
Shotcrete Reinforcement 
Before the 1970s, shotcrete was reinforced 
either with conventional reinforcing steel 
welded wire mesh fabric, or in some in
stances with chain-link mesh or even 
chicken mesh. In the early 1970s the con-

Dr. D. R. (Rusty) cept of steel fiber reinforced shotcrete 
Morgan (SFRS) was developed by David Lankard 

at the Battelle Laboratories in Columbus, 
Ohio. The first practical application of SFRS in the USA was for 
lining a tunnel adit at Ririe Dam, Idaho in 1973 (1). In Canada 
the first practical application of SFRS was conducted by the writer 
in 1977 and was for stabilization of a sloughing railway embank
ment in Burnaby, British Columbia. Figure I shows a historic 
picture of thi s work being done using dry-bagged materials and 
the dry-mix shotcrete process. In the quarter century since these 
early pioneering projects, SFRS has developed from a research 
curiosity into a major construction method. Many hundreds of 
thousands of cubic meters of SFRS are applied each year in a 
wide range of civil engineering and mining applications in most 
of the world's industrialized nations. Major civil engineering uses 
of SFRS include primary and final linings in road , rail, water 
conveyance, and other tunnels; underground support in hydro
electric power plants, sports complexes and military installations; 
slope stabilization and lining of channels and other water con
veyance/retaining structures. 

The first use of synthetic fibers in shotcrete was in research 
work conducted in Europe in 1968, using polypropylene fibers. 
There was some limited use of collated fibrillated polypropylene 
fibers at low fiber addition rates (0. 1% to 0.2% volume) in 
shotcrete in North America in the 1970s and 1980s. At these low 
fiber addition rates, the effect on shotcrete toughness was mini
mal and benefits were mainly limited to control of plastic shrink-

Figure 1. Stabilization of a sloughing railway 
embankment. 
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age cracking and providing the shotcrete with enhanced green 
strength for carving and finishing. In the late 1980s, work was 
done with co llated fibril.lated polypropylene fibers added to wet
mix shotcretes at addition rates around 0.5% volume. At these 
addition rates the shotcretes displayed enhanced toughness and 
impact resistance. There was some use of such shotcretes in envi
ronmental and infrastructure rehabilitation projects (2). 

Major strides in the use of synthetic fibers in wet-mix shotcrete 
have, however, taken place in the 1990s. New generation fibers , 
typically monofilament synthetic fibers, capable of addition to 
wet-mix shotcretes at 1.0 to 1.5% volume (and in some cases 
even up to 2.0% volume) have now been developed and used in a 
variety of slope stabilization, underground support, and infrastruc
ture rehabilitation projects (2). A large industry-sponsored study 
has just been completed by the writer's company in which the 
behavior of plain, mesh-reinforced, steel fiber reinforced and syn
thetic fiber reinforced shotcretes has been compared. Tests con
ducted include theASTM Cl018 flexural toughness test on beams 
and tests on large panels, modeled after work done by Kirsten for 
the mining industry in South Africa (3). In this test, a large 1.6 x 
1.6 m x 80 mrn (5 ft. 3 in . x 5 ft. 3 in. x 3 in.) thick shotcrete 
panel , with rockbolts at 1.0 m (3 ft. 4 in.) centers is load tested to 
destruction (150 mm/5.6 in. end point deflection) using a uni 
formly distributed load applied by a water bag. The load versus 
deflection response is recorded together with mapping ofthe crack 
pattern and crack width versus deflection. Figure 2 shows a steel 
fiber reinforced shotcrete panel at 150 mm deflection. These tests 
(4) have demonstrated that the new generation high volume syn
thetic fibers can provide equivalent or even superior toughness 
(load versus deflection response after cracking) compared to com-
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Figure 2. Steel fiber reinforced shotcrete panel at 150 mm 
(5.6 in.) deflection. 

Shotcrete Magazine • May 1999 



Shotcrete Reinforcement 
Continued from p. 4 

monly used mesh and steel fiber reinforced shotcretes. These new 
synthetic fibers appear to be particularly advantageous for use in 
projects such as mining applications, where the shotcrete linings 
may be subjected to large deformations and cracking. More de
tails regarding this study will be provided in a future edition of 
ASA's Shotcrete magazine. ~~ 
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