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REMR TECHNICAL NOTE CO-RR-1.2

FRACTURING OF RUBBLE STONE BY
EXPLOSIVE CHARGES

PURPOSE: To descri be a uni que nmethod of reducing voids in some coasta
structures through the use of explosive denolition agents.

BACKGROUND: An explosive is defined as any substance or device that can be
made to produce a volune of rapidly expanding gas in an extrenely brief

peri od. Types of high explosives include dynanmtes, gelatins, and bl asting
agents.

VWhen expl osives are used for sand sealing, an extrenely perneabl e core made of
| arge core stone is subjected to inpact blasts froman expl osive charge. The
bl ast fragnents the inner core stone, causing settling and thus reducing the
structure's perneability.

Bl ast damage (rock fragnentation) results fromthe inpacting blast wave. The
damage potential depends on structure conposition and the expl osive's parane-
ters. The project engineer should be able to correl ate peak bl ast pressure
devel oped (shock) and correspondi ng charge wei ght required for adequate
results.

CONSI DERATI ONS: Sonme expl osives may be identified by weight strength, car-
tridge strength, or product name. Detonation pressure, a function of density
and detonation velocity, is a better indicator of an explosive's ability to
per f or m wor k.

The velocity of detonation (VOD) is the speed in which a one-di nensi ona

det onati on wave or shock front travels through a colum of explosives in a
borehol e or other confined space. It is dependent on factors such as density
of the explosive, ingredients in the explosive, particle size of the ingre-

di ents, charge diameter, and degree of confinenent. The confined detonation
vel ocity of commercial explosives varies fromb5,000 to 25,000 ft/sec. Sone
manuf acturers test under unconfined conditions. |In that case, the unconfined
val ue is approximately 75 percent of the confined VOD. It is inportant to
know t he conditions under which the manufacturer nakes his velocity

neasur enent s.

Density can be expressed in terns of specific gravity or cartridge count.
Cartridge count equals 140 divided by the specific gravity. For sone expl o-
sives, the density is often specified as the pounds of explosive per foot of
charge length in a given borehole. The density of an explosive is inportant
when working in water, because if the specific gravity of the charge is |ess
than | or the cartridge count is greater than 140, the explosive will not

si nk.

Detonation pressure is a nmeasure of the pressure in the detonation wave front.
It is a function of the VOD and the density of the explosive. Therefore, it

1



REMR TN CO-RR-1. 2
8/ 88

is a very inmportant property to consider. Detonation pressure can be approxi -
mat ed by several nethods.

Conditions that can have an effect on a blasting operation include:
a. Rock specifications.

Presence or extent of one or nore free faces.

Tenacity or cohesive strength.

Structure.
Degree of fragnmentation required.

el N

b. Expl osi ve specifications.

1. Type, strength, and nature.
2. Method of initiation.
3. Type of detonation

(a) Instantaneous or sequenti al
(b) Regular or short del ay.

C. Shot hol e or chanber specifications.

1. Size, type, and depth.
2. Depth to which hole is | oaded.
3. Loading density and degree of confinenent.

d. Method for renoval of resultant debris.

Poor fragmentation will result in inadequate sealing and high secondary bl ast -
ing costs. Therefore, everything possible should be done to maxim ze the pri-
mary blasting effort. Fragnmentation can be inproved through the foll ow ng

t echni ques:

a. Drilling shall ower holes or better distributing the explosive
charge over the length of the hole.

b. Shorter spacing between hol es.

C. Shorter burden distance. (The burden is defined as the vol une of
rock within the zone of influence of the charge or the vol une of
rock to be broken by any one hole or charge.) The burden distance
is the distance between the nmain body of a charge and the nearest
free face.

d. Use of an explosive that gives less brisance (ability to shatter
rock by shock or inpact) and greater gas production

e. Use of short-del ay detonation.

Addi ti onal provisions are necessary when expl osives are used for hydraulics
applications. The follow ng shoul d be points of consideration
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a. Ef fects of shock waves transmtted through water to nearby
installations nust be taken into account.
b. Ef fects of hydrostatic pressure should be noted. Because of

wat er pressure, burden distances nust be reduced.

C. The expl osi ve conponents should be able to w thstand
prol onged exposure to water w thout deteriorating or |osing
sensitivity.

d. Ef fective placenent may be difficult.

METHODOLOGY OVERVIEW Since jetties are conposed of dense rock, an expl osive
with a high detonation velocity and density, and resulting high detonation
pressure, is desirable. The contracting officer should conmpute the perm ssi-
bl e pounds of expl osive charge per |oaded foot of hole. This nmay vary as the
wor k progresses based on effects of the blasting.

A pattern for drilling shot hole groups nmust be devel oped, and each hol e
| ogged. Shot hol es should be drilled vertically fromthe jetty crown area
into the jetty core zone using a drill suitable for penetrating dense rock

The size of the hole should reflect the degree of charge confinenment required.
Lining the bore holes with plastic casings is recommended in hydraulic
applications.

The expl osive should be placed in the holes at proper depths to obtain optinmm
charge potential. Detonating cord downlines should have a fiber strength
suitable for the work and, |ike the explosives, be water resistant.

The charges should be variably detonated to enhance shattering effects.

After blasting, localized settling is usually experienced, and additiona
stone to rebuild structure height is needed. The jetty crown may require
regradi ng to snooth out rough surfaces, dislodge | oose material, and clear
away trash and shot debris.

Al t hough the operator will want to use the lowest priced explosive that wll
adequat el y acconplish the job, the cost of explosives should not be kept down at
t he expense of the operation. The cost of the explosive is mnor conmpared wth
the cost of drilling and nobili zi ng.

FUNCTI ONAL EXAMPLE: The Yaquina North Jetty Rehabilitation and Test Bl asting
Section is taken as an exanple. This project is |ocated at Yaqui na Bay,
Oregon (Figure 1). Rubble-nmound jetties were constructed to maintain the
entrance channel stability. The jetties were 305 m (1,000 ft) apart, with the
north jetty 2.1 km (7,000 ft) long and the south jetty 2.6 km (8,600 ft) | ong.
Crest elevation of the jetties was approximately 6.7 m(22.5 ft) mlw The
structures were conposed nostly of sandstone, with sone hard igneous rock and
basalt (Figure 2). Water levels in the area ranged from3.5 m(11.5 ft) to -
0.9 m(-3.0 ft) mlw

In 1977, helicopter surveys of the seaward end of the jetties were conducted.
Several uranin dye tests were perfornmed on the north jetty to examne the rate
of water passage through the structure. Traces of dye passed through the
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Figure 1. Location of jettied entrance to Yaqui na Bay
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1958 STONE SPECIFICATIONS
STONE SIZES  MINIMUM AVERAGE  MAXIMUM
CLASS A" 6 TONS 10 TONS 25 TONS
CLASS "B" t TON 3 TONS 6 TONS

STONE USED WAS SANODSTONRE THAT HAD A UNIT WEIGHT
OF APPROXIMATELY |51 POUNDS PER CUBIC FOOT.

Figure 2. Cross section of north jetty
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structure and could be seen in the channel within 45 sec, and hi gh dye concen-
trations occurred within 3 mn, indicating high water and sedi nent vol unes
passi ng through the structure.

It was decided to sand seal a portion of the north jetty. A 91.4-m (300-ft)
test blasting section was planned to reduce the size of core stone. The

seal ing procedure called for 7.6-cm (3-in.-) diamholes, up to 10.6 m (35 ft)
deep, to be drilled on a 0.9-m (3-ft) grid. A total of 24 holes were drilled
with 4 to each transverse line. After plastic liners were fitted into each
hol e, expl osives having a charge of 7.3 NNm (0.50 Ib/ft) and a m ni mum

unconfi ned detonation vel ocity exceeding 10,000 ft/sec were placed in the

| ower portion of each hole and variably detonated to enhance shattering
effects (Figure 3).
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Figure 3. Expl osive charge depl oynent

Sone difficulty was experienced in placing the closed plastic tubing as deep as
the hole was drilled, since sand caved into the hole with the renoval of the
drill steel. The tubing was generally placed to about 5 ft fromthe end of the
hol e.

After sealing efforts were conpleted, additional dye tests indicated the
structure's core perneability had been substantially reduced, and subsequent
surveys reveal ed an accretion of the adjacent north beach

This met hod was considered a | owcost alternative requiring no najor recon-

struction of the existing structure. Quality control was difficult. Each
additional test area was dye tested to determ ne sealing results before
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proceedi ng. Sone |ocalized settlenment of the structure was reported after
bl asting. Total cost for the project was $553, 664.

SUMVARY: This nethod of sealing may be a viable alternative for sonme uni que
structures. It is an experinmental nethod, and quality assurance control may
be difficult. The follow ng nmeasures shoul d al so be consi dered:

a. Bl asting should be restricted to the low tide period during
dayl i ght hours so that shot hol es can be | oaded and fired
safely.

b. Bl asting should not be permtted when visibility is |less

than 1,000 ft.

C. For quality control and reference purposes, a blasting
report and drilling and | oadi ng not ebook shoul d be
mai nt ai ned and should contain conplete entries after each
group of holes is blasted.

d. Appropriate safety concerns shoul d be addressed, such as
vi bration control, airblast nmonitoring, and |ightning
det ecti on.

e. Sei snographs and ot her instrunmentation should be used to

nmeasure shock waves and underwater dynam c pressure response
to the bl asting.

f. Coordi nation with agencies such as the Environnenta
Protecti on Agency, Fish and WIldlife Service, and US Coast
Quard shoul d be enphasi zed.

Depl oynent personnel shoul d be conpetent in the use of explosives.

Recomended safety practices for transporting, storing, |oading, and firing
expl osi ves can be obtained fromthe Institute of Makers of Explosives (INME) or
an expl osi ves manuf act urer.
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