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One type of post-tensioned slab-on-ground foundation 
repair is to lift the foundation off the soil and make it a 
structurally suspended foundation. This paper describes 
the construction methods, analysis, code requirements, and 
load testing.
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INTRODUCTION 
In Texas and other parts of the southwest United 

States, post-tensioned slab-on-ground foundations 
are the most common type of residential foundations. 
In most of these areas, the soils are varying degrees of 
expansive clays. In Texas, post-tensioned foundations are 
ribbed foundations that consist of a uniform-thickness 
slab with stiffening ribs in both directions. In some cases 
(less than 1%), these foundations experience unaccept-
able movement and foundation repairs are necessary. In 
severe cases, the most effective repair is to lift the founda-
tion out of the soil and convert it to a suspended pile-
supported foundation.

To convert the foundation, underpinning piles are placed 
under the perimeter and interior of the foundation. Then, the 
foundation is lifted out of the soil so that it is no longer influ-
enced by or supported by the soil. The foundation that was 

originally uniformly supported by the soil is now supported 
by the underpinning piles and functions as a suspended 
foundation. This type of repair has been successfully used 
in Texas for nearly 20 years.

The decision to elevate the foundation is dependent 
on factors such as excessive uniform tilt (approximately 
1% slope), excessive deflection (approximately L/360) or 
when the future soil movement is unknown or expected 
to be excessive (Fig. 1 and 2). The homeowners are able 

Fig. 1—Excessive floor slope.
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to live in the residence while the foundation is being 
repaired. The plumbing is monitored and tested after the 
lifting process. 

MATERIALS
The as-designed foundations are usually 4 in. (100 mm) 

thick slabs, ribs 8 to 12 in. (200 to 300 mm) wide and 
beams 24 to 30 in. (610 to 760 mm) deep, with spacing 
at 10 to 12 ft (3.0 to 3.7 m) in each direction (Fig. 3 
and 4). Post-tensioning strands are spaced 4 to 5 ft (1.2 
to 1.5 m) in each direction in the slab and there are 

one or two strands draped into each beam. Concrete 
is usually specified as fc′ = 2500 to 3000 psi (17 to  
21 MPa). Experience has shown these dimensions are 
very conservative because the as-constructed founda-
tion cross section and concrete strength are usually 
greater than specified (Fig. 5). 

The pilings are 12 in. (300 mm) long interlocking 
segments of 2.375 in. (60 mm) OD steel pipe (Fig. 6). 
To hold the pipe together and prevent uplift of the upper 
sections, a steel cable is inserted in the center of the pipe, 
then stressed and grouted. This provides a minimum 
tensile capacity of 10 kip (44 kN). The piles are installed 
one pipe at a time with a hydraulic ram pushing against 
the weight of the foundation (Fig. 7). Piles are driven 
to refusal, which is either friction resistance in clay or 
end bearing on a hard layer of rock. Terminal drive force 
is approximately 45,000 lb (200 kN), which is at least 
twice the final lifting force. The normal depth is 20 to 
35 ft (6.1 to 10.7 m) with a minimum depth of 15 ft  
(4.6 m). This installation procedure satisfies the load 
test requirements of IBC Sec.1810.3.3. After all the 
piles have been installed, the foundation is gradually 

Fig. 2—Excessive deflection.

Fig. 3—Typical ribbed foundation ready for concrete placement.
Fig. 4—Foundation plan showing grade beams, underpinning piles, 
tunnel locations, and sewer lines.
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raised to a level position by progressively engaging 10 
to 20 pilings with hand-activated bottle jacks. When the 
foundation is in a level position, it is secured by inserting 
concrete cylinders between the top of the piling and  
the foundation.

The exterior pilings are spaced around the perimeter 
at 8 to 12 ft (24.4 to 36.6 m) on center and the inte-
rior pilings are located at the intersections of the inte-
rior beams (Fig. 4). The interior pilings are installed by 
tunneling along the interior beams (Fig. 4 and 10). Foun-
dations are leveled and lifted to create a void between the 
soil and foundation (Fig. 9). This void is usually at least  
3 in. (76 mm) at the high end and may be 8 to 12 in. (200 
to 300 mm) at the low end of the foundation.

Fig. 5—As-designed versus actual construction.

Fig. 6—Typical cross section of foundation and piling.

Fig. 7—Hydraulic ram for installing piles.

ANALYSIS
A conventional analytical analysis and the Finite 

Element Method (FEM) are two methods to analyze 
foundations in an elevated condition. The analytical 
method uses a working stress method to analyze the 
slab, interior beams, and exterior beams separately. 
It is important to model the slab in a fixed condition  
at all four edges and consider the two-way action  
(Fig. 11). Moment coefficients provide a reasonably 
accurate method for obtaining these moments. Obvi-
ously, shear is not a concern for the slab. A moment 
coefficient of WL2/10 can be used to estimate the beam 
moments. The full cross section, centerline to centerline, 
of the beam and slab is used when calculating the center 
of gravity of the concrete (CGC) for the beam analysis. 
Otherwise, the moments due to eccentricity of the post-
tensioning will be significantly incorrect (Fig. 12).
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Fig. 8—Typical exterior piling.

Fig. 9—Support at interior piling. Note void between soil and foun-
dation after leveling foundation.

FEM analyzes the whole foundation as one complete 
unit (Fig. 13 through 15). ADAPT, FLOOR-PRO FEM, 
or similar programs can be used to analyze the foundation.

Analysis using both of these methods shows that the 
foundation has more than adequate strength to function 
in an elevated condition. Due to their significant depth, 
the beams have excess capacity even though they are 
lightly reinforced. 

CODE COMPLIANCE
The original design of a post-tensioned slab-on-

ground residential foundation is governed by PTI DC10.5;  

Fig. 10—View of interior tunnel.

Fig. 11—ACI table for slab moments. Note: Use Case 2.
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Fig. 12—Spreadsheet for analytical method.
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Fig. 13—ADAPT FEM.

ACI 318 is not applicable to post-tensioned slab-on-
ground residential foundations. 

The support system has completely changed from the 
slab-on-ground to a pile-supported system. The service-
ability requirements in ACI 3181 are not applicable 
because the analysis is of an existing structure and not 
the design of a new structure. For existing structures, the 
applicable codes—ACI 318-14 Chapter 27, ACI 437,2 and 
IBC 1708.13—note that the analysis should be for strength 
and not design code compliance. ACI 437 states Engineering 
judgment is critical in the strength evaluation of reinforced concrete 
buildings. Judgment of qualified structural engineers may take 
precedence over compliance with code provisions or formulas for 
analyses that may not be applicable to the case studies. Because of 
the aforementioned documents, the minimum reinforcing 
bar and minimum prestressed levels are not applicable as 
long as the strength requirements are satisfied. 

LOAD TESTS 
In addition to analytical analysis, load tests have 

been conducted to demonstrate that the repaired founda-
tion can carry its prescribed loads and that it meets the 
requirements of the building code. The testing was done 
in accordance with ACI 318-99, Chapter 20, and ACI 
437R. The load test required the foundation to be able 
to carry the full dead load and full live load, including 
an additional load for the safety factors. The resulting 
test load to accomplish this was an additional 75 lb/ft2  
(3.6 kPa) over the entire bay (Fig. 16). The garage 
bays of a single-family residence were loaded with 
3.5 x 4 ft (1.1 x 1.2 m) plywood boxes filled with 
water. Four boxes per bay were used so that the top 
of the slab could be monitored for cracking and so 
that instrumentation of the foundation could be done  
at midspan.

Calculations showed that 22 in. (560 mm) of water would 
be required to produce the same load that 75 lb/ft2 (3.6 
kPa) would produce. The code test procedure required that 
the foundation be loaded and measured at four equal incre-
ments. The report from the engineering laboratory shows 
the results of the test (Fig. 18). The calculated maximum 
deflection was 0.125 in. (3 mm) and the actual measured 
maximum deflection with 22 in. (560 mm) of water was 
0.054 in. (1.4 mm). After the code-prescribed loading was 
completed, the boxes were filled to the top with 30 in. (760 
mm) of water, which produced an equivalent load of 102 
lb/ft2 (4.9 kPa) with a maximum measured deflection of 
0.056 in. (1.4 mm). The results show that the foundation in 
a pier-supported condition meets the requirements of the 

Fig. 14—View of FEM support conditions.

Fig. 15—FEM slab moments.
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building code and has significantly greater capacity than 
required by code.

The pilings were also load-tested by placing a 
load cell on top of three in-place pilings. The load was 
applied individually until each piling moved (Fig. 19). 
The three piles tested all had a capacity in excess of 
45,000 lb (200 kN). Normally, the pilings come with a 
lifetime warranty against settlement. 

SUMMARY AND CONCLUSIONS 
This repair process has been successfully implemented 

more than 15,000 times in the last 20 years and there are 
no known structural problems with the foundation in 
the suspended condition. The calculations, load test, and 
successful track record show the converted foundation 

Fig. 16—Plan of load boxes from load test.

Fig. 17—Load test photos.
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has adequate strength to perform in 
a suspended condition. Finally, the 
repaired foundation is better than the 
original foundation because it is no 
longer in contact with the soil.
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