3.3 SITEWORK





Division 2 - SITEWORK (7)


02010		SUBSURFACE INVESTIGATION


02050		DEMOLITION


02100		SITE PREPARATION


02140		DEWATERING


02150		SHORING AND UNDERPINNING


02160		EXCAVATION AND SUPPORT SYSTEMS


02170		COFFERDAMS


02200		EARTHWORK


02300		TUNNELING


02350		PILES AND CAISSONS


02450		RAILROAD WORK


02480		MARINE WORK


02500		PAVING AND SURFACING


02600		PIPED UTLITY MATERIALS


02660		WATER DISTRIBUTION


02680		FUEL DISTRIBUTION


02700		SEWERAGE AND DRAINAGE


02760		RESTORATION OF UNDERGROUND PIPELINES


02770		PONDS AND RESERVOIRS


02780		POWER AND COMMUNICATIONS


02800		SITE IMPROVEMENTS


02900		LANDSCAPING





This division deals with all the construction efforts required for the site itself.  It starts with the investigation of the subsurface conditions, and ends with the final landscaping on the site.  





It is imperative to understand the intricacies of the site work process.  Each step of  the process establishes the basic groundwork for a successful construction process.  Soil investigation itself is extremely important to insure a sound foundation.  In this section, the soil investigation process will be explained in greater detail.  This detail should help further the understanding of the process.





The first activity a contractor will conduct in any construction effort is the preparation of the site.  Accurate data collection must take place to help the contractor make the right decisions about his approach to this effort.  These decisions are very important to insure  the overall stability of the structure.  Site preparation is only a requirement when the construction deals with a standalone structure, or a ground level extension of an existing structure.  The preparation of a site can be categorized in three general areas, (1) Site Investigation, (2) Site Layout, and (3) Excavation.  The site investigation effort is the most critical in the decision making process, so it will be the only area discussed in detail.  














3.3.1  SITE INVESTIGATION





The site investigation is the operation that collects data about the site to aid in the site preparation decisions.  Because of the importance of acquiring accurate information about the site, this effort is extensive and may delay the actual site groundbreaking.  It is important to understand the types of data collection that occurs, so that proper evaluation of contractor decisions can take place.  Data collection can be categorized in two different forms; surface evaluation and subsurface evaluation. 





3.3.1.1  Surface Evaluation


There are a number of reasons that make the surface evaluation important.  Of course, the intent of the architect is to design a building that is a compliment to the existing landscape, but there are additional design considerations that are just as important. (8)  One is the necessity to evaluate the topography of the site for drainage requirements.  Changes in drainage effect storm water runoff and water retention in surrounding areas.  The topography is found by specific surveying methods and will either be resident in drawings at the Base Civil Engineering Squadron, or will be performed by the General Contractor.  Another consideration is to determine soil fill and excavation requirements that may exist to make the site more favorable for the construction effort.  Finally, it is necessary to evaluate the surface for the placement of landscaping and utility services.  These questions are just an example of the types of answers the surface evaluation will provide.  Each piece of information must be evaluated, and reacted to, in order for the site to be prepared properly.





3.3.1.2  Subsurface Evaluation


Subsurface evaluation is necessary to determine the load carrying capacity of the site and its ability to support the proposed building.  The results of this test will determine the extent of the site preparation and the type of foundation required for the construction effort, both considerable cost items. (9)  If the results are misinterpreted, and poor decisions made concerning the site or the foundation, future costs may be extensive for maintenance of the structure.  If the decisions are at a level where rework is required, these costs may escalate.  Therefore, the subsurface evaluation process is an extensive and complicated one.





3.3.1.3  Soil  


To clearly understand the decisions that are made during the subsurface evaluation, a basic knowledge of the properties of soil is necessary.  Soil is specifically comprised of three components; solid matter, water, and air.  The amounts of water and air in the soil are extremely important, but their contribution to the preparation decision will be discussed later.  The solid matter component of the soil will be evaluated first.  





The solid matter is made of particles, of different sizes and shapes, of all the minerals that make up the earth’s crust.  Primarily, these minerals are derived from solid rock and deposited as soil through a wide range of methods.  These methods include, but are not limited to, wind movement, water erosion, glacial deposits, and basic deterioration of sold rock. (10)





Soil particle size is one of the most basic data values that must be collected.  Soil particles range from cobbles and boulders, which measure larger than 3 inches in diameter, to clays, where soil particles measure less than 0.002 mm in diameter.  Soil always contains particles of varying sizes, but the mix ratio of fine and coarse particles can have a great effect on the soil’s properties.  This mix has an effect on the interaction of the soil particles along with the water and air that is present.  This interaction can vary greatly making it a very important concern in the weight bearing ability of the soil.  The soil interaction of the soil is classified as either a cohesionless soil, a cohesive soil, or a miscellaneous soil. (11)





A cohesionless soil is primarily made up of coarse sands and gravel, particles that do not have a tendency to bond together when placed under pressure.  Cohesive soil contains mostly fine particles that tend to stick together, especially when water is added to the soil. Miscellaneous soils are a mix of coarse and fine particles. (12)  This mix can range across the spectrum from nearly pure cohesive soil to that of a pure cohesionless soil.  The ability of the soil to stick effects greatly whether the soil can be used for the construction planned.  It determines whether the soil can bear the weight of the structure, maintain the position of the structure, or prevent the structure from becoming damaged from undue settling.  





Soil and Moisture Characteristics


It is well known that water, as a component of soil, can greatly effect the characteristics of soil.  Water can aid in the ability of soil to be compacted, but may also help to develop the cohesiveness of the soil.  Therefore, it is important to evaluate the water content of the soil, from completely void of water to saturation, and determine the depth of the water table.  In addition, there are three factors directly related to the water within the soil that are important to derive; permeability, capillary action, and frost heave.  





Permeability is the ability of soil to allow water to move through.  Water actually moves from one void (air) space to another, it can greatly effect the nature of the soil and its ability to support the bearing weight of a structure.  Capillary action is the soil’s ability to allow vertical movement of water from the water table to the dryer soil above.  The water’s ability to move is due to its own cohesion (surface tension) and its adhesion to the sides of void spaces in the soil.  Its upward motion is similar to what takes place when a capillary tube is inserted into a beaker of water.  





When lower temperatures cause freezing in the soil, a freezing plane or zone is created.  At this point, where the water in the soil turns to ice, the capillary causes more water to move toward the plane.  This upward movement of the unfrozen water, along with the expansion normally associated with freezing water, causes a vertical expansion of the soil called frost heave.  Frost heave is more influential on fine grained soils, and does not occur at all in coarse grains or gravels.  In fact, there are three requirements for frost heave to occur:


 a freezing plane


 a fine grained soil that can easily pass moisture 


 a supply of water


If one of these three components does not exist, frost heave cannot take place.  The easiest component to control is the fine grained soil, which may be replaced with a coarse grain fill, decreasing the ability for moisture to add to a frost heave problem.  (13)





Soil Compressibility 


As in the case of frost heave, a soil’s volume can be easily influenced by actions on the voids (air and water) contained within.  Soil can be expanded or compressed by adding or deleting its void volume.  The compressibility of soil is dependent on the soils ability to reduce its void volume by either extruding water or air, or both.  Soils can compress as a reaction to a load being placed on them, like a new building.  Cohesive soil is more compressible than cohesionless soil, but the decrease in volume may take a long time to occur.  Cohesionless soil is less compressible, but its volume decrease usually occurs immediately after an external load is added  (14)





Soil Shear Strength


In the event construction takes place on a sloping site, the shear strength of the soil on the site will be important data to collect.  The shear strength of the soil is its ability to resist forces that attempt to cause the soil to shear.  A lot of the shear forces will come from fill dirt brought into the site and the bearing weight of the structures foundation or footings.  But, it is important to remember that shear forces exist naturally in a slope and any additional forces that are added to the site will only compound a potential problem.  





The shear strength of the soil is gained from two internal factors.  They are internal friction and cohesion.  Cohesion has already been discussed and internal friction deals with the sliding and rolling friction of the individual particles within the soil.  These factors can be obtained in the field or in the lab by specific tests.  They are then used in an equation to determine the shear strength of the soil.  (15)





If shear strength is a concern of a specific construction site, it may be important to obtain more detailed information on shear strength.  If this is required, refer to a book on soil and soil characteristics.  The references for this report are good start.  





Compactness


Compactness is probably the most important soil characteristic to pay attention to during the site prep process.  It is important when considering the ability of the site to support the additional bearing force of the new structure.  It is the characteristic that is directly related to the soil’s compressibility and shear strength, and is measured in terms of relative density.  When soil is at its most compact density, shear strength is high and resistance to compression is high.  When the soil is at the lowest density, or its loosest condition, shear strength is low and resistance to compression is low.  Soil in its naturally compacted state is somewhere between these two extremes and is categorized by its percentage of maximum density.  In this system, 0% is considered its loosest condition and 100% its most compact density.  The following categories are the result (16):





	  0 - 15%	very loose


	15 - 35%	loose 


	35 - 65%	medium dense


	66 - 85%	dense


	85 - 100%	very dense








3.3.1.4  Soil Sampling


Soil sampling is accomplished for a number of reasons, but there are three that are most prevalent: (1) To obtain samples of the soil at varying depths.  These samples are then analyzed to obtain the characteristics of the soil.  Some of these characteristics were discussed in the previous section. (2) To obtain the profile of the soil that exists on the site.  This allows the engineers to determine how the soil at different depths will react to the additional bearing weight of a new structure. (3) To determine the relative depth of the water table.  Water has an extreme effect on the characteristics of the soil, as has been discussed in the previous section.  Overall analysis of the soil requires that the presence of water be determined and considered during soil sampling (17).





The soil sample can be obtained a number of ways.  One is by drilling a test hole and taking a sample of the soil beneath it.  Samples can be obtained by use of a split spoon sampler or a shelby tube.  Each is a form of a hollow tube that can remove a sample of the soil at the bottom of a test hole.  The main difference between these two samples is that the split spoon is driven in with a hammer, while the shelby tube is pushed into the soil with a static force.  This results in a disturbed sample with the split spoon and an undisturbed sample provided by the shelby tube.  The split spoon does provide additional information by the method it is driven.  The procedure is called the Standard Penetration Test where a specific weight is used to hammer the split spoon and the number of blows is counted until it has been driven 18 inches.  The number of blows provides information on the bearing capacity of the soil.  





A soil sample is taken at least every 5 ft in a boring hole for testing.  In the event a drastic change in soil characteristic is determined, the samples can be collected at closer intervals.  It is very critical for the successful completion of the soil sampling effort that all samples be accurately marked concerning their origin.  This will provide the tester with all the necessary information to conduct the tests.  





Other procedures can be used to obtain the soil information.  Some of the most common of these procedures are:  


Auger - a boring using a screw-like bit to bring up shallow samples.


Wash borings - a drill bit surrounded by an outer casing. Water is forced down through the drill rod to the bottom of the boring.  The water pressure than forces the sample up to the top of the casing.


Test pits - a pit dug by hand, or by construction equipment, to expose the soil in its natural state. 





Now that the soil samples have been taken, they can be analyzed through testing.  There are two types of tests that can occur on the soil and each can be used to test specific properties of soil.  The first type of test is the laboratory test and is where the grain-size distribution, consistency, unit weight, moisture, shear strength, volume change, compressibility, permeability, compaction, and California bearing ratio can be determined. The second type of test is the field test and is conducted on the soil at the site.  This test can be used to determine shear strength for soft clays, relative density for granular soils, permeability and bearing capacity.  





The contractor must make some complicated decisions regarding the site preparation.  With the wide range of data and data collection options at his disposal he has a lot of information available to help in this decision.  It is important that as much of this information be obtained as is possible to insure that the contractor’s decisions about the site preparation are sound.  The data from laboratory testing the contractor will be evaluating will come in the form of a soil profile.  It is suggested that you, as the hospital’s project manager, obtain a copy of this profile.





3.3.1.5  Soil Profile   





When the soil is tested at a laboratory, it is presented in the form of a soil profile.  It will identify all of the soil characteristics to the depth of the soil sample taken.  The depth of the sample is determined by the size of the building under construction, the site conditions, and the type of material encountered during the drilling of the test holes. (18) This report gives information on the soil types encountered, how they were obtained, and at what depth they were found.  It also provides the data on the condition of the samples, results of tests on the samples, and the location of where groundwater was found. (19)





3.3.1.6  Water Table





The water table is not at a fixed depth, but fluctuates throughout the year as dry and wet seasons come and go.  If the water level is too high during construction, excavation problems can exist for the contractor creating higher site preparation costs.  If the water table at its highest reaches the soil near the foundation, it can cause a decrease in the bearing capacity of the soil.  Engineers must take into consideration the decrease in bearing capacity when the structure is designed. (20)





3.3.1.7 Soil Compaction   





There are times when the soil sample will show that the existing soil is not capable of bearing the additional weight of the new structure.  There are two reasons for this condition that deal with the soil compressibility.  The soil may be primarily cohesionless containing a high percentage of air voids.  When loaded, compressibility will occur in this soil shortly after the load is applied causing settling problems to the building foundation. The second compressibility reason is dealing with primarily cohesive soil.  The problem with this soil is that its compressibility is more pronounced. The moisture content of this soil enhances soil interaction.  The final compressibility volume in this type soil may not take place for some time after loading, but will occur to a greater extent than in cohesionless soil. (21)  





To solve this settlement problem, the soil must be compacted before construction on the site can take place. Compaction is a mechanical process that expels the air from the void spaces in the soil.  Its goal is to increase soil shear strength, decrease future soil settlement, and to decrease permeability of the soil. (22) Compaction is measured by the soil’s dry unit weight, which is developed by equation from the wet unit weight and moisture content values determined in the lab tests.  To successfully compact the soil enough water must be added to reach the “optimum moisture content”, which by equation results in the “maximum dry unit weight”.  The water in the soil not only increases the weight of the soil, but it also adds as a lubricant, aiding the compaction process.  





Field compaction can take place on the “in situ” soil, or the existing soil can be removed and backfill soil spread in its place.  If backfill is chosen, the new soil is normally spread in approximately 8 inch layers.  Each layer is compacted to a 6 inch layer before the next layer is spread.  The compaction can be done by either a tamper, which is a mechanical device that provides a succession of light blows to the soil, or a roller. (23)  





There are a number of different rollers that are used for different conditions.  A smooth wheel roller is one that is normally used on paving surfaces or surfaces that require a  smooth finish.  The roller is a vehicle that has 2 or 3 smooth metal wheels and will usually be able to propel itself forward and backward in order to re-roll the surface without having to turn. (24)





A sheepsfoot roller is a drum that is pulled by another vehicle and is used to compact fine-grained soils.  Projecting from the drum are rows of “feet”, which is the part of the roller that makes contact with the soil.  Since the surface of this contact is smaller than a smooth roller, the amount of compaction pressure is greater. (25)





A pneumatic roller can be used to compact clayey or silty soils, but can also be used on granular soils containing lesser amounts of fines.  The roller rides on a number of rubber tires, and varies in size from small to large.  The larger rollers are pulled by another vehicle and the smaller ones can be self-propelled. (26)





Then there is the vibratory roller, which looks a lot like a smooth wheel roller in that it has a large smooth roller in the front.  The difference is that this roller has a vibrating unit that applies a vertical vibration to the roller, further aiding the compaction effort.  This method is especially effective on granular materials like clean sands and gravels. (27)





As you can see, the analysis of soil is complicated, but the necessity of the analysis in order to construct a more stable structure is imperative.  Though this is the only portion of CSI Division 2 - Sitework that will be explained in this section, other portions are just as important for successful foundation support of the facility.  If further information is required in any of these areas, consult one of the chapter references for further information.





CODES AND STANDARDS REQUIREMENTS (28)





Executive Order  12372, “Intergovernental Review of Federal Programs” - Coordination requirements with the state and local community for community planning, and requirements permitting construction in floodplains and wetlands.


DoD Directive 4165.61, “Intergovernmental Coordination of DoD Federal Development Programs and Activities” - Dod implementation of EO 12372


DoD Directive 5500.5, “Natural Resources—Conservation and Management” - Topographic and environmental consideration in facility siting.


Joint Service Manual, TM 5-803-5, NAVFAC P-960, AFM 88-43, “Installation Design” - Guidance for reducing negative visual impact of utility items and communication lines, and guidance for landscape planting


MIL-HDBK-1190, “Facility Planning and Design Guide”, Executive Order 11988, “Floodplains” ;  Executive Order 11990, “Protection of Wetlands”, 43FR6030, “Floodplain Management Guidelines” ; Title 44, CFR 59-79, “National Flood Insurance Program” ;  Executive Order 11514, “Protection and Enhancement of Environmental Quality” ;  Public Law 91-190, “National Environmental Policy Act of 1969” ;  DoD Directive 6050.1, “Environmental Effects in the United States of Dod Action”, and “Chesapeake Bay Protection Act”- Requirements permitting construction in floodplains and wetlands. 


OMB circular A-11, “Preparation and Submission of Budget Estimates” Requirements for planning of facilities in the National Capital Area, and requirements for five-year construction budget proposals to the National Capital Planning Commission.


MTMC Report 74-28, “Traffic Generations at Military Medical Facilities”, Military Traffic Management Command Transportation Engineering Agency, Criteria and allowances for non-organizational vehicle parking spaces at military medical facilities.


Tri-Service Manual AFM 88-8, Chapter 6; TM 5-785; or NAVFAC P-89, “Engineering Weather Data”, Requirements for building design temperatures.
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