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Abstract

The arch tests reported below form part of the ongoing masonry arch test series at the University of Salford. The objectives of the present tests were to investigate the effect of weak/deteriorated masonry on the behaviour and load capacity of masonry arch barrels under fatigue loading. Two 5m span arches have been built with weak bricks and tested under static and long-term cyclic loading. The tests indicated that the weak bricks lowered the capacity of the arches by ca. 20%, however they did not greatly modify the mode of failure, compared to arches built by strong bricks. 
1. Material properties

Two 5m span arches has so far been built and tested using weak bricks. For construction, material details and loading see project report “The Fatigue Behaviour of Masonry Arch Bridges and the Effect of FRP and Radial-pin Reinforcement, August 2004”. Strength values in comparison with the strong bricks are shown in Table 1.
	
	Strong bricks
(N/mm2)
	Weak bricks
(N/mm2)

	Brick strength          
	154
	>21*

	Brickwork strength
	24.2
	8.17

	Shear strength 
	0.3 (100%)
	0.25 (83%)


    *from specification

Table 1 – Strength values

2. Static loading
Under static loading the ‘weak’ arch failed at 18kN, which was 60% of the capacity of strong arches. The arch failed by ring separation in the middle section as shown in Plate 1. (The ‘strong’ arch failed also by ring separation by between the ¼ span and nearest abutment.) Ring separation was reliant on the shear capacity of the brick-mortar interface. Since no crushing occurred and the same mortar was used as for the ‘strong’ arches, the lower shear capacity was caused by the poorer quality brick surface.
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Plate 1 – Failure mode of weak arch (Static loading)

3. Cyclic  loading
After the first weak arch failed under static loading, cyclic loading was applied to the damaged arch at different load levels. At 28% of the static load no damage development was indicated after 10,000 cycles and the arch was stable. At 39% of the static load the arch failed after 2100 cycles. 
The next arch was loaded by 67% of the static load and failed after 11700 cycles by ring separation (Plate 2). 
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Plate 2 – Failure mode of weak arch (Cyclic loading)

Weak bricks reduced the fatigue capacity of the 5m span arch by ca. 20% (from ca 57% to ca. 37%) but did not greatly change the mode of failure. Local crushing did not occur and shear capacity determined failure.

From the ‘strong’ arch tests the endurance limit was found to be ca. 57% of the static load capacity for 5m arches and 37% for 3m span arches (see Figure 1).
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Figure 1 – Strong arch endurance limits

Figure 2 – Weak arch endurance limit
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