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Limitation of Measurement System in Application of Angular
Distortion Criterion to Structure Near Road Embankment
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ABSTRACT : Angular distortion due to differential settlement is one of the critical factors which influences on the stability and
serviceability of a structure. The angular distortion criterion proposed by Bjerrum is generally used in practice. However, the
measurement system used in field especially a road embankment site did not properly represent the angular distortion of a structure.
The problem was related to the shortage and not proper installation of measurement gauges, and the incorrect understanding of the
basic concept of angular distortion in interpretation of measurement data. These things were reveled by analyzing the measured data
in the road embankment site. An improved measurement system has been suggested as a so-called “relative displacement measurement
system” between columns with automatic measurement.
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Fig. 1. Definitions of angular distortion and differential settlement
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Table 1, Limiting angular distortion recommended by Bjerrum (1963)

Category of potential damage Angular distortion
Danger to machinery sensitive to settlement 1/750
Danger to frames with diagonals 1/600
Safe limit for no cracking of buildings 1/500
First cracking of panel walls 1/300
Difficulties with overhead cranes 1/300
Tilting of high rigid buildings becomes visible 1/250
Considerable cracking of panel and brick walls 1/150
Danger of structural damage to general buildings 1/150
Safe limit for flexible brick walls, L/H >4" 1/150

* Safe limits include a factor of safety. H=Height of building
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Fig. 2. Road expansion construction site
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Fig. 6. Settlement and embankment histories at the center of road embankment (STA, 0+450)
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Table 3. Measurement data of crack gauge
Displacement (mm)
Building Date
NO.1 NO.2 NO.3 NO.4
12.03.27 0.0 0.0 0.0 0.0
A 12.05.23 0.0 0.0 0.0 0.0
12.07.16 0.4 0.2 0.3 0.4
12.03.27 0.0 0.0 0.0 0.0
B 12.05.23 0.0 0.1 0.1 0.0
12.07.16 0.4 0.6 0.4 0.2
12.03.27 0.0 0.0 0.0 0.0
C 12.05.23 0.0 0.2 0.0 0.0
12.07.16 0.6 0.9 0.1 0.4
12.03.27 0.0 0.0 0.0 0.0
D 12.05.23 0.0 0.1 0.1 0.0
12.07.16 0.5 0.7 0.6 0.3
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Fig. 7. Appearance of cracks
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