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At some project sites, the depth of a suitable bearing stratum is neither sufficiently shallow for 
conventional spread footings, nor deep enough to warrant the expense of deep foundations. This 
transition depth is around 3 to 6 m from the surface. In this range, the designer may want to 
consider a "semi-deep" foundation.

Pit Foundations.

Pit foundations (Figure-1) are economical when it is possible to excavate without using 
sheetpiling to depths Df of 3 - 4 meter. This limitation is due to the reach of a backhoe arm, and 
for the easy access to the bottom of the pit. The size of the pit, B x L is dimensioned to carry the 
normal load N, plus the now largely increased footing weight Wf, and the backfill Ws.normal load N, plus the now largely increased footing weight Wf, and the backfill Ws.

A reduction in the cost of structural concrete can be effected by placing the footing on top of a 
block of a low-strength concrete, as shown in Figure-2. This block acts as an improved 
foundation support.

The footing dimension B x L is calculated based on a low-strength concrete allowable stress, 
rather than on the soil allowable bearing qall. The block dimensions B1 x L1 are determined 
from the allowable  bearing capacity qall of the soil at Df (Figure-3). If the column load N is 
not centered, or if the column transfers a moment M, the resulting lateral earth  pressures must 
be included in the analysis.



Figure-1. A pit foundation placed at depth Df (3 to 6 meter).



Figure-2.  An alternative pit foundation has a perched footing, built upon a low-strength concrete 
pour of depth h1.



Figure 3. When the column normal load N is not centered, or when it transfers a moment M to 
the pit foundation, the surrounding soil is subjected to lateral passive pressure.



Pedestal Foundations.

Whenever the structural framing system is steel, it is convenient to use a pedestal footing 
(Figure 4). The pedestal serves the dual function of seeking a suitable stratum at a deeper level, 
and to keep the steel out of the ground to minimize corrosion.

Figure-4a.  For large footings, a pedestal foundation will save concrete when compared to a pit 
foundation. It is the preferred footing when the structural framing system is steel.

Figure-4b. Relationship between the column size (c ´́́́ d), the pedestal size (B ´́́́ L), and footing 
size (B2 ´́́́ L2).



The footing is calculated to include the normal load N, the moment M, the pedestal weight Wp, 
and the weight of the soil backfill Ws. The pedestal is calculated as a support element subjected 
to normal and flexural loads. The interrelation between the column and the pedestal may 
produce transverse tensile stresses in the concrete, as shown in Figure 6a.

The pedestal dimensions are determined from the maximum column load Qu with an area Ac, 
and the pedestal (top) surface of area Ap, where Ac = c d and Ap = BL,

Qu = Ac f'c ÖAp/Ac  £ 3.3 Ac f'c  if  H3 ³ Ap / B+L

In Figure 6a, the initiation of tension stresses occurs at approximately (0.1)B1 below the 
pedestal top. If the pedestal plane (B1´ L1) and the footing plane (B2´ L2) are aligned, these pedestal top. If the pedestal plane (B1´ L1) and the footing plane (B2´ L2) are aligned, these 
stresses are identical in both the B1 and L1 directions. The approximate steel requirement As
for a design load Na, is:

As in the B2 direction,           As-B = 0.3N (B - C)
fy     B

As in the L2 direction,           As(L)  = 0.3N .(L-d)
fy     L

The steel is uniformly spaced between 0.1 to 1.0 of B or L below the top of the pedestal .



Figure 6. (a) Stress distribution within the concrete pedestal; (b) typical steel reinforcement 
applied in both B and L directions.



Pin piles.

The third alternative foundation used to reach semi-deep bearing strata does not involve 
excavating. Rather, it uses short steel pipe piles with very small diameters, ranging from 25 to 
75 mm (1 to 5 inches). These steel pipe piles are placed in threaded sections of 1 to 1.5 m long, 
coupled by hand. They are driven into ground by using a hand-held air hammer (for example, a 
jack hammer) until the pipe tip reaches a suitable bearing stratum. The pile is then pulled up 1 
meter. The top of the pin pile is coupled with a grout pump, and the space below the tip is 
filled with a cement grout. The pin pile is then re-driven through the fresh grout and left in 
place. Working load capacities Qall range from 40 to 150 kN (5 to 15 tons) with a factor of 
safety of approximately 3.

An example of their use was reported by Geocon, where a settling wall and the floor slab of a 
food warehouse were restored to their original grade by placing 52 grouted pin piles with 13 
underpinning pile caps at selected intervals (Figure 7). Each 32 mm diameter pin pile had a 
working load capacity of 50 kN (6 tons). The pile was driven to bedrock with a hand-held jack 
hammer using a disposable plug at the end point. Cement grout was then pressure-injected 
through the pipe, which ejected the plug. The pipe was then lifted 1.5 meter to create a 
concrete bulb, and then re-driven to bedrock through the fresh grout. The job took less than 
one week.



Figure 7.  Use of pin piles to support an existing warehouse wall and slab, built over a layer of 
compressible fill (Ref.3).



Pin piles can be used to increase the 
tension capacity of existing shallow 
foundations, by reducing the peak corner 
stresses.



Grade Beams.

Structures sometimes must be built on marginally supportive soils. This choice may be dictated 
because, (1) it is not economical to reach bearing at greater depths, or (2) the structure is 
relatively light. Under these conditions, the use of reinforced grade beams, or tie beams, 
between footings is needed in order to minimize differential settlement. Their group action 
reduces an individual footing’s vertical movement. Grade beams are also commonly used to 
support bearing walls (Figure 8).

Figure 8.  Grade beams tie these nine columns and their spread footings in order to minimize 
differential movement between  these foundation elements.



Grade beams may be calculated either as simple beams, or as compound tensile and flexure 
beams. The tensile capacity is assumed to exclusively come from the steel reinforcing, with 
the concrete providing only bonding and corrosion protection.

Figure 9.  Typical section of a reinforced grade beam.



For the simple case with only a (horizontal) force H, the loads in the reinforcement shown in 
Figure 9 are:

Qs1 = Qs2 = As1 fy = As2 fy = H/2

When the beam also supports a wall, that is, additionally works in flexion (As1 > As2), the 
load in each level of re-bars is different. If the wall load causes a moment M, the loads in the 
re-bars are:

Qs1 =  M/d-d2  and  Qs2 = H - M/d-d2

Typically H = 0.03 S I Ni + V service  (or 1 ton / m)Typically H = 0.03 S I Ni + V service  (or 1 ton / m)

As a rule of thumb, the tensile load in a grade beam is around 3% of the sum of the normal  
(vertical) loads from the columns. An additional vertical service load of 1 ton/m should be 
added. Grade beams should not be less than 300 mm. wide and their heights D are 
approximately 0.08 of the span between footings, but not less than 350 mm. 
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