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Study on Water Pipe Free from Fracture by Water Freezing
Partl : Stress Evaluation for Pipe and Way of Fracture Prevention

B oA R b & # so aRE -
Twane FUJTI Hiroaki ABE Kenji ISHIZAWA

b

Abstract

We are frequently confronted with water pipe fracture by its freezing in winter especially in cold districts. To
cope with the problem several preventive measures such as electric heating and/or thermal insulation have been
commonly applied to pipe systems heretofore. Unfortunately, however, such procedures cannot always assure
complete avoidance of the problem. In addition, the pipe heating requires abundant electric power consumption due
to continuous and long term loading.

Under such a situation a modified pipe free from the fracture by its freezing is introduced in this paper.
Besides description on the technique to achieve this purpose the related testing results are also indicated to show
performance of this method. Generally speaking, the testing results satisfy our essential request for pipe fracture at

least, which causes us to expect strongly its coming practical application.
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Fig.1 Cross section of pipe

POTKBERKSBR Y —F—L AT A FORER
WEREVEEER N EDNAZ L bh 78, BT

Journal of JSES

TRAYZF L BERELANDBND LHIZR>TWS,
o Lilcth, ST LRENMIZE - T B,
BREVWOIFEEFEL WD, RELBIECHES
NEHELRDZENTES, ih, HEBERERDOA
TRER TV SR, BBRLERE CIIERECRITT,
LbBEARICL DAL ERTE 2V, ZRHDOHT
BRY = F Vo BIMEE IS 2 REOH NN Z B
LTEY, BRECESNBRLLIZHLRONOTEEEORE
& LTUASAVWLNRE LI TWE, LhbED
WA, & X ETNAKDOERE CRIERNOE D LN
27 LThH, BZOLORENRVICHETAZ LT,
EDOESFMEE, BHINIPRLHIF/TES, 2L
TEATAEERFIRILROE RIS 5> TW B D, ik
P EoBERIT—, AAEELLTEEL, 25 L-8E
PR ENNE, WTHIIHB T A RSB, 22
TIZITHEL, 23 LEBEONTICTHFET KRB E Lk
L SIBEMIZENBOISARBIRINE HLONER
BODA, BEAOLBERINLOFTTELBEWERS
NOMELRIC, TTRETHZ LITT5,

EZAT, KRBPEETD LR 0% RECHEEIEEND
B, bL, ZOBRBHROEELNETHMOELOLD
BRVEGEE, BHENLCEBNOKIRELRTEZ LT
BRI ENHGORNEFERIEHZ Ltk s,

STRIZHD LI BRRVAFICANIE P, SME P, BME
MALTwaReELE AAFEIERT 26 0, &
PERFEIE o, TFARAC L > TEHEZ RTINS, @

a’b*(P,-P) 1 Pa*-Pb®

o7 br-a? ':‘—2—+ b -a?

a’b*(P,-P) 1 Pa®-Pb?
o= b*-a® ';_2‘+

ZIT, ZNOORFDEA P X OHEAITITE DN
REIMERATDED., THOBRKIEICYLAZ & 23
STEY, OBEONEPL P ZEHOER L EE
DEA LR, 7z, BONABEREIC—HRICKKE P,
DM > THWBRETOEDIRSINREEZ EHEIIE X Db
DEFTII, PLEFELBITBHOT

M

2
azPi b2 @
or = b* - a? I—F
2B, Ihd Vo, id(asr<b) RBEHREL Y BIZER
G Tr=a TRRE P % 5o, 1dr=a THRKXE

_b2+a2

(‘79 )max = P

b ®
EROZEICARD OB P LY KELS B, UL,
BE, KEOHBRERIINLTEREBKRKELALAVLOT
INEDISHIZH LEH LGS, T4bbos. o, T
REFEEET, UBEOHEREZEDD Z LTI

1

- da

a’p, b b2
= i 1+ =—1d
(bz—az)@'—a)L( +r2J’
aP,
“h-a )

oo = f:a'ga'r

2004 4




BEHER - FEHE - HIRE

3. REJVLIEWMBHILELTOFNMN

31 ZTOMFLEROBE S

R 3 IERTEROBRENLHLLRESILEROL
PICENKROBHEIC L 5 EROBMESs 2R NLED S
ORABRINTOIIED 5 LEBEBIEIES ICEECTE 3
ZEBTB, FITEHRRFRTIEEORIEELH X -8
EEORBILIA =TT EERELTHWS, ZO
FOREHERITIIKROL I REMRLH B,

Fig.2 Appearance of a testing pipe a) Tl ZEEROFMULNSENKOBREIHEE->TH,
whose inside is filled with water FOMIEDB TR T DHEERH D,
, 0 b) EERIZT 4. ZTAREFNICHFREEEZHAVWLR
TNTh, EXRDREBRDERER D > T,
2 X 3 OFHEBDHFERPL AL L ICKROIBIT
EHR,
c) BEWNBELHLTHBOEE T A = /T 5B
WERNZITRESL LTV 3B,
fthF, YZENEERT AEDIETA = FBIZER
DEETbL
a) TA=UIZBIEANINIHT DR - IR OBREED
T o TW5D, FIXIZHIREOESENDL
RLFTRETHD Z L,
0 S5 = -12 b) BOFEMIBFOHEMAENLHREL OKCKT 5ER
o 20 4 60 80 100 PN, 220, HEABECERSHBHK - 5D
me {min) B LR LT b F AR - B, B,
Fig.3 History of temperature and strain transition FRIZHIEOBRONEE L HELE TV 51T, K
of the conventional steel pipe® HI L TOERBE S AR L
ERERINL I,
TNTRRET A = FRBOMLERERT ENRITR
LHERET D, M6 IXWEaBE 71 =27 Lic/kE L
H"IA=TE LB OBELRLIZLOT, Z2ILE
AONTWAREEAVIIEER L OBERNBIZEE &N
DKOEEWIT

&
o

g
w

g
o

-4

-6

Strain (x107)
o

1.0 4 -8

Tempararure (°C)

L
=)

W=xrllp,
LoT, ZOKE v =w/p, =miL (13)

L18%, M. ZORDBIKIZIR ST REOBEE V, LT h
Fig.4 Fracture state of thread part of the pipe ® Y, =Wp, L. ZOBAOEEOEMS AV X

:nnzL(fﬁL—lj (14)

layer of foamed material

Fig.5 Another pipe system with elbow Fig.6 Cross section of the lining pipe
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Table2 Physical properties of the foamed material
used here

Item Quantity
Density under normal state 182 kg/m®
Thermal diffusivity 3.42 X 10 m¥s

Porosity rate 80 %

Compressive stress under 20%
o 145 kPa
compression in volume

Specific heat 5.03 kl/(kg-K)

0.088 W/(m * K)

Thermal conductivity
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Fig.8 History of transitions of partial lining pipes
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