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Boht,
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FRERERCFTFDALERYCGX-1 ¥4 +=1
LA L TR A1008 18008 O/ LRBBECiE, QIR &
BTN,
P=490(YW/R)"-13 (3)
SENHRTIE, FRRBLAIBLOC—E
BIUKM LR Y EFELT, WK ehi,
P =340(YW/R)-1! (4)
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No.1 2iNo.4 & 9 L RPBEOEEER{ RIS LE
Zo6hd, B2RFig. 7 nOERICZ 0 L HFRTIC
BhTnws, A,BC2vwL, DEFn3B{ic L3
EHESARABMIICBH LA LE2bM 5. BIbHE—
BSOS EVOETHY, thai.f FCRELT
20 HBL, —PRATHTRNEIFEL29Y,
AELLZLONEL, FOMlIcE2nklikeny
2927 v 7PVI~PVALRR+ 5, RRLBBES
EEH, o 2T o7 PV TiE O BOBHIE
Wi EE2ENAAEL 6V, TibY, No,
1LDE 27T 97T, 2O0ENRBTS/-HH2
TOFHKRES LS,
tv 77 27 No,2—No.4Clx, EOMEI KT
EL2D, THIZONT AL 7TICRAEIRET S,
Table1 i, SERMH&RE LEAED -t onT
HEBEH RS, LD LOTH S5 No.1~No. 16 ¥

Table 1 Calculated value on blasting suspen-
ded in the water

peak- | time peak pressure
pressurel const. X time condition
(kg/cm?) | (usec) (kg - sec/e)
P1| 80 80 0. 006
No|P2| 75 80 0. 006
2| Ps 40 90 0.004
P4 30 90 0.003
P1| 270 85 0.023
P2 - —_ —
No 50 | 9%
P3| 65 90 0.015
40 100
P4 - — —
P1| 300 93 0.028
P2 — — —
No 75 100
10|Ps| 55 | 105 0.018
45 110
P4 - — —
Py 330 55 0.018
140 55
P2 70 60 0.017
No 55 65
11 55 65
Ps 28 70 0. 009
28 75
Psl — — =
Pil 430 65 0.028
190 65
P2 120 70 0.026
No 75 80
12 Fes 80
P3| 80 85 0.013
35 90
P« — — —
P 180 60 0,011
150 55.
P2 50 70 0.012
No 50 70
13 28 75
Ps3 28 75 0. 006
18 _80
P4 - - 0.004

— 978 —

eak pressure
peak- | time Xlt)llne gondmon
pressure| const. K ec/em®)
(kg/cm’) | (usec) (kg - sec/cm
P 510 | 75 | 0.08
110 80
Py] 220 75 0.035
e
0
14|Ps| 60 90 0.017
40 | 100
40 100
P 35 | 105 0.011
30_| 110
P 5% 8 0.047
250 78
Pz2| 160 85 0,042
95 95
No 95 95
15/ps| 6 | 100 0.021
48 | 110
48 [ 110
Ps| 40 | 110 0.013
30 | 120
gl 850 160 0, 085
1 B >
No[pz| — —
16 % | 140
P.| 55 | 145 0.024
45 | 150
Pi] 130 | 210 0.027
No|Pz| 100 | 220 0.022
17|Py| 120 | 215 0.026
Pl 90 | 220 0.020
1 190 {0,019
Pil 150 | 155 ) %_12_4;>° 042
& | 1% V)
Nelhitzs |t om0 0%
: 3
LR B
Pl 80 | 175 |0.014>0-929
No gx 0,084
1 - _ -
19| P 0.079
P, 0.056
Py 0.163
NO P3 —_ — 0.164
20| pg 0.154
P, 0.112
I;‘; Py| — — — non fire
gg P,| 150 | 280 0.042
No P, | 300 150 0,045 26B pipe
wg| P3| 300 | 150 0.045 30~60cm
Pyl 150 160 0 ou displacement.
No| 2| 300 | 150
| P3| 300 | 150 o.o45
P, 150 | 160 0,024
No|Fz| 300 | 150 0.045
zg P3| 300 150 0.045
Pl 150 | 160 0.024
“;g P, 9 | 120 0.011

TiIkP R LERE, No. L7TO T IRANLER OB SO
Th5,

B (L2 R) R 3 kBic, Kirkwood-
Bethe mERRIZ L 3G EERA L,
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I(kg - sec/cm?] =0, 1990 V3(W V3/R)1.05

. [kg 1r3(kgu3/m]|.os ( 5 )
2Whe R ¥ —i2=6.79 & LT, R.H.Cole?

itk eI ERDI.
Es(kg - cm/cm?)=0. 1068W Y 3(W V/3/R)?% 12
[kg”3- (kg"3/m]l-°5 (6)
SN & BHEIC X B3AHBID<F » G Fig L IR+
AYTHs,

kg/eo? «pec

A1
o ® plactored in the water

0.10t © Excavation
X air mat.
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o
-
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N : L N L " L ;
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peak of achock pressure x tive constant. kg/ce? sec

Fig.1 Relation between impulse and peak
pressurextime constant
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T=0.026

ED:E[D Impulse
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QL0 LRBMEATHI LI,
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2.3 miHE

Yo 7RIS HUBREE L L 6 X Model-Ana-
lysis #RALBINER S,
EFALORHIBRARRATH 5,

CMI#+ [el8)+ (K u)=(F) (7>
s (M) BE~TRY v

[c]: HhiEiBi~= by v 7 2
[RI:BifE=bY »2 2

In the case shown in
left figure cycle time
is 0.026 second.
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FEIREH MIRD
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BEFRK (6,82..,6i,.--62) BLUBAFH (0, of
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ThB, e—FN7 bV v 2R O(nXn) ERICEE
+aL
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JBRIETSRATIL yimax L 5,

oD BRiROENT—FicBI5 i KB
BANEMNEM TH Y, qimax X i KIRDHOIEE D
KTHDB, [ 12y L VIERT3HOERENNT
b5,
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2.3.2 HEXi
@) R, TH2WBBANT, Y SHEiT
A=0, 127X 10"}(m?)
1=0.171x10-%(m*)
E=2.1x10°(Ton/m%
DRBH ERLFTIENTES,
(b) fEizseemE & L, I AT Ges
&7 lton © B MY 2 FIZERGICIER T 5,
NOHHSERAHETS,

f HeELWE

K~ rectangular distribution

{c) MEREHITO LT3,

2.3.3 HEER

© BRXEALL Fig.2 0 B4 BLUW0ICRE
h3cHHT, {REO 0.928m, y B
DORRELIL y TL96em L7225,

3 D=0.648"
3 As0,127x10 'm?
6 7=0.171x10"5c"

s 1lton's force/unit area/unit
time 15 applied shockingly

OI1TITT7IN
Nodal | Max, displacement | Max. displacement
point | to x direction {cm) | to y direction {em)
1 0.0 - 0.0
2 0.132 0.50
3 0.682 1.05
4 0.928 1.11
5 0.539 1.22
6 0.079 1.67
7 0.0 1.96
8 -0.079 1.67
9 -0.539 1.22
10 -0.928 .11
11 -0.682 1.05
12 -0.132 0.50

Fig.2 Nodal point and max displacement
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9—10 [{1] ¢ 866.69ton & 72 DghiFE— 2 ¥ b i2fh
M1 TL86Utem HAMAIK1—2, 12—1WT9.
g6ton ik & e B,

Table 2 Max cross sectional force
Result of calculation

Nodal Axial Bending Shearing
point force moment force
(ton) (t.m) (ton)
1 7.66 1.861 9.86
2 18.10 0.319 6.65
3 15.33 0.960 1.97
4 866. 69 0.917 2.93
2 644.13 8 g 6.98
13.85 ’ 1.98
7 13.85 0. §69 1.98
8 644.13 0.655 6.98
9 866.69 0.548 2.93
10 15.33 0.917 1.97
11 18.10 0.860 6.65
12 7.66 0.319 9.86

2.3.4 giFERoRE

AKPERICL - TRETHTFREERIT S84 71,
O CERT A& E TS L MR LY
ol Bk IXEA 4~5, 9~10 [ T 866.6%0on
Ly, EAEIC BT LTl A=127cm® 20T
6, 820kg/em® L7223, I TETEARSRLE, =
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EDY L IIEFIENETHS,
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amax=kXpxt (15)
Z 2z k=6,820(kg/cm?/ton - sec/nl); AT
p=gE (ton/n)
t =§Hkgusl] (sec)

(E=2.1x10"ton/nt & LEhH+ > SYBIRER LAV
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Fig.4 Relation of shock pressure between
peak pressurc and strain created in
pipe
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1] (1) strain of axial direction
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Fig.5 Relation between peak pressure x time constant and strain
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HENBDTerennnes 0.50
EL, EAUAOEAILTIXL00 LT3,
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Fig.?7 Relative diagram bctween volume of cxplosive and impulse
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Ry=Y 3.02+4,0240.7520 5,17

Ry= 4/6.0244.0240,752= 7,27
NO Distance Volume of Izpulse
- () Explosive(kg) | (kg/cmisec)
1 5.1 1.5 0.0140
2 7.2 2.0 0.0125
3 5.1 1.5 0.0140
| 4 7.2 2.0 0,0125
P__ _4 ! 0.0530 s 0.064
;]
7
b_”_4 R1 0.064 is used in this special ...eceee oKX
4.0n
Fig.8 Example of operation
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(1) SEP in operation

{(2) Dredger during bench excavation

(3) Job site under surveying
Fig.9 Job site operation
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A Study on the Behavaior of Submarine Piplines under
Shock Pressure of Underwater Rock Blastings
(3) Analysis and Discussion

by Mitsuho WADA#

The 3rd report on the research of the behavior of underwater pipelines is the
analysis and study of the results of the behavior investigation described in the 1st

and 2nd reports.

In this report, allowable strain value of pipelines was evaluated by using “shock
pressure (pecak) X time costant” as parametes,

It was considered that collapse of pipelines was caused by strain due to axial
directional bend and we decided to calculate the amount of explosive with the said

value as allowable value.

Allowable strain was 2,000x and its impulse was 0.032kg - sec/cm?.

However, it can be 0.064kg - sec/cm? under sufficient coditions,

When the amount of explosive and distance are given to this relation, we can

get following formula

I (kg « sec/cm?)=0. 04846 x W0.6%/R0.91

From the said formula, it is desirable to calculate allowable amount

of explosive

and distance for pipelines to be affected by underwater shock wave and such fig-

ures can be adopted in design.

The actual work has been completed by using the said results.
(*Taisei Corporation, 1—25— 1 Nishi-Shinjuku, Shinjuku-ku, Tokyo, 160-91, Japan)
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