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Abstract .

volved. In order to study the fracture characteristics of coral reef limestone after underwater drilling and blasting , four

In the process of ocean development,blasting excavation of underwater coral reef limestone is often in-

types of coral reef limestone were used to simulate single hole blasting tests under three water depth conditions. The
failure zone around the hole,radial crack and fragmentation distribution of reef limestone specimens under different
water depth were analyzed. The results show that no obvious failure zone around the hole is observed in coral lime-
stone and coral gravel limestone specimens. For the biological gravel limestone, obvious cavity can be observed on the
surface around the blast hole. The number and width of apparent cracks of the specimen after blasting decreases with
the increase of the water pressure. The boulder yield increases with the increase of water depth,and the block size
distribution of underwater drilling and blasting of coral reef limestone conforms to the swebrec distribution.

Key words: underwater drilling blasting; coral reef limestone; appearance analysis; radial cracks; fragmenta-

tion distribution; swebrec distribution function
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Table 1 Physical and mechanical parameters of reef limestone

Yt WECE IR YIRS B
PR3/ MPa 43.22 34.44 25.98 5.20
YL/ GPa 20.57 14.93 13.73 5.09

(a) B IR O

(a) Coral reef limestone core

(b) BEHL200 m /K TRHRHEZS 25
(b) Simulated 200 m water depth

(o) XA E T X

(c) Fixing method of specimen

explosion vessel
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Fig. 1 Experimental equipment diagram
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Table 2 Experimental grouping

AR RS /KIE/MPa /g Fim/g
04 0.5 0.1 1721.0
I
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Fig. 2 Fragmentation of coral gravel limestone after blasting under different water pressures
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Table 3 Fragment size distribution after explosion under three kinds of water pressure
0.5 MPa 1 MPa 1.5 MPa
R11 R8 R6
YEER, e RitEE REERf/ mE RBithE WWEER BE BitEE
mm 5/ % 5/ % mm 5 E % 5 E % mm 5 E/ % 5/ %
<30 34.22 34.22 <30 30.38 30.38 <30 6.39 6.39
34 4.10 38.32 30 1.46 31.85 31 1.31 10.07
35 4.25 42.57 34 1.69 33.54 32 1.63 11.70
40 4.00 46.57 35 1.91 35.45 35 2.92 14.62
41 5.27 51.83 40 2.64 38.09 40 2.18 16.80
45 4.10 55.94 50 3.23 41.33 57 13.28 30.09
50 12.35 68.29 60 7.52 48.85 58 14.59 44.68
51 14.24 82.53 65 16. 66 65.51 63 16.73 61.41
54 17.47 100. 00 77 34.49 100. 00 96 38.59 100. 00
40 (b-1)176
351 ——0.5MPa ;—f = (:i (2)
—— 1.0 MPa max
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Table 4 Fragmentation distribution characteristics
o L L . : 1 of specimens under three kinds of water pressure
40 50 60 70 80 90 100
P ER /mm K/ R X5/ K/ b R
MPa mm mm
B3 AR T IREIE bt iR 0.5 Rl  40.5 54  0.77  0.977
JSiE ot - E AR A 1.0 R 620 77 0.51  0.958
Fig. 3 Proportion-diameter distribution of the first four 1.5 R6 60. 0 96 2.62 0.971

blocks of coral gravel limestone under different water pressures

KT HRWHL 1) 70 A ek K, [ Y Ah 2 B AR R
ARG RE T 2R 2R, H AT, Fion
Ouchterlony $i2 i ) Swebrec 773 p& B N L™
2z HAKRFSERNT

I

P, = 1/{1 . [ In(x,,./x) (1)

In(x,, /%)

Kb Py, A RGERE N ,0 <x<1;x,, %, 505
i R P RS R RS, mm b i sl 455, i
PR B IR R TR ER

W 3 A, RATTAT LIS B =Rk A
BT BV EIEE o PR KRR EE o, , 15 3 09 £ 48 4
e X VIS

W =FOK R OL T 1 HBE 2 B] swebrec 4347 bR
BT WA, K 4 Fron, fEK o 1 MPa Al
1.5 MPa I, iZ R BCHA £ 550, i 4fE swebrec PR LY
PERT, %53 A BRECEA — 5«

LA TE UG A S R R #54E 0.95 L) |
VLI Swebrec 4317 BRECAN S F 58 R AB ML I HL B 43
A7, KT BT, IS8R B WA 1 LB 43 A [ RE AT
4 Swebrec YES A1 pREL . WLIE 4,

100 -
o 80T

2

17 60 |

=

B& 40 | —— 0.5 MPa
i —e— 1.0 MPa
HE 20k —+— 1.5 MPa

0 3.0 4I() 5IO 6I0 7I0 8I0 9I0 l(I)O
HEE A /mm
Kl 4 SEIER)E KA Swebrec HL 434 BRI A K

Fig. 4 Fitting diagram of swebrec block size

distribution function of coral gravel limestone



28 P )

2021 6 H

2.2 BIMEFLMHESN S

T e B FL BRI PR RN D 08 A G, A
PIRD R PP AR AL R AT RE A LS B I , T 5 2
5 O R M L UL AN 21 A 2 A BSR . fEM AL
A T2 B 5t ZUA) = 1] AR R ) 48 0 VR B
J—ALL SRR BT OO o 0 TR X o T e
DXAE LAZGHE DA o (9 S PR 1) DD L, DR R RE
Mo S AL R B9 S Lo 1086 e A B, R B iR
TEFFRS e 2B R A ey 0 0, (ELRSE AR T 3 A ol
o ERE A IR X o X TR K MR 2

(b) Z5 0.5 MPa

WIS (b)) (e)  (d) TR H ik &
TEREE e JEAFL A B R 305 — e g s /Y
AL BRI AR IR SN UAT A A S DX o % e
RS, S LA B 2 B S A i 1) ] Y 2 {E A
ARYARIE P Wl K 1AM L S B A W 2 1]
HA A (A ) AT i) 2R i o A LR 3 A A 1 40
INWE T B AT o X T RESEAR 1) RS VI T RS R
VRIS R o BESR /K TR BN, A= P b BRI 5 4
FLBHE AR A R A8, /IS0 m K ZRASF H il
S ILEE S B (14 A% RIFE 150 m KR, A 9 Y B
GARAIE T W

T BT KA M LA DL
P, A LI A A DX ) 2 222 6 2 3R A I 52 M A L
WA URFE Y EEE R

Esen S, Onederra 58 A\ H 173158 R i X 4%
(IR ST /AW

Re = 0.812r,(CZI)*" (3)
CZ1 = p,/(Ka?) (4)
K=E/(l +v,) (5)

Ken, WML EAR s py HIESLIE ST 50, FPLIE
SREEE, a0, N EZIARA L

I P LA % 2 PR o 0 25
_ PoDi‘J
Ty +1 (6)
:—Et':i:‘ :P(]] \ch\po*u Y ﬁ‘%”ﬂi’ cJ J:%}:E Pa,CJ J:%

cJ

P RIEA B RIRZBE, JEAL KRR RS, K5
(a) Fr7n oy M3 SRR R R, BORMLALS B A
SIS PO O DX, {ELAE 0 LR R SR 2B 22 1] 11 248
JERe 2 BT, S BUG LA R AR RBR 50E . A=W 5k
BRI AR A8 o M AL B ) S ] S A [ A1
DXk, ke 25 .26 . Z9 e ML ] [l n] L% 21 85
AR ELGR , BI A LA A Rl D e i v
5 (b) Bz, [ Vel A D A My e iR B i e 4 s e AL Ff
AR IE o

(¢) Z6 1 MPa

K5 HMALMHERIAE AR R

Fig. 5 Schematic diagram of failure mode near blast hole
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Fig. 6 Cracks of reef limestone under different water pressures

RS ZFKEBATRHREHRIHE

Table S Number of cracks after explosion under three kinds of water pressure
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