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     1. 
       Introduction
   These interim findings have been produced because of the considerable
   current interest in the safety of bridge parapets, especially on
   bridges crossing railway lines or high speed roads. They are based on
   an assessment of the initial series of impact tests on 20m long walls
   carried out at Teesside University. These included a reference test on
   a plain unreinforced brickwork wall and tests on walls with bed joint
   reinforcement and different forms of reinforcement inserted into holes
   drilled in the brickwork and grouted in (“drilled in reinforcement”).
   The research programme will not be completed until September 2002, but
   the following conclusions from the initial testing are presented to
   inform decision making by designers and specifiers of any proposed
   parapet strengthening schemes. They relate to a number of key features
   of any reinforcing scheme to improve the ability of masonry parapets
   to resist accidental vehicle impacts.
     2. 
       Arrangement of Reinforcement
       1. 
         Horizontal Bed Joint Reinforcement Only
   The size of reinforcement is limited by the mortar joint thickness.
   Tests with 6mm diameter stainless steel deformed reinforcing bars at
   approximately 30mm in from each face of 327mm thick walls have been
   completed. Two reinforcement percentages have been tested:
   (i) 1 bar near each face of every second bed joint.
   (ii) 2 bars near each face of every bed joint.
   In both cases, the mode of failure under impact loading involved
   significant horizontal cracking along bed joints, combined with
   extensive cracking of vertical joints and the loosening of some
   individual bricks on the face remote from the impact.
   Drilled in Reinforcement
   Two different types of drilled in reinforcement have been tested.
   These comprised arrangements of longitudinal reinforcement drilled in
   from the end of the wall and/or inclined bars drilled in from the top.
   Thus both provided vertical and horizontal components of reinforcement
   along the length of the wall. The structural responses were similar
   and, in both cases, the horizontal bed joint cracking described in 2.1
   was eliminated. Discreet lines of fracture (analogous to “yield
   lines”) formed and between these lines the brickwork was virtually
   undamaged. The walls retained considerable strength and ductility and
   were able to resist a second impact.
   It is thus believed that reinforcing systems which provide both
   vertical and horizontal bending resistance are likely to give improved
   performance over systems which only provide horizontal reinforcement.
   The drilling in of reinforcement in a range of geometries provides a
   practicable technique for retro-fitting reinforcement.
       2. 
         Extent of Reinforcement
   In all tests the reinforcement was restricted to the height of the
   parapet wall itself. The walls were not restrained horizontally at the
   base. Thus there has been no attempt to simulate the fixing of the
   parapets to the supporting structure below. There are two common
   situations in practice. On arch bridges the parapet is supported on
   the masonry spandrel walls which retain the fill on the arch. On
   girder bridges, the parapet is supported on an edge girder. In neither
   case will the supporting structure have been designed to resist the
   out of plane forces that would be transmitted from a parapet subjected
   to impact loading. Damage to these supporting structures due to an
   accidental vehicle impact on the parapet above would be very expensive
   to repair and could result in weakening the main bridge structure. It
   is therefore believed that, in most cases, it will be preferable to
   allow the parapet to move on top of the supporting structure. Any
   strengthening scheme involving the extension of reinforcement into
   spandrel walls, or anchoring to edge girders, should only be
   undertaken following a full assessment of the potential effects of the
   transfer of impact loads from the parapet to these elements.
     3. 
       Durability
   The principal reason why so many masonry parapets survive is that they
   contain no ferrous reinforcement. Any scheme to improve impact
   resistance by the incorporation of reinforcement must therefore be
   carefully designed to avoid impairment of the inherent durability of
   the original masonry. Consideration should therefore be given to the
   use of non-corroding reinforcements. Alternatively, the protection
   provided by cementitious or resin based grouts used with drilled in
   reinforcement may be assessed.
   The testing programme over the next six months will include fibre
   composite reinforcement systems.
     4. 
       Structural Behaviour
   Even when reinforced, the response of masonry walls to transient
   impact loading is dependant upon the mass of the wall and the inertial
   forced developed, in both the out-of-plane and longitudinal
   directions. The prediction of behaviour therefore requires a dynamic
   analysis.
   The research team have developed such an analytical approach for
   plain, unreinforced masonry and are currently extending it to
   incorporate the effects of reinforcement.
   If a wall is reinforced so as to resist local damage due to impact,
   and is not fixed down to the supporting structure below, then the
   ultimate resistance is governed by dynamic rocking failure of the
   whole wall. The resistance may therefore be improved by restraining
   the ends of the wall, by anchoring (if a suitable base is available)
   or by the construction of pilasters or buttresses.
   Professor Brian Hobbs, University of Teesside
   Dr. Tom Molyneaux, University of Liverpool
   Dr. Matthew Gilbert, University of Sheffield.
   Further information on this research may be obtained by contacting
   Professor Brian Hobbs
   Director, School of Science and Technology
   The University of Teesside
   Middlesbrough, TS1 3BA
   Tel. 01642 382403 Fax 01642 382401
   e-mail [email protected]
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