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Memo 


©2003 Wire Reinforcement Institute                       
To:
WRI/WWR Community 
From:
Roy H. Reiterman
Roy H. Reiterman & Associates – Consulting Engineers 

P.O. Box 1402 , Findlay, OH 45839-1402

(419) 348-3505, Fax: 419·425-1089    e-mail:  rhr@bright.net 

Date: 8/26/03

Subject:  Fatigue Research  comments and  Dr. Maher Tadros’s responses
Statement - There are some with the opinion that testing of WWR embedded in slabs would be more revealing than testing of steel in the air as the cross wires tend to bear against the surrounding concrete.  Having several wires tested at the same time in a slab at the maximum moment section tends to provide an averaging effect as the slab failure does not always coincide with the failure of the first wire.  

Response - Dr. Tadros explained that he is interested in fatigue limits for fabric with no cross wire in the high principal tension zone  (shear design) as well as WWR with uniform wire spacing as in slabs.  Even in slabs, Dr. Tadros is not convinced that there would be much bearing and twisting away from the development length zone of the slab.  There is no question that testing of WWR in concrete members adds value to the results.  The question is whether that should be done before one obtains the fundamental fatigue limits of the wire alone.  He further explained that in the 70’s when rebars were tested – the researchers concluded that the long–life region of 1-5 million cycles was more important for design purposes.  Despite the numerous tests that were conducted by PCA to determine fatigue resistance of rebars, the fatigue formula for rebars ended up being  based on only a few tests from one manufacturer with a minimum stress of 6 ksi and a fatigue life in excess of 2 million cycles.  The researchers also reported that the fatigue limit of interest to bridge engineers is not sensitive to concrete beam dimensions, concrete material properties, bar size, steel grade (in the range of 40-75 ksi tested) or steel metallurgy. 

Question - Would the research produce enough data to develop a formula similar to that developed for bars?

Answer- As mentioned in the above response – The bar formula ended up being developed for a very small sampling of test results.  The researchers have learned from that work and have decided to not focus on the variables that would be eliminated in the final formula.  

If one looks at the evidence to date, it seems reasonable to expect the fatigue endurance limit to be in the 18-22 ksi range.  The researchers have very little interest in conducting numerous tests  for a small number of cycles as that would be only interesting to researchers and would have no practical bearing on bridge design.   Note that it takes about 14 days to test a specimen for  5 million cycles.  Two hundred tests would require continuous equipment operation for eight years.  We think the number of tests we have proposed is high, not on the low side.   We intend to monitor the results and look for ways to reduce the number of tests, without affecting the statistical significance of the results.  We have specimens from a number of manufacturers which will provide a diversity of WWR sources.

Question - What about the metallurgical properties of the wire and rod or the stress-strain testing and other mechanical properties of the wires being used?

Answer - All WWR manufacturers were asked for and supplied certificates by independent testing laboratories.   The research team has been doing complete stress-strain diagrams for all wires to be tested in fatigue.  All testing has confirmed compliance with ASTM requirements.  The team has no plans to conduct independent metallurgical analysis.  The work done by PCA indicates that mechanical properties, mainly strength are adequate for distinction in fatigue properties for design purposes, as long as the material meets ASTM metallurgical requirements.  That study went further and simplified the design formula by eliminating the strength factor.  We consider our work to be an extension, not duplication of PCA’s work.   We also know based on over ten years of first-hand experience with WWR that the material is of higher quality control than Grade 60 rebar.  We will watch carefully for impact of steel yield strength and ultimate elongation on the fatigue behavior.  I personally doubt that these properties will be factors on the fatigue limit formula that will eventually be proposed.

Statement – Failures of currently produced deformed wires in fatigue occur in the heat affected zone close to where the cross wire is welded.  Surface preparation and welding penetration are important.

Response –  We are testing both cases, with and without welds.   We are targeting all applications existing and foreseeable.  We know of one application that one researcher apparently has not focused on: fatigue of shear reinforcement in thin webs.  We know that the WWR industry has become very sophisticated that it can computer generate very elaborate WWR patterns, and can produce consistent quality.  Shear reinforcement in precast I-beams is a special type sheet of reinforcement.  The cross wires occur in the flanges only, and are therefore not subjected to high fatigue stresses.  The cross wires provide the anchorage  and help create high precision , perfectly uniform sheets of reinforcing.

Statement- Once embedded in concrete, there is a friction action between the wire surface and the concrete… and twisting action on the heat –affected zones.  Tests need to be conducted in concrete and not in air.

Response –Testing in air is an essential first step towards any further research.  One cannot test a beam without testing cylinders of the concrete and coupons of the reinforcing steel used.   PCA tests have shown that testing in concrete beams did not impact the developed fatigue formula.  In fact, the small beams of 6, 8, 10 and 18 inch depths made evaluation of the test results difficult.  The placing of #8 bars in an 8 inch thick beam created stress gradients across the depth of the bar itself.   

Many earlier testing was done with simple spans – not many bridge decks are built in this country with simply supported spans.   If one uses a continuos span specimen, then the very significant arching effect would be included in the stress analysis and the actual bar stress could be much smaller than from a simplistic linear stress analysis.  How about creep, and shrinkage and temperature affects?  They change bar stress as soon as concrete begins to set around them.  We are confident that we can get the formula developed without the more expensive and much more treacherous in-concrete testing.  However we will keep an open mind and determine if such testing is warranted.  We should point out here that we have already tested full –scale bridge decks in fatigue as part of NCHRP 12-41 project in the late 1990’s.  We found WWR to produce outstanding results with very minor concrete cracking after 2 million cycles.  The purpose of the test was to compare various precast deck designs with various reinforcement types.  We concluded that a one – for-one replacement of bars with WWR resulted in much improved behavior of a deck designed to have a girder spacing of 12 feet and an overhang of 4 feet.

Question – How will the data analyses be done?

Answer- We consider this project to be an extension of the 1976 PCA work on bars as described above.  We plan to use the same statistical techniques used in that research.  Page 18 from the NCHRP Report #164 states; “The most effective bounds for the fatigue test results are expressed by tolerance limits.  Such limits can be determined, starting with a 95 percent probability of being correct – that 95 percent of all test results from a certain statistical population will fall within the limits”.  

The research team had planned on using an endurance limit of 2 million cycles.  The PCA study uses a 5 million-cycle endurance limit. 

 We will continue to evaluate if there are any significant differences as 5 million cycles more than double the length of time it takes to conduct a test.  Two million cycles have been used extensively and described in other literature. 

Question – Can you extrapolate good results from a limited number of WWR manufacturers’ material.  

Answer- We have three manufacturers.  If we find discrepancies in the results from the three suppliers, we will recommend that more work be done before a formula can be proposed for WWR, similar to that of rebar.  It is our experience that WWR materials are more consistent than rebar materials.

Finally this question – Do you know what new information would be gained by this project.  I used WWR in DOT work 20 years ago?

Answer- If we can show with adequate evidence that fatigue strength of WWR is 18 ksi (like what is being used for strand at this time) we will have made a major contribution.  I am glad the reviewer was ahead of his/her time.  We need to remove impediments to widespread use and to improved economies in precast concrete systems.
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