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Step 1: Theoretical Estimation of Foundation Weight (W)

In power plant design, a massive concrete foundation is required beneath reciprocating engines
to absorb dynamic forces, dampen operational vibrations, and prevent excessive structural
settling. The empirical standard formula established by the Diesel Engine Manufacturers
Association (DEMA) correlates the required weight of the concrete foundation (W) to the mass
of the engine machine (W) and its operational speed (N):

W, =e W AN
Where:

e e = empirical foundation factor = 0.12
o W = weight of the machine = 12,000 kg

e N = rotational speed = 1,300 rpm

Substituting these parameters into the empirical relation:

W, = (0.12)(12,000 kg) - /1,300 rpm = 51,919.9384 kg

This indicates that to stabilize this specific 12metric-ton engine, the concrete foundation block
must weigh approximately 5.16 times more than the engine itself.

Step 2: Formulating the Soil Bearing Area Equation

The total downward vertical force exerted on the subgrade soil consists of the combined weight
of the machine and the foundation block. To ensure structural stability, the average bearing
stress (ob) must not exceed the allowable safe bearing capacity of the soll (Sb). The relationship

is defined mathematically as:
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Rearranging the formula to isolate the minimum required foundation base area (A):
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Step 3: Performing Unit Conversions and Calculating Area

Total Downward Mass (W+) = 12,000 kg + 51,919.9384 kg = 63,919.9384 kg
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Now, converting the soil bearing capacity (Sb = 50 kPa) into compatible metric units:

1.033 %4

— cm _ kg
Sb = (50 kPa)(m) = 0. 509746?

Solving for the area A in square centimeters (cm?):

A= B2058k _ 125 3956725 cm?
0.509746?

Finally, converting the area from square centimeters to square feet using the conversion
parameters indicated in the material (1 m = 100 cm and 1 m = 3.28 ft):

A= (125,395.6725 cm?) (gr )2( S )2 = 134.91 ft?
The empirical term \W highlights a crucial mechanical design reality: higher-speed
engines require structurally heavier foundations relative to their mass than
low-speed engines. High-speed machines generate higher-frequency dynamic
unbalances and kinetic excitations. The massive concrete block acts as an inertial
dampener, absorbing kinetic energy so that oscillations do not damage the engine frame
or surrounding structures.

A soil bearing capacity of 50 kPa classifies the ground subgrade as relatively soft clay or
loose sandy soil. Because the soil is structurally weak, the foundation footprint must be
spread out over a wide base area (134.9 ft?) to distribute the load safely. If this engine
were installed on solid bedrock (which can feature capacities exceeding 1,000 kPa), the
required footprint area could be significantly reduced, shifting the foundation design focus
entirely from soil capacity to inertial vibration absorption.
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