UFC 4-150-07
19 June 2001

UNIFIED FACILITIES CRITERIA (UFC)

MAINTENANCE AND OPERATION:

MAINTENACE OF WATERFRONT
FACILITIES

U.S. ARMY CORPS OF ENGINEERS
NAVAL FACILITIES ENGINEERING COMMAND (Preparing Activity)

AIR FORCE CIVIL ENGINEER SUPPORT AGENCY

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED



UFC 4-150-07
19 June 2001

UNIFIED FACILITIES CRITERIA (UFC)
MAINTENANCE AND OPERATION: MAINTENANCE OF WATERFRONT FACILITIES

Any copyrighted material included in this UFC is identified at its point of use.
Use of the copyrighted material apart from this UFC must have the permission of the

copyright holder.

Record of Changes (changes indicated by \1\ ... /1/)
Change No. Date Location

This UFC supersedes MIL-HDBK-1104, DATED 10 December 1999.



UFC 4-150-07
19 June 2001
FOREWORD

The Unified Facilities Criteria (UFC) system is prescribed by MIL-STD 3007 and provides
planning, design, construction, sustainment, restoration, and modernization criteria, and applies
to the Military Departments, the Defense Agencies, and the DoD Field Activities in accordance
with USD(AT&L) Memorandum dated 29 May 2002. UFC will be used for all DoD projects and
work for other customers where appropriate. All construction outside of the United States is
also governed by Status of forces Agreements (SOFA), Host Nation Funded Construction
Agreements (HNFA), and in some instances, Bilateral Infrastructure Agreements (BIA.)
Therefore, the acquisition team must ensure compliance with the more stringent of the UFC, the
SOFA, the HNFA, and the BIA, as applicable.

UFC are living documents and will be periodically reviewed, updated, and made available to
users as part of the Services’ responsibility for providing technical criteria for military
construction. Headquarters, U.S. Army Corps of Engineers (HQUSACE), Naval Facilities
Engineering Command (NAVFAC), and Air Force Civil Engineer Support Agency (AFCESA) are
responsible for administration of the UFC system. Defense agencies should contact the
preparing service for document interpretation and improvements. Technical content of UFC is
the responsibility of the cognizant DoD working group. Recommended changes with supporting
rationale should be sent to the respective service proponent office by the following electronic
form: Criteria Change Request (CCR). The form is also accessible from the Internet sites listed
below.

UFC are effective upon issuance and are distributed only in electronic media from the following
source:

e Whole Building Design Guide web site http://dod.wbdg.org/.

Hard copies of UFC printed from electronic media should be checked against the current
electronic version prior to use to ensure that they are current.

AUTHORIZED BY:

DONALD L. BASHAM, P.E. -

Chief, Engineering and Construction ChiefEngineer

U.S. Army Corps of Engineers Naval Facilities Engineering Command
KATHLEEN T. FERGUSON; P.H. . Dr.ﬁfw. , P.E.

The Deputy Civil Engineer DireCjor, | llations Requirements and
DCS/Installations & Logistics Management

Department of the Air Force Office of the Deputy Under Secretary of Defense

(Installations and Environment)


http://www.wbdg.org/pdfs/ufc_implementation.pdf
http://www.wbdg.org/ccb/browse_cat.php?o=29&c=4
http://dod.wbdg.org/

UFC 4-150-07
19 June 2001

CONTENTS
Page

CHAPTER 1 INTRODUCTION

Paragraph  1-1 SCOPE ... 1-1
1-2 PURPOSE ... oo 1-1
1-3 APPLICATION .. ettt e e e e e e 1-1
1-4 TECHNICAL SECTIONS ...t 1-2

CHAPTER 2 MAINTENANCE PLANNING AND TYPES OF FACILITIES

Paragraph  2-1 MAINTENANCE PLANNING.... ..ottt 2-1
2-1.1 Cooperation and CoordiNation .................eeveerieeiiiiiiiiiiiiieeeeeeeeeeeeeeens 2-1
2-1.2  Joint Service ReSpPONSIDility ..........oeevvviiiiiiiiiiii 2-1
2-1.3 Maintenance Standards and Criteria..........ccoooeeveiiiiiiieeiiiieiie e, 2-3
2-1.4 Maintenance Program.........cccoeeieeeeiiiiieiiiiie et 2-3
2-2 TYPED OF FACILITIES ...t 2-4
2-2.1 Berthing FacCIliti@s .......ccoiiiiiiiiieeecc e .2-5
2-2.2 P IBES e 2-5
2-2.3  Wharves and QUaywallS ...........cccccouimmiiiiiiiiiiiiiiiiie e 2-7
2-2.4 DrydocKing FaCIlItIES .........uuuiiiiiiiiiiiiiiiiiiieeeeeeee e 2-7
2-25 Coastal Protection StrUCTUIES ..........uviiiiniiiiiieeie e 2-10
2-3 COMPONENTS OF WATERFRONT STRUCTURES...........ceevnns 2-13
2-3.1 Fender SYStemS.......cooo i 2-14
2-3.2 PIlING .. e 2-15
2-3.3 DOIPRINS. ... 2-15
2-3.4 FIEEE MOOIING ... 2-15
2-3.5 Deck and Mooring Hardware .............ccoceeeeiiieeiiieieeceee e 2-15
2-3.6 Utility Distribution SYStEMS........coviiiiieiiiieieeces e 2-15

CHAPTER 3 MATERIALS AND PREVENTIVE MAINTENANCE

Paragraph  3-1 GENERAL ..o 3-1
3.2 WOOD AND TIMBER ...t 3-2
3.2.1 [ T (=T P [ TR 3-2
3.2.2 VAV oTolo I BIc) (=T o] =110 ] o I 3-2
3-2.3 Preventive Maintenance for Wood and Timber ...........ccooovvveeeiinnnnns 3-6
3-3 CONCRETE .. oo 3-12
3-3.1 (DS (<Y ] =1 110 o [P 3-13
3-3.2 CompoNeNntS Of CONCIELE ........uuuiiiiiiiiiiiiieie ettt 3-13
3-3.3 ReIiNfOrcing StEEI .....uiiiiiiiiec e 3-15
3-3.4  Special Types of Concrete MiXtUIreS.........cccvvvevviiiiiieeiieieiciee e 3-15
3-35 Causes of Concrete Deterioration ..........ccocvveeveieeieiieeeieeeeeeeeeeeann, 3-15
3-3.6 Preventive Maintenance for CONCIrete .........coovvvvvviiiviciiiie e 3-16
3-4 S = = 3-18
3-4.1 Steel for Waterfront Construction...........c.oooeviiieiiiie i, 3-19
3-4.2 Deterioration Of StEEI ........coivvviiiii i 3-20
3-4.3 Preventive Maintenance for Steel .........coovvivviiiiiiiiiii e, 3-20
3-5 NONFERROUS METALS AND ALLOYS .. ..o, 3-23
3-5.1 N L0101 1 T 3-23



3-5.2
3-5.3
3-54
3-5.5
3-6

3-6.1
3-6.2
3-6.3
3-6.4
3-6.5
3-7

UFC 4-150-07
19 June 2001

(070] o] o 1] PRSPPI 3-23
NICKE 3-24
Deterioration of Nonferrous Metals and AllOyS ..........cc.ooeeeviiieeiinnns 3-24
Preventive Maintenance for Nonferrous Metals and Alloys .............. 3-24
SYNTHETIC MATERIALS ....ooiiiiieiieeeee et 3-25
Fiber-Reinforced Plastics (FRP) ......ocovviii i, 3-25
Plastic and Fiberglass Piles ... 3-26
FOAIMS L. e 3-27
Rubber and EIaStOMErS ...........coiiiiiiiiiiiiiicceeeii e 3-27
Other Synthetic MaterialS.............ooovviiiiiiiieiiece e, 3-27
SOIL FILL FOR QUAYWALLS AND MOLES........cccccieeeeiiiiii, 3-27

CHAPTER 4 SAFETY AND ENVIRONMENTAL COMPLIANCE

Paragraph

4-1
4-2

4-3

4-3.1
4-3.2
4-3.3
4-34
4-35

INTRODUCTION L.oeec e 4-1
OCCUPATIONAL SAFETY .o 4-1
ENVIRONMENTAL COMPLIANCE......ccciiiiiiieeieiieeeeeeeeeeeeeeeee e 4-4
Environmental Regulations ..o 4-4
Environmental Documentation ..........ccovieieiiiiiii i 4-7
Working in ComplianCe............iiiiiiiiiiiicce e 4-9
Environmental Training .........ccoeeiiiie i 4-10
Treated Wood — Environmental ISSUES ...........ccevvveeiiiiiiiiiiiiieeeeeeeens 4-10

CHAPTER 5 INSPECTION

Paragraph

5-1

5-1.1
5-1.2
5-2

5-2.1
5-2.2
5-2.3
5-3

5-3.1
5-3.2
5-3.3
5-3.4
5-3.5
5-4

5-4.1
5-4.2
5-4.3
5-5

5-5.1
5-5.2
5-5.3
5-5.4
5-6

5-6.1
5-6.2
5-6.3
5-7

GENERAL CONSIDERATIONS. ...ttt 5-1
INSPECHION ODJECHVES.......uuiiiiiiiiiiiiiiiiitiiii e 5-1
Information an Inspection Should Provide..........cccccoccviieeiiiinnnnnn, 5-2
LEVELS OF INSPECTION. ..ottt 5-2
Level | — General Visual INSPECHON...........ccevvvieiiiiiiiiiiiiiies 5-2
Level Il — Close-Up Visual INSpection.............cccoeeeiiiiiiiiiiieieeeen 5-2
Level Il — Highly Detailed InSpection .............ccceevvviiiiiieeeceeeeiiinn. 5-2
PLANNING FOR INSPECTION ......cuuiiiiiiiiiiiiiiiiiiieeeee e 5-3
INSPECLION FIEQUENCY.....ceiiiiiiieieee et 5-6
LTS oL =Tod (0] £ PP 5-7
Collecting Inspection Plan Data ...........cccooeeeeiiiiiiiiiiniieeeceeeeee e, 5-7
EqQuIipmMeNt and TOOIS ... 5-9
Preparing Inspection Documentation .............ccccoevviiiiiiiiiiiiccicins 5-10
INSPECTION OF TIMBER STRUCTURES ........ccccoooiiiiiiiiiiiiees 5-15
Scoping the Problem...........o 5-15
Surface INSPECHIONS ......cooviiiiiiiiiii 5-15
Underwater INSPECLION ......uuuiiii i eeeeaeees 5-20
INSPECTION OF CONCRETE STRUCTURES..........ccooeiiiiiiiiieens 5-23
Scoping the Problem...........o 5-23
SUurface INSPECLIONS .....cooviiiii i 5-23
Underwater INSPECLION .......uuuiiii i e e 5-28
Level 11l Test Procedure s for Concrete Inspection................ccceeen. 5-28
INSPECTION OF STEEL STRUCTURES.........ccooviiiiiiiiieeeeee 5-30
Scoping the Problem...........cccooooiiii e 5-30
SUrface INSPECLIONS .....coeviiii e 5-30
Underwater INSPECHIONS ......coiiiieeiieeeeiiiicee e 5-31

INSPECTION OF SYNTHETIC MATERIALS AND COMPONENTS 5-36



5-7.1
5-7.2
5-7.3
5-8
5-9

UFC 4-150-07
19 June 2001

Structural MEMDEIS ......ciiiiie e 5-36
Coatings, Patches and Jackets.............coovvviiiiiiiiiiiieeeeee, 5-36
Foam-Filled FENAEIS......ccu oo 5-36
INSPECTION OF QUAYWALLS ..ottt 5-37
MINSPECTION REPORT ...ttt e 5-38

CHAPTER 6 REPAIR OF WOOD AND TIMBER STRUCTURES

Paragraph

CHAPTER 7

Paragraph

6-1
6-1.1
6-2
6-3
6-3.1
6-3.2
6-3.3
6-3.4
6-4
6-5
6-6

GENERAL ... 6-1
Repair Methods ......cooooiiii 6-1
REFERENCES ... ..o 6-2
PLANNING THE REPAIRS ......coiiiiiiiiiiii e 6-2
Reviewing INSpection REPOIS...........uuuuuiiiiiiiiiiiee 6-2
Engineering Considerations..............ceeeeiiieeeeeiieeeiee e 6-2
Special SKill ReqUIrEMENES .........ccoiiiiiiicice e 6-2
Equipment REQUITEMENLS ........coiiiiiiiiieee e 6-3
REPAIR PROCEDURES ...ttt 6-3
ENVIRONMENTAL CONCERNS.......ootiiiiiiiiiiiiiiieeeeee e 6-4
QUALITY ASSURANCE CONCERNS ......ccooiiiiiiiiiiiiiiiee e 6-5

REPAIR OF CONCRETE STRUCTURES

7-1
7-1.1
7-1.2
7-2
7-2.1
7-2.2
7-2.3
7-3
7-4

CONCRETE FOR REPAIRS.... ..ottt 7-1
Portland Cement CONCIete.........cooeeeeieieeieee s 7-1
Special Types of Repair CONCrete...........ccccuvvvviiiiiiiiiiiiiieeeeeeeeeeeeeeee 7-4
PLANNING THE REPAIRS. ... 7-6
Seismic Impact of REPAIIS ..........cuvviiiiiiiieiiiicee e, 7-6
Special SKill ReqUIreMENTS .........ccooiiiiiiiiiiiiieee e 7-6
Special Equipment RequIrements............coooovviiiiiiiiiiieeeee 7-7
METHODS OF PLACING CONCRETE AND MORTARS ................ 7-7
CONCRETE REPAIR PROCEDURES .........ccciiiiiiiiiiiicc e 7-20

CHAPTER 8 REPAIR OF STEEL STRUCTURES

Paragraph

8-1
8-2
8-2.1
8-2.2
8-3

GENERAL ...ttt 8-1
PLANNING THE REPAIRS ......ooiiiiiiiiiii e 8-2
Special SKill ReqUIreMENtS .........cccoiiiiiiiiiiiiiieieeeeeee e 8-2
Equipment REQUITEMENLS ........coiiiiiiieeeeeee e 8-2
REPAIR PROCEDURES ...ttt 8-3

CHAPTER 9 REPAIR OF SYNTHETIC STRUCTURES

Paragraph

9-1
9-2

GENERAL ..o 9-1
ISPECTION OF SYNTHETIC MATERIALS ..ot 9-1

CHAPTER 10 REPAIR OF BULKHEADS AND QUAYWALLS

Paragraph

10-1
10-2
10-3
10-3.1
10-3.2

GENERAL ..ceeie e 10-1
PLANNING THE REPAIRS ...t 10-1
REPAIR PROCEDURES OF EARTH-FILLED STRUCTURES......... 10-2
PrOBIBM e 10-2

Description of Repair/maintenance ...........cccceeeeeieeiiiiiiicsceiis 10-2



UFC 4-150-07
19 June 2001
10-3.3 Future Inspection ReqUIreMENtS............cvvviiiiieeeiieeeiiiee e, 10-5

APPENDIX A REFERENCES. ... e A-1



UFC 4-150-07
19 June 2001

FIGURES

Figure  Title
2-1 SiNGIe-DECK, OPEN PIF.....uiiii i 2-6
2-2 Double-Deck, Open Pier.......ccuiiiiii e 2-6
2-3 SONA-Fll PIEE ettt e e e e e e eeeeeees 2-8
2-4 Floating Pier Design CONCEPL.....ccciviuiie et e e e 2-8
2-5 Drydocking FaCIlities. ... 2-9
2-6 Seawall ConfigurationS..........coiiiiiiiii e 2-11
2-7 ] (o o TP 2-12
2-8 Typical Location Of JEES ......ccovuuiiiiiie e 2-13
2-9 BT L7 = SRR 2-14
3-1 Three Groups of Marine BOIerS.........covuuiiiiiiiiii e 3-5
3-2 Fumigant Vials for Timber Piles............o 3-10
3-3 Pile Top Bonnet for TImber PileS.........ccoooviiiiiiii e 3-10
3-4 Timber Pile Jacket for Ice ProteCtion.............uuveeiiiieeiiveeiiiciie e, 3-12
4-1 Safety Plan FOrMaALt...........coouuiiiiiiiii e 4-3
4-2 Environmental Documentation ProCESS.......ccovveviiveeiiiiiiiiee e 4-6
5-1 EXposure Zones 0N PiliNg...........oiiiiiiiiiiiciic e 5-7
5-2 Tools and Equipment Used for Waterfront Inspection .............cccccevvvvvnnnnnn. 5-11
5-3 Standard Pile Inspection Report FOrM.........ccciiiiiviiiiiiiieiis e 5-12
5-4 Pile condition Ratings for Concrete Piles..........cccccciiiiiiiiii, 5-13
5-5 Pile Condition Ratings for Timber PileS ..........cccooiiiiiiiiiiie e 5-14
5-6 Damage Areas Involving Timber MemMDErS .......cccooviiiiiiiiiieeeeeeee 5-16
5-7 Damage to Timber Piles from Biological SOUrces ............ccccceeeieeiiiiiineennns 5-17
5-8 Damage to Timber Piles from Non-Biological Sources..................ooeeee. 5-18
5-9 Damage to Timber Sheet PiliNg.........cooviiiiiiiiiiii e 5-19
5-10 Timber Structures and Attachments (Above Water) CheckKlist................... 5-21
5-11 Timber Structures and Attachments (Below Water) CheckKlist................... 5-22
5-12 Concrete Structures and Attachments (Above Water) CheckKlist............... 5-25
5-13 Inspection Areas for Visual Indications of Concrete and Reinforcement

D] (T 0] = U1 o o PSR 5-26
5-14 Typical Damage to Concrete Piles form Non-Biological Sources.............. 5-27
5-15 Concrete Structures and Attachments (Below Water) Checklist................ 5-29
5-16 Inspection of Steel Structures (Above Water) Checklist.............ccceeeees 5-32
5-17 Corrosion Damage to Steel Bearing and Sheet Piling..........cccovvvviviviennneee. 5-34
5-18 Damage to Steel Bearing and Sheet Piles from Overloading, Wall Movement

(0] g oo 11 | (O 5-35
5-19 Underwater Steel Structures Checklist..........cooooviiiiiiiiii, 5-35
5-20 Quaywall Surface and Underwater Inspection Checkilist...............ccccoee. 5-38
6-1 Repairs to TiImber Pier StrUCLUIE ........c.oovviiiiiiiee e 6-8
6-2 Repair by Replacing Timber Fender Pile and Damaged Chocks and Wales

.................................................................................................................. 6-10
6-3 Wrapping Timber Piles with Polyvinyl Chloride ... 6-12
6-4 Posting Timber Pile with Pile Butt and Fish Plates...............cccccccceeeeeeee, 6-14

6-5 Concrete Encasement Repairs to Timber Pile............ccccnnne, 6-16



6-7
6-8

6-9
6-10
6-11
7-1
7-2
7-3

7-5
7-6

8-1
8-2
8-3
8-4
8-5
8-6

8-8
8-9

8-10
8-11

9-2

UFC 4-150-07
19 June 2001

Repair by Oriented FIDer WrapsS........cooveeeiiiiiiieeeeeeeeei e 6-18
Replacing Damaged Pile with a New Timber Pile .............cccovvvviiieiiniee, 6-20
Replacing a Damaged Timber Pile with a New Concrete Pile under a
CONCTELE DECK....cciiiiiiiiiiiiiieieeeeeeee ettt eeeees 6-22
Installing or Replacing Tie-Back System for Timber Sheet Piling Wall...... 6-24
Installing a Tie-Back system at Top of a Timber Sheet Piling Wall............ 6-26
Installing a Concrete Cap and/or Face on a Timber Sheet Piling Wall ...... 6-28
General Steps to Concrete REPAIN ........eviiieeiiiiiiiiiiie e e e eeeenns 7-21
Typical Crack Repair with Epoxy Grout Injection............cccceeeevviiiieeeeennnnnnn. 7-24
JOINt AN Crack REPAIN ........uuuiiiiiiiiiiiiiiiiiiiiiiiiiii s 7-27
Repairs to Concrete SeawallS ...........c..oviiiiiiiiiiiiiii e 7-29
Miscellaneous Repairs to Concrete Piles ........ccoooviiiiiiiiiiiieeee 7-31
Jacketing Concrete PilesS ... 7-33
Typical Concrete Wall REPAIT ...........uuuiiiiiiiiiiiiiiiiiiiiiiiiiies 7-38
Protecting Steel Piles by Coating or Jacketing .........cccooovvvviiiiiieiiiinieeeenn, 8-6
Cathodic Protection for Steel Bearing Piles............cccccoiviiiiiiii, 8-8
Repair by Partially Replacing the Steel Pile ...........ccocovviiiiiiiiiiie 8-10
Repair by Steel Pile Using Concrete Encasement..............cccceevvvevvinennnnn. 8-12
Replacing Damaged or Deteriorated Steel Piles ..........ccccoovvviiiiiiiiiinieennnnn, 8-15
Coating/Cathodic Protection of Steel Sheet Pile Wall..................cceovveees 8-17
Repairs to Steel Sheet Pile Walls using Different Patching Methods ........ 8-19
Installing or Replacing Tieback Systems for Steel Sheet Pile Wall ........... 8-21
Replacing Existing Steel Sheet Pile Wall with New Steel Sheetpiling or
TIMDEr Pile Wall ......oveeiiiiiiiiee e 8-23
Installing a Concrete Cap and/or Face on a Steel Sheetpiling Wall .......... 8-25
Scour Protection for Steel Pile Supported Waterfront Structure................ 8-27
Typical Caisson Wood Seal ASSEMDIY .......ccovviiiiiiiiiiiiiii e, 9-6

Steel Reinforced All-Rubber Caisson Seal Assembly..........cccccccvvvviiiinnnnn. 9-7



UFC 4-150-07
19 June 2001

TABLES

Table Title
3-1 Summary of Preventive Maintenance ACtiONS.........cccoevveevvvveiiiiiiinieeeeeeeeennns 3-1
5-1 Capability of Each Level of Inspection for Detecting Damage to Waterfront

SHUCTUIES ..ottt e e e e e et e e e e e e e eeennes 5-4
5-2 Production Rate for Surface and Underwater Inspection of Structural

1= g 1= ] £ SSPR 5-5
5-3 Daily Rates for Underwater Inspection Tasks.........ccccovvvieeeiiiiiieeeeiiiineeeenns 5-6
5-4 Sampling Equipment, Measurements and Ratings fro Timber Structures .5-20
5-5 Sampling Equipment, Measurements and Ratings for Concrete Structures

.................................................................................................................. 5-24
5-6 Inspection Equipment, Measurements and Ratings of Steel Structures ...5-31
5-7 Report Format of Underwater Inspections and Assessments.................... 5-40
6-1 Repair Techniques for Wood and Timber Structures..............cccovviiiiienennn. 6-4
7-1 Recommended MiX ProportioNS ........ccoooooooeiiiiieeeaeeeeee e 7-5
7-2 Placement of Concrete and MOrar...........coovvveiiiiiiiiiiie e 7-7
7-3 Repair Techniques for Concrete StrUCIUIeS ........ccovvvvvivviiiieeeeeeeeeiiiee e 7-20
8-1 Repair Techniques for Steel StruCtures...........ccovvviiiiiiiiiii e 8-4

9-1 Repair Techniques for Synthetic Material.............ccceevvviiiieciieeeie e, 9-1



UFC 4-150-07
19 June 2001

CHAPTER 1
INTRODUCTION

1-1 SCOPE. This military handbook, UFC 4-150-07, is a guide for the
inspection, maintenance, and repair of waterfront structures and related facilities.
It is a source of reference for planning, estimating, and performing technical
maintenance and repair work; and may serve as a training manual for waterfront
facilities maintenance personnel.

1-2 PURPOSE. This handbook provides guidance for maintenance and
repair of waterfront facilities to retain them in continuous readiness for use by the
Fleet and in support of military marine operations.

1-3. APPLICATION. The types of waterfront facilities covered include:

e Berthing facilities for mooring and for providing support to ships and
craft.

e Drydocks used for modification, inspection, maintenance and repair
of ships.

e Components of waterfront structures such as piling, dolphins,
bulkheads, and decks.

Fender systems are briefly considered. Refer to MO-104.1,
Maintenance of Fender Systems and Camels, for detailed coverage.

Not specifically considered in this handbook are:

e Coastal protection structures designed to protect shorelines or
harbors.

e Components of waterfront structures such as utility distribution
systems and fleet moorings.

The maintenance and repair of coastal protection structures is included
in the Army Corps of Engineers, Shore Protection Manual, Volumes | and II.
Repair of coastal structures is covered in more detail in USACE, Coastal
Engineering Technical Notes and Repair, Evaluation, Maintenance, and
Rehabilitation Technical Notes. The maintenance of utility distribution systems is
covered by various service manuals and commercial publications. NAVFAC MO-
124, Mooring Maintenance, provides details on the maintenance of fleet mooring
systems.

These documents, and all Government documents referenced in this
handbook, provide additional guidance primarily to DOD and U.S. Coast Guard
activities. They may also be useful, however, to commercial firms that provide

1-1



UFC 4-150-07
19 June 2001

waterfront repair for these activities. NAVFAC criteria documents can be found at
http://criteria.navfac.navy.mil/criteria.

1-4 TECHNICAL SECTIONS. The technical sections following this
introduction include:

MAINTENANCE PLANNING AND TYPES OF FACILITIES (Chapter 2):

e Joint service responsibilities, maintenance policies, and the basic
elements of maintenance planning.

e Overview of waterfront facilities.
MATERIALS AND PREVENTIVE MAINTENANCE (Chapter 3):

e Describes materials at the waterfront and the types of deterioration
likely to be encountered.

e Describes preventive maintenance measures for each type of
material.

SAFETY AND ENVIRONMENTAL CONSIDERATIONS(Chapter 4):
e Guidelines for personnel and work site safety.

e Guidelines for assuring compliance with environmental policies and
regulations.

INSPECTION (Chapter 5):

e Overview of inspection levels, methods, planning, equipment and
documentation.

e Guidance and checklists for above and underwater inspection of
timber, concrete, steel, synthetics, and rubble-mound structures.

REPAIR (Chapters 6, 7, 8, 9, and 10):

e Describes and illustrates repair methods and techniques for the
problems encountered.

e Guidance for selecting material along with pertinent references and
standards

1-2
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CHAPTER 2
MAINTENANCE PLANNING AND TYPES OF FACILITIES
2-1 MAINTENANCE PLANNING
2-1.1 Cooperation And Coordination

2-1.1.1 Intraservice Functions. Cooperation and coordination of waterfront
maintenance activities among the installation departments concerned should be
continuous. Properly planned and executed maintenance programs prevent
undesirable interruption of operations on military installations. Supply officers,
through normal channels, provide standard items of materials and equipment for
waterfront maintenance.

2-1.1.2 Interservice and Interdepartmental Functions. Cooperation and
coordination in conducting waterfront maintenance are encouraged at all levels of
command. Appropriate liaison should be established and maintained between
major commands and installations in a geographical area. Cross-service
assistance should be provided as necessary in the interests of economy and
maximum utilization of manpower and equipment. Technology transfer of
improved maintenance methods and materials should be continuously
encouraged.

2-1.1.3 Fleet Requirements. All maintenance and repair activities should be
scheduled and coordinated to minimize pier down time for the fleet. Direct
communication with the fleet command is vital for ensuring fleet requirements are
considered when planning pier maintenance or repair.

2-1.2 Joint Service Responsibility. The responsibility for inspection,
maintenance, and repair of waterfront structures and related facilities rests with
each service. Because of the quantity of waterfront facilities in inventory, the
Navy retains a strong technology base in design, construction, and maintenance
of waterfront structures: such as piers, wharves, quaywalls, dry-docks, dolphin
assemblies, and moorings. The Army maintains a similar capability for coastal
harbor facilities, such as breakwaters, jetties, groins, and seawalls.

2-1.2.1 Army. Staff, command, and technical responsibility for maintenance
and repair of waterfront structures at Army installations will conform to assign-
ments set forth in AR 415 and 420-10 series. Policy and standards for the
maintenance of shore protection works are contained in ER-1110-2-2902,
Prescribed Procedures for the Maintenance and Operation of Shore Protection
Works.

U.S. Army Engineer divisions and districts provide specialized

expertise in evaluation of coastal erosion, and design and maintenance of
coastal and harbor facilities.

2-1
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Requests for assistance should be forwarded through channels to the
Director of Civil Works, Headquarters, U. S. Army Corps of Engineers, 20
Massachusetts Avenue NW, Washington, DC 20314-1000.

2-1.2.2 Navy. The Naval Facilities Engineering Command (NAVFAC),
Engineering Field Divisions (EFD), Engineering Field Activities (EFA), station
Public Works Departments (PWD), and Navy Public Works Centers (PWC) are
responsible for organizing and performing waterfront inspection, maintenance,
repair, and minor construction programs to support the Commanding Officer at
each Naval shore installation. NAVFAC MO-322, Inspection of Shore Facilities,
(Volumes 1 and 2) contains Navy guidelines for shore facilities inspection and
preventive maintenance programs.

NAVFAC EFD and EFA provide design, maintenance, and repair
management expertise to assist the shore activities in carrying out their mission
of maintaining waterfront facilities. Requests for assistance should be directed to
the appropriate NAVFAC geographical EFD in accordance with current Navy
directives.

Specialized expertise in waterfront materials, structures, and related
topics can be provided to DOD and other Federal activities by the Naval Facilities
Engineering Service Center (NFESC), Port Hueneme, California. Current criteria
documents for maintenance and repair of waterfront facilities are developed and
maintained by the Navy Criteria Office, NAVFAC Atlantic Division, Norfolk,
Virginia. Navy personnel seeking support on coastal structure repair should
contact the Criteria Office, Code CHENG.

The Navy’s underwater construction teams (UCT) provide military
responsive capability for construction, installation, inspection, repair, and removal
of ocean facilities. NAVFAC P-990, Conventional Underwater Construction and
Repair Techniques, provides guidelines for UCT teams in underwater inspection
and repair techniques that may be useful to facilities maintenance personnel.
UCT ONE is located in Norfolk, Virginia; UCT TWO is located in Port Hueneme,
California.

2-1.2.3 Air Force. Policy and standards for the maintenance, repair, and minor
construction of Air Force facilities are set forth in Air Force Instruction 32-1023,
Design and Construction Standards and Execution of Facility Construction
Projects.

The installation commander, assisted by the Base Civil Engineer
(BCE) and others on the staff, is responsible for identifying, planning, and
programming all real property maintenance, repair, and minor construction
requirements necessary to properly support assigned missions and people
(including tenants) and to care for and preserve Air Force real property. Major
commands provide oversight to ensure compliance with law, Department of
Defense (DOD) and Air Force policies and are responsible for establishing
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quality standards. The Civil Engineer, HQ USAF/ILE provides programming
guidance, oversight, and policy as required. The Air Force Civil Engineer Support
Agency (AFCESA) and Air Force Center for Environmental Excellence (AFCEE)
provide technical engineering guidance.

2-1.3 Maintenance Standards and Criteria.

2-1.3.1 Engineering. The need for and accomplishment of major repairs and
rehabilitation of existing waterfront facilities will be based on experience,
judgment, and engineering evaluation. The services of qualified technical
personnel will be used to assist in the establishment of waterfront maintenance
programs.

2-1.3.2 Related Published Material. Navy requirements for the design and
construction of waterfront facilities are found in MIL-HDBK 1025/1, Piers and
Wharves and MIL-HDBK 1025/6, General Criteria for Waterfront Construction.
These documents provide guidance and recommendations on port design and
construction and port maintenance primarily for Navy activities. MO-322 and P-
990 are especially important relative to inspection of waterfront structures.
Maintenance of fendering systems and camels are described in MO-104.1.
Reference to other published materials, which provide related or more extensive
information on specific areas of waterfront maintenance, is made where appro-
priate throughout this handbook. A Glossary of waterfront terms is provided in
this handbook.

2-1.4 Maintenance Program. The maintenance program shall be designed
to include prevention of deterioration and damage, prompt detection of
deficiencies, and early accomplishment of maintenance and repairs to prevent
interruptions to operations or limiting full use of a facility. The Navy's principal
guide for maintenance management is NAVFAC MO-321, Facilities
Management.

2-1.4.1 Planning and Economic Considerations. In maintenance planning
and execution, consider future expected use of each facility, the life expectancy
of the facility, and the life cycle cost of periodic repairs versus replacing a facility
or major components. The level of maintenance and programming of major
repairs should be planned in consonance with the future requirement for the
facility and planned replacement. When waterfront structures are in an inactive
status, the maintenance policies will be in accordance with the inactivation plan.

2-1.4.2 Inspection. Periodic, rigorous inspections are necessary for an
effective maintenance program. Types of inspections and detailed procedures for
waterfront facilities are described in Chapter 5.
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2-1.4.3 Maintenance. Maintenance is the recurrent day-to-day, periodic, or
scheduled work that is required for a facility to be used for its designed purpose.
It includes routine work undertaken to prevent damage or deterioration of a
facility that otherwise would be more costly to restore. The more common
concerns in maintenance of waterfront facilities are:

e Painting and protective coating.

¢ Routine replacement or mending of fender components (e.g., rub
strips) to prevent damage to ships and the pier.

¢ Maintenance of utility systems to prevent outages.

¢ Routine mending of protective plastic wraps.

¢ Routine patching of small concrete spalls and cracks.
¢ Maintenance of the cathodic protection system.

Chapter 3 provides details of maintenance procedures in addition to
descriptions of waterfront materials and deterioration causes.

2-1.4.4 Repair. Repair is the restoration of a facility to such a condition that it
can be used for its designed purpose. The repair is done by overhaul,
reconstruction, or replacement of deteriorated constituent parts or materials that
have not been accomplished through maintenance. The more common repair
projects for waterfront facilities are:

¢ Replacement or reconstruction of fender systems.

e Repair of eroded or failing quaywalls.

e Repair and resurfacing of pier decks.

e Reconstruction of major concrete spalls and cracks.

Chapters 6 through 10 provide details of repair options for waterfront
structures. These sections are organized to guide engineering and maintenance
personnel in selecting repairs to waterfront facilities. Each repair procedure is a
stand alone document, with the repair description on the left and the illustration
on the right hand page. In Sections 6, 7 and 8, repair procedures are numbered
(for example, TR-1; timber repair number one) to permit identification and
reference. For many of the repair procedures, problem definition and application
constraints are also provided to guide the user in selecting the proper repair
technique to match the problem.

2-2 TYPES OF FACILITIES. The types of waterfront facilities include:



UFC 4-150-07
19 June 2001

e Berthing facilities for mooring and for providing support to ships and
craft.

¢ Drydocks used for construction of ships and to expose the
underwater portion of the ship for repair, modification, inspection, or
maintenance.

e Coastal protection structures designed to protect shorelines or
harbors.

e Components of waterfront structures such as fender systems,
piling, dolphins, utility distribution systems, deck and mooring
hardware, and fleet moorings.

2-2.1 Berthing Facilities. The basic facilities to provide berthing support for
ships and craft are piers and wharves. These facilities provide a safe space for
ships to moor and receive shore utilities and other hotel services. They provide a
platform for loading and unloading cargo and personnel, transferring ordnance,
receiving fuel, and performing ship maintenance; repair; and fitting out. Berthing
facilities are also provided for tugboats, small craft, barges, and harbor support
equipment.

2-2.2 Piers. Piers are berthing facilities that extend outward from the shore
into the water. Piers may be used for berthing on one or both sides of their
length. There are three types of pier structures with distinct differences in
configuration: open, closed, and floating piers. Combination piers combine open
and closed configurations.

Open piers are pile-supported platform structures that allow water to
flow underneath. Pile supported piers can be single-deck or double-deck
structures. Figures 2-1 and 2-2 show schematics of a single- and double-deck,
open piers.
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Figure 2-1 Single-Deck, Open Pier
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Closed piers, or solid fill piers, are constructed so that water is
prevented from flowing underneath. The solid fill pier is surrounded along the
perimeter by a bulkhead to hold back fill. Figure 2-3 shows a schematic of a solid
fill pier. A special type of solid fill pier is a mole pier. Mole piers are earthen
structures that extend outward from the shore. The sides and offshore end of the
pier are retained and protected by sheet piles, circular cells or walls of either
masonry or concrete. If the water is deep, the pier can be used to berth ships.

Floating piers are constructed of steel or concrete and are connected
to the shore with access ramps. Guide piles in the center of the pier, or a chain
anchorage system, prevent lateral movement and allow the pier to move up and
down with the tide. The floating pier may be a single-deck or a double-deck
structure. A floating pier design concept developed by the Navy is shown in
Figure 2-4.

A more detailed discussion of the design and configuration of piers is
documented in NAVFAC Mil-Hdbk-1025/1N, Piers and Wharves.

2-2.3 Wharves and Quaywalls. Wharves are berthing facilities that are
parallel to the shore. They are normally connected to the shore along their full
length, and a retaining structure is used to contain earth or stone placed behind
the wharf. This retaining structure is often referred to as the quaywall or
bulkhead. Ships are moored along the outshore face of the wharf. The wharf
types are the same as the basic pier types and include open and closed (or solid
fill) configurations. Figure 2-3 shows a solid-fill pier with a configuration similar to
a closed wharf.

2-2.4 Drydocking Facilities. Navy drydocking facilities are used to expose
the underwater portion of ships for repair, modification, inspection, or
maintenance. Several different types of drydocks exist, including graving
drydocks, floating drydocks, marine railways, and vertical ship lifts.

e Graving drydocks are fixed basins adjacent to the water's edge and
are constructed of stone masonry, concrete, or sheet pile cells.
They can be closed off from the waterway by a movable watertight
barrier (entrance caisson or flap gate). After closing the barrier, the
basin is pumped dry, which allows the ship to settle on blocking set
on the dock floor. Figure 2-5 shows a schematic of a graving
drydock.
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Figure 2-5 Drydocking Facilities
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e Floating drydocks are ship or U-shaped structures that are sub-
merged by flooding to permit a vessel to enter and then pumped
dry to raise the vessel out of the water.

e Marine railways consist of a ramp extending into the water, a
mobile ship cradle on wheels or rollers, groundway ship cradle
tracks, hoisting machinery, and chains or cables for hauling the
ship cradle endwise or sidewise. Figure 2-5 shows a marine
railway.

¢ Ship lifts consist of platforms that are lowered into the water to
receive ships. The ship is then lifted out of the water on the platform
by electrical powered hoist equipment. Figure 2-5 shows a vertical
ship lift drydocking system.

More detailed discussions of drydocking and marine railway facilities
can be found in NAVFAC MIL-HDBK-1029, Graving Drydock and MIL-HDBK-
1029/3, Drydocking Facilities Characteristics. Maintenance of drydocking
facilities is not specifically covered in this manual.

2-2.5 Coastal Protection Structures. Structures designed to reduce the
erosive effects of wave action, or to protect harbors from excessive wave action
and the formation of sandbars, are classified as coastal protection structures.
The common coastal protection structures are seawalls, groins, jetties, and
breakwaters. NAVFAC MIL-HDBK-1025/4, Seawalls, Bulkheads, and Quaywalls
and the U. S. Army Corps of Engineers, Shore Protection Manual provide
additional information on the design and configuration of coastal protection
structures. Maintenance of coastal protection structures is not specifically
covered in this handbook. Bulkheads are included, however, because they are
an integral part of solid fill piers.

2-2.5.1 Seawalls. Seawalls are massive coastal structures built along the
shoreline to protect coastal areas from erosion caused by waves and flooding
during heavy seas. Seawalls are constructed of a variety of materials including
rubble-mounds, granite masonry, or reinforced concrete. They are usually
supplemented by steel or concrete sheet pile driven into the soil and are
strengthened by wales and brace-type piles. Figure 2-6 shows three seawall
configurations.
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Figure 2-6 Seawall Configurations
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2-2.5.2 Groins. Groins are structures designed to control the rate of shifting
sand by influencing offshore currents and waves so that erosion of the shoreline
is minimized. Groins project outward, perpendicular to the shoreline, and are
constructed of large rocks, pre-cast concrete units, reinforced or prestressed
concrete piles, steel sheet piles, or timber cribbing filled with rock. Figure 2-7 is
an example of a groin.

2-2.5.3 Jetties. Jetties are structures that extend from the shore into deeper
water to prevent the formation of sandbars and to direct and confine the flow of
water due to currents and tides. These structures are normally located at the
entrance to a harbor or a river estuary. Jetties are usually constructed of mounds
of large rubble about a meter above the high tide mark. Figure 2-8 shows the
position of jetties at a harbor entrance.

Figure 2-7 Groin
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Figure 2-8 Typical Location of Jetties

2-2.5.4 Breakwaters. Breakwaters are large rubble-mound structures located
outside of a harbor, anchorage, or coastline to protect the inner waters and
shoreline from the effects of heavy seas. These barriers help to ensure safe
mooring, operating, loading, or unloading of ships within the harbor. Breakwaters
may be connected to the shore or detached from the shore. There are three
general types of breakwaters, depending on the type of exposed face. The
exposed face may be vertical, partly vertical and partly inclined, or inclined.
Figure 2-9 shows a section of a breakwater.

2-3 COMPONENTS OF WATERFRONT STRUCTURES. Numerous
components of basic facilities are present at the waterfront to aid in port
operations. These components are integral parts of piers and wharves and
include fender systems, piling, dolphins, deck and mooring hardware, and utility
distribution systems, or they may be offshore systems vital to ship operations,
such as fleet moorings. Utility distribution systems and offshore systems are not
specifically covered in this manual.
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Figure 2-9 Breakwater Section
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2-3.1 Fender Systems. Fender systems are used on piers to protect the
ship and the pier during berthing operations and while the ship is moored. The
most widely used fender system consists of timber fender piles, timber wales,
and chocks, with rubber compression fender units between the system and the
pier to absorb berthing impacts. This type of system is the highest maintenance
cost portion of the pier. The trend is toward using longer lasting and more
resilient fender systems with less reliance on treated timber because of
environmental concerns.

The main types of fenders, and their components, that may be found
installed in ports are:

e Fender pile systems: timber, steel, concrete, or composite piles.

e Fenders fixed to the pier (“rubber” refers to various elastomeric
plastic materials):

a. Rubber-in-compression units: cylindrical, rectangular,
trapezoidal, wing-type, and D-shaped units.

b. Rubber-in-shear fenders: rectangular rubber column and Raykin
fender.

c. Buckling fender: buckling column fender and cylindrical cell
fender.

¢ Resilient, floating pneumatic and foam-filled fenders connected or

suspended from the pier or backed up by closely driven steel or
concrete fender piles. MIL-HDBK-1025/1 gives more in-depth
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descriptions of types of fender systems. The maintenance of fender
systems is covered in MO-104.1.

2-3.2 Piling. Piling is an integral part of all open piers and wharves. The
exposure of piling makes it susceptible to severe environmental attack: corrosion,
marine borers, and erosion. Piling is made from concrete, wood, steel, or
composite materials and requires protective coatings, preservatives, or wraps to
ensure a long life.

There are four functional types of piling: vertical bearing piles, batter
piles, fender piles, and sheet piles. Bearing piles are used to support the weight
of the pier and loads on the pier. Batter piles provide lateral and longitudinal
stability. Fender piles are used to absorb the impact of berthing ships. Sheet
piling is used for various waterfront structures, e.g., quaywalls to retain fill.

2-3.3 Dolphins. A dolphin is a group of piles placed near piers and wharves,
or in turning basins and ship channels. These structures are used to guide
vessels into their moorings, to mark underwater structures (shoals or shore), and
to support navigational aids.

2-3.4 Fleet Mooring. A fleet mooring is an offshore anchoring system that
consists of various hardware items: chain, cable, sinkers, anchors, and buoys.
The offshore anchoring system is placed in a fixed location so that vessels, when
entering the port, can anchor to the buoys. NAVFAC MO-124, Mooring
Maintenance Manual provides details on the maintenance of fleet mooring
systems, therefore, they are not covered in this handbook.

2-3.5 Deck and Mooring Hardware. Various deck and mooring hardware,
such as gratings, handrails, bollards, bitts, cleats, chocks and rings, are used on
piers and wharves. These items require inspection and maintenance to ensure
personnel safety and adequate mooring facilities for ships.
2-3.6 Utility Distribution Systems. Utility distribution systems are provided
on most piers and wharves to service the ships. Utilities available at most piers
and wharves include:

e Steam

e Potable water

e Saltwater

e Sewage and oily waste collection

e Compressed air

e Electricity
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e Fuel

e Telephone service

e Fire alarm systems

These utility systems require maintenance of conduit, piping, valves,
expansion joints, drains, regulators, and insulation. The maintenance of utility

systems and their components is covered by various service manuals and
commercial publications, and is not included in this manual.
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CHAPTER 3
MATERIALS AND PREVENTIVE MAINTENANCE

3-1 GENERAL. Common structural materials used for construction and
repair in waterfront areas are: wood, reinforced concrete, steel, and plastic.
Selecting the proper materials and systems can reduce maintenance costs and
increase the life of facilities. Wood preservatives, coatings, quality control of the
reinforced concrete materials, cathodic protection, and carefully selecting alloys
and synthetic materials help extend the life of the materials and structures.

This Section describes types of materials used in the construction and
repair of waterfront facilities; types of deterioration, corrosion, and other problems
that may be encountered; and preventive maintenance (PM) actions that should
be taken. Table 3-1 summarizes PM actions that should be a part of all
waterfront maintenance programs.

Table 3-1. Summary of Preventive Maintenance Actions

PREVENTIVE MAINTENANCE ACTION PARAGRAPH
NUMBER
Wood and Timber — General
Use pressure-treated member 3-2.3.1
Treat exposed areas: cuts, bolt holes, pile tops 3-2.3.2
Embed fumigant in pile top 3-2.3.3.5
Use pile top bonnet and preservative 3-2.3.3.5
Timber Piles
Install plastic wrapping or jacket 3-2.3.5
Concrete - General
Use Type Il or V cement 3-3.2.1
Avoid marine aggregates 3-3.2.2
Provide adequate cover over reinforcing steel 3-3.3
Use coating on concrete above splash zone 3-3.6
Treat cracks with a flexible elastomeric or with polyurethane 3-3.6.4
injection

Steel — General

Design Actions

Select type of steel for environmental conditions of use 3-4.1
Select proper protective coating for immersed steel 3-4.3.1
Provide cathodic protection system 3-4.3.3
Substitute corrosion resistant metals for steel 3.5
Increase thickness to allow for corrosion over life cycle

Minimize galvanic corrosion: 3-5.5
Minimize use of different metals 3-5.5
Insulate different metals from each other 3-5.5
Maintain protective coatings 3-5.5

Keep cathodic area small relative to active metal
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3-2 WOOD AND TIMBER. Wood and timber members have been used for
construction and maintenance of waterfront facilities due to availability, economy,
and ease of handling relative to other construction materials.

Common wood products used include: dimension lumber, timber, piles,
and poles. Engineered wood products such as glued and laminated timbers
(glulam) are common and, if, properly preserved or protected, may be used.
Plastics and composites can be used as substitute materials for non-load bearing
wood members. The primary applications at the waterfront include:

e Older piers, wharves, bulkheads, and quaywalls built from timber
piles.

e Fender systems built from timber and round timber piles.
¢ Pile dolphins built from round timber piles.

e Floats and camels built from logs, timber, dimension lumber, glued
and laminated wood, or miscellaneous forms.

e Groins built from timber and round timber piles.

3-2.1 Maintenance. Maintenance of wooden structures involves replacing
decayed or damaged wood with properly treated wood or other suitable material.
If repairs are to be reduced in the future, exposed wood and pile caps must be
treated with an effective preservative to retain its strength and longevity against
destructive fungi, marine organisms, insects, and bacteria attack.

Many wood species are used for treated dimension lumber and timber
in the United States. Primarily, Douglas fir is used on the West Coast and
southern pine is used on the East Coast due to availability. See Unified Facilities
Guide Specification UFGS-02398N, Pier Timberwork for proper Navy
procurement and product inspection criteria of pier timber work. Round timber
piles for marine use are also usually made from Douglas fir or southern pine
according to availability and size requirements for piling. For Navy use, these
piles must conform to UFGS-02461N, Wood Marine Piles.

All wood products, including treated wood, must be inspected by
agencies certified by the American Lumber Standards Committee (ALSC) and
must be properly graded and marked before acceptance. General Navy criteria
for accepting wood products are well described in NAVFAC MO-312.2, A Field
Guide for Receipt and Inspection of Treated Wood Products by Installation
Personnel.

3-2.2 Wood Deterioration. Biological and physical deterioration of wood can

bring about rapid destruction of waterfront facilities. Improper design and
construction procedures that lead to biological deterioration include:
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¢ Inadequate preservative treatment.

e Improper handling of treated wood.

e A design that promotes retention of water.

e A design that unnecessarily places wood timbers below water.

Major design deficiencies, which promote physical deterioration,
include:

¢ Insufficient strength of piles resulting in overloading (loss of
strength and embrittlement caused by treatment with salts and
other preservatives are an important design considerations).

e Improper connection hardware or pile connections that restrict load
transfer to other parts of the structure.

¢ Inability of sheet pile walls to retain backfill or insufficient strength in
the soil foundation that results in sheet pile movement.

3-2.2.1 Biological Deterioration. Wood-destroying organisms infest wood
structures both above and below the waterline. Marine borers are the principle
cause of deterioration in the immersed zones and are found in harbors and
estuaries worldwide. Marine fouling organisms found on the wood surface do not
cause wood deterioration and may even serve to retard marine borer damage.
Insects and fungi are the main wood-destroying organisms above the waterline.

3-2.2.1.1 Marine Borers. There are two general types of marine borers that
attack marine timbers: crustaceans and mollusks. The major wood-boring crus-
taceans are the Limnorians; the principle wood-destroying mollusks are the
Teredines (Teredo and Bankia) and the Pholads (Martesia). See Figure 3-1.

e Crustaceans. Of the three common crustacean wood borers -
Limnoria, Sphaeroma, and Chelura - Limnoria is considered to be
the most economically important. These borers burrow just below
the wood surface forming a network of interlacing tunnels. The
weakened wood is easily eroded by wave action often resulting in a
characteristic "hourglass" shape. Limnoria tripunctata is of
particular importance because it can attack creosoted wood.

e Teredines. The Teredines are commonly referred to as
"shipworms" because of their wormlike appearance. Penetration of
the wood occurs during the microscopic larval stage. As the
shipworms grow, their tunnels increase in diameter and length
while the entrance holes remain about the same size. Attacked
piles may appear sound on the surface, yet be completely riddled.
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Pholads. Pholads bore into wood, soft rock, or concrete for
protection. These clams have pear-shaped shells that can reach 6
cm in length. Like the Teredines, Martesia can cause considerable
structural damage to wood, but both of these mollusks can be more
effectively controlled by creosote preservative treatment than the
Limnorians.
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Figure 3-1. Three groups of Marine Borers.*
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3-2.2.1.2 Insects. Termites are the most destructive wood-destroying insects
found on waterfront structures. Other insect pests include: wood-boring beetles,
ants, and bees. An insect frequently associated with damage to piers and docks
is the wharf-borer, Nacerda, a beetle about 8 mm long, yellowish-brown to dark
red in color. Some insects, such as termites, require wood for food and shelter;
others, such as carpenter ants, require wood for nesting only. Most wood-
destroying insects thrive under damp conditions.

3-2.2.1.3 Fungi. Three categories of wood-decay fungi are: white rot, which
tends to bleach the affected wood; brown rot, often termed "dry rot," which
produces a brown, crumbling type of decay; and soft rot, which softens the wood.
Slight strength reduction of infected wood can be caused by stain fungi, which
produce bluish black to steel gray or brownish discoloration of the wood. Molds
also produce a discoloration of the wood surface and are regarded as merely a
blemish, but their presence indicates that conditions may be favorable for decay
organisms. Most wood-destroying fungi require damp conditions for growth.

3-2.2.2 Physical Deterioration. Physical deterioration of timber piles and
other wood structures is generally due to the following causes:

3-2.2.2.1 Abrasion. Abrasion of timber piles occurs principally in the intertidal
zone. The rate at which piles are destroyed by abrasion depends on the amount
of floating debris in the harbor, the velocity of water moving past the piles, ice in
the harbor, and the action of marine borers. Fender piles are also abraded by
camels and ships.

3-2.2.2.2 Overload. Overloading of piles may result from a continuous heavy
load or infrequent, severe loads. Overloading may be caused by vertical and
horizontal loads. Failure of one pile requires the adjacent piling to carry the extra
load. Continual overloading can lead to collapse of the entire structure.

3-2.2.2.3 Connection Failure. When a timber pile connection fails, the structure
is free to move and will eventually fail. If untreated wood is exposed, connection
failure may first allow the entry of marine borers if below the waterline, or insects
and fungi if above the waterline.

3-2.2.2.4 Timber Wall Movement. Outward wall movement can result from hori-
zontal loading of the backfill material caused by excessive loading behind the
structure or failure of tie-backs. Loss of backfill material can result in movement
in the opposite direction. If either condition continues, the structure will fail.

3-2.2.2.5 Single Timber Piles. Single timber piles or those used in light
structures may be lifted by ice freezing to the pile and pulling it as the ice moves
with the tide.

3-2.3 Preventive Maintenance for Wood and Timber. The primary

preventive maintenance (PM) measure at the waterfront is to select the type of
wood best suited for the particular use and to purchase wood products and
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timber piles that have been treated with quality preservatives and methods. Field
techniques should be used to eliminate or minimize cuts and holes made in the
members at the site, particularly for those members to be placed below water. If
cuts and holes must be made, special field PM preservative treatment is
required. In addition, there are other PM measures applicable to timber piles
using encasements and retardants. The most important field PM for the exposed
wood of waterfront buildings and related structures is the application of paint and
other coatings. Preventive maintenance measures discussed in this section are
summarized in Table 3-1.

3-2.3.1 Pressure Treatment. Pressure treatment of the outer sapwood of
timbers with preservatives is the most important and effective method of pro-
tecting wood. Using pressure treatment allows the preservative to uniformly
penetrate deeper and allows closer control of retention levels. The preservative
penetrates the wood from 1 cm to 10 cm (.39 to 3.93 inches), depending on the
type of wood, and provides protection from fungi, marine borers, insects and
bacteria. American Wood Preservers Association (AWPA) Standards govern the
treatment processes that must be performed on wood used in waterfront areas.
MO-312.2, A Field Guide for the Receipt and Inspection of Treated Wood
Products by Installation Personnel, is a field guide for acceptance of treated
wood products and must be consulted by Navy activities and followed whenever
treated wood is used.

The choice of preservative treatment depends on how and where the
wood is to be used. Wood preservatives are classified in three categories:
creosote preservatives, oil-borne preservatives, and water-borne preservatives.

3-2.3.1.1 Creosote. Creosote preservatives have been the most commonly
used preservatives at the waterfront because they are not easily leached from
the wood and are not corrosive to metals. Creosote and creosote-coal tar solu-
tions, both derived from bituminous coal, can be used for immersed wood.
Creosote is commonly diluted with petroleum oil for treatment of wood not
subject to immersion. An important disadvantage of creosoted piling, however, is
that it is readily attacked by the marine borer, Limnoria tripunctata. In addition,
creosote and creosote solutions cannot be used where it may come in contact
with people or where local environmental concerns have restricted its use in the
marine environment. Consult your environmental office for the latest policies and
regulations regarding its use.

3-2.3.1.2 Qil-Borne. Oil-borne preservatives are dissolved in a petroleum
solvent and include pentachlorophenol, copper naphthenate, tributyl tin oxide,
and copper-8-quinolinolate. Oil-borne preservatives are suitable for wood
members out of the water for protection against insects and fungi but does not
provide adequate protection against marine borers and, thus, cannot be used for
immersed wood. Treated wood can be painted, does not swell and distort, is
easily handled, and will not corrode metal. Before the solvent evaporates, it is
more flammable than untreated wood. Pentachlorophenol is the most effective of
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these preservatives but is also highly toxic. Consult the Consumer Information
Sheet and your safety and environmental office before you consider using it.

3-2.3.1.3 Water-Borne. Water-borne preservatives are toxic metallic salts
dissolved in water for easier application. The water-borne preservatives include
chromated copper arsenate (CCA), ammoniacal copper zinc arsenate (ACZA),
and ammoniacal copper arsenate (ACA). Wood treated with one of these water-
borne preservatives can be used either above or below the waterline (wood used
below the waterline is treated at higher retention levels). In addition, these salts
in combination with creosote (dual treatment) are more effective in preventing
marine borer damage than any single treatment. Other water-borne preservatives
for use above the waterline include acid copper chromate (ACC), ammoniacal
copper citrate (CC), and ammoniacal copper quat (ACQ)-Type B.

3-2.3.1.4 Negative Aspects. All preservative treatments have drawbacks that
should be considered. Metallic salts, for example, will seriously embrittle wood.
More importantly, these toxic chemicals present environmental and personnel
safety concerns. All treated wood should be supplied with a Consumer
Information Sheet that provides use, handling, and disposal precautions. Proper
safety procedures should be carefully followed.

Plans for handling pressure-treated wood removed from service should
be carefully considered, especially in areas where the disposal of treated wood
may be restricted. Alternatives to landfilling include reuse as landscape timbers,
recycled as fuel, etc. Wood treated with CCA should never be used as a fuel, and
treated wood should not be recycled as mulch. Other restrictions may apply;
Consult with your environmental office.

3-2.3.2 Field Treating Exposed Areas of Wood Before Installation. Cut
surfaces of wood members, pile cutoffs, bolt holes, and any other exposed
surfaces of treated wood members must be treated in the field before installation.
All exposed, untreated wood should be treated in accordance with American
Wood Preservers’ Association, Standard M4, Standard for the Care of
Preservative-Treated Wood Products. Treat holes for bolts and wood plugs
inserted in piles and timbers with the same general type of wood preservative
originally used for the member. Bolt holes should be treated under pressure with
a mechanical bolt hole treater, if available, or thoroughly saturated. Wood
preservatives are restricted use pesticides and must be applied in compliance
with applicable standards. Consult your safety office or nearest EFD applied
biologist.

Timber pile tops, cut off after the pile is driven, expose the untreated
heartwood of the pile to rapid decay. AWPA Standard M4 provides
recommendations for preservative treatments for pile tops. Creosoted piles may
be field treated with creosote solutions, or where particularly heavy coatings are
required, a coal-tar roof cement meeting ASTM D-4022, Specification for Coal
Tar Roof Cement. Piles treated with ACA, ACZA, or CCA can be field treated

3-8



UFC 4-150-07
19 June 2001

with any of these water-borne preservatives. After field treatment, the pile top
must be covered with a cap or bonnet consisting of two layers of tar saturated
fabric, tar paper, or fiberglass cloth, which shall overlap the side of the pile at
least 5 cm (2 inch) and securely fastened.

3-2.3.3 Remedial Treatment of Wood

3-2.3.3.1 Fumigants. Fumigants are used to prevent or eradicate fungal decay
of large (15 by 15 cm ( 6 by 6 inch) or greater cross-sectional area) wood
members. These products may be an available option in your area for waterfront
structures. They are highly toxic, restricted use pesticides, and can be handled
only by certified personnel. The most widely available product currently available
is applied only by the manufacturer. Generally, an inspection of the prospective
treatment site and a treatment plan is carried out by the contractor prior to actual
treatments. Consult your environmental and safety offices before using these
products.

3-2.3.3.2 Brush On. Brush on preservative pastes and bandages are
commonly used as a remedial groundline treatment for southern pine utility
poles. They may have some application to waterfront timbers. Diffusion of the
preservative ingredients into the decayed portion of the wood depends on the
moisture in the wood. Typically, the level of preservative penetration and long-
term efficacy of these products is less than that of fumigants.

3-2.3.3.3 Liquid Internal. Liquid internal treatments are sometimes used when
voids and cavities are present in wood. This treatment is not generally
recommended for waterfront timbers. If voids and cavities are present, replacing
the wood member is advisable.

3-2.3.3.4 Solid Rod. Solid rod treatments commercially available today are
fused borate rods available in a variety of sizes. They are relatively easy and
safe to handle. Like brush on pastes and preservative bandages, diffusion of the
borate in these rods depends on wood moisture and the level of preservative
penetration and long-term efficacy of these products is less than that of
fumigants.

3-2.3.3.5 Encasements and Retardants. Two methods are available to protect
timber pile tops by using encasements and retardants. They include:

¢ Remedial Treatment with Fumigant Vials. Commercial fumigant
vials are embedded in the cut top of timber piles and slowly leach
into the pile to retard and prevent rot. Holes are bored in the top of
the pile, vials inserted, and the holes plugged with hardwood. See
Figure 3-2. A pile cap can be installed (see following bulleted
paragraph) after fumigants are applied. This method is useful
where the pile top is accessible and subject to wetting by rain or
spray. These are restricted use pesticides; application of fumigants
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over water is restricted in California and other areas. Consult your
environmental or safety office before using.

Pile Top Bonnet. This method uses liquid preservative in the pile
top and a protective bonnet or cap fabricated of two layers of tar
saturated fabric or tar paper or fiberglass. Formation of reservoir is
optional. See Paragraph 3-2.3.2 for selecting a preservative. This
method can be used to repair a rotted pile top, as shown in Figure
3-3, or as a preventive measure on a sound pile.

Figure 3-2. Fumigant Vials for Timber Piles

Bore 19 mm (3/4 inch) by 102 mm (4 inch) holes;
insert vial and hardwood plug

Plug

h

i

Figure 3-3. Pile Top Bonnet for Timber Piles
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3-2.3.4 Coatings for Wood Buildings. Wooden structures continuously
immersed in seawater or subject to immersion during tidal changes are not
usually painted except for marking identification or location. In general, coating
wood is confined to structures such as buildings located in waterfront areas to
protect the wood from weathering and for appearance. Surface preparation of
either previously coated wood or uncoated wood may consist of the following
procedures:

e 100% removal of biological growth,

e (b) removal of unsound coatings,

e (c) removal of surface contamination such as oil, grease, dirt,
e (d) light sanding of sound coatings and exposed wood.

Two coating systems may be used for either previously coated wood or
uncoated wood as follows:

e 40% volume solids, exterior latex (water-based): 1 or 2 coats at
0.05 to 0.15 mm (1.97 to 5.9 mils) dry film thickness (DFT)

e 55% volume solids, flexible acrylic waterborne (water-based): 1 or 2
coats at 0.1 to 0.3 mm (3.94 to 11.81 mils) DFT.

3-2.3.5. Protection of Timber Piles. All timber piling in the marine
environment, including piling properly treated, are eventually attacked by wood
destroying organisms. Pilings are also commonly subjected to ice lift and
abrasion. As a result, protection with plastic wraps is often required, in order to
minimize the impact of these environmental factors. In tropical environments,
such as Roosevelt Roads, Puerto Rico, even dual-treated pilling should be
wrapped.

The use of plastic wrapping to protect piling against marine borer
damage, at and below the waterline, does offer considerable economic benefit by
effectively eliminating borer damage, reducing future repair costs. The polyvinyl
chloride (PVC) or polyethylene wrapping smothers borers already in the wood
and prevents the entry of more borers. Installation of barrier wraps are described
in repair technique TR-3 in Chapter 6. Fender piles pre-wrapped with a thick,
heat-shrink polyethylene provides a slippery surface that prevents exposure of
untreated wood due to wear from camels. An example of a molded polyethylene
jacket used for ice protection is shown in Figure 3-4.
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Figure 3-4. Timber Pile Jacket for Ice Protection
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3-3 CONCRETE. Reinforced concrete is the predominant construction

material for waterfront facilities due to its durability, strength, and economy as a
bulk construction material. Steel and wood do not have the bulk properties and
adaptability of concrete. In addition, basic components to make reinforced
concrete are readily available at most locations. Applications of reinforced
concrete at the waterfront include:

e Seawalls, bulkheads (quaywalls), and revetments use reinforced
concrete as the dominant material of construction. It is used as the
facing material to absorb wave impact, retain fill, and reduce the
erosive effects of wave action. Concrete is used in piles, curved-
faces, sheet piling, and other forms.

e Piers and wharves are usually built with reinforced concrete.
Concrete is also used to protect wood or steel from corrosion,
weathering, fungal decay, or marine organism attack. Prestressed
concrete fender piles are effective and long lasting.

e Groins are built from concrete sheet piles and panels. The piles or
panels are usually prestressed units and are tied in place with a
concrete cap.

e Breakwaters use various shapes of precast concrete. These
interlocking building blocks can be assembled in various shapes.

e Submerged structures use reinforced concrete that are cast in
place or precast and used to support pilings and structures.
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e Floating structures use reinforced concrete for pontoons, quays,
wharves, piers, and facilities for small boats.

¢ Drydocks are made of reinforced concrete.

3-3.1 Deterioration. Deterioration of reinforced concrete near or in
seawater is due to corrosion of the reinforcement. This corrosion can be
accelerated due to improper concrete mix, insufficient concrete cover (thickness
of concrete over the reinforcing steel), improper curing, operational loads,
chemical attack, and volume changes. Using well established mix designs and
construction practices, however, will enhance reinforced concrete durability.

Reinforced concrete in waterfront facilities must meet the criteria set by
the American Concrete Institute (ACI) Standard 318, Building Code
Requirements for Reinforced Concrete. This standard covers the building code
requirements for concrete with and without reinforcing. Additional design
information, with emphasis on waterfront facilities, is included in NAVFAC MIL-
HDBK-1025/6, General Criteria for Waterfront Construction. These manuals
provide general design and application data for a variety of waterfront structures.
Unified Facilities Guide Specification UFGS-03311, Marine Concrete, provides
guidance for cast-in-place concrete subject to exposure to the marine
environment. Unified Facilities Guide Specifications UFGS-02459N, Cast-in-
Place Concrete Piles, UFGS-02395N, Prestressed Concrete Fender Piles, and
UFGS-02456N, Prestressed Concrete Piles, provide guidelines on concrete

piling.

3-3.2 Components of Concrete. Concrete is a mixture of Portland cement,
coarse and fine aggregate, and water. Various admixtures, and pozzolans may
be used to improve the strength, workability, and service life. Preparation and
proportioning of concrete mixtures should follow the recommendations of the
Portland Cement Association's, Principles of Quality Concrete, and ACI 211,
Recommended Practice for Selecting Proportions for Concrete.

3-3.2.1 Cement. Five types of Portland cement are described in ASTM C
150A, Cement, Portland. For concrete structures exposed to seawater, Types I
and V should be used. Type Il is a sulfate-resisting cement. Type V, however, is
no longer being produced. Low alkali cements should be used with potentially
reactive aggregates.

Do not use any product containing sodium or calcium, as it will likely
accelerate the onset of rebar corrosion.

3-3.2.2 Aggregates. Aggregates are used in concrete mixtures to improve
durability and reduce costs. They usually make up 60 to 80 percent of the volume
of the concrete. The shape and size of the aggregate should meet the
requirements specified in ASTM C 330. Aggregates are a mixture of sand and
rock. Marine aggregates, such as coral, should not be used. However, if marine
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aggregate is the only available material, it must be washed thoroughly with
freshwater to remove the salt.

In some applications, special aggregates may be used to make
lightweight concrete for lightweight structures. Most lightweight concretes have a
density between 1,280 and 1,760 kg/m? (79.9 and 109.87 pounds/cubic foot)
compared to 2,400 kg/m?® (149.83 pounds/cubic foot) for normal weight concrete.
Lightweight aggregate concrete is generally more durable in the marine
environment than concrete made with normal weight aggregate.

3-3.2.3 Water. Water quantity and quality will affect the durability, strength,
and workability of concrete. In practice, use water equal in quality to drinking
water. The ratio of water to cement has a direct effect on the strength of the
concrete and its permeability. A maximum water-to-cement ratio of 0.40 by
weight is crucial for concrete used in a marine environment. Seawater should
never be used for making concrete because the salts will dramatically increase
the corrosion rate of reinforcing steel.

3-3.2.4 Admixtures. Various chemical admixtures are used to give specific
properties to the concrete to improve durability, finishability, or workability. If
admixtures are required, they should meet the appropriate ASTM or ACI
specifications.

3-3.2.4.1 Water Reducing. Water-reducing admixtures are available to allow a
reduction in the water-to-cement ratio while maintaining a workable slump.
Normal range water reducers and superplasticizers are admixtures that permit
the reduction of the water-to-cement ratio.

3-3.2.4.2 Air-Entraining. Air-entraining admixtures are available to improve the
concrete's ability to resist freeze-thaw conditions and enhance workability. Air-
entraining agents should be used to incorporate from 5 to 7 percent of entrained
air into the concrete. ASTM C 233, Air-Entraining Admixtures for Concrete,
covers the air-entraining agents. Air-entraining agents also improve the
workability of the concrete.

3-3.2.4.3 Accelerator. Accelerator admixtures are available for rapid setting
products. These increase the early strength of concrete but have little effect on
the final strength. Accelerators containing excessive chloride should not be used
since they increase corrosion of reinforcing steel.

3-3.2.4.4 Pozzolan Minerals. Pozzolan minerals (fly ash Class F) are highly
recommended as a replacement of 25% of the Portland cement. The ash
reduces permeability, eliminates alkali-silicon reactions, and improves
workability. Silica fume can reduce permeability but may cause finishing
problems and surface cracks. Avoid silica fume dosages about 5% by weight to
concrete.
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3-3.3 Reinforcing Steel. Reinforcing steel for concrete in waterfront facilities
is the same as for conventional concrete structures and should conform to ASTM
A 615,Specification for Deformed and Plain Billet-Steel Bars for Concrete
Reinforcement; ASTM A 616, Specification for Rail-Steel Deformed and Plain
Bars for Concrete Reinforcement; or ASTM A 617, Specification for Axle-Steel
Deformed and Plain Bars for Concrete Reinforcement. Place 8-cm (3.15 inch)
concrete cover, which is critical for durability, over the plain steel. If an 8-cm
(3.15 inch) concrete cover is not possible, then a barrier coating on the rebar
should be considered to isolate the steel from these corrosive agents. ASTM A
934, Specification for Epoxy-Coated Reinforcing Steel Bars should be specified
for new reinforcement.

3-3.4 Special Types of Concrete Mixtures. Special concrete mixtures
include polymer concrete and polymer-Portland cement concrete. Concrete
mixtures containing polymers are useful for repairing concrete and may provide
improvements over conventional concrete mixtures when used and applied
correctly.

3-3.4.1 Polymer . Polymer concrete does not contain Portland cement. Epoxy
concrete is one common type of polymer concrete that is readily available and
possesses excellent bond and tensile strength qualities. Use extreme caution
when using polymer concretes for structures subject to thermal resistance due to
a high coefficient of thermal expansion that often results in repair failure.

3-3.4.2 Fiber Reinforced. Fiber reinforcements may improve the tensile
strength, toughness, and ductility of concrete. In general, steel fibers should not
be used in the marine environment. Polypropylene fibers avoid the corrosion
problem of steel fibers and improve impact resistance. Fiber should not be
considered as a replacement for the reinforcement.

3-3.5 Causes of Concrete Deterioration. Cracking and spalling of concrete
are the results of chemical attack and rebar corrosion.

3-3.5.1 Chemical Attack. The most common chemical attack is from sulfates
in seawater that cause a softening of cement paste. Other causes of chemical
attack are poor quality aggregates reacting with alkali in the cement (alkali-
aggregate reaction). The alkali-aggregate reaction expands the aggregate and
results in cracking throughout the concrete in the presence of moisture. Use of
25% Class F fly ash is extremely effective in reducing chemical attack.

3-3.5.2 Corrosion of Reinforcing Steel. The high alkalinity of cement paste
protects steel from corrosion. With improper mix designs, chloride contamination
and carbonation eventually reduce the alkali film around the steel. Corrosion will
then occur if sufficient moisture and oxygen are present. In the splash zone, the
wet and dry cycles provide conditions for the chloride and oxygen to corrode the
steel. Accordingly, steel corrosion in concrete is most severe directly above the
mean low water (MLW).
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When steel corrodes, the rust product increases in volume many times
over its original volume. Expansion of the rust causes cracking of the concrete.
These cracks run parallel to the reinforcement. Eventually, concrete covering the
reinforcing steel spalls off.

3-3.5.3 Cracking of Concrete. As concrete dries it shrinks, which in turn, can
cause cracks. These cracks may increase in size as the internal water is lost
over time and the concrete cannot contract freely. Temperature changes can
also cause cracking. In addition, freezing water in the concrete can lead to
deterioration, cracking, and spalling. Overload conditions can cause cracks.
Waterfront structures are subject to settlement conditions. When settlement is
uneven, cracks usually result.

Shrinkage cracking can be minimized by proper curing and using a
minimum amount of cement and water in the mix. Temperature cracking can be
controlled in concrete by using expansion joints and temperature reinforcement.
Air entrainment is critical to minimize freeze-thaw damage.

Prevention and control of cracking may be improved by proper design
of the concrete structure and measures taken during construction. The measures
that must be taken during repair of concrete structures are discussed in Chapter
7.

3-3.6 Preventive Maintenance for Concrete. Measures to minimize
deterioration of reinforced concrete must be taken during design of the structure
and during construction. Proper design for concrete is contained in ACI
standards and service design manuals.

The main objectives of preventive maintenance are to:
e Keep water out of the concrete.

e Protect the reinforcing steel.

e Prevent and control cracking.

e Prevent chemical actions.

The primary PM meas