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Impact—echo Response Characteristics of Grouting Defects with Interface
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Abstract:In order to identify the impact echo response characteristics of two kinds of void—existed defects in—
uce e interface debonding between the grouting medium and duct’s inner surface due to the shrinkage o
duced by the interface debonding bet the grouting med d duct” rface due to the shrinkage of
grouting material and initial void in grouting medium within the duct of post —tensioned concrete members, four
grouted specimens with different interface debonding state were fabricated by using interfacial bonding agent, ex—
pansive agent and curing ways after grouting, and another specimen with void defect in grouting medium was formed

resetting a foam in the duct. The spectrum response was continuously measure impact echo system within
by presetting a f the duct. The spect p t ly d by impact echo syst th

five days after grouting. The results show that the spectrum within first 2 days after grouting of well grouted speci—
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mens without any preset void in the grouting medium were almost identical and similar to that of solid specimens
without duct, and obvious interface debonding in specimens without expanding agent in the grouting material was ob—
served, resulting in the lower thickness frequency and more complicated spectrum at the third and following days af—
ter grouting, which can be considered the principle to ascertain the occurrence of interface debonding for specimens
with well grouted duct. In the specimen with a preset void in the grouting medium but without any interface debond—
ing, although its thickness frequency was always lower than that of well grouted specimens without interface debond—
ing, its spectrum form was very similar to that of the latter and its thickness frequency ratio almost kept unchanged as
about 0.85. The thickness frequency development curves with the grouting age between the specimens with a preset
void and interface debonding intersected, and both had the same frequency at about the third day, which indicates
that the two different defects of interface debonding and existing void cannot be identified uniquely only by the thick—
ness frequency at some moment. To distinguish these two defects mentioned previously through the response charac—
teristics and the development curves of thickness frequency during about 4 days after grouting is necessary.

Key words:prestressed concrete duct ; grouting defects ; interface —debonded defect ; void—existed defect ;

impact—echo method ; thickness main frequency ; spectrum features
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Fig.1 Defect location of void—exist specimens(units: mm )
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WG A R R ZE SRS, R I 8UE N
R SRLTET ) ()l R rh B R R s o A B 3R s
AR IR S5 7 T DUSE . A3 I K R 2
W RBE R AR LB B A KR A MESR IR A
W , SRR AL J B PR R RR e 12 SR T ) e 3
IR T 808 M EE LR E U 50 A AR R R 45
R 5, Be A R IE AR S I S0 N RE I A G
g | B T A28 & A 1 vT R 5 TR IR R R i 2
FEPRE KRR DI AR B oK T4

TR B RN B S TR R
43 R AR ER K UG DR K i RE K R R R
VKR 45 TSR B I 0.27 A /K RS HE (i L ) BV AT g
5 SR CS0 [ZRAR. B AK R R AR R 5 RO
KA, B EO R TR S 2%, SR HK
1 24 h H KRR 2.27% 7558 R WL ZE 2, 52
W 28 d HTEHEEH 53.4 MPa.

F2 EEREAL

Tab.2 Mixture of cement paste kg-m™
fiEaEs 3hAM  24h AH
251 K BERKER sk
W gy RN B i
KR 1572 366 305 9 1.81 227
Tk 1597 3720 9 -0.62 -0.95




4 R KA 4 (A ARBEA AR

2018 4

W BUE N BEAR R & A TR R B w7 2 F, SR A
1) ST 790 Ry A SRR S e s B i ) T R
FEAP S5 AR WO SR RN R 2 B, 5 R
FH RS P i 1 2R LSS LS AT R B B 8
WE LR 3.3 3 ik dn = i S Al K 5%
T SN2 s BE S B 2 10 2 iR
FARPIZAR B R E 2 M A C it EREE S
RCE SRS ) R N 2 SRR U B0 P BE A TR IR K
.

3 RUESHEE

Tab.3 Parameters of specimens

javEs R kR SR FHER AR
% RE BEw%e AR i RS
S2M]J LD 2 CaEe 2 e Eh
S2MN LBs 2 ok 7 SRR A
SOMN Lo 0 HE # WA 8 2R
SOCN GoN 0 T 5 WA A 2R
K2MJ ik 2 GiEa) e oA

1.2 MK AR

WAL SR 28 d R, PR AR 45 0k
PEAT— IR, T3 5 5 d AT R R T i 4
I3 3 e ) A DL L 3, A2 T3 3 T g
SO P B30 T B S & B30T 100 mm, FLIE 5
TR AR B SR 2 23 T Ak I DX s A R b oA 55~
100 mm, W «/h = 1 ~ 1.8, SR MR LI A /N T 1
FREE SR,

200

100 100

45 45 55 |

|
-

|

|

100

X

200

100

| |
[ |
| |
| I
| |
| |
| |
| I
| |
| |
| I
| |
| 1

B3 s HE7E(E4E mm)
Fig.3 Location of measurement points(units: mm )

TE : R LA U I ML S FRie s (b T Al

U, SR F AT 22 10 LA R
FA PRI, AR AR L2 B0 I s SR 5
it 3 25, 30 B AR 8 I 2R 5 25 T4 5 e oz 19
OISR SR  HORE R BB, B K 4
R A A R,

2 KBERSH

2.1 TRt R

SR 28 d 1 I A 4 TR A7
FE 4 A B WE(E , 4300 2 9 180 Hz.13 086 Hz,
14 746 Hz M1 17 871 Hz, XFR Sz 5 ARECFIHT 4 By
JLPRIBI G 2~ 4 BYARR 555 1 BYAIR A L 43
Bk 1.43.1.61 1 1.95, 5 Hsiao ML 1.42,
1.61 F1 1.83 $&31,

357

9.18
3.0f 2

25¢

)
o

/10"
O

0

_.
=}

o
n

.

2 4 6 8 10 12 14 16
PR kHz
B4 ik

Fig.4 Spectrum of solid specimen

S

18 20

R I Bk 3 JC BRI TR BB -1 A 5# P [ 95 g 2L
YA, R4 PO R JRE AR (8] /Y 5 &R i 5K
(D)FrRM:

- C
SJu= 2 (1)

s fu R R JEE AR 5 €, R TRBE A Y T 4
WA s H AR GE AR HRE.

X T BRI B934, T A5 F A BR 3 Ak
T % [0 52 JEE JRE AT 4% 5 W i 1 JRE R A A 4 = (2) e
FRle1s],

_BC
fu= Bl (2)

8 R B AR B, HAR SR 8 SR ().
I T IR ONI 0.2 m (TREE 5707



LR 7 7SR TS ) F L At 2R R e S ek o R 5

A, 6 R 5 T A TR AR R 2L B R 0.8631ML AL A
(2)FFARE JEERE JEAT S (. 9 180 Hz, BRI 45 H TR 5E
S R 4B DU A 4 255 mis.
2.2 FERENRGHNEKLE R

2 R EA A FLAE Y R 2R A T o s ] it
R, 5 AR RS S5 SR L — 2, B E 5 k.
DR 2 W 2 24 TN g FLIE AR TR J I, ek [l
DU ) A0 35 235 S 0 A 15 B, L PR3 v L TR 7 77
T, AR AR IR B AR A% .S R 45
WE(E A 4 297~4 492 Hz, &I 0ARIF Y 47%~49%.

8
7t L4297
6-
oRl
g,
o
3
| il
Y S S :
2 4 6 8 10 12 14 16 18 20

Fi% [kHz
B 5 Ay imag SR

Fig.5 Spectrum of specimen before grouting

23 EREERGHNRER
2.3.1 XM S2MJ R4 R

A S2MJ 8 SR RV S I T
2% I, e B0 N BE RS AT IR AR R, TR S
R FRHERRE TR, BRI R & R
T A0 J P ARG 235 SRk e B, 3L TR 19R st 30 1
BRI, S S A TE A & A

X FLJEERE AR IEAT T HESE 5 d BN, 45 5% 40
&6 FER. ] WL, 4E 5 d AT IR 2% SR 2 3 ol mT
HE, HIG 5 4 Frm BS503R i8IS R AT AT HEWT
T S2MT FLIE PR AR 5k SUAE 10 6l 245 4 il ik 3] T
WV, SRR TE SR I i O 0 i

i T 2 % 10 1 R R i 8 AN T A o A
(R FE AR R 250 3 d BT RE. A
HI3 d P9, 200 55 4 e 2 S0 R R B 2 00
77.66% .92.55% F1 95.74% .56 5 Fe AR FFAESR 3 d
1) 8 789 Hz AN AH PR ML INF 5 A4 iR AT o S5 3 3
SR, 5 IR AR B R A S AR AT 1)
SR T 4.26%.

R e
EEEESE

{t/102

]

(a) ARSI S2My A BTG 4G

9 =

8 .
= 7t
=
bvil —o— SELR A
K 6r —o—S2MJ

5 -

4L i

0 1 2 3 4 5
Hif 1] /d
(b) 0 Bl 10T 1 % S it 4k

B 6 B FARE I S2MT MK 25 R
Fig.6 Test results of S2M] in different grouting age

2.3.2 XA S2MN MK 4

IR S2MN SR SRR SR s T
2% MIRE K, 1 2R JE T 28 B AS N FR 4 (A
T SO Y BE AR VR T R, ARG 6 5 1 ) 1
ZHBE LA AR50 5 A 25 SR B, i A AE )
T,

XoF LR FATIEAT T H2k 5 d I, 25 51
7 BN TES S ORT 3 d Y, iR 0 SR 3 34514 51
P B SO EH 75.53% .92.55%F1 95.74% ,
T A SR F SaM) AT T RS 4 d T
U AR R TR, R A0 5 B 2 45 31 4
8 887 Hz, 530l I JEL B FEABTAH L, WAL 1] IR A5
W T 3.19%,55 5 d X[y =2 8 789 Hz.H 5ikff
SoMJ FE AR, 5 4 d PR, S2MN 8 # T
SR, LB AR S, e S R A
SOMJ B A T 25 SR T G It [ 98 o 18 4R . Pl b T A
BT« 2 SR LA PR 2R 7 S A TE BB o, LR A 5 i
LA PN R () 1) 45 5 T T 0 0 3 e o o 7 2
B W 1 SR TS, 3 SO B 17 e P A A A7 A
Yo sl , A 1 = 4 20 e o7 95 %, L A0 (R
WY& 20 1%, FLIE PYRER S TR PR A 70 ) e ) 55 0
RN DRI, FLAE P RE A 5 U A B 1 ) B — 8 R B ek
S ST B 1 100



6 R KA 4 (A ARBEA AR

(a) ARSI U S2MN f 345 5

il /d
(b) AR A4 5 J il 2%
B 7 RE AR 69 XA S2MN X 25 R
Fig.7 Test results of S2MN in different grouting age

2.3.3 XA SOMN #3X 25 R

R SOMN Sy 2 SR SR, A FH I Ak 5 A
FEHR, R IR TR RS T Ry, SE AW
TV R BH ik 149 8 288 0 300 UE 5 47 A R 1 s i K 0 J
)G I 235 SR A, 2 T, R R A I I 9] AR i 4
i, LA AR I B

XPHJELRE AT TS 5 d i, 25530
8 . vl UL iSRS HT 2 d P, SRS i
FS2MJ F S2MN AT, 31 1 J5 88 =8 0 4 o] 4
T B SR R 74.47%H 92.55% , FFAEAR 2 d
Ak SNIEEAE 8 496 Hz, 5 5000l R BE =40 L,
WA RIS 1 7.45% M) B 45 3 d K45 R
KIRIFERE RGBT, il FREES 2d
FHRIEAE Y 89.65% .87.36% F11 85.06% , H Akt T
520 T 22 e R SR T DAHERT K 2 d
J& , BARTE R B B s, S BO SUE N EE S 5
AR T) 2 A JI R0 T s B 2 0022 el A DR B 0 1)
AR P A% - 1] B9 A X 1 8 B i 20y TR 0, 2R Ak
) SR EpEiN e AN T s nl o)Al SlEZ 355
FIE B 0 I b e 1) A

(a) AR REHEH IR SOMN fry 53545

0 1 2 3 4 5
1 /d
(b) THBERIM K e th 2k
B 8 KRR 693X AF SOMN X 25 R
Fig.8 Test results of SOMN in different grouting age

2.3.4 XA SOCN MK 45 R

B SOCN Ay %8 52 1 H A 4 , At FH gz Ji 551 A
SRR LR G e O RS T 3850, e B Bl
B H S P I 0 S AR 25 R R B DR R AR A
FOTFR4, SRR A7 B oh W S A

Xof HLJELJE SRR AT T 2E 5 d ik, g5 S an &l
9 R A UL, SRS R 2 d N, i PR A
P SR R 74.47%F1 91.48% , 55 2 d ik
S| AR 8 398 Hz, 5 500 {4 1B BE = A0UAH L,
WA AL T 8.52%. )5 4k 3 d By 4%
RIAMJRE EA T R R, RIS 2 d 3200
WEAE 14 93.03% . 76.74%F1 70.93% , J5- 15 =451 fi4 v 17
FRIESiF SOMN AHIE, {HEE 4.5 PRI 0 )5
Fo R AR B SOMN JAc. AT HHE BT < i 47
ARG K 53 7% e P WSO R N T T
1A 5 0 SO R 22 () 58 R e %) e i 1 SRR B
I i S A .

(/10"

]

(a) AN SRR F SOCN AR AT 245



LR 7 7SR TS ) F L Tt 2Rt R e 1 ek o g R 7

37
& o
5 .
4 L
0 1 2 3 4 5
A ] /d
(b) IR ) & Jre th 2

B9 RE AR EGXAF SOCN MK 25 %
Fig.9 Test results of SOCN in different grouting age

2.3.5 XM K2MJ mliX 4 R

B KM SR 3 W2 i B ik o il 2 ik
sk, Hop kb By 5 SaM AR BRI T 2%
AIRZ I ), e SR8 P RE R STUR IR LT 0], 1 0K 5 %
BRRA R FRY, BAEN A K IIME R Bh % A )
FHm. IS A ZE SRR, BRI E AT BiZS BhfE
Hb FURFEATC R R A

XPHE T T4 5 d ik, S5 10 fr
TN T L BEE SRS B R, AR B R BT 15 i
PR RE FARN WG K E5E 3 d TR KA
FITT 3 d N, FEA00 53 4 e 28 SO R B 0
62.77% .82.97% 1 86.17% , 3=k A4 S2MJ J5E B 345
1) 80.82% .89.65%F1 90.00% %2 7& W Bt A it )5 Ji
TG A LEFRAE 7 910 Hz, 552080 A i
5 L, B TS T A AR AE A A A [ A
Wi T 13.83% , HAS TS ¥4 52 2%, s s P i
HRIGIES: S d MRS R BRI R 2%, B
TR S2M ZARL, R DK 1 A0 i 1oy AR R, A
e LA [ F2 0 o S 310 5 A P . o] LA DR - FLAE
SRR S  S058 FTm h 45 SE A, AR B, (LA
T3 23 T A A7 A S B0 B 5 001 0 21K T 2 % 5

JEY Lo

A A

fE{#/10"

(a) ARSI U K2MJ (K335 45

9+

gL
R el

516

4 1

0 1 2 3 4 5
fisfra] /d
(b) FAbhIR I A SR ith 2k

B 10 R ERARE I8 XAF K2M) 25X 2 R
Fig.10 Test results of K2M]J in different grouting age

24 HRIEE

BB T 5 AT 0 J5 B 245 e 2 40
R % FE R , 454 B SC PRt 2 AN F Y 13 15 59
TEREAEA AT, T LA -

1) TE T e 2 T A P A0 AR 6 3 2 A rp
Jo wE 2S5 4 A4 K 4 S2MJ .S2MN SOMN Al
SOCN , A7 700 AR % 1 7)ol FH 45 5 LA B 2 5% A
FEPT, WERIERT 2 d RS S A B SR I v
KM HE (R, F2 000k (L ST R AR Y A T, A0 37
T8 W0 HL-5 SO L RS AR T ik
FIIAEAE IR ek B S e e I 26 & 2B 5 6 il
AR A B S . 4B K R 1 s2my A
S2MN, & 1) JREJE A0 AR Ak A T H ARG e, R
SN S2MT ISR IR AR A S, T3
W A JC G A& s A (o i 3R] S2MN [ 5
TS 4 d IR I ses , A oy 50 B i, ] AT
AR B AR B R SOMN FT SOCN
(1) JE B 0 ik 2 A APG L i 73 4744 SOCN 55 3 d
e AR AR 5 TR, A = A W S AR Ak, AR A 2 W
L L A0, I . 9 B SRR A B S A &4 A0 5 v
WRERAE N 2 d JEA IR A, IS BURRE T4
B SRR BT 1 52 2% e L DRt DJREJEE 031 1
AT AR IR Bt 3 2 A B 1 AR A, T B S ) R A o 2
(&SR

2) A5 T 23 I A A R S A
A E 2 A KeMT, B4R o T 100 2 T AR,
R T — EEGRE S2MJ FIl S2MN A, A
IR A4 , wmAmi y 55 I  —RE a  B E
Bt 2 301 1 % T R 5 0 2 AR, Y BT S 30
(R, AP AR K25 3 d T
A, H AT 2] 5 F S2M Fil S2MN 9 41 %6



8 R KA 4 (A ARBEA AR

2018 4

FEIEAPR AR GEFFAE 819%~90% ; ST B SR H
82 2% (A D P, S Samy 2840, R
TEAHT | AT RS LA v A0 5 30 40 06 325 BB T .
5 3 d Aoy, WE AR KoM A5 B2 300 4
JE 2k 5 i AR SOMN H1 SOCN fIAAZE, AfEAH
I, PEHSUE SR BE 00 Tk 43 e 5 2 ) 0 T
BRI

—o—S2MJ

—-o--S2MN
--#-SOMN
—-%--50CN
—+—K2MJ

] /d
A 11 RREER B RM R TR E R T

Fig.11 Frequency comparison of specimens

W5 28 d P SUE S B TR BE 5
Tl T e 808 B AL AR, PR P s ) 2 —3 4y
DI PR TE SRS B A HILS 7 D S TR IR A
ATK I 24 h 5 PRI IS0, DAULER I 80
55 R A B B I AR 2.5 A A s 5 IS IR
BR85S AR B K0 A 45 RN E 12
N ATLAE R, B 12a) th A= I 8UE SRR
P19 S, B BRI AR e o TR R AT A
BRBE ARIEE 12(h) R 5 AN F B T 3 R K 52
B2k S B AR A B T AR R 1w 2 LK, fHLK
Y A 22 51 2 B F S2MJ  S2MN  SOMN . SOCN
A K2MJ F b oK T AR R g 6l 8.6%
293% 67.1% 894%F 187%. B NEMKFIR1: S2MT
S2MN F1 K2MJ Wi 10~25 mm 6 ISk, A0 &
PR LK 400 . T PR i A7 A I K540 A0 L 1%
S R T i 08 B 30T ) 286 25 RS A LA D) i 807 A
T IR AR 1 R IR T B R WA AR S 0 BUE R4S R
Ut S O B ERBA A A, SRR AR B T IO ZR .

(b) FEHARIKB AR A
A12 E2RRE
Fig.12  Grouting state

3 4 it

BT 5 AR B g FLAE T HRAR S A A
7] 1 S 0 303 o i [ 98 i o7 R A 00 45 2R 1) B

Mr, Al AR AT R 4598

1) T AR v JE T 25 3 BRI VSR
2 KA 5 02 1 09 52 AR IR AR i 4
B SRR BRI G 2 RIGA TR &R 22



5114

7 7SR TS ) F L Tt 2Rt R e 1 ek o g R 9

JEJEE SR 0 3 R AR B T A 2 L
A8 50 03 B i AE 45 5 SR A b I K 50 g £k AT
AR5 1E S TR A A, B R 4 5 X i 2 ) B
1IN TR

2) R T I AR AT T 4 EL S T TG 26
P, BRI R B 00— LA S e AR Y
R, AELHC R T 3% 0 0 9 5 R LA 15 )5 & AL, EL
— R 20 3 R HOREAR SRS AE 85% /247 5 M
ARSI 2% ERE S D) P 18 A ) 7 A A A
U MR A A S B 4 V58 S e e il 2o
R AR5 TR 2 T PR A AR 52, et AH L8] ) J5
JEE SRR R, (SR — I 2202 38 S0t 14 B
TR SRME LA P 0 2 3] 11 5L T 288 7 A R s, T
WIS 4 KA AT B ESEN L, 25 T8 A0
W ) AR AR I 1] 52 ) 73 e PR R .

S 30k

[1] BREYSSE D. Non-destructive assessment of concrete structures:
reliability and limits of single and combined techniques: state—of—
the—art report of the rilem technical committee 207-INR[ M ].New
York: Springer Netherlands,2012:17—117.

(2] 5F)77 5. PC AL 86 1wy F50N; 7 5K 47 7 55 He 3% 98 St e il

HORBEFEID LFFRE < L AR K5 et 5 KR % B , 2015 :6-14,
26—58.
QI G Z.The research on the ndt testing technology of the vertical
prestress tension and the grouting compactness of the PC box girder
bridge[DJ. Jinan:School of Civil Engineering,Shandong University,
2015:6—14,26—58.(In Chinese )

(3] ZRE, XS, S A5 A AR TR B R iR R 75 A 5T S v
SPTLY LR R A4 (B 2RI, 2018,45(1):68—76.
GONG J Q, DENG G Q, SHAN B. Ultrasonic test and microscopic
concrete exposed to analysis of reactive powder high temperaturel[J].
Journal of Hunan University (Natural Sciences),2018,45(1):68—
76.(In Chinese )

(4] ER RSO, 220K, 45 vk Il e e i) 35 7 7 R LA 1
JEIE P[] | ARs)5 v, 2009, 28(1):166—169.

WANG Z F,ZHOU X Y,YAN B F,et al.Grout quality testing in
prestressed ducts with impact—echo method| J |.Journal of Vibration
and Shock ,2009,28(1):166—169. (In Chinese )

[5] JAEGER BJ, SANSALONE M J, POSTON R W. Detecting voids
in grouted tendon ducts of post—tensioned concrete structures using

the impact—echo method [J]. Aci Structural Journal ,1996,93(4):

462—473.

[6] JAEGER B J,SANSALONE M J,POSTON R W.Using impact—echo
to assess tendon ducts[ J ]. Concrete International , 1997,19(2):42—
46.

[7] ZOU C,CHEN Z,PING D, et al.Experimental and numerical studies
on nondestructive evaluation of grout quality in tendon ducts using
impact—echo method [J]. Journal of Bridge Engineering,2014,21
(2):1—9.

[8] ANDARY E G.Evaluating nondestructive testing techniques to
detect voids in bonded post —tensioned ducts [ R |.Gainesville:
University of Florida,2003:1-113.

[9] ALGERNON D,HILTUNEN D R,FERRARO C C.Tendon duct
assessment using impact —echo and ultrasonic pulse —echo in
combination with an automated scanning system [ C ]//Proceedings
of the Geotechnical and Structural Engineering Congress 2016.
Phoenix Arizona: ASCE,2016:67—76.

[10] CARINO N J, SANSALONE M. Detection of voids in grouted ducts
using the impact—echo method[J ]. Aci Materials Journal , 1992,89
(3):296—303.

(1] JGI/T 411-2017 iy [m0 36 A 0T 46E - BB B AR R (S ).k
5P E AT A, 2017 :33-36.

JGJ/T 4112017 Technical specification for testing of concrete
defects by impact echo method [S]. Beijing: China Architecture &
Building Press,2017:33—36.(In Chinese )

[12] BT, $hid. DSP L m s e SRHER S VERENT ST LT 1. W1 K

AR CASRBRERRD , 2009,36(8):18—22.
HUANG Z Y,QIAN F. Research on the comprehensive properties
of early —strength and high —strength grouting materials based on
DSP principle [J]. Journal of Hunan University (Natural Sciences),
2009, 36(8):18—22. (In Chinese)

[13] HSIAO C, CHENG C C, LIOU T,et al. Detecting flaws in concrete
blocks using the impact—echo method[ J ]. Ndt & E International
2008,41(2):98—107.

(14 ] pAYLie, 7535 LT vk I J5E A3 g 3, g L T SR 2
SPATLD ] RS TR S TR RS) , 2013,33(3):239—244.

LU J B,FANG Z.Analysis of tendon grouting state based on
impact—echo thickness frequency[ J ]. Journal of Earthquake
Engineering and Engineering Vibration, 2013 ,33(3):239—244.
(In Chinese)

[15] JE5elf, F8 =, 2 PRI TN ) 88308 3 0T JeAbURG il 77 vk
[T 1P A B2 4%, 2011, 24(6):64—T1.

ZHOU X Y,WANG Z F,YAN B F. Nondestructive testing method
of grouting quality for prestressed pipe [J]. China Journal of
Highway and Transport,2011,24(6):64—71.(In Chinese )

[16 ] SANSALONE M. Impact—echo: the complete story[.] J.Aci Structural

Journal, 1997,94(6) : 777—786.



