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Study on Applicability of Impact Elastic Wave Method for

Sustainable Management of Concrete Structure

Satoshi Iwano

The government investment in construction has been decreasing in recent years due to increasing
financial stringency. Therefore, in concrete structures, it would be considered important to build high
quality concrete structures which have high durability performance and to conduct preventive
maintenance. From this viewpoint, sophistication of quality control, inspections and diagnosis would

be imperative.

The subject of this study is the Impact Elastic Wave method which is a one method of the
Non-destructive test for concrete structures. In this method, the elastic wave is generated by impact
on surface of the concrete from hitting of hammer, and Non-destructive evaluation such as
compressive strength, internal defect of the concrete structure are performed by measurement of the

elastic wave. The Impact Elastic Wave method is expected to contribute the sophistication.

However evaluation procedures for concrete structures by the Impact Elastic Wave method have not
been established due to lack of study. For this reason, in this study, the utilization of measured values

from the Impact Elastic Wave method is considered to adapt evaluations for concrete structures.

The following results are confirmed: 1) The measuring method used the cross-correlation function
between the input waveform and measured waveforms for the fundamental frequency of the concrete
of which thickness is around 2.5 meters by is proposed. 2) The measuring method for elastic wave
speed in the concrete structure with which surface is deterioration and in the reinforced concrete is
proposed. 3) Evaluation procedures for compressive strength, surface quality and internal defect of
concrete structures by measured fundamental frequency and measured elastic wave speed are
proposed. It is confirmed that the accuracy of proposed evaluation procedure is in narrow range of

error from experiments on actual concretes structures.

These results suggest that the Impact Elastic Wave method would be able to contribute build a

sustainable society.
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2) ANEICHBLEZEROMERE 2O W WIRE) & W ERE & O
MAEMBEEEEZ RO L, KFENZEKKN L CEHET LEICHE
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2.5.1 EBRP=E
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x, 22 V- M Z2ZEXNTIOIKPFEOBELEZEL W LD,
2B L2.2) TR GEELTHES L TWD 7 — U = 48T, %
AKEFEHE2ERICHMECERWVWI EDXMBINTE, Zhicx L T,
2AHORER LY, WIHKRE LW ERE EOMAMEBEBEK TIX, XH
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BN LU CREZETHDEICHBERENIBKRME 22 2 E0NERINT,
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WEBOREIZATHDL EHIBEND,
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FHAEMBEEOREHEREZRIEL =, BAEMICE, 2027 ) — 2B
WT, BTEICE IR 2R E L 72 KA oo B = RE ) & AH AL HE BE B #K
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FRBRESFRNFEZR 2.3 T, reETrickTsasr 27 ) — o
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TOANNEETNMEL, EFT NV ERTHOEOFR RO 1 H AICKRS) %
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NEMESZ | FET LI M E s, 2, HAMBEBEKIC
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4. 10 FANRLEZEROERHICETHATLDRE (KRy v XHEK)

IZ R DJEMRIE & DS R 2 &4 16~F4. 17, B4 11ITRT, B THR
L7c/hgaT, BNAMIRIC & 5 EME g OB R & LT, #hat15%
DFAZE THEMFRENFHE S TWD Z & NHER SN D,
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FA 16 EMRAEHERREEMLE-ARABBROERRE & DR

(FBEMR)
wasm | g | foe | Ormmse |\ OTZFRE
wap | WERE gy | R FIER g | @)
(m's) (N/mm’) (N/m?)

FAHi1 A 35 4142 573 439 131

FAH71 Bl 35 4123 553 48.7 1.14

FH71 B2 35 3974 48.1 48.7 0.99

FAHr1C 35 4064 51.9 45.8 1.13

FAHr2D 35 4068 49.8 51.6 0.96

FH2 El 35 4100 53.1 538 0.99

. FH2 E2 35 4070 50.6 538 0.94
FAHT2F 35 3935 46.5 45.1 1.03

FH3 G 35 3995 49.0 45.1 1.09

FAH73 HI 35 4037 52.1 52.7 0.99

A3 H2 35 4196 58.8 527 112

FAHM3T 35 4060 49.3 45.6 1.08

xA4.16 EHRAEHEERRELERL-RAMBBROEBEEE EDLER

(1BEWMS)
o - N I=ve
Wit | e | owm | ROHER ) QEERE ®a:(:t 5 b3
4 (H) (/o) i) Erﬂﬁ%ﬁzﬂ% (D/@)
(N/mn’)

P1 3 i 1 17 3944 376 324 1.16

P1 7 i ok 17 3889 35.0 322 1.09

P1 [ i o 17 3801 312 37.6 0.83

S P1 b i o 17 3844 33.0 36.4 0.91
P2 B i 1 17 3850 333 32.8 1.01

P2 75 A H ok 17 3762 29.6 37.0 0.80

P2 4 i H 17 3921 36.5 34.6 1.05

P2 b i 17 3867 34.0 382 0.89

86




x4 11 ERAEHEEERLERLZ/MEITOEREBREEDLER

(BEEPW)
- @/ =
. SER Y i B _
it | g | Hw | SRS e | xs s
4 i ' . (H) (mfs‘) o JFE i o (D/@)
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TELRR - e (R ) 28 3737 26.0 25.8 1.01
B - BIEA A 28 3725 25.6 28.1 0.91
BE « mEEA I 28 3678 24.1 28.1 0.86
B - 1 CA 28 3722 25.5 30.0 0.85
W e« mHICHHI 28 3733 25.9 30.0 0.86
TERK - A5 28 3726 25.7 28.2 0.91
B« JBAIF A4 28 3749 26.5 31.2 0.85
RE - AeARF A (A 28 3751 26.5 31.2 0.85
BE - JED M 28 3736 26.0 28.9 0.90
BE « JEADA M 28 3763 26.9 28.9 0.93
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T5E&, HEASLKPEELITRRDIEKRLE 2D,

3) MR = 7 U — b CHIE U 7o 5 R BE 7> & e 58 BE A REAT - 5 e
RN AE, BRI G e RoERa 7 U — N ER—ME, F—EREGD
MAEMLRE A ER L, BAHFEITEBEEEZIIKRTEREL LT, Minas %
b & THEBMER S & EMEEEZHE LEBENORDOND, £, Z
O JEARREFAM AL, /b ZREICLVDIERBEEE L TRkOoN D,
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RELTHE L, ZHICXY, HEEEREEOREIZBWNT, SR
BTN ERERINT, £, FEANREZEROERICET 2 HE
FOREHMER EE A kT 5 Z LIk, 37 U — 3O
%, HIER ETIRTLTCWARWZ ERMRINT,
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WEZHREL, 3)IC B E L 77 A 5 ST 2 ayv 7 Y—hDE
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D JEAEERE OB R & i LT, MR £ 15% 0K E TIEAFRE & ﬁﬁf%

HIZENERINT,

L EDORERNG, BEBEEMEREIEIC LA EER = 7 U — N OJEHE R E O FFEAMm
FIETIE, a7 U — b OREF MR & HE 58 o BIfR O E % -+ 4 I BRR
Lfkﬂﬁﬁﬁﬁfﬁﬁﬁ@ YEHFIEERAL, £1o, SHORmOLIC X
WELRRELZEEEER 7 U — b TOMEHNE R E oW E 5k E B
AT 22 EEREEERD, ZNICEY, BEKa 27U — NOEMERE 2 B,
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WX DR R ZB Y IRT Z Lk, 27— FNEABROMEA B KT
i Th b,

U EDORESNORKMAERSD L, a7 ) — NoRBMIOLEIL, RESH
{EOETOMAENCEBEE R ZEN 2R TN gNnD, DF D, FraxbEch T
hodary s U— MEEWOMALREZR ESE 572012, REMIOME %
M EXE2X9ILTEEZ T RTIZZIENEETHD, EOFERNS, £B
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ZEicky, BT L7 — NoRBMEONEEZFAMT D HIEE ST
HZEHEAME L TR LE, BT, £, BHLUERRE, BEe, B4
ERReY, REMEOME SR DHEEZ VT, SRR 2H0E L, (2
P LRI K D P L TR S L T D HEBR AT o 72, RIT, T ORER
ND, HEREEMOMEICL 227 ) — NORBEMEOMEFMFIEZEREL,
FEEDIZ BV TIRE L HFIEORIEERZITo 72, 7o, ZITxHHRELT
WbHar s —bsORBHIONE L 1E, “BRLRSEORANEE S Pt
T OIS A F o ORBRPIER EOSMHE RN O RET D MERE, *
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i, 2y 7Y — FNEO K OB BRI SUE, S F Y, WEICHT 5
PR E8FHa 7 ) — MEEHOMAMERICET 2METH D,

422 AIRRER K VBREAE

(1) AERE

EREEY TOMERNOEIZEE 4.3 12, MEICHWEI AN ~DOEKM %
B 4.12 2R T, NI BEICER S FA2AHT TR SN TV D, HEfilREH
X2 7V — b OREE N~ THELCTHET D, TR 3505 FH
(JE B E#tiPE 0.4Hz~10kHz) DB SN TEY, Eim O ITEY O E I3 M
M, BIRIZERERR TH 5, #HME O X2 7.5mm T, HEIIEEH2E
DITBEAEDOEREIT 18g Th 5,
HETHLNDIITRRBOG 2R 4.13 ([ZRT, ITEENRa 2 U — MR
(CHEfR T D L BN FHICNEE N A U CIREEN RELS 20, SEMAKT
T2 L AEE I XA AART E AR & 72 D, TR LMo BB O X9
R E IR D, ZOHBERICEWT, HilE B LR 0 S IR IEE 23 i K
LR E THITBBEN 7Y — FREICEALTWSLRHTHD, 1B
R 25 B KAE & 72 DREZ N D A f T LI E TR BER a7 U — |

| 04 | 0.5 | 0.6 | 0.7
FEE i (ms)

4. 12 BEICAVWSNYROERE K413 RETHLONSITERKEDHI
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RENPORFELTNDLRMEE R D, FTEERP a7 —FREICEALTND
Ref tm X, 2027 U — FREICEEER EHEEEREL TWLIRHETHY,
K@Dk vraens Y, 7, I8ERa 27 ) - REMPOLRFELT
WAHKEH g X, 227 U — PREICHMEEENELC TV DLRHETHD, ~
VEMBRICESERUASHICIvIRrEND MY JIE S B il
G.yHtR@sHickvkEsnsd,

-7
t, = Y (4.4)
FEL, = @R, M,
2 1)
lg = A{MSMSC (O-s +0¢ )}5 {Rsc[ﬁ]} (4.5)

#7#1L, Os :(l—vsz)/ES, (o :(l—vcz)/EC

My =M /(Mg+M_), Ry =(Rg+R.)/R.
2T, tm s FTBER 22 ) = FREA~BEALTWDLEM(s), M: HiE
(kg), R : P& (m), op: WHERR CTOIST, 5 fIBEN =27 U — MREDN
SFELTWAHIM(s), 4:48%, v: K7 Y b, E: AR EN/mm?),
Vo fTBEROEMIFOEE(m/s) Th D, ERRAT s ITFTBIK, MATF clx=
Y7V —brEREEZRLTWD,
2k, TV RNMEIFKBROE 2 FITHE IR, BARERM &7V 2OV S 2R
GO DREAKT S Y e, BITBHOEENKE L, &big, av
7 ) — FRENFEHEHOHEESCHE TH > THLERBITRIKO O BRICH L
THBICREWGEIZIE, K(4.5)D Msc & Rscld 1 IZIKT D, ZD5HE,
K@ FR@.DICk v Tz enTcx s ),
fi  MB* Mg
A 27R, S8Rt

max

2 1
1-ve 1=-v.2 | 5
b= | 1Y 17V ! (4.7)
Eq E. RV

2, Heg: 7V XNVEEES, fi i BAT), Apax : HEBARTH 5. K(4.6) &
D, tn FHBEOERELEER - ETHNTA 7Y = FREDT U FI/LH
E HplZ Lo T 2, F72, R@. DXV, p [ FHBEORE, MR,
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REM 2 e 9D Hika A Lz *10,
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