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ABSTRACT: Digital twin technology has been actively developed to monitor and assess the current state of actual structures. The digital
twin changes the traditional observation method performed in the field to the real-time observation and detection system using virtual
online model. Thus, this study designed a digital twin model for a beam and examined the feasibility of the digital twin for bridges. To
reflect the current state of the bridge, model updating was performed according to the field test data to construct an analysis model.
Based on the constructed bridge analysis model, the relationship between strain and displacement was used to represent a virtual model
that behaves in the same way as the actual structure. The strain and displacement relationship was expressed as a matrix derived using an
approximate analytical theory. Then, displacements can be obtained using the measured data obtained from strain sensors installed on the
bridge. The coordinates of the obtained displacements are used to construct a virtual digital model for the bridge. For verification, a beam
was fabricated and tested to evaluate the digital twin model constructed in this study. The displacements obtained from the strain and
displacement relationship agrees well with the actual displacements of the beam. In addition, the displacements obtained from the virtual
model was visualized at the locations of the strain sensor.
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Figure 2. Singapore with digital twin (LG CNS, 2018)
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Figure 7. Beam model

Table 1. Material and sectional properties of beam model

Type Properties

* Modulus of Elasticity: 842.80 A/Pa
beam o beam section: height = 37, width = 20 mm
« Moment of inertia: 45 mni"
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Table 2, Mean displacement error rates for concentrated and

distributed loads

Mean Displacement Error Rates(%)
No. CCITE LD Unit Di?xl. Method | Unit Load Method
B (B]
One concentrated load
! on the left span 0.00006 0.00062
One concentrated load
2 on the right span 0.00002 0.00031
One concentrated load
3 on both spans 0.00040 0.00008
Distributed load
4 on the left span 0.22676 0.22848
Distributed load
5 on both spans 357446 3.53850
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Table 3. Mean displacement error rates for truck load

Mean Displacement Error Rates(%)
No. Truck load Case
: (A=0.00015, B=0.01) Unit Displ. Method | Unit Load Method
(B] [B]
One truck load
! on the left span 0.2379 0.2389
One truck load
z on the middle support 41001 39183
One truck load
s on the right span 0.1455 0.1451
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Figure 9. Experimental model for digital twin:
(a) 2—span beam, (b) sensors installed

Table 4. Materials and models for experiment

Type Material Description

+Modulus of elasticity: 842.80 MPa

Beam Pomax +Moment of inertia: 45 mm'

) . -measured at 0.01 units of the strain sensor
Arduino strain

Sensors sensor +strainle) = (measured sensor) X”ﬁ (5)

Load Weight «Standard weight: 100 g
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Figure 10. Displacement of the beam:
(a) deflection, (b) camber
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