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Fig. 1: Two cores (by two different shotcreters with the same 
concrete mixture) produce two very different results 

Shotcrete performance is often attributed to concrete 
mixture design, equipment, or materials. Field experience 
consistently demonstrates, however, that the most 
influential factor in the final quality of shotcrete is the 
shotcreter (formerly nozzleman). This article outlines the 
key disciplines that allow a shotcreter to evolve from a 
mechanical operator into a conscientious technician — 
one who actively interprets fresh material properties, 
reduces rebound, improves compaction, and optimizes 
productivity in real time.

In shotcrete placement, significant effort is devoted to 
optimizing mixture proportions, selecting cementitious 
materials and admixtures, and ensuring the quality of 
equipment (gun, pump, compressors, delivery system, 
etc.). While these factors are critical, numerous field 
evaluations have shown that the greatest variability in 
shotcrete quality originates from the human factor: Two 
shotcreters could work with the same concrete mixture, 
the same equipment, and under identical environmental 
conditions, yet produce markedly different results. 

According to CCS-4: “The [shotcreter] is the craftsman 
that physically directs the shotcrete placement of the 
concrete. The [shotcreter] has final responsibility for 
the quality of the placed shotcrete and is an extremely 
important member of the shotcrete crew. The [shotcreter] 
must have an understanding of the materials, equipment, 
safety procedures, and the proper placement techniques 
to produce high quality, durable concrete.”

Key Disciplines for  
Advancing as a Shotcreter

By Raúl A. Bracamontes

FROM OPERATOR TO CONSCIENTIOUS SHOTCRETE EXPERT

The difference lies not in the materials or equipment, 
but in the shotcreter’s level of awareness, technical 
discipline, and ability to respond to visual feedback 
during application. Understanding and cultivating these 
disciplines are essential for improving both structural 
performance and construction efficiency.

FROM OPERATOR TO EXPERT: A SHIFT IN MINDSET
Many entry-level shotcreters operate in what can be 
described as an automatic mode — repeating learned 
movements without continuously evaluating the results 
of their actions during shotcrete placement. While 
experience may refine these movements over time, 
automatic execution alone does not guarantee quality.

An experienced, expert-level shotcreter, by contrast, 
works with constant situational awareness. They 
observe the behavior of the material during placement, 
adjust their technique in real time (distance, angle, layer 
thickness, etc.), and critically evaluate the placement, 
taking immediate corrective actions. This represents not 
only a technical progression, but also a cognitive shift — 
from performing a task to managing a process — which 
raises an important question: Who is responsible for 
training the shotcreter? On many projects, shotcreters 
are expected to learn primarily through experience in 
the field, often without structured guidance or formal 
instruction. However, given the direct impact of shotcreter 
performance on shotcrete placement quality, training 
should be a shared responsibility among contractors, 
supervisors, engineers, and industry organizations. 
Effective training programs must combine theoretical 
knowledge, hands-on practice, and continuous evaluation 
to ensure that shotcreters develop not only manual skills 
but also a deep understanding of the material and the 
process they control.

DISCIPLINE OF SELF-OBSERVATION
The first and most important discipline is recognizing 
the visual cues of quality while shooting. Shotcrete 
application is a dynamic process, and the operator 
must continuously evaluate indicators such as material 
consistency, rebound levels, surface appearance, 
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Fig. 3: A shotcreter using proper form for shotcrete placement 

Fig. 2: Visual signs of shotcrete placement with 
rebar — correct placement (LEFT), incorrect 
placement (RIGHT) Credit: ACI PRC 506-22

degree of compaction, reinforcement encasement, and 
control of overspray.

During shotcrete application, several visual indicators 
confirm proper placement and consolidation. A slightly 
glossy surface, produced by adequate compaction with 
sufficient paste at the receiving surface, is one of the most 
reliable signs of correct application. Reinforcing steel 
should remain visible and clean during spraying, without 
voids or shadowing behind the bars. The material should 
progressively encapsulate the reinforcement, allowing it to 
be fully surrounded before being completely covered.

Shotcreters have the opportunity and the responsibility 
to make real-time adjustments to the placement process 
when any change is observed in material workability, 
water content (for dry-mix shotcrete), material velocity 
and impact energy, or nozzle distance and angle. 
Continuous control of rebound and overspray is essential, 
as any change here is often the earliest warning sign of 
a reduction in application quality. Immediate response 
allows for corrections to be made before defects become 
embedded in the structure. Without continuous and 
attentive observation of one’s performance, errors will 
often go unnoticed until inspection or testing, at which 
point corrective action is costly and inefficient.

DISCIPLINE IN EQUIPMENT CONTROL
Shotcrete can be applied manually or using remotely-
controlled nozzle systems, depending on project 
requirements. The principles of control remain the same.

In hand spraying, the shotcreter secures the hose 
between the legs, as the leg muscles are strongest and 
best able to resist the reaction forces generated by 

pumping. The hose should not be carried on one side or 
over the shoulder. Instead, the operator uses their body 
to counteract the thrust produced by the high-pressure 
stream. The shotcreter does not ‘carry’ the hose, but 
controls the nozzle’s direction, maintaining proper 
distance and perpendicularity to the receiving surface. By 
stabilizing the hose with their legs and body, the operator 
can make rapid adjustments to nozzle angle, distance, 
and velocity, ensuring consistent placement, compaction, 
and minimizing rebound.

Equipment control is an extension of operator control. 
The shotcreter must maintain consistent command of key 
variables such as nozzle angle, standoff distance, material 
velocity, spray pattern, and adjustments to air, water, and 
accelerator dosage (if used). Maintaining a nozzle angle 
nearly perpendicular to the receiving surface promotes 
maximum impact with resulting in-place compaction and 
reduces rebound.

At the same time, the shotcreter must continuously 
evaluate the behavior of the concrete at the moment 
it strikes the receiving surface. The appearance, 
texture, and response of the material upon impact 
provide immediate feedback on whether the application 
parameters are correct or require adjustment.

Expert shotcreters develop the muscle memory and 
spatial awareness needed to control these variables 
precisely and consistently, allowing them to make rapid, 
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almost instinctive corrections while maintaining uniform 
placement and high-quality consolidation.

DISCIPLINE OF SUSTAINED ATTENTION
Concentration is one of the most underestimated factors 
in shotcrete quality. The placement process demands 
continuous attention to visual, auditory, and tactile cues. 
The shotcreter is the first to detect changes in material 
behavior or equipment performance, such as variations in 
spray sound, surface texture, or rebound trajectory.

Loss of attention often results in immediate defects 
— poor compaction, shadowing behind reinforcement, 
or uneven thickness. Maintaining full attention 
throughout spraying is therefore not merely a matter 
of professionalism but an essential requirement for 
quality placement.

SHOTCRETE PLACEMENT TECHNIQUES
There are two primary methods for placing shotcrete: 
Bench shooting and vertical layer placement. Each method 
involves specific techniques, and the shotcreter must 
understand the principles and applications of both.

Bench shooting is typically used in thick walls or 
heavily reinforced sections. In this method, the shotcrete 
placement is applied at an angle of approximately 45 
degrees to the receiving surface, which itself acts as the 
temporary ‘bench’. This approach allows the shotcreter 
to apply thicker layers efficiently, control rebound, and 
ensure proper compaction. Bench shooting is particularly 
effective on inclined or thick sections where vertical 
application would be difficult or inefficient.

Vertical layer placement involves building up shotcrete 
directly on vertical or near-vertical surfaces, layer by layer, 
from bottom to top. This method requires careful control 
of nozzle angle, distance, and material cohesion to prevent 
slumping, sagging, or uneven thickness.

A skilled shotcreter knows when to employ each 
technique based on project geometry, wall thickness, 
surface conditions, and structural requirements. 
Understanding the differences ensures efficient 
placement, proper compaction, and high-quality adhesion 
regardless of orientation.

DISCIPLINE IN READING THE  
SHOTCRETE PLACEMENT
Shotcrete placement is not 
painting the surface with 
concrete. The shotcrete process 
is a quality concrete placement 
technique that communicates 
its condition through visible 
and measurable signals. An 
experienced shotcreter learns 
to interpret these cues in real 
time and adjust application 
parameters accordingly.

A sandy or dull, opaque 

Fig. 4: Bench shooting 

Fig. 6: Sandy or dull, opaque surface during placement

Fig. 5: Vertical layers

The material is 
directed at 90º 
to the receiving 
surface.

Placement in 
thin vertical 
layers.
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surface finish typically indicates insufficient impact 
energy, incorrect nozzle angle, or inadequate water 
content. Properly applied, the surface should exhibit a 
slightly glossy relatively smooth appearance, reflecting 
adequate compaction and paste coverage.

Surface texture should be slightly rough, generally 
indicating that the nozzle is at the correct distance. Too 
close, and the material hits with excessive force, forming 
crater like depressions. Too far, and the paste loses 
velocity, resulting in poor compaction. Craters, therefore, 
serve as practical distance indicators.

Surface waviness indicates that the nozzle is at too 
steep an angle, causing lateral flow rather than uniform 
compaction. Persistent waves can allow the stream to act 
like sandblasting, eroding or removing previously placed 
shotcrete. Maintaining a nozzle angle near perpendicular 
ensures proper compaction, uniform thickness, and 
secure adhesion. 

Rebound levels are closely tied to placement quality. 
Skilled shotcreters maintain low rebound through proper 
control of nozzle angle, distance, and impact energy. High 
rebound signals deficiencies in application technique and 
requires immediate corrective action.

The ability to recognize these visual cues and respond 

Fig. 7: Distance results from left to right — good distance, too far, and too close

Fig. 8: Wrong angle shooting results in surface waviness

immediately is a defining characteristic of expert-level 
shotcrete placement. Shotcreters continuously interpret 
material behavior and adjust their technique to maintain 
consistent quality and structural performance.

UNDERSTANDING THE MATERIAL
A shotcreter should not be limited to mechanical execution; 
they must understand the material. Knowledge of water-
cement ratio, accelerator function, air content, mixture 
consistency, temperature effects, and early hydration 
behavior provides a scientific basis for decision-making.

How can a shotcreter understand concrete? 
Understanding shotcrete placement goes beyond 
theoretical knowledge alone; it requires direct interaction 
with the concrete under real job-site conditions. Hands-on 
experience allows the shotcreter to observe how the 
material responds to variations in water content, air 
pressure, nozzle angle, and impact energy. However, 
practical experience must be supported by a solid 
theoretical understanding of concrete.

A shotcreter who combines field experience with 
technical knowledge is better equipped to recognize 
changes in material behavior, adjust placement 
technique in real time, and communicate effectively with 
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engineers and supervisors when site conditions require 
modifications. This integration of theory and practice 
transforms the shotcreter from a simple operator into 
a knowledgeable technician capable of contributing to 
quality control and process optimization.

As an old construction saying goes: 

“To make good concrete, you must study hard, 
leave the office and visit the job sites, get your 
shoes dirty, put your hands in the material, 
and treat it with respect and care. It is the only 
language this remarkable material understands.”

This motto, commonly shared among field engineers 
in the late 1990s, captures the essence of experiential 
learning and the intimate relationship between the 
shotcreter and the material.

DISCIPLINE IN QUALITY CONTROL
Expert shotcreters integrate verification into daily work. 
This includes checking applied thickness, observing test 
panel performance, reviewing core results, and comparing 
outcomes against specifications. By connecting 
field practice with laboratory and inspection results, 
shotcreters refine their technique based on objective data 
rather than subjective impressions.

DISCIPLINE OF CONTINUOUS IMPROVEMENT
Experience alone does not guarantee expertise. 
Repetition without reflection can reinforce poor habits as 
easily as good ones. Expert shotcreters actively analyze 
errors, adjust methods, and strive for consistency in 
every application. Mistakes are inevitable, but repeated 
errors indicate a lack of discipline rather than a lack of 
experience. A distinct advantage of shotcrete placement 
is that errors are not hidden inside a form, but readily 
visible. This allows the shotcreter to fix the problem before 
it becomes hard concrete.

CONCLUSION
The evolution of a shotcreter from operator to expert 
depends not only on time in the field, but on the quality 
of practice and the disciplines that guide it. Structured 
training, continuous skill development, self-observation, 
equipment control, sustained attention, material 
understanding, quality control, and a commitment 
to continuous improvement form the foundation of 
professional shotcrete application.

Ultimately, shotcrete placement quality is not 
determined solely by mixture design or at the batching 
plant — it is defined at the nozzle, on the receiving 
surface. The development of shotcreters who operate 
with awareness, discipline, and technical understanding 
is one of the most effective ways to elevate the standard 
of shotcrete placement in concrete construction. For 
this reason, proper training, qualification, and ongoing 
evaluation of shotcreters are essential to achieving 
consistent and reliable shotcrete performance.
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