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Evaluation on the Lost Prestressing Force of an External Tendon Using the
Combination of FEM and HGA: II. Experimental Verification and Field Applications
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Abstract

This paper introduces an experimental verification and a field application of the proposed
technique using the combination of FEM and HGA about the loss prestressing force of an
exteranl tendon by above same authors. The vibration tests have been conducted by using a
laboratory models and the externally prestressed tendon at the field and the natural
frequencies are extracted from the vibration tests. The proposed technique based on the
extracted natural frequencies is applied. It is seen that the errors in the tension and lost
prestressing force by proposed technique are about 4% from a laboratory model test. For the
model verification at field, exact modeling has beem made with Rayleigh damping. It is seen
that the error in the tension by proposed technique is less than 1% and the estimated lost
prestressing force converges less than the exact value.
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<Measurement Procedure>

<Procedure for estimation of prestressing force using SI technique based on HGA>

Initial population P(K=1) |

Creation of population P(K+1) |

C san_>
I_______?_____——. Support l

I| Experimental/Numerical Model | : “1°d°|‘“8’| FEM (‘5D1'd del) | Mutati ‘:, 0.0005 |
——————— 3D tendon mode utation P,=0.

: ¥ | ‘m

Random excitation test | | - B

: ¥ | | Computation natural frequencies | | Crossover P.=1 |

| Measurement of acceleration I b u A

| ¥ : b ,I Evalution of objectiv function | Gradient-like Selection |

| |

| Signal analysis | I : . 1 ¥

| ¥ | ! | Elitist strategy (K =2) |
[ Final identifying vector "“'x

! Confirm modal shape |1~ 4o - - - -

| ¥ | H l Scaling window/Fitness Evaluation | Y

I i

. - - |
| | Extraction natural frequencies | I Tarect
&

| Final prestressing force T |

TR

Fig. 1 A procedure for estimating the lost prestressing force using the proposed technique
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Anchorage block

Fig. 2 The external tendon model and Random excitation test and location of accelerometer
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Table 1 Summary of numerical experiment

No. of test Prestressing force  |Lost prestressing force
(P) (AP)
RE-1 30.0 kN 0.0 kKN
RE-2 27.5 kN 2.5 kN

Table 2 Extracted natural frequencies

Extracted natural frequencies (f: ) (Hz)
No. of test _
1st 2nd 3rd
RE-1 13.583 27.334 41.421
RE-2 13.217 26.760 40.610
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Fig. 3 Acceleration time history and Power spectral density
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Fig. 4 Extracted modal shapes of the test model
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Table 3 True values and search ranges of identification

parameters
xi True values Search ranges
30.0 kN (RE-1) -
x1(P) kN 975 N (RE-2) [0 50] kN
Xo(d) mm 15.2 mm [1 20] mm
x3(m) kg/m 1.3 kg/m [1.18 1.3] kg/m

Table 4 Estimated frequencies (200 generations)

Extracted natural frequencies (fj) (Hz)
No. of test
1st 2nd 3rd
RE-1 13.5830 27.3880 41.4213
RE-2 13.2795 26.7607 40.6098




Table 5 Final identifying results of identification parameters
(200 generations)

xi RE-1 RE-2
x1(P) kN 29.39(=2.03) 26.47(=3.75)
xz(d) mm 14.99(-1.39) 15.16(-0.27)
x3(m) kg/m 1.27(-1.98) 1.20(=7.77)

4P 0.6084(-) 3.5316(-)

() error(%)
— . none
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Table 6 Extracted and Estimated(1000 enerations) natural
frequencies about the field test

Extracted ‘ Estimated Error
No. of test .
natural frequencies (f;) (t) %
1st 6.95 5.80 16.547
2nd 14.31 15.17 —6.010
3rd 28.68 28.75 —0.244
4th 43.67 43.75 —-0.183

Table 7 The search ranges of identification parameters

xi Search ranges
x1(P) kN [250 314.14] kN
x2(d) mm [100 120] mm
x3(m) kg/m [9.10 24.03] kg/m
xs(a) sec—1 [0 5]
x5(B) sec [107° 1071
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Table 10 Estimated Rayleigh damping ratio for each mode

Table 9 Summary of field test No. of mode Damping ratio (%)
Prestressing Estimated Lost Exact Lost ! 1843
test force prestressing force| prestressing 2 10.53
(P) (AP) force (AP) 3 8.59
FE 314.14 kN 0.151 kN 1.442kN 4 9.49
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