






August 15, 2003

Memorandum
To:  

Chief, Cultural Resources, Lands, Resources and Planning

From:

Senior Scholar in Historic Architecture and Engineering

Subject:  
Wisconsin Avenue Bridge Compliance

Background

I was requested to work with you and the Federal Highway Administration to mutually determine the appropriate testing criteria and to evaluate test results on the Wisconsin Avenue Bridge by Chesapeake and Ohio Canal Superintendent Doug Faris and Assistant Superintendent Kevin Brandt on August 8, 2003 based on my previous work as program manager for the rehabilitation of masonry arches at the Monocacy Aqueduct and Conococheague Aqueduct, Chesapeake and Ohio Canal, and based on papers that I have presented to conferences sponsored by the Transportation Research Board (TRB), American Society of Civil Engineers (ASCE) and others.
On August 14, 2003, I was asked by you to provide an assessment of effect
On the proposed Federal Highway Administration rehabilitation project, a project to install some twenty-six (26) Cintec masonry rod inserted into 3.3 inch diameter bore holes, and grouted and plugged, as well as other work such as repointing, etc.  For the record, I had previously been asked by two separate Federal Highway officials on separate occasions to become involved in this project.
Summary
I have found the proposed project to have an adverse effect on the Wisconsin Avenue bridge, for reasons stated below.  The proposed rehabilitation solution for the Wisconsin Avenue bridge, installation of twenty-six stainless steel Cintec rods in 3.3 inch diameter bore holes, grouted and plugged, appears to be an extremely heavy handed design solution that appears to have been based on inadequate information and could result in significant damage to this historic structure.

Significance
There is no question that the Wisconsin Avenue bridge, historically the High Street Bridge, is historic and extremely important.  It was most likely designed by Benjamin Wright, Chief Engineer of the Chesapeake and Ohio Canal Company, known as, “The Father of American Civil Engineering.”  Construction was probably under the direct supervision of Thomas Purcell, Resident Engineer, First Residency, Chesapeake and Ohio Canal Company.  It may or may not have been constructed of aquia sandstone, although not, as has been stated, from Government Island.  Use of hydraulic cement in the structure is unknown.  Hydraulic cement was certainly available at this location at the time of construction.  Constructed in 1831, it is probably the oldest surviving bridge in the District of Columbia.    It is also probably the only masonry arch bridge in the District of Columbia.  Rehabilitation of this highly important structure should only proceed with great caution and acute sensitivity.
Concerns
I have seven areas of concern concerning this project.  The sum of these concerns is that this proposed rehabilitation project has an adverse effect on the Wisconsin Avenue bridge.

I. Lack of Adequate Historical Research.  Before design and construction are undertaken on an historic structure, it is considered standard accepted practice to undertake historical research on the structure to be rehabilitated so as to ascertain all available pertinent information.  For example, when the National Park Service began analysis of the Monocacy Aqueduct, concurrently it also began historical research in the structure.  Historic structures frequently have many myths surrounding them and in the case of the Monocacy Aqueduct one of those myths was that the stone for the aqueduct came from Sugarloaf Mountain.  As shown by our historical research, in fact it didn’t, it came from a quarry much closer.  Also, it was found that at least three different types of stone were used by Benjamin Wright on that aqueduct.  These and other research findings were publicized through numerous meetings and publications so as to provide interested parties a chance to refute Government findings or to provide additional information to the record.
  Apparently none of this was undertaken on the Wisconsin Avenue Bridge project.  
With respect to the Wisconsin Avenue Bridge, historical research is urgently needed to document whether we are dealing with aquia sandstone or not.  Traditionally this structure has been described as being constructed of aquia sandstone although I do not know what this is based on.  Certainly the masonry didn’t come from Government Island, which had been closed for several decades by the time Wisconsin Avenue Bridge was erected.  It seems reasonable that Wright would have used the canal excavation in Georgetown as the source for his stone work, which he was having difficulty getting rid of (much of which ended in the mole at the Thompson Boat House) rather than ship stone 60 miles upriver.  This is an important determination for this bridge project.  Black basalt, for example, would have much greater compressive strength than aquia sandstone.

It is also important to document the use of hydraulic cement in this bridge.  Hydraulic cement, both from Shepherdstown and Rosendale cement from New York, was available to the canal company at this time.  There is also a suggestion that the company imported hydraulic cement from England.
II. Physical Testing.  The documents I have examined reveal that little, if any, physical testing has been undertaken on the Wisconsin Avenue Bridge.  Specifically:

A. Core samples of the ringstones to determine ultimate strength and variability.  It would seem to me that no design of a bridge rehabilitation could proceed without this essential data.  In contrast, core samples tested to destruction was one of the first steps taken in the Monocacy Aqueduct rehabilitation project.
B. Compressive testing of mortar samples.  A masonry arch structure is, of course, not a monolithic structure and doesn’t behave like one.  Compressive strength of the mortar, as well as the dimensions of its unit stones, are other crucial factors in any structural analysis of this bridge.
III. Visual Investigation.

A. Test pits.  It would seem to me critical that test pits be dug, like those that were undertaken on the Monocacy Aqueduct, to determine the unseen conditions of the rubble fill and dimensions of structural members.  Some auger explorations were undertaken but primarily to locate utilities.  Documents examined on this project indicate that the size of the ringstones was unknown to the designers prior to their design of the twenty-six Cintec masonry anchors.  It seems to me very unreasonable for rehabilitation design to proceed without knowing the dimensions of the compressive ringstones.  Assumptions would have had to be made and these assumptions would probably have been very conservation leading to an over design of this rehabilitation project.
B.  Surface Conditions.  Surface conditions, particularly cracking, spalling and so on, should have been systematically recorded and examined.  Again, this was one of our first steps taken in the Monocacy Aqueduct but apparently was not undertaken in the Wisconsin Avenue Bridge project.
IV. Analysis.  The records that I have reviewed indicate in 1997 a contractor to the Federal Highway Administration, KCI Technologies, used a computer-based analysis program (STAAD) based on finite element analysis.  The contractor concluded that the Wisconsin Avenue Bridge would sustain a rating of HS16.  In 2002 a second evaluation was undertaken on the Wisconsin Avenue Bridge by another Federal Highway Administration contractor, Gifford and Partners, with a computer-based analysis utilizing discrete element analysis.  In the first case, finite element analysis would not be appropriate to a masonry arch structure since the masonry arch structure is not a homogeneous material nor does it perform as one.  In the second case, Federal Highway Administration documentation states that the discrete analysis model was verified by field and full-scale laboratory models, presumably taken to destruction.  But in both cases the computer-based nature of the analysis obscures the fact that these analyses were probably undertaken without actual data on the compressive strength of the Wisconsin Avenue bridge ringstones (since apparently no physical measurements were taken on the ringstones, actual data was not available).  Further, other documents related to this project indicate that there was uncertainly as to the actual dimensions of the ringstones (there was apparently no subsurface investigation to ascertain actual dimensions).   These analyses were therefore undertaken with assumptions made for these critical factors.  Presumably those that made these assumptions were very conservative.  Such analysis therefore would tend to lead to a case of over design of this historic bridge, perhaps gross over design.
V. Design.  At some point there needs to be a full and complete discussion on why Cintec masonry anchors are being used to reinforce this structure rather than normal masonry anchors.  Certainly the cloth bag provides grout control, which is important to the National Park Service.

VI. Construction.  
A.  As previously said, the core of this project is the boring of some twenty-six 3.3 inch holes for the insertion of the Cintec masonry anchors.  Presumably the holes for these anchors will be bored from above, with the equipment located on top of the bridge on Wisconsin Avenue.  These bore holes will come within four inches of the intrados of the barrel arch.  This point will be reached at some twenty to thirty feet from the initial point of insertion, on top of the bridge.  This is precision boring.  Only a small change of the angle at the top of the hole would result in penetration of the intrados of the barrel arch.  Further, there appears no apparent means of detecting small errors in angle of boring until the machine operator has actually penetrated the intrados.  This is not an acceptable situation.  Besides the resulting hole, we may have a situation where the masonry may be extremely susceptible to spalling and exfoliation following boring penetration of the intrados.
B. Documentation accompanying this project indicates that the grouting pressure is intended to be 10 to 15 psi.  I believe that this is quite a bit higher than the grouting pressure that we used in the Conococheague Aqueduct.  High grouting pressure could threaten the structure and perhaps damage the environment, should a spill occur.  Please note that the Federal Highway Administration documentation expressly notes that they do not know the shear strength of the masonry material that they will be working with.
C. Grouting of some twenty-six masonry anchors involves the introduction of a large quantity of water into the interior of the structure.  Provision, perhaps weep holes, should be provided as a means to get this water out.

VII. The design live load should be limited to the HS20 AASHTO standard and not be increased HS25.  There is an extensive corpus of literature that has been developed over the last several decades on the need to limit the increases in the levels of safety, health and welfare specified in standards, codes and other regulatory material for historic structures.  Otherwise there will be no historic structures left in America.  

Recommended Course of Action
Normally a memorandum of a determination of effect does not contain a recommended course of action.  However, in this case it seems very necessary.  It is my understanding that this rehabilitation project has funding that will expire on September 30, 2003 – six weeks hence.  That is, unless the Federal Highway Administration and the National Park Service agree on concerted action, we will lose the ability to rehabilitate this structure.  Although the National Park Service is extremely concerned about preserving this very important bridge, we are also very concerned to continue to provide for the safety of those that use it.  I therefore recommend the following actions:
I. Contracting.  That the Federal Highway Administration enter into a procurement action for the rehabilitation on the Wisconsin Avenue Bridge and obligate the available funds prior to September 30, 2003 in accordance with the following steps:

a. That a two step procurement method be used whereas the first step be the selection of a contractor qualified on undertaking masonry rehabilitation work in historic structures and that representatives of the National Park Service serve on the selection panel making that selection.
b. That a unit sum contract be negotiated with the provision that the initiation date of this contract will be at some point in the future, perhaps nine to twelve months, and that the unit sum be the number of Cintec anchors to be installed, not to exceed twenty-six (26) and that the exact number to be determined by the design validation study (see below).

II. Design Validation Survey.  That the Federal Highway Administration, in concert with the National Park Service, initiate a design validation study through a qualified third party, such as the National Institute for Building Sciences (NIBS) for the purpose of determining the number of Cintec anchor rods and other measures that will be installed by the contractor.  This study would include:

a.  Historical research undertaken at the National Archives and the Swem Library of William and Mary to determine the type of stone said to be used, as reported in the documents of the Chesapeake and Ohio Canal Company, the type of hydraulic cement used, if any, and to ascertain if any drawings exist or other applicable information.  A HABS axonometric drawing, with cutaway of the interior, should be prepared.  If the use of aquia stone is documented, this search should collect applicable test results of aquia stone made by the National Bureau of Standards, the Office of the Architect of the Capitol and others.

b.  Physical testing should be undertaken on the Wisconsin Avenue Bridge.  This physical testing should consist of at least two test pits dug to the extrados of the barrel arch.  At least three core samples should be removed from the ringstones and subject to compressive testing.  Mortar samples should be collected and also tested.  Specimens should be tested for spalling, fracturing and exfoliation.
III. Visual inspection.  A visual inspection of the entire structure should be undertaken and in accordance with the procedures specified by British Department of Transportation Standard 16/93.

IV. Analysis.  That an analysis be undertaken of the Wisconsin Avenue Bridge utilizing British Department of Transportation Standard 21/93.
  AASHTO HS20- live loading should be utilized in this analysis.  The reason that this standard is so important is that we don’t have any American standards for analyzing masonry arch bridges and that this particular standard was developed by the English to analyze thousands of masonry arch bridges in their country.  Further, this standard is supported by full scale field testing of masonry arch bridges, taken to demolition.
V. Design.  Based on the analysis undertaken above, the design for the rehabilitation should be reviewed with the intent of reducing, as far as practicable, the number of Cintec anchors to be inserted.  At this time alternatives to the Cintec solution should also be looked at, such a repairing or replacing damaged ringstones that may be found in the visual inspection, etc.
VI. Report of Finds.  The qualified third party undertaking the Design Validation Study should also issue a report of findings to the Federal Highway Administration and the National Park Service.  Following the approval of this report, a notice to proceed should be issued to the contractor.  Such a Report of Findings is quite critical so that we will have documentation that we, including the Federal Highway Administration, have followed good professional practice in this bridge rehabilitation project.
VII. Construction.  A panel of experts should be consulted on how to control boring machinery to meet the requirement of not piercing the intrados of the barrel arch of the bridge.  Before the contractor is permitted to begin boring holes, a demonstration project should be mounted to demonstrate that, in fact, the desired accuracy in boring can be achieved over distances of twenty to thirty feet or more.  Protection against spalling, cracking and exfoliation, if required, should be provided.
VIII. Long Term Monitoring.  Recommendations should be developed for long term monitoring of the bridge and its performance.
� For example, Robert J. Kapsch, “Benjamin Wright, Bad Stone, Poor Cement and One Hundred Miles to Go: Building the Monocacy Aqueduct of the Chesapeake and Ohio Canal,”  Bernard G. Dennis, Jr., Robert J. Kapsch, Robert J. LoConte, Bruce W. Mattheiss, Steven M. Pennington (Eds.), American Civil Engineering History: The Pioneering Years, (Reston, VA: The American Society of Civil Engineers, 2002), pp. 439-464; and Robert J. Kapsch, “Benjamin Wright and the Design and Construction of the Monocacy Aqueduct,” Lance E. Metz (Ed.), Canal History and Technology Proceedings, Volume XIX, March 18, 2000, (Easton, Pennsylvania: Canal History and Technology Press, National Canal Museum, 2000), pp. 181-222.








� British Department of Transportation Advice Note BA 16/93 The Assessment of Highway Bridges and Structures, Department of Transportation, London, 1993a.


� British Department of Transportation Standard BD21/93, The Assessment of Highway Bridges and Structures, Department of Transportation, London, 1993a.  These were the standards used for the analysis of the Monocacy Aqueduct.  See Robert J. Kapsch, “The Rehabilitation of the Monocacy Aqueduct and Other Historic Structures of the Chesapeake and Ohio Canal National Historical Park,” International Conference: Preservation of the Engineering Heritage, Gdansk Outlook 2000, Gdansk, Poland, September 1999. 
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