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Fig. 1 The dynamic test model of a bar
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Tab.1 The identification of axial force under operating condition A
2% % R A HoAb £ AR B
T — — Nr/kN  N./kN  N./kN R/ %
Fril AEFR x; il AEFR 2
Ay Sy 0. 36 BS;-S;-S;-BS; 0-0. 12-0. 60-0. 72 15.010 15. 001 15.0 0.006 7
A, S; 0. 36 S1-82-S4-Ss 0. 12-0. 24-0. 48-0. 60 15. 165 15.001 15.0 0.006 7
As S; 0. 36 BS1-S;-S,-BS; 0-0. 24-0. 48-0. 72 15.114 15.001 15.0 0.006 7
Ay S; 0. 36 BS;-S:-S4-Ss 0-0. 24-0. 48-0. 60 15. 137 15.001 15.0 0.006 7
As S 0.12 BS;-S3-S5-BS: 0-0. 36-0. 60-0. 72 15.010 15. 001 15.0 0.006 7
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Tab. 2 The identification of axial force under operating

condition B

(S Nr/kN N./kN Nu/kN  HEEE4R /Y
—Br 15.010 15.001 15. 000 0. 007
— B 15.115 15.010 15.009 0.007
=kr 15. 140 15. 069 15. 062 0.047
P By 15. 287 15. 165 15. 156 0. 060
F 15.372 15.213 15.139 0.493
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Tab. 3 The identification of axial force under operating condition C

T kA /(Nem™') ky/(Nmerad™ ') ky/(Nem™ ') ky/(Nm-+rad™!') Nr/kN N./kN Num/kN AE RS/ Y
C 1 1 1 1 — 15. 001 15.000 0.007
Cy ©o o o o 15. 165 15.024 15.017 0.046
Cs ©o 0 ©o 0 15.122 15. 041 15.028 0.087
Cy o 1 000 o 1 000 14. 829 15. 067 15. 041 0.173
Cs o 0 2 000 0 15. 088 15. 042 15.028 0.093
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Tab.4 The identification of axial force under operating condition D

T AR /Pa K/m B /m JB/m Wi S /kN ¢ Nr/kN  N/kN  Nu/kN KRR/ %
D, 2.10X 10! 0.72  0.080  0.012 5 1.036  5.009 5.006 5.001 0.10
D, 2.10X 10" 0.72 0.035 0. 005 5 5.843 5. 000 5. 000 5. 000 0
D, 2.10X 101 1.20  0.035  0.005 5 9.697 — 5.003 5.000 0.06
D, 2.10Xx 10! 0.72 0.035 0. 005 30 14. 252 30. 000 30. 000 30. 000 0
Ds 2.10X 10! 0.72  0.035  0.002 30 56. 338 29.939  29.948 0.03
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Fig. 2 Experimental specimen and sensor locations
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Tab.5 The identification of axial force in the laboratory

experiment

s 5 / — BB

kN Nr/kN NN Nu/kN R #eE/%

5 3. 80 5.56 5.54 0. 40

10 9.69 9.72 9.73 0. 10

15 14. 50 14. 81 14. 85 0.27

20 19.32 20.17 20.12 0.25

25 24. 32 25.15 25.13 0.08

30 29. 20 30. 06 30.02 0.07
s 5 / — BB

kN Ne/kN  N/KN - Nu/kN R/ %

5 3.61 4.12 5.16 14. 40

10 9.17 9. 96 10. 00 0.40

15 13.93 14.76 14. 81 0.33

20 18.67 19.78 19. 86 0. 40

25 23.05 24.93 25.03 0.16

30 26.65 28.09 28.21 0.40
s 5/ =R

kN Nr/kN NN Nu/kN  RiE#eE/%

5 3.32 5.82 5.74 1. 60

10 9.54 9. 60 9.98 3.80

15 14. 36 14. 38 14. 82 2.93

20 19. 16 19. 36 19.78 2.10

25 24,15 25.79 24.99 3.10

30 29. 26 29. 28 30. 34 1.27
s 5/ P

kN Ne/kN  N/kN - Nu/kN R/ %

5 4.70 4.72 5.03 5.00

10 10. 90 10. 58 9.77 3.50

15 16.07 15. 96 14.71 4.47

20 20. 87 20.73 19. 65 1. 90

25 25.97 25.82 24.79 2.44

30 31. 14 30.72 29. 86 1.93
s 5/ LB RS

kN Nr/kN NN Nu/kN R #eE/%

5 3.33 4. 10 4.78 13.60

10 9.69 9.81 9.97 1. 60

15 14. 80 15.01 15. 00 0.07

20 19.53 19.74 19.90 0. 80

25 24.90 25.04 24.98 0.08

30 30.98 30.57 30. 23 1.13
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Fig.3 The figures of axial force identification under

axial loading 10, 20, 30 kN respectively
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Vibration-based improved identification of axial force for bar members

YUAN Yong-giang, LI Dong-sheng”, LI Hong-nan

( State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract: Improved axial force identification method for bar members is proposed based on the
analytical method which was established for vibration-based identification of axial force of tie-bars and
short thick cables with uncertain boundary conditions. Firstly, modified Timoshenko beam theory was
considered by taking the influence of the rotational inertia, shear deformation, the rotational inertia
caused by shear deformation and sensor mass on structural dynamic characteristics into account to
establish an improved dynamic equation. Then, the characteristic equation can be solved to identify
axial force. The first five-order natural frequencies and modal parameters of a bar are computed
through numerical simulation with Matlab. The improved accuracies of identifying axial force by
modified Timoshenko beam theory compared to that of traditional Timoshenko beam theory are
discussed from four aspects. Finally, a laboratory experiment is employed to investigate the feasibility
and accuracy of the proposed method. One significant advantage of the proposed method is that there
is no prerequisite information about the boundary condition required, but only the relative locations of
sensors to identify the axial force. Therefore, the method can be widely applied to many beam or truss

elements.

Key words: axial force identification; bar members; Timoshenko beam; vibration test



