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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  hydr aul i c power  syst ems t o oper at e 
gat es and ot her  mechani sms at  c i v i l  wor ks st r uct ur es.   
Thi s sect i on was or i gi nal l y devel oped f or  USACE 
Ci vi l  Wor ks pr oj ect s,  however  t he UFGS 41 24 26 has 
now been mer ged i nt o t hi s document .

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.   Due t o t he s i ze of  t he 
speci f i cat i on,  t ai l or i ng f eat ur es ar e al so pr ovi ded.  
Unsel ect  each t ai l or i ng i t em wi t h " cyl i nder "  t o 
pr ovi de a st ar t i ng speci f i cat i on wi t hout  a hydr aul i c 
cyl i nder  as t he oper at or i ng el ement .  Al so,  keep 
sel ect ed onl y one of  t he " cyl i nder "  t ai l or i ng i t ems 
t o r emove t he ot her  t ypes of  cyl i nder  r equi r ement s 
and det ai l s.

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 
pr esent .

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) .

NOTE:   For  Ci v i l  Wor ks,  exami ne EM 1110- 2- 2610 
" Mechani cal  and El ect r i cal  Desi gn f or  Lock and Dam 
Oper at i ng Equi pment "  and EM 1110- 2- 3006 
" Hydr oel ect r i c Power  Pl ant s El ect r i cal  and 
Mechani cal  Desi gn"  f or  addi t i onal  gui dance.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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PART 1   GENERAL

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ensur e pr oduct s used i n t hi s sect i on compl y 
wi t h Feder al  pr ocur ement  pr ef er ence under  Sect i on 
9002 of  t he Far m Secur i t y and Rur al  I nvest ment  Act  
of  2002.   Ref er  t o Sect i on 01 33 29 SUSTAI NABI LI TY 
REQUI REMENTS AND REPORTI NG f or  r equi r ement s 
associ at ed wi t h EPA desi gnat ed pr oduct s.

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

1. 1   SUMMARY

The wor k cover ed by t hi s sect i on consi st s of  det ai l ed r equi r ement s f or  t he 
[ desi gn, ]  f abr i cat i on,  shop assembl y,  t est i ng,  del i ver y,  and i nst al l at i on 
of  t he hydr aul i c power  syst ems f or  oper at i on of  t he [ i nt ake gat es]  [ s l i de 
gat es]  [ cont r ol  gat es]  [ Tai nt er  gat es]  [ mi t er  gat es]  [ but t er f l y 
val ves] [ spher i cal  val ves]  [ hoi st i ng equi pment ]  [ _____]  as speci f i ed and as 
shown.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Expand summar y as necessar y t o pr ovi de 
cont ext  and det ai l s t o t he cont r act or .  I f  not  
addr essed el sewher e i n speci f i cat i on package,  
i ncl ude det ai l s about  over al l  pr oj ect  l ocat i on and 
t he ef f ect s on t he wor k t o be pr ovi ded i n t hi s 
sect i on.  Pr ovi de det ai l s about  quant i t i es and 
ar r angement s.   I f  sect i on i s bei ng used f or  
mul t i pl e,  var yi ng appl i cat i ons pr ovi de det ai l s t hat  
di f f er ent i at es t he appl i cat i on of  t he r equi r ement s.  

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

[ 1. 2   PRODUCTS I NSTALLED BUT NOT SUPPLI ED

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Li st  i n t hi s ar t i c l e al l  pr oper t y whi ch wi l l  
be f ur ni shed t o t he Cont r act or  f or  i nst al l at i on.   I f  
a separ at e suppl y Cont r act  by t he Gover nment  i s used 
t o pur chase,  pr i or  t o t he i nst al l at i on Cont r act ,  any 
of  t he mat er i al s and equi pment  t hat  ar e det ai l ed 
el sewher e i n t hi s speci f i cat i on,  t hen l i s t  t hem 
under  t hi s ar t i c l e and del et e t he suppl y and f eat ur e 
r equi r ement s f r om t he ot her  ar t i c l es of  t hi s 
speci f i cat i on.

Del et e t hi s par agr aph i f  no GFE wi l l  be pr ovi ded t o 
t he cont r act or  f or  i nst al l at i on.

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

Pur suant  t o Cont r act  Cl ause GOVERNMENT- FURNI SHED PROPERTY ( SHORT FORM) ,  
t he Gover nment  wi l l  f ur ni sh t o t he Cont r act or  t he f ol l owi ng pr oper t y,  i f  
r equi r ed,  t o be i ncor por at ed or  i nst al l ed i n t he wor k.   Such pr oper t y wi l l  
be f ur ni shed at  t he pr oj ect  s i t e f or  del i ver y accept ance.   I nst al l  or  
i ncor por at e al l  such pr oper t y i nt o t he wor k.   Ver i f y t he quant i t y and 
condi t i on of  such Gover nment - f ur ni shed pr oper t y when del i ver ed,  
acknowl edge r ecei pt  t her eof  i n wr i t i ng and i n case of  damage t o or  
shor t age of  such pr oper t y,  r epor t  wi t hi n 24 hour s,  i n wr i t i ng,  such damage 
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or  shor t age.

] 1. 3   UNI T PRI CES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  Sect i on 01 20 00 PRI CE AND PAYMENT 
PROCEDURES i s i ncl uded i n t he pr oj ect  
speci f i cat i ons,  move t hi s par agr aph and i t s 
subpar agr aphs f r om t hi s sect i on and i nser t  i n 
Sect i on 01 20 00.  I f  not  t hen speci f y measur ement  
and payment  r equi r ement s f or  wor k subj ect  t o ext r eme 
var i at i on i n est i mat ed quant i t y when uni t  pr i ce 
bi ddi ng i s r equi r ed.

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

1. 3. 1   Payment

Payment  wi l l  be made f or  cost s associ at ed wi t h t he hydr aul i c power  
syst em( s)  as speci f i ed.

1. 3. 2   Uni t  of  Measur e

Uni t  of  measur e:   Job

1. 4   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 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 SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B16. 11 ( 2022)  For ged Fi t t i ngs,  Socket - Wel di ng and 
Thr eaded

ASME B17. 1 ( 1967;  R 2017)  Keys and Keyseat s

ASME B17. 2 ( 1967;  R 2017)  Woodr uf f  Keys and Keyseat s
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ASME B18. 6. 2 ( 2020)  Squar e Head Set  Scr ews and Sl ot t ed 
Headl ess Set  Scr ews ( I nch Ser i es)

ASME B31. 1 ( 2022)  Power  Pi pi ng

ASME B36. 19M ( 2022;  Er r at a 2023)  Wel ded and Seaml ess 
Wr ought  St ai nl ess St eel  Pi pe

ASME B40. 100 ( 2022)  Pr essur e Gauges and Gauge 
At t achment s

ASME BPVC SEC I X ( 2017;  Er r at a 2018)  BPVC Sect i on 
I X- Wel di ng,  Br azi ng and Fusi ng 
Qual i f i cat i ons

ASME BPVC SEC VI I I  D1 ( 2019)  BPVC Sect i on VI I I - Rul es f or  
Const r uct i on of  Pr essur e Vessel s Di v i s i on 1

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel

AWS D1. 6/ D1. 6M ( 2017)  St r uct ur al  Wel di ng Code — St ai nl ess 
St eel

ASSOCI ATI ON FOR I RON AND STEEL TECHNOLOGY ( AI ST)

AI ST PB- 229 ( 2008)  St ai nl ess St eel s:   A St eel  Pr oduct s 
Manual

ASTM I NTERNATI ONAL ( ASTM)

ASTM A36/ A36M ( 2019)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM A106/ A106M ( 2019a)  St andar d Speci f i cat i on f or  
Seaml ess Car bon St eel  Pi pe f or  
Hi gh- Temper at ur e Ser vi ce

ASTM A108 ( 2024)  St andar d Speci f i cat i on f or  St eel  
Bar ,  Car bon and Al l oy,  Col d- Fi ni shed

ASTM A181/ A181M ( 2014;  R 2020)  St andar d Speci f i cat i on f or  
Car bon St eel  For gi ngs,  f or  Gener al - Pur pose 
Pi pi ng

ASTM A182/ A182M ( 2024)  St andar d Speci f i cat i on f or  For ged 
or  Rol l ed Al l oy and St ai nl ess St eel  Pi pe 
Fl anges,  For ged Fi t t i ngs,  and Val ves and 
Par t s f or  Hi gh- Temper at ur e Ser vi ce

ASTM A193/ A193M ( 2023)  St andar d Speci f i cat i on f or  
Al l oy- St eel  and St ai nl ess St eel  Bol t i ng 
Mat er i al s f or  Hi gh- Temper at ur e Ser vi ce and 
Ot her  Speci al  Pur pose Appl i cat i ons

ASTM A194/ A194M ( 2023)  St andar d Speci f i cat i on f or  Car bon 
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St eel ,  Al l oy St eel ,  and St ai nl ess St eel  
Nut s f or  Bol t s f or  Hi gh- Pr essur e or  
Hi gh- Temper at ur e Ser vi ce,  or  Bot h

ASTM A216/ A216M ( 2021)  St andar d Speci f i cat i on f or  St eel  
Cast i ngs,  Car bon,  Sui t abl e f or  Fusi on 
Wel di ng,  f or  Hi gh- Temper at ur e Ser vi ce

ASTM A234/ A234M ( 2023a)  St andar d Speci f i cat i on f or  Pi pi ng 
Fi t t i ngs of  Wr ought  Car bon St eel  and Al l oy 
St eel  f or  Moder at e and Hi gh Temper at ur e 
Ser vi ce

ASTM A240/ A240M ( 2023a)  St andar d Speci f i cat i on f or  
Chr omi um and Chr omi um- Ni ckel  St ai nl ess 
St eel  Pl at e,  Sheet ,  and St r i p f or  Pr essur e 
Vessel s and f or  Gener al  Appl i cat i ons

ASTM A266/ A266M ( 2021)  St andar d Speci f i cat i on f or  Car bon 
St eel  For gi ngs f or  Pr essur e Vessel  
Component s

ASTM A269/ A269M ( 2024)  St andar d Speci f i cat i on f or  Seaml ess 
and Wel ded Aust eni t i c  St ai nl ess St eel  
Tubi ng f or  Gener al  Ser vi ce

ASTM A312/ A312M ( 2022a)  St andar d Speci f i cat i on f or  
Seaml ess,  Wel ded,  and Heavi l y Col d Wor ked 
Aust eni t i c  St ai nl ess St eel  Pi pes

ASTM A354 ( 2017;  E 2017;  E 2018)  St andar d 
Speci f i cat i on f or  Quenched and Temper ed 
Al l oy St eel  Bol t s,  St uds,  and Ot her  
Ext er nal l y Thr eaded Fast ener s

ASTM A516/ A516M ( 2017)  St andar d Speci f i cat i on f or  Pr essur e 
Vessel  Pl at es,  Car bon St eel ,  f or  Moder at e-  
and Lower - Temper at ur e Ser vi ce

ASTM A519/ A519M ( 2023)  St andar d Speci f i cat i on f or  Seaml ess 
Car bon and Al l oy St eel  Mechani cal  Tubi ng

ASTM A536 ( 1984;  R 2019;  E 2019)  St andar d 
Speci f i cat i on f or  Duct i l e I r on Cast i ngs

ASTM A564/ A564M ( 2019)  St andar d Speci f i cat i on f or  
Hot - Rol l ed and Col d- Fi ni shed Age- Har deni ng 
St ai nl ess St eel  Bar s and Shapes

ASTM A576 ( 2023)  St andar d Speci f i cat i on f or  St eel  
Bar s,  Car bon,  Hot - Wr ought ,  Speci al  Qual i t y

ASTM A659/ A659M ( 2012;  R 2017)  St andar d Speci f i cat i on f or  
Commer ci al  St eel  ( CS) ,  Sheet  and St r i p,  
Car bon ( 0. 16 Maxi mum t o 0. 25 Maxi mum 
Per cent ) ,  Hot - Rol l ed

ASTM A705/ A705M ( 2023)  St andar d Speci f i cat i on f or  
Age- Har deni ng St ai nl ess St eel  For gi ngs
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ASTM B117 ( 2019)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM B177/ B177M ( 2011;  R 2021)  St andar d Gui de f or  
Engi neer i ng Chr omi um El ect r opl at i ng

ASTM B209 ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Sheet  and Pl at e

ASTM B254 ( 1992;  R 2014)  St andar d Pr act i ce f or  
Pr epar at i on of  and El ect r opl at i ng on 
St ai nl ess St eel

ASTM B505/ B505M ( 2023)  St andar d Speci f i cat i on f or  Copper  
Al l oy Cont i nuous Cast i ngs

ASTM B546 ( 2019)  St andar d Speci f i cat i on f or  El ect r i c 
Fusi on- Wel ded Ni - Cr - Co- Mo Al l oy ( UNS 
N06617) ,  Ni - Fe- Cr - Si  Al l oys ( UNS N08330 
and UNS N08332) , Ni - Cr - Fe- Al  Al l oy ( UNS 
N06603) ,  Ni - Cr - Fe Al l oy ( UNS N06025) ,  and 
Ni - Cr - Fe- Si  Al l oy ( UNS N06045)  Pi pe

ASTM B584 ( 2022)  St andar d Speci f i cat i on f or  Copper  
Al l oy Sand Cast i ngs f or  Gener al  
Appl i cat i ons

ASTM B650 ( 1995;  R 2023)  St andar d Speci f i cat i on f or  
El ect r odeposi t ed Engi neer i ng Chr omi um 
Coat i ngs on Fer r ous Subst r at es

ASTM C633 ( 2013;  R 2017)  St andar d Test  Met hod f or  
Adhesi on or  Cohesi on St r engt h of  Ther mal  
Spr ay Coat i ngs

ASTM D2794 ( 1993;  R 2019)  St andar d Test  Met hod f or  
Resi st ance of  Or gani c Coat i ngs t o t he 
Ef f ect s of  Rapi d Def or mat i on ( I mpact )

ASTM D3951 ( 2018)  Commer ci al  Packagi ng

ASTM D5864 ( 2011)  St andar d Test  Met hod f or  
Det er mi ni ng Aer obi c Aquat i c Bi odegr adat i on 
of  Lubr i cant s or  Thei r  Component s

ASTM E1920 ( 2003;  R 2014)  St andar d Gui de f or  
Met al l ogr aphi c Pr epar at i on of  Ther mal  
Spr ayed Coat i ngs

ASTM F844 ( 2019)  St andar d Speci f i cat i on f or  Washer s,  
St eel ,  Pl ai n ( Fl at ) ,  Unhar dened f or  
Gener al  Use

ASTM F3125/ F3125M ( 2019)  St andar d Speci f i cat i on f or  Hi gh 
St r engt h St r uct ur al  Bol t s and Assembl i es,  
St eel  and Al l oy St eel ,  Heat  Tr eat ed,  I nch 
Di mensi ons 120 ksi  and 150 ksi  Mi ni mum 
Tensi l e St r engt h,  and Met r i c Di mensi ons 
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830 MPa and 1040 MPa Mi ni mum Tensi l e 
St r engt h

ASTM G48 ( 2011;  R 2015)  St andar d Test  Met hods f or  
Pi t t i ng and Cr evi ce Cor r osi on Resi st ance 
of  St ai nl ess St eel s and Rel at ed Al l oys by 
Use of  Fer r i c Chl or i de Sol ut i on

ASTM G85 ( 2011)  St andar d Pr act i ce f or  Modi f i ed Sal t  
Spr ay ( Fog)  Test i ng

GERMAN I NSTI TUTE FOR STANDARDI ZATI ON ( DI N)

DI N 53504 ( 2017)  Test i ng of  Rubber  -  Det er mi nat i on 
of  Tensi l e St r engt h at  br eak,  Tensi l e 
St r engt h at  Yi el d,  El ongat i on at  Br eak and 
St r ess val ues i n a Tensi l e Test

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE C57. 12. 70 ( 2020)  St andar d Ter mi nal  Mar ki ngs and 
Connect i ons f or  Di st r i but i on and Power  
Tr ansf or mer s

I NTERNATI ONAL ORGANI ZATI ON FOR STANDARDI ZATI ON ( I SO)

I SO 34- 1 ( 2022)  Rubber ,  Vul cani zed or  Ther mopl ast i c 
- -  Det er mi nat i on of  Tear  St r engt h - -  Par t  
1:  Tr ouser ,  Angl e and Cr escent  Test  Pi eces

I SO 48- 4 ( 2018)  Rubber ,  Vul cani zed or  Ther mopl ast i c 
- -  Det er mi nat i on of  Har dness - -  Par t  4:  
I ndent at i on Har dness by Dur omet er  Met hod 
( Shor e Har dness)  -  Fi r st  Edi t i on

I SO 815- 1 ( 2019)  Rubber ,  Vul cani zed or  Ther mopl ast i c 
- -  Det er mi nat i on of  Compr essi on Set  - -  
Par t  1:  At  Ambi ent  or  El evat ed Temper at ur es

I SO 1183- 1 ( 2012)  Pl ast i cs -  Met hods f or  Det er mi ni ng 
t he Densi t y of  Non- Cel l ul ar  Pl ast i cs -  
Par t  1:  I mmer si on Met hod,  Li qui d 
Pycnomet er  Met hod and Ti t r at i on Met hod

I SO 1219- 1 ( 2012;  Amd 1 2016)  Fl ui d Power  Syst ems and 
Component s Gr aphi c Symbol s and Ci r cui t  
Di agr ams -  Par t  1:  Gr aphi c Symbol s f or  
Convent i onal  Use and Dat a- Pr ocessi ng 
Appl i cat i ons

I SO 1219- 2 ( 2012)  Fl ui d Power  Syst ems and Component s 
Gr aphi c Symbol s and Ci r cui t  Di agr ams -  
Par t  2:  Ci r cui t  Di agr ams

I SO 1817 ( 2015)  Rubber ,  Vul cani zed or  Ther mopl ast i c 
-  Det er mi nat i on of  t he Ef f ect  of  Li qui ds -  
Si xt h Edi t i on

I SO 3274 ( 1996,  Cor r  1998)  Geomet r i cal  pr oduct s 
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Speci f i cat i ons ( GPS)  -  Sur f ace 
Text ur e: Pr of i l e met hod -  Nomi nal  
Char act er i st i cs of  Cont act  ( St y l us)  
I nst r ument s -  Second Edi t i on

I SO 4021 ( 1992)  Hydr aul i c Fl ui d Power  -  Par t i cul at e 
Cont ami nat i on Anal ysi s -  Ext r act i on of  
Fl ui d Sampl es f r om Li nes of  an Oper at i ng 
Syst em

I SO 4287 ( 1997,  Amd 1 2009) Geomet r i cal  Pr oduct  
Speci f i cat i ons ( GPS)  -  Sur f ace Text ur e:  
Pr of i l e Met hod -  Ter ms,  Def i ni t i ons and 
Sur f ace Text ur e Par amet er s -  Fi r st  Edi t i on

I SO 4288 ( 1996,  Cor r  1 1998) Geomet r i cal  Pr oduct  
Speci f i cat i ons ( GPS)  -  Sur f ace Text ur e:  
Pr of i l e Met hod -  Rul es and Pr ocedur es f or  
t he Assessment  of  Sur f ace Text ur e -  Second 
Edi t i on

I SO 4406 ( 2021)  Hydr aul i c Fl ui d Power  -  Fl ui ds -  
Met hod f or  Codi ng t he Level  of  
Cont ami nat i on by Sol i d Par t i c l es

I SO 4407 ( 2002)  Hydr aul i c Fl ui d Power  -  Fl ui d 
Cont ami nat i on -  Det er mi nat i on of  
Par t i cul at e Cont ami nat i on by t he Count i ng 
Met hod Usi ng an Opt i cal  Mi cr oscope

I SO 4413 ( 2010)  Hydr aul i c Fl ui d Power  — Gener al  
Rul es and Saf et y Requi r ement s f or  Syst ems 
and Thei r  Component s

I SO 4516 ( 2002)  Met al l i c  and Ot her  I nor gani c 
Coat i ngs -  Vi cker s and Knoop Mi cr ohar dness 
Test s

I SO 5598 ( 2020)  Fl ui d Power  Syst ems and Component s 
-  Vocabul ar y

I SO 5817 ( 2014)  Wel di ng -  Fusi on- Wel ded Joi nt s i n 
St eel ,  Ni ckel ,  Ti t ani um And Thei r  Al l oys 
( Beam Wel di ng Excl uded)  -  Qual i t y Level s 
For  I mper f ect i ons -  Thi r d Edi t i on

I SO 6507 ( 2018)  Met al l i c  Mat er i al s - -  Vi cker s 
Har dness Test  - -  Par t  1:  Test  Met hod -  
Four t h Edi t i on

I SO 9001 ( 2015)  Qual i t y Management  Syst ems-  
Requi r ement s

I SO 9223 ( 2012)  Cor r osi on of  Met al s and Al l oys — 
Cor r osi v i t y of  At mospher es — 
Cl assi f i cat i on,  Det er mi nat i on and 
Est i mat i on -  Second Edi t i on

I SO 9227 ( 2017)  Cor r osi on Test s i n Ar t i f i c i al  
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At mospher es -  Sal t  Spr ay Test s -  Four t h 
Edi t i on

I SO 9461 ( 1992)  Hydr aul i c Fl ui d Power  -  
I dent i f i cat i on of  Val ve Por t s,  Subpl at es,  
Cont r ol  Devi ces and Sol enoi ds

I SO 10763 ( 2020)  Hydr aul i c Fl ui d Power  -  Pl ai n- end,  
Seaml ess and Wel ded Pr eci s i on St eel  Tubes 
-  Di mensi ons and Nomi nal  Wor ki ng Pr essur es

I SO 11500 ( 2008)  Hydr aul i c Fl ui d Power  -  
Det er mi nat i on of  t he Par t i cul at e 
Cont ami nat i on Level  of  a Li qui d Sampl e by 
Aut omat i c Par t i c l e Count i ng Usi ng t he 
Li ght - Ext i nct i on Pr i nci pl e -  Second 
Addi t i on

I SO 11727 ( 1999)  Pneumat i c Fl ui d Power  -  
I dent i f i cat i on of  Por t s and Cont r ol  
Mechani sms of  Cont r ol  Val ves and Ot her  
Component s

I SO 13565 ( 1996,  Cor r  1998)   Geomet r i cal  Pr oduct  
Speci f i cat i ons ( GPS)  -  Sur f ace Text ur e:  
Pr of i l e Met hod;  Sur f aces Havi ng St r at i f i ed 
Funct i onal  Pr oper t i es -  Par t  1:  Fi l t er i ng 
and Gener al  Measur ement  Condi t i ons

I SO 15614- 1 ( 2017)  Speci f i cat i on and Qual i f i cat i on of  
Wel di ng Pr ocedur es f or  Met al l i c  Mat er i al s 
-  Wel di ng Pr ocedur e t est  -  Par t  1:  Ar c and 
Gas Wel di ng of  St eel s and Ar c Wel di ng of  
Ni ckel  and Ni ckel  Al l oys -  Second Edi t i on;  
Cor r ect ed Ver si on 10/ 2017

I SO 15614- 7 ( 2016)  Speci f i cat i on and Qual i f i cat i on of  
Wel di ng Pr ocedur es f or  Met al l i c  Mat er i al s 
-  Wel di ng Pr ocedur e Test  -  Par t  7:  Over l ay 
Wel di ng -  Second Edi t i on

I SO 16889 ( 2022)  Hydr aul i c Fl ui d Power  -  Fi l t er s -  
Mul t i - Pass Met hod f or  Eval uat i ng 
Fi l t r at i on Per f or mance of  a Fi l t er  El ement

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 58 ( 2018)  Pi pe Hanger s and Suppor t s -  
Mat er i al s,  Desi gn and Manuf act ur e,  
Sel ect i on,  Appl i cat i on,  and I nst al l at i on

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI  C80. 1 ( 2020)  Amer i can Nat i onal  St andar d f or  
El ect r i cal  Ri gi d St eel  Condui t  ( ERSC)

NEMA I CS 1 ( 2022)  St andar d f or  I ndust r i al  Cont r ol  and 
Syst ems:  Gener al  Requi r ement s
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NEMA I CS 2 ( 2000;  R 2020)  I ndust r i al  Cont r ol  and 
Syst ems Cont r ol l er s,  Cont act or s,  and 
Over l oad Rel ays Rat ed 600 V

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

NEMA RN 1 ( 2005;  R 2013)  Pol yvi nyl - Chl or i de ( PVC)  
Ext er nal l y Coat ed Gal vani zed Ri gi d St eel  
Condui t  and I nt er medi at e Met al  Condui t

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

NATI ONAL FLUI D POWER ASSOCI ATI ON ( NFLPA)

ANSI / NFLPA T3. 16. 2 ( 1997;  Rev 1;  Reappr oved 2005)  Hydr aul i c 
Fl ui d Power  -  Desi gn f or  Noni nt egr al  
I ndust r i al  Reser voi r s

NFLPA T2. 13. 1 ( 2007;  5t h Ed)  Recommended Pr act i ce – 
Hydr aul i c Fl ui d Power  – Use Of  Fi r e 
Resi st ant  Fl ui ds I n I ndust r i al  Syst ems

NFLPA T3. 5. 1 ( 2002;  R 2021)  Hydr aul i c Fl ui d Power  -  
Val ves,  Mount i ng Sur f aces

SOCI ETY OF AUTOMOTI VE ENGI NEERS I NTERNATI ONAL ( SAE)

SAE J514 ( 2012)  Hydr aul i c Tube Fi t t i ngs

SAE J517 ( 2020)  Hydr aul i c Hose

SAE J518- 1 ( 2013)  Hydr aul i c Fl anged Tube,  Pi pe,  and 
Hose Connect i ons,  4- Scr ew Fl ange 
Connect i on Par t  1:  3. 5 MPa t o 35 MPa ( Code 
61)

SAE J1273 ( 2019)  Recommended Pr act i ces f or  Hydr aul i c 
Hose Assembl i es

U. S.  ENVI RONMENTAL PROTECTI ON AGENCY ( EPA)

EPA 560/ 6- 82- 002 ( 1982)  Gui del i nes and Suppor t  Document s 
f or  Envi r onment al  Ef f ect s Test i ng

UNDERWRI TERS LABORATORI ES ( UL)

UL 6 ( 2022)  UL St andar d f or  Saf et y El ect r i cal  
Ri gi d Met al  Condui t - St eel

UL 50 ( 2024)  UL St andar d f or  Saf et y Encl osur es 
f or  El ect r i cal  Equi pment ,  
Non- Envi r onment al  Consi der at i ons
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1. 5   SUBMI TTALS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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 ,  and cor r espondi ng submi t t al  
i t ems i n t he t ext ,  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 .   The Gui de Speci f i cat i on 
t echni cal  edi t or s have cl assi f i 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  Ar my pr oj ect s,  f i l l  i n t he empt y br acket s 
f ol l owi ng t he " G"  c l assi f i cat i on,  wi t h a code of  up 
t o t hr ee char act er s 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 
and Ai r  For ce pr oj ect s.

The " S"  c l assi f i cat i on i ndi cat es submi t t al s r equi r ed 
as pr oof  of  compl i ance f or  sust ai nabi l i t y  Gui di ng 
Pr i nci pl es Val i dat i on or  Thi r d Par t y Cer t i f i cat i on 
and as descr i bed i n Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES.

Choose t he f i r st  br acket ed i t em f or  Navy and Ai r  
For ce 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"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e 
[ f or  Cont r act or  Qual i t y Cont r ol  appr oval . ] [ f or  i nf or mat i on onl y.   When 
used,  a code f ol l owi ng t he " G"  c l assi f i cat 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 he f ol l owi ng i n 
accor dance wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Shop Test i ng Pl an and Pr ocedur es;  G[ ,  [ _____] ]

I nst al l at i on Pr ocedur es;  G[ ,  [ _____] ]

Pi pi ng I nst al l at i on;  G[ ,  [ _____] ]

Fi el d Pr essur e Test i ng Pl an;  G[ ,  [ _____] ]

Fi el d Funct i onal  Test i ng Pl an;  G[ ,  [ _____] ]
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Fi el d Accept ance Test i ng Pl an;  G[ ,  [ _____] ]

Exi st i ng Equi pment  Removal  Pl an and Pr ocedur es;  G[ ,  [ _____] ]

I nst al l at i on Pl an and Pr ocedur es;  G[ ,  [ _____] ]

SD- 02 Shop Dr awi ngs

Dr awi ngs and Dat a;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

Mat er i al s and Mechani cal  Equi pment ;  G[ ,  [ _____] ]

St andar d Pr oduct s;  G[ ,  [ _____] ]

El ect r i cal  Equi pment ;  G[ ,  [ _____] ]

Desi gn and Per f or mance Requi r ement s;  G[ ,  [ _____] ]

Er ect i ng Engi neer  Qual i f i cat i ons;  G[ ,  [ _____] ]

Cl eani ng and Fl ushi ng;  G[ ,  [ _____] ]

Seal s,  O- Ri ngs,  and Bear i ng Mat er i al ;  G[ ,  [ _____] ]

[ Rod Coat i ng Dat a;  G[ ,  [ _____] ]

] Hydr aul i c Mot or ;  G[ ,  [ _____] ]

Spar e Par t s Li st ;  G[ ,  [ _____] ]

Fi el d I nst r uct i ons;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s

Shop Test i ng Repor t ;  G[ ,  [ _____] ]

Fi el d Pr essur e Test i ng Repor t ;  G[ ,  [ _____] ]

Fi el d Funct i onal  Test i ng Repor t ;  G[ ,  [ _____] ]

Pi st on Rods ( St andar d Desi gn) ;  G[ ,  [ _____] ]

Pi st on Rods ( USACE Desi gn) ;  G[ ,  [ _____] ]

Fi el d Accept ance Test i ng Repor t ;  G[ ,  [ _____] ]

Shop Oi l  Test i ng Repor t s;  G[ ,  [ _____] ]

Fi el d Oi l  Test i ng Repor t s;  G[ ,  [ _____] ]

Oi l  Fl ushi ng Test i ng Repor t

Oi l  Cl eanl i ness Repor t

SD- 07 Cer t i f i cat es

Not i f i cat i on Of  Shop Test i ng;  G[ ,  [ _____] ]
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SD- 10 Oper at i on and Mai nt enance Dat a

Fi el d I nst r uct i ons;  G[ ,  [ _____] ]

Oper at i on and Mai nt enance;  G[ ,  [ _____] ]

1. 6   DRAWI NGS AND DATA

1. 6. 1   Shop Dr awi ngs

I ncl ude f abr i cat i on,  shop assembl y,  del i ver y,  st or age,  and f i el d 
i nst al l at i on dr awi ngs i n t he det ai l ed shop dr awi ngs.   Det ai l  any component  
par t  of  f abr i cat ed i t ems omi t t ed on t he shop dr awi ngs.   I f  depar t ur es f r om 
t he Cont r act  dr awi ngs ar e deemed necessar y by t he Cont r act or ,  submi t  
det ai l s of  such depar t ur es,  i ncl udi ng changes i n r el at ed por t i ons of  t he 
pr oj ect  and r easons,  wi t h t he shop dr awi ngs.   Pr ovi de f abr i cat i on and 
assembl y dr awi ngs t o 1: 8 or  1- 1/ 2 i nch = 1 f oot - 0 i nch or  l ar ger  scal e. [   
Cont r act or  t o updat e CADD/ BI M f i l es and mar k- ups/ as- bui l t s al ong wi t h 
t aggi ng or  i nput i ng pr oduct  dat a. ]  

1. 6. 2   Fabr i cat i on Dr awi ngs and Assembl y Det ai l s

Pr ovi de f abr i cat i on dr awi ngs f or  al l  mechani cal  and st r uct ur al  par t s and 
component s,  except  t hose of  st andar d desi gn and manuf act ur e.  I ncl ude i n 
f abr i cat i on dr awi ngs compl et e det ai l i ng,  mat er i al s of  const r uct i on,  
t ol er ances,  machi ned sur f ace f i ni shes,  connect i ons,  and wel d det ai l s wi t h 
annot at i on t o di f f er ent i at e shop wel ds f r om f i el d wel ds.   Pr ovi de det ai l ed 
dr awi ngs of  t he mani f ol ds i ncl udi ng r equi r ed dr i l l ed passages.   Pr ovi de  
det ai l s and di mensi ons of  t he hydr aul i c cyl i nder  and pi st on r od as 
appl i cabl e.  Pr ovi de det ai l s of  t he cyl i nder  r od measur i ng syst em as 
appl i cabl e [ magnet o r esi st i ve syst em]  [ magnet ost r i ct i ve syst em]  [ _____] .  
Pr ovi de det ai l s of  t he pr oposed coat i ng syst em f or  t he cyl i nder  r od t o 
meet  t he r equi r ed cor r osi v i t y cat egor y and pr ovi de dat a f or  any coat i ng 
syst em.

1. 6. 3   Hydr aul i c Power  Uni t  Dr awi ngs

Pr ovi de dr awi ngs f or  hydr aul i c power  uni t s showi ng gener al  ar r angement  of  
component s and out l i ne di mensi ons of  uni t .   I dent i f y al l  component s on t he 
dr awi ngs and pr ovi de suf f i c i ent  i nf or mat i on t o det er mi ne whet her  t he 
component s pr oposed conf or m t o t he speci f i cat i ons.  

1. 6. 4   Mani f ol d Dr awi ngs

Pr ovi de f abr i cat i on dr awi ngs f or  al l  mani f ol ds showi ng gener al  
ar r angement s out l i ne di mensi ons,  and dr i l l i ng di mensi ons.   I dent i f y al l  
component s on t he dr awi ngs and pr ovi de suf f i c i ent  i nf or mat i on t o det er mi ne 
whet her  t he component s pr oposed conf or m t o t he speci f i cat i ons.   I dent i f y 
al l  por t  conf i gur at i ons and connect i ons.

1. 6. 5   Pi pi ng Dr awi ngs

Pr ovi de pi pi ng dr awi ngs showi ng t he compl et e hydr aul i c syst em i n schemat i c 
f or mat  i dent i f y i ng al l  i t ems of  equi pment  i ncor por at ed i n t he syst em.  
I ncl ude det ai l s of  al l  pi pe suppor t s i ncl udi ng t hose f or  mani f ol ds and on 
t he hydr aul i c power  uni t .
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1. 6. 6   El ect r i cal  Dr awi ngs

Pr ovi de el ect r i cal  dr awi ngs of  al l  el ect r i cal  equi pment .   On el ect r i cal  
dr awi ngs i ncl ude compl et e schemat i c di agr ams and connect i on di agr ams.  On 
connect i on di agr ams show el ect r i cal  connect i ons ( by l i nes)  f or  each 
conduct or  bet ween t er mi nal  poi nt s.   I dent i f y t er mi nal  poi nt s.

1. 6. 7   Shop Assembl y Dr awi ngs

Pr ovi de shop assembl y dr awi ngs wi t h det ai l s f or  connect i ng t he adj oi ni ng 
f abr i cat ed component s i n t he shop t o ensur e sat i sf act or y f i el d 
i nst al l at i on.

1. 6. 8   Hydr aul i c Schemat i c

Pr ovi de a compl et e hydr aul i c schemat i c i n accor dance wi t h I SO 1219- 1 and 
I SO 1219- 2.   I ncl ude i n t he hydr aul i c schemat i c t he f ol l owi ng:          

a.  Al l  pi pi ng,  hoses and ot her  component  l ayout s symbol i cal l y 
i ndi cat i ng,  usi ng st andar d syst em symbol s,  al l  syst em pi pi ng,  and 
ot her  component s,  i ncl udi ng t hei r  s i zes,  mat er i al s,  hei ght s,  spaci ng,  
and l ocat i ons.

b.  Bot h new and r ef ur bi shed component s shown on t he schemat i c wi t h any 
i nt er f aces t o exi st i ng equi pment  not ed.

c.  Al l  set  poi nt s and si ze par amet er s f or  each component .

d.  Component  suppor t  t ypes and l ocat i ons,  anchor  poi nt s ver sus sl i di ng 
suppor t s,  f l ex j oi nt s,  and sei smi c suppor t s.

e.  Pr oposed per t i nent  i nst al l at i on det ai l s.

f .  I ndi cat e r equi r ed capaci t i es and syst em pr essur es.

g.  I ndi cat e di r ect i on of  syst em f l ow and component  mot i on.

h.  I ncl ude a l egend of  symbol s and bi l l  of  mat er i al s ( BOM) i n each 
dr awi ng.  BOM t o i ncl ude name of  component ,  component  dr awi ng number  or  
r ef er ence dr awi ng,  and par t  number .

i .  When a hydr aul i c schemat i c i s addr essed by mul t i pl e dr awi ngs or  
sheet s,  whet her  di v i ded bet ween dr awi ngs or  connect ed t o 
sub- cont r act or  suppl i er  dr awi ng( s) ,  c l ear l y out l i ne on bot h t he 
schemat i c and ot her  dr awi ng( s)  or  sheet s t he connect i on poi nt s,  
ut i l i z i ng i dent i cal  nomencl at ur e.

1. 6. 9   I nst al l at i on Dr awi ngs

Pr ovi de dr awi ngs det ai l i ng t he i nst al l at i on of  al l  pr ovi ded component s,  
equi pment ,  and syst ems i ncl udi ng t he f ol l owi ng:  

a.  Pr ovi de bot h pl an and el evat i on v i ews of  al l  t he i nst al l at i on.

b.  I ndi cat e mat er i al s,  di mensi ons and si zes.

c.  A l egend of  symbol s and bi l l  of  mat er i al s ( BOM) i n each dr awi ng.  

d.  Each BOM t o i ncl ude name of  component ,  component  dr awi ng number  or  
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r ef er ence dr awi ng,  and par t  number .  

e.  Det ai l i ng of  l ayout  and anchor age of  equi pment  and appur t enances,  
and equi pment  r el at i onshi p t o exi st i ng equi pment  and ot her  par t s of  
t he wor k i ncl udi ng cl ear ances r equi r ed f or  mai nt enance and oper at i on.   

f .  Det ai l s of  l oadi ngs and t ypes of  f r ames,  br acket s,  st anchi ons and 
ot her  suppor t s,  and pi pe anchor s f or  suppor t ed pi pe and equi pment .   

g.  Foundat i on dr awi ngs t hat  i ncl ude bol t  set t i ng i nf or mat i on f or  
equi pment  i ndi cat ed or  r equi r ed t o have concr et e f oundat i ons.   

h.  Det ai l s of  l ocat i on and i nt egr at i on of  any associ at ed st r uct ur e or  
ot her  component s.  

i .  A mi ni mum of  one sect i on v i ew t o be submi t t ed per  ar ea.

1. 6. 10   Pr oduct  Dat a

Pr ovi de cat al og cut s,  manuf act ur er ' s descr i pt i ve and t echni cal  l i t er at ur e,  
and out l i ne di mensi ons f or  al l  pr ovi ded component s,  equi pment ,  and syst ems 
i ncl udi ng but  not  l i mi t ed t o al l :    pumps,  [ el ect r i c;  hydr aul i c]  mot or s,  
f i l t er s,  heat er s,  t her most at s,  swi t ches,  t r ansducer s,  br eat her s,  val ves,  
val ve cont r ol s,  hoses,  f i t t i ngs,  pi pi ng,  t ubi ng,  gauges,   and ot her  
accessor i es.   I ncl ude per f or mance dat a and cur ves f or  pumps,  [ el ect r i c;  
hydr aul i c]  mot or s and val ves.   Dat a i s t o i ndi cat e t he name of  t he 
manuf act ur er ,  wi t h t ype,  const r uct i on,  c l ass,  s i ze and mat er i al s 
hi ghl i ght ed.  Any non- appl i cabl e dat a t o be cl ear l y annot at ed as not  
appl i cabl e.  I ncl ude f or  al l  t he descr i pt i on of  component  l ocat i on and any 
associ at ed code number s,  desi gn r at i ngs i ncl udi ng t emper at ur es and 
pr essur es.  Pr ovi de a compl et e summar y of  equi pment ,  i ncl udi ng equi pment  
descr i pt i on,  model  number  and quant i t y.

1. 6. 11   Del i ver y Dr awi ngs

Pr ovi de del i ver y [ dr awi ngs] [ det ai l s] [ sket ches] wi t h descr i pt i ons of  met hods 
of  del i ver i ng component s t o t he s i t e,  i ncl udi ng det ai l s f or  suppor t i ng 
f abr i cat ed component s dur i ng shi ppi ng t o pr event  di st or t i on or  ot her  
damage.  Mat er i al  submi t t ed i s t o compl y and be coor di nat ed wi t h t he 
r equi r ement s of  par agr aph " SHI PPI NG,  HANDLI NG,  DELI VERY,  AND STORAGE" .

1. 6. 12   St or age Dr awi ngs

Pr ovi de st or age [ dr awi ngs] [ det ai l s] [ sket ches]  wi t h descr i pt i ons of  t he 
pl anned met hods of  st or i ng component s af t er  l eavi ng t he manuf act ur i ng 
f aci l i t y  and bef or e i nst al l at i on.  I ncl ude det ai l s f or  suppor t i ng 
f abr i cat ed component s t o pr event  di st or t i on or  ot her  damage,  adequat el y 
pr ot ect  machi ned sur f aces f r om cor r osi on and physi cal  damage,  and pr ot ect  
f r om t he weat her ,  humi di t y,  t emper at ur e var i at i on,  di r t  and dust ,  or  ot her  
cont ami nant s.   Mat er i al  submi t t ed i s t o compl y and be coor di nat ed wi t h t he 
r equi r ement s of  par agr aph " SHI PPI NG,  HANDLI NG,  DELI VERY,  AND STORAGE" .

1. 6. 13   Fi el d I nst al l at i on Pr ocedur es

Pr ovi de f i el d i nst al l at i on [ dr awi ngs] [ sket ches] [ manual s]  wi t h a det ai l ed 
descr i pt i on of  t he f i el d i nst al l at i on pr ocedur es.   I ncl ude t he l ocat i on 
and met hod of  suppor t  of  i nst al l at i on and handl i ng equi pment ,  t he 
pr ovi s i ons t o be t aken t o pr ot ect  concr et e and ot her  wor k dur i ng 
i nst al l at i on,  t he met hod of  mai nt ai ni ng component s i n cor r ect  al i gnment ,  
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and t he met hods f or  i nst al l i ng ot her  appur t enant  i t ems.   I ncl ude dat es and 
schedul e of  wor k.   Submi t  met hods and pr ocedur es t o accel er at e t he 
sequence of  wor k.

1. 6. 14   Desi gn and Per f or mance Requi r ement s

Pr ovi de desi gn comput at i ons f or  al l  i t ems whi ch ar e desi gned by t he 
Cont r act or .  [ I ncl ude comput er i zed si mul at i ons of  t he compl et e and pr oposed 
hydr aul i c syst em. ]  

1. 6. 15   Cl eani ng and Fl ushi ng Pr ocedur es and Resul t s

Submi t  det ai l ed pr ocedur e f or  t he c l eani ng and f l ushi ng of  hydr aul i c 
cyl i nder s,  pi pi ng,  and power  uni t  as out l i ned i n par agr aph " CLEANI NG AND 
FLUSHI NG, "  not  l ess t han 30 cal endar  days bef or e st ar t  of  oper at i ons.   
Pr ovi de t est  r epor t s of  t he r esul t s of  t he f l ushi ng and of  t he oi l  used t o 
f i l l  t he syst em.

1. 6. 16   Er ect i ng Engi neer  Qual i f i cat i ons

Pr ovi de a r esume f or  t he on- si t e er ect i ng engi neer  wi t h det ai l s on 
exper i ence and backgr ound i n s i mi l ar  i nst al l at i ons.

[ 1. 7   WARRANTY

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   

1)  War r ant y f or  suppl y or  const r uct i on cont r act s i s  
cover ed by FAR cl auses and i s t ypi cal l y set  at  1 
year .   Thi s par agr aph shoul d onl y be used i f  a 
war r ant y l onger  t han 1 year  i s desi r ed.   Any 
modi f i cat i ons t o t he st andar d war r ant y c l auses need 
t o be coor di nat ed wi t h t he Cont r act i ng Of f i cer  
and/ or  Cont r act  Speci al i st .   Addi t i onal  cost s f or  a 
l onger  war r ant y shoul d be consi der ed agai nst  t he 
benef i t s,  pr obabi l i t y  of  f ai l ur e and consequences of  
equi pment  f ai l ur e.  

2)  Consi der  addi ng mi ni mum war r ant y c l ai m r esponse 
t i mes based on t he cr i t i cal i t y of  t he syst em.   For  
exampl e,  f ai l ur es r esul t i ng i n del ays t o navi gat i on 
or  t he i noper abi l i t y  of  syst ems i nt egr al  t o f l ood 
pr ot ect i on equi pment  shoul d r equi r e f ast er  r esponse 
t i mes.

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

Guar ant ee al l  equi pment  f or  a per i od of  2 year s f r om t he dat e of  
accept ance.   [ Dat e of  accept ance i s when i nst al l ed syst em has passed Fi el d 
Accept ance Test i ng,  and al l  cor r ect i ve wor k i s compl et ed. ]  Guar ant ee 
r epl acement  par t s f or  2 year s f r om dat e of  r epl acement .   Pr ovi de war r ant y 
agai nst  def ect i ve mat er i al s,  desi gn,  and wor kmanshi p.   I n cases wher e t he 
equi pment  manuf act ur er ' s adver t i sed mi ni mum guar ant ee i s i n excess of  2 
year s,  i t  r emai ns i n f or ce f or  i t s f ul l  per i od.   Upon r ecei pt  of  not i ce 
f r om t he Gover nment  of  f ai l ur e of  any of  t he par t s dur i ng t he war r ant y 
per i od,  pr ovi de new r epl acement  par t s pr ompt l y at  no addi t i onal  cost  t o 
t he Gover nment . [   Par t s and l abor  i ncl udi ng r emoval  and r ei nst al l at i on ar e 
r equi r ed f or  war r ant y wor k. ]
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] 1. 8   QUALI TY CONTROL

Est abl i sh and mai nt ai n qual i t y cont r ol  t o assur e compl i ance wi t h Cont r act  
r equi r ement s and mai nt ai n r ecor ds of  qual i t y cont r ol  f or  al l  mat er i al s,  
f abr i cat ed par t s,  equi pment ,  and const r uct i on  oper at i ons.   I n addi t i on,  
est abl i sh and mai nt ai n sur vei l l ance f or  qual i t y cont r ol  over  
sub- cont r act or s,  suppl i er s,  or  manuf act ur er s.   I ncl ude a mi ni mum of  t wo 
shop i nspect i ons dur i ng manuf act ur e and assembl y of  t he hydr aul i c 
cyl i nder [ s]  power  uni t s and mani f ol ds.   The qual i t y cont r ol  i ncl udes,  but  
i s not  l i mi t ed t o,  t he f ol l owi ng:

a.  Mat er i al s and wor kmanshi p.

b.  Manuf act ur e and i nst al l at i on of  t he over al l  hydr aul i c syst em,  
subassembl i es,  and i ndi v i dual  component s such as mani f ol ds,  pi pi ng,  
hoses,  pumps,  hydr aul i c cyl i nder s,  and mot or s.

c.  Cl eani ng and f l ushi ng.

d.  Shop assembl y and t est s.

e.  Fi el d er ect i on and t est s.

f .  Damage and def ect s.

Submi t  a copy of  t hese r ecor ds and t est s,  as wel l  as t he r ecor ds of  
cor r ect i ve act i on t aken,  t o t he Gover nment .

PART 2   PRODUCTS

2. 1   MATERI ALS AND MECHANI CAL EQUI PMENT

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The cont ent s of  t he f ol l owi ng par agr aphs ar e 
dependent  on desi gn r equi r ement s whi ch may 
necessi t at e r evi s i on or  expansi on t o cover  di f f er ent  
condi t i ons and st andar ds.

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

2. 1. 1   Gener al

Pr ovi de mat er i al s and mechani cal  equi pment  i n accor dance wi t h t he 
r equi r ement s as i ndi cat ed or  speci f i ed,  and i f  not  speci f i ed,  f ur ni sh 
mat er i al s and mechani cal  equi pment  of  t he best  commer ci al  gr ade qual i t y 
sui t ed t o t he i nt ended use and as appr oved.   Al l  el ect r i c mot or s,  
hydr aul i c mot or s,  hydr aul i c pumps,  hydr aul i c cyl i nder s,  val ves and si mi l ar  
i t ems and/ or  accessor i es,  of  t he same t ype and si ze,  t o be t he pr oduct s of  
t he same manuf act ur er ,  unl ess ot her wi se appr oved.   Per manent l y di spl ay t he 
manuf act ur er ' s name,  addr ess,  and cat al og number  on an engr aved or  
embossed non- cor r osi ve met al  namepl at e secur el y at t ached t o each maj or  
i t em of  equi pment  wi t h non- cor r osi ve r i vet s or  f ast ener s.

Submi t  dat a speci f i cat i ons [ pr oduct  manual s]  and assembl y dr awi ngs showi ng 
si zes,  r at i ngs,  per f or mance char t s and cur ves,  par t s and mat er i al  l i s t s,  
over al l  di mensi ons,  and mount i ng di mensi ons wi t h t he pr oduct  dat a.

2. 1. 2   St andar d Pr oduct s

Wher e i t ems ar e r ef er r ed t o her ei naf t er  as " s i mi l ar  and equal  t o"  a 

SECTI ON 35 05 40. 14 10  Page 23



par t i cul ar  manuf act ur er ' s pr oduct ,  such r ef er ences have been made mer el y 
as a conveni ent  met hod of  i ndi cat i ng t he t ype of  mat er i al  or  equi pment  
r equi r ed,  wi t h no i nt ent i on of  asser t i ng super i or i t y t her eof .   The 
st andar d pr oduct  of  any r eput abl e manuf act ur er  r egul ar l y engaged i n t he 
commer ci al  pr oduct i on f or  at  l east  2 year s pr i or  t o t hi s sol i c i t at i on of  
t he t ype and qual i t y of  mat er i al  or  equi pment  r ef er r ed t o wi l l  not  be 
excl uded on t he basi s of  mi nor  di f f er ences,  pr ovi ded essent i al  
r equi r ement s of  t he speci f i cat i ons r el at i ve t o mat er i al s,  capaci t y,  and 
per f or mance ar e met .   Fur ni sh per f or mance capaci t i es and ot her  per t i nent  
i nf or mat i on concer ni ng t he manuf act ur er ' s " equal  t o"  st andar d pr oduct s 
i nt ended f or  i ncor por at i on i n t he wor k.   " Equal  t o"  st andar d pr oduct s 
i nst al l ed or  used wi t hout  such appr oval  ar e at  t he r i sk of  subsequent  
r ej ect i on.  Equi pment  must  be suppor t ed by a ser vi ce or gani zat i on t hat  i s,  
i n t he opi ni on of  t he Cont r act i ng Of f i cer ,  r easonabl y conveni ent  t o t he 
s i t e.

2. 1. 3   Gener al  Namepl at es

For  each maj or  i t em of  equi pment ,  unl ess st at ed ot her wi se i n t hi s 
sect i on,   per manent l y di spl ay on a secur el y at t ached pl at e t he 
manuf act ur er ' s name,  addr ess,  and cat al og number .   Secur el y at t ach a UL 
l abel  or  r egi st r at i on pl at e t o al l  UL El ect r i cal  Appl i ance l i s t ed 
el ect r i cal  equi pment .

2. 1. 4   Gener al  Equi pment  Guar ds

Ful l y encl ose or  pr oper l y guar d t o pr ecl ude per sonnel  cont act  al l  r ot at i ng 
par t s such as gear s,  coupl i ngs,  pr oj ect i ng set scr ews,  and keys,  unl ess 
st at ed ot her wi se i n t hi s sect i on.

2. 2   DESI GN AND PERFORMANCE REQUI REMENTS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ncl ude t hi s par agr aph i n t he speci f i cat i ons 
when t he Cont r act or  i s r equi r ed t o f ur ni sh t he 
det ai l ed desi gn of  t he syst em.

Li st  al l  i t ems f or  whi ch t he Cont r act or  must  f ur ni sh 
desi gn comput at i ons.   I f  Cont r act or  desi gned,  al so 
pr ovi de a r ef er ence t o have t he Cont r act or  f ol l ow 
r equi r ement s i n USACE EM 1110- 2- 2610 f or  hydr aul i c 
power  syst ems.

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

The Cont r act  dr awi ngs i ndi cat e t he gener al  ar r angement  of  t he hydr aul i c 
power  syst em f or  oper at i on of  t he [ i nt ake gat es]  [ s l i de gat es]  [ cont r ol  
gat es]  [ Tai nt er  gat es]  [ mi t er  gat es]  [ but t er f l y val ves]  [ hoi st i ng 
equi pment ]  [ _____] ,  c l ear ances necessi t at ed by t he st r uct ur e or  ot her  
equi pment ,  maxi mum over al l  di mensi ons,  and ot her  per t i nent  f eat ur es.   
Fur ni sh t he det ai l ed desi gn i n accor dance wi t h I SO 4413,  and t he f ol l owi ng 
desi gn cr i t er i a.   I dent i f y desi gn and di mensi onal  changes necessar y t o 
sat i sf y t he pr i nci pal  desi gn par amet er s i dent i f i ed i n t he par agr aph 
" Desi gn Par amet er s"  as var i at i ons i n t he submi t t al s.  Di mensi ons submi t t ed 
t hat  di f f er  f r om t hose i ndi cat ed and not  ot her wi se const r ai ned by t he 
Desi gn Par amet er s and physi cal  l i mi t at i ons of  i nst al l at i on ar e subj ect  t o 
appr oval .  Al so submi t  desi gn comput at i ons f or  al l  ext ensi on of  desi gn 
i t ems.
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2. 2. 1   Desi gn Par amet er s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Li st  al l  desi gn par amet er s or  cr i t er i a 
r equi r ed by t he Cont r act or  t o desi gn t he hydr aul i c 
power  syst em.   Possi bl e desi gn cr i t er i a t o consi der  
ar e:

a.   Maxi mum syst em pr essur e.
b.   Wor ki ng syst em pr essur e.
c.   Rat ed r ai s i ng or  r et r act i ng f or ce.
d.   Rat ed l ower i ng or  ext endi ng f or ce.
e.   Maxi mum r ai s i ng or  r et r act i ng t i me.
f .   Maxi mum l ower i ng or  ext endi ng t i me.
g.   Hoi st  st r oke.
h.   Cr i t i cal  or  l i mi t i ng di mensi ons.
i .   Oper at i ng t emper at ur e r ange.
j .   Dut y cycl es.
k.   Accumul at or  per f or mance char act er i st i cs.
l .   Cor r osi v i t y cat egor y
m.   Any ot her  unusual  f eat ur es.

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

The pr i nci pal  desi gn par amet er s f or  t he hydr aul i c power  syst em ar e as 
f ol l ows and wer e devel oped at  t he mi ni mum oper at i ng t emper at ur e and 
ut i l i z i ng t he hydr aul i c f l ui d as speci f i ed:

2. 2. 2   Al l owabl e St r esses

2. 2. 2. 1   St r uct ur al  I t ems

Desi gn st r uct ur al  i t ems associ at ed wi t h t he hydr aul i c power  syst em,  such 
as suppor t  beams,  t o wi t hst and t he maxi mum f or ce exer t ed by t he [ hydr aul i c 
oper at or ]  [ hydr aul i c cyl i nder ]  pl us any dead l oads wi t h a f act or  of  saf et y 
of  2 based on t he yi el d st r engt h of  t he mat er i al s i nvol ved.

2. 2. 2. 2   Hydr aul i c Cyl i nder s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Use t el escopi c hydr aul i c cyl i nder s onl y f or  
speci al  r et r of i t  appl i cat i ons wher e r egul ar  s i ngl e 
or  doubl e act i ng cyl i nder s cannot  be used or  wher e 
t he physi cal  const r ai nt s of  t he i nst al l at i on l eave 
no ot her  al t er nat i ve.  Ut i l i ze Eul er  f or mul a or  ot her  
anal yt i cal  met hods t o det er mi ne buckl i ng st r engt h of  
cyl i nder  r od.  Desi gner  wi l l  need t o det er mi ne how 
t he cyl i nder  i s f i xed and connect ed t o det er mi ne 
buckl i ng st r engt h.

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

Desi gn al l  hydr aul i c cyl i nder s t o wi t hst and a maxi mum oper at i ng pr essur e of
 21[ __]  MPa 3000[ ___]  psi  wi t h a f act or  of  saf et y of  5 based on t he 
ul t i mat e st r engt h of  t he mat er i al  or  2. 5 based on t he yi el d st r engt h of  
t he mat er i al .   Appl y a f act or  of  saf et y of  3 t o t he compr essi on l oad when 
desi gni ng t he hydr aul i c cyl i nder s t o r esi st  buckl i ng.  End f i x i t y 
coef f i c i ent s f or  det er mi ni ng t he ef f ect i ve buckl i ng l engt h f or  each 
hydr aul i c cyl i nder  ar e [ 1. 0]  [ ____] .  
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2. 2. 2. 3   St r ess Concent r at i on Fact or s

Use st r ess concent r at i on f act or s wher e appl i cabl e.   Reduct i on of  al l owabl e 
st r esses t o compensat e f or  r epeat ed cycl es of  l oadi ng i s not  r equi r ed.

2. 2. 3   Cor r osi v i t y Envi r onment  Cat egor y

Desi gn hydr aul i c cyl i nder s,  cyl i nder  r ods and component s t o meet  t he 
cor r osi v i t y cat egor y [ _____]  i n accor dance wi t h I SO 9223 t o meet  
ant i c i pat ed at mospher i c envi r onment  t he cyl i nder s and pi st on r ods wi l l  be 
oper at i ng wi t hi n.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sel ect  a Cor r osi v i t y Cat egor y ( C1- C5,  or  CX)  
t o meet  t he measur ed cor r osi on r at es of  1 year  t est s 
conduct ed i n t he act ual  i nt ended envi r onment  f or  t he 
hydr aul i c cyl i nder  i n accor dance wi t h I SO 9223 and 
I SO 9226 OR t o meet  t he ant i c i pat ed at mospher i c 
envi r onment  i n accor dance wi t h t he Tabl e 1 f ur ni shed 
bel ow.  The hydr aul i c cyl i nder  manuf act ur er  may 
al r eady have t est  dat a whi ch can be r equest ed i n a 
shop dr awi ng submi t t al .  I t  i s  i mpor t ant  t o wor k wi t h 
t he cyl i nder  manuf act ur er  on t he sel ect ed 
cor r osi v i t y cat egor y.  The cor r osi v i t y cat egor y 
i mpact s t he sel ect i on of  t he pi st on r od and t he t ype 
of  r od coat i ng and r od mat er i al .  Submer ged cyl i nder s 
and pi st on r ods shoul d be sel ect ed f or  CX Ext r eme 
cat egor y.  I n envi r onment s wi t h expect ed " CX 
cat egor y"  c l assi f i cat i on,  i t  i s  r ecommended t hat  t he 
at mospher i c cor r osi v i t y c l assi f i cat i on be ver i f i ed 
f r om one- year  or  t hr ee year  cor r osi on l oss anal ysi s 
such as sal t  wat er  dr opl et  cor r osi on t est  t o ensur e 
cor r ect  c l assi f i cat i on i f  possi bl e or  f r om exi st i ng 
t est  dat a.  Col l ect i on and anal ysi s of  wat er  qual i t y 
dat a i n advance of  t he i nst al l at i on may al so be 
benef i c i al  f or  envi r onment s subj ect  t o i mmer si on.   
When cr ossover  bet ween cat egor i es occur s t he 
desi gner  shoul d sel ect  t he cat egor y wi t h t he mor e 
sever e envi r onment .   Addi t i onal  f act or s t hat  may 
i nf l uence t he sel ect ed cor r osi v i t y cat egor y i ncl ude 
sal t  spr ay,  humi di t y,  ai r bor ne pol l ut ant s,  
wat er bor ne pol l ut ant s,  ant i c i pat ed cyl i nder  r od 
r et r act i on oper at i on,  f r equency of  i mmer si on,  
f r equency of  movement ,  t i me spent  ext ended,  pr esence 
of  shel t er i ng,  and i nspect i on/ mai nt enance 
accessi bi l i t y .

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

Tabl e 1:  Descr i pt i on of  Cor r osi v i t y Cat egor i es
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Cor r osi vi t y Cat egor y Typi cal  Envi r onment s -  Exampl es
       I NDOOR                      OUTDOOR

C1
Ver y Low

Heat ed spaces wi t h l ow 
r el at i ve humi di t y and 
i nsi gni f i cant  pol l ut i on,  
e. g.  of f i ces,  school s,  
museums.

Dr y or  col d zone,  at mospher i c 
envi r onment  wi t h ver y l ow 
pol l ut i on and t i me of  
wet ness,  e. g.  cer t ai n 
deser t s,  Cent r al  
Ar ct i c/ Ant ar ct i ca.

C2
Low

Unheat ed spaces wi t h 
var yi ng t emper at ur es and 
r el at i ve humi di t y.  Low 
f r equency of  condensat i on 
and l ow pol l ut i on,  e. g.  
st or age,  spor t  hal l s.

Temper at e zone,  at mospher i c 
envi r onment  wi t h l ow 
pol l ut i on ( SO2 < 5 mi cr o 
gr ams/ cubi c met er ) ,  e. g.  
r ur al  ar eas,  smal l  t owns.
 
Dr y or  col d zone,  at mospher i c 
envi r onment  wi t h shor t  t i me 
of  wet ness,  e. g.  deser t s,  
subar ct i c ar eas.  

C3
Medi um

Spaces wi t h moder at e 
f r equency of  condensat i on 
and moder at e pol l ut i on f r om 
pr oduct i on pr ocess,  e. g.  
f ood- pr ocessi ng,  l aundr i es,  
br ewer i es,  dai r i es.
     

Temper at e zone,  at mospher i c 
envi r onment  wi t h medi um 
pol l ut i on ( SO2:  5 mi cr o 
gr ams/ cubi c met er  t o 30 mi cr o 
gr ams/ cubi c met er )  or  some 
ef f ect  of  chl or i des,  e. g.  
ur ban ar eas,  coast al  ar eas 
wi t h l ow deposi t i on of  
chl or i des.  
Subt r opi cal  and t r opi cal  
zone,  at mospher e wi t h l ow 
pol l ut i on.  
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Cor r osi vi t y Cat egor y Typi cal  Envi r onment s -  Exampl es
       I NDOOR                      OUTDOOR

C4
Hi gh

Spaces wi t h hi gh f r equency 
of  condensat i on and hi gh 
pol l ut i on f r om pr oduct i on 
pr ocess,  e. g.  i ndust r i al  
pr ocessi ng pl ant s,  swi mmi ng 
pool s.

Spaces wi t h hi gh f r equency of  
condensat i on and hi gh 
pol l ut i on f r om pr oduct i on 
pr ocess,  e. g.  i ndust r i al  
pr ocessi ng pl ant s,  swi mmi ng 
pool s     Temper at e zone,  
at mospher i c envi r onment  wi t h 
hi gh pol l ut i on ( SO2:  30 mi cr o 
gr ams/ cubi c met er  t o 90 mi cr o 
gr ams/ cubi c met er )  or  
subst ant i al  ef f ect  of  
chl or i des,  e. g.  pol l ut ed 
ur ban ar eas,  i ndust r i al  
ar eas,  coast al  ar eas wi t hout  
spr ay of  sal t  wat er  or ,  
exposur e t o st r ong ef f ect  of  
de- i c i ng sal t s.  

Subt r opi cal  and t r opi cal  
zone,  at mospher e wi t h medi um 
pol l ut i on.  

C5
Ver y Hi gh

Spaces wi t h ver y hi gh 
f r equency of  condensat i on 
and/ or  wi t h hi gh pol l ut i on 
f r om pr oduct i on pr ocess,  
e. g.  mi nes,  caver ns f or  
i ndust r i al  pur poses,  
unvent i l at ed sheds i n 
subt r opi cal  and t r opi cal  
zones.

Temper at e and subt r opi cal  
zone,  at mospher i c envi r onment  
wi t h ver y hi gh pol l ut i on 
( SO2:  90 mi cr o gr ams/ cubi c 
met er  t o 250 mi cr o 
gr ams/ cubi c met er )  and/ or  
s i gni f i cant  ef f ect  of  
chl or i des,  e. g.  i ndust r i al  
ar eas,  coast al  ar eas,  
shel t er ed posi t i ons on 
coast l i ne.
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Cor r osi vi t y Cat egor y Typi cal  Envi r onment s -  Exampl es
       I NDOOR                      OUTDOOR

CX
Ext r eme

Spaces wi t h al most  
per manent  condensat i on or  
ext ensi ve per i ods of  
exposur e t o ext r eme 
humi di t y ef f ect s and/ or  
wi t h hi gh pol l ut i on f r om 
pr oduct i on pr ocess,  e. g.  
unvent i l at ed sheds i n humi d 
t r opi cal  zones wi t h 
penet r at i on of  out door  
pol l ut i on i ncl udi ng 
ai r bor ne chl or i des and 
cor r osi on- st i mul at i ng 
par t i cul at e mat t er .  
Submer ged cyl i nder s and 
pi st on r ods.

Subt r opi cal  and t r opi cal  zone 
( ver y hi gh t i me of  wet ness) ,  
at mospher i c envi r onment  wi t h 
ver y hi gh SO2 pol l ut i on 
( hi gher  t han 250 mi cr o 
gr ams/ cubi c met er )  i ncl udi ng 
accompanyi ng and pr oduct i on 
f act or s and/ or  st r ong ef f ect  
of  chl or i des,  e. g.  ext r eme 
i ndust r i al  ar eas,  coast al  and 
of f shor e ar eas,  occasi onal  
cont act  wi t h sal t  spr ay.

NOTE:  Wat er  Qual i t y Sampl i ng 
may be r equi r ed i n advance of  
t he desi gn pr oj ect  t o col l ect  
suf f i c i ent  dat a t o assess 
pol l ut i on l evel s f or  
det er mi nat i on of  Cor r osi vi t y 
Cat egor y.

Appl i cat i ons wi t h f r equent  
submer gence f or  ext ended 
per i ods ( > 24 hour s) .

2. 2. 4   Connect i ons

2. 2. 4. 1   Pi nned Connect i ons

Desi gn pi nned hydr aul i c cyl i nder  connect i ons f or  f i el d assembl y [ as 
manuf act ur e desi gned]  [ as shown] .

2. 2. 4. 2   Shop Connect i ons

Desi gn shop connect i ons f or  assembl y by means of  wel di ng or  by bol t i ng.

2. 2. 4. 3   Wel ded Connect i ons

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  t he need exi st s f or  mor e st r i ngent  
r equi r ement s f or  wel dment s,  del et e t hi s f i r st  
br acket ed par agr aph and use t he second par agr aph.  
The desi gner  shoul d al so consi der  whet her  a U- St amp 
per  ASME BPVC SEC VI I I  code i s necessar y s i nce 
cust om pr oduced hydr aul i c cyl i nder s ar e gener al l y 
exempt .  Not e speci f i cal l y i n par agr aph bel ow t he 
exempt i on of  t he U- st amp r equi r ement .  Al l  ot her  
r equi r ement s of  t he ASME BPVSC SEC VI I I  code shoul d 
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st i l l  be enf or ced.  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

[ Desi gn wel ded connect i ons i n accor dance wi t h AWS D1. 1/ D1. 1M or  
AWS D1. 6/ D1. 6M wi t h t he except i on of  pr ovi s i ons f or  r epeat ed st r ess ar e 
not  r equi r ed. [   St r uct ur al  member s must  be wel ded i n accor dance wi t h 
Sect i on 05 05 23. 16 STRUCTURAL WELDI NG. ]  Wel d hydr aul i c cyl i nder s i n 
accor dance wi t h ASME BPVC SEC VI I I  D1,  [ I SO 15614- 1] .   Wel d pi pi ng i n 
accor dance wi t h ASME B31. 1 wi t h qual i f i ed pr ocedur es usi ng qual i f i ed 
wel der s and wel di ng oper at or s.   Qual i f y pr ocedur es and wel der s i n 
accor dance wi t h ASME BPVC SEC I X.   Wel di ng pr ocedur es qual i f i ed by ot her s,  
and wel der s and wel di ng oper at or s qual i f i ed by anot her  empl oyer  may be 
accept ed as per mi t t ed by ASME B31. 1.  [ U- st amp r equi r ement s per  ASME BPVC 
ar e wai ved. ]   Not i f y t he Cont r act i ng Of f i cer  wi t hi n 24 hour s i n advance of  
t est s and per f or m t he t est s at  t he wor k s i t e i f  pr act i cabl e.   Appl y t he 
wel der ' s or  wel di ng oper at or ' s assi gned symbol  near  each wel d made as a 
per manent  r ecor d.   Submi t  a copy of  qual i f i ed pr ocedur es and a l i s t  of  
names and i dent i f i cat i on symbol s of  qual i f i ed wel der s and wel di ng 
oper at or s. ]

[ Wel di ng and nondest r uct i ve t est i ng pr ocedur es f or  pi pi ng ar e speci f i ed i n 
Sect i on 40 05 13. 96 WELDI NG PROCESS PI PI NG. ]

2. 2. 4. 4   St r uct ur al  Bol t ed Connect i ons

Make st r uct ur al  bol t ed connect i ons car r y i ng pr i mar y l oads wi t h 
ASTM F3125/ F3125M,  Gr ade [ A325] [ A490]  bol t s [ or  I SO equi val ent  st andar ds 
as appr oved] .

2. 3   HYDRAULI C CYLI NDERS
 
2. 3. 1   Hydr aul i c Cyl i nder s ( St andar d Desi gn)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Use t hi s Al t er nat e 1 when hydr aul i c cyl i nder s 
of  st andar d desi gn and manuf act ur e ar e r equi r ed and 
avai l abl e as st andar d cat al ogue i t ems.  These ar e 
t ypi cal l y t i e r od t ype cyl i nder s and wi l l  gener al l y 
be avai l abl e as st andar d cat al ogue i t ems.  Cyl i nder  
par t s and component s ar e gener al l y st andar di zed.  

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

Pr ovi de [ s i ngl e end] [ doubl e end]  r od hydr aul i c cyl i nder s t hat  ar e a 
st andar d cat al og i t em.   Pr ovi de one of  t he hydr aul i c cyl i nder  t ypes l i s t ed 
i n I SO 5598 as speci f i ed or  i ndi cat ed,  of  t i e r od desi gn,  [ squar e head 
st andar d const r uct i on] .   Cyl i nder s must  meet  t he f ol l owi ng r equi r ement s:

a.  Sel ect  cyl i nder s wi t h t he bor e,  st r oke,  r od di amet er ,  and mount i ng 
st y l e of  t he cyl i nder  as i ndi cat ed.

b.  The manuf act ur er  speci f i ed pr essur e r at i ng of  t he cyl i nder  must  not  be 
l ess t han t he maxi mum syst em pr essur e i ndi cat ed.   

c.  Equi p cyl i nder s wi t h dynami c seal s ar e sui t abl e f or  bot h f r equent  and 
i nf r equent  oper at i on and ar e capabl e of  not  l ess t han [ manuf act ur er  
def i ned and r at ed number  of  oper at i ons]  [ 500, 000 cycl es of  oper at i on]  
i n syst ems pr oper l y mai nt ai ned.
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[ d.  Equi p t he cyl i nder s wi t h t he manuf act ur er ' s st andar d posi t i on measur i ng 
syst em. ]

e.  Equi p cyl i nder s wi t h [ SAE st r ai ght  t hr ead O- r i ng] [ SAE 4 bol t  hydr aul i c 
f l anges]  [ _____]  pi pi ng por t s.

[ f .  Pr ovi de t he hydr aul i c cyl i nder  wi t h [ adj ust abl e]  [ nonadj ust abl e]  
cushi ons on [ t he cap end onl y]  [ t he r od end onl y]  [ bot h ends] .  
[ Cushi ons t o have f r ee r ever se f l ow check val ves. ] ]

g.  Pr ovi de evi dence t hat  each cyl i nder  was hydr ost at i cal l y t est ed by t he 
manuf act ur er  t o [ ASME BPVC SEC VI I I  D1 r equi r ement s]  [ 200% of  wor ki ng 
l oad] [ 150% wor ki ng l oad]  f or  t he sever est  ser vi ce r at i ng.

2. 3. 1. 1   Cyl i nder  Tubes ( St andar d Desi gn)

Cyl i nder  t ubes f or  st andar d desi gn cyl i nder s must  meet  t he f ol l owi ng 
r equi r ement s:

a.  Machi ne t he cyl i nder  t ube f r om [ ASTM A519/ A519M,  Gr ade 1018] [ heavy wal l  
seaml ess st eel  t ubi ng]  [ or  mat er i al s meet i ng I SO st andar d equi val ent  
as appr oved]

b.  Hone t he bor e t o a [ sur f ace f i ni sh compat i bl e wi t h t he seal s bei ng used 
so as t o r esul t  i n zer o net  l eakage past  t he seal s. ]  [ t o a 254 t o 381 
nanomet er s 10 t o 15 mi cr oi nch r ms sur f ace f i ni sh. ]

2. 3. 1. 2   Cyl i nder  Heads and Caps ( St andar d Desi gn)

Cyl i nder  heads and caps f or  st andar d desi gn cyl i nder s must  meet  t he 
f ol l owi ng r equi r ement s:

a.  Fabr i cat e t he cyl i nder  head and cap f r om [ ASTM A576,  Gr ade 1018,  st eel  
bar  st ock] [ ASTM A516/ A516M,  Gr ade 60 pl at e] [ or  mat er i al s meet i ng I SO 
equi val ent  st andar ds as appr oved]

b.  Pr ovi de a machi ne f i ni sh on al l  sur f aces.

c.  Equi p t he cyl i nder  head wi t h a r od seal  and ext er nal  di r t  wi per ,  [ i ce 
scr aper , ]  and a r od bushi ng pi l ot ed i nt o t he head t o ensur e 
concent r i c i t y.   [ Rod bushi ngs must  be r emovabl e wi t hout  t he use of  
speci al  t ool s and wi t hout  r emovi ng t he t i e r ods or  cyl i nder  head. ]  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   An i ce scr aper  i s i n addi t i on t o a st andar d 
wi per  or  scr aper  seal  t o c l ean r od and pr event  
debr i s f r om i mpact i ng t he mai n r od seal ( s) .   
Recommend i ncl usi on f or  any ar eas i n whi ch i ce or  
f r ost  may f or m on t he cyl i nder  r od.

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

d.  At t ach t he cyl i nder  t ube t o t he head and cap by t i e r ods [ bol t s]  havi ng 
a mi ni mum yi el d st r engt h of  690 MPa or   100, 000 psi [ or ]  [ as i ndi cat ed] .

e.  Removabl e at t achment s t o have t he cyl i nder  t ube end seal s ar r anged t o 
seal  wi t h pr essur e and be desi gned t o pr event  shear i ng and ext r usi on 
and t o pr ovi de axi al  met al  backup.
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2. 3. 1. 3   Pi st ons ( St andar d Desi gn)

Pi st ons f or  st andar d desi gn cyl i nder s must  meet  t he f ol l owi ng r equi r ement s:

a.  Fabr i cat e t he pi st on f r om [ f i ne- gr ai ned cast  i r on] [ _____] .

b.  Pr eci s i on f i t  t he pi st on t o t he cyl i nder  body bor e.

c.  Pr ovi de a sui t abl e met hod f or  l ocki ng pi st on t o t he r od.

d.  Equi p pi st ons wi t h [ zer o net  l eakage cup- t ype seal s] [ br onze- f i l l ed 
pol yt et r af l uor oet hyl ene seal s wi t h phenol i c wear  r i ngs] [ cont r act or  
f ur ni shed desi gn] .

e.  The desi gn must  pr ot ect  t he pi st on r i ngs f r om bl ow- out  and over  
squeezi ng.  

2. 3. 1. 4   Pi st on Rods ( St andar d Desi gn)

Pi st on r ods f or  st andar d desi gn cyl i nder s must  meet  t he f ol l owi ng 
r equi r ement s:

a.  Fabr i cat e t he r ods f r om [ medi um car bon st eel  wi t h a y i el d st r engt h of  
620 t o 690 MPa 90, 000 t o 100, 000 psi  f or  r ods 16 t hr ough 102 mm or  5/ 8 
t hr ough 4 i nches i n di amet er ] [ 620 t o 760 MPa or  90, 000 t o 110, 000 psi  
hi gh t ensi l e st r engt h st eel  usi ng ASTM A108,  Type C 1045,  f or  r ods 16 
t o 64 mm or  5/ 8 t o 2 1/ 2 i nches i n di amet er ,  and ASTM A108,  Type CR 
4140,  f or  r ods 76 t o 254 mm 3 t o 10 i nches i n di amet er ] [ mat er i al s and 
coat i ngs as r ecommended by t he manuf act ur er  t o meet  t he speci f i ed 
desi gn r equi r ement s f or  oper at i on,  st r engt h,  dur abi l i t y ,  cor r osi v i t y 
and oper at i ng envi r onment ] .

b.  [ Pr ovi de t he r od case har dened t o 50- 54 Rockwel l  C,  pol i shed t o a 0. 25 
mi cr omet er   10 mi cr oi nch Ra sur f ace f i ni sh or  bet t er ,  and ni ckel  and 
har d- chr ome pl at ed t o 75 mi cr omet er  or  0. 003 i nch mi ni mum 
t hi ckness. ] [ Pr ovi de r od coat i ng syst em per  manuf act ur er  st andar d 
desi gn and st andar d sur f ace f i ni sh t o meet  r equi r ed cor r osi v i t y 
r at i ng. ]

2. 3. 2   Hydr aul i c Cyl i nder s ( Cust om Desi gn by Manuf act ur er )

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTES:   Use t hi s Al t er nat e 2 when t he hydr aul i c 
cyl i nder s ar e t o be cust om desi gned by t he 
manuf act ur er  speci f i cal l y f or  t hi s pr oj ect  i n 
accor dance wi t h t he desi gn par amet er s.

Tel escopi c hydr aul i c cyl i nder s may be used onl y f or  
speci al  r et r of i t  appl i cat i ons wher e r egul ar  s i ngl e 
or  doubl e act i ng cyl i nder s cannot  be used.

Unl ess t he desi gner  needs t o make t he choi ces 
because of  uni que cr i t er i a s i t uat i ons,  t he sel ect i on 
of  mat er i al s and conf i gur at i ons shoul d r emai n as 
Cont r act or ' s opt i ons.  Mi l l  t ype cyl i nder s ar e 
pr ef er abl e over  t i e r od cyl i nder s and shoul d be 
speci f i ed and ut i l i zed.  Mi l l  t ype cyl i nder s 
gener al l y ar e r at ed f or  t he hi gher  pr essur es t han 
t he ot her  desi gns.  The cyl i nder  heads gener al l y ar e 
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mount ed wi t h bol t s or  cap scr ews.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Ut i l i ze mi l l  t ype cyl i nder s.  Pr ovi de cyl i nder  of  [ s i ngl e] [ doubl e]  act i ng[ ,  
t el escopi c]  t ype desi gned and manuf act ur ed [ t o be used under  wat er  and]  t o 
meet  t he cr i t er i a as st at ed i n par agr aph " Desi gn Par amet er s. " [   Desi gn 
cyl i nder s and i nt egr at ed appur t enances i ncl udi ng posi t i on sensi ng syst ems 
t o be submer ged [ and oper at e]  under  [ _____]  met er s [ _____]  f eet  of  wat er  
f or  up t o [ _____]  days per  year . ] [   Tel escopi c cyl i nder s may be ei t her  
s i ngl e or  doubl e wal l  as necessar y t o pr ovi de t he best  oper at i ng 
char act er i st i cs. ]  Pr ovi de cyl i nder  measur i ng syst ems as appr oved.  Mat er i al  
f or  t he hydr aul i c cyl i nder  t o be a hi gh st r engt h car bon or  al l oy st eel .   
St r ess r el i ef  heat  t r eat  cyl i nder  t ubes whi ch have been wel ded and 
[ r adi ogr aph al l  wel ds i ncl udi ng t hose on t he end mount s] [ r adi ogr aph 
desi gnat ed wel ds as i ndi cat ed] .   Mat er i al  f or  t he pi st on r od t o be a hi gh 
st r engt h [ car bon or  al l oy st eel  wi t h chr ome pl at i ng per  ASTM B650
] [ st ai nl ess st eel  wi t h chr ome pl at i ng per  ASTM B177/ B177M and ASTM B254
] [ manuf act ur er  st andar d t her mal  spr ayed syst em wi t h ni ckel  chr omi um based 
al l oy on st ai nl ess st eel  subst r at e] [ l aser  c l ad met al  al l oy on car bon st eel  
or  st ai nl ess st eel  subst r at es] [ _____] . [ Ni ckel  pl at e t he ext er i or  of  t he 
ext endi ng r ods and t ubes on a t el escopi c cyl i nder . ] [ The ni ckel  pl at i ng t o 
be a mi ni mum of  75 mi cr omet er s or  0. 003 i nch t hi ck and a [ hi gh] [ mi d]  
phosphor ous,  el ect r ol ess ni ckel  pr ocess desi gned f or  cor r osi on 
pr ot ect i on. ]   Fabr i cat e r i ngs,  bear i ngs,  packi ng,  packi ng r i ngs,  r et ai ni ng 
r i ngs,  seal s,  wi per - scr aper s,  and any ot her  f abr i cat ed i t ems f r om 
suf f i c i ent l y qual i f i ed mat er i al s  as r ecommended and appr oved t o pr ovi de 
net  zer o l eakage.   Wher e a cyl i nder  head i s used as a posi t i ve- posi t i on 
st op,  t he st op head t o i ncor por at e an adj ust abl e cushi on,  or  an ext er nal  
decel er at i on cont r ol  pr ovi ded t o mi ni mi ze det r i ment al  mechani cal  i mpact .   
[ End mount s [ f or  pi nned connect i ons]  as i ndi cat ed. ]   [ Pr ovi de br onze 
bushi ngs i n accor dance wi t h ASTM B505/ B505M,  Al l oy [ C92200] ,  i n t he pi n 
hol es. ]   [ Fabr i cat e connect i on pi ns f r om ASTM A564/ A564M,  Type 630,  
Condi t i on H- 1150,  st ai nl ess st eel . ]   [ Mount  t he hydr aul i c cyl i nder  as 
i ndi cat ed. ]   Dr i l l ,  t ap,  and sur f ace por t s t o r ecei ve [ SAE Code 61 
f l anges] [ _____]  i n t he posi t i ons i ndi cat ed or  as ot her wi se appr oved.   
Locat e t he mani f ol d and pi pe suppor t s,  as i ndi cat ed,  t o be an i nt egr al  
par t  of  t he machi ner y.   Pr ovi de bot h ends of  al l  t he cyl i nder s wi t h 
conveni ent  bl eed por t s.   Tap each cyl i nder  por t  t o r ecei ve t he 7/ 16- 20- SAE 
bl eed val ves.   Pr ovi de di agnost i c connect or s r at ed at  l east  31 MPa 4500 psi
 and consi st i ng of  a st ai nl ess st eel  body wi t h i nt er nal  bal l  check and 
spr i ng,  mal e SAE O- r i ng connect i on and pr ot ect i ve cap as bl eed val ves.  
I nt egr at ed posi t i on i ndi cat i on syst ems mount ed t o t he cyl i nder s t o be 
desi gned f or  mi ni mal  l eakage [ l eakage f r ee]  and equi pped wi t h a 
pr essur el ess l eakage moni t or i ng  por t  col l ect i on syst em.   [ Cyl i nder s t o 
have por t s on bot h s i des and pr ovi s i ons f or  mount i ng pi pi ng i n ei t her  l ef t  
or  r i ght  hand conf i gur at i on so t hat  t he cyl i nder s f or  bot h posi t i ons ar e 
i nt er changeabl e. ]

2. 3. 3   Hydr aul i c Cyl i nder s ( USACE Cust om Desi gn)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Use t hi s Al t er nat e 3 when t he hydr aul i c 
cyl i nder s have been desi gned or  by t he Cor ps of  
Engi neer s or  have speci f i c  and uni que r equi r ement s 
and t hey ar e det ai l ed on t he cont r act  dr awi ngs.   
Mi l l  t ype cyl i nder s t o be ut i l i zed i n accor dance 
wi t h EM 1110- 2- 2610.  Mi l l  t ype cyl i nder s gener al l y 
ar e r at ed f or  t he hi gher  pr essur es t han t he ot her  
desi gns.  The cyl i nder  heads gener al l y ar e mount ed 

SECTI ON 35 05 40. 14 10  Page 33



wi t h bol t s or  cap scr ews.  Most  mai n oper at i ng 
syst ems t o be desi gned f or  t hi s t ype of  cyl i nder .

Posi t i on sensi ng syst ems ar e a cr i t i cal  f eat ur e and 
ar e ei t her  i nt egr al  wi t h t he cyl i nder  or  ext er nal  t o 
t he cyl i nder  and sense ei t her  t he cyl i nder  or  t he 
gat e or  val ve di r ect l y.  An advant age of  a posi t i on 
sensi ng syst em connect ed t o t he gat e ( not  t he 
cyl i nder )  i s  t he gat e posi t i on i s known i f  t he 
act uat or  becomes di sconnect ed or  damaged.  Syst ems 
i nt egr al  wi t h t he cyl i nder  can be pr ovi ded by t he 
manuf act ur er  and r equi r e no ext er nal  mechani sms or  
l i nkages.

I nt egr al  syst ems i ncl ude t he magnet o r esi st i ve 
syst ems.  Not ches ar e et ched or  machi ned i nt o t he 
base mat er i al  of  t he cyl i nder  r od and a sur f ace 
coat i ng i s appl i ed over  t hi s.  These syst ems,  
however ,  onl y wor k wi t h car bon st eel  r ods and 
non- magnet i c coat i ngs.  Locat ed i n t he r od seal  gl and 
housi ng i s a sensor ,  whi ch i s posi t i oned t o r ecei ve 
s i gnal s f r om t he et ched or  machi ned not ch embedded 
bel ow t he pol i shed sur f ace.  Si gnal  pul ses ar e 
count ed and comput ed t o pr ovi de an out put  
posi t i oni ng si gnal .

Magnet ost r i ct i ve syst ems r equi r e dr i l l i ng t he 
cyl i nder  r od f r om t he pi st on end f or  a sensor  r od.  
Thi s syst em pr ovi des an absol ut e i ndi cat i on of  
posi t i on but  i s l i mi t ed i n st r oke because of  t he 
l engt h of  t he unsuppor t ed r od i n t he cyl i nder  when 
ext ended.

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

2. 3. 3. 1   Gener al  Requi r ement s ( USACE Desi gn)

Ut i l i ze mi l l  t ype cyl i nder s.  The hydr aul i c cyl i nder  t o be of  t he 
[ s i ngl e] [ doubl e]  act i ng t ype desi gned and manuf act ur ed [ t o be used under  
wat er  and]  t o meet  t he cr i t er i a st at ed i n par agr aph " Desi gn Par amet er s. " [   
Desi gn cyl i nder s and i nt egr at ed appur t enances i ncl udi ng posi t i on sensi ng 
syst ems t o be submer ged [ and oper at e]  under  [ _____]  met er s[ _____]  f eet  of  
wat er  f or  up t o [ _____]  days per  year . ] [ Cyl i nder  desi gn ar r angement  must  
al l ow f or  f i el d ser vi ceabi l i t y   of  cyl i nder s,  wher e r od wi per / scr aper  
seal s and st at i c o- r i ngs can be ser vi ced wi t hout  speci al t y j i g or  of f s i t e 
f aci l i t y . ]     

2. 3. 3. 2   Cyl i nder s ( USACE Desi gn)

Cyl i nder s f or  USACE Desi gn hydr aul i c cyl i nder s must  meet  t he f ol l owi ng 
r equi r ement s:

a.  Make cyl i nder s out  of  st eel  meet i ng one of  t he f ol l owi ng opt i ons:

1)  Opt i on A:   Rol l ed st eel  pl at e i n accor dance wi t h ASTM A516/ A516M,  
Gr ade 70 or  equi val ent  mat er i al  as appr oved,  and wel ded f l anges i n 
accor dance wi t h ASTM A181/ A181M,  Cl ass 70 or  equi val ent  mat er i al  
as appr oved.

2)  Opt i on B:   Pr ovi de  cent r i f ugal  cast  st eel  shel l  i n accor dance wi t h 
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ASTM A216/ A216M,  Gr ade WWC or  equi val ent  mat er i al  as appr oved,  and 
wel ded f l anges i n accor dance wi t h ASTM A181/ A181M,  Cl ass 70 or  
equi val ent  mat er i al  as appr oved,  or  cast  f r om ASTM A216/ A216M,  
Gr ade WWC st eel  or  equi val ent  mat er i al  as appr oved.

3)  Opt i on C:   The shel l  and f l anges a sol i d t r epanned f or gi ng i n 
accor dance wi t h ASTM A266/ A266M,  Cl ass 1 or  equi val ent  mat er i al  as 
appr oved.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Exami ne how l ong t he cyl i nder  i s and how 
pr act i cal  i t  i s  t o pr oduce i t  as one pi ece.  Long 
cyl i nder s,  such as f or  gat es and l ocks may r equi r e 
segment s.   Desi gn may need t o add pr ovi s i ons f or  
wel di ng of  segment s and t he t r ansi t i on of  dynami c 
seal s over  t he assembl y poi nt s.

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

b.  The i nt er i or  of  t he f i ni shed cyl i nder  must  honed t o t he di mensi ons,  
t ol er ances and sur f ace f i ni sh shown.  

c.  The f i ni shed wal l  t hi ckness must  not  be l ess t han t hat  shown.  

d.  Wel d f l anges t o t he cyl i nder  par al l el  wi t h each ot her  and per pendi cul ar  
t o t he cyl i nder  cent er  l i ne.  

e.  St r ess r el i ef  heat  t r eat  t he cyl i nder  af t er  compl et i on of  al l  wel di ng.

f .  Fabr i cat e cyl i nder  t o t he t ol er ances as shown.   The assembl ed cyl i nder  
t o be of  such st r ai ght ness t hat  t he pi st on and r od move smoot hl y 
wi t hout  any i ndi cat i on of  bi ndi ng or  t i ght  spot s.

g.  [ Radi ogr aph al l  wel ds i ncl udi ng t hose on t he end mount s. ] [   Radi ogr aph 
desi gnat ed wel ds as i ndi cat ed. ]  

2. 3. 3. 3   Pi st on Rods ( USACE Desi gn)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Choose one or  mor e opt i ons dependi ng on t he 
uni que r equi r ement s and l i f e- cycl e cost s of  t he 
pr oj ect .  Car bon st eel  pi st on r ods wi t h chr ome 
pl at i ng i s not ed but  shoul d be avoi ded i f  possi bl e 
due t o pot ent i al  cor r osi on of  t he pi st on r od 
especi al l y i n hi gh cor r osi v i t y envi r onment s.  Wel ded 
over l ay wi t h car bon or  st ai nl ess st eel  r ods i s t he 
r ecommended appr oach.

The desi gner  needs t o r ef er ence and sel ect  t he 
appr opr i at e cor r osi v i t y cat egor y i n Tabl e 1 f or  t he 
pi st on r od.

The desi gner  shoul d be awar e t hat  cyl i nder  r od ends 
speci f i ed wi t h car bon st eel  subst r at es have an 
i ncr eased l i kel i hood of  cor r osi on bet ween t he mat i ng 
sur f aces/ t hr eads of  t he cyl i nder  r od and connect ed 
component s.   The cyl i nder  r od ends ar e t ypi cal l y 
machi ned t hr eads f or  adj ust abi l i t y  and ar e not  
pr ot ect ed by t he speci f i ed r od coat i ng syst em.   
St andar d o- r i ng t ype seal  desi gns may not  be enough 
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t o wi t hst and envi r onment al  condi t i ons.   Desi gner s 
shoul d pr ovi de pr ovi s i ons i n t he desi gn t o seal ,  
pr ot ect  or  coat  mat i ng sur f aces t o mi ni mi ze t he 
chance of  sei z i ng and cor r osi on f or  f ut ur e 
mai nt enance and ser vi ceabi l i t y .

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

Pi st on r ods f or  USACE Desi gn hydr aul i c cyl i nder s must  meet  t he f ol l owi ng 
r equi r ement s:

a.  Rod and r oad coat i ng syst em must  be i n accor dance wi t h one of  t he 
f ol l owi ng opt i ons.   Al l  r od coat i ngs must  meet  or  exceed t he mi ni mum 
t est  cr i t er i on as st at ed i n t he f ol l owi ng t abl es ( Tabl es 2, 3, 4) .   
[ Submi t  Rod Coat i ng Dat a t hat  i ncl udes det ai l s on t he coat i ng 
mat er i al s,  cor r osi v i t y t est i ng,  appl i cat i on met hod,  and qual i t y 
i nspect i on met hods and met r i cs. ] :

[ 1)  Car bon st eel  r ods wi t h [ chr ome] [ ni ckel  pl us chr ome]  pl at i ng:  
Fabr i cat e r ods f r om car bon st eel  t hat  meet s t he r equi r ement s of  
ASTM A108,  Type C 1045 or  Type CR 4140 or  equi val ent  mat er i al  as 
appr oved.   Case har dened t o 50- 54 Rockwel l  C.   The chr ome pl at i ng 
t hi ckness must  be a mi ni mum of  76 mi cr omet er s or  0. 003 i nch.   
Appl y pl at i ng i n accor dance wi t h ASTM B177/ B177M or  ASTM B650 [
ASTM B546. ] ]

[ 2)  St ai nl ess st eel  r ods wi t h chr ome pl at i ng:  Fabr i cat e r ods f r om 
st ai nl ess st eel  t hat  meet s t he r equi r ement s ASTM A564/ A564M or  
ASTM A705/ A705M,  Type 630 or  Type XM- 12 or  equi val ent  mat er i al  as 
appr oved.   The chr ome pl at i ng t hi ckness must  be a mi ni mum of  76 
mi cr omet er s or  0. 003 i nch.   Appl y pl at i ng i n accor dance wi t h 
ASTM B177/ B177M and ASTM B254. ]

[ 3)  Car bon st eel  r ods wi t h wel ded over l ay:  Fabr i cat e r ods f r om car bon 
st eel  t hat  meet s t he r equi r ement s of  ASTM A108,  Type C 1045 or  
Type CR 4140 or  equi val ent  mat er i al  as appr oved.  The over l ay 
mat er i al  must  be cer t i f i ed and f or mul at ed t o consi st  of  a met al  
al l oy t o meet  cor r osi v i t y cat egor y and desi gned and appl i ed by t he 
cyl i nder  manuf act ur er  and submi t t ed f or  appr oval .  The mi ni mum 
coat i ng t hi ckness must  be [ 600]  mi cr omet er s or  [ 0. 0236]  i nches[ 400 
mi cr omet er s] [ 300 mi cr omet er s] . ]

[ 4)  Car bon st eel  r ods wi t h hi gh vel oci t y oxygen f uel  ( HVOF)  coat i ng:  
Fabr i cat e t he r ods f r om car bon st eel  t hat  meet s t he r equi r ement s 
of  ASTM A108,  Type C 1045 or  Type CR 4140 or  equi val ent  mat er i al  
as appr oved.  Case har dened t o 50- 54 Rockwel l  C.  Appl y t her mal  
spr ayed coat i ngs wi t h HVOF met hod and have t he appl i ed mat er i al  
composi t i on cer t i f i ed and submi t t ed f or  appr oval .  HVOF appl i cat i on 
per  ASTM E1920 and ASTM C633[ manuf act ur er  st andar d appl i cat i on 
pr ocess]  and submi t t ed f or  appr oval .  Appl i ed coat i ng mat er i al s t o 
consi st  of  Ni ckel - Chr omi um based al l oys as appr oved appl i ed i n 
mul t i pl e l ayer s t o achi eve a t ot al  coat i ng t hi ckness gr eat er  or  
equal  t o [ 250]  mi cr omet er s or  [ 0. 0089]  i nches f or  t he f i r st  l ayer  
and not  l ess t han [ 440]  mi cr omet er s or  [ 0. 0173]  i nches f or  t wo 
l ayer s. ]

[ 5)  St ai nl ess st eel  r ods wi t h wel ded over l ay:  Fabr i cat e r ods f r om 
st ai nl ess st eel  t hat  meet s t he r equi r ement s ASTM A564/ A564M or  
ASTM A705/ A705M,  Type 630 or  Type XM- 12 or  equi val ent  mat er i al  as 
appr oved.   The over l ay mat er i al  must  be cer t i f i ed and f or mul at ed 

SECTI ON 35 05 40. 14 10  Page 36



t o consi st  of  a met al  al l oy t o meet  cor r osi v i t y cat egor y and 
desi gned and appl i ed by t he cyl i nder  manuf act ur er  and submi t t ed 
f or  appr oval .  The mi ni mum coat i ng t hi ckness must  be [ 600]  
mi cr omet er s or  [ 0. 0236]  i nches[ 400 mi cr omet er s] [ 300 mi cr omet er s] . ]

b.  I f  r ods ar e made f r om t wo or  mor e pi eces,  j oi nt s must  be made wi t h f ul l  
penet r at i on wel ds.   Per f or m r adi ogr aph t est i ng on 100% of  wel ds.   

c.  [ The f i nal  r od sur f ace t o have a r oughness hei ght  of  not  mor e t han 
[ 0. 20] [ ___]  mi cr omet er s[ 8] [ __]  mi cr oi nches Ra. ]

d.  Quant i f y t he f i nal  r od sur f ace r oughness usi ng t he Rpk- Rk- Rvk i n 
accor dance wi t h I SO 13565.   Ot her  par amet er s such as Ra,  Rz or  Rmax 
val ue can onl y be used i ndi cat i ve.   Roughness t o be det er mi ned by 
Cyl i nder  manuf act ur er  and Seal  manuf act ur er  f or  t he i nt ended cyl i nder  
oper at i ng envi r onment  as speci f i ed.

e.  Submi t  cer t i f i ed t est  r epor t s f or  bot h t he r od mat er i al  and per f or mance 
r equi r ement s as speci f i ed.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   ASTM G48 t est i ng i s not  a sui t abl e t est  f or  
por ous coat i ngs,  e. g.  har d chr omi um,  t her mal  
spr ayed.  

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

Tabl e 2:  ( Ni ckel )  Chr omi um Pi st on Rod Coat i ng Requi r ement s 

No. Test Cr i t er i on Remar ks

1. Manuf act ur i ng 
Pr ocedur e 
Speci f i cat i on 
( MPS)  f or  t he 
appl i cat i on 
of  t echni cal  
coat i ngs

Manuf act ur er  t o be I SO 9001
 cer t i f i ed and or  have 
pr oduced coat i ngs of  t he 
t ype and appl i cat i on 
speci f i ed f or  a mi ni mum of  
5 year s wi t h a wr i t t en 
qual i t y document at i on 
pr ocedur e i n pl ace dur i ng 
t hat  per i od.

I mpl ement at i on and cer t i f i cat i on 
per f or med by t he manuf act ur er .   The 
MPS t o addr ess such i t ems as 
per sonnel  qual i f i cat i on f or  coat i ng 
appl i cat i on,  cal i br at i on of  
equi pment  and ser vi ce mai nt enance 
r ecor ds,  mat er i al  cer t i f i cat es wi t h 
chemi cal  composi t i on,  pr ocess 
par amet er  speci f i cat i on t hr eshol ds,  
di mensi onal  cont r ol ,  i nspect i on/
accept ance.

2. Coat i ng 
Thi ckness

As i ndi cat ed or  speci f i ed. Conduct  pr e- and post - pr ocess 
di amet er  measur ement s.  Addi t i onal  
t est s may be per f or med of  t est  
sampl es pr oduced at  t i me of  
f abr i cat i on may be submi t t ed.
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No. Test Cr i t er i on Remar ks

3. Har dness 900 -  1100 HV 0. 1 Vi cker s 
i n accor dance wi t h  
I SO 4516 and  I SO 6507 
[ , 670 -  730 Br i nel l ] .  
Al t er nat i ve t est i ng and 
r esul t s i n accor dance wi t h 
manuf act ur er ' s st andar d 
t est i ng pr ocedur es may be 
submi t t ed t o t he 
Gover nment  f or  appr oval .

Har dness t est i ng on f i nal  pr oduct  
pr ohi bi t ed.

4. Adhesi on 
st r engt h

Per  r equi r ement s of  
ASTM B254 or  ASTM B650 as 
appl i cabl e or  
manuf act ur er s equi val ent  
t est  as appr oved.

Test  i n accor dance wi t h 
manuf act ur er ' s appr oved pr ocedur e i f  
di f f er ent  t han speci f i ed.

5. Cor r osi on 
t est i ng- Cr 30

I SO 9227 or  ASTM G85:  
Mi ni mum 96h,  Base mat er i al  
cor r osi on obser ved i s 
pr ohi bi t ed.

Neut r al  Sal t  Spr ay Test

6. Cor r osi on 
t est i ng1- Ni / Cr  
60/ 40

Test  i n accor dance wi t h 
manuf act ur er ' s st andar d 
t est  pr ocedur e as appr oved.

Sal t  Dr opl et  Cor r osi on

7. Sur f ace f i ni sh Rmr  -  mr  ( - 1. 5,  2. 0)  => 80%
Ra:  ( >0. 1 mi cr omet er s or   
3. 93 mi cr o i nches   <0. 4 
mi cr omet er s  or  15. 75 
mi cr oi nches)
  

Al l  sur f ace f i ni sh 
par amet er s i n accor dance 
wi t h I SO 4287 and I SO 4288

Cr acks,  bl i st er s,  hol es,  
or  di scol or at i on vi s i bl e 
wi t h naked eye ar e 
pr ohi bi t ed.

Def ect s >0. 2 mi cr omet er s 
or  7. 87 mi cr oi nches ar e 
pr ohi bi t ed.  

Def ect s t hr ough coat i ng 
and i nt o base mat er i al  ar e 
pr ohi bi t ed.

Sur f ace f i ni sh measur ement s t o be 
obt ai ned by cont act  st y l us i n 
accor dance wi t h I SO 3274.  

Gener al  v i sual  i nspect i on.

I ndi cat i ons t o be assessed vi sual l y 
at  30- 40x magni f i cat i on.
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No. Test Cr i t er i on Remar ks

8. I mpact  t est Per f or m i mpact  t est i ng i n 
accor dance wi t h ASTM D2794,  
or  a si mi l ar  t est  i n 
accor dance wi t h 
Manuf act ur er ' s st andar d 
t est i ng pr ocedur es as 
appr oved.

Radi al  cr acki ng at  or  
bel ow 14 Joul es i s 
pr ohi bi t ed.

9. Dynami c 
bendi ng ( 3- pt )

Per f or m Dynami c Bendi ng 
( 3- Pt )  i n accor dance wi t h 
Manuf act ur er ' s st andar d 
t est i ng pr ocedur es.  Submi t  
t est  r esul t s.

Tabl e 3:  Ther mal  Spr ayed ( HVOF)  Coat i ng Requi r ement s

No. Test Cr i t er i on Remar ks

1. Manuf act ur i ng 
Pr ocedur e 
Speci f i cat i on 
( MPS)  f or  t he 
appl i cat i on of  
t echni cal  
coat i ngs

Manuf act ur er  t o be 
I SO 9001 cer t i f i ed and or  
have pr oduced coat i ngs of  
t he t ype and appl i cat i on 
speci f i ed f or  a mi ni mum 
of  5 year s wi t h a wr i t t en 
qual i t y document at i on 
pr ocedur e i n pl ace dur i ng 
t hat  per i od.

I mpl ement at i on and cer t i f i cat i on 
per f or med by t he manuf act ur er .   The 
MPS t o addr ess such i t ems as 
Per sonnel  Qual i f i cat i on f or  Coat i ng 
appl i cat i on,  Cal i br at i on of  equi pment  
and ser vi ce mai nt enance r ecor ds,  
Mat er i al  Cer t i f i cat es wi t h chemi cal  
composi t i on,  Pr ocess par amet er  
speci f i cat i on t hr eshol ds,  Di mensi onal  
cont r ol ,  I nspect i on/
Accept ance.

2. Mi cr oscopi c 
exami nat i on 
( cr oss sect i on)

2- 3% por es al l owed.
Cr acki ng i s pr ohi bi t ed.

Typi cal l y per f or med at  10- 100x vi sual  
magni f i cat i on.

3. Chemi cal  
composi t i on

Ni Cr  based al l oy. To be document ed by powder  
cer t i f i cat e pr ovi ded as a submi t t al  
f or  appr oval .

4. Coat i ng 
t hi ckness

As i ndi cat ed or  speci f i ed. Conduct  pr e- and post - pr ocess di amet er  
measur ement s.  Addi t i onal  t est s may be 
per f or med of  t est  sampl es pr oduced at  
t i me of  f abr i cat i on may be submi t t ed.
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No. Test Cr i t er i on Remar ks

5. Har dness 550- 700 HV 5 Vi cker s i n 
accor dance wi t h I SO 6507
- 1 [ , 490 -  580 Br i nel l ] .

Har dness measur ement s on t he f i ni shed 
pr oduct  i s pr ohi bi t ed.

6. Adhesi on 
st r engt h

St r engt h t o be per  
r equi r ement s of  ASTM 
C633.  Submi t  ot her  
pr ocedur es pr oposed by 
t he manuf act ur er .

Test  accor di ng t o manuf act ur er ' s 
appr oved pr ocedur e i f  di f f er ent  t han 
t hat  speci f i ed.

7. Cor r osi on 
t est i ng
[ SDCT 10, 000 
hour s]
[ SDCT 30, 000 
hour s]

Per f or m Cor r osi on Test i ng 
accor di ng t o 
Manuf act ur er ' s st andar d 
t est i ng pr ocedur es.  
Submi t  t est  r esul t s or  
pr evi ous t est  r esul t s.

Sal t  dr opl et  cor r osi on t est  as 
r equi r ed.  Submi t  f or  appr oval .  A 
di st i nct i on bet ween si ngl e and dual  
and mul t i pl e l ayer s i s necessar y.

8 . Sur f ace f i ni sh Rmr  -  mr  ( - 1. 5,  2. 0)  => 
80%
Ra:  ( >0. 1 mi cr omet er s or  
3. 93 mi cr oi nches <0. 4 
mi cr omet er s or  15. 75 
mi cr oi nches)
  

Al l  sur f ace f i ni sh 
par amet er s i n accor dance 
wi t h I SO 4287 and I SO 4288.

No cr acks,  bl i st er s,  
hol es,  or  di scol or at i on 
vi s i bl e wi t h naked eye 
ar e al l owed.  

No def ect s >0. 2 
mi cr omet er s or  7. 87 
mi cr oi nches al l owed.

No def ect s t hr ough 
coat i ng and i nt o base 
mat er i al  al l owed.

Sur f ace f i ni sh measur ement s t o be 
obt ai ned by cont act  st y l us i n 
accor dance wi t h I SO 3274.

Gener al  v i sual  i nspect i on.  
I ndi cat i ons t o be assessed vi sual l y 
at  30- 40x magni f i cat i on.
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No. Test Cr i t er i on Remar ks

9. I mpact  t est Per f or m i mpact  t est i ng i n 
accor dance wi t h ASTM D2794,  
or  a si mi l ar  t est  i n 
accor dance wi t h 
Manuf act ur er ' s st andar d 
t est i ng pr ocedur es.   
Submi t  t est  r esul t s f or  
appr oval .

Radi al  cr acki ng at  or  
bel ow 8 Joul es i s 
pr ohi bi t ed.

10 Dynami c 
bendi ng ( 3- pt )

Per f or m dynami c bendi ng 
i n accor dance wi t h 
manuf act ur er  st andar d 
pr ocedur es.  Cr acki ng 
bef or e 1000x @400MPa i s 
pr ohi bi t ed.

Tabl e 4:  Wel ded Over l ay ( Laser  Cl addi ng)  Coat i ng Requi r ement s

No. Test Cr i t er i on Remar ks

1. Wel di ng 
Pr ocedur e 
Qual i f i cat i on 
( WPQR)   f or  
t he 
appl i cat i on of  
t echni cal  
coat i ngs

Manuf act ur er  t o be I SO 9001
 cer t i f i ed and or  have 
pr oduced coat i ngs of  t he 
t ype and appl i cat i on 
speci f i ed f or  a mi ni mum of  
5 year s wi t h a wr i t t en 
qual i t y document at i on 
pr ocedur e i n pl ace dur i ng 
t hat  per i od.

Wel di ng t o be per f or med i n 
accor dance wi t h I SO 15614- 7
 or  ASME BPVC SEC I X or  
bot h.

I mpl ement at i on and cer t i f i cat i on 
per f or med by t he manuf act ur er .   The 
WPQR shoul d addr ess such i t ems as 
Per sonnel  Qual i f i cat i on f or  Coat i ng 
appl i cat i on,  Cal i br at i on of  
equi pment  and ser vi ce mai nt enance 
r ecor ds,  Mat er i al  Cer t i f i cat es wi t h 
chemi cal  composi t i on,  Pr ocess 
par amet er  speci f i cat i on t hr eshol ds,  
Di mensi onal  cont r ol ,  I nspect i on/
Accept ance.

2. Mi cr oscopi c 
exami nat i on 
( cr oss sect i on)

0. 1% def ect s al l owed i n 
accor dance wi t h I SO 5817 
Tabl e 1

3. Chemi cal  
composi t i on

Met al  al l oy Powder  cer t i f i cat e pr ovi ded as a 
shop dr awi ng submi t t al  f or  appr oval .

SECTI ON 35 05 40. 14 10  Page 41



No. Test Cr i t er i on Remar ks

4. Coat i ng 
t hi ckness

As i ndi cat ed by 
speci f i cat i on or  dr awi ngs

Conduct  pr e- and post - pr ocess 
di amet er  measur ement s.  Addi t i onal  
t est s may be per f or med of  t est  
sampl es pr oduced at  t i me of  
f abr i cat i on may be submi t t ed.

5. Har dness I n accor dance wi t h 
I SO 15614- 7 as r ecommended 
by manuf act ur er  and 
appr oved.

>300 HV 5 Vi cker s i n 
accor dance wi t h I SO 6507- 1 
or  290 Br i nel l  Har dness

Maxi mum har dness depends on 
subst r at e mat er i al .  Car e must  be 
t aken t o keep t he heat - af f ect ed zone 
( HAZ)  sof t  enough t o avoi d 
br i t t l eness and pot ent i al  
del ami nat i on wi t h t he subst r at e.

6. Cor r osi on 
t est i ng f or  
l ow 
cor r osi vi t y 
cat egor i es
[ SDCT 4000 
hour s]

Per f or m Cor r osi on Test i ng 
i n accor dance wi t h 
Manuf act ur er ' s st andar d 
t est i ng pr ocedur es.  Submi t  
t est  r esul t s.

El ect r ochemi cal  t est  or  sal t  dr opl et  
cor r osi on t est  as r equi r ed f or  l ow 
cor r osi vi t y cat egor y.

7. Cor r osi on 
t est i ng f or  
hi gh 
cor r osi vi t y 
cat egor i es C5 
and CX by 
ASTM G48

ASTM G48- C/ 72h >60C Ut i l i ze cor r osi on t est i ng per  
manuf act ur er  t est i ng met hod or  
ASTM G48.  No pi t t i ng at  60C.
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No. Test Cr i t er i on Remar ks

8. Sur f ace f i ni sh Rmr  -  mr  ( - 1. 5,  2. 0)  => 
80%,  
Ra:  ( > 0. 1 mi cr omet er  or  
3. 93 mi cr oi nch  < 0. 4 
mi cr omet er  or  15. 75 
mi cr oi nch)
  

Al l  sur f ace f i ni sh 
par amet er s i n accor dance 
wi t h I SO 4287 and I SO 4288.

No cr acks,  bl i st er s,  
hol es,  or  di scol or at i on 
vi s i bl e wi t h naked eye ar e 
al l owed.

No def ect s >0. 2 mi cr omet er  
or  7. 87 mi cr oi nches 
al l owed.  

No def ect s t hr ough coat i ng 
and i nt o base mat er i al  
al l owed.

9. I mpact  t est Per f or m i mpact  t est i ng i n 
accor dance wi t h ASTM D2794,  
or  a si mi l ar  t est  i n 
accor dance wi t h 
Manuf act ur er ' s st andar d 
t est i ng pr ocedur es.   
Submi t  t est  r esul t s f or  
appr oval .

No cr acki ng at  8 Joul es 
mi ni mum [ 15 Joul es]

10. Dynami c 
bendi ng ( 3- pt )

Per f or m Dynami c Bendi ng 
( 3- Pt )  i n accor dance wi t h 
Manuf act ur er ' s st andar d 
t est i ng pr ocedur es.  Submi t  
t est  r esul t s.  Achi eve 
[ 400MPa]  bendi ng st r ess.

2. 3. 3. 4   Pi st ons ( USACE Desi gn)

Pr ovi de pi st ons f or  USACE Desi gn t hat  ar e made f r om cast  i r on t hat  meet s 
t he r equi r ement s of  ASTM A536,  Gr ade 80- 55- 06 or  10- 50- 05 or  equi val ent  
mat er i al  as appr oved.

[ 2. 3. 3. 5   Posi t i on I ndi cat i on

Equi p hydr aul i c cyl i nder s wi t h a posi t i on i ndi cat i on syst em of  t he 
[ magnet or esi st i ve t ype]  [ magnet ost r i ct i ve t ype]  [ _____] .
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] 2. 3. 3. 6   Seal s,  O- r i ngs and Bear i ng Mat er i al s ( USACE Desi gn)

Pr ovi de seal s,  o- r i ngs,  and bear i ng mat er i al s f or  USACE desi gn hydr aul i c 
cyl i nder s i n accor dance wi t h t he f ol l owi ng par agr aphs.

Desi gn and pr ovi de seal s,  O- r i ngs,  and bear i ng mat er i al s t o be compat i bl e 
wi t h t he speci f i ed hydr aul i c f l ui d.   Each mat er i al  i n use wi t h t he 
hydr aul i c cyl i nder  t o be t est ed t o ver i f y t he chemi cal  r esi st ance and 
hydr aul i c f l ui d compat i bi l i t y .  [ Cont r act or  t o suppl y cer t i f i cat e f r om seal  
and hydr aul i c f l ui d manuf act ur er  t o s i gn of f  t oget her  t o conf i r m 
compat i bi l i t y . ]  Conduct  t est i ng i n accor dance wi t h I SO 1817 t o measur e 
changes i n har dness,  t ensi l e st r engt h,  and el ongat i on t o sat i sf y t he 
r equi r ement s of  [ t he cyl i nder  and seal  manuf act ur er s] [ Tabl e 5] [ Tabl e 6] .  
Submi t  f or  Gover nment  appr oval  seal s,  O- r i ngs and bear i ng mat er i al s.

[ Tabl e 5:  Al l owabl e devi at i ons i n seal  mat er i al  pr oper t i es af t er  I SO 1817 
t est i ng. ] [

LHC speci f i cat i on.  Test  r esul t s descr i bed i n t he di f f er ence bet ween bef or e/ af t er  1008 
hour s @ 80° C

Har dness changes 
[ Shor e I RHD,  A or  D]  

Vol ume changes 
[ __] % 

Changes t ensi l e 
st r engt h [ __] %

Changes i n 
el ongat i on [ __] %

- 7 /  +7 - 0. 5 /  +10 - 30 /  +30 - 25 /  +30

]

Submi t  seal s,  O- r i ngs,  and bear i ng mat er i al  pr oper t i es i n accor dance wi t h 
t he mi ni mum r equi r ement s as speci f i ed i n Tabl e 6 or  manuf act ur er s st andar d 
r ecommendat i on as appr oved.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Desi gner  shoul d sel ect  pr oper t i es f r om Tabl e 
6 as needed ot her wi se have t he cyl i nder  manuf act ur er  
submi t  f or  appr oval .

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

[ Tabl e 6:  Mi ni mum Mat er i al  Pr oper t i es f or  Seal  and Bear i ng Mat er i al s] [
Densi t y [ ____]  g/ cm3 I SO 1183- 1

Har dness [ ____]  Shor e A/ D I SO 48- 4 

Tensi l e st r engt h [ ____]  MPa DI N 53504

El ongat i on at  br eak [ 350____]  % DI N 53504
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Densi t y [ ____]  g/ cm3 I SO 1183- 1

100% modul us [ ____]  MPa DI N 53504

Compr essi on set [ _30___]  % I SO 815- 1

Tear  St r engt h [ ____]  N/ mm I SO 34- 1

]

2. 3. 3. 6. 1   Pi st on Wear  Ri ngs

Pr ovi de [ composi t e]  [ cast  i r on]  pi st on wear  r i ngs wi t h a compr essi ve and 
t ensi l e st r engt h of  not  l ess t han 165 MPa or   24, 000 psi ,  and an 
embeddabi l i t y  capabi l i t y  t o pr event  scor i ng of  t he cyl i nder .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   

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

Cast  i r on wear  r i ngs wi l l  not  pr ovi de zer o l eakage.  Use composi t e i f  
pi st on seal  i s  t o be zer o l eakage.

2. 3. 3. 6. 2   O- Ri ng Seal s

Use O- r i ng seal s made f r om [ Buna N] [ Vi t on]  and desi gned f or  [ _____]  kPa psi
 ser vi ce.

2. 3. 3. 6. 3   Rod Wi per / Scr aper

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Use opt i on f or  met al  scr aper  r i ng f or  
envi r onment  subj ect  t o i ce or  ot her  mat er i al s 
adher i ng t o t he r od.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
Pr ovi de a [ hi gh- st r engt h pol yur et hane scr aper  r i ng] [ spr i ng r ei nf or ced 
br ass scr aper  r i ng]  whi ch wi l l  wi t hst and t he i mpact  and t he abr asi on of  
mat er i al s adher i ng t o t he pi st on r od and have a mi ni mum t ear  r esi st ance of  
120 N/ mm or  685. 2 pounds per  i nch.   Spl i t  and r et ai n t he scr aper s wi t h 
spl i t ,  bol t ed r et ai ner  t o f aci l i t at e r epl acement  wi t hout  r emoval  of  t he 
r od end cl evi s.

2. 3. 3. 6. 4   Pi st on Rod Seal s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Desi gner  wi l l  need t o exami ne t he per f or mance 
of  t he syst em f or  al l  condi t i ons i n or der  t o 
det er mi ne t he t ype of  seal s t o det ai l .  Ei t her  have 
zer o l eakage or  speci f y al l owabl e amount  of  i nt er nal  
bypass l eakge.  Al l owi ng i nt er nal  bypass l eakage may 
be al l owed i f  t he syst em does not  need t o hol d 
posi t i on.  However ,  al l  oper at i ons shoul d be exami ned 
i f  al l owi ng t hi s t o occur .  Bypass l eakage wi l l  al l ow 
pr essur e t o equal i ze.  Thi s may r equi r e a back- up 
power  syst em or  l ar ger  accumul at or  capaci t y i f  an 
emer gency oper at i on capabi l i t y  i s  needed.
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de [ zer o l eakage U- cup pi st on r od seal s] [ l ow l eakage V- r i ng,  
nonadj ust abl e gl and t ype pi st on r od seal s] ,  desi gned f or  [ _____]  kPa
[ _____]  psi  ser vi ce.

2. 3. 3. 6. 5   Pi st on Seal s

[ Pr ovi de br onze- f i l l ed pol yt et r af l uor oet hyl ene ( PTFE)  zer o- l eakage 
C- shaped pi st on seal s. ] [ Pr ovi de l ow l eakage V- r i ng,  nonadj ust abl e gl and 
t ype pi st on seal s,  desi gned f or  [ _____]  kPa[ _____]  psi  ser vi ce. ]   

2. 3. 3. 7   Rod Seal  Gl and and Locki ng Devi ce Fl ange

Fabr i cat e t he r od seal  gl and and l ocki ng devi ce f l ange f r om br onze i n 
accor dance wi t h ASTM B505/ B505M,  Al l oy No.  C95400 or  C93200.   The i ce 
scr aper ,  at t ached t o t he gl and,  br onze- f i l l ed pol yt et r af l uor oet hyl ene i n 
accor dance wi t h ASTM B584,  Al l oy No.  C86300.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  shoul d wor k wi t h t he cyl i nder  
manuf act ur er  t o det er mi ne i f  a mechani cal  cyl i nder  
r od l ocki ng devi ce can be pr ovi ded f or  gat e l i f t i ng 
appl i cat i ons.  These ar e mechani cal  l ocki ng devi ces 
as opposed t o val ves i n t he hydr aul i c c i r cui t  f or  
hol di ng t he l oad i n pl ace.  These shoul d be desi gned 
by t he cyl i nder  manuf act ur er  and submi t t ed f or  
appr oval .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
[ 2. 3. 3. 8   Hoi st  Locki ng Devi ce

Fabr i cat e t he hoi st  l ocki ng devi ce f r om st ai nl ess st eel  i n accor dance wi t h 
ASTM A564/ A564M or  ASTM A705/ A705M,  Type 630 or  XM- 12,  Condi t i on H- 1150.

] 2. 4   HYDRAULI C POWER UNI T ( HPU)

2. 4. 1   HPU -  Gener al

Pr ovi de a sel f - cont ai ned hydr aul i c power  uni t .  Desi gn t he packaged uni t  t o 
oper at e t he [ out put  devi ce] [ hydr aul i c cyl i nder s]  i n accor dance wi t h t he 
cr i t er i a st at ed i n par agr aph " Desi gn Par amet er s. "   Desi gn t he power  uni t  
t o meet  t he space l i mi t at i ons shown and conf i gur e essent i al l y  as 
i ndi cat ed.   The st r uct ur e of  t he uni t  bot h i nt er nal l y and ext er nal l y wi l l  
be adequat e f or  t he uni t  t o be f r ee st andi ng and capabl e of  bei ng l i f t ed 
or  moved wi t hout  st r uct ur al  damage.   Secur el y at t ach al l  component s 
i ncl udi ng pi pi ng,  mot or s,  pumps,  and mani f ol ds t o t he power  uni t  i n a 
manner  t o be f r ee of  damagi ng vi br at i on dur i ng oper at i on.   [ Desi gn and 
pr ovi de each uni t  wi t h f or k l i f t  t ubes and l i f t i ng eyes t o f aci l i t at e 
l i f t i ng or  movi ng t he uni t ,  i ncl udi ng t he r eser voi r  when f ul l  of  oi l . ]
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

NOTE:   I f  due t o i nst al l  assess l i mi t at i ons t he 
assembl y may need t o be modul ar .   The HPU must  be 
desi gned t o be modul ar  by havi ng f l anged or  f i t t i ng 
connect i on poi nt s.  Spl i t  ski ds wi l l  need t o have 
connect i on t hat  al l ows ei t her  f i el d seal i ng or  ot her  
met hod f or  l eak pr oof  oi l  cont ai nment .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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[ 2. 4. 2   Oi l  Cont ai nment  Ski d

The ent i r e HPU,  i ncl udi ng t he r eser voi r ,  pumps,  al l  pi pi ng,  val ves and 
r out i ng must  be wi t hi n an oi l  cont ai nment  ski d,  t hat  i s  abl e t o hol d 1. 5 
t i mes t he t ot al  syst em vol ume wi t hout  l oss of  f l ui d.  Pr ovi de a nor mal l y 
c l osed manual  bal l  val ve f or  dr ai nage of  ski d wi t h t hr eaded SAE f i t t i ng 
wi t h O- r i ng .  Desi gn and pr ovi de t he ski d wi t h f or k l i f t  t ubes and l i f t i ng 
eyes t o f aci l i t at e l i f t i ng or  movi ng t he ent i r e assembl y,  i ncl udi ng t he 
r eser voi r  when f ul l  of  oi l .

] 2. 4. 3   Pumps

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Onl y use t he submer ged pump opt i on wher e 
space i s r est r i ct ed so t hat  t he pump cannot  be 
mount ed on t he ext er i or  of  t he r eser voi r  wi t h t he 
pump suct i on f l ooded.

I f  t he desi gner  el ect s t o sel ect  t he par t i cul ar  t ype 
of  pump t o be used,  consi der  t he f ol l owi ng f act or s:  
di spl acement ,  pr essur e r at i ng,  pr i me- mover  speed,  
r at ed pump l i f e,  i ni t i al  cost ,  mount i ngs avai l abl e,  
ser vi ceabi l i t y ,  por t i ng connect i ons,  avai l abi l i t y ,  
compat i bi l i t y ,  pr oduct  hi st or y,  ef f i c i enci es,  and 
si ze and wei ght .   Fi xed di spl acement  pumps ar e 
usual l y l ower  i n cost ,  on a component  basi s.   
However ,  wei gh t he l ower  i ni t i al  cost  of  t he pump 
agai nst  t he cost  of  t he cont r ol  component s needed t o 
make t he syst em wor k.   Var i abl e di spl acement  pumps,  
conver sel y,  ar e gener al l y hi gher  i n cost ,  but  l ess 
cont r ol  equi pment  may be needed t o achi eve t he same 
r esul t .   The r educed cont r ol  cost s may mor e t han 
of f set  t he hi gher  i ni t i al  pump cost .   As a gener al  
r ul e,  gear  pumps ar e usual l y l east  cost l y,  vane 
pumps i nt er medi at e,  and pi st on pumps most  cost l y.   
However ,  on t he basi s of  cost  per  wat t  ( hor sepower ) ,  
t her e i s no cl ear - cut  r ul e.   Eval uat e each 
appl i cat i on i ndi v i dual l y.

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

Pr ovi de pumps i n accor dance wi t h t he f ol l owi ng gener al  r equi r ement s bel ow 
and i n t he par agr aphs t hat  f ol l ow:

a.  Pumps must  be  [ submer si bl e, ]  el ect r i c mot or - dr i ven,  [ var i abl e]  [ f i xed]  
di spl acement ,  [ gear ]  [ vane]  [ pi st on]  t ype pump[ s] .

[ b.  Equi p pumps wi t h const ant  wat t age hor sepower  cont r ol  t o r egul at e f l ow 
r at e and pr essur e]

c.  Pumps must  be r at ed t o [ r at ed t o del i ver  a nomi nal  [ _____]  L/ s at  
[ _____]  kPa [ _____]  gpm at  [ _____]  psi ]  whi l e oper at i ng wi t h t he 
speci f i ed oi l  i n t he speci f i ed t emper at ur e r ange at  t he desi gn i nput  
speed.   

d.  The pumps must  be r at ed f or  cont i nuous oper at i on at  a di schar ge 
pr essur e equal  t o or  gr eat er  t han t he syst em desi gn pr essur e.

d.  Maxi mum r ot at i ng speed must  be no gr eat er  t han 1800 r pm.
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e.  Equi p t he pumps wi t h saf et y guar ds f or  al l  exposed r ot at i on par t s.

f .  Mount  t he pumps [ i n]  [ on]  [ adj acent  t o]  t he r eser voi r  i n a manner  
s i mi l ar  t o t hat  i ndi cat ed so t hat  t he pump suct i on i s f l ooded.   [ The 
pump suct i on l i ne i s t o be ext end as f ar  as pr act i cabl e bel ow t he l ow 
f l ui d l evel  but  must  c l ear  t he bot t om of  t he t ank by a di st ance equal  
t o 1- 1/ 2 t i mes t he nomi nal  l i ne s i ze. ]  Pumps and mot or s must  be 
accessi bl e and r emoval l e wi t hout  di sassembl y of  t he st r uct ur al  
f r ami ng,  pi pi ng,  or  el ect r i cal  ot her  t han t he desi gnat ed poi nt s of  
t er mi nat i on equi pped wi t h coupl er s,  f i t t i ngs,  and f act or y t er mi nat i on 
j unct ur e l ocat i ons.  Pumps must  be accessi bl e f or  ver t i cal  hoi st i ng t o 
per f or m mai nt enance and or  r epl acement .

g.  Pump por t s t o be [ SAE wi t h O- r i ng] [ NPT]  [ t apped NPTF]  [ t apped f or  
st r ai ght  pi pe t hr eads]  [ dr i l l ed and f aced f or  f l ange connect i ons]  
[ socket  wel d] .   Use of  f i t t i ng adapt er s does not  const i t ut e compl i ance 
wi t h t hese f i t t i ng r equi r ement s.

h.  Oper at e t he pumps on [ _____]  vol t s,  60 Hz,  t hr ee phase power .   

i .  A per manent  ar r ow l ocat ed ei t her  on t he pump body or  on t he mot or  
i ndi cat i ng t he pr oper  r ot at i on di r ect i on.

j .  Unl ess speci f i ed ot her wi se,  pump vol umet r i c r at i ngs,  t est s,  t ype,  
appl i cat i on,  and mount i ng pr ovi s i ons ar e t o be i n accor dance wi t h 
manuf act ur er ' s i nst r uct i ons and t est ed by appr oved met hods f or  
conf or mance wi t h per f or mance r at i ngs.  

2. 4. 3. 1   Gear  Pumps

Pr ovi de [ f i xed]  [ var i abl e]  [ or ]  [ _____]  t ype gear  pumps t hat  meet  t he 
f ol l owi ng r equi r ement s:

a.  Make Cover s and cent er  sect i on f r om [ hi gh st r engt h al umi num al l oy di e 
cast i ngs]  [ st eel ]  [ cast  i r on] .

b.  Make t hr ust  and wear  pl at es f r om [ heavy- dut y br onze coat ed st eel ]  
[ br onze]  [ or ]  [ _____] .

c.  Use manuf act ur er ' s [ st andar d]  [ or ]  [ _____]  shaf t  seal s f or  r ot ar y pumps.

d.  Seal s,  wear  pl at es and ot her  wear i ng par t s must  be r epl aceabl e and 
sui t abl e f or  t he appl i cat i on,  dut y,  and t emper at ur es i nvol ved.

2. 4. 3. 2   Vane Pumps

2. 4. 3. 2. 1   Fi xed Di spl acement  Vane Pumps

Fi xed di spl acement  vane pumps must  meet  t he f ol l owi ng r equi r ement s:

a.  Pumps must  be of  t he hydr aul i cal l y bal anced t ype.

b.  Make pump and component s f r om t he f ol l owi ng mat er i al s:

1)  Housi ng -  [ hi gh t ensi l e st r engt h duct i l e i r on]  [ cast  i r on]  [ _____]

2)  Vanes -  [ heat  t r eat ed hi gh- speed t ool  st eel ]  [ _____]
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3)  Shaf t  and r ot or  -  [ case har dened st eel ]  [ _____]

4)  Cam r i ng -  [ hi gh car bon chr omi um st eel ]  [ _____]

5)  Seal s -  [ Buna N]  [ ni t r i l e r ubber ]  [ f l uor oel ast omer ]  [ _____]

[ c.  Pr ovi de doubl e vane pumps when i ndi cat ed. ]

[ d.  Shaf t  t o r i de i n bear i ngs at  bot h ends. ]

2. 4. 3. 2. 2   Var i abl e Di spl acement  Vane Pumps

Var i abl e di spl acement  vane pumps must  meet  t he f ol l owi ng r equi r ement s:

a.  I ncor por at e means f or  var yi ng t he pump di spl acement  f r om zer o t o t he 
maxi mum r at ed quant i t y whi l e t he pump i s oper at i ng agai nst  t he syst em 
pr essur e i ndi cat ed.

b.  Make pump and component s mat er i al s as speci f i ed above f or  f i xed 
di spl acement  vane pumps.

c.  Ar r ange pumps f or  adj ust ment  of  di schar ge vol ume by [ mechani cal ]  
[ el ect r i cal ]  [ hydr aul i c]  [ pneumat i c]  means.

d.  Cont r ol  t he pump di spl acement  by [ i nt egr al  aut omat i c pr essur e 
compensat i on]  [ adj ust ment  scr ew]  cont r ol .

e.  Pr ovi de t he pump casi ng wi t h a t apped out l et  f or  connect i on of  an 
ext er nal  dr ai n l i ne.

2. 4. 3. 3   Pi st on Pumps

Pi st on pumps must  meet  t he f ol l owi ng r equi r ement s:

a.  Pr ovi de [ cyl i nder  bl ock i n- l i ne]  [ axi al  f i xed]  [ axi al  var i abl e]  [ or ]  
[ _____]  t ype pi st on pumps.

[ I n- l i ne t ype must  be capabl e of  r ever si ng  f l ow di r ect i on and f l ow r at e 
by means of  ext er nal  val ve bank] [ Axi al  var i abl e t ype must  be capabl e 
of  pr ovi di ng r ever sed f l ow wi t h const ant  di r ect i on of  i nput  shaf t  
r ot at i on. ] [ Axi al  var i abl e t ype t o be sui t abl e f or  cont r ol  of  
di spl acement  [ and di r ect i on of  f l ow]  by [ manual ]  [ mechani cal ]  
[ hydr aul i c]  [ el ect r i c]  [ pneumat i c]  devi ces. ]

c.  [ Pr ovi de manual l y adj ust abl e maxi mum and mi ni mum l i mi t s of  di spl acement  
i n each di r ect i on of  f l ow. ]

2. 4. 4   SHAFT COUPLI NGS

Unl ess ot her wi se i ndi cat ed,  shaf t  coupl i ngs t o have a st r engt h equal  t o 
t he f ul l  st r engt h of  t he shaf t i ng whi ch t hey connect  and be pr essed and 
keyed t her eon.   I n det er mi ni ng t he coupl i ng capaci t y,  t he manuf act ur er ' s 
r at i ng i s t o be di v i ded by a ser vi ce f act or  of  [ 1. 5]  [ _____] .

2. 4. 4. 1   Fl exi bl e Coupl i ngs

Unl ess ot her wi se i ndi cat ed,  f l exi bl e coupl i ngs t o be of  f or ged st eel  and 
must  t r ansmi t  t or que by [ a st eel  gr i d spr i ng f i t t ed i nt o gr ooves i n t he 
per i pher y of  t he coupl i ng' s hubs]  [ ext er nal  gear  t eet h on hubs engagi ng i n 
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i nt er nal  gear  t eet h i n t he coupl i ng s l eeves]  [ or ]  [ f l exi bl e annul ar  di scs 
bol t ed al t er nat el y t o t he end f l anges and cent er  member  by body bound 
bol t s] .   [ Fl exi bl e coupl i ngs of  t he [ gear ed]  [ or ]  [ gr i d]  t ype t o be f ul l y 
encl osed and seal ed t o r et ai n l ubr i cant  and ar e t o be oi l - t i ght  under  bot h 
st at i c and oper at i ng condi t i ons. ]

2. 4. 4. 2   Ri gi d Coupl i ngs

Unl ess ot her wi se i ndi cat ed,  r i gi d coupl i ngs t o be cast  or  f or ged st eel  
and  be f l anged or  compr essi on t ype wi t h r ecessed bol t s.

2. 4. 5   Fi l t er s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Use dupl ex f i l t er s i f  cont i nuous oper at i on or  
syst em avai l abi l i t y  i s  necessar y wi t hout  shut t i ng 
down t he syst em f or  r epl acement  of  t he f i l t er  
el ement .

To ensur e maxi mum r el i abi l i t y  of  t he syst em and 
r educe r epai r s t o or  r epl acement  of  t he syst em 
component s,  speci f y t he f i l t r at i on l evel  f or  t he 
syst em by t he Bet a r at i o,  t he r at i o of  t he number  of  
par t i c l es i n a cer t ai n s i ze r ange upst r eam of  t he 
f i l t er  t o t he number  of  par t i c l es i n t hat  s i ze r ange 
downst r eam of  t he f i l t er .   Thi s wi l l  however  
i ncr ease i ni t i al  cost s and f i l t er  mai nt enance.

Fi l t er  medi a t ype and f i l t r at i on l evel  shoul d be 
coor di nat ed wi t h t he suppl i er  of  t he hydr aul i c f l ui d 
t o ensur e t hat  t he f l ui d i s compat i bl e wi t h t he 
chosen f i l t er  and t hat  t he f i l t er  does not  
i nadver t ent l y r emove addi t i ves.

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

2. 4. 5. 1   I nl i ne Fi l t er s

Locat e t he f i l t er [ s]  i n t he r et ur n l i ne t o t he r eser voi r  [ and i n t he pump 
di schar ge l i ne]  [ i n t he i ndi cat ed l ocat i on] .  [ Fi l t er s and st r ai ner s ar e 
not  t o be l ocat ed i n t he r eser voi r ,  wher e dr ai nage of  t he r eser voi r  i s  
necessar y t o i nspect  or  ser vi ce t he el ement . ]  Pr ovi de i nl i ne f i l t er s as 
det ai l ed:

a.  Pr ovi de t he [ spi n- on t ype wi t h a bypass and an i ndi cat or  t o show 
t he condi t i on of  t he f i l t er  el ement ]  [ dupl ex t ype wi t h a di f f er ent i al  
pr essur e devi ce t o i ndi cat e t he need f or  f i l t er  el ement  ser vi ce] [ 3- way 
val ves t o f aci l i t at e mai nt enance of  dupl ex f i l t er s t o avoi d syst em 
shut down] .   

b.  Pr ovi de f i l t er  housi ng and cover  of  st eel  or  cast  i r on const r uct i on.

c.  Bol t  t he cover  t o t he mai n housi ng.   

d.  Locat e f i l t er s so t hat  t hey can be changed wi t hout  r emoval  of  
hydr aul i c syst em component s.   

e.  Shut of f  val ves t o be easi l y accessi bl e.  

f .  Equi p t he f i l t er  wi t h a r el i ef  val ve whi ch pr ot ect s t he f i l t er  
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agai nst  excessi ve pr essur es.   

g.  Equi p t he f i l t er  uni t  wi t h a gauge or  gauges i ndi cat i ng t he 
pr essur e l oss or  a car t r i dge r epl acement  i ndi cat or .  

h.  Equi p t he f i l t er  uni t  wi t h a pr essur e swi t ch t o s i gnal  excessi ve 
pr essur e l oss acr oss t he f i l t er .   

i .  Each f i l t er  t o have a mi ni mum capaci t y of  [ ______]  L/ s [ _____] gpm 
at  a pr essur e dr op not  exceedi ng 69 kPa or  10 psi  when f i l t er i ng 
hydr aul i c f l ui d havi ng a v i scosi t y of  389 SSU at  38 degr ees C or  100 
degr ees F.   

j .  The f i l t er  car t r i dges wi l l  not  r emove addi t i ves f r om t he hydr aul i c 
f l ui d.   The f i l t er  el ement  t o have a r at i ng of  [ [ _____]  µm absol ut e]  
[ 5 µm absol ut e]  [ 10 µm absol ut e unl ess a smal l er  mesh i s r ecommended 
by t he manuf act ur er  of  t he component  wi t h t he hi ghest  c l eanl i ness 
r equi r ement ] .

[ k.  The f i l t er  el ement  t o have a mi ni mum si l t  cont r ol  r at i ng as 
appr oved and Bet a r at i ng of  [ 200] [ 1000] [ _____]  at  400 kPa or  60 psi  
di f f er ent i al  pr essur e i n accor dance wi t h [ I SO 16889] . ]

l .  The f i l t er s ar e t o be r at ed f or  use wi t h hydr aul i c oi l  and t he 
pr essur e dr op not  t o exceed 40 kPa or  6 psi  i n t he c l ean condi t i on.

m.   Pr essur e dr op t hr ough each f i l t er  must  not  exceed t he val ue 
i ndi cat ed at  t he gi ven maxi mum f l ow r at e.

2. 4. 5. 1. 1   Pr essur e Rat i ng

[ The r et ur n f i l t er  t o be pr essur e r at ed f or  1400 kPa or   200 psi  and a 
f l ow r at e of  [ _____]  L/ s gpm. ]  [ The di schar ge l i ne f i l t er  t o be pr essur e 
r at ed f or  [ _____]  kPa psi  and a f l ow r at e of  [ _____]  L/ s gpm. ]   [ Det er mi ne 
t he pr essur e and f l ow r at i ng of  t he f i l t er s t o be compat i bl e wi t h t he 
desi gn of  t he power  uni t s. ]

2. 4. 5. 1. 2   Ret ur n Fi l t er s

[ The r et ur n f i l t er  t o be pr essur e r at ed f or  1400 kPa or   200 psi  and a 
f l ow r at e of  [ _____]  L/ s gpm. ]  [ The di schar ge l i ne f i l t er  t o be pr essur e 
r at ed f or  [ _____]  kPa psi  and a f l ow r at e of  [ _____]  L/ s gpm. ]   [ Det er mi ne 
t he pr essur e and f l ow r at i ng of  t he f i l t er s t o be compat i bl e wi t h t he 
desi gn of  t he power  uni t s. ]

2. 4. 5. 1. 3   Pump Suct i on Li ne Fi l t er s

[ Pump suct i on l i nes ar e t o not  have a f i l t er  or  st r ai ner . ] [ Pump suct i on 
l i nes ar e t o not  have a f i l t er  or  st r ai ner  unl ess a bypass ci r cui t  i s  
pr ovi ded t o pr event  st ar vi ng of  t he pump and set t i ngs conf i r med wi t h pump 
suppl i er ,  and t he f i l t er  or  st r ai ner  el ement ' s st at us i s c l ear l y di spl ayed 
and t he el ement  i s accessi bl e wi t hout  syst em dr ai nage. ] [ St r ai ner  mat er i al  
f or  t he suct i on l i ne t o be [ 55- mesh nyl on]  [ 30- mesh br ass]  [ or ]  [ 30- mesh 
st ai nl ess st eel ]  mat er i al  compat i bl e wi t h t he r eser voi r  mat er i al  and t he 
hydr aul i c f l ui d. ]   [ The suct i on l i ne must  be equi pped wi t h a [ 100 by 100]  
[ _____]  mesh ext er nal l y mount ed st r ai ner  havi ng a r at ed capaci t y not  l ess 
t han t wi ce t he pump di schar ge capaci t y. ]
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   An of f - l i ne f i l t er  syst em shoul d be i ncl uded 
wi t h t he HPU i n cases wher e t her e i s:  l ow f l ow or  
cycl e of  hydr aul i c syst em f l ui d t hat  l i mi t s 
f i l t r at i on of  f l ui d by t he i nl i ne f i l t er ;  concer ns 
of  wat er  accumul at i on;  or  desi r e f or  a consi st ent l y  
hi gh c l eanl i ness of  syst em f l ui d,   Low f l ow syst ems 
i ncl ude cl osed l oop syst ems f or  shor t  st r oke 
act uat or s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
[ 2. 4. 5. 2   Reser voi r  Of f l i ne Fi l t er i ng Syst em[  wi t h Heat er ]

Pr ovi de wi t h t he HPU a dept h- t ype of f l i ne f i l t er  syst em[  wi t h a heat er ]  t o 
ser vi ce t he oi l ,  and mai nt ai n c l ean and dr y oi l  i n t he HPU r eser voi r .   
Thi s f i l t er  syst em must  be a t r ue of f l i ne syst em,  c i r cul at i ng t he oi l  i n 
t he r eser voi r ,  even i f  t he HPU i s shut  down.   [ The syst em wi l l  be oper at ed 
i n a cont r ol l ed envi r onment  wi t h an ambi ent  t emper at ur e r ange of  [ ]  t o [ ]  
degr ees F. ]   The of f - l i ne f i l t er i ng syst em must  compl y wi t h t he f ol l owi ng 
f eat ur es:

a.  Thi s syst em must  be capabl e of  r emovi ng sol i d i mpur i t i es t o achi eve 
and mai nt ai n a Cl eanl i ness Code of  [ 15/ 13/ 10]  [ 17/ 15/ 12]  [  ]  or  bet t er  
i n accor dance wi t h I SO 4406

b.  The syst em must  be capabl e of  r emovi ng al l  f r ee and emul si f i ed 
wat er  f r om t he oi l .

c.  The f i l t er s i n t hese syst ems ar e t o be capabl e t o r emove var ni sh,  
wear  par t i c l es and ot her  cont ami nant s.

d.  The f i l t er  el ement s ar e t o be desi gned f or  absor bi ng wat er .

e.  Consumabl es such as f i l t er  el ement s,  al ong wi t h par t s such as 
el ect r i cal  mot or s and gear  pumps,  must  be r eadi l y avai l abl e f or  
r epl acement .

f .  No by- pass val ve i s t o be i nst al l ed i n or  ar ound t he f i l t er  housi ng.

g.  The f i l t er  syst em i s t o i ncl ude a seal ed dr ai n t ank t hat  cont ai ns 
t he f l ui d dur i ng f i l t er  changes and mai nt enance.

h.  The pump i s t o be a gear - t ype pump.

i .  A r el i ef  val ve i s r equi r ed i n t he pump and i s t o be set  t o pr event  
damage t o syst em component s.

j .  The gear  t ype pump must  be mount ed or  pl umbed t o t he f i l t er  
housi ng,  al l owi ng oi l  t o f l ow t hr ough t he f i l t er  medi a.  Cl ean and dr y 
oi l  i s  t o be di schar ged f r om t he base of  t he f i l t er  housi ng.

k.  A dual  maxi mum i ndi cat i ng,  expl osi on- pr oof  pr essur e gauge wi t h 
mi ni mum 2. 0 i nch Ø di al  f ace i s t o be pr ovi ded on t he f i l t er  housi ng 
t o di spl ay bot h t he cur r ent  pr essur e and r ecor d t he maxi mum 
di f f er ent i al  pr essur e r eached [ , by means of  a bl ack i ndi cat i ng needl e 
and r ed r ecor di ng needl e wi t h r eset  knob. ]

l .  A separ at e pr essur e swi t ch i s t o be set  not  t o exceed maxi mum 
oper at i ng pr essur e of  f i l t er  el ement  and must  shut  down t he of f - l i ne 
f i l t er i ng syst em [ and i ndi cat e st at us by means of  t ur ni ng of f  t he r ed 
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l i ght  on t he cont r ol  panel  t hat  nor mal l y i ndi cat es t he pump i s 
r unni ng] .

m.  The f i l t er  syst em i s t o have an oi l  val ve af t er  t he pump t o enabl e 
sampl i ng of  t he oi l  f r om t he r eser voi r .

n.  The f i l t er  housi ng cover  i s t o be one sect i on,  havi ng handl es t o 
al l ow f or  r emoval .   The desi gn pr essur e must  be at  l east  150 per cent  
of  oper at i ng pr essur e and t he desi gn t emper at ur e a maxi mum of  176 
degr ees F.

o.  A dr ai n bal l  val ve i s t o be mount ed at  t he base of  t he f i l t er  
housi ng wi t h pl umbi ng t hat  di r ect s dr ai n oi l  i nt o t he r eser voi r .  The 
r out i ng i s t o be consi der ed a r et ur n pi pe.

p.  Connect i ng por t s f or  pl umbi ng t o r eser voi r  ar e t o be SAE o- r i ng or  
37- degr ee JI C f l ar e t ype f i t t i ngs.

 
q.  Al l  met al  sur f aces,  not  st ai nl ess,  ar e t o be pai nt ed [ wi t h a 
manuf act ur e' s pai nt  syst em t o pr event  sur f ace cor r osi on]  [ per  Sect i on 
09 97 02,  PAI NTI NG:   HYDRAULI C STRUCTURES. ]

r .  Thi s syst em must  be desi gned t o oper at e saf el y unat t ended.
 

[ s.  Cont r ol  f unct i ons ar e t o be i ncl uded as par t  of  t he HPU' s 
I nt egr at ed Cont r ol s and I nst r ument  Panel . ]

[ t .  A pr ogr ammabl e t i mer  t hat  wi l l  al l ow a day and hour  dur at i on 
set t i ng f or  oper at i on of  t he heat i ng syst em. ]

s.  [ Fi l t er  syst em t o be mount ed on t he HPU.   Over al l  di mensi ons of  t he 
f i l t er  syst em t o be cont ai ned wi t hi n t he over al l  di mensi ons of  t he 
HPU. ]  [ Fi l t er  syst em t o be mount ed separ at e f r om HPU and have i t s own 
oi l  cont ai nment . ]

[ u.  Fi l t er  syst em f l ow r at e appr oxi mat i on of  [ _____] [ 3]  GPM. ]

[ v.  The f i l t er  syst em i s t o have an at t ached oi l  heat er . ]

[ w.  The heat er  i s t o be capabl e of  heat i ng up t he t emper at ur e of  t he 
oi l  t hr ough t he f i l t er  syst em t o 108 degr ees F. ]

[ x.  The oi l  heat er  el ement s ar e t o be a l ow wat t  densi t y t ype.  The kW 
r at i ng must  r ange bet ween 1. 5 t o 3. 0 kW.  Wat t  densi t y of  t he heat er  i s 
not  t o exceed 12 wat t / squar e i nch.  The oi l  t emper at ur e must  be 
manual l y adj ust abl e and t her most at i cal l y cont r ol l ed,  but  wi l l  be 
f act or y set  at  104 degr ees F. ]

[ y.  The oi l  heat er  i s t o be equi pped wi t h a t her mal  f use or  shut - down 
t o pr event  over heat i ng t he oi l  i n case t he t her most at  f ai l s  whi l e on. ]

  

[ z.  Shut - down st at us of  t he heat i ng el ement  i s i ndi cat ed by t ur ni ng 
of f  t he r ed l i ght  on t he cont r ol  panel  t hat  nor mal l y i ndi cat es t he 
heat er  i s on. ]

] [ 2. 4. 5. 3   Dept h Fi l t er s

Dept h t ype f i l t er s ar e t o be used as i ndi cat ed.  Pr essur e dr op t hr ough each 
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f i l t er  must  not  exceed t he val ue i ndi cat ed at  t he gi ven maxi mum f l ow 
r at e.   El ement s f or  dept h t ype f i l t er s ar e t o be [ r esi n- coat ed]  [ paper ]  
[ synt het i c f i ber ]  [ v i nyl  membr ane]  t ype.   [ Fi l t er  casi ngs f or  i nst al l at i on 
i n pr essur e l i nes ar e t o have a wor ki ng pr essur e r at i ng i n excess of  t he 
speci f i ed maxi mum pump di schar ge pr essur e. ]  [ Fi l t er  casi ng f or  separ at e 
f i l t r at i on c i r cui t s ar e t o have a r at ed wor ki ng pr essur e i n excess of  t he 
maxi mum pr essur e of  t he f i l t er  c i r cui t . ]   Fi l t er s ar e t o be pr ovi ded wi t h 
[ adj ust abl e]  [ nonadj ust abl e]  [ i nt er nal ]  [ ext er nal ]  bypass.   [ An i ndi cat or  
i s t o be pr ovi ded t o show when t he bypass has opened. ]   The cr acki ng 
pr essur e of  t he bypass on pr essur e f i l t er s ar e t o be as i ndi cat ed.   The 
cr acki ng pr essur e of  t he bypass on f i l t er s i nst al l ed on t he suct i on s i de 
of  pumps must  be as r equi r ed by t he pump manuf act ur er .

] 2. 4. 6   HPU Namepl at e and Label i ng

Pr ovi de namepl at es f or  each gauge,  por t  and devi ce of  t he HPU,  and submi t  
f or  appr oval .   Namepl at es t o c l ear l y i ndi cat e t he f unct i on of  each devi ce 
and,  i n t he case of  manual l y oper at ed i t ems,  i ndi cat e t he condi t i on 
est abl i shed f or  each posi t i on.   Machi ne engr ave [ pr i nt ]  l et t er i ng on 
namepl at es on [ st eel  pl at e]  [ pl ast i c l ami nat e wi t h whi t e char act er s on a 
bl ack backgr ound] .   Mount  i nst r uct i on pl at es on a r i gi d backi ng and 
cover ed wi t h c l ear ,  r i gi d pl ast i c sheet i ng.   Use met al  wi r e t o secur e t he 
namepl at e when a panel  or  f l at  sur f ace i s not  avai l abl e.

2. 5   OI L RESERVOI RS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Remove r equi r ement  f or  pai nt i ng i f  r eser voi r  
i s  t o be st ai nl ess st eel .   The desi gn and si z i ng of  
t he hydr aul i c r eser voi r  i s  a cr i t i cal  f eat ur e.  The 
desi gner  shoul d ut i l i ze EM 1110- 2- 2610 f or  s i z i ng 
t he r eser voi r  or  al l ow t he manuf act ur er  t o det er mi ne 
t he f i nal  s i ze.

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

Pr ovi de Oi l  Reser voi r s addr essi ng t he f ol l owi ng:

a.  Si ze t he oi l  r eser voi r  [ as i ndi cat ed] [ t o meet  t he space l i mi t at i ons 
i ndi cat ed] [ i n accor dance wi t h t he manuf act ur er  r equi r ement s as 
appr oved] .   The capaci t y of  each r eser voi r  not  t o be l ess t han [ _____]  
l i t er s [ ______]  gal l ons [ and i ncl ude capaci t y f or  al l  accumul at or s 
di schar ged t o 0 psi g] [ pl us 10%] .   

b.  Fabr i cat e t he r eser voi r  of  [ car bon st eel ] [ st ai nl ess 
st eel ] [ cor r osi on- r esi st i ng st eel ]  wi t h wel ded j oi nt s and conf or m t o 
t he r equi r ement s as shown.   Fabr i cat e t he r eser voi r s i n accor dance 
wi t h I SO 4413.  [ Unl ess ot her wi se i ndi cat ed,  noni nt egr al  r eser voi r s 
must  conf or m t o t he gener al  r equi r ement s of  ANSI / NFLPA T3. 16. 2. ]   

c.  Pr ovi de a bol t - on mount i ng base al ongsi de of  t he r eser voi r  whi ch 
suppor t s t he mot or - dr i ven hydr aul i c pumps,  associ at ed val ves and 
accessor i es f or  desi gn l oads and speeds.   The bot t om of  t he r eser voi r  
t o have a mi ni mum cl ear ance f r om t he f l oor  of  not  l ess t han 0. 3 m or  
12 i nches.

d.  Shape t he r eser voi r  bot t om i n or der  t o f aci l i t at e empt yi ng and 
cl eani ng,  i ncl udi ng sl opi ng t o r eser voi r  dr ai n.

e.  A f oot  val ve or  check suct i on l i nes t o pr ovi de f l ooded i nl et s t o 
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t he pumps.   

f .  Pr ovi de on each si de of  t he r eser voi r  wi t h a c l eanout  openi ng of  
not  l ess t han 0. 26 squar e met er s or   400 squar e i nches cl ear ance wi t h 
a bol t ed,  r emovabl e,  gasket ed cover .   

g.  Pr ovi de each r eser voi r  a i t s l ow poi nt  wi t h a dr ai n wi t h shut - of f  
val ve [ t hr eaded f or  an SAE f i t t i ng wi t h O- r i ng] ;  a magnet i c t r ap;  l ow 
oi l  f l oat  l evel  swi t ches;  and ot her  appur t enances as i ndi cat ed and as 
speci f i ed her ei n.   

h.  Pr ovi de t he r eser voi r  wi t h a [ f i l t er  br eat her  cap and]  [ f i l l  por t  
wi t h a bui l t - i n st r ai ner  [ t hat  can be i nspect ed and cl eaned wi t hout  
need t o dr ai n t he r eser voi r  or  access t o t he i nsi de of  t he 
r eser voi r ] ] [ c l osed HPU syst em wi t h expansi on bl adder s] .  St r ai ner  
mat er i al  t o be [ 55- mesh nyl on]  [ 30- mesh br ass]  [ or ]  [ 30- mesh st ai nl ess 
st eel ]  mat er i al  compat i bl e wi t h t he r eser voi r  mat er i al  and t he 
hydr aul i c f l ui d.  Pr ovi de a f l ui d l evel  i ndi cat or  at  t he f i l l er  por t .   

i .  Pr ovi de a baf f l e bet ween t he i nt ake and r et ur n l i nes t o f aci l i t at e 
t he separ at i on of  ai r  and f or ei gn mat t er  f r om t he hydr aul i c f l ui d.   
The connect i on bet ween t he t wo chamber s of  t he r eser voi r  t o connect  
hi gh enough f r om t he bot t om t o f or m a set t l i ng chamber .   Br i ng bot h 
t he i nt ake and r et ur n pi pes down t o a di st ance of  1- 1/ 2 pi pe di amet er s 
above t he t ank bot t om.

j .  [ Cl ean i nt er i or  sur f aces of  t he r eser voi r  down t o br i ght  met al  and 
coat ed wi t h an epoxy- based ur et hane f i ni sh or  an appr oved al t er nat e 
t hat  i s  compat i bl e wi t h oi l  and wat er . ]

k.  Fi ni sh t he wel ded j oi nt s of  t he r eser voi r  smoot h and f r ee f r om 
i r r egul ar i t i es.   Do not  gr i nd wel ds t o an ext ent  t hat  weakens t he 
r eser voi r .   

m.  Unt i l  f i nal  i nst al l at i on of  t he hydr aul i c equi pment ,  seal  al l  
openi ngs wi t h pl ast i c c l osur es.   

n.  Anchor  t he r eser voi r s t o t he concr et e by sui t abl e anchor  bol t s.   
Fur ni sh al l  pi pi ng,  f i t t i ngs,  hose,  mani f ol d bl ocks,  f ast ener s and 
appur t enances r equi r ed t o connect  equi pment  t o t he r eser voi r .  

 o.  [ Af t er  pai nt i ng,  i nsul at e t he ext er i or  of  t he r eser voi r  wi t h a 
pol yst yr ene,  pol yur et hane,  or  [ Foamgl as]  cel l ul ar  gl ass t ype 
i nsul at i on.   The i nsul at i on t o be compat i bl e wi t h oi l  and not  r et ai n 
moi st ur e.   The i nsul at i on t hi ckness t o be 50 mm or   2 i nches on al l  
sur f aces ot her  t han t he t op. ]

p.  [ Pr ovi de r et ai ni ng chai n f or  al l  por t  caps. ]

q.  [ Equi p r eser voi r  wi t h ext r a r et ur n and dr ai n l i ne connect i ons. ]

r .  [ Pr ovi de a l ow- l evel  al ar m and pump cut of f  devi ce. ]

s.  Pr ovi de [ a r eser voi r  heat er  and swi t ches] [  , magnet i c separ at or ] [  , l ow 
l evel  f l oat  swi t ches] [  , an ai r  br eat her ] [  , f l exi bl e r eser voi r  
br eat her s] and [ ,  pr essur e r el i ef  and emer gency vent i ng]  as out l i ned 
bel ow.
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2. 5. 1   Reser voi r  Heat er
Pr ovi de t he r eser voi r  wi t h one or  mor e scr ew pl ug t ype i mmer si on heat er s 
wi t h a wat t  densi t y not  t o exceed 17 kW/ squar e met er  or   11 wat t s per  
squar e i nch and a [ bui l t - i n] [ r emot e]  t her most at  set  t o mai nt ai n t he 
hydr aul i c oi l  at  5 degr ees C or   40 degr ees F.   Fabr i cat e t he heat er  
sheat h and scr ew pl ug f r om st ai nl ess st eel .   Tot al  heat i ng out put  t o be 
[ [ ___]  wat t s]  at  [ _____]  vol t s AC.   Suppl y t he heat er  wi t h a wat er t i ght ,  
st ai nl ess st eel ,  NEMA 4X t er mi nal  housi ng as a mi ni mum.   Pr ovi de a 
weat her pr oof  j unct i on box wi t h a s i ngl e phase,  [ 120] [ ___]  vol t ,  cont r ol  
t r ansf or mer  f or  t he t her most at  and hi gh t emper at ur e c i r cui t .   I nst al l  t he 
heat er  i n a l ocat i on on t he r eser voi r  vessel  t o mai nt ai n compl et e 
submer gence of  t he heat i ng el ement  dur i ng al l  oper at i ng l evel  f l uct uat i ons 
wi t hi n t he r eser voi r .

2. 5. 1. 1   Heat er  Swi t ch

Pr ovi de a t her most at  t o sense t he oi l  t emper at ur e i n t he t ank and cl ose 
i t s cont act s when t he t emper at ur e dr ops bel ow [ 10]  [ _____]  degr ees C [ 50]  
[ ______]  degr ees F as i ndi cat ed.   Pr ovi de a bul b and capi l l ar y t ype 
t her most at  and pr ovi ded wi t h a pr ot ect i ve wel l  whi ch ext ends i nt o t he 
t ank.   The t emper at ur e adj ust ment  r ange t o be 10 degr ees t o 38 degr ees C or
 50 degr ees t o 100 degr ees F wi t h pl us or  mi nus 1 degr ee C or  2 degr ees F 
di f f er ent i al  swi t ch.   Fi t  t he swi t ch wi t h an ext er nal  cal i br at ed 
adj ust ment  knob.   The t her most at  t o be r at ed f or  15 amper es at  120 vol t s.   
Pr ovi de weat her pr oof  j unct i on box.

2. 5. 1. 2   Hi gh Temper at ur e Swi t ch

Pr ovi de a t her most at  t o sense t he oi l  t emper at ur e i n t he t ank and cl ose 
i t s cont act s when t he t emper at ur e exceeds [ 50] [ _____]  degr ees C 
[ 122] [ ______]  degr ees F as i ndi cat ed.   The t her most at  t o be of  t he bul b 
and capi l l ar y t ype and pr ovi ded wi t h a pr ot ect i ve wel l  whi ch ext ends i nt o 
t he t ank.   The t emper at ur e adj ust ment  r ange t o be 10 t o 149 degr ees C or  
50 t o 300 degr ees F wi t h pl us or  mi nus 1 degr ee C or  pl us or  mi nus 2 
degr ees F di f f er ent i al  swi t ch.   Fi t  t he swi t ch wi t h an ext er nal  cal i br at ed 
adj ust ment  knob.   The t her most at  t o be r at ed f or  15 amper es at  120 vol t s.  
Pr ovi de weat her pr oof  j unct i on box.

2. 5. 2   Magnet i c Separ at or s

Pr ovi de t he manuf act ur er ' s st andar d magnet i c separ at or  i n t he r eser voi r .   
The magnet i c separ at or  consi st s of  a hi gh- st r engt h per manent  magnet  
ar r anged f or  r i gi d mount i ng wi t h t he pol es of  t he magnet  exposed t o t he 
f l ui d i n t he r eser voi r .   The magnet  i s t o be [ combi ned i n t he const r uct i on 
of  t he f i l l  s t r ai ner ] [ mount ed on a r emovabl e r od assembl y i nst al l ed 
t hr ough t he t op of  t he r eser voi r ]  [ or ]  [ i ncor por at ed i n t he bot t om dr ai n 
pl ug] .   [ The dr ai n pl ug t ype i nst al l at i on t o i ncor por at e an aut omat i c 
val ve ar r anged t o per mi t  r emoval  of  t he magnet i c separ at or  f or  i nspect i on 
wi t hout  l oss of  f l ui d f r om t he r eser voi r . ] [   The dr ai n pl ug t ype 
i nst al l at i on t o i ncl ude pr ovi s i ons f or  aut omat i c chi p det ect i on wi t hout  
r emoval  of  t he pl ug. ]

2. 5. 3   Low Level  Fl oat  Swi t ch[ es]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Al l  HPU r eser voi r s shoul d have at  l east  one 
l ow l evel  f l oat  swi t ch t o pr event  damage t o t he 

SECTI ON 35 05 40. 14 10  Page 56



syst em and not i f i cat i on of  i ssue wi t h r eser voi r  
f l ui d l evel .  A f l oat  swi t ch shoul d be used even when 
a di gi t al  oi l  r eser voi r  l evel  moni t or  i s used i n 
or der  t o have a back- up t o t he l evel  moni t or .

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

Pr ovi de each power  uni t  wi t h [ one] [ t wo]  f l oat  swi t ch[ es] .   Pr ovi de 
[ f l anged] [ SAE t hr eaded]  swi t ches and i nst al l  i nsi de a 125 mm or   5- i nch 
nomi nal  di amet er  pi pe t o el i mi nat e sur ge ef f ect s.   The [ r eed 
swi t ches] [ anal og measur i ng devi ce wi t h swi t chi ng out put s]  t o have a nar r ow 
di f f er ent i al  and be r at ed f or  [ _____] [ 0. 5] [ 2]  amper es at  [ _____] [ 120 vol t s 
AC] [ 50 vol t s DC] .   Set  swi t ches t o c l ose when oi l  l evel  r i ses above or  
dr ops bel ow t hose r ecommended by t he manuf act ur er  and obser ved dur i ng 
oper at i onal  t est s.   [ Pr ovi de swi t ches wi t h i nt egr al  t emper at ur e pr obe and 
hi gh t emper at ur e cont act s. ]  Pr ovi de swi t ch el ect r oni cs wi t h at  l east  an 
I P[ 65] [ 67]  pr ot ect i on.   Pr ovi de a NEMA 4X j unct i on box f or  t er mi nat i ng 
l eads.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  a f l ow met er  i s necessar y,  t he desi gner  
shoul d sel ect  an el ect r oni c f l ow met er  or  v i sual  
f l ow met er .  The det ai l ed desi gn shoul d be pr ovi ded 
by t he hydr aul i c power  syst em manuf act ur er  and 
f abr i cat or .

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

[ ] [ ] 2. 5. 4   Ai r  Br eat her

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Wher e space al l ows,  f l exi bl e r eser voi r  
br eat her s ar e t he pr ef er r ed met hod of  pr event i ng or  
cont r ol l i ng t he i nt r oduct i on of  out s i de ai r  i nt o t he 
r eser voi r .   Del et e ei t her  of  t wo par agr aphs whi ch 
ar e not  needed.

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

Pr ovi de t he r eser voi r  wi t h an ai r  br eat her  whi ch r emoves di r t  and moi st ur e 
f r om t he i ncomi ng ai r .   The i ncomi ng ai r  t o f i r st  pass t hr ough a desi ccant  
bed t o r emove t he moi st ur e,  and t hen pass t hr ough a f i l t er  t o el i mi nat e 
t he sol i d cont ami nant s bef or e ent er i ng t he r eser voi r .   Out goi ng ai r  t o 
pass di r ect l y t o t he at mospher e t hr ough a check val ve.   The br eat her  t o 
al so pr ovi de vi sual  i ndi cat i on of  t he desi ccant  and f i l t er  condi t i on.

2. 5. 5   Fl exi bl e Reser voi r  Br eat her s

Pr ovi de each hydr aul i c power  uni t  wi t h f l exi bl e r eser voi r  br eat her  uni t s 
t o el i mi nat e t he i nt r oduct i on of  out s i de ai r  i nt o t he r eser voi r  dur i ng 
nor mal  oper at i on of  t he syst em and t o accommodat e expansi on and 
cont r act i on of  t he ai r  i nsi de t he r eser voi r .  The br eat her  uni t s t o be of  
suf f i c i ent  capaci t y t o accommodat e t he di f f er ent i al  vol ume of  t he 
r eser voi r .   The f l exi bl e r eser voi r  br eat her s t o have a bl adder  compat i bl e 
wi t h t he syst em hydr aul i c f l ui d.   Equi p t he r eser voi r  br eat her s wi t h 
pr essur e vacuum br eaker s.   The shel l  t o be f r ee st andi ng and of  r ugged 
const r uct i on made of  st eel ,  f i ber gl ass or  ot her  mat er i al  as appr oved.  
Const r uct  and mount  t he br eat her  i n a manner  t o f aci l i t at e bl adder  
r epl acement .   Pr ovi de pi pi ng t o t he br eat her  wi t h adequat e pi pe uni ons and 
scr ewed f i t t i ngs t o f aci l i t at e r epai r  or  r epl acement  of  t he vent  bl adder .   
I nst al l ,  secur el y at t ach and suppor t  t he uni t s as shown on t he hydr aul i c 
power  uni t .
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2. 5. 5. 1   Pr essur e Rel i ef  and Emer gency Vent i ng

Pr ovi de a pr essur e r el i ef  syst em consi st i ng of  i nl i ne check val ves and 
br eat her s i n t he br eat her  pi pi ng,  as i ndi cat ed,  t o pr event  col l apse or  
" oi l  canni ng"  of  t he t ank.   The check val ve i n- l i ne wi t h t he br eat her  t o 
be  r emovabl e t o per mi t  vent i ng t he r eser voi r  dur i ng set up.   Di r ect  t he 
ai r  i n t he t ank t o t he f l exi bl e br eat her  dur i ng nor mal  oper at i ons.   The 
br eat her s t o be of  t he t hr eaded t ype wi t h st eel  shel l  and nyl on st r ai ner  
and guar d and r at ed f or  [ 127] [ _____]  cubi c met er s per  hour  [ 75] [ _____]  
cubi c f oot  per  mi nut e.   The i nl i ne f r ee f l ow check val ves t o be t he 
t hr eaded t ype wi t h a 13. 8 kPa or   2 psi  cr acki ng pr essur e.

2. 5. 6   Oi l  Level  Gauge ( Si ght  Gl ass)

Pr ovi de an [ a cont i nuous]  oi l  l evel  gauge wi t h an i ndi cat i ng l engt h of  not  
l ess t han 300 mm 12 i nches on each uni t  and posi t i on t o gi ve a v i sual ,  
c l ear l y mar ked i ndi cat i on of  t he oi l  l evel  i n t he t ank i ncl udi ng [ t he " l ow 
l evel " ,  " add oi l " ,  " nor .  mi n.  l evel " ,  and " max.  l evel " . ] [ t he maxi mum and 
mi ni mum desi gn oper at i ng l evel s and t he f l ui d l evel  when t he syst em i s 
i dl e. ] .   Mount  oi l  l evel  gauge i n a r eadi l y v i s i bl e l ocat i on i n pr oxi mi t y 
t o t he f i l l er  openi ng.  Af t er  t he syst em i s oper at i onal  and al l  t est s 
compl et e,  per manent l y mar k t he l evel s on t he t ank i n a manner  appr oved by 
t he Cont r act i ng Of f i cer .   Gauge mat er i al  t o be compat i bl e wi t h hydr aul i c 
f l ui d and accept abl e f or  use over  f ul l  r ange of  syst em f l ui d t emper at ur es 
wi t hout  st ai ni ng or  di st or t i on.  [ Oi l  l evel  gauge mat er i al  t o be 
shat t er - pr oof . ]   [ Oi l  gauge housi ng desi gn t o pr ovi de pr ot ect i on t o t he 
gauge gl ass. ]   [ Gauge t o be l ocat ed so t hat  i t  not  suscept i bl e casual  
damage. ]  [ Manuf act ur er ' s st andar d r ecessed or  pr ot ect ed oi l  l evel  
i ndi cat or . ]   

[ 2. 5. 7   Di gi t al  Oi l  Reser voi r  Level  Moni t or

I n addi t i on t o t he Oi l  Level  Gauge ( Si ght  Gl ass)  and Low Level  Fl oat  
Swi t ch[ es]  det ai l ed above,  pr ovi de t he r eser voi r  wi t h a Di gi t al  Oi l  
Reser voi r  Level  Moni t or .  The el ect r oni c l evel  i ndi cat or  i s t o have [ bot h]  
[ a 1/ 4 i nch or  l ar ger  char act er  hei ght  di gi t al  di spl ay] [ ,  and ] [ el ect r oni c 
out put  f or  HPU Pr ogr am Logi c Cont r ol l er  ( PLC) ] .  

] 2. 6   ACCUMULATORS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Desi gner  t o be awar e of  t he st or ed ener gy 
saf et y pr ecaut i ons necessar y f or  syst ems wi t h 
accumul at or s f or  i sol at i on f or  mai nt enance and 
appr opr i at e saf et y war ni ngs/ l abel i ng.

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

Pr ovi de accumul at or s i n accor dance wi t h al l  of  t he f ol l owi ng gener al  
r equi r ement s bel ow and i n t he par agr aphs t hat  f ol l ow:

a.  Accumul at or s t hat  ar e [ pi st on]  [ bl adder ]  t ype and [ ni t r ogen]  [ gas 
pr essur e]  [ _____]  char ged.

b.  Accumul at or  f l ui d capaci t y not  l ess t han i ndi cat ed.   

c.  Accumul at or s desi gned f or  a r at ed wor ki ng pr essur e not  l ess t han 
t he maxi mum syst em pr essur e and have a saf et y f act or  of  not  l ess t han 
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f our .   

d.  Fl ui d por t s ar e t o be [ t apped f or  SAE f i t t i ng wi t h O- r i ng]  [ t apped 
NPTF]  [ t apped f or  st r ai ght  pi pe t hr eads]  [ dr i l l ed,  t apped,  and f aced 
f or  f l ange connect i ons]  [ dr i l l ed,  t apped,  and f aced f or  SAE f l ange 
connect i ons] .   

e.  Pr ovi de t he gas and accessor i es needed t o r echar ge t he accumul at or  
wi t h gas as i ndi cat ed.

f .  The accumul at or  must  be equi pped wi t h a saf et y devi ce t o r el ease 
excessi ve pr essur e bef or e t he bur st  pr essur e i s r eached.   

g.  Pr ovi de t he i ndi cat ed number  of  accumul at or s wi t h t he f l ui d 
capaci t y not  l ess t han [ _____]  [ L]  [ gal l ons]  [ i ndi cat ed] .   

h.  [ Pr ovi de a t ee wi t h a [ _____] L gal l on accumul at or  i n t he pr essur e 
l i ne at  each cyl i nder . ]

  
i .  Desi gn t he accumul at or s i n accor dance wi t h ASME BPVC SEC VI I I  D1 
f or  a r at ed wor ki ng pr essur e of  not  l ess t han [ _____]  kPa psi .  

j .  [ Accumul at or s shoul d be st amped and cer t i f i ed per  ASME st andar ds. ]   

k.  Pr ovi de a bal l  t ype shut of f  val ve f or  each accumul at or .  

l .  [ Lever  ( Handl e)  of  each shut - of f  val ve t o be l ocat ed and or i ent ed 
such t hat  i t s posi t i on and access f or  di r ect  use i n t he i nst al l ed 
condi t i on i s not  i mpeded by ot her  component s. ]

m.  [ Each shut - of f  val ve l ever  t o be l ockabl e wi t h a l ocki ng t ab eye 
si zed f or  a common pad l ock di amet er . ]

n.  [ Ar r ange accumul at or s so t hat  pr essur es can be checked vi sual l y. ]  

2. 6. 1   Pi st on Type

Pr ovi de pi st on t ype accumul at or s addr essi ng al l  of  t he f ol l owi ng:

a.  Cyl i nder  t o be [ s i ngl e]  [ doubl e]  wal l  t ype const r uct ed f r om 
seaml ess st eel  t ubi ng and wr ought  or  f or ged st eel  end caps.

  
b.  Pi st on t o be [ cast  i r on]  [ al umi num]  [ _____]  and equi pped wi t h 
O- r i ng t ype seal s wi t h ant i - ext r usi on backup gui de r i ngs.

  
c.  Accumul at or s 152 mm 6 i nches and l ar ger  desi gned and const r uct ed i n 
accor dance wi t h t he r equi r ement s of  ASME BPVC SEC VI I I  D1.

  
d.  A hi gh- pr essur e gas char gi ng val ve t hat  i s pr ot ect ed f r om damage by 
r ecessed t ype const r uct i on or  by a pr ot ect i ve cap.

  
e.  Saf et y bl eed hol es i n t he shel l  and a gas val ve or  ot her  means must  
be i ncl uded t o posi t i vel y pr event  di sassembl y of  t he accumul at or  unt i l  
al l  gas and f l ui d pr essur es have been r el eased.

2. 6. 2   Bl adder  Type

Pr ovi de bl adder  t ype accumul at or s addr essi ng al l  of  t he f ol l owi ng:
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a.  Bl adder  t ype sui t abl e f or  char gi ng wi t h [ ni t r ogen] [ t he i ndi cat ed 
gas] .

  
b.  Shel l s of  one- pi ece al l oy st eel  const r uct i on wi t hout  wel ds,  seams,  
or  j oi nt s.

c.  Fl ui d di schar ge por t  wi t h a spr i ng- l oaded poppet  val ve ar r anged t o 
c l ose aut omat i cal l y upon di schar ge of  al l  t he f l ui d and pr event  
ext r usi on of  t he bl adder .  

d.  An ant i - ext r usi on r i ng when r ecommended by t he manuf act ur er .   

e.  The desi gn per mi t s di sassembl y f or  r epai r  wi t hout  r emovi ng t he 
accumul at or  f r om t he syst em.   

f .  Ar r ange accumul at or s so t hat  t he bl adder s can be easi l y changed 
wi t hout  t he r emoval  of  ot her  component s.   

g.  The met hod of  di sassembl y t o i ncl ude pr ovi s i ons t o pr event  
di sassembl y unt i l  al l  gas and f l ui d have been bl ed.   

h.  A gas char gi ng val ve compl et e wi t h pr ot ect i ve cap and r epl aceabl e 
val ve cor e.   

2. 7   PI PE,  TUBE,  HOSE,  AND APPURTENANCES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  Tubi ng i s r ecommended f or  i ndoor  and or  
pr ot ect ed envi r onment s wher e damage due t o f l oodi ng,  
i ce,  debr i s,  v i br at i on or  per sonnel  t r af f i c  i s  not  
l i kel y t o occur .   Use caut i on when speci f y i ng t ubi ng 
appl i cat i ons i n l ar ger  di amet er s as t he avai l abl e 
wor ki ng pr essur es of  t he t ubi ng may be l ower  t han 
ant i c i pat ed oper at i ng pr essur es of  t he hydr aul i c 
syst em.

Recommend pr ovi di ng an Engi neer i ng Consi der at i on f or  
I n Fi el d Per sonnel  t o have QA per f or med on t he 
i nst al l at i on,  assembl y and t est i ng of  any t hr eaded 
pi pi ng connect i ons speci f i ed t o ensur e a l eak f r ee 
desi gn.

Tube and t ube f i t t i ngs ar e r eadi l y commer ci al l y 
avai l abl e i n s i zes up 1 i nch nomi nal  s i ze.   Tube 
f i t t i ngs above 1 i nch i n s i ze ar e l ess common and i t  
i s  pr ef er r ed t o use pi pe at  s i zes 1 i nch and above.

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

[ Desi gn pi pi ng,  t ubi ng,  hose and appur t enances f or  a wor ki ng pr essur e of  
[ _____]  kPa psi . ] [ Pr ovi de pi pi ng,  t ubi ng,  hose,  f i t t i ngs,  and associ at ed 
appur t enances r at ed f or  a wor ki ng pr essur e no l ess t han t he r at ed wor ki ng 
pr essur e of  t he connect ed hydr aul i c syst em or  ser vi ce. ]   Pr ovi de pi pe,  
t ube,  and f i t t i ngs i n accor dance wi t h ASME B31. 1 and subsequent  addenda 
unl ess ot her wi se speci f i ed or  i ndi cat ed.
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2. 7. 1   Pi pi ng

2. 7. 1. 1   Pi pe -  Gener al

[ Pr ovi de pi pi ng when a 25 mm  1 i nch or  l ar ger  di amet er  i s r equi r ed. ]
Pr ovi de ext er nal  cyl i nder  pi pi ng as i ndi cat ed. [   Use pi pe wher e i ndi cat ed 
on t he dr awi ngs] .   Wel d pi pe as i ndi cat ed.

2. 7. 1. 2   Pi pe

Pr ovi de pi pi ng i n accor dance wi t h t he f ol l owi ng r equi r ement s:

[ a.  Seaml ess car bon st eel  pi pi ng conf or mi ng t o ASTM A106/ A106M,  Gr ade B. ]

[ b.  Seaml ess st ai nl ess st eel  pi pi ng i n accor dance wi t h ASME B36. 19M and 
ASTM A312/ A312M,  Gr ade TP304]

[ [ c.  Schedul e 80 pi pi ng. ] [ c.  Schedul e 40 pi pi ng on hydr aul i c pi pi ng 
ser vi ce wi t h a r at ed pr essur e of  150 psi  or  l ess,  and Schedul e 80 
pi pi ng i n al l  ot her  appl i cat i ons. ] ]

[ d.  Suppl i ed car bon st eel  pi pe i n t he pi ckl ed and oi l ed condi t i on. ]

2. 7. 1. 3   Pi pe Fi t t i ngs

Pr ovi de pi pe f i t t i ngs i n accor dance wi t h t he f ol l owi ng:

a.  Unl ess speci f i cal l y i dent i f i ed ot her wi se,  use socket  wel di ng t ype 
pi pe f i t t i ngs i n accor dance wi t h ASME B16. 11.

b.  Car bon st eel  used i n f i t t i ngs must  meet  t he r equi r ement s of
ASTM A234/ A234M,  Gr ade WPB.

c.  St ai nl ess st eel  used i n f i t t i ngs must  meet  t he r equi r ement s of
st ai nl ess st eel  i n accor dance wi t h ASTM A182/ A182M,  Gr ade F304.

d.  [ Pr ovi de pr essur e c l ass [ _____]  kg pounds] [ Wher e f l anges ar e 
speci f i ed or  ot her wi se al l owed,  pr ovi de f l anges t hat  meet  t he 
r equi r ement s of  SAE J518- 1,  Code 61 f or  hi gh pr essur e ser vi ce or  ASME 
B16. 1 and ASTM A182/ A182M f or  l ow pr essur e ser vi ce. ] .   

e.  Fl ange mat er i al  gr ade sui t abl e f or  t he pi pe t o whi ch i t  i s  t o be 
at t ached.   

f .  [ Thr eaded f i t t i ngs ar e pr ohi bi t ed]  [ Thr eaded f i t t i ngs ar e onl y 
al l owed wher e i ndi cat ed on t he cont r act  dr awi ngs and must  conf or m t o 
t he above r equi r ement s. ]

2. 7. 1. 4   Uni ons

Pr ovi de O- r i ng t ype uni ons,  made of  st ai nl ess st eel  wi t h socket - wel di ng 
ends.   The Cont r act or  may,  as an opt i on,  subst i t ut e f our  bol t  spl i t  
f l anges wi t h [ Buna N]  [ Vi t on]  O- r i ngs f or  t he uni ons.   [ Fl anged uni ons 
onl y al l owed wher e i ndi cat ed on t he cont r act  dr awi ngs. ] [   Any al l owed 
non- wel ded connect i ons ar e t o be l ocat ed i n ar eas t hat  ar e v i sual l y and 
physi cal l y accessi bl e wi t hout  r emoval  of  ot her  i nst al l ed equi pment . ]   The 
connect i ons ar e not  t o be l ocat ed over  el ect r i cal  equi pment  or  wal kway.   
Br acket  onl y i n l ocat i ons[  as shown on dr awi ngs] .
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2. 7. 1. 5   Expansi on Fi t t i ngs

Pr ovi de expansi on f i t t i ngs i n accor dance wi t h t he f ol l owi ng:

a.  Fi t t i ngs must  have a pr essur e r at i ng t hat  meet s or  exceeds t he
oper at i ng pr essur e f or  t he l i ne i n whi ch t hey ar e i nst al l ed.

b.  Al l  wet t ed component s must  be compat i bl e wi t h t he sel ect ed
hydr aul i c f l ui d.  Al l  ot her  por t i ons must  be made f r om st ai nl ess st eel .

c.  Fi t t i ng assembl y must  be r epl aceabl e wi t hout  r equi r i ng t he adj acent  
and connect i on pi pi ng t o be di st ur bed or  cut .

e.  Fi t t i ngs must  al l ow expansi on and movement  i n t he axi al  and r adi al
di r ect i ons.

f .  Pr ovi de expansi on f i t t i ngs [ at  each const r uct i on j oi nt ] [ as 
i ndi cat ed on t he dr awi ngs] .

2. 7. 2   Tubi ng

2. 7. 2. 1   Hydr aul i c Tubi ng

  Onl y use t ubi ng when l ess t han 25 mm or  1 i nch di amet er  i s r equi r ed.  
Pr ovi de hydr aul i c t ubi ng i n accor dance wi t h t he f ol l owi ng: S

a.  St ai nl ess st eel  t ubi ng used f or  hydr aul i c c i r cui t s i n accor dance 
wi t h [ ASTM A269/ A269M f or  Gr ade TP 304,  Seaml ess] [ I SO 10763]

b.  A mi ni mum r at i ng f or  syst em pr essur e or  hi gher ,  and pr oof  pr essur e 
r at i ng of  t wi ce syst em pr essur e or  hi gher ,  and bur st  pr essur e r at i ng 
of  [ f our ] [ s i x]  t i mes syst em pr essur e or  hi gher .

2. 7. 2. 2   Tube Fi t t i ngs

Pr ovi de f i t t i ngs r at ed f or  t he syst em pr essur e f or  whi ch t hey wi l l  oper at e 
or  hi gher .   Fi t t i ngs ar e not  t o t wi st  t he t ubi ng dur i ng assembl y or  
di sassembl y.   Pr ovi de al l  t ube f i t t i ngs wi t hout  speci al  adapt or s or  
cust om- desi gned assembl i es.   Pr ovi de a l eak- pr oof  seal  at  t he r at ed 
wor ki ng pr essur e of  t he t ubi ng or  hi gher .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The f i r st  of  t hese opt i onal  par agr aphs ar e 
f or  most  c i v i l  wor ks f aci l i t i es,  especi al l y t hose 
near  wat er ways wher e f i t t i ng l eakage r i sk i s t o be 
r educed as much as possi bl e,  and t hose i nvol v i ng 
syst em pr essur es of  3, 000psi  or  mor e.   The second of  
t hese opt i onal  par agr aphs ar e i f  t he pr ocur i ng 
ent i t y wi shes t o al l ow mor e f l exi bi l i t y  t o t he 
pr ovi di ng ent i t y.  Fl ar ed f i t t i ngs do have a hi gher  
l i kel i hood of  f ai l ur e at  hi gher  pr essur es.  Car e must  
be t aken t o pr oper l y qual i f y f l ar ed and sel f - f l ar ed 
f i t t i ngs t o avoi d pr essur e f ai l ur e and cycl i ng 
f ai l ur e.

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

[ Pr ovi de f l ar el ess t ype,  [ t wo- f er r ul e]  compr essi on- gr i p wi t h SAE st r ai ght  
t hr eads and [ Buna N]  [ Vi t on]  O- r i ng seal s.   Each f i t t i ng t o hol d t he 
t ubi ng wi t h a chucki ng act i on and pr ovi de a f i r m f l at  gr i p on t he t ubi ng 

SECTI ON 35 05 40. 14 10  Page 62



wi t hout  penet r at i on of  t he t ubi ng wal l .  Each f i t t i ng connect i on t o be 
capabl e of  no l ess t han 30 connect  -  di sconnect  -  r econnect  cycl es wi t hout  
gal l i ng,  l eakage,  or  any ot her  damage,  and does not  t wi st  t he t ubi ng 
dur i ng assembl y. .  Pr ovi de Type 304 st ai nl ess st eel  f i t t i ngs t hat  conf or m 
t o SAE J514. ]  

[ Pr ovi de sol der l ess st eel  f i t t i ngs.   Connect i ons may be f l ar ed,  f l ar el ess,  
sel f - f l ar i ng,  or  equi val ent .   When f l ar ed- t ype f i t t i ngs ar e used,  t he 
t ubi ng end of  t he connect or  body,  nut ,  and sl eeve when used,  ar e t o be 37 
degr ees f r om cent er  ( 74 degr ees i ncl uded angl e) ,  and ar e t o conf or m t o SAE 
J514 f or  mi ni mum per f or mance r equi r ement s.  Copi es of  t est  r epor t s f or  al l  
t ubi ng f i t t i ngs ar e t o be submi t t ed wi t h det ai l  d.   Adapt er s f or  
connect i ng t ubi ng t o t hr eaded pi pe por t s ar e t o be st r ai ght  t hr ead t ype 
wi t h l ocknut ,  washer ,  and O- r i ng seal .   Fi t t i ngs t hat  i ncor por at e separ at e 
synt het i c or  met al - t o- met al  seal s,  or  seal s t hat  seal  wi t h pr essur e ar e t o 
have UNF st r ai ght - t hr ead por t  connect i ons.  Fi t t i ngs t hat  i ncor por at e 
synt het i c,  or  met al - t o- met al  seal s,  or  seal s t hat  seal  wi t h pr essur e may 
be used wi t h pi pe t hr ead por t  connect i ons. ]

2. 7. 3   Hose

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Car bon st eel  hose f i t t i ngs can be eval uat ed 
by t he desi gner  f or  use dependi ng on t he 
appl i cat i on.  Any appl i cat i ons t hat  ar e submer ged 
shoul d ut i l i ze st ai nl ess st eel  f i t t i ngs.

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

2. 7. 3. 1   Fl exi bl e Hose

Pr ovi de f l exi bl e hoses i n accor dance wi t h t he f ol l owi ng:

a.  Al l  f l exi bl e hoses t o have an i nsi de di amet er  t o mat ch t he l i ne 
s i ze t o whi ch i t  i s  t o be connect ed.  

b.  The mi ni mum wor ki ng pr essur e of  t he hose t o be r at ed by t he 
manuf act ur e not  l ower  t han t he syst em oper at i ng pr essur e i ndi cat ed 
[ wi t h a mi ni mum f act or  of  saf et y of  4 f or  bur st  pr essur e] .  

c.  Pr ovi de hose i n accor dance wi t h SAE J517,  100R12.   

d.  Al l  component s of  each hose assembl y ar e t o be compat i bl e wi t h 
[ syst em hydr aul i c f l ui d as i ndi cat ed]  [ pet r ol eum based hydr aul i c 
f l ui ds] .  

e.  [ The hose used f or  gener al  i ndust r i al  use i n hydr aul i c syst ems 
pr ovi ded wi t h pet r ol eum base hydr aul i c f l ui ds. ]   

f .  Pr ovi de a synt het i c r ubber  t ube wi t h f our  spi r al  wi r e 
r ei nf or cement s and [ a synt het i c r ubber  cover ]  [ st ai nl ess st eel  cover ] .  

 

g.  Each end of  t he hose t o have a st r ai ght  spl i t  st ai nl ess st eel  
f l ange f i t t i ng i n accor dance wi t h SAE J518- 1,  Code [ 61] [ ___] .   

h.  Desi gn f i t t i ngs speci f i cal l y f or  use wi t h t he hose sel ect ed and as 
r ecommended by t he hose manuf act ur er .   

i .  Hose assembl y,  i ncl udi ng l engt h and f i t t i ng angl e t o al l ow f or  t he 
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hose' s i nst al l at i on t o adher e t o t he SAE J1273.

j .  Hose t o pr ovi de f or  uni f or m and neat  r out i ng such t hat  ar e 
not - over l ayi ng one anot her  and ar e wi t hout  k i nks,  shar p bends,  
bi ndi ng,  or  r ubbi ng [ t hr oughout  t he ent i r e mot i on of  t he hydr aul i c 
act uat or ]  wi t hout  v i ol at i ng mi ni mum bend r adi i .

k.  Each hose assembl y i s t o be [ f act or y assembl ed]  [ assembl ed]  usi ng 
pr ocedur es and t ool s r ecommended by t he manuf act ur er  of  t he hose.  

l .  Fi t t i ngs t o be [ st ai nl ess st eel ]  [ car bon st eel ]  and of  t he 
[ r eusabl e]  [ per manent l y at t ached]  t ype [ unl ess ot her wi se i ndi cat ed] .   

m.  Connect  t he f i t t i ngs t o t he hose assembl y usi ng t he i nt er nal  ski ve 
cr i mp met hod.

n.  Fi t  t he hose wi t h a nyl on sl eeve t o pr ot ect  and pr event  abr asi on of  
t he hose cover .   

o.  Use f l exi bl e hose i n l ocat i ons wher e [ i ndi cat ed and wher e] syst em 
pr essur e f l uct uat i on i s subj ect  t o occur ,  such as t he hydr aul i c pump 
pr essur e,  r et ur n and case l i nes,  and syst em sol enoi d cont r ol  val ves.

2. 7. 4   Locat i on of  Connect i ons

Pi pi ng,  t ubi ng,  and hose connect i ons must  be desi gned and i nst al l ed t o 
per mi t  qui ck r emoval  and r eassembl y wi t h hand t ool s.  The connect i on 
l ocat i ons ar e not  t o be over  equi pment  t hat  woul d be i mpact ed i f  f l ui d was 
t o l eak f r om t he connect i on.

2. 7. 5   Mani f ol ds

Pr ovi de mani f ol ds i n accor dance wi t h t he f ol l owi ng:

a.  Pr ovi de pr e- dr i l l ed mani f ol d bl ocks f or  connect i on of  cont r ol  val ve 
assembl i es [ wher e i ndi cat ed] .   

b.  Const r uct  each mani f ol d bl ock of  [ al umi num per  ASTM B209] [ st ai nl ess 
st eel  per  ASTM A240/ A240M] [ duct i l e i r on per  ASTM A536] [ wher e 
i ndi cat ed] .

c.  Machi ne por t s and passages smoot h and f r ee of  bur r s and shar p edges.

d.  Ar r ange mani f ol d bl ock i nt er connect i ng passages and val v i ng so as 
t o pr ovi de t he syst em connect i ons and f unct i ons as i ndi cat ed.   

e.  Mani f ol d bl ock i nt er connect i ng passages and val v i ng t o be of  ampl e 
pr opor t i ons t o mi ni mi ze i nt er nal  pr essur e l osses.   

f .  Machi ne sur f aces and r ecesses wher e val v i ng and ot her  component s 
ar e i nst al l ed t o t he speci f i cat i ons of  t he appl i cabl e val ve or  
component  manuf act ur er .   

g.  Make pr ovi s i ons f or  at t achi ng t he hydr aul i c pi pi ng t o t he mani f ol ds 
by t he use of  f l anges as speci f i ed i n par agr aph " Pi pe Fi t t i ngs" ,  [ wi t h 
4 bol t  f l ange]  and as i ndi cat ed.   Adapt er s ar e not  t o be used t o make 
t he mani f ol d por t  compl y wi t h t he f i t t i ng r equi r ement s.   
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h.  The mani f ol d t o be i n accor dance wi t h t he val ve manuf act ur er s '  
r ecommendat i ons t o pr ovi de f or  i nst al l at i on of  val ves,  f l anges,  and 
accessor i es.   

i .  Desi gn t he mani f ol d f or  a mi ni mum pr essur e r at i ng of  not  l ess t han 
[ _____] kpa [ _____]  psi  at  66 degr ees C or  150 degr ees F except  as 
speci f i ed.

[ j .  Locat e component s on t he mani f ol d i n posi t i ons as i ndi cat ed. ]

[ k.  Al l  component s as speci f i ed by t hei r  model  number s and mount ed t o 
t he mani f ol d i n accor dance wi t h mount i ng det ai l s i ndi cat ed and i n t he 
manuf act ur er ' s cat al ogs. ]

[ l .  Suppl y mani f ol ds wi t h mani f ol d encl osur es r at ed f or  submer gence t o 
[ _____]  m [ _____]  f eet . ]  [   The mani f ol ds and al l  at t ached val ves,  
equi pment ,  and el ect r i cal  devi ces t o be r at ed f or  submer gence t o 
[ _____]  m [ _____]  f eet .  ]

[ m.  Pr ovi de t est  por t s as shown on t he schemat i cs and f i t t ed wi t h 
di agnost i c connect or s wi t h st ai nl ess st eel  qui ck coupl i ng ni ppl e and 
accessor y st ai nl ess st eel  met al  dust  cap. ]

n.  Pi pi ng and hose l ayout  i s t o not  cause r adi al  l oadi ng of  mani f ol d 
por t s.

2. 7. 6   Val ves

Pr ovi de val ves wi t h a mi ni mum pr essur e r at i ng of  [ _____]  kPa psi  unl ess 
st at ed ot her wi se.    Val ves must  not  have a publ i shed pr essur e r at i ngs l ess 
t han t he maxi mum pr essur e r at i ngs i ndi cat ed f or  t he c i r cui t  i n whi ch 
i nst al l ed.  Wher e possi bl e,  mani f ol d mount  val ves.   Mani f ol d mount ed val ves 
t o be ei t her  car t r i dge t ype or  subpl at e mount ed.   Pr ovi de socket - wel ded 
pi pi ng connect i ons on non- mani f ol d mount ed val ves 25mm or  1- i nch or  
l ar ger .   Pr ovi de val ves l ess t han 25 mm or  1 i nch wi t h SAE st r ai ght  t hr ead 
ends and [ Buna N]  [ Vi t on]  O- r i ngs wi t h t ube f i t t i ngs.   Val ves t o be 
speci f i cal l y desi gned and r at ed f or  hydr aul i c syst em appl i cat i ons.  [ Val ves 
used i n pneumat i c l i nes,  such as ai r - oi l  boost er  syst ems and gas- l oaded 
accumul at or s,  must  be speci f i cal l y desi gned and r at ed f or  use i n pneumat i c 
syst ems. ]   [ Unl ess appr oved ot her wi se,  al l  manual  val ve handl es ar e t o 
per mi t  di r ect  access f or  f ul l  use i n t he f i nal  i nst al l ed l ocat i on. ]

2. 7. 6. 1   I dent i f i cat i on

Al l  por t s,  pi l ot  and sol enoi d act uat or s and sol enoi d l eads ar e t o have 
per manent  i dent i f i cat i on as i ndi cat ed by symbol s conf or mi ng t o I SO 9461 
and I SO 11727.

[ 2. 7. 6. 2   Val ve Namepl at es

[ Pr ovi de br ass or  st ai nl ess st eel  namepl at es f or  al l  val ves and submi t  f or  
appr oval .   Namepl at es t o c l ear l y i ndi cat e t he f unct i on of  each devi ce and 
i ndi cat e t he condi t i on est abl i shed f or  each.   Machi ne engr ave [ pr i nt ]  
l et t er i ng on namepl at es on [ st eel  pl at e]  [ pl ast i c l ami nat e wi t h whi t e 
char act er s on a bl ack backgr ound.  Secur e t o val ve wi t h st ai nl ess wi r e or  
chai n. ] ]

SECTI ON 35 05 40. 14 10  Page 65



] 2. 7. 6. 3   Shut - Of f  Val ves

Pr ovi de i n- l i ne mount ed,  st ai nl ess st eel ,  l ever  oper at ed,  bal l  t ype 
shut - of f  val ves.   Shut - of f  val ves at  pi pi ng mani f ol ds of  each 
[ cyl i nder ] [ hydr aul i c oper at or ]  at  t he upst r eam and downst r eam l ocat i ons 
f or  t he mai n suppl y and r et ur n l i nes t o be [ 50]  [ _____]  mm [ 2] [ _____] - i nch 
l i ne s i ze,  r at ed f or  a wor ki ng pr essur e of  [ 21] [ _____]  MPa [ 3000] [ _____]  
psi ,  wi t h socket - wel ded ends,  doubl e act i ng bal l  t ype.   Shut - of f  val ves 
f or  al l  ot her  l i nes t o be bal l  t ype,  mat ch t he l i ne s i ze,  and have a 
maxi mum al l owabl e wor ki ng pr essur e of  [ 21]  [ _____]  MPa [ 3000]  [ _____]  psi .   
The val ve ends t o have socket - wel d pi pe connect i ons and dr i l l ed t o r ecei ve 
SAE Code [ 61] [ _____]  f l anges.   Pr ovi de a r emovabl e oper at i ng l ever  f or  
each val ve.   Val ves t o be speci f i cal l y desi gned and r at ed f or  hydr aul i c 
syst em appl i cat i ons.   Pr ovi de wi t h st ai nl ess st eel  val ve t r i m i ncl udi ng 
handl es.   The val ves t o have r epl aceabl e seat s and be r epai r abl e wi t hout  
di st ur bi ng t he wel ded connect i ons.  [ Val ves must  have a l ever  t hat  i s  
l ockabl e wi t h a l ocki ng t ab eye si zed f or  a common pad l ock di amet er . ]  

2. 7. 6. 4   Needl e Val ves

Suppl y needl e val ves of  st ai nl ess st eel  const r uct i on and desi gned f or  f i ne 
f l ow r egul at i on.   Use [ Buna N]  [ Vi t on]  st em seal i ng O- r i ngs.

2. 7. 6. 5   Manual  Cont r ol  Val ves

2. 7. 6. 5. 1   Fl ow Cont r ol  Val ves

Fl ow cont r ol  val ves t o be [ subpl at e mount ed f or  socket - wel ded pi pi ng]  
[ l i ne mount ed]  [ mani f ol d mount ed car t r i dge val ves]  and of  [ st ai nl ess 
st eel ]  [ al umi num]  [ duct i l e i r on]  const r uct i on.   The val ves t o be 
pr essur e- compensat i ng,  f r ee f l owi ng i n one di r ect i on,  and adj ust abl e.   The 
val ves t o be capabl e of  bei ng l ocked i n posi t i on t o pr event  an 
uni nt ent i onal  adj ust ment .   The f l ow r at i ng t o be [ a mi ni mum of  [ _____]  L/ s 
gpm]  [ det er mi ned by t he Cont r act or  i n accor dance wi t h t he desi gn cr i t er i a 
st at ed i n par agr aph " Desi gn Par amet er s" ] . [ " ]

2. 7. 6. 5. 2   Manual  Four - Way Di r ect i onal  Cont r ol  Val ves

The r ot ar y shear  seal  t ype,  open or  c l osed cent er ,  and det ent  or  spr i ng 
cent er ed as i ndi cat ed.   The val ve t o be t hr ee posi t i on,  [ subpl at e mount ed 
wi t h socket - wel ded pi pi ng connect i ons] [ l i ne mount ed] of  [ st ai nl ess st eel ]  
[ al umi num]  [ duct i l e i r on]  const r uct i on.   The f l ow r at i ng t o be [ a mi ni mum 
of  [ _____]  L/ s gpm]  [ det er mi ned by t he Cont r act or  i n accor dance wi t h t he 
desi gn cr i t er i a st at ed i n par agr aph " Desi gn Par amet er s] . [ " ]

2. 7. 6. 6   Sol enoi d Oper at ed Cont r ol  Val ves

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sol enoi d oper at ed cont r ol  val ves can be 
conf i gur ed many ways.   Two speci f i c  t ypes ar e 
speci f i ed bel ow as t hey ar e commonl y used i n USACE 
hydr aul i c syst ems.   Desi gner s shoul d add addi t i onal  
val ve t ypes/ conf i gur at i ons as needed.

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

Sol enoi ds t o be r at ed f or  cont i nuous oper at i on wi t hout  damage or  
mal f unct i on.   Cont r ol  val ves t o be of  [ st ai nl ess st eel ]  [ al umi num]  
[ duct i l e i r on]  const r uct i on.  Sol enoi ds t o oper at e t he val ves wi t hi n a 10 
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per cent  f l uct uat i on r ange.   Tot al l y encl ose al l  movi ng par t s and wi ndi ngs 
of  t he sol enoi ds t o pr event  ent r ance of  di r t  and moi st ur e.   Pi l ot  f l ui d 
suppl y t o be i nt er nal l y suppl i ed and ext er nal l y dr ai ned f r om t he power  
c i r cui t .   Vent  bot h end cap chamber s as necessar y t o achi eve spr i ng 
cent er i ng.   [ Equi p t he val ve wi t h manual  [ push det ent ] [ l ever ]  weat her  
pr ot ect ed over r i des. ]

2. 7. 6. 6. 1   Pi l ot - Oper at ed,  Sol enoi d- Cont r ol l ed Four - Way Di r ect i onal  Cont r ol  
Di r ect i onal

Pi l ot - oper at ed,  sol enoi d- cont r ol l ed f our - way di r ect i onal  cont r ol  val ves t o 
be [ t wo] [ t hr ee]  posi t i on and [ open] [ c l osed]  cent er ed as i ndi cat ed.   
Pr ovi de pi l ot  oper at ed val ves wi t h [ a s i ngl e]  [ t wo]  sol enoi d[ s] ,  subpl at e 
mount ed wi t h [ socket - wel ded pi pi ng]  [ t ubi ng]  connect i ons.   The val ve' s 
ampl i f i er  t o be of  t he same manuf act ur er  as t he t hr ot t l e val ve.   Pr ovi de a 
power  suppl y f or  t he val ve and ampl i f i er  wi t h an i nput  of  120 vol t s AC.   
The f l ow r at i ng t o be [ a mi ni mum of  [ _____]  L/ s gpm]  [ det er mi ned by t he 
Cont r act or  i n accor dance wi t h t he desi gn cr i t er i a st at ed i n par agr aph 
" Desi gn Par amet er s] .

2. 7. 6. 6. 2   Sol enoi d Oper at ed Pr opor t i onal  Thr ot t l e Val ve

Hydr aul i cal l y cont r ol  t he r at e of  oi l  f l ow i nt o t he mani f ol d by an 
el ect r ohydr aul i c pr opor t i onal  t hr ot t l e val ve wi t h el ect r i cal  f eedback 
set t i ng.   The t hr ot t l e val ve' s ampl i f i er  t o be of  t he same manuf act ur er  as 
t he t hr ot t l e val ve.   Pr ovi de a power  suppl y f or  t he t hr ot t l e val ve and 
ampl i f i er  wi t h an i nput  of  120 vol t s AC.   The f l ow r at i ng t o be [ a mi ni mum 
of  [ _____]  L/ s gpm]  [ det er mi ned by t he Cont r act or  i n accor dance wi t h t he 
desi gn cr i t er i a st at ed i n par agr aph " Desi gn Par amet er s] .

2. 7. 6. 7   Pr essur e Rel i ef  Val ves

Pr ovi de adj ust abl e pr essur e r el i ef  val ves wi t h a body desi gned f or  a set  
pr essur e of  [ _____]  kPa psi .   Rel i ef  pr essur e t o be adj ust abl e bet ween 
[ _____]  kPa psi  and [ _____]  kPa psi . [   The val ve t o have t he capaci t y t o 
pass [ _____]  L/ s gpm. ] [   Det er mi ne t he f l ow capaci t y i n accor dance wi t h 
t he desi gn cr i t er i a st at ed i n par agr aph " Desi gn Par amet er s] . [ " ]   Pr ovi de 
bal anced pi st on t ype r el i ef  val ves.   Val ve bodi es t o be of  c l ose gr ai n 
al l oy cast  i r on,  , "  cast  st eel \ ,  f or ged st eel  or  st ai nl ess st eel .   Val ve 
pi st ons t o be har dened,  al l oy st eel .   Fi ni sh gr i nd val ve pi st ons t o 
pr ovi de an i nt er changeabl e f i t .   Val ve spr i ngs t o be al l oy st eel  or  musi c 
wi r e.   Al l  r el i ef  val ves t o be f i el d adj ust abl e wi t hi n t he speci f i ed 
r el i ef  pr essur e adj ust ment  r ange wi t h a [ key- l ockabl e] [ _____]  adj ust ment  
handl e.   Fi nal  f act or y set t i ngs as i ndi cat ed,  unl ess ot her wi se appr oved i n 
wr i t i ng by t he Cont r act i ng Of f i cer .   [ Pr ovi de mani f ol d mount ed t ype 
val ves. ]

2. 7. 6. 8   Unl oadi ng Val ves

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Unl oadi ng val ves pr ovi de f r ee passage t hr ough 
a l ow pr essur e ar ea when a s i gnal  i s  appl i ed t o a 
pi l ot  connect i on.   An unl oadi ng val ve i s nor mal l y 
l ocat ed i n t he pump di schar ge l i ne so t hat  t he pump 
can unl oad t o t he t ank at  a pr eset  pr essur e.   I n a 
t ypi cal  appl i cat i on,  unl oadi ng val ves may be 
ar r anged t o accept  a s i gnal  f r om an accumul at or .   At  
a pr edet er mi ned pr essur e val ue,  when t he accumul at or  
i s char ged t o t he pr ef er r ed l evel ,  t he pump unl oads 
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t o t he t ank.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de adj ust abl e unl oadi ng val ves desi gned f or  [ _____]  kPa psi  ser vi ce.   
Set  t he pr essur e as shown and det er mi ne t he f l ow capaci t y so t hat  t he 
val ve oper at es wi t hout  cavi t at i on.

2. 7. 6. 9   Suppl y Spr i ng Loaded Check Val ves

Pr ovi de suppl y spr i ng l oaded check val ves of  st ai nl ess st eel  const r uct i on,  
t he bal l  or  poppet  t ype wi t h a body desi gned f or  hi gh shock and [ _____]  kPa
 psi  ser vi ce.

2. 7. 6. 10   Ret ur n Spr i ng Loaded Check Val ves

Const r uct  t he r et ur n spr i ng l oaded check val ves of  st ai nl ess st eel ,  t he 
bal l  or  poppet  t ype wi t h a body desi gned f or  [ _____]  kPa psi  ser vi ce.   
Cr acki ng pr essur e t o be [ _____]  kPa psi .

2. 7. 6. 11   Bl eeder  Val ves

Pr ovi de 6 mm or  1/ 4 i nch,  st ai nl ess st eel  const r uct i on,  wr ench oper at ed 
bl eeder  val ves.

2. 7. 6. 12   Pr essur e Snubber s

Pr ovi de st ai nl ess st eel  pr essur e snubber s f or  al l  pr essur e gauges and 
pr essur e swi t ches t o pr ot ect  agai nst  shock and pr ovi de mor e st abl e 
i nst r ument  oper at i on.

2. 7. 6. 13   Count er bal ance Val ve

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  For  hydr aul i c cyl i nder s wi t h at t ached f l exi bl e 
hoses,  a count er bal ance val ve shoul d be i nst al l ed 
di r ect l y on t he cyl i nder  so t hat  t he l ower  hose i s 
not  subj ect ed t o a st at i c l oad.

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

I nst al l  i n t he oi l  l i ne t o t he bot t om si de of  t he hoi st  pi st on as 
i ndi cat ed t o bal ance t he l oad bei ng hel d by t he cyl i nder .   The val ve t o be 
di r ect l y oper at ed,  i nt er nal l y dr ai ned,  and adj ust abl e f or  oper at i ng over  a 
pr essur e r ange of  [ _____]  t o [ _____]  kPa psi .   Desi gn t he val ve f or  a 
syst em oper at i ng pr essur e of  [ _____]  kPa psi .   Pr ovi de t he val ve capaci t y 
r at i ng of  not  l ess t han [ _____]  L/ s gpm.   Per mi t  unr est r ai ned f l ow t o t he 
under si de of  t he hoi st  pi st on and r et ai n pr essur e i n t he hoi st  cyl i nder  i n 
t he amount  of  t he val ve' s pr essur e adj ust ment .   [ Each val ve t o be r emot e 
pi l ot  oper at ed wi t h a check val ve. ]   [ Each val ve t o have an adj ust abl e 
f l ow cont r ol  val ve i n t he pi l ot  pr essur e l i ne. ]   The count er bal ance val ve 
t o be f act or y set  i n accor dance wi t h t he set t i ngs as i ndi cat ed.

[ 2. 7. 6. 14   Gener al  Val ve Requi r ement s

Unl ess ot her wi se r equi r ed,  pr ovi ded val ves ar e t o be i n accor dance wi t h 
t he f ol l owi ng gener al  r equi r ement s.

2. 7. 6. 14. 1   Val ve Act uat or s

Val ve act uat or s ar e t o be [ manual ]  [ mechani cal ]  [ sol enoi d]  [ or ]  [ pi l ot ]  as 
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i ndi cat ed.   [ Pi l ot  act uat or s must  be [ bar r i er ]  [ di f f er ent i al  ar ea]  
[ di f f er ent i al  pr essur e]  [ or ]  [ sol enoi d cont r ol l ed]  as shown. ]

2. 7. 6. 14. 2   Val ve Mount i ng

Val ve mount i ng pr ovi s i ons i s t o be [ base]  [ i n- l i ne]  [ mani f ol d]  [ or ]  
[ subpl at e]  as i ndi cat ed.   Mount i ng sur f aces,  di mensi onal  cr i t er i a,  and 
gener al  cr i t er i a of  subpl at e mount ed t ype val ves f or  20. 7 MPa 3, 000 psi  
maxi mum hydr aul i c ser vi ce ar e t o conf or m t o NFLPA T3. 5. 1.

Val ve Mat er i al s and Component s

2. 7. 6. 14. 3   Val ve Bodi es

Val ve bodi es ar e t o be [ st eel ]  [ br ass]  [ cast  i r on]  [ al umi num]  [ or ]  [ _____]  
as i ndi cat ed.   Val ve body bor es whi ch cont ai n pi st ons,  poppet s or  spool s 
must  be f i ni shed t o 203 nanomet er s 8 mi cr oi nch r ms and ar e t o be r ound and 
st r ai ght  t o wi t hi n 1. 3 mi cr omet er s 50 mi l l i ont hs of  an i nch.

2. 7. 6. 14. 4   Poppet  Mat er i al

Poppet  mat er i al  i s  t o be [ sof t  seal  ( ni t r i l e r ubber ) ]  [ nyl on]  [ sol i d 
met al ]  [ or ]  [ _____] .

2. 7. 6. 14. 5   Seal  Compound

Seal  compound i s t o be [ Buna N]  [ ni t r i l e r ubber ]  [ or ]  [ f l uor oel ast omer ] .

2. 7. 6. 14. 6   Spool s

Spool s ar e t o be st eel  case har dened t o 50 Rockwel l  C,  mi ni mum.   Spool  
movement  i s t o be by [ manual  act uat i on]  [ mechani cal  act uat i on]  [ hydr aul i c 
pi l ot ]  [ ai r  pi l ot ]  [ or ]  [ sol enoi d] .   [ Manual  act uat or s ar e t o be a [ push 
but t on]  [ hand l ever ]  [ or ]  [ f oot  pedal ] . ]   [ Ai r  pi l ot  oper at ed cont r ol  
val ves must  have br onze housi ngs and st ai nl ess st eel  spool s. ]

2. 7. 6. 14. 7   Sol enoi ds

Sol enoi ds ar e t o be [ ac]  [ or ]  [ dc]  [ wet  ar mat ur e]  t ype and [ pul l - i n]  [ or ]  
[ dr op- out ]  st y l e.   Sol enoi ds ar e t o be [ spr i ng of f set ,  s i ngl e]  [ spr i ng 
cent er ed,  doubl e]  [ or ]  [ det ent ed,  doubl e]  model .   Sol enoi ds must  be 
moi st ur e pr oof  wher e i ndi cat ed.

] 2. 7. 7   Pi pe and Tube Hanger s and Suppor t s

Locat e al l  pi pe suppor t  devi ces at  i nt er val s no gr eat er  t han 2 m or  6 f eet  
bet ween cent er l i nes of  adj acent  suppor t s,  except  as modi f i ed as 
speci f i ed.   I nst al l  suppor t  devi ces on bot h s i des of  a bend wi t hi n f our  
nomi nal  pi pe or  t ube di amet er s of  t he bend l ocat i on.  Fur ni sh al l  suppor t s,  
hanger s,  s l eeves and br acket s compl et e wi t h compat i bl e mount i ng har dwar e 
and appur t enances.  Convent i onal  pi pe hanger s and suppor t  i n accor dance 
wi t h MSS SP- 58 t ype as r equi r ed.   Pr ovi de st ai nl ess st eel  pi pe suppor t s 
and hanger s.   Pr ovi de speci al  hanger s and anchor s as i ndi cat ed.   Const r uct  
t ube suppor t s of  st ai nl ess st eel  har dwar e wi t h pol ypr opyl ene suppor t  
hal ves.   Pr ovi de each t ube suppor t  wi t h al l  mount i ng har dwar e r equi r ed t o 
connect  wi t h t he appr opr i at e anchor age syst em.
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2. 7. 8   Sl eeves and Wal l  Br acket s

Fabr i cat e s l eeves and wal l  br acket s of  st ai nl ess st eel  as i ndi cat ed.

2. 7. 9   Pi pe Penet r at i on Seal s

Pr ovi de modul ar  mechani cal  t ype pi pe penet r at i on seal s,  consi st i ng of  
i nt er l ocki ng synt het i c r ubber  l i nks shaped t o cont i nuousl y f i l l  t he 
annul ar  space bet ween t he pi pe and openi ng.  Assembl e l i nks t o f or m a 
cont i nuous r ubber  bel t  ar ound t he pi pe wi t h a pr essur e pl at e under  each 
bol t head and nut .   Ti ght eni ng of  t he bol t s t o cause t he r ubber  seal i ng 
el ement s t o expand and pr ovi de a wat er t i ght  seal .

2. 8   I NSTRUMENTS AND APPURTENANCES

2. 8. 1   Pr essur e Gauges

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Panel  mount ed pr essur e gauges and ot her  
sensor s and or  val ves connect ed t o t he mani f ol ds ar e 
r ecommended t o avoi d l oose connect i ons or  i t ems t hat  
can be bumped or  di st ur bed.  Avoi d st em mount i ngs.

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

Pr ovi de i n accor dance wi t h ASME B40. 100.   Gauges t o be pr ovi ded wi t h 
[ bl ack enamel ed cor r osi on- r esi st i ng met al  case]  [ phenol i c case] ,  [  4- 1/ 2 
i nch]  [  i nch]  di al ,  and a st ai nl ess st eel  Bour don t ube.   The scal e r ange 
of  t he gauge t o be appr oxi mat el y [ 150 per cent  of  t he maxi mum pr essur e of  
t he l i ne i n whi ch i nst al l ed]  [ t wi ce t he maxi mum pr essur e of  t he c i r cui t  i n 
whi ch i nst al l ed] .   Pr ovi de saf et y t ype gauges wi t h sol i d f r ont s and 
bl owout  backs.   Pr ovi de each gauge wi t h a pr essur e snubber .   [ Mount  gauge 
as i ndi cat ed. ]   [ Panel  mount  t he pr essur e gauges and make t hem r eadabl e 
f r om t he f r ont  of  t he power  uni t  af t er  openi ng t he door s of  t he 
encl osur e. ]   Pr ovi de bot t om t ap gauges and gauge l i nes i n hor i zont al  
pr essur e l i nes.  [ Al l  per manent l y i nst al l ed gauges t o have a shut of f  val ve 
ar r angement  t o per mi t  i sol at i on of  t he gauge and snubber  f r om t he r est  of  
t he syst em. ]

2. 8. 2   Pr essur e Tr ansducer s

I nst al l  pr essur e t r ansducer  as i ndi cat ed t o per mi t  measur ement  and r emot e 
r eadi ng of  t he pr essur e i n t he syst em.   Pr ovi de a t r ansducer  of  t he bonded 
st r ai n gauge desi gn wi t h a pr essur e r ange of  0- 21 MPa 0- 3000 psi .   The 
el ect r i cal  out put  t o be 4- 20 mA wi t h an accur acy of  pl us or  mi nus 1 
per cent .   The t r ansducer  t o have a shi el ded el ect r i cal  conduct or  cabl e of  
suf f i c i ent  l engt h t o ext end t o t he t er mi nal  st r i p i n t he j unct i on box.   
Pr ovi de st ai nl ess st eel  housi ng const r uct i on wi t h SAE hydr aul i c 
connect i ons.   Equi p t he pr essur e t r ansducer  wi t h t wo adj ust abl e set poi nt  
swi t ches t hat  ar e i nt egr al  t o t he uni t  t o pr ovi de pr ot ect i on cont r ol .   
Al t er nat i vel y,  pr ovi de st andar d 4- 20mA pr essur e t r ansducer s as appr oved.

2. 8. 3   Pr essur e Swi t ches

Pr ovi de pr essur e swi t ches i n accor dance wi t h t he f ol l owi ng r equi r ement s:
[ a.  Pr ovi de a mi ni mum pr essur e r at i ng of  [ _____]  kPa psi  wi t h set  poi nt  

oper at i ng as shown. ] [ Pr essur e swi t ches t o have t he oper at i ng pr essur e 
[ set t i ngs]  [ and]  [ r anges]  [ and maxi mum al l owabl e di f f er ent i al s]  
i ndi cat ed. ]
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b.  Encl ose t he swi t ches i n wat er t i ght ,  [ gal vani zed]  [ st ai nl ess]  st eel ,  
NEMA 4X housi ngs.

c.  Pr ovi de t he swi t ches wi t h a nor mal l y open,  nor mal l y c l osed cont act  
havi ng a mi ni mum r at i ng of  5 amps,  125/ 250 vol t s AC.

[ d.  Act uat or s t o be of  t he [ bel l ows]  [ pi st on]  [ Bour don t ube]  
[ di aphr agm]  t ype [ i ndi cat ed]  [ r equi r ed f or  t he oper at i ng condi t i ons] . ]

[ e.  Act uat or s t o have a r at ed pr oof  or   wi t hst and pr essur e of  not  l ess 
t han 150 per cent  of  t he maxi mum possi bl e pr essur es f or  t he syst ems i n 
whi ch t hey ar e i nst al l ed. ]

[ f .  The maxi mum set t i ng f or  swi t ches wi t h an adj ust abl e r ange of  
oper at i ng pr essur es t o be l i mi t ed t o 80 per cent  of  t he pr oof  pr essur e 
r at i ngs. ]

[ g.  Act uat or s t o be f abr i cat ed f r om mat er i al s whi ch ar e compat i bl e wi t h 
t he f l ui ds empl oyed. ]

h.  Swi t ches t o be t he aut omat i c r eset  t ype [ except  wher e manual  r eset  
t ype ar e i ndi cat ed] .

2. 8. 4   Ther momet er s

Pr ovi de t her momet er ( s) i n accor dance t o t he f ol l owi ng r equi r ement s:

a.  Mer cur y i s not  be used i n pr ovi ded t her momet er s.

b.  Ther momet er  wel l s of  t he separ abl e socket  t ype f or  each t her momet er  
wi t h a di r ect  t ype bul b.

c.  A [ manuf act ur er ' s st andar d] di r ect  i ndi cat i ng t her momet er  t o 
i ndi cat e f l ui d t emper at ur e i n t he r eser voi r .

[ d.  A bi met al l i c  t ype t her momet er  [ mount ed di r ect l y on t he r eser voi r ]  
[ and panel  mount ed as f or  t he pr essur e gauges] . ]

[ e.  A r emot e r eadi ng,  capi l l ar y t ube- and- bul b t ype t her momet er ,  panel  
mount ed. ]

f .  [ Mi ni mum 75 mm or  3 i nch di amet er  di al ]  [  90 mm 3- 1/ 2 i nch di amet er  
di al ]  wi t h bl ack mar ki ngs on a whi t e backgr ound,  wi t h scal e r ange of  
mi nus 7 t o pl us 115 degr ees C or  20 t o 240 degr ees F.

g.  [ Cor r osi on r esi st ant ]  [ [ Cast  i r on]  [ Cast  br ass]  wi t h bl ack enamel  
f i ni sh]  case and st em,  and st ai nl ess st eel  wet t ed component s.   

2. 8. 5   Fl ow Met er

2. 8. 5. 1   El ect r oni c Fl ow Met er

The f l ow met er  t o accur at el y measur e t he vol umet r i c f l ow r at e of  f l ui ds i n 
t he hydr aul i c syst em.   The uni t  t o be capabl e of  di r ect l y measur i ng f l ow 
and const r uct ed t o be compat i bl e wi t h t he hydr aul i c oper at i ng syst em.   
Conver t  t he f l ow r at e i nt o a 4 t o 20 mA si gnal .   The mount i ng t o be 
i n- l i ne wi t h t hr eaded connect i ons and t he uni t  capabl e of  measur i ng f l ow 
r at es up t o [ 4. 7] [ _____]  L/ s [ 75] [ _____]  gpm wi t h an accur acy of  l ess t han 
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or  equal  t o 2 per cent  of  t he measur ed val ue.

2. 8. 5. 2   Vi sual  Fl ow Met er

Pr ovi de an i n- l i ne f l ow met er  wi t h a spr i ng l oaded var i abl e ar ea annul ar  
or i f i ce met er i ng di sk f or  measur i ng hydr aul i c f l ui d f l ow wi t h a mi ni mum 
pr essur e r at i ng of  21 MPa or  3000 psi .   Pr ovi de vi sual  i ndi cat i on of  t he 
f l ow r at e i n t he r ange of  [ 0. 32 t o 3. 2 L/ s]  [ _____]  [ 5 t o 50 gpm]  [ _____] .   
The vi ewi ng wi ndow t o be gr aduat ed t o t he f l ow r ange and of  seal ed gl ass 
const r uct i on.

2. 8. 6   Fl ow Swi t ch

Pr ovi de t her mal  di sper si on t ype f l ow det ect i on swi t ches wi t h no movi ng 
par t s and t emper at ur e sensor s ut i l i zed t o moni t or  f l ow or  " no- f l ow"  
condi t i on and be f i el d adj ust abl e wi t h SPDT r el ays t o det ect  f l ow i n t he 
r ange of  [ 0- 3. 2] [ _____]  L/ s [ 0- 50] [ ____]  gpm.   Pr ovi de wi t h powder  coat ed 
st eel  or  al umi num housi ng,  spl ash- pr oof  const r uct i on.   Make t he sensor s of  
st ai nl ess st eel  const r uct i on.   Oper at i ng t emper at ur e t o be - 29 t o 177 
degr ees C or   - 20 t o 350 degr ees F and t he oper at i ng pr essur e 0- 28 MPa or  
0- 4, 000 psi g.   Use ei t her  t hr eaded or  f l anged connect i ons.   El ect r i cal  
r equi r ement s ar e 120V,  60Hz,  4 wat t s.   The r el ay out put  t o be SPDT 3 amps 
r esi st i ve.  El ect r oni cs associ at ed wi t h t he sensor  may be ei t her  i nt egr al l y 
mount ed of  weat her - pr oof  const r uct i on or  r emot el y l ocat ed wi t hi n NEMA 4 
r at ed j unct i on box at  t he [ cyl i nder ] [ hydr aul i c oper at or ]  mani f ol d or  
l ocat ed wi t hi n t he machi ner y r ooms wi t h ext ended cabl i ng.

[ 2. 8. 7   Par t i c l e Count  Moni t or s

I ncl ude par t i c l e count  moni t or s.

] 2. 9   TI MERS

Pr ovi de el ect r i cal l y- act i vat ed [ synchr onous mot or ]  [ oi l  dashpot ]  
[ pneumat i cal l y]  [ el ect r i cal l y]  [ _____]  - t i med t ype t i mi ng devi ces wi t h 
adj ust abl e t i mi ng r anges as i ndi cat ed.   Wher e t he adj ust ment  r ange i s not  
i ndi cat ed,  r ange i s be adj ust abl e f r om at  l east  50 t o 150 per cent  of  t he 
del ay set t i ng i ndi cat ed,  speci f i ed,  or  r equi r ed.   Ti mer s ar e t o pr ovi de 
t i me del ay on ener gi z i ng and ar e t o be of  t he aut omat i c r eset  t ype unl ess 
ot her wi se i ndi cat ed.

2. 10   HYDRAULI C MOTORS

Pr ovi de hydr aul i c mot or s i n accor dance wi t h al l  of  t he f ol l owi ng gener al  
r equi r ement s bel ow and i n t he par agr aphs t hat  f ol l ow. [   Submi t  Hydr aul i c 
Mot or pr oduct  dat a meet i ng t he sal i ent  f eat ur es and r equi r ement s. ]

a.  Mot or s t o be mount ed [ hor i zont al l y] [ ver t i cal l y] [ as shown on 
dr awi ngs] .

b.  Fl ui d f i l t r at i on t o mot or  must  be 10 mi cr on or  bet t er  and compl y 
wi t h manuf act ur er s r ecommendat i ons.

c.  Equi p t he mot or s wi t h saf et y guar ds f or  al l  exposed r ot at i on par t s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  mot or  i s t o oper at e i n a r ever se capaci t y,  
t hen t he di spl acement  and speed i n t he r ever se 
di r ect i on must  al so be speci f i ed i n same manner  as 
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pr i mar y di r ect i on.

NOTE:   I f  mot or  use i s " non- st andar d" ,  speci f i er  
shoul d consi der  r equi r i ng a submi t t al  f r om mot or  
manuf act ur er  cer t i f y i ng accept abl e use of  t hei r  
mot or  i n t he pr escr i bed manner .

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

d.  The mot or  casi ng must  be pr ovi ded wi t h a t apped out l et  f or  
connect i on of  an ext er nal  dr ai n l i ne.

e.  The case dr ai n l eakage r at e at  r at ed syst em pr essur e must  not  
exceed [ _____]  gpm.

f .  Mot or  por t s t o be [ SAE wi t h O- r i ng] [ NPT]  [ t apped NPTF]  [ t apped f or  
st r ai ght  pi pe t hr eads]  [ dr i l l ed and f aced f or  f l ange connect i ons]  
[ socket  wel d] .   Use of  f i t t i ng adapt er s does not  const i t ut e compl i ance 
wi t h t hese f i t t i ng r equi r ement s.

[ g.  Unl ess speci f i ed ot her wi se,  mot or  r at i ngs,  t est s,  t ype,  
appl i cat i on,  and mount i ng pr ovi s i ons ar e t o be i n accor dance wi t h 
manuf act ur er ' s i nst r uct i ons and t est ed by appr oved met hods f or  
conf or mance wi t h per f or mance r at i ngs. ]

2. 10. 1   Vane Mot or

[ Fi xed]  [ Var i abl e]  di spl acement  vane mot or s t o be [ hydr aul i cal l y bal anced,  
and]  [ hi gh speed,  l ow t or que ( HSLT) ] [ l ow speed,  hi gh t or que ( LSHT) ] [ as 
shown]  i ncl udi ng al l  of  t he f ol l owi ng:

a.  Di spl acement  of  not  l ess t han [ _____]  cubi c i nches per  r evol ut i on 
and r at ed f or  a syst em pr essur e of  not  l ess t han [ _____]  psi .

  
b.  The mot or s t o be capabl e of  pr oduci ng an act ual  out put  t or que not  
l ess t han shown when oper at i ng at  t he i ndi cat ed suppl y pr essur e.  

c.  The maxi mum r at ed speed must  be not  l ess t han [ _____]  r pm.   

d.  Act ual  di spl acement  not  t o exceed t he val ue shown.   

e.  Tr ansmi t  t he mot or  t or que t o [ _____]  v i a a [ _____]  connect i on.

f .  The shaf t  t o be [ st r ai ght  keyed]  [ t hr eaded]  [ or ]  [ spl i ned] .   Shaf t s 
must  be capabl e of  r ot at i on i n ei t her  di r ect i on.   [ Di spl acement  
sel ect or  val ve ar e t o be pr ovi ded. ]

g.  Mot or s t o be r at ed f or  cont i nuous oper at i on at  a syst em pr essur e 
equal  t o or  gr eat er  t han t he pr essur e shown.

2. 10. 2   Pi st on Mot or

Pi st on mot or s t o be of  [ hi gh speed,  l ow t or que ( HSLT) ] [ l ow speed,  hi gh 
t or que ( LSHT) ] [ as shown] ,  [ axi al  i n- l i ne]  [ bent - axi s] [ r adi al ]  t ype and 
desi gned as [ f i xed]  [ var i abl e]  di spl acement  t ype i ncl udi ng al l  of  t he 
f ol l owi ng:

a.  Di spl acement  of  not  l ess t han [ _____]  cubi c i nches per  r evol ut i on 
and r at ed f or  a syst em pr essur e of  not  l ess t han [ _____]  psi .
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b.  The maxi mum r at ed speed must  be not  l ess t han [ _____]  r pm.
  

c.  Var i abl e di spl acement  t ype t o be capabl e of  pr ovi di ng r ever sed 
r ot at i on wi t h const ant  di r ect i on of  f l ui d f l ow.

  
d.  Var i abl e di spl acement  t ype t o be sui t abl e f or  cont r ol  of  
di spl acement  and di r ect i on of  r ot at i on by [ manual ]  [ mechani cal ]  
[ hydr aul i c]  [ el ect r i c]  [ pneumat i c]  devi ces.

  
e.  Pr ovi de manual l y adj ust abl e maxi mum and mi ni mum l i mi t s of  
di spl acement .  

f .  Pr ovi de manual l y adj ust abl e maxi mum l i mi t s of  di spl acement  i n each 
di r ect i on of  r ot at i on.  

 
g.  Tr ansmi t  t he mot or  t or que t o [ _____]  v i a a [ _____]  connect i on.

h.  The dr i ve shaf t  t o be suppor t ed by heavy- dut y ant i f r i c t i on bear i ngs.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  I nt ensi f i er s or  boost er s ar e not  ut i l i zed 
of t en.  They conver t  a l ow- pr essur e sour ce i nt o a 
l ocal i zed hi gh- pr essur e out put .  Thi s may be needed 
when onl y a cer t ai n por t i on of  a syst em needs t he 
addi t i onal ,  hi gher  pr essur e,  and t he i ncr ease 
over al l  of  t he syst em pr essur e t o accommodat e coul d 
r esul t  i n:  l ar ge heat  gener at i on due t o a 
s i gni f i cant  por t i on of  t he syst em f l ow havi ng i t  
pr essur e r educed;  i t  i s  mor e cost  ef f ect i ve or  space 
ef f ect i ve t o have a l ower  pr essur e syst em;  
r et r of i t t i ng an exi st i ng syst em t o addr ess a l ocal  
pr essur e/ per f or mance i ssue;  or  saf et y concer ns wi t h 
use of  a hi gh pr essur e syst em t hr ough- out .

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

2. 11   I NTENSI FI ERS ( BOOSTERS)

I nt ensi f i er s Boost er s ar e t o be [ oi l - t o- oi l ]  [ ai r - t o- oi l ]  t ype.   Pr ovi de 
t he dr i v i ng cyl i nder  bor e s i ze and oper at i ng f l ui d medi um,  t he mount i ng 
st y l e,  and a manuf act ur er ' s ser i es i dent i f i cat i on ( or  equal )  t o be as 
shown.   [ For  cyl i nder - t o- r am ( pi st on)  i nt ensi f i er s,  r am di amet er  t o be as 
shown. ]  [ For  cyl i nder - t o- cyl i nder  uni t s,  out put  cyl i nder  bor e t o be as 
i ndi cat ed. ]   I nl et  and out l et  pr essur es and i nt ensi f i cat i on r at i o t o be as 
i ndi cat ed.   I nt ensi f i er  t o be desi gned f or  use wi t h pet r ol eum base 
hydr aul i c f l ui d unl ess ot her wi se i ndi cat ed.   The manuf act ur er  i s t o submi t  
evi dence t hat  al l  dynami c seal s ar e sui t abl e f or  bot h f r equent  and 
i nf r equent  oper at i on and ar e capabl e of  not  l ess t han 500, 000 cycl es of  
oper at i on i n syst ems pr oper l y mai nt ai ned.   The i nt ensi f i er  i s  t o be 
capabl e of  cont i nuous oper at i on under  sever e oper at i ng condi t i ons at  
di schar ge pr essur es up t o t he i ndi cat ed maxi mum ci r cui t  pr essur e.

2. 12   HYDRAULI C FLUI D

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  shoul d consul t  wi t h t he f l ui d 
suppl i er  t o ensur e t he hydr aul i c f l ui d i s compat i bl e 
wi t h t he f i l t r at i on syst em used and t hat  t he 
f i l t r at i on does not  i nadver t ent l y r emove por t i ons of  
t he addi t i ve package.
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

2. 12. 1   Pet r ol eum Based

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f y t he hydr aul i c f l ui d by br and name 
onl y i f  i t  i s  necessar y f or  t he f l ui d t o be 
compat i bl e wi t h t he f l ui d i n an exi st i ng hydr aul i c 
syst em or  common f l ui d used at  t he f aci l i t y  t hat  t he 
new syst em wi l l  r esi de. .

Mi ner al  oi l  hydr aul i c f l ui ds ar e t he most  common 
wi t hi n USACE and wi l l  wor k f or  a maj or i t y of  
appl i cat i ons.  They ar e r ef i ned wi t h t he addi t i on of  
addi t i ves,  whi ch r ange f r om ant i - wear  ( AW) ,  r ust  and 
oxi dat i on i nhi bi t or s ( RO) ,  ant i - f oami ng,  and 
vi scosi t y i ndex ( VI )  i mpr over s.  These f l ui ds of f er  a 
l ower  cost  al t er nat i ve t o synt het i cs and can be ver y 
compar abl e i n per f or mance when cer t ai n addi t i ve 
packages ar e i ncl uded.

Vi scosi t y shoul d be det er mi ned by t he pump t ype.  I SO 
Gr ade 32 and 46 and 68 ar e t he most  common.  Not  
havi ng t he cor r ect  v i scosi t y f or  t he appl i cat i on 
wi l l  dr amat i cal l y r educe t he aver age l i f e of  t he 
pump and syst em,  t her eby di r ect l y r educi ng i t s 
r el i abi l i t y  and pr oduct i on.  When sel ect i ng t he 
appr opr i at e v i scosi t y gr ade,  l ook f or  t he opt i mum 
vi scosi t y r equi r ed by t he pump.  Thi s can be 
det er mi ned by col l ect i ng dat a f r om t he pump or i gi nal  
equi pment  manuf act ur er ,  act ual  oper at i ng t emper at ur e 
of  t he pump,  and t he l ubr i cant  pr oper t i es r ef er enced 
t o t he I SO gr adi ng syst em at  40 and 100 ° C ( 104 and 
212 ° F) .

NOTE:  A mi ni mum r equi r ement  of  t he Ki nemat i c 
Vi scosi t y at  40° C = 22 mm2/ s ( 1 mm2/ s = 1 cSt  = 0. 01 
St ) .   Lower  val ues,  f or  exampl e 15 mm2/ s at  40° C,  
can be al l owed but  speci al  seal s ( s i mi l ar  t o l ow 
f r i ct i on seal s)  ar e advi sed.  Chevr on seal s or  U- cup 
seal s at  15 mm2/ s at  40° C can gi ve f r i c t i on pr obl ems 
and hi gh wear .  Of  cour se,  t hi s i s al so dependi ng on 
t he vi scosi t y i ndex.   The absol ut e mi ni mum vi scosi t y 
at  maxi mum oper at i on t emper at ur e shoul d be no l ower  
t han 10 mm2/ s.

The desi gner  needs t o car ef ul l y consi der  any 
appl i cat i ons of  EA hydr aul i c f l ui d t o i nsur e pr oper  
syst em per f or mance.  Types of  EA f l ui ds gener al l y 
consi der ed t o have accept abl e pr oper t i es i n t he 
var i et y of  condi t i ons f ound on ci v i l  wor ks pr oj ect s 
i ncl ude synt het i c est er s and pol ygl ycol s ( PAG' s) .  
Bi obased f l ui ds can al so be consi der ed,  dependi ng on 
t he appl i cat i on,  but  t he desi gner  needs t o car ef ul l y 
consi der  t hei r  per f or mance.  Some pol yal phaol ef i ns 
( PAOs)  can al so be consi der ed EA f l ui ds.  Gr ade of  
f i l t er  t o i nt r oduce hydr aul i c i nt o t he syst em 
t hr ough depends on t he f i nal  t ar get  c l eanl i ness of  
t he syst em and t he cl eanl i ness r equi r ement s of  
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i ndi v i dual  component s.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Use t he hydr aul i c f l ui d dur i ng shop t est i ng,  [ t o f i l l  t he cyl i nder s bef or e 
shi pment , ]  f l ush t he syst em af t er  i nst al l at i on,  and t o f i l l  t he compl et e 
hydr aul i c syst em t o be [ [ _____]  Pet r ol eum Cor por at i on' s [ _____]  hydr aul i c 
oi l  whi ch has a hi gh vi scosi t y i ndex,  l ow pour  poi nt ,  and ant i f oam 
pr oper t i es, ]  [ an al l - weat her  t ype hydr aul i c oi l  whi ch has a hi gh vi scosi t y 
i ndex,  l ow pour  poi nt ,  r ust  and oxi dat i on i nhi bi t or s,  and ant i f oam 
pr oper t i es] .   The oi l  t o have an I SO vi scosi t y gr ade of  [ _____]  and a pour  
poi nt  of  mi nus [ _____]  degr ees C degr ees F.   [ For mul at e t he oi l  t o 
separ at e qui ckl y f r om wat er  t o pr event  f or mat i on of  emul si ons. ]   [ Pr ovi de 
hydr aul i c f l ui d cer t i f i ed by t he manuf act ur er  as f i r e r esi st ant  i n 
accor dance wi t h NFLPA T2. 13. 1. ]   Fi l t er  f r esh hydr aul i c f l ui d t hr ough a 
[ 10 µm]  [ 5µm]  [ _____]  µm f i l t er  bef or e i t  i s  added t o t he syst em.   [ The 
cl eanl i ness l evel  of  t he hydr aul i c f l ui d i s t o be [ 15/ 13/ 10]  [ 17/ 15/ 12]  [  
]  or  bet t er  i n accor dance wi t h I SO 4406. ]  Pr ovi de l et t er s of  assur ance 
f r om t he hose,  pump,  mot or ,  cyl i nder ,  and val ve manuf act ur er s t hat  t he oi l  
pr ovi ded i s sat i sf act or y f or  use i n t hei r  equi pment  i n t hi s appl i cat i on.   
Suppl y al l  oi l  and f ur ni sh t wo [ 210] [ _____]  L [ 55] [ _____]  gal l on  
cont ai ner s t o t he Gover nment  f or  a r eser ve suppl y. [ Del i ver  t he hydr aul i c 
f l ui d t o t he s i t e i n unopened cont ai ner s wi t h f act or y seal s i nt act . ]  
Cl ear l y l abel  cont ai ner s i n accor dance wi t h ASTM D3951.  

2. 12. 2   Envi r onment al l y Accept abl e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  shoul d r ef er ence EM 1110- 2- 1424 
f or  f ur t her  di scussi on on EA hydr aul i c f l ui d.  I SO 
15380 i dent i f i es f our  cat egor i es of  bi odegr adabl e 
hydr aul i c oi l :  These f our  cat egor i es of  EA hydr aul i c 
f l ui ds i ncl ude:

*  Synt het i c Est er s ( SE)  -  I SO Cl assi f i cat i on HEES
*  Pol ygl ycol s ( par t i cul ar l y Pol yal kyl ene Gl ycol s 
( PAG) )  -  I SO Cl assi f i cat i on HEPG
*  Tr i gl ycer i des ( veget abl e oi l s and bi obased oi l s)  -  
I SO Cl assi f i cat i on HETG
*  Pol yal phaol ef i ns ( PAO)  and r el at ed hydr ocar bon 
pr oduct s -  I SO Cl assi f i cat i on HEPR.

USACE has al so adopt ed a t wo- t i er ed appr oach f or  
sel ect i ng EA f l ui ds.  Ti er  1 i s mor e st r i ngent  f r om 
an envi r onment al  per spect i ve,  but  t he sel ect i on of  
f l ui ds may be l ess avai l abl e.  Ti er  2 i s l ess 
st r i ngent  envi r onment al l y and mor e f l ui ds may be 
avai l abl e t o meet  Ti er  2 r equi r ement s.  USACE woul d 
pr ef er  a Ti er  1 f l ui d i f  avai l abl e and i t  meet s t he 
per f or mance r equi r ement s of  t he syst em.

A Ti er  1 USACE EAL i s one t hat  conf or ms t o a st r i ct  
i nt er pr et at i on of  t he Uni t ed St at es Envi r onment al  
Pr ot ect i on Agency ( USEPA)  def i ni t i on and wi l l  ei t her :
*  Be a pr oduct  l abel ed by Eur opean Eco- l abel ,  and/ or  
Ospar  ( ot her  pr oduct  l abel i ng coul d be consi der ed by 
an Envi r onment al  Of f i cer ) ,  or
*  Be a pr oduct  c l assi f i ed as USEPA VGP document  
Appendi x A compl i ant ,  or
*  Have t est  dat a as speci f i ed i n USEPA 800- R11- 002 
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or  i n USEPA VGP document  Appendi x A.  Test  r epor t s t o 
i ndi cat e t hat  i t  meet s al l  r equi r ement s f or  
bi oaccumul at i on,  t oxi c i t y,  and bi odegr adabi l i t y .  
Such dat a may be pr esent ed as t est  r epor t s or  
r epor t ed on pr oduct  speci f i cat i on sheet s.

A Ti er  2 USACE EAL i s a pr oduct  t hat  does not  meet  
t he cr i t er i a of  a Ti er  1 EAL,  but :
*  I t  i s  l abel ed by one or  mor e of  t he f ol l owi ng:  
Bl ue Angel ,  Nor di c Swan,  or  Swedi sh St andar d and/ or ,
*  I t  cont ai ns a manuf act ur er ' s st at ement  t hat  i t  
meet s one or  mor e of  t he t est  cr i t er i a 
( bi oaccumul at i on,  t oxi c i t y,  and bi odegr adabi l i t y)  i n 
accor dance wi t h USEPA 800- R11- 002 def i ni t i on or  
USEPA VGP document  Appendi x A def i ni t i on,  wi t h 
appr opr i at e t est  dat a t o conf i r m t he ot her  cr i t er i a,  
and/ or
*  I t s base oi l  i ndi cat es t hat  i t  meet s one or  mor e 
of  t he t est  cr i t er i a ( see USEPA 800- R11- 002,  Sect i on 
4,  Tabl e 3 f or  bi odegr adabi l i t y ,  Tabl e 5 f or  
t oxi c i t y,  and Tabl e 6 f or  bi oaccumul at i on) ,  wi t h 
t est  dat a t o suppor t  t he ot her  cr i t er i a.

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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Cur r ent  speci f i cat i on i s not  ar r anged t o 
pr ovi de al l  r equi r ement s f or  a wat er - based hydr aul i c 
syst em or  wat er - gl ycol  syst em.  Addi t i onal  
pr escr i pt i ve r equi r ement s wi l l  need t o be added t o 
t hi s speci f i cat i on sect i on t o r educe r i sk of  
component  and syst em l i f e i mpact  wi t h use of  such 
power  f l ui ds.

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

Use nont oxi c and bi odegr adabl e hydr aul i c f l ui d dur i ng shop t est i ng,  [ t o 
f i l l  t he cyl i nder s bef or e shi pment , ]  f l ush t he syst em af t er  i nst al l at i on,  
and t o f i l l  t he compl et e hydr aul i c syst em.   Bi odegr adabi l i t y  i s  def i ned as 
60 per cent  or  mor e of  t he f l ui d car bon i s conver t ed t o CO2 i n 28 days,  
usi ng t est  met hod i n accor dance wi t h ASTM D5864.   Nont oxi c i t y i s def i ned 
as concent r at i ons gr eat er  t han 1000 ppm of  t he f l ui d ar e necessar y t o k i l l  
50 per cent  of  t he t est  or gani sms i n 96 hour s usi ng t est  met hod 
EPA 560/ 6- 82- 002.   Pr ovi de [ synt het i c est er ]  [ pol y gl ycol ]  t ype hydr aul i c 
f l ui d.   The f l ui d t o have a hi gh vi scosi t y i ndex,  l ow pour  poi nt ,  
oxi dat i on i nhi bi t or s,  and ant i f oam pr oper t i es.   The oi l  t o have an I SO 
vi scosi t y gr ade of  [ _____] ,  a v i scosi t y i ndex of  [ _____] ,  and a pour  poi nt  
of  mi nus [ _____]  degr ees C degr ees F.   [ For mul at e t he oi l  t o separ at e 
qui ckl y f r om wat er  t o pr event  f or mat i on of  emul si ons. ]   [ Pr ovi de hydr aul i c 
f l ui d cer t i f i ed by t he manuf act ur er  as f i r e r esi st ant  i n accor dance wi t h 
NFLPA T2. 13. 1. ]   I nt r oduce cl ean and f r esh hydr aul i c f l ui d t hr ough a 
[ 10] [ 5]  [ _____]  µm f i l t er  bef or e i t  i s  added t o t he syst em.   [ The 
cl eanl i ness l evel  of  t he hydr aul i c f l ui d i s t o be [ 15/ 13/ 10]  [ 17/ 15/ 12]  [  
]  or  bet t er  i n accor dance wi t h I SO 4406. ]   Pr ovi de l et t er s of  assur ance 
f r om t he hose,  pump,  cyl i nder ,  and val ve manuf act ur er s t hat  t he oi l  
pr ovi ded i s sat i sf act or y f or  use i n t hei r  equi pment  i n t hi s appl i cat i on. [   
Suppl y al l  oi l  pl us f ur ni sh [ t wo]  [ _____]  [ 210]  [ _____]  L [ 55] [ _____]  
gal l on cont ai ner s t o t he Gover nment  f or  a r eser ve suppl y. ]
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2. 13   FASTENERS

2. 13. 1   Car bon St eel  Bol t s and Nut s

Pr ovi de i n accor dance wi t h ASTM A354,  Gr ade BC,  wi t h ASTM A194/ A194M,  
Gr ade 2H nut s.   Make st r uct ur al  bol t ed connect i ons car r y i ng pr i mar y l oads 
wi t h ASTM F3125/ F3125M,  Gr ade [ 325] [ 490]  bol t s.

2. 13. 2   St ai nl ess St eel  Bol t s and Nut s

Pr ovi de i n accor dance wi t h ASTM A193/ A193M,  Gr ade B8,  wi t h ASTM A194/ A194M,  
Gr ade 8 nut s.

2. 13. 3   Fl at  Washer s

Pr ovi de i n accor dance wi t h ASTM F844.

2. 13. 4   Set scr ews

ASME B18. 6. 2unl ess ot her wi se i ndi cat ed or  speci f i ed.   Set scr ews not  be 
used f or  t r ansmi t t i ng t or s i on.

2. 13. 5   Met hods of  Secur i ng Fast ener s

[ I ndi cat ed] [ Al l ]  f ast ener s not  secur ed by mechani cal  devi ces,  such as l ock 
washer s,  cot t er  pi ns,  saf et y wi r e,  or  l ocknut s,  ar e t o have t he t hr eaded 
por t i on of  t he f ast ener  coat ed wi t h seal i ng/ l ocki ng compound,  Gr ade E or  
Gr ade B,  as appl i cabl e,  bef or e i nst al l at i on.   Fast ener s t o be cl eaned of  
al l  r ust - i nhi bi t i ng compounds and l ubr i cant s bef or e appl y i ng t he 
seal i ng/ l ocki ng compound.

2. 14   KEYS AND KEYWAYS

ASME B17. 1 or  ASME B17. 2,  unl ess ot her wi se speci f i ed or  r equi r ed.

 2. 15   FLUI D COOLERS ( HEAT EXCHANGERS)

Fl ui d cool er s ( Heat  Exchanger s)  ar e t o be [ wat er - cool ed]  [ or ]  [ ai r - cool ed]  
t ype and must  have t he cool i ng capaci t y i ndi cat ed.
Most  Hydr aul i c Power  Syst ems do not  r equi r e a cool i ng syst em.  However ,  
t he l ocat i on or  dut y cycl es of  some syst ems coul d pr esent  a condi t i on i n 
whi ch f l ui d may need t o be cool ed.  These r equi r ement s of f er  onl y a 
t op- l evel  det ai l i ng of  what  needs t o be addr essed by t he syst em bui l der .   
I f  a cool i ng syst em i s bei ng desi gned by t he gover nment  ent i t y,  i t  i s  
r ecommended t o gener at e a separ at e speci f i cat i on wi t h al l  of  t he 
per f or mance det ai l  i nvol ved wi t h a f ul l y  desi gned cool i ng syst em.

2. 15. 1   Ai r - Cool ed

Ai r - cool ed t ype ar e t i  have a cor e of  [ oval - t ube and pl at e- f i n]  
[ r ound- t ube pl at e- f i n]  [ or ]  [ i ndi v i dual  f i nned r ound t ubes] .   The cool er  
must  be equi pped wi t h an el ect r i c mot or - dr i ven f an,  sel ect ed t o pr ovi de 
t he ai r  f l ow vol ume t hr ough t he cor e t o ensur e t hat  t he cool i ng 
r equi r ement s ar e met .   Oper at i ng sound l evel  of  f an and mot or  must  not  
exceed 85 dBA.

2. 15. 2   Wat er - Cool ed

Wat er - cool ed t ype ar e t o be [ shel l - and- t ube]  [ pl at e t ype]  const r uct i on.   
[ Shel l - and- t ube t ype ar e t o be ar r anged t o handl e wat er  t hr ough t he t ubes 
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and t he hydr aul i c f l ui d t hr ough t he shel l . ]   [ Shel l - and- t ube const r uct i on 
ar e t o be ar r anged as [ U- t ube]  [ st r ai ght  t ube]  [ f i xed t ube bundl e]  
[ st r ai ght  t ube,  r emovabl e bundl e]  t ype. ]

2. 16   ELECTRI CAL EQUI PMENT

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The cont ent s of  t he f ol l owi ng par agr aphs ar e 
dependent  on desi gn r equi r ement s whi ch may 
necessi t at e r evi s i on or  expansi on t o cover  di f f er ent  
condi t i ons and st andar ds.

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

Pr ovi de el ect r i cal  equi pment  f or  t he hydr aul i c power  syst ems as i ndi cat ed 
and as speci f i ed.   Ot her  el ect r i cal  mat er i al s and equi pment  r equi r ed f or  
t he i nst al l at i on of  t he hydr aul i c power  syst ems i s speci f i ed i n [ Sect i on 
26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM. ]  [ Sect i on 33 71 02 UNDERGROUND 
ELECTRI CAL DI STRI BUTI ON. ]  [ Sect i on 33 71 01 OVERHEAD TRANSMI SSI ON AND 
DI STRI BUTI ON. ] .   Fur ni sh st andar d cat al og i t em el ect r i cal  equi pment  under  
r egul ar  manuf act ur e wi t h pr eexi st i ng cat al og r at i ngs equal  t o or  bet t er  
t han t he r equi r ement s of  t he Cont r act  dr awi ngs and speci f i cat i ons.   
Accompany r equest  f or  appr oval  of  equi pment  ot her  t han as speci f i ed or  as 
i ndi cat ed by t echni cal  and descr i pt i ve dat a and speci f i cat i ons suf f i c i ent  
f or  t he Cont r act i ng Of f i cer  t o det er mi ne i t s adequacy.   Unl ess ot her wi se 
speci f i ed or  i ndi cat ed,  el ect r i cal  mat er i al s and equi pment  t o meet  t he 
st andar ds,  speci f i cat i ons,  and t est s r ef er enced.

Submi t  dat a speci f i cat i ons and assembl y dr awi ngs showi ng si zes,  r at i ngs,  
par t s and mat er i al  l i s t s,  over al l  di mensi ons,  and mount i ng di mensi ons wi t h 
t he pr oduct  dat a.

2. 16. 1   Condui t ,  Duct ,  and Accessor i es

[ _____] Thr eads on t he f ol l owi ng equi pment  t o be Amer i can St andar d.   No 
met r i c t hr eads wi l l  be accept ed.

2. 16. 1. 1   [ Pl ast i c Coat ed]  Ri gi d Met al  Condui t

Hot - di p gal vani ze t he condui t ,  i ncl udi ng t he t hr eads,  i n accor dance wi t h 
ANSI  C80. 1 and UL 6.   [ The pl ast i c coat i ng t o be f act or y appl i ed by t he 
same manuf act ur er  who pr oduces t he hot - di p gal vani zed condui t .   The 
pl ast i c coat i ng t o have a mi ni mum t hi ckness of  1 mm or  0. 040 i nch f or  t he 
f ul l  l engt h of  t he pi pe except  f or  t he t hr eads and a t ensi l e st r engt h of  
24. 1 MPa or  3500 psi .   Fur ni sh a coupl i ng l oose wi t h each l engt h of  t he 
condui t .   The bond bet ween met al  and pl ast i c t o be equal  t o or  gr eat er  
t han t he t ensi l e st r engt h of  t he pl ast i c coat i ng.   The coat ed condui t  i n 
accor dance wi t h NEMA RN 1,  Type A. ]

2. 16. 1. 2   Condui t  Fi t t i ngs

Pr ovi de gal vani zed,  hi gh t est ,  gr ay i r on cast i ngs.   [ The f i t t i ngs t o be 
pl ast i c coat ed i n t he same manner  as out l i ned above f or  t he condui t . ]   
Fur ni sh gasket s f or  al l  cover s.

2. 16. 1. 3   Condui t  and Cabi net  Suppor t s

Suppor t  condui t  and cabi net s as r equi r ed by I EEE C57. 12. 70.   The suppor t s 
t o be gal vani zed [ and pl ast i c coat ed i n t he same manner  as out l i ned above 
f or  t he condui t ] .
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  shoul d consi der  t he use of  
" Subsea"  j unct i on boxes,  pi n connect or s and 
i nst r ument at i on component s wher e f l oodi ng or  
submer gence i s l i kel y t o occur .   Al l  pot ent i al  wat er  
i ngr ess poi nt s of  connect i on must  be consi der ed f or  
possi bl e f ai l ur e r i sk of  t he oper at i ng syst em.

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

2. 16. 2   Cabi net s and Boxes

Pr ovi de wat er t i ght ,  [ gal vani zed]  [ st ai nl ess]  st eel ,  NEMA 4X housi ngs si zed 
as r equi r ed.   The cabi net  and box hubs t o be consi st ent  wi t h t he NEMA 4X 
r at i ng of  t he box.   Mount  cabi net s and boxes such t hat  t he NEMA 4X r at i ng 
i s not  compr omi sed.   Mat ch t hr eads on t he hubs wi t h t he t hr eads on t he 
condui t  [ _____]  and t o be Amer i can St andar d.   Met r i c t hr eads wi l l  not  be 
accept ed.   The cabi net s and boxes i n accor dance wi t h UL 50.

2. 16. 3   Pump Mot or s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Wher e mot or  st ar t er s ar e pr ovi ded i n mot or  
cont r ol  cent er s,  del et e t he r ef er ence t o mot or  
st ar t er s.

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

Pr ovi de i n accor dance wi t h NEMA MG 1,  except  as speci f i ed,  and desi gned t o 
wi t hst and f ul l  vol t age st ar t i ng.   Pr ovi de a t ot al l y encl osed f r ame,  f an 
cool ed const r uct i on f or  t he pump.   Pr ovi de a st ai nl ess st eel  
dr ai n- br eat her  s i mi l ar  and equal  t o Cr ouse- Hi nds t ype " ECD Uni ver sal "  and 
l ocat e so t hat  any wat er  pr esent  can be dr ai ned f r om i nsi de t he mot or .   
[ Encapsul at e t he mot or s wi ndi ngs. ]   [ Pr ovi de mot or  st ar t er s compl et e wi t h 
pr oper l y s i zed t her mal  over l oad pr ot ect i on and ot her  appur t enances 
necessar y f or  t he mot or s speci f i ed. ]   Pr ovi de manual  or  aut omat i c cont r ol  
and pr ot ect i ve or  s i gnal  devi ces r equi r ed f or  t he oper at i on,  and any 
cont r ol  wi r i ng r equi r ed f or  cont r ol s and devi ces but  not  shown on t he 
el ect r i cal  dr awi ngs.

[ El ect r i c mot or - dr i ven equi pment  ar e t o be pr ovi ded compl et e wi t h mot or s 
[ mot or  st ar t er s]  and cont r ol s.  Wher e t wo- speed or  var i abl e- speed mot or s 
ar e i ndi cat ed,  sol i d- st at e var i abl e speed cont r ol l er  may be pr ovi ded t o 
accompl i sh t he speed f unct i on. ]

2. 16. 3. 1   Rat i ng

The mot or s t o oper at e on [ _____]  vol t s,  60 Hz,  3 phase power   and si zed t o 
oper at e t he pumps speci f i ed i n par agr aph " Pumps"  [ at  t he speci f i ed 
capaci t y wi t hout  exceedi ng t he namepl at e r at i ng of  mot or  when oper at i ng at  
t hi s vol t age] .   Desi gn t he mot or  t o oper at e cont i nuousl y wi t hout  exceedi ng 
t he t emper at ur e r i se per mi t t ed by t he appl i cabl e NEMA st andar ds f or  t he 
c l ass of  i nsul at i on and f r ame const r uct i on used.

2. 16. 3. 2   Wi ndi ng I nsul at i on

Pr ovi de wi ndi ng i nsul at i on of  ei t her  c l ass F or  H [ wi t h speci al  moi st ur e,  
f ungus,  and oi l - pr oof  t r eat ment ] .   Pr ovi de  wi ndi ng i nsul at i on of  t he t ype 
desi gned and const r uct ed t o wi t hst and t he sever e moi st ur e condi t i ons and 
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t he wi de r ange i n ambi ent  t emper at ur e t o whi ch t he mot or s wi l l  be 
subj ect ed.

2. 16. 3. 3   Wi ndi ng Heat er s

I nst al l  heat er [ s]  i n t he mot or  f r ame or  end bel l s or  wr apped ar ound t he 
wi ndi ng end t ur ns.   The heat er  t o aut omat i cal l y t ur n on when t he mot or  i s 
not  r unni ng.   The heat er  t o be capabl e of  wi t hst andi ng t he same 
t emper at ur e ext r emes as t he mot or .   Pr ovi de heat er s t hat  when ener gi zed 
t he t emper at ur e of  t he mot or  wi ndi ng wi l l  be hel d appr oxi mat el y 10 degr ees 
C or  18 degr ees F above ambi ent .   Desi gn t hem f or  [ _____]  vol t s AC 
cont i nuous oper at i on.   The heat er s t o wi t hst and 10 per cent  over vol t age 
cont i nuousl y.   Ter mi nal s of  t he heat er s,  i ncl udi ng t he l eads,  t o be 
wat er t i ght .   Ter mi nat e t he l eads i n t he mot or  l ead t er mi nal  box.

2. 16. 3. 4   Ter mi nal  Leads

Ext end t he mot or  l eads out si de t he f r ame,  have i nsul at i on equi val ent  t o 
t hat  of  t he mot or  wi ndi ng,  and t er mi nat e i n a t wo- pi ece,  f our - posi t i on,  
wat er t i ght ,  [ gal vani zed]  [ st ai nl ess]  st eel ,  NEMA 4X,  t er mi nal  box secur ed 
r i gi dl y t o t he mot or  f r ame.   Posi t i on and seal  t he l eads wher e t hey pass 
t hr ough t he f r ame wi t h a wat er - r esi st ant  seal  of  a synt het i c r ubber  
mat er i al  or  el se wi t h a synt het i c r ubber  gasket .   Thr ead condui t  ent r ances 
t o t he t er mi nal  box.

2. 16. 4   Cont r ol  Component s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTES:   Wher e i t  i s  desi r ed t o cont r ol ,  coor di nat e,  
and pr ogr am component s of  a hydr aul i c f l ui d power  
syst em t o achi eve synchr oni zat i on of  cyl i nder s or  
component s or  t o achi eve a sequence of  oper at i ons i n 
sever al  modes,  t ai l or  syst em r equi r ement s and 
speci f i cat i ons f or  t he j ob.

a.   The pr ogr ammed cont r ol l er  i s  used i n moder n 
f l ui d power  syst ems wher e a ser i es of  oper at i ons i s 
t o be per f or med i n a sequent i al  or der  on each 
cycl e.   I t  can be pr ogr ammed t o cause a number  of  
hydr aul i c cyl i nder s or  mot or s t o f ol l ow a sequent i al  
or der  of  oper at i ons,  ext endi ng and r et r act i ng,  
st ar t i ng and st oppi ng,  dur i ng each cycl e.

b.   The cont r ol l er  can be pr ogr ammabl e,  consi st i ng 
of  a consol e pl ugged i nt o a Cent r al  Pr ocessi ng Uni t  
( CPU) ,  or  a speci al i zed mi cr ocomput er  syst em t hat  
can be cust om pr ogr ammed t o cont r ol  a wi de var i et y 
of  el ect r oni c and el ect r ohydr aul i c syst ems and 
component s,  and has t he capabi l i t y  t o i nt er f ace wi t h 
ot her  cont r ol s and t r ansducer s.

c.  The desi gner  shoul d consi der  t he use of  " Subsea"  
r at ed component s wher e t her e i s a possi bl e r i sk of  
f l oodi ng or  submer gence.  

Ot her  t ypes of  posi t i on measur ement  and cont r ol  
equi pment  may be used i nst ead of  t he el ect r oni c 
l i mi t  swi t ch and t r ansducer  combi nat i on i ndi cat ed.   
Many ot her  met hods of  posi t i on measur ement  ar e 
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avai l abl e i ncl udi ng some whi ch ar e ent i r el y 
mechani cal .   Sel ect  t he best  t ype f or  t he 
appl i cat i on.

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

Component s t o be el ect r oni cal l y and el ect r o- hydr aul i cal l y cont r ol l ed as 
i ndi cat ed.

2. 16. 4. 1   Cont r ol  Devi ces and Wi r i ng

Pr ovi de manual  or  aut omat i c cont r ol  pr ot ect i ve or  s i gnal  devi ces r equi r ed 
f or  t he speci f i ed oper at i on and al l  cont r ol  wi r i ng f or  t hese cont r ol s and 
devi ces whet her  i ndi cat ed or  not .   El ect r i cal  cont r ol  devi ces t o have a 
mi ni mum cur r ent  and vol t age r at i ngs i n accor dance wi t h NEMA I CS 2 cont act  
r at i ng desi gnat i on A 300,  as appl i cabl e,  unl ess l ar ger  r at i ngs ar e 
i ndi cat ed or  ar e r equi r ed.   Pr ovi de cont r ol  devi ces wi t h t he number  and 
ar r angement  of  cont act s r equi r ed t o per f or m t he speci f i ed cont r ol  
f unct i ons.   [ Pr ovi de devi ces wi t h or  i nst al l ed i n NEMA 4X encl osur es. ]  
[ Pr ovi de devi ces wi t h or  i nst al l ed i n [ gener al  pur pose]  [ weat her pr oof ]  
[ NEMA Type 4 f or  [ ext er i or ]  [ i nt er i or ]  [ hazar dous]  [ nonhazar dous]  
appl i cat i on]  [ cor r osi on- r esi st ant ]  [ NFPA 70 Cl ass [ _____]  Di v i s i on 
[ _____] ,  expl osi on- pr oof ]  encl osur es as i ndi cat ed. ]
For  Ci v i l  Wor ks pr oj ect s,  al l  devi ces ar e t o be i nst al l ed i n NEMA 4x 
encl osur es unl ess t her e i s c l ear  j ust i f i cat i on f or  each i nst ance t o 
r educe t he pr oj ect  l evel .  I t  i s  f ound t hat  due t o envi r onment al  
condi t i ons,  even uni t s l ocat ed i nsi de of  f aci l i t y  wi t h be af f ect ed,  and 
NEMA 4X has shown t o be t he sol ut i on.

2. 16. 4. 2   El ect r oni c Li mi t  Swi t ches

Li mi t  swi t ches t o have act i vat i ng mechani sms of  t he [ r ol l er  ar m]  [ push 
r od]  [ pl unger ]  [ f or k]  t ype [ i ndi cat ed]  [ r equi r ed t o det ect  t he par t i cul ar  
posi t i ons] .   Except  wher e manual  r eset  t ype i s speci f i cal l y i ndi cat ed,  
act i vat i ng mechani sms and swi t ch mount i ngs ar e t o be ar r anged so t hat  over  
t r avel  of  t he moni t or ed member  wi l l  not  damage t he act i vat or  and swi t ch.

Pr ovi de sol i d- st at e,  [ t humbwheel ]  [ di al ] ,  pr ogr ammabl e l i mi t s wi t h a 
count / r evol ut i on r ange of  0000 t o 3599;  f our  decades of  l i mi t  pr ogr ammi ng;  
set  poi nt  swi t ch f unct i on sel ect i on;  i ni t i al  power  suppl y t hat  pr ovi des 
f our  AC power  l evel s ( pl us 5 V,  pl us 15 V,  pl us 24 V)  f r om st andar d 120 or  
240 VAC sour ces;  and out put s f or  r ead- out s on t wo [ di gi t al ]  [ anal og]  
di spl ays ( one r emot e di gi t al  r ead- out  i n t he cont r ol  r oom and one at  t he 
hydr aul i c power  uni t ) .   The oper at i ng t emper at ur e r ange of  t he el ect r oni c 
l i mi t  swi t ches t o be [ 0]  [ mi nus 20]  degr ees C [ 32]  [ mi nus 4]  degr ees F t o 
pl us 65 degr ees C or  150 degr ees F.   Locat e and mount  t he l i mi t  swi t ches 
as i ndi cat ed.

2. 16. 4. 3   Tr ansducer  ( El ect r omagnet i c Posi t i on Sensor )

Pr ovi de a s i ngl e t ur n,  heavy dut y,  and encl osed i n a wat er - r esi st ant  NEMA 
13 encl osur e wi t h an oper at i ng r ange of  mi nus 20 degr ees C or  4 degr ees F 
t o pl us 85 degr ees C or  185 degr ees F.

2. 16. 4. 4   Remot e Read- Out  [ Di gi t al ]  [ Anal og]  Di spl ay

Pr ovi de a r emot e [ di gi t al ]  [ anal og]  di spl ay whi ch i s t o be connect ed t o 
t he BCD out put  f r om t he l i mi t  swi t ch.
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2. 16. 4. 5   Manual  Swi t ches

Manual l y oper at ed swi t ches,  i ncl udi ng push- but t on swi t ches,  sel ect or  
swi t ches,  and key- oper at ed swi t ches,  heavy- dut y,  oi l - t i ght  t ype i n 
accor dance wi t h NEMA I CS 1.   Swi t ches t o be t he [ moment ar y cont act  t ype 
wi t h st andar d oper at or s]  [ mai nt ai ned cont act  t ype wi t h [ mushr oom head]  
[ i l l umi nat ed but t on]  [ l at chi ng but t on] ] .

2. 16. 4. 6   Rel ays

Rel ays used i n cont r ol  c i r cui t s ar e t o be i ndust r i al  magnet i c cont r ol  
r el ays i n accor dance wi t h NEMA I CS 2 cont act  r at i ng desi gnat i on A 300,  
except  wher e ot her  r at i ngs ar e i ndi cat ed.   Appl y r el ays i n cont r ol  
c i r cui t s i n such a manner  t hat  pr oper  cont r ol  f unct i on i s obt ai ned 
r egar dl ess of  whet her  t he cont act s ar e over l appi ng or  non- over l appi ng.

2. 16. 4. 7   I ndi cat i ng Li ght s

I ndi cat i ng l i ght  assembl i es t o be t he [ oi l  t i ght ] ,  swi t chboar d t ype,  
i nsul at ed f or  120 vol t  AC ser vi ce,  wi t h appr opr i at e col or ed caps as 
i ndi cat ed and i nt egr al l y mount ed r esi st or s f or  120 vol t  AC ser vi ce.   Make 
col or  caps of  a mat er i al  whi ch wi l l  not  be sof t ened by t he heat  f r om t he 
l amp,  and t he col or  as i ndi cat ed.   Lamps t o be r epl aceabl e f r om t he f r ont  
of  t he panel .   Fur ni sh any speci al  t ool s r equi r ed f or  l amp r epl acement .   
The i ndi cat i ng l i ght  assembl i es t o be t he same pr oduct  l i ne as compat i bl e 
push but t ons and swi t ches.

2. 16. 5   Cont r ol  Consol es and Val ve and Gauge Panel s

2. 16. 5. 1   Cont r ol  Consol e Const r uct i on

The cont r ol  consol e t o i ncl ude a basi c f r ame wi t h met al  panel s f ul l y  
cust om f abr i cat ed or  may consi st  of  cust om modul es usi ng st andar di zed 
component s wher e avai l abl e t o meet  t he di mensi onal  and f unct i onal  
char act er i st i cs shown and speci f i ed.   Unl ess ot her wi se i ndi cat ed,  
const r uct  t he consol e of  st eel  i n accor dance wi t h NEMA I CS 6.   St eel  sheet  
i n accor dance wi t h ASTM A659/ A659M.   Secur e r emovabl e panel s i n pl ace 
usi ng capt i ve,  spr i ng- l oaded,  sel f - l ocki ng spr i ng nut s and har dened sheet  
met al  scr ews.   Use st ai nl ess st eel  scr ews and nut s.   Secur e access panel s 
wi t h spr i ng- l oaded,  quar t er - t ur n f ast ener s wi t h st uds hel d capt i ve i n t he 
r emovabl e panel .   Equi p t he consol e wi t h adequat e l ouver ed panel s t o 
vent i l at e t he i nt er i or  and di ssi pat e t he heat  gener at ed wi t hi n t he 
consol e.   Pr ovi de speci al  equi pment  suppor t s and gui des as r equi r ed t o 
suppor t  t he equi pment  and ot her  component s wi t hi n t he consol e.   [ Unl ess 
ot her wi se speci f i ed,  f i ni sh t he i nt er i or  and ext er i or  sur f aces wi t h one 
coat  of  pr i mer  and t wo coat s of  t he manuf act ur er ' s st andar d baked- on whi t e 
enamel  f i ni sh. ]

2. 16. 5. 2   Val ve and Gauge Panel  Const r uct i on

Const r uct  val ve and gauge panel s of  st ai nl ess st eel  pl at e t hi ck enough t o 
pr ovi de r i gi d suppor t  f or  t he val ves and ot her  component s mount ed 
t her eon.   Ter mi nat e al l  pi pi ng wi t h bul khead t ype connect i ons i n a 
posi t i on conveni ent  f or  t he connect i on of  ext er nal  l i nes. [   Pr i mer  and 
f i ni sh t o be t he manuf act ur er ' s st andar d coat i ng. ]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  accumul at or s and ot her  pr essur e vessel s 
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ASME st amps and cer t i f i cat i on ar e of t en necessar y.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

2. 16. 5. 3   Namepl at es and I nst r uct i on Pl at es

Pr ovi de namepl at es f or  each devi ce on t he cont r ol  consol e,  val ve panel s,  
and gauge panel s and submi t  f or  appr oval .   Namepl at es t o c l ear l y i ndi cat e 
t he f unct i on of  each devi ce and,  i n t he case of  manual l y oper at ed 
cont r ol s,  i ndi cat e t he condi t i on est abl i shed f or  each posi t i on of  t he 
cont r ol .   I nst r uct i on pl at es t o c l ear l y i ndi cat e t he pr oper  pr ocedur es and 
sequences of  oper at i ons t o act i vat e t he syst em,  t o oper at e t he syst em,  and 
t o secur e t he syst em af t er  compl et i on of  oper at i on.   Machi ne engr ave 
[ pr i nt ]  l et t er i ng on namepl at es on [ br ass pl at e]  [ pl ast i c l ami nat e wi t h 
whi t e char act er s on a bl ack backgr ound] .   Mount  i nst r uct i on pl at es on a 
r i gi d backi ng and cover ed wi t h c l ear ,  r i gi d pl ast i c sheet i ng.   Mount  
i nst r uct i on pl at es i n a l ocat i on easi l y v i s i bl e t o an oper at or  st at i oned 
at  t he consol e or  panel .  Mount i ng pr ovi s i ons of  pl at es t o be per manent ,  
and abl e t o wi t hst and t he f ul l  r ange of  oper at i ng envi r onment  wi t hout  l oss 
of  r et ent i on of  t he pl at e i n i nst al l ed l ocat i on.

2. 16. 5. 4   Secur i t y Pr ovi s i ons

Const r uct  and i nst al l  cont r ol  consol es t o pr event  unaut hor i zed or  
acci dent al  oper at i on of  t he syst em. [   The mai n power  cont r ol  swi t ch 
mount ed on t he cont r ol  consol e t o be a key- oper at ed t ype wi t h pr ovi s i on 
f or  r emoval  of  t he key onl y when t he swi t ch i s i n t he " OFF"  posi t i on. ] [   
Pr ovi de t he cont r ol  consol e wi t h a hi nged cover  wi t h a key- oper at ed l ock 
ar r anged t o aut omat i cal l y l ock t he cover  i n t he c l osed posi t i on. ]

2. 16. 5. 5   Weat her  Pr ot ect i on

Cont r ol  consol es and val ve and gauge panel s exposed t o t he weat her  or  
subj ect ed t o wat er  or  di r t  i n t he at mospher e t o be NEMA Type 4 f or  
ext er i or  nonhazar dous appl i cat i ons.   Encl osur es t o have hi nged and l at ched 
cover s.   Hi nges t o be t he separ abl e t ype t o per mi t  compl et e r emoval  of  t he 
cover  f or  mai nt enance.   Const r uct  hi nges and l at ches of  st ai nl ess st eel .

2. 17   SPECI AL TOOLS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  must  i dent i f y and l i s t  al l  
speci al  t ool  r equi r ement s as needed f or  oper at i on 
and mai nt enance of  t he oper at i ng syst em and any 
spar e equi pment  r equi r i ng per i odi c cycl i ng.   I t ems 
t o consi der  may i ncl ude such i t ems as;  f i l t er i ng 
car t s,  por t abl e HPU,  di agnost i c pr essur e gauges,  
cyl i nder  di sassembl y/ t i ght eni ng t ool s,  spanner  
wr enches,  oi l  moni t or i ng/ anal ysi s or  t est i ng.

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

Pr ovi de al l  speci al  t ool s necessar y f or  t he pr oper  oper at i on,  mai nt enance,  
assembl y and di sassembl y of  t he machi ner y i n a l ocat i on and i n a manner  as 
di r ect ed.   Speci al  t ool s i ncl ude t hose i ndi cat ed and t he f ol l owi ng:
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2. 18   NONI NTEGRAL EQUI PMENT BASES

Noni nt egr al  equi pment  bases i ncl udi ng br acket s and mount s must  be 
al l - wel ded const r uct i on and ar e t o be f abr i cat ed of  ASTM A36/ A36M st eel .   
Af t er  i nst al l at i on and f i nal  adj ust ment  of  al l  t he syst em component s on 
t he equi pment  bases i n t he shop,  each pi ece of  equi pment  must  be 
posi t i vel y secur ed i n pl ace by dowel s t o ensur e accur at e l ocat i on dur i ng 
i nst al l at i on i n t he f i el d.   Shear  bl ocks may onl y be used wher e 
i nst al l at i on of  dowel s i s compl et el y i mpr act i cal .

2. 19   SHI MS

Appr oved f or  use shi ms ar e t o be t o t he f ol l owi ng:

a.   Shi ms ar e t o be pr ovi ded i n gr aduat ed t hi cknesses t o  per mi t  
adj ust ment  i n i ncr ement s of  0. 13 mm 0. 005 i nches f r om 0 t o 6. 4 mm 0 t o 
1/ 4 i nch.

b.   Shi ms f or  use bet ween machi ner y component s,  subassembl i es,  or  
machi ner y bases and mount i ng br acket s and unf i ni shed sur f aces of  
st r uct ur al  member  ar e t o pr ovi de adj ust ment  i n i ncr ement s of  0. 79 mm 
1/ 32 i nch f r om 6. 4 mm 1/ 4 i nch t o 150 per cent  of  t he shi m al l owance 
i ndi cat ed.

c.   Taper ed shi ms ar e t o be pr ovi ded as r equi r ed t o accur at el y al i gn 
machi ner y component s and bases whi ch ar e mount ed di r ect l y on 
unf i ni shed st r uct ur al  st eel  sur f aces.   

d.   Fi el d measur ement s ar e t o be t aken t o det er mi ne t he exact  amount  
of  t aper  r equi r ed t o obt ai n pr oper  al i gnment .

e.   Mat er i al  f or  al l  shi ms must  be AI ST PB- 229,  Types 304 or  316 
unl ess ot her wi se i ndi cat ed.

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Af t er  v i s i t i ng t he s i t e and becomi ng t hor oughl y f ami l i ar  wi t h al l  det ai l s 
of  t he wor k and wor ki ng condi t i ons,  ver i f y di mensi ons i n t he f i el d,  and 
t hen advi se t he Cont r act i ng Of f i cer  of  any di scr epanci es pr i or  t o 
per f or mi ng any wor k.   The Cont r act or  i s speci f i cal l y r esponsi bl e f or  t he 
coor di nat i on and pr oper  r el at i on of  t he cont r act ed wor k t o t he st r uct ur e 
and wor k of  al l  t r ades.

3. 2   SHOP FABRI CATI ON

3. 2. 1   Pai nt i ng

Shop pr i me and coat  al l  exposed ext er i or  sur f aces of  assembl i es and 
equi pment  except  st ai nl ess st eel ,  synt het i c r ubber ,  and pl ast i c,  as 
speci f i ed i n Sect i on 09 97 02 PAI NTI NG:   HYDRAULI C STRUCTURES unl ess t he 
equi pment  i s gi ven a st andar d f act or y f i ni sh as speci f i ed.   I nsof ar  as i s 
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pr act i cabl e,  appl y t he compl et e coat i ng syst em t o i ndi v i dual  component s 
and i t ems bef or e assembl y t o ensur e compl et e cover age and maxi mum 
pr ot ect i on agai nst  cor r osi on.   Pai nt  shop assembl ed equi pment  pr i or  t o any 
st or age or  shi pment .   Do not  pai nt  al umi num,  st ai nl ess st eel ,  non- f er r ous 
sur f aces,  or  machi ned sur f aces r equi r i ng f i el d assembl y,  except  as 
appr oved.   Pai nt  st andar d manuf act ur ed equi pment ,  such as mot or s,  pumps,  
hydr aul i c cyl i nder s,  val ves,  i n accor dance wi t h t he manuf act ur er ' s 
st andar d pr act i ce f or  hi gh humi di t y ser vi ce,  subj ect  t o appr oval .   Repai r  
chi ps,  scr at ches,  and ot her  damage t o shop- appl i ed pai nt ed sur f aces i n t he 
f i el d.   

3. 2. 2   Pr event i on of  Cor r osi on

Pr ovi de f ast ener s and namepl at es of  cor r osi on- r esi st ant  mat er i al s.   
Sur f aces of  pr oduct s,  such as [ pumps, ]  [ cyl i nder s, ]  [ f l ui d mot or s, ]  [ and 
si mi l ar ]  component s,  of  f er r ous met al ,  wher e not  ot her wi se speci f i ed,  must  
be gi ven a cor r osi on- pr ot ect i ve coat i ng at  t he f act or y.   Manuf act ur er s '  
st andar d coat i ngs ar e accept abl e wher e not  ot her wi se speci f i ed,  pr ovi ded 
t hat  coat i ngs f or  i nt er i or  use can wi t hst and cont i nuous exposur e t o sal t  
spr ay f or  120 hour s and coat i ngs f or  ext er i or  use f or  504 hour s.   The f og 
t est  must  conf or m t o ASTM B117.   I mmedi at el y af t er  compl et i on of  t he t est ,  
coat i ng must  show no si gns of  wr i nkl i ng,  cr acki ng,  or  l oss of  adher ence,  
and t he speci men must  show no si gns of  cor r osi on cr eepage beyond 3 mm l / 8 
i nch on ei t her  s i de of  t he scr at ch mar k made as speci f i ed.   I f  coat ed 
sampl es have successf ul l y wi t hst ood t he sal t  spr ay t est  wi t hi n t he 
pr ecedi ng 2 year s,  cer t i f i cat es wi l l  be accept abl e i n l i eu of  t est i ng.

3. 3   SHOP ASSEMBLY

3. 3. 1   Gener al  -  Shop Assembl y

Compl et el y assembl e al l  hydr aul i c cyl i nder s and t he hydr aul i c power  uni t  
i n t he shop.  Upon sat i sf act or y compl et i on and ver i f i cat i on of  t he shop 
assembl y and t est i ng,  pr el i mi nar y accept ance wi l l  be made by t he 
Gover nment  and par t s/ component s may be shi pped t o s i t e.

3. 3. 2   Pr ot ect i on Dur i ng Assembl y

Dur i ng cyl i nder  and HPU assembl y secur el y cover  al l  openi ngs t o avoi d t he 
ent r ance of  abr asi ves,  di r t ,  met al  chi ps,  and ot her  f or ei gn mat er i al s i nt o 
t he hydr aul i c syst em t hr ough open ends of  pi pi ng,  t ubi ng,  and por t s of  t he 
component s.

3. 3. 3   Cl eani ng and Pr ot ect i on Dur i ng Assembl y

Dur i ng assembl y,  ensur e al l  component s ar e f r ee of  abr asi ves,  di r t ,  met al  
chi ps and ot her  f or ei gn mat er i al s.   Cl ean component s as needed t o r emove 
f or ei gn mat er i al s.   Secur el y cover  openi ngs t o pr event  r econt ami nat i on.

3. 3. 4   Fl ushi ng

Af t er  compl et i ng assembl y,  f l ush each cyl i nder  and HPU.   Use t he same 
hydr aul i c f l ui d f or  f l ushi ng as appr oved f or  t he f i nal  f i l l i ng.   Fi l t er  
oi l  usi ng a [ 10 µm]  f i l t er .   Per f or m f l ushi ng unt i l  t he cont ami nat i on 
l evel  i s   [ _____]  i n accor dance wi t h I SO 4406. [   Submi t  Oi l  f l ushi ng 
t est i ng r epor t Submi t  Oi l  Fl ushi ng Test i ng Repor t ] [   Submi t  oi l  c l eanl i ness 
r epor t ] .

[ Take t hr ee 500 mi l l i l i t er  sampl es at  appr oved l ocat i ons i n accor dance wi t h 
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I SO 4021.   Per f or m par t i c l e count i ng on each sampl e i n accor dance wi t h 
I SO 11500 or  I SO 4407 by an appr oved i ndependent  t est  l abor at or y.   Wat er  
cont ent  of  each sampl e t o be bel ow 200 ppm.   Recl ean i f  any sampl e does 
not  compl y wi t h t he per mi ssi bl e cont ami nat i on l i mi t s,  and r ei nspect .   
Submi t  shop oi l  t est i ng r epor t s. ]

3. 4   SHOP  TESTI NG

3. 4. 1   Gener al  -  Shop Test i ng

Per f or m t he shop t est i ng l i s t ed i n t he f ol l owi ng par agr aphs.   Pr ovi de al l  
per sonnel ,  t ool s,  hydr aul i c f l ui d as a wel l  as t empor ar y pi pi ng,  hoses,  
oi l  r eser voi r s,  wi r i ng,  and ot her  appur t enances and accessor i es as needed 
t o compl et e t est i ng.   The desi gnat ed Gover nment  Wi t ness must  be pr esent  
f or  t he ent i r et y of  each t est  unl ess pr evi ousl y wai ved i n wr i t i ng.

3. 4. 2   Not i f i cat i on of  Shop Test i ng

Pr ovi de not i f i cat i on t o t he Gover nment  [ 45]  days pr i or  t o t he pl anned 
st ar t  of  t est i ng.   I ncl ude i n t he not i f i cat i on an i dent i f i cat i on of  what  
equi pment  i s bei ng t est ed.

[ 3. 4. 3   Hydr aul i c Cyl i nder  Test s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  Thi s par agr aph does not  appl y f or  cyl i nder s of  
st andar d manuf act ur e and desi gn.

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

Per f or m a shop t est  on each hydr aul i c cyl i nder .   [ Gr oup t he t est i ng of  
cyl i nder s wi t h a mi ni mum of  [ 5]  cyl i nder s bei ng t est ed as a gr oup. ]   I f  at  
any poi nt  t her e i s a cause f or  r ej ect i on or  f ai l ed t est ,  i mmedi at el y st op 
t he t est ,  per f or m any r equi r ed adj ust ment s or  r epai r s,  and r epeat  t he t est  
f r om t he begi nni ng.

The shop t est  must  consi st  of  t he f ol l owi ng oper at i ons and t est s:

a.  Fi l l  each cyl i nder  wi t h t he hydr aul i c f l ui d speci f i ed i n [ t hi s 
SECTI ON] .   Fl ui d must  be f i l t er ed t hr ough a [ 10 mi cr on] [ 8 mi cr on]  
f i l t er .   Pur ge or  bl eed al l  ai r  f r om f i l l ed cyl i nder .

b.  Per f or m a hydr ost at i c t est  [ per  ASME BPVSC code st andar ds]  and t he 
f ol l owi ng r equi r ement s:

1)  Per f or m t he t est  f or  a mi ni mum of  [ 1] [ _____]  hour [ s] .

2)  Use a t est  pr essur e of  [ _____]  kPapsi .

3)  Per f or m t he t est  i n each di r ect i on.  

[ 4)  Wi t h t he r od and pi st on f ul l y r et r act ed,  and t he pr essur e appl i ed 
t o t he l ower  s i de of  t he pi st on,  obser ve t he upper  end f or  l eakage 
past  t he pi st on.

] [ 5)  Wi t h t he t el escopi c cyl i nder  f ul l y  r et r act ed and under  pr essur e,  
check t he cyl i nder  f or  l eakage past  t he seal s.

] 6)  Obser ve f or  l eakage past  t he st eal s.   Any l eakage past  t he seal s i s 
cause f or  r ej ect i on and a f ai l ed t est .
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c.  Per f or m an oper at i onal  t est  by ext endi ng and r et r act i ng t he [ cyl i nder  
r od and pi st on]  [ t el escopi c cyl i nder ]  t hr ough i t s f ul l  s t r oke.   
Suppor t  and or i ent  t he cyl i nder  i n a manner  t o avoi d any damage t o t he 
cyl i nder  or  any of  i t s  par t s.   Pr ovi de a means of  cont r ol l i ng t he 
speed t o t he maxi mum al l owabl e speed speci f i ed i n t hi s SECTI ON.   Any 
oper at i onal  pr obl ems or  l eakage t o t he out si de of  t he cyl i nder  i s 
cause f or  r ej ect i on and a f ai l ed t est .   Per f or m [ one]  compl et e 
ext ensi on- r et r act i on cycl es.

d.  At  t he concl usi on of  a successf ul  t est  [ dr ai n] [ l eave]  oi l  i n t he 
cyl i nder  and pr epar e f or  shi ppi ng i n accor dance wi t h PARAGRAPH:  
SHI PPI NG,  HANDLI NG,  DELI VERY,  AND STORAGE.

] 3. 4. 4   Hydr aul i c Power  Uni t  Test s

Per f or m a shop t est  on t he hydr aul i c power  uni t .   Pr ovi de al l  t empor ar y 
oi l ,  pi pi ng,  hoses,  oi l  r eser voi r s,  wi r i ng,  and ot her  appur t enances and 
accessor i es as needed.   Dur i ng t est i ng t he t emper at ur e of  oi l  dur i ng t est  
not  t o be mor e t han [ 21] [ _____]  degr ees C [ 70]  [  ____ ]  degr ees F.

I f  at  any t i me dur i ng any of  t he t est i ng a def i c i ency i s f ound or  f ai l ur e 
occur s,  i mmedi at el y st op t he t est ,  cor r ect  t he i ssue,  and r est ar t  t hat  
por t i on of  t he t est  f r om t he st ar t .   

The shop t est  must  consi st  of  t he f ol l owi ng oper at i ons and t est s:

a.  Per f or m a hydr ost at i c t est  of  al l  pi pi ng on t he HPU.   [ Use t he 
speci f i ed hydr aul i c f l ui d as t he t est  f l ui d. ]   Use a t est  pr essur e of   
[ 21] [ _____]  MPa [ 3000]  [ _____]  psi  f or  [ 30 mi nut es] .   Check al l  j oi nt s 
f or  l eakage.   Any l eakage f ound i s cause f or  r ej ect i on and a f ai l ed 
t est .

b.  Per f or m a [ hydr ost at i c] [ pneumat i c]  t est  of  t he st or age t ank.   [ Use t he 
speci f i ed hydr aul i c f l ui d as t he t est  f l ui d. ]  Use a t est  pr essur e of  
[ 21] [ _____]  kPa [ 3] [ _____]  psi  f or  [ 30 mi nut es] .  Check al l  j oi nt s and 
seal s f or  l eakage.   Any l eakage f ound i s cause f or  r ej ect i on and a 
f ai l ed t est .

c.  Per f or m a f unct i onal i t y and cont r ol s t est .   Dur i ng t he t est :

1)  Ver i f y t he cor r ect  f unct i on of  each [ swi t ch] [ ,  i ndi cat i ng l i ght ] ,  
[ and] [ ,  out put s/ al ar ms] [ ,  and [ _____] ] .

2)  Ver i f y t he cor r ect  f unct i on of  each measur ement  i nst r ument  and 
devi ce.

3)  Ver i f y t he cor r ect  f unct i on and oper at i on of  each val ve and val ve 
oper at or .

4)  [ ____]

c.  Per f or m an oper at i onal  t est  of  t he HPU consi st i ng of  t he f ol l owi ng:

1)  Oper at e each pump i ndi v i dual l y f or  [ 15]  mi nut es at  t he [ speci f i ed 
oper at i ng pr essur e and f l ow r at e] [ _____]  MPa psi  and [ _____]  L/ s 
gpm.   Measur e pr essur e,  f l ow r at e,  mot or  vol t age,  and mot or  
amper age usi ng cal i br at ed i nst r ument at i on and dat a col l ect i on 
equi pment .  Col l ect  a dat a at  a mi ni mum of  [ 10 sampl es per  
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second] .   

[ 2)  Oper at e al l  pumps si mul t aneousl y f or  [ 15]  mi nut es at  t he speci f i ed 
oper at i ng pr essur e.  Measur e pr essur e,  f l ow r at e,  mot or  vol t age,  
and mot or  amper age usi ng cal i br at ed i nst r ument at i on and dat a 
col l ect i on equi pment .   Col l ect  a dat a at  a mi ni mum of  [ 10 sampl es 
per  second] .

] 3)  Test  t he f unct i on of  each unl oader  c i r cui t .   Recor d t he pr essur e at  
whi ch t he unl oadi ng val ve opens and cl oses.   Recor d f l ow r at e 
t hr ough t he unl oadi ng ci r cui t  wi t h cal i br at ed i nst r ument at i on.  
Col l ect  a dat a at  a mi ni mum of  [ 10 sampl es per  second] .  

4)  Test  t he f unct i on of  each pr essur e r el i ef  val ve.   Recor d t he 
pr essur e at  whi ch t he pr essur e r el i ef  val ve opens and cl oses.   
Per f or m t he t est  3 t i mes.

[ 5)  Oper at e each pump as l ead pump and t est  t he l ag f unct i onal i t y of  
t he r emai ni ng pumps.   Manual l y j umper ,  act uat e,  or  ot her wi se 
t r i gger  t he r equi r ed devi ces t o i ni t i at e l ag pumps st ar t i ng.

] 3. 4. 5   Dr ai ni ng of  Fl ui d

Upon successf ul  compl et i on of  f l ushi ng and t est i ng oper at i on,  dr ai n t he 
f l ushi ng f l ui d f r om t he equi pment .

3. 4. 6   Shop Test i ng Pl an and Pr ocedur es

Pr epar e and submi t  a shop t est i ng pl an and pr ocedur e pr i or  t o t he st ar t  of  
t est i ng.   Shop t est i ng act i v i t i es ar e not  al l owed unt i l  t he t est i ng pl an 
i s appr oved.   Submi t  t he t est i ng pl an a mi ni mum of  [ 45] [ _____]  days pr i or  
t o t he st ar t  of  t est i ng.   I ncl ude t he f ol l owi ng el ement s,  as a mi ni mum,  i n 
t he t est i ng pl an:

a.  Addr ess of  t est i ng l ocat i on and cont act  i nf or mat i on f or  t he desi gnat ed 
poi nt  of  cont act .

b.  A st ep- by- st ep,  r epeat abl e pr ocedur e f or  each t est  t o be per f or med,  
i ncl udi ng but  not  l i mi t ed t he t est s det ai l ed above.

c.  Di agr ams or  dr awi ngs of  t est  set ups showi ng or i ent at i on of  equi pment  
dur i ng t est i ng and i nst al l at i on of  i nst r ument at i on.

d.  Li st  of  i nst r ument at i on t hat  wi l l  be used t o t ake measur ement s.

e.  Sampl e dat a col l ect i on sheet s,  c l ear l y i dent i f y i ng what  i s t o be 
r ecor ded,  t o what  accur acy,  and t he pl anned out come ( such as val ue 
r ange,  t hr eshol d,  or  condi t i on) .

3. 4. 7   Shop Test i ng Repor t

Af t er  compl et i on of  each t est  or  gr oup of  t est s,  submi t  a t est  r epor t .   
I ncl ude t he f ol l owi ng el ement s,  as a mi ni mum,  i n t he t est i ng pl an:

a.  Dat e( s)  t est i ng occur r ed.

b.  I dent i f i cat i on of  whi ch equi pment  was t est ed.

c.  Compl et ed dat a col l ect i on sheet s.
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d.  Pr ovi de r ecor ds of  al l  adj ust ment s and f i nal  set t i ngs f or  al l  hydr aul i c 
component s i n t he syst em.  Thi s i ncl udes pump f l ow r at es,  oper at i ng 
t i mes,  r el i ef  set t i ngs[ ,  count er bal ance val ve adj ust ment s] ,  oper at i ng 
pr essur es at  bot h t he hydr aul i c power  uni t s and [ cyl i nder ] [ hydr aul i c 
oper at or ]  mani f ol ds,  f l ow l evel  adj ust ment s[ ,  f i l t er  di f f er ent i al  
swi t ch set t i ngs] ,  and ot her  par amet er s.

d.  Post - pr ocessed out put  f r om any dat a col l ect i on equi pment .

e.  I dent i f i cat i on of  a successf ul  t est .   I f  any t est  st oppages or  f ai l ur es 
occur r ed,  i dent i f y t hem and t he measur es t aken t o cor r ect  t he 
def i c i enci es.

f .  Cur r ent ,  non- expi r ed cal i br at i on cer t i f i cat es f or  al l  i nst r ument at i on 
and measur ement  devi ces used dur i ng t est i ng.

3. 5   SHI PPI NG,  HANDLI NG,  DELI VERY,  AND STORAGE

Pr ot ect  al l  pr ovi ded equi pment  f r om weat her  and damage dur i ng shi ppi ng,  
handl i ng,  del i ver y and st or age.

3. 5. 1   Packagi ng

Do not  pr epar e t he hydr aul i c power  syst ems f or  shi pment  unt i l  t hey have 
been i nspect ed and accept ed f or  shi pment  at  or i gi n by t he Cont r act i ng 
Of f i cer ,  unl ess i nspect i on has been wai ved i n wr i t i ng.   Shi p each 
hydr aul i c power  syst em or  subassembl y compl et el y assembl ed as f easi bl e.  
[ Any separ at e del i ver y of  component s must  be coor di nat ed by t he Cont r act or  
and not ed i n a submi t t al . ]  The subassembl i es ar e def i ned as t he f ol l owi ng:

a.   Hydr aul i c cyl i nder s.   Each hydr aul i c cyl i nder  subassembl y consi st s of  
t he hydr aul i c cyl i nder ,  [ t r unni on, ]  [ car dani c r i ng, ]  [ pi l l ow bl ock 
bear i ngs, ]  [ bushi ngs, ]  [ cyl i nder  suppor t  pl at f or m, ]  [ mani f ol d, ]  and 
[ pi pi ng] .

b.   Hydr aul i c power  uni t s.

c.   Pi pi ng assembl i es.

d.   Cont r ol  consol es.

Pr ovi de al l  subassembl i es and spar e equi pment  and par t s wi t h adequat e 
pr ot ect i ve pads,  suppor t s,  and bl ocki ng,  and secur el y r est r ai ned t o 
pr event  di st or t i on or  damage t o t he pai nt ed sur f aces i n t r ansi t .   Any l oss 
or  damage dur i ng shi pment ,  i ncl udi ng damage t o t he pai nt ed sur f aces,  wi l l  
be t he Cont r act or ' s r esponsi bi l i t y ;  r epl ace or  r epai r  wi t hout  any cost  t o 
t he Gover nment .   Pack al l  accessor i es and spar e par t s separ at el y i n 
cont ai ner s pl ai nl y mar ked " ACCESSORI ES ONLY"  or  " SPARE PARTS ONLY. "   Pl ace 
a packi ng l i s t ,  l i s t i ng t he cont ent s of  each cont ai ner ,  i n a 
moi st ur e- pr oof  envel ope and secur el y f ast en t o t he out si de of  t he 
cont ai ner .   St andar d commer ci al  packagi ng i n accor dance wi t h ASTM D3951 
wi l l  be accept abl e except  wher e a di f f er ent  met hod or  st andar d of  
packagi ng i s speci f i ed.

3. 5. 2   Shi ppi ng,  Pr eser vat i on,  and St or age

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  ver y l ong cyl i nder s,  def l ect i on of  t he 
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r od dur i ng shi pment  may cause damage t o t he r od 
and/ or  bor e of  t he cyl i nder .   I t  i s  best  t o avoi d 
t he use of  i nt er nal  r od suppor t  bl ocks.   One 
sol ut i on t o t hi s pr obl em i s t o ext end t he r od a 
shor t  di st ance,  pr ovi de a br acket  so t hat  t he r od 
cannot  be r et r act ed,  and t hen pr essur i ze t he 
under si de of  t he pi st on so t hat  t he r od i s i n 
t ensi on.   Al so,  shi ppi ng t he cyl i nder  f i l l ed wi t h 
oi l  may hel p dampen t he movement  of  t he r od.

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

Packi ng,  cr at i ng,  cr adl es,  and ot her  packi ng mat er i al s necessar y t o ensur e 
saf e shi pment  ar e t he r esponsi bi l i t y  of  t he Cont r act or  and become t he 
pr oper t y of  t he Gover nment  upon del i ver y of  t he equi pment .   The hydr aul i c 
cyl i nder s t o be [ f i l l ed wi t h t he speci f i ed hydr aul i c f l ui d,  and t o account  
f or  expansi on and cont r act i on of  t he oi l  dur i ng shi ppi ng and st or age by 
i nst al l at i on of  a bl adder  t ype accumul at or  t o t he r od end bl eed 
por t . ] [ dr ai ned and pur ged wi t h ni t r ogen. ]   Then secur el y cap r emai ni ng 
por t s wi t h bl ank f l anges t o pr event  t he ent r ance of  f or ei gn mat t er .   [ Make 
pr ovi s i ons wi t h ext er nal  shi ppi ng devi ces t o pr event  damage t o t he 
cyl i nder  and pi st on r od r esul t i ng f r om t he r od f l exi ng up and down i n t he 
cyl i nder  dur i ng t r anspor t .  Submi t  a pr oposal  f or  cont r ol l i ng movement  of  
t he pi st on r od f or  appr oval . ]   [ Pr ovi de i nt er nal  r od suppor t s t o pr event  
t he r od f r om def l ect i ng and damagi ng t he r od and cyl i nder  bor e dur i ng 
handl i ng and shi ppi ng. ]   Adequat el y pr ot ect  machi ned sur f aces f r om 
cor r osi on and physi cal  damage.   Pr ot ect  equi pment  del i ver ed and pl aced i n 
st or age f r om t he weat her ,  humi di t y,  t emper at ur e var i at i on,  di r t  and dust ,  
or  ot her  cont ami nant s.   [ Fur ni sh spar e cyl i nder s wi t h a por t abl e pump,  
hose and connect i ons t o st r oke t he cyl i nder  i n and out  a shor t  di st ance 
dur i ng st or age t o l ubr i cat e seal s and pr event  damage. ]   [ The dur at i on,  
pr ocedur es,  and ar r angement  f or  st or age over  30 days i s t o be f or mal l y 
appr oved by t he desi gner  and manuf act ur er . ]

3. 5. 3   Manuf act ur er  Pr epar at i on Bef or e Shi pment

3. 5. 3. 1   Fl ushi ng Hydr aul i c Cyl i nder s

Cl ean,  f l ush,  and f i l l  hydr aul i c cyl i nder s wi t h speci f i ed oi l ,  f i l t er ed 
t hr ough a [ 10 µm]  [ 5µm]  [ _____]  µm f i l t er ,  t aki ng pr ecaut i ons t o excl ude 
al l  ai r ,  bef or e l eavi ng t he manuf act ur i ng f aci l i t y .  Cl ean and f l ush per  
Par agr aph " Cl eani ng and Fl ushi ng. "   Submi t  oi l  f or  use i n t he syst em f or  
appr oval .   Make sui t abl e pr ovi s i ons t o al l ow f or  expansi on and cont r act i on 
of  t he hydr aul i c f l ui d.   Accumul at or s connect ed t o t he cyl i nder  por t s ar e 
accept abl e.

3. 5. 3. 2   Fl ushi ng Hydr aul i c Power  Uni t

Af t er  c l eani ng and pr i or  t o shi pment ,  f l ush each hydr aul i c power  uni t  and 
mani f ol d.  Mani f ol ds not  t o be i nst al l ed unt i l  c l eaned and f l ushed.   Fi l l  
t he hydr aul i c t ank wi t h hydr aul i c f l ui d as speci f i ed and act uat e t he oi l  
f i l t r at i on syst em wi t h a [ 10 µm]  el ement  i n t he f i l t er .   Ci r cul at e t he 
f l ui d and change f i l t er s as become cl ogged.   Af t er  f l ushi ng of  t he f l ui d 
i n t he t ank i s compl et e,  i nst al l  a by- pass l oop wi t h f i l t er  on t he 
pr essur e and t ank l i nes of  t he uni t  and t he r un pumps al t er nat el y unt i l  
t he r et ur ni ng oi l  meet s t he r equi r ement  f or  syst em cl eanl i ness.

3. 5. 4   TEMPORARY CORROSI ON PROTECTI ON

Unpai nt ed met al  sur f aces ar e t o be pr ot ect ed f r om cor r osi on dur i ng 
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shi pment ,  st or age at  t he s i t e,  and dur i ng const r uct i on oper at i ons so t hat  
t he sur f aces ar e f r ee of  cor r osi on unt i l  appl i cat i on of  f i nal  f i el d 
f i ni sh.   The t empor ar y coat i ng i s t o be compl et el y r emoved and t he 
sur f aces pr oper l y pr epar ed f or  f i nal  f i ni shi ng as speci f i ed i n Sect i on 
09 90 00 PAI NTS AND COATI NGS.   Pr oduct s,  i ncl udi ng pumps,  r eser voi r s,  
cyl i nder s,  and si mi l ar  assembl i es,  ar e not  t o be pr ovi ded unpai nt ed or  
wi t h t empor ar y coat i ng,  but  t o be [ f act or y]  f i ni shed as speci f i ed.

[ 3. 6   ON- SI TE DEMOLI TI ON

Remove t he exi st i ng hydr aul i c power  syst ems equi pment  speci f i ed and as 
shown,  i ncl udi ng but  not  l i mi t ed t o [ oper at or s,  HPU wi t h r eser voi r ,  and 
al l  hydr aul i c t ubi ng and hoses] .   Al l  equi pment  not  speci f i ed t o be 
sal vaged i s t he pr oper t y of  t he Cont r act or ,  r emoved f r om t he Pr oj ect  s i t e,  
and di sposed of  i n a l egal  manner .   Mat er i al s t hat  cannot  be r emoved dai l y 
may be t empor ar i l y  st or ed on- si t e at  an appr oved ar ea.   Sal vaged mat er i al s 
ar e not  t o be sol d on t he pr oj ect  s i t e.

[ 3. 6. 1   Exi st i ng Equi pment  Removal  Pl an and Pr ocedur es

Submi t  an Exi st i ng Equi pment  Removal  Pl an and Pr ocedur es det ai l i ng t he 
sequence and pr ocedur es f or  al l  syst ems and component s t o be r emoved or  
af f ect ed by t he r emoval .   Pr ocedur e i s t o i ncl ude but  not  be l i mi t ed t o a 
det ai l i ng of :

( 1)  I t ems t o be r emoved.

( 2)  Tempor ar y ar r angement  or  st or age of  i t ems.

( 3)  Speci al  cont ai nment  and di sposal  pr ocedur es.

( 4)  Pr ot ect i on pr ocedur es f or  open r out i ng.

( 5)  Spi l l  Pr event i on Measur es.

( 6)  Li f t i ng Pl ans

] [ 3. 6. 2   Exi st i ng Hydr aul i c Oi l  Removal

The Cont r act or  i s r esponsi bl e f or  t he ext r act i on,  cont ai nment ,  
t r anspor t at i on,  and di sposal  of  al l  t he exi st i ng hydr aul i c f l ui d i n t he 
[ oper at or s,  syst em r out i ng,  HPU component s,  HPU r eser voi r ]  i nvol ved wi t h 
onsi t e demol i t i on and equi pment  r emoval  act i v i t i es.  I ncl ude t he det ai l s i n 
t he submi t t ed Exi st i ng Equi pment  Removal  Pl an and Pr ocedur es.

] ] 3. 7   ON- SI TE I NSTALLATI ON

Submi t  an i nst al l at i on pl an and pr ocedur es.   I nst al l  t he equi pment  
speci f i ed and as shown t o compl et e t he hydr aul i c power  syst ems f or  
oper at i on of  t he [ i nt ake gat es] [  s l i de gat es] [  cont r ol  gat es] [  Tai nt er  
gat es] [  mi t er  gat es] [  but t er f l y val ves] [  hoi st i ng equi pment ] [ _____] .   
I nst al l  hydr aul i c component s i n accor dance wi t h t he manuf act ur er ' s wr i t t en 
i nst r uct i ons and under  t he di r ect i on of  t he er ect i on engi neer  or  
manuf act ur er ' s r epr esent at i ve.   I nst al l  compl et e uni t s or  assembl i es 
wi t hout  di sassembl y.     I nst al l at i on i n accor dance wi t h Sect i on 05 50 14 
STRUCTURAL METAL FABRI CATI ONS and Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON 
SYSTEM.   
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3. 7. 1   Er ect i on Engi neer

Obt ai n t he ser vi ces of  an exper i enced er ect i on engi neer  who i s r egul ar l y 
empl oyed by t he hydr aul i c cyl i nder / power  uni t  manuf act ur er  [ wi t h 3 year s 
or  mor e year  of  cur r ent  exper i ence]  t o super vi se t he i nst al l at i on,  
st ar t - up,  adj ust ment  and oper at i on,  and t est i ng of  t he equi pment  
pr ovi ded.   The er ect i on engi neer  t o f ur ni sh a s i gned st at ement  st at i ng 
t hat  t he f i nal  i nst al l at i on and st ar t - up of  t he hydr aul i c power  syst em has 
been i nspect ed,  wi t nessed,  and compl i es f ul l y  wi t h t he manuf act ur er ' s 
war r ant y r equi r ement s.   Fol l owi ng compl et i on of  t he wor k t he er ect i ng 
engi neer  t o i nst r uct  t he Cont r act i ng Of f i cer  i n t he oper at i on and 
mai nt enance of  t he syst em.   These f i el d i nst r uct i ons t o cover  al l  i t ems 
cont ai ned i n t he bound i nst r uct i ons.   Do not  conduct  i nst r uct i on unt i l  
Oper at i on and Mai nt enance Manual s ar e appr oved.

3. 7. 2   Mount i ng and Suppor t s

Pr ovi de necessar y suppor t s f or  al l  appur t enances,  pumps,  mot or s,  and ot her  
equi pment  or  component s as i ndi cat ed.   [ Anchor  f l oor - mount ed equi pment  t o 
concr et e pads by anchor  bol t s or  expansi on anchor s as shown. ]  
[ Fl oor - mount ed equi pment  ar e t o be anchor ed t o concr et e pads by dowel s set  
i n t he concr et e.   Shear  bl ocks may onl y be used wher e i nst al l at i on of  
dowel s i s compl et el y i mpr act i cal . ]  [ Concr et e f or  f oundat i ons ar e t o be as 
speci f i ed i n Sect i on 03 30 00 CAST- I N- PLACE CONCRETE. ]  [ Shi ms ar e t o be 
pr ovi ded at  l ocat i ons r equi r ed t o per mi t  pr oper  adj ust ment ,  al i gnment ,  and 
posi t i on of  syst em component s and assembl i es. ]  [ Pumps and mot or s ar e t o be 
car ef ul l y al i gned wi t h t he mechani sms t o be oper at ed and ar e t o be shi mmed 
as necessar y t o el i mi nat e angul ar  and r adi al  mi sal i gnment  bet ween t he 
mat i ng shaf t s. ]  Mount i ng subpl at es must  be i nst al l ed on r i gi d suppor t i ng 
sur f aces i n a manner  t hat  wi l l  pr ecl ude i mposi t i on of  f or ces on t he pi pi ng 
and t ubi ng ot her  t han t hose cr eat ed by f l ui d pr essur e al one.   Al l  val ves 
and ot her  f l ui d cont r ol  devi ces must  be mount ed as i ndi cat ed.  Component s 
ar e t o be secur el y mount ed t o t he suppor t i ng sur f ace.   Car e i s t o be 
exer ci sed t hat  f ast eni ngs ar e not  over t i ght ened t o t he ext ent  t hat  
component  bodi es ar e di st or t ed or  damaged.   Pi vot  t ype mount i ngs ar e t o be 
car ef ul l y al i gned t o ensur e f r ee oper at i on t hr oughout  t he ent i r e r ange of  
movement .   Cyl i nder s ar e t o be car ef ul l y al i gned so t hat  no si de l oads ar e 
i mposed on t he pi st on r od at  any poi nt  i n t he f ul l  st r oke.   Subassembl i es 
must  be mount ed and br aced i ndependent l y of  t he connect i ng l i nes.

3. 7. 3   Mar ki ngs,  Namepl at es,  and Label s

Component s must  be mar ked t o i ndi cat e per t i nent  oper at i onal  r equi r ement s,  
war ni ngs,  and l i mi t at i ons such as maxi mum al l owabl e oper at i ng pr essur e,  
t emper at ur e,  vel oci t y,  r ange of  adj ust ment ,  f l ow capaci t y,  st r oke,  
di r ect i on of  f l ow,  r ot at i on or  mot i on,  saf et y pr ecaut i ons,  and mat er i al s 
compat i bi l i t y .   The mar ki ngs ar e t o be by st ampi ng or  embossi ng on t he 
component  or  on an at t ached pl at e or  t ag whi ch must ,  bar r i ng mut i l at i on,  
r emai n af f i xed and l egi bl e f or  t he l i f e of  t he component .

3. 7. 4   Fi l l i ng and Bl eedi ng t he Syst em

Suppl y a suf f i c i ent  amount  of  hydr aul i c f l ui d,  [ of  t he t ype speci f i ed]  [ of  
t he t ype speci f i ed and as r ecommended by t he f l ui d manuf act ur er ] ,  t o 
compl et el y f i l l  t he syst em i ni t i al l y  pl us at  l east  10 per cent  addi t i onal  
r eser ve f l ui d.   Al so pr ovi de ext r a f l ui d t o make up al l  l osses r esul t i ng 
f r om vent i ng oper at i ons,  f r om ser vi c i ng f i l t r at i on equi pment ,  f r om l eakage 
and f r om al l  ot her  causes bef or e f i nal  accept ance.   Del i ver  t he hydr aul i c 
f l ui d t o t he s i t e i n unopened cont ai ner s wi t h f act or y seal s i nt act .   

SECTI ON 35 05 40. 14 10  Page 93



Wi t h al l  hydr aul i c equi pment  i nst al l ed and al l  c l eani ng and f l ushi ng 
compl et e f i l l i ng of  t he syst em may begi n.   The cl eanl i ness of  t he oi l  used 
t o f i l l  t he syst em i n accor dance wi t h t he r equi r ement s f or  syst em 
cl eanl i ness.   Open t he by- pass bal l  val ves at  t he cyl i nder s.   Fi l l  each 
hydr aul i c power  uni t  and pump oi l  i nt o t he syst em t hr ough a [ 10 µm]  [ 5µm]  
[ _____]  µm f i l t er  and keep addi ng oi l  as l ong as t he l evel  cont i nues t o 
dr op.   Cease pumpi ng when t he oi l  l evel  no l onger  dr ops.   I nst al l  by- pass 
pi pi ng and r epeat  t he pr ocedur e t o f i l l  t he dr ai n/ s i phon l i ne.   Take car e 
t o expel  as much ai r  as possi bl e f r om t he pi pi ng and cyl i nder s dur i ng t he 
i ni t i al  f i l l i ng.   Ut i l i ze pi pi ng vent s and dr ai ns as much as possi bl e t o 
expel  ai r  f r om t he syst em.   Each power  c i r cui t  pi pe f or  t he [ Tai nt er  
val ves]  [ and]  [ mi t er  gat e]  t o have t hi s pr ocedur e per f or med t o f i l l  t he 
r espect i ve pi pi ng.   Act uat e cyl i nder s by shi f t i ng spool  on t he f our - way 
val ve back and f or t h and bl eedi ng ai r  f r om por t s pr ovi ded on cyl i nder s.   
Cont i nue pr ocedur e f or  al l  hydr aul i c power  uni t s unt i l  al l  cy l i nder s have 
been bl ed.   Bal l  val ves i n t ank l i nes may be cl osed dur i ng bl eedi ng t o 
pr event  i nt r oduct i on of  ai r  i nt o t ank l i nes.   Af t er  al l  t he [ component s]
cyl i nder s f or  t he machi ner y have been f i l l ed and bl ed of  ai r ,  f i l l  t he 
hydr aul i c power  uni t  t anks wi t h oi l .   The oi l  l evel  wi t h t he [ mi t er  gat e]  
open and al l  [ Tai nt er  val ves]  c l osed t o be above t he " l ow l evel "  shut - of f .  
The syst em,  once f i l l ed,  t o be bl ed of  ai r ,  oper at ed,  and per i odi cal l y 
bl ed dur i ng t he f i r st  week of  oper at i on t o r emove any ai r  ent r ai ned i n t he 
syst em.

3. 7. 5   Used Hydr aul i c Oi l

Cont r act or  i s r esponsi bl e f or  t he cont ai nment ,  t r ansf er ,  r emoval ,  and 
di sposal  of  al l  used hydr aul i c oi l .   Used hydr aul i c oi l  i ncl udes any oi l  
i n exi st i ng component s bei ng r emoved or  r ef ur bi shed,  and any gener at ed 
used oi l  f r om f l ushi ng,  dr ai ni ng,  or  bl eedi ng act i v i t i es as i dent i f i ed i n 
t hi s sect i on.   Cont ai nment ,  t r ansf er ,  r emoval ,  and di sposal  pr ocedur es f or  
t he used oi l  must  be det ai l ed i n t he appl i cabl e r emoval  and i nst al l at i on 
pr ocedur es.

3. 7. 6   Power  Pi pi ng and Hoses

The gener al  ar r angement  of  t he hydr aul i c pi pi ng and hoses i s as 
i ndi cat ed.   Any changes t o t he ar r angement  necessar y t o f aci l i t at e t he 
i nst al l at i on and pr oper  f unct i oni ng of  t he syst em may be made subj ect  t o 
t he appr oval  of  t he Cont r act i ng Of f i cer .   Ar r ange t he pi pi ng such as t o 
c l ose and open t he [ mi t er  gat es,  and t o r ai se and l ower  t he Tai nt er  
val ves, ]  when t he val ve spool s ar e posi t i oned as i ndi cat ed.  Dr ai n l i nes 
ar e t o be i nst al l ed f r om t he r eser voi r  t o each component  r equi r i ng a dr ai n 
connect i on.

3. 7. 6. 1   Pi pi ng I nst al l at i on

I nst al l  t he syst em compl et e i ncl udi ng al l  necessar y val ves,  f i t t i ngs,  and 
pi pe accessor i es.   Al l  j oi nt s t o be t i ght  and successf ul l y pass t he t est  
as speci f i ed.   Submi t  det ai l s of  pi pe suppor t s and anchor s not  i ndi cat ed.   
Adequat el y suppor t  al l  l i nes at  i nt er val s not  gr eat er  t han 3 m or  10 f eet  
or  as ot her wi se i ndi cat ed.   I nst al l  hanger s and suppor t s usi ng machi ne 
bol t s and masonr y anchor s caul ked i n dr i l l ed hol es i n t he masonr y or  by 
usi ng machi ne bol t s and expansi on shi el ds.   Power  pi pi ng must  not  be used 
t o suppor t  ot her  equi pment .   Ot her  equi pment  can use t he same st andof f  or  
hanger  mount i ng poi nt  as one t o suppor t  t he pi pi ng,  but  t he pi pe i t sel f  
must  not  pr ovi de t he suppor t  of  t he equi pment ' s l oad.   Spacer s and gui des 
can be used i f  no l oad i s t r ansf er r ed.   Ream and r emove bur r s f r om al l  cut  
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ends of  pi pe.   Remove met al  par t i c l es f r om t he r eami ng oper at i ons and 
t hor oughl y c l ean ends of  pi pe bef or e pr oceedi ng wi t h t he wor k.   Ti ght l y 
pl ug al l  pi pi ng at  al l  t i mes except  when wor k i s bei ng per f or med on a 
pi pe.   Cl ean t he pi pe sl eeves,  r ecesses and t r enches of  al l  debr i s and 
t hor oughl y wash wi t h a hi gh pr essur e st r eam of  wat er  bef or e any pi pi ng i s 
i nst al l ed.   Dr i l l i ng,  chi ppi ng,  or  gr i ndi ng of  concr et e i n c l ose pr oxi mi t y 
of  any pi pi ng bei ng i nst al l ed i s not  per mi t t ed.   Repeat  washi ng out  of  t he 
s l eeves,  r ecesses and t r enches f r om t i me t o t i me as necessar y.  St or e 
val ves i n a c l ean,  dr y pl ace and pr ot ect  agai nst  moi st ur e.   Do not  i nst al l  
val ves i n t he syst em pr i or  t o 4 mont hs bef or e t he syst em i s t o be f i l l ed 
wi t h hydr aul i c oi l .   I nst al l  pi pes passi ng t hr ough masonr y i n pi pe sl eeves 
as i ndi cat ed.   Mi t er i ng of  j oi nt s f or  el bows and not chi ng of  st r ai ght  r uns 
of  pi pe f or  t ees i s not  per mi t t ed.

3. 7. 6. 2   Pi pi ng Vent s and Dr ai ns

I nst al l  pl ugged vent  connect i ons wi t h hi gh pr essur e gl obe or  needl e val ves 
at  al l  hi gh poi nt s of  pi pi ng.   Pr ovi de pl ugged dr ai n connect i ons wi t h 
val ves i n accessi bl e l ocat i ons at  al l  l ow poi nt s of  pi pi ng.   Thr eads on 
val ves and pi pe pl ugs f or  vent s and dr ai ns t o be SAE St r ai ght  Thr ead wi t h 
O- r i ng seal s.   Pr ovi de pi pe pl ugs and ot her  mi scel l aneous f i t t i ngs 
r equi r ed f or  t he i nst al l at i on of  t he vent s and dr ai ns of  t he same mat er i al  
as t he pi pe on whi ch t hey ar e i nst al l ed.

3. 7. 6. 3   Mount i ng Suppor t  f or  Mani f ol ds

Bol t  t he mani f ol ds t o a mount i ng base i n such a manner  t hat  t hey can be 
r emoved by unbol t i ng f r om f l anges and mount i ng base and can be adapt ed f or  
a l ef t  hand or  r i ght  hand or i ent at i on of  t he cyl i nder  mount ed pi pi ng.  
Locat e mani f ol d and cyl i nder  pi pi ng suppor t s on t he hydr aul i c power  uni t s 
or  hydr aul i c cyl i nder s as i ndi ct ed and as r ecommended by t he cyl i nder  
manuf act ur er  t o f aci l i t at e bot h l ef t  hand and r i ght  hand i nst al l at i ons.   
Al l  bol t s and har dwar e used i n t he suppor t s t o be a mi ni mum of  10 mm 
3/ 8- i nch.   Pr ovi de al l  i t ems i n st ai nl ess st eel  [ gal vani zed st eel ] [ pai nt ed 
st eel ] .

3. 7. 6. 4   Power  Hose I nst al l at i on

I nst al l  power  hose wi t h ot her  power  syst em component s as above.  I nst al l  
hose such t hat  i t  f ol l ows i t s nat ur al  l i e,  wi t hout  bei ng ki nked or  
t wi st ed.  No hose i s t o be cl amped.  Hose gui des and ant i - chaf e gr ommet s 
many be used as l ong as t hey do not  r est r i ct  any l ocal  expandi ng of  t he 
hose when pr essur i zed.   Hose i nst al l at i on i s t o adher e t o t he SAE J1273.

3. 7. 6. 5   Suppor t  of  Val ves wi t h Manual  Oper at or s

Val ves t hat  oper at e t hr ough a manual  oper at or  ( such as a handwheel  or  
handl ever ) connect i ng t o hydr aul i c t ubi ng must  have a hanger  or  suppor t  on 
each si de of  t he val ve wi t hi n 1 i nch of  t he connect i on.  Such val ves 
i ncl ude bl ock,  bal l  and needl e val ves.  The hanger s or  suppor t s must  
t r ansl at e t he l oad f r om t he use of  t he manual  oper at or  away f r om t he 
connect i on of  t he val ve and t ubi ng.   Val ves used wi t h hydr aul i c pi pi ng 
l ar ger  t han 2 i nches i n di amet er  may not  r equi r e t hi s addi t i onal  suppor t  
i f  t he manual  oper at or  can be used wi t hout  i nduct i on det r i ment al  i nduct i on 
of  f or ces i nt o t he assembl y.

3. 7. 6. 6   Suppor t  of  Car t r i dge Component s

Component s,  such as f i l t er s,  t hat  r equi r e t he per i odi c r emoval  and 
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i nst al l at i on of  housi ngs and car t r i dges,  must  not  be suppor t ed by  
hydr aul i c t ubi ng.   The component ' s mani f ol d or  housi ng must  be di r ect l y 
suppor t ed so t hat  t he f or ces used t o per f or m t he per i odi c r emoval  and 
i nst al l at i on of  t he housi ng or  car t r i dge el ement  i s not  t r ansl at ed i nt o 
i t s connect i on wi t h t he hydr aul i c t ubi ng or  pi pi ng.

3. 7. 6. 7   I dent i f i cat i on of  Pi pi ng,  Hoses,  and Val ves

I dent i f y al l  pi pe,  t ubi ng,  val ves,  f i t t i ngs,  as r equi r ed,  and hydr aul i c 
power  equi pment ,  l ocat ed wi t hi n t he t r enches,  machi ne r ooms,  and machi ner y 
r ecesses.   Use No.  20 gauge br ass t ags f or  t aggi ng,  wi t h t he pr oper  
i dent i f i cat i on symbol  st amped i nt o t he met al .   Use pi pi ng symbol s as 
i ndi cat ed and st amp wi t h 19 mm or  3/ 4- i nch hi gh l et t er i ng.   At t ach t ags t o 
pi pi ng and val v i ng by means of  No.  12 gauge copper  wi r e.   I nst al l  pi pe 
mar ker s at  i nt er val s of  no gr eat er  t han 5 m or  15 f eet ,  except  as appr oved.

a.   Pr ovi de a numer i cal  i dent i f i cat i on t ag on each val ve,  coded such t hat  
no ot her  val ve i n a connect ed hydr aul i c power  syst em has t he same 
number .   Pr ovi de each power  c i r cui t  val ve wi t h an addi t i onal  t ag,  
whi ch i ndi cat es t he val ve' s f unct i on.

b.   Pr ovi de mani f ol d- mount ed val ves wi t h por t  i dent i f i cat i on mar ki ngs on a 
par t  of  t he val ve body t hat  r emai ns i n v i ew af t er  mount i ng.

c.   I dent i f y al l  ot her  val ves at  t he por t  l ocat i on,  on t he connect i ng 
pi pi ng.

d.   I dent i f y mani f ol d assembl i es wi t h a t ag i ndi cat i ng t he mani f ol d' s 
f unct i on and t he i dent i t y of  t he machi ne oper at ed.

e.   I dent i f y al l  bal l ,  bl eed,  and gl obe val ves wi t h a " nor mal l y c l osed"  or  
" nor mal l y open"  l egend.

f .   I dent i f y al l  gauge mount s and pr essur e t r ansducer  mount s wi t h 
numer i cal  t ags,  as wel l  as any wor ki ng or  i nst r uct i on t ags r equi r ed 
f or  saf e oper at i on.

g.   Pr ovi de a war ni ng t ag and an i nst r uct i on t ag,  or  t ags as r equi r ed,  at  
each r et ur n f i l t er  assembl y t o i ndi cat e t he saf e,  appr oved pr ocedur es 
f or  car t r i dge r epl acement  and by- pass oper at i on.  

3. 8   CLEANI NG AND FLUSHI NG

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTES:   The al l owabl e l i mi t  of  cont ami nat i on i n t hi s 
par agr aph i s subj ect  t o t he speci f i c  pr oj ect  desi gn 
r equi r ement s whi ch may necessi t at e r evi s i on or  
expansi on t o cover  var yi ng st andar ds of  accept ance.   
The amount  and si zes of  par t i c l es whi ch any gi ven 
component  can t ol er at e i s a f unct i on of  t he 
c l ear ances bet ween movi ng par t s,  t he f r equency and 
speed of  oper at i on,  and t he mat er i al s of  
const r uct i on.  Tol er ances r ange f r om l ow pr essur e 
gear  pumps whi ch may gi ve sat i sf act or y per f or mance 
wi t h di r t  l evel s t ypi cal l y f ound i n new f l ui d ( I SO 
4406)  t o ser vo cont r ol  val ves whi ch r equi r e oi l  much 
cl eaner  ( I SO 4406 16/ 14/ 11) .   Gener al  gui del i nes ar e 
as f ol l ows:
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SYSTEM TYPE CODE LEVEL

Low pr essur e -  manual  cont r ol 20/ 18/ 15 or  bet t er

Low t o medi um pr essur e -  el ect r ohydr aul i c cont r ol s 19/ 17/ 14 or  bet t er

Syst ems wi t h ser vo or  pr opor t i onal  cont r ol  val ves 17/ 15/ 12

Hi gh pr essur e- ser vo cont r ol l ed 16/ 14/ 11 or  bet t er

Hydr aul i c f l ui d power  equi pment  i s r at ed accor di ng 
t o maxi mum pr essur e.   Gener al l y l ow pr essur e i s 0 t o 
4. 1 MPa ( 0 t o 600 psi ) ,  medi um pr essur e t o 20. 7 MPa 
( 3000 psi ) ,  and hi gh pr essur e t o 34. 5 MPa ( 5000 psi ) .

Resul t s of  mi cr oscopi c aut omat i c par t i c l e count er  
par t i c l e count  i n accor dance wi t h I SO 4406 Hi gher  
code l evel s i ndi cat e hi gher  par t i c l e count s per  
mi l l i met er .

I SO 4406 i s an i nt er nat i onal l y r ecogni zed st andar d 
t hat  expr esses t he l evel  of  par t i cul at e 
cont ami nat i on of  a l ubr i cat i ng f l ui d.  Thi s i s t he 
pr ef er r ed st andar d f or  par t i c l e count i ng and shoul d 
be used i n t est i ng l ubr i cant s.  I SO 4406 i s a 
c l eanl i ness r at i ng syst em t hat  i s based on a number  
of  cont ami nat i on par t i c l es i n a 1- mi l l i l i t er  ( ml )  
f l ui d sampl e.  Once t he number  and si ze of  t he 
par t i c l es ar e det er mi ned,  t he poi nt s ar e pl ot t ed on 
a st andar di zed char t  of  I SO r ange number s t o conver t  
t he par t i c l e count s i nt o an I SO 4406 r at i ng.  The I SO 
4406 r at i ng pr ovi des t hr ee r ange number s t hat  ar e 
separ at ed by a s l ash,  such as 16/ 14/ 12.  Al l  t hr ee 
val ues f or  appl i cabl e r ange number s can be 
det er mi ned t hr ough t he use of  t he I SO 4406 
st andar di zed char t  based on t he act ual  number  of  
par t i c l es count ed wi t hi n t he 1- ml  sampl e f or  each 
si ze cat egor y.  The f i r st  number  i n t he I SO 4406 
st andar d r epr esent s t he number  of  par t i c l es pr esent  
measur i ng gr eat er  t han 4 mi cr on,  t he second 
r epr esent s par t i c l es gr eat er  t han 6 mi cr on and t he 
t hi r d r epr esent s t hose gr eat er  t han 14 mi cr on.  As 
t he r ange number  i ncr eases by one val ue,  t he number  
of  par t i c l es i n a sampl e of  oi l  wi l l  doubl e.  On t he 
r ange code,  each number  i s doubl e t he r ange bel ow.

For  exampl e,  an oi l  wi t h a code of  19/ 17/ 14 shoul d 
cont ai n t wi ce as many par t i c l es i n each si ze 
cat egor y as t he code of  17/ 15/ 12.  For  cr i t i cal  
component s,  par t i c l e count i ng and t est i ng shoul d be 
r epeat ed t o conf i r m t he I SO r at i ng.

Fi l t er  manuf act ur i ng f i r ms can be t he sour ce of  
i nf or mat i on r egar di ng det er mi nat i on of  cont ami nat i on 
l evel s and anal ysi s and have avai l abl e por t abl e k i t s 
f or  mor e gener al  det ect i on of  cont ami nat i on.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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Dur i ng assembl y,  secur el y cover  al l  openi ngs t o avoi d t he ent r ance of  
abr asi ves,  di r t ,  met al  chi ps,  and ot her  f or ei gn mat er i al s i nt o t he 
hydr aul i c syst em t hr ough open ends of  pi pi ng,  t ubi ng,  and por t s of  t he 
component s.   Use t he same hydr aul i c f l ui d f or  f l ushi ng as appr oved f or  
f i nal  f i l l i ng.   I ncl ude a det ai l ed descr i pt i on of  t he equi pment ,  
mat er i al s,  hydr aul i c f l ui d,  t emper at ur es,  and dur at i on of  each phase of  
t he f l ushi ng i n t he pr ocedur es.   Cl ean t he syst em of  par t i c l es so t hat  t he 
c l eanl i ness l evel  i s  [ 15/ 13/ 10]  [ 17/ 15/ 12]  [ _____]  or  bet t er .  i n 
accor dance wi t h I SO 4406.   Take t hr ee 500 mi l l i l i t er  sampl es at  appr oved 
l ocat i ons i n accor dance wi t h I SO 4021.   Per f or m par t i c l e count i ng on each 
sampl e i n accor dance wi t h I SO 11500 or  I SO 4407 by an appr oved i ndependent  
t est  l abor at or y.   Wat er  cont ent  of  each sampl e t o be bel ow 200 ppm.   
Recl ean i f  any sampl e does not  compl y wi t h t he per mi ssi bl e cont ami nat i on 
l i mi t s,  and r ei nspect .   When f l ushi ng i s compl et ed,  [ dr ai n t he syst em and 
t hen]  f i l l  syst em wi t h t he speci f i ed hydr aul i c f l ui d i nt r oduced t hr ough a 
[ 10 µm]  [ 5µm]  [ _____]  µm f i l t er .   Accessi bl e i nt er i or  por t i ons of  t he 
syst em t o al so be subj ect ed t o v i sual  and wi pe t est s and any evi dence of  
cont ami nant s exceedi ng al l owabl e l i mi t s r equi r es r ecl eani ng of  t he syst em.

3. 8. 1   Fl ushi ng Pi pi ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Dur at i on of  f l ushi ng i s ver y dependent  on 
l engt h of  r out i ng,  t he number  of  f i t t i ngs,  t he 
number  of  val ves,  t he number  of  hoses,  t he number  of  
bypass l oops,  et c.  The goal  i s  t o have t he f l ui d 
c i r cul at e l ong enough t o f l ush mat er i al ,  but  al so 
l ong enough so t hat  t her e i s not  a f al se posi t i ve 
c l eanl i ness r eadi ng due t o i nadequat e t i me t o l oosen 
mat er i al .

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

Fl ush al l  hydr aul i c pi pi ng bef or e i nst al l at i on of  t he hydr aul i c power  
uni t ,  cyl i nder s,  and mani f ol ds.   I nst al l  by- pass l oops of  pi pi ng i n pl ace 
of  cyl i nder s,  mani f ol ds and t he power  uni t s.   Ci r cul at e hydr aul i c f l ui d 
t hr ough each and ever y pi pe uni t  [ f or  a mi ni mum of  [ 15 mi nut es] [ 30 
mi nut es]  and]  unt i l  r et ur ni ng oi l  meet s t he r equi r ement  f or  syst em 
cl eanl i ness.   Sequence f l ushi ng so t hat  al l  pi pi ng i s f l ushed i n bot h 
di r ect i ons.   The f l ow capaci t y of  t he f l ushi ng syst em t o pr oduce a mi ni mum 
vel oci t y of  4. 6 met er s per  second or  15 f eet  per  second i n al l  pi pi ng.   
Pr ovi de means t o ver i f y t he f l ow dur i ng t he f l ushi ng oper at i on.

3. 8. 2   Fl ushi ng Mani f ol ds and Hoses

Af t er  c l eani ng and pr i or  t o i nst al l at i on,  f l ush each val ve mani f ol d,  pi pe 
mani f ol d,  and hose by c i r cul at i ng hydr aul i c f l ui d t hr ough al l  por t s unt i l  
t he r et ur ni ng f l ui d meet s t he r equi r ement  f or  syst em cl eanl i ness.

3. 9   FI ELD TESTS AND I NSPECTI ONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Each syst em wi l l  have f unct i onal  and 
oper at i onal  t est i ng r equi r ement s t hat  ar e speci f i c  
t o t hat  syst em and i nst al l at i on.   Add/ r emove 
par agr aphs t o addr ess speci f i c  ar eas of  t he syst em 
bei ng t est ed.

I t  i s  r ecommended t hat  t he desi gner  devel op 
pr e- f unct i onal  and f unct i onal  checkl i st s f or  t he 
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Cont r act or  t o per f or m al l  t est i ng r equi r ement s and 
have al l  concer ned par t i es,  i ncl udi ng t he cust omer ,  
pr esent  t o wi t ness and si gn- of f  on t he compl et i on of  
t he checkl i st s.

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

3. 9. 1   Gener al  Requi r ement s -  Fi el d Test i ng

The f ol l owi ng r equi r ement s appl y t o al l  t est i ng act i v i t i es:

a.  Not i f y t he Cont r act i ng Of f i cer  at  l east  14 cal endar  days bef or e any 
f i el d t est i ng i s t o be conduct ed.   

b.  Conduct  t est i ng i n t he pr esence of  t he Cont r act i ng Of f i cer  unl ess 
wai ved i n wr i t i ng.  

c.  Conduct  t est i ng under  t he di r ect i on of  t he er ect i on engi neer  or  
manuf act ur er ' s r epr esent at i ve.

d.  Const ant l y moni t or  det ai l s of  al l  oper at i ons f or  s i gns of  i mpendi ng 
t r oubl e or  l eakage and make cor r ect i ons as necessar y t o pr event  damage 
t o t he equi pment .  

e.  I mmedi at el y cor r ect  any def i c i ency or  mal adj ust ment  di scl osed by t he 
t est s and r epeat  t he t est  unt i l  sat i sf act or y r esul t s ar e obt ai ned.   No 
subsequent  t est s wi l l  be per mi t t ed unt i l  al l  pr ecedi ng t est s have been 
compl et ed sat i sf act or i l y .

f .  No subsequent  t est s wi l l  be per mi t t ed unt i l  al l  pr ecedi ng t est s have 
been compl et ed sat i sf act or i l y .

3. 9. 2   Fi el d Pr essur e Test i ng

3. 9. 2. 1   Pr essur e Test i ng Requi r ement s

Per f or m a hydr ost at i c pr essur e t est  f or  al l  new i nst al l ed[ ,  r ehabi l i t at ed]  
[ and/ or  di st ur bed]  pi pi ng and equi pment .   Pr essur e t est i ng may be spl i t  up 
i nt o di st i nct  and separ at e por t i ons as det er mi ned by t he Cont r act or .   
Per f or m t he pr essur e t est i ng i n accor dance wi t h t he f ol l owi ng 
r equi r ement s:  

a.  Use t he hydr aul i c f l ui d speci f i ed i n t hi s SECTI ON as t he t est  f l ui d.  

b.  Use a t est  pr essur e of  [ 1. 5 t i mes t he r at ed pr essur e of  t he 
syst em] [ ____ psi ] .

c.  Per f or m each t est  f or  a mi ni mum of  [ 1 hour ]  and addi t i onal  t i me as 
needed t o ver i f y no l eakage.  

d.  I nspect  al l  j oi nt s,  seal s,  packi ng,  val ves,  and ot her  ar eas t hat  ar e 
possi bl e l eak poi nt s.  Car ef ul l y exami ne wel ded,  f l anged,  f l ar ed,  and 
t hr eaded connect i ons and wi pe f or  l eakage,  al so i nspect  l i nes f or  
evi dence of  def l ect i on caused by i nadequat e anchor age.  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Zer o bypass l eakage acr oss pi st on seal s i s 
cr i t i cal  f or  l oad hol di ng and conf i r mi ng t he heal t h 
of  t he seal  syst em.

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

SECTI ON 35 05 40. 14 10  Page 99



e.  The cr i t er i a f or  a successf ul  t est  i s  zer o l eaks,  zer o dr op i n 
pr essur e,  and no def l ect i on of  pi pi ng or  equi pment .

f .  Take means t o pr ot ect  ot her  por t i ons of  t he syst em not  bei ng t est ed 
f r om becomi ng i nadver t ent l y pr essur i zed dur i ng t est i ng.

3. 9. 2. 2   Fi el d Pr essur e Test i ng Pl an

Pr epar e and submi t  a pr essur e t est i ng pl an a mi ni mum of  [ 45]  days pr i or  t o 
t he st ar t  of  t est i ng.   The pl an must  be appr oved pr i or  t o t he st ar t  of  
t est i ng.   I ncl ude t he f ol l owi ng el ement s,  at  a mi ni mum,  i n t he pl an:

a.  A st ep- by- st ep,  r epeat abl e pr ocedur e f or  per f or mi ng t he pr essur e 
t est i ng.   [ Addr ess how chal l engi ng t o r each por t i ons of  t he equi pment  
wi l l  be accessed f or  i nspect i on dur i ng t he t est . ]  [ Addr ess 
i nst al l at i on det ai l s of  t empor ar y i nst r ument s and measur i ng devi ces. ]

b.  Li st  of  equi pment  and i nst r ument at i on t o be used dur i ng t he t est .

c.  Spi l l  pr ot ect i on,  cont r ol s and count er  measur es pl an t o addr ess pl ans 
and r esponse t o any l eaki ng oi l .

d.  Sampl e dat a r ecor di ng sheet s.

3. 9. 2. 3   Fi el d Pr essur e Test i ng Repor t

For  each pr essur e t est  per f or med,  submi t  a t est  r epor t .   I ncl ude t he 
f ol l owi ng el ement s,  at  a mi ni mum,  i n t he r epor t :

a.  Dat e( s)  t est i ng t ook pl ace.

b.  I dent i f i cat i on of  t he equi pment  or  syst ems of  equi pment  t est ed and 
cover ed by t he t est  r epor t .

c.  Compl et ed dat a r ecor di ng sheet s wi t h t he r esul t s f r om t est i ng.

d.  Shor t  nar r at i ve or  st at ement  conf i r mi ng successf ul  compl et i on of  t he 
t est .   

e.  I f  i ssues wer e di scover ed dur i ng t est i ng and any t est i ng had t o be 
r epeat ed,  pr ovi de a nar r at i ve descr i bi ng t he i ssues and t he measur es 
t aken t o cor r ect  t he i ssues.

f .  Cur r ent ,  non- expi r ed cal i br at i on cer t i f i cat es f or  al l  i nst r ument at i on 
and measur ement  devi ces used dur i ng t est i ng.

3. 9. 3   Fi el d Funct i onal  Test i ng

3. 9. 3. 1   HPU Funct i onal  Test i ng Requi r ement s

Per f or m t he f ol l owi ng f unct i onal  t est s and i nspect i ons f or  t he HPU:

a.  I nspect  t he hydr aul i c r eser voi r  t o ensur e t hat  t he f l ui d i s at  t he 
pr oper  l evel .

b.  St ar t  t he hydr aul i c pumps f r om al l  cont r ol  st at i ons.

c.  Pumps:  
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1)  I nspect  t he pumps f or  pr oper  oper at i on and di schar ge pr essur e.

2)  Ver i f y pr oper  oper at i on of  t he pump cont r ol s [ i ncl udi ng l ead- l ag 
f unct i ons f or  al l  pumps. ]

3)  Read and r ecor d t he di schar ge pr essur e and f l ow of  [ t he] [ each]  pump 
[ wi t h t he pumps r unni ng i ndi v i dual l y and al l  possi bl e combi nat i ons 
of  mul t i pl e pumps r unni ng] .

4)  Moni t or  and r ecor d,  usi ng dat a col l ect i on equi pment ,  t he mot or  
vol t age and amper age dur i ng al l  mot or  oper at i ons.

d.  Adj ust  t he pr essur e r el i ef  [ val ve] [ val ves]  t o l i mi t  t he syst em pr essur e 
t o t he speci f i ed val ue.   Recor d t he set  pr essur e and val ve adj ust er  
set t i ng.

e.  Adj ust  t he unl oadi ng [ val ve] [ val ves]  t o unl oad t he pumps t o t he 
r eser voi r  when t he [ accumul at or  has been char ged]  t o t he speci f i ed 
pr essur e or  i f  t he cont r ol  val ves ar e not  act uat ed.   Measur e and 
r ecor d unl oader  set t i ngs,  act uat i ng pr essur e and f l ow r at e dur i ng 
unl oader  oper at i on.

[ f .   I nspect  and adj ust  t he accumul at or  pr echar ge pr essur e t o t he speci f i ed 
val ue. ]

3. 9. 3. 2   Cont r ol  Consol e Funct i onal  Test i ng Requi r ement s

For  [ t he] [ each]  cont r ol  consol e:

a.  Ver i f y t he cor r ect  oper at i on of  each devi ces on t he cont r ol  consol e,  
i ncl udi ng but  not  l i mi t ed t o:  [ manual  shut - of f  val ves] [ ,  manual  
cont r ol  val ves] [ ,  manual  f l ow cont r ol  val ves] [ ,  sol enoi d oper at ed 
val ves] [ ,  check val ves] [ ,  pr essur e gauges] [ ,  and ____] .   

b.  Test  al l  aut omat ed cont r ol  syst ems and devi ces.

[ c.  Funct i onal  t est i ng sequence speci f i c  t o t he syst em]

3. 9. 3. 3   Fi el d Funct i onal  Test i ng Pl an

Pr epar e and submi t  a f unct i onal  t est i ng pl an.   Submi t  pl an a mi ni mum of  
[ 45 days]  pr i or  t o t he st ar t  of  t est i ng.   Pl an must  be appr oved by t he 
Gover nment  pr i or  t o t he st ar t  of  t est i ng.   I ncl ude t he f ol l owi ng el ement s 
i n t he pl an at  a mi ni mum:

a.  A st ep- by- st ep,  r epeat abl e pr ocedur e f or  per f or mi ng t he f unct i onal  
t est i ng.   The pr ocedur e must  i ndi v i dual l y addr ess t est i ng of  t he 
cont r ol s and cont r ol  consol es and t he HPU.

b.  Li st  of  equi pment  and i nst r ument at i on t o be used dur i ng t he t est .

c.  Spi l l  pr ot ect i on,  cont r ol s and count er  measur es pl an t o addr ess pl ans 
and r esponse t o any l eaki ng oi l .

d.  Sampl e dat a r ecor di ng sheet s.
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3. 9. 3. 4   Fi el d Funct i onal  Test i ng Repor t

For  each f unct i onal  t est  per f or med,  submi t  a t est  r epor t .   I ncl ude t he 
f ol l owi ng el ement s,  at  a mi ni mum,  i n t he r epor t :

a.  Dat e( s)  t est i ng t ook pl ace.

b.  I dent i f i cat i on of  t he equi pment  or  syst ems of  equi pment  t est ed and 
cover ed by t he t est  r epor t .

c.  Compl et ed dat a r ecor di ng sheet s wi t h t he r esul t s f r om t est i ng.

d.  Shor t  nar r at i ve or  st at ement  conf i r mi ng successf ul  compl et i on of  t he 
t est .

e.  I f  i ssues wer e di scover ed dur i ng t est i ng and any t est i ng had t o be 
r epeat ed,  pr ovi de a nar r at i ve descr i bi ng t he i ssues and t he measur es 
t aken t o cor r ect  t he i ssues.

f .  Cur r ent ,  non- expi r ed cal i br at i on cer t i f i cat es f or  al l  i nst r ument at i on 
and measur ement  devi ces used dur i ng t est i ng.

3. 9. 4   Accept ance Test i ng

3. 9. 4. 1   Gener al  Requi r ement s -  Accept ance Test i ng

Upon compl et i on of  al l  pr essur e t est i ng and f unct i onal  t est i ng,  per f or m 
accept ance t est i ng.   Accept ance t est i ng must  pr ove t hat  t he compl et e 
syst em,  as i nst al l ed,  meet s al l  r equi r ement s of  t he cont r act .   Dur i ng 
accept ance t est i ng per f or m t he f ol l owi ng:

a.  Moni t or  and r ecor d t he f ol l owi ng dur i ng al l  accept ance t est i ng.   
[ Measur ement s must  be r ecor ded usi ng cont i nuous dat a l oggi ng equi pment  
sampl i ng at  a mi ni mum of  10 sampl es per  second] :

1)  Hydr aul i c f l ui d t emper at ur e at  HPU di schar ge[ ,  and ___]

2)  Fl ow r at e at  each cyl i nder [ at  HPU di schar ge] [ ,  and ___]

3)  Pr essur e i n suppl y and r et ur n l i nes [ ,  at  HPU di schar ge] [ ,  and ___]

4)  Speed,  t emper at ur e,  vol t age,  and amper age of  each mot or

5)  Fl ow Cont r ol  Val ve Set t i ngs

[ 5)  ____]

b.  Dur i ng each t est  oper at i on,  i nspect  t he hydr aul i c l i nes and component s 
f or  evi dence of  l eakage.  

c.  Check f l ow cont r ol  val ves and adj ust  as r equi r ed t o conf or m t o 
i ndi cat ed oper at i ng t i me r equi r ement s.

d.  I nspect  and adj ust  sequence val ves as r equi r ed t o obt ai n t he i ndi cat ed 
sequence of  oper at i on.  

e.  Adj ust  chokes i n pi l ot  c i r cui t s of  pi l ot - oper at ed val ves t o obt ai n 
smoot h,  shock- f r ee oper at i on.   
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f .  Adj ust  r el i ef  val ves and count er bal ance val ves t o t he pr oper  pr essur es 
as i ndi cat ed,  unl ess ot her wi se di r ect ed by t he Cont r act i ng Of f i cer .   

g.  [ Adj ust  pr opor t i onal  cont r ol  val ves f or  t he pr oper  f l ows t o achi eve 
desi r ed cyl i nder  oper at i ng speeds as di r ect ed by t he Cont r act i ng 
Of f i cer . ]   

h.  I nspect  r esponse of  component s t o oper at i on of  appl i cabl e cont r ol s t o 
conf i r m t hat  al l  connect i ons have been made pr oper l y.

g.  Obser ve component s and f or  excessi ve v i br at i on,  al i gnment  and oper at i ng 
c l ear ances.

h.  Recor d obser vat i ons r egar di ng such event s as unusual  sounds,  
mal f unct i ons or  di f f i cul t i es encount er ed,  and adj ust ment s r equi r ed.

3. 9. 4. 2   Fi el d Accept ance Test i ng Requi r ement s

Per f or m t he f ol l owi ng accept ance t est s.   Oper at i ng t est s t o cover  a per i od 
of  not  l ess t han [ 4]  [ __]  hour s,  and conduct  al l  t est s at  such t i mes as 
t he Cont r act i ng Of f i cer  may di r ect .   Af t er  i nst al l at i on and t est i ng of  t he 
hydr aul i c syst em has been compl et ed,  i nst al l  a compl et e set  of  new and 
unused f i l t er  car t r i dges. :

a.  Af t er  f i nal  assembl y and i nst al l at i on of  t he machi ner y,  equi pment  and 
pi pi ng,  and pr i or  t o [ f l oodi ng t he l ock]  [ _____] ,  oper at e each 
assembl y of  oper at i ng machi ner y i ndi v i dual l y as near l y as pr act i cabl e 
under  i t s nor mal  oper at i ng condi t i ons f or  a mi ni mum of  [ 5]  [ _____]  
open/ cl ose cycl es t o demonst r at e t hat  each assembl y i s i n pr oper  
wor ki ng or der  and f r ee f r om def ect s of  mat er i al s,  wor kmanshi p or  
al i gnment .   

b.  Upon sat i sf act or y compl et i on of  t he i ndi v i dual  t est s,  and bef or e f i nal  
accept ance of  t he wor k,  conduct ,  i n t he pr esence of  t he Cont r act i ng 
Of f i cer ,  over - al l  t est i ng t hr ough a mi ni mum of  [ 10]  [ _____]  addi t i onal  
[ l ocki ng oper at i ons wi t h t he l ock f l ooded]  [ oper at i ng cycl es] ,  t o 
demonst r at e t hat  al l  machi ner y has been pr oper l y i nst al l ed and t hat  
[ l ock]  [ ____]  oper at i on can be ef f ect ed wi t hout  i nt er r upt i on.   

3. 9. 4. 3   Fi el d Accept ance Test i ng Pl an

Pr epar e and submi t  an accept ance t est i ng pl an.   Submi t  pl an a mi ni mum of  
[ 45 days]  pr i or  t o t he st ar t  of  t est i ng.   Pl an must  be appr oved by t he 
Gover nment  pr i or  t o t he st ar t  of  t est i ng.   I ncl ude t he f ol l owi ng el ement s 
i n t he pl an at  a mi ni mum:

a.  A st ep- by- st ep,  r epeat abl e pr ocedur e f or  per f or mi ng t he accept ance 
t est i ng.

b.  Li st  of  equi pment  and i nst r ument at i on t o be used dur i ng t he t est .

c.  Spi l l  pr ot ect i on,  cont r ol s and count er  measur es pl an t o addr ess pl ans 
and r esponse t o any l eaki ng oi l .

d.  Sampl e dat a r ecor di ng sheet s.

e.  A s i gn- of f  sheet  must  be i ncl uded i n t he pl an t o i ncl ude t he 
Cont r act or ,  Sub- Cont r act or ,  Er ect i ng Engi neer ,  Gover nment  
Const r uct i on,  Gover nment  Engi neer i ng,  and Gover nment  End User .
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3. 9. 4. 4   Fi el d Accept ance Test i ng Repor t

For  each f unct i onal  t est  per f or med,  submi t  a t est  r epor t .   I ncl ude t he 
f ol l owi ng el ement s,  at  a mi ni mum,  i n t he r epor t :

a.  Dat e( s)  t est i ng t ook pl ace.

b.  I dent i f i cat i on of  t he equi pment  or  syst ems of  equi pment  t est ed and 
cover ed by t he t est  r epor t .

c.  Compl et ed dat a r ecor di ng sheet s wi t h t he r esul t s f r om t est i ng.

d.  Shor t  nar r at i ve or  st at ement  conf i r mi ng successf ul  compl et i on of  t he 
t est .

e.  I f  i ssues wer e di scover ed dur i ng t est i ng and any t est i ng had t o be 
r epeat ed,  pr ovi de a nar r at i ve descr i bi ng t he i ssues and t he measur es 
t aken t o cor r ect  t he i ssues.

f .  Cur r ent ,  non- expi r ed cal i br at i on cer t i f i cat es f or  al l  i nst r ument at i on 
and measur ement  devi ces used dur i ng t est i ng.

g.  A wr i t t en st at ement  t hat  t he hydr aul i c power  syst em has been f i el d 
t est ed and meet s al l  oper at i onal  r equi r ement s.

3. 9. 5   Fi nal  Oi l  Test i ng

Af t er  al l  f i el d t est i ng i s compl et e,  t ake t hr ee 500 mi l l i l i t er  sampl es at  
appr oved l ocat i ons i n accor dance wi t h I SO 4021.   Per f or m par t i c l e count i ng 
on each sampl e i n accor dance wi t h I SO 11500 or  I SO 4407 by an appr oved 
i ndependent  t est  l abor at or y.   Wat er  cont ent  of  each sampl e t o be bel ow 200 
ppm.   Recl ean i f  any sampl e does not  compl y wi t h t he per mi ssi bl e 
cont ami nat i on l i mi t s,  and r ei nspect .   Submi t  f i el d oi l  t est i ng r epor t s.

3. 10   CLEAN- UP

Keep t he wor k ar eas cl ean dur i ng i nst al l at i on of  t he hydr aul i c syst em and 
appur t enances.   Upon compl et i on of  t he i nst al l at i on of  t he hydr aul i c 
syst em and appur t enances,  r emove debr i s and sur pl us mat er i al s r esul t i ng 
f r om t he wor k.   Check f l ui d l evel s and br i ng t o t he pr oper  oper at i ng l evel  
i mmedi at el y af t er  sat i sf act or y compl et i on of  al l  accept ance t est s.

3. 11   FI ELD TOUCH- UP

Chi ps,  scr at ches,  and ot her  damage t o shop- appl i ed pai nt ed sur f aces t o be 
r epai nt ed i n t he f i el d [ as speci f i ed i n Sect i on 09 90 00] .   Fi ni sh f i el d 
col or s must  mat ch t hose of  mar r ed f i ni shes.

3. 12   SPARE PARTS LI ST

Af t er  appr oval  of  t he dr awi ngs and dat a,  and not  l at er  t han [ _____]  mont hs 
pr i or  t o t he dat e of  benef i c i al  occupancy submi t  t he spar e par t s l i s t  
det ai l i ng t he dat a f or  each di f f er ent  i t em of  mat er i al  and equi pment  
speci f i ed.   I ncl ude a compl et e l i s t  of  par t s and suppl i es,  i ncl udi ng 
l ubr i cant s and f l ui ds,  cur r ent  uni t  pr i ces,  sour ces of  suppl y,  and a l i s t  
of  t he par t s r ecommended by t he manuf act ur er  t o be r epl aced af t er  [ 1]  
[ and]  [ 3]  [ and]  [ 5] year ( s)  of  ser vi ce.
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3. 13   FI ELD I NSTRUCTI ONS PREPARATI ON

Submi t  pr oposed di agr ams,  i nst r uct i ons,  and ot her  sheet s,  bef or e post i ng.   
Wi r i ng and cont r ol  di agr ams showi ng t he compl et e l ayout  of  t he ent i r e 
syst em i ncl udi ng equi pment  pi pi ng,  val ves,  and cont r ol  sequence,  f r amed 
under  gl ass or  i n l ami nat ed pl ast i c,  t o be post ed wher e i ndi cat ed f or  
l ocal  oper at or  and mai nt enance assi st ance.   I n addi t i on,  condensed 
oper at i ng i nst r uct i ons expl ai ni ng pr event i ve mai nt enance pr ocedur es,  
met hods of  checki ng t he syst em f or  nor mal  saf e oper at i on,  and pr ocedur es 
f or  saf el y st ar t i ng and st oppi ng t he syst em t o be t yped,  f r amed as 
speci f i ed f or  t he wi r i ng and cont r ol  di agr ams,  and post ed besi de t he 
di agr ams.   Post  t he f r amed i nst r uct i ons bef or e accept ance t est i ng of  t he 
syst ems.

3. 14   OPERATI ON AND MAI NTENANCE

Submi t  Oper at i on and Mai nt enance manual s as dat a packages i n accor dance 
wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA.   Suppl ement al  
r equi r ement s ar e as descr i bed i n t hi s par agr aph.   Fur ni sh [ _____]  compl et e 
set s of  i nst r uct i ons cont ai ni ng t he manuf act ur er ' s oper at i on and 
mai nt enance i nst r uct i ons f or  each pi ece of  equi pment  t o t he Cont r act i ng 
Of f i cer .   Per manent l y bi nd each set  wi t h a har d cover .   Fur ni sh one 
compl et e set  pr i or  t o f i el d t est i ng and f ur ni sh t he r emai ni ng set s bef or e 
t he cont r act  i s  compl et ed.   I nscr i be t he f ol l owi ng i dent i f i cat i on on t he 
cover s:  " OPERATI NG AND MAI NTENANCE I NSTRUCTI ONS, "  t i t l e of  t he pr oj ect ,  
l ocat i on of  t he pr oj ect ,  t he name of  t he Cont r act or ,  and t he cont r act  
number .   Pl ace a f l ysheet  bef or e i nst r uct i ons cover i ng each subj ect .   The 
i nst r uct i on sheet s s i ze t o be  210 by 297 mm 8 1/ 2 by 11 i nches,  wi t h 
l ar ge sheet s of  dr awi ngs f ol ded i n.   The i nst r uct i ons i ncl ude,  but  ar e not  
l i mi t ed t o,  t he f ol l owi ng:

a.   A cr oss- sect i on dr awi ng of  t he hydr aul i c cyl i nder  wi t h par t s l i s t .

b.   Det ai l ed f abr i cat i on dr awi ngs f or  al l  cust om f abr i cat ed component s of  
t he hydr aul i c cyl i nder s.

c.   [ A]  [ Compl et e]  syst em l ayout  dr awi ng[ s]  showi ng t he pi pi ng,  val ves,  
and cont r ol s as i nst al l ed.

d.   [ A]  [ Compl et e]  syst em hydr aul i c schemat i c.

e.   Mani f ol d f abr i cat i on dr awi ngs wi t h di mensi ons and l ocat i ons of  
pr e- dr i l l ed passages and cavi t i es.

f .   El ect r i cal  wi r i ng and cont r ol  di agr ams as i nst al l ed.

g.   Oper at i ng and mai nt enance i nst r uct i ons.

h.   Manuf act ur er ' s bul l et i ns,  cat al og cut s,  and descr i pt i ve dat a.

i .   A wr i t t en cont r ol  sequence descr i bi ng st ar t up,  oper at i on,  and 
shut down.   Uni quel y i dent i f y t he cont r ol  sequence and l i s t  t he 
i ndi v i dual  component s of  t he hydr aul i c syst em.    Each component  t o 
have [ t he manuf act ur er ' s name,  model  number ,  ser vi ce manual ,  par t s 
l i s t ,  and]  a nar r at i ve descr i pt i on as t o t he f unct i on,  pur pose,  and 
l i mi t s of  adj ust ment  ( i f  any)  and met hod of  adj ust ment  f or  t hat  
component .

j .   Fi el d c l eani ng pr ocedur es desi gned t o c l ean t he syst em t o t he 
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r equi r ement s speci f i ed.

Pr ovi de t he Oper at i on and Mai nt enance ( O&M)  Manual  wi t h al l  i nf or mat i on 
whi ch may be needed or  usef ul  f or  oper at i on,  mai nt enance,  r epai r ,  
di smant l i ng or  assembl i ng,  and f or  i dent i f i cat i on of  par t s f or  or der i ng 
r epl acement s.   I ncl ude a det ai l i ng of  possi bl e br eakdowns and r epai r s,  and 
t r oubl eshoot i ng gui des.   The manual  i s subj ect  t o appr oval .   I ncl ude t he 
appr oved  spar e par t s l i s t .

3. 15   TRAI NI NG

[ Tr ai ni ng f or  t he syst ems and component s of  t hi s sect i on i n accor dance wi t h 
Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA. ]

[ Pr ovi de a f i el d t r ai ni ng cour se f or  desi gnat ed oper at i ng st af f  member s.   
Tr ai ni ng t o be pr ovi ded f or  a t ot al  per i od of  [ _____]  hour s of  nor mal  
wor ki ng t i me and ar e t o st ar t  af t er  t he syst em i s f unct i onal l y compl et e 
but  pr i or  t o f i nal  accept ance t est s.   Fi el d t r ai ni ng t o cover  i t ems 
cont ai ned i n t he Oper at i on and Mai nt enance Manual s. ]

       - -  End of  Sect i on - -
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