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Fig. 8-39. Typical wick drain installation equipment

Source: Photo courtesy of TerraSystems, Inc.

of sand that are installed by driving a pipe pile fitted with a trapdoor bottom plate
into the ground. The pipe is subsequently filled with sand that stays in the ground as
the pipe is extracted. Wick drains are corrugated plastic strips covered with filter
fabric that are pushed into the ground with a specially designed mandrel. Wick
drains have been used extensively to decrease the time required for drainage of pore
water from deep deposits of cohesive materials (Hansbo 1979). The vertical drains
are used to accelerate consolidation of fine-grained materials and avoid a buildup of
excess pore water pressure that can lead to slope stability problems. Closely spaced
wick drains provide a short horizontal drainage path for pore water to travel to where
it is conveyed to the surface and carried away.

In the few years that wick drains have been available, they have received wide
acceptance and have almost totally replaced the use of sand drains. They are cleaner,
easier, and faster to install and are more reliable, efficient, and cost-effective than
sand drains (Morrison 1981). It should be noted, however, that in certain situations
the filter fabric can become smeared with fine-grained soils that reduce the
effectiveness of the method.

Lightweight Fill

Lightweight aggregate, commonly used in the production of lightweight concrete,
currently is being used as a geotechnical backfill material. Its high strength-to-weight
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ratio can be used to solve stability, settlement, and high lateral earth pressure
problems associated with many waterfront structures.

Rotary-kiln-produced expanded shale aggregate has a number of important
properties that make its use as a lightweight backfill material viable. The angle of
internal friction is in the range of 40° to 45°, and compacted dry unit weights below
65 Ib/ft®> are possible (Childs et al. 1983). Individual particles have fairly high
abrasion resistance and do not exhibit appreciable breakdown in the field. The
material also can be supplied in a number of standard gradations.

Though lightweight fill is more expensive than granular backfill material, it can
lead to an economical solution by allowing the use of lighter structural members for
new construction. Lightweight backfill also may be used to relieve lateral earth
pressures on existing distressed structures. Not only has lightweight aggregate been
used successfully for numerous small rehabilitation projects, but also its use on large-
scale projects has proved economical (Carchedi and Porter 1983).

Low-density cellular concrete recently has been used to reduce loads on existing
waterfront structures (Palermo 1985). The material is aerated before being pumped
in a slurry consistency, and resultant unit weights are on the order of 36 lb/ft>.
Buoyancy of the material can be an issue if closed-cell concrete is used. Recently, an
open-cell, low-density concrete has been developed that saturates when flooded
rather than floats.

Mechanically Stabilized Earth

Mechanically stabilized earth (MSE) is another relatively new concept in founda-
tion engineering. Originally developed for a vertical retaining wall system (Koerner
1997), it has proved useful in many other foundation applications. MSE retaining
walls are built with individual interlocking members attached to a series of rows of
reinforcing strips or geosynthetic grids. The strips or grids reinforce the soil by
acting as a series of tension members, reducing lateral earth pressure to such
an extent that only lightweight face panels or blocks are required to prevent the loss
of fill.

The use of reinforced earth in the marine environment has been reasonably
successful (Ingold 1982, Munfakh 1985) (Fig. 8-40). Construction can be somewhat
difficult, however, because of the nature of the environment, especially where deep
water or large tidal fluctuations exist. The use of filter fabrics or face unit sealants
usually is required to prevent migration of fines from the backfill. Concerns about
the corrosion of metal reinforcing strips have been addressed with coatings and the
recent use of geosynthetic grids.

The concept of soil reinforcement also can be applied to the design of
embankments and fills over soft ground. The reinforcing material allows the use
of steeper slopes and reduces the possibility of stability failure. Site fills layered with
inclusions of geotextiles or geogrids can sustain higher surface loads from cranes and
other marine facility equipment.
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Fig. 8-40. Use of reinforced earth wall in the marine environment

Source: Photo courtesy of Reinforced Earth Company

Fabrics and Filter Materials

The use of fabrics in geotechnical engineering has boomed in recent years.
Numerous types of fabrics are being used for filters, impermeable barriers, rein-
forced earth, wick drains, drainage mats, and erosion control.

In waterfront engineering, the use of fabrics has been mainly for filters and
erosion control. Normally, filters for granular soils used in coastal structures are
made up of graded layers of gravel and stone (PIANC 1992). Materials in the proper
gradation are often of limited availability or costly, and proper placement is often
time-consuming and difficult to control. Woven fabrics have been used successfully
in a number of coastal structures to alleviate filter problems and preclude the
possibility of structural failures caused by leaching and erosion of construction
materials (Dunham and Barrett 1974).

Fabrics have been widely used to distribute loads from equipment, fills, and
stockpiled materials. When placed over soft or organic soils, they also can help to
control mud waves from subsequent filling or capping operations.

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ASCE/147678675/Design-of-Marine-Facilities-Engineering-for-Port-and-Harbor-Structures?src=spdf
http://ascelibrary.org/action/showImage?doi=10.1061/9780784414309&iName=master.img-188.jpg&w=287&h=309

GEOTECHNICAL DESIGN CONSIDERATIONS 467

References

Anderson, R. D. (1974). “New method for deep sand vibratory compaction.” J. Constr. Div.,
100(CO-I), 79-95.

API (American Petroleum Institute). (2011). “Geotechnical and foundation design consid-
erations.” API 2GEO, Washington, DC.

ASCE. (1996). Design of sheet pile walls, New York.

ASTM. (2002). “Standards relating to natural building stones, soil and rock, and geotextiles.”
Annual book of ASTM standards, Vol. 04.08, West Conshohocken, PA.

Baligh, M. M., Figi, H., and Vivatrat, V. (1978). “Downdrag on bitumen-coated piles.” J. Geotech.
Eng. Div., 104(11), 1355-1370.

Barksdale, R. D., and Bachus, R. C. (1983). “Design and construction of stone columns.” Rep.
No. FHWA/RD/83/026, Federal Highway Administration, Washington, DC.

Bember, S. M., and Kupfennan, M. (1975). “The vertical holding capacity of marine
anchor flukes subjected to static and cyclic loading.” Proc., 7th Annual OTC, Houston,
363-369.

Bjerrum, L. (1967). “Engineering geology of Norwegian normally-consolidated marine clay as
related to settlement of buildings.” Geotechnique, 17(2), 81-118.

Bowles, ]J. (1984). Physical and geotechnical properties of soils, 4th Ed., McGraw-Hill,
New York.

Bowles, J. (2001). Engineering properties of soils and their measurement, 4th Ed., McGraw-Hill,
New York.

Bowles, J. (2009). Foundation analyses and design, 5th Ed., McGraw-Hill, New York.

Brinkgreve, R. B. J., et al. (2013). PLAXIS 3-D, Plaxis, Delft, Netherlands.

Broms, B. B. (1964a). “Lateral resistance of piles in cohesionless soils.” J. Soil Mech. Found. Div.,
90(SM3), 123-156.

Broms, B. B. (1964b). “Lateral resistance of piles in cohesive soils.” J. Soil Mech. Found. Div.,
90(SM2), 27-63.

Broms, B. B. (1965). “Design of laterally loaded piles.” J. Soil Mech. Found. Div., 91(SM3), 79-99.

Brown, R. E. (1977). “Vibroflotation compaction of cohesionless soils.” J. Geotech. Eng. Div.,
103(GT-12), 1437-1451.

Brown, R. E., and Glenn, A. J. (1976). “Vibroflotation and terra-probe comparison.” J. Geotech.
Eng. Div., 102(10), 1059-1072.

Bruce, R. N., and Hebert, D. C. (1974). “Splicing of precast, prestressed concrete piles:
Part —Review and performance of splices.” PCI J., 19(5), 70-97.

BSI (British Standards Institution). (2012). “British standard: Marine works. General: Code of
practice for geotechnical design.” BS-6349-1-3: 2012, London.

Buslov, V. B., Gould, J. P., and Koch, R. C. (1988). “The precast pier.” Civ. Eng., 58(12),
46-49.

Campbell, R. (1986). Use of fins on piles for increased tension capacity: Final report, State of Alaska
Department of Transportation, Anchorage, AK.

Carchedi, D. R, and Porter, D. L. (1983). “Marine terminal modifications—Port of Albany,
New York.” Proc., Special Conf. on Port Modernization, Upgrading and Repairs, New Orleans.

Cedergren, H. R. (1989). Seepage, drainage and flow nets, 3rd Ed., Wiley, New York.

Chellis, R. D. (1961). Pile foundations, 2nd Ed., McGraw-Hill, New York.

Childs, K., Porter, D. L., and Holm, T. A. (1983). “Lightweight fill helps Albany port expand.”
Civ. Eng., 53(4), 54-57.

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ASCE/147678675/Design-of-Marine-Facilities-Engineering-for-Port-and-Harbor-Structures?src=spdf
http://ascelibrary.org/action/showLinks?crossref=10.15554%2Fpcij.09011974.70.97
http://ascelibrary.org/action/showLinks?crossref=10.1680%2Fgeot.1967.17.2.83

468 DESIGN OF MARINE FACILITIES

Cox, W.R.,and McCann, J. W. (1986). “Analysis of laterally loaded piles.” Planning and design of
fixed offshore platforms, B. McClelland and M. D. Reifel, eds., Van Nostrand Reinhold,
New York, 801-832.

Das, B. (2011). Principles of foundation engineering, 7th Ed., Cengage Learning, Stamford, CT.

Dobson, T. (1986). “Vibro techniques for geotechnical engineering practice.” Proc., Pennsyl-
vania Dept. of Transportation and Central Pennsylvania, ASCE, New York.

DOD (Department of Defense). (2012). “Geotechnical engineering.” UFC 3-220-1,
Washington, DC.

Duncan, J. M., and Wright, S. G. (2005). Soil strength and slope stability, Wiley, Hoboken, NJ.

Dunham, J. W., and Barrett, R. J. (1974). “Woven plastic cloth filters for stone seawalls.”
J- Waterw. Harbors Coast Eng. Div., 100(1), 13-22.

Dunnicliff, J. (1988). Geotechnical instrumentation for monitoring field performance, Wiley,
New York.

Elias, V., Welsh, J., Warren, J., and Lukas, R. (2000). “Ground improvement technical
summaries.” FHWA-SA-98-086, Federal Highway Administration, Washington, DC.
Enkeboll, W., and Smoots, V. A. (1980). “Case histories of harbor developments in weak soils.”

J. Waterw. Port Coastal Ocean Div., 106(4), 429-447.

FHWA (Federal Highway Administration). (2010). Brown, D., Turner, J., Castelli, R. “Drilled
shafts: Construction procedures and LRFD design methods.” NIH Course No. 132014,
Geotechnical Engineering Circular No. 10, NHI, USDOT, Federal Highway
Administration.

Flemming, W. G., Weltman, A. S., Randolph, M. F., and Elson, W. K. (1985). Pile engineering,
Wiley, New York.

Focht, J. A, Jr., and Kraft, L. M. (1986). “Axial performance and capacity of piles.” Planning
and design of fixed offshore platforms, B. McClelland and M. D. Reifel, eds., Van Nostrand
Reinhold, New York, 763-799.

Fox, N. S., and Edil, T. B. (2000). “Case histories of rammed aggregate pier soil reinforce-
ment construction over peat and highly organic soils.” Geopier Foundation, Davidson,
NC.

Fox, N. S., and Lein, B. H. (2001). “Geopier soil reinforcement technology: An overview.”
Proc., Asian Institute of Technology Conf., Bangkok, Thailand.

Frankel, E. G., and Pollalis, S. N. (1979). “Considerations in the design of gravity structures.”
Bull. No. 34, PIANC.

Fuller, F. M. (1983). Engineering of pile installations, McGraw-Hill, New York.

Gaythwaite, J. (1981). The marine environment and structural design, Van Nostrand Reinhold,
New York.

Gaythwaite, J. (1984). “Rehabilitation of waterfront structures: Design criteria and general
considerations.” Waterways Seminar on Rehabilitation of Waterfront Structures. Boston Society
of Civil Engineers, Boston.

Goble, G. G., Likins, G., Jr., and Rausche, F. (1975). “Bearing capacity of piles from dynamic
measurements.” OHIO-DOT-05-75.

Hanna, T. (1982). Foundations in tension-ground anchors, McGraw-Hill, New York.

Hansbo, S. (1979). “Consolidation of clay by band-shaped prefabricated drains.” Ground Eng.,
12(5), 16-25.

Harder, L. F., Jr., Hammond, W. D., and Ross, P. S. (1984). “Vibroflotation compaction at
Thennalito Afterbay.” . Geotech. Eng., 110(1), 57-70.

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ASCE/147678675/Design-of-Marine-Facilities-Engineering-for-Port-and-Harbor-Structures?src=spdf
http://ascelibrary.org/action/showLinks?system=10.1061%2F%28ASCE%290733-9410%281984%29110%3A1%2857%29

GEOTECHNICAL DESIGN CONSIDERATIONS 469

Herbich, J. B., etal. (1983). Sea floor scour-design guide for ocean founded structures, Marcel Dekker,
New York.

Holtz, R. D., Kovacs, W. D., and Sheahan, J. C. (2011). An introduction to geotechnical engineering,
2nd Ed., Pearson, Upper Saddle River, NJ.

Huang, Y. (1983). Stability analysis of earth slopes, Van Nostrand Reinhold, New York.

Hvorslev, M. J. (1949). Subsurface exploration and sampling of soil for civil engineering purposes,
ASCE, Soil Mechanics and Foundation Division, Committee on Sampling and Testing,
Vicksburg, MS.

Ingold, T. S. (1982). Reinforced earth, Thomas Telford, London.

Koerner, R. M. (1997). Designing with geosynthetics, 4th Ed., Prentice-Hall, Englewood Cliffs, NJ.

Kraft, L. M., Kagawa, T., and Ray, R. P. (1981). “Theoretical t-z curves.” J. Geotech. Eng. Div.,
107(11), 1543-1561.

Lambe, T. W., and Wolfskill, L. A. (1973). “Downdrag on piles.” Professional Symp., MIT,
Cambridge, MA.

Lampo, R., Nosker, T., Bamo, D., Busel, J., and Maher, A. (1998a). “Development and
demonstration of FRP composite fender, load bearing, and sheet piling systems.” CPAR
Program, Technical Rep. 98/123, U.S. Army Corps of Engineers, Washington, DC.

Lampo, R., Nosker, T., Dutta, P. K., and Odello, R. (1998b). “FRP composite piling systems for
waterfront applications.” Proc., Ports ‘99, ASCE, Reston, VA.

Lawton, E. C,, and Fox, N. S. (1994). “Settlement of structures supported on marginal or
inadequate soils stiffened with short aggregate piers.” Proc., Vertical and Horizontal
Deformations of Foundations and Embankments, College Station, TX.

Lindahl, H. A., ed. (1987). Pile buck steel sheet piling design manual, Pile Buck, Jupiter, FL.

Matlock, H., and Reese, L. C. (1961). “Foundation analysis of offshore pile supported
structures.” Proc., 5th Int. Conf. on Soil Mechanics and Foundation Engineering, Vol. 2, Paris.

Mitchell, J. K. (1976). Fundamentals of soil behavior, Wiley, New York.

Morrison, A. (1981). “The booming business in wick drains.” Civ. Eng., 51(3), 47-51.

Moser, K. R., Cowell, M. J., and Wissmann, K. J. (1999). “Use of rammed aggregate piers in
place deep foundations for settlement and uplift control of buildings and retaining walls.”
Proc., 13th Ohio River Valley Soils Seminar, Cincinnati, OH.

Munfakh, G. A. (1985). “Wharf stands on stone columns.” Civ. Eng., 55(1), 44-47.

Nacci, V. (1969). “Shear strength properties of varved silt.” Bull. No. 11, Division of
Engineering Research and Development, Dept. of Civil Engineering, Univ. of Rhode
Island, Kingston, RI.

Nacci, V. (1975). “Submarine soil mechanics.” Introduction to ocean engineering, H. Schenck,
Jr., ed., McGraw-Hill, New York, 43-75.

NAVFAC. (1981). “Seawalls, bulkheads and quaywalls.” DM-25.4, Dept. of the Navy, Naval
Facilities Engineering Command, Alexandria, VA.

NAVFAC. (1986a). “Foundations and earth structures.” DM-7.2., Dept. of the Navy, Naval
Facilities Engineering Command, Alexandria, VA.

NAVFAC. (1986b). “Soil mechanics.” DM-7.1, Dept. of the Navy, Naval Facilities Engineering
Command, Alexandria, VA.

Nolan, A. A. (1976). “Innovative design at Port Everglades bulkhead reduces material and
construction cost.” Civ. Eng., 81-84.

O’Neil, M. W,, and Reese, L. C. (1999). “Drilled shafts: Construction procedures and design
methods.” FHWA-1F-99-025, Federal Highway Administration, Washington, DC.

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ASCE/147678675/Design-of-Marine-Facilities-Engineering-for-Port-and-Harbor-Structures?src=spdf

470 DESIGN OF MARINE FACILITIES

Palermo, R. J. (1985). “Taking a load off an aging pier.” Engineering news-record, McGraw-Hill,
New York.

PIANC. (1992). “Guidelines for the design and construction of flexible revetments incorpo-
rating geo-textiles in marine environments.” WG-21, PTC II, Bulletin 78/79, PIANC,
Brussels, Belgium.

PIANC. (1997). “Guidelines for the design of armored slopes under open piled quay walls.”
WG-22, PTC 11, Bulletin 96, PIANC, Brussels, Belgium.

Pierce, F. C., and Calabretta, V. (1978). “Unique challenges associated with marine structures
in New England.” J. Boston Soc. Civ. Eng. Sect., 65(2), 43-53.

Post-Tensioning Institute. (2014). Recommendations for prestressed rock and soil anchors, 5th Ed.,
Phoenix.

Poulos, H. G. (1971). “Behavior of laterally loaded piles: I—Single piles.” J. Soil Mech. Div.,
97(5), 711-731.

Poulos, H. G., and Davis, E. E. (1980). Pile foundation analysis and design, Wiley, New York.

Quinn, A. (1972). Design and construction of ports and marine structures, 2nd Ed., McGraw-Hill,
New York.

Reese, L. C., and Van Impe, W. F. (2001). Single piles and pile groups under lateral loading, A. A.
Balkema, Rotterdam, Netherlands.

Robertson, P. K. (1986). “In-situ testing and its application to foundation engineering.” Can.
Geotech. Colloquium, Can. Geotech. J., 23(4), 573-594.

Robertson, P. K., and Camponella, R. G. (1989). Guidelines for geotechnical design using the cone
penetrometer test and CPT with pore pressure measurement, Hogentogler and Co., Columbia, MD.

Rocker, J. (1985). Handbook for marine geotechnical engineering, Naval Civil Engineering Labora-
tory, Port Hueneme, CA.

Sangrey, S. A., Henkel, D. J., and Esrig, M. I. (1969). “The effective stress response of a
saturated clay soil to repeated loading.” Can. Geotech. ., 6(3), 241-252.

Schnabel, H., Jr. (1982). Tiebacks in foundation engineering and construction, McGraw-Hill,
New York.

Schroeder, W. L., and Maitland, J. K. (1979). “Cellular bulkheads and cofferdams.”
J. Geotech. Eng. Div., 105(7), 823-837.

Sorota, M. D., and Kinner, E. B. (1981a). “Cellular cofferdam for Trident drydock: Design.”
J. Geotech. Eng. Div., 107(12), 1643-1655.

Sorota, M. D., and Kinner, E. B. (1981b). “Cellular cofferdam for Trident drydock: Perfor-
mance.” J. Geotech. Eng. Div., 107(12), 1657-1676.

Stamatopoulos, A. C., and Kotzias, P. C. (1983). “Settlement-time predictions in preloading.”
J. Geotech. Eng., 109(6), 807-820.

Teng, W. C. (1962). Foundation engineering, Prentice-Hall, Englewood Cliffs, NJ.
Tschebotarioff, G. P. (1979). Foundations retaining and earth structures: The art of design and
construction and its scientific basis in soil mechanics, 2nd Ed., McGraw-Hill, New York.
USACE. (1995). “Engineering and design—Geophysical exploration for engineering and

environmental investigations.” EM-1110-1-1802, Dept. of the Army, Washington, DC.

USACE. “Low cost shore protection—A guide for engineers and contractors.” Dept. of the
Army, Washington, DC.

Watt, B. J. (1978). “Foundation design of offshore structures for dynamic and cyclic effects
from wave loading.” Geotechnical lecture series on foundation design for dynamic and repeated
loading, BSCES/ASCE, Boston.

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ASCE/147678675/Design-of-Marine-Facilities-Engineering-for-Port-and-Harbor-Structures?src=spdf
http://ascelibrary.org/action/showLinks?crossref=10.1139%2Ft69-027
http://ascelibrary.org/action/showLinks?crossref=10.1139%2Ft86-086
http://ascelibrary.org/action/showLinks?system=10.1061%2F%28ASCE%290733-9410%281983%29109%3A6%28807%29

GEOTECHNICAL DESIGN CONSIDERATIONS 471

Welsh, J. P. (1986). “In situ testing for ground modification techniques.” Proc., In Situ ‘86,
Geotechnical Division, Blacksburg, VA.

Welsh, J. P., and Koerner, R. M. (1979). “Innovative uses of synthetic fabrics in coastal
construction.” Proc., Specialty Conf. on Coastal Structures 79. ASCE, Alexandria, VA.

White, A., Cheney, J. A., and Duke, M. (1963). “Field study of a cellular bulkhead.” Trans.
ASCE, 128, 463-508.

Xanthakos, P. (1979). Slurry walls, McGraw-Hill, New York.

Youd, T. L., and Idriss, I. M., eds. (1996). “Summary report.” Proc., National Center for Earthquake
Research (NCEER) Workshop on Evaluation of Liquefaction Resistance of Soils, NCEER-97-0022,
Salt Lake City, UT.

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ASCE/147678675/Design-of-Marine-Facilities-Engineering-for-Port-and-Harbor-Structures?src=spdf

This page intentionally left blank

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ASCE/147678675/Design-of-Marine-Facilities-Engineering-for-Port-and-Harbor-Structures?src=spdf

Floating Port Structures

Floating structures are prominent features in many ports, serving as floating docks
for small-craft berthing and sometimes as piers or wharves for larger oceangoing
vessels. There are also floating dry docks, breakwaters, mooring and navigation
buoys, camels and separators, containment booms, and plants and equipment of a
wide variety. This chapter is primarily concerned with basic design principles that
apply in general to all floating-structure types, with particular regard to floating-pier
applications. Basic principles of buoyancy, stability, motion response, and certain
aspects of structural design are reviewed. Mooring and anchoring systems are of
major importance in floating-pier design, so their basic design principles are
presented. Means of access to floating piers; ancillary systems such as ballast control,
pumping, and flooding; and miscellaneous design features are reviewed. The final
section of this chapter is devoted to floating docks for marinas and small-craft
facilities.

9.1 Structure Types and Applications

This section provides an overview of basic configurations and applications of floating
structures commonly used in the berthing and mooring of vessels. Floating dry docks
and floating caisson gates that form the closure of basin-type dry docks, which also
are common port floating structures, are discussed in Chapter 10.

Floating Piers and Platforms

Floating piers are usually made in one of three basic hull configurations, as
illustrated in Fig. 9-1: the single pontoon (rectangular prism) or barge-type hull; the
catamaran or multipontoon configuration with the deck spanning transversely
between pontoon units; and the semisubmersible type, frequently used in mobile
offshore drilling units, with a deck superstructure supported on any number of
vertical, usually cylindrical, buoyancy columns, which are themselves often con-
nected below the waterline to continuous submerged pontoonlike buoyancy units.
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