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ABSTRACT

Long-term stubility of the salt roof struta above a new
underground mifl was required at the Goderich Mine. A
civil engineering method of grouted cable bolts was used.
The design criteria for this suppore system reguired that: it
he capable of supporting a roof section 8 ft thick; the an-
chorage of the cable bolts be in competent ground, and that
boreholes should preforably not pencirate a dolontite bed
some 23 ft (7.6 m) above the roof horizon. These require-
ments were met By insialling three tendon cabies in bore-
holes 30 ft (9 m)} long, 9 ¥ (2.7 mi apart, and inclined at
an angle of 45° aver the pillars. The top 10 ft (3 mj of the
cable located over the piflar edge provided the anchorage.

Difficulties were experienced with the borehole seals,
which ware resolved first by pouring a growr plug at the
borehole collar and subseguently filling the resr of the bore-
hole with grout. In some boreholes the grour migruted
through cracks in the salt formation, This reguired drilling
adfacent boreholes which intersected the grour-filled cracks.
In all 250 cable holts were installed end qbout 75% of
these were tensioned to the specified load, ar a cost of abou?
5200 per cable boll,

The load is being monitpred on six of the cable bolts.
Initially a tension of about 33 tons was applied to each cable
bolt. This tension then relaxed due 1o the flow characieris-
tics of the salt and then stabilized, The gverage load, at
present. on the coble balts is abour 47 tons, 4 year and a
half after starting the instaliation the whaole support svstem
appears 0 be functioning as it was designed 1o function.

INTRODUCTION

The Gaderich Mine of the Sifto Salt Division of Dom-
tar Chemicals Limirted is located at Goderich in the Prov-
ince of Ontario, Canada. Gaderich s a small town on the

eastern shore of Lake Huron. The mine is close to the
north-eastern rim of the “Michigan Salt Basin,” referved
to in geological reports. This basin contains several dis-
tinet beds of salt. Mining operations of Goderich are
confined to a nearty far bed 80 ft (24 m) thick at a depth
of 1780 ft {540 m).

The salt is being recovered by the room-and-pillar sys-
tem. Room widths were originally 60 ft (13 m), but be-
cause of roof failures this dimension has been reduced to
45 ft {14 m). Room heights are 43 1 {13 m) and pillars are
150 ft (46 m) square, Production exceeds 1.75 million
tons** per year. The blasted salt is separated into four
sizes in 2 complete underground crushing and screening
plant.

The salt bed, particularly the upper portion, is com-
posed of coarse crystals of nearly pure salt and thin layers
of impurities spaced at 1 to 2-ft (0.3 to 0.6-mn) intervals.
There is hittle interlocking or cohesion between the salt
crysials or between the lavers of impurities and the salt.
Roof falls have been a problem since the start of opera-
tions nearly 13 years ago. Initially, these falls were thin
slabs, up to 2 ft (0.6 m) thick. The use of S-feet (1.5 m)
roof bolts, subsequently reduced to 4 ff (1.2 m), spaced §
ft (1.5 m) apart, has preventad falls of this type. Later,
despite the use of these bolts, heavier falls occurred both
in the rooms and in the intersections. These falls have been
up to 8 i (2.4 m) thick and in some instances, if allowed
to continue, penetrated the overlving dolomite about 25 ft
{7.7 m} above the mine roof. The room falls extend across
atmosi the full width of the room and are at least 100 ft
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{30 m) long, terminating at the intersection. The intersec-
tion falls extend across the complete intersection and
progress a short distance into the rooms, Next to the pillar
sides and corners, the failure surface is very steep, being
approximately 70 degrees. The tops of the falls are flat and
oceur at one of the impurity layers.

These falls are often associated with a leakage of con-
nate brine, Some warning of an impending fall is given by
bolts breaking near to the pillars. Also, steep cracks are
observed in the roof next to the pillar edge and corners.
Most falls occur 9 to 36 months after mining.

The reduction in reom widths from 60 o0 45 fi (18 to
I4 m) and the use of bastion-type pillars at the intersec-
tions have largely overcome the heavier roof falls, but the
problem has not been entirely eliminated. This experience
with roof conditions was kept in mind when it was decided
to crect a new, large, underground crushing and screening
plant, concentrated in one of the recently excavated rooms
and its adjoining intersections. The area had been bolted
with the conventional 5-ft {1.5-m) beolts but additionat
support appeared desirable to ensure long-term roof sta-
bilizy in this area.

Several methods of support were studied and it was
finally decided to try to adapt the civil engineering method
of tving potentially unstable strata to competent ground
by the use of post-tensioned steel cables grouted in bore-
holes drilled into competent ground. In this paper, the
assembly of the vartous components mazking up an indi-
vidual support is referred 1o as a cable bolt. This type of
support is being used In a few underground mines
{McLeod and Schwartz, 1970} and has been tried in an
open pit {Barron et al, 1971).

DESIGN OF CABLE BOLT SYSTEM

Soon after the start of mining operations, a comprehen-
sive program of roof and pillar measurements was initi-
ated under the direction of the Mining Research Centre,
Department of Energy, Mines and Resources. The roof
deformation measurements have a specific bearing on the
layout of the cable bolts.

In one instrumented 43-ft (14-m} wide room, it was
observed that the roof strata in the central half-span was
expanding up to & depth of about 15 ft (4.6 m). In the
quarter-span next to the pillars, the depth of the expansion
zone was reduced and contraction was measured at
greater depth. A flat-bottomed, arch-like profile can be
drawn, intersecting the pillar-roof corners with a depth of
15 ft (4.6 m) at mid-span, separating the roof into expan-
sion and compression zones {for vertical deformation). At
mid~span the maximum movement occurs at a depth of 8
ft (2.4 m), whereas near the pillar the maximum move-
ment is withiz the first § ft (1.5 m) of roof. This distribu-
tion of deformation is consistent with the shape and depth
of the falls in the rooms which are usually 8 ft (2.4 m)
thick.

These measurements in conjunction with the expen-
ence of existing roof falls indicate that the roof strata
above the central haif-span i{s unsuitable for anchoring the
cable boits, at least to a depth of about 40 fr {12 m)
equivalent to the deepest roof fall. The roof strata over the
pillar edge i’ under compression and is suitable for an-
choring the cable bolts.

These and other criteria for design of the cable bolt
system can be summarized as follows:

1. cable bolts must be vapable of supporting an 8-ft
{2.4-m) thick potential roof fall;

2. anchorage of cables must be in competent ground:

1. boreholes for cable bolts should preferably be drilled
in salt and not penetrate the overlying dolomite.

The last criteria is to facilitate the use of existing rotary
drilling equipment, whereas percussive drills would be
required for the dolomite. Also, connate brine could be
encountered at the dolomite/salt interface. The dolomite
is at least 25 fi (7.6 m)} above the roof horizon, but its
actual position is not known.

The layout of the cable bolts and the potential roof fall
which requires support is shown in Fig. 1. Previous roof
falls are known to start sbout 2 ft (0.6 m) from the piilar
edge with a failure surface about 70° 1o the horizontal
(Fig. 1). The second and third criteria are satisfied if the
anchorage is outside the central roof zone bounded by the
707 lines and below the dolomite. This necessitates in-
clined borcholes with the anchorage located beyond the
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Figure 1. Design and iayout of cable boits in a rooem.
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707 lines. It was decided that four cable bolts per row,
spacegd at 9-ft {2.7-m) centres, and drilled upwards at 45°
and 30 f (9 m) in length would fulfill the design require-
ments.
The weight of the potential roof fall per unit foot along
the room is,
135

SSXSXIX_mOO

where, lateral extent at mid-height of fall is 38 ft (11.5 m),
depth of fall is B ft (2.4 m), density of salt is about 1335
ih/cu ft (2150 kg/cu m).

The distance between rows of cable bolts is 9 ft (2.7 m),
50 the load to be supparted by one row is,

20,5 X 9 = 184.5 tons.

Hence, the vertical load to be supported by cach cable bolt
is 184.5/4 = 46 tons. The cable bolis are inchined at 435°,
so the joad which has to be applied 1o a cable to preduce
a vertical component of 46 tons is 46/cos 45° = 63 tons.

Used hoisting cable was considered for the cable bolts
but was rejected in favour of Freysinnet high-tensile steel
cable. Bach cable assembly consists of 2 mumber of ten-
dons, 0.6 1n. {15 mm) in diameter, each of which consists
of 7 twisted strands of wire. The ultimate strength of the
steel is 270,000 psi (19,000 kg/sq cm) which for each
tendon is 29 tons. These tendons are usually tensioned to
80% of their ultimate strengih, which is 23 tons. Hence
three of these tendons per cable bolt would provide an
applied load of 69 tons and an uftimate load capacity of
87 tons. This load capacity was coasidered sufficient to
support a roof section 8 ft (2.4 m) thick. A three-inch
{76-mm)-diameter borehale is sufficiently large to accom-
modate the three tendons.

In the intersections, the layout of the cable bolts had to
be modified, otherwise the anchorage would be in the
unstable zone of the intersecting room. Iy was necessary
t¢ anchor each cable over the pillar corners by drilling
slightlv longer boreholes. A plan view of an interscction
(Fig. 2) shows the direction and length of each cable bolt.
The longest borehole is 38 ft (11.5 m).

The total area of roof requiring support in the room
and two intersections is about 15,000 sq ft (1400 sg m). It
was planned to install 176 cable bolts in this area.

= 20.5 tons per ft,

CABLE BOLT INSTALLATION

In the cable bok system, expensive mechanical anchors
are not used. Instead, cement grout s pumped into the
borehole after the cable has been inserted. The bond be-
tween the cement, cabie and walls of the borehole provides
the anchor. In order to establish the bonded length of
cable reguired in salt strata, several test holes were drifled
mio one of the pillars. Cables with various bonded lengths
were installed in these holes and after seven days were
tensioned to 69 tons. These tests showed that a bonded
length of 10 ft (3 m) would be adequate.
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Figure 2. Layout Of catde holts 8t an intérsection,

The problem; arose as to how 1o do this work safely and
efficiently in a room which had already been excavated to
d height of 43 ft (13 m). This was accomplished by dump-
ing 25,000 tons of waste salt in this area ta within 15 ft
(4.6 m) of the roof. This gave an excellent solid base for
the men, equipment and materials.

Boreholes up to 38 1t (11.5 m) in length and 3 in. (76
mm} in diameter were driven without undue difficulty
with one of the regular driils. These holes did net pene-
trate the overlying dolomite. A special tool was made in
the mine maintenance shop to cut a 12-inch (305-mm)-
diameter smooth face normal fo each borehote. In a dia-
grammatic sketch of the components making up the cable
bolt assembly (Fig. 3), only one tendon of the cable, in-
stead of three, is shown inside the borehole, for clarity.

The first 2¢ ft {6 m) of cach rendon was sheathed in
plastic hose so that this section would not be in contact
with the grout and could be stretched during the tension-
ing operation. Three spacers were inserted along the 10-ft
{3-m) anchor section to hoid the tendons in their relative
paositions and insure that alj the tendon surfaces would be
embedded in grout. The tendons were also banded at the
top to permit easy wisertion in the holes.

As expected, difficnlties arcse in developing a tight seal
at the borehole collar. Any leakage of grout lowers the
level of the grout at the top of the borehole, which is the
anchor portion of the cable. The seal must prevent the
leakage of the thin grout, yet allow passage of the three
tendons, one atr-escape tube and at least one grout tube.




506 Fourth lcernational Symuesium on Seit—Narthern Ohio Geofogrest Socety

aret o ges
EIE-TT LT R FES

Figure 3. Cabie bolr comaanans,

An air-inflated type of seal was tried first but proved un-
satisfactory, The next attempt was w0 use oukum packed
mto the holes with wooden wedges 1o hold the tendons in
Mace.

The air-escape and grout tabes consisted of plastic hose
and 10 avoid cotlapsing, were connected ta 1/%-inch {6-
mm)-chameter steel pipes for the section through the
aakum pack. The air tubes were carried to the top of the
hoies. The grout tubes iny the first few holes were abous 4
fr {1.2 m} long.

The greut, of necessity, had to he thin 1o permis pump-
ing through the small-diamerer steel pipe. It consisted of
one 80 Ib bag of high-early-strength cement to § gallons
of water. A standard expanding agent was added to the
mix.

The cakum seal as originally devejoped appeared en-
couraging but did aot completely eliminate the leakage of
grout, On the next few holes, a stiff puity mix of cement,
water, and fast-acting hardener was plastered around the
tendons and tuhes. This resulted in a further improve-
ment, but some leakage continued to occur, It was then
decided to greut in two stages. A sceond grout fube was
ran o the top of cach hole using the shorter one to make
& cemnent plug on top of the cakum. This gave a tight seal,
After one day setting time, the remainder of the hole was
completely filled with grout, meluding the air and grour
tubes.

The grout was allowsd to set for seven days before the
tensioning process was initiated. In this process, the grout
and air tubes were first cut off square with the borehole.

The components used t¢ hold the tendons under tension
are showi in Fig. 4. An 8 X 8 X § [/2-in. (200 X 200 X
38-mmj thick mild-steel bearing plate with a 3in (76~
rmm) central hole was slipped over the cable and held by
hand against the square cut face. An anchorage block with
a separate tapered hole for cach tendan was then shipped
over the three endons and held against the bearing plate
Tapered, split, grinping sleeves were then inserted over the
rendens and tapped in place n the tapered holes on the
anchorage bieck. This served to loosely hold the asnchor-
age bleck snd bearing plate on the wendons. A holiow
nydravhe jack was then slipped over one of the tendons
and held by hand against the gripping sleeve. Next, a
snyaller tlock was run over the tendon and locked in place
with a tapered sleeve against the back of the jack. The
hydraclie jack was then exiended by means of either a
hand or mator<driven pump untit a icad of 23 tons was
mdicated by a pressure gauge. This tension stretches the
20-ft {6-m} sheaihed portion of the tendon about 1 3/4 in.
(44 mm). Immediately on release of the hvdranlic pres-
sire, the tapered sleeve grips the tendon and locks it in
place n the anchorage block. This process was repeated
for the other two tendons of the cable,

As expected, (n addition to the leakage problems at the
borehole seal, further diffculties arose from the loss of
grout through eracks which had already developed in the
overlving formaticn. Tn some cases, the graue escaped 1o
adjacent roof boit holes and in other instances, into crev-
ices in the sair. In: these problem holes, only partial anchor
strength couid be attained, It was then necessary fo install
one or more adjacent cable bolts, which penerrared grout-
flled crevices from the previcus operation, until one
proved 0 have adeguate anchor strength.

At six locations, it was particulariy difficult 1o obtain
satisfactory anchorage. Finally, rhe problem was over-
come by inereasing the ancher length from 1010 15 ft (3
1o 4.6 m} and by using small mechanical snchors attached
1o the top ends of the tendons. These muchamcal anchors
consisted of a combination of 1 1/2«in. (38-mm) pipe cou-
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Figure 4, Roithond of anchonng ot of norshaie oodiar
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plings and regular tendon gripping sleeves, The couplings
served as collars which forced the sleeve 1o tighten on the
tendon when any slippage occurred.

When the project was fnally completed, 250 cable bolts
had been installed. Of this number, 182 were tensioned 1o
the specified amount. The remainder developed varying
amounts of resistance 1o ship, to provide some suppart Lo
the sirata.

The cable was purchased in reel lengths and originally
this cable was cut to the specified lengths and assembled
on surface. Later, because of transportation difficultics,
this work was done underground.

The cost of each completed cable bolt was about $200.,
which was close to the original estimate, On compietion
of the cable bolting, wire mesh was instalied w hold any
minor loss between the cable bolts.

LOAD MONITORING

Long-term (at least 15-vear) roof stability is requiced in
the new mill area, so it was decided that the load on
several cable bolis would be monitorad in order to contin-
uopusly assess their performance. Six vibrating-wire load
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cells with a capacity of abour 100 tons were manufactured
at the Mining Research Centre at Elliot Lake. Smaller
vibrating-wire lcad cells have been used 10 measure the
loads on conventional rock bolts at this mine over a period
of 2 1/2 years without any major maintenance. A battery-
operated comparator unit is used to measure the fre-
guency of vibrating wires and in conjunction with
laboratory calibrations the load can be determined.

The six load cells were installed on three adjacent pairs
of cable boits located in an intersection, in the middle of
the room, and adjacent to an intersection. Two 1 1/2-in.
(38-mum) thick bearing plates were placed either side of the
load cell, and this was the oniv difference from the regu-
{arly installed cable bolts. The load was montiored during
the tensioning and subsequently at about l-month inter-
vals.

The graph {Fig, 5} shows the location of the instru-
mented cables, the variation of load with time and mining
activity, and indicates that the load on all the cable bolis
relaxed immediately afier instaliation, then stabilized, and
subsequently increased. The relaxation and load stabiliza-
tion pattern of behavior is similar to that of the conven-
tional rock bolts. The increase in load coincided with
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minmng a 3-ff (1.5-m) bench in the floor and then excavat-
mg a 20-ft (6-m) deep trench. It is thought that these
excavations affected the deformation of the roof strata
resulting in an increasing foad on the cable bolts.

The high installed load of 83 rons for Celi §) is proba-
bly erroneous because 1% is very near the capacity of the
cable. The probable reason for this high indicated load is
eccentric and uneven loading on the cell. Load Cells 53,
35 and 56 had thin fead washers on them to overcome this
problem. However, the measurements on Ceil 51 are sull
vahid in terms of a percentage change in ioad.

The installed load on the other five load cells is between
52 and $8 tons which is rensonable. During tensioning, 23
tons is placed on each of the three rendons which gives a
total theoretical load of 69 tons per cable. However, dur-
ing setting of the clamping wedges. between 4 and 5 tons
is Tost per tendon; hence, the actoal instabled load is about
35 tons,

The drop off in load on Cells 83, 34, 35, and 56 is much
tess than on Celis 51 and 52. The probable reason for this
behavior is that Cells 3t and 52 were on the first set of
cables installed. The collar of the boreholes had been faced
off with a plate containing cutrer picks which produce
small concentric ridges. The bearing plate rests on the top
of these ridges and when load is applied they slowly crush,
causing a reduction in load. Later practice was to put a
skim of putiy-like cement at the bearing surface, fo in-
crease the contact area for the bearing plate; this resuits
in less drop off in load.

The average load, at present, on the cable bolts is about
47 tons which 18 less than the 63 tons reguired to support
a roof section ® ft ehick. However, as mentoned previ-

ously, the cable bolts are capable of taking more load up
to an uitimate of about 87 tons.

SUMMARY

The civil engineering rechnique of reinforcing ground
with post-tensionsed steel cables has been suecessfully
adapted as a system of support in underground mines.
Cable bolis were considered the most practieal means for
cnsuring long-term stability of the roof of the new mill
area because of the thickness of strata requiring support,
the nature of the salt, and the obstructed space required
for the mill installations. Some problems such as develop-
ing an adequate barchole seal were soon solved. A year
and a haif after installarion of the first cable bolr the whole
system appears to be functioning as it was designed to
function.
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