Chapter	5


The Design Worksheet - Parts 1 to 3 - Site/Loads  


Introduction


This Worksheet is divided into parts, all accessed from the Worksheets pull-down menu, to make it relate to the parts in the Design Worksheet as found in the “Handbook”. This will avoid scrolling through large portions of the Worksheet at any given time. This and the following Chapters will take this Worksheet a part at a time. 


This Worksheet finalizes the pier spacings and footing sizes, determines the foundation design anchorage forces, and determines the anchorage requirements. The end product should provide a design that will qualify as a Permanent Foundation.  The loads generated by the Program are based on ASCE 7-93 Minimum Design Loads for Buildings and Other Structures. It is assumed that a professional engineer or an architect versed in structures will complete this Worksheet, and will be referred to as the “User”. This Chapter will continue Example #1 from the “Handbook”.


Header Information





A.	Select the Design Worksheet-Header Information command from the Worksheets pull-down menu. The Form Window will appear on the screen.





Note:	Information already entered in the Owner’s Site Acceptability Worksheet and the Manufacturer’s Worksheet will automatically be entered, where required, in the Design Worksheet.





	Only the Foundation Contractor’s (Builder’s) name need be typed into the Form.











Part 1 - Site Conditions





B.	Select Part 1 - Site Conditions from the Worksheets pull-down menu. The next Part of the Form Window will appear on the screen. The User should be familiar with the use of the commands at this point. Answer the following as indicated:


Question #1:	yes


Existing Grade Elevation


Question #2:	no 


		This is an individually-sited unit.


Question #3: 	requires no answer since question #2 answer was no.


Flood Protection Elevation


Question #4:	Will be automatically entered as no, since answered already in the Owner’s Site Acceptability Worksheet. If the answer was yes, questions #5 through #8 would require an answer. Since the answer is no, skip to question #9.


Frost Protection Depth


Question #9:	The Maximum Frost Penetration Depth for Champaign, IL is found by choosing the green lettered reference “H-4”. The On-Line “Handbook” window will open automatically to Appendix H- Map H-4-Extreme Frost Penetration Map. Map H-4 will need to be scrolled using the page up and page down keys to view the state of Illinois; however, the frost depth isobars are best read along the U.S./Canadian border prior to scrolling. A portion of the map is shown below with an ellipse around the 30 inch isobar, which can be traced through Springfield and then east to Champaign. Select Close from the Control Menu Box in the upper left corner of the Window to return to the Form Window. Type in 30 inches in the blank box. 
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Question #10a and #10b:	 Both questions are answered “yes” based on the footing depth below grade shown on the foundation plan.


Ground Water Table Elevation


Question #11:	Given the subdivision where the Owner’s site is located, the Geotechnical engineer does not recommend subsurface drainage, so answer “no” and skip to question #13.


Soil Conditions


Question #13:	There exists 18 inches of topsoil as a site condition. Answer “yes” to Organic Soil. Answer “no” to Expansive Soil, Sloping Site and Subsidence. The Owner will need to be referred to a Geotechnical Engineer, based on the presence of Organic Soil.


Question #14:	The termite infestation condition for Champaign, IL is found by choosing the green lettered reference “H-10”. The On-Line “Handbook” window will open automatically to Appendix H- Map H-10-Termite Infestation Probability Map. Map H-10 will need to be scrolled to view the state of Illinois. The cross-hatch over the state corresponds to a “Moderate to Heavy” designation. Select Close from the Control Menu Box in the upper left corner of the Window to return to the Form Window. Answer “yes” and then type in “Moderate to Heavy” in the blank box.


Question #15:	The Owner has complied with CABO R-308 regarding construction procedures and treatment for termites. Answer “yes”. This completes Part 1 of the Design Worksheet.





Part 2 - Site Preparation





C.	Select Part 2 - Site Preparation from the Worksheets pull-down menu. The next Part of the Form Window will appear on the screen. The User should be familiar with the style of the yes/no questions at this point. Answer the following as indicated:


Question #16 and #17:	The subdivision surface drainage plan and grading plan are provided; answer “yes” to both questions.


Question #18:	Footings will be placed on undisturbed soil below the topsoil.  Answer “no”.


Question #19:	Finish grade elevation is not required unless in a flood plane. No answer is required. This completes Part 2 of the Design Worksheet.


Part 3 - Design loads





D.	Select Part 3 - Design Loads from the Worksheets pull-down menu. The next part of the Design Worksheet Form Window will appear on the screen. The User will note that most of the Form window is filled in with information already supplied from the other two previous completed Worksheets, as shown in the illustration below. 


Information from Manufacturer’s Worksheet
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Note:	Any of the magnitudes can be reviewed and edited here by use of the far right buttons and down-arrow buttons, described previously, but changes in the Design Worksheet will not be copied back to the other Worksheets.





Question #20:	Answer “yes”.


Question #21:	The superstructure selfweight (W) is the same total as calculated for the Manufacturer’s Worksheet, and is based on a continuous marriage wall without openings. This will be updated in this worksheet when the openings are located in plan.


Question #23:	The superstructure selfweight is automatically divided by the unit length to arrive at a selfweight per foot.  In the “Handbook” this is compared to a range of selfweights upon which the Tables in Appendix B are based. Although no such restriction is placed on the computer program, the Design Worksheet relates to the “Handbook” and therefore this question is left in the Worksheet and relates to questions #25 and #26.





	Scroll down the Form Window by means of up/down page keys to reveal more of the Design Worksheet as follows:
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Dead Load


Questions #25 and #26:		These two questions are not applicable for the program, but are required when designing by the ”Handbook”.


Question #27:	This question is not applicable for the program, but it does apply if designing by the “Handbook”.


Snow Load/Minimum Roof Live Load


Question #28a and #28b:	These two questions are most easily answered by selecting either the snowflake icon to bring up the Roof Live Load command from the main tool bar, or bringing up the Roof Live Load command from the Geometry & Loads pull-down menu. The Roof Live Load dialog window is illustrated as follows:
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	This dialog window illustrates all the typical “factors” used by the ASCE 7-93 for snow load calculations; applied here to manufactured housing superstructures. It is first necessary to determine the Ground Snow Load for Champaign, IL . The ASCE 7-93 document referenced in the Introduction uses statistically developed contour maps. Select the Maps button to bring up the On-Line “Handbook”-Appendix H -Ground Snow Load Map for the Western United States. Choose the green typed and underlined Ground Snow Loads, Pg, for the Central United States. That portion of the U.S. will appear. The User should use the page up/down and left/right page keys along the border of the window to scroll to Illinois as shown below:
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	Read the 20 psf value between the contours in the center of the State. Select Close from the Control Menu Box and return to the Roof Live Load dialog window. Select the down-arrow button to reveal the drop-down list box. Scroll the mouse key down to 20 and click the left mouse key. The 20 psf will appear in the blank box. The flat roof snow load is automatically calculated according to the ASCE 7-93 equation as shown in the dialog window and inserts 14 psf into the blank box. The minimum roof live load of 20 psf according to the Minimum Property Standards also appears for the 2::12 roof slope as well. It is possible for the User to change any of these “factors”, such as Exposure, Thermal, Slippery Roof Surface, or even to switch to an Alaska site. Place the mouse pointer over the box in front of “slippery roof” and click the left mouse key. This will place an “x” indicating its selection. Repeating this step will remove the “x”.  Buttons are used to bring up additional dialog windows that explain each factor and present the options. For example, select the Exposure Factor button and a dialog window appears to explain exposure conditions A,B,C,D and E as shown below:
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	The typical choice is “C”; however, if the User wishes to change to “E”, merely place the mouse pointer in the circle and click the left mouse key. A black circle will appear at “E” and be removed from “C”. Select OK and the Roof Live Load dialog window again opens. Calculations are automatically done based on your new choice of Exposure. Once the User becomes familiar with the options, simply choose the down-arrow key and scroll through the drop-down list box to highlight and select the “E” option. Other factors can be similarly changed. Select OK and the User returns to the Form window, and the answers related to snow load will have been automatically entered through question #30.





Note:	 It is also possible to access the snow maps from the Form window. At Question #28a, choose the green typed and underlined Map H-12 (Central U.S.) from the Form to access the On-Line “Handbook”, and in particular, the maps of Appendix H. Map H-11(Western U.S.) and Map H-13 (Eastern U.S.) can also be selected. Use the scroll buttons bordering the window to reach the Central U.S. Read the 20 psf value between the contours in the center of the state. Select Close from the Control Menu Box and return to the Form Window. Type in 20 psf in the blank box or use the down-arrow button to view the drop down list box and scroll down to highlight 20 psf. Clicking the left mouse key will automatically enter the number in the blank box. The next box automatically performs the multiplication by 0.7 and inserts 14 psf into the blank box. The minimum roof live load of 20 psf also appears for the 2::12 roof slope as well. The larger roof live load is 20 psf, rather than the 14 psf. The Form has automatically inserted the 20 in the blank box.





Wind Load


Continue to scroll down the Form window until the next section of the Design Worksheet on Wind Load appears as shown below:
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Question 31a:	The next set of questions are most easily answered by selecting either the Wind icon to bring up the Wind Load command from the main tool bar, or bringing up the Wind Load command from the Geometry & Loads pull-down menu. The wind speed and related wind issues are based on the provisions of ASCE 7-93. The Wind Load dialog window is illustrated as follows:
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	This dialog window illustrates all the typical “factors” used by the ASCE 7-93 for wind load calculations; applied here to manufactured housing superstructures. It is first necessary to determine the Wind Speed for Champaign, IL . The ASCE 7-93 document referenced in the Introduction uses a statistically developed contour map. Select the Maps button to bring up the On-Line “Handbook”-Appendix H -Wind Speed Map for the United States. Use the up/down and left/right page keys to scroll to the State of Illinois. Note that Illinois falls in the hatched area, which is all a 70 MPH location as shown below:
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	Select Close from the Control Menu Box and return to the Wind Load dialog window. Select the down-arrow button to reveal the drop-down list box of values. Scroll to highlight 70 MPH and click the left mouse key. The blank box will now have 70 automatically entered. It is possible for the User to change any of these “factors”, such as Exposure, per-cent openings or whether the site is Inland or Coastal. Place the mouse pointer over the box in front of “Coastal” and click the left mouse key. This will place an “x” indicating its selection. Repeating this step will remove the “x”.  Buttons are used to bring up additional dialog windows that explain each factor and present the options just as for the Roof Live Load dialog window. Note that wind pressures and suctions are in tables for the transverse and longitudinal directions. Select OK and return to the Form window. The blank boxes for question #31a, #31b and question #32 have been filled in. The Minimum Property Standards mandates a minimum 80 MPH wind speed which overrides the ASCE 7-93 map value of 70 MPH for Illinois. The 80 MPH is already placed in the blank box and since it is greater than 70 MPH, it will govern as the design wind speed for this example.


	


Note:	It is also possible to access the Wind Map from the Form window. For Question #31a: select the green typed and underlined map reference H-14 to access the On-Line “Handbook” Appendix H- Wind Speed Map. Scrolling with the page keys at the border of the screen is necessary to find Illinois as shown. Select Close from the Control Menu Box and return to the Form Window. Type in 70 in the blank box or use the down-arrow button to view the drop down list box and scroll down to highlight 70. It will automatically enter the blank box.


		


Since the site is Inland question #33 through #37 can be skipped. If the User answered Coastal to question #32 then the Manufacturer of the superstructure must work with the owner to answer the questions up to #37.





Seismic Load


Continue to scroll down the Form window to reveal more of the Design Worksheet as follows:
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Question 38a:	The next set of questions are most easily answered by selecting either the Seismic icon to bring up the Seismic Load dialog window from the main tool bar, or bringing up the Seismic Load dialog window from the Geometry & Loads pull-down menu. The seismic acceleration values and related seismic issues are based on the provisions of ASCE 7-93. The Seismic Load dialog window is illustrated as follows:
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	Note the similarity to the other load dialog windows. A summary of the dead loads, already selected, are at the top of the window. Any of these values can be changed at this point if desired by the User in the usual fashion described for the other  “Loads” dialog windows. There is a provision in the ASCE 7-93  to include a % of the snow load in the total dead load used for the inertia force calculations if the roof snow load exceeds 30 psf, which is not the case here. Check with the local building official if this is required and at what percent for particularly high snow load geographic locations. There are two seismic coefficients that are required from ASCE 7-93: (1) Aa ,which is effective peak acceleration, and (2) Av, which is the effective peak velocity-related acceleration. Two separate maps provide the coefficients. Select the Map button  for Aa to bring up the On-Line “Handbook”-Appendix H -Seismic Acceleration Map for the United States. Use the up/down and left/right page keys to scroll to the State of Illinois as shown below:
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 	Note that Champaign County has been darkened in to make it easier to relate to the contours. Champaign County lies between the 0.05 and 0.1 contours. Maps are available from the Applied Technology Council or the Building Seismic Safety Council of your state, which color codes the counties. The color for Champaign County is pink, which from the color key indicates that 0.05 is used. Checking with the City of Champaign Code Enforcement Division verifies that 0.05 is required for Aa. Should either of these options be unavailable to the User, choose the larger value for conservatism. While still viewing this map, use the page keys along the window border to scroll back to the northwestern part of the map. There will be in green type and underlined: Contour Map for Coefficient Av . Place the mouse pointer on the words and click the left mouse key to access the other map, H-16. The contours are more easily read to place Champaign County clearly within a 0.05 contour. Select Close from the Control Menu Box pull-down menu and return to the Seismic Load dialog window. Next to the Aa blank box, select the down-arrow button to reveal the drop-down list box of values. Scroll to highlight 0.05 and click the left mouse key. The blank box will now have 0.05 automatically entered. Repeat this process for Av. The Site coefficient has been set at a default of S = 2, which is the highest value for conservatism. If a geotechnical engineer can provide better information, a smaller value could be selected. The remainder of the seismic issues that impact the base shear equation are quite fixed for manufactured housing units, and are merely listed for information. The lower table of distributed loads are erroneous in the above Seismic Load dialog window, since the graphic has no values selected for Aa and Av . The partial illustration below shows that the base shear (V) is calculated automatically and that it in turn is distributed to the roof and floor levels as inertia forces (Fx). Since inertia is derived from mass, the same (Fx) inertia forces apply in the transverse and longitudinal directions. These can now be compared with the wind values of Example #1.
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	Select OK when finished and return to the Form window. The blank boxes of question #38a will now be filled in based on the values in the Seismic Loads dialog window. Question #38b is automatically compared against Av ( 0.15 and “yes” bordered in black, and Question #39 has inserted Seismic Performance Category “B”. This is shown below:
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Note:	The Seismic Acceleration values could also be determined by accessing the maps from the buttons at the end of question #38a and using the down-arrow and the drop down list box.





	Select the green typed and underlined map H-15 to access the On-Line “Handbook” - Appendix H- Map 15 Contour Map for Coefficient Aa. Scrolling with the page keys at the border of the screen is necessary to find Illinois as shown below. From this point the process is the same as described above. 


	


Questions #39 to #41 need not be answered since for Champaign, IL Seismic Loads need not be considered; however, if the site were in California for example, Av would definitely be larger than 0.15 and the remainder of the seismic questions would have to be answered. The following discussion is merely to prepare the User for the situation when Av is greater than 0.15. Note that this information does not apply to Example #1.





Question #39:	The Seismic Performance Category influences the construction detailing complexity level and is a function of Av and a Hazard Exposure Group of I for residential construction. The User may select the green typed and underlined Section H-300 to access the On-Line “Handbook” for a thorough discussion of the topic. Most Users will merely wish to enter the correct Seismic Performance Category verified from the Seismic Load dialog window as done above and press on. There are no User choices, merely an assignment of a letter, “A” through “E” based on a chart in the ASCE 7-93 and re-printed in the “Handbook” on page H-17 in Appendix H. 


Question #40:	This answer is already filled based on the response of the User to question #24 in the Design Worksheet. The Foundation Concept Type is still E1.


Question #41:	Select the green typed and underlined Appendix A in the Form window to access the On-Line “Handbook” - Appendix A and its Section listing, each green typed and underlined. Select A-100.5 - Selection Table to access the Selection Table as shown below:
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	The appropriateness of Foundation Concept E1 is highlighted as follows:


High Wind Zone .	none


Engineered Design Required	no


Seismic Zone		some


	Thus, the Type E1 is appropriate, particularly since seismic is not of concern.  The User can Select the green typed and underlined E1 in the list to bring up the plan, section, details and notes for the E1 system. Select Close from the Control Menu Box to return to the Form window.





	This completes the Parts 1 to 3 - Site/Loads portion of the Design Worksheet. See Appendix A for a sample output of the Design Worksheet.
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