ISSN : 1976-2208 (Print) Journal of the Society of Disaster Information
ISSN : 2671-5287 (On-line) Vol. 16, No. 4, pp. 638-649, December 2020
www.sodi.or.kr https://doi.org/10.15683/kosdi.2020.12.31.638

Original Article

D2 L1 TILS SISt WERGIAIE X SHRSIAY 54

Characteristics of Static Loading and Dynamic Loading Tests for

Bridge Capability

o

Sang Hun Lee*

Civil Engineering Engineer, Safety & Maintenance Department, SAM, Hwaseong, Republic of Korea

*Corresponding author: SangHun Lee, one-shotman@hanmail.net

Received | 25 February, 2020
Revised | 18 May, 2020
Accepted | 2 June, 2020

@ OPEN ACCESS

This is an Open-Access article distributed under
the terms of the Creative Commons Attribution
Non-Commercial License (http://creativecommons.
org/licenses/by-nc/4.0) which permits unrestricted
noncommercial use, distribution, and reproduction
in anymedium, provided the original work is
properly cited.

© Society of Disaster Information All rights reserved.

ABSTRACT

Purpose: The objective of this study is to evaluate the load carrying capacity of a target bridge
structure based on the simple slab bridge of concrete over 20 years of public service. Method: By
performing static loading test and dynamic loading test, the displacement, strain, impact factor, and
natural frequency values were measured and evaluated through analysis method. Result: The main
results of this study are as follows. First, the maximum displacement and maximum strain of S1 were
assessed at 2.917 mm and 44.720 ue (tensile) and -13.760 x& (compression), respectively, with S2
maximum displacement and maximum strain being 2.100 mm and 4.870 ye (tensile), respectively.
Second, the maximum measured impact factor was 0.191 in section S1 A-A, and the maximum
measured impact factor was 0.155 in section S2 C-C. Third, the natural frequency was assessed at
6.086 Hz, and the measurement was found to be within the range of 6.152 Hz to 6.738 Hz. Conclusion:

The tested bridge may be evaluated to show good behavior and characteristics for the design load.

Keywords: Bridge’ Load-carrying Capability, Static Loading Test, Dynamic Loading Test, Displace-
ment, Strain, Impact Factor, Natural Frequency

=

LB RE qgo R st i
4 A7Hr. A SIS 9 SAAHA
oA W, WY, SAAS, AAlss g ASetl o, shAgHe F9l Boist
FAT: B ATE 53 Uehd 9 Ak ohoa 2ok A4, s1 2] W) 9 Ay s
2.917 mm, 44.720 pe (A, -13.760 ue (U2 BrlE|glom, $2 Ao ¥ 2 o] AP S
2.100mm, 4.870 pe (VR Wttt 24, 2 55471 S1A-ATHC|A 02422 e o
o, 2| AZEAAE= S2 C-CHHA A 0.198F YEPET A, 1835452 o4 A7}, 6.086HzE
W71, 57 A7} 6.152Hz~6.738Hz0] #1912 Ureiich A2 Al w2 Akl ot
o o AT WEAE ol Ao Br4Y 5 gk

fle

o *&
N
NN R A ol

flo r
S

=
s gol: T istel, AAAAIY, SAANAE, WY, AL

ofu
)

A, TGAES

>



Sang Hun Lee | Characteristics of Static Loading and Dynamic Loading Tests for Bridge Capability

T8 WF2 THE Y Y, T el 2 TS}, T 5750 & Qlste] 24 9 Ao ebyst g St
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Fig. 1. Span of loading test
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Table 1. Displacement in the static loading test (S1, section A-A)

Gage No Statie Remark
L.C1 L.C2 L.C3 L.C4

DT1 2.206 -0.051 -0.002 0.003 mm

DT2 2.319 0.523 0.061 0.004 mm

713 DT3 0.279 2917 0.239 -0.01 mm

7} DT4 0.024 0.658 2.631 0.377 mm

h DT5 0.001 0.074 1.004 2.114 mm

DT6 -0.003 -0.003 0.065 1.141 mm

DT7 -0.274 -0.027 -0.018 -0.003 mm

728] DT8 -0.145 -0.299 -0.103 -0.010 mm

7t DT9 -0.026 -0.181 -0.358 -0.126 mm

h DT10 -0.003 -0.002 -0.061 -0.160 mm

Table 2. Strain in the static loading test (S1, section A-A)
Gage No Static Remark
L.Cl L.C2 L.C3 L.C4

ST1 4.831 0.488 0.844 0.518 Ue
ST2 14.291 4.150 1.382 0.201 Ue
ST3 3.190 23.188 3.366 -0.132 ue
ST4 1.239 10.870 39.162 5.062 ue
ST5 -0.199 1.636 22.66 44.720 UE
ST6 0.135 1.463 1.325 16.153 UE
ST7 -14.769 -0.148 1.256 0.688 Ue
ST8 -6.434 -8.424 -4.660 -0.410 UE
ST9 -0.782 -7.879 -11.663 -3.364 Ue
ST10 1.715 2.374 -1.434 -5.443 Ue

TH2 &, section B-B2] 277131 LCS~LC8 910l St 2422] 573 Alo]#] 1= Table 3] AAR HEe} 2o,
-0.286 ~ 2.100 mm He= UEREOH, LC6olA] Zt #9121 2.100 mm g HolT=qleh. T3, 5 20049 174711
LC1~LC4 91x]o Z75F 2F210] 27 Alo| 2] ' E-E( € )-2 Table 40114 K= HE2F 0], 0.014 ~ 0.870x10° H 9= Lt
ERL o™, 2787H1 LC5 ~LC8 $1RIollA 573t 242+0] 279 Alo| 2] ' HRd-E( £ )-20.092 ~ 4.870x10° H =2 Z7 = k.
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Table 3. Displacement in the static loading test (52, section B-B)

Gage No Static Remark
L.C5 L.Co L.C7 L.C8
DT1 -0.260 -0.011 0.012 -0.011 mm
DT3 -0.097 -0.250 -0.093 -0.001 mm
DT4 -0.017 -0.141 -0.286 -0.142 mm
DT6 -0.003 -0.005 -0.032 -0.112 mm
DT7 1.989 0.003 -0.002 0.026 mm
DT8 0.377 2.100 0.302 0.006 mm
DT9 0.012 0.578 1.891 0.317 mm
DT10 0.004 -0.035 0.050 1.572 mm

Table 4. Strain in the static loading test (S2, section C-C)

Gage No Statie Remark
L.Cl L.C2 L.C3 L.C4 L.C5 L.C6 L.C7 L.C8
STI1 0.870 0.238 0.028 0.383 0.708 0.168 0.092 0.277 ue
STI12 0.732 0.445 0.014 0.256 0.493 3.084 3.266 1.325 ue
ST13 0.791 0.343 0.515 0.565 0.242 2.056 4.870 2.008 ue
ST14 0.608 0.137 0.427 0.622 0.320 0.279 2916 4.016 ue

oh3l AT 2 S 21,1 4R A Sk B A 1L 20 @ A 201

—q 4.
Z})i YRt T35 2+ 737t Afst /\] E‘r—f— 737t %H%&%—d‘ e ﬂr A5 0] H9lgto] A= A o = EAE QI
ShH, SPA AARE AfistA R o] =8 Alo] A AlTte] whE HES Hoja= t19] -8 H=r4(displacement response curve)

2 AN cheh 2k

:ST4 — - O 10

—ST2 | - ST3

wh so
0

0.0

-5.0

-10.0

-15.0-, .
oo 15.4 0.8 46.2 1.6 77.0 az.4 107.8

AlZ2H =)

(a) Variation of strain with time (section A-A : ST2, ST3, ST4, ST6) - LC1

Fig. 2. Displacement response curve
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(d) Variation of displacement with time (section A-A : DT1, DT3, DT4, DT6) - LC4

Fig. 2. Displacement response curve (Continue)
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Fig. 2. Displacement response curve (Continue)
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Table 5. Impact factor with vehicle’s velocity
section A-A S1
DTI DT2 DT3 DT7 DTS
0.162 1.437 0.786 0.162 0.659
1.384 0.756 0.153 0.634
0.038 0.040 0.059 0.039
0.619 0.164 0.611
0.609 0.141 0.560
0.163 0.091
0.166 0.626
0.604
0.036

3l
| T2 5
section C-C S2
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t} S2 C-CHH
il
1A st e st b, 54

_’5:]—?_0
S2 C-CH
FH5
, DT2, DT3, DT8°]| tigt AJgla}

Ddyn
10km/hr Dsta 0.150
Impact factor(i) 0.080
Ddyn 0.162 1.394
20km/hr Dsta 0.155 1.348
Impact factor(i) 0.045 0.034 0.016
Ddyn 0.187 1.423 0.677
30km/hr Dsta 0.174 1.397 0.633 0.139
Impact factor(i) 0.075 0.019 0.070 0.194
Ddyn 0.197 1.489 0.716 0.192 0.620
40km/hr Dsta 0.162 1.321 0.645 0.155 0.566
Impact factor(i) 0.216 0.127 0.110 0.239 0.095
Ddyn 0.230 1.900 0.897 0.192 0.609
Dsta 0.187 1.615 0.747 0.168 0.560
Impact factor(i) 0.230 0.176 0.201 0.143 0.087
0.205 1.660 0.743 0.200 0.665
0.165 1.394 0.613 0.167 0.576
0.242 0.191 0.212 0.198 0.155
0.242 0.198
0.252

60kmvhr
Ddyn

Dsta
Impact factor(i)
——DT2
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Maximum impact factor
Design impact factor
0.4
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Fig. 3. Variation of impact factor with vehicle’s velocity
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Table 6. Frequency measurement as vehicle’s velocity

Velocity 10km/hr 20km/hr 30km/hr 40kn/hr 60km/hr 80km/hr
ACC 6.152 6.348 6.641 6.738 6.250 6.250
Natural frequency (Hz)
Gage 7.715 7.617 7.520 6.934 7.129 7.422
Rance - Natural frequency(acceleration) : 6.152 Hz ~ 6.738 Hz
& - Theoretical frequency : 6.086Hz
i Base Wl id Back EOST-EROCESSOR

L VIERATION MODE

2
§ o 2 FREQUENCY
N v {CYCLE/SEC)
6.085522

NATURAL FERIOD

0.164324

MEM(3)

DX=  0.006738
DY=  0.942011
Dz= 48.676118
Ri=  1.494375
RY=  1.013092
RZ=  0.773492

HMode 3

MEX : 2455

MIN : 3031

I FILE: Y&z

UNIT: ,m

DATE: 11/22/2016
VIEW-DIRECTION

Fig. 4. Analysis of natural frequency of the test bridge
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Fig. 5. FFT Analysis result for acceleration response curve
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