y2 3.022
ASTME 399 Section AB.3.3; Kmax/E shall not exceed 0.002
and Kmax must not exceed 60% of the Ka value.

Kmax/E 0.0G08

Kenax 25.4

60% Ko 42.2
ASTM E 399 Section A8.1.3; The maximum Kmax during
any stage must not exceed 80% of the KQ value.

Maximum Kmax 46.63

80% Ko 56.29

ASTM E399 - 09, 5.1.1 Variation in the value of Klc can be expeacted within the allowable range of specimen proportions, a/W and W/B. Klc
may also be expacted to rise with increasing ligament size.

See Validity Note Above.
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Customer: CALTRANS
5900 Folsom Road
Sacramento, CA

Malerial; STEEL

Specification: INFO ONLY

Ref Job# MEC(}21010
Misc. CAKLAND BRIDGE

EXOVA
10005 Freeman Avenue, Santa Fe Springs, California 90670
Tel: (562} 846 1721 Fax: (562) 944-8389 www.exova.com

P.C.: 896557 Date: 2/11/2010
Heat Number: Not Supplied Lab Number: 493586-003
Heat Code: Part Number:
Serial Number: | bar Part Size:
Segment #2 Shank 1 BAR SEGMENTS

CERTIFICATION OF FRACTURE TOUGHNESS TESTING PER ASTM E389-08

SUMMARY OF TEST RESULTS:

VALIDITY CHECKS FOR THE DETERMINATION OF THE Kic VALUE:

Configuration Code C{THL-T valid ASTM E 398 Section 7.3.21:  Average crack iength (a} Valid ASTM E 399 Section 8.2.4 The plane of the crack shall be
Test Temperature {F}  RT shall be between 0.45 W ard 0,55 W rallel to both the specimen width and thickness direction
A - pa pe
EE gﬁligggzgg gi-g Validity Note Below g\g‘avge Crack Length (a) 1.505 within 10° and there shall be no evidence of .multiple
si , 1.350 cracking.
Kie Min 0.0 0.55 W 1.850 S Crack Plane to Width 0
SPECIMEN DESCRIPTION: valig ASTME 399 Section 8.2.3 (Requirement 1): The difference Crack Plane to Thicknass 0
Description As Received between any two of the three crack length measuremeants valia ASTM E 399 Sectlon 8.3: Static testing load rate (K rate)
grr.)?edcl;rﬁteio‘lr'];lpe E?)?’n:szl::?;pecimen o |(32~ 123(‘ ?4) shall not exceed 10% of the average crack shall be within the range from 30 to 150 ksi x sqri(in) / min,
en aj. )
Notch Type Stralaht Through Nofch O e simum Difference 0.024 Loading rate (K rate) 86.6
SPECIMEN DIMENSIONS: 10% Average Crack Length 0.150 Valid ASTME _399 Sectlon 8.4: The initial slc;pe {In;aar portion) of
8 thickness (_lnches} 1.495 Valid ASTM E 399 Section 8.2.3 (Requiremant 2): No part of the the feading curve shafl be betwean 0.7 and 1.5
W width {inches)  3.000 . Slope of Loading Curve 1.38
an notch (inches) 1,358 crack front (Side I, Side I}) shall be closer to the .
D holes dia, {inches) 0'751 machined starter notch than 2.5 % W or 0.050". Valid ASTM E 399 Section 81.% The ratic of Pmax/Pa shatl not
24 hei h‘l {inches) 3'604 Side | Crack Front 0.164 exceed 1.10
9 : Side Il Crack Front 0.166 Pmax/Pa Ratio 1.021
PRECRACKING DATA 2.5% W 0.075 Invalid ASTM E 399 Section 8.1.4 Specimen ligament size (W-a)
Rr:ig[ﬂg anq":g{ty((;)] ;3 Valid ASTME 389 Section 8.2.3 (Requirement 3): Neither surface shall be greater than 2 5(KQ/Y S)e2
K(max) (pound;) 5.000 crack length {a1, a5) shall differ from the average length Specimen ligament (W-a) 1.405
K(max] (CVCIBS] 4’3'000 by more than 15%. 25(KQ!YS)’\2 3.708
ai {inches) 1.522 Surface Crack (a1} 1.522 Valid ASTME 399 Section A8.3.3 Kmax/E shall not exceed 0.002
a2 (inches)  1.585 Surface Crack (a5} 1.524 and Kmax must not exceed 60% of the Ka value.
a3 (inches) 1.609 85% of Average Crack 1.355 K
ad {inches}  1.590 115% of Average Crack 1.834 max/E 0.0008
a5 (inches)  1.524 Valid ASTME 399 Section 8.2.3 {Requirement 4): The difference go"';" K i‘;‘;
FRACTURE DATA: between the two surface measuremenis {21, ad) shall not o (_3 . . ' )
Pa {(pounds) 16,500 exceed 10 % of the average crack length {a). Valid ASTM E 399 Section A8.1.3: The maximum Kmax during
P rrax (pounds) 16,850 Difference of aj & a5 0.002 any stage must not exceed 80% of the KQ value,
. . 10% of Average Crack 0.159 Maximum Kmax 45.37
Yield Strength  (ksi) 55.9 VALIDITY NOTE:
Modulus of E  (msi)  30.0 —_ 80% Ka 54.44
Strength Ratio 1.551 This test is NOT VALID per ASTM E-399,
Fracture Appearance 8% Fraction Oblique ASTM E399 - 09, 5.1.1 Variation in the value of Klc can be expected within the alfowable range of specimen proportions, a/W and W/B. Klc

may also be expected to rise with increasing ligament size.

See Validity Note Above.
Partial Certification
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Cusiomer: CALTRANS

5900 Folsem Road
Sacramento, CA

Material: STEEL

Specification: INFO ONLY

Ref Job# MEC091010
Misc. OAKLAND BRIDGE

EXOVA
10005 Freeman Avenue, Santa Fe Springs, California 90670
Tel: (562) 946 1721 Fax: (562) 944-8389 www .exova.com
P.O.. 696557
Heat Number: Not Supplied
Heat Code:
Serial Number: | bar
Segment #2 Shank

Date: 2M11/2010
Lab Number: 493596.004

Part Number:
Part Size:
| BAR SEGMENTS

CERTIFICATION OF FRACTURE TOUGHNESS TESTING PER ASTM E399-09

SUMMARY OF TEST RESULTS:

Configuration Code
Test Temperature {('F)
Ka (ksi x sqriin))
Kic (ksi x sqri(in})
Kic Min

C(TKT-L}

RT

81.3

See Validity Note Below
0.0

SPECIMEN DESCRIPTION:

Description
Product Form
Specimen Type
Natch Type

SPECIMEN DIMENSIONS:

thickness (incheas)
W width {inches)
an notch {inchas)
O holes dia. (inches)
2H height (inches)

PRECRACKING DATA
Precrack Temp. ('F)
Relative Humidity (%)

K({max) {pounds}
Kimax) {cycles)
at {inches)
a2 (inches)
a3 (incheas)
a4 {inches)
as (inches}
FRACTURE DATA:
Pa (pounds)
Pmax {pounds)

Yield Strength  {(ksi)
Modulus of E (msi)
Strength Ratio

Fracture Appearance

As Received

Test Plece

Compact Specimen C(T)
Straight Through Notch

1.496
2,998
1.359
0.750
3.603

73
37
8,060
42,000
1.547
1.601
1.625
1.612
1.535

14,550
14,550
55.9

30.0
1.380

10% Fraction Obligue

VALIDITY CHECKS FOR THE DETERMINATION OF THE Kic VALUE:

Valid ASTM E 399 Section 7.3.21: Average crack length (a)
shall be between 0.45Wand 0.55 W

Average Crack Length (a) 1.813
0.45 W 1.349
0.55 W 1.649

Valid ASTME 399 Section 8.2.3 {Requirement 1): The difference
batwean any two of the three crack length measurements
(a2, a3, a4} shall not excesd 10% of the average crack

length {a).
Maximum Differgnce 0.024
10% Average Crack Length 0.161

Valid ASTM E 399 Section 8.2.3 {Requirement 2): No part of the
crack front {Side |, Side ) shall be closer to the
machinad starter notch than 2.5 % W or 0 050",

Side | Crack Front 0.158
Side Il Crack Front 0.176
2.5% W 0.075

Valld ASTME 395 Section 8.2.3 (Requirement 3): Neither surface
crack length (a1, a5) shall differ from the average length
by mote than 15%.

Surfacs Crack {a1) 1.517
Surface Crack (a5) 1.535
85% of Average Crack 1.271
115% of Average Crack 1.855

Valid ASTME 399 Section 8.2.3 (Requirement 4): The difference
hetween the two surface measuremenis {al, a5) shall not
exceed 10 % of the average crack length {a).
Difference of a1 & a5 0.0%8
10% of Average Crack 0.161
VALIDITY NOTE:

This test Is NOT VALID per ASTM E-399.

Vaiid

Vatid

Valid

Valld

Invalid

Valid

Valid

ASTW E 399 Section 8.2.4 The plane of the crack shall be
parallel to both the speciman width and thickness direction
within 10° and there shall be no evidence of multiple

cracking.
Crack Plane to Width 0

Crack Plane to Thickness G
ASTM E 399 Section 83: Static testing load rate (K rate)
shall be within the range from 30 to 150 ksi x sqrt{in} / min.
Loading rate (K rate) 88.4
ASTM E 199 Section 8.4: The initial slope (linear portion) of
the loading curve shall be bebtween 0.7 and 1.5
Slope of Loading Curve 1.35
ASTM E 389 Section 9.1.3: The ratic of Pmax/P @ shall not
exceed 1.10
Pmax/Pc Ratio 1.000
ASTM E 389 Bection B.1.4 Specimen lgament size (Wea)
shali be greater than 2. 5{KQ/Y S)+2
Specimen ligament (W-a) 1.385
2.5(KQ/YSy2 1.003
ASTME 399 Section AB3.3: Kmax/E shall not exceed 0.002
and Kmax must not exceed 80% of the Ko value.

Kmax/E 0.0608
Kmax 253
60% Ka 36.8

ASTM E 399 Section AB.1.3: The maximum Kmax during
any stage must not exceed B0% of the KQ value.
Maximum Kmrax 46.32
80% Ka 49.02

ASTM E398 - 09, 5.1.1 Varlation in the value of Klc can be expected within the allowable range of specimen proportions, a/W and W/B. Kl

may also be expected to rise with increasing ligament size.

See Validity Note Above.
Partial Certification
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McKNIGHT LABORATORY INC. Mactec - 31 -

DYNAMIC
MODULUS
TESTING

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



RH Gassner, CNJ
2324 Camon Escondido
Fullerton, CA 92833

MCK325
Eyebar - Head Segment - 1
SAMPLE ID E G POISSONS | | LENGTH| DIM2 | DIM3 | MASS | DENSITY| FLEX| TORS
(msi) (msi) RATIO (mils) | (mils)| (mils) | (gms) [(Ibs/cu in)] (hz) | (hz)
Surface Flexure 596 402F | 30.44 11.81 0.289 3259 |[125.8]1000.3| 52.6 0.283 | 2469 | 4731
Core Flexure 596 403F | 30.70 11.98 0.281 3253 |[125.6]1000.8| 52.6 0.284 | 2481 | 4758
Core Flexure 596 404F | 30.94 12.02 0.287 3258 |124.8]1000.3| 52.3 0.283 | 2468 | 4732
Surface Flexure 596 405F | 30.90 12.07 0.280 3250 |[125.8]| 999.6 | 52.6 0.284 | 2497 | 4790
Surface Flexure Transverse 596 405FT | 30.30 12.02 0.261 3255 |999.6| 125.8 | 52.3 0.282 [15590| 4790
Core Flexure Transverse 596 404FT | 30.58 12.02 0.273 3258 | 1000 | 124.8 | 52.3 0.283 |15580| 4732
Core Flexure Transverse 596 403FT | 30.39 11.98 0.268 3253 | 1001 | 125.6 | 52.6 0.284 |15580| 4758
Surface Flexure Transverse 596 402FT | 30.47 11.81 0.290 3259 | 1000 | 125.8 | 52.6 0.283 |15540| 4731
Surface Flexure Longitudinal 596 405L | 30.42 12.02 0.266 3255 |[999.6| 125.8 | 52.3 0.282 |31230| 4790
Core Flexure Longitudinal 596 404L | 30.58 12.02 0.272 3258 | 1000 | 124.8 | 52.3 0.283 |31190| 4732
Core Felxure Longitudinal 596 403L | 30.39 11.98 0.268 3253 | 1001 | 125.6 | 52.6 0.284 |31130| 4758
Surface Flexure Longitudinal 596 402L | 30.26 11.81 0.281 3259 | 1000 | 125.8 | 52.6 0.283 |31060| 4731
MCK2800
Eyebar - Shank Segment - 2
SAMPLE ID E G POISSONS | | LENGTH| DIM2 | DIM3 | MASS | DENSITY| FLEX| TORS
(msi) (msi) RATIO (mils) | (mils)| (mils) | (gms) |(Ibs/cu in)| (hz) | (hz)
Full Section Longitudinal 596 408 29.98 11.93 0.257 7967 |988.4]|1694.3]| 1719 | 0.284 | 3072 | 6426
Full Section Longitudinal 596 408 29.97 11.93 0.256 7967 | 1694 | 988.4 | 1719 | 0.284 | 4853 | 6426
Full Section Longitudinal 596 408 30.09 11.93 0.261 7967 |988.4]|1694.3| 1719 | 0.284 [12670| 6426
Full Section Transverse 596 409 30.05 11.84 0.269 7961 |986.9]|1694.7| 1719 | 0.285 | 3072 | 6395
Full Section Transverse 596 409 30.01 11.95 0.255 7961 1695 | 986.9 | 1719 | 0.285 [ 4859 | 6426
Full Section Transverse 596 409 30.25 11.95 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




GrindoSonic
A non-destructive materials testing system

F¥
Measure Resonant Frequency Accurately in Seconds.
Use to Calculate Modulus. Correlate Variations in
Frequency or Modulus with Other Variables
e.g., mechanical properties, microstructire, COmposition.
How Does It Work?

It “listens” to the vibrations resulting from a simple tap, filters out the noise and harmonics, and displays th:
fundamental resonant frequency. The tapper may be a plastic bead on a stick or a screwdriver handle. For

“listening”, a supersensitive piezo-electric (contact) probe is furnished. An alternate device (optional) is a

(non-contacting) microphone with equivalent sensitivity.

Modulus is calculated by the optional computer program after input of frequency, dimensions. and weight.
the torsional frequency is entered along with that of either the flexural or the longitudinal mode of vibration
the program will determine the values of modulus of elasticity (E), modulus of rigidity (G). and Poisson’s
Ratio (PR).

What Is [t Good For?

Obviously, to determine E. G. & PR lor design and stress analysis purposes, unconstrained by specimen size
limits or hostile environments. Other applications range [rom process control through design and
development to exotic rescarch. Use of the correlations is valid, even when lrequency differences are very
small, due to the phenomenal precision ol the GrindoSonic readings.

(Ccan be used on all rigid materials: metals, ceramics, glass, relractories, cement, conerete, composites,
uraphite, plastics, wood, rock. Samples range from tny burs with square or circulur cross scctions o quarter-
dollar size dises to 20 Toot long beams.



McKnight Laboratory Inc.

FAILURE ANALYSES SADDLE BAR
SUPPORT FOR THE EAST SPAN

Report No. MEC091110

Prepared for:

CALTRANS

November 18, 2009

Prepared by:
McKNIGHT LABORATORY, INC.

=5 Z W

Larry E. McKnight, P.E.
Principal Consulting Engineer

14555 Valley View, Suile |/ «+ Santa Fe Springs, CA 30670 « (582) 407-0755 « Fax (562) 407-0751



m McKnight Laboratory Inc.

Mactec — 1 —
November 18, 2009
CALTRANS McKNIGHT LABORATORY, INC.
SMI Toll Bridges Report No. MEC091110

111 Grand Avenue, Room 10-400
Oakland, CA 94623

SUBJECT: FAILURE ANALYSES SADDLE BAR SUPPORT
FOR THE EAST SPAN

PROCEDURE

One piece of the saddle bar support rod was submitted to the laboratory for failure
analyses. The part submitted was approximately 22" long and exhibited a fracture face
on one end of the bar. The bar was photographed in the as received condition and then a
section cut thru the bar at approximately 2" below the fracture face so that the fracture
face could be examined in the Scanning Electron microscope. In addition, a longitudinal
section was prepared below the fracture location and this was examined for
microstructure and hardness. In addition, two tensile coupons were prepared, one near
the surface of the bar and one at the center of the bar and these were tested for tensile
properties. A chemical analyses was also conducted of the bar. In addition, three sets of
charpy impact specimens were prepared. One set near the surface of the bar and one at
the center of the bar. These were subsequently machined and tested at room temperature

to determine the impact strength of the material.

Fraciora Meohanics . Sirees Corrosion . Falfure Analysls . fate) 407-0755
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The fracture face was placed in the Scanning Electron microscope and examined

to determine the fracture origin and the fracture mode.

Fracture Mechanics - Siross Corroglon ‘ Falfure Analysis - fi10) 407-07848
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1.

EXECUTIVE SUMMARY AND CONCLUSIONS

The fracture surface of the saddle bar exhibited a fatigue thumbnail crack at one
location on the perimeter of the cross section of the bar. The fatigue crack
measured .404” inboard on the plane of fracture and had a length of 1.056”.
Beyond the fatigue fracture zone the remaining portion of the cross section of the
fracture face showed a complete cleavage type fracture which is indicative of
brittle fracture over load.

The fact that there was one single fatigue thumbnail present on the fracture face
indicates that the bar experienced sever unilateral bending stress. This indicates
that either the bar was bent during installation or was bearing some place against
the blocks or the fixture and put this particular bar in bending. As a result of the
unilateral bending stress and vibration on the bar 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.

The results of the chemical analysis indicated that the steel bar was comparable to
AISI 1075 type carbon stecl. The chemical analyses results are also consistent
with ASTM A-722 which was the governing specification for the bar. However,
in the ASTM A-722 specification the chemical analyses only specifies a
limitation on the phosphorous of 0.40 and a limitation on the sulfur of .050%. The
ASTM A-722 specification covers m@med high strength steel bars for pre

stressing concrete and the only requirements for chemistry is that the material

Fraefura Meahanics - Strass Corrosion . Fallure Analysis . (310) 407-0755
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should have capabilities of developing, based on the chemical composition, the
mechanical properties of the finished bar made by the manufacturer. The other
stipulation is that the finished bar should have a minimum ultimate tensile
strength of 150,000 PSI. The specification also requires yield of 80% of the
tensile strength and 7% minimum elongation.

4. Tensile tests conducted on the bar showed that the ultimate tensile strength was
164 to 156,000 PSI which conforms to the requirements of an ASTM A-722.

5. The results of the impact test conducted near the surface of the bar and also the
center of the bar yielded an average of 3.5 fi-lbs. at the center of the bar and near
the surface of the bar the charpy impact had an average of 8.5 fi-lbs. All of the
impact specimens showed complete cleavage fracture and no evidence of any %
shear on the plane of fracture on the impact specimens and very low lateral
expansion. This is indicative of a relatively brittle material. The fracture mode
on the impact specimen was identical to the fracture mode on the overload portion
of the bar that failed.

6. Examination of the microstructure of the bar at the fracture origin revealed no
indication of any metallurgical defects associated with the plane of fracture or the
fracture origin. The microstructure was martensitic and the core hardness was 31
RC. At the surface of the bar at the fracture origin the hardness 34 to 37 RC.

7. One additional test is to be [;erfonned at the [5-&partmcnt of Transﬁortation n
Sacramento by Rosme Aguilar. The straight piece of oné of the bars is to be

notched to simulate the fatigue crack on the surface of the bar and pulled in

Fracture Mechanics . Stross Corrpsien . Failure Anslysls . (310) 407-0788
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tension. This information will indicate the level of stress that was on the bar at the

time that it fractured.

Freeturys Mecohanics * Siress Corrosian ] Fallura Anwiysis . {310) «02-0758
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RESULTS

Fig. 1 illustrates the bar support that was submitted for analyses. Fig. 2 illustrates
the end of the bar with the fracture face illustrated at the right side as shown in the
photograph. The fracture origin was identified as the 12 O’clock position. Fig. 3
illustrates the appearance of the side of the bar at the 12 O’clock position. Figs. 4, S, and
6 illustrates the markings on the bar along its length. Fig. 7 illustrates the appearance of
the bar at the 3 O’clock position and Fig. 8 illustrates the bar at the 6 O’clock position.
The markings on the left side of the protrusions or the ribs on the outside of the bar
suggest that the marks made are from interaction with the fastening nut on the assembly.
Fig. 9 illustrates the appearance of the bar at the 9 O’clock position. Fig. 10 illustrates
the appearance of the fracture face and Figs. 11 and 12 show additional views of the
fracture face. The fracture at the origin shows the appearance of the thumbnail shape of
the fracture which is indicative of a fatigue failure. This fracture face was later examined
in the Scanning Electron microscope. Fig. 14 illustrates the location of two transverse
cuts that were made in the bar. The cut to the right was made to remove the fracture face
portion and the second cut was made to remove a longitudinal oriented microsection thru
the entire bar. These sections are further shown in Fig. 15. .Figs. 16, 17 and 18 show
additional views of the fracture origin and the appearance of oxidation and discoloration
over the depth of the fatigue crack. Tﬁe faﬁgﬁe crack depth alat this location measured

404" inboard on plane

Fractors Meohanics - Stress Corrosion * Fallore Analysis - {310) 407-0755
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of fracture and the length of the fatigue crack zone measured 1.065". At this location the
diameter of the bar at the plane of fracture measured 1.844”. The arrow in Fig. 18
illustrates the primary fatigue crack origin location. One can see radiating beach marks
propagating away from this particular point. A small secondary fatigue crack is indicated
by the small arrow shown in the left in Fig. 18. Fig. 19 illustrates an additional view of
the fatigue fracture origin area. Figs. 20, 21 and 22 illustrate the appearance of the
markings at the corner of the rib coincident with the fracture origin location. The oxide
in this area was chipped and cracked apparently due to the interaction with the thread
zone in the nut. Figs. 23, 24, 25 and 26 illustrate the appearance of the mill scale oxide
and the cracking of the mill scale below the fracture origin location. This was caused by
bearing against the threads of the nut. Fig. 27 illustrates the fracture origin location
which shows evidence of rubbing degradation and also rubbing on the plane of fracture.
Fig. 28 illustrates the appearance of the fracture origin. Fig. 29 illustrates the appearance
of the fracture surface which shows evidence of rubbing and oxidation. Fig. 30 illustrates
the appearance of the fracture inboard from the fracture origin which again shows
significant evidence of rubbing degradation and oxidation. Fine fatigue striations could
not be identified in this area although the fracture mode is fatigue. The first zone at the
plane of fracture origin is shown in Fig. 17 and Fig. 31. Fig. 32 illustrates the appearance
of the fracture in zone 2 which is the second step in the fatigue zone. Fig. 33 and 34

illustrate definite evidence of fatigue cracking damage in this area. Fig. 35

Fraciure Mechaniey . Stress Corrosien . Fallure Analysis . faig) 4867-0758
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illustrates the transition from the end of the fatigue zone and progressing into the
overload region, zone 3, on the fracture. One can see a line running across the
photograph which defines the end of the fatigue zone. Fig. 36 illustrates the appearance
of the fatigue fracture towards the end of the fatigue crack and Figs. 37 and 38 show
additional higher magnification views of the fatigue zone which shows evidence of
cracking and fatigue striations. Figs. 39 and 40 illustrate progressively the appearance of
the fracture moving from the end of the fatigue zone across the plane of fracture and Fig.
41 illustrate the appearance of the fracture approximately % of the way across the fracture
face on the overload region. The fracture mode in the overload region was clearly
cleavage fracture which indicates brittle propagation beyond the fatigue zone. At the
other side of the cross section 180° away from the fatigue fracture origin there was
evidence of a very small shear lip which exhibited dimple rupture. This is illustrated in
Fig. 42.
MICROSTRUCTURE ANALYSES

Fig. 43 illustrates cross section of the bar below the plane of fracture showing the
ribs on the two sides. Photographs of the microstructure were taken at locations 1, 2 and
3 as illustrated in Fig. 43 and these are illustrated in Figs. 44, 45 and 46. In all cases the
microstructure was martensitic but the microstructure near the surface was more fully
martensitic and contains less ferrite than the microstructure at location 2 and 3.

Microhardness test were conducted along the rib area near the outside surface and at

Fracture Mechanics . Stress Corrosion . Fallera Analysis - (3td) «07-G75S§
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these locations the hardness was 33-35.5 RC. In the radius area of the rib the hardness
was RC 36. In addition, a microhardness survey was conducted from the surface inboard
from the flat area between the ribs progressing across the section. The hardness at a
depth .002” was 27 RC and at .006” the hardness was 38 RC. At a depth of .050" the
hardness was RC 39 and at a depth of approximately .800” the hardness was RC 33.

A microsection was also prepared exactly at the fracture origin location and 90° to
the plane of fracture. Fig. 47 illustrates the fracture origin at 50X and Fig. 48 illustrates
the appearance of the fracture origin in the unetched condition at S00X. There was no
indication of any metallurgical defects or cracks within the bar and there were no
secondary cracks below the plane of fracture in the material. Figs. 49 and 30 illustrate
the appearance of the martensitic microstructure at the fracture origin which again shows
no evidence of any metallurgical defects. The hardness at the origin was checked by
microhardness technique and showed a hardness of 37 to 34.5 RC, At the center of the
bar the minimum core hardness was 31 RC.

The fatigue fracture was also analyzed by EDS technique and spectrums 1, 2, and
3 illustrate the analyses of the surface of the fatigue fracture in zone 1 and zone 2 and
zone 3 which is the overload portion of the fracture. In the oxidized and rubbed area of
the fatigue zone there was evidence of iron and manganese attributed to the base metal
and also trace amounts of Aluminum , silicon, sulfur, chlorine, potassium which would

be elements of contamination on the plane of fracture during fatigue crack propagation.

Fraclture Maehanics . Stross Corrogion - Fallura Analyasls - {310) 407-875%
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CHEMICAL ANALYSES
A chemical analysis of the bar was also conducted. The results of the chemistry

are listed below:

Carbon 0.73
Manganese 0.7
Phosphorus 0.016
Sulfur 0.019
Silicon 0.26
Chromium 0.02
Nickel 0.02
Molley 0.01
Copper 0.04
Iron BAL

This analyses is consistent with the analyses of a typical AISI 1075 type material and
appears to be consistent with the ASTM A-722 which was identified as the specification
for the bar.

The results of the tensile test and the impact test are shown in the attached
document from Stork Laboratory. Near the surface of the bar the ultimate tensile strength
was 164 KSI and at the center of the bar the ultimate tensile strength was 156 KSI. The
Charpy impact test results showed impact strengths of 3.5 to 4 fi-Ibs. in the center area of
the bar and near the surface of the bar the impacts strengths vary from 7.5 to 10 with an
average of 8.5 fi-lbs, There was no evidence of any % shear failure on the impact
specimen and the lateral expansion was extremely low on both specimens. This is
indicative of brittle low impact strength steel. These values of the impact test definitely

indicate that the material is very notch sensitive and explains why there was a very large

Frac¢lure Meochanics - Sfress Coarrosion . Falluyre Analyals - f#10) 40r-07§55
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brittle over load area on the plane of fracture that resulted after the development of a
relatively shallow fatigue fracture zone. The fracture in this case is indicative of the fact
that there was an unilateral bending stress imposed on the bar at the time that the fatigue

crack initiated and propagated.

Fragture Mechanies * Sirede Corroslen . Fallure Anaipsis . (210) #07-0755
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Fig. 1 As received failed support rod from east span.
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Fig. 2 As received failed support rod from east span. 12 O'clock position,
fracture origin.
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Fig. 3 As received failed support rod from east span. 12 O'clock position,
fracture origin.
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Fig. 4 As received failed support rod from east span. 12 O'clock position,
fracture origin.
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Fig. 5 As received failed support rod from east span. 12 O'clock position.
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Fig. 6 As received failed support rod from east span. 12 O'clock position.
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Fig. 7 As received failet;l support rod from east span. 3 O'clock position.

Fig. 8 As received failed support roci frm east span. 6 O'clock position.



MACTEC, INC.

Fig. 9 As received failed support rod from east span. 9 O'clock position.

Fig. 10 As received failed support rod from east span. Fracture sureface.
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Fig. 11 As received failed support rod from east span. Fracture sureface.

Fig. 12 As received failed support rod from east span. Fracture sureface.
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Fig. 13 As received failed support rod from east span. Fracture sureface.

ke,

Fig. 14 As received failed support rod from east span. Location where
longitudinal microsection was made.
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Fig. 15 As received failed support rod from east span. Location where
longitudinal microsection was made.

Fig. 16 As received failed support rod from east span. Fracture surface.
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Fig. 18 As received failed support rod from east span. Fracture origin.
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Fig. 19 As received failed support rod from east span. Fracture origin.

[ ’
i

Fig. 20 As received failed support rod fron'i-e‘ast span. Fracture origin.
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Fig. 21 As received failed support rod from east span. Fracture origin.
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Fig. 22 As received failed support rod from east span.' Fracture origin.



















































STORIK®

Materials Technology

Stork Materials Testing & Inspection

Contact: Larry McKnight
McKnight Laboratory, Inc.
14555 Valley View Suite 1

SANTA FE SPRINGS, CA 90670

Material Testing and Non-Destructive Testing

15062 Bolsa Chica
Huntington Beach, CA 92649

Telephone (714) 882-1961
Telefax (714) 8828158
Website www storksmti.com

Date: 11/6/2009 P.O. No.: 203441

W/O No.: MCKO002-11-05-55421-1

TEST CERTIFICATE
Description 1.7" Bar Segment
Job No. MEC091110

Chemistry for customer information only. The chemical composition met the chemistry requirements for 1075

carbon steel as shown below.

Bar Material 1075 Reqt's
Element Result % Min % | Max %

C = 073 0.70 0.80
Mn = 0.70 0.40 0.70
P = 0.016 0.000 0.040
S 0.019 0.000 0.050
Si = 0.26 0.00 NS
Cr = 0.02 0.00 NS
Ni = 0.02 0.00 NS
Mo < 0.01 0.00 NS
Cu = 0.04 0.00 NS
Fe = Balance | Balance | Balance

Chemical Analysis Performed by Optical Emission per SOP 2.02, Revision 8
Carbon and Sulfur by Combustion per SOP 7.00, Revision 5

Respectiully submitted

Senior Quality Administrator

The information contained In uﬂs ce-rtﬂcahun represents only the material submitted and s certified only for the guantities tested. Reproduction
except in full is reserved pending writtén 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. AZLA accreditation Neo. 0093-01 and 0093-02

Stork Materials Testing and Inspection ks an operating unit of Stork rials Technology B.V., A dam, The Nethertands, which ks 3 membor of the Stork groug
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STORIL®

Materials Technology

Stork Materials Testing & Inspection

Contact: Larry Mcknight
Mcknight Laboratory, Inc.
14555 Valley View Suite 1

Material Testing and Non-Destructive Testing

15062 Bolsa Chica

Huntington Beach, CA 92649

SANTA FE SPRINGS, CA 90670 Telephone {(714) 892-1961
Telefax :(714) 892-8159
Website ‘www.storksmti.com
Date: 11/10/2009 P.O. No.;: 203443 W/O No.: MCKO002-11-08-55561-1
TEST CERTIFICATE
Description: Bar Stock
Job Ref.: EAC091110
- TENSILE
pecification: For Information Only
est Method: ASTM A 370 09a
Requirement: None supplied
Tensile | Yield Strength |Elongation in|Reduction of| Diameter | Area
Location Strength | At 0.2% Offset 14" Area
Min. {psi) Min. (psi) Min. (%) Min. (%) {in) (in)
Center of Bar 156,000 135,000 14 a7 0.351 | 0.0968
Near Surface 164,000 143,000 15 40 0.353 0.0979
Requirement: N/S N/S N/S N/S
CHARPY IMPACT
Specification: For Information Only
Test Method: ASTM A 370-09a
Requirement: None supplied
Test Temperature: Room Temperature (+70 Degrees F)
Notch Width of Offset Lateral
Sample Depth | Notch Side Width Ftdhe. | %Shear Expansion (Mils)
Center of Bar #1 0790 3848 3945 3.5 0 1
Centerof Bar#2 | .0786 .3948 3942 3.5 0 2
Center of Bar #3 0789 .3948 3843 4 0 2
Average: | 35
Near Surface #1 0788 3841 3945 10 5 5
Near Surface #2 | 0787 3940 3942 7.5 0 6
Near Surface #3 | .0791 .3943 .3849 7.5 0 <]
Average: | 85
FOR INFORMATION ONLY
Respectfully submitted
ENadcap g Ry Vi
e = Senior Quality Administeator

Page 1 of 1

The information contained in this certification represents only the material submitted and Is certified only for the guantities 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. AZLA accreditation No. 009301 and 0093-02

Stork Materisls Testing and Inspection is an operating unit of Stork matertals Technology B.V., Aunsterdam, The Netherlands, which ks a membar of the Stork group




ﬂ Designation: A 722/A 722M - 07

Standard Specification for

Uncoated High-Strength Steel Bars for Prestressing

Concrete'

This sandand by Issued under the fixed gevignation A 722/A T2IM; the nomber immediataly following the designation indicatss the year
of onginal aduption or. in the case of revision, the year of last revision. A aumber in prrentheies Inclicates the year of Jast reapproval.
A supericript epslion (&) indicates an editorial change sinos the la revision or respproval.

1. Scope*

1.1 This specification covers uncoated high-strength sieel
bars intended for use in pretensioned and post-tensioned
prestressed concrele construction of in prestressed ground
snchors. Bars are of a minimum vltimaie tensile strength level
of 1035 MPa (150 000 psi).

1.2 Two 1ypes of bars are provided: Type I bar has a plain
surface and Type II bar has surface deformations.

1.3 Supplememary requirements of an optional nature are
provided. They shall apply only when specified by the pur-
chaser,

1.4 The values stated in SI units are 10 be regarded as the
standard. The values given in parentheses are for information
only.

2. Referenced Documents

2.1 ASTM Standards: *

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products -

A 700 Practices for Packaging, Murking, and Loading
Methods for Steel Products for Shipment

E 30 Test Methods for Chemical Analysis of Steel, Cast
Tron, Open-Hearth Iron, and Wrought Iron®

22 Government Standards:

MIL-STD-129 Marking for Shipment and Storage

23 U.S. Federal Standards*

Fed. Std. 123 Marking for Shipment (Civil Agencies)

3. Ordering Information

3.1 Orders for material under this specification should
include the following information:

" This specification is under the jurisdiction of ASTM Commitves A1 on Steal,
Sminless Stecl and Retased Alloys and is the direct responsibility of Subcommiitae
ADLOS on Stesi Reinforcement.

Currzat edition approved March 1, 2007, Published March 2007 Ordginally
approved (n 1975, Last previoas edivion approved in 2003 as A T22/A 722M - 06.

For refecenced ASTM standards, visit the ASTM websits, wernastn.ong, ar
contact ASTM Customaer Service st pervice @asim.org. For Annual Book of ASTM
Standardr volume informarican, refer to the standerd”z Document Suminasy page on
the ASTM wabsite

* Withdrawn

* Available from Smnderdization Documents Order Disk, DODSSF. Bldg. 4,
Sectlon D, 700 Robblns Ave., Philadelphia, PA  }9111-3095, hupd!
wiwwdedap.dags.mil,

3.1.1 Quantity,

3.1.2 Name of material (uncosted high-strength bars for
preswessing concrete),

3.1.3 ASTM designation and vear of issve,

3.1.4 Size and length,

3.1.5 Type,

3.1.6 Special inspection requirements, if desired (see Sec-
tion 12),

3.1.7 Special preparation for delivery, if desired (see Sec-
ot 11),

3.1.8 Losd-<clongation curve, if required (3ec Secton 15),
and

3.1.9 Supplementary requirements, if desired,

Nore j—A typical ordering description is as follows: 50 uncosted
high-strength steel hars for prestressing comcrete o ASTM A T2V
AT2R2M-_: 26 mm dismeter, 12.20 m long, Type Ik packed in
accordanco with A 700; weeting supplementary bending properies.

4, Materlals and Manufacture

4.1 The bars shall be rolled from properly identified heats of
ingot cast or strand cast steel. The standard sizes and dimen-
sions of Type I and II bars shall be those listed in Table 1 and
Table 2, respectively,

4.2 The bars shall be subjected to cold-stressing 1o not less
than 80 5 of the minimum ultimate strength, and then shall be
stross-relieved, to produce the prescribed mechanical proper-
ties.

5. Chemical Composition

3.1 An analysis of each hest of steel shall be made by the
manufacturer from test samples taken during the pouring of
cach heal.

3.1.1 Choice and use of chemical composition and alloying
elemeats, to produce the mechanical properties of the finished
bar prescribed in 6.2, shall be made by the manufacturer,
subject to the limitations in 5.1.2.

5.1.2 On heat analysis, phosphorus and sulfur shall not
exceed the following:

Fhosphorus
Sublur

0.040%
0.080 %

*A Sunmuary of Changes section sppears at the end of this standurd.
Copyngt © ASTM Intggmsticnal, 100 Barr Harbor Drve, PO 8ox CT00, Wesl Conahohotian, PA 194782958, Uniten States
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TABLE 1 Dimensions for Type J {Plain) Bar

MNorminal Diamesr Norninal Mass (Waigni) Nominal Area®

mm in, kgm 1w A n=
18 Y 2.25 150 284 048
22 T .04 204 87 Q80
2 1 as 287 503 078
29 1'% 508 3.38 839 098
32 1% 82 417 764 123
as 1% 752 5.05 868 148

A The nominal eren i determing from the tominal dlamatgr it nches, Values
have besn carvaried from inch-pound units © metre unis,

TABLE 2 Dimansions for Type I (Deformad) Bar

Neminal Diametr®  Nominal Mass (Weight) Norninal Aren®

mm in. fegvm v mm? int
18 el 146 0.88 181 [+F-1
20 ¥ 222 149 Frd] 6A2
26 1 448 3o 548 085
2 1% 654 4,39 806 128
W % 828 5.56 1018 1.58
46 1% 1354 210 1664 258
55 v 2710 1820 3391 5,16

“ Nominal diameters ans foridentéicalion only. Values have been convenad from
Mmatric 10 nck-pound units.

% The nominal arss k& detsrmined from the bar waicht less 3.5 % ko the
insfective waigh! of the deformations.

3.2 A product analysis may be made by the purchaser from
the finished bar representing each cast or heat of sieel. The
phosphorus and sulfur contents thus determined shall not
exceed the limits specified in 5.1.2 by 0.008 %.

5.3 Test Metbods E 30 shall be used for referee purposes.

6. Mechanical Properties

6.1 All resting for mechanical properties shall be performed
in accordance with the requirements of Test Methods and
Definitions A 370.

6.2 Tensile Properties:

6.2.1 Finished bars shall have a minimum ultimate tensile
strength of 1035 MPa (150 000 psi).

6.2.2 The minimum yield strength of Type 1 and Type II bars
shall be 85 % and 80 %, respectively, of the minimum ultimate
tensile strength of the bars. The yield swength shall be
determined by either of the methods described in Test Methods
and Definitions A 370; however, in the extension under load
method. the total strain shall be (.7 %, and in the offset method
the offset shall be 0.2 %.

6.2.3 The minimum elongation after rupture shall be 4.0 %
in a gage length equal w 20 bar diameters, or 7.0 % in a page
fength equal to 10 bar diameters.

6.3 Test Specimens—Tension tosts shall be made using
full-size ber test specimens. Machined reduced section test
specimens are pot permitted. All unit siress determinations
shall be based on the nominal area shown in Table 1 or the
effective area shown in Table 2.

6.4 Number of Tests—The number of tensile specimens
tested shall be one from each 36 Mg (39 wns) or fraction
thereof, of each size of bar rolled from each heat but not less
than two from each heat. The specimens shall be randomly
selected following the final processing operation.

6.5 Rerests:

6.5.1 If any tensile property of any tension test specimen is
less than that specified, and any part of the fracture is outside
the middle third of the gage length, as indicated by scribe
scratches marked on the specimen before testing, a retest shall
bz allowed.

6.3.2 If the results of an original tension test fail to meet
specified requirements, two additional tests shall be made on
samples of bar from the same heat and bar size, and if fallure
oceurs in either of these tests, the bar size from that heat shall
be rejected.

6.53 If any test specimen fails because of mechanical
reasons such as failure of testing equipment, it shall be
discarded and another specimen taken.

654 If any wst specimen develops flaws, it shall be
discarded and another specimen of the same size bar from the
same heat substinuted.

7. Requirements for Deformations

7.1 Matenial fumished as Type II bar shall have deforma-
tions spaced uniformly alomg the lemgth of the bar. The
deformations on opposite sides of the bar shall be sirilar in
size and shape. The average spacing or distance between
deformations on both sides of the har shall not exceed seven
tenths of the nominal diameter of the bar.

7.2 The minimum height and minimum projected area of the
deformations shall conform 1o the requirements shown in Table
3

7.3 Mechanical Coupling—Vor those bars having deforma-
tions mrranged in @ manner to permit coupling of the bars with
a screw-om type coupler, it shall be the responsibility of the
finished-bar manufacturer to demonstrate that a bar cut ar any
point along its length may be coupled to any other Jeagth of bar
and that a coupled joint supports the minimum specified
ultimare tensile swength of the coupled bars. The coupler type
shall be provided or designed by the finished-bar manufacrurer.

8. Measurements of Deformations

8.1 The average spacing of deformanons shall be deter-
mined by dividing a measured length of the bar specimen by
the number of individual deformations and fractional parts of
deformations on any ons side of the bar specimen. A measured
length of the bar specimen shall be considered the distance

TABLE 3 Deformation Dimensions for Type Il Bar

Delurmation Dinensions
MNominsl Maximum Mirimum Mirimum
Dlamler Aysrage Average Projecied
Spading Height Arast
i in. mm in. m in mm¥mm i
ty n1 044 07 0.03 24 0.09
L) 183 0462 1.0 009 84 013
| 7.8 Q.70 13 D05 44 Qa7

1% s .89 1.8 0.08 54 [-5-3

1% 2E1 noe 18 .07 B 024

184 391 119 22 0.09 T3 0,89

2% 446 1.78 28 011 87 0.0a
# Calculated from eguation, min paolected ama = 0.75xd hs

here:

o' = namnal diafmeer,

h = minimum svemage nelgnl, and

& = MEximum Bvérags spacing.

REERERa




48 A 72218 722M - 07

from a point on a deformation toacumspondmgpomtm any
other deformadon on the same side of the bar.

8.2 The average height of deformations shall be determined
from measurements made on not less than two typical defor-
mations. Determinations shall be based on three measurements
per deformation: one at the center of the overall length, and the
other two at the quarter points of the overall length,

8.3 To indicate adequmely the conformity to the dimen-
sional requirements, measurements shall be taken at random
from one bar from each 30 Mg (33 tons) of each Jot or fraction
thereof. ,

8.4 Insufficient height, insufficient projected arca, or exces-
sive spacing of deformations shall not constitute cause for
refection unless it has been clearly established by determina-
tions on each lot that typical deformadon height or spacing
does not conform to the minimum requirements prescribed in
Section 7. No rejection shall be made on the basis of measure-
ments if fewer than ten adjacent deformations on each side of
the bar are measured.

Nore 2—The term “iot” shall mean all bars of the same nominal mass
(weight) per metre (Jinear foot) contained in an individua) shipping release
or shipping order,

9. Permissible Variation in Size or Weight

9.1 For Type 1 bars, the permissible variation from the
nominal diameter specified in Table 1 shall not exceed +0.75,
~0.25 mm (+0.030, -0.010 in.).

9.2 For Type 1I bars, the permissiblc varation from the
nominal weight specified in Table 2 shall not exceed 43 %.
-2 %.

10. Finish

10.1 The bars shall be free of defects injurious 1o the
mechanical properties and shall have a workmanlike finish.

11. Packaging and Package Marking

11.1 Packaging, marking, and loading for shipment shall be
in accordance with Practices A 700,

11.2 When specified In the contract or order, and far direct
procurement by or direct shipment to the U.S. government,
marking for shipment, in addidon w requirements specified in
the contract or order, shall be in accordance with MIL-STD-
129 for military agencies and with Fed. Std. No. 123 for civil
agencies,

11.3 Unless otherwise specified in the contract or order, bars
shall be grouped by size. Each bundle or Lift shall be tagged
showing the heat number, bar size, specification number
(Specification A 722/A 722M), and the identity of the finished
bar manufacturer. The tags shall display the following state-
ment “High Strength Prestressing Bars™. Both ends of each bar
shall be painted yellow.

12. Inspection

12.1 The inspcctor representing the purchaser shall have
free entry, at all dmes while work on the contract of the
purchaser is being performed, w0 all pants of the manufacturer’s
works that concem the munufacture of the marterial ordered.
The manufacturer shall afford the inspector all reasonable

facilives to satisfy him that the material is being fumished in
accordance with this specification. All tests (except product
analysis) und inspection, shall be made at the place of
manufacture prior to shipment, unless otherwise specified, and
shall be so conducted as not 1o interfere unnecessarily with the
operation of the works.

12.2 If specified in the purchase order, tho purchaser shall
reserve the right o perform any of the inspection set forth in
the specification where such inspections are deemed necessary
to assure that the material fumished conforms to preseribed
requirements.

123 If outside inspection is waived, the finished-bar mapu-
factuter’s certification that the material has been tested in
accordance with, and meets the requirements of, this specifi-
cation, shall be the basis of acceptance of the material.

13. Rejection

13.1 Uniess otherwise specified, any rejection based on tests
made in accordance with 5.2 shall be reported to the manufac-
turer within 5 working days from the receipt of samples by the
purchaser.

13.2 Material that shows injurions defects subsequent to jts
acceptance at the manufacturer’s works shall be subject to
rejection, and the manufacturer shall be notified.

14. Rehearing

14,1 Samples tested in accordance with 5.2 that represent
rejected material shall be preserved for two weeks from the
date rejection is reported ro the manufacturer. In case of
dissatisfaction with the results of the tests, the manufacturer
shall he permitted to make claim for a rohearing within (hat
time.

15. Certification

15.1 If outside inspection is waived, a manufacturer's cer-
tification that the material has been tested in accordance with
and meets the requirements of this specification shall be the
basis of acceptance of the material The certification shall
include the specification number, year-date of issuc, and
revision lenter, if any.

152 The manufacturer shall, when required in the order,
furnish a representative load-elongation curve for each size and
type of bar shipped.

15.3 A modulus of elasticity value of 205 GPa (29 700 000
psi) shall be used for the purpose of elongation calculation for
Type II bars.

Nove 3—Experience has shown that plotted lowd-cloagation curves
from mil) tests on Type 11 bars vary excessively and are not sufficiently
reliable for use in calcolating modules of elzsticity values.

154 A material test report, cemificalc of inspecton, or
sirmlar document printed from or used in electronic form from
an electronic data interchange (EDI) wansmission shall be
regarded as having the same validity as a counterpart printed in
the certifier's facility. The contemt of the EDI transmitred
document must meet the requiremems of the invoked ASTM
standard(s) and conform to any existing EDI agrecment be-
tween the purchaser and the supplier. Notwithstanding the
absence of a signatre, the organization submitting the EDI
ransmission is responsible for the content of the report.
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Noww 4—The industry definition as invoked here is: EDI iy the
computer-to-computer exchange of business information in a standard
format such as ANSI ASC X12.

16. Keywords

16.1 deformed bars; high-strength stezl bars; plain bars;

post-tensioning; prestressed concrcie

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specificd in the purchasc order or

contract:

S1. Bending Properties

51.1 The bend test specimen shall withstand being bent, at
ambient temperamre but in no case less than 15°C (39°F),
around a pin without cracking on the outside of the bent
portion, The requirements for degree of bending and sizes of
pins are prescribed in Table S1.1.

$1.2 The bend test shall be made on full-size specimens of
sufficient length to ensure free bending and with an apparatus
that provides the following:

$1.2.1 Conunuous and uniform application of force
throughout the duration of the bending operation.

51.2.2 Unresmricted movement of the specimen at poinis of
contact with the apparatus and bending around a pin free to
rotate or bending about a central pin on a sirple span with end
supports free to rotate.

TABLE 81,1 Supplementary Bend Test Requirements

§1.2.3 Close wrapping of the specimen around the pin
during the bending operation.

51.3 Other methods of bend testing shall be permitted. but
failures due to such methods shall not constitute a basis for
rejection.

51.4 The number of bend test specimens shall be one from
each 20 Mg (22 tons), or fraction thereof, of each size of bar
rolled from each heat but not less thaa two from each heat. The
specimens shall be randomly selected following the final
processing operagon.

S1.5 If s bend test fails for reasons other than mechanical
reasoms or flaws in the specimeén as described in 6.5.3 and
6.5.4, a retest shall be permitted on two random specimens
from the quantty of the finished bar product for each bar size
in 51.4. If the results of both test specimens meet the specified
requirements, the bars shall be accepted. The retest shail be
performed on (est specimens that are at air temperatura but not
less than 15°C {59°F).

Nominal Bar Diamaters Diamster of Pin

mm in. tor 136* Bend®
= = promr 52, Reduction of Area
gg *1*- :j:; $2.1 The minlmum reduction of area from the effective area
i 1% ! shall be 20 % for Type I plain bars.
38 13% d= 8t
;: ;_:: g= :g: 83. Chemical Requirements

= : . §3.1 The chemical composition determined as specified in

@ = digmatier of und which specimen is bent
ool ciamelor :::r. - 5.1 shall be reported to the purchaser or his representative.
SUMMARY OF CHANGES

Comunittee AOL has identified the location of selected changes to this standard since the last issue
(A T22/A T22M - 06) that may impact the use of this standard. (Approved March 1, 2007.)

(1jRevised 15.2 and added new paragraph 3.1.8.
Commitree AD] has identified the location of selected changes
to this standard since the last issue (A 7T22/A 722M — 05) that

may iropact the use of this standard. (Approved Sept. 1, 2006.)
(1) Secton 11 was revised.
(2) Sections 2.2 and 2.3 weye added.
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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
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Fig 3

Fig 4
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Fig 5

Fig 6

Fracture Mechanics . Stress Corrosion : Failure Analysis © (714) 895-4465



MCcKNIGHT LABORATORY INC. Mactec - 7 -

Fig 7

Fig 8
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