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Last week I wrote about the development of steel girders, and how they were designed to hold
the immediate roof above the tunnel, but not the weight of rock all the way to the surface. By
allowing a natural bridge of rock to develop around the opening it is possible to lower the amount
of support that the rock actually needs. This takes a bit of time, but if you wait a short while
before putting in a support, the relaxation of the rock around the tunnel into the open space will
generate a zone of compression in the rock around the tunnel in much the same way as building a
Roman bridge relied on the compression of the blocks around the opening to mutually support
one another, and the load applied to the bridge. Because of this, the amount of support that is
required can be reduced considerably from that needed if the tunneling team were to try and hold
the rock wall in its original space. (For those of a scientific bent that want to look at this in more
detail it is known as the “Method of Characteristic Lines” or the Convergence-Confinement
Method and Charles Fairhurst, was an early proponent).

The problem that arises, with putting large rigid steel girders into the tunnel to hold it up is that
these tend to be rather stiff and unyielding. One way of getting around this was to put the bottom
ends of the arch girder into a frame where the “H” section of the girder had a wooden plank in the
lower end of each side of the H. They were held tightly by metal straps, but as the weight of the
overlying rock continued to increase as the walls moved into the hole, the girder would slide
between the two pieces of wood, or stilts, yielding at a set load, and allowing the walls to deform
and build up a natural arch.
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Arch with stilts (Deputy’s Handbook).

But the design still had to estimate the size of the girders needed so that they could be on hand as
the tunnel was driven, and if the design proved wrong, then usually the discussion ended in court
and a lot of productive time was wasted. A more flexible method of holding up the walls was
needed, and it came from the combination of two different rock support systems.

The first of these is known as a rock bolt. It has been suggested that the first rock bolts were just
rods of wood that were stuck into holes in the roof, and wetted, so that they swelled and gripped
the rock. While these worked passively (in other words they did not apply support to the rock
until the rock moved, and their presence and acceptance of load then began to resist the
movement) they were not, initially, seen as a great help in helping develop the natural tendency
of the rock to hold itself. Now there are whole books that have been written on the use of rock
bolts, cable bolts and cable trusses (a combination of the first two). I may offend some purists
here, but I am going to chop through a lot of that development, and simplify a whole lot in what
follows.

If a rock bolt could be inserted in a hole in such a way that it squeezed the rock along the
borehole, then perhaps it could be used to build larger blocks of rock, from the rubble around a
tunnel, and thus build the bricks, that would lock together as the rock moved into the tunnel,
building that natural arch. To generate the compression in the rock, the rock bolt was designed in
two main parts, a threaded rod that ran from the mouth of the hole, to the back, and an anchor
system which, as the rod rotated through it, pulled a small wedge down into the anchor section,
which was spread to grip the rock, and then resisted further pull down the hole, so that the rod
went into tension as the wedge tried to advance further, and the rock between the anchor and the
bearing plate on the end of the hole, was compressed.
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Basic components of a mechanical rock bolt (after DSI )

There are a lot of things that can go wrong with this concept, and in the 1970’s when bolts in a
mine were tested the vast majority were not working as they were supposed to, and as a result a
regulation was passed that a mine should regularly test these bolts, by putting a torque wrench
on the installation bolt head of a representative sample every day, correcting any with a problem.
The torque would be a measure of the load the bolt was carrying, and how effectively it was
holding the rock together.

This was an expensive requirement and alternate bolt designs were looked for, to find a way of
installing rock support that would not need this testing. And the inventors went back to the idea,
which I mentioned, of holding the rock along the full length, rather than just at two points. (I have
at times suggested that this was looking for a way of using the “nail” idea, rather than the screw –
nails are generally cheaper). There were two ideas that came along, The most popular was known
as the “Split-Set” and was invented by a colleague of mine, Jim Scott. The idea was very simple,
in essence take a steel pipe, just larger than the size of the hole being drilled, cut a slot along the
length. Then compress the pipe and stick it into the hole, with a bearing plate on the bottom. The
released pipe will grip the rock along its length, and provide immediate resistance to motion.
There are two things that made it as successful as it became, internationally. The first was that it
could not be tested conventionally, and thus the testing crews were not needed. But while that got
the bolt an entry into mines it was its success in holding the roof in a simpler, yet cheaper way,
that led to its widespread adoption.
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How a split-set works

The alternate method was to fill the gap between the steel rod and the rock wall with a resin. This
became known as resin bolts, or full-column rock anchors, and there have been a wide number of
different designs. Very simplistically a hole is drilled, and cartridges containing a resin and a
catalyst are inserted into the hole. Then a reinforcing rod is inserted into the hole, and spun as it
is pushed to the back of the hole. This mixes the resin and catalyst so that the resin sets very
quickly, and grips both the steel rod and the rock. It works well in rocks where, for example, the
chemistry of the ground water might corrode an unprotected bolt.

How a resin bolt works

One can thus go into broken rock, and by using bolts to build larger blocks of rock, have these
intersect one another and “build a bridge” to hold up the overlying rock. The problem comes with
the raveling or crushing at the edges of these blocks, and the slow failure of the tunnel surface.
This is now solved with shotcrete – but I’ll talk about that, and putting girders, bolts and
shotcrete together in a later talk.

 This work is licensed under a Creative Commons Attribution-Share Alike
3.0 United States License.

The Oil Drum | Tech Talk: Driving a tunnel and holding the walls with bolts http://www.theoildrum.com/node/6940

Page 4 of 4 Generated on September 10, 2010 at 9:43am EDT


