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CHAPTER 1—INTRODUCTION AND SCOPE
1.1—Introduction
Shotcrete, the method of spraying concrete onto a surface,

is ideally suited for the support and construction of under-
ground excavations in earth and rock structures. The pneumatic
projection of shotcrete onto a surface at high velocity
provides specific quality enhancements that interact with the
ground surface and prepared substrates, providing superior
bond characteristics; increased density; and resultant strength,
durability, and toughness. These qualities are desirable in
ground support and lining applications. In North America,
shotcrete is conventionally defined as pneumatically applied
concrete, while in Europe it is more commonly referred to as
sprayed concrete.

Although concrete plays a very important role in under-
ground construction, shotcrete has many advantages over
concrete. Final concrete linings for tunnel and underground
structures are typically composed of cast-in-place or precast
concrete sections that provide a structurally sound and ¢uracle
subsurface infrastructure. The principal disadvantage v.*th ‘hese
systems is that they are difficult to install during the e .cavation
phase of tunnel construction. They require fu-mv.ork or
assembly systems that simply cannot be e1plo 2d in tunnel
openings where the immediate concern 1> s wing a safe and
stable excavation. Accordingly, the c:st-.i-place lining is often
placed after excavation is comple.e, \ hica results in a much
longer time to complete the tunnel.

In contrast, shotcrete i com. ination with other support
elements can provide early an ' cifective ground support and,
therefore, a means /o1 qround control necessary for safe,
viable, and economi. tuni.el construction under a wide range
of geological cond tions.

Shotcrete t .chnology has been broadly developed throughout
the ccastiesticn industry over the last century. The evolution
of mnin7 and civil tunneling methods has placed unique
demai ds_on the materials, equipment, and personnel that
com,vise current concepts of a shotcrete system for under-
g.ound support. With this gradual evolution in technology
¢nd trial and error, came acceptance, adaptation, and new
means and methods of successful shotcrete application. The
design and placement of shotcrete underground is much
more challenging than shotcreting above ground.

Underground construction and shotcrete application are
unique and very demanding. The primary focus is worker
safety and the need to provide immediate and effective
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ground support. Whereas the industry as a whole would
accept the performance associated with the compressive
strength developed in shotcrete at 28 days, early 8-hour to 1-day
strength is critical to the performance of underground shotcrete.
Much of the shotcrete is applied overhead to irregular tunnel
profiles immediately following blasting or other modes of
excavation. Geological and groundwater conditions are not
always predictable; opening stability and rockfalls present a
clear hazard to the shotcrete crew. Conditions may be suci
that the window available for shotcrete applicafior 1s
minutes or a few hours. The use of accelerating admi. tures
is a unique feature of underground shotcret= applicac- a in
that it provides a means of controlled and :apic strength gain
immediately following application.

Tunnel or mining activities tynically ake place on a
continuous and cyclical basis. Th. ‘proces, of excavation,
muck removal or mineral extraction, and ground support
installation are repeated. To be vi ble and acceptable, shotcrete
application should be an incg=a’ part of the overall cycle.
This requires that the shotcrc ‘e sys em as a whole be reliable,
efficient, and effective.

The undergrou. 1 e1vironment can impose significant
constraints and dema =us on the batching, mixing, handling,
and place.ner t of shotcrete. The unique logistical demands
associated v, 'th underground shotcrete application may
require access to the underground work area via shaft, adit,
 remp, wnd the subsequent use of long and restrictive
hac'age routes or dropping through a borehole or slickline.
This rrequently results in extended handling and discharge
“Zaes. At any time, production can be disrupted, and shot-
crete installation delayed or disrupted. This is particularly
problematic if ground conditions deteriorate and the demand
for shotcrete as ground support becomes more critical.
Finally, the environment is hostile for worker safety, effi-
ciency, and quality control, as well as for quality shotcrete
placement and curing conditions. Figures 1.1 to 1.3 illustrate
typical conditions at the heading of tunnels and mines.

These types of problems have led to specifically designed
systems for batching and handling of shotcrete materials,
admixtures, and placement equipment. These systems
require significant investment not only in terms of capital,
but also in providing experienced supervisory shotcrete and
production personnel. Training and supervision have led to
improvements in the quality and consistency of shotcrete in
underground shotcrete applications. The consequences of
deficient shotcrete in any ground support application are
obvious. Quality assurance, quality control, and the associated
inspection and testing activities are equally important in
achieving a successful shotcrete program.

A major task faced by the underground shotcrete industry
is the ability to demonstrate to owner, designer, specifier,
and inspection and testing personnel that high-quality shotcrete
can be produced consistently. It is therefore important that
owners and others have an understanding and appreciation of
how a shotcrete system—materials, batching, handling,
placing equipment, and trained quality supervisory and
production personnel—fits into their underground project so
as to ensure that shotcrete specifications are met. The efforts


https://www.stdhive.com/standards/aci-5065r-09-pdf/



