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Tension Estimation of External Tendons in PC Bridges Using Vibration Measurement Method

g o X of Bf? =
Park, Sung Woo Jung, Ha Tae Jung, Soo Hyung
Abstract

In this study, vibrational tendon tension measurement methods are applied to estimate tension of external tendons used in
segmental post-tensioned bridges. The acceleration of various length type of tendons is measured and natural frequencies are
obtained using FFT (Fast Fourier Transform). The obtained natural frequencies are within 1% error regardless of sensor direction
and location. On the basis of natural frequency of tendon, estimation of the tendon tension is performed by using many types of
solutions such as string theory equation, multi mode estimation, practical formula estimation and stiff string with clamped-clamped
boundary conditions. The results are compared with each other and have shown that the flexural stiffness is not negligible in
tendons of this type causing the vibration mode to be inharmonically related. The results have shown that the method using stiff
string equation with clamped-clamped boundary conditions is more accurate than the other methods. Application example of
in-service bridges has shown that force distribution effects from friction at deviation blocks can be effectively detected.
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Fig. 1 Nondimensional frequency v, (devided by n) as fuction
of n? for cases with nondimensional stiffness(s)
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of tendon path at deviation block

Table 1 Tendon Parameters

Table 2 Length of Tendon from Diaphragm to the First Deviation
Block

tendon 1D T1 T2 T3 T4 T5 T6 T7

length(m) | 23.14 | 17.62 | 1212 | 6.68 4.48 4.44 4.44

Number of strands 27 strand diameter 12.7mm
strand Area 98.71mm’ strand Weight per 0.774kgf/m
length
Sheath outer diameter 110mm Shgath inner 100mm
diameter
estimated grout - . estimated tendon
density 1,850kg/m unit length weight 30kgf/m

Diaphragm
Deviation

Fig. 3 Tendon location
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Table 3 Frequency of Tendon under Various Conditions

D | semsor impact |Sampling| sensor Natural frequency
direction | direction| Rate | location 1st ond 3rd
1/8L 6.592 | 13.301 | 20.081
1/4L 6.592 | 13.306 | 20.081
T1 45° 0° 500
3/8L 6.592 | 13.306 N/A
1/2L 6.592 N/A 20.081
0° 0° 500 1/2L 8.728 N/A 26.55
90° 0° 500 1/2L 8.728 N/A 26.672
0° 90° 500 1/2L 8.728 N/A 26.52
- 90° 90° 500 1/2L 8.759 N/A 26.703
1/8L 8.728 | 17.578 | 26.581
1/4L 8.728 | 17.578 | 26.581
45° 0° 500
3/8L 8.728 | 17.578 | 26.581
1/2L 8.728 N/A 26.581
1/2L | 12.604 N/A 38.91
no 1/3L | 12.604 | 25.482 N/A
0° . 2000
impact 1/8L | 12.603 | 25.482 | 38.849
3 1/40L | 12.604 | 25.482 | 38.91
) 1/8L | 12.665 | 25.665 | 39.185
1/4L | 12.665 | 25.665 | 39.185
45° 0° 500
3/8L | 12.665 | 25.665 | 39.185
1/2L | 12.665 N/A 39.185
1/8L | 23.651 | 49.377 | 78.827
1/4L | 23.651 | 49.377 | 78.827
T4 45° 0° 500
3/8L | 23.651 | 49.377 N/A
1/2L | 23.651 N/A 78.827
1/8L | 38.208 | 82.031 |135.895
1/4L | 38.208 | 82.031 | 135.772
T5 45° 0° 500
3/8L | 38.208 | 82.031 |135.742
1/2L | 38.208 N/A | 135.772
1/8L | 37.170 | 83.130 |128.479
1/4L | 37.170 | 83.130 N/A
T6 45° 0° 500
3/8L | 37.170 N/A N/A
1/2L | 37.170 N/A | 128.448
1/8L | 38.513 | 83.496 |137.634
1/4L | 38.513 | 83.496 |137.634
T7 45° 0° 500
3/8L | 38.513 | 83.496 |137.634
1/2L | 38.513 N/A | 137.634

% direction : 0°— vertical, 90°—horizontal, no impact—ambient vibration
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Fig. 7 Frequency f, (devided by n) as fuction of n?
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Table 4 Tension Estimation

lst tendon tension (kN)
tendon ; ; - B -
D mode string multi Zui et alkN/m) | Sagies et
(Hz) | equation mode S=200 S=300 al.

T1 6.592 2792 2820 2649 2617 2637

T2 8.728 2838 2834 2649 2606 2619

T3 | 12.665 2827 2815 2552 2487 2510

T4 | 23.651 2995 2945 2476 2356 2314

T5 |38.208 3516 3365 2579 2348 2402

T6 | 37.170 3268 3151 2356 2121 2343

T7 | 38513 3509 3340 2564 2329 2375

% Zui et al. © assume flexural stiffness as 200kN/m” ~ 300kN/m”
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