N E o @B R #

W R X
L T

&

B1s

BREEFORBRHER

HiAR—3T* - LRIEZ™ « AHJE « KA

1. & -]

BELBNT S RET IR = A AN -
FALTEREMILE ) 504 HNHEF
RENTH YD, bAFICBVT b, BREEPEDIDY,
BREHEIZY, FTOREARESABIZVWE2TVS,

THLERoERICL BEOESY RES
R, SBRORTE{LS Vi b ERLREN IhT
|,\50>°

FEBDESLVARTZILOTERLEWATFT, +T
12, BERBOFRICETERELLYDY, BHRE
E¥RY ~FiREoTEET IFRIIEFH CITRbAT
By®, FRIMEEhH2H 5,

METBMEORBIMEFORNTH S, LvbhTwy
3r5I, S CIHEEORNMSEKELTD
R LEFIEEKRELERT D, ZOl), MTok
BFEILASWT S FLOFENBEREh TR
wWihb, FBEREFER7 5 o OMERRBEIN TV S
BRTH 3.

MEOEBIL {LEFF v Mo R, ki Yown
bIBETIH WIFhbABELABEEERSN
360k, HATHMEHOX 5 I, BRMLE DN
BEREhBHE LD B,

BRETI MEOERICHL TiL BRENLE
FIRI L s @R Eh 3589, eopisis L 8kt
DRIZBEWTRBRROKIERS S,

BERSLTHERETHBEIC 1L SRENRES
XY LW, BROBLAVEITRLE SN, &
BOBBRBEEEA T LNBRIO6N Y,

AR T LTHETEGHCBEREERNT
3L EBEL2FhITRSRWREROML 24HEE B
2 B

@R EREICEAT IR LM FEE LTI B
MTLAE&EMY, ThEMTEICBALT MK

BRfsE3 Al6aRA
® IBERIN (B) 5SWEOLS HRMEHTIEe
o BERINDWBNTE EIWRRY

Vol. 30, No, 4, 1989

(225)

iﬂ**

FRTARBIZEC TRIBL, B&0MmicaT L ile
THEERVRAEEZ0BFFTL S5,

HELBEHF LA, Booiite, B
W, EEFHEORMNEL LI ULBHITEONR, L&
By icxt s RR0OF L, ERicHTIRRBER
3L+ b0 L™, @ik Midknm
THEESHTTECECRBT 52 END 50, PETN &
FHIZLT, ZhifaR2 Y ooREResL, <57
4Y =hetn—2, FILBDAL L F—EFEM
L7 v— b, MHRICRREIT 5 & X iz Wil
EfT3L5ICLk.,
fTizviEhERwit, AFHEHTIE {VELHK
BERT 30T, @FRCEHRONTE»T TH A
ERE, ¥ BENEOHES 0BLL B,

L, KEEDOLRWHETE, fISHOHMIz
2T, BFOMMMIcEAL, Zhigt+sz
REDTRAR IS IABRBETHLLELLNS
DT, BFRAEALIHEIRS S THEHEMEL
oo Thb—HOFERIS, BRUFL STHEYD
~R ERBRATESZLEHLOMCLE,

2. R 0

21 R =

2 1.1 w

RRAEM LG B 89. I mmg EIFoY
ok STK 41, & 101.6mmg LLE STK50 &
ALY, ZofFivith b ARREEKO LT,
{b2emsr L iSEIER &, Table 1, 2 (2553,

212 &

FERCERALESIL SC42 VWAL oH
fELx. #HFOV 4 XicgETHGELD L, —18
RBMLICE > THHEOFEIE LT 5, BRoi
W2E& Fig. 1| Ioixd. R ICIVWEBRREEE L
ZokHiz, BRiWIAL, Zhlidsd il
E4~8REFTHLOEEMLE, BLOVA X,
Wik, Mk —iEL ¢ Table 3 {27k}, Table3 o

7



Table 1.

Chemical composition of pipe material.

Composition (%)
Steel pipe
(o] Si Mn P S Cu Nb Fe
STK 41 0.18 0.047 1.04 0.02 0.016 0.06 0.023 Res.
STK 50 0.16 0.05 1.04 0.014 0.015 0.06 0. 024 Res.
Table 2. Mechanical properties of pipe material, B5i Fig. 1 LR—TH 3.
i, B&OHEE 114.3mmg LITOFT ¢
Tensile Creep . ~ o
Steel pipe Strength Strength Elongntlon ﬁﬁﬁﬁ«h V) 1.8 mm, 139.8~190. 7mm¢ Dﬁﬁr
(kg/mm?) | (kg/mm?) %) X 2.4mm, 216.3mm¢ P EDFHFTIX 4.0mm 72
STK 41 | 57.9 5.6 30.2 RS DERVE.
STK 50 | 62.5 9.7 27.2 2.28 =
B%ix PETN % 30~40%, £353% 30~60%, &
Table 3. Size of the anvil used for explosive joint.
Steel pipe Anvil
Diameter] Thickness| Length | Thickness Concave groove size (mm)

(mmyg)| (mm) | (mm)| (mm) a b c e f g h
60.5 [ 2.6~3.2 260 10 10 6 2.5 20 —_ 40 50
76.3 L4 L4 s 2 14 I 4 2 20 ” ”
89.1 7 280 4 ” 4 7 o 25 50 60

101.6 | 2.9~3.5 340 10~12 10~12 " 2,5~2.8 30 ” L4 ”
114.3 | 2.9~3.7 360 L4 ” ” ” L4 30 60 70
139.8 | 3.5~4.5 0 12~15 12~15 6~ 7 |2,8~3,7 L4 » ” 2
165.2 | 3.5~5.5 396 12~20 12~20 6~10 |2,8~50 35 o 4 2
190.7 | 5.0~6.0 456 15~20 5~20 7~10 | 3.7~5.0 4 40 80 100
216.3 | 5.5~6.6 s 20 20 10 5.0 o ” 4 7
241.8 | 5.5~7.0 490 20~25 0~25 10~14 | 5.0~6.5 40 ” 4 L4
267.4 L4 530 ” ” ” ” 4 50 100 120
318.5 1 6.0~9.0 620 20~30 0~ 30 10~18 | 5.0~8.0 55 ” . L4
L, Zhi=ryAas0 tmm FED 2T
—iz &2, BROBEOIEHRERLE. &
T OHEAICEL Table 5 ILRFTIRRKE AV,
1 Table 4. Properties of the explosive used for
steel pipe joint,
f Test Measurme;nt value
Fig. 1 T.he ?tfu(.:ture of nnvnl. used for steel Density 1.7~9.1
pipe jointing by explpsion, Strength (R.W.S.) 3048
‘ Detonation velocity 4,000~5, 500 m/eec
shic=brute—2 LU[ERD, T LR Ignition pou;t delay) 970~280°C
- sec
A Y —EMBALT BAOLEHERBER V. 20 Drop hnnmer test (5 Kg) 160 cm (Non-firing)
MRITTENERF L, 4RI Table 4 IRTAT Stability (Able test) Up to 30 min.
ot FAFYESLBVWESIC, Fig.2 ok 5Iick
a8 (226) IHkEBE




Fig. 2 The explosives used for steel pipe joint.
A : for the steel pipes, ¢ < 60.5mm.
B : for the steel pipes of 76.3 to 101.6
mmg,

C : for the steel pipes, ¢ 2 114.3 mm.,
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Fig. 3 The arrengement of steel pipe jointing
by explosion.
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Plate 1.
tests of the steel pipe joint obtained by
explosive method.
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Fig. 4 Sample of steel pipe joint prepared for
fatigue test,
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Fig. 5 Tensile stress-strain curves of steel pipe
A :165.2 $x4.0mm steel pipe
A’:165.2 ¢ X4.0mm steel pipe joint
B :139.8 ¢ x3.5mm steel pipe
B’ :139.8x%3.5mm stee! pipe joint
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Table 5. Tensile strength and compression strength of the steel pipe joints obtained from

explosive methods.

Steel pipes Weight of Tensile Experimental value
explosives strength (Minimum : ton)
Diameter Thickness Calculation : Compression
(mmg) (mm) (kg) ( ton ) Tensile strength strength
0.5 2,6 0.18 19.4 20, 4 19.8
) 2.9 ” 21.5 22.8 22.0
76.3 2.6 0,22 24,7 25.8 25.2
: 2.9 ” 27.4 29.0 28.1
2.6 0.28 29.0 29.5 28.5
89.1 2.9 » 32.2 34.3 31,1
3.2 ” 35.4 39.3 35.3
2.9 0.30 45.0 49.0 46.7
101.6 3.2 L4 49.5 55.6 52.2
3.5 ” 54.0 58.4 55.8
2.9 0.39 50.8 55.9 53.4
114.3 3.2 4 55.9 60.3 57.7
3.7 ” 64.3 70.0 66. 6
3.5 0.50 75.0 81.0 75.1
139.8 4,0 [ 85.4 96.9 89.3
4.5 2 95.7 99.8 95.8
3,5 0.60 88.9 96.0 91.6
5.2 4.0 " 101.3 107.4 ‘ 103.3
) 4.5 0. 80 113.6 121.5 115.8
50 ” 125. 8 135.9 125.9
5.5 1.20 182.1 193.0 185.7
216.3 58 1. 50 191.8 197.0 186. 1
6.6 1.70 217. 4 228.2 213.0
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Fig. 7 Hardness of the steel pipe joint obtained
by explosive method.
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Table 6. Fatiguc test of the steel pipe joints
obtained from explosive method under
the action of cyclical bending stress.
(Steel pipe : 139.8 ¢ X 3.5 mm)

Sample | Cyclical stress | Tensile
strength Note

(No) [(ton) , (cycle) (ton)

1 7 [1.06%x10% 91.0 Non-failuer
2 7 |1.87x10° — failver

R R BB EZ T VWA T2 T, i
RETOHEFICLIILDLERESRD, Loz bk
6, FIEAIZHLTIEL BEFELR—LREEh S,

3. 5 BEROWMISHNTIEY

60.5$x3.2mm OFFIZIBES N 3 HIFERIHIK
MBI 2 IER S €60, SFRofhv
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EHTL Y LAAEL 2y =AM EMEE S
KT,
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Table 7. Elongation of the steel pipe joints obtained from the explosive method under the
action of low-cyclical strees,
Stress Time Elongation (1/100 mm)
(Tension : Cycles

tor) (Min.) (Min. stress) (Max. stress) (Variance)

3~ 9 18 93 10.0~11.5 21,8~23.0 1.3

4~10 10 36 8.3~ 8.5 19.0~19.5 0.5

S5~11 9 85 13.5~14.0 22.9~24.0 1.1

6~12 6 71 13.8~14.0 24,8~25.5 0.7

T~13 26 96 18.5~20.8 27.8~30.0 1.8
BHAL 2D VELTRORRA T WM Mt Table 8. Elongation of the steel pipe jonits ob-
OBMHE XY va—F—-CRGELABLE, #Hhi tained from the explosive method un-
Table 8 {74 der the action of high~cyclical stress.

h OB K% 1 2 VOBRICHERT I bR Stress Elongation (1/100 mm)

DINEVTH B, (T ensi:): n Cycles! (Min, (Max. (Vari-
Zhbofiid,  DELEEL PR, HEFROES stress) stress) | ance)
FRETHIEITERYV, ZOY, 139.89X3.5 3~9| 140| 8.3~ 8.8]18.5~19.0] 0.5
mm D TRFE > Y RWHNOBELIERSET 4~10 | 100| 7.0~ 7.5|17.8~18.7| 0.9
= S5~11 2001 10.5~11.0 | 21,8~22.0 0.2
b730Y 1

EHERRAEAT Lo 6~12 | o |12.5~13.4|22.0~220| 0.2
#Hi% 20, 30, 40 s L, RGHESL, 10° [@ 7~13 | » [17.2~17.5 | 27.9~28.0] 0.1
L L, g otk 2318y R 2472V 8~13 » | 12,0~12.5 [ 30.1~31.2 1.1
NIDEAET T, §iskE Table 9 27+, 1H~13 | # |37.0~37.5|39.5~40.0| 0.5
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Table 9. Fatigue test of the steel pipe joint
obtained from explosive method under
the action of cyclical stress.

(Steel pipe : 139.8 ¢ X3, 5mm)

Stress Tensile
Cycles strength Note
(ton) (ton)
40 5.08 10° 7.0 | Non-failuers
30 1.80%x10° 85.0 inot stin -
20 | 1.24x10° | 885 csting

REROFMEEMESE3 L ¥icin HR3IRY 6
HZET SRR KEWEBRAVWE ) TH B,
HRDOKAN CDELEROBPIZL>THEFOEN
HELTWS, Lirl, ZOBRAEOKN D, KD
B LEIFEOHBIZX 50 i3HLL T,

wIhictk, {DIELHFEICL Tk U0 L
Hizl, ZAWHERALTWSL0LE2OND,

3. 6 BARURERR

139.8 $x3.5mm OEFD WBETFE 1OTNIZE
ATIREBEEBRRNE, 35ORBMPTIE 218~440
m! OFHKRRTHOMR. TOBMBRFIL, SRPHL
BEIMFTERVOT, BROZ LARNLFATS
DT, HKREPIET B FSHOMRELETDH
39,

REFMICERA LIABFRIZOMT, HEBICREL
TG EDERTRIEFET 2L bZAONDID
T APIBTL THEICARZANLT, 100 EOFiE;
BRECVELED L, SIMyREETL>THAR
BREfTeo/, fESE Table 10 {23,

BEEAMLALMM LSz, D VIELIZL B8
HOETIRBH bh, FREORYE S 88.7 dLLiz
ERl—DiTH o,

Table 10. Tensile strength of the steel pipe
joint obtained from cyclical freezing
test.

(Steel pipe : 139.8 ¢ X 3.5 mm)
Tensile strength
Sample No. (ton)
84,1
2 89.5
3 92.7
4 £ %
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Explosive Jointing of Steel Pipes I.

Study of the Mechanical Properties of Steel Pipe Joint
by the Explosive Method

K. Yamamoto, M. Kameishi, Y. Ishitani and S. Akimaru

A study was made on the mechanical properties of steel pipe joint obtained by the

explosive jointing method.

The jointing could be done by inserting the concavegrooved anvil into the end of
steel pipe and initiating the explosives wound on the outside surface of the pipe.
The tensile and compression strengths of the jointed pipe were morc than 94% of

those of the original pipe.
original pipe.

The fatigue test showed the same results as that for the

The above suggests that explosive jointing is applicable to steel pipe structures.
In addition, the explosives to be used, the shape of anvil and the repeated freezing

test are shown in the figures.

(Asahi Chemical Industry Co., Ltd.)
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HOD D3N AEH WAL CH 5, Oklahoma
test ILHBVTAKEODLHLAEILESbhBLE
FALTHADHEHE 40% NMET+ X5 LHFEL
Tvd, ZoOBVERMM BRIz 530~630
F4—POBELRTIISEF R 2D,
IOBRAKETCIbEA, HitEhiz=te Y+
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BLY80 =— FBEFEH LIk,
(Chem. & Engrg. 4-28-69) (A&# X0
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Canada Delta Explosives 3¢ Del-Cap
Cyanamid of Canada Ltd. oigh&H Tvd 3
Delta Explosives #i2 fiRiEtt B AT RELEL X
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