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Abstract

Structural health monitoring involves performance evaluation based on measurements for maintenance
purposes. By back-calculating measured Frequency Response Function (FRF) data, the concept of effective
mass was introduced and applied to the performance evaluation of structural members. An identification
method was proposed that uses participation factors to estimate the dynamic parameters and the strength of
concrete of structural members. The appropriateness of these methods for identifying dynamic parameters and
concrete strength of structural members was validated through experimental results, proving their utility in

non-destructive testing for concrete strength.
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Fig. 1. Finite Element Modeling
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Fig. 2. Summary of the Experimental Procedure for
Estimating Dynamic Parameters

Table 1. Material Properties of Experimental Specimen
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Fig. 3. Measurements

Measurement items Specimen 1 Specimen 2 Specimen 3 Average
Tensile strength (MPa) 368 369 365 367.3

Yield strength (MPa) 343 344 340 342.3
Elastic modulus (GPa) 70.8 70.0 77.0 72.6

* The manufacturer’s test report provides an elastic modulus of 68.9 GPa.
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Table 2. Dynamic Properties of Fixed-Fixed Beam Estimated from Impact Hammer Test Data

Test Impulse m k c P ks Copr
N) (kg) (N/mm) (N-sec/mm) (N/mm) (N-sec/mm)

1 9.82 0.186 83.8 0.00107 0.331 53.1 0.00068
2 13.50 0.160 72.3 0.00102 0.330 53.3 0.00075
3 1691 0.154 69.4 0.00121 0.331 53.2 0.00093
4 13.82 0.164 74.0 0.00111 0.330 53.2 0.00080
5 15.34 0.107 48.1 0.00081 0.331 53.3 0.00089
6 11.85 0.193 87.4 0.00127 0.329 53.1 0.00078
7 10.04 0.167 75.5 0.00105 0.330 53.2 0.00074
8 13.34 0.085 38.2 0.000485 0.331 53.3 0.00067
9 15.31 0.162 73.5 0.001071 0.328 53.1 0.00078
10 17.01 0.148 66.2 0.0015 0.333 53.4 0.0012
11 14.41 0.125 56.3 0.0008 0.331 52.9 0.00076
12 18.86 0.158 71.2 0.00112 0.331 53.1 0.00084
13 17.19 0.154 69.5 0.001 0.330 53.2 0.00077
14 14.44 0.185 83.6 0.001 0.330 53.2 0.00064
15 17.59 0.168 75.9 0.0011 0.330 53.3 0.00077
16 16.90 0.189 85.4 0.001 0.330 53.3 0.00062
17 14.88 0.194 97.7 0.00124 0.330 53.3 0.00075
18 10.33 0.143 64.7 0.00078 0.329 53.3 0.00064
19. 14.79 0.199 89.8 0.0013 0.330 53.6 0.00077

Avg 0.330 53.2 0.000754*

PF: particification factor

* The damping value of test 10 is significantly larger compared to other test values; therefore, it was excluded from

the calculation of the average damping.
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Table 3. Dynamic Properties of Cantilevered Beam Estimated from Impact Hammer Test Data

Test Impulse m k c PF. L Copr
(N) (kg) (N/mm) (N-sec/mm) (N/mm) (N-sec/mm)
1 4.14 0.122 0.277 0.00015 0.216 0.259 0.00014
2 2.44 0.173 0.395 0.00015 0.215 0.260 0.000098
3 4.69 0.134 0.304 0.00016 0.216 0.259 0.00014
4 4.07 0.156 0.353 0.00018 0.216 0.259 0.00013
5 3.96 0.144 0.329 0.00017 0.215 0.260 0.00013
6 3.85 0.140 0.318 0.000165 0.216 0.259 0.00013
7 4.10 0.127 0.289 0.000165 0.216 0.259 0.00015
8 4.17 0.151 0.345 0.000154 0.215 0.260 0.00012
9 4.46 0.147 0.333 0.00017 0.217 0.258 0.00013
10 4.74 0.143 0.324 0.00018 0.217 0.258 0.00014
11 3.92 0.175 0.397 0.000168 0.216 0.259 0.00011
12 497 0.154 0.350 0.00017 0.216 0.259 0.00013
13 3.82 0.124 0.283 0.00015 0.215 0.260 0.00014
14 3.12 0.163 0.371 0.000165 0.216 0.259 0.00012
Avg 0.216 0.259 0.00013
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Table 4. Summary of Test Results

Fixed-fixed End Cantilever
Beam Beam
Eq- Eq. This Eq. Eq. This
(3) (4) Study (1) (2) Study
PF 0.384 0.374 0.330 0.224 0.243 0.216
NF
(Hz)
PF: Particification factor
NF: Natural frequency
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Table 5. Summary of Test Results

Column 1 (MPa) Column 2 (MPa)

Elastic Concrete Elastic Concrete
Modulus Strength Modulus Strength

27132.8 28.7 27529.1 285

i
(MPa)

30.2
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Atk 3 7] AR ERE AEoke Ao 2l
3l &73/go] S7oto] HA A7t 7l sol o ZA
71oJ5H] HE2 HoiAlSE 1002 2715
o} 4] (13) o 29 o A7t S VoA R el
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Table 6. Dynamic Properties of Column 1 Estimated from Impact Hammer Test Data

Test Impulse m k(x10%) c PE. k(% 109 Cpf
(N) (kg) (N/mm) (N-sec/mm) (N/mm) (N-sec/mm)

1 6133.9 3.034 2.03 0.2880 0.949 1.696 240.6
2 5477.6 2.950 1973 0.2802 0.949 1.695 240.7
3 4006.0 2.923 1.961 0.2789 0.946 1.700 241.8
4 5666.5 2,906 1.943 0.2792 0.949 1.695 243.5
5 7553.6 2.970 1.982 0.2850 0.951 1.691 243.2
6 3775.3 2.862 1.920 0.2738 0.946 1.700 2425
7 3892.4 2.825 1.891 0.2690 0.948 1.697 241.3
8 7524.2 2,908 1.939 0.2806 0.952 1.690 244.6
9 5260.5 2.832 1.890 0.2698 0.951 1.692 241.5
10 4906.6 2.831 1.889 0.2711 0.951 1.691 242.7
11 5382.9 2.843 1.898 0.2726 0.951 1.692 243.0
12 5799.4 2.869 1914 0.2749 0.951 1.691 2429
13 5144.2 2.859 1.908 0.2756 0.951 1.692 2443
14 5361.8 2.820 1.882 0.2706 0.951 1.692 243.2
15 5760.5 2.902 1.935 0.2789 0.952 1.690 243.6

Avg, 0.950 1.694 242.6
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Table 7. Dynamic Properties of Column 2 Estimated from Impact Hammer Test Data

Test Impulse m k(x10%) c k, rp (% 109) C.tf
(No.) N) (kg) (N/mm) (N-sec/mm) (N/mm) (N-sec/mm)
1 5654.0 1.868 1.268 0.2973 0.935 1.698 3983
2 6846.5 1.927 1.304 0.2978 0.938 1.694 386.8
3 6683.3 1.931 1.307 0.2979 0.938 1.694 386.1
4 6388.8 2.005 1.358 0.3030 0.937 1.695 378.2
5 5585.3 1.923 1.303 0.2956 0.937 1.696 384.7
6 5080.1 1.904 1.290 0.2929 0.937 1.696 385.0
7 6096.1 1.988 1.344 0.3002 0.939 1.692 377.9
8 5742.2 1.951 1.321 0.2975 0.937 1.694 381.6
9 5345.0 1.904 1.288 0.2930 0.938 1.693 385.1
10 6977.9 1.983 1.342 0.3020 0.938 1.694 381.1
11 6872.5 1.973 1.334 0.2982 0.939 1.692 378.2
12 5394.1 1.942 1314 0.2957 0.938 1.693 381.1
13 7540.5 2.021 1.366 0.2992 0.939 1.692 370.5
14 6761.7 1.992 1.345 0.2959 0.940 1.690 371.7
15 7335.6 1.994 1.346 0.2953 0.940 1.689 370.6
Avg 0.938 1.690 381.1
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A13] 0] Axjo] v 9~25%2] Xfo]= LrehiTh & W ASAYS 5 FA2] sA e et EaE]
ARG 5o ol 2 A2 ¥lgo] 7uket FojAee]  EAEE FYSIAR AN T S Ay A
g7 AuEs| ] g B 2aE ey HE =0
o - A o 2= A B E A
O] FA/dolut Aetol] thet FF 5= 1=t BH (1) FAE 1R ETRERRS T 2{oto] BR-REA|
Q1 Bt &ef Hof| thgt ol A5 F7d5}7] figt 2 negsly, SE A Y-S m9lsto] =4
Hop g eIt %4_47} %36}11‘1 ZAE|EY H FRF tloH 258 AHE sHunEE
ol= oIATE 1.0 ARESto] A= 4= 9l Ao g A AR FA19] FAuEE F
=2 EAE X*Ol 7Fsd 208 sk B4 A o] A SiA S Jﬂi éﬂr
FSole 749 4, 271, 2-8sh= 1785k S 24T 23, D EPAE S o A
fxet 27] 55 Este] Hup &HE 50 /& (2) AHAQN FA9 5ol Hofst= %E%J_%H
ke AAslal o|E vl 7 2 ERTE = A7 = R FA8 T2 gt HEE A
e e A7 g g stk sk < A Ao I e, Ol% H

http://lhrilhorkr | 163



dME - 28 - 28

A LS B EHT 4= A9k A o] 1]2)= 43F, TLHI Journal ,, 7(1): 56~63.
(3) ol Ato|A AF3t-F-AstaL Fol X|ufjsk= 2. o]FF-2AA(2020), =¥ ZIHE P25 A

|8 FAEE 93 229E 12E ke A
Z 84" TLHI Journal ;, 11(3): 83~92.
3. TR 231559 R (2022), ‘S

TSt MR Y] FojAS 47t
0.3307}0.261.0.8 LFEPEOH, GASH KA o]

28517 f1of A 4 =5 W& shof oA 3l glo]E]2iE o] BAR] 2747, rjeka=
FEAFSZ87H Sl S13]=77 , 38(5): 177~184.
4 %ﬂﬂ E 7]%.% 1;(1—.% /\ﬂ%hj] 94.% 7(}@ o o] 4. Ewins, D. ]. (2000), Modal Testing: Theory, Practice

o = - = and Application 2" FEdition, London: Research
sl Zroi A7 2A SV, AR5 C 2R E .
Studies Press LTD.

26}z 0 2 o3l 317FA 3} Agko] =7
B Ash B Aol 574 5. Lee, E. T, Y. S. Hong and H. C. Eun (2022), “Predic-

Sh= A2 AL esto] Zoj A& 1.022 HA5H tion of the Physical Properties of a Structural
o] ZF Y E JTE 2AT 2=tk ojEgko Member by the Impact Hammer Test”, Sensors,

- - 22(18): 6762.
& QA Qo TAXEA EFFERE (18)

= 273512 0lo] 0 oW E Sln] Alal.o D 6. Mayes, R. L., T. F. Schoenherr, ]. Blecke and D. P.
RN o Ol ol
SR Ao, dEST ddEdT Rohe (2014), “Efficient Method of Measuring Effec-

o 83 7Fs /g2 ERIT & ATk tive Mass of a System”, in Topics in Experimental
(65) T EUHE S faddSHEAs Dynamic Substructuring, Volume 2, (ed) Mayes, R.
L., 311~320, Berlin: Springer.

)
o
rir
oZ

perimental Estimation of Effective Mass for Struc-

HE Aot 2T EAEE FAD U
~ L B 7. Sedaghati, R, Y. Soucy and N. Etienne (2003), “Ex-
Bt At d Ao g wEw, ol

S8 chekeh A WA 2171, 48 sk 1
%0) 91X} 2715 Tefat A = 2
apEe BT 4 9lS Ao Yk

[e)
-

tural Dynamics and Vibration Applications”, Pro-
ceedings of the 21st International Modal Analysis
Conference (IMAC XXI), Kissimmee, FL.

8. Wai-Chi, W,, A. A. Azid and B. Y. Majlis (2010),
“Formulation of Stiffness Constant and Effective

o

ﬂ':’_—i—,;_ Mass for a Folded Beam”, Archives of Mechanics,
62(5): 405~418.
1. oA {E4- A2 A A(2016), “S/F=5}5t 9. Irvine, T. (2012), “Beam”, https://www.vibration
%°] LH 3558 9 RrjEIA|H] S5 SHB data.com/tutorials2/beam.pdf.
2o

o] A= AYESIH S S5 A2 FRF Hlo|E1 & 24510 raddrg AAsal 7419 &A1& F45k=
S AABIT B3 22| E 2] tiet E2EAEE S5k S Ak o] Aol S
E FRF H|o|E| =58 mj2tu| 8 S 26l fadgE 33510 7/ R AHAE LT A o= 450 A5A
£ AR 2T Aol FadTg2 FAS] 19 B2 399 I AR 9 AR = e
T o] ol A ARt ARolA #eistal ol Alufshe FetaryEel N M| FofAle= 212} 0.3303%
0.261°0% e oH, FARE FAjof| et 7|& o8 = 282 4= ot AR ERA= 7ol A1, W2 Al
v|2} 7)5 FHollA 2185te AHS-g ateislta] FolARE 1.008 HAste] 2R EAEE 775t o, A
SAYEAG =S AR g LR o] Aol 283 4 A= 7 o= dtET:

FA0: AT, oAl Bl gAL 2 ELE, Fue-3Ee

164 | Landand Housing Review Vol. 15, No. 3





