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The study of a practical modeling method for the analysis of dynamic behavior by the
mockup test of prestressed concrete girder

Hyung-Kyu Kim', II-Young Jang2>X<

Abstract: The integrity assessment of the bridge behavior is generalized by field data of a static load-deformation curve and dynamic properties such as impact
factors and natural frequencies. Evaluating it with numerical analysis is a reasonable method. The results of the mockup test and the numerical analysis are corresponded
with each other since the behavior of service load proceeds in elastic region. In case of the dynamic behavior of structure, especially for the analysis of vibration,
the result of the mockup test differs from the result of numerical analysis a little due to the geometric shape and non-homogeneous materials. In order to converge
on these tolerances, this study suggested several numerical models, analyzed the sensitivity and finally offered a practical modeling method for the estimation of
bridge on the basis of the result of mockup test. Based on the model substituted concrete section for strands section, the natural frequency of the model composed
with axial stiffness of strands or the model applied the modified modulus of elasticity was closest with the result of the mockup test.
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Fig. 2 The cross section of PSC I girder for the mockup test

Table 1 Materials properties of PSC I girder for the mock up test

Table 2 Prestressing forces acting on PSC I girder for the mockup test

Degrees of . Initial Effective
Strands Quantity of . .

No. the end of strands prestressing | prestressing
the girder forces (kN) forces (kN)

1 11 15 2,200.51 1,824.87

2 15 2,235.58 1,859.94

3 15 2,265.25 1,889.61

4 2 15 2,297.61 1,921.97

5 11 9 1,417.82 1,349.96

6 11 9 1,417.82 1,349.96

Total - - 11,834.59 10,196.31

Properties Girder Concrete slab Strands
Strength (MPa) St 40 S 27 yield: 1_’600
tensile : 1,900
Mass (kN/m®) 24.5 24.5 -
£, 30,891 27,804 200,000
Note) Strands: SWPC 7B 15.2mm(low-relaxation), A ps=138.7mm’

Modulus of elasticity, £, = 8,500 % {/f., (I\/[Pa)

&

Note) Jacking stress(»,)=1,296 MPa
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Table 3 Moments and normal stresses on the cross-section at the
center of the girder (units:MPa,(+)compressive, (-)tensile)

Moment or stresses Concrete slab PSC Girder
Moment
Load or (kN-m) Top | Bottom | Top | Bttom
force imposed fiber | fiber | fiber | fiber
Superimposed 6,769.18 | 1.89 | 144 | 1.60 | -4.65
dead load
Live load 11,062.87 | 3.09 2.35 2.62 | -7.60

—
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Table 4 The result of load-deflections of the mockup test (unit: kNN, mm)

Load Deflection Load Deflection Load Deflection

0.95 0.00 1,100.95 13.58 1,009.35 13.86

99.25 1.09 1,200.85 14.98 910.20 12.55
203.70 2.30 1,302.45 16.45 802.25 11.15
303.55 3.48 1,401.25 18.36 701.40 9.83
402.60 4.67 1,501.40 20.88 601.35 8.52
502.05 5.87 1,529.45 21.66 503.35 7.24
603.40 7.14 1,499.55 21.45 409.95 6.04
697.90 8.32 1,398.65 19.55 295.30 4.57
800.50 9.61 1,305.65 17.88 203.20 3.41
901.30 10.91 1,207.95 16.49 94.80 2.05
1,001.95 12.20 1,098.50 15.05 035 0.74
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Table 5 Natural frequencies of the mockup test (units : Hz)

Initial deformation | ACC1 | ACC2 | ACC3 | ACC4 | ACCs

3 mm 4.248 4.248 4.248 4.248 4.105
5 mm 4.102 4.102 4.102 4.102 4.102
7 mm 4.102 4.102 4.102 4.102 4.102
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Fig. 3 The natural frequency of the mockup test using
Quick-Release method (3mm initial deformation)
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Fig. 4 The natural frequency of the mockup test using
Quick-Release method (5mm initial deformation)
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Fig. 5 The natural frequency of the mockup test using
Quick-Release method (7mm initial deformation)
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Fig. 6 The numerical analysis model of PSC I girder
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Table 6 The result of load-deflections of the numerical analysis
(unit: kN, mm)

Load Deflection Load Deflection
0 0 800 9.004
100 1.125 900 10.130
200 2.251 1,000 11.250
300 3.379 1,100 12.380
400 4.501 1,200 13.510
500 5.627 1,300 14.630
600 6.753 1,400 15.760
700 7.878 1,500 16.880
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Fig.7 Load-deflection curves resulted from the mockup
test and the numerical analysis
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Table 7 Modal Participation Masses of [NADM-01]

Mode Translate- X Translate- ¥ Translate- Z
No. Mass Sum Mass Sum Mass Sum.
1 0 0 75.76 75.76 0 0
2 8.43 8.43 0 75.76 67.48 67.48
3 0 8.43 1.08 76.84 0 67.48
4 0 8.43 0 76.84 0 67.48
5 0 8.43 1.23 78.07 0 67.48

Table 7 Modal Participation Masses of [NADM-01] (continued)

Mode Rotation- X Rotation- Y Rotation- 2
No. Mass Sum. Mass Sum. Mass Sum.
1 2.15 2.15 0 0 0.01 0.01

2 0 2.15 0.01 0.01 0 0.01
3 5.98 8.13 0 0.01 0.13 0.14
4 0.52 8.65 0 0.01 1.43 1.58
5 0.08 8.74 0 0.01 341 498

Table 8 Natural Frequencies of [NADM-01]

Mode No. Natural Frequency (Hz) Period (sec)
1 1.882 0.531
2 4.219 0.237
3 5.847 0.171
4 6.061 0.165
5 11.461 0.087

Fig. 9 The 2nd mode shape of [NADM-01]
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Table 9 Modal Participation Masses of [NADM-02]

Mode Translate- X Translate- ¥ Translate- 7
No. Mass Sum. Mass Sum. Mass Sum.
1 0 0 46.12 46.12 0 0
2 0 0 38.51 84.64 0 0
3 19.16 19.16 0 84.64 27.73 27.73
4 19.16 0 84.64 0 27.73
5 19.16 0.02 84.66 0 27.73

Table 9 Modal Participation Masses of [NADM-02] (continued)

Mode Rotation- X Rotation- Y Rotation- 2
No. Mass Sum. Mass Sum. Mass Sum.
1 0.08 0.08 0 0 0 0
2 47.95 48.02 0 0 0.02 0.02
3 0 48.03 0.04 0.04 0.01 0.03
4 0.03 48.06 0 0.04 75.37 75.4
5 0.04 48.1 0 0.04 8.77 84.17

Table 9914 YH3FO = Xt ET} UEpom Aol &
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Table 10 Natural Frequencies of [NADM-02]

Mode No. Natural Frequency (Hz) Period (sec)
1 1.865 0.536
2 3.874 0.258
3 3.978 0.251
4 4.039 0.248
5 6.616 0.151

Fig. 11 The 3rd mode shape of [NADM-02]
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(a) The detailed drawings for acting prestressing forces of [NADM-03]

(b) The numerical model applying prestressing forces

Fig. 12 The numerical model of [NADM-03]

Table 11 The Load(Moment) acting on the center of the PSC I girder

Bending Moment at the center of
Load case thegPS C1 girder (KN-m) Remarks
Self weight 8,537.69
Bending Moment by 1st 7,496,390%(-2,327.23+110) eccentricity=
prestressing forces = -16,621.22 -2,217.23mm
Concrete slab (5,022.26)
Bending Moment by 2,699,920%(-2,620.97°+110) =
2nd prestressing forces = -6,779.42 -2,510.97mm
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Table 12 Modal Participation Masses of [NADM-03]
Mode Translate- X Translate- ¥ Translate- 7
No. Mass Sum. Mass Sum. Mass Sum.
1 0 0 83.32 83.32 0 0
2 0 0 9.63 92.95 0 0
3 86.33 86.33 0 92.95 2.77 2.77
4 0 86.33 1.51 94.46 0 2.77
5 8.15 94.48 0 94.46 8.48 11.25
6 0 94.48 0.02 94.49 0 11.25
7 0.13 94.61 0 94.49 9.68 20.93
8 0 94.61 3.82 98.30 0 20.93
9 1.4 96.00 0 98.30 53.63 74.56
10 0 96.01 0.01 98.31 0.08 74.64

Table 12 Modal Participation Masses of [NADM-03] (continued)

Mode Rotation- X Rotation- ¥ Rotation- Z
No. Mass Sum. Mass Sum. Mass Sum.
1 5.56 5.56 0 0 9.61 9.61
2 0.73 6.3 0 0 85.51 95.12
3 0 6.3 0.91 0.91 0 95.12
4 1.44 7.74 0 0.91 0.11 95.23
5 0 7.74 1.95 2.86 0 95.23
6 0.2 7.93 0 2.86 0.68 95.9
7 0 7.93 62.31 65.17 0 95.9
8 59.08 67.01 0 65.17 0.02 95.93
9 0 67.01 13.05 78.23 0.01 95.93
10 0.10 67.11 0.03 78.26 3.35 99.28
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(a) The position of axial stiffness derived from stress-strain equations

(b) The boundary condition

Fig. 14 The numerical model of [NADM-04]
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Table 14 The axial stiffness derived from prestressing forces

Table 13 Natural Frequencies of [NADM-03] (N.F.:Hz, Period:sec) - -
Strands Prestressing Elongation k=P/A

N.F. Period Mode No. N.F. Period No. forces (7,(N)) Al (mm) (N/mm)

1 0.700 | 1.429 6 3707 | 0270 1 2,696,976 258.10 10,449

2 0.730 1.370 7 4.593 0.218 2 2,696,976 257.36 10,479

3 1.419 0.705 8 4.774 0.209 3 2,696,976 256.85 10,500

4 1.678 0.596 9 5.273 0.190 4 2,696,976 256.60 10,511

5 2.657 0.376 10 5.334 0.187 5 1,617,408 198.00 8,169

6 1,617,408 198.00 8,169

Sum. 14,022,720 -

Fig. 13 The 3rd mode shape of [NADM-03]
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Table 15 Modal Participation Masses of [NADM-04]

Mode Translate- X Translate- ¥ Translate- 7
No. Mass Sum. Mass Sum. Mass Sum.
1 0 0 75.76 75.76 0 0
2 7.68 7.68 0 75.76 67.95 67.95
3 0 7.68 1.08 76.84 0 67.95
4 0 7.68 0 76.84 0 67.95
5 0 7.68 1.23 78.06 0 67.95

Table 15 Modal Participation Masses of [NADM-04] (continued)

Mode Rotation- X Rotation- ¥ Rotation- 2
No. Mass Sum. Mass Sum. Mass Sum.
1 1.93 1.93 0 0 0.01 0.01
2 0 1.93 0 0 0 0.01
3 6.09 8.02 0 0 0.11 0.12
4 0.52 8.54 0 0 1.31 1.43
5 0.05 8.59 0 0 0.65 2.08
Table 16 Natural Frequencies of [NADM-04]
Mode No. Natural Frequency (Hz) Period (sec)
1 1.882 0.531
2 4.323 0.231
3 5.847 0.171
4 6.061 0.165
5 11.461 0.087

Fig. 15 The 2nd mode shape of [NADM-04]

3.3.6 AT F8 =d

AR o] B GAAAS B = 0.077m! i/f, 2 2H]
S 2 A4k 30,687MPa-2 28314 £, = £, + Af S
Z 795 Ar9] 32 SMPaS 283519t

HEadA712o = 2015 35E o]E HEslal 9)ar
A EFTZI|FAAME=20073 0] % 9] 2] 4H2]S 2851
EAIFE APl 9lon, T2 WA A7)l A= 2010
of] 91 2F2)E ARE8EL Utk A Foll thal A A = A| 7] ol A
= /,=40MPa¥} 60MPa” |2 2 4MPa~6MPa s 241 B 15}
o] 2183131 9l ZATEFZI|FA=20073 8MPa &
A3k Fro 7 g3k om 2012\ o]F o] o]9} 7ro] H AR
Zto 2 A sked A-8-8kal Qlal, =2 wAA| 7] FEA=2012
W SHASE A 2 5 7]E344(2015) 001 4] o] e} o] At
ste] ARg-5kar 9t} $HH, CEB-FIB(1990) 2.1.4.2 2 Euro

|

[¢}

Code2(1992-1-1:2004) 3.1.3°14+= A fS SMPaE AR&-3}1aL
AAITE 27 2AWM Y-S Tt AAFE 10% SF
kil A3k 9tk AASHTO LRFD 2012 5.4.2. 4004 =
LAY EARL] ClassE E2I3F9AI T 3] AV S =
= A3l 1o, ACI318M-08 8.5, ACI318M-14 19.29])
A £ & AAZ|RAEE ARSSEAL T T8, ol RE VS
oA &3] A3 Fotod A5k Zlo] niEZ g 2107 &)
A3l .

£ AFoAE olgis B AT A S iR o R AE 5
PA o] A A E & 53 3t A F T o wh} e Al
2 njgdoz o233 ol Hkddlt £x|EA
[NADM-05]& EAFSFA T

Table 4, Table 6 % Fig. 7014 A|5}5t% 400kN 2] A& =3
A AR 4.670mm, T334 2] -2 4.50lmm=E SH 5
ST}, ©] 5 Table 173} v 2 8HH A& 2 A = A4k e43 A
o] BlET ,=0.9590 3P AAUS & om,
o] o] BMAISH £ )= 0.95%30,867=29,323MPa®] 1L, °]=
283 L 2E-0] 54 4.14Hz0]t) A 29,323MPa
T E=0017ml/f, 2O r B AHESE 41.15MPa
o] AHEHh

Table 17 The modulus of elasticity and the reduced modulus of
elasticity (reduced factor o)

o 0.85 0.90 0.95 1.00 1.10
E(MPa) 26,237 27,780 29,323 30,867 33,953
N.F.(Hz) 3.97 4.05 4.14 4.22 4.37
P=400kN 5.06 4.86 4.67 4.50 4.19

Note) E = o, X E,, E, : Modulus of elasticity using Design Code
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Table 18 The natural frequencies of each test (unit :Hz)

Mockup | [NADMO1] [NADM:04]
Test | ([011H05]) (NADMZ] | [NADMO3] ([04]+05]) [ ]
4.102 4219 4323
@24s) | @120 3.978 5273 4.230) 4.140
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