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SECTI ON 03 37 13

SHOTCRETE
02/18

**************************************************************************
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 Cr i t er i a 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   Wor k Speci f i ed

Thi s Speci f i cat i on cover s t he r equi r ement s f or  shot cr et e as speci f i ed by 
t he Cont r act i ng Of f i cer .  I ncl uded ar e t he r equi r ement s f or  mat er i al s;  
pr opor t i oni ng;  and appl i cat i on of  [ st r uct ur al ]  [ nonst r uct ur al ]  
[ f i ber - r ei nf or ced] [ wet - mi xt ur e] [ dr y- mi xt ur e]  shot cr et e.

**************************************************************************
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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 nc l 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 c i 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   Uni t  of  Measur e

Uni t  of  measur e:   [ cubi c met er  yar d] [ squar e met er  f eet ] .
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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 s i 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 publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.  The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by t he 
basi c desi gnat i on onl y.

AMERI CAN CONCRETE I NSTI TUTE I NTERNATI ONAL ( ACI )

ACI  117 ( 2010;  Er r at a 2011)  Speci f i cat i ons f or  
Tol er ances f or  Concr et e Const r uct i on and 
Mat er i al s and Comment ar y

ACI  301 ( 2016)  Speci f i cat i ons f or  St r uct ur al  
Concrete

ASTM I NTERNATI ONAL ( ASTM)

ASTM C1059/ C1059M ( 2013)  St andar d Speci f i cat i on f or  Lat ex 
Agent s f or  Bondi ng Fr esh t o Har dened 
Concrete

ASTM C1064/ C1064M ( 2017)  St andar d Test  Met hod f or  
Temper at ur e of  Fr eshl y Mi xed 
Hydr aul i c- Cement  Concr et e

ASTM C1116/ C1116M ( 2010a;  R 2015)  St andar d Speci f i cat i on f or  
Fi ber - Rei nf or ced Concr et e

ASTM C1140/ C1140M ( 2011)  St andar d Pr act i ce f or  Pr epar i ng and 
Test i ng Speci mens f r om Shot cr et e Test  
Panels

ASTM C1141/ C1141M ( 2015)  St andar d Speci f i cat i on f or  
Admi xt ur es f or  Shot cr et e

ASTM C1157/ C1157M ( 2017)  St andar d Per f or mance Speci f i cat i on 
f or  Hydr aul i c Cement
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ASTM C1218/ C1218M ( 2017)  St andar d Test  Met hod f or  
Wat er - Sol ubl e Chl or i de i n Mor t ar  and 
Concrete

ASTM C1240 ( 2014)  St andar d Speci f i cat i on f or  Si l i ca 
Fume Used i n Cement i t i ous Mi xt ur es

ASTM C127 ( 2015)  St andar d Test  Met hod f or  Densi t y,  
Rel at i ve Densi t y  ( Speci f i c  Gr avi t y) ,  and 
Absor pt i on of  Coar se Aggr egat e

ASTM C128 ( 2015)  St andar d Test  Met hod f or  Densi t y,  
Rel at i ve Densi t y  ( Speci f i c  Gr avi t y) ,  and 
Absor pt i on of  Fi ne Aggr egat e

ASTM C1293 ( 2008;  R 2015)  St andar d Test  Met hod f or  
Det er mi nat i on of  Lengt h Change of  Concr et e 
Due t o Al kal i - Si l i ca React i on

ASTM C1315 ( 2011)  St andar d Speci f i cat i on f or  Li qui d 
Membr ane- For mi ng Compounds Havi ng Speci al  
Pr oper t i es f or  Cur i ng and Seal i ng Concr et e

ASTM C1385/ C1385M ( 2010;  R 2017)  St andar d Pr act i ce f or  
Sampl i ng Mat er i al s f or  Shot cr et e

ASTM C1399/ C1399M ( 2010;  R 2015)  St andar d Test  Met hod f or  
Obt ai ni ng Aver age Resi dual - St r engt h of  
Fi ber - Rei nf or ced Concr et e

ASTM C1436 ( 2013)  St andar d Speci f i cat i on f or  
Mat er i al s f or  Shot cr et e

ASTM C1480/ C1480M ( 2007;  R 2012)  St andar d Speci f i cat i on f or  
Packaged,  Pr e- Bl ended,  Dr y,  Combi ned 
Mat er i al s f or  Use i n Wet  or  Dr y Shot cr et e 
Application

ASTM C150/ C150M ( 2017)  St andar d Speci f i cat i on f or  Por t l and 
Cement

ASTM C1550 ( 2012)  St andar d Test  Met hod f or  Fl exur al  
Toughness of  Fi ber  Rei nf or ced Concr et e 
( Usi ng Cent r al l y  Loaded Round Panel )

ASTM C1567 ( 2013)  St andar d Test  Met hod f or  Pot ent i al  
Al kal i - Si l i ca React i v i t y of  Combi nat i ons 
of  Cement i t i ous Mat er i al s and Aggr egat e 
( Accel er at ed Mor t ar - Bar  Met hod)

ASTM C1583/ C1583M ( 2013)  St andar d Test  Met hod f or  Tensi l e 
St r engt h of  Concr et e Sur f aces and t he Bond 
St r engt h or  Tensi l e St r engt h of  Concr et e 
Repai r  and Over l ay Mat er i al s by Di r ect  
Tensi on ( Pul l - of f  Met hod)

ASTM C1602/ C1602M ( 2012)  St andar d Speci f i cat i on f or  Mi xi ng 
Wat er  Used i n Pr oduct i on of  Hydr aul i c 
Cement  Concr et e
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ASTM C1604/ C1604M ( 2005;  R 2012)  St andar d Test  Met hod f or  
Obt ai ni ng and Test i ng Dr i l l ed Cor es of  
Shotcrete

ASTM C1609/ C1609M ( 2012)  St andar d Test  Met hod f or  Fl exur al  
Per f or mance of  Fi ber - Rei nf or ced Concr et e 
( Usi ng Beam wi t h Thi r d- Poi nt  Landi ng)

ASTM C171 ( 2016)  St andar d Speci f i cat i on f or  Sheet  
Mat er i al s f or  Cur i ng Concr et e

ASTM C1778 ( 2016)  St andar d Gui de f or  Reduci ng t he 
Ri sk of  Del et er i ous Al kal i - Aggr egat e 
React i on i n Concr et e

ASTM C231/ C231M ( 2017a)  St andar d Test  Met hod f or  Ai r  
Cont ent  of  Fr eshl y Mi xed Concr et e by t he 
Pr essur e Met hod

ASTM C309 ( 2011)  St andar d Speci f i cat i on f or  Li qui d 
Membr ane- For mi ng Compounds f or  Cur i ng 
Concrete

ASTM C33/ C33M ( 2016)  St andar d Speci f i cat i on f or  Concr et e 
Aggregates

ASTM C42/ C42M ( 2013)  St andar d Test  Met hod f or  Obt ai ni ng 
and Test i ng Dr i l l ed Cor es and Sawed Beams 
of  Concr et e

ASTM C457/ C457M ( 2016)  St andar d Test  Met hod f or  
Mi cr oscopi cal  Det er mi nat i on of  Par amet er s 
of  t he Ai r - Voi d Syst em i n Har dened Concr et e

ASTM C494/ C494M ( 2017)  St andar d Speci f i cat i on f or  Chemi cal  
Admi xt ur es f or  Concr et e

ASTM C595/ C595M ( 2017)  St andar d Speci f i cat i on f or  Bl ended 
Hydr aul i c Cement s

ASTM C618 ( 2017a)  St andar d Speci f i cat i on f or  Coal  
Fl y Ash and Raw or  Cal c i ned Nat ur al  
Pozzol an f or  Use i n Concr et e

ASTM C642 ( 2013)  Densi t y,  Absor pt i on,  and Voi ds i n 
Har dened Concr et e

ASTM C685/ C685M ( 2017)  St andar d Speci f i cat i on f or  Concr et e 
Made by Vol umet r i c Bat chi ng and Cont i nuous 
Mixing

ASTM C78/ C78M ( 2018)  St andar d Test  Met hod f or  Fl exur al  
St r engt h of  Concr et e ( Usi ng Si mpl e Beam 
wi t h Thi r d- Poi nt  Loadi ng)

ASTM C928/ C928M ( 2013)  Packaged,  Dr y,  Rapi d- Har deni ng 
Cement i t i ous Mat er i al s f or  Concr et e Repai r s
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ASTM C94/ C94M ( 2017a)  St andar d Speci f i cat i on f or  
Ready- Mi xed Concr et e

ASTM C989/ C989M ( 2017)  St andar d Speci f i cat i on f or  Sl ag 
Cement  f or  Use i n Concr et e and Mor t ar s

1. 3   DEFINITIONS

1. 3. 1   Accepted

Det er mi ned t o be sat i sf act or y by t he Cont r act i ng Of f i cer .

1. 3. 2   Contractor

The per son,  f i r m,  or  cor por at i on wi t h whom t he Cont r act i ng Of f i cer  ent er s 
i nt o an agr eement  f or  const r uct i on of  t he Wor k.

1. 3. 3   Fi ber - r ei nf or ced shot cr et e ( FRS)

Shot cr et e cont ai ni ng di scont i nuous di scr et e f i ber s.

1. 3. 4   Gun f i ni sh

Undi st ur bed f i nal  l ayer  of  shot cr et e as appl i ed f r om a nozzl e wi t hout  
f ur t her  f i ni shi ng.

1. 3. 5   Overspray

Wast e shot cr et e mat er i al  deposi t ed away f r om i nt ended r ecei v i ng sur f ace.

1. 3. 6   Permitted

Accept ed by or  accept abl e t o t he Cont r act i ng Of f i cer ;  usual l y per t ai ns t o a 
r equest  by Cont r act or ,  or  when speci f i ed i n cont r act  document s.

1. 3. 7   Predampening

I n t he dr y- mi xt ur e pr ocess,  addi ng wat er  t o t he aggr egat e bef or e mi xi ng t o 
br i ng i t s  moi st ur e cont ent  t o a speci f i ed amount ,  usual l y 3 t o 6 per cent .

1. 3. 8   Rod f i ni sh

A shar p- edged cut t i ng scr eed t o be used t o t r i m shot cr et e f or ms or  gr ound 
wires.

1. 3. 9   Shotcrete

Concr et e or  mor t ar  conveyed t hr ough a hose and pneumat i cal l y  pr oj ect ed at  
hi gh vel oci t y ont o a sur f ace t o achi eve compact i on.

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 c t  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 c t  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.

Use t he " S"  c l assi f i cat i on onl y i n SD- 11 Cl oseout  
Submi t t al 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.

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.

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

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  [ Cont r act or  Qual i t y  Cont r ol  
appr oval . ]  [ i nf or mat i on onl y.   When used,  a desi gnat i on f ol l owi ng t he " G"  
desi gnat i on i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he 
Gover nment . ]   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 SUSTAI NABI LI TY 
REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

 
SD- 06 Test  Repor t s

[ Pr econst r uct i on Test i ng]
Test i ng Dur i ng Const r uct i on;  G[ ,  [ _____] ]
Aggregate
Water
Mi xt ur e Pr opor t i ons;  G[ ,  [ _____] ]
Repai r  Of  Shot cr et e;  G[ ,  [ _____] ]
Resi st ance To Al kal i - Si l i ca React i on

SD- 07 Cer t i f i cat es

Qual i f i cat i ons;  G[ ,  [ _____] ]
Cement
Suppl ement ar y Cement i t i ous Mat er i al s
Admi xt ur es;  G[ ,  [ _____] ]

SECTI ON 03 37 13  Page 10



[Fibers]
Reinforcement
Cur i ng Mat er i al s
Test i ng Agency;  G[ ,  [ _____] ]

1. 5   QUALIFICATIONS

Submi t  qual i f i cat i ons and exper i ence of  t he pr oposed wor ker s i ncl udi ng t he 
super vi sor ,  nozzl emen,  and cr ew.  For  st r uct ur al  or  FRS shot cr et e,  submi t  
evi dence of  ACI  cer t i f i cat i on of  nozzl emen pr oposed f or  t he Wor k.

**************************************************************************
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   St r uct ur al  Concr et e

Submi t  pr oof  of  exper i ence f or  t he Cont r act or  and t he shot cr et e cr ew 
f or eman t o i ncl ude at  l east  f i ve pr oj ect s of  s i mi l ar  s i ze and compl exi t y.  
Pr oof  shal l  i ncl ude a descr i pt i on of  pr evi ous pr oj ect ' s  s i ze,  densi t y of  
r ei nf or c i ng mat er i al s,  and vol ume of  shot cr et e pl aced.

1. 5. 2   Nonst r uct ur al  Concr et e

Submi t  pr oof  t hat  t he Cont r act or  and cr ew f or eman have at  l east  3 year s '  
exper i ence i n t hat  t ype of  shot cr et e appl i cat i on.

1. 6   [ PRECONSTRUCTI ON TESTI NG]

**************************************************************************
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   [ Gener al  Requi r ement s]

a.   [ Test i ng of  mat er i al s r equi r ed as par t  of  t he pr econst r uct i on pr ogr am 
shal l  be conduct ed by t he Cont r act or ' s t est i ng agency.  Agency sel ect i on 
shal l  be accept abl e t o t he Cont r act i ng Of f i cer .

b.   Not i f y t he Cont r act i ng Of f i cer  of  t he t i me and pl ace of  pr econst r uct i on 
t est i ng and pr ovi de t he Cont r act i ng Of f i cer  wi t h copi es of  t est i ng 
reports.
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c.   Const r uct  pr econst r uct i on t est  panel s f or  exami nat i on by t he 
Cont r act i ng Of f i cer  pr i or  t o pr oj ect  shot cr et e pl acement .  Pr epar at i on 
and t est i ng shal l  compl y wi t h ASTM C1140/ C1140M.  Mi xt ur e pr opor t i ons 
shal l  meet  t he r equi r ement s of  t he par agr aph t i t l ed " MI XTURE 
PROPORTIONS".

d.   Const r uct  t est  panel s f or  each pr oposed shot cr et e mi xt ur e,  each 
ant i c i pat ed shoot i ng or i ent at i on,  and each pr oposed nozzl eman.

e.   Test i ng r equi r ed as par t  of  t he pr econst r uct i on t est  pr ogr am shal l  be 
pr ovi ded by t he Cont r act or ' s t est i ng agency.

f .   Test  speci mens cor ed or  sawed f r om t he panel s f or  compl i ance wi t h t he 
speci f i ed compr essi ve st r engt h i n accor dance wi t h ASTM C1604/ C1604M. 

g.   [ Fl exur al  st r engt h shal l  be i n accor dance wi t h ASTM C78/ C78M wi t h beams 
obt ai ned 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  f l exur al  st r engt h,  t oughness,  and ot her  f l exur al  pr oper t i es usi ng 
sampl es f r om t est  panel s i n accor dance wi t h t he r equi r ement s of  t he 
par agr aph t i t l ed " f l exur al  st r engt h and pr oper t i es" .  Beams shal l  be 
obt ai ned 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.   [ Pr epar e addi t i onal  panel s wi t h t he speci f i ed r ei nf or cement .  Cor e 
panel s i n accor dance wi t h ASTM C1140/ C1140M.  Cor es cont ai ni ng 
r ei nf or cement  shal l  be pr ovi ded t o t he Cont r act i ng Of f i cer  f or  v i sual  
exami nat i on t o det er mi ne accept ance.  Cor es f or  exami nat i on shal l  have a 
mi ni mum di amet er  of  95 mm 3. 75 i n.  and be t he f ul l  t hi ckness of  t he 
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 .   I f  t he i ni t i al  pr equal i f i cat i on t est  panel  i s  r ej ect ed,  a second panel  
may be shot  and t est ed.  I f  t hi s panel  i s  accept abl e,  Wor k may pr oceed.  
I f  t he second panel  i s  not  accept abl e,  t he Cont r act or  shal l  change 
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pr ocedur es,  mi xt ur e pr opor t i ons,  nozzl emen,  or  shot cr et e equi pment  as 
necessar y bef or e r epeat i ng t he pr econst r uct i on t est i ng.  Do not  pr oceed 
wi t h Wor k unt i l  pr econst r uct i on t est  r esul t s ar e sat i sf act or y t o 
Cont r act i ng Of f i cer . ]

1. 6. 2   [ Pr epl acement  Ver i f i cat i on]

a.   [ The f or ms shal l  be t o l i ne and gr ade and have adequat e suppor t  t o 
r emai n r i gi d dur i ng shoot i ng.

b.   The f or mwor k,  subst r at a pr epar at i on,  and cl eanl i ness shal l  be t he same 
as speci f i ed her ei n.

c.   The r ei nf or cement  t ype,  s i ze,  gr ade,  amount ,  pl acement ,  c l eanl i ness,  
and ot her  r equi r ement s shal l  be t he same as speci f i ed [ her ei n] [ t he same 
si ze and spaci ng as t he exi st i ng st r uct ur e] .

d.   The pl acement  of  and cl ear ance ar ound r ei nf or cement  shal l  per mi t  
compl et e encasement  of  r ei nf or cement  wi t h shot cr et e.

e.   The mi xt ur e pr opor t i ons shal l  be t he same as t he appr oved submi t t al  
[ and need not  i ncl ude admi xt ur es] . ]

**************************************************************************
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   TESTI NG DURI NG CONSTRUCTI ON

1. 7. 1   Qual i t y Assur ance 

Pr ovi de submi t t al s f or  t he " Qual i t y Cont r ol  Pl an" ,  " Qual i t y Cont r ol  
Per sonnel  Cer t i f i cat i ons" ,  and Labor at or y Qual i f i cat i ons f or  Concr et e 
Qual i f i cat i on Test i ng per  sect i on 03 30 00 CAST- I N- PLACE CONCRETE.

1. 7. 2   Test i ng Shot cr et e

a.   Compr essi ve st r engt h sampl es:  [ Obt ai n t est  speci mens f r om j ob- s i t e t est  
panel s. ] [ Use i n- pl ace shot cr et e t est  speci mens. ] [ _____]

**************************************************************************
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  sampl es:  Sampl e shot cr et e i n accor dance wi t h ASTM C1385/ C1385M. 
The Cont r act or  i s  r esponsi bl e f or  t he cur i ng and pr ot ect i on of  t est  
panel s on s i t e pr i or  t o t he t i me t hat  t hey ar e t r anspor t ed t o t he 
t est i ng agency' s l abor at or y.

c.   [ For  f l exur al  st r engt h,  f l exur al  par amet er ,  or  t oughness r equi r ement s,  
onl y t est  panel s shal l  be used. ] [ _____]

d.   Ai r  cont ent  of  mi xt ur e:  For  wet - mi xt ur e shot cr et e t est  ai r  cont ent  at  
di schar ge f r om t he t r uck chut e i n accor dance wi t h ASTM C231/ C231M pr i or  
t o pl acement .  
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[ For  dr y- mi x shot cr et e,  t est  ai r  cont ent  i n har dened concr et e usi ng 
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.   Temper at ur e of  shot cr et e mi xt ur e:  Det er mi ne t he t emper at ur e of  t he 
mi xt ur e usi ng mat er i al  sampl ed pr i or  t o di schar ge f r om t he t r uck chut e 
i nt o t he pump f or  wet - mi xt ur e shot cr et e or  t he shot cr et e machi ne f or  
dr y- mi x shot cr et e.  Test i ng shal l  be compl et ed i n accor dance wi t h 
ASTM C1064/ C1064M.

1. 7. 3   [ Test  Panel s]

a.   [ Const r uct  a t est  panel  f or  each mi xt ur e,  each nozzl eman,  and each wor k 
day or  f or  ever y [  38 cubi c met er   50 cubi c yar d] [  185 squar e met er   
2000 squar e f eet ] [ _____]  pl aced,  whi chever  r esul t s  i n t he most  panel s.  
The f ace di mensi ons of  a t est  panel  shal l  be a mi ni mum of   400 x 400 m 
16 x 16 i n.  wi t h a mi ni mum dept h of  125 mm 5 i n.  For  t oughness t est i ng 
i n accor dance wi t h ASTM C1550,  t he f ace di mensi on shal l  be  800 mm 30. 5 
i n.  i n di amet er  and 75 mm 3 i n.  t hi ck.  The t est  panel s wi l l  be shot  i n 
a [ ver t i cal ] [ _____]  or i ent at i on.

**************************************************************************
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.   Condi t i on t est  panel s i n accor dance wi t h ASTM C1140/ C1140M unt i l  
t r anspor t ed t o t he t est i ng agency' s l abor at or y.

c.   Obt ai n t est  speci mens f r om t est  panel s usi ng pr ocedur es out l i ned i n 
ASTM C1140/ C1140M or  ASTM C1604/ C1604M.  Cor es shal l  be a nomi nal  75 mm 
3 i n.  di amet er .

d.   Test  shot cr et e speci mens f or  compl i ance i n accor dance wi t h 
ASTM C1604/ C1604M f or  compr essi ve st r engt h.

e.   [ Test  boi l ed absor pt i on and vol ume of  per meabl e voi ds i n accor dance 
with ASTM C642.][_____]

f .   [ Test  f l exur al  par amet er s i n accor dance wi t h met hods speci f i ed i n t he 
par agr aph t i t l ed " f l exur al  st r engt h and pr oper t i es" ] [ _____] ]

1. 7. 4   [ Test i ng i n- pl ace Shot cr et e]

a.   [ Obt ai n cor e speci mens f r om l ocat i ons desi gnat ed by t he Cont r act i ng 
Of f i cer  i n accor dance wi t h ASTM C1140/ C1140M.

**************************************************************************
NOTE:   Cor es f r om t he act ual  st r uct ur e shoul d be 
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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.   [ Condi t i on t est  speci mens by soaki ng as speci f i ed i n ASTM C1604/ C1604M.]

c.   Test  speci mens i n accor dance wi t h t he par agr aph t i t l ed " Test i ng 
Shotcrete".]

1. 7. 5   [ Test i ng Shot cr et e Bond t o Subst r at e]

[ Conduct  bond t est i ng of  t he shot cr et e t o t he subst r at e i n accor dance wi t h 
ASTM C1583/ C1583M.]

1. 7. 6   Repor t i ng of  Qual i t y Assur ance Test  Resul t s

Pr ovi de copi es of  any t est  r esul t s gener at ed f or  qual i t y  assur ance t o t he 
Cont r act or ,  Cont r act i ng Of f i cer ,  and concr et e suppl i er .

1. 7. 7   Act i on r equi r ed f or  shot cr et e def ect s

Submi t  r epai r  of  shot cr et e pr ocedur es f or  def ect s f or  t he Cont r act i ng 
Of f i cer ' s accept ance.  Ref er  t o t he par agr aph t i t l ed " REPAI R OF SHOTCRETE"  
f or  det ai l s .

PART 2   PRODUCTS

2. 1   MATERIALS

 2. 1. 1   Cement

Cement  shal l  compl y wi t h [ ASTM C150/ C150M Type I ] [ ASTM C595/ C595M][
ASTM C1157/ C1157M][_____].
Submi t  cement  t est  r epor t s showi ng manuf act ur i ng l ocat i on,  and compl i ance 
wi t h appl i cabl e ASTM st andar ds.

**************************************************************************
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   Suppl ement ar y cement i t i ous mat er i al s

Suppl ement ar y cement i t i ous mat er i al s ( SCMs)  shal l  compl y wi t h [ ASTM C618 
f or  f l y  ash and nat ur al  pozzol ans]  [ ASTM C989/ C989M f or  s l ag cement ]  [
ASTM C1240 f or  s i l i ca f ume] .  
[ The t ypes and dosages of  suppl ement ar y cement i ng mat er i al  shal l  meet  
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ACI  301 r equi r ement s] [ _____] .  
[ [ A mi ni mum of ]  [ _____]  per cent  of  [ _____]  i s  r equi r ed as suppl ement ar y 
cement i ng mat er i al ] [ _____] .
Submi t  suppl ement ar y cement i t i ous mat er i al s t ypes,  t est  r epor t s showi ng 
manuf act ur i ng l ocat i on,  and compl i ance wi t h appl i cabl e ASTM st andar ds.

**************************************************************************
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 s l 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

Aggr egat es shal l  compl y wi t h [ ASTM C33/ C33M] [ _____]  f or  [ nor mal  
wei ght ] [ _____]  aggr egat es.  The combi ned aggr egat e gr adat i on shal l  compl y 
wi t h [ gr adi ng No.  2 of  ASTM C1436][_____].
Submi t  aggr egat e sour ce,  pr oducer s '  names,  gr adat i ons,  speci f i c  gr avi t i es,  
compl i ance wi t h [ ASTM C33/ C33M] [ _____] ,  and evi dence t hat  t hi s dat a i s not  
mor e t han 1 year  ol d.
[ Submi t  aggr egat e absor pt i on i n accor dance wi t h ASTM C127 f or  coar se 
aggr egat e and ASTM C128 f or  f i ne aggr egat e. ]

**************************************************************************
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 
absor pt i on t est i ng i s r equi r ed.  The absor pt i on 
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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

[ Wat er  shal l  be pot abl e] [ Wat er  shal l  be pot abl e or  nonpot abl e and compl y 
with ASTM C1602/ C1602M r equi r ement s.  Wash wat er  shal l  not  be per mi t t ed 
unl ess accept ed by Cont r act i ng Of f i cer . ] [ _____]
[ For  nonpot abl e wat er ,  submi t  t he sour ce and r epor t s conf i r mi ng compl i ance 
with ASTM C1602/ C1602M.]

2. 1. 5   Admixtures

Admi xt ur es shal l  compl y wi t h ASTM C1141/ C1141M or ,  f or  hydr at i on cont r ol  
admi xt ur es,  wi t h ASTM C494/ C494M. [ The f ol l owi ng admi xt ur es shal l  al so be 
per mi t t ed [ _____] ] [ _____] .
Submi t  admi xt ur e t ypes,  br and names,  pr oducer s,  manuf act ur er ' s t echni cal  
dat a sheet s descr i bi ng t echni cal  pr oper t i es and per f or mance i n shot cr et e 
and showi ng compat i bi l i t y  wi t h each ot her  and t he pr oj ect  cement i t i ous 
materials.
[ Admi xt ur e shal l  be assessed i n t he pr equal i f i cat i on t est  pr ogr am descr i bed 
i n t he par agr aph t i t l ed " PRECONSTRUCTI ON TESTI NG" ]  

**************************************************************************
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 f ol l owi ng t ypes,  mat er i al ,  and s i zes of  f i ber s shal l  be used: [ _____] ] .  
FRS shal l  conf or m t o ASTM C1116/ C1116M.
Submi t  compr essi ve st r engt h t est  r esul t s and,  f l exur al  st r engt h and 
f l exur al  par amet er s as speci f i ed i n t he par agr aph t i t l ed " f l exur al  st r engt h 
and pr oper t i es" .  Submi t  manuf act ur er ' s t echni cal  dat a sheet s and dat a on 
f i ber  mat er i al ,  l engt h or  l engt hs,  and f i ber  cont ent  used f or  t he mi xt ur e.

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

Fol l ow t he r equi r ement s i ncl uded i n t he cont r act  document s [ as wel l  as]  
[ Sect i on 03 20 00. 00 10 CONCRETE REI NFORCI NG]  [ 03 30 00 CAST- I N- PLACE 
CONCRETE]  [ _____]  f or  non- f i ber  t ypes of  r ei nf or cement .

Submi t  mi l l  cer t i f i cat e showi ng conf or mance f or  r ei nf or c i ng st eel  or  wel ded 
wi r e r ei nf or cement .

2. 1. 8   Cur i ng mat er i al s

2. 1. 8. 1   Sheet  mat er i al s

Sheet  mat er i al s f or  cur i ng shal l  compl y wi t h ASTM C171.

2. 1. 8. 2   Cur i ng compounds

Cur i ng compounds shal l  compl y wi t h ASTM C309 or  ASTM C1315.  Vol at i l e 
or gani c compounds ( VOC)  cont ent  shal l  be i n compl i ance wi t h l ocal  ai r  
qual i t y  st andar ds i f  t hose r equi r ement s ar e mor e st r i ngent .

2. 1. 8. 3   Ar chi t ect ur al  f i ni shes

Do not  use cur i ng mat er i al s t hat  cause st ai ns f or  shot cr et e havi ng an 
ar chi t ect ur al  f i ni sh.

2. 1. 9   [ Packaged Shot cr et e Mat er i al s]

[ Packaged,  pr ebl ended,  dr y combi ned mat er i al s shal l  compl y wi t h [
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 PROPERTI ES

2. 2. 1   Compr essi ve st r engt h

The compr essi ve st r engt h r equi r ed shal l  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  
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 
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st r engt h shal l  be assessed i n accor dance wi t h ACI  
301.

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

2. 2. 2   [ Fl exur al  st r engt h and pr oper t i es]

[ The f l exur al  st r engt h r equi r ed shal l  be [ _____] . ]  Use [ ASTM C78/ C78M][
ASTM C1609/ C1609M] [ _____]  t o t est  f l exur al  st r engt h.
[ The r equi r ed r esi dual  st r engt h usi ng [ ASTM C1609/ C1609M][ ASTM C1399/ C1399M
] [ _____]  shal l  be [ _____] .
[ The r equi r ed t oughness per  [ ASTM C1550] [ _____]  shal l  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   [ Wat er - cement i t i ous r at i o]

[ The maxi mum w/ cm based on pr oj ect  ser vi ce condi t i ons shal l  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   Ai r  cont ent

The per cent  ai r  cont ent  of  concr et e shal l  be [ _____]  pl us or  mi nus ( ±)  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 
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.  
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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   [ Chl or i de cont ent ]

[ The maxi mum wat er - sol ubl e chl or i de i on cont ent  based on pr oj ect  ser vi ce 
condi t i ons shal l  be [ _____] .  Chl or i de cont ent  shal l  be det er mi ned 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   [ Voi ds and absor pt i on pr oper t i es]

[ The voi ds and absor pt i on pr oper t i es shal l  be measur ed usi ng [ ASTM C642
] [ _____]  and shal l  not  exceed [ _____] .
[ Pr ovi de t est  r epor t s f or  shot cr et e boi l ed absor pt i on and vol ume of  
per meabl e voi ds showi ng compl i ance wi t h t he speci f i ed pr oper t i es. ] ]

**************************************************************************
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.

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 
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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 st r engt h]

[ Test i ng f or  bond st r engt h shal l  be on a mi ni mum of  t hr ee cor e sampl es and 
t he st r engt h shal l  be t he aver age of  al l  sampl es.  The aver age bond st r engt h 
shal l  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   [ Resi st ance t o al kal i - s i l i ca r eact i on]

[ Use one of  t he t hr ee opt i ons bel ow f or  qual i f y i ng concr et e mi xt ur es t o 
r educe t he pot ent i al  of  al kal i - s i l i ca r eact i on. ]

a.   For  each aggr egat e used i n concr et e,  t he expansi on r esul t  det er mi ned i n 
accor dance wi t h ASTM C1293 shal l  not  exceed 0. 04 per cent  at  1 year .

b.   For  each aggr egat e used i n concr et e,  t he expansi on r esul t  of  t he 
aggr egat e and cement i t i ous mat er i al s combi nat i on det er mi ned i n 
accor dance wi t h ASTM C1567 shal l  not  exceed 0. 10 per cent  at  an age of  
16 days.

c.   Al kal i  cont ent  i n concr et e shal l  not  exceed 2. 35 k i l ogr ams per  cubi c 
met er s 4 pounds per  cubi c yar d f or  moder at el y r eact i ve aggr egat e or  
1. 78 k i l ogr ams per  cubi c met er s 3 pounds per  cubi c yar d f or  hi ghl y 
r eact i ve aggr egat e.  React i v i t y shal l  be det er mi ned by t est i ng i n 
accor dance wi t h ASTM C1293 and cat egor i zed i n accor dance wi t h ASTM C1778. 
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2. 3   MI XTURE PROPORTI ONS

Pr opor t i on shot cr et e mi xt ur e [ by mass compl yi ng wi t h ASTM C94/ C94M][by 
vol ume compl yi ng wi t h ASTM C685/ C685M] ,  t o sat i sf y t he speci f i ed 
pr oper t i es.  For  FRS,  pr opor t i on i n compl i ance wi t h ASTM C1116/ C1116M. 
Submi t  shot cr et e mi xt ur e pr opor t i ons.  Submi t t al s shal l  show const i t uent  
pr opor t i ons by mass i n t he case of  bat chi ng by wei ght  or  pr opor t i ons by 
vol ume i n t he case of  vol umet r i c bat chi ng.  For  pr epackaged mat er i al s 
meeting ASTM C1480/ C1480M,  submi t  suppl i er s '  t echni cal  dat a showi ng 
compl i ance wi t h r equi r ement s.  Submi t  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 onl y.

**************************************************************************
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   BATCHI NG,  MI XI NG,  AND DELI VERY

Bat ch,  mi x,  and del i ver  wet - mi xt ur e shot cr et e i n accor dance wi t h 
ASTM C94/ C94M, ASTM C685/ C685M,  or  ASTM C1116/ C1116M as appl i cabl e.  For  
dr y- mi xt ur e,  bat chi ng,  mi xi ng and del i ver i ng shal l  be i n accor dance wi t h 
ASTM C685/ C685M or  ASTM C1116/ C1116M.
Pr edampeni ng or  ot her  met hods sui t abl e f or  pr ewet t i ng t he dr y mat er i al s 
shal l  be used wi t h packaged pr ebl ended mat er i al  f or  dr y- mi xt ur e shot cr et e.

PART 3   EXECUTI ON

3. 1   PREPARATI ON OF SURFACE TO RECEI VE SHOTCRETE

3. 1. 1   Earth

Sur f aces shal l  be pr epar ed t o l i ne and gr ade.  Dampen sur f aces i mmedi at el y 
pr i or  t o shoot i ng.  No st andi ng wat er  shal l  be v i s i bl e.
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3. 1. 2   Concr et e,  masonr y,  and shot cr et e

Remove al l  det er i or at ed,  l oose,  unsound mat er i al  or  cont ami nant s t hat  wi l l  
i nhi bi t  bondi ng.  Recei v i ng sur f ace shal l  be dampened and al l owed t o dr y t o 
a sat ur at ed sur f ace- dr y ( SSD)  condi t i on j ust  pr i or  t o shot cr et e 
appl i cat i on.  Fur t her  sur f ace pr epar at i ons i ncl ude:

a.  Chi ppi ng sur f aces t o r ecei ve shot cr et e t o r emove of f set s causi ng abr upt  
changes i n t hi ckness.

b.  Rougheni ng r ecei v i ng sur f aces t hat  have been saw cut .

3. 1. 3   Rock

Remove l oose mat er i al ,  mud,  or  ot her  f or ei gn mat er i al  t hat  wi l l  i nhi bi t  
bondi ng.  Cl ean sur f ace pr i or  t o shot cr et e pl acement .  Dampen sur f ace i n 
accor dance wi t h t he par agr aph t i t l ed " Ear t h" .

3. 1. 4   Reinforcement

3. 1. 4. 1   Sur f ace condi t i on

The sur f ace of  t he r ei nf or cement  shal l  be f r ee of  over spr ay or  ot her  
del et er i ous mat er i al s t hat  i nhi bi t  devel opment  of  bond wi t h t he shot cr et e.

3. 1. 4. 2   Rei nf or cement  l aps

Laps shal l  be noncont act  and shal l  be [ separ at ed wi t h a c l ear ance of  at  
l east  t hr ee t i mes t he di amet er  of  t he l ar gest  r ei nf or c i ng bar ;  t hr ee t i mes 
t he maxi mum si ze aggr egat e;  or  50 mm 2 i n. ,  whi chever  i s  l east ] [ _____] .  
Bar s spl i ced by noncont act  l ap spl i ces i n f l exur al  member s shal l  not  be 
spaced t r ansver sel y f ar t her  apar t  t han [ t he smal l er  of  1/ 5 t he r equi r ed l ap 
spl i ce l engt h and 150 mm 6 i n] [ _____] .  The use of  cont act  l ap spl i ces 
necessar y f or  suppor t  of  t he r ei nf or c i ng i s per mi t t ed when appr oved by t he 
Cont r act i ng Of f i cer .  Lapped bar s shal l  be i n t he same pl ane and par al l el  t o 
t he di r ect i on of  shoot i ng.  Wel ded spl i ces ar e per mi t t ed.
Secur e r ei nf or cement  t o pr event  movement .  The use of  mechani cal  spl i ces i s 
per mi t t ed when appr oved.

3. 1. 5   Forms

Use mat er i al  of  adequat e t hi ckness f or  f or mwor k t o r esi st  movement  dur i ng 
shoot i ng.  Rei nf or ce,  secur e,  and br ace f or ms t o mi ni mi ze t he ef f ect s of  
v i br at i on dur i ng shoot i ng.  Const r uct  f or ms t o al l ow escape of  pl acement  
ai r ,  over spr ay,  and r ebound.  Use f or m- r el ease coat i ng mat er i al  on r emovabl e 
f or ms unl ess t he f or med sur f ace i s t o subsequent l y  r ecei ve an addi t i onal  
coating.

3. 2   JOINTS

3. 2. 1   Const r uct i on j oi nt s

Taper  const r uct i on j oi nt s at  appr oxi mat el y 45 degr ees f r om r ecei v i ng 
sur f ace.  For m j oi nt s by cut t i ng pl ast i c shot cr et e.  Joi nt s at  s l ab 
i nt er sect i ons shal l  be made at  90 degr ees.  Roughen shot cr et e i n t he j oi nt  
f ace whi l e i t  i s  st i l l  pl ast i c.
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3. 2. 2   Cont r ol  j oi nt s

Pl ace cont r ol  j oi nt s as i ndi cat ed i n t he Cont r act  Document  [ Di scont i nue 
r ei nf or cement  at  cont r ol  j oi nt s]  [ _____] .

3. 3   ALI GNMENT CONTROL

To est abl i sh t hi ckness and pl ane of  r equi r ed sur f ace,  i nst al l  t aut  gr ound 
wi r es or  ot her  means t o gui de t he nozzl eman.  I nst al l  al i gnment  cont r ol  
means at  cor ner s or  of f set s not  est abl i shed by f or ms.

3. 4   APPLICATION

3. 4. 1   Pl acement  t echni ques

a.  [ Use t he same shot cr et e mi xt ur e and equi pment  t hat  was used dur i ng  
pr equal i f i cat i on t est i ng f or  t he pr oduct i on shot cr et e. ]

b.  Use t empor ar y cover i ngs t o pr ot ect  adj acent  sur f aces f r om t he deposi t  of  
over spr ay or  i mpact  f r om t he nozzl e st r eam.

c.  I nst al l  suf f i c i ent  l i ght i ng and vent i l at i on t o pr ovi de t he shot cr et e 
cr ew wi t h a c l ear  v i ew of  t he shoot i ng ar ea.  Suspend Wor k and adopt  
cor r ect i ve measur es i f  v i s i bi l i t y  i s  unsui t abl e f or  t he appl i cat i on of  
qual i t y  shot cr et e.

d.  Pr ovi de a wor ki ng sur f ace t hat  per mi t s nozzl emen unobst r uct ed access t o 
t he r ecei v i ng sur f ace.  Pl ace shot cr et e f i r st  i n cor ner s,  r ecesses,  and 
ot her  ar eas wher e r ebound or  over spr ay cannot  easi l y escape.

e.  The suppl y of  shot cr et e mat er i al  and ai r  pr essur e at  t he nozzl e shal l  be 
uni f or m,  pr ovi di ng a st eady,  cont i nuous f l ow of  shot cr et e wi t h no 
det r i ment al  sur gi ng or  pul s i ng.  Mai nt ai n t he vel oci t y and consi st ency 
of  shot cr et e exi t i ng t he nozzl e at  a uni f or m r at e appr opr i at e f or  t he 
gi ven j ob condi t i ons so t hat  sat i sf act or y mat er i al  consol i dat i on and 
mi ni mum r ebound i s achi eved.

f .  Pl ace shot cr et e per pendi cul ar  t o t he r ecei v i ng sur f ace wi t h t he nozzl e 
hel d at  such a di st ance t o pr oduce maxi mum consol i dat i on of  t he 
shot cr et e and f ul l  encapsul at i on of  t he r ei nf or cement .

g.  Shoot  dr y- mi xt ur e shot cr et e mat er i al  wi t hi n 45 mi n af t er  bat chi ng or ,  i n 
t he case of  pr epackaged mat er i al ,  wi t hi n 45 mi n af t er  pr edampeni ng.  
Shoot  wet - mi xt ur e shot cr et e mat er i al  wi t hi n t he t i me l i mi t s i n 
ASTM C94/ C94M.

h.  Appl y shot cr et e usi ng a c i r cul ar  or  el l i pt i cal  mot i on of  t he nozzl e 
whi l e bui l di ng t he r equi r ed t hi ckness.

i .  Use suf f i c i ent  mat er i al  vel oci t y,  mat er i al  consi st ency,  and di st ance 
f r om t he end of  t he nozzl e t o t he r ecei v i ng sur f ace t o pr oduce maxi mum 
consol i dat i on of  t he shot cr et e and f ul l  encapsul at i on of  t he 
r ei nf or c i ng st eel .

j .  I n cor ner s,  di r ect  t he nozzl e t o bi sect  t he cor ner  angl e.  Appl y 
shot cr et e so saggi ng or  s l oughi ng does not  occur .  Wher e t her e i s 
pot ent i al  f or  accumul at ed r ebound or  over spr ay mat er i al  t o be 
i ncor por at ed i nt o t he Wor k at  congest ed ar eas of  s t eel  r ei nf or cement ,  
embedded obst r uct i ons,  cor ner s,  and r ecesses,  use a compr essed ai r  bl ow 
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pi pe t o r emove l oose mat er i al  f r om t he Wor k.

k.  Di scont i nue pl acement  of  shot cr et e or  shi el d t he nozzl e st r eam i f  wi nd 
causes separ at i on of  i ngr edi ent s i n t he nozzl e st r eam.

l .  Do not  r euse r ebound or  over spr ay i n t he Wor k.

m.  Remove l ai t ance f r om shot cr et e sur f aces t hat  ar e t o r ecei ve addi t i onal  
shot cr et e l ayer s.

n.  Sur f ace pr epar at i on pr i or  t o t he shoot i ng of  shot cr et e shal l  compl y wi t h 
[ t he par agr aph t i t l ed PREPARATI ON OF SURFACE TO RECEI VE 
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  appl y shot cr et e t o sur f aces wi t h st andi ng or  f l owi ng wat er .

p.  Remove har dened over spr ay and r ebound f r om adj acent  sur f aces,  i ncl udi ng 
exposed r ei nf or cement .

3. 4. 2   I nt er medi at e sur f aces

a.  When appl y i ng mor e t han one l ayer  of  shot cr et e,  use a cut t i ng r od,  br ush 
wi t h a st i f f  br i st l e,  or  ot her  sui t abl e equi pment  t o r emove al l  l oose 
mat er i al ,  over spr ay,  l ai t ance,  or  ot her  mat er i al  t hat  may compr omi se 
t he bond of  t he subsequent  l ayer  of  shot cr et e.  Conduct  r emoval  
i mmedi at el y af t er  shot cr et e r eaches i ni t i al  set .

b.  Al l ow shot cr et e t o st i f f en suf f i c i ent l y bef or e appl y i ng subsequent  
l ayer s.  I f  shot cr et e has har dened,  c l ean t he sur f ace of  al l  l oose 
mat er i al ,  l ai t ance,  over spr ay,  or  ot her  mat er i al  t hat  may compr omi se 
t he bond of  subsequent  l ayer s.  Br i ng t he sur f ace t o a sat ur at ed 
sur f ace- dr y condi t i on at  t he t i me of  appl i cat i on of  t he next  l ayer  of  
shotcrete.

3. 4. 3   Encasement  of  r ei nf or cement

a.  Pl ace shot cr et e t o encase r ei nf or cement  and ot her  embedment s,  and 
pr ovi de a mi ni mum cover  of  [ _____] .

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

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

b.  Adj ust  ai r  vol ume,  mat er i al  f eed vol ume,  and di st ance of  t he nozzl e f r om 
t he Wor k as necessar y t o encase r ei nf or cement .

c.  Keep t he f r ont  f ace of  t he r ei nf or cement  c l ean dur i ng shoot i ng 
oper at i ons so t hat  shot cr et e bui l ds up f r om behi nd t o encase t he 
r ei nf or cement  wi t hout  t he f or mat i on of  shadows or  voi ds.

d.  Shot cr et e cr ew shal l  cont i nuousl y r emove accumul at i ons of  r ebound and 
over spr ay usi ng a compr essed ai r  bl owpi pe,  or  ot her  sui t abl e devi ce,  i n 
advance of  deposi t i on of  new shot cr et e.
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3. 4. 4   Hot  weat her  shot cr et i ng

Do not  pl ace shot cr et e when shot cr et e t emper at ur e i s above [  35° C 95° F
] [ _____] ,  unl ess PREQUALI FI CATI ON TESTI NG shows t hat  t he r equi r ed qual i t y  
of  mat er i al s can be achi eved at  hi gher  t emper at ur es.  The t emper at ur e of  
r ei nf or cement  and r ecei v i ng sur f aces shal l  be bel ow [  32° C 90º F] [ _____]  
pr i or  t o shot cr et e pl acement .

**************************************************************************
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   Col d weat her  shot cr et i ng

Shoot i ng may pr oceed when ambi ent  t emper at ur e i s [  4° C 40° F] [ _____]  and 
r i s i ng.  St op shoot i ng when ambi ent  t emper at ur e i s [  4° C 40° F] [ _____]  and 
f al l i ng,  unl ess measur es ar e t aken t o pr ot ect  t he shot cr et e.  Shot cr et e 
mat er i al  t emper at ur e,  when shot ,  shal l  not  be l ess t han [  10° C 50° F
] [ _____] .  Do not  pl ace shot cr et e agai nst  f r ozen sur f aces.

**************************************************************************
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 f i ni sh]

[ Leave f i ni shed shot cr et e sur f ace as gun f i ni sh. ]

3. 5. 2   [ Cut t i ng Scr eed]

[ Af t er  t he sur f ace has t aken i t s i ni t i al  set  ( cr umbl i ng s l i ght l y when cut ) ,  
excess mat er i al  out s i de t he f or ms and gr ound wi r es shal l  be s l i ced of f  wi t h 
a downwar d cut t i ng mot i on usi ng a shar p- edged cut t i ng scr eed.  The gr ound 
wi r es shal l  t hen be r emoved and t he i r r egul ar i t i es f l oat ed. " ]

3. 5. 3   [ Fl ash Coat ]

[ A t hi n coat  of  shot cr et e cont ai ni ng f i ner  sand appl i ed f r om a di st ance 
gr eat er  t han nor mal  shal l  be appl i ed t o t he sur f ace as soon as possi bl e 
af t er  t he scr eedi ng. ]

3. 5. 4   [ Fl oat  and Tr owel  Fi ni sh]

[ Fi nal  sur f ace f i ni sh shal l  be pr ovi ded usi ng [ wood f l oat ]  [ r ubber  f l oat ]  
[ s t eel  t r owel ] .   Tr owel i ng of  t hi n sect i ons of  shot cr et e shal l  be avoi ded 
unl ess bot h t r owel i ng and commencement  of  moi st ur e cur i ng t ake pl ace wi t hi n 
a r el at i vel y shor t  per i od af t er  pl acement  of  shot cr et e. ]
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3. 5. 5   [ Fi ber - Rei nf or ced Shot cr et e]

**************************************************************************
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.

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

[ Fi ni sh t he out er  sur f ace of  t he st r uct ur e wi t h a l ayer  of  
nonf i ber - r ei nf or ced shot cr et e and pr ovi de an appr opr i at e f i ni sh as denot ed. ]

3. 6   CURING

When t he dai l y mean t emper at ur e i s above 4° C 40° F,  cur i ng shal l  be 
cont i nuous f or  a mi ni mum of  7 consecut i ve days or  f or  t he t i me necessar y t o 
at t ai n 70 per cent  of  t he speci f i ed compr essi ve or  f l exur al  st r engt h,  
whi chever  per i od i s l ess.  
I f  shot cr et e i s pl aced wi t h dai l y  mean t emper at ur es 4° C 40° F or  l ower ,  col d 
weat her  pr ot ect i on shal l  be pr ovi ded unt i l  t he shot cr et e achi eves 70 
per cent  of  t he speci f i ed st r engt h.
Compl et e moi st  cur i ng by one of  t he f ol l owi ng met hods:

a.  Pondi ng or  cont i nuous spr i nkl i ng f or  a mi ni mum of  7 days;

b.  Cover i ng wi t h an absor pt i ve mat  or  sand t hat  i s  kept  cont i nuousl y wet ;

c.  Cover i ng wi t h i mper vi ous sheet  mat er i al ;

d.  Use of  cur i ng compounds;  appl y t wi ce t he r at e f or  f or med sur f aces as 
r ecommended by manuf act ur er  i f  t he sur f ace i s a gun f i ni sh.

Do not  use nat ur al  cur i ng i n l i eu of  t hat  speci f i ed i n t hi s par agr aph 
unl ess t he r el at i ve humi di t y of  t he ai r  i n cont act  wi t h t he shot cr et e 
r emai ns at  or  above 85 per cent  and such cur i ng i s aut hor i zed by Cont r act i ng 
Officer.
Submi t  cur i ng mat er i al s and cur i ng pr ocedur es f or  shot cr et e i ncl udi ng 
pr oduct  dat a sheet s i ndi cat i ng conf or mance wi t h speci f i cat i on r equi r ement s.

3. 7   PROTECTION

I mmedi at el y af t er  pl acement ,  pr ot ect  shot cr et e f r om pr emat ur e dr y i ng or  
excessi vel y hot  or  col d t emper at ur es and mechani cal  i nj ur y.
Mai nt ai n shot cr et e pr ot ect i on t o pr event  f r eezi ng of  t he shot cr et e and t o 
ensur e t he necessar y st r engt h devel opment  f or  st r uct ur al  saf et y.  Remove 
pr ot ect i on i n such a manner  t hat  t he maxi mum decr ease i n t emper at ur e 
measur ed at  t he sur f ace of  t he shot cr et e i n a 24- hour  per i od shal l  not  
exceed t he f ol l owi ng:

a.  10° C 50° F f or  sect i ons l ess t han 300 mm 12 i n.  i n t he l east  di mensi on;

b.  4° C 40° F f or  sect i ons f r om 300 t o 900 mm 12 t o 36 i n.  i n t he l east  
dimension.

Pr ot ect  sur f aces not  i nt ended f or  shot cr et e pl acement  agai nst  deposi t  of  
r ebound and over spr ay or  i mpact  f r om nozzl e st r eam.

3. 8   [TOLERANCES]

[ Di mensi onal  t ol er ances of  shot cr et e shal l  compl y wi t h [ ACI  117][the 
cont r act  document ] [ _____] ]
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**************************************************************************
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 c i ng st eel ,  cover  over  r ei nf or c i 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   REPAI R OF SHOTCRETE

3. 9. 1   General

a.  Submi t  r epai r  pr ocedur e f or  shot cr et e def ect s f or  t he Cont r act i ng 
Of f i cer ' s accept ance.  The submi t t al  shal l  i ncl ude pr oposed mat er i al s,  
sur f ace pr epar at i on,  bondi ng pr ocedur es,  and f i nal  sur f ace f i ni sh.

b.  Remove voi ds,  shadows,  saggi ng,  or  ot her  def ect s i n t he har dened 
shot cr et e usi ng l i ght - dut y chi ppi ng hammer s [ maxi mum 8 kg 18 l b] [ _____]  
f ol l owed by hi gh- pr essur e wat er  bl ast i ng or  gr i t  bl ast i ng t o r emove 
br ui sed shot cr et e sur f ace.

c.  Conduct  r emoval  of  def ect i ve shot cr et e wi t hout  t he cr eat i on of  f eat her  
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  
gr i ndi ng i s used,  car e shoul d be t aken t o ensur e 
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r ei nf or c i ng st eel  i s  not  cut  or  damaged 
**************************************************************************

d.  I n t he r epai r  of  cor e hol e sur f aces and saw cut  edges,  r oughen t he cor e 
hol e or  cut  sur f ace and pr edampen pr i or  t o r epai r .

3. 9. 2   Shot cr et e r epai r  wi t h commer ci al  pat chi ng pr oduct s

Repai r  shot cr et e wi t h commer ci al  pat chi ng pr oduct s,  i ncl udi ng:

a.  Por t l and cement  mor t ar ,  modi f i ed wi t h a l at ex bondi ng agent  conf or mi ng 
to ASTM C1059/ C1059M,  Type I I ;

b.  Packaged,  dr y concr et e r epai r  mat er i al s conf or mi ng t o ASTM C928/ C928M.

3. 9. 3   Removal  of  st ai ns,  r ust ,  ef f l or escence,  and sur f ace deposi t s

Remove st ai ns,  r ust ,  ef f l or escence,  and sur f ace deposi t s consi der ed 
obj ect i onabl e by Cont r act i ng Of f i cer  by met hods accept abl e t o t he 
Cont r act i ng Of f i cer .

3. 10   ACCEPTANCE OF WORK

3. 10. 1   General

a.  Remove and r epl ace def ect i ve ar eas [ l ar ger  t han 31, 000 squar e mm 48 
squar e i nches or  50 mm 2 i nches deep] [ _____] .  Def ect s i n shot cr et e 
i ncl ude honeycombi ng,  l ami nat i ons,  dr y pat ches,  voi ds,  or  sand pocket s.  
Def ect i ve ar eas shal l  be r emoved i n accor dance wi t h t he pr ocedur es 
descr i bed i n par agr aph t i t l ed " REPAI R 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.  Shot cr et e Wor k t hat  meet s speci f i cat i ons shal l  be accept ed.

c.  Shot cr et e Wor k t hat  has pr evi ousl y f ai l ed t o meet  one or  mor e 
r equi r ement s,  but  has been r epai r ed t o br i ng i t  i nt o compl i ance shal l  
be accept ed.

d.  Shot cr et e Wor k t hat  f ai l s  t o meet  one or  mor e r equi r ement s and t hat  
cannot  be br ought  i nt o compl i ance shal l  be ei t her  accept ed or  r ej ect ed 
by Cont r act i ng Of f i cer .  Modi f i cat i ons t o t he mi xt ur e pr opor t i ons or  t he 
shot cr et i ng pr ocedur es shal l  be i mpl ement ed t o assur e t hat  r emai ni ng 
Wor k compl i es wi t h t he r equi r ement s.

e.  The basi s f or  accept ance or  r ej ect i on of  shot cr et e pr oper t i es shal l  be 
t he speci f i ed compr essi ve or  f l exur al  st r engt h.  When addi t i onal  
cr i t er i a,  pr oper t i es,  or  bot h ar e r equi r ed i n t he cont r act  document s,  
accept ance cr i t er i a shal l  i ncl ude compl i ance wi t h t hose r equi r ement s.
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3. 10. 2   Compl i ance wi t h t est  pr oper t i es

3. 10. 2. 1   Compr essi ve st r engt h

Consi der  t he compr essi ve st r engt h adequat e i f  t he aver age of  t he t hr ee 
cor es f r om a t est  panel  or  f r om i n- pl ace shot cr et e exceeds 85 per cent  of  
t he speci f i ed compr essi ve st r engt h and no s i ngl e cor e i s l ess t han 75 
per cent  of  t he speci f i ed compr essi ve st r engt h.

3. 10. 2. 2   [ Fl exur al  st r engt h]

[ The aver age f l exur al  st r engt h of  a set  of  t hr ee t est  beams f r om one panel  
shal l  equal  or  exceed t he speci f i ed f l exur al  st r engt h i n t he par agr aph 
t i t l ed " f l exur al  st r engt h and pr oper t i es" . ]

3. 10. 2. 3   [ Boi l ed absor pt i on and vol ume of  per meabl e voi ds]

[ The aver age of  t est s on t hr ee speci mens f r om a t est  panel ,  or  f r om 
i n- pl ace shot cr et e,  shal l  be l ess t han or  equal  t o t he speci f i ed boi l ed 
absor pt i on and speci f i ed vol ume of  per meabl e voi d l i mi t s at  t he speci f i ed 
t est  age wi t h no s i ngl e t est  gr eat er  t han t he speci f i ed boi l ed absor pt i on 
pl us 1 per cent . ]

3. 10. 2. 4   [ Fl exur al  par amet er s]

[ For  FRS,  f l exur al  par amet er s and t oughness r equi r ement s shal l  compl y wi t h 
t he r equi r ement s speci f i ed i n t he par agr aph t i t l ed " f l exur al  st r engt h and 
properties".]

3. 10. 2. 5   [Bond]

[ The aver age of  t he bond st r engt h of  t he speci f i ed number  of  cor es shal l  
exceed t he speci f i ed mi ni mum st r engt h r equi r ement  of  t he par agr aph t i t l ed 
" Bond st r engt h" ,  wi t h no s i ngl e cor e bond st r engt h l ess t han 75 per cent  of  
t he speci f i ed st r engt h. ]

3. 10. 2. 6   [ Al kal i - s i l i ca r eact i v i t y]

[ Concr et e and concr et e mat er i al s shal l  meet  one of  t he t hr ee r equi r ement s 
speci f i ed i n t he par agr aph t i t l ed " Resi st ance t o al kal i - s i l i ca r eact i on" ]

       - -  End of  Sect i on - -
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