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Unit I Building Structures

Lesson 1 Building Foundation

Part T Text

All engineered construction resting on the earth must be carried by some kind of interfacing
element called a foundation. Generally about 30 per cent of the total construction cost is spent on
the foundation. The soil on which the foundation rests is called the “foundation soil”. The
foundation is the part of an engineered system that transmits to, and into, the underlying soil or
rock the loads supported by the foundation and its self-weight. !

A structure essentially consists of two parts, namely the superstructure which is above
the plinth level and the substructure which is below the plinth level. Substructure is
otherwise known as the foundation and this forms the base for any structure. The term
superstructure is commonly used to describe the engineered part of the system bringing load
to the foundation, or substructure. The term superstructure has particular significance for
buildings and bridges; however, foundations also may carry only machinery, support
industrial equipment (pipes, towers, tanks). It is evident on the basis of this definition
that a foundation is the most important part of the engineering system.

Loads to foundations are generally broken into two broad categories, gravity loads
(dead and live) and lateral loads (wind and earthquake). All loads to foundations are
treated as static loads. Live loads, wind loads, and earthquake loads may actually be highly
dynamic, but in practice such loads are applied as equivalent static loads rather than as
dynamic loads.

Environmental loads are a special type of loading that may occur on structures. Typical
of such loads are snow,. ice, sand accumulation, rain, and other regional environmental
hazards. The proper application of such loads is highly dependent on local practices; no
attempt is made here to account for all such special applications;

As one may suppose, the gravity loads acting on a building are those due to the fixed
mass of the building itself (dead load) and those due to transient masses (live load).?
Gravity loads usually act vertically, but in some cases they may act horizontally (e.g. , soil
loads against a basement wall). Gravity loads are usually of much longer term than the
lateral loads .(wind and earthquake), which, by comparison, are extremely transient and
erratic,



The distinction between dead loads and live loads is an important one, Concrete
structures and components, including the concrete footings, are designed for a different
factor of safety for dead load than for live load. Also, earthquake loads are computed using
only the dead load of the building; live load is excluded. Reasonable care must therefore be
exercised in distinguishing between the two loads throughout the structural analysis in order
that wasteful overdesign or dangerous underdesign does not occur, 3

Mechanical equipment, ductwork, and other such loads are not classified as dead loads.
Although they are indeed permanently present, they are subject to renewal, replacement,
or alteration during the life of thé building. In addition, they are not rigidly attached to the
building frame; when the building undergoes earthquake motion, these items simply shift
around without resisting the motion of the building. _ ‘_

Those loads in a building that are movable are called live loads. Or 'alternatively, live
loads are those that occur due to the usage of the building. Over the life of the building,
however, the usage of the building can change sharply as tenants change or as new owners
subject the building to new functions.

The magnitude of the vertical gravity load to be supported by each footing can readily be
established, based on known and accepted methods of structural analysis. Since there is no
need to find moments, the complexity of the analysis is reduced considerably. It should be
apparent that the overall accuracy of such a simplified analysis is limited to the accuracy of
the gravity loads themselves.

For proof of the foregoing conclusions, one needs to look no further than the ACI
coefficients, a commonly applied method of analysis for regular structures of any material.
This widely accepted method does not require any redistribution of vertical load due to
flexure, The ACI method is derived analytically and is accurate within its prescribed limits.

The following limitations apply to the simplified analysis:

(1) The building must be reasonably regular; that is, adjacent span lengths may not
differ by more than 20%. ‘

(2) lLoads must be relatively uniformly distributed.

(3) Live load may not exceed three times the dead load.

(4) The building must be framed from prismatic members, although shear walls and
bearing walls may of course be used.

Municipal building codes sometimes require that a beam be capable of taking a randomly
placed load of 2000 lb. at any point along its span, presumably to represent a safe or other
heavy concentrated load. The end result of this provision is to require an increase in the
capacity of the beam in shear when the load is placed very close to the end of the beam. *

The title foundation engineer is given to that person who by reason of training and
experience is sufficiently versed in scientific principles and engineering judgment to design a
foundation. We might say engineering judgment is the creative part of this design process.

Because of the heterogeneous nature of soil and rock masses; two foundations—even on

adjacent construction sites—will seldom be the same except by coincidence. Since every
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foundation represents at least partly a venture into the unknown, it is of great value to have
access to others’ solutions obtained from conference presentations, journal papers, and
textbook condensations of appropriate literature. The amalgamation of experience, study of
what others have done in somewhat similar situations, and the site-specific geotechnical
information to produce an economical, practical, and safe substructure design is application
of engineering judgment.

The following steps are the minimum required for designing a foundation.

@ Locate the site and the position of load. A rough estimate of the foundation loads is
usually provided by the client or made in-house. Depending on the site or load system
complexity, a literature survey may be started to see how others have approached similar
problems.

@ Physically inspect the site for any geological or other evidence that may indicate a
potential design problem that will have to be taken into account when making the design or
giving a design recommendation. Supplement this inspection with any previously obtained
soil data. _

@ Establish the field exploration program and, on the basis of discovery (or what is
found in the initial phase), set up the necessary supplemental field testing and any
laboratory test program.

@ Determine the necessary soil design parameters based on integration of test data,
scientific principles, and engineering judgment, Simple or complex computer analyses may
be involved, '

® Design the foundation using the soil parameters from step @. The foundation should
be economical and be able to be built by the available construction personnel. Take into
account practical construction tolerances and local construction practices, interact closely
with all concerned (client, engineers, architect, contractor) so that the substructure
system is not excessively overdesigned and risk is kept within acceptable levels. > A computer
may be used extensively (or not at all) in this step.

Foundations can be classified as shallow and deep foundations, depending on the depth
of load-transfer from the structure to the ground. The definition of shallow foundations
varies in different publications. BS 8004 (BSI, 1986) adopts an arbitrary embedment depth
of 3 m as a way to define shallow foundations. In the context of this document, a shallow
foundation is taken as one in which the depth to the bottom of the foundation is less than or
equal to its least dimension.

The superstructure brings loads to the soil interface using columm-type members. The load-
carrying columns are usually of steel or concrete with allowable design compressive stresses on the
order of 140 MPa (steel) to 10MPa (concrete) and therefore are of relatively small cross-sectional
area. The supporting capacity of the soil, from either strength or deformation considerations, is
seldom over 1000 kPa but more often on the order of 200 to 250 kPa. This means the foundation is
interfacing two materials with a strength ratio on the order of several hundred. As a consequence

the loads must be “spread” to the soil in a manner such that its limiting strength is not exceeded and
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resulting deformations are tolerable. Shallow foundations accomplish this by spreading the loads
laterally, hence the term spread footing. Where a spread footing (or simply footing) supports a
single column, a mat is a special footing used to support several randomly spaced columns or to
support several rows of parallel columns and may underlie a portion of or the entire building. The
mat may also be supported, in turn, by piles or drilled piers. Foundations supporting machinery
and such are sometimes termed bases. Machinery and the like can produce a substantial load
intensity over a small area, so the base is used as a load-spreading device similar to the footing.

Deep foundations are analogous to spread footings but distribute the load vertically
rather than horizontally. The terms drilled pier and drilled caisson are for the pile type
member that is constructed by drilling 0. 76 m diameter hole in the soil, adding reinforcing
as necessary, and backfilling the cavity with concrete,

Rational design approaches require a greater geotechnical input including properly
planned site investigations, field and laboratory testing, together with consideration of the
method of construction. The use of rational methods to back-analyze results of loading tests
on instrumented foundations or the monitored behavior of prototype structures has led to a
better understanding of foundation behavior and enables more reliable and economical design

to be employed.
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Part N Notes

1. The foundation is the part of an engineered system that transmits to, and into, the
underlying soil or rock the loads supported by the foundation and its self-weight,

[E30] ZRIE TERGN B4, © 3 TR RGO BRI R X S5 8268
AEABRETEN T AREA.

[43#7] that B| S EiE M 4], the part of an engineered system St TiRE, EMNEEEE
&, 4] supported by---{E/5 BEE .

2. As one may suppose, the gravity loads acting on a building are those due to the fixed
mass of the building itself (dead load) and those due to transient masses (live load).

(X ] EWMAfESRE, FHAEEALNEAGREREH TERAYASNEERE
GEAFR) fApsepint R GERER MERNTER.

[43#7] mass RIHE, due to---FHEEH T » those $8RFT .

3. Reasonable care must therefore be exercised in distinguishing between the two loads
throughout the structural analysis in order that wasteful overdesign or dangerous
underdesign does not occur.

(%3] B, N TAHARBHARSRELTRERMORZLEITHHER, LRE
B, EEM X RGP R

(547 AmEEREIES, XRBRRENR %, therefore BAPRETHRAT.

4. The end result of this provision is to require an increase in the capacity of the beam in
shear when the load is placed very close to the end of the beam.

(B3] X—MEHRARERE, é’!ﬁiﬁhﬂ‘ﬂﬁ%ﬂ@ﬂijﬁﬂbﬁ’ﬁ%uﬁﬁ, TERESR
FIBLBTRE S .

[43#7] capacity of the beam in shear BIRRBIRMIHIBY K T1 .

5. Take into account practical construction tolerances and local construction practices,
interact closely with all concerned (client, engineers, architect, contractor) so that the
substructure system is not excessively overdesigned and risk is kept within acceptable levels.

(%3] B LAV R H Y A TS8R, M SHXrm OkE, TEIW,
BN, RARE) TACKREN, EEMTHSRERRBRTERT, BRSO EEHERF
EEN.

(4347 ] take into account BB R EM. & &, construction tolerances B R T & F
wmE,

Part V Exercises

Exercise 1 Answer the following questions according to the text:
1. What is the foundation?

2. List the loads on building foundations.

3. List typical environmental loads.

4. What is the difference between shallow foundation and deep foundation?



Exercise 2 Fill the blanks according to the text

A is the between‘the buildings and earth. Foundation subsystems
serve to transmit from the subsystems of a building to the earth. As seen
in plans, the vertical (columns, , and shafts) are distributed in some manner as
points or of load concentration. But the » which must ultimately

a structure, offers a more-or-less distributed bearing

Exercise 3 Translate the following phrases into Chinese or English:

. field explration program

. plinth level

. construction site

. municipal building code
A+

. BFLIE

Hik

Part I Homework

1. Make sentences with the phrases below:

a) *--be capable of-+-

b) :--apply to---

¢) ---take into account--+

d) ---on the basis of---

2. Translate the sentences into Chinese or English:

a) For a starting point, ranges of live loads which include a reasonable latitude for
future changes are prescribed by the various codes.

b) These ranges of live loads are based on rather broad categories for the intended usage
of the building, over the years, they have been found by the industry to be generally
satisfactory.

¢) Dead loads cannot be changed during the life of the building except by additional
construction or remodeling of the building,

& AB/NREE B REIBE R ZE AL RS RS Y R AT 2 k518 s
TR .

e) JEH X TALE-& NG HER EBHER, SEVUEEERES.

Part I S EiFXL

1R &R E

B A B H 3 TREFERL B PO RN R m S m At rEE. &%, 4
HERLENNEZ=HRNRAMRAEEMBR L. MTEMTHLERY i1,
EMBETRAZN S, EXHTBERGEENMEIHXLFTRAMEMN A EERET
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Part I Reading Paragraphs

Reading Paragraph A Controlling Excavation

The base of an excavation has usually to be trimmed level and cleared of disturbed or
loose material so that it forms a solid base for concrete foundations, pipes or earthworks,
ete, Specifications often call for the last 100mm of excavation to be ‘carried out by hand’—
a costly procedure for the contractor which he usually seeks to avoid. The resident engineer
is then faced with the problem of what alternative he will allow in lieu of hand excavation. In
some types of ground, such as sandy or gravelly clay, it should be possible for the
contractor to machine excavate to formation level if he uses a plain edged bucket to his
machine, operates it with care, and uses the back of the bucket to re-compact any small
amounts of loose material. Large open areas excavated by scraper or dozer have to be graded,
and re-compacted using appropriate compaction machinery.

A formation in soft clay can be severely disrupted by tracked or wheeled excavating
machinery. No amount of re-compaction of disturbed, over-wet clay will prove satisfactory;
it has to dry out to a suitable moisture content before it can be rolled and compacted back. If
a contractor uses a D8 to excavate down to formation level in such material, the formation
surface will be so churned up by the grips of the D8 tracks that it will be rendered useless as
a formation. If the contractor does not use the right method on soft clays, the resident
engineer must warn him that all disturbed material will have to be removed and the
excavation refilled with suitable other material or concrete at the contractor’s expense. The
excavation should be undertaken by using an hydraulic hoe working backwards so that it does
not have to stand on the formation. As it works backwards, suitable hardcore or other
blinding material can be dozed progressively forward onto the exposed formation and
compacted. Alternatively it may be possible to use a flat tracked loader shovel to skim off the
last 150~225mm of excavation, any loose material being either removed by hand labour or
rolled back with a light roller before placing of the base course for a road or blinding
concrete,

The presence of springs in a soft formation material exacerbates formation finishing
problems. Usually the specification will require spring water to be led away by grips or
drains to a pump sump which is continuously dewatered to prevent softening of the
formation. If springs are encountered and have not been anticipated, or the method of
dealing with them is not specified or shown on the drawings, the resident engineer should
report the situation to the engineer, Special measures are often required to deal with springs
to ensure safety, of the structure to be built on a formation containing them.

For large open excavations, such as when road cuttings have to be made and the
material tipped to form embankments, or for building an earth dam from open borrow pit
areas, the motorscraper is the most economical machine for excavating, transporting and

placing clays and clay-sand mixes. But the gradients traversed néed to be gentle and the
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