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Development Non-Contact, Non-Destructive Evaluation
for Concrete Structures by Using Shock Wave and Study of Its Automation
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We developed a basic technology of non-contact, non-destructive inspection method of a con-
crete structure. It is a current inspection approach that an operator beats surface of a wall with a
hammer and hears the sound with his ears, and judges the presence of the defect. The purposes of
this study are the improvement of reliability and the curtailment of expenses by the automation of
evaluation. The proposed method of this study is that the impact by hammer is replaced with shock
wave and the safety check by operator’s ears is replaced with the laser measurement. We did a
simulation using a finite element method and succeeded detection of a defect of 25 mm diameter and
in 200 mm depth. The method of this study is a technology to enable that we inspect concrete
structures by non-contact, non-destructive test automatically.
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§Concrete wallg

(a) Elastic wave vibration (b) Flexural vibration

Fig.1 Patterns of vibration on the surface of a con-
crete

Fig.2 Proposed method of inspection for concrete
structures by using shock wave and laser vi-
brometer
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Table 1 Fundamental frequency [kHz] for simply
supported boundary conditions (K,=4.99)

d(mm) 2a(mm)
25 50
25 109.8 275
50 2197 549
100 4394 1098
200 8788 219.7
Impact
dd
TA==
|«<2—|
Disk (thickness d, radius a)

Fig.3 Flexural vibration of the concrete disk

g
i
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Fig.4 Shape of a model and impact pressure for FEM
analysis
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(a) (b)

Fig.5 Examples of finite element model
Table 2 Values of parameters

X (mm) 250 0 250
¥, (mm) 250 0 250
2a(mm) 25 50 100 200
d(mm) 25 50 100 200
a(deg) -45 0 45
B(deg) -45 0 45
The number of all models = 1080 + 1 (no defect) = 1081

500 mm

D,

Fig.6 Parameters of the geometry of a defect

a=0,5=0 a0, =0 a=0,420

(*#) (***)

a#0, 50

—

X0 51'

x7#0,y~0

x=0,y#0

x#0, y#0

AT
(*)x,y symmetry axis, (**).x symmetry axis, (***) y symmetry axis
Fig. 7 Shape of models for each position of defect

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

BREYHAWa 7)) — FMEEMOIEEMIERERE RO L 0 HEticEI+ 25

989

=1024 ps, KRS Ar=2pus & L, BRZHFRET
PETFRIFFE L, N9 X—%(2,y,2a,d,a,8)
LS E 1081 & B Y ORMEFARICH U T 21T
ST (7L, EEFOXBEETGR» 5541 T
w3),

At ZTriz, REWEEFAOEN & HEE % 50 mm
R THIL, RIGFIK & EEmRS 2Mc s 7 —
Z -2 EBERR L 7z,

32 MRITHER KRB LERET 587
A =F E2ELEY, ThThOXEITT 2 BERERIRE
DrF—2EBASMIZ L, BROBELT, RO=
DDGEETNT.

Casel: RFaZ L

Case2:x=0mm, y=0mm, 2¢=100 mm, d =25
mm, ¢=0, /=0

Case3: x=0mm, y=0 mm, 2¢=200 mm, d =100
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Fig.8 Time history of surface displacement at central point on the surface
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Fig.9 Normalized displacement amplitude at central point on the surface vs. frequency
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2a d
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100 25
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200 50
Fig. 10 Shape of specimen 200 100
: E
g =
L g
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(a) U5 (b)

Fig.11 Shape of specimen for three point bending

P
L, 25om
20mm T ~M

6?/_— 2=200mm ()

X 1

Fig.12 Three point bending

Table 3 Geometry of defects
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Fig. 13 Vertical displacement vs. load at point M
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Table 4 Calculated young’s modulus

Specimen Young's modulus
@) 9685 MPa
®) 7863 MPa
1.0"
_ 0.8
&
& 06
&
g 04
&
0.2
0 e
0123456789
Time (ms)
(a) Pressure at all time
0.10 "
- 0.08 1
&
& 0.06 1
g
$ 0.04 1
&
0.02 1
0

0 10 20 30 40 50 60 70 80 90
Time (ps)

(b) Pressure due to shock wave

Fig. 14 Pressure on specimen surface
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Z 08 1 ~— FE(ModelA)
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2 4
é 0.4 -
E 02
o
Z 0
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Fig.15 Comparison with an experiment and FEM anal-
ysis in the high frequency range
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Fig.16 Comparison with an experiment and FEM anal-
ysis in the low frequency range
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Fig. 18 Possible configurations of laser reading loca-

tions for velocity measurement
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Cerequency () Orequency (g

Fig.19 Typical experimental spectrum patterns for
flawed concrete (with shallow defect)
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£
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Frequency (kHz)

Fig.20 Typical experimental spectrum pattern for
solid concrete (without shallow defect)
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Read field data and normalize and
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Loop over defect geometric

parameters (x, y, 2a, d)

¥
Loop over time and field

reading lowljons &%)

Read FE data, interpolate to (¢, x5 )
mdnormalizcandcalculatespecmnn(wpm )

y
Calculate squares (in time or frequency domains)
E= Y (- Wpm o

LpaXr.Yy
Check peak }
frequencies at field Calculate least squares
reading locations E. = mi2nd{ E}
XesVerady
I
Defect detected? |-NO. Defect defected ?

[YEs TYES

lmmmﬁmwmmﬂ

Print ‘Defect detected’ and

geometry of defect (x, , 26, )

Fig.21 Flow chart of defect detection program
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Fig.22 Normalization of results for models having
different mechanical properties
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mm, ¢=0,8=0D RMEH H 2H & L(b) I x2.=0
mm, y.=0 mm, 2¢=100 mm, d =50 mm, ¢=0, =0
DRMEH D 2HEOEEIRE %, FREREZHVT
fE # L (Model A : E=33800 MPa, o= 2380
kg/mm? v=0.15, D;=400 mm, Model B: E=
20 600 MPa, o=2 350 kg/mm?, v=0.15, D.=500
mm), Fh2R(DZ LV EHEMAL KT %,
22(a), (b)wmrd, B22(a), (D)ZRENBE LD
2, R(10) RS 2 EEN T ORECHPIERITD
NTWB I EDFERTES, iz, M22(c)iXRLT
b3, (a) DRMEWRD 2BED, RE DL O
Bz, R(9) L viEL L%, FFTICL VA
WHEDCAHBLIERTHS, BM22(c)iTmEh
55212, AR PVOBELIZBWTS, X {—
THEEPEONTVWE Z b5, Model AT
M R T EZFHAME L BEL T, w22 DKM

RIS U TRBRIED Y S 2V —ya r&{To7z,
BROFIZFRS CRT., RERIECHEY S 2 v —¥
avick b, REAOEMORKFHNEL, 721, AR

Table 5 Examples of results of defect detection proce-

dure
Existing defect geometry The detection of a defect by
(in FEM model) defect detection program
(in time/frequency domain)
x~250mm, y;~250mm, 2¢=25mm, sucoess / success
d=200mm, o=0, 50
%:=0mm, y;~0mm, 2¢=200mm, suiccess / sucoess
d=25mm, o=0, -0
x=0mm, y;=0mm, 2¢=200mm, SUCCESS / SUCCeSS
&=50mm, =0, /0
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BEEBOT -5 2 AWT, PRI X 2 REBOKE,
TEETH B 2 LR a e,

6. #& =

(1) EEELv-—VIEEzAVEHECLS, a0

¥ 7V — MEEV O IEEAIERER A 1k O BB &
BEFEL 72,

(2) HAREREETICLD, B2 RERR
TREEMREI DY I 2 v —y 3 v ET, F—y R
AERER LI, 207 —5_R—A LHAEXES LS
HbE¥LZERIVRMEERET 2 EMTES,

(3) RBEIEDOHEMES T2 —yarizBnT,
EZE 25 mm, B E 200 mm OBREDREEICEKIY LU 7=,
UL, EBE DB & 2 M RIEE O & 3
REGOF S HAMIIRETH 5,

(4) 7ebHIRBI DR\ BB EHEEL (0~10 kHz) D
T2 &oT, REBRIEOHEY S av—var®

fIo72& 2%, B 200 mm, FE 50 mm O KD
EWEIL Tz,

(5) (BVEIERECIRE T 3 72 b A2IEEIC B W
T, BRHREERERS L —HLTHY, #E+
ERFHLEOBHELELD ST,

X 3
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