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Compar ation of machine spiral wound liner pipe rehabilitation
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Abstract: In recent years, with the development of underground pipeline business, the trenchless
pipelines repair technology in China has been constantly updated and progressed. Compared with other
trenchless technol ogies, the machine spiral wound liner pipe rehabilitation method has a wide range of
applications, which could be operated with certain amount of water, easy construction, strong mobility,
high stiffness of the composite pipe, and has significant advantages and application prospects. However,
there is a lack of systematic theoretical research on the technology, especially the materials used are
not supported by special standards and specifications, and there is a gap in technical standardization. In
this paper, ASTM F1697 standard specification for poly vinyl chloride (PVC) profile strip for machine
spiralwound liner pipe rehabilitation of existing sewers and Conduit and ASTM F1741 standard prac-
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tice for installation of machine spiral wound poly (vinyl chloride)(PVC) liner pipe for rehabilitation of
existing sewers and conduits were selected, which were compared similar standards at home and
abroad. The relevant materials, equipment, construction and acceptance requirements were discussed.
It will provide reference for the standardization of this technology in China.

Keywords: Machine spiral wound liner pipe rehabilitation; Drainage; Pipeline rehabilitation;

Standards and Norms
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T[] MR E 2 2 B AR L TR A v B 7™ ot s Y 1)
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x1 N HEREESEERTE
Tab.1 Scopeof liner pipes

| gy | TR TR
/mm AR

ASTM F1741/F1697
IS 011296-7-2019
CJJT 210-2010
T/CECS 717-2020

PVC/PVC-U
PVC-U/HDPE
PE/PVC-U
PVC-U

150~4 500 e . MR . HIE

BE . FEIE . DhEkE
BRI ARG E

200~3 000
200~5 000

ASTM F1697° 4L 5 T W ite 4 458 P4 4o 4% 16 ) T
BEAMEHREE . WA EMIEREEE; 1S
01296-7-2019 L T MR 4 48 N w45 E T T HL R
To R HEK B FHEE S B AT IE R [ AR
TE E MR ESERE B T TR, RRERE ]
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5000 mm, {H# T B2 A PVC-U.

WE IR RS B R R, B NAREAEA
Wir 3 A AR B R/ NFME S IR AR R . X T4k
KEBMBE, NEHETAEZR, MR
XFGER o PV C T it ok ARG A8 v L e, Rl
[ N 1% JC PE 5k HDPE A4 J5i 1) 154 5e 4 2 P 4 457 1 FH
A .
1.2 NHREZIE

HIUBH ] S22 8 4 5 N A 48 = 22 fh A IR TR (PVC
o, PVC-U), Mty . BER MG (§ikik
) 4. kB il B R A f pE sk g
BRI HE K B, BARTEETE 200~600 mm (7
H/NRIAE T o [ AR N AE T TIB R S5 #4 1 oi
e 2 A PR R I HE KA 3B, S AR VU B AE 600~
3000 mm KA E

WE 1R, SR kAR, FHEA
T PR 25 [ NS, DA A4S e & #E JL1E
W SRR e AR AT AR TG
T e B 5 R E L 25 RN TSR, TR RHEE
[ Ji 23T R o A% 38 o 282

a PR B N RS b e AR A E L5

B 1 HHEREESE N E S

Fig. 1 Structure of mechanical spirally wound liner pipe

H i E N A A B 0K 58 18 e 24 42
A S, RTARE IS R IR PE ), an =i |
T MBS
2 MR IEE S N AR
2.1 RRALIE(PVC)HRELAS

ASTM F1697 fil F 1741% 15 T PVC AR B b1
ZERL, R PVC ARIREUAE S0 A BUAT B BIZEF; A
RISy sk (DL 2) FifER (W& 3); B Al

619

A\~

AR [ 7 AR BIAL ( DL 4), A BRI TR AU N 22
PRGN L, FEEMRN NS RRGER, i
HARFR A B, B BIWrE e, E8im 5 s
AT AT SR R W& R T

wE (H)

CAITTUT T TAAT TTIY TY Tt
T EE S F}’—} 5|4 ] g (W) 4”_%

2 FRETRBEMEESS (NH0)
Fig. 2 Expandable profile structure (double lock)

AT T T I T T T A8 At

3 BEEEGREMIEES (N0 )
Fig. 3 Fixed diameter profile structure (double lock)

\v

B4 BEERHREMHESENE (AHH0)
Fig. 4 Fixed diameter profile structure (single lock)
ASTM F1697 25 A B FIFHEL S (R iR AL M
3t 12 FGE, S8R RANTIE . mEL M
FETRIEE . WIEEZRE BRER 2 PRGE, Akl el #R 4
SEBR A MG T AT E R . FET, KEMRRE R AR
JE 91 mm (58) x25mm (&) A B PVC AP AREbE

F2 AR B ESRHERSTRNIERE
Tab. 2 TypeA and B profile dimensions and stiffness coefficient

e ﬂﬁ B/NGERE | SR | MOk REIR | e/ R A
2| Wmm H/mm T/mm ( MPamm®)
1 51.0 55 1.60 21200
2 80.0 8.0 1.60 63 400
3 121.0 13.0 2.10 242 700
A 4 110.0 12.2 1.00 180 800
5 203.2 12.4 1.50 180 800
6 304.8 12.4 1.50 180 800
1 81.0 8.10 1.44 40 955
2 78.3 10.71 1.62 84 127
B 3 72.0 14.67 2.34 219 900
4 711 19.35 3.06 448 656
5 71.28 28.53 3.69 1594 900
6 91.44 14.22 1.44 171 042
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Il EE Z 0k 737.4x10° MPa/mm?®, Jil%) 0.9 mm 4445
J5 NI Z 00T 1% 955.2x10* MPa/lmm?,
PV C HPRFIAL 8 A S 2R BSR4 3 B .
R3 EBRESZCEHBEXNZEEIT

Tab.3 Comparison of quality requirements standards for un-
plasticized polyvinyl chloride

o PAPERE | prhram | WP | bR
#H/MPa | E/MPa | K#%/% | E/MPa
ASTM D1784 >1930 | =345
IS 011296-7-2019 | =2 000 =35 =40
T/CECS 717-2020 | =2 000 =35 =40 58
PR RS AR R RS —, K
SO Y AR AR T RE ) RN R, [

PR AN o o T 0 J5i¢ 3R G £ 0 1) e o R 22 1]
BN S R S R R AR 22 T 1P
B, EESROM AR E ARl e R R, 5
FEAMHL, FEPRREEEERE RS, Hik, %
5 i AR A AR R A AN R R AR B
22 iF

O [T e 30 e 2 A A R TR A A A 3 T R
TSR P TR, ASTM F1697 1 5 B2 it 4 254
WINZEAA PR, 43502 M B w B anfE 5 i
K 6 IR

IN[ERLAC

E5 M ERmES
Steel reinforcing strip type M

Fig. 5

6 W BIinEw

Fig.6 Steel reinforcing strip type W

ASTM F1697 #l e 5 JiE 26 S 3 o By o7 ph 9% B
WL AW R, IE4 4 AB7TIA89TM . A924/
A924M . AB53/AB53M HLE , B EFHHA B
JiEkRe, W, R e, BERE KRS N

620

R BIHRIRIE . TICECS 717 HUEMHA RN
AN, Ni KT 1%, SiMAE KT 193 GPa,
BHE B L LR R R, T RS PVC PRI
WAL Rl 16 A QSRR 215 o

AN, WAl S PYC ARHE A, i
W I A B HPAR B A R (WLEL 7). 1S011296-7
PRUERTHZ AR IR BB 1 R -7 T HLRE o

B 7 AW E AR E
Fig. 7 Embedded steel reinforced strip profiles

x4 WAXRMETIREA R~THE
Tab.4 Sizing regulations of embedded sted reinforced strip profiles

e e/mm e,/mm
TR =45 =14

2.3 HEE

FEMEH TR LN S RE S TN, # W TE
PVC PR BUA B ¥ 204 7 rp FR S 7R BT A AR
RIATEEREAL . 1S011296-7 HLE B E R PVC 7
ARTR il R AR AL, 25 B AR NAS X IR e 90 5445 1)
PEREF A AR50, ASTM F1697 il ASTM F1741
U A X 25 AR TR o T AT X 9
PR TSR EER , AT S5 A G SRR I & F %
FUARE
2.4 K

ASTM F1741 #E R BHEFERERR ER K E |
K CBREIR AR AN i £ Y4, TICECS
77 SR A B NS v T TS A b
FK IR AR A Gl RERRER K2 ) (GB 175) MIA
KHUE . RN T AR, SRR
5 R UE L 2K b B N B AR B ) ( GBIT
50448 ) 7EJifi T. 30 min J B #EE L o BE AN i /N T
310 mm, 28 KJF 4T 58 BEA L /N T 30 MPa,
3 BREESNHEEIZIHTE
3.1 WIEERR

W EE 22 B30 H AT 055 4 28 N e 45 5 1 11

e/mm

=14

e/mm
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s, ENIARERZ% T ASTM F1741,
PR IS & SR A A TR S5 M B ), R
T/ NI RO 40 (1) Ml (2) 315
Pa—u6D3%ﬂ
24K C
D =Dg - 2(h-y)
K P—AME ), MPa;

EL—— WA K W3R i, MPay

| —— P B K A BE MR AE , mm/mm;

D—NHRE VI EHE, mm;

Do— WHME-FHNE, mm;

K—[ Ji S 532, BB R 7.0;

h——P IR M S, mm;

y —— AR B PN R T ZE A R A v ) B

2, mm;

u—IAM L, H0.38,

PP NG & S5 48 T A T S5 PR SR
AT A8 5 T A 5 T 22 T B AR ] st 7 447 3 3 Ak
B, R BN R B (3) FIK (4)
A

El= (1)

(2)

PND?®
L = 2 (3)
8(KZ-1)C
sinMcoséz Klsinﬂco:sM (4)
2 2 2

K o—REKMAE, °;

Ky——AR 3K A BE oA O R B

CIIT 210 HRFAR I A BE oA DG R BT Ky i
FFTHNFE, gk 5 pRiY,

K A PEE H R 77— i, 257 It i
KL, AR, bR, DR
5EAEEZEIEREER, #0045 R A
Wk, Rt (3) #F ek, eis st (5)
JIT7R -

El O.73R—2.2
v (5)

AT E I & A B A TSP, fe/)s

P, =1.346

621

I R E K (6) TR
(N /C)*D?
El=t =2 =
32R,BE.
Kb g—EBINBEE ST, MPa;
Ri—— /K% 250
N—Z% 2250 (IR 2.0);
E.—— LN, MPay
C—— i [52 B Hr0sl ZR 4
B — i S R
B4R A BN A R A S B S B A
L e i w=18 kN/m®; 1%#k: W =0.1 MPa;
Hw=0m; H=2m; E.=5MPa; D=1000mm; C=1.
2915 . q=0.136 MPa; R,=1; B’ =0.2768,
Bt E1=167.05 x 10* MPamm®
AT DL H A48 S 35 B AR W R BOT R
UMK LR AR N, TR s - 4
NN HRANA], S S RN, BT
DI NI R B S AR R 2R
3.2 HHIE
CHEHBIURHHE K A T8 TR ARG ) Ca0 1431
HRLE PIB PR SR T PRI o (7):
_El
D
A S—RMIE, kN/mM?;
El—— RS NI B 280, MPamm®;
D— R E B EZ, mm,
AR AR 0 A 7= s IR TR R 5], F LRI 2R
BUER A (7), RN, a3k 6 s,
iz BE AR BN BE R AUE, Ble b, AR B3R
NIl BE R eI B DA Bl . B SRR, NI
BN, MRS, RN P48 i FR I
®5 RERRE oMHELRY

Tab.5 Correlation coefficient of ungrouted angle ¢
20 | 30 | 40 | 50 | 60 | 70 | 80
25.76|17.18| 12.9 |10.33| 862 | 7.4 | 65
150 170
3.54 3.16

(6)

S (7)

90
5.78

10
515
100
5.22

2¢l°
K1

2¢l°
Ky

160
3.34

180
3.0

120
4.37

130
4.05

140
3.78

110
4.76
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Tab. 6 Ring stiffnessof liner pipes

FRWIE (KN-m2)
| HE IEES IEES
mm | £1=737.4x10° MPamm® | EI=955.2x10* MPa:mm?®
(At 4R ) A s )

1 300 27.311 353.777
2 400 11.522 149.25
3 500 5.899 76.416
4 600 3.414 44.222
5 700 2.150 27.848
6 800 1.440 18.656
7 900 1.012 13.103
8 | 1000 0.737 9.552
9 | 1200 0.427 5.528
10 | 1400 0.269 3.481
11 | 1600 0.180 2.332
12 | 1800 0.126 1.638
13 | 2000 0.092 1.194

LA B AT I 10~12 £%5 . HET, SRHHE
IKAE BRI EE S0 3 4~8 KNImM?, B E SR KT
600 mm B, EEBUINART N LA i P AT s B
4 BIEESENEERET
4.1 Jita Ty A

ASTM F1741 ML, & 18k Ar ) i &l A
Wk CCTV s B H ko Wi | BErs 9 fn s 48
TEREE DL . B T BE T A IBUIE 28 28 P e 45 4 5 1 Tl
B, WUTRRERS . SRPEERMR R TE . RS, X
TS TH, WA, R4 NASSCO ( £ E N
BRSEM AR ) B, SRR e . s
S VAL S ) & T DR

BRSO 5 A T N AR 12.5%0) F A HE AR
BlmEs , I NAR R 12.5%5E 2 mm A E A,
DA K R A T AR A A A5 T AR 1Y 6% . N
A e LB IO A B R T B, AT
RMBSIHZ, KGR BIEgHLE NS R R e
W AE, BT A EE NS, DR E
B

CIIT 210 ¥, WikbBRE A E N R JCHTRL

622

Y. RS R ALY, S E N R AN, TR
it THIB Y . RBIERH ., REMS . TICECS 717
He, BEfiEE TR, SRR A
i 10 mm, AL RAEIC I RAT

ATLVE Y, 98 ERREXT 14518 Ak B A A T B
YR NFIZETY, e T IS VR &, B AR
Y T A X PR A A A T o
4.2 SRS P HE R it T
421 [EEEa

ASTM F1741 5, FEffi I 2L 248, J
ETAETUN B E LI E 1), i PVC HRREUAF
WL N JRA BN . YRR e QL ) 4
BF, A T 1) 6 5 A B A IR TR b i 2 ) 2
BRI . Ml T ERIFI, E EPURE 8
] i 2 5 | R ABRA: ( WLIE 8 ),

i
\ / SRR
=

Qe
A

AR

E 8 ¥KEBEEENERE
Fig. 8 Insertion of expandable spiral wound liner

MR EY R, EEXT A R S b A T [
G, RGBS hRL DT R B,
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J TE SRR H & A LA T 25 B
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ASTM F1741 #lxE , #3hNgisepl & Ae s 18
WIFEM, AR IEATS, SEEHLIR S5 1T
JRA SRR S BN 2 (W 9), HIE R, DK%
I BB T E AR B T 2 BN

M A B SR A, N R RS B g
SN BRI S TR A ERE | AN AT
BGG R G BN, TR 5 A Z Y
IRz B . BRTE AR ER i T2k C
210 R RLE AT, {3 CIJ 210 #rifErp i RLE
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Fig. 9 Insertion of fixed-diameter spiral wound liner using
traveling installation equipment
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WK, N SRR E A
], NI 2 AT, 37 1k P A6 A8 7 A ) RN i) 37
%, UERORNRHE iR R E 52 J1. ASTM F1741 #
E, CRAZHIT X mAIE M NEK . B k3K
Wt N ZE NI, AR TS AL R A
wab, MNAAE DL E B EA A B AR, 1
T AETE 24 )7 B CEVE SR A Bl R . CAIT 210
FUE, AN R LUK SZ KR STt RN 6,
PIRTE R IR i s XS4 SRR, RIS
HEASCAE s IR AL o AL 15 A 9 i 2% s Ab B
WAL, WATAE AT BTl RN B BRI
st B RN L BRI R, Efk
Ja B —E R R e B AT e
WAL, FExE G O AR, (HHSP%, T/CECS
717 B, BRYTHELLIAL, IR AR T A AR
B 2 5. 10 . 12 sSANL B B K A
—AUAT TS, S —n] T HEREE ;1Y
JEJ1EH 0.1~0.15 MPa, A5t e R E J1 5
TN AT, B RS AR AP H
KRR, RSO, AT
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AT, SERERNERIEFEA TN 12h; HK
SRR NT BRI R 95%, JFMdidsk; I
AP — AT, 2R 7 — Mg L %
BF, BRI RSB R 100 m i, E
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FEAETE T BB P T AL 5 K s % &
TEAL, I I Sk A TP A AL B

N ARSI SR AR 73 N PSP BR, IR RLE T
AR B S IRI BR T fa] | S R R . AR
WG TR R, R ik LA )
PERE, HUKOPPRER IR TR IH AL, b
G T AN TE BRI 70 BT 2500 SR ) R
5 BIFESNHEREEH S A E
5.1  #RHE Tk
5.1.1 PVCHpIRAAE
51.1.1 4N

ASTM F1697 L& PVC HRR BB R 1 45], JoHH
WAL, fLR . A G . CIIT 210
FIAE AT R NOG | A&, ToRdkilds . 248,
JEA . LI L AR TR A e A A A RN 4 FH T g Y ik
[, TICECS 717 #iE PVC AR BA P 2 G
A TERE L TM R A A S e IR AR PR RE Y 2R
T BB, AR N AT T BUINGRAD , N2 1f0 R WA,
WA PN 8 0, 28 /DA R SR B . 7= A o 4RI
RESMERBLS AR, A5 RE I R BE B A5 B Y
HE, i RAR B R e MR FEAS /T 1.5 mm,

AT LA H T PN A o X T B2 iE 28 28 PN A A Ak
WA R KRB
5.1.1.2 #MEHJ2=RE

(1) WIEE R B0 52 . ASTM F1697 KL i iz
Tkl B E AN S |, SRS T 5
REIM e RIEEEZ Heohy 16 1, v T 52 )8 ]
B Sk AT, R AR A, ilkESh e m
KA BGA R 5.0%K0 1 282 F ULE 10,

CIIT 210 HNIEE R ECR 7 it A A XS
FAZARE, AR ZAb 2 B R B 1 5 A
/NF 305 mm,

RPE (8) THRIRAFNIEE REL

L*m

=28 (8)

A m——2k a7 - e ih e v dh LA i VIR
REE, N/mm,
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B10 RIE RN T %
Fig. 10 Siffness coefficient test method

(2) HNIEENE . GB/IT 9647-2015 HiLaE Ay
RIS . T B AT B~ AR — Bk 1 il
YA IA LATE 22 1 SR 3 7R 2 By ) R AT R4, 10
B A M AR E 5B -8 m O R M
2, LUEMERTT A8 3% 7 i 11535
M, W= (9):

S=(0.0186+0.025y. / d; )%xloe

A y—— AR TE M 3.0%2 I 1925 &, mm;

Fi—— X T4 41 3.0%78 B (i 7 17, KN

Li—— K B, mm;

d—EM B FENE, mm,

MRS SR s . A e (PR R ). Bt
Fir o B R0 T 24 A K 32 2% GBIT 9341, GBIT
1040.2. GB/T 1449 #il GB/T 1040.4 HIAHEHAE .
5.1.1.3 A&k

ASTM F1697 #e [ 8 PEid it il e Bk, H:
KB AT IME R 7S A o 2l AE B RS
WA 11) Fifar etk B9k (LA 12), b
AR g F A S R 1 ¥ 74 kPa, R R[]

(9)

A gk

%‘Qi Bl

AR RS

A

(=)

11 BARESSHENK
Fig. 11 Natural state gastightnesstest
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[ AR

0.95 0D,

T
/ 1 1

12 FERESEEMR
Fig. 12 Load condition gastightnesstest
10 min, FERALAREA IS TN, SR8k
Aiid 3 kPa,

Tl T Ay PR 18 0 P X 7 7 S 24 R
NS, AN Rt 3, B 20 4 it
U N ASIE 5%, TR 2T

A B O RHE AR E o R T EO
R, AR ) 3 R R B9S2 AR AR T AR )
10°HY A BE , FEHCIRAS T HEAT R PRI ILIET 13 ),

B 13 ks
Fig. 13 Bending condition gas tightness test

H i IR e 4 58 N AT B TN B C0
210 FRifEF R AT, {3 CII 210 i rp R
F S F L EFRE ASTM F1697, Fr LALE S 25 M)
Wb, SRR & LA R AR .
512 Wi

ASTM A240/A240M HLER . BRATENAR 1L
SRS . MU . v 1%0mEE T 1)
JE IR . TICECS 717 HLse AN e i 0 JC3LLL
JRTET . AR, B R R I A), e 2E
J+0.05 mm; AT g AR I R AR (4
J B AL SR AR B R B bE S 5 U vk ) ( GBIT
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BNZIuEZ T ENNE BERSFE TRET A
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T ANl 2 R 2 8 PN e 4 FE B 7R ) BTG
REAS 25 e N AR W B2 R B, 0 19 v g 2
PR 5 B ) E B R &

5.1.3 HEHE

ASTM F1741 #sE , B AIIE 25 [ AR A i
IF R BRI 7 ASTM C39/C39M HEA T4t s 548 28 1)
iR, SREF DI ASESIFHETINL, Uk
JE B (RN 6 TAEZR . B R b OKJeSERE
AR AR FTE ) (GBIT 50448 ) #ilLsE T /KU
FERESEAA R T s, 4G PURSREE . @R )
JEE RN GALE it 20 B A%, HG e R e B vk L3R 7
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Tab. 7 Grouting material compressive strength test standard
N - SRER A
LT B Wb
7 ﬁ’ﬂ*ujﬁé/mm U A N (HE
(. mmxmmxmm)
ORI B 58 B A4S 7
1 <47 160x40%x4
=47 B0x40:40 1ok (1503 )) (GBIT)
s im IR e+ e
2 4.75~25 100%100x100 NN
PO o kr) (GBIT)
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JFEWI AR, MG, SiEe%FU%, ML m
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O TR AT B, TOAAHL 25 TS 4: . — il CCTV
R A B e 0L, RSB K T 800 mm Hif
AR AN T A A
522 BRIk

BHEBIWESE N GG . R R T K
TS YL AR, DR AR bR v g o] TP A AR K R
e TR R M E B R bR . ASTM F1741 e, &
T Ae an T O Rt AT: B SRR R IR SR M e A
Wi, BEFS A AR I N T K B S
FUEF, XEEE ST 1 h, & 200 mm RS L
VFiB KA N BT 0.926 m*/(24h-km)., CIUT 210 #1
TE N A 42 2 58 A HIV B R BRI S, R AR
1% GB 50268 7 & i I /K 356 (19 A 5 HL e wEA T

625

R, 2% (10) HHEBKE,

q=0.0046D, (10)
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LA H , SR BRI T A VRB K
AT R A), (HRIH A R ZEA R . 1EA]
R EAAE T, E R MER) R vF B K /N T 36
[ b
®8 RIFBKEN

Tab.8 Comparison of permissible water seepage

e | R | RIFBAR CRRE) | RIS (ER)
/mm /[mel(24h-km Y] /[me/(24h-km) ]
1 200 0.920 0.926
2 400 1.840 1.852
3 600 2.760 2.778
4 800 3.680 3.704
5 1000 4.600 4,630
6 1200 5.520 5.556
7 1400 6.440 6.482
8 1600 7.360 7.408
9 1800 8.280 8.334
10 | 2000 9.200 9.260
11 | 2200 10.120 10.186
6 ZiE
KEMENRESING S, WL, EEARE™ b
RS, s RZREZ, SO hE SR, ML TEA

S IA AL MR e 28 ZE A B B AR iE, ASTM
F1697 Fll ASTM F1741 nl#fEER, REMg A3 12
WESLRE AR MR PR LIRS % . (B, 7EIZI0
FAR K= fhbrEfbad B, RN R4S A N M
KARAERIAL , I ASTM F1697 X T Fh2E AUk 7Y
MERSE . WIS RECERA TR0 ERR o EAE B4
[ HCInSR AR | BURIRIE | W R RS
FARILE AN AN AR TEANE ;[ PSRRI R LA SR
SR AN B R KA I K R B R A TR Y
e o RIEEAWIZE G E N AMRETL S, gl AR &
A 1 o FHEA R S bRt
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Tab.4 Comparison of advantages and disadvantages of
manhole practice

i H L] TN
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45 JHBFHEHEKIE
FEAs CIH BG4 7K Sl ke R G H AR ME ) (GB

50974-2014 ) 9.2.3 25 BHHH T 114 Bl B BB S 7K 1A 5K

BRARB/NT 2m®, Wik, A3 H St sk
Rt R 2.0 mx15 m x1.5 m, J54 5 4 ih) T57%
Iiya i, SR KRG %R 0.5 mx0.5 mx0.5 m, %
RS R AK IR 2 b > 15t Ak, HL IR AR AT LASE 3ok
1 Hb Y B R A RN AT EORE A U, R
i LL— KM 5 Lisi, 10 min A 3 m?
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