




















Figure 8 shows the deflection of the arch close to 900 seconds.  This is due to the connection
failure of LVDT 1. Once the centre-span hinge width increased the material (mortar) holding the
seat for the LVDT was lost.

Figure 9 shows the location of th e hinges on the arch once the thr ee-hinge arch was developed.
It was noted that the three-hinged arched was develop prior to loading, perhaps due to shrinkage
or relaxation of the support stop s at each end. Therefore, the arch acted as a three-hinged arch
from the onset of the very first loading. For three-hinged arch analysis refer to reference 1.
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Figure 9: Three-Hinged Arch

NUMERICAL ANALYSIS

Numerical analysis was perform ed using Finite-Y program. This is a FORTRAN b ase program
developed for nonlinear analysis of reinforced  concrete members. This program has been
modified so that it could analyse different frames and various materials such as steel-free bridge
decks and fabric-formed RC beams. It was fur ther modified to analyse m asonry structures [2].
The final version of this program which was de veloped to analyse m asonry walls was used for
this analysis. For further information on this program refer to reference 2.

Material properties from the original study [1] were used for the analys is due to m aterial
availability restraints. The masonry compressive strength, f'r, was determined to be 12.27 MPa
(1780 psi) [1]. In accordance with CSA S304.1 Modulus of Elasticity (E) and Shear Modulus
(G) can be calculated as shown by equations (1) and (2):

E =850 ', = 850 x 12.27 = 10429.5 MPa (1)

G =04E=0.4x10429.5=4171.8 MPa (2)

In accordance with [2] the relationship between E and G can be defined as in equation (3):

E=rxG 3)



Based on properties defined by experimental results the r can be determined as shown below:

r = E/G =10429.5/4171.8 = 2.5 4)

The analysis result presented by [1] shows very cl ose correlation between r values of 2.5 and 3,
with r=3 giving the best results for numerical analysis [2]. Using r values of 2.5 and 3 also gave
results that were very sim ilar to the experim ent for this investigation. Figure 10 com pares the
deflection from the experiment with FEM analysis for load case one.
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Figure 10: Deflection Comparison between Experiment and FEM Analysis

Quadrilateral elements were used to m odel the arch as shown in Figure 11. The width of each
element was set as the thickness of the arch and the height was determ ined by dividing the arch
in 4° increments as shown in the f igure. For clarity, Figure 11 only shows a representative
model.

(1)

Figure 11: Representative Model for FEM Analysis



CONCLUSION AND RECOMMENDATIONS

The primary purpose of this study is to present a possible solutio n to the issue of determ ining
accurate in situ material properties for rehabilitation and remediation projects. As such, this was
a preliminary study done to exam ine the hypothesis of the possibility of determ ining material
properties from real-time structural health m onitoring data and much more analysis of data is
required. The study, however, showed close correl ation between experimental r value and those
suggested by Mufti and Jaeger [3]. Concluding that SHM datam  ay be used to determ ine or
verify in situ m aterial properties. Although co nsiderable additional studies are required due to
the limited specimen and data collected in this study.

This research will continue by analysing strain values and comparing the experimental data with
numerical date using the same r values used in deflection.
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