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EVOLUTION OF UBC/IBC STANDARDS FOR 
DESIGN OF SLABS-ON-GRADE ON EXPANSIVE SOILS 

 
 

• 1964-1986 Soil Conservation Service (SCS) produced Investigation Reports Nos. 
1 thru 30 out of the SCS Laboratory in Lincoln, NE.  

  
• The SCS determined Coefficients of Linear Extensibility for various kinds of 

expansive soils.  Matric suction of different clay mixtures was determined in the 
lab using the following set-up 

 
UA  -  UW   =  matric suction  log10 [ (suction) in cm]  =   pF  
 

 
• 1976-78  Post-Tensioning Institute (PTI) funds soil mechanics research at Texas 

A & M (Prof. Robert Lytton) 
 
• 1980 Post-tension Institute issues “Design and Construction of Post-tensioned 

Slabs-on-Ground” 
 

• 1981  US DOT issues report “Design of Pavements on Expansive Soils”, by Prof. 
Gordon McKean at Univ. New Mexico.  Soil suction presented as an optional 
method to predict behavior of expansive soils.  McKeans’ report incorporated 
SCS lab data.  

 
• ASTM D-5298 adopted in 1992.  It presents a simplified procedure for 

measuring soil suction that was developed by Lawrence D. Johnson at the 
                                    Corps of Engineers Waterways Experiment Station Geotechnical Laboratory.      

 
                                    • 1991-97 Second PTI design procedures manual developed by Prof. Lytton at 

                                    Texas A & M.   Work was funded by PTI. 
 

                                    • 1997 UBC adopts the new PTI design procedure in Chapter 18, Division III. 
 

                                    • 2000 IBC adopts 1997 UBC statutes, minus the appendices.  
 

                                    • 2001 Federal government encourages all 50 states to adopt the 2000 IBC by 2003 
                                    and its subsequent versions, to be issued every three years.   

 



• In January 2003 the International Conference of Building Officials was integrated 
with the Building Officials and Code Administrators International (BOCA) 
and the Southern Building Code Congress International (SBCCI) into the 
International Code Council (ICC).  This conglomeration forms the strongest 
code force in the world dedicated to ensuring the public's safety in the built 
environment.    

  

















Example Input for Design of Post-Tensioned Slabs-on-Grade
 
The 2000 International Building Code (IBC) includes special provisions for the design of 
post-tensioned floor slabs on expansive soils.  These specifications are included Chapter 
18, Division III, Section 1816 titled: Design of Posttensioned Slab-on-Ground (Based on 
Design Specification of the Posttension Institute).   The IBC states that post-tensioned 
slab foundations are acceptable for structures located on relatively level building pads 
with the foundations setback at least 10 feet from any descending slope steeper than 5:1 
(horizontal to vertical).  The setback is increased to 20 feet if the slopes are 2:1.   
 
For purposes of design, one begins with an assumption of the soil expansion potential, 
based on either the Atterberg Limits or the IBC Soil Expansion Test.  For the purposes of 
illustration, we are assuming moderately high expansion potential, with an average 
Plasticity Index (PI) of 25.  Bulk samples of these materials should be screened using the 
Soil Plasticity Indices test battery (ASTM D-4318), to ascertain if the Plasticity Index is 
equal to or less than the assumed value of 25.  If PI of greater than 25 is encountered, 
then additional testing will be required.  Such tests will include: Soil Expansion Potential 
(ASTM D-4829/UBC Standard 18-2); Percent Clay Fraction (ASTM D-1140) (to 
calculate the cation exchange capacity, in accord with UBC Section 1818); and Soil 
Potential/Suction Tests (ASTM D-5298). 
 
After the completion of the rough grading, building pads should be periodically watered 
to reduce desiccation and promote hydro-expansion of the fill pads prior to foundation 
construction.  When foundation construction is ready to proceed, the subgrade in the 
areas to receive foundations should be moisture-conditioned to at least 2 percent above 
optimum moisture.   
 
If some of the lots are situated on bedrock cut, these should be covered with a two feet 
thick cushion of compacted fill.  The soil cushion placed on these lots should be screened 
using the Soil Plasticity Indices Test procedures (ASTM D-4318), to ascertain if the 
materials have Plasticity Indices of less than 25.  If the PI values are less than or equal to 
25, no additional grading recommendations are required for these lots prior to foundation 
construction, short of watering to reduce post-construction soil heave.  
 
Due to variable conditions, it has been assumed that moderately high expansion potential 
soils may be present at the foundation level on all lots containing fill from the subject 
parcel.  The following parameters were used in developing appropriate foundation 
recommendations for post-tensioned slab foundations at this site in accordance with the 
Post-Tensioning Institute (PTI) and Chapter 18 of the 2000 IBC: 
 

Plasticity Index (from laboratory tests) = 25% 
 

Clay Fraction (assumed worst case) = 30% illite and kaolinite 
 

Depth to Constant Soil Suction (from soil moisture profiles on boring logs) = 7 
feet 



 
Thornthwaite Moisture Index (per UBC/PTI) = 40 

 
Using these values, an edge moisture variation distance of 3 to 4.5 feet should be used for 
center lift (controlled by drought or unirrigated conditions), while an edge moisture 
variation distance of 5 to 6 feet should be used for the slab perimeter (controlled by 
rainfall or irrigated conditions). 
 
Constant soil suction (pF) has been taken as 3.4 for a Thornthwaite Moisture Index of 40.  
The resulting values for differential movement are 0.077 inches for center lift and 0.078 
inches for edge lift. 
 
The slab foundations should be designed for a soil bearing capacity of 1000 pounds per 
square foot (psf) for dead loads, 1200 psf for dead plus live loads, and 1500 psf for all 
loads, including wind and seismic.  A friction coefficient of about 0.35 should be used for 
the portions of the slab in direct contact with the subgrade. 
 
The slab foundations should have a minimum edge thickness of at least 12 inches and a 
minimum center thickness of at least 8 inches.  The slabs should bear on a prepared 
subgrade of firmly compacted material at least 6 inches below the lowest adjacent 
finished grade. 
 
To reduce the likelihood of moisture infiltration through the slab, a heavy plastic vapor 
barrier consisting of 10mil Visqueen (or an approved equivalent) should be placed 
directly on the prepared subgrade.  The plastic should be protected during construction by 
a layer of at least 2 inches of clean sand.  The sand should be thoroughly moistened prior 
to concrete placement.  
 
All appropriate requirements of the latest edition of the IBC and the Post-Tensioning 
Institute should be followed in the design and construction of post-tensioned slab 
foundations at any site. 
 
  
 




