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ASTM F16 Representative Today
 

• 45 years of fastener experience 

• ASME B18 Chairman 

• ASTM F16 Member 

• SAE Fastener Committee 

• SAE Ship Systems Committee 

• Research Council on Structural 
Connections (RCSC)

Joe Greenslade 
• US Delegate to ISO TC2 IFI Director of Engineering 
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• Conducting Fastener HE 
research at McGill University 
since 2005 

• Author of ASTM F1941,  
electroplating finishes for 
fasteners 

• Contributor to ISO TC2 
fastener finishes 

• Recipient of recognition 
awards related to HE from 
ASTM F16 and the Industrial 
Fasteners Institute (IFI) 

Salim Brahimi
 
ASTM F16 Chairman
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ASTM F16 Positions Stated Today 

• Extensive fastener experience. 

• HE research specific to fastener related materials and 
their interactions with finishes. 

• Research Facts about Fastener HE Failures 
• HE failures do NOT occur in fasteners with hardness less 

than HRC 40 when the microstructure is uniform. 

• Fasteners must be under stress 

• Failures are delayed 
• IHE occurs within 48 hours of applied stress 

•	 EHE can occur any time after 48 hours – usually weeks to years 
after installation. 
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BOP bolt failure issue 

• On December 18, 2012, while the Transocean Discoverer 
India was performing drilling operations at the Keathley 
Canyon (KC) KC-736 lease block in the Gulf of Mexico, 
the rig’s lower marine riser package (LMRP) separated 
from the blowout preventer (BOP) stack resulting in the 
release of approximately 432 barrels of synthetic-based 
drilling fluids into the Gulf of Mexico. Chevron, the 
designated operator, reported to the Bureau of Safety 
and Environmental Enforcement (BSEE 
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Information from BSEE report 
• � The failure of the GE H4 connector bolts was primarily 

caused by hydrogen induced stress corrosion cracking 
(SCC) due to hydrogen embrittlement, which led to the 
fracturing of the installed bolts. This finding is consistent 
with the conclusions of the Transocean/Chevron/GE root 
cause analysis. 

• ASTM F16 experts agree this was an environmental 
hydrogen embrittlement (EHE) failure. 

ASTM F16 experts disagree that hits was internal 
hydrogen embrittlement (IHE) failure resulting from 
baking processing. 
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Information from BSEE report 
• � A GE subcontractor relied on an older 1998 version of 

the American Society for Testing and Materials (ASTM) 
B633 standard and therefore, the bolts did not receive 
the required post electroplating treatment. This finding 
is consistent with the Transocean/Chevron/GE submitted 
root cause analysis report. 

• ASTM F16 experts disagree that the failure had 
anything to do with baking.  If these bolts would have 
baked a week or more they still would have failed! 

• The inappropriate application of zinc plating and the 
improper cathodic protection were two key factors! 
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Information from BSEE report 
• Existing industry standards do not adequately address 

bolting/connector performance in subsea marine 
applications. For example, although API Specification 16A 
provides requirements for BOP connectors, it does not 
contain material property requirements for the connection 
bolting used for subsea applications. Furthermore, other 
industry standards that apply to subsea equipment have 
different maximum hardness limit requirements for bolts. 

ASTM F16 feels that subsea applications should be 
limited to the use of ASTM F1137, phosphate and oil 
finish and that all bolts should be thoroughly painted 
for added protection. 
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Information from BSEE report 
1. Improve industry standards. 

• BSEE should encourage industry to develop a consistent set of 
standards for connections and connection fasteners used in all 
offshore subsea systems, including a requirement that allows tracking 
connection components during their service life. This should include 
clear and consistent guidance on material hardness, yield 
strength and ultimate tensile strength requirements. (The release 
of API Spec 20E; First Edition, August 2012 "Alloy and Carbon Steel 
Bolting for use in the Petroleum and Natural Gas Industries" should 
address some of the concerns regarding manufacture of bolts, studs, 
etc.) 

• BSEE should request that ASTM further revise its relevant 
standards to provide additional clarity related to the design and use of 
coatings for marine service. 

ASTM F16 is willing to provide input into API bolting 
specifications. 
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Information from BSEE report 
•	 GE did not sign off on the final 2013 Combined RCA Report because it 

believed that the true root cause for the bolts fracture and cause for synthetic-
based mud spillage was not determined. 

GE’s representatives also stated that they are confident in the performance 
reliability of the replaced H4 connector bolts by reverting to the previously 
used zinc phosphate coating (with a post-bake period specified) for the 
following reasons: 

•	 � They report no previous issues or failures with the zinc phosphate coating, 

•	 � The bolts located on the lower H4 connector on the same BOP stack that 
were coated with the same previous zinc phosphate coating were completely 
intact without any identified fractures or cracks, and 

•	 � A third party reviewed and approved use of the replacement bolts. 

•	 ASTM F16 agrees with GE that the most logical action is simply to revert 
to phosphate and oil finish per ATMS F1137 (baking not required)! 
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Information from BSEE report 
•	 GE’s technical staff disagrees with the QC-FIT interpretation of ASTM 

B633 and believes that the charts relied upon by QC-FIT are only “examples 
of appropriate service conditions” and “non-mandatory.” In addition, GE states 
that proper application of relevant API standards does not permit use of 
coatings with thickness greater that SC 2 since the relevant assembly could 
not be accomplished to meet API requirements. Furthermore, GE believes 
that a review of all relevant industry standards supports its position that the 
bolts met the required specifications. 

•	 The fact that two groups differ on a provision within a key ASTM document 
suggests that the document needs to be clarified or a request for 
interpretation be submitted to ASTM. The QC-FIT recommends further 
examination of appropriate ASTM fastener standards for material coating 
selection for subsea applications. In particular, are the current standards 
suitable for the current marine environments where companies are now 
operating? 

•	 ASTM F16 feels B633 or any other zinc plating is inappropriate for 
subsea and phos & oil or a barrier coating like Xylan should be used. 
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Understanding issue based on report 
•	 F. ABSENCE OF PAINT OR COATING 

•	 The 2013 Combined RCA Report discussed the impact of the absence of 
paint or coating on hydrogen generation on cathodically protected structures. 
The purpose of paint on subsea structures is to reduce the current required 
for cathodic protection by sealing and elimination of the available interface for 
cathodic reaction. Although it is impossible for a paint coating to form a 
complete hermitic seal, unpainted areas will result in increased current 
drawn from the CP anode system current, resulting in some amount of 
hydrogen generation. The more negative the CP value, the higher the 
potential for hydrogen charging (2013 Combined RCA Report pages 328-
330). Therefore, hydrogen ion generation can possibly contribute to 
hydrogen embrittlement corrosion (GE states that their inspection program 
has been revised to include 100% visual and documentation for the H4 
assembly prior to shipment). It is not known to what extent this contributed to 
the bolt incident in question here. 

•	 ASTM F16 experts feel proper painting is critical in preventing HE. 
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ASTM F16 suggestions for subsea fasteners 

1. Never use zinc electroplating on any subsea bolts. 
1.	 The failures were EHE and NOT IHE. 

2.	 Baking played no role in the bolt failures! 

2.	 For subsea fasteners use ASTM F1137, phosphate 
and oil finish (no baking required) or barrier finishes 
like Xylan. 

3.	 ASTM F16 is willing to provide research, input, and 
other assistance to API on all issues related to 
bolting standards and specifications. 
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IFI Standards Books
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IFI Fastener Technology Handbook 

Is your staff well versed in 
fastener technology? 
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Fastener Training Institute 
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www.fastenertraining.org 
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Fastener Training Week - 2015 

• July 28- August 1 - Independence, Ohio 

• November 17-21 - Independence, Ohio 
• Content 

• Quality Systems 

• Proper use of standards 

• Product inspection & evaluation 

• Torque-Tension 

• Four Plant Tours 

• Certified Fastener Specialist Diploma 

NEW Format! 

150 Participants 

More to come! 
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Q&A
 

Joe Greenslade
 
IFI  Director of Engineering Technology
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