&5

ELSEVIER

Contents lists available at ScienceDirect
Engineering

journal homepage: www.elsevier.com/locate/eng

Engineering

Research
Civil Engineering Materials—Article

IR R R L P RIMSUES BRI E

Pierre Rossi

Univ Gustave Eiffel, French Institute of Science And Technology for Transport, Development and Networks (IFSTTAR), F-77447 Marne-la-Vallée, France

ARTICLE INFO HE

Article history:

Received 2 June 2020
Revised 21 September 2020
Accepted 9 November 2020 1.
Available online 31 March 2021

%52
R
PR
A A b
BE R

ASCHRE T — IS A 2 TR B L RIS E AR W SR BT T o h T DO B A AT ]
FERY SR , B bR SR i 2 0 X — R BRI T AT I 3 H B SRR RO S R SR 45 L, OF
P tH R G50 A AL 5 R EETRIT L 2 [ ) T e L. 25 )& Poiseuille 52 # , X 26 bR B LT AT

© 2021 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and Higher
Education Press Limited Company. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. 5315

FEVPAS T QA% FELt < PS5 I 5 PO TR A M A 22 4
PRI, 525055 JE IR B L S5 R R 8% P 1 U AR S 1) . O
U, EEAZE . BRIATR R BORBEFCT (French In-
stitute of Sciences and Technologies for Transportation, De-
velopment, and Networks, IFSTTAR) FFJ& T — A 7T, ¥
HUE B R IT A5 SRR SR R AR, DLARFR S i i 7R
Ut - BRI R AL, JE AT, TFSTTAR #E 47 3d SALLK) F
0 LA LR VAR 38 oL VR gk - 5 g o R G A% A 1) ) R [1-2]
PRI, AT AT T8 T AR A D 2 0f DA AT 0 8 58 ik
J&, JUHAESLIRTT T . AW FORESE A B 2 5 VR T
FOTFEAR SR — BB AR, /) IFSTTAR [3-4]7F K
PR AMERTT R, BRI A SORIHZA AT /ol . X
A WAL i) AR (1213047 8 2 b 221, A
MERERTT R VF, b R L L Aol R

* Corresponding author.
E-mail address: pierre.rossi@univ-eiffel.fr.

RS ) LA .

AR 7R (1) 52 36 B 90 2 6 v [ B ST ML B 1T
MACENA i H (ANR-11-RSNR-012) HEZE R #4T. K
W RIS R CARBIE— M 5 ZIH A RIHRIE GEE
WO H[S]e ASCHIEN U ARTE T X SEEG 45 B (LA
AR IR o X — 400751 T R 2 R 4% 7K T
FERR M SARBIE R Z W —FhFi R CREERIE
PEHD

SCHR H G T 2L G5 TR U L 2 R SR R SR BRI AR /D
TV E Y G % 5 X e ) B GG BRI o] 5E
BT o IR LB 70 K 22 05 R R R4 J7 i gt = 25 M M fE [6-12]
FREFN AR LN R R WA LE, B e 542 4%
KIS PAE AR Kk, B xS ag st R VE E 5
TR FEAH R B A . R T e X AN, T RAE—
AN TR B b rh = AR B AN 2GR IR s AR AR SR 1 1)
SEIEAR . N, Ismail 131 H T — Rt TR &

2095-8099/© 2021 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and Higher Education Press Limited Company. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Y3530 . Engineering 2022, 17(10): 93-98

5] 143 : Pierre Rossi. Determination of the Apparent Gas Permeability in a Macrocracked Concrete. Engineering, https://doi.org/10.1016/j.eng.2020.11.008



2

BILHRES, H RIS OFEEERABES, M
Picandet 5 [14] R H 1 85 2050 (RIEEPE 58 . 7R85
ANSEB,  SREGTT =] DURAE LR = AN Bod AT e 1E
WILEM B, TETF DR ML P A — AN 24 4%; 1628 B,
KRR B, IR 6 2238 0 R4 V) LA F IR gk AT 3R
fiEs EEE =B, BRI G B, o br kil & 7 ik
(Cembureau 77 %) il 2L 4% 14 (17238 2 5 Je jT RAE
RUBETKIFRERI R R SR, DOZBRIAM A, 7E35E RN
R, RN IR AT Re 2 R AR B E B, BA L
FER R 2 S 888 H A4 (WIFE Cembureau J7 % R 1
(10 3 B R B AR R B B R TN D . BT X B R,
Choinska 25 [ 150118 T FEAUBIN R 1B 0 SE B I 92 12 %
MR RetE. EMATSR A R, TR — AL % T A
VPSR S5, TR 55— O FH S RS AE O
(DIC) 7 AR SEI W5 I A2 #% 3 . Ezzedine El Dandachy
[16]5m T R T 5k MM — g5 0 . B
[15-16] 5 A SLIGH 7R FE H iakae (BB 295 AHEL, {2
BA AT RUF 45 SR AT SR AN 2 A4, B

o AR BEEE YR 1K 78 43 5 ) RD x Ak T B (R
5 5

o TR RS B ) AR, R O A R 2
YRR AIBIE 2 1IN 8 A RARZE

15 H BT SE50 TAE R, X s #R AR 2 5 (W
27

2. KYiERF

2.1. Wlbk i

A SCHTHE ISR EO AR T BONLOE IR SOE B — AN B
BAP AT A Tk I B A . X — WU IR S A Sk
B FE 1 2] VA e AR IR D IR AR [R] o HLARGE B AT DA
BEEIT .

AR fERE A (A 110 mm, J£50mm) -
HEAT 7RSSR (PEIREE) o ARG 2 E E 5% M 45
Z4i 1 Tinus Olssen (& 500 kN) ¥ JEAL E3EATHI.

PR 2. R R AU ) ) 7 k4R ) R EE 1) 7k
T, AR R o013 3 — 58 17].

PR3 I T T AR R A AR R ok A
REEMRIFE . R PR, AT IEFFHE 15 mm Fl
IEHPIAT 15 mm AT E[E+ 10 V R+ 1 mm 28
PR AR Z AN AR RS (LVDT) SEBL] [S]e SEmS TH X B4y
PEIFI50E, DA b M 1) SE 56 . B B mT [ 1 2 A
RAE Rl G R Fe 4 [18]

15 mm
LVDT 3 LVDT 2
Specimen (top view)
LVDT 1 LVDT 4
15 mm

LAY RN R EE .

R4 A EAAY IKRE RN & S5 R AT I &
FHRIE . A TIEFIXAHE, Bk 7058,

* LVDT Wl & 7] Al Sl AR A2 R A M B4R 9K .
I XA EARY TRl A BB R AR B 4> (B2t
SERE, —FRIRIR A, FEE U I ), 5 E
AR T v B AL 2R A KT FE A VHEL

* MHELZ R, Z BT R SEIR A E[1-2]48 H DIC HiAR 57
TP SER AR AR GE O 3 SR FE 2 (R 2R P St
K Zo H4tH DIC H ARG 45 B o 8] v FE AL 1 2R 4% 5K
JEREE 5 FH LVDT I 515 21 (1 AH [R) Bt kAT LL e . %1
AR, XM 3] T AT E B S5R

KT8 R WA LR e 2 B e 4 ag sk P RS, mTBA
P JLRE N

BT fERZHNAE T, B KREETKIT LR A
DUAERE I R R B A (VRS . XM RIRE 5 H
TRAE L RS BV SR A RE

B2, SR O WEAARAEY], 7EIREE L4
R R Rk BErh, REEEAE RN 4 T L R
[19-20]. MtAh, FEREELEMAE, FHEZ N FEEAN
Y RBE “MEHF” (material bridge) » 1X Ff 3% i 54 4%
I FR L EE 2 [R] IR 22 MO E R R SR AN e AR R B AR R 5%
PSR O Xt R AT AAE R R 0 (1 T 3 S 5K
TERERS, I8 R B R ALEE TR IT 5

ML 3. A LVDT I & 3545 1) 2L 4% 5K T 52 1 I &= 45
TRALT- B A FH DIC $5 AR5 1 58 N 4= 1

R, EARBFFRAEZE N FE T BN R

TR 1. BRI 2 TR 4% A K 1] [ AF 7] 7R 25 1
AP

B 20 d i I o T v Ak ) 4% 5K T FE AR 3
PRASFTH R 2 (A EE B, 186 BB AR 15 4% 77 )
[R5 KT FE P2 MH

R L ity 1 oA IR, HIX MUk RO 2
AL ). ik 5 225 SCIR[S]H 1R 1 Ik £ 1R K
IATE, X2 HEAE 7 AR R 3EAT: St b, fEZATHR
1 (EHDIC 73t i o By R EE R 11 5 4%
kIR R AT B EE TR T EE[1-2,5]



2.2. KNI

TK 3SR FEREAS 6 7F 7 1 L s A

RS HIBE F . 2Ol R AR KL (2],
52K A FT B R i 8 AR R R AR
HI T AEPI AN R EAFAE R REAN Sk, SRR I
RIBUREN . L, fERAEERRET, ZERAE
JIMRTEEBRHIEE— MBS BV RERD 5 TR
SR TT mm R RN . A, R4aERE AT —
RN A AR B RLX

FEABTUH A TR E (B2 (5D,

B2, R E A .

SR, H1 T H AT AORIF 78 RV (R 2 SR AL T AN J2 AR
&4y, R vl — S RIxE . 32 B0 RS 78 78 ) <A
MR R R, R R PR R T BE R
5, BRI, NSRRI R, IS
TRz RGITER

IR ES A T SRR B A E,
MR =5 B EARES]. AN Bk T
AN SRS ER A AN BT PGSOV [ i R R B T (Bronk-
horst®, F-111AC-50K-AAD-33V, 1~50 nL-min"', Bronkhorst
High-Tech B.V., fif=2). FLAERALT T, RVFHE/NE
717930 mbar (3 kPa). i A A AL AR I & s = N IR TR A4 L
FEAHGEAA R I AN T AR SR Q@ mm B,
PABH 1k b iR T AR o e R Sk AR A 1 Rk
PR Z BN 5 ARSI NUR A R E R . Bl = i
PGB R A IR T R A, IREEORIFIE22 °C.

3

BEATUL RO DU EARY 5K LVDT 5. “ELAr
¥ IR, B A R . PN E A
JEZE. PR LE . B AR SR R DR A2 il
71 SKBERIIGHFF[1-2,51M0 L, ZLI A 32 2
ARAET: OFEALEH T2 U5 iR R TR R
W, QOMMEETS: OFHREER, @AM
[l G T — AR, DA R OR A IE E IR
PR ST ALK (AR — DR I RO -

i P R e BT (5 — R Y, R A
TR, VMR . BRI — R, SREL TR
TR OB AR LA T ABM75, 247
TR R BRI RAR . @ — NIRRT
wEET (58 DERE T EAMR R RIGIE
RSP RTT EIIRCE

B3 JE s 1 R AN BRI R T IUAS B3 AN R 9 AR
TURERIECEL, AT DA U R A E—B[5]. il
EMNENMAEEEE GRERE TZAK, BEBHA
Wl 2 A BEIR B BOEEIX — A %, BRI R4 15K
TPRERAREE . AR F I, HUE EniesE .

30

251

201

15F

10 1
5 |
0f

—m— Downstream —#— Upstream

_5 1 1 1 1 1 1
7750 7850 7950 8050 8150 8250 8350 8450
Time (s)

3. TR T BRI N IR SN I L

Air flow (x10* mm?®)

3. MR

ASHITFER ) TRt - IC B BT 3k 1 s
N AR TR, - RBOEAREE B P =

®R1 FHFFORE LR B

Constituents Content (kg+m™)
Sand 0/4 830
Aggregate 4/11 445
Aggregate 8/16 550
Cement 52.5 320
Superplasticizer 24
Total water 198




4

AR BB RY . XM ORI — R RS ah . N Tk
ITBEFRIK, WER R MR R, EIREE
AR ANE . HURE T B XA E R R SR B AL id . X
ZHELEARAERS 2450 vh il 8 P AL G S A 21 B 3T
M. N T RERD TR AL 50, EIX — S
T SR TE] AT BRI A AR A AR R AR 5 TR 0 2% A T ik
TR MEMPE e CH B N it EARD A
12H11.5. 5FpiE2@E R NASIGA L, X 2% I gl
BRI o X — IR T PN 7T (D G 2505 18
AR AT e 4 1, W] RE o 4 S5 5 SRR 40 BT 3 s IR A
QG RN . FSE b, TER A AT IR0 5% B AT
(28— R, Yt 0 B s ) e T EERE, SRR 7 — g
AR -

Bl 4 FE s 1 FF 240 2 vhoita I 18 e 7 2% A4 1 48 345 7 451
(5] WwBElprs, 5k A o m i K N ) (i
HAERE) KT 1 bar (100 kpa), 4T FHk
UEs

16

14 L Upstream !'—""‘"'
=12} {
< \ 1
S 10¢ it
x gl
[0}
5 5l Downstream
g
& 4

2 L

12.2 12.6 13.0 13.4 13.8 14.2

Time (x10°% s)

A, TP RE Pt b3 A R R A AR R

FEGREG I 5 I AR EETT 1o | Tk 2 1A 4%
HH (FENEARY SR PTG IR0, B BURE N /)
ARIEE R, RAERWAR N IR REETT DKl s frs
(5] FEAHEFEH MR 1 DA AT

0.25

119 pm
Mean openings 104 pm
0.20

mi
o o
= o
o (5]

o
o
a

Crack opening (mm)

0

_0.05 L . L . . .
0 2000 4000 6000 8000 10000 12000 14000

Time (s)

B 5. /R R PN ARG 1. HeaR i S ST 5]

4. RN

MWoREE LR, [MAEREET 23] Ok Uy ik
TEHCEAR Z A sh . FEARTFFIHESE S, i 7 LN
we HAESAE, BemE. REAE e AR nE. rf
X Ee i B 15 5 AR ARG KA S sh & s n] LU s
ML F786 B 007 5 [(0,2-p YL SR ERE (@) B2
MR FZR, Hp N EEETT, p, A TUEE ). XK R
(FERW EIEHE BB AESL) DA ZMER, HEALL
I

2 2

P>~ P PP 12) X

Y =2rTp ——F— ==2rT | — 1
7 rTpw— 7 r (w2 P 54 (1)

Kby e Toowe e p NSO RIZORBARSARHE L #4)
PR WP R . ShARE . AR SN
I

_pJ:p1+p2
Pu= "y 2T (2)

e X (D R EAEE IR Poiseuille B .

Kl 6 oR T — eS8 TT (1 e 086 P (0¥ 7 5 R =i
BHRRRML. EREZSH 5], KA~ EHEE
ARA, BPZREEETKIT BRI 7k (A 299 . nBATE
A, R 2 R I BN AR, R TR
JRERE. X — g R SERAES RS 2R S R
AP JE o X B 1P & AT LR R AR TT 2450 2 0 <AL
Me” (AELER R . TR E R IR TR, %
X e CRPREWRT NI BRI S . ERR MR
“MEHR” RmEE AR, DUl R mMA T R
FURE LR ERIG M, TR SRt IR,

i 6 o, FIF M2t o, RIER WAL 47K
FREEAEN (D JE T REERRMIBIER .

K7 jos TR MREEBER (K,,) SRUREKRIT

Q, (<10 kg's™)
0 5 10 15 20 25 30 35 40

0
_ST * - . ‘-'..
- -
? ; [y "‘ (] - *
E 0L aak : :
© \ -
a | by ‘
S 5L, me " :
x . N e
§ 201 *
g b b . Wapp=245 um
25! W\=130 m
~__ w H W, =185 um
W, =75um o
30

B 6. A [ MR AT AN R (K B0 2P 7 B B R (O,
AL .



& w,) HIRARMZ. AW 1R R PR Pl

app

e £

10
Theory F—f-“1
Ko, =W 12 e e
5 app app .,-C'
10 AP e
. -"'--‘\
& .""l.‘ - 16,2 8569
E 1o} et y=5x10%
a ot R?=0.9705
X . Experimental results
10 " ’
R
10-12 : ' ' '
0 50 100 150 200 250

W, (x10° m)

B 7. RIS IE F B R R AR T I IR 4 —— S 08 RS B AU &
LHES

NG bk =<2

© B R TT R L 1l 2R TR IR 5 By 2 AH AU
CRERE0

o FREOREE L IR EE5IE /N T FLR RLEE AT/
MAEBIER, XETUAMGE R, MR 4K IT R A
(RLGETRTIF I KT 200 pm), IXFhZFEAN,

ALV R[&R 3) PRINEE TR

K, =5 x 1071097255 (3)

B, HX Q) BT RE L, Rehl gl
FEST R AEANFLBR KT o DRk, St e 2K 78 ) R ot - AT
HH [ 28 284 1) S 50t 9 AR A5 B8 22 (935 0 15 2 B 1% 02 i
. FFFREZEMSEE R -, %R 3 LA
WO H A EME, PO TEAE 50 L85 5K T 5 Fl 23
AR EE B R A T

XL E R, af LS (3) HIME 2.8569 1T UL
288029, MK BRI LLEH, X MESME LK A
.

AN TEIRERFIE, it R RRE K

10

y =5 x107"6x2°
\

\

y=5x 10708

=100
G
10711
102 ! ! | | .
0 50 100 150 200 250 300
W, (<10 m)

8. FNB B 7 HE R AR GE TR IT FE R AL AL 2 —— P 2K IE A& 2

5

R — (EARFA) T s AR T RES
(4>, SR, 755 4% L S B HE I 7 7 8 HH SR R LS
DT, %N KIEA AR T RS AT, 0
RIXFE DU SEIG 45 R MM R, A TR =
S UL BRI T

e, EMRERNE, XTAWT S R S
JE A E, ATRACOY H TSR 3 —AMI. N Tt
AT AT T, AT R 53— AN DR B AT 7 SR
LIS =0 a1 AR =

5. 185 84

RSN T 5 AE I 5 TR 2L 4 R LB R I SE e T
FRAT T 00T ATBERX—HK, RREFENR:. OF
HAN110 mm. JEE N 50 mm B 7R &+ 7 5 ki e
R, DAPEARREEE, @A oG R4 TR T R AT 4R
AR QSMBIEFR AR M EE Ly, ZEEE
WURECE WA IBR 2 Rair % . Rk =%
FENE . WA R EE, FEEIESRES
FAHIE

(CE[V N S

o N RIHUERE I 66 0% 1R 40 R 3 o L 6% 1) 7 A 0
AR O T LB BRI

o SEEG I FR R B ZOU I R B A &= R AP, H&R
Gt A SRR .

* H2 45 Poiseuille B it, FMTNARIBIE 2 Jl 7 M R 455K
TFE B AR AN AH I

R H AL, il RSB IE A N S
TR FE R B AR A T B R SER TV (R LAk
W — T AE 2T 0 TR 7. fEAMER R = T
i XS (5 SR A, JF B A QiR b2 22 W
B HAE AR THEE, A AT R A A2 AH K .

MBI R KT, X TEE 52 B ke,
NI ERIET — AN AR R R, BIRENfEE—
CUANTEE I UBREE . SR, BR TSN 2488 2 R] iR AR
ZRIRK, FHXAMBE R IEA G a0 R0 1 f2 (1
KEMBLEHRIFE/NT 03 mm, WZLLEKTFE S5 1FE
7 (10 mm) LAK S 77 AU ELAR B ELAE R T 3/1000,
BRGNS 3 8E 2 (R R T G 75 K2 G B .
FRIXANTCTT R BB N R ARG, B4 n] L4 B i
FE A2 S ML N B S, Ha bl S R HE ) K
BB TR A . FEURSRAE T, RIS RRAR L Hh N g 2%
ELEEN IR V2 IR TE R USSR JBE R, AT LA



FEAHT TR URHEZE Y, RS R B 1B A2 AT
P2 11

B, T SEBUER R TIE, WL B
AR AL IR B RT I IF R AR SRR 5
¥H. &a, MIZICERRE, AHRHSERT T (H
AT B H BRSNS CRRESD MR (O
T BRI, HZEOREEN DA TR A
AT DL . SR S FLf S N HE I 2 4% R LR
SEMIRIA ER .

Acknowledgements

The authors gratefully acknowledge funding support
from French National Research Agency through the MACE-
NA project (ANR-11-RSNR-012).

References

[1] Rastiello G. Influence de la fissuration sur le transfert de fluides dans les
structures en béton Stratégies de modélisation probabiliste et étude expérimentale
[dissertation]. Marne la vallee: Université Paris Est; 2013. French.

[2] Rastiello G, Boulay C, Dal Pont S, Tailhan JL, Rossi P. Real-time water
permeability evolution of a localized crack in concrete under loading. Cement
Concr Res 2014;56:20-8.

[3] Tailhan J-L, Dal Pont S, Rossi P. From local to global probabilistic modeling of
concrete cracking. Ann Solid Struct Mech 2010;1(2):103-15.

[4] Rastiello G, Tailhan JL, Rossi P, Dal Pont S. Macroscopic probabilistic
cracking approach for the numerical modelling of fluid leakage. Ann Solid
Struct Mech 2015;7(1-2):1-16.

[5] Tailhan JL, Rastiello G, Renaud JC, Boulay C, Antony G. Détermination
expérimentale du débit d’ air en fonction de 1’ ouverture d’ une macrofissure

dans le béton. Report of MACENA Project (ANR-11-RSNR-012), WP3—Task
1.3.Report. Paris: Agence Nationale de la Recherche; Feb 2018. French.

[6] Rizkalla SH, Lau BL, Simmonds SH. Air leakage characteristics in reinforced
concrete. J Struct Eng 1984;110(5):1149-62.

[7] Suzuki T, Takiguchi K, Hotta H, Kojima N, Fukuhara M, Kimura K.
Experimental study on the leakage of gas through cracked concrete walls. In:
Proceedings of the Concrete and Specific Aspects of Non-Metallic Materials
QO05—Material and Structural Aspects of Concrete MiRT 10; 1989 Aug 22-27;
Anaheim, CA, USA; 1989.

[8] Nagano T, Kowda A, Matumura T, Inada Y, Yajima K. Experimental study of
leakage through residual shear cracks on r/c walls. In: Proceedings of the
Concrete and Specific Aspects of Non-Metallic Materials Q05—Material and
Structural Aspects of Concrete MiRT 10; 1989 Aug 22 —27; Anaheim, CA,
USA; 1989.

[9] Suzuki T, Takiguchi K, Hotta H. Leakage of gas through concrete cracks. Nucl
Eng Des 1992;133(1):121-30.

[10] Dameron RA, Rashid YR, Tang HT. Leak area and leakage rate prediction for
probabilistic risk assessment of concrete containments under severe core
conditions. Nucl Eng Des 1995;156(1-2):173-9.

[11] Riva P, Brusa L, Contri P, Imperato L. Prediction of air and steam leak rate
through cracked reinforced concrete panels. Nucl Eng Des 1999;192(1):13-30.

[12] Gelain T. An original method to assess leakage through cracked reinforced
concrete walls. Eng Struct 2012;38:11-20.

[13] Ismail M, Gagné R, Frangois R, Toumi A. Measurement and modeling of gas
transfer in cracked mortars. Mater Struct 2007;39(1):43-52.

[14] Picandet V, Khelidj A, Bellegou H. Crack effects on gas and water permeability
of concretes. Cem Concr Res 2009;39(6):537—47.

[15] Choinska M, Dufour F, Pijaudier-Cabot G, Huerta A, Khelidj A. How to extract
a crack opening from a continuous damage finite element computation?
Application for the estimation of permeability. In: Shao J, Burlion N, editors.
Thermo-hydromechanical and chemical coupling in geomaterials and
applications. Hoboken: John Wiley & Sons; 2008.

[16] Ezzedine El Dandachy M. Characterization and modelling of permeability of
damaged concrete: application to reinforced damaged concrete structures
[dissertation]. Saint-Martin d’ Héres: Grenoble University; 2016. French.

[17] Boulay C, Dal Pont S, Belin P. Real-time evolution of electrical resistance in
cracking concrete. Cement Concr Res 2009;39(9):825-31.

[18] Aldea C-M, Shah SP, Karr A. The permeability of cracked concrete. Mater
Struct 1999;32(5):370-6.

[19] Rossi P, Le Maou F. Device for the detection and location of cracks in concrete
using fibre optics. Eng Fract Mech 1990;35(1-3):303—11.

[20] Rossi P. Fissuration du Béton: du Matériau a la Structure. Application de la
Mécanique Linéaire de la Rupture [dissertation]. Marne la Vallee: Ecole
Nationale des Ponts et Chaussées; 1986. French.



