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Executive Summary 
Oakland Bay Bridge Pile Connection Plate Welding Investigation 

 
A team of Mayes Testing Engineers (MTE) inspectors arrived at Oakland Bay Bridge project site offices 
on April 19, 2005 to perform an independent evaluation of pile connection plate welds in the Pier 
Footing Structure E4W.  The welding in this structure was recently stopped in order to investigate 
allegations of substandard welds in the pile head connection plates.  We understand that there were 
allegations of welding over gross defects such as cracks and excessive porosity and welding outside of 
approved parameters.  A Scope Of Work dated April 13, 2005 (see Appendix A) was developed by 
FHWA prior to our arrival.  MTE personnel and its sub consultants provided all of the services 
described, except that cutting for removal of weld test samples was by KFM welders under direct 
supervision by MTE and FHWA.  MTE provided all Scope Of Work items listed, except for Items 5 and 
6, which will be provided by consultant Roy Teal under separate contract with FHWA.  Roy Teal also 
prepared the “Weld Sample Removal Procedure” dated April 21, 2005 (see Appendix B), which 
included videotaping and photography procedures used to document sampling and testing activities. 
 
The MTE evaluation team was lead by Michael J. Mayes, P.E. who is a Welding Engineer and NDE 
Level III with over 25 years of experience with welded structures.  MTE inspectors Mark Vassallo and 
Mike Virgilio performed visual and magnetic particle inspection on welds selected by the FHWA.  
Vassallo and Virgilio are both AWS Certified Welding Inspectors and NDE Level II’s.  Laboratory testing 
was conducted by Jay Dwight, who is a Welding Engineer with over 35 years of experience with weld 
testing.  Resumes for these individuals are included in the Appendix of this report. 
 
We have included the following in this report: 

Review of Welding Procedures 
Review of QA/QC Inspection Procedures 
Visual Weld Inspection and Magnetic Particle Examination Procedures and Results 
Specimen Testing and Tracking Procedure 
Macroetch Test Results 
Attachments 
Appendixes  
 
On April 19, 2005, the MTE team attended confined space training, in order to enter the footing pier 
spaces, and then toured Pier Footing Structure E4W (See Figure 1).  Visual inspection and magnetic 
particle examination was conducted on April 22, 21 and 22, 2005.  Weld samples 2B, 3G and 5D were 
removed from the structure on April 22.  Crated samples were driven by Virgilio and Vassallo to the 
testing laboratory in Washington arriving on April 23.  Saw cutting began on April 24 and macroetch 
samples were completed April 26, 2005.  All field testing and weld sample removal was videotaped.  All 
field testing, weld sample removal and lab testing was observed by representatives of FHWA, Caltrans 
and the Contractor, KFM.  Video and digital photography was used to document all activities and chain 
of sample custody.
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Figure 1: Pier footing at E4W 

Summary of Results 
 
The field and laboratory work performed by the Mayes Testing Engineers evaluation team shows 
excellent workmanship in the pile connection plate welds in pier footing structure E4W.  There was no 
evidence of gross flaws.  In fact, there was no evidence of any unacceptable flaws in any of the 
samples tested.  The weld cross-section significantly exceeds the minimum design requirements.  The 
weld average cross-section depth (weld effective throat) is 25 percent greater than design requirements 
and the weld cross-section also shows a very regular pattern of weld bead deposition indicating a 
consistent and controlled welding process.   
 
Respectfully Submitted, 
MAYES TESTING ENGINEERS, INC. 

 
 
Michael J. Mayes, P.E. 
Welding Engineer/NDE Level III 
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Review of Welding Procedures 
 
In order to better understand the welding process and project inspection requirements the following 
documents were requested from Caltrans: 
 
Project Plans and Specifications for pier footing welded structures 
Welding Procedure Specifications and Welding Procedure Qualification Records 
Sample Welder Qualification Records 
Shrinkage and Distortion Plan for Pile Head Connection Plates 
 
The pile head connection plate weld connects the pile to the footing box structure (See Figure 2). 
There are eight connection plates per pile and each plate is connected with four welds (See Figures 3 
and 4).  The welds are detailed on the design drawings as partial penetration type welds with a 
reinforcing fillet weld.   
 
The piles are numbered 1 through 6 beginning with the northeast pile identified as Pile No. 1 with 
sequential numbering in a clockwise direction.  Within each pile, pile connection plates are lettered “A” 
through “H” with the northeast plate identified as Plate “A” with sequential lettering in a clockwise 
direction (See Figures 2 and 3 for identification).  Using this convention each pile connection plate has 
a unique identification (eg 1A, 1B, etc). 
 
The weld symbol on the design drawings requires minimum 31 mm groove depths to be cut in the pile 
wall and pile sleeve with a total effective throat requirement for the weld to be 40 mm.  The effective 
throat dimension is the thinnest thickness dimension of the final welds (See Figure 5).  The contractors 
procedures show that a 35 mm groove depth was actually used to assure that the effective minimum 
throat was obtained and to remove the ultrasonic verification requirement of root depth.   
 
The Shrinkage and Distortion Plan also allow shims to be placed below the bevel in root gaps that are 
measured to exceed 3 mm.  If root gaps exceed AWS D1.5 tolerances, than “weld buttering “ can be 
used to close gap to acceptable tolerances.  Figure 5 shows illustration of shimming and weld buttering.   
 
The project specifications require that welding meet AWS D1.5–96 Bridge Welding Code requirements.  
The welding procedures used for this joint were qualified by testing.  The welding process used for the 
pile connection plate welds was a gas-shielded flux cored or welding (FCAW) process.  Shielded metal 
arc welding (SMAW) process was used for “weld buttering” and root pass welding.  Welding procedure 
qualification tests show tensile strengths and toughness results well in excess of AWS D1.5 
requirements.  Welders were also qualified to AWS D1.5 with witnessing of qualifications by Caltrans 
representatives. 
 
The welds were placed in the vertical position using automated welding equipment guided by a track 
attached adjacent to the weld groove (See Figure 6).  Once the welding equipment is set up and 
aligned, it could be expected that welding parameters would be very consistent compared with 
conventional hand operated welding equipment.  Preheat and interpass temperature is continuously 
maintained with the use of electrical strip heaters mounted adjacent to the weld.   
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Figure 2: Pier footing structure plan view and elevation view for skyway structure pile head. 
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Figure 3: Plan view of pile head connection plate (8 locations) with welding symbol. 
 

 
Figure 4: Pile head connection details. 
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Figure 5: Pile head connection plate weld illustration. 
 

 
Figure 6: Automated FCAW equipment and electric heat strips at partially welded pile connection plate 
weld.
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Review of QA/QC Inspection Procedures 
 
The scope of our evaluation was to evaluate welds selected by FHWA.  We did not review quality 
control or quality assurance records.  We understand that magnetic particle examination and visual 
examination was performed on these joints as required by the project specifications and the 
contractor’s quality control procedures.  These procedures required visual examination of weld fit-up 
prior to welding including any shimming or buttering.  Each root pass was to be subjected to magnetic 
particle examination.  The in process welding was to be inspected by quality control inspectors with 
each welder to be inspected at least twice per hour.  Magnetic particle and visual examination was 
performed on final weld surfaces.  These inspection procedures exceed the minimum AWS D1.5 Bridge 
Code Requirements which require only a minimum of 10% magnetic particle examination on the 
surfaces of main member partial penetration and fillet welds. 
 
The project specifications require that the quality of the pile head connection plates weld be in 
accordance with AWS D1.5 criteria for “Tension Welds”.  This criteria allows no cracks and defines 
acceptable weld profiles, weld undercut limits, porosity limits and maximum limits for “fusion type 
discontinuities.  For these welds the D1.5 criteria would allow a maximum 13 mm long “fusion type 
discontinuity” (such as a slag inclusion) every 115 mm along the length of the weld without repair.  One 
porosity hole in the weld surface is allowed every 100 mm or six porosity holes in 1200 mm of weld 
length before repair is required, as long as the individual pore hole diameter does not exceed 2.4 mm. 
 
We understand that each 1700 mm long weld pass took 15 to 20 minutes to complete welding and 
cleaning.  Setting up the welding equipment for the next pass took another 15 to 20 minutes.  
Depending on the joint gap and variance in actual welding variables (a range of amperage, volts and 
travel speed is allowed by the procedure) there were reported to be 17 to 23 passes per completed 
weld.  Another variable that would affect the final number of passes would be any grinding performed 
on intermediate passes to remove slag or to smooth surface profile prior to welding next weld pass.   
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E4W Pile Connection Plate Welds 
 

We understand that all welding work was abruptly halted on pier footing structure E4W during the week 
of April 11, 2005.  At the time of our evaluation, many of the weld joints were completely filled, several 
were only partially welded and a few were only fit-up.  Many of the completed welds still had weld tabs 
in place.  Other weld terminations had weld tabs removed but grinding to remove torch cuts had not 
been done.  Several weld surfaces had been marked for in process repairs such as excessive weld 
reinforcement, undercut and under fill.   
 
Welding equipment and strip heaters were still placed on the weld joints.  All of the welds had evidence 
of inspection; with inspection notes, inspector initials and dates marked on the steel plates adjacent to 
the welds (See Figure 7).  Lighting in the welding spaces and access to all weld surfaces was very 
adequate.   
 
It was clear that final Quality Control and Quality Assurance inspection had not been completed on any 
of the pile connection plate welds.   
 
 
 

 
Figure 7: Quality control marks adjacent to pile connection plate weld 5D.
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Magnetic Particle and Visual Examination Procedures 
 
On April 20 to 22, 2005 visual and magnetic particle testing was performed on the Oakland Bay Bridge 
at Pile Footing E4W.  Inspection was performed on partial penetration welds of pile connection plates 
that connect the pile to the pile footing sleeve.  Mayes Testing Engineers (MTE) was instructed by 
FHWA to perform visual and magnetic particle testing of the welds in the existing (as is) condition to 
evaluate the weld quality and to identify any gross defects associated with allegations. 
 
The method of inspection was Magnetic Particle Examination and Visual Inspection to identify any weld 
flaws.  The magnetic particle testing procedure was AC yoke method; the DC yoke method was used to 
further explore any questionable indications.  MTE Magnetic Particle Procedure No.  MTE-AWS was 
followed (See Appendix).  The welds are at various stages of completion and none of the welds had 
been final inspected by Caltrans QA or Contractor QC inspectors.  MTE was directed by FHWA to 
perform inspection on the sleeve side of pile 2, 3, and 5 to provide a 25% inspection of the total pile 
head connection plate welds in Pile Footing E4W.   
 
The magnetic particle testing (MT) revealed no rejectable flaws on the weld surfaces.  We found two 
minor MT indications on the weld surfaces that were removed by light grinding [all grinding to resolve 
MT indications was performed by Mayes Testing Engineers inspectors (See Figures 14 and 15)].  
There are several discontinuities resulting from work that is not yet complete.  Since the work was 
abruptly stopped, the weld joints are in various states of completion, ranging from fit-up to completed 
welds.  There are several areas on the weld surfaces that were previously marked (by KFM QC?) for 
grinding and or further welding to meet AWS D1.5 weld profile requirements.  It was clear to us that, 
although in process inspection was evident, most of the welds had not had final inspection.  Most of the 
discontinuities that were found were related to top and bottom weld termination at the access holes.  
The contractor uses and removes weld tabs at the weld terminations.  Weld tabs are commonly used 
on welds such as these to insure that starts and stops at the end of the joint are removed.  After weld 
tab removal there is quite a bit of grinding required to remove torch cuts and tab welds from base metal 
and pile weld surfaces.  There are several cycles of grinding and MT, and sometimes even weld repair 
at these weld ends to remove notches, incomplete fusion and occasional small cracks (See Figures 8, 
9, 10, 11 and 12).  These procedures are typical for these types of weld joints. 
  
The welds at removal site 2B had tab removal and surfaces of weld termination previously completed 
before our inspection.  The welds at removal sites 3G and 5D had previously had welds tabs removed 
but weld ends and adjacent base metal were still in a rough flame cut condition.  It was decided to allow 
KFM welders complete grinding of these surfaces under supervision of FHWA and MTE 
representatives so that weld specimens would be representative of completed welds and so that weld 
terminations could be examined with MT before removal.  After contractor grinding was complete, 
Mayes Testing Engineers inspectors performed MT examination of the entire weld including weld 
terminations at 2B, 3G and 5D.  Further grinding of weld terminations at the tops of 3G and 5D was 
performed by Mayes Testing Engineers to remove MT indications (See Figures 11 and 12).  All MT 
indications were removed by grinding to depths that did not exceed limits allowed by project 
specifications.  All MT and grinding at the three removal locations was performed with 
continuous observation by KFM QC representatives and Caltrans QA representatives along with 
complete video documentation (See Figure 13).  All parties agreed that the resulting weld termination 
surfaces of samples to be removed were typical of production welds. 
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Figure 8: Weld tabs in place at top of pile connection plate weld.   
 

 
Figure 9: Bottom of pile connection plate weld, after weld tab removal, before grinding. 
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Figure 10: Grinding by MTE inspector Mike Virgillio to investigate magnetic particle indications at tab 
removal sites at location 3G. 
 

 
Figure 11: Tab removal site at location 3G after exploratory grinding.  Magnetic particle indications no 
longer appear. 
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Figure 12: Top of pile connection plate weld at location 5D after grinding magnetic particle indications 
at tab removal sites. 
 

  
Figure 13: Video and photo documentation during magnetic particle examination. 
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Figure 14: Magnetic particle indication at pile connection plate weld location 2C (Weld 2), between 
weld beads.  Indication removed by light grinding, no flaw detected. 
 

 
Figure 15: Magnetic particle indication at pile connection plate weld 3F in connection plate.  Indication 
removed by light grinding, no flaw detected.   
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Figure 16: MTE inspector Mark Vasallo performing magnetic particle examination on pile head 
connection weld 2-B in Pier Footing Structure E4W. 
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Summary of Magnetic Particle and Visual Examination Results 
 
The examination of 24 pile connection plate welds in pier footing structure E4W found no rejectable 
flaws, except for several items marked for in-process repair such as undercut, under fill, and grinding to 
improve surface profiles.  There are several welds with Magnetic Particle indications at tab removal 
sites but these are located on areas that were not complete.   
 
Magnetic Particle and Visual Examination Results 

The results of the magnetic particle and visual performed on the welds in pile 2, 3, and 5 are as follows.  
Where indications were found they are detailed in the sketches below. 
 
2A Weld run off tabs have been removed, and ground.  No relevant magnetic particle indications 

were noted. 
 
2B Weld run off tabs have been removed, and ground.  No relevant magnetic particle indications 

were noted. 
 
2C  Weld run off tabs have been removed, but not ground.  One 37 mm indication was removed by 

grinding from Weld 2.  No further relevant magnetic particle indications were noted. 
 
2D Weld run off tabs have been removed, and ground.  No relevant magnetic particle indications 

were noted. 
 
2E Weld run off tabs have been removed, but have not been ground.  No relevant magnetic particle 

indications were noted. 
 
2F Weld run off tabs have been removed, and ground.  No relevant magnetic particle indications 

were noted. 
 
2G Weld run off tabs have not been removed or ground.  No relevant magnetic particle indications 

were noted. 
 
2H Weld run off tabs have been removed, and ground.  No relevant magnetic particle indications 

were noted. 
 
3A Weld run off tabs have not been removed, but were ground.  One 8 mm linear indication was 

found in the run off tab area by magnetic particle testing. 
 
3B Weld run off tabs have been removed, and ground.  No relevant magnetic particle indications 

have been noted. 
 
3C Weld run off tabs have been removed but not ground.  Linear indications were detected in the 

top radius at the weld termination and at 610 mm from bottom in Weld No.  2  
 
3D This weld is partially complete; the throat is approximately ½ of the weld preparation depth.  

Magnetic particle testing was performed on the first 150 mm of weld length at the bottom of the 
weld.  No relevant indications were found. 

 
3E Weld run off tabs have been removed, and ground.  Weld No.  2 has an underfilled condition in 

a weld stop.  Linear indications 50 mm long were detected in the weld run off tab area by 
magnetic particle testing. 

 
3F Weld run off tabs have been removed, and ground.  Linear indications 50 mm long were 

detected in the weld run off tab area by magnetic particle testing.  Linear indications6 mm long 
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were detected in the connection plate 500 mm from the bottom on Weld No.1 side.  These 
indications were removed by grinding. 

 
3G Weld run off tabs have been removed, but not ground.  Linear indications 50 mm long were 

detected in the weld run off tab area by magnetic particle testing. 
 
3H Weld run off tabs have been removed, but not ground.  Linear indications 50 mm long were 

detected in the weld run off tab area by magnetic particle testing. 
 
5A Weld run off tabs have been removed, but not ground.  No relevant magnetic particle indications 

were noted. 
 
5B Weld run off tabs have not been removed, but were ground.  No relevant magnetic particle 

indications were noted. 
 
5C Weld run off tabs have not been removed or ground.  No relevant magnetic particle indications 

were noted. 
 
5D Weld run off tabs have been removed, and ground.  One 8 mm linear indication was removed 

by grinding from Weld No.  2 run off tab area.  No other relevant magnetic particle indications 
have been noted. 

 
5E Weld run off tabs have not been removed, but were ground.  No relevant magnetic particle 

indications were noted. 
 
5F Weld run off tabs have not been removed, but were ground.  No relevant magnetic particle 

indications were noted. 
 
5G Weld run off tabs have been removed, and ground.  No relevant magnetic particle indications 

were noted. 
 
5H Undercut in Weld No.  1 at the top end 37 mm long, 15 mm length of overlap in Weld No.1, 10 

mm of underfill in Weld No.  1.  Weld No.  2 has 72 mm of excess weld reinforcement at the top 
end.  No relevant magnetic particle indications were detected. 
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Weld Sketches 
 
The following sketches are of welds where indications were detected as noted above. 
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Weld 1Weld 2

Weld Location 5H

Undercut 50 mm.

Weld Overlap 15 mm.

Underfill 10 mm.

Excess reinforcement 72mm.

Weld 1Weld 2

Weld Location 5D

8 mm linear indication
removed by grinding.
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Weld Sample Removal 
 

Several meetings were held with FHWA and Caltrans to discuss sample size and removal procedures.  
It was decided to remove three entire pile connection plate welds.  Two locations, 5D and 3G were 
chosen, based on weld quality allegations.  A third location 2B was randomly chosen.  The welds at 5D 
while meeting AWS D1.5 minimum surface profile requirements showed the poorest surface profile of 
any weld in the E4W footing structure. 
 
All three welds were taken from the pile sleeve side of the connection as there were apparently no 
allegations attributed to the pile side of the connection.   
 
The entire weld and adjacent base metal was removed from each location.  An automated gas cutting 
torch was used.  Weld samples were removed from the pile sleeve and were immediately placed into 
individual wooden crates.  Crates were taken by boat to shore and were loaded into a Mayes Testing 
Engineers (MTE) truck to be transported to the testing laboratory.  Sample removal was continuously 
observed by MTE inspectors and FHWA representatives (See Figures 17, 18 and 19).   
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Figure 17: Removal of weld sample 5D. 
 

 
Figure 18: Sample 5D removed. 
 

 
Figure 19: Crated Samples as received at laboratory.
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Sample Testing Procedures 
 

Prior to sample removal an FHWA “Specimen Testing and Tracking Procedure” (See attached) was 
developed.  It was determined that each 1700 mm long weld would be cut into eleven 152 mm long 
specimens.  Each specimen was to be machined, polished and etched on one end.  Etching will show 
weld beads, depth of weld penetration and any weld flaws if present. 
 
The six-inch specimen length would also allow possibility for weld tensile test and toughness testing.  
Other nondestructive tests such as ultrasonic and radiography were considered for this evaluation.  
Since only visual and magnetic particle examination were required by the contract documents and the 
AWS D1.5 Bridge Welding Code, it is not appropriate to subject these welds to ultrasonic and 
radiographic standards typically applicable to complete penetration welds.  The D1.5 code does not 
contain testing procedures on acceptance criteria for utilizing radiography or ultrasonic techniques on 
partial penetration welds.  The geometry of the pile connection plate welds would require specialized 
techniques and nonstandard procedures to apply radiography and ultrasound to these welds.  It was 
determined that the best way to “look inside” these welds was to cut them out and cross-section them. 
 
After receiving the sample in the lab, the saw cut lines were marked on the weld lengths.  A sample 
identification was placed on each six-inch piece.  The weld terminations at the top and bottom were cut 
off to provide square ends for machining.  There were a few extra thin slices that had to be removed 
due to saw cutting problems, broken blades or uneven surfaces (See Figure 20).  All sample pieces 
have been retained.  Figures 21, 22 and 23 show entire weld lengths of each sample after saw cutting.   
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U.S.  DEPARTMENT OF TRANSPORTATION 
FEDERAL HIGHWAY ADMINISTRATION 

CALIFORNIA DIVISION 
650 Capitol Mall, Suite 4-100 

Sacramento, CA.  95814 
 

Specimen Testing & Tracking Procedure 
Oakland Bay Bridge Test Pier E 4 W Pile Head Weld Quality Verification, April 22, 2005. 

This document will become part of the permanent record in both .doc & .pdf format. 
 

STEP 
1 
 

Receipt 
 

 

 
 

 
RECIEVE ( 3 ) COMPLETE WELD SAMPLES 
WITH CUT LOCATIONS AS SHOWN IN 
STEP FIGURE 1 AND AS DESCRIBED IN 
THE FHWA WELD SAMPLE REMOVAL 
PROCEDURE. 
 
THE LAB MANAGER SHALL SIGN & DATE 
FOR RECEIPT OF THE THREE ( 3 ) 
SAMPLES. 

LAB MANAGER SHALL ASSURE THAT 
SAMPLES ARE SECURE WITH DIGITAL 
PHOTOS SHOWING THE AS RECEIVED 
CONDITION. 

 
STEP 

2 
 

Digital 
Photo 

Records 
 

 
 

GENERATE AN “ EXCEL FILE “ with 
EMBEDED DIGITAL PHOTOS SHOWING 
THE ORIGINAL AS RECEIVED 
MARKINGS. 

TAKE CARE TO PRESERVE THE AS 
RECEIVED PAINT – STICK MARKINGS . 

 
STEP 

3 
 

Marking 
& 

Cutting 
Overview 

 

 
 

THE LAB SHALL PERMANENTLY MARK 
THE COUPONS BY DIE STAMP  PRIOR 
TO SPECIMEN REMOVAL. 

THE LAB SHALL PRECISION SAW 
MACRO COUPON BLANKS AT THE CUT 
LINES SHOWN. 
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STEP 
4 
 

Detail 
Marking 
LEGEND 

 
 
 
 
 

 

 
 

 
EACH MACRO WILL SHOW THE: 
 

• WELD LOCATIONS, #1 & #2 
• PIER ID ( E 4 W ) 
 
• JOINT ID = 2B, 5D, 3G. 

 
• MACRO = M # AS SHOWN & AT 

THE “BOTTOM” END OF THE 
MACRO FACE. 

 
MARK EACH MACRO BLANK 
CORRESPONDING TO THE LEGEND IN 
STEP 4. 
 

 
 

STEP 
5 
 

Machine 
 

Wet Grind 
 

Wet 
Lap 
& 

Etch 

 

 

 
THE LAB SHALL PREPARE EACH 
MACRO END USING WET GRINDING. 
 
HAND WET LAP AFTER WET GRINDING. 
 
USE A 3 TO 5% NITAL ETCH ON THE 
WET LAPPED MACRO FACE. 
 
PRESERVE THE WELD DEPOSIT & BASE 
METAL METALLURGY.  THIS SHALL 
INCLUDE A CLEAR GLOSS 
POLYURETHANE COATING ON THE 
MACROETCHED SURFACE. 
USE CARE SO AS TO NOT DISTURB THE 
MACRO COUPON NUMBERS. 
 

 
 

STEP 
6 
 
 

Macro 
Photo 

Features 
& 

Effective 
Throat 

 

 

 
 
 

THE LAB SHALL TAKE A DIGITAL 
PHOTO OF EACH MACRO FACE 
SHOWING THE SPECIMEN NUMBER. 

THE MACRO SHALL SHOW THE WELD 
DEPOSIT, HAZ AND ADJACENT BASE 
METAL. 

THE MACRO # M1 through M33 SHALL BE 
CLEARLY VISIBLE ON THE DIGITAL 
PHOTO. 

THE EFFECTIVE THROATS WILL BE 
MEASURED USING A VERNIER CALIPER 
FROM UNAFFECTED WELD ROOT TO 
COVER BEADS NOT COUNTING EXCESS 
WELD REINFORCEMENT. 

  

 

 Record of Actual Macro Preparation on 2B, 5D & 3G. 
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STEP 

7 
 

Receive 
 

Locate 
Cut 

Lines 
 

Steel 
Stamp  

 
Saw 

Machine 
Wet 

Grind 
 

Final Etch 

 

 
 

 
 

 

 

 

 

 
STEP 

8 
 

Test 
Summary 

Record 
 

 
LABORATORY TEST SUMMARY RECORD. 

 
 

See Laboratory Test Summary Records in Excel 
Format for Each Weld Location, 2B, 5D & 3G. 

 
The Excel File Names Are: 

 
Summary of Macro Test Results for E4W-2B M1 Through M11.xls 
 
Summary of Macro Test Results for E4W-5D M12 Through M22.xls 
 
Summary of Macro Test Results for E4W-3G M23 Through M33.xls 
 

RECORD ALL DATA ON THE 
LABORATORY SUMMARY RECORD. 

THIS IS A TYPICAL COMPLETED 
SPECIMEN SHOWING MACRO NUMBER 
M13 FOR W2 & W1. 

 

  
STEP 

9 
 

Packing 
& 

Storage 
& 

Shipping 

 
Finish Macros Ready for Packaging 

 

IMPOUND THE SPECIMENS FOR 
DISPOSITION BY FHWA. 

PACKAGE THE FINISH MACRO COUPONS 
IN 3 STORAGE BOXES. 

PROTECT THE MACRO SURFACES 
FROM SHIPPING DAMAGE USING 3 
SEALED SHIPPING CONTAINERS. 

STORE THE SEALED CONTAINERS IN A 
SECURE, DRY ENVIRONMENT. 

THE 3 SEALED CONTAINERS SHALL BE 
SHIPPED TO: 

Federal Highway Administration 
Turner – Fairbanks Highway Research Center 
6300 Goergetown Pike 
McLean, VA 22101 
Attention:  

 

W2 W1 

2B RECEIVED IN 
SHIPPING 
CONTAINER. 

3G WITH 6” MACRO 
MARKS AND 
LEGEND AREA. 

5D STEEL 
STAMPED AND 
READY FOR SAW. 

SAW, MACHINE 
& SURFACE 
GRIND MACRO 
BLANKS. 

BLANKS 
READY 
FOR ETCHING. 

 
FINAL ETCH on 
Bottom End of 
Each Macro. 
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Figure 20: Short slice taken from Weld Sample 5D to correct uneven saw cut.   
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Figure 21: End and side views of weld sample 2B after saw cutting. 
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Figure 22: End and side views of weld sample 3G after saw cutting. 
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Figure 23: End and side views of weld sample 5D after saw cutting.  
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Summary of Macro Etch Testing Results 
 
No rejectable weld flaws were found in any of the macro etch test samples.  Samples M16, M20 and 
M28 show very small slag inclusions that would be well within acceptance of requirements per the AWS 
D1.5 Bridge Welding Code.  Samples M23 and M30 show single pores of porosity that are acceptable 
per AWS D1.5 criteria. 
 
Sample 2B had a slag inclusion which starts at the bottom termination of the weld (See Figure 24).  
This saw cut face was not intended to be macro etched.  We saw cut another section 13 mm from the 
first cut.  There was no evidence of the slag inclusion at the second saw cut.  It is probable that this 
slag inclusion would have been removed when final inspection of weld tab removal site was performed.  
In any case the second saw cut verifies that the slag inclusion length was well within the AWS D1.5 
acceptable limits.   
 
A crack was found in the root pass of Sample M15 (See Figure 25).  This crack starts at the bottom of 
the root pass and continues to the center of the root pass.  It is clear that this crack resulted from the 
flame cut sample removal process.  If the crack happened during production welding it is most likely 
that the crack would start on the surface of the root pass and travel downward, due to weld shrinkage 
stresses.  If this crack did happen during production welding, it would have never been detected by 
inspection since it did not extend to root pass surface.  Note that the base metal at this location has 
been cut away by flame-cutting and that the heat affected zone (the lighter area) extended into the weld 
root.  These conditions would have almost certainly caused this crack during flame cutting for sample 
removal. 
 
The cross-sections show consistent weld bead deposition with total weld passes ranging from 16 to 24 
depending on weld groove dimensions.  Several of the weld passes are thinner profile which indicates 
grinding between passes by diligent welders (or mandates by diligent inspectors) to remove slag or to 
improve weld profiles before depositing next pass.   
 
Many of the cross-sections show “weld buttering” and use of shims as described by the “Shrinkage and 
Distortion Plan.”  
 
The average depth of weld penetration (weld effective throat) is 51.5 mm.  This average exceeds the 40 
mm design requirement by over 25 percent. 
 
The overall weld quality is excellent and greatly surpasses typical field welding quality that we have 
seen on similar structures.   
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Figure 24: The bottom of the pile connection plate weld 2B.  Slag inclusion found 3 mm from weld end.  
Another saw cut taken 13 mm from end showed no slag. 
 

 
Figure 25: Sample M15 from Weld 2 in sample 5D.  Note crack in root pass extending from bottom of 
root to middle of root.  Dashed line shows boundary of heat affected zone from gas cutting during 
sample removal. 
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Effective No. of Weld Effective No. of Weld
Macro No. W1 Throat Beads W1 W2 Throat Beads  W1

M1 52 18 51 19

M2 53 18 52 21

M3 54 18 52 20

M4 52 21 53 18

M5 52 17 50 20

M6 51 17 51 22

M7 50 18 52 22

M8 50 18 51 22

M9 51 17 50 19

M10 52 17 49 19

M11 50 20 50 20

Comment & Findings

E 4 W - 2 B     MACRO  DATA

No indications.

No indications.

No indications.

No indications.  Macro is on "A" end.

No indications.

No indications.

No indications.

No indications.

No indications.

No indications.

No indications.
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Effective No. of Weld Effective No. of Weld
Macro No. W1 Throat Beads W1 W2 Throat Beads  W1

M12 49 20 50 19

M13 49 18 51 24

M14 49 17 49 22

M15 49 17 49 23

M16 50 17 50 24

M17 49 19 53 24

M18 50 17 48 19

M19 48 18 48 19

M20 48 20 45 18

M21 48 17 48 18

M22 49 16 46 16

E 4 W - 5 D     MACRO  DATA

Comment & Findings

No indications.

No indications.

No indications.

One non-relevant indication in W1.  This is 
a secondary crack from the flame - cut 
removal process.

One slag inclusion in W2.  The 
approximate size is 2.3 x 0.5 mm.
Acceptable per AWS D1.5

No indications.

No indications.

No indications.

One slag inclusion in W2.  The 
approximate size is 2.4 x 0.2 mm.
Acceptable per AWS D1.5

No indications.
Short coupon due to saw blade damage.

No indications.



MAYES TESTING ENGINEERS, INC. 

Effective No. of Weld Effective No. of Weld
Macro No. W1 Throat Beads W1 W2 Throat Beads  W1

M23 55 19 52 21

M24 55 20 52 21

M25 54 21 53 19

M26 56 20 54 22

M27 56 20 54 18

M28 55 23 52 20

M29 55 21 53 19

M30 55 18 54 19

M31 55 20 53 20

M32 55 18 54 18

M33 57 19 52 19

E 4 W -  3 G   MACRO  DATA

Comment & Findings

One porosity hole in W2.  The 
approximate size is 0.8 x 0.4 mm.  
Acceptable per AWS D1.5.

No indications.

No indications.

No indications.

No indications.

One slag inclusion in W1.  The 
approximate size is 2.0 x 0.3 mm.
Acceptable per AWS D1.5.

No indications.

One porosity hole in W1.  The approximate 
size is 0.4 x 0.3 mm.  Acceptable per AWS 
D1.5.

No indications.

No indications.

No indications.
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