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Abstract

Large steel water pipes are joined prevalently by bell end method and welded at inside and outside
of lapped parts. According to the Korean Standard(KS) for fabrication of water pipes, the weldments
are designed to have the length of leg which is same as or larger than the thickness of the pipe. It
is recently pointed out that the standard size of weldments is too large, which results in an excessive
consumption of material and labor.

In this study, several cases of weldments having different sizes were investigated to reduce the length
of leg to the effective size. For each case, the analysis of stresses was carried out to evaluate the safety
of the welded pipes by using a package program, ANSYS, under the consideration of the loading condition
of water pipes which includes the soil pressure on the pipe, the load over the road, and the temperature
change of the pipe.

The results of this study revealed that the weldment which has the length of leg of the size over
0.7 X thickness of the pipe could provide a stress level below the yield strength. Especially when the length
of leg is 85% of the wall thickness, the maximum equivalent stress is only slightly higher than that of
the leg of fillet of the size of 1.0Xpipe thickness.
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Table. 1 Effects of leg of fillet and temperature on maximum equivalent
stress of steel water pipe weld

. Inside Inside Inside
Pipe temp. 100% 85% 70%
Outside Outside QOutside
o0 100% 201 85% 207 70% 226
20% 228 20% 230 20% 239
o 100% 212 85% 220 70% 243
20% 242 20% 263 20% 277
poic 100% 214 85% 222 70% 246
" 20% 244 20% 271 20% 285
S0t 100% 216 85% 225 70% 249
' 20% 251 20% 282 20% 297
. 100% 221 85% 231 70% 256
—100C
20% 267 20% 303 20% 318
. 100% 231 85% 243 70% 271
—200C
20% 301 20% 349 20% 366

Journal of KWS, Vol. 10, No. 3, Sep, 1992




£58 08 28§42 SYRTA 0HE 2 (eg of fille) ] JF 59

o] wstel ol 2xEHle mE iR
Nxe SHEXE FA AT v de Ay
ZHE SRR S33s S Eduel Ho
FEIoEN 8HTHE GEAF| T 1 A AN
Be mrstizt shych wak e s By
WH s Qe A e &333 2xHsts s
A FHatgen, ol &5 Avie YolA dFF
Arirs 34 S TR 93 B A
ToMe AeE FYgsded, o714 A
BHAEY FA i e w2, ZHay] g5
% 2k5L 3 A 52 A8 10022 & w ZHo] 85¢!
A-E 9ujgit},

ool WHF ejdeA e ztgn 7t 2+ 100% — 100
%, 85% —85%, 70% —70%2 749 100% —20%,
85% —20%, 70% —20%%] ZB-+2 Eeldlo & 43}
go, &xHsl= A28 20CE HEsln ol &
e £x¥slE 747} 20, 0, —22, —5, —10, —20
cz 39S 4% 2 9T B

HA Table 1-& 2} 750l thsiA Alatd Hop 4
FEHY AV|E Jebd Aoz M o] FER HE Fig
7, 8% 98 =AEIYch 3 AHY AggHe EE
|3 H A D (weld root)oll A 2AEAT, o714 3

400

g
[MPa]
200 Yield Strength
- - -~
~- e
R .
200 L
0 , .
70 85 100 [%]
Deposit ratio at the inside of water pipe
120 °C
— - — 0%
. . Deposit rotio 207
ot the outside of water pipe
o : Deposit ratio 70,85,100%

ot the outside of water pipe
Fig. 7 Effect of leg of fillet and pipe temperature on
maximum equivalent stress

KEIBEHERE, 104 55355, 19924 9A

400
a
[MPa]
2 Yieid Strengin
200 - -
~ - e N
- 2 -
200 L i
0 . .
70 85 100 [=]
Deposit ratio at the inside of water pipe
c=12°C
- -3 eC
-22°C
—_ — . -=50°C
. Deoosit ratio 0%
at the outsige ai water oipe
o - Deoosit ratio 70.25.100%

at the outside =i water pipe

Fig. 8 Effect of leg of fillet and pipe temperature on
maximum equivalent stress

400
g LR
[MPe] RN
300 ‘\‘ﬁ:tLS_lrenq(h T~
o -
“~oe
-
D
00 |
0 L |
76 ) w00 %)

Deposit rotio ot tne insige of water pipe

-0

T “iv o
. Daoesit rane 207
I ine ouisice of
sitoroi 702 n
<1 ine outsice of water nipe

Fig. 9 Effect of leg of fillet and pipe temperature on
maximum equivalent stress



60
) 33-¢2oldt Von Mises®] 5=, &
(01_02)2+ (62_03)2+(03‘01)2:202 """ (18)

o] AFe#H(Equivalent Stress) o2 HUWAS
uigt), 1HYEERE &3] i GE Hy
qA-see) F7l7l WEshy 53] 4R 2
a7t A3 dojd B9 Fig 9dMe 1 7
ko] U8 RIS B F Uk 2aL, 2w
o3 JEx oo BE 2% Zart ARl mat
Z Fig. 72% €] Fig 99 o|& & §Ho| 713
& & glow, B3] 43 oRdAe ZHgHE7E 20
%2 7ASole 1 g v FAA JYebEE

2 4 9o
Figure 7& $5#2 £571 423 U3 20T
ocel 7A$-qd &3k Wale wWE 4E-8E
Wiyl ooz 22 gon w3 1 % 200—250
MPaZ A @7+ ¢whAl 88-7-%(300Mpa)el ¥
A gk 2y, £ 2= 242 —22
—5C8 —10, —20C9] ZA-%ol& Fig 87 Fig 9914
vebd npel o] 2x7) opHe] mel &Eake
2o g Fopda-s-e] Walvl A g48 As
2 & 9tk 53] Fig 994 58227t ~10Co]
stg Wolzl FeldME S oA 23]zt
70% oj4o) Hw Hu FFLHAI AR FEZ
Lol ojzxA] £ glont, molx &He] 74
H)7} 20%7F H 385 A=t A5 RAEE
4 28 ¢ 5 dth AARE g5 dyd $
F@ol 2wyl —10Co|FE Ftete A §E
Ao g Aztsn, o2t HelM B o HA F53
2wz 7pFsvle] AR —22Ce Bz &
ztako] A wel YEsEo] tiA F FoR
Z7lsba glon 1 ghe 20 A-n) Jds] A
Uebd-g & = 9o, Fig 8. 0] 2=oAx #e] f
9| Ro| el Z-Au|7} z+zh 70% 9} 20% = §E ol
Aastd APy A8 dEGE Ao
283 Y2 ¢ 5 Utk Figure 7, 8, 9914 53]
FE wgk e AAHE 85% —86% = A
AL autdl SHZILE Ha AgFd Ay
100% —100% 2] A9} AR 3-8 2715 JEhiY
70%—70% ¢ B4e 85— %85% ) vlNA H|LH
F2% $H45S Jebd Aol oA 47 70
Eo| 747} 243 85% 2 B9

ARE -9 - UaF

200
i
Ty
G
[MPa] I
100 L TTTe——.
e 5
0
=== R====9
-100 |
|
-200 . ;
70 85 100 ['Z]

Dzoosit ratic at the inside of waoter pips

. Cx
— e — 1 T,
. . Deposit ratio 20%
at tna outside of water pioe
o] - Degosit ratioc 70,85,1007%

at the outside of waler pipe
Fig. 10 Effect of pipe temperature on maximum
stresses (pipe temperature : —2.2C)

Figure 108] B3 £ dFdAe] A e} vj5
59 FI(AWWA) 9] AMFA#E vwelr] 9T
AQH, $FF) X E 5L 1 EA g @
rexe Wate Ag JFFwUE usd 72 g-olth
Z A2 20C(68°F)ZHE 40°F THE9) 2737t
dojt A=A, )&% 28°F(—220)oA e &
Harefolth WA, 1P 2RE YR EHFY 7
A7 70% —70% 9 70% —20% <1 F7HA A5
QoA Zojutakel Hh$HX o7 244 72MPaHt
119MPal & € & Sl AWWAS] A M=, #2
Bolde £3sA ¥ @R TEEFHFAA
ZAAE 0%2 & A$ SHRNAY HEHARS
)& 15000Psi(105MPa) = AAtstg =, ol F
A% S wwcha 82 @R LHFAA M2 4

Journal of KWS, Vol. 10, No. 3, Sep, 1992



FEg E 27 2ERe] SART v 2H(leg of fillet) ] BT 61

oJgt H& glon} Huj-g Ao awat 0o dxE o] veEhd do s AR, ko] BAFY
Hola 9ot mEhrd 2xdsivie] FUF oY 3 F2 HAgA9sEnr 234 S o £ et
Z0l A, F Arrdo] XAt dXEH ASde Ao g Hop AR FHFHX| o= vAA X
Wy 232 70%, 9F 24H4e 20% 2 stz hH g T

|HHE A& £ S Hog Aok

Figure 11914 & X% Zo] whakel] st -S2HE
2ol A ZAE agozy e, $Hol
7HE el AEle 9, & ol YAy &%
2Z8E e ol & 388 SY(s,) 9
363 SIGE(c.) ] W3E Ho] Fr} Alibolr 2
SH ArT L= —22C9 H$EAM &35k0] 7}
2¥FE d-r H-stol| A 9] °aﬁfﬁi’z}°] C‘:a
2.9 o

a

Fig. 12 Typical deformation of water pipes

S VR AL 9l
53] 9 Zt ANM e HE L vectori”ﬂ =
10‘1 Fi e, ojn W] s HI FL o
He] IRRozA £HE HAl) wa} HEdge
CiF 8~11mmAEE Yehfdch

)]4

5. &4 =

(a) 100% of pipe thickness

ey £35S dn gAY §
HEEE S50 Wl &gHadlAe] zhgu)7t 70
% o) dolH H4uewo] o3 PTG Ao utx] &
gton, o4 E-3H AT 200~250MPa B E2A )
59 FEZFT o)A Zalgh e, e R
Ao bt 20% Rz A3 SFEHewe
wsle] 9% o] AA Jehdth 53] £58L
L7t —10Co)3t2 "WolRl AeidAs B 4

7l 8 o2 ALRHY, £482 57 —5C0| 4 o]
Holr W% BN AUt 0% T A
Afole A dFeHe| Aae FEH 1
e Ao Z uER,

' AARE BEo vigdd F5Bo 227t —10C
(b) 70% of pipe thickness ol&tz A3z ASe S Aog AzdEn ek

Fig. 11 Stress distribution in longitudinal direction for ~ —~1CoIA —2CH=7AAE Hol A £ Qlcka 2ot
various legs of fillet(pipe temperature : —22C) ol Holl A e £H R o f2teko] 7t o)

RESIEEEEIL, £ 108 F35% 1992F 9A



62

el Agego] tha Frhstn ok, WHeR
2| S 70% —70% 2 AAAALE HU) 3F-EEA
= 900~250MPa=AM £E#H Mg FEZHde
m X x| 25 ok 53 WeRe] S 85% —
85% 2 AN ASe A ABF 100% —100%
Aol SAME Au) AFSHEXE Vel A
wAE e 24 4 e A2 BdHAT

5 7|
B Q7Y £UE Asel AU FA A2A 3

s 2R A8 PA¥ 2% 29E 7N
BAR BiBA 2AHE =4

i

2 n g 8

1) Verification Manual, Engineering Analysis System
(ANSYS), SWANSON ANALYSIS SYSTEMS, 1990.

2) Theoretical Manual, Engineering Analysis System
(ANSYS), SWANSON ANALYSIS SYSTEMS, 1990.

3) WA, UNF g dd o] 35 AA
Mol #E AT, WNFEHFIHA, AW 4%,
1991.

4 WA B A8 ARE 284l 1987,

5 =4 & ulFE RAFA AA, A58,
1990.

6) Steel Pipe-A Guide for Design and . Installation,
AWWA, 2nd ed., 1983.

Journal of KWS, Vol. 10, No. 3, Sep, 1992



