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HYBRID FIRE TESTING
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HYBRID FIRE TESTING
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PI-CONTROL
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PI-CONTROL
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• Delay = Sampling time ➔ Shannon Nyquist theorem

• Error of measurement

• Estimation of the stiffness
𝐊PS0
EST → 𝐊PS0 1 + u

• Variation of the stiffness
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VIRTUAL HYBRID FIRE TESTING
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PS and NS
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DELAY
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• Maximum delay = 60 s

• Shannon Nyquist theorem
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DELAY
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Shannon Nyquist theorem
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ERRORS
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M = Mreal + er × X

• Application of displacements
er,axial dipl = 0.000002 [mm]
er,rotation = 0.00005 [rad]

• Measure of forces
er,force = 5 [N]

−1 1
X

f(X)
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INITIAL STIFFNESS
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𝐊NS0 = 104
80,775 4,073 6,080
4,073 623,333 −333,333
6,080 −333,333 7667,667

[m, N, rad]

𝐊PS0 = 104
EA/L 0 0
0 4EI/L 2EI/L
0 2EI/L 4EI/L

1 + u ⇒ u = [−0,5; 0,5]

𝐊PS0 = 104
9663,077 0 0

0 762,277 381,138
0 381,138 762,277

1 + u m,N, rad



DESIGN OF THE CONTROLLER
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Ts =
4T

ln λ ζ
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OVERESTIMATION OF 𝐊PS - u > 0
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RESULTS - RIGHT ROTATION [rad]
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RESULTS - RIGHT BENDING MOMENT [rad]
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CONCLUSIONS
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• Robust methodology in case of large delays and in 
case of  overestimation of the physical stiffness

• Sensitive to underestimation 


