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**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  mat er i al s,  pr opor t i oni ng,  
appl i cat i on,  and cur i ng of  shot cr et e.

Adher e t o UFC 1-300-02  Uni f i ed Faci l i t i es Gui de 
Speci f i cat i ons ( UFGS)  For mat  St andar d when edi t i ng 
t hi s gui de speci f i cat i on or  pr epar i ng new pr oj ect  
speci f i cat i on sect i ons.   Edi t  t hi s gui de 
speci f i cat i on f or  pr oj ect  speci f i c  r equi r ement s by 
addi ng,  del et i ng,  or  r evi s i ng t ext .   For  br acket ed 
i t ems,  choose appl i cabl e i t em( s)  or  i nser t  
appr opr i at e i nf or mat i on.

Remove i nf or mat i on and r equi r ement s not  r equi r ed i n 
r espect i ve pr oj ect ,  whet her  or  not  br acket s ar e 
present.

Comment s,  suggest i ons and r ecommended changes f or  
t hi s gui de speci f i cat i on ar e wel come and shoul d be 
submi t t ed as a Criteria Change Request (CCR) .

**************************************************************************

PART 1   GENERAL

**************************************************************************
NOTE:  The cont ent  of  t hi s speci f i cat i on i s such t hat  
gui dance gi ven i n EM 1110- 2- 2005,  STANDARD PRACTI CE 
FOR SHOTCRETE,  i s appl i cabl e.

**************************************************************************

1.1   SCOPE

1.1.1   Work Specified

This Specification covers the requirements for shotcrete as specified by 
the Contracting Officer. Included are the requirements for materials; 
proportioning; and application of [structural] [nonstructural] 
[fiber-reinforced][wet-mixture][dry-mixture] shotcrete.

**************************************************************************
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NOTE:   The successf ul  use of  shot cr et e i n st r uct ur al  
sect i ons r equi r es car ef ul  pl anni ng,  f or mi ng,  ski l l ,  
and cont i nuous car e i n appl i cat i on.  The nozzl e s i ze 
and r at e of  f eed shoul d be l i mi t ed as necessar y t o 
per mi t  f ul l  nozzl e cont r ol  and pr oduce a uni f or m,  
dense appl i cat i on,  even i n t i ght  pl aces.  For  t hi s 
r eason,  sel ect i ng st r uct ur al  as opposed t o 
nonst r uct ur al  wi l l  pr ovi de gr eat er  qual i t y of  
pl acement  as pr escr i bed i n t he par agr aph t i t l ed 
"QUALIFICATIONS". 

Dr y- mi x shot cr et e i s shot cr et e i n whi ch most  of  t he 
mi xi ng wat er  i s added at  t he nozzl e.  Dr y- mi x i s 
commonl y used f or  pl aci ng mi xt ur es cont ai ni ng 
l i ght wei ght  aggr egat es or  r ef r act or y mat er i al s.  
Wet - mi x shot cr et e i s shot cr et e i n whi ch al l  t he 
i ngr edi ent s,  i ncl udi ng wat er ,  ar e mi xed bef or e 
i nt r oduct i on i nt o t he del i ver y hose;  compr essed ai r  
i s  i nt r oduced t o t he mat er i al  f l ow at  t he nozzl e.   
Compar ed t o dr y- mi x,  wet - mi x shot cr et e gi ves bet t er  
assur ance t hat  t he mi xi ng wat er  i s t hor oughl y mi xed 
wi t h ot her  i ngr edi ent s.  The par agr aph t i t l ed 
" MI XTURE PROPORTI ONS"  r equi r es t he 
wat er - cement i t i ous mat er i al s r at i o ( w/ cm)  f or  
wet - mi xt ur e shot cr et e t o be submi t t ed.  
I f  you want  t o l eave i t  up t o t he cont r act or  t o 
deci de whi ch t ype of  shot cr et e t o use t hen del et e 
bot h [ wet - mi xt ur e] [ dr y- mi xt ur e]  opt i ons so t he 
cont r act or  i s not  l i mi t ed.

Fi ber s can pr ovi de i mpr oved f l exur al  and shear  
t oughness,  and i mpact  r esi st ance.  For  r ef r act or y 
shot cr et e,  st ai nl ess st eel  f i ber s i ncr ease 
r esi st ance t o t her mal  shock,  t emper at ur e cycl i ng 
damage,  and cr ack devel opment .  Some speci f i c  
appl i cat i ons wher e f i ber - r ei nf or ced shot cr et e can be 
cost  ef f ect i ve ar e s l ope pr ot ect i on,  gr ound suppor t  
i n t unnel s and mi nes,  concr et e r epai r ,  swi mmi ng 
pool s,  t hi n shel l  conf i gur at i ons,  and r ef r act or y 
appl i cat i ons such as boi l er s,  f ur naces,  coke ovens,  
and pet r ochemi cal  l i ni ngs.  Synt het i c f i ber s may 
r educe t he suscept i bi l i t y  of  shot cr et e t o pl ast i c 
shr i nkage cr acki ng.  I n addi t i on t o r educi ng pl ast i c 
shr i nkage,  st eel  f i ber s can al so i mpr ove f l exur al  
toughness.
I f  f i ber - r ei nf or ci ng i s sel ect ed,  addi t i onal  t est i ng 
f or  f i ber s and shot cr et e pr oper t i es wi l l  be 
r equi r ed.  Addi t i onal  qual i f i cat i ons descr i bed i n t he 
par agr aph t i t l ed " QUALI FI CATI ONS"  wi l l  al so be 
required. 

**************************************************************************

1.1.2   Unit of Measure

Unit of measure:  [cubic  meter  yard ][square  meter  feet ].
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1.2   REFERENCES

**************************************************************************
NOTE:   Thi s par agr aph i s used t o l i s t  t he 
publ i cat i ons c i t ed i n t he t ext  of  t he gui de 
speci f i cat i on.   The publ i cat i ons ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y and l i s t ed i n 
t hi s par agr aph by or gani zat i on,  desi gnat i on,  dat e,  
and t i t l e.

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out si de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y 
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.

Ref er ences not  used i n t he t ext  wi l l  aut omat i cal l y 
be del et ed f r om t hi s sect i on of  t he pr oj ect  
speci f i cat i on when you choose t o r econci l e 
r ef er ences i n t he publ i sh pr i nt  pr ocess.

**************************************************************************

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to within the text by the 
basic designation only.

AMERICAN CONCRETE INSTITUTE (ACI)

ACI 117 (2010; Errata 2011) Specifications for 
Tolerances for Concrete Construction and 
Materials and Commentary

ACI 301 (2016) Specifications for Structural 
Concrete

ASTM INTERNATIONAL (ASTM)

ASTM C33/C33M (2018) Standard Specification for Concrete 
Aggregates

ASTM C42/C42M (2018a) Standard Test Method for Obtaining 
and Testing Drilled Cores and Sawed Beams 
of Concrete

ASTM C78/C78M (2018) Standard Test Method for Flexural 
Strength of Concrete (Using Simple Beam 
with Third-Point Loading)

ASTM C94/C94M (2018) Standard Specification for 
Ready-Mixed Concrete

ASTM C127 (2015) Standard Test Method for Density, 
Relative Density (Specific Gravity), and 
Absorption of Coarse Aggregate

ASTM C128 (2015) Standard Test Method for Density, 
Relative Density (Specific Gravity), and 
Absorption of Fine Aggregate
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ASTM C150/C150M (2018) Standard Specification for Portland 
Cement

ASTM C171 (2016) Standard Specification for Sheet 
Materials for Curing Concrete

ASTM C231/C231M (2017a) Standard Test Method for Air 
Content of Freshly Mixed Concrete by the 
Pressure Method

ASTM C309 (2011) Standard Specification for Liquid 
Membrane-Forming Compounds for Curing 
Concrete

ASTM C457/C457M (2016) Standard Test Method for 
Microscopical Determination of Parameters 
of the Air-Void System in Hardened Concrete

ASTM C494/C494M (2017) Standard Specification for Chemical 
Admixtures for Concrete

ASTM C595/C595M (2018) Standard Specification for Blended 
Hydraulic Cements

ASTM C618 (2019) Standard Specification for Coal Fly 
Ash and Raw or Calcined Natural Pozzolan 
for Use in Concrete

ASTM C642 (2013) Density, Absorption, and Voids in 
Hardened Concrete

ASTM C685/C685M (2017) Standard Specification for Concrete 
Made by Volumetric Batching and Continuous 
Mixing

ASTM C928/C928M (2013) Packaged, Dry, Rapid-Hardening 
Cementitious Materials for Concrete Repairs

ASTM C989/C989M (2018a) Standard Specification for Slag 
Cement for Use in Concrete and Mortars

ASTM C1059/C1059M (2013) Standard Specification for Latex 
Agents for Bonding Fresh to Hardened 
Concrete

ASTM C1064/C1064M (2017) Standard Test Method for 
Temperature of Freshly Mixed 
Hydraulic-Cement Concrete

ASTM C1116/C1116M (2010a; R 2015) Standard Specification for 
Fiber-Reinforced Concrete

ASTM C1140/C1140M (2011) Standard Practice for Preparing and 
Testing Specimens from Shotcrete Test 
Panels

ASTM C1141/C1141M (2015) Standard Specification for 
Admixtures for Shotcrete
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ASTM C1157/C1157M (2017) Standard Performance Specification 
for Hydraulic Cement

ASTM C1218/C1218M (2017) Standard Test Method for 
Water-Soluble Chloride in Mortar and 
Concrete

ASTM C1240 (2014) Standard Specification for Silica 
Fume Used in Cementitious Mixtures

ASTM C1293 (2008; R 2015) Standard Test Method for 
Determination of Length Change of Concrete 
Due to Alkali-Silica Reaction

ASTM C1315 (2011) Standard Specification for Liquid 
Membrane-Forming Compounds Having Special 
Properties for Curing and Sealing Concrete

ASTM C1385/C1385M (2010; R 2017) Standard Practice for 
Sampling Materials for Shotcrete

ASTM C1399/C1399M (2010; R 2015) Standard Test Method for 
Obtaining Average Residual-Strength of 
Fiber-Reinforced Concrete

ASTM C1436 (2013) Standard Specification for 
Materials for Shotcrete

ASTM C1480/C1480M (2007; R 2012) Standard Specification for 
Packaged, Pre-Blended, Dry, Combined 
Materials for Use in Wet or Dry Shotcrete 
Application

ASTM C1550 (2012) Standard Test Method for Flexural 
Toughness of Fiber Reinforced Concrete 
(Using Centrally Loaded Round Panel)

ASTM C1567 (2013) Standard Test Method for Potential 
Alkali-Silica Reactivity of Combinations 
of Cementitious Materials and Aggregate 
(Accelerated Mortar-Bar Method)

ASTM C1583/C1583M (2013) Standard Test Method for Tensile 
Strength of Concrete Surfaces and the Bond 
Strength or Tensile Strength of Concrete 
Repair and Overlay Materials by Direct 
Tension (Pull-off Method)

ASTM C1602/C1602M (2018) Standard Specification for Mixing 
Water Used in Production of Hydraulic 
Cement Concrete

ASTM C1604/C1604M (2005; R 2012) Standard Test Method for 
Obtaining and Testing Drilled Cores of 
Shotcrete

ASTM C1609/C1609M (2012) Standard Test Method for Flexural 
Performance of Fiber-Reinforced Concrete 
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(Using Beam with Third-Point Landing)

ASTM C1778 (2016) Standard Guide for Reducing the 
Risk of Deleterious Alkali-Aggregate 
Reaction in Concrete

1.3   DEFINITIONS

1.3.1   Accepted

Determined to be satisfactory by the Contracting Officer.

1.3.2   Contractor

The person, firm, or corporation with whom the Contracting Officer enters 
into an agreement for construction of the Work.

1.3.3   Fiber-reinforced shotcrete (FRS)

Shotcrete containing discontinuous discrete fibers.

1.3.4   Gun finish

Undisturbed final layer of shotcrete as applied from a nozzle without 
further finishing.

1.3.5   Overspray

Waste shotcrete material deposited away from intended receiving surface.

1.3.6   Permitted

Accepted by or acceptable to the Contracting Officer; usually pertains to 
a request by Contractor, or when specified in contract documents.

1.3.7   Predampening

In the dry-mixture process, adding water to the aggregate before mixing to 
bring its moisture content to a specified amount, usually 3 to 6 percent.

1.3.8   Rod finish

A sharp-edged cutting screed to be used to trim shotcrete forms or ground 
wires.

1.3.9   Shotcrete

Concrete or mortar conveyed through a hose and pneumatically projected at 
high velocity onto a surface to achieve compaction.

1.4   SUBMITTALS

**************************************************************************
NOTE:   Revi ew submi t t al  descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .
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The Gui de Speci f i cat i on t echni cal  edi t or s have 
desi gnat ed t hose i t ems t hat  r equi r e Gover nment  
appr oval ,  due t o t hei r  compl exi t y or  cr i t i cal i t y,  
wi t h a " G. "   Gener al l y,  ot her  submi t t al  i t ems can be 
r evi ewed by t he Cont r act or ' s Qual i t y Cont r ol  
Syst em.   Onl y add a “ G”  t o an i t em,  i f  t he submi t t al  
i s  suf f i c i ent l y i mpor t ant  or  compl ex i n cont ext  of  
t he pr oj ect .

For  submi t t al s r equi r i ng Gover nment  appr oval  on Ar my 
pr oj ect s,  a code of  up t o t hr ee char act er s wi t hi n 
t he submi t t al  t ags may be used f ol l owi ng t he " G"  
desi gnat i on t o i ndi cat e t he appr ovi ng aut hor i t y.   
Codes f or  Ar my pr oj ect s usi ng t he Resi dent  
Management  Syst em ( RMS)  ar e:   " AE"  f or  
Ar chi t ect - Engi neer ;  " DO"  f or  Di st r i ct  Of f i ce 
( Engi neer i ng Di v i s i on or  ot her  or gani zat i on i n t he 
Di st r i ct  Of f i ce) ;  " AO"  f or  Ar ea Of f i ce;  " RO"  f or  
Resi dent  Of f i ce;  and " PO"  f or  Pr oj ect  Of f i ce.   Codes 
f ol l owi ng t he " G"  t ypi cal l y ar e not  used f or  Navy,  
Ai r  For ce,  and NASA pr oj ect s.

The " S"  f ol l owi ng a submi t t al  i t em i ndi cat es t hat  
t he submi t t al  i s  r equi r ed f or  t he Sust ai nabi l i t y  
eNot ebook t o f ul f i l l  f eder al l y mandat ed sust ai nabl e 
r equi r ement s i n accor dance wi t h Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Locat e t he " S"  submi t t al  
under  t he SD number  t hat  best  descr i bes t he 
submi t t al  i t em.

Choose t he f i r st  br acket ed i t em f or  Navy,  Ai r  For ce 
and NASA pr oj ect s,  or  choose t he second br acket ed 
i t em f or  Ar my pr oj ect s.

**************************************************************************

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for [Contractor Quality 
Control approval.] [information only.  When used, a designation following 
the "G" designation identifies the office that will review the submittal 
for the Government.]  Submittals with an "S" are for inclusion in the 
Sustainability eNotebook, in conformance to Section 01 33 29  
SUSTAINABILITY REPORTING.  Submit the following in accordance with Section 
01 33 00  SUBMITTAL PROCEDURES:

 
SD-06 Test Reports

[Preconstruction Testing]
Testing During Construction ; G[, [_____]]
Aggregate
Water
Mixture Proportions ; G[, [_____]]
Repair Of Shotcrete ; G[, [_____]]
Resistance To Alkali-Silica Reaction

SD-07 Certificates

Qualifications ; G[, [_____]]
Cement
Supplementary Cementitious Materials
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Admixtures ; G[, [_____]]
[Fibers]
Reinforcement
Curing Materials
Testing Agency ; G[, [_____]]

1.5   QUALIFICATIONS

Submit qualifications and experience of the proposed workers including the 
supervisor, nozzlemen, and crew. For structural or FRS shotcrete, submit 
evidence of ACI certification of nozzlemen proposed for the Work.

**************************************************************************
NOTE:   Requi r ement s of  t he par agr aphs t i t l ed 
" St r uct ur al  Concr et e"  and " Nonst r uct ur al  Concr et e"  
ar e det er mi ned by t he sel ect i on made i n t he 
par agr aph t i t l ed " Wor k speci f i ed" .   St r uct ur al  
shot cr et e and FRS r equi r e car ef ul  pl anni ng,  f or mi ng,  
ski l l ,  and cont i nuous car e i n appl i cat i on,  hence why 
ACI  cer t i f i cat i on i s r equi r ed.

**************************************************************************

1.5.1   Structural Concrete

Submit proof of experience for the Contractor and the shotcrete crew 
foreman to include at least five projects of similar size and complexity. 
Proof shall include a description of previous project's size, density of 
reinforcing materials, and volume of shotcrete placed.

1.5.2   Nonstructural Concrete

Submit proof that the Contractor and crew foreman have at least 3 years' 
experience in that type of shotcrete application.

1.6   [PRECONSTRUCTION TESTING]

**************************************************************************
NOTE:   I t  i s  not  pr act i cal  t o conduct  l abor at or y 
t r i al  mi xt ur es f or  dr y- mi x shot cr et e.  Ther e ar e al so 
pr obl ems i n dupl i cat i ng as- shot  condi t i ons f or  t he 
wet - mi x shot cr et e.  Ther ef or e,  f i el d t r i al s and 
pr econst r uct i on t est i ng,  shoul d be used f or  
qual i f y i ng mi xt ur e pr opor t i ons.  
Pr econst r uct i on t est i ng pr ocedur es usi ng t he 
per sonnel ,  mat er i al s,  and equi pment  t o be used on 
t he pr oj ect  ar e out l i ned i n t hi s par agr aph Test s 
shoul d be conduct ed under  s i mi l ar  condi t i ons 
expect ed t o be exper i enced i n t he act ual  
application. 

**************************************************************************

1.6.1   [General Requirements]

a.  [Testing of materials required as part of the preconstruction program 
shall be conducted by the Contractor's testing agency . Agency 
selection shall be acceptable to the Contracting Officer.

b.  Notify the Contracting Officer of the time and place of 
preconstruction testing and provide the Contracting Officer with 
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copies of testing reports.

c.  Construct preconstruction test panels for examination by the 
Contracting Officer prior to project shotcrete placement. Preparation 
and testing shall comply with ASTM C1140/C1140M . Mixture proportions 
shall meet the requirements of the paragraph titled "MIXTURE 
PROPORTIONS".

d.  Construct test panels for each proposed shotcrete mixture, each 
anticipated shooting orientation, and each proposed nozzleman.

e.  Testing required as part of the preconstruction test program shall be 
provided by the Contractor's testing agency.

f.  Test specimens cored or sawed from the panels for compliance with the 
specified compressive strength in accordance with ASTM C1604/C1604M . 

g.  [Flexural strength shall be in accordance with ASTM C78/C78M with 
beams obtained by ASTM C42/C42M]

**************************************************************************
NOTE:   Test  f l exur al  pr oper t i es usi ng ASTM C78/ C78M 
when FRS i s not  speci f i ed.  Wel ded- wi r e f abr i c has 
commonl y been used i n shot cr et e t unnel  l i ni ngs t o 
pr ovi de duct i l i t y  t o t he shot cr et e l i ni ng.  
wel ded- wi r e r ei nf or cement  i s i ncr easi ngl y bei ng 
r epl aced by f i ber s.  When f i ber s ar e used i n panel s,  
del et e t hi s pr ovi s i on and use t he one bel ow.  

**************************************************************************

g.  [Test flexural strength, toughness, and other flexural properties 
using samples from test panels in accordance with the requirements of 
the paragraph titled "flexural strength and properties". Beams shall 
be obtained by ASTM C42/C42M][_____]

**************************************************************************
NOTE:   Thi s r equi r ement  appl i es t o Fi ber - r ei nf or ced 
shot cr et e ( FRS) .  See t he par agr aph t i t l ed " Fl exur al  
st r engt h and pr oper t i es"  f or  det ai l s on t est  met hods 
used f or  f l exur al  and FRS

**************************************************************************

h.  [Prepare additional panels with the specified reinforcement. Core 
panels in accordance with ASTM C1140/C1140M . Cores containing 
reinforcement shall be provided to the Contracting Officer for visual 
examination to determine acceptance. Cores for examination shall have 
a minimum diameter of  95 mm  3.75 in . and be the full thickness of the 
panel.]

**************************************************************************
NOTE:   I n pr econst r uct i on t est i ng onl y,  addi t i onal  
panel s coul d be const r uct ed wi t h r ei nf or cement .  The 
r ei nf or cement  shoul d be const r uct ed t o r epr esent  t he 
r ei nf or cement  t hat  wi l l  be used i n t he act ual  
st r uct ur e.   

**************************************************************************

i.  If the initial prequalification test panel is rejected, a second panel 
may be shot and tested. If this panel is acceptable, Work may proceed. 
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If the second panel is not acceptable, the Contractor shall change 
procedures, mixture proportions, nozzlemen, or shotcrete equipment as 
necessary before repeating the preconstruction testing. Do not proceed 
with Work until preconstruction test results are satisfactory to 
Contracting Officer.]

1.6.2   [Preplacement Verification]

a.  [The forms shall be to line and grade and have adequate support to 
remain rigid during shooting.

b.  The formwork, substrata preparation, and cleanliness shall be the same 
as specified herein.

c.  The reinforcement type, size, grade, amount, placement, cleanliness, 
and other requirements shall be the same as specified [herein][the 
same size and spacing as the existing structure].

d.  The placement of and clearance around reinforcement shall permit 
complete encasement of reinforcement with shotcrete.

e.  The mixture proportions shall be the same as the approved submittal 
[and need not include admixtures].]

**************************************************************************
NOTE:   Requi r ement  e coul d al so i ncl ude admi xt ur es,  
r ef er  t he par agr aph t i t l ed " Admi xt ur es"  f or  t hi s 
option. 

**************************************************************************

1.7   TESTING DURING CONSTRUCTION

1.7.1   Quality Assurance 

Provide submittals for the "Quality Control Plan", "Quality Control 
Personnel Certifications", and Laboratory Qualifications for Concrete 
Qualification Testing per section 03 30 00  CAST-IN-PLACE CONCRETE.

1.7.2   Testing Shotcrete

a.  Compressive strength samples: [Obtain test specimens from job-site 
test panels.][Use in-place shotcrete test specimens.][_____]

**************************************************************************
NOTE:   Test  sampl es can be obt ai ned f r om t est  panel s 
( 1st  choi ce)  or  cor ed f r om t he st r uct ur e bei ng bui l t  
wi t h shot cr et e ( 2nd choi ce)

**************************************************************************

b.  Test samples: Sample shotcrete in accordance with ASTM C1385/C1385M . 
The Contractor is responsible for the curing and protection of test 
panels on site prior to the time that they are transported to the 
testing agency's laboratory.

c.  [For flexural strength, flexural parameter, or toughness requirements, 
only test panels shall be used.][_____]

d.  Air content of mixture: For wet-mixture shotcrete test air content at 
discharge from the truck chute in accordance with ASTM C231/C231M 
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prior to placement. 
[For dry-mix shotcrete, test air content in hardened concrete using 
ASTM C457/C457M][_____]

**************************************************************************
NOTE:   Speci f y i ng ai r  ent r ai nment  f or  dr y- mi xt ur e 
shot cr et e i s not  common but  has been sat i sf act or i l y  
used f or  sever e f r eezi ng- and- t hawi ng exposur es.  For  
dr y- mi x shot cr et e,  ai r  cont ent  i s t est ed on har dened
concrete.

**************************************************************************

e.  Temperature of shotcrete mixture: Determine the temperature of the 
mixture using material sampled prior to discharge from the truck chute 
into the pump for wet-mixture shotcrete or the shotcrete machine for 
dry-mix shotcrete. Testing shall be completed in accordance with 
ASTM C1064/C1064M .

1.7.3   [Test Panels]

a.  [Construct a test panel for each mixture, each nozzleman, and each 
work day or for every [  38 cubic meter  50 cubic yard ][  185 square 
meter  2000 square feet ][_____] placed, whichever results in the most 
panels. The face dimensions of a test panel shall be a minimum of  400 
x 400 m  16 x 16 in . with a minimum depth of  125 mm  5 in . For toughness 
testing in accordance with ASTM C1550, the face dimension shall be  
800 mm 30.5 in.  in diameter and  75 mm  3 in.  thick. The test panels 
will be shot in a [vertical][_____] orientation.

**************************************************************************
NOTE:   A t est  panel  coul d be f abr i cat ed f or  each 
shoot i ng posi t i on t o be encount er ed i n t he st r uct ur e 
such as hor i zont al ,  ver t i cal ,  or  over head.  I f  t hi s 
i s needed,  t hen add t hose shoot i ng posi t i ons t o t hi s 
paragraph

**************************************************************************

b.  Condition test panels in accordance with ASTM C1140/C1140M  until 
transported to the testing agency's laboratory.

c.  Obtain test specimens from test panels using procedures outlined in 
ASTM C1140/C1140M  or ASTM C1604/C1604M . Cores shall be a nominal  75 mm  
3 in.  diameter.

d.  Test shotcrete specimens for compliance in accordance with 
ASTM C1604/C1604M  for compressive strength.

e.  [Test boiled absorption and volume of permeable voids in accordance 
with ASTM C642.][_____]

f.  [Test flexural parameters in accordance with methods specified in the 
paragraph titled "flexural strength and properties"][_____]]

1.7.4   [Testing in-place Shotcrete]

a.  [Obtain core specimens from locations designated by the Contracting 
Officer in accordance with ASTM C1140/C1140M .

**************************************************************************
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NOTE:   Cor es f r om t he act ual  st r uct ur e shoul d be 
obt ai ned and t est ed when t he cont r act i ng of f i cer  
suspect s a l ower  st r engt h or  def i c i ency i n qual i t y.  
Test  panel s ar e t he mai n qual i t y cont r ol / assur ance 
met hod;  obt ai ni ng and t est i ng cor es ar e not  
t ypi cal l y done,  unl ess t he pl acement  i s i n doubt .  

**************************************************************************

b.  [Condition test specimens by soaking as specified in ASTM C1604/C1604M .]

c.  Test specimens in accordance with the paragraph titled "Testing 
Shotcrete".]

1.7.5   [Testing Shotcrete Bond to Substrate]

[Conduct bond testing of the shotcrete to the substrate in accordance with 
ASTM C1583/C1583M .]

1.7.6   Reporting of Quality Assurance Test Results

Provide copies of any test results generated for quality assurance to the 
Contractor, Contracting Officer, and concrete supplier.

1.7.7   Action required for shotcrete defects

Submit repair of shotcrete  procedures for defects for the Contracting 
Officer's acceptance. Refer to the paragraph titled "REPAIR OF SHOTCRETE" 
for details.

PART 2   PRODUCTS

2.1   MATERIALS

 2.1.1   Cement

Cement shall comply with [ ASTM C150/C150M Type I][ ASTM C595/C595M][
ASTM C1157/C1157M ][_____].
Submit cement test reports showing manufacturing location, and compliance 
with applicable ASTM standards.

**************************************************************************
NOTE:   Most  shot cr et e i s pr oduced wi t h Type I  or  
I - I I  cement s conf or mi ng t o ASTM C150 or  ASTM C595.  
Ot her  cement i t i ous mat er i al s,  such as bl ended 
hydr aul i c cement s,  shoul d meet  ASTM C1157.  The t ype 
of  cement  used f or  a st r uct ur e must  consi der  t he 
exposur e r equi r ement s of  t he concr et e bei ng pl aced.  
Ref er  t o ACI  318 or  ACI  350 mat er i al  dur abi l i t y  
r equi r ement s t o det er mi ne cement  r equi r ement s or  
suppl ement ar y cement i t i ous  r equi r ement s di scussed 
i n par agr aph t i t l ed " Suppl ement ar y cement i t i ous 
mat er i al s" .   

**************************************************************************

2.1.2   Supplementary cementitious materials

Supplementary cementitious materials (SCMs) shall comply with [ ASTM C618 
for fly ash and natural pozzolans] [ ASTM C989/C989M for slag cement] [
ASTM C1240 for silica fume]. 
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[The types and dosages of supplementary cementing material shall meet 
ACI 301  requirements][_____]. 
[[A minimum of] [_____] percent of [_____] is required as supplementary 
cementing material][_____].
Submit supplementary cementitious materials types, test reports showing 
manufacturing location, and compliance with applicable ASTM standards.

**************************************************************************
NOTE:  SCMs can be used i n shot cr et i ng.  SCMs can 
enhance wor kabi l i t y  or  pumpabi l i t y  of  some wet - mi x 
shot cr et e.  They may pr ovi de mor e r esi st ance t o 
sul f at e at t ack and t o al kal i - s i l i ca r eact i v i t y i f  
r eact i ve aggr egat es ar e used.  The use of  SCMs on an 
equal  wei ght  r epl acement  f or  cement  may r esul t  i n 
s l ower  ear l y st r engt h gai n.  Nat ur al  pozzol ans and 
f l y ash shoul d meet  t he r equi r ement s of  ASTM C618.  
Ot her  pozzol ans shoul d meet  t he appr opr i at e ASTM 
speci f i cat i ons.  Bot h s i l i ca f ume and met akaol i n 
shoul d meet  t he r equi r ement s of  ASTM C1240.

Sl ag cement  shoul d meet  t he r equi r ement s of  ASTM 
C989.  Ther e ar e t hr ee gr ades of  s l ag.  Gener al l y,
hi gher - gr ade sl ag wi l l  be f i ner  and have gr eat er  
st r engt h devel opment .

Si l i ca f ume comes i n t hr ee f or ms:  s l ur r y,  
undensi f i ed,  and densi f i ed.  Al l  t hr ee f or ms ar e 
accept abl e f or  use i n shot cr et e.  When usi ng sl ur r y,  
t he wat er  por t i on of  t he s l ur r y shoul d be 
compensat ed f or  i n t he w/ cm;  t hat  i s ,  t he wat er  i n 
t he s l ur r y count s as mi xi ng wat er  f or  bot h dr y- mi x 
and wet - mi x shot cr et e.  Undensi f i ed s i l i ca f ume i s 
mai nl y used i n pr emi xed dr y- bag shot cr et e pr oduct s.  
Densi f i ed f ume i s best  used i n wet - mi x shot cr et e.

Speci f y i f  t he SCM l i mi t s shal l  meet  ACI  301 ( Tabl e 
4. 2. 1. 1)  r equi r ement s or  ot her  al t er nat i ve 
specifications. 
Speci f y t he t ype ( Cl ass F,  or  C f l y ash;  s l ag 
cement ;  s i l i ca f ume;  or  ot her  SCMs)  and t he mi ni mum 
per cent  cement  r epl acement  r equi r ement s based on ACI  
318 or  ACI  350 r equi r ement s ( i f  r equi r ed) .  
 

**************************************************************************

2.1.3   Aggregate

Aggregates shall comply with [ ASTM C33/C33M][_____] for [normal 
weight][_____] aggregates. The combined aggregate gradation shall comply 
with [grading No. 2 of ASTM C1436][_____].
Submit aggregate source, producers' names, gradations, specific gravities, 
compliance with [ ASTM C33/C33M][_____], and evidence that this data is not 
more than 1 year old.
[Submit aggregate absorption in accordance with ASTM C127 for coarse 
aggregate and ASTM C128 for fine aggregate.]

**************************************************************************
NOTE:   Aggr egat e absor bs wat er ,  whi ch r educes t he 
pl ast i c i t y of  t he mi xt ur e.  Speci f y when aggr egat e 
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absor pt i on t est i ng i s r equi r ed.  The absor pt i on 
val ues may be used t o cor r ect  f or  absor bed moi st ur e 
i n t he cal cul at i on of  w/ cm.  For  mor e det ai l s r ef er  
t o ACI  211. 1,  ASTM C127/ 127M,  and ASTM C128/ 128M.

**************************************************************************

2.1.4   Water

[Water shall be potable][Water shall be potable or nonpotable and comply 
with ASTM C1602/C1602M requirements. Wash water shall not be permitted 
unless accepted by Contracting Officer.][_____]
[For nonpotable water, submit the source and reports confirming compliance 
with ASTM C1602/C1602M .]

2.1.5   Admixtures

Admixtures shall comply with ASTM C1141/C1141M  or, for hydration control 
admixtures, with ASTM C494/C494M.[The following admixtures shall also be 
permitted [_____]][_____].
Submit admixture types, brand names, producers, manufacturer's technical 
data sheets describing technical properties and performance in shotcrete 
and showing compatibility with each other and the project cementitious 
materials.
[Admixture shall be assessed in the prequalification test program 
described in the paragraph titled "PRECONSTRUCTION TESTING"] 

**************************************************************************
NOTE:   Speci f y l i mi t s and t ypes of  ot her  accept abl e 
admi xt ur es i f  needed or  speci f y maxi mum dosages i f  
important.
Admi xt ur es may be used i n shot cr et e const r uct i on t o 
enhance cer t ai n shot cr et e pr oper t i es f or  speci al  
shot cr et e appl i cat i ons and f or  cer t ai n condi t i ons of  
shot cr et e pl acement .  Admi xt ur es i n shot cr et e shoul d 
be t est ed bef or e l ar ge- scal e use ( dur i ng 
pr equal i f i cat i on t est i ng)  t o det er mi ne t hat  t he 
expect ed advant ages can be obt ai ned.  Admi xt ur es f or  
shot cr et e gener al l y f al l  i nt o t he cat egor i es of  
accel er at or s,  ai r - ent r ai ner s,  wat er - r educer s,  and 
retarders.
Cal c i um chl or i de accel er at or s ar e not  r ecommended 
f or  r ei nf or ced shot cr et e st r uct ur es.  Ref er  t o t abl es 
i n ACI  201. 2R and ACI  318 or  ACI  350 f or  l i mi t s.  I f  
speci f i ed,  cal c i um chl or i de shoul d conf or m t o ASTM 
D98.

**************************************************************************

2.1.6   [Fibers]

[The following types, material, and sizes of fibers shall be 
used:[_____]]. FRS shall conform to ASTM C1116/C1116M .
Submit compressive strength test results and, flexural strength and 
flexural parameters as specified in the paragraph titled "flexural 
strength and properties". Submit manufacturer's technical data sheets and 
data on fiber material, length or lengths, and fiber content used for the 
mixture.

**************************************************************************
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NOTE:   As di scussed i n t he par agr aph t i t l ed " wor k 
speci f i ed"  not es,  f i ber s can enhance t he pr oper t i es 
of  shot cr et e.  The avai l abl e t ypes of  f i ber s i ncl ude 
st eel ,  gl ass,  synt het i c,  and nat ur al  f i ber s.

To sel ect  t he t ype of  f i ber  r equi r ed f or  a j ob,  
obt ai n i nf or mat i on about  t he f i ber  mat er i al s 
avai l abl e f or  shot cr et e i n t he desi gnat ed ar ea.  
Knowi ng what  mat er i al s ar e avai l abl e and t he desi r ed 
pr oper t i es,  f ol l ow t he r ecommendat i ons of  ACI  506R,  
ACI  506. 1 and ACI  544. 1 t o sel ect  t he f i ber  t o be 
used on t he j ob.  

**************************************************************************
2.1.7   Reinforcement

Follow the requirements included in the contract documents [as well as] [
03 30 00  CAST-IN-PLACE CONCRETE] [_____] for non-fiber types of 
reinforcement.

Submit mill certificate showing conformance for reinforcing steel or 
welded wire reinforcement.

2.1.8   Curing materials

2.1.8.1   Sheet materials

Sheet materials for curing shall comply with ASTM C171.

2.1.8.2   Curing compounds

Curing compounds shall comply with ASTM C309 or ASTM C1315. Volatile 
organic compounds (VOC) content shall be in compliance with local air 
quality standards if those requirements are more stringent.

2.1.8.3   Architectural finishes

Do not use curing materials that cause stains for shotcrete having an 
architectural finish.

2.1.9   [Packaged Shotcrete Materials]

[Packaged, preblended, dry combined materials shall comply with [
ASTM C1480/C1480M ][_____].]

**************************************************************************
NOTE:   Sel ect  t hi s opt i on t o al l ow packaged 
Shot cr et e Mat er i al s.  Al so,  speci f y any st andar ds,  
r equi r ement s,  or  l i mi t at i ons f or  t hose mat er i al s 

**************************************************************************

2.2   SHOTCRETE PROPERTIES

2.2.1   Compressive strength

The compressive strength required shall be [_____].

**************************************************************************
NOTE:   Speci f y t he r equi r ed compr essi ve st r engt h of  
concr et e based on t he desi gn r equi r ement s.  Per  ACI  
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506. 2,  t he 28- day compr essi ve st r engt h shal l  not  be 
l ess t han 4000 psi  ( 28 MPa) .  The compr essi ve 
st r engt h shal l  be assessed i n accor dance wi t h ACI  
301.

**************************************************************************

2.2.2   [Flexural strength and properties]

[The flexural strength required shall be [_____].] Use [ ASTM C78/C78M][
ASTM C1609/C1609M ][_____] to test flexural strength.
[The required residual strength using [ ASTM C1609/C1609M ][ ASTM C1399/C1399M
][_____] shall be [_____].
[The required toughness per [ ASTM C1550][_____] shall be [_____]]
[_____]]

**************************************************************************
NOTE:   I n t he f i r st  par t  of  t hi s par agr aph speci f y 
t he f l exur al  st r engt h val ue and t est  met hod 
r equi r ed.  Per  ACI  506. 2,  f l exur al  st r engt h shal l  not  
be l ess t han 400 psi  ( 2. 8 MPa)  at  28 days f or  FRS.  
ASTM C78/ C78M i s used f or  non- f i ber  r ei nf or ced 
concr et e whi l e ASTM C1609/ 1609M i s a t est  met hod 
used f or  eval uat i ng st r engt h and ot her  f l exur al  
par amet er s of  FRS.  

I f  you ar e speci f y i ng FRS,  t hen speci f y your  pr oj ect  
r equi r ement s f or  r esi dual  st r engt h,  f l exur al  
t oughness,  or  ot her  mechani cal  pr oper t i es i f  needed.  
For  mor e i nf or mat i on on t est  met hods,  pr oper t i es,  
and r equi r ement s f or  FRS and f i ber - r ei nf or ced 
concr et e ( FRC) i n gener al ,  r ef er  t o ACI  544. 9R and 
ACI  506. 1R.

**************************************************************************

2.2.3   [Water-cementitious ratio]

[The maximum w/cm based on project service conditions shall be [_____]]. 

**************************************************************************
NOTE:   Speci f y t he maxi mum w/ cm based on pr oj ect  
ser vi ce condi t i ons.  Ref er  t o ACI  318 or  350 t o 
det er mi ne pr oj ect  r equi r ement s.  Gui dance r egar di ng 
f r eezi ng and t hawi ng can be obt ai ned f r om ASTM 
C33/C33M. 
Not e t hat  par agr aph t i t l ed " MI XTURE PROPORTI ONS" ,  
onl y r equi r es t he submi t t al  of  wat er - cement i t i ous 
mat er i al s r at i o ( w/ cm)  f or  wet - mi xt ur e shot cr et e.  
Del et e t hi s par agr aph f or  dr y- mi x shot cr et e.

**************************************************************************

2.2.4   Air content

The percent air content of concrete shall be [_____] plus or minus (±) 1.0 
percent.

**************************************************************************
NOTE:   Ai r  ent r ai nment  may be r equi r ed wher e t he 
shot cr et e i s exposed t o f r eeze/ t haw,  seawat er ,  or  
dei c i ng sal t s.  Speci f y mi ni mum ai r  voi d par amet er s 
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based on pr oj ect  ser vi ce condi t i ons.  Ref er  t o ACI  
318 or  ACI  350 t o det er mi ne pr oj ect  r equi r ement s.  
Gui dance on t he need f or  ai r  ent r ai nment  t o pr ot ect  
agai nst  f r eezi ng and t hawi ng can be f ound i n ASTM 
C33/ C33M.  Al so,  speci f y t he f r equency of  ai r  t est i ng 
i n t he par agr aph t i t l ed " Test i ng Shot cr et e" .  

Per  ACI  506. 2,  shot cr et e pl acement  r educes ent r ai ned 
ai r  cont ent  such t hat  shot cr et e wi t h a 7 per cent  or  
hi gher  ai r  cont ent  pr i or  t o shoot i ng wi l l  have an 
ent r ai ned ai r  cont ent  of  appr oxi mat el y 3 t o 4 
per cent  af t er  pl acement .  Wet - mi xt ur e shot cr et e 
exposed t o moder at e or  sever e f r eezi ng- and- t hawi ng 
condi t i ons shoul d have an ent r ai ned ai r  cont ent  of  
at  l east  6 t o 7 per cent  pr i or  t o shoot i ng.  Obt ai ni ng 
gr eat er  t han 4 per cent  ai r  i n t he i n- pl ace mat er i al  
i s  di f f i cul t .  For  wet - mi x shot cr et e,  ai r  cont ent  i s 
t est ed i n pl ast i c concr et e.
Speci f y i ng ai r  ent r ai nment  f or  dr y- mi xt ur e shot cr et e 
i s not  common but  has been sat i sf act or i l y  used i n 
sever e f r eezi ng- and- t hawi ng exposur es.  For  dr y- mi x 
shot cr et e,  ai r  cont ent  i s t est ed on har dened 
concr et e usi ng met hods such as Pet r ogr aphi c 
Examination.

**************************************************************************

2.2.5   [Chloride content]

[The maximum water-soluble chloride ion content based on project service 
conditions shall be [_____]. Chloride content shall be determined per [
ASTM C1218/C1218M ].]

**************************************************************************
NOTE:   For  cor r osi on pr ot ect i on of  t he r ei nf or cement  
i n t he shot cr et e,  t he maxi mum wat er - sol ubl e 
chl or i de- i on concent r at i on i n har dened shot cr et e 
shoul d not  exceed a cer t ai n l i mi t .  Thi s l i mi t  i s  
based on t he t ype of  r ei nf or cement  used.  Ref er  t o 
ACI  318 or  ACI  350 f or  r ecommended l i mi t s.

**************************************************************************

2.2.6   [Voids and absorption properties]

[The voids and absorption properties shall be measured using [ ASTM C642
][_____] and shall not exceed [_____].
[Provide test reports for shotcrete boiled absorption and volume of 
permeable voids showing compliance with the specified properties.]]

**************************************************************************
NOTE:   The absor pt i on t est  ( ASTM C642)  may be 
conduct ed on har dened shot cr et e t o pr ovi de an 
over al l  i ndi cat i on of  t he qual i t y of  t he shot cr et e,  
especi al l y i n dr y- mi x shot cr et e wher e t he r esul t s 
ar e l ar gel y i nf l uenced by t he w/ cm.  The absor pt i on 
val ue and t he vol ume of  per meabl e voi ds ar e usef ul  
i n i dent i f y i ng poor l y compact ed shot cr et e or  
shot cr et e wi t h a weak or  damaged mi cr ost r uct ur e.
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Per  ACI  506. 2,  t ypi cal  val ues f or  qual i t y shot cr et e 
ar e a Maxi mum of  8 per cent  boi l ed absor pt i on and 15 
per cent  vol ume of  per meabl e voi ds.
Resul t s var y dependi ng on t he absor pt i ve 
char act er i st i cs of  t he aggr egat e.  Li ght wei ght  
aggr egat e has hi gh absor pt i on.  The absor pt i on of  a 
shot cr et e speci men i s usual l y pr opor t i onal  t o i t s 
w/ cm.  A l ow w/ cm wi l l  y i el d a r el at i vel y l ow vol ume 
of  per meabl e voi ds or  l ow absor pt i on val ues,  whi ch 
i s an i ndi cat i on of  a good qual i t y shot cr et e.  A 
mi xt ur e shot  t oo dr y,  however ,  wi l l  y i el d a 
r el at i vel y hi gh vol ume of  per meabl e voi ds or  hi gh 
absor pt i on val ues due t o t he st i f f ness of  t he 
pl ast i c shot cr et e.  I mpact  vel oci t y i s anot her  
i mpor t ant  par amet er  t hat  i nf l uences t he por osi t y of  
t he har dened shot cr et e.  I nsuf f i c i ent  i mpact  vel oci t y 
wi l l  not  pr ovi de adequat e compact i on,  r esul t i ng i n 
hi gh per meabi l i t y  and hi gh absor pt i on val ues.

ASTM C457/ C457M can al so be used t o det er mi ne  
par amet er s of  t he ai r - voi d syst em i n har dened 
concrete.

**************************************************************************

2.2.7   [Bond strength]

[Testing for bond strength shall be on a minimum of three core samples and 
the strength shall be the average of all samples. The average bond 
strength shall be [_____].]

**************************************************************************
NOTE:   Bond st r engt h i s usual l y measur ed by shear  or  
di r ect  t ensi on usi ng a pul l - of f  t est  ( ASTM 
C1583/ C1583M) .  Pr oper l y appl i ed shot cr et e wi t h 
suf f i c i ent  consol i dat i on on a pr oper l y pr epar ed 
subst r at e usual l y devel ops bond st r engt h of  over  145 
psi  ( 1 MPa) .

**************************************************************************

2.2.8   [ Resistance to alkali-silica reaction ]

[Use one of the three options below for qualifying concrete mixtures to 
reduce the potential of alkali-silica reaction.]

a.  For each aggregate used in concrete, the expansion result determined 
in accordance with ASTM C1293 shall not exceed 0.04 percent at 1 year.

b.  For each aggregate used in concrete, the expansion result of the 
aggregate and cementitious materials combination determined in 
accordance with ASTM C1567 shall not exceed 0.10 percent at an age of 
16 days.

c.  Alkali content in concrete shall not exceed  2.35 kilograms per cubic 
meters  4 pounds per cubic yard  for moderately reactive aggregate or  
1.78 kilograms per cubic meters  3 pounds per cubic yard  for highly 
reactive aggregate. Reactivity shall be determined by testing in 
accordance with ASTM C1293 and categorized in accordance with 
ASTM C1778. 
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2.3   MIXTURE PROPORTIONS

Proportion shotcrete mixture [by mass complying with ASTM C94/C94M][by 
volume complying with ASTM C685/C685M], to satisfy the specified 
properties. For FRS, proportion in compliance with ASTM C1116/C1116M . 
Submit shotcrete mixture proportions. Submittals shall show constituent 
proportions by mass in the case of batching by weight or proportions by 
volume in the case of volumetric batching. For prepackaged materials 
meeting ASTM C1480/C1480M , submit suppliers' technical data showing 
compliance with requirements. Submit water-cementitious materials ratio 
(w/cm) for wet-mixture shotcrete only.

**************************************************************************
NOTE:   Shot cr et e mi xt ur es ar e usual l y pr opor t i oned 
i n accor dance wi t h ASTM C94/ C94M or  C685/ C685M t o 
at t ai n a speci f i ed compr essi ve st r engt h.  The mai n 
r easons f or  var i at i ons of  i n- pl ace st r engt h ar e t he 
nat ur e of  t he shot cr et e pr ocess,  t ype of  del i ver y 
equi pment ,  and qual i t y of  wor kmanshi p.  Thi s i s 
especi al l y t r ue of  dr y- mi x shot cr et e,  wher e t he 
nozzl eman i s not  onl y r esponsi bl e f or  t he pr oper  
pl acement  t echni que but  al so r egul at es and cont r ol s 
t he wat er  cont ent - a var i abl e t hat  can cause 
f l uct uat i ons i n st r engt h and dur abi l i t y .
Ther e i s no r ecogni zed r at i onal  met hod of  
pr opor t i oni ng dr y- mi x shot cr et e f or  st r engt h or  
dur abi l i t y .  Wat er  i s i nj ect ed i nt o t he 
pr epr opor t i oned cement i t i ous mat er i al  mi xt ur e st r eam 
at  t he nozzl e by t he nozzl eman,  so i t  i s  not  
possi bl e t o desi gn dr y- mi x shot cr et e based on w/ cm.  
Dr y- mi x shot cr et e has been pr opor t i oned based by 
wei ght ,  t ypi cal l y havi ng a cement i t i ous mat er i al  t o 
aggr egat e r at i o of  1: 4.  
On t he ot her  hand,  wet - mi x shot cr et e i s t ypi cal l y 
pr opor t i oned usi ng vol umet r i c met hods such as ACI  
211. 1 ( j ust  l i ke r egul ar  t ypes of  concr et e) .  Ref er  
t o ACI  506R f or  mor e det ai l s on pr opor t i oni ng 
shotcrete.

**************************************************************************

2.4   BATCHING, MIXING, AND DELIVERY

Batch, mix, and deliver wet-mixture shotcrete in accordance with 
ASTM C94/C94M, ASTM C685/C685M, or ASTM C1116/C1116M  as applicable. For 
dry-mixture, batching, mixing and delivering shall be in accordance with 
ASTM C685/C685M or ASTM C1116/C1116M .
Predampening or other methods suitable for prewetting the dry materials 
shall be used with packaged preblended material for dry-mixture shotcrete.

PART 3   EXECUTION

3.1   PREPARATION OF SURFACE TO RECEIVE SHOTCRETE

3.1.1   Earth

Surfaces shall be prepared to line and grade. Dampen surfaces immediately 
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prior to shooting. No standing water shall be visible.

3.1.2   Concrete, masonry, and shotcrete

Remove all deteriorated, loose, unsound material or contaminants that will 
inhibit bonding. Receiving surface shall be dampened and allowed to dry to 
a saturated surface-dry (SSD) condition just prior to shotcrete 
application. Further surface preparations include:

a. Chipping surfaces to receive shotcrete to remove offsets causing abrupt 
changes in thickness.

b. Roughening receiving surfaces that have been saw cut.

3.1.3   Rock

Remove loose material, mud, or other foreign material that will inhibit 
bonding. Clean surface prior to shotcrete placement. Dampen surface in 
accordance with the paragraph titled "Earth".

3.1.4   Reinforcement

3.1.4.1   Surface condition

The surface of the reinforcement shall be free of overspray or other 
deleterious materials that inhibit development of bond with the shotcrete.

3.1.4.2   Reinforcement laps

Laps shall be noncontact and shall be [separated with a clearance of at 
least three times the diameter of the largest reinforcing bar; three times 
the maximum size aggregate; or  50 mm  2 in. , whichever is least][_____]. 
Bars spliced by noncontact lap splices in flexural members shall not be 
spaced transversely farther apart than [the smaller of 1/5 the required 
lap splice length and  150 mm  6 in ][_____]. The use of contact lap splices 
necessary for support of the reinforcing is permitted when approved by the 
Contracting Officer. Lapped bars shall be in the same plane and parallel 
to the direction of shooting. Welded splices are permitted.
Secure reinforcement to prevent movement. The use of mechanical splices is 
permitted when approved.

3.1.5   Forms

Use material of adequate thickness for formwork to resist movement during 
shooting. Reinforce, secure, and brace forms to minimize the effects of 
vibration during shooting. Construct forms to allow escape of placement 
air, overspray, and rebound. Use form-release coating material on 
removable forms unless the formed surface is to subsequently receive an 
additional coating.

3.2   JOINTS

3.2.1   Construction joints

Taper construction joints at approximately 45 degrees from receiving 
surface. Form joints by cutting plastic shotcrete. Joints at slab 
intersections shall be made at 90 degrees. Roughen shotcrete in the joint 
face while it is still plastic.
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3.2.2   Control joints

Place control joints as indicated in the Contract Document [Discontinue 
reinforcement at control joints] [_____].

3.3   ALIGNMENT CONTROL

To establish thickness and plane of required surface, install taut ground 
wires or other means to guide the nozzleman. Install alignment control 
means at corners or offsets not established by forms.

3.4   APPLICATION

3.4.1   Placement techniques

a. [Use the same shotcrete mixture and equipment that was used during  
prequalification testing for the production shotcrete.]

b. Use temporary coverings to protect adjacent surfaces from the deposit 
of overspray or impact from the nozzle stream.

c. Install sufficient lighting and ventilation to provide the shotcrete 
crew with a clear view of the shooting area. Suspend Work and adopt 
corrective measures if visibility is unsuitable for the application of 
quality shotcrete.

d. Provide a working surface that permits nozzlemen unobstructed access to 
the receiving surface. Place shotcrete first in corners, recesses, and 
other areas where rebound or overspray cannot easily escape.

e. The supply of shotcrete material and air pressure at the nozzle shall 
be uniform, providing a steady, continuous flow of shotcrete with no 
detrimental surging or pulsing. Maintain the velocity and consistency 
of shotcrete exiting the nozzle at a uniform rate appropriate for the 
given job conditions so that satisfactory material consolidation and 
minimum rebound is achieved.

f. Place shotcrete perpendicular to the receiving surface with the nozzle 
held at such a distance to produce maximum consolidation of the 
shotcrete and full encapsulation of the reinforcement.

g. Shoot dry-mixture shotcrete material within 45 min after batching or, 
in the case of prepackaged material, within 45 min after predampening. 
Shoot wet-mixture shotcrete material within the time limits in 
ASTM C94/C94M.

h. Apply shotcrete using a circular or elliptical motion of the nozzle 
while building the required thickness.

i. Use sufficient material velocity, material consistency, and distance 
from the end of the nozzle to the receiving surface to produce maximum 
consolidation of the shotcrete and full encapsulation of the 
reinforcing steel.

j. In corners, direct the nozzle to bisect the corner angle. Apply 
shotcrete so sagging or sloughing does not occur. Where there is 
potential for accumulated rebound or overspray material to be 
incorporated into the Work at congested areas of steel reinforcement, 
embedded obstructions, corners, and recesses, use a compressed air 
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blow pipe to remove loose material from the Work.

k. Discontinue placement of shotcrete or shield the nozzle stream if wind 
causes separation of ingredients in the nozzle stream.

l. Do not reuse rebound or overspray in the Work.

m. Remove laitance from shotcrete surfaces that are to receive additional 
shotcrete layers.

n. Surface preparation prior to the shooting of shotcrete shall comply 
with [the paragraph titled PREPARATION OF SURFACE TO RECEIVE 
SHOTCRETE][_____].

**************************************************************************
NOTE:   For  r epai r  j obs,  r ef er  t o t he sect i on on 
r epai r s f or  sur f ace pr epar at i on.

**************************************************************************

o. Do not apply shotcrete to surfaces with standing or flowing water.

p. Remove hardened overspray and rebound from adjacent surfaces, including 
exposed reinforcement.

3.4.2   Intermediate surfaces

a. When applying more than one layer of shotcrete, use a cutting rod, 
brush with a stiff bristle, or other suitable equipment to remove all 
loose material, overspray, laitance, or other material that may 
compromise the bond of the subsequent layer of shotcrete. Conduct 
removal immediately after shotcrete reaches initial set.

b. Allow shotcrete to stiffen sufficiently before applying subsequent 
layers. If shotcrete has hardened, clean the surface of all loose 
material, laitance, overspray, or other material that may compromise 
the bond of subsequent layers. Bring the surface to a saturated 
surface-dry condition at the time of application of the next layer of 
shotcrete.

3.4.3   Encasement of reinforcement

a. Place shotcrete to encase reinforcement and other embedments, and 
provide a minimum cover of [_____].

**************************************************************************
NOTE:  Ref er  t o ACI  318 and ACI  350 f or  concr et e 
cover  r equi r ement s 

**************************************************************************

b. Adjust air volume, material feed volume, and distance of the nozzle 
from the Work as necessary to encase reinforcement.

c. Keep the front face of the reinforcement clean during shooting 
operations so that shotcrete builds up from behind to encase the 
reinforcement without the formation of shadows or voids.

d. Shotcrete crew shall continuously remove accumulations of rebound and 
overspray using a compressed air blowpipe, or other suitable device, 
in advance of deposition of new shotcrete.
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3.4.4   Hot weather shotcreting

Do not place shotcrete when shotcrete temperature is above [  35°C  95°F
][_____], unless PREQUALIFICATION TESTING shows that the required quality 
of materials can be achieved at higher temperatures. The temperature of 
reinforcement and receiving surfaces shall be below [  32°C  90ºF ][_____] 
prior to shotcrete placement.

**************************************************************************
NOTE:   I f  hot  weat her  concr et e needs t o be 
consi der ed,  t hen a separ at e speci f i cat i on t hat  
cover s hot  weat her  concr et e such as ACI  305. 1 shoul d 
be i ncl uded i n t he pr oj ect .

**************************************************************************

3.4.5   Cold weather shotcreting

Shooting may proceed when ambient temperature is [  4°C  40°F ][_____] and 
rising. Stop shooting when ambient temperature is [  4°C  40°F ][_____] and 
falling, unless measures are taken to protect the shotcrete. Shotcrete 
material temperature, when shot, shall not be less than [  10°C  50°F
][_____]. Do not place shotcrete against frozen surfaces.

**************************************************************************
NOTE:   I f  col d weat her  concr et e needs t o be 
consi der ed,  t hen a separ at e speci f i cat i on t hat  
cover s col d weat her  concr et e such as ACI  306. 1 
shoul d be i ncl uded i n t he pr oj ect .

**************************************************************************

3.5   FINISH

3.5.1   [Gun finish]

[Leave finished shotcrete surface as gun finish.]

3.5.2   [Cutting Screed]

[After the surface has taken its initial set (crumbling slightly when 
cut), excess material outside the forms and ground wires shall be sliced 
off with a downward cutting motion using a sharp-edged cutting screed. The 
ground wires shall then be removed and the irregularities floated."]

3.5.3   [Flash Coat]

[A thin coat of shotcrete containing finer sand applied from a distance 
greater than normal shall be applied to the surface as soon as possible 
after the screeding.]

3.5.4   [Float and Trowel Finish]

[Final surface finish shall be provided using [wood float] [rubber float] 
[steel trowel].  Troweling of thin sections of shotcrete shall be avoided 
unless both troweling and commencement of moisture curing take place 
within a relatively short period after placement of shotcrete.]
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3.5.5   [Fiber-Reinforced Shotcrete]

**************************************************************************
NOTE:   I ncl ude t hi s par agr aph i f  t he exposed f i ber s 
pose a saf et y hazar d.

**************************************************************************

[Finish the outer surface of the structure with a layer of 
nonfiber-reinforced shotcrete and provide an appropriate finish as 
denoted.]

3.6   CURING

When the daily mean temperature is above  4°C  40°F , curing shall be 
continuous for a minimum of 7 consecutive days or for the time necessary 
to attain 70 percent of the specified compressive or flexural strength, 
whichever period is less. 
If shotcrete is placed with daily mean temperatures  4°C  40°F  or lower, 
cold weather protection shall be provided until the shotcrete achieves 70 
percent of the specified strength.
Complete moist curing by one of the following methods:

a. Ponding or continuous sprinkling for a minimum of 7 days;

b. Covering with an absorptive mat or sand that is kept continuously wet;

c. Covering with impervious sheet material;

d. Use of curing compounds; apply twice the rate for formed surfaces as 
recommended by manufacturer if the surface is a gun finish.

Do not use natural curing in lieu of that specified in this paragraph 
unless the relative humidity of the air in contact with the shotcrete 
remains at or above 85 percent and such curing is authorized by 
Contracting Officer.
Submit curing materials and curing procedures for shotcrete including 
product data sheets indicating conformance with specification requirements.

3.7   PROTECTION

Immediately after placement, protect shotcrete from premature drying or 
excessively hot or cold temperatures and mechanical injury.
Maintain shotcrete protection to prevent freezing of the shotcrete and to 
ensure the necessary strength development for structural safety. Remove 
protection in such a manner that the maximum decrease in temperature 
measured at the surface of the shotcrete in a 24-hour period shall not 
exceed the following:

a. 10°C 50°F for sections less than  300 mm  12 in.  in the least dimension;

b. 4°C 40°F for sections from  300 to 900 mm  12 to 36 in.  in the least 
dimension.

Protect surfaces not intended for shotcrete placement against deposit of 
rebound and overspray or impact from nozzle stream.

3.8   [TOLERANCES]

[Dimensional tolerances of shotcrete shall comply with [ ACI 117 ][the 
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contract document][_____]]

**************************************************************************
NOTE:   ACI  117 pr ovi des a gui de f or  const r uct i on 
t ol er ances of  concr et e st r uct ur es.  Al t hough 
shot cr et e i s concr et e,  ACI  117 speci f i cal l y excl udes 
shotcrete. 
Tol er ances pr ovi de an i ndi cat i on of  t he f i ni shed 
pr oduct  expect ed by t he owner ,  but  meet i ng 
t ol er ances may r equi r e addi t i onal  ef f or t  and cost .  
Tol er ances gi ven by ACI  117. 1R,  f or  pl acement  of  
r ei nf or ci ng st eel ,  cover  over  r ei nf or ci ng st eel ,  and 
over al l  al i gnment  of  cast - i n- pl ace st r uct ur al  
member s shoul d be gener al l y t he same f or  shot cr et e.  
Tol er ances t hat  r equi r e di st i nct  val ues f or  
shot cr et e const r uct i on ar e cr oss- sect i onal  
di mensi ons,  cover ,  and sur f ace f i ni sh ( or  f l at ness) .  
Ther ef or e,  speci f y i ng t ol er ances t hat  can be 
consi st ent l y achi eved ar e needed so t hat  pr oj ect  
expect at i ons can be met  at  a r easonabl e cost .
Speci f i ed t ol er ances shoul d be based on use and 
f unct i on and can be t he same as concr et e,  but  ar e 
t ypi cal l y br oader .  Some f i ni shed sur f ace t ol er ances 
may be wai ved t o achi eve pr oper  cover age over  
exi st i ng r ei nf or cement .
For  some st r uct ur es,  such as t unnel s,  onl y cover  
t hi ckness i s r equi r ed and t ol er ances ar e not  
speci f i ed unl ess pr oj ect - speci f i c  r equi r ement s 
di ct at e.  Somet i mes shot cr et e t ol er ances ar e 
i ncr eased by a f act or  of  2 f r om t hose i n ACI  117.  
Ref er  t o ACI  506R f or  mor e det ai l s on shot cr et e 
t ol er ances.  Ref er  t o ACI  318 or  ACI  350 t o det er mi ne 
pr oj ect  r equi r ement s.

**************************************************************************

3.9   REPAIR OF SHOTCRETE

3.9.1   General

a. Submit repair procedure for shotcrete defects for the Contracting 
Officer's acceptance. The submittal shall include proposed materials, 
surface preparation, bonding procedures, and final surface finish.

b. Remove voids, shadows, sagging, or other defects in the hardened 
shotcrete using light-duty chipping hammers [maximum  8 kg  18 lb
][_____] followed by high-pressure water blasting or grit blasting to 
remove bruised shotcrete surface.

c. Conduct removal of defective shotcrete without the creation of feather 
edges.

**************************************************************************
NOTE:  Edges of  t he r epai r  ar ea shoul d not  be 
f eat her - edged.  Common met hods used f or  edge 
pr epar at i on i ncl ude saw- cut t i ng,  chi ppi ng,  gr i ndi ng,  
sandbl ast i ng,  hydr o- mi l l i ng,  or  ot her  means t o a 
dept h of  1/ 2 t o 1 i n.  ( 1. 25 t o 2. 5 cm)  nor mal  t o t he 
sur f ace of  t he member .  Not e:  i f  saw- cut t i ng or  
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gr i ndi ng i s used,  car e shoul d be t aken t o ensur e 
r ei nf or ci ng st eel  i s  not  cut  or  damaged 

**************************************************************************

d. In the repair of core hole surfaces and saw cut edges, roughen the core 
hole or cut surface and predampen prior to repair.

3.9.2   Shotcrete repair with commercial patching products

Repair shotcrete with commercial patching products, including:

a. Portland cement mortar, modified with a latex bonding agent conforming 
to ASTM C1059/C1059M , Type II;

b. Packaged, dry concrete repair materials conforming to ASTM C928/C928M.

3.9.3   Removal of stains, rust, efflorescence, and surface deposits

Remove stains, rust, efflorescence, and surface deposits considered 
objectionable by Contracting Officer by methods acceptable to the 
Contracting Officer.

3.10   ACCEPTANCE OF WORK

3.10.1   General

a. Remove and replace defective areas [larger than  31,000 square mm  48 
square inches  or  50 mm  2 inches  deep][_____]. Defects in shotcrete 
include honeycombing, laminations, dry patches, voids, or sand 
pockets. Defective areas shall be removed in accordance with the 
procedures described in paragraph titled "REPAIR OF SHOTCRETE".

**************************************************************************
NOTE:   Speci f y accept ance cr i t er i a f or  degr ee of  
r ei nf or cement  encasement  or  sever i t y of  def ect s.  
Shot cr et e t hat  exhi bi t s l ami nat i ons and voi ds,  
exceedi ng t he speci f i ed qual i t y,  shoul d be r emoved,  
r epl aced,  or  r epai r ed.  ACI  506. 4R pr ovi des gui dance 
f or  engi neer s,  i nspect or s,  cont r act or s,  and ot her s 
i nvol ved i n accept i ng,  r ej ect i ng,  or  eval uat i ng 
i n- pl ace dr y- mi x or  wet - mi x shot cr et e.  

**************************************************************************

b. Shotcrete Work that meets specifications shall be accepted.

c. Shotcrete Work that has previously failed to meet one or more 
requirements, but has been repaired to bring it into compliance shall 
be accepted.

d. Shotcrete Work that fails to meet one or more requirements and that 
cannot be brought into compliance shall be either accepted or rejected 
by Contracting Officer. Modifications to the mixture proportions or 
the shotcreting procedures shall be implemented to assure that 
remaining Work complies with the requirements.

e. The basis for acceptance or rejection of shotcrete properties shall be 
the specified compressive or flexural strength. When additional 
criteria, properties, or both are required in the contract documents, 
acceptance criteria shall include compliance with those requirements.
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3.10.2   Compliance with test properties

3.10.2.1   Compressive strength

Consider the compressive strength adequate if the average of the three 
cores from a test panel or from in-place shotcrete exceeds 85 percent of 
the specified compressive strength and no single core is less than 75 
percent of the specified compressive strength.

3.10.2.2   [Flexural strength]

[The average flexural strength of a set of three test beams from one panel 
shall equal or exceed the specified flexural strength in the paragraph 
titled "flexural strength and properties".]

3.10.2.3   [Boiled absorption and volume of permeable voids]

[The average of tests on three specimens from a test panel, or from 
in-place shotcrete, shall be less than or equal to the specified boiled 
absorption and specified volume of permeable void limits at the specified 
test age with no single test greater than the specified boiled absorption 
plus 1 percent.]

3.10.2.4   [Flexural parameters]

[For FRS, flexural parameters and toughness requirements shall comply with 
the requirements specified in the paragraph titled "flexural strength and 
properties".]

3.10.2.5   [Bond]

[The average of the bond strength of the specified number of cores shall 
exceed the specified minimum strength requirement of the paragraph titled 
"Bond strength", with no single core bond strength less than 75 percent of 
the specified strength.]

3.10.2.6   [Alkali-silica reactivity]

[Concrete and concrete materials shall meet one of the three requirements 
specified in the paragraph titled "Resistance to alkali-silica reaction"]

       -- End of Section --
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