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ESRF o AER>TAKPICRE TRAL ., BER
BOTRERLE LT, §F 30kg/m :HSHES N,
30m x1.0m X0.8m=2, 4m?, ik 5.520kg D=2 ¥
Yy—b & Fig2 o L {REL™,

22 wparE LHMAE
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B,C,D, E, FO6 AICBELXIM VT TR &8
B e Ui, WEMRE ToKER 7~8m kL,
BEICORBER ¢, D,E, Fid 1.omgl Lfij

BERDLIBRBLE.

BRESH LETEA EHBT S0, BREHAY
v 2Ty 7T EBETRIC, EF—Ubthkm, AAS
Uz Bk 51z, R, 104, 6839, Figd o
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Fig.5 Measwring room and measuring system.
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Table 1 Testing Item

W|  Tarpemem Blasting(m) e Note
1 E 3 50
2 E 3 200
3 B 1.5 50
4 B L5 200
5 B L5 50
6 B 1.5 200
7 DEF 3 100x3= 300
8 DEF 3 200x3= 600
9 DEF 3 300x 3= 900
10 DEF 3 400x 3=1, 200
11 ABC 1.5 100x3= 300
12 ABC 1.5 20x3= 600
13 A C 1.5 100x2= 200 25ms Delay
14 ABC 1.5 300x3= 900
15 ABC 1.5 400x3=1,200
16 ABC 1.5 1,000 x3=3, 000

Table 2 Property of No.2. explosive for

DIBIZEARBHY L2 5,

seabed blasting. 3.1 XkhBEULRBICLIERENT
3L ERAY—-UELURBLER
Fig.6 IR+ 2 ty—. -
Specific _ 145~1.5 ig.6 IR T L ERA Y — Y TREINL
gravity(gr/cc)
Detonation velocity 6, 500~ 7, 000
(m/ sec) . 268 pipe )
1.58 1.38 3.0 I 3,08 H
Hes(sml::)wer 20~22 Iy 2. 3.0.1 0.2¢ . Tho, 37
Lag
Expanded volume 400~ 450 = -
(c.c) A B - o
vl
Force of explosive 9, 900 =
(L - kg/cm¥/kg) E —F Fo.1 « No.&; Location to fnstall pick wp
Water prooﬁng Good ANF H m::::.“ eource of
Water ?:g‘sst:rl:g l?liitﬁ?l-;is completed in Fig.6 Distance from center of explosion to
qualities. 24hr under pressure measuring devices
of 20kg/m?2.

=, WA 2 5k Table 2 NEMBER,

3. REBHESR

RROAME, KPR LBRICLSWREL, h
KL5MFTLENELT, HKREF~ORGENS
THIETHINY, RROBREIROALIFNHL

Kogyo Kayaku, Vol.41, No.4, 1980

3.1.2 ki LRREIC & SHRENBER

FHRENWE? 1EZBTA No. 1~No. 16  TRHE
Lt, BRBY—~7 nORRFRAENEL, TE
it No.2, 9, 10, 11, 12, 13, 14, 15, 16 DF—#
EJBLNTEL,

FERTHO W REED KK OB E Fig TioRT
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Table 3 Results on measuring

Test. | Pick up Min distance Max pressure Impulse Q'ty of explosive
(No.)| (No.) (m) (kg/cm®) (kg sec/cm®) (er)
2 2 5.4 27.9 6.90x10°® 200
9 1 3.0 112.0 43.1 300

3 4.2 63.8 4.0 x3

10 1 3.0 139.9 48.7 400
3 4.2 62.1 34.1 x3

11 1 1.5 146.5 30.7 100
2 15 86.7 39.6 x3
3 3.4 89.3 36.0

12 1 1.5 318.8 105.6 200
2 1.5 375.0 149.4 x3
3 3.4 157.9 63.8

13 1 2.1 2.1 34.0 21.4 25.0 42.5 100
2 3.4 1.5 21.3 33.2 28.2 13.2 x2
3 6.2 3.4 15.9 2.2 9.37 47.4
4 7.6 6.2 4.98 7.8 5.93 22.8

14 1 1.5 161.7 4.2
2 1.5 266.7 136.0 300
3 3.4 116.4 67.8 x3
4 6.2 21.9 26.3

15 1 1.5 208 66. 2
2 1.5 143 §7.7 400
3 3.4 84.4 51.9 x3
4 6.2 2.2 21.5 x3

16 1 1.5 362 93.7 1000
4 6.2 29.7 51.9 x3

%, ERTHLARLENRBM, BLUA 520
ﬁﬁt Table 3 G:;T::"Stl.é, 2) Rising section of sefsmic wave,

(swecp spead 1ms/div)
I CRTEAER, GEREORE (V) LEE

Wmﬁﬂﬁ_ (V) ch D (”K‘:et ‘)T*»‘.’ nf:, ’), D\\CW“”“J vavaD/“-. tmtolvn vave

p=C, - E /K- AXV/V, crcrrreerernne (1 (oax valve of rising)

C, ; a7+ —-Eit
5, i mmnE Ll e L by S
R, ; WEROTE
? ; WEEHHE
K, ; BBy — Y DB (cax. fluctuation valve at about 30Hz)
PRIV 3>+ Ipdt THah6, ol c) Section to be consideored ss prirary flaxible vibratien,
L OEBEHo XD M L, - (swoep opeed 200 - $00ms/div)
Table 3 Oh¢, 8 No.13 i3, B 25msec O W
LOEME L L TR TOWEDT, Fgni2 icfh A\,
&, Fig. 7 o3gp), @ LET, f—— 16| (max. fluctuating valve at about 2Hz)
IERDTN D TH S,
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Pe29.9kgfem? .
W=200x1(3.06)

Ouuc o ! (1)

a3 oxgrect De1a) | Pe21.tkg/on?

gy ——
Sesec @

}‘ ‘?_"_, e P=7.65kg/ca?

-—
Sesec

W=400x3g(1.52

250useqll pojiangfent

250uzec

PU3  We400x35(3

—
500usec

23 uionn)
— ™

(1.5

5002sec

Pa20Bkg/en? -
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n

Fig.7 Example of waves by pressure
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Fig.8(1) "Drilling and drarging patterh aswell
as arrangement of pressure gauge
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3.1.3 kb LRRNC & SRBOTAERZR

KPR CIE T BRI, £ OEBIHETS
|EIEO>0Y, TOMEVEHEETS, Z0EE
FIRT 50, MENEICERGET Y — T E165A0H
i, F—8La—FEAALTRBLAEDD, i
BEF OBICR, F-sra—YORBELV 7w
Za—AFEL, AT CRELE,

REFEHIZH 3 >ORRMES AR OATHAOT,
#B5EEME, FAE LT, 3% (@1 Xk 2ms, ®20
ik 50ms, ©200 Xi% 500ms) iz4yit, BIIZiRY
FHLI., BHOTEARY OO INFHE T LT
v BffiZmLe. ‘ ‘

T HERIZY o C, BRNERRRRORKE &M
BHE L RGRICH TN O, RiCEHEIBHE L 2%
OREXE SFRCHS L. Table 4 12, SREZhE
R DRARE S & UBifith DR AT 2ME Ll m SN
BRLIZLDTH S,

4. RAFARWICSL SBERAEOLERRE

4.1 @AANG - ‘ :

@Y TITRBROBRA LT — % PRTHOBLIC
EhOTHEELTR L 12555, & 6iC Table 5 ORI
B No.17~No. 26 DHAFL & L& LISE &1 2

NO.21 FO.23, 24, 25

Blasting Mat,
(1]

 —

én

H-SksE

2
3kg(plastered to bottom of sen)

Blasting Mar, N0.22 No.26
10.24x2 Blast-nst
20,
~20.48kg 268 pipe NO.25
\ P3 ||lp2
— g
=
2n LT
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of sea,

0.75kg

Fig.8(2) Drilling and charging pattern as well
as arrangement of pressure gauge
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No.20 locatien of drilling

H400x400
~|H400x400
2-42-32~22-1 O
~9.0 .
(4 2-1 % 2-4
11 -12.0
\ Crushed Condition: heigh bouring arca around drilled

hole only,

No.21 Location for drilling

~
~9.0z

Hud stone

clayey oud stone
intermixed loger.
t=6,50

Curphed Condition: Crush of upper section of slope.

Ko.22 Llocation for drilling °°6°°
), ~10, 0
-10m © N
o=-12n
C 5w B

" Length of
i explosiveé.4o
we10,24kg/hole

i =60z

Fig.8 (3) Drilling and charging pattern as well
- as arrangement of pressure gauge.

Zhid, EEOBELIGECEAIL 7 — i ->T 31
T DEBHEBET LN TH B FDAF—21L
Table 5 Th Do k& N AILRRH T & Fig. 8
IZiRde B No.22~No.26Tit, 7592 bwv b &
L, 20OENP2, PSOC 92T 97 TT IR
b= v bR EERN.

42 P

4.2.1 EHfiOREER

HEREReDENE Table 6 2, T-FHKE
Fig. 9 iz L 7=, fAL No.23~No. 26 nMEXS, A
LERSETE»OHIZEHT, R TITREIER
kg iz,

5 g B

B1ROREBEHCSIR X, BALAVTRREST
7o, BREICKET+3RRETCESHIE LB
LT, ETNEARBHE S A 2Ef-. BLERE
CiY, Ske®BoRER L Lichi, EARKM A 375kg
fem’,  SRMUICEY VAL Tix163kg /en® ThH - 12,
A 230 2 TR RN k4 149. 4X107°kg - sec /ol
& 158%107%kg « sec/em? EEREGE LI, EABHAHD
Boktfie: 3,304 IS LA, ThenEEbEICLT,
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Table 4-1 strain of steel pipe

o, 1 2 3 s s . ? s
§3| ]
94 E
3H|°
g H
£3+ ' a® R +n H +149 U*m y 4156 4384 e e
) - H B
+24 +150 +247 E V +193 F * 0”790’“
i ; 2 4 + 60 hii +15) i 430 g Hpt M
+13 + 80 +71 +142 +9
3"‘ L +428 248 +607 4240 4832 +520
-311 l . J" ’ K r; PO
583 g I ! l :l .
| 22 163 - <789 ~414 -833
5 E lt ] A A A A |
“23 ! i : 'y A 3 A 9
~
g-’é‘ H = g R
29 1.5 L L.5n
krey ot =
~ Jexp2 0g 200g sog 2003 S0 2008 1005x3=3008 | 200gx3=5005
3 | Max valoe
(65kg/cu?)  (B0xg/cw®
ilstirtsovet | owe? | voga | oy | imvet| vogar it yboct - ot
%q Time
W conatent ofgy, o0 S0usec &5uesc 63usec 4Sussc SSusec SSusec
kg.sec/cnd
Iopuled  0.0273 0.0064 0.0034 0.012¢ 0,0034 0.0024 0.0114 0,018
(Dete | 8.26 12115 8.26 12:35 | .27 17:15 | 6.27 17133 | #.23 12100 | a.76 1333 | #.38 1735 | 5.38 17:35 |

Table 4-2 Strain of steel pipe

[ +330
4 ol H,m ’ H +200 H-ozso +100
13 +300 4200 +100
3 .
+
.:3.; G -~ E B I e BT S St R CA B I [
e 3 -~
4% J AJ
- =750 =1000 =600
in “g .o . H [ - L
i - °. s =
g x - " L]
b’ 1.8 L_Jl.!n 1.5 1.5 1.3 1.5 25 1.8 3,5 1,5 1.9 1,5 .

N |
‘{“‘:")oo;yaoo; 400x3=1200g] 100x3300g | 200x3=600g 300x3+9003 400x3°1200g] 100x20200g | 1000x3e3000g

Max vilue N
& lof, "gzﬂkalu’ Wokg/ew? | 310xg/en? | axonglemt | s10%g/ent sitagfent | 180xgfem? | 850%g/eal
> JTi0e :
oy “_ls_zut 93usac SSusec 63usec Susee ESusec 60usec 100u3ec
cpulse 0,023 0.028 0.018 0.028 0.039 0.047 0.011 0.088
Date] 4.30 12:18] 4,80 32:5s) .30 17;1d 4,30 dsssl 52 amssl sy wzaslsa jaas b s 17:8
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Table 5 Test Item for drilling pattem

Test Drilling No. of Volume of Notes
No. length m drilling explosive(kg)
17 6.5 1 5.5 | Concentrated charging
18 6.5 1 2.243.3=5.5 »  Deck charge
19 6.5 2 (2.24+3.3)x2=11.0 ”»
20 6.5 4 (2.243.3)x4=22.0 »  (Trench exists)
21 4.0 1 5.0 ”
22 6.0 2 10. 24x2=20. 48 ”
(Blasting by plastering
B 1o the rockg - 3.0
24 ” - 3.0 Investigation of
2 ” - 3.0 || airmat effect
% v - 0.75
Tabls 6 Results of measuring
Test | Pick-up Max value
No. No. of pressure Impulse Notes
1 96. 9kg/cm? 47. 4x10°%g - sec/cm® Bottom
17 2 50.0 71.1 5. 5kg
3 62.7 77.3
4 31.8 62.5
1 80.8 35.8 Deck;
18 2 4.1 39.2 5. 5kg
3 64.1 63.0
4 16.3 2.2
1 4.1 40.6 Deck ;
19 2 2.7 28.9 11kg
3 52.5 1.1
1 163 158 Deck;
20 2 81.4 9.0 22kg
3 123 118
4 84.2 69.0
21 4 15.3 19.1 Bottom
Skg
» 4 60.0 4.5 Bottom
4 48.4 17.0 20. 48cg
2 53.0 58.4 plastered / defermation
23 3 12.0 6.88 3kg 30~60cn
4 43.5 2.1
2 61.2 73.3 ”
”
% 4 47.0 16.3 3kg ( )
2 4.1 67.6 ” ( ” )
25 3 12.9 66.3 3kg
4 42.6 41.0
2% 4 54.5 11.6 0. 75kg
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A Study on the Behavior of Submarine Pipelines under

Shock Pressure of Underwater Rock Blastings (II)

Model Experiment

by Mitsuho WADA*

The 2nd report on the behavior of underwater pipelines is in regard to the in-

vestigation of the behavior of model pipelines, laid at the bottom of the sea, caused

by actual-scaled blasting since the amount of explosive obtained in the 1st

report

may be dangerous for the execution of blasting.

Shock pressure and strain stress were measured as recorded wave pattern, Test

scale extends from No.1 to No.26 and all possible blasting conditions which may

happen at actual execution are taken into consideration and the behavior experiment

on suspension test and drilling blasting was done.

The amount of explosive obtained in the 1st report was also taken intoaccount

when the amount of explosive to be used was determined.

In case of suspension test, maxim amounnt of explosive was 3kg and max, value
of impulse was 149. 4x10~%g - sec/cm?. In case of drilling blasting whichis close to
actual scale, 158x10® kg sec/cm?® was recorded as the value,

Each shock pressure was 375kg/m? and 163kg/m?. Max. value of strain stress

reached up to 3,300..

The 3rd report is to study allowable value of underwater pipelines affected by
shock pressure on basis of the said behavior analysis.
(*Taisei Corporation, 1—25—1 Nishi-Shinjuku, Shinjuku-ku,

Tokyo, 160—91, Japan)
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