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DESIGNING BLAST PATTERNS USING EMPIRICAL FORMULAS

A Compurison of Caleulated Patterns With Plans Used in Quorrying
Limestone and Dolomite, With Geclogic Considerations

by

Joseph M, Pugliese!

ABSTRACT

This work was done by the Bureau of Mines to provide quarry cperators
with an uncomplicated, first-approximation method for designing blast
patterns, considering geologic structure, and to show the valid use of the
technique by comparing drill and blast pattern dimensions used in the quarry
with those determined by the presented method. The author visited 12 lime-
stone and dolomite quarries in Ohlo (Adams, Crawford, and Highland Counties),
Wisconsin {Milwaukee, Racine, and Waukesha Counties), and Minnesota (Fillmore,
Olmsted, and Wabasha Counties); observed the blasting practices; studied the
major geologlic features; and after discussion with the quarry managers,
foremen, and blasters, compared the quarry blasting patterns with those as
calculated by the empirical formulas (after R. L. Ash), with geologic struc-
tural considerations. When geologic structure such as bedding, jointing,
folding, and caves, as well ag explosive properties and field perfeormance
characteristics are accounted for in a manner suggested by the research, the
presented empirical formulas may be used as a good first approximation. The
included steps in planning a blast design and generalized blast patterns
should be of help to the quarry operator. Design changes are recommended for
these quarries where problems are occurring,

INTRODUCTZION

The Bureau of Miues has been conducting field studies of explosive blast-
ing in rock for a number of years. Concerning the topic of this paper, a few
of the studies are reported here. Atchison and Pugliese (5),” in their
comparatlve studies of axplosives in limestone with tight joints, found that
repeated blasting in an area opened the tight separations in the rock. Their
results reflected the etffect of this joint opening. Nicholls and Duvall (13)
atudied the effect a charge diameter has on explosive performance. A recent
study (l4) showed horizontal bedding without or with conspicuous jointing,
folds, faults, caves, and filled joints influence blasting and mining in lime-
stone and dolomite quarries. The quarry operators attempt to minimize

1Geophysicist.
2Underlined numbers in parentheses refer to items Iin the 1list of references
at the end of this report.



detrimental geologic effects and maximize bencficial geologiec effects, Outside
of the Bureau, other investigations are noteworthy. Belland (68) concluded
that geologie structural controls on rock fragmentation upon explogive
blasting do exist and that explosive blast patterns should be designed to make
optimum use of geclogic controls. Ash 3) has developed five basie empiric
ratios for designing blasts. Ash and others (%) investigated further to
determine counditions for optimizing spacing of simultaneously initiated
multiple explosive columns. Ash's recent study (2) dewonstrates the validity
of his earlier work on determining blasting relationships useful for estimat-
ing blast pattern dimensions. Grimshaw and Watt (L1} coumented on innovacions
in the quarry blasting field being introduced to assist the quarry operator in
producing stone with improved economy, safety, and efficiency. They note somg
possible benafits to be associated with shallow face working which emphasize
the interdependence of tha drilling, blasting, and materials-handling
operations,

While the author was conducting his study (14), he noted many guarry
aperators were not cognizant of the work meuntioned above. Therce was & lack
of awzreness of uncomplicated, first-approximation blast pattern design
criteria, including geologic considerakicus. In many instances, blast
patterns providing satisfactory results had been developed on a trial and
error basis, which is costly in time and money., The author felt the need
for a report containing: Simplified formulas (after Ash}® that may be used in
making first approximations of driliing and blasting patterns, with geologic
considerations; suggested sequence of steps in planning the blast design;
generalized blasting pattern views that may be used; and direet comparisons
with patterns used in the quarry,

In collecting information for this report, the author wvisited 12 guarries
in Ohio (Adams, Crawford, and Highland Counties), Wisconsin (Milwaukee, Racine,
and Waukesha Counties), and Minnesota (Fillmore, Olmsted, and Wabasha Coun-
ties): observed the bhlasting practices; studied the major geologic features;
and after discussion with the quartvy wcanagers, foremen, and blasters, compared
thc blast patterns calculated by empivical formulas to guarry blasting
patterns producing satisfactory results, with geology consid~ced in the blast
designs. Design changes were recommenced for thosc quarrvies yhere problems
were occurring and where the calculations suggested a change.

In this report, explosive ingredients, properties, and field performance
characteristics are included only when necessary, The reader is referred to
Dick (8) and Yancik (15) if more extensive information is desired.
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3Usc of these formulas is by the author's choice and does not imply endorse-
ment by the Bureau of Mines. Dther formulas arc available in publications
(1o, 12).
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COMPOSITION AND ORIGIN OF LIMESTONE AND DOLOMITE

According to Bowles (7}, limestone is composed mainly ef calcium
carbonate (CaC0,). The rock is known as a high-calcium limestone if the
magnesium carbonate content is small. The rock is called a magnesium or
dolomitic limestone if 10 percent or more of magaesium carbonate is present.
When the magnesium carbonzte content approaches 45 percent, the rock is known
as dolomite, the double ciarbonate of calcium and magnesium CaMg(COa)a.

Limestone consists calefly cf :ium arbonate shells and skeletons of
organisms that inhabited oceans 2 ter, Yncounted generations of these
organisms lived and died to leave 211 and skeletal remains accumulated
on sea and lake floors. Such shell . | . are supplemented by chemically

Frecipitated calcium carbonrate and, zaccoru.rT to some geologists, chemically
precipitated magnesium carbonate. During later geologic ages, beds of other
material were deposited over the carbonates and thus caused pressures that
gradually consolidated the carbonates inte limestone., Limestones can contain
large amounts of impuritiles such as clay and silica,

Opinions differ on the formation of dolomite. Some geologists believe
that dolomite was formed directly from precipitation of calcium and magnesium
carbonate while others hold that dolomite was formed from limestone through
the replacement of some of the calcium by magnesium,

The individuwal limestone and dolomite layers range from a fraction of an
inch to many feet in thickness, Massive strata of uniform texture indicate
relatively long periods of uniform conditions of sedimentation. A bedding
plane is intrvoduced when (hese conditions are temporarily chamged, In
general, each bedding plane marks the termination of one depusit and the
teginning of another.

DEFINITION OF MAJOR GEOLOGIC FEATURES IN THESE ROCK TYPES
OBSERVED TO INFLUENCE EXPLOSIVE BLASTING

The following major geologic features were observed to affect explosive
blasting in limestone and dolomlte quarries. The terminology used here is
that of the Dictionary of Geological Terms prepared by the American Geological
Institute (1),

Bedding is a collective term signifying existence of beds. A bed is the
smalleat division of a stratified series and is marked by a reasonably well-
defined divisional plane separating its ncighbors above and below,



Jointed bedding is composed of fractures (joints) in the rock, generally
vertical or Eransverse to bedding, along which no appreciable movement of rock
has occurred. A joint set 1s a group of approximately parallel joints, TIf
clay and/or mud accumulate in an open joint, it will be considered as a fllled
joint, The filled joint may have a few discontinuous open channels,

Folded bedding is marked by a bend in the strata. In this report, bed-
ding is congidered folded when this feature is present to a majer extent
within the confines of and im relation to the blast or quarry area. Faulted
bedding is characterized by a fracture in the rock with a d'splacement of the
sides relative to one another parallel to the fracture.

An unconformity is a surface of erosion or nondeposition, usually the
former, that separates the younger strata from older rocks., A bed is uncon-

formable whea Lt does not succeed the underlying strata in immediate order
of age,

A cave is a natural cavity, chambey, or series of chambers beneath the
surface of the earth. Such underground openings are usually produced by
solution of limestone and dolomite,

PRODUCTION BLAST TERMINOLOGY

The following Iist of blasting-pattern dimension symbols will be used in
this report. The symbols
are the same as those used
by Ash {2-3). The bench
cross section view (fig. 1)
and the plan view of gener-
alized blasting patterns
(fig. 2) should facilitate
understanding of the symbols,
The blasting patterns shown
in figure 2 can be used as a
first approximation, In
multirow blasting (fig. 2,
plans A-E), a row is consid-
cred as an array of two or
more holes such that a line
drawn through the hole

> Charge centers is perpendicular to
the final rock displacement
direction, indicated by the
arrow on each plan, In

Floor plans F and G {fig. 2), the
TR one array of holes will be
J congidered as a row.
4 N/

FIGURE 1. - Bench Cross Section View Showing Dg, B, H,
J, T, and L (2-3).
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D, = Diameter of the explosive in the borehinle (in).

B = 3Burden, distance from a charge measured perpendicularly to the
nearest free face and in the direction that displacement will
most likely occur at the time of charge firing (ft).

8§ = Spacing, distance hetween tw. holes such that the spacing is always
measured perpendicular to its corresponding burden (ft).

H = Hcle langth (ft).

J = Subdrilling length, depth hole iz drilled below thc cstablished
quarry floor (ft).

T = Collar distance, the portion of the borehole not containing
explosive (£t}.

I, = Bench height (ft).

b = Distance perpendicular to the original free face, mezasured between
two rows of holes (ft). See figure 2, plan A.

w
1

Separation between adjacent holes in a row (ft). See figure 2,
plan A.

The terms b and 3 are used by quarry operators for convenience in describ-
ing such patterns as plan A, a square grid., These terms should not be con-
fused with burden and spacing. The word "explosives" is uscd as & collective
term for "blasting agents' and "explosives."

EMPIRICAL FORMULAS THAT MAY EE APPLIED TO
DRILLING AND BLASTING PATTERN DESIGN

Ash (3) has suggested five basic ratios for blasting design, The
standard blasting ratios are for vertical boreholes for all types of bench-
blasting in 20 different rock types with hole depths from 5 to 260 ft, hole
diameters from 1-5/8 to 10-5/8 in, and for all grades of explosives, Although
the ratios can be used as first approximations in blasting design, wodifica-
tions to the ratios will be pointed out where major geologic features inilu-
ence blasting results.

Ash's ratios will be shown as equations solving the unknown dimensions:

where B = KD, /12; Kg = Burdem ratio, L
S =K, B; K; = Spacing ratio, (2)
H =K, B; K, = Hole length ratio, (3)
J =K, B; K, = Subdrilling ratio, 4)



and T =K. B; K, = Collar distance ratio, {5)

D, is expressed in inches, and all other dimensions are in feet.

Calcularion of Burden, B, From Bquation 1

To use a certain explosive type with diameter, D,, the burden, B, can be
calculated from equation 1, The following values for K, are for rock with a

solid density of arcund 2.7 gm/cec, a common value for limestone and dolomite.
For calculating B, use:

Ky = 30 (average conditions--first zpproximation),

K

B 25 (for low-demsity explosives, such as AN-FQ),

aied Kg = 35 (for dense explosives, such as slurries and gelatin),.

1f the rock has a density much different from 2.7 gmfce, further adjustments
of Kz can be made. A lower K; value could be used for rocks of density much
greater than 2,7, for example 3, and a higher K; valuc could be used for rocks

of density much less than 2.7, for example 2.4,

Calculation of Spacing, S, From Fyuationm ?

Ky = 1.8 - 2 for simultanecus initiatieon of hwules in the same row.
Staggered drill hole patterns should be preferred hetween rows within which
all charges are initiated simultaneously. Rock movement will generally be
perpendicular to tine original free face.

According to Ash and others (4), larger K; values, for example Kg = 3 - 5,
could be used under favorablc conditions for charges initiated together as
oppoged to the commonly accepted limit of 2, The charges would need to be
fired however ab exactly the same time, otherwise spacing would have to be
reduced because of the lack of enhanced stress effects. In additicn, the
length of the charges must be suffilciently long.

In regard to a minimum H/B condition, a recent study (2) showed:
S« (B H)lf2 for 2B = H « 4R (6)
and 3 ~ 2B for 4B = H. 2

K = 1.8 - 2 ig satisfactory however although K; :ould possibly be reduced
further if H/B is much less than 3,

According to (4), individual blasting conditions will limit the value of
the optimum spacing that might be used in any given situation,

The above information should be kept in mind when calculating § by equa-
tion 2 for simultanecus initiation of holes in the same row.
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Ky = 1 - 1,2 for sequence delays in the game row. The square drill
pattern should be used for sequence timing in the same row and simultaneous
initiation laterally between holes in adjacent rows. Rock movement will
generally be in a dirvection 45 degrees to the original open face, Zor example,
the box cut, expanding V rock progreassion. The spacing ratfio Ky =1 - 1.2
applies to the ratio of s, the separation between adjacent holes in a row,
to b, the perpendicular distance measursd hetween two rows of holes, In terms
of burden, b = 1,4 B. Egquation 2 thus becomes;

8 =K, b=ZX (1.4 8),
where K =1 - 1.2,

K, will need to be adjusted further between 1 and 2 to meet local use and
conditions, for example, period of delay between charges. When K; is much
larger than 2, the spacing is so much larger than the burden that cratering
on the vertical face and large rock humps on the floor may resuli. When
Ky is smaller tham 1, too close a scparation of holes can cause prcmature
breaking between holes; this breaking results in finely broken rock in the
immediate vicinity of the holes, and boulders, slabs, and toe problems in the
burden area. Premature breaking between holes can promote loss of explosive
detonation confinement with subsequent pressure drop in the borehole regions.
Often under this condition, the spaclug should be slightly extended rather
than reducing the burden.

All these equations assume ideal energy balancing between charges (3) and
serve only as an approximation., The equatlions do not relieve the quarry oper-
ator from further experimenting to cope with the problems associated with bis
particular quarry conditions., For instance, there will be slight adjustments
to individual S's and B's between holes and rows so that boreholes do not
intersect near vertical joint planes or mud seams,

Calculation of Hole Length, H, From Equation 3

In practice K, ranges from 1.5 to 4 with a value of 2.6 being most fre-
queni{ly used. Generally a blasthele should never be drilled to a depth less
than the burden; that is, K, less than 1, Wnen is less than 1, overbreak
and cratering can develop. A Ky greater than 4 can cause bootlegging and
resultant toe problems when az single primer is used. For multiple priming of
a charge in a hole, the hole depth can he larger than that predicted by the
average value of K, = 2.6 and may even exceed Ky = 4. Ash cautions that there
iz no definite value of K, which can be applied easily without considering the
materials cratering properties, explosive charactcristics, and primer location
{personal communication).

Calculation of Subdrilling Length, J, From Equation 4

K, should not be less than 0.2 with a value of 0.3 being preferred to
insure a full face and even quarry floor, In quarries having a pronounced
parting as a quarry floor, however, no subdrilling may be necessary, that is,
K, = 0. In some cascs, a -K, is beneficial to prevent loss of explosion gas



when the bedding at the toe ia open, In extremely dense rock with no frace
tures, a K value of 0.4 to 0,45 can be used to eliminate humps and toes.
A K; greater than 0.5 is generally considereu wasted drill footage,

Calculation of Collar Distance, T, From Equation 5

T 1s the length of borehole at the collar which is not loaded with explo-
sive, This zone 1s normally filled with stemming material, This stemming
material helps confine the gases produced upoh explosive detomation and thus
helps reduce airblast. The gases contained are then available to do further
wotk in moving the rock., K; = 0.7 is a reasounable approximation for the
control of alirblast and fly reck and serious overbreak in the collar region.
In very solid rock, a value cf K; less than 1 can cause some cratering with
backbreak and possible violence, particularly with collar priming.

These caleculati~ 2are summarized in table 1, Multiple priming may
allow K  to exceed

TABLE 1. - o~ _.tation sheet-drill pattern dimensions for average
and alternative blasting conditions

Quarry location Date
D, = in; Cut ; Desired rock progression
B = Kgbhg /12 = ft for ¥, =~ 30 (average)
B = KgDe /12 = ft for X, s (alternative)

Eor staggered pattern, simultaneous timing

8 = KR = ft for Ky = 2 (average)
5 = KgB = ft for Ky =~ 1.8 (alternative)
For square pattern, sequence timing
s =Kg b =K, (L.4 B)= fr for Kg = 1 (average)
8 =K, b=Kg (1.4 B)= ft for By ~ 1.2 (alternative)
I = KHB = ft for K, ~ 2,6 (average)
B = KB = ft for K, ~ (alternative}
B, =K3B = ft for K, & 1.5 (minimum)
H,,, = KyB = fr for K, =~ 4 (maximum)
J =K,B = ft for K, a: 0.3 (average)
J =K,B = ft for K, = {alternative)
T = K.B ft for K; =~ 0.7 (average)
T =K,B fr for K; m~ (alternative)
L s H ~-J = ft (average or alternative)}
Ly, By, =J = ft (minimum)

Max MHMax =J — ft (maximum)
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The author suggests the following sequence of steps in planning the blast
design:

1. A plan view showing the original face(s) and desired direction of
total rock movemenl should be made. Major geologic features such as hori-
zontal bedding without or with conspicuous jointing, folds, faults, uncom-
formities, caves, and filled joints should be taken into account {14). The
cut, corncr or box, can also he determined.

2. Given a certain expleosive type with diameter, D, and a given rock
type (density), the burden, B, can be calculated from equation 1.

3. The drill hole pattcrn that will obtain the desired rock progression,
for example, echclon, or proper direction of rock movement should be selected,
The charge weight or number of holes per dz2lay will need to be considered
because of vibration problems (2).

4, Determine the spacing, S, from egquation 2,

5. Indicate drill holes with the initiation sequence on the plan view,
At this point, the operator can obtain a good idea of how the blast will
proceed and generally can determine the number of rows and number of holes
per row that are needed,

6. Check the hole length, H, from equation 3. te sec if priming
restrictions are in order and if the shot is in good proportion.

7. Calculate subdrilling length, J, from equation 4, and collar
distance, T, from equetion 5.

DIRECT COMPARISONS OF BLAST PLANS CALCULATED BY THE EMPIRICAL
FORMULAS WITH ACTUAL EXAMPLES OF BLASTING PATTERNS
USED BY THE QUARRIES VISITED

In tables 2 to 13, the millisecond delay notation is approximate because
of the considerable scatter among firing times of delay electric blasting

caps. The blast pattern sketches are not exactly to scale. See cabular
values for dimensions.

D, = hole diameter for free flowing and packaged explosives. D < hole
diameter when cartridpged explosives are used, If the hole contains a mix of
cartridged and free flowing/packaged explosives, D, is determined by what
explosive form predominates,



TAOBLE 2. - Blasting

pattern dimensions for Ohio, Adams County, Quarry No.

11

1

Cut Box

Deaired rock progression Expanding flat-bottomed ¥

Dimensions used Galculated drill K-values used
o in quarry pattern dimensions
Hole diameter, inches,. 2.5-2.75
D,, inches. erevsoen... 1.25-1.5; 2.5-2.75 2.5
B, feet...... crraraiaes 6 6 Ky = 30
Pattern..... . arsas Stagpered Staggered (plan B)
Timing,.......... . . Modified simultaneous | Simultaneous
8, Feet,ivecuurivinnnns 9 11-12 K¢ = 1,8-2
H, feet,..... Ceretiaees 30-50 19-16-24 R“ = 1,5-2.6-4
J, feet, . vivit vavenn . Q ar 3 Qor 2 K, = 0, 0.3
T, feet....... B, 5 4 K, = 0.7
L, feet,iorereiiuiinnnn- 30-50 19.16-24
. t7-14-22
Plan view:? Except for H and thus L, the calcu-
lated dimensions compare favorably
Example - 3 rows with those used by the quarry.
Since the AN-FO is not puacumati-
ﬂl 5 ‘ﬁ cally loaded, D, should be increased
. . . . for example to 4 in to obtain a
75 50 50 75 higher detonation vclocity. This
. . . . . L increased D, would provide a caleu-
50 25 25 25 50 B lated L value which would compare
. . . . . . — to the actual ledge height rarge
25 G 0 0 0 25 i in the quarry. If the quarry used
AR R R P S AP P R P R R R AR R R R R R R R PR S a larger D, B and S would need to
be increased. Multiple priming
would allow a higher bench to be
used,

IMinimum value-average condition value-maximum value.

2Numbers indicate miilisecond delay.

Quarry No, 1 Explosive Blasting Details

Required is a box cut with a desired rock throw progression as an expanding

flat-battom V.

Full column charges are loaded into the holes and bottom-primed.

When the holes are wet, they are bottom-loaded with 1«1/4-by 8-in and 1-1/2- by

8-in sticks of 40-percent weight strength water-resistant gelatin.
hlasting cap is placed in a cartridge of 60-percent weight strength gelatin.

The eleetric
The

gelatin has excellent water resistance and the smaller diameter charges will displace

less water than the 2-in-diameter cartridges.
at the tee, enough explosive might not be present
quarry floor. The water does ajid in letting moxc
which helps blasting foreman in this instance,
the hole is reached, premixed, frece running AN-FO

are otemmed about 5 Ft and alwaye less than the burden as a rule of thumb.

drill heles are of small diameter, drill cuttings
excellent results.

In the last line, the holes have less stemming than the

Unless the rock is very easy to break

to break the rock to the desired

energy into the rock than dies air
As soon as the dry part of

is poured into the hole. The holes

Since the

with

others

or<1l/4-in Fines are used

so that the confining pressure of detonation is lessened possibly to eliminate back

shattering 4nd breaking.
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Holes are subdrilled 3 £t unless the desired quarry floor is a predomi-
nant parting where no subdrilling is done. If this predominant parting causes
severe lack of loading and detonation confinement, a negative J could be used.

The blasting foreman is experimenting with different blasting techniques,
At present, the quarry is using the same explosives and blast design to break
up the Peebles Dolomite, the Greenfield Dolomite, and the dolomite of the
Tymochtee Formation with fair results. Benches are separated by major bedding
planes or unconformities. For example, the Peebles Dolomite and overlying
Greenfield Dolomite are being blasted as separate benches, The top of the
Peebles is an unconformity. When the quarry operator blasts in the Greenfield
Polomite, he does not subdrill and load explosives below the unconformity
since the rock breaks to the unconformity anyway.

Packaged AN~FO ingtead of free running AN-FO could be used Lo provide a
margin agalnst water desensitizing the blasting agent,

TABLE 3. - Blasting pattzrn dimensions for Ohio,
Highland County, Quarry No. 2

Cut _ Box Desired rock progression Expanding flat-boticmed V
Dimengions used Calculated drill K-values used
in quarry pattern dimensions
Hole diameter, inches. 3
D,, inches.veviian.n 2; 3 2,5
B, feel,.vreeereaanss 6 6 Ky = 30
PaCbern. o vvacansas Staggered Staggered (plan B}
Timing.... evaenuvciae Simultanecus Simultaneous
S, feel...veuaveaness 9 11-12 Kg = 1.8-2
H, feet,.. . vivinaunnes 23-25 9-16-24 Ky = 1.5-2,6-4
J, feet, . i rainne 1 2 K, = 0.3
T, feet.. . vvivarnsn 5.5-7 4 Ky = 0.7
L, Feet.veivinarcanas 22-24 7-14-22
Plan view:?t The quarry uses 7 ft of stemming in
holes that are waterfilled and
Example ~ 4 rows need to be fully charged with
gelatin., To calculate T for these
*I S lh holes, K; could be assumed at 40
. . . . . which would give a value of 6 ft
100 100 100 100 LOOC of stemming. If the gelatin-
. . . . ioaded holes are few, K, should
75 75 75 75 ; be =x30 for calculating B of the
. - . . . overall production round. This
50 50 50 50 50 quarry pattern produces a some-
. . . . _ what ragged box cut because the
25 25 25 25 t side holes do not line up.
AR R o AR R R R R R R AR R R R R AR R R R R R R

1Numbers indicate millisecond delay.
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Quarry No. 2 Explosive Blasting Detailg

In this quarry, "dry" holes have around 5 ft of water in the bottom and
'wet'" holes have water to their collars, All of the 3-in boreholes are
bottom~loaded with six 2- by 12-in sticks of water resistant 60-percent
weight strength gelatin, the sixth stick loaded having an electric blasting
cap iunserted in its bottom, In dry holes, packaged AM-FO prills are loaded
into the hole which is then stemmed with 5.5 to 7 it of drill cuttings. Wet
holes are loaded to within 7 ft of the collar with the water-resistant
gelatin, and the remaining 7 ft of hole is stemmed., Mo toe is present after
the blast because of the many bedding planes in the Brassfield Limestone and
the bottom loading of holes with gelatin, Subdrilling is at a minimum because
any one of a large number of bedding planes can be used as a quarry floor and
no difficult toe problems will be encountered, The bottom priming of the
charge aids greatly in alleviating toe problems.

Fly rock produced from gelatin loading of holes is greater than that
produced by AN-FO loading because of the greater stress-producing capabilities
of gelatin and because of the presence of much water im the gelatin-~loaded
holes, The water acls as a greater stress coupler than air, In one produc-
tion blast, the hole was bottom-loaded only with gelatin because a large shale
zone in the vicinity of the borehole had been blown out by the previous blast,
Full loading of the hole would have prodiced premature lack of exploaive
detonation confinement with consequent possibility of fly rock violence and
airblast. Shale layers will sometimes blow out of the face when the bench is
composed of limestone and shale layers and when the holes are loaded to break
limes tone.

I1f the packaged AN-FO cartridge breaks open, water can desensitize it,
If the water level in the "dry" hole is still above the botteom load of
gelatin, the subsequently loaded AN-FO may float in the water and bridge the
hole as additional AN-FO cartridges are loaded. This bridging will cause a
gap in the total explosive column. Since the rock is highly bedded, the
bedding planes serve as excellent channels for water migration. 'The quarTy
operator blasts im such a direction that water will be flowing away from the
active face.
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TABLE 4, - Blasting pattern dimensiong for Ohio, Crawford Coumty, Quarry No. 3

Cut Box Desired rock prugression Expanding flat-bottomed V
Dimensions used Calculated drill K-values used
in quarry pattern dimensions |
llole diameter, inches.... 7.25
D, inches..vvavsrussones 7.25 7.25
B, feet..viasssrvasnannnnn 12 15 Ly, = 25
Patlernm, . vo s eanaranriare | SAgZgered Stagpered (plan B)
Timing...oetvsessnass. -y | Sequence-simulianeous Simultaneous
8, faet.veeicanrnnarnarne 21 27-30 K, = 1.8-2
Hy, feet.iiiiirarrivananns 47 23-39-50 K, = 1.5-2,6-4
Jy, feeCivuarrnarenannasas 5 Dor 5 K, =0, 0.3
T, feBl.u. e incrinrionnns 12 11 Ke = Q.7
L, feet.savrenerstansaaans 42 23-39-50 N
. 18-34-55

Plan view:!
Example - 3 rows
m! 5 [F

175 150 125 100 100 125 150 '

100 75 S0 50 75 100 125 g
75 50 25 25 56 75 100
R A S S, S e R R N e N L N OO St =

Let K, = 25 since AN-FO is used for a
very large portion of the borehole,
The quarry operator subdrills even
though the quarry floor is a major
bedding plane because water zad mud
flow into the hole and raise the
norehole bottom level. The water
table is high in the area. The
operator could expand his pattern
and still obtain sabtisfactory
rasults.

Cut Corner

Desired rock progression _FEchelon

Dimensions used Calculated drill ¥ values used
in quarry pattern dimensions
Hole diameter, inches.,... 7.25 7.25
Doy IBChES e rceetranasnns 7.25 7.25
B, feel.iventiarasvernran 12 15 K, = 25
Pattern....a... tiiees.... | Staggered Staggered (plan C)
Timing.e,vcvvirenscvanne | Scquence Simultaneous
S5, ferb. . iieisiirannnnins 21 27-30 K, = 1.8-2
H, feel, . vasstsasvaanccnn &7 23-39-60 K, = 1.5-2,6-4
B B T 3 0or 5 K, =0, 0.3
T, feeliiianrrenasnnncnan 12 11 Ky = 0.7
L, fect,iueravannns . 42 23-39-60
1R-34-55 }
Plan view:?! Lel K, = 25 since AN-FO is used for a
very large portion af the borehole.
Example - 3 rows The gquarry operator subdrills even
though the quarry floor is a major
- s i- bedding plane because water and mud

. .

300 250 200 175 150 125 1(:3{?-%’"’
. . . - . ot
200 175 150 125 100 75 50 7

175 150 125 100 75 50 25 éj?
RERFAFRS 7 X 2 ARARREFLE

flow into the hole and raise the
borehole bottom lavel., The water
table is high in the area. The
operator could expand his pattern
and still obtain satisfactory
resules,

INumbers indicate millisecond delay.
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Quarry Ne. 3 Expleosive Blasting Details

The rock being quarried is from the Delaware Limestone and Columbus
Limestonc. The two rock types are similar in ccmposition and are quarried
together.

The larger diameter air-flushed, rotary-drilled holes are used. With the
larger diameter holes, the burden and spacing can be incrcased with a decrease
in number of drill-rig setups and drill footage. A major bedding plane is the
quarry fleoor. Even thoegh the holes are subdrilled below this bedding plane,
the rock below the bedding planme is not thrown out upon blasting, Bedding,
jointing, and a high water table create severe water problems, The bedding
and joint planes serve as excellent chammels for water migration iInto the
borcholea, Compounding the problem is surface mud that flows imto the holes
after a rain. Even though the major portion of overburden can be stripped
off, pockets of mud will exist in the vicinity of many borechole c¢ollavs.
Plugging the hole at the surface helps keep the surface mud out if theve is
a mininum cof overburden.

£ the holes ctand unused for a long time, they will fill with mud and
water. Subdrilliry allows some of the mud to settle below the predetermined
quarry floor depth. Before the holes are loaded with AN-FO, the hole depths
are remeasured, and if mud has built up into the heoles, the holes are
redrilled or pumped out.. The hnles are of a diameter too large for the
use of alr pressure to force the mud and water out,

After the holes have been cleaned, they are loaded as follows:

First and third vows.--Thres and one-half 1b of gelatin contaiaing an
electric blasting cap and the bottom cnd of the downline of detonating fuse
arc placed into the borehole. The fuse is cut off at the collar and secured.
Next, 50 1b of bulk AN-~FQ is poured into the hole, and then a 1/2-1b primer
is s1id down the fuse line. Next, 100 Ib of bulk AN-FQO is poured into the
hole followed by another primer, The hole is loaded in this manner until the
explosive is 12 ft from the surface, The remainder of the hole is stemmed.
No trunmkline is used.

Sccond row.--The loading is the same as above except that 50 1b of gela-
tin is placed at the hole bottom rather than 3,5 1b to displace the muck
produced from the first and second rows of charges,

The quarry operators fight the water problems and use the inexpensive
AN=-FO rather than using a slurry or gelatin in hole loading. The quarry
operators wish to use the inexpensive AN-FO which produces a large volume
of gac and consequently causes a heaving action of the highly bedded rock
and a good muck pile displacement. When AN-FO is used under wct conditions,
there must be sufficient water protection, Protection can be obtained
through the use of a factory-produced cartridged product or a polyethylene
borehole limer.
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TABLE 5, ~- Blasting pattern dimensions for Wisconsin, .
Waukesha Gounty, Quarry NHo. &4

Cut Box

Desired rock progression _Expanding V

Dimensions used

Calculated drill

K-values used

in gquarry pattern dimensions

Hole diameter, inches, 3
D,, inches..euvarsers 3 3
B, feetolilinlll¢|nan 7-5
b,} feeteiisarcrernas 3 10,5 Kg = 30
PatterfNeeesnnsscvsese Square Square (plan A)
Timing....coeevnesnass Sequence Sequence
8,7 feetiiiivseaina, 10 10.5-12.5 Ky = 1-1.2
H, feet., . visvravsos 24-28 11-19-30 K, = 1.5-2.6-4
J, feet........-..-o. 0 a KJ = 0
T, feeleriinsoanrnens 6 5 Kr = 0.7
L, feetosissnsacnsssa 24-28 11-19-30
Plan view:3
Example - 4 rows

~| s |F
125 100 75 100 125
100 75 530 75 100 i
75 50 25 50 75 b
50 25 0 25 50 T

AR R AR R R AR AR RN AR AR ARARRRAARRARARR AR

1b = 1.4B = 1.4 Kebe /12

2g = K.b = K (1.4 B).

SNumbers indicate millisecond delay.
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Quarry No. 4 Explogive Blasting Details

The water prevalent throughout the quarry greatly influences the explosive
lpading technique in quarry No. 4, The holes are bottom-loaded with a
75-percent weight strength water-resistant gelatin, Next, a special powder
(40 percent weight strength gelatin) i1s alternated with packaged AN-FO until
6 ft from the hole collar. The hole is stemmed the remaining 6 ft. The
charge column is bottom and two- or three-point primed depending on the
wetness of the hole and the amount of AN-FO used.

In this quarry, the Niagara Dolomlte faces are vertical joint planes
intersecting at nearly right angles. WNo subdrilling i{s necessary because
a major horizontal bedding plane is used as a quarry floor. Blast patterns
are planned such that these geologle features are the final in situ rock
surfaces after a production round because of the normal tendency of the
rock to break to these surfaces.

Because neighboring property owners complained about air and ground
vibrations, the quarry operator uses 3-in holes ingtead of the previously
used 6~-in holes, keeping the number of holes/delay the same, The charge
weight/delay is reduced and so are the air and ground vibrations, Since
going to the 3-in holes, he has had no cowmplainte from neighbors. He has also
reduced the burden and spacing and thus created a cloger blasting pattern
grid, Since the holea are closer together, there is a better chance of
drilling more holes in isolated rock blocks that are defined by intersecting
joints and bedding planes than was possible with the 6-in holes and larger
bleasting pattern grid, With the closer grid, the quarry operator obtained
better rock fragmentation. He also feels the odd powder loading of the
holes, that is, gelatin alternated with AN-FQO, gave better rock bleck
fragmentation than AN-F0O alone. The gelatin provided a greater shattering
action than if the holes were loaded only with AN-FO, The author feels the
overriding factor in rock-block fragmentation is the importance of drilling
a hole or holes into each rock block so that explosive is available to act
within the boundaries of the block. The author has seen rock that was
jointed and thick-bedded where rock blocks that were missed in drilling
were merely heaved out onto the quarrvy floor upon blasting., These blocks
remained visibly intact unless an ill-defined parting caused the rock block
to separate at the parting upon impact on the quarry floor.
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TABLE 6., - Blasting pattern dimensions for Wisconsin,
Waukesha Countv, Quarry No. 5

Cut _ Box Desired rock progression _Expanding f£lat-bottomed ¥
Dimensions used Caleulated drill | K-values used
in quarry pattern dimensions
Hole diameter, inches,. 3
D, inches.....vevues 2; 3 2.5
B, feet,veaurvsrnsras 6 6 KB = 30
Palbtern.sseersssssa00 |Staggered Staggered (plan B)
Timing..veceassesss.. |Modified simueltaneous | Simultaneous
8, feetisreenicnnanss 9 11-12 K, = 1.8-2
H, feet.ivseriaersecoss 12-30 9-16-24 K, = 1.5-2,6-4
\I’ feetll..‘ll"‘l'll 0 0 KJ =0
T, feet,ivrnannorrons 4-5 4 KT = 0.7
L, feet,veesaancaacs 12-30 Q1624
Plan view:!
Example - 3 rows
,,l S io—-
75 506 50 75 L
50 25 25 25 50 B
25 0 0 0 0 25 't

R R R R R R R P R R R R R R R R R SRR R R R R R

1Numbers indicate millisecond delay.
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Quarry No. 5 Explosive Blasting Details

Eight to 10, 2- by 16-in. sticks of 50 percent weight strength, good
water-resistant, extra dynamite are loaded into the wet portion of the hole.
Free running dry blasting agent {AN~FO) ic used for the remainder of the
hole, and the top & or 5 ft of hole is stemmed with drill cuttings, Since the
bench is low, the quarry operator only bottom primes, The quarry has been
mined ia three smsall bencheg in Niagares Dolomite, their heights being 12 to
17 fr, 15 to 30 ft, and 30 ft. Two reasons for using small benches are:

(1) the low and stable muck pile produced upon blasting can be dug by a
front-end loader rather than the cumberscme shovel and (2) fewer drill rods
and bits arc lost by becoming jammed in joints. The quarry operator would
double prime the charge when the bench is 30 £t and higher to assure complete
charge-column deteonation. Since a bedding plane defiies the quarry floor,

ne subdrilling is necessary.

If the quarry face appears fragmented from a prevaous blast, the quarry
operator will drill the first line of holes 8 to 1C¢ ft from the face instead
of 6 ft. By this increase of burden for the first line of holes, the expand-

ing gas produced upon charge detonation moves cut the already defined blocks
with a minimum of throw.

Water dictates the use sf ey . dynamite over AN-FO, Wate- resistant
slurries without high strength additives are available however, These

slurzies are nearly the same as AN-FO in strength and are less expensive
than the extra dynamite,
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TABLE 7, - Blasting pattern dimencions for Wisconsin, Waukesha County, Quatey ¥o. ©

Cnt Cornex Desired rock progression Echelon

Dimane- lons used | Calculated drill K-values used
in quarry ! pattern dimensions

Hole diameter, taches..... 3

D, inches...civariinsaes 4,5 4.5

B, feebriaseurunoanssnnraan 13 9.5 Ky = 25

Pattern. cv siarvunerrnrans Staggered Staggered (plan E)

TIMING. v vavsvessnassnaraan Simulctancous Simultaneous

Sy feeteeuiviniinncrencans 1/-18 17-19 Ky = 1.8-2

Hy, feetiieiiarsieriannanas 40 14-25-38 By = 1.5-2.. -4

B T ¢ 0 K, =0

P T 10 7 K; = 0,7

L, €ectinessasennsionsanns 40 14-25-38

Plan view:1

Example - 11 rows

'l
\f./‘%/x,.
211 10 9 8 7

"~ N . . .

i1 10 9 8 7

fas S84 : "FF

The quarry was using AN-FO .upplijed in
sturdy, wax-sealed, spiral-wound
cartridges. The cartridge gives the
AN-FQ external water protection,
Recause of the exclusive use of AN-FO,
Kg = 25 and B wwould he calculated at
9.5 fr, The quarry uscd a burden of
13 £t and experienced the difficulty
deseribed in the explosive blascing
details section.

Dimensions used Calcnlated detill K-values used
in quarry pattern dimensions
Hole diameter, inches..... 5
D,, incheSs,iavenriias.van o5 4.5
B, fect. vuuininnicsincrnnan 13 13 Ky = 35
Pattern.csvravicrnannnnans Staggered Staggered {plan E)
TiMINE s anusnncanvinarnans Simultaneous Simultancous
S, feet i iniinniia-sasas 17-18 23-26 Ks = 1.8-2
B, feetuseiiirianiiaarenas 40 19-34-52 K, = 1.5-2.6-4
J, feet...... YT 0 0 K, =0
T, fectoeriaviviavnoniann- 10 9 ¥y = 0.7
L, Feet. v iuu s inns saaas 40 19-34-52

Plan view:!
Example - 11 rows

na

%1l 10 9 ] 7 6 5

11 10 9 & 37 6 5 & 3 2

—-

AR S R
[l

RRAFFRIRRS

The problem mentioned before did not
accur when the quarry switched from
AN<FO to the more densc explosive and
kept the blasting pattern the same,
2ate haw clasely the caleuwlated
bivden compares with that ured in the
quarry when K, = 35 for the dense
slurry and speclal purpose powder.

1Rumbers indicate sequence of charge detonatiion,
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Quarry No. 6 Explosive Blasting Details

The Niagara Dolomite quarry had been using a dry blasting agent supplied
in sturdy, wax-cealed, spiral-wound cartridges, Because the first line of
holes was too far back from the face, the burden dimenmsion was too large for
the use of AN-FO, and the rock did not fragment properly and mova out from the
backface upon explosive delonation. The quarry has therefore abandoned the
exclusive use of cartridged AM-FO, A speecial purpose, water-resistaat,
cartridged explosive with a 70-percent cartridge strength and high detonation
velocity is used for bottom loading. This explosive is inltiated by a primer
and has the bottom end of a detonat . ng fuse downline attached., Sock-loaded
explosive slurry is used in the wet portion of the borehole and cartridged
AN-F0O is used in the dry portion of the hole. A primer is slid down the fuse
line after several socks of slurry or cartridges of AN-FQ are loaded., This
slurry is more generally used than AN-FO because of the predominance of
water in the holeg, Ten Ieet of stemming are used. Because a major bedding
plane serves as the quarry floor, ne subdrilling is required.

In view of the higher cost of the slurry and the special purpose
cartridged explosive, a larger diameter of AN-FQ or a smaller pattern (with
AN-F0O) could be tried.
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TABLE §. - Blasting pattern dimensions for Wisconsin,
Milwartkee Countv, Quarry No., 7

Cut _ Box Desired rock progression ExpandingV (one-gided)
Dimensions used Calculated drill | K-values used
in quarry | pattern dimensions
Hole diamcter, inches. 4
B,, inchea........,... 4 . 4
B, feel.ieuraseerrers 13 - 11.5 Kg = 35
Pattern, . veavecrnsss Single row Single row (planA)
Timing....coeacosresrs Sequence Sequence
8, feel,.vvuwaricnrra 18 16-19 Ky = 1-1,2
H, feeluyseananisnsas 28-33 ! 17-30-46 By = 1.5-2,6-4
J) feetoa|-nl-n-nc--- 3 i 3 KJ =0n3
T, feetiiiaveanscnsns 10 8 Ky = 0.7
L, feetiioua. vasesass 25-30 14-~27-43
Plan view:! Some large blocks were seen in
the muck pile, possibly because
Example - T row of the larger burden used by the
quarry. Blocks defined by joints
i ~[ s [ - and bedding planes can remain
. . . . . unbroken if they do not comtain
B 125 100 75 50 25 0 explosive,
A AR ARARRARRR R R RN R RSP R RRR

t

lNumbers indicate millisecond delays.

Quarry No. 7 Explosive Blasting Details

S8ince lictle or no water was encountered in the earlier quarry operations,
dry blasting agents were used almost exclusively. As the Niagara Dolomite
quarry was deepened, the large amount of water ercountered made a new explo-
give lpading technique desirable. The drill pattern dimensions shown in
table 8 apply to the new technique. The hole is bottom~loaded with cxploaive
slurry in socks with the socks being slit, The bottom charge is primed and
hag the detonating fuse downline attached. Two more slit socks of explosive
slurry are lowered followed by a booster slid down the fuse line, Ancother
two slit socks of explosive slurry are loaded followed by another booster,
This loading technigue is continued in the wet portion of the hole, Depth
measurements are made after each sock is loaded. When the dry portion of
the holes has been reached, cartridged AN-FO is loaded intec the holes until
10 £t from the collar, and this remaining lenglh of borehole is filled

with stemming, At the present pit level, explosive slurry is used almost
exclusively.



TABLE 9.
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Blasting pattern dimensions for Wisconsin,

Milwaukee County, Quarry Ne. 8

Desired rack progression _Echelon

Dimensions used Calculated drill | K-values used
in quarry pattern dimengions
Hole diameter, inches. 5.5, 6
De, inchesSeeuiernean. 5.5, 6 3.75
B, feelt. visavisainns 12 14.5 Ky = 30
Pattern..vvesesanssess gingle row Single row (planF)
Timing..coveeescrevrn Sequence Sequence
S, feet, eierenaninne 15 14,5-17,5 K, = 1-1.2
H, feel,sunnseriiaress 25-35 22-38-58 K, = 1.5-2.6-4
J, feel. yuennarieans 0-10 & K, = 0,3
T, feeluivecasarcnnas 10 10 Ky = 0.7
L, feet,ooaananeas 25 18-34-54
Plan view:l Folding causes an uneven quarry
{loor. Even though a K,
Example - aonhe row greater than 0.5 is considered
to produce wasted drill footage,
”i Sl“ the quarry operator is experi-

2019 17 15

13

menting with large subdrilled
depths to provide leeway in
building back to a smooth
floor. One-row blasting can-
not be uscd for higher benches
because the charge weight/delay
would be too great which would
cause alr and ground vibration
disturbances to the nearhy
community. Using several
millisecond delays within a
single hole could reduce
vibrations from large hole
blasting such as this.

See footnotes at end of rable.
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TABLE 9. - Blasting pattern dimensions. for Wisconsim,
Milwaukee County, Quarry No. 8--Continued

Cut  Box Desired vock progression _Expanding V

Dimensions used | Calculated drill K~values used
in quarry pattern dimensions

Hole diameter, inches, 3 |

D,, incheB.vevvsrnens 3 3

B, fectivesseensnrras 7.5

By, feetee nasriracanse 8 10.5 Kz = 30

Pattern, vececeersennn -Square Square (plan A)

TIMing.sveeeaaservoes Sequence Sequence

5, feel.snssreesrenes 10 10.5-12,5 K, =1-1.2

I, feet.cvsrestesaess 25-35 11-19-30 K, = 1.5=-2,6-4

J, fEEt.s'i.c-‘--n-.; 0'10 2 KJ =D.3

T, feet,veiennacersns 5 3 K, =0.7

L,_feet.....-........ 25 - 9"17-28

Plan view:®

Example - 3 rows
ql 8 |h
160 73 5b fh 160 .
75 50 25 50 75 o
fr

50 25 0 25 50

A R R R R IR R RN R R R R R AR R R R R A AR AR R

1Numbers indicat: sequence of charge detonétion.
MNumbers indicate millisecond delay.

Quarry No. 8 Explosive Blasting Details

This quarry operation in Nliagara Dolomite produces crushed limestone for
concrete and road stone use, A speclal-purpose, cartridged, water-resistant
explegive with 70 percent cartridge strength and high detonation veloecity is
used for bottom loading and is primed, The detonating fuse downline ia
attached to thig bottom charge. Sock-lcaded explosive slurry and cartridged
or free-running, premiyed AN-FO are loaded alternately. Two or more primexs
are used with the dry olasting agent always being primed, There has been no
trouble with detonation cutoff because of the priming practice, The cperatov
allows time for the dxy blasting agent to settle., The holes are always stemmed,
and the fuse is cut off at the collur of the hole. By using no trunkline, the
quarry operators reduce air wibration which could affect some nearby houses,
If the bottom cap malfunctions, a cap can L attached to the downline at the
collar of the hole and the charge can be initiated fyom the top., Rock frag-
mentation is better when the quarry uses the 3-in charges in the box cut
rather than the 5-1/2- or 6-in charges in the corner cut with the larger
burden and spacing, The geometry of the cuts, however, makes the charge
diameter or burden and spacing comparisom difficult.
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TABLE 10. - Blasting pattern dimensions for Wisconsin,
Racine County, Quarry No. 9

Cut _ BoXx Desired rock progression _Expanding V
Dimensicnz used Calculated drill K-values used
in quarry _pattern dimensionsg
Hole diameter, inches. 3,3
Doy IiNCHES. vavssvases 3.5 5,5
B, feet., i ivennvranss 12 11,5 Ko = 25
PAattern. «ovveavcnrase Single row Single row (plan A}
Timing, .eesvevansssoen Sequence Sequence
5, feebes vinaraneass 15 16-19 Ks = 1-1.2
H, feet..u.......... 20"50 17'30-46 KH = 1.5‘2.6‘4
Jy fetisiaesncnnnans 0-10 3 K, = 0.3
T, feet......-.--..-. 11_12 8 KT = 0-7
L, feetueesesnsnanase 20-40 14-27-43
Plan view:l The guarry operator feels it
necessary to subdrill holes up
Example - 1 row to 10 £t with heavy bottom load-
ing of explosive slurxy to
”1 s | = prevent toe buildup. Others
contend that subdrilling this
7 50 25 0 0 25 50 7?5 deeply is wasted drilling,
. . .. . . . . z
R R R R R A R o R R A R AR R R R R R R Rt R R
t

See footnote at end of table,
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TABLE 10, - Blasting pattern dimengions for Wisconsin,
Racine County, Quarry No. 9--Continued

Cut Corner Desired rock progression Echelon

Dimensions used Calculated driil K~values used
in quaryy patterin dimensions

Holc diameter, inches. 5.5

D., inches.......... . 5.5 5.5

B, feet....iieveninnns 12 11.5 Ky = 25

Pattern. . ieeevnenanes Singlc row Single vow (plan F)

Timing. cevrsnneaosaans Sequence Sequence

S, feetisiiiivrnnnas, i5 11,5-14 K, = 1-1.2

Hy feet.iviiaarnsanass 20-50 17-30-46 Ky = 1.5-2.6-4

J, feet v iiinvans, 0-10 3 K, = 0.3

T, feetisiiinrnnnnes i1-12 8 Ky = 0.7

L, feet..oiiiinuannas 20-40 14-27-43

Plan view:?
Example - 1 row

s

75 75 50 50 25 25 0 0

. - . . - .

L
B
t

1Numbers indicate millisecond delay.

Quarry No. 9 Explosive Blasting Details

This quarry operation in Niagara Dolomite produces crushed rock for use
as aggregate. The holes are mormally bottom-loaded with explosive slurry
after the detonating fuse downline containing the primer has been lowered
into the hole. The downline is cut off at th=z collar cf the hole, No trunk-
line of detonacting fuse is uged because of the fear of air vibration from
blasting affecting the nearby populated area. Free-running dry blasting
agent 1g poured inte dry holes, and cartridged AN-FO is used in wet holes.
When a marked bedding plane is encountered at the bottom of a borehole,
however, no heavy bottom priming with the explosive slurry is needed to pull
the toe; AN~FO is used exclusively with a primer at the bottom. The holes
are stemmed for 11 to 12 ft, The quarry is experimenting with different
subdrilling depths so that the rolling (folded) quarry floor formed upon
blasting can be filled to produce a level floor at the desircd depth.
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TABLE 11, - Blasting pattern dimensions for Minnesota,
Qlmsted County, Quarry Ne. 10

Cut __ Box Desired rock progression Expanding flat-bottfomed V
Dimengions used Calculated drill K-values used
in quarry pattern dimensions
Hole diamcter, inches, 3
D,, inches.vsuuuarnes 2,5, 3 2.75
B, faeto...-......... 6"7 7 KB = 30
PabteTn,....ouev..a.. |SEaggered Staggered (plan B)
Timing..sevsvwansasesiSimuitaneous-sequence|Simltaneous
S, feelessrrncnnrrnes 6-7 12,5-14 K, = 1.8-2
H, feel. ., s00000a0s. 30 11-18-28 K, = 1.5-2.6~4
J, EEEtilo.--.-..no-- (¥ 0 KJ =0
T, feet..iionnnanssss 4-5 5 K = 0.7
L, fCBluivaesscnsasass 30 11-18-28
Plan view:l Upon blasting, the close spacing
of holes of the same delay inter-
Example - 3 rows val caused premature breakage
between these holes which pro-
”l s I*- duced boulders and slabs in the
. . . . burden area, The spacing betwcen
50 S0 50 50 ! the same delay periods should be
. . . . . — expanded,
50 25 25 25 50 B
50 25 0 ¢ 25 50 1
R R R AR R R R R A R R R R R I R R R R AR AR

1Numbers indicate millisecond delay,

Quarry No, 10 Explogsive Blasting Details

Rock being quarried is inm the Oneota Dolomite member for concrete use.
Water-resistant gelatin (2-1/2%- by 16~in) is loaded into the wet portion of
the borehnle with an electric¢ blasting cap for bottom initliation. AN-FO is
poured into the dry portion of the hole., If moderate water problems are
encotntered along the full length of borehole or 1f the rock is extvemely
hard and unbroken, the gelatin charges are alternated with the AN-FO in the
uppermost 12 ft, An electric blasting cap is used near the top of the powder
column to assure complete detomation of the column. Severe water problems
would dictzte the elimination of AN-FO. The holes are stemmed for 4 to 5 ft
with drill ecuttings. No subdrilling is necessary because a bedding plane is
used for the quarry floor. Good breakage in the Loe ares results from the
pregence of the bedding planc and the bottom load of gelatin, On one occa-
sion, the free flowlng AN-FO appeared at the bottom of the face while being
poured into a borehole. In this case, a large fracture produced by a previous
blast extended from the vertical free facc to the borehole and provided a
migration channel for the AN-FQ. Loading the AN-FO into a plastic liner or
using cartridged AN-FO for loading would eliminate this loss of blasting
agent, but the problem of lack of confinement would still be present.
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TABLE 12.

Cut Box

Blasting pattern dimensions for Minnesota,

Fillmore County, Quarry No. 1i

Desired rock progression FExpanding V

Dimensions used Calculated drill K-valuesg used
in quarty pattern dimensions
Hole diameter, inches. 5,75
De, inches..svinssnes [}075 5,75
B, feet.viuuereanrses 9 10 ¥ =23
b, feet,iivianavrores 9 14
Pattern. oevcnvonrsns Square Square (plan A)
Timing.cosevsesrssans Simultaneous Sequencel
S, feet.ssnetveaasns. 7 14-17 Ky = 1-1,2
H, feetiviuvcanacarsos 75 15-26-40 Ky = 1.5-2.6-4
J, feetiisiesnanenses 0 0 K, =60
T, fec-t»;-:-.--.-oo-- 10‘12 7 KT = 0-7
L, feet.....-.-....-. 75 15'26'40

Plan view:?

Example = 3 rows

‘Filled joints
YN T

ﬂl s ,h
50 50 50| 50 50 1
25 |25 25| 25 25
of{o of o o T
A AR RRRRRARRRS SYPNNIII NS

A spacing less than the burden and

similtancous initiarion of holes
in ecach row explain why large
unbroken boulders were produced
upon blasting. The small spacing
and simultaneous initiation of
holes in each row caused pre-
mature breaking between holes in
rows which reduced borehole pres-
sure and expanding gas action in
the rock; thus, boulders and
slabhs resulted away from the
vicinity of the boreholes. The
excessive collar distance also
assured the operator of a blocky
shot, The quarry operator has
recently gone to a wider spacing
which is near that predicted by
the empirical formulas.

L Sequence timing is used with plan A,
ZNHumbers indicate millisecond delay., In this view, b = B and s = 8§,
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Quarry No. 11 Explosive Blasting Details

The rock being quarried is in the Galena Limestone formation. The lower
three-fourths of the 75-ft bench is a massive limestone, and the top one-
fourth is composed of thin-bedded limestone and shale., Caves are also present
in the upper part of the rock. Since no water is present, premixed AN-FO is
poured into the boreholes after a stick of dynamite and electric blasting cap
are placed in the hole bottom. (A stick of dynamite is generally considered
an inadequate pyimer for AN-FO.) Ten to 12 ft of stemming are placed at the
collar of the holes since the top portion of the rock is rubbly, and teop
explosive loading would produce excessive fly rock, Because a bedding plane
is used as the quarry floor, no subdrilling is done.

The following problems were encountered.

1. When the guarry operator blasted in the thin limestone and shale
layers and caves were close to the borehole{s), the rock broke into the cave
before complete charge-detonation, Further rock breakage was reduced.

2. large amounts of explosives were lost into caves when the explosive
was loaded into a borehole that intersected a cave.

3. A pimnnacle of rock 1s separated from the main rock body by a cave
and filled joint. If the pinnacle contains no explosive and the main rock
body is blasted, this pinnacle can shift forward intact upon the basal
bedding plane.

4. When a borehole intersects a joint, the filled joint poses more
threat to loss of explosives or to reduced explosive detonation confinement
than does the tight joint.

The quarry opecrator and author propose the following possible reasons
for the above problems and suggestions for improvement;

1. When holes are drilled wear caves and loaded with explosives, stress
action and expanding gases from explosive detonation break the rock at its
weakest point inkto the caves, The reduced borehole pressure and lessened
expanding gas aclion from explosive detonation limits further rock breakage.
When possible, drilling holcs for charge loading at a distance from known
caves has helped lessen this problem.

2. When a hole intersects a cave, explosives loaded into the hole can be
lost inta the cave, Drilling into caves can be aveided when a consistent
cave-pattern is present and has been determined from previous drill holes,

The following procedure has provided satisfactory blasting results when a hole
is drilled through a cave and contimued into the rock below: The downline,

or length of dctonating cord slighlly lenger than the borehole depth, is
lowered into the hole with the primer attached to Lhe downline bottom. The
bottom of the hole is loaded with explosives until the top of the charge
column is near the bottom of the cave. The hole is filled with sand or drill
cuttings, or stemmed, until the cave botLom 1s reached. The hole is plugged
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at the cave top, loaded with explosives, and then stemmed. The downline should
have primers spaced up the hole to assure complete detonation of the charge.

3, If the large pimnnacle contains no explosive, the pinnacle will net be
fragmented and may be displaced intact by the movement of fragmented rock and
expansion of gases upon blasting in the main rock body, If the basal bedding
plane is mot well defined, no displacement of the rock pinnacle is possible,
Holcs should be drilled into the pinnacle of rock and also into the solid rock
behind the piunacle. The pinnacle would be blasted first, with the solid rock
hehind the pinnacle blasted in delayed sequence, This delayed sequence in
blasting would allow the bLroken rock from the pinnacle to be displaced enough
to provide room for displacement of broken rock from the main rock body.

4. The filled joints in this quarry cause more logs of explosive and
explosive detonation confinement than do the tight jolnts, Drill rods and
bits jam easily in the filled joints. Because the filled joints contain large
amounts of soft ¢lay and a few small open channels, explosives can he lest
into the channels, and the clay provides less explosive detenation confinement
than does the solid reck bounding the tight Joint. Filled joints are surveyed
and drill holes are spaced so as to avoid as much as possible having holes in
a production vound interscct the filled joints,

TABLE 13, ~ Blasgtiang pattern dimensions for Minmesota,
Wabasha County, Quarry No., 12

Cut __ Box Desired rock progression Expanding V

DHmwensions used Calculated drill K-values used
in quarry pattern dimensgions
Hole diameter, Inches, 3
D,, inches,ceevscsen, 3 3
B, feet,iveinernrsans 6
b, feet,iiaceeraicaas 6-7 8.5 K, =25
Patlern, . cocvsnesene N Square Square (plan A)
Timing..ssosreeanr ‘e Sequeace Sequence
s, foet, .. ivvinenana 6-7 8,5~-10 Ky = 1-1.2
H, feet, .. veernanaas 45-50 9-15-24 K, = 1,5-2.6-4
J, feetaco-.vllmili-- 0 0 KJ a2
T, feet.............. 8 4 KT=O'7
L, feek, . aiivaanasan 43-50 9-16-24

Plan view:?

Ixample - 4 rows

—-ll S ‘!-—
175 150 125 100 75 100 125 150 175
150 125 100 75 50 75 100 125 150

125 100 75 50 25 50 75 100 125 b

100 75 50 25 O 25 50 75 100 t

AR R R A R R A R R R R R A Y AR AR SR R R Ry

1Numbers indicatc millisecond delay.
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Quarry No. 12 Explosive Rlasting Details

The rock is quarried from a 45 te 50 bench in the Prairie du Chien
Dolomite formation. The bench is composed of massive dolomite except for the
top 10 to 15 ft where the rock is thin-bedded, Quartz blocks and joints
filled with clay are present in the formatlon. In drilling the rock, the
filled joints 2re avoided whenever possible for reasons presented im the dis-
cussion of Quarry No, 1l. Because of marked bedding near the top, slabs
sliding into Lhe top portion of the hole while the boltom portion of the hole
is being drilled cause the rods and bhit to jam, The drill rods and bit alse
bind In fractures present from previous blasts, especlally near the face, To
recover the rods and bit, the drill bit has a cutting edge on top so that the
bit can be drilled back out of the hole.

Since no water ig present, the 3~in holag are bottom primed with a stick
of dynamite and then loaded with free-running AN-FO. Eight feet of stemming
are used because of the thin-bedded rock mear the top surface. Any less stem-
ming produced too muech fly rock which endangered the nearby crusher and shop.
The slabs near the top surface remain unbroken upon blasting and are shattered
by a 2-ton headache ball,

Several problems were encountered in blasting. The quartz blocks were
throwm out onto the quarry floor unbroken, Use of 3-in holes in a high bench
with AN-FO charges produced a toe upon blasting, A 1ift shot was made to
break the toe that was partially buried under mack, A 2-ton headache ball and
shovel were used to further. break and remove the rock that had formed the toe.
Even though a bedding plane is uscd as the quarry floor, the operator may do
well to experiment with subdrilling as a replacement for lift blasting because
of the high cost of this type of blasting., A high detonation pressure primer
for AN-FO gshould beused instead of a stick of dynamite. Explosive column
cutoff was experienced near the top of the holes becauvse of the small diameter
boreholes, the high benech, the explosive being only bottom primed, and the top
slabby section of rock. Since the column was only bottom primed, the rock
s8labs near the top of the hole shifted across Lhe small diameter borehole
before the whole column of explosive was completely detonated. The author
suggeslts that the explesive column be multiple-primed.

SUMMARY

The presented empirical formulas may be applied to drilling and blasting
pattern design as a good first approximation. When geolegic structure, such
as bedding, jointing, folding, and caves, as well as cxplosive propertics and
field performance characteristics are aceounted for in a whnner suggested by
the research, the drill pattern dimensions as caleculated by Lhese formulas
compare favorably with actual examples of blasting patterns used in thz quar-
ries visited, Based on the good correlation beiween actual blasting practices
and the calculated blasting design, desipn changes are suggested for those
quarries where problems are occcurring,

There were a number of poor blasting practices observed which should be
avoided or corrected, Some examples of these are as follows:
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1, The burden dimension should never exceed the spacing dimension except
vihen presplitting,

2, A number of quarries use a digproportionately high bench., Remedies
for this disparity are multiple priming, a larger charge diameter, or a lower
bench,

3., External protection must always be given to dry blasting agents when
using them in wet conditicns. This protection was not provided in many
instances,

4, Building out of a wet borehole with undersized cartridges may enable
the operator to uge the less expensive AN-FO for a major portion of the
boreholes, but toe problems may develop because of the lighter bottom loading.

5. In some instanceg, AR-FO was inadeguately primed. A high detonation
pressure primer should be used with AN-FO,
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