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12 FOUNDATION STABILITY OF DIRECT-EMBEDDED POLES



bulletin 1724E-200 Page 12-1 12 FOUNDATION STABILITY OF DIRECT-EMBEDDED POLES a General. Every structure standing above ground is subjected to lateral and vertical forces. In the case of DIRECT-EMBEDDED wood, steel or prestressed concrete transmission structures, it is desirable to depend on the earth to resist these forces. The embedded portion of a pole provides this resistance by distributing the loads over a sufficient area of soil. A properly selected embedment depth should prevent POLES from kicking out. With time, single POLES may not remain plumb. Leaning of single pole structures is sometimes permitted, provided excessive angular displacements are avoided, pole strength is adequate considering additional loads from the pole being out of plumb and adequate clearances are maintained. The lateral forces to which wood transmission structures are subjected are primarily forces due to wind and wire tension loads due to line angles. Longitudinal loads due to deadending or uniform ice on unequal spans should be examined to see how they affect embedment depths.

Bulletin 1724E-200 Page 12-7 (2) Direct Embedded Steel and Concrete Poles. In agency Bulletin 1724E-205, “Embedment Depths for Concrete and Steel Poles,” embedment charts are provided for concrete and steel transmission poles sustaining relatively large overturning moments. The information in Bulletin 1724E-
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    	Transcription of 12 FOUNDATION STABILITY OF DIRECT-EMBEDDED POLES


        
    	1 bulletin 1724E-200 Page 12-1 12 FOUNDATION STABILITY OF DIRECT-EMBEDDED POLES a General. Every structure standing above ground is subjected to lateral and vertical forces. In the case of DIRECT-EMBEDDED wood, steel or prestressed concrete transmission structures, it is desirable to depend on the earth to resist these forces. The embedded portion of a pole provides this resistance by distributing the loads over a sufficient area of soil. A properly selected embedment depth should prevent POLES from kicking out. With time, single POLES may not remain plumb. Leaning of single pole structures is sometimes permitted, provided excessive angular displacements are avoided, pole strength is adequate considering additional loads from the pole being out of plumb and adequate clearances are maintained. The lateral forces to which wood transmission structures are subjected are primarily forces due to wind and wire tension loads due to line angles. Longitudinal loads due to deadending or uniform ice on unequal spans should be examined to see how they affect embedment depths.
2 Normally, flexible transmission structures are stabilized longitudinally by the overhead ground wire and phase conductors. Bearing and lateral earth capacity of soils depend on soil types and soil characteristics such as internal friction, cohesion, unit weight, moisture content, gradation of fines, consolidation and plasticity. Most soils are a combination of a cohesive soil (clay) and cohesionless soil (sand). b Site Survey. (1) Soil Borings. Depending on the transmission line and knowledge of the soil conditions along the corridor, the need for soil borings must be determined. If the line is composed of H2 or higher class wood POLES , or equivalent strength steel or concrete POLES , the need for soil borings may be greater. The decision to take borings will also depend on existing soil information. Variation of the soil will determine the frequency of the borings. Borings should be considered at locations where additional lateral loads will occur, such as unguyed angle structures and deadend structures composed of steel or concrete POLES .
3 For transmission line projects that are a few miles in length to ones that are longer, a geotechnical report, which includes soil borings and subsurface analysis, is usually a small percentage of the overall cost of the project. A few borings appropriately placed along the route of the line can provide valuable data to analyze the most economical and stable embedment depths. This is particularly true when CAD programs include a function for analyzing subsurface soil data for embedment depths. (2) Embedment Depths. In deciding embedment depths for many typical agency borrower wood pole lines, economics may dictate that few, if any, soil borings be taken when data and experience from previous lines are available. Numerous soil conditions will be encountered in the field. Although the soil conditions may closely resemble each other, the soils may have a wide range of strengths. The engineer, therefore, has to identify areas or conditions where pole embedment depths in soil may have to be greater than the minimum depth of 10 percent of the pole length, plus 2 feet.
4 bulletin 1724E-200 Page 12-2 Areas where the designer needs to consider additional embedment depths include (but are not limited to): Low areas near streams, rivers, or other bodies of water where a high water table or a fluctuating water table is probable. POLES in a sandy soil with a high water table may "kick" out. Due to the submerged weight of soil below the water table, frictional forces along the surface area of embedded POLES are reduced along with reduction in the strength of the soil to resist lateral and vertical forces. The legs of H-frames may "walk" out of the ground if neither sufficient depth nor bog shoes are provided to resist uplift. Guy anchors may fail if the design capacity does not consider the submerged weight of the soil. Areas where the soil is loose such as soft clay, poorly compacted sand, pliable soil, or soil which is highly organic in nature. Locations where higher safety is desired. This may be at locations of unguyed small angle structures where a portion of the load is relatively permanent in nature, or at river, line, or road crossings.
5 Locations where POLES are set adjacent to or on steep grades. Locations where more heavily loaded POLES are used. Locations where underground utilities such as water or sewer will be located next to the pole. Subsurface soil conditions may exist that are so poor that direct embedment is not the appropriate option for support of the structure. In these cases actual soil boring information may be needed to determine alternative FOUNDATION options and structure types. (3) Field Survey. A field survey is a method that can be used to estimate whether a soil is "good," "average," or "poor." It should be noted that embedment depth design based on field survey data is subject to a wide variation in results. The location for obtaining the most reliable soil data using field survey methods would be at the depth where the pole would bear and at any transition between soil layers along the depth of embedment of the pole. There are several economical methods to make a field survey for wood transmission lines.
6 The engineer may use a hand auger, light penetrometer, or torque probe. The meaning of terms such as firm, stiff, soft, dense, and loose may not always be clear. Table 12-1 will help to clarify these terms: bulletin 1724E-200 Page 12-3 TABLE 12-1 CLASSIFICATION OF SOILS BASED ON FIELD TESTS Term Field Test Very soft Squeezes between fingers when fist is closed Soft Easily molded by fingers Firm Molded by strong pressure of fingers Stiff Dented by strong pressure of fingers Very Stiff Dented only slightly by finger pressure Hard Dented only slightly by pencil point Term Field Test Loose Easily penetrated with a 1/2 in. reinforcing rod pushed by hand Firm Easily penetrated with a 1/2 in. reinforcing rod driven with a 5 lb. hammer Dense Penetrated 1 ft. with a 1/2 in. reinforcing rod with a 5 lb. Hammer Very dense Penetrated only a few inches with a 1/2 in. reinforcing rod driven with a 5 lb. hammer c Pole STABILITY . (1) Wood POLES . In addition to local experience with wood POLES , the graphs in Figures 12-1 through 12-3 may be used to approximate embedment depths.
7 To use the charts, good, average, and poor soils have to be defined. The following are proposed as descriptions of good, average, and poor soils: Good: Very dense, well graded sand and gravel, hard clay, dense, well graded, fine and coarse sand. Average: Firm clay, firm sand and gravel, compact sandy loam. Poor: Soft clay, poorly compacted sands (loose, coarse, or fine sand), wet clays and soft clayey silt The graphs in Figures 12-1 through 12-3 are based on Equation 12-1: = Eq. 12-1 where: P = horizontal force in pounds 2 feet from the top that will overturn the pole Se = Soil constant 140 for good soils 70 for average soils 35 for poor soils De = embedment depth of pole in feet L = total length of pole in feet bulletin 1724E-200 Page 12-4 Embedment depth can be determined once an equivalent horizontal load 2 feet from the top is calculated. This horizontal load is calculated by dividing the total ground line moment by the lever arm to 2 feet from the top of the pole.
8 Equation 12-1 is taken from "Effect of Depth of Embedment on Pole STABILITY ," Wood Preserving News, Vol X, No. 11, November, 1932. Some general observations can be made concerning wood pole embedment depths: The rule of thumb of "10 percent + 2 ft." is adequate for most wood pole structures in good soil and not subjected to heavy loadings. For Class 2 and larger class POLES and POLES of heights less than 60 ft., pole embedment depths should be increased 2 ft. or more in poor soil (single pole structures). For Class 2 and larger class POLES and POLES of heights less than 40 ft., pole embedment depths should be increased 1-2 ft. in average soil (single pole structures). For H-frame wood structures, "10 percent + 2 ft." seems to be adequate for lateral strengths. Embedment depths are often controlled by pullout resistance. FIGURE 12-1: EMBEDMENT DEPTHS IN POOR SOIL 567891002,0004,0006,000 Load 2' from the top (lbs.)40'60'90'Embedment Depth (ft.)
9 POOR SOIL000 bulletin 1724E-200 Page 12-5 FIGURE 12-2: EMBEDMENT DEPTHS IN AVERAGE SOIL FIGURE 12-3: EMBEDMENT DEPTHS IN GOOD SOIL AVERAGE SOIL98710 Embedment Depth (ft.)Load 2' from the top (lbs.)10,00040'60'90'8,0006,0004,0002,00 0056 Load 2' from the top (lbs.)6,0008,00010,0004,0002,00005687109 40'60'90'Embedment Depth (ft.)GOOD SOILB ulletin 1724E-200 Page 12-6 FIGURE 12-4: EMBEDMENT CHART FOR MEDIUM DRY SAND AGENCY bulletin 1724E-205 EMBEDMENT DEPTHS FOR CONCRETE AND STEEL POLES bulletin 1724E-200 Page 12-7 (2) Direct Embedded Steel and Concrete POLES . In agency bulletin 1724E-205, Embedment Depths for Concrete and Steel POLES , embedment charts are provided for concrete and steel transmission POLES sustaining relatively large overturning moments. The information in bulletin 1724E-205 may be used to approximate embedment depths for cost estimates, to make preliminary selection of embedment depths and to verify or check selection of embedment depths based on other or more exact methods.
10 Sample calculations illustrating the use of the embedment charts and illustrating the use of design methods for those occasions when the charts cannot be used, are also provided in bulletin 1724E-205. In that bulletin , nine embedment charts have been developed for nine soil types. These charts show embedment depths for pole diameters ranging from to feet and ultimate moments at groundline up to 3500 ft-kips. A sample chart for medium sand is shown in Figure 12-4 of this bulletin . Several computer programs exist for determining embedment depths for steel and concrete POLES . Such programs may provide a more efficient selection of embedment depths in preliminary design and their use should be considered in any final design. (3) Replumbing. If a search of previous experience in an area indicates that single pole lines have had to be replumbed, there are several methods which should be considered in order to reduce the frequency of replumbing of a new line to be located in the same area.
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			RUS Bulletin 1728F-803 - USDA Rural Development

			www.rd.usda.gov
			FILING INSTRUCTIONS: This bulletin is an update and revision of previous REA Bulletin 50-5 (D-803), (revised September, 1969), and has been renumbered and renamed as RUS Bulletin 1728F-803, Specifications and Drawings for 24.9/14.4 kV Line Construction. Replace previous Bulletin 50-5 with this bulletin and file with 7 CFR Part 1728.
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			Bulletin PST 100 Issued: March 2013 Revised: April 2018 Ministry of Finance, PO Box 9442 Stn Prov Govt, Victoria BC V8W 9V4 Provincial Sales Tax (PST) Bulletin Safety Equipment and Protective Clothing Provincial Sales Tax Act. Latest Revision: The revision bar ( ) identifies changes to the previous version of this bulletin dated December 2016.
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			RUS Bulletin 1730B-121 Page 7 a spot check indicates that decay is advanced in 1 percent of the pole sample, the inspection and maintenance program should be accelerated so that a higher percentage of poles are inspected and treated sooner than the figures shown above. If the decay rate is low for a particular decay zone or area of the system,
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			-4-Mining employment increased by 6,000 in May and is 80,000 higher than a recent low in February 2021. Employment in retail trade declined by 61,000 in May but is 159,000 above its February 2020 level. Over the month, job losses occurred in general merchandise stores (-33,000), clothing and clothing accessories stores (-9,000), food and beverage stores (-8,000), …
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			In March 2022, inflation-adjusted (constant dollar) private wages and salaries were $12.23 at the 10th wage percentile, $20.12 at the 50th (median) wage percentile, and …
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			Mar 27, 2020 · to ensure that all Americans – particularly those at high-risk of complications from the vi rus that causes the di sease CO VID-19, are aw are of easy-to-use, accessible be nefits that can help keep them healthy while helping to contain the community spread of this virus.
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