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INTRODUCTION

In 1951 a comprehensive deflection research program was ini-
tiated in California to establish a reasonable relationship
between fatigue failure of asphalt concrete surfacing and
magnitude of pavement deflection. The results and conclusions
of this study were published in 1955 (). Evaluation of data
from this study suggested maximum tolerable deflection levels
for various pavement thicknesses. These values were an approxi-
mation of the highest levels of transient pavement deflection
that a given pavement thickness could tolerate under specific
traffic conditions during its design life without developing
fatigue cracking.

The deflection criteria that was reported in 1955 provided the
basis for further study since the roads which were investigated
were major highways with relatively high traffic volumes de-
signed for 10 million equivalent 5,000 1b. (2300 Xg.) wheel
loads (EWL). To be more representative of different traffic
situations, it was necessary to adjust these criteria. for
variations in traffic volumes. This was accomplished with
fatigue tests in the laboratory on specimens cut from various
AC pavements and was reported by Zube and Forsyth in 1966 (2).
They presented, in graphical form, an exponential relationship
between strain and number of load applications to failure.
Using this relationship along with deflection attenuation
data, the California Division of Highways developed Test
Method No. Calif. 356 (3) as its pavement overlay design
Method. The method has been utilized for overlay design on

- approximately 450 roadways since 1960. This report explains

' recent modificatioﬁs made to the design method through

further research and refinement.
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DEFPLECTION MEASUREMENT BACKGROUND

Pavement deflection measuring experience by the California
Division of Highways dates back to 1938 (1). Until 1954,
deflection measurements were obtained with the General
Electric travel gage and the Linear Variable Differential
Transformer (LVDT).

In 1954 the California Division of Highways began using the
Benkelman beam which greatly simplified the task of measuring
pavement deflections under wheel loadings. An automatic
deflection measuring device known as the California Traveling

Deflectometer was later developed by the Materials and Research

" Department and put into operation in 1960. A newer version

was introduced in 1967 and is shown in Figure 1.

The Deflectometer is a truck~trailer unit that measures deflec-
tions based on the Benkelman beam principle. It carries an

18,000 pound (8200 kg.) single axle load on the rear tires and
a carriage to support probes for measuring pavement deflection

under both wheels simultaneously. The electromechanical device

- measures pavement deflections at 20 foot (6.1 m.,) intervals while

it moves steadily along the road at 1/2 mile (0.8 km.) per hour.
The deflections are measured to the nearest 0,001 inch by means
of a probe arm resting on the pavement and are permanently
recorded on chart paper. Between 1,500 and 2,000 individual
deflection measurements are possible per day as opposed to about
300 measurements using the manﬁally operated Benkelman beam.

The Deflectometer measurement has been adopted as a standard
for use by the California Division of Highways. The Dynaflect,
Road Rater, and Dehlen Curvature Meter have been related to
this device (3,4). Other states and agencies utilize the

www fastio.com
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Canadian Good Roads Association (CGRA) Benkelman beam rebound
procedure using an 18,000 pound (8200 kg.) single axle dual
wheel load. The Traveling Deflectometer produces a dynamic-
type measurement which approximates the WASHO Benkelman beam
method (5). This measurement is generally much lower than that
produced by the rebound (CGRA) method (6).

The Deflectometer deflection measurements are not corrected for
temperature or structural section moisture content. It is doubt-
ful whether a single temperature correction factor could be
universally applied because of the varying thicknesses and types
of materials placed in a structural section. Most of our
deflection measurements are taken during the spring or early
summer when the moisture content in the roadbed is high and the
temperature moderate. Many roadways are constructed with a cement
treated base and temperature changes should have little effect

on the deflection measurements. Our experience indicates a
correction should be applied to deflections measured during cold
weather (say below 50°) on roadways with untreated bases. Further
research work is planned in this area.

DATA ANALYSIS

California now has.underway a research project, "Statewide
Flexible Pavement Performance and Deflection Study," to
evaluate deflection criteria by relating pavement performance
to tolerable deflection level, structural section, asphalt
hardening properties, and traffic loading (7,8). Deflection
attenuation properties of various thicknesses of AC overlays
are also being investigated on highway projects reconstructed

utilizing our overlay design method.

www . fastio.com
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“ Our studies indicafe that slight modifications should be made
~ to the previously published tolerable deflection curves shown
in Figure 2, and to the deflection attenuation graph shown in
Figure 3 (6).

Tolerable Deflection

" The previously developed tolerable deflection values for AC
thicknesses of 0,20 and 0.30 ft. (61 and 91 mm.) are sub-
stantially verified by experience for California conditions
as indicated in Figure 4. However, thicker AC pavements of
0.40 and 0.50 fx. (122 and 152 mm.) have been constructed and
are performing well even though the 80th percentile evaluated
deflection level (that deflection level where 80 percent of
readings are lower and 20 percent are higher) exceeds the
tolerable deflection. This is shown in Figure 5. Although
our experience with 0.40 to 0.50 ft. (122 to 152 mm.) overlays
is somewhat limited, the deflection data collected thus far
indicate that tolerable deflection levels for these thicker
pavements should be adjusted upward.

Research performed by Pell, Monismith and others (%) led to
the development of an equation for the exponential relationship
between initial flexural strain and number of stress applications
to failure. Their work suggests that the fatigue behavior of
asphalt concrete can be represented as follows:
n
. = 1
where: N is stress applications to failure
K and n are constants
e is initial bending strain

n is 2.81 for average California AC (9).

ClibPDE - www fastio.com
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This formula can be used to develop a relationship between the
fatigue life for a 0.20 ft, (61 mm.) AC pavement and a 0.50 ft.
(152 mm.) AC pavement where both pavements are assumed to have
the same deflection and the same radius of curvature in the
deflection basin. This assumption would provide a conservative
* result because the 0.50' AC pavement should have a larger radius

of curvature, and therefore less strain.

The ratio of maximum bending strains for each pavement should
be approximately equal to the ratioc of the thicknesses of AC:

eO.S/eO.Z = 0,5/0.2 = 2,50
The ratio of EWL repetitions for the two pavements is inversely
proportional to the ratio of AC thicknesses to the 2.8l power:

.81

2
= 2,50 = 13.1

No.20"0.50
The calculations show the ratio of EWL repetitions to failure
to be 13.1:1. Holding the established 0.20' AC curve in its
original position and adjusting the tolerable deflections for
0.50 ft. {152 mm.) AC on the original chart (Figure 2) to reflect
this relationship, results in about a 20 percent increase in
the tolerable deflection values for 0.50 ft. AC as shown in
Figure 6. The tolerable deflection values for 0,30 and 0.40 ft.
(91 and 122 mm.) AC thicknesses are moved upwards slightly as a
result of interpolation and consideration of recent experience.
With the exception of the value for 0.10 ft. (30 mm.) AC, these
modified tolerable deflection values check very closely with
the levels given in Hveem's 1955 report (l). The tolerable
deflection curve for 0.10 £t. (30 mm.) was lowered because our
- experience has demonstrated that thin AC overlays fail prematurely

when placed on distressed roadways.
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These deflection levels would seem appropriate for highways
located in climates with moderate winter temperatures (30 to
50°F) but evaluation would be needed for colder climates. The
modified tolerable deflection chart is shown in Figure 6.

Deflection Attenuation

Our present deflection design method is based on the previously
mentioned tolerable deflection curves and deflection attenuation
data. Curves published by Kingham (10) and Lister (ll) indicate
the percent reduction in deflection is dependent on the initial
defléction before placing an overlay. Our data also tends to
support this theory as shown in Figure 7. Although the scatter
is relatively wide due to the numerous variables, the general
trend indicates that percent reduction of deflection values is
dependent to some extent on initial deflections. These findings
have been incorporated into the "Deflection Reduction Guide",
Figure 8. . ‘

The former deflection attenuation graph (Figure 3) which was

not based on the initial deflection level provided satisfactory
results. A comparison of predicted versus measured deflections
was made on 69 projects where deflection measurements were taken
before and after reconstruction. Figure 9 shows the correlation
results which are good when consideration is given to the number
of variables involved such as moisture content, temperature,
repeatability of equipment, test location, etc. On the average,
two to three years passed from the time initial measurements were
taken, an overlay wés placed, and final deflection measurements
made. As with most California deflection investigations, measure-
ments were taken during the spring months to minimize the error

" caused by a change of moisture content in the roadbhed.
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Overlay Design

The revised tolerable deflection and deflection attenuation data
are used in conjunction with past experience to produce a design
guide for AC overlays as shown in Figure 10. This guide is
patterned after one developed by N, W. Lister and shown in his
aforementioned report (1ll). Lister's chart gives values that

are generally more liberal than those obtained from this guide

for the pavements having less than about 0.50 ft. (152 mm.)
thickness when the initial deflection is 0.030 inches (0.76 mm.)
or greater., British asphalt mixes are considered to be more
fatique resistant than those in California (mainly because of
their greater asphalt content) and so this comparison is as would
be expected. Use of a design guide rather than transposing wvalues
from two charts by a trial and error process will greatly simplify
California's overlay design method. The intent of the design
guide is to approximate overlay thicknesses. Considerable dis~
tress in the existing pavement would substantiate greater overlay
thicknesses than indicated by the design guide.

Reflection Cracking

For some pavements, the magnitude of the existing deflection
level is not a governing criterion for overlay design.
Frequently the need to eliminate potential reflection cracking
from the underlying pavement controls the AC overlay thickness.
At present, there is no verified method to determine this
thickness, but a "rule of thumb" generally used for prevention
of reflection cracking is as follows:

(1) The new blanket thickness should be at least one half

“the thickness of the existing AC pavement over untreated bases.
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(25 For AC overlays on existing AC pavements with underlying
CTB or PCC pavements, a minimum thickness of 0,30 ft. (91 mm.)
of AC should be used. A 0.5 ft. (152 mm.) AC overlay has been
used successfully on very high volume urban PCC freeways.

SUMMARY AND CONCLUSIONS

1. On 69 reconstructed highways the design method's predicted
deflection compared favorabhly with the measured deflection.

The coefficient of cofrelation is 0.90 and the standard error
of y on x is 0.004".

2. Our previously developed tolerable deflection values for
overlays between 0.20 and 0.30 ft. (61 and 91 mm.) have been
substantially verified by experience for California conditions
while about a 20 percent increase in tolerable deflection is
justified for a 0.50 ft. (152 mm.) AC overlay.

3. For a given AC overlay thickness, the percent reduction
in deflection is dependent on the initial deflection before
overlay placement.

4, The revised tolerable deflection curves and the deflec-
tion attenuation curves have been combined to produce a design
guide for AC overlays. Use of this design guide rather than

a trial and error process involving values.picked from two
charts greatly simplifies the method of selecting overlay
thicknesses. The revised overlay design test method will be
published in April of 1975.
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‘REDUCTION IN DEFLECTION RESULTING
FROM PAVEMENT RECONSTRUCTION

» | T 7 15/ |

ASSUMED GRAVEL
EQUIVALENCIES

PERCENT REDUCTION IN DEFLECTION

20— | LOO' AC = 1:90° GRAVEL —
1L00' CT8 = 1.72' GRAVEL
1.00' CTB (CLASS "D")=1.22' GRAVEL™
1.0O' LTB =1.20" GRAVEL
*NET INCREASE IN G.E. OF TREATED LAYER
. 10— BASED UPON AN ASSUMED G.E. OF 0.5in/in™"
FOR EXISTING MATERIAL PRIOR TO
CEMENT TREATMENT.

| | ] ]
0 050 1.00 ‘ 1.50 200 2.50
INCREASE IN GRAVEL EQUIVALENT (FEET)

NOTE: | in.=25.4 mm.
| ft.=0.305 m.

ki

-13-
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Figure 4

COMPARISON OF TOLERABLE DEFLECTIONS WITH FIELD DATA
ON PAVEMENTS SHOWING DISTRESS

0.050
0.040 0 5
® o - ‘ : Legend © 0.25 AC |
= K -4 " A 0.24" to 0.3I'AC
A .
2 - T | —Tolerable Deflection
o j\ A Curves from Figure 2
= 0020 —t-2 P~
@ \ :
w . ! =—0.25'AC
s 0.015 : —0 0.30'AC
,, Note: Plotted points are
defléctions measured
0.010 at the location of initial
6 7 8 9 10 distress.

TRAFFIC INDEX

MEASURED
DEFLECTION AC ACCUMULATED |
PROJECT STATION AT LOCATION | THICKNESS | TRAFFIC INDEX |
OF DISTRESS
03-Col-88 145 + 00~ 155+00 0.038" 0.25' 7.1
356+00-366+00 0.024" 0.25' 6.9
310+00-300+00 0.028" 0.25' 7.3
03-Gle-162 |748+00-7674+00 0.021" ©0.25' 7.2
03-5ac-232 |352+00-3424+00 0.024" 0.30 9.4
326+00-321400| . 0.020" 0.30' 9.4
03- Yol- 99 Webster St. -~ 0.028" 0.29' 8.7
Devon St. 0.022" 0.29' 8.5
Alameda St. 0.020 0.29 8.5
05- SB- 149 |1 10+00-1004+00 0.029" 0.31 7.5
334+00- 43400 0.024" 0.31' 7.5 i
80400~ 90400 0.033" 0.31' 7.5 |
05-SBt-156 (296+00-286+00 0.021" 0.31' 9.3
06-Ker-141 | 30+00- 20+00 0.038" 0.25' 8.3 ;
50+00~ 60+00 0.041’ 0.25 7.7 !
0+00- 10400 0.03 1 " 0.25' 8.0 |
06 - Fre-1329 |536+00-526+00 0.035" 0.25 6.2 i
06-Fre-33 |502+00-492+00 0.034" 0.29' 7.1 |

NOTE . lin.=254 mm.
|ft.= 0.305m. -14-
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COMPARISON OF TOLERABLE DEFLECTIONS WITH FIELD DATA

Figure 5

FOR THICK AC PAVEMENTS SHOWING NO DISTRESS

www . fastio.com

ACCUMULATED TRAFFIC INDEX (TI)

Each point represents the evaluated deflection value for one test section.

o

Fay

Stan. Co. Howard Rd.
05 -Mon—101 (2C)
03-8ac — 99
04-SCi-156

04~ CC —800 WC
11— SD — Sweetwater Rd,

05-Mon—101 {2D)

NOTE: lin.2254 mm.

1ft. =0.305m.

-15-

050' AC

0.61' AC

055' AC

0.50'AC

1.10' AC {Over native material )
Variable AC

059" AC

0.050
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Z0.020] dc
=z
~ A
1 | \\5\\\\\
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: \*\' . /Chon‘ Fig.2
0.010 A . [~
\ \\
8 T 8 9 10 LB 12 13 14


http://www.fastio.com/

6

Figure

‘6% SH'0 ='q1 |

"WGOED = 1 |
WWHGZ="u| | 3LON
JL3HINOD LIIVHASY 40 SISSINMIIHL
ONIAMVA H0d4 18VHD NOILD3430 338vy3IN0L g3SIA3Y
SNOITIIN (M 3) SAVYO0T T13AIHM 871 0006 ._.Z,m|_<>_30m
0000 000! ool ol I'0 100
1 I T T S
'l I . — 9
q Jj/ f FA
}lfilffj . 8
/ 6
. //f/////rj / >
ST w m_
S T s iln_TiI |
E/r//ﬂ///!fo_ﬂom.o /l/ W * 0
T 1 or 6 8 7 9 S p_ 00!

X3AN| Jld4vyl

(S3HONI ¢.01) NOILD3743a0 3Tavy3T0L

“16-

STIo.com

wavw fa

ClibPDF -


http://www.fastio.com/

Figure 7

INITIAL DEFLECTION VS. PERCENT REDUCTION
(0.25 FT. AC)

0.070 Least - Squares Curve
Fit Computer Program
y=A+8 (x)
A= 32,72 o
B = 034 o
» = - |nitial Defl. Red.
0.060 0.060 53 %,
*
0.050F+
)
ul
I
(&
= Initial Defl Red
- - ni . .
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Figure 10
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INTRODUCTION |

Presplitting is a method of precise excavation utilizing slope
drilling within the plane of intended slope with detohation of

the slope holes prior to production blasting. The techniques and
problems encountered by the California Department of Transportation
have been previously discussed in three interim reports. These
reports dealt with three materials, metamorphic, granitic, and
sedimentary rocks in three different areas. They were constructed
by three different contractors with different inspectors on each
project. The first report "Presplitting Interim Report" November
1970, by Travis Smith, et al., discusses metamorphic rock; the
second "Presplitting Interim Report 2" May 1972, by Travis Smith,
et al., covers granitic rock and the third "Presplitting Interim
Report 3" March 1973 by Raymond A. Forsyth, et al., deals with
sedimentary rocks.

This report, the fourth and final of the series, is a synthesis

of the conclusions developed in the previous reports, maintenance
ocbservations, construction observations and observations from non-
research presplitting, as well as other relevant information.
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CONCLUSIONS AND RECOMMENDATIONS

-The Division's use of presplitting up to this time has produced

steeper cut slopes with a smoother appearance, the need for less
scaling and what appears to be, after three to five years of
weathering, more stable slopes. (See Plates 1-6)

To realize the maximum benefit from the presplitting technique,
it is necessary to use the proper combination of bore hole
dlameter, spaCLng and length of bore holes, and proper type,
size, and spacing of explosives. The required combination of
these variables must be determined by experlmentatlon in each
cut. Using the specmflcatlons as a guide is helpful, but
previous experience in prespllttlng results in less wasgted
effort and lower costs.

To prevent a recurrence of the problems encountered on one
project, it is recommended that presplitting not be used in
borderline rock unless the necessary experlmentatlon has been
successfully completed. The experimentation provision is
included in the specifications and should be rigidly enforced.

Also, no recommendation for prespllttlng should be extrapolated
without a detailed field review by an engineering geologist
familiar with the presplitting technigue.

The slight increase in direct construction costs wsing the
presplitting technique are almost balanced by reduced excavation
quantities. Reduced right-of-way costs, anticipated decreases
in maintenance cost, and improved safety are additional benefits.

It is recommended that presplitting, with the specifications

included in this report, be considered for all blasting excava-
tion with slopes steeper than l:l.

IMPLEMENTATION

_'The knowledge'and experience gained by the Transportation

Laboratory on this project is being used as a basis for
recommending presplitting on other projects.

' The Transportation Laboratory has conducted meetings to inform

Headquarters and District personnel of the current state of
knowledge concerning presplitting. Additional meetings of this
type are planned.

The specifications developed as a result of this project have
been issued as a standard special pxovision by the California
Department of Transportation.
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METHOD

The major factors controlling effective presplitting are:
1. Parallel alignment of holes

2 Horizontal spacing of holes

3. Type of explosive

4, Size of explosive charge

5. Placement pattern of explosive charge

6. Diameter of drill holes

The interrelationships of these variables have not yet been
completely defined. Thus, experience and experimentation
dictate their values. Experience has shown that the varying of
horizontal hole spacing, explosive pattern and charge size

can yield acceptable presplitting. The Department of Transporta-
tion specifications set logical limits as well as starting
points for these variables. These specifications call for
2=1/2" - 3" holes because compatible equipment and explosives
are readily available. Hole alignment specifications include
tolerances of 12" perpendicular to the slope and 1/3 of the
planned horizontal spacing within the slope.

A minimum of experimentation with these limits when used with
explosives, hole spacings and explosive patterns selected by
the contractor usually yields acceptable presplitting. These
requirements are covered in the specification section.

Proper alignment and the selection of explosive charge sizes
and patterns that are compatible with the rock to be excavated
are essential to good presplitting. If poor alignment and
overblasting are prevented, a minimum of experimentation with
hole spacing and loading can yield good presplitting.

The occurrence of fractures which follow the trace of presplit

holes was investigated as a special study within this project.

The hypotheses under study was that the fracture which is per-

pendicular to the slope and extends back into the slope was a

result of explosive strength being excessive for the rock

- strength. This phenomenon appeared to be associated with column
explosives. The results of this study are presented in Appendix B.
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‘"' CONSTRUCTION OBSERVATIONS

It is desirable that the contractor and Resident Engineer have
preconstruction knowledge of presplitting. If either is inex-
perienced in this area, he should become familiar with presplitting
principles, methods, and specifications.

Presplitting apparently reduces the scaling time for slopes by 50
to 80%. These figures are based on Resident Engineer's estimates.
Not only is there less material to scale but the steeper slope
facilitates scaling activities.

Minor slides in overburden have occurred. The probable causes
have been poor quality presplitting, and/or improper overburden
removal. Poor presplitting can be caused by: overshooting,
- the use of too large a quantity of explosive for the material
to be excavated; improper alignment of drill holes due to
inadequate equipment, or insufficient care in preparing a pad
to drill from, or insufficient care in aligning the drill within
the plane of planned slope prior to drilling. Overbreak,
breakage from excessive production blast explosive charges,
may also result 'in poor presplitting.

Drilling is of prime importance for good presplitting. 1In
order to obtain acceptable presplit holes, equipment capable

of drilling without excessive deviation from the specified
alignment must be used. Care must be exercised when setting up
this equipment. (See Plates 7-9)

The requirement of stemming should be determined during the
testing phase of excavation. In many cases it is an unneeded
expense. ' '

The testing phase is of primary importance. If good presplit-
‘ting is not being achieved short sections, up to 100 ft.,
should be excavated until a method of achieving good presplit-
ting is determined. The method determined by such testing
should be used to complete the presplitting. These test
sections can be varied by adjusting the hole spacing, charge
size, charge loading pattern, the drilling alignment or the
introduction of auxiliary holes. (Auxiliary holes are
identical to presplit holes but are not loaded with explosives.)

Inadequate overburden removal may occur at the cut flanks or
top of cut. Cuts in overburden should not be as steep as in
hard rock. 'Overburden not removed from cut flanks may result
in small slides or slipouts. (See Plates 10-12.)
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ECONOMICS

The cost of presplitting includes the amount paid to the contractor
for drilling, loading and shooting the presplit holes and the
increased engineering cost due to the need for additional
inspection on the project. This cost is counter-balanced by
reduced earthwork guantities resulting from Steeper stable slopes,
reduced right of way, a more favorable excavation bid, reduction

of hazards to the travelling public and some reduction in main-
tenance costs,

As stated in the interim reports it has been our experience
that the reduced excavation quantities offset 80 to 90% of the
extra costs associated with presplitting.

We have not investigated right of way costs and therefore cannot
estimate the monetary savings. OQur experience has, however,

shown substantial land requirement savings when long, high cuts are
presplit. More then one-half acre of right of way would be

deleted if a 25% steeper, 3/4:1 rather than 1:1, slope were used

on a 1000 f£t. long, 100 ft. high, cut,

Resident engineers have indicated that required scaling time
is substantially less. This savings should be reflected in
lower excavation bid Prices.

An aesthetic factor of importance results from Preslitting a
smaller exposed cut face. A reduction in cut areas also
lessens environmental impact. Another factor of importance
is cut height. 1In areas where natural slopes are relatively
steep, the flatter design required by non-presplit slopes
would be Substantially higher than the presplit slope design.

The smooth presplit slope, however, may be objectionable. The

drill hole traces are also an unnatural phenomenon which is
readily visible from the travel way.

MAINTENANCE OBSERVATIONS

The prevention of rockfalil by constructing Steeper more stable
slopes decreases the hazard to the traveling public. Rockfall
in presplit cuts is less fregquent and of smaller size than

it is in cuts constructed by conventional blasting methods.
This is based on direct observation and information provided
by maintenance personnel associated with the respective
locations,
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'The maintenance costs associated with our presplitting

research cut slopes have been minimal where the presplitting
was done correctly. The Maintenance Department has not had
to clean the shoulders of the road for the projects described
in interim reports 1 and 2. This is true for both the pre-
split slopes and the control sections. There is, however, a
larger quantity of accumulated rockfall on the shoulders

of the road under non-presplit slopes than under those slopes
which were presplit.
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SPECIFICATIONS

. A method specification is one in which the specification
delineates the method by which the contruction is to be accom-
plished. An end result specification delineates only the
final result desired. The best presplitting for the least
cost appears to be best accomplished by a combination of

these two types of specifications. 2An end result specifica-
tion is used by one organization which was interviewed, That
organization has had at least one occasion upon which the end
results were unacceptable and therefore were not paid for.

They did, however, have to underwrite the cost of corrective
measures for the slope which was unstable and unsafe as
constructed. The corrective measures taken included slope
flattening which resulted in an increase in right of way as
well as related construction costs. This resulted in a

larger disturbed area thus increasing the environmental impact.
Our current recommendations for presplitting specifications

are in Appendix A. These are used as Standard Special Provi-
sions and are distributed to the State Transportation Districts.
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Plate 1 4/16/74 Presplitting in Metamorphic Rock

Plate 2

4/16/74

Steep Slopes
Constructed by
Presplitting in
Metamorphic Rock
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Plate 3 - Fracturing of presplit
rock

- Appearance of cut slope
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Plate 5 4/9/74 Presplitting in Granitic Rock

Plate 6 f
4/9/74 |
A Downdrain i
Constructed by ‘
Presplitting Methods
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Plate 7 4/9/74 Non-parallell Drilling of Presplitting
Holes

Plate 8 4/9/74 Non-planar Disturbed Slope Resulting
from Poor Drill Hole Alignment

12
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Plate 9 4/9/74 Smooth Stable Slope Resulting from
Parallel Planar Drilling
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" Plate 10 -4/16/74 An Overburden Failure in the Flank
. of a Presplit Cut in Metamorphic Rock
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~ Plate 1l
4/9/74
An Overburden Failure
in the Flank of a
Presplit Cut in
Granitic Rock

Plate 12 4/9/74 An Overburden Failure Above the
Presplitting in Granitic Rock
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RECOMMENDED SPECIFICATIONS FOR PRESPLITTING

ROCK CUT SLOPES

Presplitting rock cut slopes shall be performed at the loca-
tions described herein in accordance with the excavation

- provisions in Section 19 "Earthwork" of the Standard Specifi-
cations and these special provisions.

Presplitting is defined as the establishment of a free surface
or shear plane in rock along the specified cut slope by the
controlled usage of explosives and blasting accessories in
appropriately aligned and spaced drill holes.

The prespiitting technique, as covered herein, shall be used
for forming rock cut slopes when designated in the plans.

The contractor shall first completely remove all overburden
s0il and weathered rock along the top of the cut for a
distance of at least 50 feet beyond the drilling limits or to
the end of cut, prior to drilling the presplitting holes.
Particular care and attention shall be directed to the
beginning and end of cuts to insure complete removal of all
overburden soil and weathered rock and to expose fresh rock
to an elevation equal to the bottom of the adjacent lift of
presplitting holes being drilled.

Slope holes for presplitting shall be drilled along the line
of the planned slope within the tolerances herein set forth.
These tolerances also apply to auxiliary holes which are
identical to presplitting holes except they are not loaded
with explosives. The drill holes shall not be less than 2-1/2
inches and not more than 3 inches in diameter. The Contractor
shall control his drilling operations by the use of proper
equipment and technique to insure that no hole shall deviate
from the plane of the planned slope by more than 12 inches nor
shall any holes in the plane of the slope be within one-third
of the planned horizontal spacing of any other hole.

The length of presplit holes for any individual 1ift shall not
exceed 30 feet unless the Contractor can demonstrate to the
Engineer that he can stay within the above tolerances and
produce a uniform slope, then the length of holes may be
increased to a maximum of 60 feet upon written approval of

the Engineer.

The spacing of presplit holes shall not exceed 36 inches on

- centers and shall be adjusted to result in a uniform shear
face between holes.

17
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“THe Contractor shail place the adjacent line of production
- holes inside the presplit lines in such a manner as to avoid

damage to the presplit face.

The Contractor may be required to drill the first line of
production holes parallel to the slope line at the top of the
cut and at each bench level thereafter if necessary to reduce
shatter and overbreak of the presplit surface.

" Any blasting technique, which results in damage to the pre-

split surface, shall be immediately discontinued.

No portions of production holes shall be drilled within 8 feet
of a presplit plane except as approved by the Engineer.
The bottom of the production holes shall not be lower than the

~ bottom of the presplit holes.

A maximum offset of 24 inches will be permitted for a con-
struction working bench at the bottom of each 1lift for use in
drilling the next lower presplitting pattern.

The Contractor shall adjust his drilling operations to com-
pensate for drift of previous levels and for the offset at the
start of new levels to maintain the specified slope plane.

If at any time the methods of drilling and blasting do not
produce the desired results of a uniform slope and shear face
without overbreak, wll within the tolerances specified, the
Contractor shall be required *to drill, blast and excavate
short sections, up to 100 feet, until a technique is arrived
at that will produce the desired results.

The maximum diameter of explosives used in presplit holes shall
not be greater than 1/2 the diameter of the presplit hole.

Only standard cartridge explosives prepared and packaged by

explosive manufacturing firms will be permitted for use in
presplit holes. These may consist of fractional portions of
standard cartridges to be affixed to the detonating cord in
the field or solid column explosives joined and affixed to the
detonating cord in the field.

If fractional"portioné of standard explosive cartridges are
used, the cartridges shall be firmly affixed to a length of
detonating cord equal to the depth of the drill hole so that

" the cartridges will not slip down the detonating cord nor cock

across the hole and bridge the flow of stemming material.
Spacing of cartridges shall not exceed 30 inches and shall be
adjusted to give the desired results.

18
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If a solid column type of explosive is used, the column shall
be assembled and affixed to the detonating cord in accordance
with the explosive manufacturer's instructions, a copy of
which shall be furnished to the Engineer.

The bottom charge of a presplit hole may be larger than the
line charges but shall not be large enough to cause overbreak.
The top charge of the presplitting hole shall be placed far
enough below the collar to avoid overbreaking the surface.

Before placing the charge the Contractor shall determine that
the hole is free of obstructions for its entire depth. All
necessary precautions shall be exercised so that the placing
of the charge will not cause caving of material from the walls
of the hole.

Stemming may be required by the Engineer whenever necessary to
achieve a satisfactory presplit face. Stemming materials shall
be dry free-running material all of which passes a 3/8-inch
sieve and 90 percent of which is retained on a #8 sieve.

Stemmed presplit holes shall be completely filled to the collar.

All charges in each presplitting pattern shall be detonated
simultaneocusly.

The tolerance requirements of Section 19-2.05 "Slopes" of the
Standard Specifications shall not apply to presplit surfaces of
cut slopes where presplitting is specified. The presplit face
shall not deviate more than one foot from the plane passing
through adjacent drill holes, except where the character of the
rock is such that in the opinion of the Engineer, irregularities
are unavoidable. When completed the average plane of the slopes
shall conform to the slopes indicated on the plans and no point
on the completed slopes shall vary from the designated slopes by
more than one foot. These tolerances shall be measured perpen-
dicular to the plane of the slope. In no case shall any portion
of the slope encroach on the roadbed.

As long as equally satisfactory presplit slopes are obtained,
the Contractor may either presplit the slope face prior to
drilling for production blasting or may presplit the slope
face and production blast at the same time, provided that the
presplitting drill holes are fired with zero delay and the
production holes are delayed starting at the row of holes
farthest from the slope and progressing in steps to the row of
holes nearest the presplit line, which row shall be delayed at
least 50 milliseconds. In either case the presplitting holes
shall extend either to the end of the cut or for a distance of
not less than 50 feet beyond the limits of the production holes
to be detonated.

19
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Those holes that fail 'to meet the alignment controls specified
herein will not be accepted for full payment and holes that are
drilled where the finish slope does not meet the slope tolerances
specified herein will not be accepted for payment. Only those
holes that gualify as to alignment and the slope finish and which
show a hole trace for approximately one~half of the drilled length
will be accepted and measured for full payment purposes. Those
holes which produce an acceptable slope and the plane of the slope
shall be paid for at a rate of 75% of bid price. Auxiliary holes
shall be compensated for as extra work and paid for at a rate of
75% of the bid price for presplitting holes. No compensation

will be allowed for unacceptable presplit work. Evaluation of
presplit holes to determine if they qualify for payment will be
made after excavation but before any slope trimming or cleanup
work.

Measurement of presplitting hole length for payment of acceptable
holes shall be by theoretical slope length as computer from elev-
ations taken before detonating each 1lift, to be presplit, and

a plane 3 feet below finish grade. No payment shall be made for
drilling more than 3 feet below finish grade unless directed by
the Engineer. :

The contract price paid per linear foot for drilling holes (pre-
splitting)} shall include full compensation for furnishing all
labor, materials, tools, equipment and incidentals, and for doing
all the work involved in drilling, loading, stemming and detonat-
ing, as specified in these special provisions and as directed by
the Engineer.
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December 19, 1972
Lab Auth 632955

MEMO TQO: Files
FROM: R. Mearns

SUBJECT: Presplitting Drill Hole Fracture

The recurring appearance of fractures which follow the trace
of presplit drill holes and which extend an unknown distance
into the hill are the object of some concern. Plates 1 and 2
show examples of this feature. The reason for the concern is
that in order for the fracture to develop some disturbance of
“the rock in the cut face must take place. Since the reason
for presplitting is to prevent this disturbance, it seems
necessary to determine the cause of the fracture and, if
possible, to prevent it.

These fractures were noticed only on those projects where the
continuous column type of explosives were used. It was also
noticed that in fresh massive rock they did not occur. Fractures
also appeared more frequently and/or were more stongly developed
if the presplit holes had been stemmed. All of these observations
suggest that the amount of explosive energy may be the most
significant cause of the fracture.

The fracturing problem described above had been observed by
Mr. Art Nelson, Resident Engineer, on a project 03-Sie-49

PM 10.2/13.2 (see Plate 3). The material in this area is a
highly fractured and foliated metamorphic rock which is also
faulted and moderately to slightly weathered. The appearance
of this material is shown in Plate 4. Because this rock had
just enough integrity to require blasting, it appeared to be
~ideal for experimenting.

Discussions between Mr. Tom Hoover of this department and

Mr. Nelson eventually lead to the test described in this memo.
The Contractor, Hughes and Ladd, cooperated fully and contri-
buted much to the successful completion of this experiment.

The experiment was designed to yield data on the relationship
between the amount of explosive energy and the development of
the fracture. Three different explosives (see Plate 5) with
different amounts of explosive energy were used and an
experimental loading technique (see Plate 6) was also tried
with one of these explosives. Table 1 contains data on the
explosives. Trimtex was the explosive being used by the
contractor to complete the project. It is made by DuPont
specifically for presplitting. -
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Each of the explosives are provided with couplers to permit

joining the cartridges together. Primacord was affixed

to the column as it was joined and placed in the boring. Electric
blasting caps manufactured by DuPont were used to detonate the
charges. No stemming was used on this project or in this experiment.

A total of thirty borings were included. A random loading

- pattern was used to eliminate the influence of systematic
variation of rock quality. It should be emphasized that there
was more concern over eliminating the fracture than in generating
a perfect presplit face. The experiment was designed accordingly.
Earlier experience with presplitting on the project had indi-
cated that it could be satisfactorily trimmed with a slope
board if poor presplitting should occur.

Table 2 lists the borings and the type of loading. The purpose
of the spirally wrapped Trimtex was to prevent the main mass

of the explosive from resting against the back of the drill
hole. It was thought that the resulting air cushion might
absorb some explosive energy and result in unfractured drill
holes. An attempt was made to use rope for the wrapping but
the diameter of the charge was too great and loading the holes
could not be accomplished. The Karvite because of the small
diameter and weak packaging was found to be difficult to load.

The drill holes themselves were 2-]/2 inches in diameter, were
located on 2-foot centers, were 24 feet long and had a slope
angle of 1/4:1. The contractor's personnel performed the loading
according to the manufacturer's recommendation. A 16 inch x 2
inch stick of 50% dynamite was placed in the bottom of each
boring to assure fracture at the bottom. The test holes were
detonated simultaneously and at the same time as the regular
presplitting holes through the rest of the cut.

The contractor excavated the test area carefully to retain as
many hole traces as possible. These hole traces were phot-
graphed and visually inspected before any scaling of the slope
was performed. The results of this inspection are included in
Table 3. The appearance of the finished slope is shown in
Plate 7. Plates 8, 9, 10 and 11 show the appearance of typical
drill hole traces for each different type of loading.

Based on observations of this experiment it appears that
excess explosive energy is the cause of the fracture. It also
appears that a separation between the charge and the back wall

* or a 30 to 35% decrease in the amount of explosive will yield
satisfactory presplits and reduce the amount of undesirable
fracturing.
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"The 'Karvite is probably too small a charge to warrant further
study because of its failure to split even the borderline
material on this project. However, further study should be
made of lighter charges and spacers to determine the conditions
under which they can be used to alleviate the fracturing. If
a suitable test site becomes available, further testing will
be performed.

R. Mearns ,
Associate Engineering Geologist

RM:ml
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TABLE I

Explosives
Explosive o Cartridge Lbs/lineal foot
. Name Manufacturer Size in Inches Explosives*
Trimtex DuPont . 7/8 x 24 .175
Kleen-Kut F Atlas 1-1/8 x 36 .114
Karvite Hercules 5/8 x 24 . 086

*Expressed in equivalent pounds of TNT to permit comparison.

TABLE II

Boring Loading

West East
BBCABAACCACCCDDABABABDAAADDADA

A.

- Trimtex
B. = Kleen-Kut F
C. - Karvite
D. - Trimtex with spiral primacord wrap.
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“TABLE III
Tabulation of Results
Explosive % of 'Holess % of Holes % of Holes
Type _ Showing Trace Showing Crack Poor Split
Trimtex 50 30 0
Kleen-Kut F 50 16 0
Karvite = 20 0 60
Trimtex with - 80 ' 20 20
Spiraled

Primacord

1e
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Plate 1 - Fracturing of presplit borings in sanu-
stone

Plate 2 - Fracturing of presplic
borings in granitic rocl
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Plate 5 - Explosives

Techrucolo~

Plate & - Trimtex with ¢ iral wrapoess
primacord
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) Plate 9
Kleen=Xut ¥
Plate 10
Karvite
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Plate 11

Trimtex wrapped
with primacord
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