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SECTION 35 05 40.14 10

HYDRAULI C POAER SYSTEMS FOR Cl VI L WORKS STRUCTURES
11/18

NOTE: This guide specification covers the

requi renents for hydraulic power systems to operate
gates and ot her mechani snms at civil works structures.
This section was originally devel oped for USACE

Cvil Wrks projects.

Adhere to UFC 1-300-02 Unified Facilities Guide
Speci fications (UFGS) Fornmat Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
itens, choose applicable iten(s) or insert
appropriate information.

Renmove information and requirements not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmended changes for
this gui de specification are wel cone and shoul d be
submtted as a Criteria Change Request (CCR).

*% *% *% *% *% *% *% *% *% *% *% *% *%%

PART 1 GENERAL

1
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NOTE: Ensure products used in this section conply
wi th Federal procurenent preference under Section
9002 of the Farm Security and Rural Investnent Act
of 2002. Refer to Section 01 33 29 SUSTAI NABILITY
REPORTI NG for requirenents associated with EPA
desi gnat ed products.

kkkkkkkkkkkkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkhkkkkkkkkkkkhkhhkhkhkkkkkkkkkk

1 SUMMARY

The work covered by this section consists of detailed requirenents for the
[design,] fabrication, shop assenmbly, testing, delivery, and installation

of the hydraulic power systens for operation of the [intake gates] [slide

gates] [control gates] [Tainter gates] [mter gates] [butterfly val ves]
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[ hoi sting equiprent] [ ] as specified and as shown.

[1.2 PRODUCTS | NSTALLED BUT NOT SUPPLI ED

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: List all property which will be furnished to
the Contractor for installation. Delete materials
and equi pnent which are purchased by supply Contract
by the Governnent to be furnished to the Contractor
fromother portions of this specification

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Pursuant to Contract C ause GOVERNVENT- FURNI SHED PROPERTY ( SHORT FORM), the
Government will furnish to the Contractor the follow ng property, if
required, to be incorporated or installed in the work. Such property will
be furnished at the project site for delivery acceptance. Install or
incorporate all such property into the work. Verify the quantity and
condition of such Governnent-furnished property when delivered, acknow edge
receipt thereof in witing and in case of danage to or shortage of such
property, report within 24 hours, in witing, such damage or shortage.

]11.3 MEASUREMENT AND PAYNMENT

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: If Section 01 22 00.00 10 MEASUREMENT AND
PAYMENT is included in the project specifications,
nove this paragraph and its subparagraphs fromthis
section and insert in Section 01 22 00.00 10.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

1.3.1 Payment

Paynment will be nmade for costs associated with the hydraulic power
systen(s) as specified.

1.3.2 Unit of Measure
Unit of nmeasure: Job

1.4 REFERENCES

NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard's Check Reference feature
when you add a Reference ldentifier (RI D) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard' s Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically

be deleted fromthis section of the project
speci ficati on when you choose to reconcile
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references in the publish print process.

kkkkkkkkkkkkkkkkkkkkkkkkhkhkk

*kkk

*kkkkkkhkkkkkkkkkkkkk

The publications listed below forma part of this specification to the
The publications are referred to within the text by the

extent referenced.

basi ¢ designation only.

AMERI CAN VELDI NG SOCI ETY ( AWG)

AWS D1.1/D1. 1M

(2015; Errata 1 2015; Errata 2 2016)
Structural Welding Code - Steel

ASME | NTERNATI ONAL ( ASMVE)

ASME B16. 11

ASME B31.1

ASME B36. 19M

ASME B40. 100

ASME BPVC SEC I X

ASME BPVC SEC VI ||

D1

(2016) Forged Fittings, Socket-Wlding and
Threaded

(2016; Errata 2016) Power Piping
(2004; R 2015) Stainless Steel Pipe

(2013) Pressure Gauges and Gauge
Attachments

(2017; Errata 2018) BPVC Section
| X- Wl di ng, Brazing and Fusing
Qualifications

(2017) BPVC Section VIII-Rules for
Construction of Pressure Vessels Division 1

ASTM | NTERNATI ONAL (ASTM

ASTM A106/ A106M

ASTM A108

ASTM A181/ A181M

ASTM A182/ A182M

ASTM A193/ A193M

ASTM A194/ A194M

ASTM A216/ A216M

(2018) Standard Specification for Seaml ess
Carbon Steel Pipe for High-Tenperature
Service

(2013) Standard Specification for Steel
Bar, Carbon and All oy, Cold-Finished

(2014) Standard Specification for Carbon
St eel Forgings, for General -Purpose Piping

(2018) Standard Specification for Forged
or Rolled Alloy and Stainless Steel Pipe
FI anges, Forged Fittings, and Val ves and
Parts for High-Tenperature Service

(2017) Standard Specification for

Al'l oy-Steel and Stainless Steel Bolting
Materials for Hi gh- Tenperature Service and
O her Special Purpose Applications

(2017a) Standard Specification for Carbon
Steel, Alloy Steel, and Stainless Steel
Nuts for Bolts for Hi gh-Pressure or

Hi gh- Tenperature Service, or Both

(2016) Standard Specification for Steel

SECTI ON 35 05 40.14 10 Page 7



ASTM A234/ A234M

ASTM A266/ A266M

ASTM A269/ A269M

ASTM A312/ A312M

ASTM A354

ASTM A516/ A516M

ASTM A519/ A519M

ASTM A536

ASTM A564/ A564M

ASTM A576

ASTM A659/ A659M

ASTM A705/ A705M

ASTM B177/ B177M

ASTM B254

ASTM B505/ B505M

Castings, Carbon, Suitable for Fusion
Wl di ng, for High-Tenperature Service

(2018) Standard Specification for Piping
Fittings of Wought Carbon Steel and All oy
Steel for Mdderate and Hi gh Tenperature
Service

(2018) Standard Specification for Carbon
Steel Forgings for Pressure Vessel
Components

(2015a) Standard Specification for
Seam ess and Wl ded Austenitic Stainless
Steel Tubing for General Service

(2017) Standard Specification for
Seam ess, Wl ded, and Heavily Cold Wrked
Austenitic Stainless Steel Pipes

(2017; E 2017) Standard Specification for
Quenched and Tenpered All oy Steel Bolts,
Studs, and O her Externally Threaded
Fasteners

(2017) Standard Specification for Pressure
Vessel Plates, Carbon Steel, for Mderate-
and Lower - Tenperature Service

(2017) Standard Specification for Seanl ess
Carbon and All oy Steel Mechani cal Tubing

(1984; R 2014) Standard Specification for
Ductile Iron Castings

(2013; E 2017) Standard Specification for
Hot - Rol | ed and Col d- Fi ni shed Age- Har deni ng
Stainless Steel Bars and Shapes

(2017) Standard Specification for Steel
Bars, Carbon, Hot-Wought, Special Quality

(2012; R 2017) Standard Specification for
Conmercial Steel (CS), Sheet and Strip,
Carbon (0.16 Maximumto 0.25 Maxi num
Percent), Hot-Rolled

(2017) Standard Specification for
Age- Hardeni ng Stai nl ess Steel Forgings

(2011; R 2017) Standard Guide for
Engi neering Chromi um El ectropl ati ng

(1992; R 2014) Standard Practice for
Preparation of and El ectropl ating on
St ai nl ess St eel

(2018) Standard Specification for Copper
Al'l oy Continuous Castings
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ASTM B546

ASTM B584

ASTM B650

ASTM C633

ASTM D2794

ASTM D3951

ASTM D5864

ASTM E1920

ASTM F3125/ F3125M

ASTM F844

ASTM (48

ASTM G85

(2004; R 2014) Standard Specification for
El ectric Fusion-Wl ded N -Cr-Co-M Alloy
(UNS NO6617), Ni-Fe-Cr-Si Alloys (UNS
NO8330 and UNS N08332), Ni -Cr-Fe-Al All oy
(UNS N06603), Ni-Cr-Fe Alloy (UNS N06025),
and Ni-Cr-Fe-Si Al oy (UNS NO6045) Pipe

(2014) Standard Specification for Copper
Al'l oy Sand Castings for Ceneral
Applications

(1995; R 2013) Standard Specification for
El ectrodeposi ted Engi neeri ng Chromi um
Coatings on Ferrous Substrates

(2013; R 2017) Standard Test Method for
Adhesi on or Cohesion Strength of Thernal
Spray Coati ngs

(1993; R 2010) Resistance of Organic
Coatings to the Effects of Rapid
Def ormati on (I npact)

(2015) Commerci al Packagi ng

(2011) Standard Test Method for
Det er mi ni ng Aerobi ¢ Aquati c Bi odegradati on
of Lubricants or Their Conponents

(2003; R 2014) Standard Cuide for
Met al | ographi ¢ Preparati on of Thernal
Sprayed Coati ngs

(2015a) Standard Specification for High
Strength Structural Bolts, Steel and All oy
Steel, Heat Treated, 120 ksi (830 MPa) and
150 ksi (1040 MPa) M nimum Tensil e
Strength, Inch and Metric D nensions

(2007a; R 2013) Washers, Steel, Plain
(Flat), Unhardened for General Use

(2011; R 2015) Standard Test Methods for

Pitting and Crevice Corrosion Resistance

of Stainless Steels and Related All oys by
Use of Ferric Chloride Solution

(2011) Standard Practice for Mdified Salt
Spray (Fog) Testing

GERVAN | NSTI TUTE FOR STANDARDI ZATI ON (DI N)

DI N 53504

(2017) Testing of Rubber - Determination
of Tensile Strength at break, Tensile
Strength at Yield, Elongation at Break and
Stress values in a Tensile Test

SECTI ON 35 05 40.14 10 Page 9



| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGQ NEERS ( | EEE)

| EEE C57.12.70 (2011) Standard Termi nal Markings and
Connections for Distribution and Power
Transformers

| NTERNATI ONAL ORGANI ZATI ON FOR STANDARDI ZATI ON (| SO

| SO 11500 (2008) Hydraulic Fluid Power -
Determ nation of the Particul ate
Cont am nati on Level of a Liquid Sanple by
Automatic Particle Counting Using the
Li ght-Extinction Principle - Second
Addition

| SO 1183-1 (2012) Plastics - Methods for Determ ning
the Density of Non-Cellular Plastics -
Part 1. Inmersion Method, Liquid
Pyknoneter Method and Titrati on Met hod

1 SO 1219-1 (2012; Amd 1 2016) Fluid Power Systens and
Conmponents Graphic Synbols and Circuit
D agrans - Part 1: Graphic Synbols for
Conventional Use and Dat a- Processi ng
Applications

| SO 1219-2 (2012) Fluid Power Systenms and Conponents
Graphi ¢ Synbols and Circuit Diagrans -
Part 2: Circuit Diagrans

| SO 13565 (1996, Corr 1998) Ceonetrical Product
Specifications (GPS) - Surface Texture:
Profile Method; Surfaces Having Stratified
Functional Properties - Part 1: Filtering
and General Measurenment Conditions

| SO 15614-1 (2017) Specification and Qualification of
Wl di ng Procedures for Metallic Materials
- Welding Procedure test - Part 1: Arc and
Gas Wl ding of Steels and Arc Wl ding of
Ni ckel and Nickel Alloys - Second Edition;
Corrected Version 10/2017

| SO 15614-7 (2016) Specification and Qualification of
Wl di ng Procedures for Metallic Materials
- Welding Procedure Test - Part 7: Overlay
Wel di ng - Second Edition

| SO 16889 (2008) Hydraulic Fluid Power - Milti-Pass
Met hod for Evaluating Filtration
Performance of a Filter El enent

| SO 1817 (2015) Rubber, Vul cani zed or Thernopl astic
- Deternmination of the Effect of Liquids -
Sixth Edition

| SO 3274 (1996, Corr 1998) Geonetrical products

Speci fications (GPS) - Surface
Texture: Profile nmethod - Nom nal

SECTI ON 35 05 40.14 10 Page 10



Characteristics of Contact (Stylus)
Instrunments - Second Edition

1 SO 34-1 (2015) Rubber, WVul cani zed rr Thernopl astic
-- Determination of Tear Strength -- Part
1. Trouser, Angle and Crescent Test Pieces

| SO 4021 (1992) Hydraulic Fluid Power - Particul ate
Cont ani nati on Analysis - Extraction of
Fl uid Sanples from Lines of an Operating
System

| SO 4287 (1997, And 1 2009) Geonetrical Product
Specifications (GPS) - Surface Texture:
Profile Method - Terms, Definitions and
Surface Texture Paraneters - First Edition

| SO 4288 (1996, Corr 1 1998) Geonetrical Product
Specifications (GPS) - Surface Texture:
Profile Method - Rules and Procedures for
t he Assessnment of Surface Texture - Second
Edition

1 SO 4406 (2017) Hydraulic Fluid Power - Fluids -
Met hod for Coding the Level of
Cont ami nati on by Solid Particles

| SO 4407 (2002) Hydraulic Fluid Power - Fluid
Cont ami nation - Determ nation of
Particul ate Contani nation by the Counting
Met hod Using an Optical M croscope

1 SO 4413 (2010) Hydraulic Fluid Power —General
Rul es and Safety Requirenents for Systens
and Their Conponents

| SO 4516 (2002) Metallic and Ot her Inorganic
Coatings - Vickers and Knoop M crohardness
Tests

1 SO 48-4 (2018) Rubber, Vul cani zed or Thernopl astic
-- Determ nation of Hardness -- Part 4:

I ndent ati on Hardness by Duroneter Mt hod
(Shore Hardness) - First Edition

| SO 5598 (2008) Fluid Power Systenms and Conponents
- Vocabul ary

| SO 5817 (2014) welding - Fusion-Wlded Joints in
Steel, Nickel, Titanium And Their All oys
(Beam Wl di ng Excluded) - Quality Levels
For Inperfections - Third Edition

| SO 6507 (2018) Metallic Materials -- Vickers
Har dness Test -- Part 1: Test Method -
Fourth Edition

| SO 815-1 (2014) Rubber, WVul cani zed or Thernopl astic
-- Determnation of Conpression Set --
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Part 1. At Anbient or Elevated Tenperatures

I SO 9001 (2008; Corr 1 2009) Quality Managenent
Systens- Requirenents

| SO 9223 (2012) Corrosion of Metals and All oys —
Corrosivity of Atnobspheres —
Classification, Determnation and
Estimation - Second Edition

| SO 9227 (2017) Corrosion Tests in Artificial
At nospheres - Salt Spray Tests - Fourth
Edition

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

MBS SP-58 (2009) Pi pe Hangers and Supports -
Mat erial s, Design and Manuf acture,
Sel ection, Application, and Installation

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMVA)

ANSI C80.1 (2005) Anmerican National Standard for
El ectrical Rigid Steel Conduit (ERSC)

NEMA I CS 1 (2000; R 2015) Standard for Industrial
Control and Systens: CGeneral Requirenents

NEMA | CS 2 (2000; R 2005; Errata 2008) Industrial
Control and Systens Controllers,
Contactors, and Overl oad Rel ays Rated 600 V

NEMA | CS 6 (1993; R 2016) Industrial Control and
Systens: Encl osures

NEVA MG 1 (2016; SUPP 2016) Mdtors and Generators

NEMA RN 1 (2005; R 2013) Pol yvinyl-Chloride (PVQ

External |y Coated Gal vani zed Rigid Steel
Conduit and Internmedi ate Metal Conduit

NATI ONAL FLUI D POAER ASSCCI ATI ON ( NFLPA)
NFLPA T2.13.1 (2007; 5th Ed) Recommended Practice —
Hydraulic Fluid Power — Use OF Fire
Resistant Fluids In Industrial Systens

SOCI ETY OF AUTOMOTI VE ENG NEERS | NTERNATI ONAL ( SAE)

SAE J514 (2012) Hydraulic Tube Fittings
SAE J517 (2017) Hydraulic Hose
SAE J518-1 (2013) Hydraulic Flanged Tube, Pipe, and

Hose Connections, 4-Screw Fl ange
Connection Part 1: 3.5 MPa to 35 MPa (Code
61)
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U. S. ENVI RONVENTAL PROTECTI ON AGENCY ( EPA)

EPA 560/ 6- 82- 002 (1982) Cuidelines and Support Docunents
for Environmental Effects Testing

UNDERWRI TERS LABORATORI ES (UL)
UL 50 (2015) UL Standard for Safety Encl osures
for Electrical Equipment,
Non- Envi ronnent al Consi derati ons

UL 6 (2007; Reprint Nov 2014) Electrical Rigid
Met al Conduit - St eel

1.5 DESI GN AND PERFCORVANCE REQUI REMENTS

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Include this paragraph in the specifications
when the Contractor is required to furnish the
detail ed design of the system

List all itenms for which the Contractor must furnish
design conputations. |If Contractor designed, also
provide a reference to have the Contractor foll ow
requi renents in USACE EM 1110-2-2610 for hydraulic
power systens.

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkik

The Contract drawi ngs indicate the general arrangenent of the hydraulic
power system for operation of the [intake gates] [slide gates] [contro
gates] [Tainter gates] [miter gates] [butterfly valves] [hoisting
equiprment] [__ ], clearances necessitated by the structure or other

equi prent, maxi mum overal | di mensi ons, and other pertinent features.
Furni sh the detail ed design in accordance with the foll ow ng design
criteria. Furnish the detailed design in accordance with | SO 4413, and the
followi ng design criteria. Ildentify design and di nensional changes
necessary to satisfy the principal design paraneters identified in the

par agraph "Design Paraneters" as variations in the subnmittals. D nensions
submitted that differ fromthose indicated and not otherw se constrai ned by
the Design Paraneters and physical limtations of installation are subject
to approval. Also submt design conputations for all extension of design
items.

1.5.1 Desi gn Paraneters

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhkhkhkkkkkkkkkkk

NOTE: List all design paraneters or criteria
required by the Contractor to design the hydraulic
power system Possible design criteria to consider

are:
a. Maxi mum system pressure.

b. Working system pressure.

c. Rated raising or retracting force.

d. Rated lowering or extending force.

e. Maximumraising or retracting tinme.
f. Maximum |l owering or extending tinme.
g. Hoist stroke.

h. Critical or liniting dinensions.
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i Operating tenperature range.

j. Duty cycles.

k. Accunul ator performance characteristics.
. Corrosivity category

m Any ot her unusual features.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

The princi pal design paraneters for the hydraulic power systemare as
foll ows and were devel oped at the m ni mum operating tenperature and
utilizing the hydraulic fluid as specified:

.5.2 Al | owabl e Stresses

.5.2.1 Structural Itemns

Design structural itens associated with the hydraulic power system such as
support beans, to withstand the maxi mum force exerted by the hydraulic
cylinder plus any dead |l oads with a factor of safety of 2 based on the
yield strength of the materials involved.

.5.2.2 Hydraul ic Cylinders

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Use tel escopic hydraulic cylinders only for
special retrofit applications where regular single
or doubl e acting cylinders cannot be used or where

t he physical constraints of the installation |eave
no other alternative. Uilize Euler fornula or other
anal ytical methods to determ ne buckling strength of
cylinder rod. Designer will need to deterni ne how
the cylinder is fixed and connected to deterni ne
buckl i ng strength.
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Design all hydraulic cylinders to withstand a nmaxi num operating pressure of
21[ ] MPa 3000[ ] psi with a factor of safety of 5 based on the ultimate
strength of the material or 2 based on the yield strength of the nmaterial
Apply a factor of safety of 3 to the conpression | oad when designing the
hydraulic cylinders to resist buckling. End fixity coefficients for
determining the effective buckling I ength for each hydraulic cylinder are

[1.0] [___1].

.5.2.3 Stress Concentrati on Factors

Use stress concentration factors where applicable. Reduction of allowable
stresses to conpensate for repeated cycles of loading is not required.

.5.3 Corrosivity Environnent Category

Desi gn hydraulic cylinders, cylinder rods and conponents to neet the
corrosivity category [___ ] in accordance with | SO 9223 to neet anti ci pated
at nospheric environment the cylinders and piston rods will be operating
within.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Select a Corrosivity Category (Cl-C5, or CX)
to nmeet the nmeasured corrosion rates of 1 year tests
conducted in the actual intended environment for the
hydraulic cylinder in accordance with | SO 9223 and
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| SO 9226 OR to neet the anticipated at nospheric
environnent in accordance with the Table 1 furnished
bel ow. The hydraulic cylinder manufacturer my

al ready have test data which can be requested in a
shop drawi ng submittal. It is inportant to work with
the cylinder manufacturer on the sel ected
corrosivity category. The corrosivity category

i npacts the selection of the piston rod and the type
of rod coating and rod nmaterial. Submerged cylinders
and piston rods should be selected for CX Extrene
category. In environnents with expected "CX
category" classification, it is reconmended that the
at nospheric corrosivity classification be verified
fromone-year or three year corrosion | oss analysis
such as salt water droplet corrosion test to ensure
correct classification if possible or fromexisting
test data. Collection and anal ysis of water quality
data in advance of the installation may al so be
beneficial for environments subject to i mersion
When crossover between categories occurs the

desi gner shoul d select the category with the nore
severe environnent. Additional factors that may

i nfluence the selected corrosivity category include
salt spray, humdity, airborne pollutants,
wat er borne pol lutants, anticipated cylinder rod
retraction operation, frequency of inmersion
frequency of novenent, tinme spent extended, presence
of sheltering, and inspection/mintenance

accessibility.

Table 1: Description of Corrosivity Categories

Corrosivity Category Typi cal Environnents - Exanpl es
| NDOOR OUTDOOR
C1 Heat ed spaces with | ow Dry or cold zone, atnospheric
Very Low relative humdity and environment with very | ow
i nsi gnificant pollution, pollution and time of
e.g. offices, schools, wet ness, e.g. certain
museums. deserts, Centra
Arctic/Antarctica.
Cc2 Unheat ed spaces with Tenper ate zone, atnospheric
Low varyi ng tenperatures and environment with | ow
relative humdity. Low pol lution (SO2 < 5 micro
frequency of condensation grams/ cubic neter), e.g
and low pollution, e.g. rural areas, small towns.
storage, sport halls.
Dry or cold zone, atnospheric
envi ronment with short time
of wetness, e.g. deserts,
subarctic areas

SECTI ON 35 05 40.14 10 Page 15




Corrosivity Category

Typi cal
| NDOOR

Envi ronments - Exanpl es

OUTDOOR

C3
Medium

Spaces with noderate
frequency of condensation
and noderate pollution from
production process, e.g.

f ood- processi ng pl ants,

| aundries, breweries,

dairies.

Tenper ate zone, atnospheric
envi ronment with nedi um

pol lution (SO2: 5 mcro
grams/ cubic neter to 30 micro
grans/ cubic neter) or sone
effect of chlorides, e.g.
urban areas, coastal areas
with | ow deposition of
chlorides.

Subt ropi cal and tropical
zone, atnosphere with | ow
pollution.

C4
High

Spaces with high frequency
of condensation and high
pol l ution from production
process, e.g. industrial
processing plants, sw mm ng
pools.

Spaces with high frequency of
condensati on and high

pol lution from production
process, e.g. industrial
processing plants, sw ming
pools Tenperate zone,

at nospheric environnent with
hi gh pollution (SOQ2: 30 mcro
grans/cubic neter to 90 mcro
grams/ cubic neter) or
substantial effect of
chlorides, e.g. polluted
urban areas, industrial

areas, coastal areas w thout
spray of salt water or,
exposure to strong effect of
de-icing salts.

Subt ropi cal and tropical
zone, atnosphere wth nedi um
pollution.

C5
Very High

Spaces with very high
frequency of condensation
and/or with high pollution
from production process,
e.g. mnes, caverns for

i ndustrial purposes,
unventil ated sheds in
subtropi cal and tropical
zones.

Tenperate and subtropi cal
zone, atnospheric environnent
with very high pollution
(S2: 90 micro grans/cubic
nmeter to 250 micro

grans/ cubi c neter) and/or
significant effect of
chlorides, e.g. industrial
areas, coastal areas,

shel tered positions on
coastline.
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Corrosivity Category Typi cal Environnents - Exanpl es

| NDOOR OUTDOOR
CX Spaces with al nost Subt ropi cal and tropical zone

Extreme per manent condensation or (very high tine of wetness),
ext ensi ve periods of at nospheric environnent with
exposure to extremne very high SO2 pollution
hum dity effects and/or (hi gher than 250 micro
wi th high pollution from gramns/ cubic neter) including
producti on process, e.g. acconpanyi ng and production
unventil ated sheds in humd |factors and/or strong effect
tropical zones with of chlorides, e.g. extreme
penetration of outdoor i ndustrial areas, coastal and
pol l ution including of f shore areas, occasional
ai rborne chl orides and contact with salt spray.
corrosion-stimulating
particulate natter. NOTE: Water Quality Sanpling
Subrer ged cyl i nders and may be required in advance of
pi ston rods. the design project to collect

sufficient data to assess
pol lution levels for

determ nation of Corrosivity
Category.

Applications with frequent
subnergence for extended
periods (> 24 hours).

1.5. 4 Connections
1.5.4.1 Pi nned Connecti ons

Desi gn pi nned hydraulic cylinder connections for field assenbly [as
manuf act ure desi gned] [as shown].

1.5.4.2 Shop Connecti ons
Desi gn shop connections for assenmbly by nmeans of welding or by bolting.

1.5.4.3 Wel ded Connecti ons
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NOTE: |If the need exists for nore stringent

requi renents for weldnments, delete this first
bracket ed paragraph and use the second paragraph
The desi gner shoul d al so consi der whether a U Stanp
per ASME BPVC SEC VIII code is necessary since

cust om produced hydraulic cylinders are generally
exenpt. Note specifically in paragraph bel ow the
exenption of the U stanp requirenment. Al other
requi renents of the ASME BPVSC SEC VIII| code should
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1.

still be enforced.
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Desi gn wel ded connections in accordance with AWS D1.1/D1. 1V except that
provisions for repeated stress is not required. Weld hydraulic cylinders
in accordance with ASME BPVC SEC VIII D1, [ISO 15614-1]. Weld piping in
accordance with ASME B31.1. Qualify procedures and welders in accordance
with  ASME BPVC SEC | X. Wl ding procedures qualified by others, and wel ders
and wel di ng operators qualified by another enployer may be accepted as
permitted by ASME B31.1. [U stanp requirenents per ASME BPVC are waived.]
Notify the Contracting Officer within 24 hours in advance of tests and
performthe tests at the work site if practicable. Apply the welder's or
wel di ng operator's assigned synbol near each weld nade as a pernanent
record. Submt a copy of qualified procedures and a list of names and
identification synbols of qualified welders and wel di ng operators.]

Wl di ng and nondestructive testing procedures for piping are specified in
Section 40 05 13.96 WELDI NG PROCESS PI PI NG. ]

.5.4. 4 Structural Bolted Connections

Make structural bolted connections carrying prinmary |oads with
ASTM F3125/ F3125N, Grade [A325][ A490] bolts [or |SO equival ent standards as
approved].

6 SUBMITTALS

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

NOTE: Review subnmittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the submittals
required for the project.

The @uide Specification technical editors have
designated those itens that require Government
approval, due to their conplexity or criticality,
with a "G" Generally, other submittal itens can be
reviewed by the Contractor's Quality Control

System Only add a “G to an item if the subnittal
is sufficiently inmportant or conplex in context of

t he project.

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the submittal tags nmay be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for
Architect-Engineer; "DO'" for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO" for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

The "S" following a submittal itemindicates that
the submittal is required for the Sustainability
eNot ebook to fulfill federally mandated sustai nabl e
requirenents in accordance with Section 01 33 29
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SUSTAI NABI LI TY REPORTI NG, Locate the "S" submttal
under the SD nunber that best describes the
submittal item

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Arnmy projects.
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CGovernment approval is required for subnmittals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Control
approval .][information only. Wen used, a designation following the "G
designation identifies the office that will review the submittal for the
Government.] Submittals with an "S" are for inclusion in the
Sustai nability eNotebook, in conformance to Section 01 33 29 SUSTAI NABI LI TY
REPORTI NG. Submit the following in accordance with Section 01 33 00
SUBM TTAL PROCEDURES:
SD- 02 Shop Drawi ngs
Schenmatic Drawi ngs and Data
SD- 03 Product Data
Mat eri al s and Mechani cal Equi prment
Standard Products; C[, [ 11
El ectrical Equi pnent
Desi gn and Performance Requirenents; G, | 1]
Shop Assenbly and Testing Procedures
Installati on Procedures; C[, [ 1]
Pi ping Installation
Erecting Engineer Qualifications; ¢, [ 11
C eani ng and Fl ushi ng
Field Testing
Seals, O Rings, and Bearing Material; C[, | 11
SD-06 Test Reports
Qperational Test Reports
Shop Tests
Field Tests
Pi ston Rods (Standard Design)
Pi ston Rods (USACE Desi gn)

SD-10 Operation and Mai ntenance Data
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1

Operation and Mai ntenance; C[, | 1]
7  SCHEMATI C DRAW NGS AND DATA
7.1 Shop Draw ngs

I nclude fabrication, shop assenbly, delivery, and field installation
drawings in the detailed shop drawings. Detail any conponent part of
fabricated items onmitted on the shop drawings. |If departures fromthe
Contract drawi ngs are deened necessary by the Contractor, submit details of
such departures, including changes in related portions of the project and
reasons, with the shop drawings. Provide fabrication and assenbly draw ngs
to 1:8 or 1-1/2 inch = 1 foot-0 inch or |arger scale.

.7.2 Fabri cation Drawi ngs and Assenbly Details

Provide fabrication drawings for all mechanical and structural parts and
conponents, except those of standard design and manufacture. Include in
fabrication drawi ngs conplete detailing, materials of construction

tol erances, machined surface finishes, connections, and weld details with
annotation to differentiate shop welds fromfield welds. Provide detail ed
drawi ngs of the manifolds including required drilled passages. Provide
details and di nensions of the hydraulic cylinder and piston rod as
applicable. Provide details of the cylinder rod neasuring system as
appl i cable [magneto resistive systen] [magnetorestrictive systeni. Provide
details of the proposed coating systemfor the cylinder rod to neet the
required corrosivity category and provide data for any coating system

. 7.3 Hydraul ic Power Unit Draw ngs

Provi de drawi ngs for hydraulic power units showi ng general arrangenment of
conponents and outline dinmensions of unit. Ildentify all components on the
drawi ngs and provide sufficient information to determni ne whether the
conponents proposed conformto the specifications.

. 7.4 Mani f ol d Dr awi ngs

Provi de fabrication drawings for all manifolds show ng general arrangenents
outline dinensions, and drilling dimensions. Identify all conponents on
the draw ngs and provide sufficient information to determ ne whether the
conponents proposed conformto the specifications. ldentify all port
configurations and connecti ons.

. 7.5 Pi pi ng Draw ngs

Provi de piping drawi ngs showi ng the conpl ete hydraulic systemin schematic
format identifying all itens of equipnent incorporated in the system

I nclude details of all pipe supports including those for manifolds and on
the hydraulic power unit.

.7.6 El ectrical Draw ngs

Provide electrical drawings of all electrical equiprment. On electrica
drawi ngs include conplete schematic diagrans and connection diagrans. On
connection di agranms show el ectrical connections (by lines) for each
conduct or between terminal points. Ildentify terminal points.
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1.7.7 Shop Assenbly Draw ngs

Provi de shop assenmbly drawings with details for connecting the adjoining
fabricated conponents in the shop to ensure satisfactory field installation

1.7.8 Hydraul ic Schematic

Provide a conplete hydraulic schematic in accordance with |1SO 1219-1 and
I SO 1219-2. Show all hydraulic conponents including valves and punps on
the schematic, and indicate all setpoint and size paraneters for each
component.

1.7.9 Product Data

I ncl ude performance data and curves for punps, notors and valves. Provide
catal og cuts and outline dinensions for the punps, motors, filters,
heaters, thernostats, float sw tches, pressure transducer, swtches,
breathers, and all valves, valve controls and other accessories.

1.7.10 Del i very Draw ngs

Provi de delivery [drawi ngs][detail s][sketches]with descriptions of methods
of delivering conponents to the site, including details for supporting
fabricated conponents during shipping to prevent distortion or other damage.

1.7.11 Shop Assenbly and Testing Procedures and Results

Provi de procedures for shop testing and operating test for all testing
outlined in paragraphs "SHOP ASSEMBLY AND TESTI NG' and "FI ELD TESTS AND

I NSPECTI ONS. " Submit operational test reports for all required shop
testing and testing of equipnent after installation. Provide records of al
adjustnents and final settings for all hydraulic conponents in the system
This includes punp flow rates, operating tines, relief settings,
count er bal ance val ve adjustnents, operating pressures at both the hydraulic
power units and cylinder manifolds, flow level adjustnents, filter
differential switch settings, and other paraneters as outlined in paragraph
"Test Reports.”

1.7.12 Field Install ati on Procedures

Provide field installation [draw ngs][sketches][nmanuals] with a detailed
description of the field installation procedures. Include the |ocation and
met hod of support of installation and handling equi prent, the provisions to
be taken to protect concrete and other work during installation, the nethod
of mai ntai ni ng conponents in correct alignnent, and the nethods for
installing other appurtenant items. |nclude dates and schedul e of work.
Subnmit nethods and procedures to accel erate the sequence of work.

1.7.13 Desi gn and Perfornmance Requirenents
Provi de design conmputations for all items which are designed by the
Contractor. [Include conputerized sinulations of the conplete and proposed
hydraul ic system]

1.7.14 C eani ng and Fl ushi ng Procedures and Results
Submit detail ed procedure for the cleaning and flushing of hydraulic

cylinders, piping, and power unit as outlined in paragraph "CLEANI NG AND
FLUSHI NG " not |ess than 30 cal endar days before start of operations
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Provide test reports of the results of the flushing and of the oil used to
fill the system

.7.15 Erecting Engi neer Qualifications

Provide a resune for the on-site erecting engineer with details on
experience and background in simlar installations.

. 8 DELI VERY, STORAGE, AND HANDLI NG

.8.1 Packaging

Do not prepare the hydraulic power systens for shipnent until they have
been inspected and accepted for shipment at origin by the Contracting

O ficer, unless inspection has been waived in witing. Ship each hydraulic
power system or subassenbly conpletely assenbled as feasible. [Any separate
delivery of conponents nust be coordinated by the Contractor and noted in a
submittal.] The subassenblies are defined as the foll ow ng:

a. Hydraulic cylinders. Each hydraulic cylinder subassenbly consists of
the hydraulic cylinder, [trunnion,] [cardanic ring,] [pillow block
bearings,] [bushings,] [cylinder support platform] [manifold,] and

[piping].
b. Hydraulic power units.
c. Piping assenblies.
d. Control consoles.

Provide all subassenblies and spare equi pnent and parts with adequate
protective pads, supports, and bl ocking, and securely restrained to prevent
distortion or damage to the painted surfaces in transit. Any loss or
damage during shipnment, including damage to the painted surfaces, will be
the Contractor's responsibility; replace or repair wthout any cost to the
Governnent. Pack all accessories and spare parts separately in containers
pl ainly marked "ACCESSORI ES ONLY" or "SPARE PARTS ONLY." Place a packing
list, listing the contents of each container, in a noisture-proof envel ope
and securely fasten to the outside of the container. Standard comerci al
packagi ng in accordance with ASTM D3951 will be acceptabl e except where a
different nmethod or standard of packaging is specified.

8.2 Shi ppi ng, Preservation, and Storage
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NOTE: For very long cylinders, deflection of the
rod during shipnent may cause danmge to the rod
and/ or bore of the cylinder. It is best to avoid
the use of internal rod support blocks. One
solution to this problemis to extend the rod a
short di stance, provide a bracket so that the rod
cannot be retracted, and then pressurize the
undersi de of the piston so that the rod is in
tension. Also, shipping the cylinder filled with
oil may hel p danpen the novenent of the rod.
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Packi ng, crating, cradles, and other packing materials necessary to ensure
safe shipnent are the responsibility of the Contractor and becone the
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property of the Governnent upon delivery of the equiprment. The hydraulic
cylinders to be [filled with the specified hydraulic fluid, and to account
for expansion and contraction of the oil during shipping and storage by
installation of a bladder type accurmulator to the rod end bl eed
port.][drained and purged with nitrogen.] Then securely cap renmining
ports with blank flanges to prevent the entrance of foreign matter. [ Make
provisions with external shipping devices to prevent danage to the cylinder
and piston rod resulting fromthe rod flexing up and down in the cylinder
during transport. Submit a proposal for controlling novenent of the piston
rod for approval.] [Provide internal rod supports to prevent the rod from
defl ecting and danmagi ng the rod and cylinder bore during handling and

shi pping.] Adequately protect nachined surfaces from corrosion and

physi cal danmage. Protect equi pnent delivered and placed in storage from
the weather, hunidity, tenperature variation, dirt and dust, or other
contami nants. [Furnish spare cylinders with a portable punp, hose and
connections to stroke the cylinder in and out a short distance during
storage to lubricate seals and prevent damage. ]

.9 WARRANTY
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NOTE: Consider adding minimumwarranty claim
response tines based on the criticality of the
system For exanple, failures resulting in del ays
to navigation or the inoperability of systens
integral to flood protection equi pnent shoul d
require faster response tines.

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

Guarantee all equipnent for a period of 2 years fromthe date of
acceptance. Quarantee replacenent parts for 2 years fromdate of

repl acenent. Provide warranty agai nst defective materials, design, and
wor kmanshi p. I n cases where the equi prent manufacturer's advertised

m ni mum guarantee is in excess of 2 years, it remains in force for its ful
period. Upon receipt of notice fromthe Governnent of failure of any of
the parts during the warranty period, provide new repl acenent parts
pronptly at no additional cost to the Governnent.

.10 QUALI TY CONTRCL

Establish and nmaintain quality control for operations to assure conpliance
with Contract requirenents and nmaintain records of quality control for al
materials, fabricated parts, equipnent, and construction operations. In
addition, establish and nmaintain surveillance for quality control over
sub-contractors, suppliers, or manufacturers. The quality control nust
include a ninimum of two shop inspections during nmanufacture and assenbly
of the hydraulic cylinder assenblies power units and manifolds. The
quality control includes, but is not linmted to, the foll ow ng:

a. Materials and wor kmanshi p.

b. Manufacture and installation of the piping, hydraulic cylinder
assenbl i es power units and manifolds, conplete.

c. O eaning and flushing.
d. Shop assenbly and tests.

e. Field erection and tests.
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f. Danmage and defects.

Submit a copy of these records and tests, as well as the records of
corrective action taken, to the Governnent.

PART 2 PRODUCTS

2.

2.

2.

1 MATERI ALS AND MECHANI CAL EQUI PMENT

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: The contents of the follow ng paragraphs are
dependent on design requirenents which may
necessitate revision or expansion to cover different
conditions and standards.
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1.1 General

Provide material s and nmechani cal equi prent in accordance with the
requirenents as indicated or specified, and if not specified, furnish

mat eri al s and mechani cal equi prent of the best conmercial grade quality
suited to the intended use and as approved. All electric notors, hydraulic
punps, hydraulic cylinders, valves and simlar itens and/or accessories, of
the sane type and size, to be the products of the sane manufacturer, unless
ot herwi se approved. Permanently display the manufacturer's name, address,
and catal og nunber on a nanepl ate securely attached to each major item of
equipment.

Subnmit data specifications [product nmanual s] and assenbly draw ngs show ng
sizes, ratings, parts and material |ists, overall dinensions, and nounting
di mensi ons with the product data.

.1.2 St andard Products

Where itens are referred to hereinafter as "sinmlar and equal to" a
particul ar manufacturer's product, such references have been nmade nerely as
a conveni ent nmethod of indicating the type of material or equipnent
required, with no intention of asserting superiority thereof. The standard
product of any reputable manufacturer regularly engaged in the conmmerci al
production for at least 2 years prior to this solicitation of the type and
quality of material or equipnment referred to will not be excluded on the
basis of minor differences, provided essential requirenents of the
specifications relative to materials, capacity, and performance are net.
Fur ni sh performance capacities and other pertinent information concerning
the manufacturer's "equal to" standard products intended for incorporation
in the work. "Equal to" standard products installed or used w thout such
approval are at the risk of subsequent rejection

1.3 Hydraulic Cylinders (Standard Design)
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NOTE: Use this Alternate 1 when hydraulic cylinders
of standard design and manufacture are required and
avai | abl e as standard catal ogue itens. These are
typically tie rod type cylinders and will generally
be avail abl e as standard catal ogue itens. Cylinder
parts and conponents are generally standardized.

*% *% *% *% *% *% *% *% *% *% *% *% *%%
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Provi de one of the hydraulic cylinder types listed in | SO 5598 as specified
or indicated, of tie rod design, [square head standard construction].
Cylinders shall be standard catal ogue itens w th nmanufacturer supplied
measuring systemand rod coating systens. The pressure rating of the
cylinder is not to be | ess than the maxi num system pressure indicated.
Provi de evidence that each cylinder was hydrostatically tested by the
manufacturer to [ ASME BPVC SEC VIII D1 requirenents] [200% of worKking

| oad] [ 150% wor ki ng | oad] for the severest service rating and that dynanic
seal s are suitable for both frequent and infrequent operation and are
capabl e of not | ess than [nmanufacturer defined and rated nunber of
operations] [500,000 cycles of operation] in systens properly maintained.
Provide the bore, stroke, rod dianeter, and nounting style of the cylinder
as indicated. Provide the hydraulic cylinder with [adjustable]

[ nonadj ust abl e] cushions on [the cap end only] [the rod end only] [both
ends]. [Cushions to have free reverse flow check valves.] Provide the
cylinder with double end rods where indicated and [ SAE straight thread
Oring][ SAE 4 bolt hydraulic flanges] [__ ] piping ports.

.1.3.1 Cyli nder Tubes

Machi ne the cylinder tube from ASTM A519/ A519N, G ade 1018 [or materials
meeting | SO standard equi val ent as approved], heavy wall seanl ess stee
tubi ng and hone the bore to a surface finish conpatible with the seals
bei ng used so as to result in zero net |eakage past the seals.

.1.3.2 Cyli nder Heads and Caps

Fabricate the cylinder head and cap from [ ASTM A576, Grade 1018, steel bar
stock][ ASTM A516/ A516l, Grade 60 plate][or naterials neeting |ISO equival ent
st andards as approved] and nmachine finish on all surfaces. Equip the
cylinder head with a rod seal and external dirt wi per, [ice scraper,] and a
rod bushing piloted into the head to ensure concentricity. [Rod bushings
to be renovabl e without the use of special tools and w thout renoving the
tie rods or cylinder head.] Attach the cylinder tube to the head and cap
by tie rods [bolts] having a mninumyield strength of 690 MPa or 100, 000
psi. Renopvabl e attachnents to have the cylinder tube end seals arranged to
seal with pressure and be designed to prevent shearing and extrusion and to
provi de axial metal backup

.1.3.3 Pistons

Precision fit the piston to the cylinder body bore. Provide the piston of
[fine-grained cast iron][__ ], designed with suitable nethod for | ocking
piston to the rod and equipped w th [zero net |eakage cup-type

seal s][bronze-filled pol ytetrafl uoroethyl ene seals wi th phenolic wear
rings][contractor furnished design]. The design will be to protect the

pi ston rings from bl owout and oversqueezi ng.

.1.3.4 Pi ston Rods (Standard Design)

Make of [medium carbon steel with a yield strength of 620 to 690 MPa or

90, 000 to 100,000 psi for rods 16 through 100 nmor 5/8 through 4 inches in
dianeter][620 to 760 MPa or 90,000 to 110,000 psi high tensile strength
steel using ASTM A108, Type C 1045, for rods 16 to 63 mmor 5/8 to 2 1/2
inches in diameter, and ASTM A108, Type CR 4140, for rods 75 to 250 mmor 3
to 10 inches in dianeter][materials and coatings as reconmended by the
manuf acturer to nmeet the specified design requirenents for operation,
strength, durability, corrosivity and operating environnent]. [Provide the
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rod case hardened to 50-54 Rockwell C, polished to a 0.25 microneter or 10
m croi nch Ra surface finish or better, and nickel and hard-chronme plated to
75 micrometer or 0.003 inch mninmmthickness.] [Provide rod coating system
per manufacturer standard design and standard surface finish to neet
required corrosivity rating.]

.1.4 Hydraul ic Cylinders (Custom Design by Manufacturer)
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NOTES: Use this Alternate 2 when the hydraulic
cylinders are to be custom designed by the
manuf acturer specifically for this project in
accordance with the design paraneters.

Tel escopi ¢ hydraulic cylinders may be used only for
special retrofit applications where regular single
or doubl e acting cylinders cannot be used.

Unl ess the designer needs to nmake the choices
because of unique criteria situations, the selection
of materials and configurations should remain as
Contractor's options. MIIl type cylinders are
preferable over tie rod cylinders and shoul d be
specified and utilized. MIIl type cylinders
generally are rated for the higher pressures than
the other designs. The cylinder heads generally are
nounted with bolts or cap screws.
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Uilize mll type cylinders. Provide cylinder of [single][double] acting]
tel escopic] type designed and manufactured [to be used under water and] to
meet the criteria as stated in paragraph "Design Paraneters."[ Design
cylinders and integrated appurtenances including position sensing systens
to be submerged [and operate] under [__ ] feet of water
for upto[__ ] days per year.][ Telescopic cylinders nmay be either
single or double wall as necessary to provide the best operating
characteristics.] Provide cylinder neasuring systens as approved. Materi al
for the hydraulic cylinder to be a high strength carbon or alloy steel
Stress relief heat treat cylinder tubes which have been wel ded and
[radiograph all welds including those on the end nounts][radi ograph
designated welds as indicated]. Material for the piston rod to be a high
strength [carbon or alloy steel with chrome plating per ASTM B650
][stainless steel with chrone plating per ASTM B177/B177Nh and ASTM B254
][ manuf acturer standard thermal sprayed systemwi th nickel chrom um based
all oy on stainless steel substrate][laser clad netal alloy on carbon stee
or stainless steel substrates][__ ].[Nickel plate the exterior of the
extendi ng rods and tubes on a tel escopic cylinder.][The nickel plating to
be a mnimumof 75 microneters or 0.003 inch thick and a [high][md]
phosphorous, el ectrol ess nickel process designed for corrosion
protection.] Fabricate rings, bearings, packing, packing rings, retaining
rings, seals, wiper-scrapers, and any other fabricated itens from
sufficiently qualified materials as recomended and approved to provide
net zero | eakage. Wiere a cylinder head is used as a positive-position
stop, the stop head to incorporate an adjustable cushion, or an externa
decel eration control provided to mnimze detrinental mechanical inpact.

[ End mounts [for pinned connections] as indicated.] [Provide bronze

bushi ngs in accordance with ASTM B505/ B505l, Alloy [C92200], in the pin
hol es.] [Fabricate connection pins from ASTM A564/ A564l, Type 630,
Condition H 1150, stainless steel.] [Munt the hydraulic cylinder as
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2.

indicated.] Drill, tap, and surface ports to receive [ SAE Code 61
flanges][___ ] in the positions indicated or as otherw se approved

Locate the mani fold and pi pe supports, as indicated, to be an integral part
of the machinery. Provide both ends of all the cylinders w th conveni ent

bl eed ports. Tap each cylinder port to receive the 7/16-20-SAE bl eed

val ves. Provide diagnostic connectors rated at |east 31 MPa 4500 psi and
consisting of a stainless steel body with internal ball check and spring,
mal e SAE O-ring connection and protective cap as bl eed val ves. |ntegrated
position indication systens nounted to the cylinders to be designed for

m ni mal | eakage [l eakage free] and equipped with a pressurel ess | eakage
monitoring port collection system [Cylinders to have ports on both sides
and provisions for nounting piping in either left or right hand
configuration so that the cylinders for both positions are interchangeabl e.]

1.5 Hydraulic Cylinders (USACE Cust om Desi gn)

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Use this Alternate 3 when the hydraulic
cylinders have been designed or by the Corps of
Engi neers or have specific and uni que requirenents
and they are detailed on the contract draw ngs.
MIl type cylinders to be utilized in accordance
with EM 1110-2-2610. MII type cylinders generally
are rated for the higher pressures than the other
designs. The cylinder heads generally are nounted
with bolts or cap screws. Mst main operating
systens to be designed for this type of cylinder

Position sensing systens are a critical feature and
are either integral with the cylinder or external to
the cylinder and sense either the cylinder or the
gate or valve directly. An advantage of a position
sensi ng system connected to the gate (not the
cylinder) is the gate position is known if the
actuat or becones di sconnected or damaged. Systens
integral with the cylinder can be provided by the
manuf acturer and require no external nechani sns or
linkages.

Integral systens include the magneto resistive
systens. Notches are etched or nmachined into the
base naterial of the cylinder rod and a surface
coating is applied over this. These systens,
however, only work with carbon steel rods and

non- magnetic coatings. Located in the rod seal gland
housing is a sensor, which is positioned to receive
signals fromthe etched or machi ned notch enbedded
bel ow t he polished surface. Signal pul ses are
counted and conputed to provide an out put

posi tioni ng signal

Magnet ostrictive systenms require drilling the
cylinder rod fromthe piston end for a sensor rod.
This system provi des an absol ute indication of
position but is linted in stroke because of the

l ength of the unsupported rod in the cylinder when
extended.

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkk
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Uilize mll type cylinders. The hydraulic cylinder to be of the

[singl e][doubl e] acting type designed and nmanufactured [to be used under
water and] to neet the criteria stated in paragraph "Design Paraneters."|[
Desi gn cylinders and integrated appurtenances including position sensing
systens to be subnerged [and operate] under [ ] meters| ] feet of
water for up to | ] days per year.]

Position indication shall be of the [magnetoresistive type]
[ magnetorestrictive type].

The interior of the finished cylinder to be honed to the dinensions,

tol erances and finish shown. The finished wall thickness not to be |ess
than that shown. Weld flanges to the cylinder parallel with each other and
perpendicular to the cylinder center line. Tolerances are as shown.

Stress relief heat treat the cylinder after conpletion of all welding.]|

Radi ograph all wel ds including those on the end nounts.][ Radi ograph
designated welds as indicated.] The assenbled cylinder to be of such

strai ghtness that the piston and rod nove snoothly wi thout any indication
of binding or tight spots. Surface finishes as indicated. Provide stee
cylinder material in accordance with one of the follow ng Options:

a. Option A. Rolled steel plate in accordance with ASTM A516/ A516V, G ade
70 or equivalent material as approved, and wel ded flanges in accordance
with  ASTM A181/ A181N, O ass 70 or equival ent material as approved.

b. Option B: Provide centrifugal cast steel shell in accordance with
ASTM A216/ A216N, Grade WAC or equival ent material as approved, and
wel ded flanges in accordance with ASTM A181/ Al181N, Class 70 or
equi val ent material as approved, or cast from ASTM A216/ A216l, G ade
WAC steel or equivalent material as approved.

c. Option C The shell and flanges a solid trepanned forging in
accordance with ASTM A266/ A266l, Class 1 or equivalent material as
approved.

2.1.5.1 Pi ston Rods (USACE Desi gn)
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NOTE: Choose one or nore options depending on the
uni que requirenments and life-cycle costs of the
proj ect. Carbon steel piston rods with chrone
plating is noted but should be avoided if possible
due to potential corrosion of the piston rod
especially in high corrosivity environnents.

The designer needs to reference and sel ect the
appropriate corrosivity category in Table 1 for the
pi ston rod.

The designer should be aware that cylinder rod ends
specified with carbon steel substrates have an

i ncreased |ikelihood of corrosion between the nmating
surfaces/threads of the cylinder rod and connected
conponents. The cylinder rod ends are typically
machi ned threads for adjustability and are not
protected by the specified rod coating system
Standard o-ring type seal designs may not be enough
to withstand environmental conditions. Designers
shoul d provide provisions in the design to seal
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protect or coat mating surfaces to mninize the
chance of seizing and corrosion for future
mai nt enance and serviceability.

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkhhhkhhkhkkkkkkkkkk

Fabricate the piston rods with the type of construction as specified. |If
the piston rods are conposed of two or nore pieces, radiograph the welds.

[ Carbon steel piston rods with chrone [nickel plus chrone] plating:
Fabricate ASTM A108, Type C 1045 or Type CR 4140 or equivalent nmaterial as
approved. Case harden to 50-54 Rockwell C. The chrone plating thickness
to be a mninmumof 76 mcrometers or 0.003 inch. Plating in accordance
with  ASTM B177/B177N or ASTM B650 [ ASTM B546.]]

[Stainless steel piston rods with chrome plating: Fabricate with

ASTM A564/ A564N or ASTM A705/ A705V, Type 630 or Type XM 12 or equival ent
mat eri al as approved. The chrone plating thickness to be a mnimum of 76
m crometers or 0.003 inch. Plating in accordance with ASTM B177/B177N and
ASTM B254.]

[ Carbon steel piston rods with wel ded overlay: Fabricate with ASTM A108,
Type C 1045 or Type CR 4140 or equivalent material as approved. The coating
material to be certified and fornulated to consist of a netal alloy to neet
corrosivity category and designed and applied by the cylinder manufacturer
and submtted for approval. The m ni num coating thickness to be [600]

m cronmeters or [0.0236] inches[400 mcrometers][300 nicroneters].]

[ Carbon steel piston rods with high velocity oxygen fuel (HVOF) coating:
Fabricate with ASTM A108, Type C 1045 or Type CR 4140 or equival ent

mat eri al as approved. Case harden to 50-54 Rockwell C. Apply therma
sprayed coatings with HVOF net hod and have the applied material conposition
certified and submitted for approval. HVOF application per ASTM E1920 and
ASTM C633[ manuf acturer standard application process] and submitted for
approval . Applied coating materials to consist of N ckel-Chrom um based
al | oys as approved applied in nultiple layers to achieve a total coating
thi ckness greater or equal to [250] microneters or [0.0089] inches for the
first layer and not |less than [440] mcroneters or [0.0173] inches for two
layers.]

[ The final rod surface to have a roughness hei ght of not nore than
[0.20][__ ] mcroneters or [8][__] mcroinches Ra.]

[Quantify the final rod surface roughness using the Rpk-Rk-Rvk in
accordance with | SO 13565. Oher paraneters such as Ra, Rz or Rmax val ue
can only be used indicative. Roughness to be deternined by Cylinder
manuf acturer and Seal manufacturer for the intended cylinder operating
envi ronnment as specified.]

Submit certified test reports for both the rod material and perfornance
requi renents as specified

Al rod coatings to neet or exceed the mininmumtest criterion as stated in
the followi ng tables (Tables 2,3, 4).
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NOTE: ASTM (A8 testing is not a suitable test for
porous coatings, e.g. hard chronmium therna
sprayed.
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*% *% *% *% *% *% *% *% *% *% *% *% *%

Tabl e 2: (Nickel) Chrom um Piston Rod Coating Requirenents

No. Test Criterion Remarks
1. Manufacturing Manuf acturer to be I mpl emrent ati on and
Procedure 1 SO 9001 certified certification
Speci fication (MPS) and or have produced |perforned by the
for the application coatings of the type |manufacturer. The
of technical coatings|and application MPS t o address such
specified for a itens as personne
m ni mum of 5 years qualification for
with a witten coating application
quality calibration of
documentation equi pnent and
procedure in place servi ce nmi ntenance
during that period. records, nmateria
certificates with
chemical
conposi tion, process
parameter
specification
thresholds,
dimensional
control, inspection/
acceptance.
2. Coating Thi ckness As indicated or Conduct pre-and
specified. post-process
diameter
measurements.
Addi tional tests
may be perforned of
test sanples
produced at time of
fabrication may be
submitted.
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No.

Test

Criterion

Remarks

Hardness

900 - 1100 Hv 0.1
Vickers in
accordance with

| SO 4516 and

| SO 6507.
Alternative testing
and results in
accordance with
manufacturer's
standard testing
procedures may be
submtted to the
Gover nnment for
approval.

Har dness testing on
final product
prohibited

Adhesi on strength

Per requirements of
ASTM B254 or

ASTM B650 as

appl i cabl e or
manufacturers

equi val ent test as
approved.

Test in accordance
with manufacturer's
approved procedure
if different than
specified.

Corrosion
testing-Cr30

1 SO 9227 or ASTM GB5:

M ni nrum 96h, Base
mat eri al corrosion
observed is
prohibited.

Neutral Salt Spray
Test

Corrosion
testingl-N/Cr 60/40

Test in accordance
with manufacturer's
standard test
procedure as
approved.

Salt Dropl et
Corrosion
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No.

Test

Criterion

Remarks

testing in
accordance with
ASTM D2794, or a
simlar test in
accordance with
Manufacturer's
standard testing
procedures as
approved.

Radi al cracki ng at
or bel ow 14 Joul es
i s prohibited.

7. Surface finish Rmr - nmr (-1.5, 2.0) |Surface finish

=> 80% nmeasurements to be

Ra: (>0.1 obt ai ned by cont act

m crometers or 3.93 |stylus in

m cro inches <0.4 |accordance with | SO

m crometers or 3274.

15. 75 m croi nches)
CGener al vi sual
inspection.

Al'l surface finish

parameters in I ndications to be

accordance with assessed visually

| SO 4287 and | SO 4288|at 30-40x
magnification.

Cracks, blisters,

hol es, or

discoloration

visible with naked

eye are prohibited.

Defects >0.2

m cronmeters or 7.87

m croi nches are

prohibited.

Def ects through

coating and into

base material are

prohibited.

8. | mpact test Per f orm i npact
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No.

Test

Criterion

Remarks

Dynam ¢ bendi ng

(3-pt)

Per f orm Dynami c
Bending (3-Pt) in
accordance with
Manufacturer's
standard testing
procedures. Submt
test results.

Tabl e 3: Ther nal

Sprayed (HVOF) Coating Requirenments

No.

Test

Criterion

Remarks

Manufacturing
Procedure

Speci fication (MPS)
for the application

of technical

coati ngs

Manuf acturer to be

1 SO 9001 certified
and or have produced
coatings of the type
and application
specified for a

m ni mum of 5 years
with a witten

quality

documentation
procedure in place
during that period.

I mpl ement ati on and
certification

perfornmed by the
manuf acturer. The
MPS t o address such
items as Personnel
Qualification for
Coating application,
Cali bration of

equi pnent and

servi ce nai nt enance
records, Material
Certificates with
chemical
conposi tion,
parameter
specification
thresholds,
Dimensional
control,
Acceptance.

Process

I nspection/
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No.

Test

Criterion

Remarks

Microscopic
exam nati on (cross
section)

2-3% pores all owed.
Cracking is
prohibited.

Typically performed
at 10-100x vi sual
magnification.

Chemi cal conposition

Ni Cr based al | oy.

To be docunented by
powder certificate
provi ded as a
submittal for
approval.

Coating thickness

As indicated or
specified.

Conduct pre-and
post-process

diameter
measurements.

Addi tional tests
may be perforned of
test sanpl es
produced at time of
fabrication may be
submitted.

Hardness

550- 700 HV 5 Vickers
in accordance with
| SO 6507-1.

Hardness
nmeasurenments on the
finished product is
prohibited.

Adhesi on strength

Strength to be per
requi rements of ASTM
C633. Submit other
procedur es proposed
by the manufacturer.

Test according to
manufacturer's
approved procedure
if different than
that specified.
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No. Test Criterion Remarks
7. Corrosion testing Per f orm Corr osi on Salt droplet
[ SDCT 10, 000 hours] Testing according to |corrosion test as
[ SDCT 30, 000 hour s] Manufacturer's requi red. Submit
standard testing for approval. A
procedures. Submt di stinction between
test results or single and dual and
previ ous test multiple layers is
results. necessary.
8 . Surface finish Rmr - nmr (-1.5, 2.0) |Surface finish

=> 80%

Ra: (>0.1

m cronmeters or 3.93
m croi nches <0.4

m cronmeters or 15.75
microinches)

Al'l surface finish
parameters in
accordance with

| SO 4287 and | SO 4288,

No cracks, blisters,
hol es, or

discoloration

vi si bl e with naked
eye are all owed.

No defects >0.2
m cronmeters or 7.87
m croi nches al | owed.

No defects through
coating and into
base nateri al
allowed.

nmeasurenments to be
obt ai ned by cont act
stylus in
accordance with

| SO 3274.

General visual
inspection.
Indications to be
assessed visually
at 30-40x
magnification.
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No.

Test

Criterion

Remarks

| npact test

Per f orm i npact
testing in
accordance with
ASTM D2794, or a
simlar test in
accordance with
Manufacturer's
standard testing
procedures. Submt
test results for
approval.

Radi al cracki ng at
or below 8 Joules is
prohibited.

10

Dynam ¢ bendi ng
(3-p)

Per f orm dynami c
bending in
accordance with
manufacturer

standard procedures.
Cracki ng before
1000x @OOMPa i s
prohibited.

Tabl e 4: Wl ded Overlay (Laser C adding) Coating Requi
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No. Test Criterion Remarks
1. Wl di ng Procedure Manuf acturer to be I mpl emrent ati on and
Quialification 1 SO 9001 certified certification
(WPQR) for the and or have produced |perforned by the
application of coatings of the type |manufacturer. The
techni cal coatings and application WPQR shoul d address
specified for a such itens as
m ni mum of 5 years Personnel
with a witten Qualification for
quality Coating application,
documentation Cal i bration of
procedure in place equi pnent and
during that period. servi ce nmi ntenance
records, Material
Wel ding to be Certificates with
performed in chemical
accordance with conposi tion, Process
| SO 15614-7 or parameter
ASME BPVC SEC | X or specification
both. thresholds,
Dimensional
control, Inspection/
Acceptance.
2. Microscopic 0. 1% def ects al | owed
exam nation (cross in accordance wth
section) | SO 5817 Table 1
3. Cheni cal conposition |Metal alloy Powder certificate

provi ded as a shop
drawi ng subnittal
for approval
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for high corrosivity
categories C5 and CX
by ASTM (48

No. Test Criterion Remarks
4. Coating thickness As indicated by Conduct pre-and
speci fication or post-process
drawings diameter
measurements.
Addi tional tests
may be perforned of
test sanpl es
produced at time of
fabrication may be
submitted.
5. Hardness In accordance with Maxi mum har dness
| SO 15614-7 as depends on
recomrended by substrate material .
manuf acturer and Care nust be taken
approved. to keep the
heat - af fected zone
>300 HV 5 Vickers in |(HAZ) soft enough
accordance with to avoid
1 SO 6507-1 or 290 brittleness and
Brinell Hardness potential
del ami nation with
the substrate
6. Corrosion testing Per f orm Corr osi on Electrochemical
for low corrosivity Testing in test or salt
categories accordance with dropl et corrosion
[ SDCT 4000 hour s] Manufacturer's test as required
standard testing for low corrosivity
procedures. Submit category.
test results.
7. Corrosion testing ASTM (A8-C/ 72h >60C |Utilize corrosion

testing per

manuf acturer testing
nmet hod or ASTM (A8.
No pitting at 60C
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No.

Test

Criterion

Remarks

Surface finish

R - mr (-1.5, 2.0)
=> 80%

Ra: (> 0.1

m cronmeter or 3.93
mcroinch < 0.4

m crometer or 15.75
microinch)

Al'l surface finish
parameters in
accordance with

| SO 4287 and | SO 4288.

No cracks, blisters,
hol es, or

discoloration

vi si bl e with naked
eye are all owed.

No defects >0.2
m croneter or 7.87
m croi nches al | owed.

No defects through
coating and into
base nateri al
allowed.

| npact test

Per f orm i npact
testing in
accordance with
ASTM D2794, or a
simlar test in
accordance with
Manufacturer's
standard testing
procedures. Submt
test results for
approval.

No cracking at 8
Joul es mininum [ 15
Joules]
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No. Test Criterion Remarks

Per f orm Dynami ¢
Bendi ng (3-Pt)
accordance with
Manufacturer's
standard testing
procedures. Submt
test results.

Achi eve [ 400MPa]
bendi ng stress.

Dynam ¢ bendi ng
(3-pt)

10.
in

2.1.5.2 Pistons

iron in accordance with ASTM A536, G ade 80-55-06 or
as approved.

Provide in cast
10-50-05 or equival ent nmateri al

*% *% *% *% *% *% *% *% *% *% *% *% *%

NOTE: The desi gner may all ow the cyli nder

manuf acturer to recomend and provi de the seals,
o-rings and bearing naterials per their
recomendat i ons and coordi nati on with the seal,
o-ring and bearing suppliers and conpatibility
requirenents for the selected hydraulic fluids or
t he designer may specify the requirenents of the
seals, o-rings and bearing materials using the

t abl es bel ow

*kkkkkkkkkkkkkkkkk
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2.1.5.3 Orings and Bearing Materials

Seal s,
Desi gn and provide seals, Orings, and bearing nmaterials to be conpatible
with the specified hydraulic fluid. Each material in use with the
hydraulic cylinder to be tested to verify the chenical resistance and
hydraulic fluid conpatibility. Conduct testing in accordance with | SO 1817
to neasure changes in hardness, tensile strength, and el ongation to satisfy
the requirenents of [the cylinder and seal manufacturers][Table 5][ Table
6] . Subnmit for Government approval seals, Orings and bearing materials.

| SO 1817

mat eri al properties after

[ Table 5: Al owabl e deviations in seal
testing.] [

LHC specification.
hours @80°C

Test results described in the difference between before/after 1008

Har dness changes
[Shore IRHD, A or D

Vol une changes

L 1%

Changes tensile
strength [__ 1%

Changes in
elongation [ __]%

71 +7

-0.5 / +10

-30 / +30

-25 /1 430

Submt seal s,

O rings,

and bear

ing materi al

properties in accordance with

the m ninmumrequirenents as specified in Table 6 or manufacturers standard
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recomendat i on as approved.

*kkkkkkkkhkkkkkk
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submt for
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NOTE: Designer shoul d sel ect
6 as needed ot herw se have the cylinder

approval .

[ Table 6: M nimum Materi al

*% *% *% *%

Properties for Seal

properties from Tabl e

manuf act ur er

and Bearing Materials][

Density [ 1 9/cnB 1 SO 1183-1
Hardness [___ 1 Shore A/D 1 SO 48-4

Tensil e strength [ 1 MPa DI N 53504
El ongati on at break [350__ 1 % DI N 53504
100% nodul us [ ] MPa DI N 53504
Conpr essi on set [(30__ 1 % 1 SO 815-1
Tear Strength [ 1 Npmm 1 SO 34-1

]

2.1.5.3.1 Pi ston Wear Ri ngs

Provide [conposite] [cast iron] piston wear rings with a conpressive and
tensile strength of not less than 165 MPa or 24,000 psi and an
enbedability capability to prevent scoring of the cylinder.

2.1.5.3.2 O Ring Seals
Use Oring seals of [Buna N|[Viton] and designed for [ ] kPa psi
service.

2.1.5.3.3 Rod W per/ Scr aper

*% *% *% *% *% *% *% *% *% *% *% *% *%

NOTE: Use option for metal scraper ring for

envi ronnent subject to ice or other materials

adhering to the rod.
Provide a [high-strength pol yurethane scraper ring][spring reinforced brass
scraper ring] which will withstand the inpact and the abrasion of materials
adhering to the piston rod and have a mninmumtear resistance of 120 N nm
or 685.2 pounds per inch. Split and retain the scrapers with split, bolted
retainer to facilitate repl acenent without renoval of the rod end clevis.
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2.1.5.3.4 [ Piston and] Piston Rod Seal s

Provi de | ow | eakage V-ring, nonadjustable gland type [piston and] piston
rod seals, designed for [__ ] kPa] ] psi service. [Provide
bronze-filled pol ytetrafluoroethyl ene piston seals.]

2.1.5.4 Rod Seal d and and Locki ng Devi ce Fl ange

Fabricate the rod seal gland and | ocking device flange frombronze in
accordance with ASTM B505/ B505k, Alloy No. C95400 or C93200. The ice
scraper, attached to the gland, bronze-filled pol ytetrafluoroethylene in
accordance with ASTM B584, Al l oy No. C86300.

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkkkhkhhkhhkhkkkkkkkkkik

NOTE: The designer should work with the cylinder
manuf acturer to determne if a nechanical cylinder
rod | ocking device can be provided for gate lifting
applications. These are nechani cal | ocking devices
as opposed to valves in the hydraulic circuit for
hol ding the load in place. These shoul d be designed
by the cylinder manufacturer and submtted for
approval.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

2.1.5.5 [ Hoi st Locki ng Device

Fabricate the hoist |ocking device fromstainless steel in accordance with
ASTM A564/ A564N or ASTM A705/ A705N, Type 630 or XM 12, Condition H 1150.]

2.1.6 Hydraul i ¢ Power Unit

Provi de a sel f-contained hydraulic power unit. Design the packaged unit to
operate the hydraulic cylinders in accordance with the criteria stated in
par agraph "Design Paranmeters." Design the power unit to neet the space
limtations shown and configure essentially as indicated. The structure of
the unit both internally and externally will be adequate for the unit to be
free standing and capable of being lifted or noved w thout structura
damage. Securely attach all components including piping, nmotors, punps,
and manifolds to the power unit in a manner to be free of damagi ng

vi bration during operation. Design and provide each unit with forklift
tubes and lifting eyes to facilitate lifting or noving the unit, including
the reservoir when full of oil

2.1.7 G| Reservoirs
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NOTE: Renpve requirenent for painting if reservoir
is to be stainless steel. The design and sizing of
the hydraulic reservoir is a critical feature. The
desi gner should utilize EM 1110-2-2610 for sizing
the reservoir or allow the nanufacturer to deternine
the final size.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Size the oil reservoir [as indicated][to neet the space linmtations
indicated][in accordance with the manufacturer requirenents as approved].
Fabricate the reservoir of [steel][stainless steel] with welded joints and
conformto the requirenents as shown. Fabricate the reservoirs in
accordance with 1 SO 4413. Provide a bolt-on nounting base al ong side of
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the reservoir which supports the notor-driven hydraulic punps, associated
val ves and accessories for design | oads and speeds. The bottom of the
reservoir to have a m nimum cl earance fromthe floor of not less than 0.3 m
or 12 inches. Shape and slope the reservoir bottomto facilitate enptying
and cleaning. A foot valve or check suction lines to provide flooded
inlets to the punps. Provide each side of the reservoir with a cl eanout
openi ng of not less than 0.26 square neters or 400 square inches clearance
with a bolted, gasketed cover. Provide each reservoir with a drain with
shut-of f valve; a magnetic trap; low oil float |level sw tches; and other
appurtenances as indicated and as specified herein. Equip the reservoir
with a fluid level indicator and filler with built-in strainer. Provide a
baffl e between the intake and return lines to facilitate the separation of
air and foreign matter fromthe hydraulic fluid. The connection between
the two chanbers of the reservoir to connect high enough fromthe bottomto
forma settling chanber. Bring both the intake and return pipes down to a
di stance of 1-1/2 pipe dianmeters above the tank bottom][ Cean interior
surfaces of the reservoir down to bright metal and coated with an
epoxy-based urethane finish or an approved alternate that is conpatible
with oil and water.] Finish the welded joints of the reservoir snooth and
free fromirregularities. Do not grind welds to an extent that weakens the
reservoir. Until final installation of the hydraulic equipnent, seal all
openings with plastic closures. The capacity of each reservoir not to be
less than [ ] liters [ ] gallons. Anchor the reservoirs to the
concrete by suitable anchor bolts. Furnish all piping, fittings, hose,

mani fol d bl ocks, fasteners and appurtenances required to connect equi pnent
to the reservoir. [After painting, insulate the exterior of the reservoir
with a polystyrene, polyurethane, or foanglass type insulation. The
insulation to be conpatible with oil and not retain moisture. The
insulation thickness to be 50 mmor 2 inches on all surfaces other than
the top.]

.1.7.1 Reservoir Heater

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhhkkkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkk

NOTE: Proper selection of the hydraulic fluid nay
elimnate the need for a reservoir heater

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provide the reservoir with one or nore screw plug type inmersion heaters
with a watt density not to exceed 17 kWsquare neter or 11 watts per
square inch and a [built-in][renpte] thernobstat set to nmaintain the
hydraulic oil at 5 degrees C or 40 degrees F. Fabricate the heater sheath
and screw plug fromstainless steel. Total heating output to be [[__ ]
watts] at [__ ] volts AC. Supply the heater with a watertight, stainless
steel, NEMA 4X term nal housing as a mininum Provide a weat her proof
junction box with a single phase, [120][___] volt, control transformer for
the thernostat and high tenperature circuit. Install the heater in a

| ocation on the reservoir vessel to naintain conplete subnergence of the
heating element during all operating | evel fluctuations within the

reservoir.

.1.7.1.1 Heater Switch

Provide a thernpbstat to sense the oil tenperature in the tank and close its
contacts when the tenperature drops below [10] [__ ] degrees C [50]
[ ] degrees F as indicated. Provide a bulb and capillary type
thernmostat and provided with a protective well which extends into the

tank. The tenperature adjustnent range to be 10 degrees to 38 degrees C or
50 degrees to 100 degrees F with plus or minus 1 degree C or 2 degrees F
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differential switch. Fit the switch with an external calibrated adjustnent
knob. The thernpstat to be rated for 15 anmperes at 120 volts. Provide
weat her proof junction box.

2.1.7.1.2 H gh Tenperature Switch

Provide a thernpstat to sense the oil tenperature in the tank and close its
contacts when the tenperature exceeds [50][__ ] degrees C [122][__ ]
degrees F as indicated. The thernostat to be of the bulb and capillary
type and provided with a protective well which extends into the tank. The
tenperature adjustnment range to be 10 to 149 degrees C or 50 to 300 degrees
Fwith +/- 1 degree Cor plus or minus 2 degrees F differential switch

Fit the switch with an external calibrated adjustnent knob. The thernostat
to be rated for 15 anperes at 120 volts. Provide weatherproof junction box.

2.1.7.2 Magneti c Separators

Provi de the manufacturer's standard nagnetic separator in the reservoir.
The nmagnetic separator consists of a high-strength pernmanent nagnet
arranged for rigid nounting with the poles of the magnet exposed to the
fluid in the reservoir. The magnet to be [conbined in the construction of
the fill strainer][nmounted on a renovable rod assenbly installed through
the top of the reservoir] [or] [incorporated in the bottomdrain plug].

[ The drain plug type installation to incorporate an automatic val ve
arranged to permt renoval of the magnetic separator for inspection wthout
loss of fluid fromthe reservoir.][ The drain plug type installation to

i nclude provisions for automatic chip detection w thout renoval of the

plug ]
2.1.7.3 Low Level Float Sw tches

Provi de each power unit with two float switches. Provide flanged switches
and install inside a 125 nmor 5-inch noninal dianmeter pipe to elininate
surge effects. The thernostat mercury type switches to have a narrow
differential and be rated for 13 anperes at 120 volts. Set switches to

cl ose when oil level rises above or drops bel ow those recomended by the
manuf act urer and observed during operational tests. Provide a NEMA 4X
junction box.
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NOTE: |If a flow neter is necessary, the designer
shoul d select an electronic flow neter or visual
flow nmeter. The detail ed design should be provided
by the hydraulic power system manufacturer and
fabricator.
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[2.1.7.4 El ectronic Flow Meter

The flow neter to accurately nmeasure the volunetric flowrate of fluids in

the hydraulic system The unit to be capable of directly neasuring flow

and constructed to be conpatible with the hydraulic operating system

Convert the flowrate into a 4 to 20 mA signal. The nmounting to be in-line

with threaded connections and the unit capable of neasuring flowrates up to
[4.77] ] L/s [75)]___ ] gpmwith an accuracy of |less than or equal to

2 percent of the nmeasured val ue.
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I 2.1.7.5 Vi sual Fl ow Meter

Provide an in-line flow neter with a spring | oaded vari abl e area annul ar
orifice nmetering disk for neasuring hydraulic fluid flowwith a minimum
pressure rating of 21 MPa or 3000 psi. Provide visual indication of the
flowrate in the range of [0.32 to 3.2 L/s] [__ ] [5to 50 gpm] [ ].
The viewi ng window to be graduated to the flow range and of seal ed gl ass
construction.

1]2.1.7.6 Air Breather

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: \Where space allows, flexible reservoir
breathers are the preferred nethod of preventing or
controlling the introduction of outside air into the
reservoir. Delete either of two paragraphs which
are not needed.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provide the reservoir with an air breather which renoves dirt and noisture
fromthe incomng air. The inconming air to first pass through a desiccant
bed to renove the noisture, and then pass through a filter to elimnate the
solid contam nants before entering the reservoir. Qutgoing air to pass
directly to the atnosphere through a check valve. The breather to al so
provi de visual indication of the desiccant and filter condition

2.1.7.7 Fl exi bl e Reservoir Breathers

Provi de each hydraulic power unit with flexible reservoir breather units to
elimnate the introduction of outside air into the reservoir during nornal
operation of the system and to accommbdate expansi on and contraction of the
air inside the reservoir. The breather units to be of sufficient capacity
to accommpdate the differential volume of the reservoir. The flexible
reservoir breathers to have a bl adder compatible with the system hydraulic
fluid. Equip the reservoir breathers with pressure vacuum breakers. The
shell to be free standing and of rugged constructi on nmade of steel
fiberglass or other nmaterial as approved. Construct and nount the breather
in a manner to facilitate bl adder replacenent. Provide piping to the
breather with adequate pipe unions and screwed fittings to facilitate
repair or replacenent of the vent bladder. Install, securely attach and
support the units as shown on the hydraulic power unit.

2.1.7.7.1 Pressure Relief and Energency Venting

Provide a pressure relief systemconsisting of inline check valves and
breathers in the breather piping, as indicated, to prevent collapse or
canni ng" of the tank. The check valve in-line with the breather to be
renovable to pernit venting the reservoir during setup. Direct the air in
the tank to the flexible breather during normal operations. The breathers
to be of the threaded type with steel shell and nylon strainer and guard
and rated for [127][__ ] cubic meters per hour [75]] ] cubic foot per
mnute. The inline free flow check valves to be the threaded type with a
13.8 kPa or 2 psi cracking pressure.

oi |

2.1.7.8 O Level Gauge

Provide an oil level gauge with an indicating |length of not |ess than 300 mm
12 inches on each unit and position to give a visual indication of the oi
level in the tank including the "low level", "add oil", "nor. mn. |evel"
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2.

and "nmax. level" nmarks. After the systemis operational and all tests
compl ete, permanently nmark the levels on the tank in a manner approved by
the Contracting O ficer.

1.8 Pumps

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Only use the submerged punp option where
space is restricted so that the punp cannot be
mounted on the exterior of the reservoir with the
punp suction flooded.

If the designer elects to select the particular type
of punmp to be used, consider the followi ng factors:
di spl acenment, pressure rating, prinme-nmover speed,
rated punp life, initial cost, nountings avail abl e,
serviceability, porting connections, availability,
conpatibility, product history, efficiencies, and
size and weight. Fixed displacenment punps are

usual ly lower in cost, on a conmponent basis.

However, weigh the lower initial cost of the punp
agai nst the cost of the control conponents needed to
make the system work. Variable displacenent punps,
conversely, are generally higher in cost, but |ess
control equi pmrent may be needed to achi eve the sane
result. The reduced control costs may nore than

of fset the higher initial punmp cost. As a genera
rul e, gear punps are usually |l east costly, vane
punps internedi ate, and pi ston punps npbst costly.
However, on the basis of cost per watt (horsepower),
there is no clear-cut rule. Evaluate each
application individually.

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhhhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

Provide [subnersible,] electric notor-driven, [variable] [fixed]

di spl acenent, [gear] [vane] [piston] type punp[s] for the hydraulic system
[with constant wattage horsepower control to regulate flowrate and
pressure] [rated to deliver a nominal [__ ] L/sat [__
gpmat [__ ] psi] while operating with the specified oil in the specified
tenperature range. Maxinumrotating speed will be 1800 rpm Safety guard
exposed rotating parts. Munt the punps [in] [on] the reservoir in a
manner simlar to that indicated so that the punp suction is flooded.
Qperate the punps on [ ] volts, 60 Hz, three phase power. The punps to
be rated for continuous operation at a di scharge pressure equal to or
greater than the system design pressure. The rated discharge capacity of
each punp not to be I ess than indicated when the punp is operated at the
desi gn i nput speed and di scharge pressure.

.1.8.1 CGear Punps

Provide [fixed] [variable] [or] [___ ] type gear punps. Covers and center
section to be [high strength alum num alloy die castings] [steel] [cast
iron]. Thrust and wear plates of [heavy-duty bronze coated steel] [bronze]
[or] [___ ]. Use manufacturer's [standard] [or] [__ ] shaft seals for
rotary punps. Seals and wear plates and other wearing parts to be

repl aceabl e and suitable for the application, duty, and tenperatures
involved.

SECTI ON 35 05 40.14 10 Page 46



2.1.8.2 Vane Punps
2.1.8.2.1 Fi xed Di spl acenment Vane Punps

Provi de hydraulically bal anced types with housing of [high tensile strength

ductile iron] [cast iron] [__ ], vanes of [heat treated high-speed too
steel] [__ ], and shaft and rotor of [case hardened steel] [ ].

Shaft to ride in bearings at both ends. Camring of [high carbon chrom um
steel] [___ ]. Provide doubl e vane punps when indicated. Use [Buna N

[nitrile rubber] [fluoroelastomer] [

2.1.8.2.2 Vari abl e Di spl acenent Vane Punps

I ncorporate neans for varying the punp displacenment fromzero to the
maxi mum rated quantity while the punp is operating against the system
pressure indicated. Materials as specified for fixed vane punps. Arrange
punps for adjustnent of discharge volune by [nechanical] [electrical]

[ hydraulic] [pneurmatic] means. Control the punp displacenent by [integra
automati ¢ pressure conpensation] [adjustnent screw] control. Provide the
punp casing with a tapped outlet for connection of an external drain |line.
Punp ports to be [NPT] [tapped NPTF] [tapped for straight pipe threads]
[drilled and faced for flange connections] [socket weld].

2.1.8.3 Pi st on Punps

Provide [cylinder block in-line type which reverses flow direction and
controls flow rate by neans of external valve bank] [axial fixed] [axia
variable] [or] [___ ] piston punps. [Axial variable type to be capable of
providing reversed flow with constant direction of input shaft rotation.]

[ Axial variable type to be suitable for control of displacenent [and
direction of flow] by [manual] [nmechanical] [hydraulic] [electric]

[ pneunatic] devices.] [Provide manually adjustable maxi mum and mni ni mum
limts of displacenment in each direction of flow]

2.1.9 Accumulators

Provi de bl adder type suitable for charging with nitrogen. [Provide the

i ndi cated nunber of accurulators with the fluid capacity not |ess than
[ ] [L] [gallons]]. [Provide a tee with a[__ ]L gall on accunul at or
in the pressure line at each cylinder.] Design the accunulators in
accordance with ASME BPVC SEC VIII D1 for a rated working pressure of not
less than [ ] kPa psi. [Accunul ators should be stanped and certified
per ASME standards.] Equip accunul ators with a safety device to rel ease
excessive pressure before the burst pressure is reached. Arrange

accunul ators so that pressures can be checked and bl adders can be easily
changed wi thout the renoval of other conponents. Provide a ball type
shutof f val ve for each accumul at or

2.1.10 Filters
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NOTE: Use duplex filters only if continuous
operation is necessary w thout shutting down the
system for replacenment of the filter el enent.

To ensure maximumreliability of the system and
reduce repairs to or replacenent of the system
conponents, specify the filtration level for the
system by the Beta ratio, the ratio of the nunber of
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particles in a certain size range upstream of the
filter to the nunber of particles in that size range
downstream of the filter. This will however
increase initial costs and filter maintenance.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Locate the filter[s] in the return line to the reservoir [and in the punp
discharge line] [in the indicated location]. Provide the [spin-on type
with a bypass and an indicator to show the condition of the filter elenent]
[duplex type with a differential pressure device to indicate the need for
filter element service]. Provide filter housing and cover of steel or cast
iron construction. Bolt the cover to the nmain housing. Locate filters so
that they can be changed w t hout renoval of hydraulic system conponents.
Shut of f valves to be easily accessible. Equip the filter with a reli ef

val ve which protects the filter agai nst excessive pressures. Equip the
filter unit with a gauge or gauges indicating the pressure loss or a
cartridge replacenent indicator. Equip the filter unit with a pressure
switch to signal excessive pressure |oss across the filter. Each filter to
have a m ni rum capacity of [ ] L/s [ ]gpm at a pressure drop not
exceeding 69 kPa or 10 psi when filtering hydraulic fluid having a
viscosity of 389 SSU at 38 degrees C or 100 degrees F. The filter
cartridges will not renove additives fromthe hydraulic fluid. [The filter
el ement to have a rating of [[__ ] um absolute] [10 um absol ute unl ess a
smal l er mesh is recommended by the nmanufacturer of the conponent with the
hi ghest cleanliness requirenent].] [The filter elenment to have a m ni num
silt control rating as approved and Beta rating of 200 [ ] at 400 kPa or 60
psi differential pressure in accordance with [ISO 16889].] The filter to
be rated for use with hydraulic oil and the pressure drop not to exceed 40
kPa or 6 psi in the clean condition. [The return filter to be pressure
rated for 1400 kPa or 200 psi and a flowrate of [ ] L/'s gpm] [The
discharge line filter to be pressure rated for [ ] kPa psi and a flow
rate of [__ ] L/'s gpm] [Deternine the pressure and flow rating of the
filters to be conpatible with the design of the power units.]

.1.11 Gauges

.1.11.1 Pressure Gauges
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NOTE: Panel nounted pressure gauges and ot her
sensors and or val ves connected to the mani folds are
reconmended to avoid | oose connections or itens that
can be bunped or disturbed. Avoid stem nountings.
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Provide in accordance with ASME B40. 100, with a bl ack enanel ed netal case, a
115 mmor 4-1/2 inch dial, and a stainless steel Bourdon tube. The scale

range of the gauge to be approximately 150 percent of the maxi num pressure

of the Iine in which installed. Provide safety type gauges with solid

fronts and bl owout backs. Provide each gauge with a pressure snubber

[ Mount gauge as indicated.] [Panel nount the pressure gauges and make them

readable fromthe front of the power unit after opening the doors of the

enclosure.] Provide bottomtap gauges and gauge lines in horizonta

pressure lines.

.1.11.2 Thermometer

Provide a direct indicating thernoneter to indicate fluid tenperature in
the reservoir. Do not use Mercury in thernoneters. [Provide a binmetallic
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type thernoneter [nounted directly on the reservoir] [and panel nounted as
for the pressure gauges].] [Provide a renote reading, capillary
tube-and-bul b type thernonmeter, panel mounted.] Provide a mininum?75 mm or
3 inch dial with black markings on a white background, with scal e range of
mnus 5 to plus 115 degrees C or 20 to 240 degrees F. Provide a corrosion
resi stant case and stem and stainless steel wetted conponents. Provide
thermoneter wells of the separable socket type for each thernoneter with a
direct type bulb.

.1.12 Manifolds

Provide pre-drilled manifold blocks for connection of control valve
assenblies. Construct each manifold block of ductile iron, ASTM A536 or
equal . Machine ports and passages snooth and free of burrs and sharp
edges. Arrange mani fold bl ock interconnecting passages and val ving so as
to provide the system connections and functions as indicated. Mnifold

bl ock interconnecting passages and valving to be of anple proportions to
mnimze internal pressure |osses. Machine surfaces and recesses where

val ving and ot her conponents are installed to the specifications of the
appl i cabl e val ve or conponent nmanufacturer. Mke provisions for attaching
the hydraulic piping to the manifolds by the use of flanges as specified in
paragraph "Pipe Fittings" and as indicated. The nanifold in accordance
with the valve manufacturers' recomendations to provide for installation
of valves, flanges, and accessories. Make hydraulic interconnections
between the manifold and piping with 4 bolt flanges. Design the manifold
for a minimum pressure rating of not less than [__ lkpa [ ] psi at 66
degrees C or 150 degrees F except as specified.[ Locate conponents on the
mani fold in positions as indicated. Al conponents as specified by their
nmodel nunbers and nounted to the manifold in accordance with nmounting
details indicated and in the manufacturer's catalogs.] [ Supply nanifolds

with mani fold encl osures rated for subnmergence to | ] m[ ] feet.]
[ The manifolds and all attached val ves, equi pnent, and el ectrical devices
to be rated for submergence to [ ] m[ ] feet.] [Provide test ports

as shown on the schematics and fitted with diagnostic connectors with
stai nl ess steel quick coupling nipple and accessory stainless steel netal
dust cap. ]

.1.13 Valves

Provide a m ni mum pressure rating of [__ ] kPa psi unless stated

ot herwi se. Where possible, manifold nount valves. Manifold nounted val ves
to be either cartridge type or subplate nounted. Provide socket-wel ded

pi pi ng connections on non-nmani fold nmounted val ves 25mm or 1-inch or

larger. Provide valves less than 25 mmor 1 inch with SAE straight thread
ends and [Buna N] [Viton] Orings with tube fittings. Valves to be
specifically designed and rated for hydraulic system applications.

.1.13.1 Shut - O f Val ves

Provide in-line nounted, stainless steel, |lever operated, ball type.

Shut - of f val ves at pi ping mani fol ds of each cylinder at the upstream and

downstream | ocations for the main supply and return lines to be [50]

_____ ]-inch line size, rated for a working pressure of

(210 ] MPa [3000]]_ ] psi, with socket-wel ded ends, double acting

ball type. Shut-off valves for all other lines to be ball type, match the

line size, and have a maxi mum al | owabl e worki ng pressure of [21] [__ ] MPa
[3000] [___ ] psi. The valve ends to have socket-wel d pi pe connections

and drilled to receive SAE Code [61]]__ ] flanges. Provide a renovable

operating |l ever for each valve. Valves to be specifically designed and
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rated for hydraulic systemapplications. Provide with stainless steel
valve trimincluding handles. The valves to have replaceabl e seats and be
repairabl e without disturbing the wel ded connecti ons.

2.1.13.2 Needl e Val ves

Supply needl e val ves of stainless steel construction and designed for fine
flowregulation. Use [Buna N] [Viton] stemsealing Orings.

2.1.13.3 Manual Control Val ves
2.1.13.3.1 Flow

FIl ow control valves to be [subplate nounted for socket-welded piping] [line
mount ed] [rmanifold nounted cartridge valves]. The valves to be
pressure-conpensating, free flowing in one direction, and adjustable. The
val ves to be capable of being | ocked in position to prevent an

uni ntentional adjustnent. The flowrating to be [a minimumof [ ] L/s
gpm [determ ned by the Contractor in accordance with the design criteria
stated in paragraph "Design Paraneters"].["]

2.1.13.3.2 Manual Four-Way Directional Control Valves

The rotary shear seal type, open or closed center, and detent or spring
centered as indicated. The valve to be three position, [subplate nounted
wi th socket-wel ded piping connections][line mounted]. The flowrating to
be [a mininumof [__ ] L/s gpn] [determnined by the Contractor in
accordance with the design criteria stated in paragraph "Design
Parameters].["]

2.1.13. 4 Sol enoi d Operated Control Val ves

Sol enoids to be rated for continuous operation w thout danmage or

mal function. Solenoids to operate the valves within a 10 percent
fluctuation range. All noving parts and w ndi ngs of the solenoids to be
totally enclosed to prevent entrance of dirt and noisture. Pilot fluid
supply to be internally supplied and externally drained fromthe power
circuit. Vent both end cap chanmbers as necessary to achi eve spring
centering. [Equip the valve with nmanual [push detent][lever] weather
protected overrides.]

2.1.13. 4.1 Pi | ot - Oper at ed, Sol enoi d-Control |l ed Four-Way Directional Control
Directional

Pi | ot - operated, sol enoid-controlled four-way directional control valves to
be [two][three] position and [open][closed] centered as indicated. Provide
pil ot operated valves with [a single] [two] sol enoid[s], subplate nounted

wi th [socket-wel ded piping] [tubing] connections. The valve's anplifier to
be of the sanme nmanufacturer as the throttle valve. Provide a power supply
for the valve and anplifier with an input of 120 volts AC. The flow rating
to be [a mMinimumof [__ ] L/s gpn] [determined by the Contractor in
accordance with the design criteria stated in paragraph "Design Paraneters].

2.1.13.4.2 Sol enoi d Operated Proportional Throttle Valve
Hydraulically control the rate of oil flowinto the nanifold by an
el ectrohydraulic proportional throttle valve with electrical feedback

setting. The throttle valve's anplifier to be of the sane manufacturer as
the throttle valve. Provide a power supply for the throttle valve and
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anplifier with an input of 120 volts AC. The flowrating to be [a m ni mum
of [__ ] L/'s gpm [determined by the Contractor in accordance with the
design criteria stated in paragraph "Design Paraneters].

.1.13.5 Pressure Relief Valves

Provi de adjustable pressure relief valves with a body designed for a set

pressure of [ ] kPa psi. Relief pressure to be adjustabl e between
[ ] kPa psi and [__ ] kPa psi.[ The valve to have the capacity to
pass [__ ] L/'s gpm][ Deternine the flow capacity in accordance with the
design criteria stated in paragraph "Design Paraneters].["] Provide

bal anced piston type relief valves. Valve bodies to be of close grain

all oy cast iron, ," cast steel or forged steel. Valve pistons to be
hardened, alloy steel. Finish grind valve pistons to provide an

i nterchangeable fit. Valve springs to be alloy steel or nusic wire. Al
relief valves to be field adjustable within the specified relief pressure
adj ustnent range with a [key-lockable][ ] adjustnent handle. Fina
factory settings as indicated, unless otherw se approved in witing by the
Contracting Officer. [Provide nmanifold nounted type val ves.]

.1.13.6 Unl oadi ng Val ves

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Unl oadi ng val ves provide free passage through
a low pressure area when a signal is applied to a
pil ot connection. An unloading valve is normally

| ocated in the punp discharge line so that the punp
can unload to the tank at a preset pressure. 1In a
typi cal application, unloading valves nmay be
arranged to accept a signal froman accunulator. At
a predeterm ned pressure val ue, when the accumul at or
is charged to the preferred level, the punp unl oads
to the tank.
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Provi de adj ustabl e unl oadi ng val ves designed for [ ] kPa psi service
Set the pressure as shown and determine the flow capacity so that the valve
operates without cavitating.

.1.13.7 Supply Spring Loaded Check Val ves
Provi de supply spring | oaded check val ves of stainless steel construction,

the ball or poppet type with a body designed for high shock and [
psi service

.1.13.8 Return Spring Loaded Check Val ves

Construct the return spring | oaded check val ves of stainless steel, the
ball or poppet type with a body designed for | ] kPa psi service
Cracking pressure to be | i

.1.13.9 Bl eeder Val ves

Provide 6 mmor 1/4 inch, stainless steel construction, wench operated
bl eeder val ves.

.1.13.10 Pressure Snubbers

Provi de stainless steel pressure snubbers for all pressure gauges and
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pressure switches to protect agai nst shock and provide nore stable
i nstrument operation

.1.13.11 Count er bal ance Val ve

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: For hydraulic cylinders with attached flexible
hoses, a counterbal ance val ve should be installed
directly on the cylinder so that the | ower hose is
not subjected to a static |oad.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Install in the oil line to the bottomside of the hoist piston as indicated
to bal ance the | oad being held by the cylinder. The valve to be directly
operated, internally drained, and adjustable for operating over a pressure

range of [__ ] to[___ ] kPa psi. Design the valve for a system
operating pressure of [ ] kPa psi. Provide the valve capacity rating
of not less than [ ] L/'s gpm Permt unrestrained flowto the

underside of the hoist piston and retain pressure in the hoist cylinder in
the amount of the valve's pressure adjustnment. [Each valve to be renote
pil ot operated with a check valve.] [Each valve to have an adjustable flow
control valve in the pilot pressure line.] The counterbal ance valve to be
factory set in accordance with the settings as indicated.

.1.14 Piping
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NOTE: Tubing is recomended for indoor and or
protected environnments where danage due to flooding,
ice, debris, vibration or personnel traffic is not
likely to occur. Use caution when specifying tubing
applications in larger dianmeters as the avail able
wor ki ng pressures of the tubing nay be | ower than
antici pated operating pressures of the hydraulic
system.

Recommend provi di ng an Engi neering Consideration for

In Field Personnel to have QA perfornmed on the

installation, assenbly and testing of any threaded

pi pi ng connections specified to ensure a | eak free

design.
Desi gn pi pi ng, tubing, and hose for a working pressure of [__
[Use pipe when a 25 mmor 1 inch or larger dianmeter is required. Use
tubing when less than 25 mmor 1 inch dianmeter is required.] [Provide
external cylinder piping as indicated.] Weld pipe as indicated. Provide
power piping equal or exceeding the requirenents of ASME B31l.1, and
subsequent addenda unl ess ot herw se specified or indicated.

.1.14.1 Pipe

Use seamnml ess [steel conforming to in accordance with ASTM A106/ A106l, G ade
B] [stainless steel in accordance with ASME B36. 19V and ASTM A312/ A312N
Grade TP304]. Supply carbon steel pipe in the pickled and oiled

condition. The piping weight class to be Schedule 80 [_40_].
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2.1.14.2 Pi pe Fittings

Use socket welding type pipe fittings in accordance with ASME B16.11 and
made of [steel in accordance with ASTM A234/ A234N, G ade WPB] [stainless
steel in accordance with ASTM A182/ A182lV, Grade F304]. Provide pressure
class [ ] kg pounds. Flanges in accordance with ASTM A182/ A182N with
the grade suitable for the pipe to which attached. Al so conformthreaded
fittings to the above, but use only where absolutely necessary for the
application

2.1.14.3 Pi pe and Tube Hangers and Supports

Locate all pipe support devices at intervals no greater than 2 mor 6 feet
bet ween centerlines of adjacent supports, except as nodified as specified.
Install support devices on both sides of a bend wi thin four nomninal pipe or
tube dianmeters of the bend location. Furnish all supports, hangers, sleeves
and brackets conplete with conpatible nounting hardware and appurtenances.
Conventional pipe hangers and support in accordance with MSS SP-58 type as
required. Provide stainless steel pipe supports and hangers. Provide
speci al hangers and anchors as indicated. Construct tube supports of
stai nl ess steel hardware with pol ypropyl ene support halves. Provide each
tube support with all mounting hardware required to connect with the
appropri ate anchorage system

2.1.14. 4 Sl eeves and Wall Brackets
Fabricate sl eeves and wall brackets of stainless steel as indicated.
2.1.14.5 Pi pe Penetration Seals

Provi de nodul ar nechani cal type pipe penetration seals, consisting of

i nterlocking synthetic rubber |inks shaped to continuously fill the annul ar
space between the pipe and opening. Assenble links to forma continuous
rubber belt around the pipe with a pressure plate under each bolthead and
nut. Tightening of the bolts to cause the rubber sealing elenents to
expand and provide a watertight seal.

2.1.14.6 Unions

Provide Oring type unions, made of stainless steel with socket-welding
ends. The Contractor nay, as an option, substitute four bolt split flanges
with [Buna N] [Viton] Orings for the unions.

2.1.14. 7 Hydr aul i ¢ Tubi ng

Stai nl ess steel tubing used for hydraulic circuits in accordance with
ASTM A269/ A269N for Grade TP 304, Seam ess. Select the wall thickness to
provide a safety factor of 6 based on the manufacturer's ratings for burst
strength in relation to the maxi mum worki ng pressure.

2.1.14.8 Tube Fittings

Provide flareless type with SAE straight threads and [Buna N [Viton]
Oring seals. Each fitting to hold the tubing with a chucking action and
to provide a firmflat grip on the tubing wi thout penetration of the tubing
wall. Fittings not to twist the tubing during assenbly. Provide a

| eak- proof seal at the rated working pressure of the tubing. Each fitting
connection to be capable of no |l ess than 30 connect - disconnect -
reconnect cycles without galling, |eakage or any other danage. Provide all
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tube fittings w thout special adaptors or custom desi gned assenblies.
Provi de Type 304 stainless steel fittings and in accordance with SAE J514.

2.1.14.9 Hose

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Carbon steel hose fittings can be eval uated
by the designer for use depending on the
application. Any applications that are submerged
should utilize stainless steel fittings.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Al'l flexible hoses to have an inside dianmeter to match the line size to
which it is to be connected to. A m ni mum working pressure of the hose to
be rated not | ower than the system operating pressure indicated with a
factor of safety of 4. Provide hose in accordance with SAE J517, 100R9.
The hose used for general industrial use in hydraulic systens provided with
pet rol eum base hydraulic fluids. Provide a synthetic rubber tube with four
spiral wire reinforcenents and a synthetic rubber cover. Each end of the
hose to have a straight split stainless steel flange fitting in accordance
with  SAE J518-1, Code [61][__]. Design fittings specifically for use with
the hose sel ected and as recomended by the hose manufacturer. Install the
fittings using the internal skive crinp nethod. Make fittings of
[stainless steel][carbon steel] and of the reusable type. Fit the hose
with a nylon sleeve to protect and prevent abrasion of the hose cover.

Mai ntain nini mrum bending radii. Install hoses with uniform and neat
routing such that they are not-overlaying one another and are wi thout

ki nks, sharp bends, binding, or rubbing throughout the entire notion of the
hydraul ic actuator. Protect the finished surfaces prior to installation of
the flanges.

2.1.15 Bolts, Nuts, and Washers

2.1.15.1 Carbon Steel Bolts and Nuts
Provide in accordance with ASTM A354, Grade BC, with ASTM A194/ A194N, G ade
2H nuts. Make structural bolted connections carrying prinmary |oads wth
ASTM F3125/ F3125N, Grade [325][490] bolts.

2.1.15.2 Stainless Steel Bolts and Nuts

Provi de in accordance with ASTM A193/ A193N, Grade B8, with ASTM A194/ A194l,
Grade 8 nuts.

2.1.15.3 Fl at Washers
Provide in accordance with ASTM F844.

2.1.16 Hydraulic Fluid (Petrol eum Based)
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NOTE: Specify the hydraulic fluid by brand name
only if it is necessary for the fluid to be
conpatible with the fluid in an existing hydraulic
system.

M neral oil hydraulic fluids are the nbst common

within USACE and will work for a majority of
applications. They are refined with the addition of
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addi tives, which range fromanti-wear (AW,

rust and

oxi dation inhibitors (RO, anti-foam ng, and
viscosity index (VI) inmprovers. These fluids offer a
| ower cost alternative to synthetics and can be very
conparable in perfornmance when certain additive

packages are incl uded.

Vi scosity should be deternined by the punp type. 1SO

Grade 32 and 46 and 68 are the npst conmon

Not

havi ng the correct viscosity for the application
will dramatically reduce the average life of the
punp and system thereby directly reducing its
reliability and production. Wen selecting the
appropriate viscosity grade, |look for the optinum

viscosity required by the punp. This can be
determ ned by collecting data fromthe punp

ori gi nal

equi pnrent manufacturer, actual operating tenperature
of the punp, and the lubricant properties referenced
to the 1SO gradi ng systemat 40 and 100 °C (104 and

212 °F).

NOTE: A mini mum requirenment of the Kinematic
Viscosity at 40°C = 22 mmR2/s (1 mR/s = 1 ¢St = 0.01

St). Lower values, for exanple 15 m2/s at

40° C

can be allowed but special seals (sinmlar to | ow
friction seals) are advised. Chevron seals or U cup

seals at 15 mMm®/s at 40°C can give friction

probl ens

and high wear. O course, this is also depending on
the viscosity index. The absolute ninimmviscosity
at maxi num operation tenperature should be no | ower

than 10 mm?®/ s.

The designer needs to carefully consider any
applications of EA hydraulic fluid to insure proper
system perfornmance. Types of EA fluids generally

considered to have acceptable properties in

t he

variety of conditions found on civil works projects
i ncl ude synthetic esters and pol yglycols (PAG s).

Bi obased fluids can al so be consi dered, dependi ng on
the application, but the designer needs to carefully
consi der their perfornmance. Sone pol yal phaol efins
(PAGCs) can al so be considered EA fluids. G ade of
filter to introduce hydraulic into the system

t hrough depends on the final target cleanliness of

the system and the cleanliness requirenents
i ndi vi dual conponents.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Use the hydraulic fluid during shop testing, [to fil

of

the cylinders before

shiprment,] flush the systemafter installation, and to fill the conplete

hydraulic systemto be [[___ ] Petrol eum Corporation
oil which has a high viscosity index, |ow pour point,
properties,] [an all-weather type hydraulic oil which
i ndex, |ow pour point, rust and oxidation inhibitors,

properties]. The oil to have an ISO viscosity grade of |
] degrees C degrees F. [Formulate the oil to separate

point of minus [__
quickly fromwater to prevent formation of enul sions.]
fluid certified by the manufacturer as fire resistant
NFLPA T2.13.1.] Filter fresh hydraulic fluid through
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it is added to the system Introduce clean and fresh hydraulic fluid [5]
[ ] umfilter before it is added to the system Provide letters of
assurance fromthe hose, punp, valve, and cylinder manufacturers that the
oil provided is satisfactory for use in their equipnment in this
application. Supply all oil and furnish two [210][__ ] L [55]]
gallon containers to the Governnent for a reserve supply.

2.1.17 Hydraulic Fluid (Environnental |y Acceptable)
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NOTE: The desi gner should reference EM 1110-2-1424
for further discussion on EA hydraulic fluid. 1SO
15380 identifies four categories of biodegradable
hydraulic oil: These four categories of EA hydraulic
fluids include:

* Synthetic Esters (SE) - |1SO O assification HEES

* Pol yglycols (particularly Polyal kyl ene @ ycol s
(PAG) - 1SO Cassification HEPG

* Triglycerides (vegetable oils and biobased oils) -
| SO d assification HETG

* Pol yal phaol efi ns (PAO) and rel ated hydrocarbon
products - 1SO C assification HEPR

USACE has al so adopted a two-tiered approach for
selecting EA fluids. Tier 1 is nmore stringent from
an environnental perspective but the selection of
fluids may be less available. Tier 2 is |ess
stringent environnentally and nore fluids may be
avail able to neet Tier 2 requirements. USACE woul d
prefer a Tier 1 fluid if available and it neets the
performance requirenents of the system

A Tier 1 USACE EAL is one that conforns to a strict
interpretation of the United States Environnental
Protection Agency (USEPA) definition and will either
* Be a product |abel ed by European Eco-I|abel, and/or
Gspar (other product |abeling could be considered by
an Environmental O ficer), or

* Be a product classified as USEPA VGP docunent
Appendi x A conpliant, O

* Have test data as specified in USEPA 800-R11- 002
or in USEPA VGP docunent Appendi x A. Test reports to
indicate that it nmeets all requirenents for

bi oaccunul ation, toxicity, and biodegradability.
Such data may be presented as test reports or
reported on product specification sheets.

A Tier 2 USACE EAL is a product that does not neet
the criteria of a Tier 1 EAL, but:

* It is |labeled by one or nore of the follow ng:

Bl ue Angel, Nordic Swan, or Swedish Standard and/or,
* |t contains a manufacturer's statement that it
neets one or nore of the test criteria

(bi oaccumul ation, toxicity, and biodegradability) in
accordance with USEPA 800-R11-002 definition or
USEPA VGP docurnent Appendi x A definition, with
appropriate test data to confirmthe other criteria,
and/or
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* |ts base oil indicates that it neets one or nore
of the test criteria (see USEPA 800-R11-002, Section
4, Table 3 for biodegradability, Table 5 for
toxicity, and Table 6 for bioaccunulation), with
test data to support the other criteria.

*% *% *% *% *% *% *% *% *% *%%

Use nontoxi c and bi odegradabl e hydraulic fluid during shop testing, [to
fill the cylinders before shipnment,] flush the systemafter installation
and to fill the conplete hydraulic system Biodegradability is defined as
60 percent or nore of the fluid carbon is converted to CO2 in 28 days,
using test nethod in accordance with ASTM D5864. Nontoxicity is defined as
concentrations greater than 1000 ppm of the fluid are necessary to kill 50
percent of the test organisnms in 96 hours using test method EPA 560/ 6-82-002.
Provide [synthetic ester] [poly glycol] type hydraulic fluid. The fluid to
have a high viscosity index, |ow pour point, oxidation inhibitors, and
antifoam properties. The oil to have an I1SO viscosity grade of [ ], a
viscosity index of [ ], and a pour point of minus [ ] degrees C
degrees F. [Formulate the oil to separate quickly fromwater to prevent
formation of emulsions.] [Provide hydraulic fluid certified by the
manufacturer as fire resistant in accordance with NFLPA T2.13.1.]

Introduce clean and fresh hydraulic fluid through a [10] [__ | ] umfilter
before it is added to the system Provide letters of assurance fromthe
hose, punp, valve and cylinder manufacturers that the oil provided is
satisfactory for use in their equipnent in this application.[ Supply al

oil plus furnish [two] [__ ] [210] [___ ] L[55][___ ] gallon
containers to the Governnment for a reserve supply.]

.2 ELECTRI CAL EQUI PVENT

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: The contents of the follow ng paragraphs are
dependent on design requirenents which may
necessitate revision or expansion to cover different
condi tions and standards.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provide el ectrical equipnment for the hydraulic power systens as indicated
and as specified. Oher electrical materials and equi pnent required for
the installation of the hydraulic power systens is specified in Section
26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM  Furni sh standard catal og item

el ectrical equiprment under regular manufacture with preexisting catal og
ratings equal to or better than the requirenents of the Contract draw ngs
and specifications. Acconpany request for approval of equiprment other than
as specified or as indicated by technical and descriptive data and
specifications sufficient for the Contracting Officer to deternmine its
adequacy. Unless otherw se specified or indicated, electrical nmaterials
and equi pnent to neet the standards, specifications, and tests referenced.

Subnit data specifications and assenbly draw ngs show ng sizes, ratings,
parts and material lists, overall dinensions, and nmounting di mensions wth
t he product data.

2.1 Condui t, Duct, and Accessories

[ ] Threads on the foll owi ng equi prent to be American Standard. No
metric threads will be accepted.
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2.2.1.1 [Plastic Coated] Rigid Metal Conduit

Hot - di p gal vani ze the conduit, including the threads, in accordance wth

ANSI C80.1 and UL 6. [The plastic coating to be factory applied by the

same nmanuf acturer who produces the hot-dip gal vani zed conduit. The plastic

coating to have a mininmumthickness of 1 mmor 0.040 inch for the ful

| ength of the pipe except for the threads and a tensile strength of 24.1 MPa
or 3500 psi. Furnish a coupling | oose with each I ength of the conduit.

The bond between netal and plastic to be equal to or greater than the

tensile strength of the plastic coating. The coated conduit in accordance

with NEMA RN 1, Type A ]

2.2.1.2 Conduit Fittings
Provi de gal vani zed, high test, gray iron castings. [The fittings to be
plastic coated in the same nanner as outlined above for the conduit.]
Furni sh gaskets for all covers

2.2.1.3 Conduit and Cabi net Supports
Support conduit and cabinets as required by | EEE C57.12.70. The supports

to be gal vani zed [and plastic coated in the same manner as outlined above
for the conduit].

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: The desi gner shoul d consider the use of
"Subsea" junction boxes, pin connectors and

i nstrument ati on conponents where floodi ng or
subnmergence is likely to occur. All potential water
i ngress points of connection nust be considered for
possi ble failure risk of the operating system
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2.2.2 Cabi nets and Boxes

Provide watertight, [gal vani zed] [stainless] steel, NEMA 4X housings sized
as required. The cabinet and box hubs to be consistent with the NEMA 4X
rating of the box. Munt cabinets and boxes such that the NEMA 4X rating
is not conpronised. Match threads on the hubs with the threads on the
conduit [__ ] and to be Anerican Standard. Metric threads will not be
accepted. The cabinets and boxes in accordance with UL 50.

2.2.3 Punp Mdtors
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NOTE: Where notor starters are provided in notor
control centers, delete the reference to notor
starters.
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Provide in accordance with NEMA MG 1, except as specified, and designed to
wi thstand full voltage starting. Provide a totally enclosed franme, fan
cool ed construction for the punp. Provide a stainless steel drain-breather
simlar and equal to Crouse-H nds type "ECD Universal" and | ocate so that
any water present can be drained frominside the notor. [Encapsulate the
motors windings.] [Provide nmotor starters conplete with properly sized
thermal overl oad protection and other appurtenances necessary for the
motors specified.] Provide nanual or automatic control and protective or
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signal devices required for the operation, and any control wiring required
for controls and devices but not shown on the electrical draw ngs.

2.2.3.1 Rating

The notors to operate on [ ] volts, 60 Hz, 3 phase power and sized to
operate the punps specified in paragraph "Punps." Design the notor to
operate continuously w thout exceeding the tenperature rise pernmitted by
the applicabl e NEMA standards for the class of insulation and frame
construction used.

2.2.3.2 W ndi ng | nsul ation

Provi de wi nding insulation of either class F or H[with special noisture,
fungus, and oil-proof treatnment]. Provide w nding insulation of the type
desi gned and constructed to withstand the severe noisture conditions and
the wide range in anbient tenperature to which the notors will be subjected

2.2.3.3 W ndi ng Heaters

Install heater[s] in the motor frame or end bells or wapped around the

wi nding end turns. The heater to automatically turn on when the notor is
not running. The heater to be capable of wthstanding the sane tenperature
extrenes as the notor. Provide heaters that when energized the tenperature
of the nmotor winding will be held approximately 10 degrees C or 18 degrees F
above anbient. Design themfor [__ ] volts AC continuous operation

The heaters to withstand 10 percent overvoltage continuously. Term nals of

the heaters, including the |leads, to be watertight. Ternminate the leads in

the nmotor |ead term nal box

2.2.3.4 Term nal Leads

Extend the notor |eads outside the frame, have insulation equivalent to
that of the nmotor winding, and terminate in a two-piece, four-position

wat ertight, [galvanized] [stainless] steel, NEMA 4X, term nal box secured
rigidly to the notor frane. Position and seal the | eads where they pass
through the frane with a water-resistant seal of a synthetic rubber
material or else with a synthetic rubber gasket. Thread conduit entrances
to the termnal box

2.2. 4 Control Conponents

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTES: Where it is desired to control, coordinate,
and program conponents of a hydraulic fluid power
systemto achi eve synchronization of cylinders or
conponents or to achieve a sequence of operations in
several nodes, tailor systemrequirenents and
specifications for the job.

a. The programed controller is used in nodern
fluid power systens where a series of operations is
to be performed in a sequential order on each

cycle. It can be programmed to cause a nunber of
hydraulic cylinders or notors to follow a sequenti al
order of operations, extending and retracting,
starting and stopping, during each cycle.

b. The controller can be progranmmabl e, consisting
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of a console plugged into a Central Processing Unit
(CPU), or a specialized mcroconputer systemthat
can be custom progranmed to control a wi de variety
of electronic and el ectrohydraulic systems and
conponents, and has the capability to interface with
ot her controls and transducers.

c. The designer shoul d consider the use of "Subsea"
rated conponents where there is a possible risk of
fl oodi ng or submergence.

O her types of position nmeasurenent and control
equi pnent may be used instead of the electronic
[imt switch and transducer comnbi nation indicated.
Many ot her met hods of position measurenment are
avai |l abl e including sone which are entirely
mechani cal. Sel ect the best type for the
application.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

2.2.4.1 Control Devices and Wring

Provi de manual or autonmatic control protective or signal devices required
for the specified operation and all control wiring for these controls and
devi ces whether indicated or not. Electrical control devices to have a
m ni mum current and voltage ratings in accordance with NEMA I CS 2 cont act
rating designation A 300, as applicable, unless larger ratings are
indicated or are required. Provide control devices with the nunber and
arrangenent of contacts required to performthe specified contro
functions. Provide devices with or installed in NEMA 4X encl osures.

.2.4.2 Pressure Switches

Provide a m ni mum pressure rating of [__ ] kPa psi with set point
operating as shown. Enclose the switches in watertight, [gal vani zed]
[stainless] steel, NEMA 4X housings. Provide the switches with a nornally
open, nornally closed contact having a mininumrating of 5 anps, 125/250
volts AC

.2.4.3 Pressure Transducers

Install pressure transducer as indicated to pernit nmeasurenent and renote
readi ng of the pressure in the system Provide a transducer of the bonded
strain gauge design with a pressure range of 0-21 MPa 0-3000 psi. The

el ectrical output to be 4-20 mMA with an accuracy of plus or minus 1
percent. The transducer to have a shiel ded el ectrical conductor cable of
sufficient length to extend to the ternminal strip in the junction box.
Provi de stainless steel housing construction with SAE hydraulic
connections. Equip the pressure transducer with two adjustabl e setpoint
switches that are integral to the unit to provide protection control

Al ternatively, provide standard 4-20mA pressure transducers as approved.

.2.4.4 Fl ow Detection Swi tches

Provi de thermal dispersion type flow detection switches with no noving
parts and tenperature sensors utilized to monitor flow or "no-fl ow'
condition and be field adjustable with SPDT relays to detect flowin the
range of [0-3.2][__ ] L/s [0-50]]____ 1 gpm Provide with powder coated
steel or alum num housing, splash-proof construction. WMke the sensors of
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stainl ess steel construction. Operating tenperature to be -29 to 177
degrees Cor -20 to 350 degrees F and the operating pressure 0-28 MPa or
0-4,000 psig. Use either threaded or flanged connections. Electrical
requirenents are 120V, 60Hz, 4 watts. The relay output to be SPDT 3 anps
resistive. Electronics associated with the sensor nmay be either integrally
mount ed of weat her-proof construction or renotely |located within NEMVA 4
rated junction box at the cylinder manifold or | ocated within the nmachinery
roons with extended cabling.

.2.4.5 El ectronic Limt Sw tches

Provi de solid-state, thunbwheel, programmable linmts with a
count/revolution range of 0000 to 3599; four decades of limt programi ng;
set point switch function selection; initial power supply that provides
four AC power levels (plus 5V, plus 15V, plus 24 V) fromstandard 120 or
240 VAC sources; and outputs for read-outs on two [digital] [anal og]

di spl ays (one renpte digital read-out in the control roomand one at the
hydraulic power unit). The operating tenperature range of the electronic
limt switches to be [0] [mnus 20] degrees C [32] [mnus 4] degrees F to
plus 65 degrees C or 150 degrees F. Locate and nount the linit sw tches as
indicated.

.2.4.6 Transducer (El ectronmagnetic Position Sensor)

Provide a single turn, heavy duty, and enclosed in a water-resistant NEVA
13 enclosure with an operating range of mnus 20 degrees C or 4 degrees F
to plus 85 degrees C or 185 degrees F.

.2.4.7 Rempbte Read-Qut [Digital] [Anal og] D splay

Provide a renote [digital] [anal og] display which is to be connected to the
BCD output fromthe linmt swtch.

.2.4.8 Manual Swi tches

Manual |y operated sw tches, including push-button switches, selector
swi tches, and key-operated swi tches, heavy-duty, oil-tight type in
accordance with NEMA ICS 1. Switches to be the [nmonentary contact type
wi th standard operators] [nmaintained contact type with [mushroom head]
[illum nated button] [latching button]].

.2.4.9 Relays

Rel ays used in control circuits to be industrial magnetic control relays in
accordance with NEMA ICS 2 contact rating designation A 300, except where
other ratings are indicated. Apply relays in control circuits in such a
manner that proper control functions is obtained regardl ess of whether the
contacts are overl appi ng or non-overl appi ng.

.2.4.10 I ndicating Lights

Indicating light assenmblies to be the switchboard type, insulated for 120
volt AC service, with appropriate colored caps as indicated and integrally
mount ed resistors for 120 volt AC service. Make color caps of a materi al
which will not be softened by the heat fromthe | anp. Lanps to be

repl aceable fromthe front of the panel. Furnish any special tools
required for lanp replacenent. The indicating Iight assenblies to be the
same product line as comnpatible push buttons and switches.
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2.

2.

2.5 Control Consol es and Val ve and Gauge Panel s
2.5.1 Control Consol e Construction

The control console to include a basic frame with netal panels fully custom
fabricated or may consist of custom nodul es using standardi zed conponents
where avail able to neet the dinmensional and functional characteristics
shown and specified. Construct the console of steel in accordance with
NEMA ICS 6. Steel sheet in accordance with ASTM A659/ A659N. Secure
removabl e panels in place using captive, spring-loaded, self-1ocking spring
nuts and hardened sheet metal screws. Use stainless steel screws and

nuts. Secure access panels with spring-loaded, quarter-turn fasteners with
studs held captive in the renovable panel. Equip the console w th adequate
| ouvered panels to ventilate the interior and dissipate the heat generated
within the console. Provide special equipnent supports and gui des as
required to support the equi pment and ot her conponents within the console.
[Finish the interior and exterior surfaces with one coat of prinmer and two
coats of the manufacturer's standard baked-on white enanel finish.]

.2.5.2 Val ve and Gauge Panel Construction

Construct val ve and gauge panel s of stainless steel plate thick enough to
provide rigid support for the val ves and other conponents nounted thereon
Terminate all piping with bul khead type connections in a position
conveni ent for the connection of external lines. [Primer and finish to be
the manufacturer's standard coati ng. ]

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: For accumrul ators and ot her pressure vessels
ASME stanps and certification are often necessary.
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.2.5.3 Namepl ates and I nstruction Pl ates

Provi de nanepl ates for each device on the control console, valve panels,
and gauge panel s and submit for approval. Naneplates to clearly indicate
the function of each device and, in the case of manually operated controls,
i ndicate the condition established for each position of the control
Instruction plates to clearly indicate the proper procedures and sequences
of operations to activate the system to operate the system and to secure
the system after conpletion of operation. Machine engrave [print]

|l ettering on naneplates on [steel plate] [plastic lamnate with white
characters on a black background]. Mount instruction plates on arigid
backi ng and covered with clear, rigid plastic sheeting. Munt instruction
plates in a location easily visible to an operator stationed at the consol e
or panel

.2.5.4 Security Provisions

Construct and install control consoles to prevent unauthorized or

acci dental operation of the system [The main power control swtch nmounted
on the control console to be a key-operated type with provision for renpval
of the key only when the switch is in the "OFF" position.] [Provide the
control console with a hinged cover with a key-operated | ock arranged to
automatically lock the cover in the closed position.]

.2.5.5 Weat her Protection

Control consol es and val ve and gauge panel s exposed to the weat her or
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subjected to water or dirt in the atnosphere to be NEMA Type 4 for exterior
nonhazar dous applications. Enclosures to have hinged and | atched covers.

Hi nges to be the separable type to pernmit conplete renoval of the cover for
mai nt enance. Construct hinges and | atches of stainless steel

2.3 SHOP ASSEMBLY AND TESTI NG

Conpl etely shop assenble and test each hydraulic power system using
tenmporary piping and wiring to deternmine the correctness of fabrication and
the mat chi ng of conponent parts to ensure acceptable operation after field
erection. Include all [cardanic rings, trunnions, bushings, pins, clevis,
cylinder support base, pillow bl ock bearings, cylinders, and bearings].
Perform shop tests in the presence of the Contracting O ficer, unless

ot herwi se authorized in witing. Upon satisfactory conpletion of the shop
assenbly and testing, prelimnary acceptance will be nade by the
Contracting Oficer.

[2.3.1 Cylinder Tests
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NOTE: This paragraph does not apply for cylinders of
standard nanufacture and design

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Fill each cylinder with the specified hydraulic fluid filtered through a
[10 micron][8 micron] filter, taking care to exclude all air. Cean and
flush per requirenents in Paragraph "d eaning and Flushing." Then
hydrostatically test each cylinder in each direction at [__
a mnimumof [1][__] hour[s] [per ASME BPVSC code standards]. [Wth the
rod and piston fully retracted, and the pressure applied to the | ower side
of the piston, observe the upper end for |eakage past the piston.] [Wth
the telescopic cylinder fully retracted and under pressure, check the

cylinder for |eakage past the seals.] Any |eakage past the seals is cause
for rejection. Then extend the [cylinder rod and piston] [tel escopic
cylinder] and observe for snooth, even travel. Any operational problens or

source of | eakage to the outside of the cylinder is cause for rejection
1]2.3.2 Hydraul i c Power Units

Test each nmotor-driven oil punp of the hydraulic power unit in the shop as

directed. Include a hydrostatic pressure test at [21][__ ] MPa [3000]
[ ] psi. (The tenperature of oil during test not to be nore than
(210 ] degrees C[70] [ ___ ] degrees F.) Also test each punp by
operating at approximately [14][__ ] MPa [2000] [___ ] psi operating
pressure and [2.3][___ ] L/s [36] [__] gpmcapacity for a period of 30
m nutes. Hydrostatically or pneunmatically test the _tank at [21][__ ]
kPa [3] [___ ] psi for 30 minutes. Valves and operators to undergo a

functional test and the punps tested to verify flow and pressure ratings.
Correct defects detected by the tests. Furnish oil for shop tests.

2.4 MANUFACTURER PREPARATI ON BEFORE SHI PMVENT

2.4.1 Fl ushi ng Hydraulic Cylinders
Clean, flush, and fill hydraulic cylinders with specified oil, filtered
through a 10 umfilter, taking precautions to exclude all air, before
| eaving the manufacturing facility. C ean and flush per Paragraph "d eaning

and Flushing." Subnit oil for use in the systemfor approval. Make
suitabl e provisions to allow for expansion and contraction of the hydraulic
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fluid. Accunulators connected to the cylinder ports are acceptable.
2.4.2 FI ushi ng Hydraulic Power Unit

After cleaning and prior to shipnent, flush each hydraulic power unit and
mani fold. Manifolds not to be installed until cleaned and flushed. Fil
the hydraulic tank with hydraulic fluid as specified and actuate the oi
filtration systemwith a 10 pmelement in the filter. Circulate the fluid
and change filters as becone clogged. After flushing of the fluid in the
tank is conplete, install a by-pass loop with filter on the pressure and
tank lines of the unit and the run punps alternately until the returning
oil neets the requirenment for system cleanliness.

2.5 PAINTING

Shop prime and coat all exposed exterior surfaces of assenblies and

equi pnent except stainless steel, synthetic rubber, and plastic, as
specified in Section 09 97 02 PAINTING HYDRAULI C STRUCTURES unl ess the
equi pnent is given a standard factory finish as specified. Insofar as is
practicable, apply the conplete coating systemto individual conmponents and
items before assenbly to ensure conplete coverage and maxi mum protection
agai nst corrosion. Paint shop assenbl ed equi pnent prior to any storage or
shipnent. Do not paint alum num stainless steel, non-ferrous surfaces, or
machi ned surfaces requiring field assenbly, except as approved. Paint

st andard nmanuf actured equi pnent, such as notors, punps, hydraulic
cylinders, valves, in accordance with the nanufacturer's standard practice
for high hum dity service, subject to approval. Repair chips, scratches,
and ot her danmage to shop-applied painted surfaces in the field.

NOTE: The designer shall identify and list al
speci al tool requirements as needed for operation
and mai ntenance of the operating system and any
spare equi pment requiring periodic cycling.

Itens to consider may include such itens as;
filtering carts, portable HPU, diagnostic pressure
gauges, cylinder disassenbly/tightening tools,
spanner wenches, oil nonitoring/analysis or testing
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2.6 SPECI AL TOOLS

Provide all special tools necessary for the proper operation, nmaintenance,
assenbly and di sassenbly of the machinery in a location and in a manner as
directed. Special tools include those indicated and the follow ng:
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2.

7 SPARE PARTS
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NOTE: It is suggested that for critical systens
that the minimum spare parts called for include a
spare hydraulic punp and a spare of all hydraulic
val ves, including control valves, relief valves,
count er bal ance val ves, and cartridge val ves.
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Furni sh the follow ng spare parts with the hydraulic system Al so furnish
any additional spare parts recommended by the nanufacturers if not
ot herwi se included in the listing.

PART 3 EXECUTI ON

3.

1 EXAMINATION

After visiting the site and becoming thoroughly fanmiliar with all details
of the work and working conditions, verify dinmensions in the field, and
then advise the Contracting O ficer of any di screpancies prior to
performng any work. The Contractor is specifically responsible for the
coordi nation and proper relation of the contracted work to the structure
and work of all trades.

.2 INSTALLATION

Install the equipnent specified and as shown to conplete the hydraulic
power systens for operation of the [intake gates][ slide gates][ contro
gates][ Tainter gates][ miter gates][ butterfly valves][ hoisting

equiprment][__ ]. Install hydraulic conponents in accordance with the
manuf acturer's written instructions and under the direction of the erection
engi neer or manufacturer's representative. Install conplete units or

assenbl i es without disassenbly. Provide necessary supports for al
appurtenances, punps, notors, and other equi pnent or conponents as

i ndi cated. Anchor floor-nounted equi pnent to concrete pads by anchor bolts
or expansion anchors as shown. |Installation in accordance with Section

05 50 14 STRUCTURAL METAL FABRI CATI ONS and Section 26 20 00 | NTERI OR

DI STRI BUTI ON SYSTEM

SECTI ON 35 05 40.14 10 Page 65




3.

3 POVER Pl PI NG

The general arrangenent of the hydraulic piping is as indicated. Any
changes to the arrangenent necessary to facilitate the installation and
proper functioning of the system nay be made subject to the approval of the
Contracting Officer. Arrange the piping such as to close and open the
[mter gates, and to raise and | ower the Tainter valves,] when the val ve
spool s are positioned as indicated.

.3.1 Pi ping Installation

Install the systemconplete including all necessary valves, fittings, and
pi pe accessories. Al joints to be tight and successfully pass the test as
specified. Submt details of pipe supports and anchors not indicated.
Adequately support all lines at intervals not greater than 3 mor 10 feet
or as otherwise indicated. Install hangers and supports using machine
bolts and nmasonry anchors caulked in drilled holes in the masonry or by
usi ng machi ne bolts and expansi on shields. Ream and renove burrs from al
cut ends of pipe. Renove netal particles fromthe ream ng operations and

t horoughly cl ean ends of pipe before proceeding with the work. Tightly
plug all piping at all tinmes except when work is being perfornmed on a

pi pe. dean the pipe sleeves, recesses and trenches of all debris and
thoroughly wash with a high pressure stream of water before any piping is
installed. Drilling, chipping, or grinding of concrete in close proximty
of any piping being installed is not permtted. Repeat washing out of the
sl eeves, recesses and trenches fromtine to tine as necessary. Store val ves
in a clean, dry place and protect against noisture. Do not install valves
in the systemprior to 4 nonths before the systemis to be filled with
hydraulic oil. Install pipes passing through masonry in pipe sleeves as
indicated. Mtering of joints for el bows and notching of straight runs of
pipe for tees is not pernitted.

.3.2 Pi pi ng Vents and Drains

Install plugged vent connections with high pressure gl obe or needl e val ves
at all high points of piping. Provide plugged drain connections with

val ves in accessible locations at all |ow points of piping. Threads on

val ves and pi pe plugs for vents and drains to be SAE Straight Thread with
Oring seals. Provide pipe plugs and other niscellaneous fittings required
for the installation of the vents and drains of the same material as the
pi pe on which they are install ed.

.3.3 Mounting Support for Manifolds

Bolt the manifolds to a nmounting base in such a manner that they can be
renoved by unbolting fromflanges and nounting base and can be adapted for
a left hand or right hand orientation of the cylinder nounted piping.
Locate mani fold and cylinder piping supports on the hydraulic power units
or hydraulic cylinders as indicted and as reconmended by the cylinder
manufacturer to facilitate both I eft hand and right hand installations.

Al bolts and hardware used in the supports to be a m ni mumof 10 mm
3/8-inch. Provide all itens in stainless steel [galvanized steel][painted
steel].

.3.4 Identification of Piping and Val ves

Identify all pipe, tubing, valves, fittings, as required, and hydraulic
power equi prent, located within the trenches, nachine roons, and machi nery
recesses. Use No. 20 gauge brass tags for tagging, with the proper
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identification synbol stanped into the metal. Use piping synbols as

i ndi cated and stanp with 19 nmor 3/4-inch high lettering. Attach tags to
pi pi ng and val ving by means of No. 12 gauge copper wire. Install pipe
markers at intervals of no greater than 5 mor 15 feet, except as approved.

a. Provide a nunerical identification tag on each val ve, coded such that
no other valve in a connected hydraulic power system has the sane
nunmber. Provi de each power circuit valve with an additional tag, which
i ndi cates the valve's function

b. Provide manifol d-nounted valves with port identification nmarkings on a
part of the valve body that remains in view after nounting.

c. ldentify all other valves at the port location, on the connecting
piping.
d. Identify manifold assenblies with a tag indicating the nmanifold's

function and the identity of the nmmchine operated.

e. ldentify all ball, bleed, and gl obe valves with a "normally closed" or
"normal Iy open" |egend.

f. ldentify all gauge nounts and pressure transducer nounts with nunerica
tags, as well as any working or instruction tags required for safe
operation.

g. Provide a warning tag and an instruction tag, or tags as required, at
each return filter assenbly to indicate the safe, approved procedures
for cartridge replacenment and by-pass operation

.4 CLEANI NG AND FLUSHI NG
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NOTES: The allowable linit of contamination in this
paragraph is subject to the specific project design
requi renents which nmay necessitate revision or
expansi on to cover varying standards of acceptance.
The anpunt and sizes of particles which any given
conponent can tolerate is a function of the

cl earances between noving parts, the frequency and
speed of operation, and the materials of
construction. Tol erances range from | ow pressure
gear punps which nmay give satisfactory performance
with dirt levels typically found in new fluid (I1SO
4406) to servo control valves which require oil nuch
cl eaner (1SO 4406 16/14/11). Ceneral guidelines are
as follows:

SYSTEM TYPE CODE LEVEL

Low pressure - nanual control 20/ 18/ 15 or better
Low to nedi um pressure - el ectrohydraulic controls 19/ 17/ 14 or better
Systens wWith servo or proportional control valves 17/15/12
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Hi gh pressure-servo controlled 16/ 14/ 11 or better

Hydraulic fluid power equipment is rated according
to maxi mum pressure. Generally |ow pressure is 0 to
4.1 MPa (0 to 600 psi), nediumpressure to 20.7 MPa
(3000 psi), and high pressure to 34.5 MPa (5000 psi).

Results of nicroscopic automatic particle counter
particle count in accordance with | SO 4406 Hi gher
code |l evels indicate higher particle counts per
millimeter.

| SO 4406 is an internationally recognized standard
that expresses the level of particulate

contami nation of a lubricating fluid. This is the
preferred standard for particle counting and should
be used in testing lubricants. 1SO 4406 is a
cleanliness rating systemthat is based on a nunber
of contami nation particles in a 1-nmilliliter (m)
fluid sanple. Once the nunmber and size of the
particles are determnmined, the points are plotted on
a standardi zed chart of SO range nunbers to convert
the particle counts into an |1SO 4406 rating. The |1SO
4406 rating provides three range nunbers that are
separated by a slash, such as 16/14/12. All three
val ues for applicable range nunbers can be

det erm ned through the use of the | SO 4406
standardi zed chart based on the actual nunmber of
particles counted within the 1-ml sanple for each
size category. The first nunber in the | SO 4406
standard represents the number of particles present
nmeasuring greater than 4 mcron, the second
represents particles greater than 6 mcron and the
third represents those greater than 14 mcron. As

t he range nunber increases by one val ue, the nunber
of particles in a sanple of oil will double. On the
range code, each nunber is double the range bel ow

For exanple, an oil with a code of 19/17/14 should
contain twice as nany particles in each size
category as the code of 17/15/12. For critica
conponents, particle counting and testing should be
repeated to confirmthe 1SO rating.

Filter manufacturing firns can be the source of

i nformati on regardi ng determ nation of contani nation
| evel s and anal ysis and have avail able portable kits
for nore general detection of contam nation
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During assenbly, securely cover all openings to avoid the entrance of

abr asi ves,

dirt, netal chips, and other foreign materials into the

hydraul i ¢ system through open ends of piping, tubing, and ports of the

conponent s.

Use the sane hydraulic fluid for flushing as approved for

final filling. |Include a detailed description of the equipnment, materials,
hydraulic fluid, tenperatures, and duration of each phase of the flushing
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in the procedures. Cean the systemof particles so that the contam nation
level is below [___ ] in accordance with |1SO 4406. Take three 500
mlliliter sanples at approved | ocations in accordance with | SO 4021
Perform particle counting on each sanple in accordance with | SO 11500 or

| SO 4407 by an approved i ndependent test |aboratory. Water content of each
sanple to be bel ow 200 ppm Reclean if any sanple does not conply with the
perm ssible contamination linmts, and reinspect. Wen flushing is

conpl eted, drain the systemand then fill with the specified hydraulic
fluid introduced through a 10 nmicron filter

4.1 Fl ushi ng Pi pi ng

Flush all hydraulic piping before installation of the hydraulic power unit,
cylinders, and manifolds. |Install by-pass |oops of piping in place of
cylinders, manifolds and the power units. Circulate hydraulic fluid
through each and every pipe unit until returning oil neets the requirenent
for systemcleanliness. Sequence flushing so that all piping is flushed in
both directions. The flow capacity of the flushing systemto produce a

m ni mum velocity of 4.6 neters per second or 15 feet per second in all

pi ping. Provide neans to verify the flow during the flushing operation

4.2 FI ushi ng Mani fol ds and Hoses

After cleaning and prior to installation, flush each valve nmanifold, pipe
mani fol d, and hose by circulating hydraulic fluid through all ports unti
the returning fluid neets the requirenent for system cleanliness.

.5 FI LLI NG AND BLEEDI NG THE SYSTEM

Wth all hydraulic equipnent installed and all cleaning and flushing
complete filling of the systemmay begin. The cleanliness of the oil used
to fill the systemin accordance with the requirenments for system
cleanliness. Open the by-pass ball valves at the cylinders. Fill each
hydraul ic power unit and punp oil into the systemthrough a 10 umfilter
and keep adding oil as long as the level continues to drop. Cease punping
when the oil level no |onger drops. |Install by-pass piping and repeat the
procedure to fill the drain/siphon line. Take care to expel as nuch air as
possible fromthe piping and cylinders during the initial filling. Wilize
pi ping vents and drains as nuch as possible to expel air fromthe system
Each power circuit pipe for the [Tainter valves] [and] [nmiter gate] to have
this procedure perfornmed to fill the respective piping. Actuate cylinders
by shifting spool on the four-way valve back and forth and bl eeding air
fromports provided on cylinders. Continue procedure for all hydraulic
power units until all cylinders have been bled. Ball valves in tank lines
may be cl osed during bleeding to prevent introduction of air into tank
lines. After all the cylinders for the machinery have been filled and bl ed
of air, fill the hydraulic power unit tanks with oil. The oil level with
the [miter gate] open and all [Tainter valves] closed to be above the "l ow
| evel " shut-off. The system once filled, to be bled of air, operated, and
periodically bled during the first week of operation to renove any air
entrained in the system

.6 ERECTI ON ENG NEER

ot ain the services of an experienced erection engineer who is regularly
enpl oyed by the hydraulic cylinder/power unit nmanufacturer to supervise the
installation, start-up, adjustnent and operation, and testing of the

equi prrent provided. The erection engineer to furnish a signed statenent
stating that the final installation and start-up of the hydraulic power
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system has been inspected, wi tnessed, and conplies fully with the
manufacturer's warranty requirenents. Follow ng conpletion of the work the
erecting engineer to instruct the Contracting Oficer in the operation and
mai nt enance of the system These field instructions to cover all itens
contained in the bound instructions. Do not conduct instruction unti
Qperation and Mai ntenance Manual s are approved.

.7 FI ELD TESTS AND | NSPECTI ONS
.7.1 Fi el d Testing

Submit procedures for field testing and proposed testing program at |east
30 cal endar days prior to the first scheduled test, to ensure agreenment as
to personnel required and scope of the testing program Notify the
Contracting Oficer at |east 14 cal endar days before any field testing is
to be conducted. Conduct testing in the presence of the Contracting
Oficer unless waived in witing. Submt a certified field test report.
Conduct testing under the direction of the erection engi neer or

manuf acturer's representative.

7.2 Pi pe Pressure Test

Subj ect pressure piping to a test pressure of 21 MPa or 3000 psi and 7 MPa
or 1000 psi for all other piping. Subject the head end of the cylinder and
mani fold to a test pressure of 21 MPa or 3000 psi. Miintain the test
pressures in the piping and cylinder for a mninmmof 4 hours. |Isolate or
renove any equi prent that night be damaged by this pressure to prevent
damage. Make tests using the hydraulic oil specified. Under these tests
there will be no | eakage in the system Carefully exam ne wel ded, fl anged,
flared, and threaded connections and wi pe for | eakage, also inspect lines
for evidence of deflection caused by inadequate anchorage. No | eakage or
deflection is allowed. During the tests, take care to avoid subjecting
equi prrent to pressure in excess of their capacities. Correct any defects
or damage to any part of the hydraulic system and conduct retest.

. 7.3 Fi nal Acceptance Tests
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NOTE: It is recommended that the designer devel op
pre-functional and functional checklists for the
Contractor to performall testing requirenents and
have all concerned parties, including the custoner,
present to witness and sign-off on the conpletion of
t he checklists.
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In preparation for the final acceptance tests, and after conpletion of the
installation and proof tests, operate the hydraulic power systemto prove
acceptability. Conduct prelimnary tests at m ni nrum pressures and
velocities until initial adjustnments have been proven safe for normal
operation. Constantly monitor details of all operations for signs of

i mpendi ng troubl e and make correcti ons as necessary to prevent danage to
the equi pment. At such tine as the Contracting Oficer may direct, conduct
the follow ng conplete acceptance tests on the hydraulic power system for
approval. Immediately correct any deficiency or nmal adj ustnent discl osed by
the tests and repeat the test until satisfactory results are obtained. No
subsequent tests will be permitted until all preceding tests have been
compl eted satisfactorily. Upon conpletion of the final acceptance tests,
furnish a witten statenent that the hydraulic power system has been field
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tested and neets all operational requirenents.
.7.3.1 Initial Start-Up

I nspect the hydraulic reservoir to ensure that the fluid is at the proper
| evel . Inspect and adjust the accunul ator precharge pressure to the
specified value. Test start the hydraulic punps using [both] the controls
at the control console [and the renote controls]. Inspect the [punp]

[ punps] for proper operation and discharge pressure. Read and record the
di scharge pressure of [the] [each] punp. Adjust the pressure relief
[valve] [valves] to linmt the systempressure to the specified val ue.

Adj ust the unl oading [valve] [valves] to unload the punps to the reservoir
when the accunul ator has been charged to the specified pressure or if the
control valves are not actuated. |nspect the hydraulic |ines and
components which are under pressure for evidence of |eakage.

.7.3.2 Conbi ned System Tests

After final assenbly and installation of the machinery, equi pnment and

pi ping, and prior to [flooding the lock] [___ ], operate each assenbly of
operating machinery individually as nearly as practicable under its norma
operating conditions for a mnimumof [5] [__ ] open/close cycles; and
denonstrate that each assenbly is in proper working order and free from
defects of materials, workmanship or alignnment. Upon satisfactory

conpl etion of the individual tests, and before final acceptance of the
wor k, conduct, in the presence of the Contracting Oficer, over-all testing
through a mininmnumof [10] [__ ] additional [locking operations with the

| ock flooded] [operating cycles], to demonstrate that all machinery has
been properly installed and that [lock] [___ ] operation can be effected
without interruption. During each test operation, inspect the hydraulic
Iines and conponents for evidence of |eakage. Read and record the pressure
in the supply and return lines for each direction of operation. |nspect
response of conponents to operation of applicable controls to confirmthat
all connections have been nmade properly. Check flow control val ves and
adjust as required to conformto indicated operating tinme requirenents.

I nspect and adj ust sequence valves as required to obtain the indicated
sequence of operation. Adjust chokes in pilot circuits of pilot-operated
val ves to obtain smooth, shock-free operation. Adjust relief valves and
count er bal ance valves to the proper pressures as indicated, unless

ot herwi se directed by the Contracting Oficer. [Adjust proportiona

control valves for the proper flows to achieve desired cylinder operating
speeds as directed by the Contracting Oficer.] Operating tests to cover a
period of not less than [4] [__] hours, and conduct all tests at such tines
as the Contracting Officer may direct. After installation and testing of
the hydraulic system has been conpleted, install a conplete set of new and
unused filter cartridges.

.7.3.3 Test Reports
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NOTE: Edit the following data to be reported as
required.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Prepare and conplete test reports showing in detail the results of the shop
and field tests. Include in the test reports detailed tabul ati on show ng
val ues of pressures, flow rates, and all adjustnents recorded during the
final tests, and adjustnment and calibration of the entire system During
each test run, record the follow ng data and observati ons:
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a. Control operation

b. Voltages

c. Currents

d. Pressures

e. Speeds and Tines

f. Flow Control Valve Settings

g. Alignment and Operating C earances

h. Excessive Vibration, by Conponent

i. Tenperature of Mdtors and Hydraulic Fluid

. Pertinent observations regarding such events as unusual sounds,
mal functions or difficulties encountered, and adjustnents required.

k. Hydraulic oil testing results
.8 CLEAN-UP

Keep the work areas clean during installation of the hydraulic system and
appurtenances. Upon conpletion of the installation of the hydraulic system
and appurtenances, renove debris and surplus materials resulting fromthe
work.

.9 OPERATI ON AND NMAI NTENANCE

Submit Operation and Mai ntenance nanual s as data packages in accordance
with Section 01 78 23 OPERATI ON AND MAI NTENANCE DATA.  Suppl enent al
requirenents are as described in this paragraph. Furnish [__ ] conplete
sets of instructions containing the manufacturer's operation and

mai nt enance instructions for each piece of equipnment to the Contracting
Oficer. Permanently bind each set with a hard cover. Furnish one
complete set prior to field testing and furni sh the remaining sets before
the contract is conpleted. Inscribe the following identification on the
covers: "OPERATI NG AND MAI NTENANCE | NSTRUCTIONS, " title of the project,

| ocation of the project, the nane of the Contractor, and the contract
nunber. Place a flysheet before instructions covering each subject. The
instruction sheets size to be 210 by 297 mm 8 1/2 by 11 inches, with large
sheets of drawings folded in. The instructions include, but are not be
limted to, the foll ow ng:

a. A cross-section drawing of the hydraulic cylinder with parts |ist.

b. Detailed fabrication drawings for all custom fabricated conponents of
the hydraulic cylinders.

c. A systemlayout draw ng show ng the piping, valves, and controls.
d. A system hydraulic schematic.
e. Manifold fabrication drawings with di nensions and | ocations of

pre-drill ed passages and cavities.
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f. Electrical wiring and control diagrans.
g. Operating and nai ntenance instructions.
h. Manufacturer's bulletins, catalog cuts, and descriptive data.

i. Awitten control sequence describing startup, operation, and
shutdown. Uniquely identify the control sequence and list the
i ndi vi dual conponents of the hydraulic system Each conponent to have
a narrative description as to the function, purpose, and limts of
adjustrent (if any) and method of adjustment for that conponent.

Provi de the Operation and Maintenance (O&VW Manual with all information
whi ch may be needed or useful for operation, naintenance, repair,

di smantling or assenmbling, and for identification of parts for ordering
repl acenents. The manual is subject to approval. Provide a reconmended
spare parts |ist.

-- End of Section --
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