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ACI 506 Guide to Shotcrete 
  2016 2022 

1.2 Definitions collated fiber to wetting   ACI 506-16 (pg. 4-5) 5 

1.6.1  Quality assurance  6-7 7 

2.1.1.1  Cement, 2.1.2.1 Fly ash, 2.1.2.2 Slag 
cement, Silica fume  

9-10 9-10 

2.1.4.2  Curing water  11 

2.1.5.3  Air entrainment & 2.1.5.5.1 
Retarders  

10 10-11 

2.1.7.4  Fiber reinforcement  12 12 

2.4.2  Compressive strength  13 14 

2.4.11  Slump  15  
Example 1 on page 17. 
w/cm ratio of a dry-mix 
shotcrete is typically 
between 0.30 & 0.40 

18 
Example 1 on 
page18, w/cm ratio 
of dry mix shotcrete 
is typically between 
0.30 & 0.40 

2.6.1.6.1  Dry-mix should be placed within 45 
minutes after being mixed 

19 19 

3.3 Alignment control 24 24 

3.3.1 Ground (shooting) wires piano wire 
18 ga. 

24 24 

Fig. 
3.4.1.1.12c 

 overspray & rebound 24 31 

3.6  Curing 3.6.1 wet seven days @ 45°F 
until shotcrete 70% strength 

37 38 

Fig. 4.2.2c vs 
Fig. 4.3 

Wet-mix pump 42 41-42 

4.6 Hoses 43 43 

4.6.1 Air hose inside diameter 43 43 

4.8 Auxiliary equipment 45 45 

4.8.1 Water booster pumps 60 psi @ 
nozzle 

45 45 

Fig. 4.9.1 Typical arrangement of equipment 
(50’ minimum) 

47 47 

A.6 in the 
ACI-506-2005 

Pay items A.6.1 Class A Lump sum, 
Area, & Vol. 

  

A.6.2 Class B Per diem, Time & Materials, Cost 
Plus fee 

  

A.6.3 Class C Bag cement, Volume conversion   
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NFPA 70: National Electrical Code 

Article 680: Swimming Pools, Fountains, & Similar Installations 
680.2 Definitions starting with Cord-and-Plug-Connected Lighting Assembly through Wet-

Niche-Luminaire. 

680.6 Grounding. (1)-(7) 

680.10 Electric Pool Water Heaters (up to 48 amperes less than 125% 

Table 
680.9(A) 

Overhead Conductor Clearances A,B, & C – Clearance Parameters (feet) Fig. 680.9 (A) 

680.22 Lighting, Receptacles, & Equipment (4) GFCI Protection;  

 (B) Luminaires, Lighting Outlets, & Ceiling Suspended (Paddle) Fans (1) outdoor and (2) 
indoor clearances 

680.23 (5) Location, wall-mounted Luminaires – not less than 18” below water level 

680.26 Equipment Bonding (B) Bonded Parts – not smaller than 8 AWG 

 (5) Metal Fittings required bonded; (6) Electrical Equipment (a) Double-Insulated Water 
Pump Motors Solid 8 AGW copper conductor 

 (7) Fixed Metal Parts – Exception No.1 thru 3. 

680.27 Specialized Pool Equipment (A) Speakers 

Part III Storable Pools, Spas, and Hot Tubs 

680.31 Pumps – cord-connected pool filter pumps must have a GFIC interrupter with-in 12” 

Part IV Spas and Hot Tubs 

680.41 Emergency Switch – 5’ away, adjacent to, and within sight of spa or tub 

680.43 Indoor Installation – Three exceptions.  (B) Paddle Fans (1) Elevation; GFIC not less than 
12’ high (E) Methods of Bonding (1-3). (F) Grounding (1 &2). 

Part V Fountains – Operating voltage 150 V, Submersible pumps operate @ less than 300 V. 

680.57 Signs installed within a fountain shall not be less than 5’ inside the fountain. 

Part VIII Electrically Powered Pool Lifts – Exceptions1-3 
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Design & Control of Concrete Mixtures 
 16th Ed. 17th Ed. 

Finishes can be directly applied to shotcrete walls while the material is still 

fresh or after hardened.  Auto Aerated Concrete 

 59 481 

Bulk Density of cement is the mass of cement particles plus air between 

particles per unit volume.  The bulk density of cement may vary greatly 

upon the way it is handled or stored.   52lbs/ft² to 103 lbs/ft² caused by 

vibration.  

 139 51 

Concentrations of 20,000 ppm of sodium chlorides are generally tolerable in 

concrete that will be dry in service and has low potential for corrosive 

reactions.   

 177 89/230 

Abrasion & Skid Resistance on pool decks, the siliceous particle content of 

the fine aggregate should be at least 25%. Found on  

 201 110 

Calcium chloride is among the most effective time of concrete set and early 

strength accelerator. Accelerating admixture, see chemical ad mixture 

222 129 

The use of accelerators such as calcium chloride will increase drying 

shrinkage of concrete structures 

 295 132 

Shotcrete is concrete that is pneumatically projected onto a surface@ high 

velocity 

407, 

Fig.16-19 

307 

Shotcrete is applied either by a wet or dry process.  Pumped through a hose 
into a nozzle, where compressed air is added to increase the speed and 
deposit the mixture onto the surface.  Page 421.  The velocity will determine 
the maximum distance to hold the nozzle, 1.5 to 5.0 feet from the 
target.  Page 422.  To improve flexural strength, toughness, and ductility 
steel or polypropylene fibers are added to the shotcrete mix (4.5 lb/yd³) 
page 422. 

 421-422   324 

Concrete gains very little compressive strength at low temperatures.  Frozen 

in just the first few hours before the concrete reaches 500 psi approximately 

50% of it’s ultimate strength is lost.  Concrete exposed to deicers before it 

reaches 4,500 psi should not be exposed to freezing thaw cycles. Cold 

Weather Concreting   

 482 399 

High-Performance Concrete has been primarily used in tunnels, bridges & 

tall buildings for durability, wind loads, pools and strength.  in shotcrete 

repairs, parking garages and agricultural applications.    

 537 493 
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Pool & Spa Operator – Handbook 
 2017 2022 

Table of Contents - Place a Tab here V  V 

Types of Pools – Class A through Class F  2 2 

Failure to comply results in pool closure- note: 8 items 
listed in dark shaded box 

3 3 

Management - planning, organizing, leading, & 
controlling 

4-6  3-5 

Risk Management -negligence, std. & duty of care, and 
records 

6  6 

Why should the owner or manager be a certified 
operator and/or head life guards? 

7 & 8 7-8 

Basic matters that apply to health, safety, & welfare are? 13 13 

Public regulatory agencies are? 13 13 

Organizations that create standards? 13 13 

SARA (Superfund Amendments & Reauthorization Act of 
1988) for common pool facility chemicals includes? 
(eight chemicals) 

16 16 

Photo 2-4 of SDS must be available to all pool employees 
@ each pool location.  

16 15-16 

The Center for Disease Control & Prevention (CDC) 
provides downloadable publications from the NSPF Web 
site.  

19, see Appendix C 
on page 265 C-1 
through C-5 

18 

Useful Conversions & Constants 26 26 

Conversions For every cubic foot of water there are 7.5 
gallons of water. 

27 27 

Calculating Gallons in Constant Slope Pool 28 28 

Calculating Surface Area & Gallon 
Formulas for oblong, circular, oval and kidney shapes 

29, Figure 3-3 29 

Calculating Gallons in Multi-depth Pools. 30, Figure 3-4a 30 

Makeup Water Pools lose water in various ways. (book 
gives 4 ways) 

32 32 

Other Useful Calculations. 
(found in chapters 7,10, 11, 12, & 14) 

32 32 

Calculating Gallons in a Multi-Depth Circular Spa. 33 33 

Diarrheal Discharge – chlorine level 20 ppm.  7.5  pH 
level or higher for how many hours? 

41 40 

The most common processes to prevent disease 
contraction are disinfection and filtration 

50 49-50 
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 2017 2022 

Understand pH balanced @ 7.5 62, illustration 6-1 62 

how pH relates to Pool problems. (Corrosive to Scaling 
Water) 

63, Illustration 6-2 62 illustration 6-2 

Pool & Spa Water Problems -Chemical Adjustments – 
Three kinds of chemical adjustments are? 

71 71 

Chemical Testing – Four basic methods used to test pool 
or spa water are? 

87 87-88 

DPD Colorimetric Test Block – DPD #1, #2 and #3 93 93 

Chemical Feed & Control – CLOSE facility when 
dispersing chemicals over time by jurisdictional code.  
NEVER ADD WATER TO CHEMICALS.  ALWAYS ADD 
CHEMICALS TO WATER. AAA always add acid 

102 101 

TURNOVER RATES – standard in most jurisdictions 
Swimming pools – 6 hours 
Spas – ½ hour 
Wading pools – 1 to 2 hours 
Waterparks/specially pools – 1 to 4 hours 
Hospital/health club pools ¾ hours 

121 118-119 

For a 200,000 gallon pool with a flow rate of 750 gpm 
the TOR = 4.44 hours 

121, Example 10-1 118 

Cavitation reasons causing this problem 128 126 

Total Dynamic Head (TDH) by adding the suction head 
and the pressure side head yields TDH 

129 126 

Valves most common are gate, ball, butterfly or water, 
multi-port, globe, and check. 

130 127 

What is the purpose of the multi-port valve? 131 128 

Return inlets – Wall inlets should be installed a minimum 
of 12” below the normal operating water level 

135 131-132 

Pool & Spa Filtration 142, Example 11-1 137 Illustration 11-1 

Energy Losses 153, Illustration 12-1 154 example 12-1 

Safety – Electrical Shock – Death can occur in swimmers 
when electrical current flow reaches 18 milliamperes.  
Breathing can stop as chest muscles contract 

195 191-192 

Grounding and/or bonding electrical equipment is 
regulated by the National Electrical Code, Article 680 

196 191-192 

Keeping Records  201 – 208, see 
Appendix A 

197-203 see 
Appendix A 

Appendix B – Water Chemistry  257 

Glossary - Place a Tab here.  285 285 

Index – Place a Tab here.  295 295 
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Placing Reinforcing Rebar 
9th 10th Topics in the index or table of contents 

3-4  4-5 When slab-beam and girder floor systems are formed together, the 

columns should be formed 1st 

5-4 6-4 Stirrups, purpose – hold to other rebar in place 

8-3 8-2 bond, - Rust is ok 

8-5 8-7 Spreader beams used for – lifting other bars 

11-5 11-14 Tolerances in placement - Rebar spaced not more than three ties to any 

one bar. 

11-29 11-36 Ties, types - Most common wall tie – wrap and snap 

11-31 11-39 Ties - Purpose of ties hold bars in place 

12-10 12-11 Mat placing foundation, rebar 2” from top, 3” from bottom for concrete 

cover  

12-11 12-13 Bar supports, in foundation mats – support top bars in the mat 

12-13 12-14 Bar supports, in foundation mats – rebar in mats minimum 3 ties 

13-3 13-3 Beam, bolsters are how long – 5’;     joist chairs carry – 2 bars 

13-8 13-8 Temperature reinforcement are placed on top 
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