i A
N Retusol; tedge roct §'
§ or boulder ) §

TEST BORING boforo pile driving. Figures
to right show blows needed to drive 1 {1

Structural

e Briefing on fundamentals of
concreting, equipment founda-
tions, plont structures

® How piles and spread foot-
ings support heavy loads

® Problems that may crop up
when conduit is laid in con-

eroto during construction

By A G HULY, Structuro! Enginver
Burng and Ros tne

PIPE PILE being driven os part of the
foundation for a 50,000-kw extension

» TobAY'S POWELA-PLANT BUILDING s
designed primarily to support and en-
close turbine . generstors, switchgear
boilers and {uel-handling equipment.

Grouping such equipment into o rela- .

tively small plant area alwnys mecans 8
highly concentrated weight for the foun-
dation. Average unit lond on the soil
beneath s typical modern plant (alls
sommewhere between 3000 and 4000 psi.
Theso pressures are higher directly un-
der the boilers, turbines ond coat bunk-
ers. Sinca concrete Is & common ma-
terisl for f{oundations and general
building construction, ler ua first con-
sider its makeup and how it is used.

CONCRETE

Concrete 1a cement, sand, stone and
watet, mixed together and sllowed to
harden. To get concrete of & specified
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AFTER DRIVING pipe shell to full depth?

compressed olr hondlas finol cleanout | ,I

Support for Plant Loads }

sirength, core must be taken in lekﬂ-i
ing each of the materlals, Including the l
water, and then proportioning the mis. .§

Gravel and sand form & mass of loos §
particles of varlous sixes. Then cement :
is added to coat each bit of sand and.!
stone. Water Is Introduced to hydrate |
the cement, causing the bits of ssnd |
and gravel to adhere to each other.
This in o nutshell ia concreto. I

Concrote $pocs. Concrele js frequent- |
ly specified by either of two ways: 8 |
volume mix ratio or the desired strength |
In specifying o mix by volume ratios |

such as 1.24 or 1.3-5, we mesn on¢ ° :

part cement or two parts sand to four
parts of gravel. More often the specifi |
cation calls for concrete to be of certald |
mintmum ultimate strength, sey m']
3000, or 4000 psi at the end of 26 days . §-

When mizing concrete remember 1B,

rowe

" STEEL CORE is then lowered Into shefl
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for teanymitting lood to the rock bed

less waict used the stronger the con-

the time and weathier, Samples are sent
to o testing laboratory. One sample of
a “set” is tested di the end of seven
days and another at the end of 28 days.
The T-day test is considered an indica-
tion of what to expect (rom the 28-day
test, which is the one thot must come
up to specified strength. Portland ce-
ment concrete will develop about two-
thirds of its design strength in the first
seven days and its {ull design strength
in 28 days. Good concrete will kecp
growing stronger throughout its life.
Don't pour coacrete in cold weather,
without protection. [t freezes ocasily
ond, when frozen, hydration compleiely
stops, 30, a3 a result, you may have only
an uncemeniod mass of stone and sand.
Concrets is an oxcellent structural
material in compression, but weok in
tension. So (o take tension in beams,
alabs, foolings, and so on, steel rods are
used 10 reinforeo it It ls assumed for
design purposes that all tension is taken
by the steel rods used as reinforcing.

. CONDUIT

When conduit is run in concrete, keep
it at least four inches from the surlace.
Reason is that localized heating of
conduit may break the bond between it
and_concrete, [ feel tbe only tlime con-
duit.should be run in concrete insldo
building is when there is o other way
10 run it. When going through floor
alabs and concrcte walls, use pipe
sleaves larger than the conduits. Heat-
ing of bare grounding cable or conduit
laid mear concrete surface will result
in concrete spalling, Thus the bond be-
tween canble or conduit and concrete
will be broken.

When conduits must be placed in a
floor slab put an additional slsb atop
the al slab. This is most feasiblo

crete. And after ring the

the more water you use in keeping it
wet, the stronger it will be. Concrete
may be kept from drying out too last
by esing P overk

where we have small floor sreas and
mony conduite. It wouldn’t be practical
to do over n large floor aren just to toke
a fow conduits. An alternative would be

) paper 8
or water sprays. Specifications often
limit the water per bag of cement to
about 6 gal, for 3000 Ib concrete.
About 234 gal of water is needed to
bydrate one bag of cement fully, i

. thoroughly mixed, But sdditional water
" - Is added to make concrete easier to mix

ind place.. Added water increases
P, & measure of fluidity of e given
mix. The grester the slump, the more
fuld o mix becomes-and the emaler It
i to placo. So an irreaponsible eon.
iractor is apt 10 wee lots of water. A
better way to Increase slump is 10 add
boih cement and water to keep waler-
cement ratio constant.
Concrote Tosts, To make surs con.
.10 s of proper strength, samples are
taken s iy gy being placed. Records
s1e kept of where It was placed, noting
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conduit sleevcs in the slab, then inserts
in underside of sleb to hang conduits.
Below the b oo duits ma

lines. Then a ground lead is brazed to
each column, ticd to the column ground-
ing-cable, through Lhe floor slab and v
the ground mesh. This mesh is then
tied at intervals to pipes or ground rods
driven 20 [t apart, B to 10 [t deep.

EQUIPMENT FOUNDATIONS

Within the plant building, concrete is
used mostly for building foundations,
equipment foungdations and floor slabs.
It mokes an excdllent equipment foun:
dation because of its sirength and
weight., Its'weight, when properly used,
tends to dampen the vibration of moving-
equipment such as turbines, compres-
s07s, pumps, motors.

A aale rule 10 follow in the design
of most equipment [oundations ls that
the weight of foundation should be two
to three times the tots] weight of ma-
chine, or three 10 four times the weight
of moving parts. Foundation is usually
a little larger than the machine bed
and minimum depth is determined by
weight requirements. Machine founda.
tion is, generally tied into the building
alab or mat supporting it. An exception
is made for large cquipment like tur-
bine.generators and pulverizers.

Here are 8 few design rules of
thumb for turbine-generator founda-
tions. Depth of every member, vertical
or horizontal, is obout ono-third tho
length of spon. ‘Sometimes you can cut
this to one-fourth the span length by
using structural steel beams for rein-
forcing. So for an 18-fi span between
bents, you should hava about a 6-fi.
deep beam: widih about one-half to
twothirds beam depth.

Don’t make square-corner intersec-
tions. Use a 12-inch or larger haunch.
And for appearance, chamler all cor-
ners.

Soil Loads. Almost any soil will take
a spread load of 500 to 1000 psf. And
it the soil is dry with much sand and
gravel, or even dry clay, it will probably
be good for 5000 or 6000 paf, or more.
About 3000 to 4000 b Is a safe guess
for go saoils,

10 Y
be laid directly on top of the fill and
basement-floor elabs poured right over
them. '

Qrounding. Pumps, motors, pipes,

But a guess wouldn't do for & major
structure. Soil investigations are nlmost
always necessary. Adequate soil study
and proper foundation design is of top

conduits and other mechanical and  importance.
lectrical ip may be grounded Tos? Mothods. There are two general
to the building steel f k. All hods of soil i igation: visual in-

steel, in Lurn, is lied 10 the ground mesh
or mat. More positive p ion results

spection and test loading. Visual in-

from using a grounding cable for the
complete column lengih. Then ground
conncctions [rom this csble tic into the
ground mesh.

In laying & ground mesh, one method
is 1o lay cable directly on the ground
right below the basement floor slab,
stringing it along under the column
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pection colls for digging a test pit o
required depth, then studying the soil.
This is OK for shallow foundations and
light loads. .

But with deoper foundations and
heavy loads, core horings are always
desirable. In this test a small pipe is
driven into the ground. Inside the pipe
a spoon liftis the material out as the




