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The suggestions in this Bulletin, however, in no way
yelieve the housing project designer of the responsihility for
_relating these recommendafions to local building code require-
- ments, locdl practicesy and local geological conditions. That
this be done is, in fact, the most important recommendat;on of
the Bulletln.

: Because project conditions’dlffer S0 wldalv no hard and-
fast rules for confucting thorough sub~surfese investizations
may Be-listed. The general suggestions which ¥ollow are offered’

- ag constructive aid in.developing the: nacessafy procedurs for a
tnorougn study of thesé. conditicns. :
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PART I

PROCEDURES IN ARRANGING FOR INVESTIGATIONS

1. It is the responsibility of the local housing author-
ity to determine the extent of, and to make arrangements for,
the necessary sub-surface soil investigations,

2. Where it is evident that only a limited amount of
investigation is necessary, the local authority may reqguest
its architect to arrange for and supervise the work, or it
may engage an engineer and hire the labor to make the in-
vestigation on force account as part of its administrative
expenses, Such work should be limited to costs not exceeding
one thousand dollars, unless limited to a smaller cost by
local law,

3. Where investigations involve costs which probably
will exceed one thousand dollars, or a lesser amount in com-
pliance with local law, it is advisable to prepare specifica-
tions for the work to be done and request bids from contrac-
tors experienced in this class of work. The work should
be awarded to the competent and qualified contractor submit-
ting the lowest bid. The services of a competent supervising
engineer may be included with the specified work or may be
arranged for as a separate contract. The architect's en-
gineer who is to design the foundations should either super-
vise the soil investigation or should collaborate with the
engineer engaged to supervise the work. Copies of all
specifications, invitations to bidders and bids for contract
work, together with the recommendations of the local author-
ity for award of contract, and copies of the proposed con-
tract agreements, should be submitted to the United States
Housing Authority for approval before making an award.

4, All work, either under force account or under con-
tract, must be done according to the provisions in the "Terms
and Conditions" of the Loan Contract. Of these provisions,
the following should be incorporated in any specification
prepared:

Hours of Work.

Wage Rates.

Pay Rolls, Project Data and Records.,
(ick-Back Statute and Regulations.

5. Where work is to be executed by contract, unit prices
shall be requested with the bids for additions to, or deduc-
tions from, the work specified. These are usually requested




per lineal foot for each type of boring., Because the
relative cost increases with increase in depth, differont
unit prices are advisable for open pits, for each succeeding
five feet in depth, or some similar increment in depths

This may be determined by the probable necessity for sheeting
below certain depths, It is recommended that a minimum amount
of work for each type of exploration, usually expressed as a
total lineal footage, be guaranteed to the Contractor. The
estimated maximum cost, which will not be ecxceeded without
further approval of the United States Housing Authority,
should accompany the local housing authority's recommendes
tions for award of a contract,
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PART 11

IETERMINATION OF EXTENT OF INVESTIGATION

Preliminary Investigation Prior to Loan Contract:

1. A preliminary investigation is essential prior
to making application for a loan contract and prior to
optioning or acquiring a site, to determine that the pro-
posed site will not involve excessive foundation costs,
and to justify the preliminary cost estimates which accom-
pany the application. Comparatively favorable sub-surface
conditions may often be the decisive factor in the choice
of a site. In some instances, tentative sites may be
abandoned because investigation reveals unfavorable sub-
surface conditions.

2. Much pertinent data for preliminary investiga-
tion is obtainable locally without making ground explora-
tions. Local city records and topographical maps are
usually accessible. These will indicate probable under-
lying formations and the geological history of the area.
0ld records often show whether at some prior date the site
included a ravine, swamp, pond or gully, which has sub-
sequently been filled in or covered by alluvial deposits;
whether it has been used as a dump; or whether surface
conditions have changed in some manner. Geological history
will indicate the probable presence of glacial deposits.
Old residents in the neighborhood, excavating contractors,
and utility companies may be questioned as to their know-
ledge of the underground conditions and surface changes.,
Neighboring buildings, as well as those on the site, should
be closely inspected for evidences of damage resulting from
unequal or excessive settlements, the types of foundations
used, and the dry or wet condition of basement or cellar
spaces. All such available data should be carefully and
thoroughly collected and recorded. These records should
be analyzed to determine if some soil exploration on the
site is advisable prior to making the application for the
loan, or acquisition of the site.

Comprehensive Investigation Subsequent to Loan Contract:

1. After a loan contract has been consummated and
prior to actual foundation design, a comprehensive in-
vestigation should be made. The extent of such investiga~-
tion depends on many factors, and should be determined by

the architect's structural engincer, who will use the
data for his design.,
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2. The soil stratification, at a given location,
may be determined in a rumber of ways. The oldest, and
best method is actual excavation of pits, by which the
stratification is exposed for examination, and conditions
which will be met in actual foundation construction are
seen in their true relations. Where great depths or
frequent exploration are needed, or where ground water is
encountered, borings will probably have to be made. Rod
soundings occasionally are used to advantage. i

3. (a) Bach site is.an individual problem, and the
proposed number, location, and depth of open pits or borings
must be determined from the preliminary data that have been
obtained. These may need to be augmented as the exploration.
proceeds and discloses the necessity for additional informa-
tion.

z b

(b) On sites where the preliminary data indicate
that favorable bearing soils lie close to the syrface, it
may prove sufficient to excavate only a few open pits to
verify the rassumted data. Where the preliminary data or
the open pits indicate the presence of top fills or soft
grounds, or the presence of questionable underlying strata
is indicated or suspected, it is advisable to make a
number of borings. These may be few in number, located
in well distributed, representative arecas of the site, if
the'sub-surface strata are found to be definitely uniform
in character and level. On the other hand, if the evidence
indicates varying fills or underlying strata, pockets of
unfavorable character, or wide and rspid changes in strati-
fication, a sufficient number of intermediate borings should
be taken to determine the extent and varigtion of such areas.
On many sites, borings should be made under each corner of
the proposed buildings, and in some instances between corners.

(¢) The necessary depths of the borings will be
governed by the underlying conditions, but they should ex-
.tend sufficiently to assure at least four feet of uniform
bearing stratum under the footings. Where soft underlying
strata are indicated or suspected, a few of the borings
should extend to depths 15 feet below the footings. Borings
may well be supplemented by a few pits, which are invaluable
for gaining complete understanding of the foundation diffi-
culties in unknown sub-~surface conditions. Under certain
conditions--for example, to determine the approximate contour
of a rock stratum within depths of proposed bearing, or the
depth of soft ground--sounding bars may be used to augment
data disclosed by the pits or borings. The use of sounding
bars may be misleading for it is not possible to determine
accurately the nature of the material pemetrated. By meking
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several soundin:s within a radius of a few feet, however

’
these instrumen.s will check the presence of a boulder.

4. TWhere !he suitability of a soil for bearing is
doubtful, load iests should be mzade to determinc the safe
allowable load. Whers the nccessity for pile or caisson
foundations is :.ndicated, load tests are usually specified
to be placed on selected piles, after some of the piles in
the contract co:struction worl are installed, in order to
verify the asswied driving resistance and bearing values.
It is not prackical to place equipment on the site to drive
a fow test pils: in advance of awarding contract work,

5. It is ¢ssential t¢ make accurate observation of
ground water letels, and to supplement such observation
with informatio®. obtained from local sources regarding
variations in 1. vels. This is particularly advisable where
footings are to rest in clay, or other relatively imper-
meable strata which will hold water sgainst the foundation
walls and the undersids of the basement floors, so that
necessary drainage and water proofing may be provided in
construction of the proposed buildings.




CHART L

SHEEr PILE AND BRACEL
Bank 70 KEEL PITT ORY
OURING EXPLORAT/ON.

FLOWING BANKS O OFEEP
PROVIDE OPEAINGS

PITS.
IN PULING FOR OBSELR VAT/ION
£

: Z GeAD. =

PROPOSLD LAVEL OF
BOT7TOM OF FOOTINGS

OR LOWER 7O GOOO
BEAR/NG SO/L .
HAND AUGER HOLLE
o BornNG

TypPical OpPEA) P/ L XPLokAT/ION

Sz e 9




BARID TIE

OF EXPLORATION

Open Pits:

1. Open pit excavations are illustrated in Chart I.
Where such pits exceed 8 feet in depth, or lesser depths,
in some kinds of soil, the walls of the pits often must
be braced. Care must be used in arranging bracing to
permit observation of the undisturbed materials.

2. " The pits should extend to levels at which it is
proposed to place the bottom of the footings. If an un~
satisfactory bearing stratum is found at such depths, the
pits should be extended, within reason, to satisfactory
bearing strata, which are suitable for the proposed type
of footings. A minimw four foot thickness of bearing
strata should be verified by making a boring into the
soil at the bottom of the pit.

Pl

3. The material from the pit should be piled as re-—
moved, and sufficiently scattered to allow thorough exam—
ination. The relative amounts of the various kinds of
materials may be more clearly determined in this way than
from the exposed sides of the pit, but the hardness and
moisture content of the various strata will not be so
evident. Arrangements should be made to backfill the ex—
cavations as soon as the pit and the excavated materials
have been examined and recorded.

Borings:

1. The essential function of a boring is to obtain
authentic samples and true elevations of the various kinds
of soil, including various soft materials, and to permit
determination of true ground water levels. This can only
be done reliably by the use of dry core boring equipment.

2« Dry core borings utilize a driven casing pipe.
Through this a smaller size pipe is driven after the
earth within the casing pipe is cleaned out by one of sev-
eéral methods. The smaller pine is fitted with a valved
bottom, which progressively penetrates the undisturbed
stratum below the botton of the casing pipe as the explora-
tion proceeds to the various depths, and a core or slug

of the soil in its natural state is collected.,

3« Wash borings are often utilized for both deep and
shallow explorations. Except as a method of cleaning out

ST 2 e
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the casing pipe for dry core borings, this type of boring
is not recommended because samples of the material pene=-

trated cannot be examined in their undisturbed condition.
The water used for cleaning out casing pipes makes it im-
possible to determine moisture content, or to locate ac-

curately sround water levels.

4. Augers are also extensively used for borings.
Their satisfactory use is limited to materials which will
stay in the helix of the auger until brought to the: sur-
face--for example, dry earth, clays, and combinations in
which sufficient clay is present o make the material co-
hesive. It is especially difficult to make these borings
in any soil other than clay if water is present, as the
water carrying the soil from the surrounding strata will
flow into the bore hole. Auger outfits utilizing derrick
and hoist have been used for cleaning out the casing pipes
‘for dry core borings. When sand is encountered it often
becomes necessary to use a sand puap or water jete It is
usually advisable to start a new hole, when boulders are
encountered, although they are sometimes broken up with a
chopping bit. Augers are especially adapted to verifying
the depth of satisfactory clay, or clay and sand strata at
the bottom of open pits. They may also be uced for such
verification, after excavation for footings, during con-
tract construction work.

Rod Soundings:

1. Sounding is usually done with bars 5/8 inch to
7/8 inch in diameter, depending on the material to be
penetrated. The bottom length wusually is pointed and
10 to 12 feet long, to permit it to be churned down &
to 8 feet by hand., Additional lengths are coupled on
and driven with a 10 to 12 pound maul.

2« Samples have been withdrawn by using a short
piece of gas pipe on the bottom of the rod, but such
samples are necessarily difficult to obtain and are not
reliable,

Observing Ground Water Levels:

1. Certain reprezentative bore holes should be se-
lected for observation. The observations should extend
over a period of at leastbéig week to allow the water to
come to equilibrium at its natural level. To permit this,
the hole must be covered and protected to prevent surface
water from running directly into it.

£
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PART IV

REGORDING AND ANALYSIS OF DATA

Field Records and Samples:?

le Careful field records should bhe kept of all
matters and conditions pertinent to the work. These
notes should include the elevation of the surface at
each pit or boring, the depth at which each stratum is
encountered, the kind of material in each stratum,
whether the material is hard or soft, whether the ma=
terial will stand without casing or sheeting, the loca~
tion and nature of obstructions encountered, and other
items that may assist in the interpretation of the eart
stratification. :

2e . Samples of the earth ghould be obtained at each
change of gtratum and at egch 5 faet 1‘1 depth of each
stratume As they are balken and before they dry oub,
samples should be placed in wide moutned bottles, tightly
corked or capped to preserve the original moisture in the
material. Gummed labels, on which are printed the locar
tion of the boring and the depth or eleovation of the :
stratum, should be placed on' cach bottle for identificar~,
tion. ZXEvery precaution should be taken to make the
samples truly representative _of the mat erial encounterad.s

‘Preparation of Log

le A drawing showlng a complete _ﬂl_qg of the _A_*Qlot'a-i-
tion datas, as illustrated in C}"ar*‘ IL uoyether with
site nla.n uhomnb the dimensional 1ocau10r~ of ol plts,
borlaga and soundings, should be carefully prepared. The
1oz should be comprehensive, showing the kind of soil in
each stratum, the ground water levels, the surface eleva
tion of the ground and the depth to, or the elevation ofy
each stratum. Each kind of soll should be adequately
described to show whether it 4s hard or softs its mois—
ture content, and its relative permeability or capacity .

.to drain free of water. The various soils and thelr conw

dition should be indicated by symbols and descriptionss
as, illustrated in Chart II.

Analysis of Datas

1. The primary object of the subwsurface investi
gation ig to egbablish the type of foundation which will
resuld in miform settlement within reasonable limitgy

as every soil except rock ig compressiblee Measurements

10
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of settlements have shown that absolute equal settlements
rarely occur even under like unit loads on many of the
common soilse., This is evidenced by the frequent appear—
ance of settlement cracks in the masonry walls of exist-
ing buildings. In most instances, such cracks have

made their appearance years after construction, demon—
strating that unequal settlements increased with time.

In other instances, cracks have appeared at an early
date, and no further cracking has developed. This in-
dicates that non-uniform settlement occurred immediately
after the load was applied on the soil, and then ceased
almost entirely as the soil became consolidated, with
further settlement small and uniform, if abt alle (bser-
vations further indicate that ends of buildings placed
close to adjacent buildings often settle more than ends
which are further. apart; that center portions of -long
walls settle more than the corners of the buildings, or
the shorter end walls; that interior foundations settle
more than exterior walls, and, generally, that settle-
ment is greater near’ the center of long buildings than
near the ends. Some solls near the surface expand and
swell when saturated, and shrink and crack open when dry,
actually raising and lowering, alternately, entire build-
ingse In a few instances, portions of a building have
heaved upward while other portions settleds Buildings
which settle uniformly often settle more than the adja-
cent surfaces, causing objectionable, and, at times,
unsafe relations between floor level and adjacent en—
trance stoops, porches, or walks, and causing damage to
underground utilities extending from the buildings. These
evidences indicate the need for a thorough and experienced

a.na.lysis-

2e Settlement under load is essentially of - two dif-
ferent types:

(a) Settlement due mostly to lateral flow of the
underlying strata, with little or no consolidation.
Characteristic of this type is the fact that the
volume of settlement is practically equal to the
volume of soil which flows laterally from under-
neath the building. If due to low permeability
of the soil, the consolidation attributed to in-
creased pressures proceeds slowly. The volume
displaced by lateral flow represents practically
the entire vertical displacement which the builde
ing will undergo, at least for a period of many.
years. If the lateral flow is arrested by driving
sheet piling or by similar methods, the settle-
ment will practically stope

1
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(b) Settlement due to consolidation and lateral
fiow combined. In this type, the settlement re-
sults from a displacement of the soil which flows
laterally from beneath:'the building, plus that
due directly to compression of the soil beneath
the loaded area. By artificially preventing the

. lateral flow, the settlement may be reduced but
not entirely prevented.

3. Certain other characteristics of settlement
are ‘well established. If soils contain voids filled
with air, volume change due to pressure may take place
rapidly because the excess air can readily escape to
the surface. On the other hand, if voids are filled
with water, a decrease in volume obviously requires a
corresponding decrease in the water content, and the
compression cannot proceed more rapidly than the speed
at which the water is squeezed out. The less permeable
the soil the more slowly the watcr escapes and conse-
quently, settlement will not occur &t once. There will
be a lag, depending on the degree of permeability.

4. Therefore, it is important to picture, not
only the soil close to the surface on which the load
may be placed, but also the underlying and surrounding
strata, which may considerably affect the settlement
under load of the bearing stratum being considered. To
aid in such studies, it is convenient and extremely use-
ful to draw several cross-sections of the soil strata
at intervals adross the site, as revealed by the ex-
plorations made, interpolating the strata between the
explorations, as illustrated in Chart III.

¢ In analyzing the logs and site cross—sections,
1% is important to classify the various soil strata
with respect to their sultability for bearing purposes,
to allowable load, and to their effect on other strata
above or below. Because of the practical minimum size
limitations of footings for housing projects which will
result in uniform pressures, it is rarely possible to
exceed pressures of over 2 tons per square foot for
three or four story buildings, and 1%—tons for one and
two story buildings. Large variations in relative
footing areas are not common. Therefore, the essential
determination of soil classification for this type of
building may be considerably simplified. It hecomes
important to know of the presence of soft strata, which
will settle excessively under very light loads: the
presence of organic matter which will decompose and
permit subsidence; the observed relative cohesiveness
of the soil or its tendency to flow; the observed
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relative permeability of the soil, i. e., its ten-
dency to quickly or slowly drain free of water infil-
tration. The occurence of hard, firm strata near the
surface, suitable for appropriate bearing value at
proposed footing elewvations, should be analyzed for
adequate depth below the proposed bottom of footings,
and for the presence of soft underlying strata.

6. Where it is found that firm bearing stratum
occurs only at considerable depth below the surface, a
condition which makes the use of piles advisable, care-
ful analysis of the strata through which the piles must
be driven is required. It has been demonstrated that
the value of a pile, driven into very permeable strata
such as sandy stone fill, can be reliably determined,
when driven according to the "Engineering News" formula.
However, for piles driven into soil having very small
permeability, such as loam, silt and soft clay, the
pile~driving formulae give variable values. ZFor the
latter character of soils, the safe allowable load should
be determined by making a load test. To determine the
proper assumption for a pile foundation design, 1. €.,
type and depth of piles, expert judgment of the soil data
obtained is necessary. It will generally not be practi-
cal to drive test piles and make test loads on piles
driven prior to the foundation design for housing projects.
In analyzing the soil data, it is best to distinguish be-
tween three different conditions:

(a) Piles will bear on bed rock or a stratum,
the bearing capacity of which is equal to or
greater than the unit load on the cross section
of the pilee

(b) Piles are to transfer the bullding loads
hrough a very compressible top layer to a less
compressible stratum.

(c) Piles will penetrate into a deep deposit,
the consistency of which does not appreciably
increase- with depth.

Condition (a) needs no discussion. In condition
(b) the feebly resistent top layer may or may not be made
more compact by the pile driving. If the surface of the
deposit subsides when piles are .driven through a top layer,
such as one composed of very fine-grain, saturated sand,

it may safely be assumed that the pile driving reduces

the volume of voids, which, in turn, increases the bearing
power and decreases the compressibility of the deposite.

In contrast, when piles are driven into a deposit, such

as one composed of soft wet clay, the surface rises between

13




the piles, sometimes as much as several inches. This
indicates that the volume of voids of the material

remains practically unchanged and the pile driving
produces no consolidation of the materisl. In the

first case, the piles will increase the bearing capacity

of the top layer and will need to penetrate the under-
lying stiffer bettom layer only a short distance. In

the second case, the pile,dust penetrate the lower

stratum sufficiently to develop a bearing capacity great
enough to support the load without much aid from the upper
stratum. A large group of piles in such strata may act

as a unit and subside with the compressibility of the

soft top layer, if not extended sufficiently into the
stiffer layer below. A single pile, however, may be
sustained by both the bearing in the stiffer sub-stratum
and the friction on the pile in the soft top layer.

Under condition (c), the proper length of the piles should
be greater than the width of the structure to be supported,
so that the piles will reduce the intensity of the maximum
pressure near the surface and shift the zone of maximunm
stress from the surface to levels near the lower ends of the
pilese If the length of the piles is less than the width
of the building, the psessure reducing effect of the piles
is very small, for the short piles become an integral part
of the compressible soil. Under this soil condition, the
knowledge of the safe load of an individual pile represents
only a minor part of the information required for depicting
the behavior of the foundation as a whole.

Allowable Load:

1. The allowable load, as herein used, is regarded

as a safe function of the settlement of a selected soil,
whereas the bearing capac1ty is the ultimate load the
soil will bear, with lLlafzctory v settlement. A deter—
mination of the allowable load and the bearing capacity,
as herein defined, implies that a load test should be
made on the soil or pile. The necessity for determi-
ing the allowable load by load test is a matter which
the engineer in charge of the investigation must deter-
mine. In many 1nstan6ps, the data will confirm condi-
tions for which safe allowable load values are locally
known and commonly used with satisfactory results.
Whenever there is any doubt as to a safe allowable load,
a load test should be made.

2. It is Dbelieved that the limit of allowable
load should be approximately 1/2 of the value shown by
a compression diagram between the point wh ere the soil
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is merely compacted and the point vhere displacement
begins, as illustrated by Chart IV. The compression

by continuous application of load in any homogeneous
soil, where there is not an excess of vater causing a
more or less viscous condition, is illustrated by a
fairly regular form of compression curves Such a curve
shows a relatively large compression at the beginning

of the load application, which diminishes rapidly as the
load is applied. Then a considerable increase of load
occurs with a fairly regular compression until, finally,
rapid breakdown occurs, as displacement or crushing of
the grains of the soil takes place. Even on piles in
soft wet grounds, where the piles are held or aided by
friction, the same form of cémpression curve is obtained.
The allowable load is also often determined from a Time
- Settlement Curve, as illustrated in Chart IV, This curve
results from plotting the settlement as each increment

of load is allowed to cause pressure, until no additional
appreciable settlement occurs for a period of approxi-
mately 12 hours before additional load is added. The
allowable load should be limited to approximately 1/2 of
the value where continued settlement occurs after appli-
cation of additional load, disregarding any settlement
which results from the initial :compacting of the surface
of the soil under the test area. If a specific allovable
load is desired to conform to design loads and minimum
footing sizes, load tests need not be extended beyond
twice the desired allowable load.

3. Allowvable loads or bearing capacities indicated
Dby load test must be interpreted with experience and
Judgment, and with reference to the soll data obtained.
It has been conclusively demonstrated by repeated experi-
ment that the unit bearing capacity under a small test
area will be considerably more than that which will ulti-
mately occur under a larger area for relatively cohesive
soils. ZExpert techniciansg differ in their theory as to
the causes and relative variations. Some claim that the
total pressure varies in accordance with the ratio of the
perimeter to the diameter, while others have demonstrated
that the pressure varies almost directly with the diameter
of.the test area., Over long periods of time settlement
under large areas appears to increase more than under small
areas. -Close application of these theories would neces—
sitate varying allowable loads under every variation in
footing size, but this is not considered necessary for
housing structures, because the sizes of the normal foot~
ings under any one structure do not vary to a large degree.
However, where a load test is applied over a test area
of one or two square feet and the resulting bearing ca~
pacity is utilized to determine the allowable load under

15
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areas of ten square feet or more, a considerable error
may result. It is preferable to make thé load test on
+ an area closely approximating the proposed footing
areas. Where this is not practical, adjustments must
be made-to the bearing capacities obtained under small
test areas for solls that are relatively cohesive.

4, Where the engineer in charge of an investigation
has not had sufficient experience with conditions dis—
closed - ‘to enable him to confidently determine a safe allow-
able load he should obtain the services of a consultant
on soil mechanics and analy81s who has had experience Wluh
such conditionse.




CHART I

VERTICAL ROD A7 CANTER OF

PLATEFORNT FOR JRANG/T REAOING OF
8 JACKS OR 7IMBLR BLICKING WiTH AdD-
.

JUSESTHAELE WEIGES A7 FOUR COCNELS
OF ALATFORNT.

Z";}C s s o caddne ACK'S MUST BE LONERED AR WEDGES
ol CENIOVED TO ALRMIT FREE SETTLENIENT
Wff?_/ﬁ THE 7ESIING FPER/OD.
24/ LOADNG ALATFOCHT A NECLSSARY AUATFORNT SHALL 8L
A4S REQURED O JO/STS BALINCED BRACLED BY AOO/770MNAL GUYS, AECINGED
OVER CEATER TIVA. R | SO A5 NOTT TO NIERFERE WITH fRLELE
CONPRLESS/ON OF 7THE SO/L

| VNOEL La4D.

|

1

| |
| I

L L Lk L

SETTLENIENTS.

W00 GRLLAGE
noER Lck Jack
pE e Zocchy | O SvrEe Tidske LNO TIH1BER

o =L 2 o
AN

K ,

F COMPRESI/ON

i Aos7

(
 OEFRESS ALATE 7O OB87A/N AEAT
SANUG SHOU LER OF cNOISTUCEBLD SOX

STELL BLEIRING ALATE 0@ WOOL GEULLAGE OF
AL 70 8L 7ESTED. (2 SO £ NMIN)
AREA SHOULDO BE 4S5 LARGE A4S FUSSIALE 7O
SINVIVLATE COMIARABLE S/ZE OF FOOTNGS WHIEH
W/l BE TYPICALLY USED A/ THE FOUDATIONS,

JYPICAL ACCANGEMENT OF L2404 T72/S
roR LOo4D 7ESTS ON SO/L

SLL UGE /7




71372 H

LOAD TESTS

the ggpdact of a load
or pier, ‘should e
glwen G : g_ Y ' ntelligent and reliable

results.

2+ The soil to be tested should be at the proposed
footing 1cvk1, anﬂ 1¢ possibls, in an wndisturbed state.
The area to be tested shonld be as Large as practical.

. The following requirements should be carefully ob-
served in the design of testing apparatus:

(a) A testing capacity oqual to the bearing capaclty
limitations of ord;nafy goils, or to twice the allow
able load desired.

(b) A sufficient sengiti V1+v to give compression
values for soils of a very low bearing capacity.

(e) Simplicity permitting its construction with ordi-
nary labor and materials available on the construction
site, and rcqulrlnn, for pressure producing weight,
only materials easily obtainable in the localiiy of the
project.

(d) Lateral bracing to maintain the vertical direction
of the applied pressure without interfering with the
full compression of the soil under the pressure.

4, A typical arrangement of an acceptable apparatus
is shown in Chart V. Another apparatus which regquires less
material. for weight is detailed and discusced in Progress
Reports of the Special Committece of the American Socitety of
Civil Engineers to ¢ v Present Practice on Bearing Values
of Soils for PFoundations Other types of apparatus using
hydravlic jsd“ "-A ving rigs have been successfully
used for load

5. In the conduct of the test i {mportant %o follow
a procedure of loading the spparatus in small increments and

. a4

measuring the resultant compression of the soil after each
increment of the load has been placed. After each increment
of load is placed and the compression has assumed a normal
rate, an integrval of at least 1z urs should elapse before
the next increment is '_ Thc initial compression imme-
diately following the apy of the load will generally

>




71872 H

be accelerated by the impact and rate of loading, which
may give an erroneous initial reading. The compression
should be measured immediately after esch increment of
load has been applied, and after each period of rest be-
fore the next increment is added. After the final incre-
ment of load has been applied, a period of at lecast 48
hours should elapse before the load is removed. The com-
pression should be measurcd cach 24 hours after the final
load application, unless an increasing rate of settlement,
indicating failure, is noted. The rebound after removal
of the load should also be measured. A chart of the com-
pression, for each apblication of load should be prepared,
showing the rate of compression and the rebound, as illus-
trated in Chart IV.




AT

PART VI

APPLICATION OF DATA TO FOUNDATION T DESIGN

1 The ¢ elecylo of the Qrover type of foundaticns bears
a basic r~1a+10ﬂsn b to a complets analysis of the sub-surface
soil inves tl‘at;on. Settlement which would be considered ex-
cessive near the surface of the ground, due to underlying strata
of uncertain behavior may be satis factory for an undisturbed
stratum overlying stiff and feebly compressible strata. Settle-
ent for a single pile may be entirely erroneous for a large
cluster of piles. Settlement for a small test area may ‘be an
entirely unsafe value for a.large footing or 'a continuous raft
mat foundation. .

2« Where the sub-surface conditions reveal the need to ex~
tend spread footings to slightly sreater depths than those ordi-
narily required for frost protection, it is necessary to deter-
mine the relative economy of continuous foundation walls or °
grade beams suvported on piers. The relative difficulties of
excavation, requirements for sheeting and bracing and the re-
moval of ground water, as well as the presence of existing basements,
cisterns, abandoned coovncohs. manholes, or other underground
voids, ILllS, utilities, etc., all have a direct bearing on this
determination.

3. Where rock is encountered at varying elevations, it is

ssential to decide if all of the footings or foundations should
extend to rock bearing, or if portions of the footings should
rest on earth, with sand cushions used over the rock to equalize
the relative compressibility, For this condition it is again
advisatle to study the economy of cantinuous foundation walls
as compared to grade beams and piers. The necessity for re-
moval of rock must bs determined and the probable amount of
such removal estimated. The probable slope of the surface of
the rock and the probable occurrence of fissures and interven-
ing veins of soft strata sMould be considered.

4. Under varying sub-surface conditions, it may be ad-
visable to use two or more different types of foundations be-
aeath some buildings, although this condition should be avoided
as much as possible. Thus, one end of = build ding may be on
piles and the other end on rock or earth. Also, adjacent build-
ings may be judic ciously placed on different types of founda-
tions. For such conditions it is ess sential to determine where
the change in type of foundations should occur. Expansion
Joints should be provided in the superstructure at each change
under a building, and the final location of the building may
need to be adjusted to suit the sub-surface conditions.
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5. For conditions of design which will require footings
at varying levels, for example, deesp basements at only portions
of the buildings, or stepped floor levels, due to a sloping
topography it may be necessary to place footings at varying ele-
vations. The effects of placing the loads on the.soil at such
varying elevations should be carefully analyzed for the compara~-
tive effect on compressibilify of the soils. Also, the effects
‘of spreading the loads from varying lewels above to underlying
strata, and the possibility of the strata sliding or flowing
must be studied. Additional data may be necessary to make the
Proper design.

. 6. Because of the practical limits to which investigation
prior to design must be kept, it is probable that the foundation
design may not completely suit the sub-surface conditions. How-
ever, the investigation should serve to assure a proper type of
foundation which will be subject to minimum adjustment during
construction. Actual excavation for the foundation should be
closely inspected, and checked for verification of the assump-.
tlons made for the foundabion designms. In this way proper ad-
Justments can be expeditiously made to cbtaln assurance of uni-
form compressibility and resulting sebtlements, and to avoid
serivus delays.

NATHAN STRAUS,
Avgust 1, 1939, Administrator.




