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ABSTRACT

Purpose: This study aims to verify structural stability by manufacturing a 40m full-scale specimen
composed of a segmental U-shaped PSC girder with integrated tensioning systems and a concrete slab,
proceeding dynamic behavior tests, and compare the results of the tests with the results of numerical
analysis. Method: Dynamic behavior tests were conducted on a full-scale, undamaged specimen using
an impact hammer, and the natural frequency and damping ratio were measured and compared with
numerical analysis techniques and the general damping ratio of the facilities. Result: The natural fre-
quency of the numerical analysis model consisting of a girder and slab composite section was calculated
to be 2.561Hz, the natural frequency of the full-scale specimen was measured to be 2.670Hz, and the
damping ratio was calculated to be 0.42~0.68%. Conclusion: The natural frequency of the full-scale
specimen was found to be 4.3% larger than that of the numerical analysis model. Since the masses of
the full-scale specimen and the numerical analysis model are the same as 99.97%, it can be derived
that the stiffness of the full-scale specimen has secured structural safety and stability. As a result, the
dynamic behavior stability of the specimen was verified. The measured damping ratio of 0.42~0.68%
was found to be a stable dynamic behavior compared to the PSC structures damping ratio of 0.5~1.0%
in the elastic region.

Keywords: Integrated tensioning, Segmental U-shaped, Full-scale specimen, Natural frequency,
Damping ratio
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Table 1. Materials properties of PSC U shaped girder for the mock up test

Properties Girder Concrete slab
Strength(MPa) Jor : 40.00 for 2 27.00
Mass(kN/m’) 245 245

E(MPa) " 30,891 27,804

Note (1) : Modulus of elasticity of concrete, £, = 8,500 < 3/f,, (MPa)

Table 2. Geometric properties of PSC U shaped girder for the mock up test

Central section (/=38m) End section (/= 1.0+1.0 =2.0m)
Properties Girder Girder+Slab Properties Girder Girder+Slab
Area(mm?®) 1,217,430 1,937,430 Area(mm?®) 2,644,956 3,364,956
Inertia(mm®*) 488,268,056,000 947,239,643,737 Inertia(mm®*) 837,351,001,000 1,317,319,496,236
yp(mm) -900 -1,243 yp(mm) -959 -1,146
Weight (kN) - 1,803.75 Weight (kN) - 164.88
40,000
15,000 L5000, 5000
Tendon Hitting loiml of | T
n A External Bl s =82 \mpact Hammer r=c
§ 5 B— ") 1 \“l‘\ ] I/:Eﬁ\\
A A Fbill i
© 38,000
(a) Plan
. 9,000 ! 22,000 s 9,000 |
I (Segment 1) I Hitting point of (Segment 2) I (Segment 3) I
= A B1 =82 Impact Hammer —C B3 =>84 JS\ab
gi t j_‘—*::—:;,_ | i ‘;7:—;*::*LJ‘L’_§
~ - DT20* |Pretensloning |* DT30 FDT41 o T
ACC1 ““ACC3 ACC4 " | ACCS5 (Accerlerometer)
asql| 39,100 Crack sensor 2 | laso
i 13,250 ] 13,500 1 13,250 !
hd T

(b) Longitudinal section

Fig. 1. Impact hammer strike point and accelerometer locations
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(a) Section A-A (b) Section B-B (c) Section C-C

Fig. 2. The cross section of PSC U shaped girder for the mockup test
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(a) Fabrication of each segment (b) Segment connection, Post-tensioning (c) Fabrication completed

Fig. 3. Procedure of fabrication of PSC U shaped girder for the mockup test
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Fig. 4. Installation of dynamic sensors and applying impact load
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Fig. 5. Numerical analysis model for natural frequency evaluation
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O} e A @ mest el o I35 2.56 1HzO |tk 22 BT = Sl Aol 78.45%, I
%’T‘ 3.478Hz 5 HERHAL QIck. 32 HE=y ‘ﬂﬁ} Hsglo] x, 2 {Rko & Aol &o] 57 = Auk=d 287 ﬁ&“ﬂcﬁ}

Zro] ZoJH 7% 0 7 §127| ukgl o] 22} 8] BT FAto] WAl 1 19 AE S g 536HZ0]
c}. 4i} k=t 2Hdz7ﬂ y 8 ol tiet ERA Fig. 6(d)2h 22 Al A3l s= 10.275Hz 2 ARTE9lct

Table 3. Summary of eigenvalue analysis and modal participation masses

Eigenvalue analysis Modal participation masses
I\/II\(;(()ie Frequency Translation - X Translation - Y Translation - Z
(rad/sec) (Hz,cycle/sec) Mass (%) Sum (%) Mass (%) Sum (%) Mass (%) Sum (%)
1 16.088 2.561 2.24 2.24 0.00 0.00 74.18 74.18
2 21.855 3.478 0.00 2.24 78.45 78.45 0.00 74.18
3 59.918 9.536 13.36 15.61 0.00 78.45 0.16 74.34
4 64.558 10.275 0.00 15.61 1.94 80.38 0.00 74.34

(a) 1st mode shape (b) 2nd mode shape

(¢) 3rd mode shape (d) 4th mode shape

Fig. 6. The results of dynamic behavior, mode shapes of natural frequencies

=79 lo]elE 200Hz 2 A& Foto] B4ot31a1 /M AL5E FFT #48-Folo] 170558 APgotslt. Fig. 1 &

Fig. 58} o] 715 Al = A A sl 5s7HE =I5kl em o]of theh A= Table 4 S Fig. 730 2. 155 7151 AllA
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24 ARG TG AS A 12F BE= AIS AIREE 1.335%0] 7755 2.670H22 AISE| L Fig. 7(c) 2 (HOllAl
RIS 4= Qltt. 22 R E= AlS AIRFF 4.885%0] FYHF 71 AA(ACC 3)E AlLIgt $12]°11A] Fig. 7(a),(b),(d), ()2}
Lo ASE AL 275542 9.770HZ0|H-

AR AA 455 2.670Hz= FAIo1A BEO] 14542 561Hz HIH] 4.3% 2 3L & AZE AT ARA ]
FHA ARE T FE 9.770H22H A5 BEO] I71F49.536Hz HH] 2.5% 2 ghog ASE Ak,

ADRRIET AP A 5 7P o e R s 58] Aol Rhlesial 22 2 ol vietct. A A
A ] Aegat x| sfa] mele] Wafo] F9(99.97%)5T R AthE A o] AL A8 melo] AR 147
Z=0] 7] v]g| £ 4.3% t] 2 7o) FRE LS Folst 4= 9l

Table 4. Summary of natural frequencies of a full-scale specimen [units: Acceleration(Acc.) g,/1 0'% Natural Frequency(N.F.) Hz]

ACC 1 ACC2 ACC3 ACC4 ACCS
Sec. Mode
Acc. N.F. Acc. N.F. Acc. N.F. Acc. N.F. Acc. N.F.
1.250 342 2.500 385 2.500 834 2.500 332 2.500 339 2.500
1.300 1,016 2.600 1,179 2.600 2,611 2.600 1,131 2.600 1,053 2.600
1335 1% 10,844 2.670 12,552 2.670 27,960 2.670 12,259 2.670 11,655 2.670
1.350 416 2.700 463 2.700 1076 2.700 479 2.700 444 2.700
4.770 520 9.540 555 9.540 2.57 9.540 572 9.540 563 9.540
4885 2™ 1,500 9.770 1,605 9.770 0.74 9.770 1,614 9.770 1,576 9.770
4.910 558 9.820 613 9.820 0.24 9.820 611 9.820 600 9.820
30,000 30,000 30.000
& 25,000 g 25,000 & 25000 A
< 20000 % 20,000 E 20,000 4
Z 15000 E 15,000 {é 15.000 1
= & )
5 1000 & 1oo00 £ 10000 1
5,000 5,000 5.000 -
o A 0 —h T . T ! 0
0 5 w0 15200 25 30 0 3 oo 15200 28 0 0 s 10 15 20 25 30
Frequency (Hz) Frequency (Hz) Frequency (Hz)
(a) Section B1,B2, ACC 5 (b) Section B1,B2, ACC 4 (c) Section C-C, ACC 3
30,000 q 30,000 30,000
e;‘ 25,000 & 25000 4 -7ACC-] __ 25000
% 20,000 1 i 20,000 1 % 20.000
E 15,000 A 'e; 15,000 A -g 15.000
=) =, £
& 10000 1 5 10000 4 j%« 10,000 1
5.000 A1 5.000 1 5,000 “‘
0 i 0 " 0 .J‘.L
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 1.5 20 25 3.0 35 40
Frequency (Hz) Frequency (Hz) Frequency (Hz)

(d) Section B3,B4, ACC 2

(e) Section B3,B4, ACC 1

(f) Section C-C, ACC 3, magnified

Fig. 7. The results of dynamic behavior, natural frequenies of a full-scale specimen
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(a) Acceleration over time (b) Acceleration in specific time interval (c) Calculating damping ratio
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Fig. 8. Acceleration over time as results of the dynamic behavior of a full-scale specimen

Fig. 8(a) A3l Elisto] Fig. 8(b)2t £ 220~-250% Loz B4 sietog B[R Hief Zo]
220~245%0f|4] A|SHA 27t Hg = Ze 15k 12220~226% -3 0 221 226~235% Ale] 7]&7] Hs}
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=
oll 226-235% T2+ ThA] Shelfalo] Fig. 8(c)2} 2] vy, v, 1213 BT SAN) 2078 Selaksar o] gt 2 2)el
Shetstel AIHIE AV3E ZE Table 5ol oksteick

Table 5. Results of calculating the damping ratio

Accerlerometers Number of . - 5 ¢ Damping ratio
Notaion station (m) samplings (N) ' ' (%)
ACC1 9.0 20 0.000774 0.000454 0.026674 0.004245 0.42
ACC2 9.0 20 0.000817 0.000447 0.030154 0.004799 0.48
ACC3 22.0 20 0.001222 0.000566 0.038483 0.006125 0.61
ACC 4 31.0 20 0.000924  0.000421 0.039304 0.006255 0.63
ACC 5 31.0 20 0.000916 0.00039 0.042693 0.006795 0.68
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Table 5] Aol A] Hi= e} Zo], At FF AR|eH 7IEEAACC 3)= 0.61%, Al THE 1(SHTH 5
E(S2)AA | 125 7EEA(ACCT, ACC2)= 0.42~0.48%, SAH Al THE(S2)2} A 1THE 3(S3)2] &
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ASH A2 E= m - FAR A 0 2 AT 54 A5 S0l tieh 2 a7to] A2 At AgA Al ehk= 2%
Algstgiet. webA £43o] A4 gl Aol tigt Al o2 35 A 1/4 RI9el B )HA| AF0] ZeAE A
FAE L] AH] 0.5~1.0%2} Bl ste] & of, 2 Ay APAl= eF3AR1 54 AF S-S UEUl L Qa2 Eklst

tHNewmark et al., 1982; Kim, 2009).
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